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LOI NOI PAU

Pugc phép cua Bo Gi4o duc va Pao tao va sy ung ho rong réi cua cac t chirc khoa hoc va cong
nghé trén toan quéc, Hoi nghi Toan qudc “Khoa hoc Trai dat va Tai nguyén véi Phét trién bén viing -
ERSD 2018~ dugc t6 chirc tai Truong Dai hoc Mo - Dia chat (HUMG) voi su tham gia va phdi hop
t6 chuc cua nhidu don vi quan Iy, nghién ctu khoa hoc, dao tao va san xuét c6 uy tin goém Truong
Pai hoc M6 - Dia chét, Téap doan Cong nghiép Than - Khoang san Viét Nam, Tong cuc Dia chit va
Khoang san Viét Nam, Tong hoi Dia chat Viét Nam, Cuc Po dac, Ban db va Thong tin dia ly Viét
Nam, Hoi Co hoc da Viét Nam, Hoi Pia chat Thuy van Viét Nam, Hoi Dia chat Céng trinh va Moi
truong Viét Nam, Hoi Khoa hoc Cong nghé Mo Viét Nam, Hoi Ky thuat N6 min Viét Nam, Hoi Cong
nghé khoan - Khai thac Viét Nam, Hoi Tric dia - Ban d - Vién tham Viét Nam, Vién Dia chat thugc
Vién Han 1am KHCN Viét Nam, Vién Dia chat va Dia vat Iy bién thuoc Vién Han 1am KHCN Viét
Nam, Vién Khoa hoc Cong nghé M6 - VINACOMIN, Vién Khoa hoc Dia chét va Khoang san, va
Vién Vit ly dia cau thuoc Vién Han 1am KHCN Viét Nam. Hoi nghi nham tao mét dién dan dé cac
nha khoa hoc, chuyén gia va cac nha quan ly gioi thiéu nhirng két qua nghién cttu khoa hoc méi, trao
dbi thong tin, thao luan va d& xuat cac y twong, husng nghién ciru mai, nhdm nang cao chit luong
cong tac dao tao va nghién cuu khoa hoc, chuyen giao cong nghé va phuc vu phat trién kinh té - x&
hoi, hudng t6i hoi nhap quéc té va phat trién bén viing ddi véi Khoa hoc Trai dat va Tai nguyén thién
nhién va nhiéu linh vuc khoa hoc khac c6 lién quan nhu Co - Bién, Cong nghé Thong tin, Xay dung,...

Trong qué trinh to chirc Hoi nghi, Ban To chirc Hoi nghi da nhan dwoc rat nhidu su quan tam cua
cac nha khoa hoc, nha quéan 1y trong va ngoai nudc, trong d6 c6 hon 300 béo céo va tom tat béo cao
khoa hoc duoc giri t6i Ban bién tap. Trén co s& d6, Ban Bién tap di tuyén chon duoc 234 béo céo co
chat lugng, phan anh nhitng két qua nghién ciru khoa hoc cdng nghé mai nhét thugc nhiéu linh vuc
khac nhau lién quan t6i cac chu dé cua Hoi nghi. Cac thong tin khoa hoc méi dugc trinh bay tai Hoi
nghi dugc ding trong Tuyén tap tém tat céc bao co va Tuyén tap cac bao céo toan van cua Hoi nghi,
trong do6 toan bo thong tin khoa hoc vé hoi nghi duge ghi trong dia CD. Riéng tuyén tap bao c4o toan
van dugc in thanh 16 tap, mdi tap tng véi mot chu dé khoa hoc sau:

. Dia chét va Tai nguyén dia chat

. Dia chét cdng trinh - Dia chét thay vin

. Cong nghé ky thuat mai trong xu ly méi truong

. Quan ly Tai nguyén va Mo6i truong

. Sinh thai méi truong va Phét trién bén viing

. Nhiing tién bo trong Khai thac mo

. Nhitng tién bo trong Tuyén khoéng

. Nhiing tién bo trong Xay dung cong trinh ngam

. Nhirng tién bo trong Vat liéu va Két ciu xay dung

10. K¥ thuat Dau khi tich hop

11. Trac dia cao cap va Quan tric dia dong hrc

12. Cong nghé vién tham va dir liéu khdng gian

13. C6ng nghé thdng tin va tng dung

14. K§ thuat Bién va Bién tu

15. Ky thuat diéu khién va Ty dong hoa

16. Ky thuat Co khi va Bong luc

Ban to chuc xin tran trong cam on Trudng Pai hoc Mo - Dia chét, véi tu cach 1a don vi dang cai
va chii tri Hoi nghi, cliing cac don vi dong t6 chie da hop tac va gép phan quan trong vao su thanh
cbng cua Hoi nghi ndy. Cam on céc nha khoa hoc da dong gdp cac cong trinh khoa hoc cho Hoi nghi
va dic biét 1a cac chuyén gia dd tham gia bién tap dé nang cao chit lugng cua bao céo khoa hoc.

Mic du da cb gang bién tap dé dam bao chat luong ciia cac bao cao khoa hoc nhung khdng thé
tranh khoi céc 18i ky thuat trong cac bao céo, rat mong nhan dugc sy cam thong cua tac gia bao céo
va ban doc. Ban t6 chirc mong mudn tiép tuc nhan duoc su hop téc chit ché va gop y chan thanh cua
cac don vi va ca nhan ddi vai viéc td chirc va bién tap, xuat ban céac két qua khoa hoc caa Hoi nghi
nham nang cao chat luong cua cac hoi nghi tiép theo va gop phan thiic day sy phat trién bén viing cia
cac hoat dong nghién ciru khoa hoc, chuyén giao cong nghé thugc cac linh vuc Khoa hoc Trai dat va
Tai nguyén va cac linh vyc khoa hoc khac cd lién quan

OO ~NO WL BA~Ww —

THAY MAT BAN TO CHUC
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ABSTRACT

Limestone deposits are primary raw material for cement manufacturing plants. However, mining
engineers and geologists faces challenges in determining an appropriate, accurate and cost-effective
estimation method. Limestone mineralization in Ta Thiet deposit is complicated due to the complex
lithological structure of the deposit. Through the company applies geostatistical analyses and Ordinary
Kriging (OrK) method which have been widely used and have been proven to be a very good estimation
method, OK is still complex and time-consuming. There is a need for other simple, fast and accurate
alternatives such as Inverse Distance Weighting (IDW).). For this purpose, data collected from 194
exploratory boreholes were analyzed by statistics to calculate and generate the anisotropic ellipsoids and
the variograms of the constituents in the limestone deposit. The correlation analyses of the estimation
result showed that although OrK is a good estimation method, however it is complex and time-
consuming, whereas IDW showed better result. Therefore, IDW is a cost-effective method for estimating
quality of the limestone deposit.

Keywords: limestone; geostatistics; Ordinary Kriging; Inverse Distance Weighting; correlation analysis.

1. Introduction

Limestone deposits are the main raw material for cement plants because it fulfills both the demands of
quality and the quantity of oxides of calcium, silica, aluminum and iron i.e. Cao, SiO,, Al.Os, Fe;03
(Ingram K.D. and Daugherty K.E., 1991). However, the limestone deposits also contain harmful
constituents that influence the cement quality and manufacturing such as MgO, Loss On Ignition (LOI),
S0s, K70, Na0, TiO, P,0s, and Insoluble Residues. In addition, the quality of the constituents on mining
benches at quarries is rarely homogeneous. To improve the quality, these raw materials in quarries that
were mined and crushed are mixed together or with corrective materials from the outside sources (Kathal
K.K. and Mukherjee M.K., 1999). To reduce the cost and maintain a consistent supply of raw materials to
a cement plant, ahigh accurate ore grade model is used to produce reliable estimates of ore grades as
accurately as possible (Abdullah Arik, 1990). However, a good model is not easy to obtain due to the
complex lithological structure of deposit.

To save the cost and maintain a consistent supply of raw materials to a cement plant, an good ore grade
model is created to produce reliable estimates of ore grades, representing the deposit as accurately as
possible (Abdullah Arik, 1990). However, a good model is not easy to generate due to the complex
lithological structure of deposit. In the case of Ta Thiet quarry, the limestone deposit existed various
lithological units and are interrupted by a number of caters and caves. Generally, there was a wide spatial
variations in the grade attributes. An ideal exploratory drilling program could be able to deal with those
variations but it would be highly expensive. Borehole data are limited to describe properly the grade variations.

In spite of standard geostastical methods such as OrK were employed to capture the spatial variation of
the deposit but sometimes they were ineffective.

Krige (1951) was a pioneer in the field of geostatistics. It was then developed with his theory of
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regionalised variables (Webster R., Oliver M., 2001). Geostatistics is concerned with spatial data in order
to understand how data values change over distance or depend on spatial correlation. The most common
use of geostatistics is to make estimations in which unknown values at the unsampled location can be
interpolated by the known sample value at other locations. Geostatistical methods use kriging algorithms
to estimate unknown values.Several methods consist of linear and nonlinear kriging methods, IDW,
interpolating polynomials, splines and power and Fourier series fitting (Wackernagel H., 2003). OK is
probably one of the most common geostatistical methods being applied in estimation because it has
gained much recognition and has proven to be very good estimator. The largest advantage of OK is that
the average squared error between the true value and the estimate is as small as possible. In addition, OK
provides an unbiased estimate. It means that if OK is repeated a large number of times, the errors will be
close to zero.

The company who owns Ta Thiet deposit have decided to select the OrK method for grade estimation
and resource modeling.However, the OrK is complex and time consuming in comparison with the IDW
which is simple, fast and accurate (Cressie N.A.C, 1993). Moreover, the mine is under pressure within a
limited time to produce quickly reliable resource estimation for production planning and design. This
study indicates that the ID method could be used as a good alternative resource estimation method for
OrK for Ta Thiet limestone deposit. In addition, Gencom Surpac 6.3.2 was applied to fulfill this study.

In the case of Ta Thiet quarry, the limestone deposit existed various lithological units and are
interrupted by a number of caters and caves. Generally, there was a wide spatial variation in the grade
attributes. An ideal exploratory drilling program could be able to deal with those variations but it would
be highly expensive. Borehole data are limited to describe properly the grade variations. In spite of
standard geostastical methods such as OrK were employed to capture the spatial variation of the deposit
but sometimes they were ineffective.

2. Study area and data

2.1. Study area

The Ta Thiet limestone deposit is located in Binh Phuoc, Southern Vietnam (Fig 1). The limestone
deposit was mined to supply raw materials for the Ha Tien cement plant which is 10 km far away. The
area of exploration was about 2.25 square km. The slope of and elevation of the terrain in the study are 2-
50 and 40-60m, respectively. Most of the area was covered with a small soil layer containing mud and
sand.
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The quarry works with nine benches. Each has a height of 10 m and a width of 30 m. For the purposes
of resource estimation, a block model of the deposit was created with a block size 6f 30 m x 30 m x 10 m
in the Northern, Eastern and elevation respectively.

2.2. Data used

In study area, 194 exploratory boreholes were drilled in a grid pattern with the spacing varies from 50-
100m and the average length was about 35 m. Samples collected from the boreholes were at intervals of
less than 1 m.

Ta Thiet deposit was extracted by three major lithologies including soil, laterite and clay and limestone
For the present study, the raw borehole data were composited based on domains which are the lithologies.
Cross-sections were constructed perpendicular to the strike of mineralization. Based on these cross-
sections, geological models (solid models) were constructed for each lithological units.

3. Method used
3.1. Ordinary Kriging

OrK is probably one of the most common geostatistical methods being applied in estimation because it
has gained much recognition and has proven to be very good estimator. In this study, OrK was applied to
estimate the grades in Ta Thiet deposit. This method requires the preliminary modeling step of a variance
distance relationship. Hence, OrK is more complex and time consuming than 1D which does not require
such step (Yasrebi J. va nnk, 2009; Zimmerman D. va nnk, 1999). Moreover, OrK works under the
assumption of a stationary condition (Cressie N.A.C, 1993). However, the largest advantage of OrK is
that the average squared error between the true value and the estimate is as small as possible.

3.2. Inverse Distance Weighting

Based on the assumption that things that are close to one another has more influence than those that are
farther apart, ID method predicts a value of an unmeasured location using the measured values of the
locations surrounding it. Weights are assigned to data points depending on the unmeasured point’s
distance to the measured location. In this study, the ID method was applied by using results from
variography and anisotropic ellipsoid. In addition, various weighting powers of 1, 2, 3, and 4 (ID1, 1D2,
ID3, 1D4) were applied to find the best weighting powers in estimating the grades in Ta Thiet deposit.

3.3. Quality assessment

In this study, the accuracy of both methods was evaluated by determining whether the estimation
results are able to reproduce the main statistical characteristics of raw (borehole) data. Simultaneously,
the analyses of trend, grade curve and average bench grade were done to compare the applicability and
the accuracy of ID for quality estimation of the Ta Thiet deposit with OrK.

4. Results and discussion
4.1. Statistics analysis of the grade attributes of Ta Thiet deposit
Table 1. Basic statistics of the grade attributes of Ta Thiet deposit in each domain

Domains |Attributes | No. of |Mean | Median |Standard | Variance | Coefficient | Skewness | Kurtosis
samples variation of variation

Soil Al,O3 4931 |12.39| 12.48 12.57 3.54 0.28 0.31 4.70
Fe203 2189 [24.33| 21.81 17.71 | 313,55 0.73 0.30 1.70
SiO; 1317 |44.25| 38.36 20.95 | 439.25 0.47 0.69 2.42
Laterite Al,O3 1925 |14.07 | 13.75 4.18 17.48 0.29 -0.25 4.47
&Clay Fe O3 1925 |[24.62| 22.81 16.69 | 278.79 0.67 0.12 1.47
SiO; 988 35.75| 33.29 13.82 | 191.21 0.38 0.59 2.98
Limestone Ca0 4949 |45.19| 49.21 | 128.08 | 11.32 0.25 -2.28 7.86
MgO 4932 1.88 1.66 0.88 0.93 0.49 1.17 3.95
LOI 4931 |37.29| 40.49 62.68 7.9 0.21 -2.48 9.05

The first step in performing a geostatiscal evaluation is to analyse the raw data to improve the quality
of the estimations. Fig 2 presents the histogram plots of the grade attributes CaO in the limestone domain.
The histograms of Al;Os, Fe;0s, SiO2, MgO and LOI were generated based on the composites of the
borehole data in each lithological domain of the grade attributes. In this study, the assay data were
composed to the length of 1 m. Al,O3, Fe;03 and SiO, were available in the domains of soil, and clay and
laterite while CaO, MgO and LOI exist in the domain of limestone. Statistics of Al,Os, Fe;O3 and SiO; in
the limestone domain as well as MgO and LOI in the soil, and clay and laterite domains were also
performed showing that their percentages in these domains were too small. Hence, these statistics were
not necessary to be shown and modeled in this study. Table 1 shows the basic statistics of the composite
data of each grade attributes according their domains.
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Fig. 2. Histograms showing grade distribution of CaO in the limestone domain.

From these histograms, it can be seen that no attribute has an actual normal distribution. In fact,
Kriging does not require that data follow a Normal distribution (ESRI, 2001). The data were therefore not
normalized and the raw data can be used. Table 1 shows all grade attributes were not too erratic (all
coefficients of variation < 1) but CaO and LOI were skewed towards the left side (skewness: -2.28 and -
2.48 respectively) and that there might be some difficulties in resource estimation with the data (Dowd
P.A., 1992).

Fig.3 indicates visually there was no trend of the CaO grade attributes in all directions. Hence, the
assumption of a stationary appears to be tenable (Daya A.A., 2014).

4.2. Variogram modelling

In order to understand how the data correlated with distance and direction, variograms were used to
describe these concepts. Experimental variograms which are calculated based on the raw data, displays
several important components including Nugget, Sill and Range. For the sake of kriging, experimental
variogram is replaced by variogram models which consist of: Nugget, Spherical, Exponential, Gaussian
and Power (Bohling Geoff, 2005). Spherical is the most common model used in the mining industry. In
this study, the spherical model was therefore used.
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Fig. 3. Variability of MgO, and LOI in three directions in limestone domain

First of all, downhole variograms were calculated along azimuth of 0°, plunge of 0°, spread of 90° and
lag spacing of 1 m to obtain the nugget variance for the various domains. This is the shortest lag spacing
to enhance the estimation of the nugget variance. The downhole experimental variograms and their
spherical models with the nuggets are shown in Table 2.

Table 2. Nugget values of down-hole variogram model of the grade attributes in the domains

Soil domain Laterite & Clay domain Limestone domain
Atributes Al,O3 SiO, Fe,O3 Al,O3 SiO, Fe,O3 Cao MgO LOI
Nugget 1 17.3 12.97 6.07 5.03 17.47 11.35 0.05 5.03

In this study, the grade estimation was based on search ellipsoids which are a tool to choose known
sample values to estimate unknown values. These ellipsoids are defined by three main components
including major axis, semi-major axis and minor axis. Semi-major axis perpendicular to minor axis and
both belong to a plane perpendicular to a reference plane on that major axis belongs. The reference plane
is important since it can be used to understand the anisotropy of the data or which has the longest
continuous. On this plane, the variograms are calculated and visualised in different possible azimuths at
once to create the primary variogram map. Looking to the primary variogram map, the direction of
maximum continuity can be chosen by the azimuth that appears to have the lowest total variance. For this
study, the reference plane chosen was horizontal and along the strike of the deposit or exactly, has the dip
of 0° and the dip direction of 0°. The directional variograms on the reference plane were calculated and
modelled with lag spacing of 50 m (equal to the average distance between the exploration drill holes),
spread of 15° and a maximum lag distance of 150m along 24 different azimuths. The primary variogram
map, the experimental variogram of the maximum continuity (the black line), its model (the red line) and
the search ellipsoid of CaO in the limestone domain is shown in Fig 4.

The maps for CaO and LOI in the limestone domain show a moderate-strong anisotropy in the
reference plane with the direction of the maximum continuity possibly being defined in the direction of
41°and 160°, respectively. Whereas, other constituents show a weak anisotropy in their domains. Table 3
contains parameters of the major variogram models and of the search ellipsoids used for the grade
estimation in each domain.

In all cases, the variogram models were cross-validated to check their fit with their experimental ones.
A scatter plot of the predicted versus actual CaO values in the limestone domain is presented in Fig 5 and
others in Appendix 6. In all cases, the correlation coefficients (r) were approximately 1 indicating a good
model (Dowd P.A., 1992).
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4.3. Grade estimation of the Ta Thiet deposit using OrK and ID
Table 3. Parameters of the search ellipsoids for grade estimation of each constituents in the domains

Domains at?rrii?ﬁe Nugget Sill Range |Bearing |Plunge |Dip :\n/I:jJsrrfaecTc:r Maj]czrc{[rg)wrlnor
Al;,O3 1 10.85 | 209.76 40 0 13 1.406 17.0
Soil Fe.Os 17.3 305.11 | 241.75 85 0 -12 2.153 5.164
SiO; 12.97 | 500.35 | 164.66 150 0 -12 1.797 5.052
L aterite Al,O3 6.07 11.56 | 298.23 76 0 -13 1.00 12.015
&Clay Fe,0O3 17.47 | 225.34 | 209.19 85 0 -13 2.459 7.134
SiO; 5.03 225.28 | 254.03 76 0 -12 1.975 36.092
Cao 11.35 97.73 407.2 41 0 -12 2.325 8.209
Limestone | MgO 0.05 0.80 193.47 85 0 0 1.392 5.489
LOI 5.03 36.56 | 145.13 160 0 -19 3.752 34.387

Grade estimation of the Ta Thiet deposit was done by two methods ID and OrK based on the
parameters of search ellipsoids and the variogram models. The parameters of the search ellipsoid were
applied for both ID and OrK method. For ID methods, various weighting powers of 1,2,3, and 4 (ID1,
ID2, ID3, ID4) were applied.
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Fig. 5. Scatter plot of predicted values (Kriged values) versus actual values (Grade) of Cao in the limestone domain

4.4, Statistics

According to the Table 4, through the mean values of the grade attributes in their domains were not
different significantly, but smoothing effect existed in all cases when their variance values were lower
considerably than the composites, especially for ID1 and OrK. Reduced variability of estimated value is
referred to as the smoothing effect of kriging and it is a consequence of combining several samples to
form an estimate (ESRI, 2001). Nevertheless, Table 5 generally indicates that the ID estimates can
compare well with the OrK estimates by their statistical results.

Table 4. Summary of estimation result

ID1 ID2 ID3 ID4 OrK

Atributes | Tonnage | Grade | Tonnage | Grade | Tonnage | Grade | Tonnage | Grade | Tonnage | Grade
(10%tons)| (%) |(10%tons)| (%) | (10%tons)| (%) | (10%tons)| (%) |(10%tons)| (%)

Al,O3 60044 | 141 | 60044 | 148 | 60044 | 14.06 | 60044 |14.04 | 60044 | 13.8

Fe20s 79653 | 26.81 | 79653 | 26.51 | 79653 | 27.51 | 79653 | 26.81 | 79653 |24.81

SiO; 40283 | 37.59 | 40283 | 43.77 | 40283 | 37.63 | 40283 | 43.57 | 40283 | 38.59

CaO 255220 | 44.03 | 255220 | 44.01 | 255220 | 44.00 | 255220 | 43.98 | 255220 | 43.8

MgO 139536 | 1.82 | 139536 | 1.82 | 139536 | 1.82 | 139536 | 1.82 | 139536 | 1.81

LOI 82707 | 37.36 | 82707 |37.35| 82707 |37.33 | 82707 |37.32| 82707 |37.32

Table 5. Statistics of estimates by ID methods, OrK method and Composites (Comp)

Mean (g/t) Variance (g/t)?

Domains | Attibutes
! US| comp[ID1 [1D2 |ID3 |ID4 Jork | Comp|ID1 |ID2 |ID3 |ID4 |Ork

AlbOs 123 |12.2 |12.1 [121 |12.0 119|108 |25 |30 |36 |41 [4.05

Soil Fe:O3 243 [255 |25.8 |26.0 [26.1 [24.4 |313.6 [121.4 [131.0 [139.9 |147.1 [120.7

SiO, 443 (449 |449 |46.8 |44.8 |46.8 |439.3 [157.8 |[180.7 |170.7 [218.0 [170.7

AlbOs 141 134 |144 (144 |144 142|175 |57 |77 |82 |85 |72

Laterite ™ 5. 246 |221 |222 |22.3 |22.3 [22.0 |278.8 129.9 [137.7 [144.4 [149.8 1385

& Cla
y SiO, 35.8 |37.6 |37.7 |37.7 |37.8 |38.5 (191.2 (94.2 [(99.9 [106.0 (110.6 [92.19

CaO 452 |44.0 |44.0 |44.0 |440 (43.8 |128.1 126.2 [128.4 [130.5 [132.3 [126.4

Limestone| MgO 19 |18 |18 |18 |18 |18 | 0.9 06 |06 |06 [07 |04

LOI 37.3 |36.3 |36.3 |36.3 |36.2 [36.3 | 62.7 |55.9 |58.9 |61.5 |63.6 |53.9

4.5. Trend analysis

Trend analysis was done for all constituents in the deposit to compare the downhole composite grades
against the estimates done by two methods ID and OrK along the North direction. Fig 6 presents these
comparisons of CaO. The estimates show strong correlation with the composites (r>0.95) except from
LOI in limestone domain showing average correlation (r>0.5) due to the negative skews in their
distribution (see Table 1). Once again all estimates made by ID correlate highly with the ones made by
OrK (r>0.99).
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Fig. 6. Trend analysis for the downhole composites and the estimates of CaO made by IDs and OrK methods

4.6. Average bench grade

Avarage grade was calculated based on the mining bench height (10 m) for all constituents in the
deposit. Fig 7 illustrates the correlation between the average bench grade of CaO estimated by ID and
OrK methods. The value of correlation coefficients indicates that if ID2 or ID4 methods were used to
estimate SiO; and Fe,O3 grade in soil domain or if ID1, 1D2, ID3 methods were used to estimate Al,O3
grade in laterite and clay domain, the average grade of these attributes was different significantly from
that was estimated by OrK method. Except from those ID methods, the rest shows similar results as
gained by OrK method.
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Fig. 7. Average bench grade of CaO correlation betweent the ID and OrK methods

4.7. Grade tonnage curve
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Fig. 8. Correlation of grade tonnage curves of CaO generated by ID and OrK methods



Grade tonnage curves of all constituents in the deposit were plotted for both OrK and 1D methods. A
comparison of the grade — tonnage curves of CaO was also carried out as shown in Fig 8. Generally the
ID methods in most cases provide the same tonnage and average grade as OrK does at any given cut-off.

5. Conclusions and recommendations
(i) There is a more smoothing effect in the OrK than in the ID estimates;

(if) The correlation between the OrK and ID methods indicates that there is no significant difference
between them. However, this correlation does not exist in the case of ID2, ID4 used to estimate SiO» and
Al,O3 grades in the soil domain or ID1, ID2, ID3 used to estimate Al,Oz in the laterite and clay domain.

(iii) For the Ta Thiet deposit, ID method could be used to replace OrK in resource estimation when
time-saving is required and a comparable estimation result is still produced;

(iiii) Care should be taken to control the smoothing effect generated by both ID and OrK methods, and
the skewness of data, especially CaO and LOI grades, by normal transformation techniques.
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FARTH SCIENCES AND A TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Phén tich nguyén nhan tai nan va dé xuét cac giai phap an toan khai
thac Lo chg N-6-4 via 6 — khu Nam mo than Duong Huy

Pao Van Chi®*, Nguyén Vin Thinh, Binh Thi Thanh Nhan*
 Trieong Dai hoc Mé - Dja chat, Viét Nam

TOM TAT

Lo chg N-6-4 via 6 ctia mo than Duong Huy duoc khai thdc tir thang 06 nam 2016. Trong qué trinh
khai thac vira qua vao ngay 29 thang 9 nam 2017 da xay ra su ¢d tut noc, d6 10 cuc b, cac gia tir 35-:- 40
bi x0, dat va do gay tai nan nghiém trong anh huéng dén qua trinh san xuat ciia mo. Do vay bai bao tién
hanh phan tich hién trang Lo cho khi bi tai nan va mot sé nguyén nhan xay ra su c6 dong thoi dé xuat cac
giai phép phong ngira tai nan trong qua trinh khai thac tai Lo chg. Tir d6 sé giam nguy co mét an toan,
dam bao qua trinh san xuat 6n dinh ciia Céng ty trong thoi gian téi.

Tur khoa: Lo cho, tai nan, su cd, khai thac

1. Khai quat chung vé Lo chg n-6-4 via 6 - khu nam mé than Dwong Huy

Lo chg N-6-4 via 6 khu Nam cua mé than Duong Huy dugc khai thic tir thang 06 nam 2016, tir muc -
40 -:- +10. Khu vyc khai théc ¢6 chiéu dai theo phuwong 350m; chidu dai theo huéng déc = 94,5 mét; khiu
bam tru; géc déc trung binh 25°; chdng giit Lo cho bang 85 gia thity lee di dong XDY va 03 kham chéng
biang xa hop; lién két gitra cac gia chdng bang vang gb D120, néc Lo cho trai ludi thép B50 két hop chén
g6 D100; dén ngay 29/9/2017 chiéu dai da khau theo phuong dugc 222 mét. Lo doc via van tai (10 song
song chan) mirc -40 chiéu dai con lai 156m, chong gitr bang vi sat hinh vom SVP-17 tiét dién Sq = 9,5m?.
Lo théng gié mac +10 c6 chiéu dai 39 mét, chdng gitr bang vi sit hinh vom SVP, tiét dién Sq = 9,5m?.
Qua trinh khai thac than trong Lo chg dugc van tai bang mang truot, than tur Lo cho van chuyen dd vao
bang tai dat & 10 doc via van tai mic -40, rét xudng goong 3 tan mic -100, sau d6 qua hé thdng bun ke -
bang tai ra ngoai mat bang [Cong ty than Duong Huy - TKV, 2017].

Vao khoang 4 gio 30 phlt, ngay 29 thang 9 nam 2017 (ca 3 ngay 28/9/2017) trong khu vuc khai thac
Lo cho cua phan xudng khai thac 3 xay ra hién tugng tut noc, d6 10 cuc bd anh hudng dén an toan trong
qué trinh khai thac khu vyc Lo chg. Do vay, ndi dung bai béo tién hanh phan tich nhiing nguyén nhan va
dé xuat mot sb giai phap khic phuc, phong chéng nguy co mat an toan trong qua trinh san xuat tai Lo cho
N-6-4 via 6 khu Nam m¢ than Duong Huy.
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Hinh 1. Vj tri tri Lo cho N-6-4 via 6 khu mé Duong Huy
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2. Phan tich hi¢n trang va nguyén nhin xiy ra tai nan trong qa trinh khai thac tai Lo chg N-6-4
via 6 khu nam mé than Duwong Huy

2.1. Phan tich hién trang 10 che sau khi xdy ra s cé

Sau khi sy co mét an toan xay ra tai Lo cho ctia phan xuéng khai thac 3 ching toi tién hanh quan sat, phan
tich va thay rang hién trang L0 cho sau khi xay ra su ¢6 nhu sau [Tran Xuan Ha va nnk, 2012; B6 cong
thuong, 2011].

- Lo cho 6 tong thé 85 gia + 3 kham, chiéu dai theo hudng dbc 1a 94,5m.

- Gia 85 -i- 54 trong Lo chg ¢ tinh trang 6n dinh, chiéu cao 1,75m; khoang céch giita cac gia 1,0m, ky
thuat dam bao theo yéu cau.

- Gi4 54 -:- 40 da khoan nd min khau guong xong; gia s6 53 di chuyén xong, 51, 52 da day dam tién
guong chua di chuyén; gia 43 -:- 53 da di chuyén xong; gia 42, 41 chua di chuyén xa va bi day sat guong,
Lo cho cao 1,63m.

- Gi& 40 -:- 38 da di chuyén; gia 39, 40 bj x0 dat, d6 theo huéng tir trén xudng, con khoang tréng phia
ludng guong cao 80 cm, rong 60 cm, cot luong guong cua hai gia 39, 40 dung thang ap sat guong Lo cho,
cot sau bj d6 hoan toan.

- Gi4 37 d6 nam doc theo phuong, sat cach try 0,2 -:- 0,3m.

- Gia 35, 37 bj x6 dat, d6 V& phia guong, gia s6 35 X0, dat dau vao gia 34, gia 36 do dat dau vao gia 35.
- Gi4 30 -:- 34 tinh trang vuéng vin 6n dinh

- Gia 35 -:- 40 - luai thép B50 trai noc 10 khong bi rach, buc.

-Gial-:-30 6n dinh, ch?iéu cao 2,2m, khoang cach giita cac gia la 1,0m; ky thuat dam bao theo yéu cau.
So @06 vi tri c&c gié bi x6, d6 trong Lo chg dugc thé hién chi tiét trén hinh 2.

MAT BANG VITRIDO LO CHO

N-6-4/V6/KN MAT CAT: AI-Al GIA 39,40 MAT CAT: A3-A3 GIA37
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Hinh 2. V; tri xdy ra tai nan trong khu vizc Lo cher
2.2. Phan tich mgt sé nguyén nhan xdy ra tai nan

Tir qué trinh quan sét, danh gié tinh trang Lo cho sau khi xdy ra sy ¢6 ching toi tién hanh xac dinh mot s6
nguyén nhan dan dén hién tugng tut néc, d6 10 cuc bo nhu sau:
- Khu vyc gid 35 -:- 40 trong Lo cho ¢6 goc déc cuc bo 30° -:- 33°, I6p try noi cuc b tir 0,2 -:- 0,3m. Pay

cing la nguyen nhéan dan dén hién tuong x0, dat cua cac gia bat thuong dan dén sy cd tai nan. Mot s6 cot
chdng cua cac gia khu vuc nay dit trén nén try bi tron truot. Vi vay d& dan dén hién tuong xo, d6 cac gia.
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- Cong tac chi dao to chirc san xuét, kiém soat cac diéu kién ky thuat an toan Lo cho N-6-4 via 6 khu Nam
cla phan xudng khai théc than 3 trong ca 3 ngay 28/9/2017 chua dat yéu cau, cy thé: trong qué trinh di
chuyen gia 36 thi noc gia bi tut 16 khoang 0,5m®, ngay khi sy viéc xay ra mic du di co can bo quan ly yéu
cau cap thg phu trach cac gia nay dung di chuyén gid, thuc hién cong tac kiém tra cang cb, xu 1y diém tut 10,
bom bd sung &p luc cac cot chdng, can chinh cac cot gia tir gia 35+38 va ting cudng cot sb 5. Tuy nhién
trong qué trinh chi dao, cung cb khu vuc gia 35+38 chwa du b4o hét dugc cac nguy co mat an toan. Do vay
khi &p luc néc Lo cho tac dong dot ngot lam tut d6 gia 35+40 dan dén xay ra su ¢b gy tai nan lao dong.

- Do nhdm cdng nhan lam vigc tir gia 35+38 thyc hién chua dam bao k§ thuét trong qua trinh thi cong
khau guong di chuyén gia thuy luc di dong loai XDY'; qua trinh cung cb gia 38 (tang cuong cot 5) da khong
kiém soat tot &p huc cac cot chong khu vuc thi cong (ap luc cac cot chdng khong dam bao) nén khi &p luc Lo
cho gia ting dot ngot dan dén céc gi tir 3540 bi tut d6, tir d6 gy tai nan lao dong cho cong nhan trong qua
trinh khai thac.

- COng tac kiém tra, gidm sét san xuat cua can b phan xudng khai théc 3, can bg cac phong ban chua dat
yéu cau; chua du bao duge day du cac nguy co mat an toan ¢ khu vuc Lo chg N-6-4 via 6 khu Nam mic -40
++10 dé tham muru, d& xuat va trién khai thuc hién cac bién phép phong ngira tai nan lao dong.

- COng tac tuyén truyén gi4o duc y thirc t cha, nhan thic vé cdng tac an toan cua Phan xuong khai thac 3
chua hiéu qua.

3. Nghién ciru dé xuat mot sb giai phap ting cwdng cong tic quén 1y an toan va phong ngira tai nan
trong qua trinh khai thac tai Lo chg' N-6-4 via 6 khu nam mé than Dwong Huy

3.1. Mgt sé gidi phap xa Iy khi xdy ra sw co

Sau khi xay ra sy ¢ cac phong ban chirc nang tién hanh chi dao trién khai huy dong nhan lyc, vat tu,
thiét bj can thiét dé t6 chic tng ciru tai chd, xem xét bao cdo ban dau ciing nhu so d vi tri sy ¢b, phan
cdng nhiém vu cac ddng chi trong ban chi dao thuc hién nhiém vy trong d6 té chirc ngay cac doi ciu
ho chia thanh cac mii di vao hién truong chi dao.

Chi dao céc phong ban phan xuong cung cap van chuyeén thiét vi vat tu tr mét bang vao phuc vu cong
tac cau ho. Trien khai cong tac lap dat hé thong thdng tin lién lac, triéu tap doi ciu ho ciru nan cé trang bi
du thiét bi vao 10 dé phuc vu cong tac cau hd.

3.2. Mgt sé gidi phap phong ngira

- Thong béo cho tit ca Can bo cong nhan vién trong toan Cong ty biét vé vu tai nan lao dong trén dé tu
lién hé rat kinh nghiém cho ban than khi tham gia lao dong san xuét. Té chtc hoi nghi kiém diém rat kinh
nghiém vu tai nan lao dong trong toan Cong ty va danh gia nhin nhan cic nguy co dé trién khai céc giai
phép phong tranh, loai trir [Phing Quéc Huy, 2017; Vién Khoa hoc Cong nghé mo - Vinacomin, Ha Noi
2009].

- Cac phan xuéng ham 10 phai phé bién lai va thyc hién nghiém tdc quy trinh k§ thuat, bién phép an
toan khai thac Lo cho gia thiy luc XDY dén tit ca cac cong nhan thuong xuyén. Tai cac Lo cho trude va
sau khi né min, cac can bo phu trach tryc tiép nhu Pho quan doc truc ca, 10 truong phai to chic kiém tra,
kiém soat &p luc, nhan dién danh gia cac nguy co mat an toan dé c6 bién phép xu ly loai trir cic nguy co
dam bao du diéu kién an toan méi cho thi cong tiép. Chu dong kiém tra, ra soét bo sung diy du phy kign
gia thuy luc di dong, chuan bi day du vat tu (g6, ludi thép, day thép...) phuc vu thi cong trong ca (co it
nhat 10% dy phong ¢ dau chg, chan chg).

- Kiém tra, ra sodt danh gia Iai toan b cac Qiéu kién thuc Fé tai cac guong Lo chg néu c6 nhitng thay dbi phai
¢4 bién phap diéu chinh, sira d6i phu hop diéu kién thuc té va truc tiép hudéng dan, giam sat don vi thi cong
dam bao an toan.

- Thudng xuyén kiém tra, ra soat lai cac diéu kign ky thuat an toan & tat ca céc dién san xuat néu phét
hién thay vi pham, nguy co mat an toan phai quyet liét ding san xuat yéu cau t6 chirc khac phuc triét dé
méi duoc thi cng tiep.

- Céac dong chi Lanh dao cac phan xuong chan chinh cong tac quan ly ky thuat an toan — vé sinh lao
dong cia don vi minh, chii dong kiém tra ra soét, cap nhat hién truong san xuat hang ca, hang ngay néu
phat hi¢n thdy nhirng nguy co mat an toan phai lap dugc phuong n san xuét, t chuc céc bién phap khic
phuc trigt dé loai trir nhirg nguy co mét an toan méi dugc tiép tuc thi cong, khong dugc dé cong nhan
lam viéc trong khu vic tiém an nguy co mét an toan, khéng dam bao méi truong vé sinh lao dong.
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- Khi b tri cac cap khau tai cac vi tri xung yéu, chénh cos thi phai chi dao cac cap tho ¢ kinh nghiém
xu ly tot dé ¢am bao an toan.

4, Két luan

Nhu vay c6 thé néi, thong qua trinh quan sat danh gia tinh trang Lo cho di xac dinh dugc mot sd
nguyén nhan dan dén tai nan nghiém trong tai Lo chg N-6-4 via 6 khu Nam moé than Dwong Huy 1a do
trong qua trinh khai thac di xay ra hién tugng tut noc, d6 10 cuc bo. Qué trinh kiém tra, giam sat, chi dao
xtr Iy sy ¢b chua sat sao va chua du béo hét duoc cac nguy co giy mét an toan. Do vay chua tham muru,
dé xuat va trién khai thuc hién cac bién phap phong ngira duoc tai nan lao dong.

Vi mot s6 gidi phap xu Iy sy ¢b truc tiép trong Lo cho va céc giai phap vé ky thuat ciing nhu cac giai
phap quan 1y an toan di néu trén gitp cho mo6 nhanh chong on dinh san xuat va khéi phuc lai hoat dong
cua Lo chg trong thoi gian toi.

5. Loi cam on

Nhom tac gia xin dugc cam on cac ddng chi lanh dao Cong ty than Duong Huy, cac can bo phong ky
thuat va cac ban dong nghiép da gitip d& trong qué trinh nghién cttu hoan thién bai bao nay.

Tai ligu tham khao
Cong ty than Duong Huy - TKV, Bao cac hi¢én trang khai thac Via 6 Khu Nam, Quang Ninh 2017.

Tran Xuan Ha va nnk. An toan vé sink lao déng trong khai thac mé ham 10, Nha xuat ban Khoa hoc va
ky thuat, Ha Noi — 2012,

Bo Cong thuong, Quy chuan kj thudt Quéc gia vé An toan trong khai thac than ham 10, Nha xuat ban
Lao dong Ha Ngi - 2011.

Phung Quéc Huy, Bui Viét Hung, Xay dung Van héa an toan trong cac doanh nghiép mo - nén tang
phét trién bén viing, Hgi thao khoa hoc “Déap tng nhu cau than cia nén kinh té - Hién trang va giai phap”,
NXB Cong thuong, 2017.

Vién Khoa hoc Cong nghé me- Vinacomin, Béo céo tong két dé tai “Nghién citu phan tich dénh gid tai
nan chét nguoi trong khai thac than va dé xuat cac gidi phap tong hop nang cao mize dé dam bao an toan
lao dgng”, Ha Ngi 2009.

ABSTRACT

Analysis of cause and proposal for accident prevention in exploration
process in face N-6-4 Seam 6 of Duong Huy coal mining

Dao Van Chi'*, Nguyen Van Thinh?, Dinh Thi Thanh Nhan!
!Faculty of Mining, Hanoi University of Mining and Geology, Vietham

N-6-4 longwall has been mined at No. 6 coal seam of Duong Huy coal mine since June 2016. At this
longwall, shield support fall downed from 35th shield support to 43th shield support on September 29th,
2017, That break's consequence is caused serious accidents affecting the production process of the mine.
This article analyzes the current situation of the longwall and cause of the problem. From there, propose
solutions to prevent accidents in the process of exploitation at the longwalls of Duong Huy coal mine.

Key words: Open market, accident, incident, exploitation
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E\R;SE_ ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PRGNS AD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Ung dung phan mém EndnoteX8 quan ly tai liéu tham khao
trong cac cong trinh khoa hoc Pai hoc Mo-bia chat
Pao Vin Chil, Lé Tién Diing"*, Vii Thai Tién Diing’
Trieong Pai hoc Mé - Pja chadt

TOM TAT

Hién nay cac cong trinh nghién ctru khoa hoc cua cac hoc vién thac sy, nghién ctru sinh tién sy, cac bai
bao khoa hoc va céac cong trinh nghién ciru déu yéu cau ¢ trich dan cac tai liéu tham khao ké thira tir cac
cong trinh da nghién ciru true d6. Tuy nhién viéc trich dan céc tai liéu tham khao trong cac luan van,
luan &n, tap chi va d¢ tai cac cap cua Trudng Pai hoc Mo-Dia chat con chua nhét quéan, theo cac chuan
khac nhau va ciing chua dwoc gidm sat chat ché. Do vay noi dung bai béo tién hanh nghién ctu tng dung
ctia phan mém EndNote X8 dé xay dung hé thong thong tin thu vién cac tai liéu tham khao, phuc vu cho
cong tac trich dan céc tai liéu tham khao trong cac cong trinh nghién ctiu khoa hoc. Hé théng thu vién cac
tai liu tham khao nay gitp cho cac nha nghién cau khoa hoc chu dong trong viéc trich dan mét cach
chinh xéc, sip xép theo thir ty 16 gic va thay d6i nhanh chong céch trich dan, dap g dugc cac yéu cau
khéc nhau cua cac tap chi, hoi nghi, cc nha xuét ban.

Tor khoa: Tai liéu tham khao, trich dan, cong trinh khoa hoc, EndNote X8

1. Mé dau

Hién nay, bat ky trong céc bai viét khoa hoc, béo cdo nghién ctru, cac luan van thac s§, luan &n tién sy,
cac bai bdo va cac cdng trinh nghién ctu khoa hoc cia Viét Nam néi chung ciing nhu ctiia Truong Pai hoc
Mo - Dia chit néi riéng ciing phai ké thira cac cong trinh nghién ciru trude d6. Do vay, céch trich dan va
liét ké cac tai lieu tham khao (TLTK) dong vai trd quan trong trong nghién cuau khoa hoc (Vi Cao Bam,
2011). Cho nén khi trich dan dung va du cac tai liéu tham khao s& danh gia va phan anh sy ton trong, ghi
nhan ciing nhu nang lyc nghién ctu cia cac nha khoa hoc dbi vai san pham tri tué cia nguoi khac. Néu
trong cong trinh khoa hoc ¢ tinh ké thira tir c4c cong trinh khoa hoc truée dé ma khong trich dan nguon
tham khao thi ching la caa tac gia. Nhu vay noi dung cua cong trinh khoa hoc khong ¢6 d6 tin ciy cao va
tac gia khong cé tinh trung thuc trong khoa hoc. Tuy nhién hién nay trong Trudng Dai hoc Moé - Dia chat
phuong phép trich dan va cach thuc trich dan céc tai liéu tham khao & céac tap chi, luan vin, gido trinh va
cac cong trinh khoa hoc c6 nhitng yéu cau khéac nhau, tham chi khéng c6 yéu ciu cuy thé... Do d6 dbi voi
nhimg ngudi lam cdng tac nghién ciru khoa hoc s& gap rat nhidu kho khan khi sir dung céc tai liéu tham
khao dé trich dan c6 tinh 18 gic, thir ty truéc — sau va tinh nhat quan... Vi vay dé hé thong hoa va chuan
héa khi trich dan cac tai liéu tham khao dap g dwoc yéu cau cua cac tap chi, cac nha xuat ban, cac cong
trinh nghién ctu khoa hoc, thuc té ¢ nhiéu cach tir thu cong dén sir dung cac phan mém cé ban quyén
hoac mién phi. Trong noi dung cua bai bao nhém tac gia tién hanh nghién ciu va gigi thiéu wng dung
phan mém EndNote X8 khi xay dung thu vién tai liéu tham khao, phuc vu trich dan cho céc cong trinh
khoa hoc, day 1a van dé vo cling can thiét.
2. Téng quan vé c4c yéu ciu trich din tai liéu tham khao trong cac cong trinh nghién cieu khoa hoc
trén thé giéi va Viét Nam

Trong pham vi ciia bai bao chling tdi tién hanh nghién ciru tong quan, thong ké va phan tich cac yéu
cau, phuong phap trich dan tai liéu tham khao & mot s6 Tap chi, Hoi nghi khoa hoc thude linh vuc nganh
mé cua mot s6 nude trén thé gisi va Viét Nam nhu sau:
2.1. Téng quan trén thé gigi

O Tap chi “An todn mé” cua Truong Pai hoc Mo va Cong nghé Trung Quéc khong co quy dinh cu thé
in trén bia Tap chi dbi véi cac tai liéu tham khao (Tap chi An todn mo, 2012). Tuy nhién cac tai liéu
tham khao dugc viét theo thir tu trong ngoic vuéng va moc Ién phia trén cua chi viét, vi du nhu: xxx[;
xxx@: ...; xxx!", khi dugc trich din trong cac bai bao théng thudng dugc viét nhu sau:

*Tac gid lién h¢
Email: t.d.le@humg.edu.vn
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Tén téc gia — Tén bai bdo — Tén tap chi; Nha xuat ban; don vi phéat hanh — ndm xuat ban, ... —
Tu trang... dén trang...?

Tuong ty & Tap chi “An todn va bdo vé méi truong” va Tap chi “Ky thudt nang lwong va Quan ly”
(Tap chi K¥ thuat niang luong va Quan ly, 2012) cua Trung Quéc, tai liéu tham khao cling dugc quy
dinh giong nhu Tap chi “An toan mo” cia Trudng Dai hoc M6 va Cong nghé Trung Quaoc.

Ddi voi cac tap chi nhganh mo bén Nga nhu: Tap chi mo (Fopusiii XKypnan) — ISSN 0017-2278
(Scopus), xuat ban lan dau nam 1825; Tap chi than (Kypnan Yrons) — ISSN 0041-5790, Xuit ban lan dau
nam 1925 hay cac tap chi khac déu co cac quy dinh cu thé chi tiét d6i véi céc tai lieu tham khao cho tirng
tap chi. Tuy nhién, cic quy dinh nay déu xdy dung dya trén tiéu chuan chung cua Lién bang Nga GOST
7.1-2003 (ndm 2003), cu thé thi ty trich dan do6i vai ting loai tai liéu nhu sau:

+ DPai véi tai lieu tham khdo 1a bai béo trich dan tir tap chi:

Tén tac gia — Tén bai bao — Tén tap chi — Nam xuét ban — SO tip — Trang bét dau va trang két
thuc.

+ P4i véi tai ligu tham khdo 1a sach:

Tén tac gia — Tén sach — Noi xudt ban — Nha xut ban — Nam xuat ban — Tdng s6 trang.

+ Doi véi tai liéu tham khao 1a bai bao trich dan tir tuyén tap hgi nghi, bao céo:

Tén tuyén tap — S6 tap — Noi xuat ban — Nha xuat ban — Trang bat dau va trang két thc.

+ Doi Vi tai liéu tham khdo 1a tir nguon internet:

Tiéu dé cua nguodn internet va tén bai — Ché do truy cap (link)

Mot vi du khac lay tir yéu cau cua Tap chi qudc t& Co hoc P4 va Khoa hoc Mo (International Journal
of Rock Mechanics and Mining Sciences) cua Nha xuat ban Elsevier thuc danh muc SCI (ISSN 1365-
1609). Ve co ban, cac tai liéu trich dan trong ngi dung bai béo duoc ghi & dang chi s6 mil va lién tuc theo
thtr ty xuat hién. Cac so mii ghi bén ngoai (bén phdi) cac dau cham het cau va dau phay, bén trong (bén
trai) dau hai cham va cham phay. Trong danh muc tai liéu & cudi bai bao, cac tai liéu dugc danh so theo
thar tu xuat hién trong ban thao. Mot vi du cu thé cho trich dan tap chi: Tén tac gia — Tén bai bao — Tén
tap chi — Nam xuat ban — So6 tap — Trang bat dau va trang ket thuc; hogc trich dan sach: Tén tac gia —
Tén sach — So phién ban — Noi xuat ban — Nha xuat bin — Nam xuat ban — Tong so trang (Tap chi
quoc té Co hoc Pa va Khoa hoc Mo, 2018).

2.2. Téng quan ¢ Vigt Nam

a) O Viét Nam mot s tap chi thuoc nganh mo nhu Tap chi Khoa hoc ky thuat Mé - Dia chat cua
Truong Pai hoc M6 - Dia chat c¢6 quy dinh chi tiét trong phan “Thé I giri bai” tai trang bia sau cua mdi
cudn tap chi khi xuat ban (Tap chi Khoa hoc k§ thuat M6 - Dia chat, 2017). Cu thé dugc quy dinh ddi véi
cac loai Bai bao dang trén tap chi; cac Bai bao hoi thao, Sach tham khao va cac B&o cao cd su khéc nhau
nhu sau:

* Do Vi bai bdo dang trén tap chi
Tén cac tac gia — Nam xuat ban — Tén bai bao — Tén tap chi — S tap chi — Tur trang... dén
trang...?
* Péi véi bai bao hgi thao
Tén céc tac gia — Nam xuat ban — Tén bai b4o — Tén hgi thao — Dia danh — Tir trang... dén
trang...?
* Poi voi sach tham khao
Tén céc tac gia — Nam xudt ban — Tén sach — Nha xuit ban — Pia danh
* Poi véi cac Bao céo
Tén cac tac gia — Nam xudt ban — Tén bao cdo; cong trinh; dé tai — Co quan phat hanh — Dia danh.

b) O mét Tap chi khac ciing thudc nganh moé va c6 uy tin lau nam 1a Tap chi Cong nghiep mo cua Hoi
Khoa hoc va Cong nghé moé Viét Nam (Tap chi Cdng nghiép mo, 2017). Viec trich dan céc tai liéu tham
khao midc du khong c6 quy dinh dugc in trén mdi cudn tap chi nhur Tap chi Khoa hoc ky thuat Mo - Dia
chat cua Truong Pai hoc M6 - Pia chat. Tuy nhién khi doc va tim hiéu thi ching tdi thay cac bai béo khi
trich dan cac tai liéu tham khao thong thuong dugc viét theo thur tu trong ngoic vudng, dat cing hang
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(dong) vei chix viét: [1]; [2]; [3] .....; [n]. Tén cua cac tai liéu tham khao dugc trich dan trong Tap chi
duoc viét nhu sau:

Tén téc gia — Tén bai bdo — Tén tap chi; Nha xuat ban; don vi phat hanh — S6 xuit ban; nam xuat
ban, dia danh... — Tir trang... dén trang...?

Nhu vay c6 thé noi, ciing 1a cac Tap chi khoa hoc thudc linh virc nganh moé @6 1a Tap chi Khoa hoc ky
thuat Mo - Dia chat ciia Truong Dai hoc M6 - Dia chit va Tap chi Cong nghiép mo ciia Hoi Khoa hoc va
Cong nghé mo Viét Nam da c6 quy dinh khac nhau vé yéu cau trich dan cac tai liéu tham khao trong cac
bai béo. Do véy di voi cac tac gia khi viét bai bao giri cac Tap chi nay phai hiéu rd dugc céc quy dinh cu
thé nay.

) Ddi véi mot sé Hoi nghi khoa hoc nhu “Hoi nghi toan quoc Khoa hoc trai dat va Tai nguyén phat
trién bén vitng (ERSD 2018)” do Trudng Dai hoc M¢ - Dia chat t6 chuc vao ngay 07/12/2018. Khi cac
tac gia viét bai bao dé guri Hoi nghi thi céc tai liéu tham khao trong qué trinh trich dan duoc huéng dan cu
thé va chi tiét nhu sau:

Tai ligu tham khao dugc dit ngay sau phan két luan cua bai bao, dugc sap xép theo thir tu ABC theo
ho tén cua tac gia dau tién, cu thé doi vai tung loai nhu sau:

* Bai bdo ddng trén tap chi: Tén tac gid, nam xuét ban. Tén bai béo. Tén tap chi (in nghiéng) tap (ky),
tur trang...dén trang...

* Bai bao hgi thao: Tén tac gia, nim xuat ban. Tén bai béo. Tén Hoi nghi, Hoi thao (in nghiéng), ngay
va noi hop, noi xuat ban. Tir trang... dén trang...

* Sach tham khdo: Tén tac gia, nguoi bién tap (néu c6), nam xuét ban. Tya sach day du (ké ca tua con,

néu co in nghiéng). Tap (néu co) 1an tai ban (neu cd), nha xuat ban va noi xuit ban (thanh phé, quéc gia)
va sb trang da tham khao hoic s6 trang cuia cudn sach néu tham khao toan bo.

* BAo c4o khoa hoc: Tén tac gia, nim xuét ban. Tén béo céo. Loai bao céo (in nghiéng), noi hop, noi
xuat ban, va s6 trang da tham khao hoac s6 trang cua bdo cdo néu tham khao toan bo.

* Lugn van tot nghiép, Ludn vin Thac si, Ludgn &n Tién si- Tén tac gia, nim xuét ban. Tén luan vin,
luan an (in nghiéng). Loai luan van, luan an, noi xuat ban, so trang da tham khao hoac so6 trang cua luan
van, luan an néu la tham khao toan bé.

Céch trich dan tai liéu tham khao: Tai liéu tham khao duoc trich dan trong bai bao theo dinh dang: Tén
tac gia, nam cong bd cua tai lieu trich dan (vi du: Barton, 1990; Tran Vin A va Nguyén Van B, 2005;
Hall va nnk, 2018; ...). Néu trong 1 doan vin c¢6 nhiéu trich din thi cac tai liéu tham khao duoc phan cach
nhau bang ky tu ;.

3. Khai quéat chung vé phan mém EndNote X8

Endnote Ia phan mém tinh phi phuc vu quan ly va sir dung TLTK mét cach chuy@n nghiép véi céc tinh
nang chinh: ghi cic TLTK trong mot hoic nhiéu thu vién; dong bo TLTK giira céc thiét bi cong nghé va
thu vién truc tuyén; chia sé thu vién TLTK véi ngudi ding Endnote khac; va trich dan TLTK trong cac
chuong trinh xur 1y vén ban. Endnote dugc sir dung rong rai trong céc truong dai hoc va t6 chuc trén thé
gii nho wu diém luu triv dit liéu 16n; cho phép tim kiém, nhap, tly chinh va trich Xuét tai liéu dé dang;
luu trit, ddng bo va chia sé dir liéu truc tuyén thuan tién; va hd tro ki thuat chuyén nghiép. Phin mém cé
thé tai vé tir trang chu https://endnote.com/ va&i ban dung thir 30 ngay. Trong pham vi bai bdo nhom tac
gia trinh bay trén phién ban X8 voi ban quyén day du cung cdp boi UNSW Sydney Australia:
(https://www.it.unsw.edu.au/students/software/endnote.html#EndNoteSpecificLicensingConditions).

Thao téc 1am viéc chinh trong Endnote, ciing nhu trong cac phan mém quan Iy TLTK khac, 14 tao thu
vién TLTK (co s dit ligu) va trich xuét cac tai liéu nay khi dang cac trinh xir Iy van ban (vi du, Microsoft
Word). Viéc khai tao thu vién mai va sau ¢ nhap thong tin TLTK bang thii cong la d& dang véi nguoi
dung may tinh phé théng (Hinh 1). Tuy nhién, viéc nhap thdng tin tir co s¢ dit ligu khac trén may tinh
(Hinh 2) hoic tir co sé dit lidu truc tuyén s& tan dung dwoc cac ngudn dit liéu sin c6, tiét kiém thoi gian,
cong sirc va giam thiéu sai s6t trong qua trinh nhap liéu. Hinh 3 minh hoa thao tac tim kiém TLTK truc
tuyén tryc tiép tr Endnote véi budc 1- vao ché d6 Online Search Mode, budc 2- chon co s¢ dit lidu
online, budc 3- gb tir khoa va tim kiém, budc 4- chén/copy TLTK vao thu vién trén may tinh. Hinh 4
minh hoa thao tac tim kiém va nhap TLTK tir mét trang dit liéu truc tuyén (Sciendirect) c6 hd tro xuét di

16


https://endnote.com/
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Khi viét mot cong trinh khoa hoc, nguoi dung Endnote ngoai viéc nim rd thao tac tao va su dung thu
vién TLTK con phai biét chinh sira dinh dang TLTK trong vin ban theo cac yéu cu khac nhau tiy noi
cong trinh dugc gui dén. Endnote cung cdp mot thu vién céc kiéu dinh dang rat da dang c6 thé pht hop
ngay Vai yéu cau hoic néu khong, nguoi ding cé thé tw tao mgi/chinh sira cho phd hop (Hinh 6). Nguoi
dung ciing c6 thé tai thém kiéu dinh dang tir trang chu Endnote https:/endnote.com/downloads/styles/.

MGt tinh ning thi vi cia Endnote 1a cho phép nguoi ding tim kiém noi dung trong céc tai liéu & dang
PDF dinh kém vao cac TLTK. Py la mot ngudn thu vién khac (file PDF) rat hitu ich cho viéc tim kiém
thdng tin ma khong phai mé tung file dé kiém tra. Phién ban X9 mai nhat tich hop nhiéu tinh nang lién
quan dén 1am viéc nhém (chia s¢) va két ndi sau toéi Web of Science. Céc tinh nang chi tiét cua cac phién
ban Endnote gan day co thé tim hiéu thém tai
https://researchsoftware.com/software/bibliography/endnote/compare-endnote-versions.
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Hinh 6. Chinh siza kiéu dinh dang cia TLTK Xudt ra trong van ban.
4. Panh gia hiéu qua sir dung phan mém EndNote X8 khi xay dung thw vién céc tai liéu tham khio

Phuong phép trich dan céc tai lieu tham khao hién nay khi khéng sur dung phan mém EndNote X8, chu
yeu nguoi viét cong trinh khoa hoc trich din theo kiéu thi cong. Do vay d& bi nham Ian cho nguoi viét va
nham I4n cho ca ngudi doc khi céc tai liéu dwoc trich dan vai s wong lon.

Khi sir dung phan mém EndNote X8 s& mang lai nhiéu tién ich, dic biét khi viét cac bai bdo Quéc té,
cac cong trinh khoa hoc, c4c gido trinh, sach chuyén khao... C4c tai liéu tham khao sé& ty dong thay doi
theo thir tu, theo kiéu trich dan mdi khi ching ta thém hoic bét noi dung nghién ciru trong céc cong trinh
khoa hoc ctia minh.

5. Két luan

Vi cac Tap chi khoa hoc va cac cong trinh nghién ctru khoa hoc khac nhau trén thé gisi va o Viét
Nam thi cé cac yéu cau trich dan tai liéu khoa hoc khac nhau.

Théng qua phan mém En,dNote X8 gilp cho c&n b, sinh vién, hoc vién cao hoc, Qghién ctu sinh
Truong Dai hoc M6 - Dia chat xay dung dugc thu vién cac tai liéu tham khao. D€ tir d6 dé dang va nhanh
chong sir dung tham khao khi nghién ciru céc cong trinh nghién cau khoa hoc.

Khi sir dung phin mém EndNote X8 chlng ta s& c6 dwoc cac thu vién tai liéu tham khao theo yéu cau
ciia mdi Tap chi, cong trinh khoa hoc khac nhau, ddng thoi gidp cho chiing ta kiém soat, thay dbi va hiéu
chinh céch trich dan céc tai liéu tham khao theo quy dinh cta cac Tap chi va cac cong trinh nghién ctu
khoa hoc khac nhau.

Kinh d& nghi Truong Pai hoc M6 - Dia chat chuan héa, ban hanh huéng din chi tiét va cé tinh nhat
quén vé yéu cau trich dan céc tai liéu tham khao khi cdng bé cac cong trinh nghién ctu luén van thac sy,
luan an tién sy, cac bai bao khoa hoc va céac cong trinh khoa hoc.
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ABSTRACT

Application of Endnote X8 in managing reference for publications
by Hanoi University of Mining and Geology

Dao Van Chit, Le Tien Dung*, Vu Thai Tien Dung*
THanoi University of Mining and Geology

To present, scientific publications from master student, PhD student, conference and journal all follow
strict requirements regarding references used in research. However, at Hanoi University of Mining and
Geology, the referencing in master thesis, PhD thesis, project report and journal have been implemented
in different styles, which is not consistent and not strictly monitored neither. This paper presents an
investigation on the application of Endnote X8 software for building library of references when writing
scientific works. A library created by this software assists researcher in citing and formatting references
correctly, quickly and logically according to different requirements from various organizations and
publishers.

Keywords: Reference, Cite, Scientific Publication, Endnote X8.
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E‘RSE ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PRGNS AD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Bién phap dam bao an toan san xuat va giam chi phi thdng gio khi
khai thac ¢ do sau lon tai cac mo than ham 10 vung Quang Ninh

bing Vi Chit*, Bang Phuong Thao!, Nguyén Vin Thinh?
! Truong Dai hoc M6 - Dja chat

TOM TAT

Thong gié mo 1a linh vuc khong thé thiéu duoc trong khai thac mé ham 10. O nhiéu mo6 than ham 1o
ving Quang Ninh h¢ thong thong gi6 chung cling nhu cac tram quat gié chinh da ton tai hang chuc nam.
Trong céc nam t6i, cic mo s& chuyén dién san xuat xudng cac mic sau hon. Didu nay doi hoi phai diéu
chinh ché do cong tac ciia cac quat gié hién tai cling nhu xdy dung cac tram quat gié méi. Song song
v6i cong tac dam bao luu luong gi6 cho cac ho tiéu thu trong mo, can nghién ctru giai phap giam chi phi
trong thong gi6 mo. Két qua phan tich cac s liéu thyc té vé luu luong gio va ha 4 ap chung cua mang gio
mo6 dat ra van d& nghién ctru cach tiép can mai trong thiét ké hoan thién hé thong thong gid mo cling
nhu dinh hudng trang thiét bi thong gi6 khi cac mé chuyén dién khai thic xudng cic mirc siu hon. Bai
viét dé cap dén cac yéu cau trong thiét ké thong gié va st dung hiéu qua cac thiét bj thong gio, nhim
giam chi phi thong gié md va dinh huéng ty dong hoa thdng gidé & cac don vi khai thac than ving
Quang Ninh.

Tur khéa: Thong gié mo; tram quat gio; luu lugng gio; chi phi thong gio; tu dong hda thdng gid;

1. Pit van dé

Tir dau thé ky nay, cung v6i sy phat trién ctia nganh khai thac than ving Quang Ninh, hau hét cic mo
than ham 10 déu xdy dung cdc cac tram quat gi6é mdi. Cac tram quat gié nay da tang cuong thong gio, dam
bao an toan san xuét, dap mg yéu cau tang san luong khai thac than ham 16 trong nhiéu nim qua.

Hién tai nhidu m6 dang chuén bi va chuyén dién khai thac xudng cic muc sau hon. Thong gid da va
dang tro thanh mot linh vue duoc chi trong dac biét nham dam bao duy tri méi trueong 14 viéc cho cac vi
tri lam viéc trong long dat. pé duy tri san xuét than 6n dinh, can dinh huéng xay dung chién luge dam
bao thong gié moé trong giai doan phat trién tiép theo. Hién tai, & cac mé than hdm 16 ving Quang Ninh
dang sir dung khoang hon 60 tram quat gi6 chinh. Cac quat gié ndy hoat dong sudt ngay dém va tiéu hao
mot san lugng dién kha 16n. Khi khai thac ¢ d6 sau 16n, mang gié mo s€ phtic tap hon va chi chi phi nang
luong cho thong gié mo s& tang 1én. Tuy nhién, néu ap dung cac bién phép trang bi va sir dung cac quat
gi6 phit hop c6 thé giam dén 40% chi phi dién ning luong trong thong gié mo.

2. Pic diém cac tram quat gi6 chinh & cac mé ham 10 trén thé giéi va ciia nuéc ta
2.1. Piic diém cac tram quat gié chinh ¢ cac mé ham 10 trén thé gidi

Cung v6i qua trinh phat trién hoat dong nganh khai thiac mo, dé thong gié cho moé ham 10 cac nudce trén
thé gioi da ché tao va dua vao sir dung nhiéu loai quat gié khac nhau, nhung c6 thé phan thanh 2 nhom
chu yéu theo dic diém cdu tao: quat gié ly tdm va cac quat gié huéng truc

Cdac quat ly tam

Céc quat gi6 ly tim sir dung nhiéu & cac nude thude Lién X6 (cii) bit dau tir nhitg ndm cudi cua thap
ky 30 va dugc hoan thién so dd khi dong hoc bt dau tir nhitng ndm cuta thap ky 50. Mot trong nhirng quat
dau tién loai VS c6 dudng kinh banh cong tac dén 5m. Quat ly tim duogc st dung & cac mo ham 10 do sau
16n do ¢o thé tao ra ha ap cao hon so voi quat hudng truc va hoat dong thuong c6 hi€u suit 16n hon.
Nhirng nam vé sau, & Ukraine di ché tao cac quat ly tam VRSD-4,5 va VSD 47,5Y, duong kinh banh
cong tac 4500 va 4750mm. O CHLB Pirc hing TLT da cho ra doi cac quat ly tim cong suat cao va luu
lugng gio dén 700- 800m3/s [Maksimenko V.L., lvanov A.U., 2015]. .

Cac quat huong truc

Cung v6i cac nudc cd nén cong nghiép khai khoang phat trién nhu CHLB Dirc, Anh, My, vao nhiing
nam 40 thé ky XX & Lién X6 (cii) da ché tao cac loai quat huéng truc VOK, VOKD. Dén thap ky 60 ra
doi loai quat VOKR c6 thé dao chidu gio; tiép d6 da tién hanh nghién ctru loai quat VOA c6 thé thay dbi
ché d6 cong tac va huéng gio khi quat dang van hanh. O CHLB D, tir nhitng nam cudi thap ky 70 cia

*Tac gid lién h¢
Email: dangvuchi@yahoo.com
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thé ky trude, 82% cac quat gié mo 1a loai huéng truc 75% trong sb d6 canh quat xoay dugc khi quat van
hanh.

Sur dung cac quat nay tiét kiém duogc téi 40% dién ning; vao dau thé ky nay, tong luu lugng gi6 dua
vao cac mo than 1én toi hang nghin m¥s va chu yéu sir dung cac quat TLT- Turbo (CHLB Duc). Tai Tay
Ban Nha, dé thong gi6 cho m6 Monsakro nguoi ta st dung quat gio ZITRON duong kinh banh cong tac
5,3m va cong suat dong co dén 10000 kW. Pic diém cua loai quat nay 1a goc nghiéng cic canh quat ciing
nhu ché d6 cong tac ctia quat co thé diéu chinh ké ca khi quat dang van hanh.

2.2. Pic diém céc tram quat gié chinh ¢ cac mé ham 10 ciia nwéc ta

Trude day, cac mo than him 10 nudc ta da dwoc trang bi cac quat gi6 chinh cta Lién X6 (cii) nhu
VOKD-1,5 (mo6 Mao Khé), VOKD-2,4 (mo Moéng Duong), VOD-21 (Mo Vang Danh), VOD-1,6 (céc mo
Khe Cham, Duong Huy). Hién tai, & c4c mo ham 16 nudce ta dang su dung cac quat gi6 chinh chu yéu
nhap tr Trung Qudc. Céc loai quat Trung Quéc c6 gia thanh thap so vai cac quat cung loai ctia Nga, brc,
MY,...Thé hé quat sir dung dau tién ¢ nudc ta nhu 2K60, 2K56, 2K58,... Tiép d6 1a cac loai quat BD,
FBCZ va FBCDZ dang st dung ¢ nhiéu mé than ham 16 Quang Ninh.

Can phai nhin nhan nhitng tién bo vuot bac va thanh cong trong cong tac théng gié ¢ cac mo than ving
Quang Ninh. B¢ dap ng san luong khai thac than tang nhanh ¢ hau hét cac mo, tir dau thé ky nay, hé
thdng théng gi6 véi cac quat gié méi da dap ung yéu cau san xuat thyc té trong nhiéu nim qua. Tuy
nhién, & hau hét cac tram quat dang sir dung cac dong co dién khong diéu chinh duoc tde do. Trén thuc té
ché do cong tac cua quat gio khong dat duoc hiéu suat cao. Thuc trang nay dan dén chi phi dién nang kha
cao. Theo dénh gid cic mo ham 16 viing Quang Ninh [Ban KCM- TKV, 2017] chi riéng dién ning cho
cac tram quat gi6 trung binh chiém 25,87% dién nang tiéu thu chung & mé.

3. Xac dinh lwu lwong gi6 cho mo trong thiét ké thong gié mé
3.1. Co so ly thuyét tinh todn luu lwong gié

Trong thiét ké thong gié6 mo, luu lugng gié cho mé Qm duge tinh toan trén co sé luu lwong gié can
thiét théng gi6 cho tat ca cac vi tri cong tac trong mo [Tran Xuan Ha, Pang Vii Chi, Nguyén Cao khai,
Nguyén Vin Thinh, 2014]

Qm=1,1(k. ZQLC"‘ZQCB"‘ZQHT"‘ZQRG) m®/ ph 1)
trong d6: 2Quc, 2Qcs, 2Qut Va 2Qrc- téng luu luong gié can thong gio cac 16 chg, cic guong 1o chuan
bi, cho cac ham tram va luu luong gi6 ro trong mo, m3/ph; k- hé sé dy trir khi ting san lugng cua Io cho.

Luu luong gi6 can cung cap cho cac ho tiéu thu néu trén dugc tinh toan theo yéu cau déi véi s6 nguoi
€6 mat dong nhat, theo san luong khai thac hay do Xuit khi, theo Iuong thudc nd 16n nhit & cac guong 10;
ddng thoi tée do gio trong cac duong 10 phai nam trong gisi han cho phép theo Quy pham an toan.

Trén co s& Xay yéu cau vé luu luong gié quat can tao ra Qy va thuc hién viée xac dinh ché do cong tac
cua quat véi goc nghiéng canh quat g (hinh 1).

Véi co so tinh todn néu trén, quat gi6 phai dap tmg duoc tri s6 16n nhét trong cac két qua tinh toan luu
lwong gid néu trén. Nhu vay, luu lwong gié tai moi vi tri & mo ham 10 ludn can dap wng gia tri khong doi
theo két qua tinh toan, ké ca di véi 10 cho san luong khai thac hay d6 xuét khi cao hon so véi du bao hay
dbi véi cac guong 16 dirng san xut hodc c6 do xuét khi thip hon do cac yéu té khach quan.

Viéc tinh toan luu lugng gié nhu trén & mirc d nhit dinh thich hop khi cac didu kién mo - dia chit va
yéu t6 k¥ thuat- cdng nghé on dinh. Trén thuc té cac via than viing Quang Ninh c6 diéu kién dia chat- ky
thuat mo khé phirc tap. Ngoai ra, khi thiét ké théng gié mo chwa du céc thong tin cu thé vé s liéu du bao
muc d6 chira khi, d6 thoét khi tir cac via than... Diéu nay doi hoi phai lubn tién hanh kiém soat khi mo
trong qua trinh thuc hién cong tac khiu than va dao duong 10 & mo; dong thoi can ap dung nhiing bign
phéap diéu chinh, phan phéi gi6 trong qua trinh san xuat.

3.2. Xdc dinh lwu lwong gi6 can thiét dé thong gié trong giai dogn phét trién sdn xudt ¢ cac mirc khai
thac sdu hon

Khi thiét ké lya chon quat gio chinh dé thong gi6 cho mé thuong xuat phét tir co so ly thuyét néu trén.
Tram quat gi6 chinh dwoc trang bi dé thdng gié mo trong thoi gian kha dai (thuong du dinh khong dudi
10 nam). Dya trén ké hoach san xuét trong giai doan nay, thuc hién xac dinh yéu cau vé luu lugng gi6, ha
ap quat can tao ra dé chon thiét bj quat hop Iy va s& tién hanh diéu chinh ché d¢ cang tac cua quat dap ting
yéu cau thdng gi6 theo thyc té & cac thoi ky khac nhau: Q1, Q2va Qs (hinh 1).

Nhu vay, voi CaC quat dang dugc trang bi & c&c m6 him 16 nudc ta, dé dat duoc cac tri s6 luu luong va
ha khac nhau, cin phai thay di thay déi goc nghiéng cua cac canh quat (0a, Os, ...) khi quat ding van
hanh. Mot bién phéap khac cé thé ap dung dé ting cuong ning luc cong tac cua quat 1a thay dong co véi
téc do quay cao hon, nhung can phai tuan theo gii han t6i da vé toc do dai cua canh quat.
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Khi mo chuyén dién khai thac ¢ do sau Ion hon, dinh huong trang bi quat gié cong suat va higu suét
cong tac cao. Dic bi¢t chd trong cac thiet bi dong bd dé c6 thé tién tai ap dung tu dong héa trong van
hanh va diéu chinh ché d6 lam viéc cua quat.

H On

O

Hinh 1. Lieu lwong gid quat tqo ra ¢ cdc giai dogn phét trién san xudat mé

4. Cac giai phap diéu chinh luu hrong dé thong gi6 mé
4.1. Tiéu thu dién nang trong thong gié mé

Viéc danh gia muc do tiéu thy dién nang trong thong gié mo dugc tién hanh theo céc cach tiép can
khéc nhau. O day chi gidi thiéu va phan tich cac sb liéu vé chi phi nay & mot sé nudc ¢ nén cong nghiép
khai thac mo phat trién tir truéec.

Ngay tir nhitng nim 60 cua thé ky truéc, & Anh da dat ra yéu cau vé loai quat can hoat dong véi ché do
diéu khién tu dong, bai vi cé thé tiét kiem 40% nang lwong dién. Trong gia thanh mot tan than khai thac,
chi phi cho ning luong (nhiét va dién), chiém dén 33%, chi sau chi phi luong cho thg mo. Mot béo céo
gan day chi ra rang khai thac mo chiém t6i 22% tong tiéu thu niang luong cdng nghiép cua Canada
[Millar, D. Levesque, 2016]. Theo s6 liéu ciia Bo Tai nguyén thién nhién Canada, tir nam 2001 dén 2010
chi phi nang lugng quy ddi cho 1 tan khai thac ting 2,8 1an chii yéu do d6 sau khai thac mo tang 1én. O Ba
Lan nghién ctru ciing nhan manh viéc kiém soét cac quat chinh dé giam thiéu muc tiéu thy dién ning
(Krzystanek & Wasilewski, 2008). P trong nhiéu nim qua, tai My di nhan dugc sy quan tdm vé tiéu thy
nang lugng trong nganh céng nghiép khai thac mo. Két qua danh gia cho thay tiéu thu dién hang nim cho
nganh khai thac mo 44 ty kWh; trong d6 cac hé thdng thong gi6 mo tiéu thu khoang 12 ty kWh
(Xenergy,1998). Tir nhiéu nim nay, Bo Nang luong Hoa Ky da trién khai Chuong trinh dong co tiét kiém
(DOE) cho cac nganh cbng nghiép niang [Riyaz Papar, P.E., 2008].

Tuy nhién khé c6 thé thyuc hién viéc so séanh chi phi cho théng gié & cac qudc gia khac nhau. Tai Lién
X6 (cil) trong gia thanh mot tan than nang lwong (nhiét va dién) ban dau chi chiém 1- 2% va dén nhiing
nam 70 cua thé ky truéc méi dat 7-8%. Didu d6 khong c6 nghia 1a thiét bi may moc tiét kiém dang ké
nang luong. Vi quan niém “khai thac mo la nganh ¢6 mure do rui ro tuong dbi cao va dua thém khong
khi trén mrc can thiét khong gay. ton hai gi va c6 thé 1a giai phéap nang cao mirc d¢ an toan lao dong”.
Tuy nhién, xu huéng phét trién vé niang lugng va cac chinh sach vé tiét kiém dién nang cing nhu giam
luong khi phat thai vao méi truong hién nay da dat ra chién lugc sir dung thiét bi mo tiét kiém ning luong
trong su phat trién cong nghiép chung toan thé gigi.

O nudc ta, cac mo than ¢6 khi hang cao nhu Mao Khé, Khe Cham, Quang Hanh ty Ié nay khoang 32%
va chi phi dién ning cho 1 tén khai thac dat 6-7 kWh/T. Nhu vay, néu tinh ca dién ning cho thong gié cuc
b va céc cdng trinh thdng gié trong mo, dién ning can thiét cho cong tac thong gio dat & muc twong
duong véi cac mé khai thac ham 10 trén thé gidi, mac di cac mo ving Quang Ninh chua khai thac & do
sau lon.

4.2. Gidi phdp diéu chinh lwu lwong gi6 va giém chi phi trong thong gi6 khi mé khai thac ¢ dp sau
lon

Hién tai, khi hoan thién hé théng thong gié mo véi muc dich ting cudng luu luong gié cho moé cé thé
ap dung céc giai phap sau:

-Gidm sic can ciia mgng gié mo: stc can chung ciia mang gio ¢6 thé giam nho p dung céc bién phap
giam suc can cac nhanh gi6 hoic don gian so d6 théng gid. Chi phi trén thuc t& dé giam stc can toan
mang gi6 kha 16n. Phuong phap nay thuong dugc ap dung khi két hop véi cac myc dich khac do yéu cau
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an toan hoic van tai,... Pon gian hda mang gié mo s& dat dugc khi tap trung héa san xuat nho ting san
lugng khai thac 16 chg va giam s6 lugng cac h tiéu thu gié ndi chung.

-Gidm ro gi6 va diéu chinh phan phai gié hep ly: phuong an mang tinh chat kha thi cao trén thyc té ¢
cac mo. Hiéu qua cua phuong phap nay phu thugc vao chat lwong thi cong cac cong trinh théng gi6. Véi
cac mang gié phuc tap nhu ¢ cac mo Mao Khé, Vang Danh, Méng Duong,..., 4p dung gidi phap nay kho
dat hiéu qua nhu mong muon Dong thoi, cac cong trinh thong gié di thi cong tot ludn doi hoi can kiem
tra nghiém ngat va cang ¢6 thudng xuyén.

-Sir dung quat gié diéu chinh mém goc ldp canh khi vdn hanh: céc loai quat dang sir dung ¢ cac mo
than ham 16 viing Quang Ninh ¢ thé diéu chinh géc lap canh ban 14 banh cong tac khi dimg quat. Mot s6
loai quat huéng truc dugc ché tao véi co cau diéu chinh mém géc Idp canh bai dong co riéng va cb thé
diéu chinh luu lugng gi6 khi dang van hanh. St dung loai quat gi6 nay cé thé giam tiéu thu dién ning toi
30%.

-Piéu chinh ché @¢ 1am viéc cia quat nho thiét bj bién tan: giai phédp ndy nham tao ra ché do lam viéc
clia quat gio theo yéu cau thuc té bang cach thay d6i mém téc do quay dong co quat nho thiét bi bién doi
tan so. Vi phuong phép nay dién ning co thé tiét kiem tGi 40%).

Hién nay, phan 16n céc thiét bi quat gi6 chinh & mo déu st dung loai dong co khong diéu chinh duoc
toc do quay. Dé diéu chinh luu lugng gi6 sir dung bo phan din gié trong ciu tao quat hudng truc. Bién
phap nay khong dat dwoc hidu qua ti wu vé tiét kiém dién nang tiéu thu. O thoi diém khoi dong quat gio,
doi hoi dong co quat van hanh véi cong suit cao hon mirc yéu cau 10-15%. Trong ca thoi gian mo ham 10
ton tai, cac dién khai thac c6 hudng chuyén xudng cac muc siu hon, sirc can va cac dic tinh khi dong hoc
khéc cua mang gi6é mo thay dbi. Bé duy tri dugc ché do thong gié on dinh khi sirc can mang gi6 thay ddi,
pham vi can diéu chinh ha &p c6 thé tir 2 dén 4- 6 1an. Ngoai ra, luu luong gi6 yéu cu théng gié cho moé
cling thay ddi tir 1,5 dén 3 1an so véi khi mo dura vao hoat dong ban dau [Maksimenko V.L., Ivanov A.U.,
2015].

N/N,

1,04
0.2
0.6
0.4

0.2

Q/Q.

04 0,6 0,38 1,0

Hinh 2. Tiéu thy dién néing ciia cdc phirong phdp diéu chinh heu lirong gid

Trén hinh 2 gigi thiéu mirc do thay doi cong suat tiéu thu dong co quat gi6 khi 4p dung cac phuong
phép diéu chinh luu lugng gi6 khac nhau. Duong cong 1- ap dung bi¢n phap giam sac can chung caa
mang gi6; duong cong 2- diéu chinh luu lwong gié nho thay d6i mém gac lap canh ban 1a banh céng tac
va dudng cong 3- st dung bién tan ddi voi dong co khong dong bo ba pha.

Nhiéu nghién ciru vé thong gié mo khi khai thac ¢ do sau lon di dua dén nhan xét chung: dién ning
tiét kiem duoc trong théng gié chu yéu dat duoc do thay ddi tbe do quat. Tiét kiém dién nang phy thudc
nhiéu vao yéu cau thyc té vé luu lwong gid. Vi cac khung thoi gian khac nhau, luu lugng gié can dwa
vao mo sé khac nhau. Pay la co s& dé diéu chinh luu lugng gid quat can tao ra; dong thoi thay dbi téc do
quay cua dong co phu hop véi nhu cau thdng gio thuc té ciia mo. Vao thoi diém nhu cau luu lwong gid toi
thiéu, muc do tiét kiém dién nang c6 thé dat t6i 60% [Maksimenko V.L., Ivanov A.U., 2015].

Két qua phan tich trén ddy cho thiy, vé& phuong dién kinh té va tiét klcm dién nang cho thong gi6 mo,
can thiét phai sir dung thiét bi quat gié véi dong co diéu khién duoc ché do cong tac khi quat dang van
hanh.

5. Tang cwdng hi¢u qua sir dung thiét bi thong gi6 khi cac mé than ving Quang Ninh khai thac
Xuong sau
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5.1. Sir dung higu qud cac trgm quat hign c6é va dinh hweng thiét bi thong gié

Khi cac mo khai thac & cac mirc sau hon, viéc ting cuong luu lwong gi6 cd thé dat duoc nho &p dung

cac bién phap sau.

Do Véi cac tram quat gi6 hién co:

-Diéu chinh géc lap canh ban 14 banh cong tac;

-Duy tu bao dudng va sira chira ranh gi6 va hé théng duong 10 lién quan véi quat gié chinh ¢é dam bao
strc can khi dong hoc nho nhat;

-Néu diéu kién ky thuat cho phép, thay thé dong co cong suat va hiéu suat cao hon;

-Ap dung cong nghé¢ khai thac tién tién, nang cao san lugng khai théc 10 cho va tap trung héa san xuét
-Tién hanh thu khi mé tan di v6i céc via than c6 do xuét khi cao trong qua trinh khai thac.

Pai véi trang thiét bj quat gié mai:

-Quat gié duoc trang bi phai dap wng duoc luu lugng, ha 4p va hiéu suit cao nhét trong cac giai doan
san xuat mo;

-Dong co quat phai 6 cong suat va hiéu suat cao va dap tmg dugc yéu cau diéu chinh toc do quay khi
dang van hanh;

-Tram quat gi6 can trang bi cac thiét bi dong bo dé cé thé thuc hién tu dong hoa diéu chinh Iuu luong
gi6 mo.

5.2. Chién lwge xay dwng hé théng tw dpng hoa thong gié mé déi véi cac mé than ham 1o nwéc ta

Hé thong tu dong hoa trong thong gié mé duge xay dung theo cac nguyén tac sau:

Nguyén tdc thi nhat 1a thyc hién quan tric thuong xuyén ndng do mé tan, tbc do va hudng gio trong
cac duong 10 va néu cac thdng sb nay sai léch véi muc cho phép (theo Quy pham an toan) s& tu dung hoat
dong cua thiét bi, may moéc. Nguyén tic nay rat don gian vé mat phuong tién k§ thuat ap dung, nhung
viéc dung thoi gian lam viéc va hoat dong cia may moc, thiét bi s& dan dén thiét hai dang ké vé kinh té
dbi vai doanh nghiép mo ham 10.

Hién tai & nhiéu mé than viing Quang Ninh dé ap dung hé théng canh bao khi tw dong. Tuy nhién, thuc
té khi thi cong cac guong 16 dao va khau than & 10 cho, dac biét 1a cac 10 cho co gisi hda & cac via than co
khi, d6i khi day lai | rao can ddi véi viéc duy tri san xuat lién tuc va anh huong khdng nho dén niang sut
lao dong. Cho nén, hé thong duoc xay dung trén nguyén tic thir nhat mang tinh chét canh bao va phong
ngira trong cong tac an toan san xuit & mo ham 10. Day la giai phap khong mang chién lugc lau dai trong
su phat trién nganh céng nghiép khai thac mo nudc ta.

Nguyén tac thiz hai trong diéu khién tu dong thdng gi6 1a kiém soat tong thé toan bo hé théng, ké ca
trang thai khong khi mo: ndng do khi mé tan va téc do gio, trang thai va ché do hoat dong cua thiét bi, cac
cong trinh théng gio... Dua trén dit liéu thu duoc, st dung chuwong trinh may tinh dé phén tich va xac lap
diéu khién ché do van hanh céc thiét bi cua hé théng. Két qua diéu khién toan hé théng nhiam muc dich
giam ham lugng khi mé tan ciing nhu céc khi c¢6 hai khac trong khu vuc cong tdc mo.

Hé théng dugc xay dung theo nguyén tic nay dugc danh gia 1a kha hoan chinh vé tu dong héa trong
thong gi6 mo, Heé thong diéu khién tu dong théng gié mo can duy tri toe do gio trong cac duong 10 theo
quy pham va nong d6 mé tan & ludng gi6 thai bang cach thay ddi luu luong quat gioé chinh va diéu chinh
cac cong trinh phan phdi gi6é trong mo. Hiéu qua diéu khién dat duoc rd rét khi can thiét thay doi luu
lrgng cua quat gio chinh. O cc mo khi luwu lugng gi6 can tang dang ké vao thoi diém nd min,... hoac
nguoc lai, can giam luu luong gi6 vao nhitng ngay nghi hay trong cac ca thuc hién duy tu, bao duorng
Day 1a gidi phap kinh té rat hiéu qua déi véi cac doanh nghiép khai thac ham 16. Ap dung giai phap nay
giam dang ké muc tiéu thu niang luong cua thiét bi quat gié chinh, tao diéu kién thuan loi khai dong quat
va giam dong khai dong. Mat khac, khi sir dung dong co tan sb bién dbi, hiéu sut tinh s& cao hon va gop
phan giam thém dién nang tiéu thu.

Xay dung mot hé théng tw dong héa cho ca quat gié chinh ciing nhu diéu khién tu dong cac cong trinh
phén phéi gi6 hoan toan mang tinh kha ning, nhung day 1a van dé chién lugc vé duy tri 6n dinh khai thac
mé. Hién nay, hé thong diéu khién k§ thuat sé da chirc nang cho phép ung dung dé thuc hién ty dong hoa
toan b¢ thong gié mo. Diéu nay tu dong dam bao phan phdi gi6 theo tat ca cac duorng 16 cling nhu guong
10 theo mot s6 tham s6 nhu: khi mé tan, cac khi sinh ra khi nd min, bui va s ngudi c6 mat trong mo.

Két luan

Trong giai doan ti dé duy tri 6n dinh san xuat than, can c6 ké hoach hoan thién h¢ théng théng gié khi
cac mo khai thac ¢ do sau lon.

Can xay dung co so thiét ké, tinh toan luu lwong theo yéu cau thong gid thuc té va phu thudc vao biéu
db t6 chirc san xuit chung cua toan mo.

Céc tram quat gi6 chinh can b sung hé thdng thiét bi c6 kha ning diéu chinh ché do cong tac cua quat
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theo yéu cau luu lugng gi6 thay doi dé dam bao an toan san xuét va giam chi phi thong gié chung cho mo.
Khi cac mo than khai thac ¢ d6 sau I6n va tang san lugng, can dinh hudng chién lugc tu dong hoa diéu
khién hé thong théng gié mo.
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ABSTRACT

Proper mine ventilation increases safety and can dramatically reduce
costs when operating coal seams in deeper levels

Dang Vu Chit, Dang Phuong Thao® Nguyen Van Thinh?
! Hanoi University of Mining and Geology

Ventilation in an underground mine is of critical importance to the occupational health and safety
conditions for workers. In many Quang Ninh coal mines, the ventilation system and the main fan stations
have been used for decades. In the coming years, coal mines in Quang Ninh are increasing with increased
coal production particularly from deeper seams. This leads to regulate a range of operating points of fans
as well as build fan stations. It is necessary to provide a flow of air to working places in mine, as well as
to study solutions to reduce costs of mine ventilation.

Based on the analysis of data on airflow rates and depression of the airflow networks, research has
been undertaken to the design of ventilation systems and selecting the ventilation equipment when
operating coal seams in deeper levels. The requirements for the design of mine ventilation system,
selecting efficient ventilation equipment for reducing ventilation costs and automation of ventilation
systems in Quang Ninh coal mines have been presented.

Keywords: Mine ventilation; Fan statio; Air flow; Ventilation cost; Automation ventilation.
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E‘RS E / HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
N N A A - A A - - 1
JARHSCENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Nghién ctu kha nang str dung tru nhan tao tha}y thé tru than bao vé 10
chuan bi trong qua trinh khai thac tai cac mo ham 1o vung Quang Ninh

Pinh Van Cuong ¥, Tran Van Thanh 2, Nguyén Anh Tuén 3
Vién Khoa hoc Cong nghé Mo - Vinacomin
2Trirong Pai hoc Mo - Pja chadt
3 Tdp doan Cong nghiép Than - Khoang san Viét Nam

TOM TAT

Trit lwgng nam trong tru bao vé duong 10 du kién dé lai (ton that) trong qua trinh khai théc tai cac mo
ham 16 viing Quang Ninh twong ddi 16n, khoang 93,5 triéu tin, chiém trén 10% tng trit lwong dugc huy
dong (924,2 triéu tan). Pay la trit lugng sin sang, dwoc khoanh viing bai cac duong 16 chuan bi khu vic
10 chg, néu c6 thé khai thac s& cho phép tiét kiém tai nguyén than khong téi tao. Bng thoi, viéc khai thac
than trong tru bao vé s& tan dung dugc cac cong trinh khai théng sin c6 nén khong phai chiu chi phi khiu
hao m& mo, gép phan giam chi phi mét 16 chuan bi, tir d6 cho phép kéo dai tudi tho va tang hiéu qua dau
tu xdy dung. Trén thé gioi, dé giam ton that than trong tru bao vé duong 10, so dd cdng nghé khai thac sir
dung tru bao vé nhan tao duoc ap dung kha phé bién. Theo do, dé dong thoi khai thac dugc than trong tru
bao vé va duy tri 10 doc via van tai lam 10 thong gi6 cho 10 chg phia duéi, tru than sau khai thac sé dugc
thay thé bang tru nhan tao hinh thanh tir dai da chén, cac cum cdt, ciii kim loai, vat liéu héa chét hozc hdn
hop vira bé tdng méac thap hinh thanh tir tro bay, tro day nha may nhiét dién, két hop da thai nghlen va
mot lugng phu gia xi méng, ... Trong pham vi bao cao, nhom tac gia s€ danh gid kha nang va dé xuat mot
s6 so d6 cong nghé ciing nhur loal hinh vat li¢u thi cong tru nhan tao phu hop.

Tir khéa: "Try bao vé nhén tao trong khai thac than ham 10", Tru nhan tao bao vé 16 chuan bi, Trir lugng
than trong tru bao vé 16 chuan bi"

1. Pit véan dé

Tai cac mo than ham 10 viing Quang Ninh, hé thdng khai thac cot dai theo phuong dugc &p dung phd
bién va luén dong gép phan 16n san lugng cho cac don vi. Vi hé théng nay, dé duy tri 10 van tai dao
trong than cua phan tang trén lam 10 thong gié cho 16 cho phan tang dudi, qué trinh khai thac doc theo
phuong s& dé lai mot dai than gidp 10 van tai 1am tru bao vé. Tly thudc vao chiu sau khai thac, dac diém
dia chat mo khu vye duong 10 can bao vé, tru than co kich thudc theo huéng déc tir 12 + 20m, twong ng
trir luong dé lai chiém khoang 12 + 15% tong trix lwong huy dong trong khéng gian khai théc 16 cho
(chiéu dai 16 cho theo hudéng doc phéd bién tir 100 = 150m). Day 1a trir lugng sin sang, dugc khoanh viing
boi cac dudng 10 chuan bi, néu c6 thé khai thac s& cho phép tiét kiém dang ké tai nguyén than khong téi
tao, giam nguy co chay noi sinh tai cac khu vuc via than c6 kha ning ty chay. Pong thoi, viéc khai thac
than trong tru bao vé sé tan dung dugc cac cong trinh khai théng sin c6 nén khdng phai chiu chi phi khau
hao m& mo, gép phan giam chi phi mét 16 chuan bi, tir do6 cho phép giam gia thanh san xuit, kéo dai tudi
tho va tang hiéu qua dau tu xay dung. Dé giai quyét van dé nay, so dd cong nghé khai thac sir dung tru
nhan tao thay thé tru than bao vé 10 chuan bi da duoc &p dung thanh cong tai nhidu nudc trén thé gii,
hiéu qua dap ung tét yéu cau dit ra.

2. Kinh nghiém ap dung tru nhan tao thay thé tru than bao vé 1o chuin bj trén thé giéi va trong
nwoéc

Cong nghé khai thac str dung tru nhan tao thay thé tru than bao vé 10 chuan bi da dwoc &p dung khéa
phd bién trén thé gioi. Trong d6, vat liéu duoc sir dung dé thi cong tru c6 thé 1a cum cot, ciii lon gd/kim
loai, dai da chén, gach/da hoc xay hay vat liéu hoa chat. Thoi gian gan day, vat lidu 12 hdn hop bé tong
méc thip dugc cau thanh tir tro xi nha may nhiét dién, da thai nghién két hop phu gia, xi ming ciing duoc
&p dung va ngay cang tré nén pho bién.

Tru bao vé nhan tao bang dai d4 chén thuong duoc 4p dung khi khai thac céc via than c6 chiéu day nho
(thuong dudi 2,0m) theo hé thong khai thac lien guong, dao 10 chuan bi theo so d6 guong mé rong
[Phung Manh Pac, 1991; Lé Bac Nguyén, 2016]. Bé khéng gian lam viéc dam bao yéu cau theo quy

*Tac gid lién h¢
Email: dinhcuongvimsat@gmail.com
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dinh, guong 16 cho va 10 thong gid, van tai dao tién trudc guong s& phai cit mot phan da vach hoac tru
via. D4 sau khi cit s& dugc van chuyén vao pham vi du kién xay dung tru bao vé nhan tao, qua do s& ddng
thoi cho phép khai thac tdi da tai nguyén, khong phai van chuyén da ra ngoai cura 10 va han ché nguy co
chay noi sinh (hinh 1). Phuong phap nay trude ddy duoc sir dung kha pho bién tai Lién X6 cii (vi du nhu
mo Centeralnaya-Bokovskaya khai thac via than s6 51 Nadbokovskiy ¢6 chiéu day 1,0m; mé Volodarskiy
khai thac via than h8 Maidannovskiy c6 chleu day tr 1,1 +1,15m [7; 8; 9]).

a. Truwong hop géc daoc via lon b. Truong hop géc doc via nho (<15°)
1 — Méang cao 16 che; 2, 3 - Mang cao chuyén tdi than; 4,6 - Dadi chén tir dd né min tai guong 1o doc
. viab5;5— Lc‘g doc via van tai ) i
Hinh 1. Sor do thi cdng try nhan tgo bang dai da chen theo hé thong khai thac lién guong

So d thi cong nhu thé hién trong hinh 1 ton tai nhuoc diém l1a dai d4 chén c6 do co ng6t 16n nén dién
tich st dung dwdng 10 chuan bi giam manh sau thi céng. Bén canh do, 10 cho phan tang dudi (néu co)
trong qué trinh khai thac s& phai khiu qua phan da chén 4 (hinh 1b) ctia gwong khau mé rong hoic phai
dao lai tuyén 10 thdng gié méi (hinh 1a), nén co ban chi p dung dugc cho 16 chg cudi ciing trong tang.
Nhuoc diém nay sé& dugc khic phuc khi té chirc dao ddong thoi cap 10 van tai (10 chg phan tang trén),
thdng gi6 (16 chg phan tang dudi) bang giai phap gwong mé rong. Khi do, tru than giita hai duong 10 s&
dugc khai thac dé tao khdng gian chita d4 thai tir gwong 16 doc via trong qué trinh dao (hinh 2) ma khong
phai van chuyén ra ngoai, cong tac thong gié thuc hién bang ha 4p chung nén don gian va tiét kiém chi
phi. Vi du &p dung so dd nay tai Nga c6 thé ké dén mo than Lugansugol (thi cong 1o doc via trong via
than c6 chiéu day tir 1,5 + 1,8m, dién tich dao 14,5 m2, dao bang khoan né min két hop may danh rach,
toc do dao 10 dat 501m/thang) va Kalininygol thudc ving than Tula (thi cdng 16 doc via trong via than c6
chiéu day tir 1,2 + 1,5m, dién tich dao 8,0 m?, sir dung combai I1K-3, tbc do dat 1635 m/thang). Tai Trung
Qudc, Mo Bat Nhat (Son Dong) ciing 4p dung so dd nay dé thi cong cac cap 10 thong gio, van tai khi khai
thac via than sb 16 c6 chiéu day 0,8 m, duong 10 c6 dang hinh vubng, chiéu cao, chiéu rong 16 2,0 m,
chiéu dai phan guong ma rong gitra hai du'ong 16 dugc chén da Ia 8,0m.

a. So d6 ap dung tai Nga b. So do ap dung tai Trung Quéc

Hinh 2. So d@6 thi c6ng tru nhan tao bang ddi dd chén theo hé thang khai thac cér dai theo phwong

Tru bao vé bang cac cum cot, ciii lon kim loai hoic try d& nhan tao duoc &p dung & via than cé chiéu
day I6n hon. Vi dy, viéc ap dung giai phap nay c6 thé ké dén mo Ziemowit (Ba Lan), sir dung két cau tru
nhan tao bang bé tong (duong kinh 0,6m) dé bao vé cac duong 10 doc via ¢ chiéu cao tir 4,0 + 4,3m,
rong 5,0 = 5,5m khi khai thac 16 chg 902 va 904 tai via 209 (chiéu day via 4,5m, géc déc 4°). Két qua &p
dung thanh cong, cic dudng 16 dugc bao vé dam bao kich thudc yéu cau lam 10 théng gio cho 16 chg ké
tiép (903 va 905), giam dugc 30 + 60% chi phi so véi dao 16 méi (hinh 3). Tuy nhién, ton tai chua dugc
giai quyét 1a van d& ro gi6 va trao khi, nhiét, nudc tir khu vyc da khai thac vao 16 chg lién ké phia dudi
[Piotr Nietacny, 2009]. Clng v&i nhuge diém nay, trong diéu kién via than c6 kha nang tu chay, giai phap
sé khong duoc phép &p dung.
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1 — Kich thuoce khi dao;

2 — Kich thwéc pham vi

nga ba 10 cho;
| ¢ 3- Kich thudéc tai vi tri
¥gs 200m phia sau guong lo
cho
5000 mm
a. Tru bé tong trén duong 10 b. Két qua bdo vé durong 10 doc via 062

Hinh 3. Két qua ap dung gidi phap thay thé try than bao vé 10 chuan bi bang tru bé tng tai mé Ziemowit (Ba
Lan)

Pé khic phuc nhuoc diém cua hinh thirc két cu tru bao vé nhan tao bang cum cot, ciii hay tru bé tong
(chi phi gé cao, tiém 4n nguy co chay, rd gio, xuat khi, nhiét, nudc tir khu vire di khai thac, ...), mot sb
mé ham 10 trén thé gisi da xay dung tru nhan tao thanh cac dai lién tuc & pham vi héng 16 chuin bi can
bao vé, qua 6 dam bao do kin khit va cach ly tét khu vic da khai thac. Tru nhan tao ¢6 chiéu cao bang
chiéu day via than dugc khai thac, chidu rong tiy thudc vao yéu ciu chiu luc va vat lidu thi cong, nhung
thong thuong bang tir 0,7 + 1,1 1an chiéu day via. Tai Ba Lan, vat liéu st dung dé xay dung cac dai tru
bao vé thuong dugc hinh thanh tir hdn hop nude, xi ming, tro bay va cac cdt liéu ran khac dé ting kha
nang khang nén cua try. Dai try sau thi cong tir 6 + 7 gio s& dong két chiu luc, sau 28 ngay kha niang chiu
nén c6 thé dat 24 MPa [Piotr Nietacny, 2009].

Tai Trung Qudc, viéc thay thé tru than bang cac dai tru nhan tao ciing dugc ap dung kha phé bién. C6
thé ké dén mo Tan Nguyén (Tap doan than Duong Mbi, tinh Son Pong) ap dung giai phap nay dé bao vé
10 doc via cap gi6 sach cua 0 cho co gidi hoa ddng bo 3107 tai via s6 3 (chiéu day 2,8m, goc dbc 4°). Lo
duoc chdng neo chét déo cét thép két hop neo cép, chiéu rong 4,0m, chiéu cao 2,8m, chiéu dai duong 10
1592m, d6 sAu so véi bé mat dia hinh 500m. Dai try nhan tao duoc xay dung bang hdn hop khoang hoa
(héa chat) ham luong nudc cao (ty 16 hoa chat-nuéc—phuy gia 1a 1-5-1), kich thuéc tru: cao x rong 1a
2,8x2,0m, xuyén qua than tru duoc bd tri bd sung neo thép dé ting kha ning chiu nén. Két qua &p dung
dat tbt, kich thudc duong 10 dam bao yéu cau, dai try duy tri 6n dinh khdng bi pha hay, ap luc mo lon
nhét tac dong 1én dai tru 1a 12,75 MPa, chi tiét thé hién trong hinh 4 [5K 5 , 2015].

R I | Wl

a. Vj tri thi cong ddi try nhan tao b. Ddi tru nhan tgo thi cong hoan thi¢n

Hinh 4. Ddi tru nhan tao bdo vé 16 chudn bj tai mé Tan Nguyén, Tdp dodn than Dwong Moi, tinh Son
Pong

Bén canh cac wu diém 1a d& thi cong, kha ning chiu lyc cao, thoi gian thuc hién nhanh, it co ngét, cach
ly t6t khu vue da khai thac, giai phap thi cong dai tru nhan tao biang vt lidu héa chit c6 nhugc diém 12 gia
thanh cao. Thoi gian gan day, mot s6 moé tai Trung Qudc nhu Hoa Thai, Té Nam, Ngoa Long Hb, Binh
Mo6i, Dai Trang, ... da sir dung vat liéu thi cdng tru bao vé nhan tao 1a vat liéu dang vira gdm hdn hop tro
bay, tro day nha may nhiét dién, két hop mot lwong phu gia xi miang. Két qua &p dung dat tét tuong
duong vat lidu hda chat, trong khi d6 gia thanh dugc giam dang ké. Pong thoi, viéc sir dung tro bay, tro
day ciing cho phép giai quyét mot lugng khong nho chat thai ran tir cac nha may nhiét dién tai cac khu
vuc lan can [XI 885, 2013; M4, 2015; 7K K%, 2010; K44, 2017; x| E £, 2012].
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Tai Viét Nam, thoi gian qua van dé khai thac khong dé lai/han ché try bao vé (dao 10 men) hoic sir
dung tru bao vé nhan tao (st dung két ciu ciii gd) da duoc nghién ciru &p dung tai mot sé mé ham 16 ving
Quang Ninh [Phiing Manh Dic, 1991], gdm: 10 cho 7 via G mo Tan Lap (ndm 1991 + 1993), via 8 (nim
1993), 16 cho s6 1 via 7 TVD - mé Vang Danh (niam 1998) va via 7 khu Nam, mo Duong Huy (ndm
2004). Viéc ap dung thir nghiém cac giai phap khai thac da cho phép giam dang ké ton that than & tru bao
vé 1o chuan bi, nhung do han ché cua vat ligu thi céng try, nén hi¢u qud bao vé dudng 10 chua thuc sy dap
g yéu cau dit ra. Nhin chung, viéc nghién ciru chuyén sau vé cong nghé khai thac st dung tru nhan tao
thay thé try than bao vé duong 10 chuan bi, ciing nhu vat liéu sir dung thi cong tru chua duge dé cap nhiéu
trong nganh mé Viét Nam.

3. Tiém ning ap dung tru nhan tao thay thé tru than bao vé 10 chuin bi tai cac mé ham 10 Vigt
Nam

Két qua danh gia tai 12 dy &n mé ham 10 16n ving Quang Ninh (Mao Khé, Vang Danh, Nam Mau, ...)
[Truong Ptc Du, 2015] cho thay, trir lwgng nam trong tru bao vé duong 10 du kién dé lai trong qua trinh
khai thac khoang 93,5 triéu tan, chiém 10,11% tong trir luong dwoc huy dong (924,2 triéu tan). Pay déu l1a
trir lwong san sang, sé dugc khoanh ving bai cac duong 10 chuan bi khu vuc 10 chg, do tin cay dat muac
chéc chin (111), néu duoc khai thac s& gp phan giam ton tht tai nguyén va nang cao hiéu qua dau tu
xay dung mo, chi tiét xem hinh 5.

160.0

Trir hrgng (triéu tan)

T'hon Quan Kh Mon;
ron >

I, |1,|,¢|'|.\ !

Mao Vang Nam 1 m Ha Nui 18 I)ln
Khé Danh Miu 31 Lam Béc o1 F g F uy . g ( I am
Nhat Hanh
BTL dia chat huy dong 81.2

* TBV duong 1o

10,2 839 300 1202 685 933 488 98,1 469 539 590

8.6 2,7 13.6 7.7 5.1 1.8 113 5.0 7.0 7.1

TL con

Hinh 5. Phan bé triz hiwong nam trong tru bao vé dwong 10 theo cac dw &n mo

Vién dé ton tai trong tinh toan chiéu rong tru bao vé duong 16 chuan bi trong cac du &n moé néu trén 1a
kich thudc tru bao vé dugc xac dinh gidng nhau & tit ca cac tang khai thac c6 chiéu sau khac nhau. Trong
khi d6, theo gido su Protodiakonov, chidu rong tru bao vé theo huéng déc (Ly) phu thudc truc tiép va ty 18
thuan vai chiéu sau khai thac mo. Chi tiét thé hién trong cong thie (1) dudi day.

Ccos o L x H

L, 2 X ¢ X (M) (@

Trong do:

Lq - Chiéu dai theo hudng ddc cua 16 chg, m;

o - Géc ddc cua via, do;

H - Chiéu sau khai théc trung binh, m;

f - Hé kién cb cua da vach theo thang chia cua Protodiakonov;
¢ - Hé sb ké dén d6 bén cia than va da tru.

Thyc té hién nay, cac mo ham 16 dang khai thac cac tang phia trén ciia du 4n mo, chiéu sau khai thac
s0 véi bé mit dia hinh khong 16n, kich thudc tru bao vé 16 chuan bi hiu hét dugc cdc mo ham 16 lya chon
theo kinh nghiém, binh quan khoang 15m. Tuy nhién, thyc té tai mot sé mo nhu Vang Danh, qué trinh
dao 16 chudn bj va khai thac tai khu giéng Vang Danh, tru than bao vé 10 doc via da c6 kich thudc 18n téi
20,0m van chua dap tng yéu cau bao vé, 10 bi nén 1Gn phai chéng xén nhiéu méi dam bao yéu cau si
dung lai cho 16 cho ké tiép. Trong khi do, theo ké hoach cua cac mo, thoi gian téi s& phai khai théc xubng
sau hon (chléu sau Ién toi 550 + 750m so vai bé mat dia hinh [Pd Ngoc Twdc, 2012], chi tiét xem bang
1), néu van ap dung giai phap truyen thong, kich thudc tru s& phai ting theo twong (g, di cung véi do,
trie luorng thuc té phai dé lai (ton that) trong tru bao vé duong 10 s& 16n hon so vai gid tri du kién trong cac
du an mo.
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Bang 1: Ké hoach xudng sau tzi mét sé mé than ham 16 viing Qudng Ninh

A - X <y s Do sau binh quan, m (tinh
TT Tén mé Téang khai thac cho tang sau nhit)
o Tang I -50 +-300 .
1 Ha Lam Tang II 7300 = 450 550 + 600
x Tang I +125 +-50 .
2 Nam Mau Tang I 750 = 200 645 + 695
3 Vang Danh
; Tang I +0 +-175 .
- Khu Vang Danh Téng II 175 = -300 700 + 750
o Tang I +115 + -50 .
- Khu Cénh Ga Thng IT 50 = 150 555 + 605
Tang I +38 +-100
4 Duong Huy Tang I1 -100 + -250 590 + 640
Tang 111 -250 + -350
. . Tang I -35 +-120 .
5 Thong Nhat Tang II 1120 = 350 615 + 665
Tang I -50 + -175 .
6 Quang Hanh Tang II 175 = -300 500 + 550
X Tang I -100 + -250
7 (k%"?fuﬁg‘}‘;%n | Tang II 2250 = -400 650 + 700
Tang 111 -400 + -550
Khe Cham (Khe Tang I -100 + -300 .
8 Cham I11) Tang 11 -300 + -450 550 =600

Tur cac phan tich néu trén, két hop kinh nghiém trén thé gici cho thdy, viéc ap dung cong nghé khai
thac str dung tru nhan tao thay thé tru than bao vé 16 chuan bj tai cac mo ham 10 Viét Nam 1a rat can thiét
va kha thi. Tuy nhién, do ddc thu khi hau nhiét d6i, miia mua hang ndm kéo dai, vl lugng I6n, trong khi
do, tai nhiéu mo khi khai thac cac tang phia trén da xut hién sap d6 da vach, dich chuyén nut tach lien
thong téi bé mit dia hinh, nén van d& nuéc mat ngim/chay vao khu vuc da khai thac, sau d6 xuat xuéng
tang khai thac phia dudi 12 hoan toan c6 thé xay ra. Do d6, giai phap vat liéu va két ciu tru nhan tao thay
thé try than bao vé &p dung trong diéu kién cac mé ham 16 Viét Nam s& phai c6 mot sé didu chinh cho
phu hop véi didu kién thuc té. Trén co s¢ do, trong didu kién Viét Nam, c6 thé 4p dung mot sb giai phéap
sir dung tru nhan tao thay thé tru than bao vé 16 chuan bi trong qua trinh khai thac nhu sau:

- (1) Sir dung try bao vé nhan tao I dai da chén trong hé théng khai théc lién guong (HTKT LG), cot
dai theo phuong (CDTP) hodc hdn hop lién guong — cot dai theo phuong (LG-CDTP). Dé khic phuc
nhuoc diém d6 co ngét, rd gid 16n trong dai da chén, c6 thé cap bd sung mot lwong vira bé tong mac thap
(xi mang hoic tro bay nha may nhiét dién) vao dai da chén sau thi cong. Giai phap tru nhan tao bang dai
da chén d& xuit &p dung cho diéu kién via day dén 2,0m, khu vuc it chiu anh hudng cta nudc mit, nudc
ngam. Chi tiét xem hinh 6.

Capthung TGAT

cong bang phung
phép guong mé rgng

Cép thugng TGVT

- I T

a. Dai da chen trong HTKT CDTP b. Ddi da chén trong HTKT LG-CDTP
Hinh 6. Try nhan tgo hinh thanh bang ddi da chén
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- (2) Swr dung tru bao vé nhan tao 1a két cau cum cot bé tong hoic ciii gd (dé tang kha niang chiu lyc cua
ciii co thé lap ddy da thai bén trong ciii hodc sir dung cot chdng tang cudng). Tru nhan tao kiéu nay ap
dung dugc cho diéu kién via ¢ chiéu day Ién hon (tai mo Ziemowit, Ba Lan, chiéu day via khu vuc
duong 10 bao vé 1a 4,5m). Tuong tu giai phap sir dung dai da chén, két cau try nhan tao 1a cum cot hay ciii
lon ciing khong phii hop dé p dung tai cac khu vuc chiu dnh huong I6n ciia nuéc mét, nuoe ngam. Dic
biét, trong diéu kién via than khu vuc c6 tinh tu chay, giai phap nay sé khong duoc &p dung do nhugc
diém ro gi6 vao khu vuc khai théc lon.

T

i

i
I TR A R |

TR —
FT

a. Try bang ciii két hop cét chéng tang curong b. Try nhan tgo bang cii
Hinh 7. Try nhan tgo hinh thanh tir két cdu cii két hop cum cot

- (3) Sur dung tru bao vé nhéan tao dang dai lién tuc theo phuong, vat liéu st dung xay dung tru Ia héa
chét hogic hon hop bé tong méc thip gom tro bay, tro ddy nha may nhiét dién, két hop mot lugng phu gia
xi méng (hinh 8). Giai phap nay phu hop dé sir dung cho nhiéu diéu kién chiéu day via khac nhau, kha
nang céach ly tot nén &p dung duoc cho cac khu vuc chiu anh huong cua nudc mat, nude ngam ciing nhu
trong diéu kién via than khai thac c6 kha nang tu chay. Trong diéu kién Viét Nam, tinh Quang Ninh hién
dang 1a dia ban c6 nhiéu nha may nhiét dién than nhat ca nudc véi tong cong suat phat dién khoang 5.550
MW, twong tng luong tro xi thai ra hang nam khoang 7,5 triéu tin/nam [Lé Dic Nguyén, 2016]. Viéc
giai quyét luong tro xi nay dang la thach thic rat I6n cho cac nha may nhiét dién trong van dé luu trir, Xir
1y dam bao an toan cho méi trudng séng cua cu dan dia phuong va canh quan khu vuc. Néu c6 thé s
dung tro xi dé xay dung c4c dai tru nhan tao bao vé dwong 10 chuan bi trong qua trinh khai tai cac mo
ham 16 viing Quang Ninh s& gép phan giam tai &p luc néu trén cho cac nha may nhiét dién.

Py

Hinh 8. So d6 cdng nghé khai thac sir dung tru nhan tao bang héa chat hogc héh hop bé téng méc thap
4. Két luan

Ap dung cong nghé sir dung tru nhan tao thay thé tru than bao vé 16 chuan bi trong qué trinh khai thac
tai cac mo ham 10 Viét Nam la can thiét, kha thi dé giam ton that tai nguyén than khong tai tao, chi phi
mét 10 chuan bi, gia thanh san xuét va nang cao higu qua dau tu xay dung mo. Trong pham vi bai béo,
trén co so kinh nghiém ap dung cong ngh¢ trén thé giGi, danh gia tiém nang trir lugng 4p dung cong nghé
trong nudc, nhom tac gia da dé xuat mot s6 loai hinh cong nghé, giai phap str dung tru nhan tao thay thé
hinh thie try than bao vé 16 chuén bi theo phuong phap truyen thdng. Dé c6 thé trién khai & quy md cong
nghiép tai cac mo ham 16 viing Quang Ninh, thoi gian toi can lya chon vi tri khu vic 16 cho cu thé, 1am co
s¢ thuc hién cac nghién cuu chuyén sau vé ap luc mo tac dong Ién tru nhan tao, vi tri bé tri va kich thudc
can thiét cua tru, ciing nhu kiéu loai, ty 16 cap phdi vat liéu, thiét bi pha hop dé thi cong xay dung tru, tiép
d6 ap dung thir nghiém trong thuc té dé theo doi, danh gia va hoan thién céng nghé truéc khi nhan rong.
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Study on the possibility of using artificial pillar to replace the coal
pillar protecting roadway during the process of exploitation
in coal mines in Quangninh
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The coal reserve of pillar protecting mine roadways, which is expected to leave (losses) in the mining
process, is relatively large in the Quangninh coal mines, about 93.5 million tons, accounting for over 10%
of the total coal reserve (924.2 million tons). This is a readily available coal reserve and currently had
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prepared by the roadways in longwall mining. If we exploit coal pillar, it will not only allow for saving
non-renewable coal resources, but also make use of the available facilities. So there is no depreciation
charge of opening the mine, contributing to reducing the cost of preparing excavation, thereby allowing
for the extension of the mining age and increase the efficiency of construction investment. In the world, in
order to reduce the loss of coal in the pillar protected roadways, the mining technology schemat using
artificial pillar is widely used. Accordingly, in order to simultaneously both exploit the coal in the pillar
and maintain the roadway along the reservoir for ventilation of the longwall below, the coal ribs will be
replaced with artificial pillar formed from the strips of stone, metal roof support, chemical materials or
low-grade concrete mixes formed from fly ash, bottom ash from coal-fired power plants, combined with
crushed stone and some cement additives. This paper will evaluate the ability and proposed some mining
technological schemat as well as the type of construction materials suitable artificial pillar.

Keywords: Artificial pillar; coal pillar; underground coal mining; mining technology
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E\R;SE_ ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PRGNS AD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tong quan Heé thong Khai thac Quang Ham 10 trén Thé gici va Panh
gia Hién trang Ap dung ¢ Viét Nam

Lé Tién Diing"* ,Pao Vin Chit
Trirong Pai hoc Mé - Dia chat

TOM TAT

Khai thac quang bang phuong phap ham 10 xuét hién & Viét Nam véi quy md cong nghiép tir nhiing
nam 1950 tai mé Thiéc Tinh Tac Cao Bang va téi thoi diém hién tai luon dong gop to 16n vao sy phat
tricn kinh té-xa hoi qudc gia. Hé thong khai thac (HTKT) quang ham 16 bao gom cach bé tri cac dudng
10, trinh tw dao 16 va phuong phéap khau quing; va do do, phai dugc thiét ké hop 1y, dam bao tinh hiéu qua
kinh té-ki thuat cho mdi diém mo. Cac HTKT ép dung & Viét Nam dang bi gigi han chu yéu téi mot sb hé
thong truyén thong véi ton that tai nguyén Ién. Cac hé thong nay phai dugc nghién ciru danh gia hién
trang va kha ning nang cao hiéu qua ap dung. Noi dung bai bao trinh bay tong quan HTKT quing ham 10
trén thé gioi va danh gia hién trang &p dung cac hé théng ¢ Viét Nam. Dya trén két qua danh gia tong
quan, bai bao d& xuit mét sé dinh hudng nghién ciru trong yéu nhiam nang cao hiéu qua thiét ké va s
dung HTKT quing cho cac mé ham 16 nudc nha.

Tir khoa: Quang Ham 10; Hé théng Khai thac; Téng quan; Huéng nghién ctu

1. D3t van dé

Theo Chién lugc khoang san dén nam 2020, tam nhin dén ndm 2030 cua Thu twéng Chinh phi (Thu
tudéng Chinh phu, 2011), quan diém chi dao, dinh hudng phat trién, va chinh sach do6i voi viéc khai thac
cac loai quang cé néu:

. Khoéng san 1a tai nguyén khong tai tao, can phai dugc quan i, bao vé, khai thac, sir dung hop i,
tiet kiém, c6 hiéu qua nham dap ung yéu cau phat trién bén virng kinh té-xa hoi, an ninh quoc phong va
mdi truong;

+ Khai thac phai gan v6i ché bién, tao san pham c6 gia tri kinh té cao; dén ndm 2020 cham ditt céc
co s ché bién khodng san manh man, cong nghé lac hau, hiéu qua kinh té thap, gay 6 nhiém moi truong;

. Khuyén khich chuyén giao cdng nghg tién tién, than thi¢n voi moi truong trong khai thac, ché
bién khoang san; tang cuong nang luc, d6i mai thiét bi va cdng nghé.

Theo Quy chuan Viét Nam vé an toan trong khai thac quang ham 16 (Bo Cong Thuong, 2017), “H¢
Théng Khai Thac” 1a hé thong dwong 10 trong giéi han khu khai thac, lién quan mat thiét véi nhau vé
khong gian, thoi gian va muc dich sir dung. Cu thé hon, hé théng khai thac (HTKT) quing bao gdm cach
bd tri cac duong 10, trinh ty dao 10 va phuong phap khau  quang (B3 Manh Phong, 2001). Mot HTKT néu
duoc thlet ké hop 1i s& c6 vai trd quan trong va tién quyét téi viec dam bao tinh hiéu qua kinh té-ki thuat
cho mdi diém mo. Cong tac lya chon va ap dung cac HTKT quang hiam 16 & Viét Nam, do dleu kién dia
chat-mo than quang phirc tap cing nhu han ché trong viéc tiép can cac phuong phap tién tién trén thé
gidi, chua dugc thuc hién va tdi wu hoa mot cach khoa hoc. Chinh vi thé, viéc danh gia tong quan cac
HTKT trén thé giéi va ¢ Viét Nam 1a can thiét, cung cap mot nén tang hiéu bict virng chéic cho cac nghién
ctru chuyén sau phuc vu dap @ng chién lugc phat trién khoang san nuée nha.

2. Téng quan h¢ théng khai thac quiang ham 10

Cac HTKT duoc phan loai béi cac nha khoa hoc Lién X6 cii (P56 Manh Phong, 2001) thanh ba nhoém
chinh dya trén phuong phap diéu khién &p luc khoang khéng gian di khai thac. D6 1a nhém HTKT voi
chdng gitr ty nhién khoang khong gian di khai thac, nhom HTKT véi chong giir nhan tao khoang khong
gian d4 khai thac; va nhom HTKT véi pha hoa dat da. Tuong tu, cac nha khoa hoc phuong tay (Brady and
Brown, 2004; Hamrin, 2001) phan loai cac HTKT theo so d6 trén Hinh 1. M hinh Ii thuyét cua mot s6
HTKT quing ham 16 dién hinh dwoc minh hoa trén cac Hinh 2(a—d).

*Tac gid lién h¢
Email: t.d.le @humg.edu.vn
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Hinh 1. Phan logi cac HTKT quang ham 10 (Brady and Brown, 2004)
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Hinh 2(c) Hé thong khai thac heu quang Hinh 2(d) Hé thong khai thac pha hoa khei (block
(shrink stoping) (Hamrin, 2001) caving) (Hamrin, 2001)

Céc HTKT 4p dung tai mot sé mo quang ham 10 16n nhat trén thé gisi duoc tdng hop trong Bang 1
(Vergne, 2008). Theo do, hé théng pha hoa khéi quing 1a dugc &p dung phd bién nhat trong khi céc hé
thong phé nd phan tang va budng-tru ciing dugc &p dung. HTKT pha nd phan tang ciing dang duoc ap
dung rong rdi ¢ Australia, vi du cAc mo Capricorn Copper, Ernest Henry va Mugana (Department of
Natural Resources and Mines, 2016).
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Bang 1. HTKT ap dung tai cAc mé quang ham 10 Ién nhat trén thé gisi (Vergne, 2008)

cong ty Mé Vi tri Khoang | Congsuat | Hé thong khai thac
sin tin/ngay
LKAB Kiruna Thuy Dién | Sat 52,000 70% phé hoa phan tang
22% khau phan ting
MIM Holdings | Mount Isa Uc K&m 31,000 Khau phan tang
JM Asbhestos Jeffrey Canada Amiang | 20,000 Pha hoa khoi
BHP San Manuel | My DPong 68,000 Pha hoa khoi
Codelco El Teniente | Chile DPong 100,000 Pha hoa khoi
Lepanto Far Southest | Philippines | Vang 17,000 Pha nd bing 15 khoan dai

Cac mo quang ham 10 ¢ Viét Nam trong pham vi bai bdo dugc gi¢i han t6i cac mo thude Téng Cong ty
Khoang san — TKV. Cac mo nay phan bé trén dién rong, chu yeu khai thac quang k&m chi, thiéc, vang va
ddng. Cac mo quang déu nam & cac ving sau, xa, dia hinh ddi nui cao twong ddi phuc tap va phan cit
manh (Lé Van Chinh, 2015). Cac HTKT tai mot s6 mo dién hinh dwoc danh gia va thé hién trén Bang 2.

Bang 2. Panh gid HTKT tai mét sé diém mé dién hinh Tong cong ty Khoang san — TKV

Hé thong Tén mé Uu diém Nhuwge diém
khai thac
Buong luu Chi k&m Lang Hit. Phu hgp vai than quang Ton that quang do phai dé lai tru bao
quang (Ngoai ra: Clc déc ding, chidu day mong | vé 10 van tai, thong gié, thuong canh
Puong, Vi Kém) dén trung binh khbi.
Buong-tru Ké&m chi Chg Bién | Phu hop véi thdn quang c6 | Viéc bo tri cac HTKT con nhiéu bat
(Ngoai ra: thiéc gc | chiéu day lon, goc déc cap do cong tac thim do danh gia cac
Subi Bic) thoai khéi quang chua chinh x4c. Cac
théng sb cua hé thong chwa duoc tinh
toan phu hop, dan dén ton that I6n.
Chia Iép két | Vang Minh Luong | Phi hop vai cac than Cac thdng s6 chiéu dai va chiéu cao
hop véi quang doc ding, chiéu day | cua budng ngan, dan t6i chi phi dao
chen 1o tir mong dén trung binh, ¢6 | 16 chuan bi ting. Géc déc budng khai
gia tri kinh té cao thac theo 16p ngang la 0° nén thoi
gian van tai trong mét chu ki 16n.

3. Phwong phap lwa chon hé théng khai thac

Vé mat ki thuét, viéc st dung mot phuong phap hdm 16 dé khai thac quing co ban dugc quyét dinh boi
dic tinh than quang (kich thudc va hinh dang, do sau va géc doc, ham luong du 16n so vé6i chi phi) va dic
tinh bén viing cua dat d4 xung quanh. Dya trén cac thdng s co ban nay, mot loat phuong phap dinh tinh
va dinh lwong hd trg lya chon HTKT hop |i cho mét than quing da dwoc phat trién trén thé gidi. Mot sé
phuong phép phd bién nhét s& dugc gidi thiéu trong khudn khd bai béo nay.

3.1 Boshkov and Wright

Boshkov and Wright (1973) dé xuat mot trong sb nhitng phuong phap dau tién phuc vu cho viéc danh
gla lya chon HTKT quing ham 10. Phuong phap nay su dung cac mo ta chung cua chiéu day, géc dbc, do
bén virng cua than quing va da xung quanh dé xac dinh cac HTKT ma thuc té trude d6 da duoc ap dung
trong céc diéu kién dia chat- -Mo tuong tu. Phuong phap nay c6 thé dé xuat dén bén HTKT khac nhau cé
thé ap dung cho cling mot dieu kién than quang. Chi tiét xem trong Bang 3.

3.2 Hartman

Hartman (1987) d& xuit mot quy trinh (phuong phap) lya chon HTKT duya trén hinh khéi than quing

va diéu kién xung quanh than quing (Hinh 3). Quy trinh nay tuong tu v6i phuong phéap cua Boshkov and

Wright (1973) nhung huéng téi cac diéu kién mo cu thé hon. Luu y rang su phéan loai cua Hartman 1a cho
ca khai théac ham 10 va 16 thién, than va quing.

3.3 Morrison

Phuong phap cua Morrison (1976) phan chia cAc HTKT thanh 3 nhdm: A- try bao vé cang (Rigid
Pillar Support); B- sut IGn bé mat c6 diéu khién & 10 chg dai (Controlled Subsidence & Sequential
Longwall); C- pha hoa (Caving), xem Hinh 4. Kich thuéc than quang (Chleu rong), phuong thirc thic
chéng gitt, va su tich tu ning lwong bién dang duoc st dung 1a cac tiéu chuin dé xac dinh HTKT hop Ii.
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Bdng 3. Phuong phap Boshkov and Wright

Dang than quing | Géc déoc Do kién co quing | Pd kién cb da HTKT phé bién
Phén l6p méng Nam ngang Kién co Kién co Khéng ph& hoa & try thuong;
Buong-try; Lo cho dai.
Yéu hoac kiencd | Yéu Lo cho dai.
Phan I6p day Nam ngang Kién co Kién ¢ Khong pha hoa & try thuong;
Buodng-tru; Lop ngang.
Yéu hoac kienco | Yéu L6p ngang; Pha no phéan tang
Yéu hoac kién co Kién co Hon hop 16 thién-ham 10.
Mach quang mong | Nam ngang Khong xac dinh Khéng xac dinh Nhu “phén 16p mong”.
Doc dung Kién co Kién co Khoéng pha hoa; Buong
luu quang; Chen 10.
Yéu Cheén 10; Chong khung go
Yéu Kién c6 Khong phé hoa;
Chong khung go.
Yéu Lép bang; Chong khung go.
Mach quang day Nam ngang Khong xac dinh Khéng xac dinh Nhu “phén 16p day/khbi”
Déc dtng Kién c6 Kién co Khéng pha hoa; Hon hop
16 thién-ham 19; Buéng luu
quang; Chdng khung go.
Yéu Chén 10; Chia I6p ngang;
Pha nd phan tang; chéng
khung go.

Yéu Kién co Khéng phéa hoa; Chia lop
ngang; Pha nd phén tang; Phé&
hoa khdi; Chong khung gd.

Yeu Chia I6p ngang; Ph& n6
phan tang; Chong khung go
Khoi Khong xac dinh | Kién ¢o Kién co Hon hop 16 thién-ham 10
Budng luu quang; Pha no
phén ting; Chén 9.

Yéu Yéu hoic kien ¢ | Chia Iép ngang; Pha nd
phan tang; Phé hoa khbi;
Chéng khung gd.

Uncansolidated
ar Permeable

roduced with permission of Jehn Wiley and Sons, Inc

Hinh 3. Phu’ohg phap Hartman
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Hinh 4. Phuong phdp Morrison

3.4 Laubscher

Laubscher (1981) gigi thiéu mot biéu dd gitp lya chon hop |i cac HTKT quing véi sé luong 16n.
HTKT duoc so sénh & day la giira pha hoa khdi va khau budng, va sir dung kha niang tu pha hoa/sap d6 la
tiéu chuan so séanh. Cac tham sb dugc ding dé xac dinh xem c6 dung mot HTKT phé hoa hay khong chii
yéu lién quan dén cac dic tinh cua nit né: mirc do, chi sé chat lwong da (RQD), khoang cach, d6 nham,
ldp nhét va diéu kién thiy van (Hinh 5).

4. Nang cao hiéu qua sir dung hé théng khai thac Viét Nam

Cin cir vao chién lugc khodng san da néu ¢ phan dau bai bao, Téng Cong ty Khoang san — TKV da va
dang hudng téi viéc xay dung cac mo khai thac quang ham 10 tuong ddi hién dai, thu hdi khoang san co
ich & mirc d6 cao nhat, giam thiéu 6 nhiém méi truong, ting ning suit lao dong, ting murc d6 an toan va
cai thién diéu kién 1am viéc cho ngudi lao dong. Tuy nhién, muc tiéu nay khong dé thyc hién khi ma cac
quang ¢ Viét Nam c6 ngudn gdc thanh tao 1a nhiét dich-chiéu day, chiéu dai theo phuong va theo huéng
déc bién dong, ham luong quang va trir lwong mo khong 1on. Thuc té véi diéu kién dia chat mo kho khan,
céc ki su khong ¢ nhiéu lya chon trong viéc thiét ké hé thong khai thac cling nhu co gidi hoa dong bo
cac cong tac mo. Can cir vao viéc danh gia tong quan cac HTKT dang duoc ap dung trén thé gici va ¢
Viét Nam ciing nhu cic phwong phap lya chon HTKT, nhom tac gia dé xuit mot sé huéng nghién ciru
chinh nhim nang cao hiéu qua sir dung cac HTKT trong cac mo quang ham 10 Viét Nam nhu sau:

. Lura chon hé thong khai thac hop 1i. Khi thiét ké cac mo quang hdm 10, cac ki su chu yéu dé xuit
cac HTKT trén co s¢ phan tich dinh tinh cdc didu kién dia chat-mo trudc khi tién hanh so sanh chi tiét vé
mat ki thuat va kinh té. Céach tiép can nay 1a tvong ty nhu véi cac phuong phap cb dién cua Boshkov and
Wright (1973), Hartman (1987) va Morrison (1976) Cac phuong phap nay co uu dlem la don gian, dé
thuc hién; tuy nhién mang tinh dinh lwong it va bi gigi han toi mot sb luong céc tham s nhat dinh. Céac
phuong phap xac dinh mang tinh dinh lugng (vi du Nicholas, 1992) can dugc nghién ctu xem xét 4p
dung dé nang cao hiéu qua lya chon HTKT;

. Tinh toan hop |i cac théng sé hé thong khai thac. Thuc té &p dung & cac mo ham 10 Viét Nam da
cho thiy cac théng s6 ciia HTKT chua ti wu va c6 thé tinh toan hop 1i hon. Vi du tinh toan kich thudc tru
bao vé cac thugng chia khol khai thac hodc chdng giir nhan tao thuong dé giam thiéu ton that quang;

. T6 chue san xudt hop i cac cdng tac 10 che. Vi du trong HTKT buong lru quéng ¢ cac mo Viet
Nam, cong tac khai thac c6 thé duoc bé tri két hop vai cong tac dao 16 ndi (t6i thuong), dan dén viéc kéo
dai thoi gian 1am viéc. Néu cong tac thiét ké HTKT bo duoc cac tru bao vé thi s& giam dwoc thoi gian va
khéi lwgng cong tac chuan bi, 1am ting ning suét lao dong;

«  Co gidi hba céng tic dao 16 chudn bi. Do cac duong 10 chuin bi dao trong da hoic quing c6 do
kién cd lon nén thuong dung phuong phap khoan n min dé dao 16. Tuy nhién viéc sir dung khoan tha
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cong dan dén ning suat pha nd thap va tiéu tén nhidu cong lao dong. Viéc sir dung may khoan tu hanh
hoic ¢6 nguoi diéu khién can phai dugc nghién ciru ap dung ngay & giai doan thiét ké HTKT.
5. Két luan

Noi dung bai bao trinh bay tong quan vé cac HTKT quang ham 10 trén thé gioi va danh gia cac HTKT
hién dang 4p dung ¢ Viét Nam. Cung véi d6 cac phuong phap hd tro lya chon HTKT hop Ii ¢ giai doan
nghlen cuu tién kha thi mot mo quang ciing da duge danh gia. Két qua chi ra rang trén thé gioi viéc phan
loai cac HTKT chu yeu la dya trén cac phuong thirc diéu khlen &p luc mo. O Viét nam, viéc lya chon
HTKT khi thiét ké con mang nhiéu tinh dinh tinh; cac théng sb cia HTKT chon chua duoc tdi wu hoa,
dan dén viéc td chac san xut ciing chwa hop 1i; va cong tac co gidi hoa khi dao 16 con & mirc d6 thap. T
d6, nhom tac gia dé xuit bon hudng nghién ciu chinh nham nang cao hiéu qua thiét ké va sir dung HTKT
cho cac mo quang ham 10 Viét Nam: 1- lya chon HTKT hop 1i; 2- téi uru hoa cac thong sé cua HTKT; 3-
bd tri t6 chirc san xuat hop li cac cong tac 10 cho; va 4- co gidi hoa cong tac dao 10 chuan bi.
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ABSTRACT

A Review of Ore Underground Mining Methods and
Assessment of Application in Vietnam

Le Tien Dung!, Dao Van Chi!
'Hanoi University of Mining and Geology

Underground mining methods for ore extraction have been industrially applied in Vietnam since 1950s
at Tinh Tuc Cao Bang Tin mine and to present they have greatly contributed to the social-economic
development of the nation. An underground mining method (HTKT) consists of roadway layout, roadway
development sequence and ore breaking method; and therefore, it must be properly designed, ensuring the
technical-economic efficiency for a mine site. The methods being applied in Vietnam are limited to
several conventional methods with high rate of ore loss. The current application and improvability of the
applied methods must be assessed. This paper presents a review of the widely applied methods in the
world and an assessment of the methods’ efficiency in Vietnam. From the review, key research
orientations are recommended to improve the design and use of ore mining methods for Vietham
underground mines.
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E‘RSEB- ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PRGNS AD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru xay dung quy trinh thi cong khai thac 10 cho co gidi
chong gitr bang dan 2ANSH cho khu vuc khoang sang Hong Thai-
Mao Khé

Nguyén Vin Diing?, Nguyén Phi Hung?, Nguyén Cao Khai?*, Ding Phuong Thao?, L& Duy Khanh?
Tong Cong ty Péng Bdc, 2Truong dai hoc Mé - Dja chat, 3Cong ty than Ha Lam

TOM TAT

Déi vai nhiing via than mong déc ding 16 cho bam vach va tru via, chidu cao khéu guong toan 16 cho trong
khoang 2,2 - 2,0 m. Phin than sat vach via c6 chiéu day 0,5 - 1,0 m Ia loai than mém. P4 vach truc tiép via than la sét
than, sét két phan mong,chiéu day khoang 1,5m, d& tach 16p va sut I khi 16 gwong nén 16 cho thudng xuyén bi rong
noc giy kho khan cho cong tac di chuyén vi chéng. Mat khéc, trong thoi gian mila mua, 16 chg khai thac gn dia hinh
bé mit nén anh huéng tryc tiép tir mat trude.Nudc chay qua 16 cho nhidu 1am tut néc 16 gwong, han ché cong tac khai
thac va tai than.Trong thai gian nay, phan 16n cac cdng tac 16 cho 1a cang b va thdo tach nude nén anh huong rat lon
t6i cong suit khai thac.Pdng thoi cac chi tiéu san lwong va ning suét lao dong v.v. trong thiét ké di xay dung qua
cao, cdng nhan kho ma thyc hién dugc. Hién tai, chi tiéu nang suét lao dong datrala 20 tan/ cong, nhung thyc té chi
dat 2,5 tan/cdng. Do vay, thu nhap cua cong nhan & day thap, khién mot sé nguoi sinh ra chan nan. Boi vay, viec
nghién ctiu ap dung cong ngh¢ co gisi hda khai thac bang t6 hop dan chong 2 ANSH cho cac via mong, déc ding &
Than Hng Théi (vd Mao Kh&) nhiam nang cao ning suit, khai thac triét dé tai nguyén va dam bao an toan la rat cin
thiét. Bé dat dwoc ning sudt lao dong nhu mong muén Cﬁn thiét phai xay dung dwoc quy trinh thi cong hop ly.

Tir khoa: Gian chong 2ANSH, 10 doc via théng gid, 10 doc via van tai, cot thay luc DZ22, gwong khau.

1. Cong tac tao kham lip @it dan chéng khai thac

Kham dé ldp dat dan chdng (don nguyén) 1a mot doan 10 chg nam lién véi 10 doc via thong gié. Dé
thuan loi cho qua trinh van tai than va do 16 thuong khoi diém mé 10 cho khéng thing, tranh tinh trang
dan chng dau tién ra ngoai 10 thuong khoi diém vi vay khi mo kham Ip dat thiét bi thi ludng dau tién
dugc mé ¢6 chiéu dai 1a 5 m theo chiéu huéng déc via (tic 1a tir hdng bén vach 16 doc via théng gié
xudng phia duéi theo chiéu hudng déc 12 5 m), tién d6 khau guong 1a 1,08 m theo dudng phuong cua
via. Ludng dau tién duoc chbng bang gd két hop véi thiu doc. Cac ludng tiép theo dwoc chdng biang cot
thuy luc don DZ - 25 két hop véi gd thiu doc va thiu ngang 1am xa, cong tac khau chéng tao kham bing
bla chén két hop vai tha cong, kich thudc caa doan 10 cho tir ludng thir 2 cho dén khi du chiéu dai 1a 42m
theo duong phuong va 5m theo chidu hudng ddc. Va dé lap dat toan bo gian chong trong 10 cho thi chidu dai
theo dudong phuong tinh tir thwong khai diém 1a 42m. Chiéu dai theo chiéu ddc cua via tinh tir 10 doc via
thong gi6 xudng 1 5,0 m. Ho chiéu chéng 10 cho nhu hinh 1. [Lé Nhu Hing, 2012]

1.1 Cong tac khdu, chang tao kham ldp dat dan chéng:

Cong tac phé than tao kham lap dit dan chng duoc s dung bua chén dé khau guong, viéc khiu than
dé tao kham c¢ kich thude nhu sau: 2,5 m theo chiéu huéng dbc va 3,0 m theo phuong. Vat lidu lam xa
bang gd thiu doc va thiu ngang, cot dé chdng giit kham bang cot TLD DZ - 25, dau cot lien két vai xa
bing day thép F 3mm, c4c chan cot dwoc lién két voi nhau bang vang chan cot. Khau than tao kham trong
via theo huéng déc xudng phia dudi 13 2,0 m va chéng bang thiu doc, huéng khiu chéng tién theo
phuong va danh ganh ting cuong cho vi chéng caa khdm. Trinh tu thi cong nhu sau:

- Cuang ¢6 chac chan xung quanh vi tri 1am viéc, xdc tai than & nén 16 doc via thong gi6, danh khuon
cat mdn ¢ 10 doc via théng gio, dong thang di lai bén luong thao than, lam Baza chan than, lap dat san
thao tac.

- Bt mép vi chéng kham:

+ Pé thuan lgi cho quéa trinh van tai than khi mo kham thi cho thao 02 hang cot chdng bén hong cua 10
thuong tai vi tri mo kham, vi ’tr|' bat dau thdo hai hang cot doan thu nhat cua 10 thuong cach nén 10 doc via
thdng gio6 theo chiéu huéng doc xuong phia dudi la 1,2m va chiéu dai doan hong 106 can thao nay theo hudng
déc 12 0,8m.

*Tac gid lién h¢
Email: nguyenkhaimdc@gmail.com
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+ Ndi tiép doan hong 16 thugng can thao thir hai xudng phia dudi 1a 1 m thi bat dau cho thao hai hang
cot hong 16 thugng doan thir 2, ni tiép vi tri doan hong 106 can thao thir 2 1a vi tri can thao hang cot hong
16 doan thir 3 va chiéu dai cac doan can thao 1a 1,2 m. Téng chiéu dai céc vi tri can théo 1a 2,4m, tong
chiéu dai céc vi tri dé lai vi chéng 1a 3,4m.

+ Trinh ty thi cong mo kham lap dgt dan chong: Tai than nén 10 doc via thong gi6, danh khudn cét
mon( viéc danh khuén cat mon duoc thé hién cu thé trong bién phap thi cdng mé kham).
Tém chin ngan dit d4 phi hoa
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* Cidc bwéc thi cong ¢ kham thir nhdt nhur sau:
- Buoc 1:
cung ¢ 16 thuong khoi diém maé 10 cho da o tai vi tri chuan b bat mép.
- Buéc 2:

Dénh ganh ting cuong, thdo hai hang cot chéng st hong 1o dé thuan loi cho qua trinh van tai than
(kich thudc danh ganh ting cuong, khoang cach, vi tri can thido dugc thé hién cu thé trong bién phép thi
cbng).

- Buéc 3:

Khéu guong ludng thir nhaflt, dugc sir dung bang bla chen, khau theo huéng dbc la 5m, theo phuong
cua via la 1,08m. Sau khi khau xong thi tai than, don nén, Ién xa vao cot, cai chen, lam bac di lai cho
kham (Céc chen dugc chén kin hodc khoang cach gitra cac thanh chen la 0,2-:-0,25 m/thanh tuy theo dieu
kién dia chat cua tung via).

* Cac bwoc thi cdng ¢ kham thir hai nhw sau:

- Budc 1: Khau tao doan thir nhat ciia kham thir hai voi kich thuéc: 2,5m theo chiéu hudng doc va 3,0
m theo phuong. Va chdng bang thiu ngang, c¢6 danh ganh tang cuong cho kham. Khau kham theo trinh tu
tur trén Xuong dudi theo chiéu husng doc. Chéng kham sir dung cot thuy luc don (TLD) va xa go (dAu cot lién
két v6i xa bang day thép @ 3, cac chan cot duoc lién két voi nhau bang ving chan cot hozc bang day xich).

- Budc 2: Panh ganh ting cudng, xép chdng pin ting cudng phia bén ludng dau tién

- Bu6c 3: Khéu kham doan thtr 2 caa kham tht 2 véi kich thudce: 2m theo huéng déc cua via, 3m theo
phuong cua via. Va chdng bang thiu doc, c6 danh ganh ting cuong cho kham, khau khéam theo trinh tu tir
véach xudng tru cua via, tién do cia mot I1an khau 1a 1,0m. Sau khi khdu xong thi danh ganh ting cuong
cho kham, dat dam nén chdng ndn dan chdng, tao khéng gian lp dat dan chdng thir nhat.
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- Budc 4: Cang ¢b kham, van chuyén dan chdng s6 1 vao vi tri lap dat.

- Bude 5: Dung Paldng néng dan chéng ra khoi tich va xoay theo hudng tién ciia guong 16 chg (theo
hudng doc).

- Budc 6: DuNng toi két hop voi Paling tha dan chong dén vi tri lap dat.
- Bué6c 7: Chét tai cho dan chng, nang xa dan chéng ap sat vao véch 10.

- Budc 8: Khau, dao chong kham ludng thi 3, thao cot chéng ¢ kham, lap dat dan chong sé 2. Lap dat
dan chong s6 2 thyc hién tuong ty nhu dan chong so6 1.

- Budc 9: Van chuyén va lap dat dan chdng s6 3 duoc thyc hién tuong tu nhu dan chdng s 2

_ - Budc 10: Van chuyén va lip dat don nguyén s6 4,5 duoc thyc hién tuong tu khi khau chong xong céc
tién do tiep theo.

Luuy:

+ Khi Ip dat dén dan chdng s6 6 va sé 7 xong thi tién hanh I4p dat gudng bao dé phuc vu cong tac tai than
khi ma kham.

+ Khau tao cac kham tiép theo thi tién do va dung vi chéng giir kham tuong tu nhu kham thir 2.

+ Tién d9 khau guong kham thtr 3 theo phuong via la 2,16m, cac kham thir 4 cho dén khi du chiéu dai
12 42m thi tién d¢ khau guong 1a 2,0m.

1.2 Lap dat dan chéng trong kham

Khi khau, chong kham dugc 2 ludng, tién hanh cong tac lap dat dan chdng s6 1. Sau do, cong tic 1dp
dat dan chong so 2 va so 3, tiep theo dugc tien hanh noi tiep vei qua trinh khau guong kham (sau mdi chu
ky khau dao guong kham lap dat thém mot dan chong). Khoang céch tir dan chong lap dat téi guong
kham theo phuong 1a 3 m tro [én.

* Chudn bi vdt tu, thiét b, v@n chuyén dan chéng dé lip dat:

Chuan bj day di dung cu va thiét bj van chuyén, Idp dit.Dan chong dwoc van chuyén bang tich cho

chuyén dung. Khoi lugng vat tu thiét bi chinh phuc vu céng tac lap dat, xem bang:

Bang liét ké vat tu - Thiét bi phuc vu cong tac van chuyén lip dat

TT Tén vat tw, thiét bi Pon vi S6 lwong Ghi chu
1 ToiJD-114 Cai 1
2 ToiJH - 14 Cai 1
3 Tich van chuyén Cai 2
4 Pa lang 5 tan Cai 4
5 Cép thép ®19,5, L =5m Soi 4
6 Cép thép ®13, L =20m Soi 1
7 Con lan d& cép Bo 15
8 Puly dao huéng D = 420 Céi 2
9 Céc hdm goong Bo 2

* Chudn bi khong gian ldp dt:
Vi tri lap dat dan chéng la & kham, cdng tac chuan bi bao gom:

- Cung ¢, tao khdng gian lap dt.
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- Lép dat toi, treo palang phuc vu cdng téc di chuyén va lap dat dan chéng.
*Vgn chuyén dan chang vao vi tri ldp dat:

_ Dung toi kéo va palang dua dan ch‘éng vao vi tri lap dat trong kham (dan chéng dugc nam theo hudng
doc va dam bao dung vi tri qui dinh) dau dan chong hudng vé phia dudi theo huéng déc.

Str dung toi ham dinh vi dan chéng tai vi tri lap dat, sau d6 chat tai cho dan chdng.
*_dp rap cac dan chang cia té hep theo trinh tu sau:

~ Sau khi dao chéng mé kham duoc 3 luong tién hanh lap dat dan chong s6 1 (dan chong chinh), sau do
lap dat dan chong tiép theo dugc tién hanh ndi tiép véi qué trinh khau guong & kham.

Lip dat toi, treo Paling phuc vu cho cdng tac di chuyén va lap dat dan chong sé 1, dung toi kéo va
Paling dwa dan chéng dan vao vi tri lap dat caa kham (mdi loai dan chng s& co quy dinh thir tu dat cu
thé) dau dan chéng huéng xudng phia dudi theo huong déc cua via, sau d6 chét tai cho xa dan chéng sé 1
ap sat [én noc 1o.

Lip dat dan chéng sb 1 cach thugng van tai 16 cho 1a 1,15m (1 ludng) dé tranh hién twong trong qué
trinh khau than, 16 thugng khoi diém ma 106 cho khéng thang hang thi dan chong sé 1 cé thé cit vao vi
chbng cua thuong khoi diém.

'Lép dit dan chéng s6 2 ndi tiép vei dan chong s6 1 (Trinh ty thi cong lap dat dan chong s6 1 va dan
chong s6 2 duogc thé hién cu thé trong bién phap thi cong ). Sau d6 chat tai cho dan chong s6 2.

N&i cac 6ng cao ap voi bo van cua cac dan chdng, bit dau ra tir phia d6i dién trong bo van bang nat
chiu luc, tao &p cho dan chdng dat p luc cdng tac, &p luc trong duong day khdng 16n hon 20 Mpa (200
KG/cm2). Bé tranh bién dang cac tai vu cia cac tim chan trén va cac quai kep cot chong trén dé cua dan
chéng phu khi nang hozc ha dan chbng, do chénh léch giita céc cot khong cho phép vuot qua 0,5 m.

Lép dat dan chong s6 3, ndi tam chan véi dé cua dan chong phu lién ké; ting 4p dé nang dan chéng sb
1, dung xich lién két hop trén caa tam chan véi vi chong cia dan chong chinh.

Lép dit dan chong s6 4 bang thanh giang ndi dan chong nay voi tam chin ciia dan chéng s6 3. Bing
cac thanh nhip noi dan chong s6 4 véi dan chong so6 2, chat tai d¢ nang xa dan chong so 4, dung xich lién
ket hop trén cua tam chan dan chong so 3 voi dan chong so 4. Lap mot dau cua kich di chuyén voi dan
chong so 3, dau con lai lap voi cac dan chong s6 2 va so 4 (qua cac khap noi ban 1€ trén cac dan chéng).

Tiép tuc lap dat cac dan chdng cua t6 hop dan chdng va céc tim chan theo thi ty trén so do lap dat t6
hop. Lap dat dan chong cudi sau khi da 1ap xong guong bao.

*Lip dat guéng bao:

Léap dit dau din dong tai vi tri gan thuong thao than, sao cho tam truc banh xich trung véi duong mép
ngoai 10 che. Kich day canh tay don cua dan chong so 1 ndi véi con trugt nam trong ranh cua nap hop
giam toc. Him con truot khoi bi troi doc nho dau hdm va bac 16t.

N&i truc cudi véi than dau dan dong va ham truc cudi bang ném ham chuyén dung.

Két ndi tat ca cac dam dan huéng véi nhau bang cac dam néi, ham dam ndi bang ac va ném hoic bing
cac tam ham cd chot day thép.Khi lap cac dam dan huéng, trudc tién phai lap cac con truot vao cac ranh
chir T, sau do lap cac dau kich day (trén dan chong co gia treo) véi cac con trugt. Céc tay don thir 2 va
thar 3 noi v&i cac con truot qua dau noi 16n va dau noi nho.

Lip dat va hdm cé dinh bo tang dudi trén dam cudi.

Cing xich kéo dau cdng tac va ndi xich bang mat ndi, tao thanh vong khép kin.Kiém tra do cing cua
xich va khéng c6 cac doan xich bi van, roi.

Lép cac xe lan cat than trén xich kéo, cach nhau khoang 2,2 -i- 2,5m theo so do lap dat dau cong tac.
Cho phép xé dich vi tri xe 1an so vai vi tri dd dinh vaéi khoang cach dudi 3 mat xich vé phia bat ky.

2 Trinh tw thwc hién céc cdng viéc trong chu ky khai thac 10 che

Kiém tra cung ¢4 10 cho: Lo cho truéc khi khiu guong, phai dugc kiém tra cung ¢6. Céc cang viéc

bao gom: Kiém tra hé thong duong ong cap dich, hé thong cap dién, cac chi tiét cua to hop dan chong.
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* Pdnh cdc dodn tién trude gwong 1o chy

Lén cac xa doc ( chéng bang cot TLD va 1 dau cdm sdu vao guong 10 chg) va cdc xa ngang trudc
khong gian guong 10 cho dé gitr phan khong gian noc trude khi khau ( trinh ty thi cong dugc thé hién
trong ban vé thi céng

* Khdu gwong 16 chy':
Kiém tra tinh trang dan chéng, guong 16 chg doc theo tuyén hanh trinh ciia guong bao.
Kiém tra tinh trang cua gudng bao trudc khi van hanh.

* Chu ky khdu mét lép than bao gom cdc buwéc:

Can cir vao &p luc mo cua 1o cho, sirc chiu tai cua dan chdng (sic chiu tai caa dan trén 1 m? che chén
khong nho hon 240 kN/m? va stic chiu tai cua dan chdng khéng nho hon 800 kN) va kinh nghiém khai
thac 10 cho sir dung dan chdng cua Ucraina, thiét ké xay dung ho chiéu chéng giit 10 chg nhu sau: [Vil
Dinh Tién 2005]

Chiéu dai 16 chg caa mot cot; 60 m.

Khoang céch gitra cac dan chdng trong t6 hop: 1,0 m.
S6 luwong dan chéng trong té hop: 60 dan.

1- Ha gudng bao dé cat than phan véch.

2
3

4- Ha, di chuyén va nang (tao khang luc)cho cac dan chong phu.

Lam sach Ip than con bam trén vach.

Khau tiép 16p than phan tru.

5- Ha, di chuyén va nang (tao khang luc)cho céc dan chbng chinh.
* \/g@n hanh guéng bao, khau than 16 che dwoc thuc hi¢n nhu sau:

+ Khiu than 106 cho theo chiéu déc cua via, viéc pha than ¢ guong 10 cho nho hé théng guong bao.
Gudng bao dich chuyén doc guong 16 cho theo hanh trinh va khiu tir néc xudng nén 16 cho.

+ Guong khéu duoc chia lam 2 phan: Rhan dudi sat nén va phan trén sat noc 10 che. Khau than phér]
noc trude, sau d6 dau cua mdy bao duoc day 1én - xuong theo mat ding bang kich chao - lac thuy lyc dé
khau hét phan than nén.

+ May bao dugc dy chinh dién vao guong bang ban diéu khién thuy luc chung hoic ting phan nho
khdi diéu khién cuc bo dat trén gia treo. Sau khi khau hét guong theo tién do (0,63 m/tién do) va theo
chiéu dai 10 chg, may bao duoc chuyén vé vi tri ban dau, truéc khi di chuyén dan chdng 10 cho. [Lé Nhu
Hung 2004; Lé Nhu Hung, 1995]

* Dj chuyén dan chéng, chéng gii gwong 1o che:
Sau khi khiu guong 16 chg (tién do 0,63m), tién hanh di chuyén cac dan chéng theo cac budc nhu sau:
- Buéc 1. Di chuyén dan chéng phu:
+ D& tai cho cc dan chdng phu trén subt chiéu dai 16 cho nho bo didu khién thuy luc.

+Picu khién cho cac kich day dé day cac dan chdng phu vé phia guong 16 ch theo tién do bing budc
khau (0,63m).

+ Sau d6 chat tai cho cac dan chdng phu.
- Budc 2 . Di chuyén dan chdng chinh:

+ Tiép theo sir dung ban diéu khién thuy lyc giam &p cho cum dan chong chinh, dong thoi diéu khién
céc kich di chuyeén, kéo cdc dan chdng chinh vé phia guong 10 cho sao cho thang hang vaéi dan chong phu.

+ Sau d6 chét tai cho dan chdng chinh, hoan tat cong tac di chuyén.
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Hinh 2. So dé h¢ thong khai thac si dung gian 2ANSH
* CONg tac tao 16 thuweng thdng gio va logi bé thireng van tdi phia sau té hep dan chéng:

- Theo tién do khau va di chuyén cac dan chéng, & 10 cho sé tién hanh chdng tam, sau d6 chong chinh
thac khong gian tiép giap ph|a sau dan chong & cudi 10 chg dé tao thanh 1o thuong théng gio (chong 10
bang vi g6 va xép ciii lon dé bao vé 10). Pong thoi véi qué trinh trén, tién hanh chdng hang cugc dé ngan
da & ludng phé hoa va loai bo khong gian doan 16 thugng van tai phia sau to hop dan chong ¢ dau 16 cho.

- Chéng 16 thuong thdng gi6 (giir hau 10 cho tao 10 thuong thong gio): Lo thuong thong gié duoc
chéng giir sau mdi chu ky khau guong 16 chg. Lo thuong théng gi6 cé tiét dién hinh chir nhat, kich thudc
ngoai khung chdng la: néc va nén 3,8 m, chiéu cao 2,2m. Viéc chdng gitr thuong dugc tién hanh theo hai giai
doan chdng tam va chéng chinh nhu sau:

+ Chéng tam: Sau mdi tién do khiu guong (0,63 m) va sau khi di chuyén t6 hop dan chéng 10 chg thi
tién hanh chdng tam, mdi tién d6 chéng mét vi. Vi chéng tam st dung gd doan, mdi vi hai doan
(2,5m/doan) chéng so le nhau va duoc chdng bang 4 cot gd. Tién do céc vi chdng tam theo chiéu déc
0,63m/vi va dugc danh vang, cai chén chic chin.

+ Chang chinh: Sau khi khai thac 8 ludng 16 chg (5,04m), tién hanh cong tc chong chinh 1o thugng
thdng gid. Viéc chdng chinh dugc tién hanh theo hai budc nhu sau:

Budc 1: Chong chinh vo chdng thugng, gom dat dam, 1én xa va dung céc cot chong;

Budc 2: Xép cac ciii lon bao vé hdng 10 phia pha hoa va ciii lon ngan ludng tai than va luong di lai.
Céc ciii lon c6 két ciu gom 4 cot chudng va cac cuc cili (cuc g pin), ciii dugc xép thanh khdi hop lién
hinh chix nhat. Khoang cach gitra céc tam ciii bao vé hdng 10 phia pha hoa la 3 m. Khoang cach giira cac
tAm clii ngdn luong tai than va ludng di lai 1a 4 m. Giira hai ciii ngn ludng tai than va Iuong di lai theo
chiéu déc thi chong hai hang cot. Theo Chleu dai thuong, cir 8 m bé tri mot 16i thong gitra ludng tai than
va ludng di lai (16i thong dé @& phong su ¢ cua khoang thao than). Kich thudc 16i thong c6 chiéu rong
0,7 mét, chiéu cao bang chiéu cao cua thuong. Khoang cach ciii cudi cuing cia thuong t6i tim chéc cua to
hop dan chéng dang khai thac 1,0 -:- 2,0 m.

- Loai bo thuong van tai phia sau tb hop dan chdng: Viéc loai bo 16 thuong van tai phia sau tb hop dan
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chéng dugc thyc hién sau mdi chu ky khai thac 10 cho (sau 8 ludng khai thac), cong viéc duoc tién hanh
nhu sau:
+ Panh hai hang cot bich sat nhau ngan phan 16 thuong théo than phia sau té hop dan chéng 10 cho.

+ Cac cot bich duge danh ¢ khoang di lai va khoang thao than, vi tri hai hang cot bich ngang véi tam
chan phia sau cua to hop dan chong va duoc chdng so le nhau [Pao Trong Cuong 2017]
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Hinh 3. So dé van hanh gian 2ANSH

3. Két luan

Dé giai quyet nhimg kho khan trong qua trinh san xuit mang lai co yéu té chi quan va khéach quan,
dap ung nhu cau tang san lugng, ning cao nang sudt lao dong, giam ton that than, nang cao mirc d an
toan va cai thién diéu kién 1am viéc cho ngudi cong nhan, Cin cir vao dic dién dia chit khu vuc, trinh do
cong nghé khai thac cia Cong ty, Can ctr vao diéu kién dia chit mo cua céc khu vuc khai thac via 12 mic
+200/+350 chiéu day via trung binh tir 1,8-:-2,0 m; goc déc via trung binh 46°, kha nang ap luc mo khéng
I6n va trén co s¢ dac tinh k§ thuat cua cac t6 hop thiét bi khai thac, sau khi xay dung quy trinh lap dat
mot cach day du cho to hop 2ANSH s& dem lai hiéu qua trong san xut.

Tai ligu tham khao

bao Trong Cudng, D4 Manh Phong, Dang Vii Chi, Nguyén Qué Thanh (2017), “Nghién cizu xay dung
dieu ki¢n ap dung cac loai hinh cong ngh¢ khai thac via than day trung binh va doc dirng”, Tap chi Khoa
hoc va Cong nghé Viét Nam, so 11, tr 60-64.
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ABSTRACT
Reseach procedure installation and operation when application
2ANSH mechanisms work in specific geological conditions
Hong Thai-Mao Khe coal area

Nguyen Van Dung®*,Nguyen Phi Hung? Nguyen Cao Khai?; Dang Phuong Thao?, Le Duy Khanh?
'Dong Bac coal Corporations, 2Hanoi University of Mining and Geology, Halam coal Company

For steep and thin coal seams, the face height is from 2.0 to 2.2 m. The coal portion adjacent to roof is
soft with a thickness of 0.5-1.0 m. The immediate roof, which consists of thin siltstone and claystone
layers in a total thickness of 1.5 m, is likely to delaminate and cave above coal face that causes difficulty
for movement of face support. Alternatively, during rainy season, the face is close to surface and is
directly impacted by surface water. Water flow contributes to face/roof fall, interrupting coal production
and transportation. During the interruption time, longwall activities are mainly maintenance and water
pumping that significantly impact the production. The designated productivity is 20 tonnes/man-shift, but
real output was only 2.5 tonnes/man-shift. Low salary discourages workers here from working. As a
result, a study on application of mechanised technology using 2ANSH shield for steep and thin coal
seams at Hong Thai (and Mao Khe) for reducing coal loss, improving production and safety is of great
importance. In order to achieve this aim, it is necessary to develop an appropriate schedule for longwall
operation.

Key words: 2ANSH mechannisms support, ventilation tunnel, transpost tunnel, DZ22 support,
working face
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ERS @ 2 HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
N N A A - A A - - 1
Jpmsaences o /A TAINGUYEN VOI PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Anh huéng cia s6ng chan dong noé min dén cac cong trinh trén mat
khi khai thac tai mo Bong Trang Bach, Uong Bi, Quang Ninh

Tran Quang Hiéu®, Bui Xuan Nam?, Tran Tuan Minh®, Nguyén Dinh An®
Nguyén Hoang', Nguyén Quang Huy?
L Truong Pai hoc M6 - Pia chat
2Vi¢n Khoa hoc va Cong nghé Giao thong van tdi

TOM TAT

Trén co s phan tich, danh gia bang phan mém phan tich s6 Phase 2 c6 quan tam dén cac tham s md hinh Iy thuyét
két hop vai cac két qua do dac sau khi nd min thuc nghiém cho phép danh gié dnh huong cua song chén dong nd min
khi khai dao cac duong 16 dudi sdu dén cong trinh bdo vé trén mat dét va dé xuét cac giai phap ndé min an toan, hiéu
qué trong qua trinh khai thac tai mé than hiam 16 Dong Trang Bach khu vire Udng Bi, tinh Quang Ninh.

Tir khoa: S6ng chdn déng; né min; mé than ham 10; md hinh sé.

1. Pat vin dé

Mo than Pong Trang Bach tai phuong Phuong Pong, Thanh phd Ubng Bi hién tai do Céng ty ¢ phan
Xi nghiép than Uéng Bi dang trién khai thuc hién dau tu va khai thac véi trir lugng than nguyén khai:
1.165.815 tan, Cong suat khai thac theo than nguyén khai: 70.000T/nim. Khu vyc Khai thac nim vé suon
phia Nam, doc theo dai ddi nui thip, chay dai theo hudng Dong — Tay. Pinh niii ¢6 d cao 1on nhét 1a
+105,29m, d6 cao thap nhit dao dong trong khoang +15,0m dén +35,0m. Pia hinh thoai dan vé phia Nam
tao nén dia hinh bang phang. Toan khu mé Péng Trang Bach c6 chira dén 57 via than trong d6 c6 26 via
c6 gia tri cong nghiép (Van ban s6 873/SCT-KAM).

Khu m6 ndm & vi tri giao thong thuan loi ca vé duong bo va duong thiy. V& dudng bd c6 cac duong
quéc 16 18A, quéc 16 10 chay phia Nam mo, cach mo 1km. Trong khu vyc mo kinh té xa hoi twong ddi phat
trién. Co nhleu doanh nghi€p san Xuat «cong nghiép lan can khu vyc khai thac mo. Dan cu dong duc va c6 hé
théng ha tang tuong d01 hoan chinh vé giao thong, vé truong hoc, cac co so'y té. Tai khu vuc khai thac mo
chi c6 mot s6 ho dan trong rimg, 1am vudn ma khong sinh song tai khu khai thac. Thuc té thi cong hién nay,
ngoai mit bang Cong ty dang thuc hién y kién chi dao cua UBND thanh phé Uéng Bi trién khai san lap dat
d4 vao cac hd sau chira nudc do viée dao bai khai théc trai phép trude day dé lai, phong tranh dudi nudc bao
dam an toan cho cong trinh xay dung va nhan dan trong khu vuc, dong thai t6 chirc xay dung nha xuong tai
mit bang san cong nghiép +16m va thi cong dao 10 xay dung co ban theo thiét ké dugc duyét & mac -25m
va -80m trong pham vi ranh giGi duoc giao bang phuong phap khoan né min.

Hién tai, Cong ty dang tién hanh nd min khai thac than tai guong 16 doc via mac -25m (hinh 1), nam
gan khu vuc n6 min c6 cac ho dan sinh sdng xung quanh. Khoang cach tir vi tri nd min dén cong trinh
bao vé gan nhét (nha 6ng Thanh) theo phuong nim ngang la 35 mét; khoang cach theo phuong dudng
chéo 13 53,2 m; khoang céch thing dung tir gwong 10 muc -25m dén mat dit 1a 41 m. Do vay, dé cong tac
khai thac mé dwoc hoat déng hiéu qua va dam bao an toan theo quy dinh cia QCVN 02:2008/BCT cua
B6 Cong Thuong (QCVN 02:2008/BCT) thi can thiét phai nghién ctru x4c dinh ving anh huéng cua séng
chén dong khi né min khai thac tai 16 doc via mirc -25m dén céc cong trinh bao vé trén mat bang. St dung
phan mém phan tich sb Phase 2 cho phép xac dinh dugc ving anh huéng cia chan dong nd min tir d6 xéac
dinh dwgc quy md mbi dot nd hop Iy nhat ¢é dam bao an toan cho céc cong trinh trén mat dét ciing nhu
nang cao hiéu qua céng tdc nd min tai mé Pong Trang Bach.

*Tac gid lién h¢
Email: tranquanghieu@humg.edu.vn
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Hinh 1. Mdt car dia hinh tai 10 doc via mic -25m dén khu nha dan gan nhat trén mar dat
2. Xac dinh viing anh hwéng cia song chan dgng ndé min tai 10 doc via -25m dén cong trinh bao vé
trén mit dat tai mé Pong Trang Bach
2.1. Xdc dinh dnh hwéng cia song chan dgng no min khi khai thac tei 10 doc via mic -25m dén
cac cong trinh bdo v¢ trén mdt dat bang mo hinh phan tich sé i i
St dung phan mem phan tich s6 Phase 2 (Tran Tuan Minh va nnk, 2017) dé dénh gia tdc dong no min
khi khaj thac dudng 16 dén cong trinh trén b§ mat dé}t, trén co ¢ xdc dinh dugc vung anh hudng caa chan
dong nd min cho phép xac dinh quy md moi dot n6 hop ly nhat d€ dam bao an toan cho cac cong trinh
trén mat dat cling nhu nang cao hi¢u qua cong tac nd min tai moé Dong Trang Bach. Cac tham s6 cua md
hinh ly thuyét can phén tich bao gom:
Khéi lugng thudce nd 16n nhit tai 1 dot nd tai gwong than murc -25m: Q = 0,8 - 1,2 kg (2580/GP-SCT);
Khoang cach tir guong 16 -25m dén cong trinh can bao vé gan nhit: 53,2 m;
Khoang cach thang dung tir gwong 16 -25m dén mat dat: 41 m;
Dic tinh ciia dat da trong md hinh duoc mé ta nhu trong bang 1 (Vin ban s6 873/SCT-KAM).

Bang 1. Pdc tinh co Iy ciia dat dd khu vuc né min phuc v xay deng mé hinh ly thuyét

il I v s e I
1 San két 2,58 2,67 1681 1681
2 Cat két 2,63 2,71 1303 107,15
3 Bot két 2,65 2,74 677 19,15
4 Sét két 2,63 2,72 534

Gia sir qua trinh nd min & guong 16 v6i cac sy thay ddi khdi lugng thube nd khac nhau thi ¢ trén bién cua
duodng 10 dat dé4 s& chiu mot gia tri &p luc nd min la P, & day dé danh gia anh huong cua cong tac nd min dén
do on dinh cia cong trinh trén bé mit, ta dua vao bién mo hinh v6i &p luc N6 min mot 1an 16n nhit twong
ting. O day do duong 10 doc via trong than dugc nd min véi hrorng thuoC nd nho (Q = 0,8 - 1,2 kg) (theo van
ban 2580/GP-SCT), trong mo hinh chiing ta thay doi-cée ap lyc N6 min twong dwong gan vao bién cua
dudng 10 twong ung P = 4 - 5 MPa tuong (g vai lugng thude nap trén bién khong qué 1,2 kg. Bang md
hinh s6 trong phan mém Phase 2 c6 thé md phong cho bai toan nghién ctru nhu hinh 2. O day diéu kién bién
ngoai mo hinh coi nhu fix ¢6 dinh dé coi nhu séng chan dong khong anh huong & bién mo hinh. Ap lyc n6
min gay ra di véi dat d4 khu vuc xung quanh dugc mo hinh bang &p luc nd tuong duong c6 chleu tur trong
duong 1o di vao trong khdi dat ¢a nhu hinh 3. Bai toan can xem xét & day 1a thay ddi &p luc nd min & duong
10 dé tranh anh huong dén su dich chuyén, én dinh caa cac cong trinh trén bé mit.
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ATATAYATa

Hinh 3. Xay dung mo hinh nd min khi &p luc NG Hinh 4. Xay dyng md hinh nd min khi 4p luc nd
min o guong lo bang 4 MPa min ¢ guong 16 bang 8 MPa

Str dung mé hinh phan tich sb chung ta thu dugc dich chuyén 16n nhit cua dat ¢4 xung quanh dudng 10
va & khu vyc nén cong trinh trén bé mat ciing nhu & vi tri bé mat dat bén duéi cong trinh, két qua duoc
mo ta nhu trong hinh 5, 6 c6 thé nhan dinh rang, cong trinh én dinh khi téng dich chuyén cua dat d4 nén
dat dudi cong trinh bé mat phai nho hon gia tri Peak displacement (chuyén vi dinh 16n nhit) tir may do
dac anh huong cua chan dong nd min véi cac may do chan dong Blastmate 111 hién nay ¢ Viét Nam (Nhir
Vin Béach va nnk, 2006; Nguyén Dinh An va nnk, 2010; Tran Quang Hiéu va nnk, 2017; Pam Trong
Thang, 2015; Yan Kyanr Xuey va nnk, 2013; Yan Kyanr Xuey, 2014).

Tir két qua cua md hinh, ching ta thu duoc céc gid tri dich chuyén tong thé cia cac phan tir dat da o
phia nén céng trinh nhu cic hinh 5 dén 7 ¢ bén dudi.

. o o Hinh 6. Chuyén v; dat da tong thé lon nhat do tac
Hinh 5. Vung anh huong chinh cua ap luc dgng né min & vi tri méng cong trinh 3,5.10-m

né min (4MPa) (3,5mm - 4MPa)
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Hinh 8. Chuyén v; dat dé tong thé 16n nhat do tac
dong né min ¢ vi tri méng cong trinh 5.10m (5mm
- 5MPa)

Hinh 7. Ving dank hwéng chinh cua ap luc né
min (5MPa)

Tir hinh 5 va 8 cho thiy, viing anh huong cua séng chan dong nd min tai mic -25m nam & khoang
céch 9,163 - 10,314m. Gia tri ndy nho hon nhiéu so véi khoang cach tir guong 10 mirc -25m dén nha phia
trén can bao vé la 53,2m. Do vay c6 thé khiang dinh, khi né min tai mic -25m véi khéi lugng thudc nd
Q= (0,8 - 1,2)kg twong dwong véi ap luc nd min tir 4-5 MPa 13 hoan toan ¢am bao an toan vé séng chin
dong cho céc cong trinh bao vé trén mat dat.

2.2. Két qud né min thuc nghiém ddanh gid anh hwéng ciia song chdn déng né min dén céc cong trinh
bdo vé trén mgr ddt theo QCVN 02:2008/BCT

Trén co s cac két qua tién hanh nghién ctru phan tich, xac dinh viing anh huéng cta song chan dong
n6 min tai mac -25m bang phan mém phan tich s6 Phase 2 ¢ phan trén cho phép xac dinh quy méd mdi dot
n6 min hop ly nhim dam bao an toan cho céc cong trinh bao vé trén mat theo QCVN 02:2008/BCT.

D¢ kiém ching két qua nghién ciru & phan trén, trong phan nay nhom téc gia di tién hanh nd min thuc
nghiém dé giam sat chan dong nd min tai mo Bong Trang Bach véi quy moi dot nd min thay doi tur 0,6 -
1,2 kg. Cac thong s6 nd min thuc nghiém tai 10 doc via mirc -25m gidi thiéu trong bang 2.

Badng 2. Cac thong $6 né min thuc nghiém tai lo doc via mirc -25m

_ £ A gas % 2 e 2 Thia Chi tiéu
STT | Nhom I6 min |S~On1]1fr?n|g Cmie# (ro?r'nlo -ll;?ngcz(i) T;;]ra%éuing .| thude no q,
0 , 10 ) P, 0C, Kg tu N6 kg/mS
1 Lo dot pha 03 900 03 0,6 bot 1
2 | Chan cot+nén 05 900 05 1,0 Dot 2
0,55
3 L4 tao bién 06 900 06 1,2 bot 3
4 | Tongsé 14 2700 14 2,8

Trong qué trinh n min thyc nghiém, dé tién hanh do giam sat chin dong nd min nhom nghién ciru da
tién hanh 06 dot nd min, st dung 02 may do chén dong Blastmate III (Canada) dit tai 02 vi tri gidm sat
(nha ong Thanh va ba Thoa). Vi tri nd min va vi tri cac diém thuc hién giam sat chin dong giGi thiéu
trong bang 3 va hinh 9, hinh 10.
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Bang 3. Vi tri no min va vi tri cdac diém thuc hién giam sat chan dong

Potné min | Khoang cich vi tri nd min Khéi luong thude | vj gri diém dgt may do gidm sét song
dén diém do giam sat, m nd st dung, kg chan dong tai cic ho gia dinh

bot 1 53,2 0,6

Dot 2 53,2 1,0 Nha 6ng Thanh

Dot 3 53,2 12

bot 4 2217 0,6

bot 5 2217 1,0 Nha ba Thoa

Dot 6 2217 12

Hinh 9. Vi tri cia 10 thong gi6 mic +16 = -25m Hinh 10. V; tri tién hanh né min thuc nghiém tgi
' guong lo doC via muc -25m

Céc két qua do giam sat chan dong nd min tai cac ho nha dan gidi thiéu trong bang 4, hinh 10, va 11.

Bdng 4. Két qua do gidm sdt chan déng né min tai cdc hé nha ddn

Dot Téng khdi lugng Khoang cach vi tri né min | Lugng thuéc’nc;) tuc Téc do dao
6 min thude nd, ke dén diém do giam sat, m thoi 16n nhat, kg dong téng hop V.,
mm/s
bot 1 2,8 53,2 0,6 2,4
Dot 2 2,8 53,2 1,0 3,18
Dot 3 2,8 53,2 12 3,10
bot 4 2,8 221,7 0,6 0,907
Dot 5 2,8 221,7 1,0 1,287
bot 6 2,8 221,7 12 0,898

53




Hinh 11. Giam sat chdn déng né min Hinh 12. Giam sat chan déng né min

tai nha ba Thoa tei nha dng Thanh

3. Phén tich, danh gia két qua né min thuc nghi¢m tai mé Péng Tranh Bach

Trén co s tién hanh nghién ciru phan tich, xac dinh ving anh huong cia séng chan dong né min bang
phan mém phan tich s6 Phase 2 cho thdy: viing anh huéng cia séng chan dong né min tai mac -25m nam
& khoang cach 9,163 — 10,314m. Gia tri nay nho hon nhiéu so voi khoang cach tir guong 16 mirc -25m
dén nha dan gan nhat phia trén can bao vé 1a 53,2m. Do vay c6 thé khang dinh, khi né min tai mic -25m
véi khdi lugng thude ndé Q = (0,8 - 1,2) kg tuong dwong véi &p luc nd min tir 4-5 MPa 1a hoan toan dam
bao an todn vé& séng chan dong cho cac cong trinh bao vé trén mat dat.

Trén co s cac két qua nd min thir nghiém giam sat chan dong tai mo Pong Trang Bach gioi thiéu
trong bang 4 cho thy véi quy md vy nd di nghién ciru xac dinh trong muyc 2.1 thi gia tri téc do giao dong
lon nhit nhan dugc ¢ cac két qua do la Vinaa = 3,18 mny/s tai dot nd thir 2 va Vimaxe= 1,287 mm/s tai dot
nd tht 5. Doi chibu véi gia tri tbe do giao dong cho phep theo quy dinh trong QCVN 02 :2008/BCT 1a V¢p
< 25,4 mm/s thi cac két qua do duoc & trén déu nhé hon nhidu so véi quy dinh (Vmaxt, Vimaxz < Vep). Do
vdy cac vu nd thyc hién trong qua trinh khai thac déu dam bao an toan vé song chan dong cho cac cong
trinh bao vé trén mat dat theo quy dinh trong QCVN 02:2008/BCT.

4. Két luan va kién nghi

Trén co s¢ phan tich, danh gia bang phan mém phan tich s Phase 2 ¢6 quan tam dén cac tham s6 mo
hinh ly thuyet két hop vai cac két qua né min thuc nghiém cho phép danh gia anh huong cua séng chan
dong nd min khi khai dao cac duong 10 dudi sdu dén cong trinh bao vé trén mat dat va xac dinh quy mo
vu ndé min hop 1y, dong thoi d& xuat cac giai phap nd min an toan, hiéu qua trong qua trinh khai thac tai
mé than ham 16 Pong Trang Bach khu vuc Udng B, tinh Quang Ninh;

Qua viéc nd min thuc nghiém véi quy md vu nd xac dinh bang phan mém phan tich sé Phase 2, tién
hanh gidm sat anh huéng ciia nd min thi cong dao 10 khai thac tai Dy 4n khéi Nam mo than Pong Trang
Bach - Cong ty CP Xi nghiép than Uéng Bi c6 céc két qua thuc té do duoc so sanh véi quy dinh trong
Quy chuin Viét Nam QCVN 02:2008/BCT B6 Cong Thuong (Quy dinh tai Muc 5 - Quy dinh vé giam séat
cac anh huong nd min) déu nam trong giGi han an toan cho phép;

Céc két qua nghién ctru, tinh toan cho didu kién ndé min khai thac tai mé Pong Trang Bach c6 thé ap
dung cho nhitng mo khai thac ham 16 c6 diéu kién tuong tu dé dy bao, danh gi& anh huéng caa song chan
ddng nd min dén cac cong trinh can bao vé trén mat.

Loi cadm on

Nh6m tac gia xin tran trong cam on Cong ty CP Xi nghiép than Udng Bi da tao diéu kién va giap do
nhém ciing tham gia tién hanh nd min thuc nghiém dé hoan thién cac két qua nghién cau nay.
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ABSTRACT

Effects of blast-induced ground vibration on surface structures in
Dong Trang Bach underground mine in Uong Bi, Quang Ninh

Tran Quang Hieu?, Bui Xuan Nam?, Tran Tuan Minh?, Nguyen Dinh An' Hoang Nguyen?,
Nguyen Quang Huy?
! Hanoi university of mining and geology, Vietnam
2 Institute of transport science and technology, Vietnam

The paper aims to assess the effects of blast-induced ground vibration at Dong Trang Bach underground coal
mine, Quang Ninh on the surface structures. Based on the analysis results of Phase 2 software using the parameters of
the theoretical model and the measured values of ground vibration, an assessment of blast-induced ground vibration
was conducted. Subsequently, a series of methods for safety and effectiveness in blasting were proposed in blasting
operations at Dong Trang Bach underground coal mine.

Keywords: ground vibration; blasting; underground mine; numerical modelling.
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E\R;SE_ ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PRGNS AD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nang cao hi¢u qua cong tac nd min trong dicu kién dia chat phuc tap
tai phia Bac khai truong via 15, 16 mé than Khanh Hoa
Tran Quang Hiéul*, Bui Xuan Nam?, Nguyén Hoang®, Nguyén Pinh An!, Bli Ngoc Hung?

L Truong Pai hoc Mé - Pja chadt
2 Coéng ty Than Khanh Hoa - VVMI

TOM TAT

N6 min 1a khau dau tién trong day truyén cong nghé khai thac & cac mo than 16 thién, n6 dong gop mot
phan Ion trong nhiém vu hoan thanh san lugng khai thac hang nim cua mo than Khanh Hoa. Bai bao tién
hanh nghién ciru va dé xuét nhitng giai phap ky thuat va cong nghé né min an toan, hiéu qua nhim nang
cao chat lugng dap v dat da trong diéu kién dia chat phirc tap tai phia Bic khai truong via 15 via 16 mo
than Khanh Hoa tinh Thai Nguyén.

Tur khoa: Mo than 16 thién; Né min; Mo Khanh Hoa.

1. Pit véan dé

Mo than Khanh Hoa thudc dia phan cac x4 gom xa Phlc Ha - Thanh phb Thai Nguyén, xa An Khanh -
huyén Pai Tir, xa Son Cam - Thanh phd Thai Nguyén, tinh Thai Nguyén. Mo than thuoc Téng Cong ty
Cong Nghiép mo Viét Bac — TKV, hién nay mo dang tién hanh khai théc theo du an dau tu duoc phé
duyét vai cac thong s6 co ban: Dat boc téi da: 9,6 triéu m3/nam, than nguyén khai: 800.000 tin/nim,
chiéu sau khai thac dén mac -400m va du két thac khai thac vao nam 2037. Khai truong 16 thién mo
Khéanh Hoa nam & phia Dong khu mo (Tir tuyén XX vé phia Dong), qua qué trinh khai thac nhiéu nim tir
trude dén nay dia hinh khu vuc mé da thay d6i nhidu. Dia hinh cao nhit hién tai 13 +45m phia Tay khai
truong, dia hinh thap nhat hién tai 1a -220m (Quyét dinh s6 1988/QB-HBQT).

Cong tac khoan - nd min dé pha v dét d4 mo la mot trong nhing khau dau tién trong quy trinh cong
nghé khai thac than, n6 dong vai tro het suc quan trong va chiém mot phan chi phi khdng nho trong gia
thanh san pham. Nang cao hi¢u qua mbi vu nd min 1a mot trong cac yéu té chinh anh huong truc tiép dén
ning suat cua céc thiét bi xc bdc, van tai, san gat v.v.... Hién tai, mé Khanh Hoa dang khai thac tap
trung khai théc vé phia Bic dén mirc -210m gom céc via 13, 14, 15, 15A, 16. Mot trong nhimng kho khin
khi nd min 1a diéu kién dia chat twong d6i phuc tap, dan dén chat luong phé v dat da bang nd min bi anh
hudng, nhat 12 khu vuc phia Bic khai truong via 15 va via 16. Do vay, viéc nghién ciru va dé xuét nhirng
giai phéap ky thuat va cong nghé nd min an toan, hiéu qua nham nang cao chat lugng dap v dat da trong
diéu kién dia chat phuc tap tai phia Béc khai truong via 15 va via 16 mo than Khanh Hoa c6 tinh cip
thiét, dap tng yéu cau thuc té cia mo hién nay.

2. Pidu kién dia chit va hién trang céng tac né min khai truwong via 15, 16 mé Khanh Hoa
2.1. Piéu Kién dia chat mé

Céc via 15,16 khu vuc phia Bic khai truong mé than Khanh Hoéa c6 ciu tao 1a mot nép 16m 16n. Tru
nép 18m 16 ra & phia Dong Bic va cam dan vé phia Tay Nam tir 40° =+ 50°. Hai canh nép 16m mé rong ra
va ddc tir 50°+-80°. Diéu kién dia chat thuy van (DCTV), dia chat cong trinh (DCCT) tuong ddi phirc tap:
Nu6c mat khu mo Khénh Hoa thudc loai Bicachonat Canxi, c6 thé sir dung trong san xuat, dé phuc vu
sinh hoat can str 1y vi ham luong sit cao; Nudc ting ngam thay ddi theo mua, mia mua muc nuéc dang
cao hon miéng 15 khoan & muc +29,04m, vao mua khd muc nudc ha xuéng muc thip nhat +27.82m, bién
d6 dao dong muc nude trong nam thiy van la 1,22m.

Pat da khu vyc phia Béc 1a cac loai da tram tich bao gom: Cét két, bot két, sét két, sét than, d4 voi
sét..., dat da bi nhau nat, v& vun, ¢6 nhiéu mach thach anh xuyén cét va nhidu mat truot nhé, cau trac dia
chat phan b trén cac ting khong ddng nhit din dén chét lugng phé v dit da bang né min bi anh huong.
Céc chi tiéu co 1y dat d4 khai trueong via 15, 16 mo Khanh Hoa gisi thiéu trong bang 1 (Duy an khai théac 16
thién mé Khanh Hoa dén nam 2020).

*Tac gid lién h¢
Email: tranquanghieu@humg.edu.vn
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Bang 1. Tong hep cac chi tiéu co Iy ddt dd khai trwong via 15, 16 mé Khanh Hoa

- - Cuong 46 Coomg @ | v o .y
Loai dét da K“jh(“?;;?n;')eng' Khéng nén o | khang kéo o Goc(gg' ?Zsat '&“C(lfc'sr}gn'f?)t
g (kGlcm?) (kGlcm?) ¢ (do-p '
Davoisét | 2,63-2,741 264-1577 | 57,3-128,52 320340 106,31-278
D sét kit 262-2659 | 2055-46392 | 3519-77,58 |  30°-31° 58,13-130,54
Botkétvoi | 26712713 |501,31-100659 | 80,47-152,16 | 320-34% | 126,68-250,65
Dacitkét | 2,682-2.733 | 980.3-1462,87 | 153,89-212.63 | 33°-35,5° 249-368.94

1A% - . e 15

Hinh 1. Toan canh khu vic phia Béc khai truong  Hinh 2. Pdt da tai khu viec phia Bdc khai triong
via 15, 16 m¢ than Khanh Hoa via 15, 16 mo than Khanh Hoa
2.2. Hién trgng cong tac né min

Tién hanh khoan cac 16 min sir dung méay khoan may thuy luc c6 duong kinh 152 mm. Khoan trong dat
dé c6 thé trong trung binh yq = 2,67 T/m?, do ctng trung binh f =8, I6n nhét f = 12,1. Céc thong s6 khoan
nd min trén mo gidi thiéu trong bang 2.

Bdng 2. Cdc thong s6 né min mo dang dp dung

TT Thong s6 DPon vi Giatri
1 DPuong kinh 16 khoan, dk mm 152
2 Chiéu cao tang, H m 15
3 buong khang chan tang, W m 5,5+6,0
4 Khoang cach cac 16 khoan trong hang, a m 55
5 Khoang cach cac hang 16 khoan, b m 5,0
6 Chiéu s&u khoan thém, Lkt m 2,0
7 Chiéu cao cot bua, Ly m 5,5+6,5
8 Chi tiéu thuoc no, q kg/m?® 0,32+0,35
9 Suat pha d4, S m3/m 24+25

2.3. Thuéc né si dung

Hién tai, trén mo sir dung céc loai thuéc nd ANFO, Nhii twong NT-13, EE-31, TFD-15WR dé nd min
pha da. Trong do, ty 1& thanh phan céc loai thudc né sir dung nhu sau: ANFO thudng: chiém khoang 55%;
Thudc nd nhii thwong ¢ 120 mm chiém khoang 25%, TFD -15WR ¢ 120 mm chiém khoang 20%. Thudc
ndé ANFO dugc dung cho cac 16 khoan khd, hoac ding két hop thudc nd chiu nude vai cac 16 khoan it
nude. Truong hop 16 khoan c6 chiéu cao cot nudc I6n thi ding 100% thude nd chiu nude. Cong tac nd
min xir Iy d4 qua ¢& duoc thuc hién bang may khoan c6 dwdng kinh 16 khoan ¢ 42, st dung thubc né nhii
tuong, hoac thuéc nd AD1 ¢ 32.
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2.4. Phuwong ti¢n né va phwong phdp né min

Gan 100% khdi luong dat da dugc nod bang phuong phép vi sai, nd tuc thoi chu yéu dang khi xir 1y da
qua c&. Phuong tién nd chinh bao gom Day no, hé thong truyen tin hiéu nd, kip dién tic thoi va day dién.
Chii yéu kip dién tic thoi chi dung dé khai nd thay hé thong so cdp ciia mang truyén tin hiéu n6. Biéu
khién bai no cha yéu ding hé thng truyén tin hiéu nd. Hé théng truyén tin higu nd chii yéu do Tong cong
ty cong nghiép Qudc phong san xuit va cung (ng, ngoai ra con moét phan nho cua hang ICI cung éng.
Loai kip phi dién trén mat str dung c6 do cham vi sai 17+100ms va kip phi dién duéi 16 c6 do cham
400ms. Thudc nd6 mdi bao gom cac loai MN-31-400g; MN-31-175g; NTLD-2-250g, NTLD-2-500g.

2.5. Nhin xét va danh gia chung

- P4t da khu vuc phia Bac ¢6 ciu tric dia chat twong d6i phuc tap, dat da bi nhau nat, va van, c6 nhiéu
mach thach anh xuyén cat va nhidu mat truot nho, ciu trac dia chat phan bé trén cac ting khong dong
nhat dn dén anh huong téi chat lugng phé va dat da bang nd min;

- Thubc nd st dung da dugc ndi dia hoa hoan toan vadi ching loai kha da dang. Viée sir dung thudc Anfo
trong diéu kién dét d4 khong chira nude hodc & phan khé ciia 16 khoan c¢6 nude 1a hoan toan phu hop dbi véi
mo6 Khénh Hoa. Tuy nhién néu ding Anfo trong 16 khoan nho va dét da kho nd khong phat huy dugc hidu
qua vi cong suit cta thuc nd bi han ché trong 16 khoan c6 dudng kinh nho. Viée sir dung thude nd chiu
nudc véi ty 18 16n s& lam ting chi phi nd min, dac biét néu khong c6 giai phap nang cao mat do nap thi
hiéu qua khoan né s& giam manh. Viéc nap thudc chiu nudc dang bao goi bang phuong phap thu cong 1a
mot han ché 16n, nd vira kéo dai thoi gian thi cong (1am ting thoi gian chét cua thiét bi mo) vira lam giam
mat d6 nap min;

- Véi diéu kién DPCTV-DCCT phtc tap tai phia Béic khai truong via 15, 16 nhu trén thi can thiét phai
quan tdm tdi viéc lya chon két cau luong thude nd (LTN), phdi hop giira cac loai thude nd trong 16 khoan
hop 1y dé vira nang cao hiéu qua dap vd, giam tac dung c6 hai va giam chi phi khoan nd cta Cong ty la
rat can thiét.

3. Nghién citu lwa chon két cau LTN, sw phdi hop céc loai thudc né trong 16 khoan hep ly khi né
min tai khu vuc phia Bac khai trueong via 15, 16 mé than Khanh Hoa
3.1. Co sé ly thuyét chung

Mot trong nhitng bién phap ning cao hiéu qua sir dung ning lwong nd 13 str dung két cdu LTN hop 1y.
Trong 16 khoan c¢6 dudng kinh 16n (> 165mm), viéc sir dung LTN phan doan khong khi da thuc sy phat
huy duoc hiéu qua, tuy nhién né chi thich hop khi 16 khoan kho, mat do ‘nap min cao tao diéu kién co
dugc khoang trong khong khi. Trong thue té 16 khoan kho thi viéc nap thuoc hat roi, ré tién, mat do thap,
nguoi ta thién vé s dung cot thudc lién tuc véi phuong cham sir dung tdi da chiéu sdu 16 khoan dé nap
thudc, lic d6 ban kinh _dap v& s€ duoc mo rong. Thong thuong s dung loai thudc nd co nang luong cao
hon & phia dudi cia 15 khoan; con thudc nd dang hat r¢ tién, cong suat trung binh va thip duoc nap &
phan trén. Con trong truong hop nguoce lai: dat da phan trén kién ¢4, phan dudi mem thi hodc 1a dung
thudc nd manh phia trén, thudc nd yéu hon nam phia duéi, hodc dung mét loai thude nd. Trong diéu kién
céc 15 khoan ¢ nude thi lua chon két cAu ph01 hop 2 loai thudc: thude nd chiu nude nap hét chiéu cao cot
nuéce, con thude nd khong chiu nude nap & phan trén kho.

3.2. Phéi hep 2 logi thuéc né trong mét 16 khoan

Trong thuc té khi thiét ké, viéc st dung 2 loai thudc nd trong mét 16 khoan s& gitp nang cao hiéu qua
sir dung ning lugng va nang cao chit lwong nd min trong dit da phuc tap, da dang vé do bén va do chta
nude. Nhung can phai ¢ mot phuong phép tinh toan chinh xac cac théng s6 nd min co ban, gidp cho viéc
thi cong duoc thuan loi. bé phéi hop cac loai thuéc né c6 dac tinh nang luong nd khac nhau, mat do chat
nd khac nhau, phuong phap tién hanh cong tac nap nd khac nhau, trudc hét can phai blet cac dai lugng dac
trung cua cac loai thudc nd, do 1a nhiét luong nd, kha ning cong nd, mat do chit nd, mat do nap min,
phuong phéap nap, va diéu kién nap.

3.2.1. Khi phéi hop nap theo thi twr

Ta c6 LTN chiu nudc nap xudng dudi c6 chiéu cao L1, nap hét chiéu cao cot nudc: Ly (Lti=Ln); thude
nd khdng chiu nudc nap phia trén c6 chiéu cao Ltz Xac dinh mdi quan hé giira L1 va L2 va chiéu cao cot
thudc Ly, theo cong thic (1), (2) (Lé Van Quyén, 2006; Nhit Van Bach, 2003; Pam Trong Thang va nnk,
2015):

Lri= K Py Ly, m; 1)
k, P,
Le=Lmi+ L2, m; 2
trong do:
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k1, kz - twong g 1a hé s6 qui doi thude nd theo nhiét Iwgng nd wng vai loai thude nd 1 va 2;
P1, P2 - khdi lugng thube nd nap/1m 16 khoan twong tng véi thube nd 1 va 2, kg/m;
Lr1- chiéu cao cot thudc chiu nuée, m;
Lt2- chidu cao cot thudc khdng chiu nudc, m;

- Chiéu cao cot nudc, m.
Chiéu cao cot thude Ly cd thé xac dinh qua cong thic:

Li=H + (kkt - kb)dk , m; (3)

trong do:
H- Chiéu cao tang, m;
Lk = Kkt . di: Chiéu sau khoan thém, m;
di: Puong kinh 16 khoan, m;
ke Dai lugng phu thudc vao tinh dat da, do nd, (ki = 3 — 15);
ko: Pai luong phy thude vao tinh chat dat da va loai thude né (k»=20-35);

- Chi tiéu thudc nd chung (tinh theo thube né thyc té dang):
LpyPy+LpzP

G=rF 7, kg/m®; (4)

P Loyt Lz

trong do:

qe: Chi tiéu thude nd chung, kg/md;

01, G2: Chi tiéu thudc nd twong ng véi thube nd loai 1 va 2, kg/m?;

Tur céc két qua co dugc, ta xac dinh dugc cac dai luong L1, Lz, tir do ta kh01 lwong thude nd trong 1
156 khoan qui vé& thudc nd chuan, tir d6 tinh ra khdi lugng thudc né thuc té mdi loai va cac thong sé nd
min.
3.2.2. Khi phéi hop nap theo kiéu xen ké

Pé tang kha ning kich nd, tang mat do nap min va Mo rong mang ludi |0 khoan dung phuong phap nap
phdi hop xen ké giita bao thudc bot (kha ning kich nd tbt) Vol thudc nd hat roi (kha nang kich nd yéu
hon). Tuy theo ty Ie’, Chlg:m cua thude QOng bao (n), mat do 9m0| loai, duong kinh 15 khoan ta xac dinh
dugc khoi lugng thuoc no nap trén 1m 16 khoan (L& Vin Quyén, 2006; Nhit Van Bach, 2010):

=242, 2 1000, kg/m
4 "*"(100-n)p, +n.p, (5)

trong do:

dk- dudng kinh 15 khoan, m;

p1, p2- Mat do thude nd tuong tng vai hai loai thube, kg/md;

n- ti s6 phan trim giira cac loai thudc, %.

_Ta tinh duoc ty 18 % loai thudc bao goi tham gia t6i wu nhét (khi d6 chiéu cao thudc déng bao chiém

hét chiéu cao cot thuoc, con thude roi chiem hét thé tich hinh vanh khan) (Lé Van Quyén, 2006; Nhit Van
Bach, 2010):

No= 100.p, % (6)

d 2
(ko 2, +(0, - p,)
t

Tir do xac dinh duoc chi tiéu thubc no chung khi phéi hop, cac thong s6 mang nd, khdi lwong thude nd
moi loai trong 16 khoan.
+ Chi tiéu thudc né chung qc:
0= 1000,0,  kg/m? -
Nod, + (200 —ng g,

trong do:
01, 02 - chi tiéu thubc nd twong tng vai thude no loai 1 va 2, kg/mé.
+ Khéi lugng thube nd chung:

T 100.p,.p,

==d?2. H+(k, -k )d, |k
Q 2 %k no.p2+(100—n0)pl[ + (K —ky) k] g ®
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trong do:

H: Chiéu cao tang, m;

di: Puong kinh 16 khoan, m;

Kie: Pai lwong phu thugc vao tinh dat da, do nd, (kk = 3 — 15);

kp: Pai lwong phu thudc vao tinh chat dat da va loai thudc nd (ky=20-35);
+ Khéi luong thubc mai loai:

* Loai bao géi:

Q1= no.Q1, kg )
* Loai bao roi:

Q12: (100-I’10).Q1, kg (10)

Chl y: - Khi nap thir ty thi n 1a ty 1¢ thudc mdi loai quy vé thude nd chuan
- Khi nap xen k& thi n hoac (no) 1a ty 1& thuéc mdi loai trong téng sé thudc nd thyc té.
3.3. Nghién ciu lira chgn két cau LTN, sy phéi hep cac logi thuéc né trong 16 khoan hgp 1y khi né
min tei khu veec phia Bac khai trwong via 15, 16 mé than Khanh Hoa
Trén co s¢ phan tich cac yéu t6 dia chét, tinh toan va phan chia LTN khéac nhau trong 16 khoan ¢ phan
trén, dudi day la cac so do két cau LTN tinh toan &p dung cho diéu kién cu thé tai khu vuc phia Bac khai
truong via 15, 16 mo than Khanh Hoa:

3.3.1. Truong hop 16 khoan khé (dat da khéng chira nieéc):

Bua 15 Bua 127 Bua
) . : | Bua
Thuéc AD-1 trong thoi Thuée AD-1 roi Thuéc AD-1 trong thoi
Thuée AD-1 roi
Anfo roi < Bua roi xuéng len vio
Thudc AD-1 roi ¥
Thuée AD-1 trong théi
L d
dy
a b
il il
Cl d )
| Bua . R :
: § Bua e Bua .| Bua
Bua roi xui i
ua roi xuong . Thudc né Anfo thuong
- . 0o Opo s
Thudc AD-1 nap cd bao Thuge AD-1 trong théi O @ O| Thuée AD-1 trong thoi o go
00 [e)jelle)
Anfo rdi, ty 1 XX
nfo roi, ty lé: Anfo roi Anfo roi SRS
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Hinh 3. So' do két cau LTN trong truong hop 16 khoan khé (ddt dd khéng ngdm nwdc)

a-Pat da kho né ¢ phan dudi cua tang, chi phi né cao Vi AD-/ dat; b-Mdt do Nap min tang, giam duoC
chi phi né vi thusc Anfo ré tién, phu hop véi ddat dd khé né; c- Mdt dg nap min thap, néu mang né rong thi
chat luwong dap vé kém; d- Mdr do thudc phan trén tang, phan dudi giam, thich hop véi dat da khé né, ¢
phan trén cia tang, ddt dd khé né chi phi né cao; e- Ty I¢ thugc AD-1 tding, phan dudi ciia tang ddm bao
mdt do nap cao thich ing véi ddt da khé né va rat khé ng; - Nap két hop AD-1 (nguyén bao) + Anfo (roi)
ty I¢ Anfo cao hon AD-1 (khodng 60-70% /40-30%) thich hop dat dd trung binh dén kho né (giam duwoc
chi phi né).Kha ndng kich né, hiéu qua dap vo o phan trén tang g- Ty I¢ Anfo roi /AD-1 (nap ca bao)
khoang (80-90%)/(15-10%), thich hop véi dat da trung binh va dé né(giam dwoc chi phi né, kha nang kich
né duwoc tang ciong); h- Nap két hop thuéc né EE-31 chju niede bén dudi va thuéc né Anfo khdng chiu
nuéc bén trén gidp giam chi phi né min.
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Trong cac phuong an trén, uu viét hon la cac phuong an b, g, h

3.3.2. Trong truong hop 16 khoan cé nwée (dat da ngdm nuwéc):
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Hinh 4. So dé két cau LTN trong trweong hop ddt dd chira nwée

a-Lo khoan nhiéu nwée: MGt d¢ nap min thap, cac théi thude né tiép xic voi nhau kém sé lam gidn doan
qud trinh kich né. Tong s6 né min hep, gid thanh cao, chat lwong dap vé phan dwdi kém; b- Lo khoan
nhiéu mede: Mdt @6 nap min & phan dwdi tang, thich hop véi ddt dd khé né 6 phan dwdi. Théng sé né min
tang 1én so véi a va giam duwoc chi phi do tang théng sé va dam bao chdt hrong ddp vo; c- Lo khoan 6
nede: nap EE-31 di rach vé bao dén hét chiéu cao cét nude, sau do nap Anfo roi ( néu ddt da dé né)
hodic két hop théi AD-1 vé6i Anfo roi (néu ddt dd khé va rat khé né). Phirong phdp nay tang digc mang
lwGi théng s6 va giam chi phi; d- Truong hop mede tinh, c6 thé thay viéc nap nhii twong chiu nuwée bang
thuéc né khéng chiu nwée. Khi ding bom rit hét nwée, ding tii nilon cdch nirde.

Trong cac phuong 4n trén thi phuong én b va ¢ c6 loi nhat, sau d6 dén d va a, tuy nhién can so sanh chi
phi bom nudc va bao cach nudc véi chénh léch chi phi thudc gitra 2 loai.

4. Két luan

- Khoan né min 1a khau d4u tién trong day truyén cong nghé khai thac mo 16 thién, dong gop mot phan
I6n trong nhiém vu hoan thanh san lugng hang ndm cua mo. Viéc nghién ciu lya chon cac thong s6 nd
min hop 1y cho mo than Khanh Hoa ddng thoi dam bao an toan cho cac cong trinh bao vé nam gan phia
Biéc khai truong via 15, 16 mé than Khanh Hoa 13 rét can thiét.

- Trén co so danh gia nhitng kho khan va thuan loi vé cac yéu té tu nhién, k¥ thuat caa khu vuc phia
Biéc khai trudng via 15, 16 mo than Khanh Hoa. Bai béo da dé xuit, tinh toan lwa chon két ciu LTN trong
15 khoan sao cho hop 1y, dat hiéu qua cao khi tién hanh né min, 4p dung céc bién phap nap thudc trong
diéu kién c6 nudc ngam dé cong tac né min dat hiéu qua tét. Trong qué trinh khai thac can phai xac dinh
tinh chét co 1y cuia da ddi vai timg khu vuc, tién hanh khoan né thir nghiém két hop theo doi, duc két dé
tinh toan hoan thién céc thdng sé khoan ndé min mét cach chinh xac hon.

- Pé 4p dung c6 hiéu qua nhung giai phap néu trén doi hoi phai cé su théng nhét phdi hop chat ché
gitta cac don vi cung cap thudc nd, don vi lap ho chiéu thi cong va don vi thi cong. Dac biét qua trinh thi
cong doi hoi phai c6 su kiém tra, giam sat chat ché cua can bo ky thuat va coi day 1a nhiém vu bt buoc
cua cong ty than Khanh Hoa.
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ABSTRACT

Improving the efficiency of blasting operations in Khanh Hoa open-pit
coal mine, Thai Nguyen: A case study in No. 15 and 16 coal seams

Tran Quang Hieu **, Bui Xuan Nam?, Nguyen Hoang?, Nguyen Dinh An*, Bui Ngoc Hung?
! Hanoi University of Mining and Geology
2 Khanh Hoa coal Company - VVMI

Blasting is the first stage the operations in open-pit mines. It plays a big role in increasing the
performance of Khanh Hoa open-pit coal mine. In this paper, several methods and techniques are
proposed for safety and improving the quality of rock fragmentation by blasting method in Khanh Hoa
open-pit coal mine, Thai Nguyen province. The number of 15 and 16 coal seams, which have complex
geological conditions were selected as a case study.

Keyworks: Open-pit coal mine; Blasting; Khanh Hoa open-pit coal mine
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E\R;SE_ ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PRGNS AD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Phat trién mé hinh hoi quy véc-to hd trg trong du doan muc
do dap vo dat da trén mo 16 thién
Nguyén Hoang'*, Bui Xuan Nam?!

Trieong Pai hoc Mo - Pja chadt

TOM TAT

N6 min 1a mét trong nhitng phuong phap pha v dat da hiéu qua nhat trén mo 1 thién. Hiéu qua caa nd
min dugc danh gid bang nhiéu tiéu chi khac nhau, trong d6 quan trong nhat van la mic do dap vo dat da.
Kich thugc trung binh ciia cuc da sau khi né min Ia chi tiéu dic trung cho van dé nay. N6 chju anh huong
bai nhiéu yéu té phirc tap va c6 thé duoc giai quyét toi wu bang cach tiép can hé thdng tri thdng minh
nhan tao. Trong nghién ciu nay, mot nd lyc da dugc thuc hién dé phat trién mé hinh héi quy véc to hd trg
(SVR) cho dy doan muc d6 dap v dat da. 136 bo dit liéu duoc thu thap tai mot mo da voi cua Viét Nam
phuc vu cho muc dich nghién ciru ndy. Sai s6 binh phuong trung binh quan phuong (RMSE) va hé s6 xac
dinh (R2) dwoc sur dung dé danh gia hiéu suit caa md hinh du b4o SVR. Céc két qua da chi ra rang SVR
1a mé hinh uu viét véi RMSE = 1,207 va R2 = 0,980 trén b dit liéu thir nghiém. Céc két qua cua nghién
ctru nay budc dau cho viéc ing dung tri théng minh nhan tao trong dy b4o mirc d6 dap vo dat da khi nd
min. N6 nén duoc sir dung trong thuc té dé du bao kich thuéc trung binh cuc da trudc khi tién hanh nd
min nham t5i wu hoa hiéu qua né min vé ca mat kinh té va k§ thuat.

Tir khoa: N6 min; tri thong minh nhan tao; hdi quy véc to hd tro; mirc d6 dap vo dat da; mo 16 thién

1. Pt vin dé

Mtc do dap v& dit da 1a mot trong nhitng yéu cau quan trong trong qué trinh nd min trén cac mo
16 thién. N6 anh hudng truc tiép t6i cac khau cong nghé sau d6 nhu xac bdc, van tai, va nghién sang
(Nguyén Hoang, B Ngoc Hoan, L& Thi Minh Hanh, va Poan Trong Luat, 2014). Muc do dap vé cia dat
da dugc cho 1a 1y tuong khi ching khong phat sinh da quéa ¢& sau khi né min va pht hop véi céc khau
cong nghé sau d6, dac biét 1a khau nghién sang (Branko Bozié, 1998). Cac phuwong phap pha v& dat da
bang co hoc ciing co thé dwoc ap dung trén cac mo 16 thién (Hoang Nguyen va Xuan Nam Bui, 2015).
Tuy nhién, chung thudng mang lai hiéu qua pha v& thap hon va chi phi cao hon (Mario A Morin va
Francesco Ficarazzo, 2006). Do d6, né min van 1a phuong phap pha v& dit d4 hiéu qua nhat trén cac mo
16 thién. Hiéu qua kinh té cua mo c6 thé dwoc nang cao bang cach t6i wu hoa mirc d6 dap vo dat da khi nd
min. Vi vay, dy béo chinh xac mirc d6 dap v dat da khi nd min 1a can thiét ¢é nang cao hiéu qua cong tac
nd min ciing nhu hiéu qua kinh t& chung cho mo.

Tdng quan céc tai liéu cho thiy, mot s6 hoc gia da nd luc phat trién cac moé hinh thuc nghiém dé du
bao mirc d6 dap v& dat da trong qua trinh né min (Hans Hjelmberg, 1983; VM Kuznetsov, 1973). Tuy
nhién, chiing thudng mang lai muac do tin cay khong cao do khong cé kha niang giai thich cac mdi quan hé
phi tuyén tinh cua cac yéu té anh hudng téi muc do dap vo dat da (Samira Shams, Masoud Monjezi,
Vahid Johari Majd, va Danial Jahed Armaghani, 2015). CAc yéu t6 anh huong toi mic do dap vo dat da
c6 thé dugc chia thanh bén loai khac nhau, bao gom: Cac yéu té dia ky thuat nhu mat do dat da, do cing,
d6 bén nén, kéo, cat; Cac yéu té lién quan t6i nd min nhu mat d6 thude nd, toe do nd, chi tiéu thude no;
Céc yéu tb ky thuat nhu thoi gian vi sai, do nhay caa mdi nd, vi tri khai nd, so dd diu ghép mang n; Cac
thong s6 hinh hoc nhu duong can chan ting, khoang céch gitra c4c 15 khoan va hang 15 khoan, chiéu dai
cot thude, chiéu dai cot bua,... (A Bahrami, Masoud Monjezi, K Goshtasbi, va A Ghazvinian, 2011).

Trong nhitng ndm gan day, tri thong minh nhan tao di tré nén phéd bién hon va dwoc &p dung rong rai
trong nhiéu linh vuc, dic biét 1a cac van dé ky thuat (Nguy@n Hoang, Bui Xuan Nam, va Tran Quang
Hiéu, 2017; BUi Xuan Nam va Nguyén Hoang, 2018). Sy xuét hién cua tri thdng minh nhan tao va céc
thuat toAn may hoc da mang lai nhiéu thay d6i dang ké trong linh vuc khai thAc mo néi chung va khai
thac 16 thién noi riéng. Bai toan t6i uu hoa hiéu qua dap v& dat d4 bang nd min ciing da dwoc cac nha
khoa hoc nghién ctu va phét trién dwa trén tri thdng minh nhan tao va cic thuat toan may hoc. (A
Bahrami va nnk, 2011) da phat trién thanh cong mot mé hinh mang no-ron nhan tao (Artificial neural
network — ANN) dé du doan mirc do dap va dat da tai mot mo quang st caa Iran. 220 vu nd da dwoc thu

*Tac gid lién h¢
Email: nguyenhoang@humg.edu.vn
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thap cho muc dich nghién ctru ciia ho véi mudi théng sé dau vao bao gom dudng kinh 16 khoan, duong
can chan tang, chi tiéu thuc nd, chi sb tac dung nd, chiéu dai cot bua, khdi lwong thube nd trong mdi dot
nd, khoang cach gitra cac hang 15 khoan, suat pha da, d6 on dinh bo mo, va chiéu sau 16 khoan. Mot mo
hinh ANN 10-9-7-1 t6i wu (10 no-ron trong 16p dau vao, 9 no-ron trong Iép an thir nhat, 7 no-ron trong
I6p an thir 2, va 1 no-ron trong 16p dau ra) da dugc tim thiy trong nghién ciru cua ho véi sai s6 binh quan
phuong trung binh RMSE = 0.56 va hé sd xac dinh R? = 0.97. Trong mét nghién ctru khac, (Danial Jahed
Armaghani, 2018) ciing da phat trién thanh céng mot moé hinh lai dya trén thuat toan “canh tranh dé
qudc” (Imperialism competitive algorithm - ICA) va hé thdng ANN, goi tit 1a mé hinh dy bao ICA-ANN.
111 vu nd da dugc thu thap cho nghién ctu cua ho. (Danial Jahed Armaghani, 2018) da ching minh rang
mo hinh ICA-ANN da phat trién mang lai hiéu suit vuot troi nhat trong du doan mirc do dap vo dat da
v6i RMSE = 0.047 va R? = 0.941 trén b di liéu thir nghiém. Ngoai ra, mot sé nha khoa hoc khéc ciing
da tiép can tri théng minh nhan tao dé du bao mirc d6 dap vo dat da voi mic do chinh xéac cao (Parvin
Faraji Asl, Masoud Monjezi, Jafar Khademi Hamidi, va Danial Jahed Armaghani, 2018; Hassan
Bakhshandeh Amnieh va Ahmad Jafari, 2017; Wei Gao va nnk 2018; Mahdi Hasanipanah, Hassan
Bakhshandeh Amnieh, Hossein Arab, va Mohammad Saber Zamzam, 2018; Youngjong Sim, Gye-Chun
Cho, va Ki-Il Song, 2017).

Xem xét cac tai liéu cho thay, tri théng minh nhan tao da duoc ap dung va phét trién thanh cong
tai nhiéu noi trén thé giGi trong du doan mic d6 dap vo dat da khi nd min. Tuy nhién, ching khong dugc
&p dung ¢ tat ca moi noi. Hon nira, cac mé hinh da phat trién khong thé &p dung cho moi khu vuc. Do do,
trong bai bao nay, nhom tac gia di nghién ctru va phat trién mot md hinh dy bdo mirc d6 dap v dat da tai
mot mo da voi cua Vit Nam. Thuat todn hdi quy véc to hd trg (Support vector regression — SVR) dugc
&p dung trong nghién ciru ndy cho du bao kich thudce trung binh cua cuc da sau khi n min.

2. Phwong phap nghién ciu va dir liu sir dung
2.1. Phuong phap nghién ciru

Nhu d3 dé cap, thuat todn hdi quy véc to hd tro (Support vector regression — SVR) dugc nghién ctru va
phét trién dé du doan kich thuéc trung binh cua cuc da sau khi né min trong nghién ctru nay. Support
Vector Machine (SVM) Ia mot phuong phap hoc may dya trén ly thuyet thdng ké va duogc phat trién vao
nhitng ndm 1990 (Corinna Cortes va Vladimir Vapnik, 1995) va tlep duoc phét trién bang thuat toan co
hiéu suét cao voi mot chit didu chinh. SVM ¢6 kha ning glal quyét cac bai toan phan loai va hdi quy.
Theo (Corinna Cortes va Vladimir Vapnik, 1995), SVM ban dau chi dugc sir dung cho cac bai toan phan
loai. Pén nim 1996, mot phién ban ciia SVM cho cac bai toan hdi quy dwoc dé xuat bai (Harris Drucker
va nnk, 1997) va chlnh thirc dugc str dung vao nam 1997 véi tén goi Support Vector Regression (SVR) —
Ia mot nhanh cua thuat toan SVM (Nguyén Hoang, Bui Xuan Nam, Nguyén Tuan Anh, va Nguyén Tuin
Thanh, 2018).

Ham SVM tdng quat dugc xac dinh theo cong thirc sau:

f(x):W-x+b:Zk:(ai—ai*)K(xxi)+b 1)

Trong d6: aj, a” va b thu dugc thdng qua viéc giai quyét cc van dé ti uu dugc trinh bay trong cong
thie (2) va (3). Thong thuong, mot phan nho cua a;, a;” khong phai 1a khong, va dugc goi 1a vector hd trg.
k

w(a, a*) Z_% Z (ai _ai*)(aj _aj*)K(Xin)+iyi (ai _ai*)_gi(ai +a‘i*) @

i,j=1
k *
Z(ai - )=O

S.t.< i
0<a,a <C,(i=12,..,k)

Trong d6: C 1a hé sb bat lgi, thé hién muac do bét loi dbi voi cac mau I16i qua mirc &; K(xX;) laham

©)

hat nhat, giai quyét cac van dé tinh toan c6 k§ nang cao. Mot trong cac ham hat nhan cia SVM duoc sir
dung trong nghién ciru nay la ham hat nhan chinh xuyén tdm va duoc xac dinh theo céng thuc (4):

2
K(x,y)= exp[%] (4)

Vi X, y lan luot |1 céc bién dau vao va dau ra cua ham, o 1a hé sb hat nhan cua thuat toén.
2.2. Dir ligu sir dung
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Pé thyc hién nghién ctitu nay, 136 dit liéu duoc thu thap tai mo d4 voi cua Viét Nam bao gom:
cac thong s6 nd min (dwdng can chan tang, khdi luong thude nd trong mdi dot vi sai, chidu dai cot bua,
céc thong sb mang 15 khoan, chi tiéu thudc nd, chiéu cao ting) va kich thuéc trung binh cua cuc da sau
khi né min.

Dé xéac dinh kich thudc trung binh ciia cuc da, 136 buc anh déng d4 sau khi nd min dugc chup
lai va phan tich bang phan mém Split Desktop dé xac dinh kich thudc trung binh cua cuc da (Hinh 1). Céc
thong sé con lai dugc thu thap tir cc ho chiéu nd min caa mo. Céc dit liéu s dung trong nghién ciu nay
dugc tém tit trong bang 1.

Split-Desktop Size Analysis Results
Report produced Thursday, March 22, 2018 1:01:30 PM
Size Distribution M20_36_20180316 (1)
100 Size[cm] % Passing % Passing Size[cm]
~— M20_36_20180316 (1) | J 75 100 F10 465
] 50 98.57 F20 8.93
i 0 | 25 6056 F30 134
£ 15 33.64 F40 17.59
§ 60 10 22.57 F50 21.23
o 8 17.8 F60 24.79
% w© 13.11 F70 28.55
o 1 4 8.52 F80 32.85
& | 2 4.08 F90 38.47
20 1 1.96 Topsize (9¢ 56.59
Fines Cutof 11.18
0 Fines Facto 50
1.0 10.0 100.0
Size[cm]
seut CBloeskiop SGTFENGINEERING:

Hinh 1. Phdn tich kich thieéc trung binh cuc da bang phan mém Split Desktop

Bang 1. Tém tat diz liéu sir dung trong nghién citu

Q q H Lo
Min. :106.0 Min. :0.3500 Min. :6.100 Min. :1.800
1st Qu.:180.8 1st Qu.:0.4000 1st Qu.: 8.400 1st Qu.:2.900
Median :207.5 Median :0.4100 Median : 9.150 Median :3.200
Mean :208.6 Mean :0.4126 Mean :9.084 Mean :3.218
3rd Qu.:233.0 3rd Qu.:0.4300 3rd Qu.: 9.800 3rd Qu.:3.500
Max. :302.0 Max. :0.4600 Max. :11.300 Max. :4.400

a W D -
Min. :2.800 Min. :5.300 Min. :46.00 -
1st Qu.:3.700 1st Qu.:5.700 1st Qu.:58.75 -
Median :4.100 Median :5.850 Median :64.00 -

Mean :4.081 Mean :5.849 Mean :65.07 -
3rd Qu.:4.500 3rd Qu.:6.000 3rd Qu.:72.00 -
Max. :5.100 Max. :6.500 Max. :93.00 -
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3. Phét trién md hinh hdi quy véc to hd tro
Dé phét trién md hinh SVR duy bao kich thudce trung binh cua cuc da sau khi né min, bo di liéu
ban dau dugc chia thanh hai phan: 80% (twong dwong 111 dit liéu) duoc sir dung dé huan luyén mé hinh;
20% con lai (twong dwong 25 dit liéu) duoc st dung dé kiém tra va danh gia hiéu suat cua mé hinh du
bao.
Hiéu qua caa qua trinh huan luyén va kiém tra duoc danh gia thong qua cac chi tiéu sai s6 binh quan
phuong trung binh (RMSE) va hé sb xac dinh (R?) duoc xéac dinh theo cac cong thuc (5-6).

RMSE = |- 3°(y, -y )

Z(Yi - )A/i)2
L P E—
2 -y)’

Trong d6: n 1a tong s6 quan sat; Y, 1a gia tri thuc té, cm; Y, 1a gia tri dw bdo, cm; Y 4 trung binh cua
cac gia tri do thuc té, cm.

Sai $6 binh quan phwong trung binh 1a mét trong nhimg dai lwgng co ban va thudong dugc st dung phd
bién cho viéc danh gia két qua cua mé hinh dy bao sé tri. Nguoi ta thuong hay sir dung dai luong sai s6
binh phuong trung binh quin phuong (RMSE) biéu thi d6 16n trung binh cua sai s6. RMSE khéng chi ra
do léch gitra gia tri dy bao va gia tri thuc té. Gié tri caa RMSE nam trong khoang (0, +0). MAE ciing
tuong tw nhu RMSE nhung céc chi tiéu danh gia don gian hon nhiéu. RMSE va MAE 1y tuong nhét khi
bang 0.

R2 1a hé s6 xac dinh thé hién muc do phi hop cua dir liéu véi thuat toan. R2 nam trong khoang (0,1) va
ly twdng nhét khi R2 = 1 va bang 0 1a té nhat.

Dbi voi mo hinh SVR, o vaC 14 hai tham sé dwoc sir dung dé kiém soat chat luong cia mé hinh du
bao. B¢ dir liéu huan luyén bao gdm 111 dir liéu quan sat dugc sir dung dé phat trién mé hinh SVR. Mot
ky thuat ludi tim kiém dugc ap dung véi 100 mo hinh SVR khac nhau dé xac dinh cac gia tri toi wu cho
o vaC . Céac ky thuat 1ay mau lai ciing duoc 4p dung dé tréanh tinh trang “thira an khép” (overfitting) cua
md hinh du bao. Cac mé hinh SVR dugc phat trién dya trén ma code da duoc 1ap trinh cua nhém tac gia.
Cudi ciing, mot md hinh SVR t6i uu da duge xac dinh trong téng s6 100 mo hinh SVR khac nhau di xay
dung véi o =0.015 vaC =22.694. Hiéu suit caa 100 md hinh SVR trén b dir liéu huin luyén
dugc minh hoa trong hinh 2. Hiéu suit caa mé hinh SVR dugc chon trén bo dit liéu huan luyén dat RMSE
=1,843 va R?=0,968.

R (6)

800 1 ° ®
® @
6004
[ ]
e o RMSE
® 2
B 400 M @4
[&]
K @ ®s
S ° (] ®:
) o o
2004 .
9 L ]
®
o. ®
) [ )
| YerBe® ot @ © o o &
U.E)O U.I25 O.ISO 0.I7'5 1.E)0
Sigma

Hinh 2. Hiéu sudt cia cac md hinh SVR trén bg diz liéu hudn luyén
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4. Két qua va thao luan

Nhu da néu trong phuong phap nghién ctru, 20% bo dir liu (twong dwong 25 quan sat) dugc su dung
dé kiém tra va danh gia hiéu suit ciia mo hinh SVR di xay dung dua trén cac chi sé hiéu suat cia mo
hinh, RMSE va R2. Theo d6, véi mé hinh SVR di dugc lya chon, bo dit lidu kiém tra da duoc sir dung dé
du béo kich thuéc cuc da trung binh. Cac gia tri sai s6 binh quan phuong trung binh RMSE va hé s6 xac
dinh R? da dugc tinh todn dua trén cac gia tri du bao va céc gid tri thuc té. Cac két qua cho thiy md hinh
SVR di phat trién cung cap hiéu suét rat cao trén bo dir liéu kiém tra véi RMSE = 1,207 va R? = 0,980.
Hinh 3 minh hoa méi quan hé gitra cac gia tri dy bao va céc gia tri thuc té thong qua hé sé R2.

SVR
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|
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D& liéu kiém tra
Hinh 3. Méi quan hé giiza cac gia tri thyc té va cac gia tri duw bao ciia md hinh SVR
_ Nhin vao hinh 3, c6 thé thay rang mic do phi hop cua di liéu kiém tra voi mo hinh 1 rat cao. Luu y
rang, bo dir liéu kiém tra khong dugc st dung dé phét trién mé hinh. Ching dugc st dung nhu nhitng dir

ligu mai chua timg thay bao gio dé danh gia khach quan mitc d chinh xac cua mo hinh dy bao mirc do
dap vo dat da. 25 gia tri du b4o bang mé hinh SVR duoc so sanh vai gia tri thuc té trén hinh 4.
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Dir liéu kiém tra
Hinh 4. So sdnh murc dé chinh xac cza moé hinh SVR

~Nhin vao hinh 4, c6 thé thy rang cac gia tri dy bao bang mo hinh SVR rét gan véi cac gia tri
thuc té. Biéu nay cho thay muc do siéu viét cia mo hinh SVR da thiét 1ap.

5. Két luan

Mirc d6 dap v& dat da khi nd min 1a tiéu chi rit quan trong dé danh gia hiéu qua cua cong tac nd min
cling nhu hidu qua san xuét cho toan mo. Dac biét 1a d6i véi cac mo xi ming hodc cac mé c6 khau nghién
sang thi viéc kiém soat va du bao chinh xéc kich thuéc cuc da nd min 1 can thiét dé cai thién hiéu qua
ciia nd min va céc khau cong nghé sau d6. Dua trén céc két qua cua nghién ciru ndy, nhém tac gia thiy
rang tri théng minh nhan tao 12 mot budc dot pha trong linh vuc khai thac mo néi chung va trong khoa
hoc du béo cac van dé lién quan dén khai thac mo 16 thién néi riéng. SVR la mot thuat toan manh mé cé
kha ning cung cap md hinh dy bao kich thuéc cuc da trung binh véi do chinh xac cao. N6 nén dugc ap
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dung rong réi trong thyc té dé nang cao hi¢u qua san xuat cho mo, giam ti I& ton that. Tuy nhién, viéc xay
dung md hinh dy bédo SVR téi wu thudng phuc tap va tén nhiéu thoi gian; doi hoi nguoi thuc hign phai
am hiéu sau vé tri théng minh nhan tao va cac phuong phap téi wu ching. Viée xac dinh dugc mot mod
hinh SVR tbi wu cho dy bao kich thuéc cuc da trung binh thién vé mot nghé thuat hon 1a mot ky thuat
thong thuong.
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ABSTRACT

Development of support vector regression for estimating rock
fragmentation in open-pit mine

Nguyen Hoang?', Bui Xuan Nam?
! Hanoi University of Mining and Geology

Blasting is one of the most effective technique for rock fragmentation in open-pit mine. The effect of
blasting is assessed by a variety of criteria, the most important of which is fragmentation. The average
size of rock is the indicator of fragmentation. It is influenced by many complex factors and can be solved
optimally by approaching the artificial intelligence system. In this study, an effort was conducted for
development of support vector regression model (SVR) in estimating rock fragmentation. 136 datasets
were investigated for this aim. Performance indices include Root mean square error (RMSE) and
Determination coefficient (R?) used for evaluating the performance of the model. The results indicated
that SVR is a superior model with an RMSE of 1.207 and R? of 0.980 on testing datasets. It should be
applied in practical engineering to optimize the effects of blasting and production.

Keywords: Blasting; artificial intelligence; support vector regression; rock fragmentation; open-pit mine.
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E‘ng HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
N N A A - A A - - 1
JEARHSGENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VIPNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Nghién cau, phan tich, lwa chon diéu kién bién hop 1y khi str dung phan
mém RS2 xac dinh dich chuyén dat da xung quanh 16 ch¢ da khai thac
Duong Buc Hung'*, Pham Quéc Tuan?, B4 Ngoc T3
L3Trweong Pai hoc Mo - Pia chdt
2Céng ty TNHH Tuw vin dau tw Xay dung Dién lyc

TOM TAT

Trong khai thac mo ham 10, sau khi thu hdi khoang san s& dé lai khoang trong trong long dat. Dat da xung
quanh c6 xu huéng dich chuyén huéng vao khoang trong lam pha v& truong ung SUit nguyén sinh, truong
g suat tha sinh xut hién. Qua trinh bién dbi truong wng suat - bién dang thi sinh s& lan truyén dich
chuyén dét d4 1én bé mat dia hinh. Dén thoi diém xéc 1ap trang thai can bang méi, cac ving dat da xung
quanh khoang tréng khai thac s& c6 biéu hién khéc nhau: Ving phéa huy, sap 1¢; ving tach I6p do udn
vong; vung lin bé mit do dich chuyén. Do tinh phuc tap cua moi truong va quy mo cua bai toan nén
nhiéu két qua nghién ciru theo cac phuong phap truyen théng chi moi dua ra cong thuc tinh chiéu cao
ving pha huy. Str dung phuong phép s6 véi cac tham s6 moi truong dat da va diéu kién bién phu hop sé
thu dwoc buc tranh téng thé mé ta trang thai cac ving dit da xung quanh khoang tréng khai thac c6 kich
thudc 16n (10 cho khai thac via day). Noi dung co ban cua bai b4o s& phan tich anh huéng cua diéu kién
bién khi sir dung phan mém tinh s6 RS2 dé xéc dinh su dich chuyén dat da xung quanh 16 cho trong khai
thac via day. Két qua gial bai todn voi thong sé dau vao cua dat da nhu nhau, diéu kién bién khac nhau da
cho thay phan b tung suat, chuyén vi tai cac ving 1a khac nhau. Dac biét 1a viing hdng va nén 10 cho.

Tir khoa: Lo cho; dich chuyén dat da; didu kién bién; phin mém RS2.

6. Dat van dé

Sau khi thu hdi khoang san, khoang trong khai thac trong 1ong dat dugc hinh thanh. Dudi tac
dung cua luc trong trudng, truong ng suat thi sinh xuat hién, dat da co xu hudng dich chuyén huéng vao
khoang trong khai thac. TUy thudc do sau khai thac, kich thudc khoang trdng, tinh chét co 1y cia cac 16p
dét da phia trén ma biéu hién dich chuyén cua dat da co nhiing biéu hién khac nhau. N6i chung, sau
khoang thoi gian nhat dinh, khi trang thai can biang mai 6n dinh, s& t6n tai ba ving dat d4 xung quanh
khoang trong 1) vung pha huy, sap 1¢; 2) Vung tach cac I6p dat d4 do udn véng véi do vong lén; 3) Vung
lGn sut bé mat dia hinh do dich chuyen Xuong dudi. So d6 téng quan ba ving dich chuyén dit da xung
quanh khoang tréng khai thac duoc biéu dién trén hinh 1.

r T a3
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XXXXXXXXXXX ~
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Hinh 1. So do tong quan ba viing dich chuyén dat da
trong do:
H - d¢ sau khoang tréng khai théc;
h - chiéu cao khoang trong khai théc;
L - chiéu rong khoang tréng khai théc;
h,- chiéu cao vom pha hity sap 1o tinh tir ¢¢ sau khai thac;
hs- chidu day viing pha huy tach 16p;

*Tac gid lién h¢
Email: duongduchung@humg.edu.vn
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he- chiéu day ving 1Gn sut bé mit dia hinh.

Trong khai thac mo ham 10, chi yéu quan tim dén chiéu cao vom pha hiy h, dé tir d6 xac dinh &p luc dat
da tac dung 1én két cau Chéng Cho dén nay, nhiéu nha dia co trén thé gioi va trong nude da két hop mé hinh
giai tich va kinh nghiém dé cha yeu thiét lap cong thuc tinh dy bao chiéu cao vom pha hay sap 16 cho tung
loai d4t d4 khac nhau. Bang 1: Tong hop va giéi thiéu mot s biéu thirc duoc xay dung dé tinh chiéu cao
vom pha hity do sap 1 h, cia mot s6 tac gia trén thé gioi (Nguyén Quang Phich, Pham Vian Chung, 2013).

Bang 1. Cong thrc tinh du bao chiéu cao ving pha huiy h,

Tac gia/thoi gian Biéu thtrc x4c dinh chiéu cao vung phé hay do sap 16
5 y all
i h =—— hoic h, =—| L+2m.ctg| 45— -

Ritter (1879) = 16c ac M, 8c [ g( 5 ﬂ

h :100£
Kommerell (1912) z K,
Bierbaumer (1913) | Cho khéi da yéu Cho khéi d4 cing chic

L 2(45 _
h = Lege h —H|1- Higotg?(45—@/2)
2 L +2mitg(45—¢/2)

Cho khéi d4 yéu Cho khéi d4 cing chic
Protodiakonov L L
(1930) h, = 2Age =2t

Cho khéi da dang hat két dinh Cho khéi dé cing chéc
Ximbarevich n _ L+2mcg(45-¢/2) n _L/2+mig (45— ¢/2)

(1933) ’ 2t ’ f

h = 1-2v L
Segal (1934) 4y

Cho khéi d4 yéu Cho khéi d4 cing chic
Slesarev (1940) 2 2

hZ:Lctg 45-2 h, = rL

4H 2 16.R,
. 3m

Pakrovski (1948) 2 2(kr _1)

ho_L+ 2mig(45+¢/2)
Xutovics (1951) z
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Téc gia/thoi gian

Biéu thirc xac dinh chiéu cao viing pha huy do sap 1o

Ruppeneit (1954)

N

h _L)jfarH sinp+1 e><pl_§m(p—1
2 R, 2sing

Mohr (1954)

Gmoszynski (1960)

_ 05.LIn(H/c)
? 1+tgetg?(45-0/2)

_ 08YH[L+2mctg(45+¢/2)]

Orlov(1961) h, f
Borisov A 17.LR,
(1962) z (2}/H )2 _11Rr2
1-2v @
Dersanov (1962) | 'z = 2 {L +2mig (45 — Eﬂ

Salustowicz (1968)

Sirokov (1969)

Sirokov (1973)

Jarosz (1977) z Z kK 1 E
- 4(k, +1)—7r(kr—1)J
Arkuszewski z
(1978) 27k, ~1)

Trong bang 1: L- chiéu rong khoang trong khai thac hay chiéu dai 1o chg; ¢ - hé sb nén chit da theo
Ritter, v dung trong cua d4; m - chiéu day via than hay quang khai thac (chiéu cao khoang tréng khai
thac); ¢- goc ma sét, Az - chiéu cao sap 1& cua l6p d4 vach truc tiép, kg - hé s6 no roi cua da theo
Kommerell; H- d6 sau khai thac, f - hé sé kién cb cua da theo Protodiakonop; v - hé sé Poison; Ry, R. - d6
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bén kéo va do bén nén cua khoi dé; kr - h¢ s6 n roi theo Pakrovski, k =1/v hang s6 Poisson; p; - 4p luc
theo phuong thang dung; K. - hé s6 tap trung tng suat; Ky - hé s6 suy giam do bén.

C6 thé nhan thay ring, cac cong thic tinh dy béo chiéu cao h; va hs phu thudc nhiéu vao chu quan,
kinh nghiém cua tirng tac gia va vang nghién ctiu. Hau hét cong thic trén khong phan anh day du thong
s6 hinh hoc ciia khoang trong khai théc, tinh chét co hoc cua ving dat da xung quanh. Dac biét, chua ¢
tac gia nao xét dén anh huong cua dich chuyén ngang va dudi 1én trong cong thuc tinh h, va hs.

Véi tinh phirc tap ciing nhu quy mé cua bai toan, cac mé hinh giai tich va kinh nghiém kho c6 thé thu
dugc bic tranh tong thé ca vé dinh tinh va dinh lugng céc ving dich chuyén, pha huy dat d¢a xung quanh
khoang tréng khai thac. Hién nay, véi su tro gilp ciia may tinh dién tir, nhiéu phan mém tinh sé ding
trong dia ky thuat cho phép giai bai toan mot cach toan dién lam co so dé cac nha thiét ké mo Iya chon
dugc phuong 4n téi wu nhat.

2. Phan tich bai toan phan bé wng suit, chuyén vi viing dit da xung quanh khoing trong khai thac
bang phan mém RS2 v¢i dieu kién bién khac nhau.

2.3. Gidi thigu phan mém RS2.

Hién nay, nhiéu phan mém dia k¥ thuat duoc lap trinh trén co s cac phuwong phéap sd khac nhau. Theo
phuong phap sai phan hiru han (FDM) c6 céc phan mém: FLAC, LS - DYNA 3D....; Theo phuong phap
phan tir hitu han (FEM) ¢6 cac phan mém: PHASE2, PLAXIS,.. (Nguyén Quang Phich, 2006).

Céc phan mém dugc lép trinh trén co so cdc phuong phap phan tir hitu han (FEM) co tinh h¢ thdng
cao, pham vi ap dung dé giai cac bai toan ky thuat rong hon nén dugc str dung pho bicn hon ca. Trong
béo cdo s€ su dung phan mém RS2 dé khao sat cac vung dich chuyén dat da xung quanh khoang trong
khai thac.

RS2 la phan mém phan tir hitu han 2 chidu cuc manh (Hing Rocscience Inc) ding dé giai cac bai toan
trong dat va da. RS2 c6 thé giai quyét hau hét cac van dé dia ky thuat nhu dao hé moéng sau, dao ham,
on dinh méi déc, dong tham trong cong trinh va dat da, nén lun ¢ két theo thoi gian, tinh toan bai toan dong
(do may mdc hozc dong dét). Bac biét RS2 ciing hd tro tinh toan riii ro trong cong trinh dia ki thuat.

RS2 hd tro hau hét céc dang dang két cau chong d& pho bién hién nay nhu vo ham bé tong phun, vom
ham bang thep, tuong chan dét, coc, vo ham thi cong theo timg giao doan, vvv... Chuong trinh cling hd
tro thiét ké vo ham gom bidu do bao stc chiu tai ciia vo ham, giup xac dinh hé s an toan cua két cau vo
ham. Céc loai neo bao gdm neo anchor, neo dit, neo da, neo vira..

Céac mo hinh dit va da tién tién nhat hién nay ciing duoc hd trg trong RS2 vi du nhu mé hinh Morh
Coulomb, Generalize Hoek-Brown, Cam Clay, mé hinh non va mii, softening hardening model. Két cau
vét nut trong dat va da c6 thé md phong bing 2 phuong phap: sir dung mé hinh dét da c6 ké dén vét nat
hoic tién hanh mo phong ludi vét nirt bang kha niang do hoa manh cua chwong trinh. RS2 sir dung b vi
xir ly 64 bit va tinh toan parallel gitip cho toc do tinh toan dwoc ting 1én rat nhiéu.

2.2. Sir dung RS2 gidi bai toan phan bé ikng sudt, chuyén vj véi diéu kign bién khac nhau
2.2.1. Xay dung so do tinh va cac théng sé méi trwong ddt dd.

a) So do tinh ciia bai toan dugc xay dung trén co s& md hinh bai toan bién dang phing, diéu kién bién
theo chuyén vi. Tai trong chinh la trong lugng cua d4t da bén trén, ap luc ngang va ap luc phia dudi tac
dong vao khoang trong. Xac dinh pham vi vung khao sat véi diéu kién chuyén vi phai bang khong ( trang
thai nguyén sinh). Dya trén cac thong s6 moi trudong dat da xung quanh, kinh nghiém quan tric va kha
nang xit ly ciia may tinh dé chon so dd tinh hop 1y. Maéi truong dat da rat phic tap, vira ¢6 tinh chat dan
hdi, tinh nhét va déo giam bén (Dwong Bic Hung, 2003). Su phan bé (ng suat, chuyén vi dat d4 xung
guanh khoang trong khai thac cho dén khi xac lap trang thai 6n dinh mai la ham phu thudc thoi gian. Do
vay, tinh luu bién nhét -déo giam bén s& dugc thé hién kha rd.

b) Cac théng s clia méi truong dat da.

Dat d4 xung quanh khoang trong khai thac rat phic tap, timg dia tang ¢ cau tao va biéu hién phan 16p,
nit né khéc nhau. Do vay, tir két qua khao sét hién truong va trong phong, can thiét xay dung dwoc cac
thdng s6 clia méi truong dat da phu hop ( théng sé hitu hiéu) dé dua vao giai cac bai toan nham dam bao
db tin cay cao. Hién nay, nhiéu phuong phép hién dai dugc &p dung dé xac dinh cac thdng sé co hoc cua
da c6 tinh di huéng (Pham Qudc Tuin, 2017). Trong khai thac mé, xay dung cong trinh ngam va mo phan
mém tinh céc thong s cua da Rocdata dugc sir dung kha phd bién.Trong bang 2, sir dung Rocdata thu
duoc két qua xac dinh céc thdng s6 cua dé tai mo Nam Mau (Pham Vin Chung, 2018).
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Bang 2.Két qud xdc dinh E, C,¢ tai mé Nam Mdu theo Rocdata

TT | Loaida | BPoben | Chisobén | Chisophd | Hiangsd | Hésédan | Lucdinh | Goc ma
nén o dia chat hoai dono | vatliéu hoi E két C sat trong
(D )
(MPa) | (GSI) min (D) (mi) (MPa) (MPa) | (do)
1 | Catkét |114,0 |45 0,8 17 2115,00 0,807 42,358
2 | Botkét | 420 37 0,8 7 691,36 0,324 23,276
3 | sétkét | 31,0 11 0,8 4 244,03 0,410 12,281
4 | Than 17,1 8 0,8 4 93,01 0,059 3,500

2.2.2. Sir dung RS2 giai bai toan phan bo ing suat, chuyén vi véi hai diéu kién bién khac nhau.

Bai toan: Xéc dinh phan bd ng suét, chuyén vi xung quanh khu vuc 10 cho da khai thac via day véi
cac tham s6 dau vao sau: P9 sau: H = 380 mét; Chiéu dai 16 cho L = 100 mét. Chiéu day via than m =18
mét; Cac thong sb dat da 1dy theo bang 2 twong (ng thur tu céc 16p: Bo qua chiéu day 16p dat phi;
Lép cét két; 16p bot két; 1op sét két. Cac thong s6 dat da 14y theo bang 2.

Str dung phan mém RS2 khao sat hai trudng hop ( TH) theo chiéu day cua tirng 16p da véi diéu kién
bién khac nhau: Truong hop 1: bién dudi Z = H ('hinh 2); Truong hop 2: bién dudi Z = H +20 ( hinh 3).

T
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Hinh 2. Diéu kién bién duéi Z =H
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Hinh 3. Diéu kién bién dudi Z = H +20

Trwong hep 1.1. Pham vi viing khéo sat va chiéu day cac I6p dat da: Z= H = 380 m, X =750m, chiéu day
céc lop da 1a nhu nhau; B6 qua chiéu day Iop dat phu.

M0 hinh s6 va két qua tinh phan b4 chuyén vi biéu dién trén cac hinh 4,5, 6, 7.

Hinh 4. M6 hinh s6 FEM mé phong bang phan

mém RS2 véi TH 1.1

4.50e4000
6.00e4000
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Hinh 5. Gia trj chuyén v; tong thé cua cac I6p dat da




Hinh 6. Gia trj #ng sudt chinh lén nhat Hinh 7. Gid trj #ng suat chinh nhé nhat sigma3(os)
sigmal(o1)
Trwong hgp 1.2. Pham vi viing khéo sét va chiéu day céc I6p dat d4: Z= H +20 =400 m, X =750m, chiéu
day cac I6p da 1a nhu nhau; Bo qua chieu day 1op dat phu.
M© hinh s6 va két qua tinh phan bd chuyén vi biéu dién trén cac hinh 8, 9, 10, 11.

Hinh 8. M6 hinh s6 FEM m6 phang bang phan
meéem RS2 vgi TH 1.1

Hinh 9. Gia trj chuyén v; tong thé cia dat da

L ,

Hinh 10. Gia trj #tng sudt chinh Ién nhat Hinh 11. Gia trj #ng sudt chinh nhé nhat
sigmal(ou) sigma3(oz)
Truong hgp 2.1. Pham vi viing khio sét va chiéu day céc 16p dat da: Z=H = 380 m,X =750m, chiéu day
cac lop bot ket va sét ket gap doi 16p cat ket; bo qua chicu day 16p dat phu.
M0 hinh s6 va két qua tinh phan bo chuyén vi biéu dién trén céc hinh 12, 13, 14, 15.

Hinh 13. Gid tr; chuyén vi tong thé cia dat da

Hinh 12. Md hinh s6 FEM mé phang bang phan
mém RS2 v6i TH 1.1
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Hinh 14. Gi4 trj 1ng sudt chinh lon nhat Hinh 15. Gi4 trj izng sudt chinh nhé nhdt
sigmal(o1) sigma3(o3)
Truong hep 2.2. Pham vi viing khéo sét va chiéu day cac I6p dat d4: Z= H +20 = 400 m, X =750m, chiéu
day cac lop lop bot 'két va sét ket gap doi 16p cat ket; Bo qua chieu day 16p dat phu.
M6 hinh s6 va két qua tinh phan b chuyén vi biéu dién trén cac hinh 16, 17, 18, 19.

Hinh 16. M6 hinh s6 FEM m phong bang phan Hinh 17. Gia tr; chuyén v tong thé cia ddt da
mém RS2 véi TH 2.2

R
=

Hinh 18. Gia tri iing suat chinh I6n nhat Hinh 19. Gi4 trj izng sudt chinh nhé nhat
sigmal(oz) .
sigma3(o3)

3. Két qua va thao luan

Két qua khao sat phan bd tng suét, chuyén vi xung quanh khoang trong khai thac bang RS2 ¢ thé dua
ra mot s6 nhan xét sau:

- Phan bé wng suét, chuyen vi xung quanh khoang tréng khai thac co biéu hién 3 ving rd rét. Phia trén
khoang tréng, véc to chuyén vi cha yéu la chuyén vi dimg va c6 tri sé khac nhau khi chiéu day cua cac
I6p dat da khong gidng nhau (hinh 5, 13 va 9, 17).

- V6i diéu kién bién (bién dudi) khac nhau, phan b6 tng suét co dang khac khau, dac bit ving dat da
hai bén,ve‘l phia dudi kh,oéng‘trf)ng’ khai thac (hinh 6, 7,’ 10, 11,‘14, 15, 18, 19). Diéu nay c6 y nghia quan
trong doi vai khoang trong can chong gitr trong vung dat da “mém-.

- Khi khoang tréng khai thac c6 chiéu day m va chiéu dai L khong Ién, dét dé 1a loai da “ctmg”, c6 thé
bo qua anh hudong ng suat va dich chuyén cia dat da hai bén va phia dudi khoang trong.

4. Kétlugn , 5

- Str dung phan mem tinh s6 phi hop dé gidi cac bai toan ky thuat noi chung va bai toan dia ky thuat
ndi riéng s& thu duogc két qua tin cay, phu hop véi xu thé cta cudc cach mang 4.0;

- Lua chon so do tinh véi diéu ki¢n bién va cac thdng so cua dat da phu hop s& nhan dugc két qua cang
chinh xac ca vé dinh tinh va dinh lugng.
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- Khi xung quanh khoang tréng khai thac 12 loai d4 “mém”, 4nh huong cua chiéu day m va chiéu dai L
la dang ké den trang thai dich chuyén cua dat dadac biét véi nhitng ving can bao vé phia trén hoac
khoang trong can chong gitr.
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ABSTRACT

Research, analysis, choosing suitable boundary conditions when using
RS2 software to determine rockmovement around exploited longwall

Duong Duc Hung?, Pham Quoc Tuan?, Do Ngoc Tu?
'Hanoi University of Mining and Geology

2Power Engineering Investment Consulting Company Limited - PEIC, Co Ltd

In undergroud mining, after the collecting minerals, gaps will be left in the ground. The surrounding
rocks tend to shift in the direction of the gap to break the primary stress field, then secondary stress field
appears. The transformation of the secondary stress-deformed field will spread rock up to the terrain surface.
By the time of establishment of the new equilibrium, the rockareas around the mining space will have
different manifestations: the area of destruction, collapse; Delamination due to sagging surface subsidence
by displacement. Due to the complexity of the environment and the scale of the problem, many results of
traditional methods only indicate the calculation of the height of the demolition area. Using theNumerical
methodwith rock parameters and appropriate boundary conditions, the overall picture of the status of rock
areas around the large-scale mining area ( thick-seam long wall) can be described. The basic content of the
article will analyze the effect of the boundary condition when using the RS2 numerical software to
determine the movement of rock round the longwall in the thick seam mining.Problem results with the same
rock parameters and different boundary conditions, it is shown that the stress distribution, displacement in
the regions is different. In particular, it appears in the side surface and the ground of long wall.

Keywords: long wall; rock movement; boundary conditions; RS2 software.
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Nghién ctru tng dung san pham neo cap san xuat trong nudc ap dung
dao 10 va khai thac tai cac moé ham 10 vang Quang Ninh

N6ng Viét Hing!*, Pham Quang Nam?, Pham Minh Duc?, Luu Céng Nam?!
ién Khoa hoc Cong nghé Mo - Vinacomin

TOM TAT

Két cau chdng neo la két ciu chéng chu dong va cé pham vi &p dung rong. Do phan Ién céc thanh phan
cua két cau neo hién nay van phai nhap khau nén gia thanh con cao va chua chii dong dugc trong san
xuit. Viéc nghién ciru thiét ké ché tao neo cép va cac phu kién neo phuc vu chdng giit cac duong 10 ¢
trong nuwéc nham giam chi phi chéng gir, ndng cao ning luc cung wng, kip thoi phuc vy san xuat da dugc
trién khai trong thoi gian gan ddy. Tuy nhién, cic san pham neo cap va phu kién ché tao trong nudc can
phai duoc nghién ciru 4p dung trong cac didu kién khac nhau dé c6 co so phét trién &p dung dai tra tai cac
mé ham 10 ving Quang Ninh. Bai bao gisi thiéu vé co ché lam viéc, cac yéu cau ky thuat cua két cau
chéng neo, neo cép, ciing nhur mot sb két qua nghién ciru p dung thir nghiém tai hién truong cua Cong ty
than Quang Hanh-TKV.
Tir khéa: neo chat déo cot thép, ché tao neo, neo cép

1. Pit vén dé

Hang nam, khdi luong cac dudng 10 thi cong dio méi trong toan nganh than la rat 16n,khoang 220+250
km; trong d6, cac duong 16 dao trong than va qua ving dat da mém yéu chiém ti trong Ion, khoang hon
85%. Nhitng nam gan déy, cac mé ham 10 viing Quang Ninh d day manh viéc &p dung Vi neo trong viéc
chéng giir cac duong 10 nho nhing wu diém cua loai vat liéu chdng nay so vai cac vat ligu, két cau chdng
truyén théng (khung chéng hinh vom tir thép SPV, vo chdng bé tong, bé tong cét thép,...). Neo cap duoc
sir dung chéng két hop vai céc loai vi chéng khéc, tao thanh két ciu chéng hdn hop, nang cao hiéu qua
chdng gitr va két qua &p dung tai ca&c mo ham 10 vang Quang Ninh gan day da cho thiy rd didu d6. Cho
dén nay, trong nganh than da c6 nhitng nghién cau thiét ké ché tao neo cp va cac phu kién neo phuc vu
cong tac chéng tai cac & ham 10. Céc két qua nghién da bude dau duoc trién khai tai hién truong thi cong
cua Cong ty than Quang Hanh-TKYV. Tuy nhién, can phai ¢ thém cac nghién ctru 4p dung trong cac diéu
kién thyc té khac nhau dé c6 co s¢ ung dung rong réi cac san pham da dwoc nghién ctru mot cach dai tra
trong toan TKV.
2. Co ché 1am viéc ciia neo cap sir dung chéng giir cac dwong 10 than va da mém yéu

Neo cép la loai két cau nhe, chdng giir ¢6 tinh cha dong va thuong duoc sir dung hdn hop véi cac loai
két cau chdng khac (khung chdng thép, bé tdng cbt thép, neo chat déo cét thép). Tai Trung Qudc va nhiéu
nudc trén thé giGi, neo cap dwoc sir dung co duong kinh khéc nhau, tir 15,2 dén 21,8 mm. o bén chiu
kéo cua céac soi cap kha 16n, khoang tir 26 dén 58 tan/sgi. Thong sé so ban cua mot sé loai cap neo cé thé
thiy duoc & Bang 1 dudi day [BG/T 5224-2014]:

Bang 1. Thong sé ki thudt mét so loai cdp neo duroc sir dung tai Trung Quéc

Ma hiéu chung loai CB152 CB178 CB189 CB216 CB218
Pudng kinh (mm) 15.2 17.8 18.9 21.6 21.8 (22)
Soi hay tao thép, sb luong 7 7 7 7 19
Trong lugng (kg/m) 1.1 1.5 1.72 2.23 2.48

D6 bén kéo (kN) 260 350 387 504 580

Do gian dai % min 35 35 35 35 35
Chiéu dai, m theo yéu cdu | theo yéu cau | theo yéu cdu | theo yéu ciu |theo yéu ciu

*Tac gid lién h¢

Email: hungtroc2001@yahoo.com
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CAu tao cia mot bo neo cap bao gom 4 thanh phan chinh nhu sau: Cép neo, Vanh dé, Ném chét, Tam
dém. Két cau ctia mot bo neo cap thé hién trong hinh 1 dudi day:

Thm dém 2

)

TAm dém 1

300

Khéa caj

[}

Hinh 1. Két cdu neo cdp sir dung vat liéu dinh két bang chdt déo

Khéc véi neo cép sir dung vira dinh két 1a chat deo, dé tang do bén bam dinh, ting luc ma sat gitra chat
dinh két sau khi dong ctng, neo cap sir dung chat dinh két 1a dung dich xi mang duoc gia cong thém cac
bdi phinh ra dang ct hanh. Khi bom dung dich, xi mang sé& lap ddy céc bai cap nay. Nho cac day cap dang
bdi ca hanh nén cdt thép nam sat thanh 16 khoan hon. Do bén khdi bé téng cot thép cao hon so vai nhitng
vi tri b6 cap lién két véi nhau dang phang.

Mot uu dief:m I6n cua neo cap la kha nang du tng luc. Sau khi gia tai, thanh neo dugc tang cuong tai
trong trudc bang hoac 16n hon khoi lwgng dat da trong vom cén bang, lam han ché kha nang dich chuyén
cua phan dat da nay sau khi khai dao.

Ngoai sgi cp Ia thanh phan chinh cia neo, mgt bo neo cap con bao gom céc phu kién khac, nhu tim
dém, khoa neo hodc chét ham. Cac phu kién’nay phu’thuc}c vao loai chat két dinh va yéu cau ky thuat,
nguyén ly 1am viéc khac nhau caa mdi loai chat dinh két.

AUATW

XCK 3
Wy v

Hinh 2. B6 khéa neo cdp (gom vanh dé va ném chét)

Déi véi cac tam dém dugc st dung cho neo cap, thong thuong c6 dang phang. Tuy nhién, khi neo lam
viéc, cac tam dém khong chi c6 nhiém vu d& ma con ¢ tac dung ép chat céc 16p chat lai v6i nhau, do dé
doi hoi do bén, kha nang chéng udn tim dém phai cao. Cac tAm dém c6 thé dugc dap cac gan dé ting kha
nang chiu lyc hodc duoc ché tao dang cau dé ting kha ning tiép xdc giita tim dém véi bé mit bién 10.

Ngoai nhitng phu kién chu yéu trén can st dung lugi thép, cac tim Sp dé ting do lién két gitra cac neo,
giam kha nang bi 15 bién 19.
3. Cac két qua nghién ciru ché tao va ap dung thir nghiém tai hién truong
3.1. Céc két qud nghién cieu ché tao neo cap va mét sé phu kién phuc vu chéng 10 tai cac mé ham 16
TKV

Ngoai céc tiéu chuan hién hanh dang 4p dung tai Viét Nam, nghién ciru da lya chon thém tiéu chuan
cta Trung Qudc la GB/T 5224-2014 dé lam co s ché tao soi cap neo va mot s6 phuc kién neo. Trén co
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SO C4c tiéu chuan ché tao da Iya chon, Vién Khoa hoc Cong nghé Mo da phdi hop vai Cong ty Cb phan
co khi 6 t6 Cam Pha trién khai gia cong ché tao mot s6 loai neo cap va phu kién lam co s dé trién khai
dua vao ap dung thir nghiém tai hién truong.
1) Cép neo va thanh neo

Thanh neo chét déo cbt thép hién dang dugc gia cong ché tao tir loai thép tron gan thudc nhém thép
AIL. Ap dung cic két qua cua dé tai, Cong ty C6 phan co khi 6 t6 Cam Pha (VMIC) di gia cong ché tao
hoan chinh bg thanh neo chét déo cdt thép vai chidu 2,1m, di kém véi d6 1a cac phy kién nhu tim dém va
ecu chiu luc.

Hinh 3. Thanh neo chat déo cot thép ché tao tai Cong ty VMIC

Cép neo thudng c6 yéu cau rat cao vé do bén. Cap neo duoc gia cong tir nhitng soi thép c6 do cing
theo Rockwell C (HRC) hoac do cing Brinell (HB). Vat liéu gia cong cap phal la thép hop kim hodc thép
carbon loai: Thép hop kim 40 Cr, thép carbon 45. Hién nay, s¢i cap thép van 1a san pham phai nhap khau
do chua dau tur dugc day chuyén ché tao.

2) Vanh do

Vanh d& (barrel)va ném chét (hinh 2)l1a nhitng phu kién quan trong lién quan dén nhau dé giir chat tim

dém neo va cap neo.

Vanh d& dugc gia cong tir thép co d6 bén twong duong hoic 16n hon d6 bén cua nem(HRC50-HRC65).
Do yéu cau d bén va mirc do chdng bién dang cao, nén vanh dé dugc tao 156 bang phuong phap ngudi.
3) Ném chot

Ném chdt 1a phy kién dé khod chat cap vao vanh dd giir cap khdng chuyén vi. Chinh vi thé chit lugng
hay do bén cua vanh d& va ném chét rat quan trong. Néu do bén ciia ném thap hay con goi la thép non,
khi tai trong tang cap neo s€ bi kéo tugt. Ném chét thuong dugc ché tao dang 2 hay 3 manh va duoc tao
gan & mat tiép xdc véi soi cap dé tang tiép xic va gin chat vao soi cap dé giir khong cho cép bi kéo
tuot.Vi vay do cang cua ném thudng phai cao hon d6 clirng cta cap neo va goc vat (nghiéng) ném khoang
18°. Ném chét va cap neo dugc gia cong ngudi tir thép cé do ciing HRC 50 — 65.

Hinh 4. Gia cong ché tao Vanh dé va Ném chot tai Cong ty VMIC
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4) Tam dém

Tam dém la mot bo phan (phu kién) trong két cdu neo 1am nhiém vu ngin chin hay d& trong qua trinh
dich chuyén cua khdi d4 doc than neo cép. Cac tam dém cd thé Ia dang phang hodc dugc dap gan ting luc
hoidc dwoc dap 16 dang hinh cau dé ting kha ning bam sat bién 10. Dac tinh cua mot s6 dang tim dém cé
thé xem ¢ Bang 2 dudi day.

Hinh 5. Tdm dém neo cdp dwoc dap gan chiu luc

Bang 2: Pgc tinh ky thugt cia tdm dém neo

Kich thuéc ngoai, Chiéu day, mm | L3 giitatim dém, | Tai trong pha huy, | Trong luong, kg
mm mm T
100x100x8 8 36 20 0,268
100x100x6 6 36 12 1,060
150x150x10 10 36 24 1,760
200x200x6 6 36 12 1,800
150x150x10 10 50 24 1,740

5) Tam chén hedi thép

T4m cheén st dung luéi thép dwoc gia cong bang phuong phép han diém tai cac mdi tiép xdc cac soi
thép ngang va doc, hai dau cua cac soi thép doc dugc udn gap tao thanh cac méc. Khi lap rép cac moc dé
mac c4c tim chén véi nhau tao thanh lién két mang dé tim chén khong bi tudt.Sir dung thép soi duong
kinh 6 mm d¢ bén kéo 20-45KN han lip ghép tao thanh tam chén thép.

3.2. Trién khai ap dung chang thiz nghigm tgi hign trwong

Trén co s6 thiét ké chdng giir bang neo két hop neo cap cho dudng 10 DVTG mic -60 10 chg Trung
tam 17.1, Vién Khoa hoc Cong nghé¢ Mo - Vinacomin da phoi hop véi Cong ty than Quang Hanh - TKV
trién khai dua céc san pham cua dé tai nghién ciru 4p dung tai Cong ty than Quang Hanh - TKV.

Ngoai san pham nhap khau tir Trung Quéc la soi cép thép $21,8 mm, toan bo céc san pham khac nhu
la chat déo‘dl'nh két, bo thanh neo chat déo cot thép (thanh neo, tam dém, ecu chju luc), cac phu kién neo
cap khac déu la cac san pham dugc nghién cuu ché tao trong nuéc tai Cong ty Co phan co khi 6 t6 Cam
Pha.

Poan 16 DVTG muc -60 16 chg Trung tdm 17.1 tir 11K 140- IIK160 duoc thi cong dao doc theo via
than 17.1 véi chiéu day via trung binh 1a 2,5m; dit d4 ngay sat phia néc 10 1a 16p sét két chiéu day
0,3+0,5m; C4c thanh neo chit déo cdt thép chidu dai 2,1m va neo cép chiéu dai 5,7m duoc thi cong xuyén
qua lop sét két va dugc ghim chat trong 16p bot két c6 chiéu day I6n, it nit né.

Ho chiéu chéng gitr dudng 16 DVTG muc -60 10 cho Trung tam 17.1 dugc thé hién trong hinh 6.
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Hinh 6. Hg chiéu chong DVTG mike -60 16 cho Trung tam 17.1

D¢ ¢6 co s¢ danh gid mic do On dinh ciia duong 106 DVTG mic -60 16 cho Trung tam 17.1, cAc tram
quan trac dich chuyén dat da bién 16 bang bg do chi thi mau s& dugc lap dat ngay sau khi thi cong cac
thanh neo chat déo cot thép va neo cép.

Céc két qua do dac tai hién truong sau khi thi cdng chdng gitr bang neo két hop neo cép cho thiy
duong 10 hoan toan 6n dinh. Cac thanh neo dugc thi cong dam bao két cdu va khoang cach theo mang
hinh vuéng kich thuéc 900x900mm va dugc kéo rat kiém tra kha ning mang sau khi thi cong la
4,6T/5,0T (dat 92% kha ning mang tai tinh toan) so vai thiét ké; sau khi thi cong, cac thanh neo cap sé
dugc kich kéo cang bang thiét bi chuyén dung véi luc kéo tuong duong 20T. Cac két qua cap nhat sb ligu
quan triac bang bo do chi thi mau cho thiy dat da noc 16 khong c6 do dich chuyén (cac thude do cua bo do
chi thi mau khong dich chuyén so véi khi vira lap dat xong).

4. Kétluan

Pham vi ép dung cua neo cép la rt 16n, neo cap dwoc sir dung hiéu qua trong viée chéng gilt cac
dudng 10 ¢6 tiét dién 16n, cac vi tri dudng 16 giao nhau, xir 1y cic trudong hop dudng 16 mét on dinh do gia
tang ap lyc mo. Cac san phdm neo cap va phu kién neo hién nay da dugc nghién clru san xudt trong nudc,
tuy nhién, mirc d6 ap dung con han ché do gia thanh san xuét thir nghiém con cao.

Véi cac két qua tir viée trién khai ap dung thir nghiém cac san phdm neo cap san xuét trong nudc tai
Cong ty than Quang Hanh — TKV di mo ra trién vong ap dung rong rii tai cic mé ham 10 ving Quang
Ninh. C4c san pham neo cap san xuat trong nudc s& dan duoc da dang hoa tly theo mdi didu kién thuc té
thi cong tai cac mé ham 16. Viéc cung tmg kip thoi va phi hop ciia cac loai sin phiam neo cap trong mdi
diéu kién thi cong khac nhau s& gop phan chung vao viéc ning cao mirc do an toan, giam gia thanh xay
dung cac duong 16 va gia thanh khai thac.
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ABSTRACT

Applied research on domestic productions of cable anchor using
suppotted minning underground in mine area of Quang Ninh province
Viet Hung Nong**, Quang Nam Pham?, Cong Nam Luu!

YInstitute of Mining Science and Technology

Anchor bolt is an active reinforcement structure and has been widely applied. Since major
components of anchor bolt have been imported from overseas, this equipment is still high in price and is
not proactively manufactured in Vietnam. In recent years, investigation on designs of anchor cable bolt
and supplements for roadway to reduce cost and timely serve production has been deployed. However,
the cable anchor bolt and its supplements should be studied for application in different conditions, from
which it can be applied on a large scale of Quang Ninh coal field. This paper presents mechanisms,
technical requirements for anchor bolt, cable bolt as well as experimental results at Quang Hanh mine site
—TKV.

Keywords: Plastic anchor steel, Anchor design, Cable bolt.
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E‘ng HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
N N A A - A A - - 1
JEARHSGENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VIPNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Nghién ciru mot sé nguyén nhan va giai phap khac phuc su ¢ khi
khai thac 10 chg co gidi hoa
Nguyén Phi Hing™*, Nguyén Cao Khai*, Blii Manh Tuing?,

Tran Vian Thanh', Nguyén Vin Ding?
'Pai hoc mé dia chat; ?Tong Cong ty Déng Bac

TOM TAT

Cong nghé co gidi hoa san xuét than di tré thanh xu thé tit yéu trong khai thac mo. Qua trinh khai thac mo him
16 4p dung cong nghé co gidi hoa ting phan hogc toan phan, nguyén nhan khach quan I do diéu kién dia chét phirc
tap, d4 vach yéu hoac hé¢ thong khe nut lam cho ap luc tai guong 10 cho cao, nguyén nhan chu quan la do phuong
phap khiu chua hoan chinh, thiét bj hong hoc ... dan dén hién tuong tut noc, 16 guong. khi didu kién san xuit xay ra
hién tuong nay din dén viéc x6 léch vi chéng, do 16 1am 4ch tic san xudt, tham chi gy tai nan lao dong. Chinh vi vay
can thiét phai c6 nhitng giai phap kip thoi, hiéu qua nham han ché ciing nhu khic phuc sy ¢b khi xay ra trong qua
trinh san xuét an toan. O ddy bai bao di dwa ra cac nguyén nhdn xay ra su ¢b tut néc 16 chg co gio1 hoa trong didu
kién cta 10 cho co gidi via 11 & mo than Duong Huy. Trén co s& nguyén nhdn va nghién ctru cac didu kién ty nhién
va k¥ thudt cu thé, bai bao dua ra cac giai phap k¥ thudt hop 1y dé 4p dung xir Iy nhim néng cao san lugng khai thac
va dam bao an toan lao dong cho nguoi cong nhan.

Tir khéa: Gian chong tw hanh; mdy khau, tut néc; guwong 16 che, 16 guong

1. Nguyén nhin chinh gay ra hién twong 16 gwong tut noc

- Su thay d6i dot ngot didu kién dia chat via, tai guong 10 xuét hién bién dong dia chit cuc bd nhu hé
thdng khe nirt xut hién véi tin suat va mat do day, gan dut gay 16n, via bién dong vé chiéu day goc dbc
dot ngot, do nude ngam. ..

- Guong 10 chg khong vuéng ke voi phuong via, vi chong khong dam bao ky thuat thi cong.

- Tc d6 tién guong 10 cho cham, 1am tang ap luc ludng guong.

- Do viéc diéu chinh tang khiu than phan noc khong hop 1y.

- Cong tac ddy xa truot chdng giit noc 10 cham, phan d4 vach bi luu khong mot thoi gian dai khong d-
woc chdng gitr kip thoi. [Tran Van Huynh 2003; B Manh Phong 2006]

2. Bién phap xir ly chung

- Pam béo 16 cho vudng ke via va didu chinh tc d6 tién gwong phu hop véi thiét ké.

- Thyc hién dung qui trinh, ho chiéu khai thac.

- Diéu chinh tang khiu noc, dam bao khiu dung chiéu cao 16 cho theo thiét ké.

- Cong tac ddy xa trugt chong giir noc va ddy tdm chian guong ap sat guong 10 cho phai kip thoi khi
may khau di qua.

- Khi 16 cho bi 16 guong, tut noc xtr 1y nhu sau:

+ Dung choong tao 16 trudc guong hoic ding khoan khi nén khoan 16 truéc guong c6 duong kinh 16
120 mm, chiéu siu 13 tir 0,4 + 0,8 m tuy thudc tién d6 dam thép.

+ Str dung dAm thép CBIT hoéc ray thu hdi, chidu dai tr 1,2 + 1,6 m, gac dua mot dAu vao 18 d3 choc
tia, mot dau gac 1én xa dan chdng hodc lién két gong véi dam cua chu ky trudc.

+ Chén kin gb doan 1én trén dam thép, chén kich phia trén néc chic chan.

+ Trudng hop dam c6 chidu dai 16n, c6 thé dung cot thuy luc don chong ting cuong vao dam thép sat
guong 10 cho, budc day thép lién két chic chin dau cot thuy luc don v6i dam thép. [Trin Vin Thanh,
2006; Vii Dinh Tién, 2005]

Hién tuong 16 guong, tut ndc dugc thé hién theo hinh 1 va 2.

3. Xir Iy trong céc trwong hop cu thé
3.1. Trwong hgp dé gian chéng 1Gn xuéng nén
1. Béc diém:

Trong tinh toén & ca 2 truong hop gian chdng di trén nén than va nén dat sét thi khéng xay ra hién tugng 10n
nén. Nhung trong qua trinh khai thac thuc té van c6 thé xay ra hién tuong Ian nén khi than nén va dat sét c6 ngam
nuac.

2. Nguyén nhén:
- Pét da try via c¢6 cuong do khang 1Gn thap (nhé hon 0,60 Mpa ddi véi gian chdng trung gian va nho

* Téc gia lién h¢
Email: nguyenphihung@humg.edu.vn
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hon 0,57 ddi véi gian chong qua do).

- Ap lyc da vach 16n tac dung 1én gian chdng.

- L0 cho xuat hién nudc hodc quan 1y nuéc trong 10 cho khdng hop 1y (nude phun swong, nude ro ri
tai h¢ thong duong dng) nén 16 cho bi tich tu nude lam cho cuong do da tru giam hoac bi truong nd.

3. Bién phap xu ly:

- Khi dé 1Gn xudng nén voéi chiéu su khdng 1on, dém vai tim g dudi dé, khi gian chong day vé phia
trude, dé gian chdng dat trén tam g, dan dan tré vé vi tri binh thudng trén nén.

- Bé gian chdng 1Gn sau vao nén, khi sir dung phuong phap dém tim gd khong c6 hiéu qua, khi d6
dung 2 cot chéng thuy luc DW35-300/110X chéng d& hai bén xa gian chéng bi 1Gn (M6t dau cot TLD do
xa noc cua gian chéng bi lun, dau con lai ty 1én dé chan cot cua gian lién ké). Sau do, thyuc hién thao tac
ha gian chéng caa gian bi lan. Lic nay, hai cot chéng d& ¢ dinh xa, dé gian duoc nang 1én. Dt cac dém
g6 vao khoang ho gitra dé gian va nén 16, bom chat tai cho gian bi lun.

Sau khi xtr ly 1an xong, cong tac di chuyén gian chéng sang ludng méi duoc tién hanh tuong ty nhu di
chuyén gian khau chong thuong ky. [Phong KCM Cong ty than Dwong Huy, 2016]

*Luwu y: Hai cot chong d& xa cuia gian chong bi 1an phai chdng can nhau tranh xoay gian khi d& tai.
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3.2. Trwong hop dang khéu, may khau bj héng.
1. Ddc diém: Trong qua trinh khai théc 16 cho, dot ngot may bi hong khong thuc hién tiép cong tac khiu
guong.
2. Nguyén nhéan:

- Do ¢ong téc kiém tra, chuan bj may khau truéc khi van hanh chura tét.

- Do may c6 nhiing tryc trac bat thuong (may bi su ¢d).

3. Bién phéap khac phuc:
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- Dirng cong tac khau guong, cit ngudn dién vao may khau, dong ngat ngudn nuéc chbng bui.

- Sira n6c ludng guong 16 chg ¢ vi tri may khau ding, nang xa d& guong giir noc, ddng thoi kiém tra
cung ¢b doan 10 cho & vi tri xung quanh may khu.

- Van hanh mang cao, cdng nhan ding xéng, cudc don sach than & vi tri may khau ding dé tao khong
gian thoang cho viéc sira chira may.

- Tién hanh kiém tra, phat hién nguy&n nhan va tién hanh sira chira may khau.

- Sau khi khic phuc su ¢ may khau xong, may hoat dong tré lai binh thuong, tiép tuc dwa may vao vi
tri khau than 16 cho.

HINH 2: LO CHO Bl L3 GUONG, Lr>1,5M RONG NOC LON
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3.3. Sw cé vé gian chéng tw hanh

Gian ty hanh mau da duoc thir nghiém tinh ning bén va cuong d6 phl hop tiéu chuan. Khi bo gian
Xuét xudng da dwoc nghiém thu nghiém ngat, céc két cau lién két va linh ki¢n thiy lyc c6 du cuong do,
tinh nang dang tin cay, khong thé xay ra su cb lon dudi tinh trang binh thuong. Nhung trong qua trinh st
dung gian dud6i mo, do diéu kién dia chat phuc tap, con c6 cac nhan t6 anh hudng khéc, néu tinh thém
nguy hlem an chira hoic thao tac khong dung quy trinh, khi dé gian tu hanh khong tranh khoi sy cb. Vi
vay, can phai ting cuong cong tac duy tri va quan ly ddng bo thiét bi co gisi hda, bao dam khong hoic it
Xay ra su cb. Trong truong hop khi gap su ¢b du lon hay nho déu phai tim nguyén nhan kip thoi, giai
quyet nhanh chéng, lam cho gian tu hanh ciing nhu cac thiét bi luén ludn & trong tinh trang hoat dong tot.
1. Keét Cau va chat lign két:
* Két cau:
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Két cdu cua gian thong thuong 1a dam bao, c6 di cudng do trong pham vi lam viéc cua gian, nhung
trong qua trinh sir dung ciing ¢6 thé bi v& hoic I¢ cuc bo, mot vai chd cd thé xuat hién cac vét nat: vi tri 6
cot dé gian, vi tri lién két cua céc loai kich, bo phan phia trudc ciia dé gian. Nguyén nhan cé thé do trong
qua trinh st dung Xuat hién tinh trang chiu lyc tap trung dot ngot, tng luc cua mdi han tap trung hodc
diéu khién khong dung. Cach xu ly: tim cach phong ngura vét nat moi han m¢ rong. Cing c6 16 cho, ha
gian va tao khong gian xir Iy han lai cac vét niit (trong diéu kién kiém tra nong @6 khi mo cho phép).

* Chaét lién két:

Chét ding dé lién két cac bo phan véi nhau. N6 ¢6 kha nang bi mon, cong va dit. Chét lién két hai
dau cua cot va kich c6 kha nang rat I6n bi cong dut. Nguyén nhan bi cong dut 1a: Vat liéu va cach xir ly
nhiét khong pht hop yéu cau thiét ké, thao tac khong dung. Néu phét hién chét bi cong va bi mon thi nén
thay thé kip thoi.

2. Hé thong thay luc va phy ting di kem

Nhiing su c6 thuong gap cua gian phan nhiéu ¢ lién quan véi hé thng thiy luc va phy ting di kém nhur:
duong dng va dau ndi ro ri; by phan diéu khién thily luc mét tac dung, ct va kich khong 1am viéc.... Cho nén,
diéu quan trong dé bao vé gian ty hanh 1a & hé thdng thay luc va phy ting thay luc.

* Pwong ong va ddu néi:

- Céc nguyén nhan lam cho dwong 6ng va vi tri ndi ro ri la:

+ Gioang hinh O hodc phot khong dung kich thudce hay bi hong;

+ Mat bit kin cua dau néi 6ng bi mon hoic dung sai qua nhiéu;

+ Pau ndi duong éng ép khdng chéc;

+ Trong qua trinh sir dung dudng 6ng bi cAc vat nang deé hong, dau ndi bi va cham

+ Chét luong duong dng khong tét hoac hét han si dung....

- Céc bién phap khic phuc:

+Ddi véi nhitng linh kién 1am kin khong vira hoac bi hong phai thay ngay;

+ Puong dng, dau ndi bi ro ri do nhitng nguyén nhan khac thi dua dén xuwong dé stra chira.

+ Trong qua trinh bao quan va van chuyén dau nbi duong dng phai bao vé tét, khong lam hong
giodng, phot lam kin.

+ Khi thay hoic ndi duong dng khong nén dap, cim manh. Sau khi lap xong khéng nén théo ra lap
vao nhiéu lan.

+ Phai cha y thu don, sip xép dudng 6ng gon gang.

* Phu tiing di kém:

- Céc phuy tung thay lyc cua gian ty hanh nhu: van didu khién, van mét chiéu, van khoa, van an toan,
phin loc... xay ra sy c6, thuong la do:

+ Linh kién lam kin (gioang hinh O, phét) bi hong khong 1am kin duoc;

+Pém va dé van bang nhya bi thép vun cim vao;

+ Hé thdng thuy lyc bi 6 nhiém, tap chét va bui ban chui vao;

+ DPau ndi va mdi han c6 thé bi ha v.v.

- C4c bién phap khéc phuc:

+ Phai thay thé ngay va dua dén xudng dé stra chira nhirng phu ting thay luc bi su ¢é;

+ Pam bao sach s& cho hé thdng thay luc, dinh ky rira sach céac phin loc;

+ Cac phuy ting quan trong diéu khién thay lyc (nhu linh kién bit kin) phai bao quan tot;

+ Kiém tra dinh ky tinh ning cua 10 xo; phai kiém nghiém tinh ning cua cé4c loai van;

+ Néu méi han bi ha thi nén th4o phu tiing bit kin bén trong ra dé han lai va kiém nghiém &p luc theo
yéu cau.

* Cot va kich:

- Viéc hoan thanh céc thao tac cua gian phai nho cot va cac loai kich theo yéu cau cia ngudi van
hanh, néu cot hoic kich bi su ¢é (vi du tac dong qua cham hoidc khong thao tac duoc), s& anh hudng truc
tiép dén chirc nang chdng d& va di chuyén cua gian. Néu cot va kich tac dong cham, c6 thé 1a do:

+ Ap luc bom dung dich qua thap hozc luu lugng khong du;

+ Chura mé van khoa, dudng 6ng, phin loc dung dich b tic;

+ Van diéu khién (van mét chiéu va van an toan) hong lam tic duong dung dich.

+ Cot, xilanh hozc pison cua kich bi ho hoic bién dang;

- Céc bién phap khic phuc:

+ Hiéu chinh lai tram bom dung dich;

+ M@ van, néu duong éng bi ban phai rira sach phin loc;

+ Thay cac van diéu khién bi hong;

+ Thay céc cot, kich khéng con kha nang lam viéc.

3. Thao tac gian ty hanh:
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Trong qua trinh thao tac gian chéng d&, c6 thé xay ra nhitng su ¢6 sau: lyc chéng ban dau thap, luc
chdng dinh miic cao, day trugt khong thang, di chuyén gian khéng kip thoi, kiém tra bao dudng gian
chdng khéng tt xuat hién rdng néc gay hong gian.

* Lyc chong ban ddu va luc chéong dinh mikc:

Luc chdng cua gian truc tiép lién quan tai viéc didu khién xa chinh ha xubng va quan Iy xa chinh, cho
nén phai dam bao gian c6 du lyc chdng ban dau. Nguyén nhan chinh 1am cho luc chong ban dau thap la
&p lyc dung dich khong du hoac h¢ thong thay luc bi ro ri. Thoi gian nap dung dich quéa ngan ciing 1a mot
nguyén nhan. Bién phap dam bao gian c¢6 du luc chéng ban dau 1a ap lyc tram bom dung dich phai nam
trong pham vi ap luc 1am viéc dinh mic, thuong xuyén quan sat sy thay déi cua ap luc tram bom dung
dich, diéu chinh &p luc kip thoi; hé théng thay luc khong dugc ro ri, nén giam téi da tén hao &p luc cua
duong 6ng. Nhung néu lyc chéng ban dau qua 16n s& bét lgi cho mot sé noi dung quan ly xa chinh.
[MarkChristopherGaunaMichael, 2017]

Luc chéng dinh mirc ctia gian qua mic, s& bt loi cho phu ting thity lyc va phu ting gian, tham chi gay nén
hong. Nguyén nhan chinh lam cho luc chéng gian tu hanh vuot muc Ia; Van an toan chiu &p luc cao hon dinh
muc va mat tac dung. Khi lyc chdng dat dén gié tri dinh mirc, van an toan khdng mo duoc va tiép tuc chiu
dung lyc chdng tang 1én, 1am cho luc chéng dinh mic qua muc. Bién phap dé phong luc chdng qua muc: Phai
kiém tra diéu chinh dinh ky van an toan, dam bao &p lyc cta van giit & mic cho phép; khong duoc tiy v didu
chinh &p luc lam viéc ciia van. Néu chi nhin van an toan ma khong xéac dinh duoc lyc chéng dinh muc ¢é quéa
muc hay khong, thi nén quan sét khi xa chinh c6 &p luc dén lan dau tién rdi theo chu ky. Néu thay da sb, tham
chi toan bd van khong ma, thi nhat thiét phai kiém tra van an toan c¢6 binh thudng khong. Thong thuong &p luc
dén xa chinh hoac &p lyc cuc b gia ting s& lam cho van an toan mo ra, do 14 hién twrong binh thudng. Ngwoc
lai, néu van an toan khdng m¢ thi ching t6 lec chdng gian ty hanh dugc didu chinh qua cao.
(MarkChristopherGaunaMichael, 2017)

* Sy dnh hwong ciia mang cao, may khdu va gian chéng:

Lo cho c6 phing va thang hay khong, c6 quan hé truc tlep dén xa chinh (c6 phang va thing) dé méy
khau cit than, chiing cé anh huéng 1an nhau. Néu dé gian map md khong bang phang, tham chi xuit hién
tang bac, thi viéc di chuyen s& gap rat nhiéu kho khan. Cu ly di chuyén gian khong du s& anh huong dén
budc khau ciaa may khau. Néu xa chinh va dé glan map mo thi mang cao va gian s& bi nghiéng, c6 thé lam
cho tang khau cua may khau cit dot ngot vao dau xa glan Viéc ddy mang cao va kéo gian c6 bang, thing
hay khong 1a diéu then chét dé dam bao “hai bang”, “ba thang” cta 10 cho.

Gian ty hanh &p dung phuong thic 1am viéc chdng d& kip thoi. Dudi tinh trang binh thuong, sau khi
méy khiu di cit than, theo phuong thtc thao tAc gian bt dau di chuyén gian cach tang khau phia sau 3+5
gian, tién hanh tirng cai mot theo thir tw. Khi néc vo nhau, dién tich khoang tréng trén xa I6n cé thé diéu
khién xa phu cua gian d& tam néc sau khi méay khau vira cat than. Sau khi di chuyén gian, bit dau diy mang
cao cach may khiu khoang 15 m. Viéc day méng cao va di chuyén gian phai nhip nhang véi nhau, d6 cong
ctia n6 khong nén qué 16n, thuong can di chuyén 23 1an tai mét vi tri méi hoan thanh mét tién do.

3.4. Trwong hep goc doc cia via thay doi
1. Béc diém:

Trong pham vi 10 chg mot sé vi tri goc ddc thay dbi 16 cho CGH ddng bo bo nén hoac khiu phai xén

tru via hoac khau Ian lép.
2. Nguyén nhan:

Do nhiing bién dong dia chat cua via than.
3. Bi¢n phép xui ly:

Phong Dia chat, Tric dia can phai tién hanh cap nhét vi tri 10 chog dong thoi khao sat xac dinh tinh chét
va mirc d6 bién dong dia chat ciia via than vé chiéu day, géc ddc. Sau d6 tuy theo tinh trang thuc té c6 thé
thuc hién mét trong cac giai phép sau:

* Truwong hep goc doc cia via thay dbi cuc bg véi dp bién déng nhé

+ Khi khau doc 16 cho xuét hién huéng doc I1én, nén 16 phai cit bang, dé sao cho goc hudng 1én khong
I6n hon 3-5°, ddng thoi dam bao di gia phai c6 &p huc 16n dinh, dé tranh hién tugng mat nén, néc than cang
khau cang cao.

+ Khi chuyén mang cao can phai day di kéo lai ngugc nhau nham tranh hién twong chuyén mang cao
trén I6p than noi, dan t6i viéc mang cao khé khin ép xudng nén 10.

+ Khi may khau cat than, cdng nhan van hanh can nim rd lugng khau dudéi méng ciia tang khau, khong
nén cang cat luong than luu trén nén cang day, lam cho kha ning khau hudng Ién cua 10 chg cang cao, dan
tGi hién twong mat nén.

* Trwrong hep goc déc ciia via thay déi cuc by véi dp bién djng lon

Tuy nhién, néc 16 cho van cé kha ning duy tri phang, song do nén hoic néc 16 cho gap da trén dién

rong co thé theo phuong hoic ca theo chiéu déc. Tién hanh thuc hién giai phap xir Iy sau:
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+ Khoan né min tai nhiing vi tri gwong 16 chg gap da. Cong tac khoan nd min dugc thyc hién theo ho
chiéu khai thac ban hanh.

+ Trong qua trinh van tai phai tach than, da riéng tranh d4 1an trong than qua nhiéu lam giam chat
luong than.

3.5. Trwong hep 10 che c6 chiéu dai thay dbi
1. Bdc diém:

Trong qua trinh khai thac chiéu dai 10 cho theo d6 déc bi thay doi 1am cho céc gia khung khdng chdng giir hét
hozc chdng gitt vuot qua chiéu dai 16 cho.
2. Nguyén nhéan:

- Lo cho gap bién dong dia cht (thay dbi goc doc via, gip phay pha, dit giy, dé lai tru bao vé cac
cong trinh.

- Cong tac dao 16 chuan bi (10 doc via van tai, 10 song song chan, 10 doc via thong gi6 khong dam bao
duy tri 6n dinh chiéu dai 16 cho.

- Trong qué trinh khai thac, phai thuc hién cac cong tac can chinh gwong khau theo diéu kién dia chat
dam bao diéu kién k¥ thuat an toan

- Do ¢6ng nhan thyc hién cong tac di chuyén gian chong
3. Bién phap xu ly:

Xac dinh khoang céch va muac d6 bién dong chiéu dai cua 10 chg theo hudng khau (theo phuong). Tir
d6 quyét dinh viéc lap gian chong b sung hoic kéo dai kham khau theo chiéu déc cua 10 cho, céc giai
phép duoc tién hanh nhu sau:

* Chiéu dai 10 che' thay dbi theo hwéng ngan lgi:

Can ct tinh hinh thuc té, tién hanh théo bét sé luong gian chéng trong 16 cho hoac rat ngan chiéu dai
kham dau hozc kham chan 1o cho cho pht hop voi guong khau mai.

Qua trinh thu hoi gian chéng va thu hdi vi chéng caa kham dwoc thuc hién nhu déi véi truong hop thu
hdi gian chéng khi két thic dién khai thac. Gian chdng sau khi thu hdi dwoc van chuyén qua 16 cho bang
toi truc hodc paliang 1én 16 doc via thong gi6é dwa vé vi tri tap két.

* Chiéu dai 10 che thay déi theo hwong dai ra:

Cin ct tinh hinh thyc té, tién hanh lap dat thém gian chdng hoic kéo dai chiéu dai kham 16 cho cho
pht hop véi guong khau mai.

Dao clp, lép dit hé théng toi truc — Théo d& ciu méang cao — Lip dat duong xe— Van chuyén gian
chéng vao vi tri lip dat va tién hanh Ip dat— Thao d& duong xe— Lép dit tro lai mang cao.

* Trinh tw ldp dat bo sung:

- Diing tay diéu khicn dé nang t6i da chiéu cao gian chong va thu hoi xi lanh cua kich day méng cao vé
trang thai ban dau. Tao khoang trong chiéu rong toi thiéu dé Iap dit bo sung gian chdng bang cach cin chinh
cac gian chong xung quanh hoac thao dg, van chuyen gian chdng tir vi tri lap dat t6i 10 thong gié hozc 16 van
tai gan nhét (Can cir vao diéu kién cu thé dé quyét dinh).

- Dung hé thong toi, pa lang dé van chuyén, can chinh gian chéng vao vi tri lp dat va tién hanh Iip
dit. Sau d6 van chuyén lip dit tré lai gian chong da thao da.

- Lép dat tro lai cAu mang cao, kich diy méng, thdo d& duong xe.

3.6. Truwong hep gian chéng bj x6 léch
1. Nguyén nhan:

- Khi nén via than khéng bang phang, nhap nhé, hoic via than nhé cao 1én, xa gian chéng khéng kich
sat ndc

- b6 déc cua via than 16n.

- Trong qué trinh di chuyén gian, can chinh chua tdt,

- Chua l3p dat cum lién két chong troi, d6 va day tm chin canh cua gian
2. Bi¢n phép xu ly:

- Do nghiéng léch cua gian chong khong I6n, khi cuc b xa gian chong chua tiép xdc véi da vach, c¢6
thé dyung cot 9o Chong 10 d& chic xa gian chdng, di chuyén gian chéng vé phia trudc, dan dan diéu chinh
vi chng ngay ngén, khdi phuc trang thai binh thuong.

- Dyng kich kéo lai gian chéng bi nghiéng léch tro vé vi tri ding, c6 thé sir dung phuong phap dung 2
kich vira kéo vira chong, diéu chinh gian chong bi nghiéng léch tré vé trang thai binh thuong
3.7. Truong hep 10 che gap phay phéa:

- Khi bién do cua dut gay tuong dbi nho, via than chua dirt hoan toan, phai xem san trang cta dut gay,
lan luot sir dung phuong phap phé vach hoac phé try, 1am cho gian chong thuy luc dan dan di chuyén qua
mot cach hop ly nhat. Cong tac khau chdng nhu truong hop khau nang, ha nén.

- Khi bién d6 cua dut giy tuong déi 1on, tao nén via than khong lién tuc, phai dao lai thuong ma 19
cho. Chuyén méy khau, mang cao 10 cho va gian chong vao thuong mé 10 cho méi, coi nhu mot lan

89



chuyén 10 chg, thoi gian mat khoang 1 thang, ddi vai san xuét 10 cho ap dung co gidi hoa ddng bo 1a mot
t6n that rat I6n. Do d6 khi tién hanh thiét ké 16 cho co gidi hoa ddng bd, can nghién cau ky tai lidu dia
chat, tim hiéu rd rang phan b va khoang cach dirt gdy 16n nho cua dut giy dé dua ra quyét dinh thiét ké
10 cho co gidi hoa dong bo.

4, Két luan

Khi xay ra sy ¢b tut noc 16 gwong nhat thiét phai tim hiéu nguyén nhan cu thé dé co giai phap xir 1y
phu hop. Thyc hién dang quy trinh quy pham cu thé da duoc 1ap trong ho chiéu thi cong. Ludn ludn dam
bao vi chdng vudng ke voi via, téc do tién guong phi hop, khong duoc dé khoang tréng Iuu khong vach
qua lau.

Céc giai phap cu thé da duoc trinh bay nhu trén dwoc ap dung higu qua trong qué trinh khai thac ap
dung cong nghé co gioi hda toan phan hodc ting phan. Trong mét sb diéu kién cu thé van dugc ap dung
vo6i cac 16 chg thong thuong khac.
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ABSTRACT
Solution to prevent roof fall risks in the mechanized longwall

operations at Hong Thai coal Company
Nguyén Phi Hung®; Nguyen Cao Khait; Bui Manh Tung®; Tran Van Thanh®; Nguyen Van Dung?
'Hanoi University of Mining and Geology, 2Dong Bac coal Corporations

Mechanised technology for coal production has become an inevitable trend in undeground mining.
Mining operation can be fully or partly mechanised, however, it may lead to face and roof falls. The
phenomanon is due to objective causes such as complex geological conditions, weak roof or highly
jointed discontinuities, or due to subjective causes like incomplete mining method or brokendown
equipment. Therefore, for the purpose of safety, it is important to have effective solutions to minimising
and remedying the problem.This paper presents causes for face fall at the mechanised longwall Seam 11
Duong Huy coal mine. Based on these causes and investigations of geotechnical conditions, the paper
proposes pertaining technical solutions to remedy for improving face production as well as safety of
workers.

Keywords: mechanized longwall mining system, combine, roof falls, longwall face, working face
bricked
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Gial phap ky thuat dam bao an toan khi khai thac via 11
dudi moong 16 thién — Cong ty co phan than Ha Lam Vinacomin

Pham Dirc Hung*, Vii Trung Tién', DS Anh Son', Bui Manh Tung?, Nguyén Vin Quang!
Trirong Pai hoc Mé - Dia chat

TOM TAT:

Khai thac ham 16 gdy ra sy bién dang ctia d4 vach co thé s& phat trién dén mat dat phu thudce vao tée do
tién ctia 10 cho. Pé vach ciia 10 cho c6 thé phan biét thanh ba déi, dic trung cho cic mic do pha huy cia da
moé khac nhau nhu: Déi sap d6; d6i udng vong ran nit va doi sut lan. Lo chg 11-1.16 via 11 moé Ha Lam
nam dudi moong -54 bii thai 16 thién mo than Nui Béo ¢6 chira lugng nude rat 16n. Theo cac nghién ctru
ctia Nga va Trung Qudc, khi khai thac via than ddc thoai dén nghiéng diéu khién d4 vach bang pha hoa toan
phin s& gy ra su bién dang dia ting. Qua trinh nay & dang dich chuyén khong bi pha huy, ciing co thé &
dang nirt né va dat gdy. Viéc khai thac cac via day c6 thu hoi than ndc thi qua trinh dich chuyén co thé phat
trién t6i mat dat. Ban dau, cic 16p d4 nim ngay trén via than bj pha huy, sau d6 xay ra su dich chuyén ciia
cac 16p d4 vach nam trén theo tién do khau than. Tiép dén trong d6i nirt né hinh thanh 1én cac hé thong khe
nit lam cho nudebi thim thdu va dugc dan tir cac téng chtra nuéc bén trén va tir bé mit dja hinh dén cong
trinh khai thac ham 10. Nhu vay, ¢ ddy lu6n tiém an nhiing nguy co vé buc nudc gy mat an toan. Trong
pham vi bai bdo nhom tac gia dé xuét giai phap k¥ thuat nham dam bao an toan khi khai thac ham 16 duéi
moong 16 thién cua via 11 mo6 than Ha Lam.

Tir khéa: Co gidi hoa ha tran thu hdi than noc; diéu khién d4 vach; buc nudce; K thuat khai thac an toan

1. Pit van dé

Via 11 ctia mo than Ha 1am c¢6 chiéu day trung binh 1a 12m, goc ddc trung binh 6 d6. Lo chg 11- 1.16 via
11 mirc -150 + -180 sir dung cong nghé khai thac co gidi hoa ha trdn thu hdi than noc véi chiéu cao khéu
guong 2,6m, véi cong suat thiét ké 600.000 tin/nam [Tai liéu dia cht khu vuc khai théc via 11 mé Ha Lam,
2012]. Via 11 ndm duéi moong 16 thién -54 cud mé than Nui Béo thudc loai via day thoai dén nghiéng, cac
10 cho tai day déu 4p dung phuong phap diéu khién da vach bang pha hoa toan phan, nhu vdy sé giy ra su
bién dang cua dia ting & da vach. Su bién dang c6 thé biéu hién & dang dich chuyén ctia da ma khong bi pha
huy, ciing ¢ thé & dang nut ne va dut gay[Hoang, P. L., 2002]. Khi khai thac via day c6 thu héi than noc thi
qua trinh dich chuyén c6 thé phat trién t6i mat dat. Theo huéng tir khoang trong da khai thac 1én phia trén,
trong dia tang d4 vach 10 chg ¢6 thé hinh thanh ba déi (vung), déc trung cac mic d6 pha huy khac nhau cua
dat da bao gdm: déi sap d6 hdn loan; doi niit né va ddi udn vong [Tién Minh Cao; Trinh Hy Chinh, 2003]
thé hién nhu trén hinh 1.

Hinh 1: Céc Vung dzch chuyen blen dangkhoz da phla tren khu vuec khai thac
diéu khién da vdach bang pha hoa toan phan:
1 — Déi sdp do; 2 — Péi mit né - 3 — Déi sut 10n
Phia trén d6i sap d6 1a d6i nut né, dat d4 trong d6i ndy co ban giit duoc ciu tric ban dau. Sw dich chuyén dét
da trong ving nay hinh thanh 1én cac hé thong khe nirt theo cac mit phan 16p va vuéng goc véi mit phan 16p.
Can cr vao mat do va kich thudc khe nit vuéng goc voi mit phan 16p c6 thé xac dinh dugc kha ning tham
thdu va dan nudc tir cac tﬁng chira nuéc bén trén va tir bé mit dia hinh dén cong trinh khai thac ham 16. Lo chg
11-1.16 nam tai khu vuc ctia cac moong bai thai 16 thién gdm moong -54; -80;-60, khu vuc ¢6 chira lugng nudc

*Tac gid lién h¢
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theo tinh toan ciia Vién KHCN mo6 khoang 500.000m?3 [Vién KHCN Mo, 2017]. Trong d6 chiéu dai theo
phuong ctia 16 chg nam tryc tiép dudi moong 16 thién -54 mé Nii Béo 1a 93m, ving khai thac bi anh huongcuia
moong 16 thién -54 theo phuong 1a 163m, khoang cach tir noc 10 chg nay dén day moong -54 1a Hy = 91m
duoc thé hién nhu trén hinh 2.

S KHAT THAC Lu lHll:N
LimA it afo

4 KHUVUGLO CHO KITAY 'MDL
1 DUC'I MOONL:{O THIEN |

MOONG 54

LC CGH
11-116

Hinh 2: Diéu kién khai thac cia Io cho 11- 1.16 via 11 mo Ha Lam

Céc thiét bj co gidi hoa ctia 10 cho 11 — 1.16 da hoan tat, trong qua trinh chuan bi khiu than, mo da tién
hanh khoan 06 16 thédo nude tir cac duong 10 doc via huéng 1én day moong 16 thién quanh khu vyc 16 cho.
Quan tric cho thdy luong nuGe chay tir cac 16 khoan nay lon nhét 1a 51m3/h Nhu vay, viéc tlen hanh khai
théc & 10 cho ctia via 11 ludn tiém 4n nhiing nguy co vé buc nudc gy mét an toan trong san xuét. Do d6 tap
doan than khoang san Viét Nam dd yéu cau moé Ha Lam tam dimg cac hoat dong khai thac tai 16 chg 11 —
1.16 cho dén khai tim dugc cac giai phap an toan. Thach thirc 16n cho moé than Ha Lim 1a ngoai viéc lam tdt
cong tac thao nude & khu vuc nay thi can c6 giai phap ky thuat hop 1y dé dam bao khai thac an toan cho 16
cho 11 -1.16 via 11.

2. Giai phap khai thiac dam bio an toan trong 16 chg 11-1.16 via 11 mé Ha Lam
2.1. Xdc dinh chiéu cao sdp do va niit né ciia dd vich theo mé hinh sé

Dé dam bao an toan khi khai thac 10 chg 11 — 1.16 can nghién ctru dé xuat mot vai phuong an khai thac nhur:
a) Chuyén dién dao 16 khaoi diém mai (phuong an 1); b) Can ctr vao diéu kién dia chat, két qua xac dinh tham
s6 co 1y hoa cua dat da ¢ via 11, str dung phan mém UDEC (Universal Distinct Element Code) 1ap mé hinh sé
quan trac trang théi ciia d vach khi tién hanh khai thac véi chiéu cao khau guong 2,6m va céc ti 1¢ thu hoi than
néc 1a: 90% (phuong an 2); 50% (phuong 4n 3) va khong thu hoi (phuong 4n 4).

Véi phuong 4n khai thac a) thi 16 chg dugc chuyén ra khoi khu vic anh huong cua nuéc trong cac
moong, mirc do an toan duoc nang cao, 10 chg ¢ thé khai thac thuong ky. Tuy nhién s& lam gian doan san
xuat do phai chuyén dién, anh hung ké hoach san lugng khai théc ciia cong ty; chi phi nhan cong, vat tu 1on
chuyén dién l6n. Hon nita, chi phi cong tac xén thu hdi vi chéng cac duong 16 cii, kho khin trong cong tac
khau tan thu tai nguyén, khau qua nhiéu 10 cii va ton that 70.819 tan than do khau trai ludi lan cap thép tao
dién thu hoi dan chdng va dé lai phan than khong khai thac dugc sau thuong khéi diém méi. Ngoai ra, s&
khong c6 giai phap cho cac dién khau tiép theo, dac biét vao mua mua.

V6i phuong an b) sé tién hanh xac dinh kich thudc cua déi sap d6 va déi nit né ¢ khu vue da vach, tir d6
so sénh véi khoang céch tir day moong dén néc 10 cho nhiam danh gia nguy co buc nudc tir moong -54 phia
trén via 11. Bong thoi s& xac dinh budc gay cta da vach nham dé xuat giai phap khai thac dam bao an toan
khi tién hanh khai thac cho 16 chg 11 — 1.16. Qua trinh dwoc thuc hién dua theo ciu tao dia chét cua khu vuc
khai thac via 11 va tham sb co 1y dat dé tai hién truong lam tham sé dau vao cho viéc 1ap cac mé hinh néu &
trén. Viéc xac dinh chiéu cao sap dé va nut né duoc thé hién nhu & hinh3.

o o o e
e T

Hinh 3: Trang thdi dd vach lo cho 11 1 16 via 11 mé Ha Lam
A — Chiéu cao nit né Ciia da vach; B — chiéu cao sdp dé cua da vach
| — Khu vuc khe nuit phét trién; 11 Khu viec niit né phat trién phia treée 16 ch;
I11 Khu vaee niit né phét trién phia sau 16 che; IV — Khu viec nén chat cia dd véch phd hoa.
Cin ctr vao két qua phan tich tir phan mém UDEC xac dinh kich buéc sap d6 cua dé vach, chiéu cao sap dé va
Nt né ctia da véach 10 cho via 11 tir d6 d& xuat giai phap nhim nang cao an toan khi khai thac via 11 mo Ha Lam.
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Tién hanh thyc hién quan tric trang thai cua da vach cua 10 cho & cac truong hop trén véi mai lan budc
tién cua 10 cho 12 3m/ngay twong duong vé6i 5 ludng khau & 10 chg. Két qua cua viéc xt Iy cac md hinh
cho thay khi 16 chg khiu theo phuong duoc 15m thi vach truc tiép sap dd rd rét, da vach co ban c¢6 hién
tuong véng nut, cac khe nit & day bat ¢au hinh thanh manh. Lo cho tiép tdc khau dén 35m theo phwong &
cac truong hop, vach tryuc tiép hoan toan sap d6 va bét diu hinh thanh khe nat khu vuce vach co ban.
Trang thai da vach dugc thé hién nhu trén hinh 4.

a)Trang thai da vach phwong dan 2

) ¢)Trang thdi dd vdach phuong dan 4 )
Hinh 4: Qua trinh sdp do va hinh thanh khe niit ciia da vach khi lo chg khdu theo phuwong 35m
Lo cho tiép tlc khau dén 93m theo phuongtrang thai da vach duoc thé hién nhu trén hinh5, khi d6 xac

dinh tong chiéu cao sap d6 va chiéu cao nut né cia cac trudng hop lan lugt duge xac dinh: 60 + 70m;55
+65m; 50 +~ 60m.

a)Trang thdi da vich phuong dn 2
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b)Trang thdi da vich phwong dn 3

) C)I’ang thdi da vdach phuong dn 4 )
Hinh 5: Qua trinh sdp do va hinh thanh khe nuit ciia da vach khi lo cho khdu theo phuong

" a)Chiéu cao sdp do phuong an 2; 3 khi 6 cho khau 93m theo phirong

7 b)Chiéu cao sdp do wcrng an 4 khi lo chg tién 93m; 120m theo u’ong

¢)Chidu cao sp do va qua trinh hinh thanh khe Nt dé veicheiia phuomg dn 4 khi Io chertion 150m theo phirong
Hinh 6: Qua trinh sdp do va hinh thanh khe net cuia da vach khi lo cho khdu theo phuong 93m, 150m

Nhu vay ¢6 thé thdyd cac phuong an khai thac khac nhau khi 10 cho khau dugc theo phuong 93m tré
di thi chiéu cao sap d6 va nit né cua da vach co sy thay déi rd rét. Khi d6 phuong an 2; 3 tdng chiéu cao
sap d6 va nut né cua da vach khoang 60 -i- 70m, dong thoi hé thdng cac khe nut phat trién manh dén tan
day moong -54 tiém 4n nguy co mét an toan khi khai thac. O phuong an 4, 16 cho tiép tuc khau dén 120m
theo phuong tré di thi chidu cao sap d6 va niit né caa da véch it c6 sy thay ddi do qua trinh vach sap d6 da
dén di vao 6n dinh.

94



2.2. Tinh todn bwéc sip dé ban dau ciia dd vach

a)Tinh toan budc sap d6 ban dau ciia da vach tryc tiép
Budc sap d6 ban dau cua da vach tryc tiép phu thudc vao tinh chat cua d4 vach truc tiép va dugc xac
dinh theo cbng thurc cua GS. A.A. Boritsov:
2htt2'o-ul
én 4 2N
Lbacrr) = q-Q—x7) (cm) (1)
Trong do:
&, - Hé sb giam khau do khi uén cua da vach tryc tiép
he - Chiéu day dé véch tryc tiép, cm;
6u1 - Gidi han bén ubn caa da vach tryc tiép, KG/cm?;
q - Tai trong cta dat d4 vach tryc tiép, KG/cm?;
1 - Hé s6 bién dang ngang cua dat da véach truc tiép,
Thay céc tham s ciia khu vuc khai thac via 11 moé Ha Lam vao cong thic (1):

Loarn = g 5 |-2x800% <10 =1290 (cm) = 13 (m)
"\ 21x(1-0,3%)

b)Tinh toan budc sap d6 ban dau cua da véch co ban
Theo GS. A.A. Boritsop, budc sap d6 ban dau cia da vach co ban duge xac dinh theo cong thirc cua
GS. V.D. Xlexarev:

alg

I-i:-i.jc:. = a1 2
Trong dé:
a - Chiéu dai 10 chg, ddi véi 16 cho CGH11-1.16, m
hce - chiéu day 16p d4 vach co ban;
6u2 - Gidi han bén uén cua da vach co ban, KG/em?;
Qcs - Tai trong ctia dat da tac dong 1én da vach co ban, bang tu trong cua da vach co ban va tai
trong cua dat da bén trén tac dong 1én vach co ban, (T/m?);
0. — Tai trong cta khu vuc béi thai tac dong 1én vach co ban, (T/m?);
le — Chiéu dai chiu tai trong cua vach co ban va dit d4 bén trén tic dong 1én vach co ban, (m);

| h2,. 6,
= |2y [(—)—n ?]
) Gch T S

Thay sb vao cong thiic (2) budc sap dd ban dau cua d4 vach co ban:
. . Lbd(CB) = 40,8 (m)
Két hop vai két qua phan tich trén mé hinh UDEC va keét qua tinh toan theo cdng thac thuc nghiém
cho thiy budc sap d6 ban dau cua vach truc tiép va vach co ban 10 cho 11- 1.16 ¢6 sy twong dong. Két
qua nay s& lam co s dé lya chon giai phap khai thac an toan cho via 11 moé Ha Lam.

3. Két luan

Cin cir vao diéu kién khai thac ¢ 10 cho 11-1.16cua via 11 moé Ha Lam, tac gia da dua ra 04 phuong an
khai thac khac nhau. V&i phuong an 1 c6 thé thiy dam bao dugc diéu kién an toan nhat ddi voi nguoi va
thiét bi cho 10 chg. Tuy nhién, dphuong 4n nay can dé lai 163m theo phuong try than dan dén mét 70.819
tan than kém theo cac chi phi cho viéc thao va Iip céc thiét bi 10 chg, anh huong nghiém trong dén ké hoach
san xuat hiéu qua kinh té cua mo. O cac phuong 4n con lai, ding cac tham sé vé co 1y cua dat da tai hién
truong via 11 mo Ha Lamlam tham s6 dau vao cho phan mém UDEC dé lap mé hinh s6 cac phuong an khai
thac nham quan tréc dién bién trang thai cua dé vach 16 chy theo tién do khéu guong. Két qua phan tich md
hinh cho thay & cac phuong an khi 10 chg tién dugce 15m theo phuong thi vach tryc tiép co hién tuong sap
d6, 10 cho khau dugc 35m theo phuong thi qua trinh sap d6 vach 6 rét, didu nay twong duong véi két qua
tinh toan budc sap do cua vach truc tiép vach co ban theo ly thuyét cia GS. A.A. Boritsop va V.D.
Xlexarev. Qua trinh phan tich cac mé hinh s6 ciing cho thay, khi 16 cho khau dugc 93m theo phuong thi
tong chiéu cao sap do va nit né ciia da vach & cac phuong an 1an luot 1 60 + 70m; 55 + 65m; 50 + 60m.
Tuy nhién,phuong an 2; 3 c6 thé thiy ré hé thong khe nut khu vuc vach 16 chg phat trlen manh dén tan day
moong mic -54, tiém 4n nguy co cao vé buc nudc vao khu vuc khai thac. Quan trac tiép phuong 4n 4 khi 10
cho khau dugce 120m; 150m theo phuong cho thdy tdng chiéu cao sap d6 va niit né cua d4 véach it co su thay
dbi do vach dan dan di vao 6n dinh.

Nhu vay khai thac theo phuong an 4 1a téi wu nhét,vira dam bao v& van dé kinh té va van dé an toan
khi tién hanh khai thac 16 cho 11- 1.16 1a giai phap cho viéc khai théc via 11 mé Ha Lam. O phuong an 4,
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khi 10 chg khéu theo phuong tir163m tro dican tI'C‘h cuc theo ddi ap luc cling nhu cac bién phép thdo nudce
trong 10 va kiém soat dugc luu lwong nudc con ton tai trong moong cua bi thai, dong thoi dan dan dieu
chinh Iugng than néc thu héi nham giam ton that cho via 11.
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Abstract

Technical solutions to ensure safety of mining coal seam 11 under
open pit — Ha Lam joint stock Company

Pham Duc Hung'*, Vu Trung Tien?, Do Anh Son?, Bui Manh Tung!, Nguyen Van Quang?
'Hanoi University of Mining and Geology

Process of underground mining will be caused deformation of stone wall that may develop to the ground
depending on the speed of longwall. In the direction from space which is exploited into the stratum the
stratigraphic area cacnbe devided into three zone, characterized by different levels of destruction of rock
such as zone of collapse; zone of crack; zone of sag. Longwall 11-1.16 seam 11 of the thick sloping down to
the slope of Ha Lam mine under the pits -54; -80; -60 belong to waste — rock pile of Nui Beo coal mine,
which contains so much water. According to Russian & Chinese studies, the process of exploiting shallow
slope - sloping seams, the pressure control of rock by roof caving method will causes the defarmation of the
rock from. Deformation can be expressed in the form of rock displacement without being destroyed also in
the form of fracture. In case of the expoitation of thick seams with the recovery of top coal, the process can
develop to the ground. Initially, the layers lying on the coal seams were destroyed and the the movement of
the upper rock layers was followed by the development of coal mining. Above the collapsed area is the
cracked area, the rock in this area basically retains the original structure. The movement of rock in this zone
forms on fractured systems in layers and perpendicular to the surface. The density and size of fractures
perpendicular to layered surface, it is possible to determine the permeability and conductivity of water from
the upper aquifers and from the terain surface to the pit mining therefore coal mining always implies the
irruption of water causing insecurity witlhin the scope of the article, the group proposed a technical
solution to ensure the safety of mining under the open pit.

Keyword: Fully-mechanized longwall top coal caving technology; roof caving; irruption of water;
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E\R;SE_ ; ~ HOINGHI TOAN QUOC KHOA HOC TRAI DAT
PRGNS AD /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Giai phap hoan thién h¢ thong thong gi6 khu mé Cam Thanh, Cang ty
than Ha Long dam bao san Iuwgng khai thac giai doan dén nam 2020

Nguyén Cao Khai'*, Nguyén Van Thinh, Dang Vil Chi', Nguyén Phi Hiing*, Tran Van Thanh
Trirong Pai hoc Mé - Dia chat

TOM TAT

Trong qua trinh tién hanh khai thac mo ham 10, do nhiéu nguyén nhan lam hé théng khai thac mo thay
ddi. Cac nguyén nhan co ban phai ké dén 1a ké hoach khai théc & cac 10 cho va 10 chuan bi, dac biét la sy
thay d6i vé quy mo va san luong khai théc cia mo. Viéc thay doi hé thong thong gié mo s& dan dén pha
v va thay doi cac cau tric cua hé thong thong gié da tinh toan thiét ké, lam giam hiéu qua thong gid va
khong dap g dwoc muc tiéu chinh cua cong tac thong gié mo, truc tiép anh huong téi cong tac an toan
mbi trudng lam viée trong mo. Trong bdi canh hién nay, & cac mo than ham 10 ving Quang Ninh di va
dang ngay cang mé rong quy moé khai thac vé ca chiéu rong 1an chiéu sau, do vay khong tranh khoi viéc
lam thay ddi hé théng thong gié mo. Vi vay, cac mo cang can phai nghién ciru c4c giai phap dé hoan thién
hé théng théng gid sao cho phl hop véi su phét trién ciing nhu diéu kién cu thé ciia mo, dé nang cao hiéu
Qua ciia cong tac thong gio dap ung va dam bao tét an toan méi truong mo.Trén co sé hién trang thong
gi6 cua khu mo than Cam Thanh, Cong ty than Ha Long. O day, b4o co da tinh dén viéc khu mo phai
tang san luong trong giai doan dén nam 2020, tir 6 d& xut cac giai phap phd hop, nham hoan thién hé
thdng thdng gid, gitp Cong ty c6 duoc su chu dong trong viéc thuc hién ké hoach san xuat lau dai, dam
bao an toan méi trudng lam viéc va gép phan giam chi phi trong khau théng gié mo.

Tir khéa: Thong gié mo, Hoan thién hé théng thong gié, Khu Cam Thanh.

1. Hién trang khai thac khu Cam Thanh

Cong ty than Ha Long la mot trong nhitng Cong ty khai thac than ham 10 ¢6 san lugng 16n trong T4p
doan Cong nghiép Than va Khoang san Viét Nam. Cong ty gdm 03 khai truong (khu khai thac: Cam
Thanh, Tan Lap, Ha Rang), ké hoach hién tai nam 2017 v&i tong san lwong khoang 1,65 triéu T/ndm, va
ké hoach du kién nam 2018 1a 1,75 triéu T/ndm. Khu khai truong CAm Thanh vai ké hoach khai thac nam
2017 1a 400.000 T/nam, dé dat duoc san lugng ndy khu moé phai huy dong 03 10 cho khai thac va 08
guong 16 dao. Theo ké hoach thi khu Cam Thanh s& 1a mot khu vuc phai ting san luong 1on, giai doan
dén nam 2020 c6 thé tang san luong Ién khoang 700.000 T/nim va s& phai huy dong toi 05 10 chg vao
khai thac [Phong Thong gio, 2017]. bé tang san lugng khai thac cua khu vuc bat budc phai xay dung ké
hoach khai thac tuong tng va din dén cau trdc cua hé thong thong gié phai thay doi, tham chi bi pha vo
(thay doi gan nhu hoan toan). Nhiém vu dat ra | phai nghién ctu 4p dung cac giai phap phu hop dé hoan
thién hé théng thong gié cho mo, nham dap g cac muc tiéu cua cdng tac théng gié mo 1a dam bao moi
truong va an toan. Song phai dap @ng tiéu chi vé hiéu qua tinh dau tu tirc.

2. Tinh toan thong gié cho khu mé Cam Thanh
2.1. Tinh toén hign trgng théng gié cho khu mé
2.1.1. So @6 thong gi6 hién tai ciia khu mo

So d6 mang gié mé hién trang khu vuc dugc ciu tric tir cac duong 10 véi 3 16 cho hoat dong va 8
guong 16 chuin bi nhu trén gian d6 théng gié moé hinh 1. Nhin chung day 1a mang gi6 khé phuc tap. Khu
mé duoc thdng gi6 bang phwong phap thong gio hut véi mot tram quat loai BD-11-6-No15/2x55kW
[Nguyén Cao Khai, 2017].

2.1.2. Tinh luu lwong gi6 hién tai cho khu vic

Dé tinh toan luu lugng gié chung cho mé ta &p dung cong thic [Tran Xuan Ha va nnk, 2014]:

Qm= l,l(KsI- 2QictZQeptZQne + ZQrg); mé/s (1)

Trong do:

1,1 — Hé s6 ké dén su phan phéi gié khong déu trong cac ludng gio.

*Tac gid lién h¢
Email: nguyenkhaimdc@gmail.com
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Ksi- Hé s6 tinh dén sy ting san luong cua 10 cho (chon k= 1.1).

2 Qrg- Tong lwu lugng gioé ro trong mo, md/s.

2Qic— Tong lru Iugng gi6 can thiét cho guong 16 chg, m¥/s.

2Qcb — Tong luru Iuwgng gi6 can thiét cho guong 16 dao, m 3s.

¥Qnt — Tong luu lwgng gi6 can thiét cho ham tram, m3/s.

Vi hién trang khai thac khu vuc, ta tinh toan duoc cé luu luong gié cho khu mo nhu sau [Nguyén
Cao Khai, 2017]:

Qn=1,1(1,1 X 17,0 + 16,8 + 4,36 + 5,6) = 50,01m?/s

LC V11 CB 56 2(-50/+40)

I
&

ﬁm /s 47 41“11/51 31,7m? ﬁ48 Tlmis_~y=—j [

T IlSm/'s £

41111 /s 24.41m?s,

Oﬁ 1m?/s13

22
J=

l3‘§6m/\ 17

%3
=Y
S

4’”16
&

%{;zz',zz

Hinh 1. Gidn do théng gi6 hién tai khu Cam Thanh (ndm 2017)
2.1.3. Tinh ha &p hién tai cho khu vuc
Nhu trén gién d6 hinh 1 cho thdy khu mé ¢6 4 ludng gi6 chinh. Dé xac dinh duoc ha &p cia mo ta di
tinh toan ha &p cua cac luong gi6 va ap dung theo cong thirc [Tran Xuan Ha va nnk, 2014]:
h, =>h, +2>h,,mmH,0 @
Trong dég L, \
> h,.: Tong ha ap gay ra do stc can ma sat cta cac doan 10 noi tiep nhau theo mot luong gio, tinh tir
diém gi6 vao dén diém gi6 ra. Ha &p nay tinh theo cdng thirc [Tran Xuan Ha va nnk, 2014]:
h, = 20 Q2 i mmH0 3)

Trong do:

;- He sb stc can khi dong hoc & dudng 10 thir i trén ludng gi6, kGS?/m?;

Li, Pi, Si: Chiéu dai, chu vi, tiét dién cua duong 10 thi i;

Qi : Luong gio di qua duong 10 thir i, m¥s ‘ ’ ’

> h,: Tong ha ap do suc can cuc bé tinh theo mét luong gid, trong thuc te thuong lay tu
(10 = 250/0) Hms.

Thay cac thdng s6 va tinh toan c6 két qua ha &p mo nhw sau: hy = 85,03 mmH,O (ha &p luong 1); h, =
82,49 mmH0 (ha &p luong 2); hs = 78,80 mmH,0 (ha &p luong 3) va hs = 67,26 mmH,0 (ha ap ludng
4).

Dé can bang ha 4p mo, ¢ day ap dung phuong phap can bang l1a sir dung ctra s6 gié dé diéu chinh. Ha
ap mo dugc chon la hy = 85,03 mmH;0.

2.1.4. Xdc dinh ché @g 1am viéc hién tai cua quat gié chinh
* Xéc dinh Iuu luong gio cac quat can tao ra i
Dé tinh toan luu lugng gidé quat can tao ra, ta &p dung cong thirc sau [Tran Xuan Ha va nnk, 2014]:

-k Q. m
Qq er S (4)

Trong do:
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K: — Hé sb ro gi6 tai tram quat, K, = 1,15

Qm — Luu luong gi6 yéu cau toan moé, Qm = 50,01 m3/s

Két qua tinh toan luu lugng gi6 cho quat nhu sau [2]: Qq = 57,51m%/s.
* Xac dinh ha 4p quat can tao ra

Ha &p cua quat duoc tinh theo cong thirc [Tran Xuan Ha va nnk, 2014]:

hq = (k]_.Rm + Rtbq).qu y mmHZO (5)

Trong do:

ki- hé sb ké dén sy ro gid tai tram quat, ky = 1/k/, ky = 0.76

Rm- stic can mo: Ddi voi khu mo thi ta ¢d sic can cia cac nhanh dudng 10 tuong tng vai 3 tram quat
nhu sau: Ry = 0.033998 ky;

Ring- STC can noi bo thiét bi quat (Riq = a. 7/D*): DI véi cac quat gioé chinh ciia khu mo thi ta c6 sirc
can cia cac nhanh duong 10 twong tng véi 3 tram quat nhu sau: Ryg = 0,0031;
Thay vao ta c6 [2]: hg = 102,5 mmH,0 = 1025Pa;

* Xéc dinh ché do 1am viéc hop Iy cua cac quat gié chinh
Viéc tinh toan xac dinh ché do 1am viéc cua céc quat gié chinh nhu sau:
- Phuong trinh duong dic tinh mé: h = 0,030978.Q%;
- Ché d6 1am viéc cua cac quat gi6 chinh

Két qua xac dinh ché do 1am viéc cua quat gio chinh nhu trén hinh 2. Diém Iam vic 1a diém B, V6i
cac thdng s6 lam viéc cua quat nhu sau: Luu luong quat tao ra: Qe = 59 m/s; Ha ap quat tao ra: hey =
108,2 mmH,0 = 1082Pa; Gdc lip canh cta banh cong tac: 6 = +25° va Hiéu suat lam viéc cta quat: n =
0,54.

Pst (Pa)

3000

80
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h|=0,080978*Q?
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1500
1081
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\-5" -;.5 \o \+2.5<> 15°

3
18 28 38,, 48515/ 39 68 762 (m31s)

Hinh 2. D6 th xdc dinh ché dg 1am viéc hién tai cua quat gio BD-11-6-No15
Khu Cam Thanh, Cong ty than Ha Long

2.2. Tinh to&n théng gi6 cho khu vac mé khi ting sdn lweng khai thac

Viéc tinh toan théng gi6é cho khu vuc mé khi tang san luong khai théc dugc tién thuc hién tuong tu
nhu tinh todn thong gi6 cho khu mé hi¢n tai, nhung theo cdc thong so cua khu mo khi ting san lugng khai
thac. Két qua tinh toan nhu sau [Nguyén Cao Khai, 2017]:

2.2.1. So do théng gi6 ciia khu mé khi tang san lwong khai thac

‘ Pé dam bao san lugng khu mé 1én 700.000 T/nam, khu Cam Thanh tién hanh khai thac céc via than
gom: Via 10 va via 11. Khu mé phai huy dong 5 10 cho va 10 guong 16 dao. So d6 théng gié cia mo dugc
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thé hién nhu trén gian d6 théng gié hinh 3.

12,06mefs

12,1mls

12,1mels

7 7 7]
A sy
10,89m¥fs

¢ §
45,08mls . N
— ] | 22 2 i - 0
i Y ‘ g

— 7 J 13mls

- W
ZEN 77085 1 3,“:/ %

14,02ms

16,1m?s

Hinh 3. Gidn do théng gi6 khu Cdm Thanh, khi ting san heong khai thac
2.2.2. Tinh luu lwong gid cho khu vuc mé khi tang san lhirong

V6i diéu kién khi ting san luong khai thac khu vuc, ta tinh toan dugc Iuu luong gié cho khu mo nhu
sau:

Qm=1,1(1,1x 32,6 + 23,5 + 4,74 + 7,16) = 78,38 m%/s

2.2.3. Tinh hg ap cho khu vire khi tang sdn lwong

Nhu trén gidn d6 théng gi6 hinh 3, cho thdy mang gi6 c6 5 luong gi6 chinh. Két qua tinh toan ha ap
cua cac luong gid cu the nhu sau: h; = 118.81 mmH,O (L6 chg V11 CB s6 1 muc -50/+40); h, = 113,45
mmH;O (Lo chg V11 CB s6 2 mirc -50/+40); hs = 126 mmH,0 (L6 chg V10 CB muc -50/-20); hs =
130,58 mmHz0 (L0 cho V10 CN mic -50/-20); hs = 125,81 mmH20. (L6 cho V11B CB muc -50/-20).
Trong s6 5 luong gi6 mo, co luong hs = 130,58 mmH:0 (Lo chg V10 CN muc -50/-20) la lén nhat. Ta
chon ha ap o luong hs = 130,58 mmH,0 lam ha ap chung cua khu mé. Cac luong khac dugce dicu chinh
can bang ha &p bang viéc dat ctra s6 gio diéu chinh.
2.2.4. Xac dinh ché dg 1am viéc cua quat gi6 chinh khi tang sdn lwong
* Xac dinh luu lugng gid cac quat can tao ra [Nguyén Cao Khai, 2017]

Két qua tinh toan Iuu lwong gi6 cho céc quat nhu sau: Qq = 90,1m?/s.
* Xéc dinh ha &p quat can tao ra [Nguy@n Cao Khai, 2017]

Ha &p quat can tao ra: hq = 197,3 mmH,0 = 1973Pa;
* Xéc dinh ché do 1am viéc hop ly cua cac quat gié chinh

Nhu vay véi dac tinh k§ thudt va nang luc lam viéc cua loai quat BD-11-6-No15/2x55kW hién nay cua
khu mo dang st dung s& khong dap g thong gi6 cho mo néu nhu chi sir dung 1 quat hoat dong va dé 1
quat & ché do dy phong. Chinh vi vay néu phuong an sir dung quat BD-11-6-No15/2x55kW hién c6 chi la
giai phap tam thoi truge mat, con vé lau dai phai tinh viéc dau tu loai quat gié méi.

Khi st dung loai quat BD-11-6-No15/2x55kW hién cé thi phai huy dong ca 2 quat cuing chay véi ché
do lién hop song song gan nhau va khdng con quat du phong. Két qua xac dinh ché do lam viéc cua quat
nhu sau:

- Phuong trinh duong dic tinh mé: h = 0,0243.Q;
- Ché d6 lam viéc cua céac quat gio chinh

Két qua xac dinh ché do 1am viéc cua quat gié chinh nhu trén hinh 4. Diém lam viéc 1a diém B, véi
cac thong sb 1am viéc cua quat nhu sau: Diém 13 viéc 1a diém Beu; Luu lwong bo quat tao ra Q= 91,3
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m3/s; Luu luong quat tao ra: Qu = 45,6 m3/s; Ha &p quat tao ra: he = 195,1 mmH,0 = 1951Pa; Géc lip
canh cua banh cong tac: 6 = 0° va Hi¢u suat lam viéc cua quat: n = 0,77.
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NN
1000 e )\/ [\ VA
500 I \_;)_gso T [has \\+5,
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Hinh 4. P6 thi xdc dinh ché dé cong tac cia quat gié chinh Khu Cam Thanh, khi ting san hrong
(theo phuwong dn sur dung 02 quat BD-11-6-No15/2x55kW ghép lién hop)

3. Giai phap hoan thién h¢ théng théng gié mé khi ting san lugng khai thac
1- Dinh hwéng vé phirong phdp théng gié va vi tri dat quat

Cong tac thong gi6 cho khu moé Cam Thanh khi tiép tuc ké hoach khai thac tir mirc -50 &n +40 van
tién hanh nhu hién nay. Cu thé 1a: Théng gi6 chung cho khu mé van st dung phuong phap thong gi6 hut,
véi 01 tram quat gi6 chinh nhu hién nay: loai BD-11-6-N015/2x55kW) tai ctra 10 mirc +117. Tuy nhién
néu san luong khu Cam Thanh ting tram quat ndy s& khong dép ung, dé xuat: Nang cong suat cia Tram
quat gié muc +117 tir tram quat gid loai BD-11-6-N15/2x55kW [én loai quat gié 2K56-N024 hay loai
FBDCZ-6-N024/2x315 kW hoic loai quat ¢6 cong suit tuong duong.

2- Pinh hwéng vé nhu cau lwong gi6 chung can dwa vao mo.

Luu lugng gié chung cua mo can dam bao dugc nhu cau gi6 sach nhu hién tai (khoang 57,5 m¥s) dé
duy tri phan san xuat, dong thoi neu khu Cam Thanh huy dong thém 10 chg dé tang san luong khai thac
theo ké hoach, thi nhu cau gié khu vuc phia Cam Thanh s¢€ tang, vi vay phai ¢ giai phap tinh toan phu
hop.

3- Giai phép si dung quat gié chinh:

Dy kién luu lwong gié cho mo khoang 78,38 md/s. Cé nghia 14 tram quat gié chinh can lam viéc véi
nang luc I6n hon, do vay, loai quat BD-11-6-N015/2x55kW khong con dap tng. Lic d6 mo can thay ddi
loai quat khac cé cong suat Ién hon. O day, noi dung nghién ciru xét téi nhu cau phat trién cua mo t6i giai
doan sau nam 2025, vi vay chiing toi d& xuét sir dung loai quat 2K56-No24 (hoac loai quat cd cong suat
tuong tw). Dy kién tinh ton ché do l1am viéc cua quat gio loai 2K56-No24 khi ting san lugng khai thac
nhu trén hinh 5.
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Hinh 5. P6 thi xdc dinh ché dé cong tac cua quat gié chinh Khu Cdm Thanh, khi ting san hrong
(theo phwong an si dung quat 2K56-No24)

- Ché d6 1am viéc cua cac quat gi6 chinh

Két qua xac dinh ché do 1am viéc cua quat gié chinh nhu trén hinh 5. Véi cac thong s 1am viéc cua
quat nhu sau: Diém 12 viéc 1a diém Bey; Luu luong quat tao ra; Qe = 87 m3/s; Ha 4p quat tao ra: he =
164,5 mmH,0; Goéc lap canh cua banh cong tac: 6 = 2,5° va Hiéu suét lam viéc cua quat: n = 0,74.

4- Gidi phap toi wu ché dg 1am viéc cua quat gié chinh

Dé nang cao hiéu qua thong gié mo ciing nhu giam gia thanh khai thac, ching t6i dé xuét giai phap st
dung bién tan dé diéu chinh ché do lam viéc cua quat nham téi wu ché d6 1am viéc cua quat gié chinh, dap
rng nhu cau théng gié cia moé, nhung gitip cho viée sir dung tiét kiém, hiéu qua dién nang va dam bao an toan
moi truong [Babak G.A, K.P. Bocharov, AT Volokhiev, 1982], [V.V. Sobolev, 2007]. Viéc tinh toan hiéu
qua &p dung bién tin duoc thuc hién bang phan mém tinh toan nhu trén hinh 6.

3 TOI UU QUAT GIO CHINH x
CHUONG TRINH TINH TOAN VA DANH GIA HIEU QUA KHI TOI UU CHE DO LAM VIEC CUA QUAT GIO CHINH
NCS. Nguyen Cao Khai
Du lieu vao
Quat gio chinh #1

Luu hiong gio quat lam viec khi khong cobientan. m3/s  [53 Luu hiong gio quat lam viec khi khong co bientan. m3/s | e ‘viec khi khong ca bien tan. m3/s
Luu kiong gio quat Lam viec khi tai uu, m3/s 575 Luu kiong gio quat Lam viec khi toi uu, m3/s I Lol i e khi toi uu, m3/s
Tan s0 dang chuan, Hz [E— Tan s dang chuan, Hz - B [
Tong =0 ngay trang 1 nam N Tong s0 ngay reng 1 nam |— Tong sa ngay iong nam [
S0 noay lam vie ong nam oo So rpay lan viec krong nam | 50 ngay lam viec trong nam
So gio lam viec c30 diem trong ngay E2 e e e e T e r S0 gio lam viec cao diem tong ngay
Ket qua tinh toan
oo thuc heer: NCS. Nauen Cao Khai ~

So ngay ma khong lam viec: 65

o 7o ko haona g0 c80 diem (Hzk 49 So quatgio chinsh: [i <]

KET QUA THONG GIO TRUNG DIEM:

+ Tan sa dong luong ung voi luu luong gio trung diem [Hz) 33 2 - -
+ Luu huong g trung diem (m3/s). 46 Tinhtoan ||  Luu ra tep tin Thoat
KET QUA THONG GIO THAP DIEM- e e

Tan £0 dong tuong ung voi luu huong gio thap dem (Hz} 2.4

+ Luu biong gio thap diem [m3/s} 34.5

TONG LUU LUONG GIO TOAN MO TRONG 1 NAM KHI KHONG SU DUNG BIEN TAN (M3/NAM) 1.850624€ +09
TONG LUU LUONG GIO TOAN MO TRONG 1 NAM KHI SU DUNG BIEM TAN (M3/MAM] 1.560283E+03

HIEU QUA VE LUU LUONG GIO KHI SU DUNG BIEN TAN S0 VDI KHONG SU DUNG (%) 839

HIEU QUA VE CHI PHI DIEN NANG KHI 5U DUNG BIEN TAN 50 VOI KHONG SU DUNG (%] 53

Hinh 6. Két qua tinh toan toi weu ché dg 1am viéc hién tai cia quat BD-11-6-No15/2x55kW
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4. Két luan

Viéc tinh toan thng gié hién tai va khi tang san lugng khai thac theo ké hoach cho thay vé co ban hé
thdng thdng gié khu mo van dép ang yéu cau nhu cac duong 10, ctra chan gié,... Tuy nhién ning lyc yéu
cau thong gié mo doi hoi ting cao tir mic 57,51m3/s 1én 90,01m?3/s, anh huong 16n dén ning luc dap ang
thong gio cua tram quat gi6 chinh va tram quat gi6 hién tai khdng con phu hgp. Bé dap ing va nang cao
hon nira hiéu qua hoat dong théng gié mo, Cong ty can phai thuc hién mot sé giai phap dé hoan thién hé
thdng thong gié nhu sau:

1- Céc giai phap trudc mat

Can phai ting cuong cdng tac quan 1y dac biét 1a cong tac dong mé cira gié dé dam bao diéu chinh bo
sung luong gi6 cho 10 chg con thiéu, dé cai thién diéu kién 1am viéc tot hon. Bong thoi phai luon dam bao
chat lugng duong dng gid tét hon, giam ro gié ti muc toi da khi thong gio cho cic guong 16 chuan bi;
Gia cong cac cira kiém tra ché do lam viéc cua quat gi6 chinh tai céc tram quat va gia cong, sira chira cac
ctra chén gio, dac biét 1a cira gié & cira 10 dat tram quat gi6 chinh, nham giam t6i da lugng gi6 ro.

2- Pinh hudng chung vé cong tac thong gio khi ting san luong khai thac

Khi khu vuc Cam Thanh dua thém 16 cho vao hoat dong dé tang san lwong khu khai thac (hién nay
méi c6 03 10 cho hoat dong, do vay khi ting san luong ¢ thé phai huy dong téi 5 10 cho hoat dong), can
phai c6 ké hoach thay quat gi6 chinh loai BD-11-6-No15 bang loai quat c6 cong suit Ién hon nhu loai
2K56-N024 (hodc twong dwong); Pau tu bién tan dé diéu chinh ché d6 1am viéc cua quat gi6 chinh, nham
tang hiéu qua théng gié va giam chi phi théng gid, gép phan giam gia thanh khai thac mo, dap tng tot
diéu kién an toan va méi trudng.

3- Kién nghi

Co6ng ty can nhanh chong thyc hién diy du céc giai phap ky thuat da dé xuat ¢ trén dé nang cao chat
lugng théng gié cho mé.

Loi cdm on:

Cac tac gia xin ghi nhan nhimg dong gop cua Cong ty than Ha Long va nhom tac gia thuc hién Pé tai
co s& ma so: T17-15, Truong Pai hoc Mo - Dia chat da giap hoan thién nghién cau.
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ABSTRACT

Complete of ventilation system of Cam Thanh mined coal mine, Ha Long
coal company to ensure the exploitation output in the period up to 2020

Nguyen Cao Khai'*, Nguyen Van Thinh*, Dang VVu Chi*, Nguyén Phi Hung?, Tran Van Thanh?
'Hanoi University of Mining and Geology

In the process of mining pit mines, due to various reasons mining system changes. The main reasons
for this are the mining production plans, especially the changes in scale and output of mining. Changes to
the mine ventilation system will result in the break and alteration of the structure of the design ventilation
system, which reduces the effectiveness of the ventilation and does not meet the main objective of mine
ventilation, directly affect the safety of the working environment in the mine. In the present context, coal
mines in Quang Ninh have been expanding their exploitation scale in both width and depth, do that
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change the ventilation system of mine. Therefore, underground coal mines in QuangNinh need to be
researched to improve the ventilation system in line with the development and specific conditions of the
mine, to improve the efficiency of the ventilation work and to ensure the safety of the mine environment.
Based on the current situation of the ventilation of Cam Thanh coal mine area, Ha Long coal company.
Here, the report ctakes into account the plan when the mine increases its mining output in the period to
2020, from that suggesting appropriate solutions to improve the ventilation system, enabling the
Company to take initiative in Implement long-term production plan, ensure safety of working
environment and reduce cost of mine ventilation.
Keywords: Mine Ventilation; Complete Ventilation System; Cam Thanh area.
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E‘ng HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
N N A A - A A - - 1
JEARHSGENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VIPNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Xéc dinh ché @6 1am viéc hop ly caa cac quat gié chinh khu mo than
Thanh Cong - Cao Thang, Cong ty than Hon Gai
Nguyén Cao Khai*, Pao Vin chil, Lé Tién Diing?,
Nguyén Vin Quang’, Vii Thai Tién Diing?, Dinh Thi Thanh Nhan!
Trieong Pai hoc M6 - Pja chadt

TOM TAT

Thdng gié mo la mot trong nhitng quy trinh dong mét vai tro hét sirc quan trong trong hoat dong khai
thac mo ham 10. Bac biét 1a linh vuc dam bao méi trudng 1am viéc, truc tiép anh huong téi cong tac an
toan mo. Trong béi canh hién nay, ¢ cac mo than ham 10 viing Quang Ninh da va dang ngay cang ting san
lwong, mé rong khai thac va xudng sau, vai trd cia cong tac thong gié mo ddi véi cong tac an toan moi
truong cang tang 1én. Dan dén chi phi cho thdng gié mo sé tang theo. C6 nhiéu nguyén nhan lam ting chi
phi théng gi6, trong d6 phai ké dén viéc ché do lam viéc cua quat gié khdng hop ly. Khu mo than Cao
Thing - Thanh Cdng cua Cong ty than HOn Gai hién dang st dung cac quat gié chinh cé cong suit nho,
trong tuong lai dién khai thac s& phai mé rong va ting san lwong khai thac. Bai viét dua ra két qua tinh
toan xac dinh ché d¢ lam viéc hop ly cua cac quat gid chinh hién tai va trong tuong lai khi ting san luong
khai thac, trén co s¢ d6 nang cao hiéu qua cua viéc thong gio, dong thai gitp moé co dugce chinh sach dau
tu mua sam thiét bi quat phi hop dé phuc vu ké hoach san xuét trong tuong lai.

Tir khoa: Thong gié mo, Ché do lam viéc cua quat gié mo, Quat gi6 chinh, Khu Thanh Céng-Cao Thang.

1. Pic diém hién trang khai thac va thong gi6 mé

Khu Thanh Cong — Cao Thing dang dao 10 tir muc -240 tro 1én, khai thac tir mac -220 tro 1én. Nhin
chung, hién trang khai thac nam 2017 véi céng suat mo cho quy IV 1a khoang 405835 tan/quy khu mé
phai huy dong 9 10 cho va 11 guong 10 dao. Thyuc chéat khu khai truong nay gdm 2 khu Thanh Cong va
Cao Thang hop nhét thanh mot. Khu Cao Thing hién dang khai thac & muac -160 Ién, con khu Thanh
Cong thi dang khai thac & mirc -220 tré 18n, hai khu nay duoc ndi thong véi nhau bang duong 10 ndi mic
-160 tir giéng chinh khu Thanh Céng sang dudng 10 xuyén via mirc -160 khu Cao Thing [Phong Théng
gio, 2017].

Hinh 1. Gidn do thong gi6 khu mé Thanh Cong

Hién khu mo dang duoc théng gié hat bang 03 tram quat gié chinh: Khu Thanh Cong véi tram quat
dit tai ctra 10 +25 (quat gi6 mé higu FBDCZ-8-N? -24/2x315kW) va Khu Cao Thang véi 2 tram quat gom:
tram quat dat tai cira 10 mirc +20 va tram quat dat tai cia 10 muc +29 (véi cung loai quat gié ma hiéu
FBDCZ-4-NC-13/2x22kW). So d6 mang gié duoc thé hién nhu trén gian d6 théng gié hinh 1 va hinh 2
[Tran Xuan Ha, Nguyén Cao Khai, 2017]. Panh gia chung thi khu Thanh Céng - Cao Thing cho thy
cong tac thdng gié mo tuong d6i thuan lgi, cac tram quat gi6 1am viéc van & ché do cong suat thap nhu 2

*Tac gid lién h¢
Email: nguyenkhaimdc@gmail.com
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tram quat & khu Cao Thang lam viéc & géc lap canh nho nhét (-2,5) con quat & khu Thanh Cong ciing méi
lam viéc & goc lap canh 35° ciing di dam bao thong gi6 an toan va dap ung nhu cau phuc vu san xuat cho
mo.

Hinh 2. Gian do théng gié khu Cao Thang
2. Tinh toan thong gié cho khu Thanh Céng — Cao Thing

2.1. Tinh todn luu lwgng gio chung cho mé ) .

bé tinh toan théng gié cho khu Thanh Céng-Cao Thang ta ap dung cong thirc [Tran Xuan Ha va nnk,
2014]:

Qm=1,1(Ks1.ZQic+=Qcb+ZQnt + XQrg); M¥/s (1)

Trong do:

1,1 — Heé s ké dén su phan phdi gié khong déu trong cac ludng gio.

Ksi- Heé s6 tinh dén su tiang san luong cua 10 cho (chon k= 1.1).

> Qrg- Tong luu luong gi6 rd trong mo, mé/s.

¥Qic — Téng luu luong gié can thiét cho guong 16 cho, m¥/s.

¥Qe — Tong luu luwgng gi6 can thiét cho guong 16 dao, m?/s.

¥Qn — Tong luu lwong gié can thiét cho ham tram, m3/s.
* Tinh luu lwong gi6 cho cac 10 chg

Vi két qua tinh toan luu lugng gi6 cho 16 cho theo 4 yéu to: Theo s6 nguai lam vige 16n nhat; Theo
san lugng (d6 xuat khi metan); Theo yéu t6 bui; Theo lwgng thuéc né mét lan 1én nhat, ta chon luu lugng
gi6 cho 10 cho theo yéu t6 1on nhat. Két qua tinh tong luu lugng gié cho 9 16 chg: Qi = 41,0 m¥/s.

* Tinh luu leong gié cho cdc girong 10 chudn bj

V6i két qua tinh toan luu lwong gid cac guong 10 chu;ém bi theo 4 yéu t6; Theo luong thuéc n,é); Theo
d6 thoat khi metan thoét ra & guong 10 chuan bi; Theg ) ngu@ri Iam viéc 16n nhat va Theo yeu t6 bui, ta
chon luu lugng gié cho guong 10 chuan bi theo yéu t6 16n nhat. Két qua tinh tong luu lugng gié cho 11
guong 10 chuén bi: £Qe = 18,3 m?/s.

* Tinh luu lirong gié cho cac ham bom, tram dién

Cin clr vao cong suat va sé lugng cac ham tram ta tinh dwoc tong luu luong gié cho cac ham tram
YQu = 7,15 m¥fs.

* Tinh luu lwong gio ro trong mo

Cin cir vao s lugng cac cira gid va thanh chén trong khu vuc mé ta tinh duoc téng luu lwong gi6 ro
trong mo la: 2Qrg = 13,1m%/s
* Tinh tong huu heong gi6 cho khu mo . .

Két qua tinh luu Iuwgng gié cho khu mo nhu sau: [Tran Xuan Ha, Nguyén Cao Khai, 2017]
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Om=11(1,1x41,0+19,3+7,15 + 13,1) = 93,13 m¥s
2.2. Tinh phan phéi gi6

Khu Thanh Cong - Cao thing duoc thdng gi6 bai 03 tram quat dit ¢ cac cira 10 cac mac: Mic: +25 la
loai quat FBDCZ-8-N024/2x315kW; Murc +20 va +29 la loai quat FBDCZ-6-No13/2x22kW. Nhu vay ta
phai tinh toan luu luong gié cho 03 tram quat dam nhiém, dé xac dinh ché d6 lam viéc cua 03 quat gi6
chinh trén. Trén co s cac ho tiéu thu gid, hé thdng mang gié mo, ta phan phdi gioé twong tng vé cac
nhanh gié do 3 quat dam nhiém. Két qua tinh toan luu luong gié vé cac nhanh cho cac quat dam nhiém
nhu sau: [Tran Xuan Ha, Nguyén Cao Khai, 2017]

- Quat 1 (murc +25 (FBDCZ-8-N024/2x315kW): Qm: = 70,43 m®/s;

- Quat 2 (muc +29 (FBDCZ-6-N013/2x22kW): Qmz = 10,96 m¥/s;

- Quat 3 (mirc +20 (FBDCZ-6-N013/2x22KkW): Qmz = 11,74 m¥/s;

Két qua tinh toan phan phéi gié dwoc thé hién trén hinh 1 va hinh 2.

2.3. Tinh todn hg 4p mé

Nhu trén gian d6 hinh 1 cho thay khu mé c6 4 ludng gié chinh. DBé xac dinh dugc ha 4p cua mo ta di

tinh toan ha &p cua cac ludng gi6 va &p dung theo cdng thirc [Tran Xuan Ha va nnk, 2014]:

h, =2h, +2h,,mmH,0 ?)

Trong do:

> h,.: Tong ha ap gay ra do sirc can ma sat cua cac doan 10 noi tiép nhau theo mot ludng gio, tinh tir
diém gi6 vao dén diém gi6 ra. Ha ap nay tinh theo cong thirc [Tran Xuan Ha va nnk, 2014]:

P .
hms = LlS_3I 'Qi2 ; mm H,0 (3)

Trong dé:

@, : H s stic can khi dong hoc & duong 10 thi i trén ludng gio, KGS#m?,;

Li, Pi, Si: Chiéu dai, chu vi, tiét dién cua duong 10 thi i;

Qi : Luong gio di qua duong 10 thir i, m¥s ‘ ’ )

> h,: Tong ha ap do suc can cuc b6 tinh theo mét luong gid, trong thuc te thuong lay tu
(10 - 25%) Hins. ‘ ‘

Ket qua tinh ha ap cac luong nhu sau [Tran Xuan Ha, Nguyén Cao Khai, 2017]:

* Hg ap cac luong do quat FBDCZ-8-No24 ta| muec +25 dam nhiém:

h; = 223,01 mmH;0 (qua 2 16 chg nai tiép: LCBM7-1 mic -140/1-121 va LCBM7-1 mic -118/-95);

h, = 97,19 mmH,0 (qua 16 chg: LCTC6-2); .

hs = 197,29 mmH-0 (qua Id chg: LCBM6-1 va LC bing V6 BM);

hs = 213,77 mmH0 (qua 10 chg: LCTC6-1);

hs = 220,25 mmH0 (qua 10 chg: LCTC7-1);

he = 215,94 mmH,0 (qua 10 chg: LC V6 BM Blook4).

* Hg &p cac luong do quat FBDCZ-6-No13 tai mize +29 dam nhiém: h; = 90,86 mmH.

* Hg &p cac luong do quat FBDCZ-6-No13 tai mize +20 dam nhiém: hg = 110,43 mmH,0 (qua 16 chg: LC
V11 CT -140/-120).

* Can bang hg 4p mo:

O ddy, chi ¢6 phan tram quat muc +25 phai cin bing ha ap, do 6 t6i 6 ludng gi6. Con 2 tram quat &
mirc +29 va +20 chi ¢6 mot luong chinh. D¢ can bang ha ap mo, ta ap dung phuong phap can bang la st
dung cira s6 gié dé diéu chinh. Ha &p mo dugc chon la hy = 223,01 mmH:0.
3. Tinh toan xac dinh ché d lam vigc ciia cac quat gio chinh
3.1. Xdc dinh luu lwgng gio cac qugt can tgo ra .

- Tinh toan luu lugng gi6 quat can tao ra, ta 4p dung cong thuc [Tran Xuén Ha va nnk, 2014]:

3
Q, =K. Q,,Mm /.
’ s €)

Trong do: ) )
K; — Hé so6 ro gio tai tram quat, tram quat ban c6 dinh lay K, = 1,15
Qm — Luu lugng gio yéu cau toan mo, m*/s
Két qua tinh toan luu lugng gi6 cho cic quat nhu sau:
- Quat 1 (mirc +25 (FBDCZ-8-N024/2x315kW): Q¢ = 81,0 m?/s;
- Quat 2 (mirc +29 (FBDCZ-6-N013/2x22kW): Qg2 = 12,6 m¥/s;
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- Quat 3 (mirc +20 (FBDCZ-6-N013/2x22kW): Qqs = 13,58 m®/s;
3.2. Xdc dinh hg ap cac quat can tgo ra

Ha &p cua quat duoc tinh theo cong thirc [Tran Xuan Ha va nnk, 2014]:

Hq = (Ki.Rm + Ring).Qq? , mmH,0 (5)

Trong do:

ki- hé sb ké dén sy ro gid tai tram quat, ky = 1/k/2, ky = 0.76

Rm- strc can mo, ky; Doi vai khu mo thi ta ¢d stc can cta cac nhanh dudng 10 twong tng véi 3 tram
quat nhu sau: Ryg = 0.04496 Kyt Rz = 0.75592 Ky va Ros = 0.80118 K.

Ribg- SUC can noi b thiét bi quat (Rwg = a. ©/D?), ku. DI véi cac quat gi6 chinh caa khu mo thi ta ¢6
sirc can cua cac nhanh dudng 10 twong ttng véi 3 tram quat nhu sau: Rt = 0,0047; Ripgz = Ribgr = 0,055;

Thay vao ta c6 ha &p ciia cac quat can tao ra:

- Quat 1: muc +25 (FBDCZ-8-N024/2x315kW): hq: = 255 mmH,0;

- Quat 2: muc +29 (FBDCZ-6-N013/2x22kW): hgz = 100 mmH,0;

- Quat 3: mic +20 (FBDCZ-6-N013/2x22kW): hqs = 121 mmH0.
3.3. Xdc dinh ché dj 1am viéc ciia cac quat gié chinh

Viéc tinh toan xac dinh ché d6 lam viéc cua cac quat gié chinh nhu sau: [Tran Xuan Ha, Nguyén Cao
Khai, 2017], [Nguyén Cao Khai va nnk, 2015]
3.3.1. Xac dinh phwong trinh va xdy dung dwong dac tinh cua mo:

Phuong trinh dudng dic tinh mé caa cac nhanh vé 3 tram quat nhu sau:

- Quat 1: Cta 10 mirc +25 (FBDCZ-8-N024/2x315kW): h; = 0,03887.Q%;

- Quat 2: Ctra 10 muc +29 (FBDCZ-6-N013/2x22kW): h, = 0,6295.Q2;

- Quat 3: Ctra 16 muc +20 (FBDCZ-6-N013/2x22kW): hgs = 0,6639.Q%.
3.3.2. Ché dé lam viéc cua cac quat gié chinh

Két qua xac dinh ché do 1am viéc cua cac quat gio chinh nhu sau:
* Quat 1: Cua 10 mac +25 (FBDCZ-8-N024/2x315kW), nhu trén hinh 3.
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Hinh 3. P6 thi xdc dinh ché dé 1am viéc cua quat gio FBDCZ-8-N024 tai cita 10 mic +25
Khu Thanh Céng

Véi cac théng sb Iém viéc cua quat: Luu lugng quat tao ra: Qen = 88 m3/s; Ha &p quat tao ra:
hea = 305 mmH20; Gac lap canh ctia banh cong tac: 0 = 35° va Hiéu suat lam viéc cua quat: n = 0,73.
* Quat 2: Cira 10 muc +29 (FBDCZ-6-No13/2x22kW), nhu trén hinh 4. Véi céc thdng sé lam viéc cua
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quat: Luu lugng quat tao ra: Qe = 15,3 m?3/s; Ha &p quat tao ra: hee = 147,4 mmH,0; Géc lap canh cua
banh cong tac: 0 = -5° va Hiéu suat lam viéc ctia quat: n = 0,72.
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Hinh 4. 6 th xdc dinh ché d cong tac cua quat gi6 FBDCZ-6-No13 tai ciza 10 mirc +29

Khu Cao Thding

* Quat 3: Cura 10 muc +20 (FBDCZ-6-No13/2x22kW), nhu trén hinh 5. Véi cac thdng sé 1am viéc cua
quat: Luu luong quat tao ra: Qen = 15,4 m3/s; Ha &p quat tao ra: hes = 149 mmH,0; Géc ldp canh cua
banh cong tac: 0 = -5° va Hiéu suat lam viéc cua quat: = 0,73.
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Hinh 5. P6 thi xdc dinh ché dé cong tac cia quat gi6 FBDCZ-6-No13 tgi cira 10 mirc +20
Khu Cao Thding

4. Két luan

Két qua tinh toan ché d6 1am viéc cua cac quat gi6 chinh khu Thanh Céng — Cao Théng, Cong ty than
Hon Gai cho thiy nang lyc thong gid hién tai cia cac tram quat gié 1a phu hop va dam bao d4p wng cho
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thong gio hién tai. Nang luc duy trir ciia cAc quat gi6 chinh van con, dic biét 1a tram quat & muac +25 khu
Thanh Cong. Tuy nhién 2 tram quat & cac mirc +29 va +20 & khu Cao Théng tuy ning lyc dy trit van con,
nhung do 2 tram quat nay st dung la loai quat FBDCZ-6-No13, nén nang lyc théng gi6é khdng I6n, nang
lyc du trir vé luu luong tdi da chi ti khoang 17m?3/s, mac di méi chi 1am viéc & goc Iap canh -2,5 nhung
Iuu lwgng gi6 chi con tang duoc khoang 3,5m%/s nita. Khu Cao Théang hién méi chi ¢6 1 10 cho hoat dong,
Vi vay trong tuong lai khi khu Cao Thing dua thém 16 cho vao hoat dong thi can phai tinh toan dén viéc
thay thé tram quat gi6 méi. O déy co xét tdi viéc nang luc du trit cia tram quat gié mac +25 khu Thanh
Cong con nhiéu, nhung do su két ndi cua 2 khu vic méi & mic -160, do vay khong thé dua gié ban tir
khu Cao Thing quay vé va thoat ra cira 10 mirc +25 cua khu Thanh Cong.

Giai phap khi dua 16 chg & khu Cao Thing vao hoat dong dé tang san lugng khai théc cua khu vuc 1én
theo ké hoach, thi Cong ty phai tinh toan bé sung thay thé mot tram quat gi6 & cira 10 mirc +20 hoac thay
thé ca 2 tram quat khu Cao Thang bang mot mot tram quat c6 nang luc théng gio 1on, cong suat tuong
duong loai FBDCZ-8-No024 [Babak G.A, K.P. Bocharov, AT Volokhiev. 1982].
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ABSTRACT
Determine the reasonable working mode of the main fan

of area coal mine Thanh Cong - Cao Thang, Hon Gai Coal Company
Nguyen Cao Khai'*; Dao Vin Chi*; Le Tien Dung®;
Nguyén Vin Quang?; Vu Thai Tien Dung?; Dinh Thi Thanh Nhan!
'Hanoi University of Mining and Geology

Mine ventilation is one of the processes that play a very important role in underground mining.
Special particularly in the field of working environment, directly affect mine safety. In the present
context, underground coal mines in Quang Ninh have been increasing their production and mining
activities, and the role of mine ventilation in environmental protection has increased. The resulting cost
for mine ventilation will increase accordingly. There are many reasons to increase the cost of ventilation,
including the unreasonable working mode of the blower. CaoThang-ThanhCong coal mine area of Hon
Gai Coal Company is currently using the main wind turbines with small capacity. In the future, the
exploitation area will have to expand and increase the exploitation output. The paper gives the results of
calculations to determine the reasonable working mode of the current and future main fans as they
increase the output of the exploitation, thereby improving the efficiency of the ventilation, and help the
mine has a policy to invest in the procurement of suitable fan equipment to serve the production plan in
the future.
Keywords: Mine Ventilation; Mode work of main fan; Main fan; Thanh Cong-Cao Thang area.
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E‘RS E / HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
N N A A - A A - - 1
JARHSCENGES D /A TAI NGUYEN VO PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Nghién ctru ap dung thir nghiém cong nghé khai thac chen 1o
tai mo than Nga Hai-Cong ty than Quang Hanh

Vii Thanh Lam?, Pao Hong Quang? Lé Bic Nguyén?, Phan Vin Viét?*
Y Tép doan Céng nghiép Than khoang sdn Viét Nam-TKV
2 Viéen Khoa hoc Cong nghé Mé-Vinacomin

TOM TAT

V6i muc tiéu nghién ciru huy dong triét dé tai nguyén than dap ang nhu cau phat trién bén viing theo
dinh huéng cua TKV, nhém tac gia nghién ctu thiét ké cac giai phap cong nghé khai thac chén 16 bang
vita cho diéu kién 16 cho via 14 mo than Nga Hai-Cong ty than Quang Hanh. Thong qua khao sét hi¢n
truong thuc té, nghién ctu trong phong thi nghiém va trén mo hinh twong duong, da tinh todn lya chon
duoc ti I€ hop Iy hdn hop giira tro day, tro bay, xi mang va nudc; thiét ké day chuyén ché bién va hé
théng van chuyén vira chén cong suat 60 m3/h; tinh toan lva chon giai phap chéng git 10 cho va thi cong
chén 10. Véi giai phap thiét ké hra chon: cac tham sé dich dong bé mat theo tinh toan du bao Iy thuyét
gom do 14n 7max = 59,7 mm; d6 nghiéng imax = 0,71 mm/m; do cong K = 0,019 mm/m:; dich chuyén ngang
£=50,6 mm; bién dang ngang &= 0,43 mm/m, dap &ng yéu cau bao vé cong trinh bé mat; cong suat 10
cho 60.000 tin/nam; ning suét lao dong 3,2 tan/cong; gia thanh khai thac 635.000 dong/tan.

Tur khoa: khai thac chén 10; vira chén; tro day; tro bay

1. D3t van dé

Ving Quang Ninh ¢ trir lwong than phan bd dudi cac cong trinh, ddi twong bé mat can bao vé rat Ién,
khoang 2,1 ty tan, trong d6 khoang 0,6 ty tan ndm trong ranh gisi cac du an mo da dugc phé duyét[Dao
Hong Quang va nnk, 2014]. Theo kinh nghiém trén thé gisi, ap dung cong nghé chén 16 cho phép khai
thac an toan, hiéu qua via than nim dudi nhing cong trinh, dbi twong can bao vé ma khong can di doi cac
cong trinh, dbi twong trén bé mat. Do d6, co thé tan thu tdi da tai nguyén, mang lai hiéu qua kinh té Ién.
Tai Viét Nam, cdng nghé khai thac chén 10 toan phan bing phuong phap tu chay duoc &p dung thu
nghiém lan dau tién vao nam 2006 tai 10 cho via 8, Canh Bic, Cong ty Than Mao Khé di thu dwgc nhitng
két qua nhit dinh, budc dau cho thay tinh kha thi cua cong nghé trong viéc diéu khién da vach, han ché
sut 1Gn bién dang bé mit, chizng minh c¢6ng nghé chén 16 1a mét trong nhitng giai phap t6i wu nhit dé giai
quyét van d& huy dong khai théc triét &é ngudn tai nguyén khong tai tao[Nguyén Anh Tuan va nnk, 2006].
Trudce nhu cau tir thuc té san xuat, Bo Cong Thuong va Tap doan Cong nghiép than Khoang san Viét
Nam (TKV) chu truong day manh nghién ctru 4p dung cong nghé khai thac chén 10 nham som huy dong
trit luong than phan bé dudi khu vuc can bao vé bé mat. Theo d6, c6 nhiéu cong trinh nghién ctu da duoc
trién khai, dién hinh nhu dé tai trong diém cp Nha nudc “Nghién ctru p dung cong nghé chén 1o khai
thac than trong cac mé ham 10 viing Quang Ninh”, dé tai cap Bo “Nghién ctru lya chon vat liéu chén hop
Iy trong cdng nghé chen 16 bang strc nude dé bao vé bé mat tai cac mo ham 16 ving Quang Ninh”. Céc dé
tai nghién ciru da dé xuét nhiing giai phap cong nghé phu hop cho cac khu vyc can chén 16 viing Quang
Ninh, tuy nhién dén nay két qua dé tai chwa duoc trién khai ap dung vao thuc té.

Trén co s& két qua dé tai néi trén, TKV cd ké hoach tiép tuc trién khai 4p dung thir nghiém cong nghé
khai thac chén 10 tai mot trong cac mo ham 10 ving Quang Ninh nham danh gia tinh kha thi cua céc giai
phap ky thuat, nam bat, lam chi cong ngh¢ chén 10, danh gia hiéu qua bao vé bé mat, higu qua kinh té cua
cong nghg, 1am co s tién toi ap dung vdi quy mo cong nghiép. Dé phuc vu cong trinh nghién ctu cua
TKYV, dua cdng ngh¢ chen 1o vao trién khai &p dung thyc té, viéc nghién cau thiét ké dong bo cac giai
phap k§ thuat cong ngh¢ bao gom tir nghién ctu lya chon vat li¢u chen, cap phéi vat liéu, thiét ké day
chuyen ché bién va hé thdng van chuyen vita chén, dén cac giai phap thi cong chén trong 10 cho... la rat
can thiét. Bai viét nay trinh bay mot sb két qua nghién ciru thiét ké cac giai phap cong nghé khal théc
chén 10 bang vita cho diéu kién 16 cho via 14 mo than Nga Hai-Cong ty than Quang Hanh.

*Tac gid lién h¢
Email: phanvietkt@gmail.com
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2. Nghién ciru thiét ké cac giai phap cong nghé khai thac chén 10

Trong béo céo nay tap chung nghién ctru cac giai phap cong nghé khai thac chén 16 cho diéu kién via
14 khu Trung Tam, mo than Ngi Hai, ¢6 diéu kién chiéu day trung binh 2,2m, géc dbc thoai, trung binh
99, 4p dung so db cong nghé khai thac cot dai theo phwong, 16 cho khdu mét 16p toan chiéu day via. Cac
giai phap cong nghé¢ khai thac chén 16 duoc tinh toan thiét ké nhu sau:
2.1. Nghién ciru lwa chon phwong phdp chén 1o

Theo ti 1¢ dién diy khong gian da khai thac 10 cho, chén 10 dwoc chia thanh chén 10 toan phan va
chén 10 ban phan. Dé ph hop véi muc tiéu thir nghiém 1a danh gia hiéu qua bao vé bé mat, thiét ké lya
chon phuong phap chén 10 toan phan. TUy thudc vao phuong phap van chuyén vat liéu chén va trang théi
hén hop vat liéu chén khi dua vao 16 cho (dang khd, hdn hop long, hodc dang via...) c6 thé phan thanh
cac phuong phap chén 16 chinh: chén 10 thu cdng ty chay; chén 10 co khi; chén 10 khi nén; chén 16 thuy
lyc; chén 10 bang vira. Mdi phuong phéap chén 10 ¢6 cac wru, nhuoce diém vé pham vi p dung, chi phi dau
tu day chuyén thiét bi, cong suat khai thac 10 cho, chi phi vat liéu chén, hiéu qua kinh té, hiéu qua bao vé
cong trinh bé mat... Trong d6, phuong phap chén 16 bang vita dang dwoc &p dung phd bién va hiéu qua
tai mot sé nude trén thé gisi dac biét 1a Trung Qudc, Nga, Canada...[D. M. Bronnikov, 1989; LIU Jinxiao,
2014].

Phuong phap chén 10 bang vita sir dung hon hop vat ligu chén dang bé tong mac thap, duoc ché bién
tai tram tron bé mat tir cac thanh phan gdm cét liéu, chat két dinh xi mang, nuéc va phu gia khac (néu co)
theo ti 1¢ nhat dinh, sau d6 duoc van tai thay luc nho hé théng may bom va dwong dng xudng vi tri thi
cong trong 10. Tai 10 cho, khdi vira chén sau thi cong mot thoi gian nhat dinh s& dong ctmg dat gia tri
cuong d6 khang nén ban dau, cho phép thao d& cbp pha dé khau 10 cho chu ky tiép theo. Cuong d6 khang
nén cua khdi chén tiép tuc ting theo thoi gian dat gia tri 6n dinh ¢ tac dung chong giir da vach, khéng
ché dich chuyén dia tang, bao vé cong trinh bé mat. So dd nguyén ly cong nghé chén 16 bang vita thé hién
trén hinh 1.

Silo ximang  ppay cap Phéu cdp Phéu cap
liéu =6 1 ligu =6 2

PHAN MAT BANG

Van diéu tigt

Ong van chuyén vita chén

PHAN TRONG LO

Ong thu nudc thoat ra tir
khdi chén

Ra hé thdng thoat nude chung
- ’

Hinh 1. Sodo nguyén ly cong nghé chén 16 bang vira

112



Phuong phap chén 10 bang vira ¢6 nhiing wu diém: mirc d6 co giéi hda cao, nang suat chén 16n; sir
dung nguén vat ligu chén sén co, gia thanh re; do co ngét khdi chén nho, hiéu qua bao vé cong trinh bé
mit t6t, &p dung dugc trong truong hop khu vuc c6 yéu cau khat khe vé mirc d6 bao vé bé mat; gia thanh
chén 16 va chi ph1 dau tu day chuyén cong nghé khong qua cao; pham vi &p dung rong rai véi cac diéu
kién via than va loai hinh céng nghé khai théc khac nhau. Thiét ké lra chon phuong phép chén 16 bang
vira dé ap dung cho diéu kién 10 cho via 14 khu Trung Tam, mé Nga Hai.

2.2. Nghién ciiu lyra chen thanh phan va ti I¢ phdi trgn hén hgp vat ligu chén

Déi véi cong nghé khai thac chén 10 bang vira, hdn hop vira chén phai dap wng cac yéu cau ky thuat
nhu: ¢6 d¢ linh dong cao, thoi gian dong két phu hop cho phép bom van tai qua h¢ thdng duong dng voi
cung d6 16n (Ien t6i vai km); khdi chén khi dong két dat do bén khang nén nhat dinh, c6 kha nang chong
gilr da vach[Yang Baogui, 2015]. Do do, viéc lua chon cac thanh phan vat liéu chén dong vai tro v cung
quan trong, anh hudong truc tiép dén kha nang van tai duong dng va hiéu qua bao vé bé mat, ddng thoi la
nhan tb quan trong quyét dinh gia thanh va hiéu qua kinh té cua cong nghé chen 10. Theo kinh nghiém,
cac thanh phan vét liéu chen phai dugc lva chon dap (mg céc tiéu chi nhu: cbt lieu 1a loai tro khong chay,
gia ré, nguon cung Ion, phan bé gan mo dé thuan loi van chuyen tap két, duong kinh hat cét ligu Ion nhat
khong qua 25mm, ti 1¢ phan trim khi lwong hat c6 duong kinh < 5mm chiém tir 40 + 45%. Chat két dinh
phai dam bao ngudn cung phong phd, gia thanh re, thoi gian dong két phu hop theo cung do van chuyen
va thoi gian thi cong chén thyuc té, dong thoi dam bao cudng do khang nén cua khdi chén theo yéu cau
bao vé bé mat[LIU Jinxiao, 2014].

Trén co so két qua khao sat cong nghé chén 10 bang vira tai mo than Dai Trang, tinh Son Dong -
Trung Qudc nam 2017 cta doan can b TKV, dbi chiéu véi kha nang cung @ng cac nguon vat liéu chén
ving mé Quang Ninh[Pao Hong Quang va nnk, 2014; Lé Dac Nguyén va nnk, 2016] cho thiy, c6 thé
xem xét sir dung cac ngudn vat liéu nhu: da thai mo; xit thai; cat song; hoic tro xi thai nha may nhiét
dién. Trong @6, ngudn vat liéu cé tinh kha thi cao sir dung lam vat liéu chén 10 1a tro xi nhiét dién va da
thai mo. Tuy nhién qua nghlen ciru, khao sat cho thay, tro xi nhiét dién so véi da thai mo cé wu diém 1a sir
dung truc tiép duoc, Lkhdng can gia cong nghién sang nén cit giam khdi lugng dau tu thiét bi va chi phi
nghién sang twong ddi I6n; nhuoc diém 1a cung do van chuyén tap két dén khai truong moé xa hon, nhung
mttc d6 chénh léch vé chi phi van chuyén khong I6n. Do dé, thiét ké lya chon ct lidu vira chén Ia tro xi
nhiét dién. D4i vé6i chét két dinh xi mang, dé giam ti da chi phi van chuyén, chon xi ming san xuit tir
cac nha may trén dia ban 1an can khai truong mo Cong ty than Quang Hanh, vi du nha méay xi mang Cam
Pha, xi mang Thiang Long....

a. Tro day b. Tro bay c. Xi mang
Hinh 2. Céc thanh phan han hop vt liéu chén

V6i cac thanh phan vat liéu chén d3 lya chon, Vién KHCN M6 da phdi hop véi mot sb chuyén gia
Trudng Pai hoc Xay dung Ha Noi tién hanh khao st va lay mau tro xi tai nha may nhiét di¢n Cam Pha dé
lam cé4c thi nghiém xac dinh ti & phdi tron hdn hop (cip phdi) vat liéu chén. Tiéu chi xay dung cip phol
vat liéu chen la: vira chén dam béao d¢ linh dong va thoi gian dong két pht hop, cho phép bom vén chuyén
duong éng tir mat bang vao vi tri thi cong tai 16 cho c6 cung d6 16n nhit 470m; khdi chén sau thi cong tir
12 + 16h phai dam bao kha ning ty ding vitng, cho phép thao cbp pha dé khau 10 chg ludng tiép theo; gia
thanh ché bién 1md vira chén nho nhit. Két qua da xac dinh ti 1¢ phan tram khéi lugng cuia cac thanh phan
vat liéu theo cap phdi t6i wu 1a: tro day 55%, tro bay 15%, xi mang 4% va nudc 26%. Véi ti 1& phdi tron
nay, vira chén c6 dung trong 1,95 g/cm3, d6 sut 20 + 22 cm, thoi gian déng két ban dau (cho phép bom
véan chuyén duong éng) 1a 2,5 + 3h, thoi gian dong két 1au dai 10 + 12h, cudng do khang nén cua khdi
chén sau 24h 12 0,15 MPa, gia thanh ché bién 1m? vira chén khoang 163.000 dong/mé. Chi tiét cap phdi
vita chén nhu bang 1 dudi day:
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Bang 1. T/ 1é phai trgn céc thanh phan (Cap phoz) @é tao 1 m® hdn hop vira chén

Khéi luong thé Cap phoi theo thé tich Cap phoi theo khdi lwong
TT| Thanhphanvatlieu | " qomd) [ Thatich (m) [Ty 16 (%) | Khoi leong (kg) | Tilé (%)
1 [Troday (c5hat<15mm) | 1.350 0,79 42,1 1.073 55
2 [Tro bay 550 0,53 28,2 293 15
3 [Xi mang 1.400 0,06 29 78 4
4 [Nuoée 1000 0,51 26,8 507 26
Téng cong - 1,89 100,0 1.950 100,0

2.3. Thiét ké day chuyén ché blen va h¢ thong vd@n chuyén viza chén
2.3.1. Tinh toan nang sudt van tai yéu cau
Ning suét ydu cau caa hé thong van chuyén vat liéu chén dwoc xac dinh nhu sau:
ch _ kc X (mk X Ld + Sl + 52) xXr (m3/h) (1)
K, xTg
Trong do: ke - hé s cheén, di véi chén 16 toan phan tam tinh ke = 0,95; my - chiéu cao khau gwong 16
chg, mg = 2,2m; Lq - chiéu dai 10 chg theo hudng dbc, Lg = 115m; S1, S2- dién tich str dung 10 van tai va
10 thdng gid, S1 =S, = 7,3m%; r - budc chén 10, r = 0,8m; Ko - hi¢u suat lam viéc cua bom, Ko = 0,8; T -
thoi gian van hanh may bom trong mét chu ky chen 10, 1ay theo biéu do t6 chic chu ky san xuat, T =5
gio. . . . -y .
~ Thay so tinh dwoc cOng suat van tai yéu cau Qyc = 50,8 (m3/h), thiét ke tinh toan lya chon day chuyén
ché bién va hé thong bom van chuyén vita chén cé cong suat 60 m3/h.

2.3.2. Thiét ké té hop tram trén bé mat

1 65m x +15
ALY —5mJyay bom
@ - Si 16 xi mang; @) - Vit tai xi mang i [ < JV MB kho 148
(3) - Céi tron; (@) - Thing can xi mang 1 2
(5) - Thung can nudc; (6) - Gau kéo 4 5 j_;
(@) - Phéu cép liéu; (®) - Thing can cdt licu E]
(9) - May bom vira chén = =
2 =
3 b=}
] A n s,
i ] Doan 6ng bang tai 16 théng gi6 -170/-165
® ) ;
. : 110m
® -
> ' ng nhanhré /=0,5m
‘ Gng nhanh r& 1= 0,5
W2 L
Hinh 3. So do6 nguyén Iy hoat déng Hinh 4. So do tuyén duong ong
cua to hop tram tron vira chen vdn chuyén vira chen

T6 hop tram tron vira chén trén mat bang dwoc md phong nhu hinh 3, véi cac thanh phan vat liéu
chén st dung gom: cét liéu tro day, tro bay; chat két dinh xi mang va nuéc. Tram tron duoc thiét ké voi
cong suat 60 m3/h, nguyén ly 1am viéc nhu sau: cét lidu tro bay, tro day dwoc van chuyén bang 6 to tir bai
thai nha may nhiét dién vé tap két tai kho chira mat bang tram tron, sau d6 dugc may xdc tai xuc dé vao
phéu cap liéu @ qua hé théng can dinh luong cét liu Xuéng gau kéo (6), tai day ct lieu duoc toi
kéo lén d6 vao ci tron @ Xi ming tur sil6 duoc van Chuyen bang vit tai (2), qua cén dinh luong xi mang
@ db vao cbi tron 3. Tuong tu, nu6e sach tir ngudn cap qua can dinh luong nuéc ® d6 vao céi tron
(3). Hon hop vit ligu duoc Cap tw dong vao thaing tron theo ti 1& nhat dinh s& dwoc phéi tron déu tao thanh
dang vita, sau d6 xa truc tiép vao thung chira cua mdy bom theo tirng me tron. Tir khoang bom, vira chén
dugc may bom day theo hé théng duong dng dwa tdi vi tri can thi cong trong 16 cho.

2.3.3. Tinh toan lya chon dwong kinh ong
Puong kinh 6ng van chuyén vira chén dugc xac dinh theo cong thirc:

_ Qe (m) @)
3600 x 77 x v,

_ Trong d6: D - dudng Kinh trong cua dng, (M); Qy - luu lugng van tai yéu cau, Qy = 50,8 (m3/h); v;
- toc do van tai hon hop chén, vi=1,1 + 1,3 (m/s);
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Thay sé tinh duoc dwong kinh dng D = 0,122m, chon dng c6 kich thudc quy chuan gan nhat Ia
DN125 ¢6 dudng kinh trong 125mm. Khi d6 toc d6 thuc té cua dong vat ligu chén chay trong dng dan xéac
dinh theo cong thuc trén la vi = 1,15m/s, do d6 duong kinh dng chon déap tng cong suit van tai theo yéu
cau.

2.3.4. Thiét ké hé thong dwong ong vdn chuyén viza chén

Hé thong duong dng van chuyén vira chén dugc bb tri theo so db hinh 4 vai td hop tram tron va may
bom dit tai mat bing Kho 148 mirc +15, vira chén tir bom duoc ddy theo dudng éng trén mat bang co
chiéu dai 65m tai vi tri 15 khoan; qua I5 khoan thang ding xudng 10 thong gié mirc -170/-165 ¢6 chiéu dai
180m; theo doan 6ng bang tai 10 thong gié muc -170/-165 c6 chiéu dai 110m téi dau 16 che; cudi cung
duoc van chuyen theo duong 6ng b tri doc tuyén 10 cho 6 chiéu dai 115m, trén tuyén ong nay b tri cac
nhanh r& dé bom vira chén vao khong gian phia sau 10 cho. Tong chiéu dai tuyén duong dng van chuyén
vira chén tinh toan cho diém xa nhat khoang 470m.

2.4. Thiét ké giai phap cong ngh¢ khai thac va cheén 10

Phu hop Vvéi didu kién san trang via than va diéu kién san xuat thyuc té cia mo, cong nghé khau than
duoc lya chon bang khoan né min, chng giit 16 cho bang gia thay lec di dong XDY hoic gia khung.
Theo d6, giai phép chong gitr vach tao khong gian thi cong chén va lam thanh be cach ly khong gian chen
V6i ludng guong c6 thé thyc hién bang Ip dung thanh be van khuén thép dinh hinh khi chéng giur bang
gid XDY, hoic gia cong ché tao bd sung dim d& ndéc két hop tim chin bang tai tao khung cép pha di
dong khi chéng gitt 10 cho bang gia khung. Hinh 5 minh hoa mét s6 giai phap chdng giir va cach ly khong
gian thi cong chén véi ludng guong 16 cho.

Khéi chén dCithi cong Khai chén dCithi cong
V€ xa gia phia trén Gia khung ~ Démdonée
Giaxpy Ve xagia phia dudi Tém béng tai 800
[— T 1 = T &

% J L % l ET g

Vai bat i

= / X:—‘! /
Vian khuon thép dinh hinh /800 | 800 || 800 | 800 | 800 2095 800

Vitrf chuén bi thi cong chén / Vi tri chudn bi thi cong chén

a. Lo chg chang giir bang gia XDY b. Lo che chang giir bang gia khung

Hinh 5. Mét s¢ gidi phap chang giiz va cach ly khoéng gian thi céng chén 1o

1. Két qua va thao luan

Véi céc giai phap cong nghé lua chon, thiét ké tinh toan dy bao mirc do sut lan bé mat dia hinh véi
ti 16 chén 16 >85%, két qua cho gia cuc dai cac tham sb dich dong bé mét nhu sau: d6 10N 7max = 59,7 mm;
d6 nghiéng imax = 0,71 mm/m; d6 cong K = 0,019 mm/m; dich chuyén ngang & = 50,6 mm; bién dang
ngang & = 0,43 mm/m. Ddi chiéu véi quy tic bao vé cong trinh tranh anh huong c6 hai do khai théc cua
LB Nga va Trung Quéc[D. M. Bronnikov, 1989; Yang Baogui, 2015] cho thiy, gia tri cac tham s dich
chuyén, bién dang bé mit theo tinh toén ly thuyét trén dugc xép loai pha huy cap | (bién dang ngang &<
2mm/m; d6 nghiéng i < 3mm/m; d6 cong K < 0.2mm/m), c6 mirc d6 anh hudng dén cong trinh bé mat rat
nho, do d6 khéng can tién hanh cai tao, sira chira, hoic gia ¢ cong trinh trén bé mit.
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Két qua tinh toan thiét ké cho cac chi tiéu kinh té ky thuat 10 cho kha quan: céng suat 60.000
tan/nam, nang suat lao dong 3,2 tan/cong, chi phi xi mang tinh cho 1000 tan than 69,2 tan/1000T, gia
thanh khai thac du kién 635.000 dong/tan. Tong hop céc chi tiéu kinh té-ky thuat co ban 16 cho xem chi
tiét trén bang 2.

Bang 2. Tong hop céc chi tiéu kinh té ky thugt 10 che

TT Tén chi tiéu Ponvi | S6 lwong
I | Chitiéu chung cia 10 che
1 [ Chiéu day trung binh via/chiéu cao khau guong m 2,2
2 | Chiéu dai 10 chg m 115
3 | Tién d6 luong khiu m/ludng 0,8
4 | Cong suat |0 chg tan/nam 60.000
5 | Ning sudt lao dong tryc tiép tan/cong-ca 3,2
6 | Ton that than % 15
11 | Chi phi vt ligu phuc vu khai thac
1 | Chi phi thubc nd kg/1000tan | 1524
2 | Chi phi kip nd kip/1000t4n 762
3 | Chi phi go m3/1000tan 2,42
4 | Chi phi ludi thép B40 kg/1000t4n 832
5 | Chi phi dau nhii héa kg/1000tan 341
111 | Chi phi vt ligu cho thi cdng chén 10
1 | Chi phi g4 lam thanh be m3/1000 tan 51
2 | Chi phi vii bat dira m2/1000 tan |  1.262
3 | Chi phi van khudn thép cho 1000 tan than tam/1000tan 17
4 | Chi phi vat lidu chén cho 1000 tan than
- | Tro day tan/1000tan | 746,3
- | Tro bay tan/1000tan | 2074
- | Xi mang t4n/1000tdn | 69,2
5 | Chi phi nuéc sach cho 1000 tan than m?3/1000tan 393
IV | Gi thanh khai théc 1 tdn than dong/tan | 635.000

2. Két luan

Vi cong nghé khai thac chén 10 béng vira va vat liéu chén su dung la tro xi nha may nhiét dién, thiét
ké da tinh toan xac dinh ti 1& cip phdi cac thanh phan vat liéu, tinh toéan thiét ké day chuyén ché bién va
hé thong bom van chuyén vira chén vai cong suat 60m3/h dap ang theo quy mé 10 cho thir nghiém va thiét
ké giai phéap thi cong cheén 10 trong 10 cho. Két qua cho cac chi tiéu kinh té ky thuat 16 cho kha quan, gia
tri cac tham sb dich dong bé mit theo tinh toan du bao ly thuyét déap tng yéu cau bao vé cong trinh bé
mit, qua d6 khang dinh tinh kha thi vé mat k§ thuat cua céng nghé chén 10.

Két qua nghién ciru trén 1a co sé dé thiét ké va trién khai ap dung thir nghiém vao san xuét cho diéu
kién 10 chg via 14 khu Trung Tam, moé Ngé Hai. Viéc thir nghiém thanh cong cho phép trién khai nhan
rong cho cac don vi san xuat cia TKV dé huy dong tai nguyén dudi cong trinh can bao vé, trong d6 trude
mét c6 thé huy dong khai théc 132 triéu tn than trong tru bao vé tai cac mo nhu Mao Khé, Vang Danh,
Ha Lam, Nii Béo, Mong Duong, Khe Cham, Quang Hanh. .. Bén canh d6 con gop phan xir ly khdi lwong
I6n tro xi thai cdc nha may nhiét dién, giam thiéu 6 nhidm mai truong. D& nghi Tap doan TKV xem xét
chi dao trién khai 4p dung céc giai phéap thiét ké vao san xuat./.
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ABSTRACT

Research on the Application of Backfill Mining Technology
at Nga Hai coal mine - Quang Hanh coal Company

Vu Thanh Lam?, Dao Hong Quang?, Le Duc Nguyen?, Phan Van Viet?

! Vietnam National Coal - Mineral Industries Holding Corporation Limited
2 Vinacomin - Institute of Mining Science and Technology

In order to ensure maximum exploitation of coal resource as well as meet the requirements of
sustainable development according to the strategy of Vinacomin, the authors researched, designed and
proposed mining backfill technology suitable for conditions of longwall TT.14 -14 in No. 14 coal seam -
Nga Hai coal mine. Through field survey, laboratory research, and equivalent modeling, a reasonable
proportion of fly ash, bottom ash, cement and water was calculated; design of processing line system and
transportation system of backfilling materials with capacity of 60 m3hour; Calculating longwall support
selection and backfilling method. The parameters of surface subsidence and deformation according to the
design solution include the maximum settlement 7max = 59.7 mm; the maximum tilt imax = 0.71 mm/m;
curvature K = 0.019 mm/m; the horizontal displacement £ = 50.6 mm; horizontal deformation ¢ = 0.43
mm/m. The capacity of the longwall is 60,000 tons per year; labor productivity is 3.2 tons per worker-
day; the mining cost is 635,000 VND per ton.

Keywords: Fill mining; filling slurry; bottom ash; flyash
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E‘RSE/ ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
e VA TAINGUYEN VO' PHAT TRIEN BEN VNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Tinh toan, du bao bién dang sut lGn trén bé mat dia hinh khi khai thac
cum via than du6i khu dan cu tai mo than NUi Béo
Lé Quang Phuc!* , Zubov Vladimir Pavlovich! Pao Vin Chi2 Vii Thai Tién Diing?

L Truong Dai hoc Mo Siant-Peterburg, LB Nga
2 Truong Dai hoc M6 - Dja chat

TOM TAT

Du &n dau tu xay dung cdng trinh khai thac ham 10 mé than NGi Béo nam trong quy hoach phét trién
nganh than Viét Nam dén nam 2020 c6 xét trién vong dén nam 2030. Theo két qua danh gia thi trir luong
than con lai sau khi khai thac 16 thién 1a rat Ion: khoang 66 triéu tan (cap 121 + 122 + 222) va 12,7 triéu
tan (cap 333). Mo than ham 16 Nui Béo khi di vao hoat dong c6 dac thi 1a khai thac sau khi khai truong 16
thién két thic va mot phan ham 16 canh Pong va Nam nam dudi cac cong trinh cdng nghiép va dan dung
can phai bao vé. Két qua danh gia cho thay phan trir luong nam dudi cac cong trinh nay twong ddi Ién,
khoang 26,6 triéu tin. Dé tan thu tai nguyeén, Cong ty ¢ ké hoach khai thac khu vuc trir luong nay voi
giai phap diéu khién da vach bang cheén 10 toan phan. Do vay, nham dua ra co s bao vé cong trinh, nhém
tac gia thuc hién tinh toan, du bao bién dang sut IGn trén bé mat dia hinh khi khai thac cum via trén. Két
qua nghién ciru cua bai bdo c6 thé 1am tai liéu co so cho Cong ty dé ra céc giai phap giam thiéu anh
huong téi céc cdng trinh bé mit trong qué trinh khai thac.

Tir khoa: Khai thac; sut lan; bién dang; dan cu;

1. D3t van dé

NUi Béo Ia mot trong nhitng Cong ty khai thac than 16n truc thuéc Tap doan Than - Khoang san Viét
Nam. Céach day vai nam, v6i cong nghé khai thac than 16 thién tién tién, Cong ty da tirng san xuit mai
nim trén 5 tridu tan than. Do trir luong than 16 thién ngay cang xubng siu, cong tic moi trudong trén dia
ban thanh phé Ha Long ciing dat ra nhiém vu can phai thay ddi céng nghé khai thac than thién véi moi
truong hon, theo dinh hudng phét trién kinh té - xa hoi va quy hoach thanh phé du lich cia tinh Quang
Ninh. Truéc yéu cau do, Cong ty da chi dong giam dan san luong khai thac than 16 thién, chi dong dé
XUt v6i lanh dao Tap doan Cong nghlep Than - Khoang san Vlet Nam Iap duy &n khai thac than ham 10.

Vung 1: khai théc,

DPKDV chen 10 bao
vé cong trinh bé mit.
Dién tich 1,52 km2

Vung I1: khai ; ;
thac, PKPV MOONGLO THIEN
| phahéa. Di¢n “PA KHAI THAC -
tich 2,57 km? . ’

Hinh 1. Ban do6 mé than Biii Béo (ghi chii: PKPV - diéu khién dd vich)

*Tac gia lién h¢
Email: lequangphuc@humg.edu.vn
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Theo két qua danh gia thi trir lwong than con lai sau khi khai thac 16 thién Ia rat Ion: khoang 66 triéu tin
(cap 121 + 122 + 222) va 12,7 trigu tan (cap 333). Mo than hiam 16 Nui Béo khi di vao hoat dong co dac
thii 1a khai thac sau khi khai truong 16 thién két thic va mot phan ham 16 canh Dong va Nam nam dudi
cac cdng trinh cdng nghiép va dan dung can phai bao vé. Thuc té tai nhiéu khu vyuc khai thac ham 16 viing
Quang Ninh, viéc khai thac than ham 10 4p dung diéu khién da vach bang pha hoa toan phan gay ra cac
bién dang, sut ltn vuot qué gigi han cho phép ciia cac cong trinh can bao vé trén bé mat. Do vay, di véi
cac khu vuc via than ma trén bé mat ¢ cac cong trinh can bao vé phai ap dung cong nghé khai théc co
diéu khién da vach dic biét hodc dé lai tru than bao vé. Véi diéu kién cu thé tai mo than NGi Béo, bé mat
dia hinh phia Déng va Nam cé cac khu dan cu, cong trinh cong nghiép, duong quéc 16, duong trong quy
hoach, dudng dién cao thé, ... thi viéc nghién ciru giai phap cong nghé khai thac hop 1y dam bao an toan
cho cac cong trinh trén Ia rat quan trong. Tong dién tich khu vyc nay la khoang 1,52 km?2 véi tong trir
lwong cong nghiép 1a 20.314 triéu tin. Do sau khai thac cac via than so vai bé mat dia hinh tir 60 + 400m,
chiéu day cac via dao dong tir 2,5 = 8,0m, goc dbc thay doi tir 14 + 27°. [Dy an dau tu xdy dung cong
trinh khai thac ham 16 mo than Ndi Béo, 2010].

Sau khi nghién ctu, phan tich va tinh toan, du an khai thac him 10 da lva chon cdng nghé khai thac
phan trir lugng than nam dudi cac khu vuc nay c6 két hop véi diéu khién da vach bang cheén 16 toan phan.
Vit liéu cheén 10 sir dung d4 nghién tir dat da thai khai thac 16 thién, dat da dao 10 hodc da thai nha may
tuyén. Thanh phan vat liéu chén c6 c& hat 10 + 80 mm chiém 50%, phan con lai la cac vat liéu c& hat 1 +
10 mm. Dé ting d6 chat cua khéi chén bo sung vira xi mang. Thanh phan 1 m3 vat liéu chén gom 2,4 tan
da, 0,5 tan cat, 0,16 tan xi mang va 0,15 m® nuéc. [Dy 4n dau tu xay dung céng trinh khai thac ham 16 mé
than Nui Béo, 2010].

Phuong phap diéu khién d4 vach bang chén 10 toan phan s& han ché duoc khd ndng sut 1Un va anh
hudng dén cac cong trinh trén mat [Phung Manh Dic, 2012.]. Tuy nhién can tinh toan va dy bao mirc do
sut 14n khi &p dung phuong phap nay dé ¢ cai nhin tong thé va giai phap khac phuc kip thoi khi c6 su ch
Xay ra, dam bao an toan cho cac coéng trinh. Do do, bai bao tinh toan va dua ra du bao so bd vé muc do
sut 1tn bé mat dia hinh khi tién hanh khai thac cum via than nay.

2. Tinh toan mirc d¢ sut lGn, bién dang bé mit dia hinh khi khai thac cac 10 chg
2.5. Thong sé 10 che' ciia cac via than dwdéi kKhu veee din cw

Theo nhiéu nghién cau cho thay tri s6 dich chuyén cua vach via than trong qua trinh khai thac ham 10
Ia yeu t6 quyét dinh dén bién dang va sut 1tn trén bé mit dia hinh. Tri s6 nay phuy thude co ban Vao cac
yéu t6: phuong phéap chén 10, téc do khai thac, tinh chat cua vat liéu chén. Theo thiét ké, khoang tréng sau
10 cho sau khi khai thac s& duoc Iap day bang vat liéu chén, tuy nhién do tinh chat cheén chit cua vat liéu
va phuong phap chén nén khoang trong khai théc khong thé 1ap ddy toan b, da vach dudi tac dung cua ap
lyc mé van ha xudng mot tri s nhat dinh va trén thuc té khoang tréng da khai thac khong phai la chiéu
cao khiu than ma 1 chiéu cao con lai gitra vat liéu chén va da vach da dugc ha xubng [Phiing Manh Béc,
2012.]. Chiéu cao cua I6p nay trong tinh toan dwoc goi la chiéu cao hiéu qua (chidu day khai thac hiéu
qua). Thong sb cua cac 16 cho khu vue nay dugc tinh toan tai vi tri mat cit dic trung tuyén VII.

L
!
!
\
|
\
|

7
Hinh 2. Mat car dia chat ddc trung (mdt cdt tuyén VII)
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Céc thong s6 dau vao phuc vu tinh toan cho trong bang 1:

Bang 1. Thong sé ki thudt céc 10 cho di qua tuyén VI [1]

Posau | Chiéu day Gée déc Chiéu dai 1o Chiéu dai lo

Via Lo chg | Ky hiéu | t. binh | khai thac via TB o dé chg theo huéng | che theo duong

H, m | thanm, mm > doc Dy, m phwong D2, m
Via 721101 | CLCGH 59 3000 25 130 350
11 721102 | CLCGH 94 3000 27 130 430
721103 | CLCGH 124 4000 16 130 900
721001 | CLCGH 73 3500 25 105 990
Via | 221002 | CLCGH 121 4500 25 105 980
10 | 221003 | CLCGH 154 4500 22 105 970
721005 | CLCGH 178 4500 15 150 710
720904 | CLTC 254,3 3000 20 97,2 380
Via9 | Z20905 | CLTC 259 3000 16 100,4 410
Z20906 | CLTC 270 3000 17 99,3 420
Z20703 | CLTC 81 6500 29 42,8 340
Z20704 | CLTC 126,4 6500 33 119,36 690
Z20707 | CLCGH | 206,4 6500 33 106,15 600
Via 7 Z20713 | CLCGH | 261,8 7500 33 102,71 1175
Z20714 | CLCGH | 369,3 8000 23 85,72 995
Z20715 | CLTC 340,3 8000 23 116,7 490
Z207016 | CLTC 355,3 8000 9 134,19 190
Z207017 | CLCGH | 354,1 6500 3 81 640

2.6. Xdc dinh dj 1Un cwe dai géy ra béi tamg 10 che trén mdt dia hinh

Trén co so quy tic bao vé nhirng cong trinh va ddi twong tu nhién khoi sy anh
hudng tiéu cuc tir cac duong 10 cua cdc mo than cia B Cong nghiép than Lién Bang Nga, d6 lun
cuc dai gay ra bai ting 10 cho riéng biét trén mit dia hinh dugc xac dinh theo céng thuc:

M = dp-Myg-COS.N;.N, 5 mm (1) [3]

trong do:
Qo - hé s6 @6 14n cuc dai twong d6i, ddi vai diéu kién mo Nui Béo, go = 0,7.
Mug - chiéu day khai thac hiéu qua, mm;
a - goc dbc via tai vi tri 10 chg, do;
N1 va Ny - gi4 tri tra bang, xac dinh twong @ng boi ty Ié giita kich thudc theo huéng déc Dy va
theo phuong D2 cua 106 cho ddi vai chiéu sau khai thac trung binh H (xem bang 2).
Bang 2. Bang tra gia tri N1 va N

Di/lH >1,6 1,4 1,2 1,0 0,8 0,7 0,6 0,5 0,4 0,3

Ni 1,0 0,92 0,85 0,78 0,69 0,65 0,60 0,55 0,49 0,43

Theo tai liéu [3], chiéu day khai thac hiéu qua khi thiéu sé liéu quan tric thuc té duoc xéac
dinh theo cdng thuc sau:
mB,+h,(1-B)

= 2)[3
e, <™ ™ @3]

trong do:

hi - hé sb tinh toan dén muc do khong dién day khoi chén bai vat ligu chén phy thugc vao
cong ngh¢ chen, theo kinh nghiém cua Vién VNIMI lay he = 0,15.m.By;

k —la hé so phu thudc vao cdng nghé khai thac 106 chg, dugc xac dinh theo cdng thuc sau:

k=||—+0,1§1 (3) [3]
0]
trong do: ) ) )
| — Khoang céach tir tdm 10 cho dén bién giGi khoi chén (phu thudc vao loai vi chong 10 cho, budc
chen).
lo - 1a gid tri phu thuoc vao loai da véch, véi vach sap do trung binh, lo = 40m;
Theo Dy &n [Du 4n dau tu xay dung cong trinh khai thac ham 16 mo than Nui Béo, 2010], twong ung
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v6i loai vi chdng lua chon &p dung cho cac 10 cho, khoang cach “I” dwogc xac dinh: véi 10 cho co gidi hoa:
I = 5,1 m; véi 1o cho chdng gié thiy luc: 1= 3,2 m;

thay sé:

- Vi 10 cho co gidi hda: k = 0,23

- Vi 10 chg chéng bang gia thuy luc: k = 0,18

Bi1 - Hé s6 1Gn nén cua vat lidu chén. D6 10n nén 1a do khdi chén bj mét nude trong cac 15
rong, do do sut cua méac khéi chén, do tu trong cua khdi chén dong thoi chiu mot ap luc cua da
vach udn vong xudng va do cong nghé chén. Trong truong hop chén 10 & NGi Béo, vat ligu chén Ia
hon hop gom da + cat + xi mang + nude ¢d ty ¢ tron gan gidng véi mac bé tdng M100 nén sau khi
chén, vat lidu chén co ngodt va dong cirng tao thanh khdi bé tong. Do d6, dé cé co so tinh toén,
twong tng vaéi bé tdng mac M100, bai béo dy kién lwa chon chon By = 5%.
2.7. Xdc dinh d@j 1Gn gay ra béi tirng 10 che trong bén dich chuyén, sut 1Gn

Can c vao quy tic bao vé nhitng coéng trinh va dbi twong tw nhién khoi su anh
hudng tiéu cuc tir cac duong 10 cua cdc mo than caa Bo Cong nghiép than Lién Bang Nga, d¢6 lun
gay ra boi ting 10 cho tai mot diém bat ky trong bon dich chuyén trén tuyén mat cat dugc xac dinh
theo cdng thic:

My =1n-S(2) 4) [3]
trong do:

- S(2): 1a ham sé do thi duong cong do 1Gn mau, gia tri xac dinh theo bang 8 phu thudc vao hé
s6 Ni; z = y/L véi y |a khoang céch tir diém xem xét dén diém co do lun cuc dai (tdm bon dich
chuyén).

- L 1a kich thuéc ban bon dich chuyén tai huéng diém dang xem xét. Theo [[IpaBuna oxpaHsi,
1998], cac gia tri ham sé miu S(z), S’(z), S”(z) dugc tra theo bang 3.

Bang 3. Bang tra gia tri cAc ham sé mau S(z), S’(z), S”(z) [3]

y/L 1 09 | 08 | 07 | 06 | 05 | 04 | 03 | 02 | 01

S@2) 0 | 001 | 003 | 008 | 0,17 | 0,38 | 0,66 | 086 | 095 | 0,99

N=1 [ Sz) | © 01 | 03 | 06 | 15 | 23 | 26 | 16 | 05 | 02
S°(z) | 0 1 2 6 11 | 68 -8 11 | 56 | -23

S@2) 0 | 001 | 003 | 008 | 0,16 | 0,32 | 055 | 0,74 | 0,89 | 0097

N=09 | Sz | 0 02 | 03 | 07 | 12 2 22 | 17 | 11 | 06
S°(z) | 0 1 25 | 45 | 65 8 25 | 6 | 65 | 55

S@2) 0 | 001 | 003 | 008 | 0,16 | 0,31 | 049 | 068 | 0,85 | 096

N=08[ Sz | 0 02 | 03 | 07 | 11 | 17 2 18 | 14 | 07
S°(z) | 0 11 | 22 | 37 | 51 6 04 | 35 | 62 | 68

S@2) 0 | 001 | 003 | 008 | 0,16 | 0,29 | 046 | 065 | 0,83 | 096

N<07 [ 8@ | 0 02 | 03 | 07 1 14 | 18 | 19 | 16 | 08
S°(z) | 0 1,2 2 29 | 36 4 34 1 | 59 | -8

. Keétqud tinh toan d6 lUn cuc dai gay ra boi ting 10 cho trén mat dia hinh xem bang 4 va biéu
d6 hinh 3.
Bdng 4. Tinh toan dé 1Un cuc dai gay ra boi ting 10 che trén mar dia hinh

Loche [aad | k [ Bi [ he [mugmm[ DvH | DaH | Ni | Nz [fma, mm
Trén mit cit VII

721101 25 029 [ 005 225 2365 | 2,20 5,93 1 1 150,1
721102 27 | 029 | 005 | 225 2365 | 138 | 457 | 091 1 134,3
721103 16 | 029 | 0,05 | 30 3154 | 1,05 7,26 038 1 169,8
721001 25 [ 029 | 005 | 2625 | 2760 | 144 | 1356 | 0,94 1 164,6
721002 25 | 029 [ 005 | 3375 | 3548 | 087 810 | 072 1 162,1
721003 22 | 029 [ 005 | 3375 | 3548 | 0,68 630 | 064 1 1474
721005 15 | 029 | 005 | 3375 | 3548 | 084 | 399 | 071 1 170,3
720904 20 [ 022 [ 005 | 225 2167 | 0,38 149 | 048 | 096 | 657
720905 16 | 022 | 0,05 | 225 2167 | 0,39 158 | 048 | 099 | 693
720906 17 022 | 005 | 225 2167 | 037 156 | 047 | 098 | 668
720703 29 [ 022|005 | 4875 | 4694 | 053 | 420 | 056 1 160,9
720704 33 [ 022|005 4875 | 4694 | 094 | 546 | 0,75 1 206,7
720707 33 [ 029 | 005 | 4875 | 5125 | 051 291 | 056 1 168,5
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Z20713 33 0,29 | 0,05 56,25 591,4 0,39 4,49 0,49 1 170,1
720714 23 0,29 | 0,05 60 630,8 0,23 2,69 0,48 1 1951
Z20715 23 0,22 | 0,05 60 577,7 0,34 1,44 0,46 0,94 161,0
Z207016 9 0,22 | 0,05 60 571,7 0,38 0,53 0,48 0,57 109,3
Z207017 3 0,29 | 0,05 48,75 512,5 0,23 1,81 0,48 1 172,0
o T R Fome 90 emaeriyes e — .
-100,0 Y [ x\l \ \\f‘
X | NS g L.
-200,0 "\ us ;X ‘;’ SSS\SS

37150,0 o~ jaa "2 ool
4000 Kich thuoc bén dich chuyén (m) ——220904 -:ihz:;: " dzi::g:uyi::nme

a. Do linvia 7 b. Do lin via 9
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e. Tong do 1an cac via
Hinh 3. Biéu do d¢ 1n khi khai thac céc via than ap dung diéu khién da vich
bang chén 10 trén tuyén mat cat VI
Két qua tinh toan cho théy, tai tim bon dich chuyén khi khai théc cac via than, mirc do sut ltn c6 thé

dat gia tri nmax = 732 mm.
3. Panh gia, du bdo mirc d9 anh hwdong sut IUn do khai thac cac 16 chg dwéi khu vee ddn e mé
than NUi Béo

Tir két qua tong hop trén cac bang va biéu do cho thay, mac di &p dung phuong phap diéu khién d4
véch bang cheén 10 toan phan nhung mirc d¢ sut 1an trén bé mat dia hinh van con rat 16n. Diéu nay la do
trong qué trinh tinh toan nhom téc gia da du bao dén mirc d6 co ngdt cua vat liéu chén va mic do nén
chat dwoc khoang tréng khai thac sau 16 cho. Thuc té cac cong viéc thuc hién trong méi truong mo him
10 14 rat kho khan va dic biét 1a viéc van chuyén va chén 1ap vat liéu chén vao khu vuc da khai thac. Do
do, kha néng gdy ra sut ltn bé mat 1a khong thé tranh khoi.

V6i két qua tinh toan nhu trén, theo tiéu chuén cua Lién Bang Nga [ITpasuna oxpansi, 1998], kha néng
bién dang cua bon dich chuyén con xét dén blen dang cong va bién dang ngang cua bdn dich chuyén. Tuy
nhién, vai mirc @6 sut 10n tlnh toan & trén, néu khai thac hét cac via than thi mae do sut 1Gn s& anh huong
truc tiép dén cac ho dan séng bén trén. Tai tm bdn sut 1Gn (Mmex = 732 mm) c6 thé lam nut tuong mang
cong trinh, d6 nha. Do vay, viéc ap dung khai thac tan thu than tai cac via nam duéi khu vuc dan cu can
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phai tinh toén va thir nghiém that chi tiét va cu thé, xay dung hé thong quan tric, giam sat dé danh gia day
du mic @6 anh hudng cua qué trinh khai thac gy ra.
4. Két luan

Sau khi nghién ctru va tinh toan kiém tra cac thong sb dich chuyén trén mat cat dac trung tuyén VII
cho thay viéc 4p dung cong nghé khai thac véi diéu khién da vach bang chén 10 toan phan dé bao vé cac
cong trinh trén bé mat 1a phu hop trong bdi canh cdng nghé khai thac than ham 10 & Viét Nam hién nay.
Tuy nhién, mirc d6 sut ln do viéc khai thac gdy ra d6i véi cac cong trinh trén bé mat 1 rat I6n va c6 kha
nang tac dong tiéu cuc dén cac cong trinh bé mat. Do d6, Cong ty than Nui Béo can can nhic trong viéc
t6 chirc va lap ké hoach khai thac c4c via than nay. Bé dam bao du do tin cay, nhém tac gia kién nghi can
nghién ctru, ap dung thir nghiém dé c6 co so danh gia, diéu chinh cong nghé chén 10 va hdn hop vt liéu
chén cho pht hop véi diéu kién thuc té khai thac.

Tai liéu tham khao

Dy an dau tu xay dyng cong trinh khai thac ham 16 mo than NGi Béo. Vién KHCN Mo, Ha Noi —
2010.

Phiing Manh Dic, 2012. Nghién cizu liva chon cac giai phap ki thudt va cong nghé hop 1y dé khai thac
than ¢ céc khu vuc co di tich lich su van héa, cong trinh cong nghiép va dan dung, Vién KHCN Mo, Ha
Noi.

HpaBI/ma OXpaHbI coopynceHm?I U MPUPOJHBIX O6"beKTOB OT BpCAHOI'0 BJIMSAHUA NOA3CEMHBIX T'OPHBIX
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ABSTRACT

Calculate, forecast deformation subsidence on terrain surface when
mining coal clusters below the residential area at Nuibeo’s coal mine

Le Quang Phuc'", ZUBOV Vladimir Pavlovich! Dao Van Chi?, Vu Thai Tien Dung?

1Saint-Petersburg mining University, Russian Federation;
2Hanoi University of Mining and Geology, Viet Nam

Nui Beo coal mine construction project is included in the development plan of the coal industry in
Vietnam up to 2020 with prospects up to 2030. According to the assessment, the remaining coal reserves
after Surface mining is very large: about 66 million tons (121 + 122 + 222) and 12.7 million tons (grade
333). Nui Beo pit coal mine, when being put into operation, is exploited after the opening of the open-air
garden and part of the underground and south wing of the industrial and civil works must be protected.
The results show that the reserves under these structures are relatively large, about 26.6 million tons. In
order to recover the resources, the company plans to exploit this reserve area with a solution to control the
stone wall by inserting the furnace. Therefore, in order to provide the basis for protection of works, the
authors make calculations and forecasts of deformation subsidence on the terrain surface when exploiting
the clusters. The research results of the article can serve as a basis for the Company to work out solutions
to reduce the impact on surface structures during the exploitation.

Keywords: Exploited; subsidence; deformation; residential;
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ERS& ; ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
o emereme  VATAINGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Qui luat xuét hién ap luc mo va bién dang da vach trong 16 cho co gidi
hoa TT7.9 khu Nga Hai - Cong ty than Quang Hanh

Lé Quang Phyc!* , Zubov Vladimir Pavlovich!, Pao Vin Chi?, Vii Thai Tién Diing?
! Truong Dai hoc Mo Saint-Peterburg, LB Nga

2 Trueong Pai hoc M6 - Pja chdt

TOM TAT

Lo chg co gidi hda TT7.9 khu Ngd Hai - Cong ty than Quang Hanh Ia mot trong cac 10 chg dugc quy
hoach &p dung day chuyén cong nghé co gi6i hoa cho dieu kién via day trung binh, doc thoai cia Cong ty.
Theo két qua danh gia, san lugng 10 cho dat cong suét thiét ké va muc tiéu dé ra. Tuy nhién, ciing nhu céc
10 cho da thyc hién trudc, trong qua trinh trién khai ap dung tai 10 cho TT7.9 da phat sinh mot sb su co
nhu 16 guong, tut ndc 10 theo tinh chu ky ma chwa dwoc nghién ciru, danh gia. Cac sy ¢d nay déu do
nguyén nhén tac dong cua da vach 1én 16 cho va phan than trude guong 16. Nham dy bao sy xuit hién cua
cac hién tuong nay trong 10 cho, gép phan giam thiéu rui ro, nang cao hiéu qua khai thac cho céc 16 chg
tiép theo, nhom tac gia thuc hién phan tich, danh gia qui luat xuat hién &p luc mo va bién dang d4 vach
trong 10 cho co gidi hda TT7.9. Két qua nghién ciru cua bai béo ¢ thé 1am tai lidu co s& cho Cong ty dé
ra cac giai phap giam thiéu anh huong cia da vach trong qué trinh 4p dung, nang cao hiéu qua khai thac.

Tir khoa: Co gisi hda; UDEC; day trung binh; déc thoai;

1. D3t van dé

Theo dinh huéng phéat trién nganh than Viét Nam thi viéc day manh &p dung co gi¢i héa vao san xuit
1a tat yéu. D& dam bao san lwong toan nganh, Cong ty than Quang Hanh ciing 1a mdt trong cac don vi
dugc Tap doan Cong nghiép than khoang san Viét Nam lya chon trién khai sir dung thiét bi hién dai vao
khai théc 10 cho tai cac via than c6 chiéu day trung binh, déc thoai. Day chuyén 16 cho CGH bit dau khai
thac tir thang 12/2015 dén hét thang 6/2018 da khai thac dén 10 cho thir 4, chuyén dién 3 lan, tong san
lwong da thuc hién 338.602 tin. Lo chg CGH dau tién TT6.1: khai théc tir 18/12/2015 dén 13/10/2016 (10
thang) tham gia san lwong 103.185 tin. Lo chg CGH tht hai TT6.2 dat san luong than khai théc 77.775
tan. Lo chg CGH thir ba TT7.6 dat san lwong than khai théc 80.876,4 tin. Hién tai, day chuyén thiét bi co
gii hoa dang duoc trién khai 4p dung tai 10 chg TT7.9 véi san luong 6 thang dau nim dat 76. 767 tan.
[Cong ty than Quang Hanh, 2018] Méc du viéc ap dung cong ngh¢ khai thac dp tmg dugc yéu cau dit ra
1a dam bao an toan, giam ton that (ton that trung binh 16,5%) nhung chua dap tmg dugc yéu cau nang cao
san lwong khai thac. Cac nguyén nhan dan dén han ché nay 1a do diéu kién dia chat caa mo rat phic tap,
nhiéu dat gdy dan dén chiéu dai theo phuong cuia cac 10 cho ngin, phai chuyén dién nhiéu. Ngoai ra,
trong quéa trinh khai thac da phat sinh mot s6 sy ¢b nhu 16 gwong, tut néc 10 theo tinh chu ky gay ach tic
san xuat, giam nang suét lao dong va san luong 10 chg. Nguyén nhan dan dén su ¢ nay 1a do 4p luc cua
da vach tac dong Ién 10 cho trong qué trinh khai thac. Cho dén nay, viéc nghién ciru quy luat sap d6 va
bién dang cua da vach trén cac 10 cho 4p dung day chuyén cong nghé nay tai mé van chua duoc nghién
ctru. Do d6, dé gop phan nang cao san luong, d& xuat giai phap giam thiéu va khai thac phd hop vai quy
luat sap d6 da vach thi can thiét phai nghién ctu tinh quy luat sap do va bién dang cta da vach trong cac
10 chg nay.
2. Quy luat xuit hién &p luc mé va bién dang da vach trong 16 che co gi6i ha tai Cong ty than
Quang Hanh

2.1. Lwa chon phwong phdp nghién ciru

Ngay nay, véi su phat trién cua khoa hoc k¥ thuat va cong nghé may tinh, dé nghién cuu,tinh toan cac
két qua bién dong trong qué trinh khai thac ham 16 nguoi ta c6 thé sir dung phuong phap nghién ctu ly
thuyet phuong phap mé hinh mé phong vét ly hodc phuong phap mo hinh s6. Phuong phap nghién cuu Iy
thuyét thuong cho két qua khdng sét véi thyc té do thdng so trong tinh toan thuong Iay gid tri tuong ddi.
Phuong phap md hinh mé phong vat ly bang vat lidu tuong duong cho két qua twong dbi chinh x4c nhung

*Tac gia lién h¢
Email: lequangphuc@humg.edu.vn
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can c6 su gla cong vat chat véi ty Ie dong dang chinh xéc vai thuc té. Ngoai ra, véi phuong phap ndy s&
phai mat rat nhiéu thoi gian cho mbi lan thay doi d1eu kién khac nhau. Véi phuong phap mo phong bang
md hinh sé thuong cho két qua nhanh, cac thong sé nghién ctru da duoc lap trinh véi két qua tuong dong
véi thyc té trong mdi diéu kién. Hién nay, phuong phép nay dang duoc ap dung pho bién trén thé gioi dé
md phong 16 cho khai thac do ¢ nhiéu wu diém nhu: thuan ti¢n, don gidn, cho két qua nhanh. Ngoai ra,
Véi trg gilp cua may tinh c6 thé dua hang loat cac thong s dau vao trong viéc phan tich, danh gia, gop
phan nang cao muc do chinh xac cua két qua nghién cuu.

Trén co so nhitng phan tich trén, bai béo lya chon phuong phap nghién ciru 1a: sir dung mé hinh sé dé
m6 phong qua trinh khai thac 10 chg.

Cho dén nay, c6 rat nhiéu cac phan mém sb duoc sir dung dé phan tich tinh 6n dinh, bién dang cua than
va khoi dit da xung quanh cac khoang trong ngam sau khi khai thac va dao 10. Néi chung, cac phan mém
phan tich s6 hién nay thudng duoc lap trinh trén co sé cac phuong phap s6 co ban sau: Phuong phap phan
tir hiru han; Phuong phép sai phan hitu han; Phuong phap d¢ hoi tu gioi han; Phuong phap phan tur bién;
Phuong phap toan roi rac,...

M®bi phuong phép trén déu ¢ nhitng pham vi sir dung va déu duya trén mét gia thiét tinh toan on dinh
cling nhu str dung cac tiéu chuan pha huy hay tiéu chuan bén khac nhau. Hién nay, trong linh vuc phan
tich 6n dinh, bién dang cua than va khdi da xung quanh khoang trong ngam trong qué trinh khai thac va
dao 10, ciing nhu thiét ké két cdu chdng giir cac khu vuc khai thac trong cac mo than ham 10. Mot trong
cac phan mém dang duoc ap dung phd bién va c6 tinh chinh x4c cao ma nhém tac gia lya chon sir dung
d6 1a sir dung phan mém UDEC.

UDEC tén viét tit (Universal Distinct Element Code) xuat hién sém nhit tir nhitng nam 1970 la
chwong trinh phan tir tinh toan theo phuong phép sai phan hitu han, phuc vu tinh toan, thiét ké dia ky
thuat va mo. Véi chuong trinh UDEC ¢6 thé phan tich mang ludi véi hang ngin phan tir va téc do tinh
nhanh, ngoai ra c6 thé lgi dung UDEC dé thay d6i nhitng tham s nho nhat trén mé hinh, dugc dai dién
boi mot tap hop cac khéi roi rac lién két lai véi nhau.

Chwong trinh cho phép mé phong cac biéu hién tir cac két cau tir dat, da hoac cac vat liéu khac ngay ca
& trang théai chay déo khi gidi han déo bi vi pham. Trong phwong phép tinh nay, mién nghién ciu dugc
biéu dién boi cac phan tir hay ving, tao thanh mang ludi sai phan, do ngudi sir dung tao lap cho phu hop
vé6i hinh dang cua vat thé dugc nghién cuu.

Chuong trinh UDEC c¢6 thé khao sat thuan tién cac van d& co hoc phuc tap. Mot loat cic mé hinh co
hoc duoc cai dat trong chuong trinh cho phép md phong cac dic diém phi tuyén, khdng thuan nghich, dic
trung cho cac vat liéu dia chat hoac céc vat lidu tuong tu.

2.2. Lya chen 10 che nghién ciru [Vién KHCN Mo]

Hién tai, day chuyén thiét bi co gi¢i hoa dang dugc 4p dung tai 10 cho TT7.9 khu Nga Hai, Cong ty
than Quang Hanh. Do d6, nhém tac gia thuc hién tinh toan va nghién ciru tai 16 cho nay. Cac thdng sb cua
16 cho nhu sau:

- Chiéu day via trung binh: m = 2,4 m.

- G6c déc via trung binh: a = 18°.

- Trong lugng thé tich cua than: y = 1,58 T/m3

- Chiéu dai theo hudng ddc cua khu vuc thiét ké: Ly = 90 m.

- Chiéu dai theo phuong cua khu vuc thiét ké: L, = 290 m.

- bic diém da vach, tru:

Véch truc tiép: Truc tiép trén via than 1a 16p bot két véi chidu day tir 2,7 + 19,1m trung binh 9,4m,
cuong do khang nén trung binh o, = 40,9 Mpa, trong luong thé tich 2,66 tin/m®. Doi chd ngay sat via
Xuét hién l6p vach gia dang sét than tir 0,3 + 0,56m. Vach tryc tiép thudc loai 6n dinh trung binh.

Vach co ban: Vach co ban chi yéu 1a bot két hoac cat két, doi chd la san két vai chiéu day tir 7,7 +
15,5m, trung binh 12,4m, cudng d6 khang nén trung binh o, = 85,8 MPa. Vach thudc loai sap d trung
binh dén kho sap do.

Tru tryc tiép: Nam truc tiép dudi via than 13 16p bot két day tir 1,7 + 8,6m trung binh 4,6m, cudng do
khéang nén trung binh o, = 40,9 Mpa, trong lugng thé tich 2,66 tan/m*. Do6i chd xuat hién 16p tru gia 1a sét
két, sét than co cudng do khang nén trung binh 19,9 MPa. Tru thudc loai bén viing trung binh.

2.3. Thanh Igp md hinh tinh toan
2.3.1. Thanh Igp mé hinh

M hinh tinh toan dugc I4p trén co s6 10 chg khai thac TT7.9. Can cir sy phan b6 cia I6p dat dé va tinh
chat co li cia da vach va try, nhom tac gia thanh 1ap mé hinh véi kich thuéce: dai x rong: 200m x 90m.
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Hinh 1. M hinh 10 che' TT7.9 thanh Idp trong pham mém

UDEC

- Lop cit két
day 152 m,

- Ldp bt két
day 7.8 m,

- Lop sét ket
day 03 m,

- Via than day
24m,

- Ldp sét két
day 02 m.

- Lop bt két
day 8.6 m,

- Lép cit két
day 17.8 m,

Hinh 2. Cét dia tang ddc trung tai khu viec 10 chyr
TT7.9

Bdng 1. Cac chi tiéu co Iy cua tung logi da xdy dung md hinh

C.do C.do Hé s6
... | Thanh | Tytrong| khang | khang | Lwcdan | . . Luc dinh | Gécma | 7™
Loai da N 3 i i N Hé so (W |, » o kién co
phan (kg/m®) kéo nén  [hoi (Mpa) két (Mpa)| sat (°) )
(Mpa) | (Mpa)
ba vach ‘
£ Bot ket 2660 4,17 40,9 27763 0,23 6,6 53 4,32
truc tiep
ba vach .
. Cat keét 2660 5,62 85,8 28778 0,23 6,2 54 4,26
co ban
Via than Than 1580 0,93 11,56 7640 0,33 1,74 52 1,16
batry Bot két 2660 4,17 19,9 27763 0,23 6,6 53 4,32

2.3.2. Gidi hgn bién gigi mé hinh

Diéu kién bién gigi cia mé hinh dwoc chon nhu sau: M6 hinh duoc gisi han bai hai bén (tréai, phai) va
phia trén, dudi. Phia dudi c6 toa do (0,0), phia trén dinh lay bién gidi ty do [3]. Lo cho nam ¢ do sau
trung binh 225m do vay ng suat thang ding trén mo hinh ting thém 2,5 x 2,25 = 5,6 Mpa. Cin ctr Vao
dd chinh x&c thiét bj dién tir xac dinh tng xuit (cu tric (ng suat) khi d6 @ng suét tac dong truc tiép cua
cac muc trén mo hinh tang thém khoang 5,6 x 1,3 = 7,3 MPa.
2.4. Tinh to&n va phan tich két qua md hinh
2.4.1. Gidi trinh tinh todn md hinh

M6 hinh UDEC cha yéu phan tich: qui luat chuyén dong cua Iép da vach phia trén va duéi; qui luat
Xuét hién &p luc mo va qui luat bién dang dit da [Yuan Yu Jie, 2008]. Tién d6 chu ky khai thac 2m, chiéu
cao khai thac 2,4m. Udec sé& giai quyét cac van dé sau: Qui luat xuat hién &p luc mo; Qui luat phan bé tng
sut va dich chuyén da vach 16 cho.

Pé phan mém Udec c6 thé phan tich va cho két qua tét thi phai nhap vao cac diéu kién bién lién tyc,
ngoai ra phai bd sung thém mot s6 tham sé va diéu kién bén ngoai cua thyc té sau d6 tién hanh chay phan
mém. Trong qué trinh tinh todn phan mém s& cho két qua nhu hinh 3.

2.4.2. Phan tich két qua tinh todn m6 hinh
a, Phan tich buoc Sdp do da vach

Cung vai qua trinh khai thac than s& 1am anh huong toi trang thai ban du da vach dan t6i sy phan b
méi cua &p luc phia trén da vach, khi d6 s& 1am cho d4 vach dich chuyén. Khi 16 cho dich chuyén duoc
32m d4 vach truc tiép 1an dau tién bi sap d6 (hinh 3.a), vach co ban di chuyén vj tri 16n nhét 12 10cm; Khi
10 cho dich chuyén duoc 64m da vach truc tiép 1an thi 2 bi sap d6 (hinh 3.b), vach co ban di chuyén vi tri
I6n nhét 1a 30cm; Khi 16 cho dich chuyén duoc 94m d4 vach truc tiép 1an thi 3 bi sap db (hinh 3.c), vach
co ban di chuyén vi tri 16n nhat 1a 45cm; Khi 16 cho tién da 100m (hinh 3.d), vach co ban di chuyén vi tri
Ién nhét 1a 45¢cm.

126



(@) Khi 16 cho khdu diwoc 16 tién dé (32m) (b) Khi 10 che khdu dwoc 32 tién d (64m)

(c) Khi 16 cho khdu dicoc 47 tién do (94m) (d) Khi 16 che khdu dueoc 50 tién dg (100m)
Hinh 3. Phan tich qué trinh xudt hién ap luc mo trén noc 10 che

Trong diéu kién khai thac than via mong, do khoang tréng khai thac 14 tuong di nho, do d6 vé co ban
& véch tryc tiép cua 1o cho cd thé lip diy duoc khoang tréng khai thac, vach co ban chi mét bo phan phét
sinh ran nit, do d6 ap luc do vach co ban gay ra la khong dang ké. Vi vay ta chi phan tich tinh hinh xuét
hién &p lec cua véch truc tiép.

Dua trén két qua tinh toan cua phin mém UDEC ta thdy lan dau xuat hién &p luc mo véch truc tiép trén
néc 10 cho khi 16 cho dich chuyén dugce 32m, sau d6 chu ky xuét hién cua ap luc moé 1a 30m, vach co ban
Xuét hién ran nit, sy anh huong ap luc vach co ban khong déng ké.

b, Phan tich qui lugt phan bé &p luc tac dung Ién cét chong phia trieée grwong 16 chor

Khi xuat hién ap luc & 16 cho sy phan bé &p luc tac dung truc tiép trong d4 vach 1én phia trudc 16 cho
nhu (hinh v& 3+5). Pham vi anh huéng cua &p lyc tac dung 1én phia true 10 chg trong lan dau xuat hién
la 0m=32m , trong d6 pham vi anh huong I6n nhat 1a 1m = 4mvéi gia tri ap lyc 12 16 MPa=25 MPa. Pham
vi anh huong cua &p luc tac dung 1én cot chng phia trudc 16 cho trong Ian thir hai xuét hién 1a 0m=36m ,
trong d6 pham vi anh hugng I6n nhat 1a 1m + 4m vai gia tri &p luc 1a 22 MPa+35 MPa. Trong lan 3 xuét
hién &p luc thi twong ty nhu 1in 2 nhung gia tri 4p luc 24 MPa=+35 MPa.

Trong 10 cho co gisi hda khai thac than TT7.9 tai khu Nga Hai — Cong ty than Quang Hanh thi qui luat
phén bo ap luc tac dong 1én cot chdong phia trude guong 10 chg nhu sau: Pham vi anh hudng cua ap luc
mo trong thoi gian khai thac phia trude guong 10 chg tir Om + 36m, trong d6 pham vi anh hudng l6n nhat
1a 1m + 4m voi gia tri ap luc la 16 MPa=-35 Mp.

07 40r
9 g f 9
Z & 301 z
— E —
5 g s
s g S
S 10 S s
10
U [) 1 1 1 1 1] (] 1 1 1 1
00 3 4 50 0 20 30 40 50 20 30 40
Chigu dai 1o chg/m Chiéu dai 1o chg/m Chigu dai 16 chg/m
Hinh 4. Phan bé #ng sudt lan Hinh 5. Phan bé ap luc mo Hinh 6. Phan bé ap lic mo
dau xuat hién ap luc mo phia xuat hién lan 2 phia truéc xuat hién lan 3 phia truéc
truecc guong 1o cho guong 1o cho guong lo cho
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d, Phan tich sy dnh hucng vach co ban 10 che

Cung véi qué trinh khai thac 10 chg, vach truc tiép phét sinh sap d6 theo chu ky khai thac. Khi 16 chg
dich chuyén duoc 34m thi xuat hién &p luc lan dau 1am pha v& cu trac dat da (xuat hién cac ran nat) véi
d6 cao anh huong 22m; Khi 10 cho dich chuyén dugc 64m thi xuat hién ap luc 1an hai 1am phé v cau trac
dét da (xuat hién cac ran nit) voi do cao anh huong 33m va ran niet 6 s& anh hudng téi vach co ban; Khi
16 cho dich chuyén dwoc 94m thi xuét hién ap luc lan ba 1am pha v cau trac dat da (xuat hién cac ran
nat) véi do cao anh huong 33m va ran nuirt d6 s€ anh hudng téi vach co ban (hinh 7);

Tir d6 6 thé thiy rang, cung véi khai thac 16 cho s& phét sinh ran nut phia trén va mot phan anh huong
tai vach co ban, tuy nhién vé co ban thi vach co ban van 6n dinh.

nut khi 1o ch khdu dwoc nut khi Io cho’ khéu duworc nut khi 16 cho khGu u‘o‘c

Hinh 7. Tinh trang xudt hién ran niz da vach trong qud trinh khai thac than 16 che

3. Két luan
Trén co sé tinh toan va phan tich md hinh sé6 mé phong qué trinh khai thac tai 16 chg co gici h6a TT7.9
khu Ngé Hai - Cong ty than Quang Hanh, nhdm tc gia rut ra mét s6 két luan sau:

/(1) Khi khai thac than via day trung binh, do khong gian khai thac khong l6n nén da vach truc tiép c6
thé’ lap day khoang Chéngvkhai thac, vach co ban chi b phan phéat sinh ran nut, do d6 ap luc vach co ban
xuat hién la khong dang ké.

(2) Can ctr vao két qua phan tich cia phan mém Udec ta thdy 10 cho Ian dau xuat hi¢n ap luc mo khi
dich chuyén dugc 32m, ap luc mo theo chu ky 1a 30m, vach co ban xuat hién ran nut.

(3) Do 10 chg TT7.9 c6 diéu kén dia chat phuc tap (vach twong ddi ciing vimng) do dé thoi gian ap luc
tac dong Ién 10 cho 1a ¢6 pham vi twong ddi rong, &p luc thuong dich chuyén va tac dong 1én hang cot
chéng phia truéc va phan than guong 16 cho, ving anh huong 1a twong ddi rong. Vi vay sé& ¢ hién tuong
l6 guong, tut noc va dac biét 1a ¢ hai dau 10 cho (do ap luc twa Ién). Do d6, can phai dam bao an toan
trong khai thac thi méi nang cao dugc hiéu qua khai thac.

(4) Hién nay c6 nhiéu phuong phap nghién ctu ap luc mo, tuy nhién su dung phan mém Udec de
nghién ciru ap luc mo duoc nhidu nuéc phat trién trén thé gisi st dung, két qua nghién ciru caa phan mém
tuong d6i chinh xac so vai thyc té. Dya trén viéc nghién ctu trén mém dé lya chon cac giép phap chdng
giit, diéu chinh &p luc mé cho hop 1y dam bao an toan lao dong.
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ABSTRACT

The rules apparition mine pressure and transfigure stone roof in the
longwall mechanized furnace TT7.9 — area Nga Hai,
Quang Hanh coal company

Le Quang Phuct*, ZUBOV Vladimir Pavlovich?, Dao Van Chi?, Vu Thai Tien Dung?
1Saint-Petersburg mining University, Russian Federation;
2Hanoi University of Mining and Geology, Viet Nam

The longwall mechanized furnace TT7.9 - area Nga Hai, Quang Hanh coal company is one of the
longwall planned to apply the mechanized production for medium seam, small sloping conditions of the
Company. According to the assessment results, the longwall furnace output reached the designed capacity
and target. However, as the longwall has done before, during the implementation at the longwall furnace
TT7.9 a number of incidents such as face slides, loosening the roof of the cycle has not yet been
investigated, evaluate. These incidents are caused by the impact of the stone roof on the longwall and coal
in front of the oven. In order to forecast the occurrence of these phenomena in the longwall, contributing
to minimizing the risks and improving the efficiency of exploitation for the next longwall, the authors
analyze and evaluate the rules Quarry and deformation of stone roof in mechanized furnace TT7.9.
Research results of the article can make the base document for the company to propose measures to
reduce the impact of stone roof during the application, improve the efficiency of exploitation.

Keywords: mechanized; UDEC; line for medium; sloping small;
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E‘RSE HOQI NGHI TOAN QUOC KHOA HQC TRAI DAT
St - AR A TIOA HYL
s e« VATAINGUYEN VO'I PHAT TRIEN BEN VIPNG (ERSD 2018)
SUSTAINABLE DEVELOPMENT

Phuong phép xac dinh thdng sé né min hop Iy cho mé quing dong
Phukham - CHDCND Lao
Leepor Vaxingxong', Pham Vin Hoa?*

'Cong ty Phubia — CHDCND Lao
2 Truong Dai hoc Mo - Dja chat

TOM TAT

Chi phi khoan — nd min thuong chiém 30% dén 40% chi phf khai thac mo, viéc tiét kiém chi phf ndy s& c6 y nghia
I6n nham giam gi thanh khai thac, tang loi nhuan cho mo. Mé quiang ddng Phukham thudc cong ty Phubia Mining
(CHDCND L&o) 1a mot mo 16n véi tong trit luong dia chat 227 triéu tin quing, do vay viéc tiét kiém chi phi khoan —
nd min c6 y nghia 16n d6i vai cong tac khai thac mo. Xuit phat tir yéu ciu mirc do dap va, mirc do khé nd cia dat d4
mo, bai béo gidi thiéu phuong phap xac dinh théng sé né min hop ly cho mé trén co s¢ phan tich du béo thanh phin
c& hat dat ¢a nd min Kuz-Ram nham giam gia thanh khai thac, ting lgi nhuan cho mo. Phuong phap nay cho thiy sy
pht hop va kha thi véi diéu kién thyc té cua mo.

Tir khéa: Thong s6 nd min, mé Phubia, né min, ¢& hat dat d4 ndé min

1. D3t van dé

M6 quing ddng Phukham thudc cong ty Phubia Mining (T4p doan Panaust, Australia), nim trong mot
ddi nai phia Tay cua Ban Phavolo, huyén Xaysomboun, tinh Xaysomboun ( Trung-Bic Lao) va cach Thu
d6 Viéng Chan vé phia Bic khoang 120km. M6 c¢6 dién tich khai truong 2,631 km2, chiéu sau két thic
muc +230mRL, diém cao nhat cia ndi +700mRL, chiéu dai theo phwong 1975m va chiéu rong mo
1160m. Toa d6 khu vuc bién gigi moé dugc gii han dya trén UTM 48N va ban d6 vi tri khu mo
(Universal Transverse Mercator 48 North) dugc trinh bay trong bang 1 va hinh 1, tuwong (ng.

Bang 1. Toa dé khu vuc bién gidi mo

Toa do Phia Bic A Phia Tay B Phia Nam C Phia Dong D
X 279839 279471 279857 208857
Y 2089810 2088952 2088184 2089281

Hinh 1: Béan dé vi tri khu mé

Mo quing ddng Phukham c6 tat ca 5 via chinh, cAc via c6 chiéu day thay doi tir 5-150m, cd thé nam
déc nghiéng vé phia Tay-Nam véi do ddc thay ddi tir 45-70 do. Tong trir luong dia chét la 227 triéu tin
quing va tng trir luong khai théc 1a 176 triéu tin quiang. DAt d4 cua mo co do kién cd f=8+14 va ty trong
trung binh cua dat da 1a 2,5 tin/m3.

M0 dugc thiét ké sir dung hé thong khai thac xudng sau hai bo cng tac — béi thai ngoai, 1am toi dat da
bang phuong phéap khoan nd min, xuc bbc bang may xUc thuy luc gau thuén va gau nguoc cO dung tich

gau xGc tir 6,5 m3 dén 15,8m3 va van tai tryc tiép bang 010 CAT 100 tan. Nang suat khai thac trung binh
quang hing nim 17,1 tr.tAn/nim va dat d4 18,4 tr.tAn/nam.

*Tac gia lién h¢
Email: phamvanhoa@humg.edu.vn
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Cong tac lam toi dat d4 bémg phuong phap khoan nd min dugc mo sir dung chu yéu, vai yéu cau cia
day Chuyen san xuit thi chat luong dap v phai dam bao kich thudc cuc da 16n nhét cho phép 1a < 50cm
dbi véi quang va <120cm d6i v6i dat da. Hién tai trén mo dang s dung 2 loai may khoan, loai may
khoan nhé ROC-L7 c¢6 duong kinh 127 mm va loai may khoan I6n DM45 cé dudng kinh 200 mm, nang
suit thuc té khoan tai mo la 35+40 m/gio.

Mo dang st dung thudc nd nhii twong dé pha no dat da tai mo (70% Bulk Emulsion + 30%Amonium
Nitrate), co ty trong 1,15 g/cmd, ap luc nd 1a 36628 bar, nang lugng nod 3.87 MJ/Kg va toc do nd 4200m/s.
Phuong phap nap min co giéi hoa truc tiép bang xe MMU.

Phuong phap nd min 1a phuwong phap nd min vi sai phi dién. Str dung may PED ST dé kich nd tir xa.
Céc phuong tién nd dang str dung tai mé c6 nhu sau:

e Kip nd dung trén mat: Kip né 100 ms, 67ms, 42ms, 25ms va 17 ms.

e Kip nd xubng 16 min: Kip n 400ms, 450ms va 500ms.

e Str dung loai mdi nd 400g

e Day nd 5+10 g/m

e Thudc nd nhil twong bao géi (Package Emulsion) dung chi yéu nd pha da qua co

e May diéu khién nd PED TS + Pau phat tin hiéu voi khoang cach xa dén 1.6km
Bang 2. Bang tong hop cac thong so khoan né min

Théng sb Ky hiéu Pon vi Gia tri

d =127mm d =200mm
Chi tiéu thudc nd q Kg/m?3 0,5 0,7
Chiéu cao tang H m 10 10
Goc nghiéng suon tang o do 45+ 70 45+70
Khoang cach an toan tir mép tang dé 15 C m 2 2
khoan hang ngoai
Khoang cach giira cac hang 16 khoan a m 3,5 6
Khoang cach giira cac 16 khoan b m 4 7
Puong kinh 16 khoan d mm 127 200
Chiéu sau 15 khoan L m 115 115
Chiéu sau khoan thém Lt m 1,5 1,5
Gac nghiéng 16 khoan B do 90 90
Chiéu dai bua Lo m 3 5
Luong thudc nd trong 1 15 khoan Qs kg 119 218,50

Trong thuc té cong tic nd min tai mo quang dong Phukham cho thay: nhiéu vu né van xay ra hién
tuong phut bua sém, hién tuong da vang, con ton tai nhiéu da qua c& va dé lai md chén tang. Do vay, viéc
nghién ciru xac dinh céc théng s6 nd min hop 1y cho mo 4 rat can thiét.

2. Co'sé phwong phép xac dinh cac thong sé né min hep Iy cho mé quiing dong Phukham

Khi str dung phuong phap khoan — né min trong cong tac pha v dat da, chi phi tdng cong — hiéu qua
cua hoat dong san xuét 1a tuong thich véi sy t6i wu cua cdng tac khoan va né min. Cac chi phi xtc béc,
van tai va nghién dap giam xudng véi su tang 1én cua mirc 6 dap va, trong khi chi phi khoan né ting 1én
khi tang muc do dap v&. Muc do dap vo dét da dugc xem la mot vén d& quan trong nhat trong khai thac
quang vi né anh huong truc tiép dén hiéu qua va chi phi khoan né min, cac khau cong nghé tiép theo nhu
xuc bdc, van tai va nghién dap.

Chi phi khai thac tong cong c6 gia tri nho nhat tai kich thuéc c& hat dap v& téi uwu (Mackenzie 1967).
Viéc du bao kich thugc c& hat dap v toi vu sé gitp ngudi quan Iy mo lya chon dugc céc thdng s6 né min
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t6i wu nham pha v ra nhiing kich ¢& vat ligu da hogc quang theo yéu cau v6i mét chi phi da biét va trong
viéc lua chon cac hé thong may nghlen va bang tai khac. Kich thuéc ¢& hat t6i wu co thé khong phai la
kich thuéc ¢& hat yéu cau nhung biét dugc kich thudc c& hat t01 uu va sy phan b6 ¢& hat dat ¢a nd min,
ngudi 1am cong tac didu hanh mo s& diéu chinh céc thdng s nd min hop 1y dé dat duoc cac muc tiéu dé ra
(Morin and Ficarazzo 2006). Mdi quan hé gitra khau khoan né min véi cac khau cong nghé khac dén mic
do dap v dat da va chi phi dugc biéu dién trong hinh 1 (Jimeno, Jimeno et al. 1995). Ta thy, c4c chi phi
khoan né min, xtc bbc va van tdi, dap vo lan hai hop thanh chi phi khai thac tong cong (duong cong 4).
Duong cong nay chi ra rang mién B c6 chi phi tong cong giam dén muc téi thiéu trong pham vi c6 thé
chap nhan dugc. Ngoai pham vi nay (viing A va viing C) cac chi phi don vi caa mot hodc nhiéu khau khai
thac tao thanh chi phi khai thac tong cong qua mirc hoic rat cao.

4 1. Chi phi khoan va né
2. Chi phi xiic boc va vdn tdi

Tim
i

=] A L B C 3. Chi phi ddp vé ldn hai
S \ \ | 4. Chi phi khai thdc tong cong
S \ | 5
\ |
3
=
.y
S 3
S — ]

Kich thude co hat 1on nhdi

Hinh 1. S thay d6i cdc chi phi don vi va kich thuéc ¢ hat dap vér 16n nhdt d@én chi phi khai thac
tong cong (Jimeno, Jimeno et al. 1995)

Cac thong sé nd mm hop Iy cho mo quing ddng Phukham duoc xac dinh dya trén mue do dap vo yéu
cau va chi phi khoan né min nho nhat. Bén canh d6, cac chi phi ctia day chuyén san xut trong ung Véi
muc d6 dap v do cac thong sé thiét ké lya chon mang lai dat muc tiéu chi phi thap nhit. So dd cac bude
hoan thién céc théng s né min hop ly cho mé dwoc biéu dién ¢ hinh 2.

Dé duy béo kich thudc ¢ hat sau khi né min, md hinh Kuz-Ram thudng duoc sir dung. M hinh Kuz-
Ram la m6 hinh du bao mirc d dép v thuc nghiém dya trén co s¢ mo hinh cua Kuznetsov (1973) va
Rosin&Rammler duoc diéu chinh bi Cunningham (1983, 1987), bit ngudn tir hé sb muc do dong déu
trong cong thuc cua Rosin&Rammler xac dinh tur cac thong sb né min. Céc tinh chat cua da, cac tinh chat
cua chit nd va cac bién sé thiét ké duoc két hop trong phién ban hién dai cia mé hinh du bao muc d6 dap
vd Kuz-Ram.

Cac thong so nd thiét ké

\Z

Xac dinh kich thude c& hat bing mé hinh di bao
Kuz-Ram

4

Téiwu héa cac thong 56 thiét k& nd min duva trén mic 46 déap
v& yéu ciu, chi phikhoan nd va chi phi cia diy chuyén san
xudt 12 nho nhat

N

Hinh 2. So do hoan thién cac théng s6 né min cho mé qudng dong Phukham
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Dua trén céc cong thirc da chon, céc thdng sd nd min hop 1y dugc tién hanh xac dinh thong qua md
hinh dy bao mic do dap v dat da sau n6 min Kuz-Ram, tir d6 danh gia dwoc kich thuéc ¢& hat trung
binh sau khi né, kich thac ¢ hat ddc trung va kich thudc ¢ hat P80 (80% lot sang).

x _AK—08 0167(115/SANFO)0633 (1)

O day: Xm 1a kich thuoc c& hat trung binh (cm), A 12 chi s6 d6 khé nd cua dé, K 1a chi tiéu thude no
(kg/m3) Qe-Khéi lwgng chat n6 dugc sir dung (kg), Sanro 1a kha ning cong nd theo trong luong cia chat
né (so sanh véi ANFO).

Chi ?So d6 kh6 nd A dugc tinh toan dé diéu chinh mirc 6 dap v& trung binh trén co s¢ loai d4 va huéng
khaoi nd (Lilly 1986).

A= 0.06(RMD + JF + RDI + HF) @)

O day A 1a chi s6 d6 kh6 nd, RMD la chi s md ta khdi d4, JF 1a hé s6 do nat né, RDI 1 chi s6 mat do
cua da, HF 1a hé s6 do cung. C4c hé so nay duogc tinh todn tur cac dir liéu dia chat nhu: lgich thug&c khoi tai
thuc dia, khoang cach gitta cac khe ntt, huang khe nat, ty trong cua dam, mé dun dan hoi, do bén nén cua
da,...

Kich thudc c& hat phan b cua cac vat liéu duoc tinh toan tir cong thire Rosin & Rammler ¢é dang:

y =100(L—e /X"y 3)
O day y 1a ty 1 phan trim ¢& hat it hon kich thuée X (%), X 1a dudng kinh ciia cuc dé (cm), Xc Ia kich
thudc ¢ hat déac trung (ecm), n 1a hé s6 mirc d6 dong déu, va e la co s6 logarit tu nhién.

Vi cong thire Kuznetsov da dy bao kich thudc ¢d hat trung binh Xy, ma tng véi né 50% vat licu c6 thé
di qua, kich thuéc co hat‘ dac trung duoc tinh toan tur kich thuéc ¢ hat trung binh d€ su Vdung cho cbng
thac Rosin & Rammler bang cach thay X = Xy, va'y = 0.5 vao cong thuc 3, ta c6 thé tim thay:

XC — ( xml_] (4)
D60 3T

Kich thuéc ¢& hat trung binh cua vat liéu dat duoc tir mot vu nd 1a khong du théng tin trong viéc giai
thich hiéu qua cua vy nd do. Co thé ¢ hai déng da pha v c6 cung kich thudc ¢& hat trung binh nhung
ching lai ¢6 sy phan kich thudc ¢ hat khac biét. Cac hat rat to va cac hat rat min c6 thé dwa lai mot kich
thudc ¢& hat trung binh chdp nhan dwoc nhung c6 thé gay ra cac van dé trong cac hoat dong khai thac tiép
theo. Sy phan bé ¢& hat ddng déu 1a mot thong sé quan trong phai dwoc xem xét.

He s6 mirc do dong déu n dugc tinh toan tir cong thirc duoc phat trién boi Cunningham (1987). Hé sb
mirc d6 dong déu n ddi vai cdng thirc Rosin & Rammler dwoc danh gia nhu sau:

o5
Pl Ey ek
n=(2.2- 14° ] [ ; (1 -2 ®)
O day W 1a duong can (m), a la khoang cach gitra cac 16 min (m), d 1a dwong kinh 16 min (mm), E Ia
do léch tiéu chuan khi khoan (m), L la tong chi€u dai luong thuoe n6 (m), va H la chiéu cao tang (m).
Cunningham (1987) da cht y rang hé s6 muc d¢ dong déu n thuong thay doi trong khoang 0.8 va 1.5.

3. Xac dinh thong s6 né min hop ly cho mé quing déng Phukham

Dé t6i wu hoa dugc cac thong sé nd min hop Iy cho cong tac né min tai mé quing ddng Phukham, 5
thiét ké nd quang véi duong kinh 16 min 127mm duoc tac gia dua vao xem xét. Cac thiét ké dugc dwa vao
tinh toan du bao mirc d6 dap v trong md hinh Kuz-Ram rdi rit ra thiét ké hop Iy nhat dam bao kich ca
kich thuéc ¢& hat hop Iy va chi phi day chuyén san xuat phi hop nhat. Trong céac thiét ké nay sir dung
thudc nd nhii twong, quing cd hé sé a6 khd nd A = 6,9. Yéu cau kich thudc ¢& hat Ién nhat ddi vai quang
1a 50cm dé dua vao tram dap. Gia thanh chéat n6, phuong tién nd, chi phi khoan duoc Iy theo béo gia vat
liéu nd cung tng cho mo quang dong Phukham tai thoi diém tinh toan. Céc thdng s thiét ké né min trong
quang dugc trinh bay trong bang 3. Bang 4 trinh bay két qua tinh toan du béo murc do dap v va chi phi
khoan nd cho thiét ké né pha quang. Két qua du bao thanh phan c& hat cua cac thiét ké nd trong quing
dugc biéu dién dudi dang dudng cong phan b thanh phan ¢ hat cua bai nd. Hinh 3 biéu didn mot duong
cong phan bé b thanh phan c& hat cho thiét ké nd trong quing Q5.
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Bdng 3. Tong hep cac thdng sé né thiét ké trong quang

Théng so Ky bon Gid tri
hiéu vi Thiet | Thiét | Thiét | Thiet | Thiét

ké |kéQ2 |kéQ3 | kéQ4 | Ké

Q1 Q5
Chiéu cao tang H m 10 10 10 10 10
Géc nghiéng suon tang a do 80 80 80 80 80
Chi tiéu thudc nd q Kg/m®| 047 | 057 | 049 | 051 | 0.64
buong can chan tang W m 4.4 4.4 5 5 4.4
Khoang cach giira cac 16 min a m 5.3 4.8 5 5 4.4
Khoang cac gitra cac hang 16 min b m 4.6 4 4.5 4.3 3.8
Chiéu dai bua Ly m 3.8 3.8 3.8 3.8 4
Chiéu sau khoan thém Lkt m 1.3 1.3 1.3 1.3 1.3
Chiéu cao cot thude L m 75 75 75 75 7.3
Chiéu sau 15 khoan L m 11.3 11.2 11 11.3 11.3
Strc chtra thude nd trong mot mét 15 P Kg/m | 145 | 146 | 146 | 146 | 146
khoan
Luong thudc nd cho mot 16 min Q Kg/to | 109 | 109 | 109 109 | 106

Bang 4. Két qua tinh toan du bao mite dg dap vé va chi phi khoan né cho thiét ké né phé qudng

Théng sb Ky hiéu Giatri
Thiétké | Thiétké | Thiét | Thiét | Thiét
Q1 Q2 kéQ3 | kéQ4 | kéQ5

Kich thuéc ¢& hat trung binh (tinh | Xm, cm 30 26 28 28 24
theo Kuznetsov)
Hé s6 muc do dong déu (Rosin & n 15 1.35 1.45 1.49 15
Rammler)
Kich thuéc ¢ hat déc trung Xc, cm 39 33 38 36 33
Kich thugc cd hat P80(80% lot | P80, cm 54 45 53 49 43
sang)
Chi phi khoan dé dap v&é 1 m® dat | Cg, d/m® 2243 2700 2325 2433 3129
da
Chi phi n6 min Cn, d/m® 7218 8768 7486 7830 9800
Chi phi khoan né tong cong Crn, d/m® 9462 11468 9807 10263 | 12929

DPuong cong phén bd ¢& hat dw bao

120%

100% +

80% 1

60%

40% -

Percent Passing

20%

0%

+
0.2

Size (m)

Hinh 3.
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Hinh 5. Két qud so sanh kich thuéc ¢ hat trung binh Xm, kich thuwéc ¢ hat ddc trung Xc va kich
thuec co hat P80 (80% lot sang)

4. Két qua va thao luan

Két qua tinh toan chi phi chi phi khoan né tong cong (hinh 4) va du béo kich thudc ¢ hat trung binh
Xm, kich thudc ¢ hat didc trung Xc va kich thude ¢ hat P80 (80% lot sang) (hinh 5) cho thay: thiét ké co
két qua dam bao kich thude ¢& hat trung binh X, kich thuéc ¢& hat dic trung Xc va kich thuéc ¢& hat
P80 (80% lot sang) la cé thiét ké thar Q2, Q4 va Q5 con thiét ké Q1 va Q3 thi khéng dam bao kich thuse
c& hat P80 (P80%> 0.5m). Xét vé chi phi khoan nd tong cong cua 03 thiét ké trén, thiét ké Q4 c6 chi phi
khoan né téng cong nho nhit nén tac gia lra chon thiét ké thi 4 1a thiét ké hop 1y cho cong tac khoan nd
quang tai mo quang dong Phu Kham.,

Bdng 5. Tong hop cac thong sé thiét ké né quéing dieoc lra chon cho cdng tAc né min tai mé qudng dong Phukham

Thong so6 Ky hiéu Pon vi Giatri
Chiéu cao tang H m 10
Géc nghiéng suon tang o do 80
Chi tiéu thudc no q kg/m® 0.51
Puong can chan tang w m 5
Khoang cach giira cac 16 min a m 5
Khoang céc giira cac hang 16 min b m 4.3
Chiéu dai bua Lo m 3.8
Chieu s&u khoan thém Lkt m 1.3
Chiéu cao c6t thuoe Lt m 7.5
Chiéu siu 16 khoan Lk m 11.3
Stc chira thudc 1 mét 16 khoan P kg/m 14.6
Lugng thuoc no cho mét 16 min Q Kg 109

5. Két luan

M6 hinh Kuz-Ram Ia mé hinh duy béo chit lugng dap v& dat da sau khi né min phd bién trén cac mo 16

thién 16n trén thé giGi hién nay. Trén co so ly thuyét va méi quan hé rang budc 1an nhau giita cac théng
s0, cac chi tiéu, tinh chat co 1y va mirc d6 dap v& yéu cau cu thé, sy anh hudéng lan nhau cia khau khoan
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nd min dén céc khau trong day chuyén san xuat, thiét 1ap méi quan hé cua ching vé cac chi tiéu va chi
phi, dua vao md hinh du bdo va danh gia muc d6 dap vo va chi phi téng cong cho day chuyén san xuét
hop 1y. Viec sa dung mo hinh du bao chét lugng dép v& cua dat d4 sau khi né Kuz-Ram d tro gitp cho
viéc lya chon thiét ké nd phu hop véi cac yéu cau murc d6 dap va va chi phi. M6 hinh nay la mé hinh dy
bao hi¢u qua va kha thi véi két qua t01 uu héa thong sé né min cho mo quang dong Phukham — CHDCND
Lao. Cac két qua lua chon thiét ke né s& trg giup hiéu qua cho cdng tac nd min pha quang tai mo. Phuong
phap va mé hinh ap dung nay can duoc danh gia cac qua nd thuc té dé cé sy diéu chinh mé hinh dy bao
ngay cang sat thuc té hon.

Loi cam on

Céc tac gia xin tran trong cam on sy gitp d& cia can bo, nhan vién cong ty Phubia da giup d& trong
thoi gian thyc tap va nghién ctu tai mo.
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ABSTRACT

Method for determining suitable blasting parameters for Phukham
cooper mine - Lao people’s Democratic Republic

Leepor Vaxingxong?, Pham Van Hoa?"
!Phubia Mining Limited — Lao people’s Democratic Republic
2 Hanoi University of Mining and University

Drilling and blasting take about 30% to 40% of mining cost, saving this cost has a great meaning in
reducing production cost, increasing mining profit. Phukham surface copper mine belonging to Phubia
Mining Limited (Lao people’s Democratic Republic) is a large mine with ore reserve of about 227
milllion tons, therefore, saving the drilling and blasting costs will reduce the mining cost. Based on the
requirement on fragmentation, the blastability of rock masses, this paper presents the method for
determining the suitable blasting parameters by using Kuz-Ram method to predict the fragment
distribution of blasted rocks. The Kuz-Ram method shows the relevance and feasibility to practical
conditions of the mine.

Keywords: blasting parameters, blasting of rock, rock fragmentation
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ERS& ; ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
o emereme  VATAINGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru cac giai phap giam thiéu ndng do bui tai cac guong 10 dao
cua mo than Nui Béo

Nguyén Vin Quang®*, Nguyén Vin Thinh*, Pham Dirc Hung!
YTruong Dai hoc M6 - Dia chat

TOM TAT

Mo than NUi Béo than ham 10 NGi Béo c6 dién tich 5,6 km?, cach Thanh phé Ha Long - Tinh Quang Ninh
7 km vé phia Pong Bic, dugc quan ly boi Cong ty C6 phan than Nui Béo- Vinacomin. Sau khi két thic
khai thac phan nong bang phwong phap khai thac 16 thién, phan sau ciia mé than Nui Béo dugc chuan bi
khai thac bang phuong phap khai thac him 10. Hién nay, mo dang trong giai doan xay dung cac duong 10
xay dung co ban va cac duong 10 chuan bi dé phuc vu cho dy &n khai thac phan sau bang phuong phap
khai thac ham 10. Hién nay, tai c6 dang thi cong dong thoi 6 guong 16 dao, chu yéu 1a cac dudng 16 doc
via va céc duong 10 thugng. Trong 6 guong 10 thi ¢6 2 guong c6 nong do bui vuot qua gidi han cho phép
theo QCVN 05:2013/BTNMT. Bui mo tdn tai & dang lo lirng trong khong khi va rat cé hai d6i vai sic
khoé cua con ngudi, dic biét 1a bui da vai ¢ hat min. Cac bénh lién quan dén bui mo phé bién nhat la:
Silicozo, antracdzo hoic Silicdzo- antracdzo; Bai bao da nghién ciru, phan tich, danh gia ki diéu kién dia chat
—mé, dic diém cong nghé dao chdng 10, x4c dinh ndng d6 bui tai cac guong 16 va dé xuat cac giai phap ap dung
phd hop nham giam thiéu lugng bui phéat sinh tir cac guong 16 dao cia mo than Nui Béo. Dic biét da ap dung két
qua nghién ctru cho duong 10 thugng mé 10 chg 41105 tai mé than Nui Béo va dem lai két qua kha quan,
dua ndng d6 bui phét sinh tai gwong 16 vé trong giéi han cho phép theo QCVN 05:2013/BTNMT.
Tur khéa: Bui; Guong 10 dao; Nui Béo

1. Pic diém cong tac dao 10 tai mo than NUi Béo

Hién nay mo than Nui Béo dang tap trung dao 6 guong 16 vai tiét dién tir 8,4 m? dén 12m? 4o la:
Thuong 32252 mirc -50/-30; Doc via thong gi6é 31152 -30; Doc via van tai -50; thwong TGVT -35/-20; L0
DVVT 41103; thuong mo 10 chg 41105. Cac duong 16 nay déu dwoc chuan bj trén via 11. Via nay phan
bé trén toan mo, thudc loai via c6 chiéu day trung binh dén rat day. Chiéu day via thay ddi tir 0.59m +
17.13m, trung binh 12 5.43m. Géc déc via thay ddi tir 5° + 60°, trung binh 25°. Via c6 tir 0 + 8 I6p da kep.
Chiéu day I6p da kep trung binh 1.15m.[Cong ty CP than Nui Béo-Vinacomin, 2018]
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Hinh 1. So do dao chong dwong 10 8,4m? dao trong than

*Tac gia lién h¢
Email:nguyenvanquang.hl@humg.edu.vn

137



mailto:nguyenvanquang.hl@humg.edu.vn

2. Nguén gbc phét sinh bui than trong cac duong 16 dao

Trong dao 16 n6i chung va & mé than NGi Béo n6i riéng, bui phét sinh chii yéu & cac khau: Khoan, n6
min, xdc bdc, van tai, téc do gi6é qua lon. ..
Két qua do dac ndng do bui trong cac gwong dio 16 dugc thé hién traong bang 1
e Bang 1. Két qua do dac bui tai cac dwong 10 chudn bj [S¢ Y té méi trwong tinh Qudng Ninh, 2018]

STT Tén duong 10 Két qua do nong | Gigi han nong do Ghi chu
ddo bui tai cac | bui theo QCVN
guong 10, (ug/m?) | 05:2013/BTNMT,
(ug/m®)
1 Thuong 32252 mirc -50/-30 302 300
2 Doc via théng gié 31152 muc-30 278 300
3 Doc via van tai mac -50 293 300
4 Lo thugng TGVT -35/-20 258 300
5 Lo DVVT 41103 286 300
6 Thuong mé 10 chg 41105 312 300

Tur két qua do dac thuc té cho thiy ndng do bui tai cac guong 10 dao kha cao, trong 6 guong 16 dao thi
¢6 2 guong 16 ¢6 ndong d6 bui vuot qua gidgi han cho phép.

3. Pé xuit, lya chon céc giai phap giam thiéu ndng dd bui tai gwong 16 dao
3.1. Pé xudt gidgi phap gidam thiéu néng dg bui
3.1.1.Chéng bui bang phwong phdp théng gié

Thong gi6 1a phuong phap chdng bui rat higu qua khi dao 1. Két qua nghién ciru cua nhiéu chuyén gia
da cho thay, dé hiéu qua chdéng bui tot nhat can tao ra toc do gidé téi wu & guong 10 1a: 0,5 dén 0,7m/s
[Tran Xuan Ha, 2013]

3.1.2. Chéng bui khi khoan 16 min

Khi khoan céc 16 min sé tao ra bui hay mun khoan ¢ day 16 khoan. Dé xir 1y luong bui phét sinh nay
khong tung vao khong khi & khu vuc khoan, nguoi ta c6 thé sir dung mot trong cac giai phéap sau: Khoan
udt; Khoan khd vai bién phép hat va loc bui va Khoan ban w6t (khoan véi bién phap dung bot khi).

- Khoan wot

Pay 1a bién phép rira 16 khoan bang nudc, nho bién phép nay nén bui khdng thoat ra khoi 16 khoan
dusi dang tw do ma hon hop véi nuéc rdi bi day ra ngoai duéi dang dung dich. Viéc rira I8 khoan c6 thé
cung cép nudc doc tryc va cung cép nude bén suon. Khi rira 15 khoan cung cip nu6c doc truc, nude di
vao ranh cua can khoan qua ranh & choong va ranh & than bua. Phuong 4n cung cip nuée doc truc nay
dugc &p dung cho may khoan khi ép, mdy khoan dién cam tay, khoan dién c6 cot do. Hiéu qua glam bui
trong phuong phap chéng bui nay dat 95 - 97% so vai khi khoan khd khdng chéng bui va trong da s6 cac
trudng hop nong do bui dat dusi mac ti da cho phép.

Luong nudc can cung cap cho 16 khoan dé dat dwoc hiéu qua khir bui khong duoc nho hon 3 I/phut ddi
v6i may khoan hang nang. [Tran Xuan Ha, 2013]

- Khoan ban 1ot (khoan véi viéc chang bui bang bot khi)

Hién dang c6 mot sé chét tao bot c6 tinh chat sinh ra dung dich bot khi dic va do luc lién két nhan tao,
bot khi nay lién két cac hat bui d& dang. Bot khi sinh ra nho dwa khi nén vao mot loai dung dich nhét
dinh. Bot khi dugc sinh ra nhu thé dwgc bom vao 15 khoan thay thé nuéc hodc vao miéng 16 khoan.
Lugng nudc tiéu thu trong phuong phap chong bui nay 1a rat nho, cho nén phuong phap chbng bui nay
duoc chi dan su dung & mo thiéu nudc hodc can giam tiéu thy nude nham bao vé diéu kién vi khi hau
hoic bao vé dat da ¢ nén duong 16. Bong thoi phuong phap chdng bui nay ciing nén st dung khi khoan 15
khoan nghiéng va 15 khoan dung.[ Tran Xuan Ha, 2013]

- Chéng bui khi khoan véi viéc hit va loc byi

Trong trudng hop nay bui phat sinh do khoan s& duoc hdt ra khoi 16 khoan hozic qua ty khoan, hoic
qua miéng 156 khoan
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Hinh 2. Thu bui tir 16 khoan
Néu viéc hat bui & miéng 16 khoan thi khi d6 sir dung mét sé thiét bi bit miéng 16 khoan, con khi hat
bui tir d4y 16 khoan, cong viéc hit bui s& duoc tién hanh nho ty khoan hoac nhd khoang khong gian giira
ty khoan va 6ng kim loai dua vao 15 khoan.

3.1.3. Chéng buyi khi né min

Cong tac ndé min 1a mét trong nhitng ngudn tao bui cha yéu trong moé. Cac phuong phap chdng bui bao
gom: ding man suong, treo cac tai nudc treo, nap bua nudc cho 16 min va két hop cac phuong phap trén.
- Dung man swong nucc

Bién phap nay tién hanh bang cach tao ra sau guong 16 mot doan dai tir 10 - 20 m mot man suwong gom
nhirng hat nudc vo cung nho, cac hat nudc nay lam am bui khien cho trong luong cua ching tang 1én va
bat budc phai lang dong

RS
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suong
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Hinh 3. Chédng bui nho phun sicong

Pé tang hiéu qua thi can cho thém nudc phun wét céc chat thim udt, c6 thé 1am giam 80- 95% bui.

Ngoai ra nd con c6 tac dung khir Axit Nitoric. Nho d6 ma thoi gian thong gio duoc rdt ngan, hiéu qua
lam giam uxytnito tir 50- 60%. [Tran Xuan Ha, 2013]

- N6 min sir dung bua nueéc

Nap bua cho 16 min bang nudc 1a dat cac tai nude vao 16 min tiép theo sau la cac thoi thude thay cho
dat sét, cac thi nude ndy duoc lén chat bang dat sét.[ Tran Xuan Ha, 2013]

Bua ddt sét (khong nhd hon 150mm)

Hinh 4. Ngp bua cho 16 min bang nwéc
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Vo cua cac tai nude dugc ché tao tir cac dng Polietylen c6 duong kinh nho hon dwong kinh 16 min 1-3
mm, dau tai duoc bit chat hodc dugc bit kin bai van 1 chiéu.

- St dung tii nwedc treo khi né min

Hiéu qua cua phuong phap nay ciing tuong tu nhu & phuong phap nap bua cho 16 min bang céc tdi
nude. Cac thi nude duoc treo trude guong 10 khoang 1,5-2 m va chang s& bi nd tung ra khi min né, tao
nén mot I6p swong mu trude guong 10.

S6 luong tai can thiét cho mot lan nd duoc xac dinh sao cho d6i véi 1m? tiét dién 10 s& c6 khong it hon
5 t0i, mdi tdi c6 dung tich 10-12 lit.

3.1.4. Chéng buyi khi xtc bac

Khi xdc boc dat da hodc khoang san sau khi nd min ciing lam phat sinh luong bui dang ké. Bé chdng
bui trong cong tdc nay, ngudi ta sir dung phuong phap phun tudi bang thu cong hodc bang cac voi phun tu
dong dugc lap dat trén may xuc.

3.2. Lua chon cac gidgi phap chéng bui hep Iy cho gwong 16 dao tai mé than NUGi Béo
3.2.1. C&c gidi phdp dwoc lya chon

Dé dap g duoc yéu cau giam thiéu ndng do bui, ddng thoi nang cao ning suat lao dong can phai phdi
két hop cac giai phap chng bui sao cho hop 1y. Déi vai cac guong 10 dao tai mo than NUi béo voi dac
diém 1a tiét dién dao 16 khong 16n, hau hét cac dudng 16 déu dao trong than nén céac giai phap duoc lya
chon nhu sau:

- Trong thong glo khi dao 10: Can yéu cau toc do gi6 di qua duong 10 voi toc do 0,5 dén 0,7mVs, téc
d6 gi6 trong ong gio < 12m/s, khodng cach tir miéng ong gio téi guong 10< 10m nham hoa lodng bui
nguyén sinh t6t nhat va tranh phét sinh bui thi sinh.

- Khi khoan 1§ min: Can sir dung céc loai may khoan c6 mii chup dé thu bui, tranh phat sinh ra guong
0. Str dung khoan ué6t hoat khoan ban w6t tai guong 16 than s& khong hop Iy vi hau heét déu st dung may
khoan dién va tai cac guong 16 dao khong c¢6 san nudc.

- Khi né min: Nham hoa lodng bui nhanh, hip thy khi déc va nhiét d6 tai guong 10, nén st dung phun
swong dap bui dé tao man swong tai cac guong 10 dio. Vi phuong phép nay da duoc ap dung rat hiéu qua
tai mo than Ha Lam, cho hiéu qua dap bui dén 70%. Phuong phap nay dugc trinh bay nhu hinh 3. Con
phuong phap sir dung bua nudc va treo tai nudc tai guong 10 s& kho khin do thoi gian chuan bi bua nudc
va tai nudce s& lau. Mat khac néu xay ra hién twong ro ri sé rat d& dan dén tinh trang min cAm hoic chap
kip do hau hét thudc no tai cac guong 16 nay déu la thudc nd khdng chiu nudc va ndé min bang kip dién.

_- Khi xtic béc: Néu da sir dung phun swong dap bui trong qua trinh n6 min thi trong khau xic khang
can phai sir dung phuong phap chong bui nira, do céc hat bui da bi lam am va trong qua trinh xdc van st
dung phun suong.

- Trang bi béo ho ca nhan: Ngoai nhiing giai phap chéng bui nhu trén, can phai trang bi bao h chdng
bui cho moi nguoi lao dong lam viéc tai guwong 10 nhu: Khau trang chong bui, mi chong bui, ...

3.2.2. Lua chon duwong 10 thiét ké giai phap chang bui

Puong 16 duoc lya chon thiét ké giai phap chdng bui 1a thuong ma 10 chg 41105 tai mo than NGi Béo
c6 ndng do bui do dwoc la 312ug/m3, vuot qua giéi han cho phép theo QCVN 05:2013/BTNMT
(3009/m3). V&i dic diém 1a duong 16 thuong, c6 do dbc theo do déc cua doc cua via 11 (dbc 26°), duong
10 duge dao trong via than va cd thoi gian thi cong khong lau (dudng 16 dao dé ma 10 cat), vai toe do dao
10 hién tai thi thuong ma 10 chg 41105 c6 thoi gian thi cong khoang 45 ngay. Véi thoi gian ngén, duong
160 dbc nén nghién ciru da dé xuét cac giai phap giam thiéu nong do bui trong guong 16 va giai phap giam
thiéu anh huong dén nguoi lao dong nhu sau:

- Giai phap thdng gi6: Luén duy tri khoang cach tir miéng dng gid téi guong 16 1a 8m, téc do gio di
trong duong 10 12 0,5m.
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Hinh 5. So do théng gié khi dao 16 thirong mo 10 che 41105 tgi mé than Nui Béo

Két qua do dac sau khi &p dung giai phép duy trinh téc d6 gio di trong duong 10 va khoang céch tir
miéng 6ng gioé cho thiy: Nong do bui trong duong 16 cach gwong 16 20m la 189ug/m?, nong do bui tai
guong 16 sau khi né min va dugc théng gi6 tich cuc (30 phut) 1a 254pug/md, da giam 58ug/m3( so véi két
qua 312pg/md trude d6). Két qua nay nam trong gidi han cho phép theo QCVN 05:2013/BTNMT.

Ngoai ra véi dac diém la duong 10 doc nén dé giam thiéu bui hit vao co thé ngudi cdng nhan, can thiét
phai st dung khau trang chdng bui chuyén dung dé giam thiéu anh huong ciia bui dén siic khoe cdng
nhén 1a nho nhat.

Hinh 6. Khdu trang chang bui chuyén dung cho mé ham 1o
4. Két luan

Tir két qua nghién ctiu cho thay, dé giam thiéu nong do bui va giam thiéu anh huong cua byi déi véi
cong tac khai thac mo noi chung va ngudi lao dong noi riéng can thyc hién cac cong tac sau: Trudc hét ta
can trang bi cac thiét bi bao ho cho nguoi cdng nhan dé dam bao an toan bui cho ngudi lao dong cing véi
d6 1a viéc tién hanh cac bién phap nham giam ham luong bui chung cho guong 16 nhu: Trong khau khoan
can sir dung may khoan c6 thiét bi thu bui hoic gia cong phan mii chup dé thu bui lip cho méay khoan
khong c6 thiét bi thu bui; Trong khau ndé min wu tién sir dung phwong phap phun suwong dap bui nhim
giam bui, giam nhiét do va hap thu khi doc.

Céan dam bao véi téc d6 gié qua cac duong 16 dao 0,5 m/s dén 0,7m/s, tbc do gi6 trong dng gi6 <
12m/s, khoang cach tir miéng dng gid toi guong 10< 10m. [Bo cong thuong, 2011]

Két qua &p dung giai phap ddi véi thugng ma 10 chg 41105 tai mo than Nai Béo kha kha quan voi
ndng do bui tai guong 16 (noi tap trung sb lwong ngudi nhidu nhit trong dao 16) giam tir 312 pg/m? xuéng
con 254 ug/m3. Véi ndng d6 bui nay, mdi truong 1am viéc cua cong nhan dwge dam bao theo QCVN
05:2013/BTNMT.
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ABSTRACT

Reseach on solutions to reduce concentration of dust at faces of coal
mine Nui Beo

Nguyen Van Quang?, Nguyen Van Thinh?, Pham Duc Hung*
'Hanoi University of Mining and Geology

Nui Beo coal mine with an area of 5.6 km?. It is far 7 km from north — east of Ha Long city, managed
by Vinacomin - Nui Beo Coal Joint Stock Company. after finishing the mining of the shallow coal by the
open pit method, the depth of the Nui Beo coal mine is being prepared by mining method. At present, the
mine is in the process of constructing the basic heading and heading preparations to serve the deep mining
project by undergroud mining method. Currently, the mine is being constructed at the same time 6 face of
stope,include level, brake icline. There are two face with dust concentration higher than allowed, QCVN
05:2013/BTNMT. Dust mines is exist in suspended in the air, harmful to the health of workers. especially
rock dust with silky particle size, causing diseases: Silicozo, antracozo hodc Silicozo- antracozo.The
paper has studied, analyzed and evaluated the geological conditions of the mine, the characteristics
technology of the exploit-hold heading, determine the dust concentration in the face heading and
Proposed appropriate solutions to reduce the amount of dust resulting from the face heading of Nui Beo
coal mine. Particularly, the research results have been applied for the brake incline at 41105 at Nui Beo
Coal Mine and bring about positive results, reduce the concentration of dust in the face heading to the
limit allowed by QCVN 05: 2013. / BTNMT.

Keywords: Dust, Face, NuiBeo coal mine
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E‘RSXB- ; ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
o emereme  VATAINGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctiru tng dung niang luong nd dé nén ép nén dat yéu
bang luwong nod tap trung

Pam Trong Thang®* Nguyén Tri T4l
Y Hoc Vién Ky thugt Quan su

TOM TAT

Dé c6 thé thuyét phuc va tng dung hiéu qua niang lugng nd nham nén ép nén dat yéu phuc vu gia cudng,
gia ¢b dat dudi nén méng cong trinh, can phai nghién cau hoan thién phuong phép tinh toan nd. Chinh vi
vay bai bdo da sir dung phuong phép gidi tich két hop Vvoi thyc nghiém nham nghién ctru hoan thién ban
chat qué trinh tc dung né nén ep nén dét bang lugng nd tap trung, dwa ra phuong phap xéac dinh h¢ s6 dac
trung cho muae do nén ép cua nén dat va phuong phap tinh toan thong sb luong no tap trung dé nd nén ép
nén dat.

Tirkhoa: N&; nén ép dat; gia cuong nén dat; gia cd nén dat.

1. Pit van aé

Khi xay dung nhiing cdng trinh tren nén dat yéu, viéc gia c6 nén dé c6 do chat dam bao duge cuong do
chiu tai yéu cau cho cong trinh 1a vin dé rat quan trong. Néu nhu khong xu Iy tot nén méng, cac cong
trinh xay dung trén cac loai dat da nay s& bi IGn hozc bi hu hai. Viéc gia CO dat yéu, dat déo, duoc lam
bang nhiéu phuong phap khac nhau: vét bun, nén ép, gia tai trudc, gia ¢ bang coc gd, coc tre, coc bé
tong, coc cat... (Pam Trong Thang va nnk, 2015; Opuenko JLIL u ap, 2002). Hi€u qua cua cac phuong
phap nay tiy theo diéu kién dia chat khu vuc va tinh chat cua cong trinh. Ngoai nhitng uu diém, cac
phuong phap trén c6 nhugc diém Ia thoi gian thi cong bi kéo dai, phuong ti¢n cdng kénh va gid thanh dat.
Vi thé, viéc tim mot bién phap thich hop c6 hiéu qua kinh té k§ thuat dé gia cuong, gia cb dat yéu la mot
nhiém vu c6 tinh cap thiét.

O nuéc ta nang lugng nd chu yéu dugc nghién ciu ing dung trong viéc pha huy dét da, viéc nghién
cru g dung trong gla cuong, gia cb vat lieu trong dé co dat yeu con it dugc quan tam. Nguoc lai trén
thé gidi nang luong no rat duoc quan tam trong viéc gia cuong, gia cd vat liéu (Pam Trong Thing va nnk,
2015; Vién KHCN giao thong van tai, 2016) Hién tai & ta ciing chua duogc du tu mot cach hé théng cho
Viéc tao ra cong nghé nd gia cuong, gia cd dat da (Nguyén Dinh Au va Nhir Van Béch, 1998; Hoang Vin
Tan va nnk, 1973; Vién KHCN giao thong van tai, 2016; Opaenxo JLIL. n xp, 2002). Nhung tai liéu ta
duoc tiép can duoc con han che vé bi quyét ky thuat va cong ngh¢. Chlnh Vi véy viéc tiép tuc dau nghién
ciu ng dung nang lugng nod trong cong tac gia cuong, gia ¢ cho nén dit la mot hudng di c6 ¥ nghia
khoa hoc va thuc tién. Ban chat phuong phap nay chinh 1a sy nén ép tao budng rdng trong nén dét bang
nd. Sau nd dat xung quanh budng réng dugc nén chat hon, con budng rdng duoc nhdi cat hoic vira bé
t6ng. Két qua lam ting sic chiu tai cho nén dét.

2. Phén tich co sé' ly thuyét nd nén ép dat
2.1. Quan diém cin bang nang luong
Thé ning cua lugng nd:

W =E;.AQ, kG.m/kg ()]
trong do:
E, - nhiét lugng riéng cua chit nd, kCal/kg; Véi thube nd Amonit s6 6JV c6 E; =1000 kCallkg;
Q - khéi lugng chét nd, kg;

A- duong lugng cong cua nhiét, béng 427 kG.m/kCal.
Khi nd ngam trong dat déo, coi qua trinh nd 1a doan nhiét, theo dinh luat bao toan ning lucmg, thé nang
ctia lugng nd bang tong ning lugng nén ép dat da (Wy), trong ving nén nang lugng lam bién dang khong

* Téc gia lién h¢é
Email: damtrongthang0806@gmail.com
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thuan nghich (Whg) trong ving bién dang va ning luong gy chan dong dat (W) trong ving dan hdi co
dang sau:

W=W, +W, +W, 2

Céc cong trinh nghién ciru 1y thuyét va thuc nghiém nd trong méi truong dat da vo tan da chimg minh
rang, ba ving niy c6 tuan theo qui luat dong dang va ti 1¢ ban kinh tac dung giita cac ving c6 thé xem
nhu khong d6i trong mdi loai dat da nhat dinh (Kyrysos B.H. va Py6uos B.K., 1970; Kyry3os b.H., 1990;
Cenos JLU., 1967). Vi vay dé don gian bai toan c6 thé dua vao hé sé sir dung ning lugng hiru ich trong
vung nén c6 dang:

_ W'Wbd -W

C

h W, 3
a =
y 77 Y
Theo két qua nghién ctru cia A.N Khanucaep 77 =0,6—0,7 . Thay (1) vao (3) rit ra:
W =n.E,.AQ 4

Ning luong can thiét dé nén ép dit tao thanh budng rdng trong ving nén cua luong nd tap trung duge
xac dinh nhu sau:

Rﬂ
W, = [[[ Wy,dv = 47zW,, [ R*dR (5)
Y T
4 3 3
WnZEﬂ.WOn(Rn_rO) (6)
trong do:

WOn - ndng luong tiéu ton riéng can thiét dé nén ép dat dén trang thai vom can bang véi ap luc n tinh
trén mot don vi thé tich dat, kG.m/m?,;

V - thé tich ving dat d4 bj nén thanh ving rdng.

Can bang (4) va (6), tién hanh bién ddi cho phép rut ra ban kinh ving nén ép c6 dang:

ane\,/1+77.A.pt.Vl\E/—°eJ 3 3{6

on \ 470, .

()

E, 3 , .2 .
bat: K, =31+n.Ap,.——3 , khi @6 cong thirc (7) duoc viét dusi dang rat gon:
on \ 7P

R =K, .3Q (7)
trong do:
K., - duge goi 1a cac h¢ s0 ddc trung cho tac dung nd & ving nén (con goi 1a hé so nén ép dat cua no),

né phy thude vao loai dét da va loai chit nd. Dét da cang bén virng kho nén thi ban kinh ving nén cang
nho va nguoc lai;

W0n - ndng luong tiéu ton riéng can thiét dé nén ép dat dén trang thai vom 6n dinh tinh trén mot don vi
thé tich dat, kG.m/m?;

0, - mat do thude nd, kg/md,
2.2. Quan diém cén bang dp lwe né dan né trong buéng min

Theo dinh luat din né khi né6 manh ta 6 mbi quan hé giira 4p sut trong san pham khi nd ( P ) voi thé
tich dan no (V' ) co dang:

PV" =const ®)
Qui luat trén c6 cc didu kién saw: N=K =3 khi P>PB, va n=y=7/5khi P<PB, .

144



Qui ludt dan né san pham nd tir thé tich budng min ban dau (twong tmg ban kinh ) dén thé tich ving
nén ép (tuong tng ban kinh ROn ) xay ra theo hai giai doan theo qui luat entropi khac nhau trong (8). Vi
vay tai diém tiép xuc hai entropi d6i voi luong nd tap trung ta nhan dugc hé phuong trinh sau:

/R = (P /B)"™
R /R =(P, /P)'¥

Sau khi bién d6i nhan duoc:

1 1 1

PRV (R V([ 3 )
R,=|=2| |=*| |—| 3 10
RORGRET R o

1 1 1
PY(R VP ( 3 ) _ , : ,
bat: | — | .| = | .|——| =K,,khidébicu (10) c6 thé dugc vict dudi dang rit gon:

©)

P Fon 4,
R, =K, 3[Q (10°)
trong do:

Po - 4p sudt ban dau trong san phim nd, kG/cm?;

K, 7 - cac chi s6 da bién;

P, POn - twong Ung 14 tri 4p suét trung gian trong san phdm khi nd khi chuyén trang thai entropi va tri
s6 ap lyc gi6i han cua dét & trang thai can bang v6i ap luc san phim nd trong budng nén;

K - duogc goi la cac hé s6 dac trung cho tac dung nd & vung nén (con goi la hé s6 nén ép dét cta nd),

n

n6 phu thudc vao loai dat d4 va loai chat nd. Dat da cang bén vimg kho nén thi ban kinh ving nén cang
nho va nguoc lai.

Nhdn xét: Phan tich hai quan diém tinh toan nd ngdm nén ép dét & trén nhan thiy diém tuong dong vé
dang phu thudc ctia ban kinh ving nén vao ban kinh lwong nd hay khéi lugng thube nd. Sy twong dong
nay cang chimg minh tinh ding din cua chan ly vé sy dong dang vé tac dung nd trong moi truong
(Kytysos B.H. va Py6uos B.K., 1970; Kyrysos b.H., 1990; Cenos JL.U., 1967). Piém tuong dong & day
chinh 14 sy xut hién hé s dic trung cho tiéu tén nang lugong nd dé nén dit Kn , Kr'] . V& ban chét hai hé
s6 nay 1a mot, vi vay c6 thé ding chung mot ki hiu 1a K . Hé sb nay can phai duge xac dinh chinh xac
hon tir con duong thuc nghiém.

3. Nghién ciru thwe nghiém vé né nén ép dat bing lwgng nd tap trung trén mo hinh né dién
3.1. Mo td thi nghiém

Tién hanh thi nghiém no6 nén ép dat yéu dang sét tu nhién véi cac chi tiéu co Iy duoc do dac xac dinh

trong bang 1:

Hinh 1. Anh mé hinh mdu thi nghiém #ruréc va sau khi né
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Bang 1. Tinh chdt co Iy ciia mdu dat thi nghiém

Khoi lugng riéng, p Do am tu nhién, He s6 réne. & Toc do truyén séng
(kg/m?3) W (%) ; & am, (m/s)
1932+1997 5,39+5,91 0,112+0,151 410+594

Mau dit sét dugc chira trong hop sét hinh try dudng kinh 130mm, cao 170mm. Ning luong nd dugc
tao ra nho thiét bi tao xung nd dién co cong suét téi da 550 Jun. Pau no 1a day dong duoc cam ngp trong
méu dat sét & do sau khac nhau, xem hinh 1.

3.2. Npi dung va két qua thi nghié¢m

Tién hanh 18 vu nd ngam c6 cdng suat tir 40J dén 450J trong pham vi chiéu sdu chon dau nd tr 20mm

dén 40mm. Két qua thi nghiém dugc mé ta trong bang 2 va hinh 2.

Bang 2. Két qua thi nghiém

Chidy sy ta Nine | Puong kinhﬂbué‘ng
T r:zu (Sr?::n)am aniél’xgr)lg VU | nén ép khi né ngam, Ghi chu
(mm)
1 30 300 35,000 N6 ngam
2 30 350 40,300 N6 ngam
3 30 400 52,0 NS ngam
4 30 450 34,0 NS ngam
5 30 450 58,0 N6 ngam
6 40 200 26,0 NS ngam
7 40 250 28,0 N6 ngam
8 40 300 32,0 N6 ngam
9 30 300 335 N6 ngam
10 30 350 39,0 N6 ngam
11 30 400 37,0 N6 ngam
12 30 400 41,6 N6 ngam
13 25 350 55,0 N6 ngam
14 30 40 22,0 N6 ngam
15 30 48 17,0 N6 ngam
16 30 55 24,0 N6 ngam
17 30 52 26,0 N6 ngam
18 30 56 16,0 N6 ngam

pé phan tich sé liéu thyuc nghlem trong bang 2, nang lugng no dién duoc quy ddi vé niang luong cua
thuéc nd tieu chuan amonit s 6JV. Thudc nd Amonit s 6JV c6 nhiét luong riéng E,=1028
kCal/kg=1028.000 Cal/kg. Biét 1 kCal=4190J, nén E,=4307320J/kg =4.307,32 J/g, mat do trung binh cua
thu6c nd amonit s6 6JV 1a A=1g/cm®,
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Hinh 2. Dang phy thugc thyc nghiém giia ban kinh budng né ngam
vao khoi lwong thuoc né twong doi qui doi vé Amonit so 6JV
Tién hanh phan tich céc s liéu trong bang 2 trén phan mém Exell theo phuong phap binh phuong tdi
thiéu va nguyén tic dong dang tac dung co hoc nd, cho phép nhan dugc dang phu thudc thuc nghiém gitra
ban kinh budng né ngam vao khéi lwong thudc né twong dbi qui ddi vé Amonit sé 6JV, duoc chi ra trén
hinh 2. Két qua nhin duoc sy phu thudc caa ban kinh budng nd nén ép vao khéi lugng thude nd co dang
sau:

R, =0,4613.3/Q, R?=0,8022

trong do: R- hé s6 twong quan hay con goi la hé sb dudng cong xap xi.

Qui luat thuc nghiém nd nén ép nén dat (11), duoc xu |y theo ly thuyét dong dang hoan toan tring véi
dang cong thac 1y luan (7°) va (10%), trong d6 hé s6 dic trung cho tac dung ving nén: K, = 0.4613 kg/md.
4. Xay dung phwong phap tinh toan nd nén ép nén dét yéu dwéi chan cong trinh

Co hoc dat di chiang minh rang, kha ning chiu tai cia dt phu thudc vao ham luong do rong trong dat
hay phu thuoc vao hé sé do rong cua dat. Dat c6 do rong cang Ion thi kha nang chiu tai cang nho va
nguoc lai (Pam Trong Thing va nnk, 2015). Nhuw vdy dé lam tang sirc chiu tdi cia nén dat cho nén méng
cong trinh can 1am giam hé sé dg rong. Dua trén nguyén tic nay di ra doi mot sb phuong phép truyén
thdng nhu coc cat, dam Ién... Sy hinh thanh budng nén ép rdng khi nd ngam veé ban chat ciing chinh 1a sy
thi tiéu cac 15 rdng trong viing bién dang vuot gisi han bén xung quanh budng min. Nhu vay c6 thé dua
ra co s& 1y luan ban dau cho viéc tinh todn nd nén ép nén dét dudi chan cong trinh nhu sau:

(11)

Gia st nén dat ban dau dugc dic trung béi hé s6 d6 rdng &,. Theo y8u cau nén dat méi can phai ting
stic chiu tai cho cong trinh twong Gng véi hé sb do rdng can dat 1a &, . Tong thé tich 18 réng (AV,) can
phai khir trong thé tich (V) ving nén mong chan cong trinh gia cuong la:

AV, =(&—&)V,
Khéi lwong thudc nd duge xac dinh dam bao theo diéu kién nd ngam:
Q=K.f, (n).n® (13)

trong do:
K -tiéu ton thudc nd don vi, kg/m?;

(12)

f,, (N)- ham chi sb tac dung né téi han dé dam bao tac dung nd ngam;

h - chiéu sau chén lwgng né.
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Ban kinh viing nén duoc xac dinh theo cong thirc (7°) hodc (10°) véi hé sb dic trung cho tac dung ving
nén can duoc xac dinh trong thi nghiém theo phuong phap trinh bay trong muc 3.
Tong s6 lugng nd tap trung can thiét trong ving dat gia cudong dudi chan cong trinh:
AV, 3(g &)V,
Vv 4 R:

n

N =

(14)

Khi st dung mang nd 6 vudng hay tam gidc déu, sé hang lugng né va sé lugng no trong hang, dugc
tinh theo sy phan b6 cua tong sé lugng nd tap trung tinh toan trong dién tich ving gia cudng.

5. Két luan

Tur két qua nghién ciu phan tich ly thuyét va thuc nghiém trinh bay & trén cho phép rat ra mot s6 két
luan sau:

- Bén kinh budng nén ép khi nd ngam ti I¢ thuan véi cin bac ba cua khéi luong thube né va phu thudc
vao dic tinh co 1y cua dat va loai thudc no sir dung thong qua hé sé nén ép dat cua nd. Khi ¢ dinh khéi
luong thude nd, néu dat cang bén viing thi ban kinh viing nén ép cang Ion va nguoc lai;

- Khi tang khdi lugng thudc nd thi ban kinh ving nén ép ting va nguoc lai, tuy nhién viéc tinh toan
khéi lwong thube nd téi da & mdi do sau chdn thube can phai thoa man yéu cau cua diéu kién né ngam
(13);

- Téng sb lwong nd tap trung can thiét trong ving dat gia cudng dudi chan cdng trinh ti 1& thuan voi
hiéu sb d6 rdng dét truéc va sau nd, thé tich dt trong ving gia cudng va ti 18 nghich véi lap phuong ban
kinh vung nén;

- Viéc hinh thanh viing nén ép dang budng rdng hinh cau khi né ngam trong dét 1a mot qui luat tat yéu
xay ra khi nd lwong né tap trung trong dat. Viéc hinh thanh budng nén ép rdng cho phép lam thu tiéu hay
thu nho 15 rdng trong dat, nhd d6 1am ting kha nang chiu tai cua dat dudi chan cong trinh.
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ABSTRACT
Study on the application of explosive energy to compress the weak

ground by a concentrated charge
Dam Trong Thang?; Nguyen Tri Ta?
! Military Technical Academy

To complete gradually the technology of compress the weak ground for strengthening and reinforcing
the soil under foundation, it is necessary to complete the method of explsive calculation. Therefore, the
paper combines the analytical method with the experimental method to completing study the esence of the
explosive compressing process of the ground by using the concentrated charge, give the method of
determining the coefficient of the compression level of the ground and the method of calculating the
concentrated charge to compress the ground.
Key words: explosive; compress the ground; strengthening; reinforcing.
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ERS& ; ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
o emereme  VATAINGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Panh gia hién trang va dé xuat giai phap hoan thién hé thong thdng
gi6 cua mo than Tan Lap, Quang Ninh

Nguyén Van Thinh!*, Tran Xuan Ha!, Bang Vii Chil, Nguyén Cao Khail, Pao Vin Chit
YTruong Dai hoc M6 - Dia chat

TOM TAT

Théng gié mé ham 16 gitr mat vai trd quan trong trong qua trinh khai thac cac mo ham 16 n6i chung va
céc mo than ham 10 n6i riéng. Thong gié mo cung cap khong khi sach cho con ngudi va may méc thiét bi
lam viéc trong mo, hoa lodng ndng d6 cac khi doc, khi co hai, hoa lodng ndng d6 bui va dua chung ra
khoi mé nham dam bao an toan lao dong va va dam bao diéu kién vi khi hau d& chiu tai cac vi tri lam
viéc. Mat khac, ddy con 1a bién phap hitu hi¢u dé phong chéng né khi mé tan va né bui than.

Mo than Tan Lap hién dang khai thac tir mac -50 dén muc -100 véi cong suat 700.000 tin/nim va
dang dao sau thém giéng xubng muc -200 dé chuan bi khai thac mic -100/-200 trong thoi gian téi. Hign
nay, phuong phéap thong gi6 cho mo 1a phuong phép thong gioé hit voi s& d6 thong gié suon, sir dung
tram quat gi6 chinh ma hiéu 2k56-N24/400kW dit tai cira 10 mat bang mac +17.

Véi dat diém cia mo than Tan Lap ngay cang khai thac xudng sau, san luong mo chua ting nhung sb
lwong guwong 10 dao chuan bi cho mirc -100/-200 ting 1én dang ké. Do d6,mot sb ho tiéu thu trong mo
Xuét hién tinh trang thiéu gi6 sach gay anh huéng dén diéu kién lam viéc cua cong nhan lao dong va cong
t&c an toan trong khai thac mo.

Bai bao da phan tich danh gia hién trang théng gié cua mo, tim ra nguyén nhan anh huéng dén cong
tac thong gid va dé xuét giai phap hoan thién hé thdng théng gié cho moé than Tan Lap nhiam nang cao
hiéu qua thdng gi6 cho mo valoai trir tinh trang thiéu gid tai cac ho tiéu thu gié cia mo.

Tur khéa: Thong gi6, Tram quat, Tan Lap

1. Pic diém mé than Tan Lap
Mo than Tan Lap ndm vé phia Dong Béc thi x& Cam Pha tinh Quang Ninh. Gi6i han toa do dia Iy:Tir
21°01-40" dén 21°02:55” vi ¢ Bac; Tir 107°18:00" dén 107°18:08 kinh do Dong

Khu mé dugc khai thong bang 10 bang tai mirc +17 két hop vai cap giéng nghiéng tai mat bang san
cong nghiép +17 dén mirc -100 sau d6 m& cac san ga, ham tram va dao cac mii xuyén via, doc via da cac
muc dé khai théng cho cac via.

_- Hg thong khai thac mo dang &p dung la hé théng khai thac cot dai theo phuong, cong nghé khau than
bang khoan n6 min, chong gitr 16 chg bang cét thuy luc don va gia thuay luc di dong.

2. Panh gia hién trang thong gié mé than Tan Lap
2.1. Phuwong phdp théong gio va vi tri dat quat

M6 dugc xép loai | vé khi chdy nd, md mo bang cac 10 bang xuyén via dao tir ngoai dia hinh & mirc
+17, ket hop véi cap gieng nghiéng den mac -100. Hién nay khu mo Béc Coc Sau, Cong ty than Ha
Long- TKV dugc thdng gid bang phuong phap thong gié hut, nho sir dung tram quat gid chinh ma hiéu
2k56-N24 dat tai cira 10 xuyén via mac thong gio +17, quat gié nay do Trung Qudc san xuat
2.2. So do thdng gi6 mé va chdt lwgng dwong 10

Dé dam bao san lugng khai thac cho mo, hién nay mo huy dong 6 10 cho hoat dong dong thoi & nhiéu
murc tir mac -100 dén mic -30 tai via 14, via 15 va via 16.

So d6 thdng gié cua moé: Gid sach di qua giéng chinh, giéng phu c6 cira giéng ¢ mat bang muc +17,
qua cac duong 10 xuyén via, doc via van tai cac mac va vao thdng gi6 cho cac 10 cho khai thac. Gié thai

*Tac gia lién h¢
Email:nguyenvanthinh.hl@humg.edu.vn
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tir 10 cho qua 10 doc via thdng gié muc cua cac 10 chg, qua cac thugng thdng gio, qua 10 doc via théng
gid, xuyén via théng gié +17 roi dugc hit ra ngoai qua tram quat hit. Qua khao s&t mang gié mo va mang
cac duong 10 cho thay hau hét cac duong 10 xay dung co ban duoc ddo trong da déu dam bao vé chat
luong nhu: hinh dang, khung chéng, tiét dién so véi ban dau, tuy nhién trong duong 10 xuyén via muc -
100 c¢6 nhiéu doan tau chd bun xdc don tir duong 10 khong di chuyén véi chiéu dai khoang 20 toa goong,
doan duong 10 xuyén via mic -100 (cach ngd 3 véi ham bom khoang 200m) bi ngap nudc véi chiéu dai
khoang 50m, chiéu sau ngap nudc khoang 15cm. Cac duong 10 doc via trong mo hau hét dam bao yéu
cau, chi c6 mot s6 doan dudng 10 can don dep va chdng xén mé rong nham dam bao tiét dién yéu cau.

Hinh 1. Gidn do théng gié mé than Tan Ldp

2.3. Hign trgng thdng gi6 cho 10 che
a. Luwu lwong gio qua 10 che

_ Tét ca céc 10 chy déu dugc thdng gi6 bang céc ha &p chung cia mé va c6 huong gio thoét ra tir 10 ch
déu di tir duéi 1én trén dng theo Quy chuan K¥ thuat Quoc gia vé an toan trong khai thac than ham 16

Két qua tinh toan va két qua do dac kiém tra thuc té luvong gi6 cho 10 chg duoc thé hién
trong bang 1.

Bang 1. Két qua lieu heong gid can cho 10 che theo tinh todn va kiém tra thyc té

Céc thdng so Iuu Panh gia
. lwong gi6 (m3/s)
l Ténlo cho cin Thie & Thira Thidu Ghi chd
: (m3/s) (m3/s)
1| LC-90-:--30Via6 5.5 6.0 0.5 - bam bao
Lo chg gia XDY muc -60/- Ao pR
2 20 Via 6 canh Béc 55 5.4 - 0.1 Can bo sung
3 | LC-45-:--30 V9 khu IB 4.8 5.4 0.6 - bam bao
4 | LC-50-:- -25 V9 khu Il 5.0 4.8 - 0.2 Can bo sung
5 | LC-45-:--30 V9 khu IIB 5.0 5.6 0.6 - bam bao
6 | LC XDY Via 11(KT8) 4.6 5.4 0.8 - DPam bao

Phan tich céc s ligu trong bang 1, ¢ thé riit ra nhiing nhan xét sau: Trong s 6 16 cho thi nhin chung
lugng gid phan phoi qua cac 10 cho dat yéu cau, ¢d 2 10 che thicu gid. Lo chg -50 -i- -25 V9 khu 11 thicu
0.2 m%s, 10 chg gia XDY miic -60/-20 Via 6 canh Bac thieu 0.1 m¥/s, con cac 10 chg khac déu thira gio tir
0.5 m¥s den 0.8 m¥/s.

b. Piéu kién vi khi hgu trong 10 chgr

Két qua do mot s6 thong s6 chi yéu cua diéu kign vi khi hau ¢ 16 cho (toc do gio, nhigt do va do am)
ciing nhu danh gia diéu kién vi khi hau theo tiéu chuan Viét Nam duoc ghi trong bang 2.
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Bang 2. Pdanh gid diéu kién vi khi hdu ¢ cac 10 chyr

TT Tén 16 cho Céc thdng s vi khi hau QCVN 01:2011/BCT

Téc do Nhiét | Do am, Tbe do Nhiét | Do am,
gio, m/s | do,°C % gio, m/s do, °C %

1 | LC-90-:--30Via6 1,4 30 98 0,25 + 4 <30 <90

Lo cho gia XDY muc -60/- , <90

2 | Sovie 6gcanh Bt 16 27.0 95 025+4 | <30

3 | LC-45-:--30 V9 khu IB 1,3 30 98 0,25+ 4 <30 [<90

4 | LC-50-:--25 VO khu Il 1.8 29.5 99 0,25+ 4 <30 [<90

5 | LC-45-:--30 V9 khu 11B 1,3 29 95 0,25+ 4 <30 [<90

6 | LC XDY Via 11(KT8) 2.0 275 96 0,25+ 4 <30 [<90

Phan tich céc sb liéu duoc ghi trong bang 2, c6 thé rat ra két luan sau: Theo tiéu chuan vi khi hau
dé chiu cua Viét Nam thi diéu kién vi khi hau & 6 10 cho thi tit ca dam bao la d& chiu, mic du c6 2 16 cho
thiéu gi6 nhung didu kién vi khi hau déu dam bao theo tiéu chuan (QCVN:01/2011-BCT)
¢. Ham lwong céc chat khi CO2 va CHa ¢ trong cac 10 che

Chat luong khong khi trong cac 10 chg duogce danh gia dua theo ham Iwong khi CH, va khi CO;... theo

cac s6 lidu do dac khao sat thuong xuyén cua khu mo Tan Léap duogc ghi trong bang 3
Bang 3. Chat liwong khong khi & 10 che

A1 Ham lugn Ham lugn , .,

TT Tén 10 chog EHJI;O g ?:0;50 g Panh gia
1 LC -90-:--30 Via 6 0,3 0,2 bam bao
2 LC -60/-20 Via 6 canh Bac 0,0 0,0 bam bao
3 LC -45 -:- -30 V9 khu IB 0,34 0,25 bam bao
4 LC -50 -:- -25 V9 khu |1 0,1 0,12 bam bao
5 LC -45-:- -30 V9 khu 1IB 0,33 0,16 bam bao
6 | LC XDY Via 11(KT8) 0,0 0,0 DPam bao

- Nong d6 chat khi nguy hiém nhat d6i véi mo than ham 10 1& CHa, do duoc ¢ luong gid thai ra tir cac
10 cho dao dong trong khoang 0,0 dén 0,34% theo thé tich khong khi. Nhu vay ddi chiéu Quy chuan ky
thuat qudc gia vé an toan trong khai thac than ham 10 thi ndng d6 khi CH4 nam trong gigi han cho phép.

- Ham luong khi ¢6 hai CO, dao dong trong khoang tir 0,0 dén 0,25% theo thé tich khong khi. Vi két qua nhu
vy la dam bao yéu cau theo tiéu chuan cho phép.
2.4. Hign trang thong gi6 cho 10 chudn by
a. Lwong gié dwa vao cdc guwong 1o chuan bi

Luu lwong gié can thiét phai dua vao cac guong 10 chuén bj theo tinh toan va lwong gi6 thuc té do dac
tai guong 1o dugc gidi thiéu & bang 4

Bang 4. Lwong gi6 cdn duwa dén gwong 16 va lwong gi6 thuc té

TT Tén guong 16 Luru lugng gi6, m'/s DélrITl1};/sg &
Canduadén | Thuc dén Thira Thiéu

1 | Lo xuyén via mac -200 6,40 4,5 - 19
2 | Lo ndi giéng phu vai ga mirc -200 5,24 3,8 0.05 -
3 | Lo XV-10.1 3,76 2,0 - 1,76
4 | Lo DV muc -100 Via 8 3,36 3,61 0,25 -

5 | Lo TG mirc -65 Via 8 3,36 2,7 - 0,66
6 | Lo DV mirc +0 V9 KIB 3,36 2,6 - 0,76
7 | Thuong khéi diém muc -45/+0 V9 KIB 2,52 1,6 - 0,9
8 | Thuong TG mirc -50/ +0 V9 khu Il 3,36 2,0 - 1,36
9 | Thuong TG mirc -25/+25 V9 KIIB 3,36 3,4 0,04 -
10 | Thuwong TG muc -45/-10 V9 KIIB 3,36 2,5 - 0,86
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Phan tich cac s liéu trong bang 4, ¢ thé rit ra nhan xét sau:Trong s6 10 guong 16 chuan bi, luu lwong
gi6 cung cp cho 7 guong 10 chuan bj con thiéu gi6 va thiéu dang ké tir 0,66m?s dén 1,9 m¥s. Mit khac
theo két qua khao sat, khoang céch tir miéng ong gi6 dén guong con xa hon 10m
b. Chét luwgng thong gié cdc gwong 1o chudn bi

Ngoai viéc khao sat luu luwgng gid thuc té dugc dua téi guong 16 chuan bi chung t6i con xac dinh nong
do cac chat khi chay nd (CH.) va co hai (COg) trong cdc guong cling nhu cac thong s6 moi truong. Trong
bang 5 trinh bay ham lugng mot sé chat khi chay no va cé hai, con trong bang 6 giGi thigu vé diéu kién vi
khi hau & cac guong 10.

Bang 5 Ham lirong mét so chdt khi chay né va c6 hai ¢ guong 1o

A . R Ham lugng khi, % , .,

TT Tén duong 10 CHa o) Panh gia
1 | Lo xuyén via muc -200 0,0 0,0 bam bao
2 | Lo noi giéng phu véi ga chan truc mac -200 0,0 0,0 bam bao
3 Lo XV-10.1 0,1 0,2 bam bao
4 Lo DV muc -100 Via 8 0,12 0,2 bam bao
5 LO TG muc -65 Via 8 0,26 0,28 bam bao
6 Lo DV muc +0 V9 KIB 0,2 0,15 bam bao
7 Thuong khai diém mic -45/+0 V9 KIB 0,1 0,2 bam bao
8 | Thuong TG mic -50/ +0 V9 khu Il 0,08 0,2 bam bao
9 Thuong TG muc -25/+25 V9 KI1IB 0,15 0,22 bam bao
10 | Thugng TG muc -45/-10 V9 KIIB 0,02 0,24 bam bao

Bang 6. Diéu kién vi khi hdu ¢ guwong Io chudn bj
Céc thong sé vi khi hau Danh gia theo tiéu chuin
TT Tén duwong l0 Tocdo | Nhigt | Do Viét Lién Anh
gi6, m/s | do,°C | am, % Nam Xo cii
1 | Lo xuyén via muc -200 0,35 29 96 0,25+14 <30 <90
2 Lq noi giéng phu vaéi ga chén truc 0,36 295 965 | 0254 <30 <90
muc -200

3 | Lo XV-10.1 0,27 28 95 | 025+4 | <30 |<90
4 | LO DV mirc -100 Via 8 0,54 28,5 92 | 025+4 | <30 |<9
5 | Lo TG mic -65 Via 8 0,40 28 97,5 0,25+4 <30 |<90
6 | LoDV mic +0 VO KIB 0,39 29 94 | 025+4 | <30 | <90

7 | Thuong khoi diém -45/+0 V9 KIB 0,32 29.5 955 | 0,25+4 | <30 | <90
8 | Thuong TG muc -50/ +0 V9 khu 11 0,30 27 95 025+4 | <30 | <9
9 | Thuong TG muc -25/+25 V9 KIIB 0,51 29 91 025+4 | <30 | <90
10 | Thugng TG muc -45/-10 V9 KIIB 0,37 29 94 0,25+4 <30 | <90

Phan tinh c4c s6 liéu trong bang trén, ta thay:- Ham lugng cac chat khi chay nd va cé hai déu trong
gigi han t6i da cho phép. Diéu nay cho thay théng gi6 cac guong 10 chuan bj dap tmg dugc yéu cau la hoa
lodng nong do cac khi doc, khi nd va khi c6 hai xudng téi mic cho phép theo quy pham an toan, chat
lwong théng gio tot.

- Diéu kién vi khi hau: Trong 10 guong 10 thi tit ca cic guong c6 nhiét do tai khu vuc
guong 160 ndm trong gi¢i han cho phép (nhiét do trong khong khi < 30°C). Pic biét d6 am & tat ca
cac guong 10 chuan bi déu kha 1on (tir 92 -:- 97,5%), vuot qua quy dinh cho phép.

2.5. Danh gid hi¢n trgng cac cong trinh thong gid
a. Trgm quat gidé

Hién nay mo than Tan Lap st dung 1 tram quat gi6 chinh dat tai mat bing cira 10 mic +17, st dung
quat c6 ma hiéu 2k56-N24 do Trung Québc san xuét.
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Tram quat quat ndy khong c6 hé thdng dao chiéu, viéc dao chiéu gio dugc thuc hién bang cach dao
chiéu quay cua dong co (d4ao chiéu quay cua tryc quat), tuy vay tinh trang nay khong anh huéng chat
luong lam viéc cua tram quat. Ranh quat gié ciia tram quat qua khao sat déu dam bao yéu cau ky thuat.

Tn tai 16n nhat ¢ tram quat gi6 chinh mo than Tan Lép la khong c6 cta s6 & rénh quat dung dé do luu
lugng va ha &p quat. Vi vay cac thdng s6 ndy phai do ¢ trong duong 10 mo.
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Hinh 2. Do thi xdc dinh ché dé cong tac cua quat gié chinh 2k56-N24
Ché @6 lam viéc cua quat duoc ghi trong bang 4

Bang 4. Ché d¢ 1am viéc cia quat 2k56-N24 ciia mé than Tan Ldp

TT Céc thdng so6 lam viéc Ché d6 lam viéc Ché @6 lam viéc hgp | Ché d6 lam viéc quat
cua quat gié 2k56/N24 hién tai ly (tinh toan) c6 thé tao ra duoc
1 | Goéc lap canh, do 25 35 30
2 Luu lwong, m®/s 66,3 116 100,5
3 Ha ap, mmH,0 3814 365,525 273,62
4 | Hiéu suat, % 80 83 82

Tir c4c sb liéu trong bang trén hién luu lwong gié & ché do 1am viéc hién tai caa mo con thiéu téi 49,7
m?3/s. Diéu nay cho thay ché d¢ 1am viéc hién tai khong dép tng nhu cu va can thiét phai ting goc 1ap
canh quat 1én goc 35°. Mudn dat dugc diéu na rd rang phai thay dong co véi cong suat 600-800kW.

b. Chdt lwgng cac cira gié

Ctra gi6 chinh dit tai ctra 10 bang +17, duoc 1am bing sat, sir dung 2 cira gi6 ndi tiép nhau, khoang
cach 2 cira gan lién nhau 1a 10m nhung van rd gié 16n (rd gié véi luu luong 3,85m3/s). Mat khéc ca 2 cira
nay déu c6 khoang h¢ gitra mép dudi cua canh cira véi nén 10 khoang 10cm ma khong dwoc che chén can
than da gay ro gio.

Céc cira s6 diéu chinh gi6 déu dugc xay dung dam bao quy cach va chét luong, céc cira s6 duoc lya
chon vi tri dat hop 1y dé khong anh huong dén cac cong tac khac nhu di lai va giao thdng van tai. bam
bao diéu chinh ha 4p ciing nhu Iuu lwong gié di vao cac nhanh ding theo yéu cau.
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¢. Chdt lirgng cac thanh chdn

Tt ca cac thanh chan déu dugc xay dung bing gach vita xi mang, do vay déu dam bao tiéu chuan chét
luong cong trinh va dat tiéu chuan veé rd gié cho phép.
2.5. Nhdn xét

Tir nhitng van dé da trinh bay ¢ trén, cd thé rat ra nhiing nhan xét sau:

- Phuong phap thong gi6 chung cho mo dang su dung la phuong phap thong gio hut. By la phuong
phép thdng gid hop 1y. So d6 mang gi6é nhin chung khdng qué phuc tap, khdng nhiéu nhanh chéo.

- Chat lugng thong gi6 cho cac 10 chg nhin chung khé tét vé lwong gi6 can cung cap va ham luong cac
chat khi doc hodc co hai (COz va CHa). Tuy vay, vé mét dieu kien vi khi hau thi chat luong thong gi6
chua t6t, 16 cho nhin chung con néng.

- Tuong tu nhu & 10 cho, chat luong thong gi6 cho céc guong 16 dao méi co ban dam bao Ve lugng giod
¢6 kha niang hoa loang céc chét khi doc, khi n6 song vé diéu kién vi khi hau chua tot vi d6 am con vuot
qua giGi han cho phép, dic biét ¢ da sb 10 chuan bi con thiéu gi6 tir 0,66 m3/s dén 1,9 m¥s.

- Chét luong céc cong trinh thong gi6 nhin chung chua tt. Tai tram quat hién con thiéu cira s6 & ranh
quat dé kiém tra ché d6 lam viéc cua quat gio.

Mat khéc, ctra gidé chinh ¢ cac cua 10 mirc +17 noi dat tram quat gié chinh 2k56-N24 chua dam bao
chat lwong kin gié. Vi vay, lwong gid ro qua ctra gié nay kha lén (4m?3/s).

- Quat gi6 chinh ciia m6 dang lam viéc & goc Iap canh 25° khong hop Iy, vi ¢ ché do lam viéc nay,
luu luong quat tao ra con thieu mot lwong gid kha 16n 49,7 m¥/s.
3.Céc giai phap k¥ thuét hoan thién mang giéo mé than Tén Lap
i Dé hoan thién mang thdng gié mo va nang cao hiéu qua thdng gié chung cia mo, can phai &p dung
dong loat cac giai phap sau:

- Nhu d phén tich ¢ phan trén, chat luong théng gi6 cho cac 10 chg chua dap ung vé diéu kién vi khi
hau vi d6 4m do dwoc trong 10 chg con cao. Dé giam thiéu van dé nay can giam thiéu do 4m cua céc ludng
gi6 sach trudce khi di vao 10 chg bang cach khai thdng cng ranh thoat nuée tranh hién tuong nudc chay
tran trén nén 16 va cac ranh thoat nuwdc phai cé nap day kin.

- Cong tac thong gi6 cho cac guong 16 chuén bi cling phai quan tam dac biét vé nang luc cac quat gid
st dung va chit luong cua cac 6ng gi6, chat lwong ndi dng gio dé dam bao du luu luong gio sach téi
guong 16. Hién nay trong 10 guong 10 chuan bj thi c6 7 gwong con thiéu gié (tir 0,8 dén 1,9m¥/s), toc do
gi6 8/10 guong 16 chua dat dwoc toe d6 gid toi wu.

Pé dap ing yéu cau nay can kiém tra nang lyc cua tat ca cac quat cuc bo va sir dung ong glo méi c6 mdi
ndi cac doan 6ng tot nhat ¢6 thé nham chéng ro gio. Dic biét phan xuong thong gIO Can kiém tra thuong
xuyén chat luong cac 6ng gi6, chat luong cac dlem noi ong glo va chat lugng diém ndi dng gio vai con quat.
Thuong xuyén dam bao khoang céach tir miéng 6ng gi6 diy dén guong 16 1a 10m.

- Can gia cong mot cira s6 kiém tra ché do lam viéc cua quat gio chinh tai rdnh quat gio. Tram quat gio
chinh 2k56-N24/400kW, n=1000v/ph tai cira 10 mat bang +17, can bd sung cura kiém tra duoc b tri ¢
rénh quat va céch quat khoang 10- 15m vdi kich thuéc 300 x 300mm. Cira kiém tra dwoc ché tao bang ton
virng chic c6 canh cira dong kin khi quat 1am viéc, con khi do ché do 1am viéc cua quat thi dugc mo ra.

- Phai giam t6i muc t6i da luong gi6 rd qua ctra gi6 chinh (10 bang xuyén via mic +17). Cu thé, tai cta
gi6 chinh nay chi cho phép lwong gi6 rd bang khoang 1,5m%s. Béi véi cira gié chinh ¢ ctra 10 +17 nay,
noi bd tri tram quat gié chinh 2k56-N24, can chinh sira lai cc canh cira tranh cong vénh va gia ¢ phan
canh cira tiép giap véi nén duong 10, sao cho mic rd gié qua cc cira gio 1a nho nhat.

- B¢ dam bio luong gi6 can thiét theo yéu cu, can phai diéu chinh goc Ip canh cua quat gi6 chinh
2k56-N24/400kW, n=1000v/ph tir 25° 1én 35° bang giai phap nhanh chéng thay dong co quat véi cong
suat 600-800kw

- Hién nay suc can chung caa mé con kha I6n, dan dén ha ap cua 6 Iu0ng gio trong tong s6 10 Iu0ng
g|o cé gia tri [6n hon 240mmH-0 cho den 266,21 mmH20. D6 1a cac ludng gid sb 1, ludng glo S0 2,
ludng gi6 s6 7, ludng gi6 sb 8, ludng gi6 sé 9 va ludng gi6 sé 10. Pidu nay la khong tét cho ché do lam
viéc lau dai cua quat gio.
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Thuyc té nay doi hoi mo phai ra soét, kiém tra hanh trinh ciia cac ludng gié dé chdng xén nhiing doan
duong 10 c6 tict dién da bi thu hep, nham gop phan giam strc can chung ctia mo.
4. Két luan

- Phuong phap thong gioé chung ciia mo 1a théng gié hit, day la phuong phap thong gié hop ly.

- Théng gi6 cho cac 10 chg sir dung ha ap chung clia mo va thong gi6 cho cac guong 10 chuan bi sir
dung phuong phéap thong gio day nho quat cuc bd va 6ng glo vai bat 1a hop ly. Chat lugng théng gid cho
16 chg nhin chung 1a kha t6t, @ 4m & 10 cho con kha cao con 10 chuan bi co the chap nhan duoc do, diéu
kién nhi¢t d¢ tai guong 10 dam bao theo quy chuén Viet Nam. Tuy nhién, d§ am tai cac guong 16 con cao
va mot sb guong 16 con thiéu gi6 do chat lugng cac diém ndi dng gio chua that tét.

- Chét lugng cac cong trinh thong gi6 chua that tét, rd gIO & cac cua gIO tai cua 16 mac +17 con vuot
gap 2 14n so véi tiéu chuan cho phép. Pac biét tram quat gié chinh khdng c6 cira s6 dung dé kiém tra ché
dd lam viéc cua cac quat gio.

- Lugng gi6 do quat 2k56-N24/400kW, n=1000v/ph hién tai chwa dap tmg duoc yéu cau thong gio cua
mo, Vi quat 2k56-N24/400kW, n=1000v/ph hién méi tao ra duoc luong gio 1a 66,3 m¥/s khi lam viéc &
g6c lap canh 25°va con thiéu tr 42,468 m3/s so véi luu lwong gid yéu cau quat can tao ra, do do6 can thiét
phai tang goc 1dp canh 1én 35° ¢é dam bao thong gié cua moé va tiép tuc ting goc 1ap canh 1én 40° dé dam
bao théng gio khi ¢ md rong mot sb doan 10 dé giam ha &p mo. Tuy nhién cong suit dong co khong dap
g duoc ma quat chi c6 thé hoat dong ¢ géc lap canh 30°, do do6 can thiét phai thay dong co quat ¢6 cong
suat 600+ 800kW dé dam bao yéu cau thdng gi6 cho mo.
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ABSTRACT

Assessment of current status and proposed solutions to improve the

ventilation system of Tan Lap coal mine, Quang Ninh
Nguyen Van Thinh?, Tran Xuan Ha*,Dang Vu Chi*, Nguyen Cao Khai!, Dao Van Chit

'Hanoi University of Mining and Geology

The ventilation is an important role in the mining process in general mines and coal mines in
particular. Minie ventilation provides clean air for humans and mining machinery, dilutes harmful gases
and gases, dilutes dust concentrations, and removes them from mines to ensure safety and to ensure a
pleasant microclimate in the workplace. On the other hand, this is also an effective measure to prevent
methane explosion and coal dust explosion.

At present, Tan Lap coal mine is exploited from -50 to -100 with the capacity of 700,000 tons / year
and is building tunnel further down to -200 to prepare for exploitation -100 / -200 in the near future. The
ventilation method for the mine is the suction ventilation method with the flue ventilation facility, using
the 2k56-N24 / 400kW main fan station located at the furnace door level +17.

The characteristics of the Tan Lap coal mine are the number of tunnels that need to be built for the
extraction layer -100 / 200, which is higher than the mining plan and needs to be ventilated. As a result,
some of the works in the mine appear to suffer from a lack of clean wind, affecting the working
conditions of workers and the safety of mining.

The article analyzes current situation of TanLap coal mine's ventilation, finds out the causes that affect
the ventilation work and proposes solutions to improve the ventilation system for the Tan Lap coal mine
in order to improve the ventilation efficiency of the mine.

Keywords: Ventilation, main fan station, TanLap coal mine
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E‘RSXB- ; ~_ HOINGHI TOAN QUOC KHOA HQC TRAI DAT
o emereme  VATAINGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cac giai phap boc dat da bo tru cac mo than 16 thién hop 1y dam bao
an toan cho céc cong trinh trén mat va khai thac xudng sau
Luu Vian Thyc*, Lé Cong Cuong!
1Vign Khoa hoc Cong nghé Mé-Vinacomin

TOM TAT

Bo mé cao, dit da phan 16p, nudc ngim c6 &p, cong nghé khai thac chua phit hop 1a nguyén nhéan gay bién dang,
truot 16 bo mo, gy nguy co mét an toan cho cac cong trinh trén mat(nha may nhiét dién, duong van tii, ...) va khai
thac xudng sau. Tir két qua phan tich dic diém tu nhién — k§ thuat b tru cdc mo than 16 thién va dénh gia cac yéu td
anh hudng téi do 6n dinh by mo, Bai bao dé xuét cac giai phap boc dat d4 bo tru hop ly nhdm ning cao d6 én dinh bo
mé, an toan cho céc cdng trinh trén mat va khai thac xuéng sau.

Muc dich: Nang cao d6 6n dinh bd mo, dam bao an toan cho cac cong trinh trén mat va khai thac xudng
sau cho cac mo than 19 thién cé bo tru bi truot 16.

Phuong phép nghién ctru: Tong hop sb liéu, phan tich, so sanh, két hop ly thuyét véi khao sat hién
truong.

Céc két qua chinh: D¢ xuét so do va thong s6 cong nghé khi boc dat da bang: (i) khoan nd min, (i) may
cay xéi, (iii) khoan n6 min két hgp v6i may cay xai.

Tir khoa: boc dat d4; khai thac 16 thién; khoan nd min; may cay xéi; lam toi; cong ngh¢; an toan.

1. Pit véan dé

Hién nay, cac mo khai thac than 16 thién tai Viét Nam dang trong qué trinh khai théc xubng sau, mot sé
mo (Péo Nai, Na Duong, Khe Cham II) d4 hinh thanh bd try ¢ chiéu cao 16n, két cdu bo bam try lién tuc
trong diéu kién bét loi nhu: dat da ton tai cac mat yéu, thé nim cam vao khong gian khai thac. Do d6, hién
tuong bién dang, truot 16 bo tru thuong xuyén xay ra tai cac khu vuc ndy. Hién twong truot 1o xay ra
khong nhiing anh huong tryuc tiép téi qué trinh san xuit va gay nguy hiém, mét an toan cho ngudi, thiét bi
trong day chuyén san xuit trong mé, ma con anh hudng téi cac cdng trinh trén mat dwoc xay dung gan
khu vuc bo mo.

Cong tac boc dat da bo tru cua cac mo duogc thyuc hién bang cong nghé truyén théng 1a khoan né min
Véi céc 16 khoan c6 dudng kinh Ion (tir 160+250 mm). Viéc st dung 16 khoan duong kinh Ién, thang dung
trong diéu kién chiéu cao tang 12+15 m la mot trong nhitng nguyén nhan 1am suy giam cau tric khdi da,
gay mat 6n dinh bo mo, giy nguy co mat an toan cho cac cong trinh trén mat (nhu Nha may nhiét dién Na
Duong, nha xudéng, cdng trinh dan dung, duong van tai chinh...).

Tinh dén nam 2018, d c6 trén 10 cong trinh, d& tai nghién ctu vé nguyén nhan truot 16 va cac giai
phap nang cao do 6n dinh bd mo duoc thuc hién bai Vién Vién Khao sat va Dia chat thuoc Bo Dién
Than, Vién Khoa hoc Cong nghé M6 - Vinacomin, Vién Vién Dia co hoc va Tric dia mé Lién bang Nga
(BHIMI), Hoc vién Mo - Luyén kim St-Staszic- Cracép Cong hoa Ba Lan. Két qua nghién ciru cua cac
cong trinh, d& tai déu minh chang: Giai phap cit tang giam goc déc bo mo 1a giai phap hop ly véi didu
kién cua cac mo than 16t thién Viét Nam. Tuy nhién, vé cong nghé va cac giai phap béc cét ting chwa
dugc nghién cau chi tiét.

Chinh vi vay, can thiét phai nghién cau va ap dung CAc giai phap boc dat da bo tru cac mo than 16
thién hgp 1y dam bao an toan cho céc cong trinh trén mat va khai thac xudng sau.

Dé dé xuat céc giai phap boc dat da bo try cac mo than 16 thién hop 1y dam béo an toan cho cc cong
trinh trén mit va khai thac xuong sau, Nhom tac gia thuc hién cac noi dung sau:

- Panh gia ddc diém ty nhién — ky thuat cac bo tru bi truot 16 cac mo than 16 thién Viét Nam;

- Nghién ctru céc yéu té anh huong t6i 6n dinh by mo;

*Tac gia lién h¢
Email: thuclothien@gmail.com
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- D& xuét cac giai phap boc dat da bo try dam bao an toan cho cac cong trinh trén mit va khai thac
Xuong sau.
Céc ket qua dat dugc cua bai bao:

- Bé xuét so dd cdng nghé boc dat da bo tru bang khoan né min;

- Bé xuét so dd cdng nghé boc dat da bo tru bang may cay xéi;

- Bé xuét so dd cdng nghé boc dat da bo tru bang khoan nd min két hop véi may cay xai.
2. Co s ly thuyét va phwong phap nghién ciru
2.1. Ngi dung 1: Pdnh gid déc diém tw nhién — kj thugt cac be tru bi trweet |6 cac mé than 1§ thién Vigt
Nam

Nham thach mot s6 mé than 16 thién Viét Nam duoc cau tao bai cac loai da tram tich nhu: Cat két,
cudi két, san két va bot két, phan Iop tir trung binh dén day, cwong do khang nén o, = 70+130 Mpa,
cuong d6 khang cit o, =8+22 Mpa, goc dbc noi ma sat 31+33°%. Pac biét, bo tru mo 16 thién Khe Cham
11, Béo Nai, Na Duong, cic 16p da cd thé nam cam vao khdng gian khai thac vai goc dbc tir 25+35°.

Do qué trinh xudng sau khai thac, mot sb khu vic khong cét tang da tao ra bd mo cd chiéu cao Ion (mo
Déo Nai 385 m, mé Na Duong -130 m) bam tru lién tuc. Mot sé khu vyce, bd mo hinh thanh céc tang khai
thac vé6i chidu cao tir 20+40m, cong tac cit ting cia cac mo dwoc thyuc hién chu yéu bang cac may khoan
thity luc va xoay cau co duong kinh 230+250 mm.

Phia trén mit b try mot 6 mo Na Duong, Déo Nai ton tai mot sb cong trinh cong nghiép nhu: Nha
may nhiét dién, dudng van tai, khu xudng sang. Day la cdc cong trinh can duoc bao vé trong suot thoi
gian ton tai cua cac mo (hinh 1).

a) b)

——+ +300

+250 k3 +250

+200 4200

+150 “= +150

+100 +100

+50

+50

Hinh 1. Hién trang nha may nhiér dién va cdu tao dia chat bo try Nam mé Na Duong

2.2. Ngi dung 2: Nguyén nhan va hgu qud cia trwet |6 bo mé

Bo tru phan 16n thuong dugc thiét ké bam tryu lién tuc via than, nén goc déc cua bo tru mo bang goc
dbc mat 16p dit da (o = p). Trong dia tang b tru c6 tdn tai cac mat yéu tu nhién theo tiép xdc 16p (mat
phén 16p). Trong khoang dia tang giita cac via than thuong phan b xen kep céc 16p da hat tho: Cat két,
cudi san két ¢ kha niang chtra nuéc va céc l6p da sét, bot két cach nuéc tao diéu kién hinh thanh céc ting
chira nuéce ¢6 &p véi mie do bao hoa khac nhau,gay bat lgi cho d6 6n dinh bo mo khi cac mé tiép tuc
xudng sau khai thac.

D¢ cao ciia by mo vuot qua chiéu cao on dinh gisi han cho phép theo tinh chat bén cuia cc 16p da gay
truot 16 tai mot so6 khu vuc.

Cong téc cat tang cia cac mo duoc thuc hién chi yéu bang cac may khoan thuy luc va xoay cau co
duong kinh 230+250 mm. Viéc sir dung duong kinh 16 khoan I6n, thang dimg trong dieu ki¢n chieu cao
tang 12+15 m la nguyén nhéan lam suy giam cau tric khéi da.

Trong thoi gian qua, hién tugng truot Ig"y bd tru da xay ra tai mot s6 mo nhu Déo Nai, Khe Cham II, Na
Duong, lam anh hudng téi san xuat, cu thé:

Tai mo Déo Nai, tir nim 1984+1986 tai b tru Nam da phai san gat boc xtc xi ly gan 2 triéu m3, céc
nam 20112012 khu vuc tir mic +150 m tré xudng day mo, bo bi trwot 16 manh theo dang béc 16p. Dé
duy tri khai thac trong ndm 2012 va dau nam 2013 mé da phai xir Iy khoang 100 ngan m3. Ngoai ra, hang
nam dé dao sau day mo, mé thudng xuyén phai xdc bdc mot lwong dét da khoang 4.000+5.000 m3 do qué
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trinh phong hda va x6i mon bé mat tir bo try sat 1o xuéng sau miia mura;

Bo tru via 13-1, mé Khe Cham Il 19 thién, vao giita miia mua ndm 2006, trén chiéu dai khoang 50 m
da bi sép d6 hoan toan. Khéi lugng dat d4 ma mo da phai boc xtc khoang 40.000 m® va hang nam can
xuc bdc sau miia muwa khoang 2.000+3.000 m? dét da tai chan bo mo (day khai truong);

Mo than Na Duong vao thang 11/2008 da xay ra truot 16 bo try Nam, nam d¢6 mo da phai xtc bc khdi
luong khoang 300.000 m®. Ciing tai bo tru Nam, vao giita thing 6 nam 2015 da xuat hién khéi truot
phang theo tiép xdc 16p, mo phai xtc béc thé tich khdi truot khoang 176.727 m3. Do dat da gip nuoc dé
bi trwong 16 nén sau mua mua, mo thuong phai xtc khdi lugng dat d4 khoang 15.000+20.000 m? trudc
khi dao sau day moé.

Truot 16 bo mo khong chi gay anh huorng dén san xuat (tang hé s6 boc da, ting thoi gian xu Iy b mo),
ma con gy nguy co mat an toan cho cac cong trinh trén mat va qua trinh khai théc xudng sau.

2.3. Ngi dung 3: Nghién ci#u cac yéu té anh hwéng téi én dinh bo mé

Céc yéu t6 anh huong téi do 6n dinh bod mé gdm nhém yéu t6 tw nhién va nhom yéu té k§ thuat. Anh
huong caa nhém yéu t6 tu nhién gom: Piéu kién dia chat cong trinh (BCCT), ciu tric — kién tao dat da,
dia chét thuy van,....Theo két qua nghién ctru cua cac nha khoa hoc trong va ngoai nudc cho thay (Luu
Vin Thuc va nnk, 2017): Tang luc cudng do khéang nén cia dat d4 sé lam tang luc chéng truot, hé s6 6n
dinh cua bo mo va nguoc lai. Mat 6 nat né va do6 ma khe nit anh huong tryc tiép dén hé sé dir trir 6n
dinh cia bd mo. Tang mat d6 nit né va do mo cua khe nit 1am giam d6 6n dinh cua bo mo (hinh 2).Cau
trdc - kién tao cua khdi da bo mo duoc dic trung qua cac thong sd: Goc cim cua cac lop dat da so véi
khong gian khai thac, mat do nit né va do mo cua khe nit. Huong cam cua dét da trong b mo ton tai 03
dang sau (Luu Van Thyc va nnk, 2017; Ilessuep M.E., 1978): Dang nam ngang (géc dbc cac 1op dat da p
= 09: dang cim thuan vao khong gian khai thac; dang Cam nguoc vao khéng gian khai thac. Trong cac
truong hop trén, bd mo s& kém 6n dinh nhét khi dat da cam vao khong gian khai thac. Két qua nghién ctu
cia B.K. Cnobonsurok cho thay: Trong cung diéu kién két ciu b mo, ting gbc cdm cac lop dat da tir -
120 dén +120, hé s6 6n dinh caa bd mo (n) tang tir 0,99 1én 1,32, twong tng véi 33,5% (hinh 3).

Dat d4 bo tru cac mo than 16 thién Péo Nai, Na Duong c6 goc ddc trong khoang B = 10+45°, thudc
dang cdm thuan vao khong gian khai thac. Theo quy hoach, bo mé dugc thiét ké bam tru lién tuc voi goc
déc bd bang goc doc 16p (o= B). Day 1a yéu tb bat lgi cho do on dinh bo mo.

Anh huong coa yéu té dia chat thuy van dén 6n dinh cac bd mo 16 thién thé hién trén céc tinh chat sau:
Lam giam d6 bén cua cac khdi d4 dac biét 1a cac loai da yéu nhu sét, bot két; tao nén ap lyuc thuy tinh,
thuy dong tac dung 1én mit truot 1am suy giam d6 6n dinh chung cia toan bd mé. Nudée ap hyc anh hudéng
I6n dén 6n dinh bd mé nhu bo try mé than Na Duong.
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(t) tuong img
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1,0 g | dat  d4 cam
S, BOT KET ‘ ; thudAn va cam
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BRI R -12 khong gian khai
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Hinh 2. Su phu thuéc hé sé di trit on dinh Hinh 3. Su phu thuéc hé sé on dinh ciia bo mé vio
bo mé vao mdt do nut né dat da goc cam cua cdc lop dat da

Céc yéu t6 ky thuat anh huong t6i do 6n dinh bo mobao gom: Téc d6 dao sau day mo, tac dong rung
chan do khoan né min, tai trong thiét bi khai thac hoat dong trén b mo. Khi tée d6 dao sdu day mo va tai
trong thiét bi cang lon thi d6 6n dinh cua bd mo cang giam va nguoc lai. Mot trong nhitng yéu to k¥ thuat
anh huong truc tiép va gay nén nhitng hau qua xau nhat dén do on dinh bo mo va cac cong trinh xung
quanh chinh 1a nhiing tac dong dia chan cua cac vu né min khi cat tang khai thac. Cac mo than 16 thién
Viét Nam dang trong qua trinh mé rong va nang cong suat khai thac. San luong dat boc b try hang nim
lén dén trigu m3, kéo theo qui mo bai no 1én dén hang chuc tan thudc nd. Tan suat nd hang nam hang 1én
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dén hang trim vy, cAc vu nd lap di 1ap lai nhidu lan gay chan dong va lam suy yéu su lién két dat d4 trong
khéi, vai sy lan truyén cua séng chin dong tir cac vu nd co thé gay nén nhiing rung dong va bién dang bo
moé va do 6n dinh cua cac cong trinh trong mot pham vi nao d6 (Luu Van Thuc va nnk, 2014; Luu Vin
Thuc va nnk, 2017; TTessuep M.E., 1978).Theo nghién ctiu cua Vién VNIMI, chiéu rong cua vang bién
dang dat da ¢ chan tang c6 thé dat tir 10+12 1an tri s6 dwong kinh lugng thube (de), con & trén bé mit c6
thé dat dén 40+50 m. Theo chiéu sau, ving bién dang con phat trién xudng dugi mat phang chan ting mot
khoang céch téi 5+7d.Sau vang bién dang 1a viing chan dong dat da, song chan dong lan truyén rat xa va
¢6 kha nang 1am hu hai c&c cdng trinh trén bd moé nhu nha ctra, mat nha may nhiét dién, dudng vén tai, ...
(hinh 5).

(40+50)
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Hinh 4. Sw phd huy tang khi né min va huéng Hinh 5. Su tdc déng ciia séng dia chan sau
dich chuyén dat da no min toi cong trinh trén mat

2.4. Ngi dung 4: Pé xudt cac gidi phdp béc dit dd bé tru dam bdo an toan cho cac cong trinh trén mgt
va khai thac xuong sau

Cong ngh¢ boc dét da hién nay mo dang sir dung gdm céc khau: Khoan nd, xtic boc va van tai. Dé han
ché song chan dong nd min tac ddng vao bd mo, Cong ty than Na Duong dang ap dung phuong phap n6 min
duong kinh 16 khoan nho 36mm, cac 16 khoan dugc khoan trén mit nghiéng cua suon tang v6i chiéu sau
1,1+1,2m, khoang cach giita cac 16 min tir 1,6+1,7m (hinh 6). Tai cac khu vuc dat d4 gan nha may nhiét
dién, cong tac 1am toi dwoc thuc hién bang ring gau clia may xtic. Dt d4 sau khi lam toi dugc méay xuc thiy
luc gau nguoe xic va dd tai 1én 6 to tu do.

V6i cong nghé lam toi dat da hién nay, hiéu qua cong nghé boc d4t da bo try thdp do ning suét pha da
va nang suat thiét bi thip va tiém 4n nguy co mit an toan lao dong.

L& KHOAN CON

Hinh 6. So do cong nghé khoan né min béc ddt da bo tru mé than Na Dwong dang dp dung

bé dam bdo an toan cdng trinh trén mat va xudng sau khai thac, nhom tac gia dé xuat mot so6 cong
nghé boc dat da nhu sau:

- Cong nghé boc dat da bang khoan nd min;

- Cong nghé boc dat da bang may cay xdi;

- Cong nghé boc dat da bang khoan nd min két hop véi may cay xd6i.
2.4.1. Cong ngh¢ béc dit da bang khoan né min

-Tai vi tri tiép giap véi tru via than: Tru via than cdc mo thudng cé géc déc (B) tir 154259, ¢ chd géc
déc thoai (B < 15°), nén viéc khoan, né min dé tao dién cong tac dau tién rat kho khan do dudng can chéan
tang qué 16n. Mat khac, day 1a khu vuc dat da dé truot 16 xuéng moong khai théac gay nguy hiém cho
ngudi va thiét bi. Bac biét, 1a khi né min 1am toi so b dat da phuc vu cho cong tac xdc boc. Bé dam bao
an toan, giam chan dong téi cac cong trinh phia trén mat bo tru. Bai bao chon giai phap 1am toi dat d4 nhu
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sau: Khoan né min, xtc bdc chia tang thanh 2 phan tang, chiéu cao méi phan tang h/2 (chiéu cao tang h =
12m). Sau khi 1am toi dat d4 va xac hét déng da nd min s& sir dung méay khoan cam tay c6 duong kinh 46
mm dé khoan né min phéa go da tai try via do viing dap v& cua 16 min duong kinh 16n khdng tac dung dén
(9o chan dat da nay nham han ché dat d4 sau khi n6 min roi xuéng moong khai thac — hinh 7) (Luu Vin
Thuc va nnk, 2017).

- Tai vi tri gitra tru via than va tru da: Day la khu vuc thi cong dé thi cong so véi 2 khu vuc trén. Cong
tac khoan 15 min dugc thyc hién bang may khoan co duong kinh I6n cia mo d = 1602230 mm. Dat d4 sau
khi né min duogc may xiac TLGN xuc theo guong xtc hdn hop (xdc ca trén va dudi) chét tai vao 6 to dudi
mutc may dung (hinh 8).

— — P o
A a1 - Tc
— — =
| — | | I— |
— } P ~ |
— — &
1 T H &[T
— — A
= — 5.
Hinh 7. So d6 cong nghé khoan nd, xtic boc Hinh 8. So'd6 cong nghé khoan no, xuic boc
tai vi tri tiép giap tru via than khu vuctiép giap bo trukeét thic

- Tai vi tri tiép giap bo tru két thic: Chon phurong an nd min toan tang véi chiéu cao h = 3+15 m vai sy
két hop cua may khoan duong kinh 160-230 mm va may khoan duong kinh 36 mm (18 khoan 16n & hang
ngoai 160+230 mm, con cac hang trong sir dung 16 khoan dudng kinh nhé 36 mm). Cong tac xdc bbc s&
phan tang thanh 2 phan tang, mdi phan tang c6 chiéu cao h/2. Sir dung so d6 xtic may xac dung ¢ muc
trung gian xtic guong hdn hop (xc ca trén va dudi), chit tai vao 6 to dimg dudi mirc may ding (hinh 9). Khi
bo mo dén ranh gidi két thiic &p dung phuong phap nd min tao bién (Luu Van Thuyc va nnk, 2017).

2.4.2. Cong nghé béc dit dd bang may cay X4i

May cay xoi bé tri 1am viéc véi i guong doc tang hoic ngang tang va tién hanh cay xéi theo tung lop tur
trén xudng dudi, véi chiéu day mdi 16p khau tir 0,3+0,5 m. Cong tac xoi d4t da dwoc tién hanh bang cac
ludng song song theo so @b rach k& nhau hoic rach xen nhau.Dit da sau khi dwoc xéi xong, may xéi hoic
maéy xuc tai vun déng, chiéu dai vun déng tir 30+40 m, sau d6 dung may xuc hodc may xuc tai xuc 1én 6
t6 tw d6 dé van chuyén di dé thai. Bé dam bao qua trinh boc dat da b tru duoc lién tuc, an toan- hiéu qua,
trén bo mo chia thanh 3 khu vuc: khu vuc cay xdi, khu vuc dy trit va khu vyc xtc bée (hinh 10) (Luu
Van Thuc va nnk, 2017).

1. . .
it DO i
0 1- may
cay xéi;
-2 2 = méy
xUc tai;
T T 3-010.
+)
-6
Ny
Hinh 9. So d6 cong nghé khoan né, xtc boc Hinh 10. So' d6 cdng ngh¢ boc dat
khu vuctiép gidp bo trukét thac da bang may cay xai

2.4.3. Cong ngh¢ béc dit da bang khoan né min két hep véi may cay xdi
Vi dat da clmg trude khi cay xdi, tién hanh no min voi chi tiéu thude n6 nho, dé tang nang sut may
cay xéi. So do6 cong nghé x&i nhu hinh 9.
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D¢ dénh gia hi¢u qua céc giai phap p dung can dua trén tiéu chi vé h¢ s6 on dinh bs mo va gia thanh
boc dat. Theo do, cong ngh¢ duoc cho 1a phu hop khi gia thanh boc dat nho va hé s6 6n dinh bo mo cao.
Heé s6 6n dinh bo mé trong cac truong hgp dugce xac dinh theo cdng thic (Luu Van Thyc va nnk, 2017:

Z(Ni -D)tgg, +ZCiLi
Ya)*

ST 1+ 9K, | VT
sin S, R

n_

o))

Trong d6: Ni - Lyc dir 6n dinh, manh tht i, T/m; Di - Ap luc nuéc ngdm, T/m; @i - Goc ma sat
trong cua 16p dat d4 manh thr i, d9; Ci - Luc dinh két cua IQp dat da manh thir 1, T/nf; L; - Chi€u dai cung
truot manh tha i,“m; T - Luc gay truot, T/m; Ka“, Ng — Hé so thuc nghiém; g — Gia toc trong truong, m/s?;
g — Quy mo vu no, kg; R — khoang cach tir bai né dén cong trinh, m.

Hé sb 6n dinh bo mo va gia thanh boc dat bd mé Na Duong khi 4p dung mdi loai hinh cong nghé
xem bang 1.

Bang 1. Két qua tinh todn cdc chi tiéu kinh té ky thudt bo tru mé Na Duong

(Luu Van Thuyc va nnk, 2017)

T Céc chi tiu PVT | Khoannémin | C008 :(g;le cdy X%?igk‘}ll%gi e
1 | Khi lugng dat da boc 103m3 18.541,5 18.541,5 18.541,5
2 E‘;éi lugng dat dé can lam| ., 15.760,3 15.760,3 15.760,3
3 | Vén dau tu Tr. d 164.951,00 177.912,15 178.108,25

3.1 | So v6i PAI (Tang +, Giam -) " - 12.961,15 13.157,25

32 | Tile % - 7,86 7,98
4 | Chi phi boc dat da Tr.d 782.002,00 819.975,63 797.953,29

4.1 | So v6i PAI (Tang +, Giam -) " - 37.973,63 15.951,28

42 | Tile % - 4,86 2,04
5 | Gia thanh boc dat da d/m3 41.694,12 43.690,31 42.501,12

5.1 | So véi PAI1 (Tang +, Giam -) " - 1.996,19 806,99

5.2 | Tilé % - 4,79 1,94
6 | Hé sb du trit 6n dinh bd mo 1,407 1,797 1,745

3. Két qua va thao luan

~ Tursd ligu & bang 1 cho thdy: Cong nghé boc dat da bang khoan nd min c6 gia thanh boc da va hé sb
on dinh bo mo thap nhat, cong nghé boc dat da bang may cay xéi c6 gia thanh boc dat va hé s6 on dinh
bd mo cao nhat. Do do, dé dam bao d6 6n dinh bo mo va tiét kieém chi phi san xuat, cac tac gia kién nghi
do6i véi mo Na Duong nhu sau:

- Ap dung cong nghé boc dat da bang khoan nd min tai cac khu vuc xa nha may nhiét dién tir 400 tro
1én;

- Ap dung cong nghé boc dat da bang may cay xdi tai khu vuc gan nha may nhiét dién (trong pham vi
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200 m tir nha may nhiét dién);

- Ap dung cdng nghé béc dat da bang khoan no min két hop véi may cay xdi tai khu vuc canh nha may
nhiét dién tir 200 m dén 400 m.
4, Két luan

Trong nhitng nim qua, truot 16 by mo thudng xuyén xay ra tai mot sé mo 19 thién trén thé gioi va Viét
Nam, anh hudng nghiém trong dén hoat dong san xuit ciia cac mo nhu: Gay mat an toan cho nguoi va
thiét bi lam viéc trong mo, lam tang hé sb boc d4, giam nang suat thiét bi, tang chi phi san xuat va dac biét
mot s6 moé nhu Na Duong con gdy nguy co mat an toan cho céc cong trinh trén mat.

D& dam béo an toan cho qué trinh xudng sau va bao vé cac cong trinh trén bo tru cac mo than 19 thién
bi truot 16 can ap dung cac giai phap nhu dé xuat trén day.
Tai ligu tham khao:

Luu Van Thyc va nnk, 2014. Nghién ciu Nghién cuu, thiét ké giai phép xi Iy truot |6 @dm bao an toan
cho bo tru Nam mo than Péo Nai. Cong ty C6 phan than BPéo Nai — Vinacomin, Quang Ninh.

Luu Van Thyc va nnk, 2017. Nghién cizu cac gidi phap cong nghé hop Iy béc ddt b tru dam bao an
toan cho cac cong trinh trén mat. Vién Khoa hoc Cong nghé Moé-Vinacomin, Ha Noi.

Ier3nep M.E., 1978. 6opsba c dedpopmayuamu copusix nopoo na kapvepax. Mocksa Henpa.

ABSTRACT

Solutions to remove the rational rock soil to raise the stability of the
mine's edge, the safety of the works on the surface and deep
exploitation

Thuc Van Luu'”, Cuong Céng Le?
!nstitute of Mining Science and Technology — Vinacomin

High-grade rock, clay soil, underground water pressure, inappropriate mining technology are the
causes of deformation, slides in the mine, causing danger of unsafely to the surface (power plant ,
transportation, ...) and deep exploitation. From the results of the analysis of the natural characteristics -
the technology of the open-pit coal mine and the factors affecting the stability of the mine's edge, the
article proposes solutions to remove the rational rock soil to raise the stability of the mine's edge, the
safety of the works on the surface and deep exploitation. Purpose: To improve the stability of the mine's
edge, ensure the safety of the works on the surface and exploit deeply for mines. Research methodology:
Data synthesis, analysis, comparison, theoretical and field survey. Main results: Proposed schematic and
technological parameters for stripping: (i) drilling, (ii) plowing, (iii) drilling and blasting combined with
plowing.

Keywords: rock removal; open-cast mining; drilling and blasting; technology; safe.
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E‘RISE. / ~_ HOI'NGHI TOAN QUOC KHOA HQC TRAI DAT
EARTH SCIENCES AND VA TAINGUYEN VOl PHAT TRIEN BEN VIPNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nhitng su ¢b thuong gap tai mot sé 10 cho khai thac co gigi hoa ddng
bo & vung than Quang Ninh va nhiing bién phap khac phuc
Vii Trung Tién*, Pham Ptrc Hung!, B Anh Son’
Trwong Pai hoc M6 - Dia chat

TOM TAT

Théng qua phan tich hién trang va tinh hinh khau than tai mot s6 10 chg khai thac co gidi hoa dong bo
vung Quang Ninh, ciing nhu phan tich dac diém diéu kién dia chit mo, bai bao di téng hop va phan tich
dugc nhiing su ¢6 thuong gap tai mot s6 10 cho khai thac co gidi héa dong bo. Qua do, chi rd nhirng ton
tai cua cong nghé khai thac co gisi hoa dong bo dang dugc ap dung tai mot sé mé ham 10 ving Quang
Ninh nhu hién tugng |6 guong, tut ndc 10 cho; hién tugng 10n va nghiéng léch gian chéng; hién tuong
may khau Cam sau xuong nén 10 cho... Tir 46, bai bao d& xuat nhiing giai phap ky thuat cong ngh¢ dé xir
Iy nhitng su ¢b 6 thé xay ra trong qué trinh khai thac tai 10 cho khai thac co gi¢i héa dong bo nhu ding
hoa chit gia cd, dung héa phuong phap bom ép nudce dé gia cb via than; dung gé dé nang gian chéng bi
IGn... Céc giai phéap k§ thuat nay sau khi ttng dung tai thuc té san xuét da dat dwoc két qua kha tét, c6 hiéu
qua trong viéc xtr ly su ¢b trong 10 cho twong tng véi timg diéu kién dia chit cu thé, tir ¢6 1am cho 16 chg
hoat dong 6n dinh va an toan, hinh thanh giai phap ky thuat cong ngh¢ quan trong dé xu ly sy ¢é trong
cac 10 chg khai théc co gidi hoa ddng bo tai mot s6 mo khai théac ham 16 hién nay viing than Quang Ninh.
Tir khoa: Su cb trong 10 cho; cong nghé khai thac; khai thac co giéi hoa dong bo; xir Iy su ¢d.

1. Mé dau

Hién nay, tai mot sé moé viing than Quang Ninh dang trién khai va tng dung mét sé 10 chg khai thac co
gi6i hoa dong bo. Trong qué trinh khai thac va theo ddi, budc dau nhiing 10 cho nay da mang lai hiéu qua
dang ghi nhan. Tuy nhién, cc 10 cho nay ciing thuong xuyén xay ra cac su ¢ do nhidu nguyén nhan khac
nhau, khi su ¢6 xay ra trong 10 cho s& lam gian doan chu ky san xuit 10 cho, giam ning suat lao dong va
giam hiéu qua ciing nhu van dé vé an toan trong 10 cho bi de doa.

Dé 10 cho khai thac co giéi hoa ddng bo duoc hoat dong lién tuc va mang lai hiéu qua trong viéc sir
dung va van hanh céc thiét bi dong bo thi cac su ¢b can phai xir ly mot cach nhanh chéng va kip thoi.
Trong 16 cho khai thac co giéi hoa dong bg, do phai van hanh nhiéu thiét bi may méc, bén canh dé 1a diéu
kién dia chat — mo cuia 10 cho thay do6i va phic tap nén su ¢ thudng hay xay ra. Trong nhitng su ¢4 tai 10
cho nay, thuong gap nhét 1a cac su ¢b nhu: hién twong 16 guong, tut néc 10; hién tuong lin gian chéng va
hién tuong méy khau khau cim vao trong da try cua via. Truge khi dé xuét giai phap khic phuc su cé xay
ra can phan tich rd nguyén nhan, trén co s d6 tién hanh lua chon giai phap dung din va kip thoi dé lo
cho duoc an toan. Théng qua phan tich nhimg dic diém trong 10 cho co gidi hoa dang khai thac tai mot sb
mé ham 10 vung Quang Ninh, bai bao cling phan tich nhirng nguyén nhan xay ra nhirng su c6 trong mdi 10
cho, tir do téng hop mot So giai phap hitu hi¢u dang duge dung dé xir ly su c6 nay. Qua kiém chtng dbi
v6i mot s6 10 cho gap su ¢d, mdi giai phap déu mang lai hiéu qua, gop phan nang cao mic do an toan va
hiéu qua trong khai thac 10 chg co gidi hoa dong bo.

2. Hién trang céng nghé khai thac 10 che sir dung cong nghé co' giéi héa dong bd ving than Quang
Ninh

Hién nay, tai cac mé ham 16 viing Quang Ninh gdm ¢6 06 16 cho 4p dung cong nghé khai thac co gidi
hoa dong bo, bao gom:

+ CoOng ty than Ha Lam c6 hai 10 cho, trong d6 mét 16 cho dwoc &p dung khai thac cho via 11 (bét dau
tir nam 2013), thiét bi gdm: gian chdng trung gian loai ZF4400/16/28, gian chéng quéa do (gian chong dau
16 cho va gian chéng chan 16 cho) loai ZFG4800/18/28, may khiu loai MG150/375-W, mang cao loai
SGZ630/264, cong suat thiét ké 600 ngan tan/nam; mot 10 cho &p dung khai thac via 7 (nim 2015), thiét
bi gébm: gian chdng trung gian loai ZF 8400/20/32, gian chong quéa do loai ZFG9600/23/37, méy khau
loai MG300/730WD, mang cao ma hiéu SGZ 764/400, cong suat thiét ké 1.2 triéu tan/nam;

+ COng ty than Khe Cham c6 mét 10 cho duoc &p dung khai théc cho via 14-5 mo Khe Cham 111, thiét
bi dong bo gdm: gian chdng trung gian ZFY5000/16/28, gian chéng qua do ZFG-6200/17/30, may khau

*Tac gia lién h¢

Email: vutrungtien@humg.edu.vn
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loai MG-150/375-WD, mang cao ddng b ma hiéu SGZ630/246, cong suét thiét ké 600 ngan tan/nam;

+ Cong ty than Duong Huy c6 mot 10 cho dugc ap dung khai thac via 11 (nam 2015), thiét bi dong bo
gom: gian chéng trung gian ZY3200/16/36, gian chdng qua do ZYG3200/16/36, may khau loai
MG300/700-WDK, mang cao ma hiéu SGZ 730/220, cong suat thiét ké 600 ngan tin/nam.

Gian chéng trung gian loai ZF4400/16/28

-W o,
- MG150/375 v ’
p 3

May khau loai MG150/375-W Méng cao mé hiéu SGZ 630/264

Hinh 1: T6 hop thiét bi duwoc sir dung trong 10 che via 11 — Cong ty than Ha Lam (Cong ty Co phan than
Ha Lam, phong KCM, 2018)

+ Cong ty than Quang Hanh cé mot 16 cho dugc ap dung khai thac via mong tai mo than Nga Hai (nam
2015), thiet bi dong bo gom: gian chong loai ZY3000/12/26, may khau loai MG132/320-W, mang cao
loai SGZ-630/220, cdng suat thiét ké 180 ngan tan/nam;

_+ Cdng ty than Vang Danh c6 mét 10 chg dugc &p dung khai théc via 8 (ndm 2017), thiét bi dong bo
gom: gian chong trung gian ma hi¢u ZF4400/17/28, gian chong qua do loai ZFG4800/20/32, may khau
loai MG170/411-WD, méang cao méd hiéu SGZ 630/264, cng suat thiét ké 450 ngan tan/nam.

3. Nhiing su ¢6 trong 10 cho khai thac co giéi hoa tai viing Quang Ninh

+ Hign tuwgng |6 guong, tyt noc trong 10 che: (Vi Trung Tién, D& Anh Son, 2014). Pay la su ¢b
thuong xay ra nhat trong cac 1o chg khai thac co gioi hoa dong bo dang khai thac hién nay. Hién tuong
nay xay ra chu yeu do than mém yeu, ap luc 10 che 16n, day la hién tueong do than & guong 10 che bi day
ra khoi khoi nguyén va tran vao khoang khong gian 10 cho, dan den may khau khong the thuc hién khau
than binh thuong. Khi hién tuong 16 guong xdy ra, dieu nay lam cho vach mat goi tua nén s& bi roi xuong
10 cho, day goi la hién tugng tut néc 10 chg, hién tuong nay xay ra trong khong gian rong dan den hign
tuong rong noc 16 cho, dieu nay anh huong den chat lugng chong gitr 10 cho cua gian chéng, co6 thé dan
dén nghiéng léch gian chdng, tham chi d6 gian chdng, dan dén s& gay nguy hiém cho 10 cho khai thac.

+ Hign frong 1Un va nghiéng gian chéng trong 10 che

Su c6 xay ra do nén 10 cho Ia loai dat d4 mém yéu, gian chéng c6 tai trong Ién va chiu ap luc I6n. Khi
d6 gian chdng bi 1Gn xudng nén 16 chg, 1am cho viéc di chuyén gian chéng sang ludng méi gap khé khan,
d6i khi khong thyc hién duoc do gian chdng lGn qua sau. Su cb nay xay ra tai 16 chg via 7 moé than Ha
Lam, mo than Khe Cham 111 va mo than Duong Huy.

+ Hign twong may khau khdu cam xuéng dd tru ciia via

Su ¢b nay xay ra do diéu kién dia chat cua 10 chg qua phuc tap, do trong qué trinh khau, 16 cho gap dut
gdy lam cho via than thay doi vé diéu kién thé nam dan dén viéc diéu khién may khau khdng chinh xac.
Hién twong nay xay ra tai 10 chg mo Ngé Hai, Cong ty than Quang Hanh.

4. Nhirng giai phap xir Iy sw ¢6 khai thac trong 10 che khai thac co giéi hoa ddng b
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4.1. Xie ly sw cé |¢ gwong, tut ndc
4.1.1. Dung héa chdt gia cé girong Io (Vii Trung Tién va nnk, 2014)

Giai phéap dung hda chét gia ¢ guong 16 1a mot trong nhitng giai phap hiéu qua nhat vé mat ky thut.
Tai cac nude nhu Trung Qudc, Ba Lan, Uc giai phap nay duoc xir dung rong rdi va pho bién dé giai quyét
sy ¢d vé hién tuong 1o guong va tut noc 10, giai phéap nay khdng nhiig ding dé xir ly hién tuong 1o
guong, tut néc trong 10 chg ma con duoc sir dung dé xur Iy sy ¢b vé tut 1o néc 10 khi dao cac duong 10
trong via than va ving dat da mém yéu. Ban chét ciia giai phap 1a bom hoa chat tryc tiép vao trong guong
16 qua cac 16 khoan, tir ¢6 hoa chit qua cac khe nit trong khéi than va lién két than thanh khdi viing chic.

Héa chdt lién két khot da
vdch trén tran trudc guong

L khoan bom héa chdt

V oi bom héa chdt Hda chdt lién két
than trén mdt guong

Hinh 2: So do nguyén Iy thé hién bom vt liéu gia cé dat da véch va guwong
dé ngan ngira hién teong o guwong 16 cho
Hién nay, hoa chéat duoc dung dé gia cd guong 10 ¢6 nhiéu loai khac nhau va chi phi ciing khac nhau.
Céc 10 cho co gidi hda viing Quang Ninh thuong sir dung loai héa chat DMT-601A/B cua Trung Québc san
XUit dé gia c6 guong 10. Pé bom ép héa chat vao guong 16, ngudi ta khoan nhitng 16 khoan trén guong 10
cho va dung bom cao 4p dé ép hda chat qua cac 15 khoan, tir d6 hoa chét lan tran va xam nhap vao cac
khe nut ciia khdi than va lam lién két than thanh khéi (xem hinh 2)

Giai phéap c6 mot s6 uu diém: Sir dung don gian, nhanh dé phong ngira 16 guong; hiéu qua tuc thoi, vi
c6 thé nhanh chéng khoi phuc cong tac khai thac (sau khi bom phun hdn hop hda chat 20 pht c6 thé bat dau
khai théc); ting cuong cong tac an toan; khdi lugng thuc hién cong viéc it, chi phi van tai thap.

4.1.2. Dung phuong phdp phun ép nudc vao guwong lo
Mot trong nhiing giai phéap hiéu qua dé xu ly hién tuong & guong 16 1a bom ép nuéc qua nhiing 15

khoan vao khéi than trong 10 che, déy 1a giai phap rat hi¢u qua vé mat kinh té, tuy nhién tai nhing v tri
¢6 hién tugng |6 guong va tut ndc nhiéu va manh thi giai phap nay chua thé xu 1y duoc.

Hién nay, tai 10 chg via 14-5 mo than Khe Cham 111 va 10 chq via 7, 16 cho via 11 ctia mé than Ha Lam
dang str dung giai phap nay. Qua danh gia cho thay rang, néu diéu kién guong 16 chg khéng 16 guong
nhiéu thi giai phap nay twong doi hiéu qua

Tam chén lubng pha hoa
Xich Lién két Ong bom ép nuse tu

Hinh 3. Bom ép nuéce trude guwong gia ¢é via than mém yéu b roi trong 10 che khai thac co giéi hoa

4.2. X ly sw cé 14n va nghiéng gian chang
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+ Gidi phap xir ly gian chéng 1an xuang nén 16 che

Truong hop néu gian chéng 1Gn xudng nén chwa sau, nguai ta xir 1y bang cach trai gd xudng nén 10 chg
hodc ding gé chdng gian chdng (hinh 4). Trudng hop gian chong 1Gn xudng nén 16 sau, thong thuong xir
Iy bang cach khoan 16 khoan sau d6 n6 min, sau chén da hoic go dé tao san rin chic va day gian chéng
[én (hinh 5), nhiéu trudng hop phai xa 1y cho nén 16 cho ran chic hon can phai bom hoa chat truc tiép
xuéng nén 16 cho.

T [

Dung gd ké xudng nén 16 nang gian chéng Diing gb chéng va ké g& nang gian chéng

Hinh 4: Xur ly gian chéng b; 10n (nhe) xuong nén 16 che

Khoan 15 khoan xubng nén va né min Tao 16p dém bang d4 day gian chdng Ién
Hinh 5: Xu ly gian chang b; 1Gn (cdm sau) xuang nén 10 cher
+ Gidi phap xir ly gian chéng bi nghiéng léch

Gian chong nghiéng léch xay ra trong trudng hop goc doc cia 10 cho lon, thong thudng s ding thiét
bi chong trdi truot gian chong dé xur 1y hién twong nay, tuy nhién trong nhicu truong hop ngudi ta cling c6
thé dung gd hoic céc kich thay luc dé lién két cac gian chdng véi nhau (hinh 6)

Dung gb xir ly gian chdng nghiéng léch
Dung kich lién két gitra cac gian chéng

Hinh 6: Xur ly gian chang bj nghiéng Iéch trong 16 che
4.3. Xir ly may khdu khdu xuéng dd tru via
- Can phai tham do diéu kién dia chat bd sung dé biét hudng hinh thanh cua via than;

- Khi méy khau khiu cam xuéng tru (gap da) 1ap tac phai dung méy, néu can phai xu 1y can dung
khoan n6é min, kh()ng’dL‘Jng may khau dé cat d4, tranh cho may khau bi hu hai, dac biét 1a rang khau sé
nhanh hong do phai cat vao da;

- Pao tao cong nhan diéu khién may khau thanh thuc hon (1am chu thiét bi)
5. Két luan

Théng qua két qua tong hop cia bai béo, tac gia da phan tich diéu kién thuc té cia 1o cho dang st dung
cdng nghé khai thac co gidi hoa ddng bo, tir do thay dwoc nhitng nguyén nhan gay nén mot sé su ¢é trong
10 cho, ddng thoi dwa ra nhitng giai phap khic phuc kip thai cho nhitng su ¢é d6. Nhitng giai phap khéc
phuc su ¢b nay dwoc &p dung tai ving Quang Ninh va mang lai hiéu qua cao dap wng yéu cu cua san
xuét thyc té, tir d6 nang cao kha ning sir dung hiéu qua cia ddng bo thiét bi, nang cao van dé an toan
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trong khai thac 16 chg, néng cao dugc trinh do cho ngudi lao dong truc tiép trong 10 cho co gidi hoa dong
bg. Trong ke hoach, Tép doan cong nghi¢p Than — Khoang san Viét Nam s& timg budc dua cong nghé
khai théc co gi¢i hoa vao 10 chg dé nang cao hi¢u qua trong khai thac than, viéc giai quyet cac su co lién
quan la bai toan vo cung can thi€t, ket qua tong hop cua bai bao cling c6 the lam tai liéu cho nhirng can bo
nghién ciru trong linh vuc vé cdng nghé khai thac co gidi hoéa dong bo tai ving than Quang Ninh.
Tai ligu tham khao
Cong ty Co phan than Ha Lam — Vinacomin, phong KVM, 2018. Ké hoach khai thac céc 10 chg co gidi

hoa;

Cong ty than Khe Cham - TKV, phong KCM, 2018. K¢é hoach khai thac 16 chg co gidi hoa;

Céng ty than Duong Huy — TKV, phong KCM, 2018. Ké& hoach khai thac 10 chg co gisi hda;

Cong ty than Quang Hanh — TKV, phong KCM, 2018. Ké hoach khai thac 10 cho co gisi héa;
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Dia chat, s6 47, trang 52 — 56.

ABSTRACT

The problems often happening at the fully mechanized longwall in
Quang Ninh province and methods of surmounting
VU Trung Tien*", PHAM Duc Hung!, DO Anh Son!
'Ha Noi University of Mining and Geology

After analyzing current state and exploitation process of some of the fully mechanized longwall in
Quang Ninh province, as well as analyzing the geological conditions, the paper has synthesized and
analyzed some of the problems often happening at the fully mechanized longwall. At the same time,
mention the shortcomings of existing fully mechanized longwalls are applying at some mines in the
Quang Ninh. As a result, the paper proposes appropriate for technical and technological solutions to
surmount the problems often happen at the fully mechanized longwall. This technical and technological
solutions after application in practice has achieved good results. They are effective in the problems
surmounting with specific geological conditions. The faces can be exploited safety, from there, to
formulate important technical and technological methods to surmount the problems at the fully
mechanized longwall in Quang Ninh province

Keywords: the problem in the face; technology of exploitation; fully mechanized; to surmount the
problem
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Uncertainties in the stability analysis of slope cuts

Nguyen Anh Tuan®”
'Hanoi University of Mining and Geology

ABSTRACT

The stability analysis of slope cuts bases itself on geometrical data (structure of the rock mass, the
geometry of the slope cuts) and measures or estimations of the mechanical properties of the
discontinuities and the rock mass. These measures are treated to obtain synthetic data which will allow
realizing one or several geometrical models, then one or several mechanical models. Finally, the
consequences of a statistical analysis of orientation on the stability analysis were studied by stochastic
simulation. Each of these stages includes uncertainties which are not totally collected, thus not estimated
and taken into account in the final analysis. The article suggests listing the various sources of
uncertainties, then to show the geometrical influence of the data processing and the indicators of stability
resulting from limit equilibrium stability analysis in the stability analysis of slope cuts.

Keywords: Discontinuities, Discrete fracture network (DFN), Uncertainties, Modelling, Stability analysis.

1. Introduction

For an open pit mine or slope cuts, the design of slope is one of the major challenges at every stage of
planning and operation (Figure 1). Fundamentals of slope design require specialised knowledge of
geology, the material properties and geometric of slope cuts. It means also an understanding of the
practical aspects of design implementation and the stability analysis of slope (CSIRO 2009). The stability
analysis of slope cuts bases itself on geometrical data (structure of the rock mass, the geometry of the
slope cuts) and measures or estimations of the mechanical properties of the discontinuities and the rock
mass.

Geology Structure Rock Mass Hydrogeology

MODELS Geotechnical
Model
Geotechnical
Domains
POMAINS Fallure Modes
Design Sectors

Bench
DESIGN Configurations
Regulations -—
Inter-Ramp Capabilities
Angles —
g
Overall
Slopes.

INTERACTIVE PROCESS

ANALYSES \ Partial Slopes
== = p
— Analysis

In-situ Stress / Final -—
Designs

|
’ Depressurisation
IMPLEMENTATION Implementation,
M ent
!

Figure 1. Slope design process (CSIRO 2009)

The geotechnical model is the fundamental basis for all slope designs and it complied four component
models: the geological model (presents a 3D distribution of material type, in situ stress, etc.); the
structural model (major structures as folds, inter-ramp and mine scale faults, structural fabric such as
joints bench scale faults); the rock mass model (material properties); the hydrogeological model (both the
groundwater pressure and the surface water flow). These models also have applications for other aspects
of the mining operation. However, particular aspects of each are critical for the slope design process. The
stability analysis of slope cuts the need to define the reliability of the data in the geotechnical model has
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increased significantly. This frequently leads to a situation where the uncertainties dominate the
probabilistic results and a more deterministic approach must be used. The criteria were initially expressed
in term of a factor of safety (Fos), which compared the slope capacity (resisting forces) with the driving
forces acting on the slope. The uncertainty and variability of geology and rock mass properties led to
increasing use of probability techniques rather than the deterministic FoS method.

For each site, it is obviously an incomplete mathematical representation of the reality fractured rock
mass. The main parameters of DFN model are the discontinuity size, orientation, and spatial density
distribution. The grouping of discontinuities in primary sets is mainly based on the orientation of the
discontinuities, which is a consequence of their genesis. The uncertainty of DFN model results from both
some intrinsic variability and statistical effects. There is a balance to find between the decrease of
variability and the increase of statistical uncertainty. Three types of uncertainties: parameter uncertainty,
model uncertainty, and geometrical uncertainty are involved (Starfield & Cundall 1988; Verdel 2007;
Maxime 2007; Baecher & Christian 2003). These uncertainties influence the safety of the benches of
fractured rock mass support installed by using deterministic and probabilistic methods for equilibrium.
Uncertainties in the mechanical properties of discontinuities such as joint friction, cohesion, and
stiffnesses because of a lack of knowledge about in-situ. The orientation of fractures and their length,
discontinuity spacing, discontinuity friction angle, the cohesion of discontinuities are subject to
uncertainty because data are obtained from a two dimensional of in-situ. Model uncertainty was
quantified by probabilistic analysis methods, sensitivity analysis and the application of partial factors to
design against the instability of fractured rock mass. These uncertainties influence the safety and
economy of the rock support installed.

2. Uncertainties of input and output parameters
2.1. Uncertainties of input parameters

There are three main types of survey such as borehole surveys, scanline surveys, and areal surveys.
The measurements are usually made on oriented cores from resistivity logs. Borehole measurements give
information about the distribution of fracture orientation, the fracture density and its regionalization, the
presence of fracture clusters. Parameters such as discontinuities, the fracture orientation, slope
orientation, model dimensions of slope cuts, etc. were considered as inputs parameters.

The orientation of fractures, is not purely random, though not regular. Many of the fractures observed
in a single outcrop are approximately parallel to be one or several planes. These fractures, which have
approximately the same orientation, constitute a fracture sets. The existence of sets is due to the fact that
the orientation of fractures is related to tectonic history. It is best to study the various sets separately, as
individual sets are expected to be more homogeneous than combined sets (Priest 1993). At first, task is to
identify the various sets. This problem is introduced together with the definition and calculation of the
fracture density.

This works, the modeling deals with the scale ranging from tens of centimeters to tens of meters. It
means various scales such as metric scale. Models to predict number of set, the poles of sets, histogram
and statistical of sets, statistical outputs (the number and volume of unstable blocks), synthetic indicator
of global stability of slope cuts. In practice, it is not possible to consider any nonrandom set of all the
fractures. Before using the models of fracture on the stability analysis results, it is necessary to explain
how data are collected and provided statistical inputs parameters.

2.2. Uncertainties of output parameters
2.2.1. Orientation distribution

The statistical modeling of directional data has been studied for a long time such as Mardia (1972).
The most commonly used models for spherical orientations concerning a fracture set are the truncated
Fisher, and the uniform distributions, etc. There are sophisticated methods for estimating the mean
direction. Because of the uncertainties associated with the definition of the “direction” of a fracture and
with the measurement itself, and due to the geometric bias. It is sufficient to identify the mean direction
(Priest 1993).

If the directions are uniformly distributed on the upper hemisphere, the probability density function
(pdf) associated with a surface element ds is ds/(2m). Expressed in spherical coordinates as the surface
associated with d6 and d¢ is ds = sin6 do d¢, the bivariate pdf of the polar coordinates 0, ¢ referred to the
reference sphere is expressed by uniform distribution, such as:

f(6.9) = —sing 0<0<nf2 0<h<2n 1)

with 6 (dip angle), ¢ (2r - strike azimuth) are independently distributed, ¢ is uniformly distributed on
[0,2], and cos6 uniformly distributed on [0,1].
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Fisher distribution is an isotropic nonuniform distribution, the pdf of the polar coordinates (6°, ¢)

referred to the reference sphere is:
Flg.40 = %—;Sii exp (kcosd") 0<0’ <n 0<¢’ <2m 2)

With k is a concentration parameter: for k = 0, the mass is uniformly distributed; for large k, the mass
is concentrated on a small portion of the sphere around the pole of the mean direction. It can be estimated
k and used to check whether the bivariate distribution of (6, ¢) such as truncated Fisher.
2.2.2. Spacing distribution

The intersection of any of the basic models with a line provides a 1D Poisson process (Priest 1993).

Successive spacing is independent and follow an exponential distribution.
Plk,x) = — 6= h““ 3)

If the total event discontinuity frequency is A, can be shown that the probability P(k,x) of exactly k
events (discontinuity intersections) occurring in an interval of length x, selected at random along the line
(Scanline surveys). The probability of zero events in an interval is found by setting k =0, giving
PO, x) = e ™.

2.2.3. Trace length and fracture size

If fractures cannot be considered as infinite at the scale of the study, the distribution of their size
largely determines the frequency of intersection and hence the mechanical behavior of the rock mass. In
practice, it is not possible to observe the exact size of a fracture. A 2D survey, however, provides the trace
length distribution, which linked with the fracture size distribution. But the experimental histogram of
trace length is affected by several biases that have to be corrected. For a fixed 3D fracturation density,
there is a better connectivity with a few large fractures than with many small ones.

2.2.4. General network models

All models can be deterministic or stochastic. The first models were deterministic, which is defined by
three orthogonal directions of equidistant planes. Stochastic models are considered here, because they are
better adapted to usual applications. From a stochastic point view, fracture networks are realization of
random sets. The basic models can be found among the random set models, mainly developed by Matérn
(1960), Matheron (1967, 1975), Miles (1972), Dershowitz (1984), Heliot (1988), and Chiles (1989). All
the models described common assumptions: all fractures are planar; all fracture locations are equally
probable; all fracture orientations are independent of fracture locations. In order to take account of the
complexity of reality, several generalizations of the basic models can be used such as hierarchical models,
cluster models, regionalization of density, etc. The rock mechanics of rock mass depend mainly on the
characteristics of the fracture field. It is therefore necessary to use stochastic models. Mathematical
morphology provides a means of fully characterizing a fracture network (Goovaerts 1997).

2.2.5. Distribution of unstable blocks

For statistical data on discontinuities, it is necessary to apply several simulation processes to the same
slope cut. Each simulation provides a set of blocks for which the stability has to be investigated in
accordance with the method previously explained.

Let m, the average volume of instable blocks for n simulation:

mn=(v1+v2+...+vi+...vn)/n (4)

with vi; is the total volume of instable blocks for simulation number i. vi constitutes a random variable v.
For the (n+1)™ simulation, one can write:

Mp+1 = (M + Vier)/ (N+1) 5)
For an exponential law of v, with 95% probability, we have:
0<vi<3r (6)
Where A is the parameter of the law estimated by m,: A = mj
Hence, from (4), (5) and (6): -1/(n+1) < (Mn+1 — Mp)/my < 2/(n+1) )
From (7), we have: | Mn+1— mn |/ My < 2/(n+1) (8)

The validity of this adjustment can be easily verified by comparing m and o, which are equal in the
case of an exponential law. The probability (o) of having a volume of unstable blocks of more than v is:
o = Prob {v > v} = e~ (10)
In a general way, we may therefore consider that the optimum number of simulation with an error of
about 5%, which is committed as to average of the volumes in the case of n simulations.
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3. Case study
3.1. Fractured rock mass geometrical model to a limestone quarry Clues

Some discontinuities survey was performed on 9 benches of a limestone quarry Clues situated in the
south of France, 20 km north of Nice. 61 planes were collected which is quite a little, but sufficient to
identify families of discontinuities. The geometry of the slope, the different bench dimensions, and major
geological structures of Jurassique is shown in Figure 3 using, model.
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Figure 3. Photo of the quarry (left) and bench dimensions on the slope of the quarry Clues (right).

°® oo
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Figure 4 Stereographic projection of lower hemisphere Schmidt net: (a) plot of discontinuity data of 9

benches; (b) 4 mains sets with the spectral method, which was computed in Mathematica.

The studied slope has benches from 10 to 20-meter height with a dip from 60° to °70° and an azimuth
varying from N100 to N120 (Figure 3, left). For the rock mass characteristics was used in the numerical
model: the angle friction of discontinuities (¢) equals 30°; the rock mass density (y) equals 25 KN; the
cohesion (C) 180 kPa; the rock mass strength (cn) 178 Mpa; and standard deviation of o, equals 13 Mpa.
The in-situ friction coefficient for this type of rock is approximately 0.577 (¢=30°) in the simulation
presented in this study.

The methodology concerning the description of the fractures systems can be found in (Nguyen et al.
2014) for the fracture clustering method. The method on the spectral method by Andrew, Michael and
Weiss (2002) and Jimenez-Rodriguez and Sitar (2006) for defining main discontinuity sets presented
were applied to study their impact on benches stability analysis. The spectral method was programmed
and presented under Mathematica environment. Therefore, the result in term of a number of sets, mean
and dispersion of the families, spacing for a family differs, Figure 4. With the results of the discontinuity
data treatment in the previous step, the complex network of discontinuities had been replaced by the main
discontinuities sets. Each set was represented by its center and its spatial distribution laws, in Table 1.

Table 1. Detail of discontinuity sets with the spectral method in the quarry Clues.

Parameters Sets
Faml Fam?2 Fam3 Fam4
Npc, % 13 21 13 14
N 21% 35% 21% 23%
pe 100%
Spectral method o 61 61 87 56
B 246 122 181 43
Kt 66 16 63 14
Spacing Exp: A 0.3 0.15 1 25
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The spectral method regroups all the discontinuities: 100% of classification. Also, the grouping
according to the spectral method depends on a factor o, but this choice is still in discussion between
specialists (Meila & Shi 2001; Andrew et al. 2001). In fact, as mentioned above, the scaling parameter ¢
was a human-specified parameter. It is possible to choose, as proposed a value of ¢ which maximizes the
intra-cluster similarity (low intra-cluster distances). For our case, it corresponds to a ¢ value of 0.12.

The case of the quarry of Clues, we did not make the systematic statement of distances from scanline,
but we associated with every measure orientation of fracture estimation the mean and standard deviation
of each discontinuity set. The spacing in each family is considered as following an exponential law or as
uniform; m=1/X is the mean of spacing following an exponential law.

3.2. Limiting equilibrium analysis

The consequences of statistical analysis (Tables 1) on the stability analysis were studied running
Resoblok simulations (Heliot, 1988). It is a DFN code that couples geometrical block system construction
and an iterative stability analysis based on limit equilibrium stability analysis (Asof 1991) according to a
vector analysis method initially proposed by Warburton (1981). The deterministic or stochastic geometry
of a fractured rock mass can be represented in 3D. Resoblok was developed by Laego, a French research
laboratory located in Nancy. Resoblok is not currently available commercially.
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Figure 5 Variation in the average number and the average volume of unstable blocks versus the number
of with 50 simulations.

Figure 6 Histogram of the number, the volume and mean volume unstable blocks with 50 simulations, and
the unstable blocks of N°18 of simulation more favorable.

Limit equilibrium analysis of the benches at the quarry Clues (Figure 3, left) was analysed using
Resoblok with the law of Coulomb. From statistical knowledge on fracture orientation and spacing, block
geometries can be computed according the statistic, and then a stability analysis is run. Resoblok
calculates the safety of factor FoS of the blocks bounding the excavation and the one having a factor of
security lower than a fixed value (default value =1) are considered as unstable. The results of the stability
analysis are presented in a statistical way for n = 50 simulations of each geometry and properties (C, ¢).
The Figure 5 and 6 show the histogram of the unstable blocks in the vicinity of the excavations and the
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histogram of the average number and volume of unstable blocks versus the number of simulation. 3D
modelling was performed for a section more favorable in the quarry Clues. Finally, the geometrical model
created from the simulations of the scenario were used as the representative model of the rock mass, table
2.

Table 2 Stability analysis with the differences levels of treatment of the data of BC bench.

Analysis stability Spectral method
N° of simulation more favorable 18
Number of blocks created 1985
Number of unstable blocks 34
Mean volume of a block (m®) 1.135
Unstable blocks volume (m?%) 38.581

4, Conclusions

A methodology of the stability analysis of slope cuts includes uncertainties assessment was presented
which accounts the complexity of the fractured rock mass. The quantify uncertainty was presented in the
parameters: orientation, spacing and dispersion of main discontinuity sets. The spectral method, which
was computed in Mathematica for defining main discontinuity sets presented were applied to study their
impact on slope cuts stability from DFN modelling with a stochastic approach. The work suggests listing
the various sources of uncertainties, then to show the geometrical influence of the data processing and the
indicators of stability resulting from limit equilibrium stability analysis in the stability analysis of slope
cuts. The stability analysis of slope cuts is considered as a significant hazard on the slope cuts of a
limestone quarry. These works was estimated unstable blocks, volumes and slope displacements in the
limestone quarry Clues. Modelled displacement of unstable blocks illustrated the potential areas for slope
cut instability. The consequences of a statistical analysis of orientation on the stability analysis were
studied by stochastic simulation. Each of these stages includes uncertainties which are not totally
collected, thus not estimated and taken into account in the final analysis.

The results show that, if we estimate that the “critical volume”, the is a probability of having a greater
volume of unstable blocks. The variable “total volume” of unstable blocks, using the probabilistic
approach previously introduced, enables us: to compare different slope cut from the aspect of stability; to
optimize the orientation and the slope of a given slope cut, calculating different probabilities for a given
critical volume; and to quantify, comparatively, the eventual reinforcing pattern of the slope cut.
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Nghién ctiu tinh 6n dinh caa vi chong co khi hoa trong khai thac via
doc nghiéng dén doc dung
Bui Manh Tang'*, Tran Van Thanh®, Nguyén Phi Hung*, P& Hoang Higp?
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TOM TAT

Khai thac cac via dbc nghiéng dén déc dimng, do géc déc cua 10 cho I6n, da vach va dé try via ludn
ludn c6 xu thé trugt theo theo hudng dbc 10 chg. Ngoai ra, do trong lugng ban than cua vi chéng lon lam
cho vi chdng ludn ¢ xu thé dich truot va lat d6 theo chidu déc cua 16 cho. Bai b4o dua trén didu kién cua
10 cho 45051 mo Téan Cudng, Tap doan than That Thai Ha, Trung Qudc tién hanh phan tich do 6n dinh
ctia Vi chéng co khi hoa trong khai thac 16 cho dai doc nghiéng - ding, tir d6 dé xua bién phap k¥ thuat
ngan ngira sy dich truot va lat do cua vi chéng, két hop vai két cdu diéu chinh gi4, tim chin hong va kich
chéng lat. Két qua cho 4p dung cho thay, cac thiét bi va giai phap ngan ngira dich trugt va lat &6 duoc ap
dung trong 10 chg da dam bao dugc yéu cau vé ky thuat, nang cao hiéu qua kinh té ciing nhu an toan trong
10 cho co gidi hda via doc nghiéng dén dbc dung.

Tirkhoa: Via déc nghiéng; dbc ding; vi chong co khi héa; 10 cho.

1. Pit véan dé

Khi khai théc via doc nghiéng dén doc ding, qué trinh lam viéc cua vi chéng trong 16 che do trong
luong ban than va cac thanh phan hop luc cua cac tam xa s& lam cho vi chong ludn c6 xu huéng dich
truot va lat do theo chiég doc cﬁarlc‘J cho. Céq hién tugng d6 gy ra cac tac hai c,ho céc thiét bi xung quanh
cling nhu dnh huong dén h¢ thong san xuat chung cua 10 cho. Theo cac két qua da nghién ctu cho
thay2, khi gdc doc 10 cho tir 18° trg I1én, vi chong sé vi dich truot theo chiéu doc, tham tri la 1at d6. Doi
v6i goc dbc tir 18°~35°, chu yéu sir dung 10 cho dang xién chéo dé khdng ché do 6n dinh cua vi chéng.
Tuy,nhién, khi géc doc 10 chg tir 35° tro 1én, do thanh phan hop luc theo"chiéu déc tac dung [én vi chong
la rat 16n, chi sur dung [0 chg xién chéo thi khong dam bao dugc sy 6n dinh cua vi chéng. Vi chong
thuong bi x6 day xubng phia dudi chan 10 chog, cac vi chéng & phia dudi 10 cho thuong bi ket cirng, gay
khé khan cho qua trinh di chuyen theo tién do guwong 16 chg. Do vay, can phai tién hanh ‘phan tich cac
nguyén nhan gay lén sy mat 6n dinh va dé& xuit céc giai phap ky thuat nham dam bao su 6n dinh cua vi
chong trong 10 chg.

2. Phén tich d9 6n dinh cia vi chéng 10 che
2.1. So' do tinh toan su dich trwet va ldt dé ciia vi chong 10 che

Hiu qua cong tac cua vi chong phu thudc rat nhiéu vao trang thai cua da vach va dé try. Trang thai cua
da dugc danh gid dua yao cac tinh chat va cau truc cia chung, dong thoi phu thuoc vao loai va théng so
cua vi chong, trinh ty lap dat, di chuyén va trang thai mang tai vi chong.

Két qua phan tich ché d¢ 1am viéc cua vi chdng cho thdy, do on dinh ciia vi chong theo qué trinh 1am
viéc cuia vi chong trong 10 cho dugc phén chia thanh ba trang thail®l: Trang thai tu do, trang thai chiu tai
ban dau va trang thai chiu tai trong cong tac.

Trang thai dich truot va lat &6 cua vi chdng trong 106 cho dwoc thé hién trén so dd hinh 1 va 2 dudi:

v

a. Trang thdi tw do; b. Trang thai ch;’y tdi trong ban dau; c. Trang théi chiu tai trong cong tac.
Hinh 1. So do tinh toan dich truot cua vi chong.

*Tac gia lién h¢
Email: buimanhtung@humg.edu.vn
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a. Trang théi tw do; b. Trang thai chju tdi‘ trong ban dd‘u;vc. Trang thai chju tdi trong cdng tac.
Hinh 2. So do tinh toan Idz do vi chong.
2.2. Phén tich @ én dinh ciia vi chéng
Do 6n dinh cua vi chdng la chi kha niang khang lai sy dich truot va lat d6 cua vi chdng theo chiéu déc
16 cho. Gia st goi k va A biéu thi chi s6 d6 6n dinh cua vi chdng theo dich truot va lat d6, thi k va A dugc
xac dinh nhu sau:

T

R

k

F
1=Me
M 1)
Trong d6:
Fr, Mg - M6 men khang truot va khang lat d6 vaa vi chéng;
F, M - M6 men truot va lat 6 cua vi chbng;
fi .fa- Phan lyc ma sat cia vi chong véi dé tru va dd vdch.

Dc diém 6n dinh cia vi chong theo qua trinh lam viéc trong 10 cho & ba trang thai: trang thai tu do,
trang thai chiu tai ban dau va trang thai chiju tai trong cdng tac s& c6 nhiing biéu hién va dam tri khac
nhau. D6 6n dinh giGi han cia vi chong & cac trang thai dugc xac dinh nhu sau:

(a) Khi vi chéng ¢ trang thai tu do:
f, =Gsina
bGcosa =hGsina

)
Hoic f =ulG cosa

(b) Khi vi chéng ¢ trang thai chiu tai trong ban dau:

bGcosa +2bR,, + 2hf, =hGsina 3)
{fl = u(Geosa +Ry,)
Hoac:
f2 = uR,,
(¢) Khi vi chdng ¢ trang thai chiu tai trong cong tac
f, +f, =(G+Gy)sina

b(G+Gy)cosa+2(bR, +hf,) =h(G+2G,)sina @)
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Hoic {fl = u[(G+G,)cosa +R,)]

fz :ﬂRz

Dé dam bao cho vi chéng on dinh, thi can phai dam bao goc trugt d6 gioi han cua vi chdng phai I6n
hon goc déc cua 10 chg. Khi k = A4 =1, goc gidi han dich truot va lat d6 cua vi chdng duge xac dinh
nhu sau:

[o,] = arctg (1)

[ay]=arcty (%)

L - Hé s6 ma sét giira vi chdng véi d4 vach va da tru 0.222~0.819;

Trong d6:

G - Trong lugng vi chéng, kN;
G, - Trong luong ciia d4 vach 1én vi chdng, kN;

R

oi+ R = Phan lyc ban dau va cdng tac cua vi chong 1én d4 xung quanh, kN;
P, P - Tai trong ban dau va tai trong cong tac ciia vi chong, KN
h, b - Chiéu cao va chiéu rong vi chéng, m;
o - Goc déc via, (°).

2.3. Phan tich cac yéu té anh hwéng dén dé én dinh ciia vi chéng

Thay cong thic (2), (3), (4) vao cong thirc (1) ta dwoc cac chi s6 do 6n dinh vi chéng tuong Gng véi
cac trang thai nhu sau:

Trang thai tu do

k, = uctgar
b (5)
=—ct
A =1 Clga
Trang thai chiu tai trong ban dau
2P,
Gsina (6)
2(b+h)PR,
Ay = +———
2= hGsina
Trang thai chju tai trong cong tac
2uP
ke 2P
(G+Gy)sina )
2(b+h)P
A3=H

t—0
h(G+Gy)sina

Tir cac cong thirc trén cho théy, do 6n dinh ciia vi chdng dwoc guyét dinh boi hai yéu to, do 1a: tham s6
cua chinh ban than vi chéng va diéu kién dia chat, ky thuat san xuat 106 cho.

Tir cong thirc (5), (6) va (7) cho thay: Do gié tri Pova P la s6 duong, cho nén vi chong & trang thai chiu
tai trong ban dau hay dat dén tai trong gidi han thi d§ 6n dinh cua vi chong thuong tét hon ¢ trang théi tu
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do, tuc la: ko, ks>ki, Ao, A3>A1.

- G6c doc via o 1a yéu té anh huong nhiéu nhat dén d6 on dinh cua vi chdng. Tir cac cong thic xéac
dinh k;, A; cho thiy: DU vi chdng ¢ trang thai nao, goc déc via cang I6n vi chdng cang kém 6n dinh.

Cin ctr vao cac két qua phan tich trén va diéu kién cu thé cta 1o cho 45051. Bé dam bao do 6n dinh
cho cac vi chéng co gigi hda khi khai thac via dbc nghiéng den dbc dung. Dé xuét lap dat cac thiét bi
chdng dich truot va lat do, ciing nhu can phai 4p dung mot s6 cac giai phap k¥ thuat phi hop voi diéu
kién dia chat ky thuat cua 10 cho.

3. D& xuit lap dgt két cAu ngin ngira sw dich trwet va 1at d6 ciia vi chéng cho 10 chg 45051 mé Tan
Cwong, Trung Quaoc.

Lo cho 45051 mod Tan Cudng c6 chidu day trung binh 1a 1.8m, goc déc 42.8~50°, trung binh 46.2°,
chiéu dai 16 cho 60m, vach gia day 0.4m, chiéu day vach truc tiép 1a 12m, géc ma sat cua trong cua dé tru
la 30°, diéu kién dia chat twong ddi phuc tap. Lo cho sir dung vi chéng co khi héa ZY3600/12/28. Céac
giai phap dé xuat ngan ngira su dich truot va lat ¢ cua vi chdng trong 10 cho nhu sau:

3.1 Ldp dgt tdm chin hong

Hai bén dam néc va dam chan cua vi chdng ZY3600/12/28 lip dat hai tim chén hong. Diéu chinh tam
chin hong théng qua hé thdng kich thay lec va 16 xo éng. Sir dung kich co dudi cua tim chin hong c6 thé
diéu chinh vi chéng theo su bién ddi cua goc doc 10 chg. Khi vi chéng di chuyén thi tim chin hong cua vi
phia dudi c6 nhiém vu hd trg diy vi chong phia trén, ddng thoi dudi tac dung cia hé thdng 10 xo, tim
chin hong trén cua vi chdng lién ké s& ngan chin sy xAm nhap cua da pha hoa vao khdng gian 10 cho.
Nhu vay c6 thé thiy, tac dung cia tam chin hong 1 vira ngan ngira sy dich chuyén va lat &6 caa vi chdng,
dan huéng cho vi chdng va ngan chin sy xam nhap cua da pha hoa. Két cau cua tim chan hong dugc thé
hién trén hinh 3.

Hip lo x0 \
Lo xo I\ ‘ — /;
| , = ==
e e —
; “ | ‘ [l Tim % e E—
Tam " | . N —«_4‘ 0
chin u — chiin - NS ‘ — ‘\
m hﬁng J

hong -—‘ '.| | In
\L. I , _l_ 1 c
| —_—

1-Pé vi chong; 2- Dam chinh gi4
Hinh 4. Dam chinh gia

Hinh 3. Si dung kich bén héng.

3.2 Ldp dat két cdu dam chinh gia

Trén dé cia doan vi chéng ZY3600/12/28 lap dat dam chinh gid. Dam chinh gia la két cau phong
chéng su dich truot cua vi chdng, dam chinh gia dwoc lap dat trén vi chéng nham ngin ngira su dich truot
cta vi chdng dudi tAc dung cua trong lwong cua vi chong gay 1én, dong thoi ciing c6 tac dung diéu chinh
vi chdng d bi dich truot tré vé vi tri ban du. Trong thuc té, dam chinh gi4 thuong dung dé diéu chinh cy
ly giira cac vi chng. Nhu vy, dam chinh gi4 c6 tac dung ngin nglra Sy truot dich va diéu tiét khoang
céch gitra cac vi chdng. Trén mdi vi chdng déu ldp dat mot dam chinh gia. Vi tri ldp dat dugc thé hign trén
hinh 4.

3.3 Sir dung két cdu chong gt nghiéng

Trén vi chéng doan vi chdng ZY3600/12/28 l4p dat két ciu chéng lat nghiéng. Két ciu nay dugc tao
thanh boi kich thay luc va day xich, mot dau day xich dugc ¢ dinh & tim ddm néc cua vi chdng phia
duéi, con mot dau dugc ¢b dinh dudi tim dam dé cua vi chéng lién ké phia trén. Két ciu chéng lat
nghiéng nay c6 tac dung ngin ngira va hd tro sy lat d6 rat tot. Két cau chdng lat thong thuong dugc sir
dung khi can thiét dé ting cuong kha ning 6n dinh caa vi chdng. Vi tri lap dat dwoc thé hién trén hinh
5.
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3.4 Co ciu chéng ldt ngang

Vi tri tiép giap véi 10 doc via thuc hién chdng gitr bang ba vi chdng lién két chat ché voi nhau. Do 6n
dinh cua vi chdng trong 16 chg phu thuc nhiéu vao do on dinh cua céc vi chéng dau 10 chg. Két ciu
chéng dich truot cua vi chéng duoc sir dung 1a két ciu dam chinh gia. Két cau chdng lat &6 cua cac vi
chéng dau 10 cho sir dung két cau chong lat ngang. Két cau chdng lat ngang duoc sir dung 1a hé thong cac
day xich va kich thay luc lap dat dudi cac thanh xa noc, con phia dudi lap dat truc tiép cac kich thiy luc
giira cac vi chdng dau 10 chg. Vi tri lap dat dwoc thé hién trén hinh 6.

Chét lién két Dy xich Kich thiiy re

L L

C
;

=

Kich Chét

1- Kich chang ldt, 2- Xich

Hinh 5. Két cdu chang ldt nghiéng. Hinh 6. Két cau chong ldt ngang.

Khi khai thac 10 cho co gidi héa cho via dbc nghiéng den déc ding, ngoai viéc lip dap céc thiét bi
ngdn ngura sy dich truot va lat d6 cua vi chdng, ciing phai can 4p dung mot sé giai phép ki thuat nham
nang cao do 6n dinh cho vi chéng, cac giai phap ap dung nhu sau:

(1) Bam bao ba vi chéng & dau 10 cho lién két chat che thanh mot khdi. Thuong xuyén kiém tra ap luc
cdng t&c cua vi chong, bo sung kip thoi ap luc céc cot chong khong du tai trong cng tac trén toan 16 cho.

(2) Khi di chuyén vi chéng dau 10 chg can phai thyc hi¢n theo trinh tw 2-1-3, tirc 1a di chuyen vi s6 hai
trude, sau do di chuyen vi 0 mot ya vi so ba. Khi dich chuy@n can phai dam bao cac vi chong dugc dich
chuyén dtang vi tri ¢ xac dinh. Kiém tra hoat dong cta cac két cau ngan ngura troi truot.

(3) Di chuyén vi chéng ¢ nhiing vi tri 10 cho bi tut noc, o gwong, can phai két hop sir dung két cau
chong lat nghiéng voi kiqh chong lat, dam bao moi lién ket chat ché gitra cac vi chong lien ké maéi duoc
tien hanh di chuyén vi chéng. Vi chong cé thé ap dung cach thire di chuyén c6 tai trong.

(4) Thiét 1ap mot nhom vi chéng thanh mot khdi tong thé, cir céch 10 vi chdng lién tiép, tién hanh lap
dat mot to hop ket cau ngén ngra dich chuyen va 1at do vi chong, tir d6 c6 the tang cuong d6 on dinh cua
vi chong trong toan bo 10 chg.

4. Két luan

1) Mic do 6n dinh cua vi chéng phu thuoc chi yéu vao diéu kién dia chat, ky thuat va céc thong sb
lam viéc cua vi chong d6. Trong d6 goc doc via la yeu to anh huong nhieu nhat dén d6 on dinh cua vi
chdng. Phén tich cho thay goc doc 10 che cang 16n, thi vi chéng cang khdng 6n dinh.

2) DB6 6n dinh cua vi chong theo qua trinh 1am viéc ciia vi chdng trong 16 chg duoc phan chia thanh ba
trang thai: Trang thai tu do, trang thai chiu tai ban dau va trang thai chiu tai trong cong tac. Ket qua phan
tich cho thay: Vi chong lam viéc & ché do c6 tai trong thi mire d6 on dinh s& tot hon & trang thai ty do.

3) Lo cho co gi6i héa 45051 mo Tan Cuong, tap doan That Thai Ha Trung Qudc duoc tién hanh khai
thac thir nghiém trong 4 thang, thong qua viéc lip dat cac két cAu va ap dung cac giai phap ky thuat phong
chéng su dich truot va lat dd nhu trén. Két qua tng dung cho thiy, vi chéng tuong dbi 6n dinh, trong qué
trinh khai thac khong co hién tuong x6 day va lat d6 vi chong, khdng c6 sy ¢b nao xay ra. Lo chg khai
thac thuan loi, chiéu dai tién guong 310m, san lwong binh quéin thang dat dwoc 57.000 tin, san lugng
thang 16n nhét dat 80.000 tin. Dam bao cac yéu cau ky thut ciing nhu dat duoc hiéu qua kinh té theo
thiét ke.
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ABSTRACT

Study on the stability of mechanised support in mining inclined and
steep coal seams
Manh Tung Bui'", Van Thanh Tran® Phi Hling Nguyen?, Hoang Hiep Do?
'Ha noi University of mining and geology
North East Coal Corporation

For the coal extraction in inclined and steep seams, mechanized supports are likely to slip and flip
along the direction of face dip. This is mainly due to the heavy weight of support itself and owing to the
downward movement of roof and floor rocks caused by the high angle of seam dip. Based on the mining
conditions at Face 45051 Tan Cuong coal mine, Thai Ha Coal Group, China, this paper first analyzes the
stability of the mechanized support operated in inclined and steep faces. The paper then proposes a
technical solution for prevent the slipping and flipping of support by using an adjusting structure, a side-
protection bar and a flipping-proof jack. The paper’s result shows that the proposed devices and
associated technical solution have satisfactorily solved the issue, maintained the normal production and
improved the level of mining safety of mechanized faces in inclined and steep coal seams.

Keywords: Inclined Seam, Steep Seam, Mechanized Support, Face.
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E‘R?SEB- . ~_ HOINGHI TOAN QUOC KHOA HQC TRAI AT
EARTH SCIENCES AND VA TAINGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Tac dong cua dd am dén qua trinh 6 xy hoa than

Lé Trung Tuyén'*, Nguyén Tuan Anh!, Nguyén Vin Khoi', Pham Khanh Minh?
YTrung tam An toan Mo - Vién KHCN Mo - Vinacomin

TOM TAT

Hién tuong than ty chay da xdy ra tai mot s6 mo than trong Téap doan Cong nghi¢p than khoang san
Viét Nam. Theo mot so nghlen ctru, hién tuong than ty chay 1a két qua cta nhiéu yéu td nhu cong nghe
diéu kién dia chét, tinh chat than...Theo do, hién tugng tu 6 xy hoa ctia than 1a nguyén nhén cin ban dan
sy tich tu nhiét va cubi cung 1 tu chay. Nghién ctru vé hién twong 6 xy hoa than c6 thé danh gia co ché
ctia chudi cac budc dan dén ctia hién twong ty chay. Thong qua céc thir nghiém tai phong thir nghiém ctia
Trung tim An toan Mo, tic gia nhan thiy mdi quan hé gitra d6 4m vdi toc d6 6 xy hoa cua miu than va
danh gia mdi lién hé nay. Cac két qua nghién ciru s& 14 co s& dé danh gia yéu t6 c6 thé can thiép dé phong
ngura hién tugng tu chay.

Tir khoa: than tu chay; 6 xy h6a mau than; d6 am

2. Pit van dé

Anh huong ciia ¢ 4m trong mau than dén qué trinh 6 xy hoa than 1a dbi twong ciia nhiéu nghién ctru.
Theo d6, anh huéng cua d6 4m duge danh gia chu yéu dua trén tbe do cua phan tmg 6 xy hoa than [Tao
Xu, 2013] 1a nguyén nhan dan dén hién tugng tu chdy. Mot mat, nude co gia tri nhiét dung riéng cao nén
sé hép thu lugng nhiét 16n khi dugc gia nhiét. Hoi nudc bdc hoi - theo do, s& hép thu lugng nhiét va lam
mét di su tich tu nhiét cta than. Tuy nhién, khi lvgng nude bdc hoi hoan toan, luong nhiét sinh ra trong
qué trinh 6 xy héa mau than s& bi tich tu va din dén sy ting nhiét cia miu than dé dan dén tu chay
[Ren,1999]. Tuy nhién, sy c6 mat cua do Am cling c6 tac dung han ché su xam nhép cua 6 xy vao sau bén
trong cu tric miu than tir bé mat ciia mau. Mot sd nghién ciru khac cling dua ra két luan cho thay, than
kho (say kho trudc thir nghiém) co xu huong tu chay cao hon [Le Trung Tuyen, 2018]. Tir cac quan diém
trai chiéu néu trén cho thay tinh hai mit ciia do am trong qué trinh 6 xy héa mau than. Déi véi miu than
an tra xit ctia Viét Nam, cac két qua nghién ciru da chi ra déc trung cua hién tuong 6 Xy hoa ¢ ngudng
nhiét d6 thap hon 1500C [Le Trung Tuyen, 2017]. Tur cac van dé néu trén, anh huong cua do 4m dén qua
trinh 6 xy hoa than an tra xit s& dugc mo ta va dién giai nham gop phan danh gia anh huéng cua thong sb
dén qua trinh 6 xy h6a mau than.

2. Anh huéng ciia d9 4m dén qua trinh 6 xy hoa than
2.1. Thir nghiém trong diéu Kién doan nhigt

Thiét bi tai Hinh 1 do Hang Shimazu - Nhat Ban ché tao (SIT - 2) véi chirc ning tao su can bang nhiét
d6 gitta mau than, Tc va nhiét do cua budng mau, T, truéc khi ludng khong khi dugc dan vao budng mau
than dé 6 xy hoa than. Khi céc miu chira mau than (1g) duoc dua vao trong budng mau dé thir nghiém,
nhiét do cua mau va budng mau c6 su khac biét. Bé dé nhiét 6 cuia mau than can bang vai nhiét do ban
dau ciia budng mau (Tc = To), khi ni to (N2) dugc dua vao voi luu lugng 1,5 ml/phut cho dén khi T = T,
(khoang 30 phut). Khi dat trang thai can bang (T = To), khi N2 dwoc chuyén sang khi 6 xy hoac khong khi
véi Iuu luong tuong tu dé bt dau qué trinh 6 xy hoa thé hién qua su thay d6i nhiét d6 mau than T.

2.2 Cic dwong ting nhiét ciia mdu than bj 6 xy hoa

Céc thir nghiém 6 xy hod mAu than trong diéu kién doan nhiét dugc thuc hién cho mot sé mau than ¢
Quang Ninh, Nhat Ban, Thai Nguyén. Biéu kién thir nghiém nhu sau:

- Méu than: ¢& hat < 500 pm; khéi lugng khoang 1g;

- Nhiét d6 ban dau: 80°C;

- Thoi gian dat trang thai can bang nhiét do bang khi Na: 30 phut;

- Luu lugng khi (N2 hodc O): 1,5 mi/phat.

Trong cac két qua thir nghiém tai Hinh 2 ¢6 mau than cia mo Nam Mau [duong sb (4)] va Duong Huy
[duong s6 (6)] & hai mo chwa xay ra hién tugng tu chay. Cac mau than con lai déu duoc lay tai cic mo da
xay ra hién tugng tu chéy bao gom ca than bituminous [duong s6 (2) - Kushiro - Nhat Ban] hoic sub-

*Té&c gid lién h¢
Email: trungtuyenatm@gmail.com
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bituminous [dudng s6 (5) va (7) - mo than Phian M&] va than an tra xit [duong s6 (1) - Hong Thai va
duong s6 (3) - Cong ty 91]. Mac di than antraxit 1a than c6 kha ning cao vé tu chay [4] nhung thoi gian
cua qua trinh & xy hoa dién ra dai nhu 2,700 phat (45 gio) tai duong sé (7). Ngay ca khi cing mot mau
than thir nghiém ciing xay ra sy khéc biét 16n vé qua trinh 6 xy hoa nhu thé hién tai duong s6 (5) va sé
(7). Bé tang nhiét @ mau than tir nhiét d6 ban dau cua qua trinh 6 xy hoé (80°C) 1én dén 100°C mat 21,1
pht véi mau s6 (5) va 42,1 pht véi mau s6 (7). Cac két qua néu trén duoc 1am trong cting mot dieu kién
thir nghiém. Trong qud trinh dat su can bang nhiét d6 gitra mau than va budng mau thdng qua viéc dua
khi N2 trong 30 phut déu quan sat dugc hién tuong nudc ngung tu phia trong duong 6ng dau ra ciia mau
than. Trong cac két qua thir nghiém tai Hinh 2, nhiét d6 ban dau cua thir nghiém duoc dit & mic 80°C
nén hoi 4m ciia mau than trong budng mau bdc hoi va thoat ra ngoai bang khi N2 vé phia dng dau ra cua
bubng mau noi nhiét do béng nhi¢t do phong lam hoi nude bay hoi bi ngung tu tao ra cac giot nuGe phia
trong dng phia dau ra cua budng mau. Vi cac mau than trong thir nghiém duoc gitr nguyen nhu mau c6 do
am l6n hon so voi do 4 am thu dugc tir phan tich 4m thong thuong (Hong Thal 0,73%; Cong ty 91: 1,32%;

..). Theo d6, mau than sau khi lay tai hién truong duoc luu vao cac tai mau, khi vé phong thir nghiém
duqc bom khi N vao dé day khong khi ra, mau than 1am thtr nghiém s& khong bi mat am.

Khi dat trang thai can bang nhiét do, am bdc hoi tir mau than Ia hién tuong duong nhién c6 thé xay ra
tai moi muc nhiét do vi khi N, dan tir binh chua la khi khé. T thuc té nay cho thay, mau than thur nghiém
bi thay doi d¢ am trudc khi Xay ra qua trinh 6 xy hoa. Pé lam 1d tac dong trén, mot sé thu nghiém sé& dugc
thuc hién thong qua su thay doi thoi gian dua khi N2 vao budng mau trong qua trinh can bang nhiét.

2.3. Két qud thi nghiém khi thay déi thoi gian dwa khi ni to vao buéng mau

Trong thir nghiém, bén mau than an tra xit dwoc sir dung véi cing diéu kién thir nghiém va chi thay doi
thoi gian dwa khi N theo céc thi tu 30 phit giam xudng 20 phat, 10 phat, 5 phit va 1 phat. Cac mau thi
nghiém (Mau A, B - Via 5, Via 4 - Cong ty 91; mau C - Khanh Hoa; mau D - V.14 Quang Hanh). Vi
mdi mau than, tai cac mirc thoi gian, thir nghiém duoc 1am it nhat 3 1an dé xac dinh muc d6 lap lai. Két
qua caa mau A tai Hinh 3 cho thay quan hé thoi gian - nhiét d6 ciia mau than @ng véi thoi gian dwa khi N2
vao budng mau. Theo d6, thoi gian dwa khi vao cang dai, thoi gian dé ting nhiét d6 mau than do qua trinh
6 xy hoé cang lau, va nguoc lai. Tuy nhién, quan hé thoi gian — nhiét d¢ chi thé hién trong mot duong
tang nhiét d6 cua mdi lan thay doi thoi gian dua khi N2 vao budng mau. Dé 1am rd su thay doi nhiét do
mau than tir mdi lan thay doi thoi gian dua khi N vao, céc két qua trong bing 1 the hi¢n thoi gian can
tang nhiét d6 ciia mau than A tir 100 Ién 300° C, mdi budc tang la 50°C (Iay gia tri dén 10 phat).

Bang 1. Thoi gian can thiét dé ting nhiét dé mau than

Thoi gian dua khi Nz | a0 e oo Nhiét d mau than
(phat) 100°C | 150°C | 200°C | 250°C | 300°C
Test 1-1 323 | 487 | 59,9 | 69,3 | 771
1 Test 1-2 275 | 458 | 57,1 | 651 | 716
Test 1-3 270 | 412 | 50,8 | 588 | 655
Test 5-1 64,4 | 948 | 1152 | 131,7 | 144,4
5 Test 5-2 81,1 | 1181 | 1423 | 161,6 | 1758
Test 5-3 558 | 82,8 | 100,8 | 1157 | 127,0
Test 10-1 160,4 | 229,2 | 271,0 | 302,8 | 326,4
Test 10-2 125,8 | 182,7 | 2189 | 247,3 | 269,5
10 Test 10-3 141,3 | 201,9 | 2403 | 268,7 | 289,4
Test 10-4 142,3 | 204,9 | 2432 | 272,0 | 293,5

Trong trudng hop thoi gian cho khi N vao buong mau la mét phat, thir nghiém Test 1-3 cho thiy thoi
gian ngan nhat 1a 27 phut dé nhiét d6 mAu than ting 1én 100°C, 50,8 phit dé ting 1&n 200°C va 65,5 phut
dé tang 1én 300°C. Trong khi d6, thir nghiém Test 1-1, thoi gian ngan nhit 1a 32,3 phat dé nhiét d6 mau
than tang 1én 100°C, 59,9 phut dé ting 1én 200°C va 65,5 phut dé tang 1én 300°C. Bang viéc so sanh cac
cot cia mot nhém thir nghiém c6 thoi gian dua khi N, vao ngan hon véi cac cot ciia nhém cé thoi gian
dua khi N dai hon cho thiy két qua nhu sau: thoi gian dai nhét can dé ting nhiét trong nhoém c6 thoi gian
dua N, vao ngin luén nho hon thoi gian ngan nhat caa nhom c6 thoi gian dua N, vao dai hon. Cac két
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qua so sanh tir bang sb ligu co cung xu huéng véi cac duong gia nhiét tai Hinh 3 nhu sau: thoi gian dua

khi N2 vao buong mau ngan dan dén viéc som tang nhiét @ mau than do 6 xy hod, thoi gian dua khi N,

vao budng mau dai din dén viéc cham tang nhiét d6 mau than. Két qua ciia 04 mau than voi thoi gian dé

tang nhiét do mau than Ién 100, 150, 200 va 250°C tuong ng Véi thoi gian dua khi N2 vao budng mau

dugc tong hop tai bang 2. Két qua cho thay thoi gian dua khi N2 vao budong mau dai dan dén thoi gian can

thiét dé tang nhiét 6 mau than kéo dai, diéu nay dang vai tat ca cac mau trong thir nghiém A, B, C va D.
Bang 2. Thay doi thoi gian dwa khi N, vao buong mau

R Nhiét 6 mau than
Mau than | Thoi gian dua khi N

100 °C | 150 °C | 200 °C | 250 °C

1 phat 27,0 41,2 50,8 58,8

5 phat 55,8 82,8 100,8 | 115,7

A 10 phat 125,8 | 187,2 | 218,9 | 247,33
20 phat 422,6 | 570,8 | 6419 | 697,7

1 phat 19,3 30,3 39,6 46,0

5 phuat 59,8 88,0 106,8 | 122,3

B 10 phat 101,8 | 146,6 | 1756 | 198,3
20 phut 614,3 | 789,3 | 863,9 | 918,7

1 phat 24,9 35,8 43,4 48,6

5 phat 43,1 66,8 83,5 93,6

¢ 10 phat 112,1 | 174,1 | 208,6 | 223,0
20 phut 281,6 | 408,2 | 463,0 | 483,4

1 phat 26,4 37,8 45,7 51,8

5 phut 62,9 91,5 110,0 | 1216

b 10 phat 100,4 | 147,1 | 1758 | 192,8
20 phat 389,3 | 527,1 | 586,7 | 614,7

2.4. Danh gia két qua thii nghigm
2.4.1. Anh huong cua thoi gian dua khi N,

T Hinh 3,bang 1 va 2 cho thay, thoi gian dwa khi N, vao budng mau c6 anh huong dén dén qué tr|nh
0 xy hoa mau than. Theo d6, moi twong quan giira thoi gian dua khi Nz vao budng mau vai thoi gian can
dé tang nhiét do 1&n cac mic 100, 200 va 300°C cua mau A thé hién trong Hinh 4. Theo do, sy thay doi
cua thoi gian dua khi N2 vao buéng mau va thoi gian dé ting nhiét do 1én cac muc 100, 200 va 300°C ¢6
quan hé ty 18 thuan. DPiéu nay ciing dung vdi cac mau than khac khi thuc hién cac thir nghiém theo céch
lam vé&i mau A - Hinh 5.

2.4.2. Anh hwong ciia dé am trong than

Nhu da dé cap trong phan 2.3, viéc dua khi N, vao budng miu lam gia tang qua trinh bc hoi ciia do
am trong mau than cua thir nghiém 6 xy hod mau than trong diéu kién doan nhigt. Tir do, can phai xem
xét den viéc giam trong lugng cua mau than trong qua tr|nh thir nghiém. Theo do, xac dinh khéi luong
ctia mau than trudc thir nghiém roi dwa mau vao budng mau cia hé thong thiét bi 6 Xy hod mau than trong
diéu kién doan nhiét ¢ nhiét ¢ 50°C. Sau khi dua khi N, vao budng mau véi thoi gian 5, 10, 20 hoic 30
phat, xac dinh lai khdi lwong mau than (Hinh 6). Theo d6, khdi lwong mau giam ty Ié thuan véi thoi gian
dua khi N vao budng thtr nghiém, ty 16 giam khéi lugng tly thudc vao tirng mau than. Két qua cho théy,
4m trong mau than bdc hoi theo ludng khi tro - khd duoc dan qua budng mau 1a do nhiét nhan duoc tir
budng mau cua hé théng thiét bi 6 xy hod mau than.

2.4.3. Téc do phan 1ing 6 xy hoa

Ly vi phan cua cac duong gia nhiét tai Hinh 2 hogc Hinh 3 tim dugc gié trj 1én quan dén toc do phan
ung 0 xy hoa theo phuong trinh thuc nghiém biéu dién moi quan hé gitta hang s6 toc do phan tng (k) va
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nhiét d6 (Arrhenius):
k = A exp (-E/RT) 1)
trong do:

T- Nhiét do tuyét ddi;

R - hang sb khi;

E- nang lugng hoat hod;

A- Hing sb dic trung cho phan tng.

Dé xac dinh hang sb toc do cua phan tung k, 1iy vi phan hitu han ciia géc nghiéng tai cac mirc 25°C cua
duong gia nhiét tir mirc 50°C dén 300°C cuia cac thir nghiém (k ~ 25/dT, dT (phdt): thoi gian dé ting nhiét
d6 1én duoc 25°C) [5]. Téc d6 phan tng cua mau than C khi thay déi thoi gian dua khi N vao budng mau
VGi cac mirc thoi gian 1, 5, 10 va 20 phat - Hinh 7. Mic du ¢6 su thay ddi nho cua céc két qua, nhung xu
hudng chung déu cho thay, thoi gian dua khi N, vao budng thir nghiém dai dan dén két qua lon vé toe do
ctia phan ing 6 xy hoa mau than In(k) va su khéac biét 16n cua toc do 6 xy hoa mau than & nhiét d6 thap va
hoi tu trong khoang In(k) = 2 va In(k) = 3. Tir cac két qua cua cac Hinh 3, 4, 5, 6 va 7; bang 1 va 2 cho
thiy, hoi am bdc hoi do qua trinh dwa khi N2 vao budng mau than trong qua trinh can bang nhiét giira
nhiét &6 cia mau than va hé théng l1am giam qua trinh & xy hoa mau than. Tc d6 6 xy hoa mau than giam
ty I8¢ thuan Vi thoi gian dua khi N2 vao buong mau. Vige thay thé do am cua than trong cac bé mit 16
rong bang 0 xy lam glam toc d6 6 xy hoa mau than nhiéu hon qué trinh lam khé mau than do khi tro - khd
N hap thu trén bé mat 15 rong trong qua tr|nh can bang nhiét cua thiét bi doan nhiét. Piéu nay ciing phu
hop véi cac gia tri thong sé 15 rdng cia cac mau than thir nghiém [Le Trung Tuyen, 2018].

2.4.4. Anh hwong cua nhiét @ ban dau

Mot trong cac diéu kién co ban cua hé théng thiét bi thir nghiém mau than trong diéu kién doan nhiét 1a
tao ra tinh trang "doan nhiét" gitra mau than trong céc mau véi budng mau dat cc mau. Dé dat dugc didu
nay, khi N duoc dua vao trong budng mau, cho dén khi budng mau dat trang thai can bang "doan nhiét"
Te = To. Tir yéu cau nay, khi dua khi N2 vao budng mau, nhiét do ciia mau than, T, s& giam thap hon nhiét
do cua budng mau, T, (Tc < To) khi nhiét do ban dau cua budng mau cao hon nhiét d6 méi truong bén
ngoai. Tir anh huong ndy, qua trinh & xy hod mau than s& dién ra ¢ diéu kién ma nhiét d6 budong mau cao
hon nhiét 6 mau than, diéu nay khdng thoa man yéu cau vé diéu kién "doan nhiét". Trong trudng hop
nay, mot s6 phan nhiét dugc chuyén tir bubng mau sang mau than va thuc ddy qué trinh 6 xy hod mau
than. Dé loai bo anh huang nay, cac thir nghiém duoc tién hanh véi nhiét do ban dau caa budng mau bang
véi nhiét ¢ phong thir nghiém 1a khoang 27 +30°C. Két qua cac thir nghiém c6 tai Hinh 8 chi ra sy so
sanh giira cac duong gia nhiét mau than theo thir ty mau C, mau A, mau D va mau B. Theo d6, khong
nhét thiét phai 13 mau than tir mo than da xay ra hién tuong tu chay méi c6 toc do ting nhiét mau than cao
do qua trinh 6 xy hoa mau than. Mau than B (Cong ty 91) c6 téc do tang nhiét thdp hon so véi mau than
D (Quang Hanh) la mau ciia mé chua xay ra hién tuong than ty chay.

Dé 1am rd anh huong cua thoi gian dua khi N2 vao budng mau dén qua trinh 6 xy hod mau than trén
thiét bi SIT - 2 trong cling mot diéu kién thir nghiém, mot sé thir nghiém duoc tién hanh voi mau than D
véi nhiét d6 thir nghiém twong dwong nhiét do phong. Xét dén anh huong cua thoi gian luu mau than [5],
cac thur nghiém duoc tién hanh theo thir ty 20, 10, 5 va 1 phit véi mau than D. Mau than duoc luu cho
dén khi thir nghiém, twong g voi thir tu trén 12 1, 4, 6 va 8 ngay, két qua thir nghiém thé hién tai Hinh 9.
Theo d6, thoi gian dé tang nhiét do 1én 300 °C sé& dai hon theo thir ty thoi gian dwa khi N, vao budng mau
tang dan 1, 5, 10 va 20 phat. Vi vay, thoi gian dua khi N2 vao budng mau dai dan dén thai gian u nhiét
clia mau dai. Ngay ca khi mau than dwoc luu giit voi thoi gian dai, thoi gian dé mau than 6 xy hod ciing s&
ngén hon khi dwa khi N2 vao budng mau trong 1 phdt [5] méc du didu ndy - ban dau - kha trai nguoc voi
thyc té 1a mau than da luu giir 1au. Tu két qua cua mau than D cho thiy, thoi gian dua khi N vao budng
mau dai dan dén vige boc hoi cia do am trong mau than va lam ting thoi gian u nhiét. Thoi gian dua khi
N, vao budng mau ngin (su bay hoi ciia 4m trong than it) diy nhanh qué trinh 6 xy hoa cua mau than so
V6i truong hop cd thoi gian dua khi N2 vao buong mau dai (su bay hoi ctia am nhiéu) ngay ca khi 6 xy
hoa mau than & nhiét do phong thir nghiém. Téc do 6 xy hoa cua cac mau than trong Hinh 9 dugc so sanh
dudi dai luong In(k) dugc thé hién tai Hinh 10. O nhiét d¢ dudi 150°C, gla tri In(k) khi dua khi N2 vao
budng mau trong 1 phdt cho gié tri cao hon khi i tang thoi gian dua khi Na vao 1a5, 10 va 20 phut

R6 rang, thoi gian dua khi N vao buong mau dai lam thay doi dac tinh 6 Xy hoa ciia mau than. Tir két
qua tai Hinh 2 + 10; bang 1 va 2 cd thé két luan rang do am trong mau than dong vai tro thuc day qua
trinh & xy hoa mau than & nhiét do thip hon 150 °C hoic ngay & nhiét 6 bing nhiét d6 moi trudng nhu
nhiét d6 trong mo than. Theo d6, dd 4m trong mau than thuc day qua trinh & xy hod mau than do viéc thay
thé phan 4m trong cac bé mat 1 rdng bang 6 xy tir nhiét do bang vai nhiét dd méi truong caa mé than.
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3. Két luan

Qua nghién cau va cac két qua néu trén cho thay, do am trong than c6 vai tro 16n trong qua trinh & xy
hoa mau than ¢ ca hai mat tich cuc va tiéu cuc. Khi d6 am giam manh - thoi gian dua khi N vao budng
mau dai - 1am cham di qua trinh 6 xy héa mau than. Tuy nhién, khi giam d6 am trong than va thay thé
phan giam | cac phan tir & Xy vao cac bé mit 16 rdng lai thuc day qua trinh 6 xy hda mau than. Tuy két
qué thir nghiém chua dua ra chinh xac gia tri gay ra anh huong tich cuc hay tiéu cuc cua do am dén kha
nang tu chay nhung hién tugng thay d6i d6 am duogc cho la mot trong cac nguyén nhan gay ra hién tugng
tu chay. Vai than khé khi tiép x(c v6i méi truong c6 dd 4m Ién nhu truong hop than dang & nhiét d¢ cao
gap cac dot mua phun nhe, than c6 d6 4m cao bi bay hoi do nhiét d6 cao... déu c6 thé 1a nguyén nhan tao
ra cac sy thay doi trong qua trinh 6 xy hoa than. Pidu ndy can tinh dén trong ca qué trinh luu kho, vén
chuyén dé phong ngira hién tuong than ty chay.
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ABSTRACT
Efect of moisture on the oxidation process of coal

Le Trung Tuyen®, Nguyen Tuan Anh?, Nguyen Van Khoi', Pham Khanh Minh!
1 Mine Safety Center - Institute of Mining Science and Technology - Vinacomin

Coal spontaneous combustions have been reported in several coal mine of Vinacomin. Accordingto
past research, coal spontaneous combustion is resulting of much interaction factors such as mining
technologies, geologies conditions, coal characteristics, ect. In fact, coal oxidation itsefl is original cause
of coal heating and temperature accumulation which turns to spontaneous combustion. Research on
oxidation process of coal could evaluate the steps of coal spontaneous combustion phenomena. Base on
the experimentals and results from the laboratory of Mine Safety Center, the authors have found the
relationship between the moisture and the rate of coal oxidation. This paper describes the results and
show some factors which can use for prevention purpose.

Keywords: Coal spontaneous combustion; coal oxidation; moisture.
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ERSE  HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
EARIH SCIENGES A VA TAINGUYEN VOI PHAT TRIEN BEN VIING (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Mot sb giai phap cong nghé phu hop khi khai thac c4c tang siu & cac
mo than 19 thién Viét Nam

D5 Ngoc Tudch* , Poan Van Thanh?, Nguyén Vin Bact
1Vi¢gn Khoa hoc Cong nghé Mo - Vinacomin

TOM TAT

Céac mo than 16 thién cua Viét Nam ngay cang khai thac xudng sau. Khi két thiic khai thac, day mo thap
hon muyc nuéc bién tir 300-400 m. Khai thac tai cac ting sau s& gap phai hang loat kho khan nhu: khai
thac theo mua, bd mo cao, lugng bun nude nhiéu, kich thudc khai trudng han ché, cudong do khai thac
tang trén ting ting va toan bo, diéu kién vi khi hau thay d6i theo huéng bat lgi tai khu vic day mo....
Trén co s& phan tich ddc diém tai cc tang sau, kinh nghiém khai thac trong va ngoai nuéce, bai bao dé
Xuit mot s6 giai phap cong nghé khai thac phi hop tai cac ting sau nhu: Khai thac b 16i, bd tri dong bo
xtc béc trén timg doan bd mo,str dung thiét bi van tai hoat dong trén do déc cao, cong nghé xu 1y bun
nude va dao sdu theo mua nham khai thac an toan dam bao san lwong mo, hiéu qua va thu hoi tdi da tai
nguyén than.

Tir khoa: Vét bun; bo 16i; day moé nghiéng; ting sau.

1. Pic diém cac mé than 19 thién sau Viét Nam

Hién tai, khai thac 16 thién (KTLT) d4, dang va van s& gitr mot vai trd quan trong trong tong san luong
than — khoang san khai thac dugc cua TKV, chiém khoang 40+45% (hinh 1). Theo Quy hoach phét trién
nganh than Viét Nam dén nam 2020, c6 xét trién vong dén nam 2030, cac mo than 19 thién tiép tuc khai
thac xudng sau va két thiic & cac muc: Coc Sau (-300 m), Khanh Hoa (-400 m), Cao Son (-325 m), Béo
Nai (-225 m), Béo Nai — Coc Sau (-350 m), Ha Tu (-225 m), Na Duong (+18 m) (P& Ngoc Tuéc, 2011).

Cac khai
tnrong 16 thién

16 (5.45 tr TNK)
10.6%

3 Mo ) Cac mo than
Cac mé than 18 .acn
thién céng suét ham-:_iji[)).él tr
I&n (15,5 tr
TNK) 59,2%

30.2%
Hinh 1. Ty trong san lwong than nguyén khai cdc mé ¢ thién dén ndam 2020 theo Quy hoach 403
Cac mo than 16 thién Viét Nam c6 cac dic diém co ban nhu sau:
- Ddc diém dia chdt mé

Céac mo than 1§ thién sau Viét Nam c6 diéu kién dia chat phirc tap theo ca dién phan bd (chiéu rong va
chiéu sau véi nhiéu nép udn, dut gdy, phay pha,.. .). Dit da dang tram tich, phan 16p co chiéu day bién dong
manh (phd bién tir hang chuc cm dén vai mét). Cac 16p da xen k& nhau co tinh chit khong dong nhét, goc
cdm ctia cac phan 16p thay déi ca theo dudng phuong va theo hudng déc.

- Vé kién tao va dut gay: Céu tao udn nép kha dic trung & cac khoang sang (Ha Tu, B¢o Nai, Cao Son,
NQi Béo), chu yéu 1a cac nép 16m phan chia thanh cac canh ¢6 d6 doc khac nhau. Cac dut gay kha pho
bién I1am cho khoang sang bi chia cat va dao dong manh.

*Té&c gid lién h¢
Email: dotuoc@gmail.com
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- V& @6 phan 16p va niit né: Cudi san két phan 16p day va trung binh 1a chu yéu, cudi két phong hoa va
nat né manh, san két it niit né hon. Cat két, bot két phan 16p mong dén trung binh, niit né trung binh. Tuy
nhién, & mdi mé muc do nit né va phan 16p khac nhau: hai mo gan nhau nhu ¢ Déo Nai, Coc Sau thé
hién rat khac nhau. O moé Péo Nai hau hét nham thach cudi san két va tham chi ca cat két phan 16p trung
binh dén day thi & Coc Sau da s6 cac 16p mong dén trung binh.

- Pdc diém dia chat thiy van

Céac mo nam trong mién khi hau nhiét doi c6 gio mua dic trung boi hai mua: mia mua va mua khd.
Mua kho bt dau tir thang 11 dén thang 4 nam sau; lvgng mua trung binh hang thang tir 30mm + 40 mm.
Luong bdc hoi 16n nhat xay ra vao mia kho tir thang 12 dén thang 3. Trong d6 16n nhét 1a 11 mm (ngay
7/3/2004). Mla mua bat dau tir thang 5 dén thang 10 hang nim. Céc tran mua Ién thudng tap trung vao
thang 8. Trong d6 lugng mua 16n nhat trong ngay dat 437mm (ngay 26/7/2015). Lugng mua binh quéin
hang thang tir 400mm + 600 mm; hang nam dat Xap xi 2500mm. Dac biét nam 2015, nim xay ra tran mua
lich sir tai Quang Ninh, lugng mua thang 1én dén 1.412 mm, luong mua nim 3.040 mm.

Ngoai nuée mua, tai cac tang sau duoc bo sung luong nudc ngam. Luong nudc chay vao ddy mo lén
nhat (trong 1 ngay- dém) tai mot s6 mo than 16 thién ving Quang Ninh thé hién trén hinh 2.
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% Luong nwdc mua lén nhat chay vao mé (m3/ngd)

#= Luwong nwéc mua lén nhat chay vaoms (m3/ngd)

Hinh 2. Biéu do thé hién liong niréc chay vao moong khai thac

Ddc diém vé dia chdt cong trinh

Céc loai da trong dia téng trAm tich chtra than gém: Cudi két, san két, cat két, bot két, sét két, sét than
va cac via than. Khi khai thac xuong sau, 4o cung dat da tang Ién, d0 khoi ting va d nut né giam. Tu do,
d06 kho no tang, 1am tang chi phi n6 min do phai ting chi ti€u thuoc no. P9 nut né giam va chinh 1a yéu t6
quan trong anh hudng tdi mtc do dap vo dat da.

Ddc diém chung vé hinh hoc mé

Céac mo than 19 thién sau Viét Nam c6 dang: "trén suon nui, du6i moong séu"; dat boc tap trung phia
trén, than nam ph1a dudi sau; chiéu cao bd cong tac 16n, khdi lu'orng mo trén tung tang l6n vai yéu cau

ngdy cang cao vé cong suat mo thi cuong do boc dt trén timg ting ting. Cac thong so hinh hoc mé co
ban tai cac mo thé hién & bang 1.
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Bang 1. Cac thong $6 hinh hoc mé co ban tai mét sé mé than 16 thién Viét Nam

T Ten mo CAhiéuvdéi Ctjiéu rong Cao do Chiéuvcao

trén mat, m trén mat, m day mo, m bo mo, m
1 Péo Nai 3370 1620 -225 497
2 Coc Séau 2220 1680 -300 615
3 Cao Son 3220 2350 -325 695
4 Déo Nai - Coc Sau 2200 1900 -350 715
5 Tay Nam Da Mai 1277 850 -300 360
6 HaTu 2585 1315 -250 420
7 Na Duong 2898 1840 +18 320
8 Khéanh Hoa 1550 1140 -400 440

Bdc diém hé thong va dong bo thiét bi khai thdc

Trong qua trinh khai thac, cac mé than 10 thién sir dung hé théng khai thac (HTKT) doc, mét hodc hai
bo cong tac cb van tai, db thai bai thai ngoai hodc trong, khau theo 16p dbc. Cac thong sé HTKT nhu:
Chiéu cao ting H = 5+16 m; chidu rong mit ting cong tic nho nhat Bmin = 25+50 m; goc nghiéng bo cong
tac ¢ = 13+26°. Cac thong s6 HTKT hién dang 4p dung tai cac mo than 19 thién 16n thuée TKV thé hién
trong Bang 2.

Bdng 2. Cdc théng so6 HTKT hién dang dp dung tai cdc mo 1§ thién lém thuée TKV

Khe
_'rl' Céc thong s6 Ponvi |Cao Son | Coc Sau |PéoNai | Cham Il | HA Tu |Na Duong
(LT)
1 | Chiéu cao tang dat boc m 8+16 5¢16 | 10+15 | 10+15 |10+15 12
2 C?neu cao phan tang khai| m 5:7.5 5:75 5:75 5:75 |5:75 6
thac than
3 | Chiu rong mat tang cong| M | 55. 45 | 26:50 | 25:45 | 25:50 |25:45 | 3050

té.C Bmin

4 | Chiéurong mat ting tamdimg | m 15+20 | 5+15 5+15 | 18+20 | 520 | 15+20
5 | SO tang trong 1 nhom tang tang 2+4 2+3 2+3 3+4 3+4 2+4
6 | Goc nghiéng bo cong tac dd | 20+26 | 21+25 | 13+15 | 20+25 |[15+25 | 15+17
7 | Géc doc suon tang do | 55+65 | 50+65 | 55+65 | 55+65 |55+65 | 55+65

Phu hop v6i cac thong s cuia hé thong khai thac, ddng bo thiét bi (DBTB) gom:

+ Thiét bi khoan 18 min: St dung cac loai may khoan xoay cau CBIII-250 c¢6 duong kinh d = 250 mm,
cac loai may khoan xoay CbM, d = 165 mm va may khoan thuy lyc DM/DML c¢6 duong kinh 200+230
mm. Cong tac khoan nd min ph4 d4 qua c¢& dugc thyc hién bang may khoan thity lyc Diezel c6 dudng
kinh 89+127 mm;

+ Thiét bi xac dat da: su dung cac loai may xuc tay gau 9KI'-4,6, 5A, 81, 10U do Lién X0 (cii) ché tao
¢c6 dung tich gau xuc tir 4,6+10 m® va cdc may xtiic TLGN: PC1250, PC1800, CAT5020B,... c6 dung tich
gau tir 3,5+12,0 mS;

+ Thiét bi xtc than va dao sau day mo: Dbi vi cong tac dao sdu ddy mo sir dung may xtic TLGN cb
dung tich gau tir 2,5+4,5 m®,

+ Thiét bi vén tai: Str dung cac loai 6 t6 khung dong nhu Volvo A40D, HM 400-R c6 tai trong 37+42 tin
dé van chuyén tai khu vuc day mo, cac loai 6 to khung cimg nhu CAT 773E, BelAZ 7555; HD 465-7, HD
785-7,... ¢ tai trong tir 55+96 tan dé van chuyén dét d4 ra bai thai. Dac biét, nam 2016, mé Cao Son da dura
02 xe Benlaz 75581 trong tai 90 tan chay béng dong co dién vao hoat dong thir nghiém tai khai truong cua
mo. Ngoai ra, hién nay mo than Cao Son dang van hanh tuyén bang tai ra bai thai Bang Nau c6 bé rong bang
2 m, cong suat 20 triéu m3/nam. Day la h¢ thong bang tai cd quy md, cong suat 16n va hién dai nhat tai Viét
Nam ciing nhu trong khu vic. Dong bo ciia hé théng bang tai da bao gdm: Tram nghién, bang tai d4 va thiét
bi do tai (hinh 3).
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Hinh 3. Hé théng tuyén bang tdi da mé than Cao Son: &) Bang tai dd; b) Hé thong dé tdi

2. Céc yéu t6 ky thuit co ban anh hwéng dén cong ngh¢ khai thac tai cac tang sau
2.1. Anh hwong cia én dinh b mé dén cong nghé khai thac tai cac tang sau

Khi khai thac xudng sau, bd mo chiu tac dong tir cac yéu t6 bat lgi nhu: dong thai van dong cta nudc
ngam tai trong tac dong 1én bo' mo lon, lién két gitra cac 16p dat da giam. Day l1a nhimg nguyén nhén lam
giam d6 on dinh ctia bd mo, anh huong tryc tiép dén cong ngh¢ khai thac. Vi vly, can c6 cacgiai phap
trong cong ngh¢ khoan nd min, xtc bdc, van tai, thai d4... dé nang cao do 6n dinh bo mo khi khai thac cac
tang sau.

2.2. Anh hwéng Ciia birn nwdc va téc d xudng sdu dén cong nghé khai théc tai cac tang sau

Khi khai thac xudng sau, khai truong duge m réng, khoi lugng bun nuéc chay vao mo tang. Chiing
lam giam nang suat thict bi, ting gid thanh khai thac, giam toc do xuong sau va san luong cac mo. Bun
dat tai ddy moong anh hudong truc tiép dén cdng nghé va thoi gian dao sdu day mo.

Ddi vai cac mo kich thude khai trudng han ché cong nghé dao sau sir dung déy mo bac thang hodc day
mo nghleng phan sau nhat cua ddy mo 1a noi tap trung bun va nude. Déi voi cong nghé trén, bun dat
dugc don hét xudng phan sau nhat, do dé chiéu day 16p bun 1 rat Ién gay kho khan cho cong tac vét bun
va dao sau day mo. Vi cong nghé dao sau ddy mo nghiéng, céac thiét bi xdc bbc va van tai ludn lam viéc
trén mat déc, do d6 nang suat cua thiét bi tham gia vét bun va hoat dong dudi day mo rét thap.

) Déi v6i cac mo c6 kich thude khai truong I6n, thuong ap dung cong nghé dao sau str dung day mo 2
cap. O day mo 2 cap, bun lang dong ¢ ddy mo duoc phan bo déu, do vay chicu day twong doi mong, trong
qua trinh bom can nudc, bun ¢ phan day cao cta ho chira nudc, co diéu Kién roc nudc, tao thuan lgi cho
cOng tac vét bun va dao sau.

3. Céc giai phap cdng nghé co ban
3.1. Cac gidgi phap vé bo' mé

- Cac mo 19 thién sau c6 chiéu cao b mo Ion nén trinh ty xac dinh do on dinh bo M6 nhur sau: (i) xéc
dinh cac thong so cua trang thai tng suat ban dau cua khoi da; (ii) nghién ctru cau truc, kien tao cta khoi
da; (iii) xac dinh diéu kién dia chat cdng trinh (tinh chat co 1y, @6 nat né,...) va dia chat thay van cua khoi
da;(iv) nghién ctiu cac quy luét trong viéc hinh thanh cac tmg suat nhan tao trong hoat dong khai thac;(v) nghién
cau nguyén nhan hinh thanh nén mat pha hiry va dut gay trong cac khoi da; (vi) giam sat bien dang cua tung
khu vuc bo mo; (vii) danh gia anh huéng cua cong tac khoan no min; (viii) du doan anh huong cua dia
chan (dong dat).

- Lyra chon dang bo ma:

Theo két qua nghién ciru va ap dung giai phap khai thac dang b 16i dé giam hé sé boc dé tai mot sé moé
16 thién LB Nga cho thdy, véi chiéu sdu mé tir 500+600 m, viéc ting goc doc bo mo tir 40+45° 1én 50+55°,
khdi lugng dét boc c6 thé giam tir 10+15% (Tapacos ILH., XKypanes A.I'., ®ypun B.O., 2011). Ban chat
clia phuong phap nay 1a cin cir 46 cung, d6 khdi dat dé tai cac khu vuc s& chia bd mé thanh cac déi cong
tac: doi cong tac phia trén c6 goc doc nho, déi phia dudi véi thoi gian ton tai ngan s& c6 goc doc Ion dé
hinh thanh dang bo 16i (hinh 4).
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Hinh 4. Phan chia khu virc khai thac theo tirng thong sé bo mé tai mé 16 thién Kovdorskoye — LB Nga
I II, I1I,... cac khu vuc khai thac

Hién nay, tai cac mo 16 thién cua cac nudc tién tién trén thé gi6i nhu: Patabora (Uc), Cleveland Cliffs
(M9), Flintkote Mine, Westfrob Mine (Canada), Aitik (Thuy Dién), Covdorcki GOK (LB Nga) goc doc
sudn tang co thé dat 75+85° (hinh 5).

Hinh 5. Tang chiéu sau khi thac tai mo 1§ thién Gleevatcki — LB Nga
I, I — Bién gidi két thic khai thac khi o = 65° va 75°

Trén co so nghién ctu tong hop cac didu kién dia ki thuat cac mo than 16 thién cong suét Ion viing
Quang Ninh cho thay, tinh chat co 1y dét d4, diéu kién dia chat thuy vin, chiéu cao bo mo, thoi gian ton
tai, ... khac nhau. Nhung, céc thong s6 hé théng khai thac twong dol gidng nhau, dic biét 1a goc doc suon
tang, bd mo. Goc dbc by mo ty 18 thuan véi hé sé boc dat da,hé sé boc dat da cao lam tang chi phi khai
thac, giam hiéu qua san xuét ciia doanh nghiép. Vi vay, cong ngh¢ khai thac dang bo 16i can dugc nghién
clru va ap dung tai cac mo than 16 thién sau.Tuy thudc diéu kién cac khu vuc bd mo, xac dinh céc thong
sO clia doi cong tac dudi sdu voi goc dbe bd nang cao phu hop voi d6 khdi va do cing cac tang sdu va
giam khdi lugng dat boc.

- Lwa chon, bé tri thiét bi trén ddi cong tac:

Véi cac mo sau, theo chiéu sau khai thac, bd mo dugc chia thanh cac khu vuc cong tac. Mbi déi cong
tac c6 dac trung riéng (hinh 6, 7):

+ Khu vyc trén cao: kich thude 16n, it nuéc ngam, dat da c6 do cing, nit né nhidu. Khu vyc nay sé ap
dung cong nghé khai thac bang may xic dung tich gau 16n két hop voi 6 t6 khung cling, do doc doc cac
tuyeén duong van tai trung binh tir 4+5%;

+ Khu vyce gitta moé: Kich thuéc mo giam theo chiéu sdu khai thac, dat da c6 do cung, do khéi tdng,
nhicu nude ngam. Khu vuc nay ap dung cong nghé khai thac bang may xtic cé dung tich gau 16n, ket hop
V61 6 t6 co kha nang leo doc 1on (tir 6+12%);
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+ Khu vuc téng siu va Qéy mo: Kich thuéc trat hep, bun nude nhi‘éu,r san lugng nho. Khu vuc nay ap
dung cong nghé khai thac bang may xuc két hgp vai 6 to banh xich, do doc dwong van tai tir 20+-25%.
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Hinh 7. So do xic boc — vdn tai khu vuee cdc tang sdau

Hinh 6. Céc khu viee vue khai thac theo chiéu
sau khai thac

3.2. Cong nghé xar ly bun
Hién nay, cac mo than 16 thién viing Quang Ninh dang khai thac xubng sau véi toe do trung binh tir 10 +
15 m/ndm, két thic ndm 2017, ¢t cao ddy mo nhur sau: Coc S&u (-230 m), Cao Son (-110 m), Déo Nai (-
160 m), Ha Tu (- 190 m). Khi khai thac xudng sau, bién gioi mé ngay cang mé rong dan dén lugng bun dt
chay xudng day moong ngay mét ting, chidu day I6p bun lodng 1on va khdng on dinh, bun lodng thuong tap
trung ¢ gitra moong. Theo két qua nghién ctru (Poan Vin Thanh, 2017), khdi lugng bun lodng du bao hang
nam khi xubng sau tai ca&c mo than 16 thién ving Quang Ninh tir 55 + 450 ngan m® (nim 2018-KTKT),
chiéu day trung binh tir 2,0 + 10,0 m, riéng mo Coc Séu tir 10,0+20,0 m, phia dudi 1a 16p bun ¢& hat I6n va
dudi day moong 1a dat da c6 kich thudc 16n. Cong nghé vét bun sau mdi miia mua tai ddy moong pht hop
cho céc mo than 16 thién Viét Nam khi khai thac xudng sau la cong ngh¢ vét bun bang may bom bun déc doi
vai phan bun loéing phia trén (hinh 8), phan dét d4 1an bun phia dudi xdc truc tiép bang MXTLGN (hinh 9).
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Hinh 9. So' do cong nghé xdc Iép dat da lan bun

Hinh 8. So' do cong nghé vét bun bang mdy bom bin
bang MXTLGN (1- dat dd lan ban; 2- bun loang)

dac (1- may bom biin dic; 2- phao nai; 3- tuyén ong
dan bun; 4- ho chia bun; 5- bai min sau cdi tgo; 6-
I6p bun loéng; 7- 16p bun cé hat I6n)

3.3. Cdng nghé bom thodt nwéc
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C6 hai ngudn nudc chinh chay vao mé la nguon nudc ngam va nude mua. Vi vy, can ap dung cac giai
phap han ché t6i da lwong nudc mua, nuéc mat ngdm va chay vao mé nhu: Hudng dong nudc mat vé cac song
sudi, cac tang trén mirc thoat nudc ty chay déu phai tao ranh thoat nudce hudng dong chay ra khoi khai truong.
Pong thoi trén, cac ting nam dudi mic thoat nudc tu chay, ting cong tac 1am ranh tam thoi, ting khéng cong
tac 1a ranh c6 dinh. Ddi véi cac duong lién lac, van tai can tao ranh thoat nudc doc duong....

Két hop vai cac giai phap trén, can phai bom cudng buc ra khoi khai truong mo. Theo phuong phap
tinh toan bom thoat nudc trude ddy, hau hét cac tran mua 16n déu duoc bom cudng buc ra khoi mé trong
5 ngay. C6 nghia 1a mo c6 thé khai thac ngay ca trong miia muwa. Tuy nhién, dic diém hinh hoc cua céc
mé than 19 thién Viét Nam la: than nim phia dudi day mo; dat da tap trung trén cao. Vi vay, trong cac
thang mua mua, day mo khong xubng sau. Néu phuong phép tinh toan trén sé& sir dung s6 lwong 16n may
bom, chi phi dau tu duy tri bom nudc Ion.

Thuc té tai cac mo thuong khdng ché mot luong nude nhat dinh & day moong va duy tri bom dén muic
nudc nhat dinh. Do d6 cin xem xét, tinh toan khau bom nudc pht hop hon.Ddi voi cac mo than 16 thién
Viét Nam, giai phap bom thoat nude dugc thyc hién nhu sau: Tinh s6 bom can thiét cho 1 tram véi diéu
kién bom hét lwong nuéc ciia thang 16n nhat va duy tri ddy moong bi ngép nudc & mot mic nhat dinh,
ddng thoi thang cudi miia mua phai bom can nudc & ddy moong dé tién hanh khai thac binh thuong. Tic
1a thang cudi mua mua phai bom hét lugng nude duy tri ciia cac thang trude d6 va lugng nude chay vao
mo trong thang.

Trong truong hop nay luu luong tinh toan cua tram bom dugc xac dinh theo cong thirc:

(th + Qnt — th — th) + (thc + Qntc — thc + th) m3 /h
60T ’

th = 1)

trong do:

Qme + Qm - Qbt - Qut = A - Iuu luong nude can bom trong thang co luong mua 16n nhét, m3; Qe + Quet -
Qoet + Qat = B - luu lugng nu’oc can bom trong thang cudi mua mua, m?% Qmt - lwrong nudc mit chay xuong
mo trong 1 thang 16n nhit, m?; Qu - lugng nudc ngam chay vao mé trong 1 thang cta thang mua 16n nhét,
m3; Qu - luong nuée boc hoi trong 1 thang cua thing mua l6n nhét, m3; Qq - lugng nude duy tri dudi day
mo trong mua mua, m?% Qme - lwong nudc mat chay xuong mo trong thang cudi mua mura, m?; ; Qnte - luong
nude ngam chay vao mo trong thang cubi mua muwa, m3; Qu - lugng nude bdc hoi cta thang cudi mua mura,
me,

Trén co s d6 va dién tich trung binh cua timg ting day moong ta s& tinh dwoc chiéu sdu nudc ngap hay
murc nudc ngap duy tri trong mua mua ctia ddy moong. Véi phuong &n ndy ngoai viéc tinh toan dugc luu hegng
nudc can bom, sé bom can thiét cho 1 tram, con tinh dwoc cc chi tidu khac nhu lugng nude duy tri dudi day
moong va chiéu sau ngap nudc trong mua mua.

3.4. Cong tac chudn bi tang méi va dao siu

Nhu da trinh bay & trén, cong nghé dao sau hop ly tai cac mo than 19 thién vung Quang Ninh nhu sau:
ap dung cong ngh¢ dao sau ddy moong 2 cap, dao sau theo phan tang khi chicu dai ddy mo Ién, va cong
nghé day mo nghiéng khi chiéu dai day moé nho véi viéc 4p dung MXTLGN.

- Cong nghé dao sau day moong 2 cap, dao sau theo phén tang:

Muia mua tién hanh dao sau khai thac & ddy cao, con day thap 13 noi chira nudc va bun s& dugce dao sau
trong muia kho. Tuy nhién, dé tao thuan loi cho cong tac vét ban, phan day thap cia mo can duoc chia lam
2 phan. Phan cao hon 1a khu vyc bun ling dong dugc treo cao va phoi khd, con phan thap 14 noi chira bun
lodng va nuéc. V&i cach cau tao trén, co thé ngay sau khi két thiic mua mua, cong tic dao sau day mo
tranh khong tap trung vao khu vuc ¢6 hé ty nude ¢6 bun nhdo ma tién hanh dao siu phan cao & bén canh
nham kéo dai thoi gian phoi khé bun tao diéu kién ting nang suét thiét bi dao hao va giam thoi gian
chuan bi tang. Mat khac, MXTLGN c6 thé di chuyén xung quanh day thap & phan ting dudi xlc vén
muong, dao hé thu nudc va xiac mot phan khéi lugng bun. So do trinh ty dao sau tang chira ban c6 cau
tao phan tang thé hién trén hinh 10.
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Hinh 10. So d6 dao sdu tang chira bun ¢d cau tgo phan tang (I, I,... thit te ddao sdu phdn tang chiza ban)
- Cdng nghé dao séu su dung day mo nghiéng:

Cong nghé nay co6 dic diém 1a day mo co do doc nghiéng tir 6+8° vé 2 bén. Phan nghiéng nhat ciia day mo
12 hé ty bun nudc ciia mo. Khu vic nay gom buin va thu hep dién ngap nudc ¢ tang sau nhat dé tranh tha dao
siu phan cao day mo ngay tir dau muia kho, ting thoi gian va toc do dao sau. Trong muia muwa khai thac than &
nhitng tang trén mirc thoat nudc tu chay. Cong tc nao Vét biin va chuan bi ting mai dwoc thyc hién trong thoi
gian mua khd. Tuy nh|en cbng nghé nay c6 nhuge diém la cac thiét bi khai thac phai hoat dong trén bé mat
nghiéng, ting 4p luc nén va giam nang suat, chidu day bun & day hd tu nude 16n kho xdc (hinh 11).

Hinh 11. So @6 cong nghé khai thac véi day mé nghiéng

3.5. Céc gidgi phap nang cao mike dé an toan khi khai thac céc tang sau

C6 3 yéu té co ban ¢0 anh hudng 16n dén d6 6n dinh cua bo mo 19 thién do la: diéu kién dia chat khu vuc
phre tap, cac dut iy kién tao 1am xuét hién nhiéu mat yéu va tao diéu kién cho sy thAm nhap, phé huy cua
nude ngam; diéu kién dia chat thuy van khong thuan lon (nhiéu nudc ngam); chidu cao ciia by mo 16n (neu
két thic ¢ d6 sau -350 thi chiéu cao bd mé Déo Nai, Coc Sau, Cao Son Ién t6i 600 — 675 m) va thoi gian ton
tai ctia bo dai. Pay la van dé quan trong can dugc quan tam thich dang ngay tir bay gio. Dang bo mo khai
khai thac xudng sau duoc lya chon 1a dang bo 16i. Dé nang cao do 6n dinh bd mo, can nghién ciu va dé xuat
giai phap boc giam tai (Duong Trung Tam, 2016).

‘Cac mo khai thac xudng sau khi b mo khong on dinh ap dung cac giai phap: thdo kho bo mo bang hé
thong 16 khoan (dtng hodc khoan ngang) (hinh 12); gia cuong khoi d4 bang bé tong phun, xi mang hoa;
neo bo mo (hinh 13); khoan giam &p (hinh 14).

Dbi vai céc tang ngap nudc ¢ cac mo, ap dung cac giai phap cong nghé nd min hop ly: nap thubc nd
trong bao nilon, nap né thudc nhii twong roi bing xe chuyén dung. Ddi vai cac ting dudi sau va tang dat
gisi han két thic, ap dung cong nghé nd min giam chin dong (diéu khién quy mé vu no nd vi sai toan
phan, Iuu cot khong khi trong 156 khoan (hinh 15)...). Tang cuong chat lugng dat da nd min va giam chi
phl nap bua, can &p dung co gisi hoa khau nap bua. Déi v6i da qua cd, 4p dung phuong phép pha v bang
dau dap thay lyc, nham d¢am bao an toan va bao vé méi truong sinh thai.
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Hinh 12. So dé thao khd bo mé bang hé thang 1o
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Hinh 15. Cac phuong phdp sur dung huu cot khdng khi
trong lo khoan

Déu neo

a. Luu cgt khdng khi trong cgt thudc; b. Luu cot khong
Hinh 13. So' d6 neo bé tong cét thép dam béo khi duoi day lo khoan (phan khdng khoan thém); c.

én dinh be mé Luu cdt khong khi dudi day 16 khoan

4. Két luan

Hién nay va nhiing nam tai, C?.C mo than 16 t’hién Viét Nam sé tang cuong d6 khai théc. Cang xudng su,
cong tac khai thac cang gap nhicu khé khan bat lgi. Chinh vi vay, can nghién ctru, ap dung cac giai phap
cdng nghé khai thac phu hop tai cc tang sau nhu:

- Bo mo: Ap dung cong ngh¢ khai thac dang bo 16i két hop voi céc giai phap nang cao on dinh bo mo, lya
chon, bd tri thiét bi phi hop trén dai cbng tac;

- Cong nghé khai thac: Ap dung cdng nghé khoan no min tang goc doc suon tang, giam chan dong, nap
thuoc né trong bao nilon, nap n6 thudce nhil twong roi bang xe chuyén dung,...;

- Vét bun: Ap dung cdng nghg vét bun bang may bom bun dac déi véi phan ban loéng phia trén, phan

dat d4 13n bun phia dudi xdc tryc tiép bing MXTLGN;

- Cong tac chuén bj ting méi va dao sau: Pao sau day mo nghleng, nhiéu cap, theo phan tang phu hop
vai thong sb ky thuat ciia méy xdc thay luc va dam bao san lugng yéu cau.

Trén co 56 d6, Iva chon trinh tu khai thac tbi da tai nguyén, gop phan dam bao ké hoach khai thac xuéng
sau cho cac mo than 16 thién Viét Nam.

Tai liéu tham khao

Db Ngoc Tudc, 2011. Nghién cuzu cac giai phap thm dap ung san hrong, nang cao hi¢u qua va mic
dé an toan cac mo than ham 10, 16 thién céng sudat Ién khi khai thac xuong sau. Vién KHCN Mo -
Vinacomin.

Poan Van Thanh, 2017. Nghién cizu cdng nghé vét bun hop ly cho cdc mo than 1 thién ving Quang
Ninh. Vién KHCN Mo - Vinacomin.
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ABSTRACT

Several suitable technology solutions for the exploitation of deep
working benches of Vietnam’s open pit mines

Tuoc Ngoc Do", Thanh Van Doan?, Duc Van Nguyen*
YInstitute of Mining Science and Technology — Vinacomin

With the advancement of open-pit mining technology, the depth to which minerals can be profitably
mined has increased resulting in deeper pits than ever before. The increase in depth has several inherent
challenges for mining operations. Specifically, in Vietnam, the depth of the final pit bottom is about 300 —
400m lower than the sea level. The deep mining has faced with the number of difficulties and challenges
such as seasonal exploitation, higher pit slope, the large amount of sludge, limited working site, and the
worse effect of microclimate condition at the pit site. Based on the analysis of the characteristics of deep
working benches, the experiences in domestic and foreign mining experts as well, the fundamental goal of
this study is to provide several reasonable technology solutions for the exploitation of deep working
benches such as the convex bank mining technology, the synchronous arrangement of shovels on each
side of the mine, using of transport equipment operating on high slope, and the water mud treatment
technology and the seasonal deepening technology. As a result, the mine productivity, efficiency and
maximum recovery of coal resources can be ensured by these technology solutions.

Key words: mud treatment; convex bank; inclined slope, deep benches.
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ERS E HOQI NGHI TOAN QUOC KHOA HQOC TRAI DAT
EANM BOENCES M) VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru lva chon chat trg 1ang hop 1y dbi véi ban thai
Nha may tuyén bauxit Nhan Co

Triéu Van Binh'*, Nguyén Vin Minh!
L Vien Khoa hoc Cong nghé Mé - Vinacomin

TOM TAT

Két qua nghién ctu cac yéu to anh huong téi toc do lang dong (ndng do bun; o pH méi truong; tiéu
hao va chang loai chat trg lang) doi véi mau bun thai Nha may tuyén bauxit Nhan co, véi toe do lang
trung binh sau 40 gidy dat-Vizg > 9,9 m/h.

Pham vi nghién ctu trong phong thi nghiém d6i véi mau ban thai quang bauxit Nhin Co (cap hat -
1mm trong qudng nguyen khai). Két qua nghlen ctru da Iya chon duoc cac théng s t6i wu cua tung chat
tro lang doi voi mau bun thai Nha may tuyén bauxit Nhan Co dé chit luong nudc sau ling dat yéu cau vé
chit luong nudce thai cdng nghiép theo “QCVN 40:2011/BTNMT?; Chi phi nhu sau: “VFA1200” — tiéu
hao 68 g/t bun kho; “VF62424” — tiéu hao 66 g/t bun kho; “N85035” — tiéu hao 63 g/t bun kho; “N83384”
—tiéu hao 57 g/t bun khé.

Tir khéa: Bun thai; chat trg lang; tbe do lang

1. Mé dau

Nha may tuyén bauxit Nhan Co — Dak Nong thudc du an: Nha may san xuat Alumin Nhan Co. Nha
may tuyén bauxit Nhian Co duoc xay dung tir nim 2013 v6i ning sudt thiét ké ~3,6 triéu tin quing
nguyén khai/nam [Vién KHCN Mé-Vinacomin, 2014], nha may da thuc hién chay thir ¢o tai giai doan 72
gio, hién tai dang trong qua trinh chuan bi cac diéu kién vé nguyén vat liéu cho chay van hanh ky thuat
nha may. Cong nghé tuyen cua nha may tuyén bauxit Nhan Co 1a tuyén rira trong luc su dung rat nhiéu
nudc (tiéu hao nudc b sung cho mét tan quang tinh kho ~4 m3/t), voi ning suat 1on va nhu cau tiéu hao
nudéc bd sung 1on nhu vay can thiét phai thu hdi lai nudc tudn hoan tai s dung san xuét. Hién tai nha may
da sir dung thir nghiém chat tro lang “N85035”, chét lwong nuéc mat & hd bun thai dat yéu cau vé chat
luong nuéc thai cong nghiép theo “QCVN 40:2011/BTNMT (B)”, nhung do chét tro ling “N85035” ¢6
gi4 tiéu hao 16n s& dan dén chi phi san xuat 16n, do d6 nhu cau cép thiét tim ra mot loai chit trg ling cé
tiéu hao thip, dé sir dung va van dap tmg duoc cac tiéu chi dé ra vé chit luong nudc tuan hoan va nuée
thai ciia hd bun thai theo quy dinh hién hanh [Vién KHCN Mo-Vinacomin, 2015].

2. Miu nghién ciru va phwong phap nghién ctru
2.1. Mdu nghién citu

Mau thi nghiém dugc Iy tai khai truong mo Nhan Co, ngudn quang cap truc tiép cho nha may tuyén
bauxit Nhan Co. Mau dugc lay vé tién hanh gia cong gian lugc, tién hanh phan tich thanh phan d¢ hat va
khoang vat Dya vao cong nghé tuyén ciia nha may thi nong do pha rén trong bun thai ~ 60 g/l, tién hanh
thi nghiém trong vang lan can dé xac dinh cac thong s6 can thiét [Vién KHCN Mo-Vinacomin, 2015].

Quang nguyén khai

;

Gia cong mau(rira mau qua sang
-1mm l l +1mm

Bun thai Quang tinh bauxit
Hinh 1. So do gia cdng mau thi nghigm

* Téac gia lién hé
Email: binhmp50@gmail.com
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Bang 1. Két qua phan tich thanh phan khodng vdt mau ban thai bauxit Nadn Co.

Thanh phan khoéng vit

Ham lwong(~%)

Gipxit — AI(OH)3 15-17
Gotit — Fe;03.H,0 18-20
Hématit — Fe,O3 6-8
it — KALAISi;05(OH)2 4-6
Kaolinit — Al,[Si,05](OH)4 26 — 28
Clorit — Mg,Al3[AlSiz010] (OH)s 4-6
Cristobalit — SiO; 6-8
IImenit — FeTiO3 6-8
Tal <1
Bomit <1
Vo6 dinh hinh Co

Bang 2. Két qua ldng tir nhién mau ban qugng Nhdn Co.

e Nong dé bun: 60 g/l
T Thoi gian lang, h Chiéu cao cét bun, m%n ' \g/zfm toc lang, m/h

1 Oh 280 -

2 0,083 h 278 0,02016
3 0,167 h 276 0,01848
4 0,5h 274 0,0112
5 1h 270 0,0098
6 2h 261 0,00924
7 24 h 203 0,00317
8 48 h 154 0,00263

Dua vao két qua phan tich thanh phan khoang vat va két qua ling ty nhién cia mau bun ta ¢c6 mot sé
nhan xét:

- Mau bun Iang ty nhién voi toc do rat cham, vei téc do lang nay ap dung vao thuc té san xuét khong
thé thu duoc nuéc tuan hoan quay lai san xuat va khong dam bao chat luong nuée ¢ ho bun thai xa thai ra
moi treong. Do do6 viéc sir dung chat tro lang dé tang toc d6 lang dong caa bun quang la rat can thiét.

- Qua két qua phan tich thanh phan khoang vat cia mau bun quang ta thay trong mau ban quéng la cac
khoang vét cua cac kim loai nhu : Al, Fe, Si, Ti.... trong qua trinh tuyen rua cha xat bé mat va phan ly
trong be mat cua cac hat bun s& mang dién tich cia kim loai twong tng AI**, Fe®*... Cac hat bun tich dign
cung dau c6 xu hudng day nhau lam cho qué trinh két bong tao thanh hat I6n lang xuong duséi tac dung
cua trong luc k’hc“)ng xay ra. Do do6 dé trung hoa dién tich va tao cau ndi gitra cac hat véi nhau can phai su
dung chat trg lang c¢6 nguon géc anion.

2.2. Phwong phdp nghién ciru va tinh toan toc do lang

Thi nghiém dugc thuc hi¢n theo phuong phéap truyén thong, nghia 1a c¢b dinh cc théng Sé khac ngoai
thdng so dugc khao sat. Thong so toi wu cua thi nghiém trude dugc sir dung cho thi nghiém ticp theo.

Nghién cuu lua chon chat trg lang hop ly dugc the hién qua viéc nghién ctru ve toc do lang dong bun
qudng cua cac chat trg lang véi cac ché do khac nhau dé tim ra cac thong so toi wu véi tung chat tro lang,
diéu kién xac dinh véi tirng chét tro lang dat duoc toc do ‘Iéng dong trén 9,9 m/h sau 40 gidy, chat lugng
nuéc trong cua qua trinh lang dong dat quy chuan ve nuéc thai cong nghiép hién hanh “QCVN
40:2011/BTNMT”. Cac thdéng so nghién ctu doi véi ting chat tro lang la [Vién KHCN Mé-Vinacomin,
2015] :

- Do pH cua bun quéng.
- Nong d¢ bun quang, g/l.
- Tiéu hao chat tro lang, g/t (tiéu hao trén mot tan bun kho).

Téc @6 ling dong duoc xac dinh bang cong thuc:

Vir = (Ho - ,Ht)/,10'3)/(t/3600)5 m/h 1)
- Vi : VAN toc lang tai thoi diém t; m/h.

- Ho: Chiéu cao c6t bun tai thoi diém ban dau; mm.

- Hy : Chiéu cao cot bun tai thoi gian t; mm.

- t: thoi gian tinh van toc lang; s.

Trong do6:
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3. Két qua nghién ciru va thao luan

Diéu kién thi nghiém: Thi nghiém ling dong mau ban thai bauxit Nhan Co str dung mot s6 cht trg
ling phd bién trong xir Iy ban thai bauxit trén thé gidi, Céc chét tro ling str dung: VFA 1200 (AN945SH);
VF62424; N85035; N83384.

3.1 Két qud nghién cieu dnh hwong ciia pH tdi téc dé ling dong

- K&t qua nghién cau anh huong cia pH téi toe do lang dong, thi nghigm vai cac do pH khac nhau tir
6,4-7,6; nong do bun thi nghiém 60 g/l ; chi phi doi véi tung chat trg lang duoc xac dinh bang cac thi
nghiém tham do. Sir dung H2SO4 va NaOH lam chat dieu chinh pH bun thai.

Bang 3. Két qua nghién cizu dnh hirong cua pH téi toc do ldang dong.

Van téc ling, m/h
T oH _YFA 1200 _AVF62424 B N85035 B N83384
Tiéu hao: 68g/t Tiéu hao: 669/t Tiéu hao: 639/t Tiéu hao: 57g/t
Chpin: 60 g/I Choin: 60 g/I Choin: 60 g/I Chpin: 60 g/I

1 6,4 7,56 7,18 8,06 4,91

2 6,7 9,93 9,83 10,21 6,17

3 7 9,83 9,63 10,00 8,06

4 7,3 6,30 5,92 6,80 10,21

5 7,6 4,28 3,78 4,79 9,83

Téc d6 lang, m/h

—+—VFA 1200 —®—VF 62424 —&—NG&5035 —e—N83354

Hinh 2. Anh hirong cua pH téi tée dé lang dong mau bun thai bauxit Nhdn Co-

Két qua nghién cttu cho thdy mdi chat tro ling tac dung t6t & mot pH nhét dinh, khi pH cuaa bun ngoai
gié tri toi wu thi téc d6 ling giam xudng. Gia tri pH t6i wu cia bun thai bauxit Nhan Co ddi vai cac chét
trg lang cho téc d6 ling tét nhit nhu sau: VFA 1200 - pH 6,9; VF62424 - pH 6,8; N85035 - pH 6,8;
N83384 - pH 7,3.

3.2 Két quda nghién cizu anh hweng ciia nong dp bun téi toc dp ling dong

- Két qua nghién ciu anh huong cia nong do bun thai bauxit Nhan Co t6i toc do lang dong. Thi
nghiém véi cac ndng do bun khac nhau dé so sanh téc do ling khi cing mot tiéu hao chat trg ling, chon
ra ndng do bun pht hop véi thuc té san xuat va cho tiéu hao nudc san xuat Ia thap nhét. Véi cac nong do
bun thi nghiém 50 g/1; 60 g/1; 70 g/1, &6 pH t6i wu ddi vai cac chit tro lang lay theo muc 3.1, tiéu hao cac
chat tro ling theo bang 4 duéi day:
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Bang 4. Két qua nghién cizu dnh hirong cia nong do ban téi toe dé ldang dong.

Van toc lang m/h
B Nong do VFA 1200 VF62424 N85035 N83384
bun, g/l Tiéu hao: 68g/t Tiéu hao: 669/t Tiéu hao: 63g/t Tiéu hao: 57g/t
pH: 6,9 pH: 6,8 pH: 6,8 pH: 7,3
50 11,97 11,72 12,30 12,17
60 10,08 10,03 10,38 10,21
70 6,70 6,30 7,21 7,11
13
12
11
=
=
-
ep 10
=
=
s 9
8
7
6

50 55 60 65 70
Noéng do bun, g/l

—+—VFA 1200 —m—VF62424 ——N85035 —e—N83384

Hinh 3. Anh hirong ciia nong dg bun qudng téi toe dé lang dong

Két qua nghién ciru lang dong véi céc nong d bun khac nhau 50-60-70 g/l va sir dung céc chit trg
Iang ta thiy: Khi nong do bun téng 1én ma co dinh cac thong s pH va tiéu hao thi toc do Iang s& giam dan
diéu nay giai thich cho khi ndng d6 bun ting thi xac xudt roi vdng mic cua cac hat ting, diéu d6 lam cho
Vigng giam Xuong va nguoc lai. Nén téc do lang tot nhat ¢ 50 g/l tuy nhién dé tang hiéu qua kinh té chon
ndng do bun ti wu 60 g/t dé tiét kiém chi phi nwdc va van dat toe d6 ling theo yéu cau.

3.3 Két qud nghién ciu dnh hweng tiéu hao chat tre' ling téi téc dé ling dong

- Két qua nghién ctru anh huong cua tiéu hao cac chét trg lang toi toc do ling dong bun thai bauxit
Nhan Co. Thi nghiém tiéu hao muc chat trg lang khac nhau dé so sanh toc do lang ¢ cac mirc tiéu hao
khac nhau dé chon ra muc tiéu hao hop 1y doi véi ting chat tro lang ma nuéc trong sau lang dong dat quy
chuan vé nuéc thai cong nghiép (theo QCVN 40:2011/BTNMT (B), co dinh céc thdng s6 pH véi tung
chat trg lang va nong d6 bun 60 g/l.

Qua két qua nghién ciru anh huong cua tiéu hao chat tro lang t6i toc do lang dong cua bin thai bauxit
Nhén Co ta thay:

- Khi ting dén tiéu hao céc chét trg lang thi toc do lang ctia bun thai bauxit Nhan Co ting dén, va téc
do lang tang dén gia tri t6i han Vigng 11,5 thi c6 tang tiéu hao thém chat trg lang toc do lang bun cling ting
khong dang ké. Theo yéu cau cua thict ke va thuc te san xuat can Vigng > 9,9 m/h do d6 chon muc tiéu hao
chat trg lang hop Iy 12 tiéu hao thap nhat ma toc d6 lang van dam bao yéu cau dat ra.

- Vay téc tiéu hao chat tro 1ing hop Iy véi tirng chét tro lang la: VFA 1200 — 68 git; VF62424 — 66 glt;
N85035 — 63 g/t; N83384 — 57 git.
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Bang 5. Két qua nghién cizu anh hirong tidu hao chdt tro ldng téi toc dé ldng dong.

, Van tbc ling m/h
11 | Tiéu hao chat VFA 1200 VF62424 N85035 N83384
trg lang, gt Chun: 60g/1 Chun: 60g/1 Chun: 60g/1 Coun: 609/1
pH: 6,9 pH: 6,8 pH: 6,8 pH: 7,3
1 52 6,43
2 57 10,21
3 61 8,44 11,47
4 63 7,18 10,38 11,62
6 66 7,06 10,03 11,34
7 68 10,08 11,01 11,64
8 71 11,09 11,52
9 75 11,47

Tbc d6 lang, m/h

5
52 54 56 58 60 62 64 66 68 70 72 4
Tiéu hao chit trg ling, g/t
—+—VFA 1200 —®—VF62424 —i+—N85035 —e—Ng3384

Hinh 4. Anh hirong cua tiéu hao chat tro lang téi toc do lang dong
3.4 Tong hep két qud dnh hwéng cia cac thong sé tdi téc dé ldng cia bun thdi bauxit Nhdn Co

Két qua tdng hop cac thong sb tdi wu vé tdc do 1ang véi mau bun thai bauxit Nhan Co duoc tong hop &
bang 6 dudi day:

Bang 6. Tong hop cdc thong sé i wu ciia chat tro lang véi mau ban thdi bauxit Nhdn Co.

. . Thong s6
TT Chat trg lang ~ - =
pH Nong d¢ bun, g/l Tiéu hao, g/t
1 VFA 1200 6,9 60 68
2 VF62424 6,8 60 66
3 N85035 6,8 60 63
4 N83384 7,3 60 57

4. Két luan

- Két qua thi nghiém anh huong cua pH cua bun quing téi tbe do ling dong cua tirng chét tro ling da
cho thay céc chat trg ling tac dung tét & cac gia tri pH khac nhau. Cac gia tri t6i wu ciia cac chat trg ling
trong qué trinh ling dong mau bun thai bauxit Nhan Co: VFA 1200 — pH ~6,9; VF62424 — pH ~6,8;
N85035 — pH ~6,8; N83384 — pH ~7,3.
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- Két qua thi nghi¢m anh huéng cua ndng do bun téi toe do ling dong véi mau bun thai bauxit Nhan
Co ta thay khi nong d6 bun cang tang véi tiéu hao chat trg lang khong doi thi toc d6 lang cang giam. bé
dat yéu cau vé Vigng > 9,9 m/h va nong do bun cao nhat thoa mén chon nong nd bun toi wu 60 g/l.

- Két qua thi nghiém anh huong cua tiéu hao céc chat trg léng t6i toc do ling dong di lya chon duoc
Céc gié tri tiéu hao toi wu cua ting chat trg lang: VFA 1200 — 68 g/t; VF62424 — 66 g/t; N85035 — 63 git;
N83384 — 57 git.

- Qua d6 chon duoc chat trg lang tac dung tot nhat ddi véi mau ban thai bauxit Nhan Co 1a N83384 véi
cac théng so ky thuat: tiéu hao 57 g/t; pH ~7,3; nong d6 bun 60 g/l.

- D& nghi Cong ty Nnom Dk Nong su dung chét trg lang N83384 vao trién khai thir nghiém tai nha
may tuyén bauxit Nhan Co d€ nang cao toc d¢ lang cua bun thu hoi toi da nuéc tuan hoan va dam bao
chat lugng nudc thai cua ho bun dé bao vé moi truong.

Tai ligu tham khao
Vién KHCN Mo - Vinacomin, 2015. Bao céo: “Nghién citu lira chon chat tro ldng cho bun thdi, cac

nha méy qugng bauxit Tay Nguyén”. o )
Vién KHCN Mo - Vinacomin, 2014. Tai liéu thiet ke Nha may tuyén qudng bauxit Nhin Co.

ABSTRACT

Research on selecting relevant flocculant for sludge of Nhan Co
bauxite mineral processing plant

Trieu Van Binh!, Nguyen Van Minh?
! Vinacomin institute of mining science and technology

Due to the heavy-duty preparation technology at Nhan Co bauxite mineral processing plant, the sludge
processing and circulating water recovery is considered as an essential task. Basing on the research results
of some precipitants widely used in the mineral mining sector, the flocculant N83384 with lowest cost has
been found. After being processed, the recovered water has standard quality and could be discharged to
the environment. This research result could be used for applying the flocculant N83384 to the actual
production at Nhan Co bauxite mineral processing plant.

Keywords: Flocculant; sludge ; environment; bauxite.
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ERS E HOQI NGHI TOAN QUOC KHOA HQOC TRAI DAT
EANM BOENCES M) VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cong nghé két hop may ling ludi chuyen dong-may tuyen tang soi-
tuyén noi thu hoi than sach tir dat da 1an than & mot s6 mo than ving

Hon Gai-Cam Pha
Nhir Thi Kim Dung"*, Vit Thi Chinh*
! Truong Dai hoc M6 - Dja chat

TOM TAT

Hién nay & mot sé moé than viing Quang Ninh dang ton dong mot lugng I6n dat da 1an than, udc tinh
dén hang triéu tan. Pac diém dbi twong nay cd 1an mot lugng than khoang 20% sinh ra do qué trinh boc,
m¢ via hodc dao duong 16 mé6i. Pt d4 1an than c6 d6 tro tir 60-70% hién nay & cdc mo chua c6 bién phap
X Iy, thu hdi triét dé than sach. Khi sir dung céac thiét bi tuyén than truyén théng (may ling khi ép, tuyen
huyén phu) dé thu hoi than sach tir ddi twong dat da 1an than nay sé khong mang lai hiéu qua kinh té. Mat
khac, d6i tuong nay ciing khong thé thai bo dugc vi do tro ciia né van nhé hon quy dinh cho phép cua
Nha nude (Quy dinh hién hanh cua Nha nuéc vé thai bo dat d4 khi tuyén than cé do tro trén 75%). Lugng
dét d4 1an than c6 d tro tir 60-70% ton dong & cac mo ngay cang nhidu s& chiém nhiéu dién tich mat
bang, thit thoat tai nguyén va gay 6 nhiém méi truong. Céc thiét bi may ling luéi chuyén dong, may
tuyén tang sdi va thiét bi tuyén noi 1a nhitng thiét bj kha hiéu qua khi dung dé tuyén loai than c6 dé tro
cao. Duing cong nghé tuyén maéi két hop giita ba thiét bi trén tuyén thir nghiém hai mau dét da 13n than mo
NUi Béo va Coc Sau (d6 tro 60-65%), cho phép thu hdi duoc trén 40% than sach vai do tro khoang 30%,
dat tiéu chuan cam 5aHG dem tiéu thy, nham tan thu tai nguyén, giam thiéu 6 nhiém méi truong.

Tur khéa: Pét da 1an than, than sach, méy ling luéi chuyén dong, méay tuyén tang sbi, tuyén noi.

1. D3t vin dé

Pt da 1an than (PDLT) 1a mot khéi niém mang tinh twong ddi dé chi hdn hop than va da véi ty 1¢ da
nhiéu hon than rat nhiéu, né dic trung cho san pham phuy trong qué trinh khai thac than, ciing ¢6 thé 1a san
pham trén ludi sang cua phan xuang ché bién than chat lwong thip ciia moé ma nganh than thudng goi 1a
“than bi sang”. Pic diém cua PDLT c6 do tro tir 60% dén 75% ddi véi cap hat nho va trén 80% doi véi
cap hat 16n. Luong dat da 1an than nay hién nay dang dugc chia ¢ cac “bai thai tam” vi san pham nay
chua dugc phép thai, nhung néu dua di sang tuyén lai thi khong dem lai hiéu qua kinh té.

Theo s6 liéu nam 2014 ciia Cong ty CP Than Coc Sau, lwong DPLT cua Cong ty ton dong nim 2013
la 1.635.973 tin, d tro 69 - 70%, nam 2014 phat sinh thém 710.000 tan, do tro trén 60% [Cong ty CP
than Coc Sau, 2014]. Theo béo céo khao sat ciia mo Nui Béo, tong lwong DPPLT nam 2014 ton dong la
6.129.294 tin, d6 tro 67 - 68% [Cong ty CP than Nui Béo, 2015]. D4t da 1an than duoc ché bién truc tiép
tai mo hodc ban cho cac don vi ché bién kinh doanh trong TKV. Cong nghé ché bién dét d 1an than phd
bién duogc thuc hién nhu sau: Ngudn dat da 13n than dugc dua qua sang so bo ludi 200x200mm dé loai bo
da qua c&; San pham cap - 200mm cap vao sang rung 2 luéi 70mm va 15 (10)mm dé khir cam; Cap +70
mm duoc nhat tha cong dé thu hdi cuc xd va thai loai d4, ba sang c6 ¢& hat 15 - 70 mm dugc dua vao
tuyén bang cac Modul tuyén nho (huyén phu tu sinh, huyén phii manhetit, ...) thu hoi duge 03 san pham
gom: than cuc don (15 - 70mm), than bun, va thai loai; San pham than cuc x6 véi than cuc don (15-
70mm) sau tuyén duge dem nghién thanh cap -15mm sau d6 pha tron véi than cam sang khé -15mm hoac
-10mm thanh than cam TCVN, than bun dwoc xa ra hd phoi khé sau d6 dem pha tron thanh than cam
TCVN; San pham thai dwoc van chuyén di d6 thai. Céc thiét bi sang tuyén do cac don vi mé dau tu hoic
thué thiét bi dé ché bién.

Hau hét cac cum Modul tuyén nho chi thuc hién duoc tir 65 - 70% so véi cong suét thiét ké, cac
Modul nho Ié khdng tap trung, tinh dong bo cua hé thdng chwa cao, hau hét khau xtr 1y bin nude con don
gian, c6 day chuyén chi phi nuéc rat I6n va bin min ¢6 d tro rat cao (d6 tro dén 60%) cac nha may nay
thai bo gay 6 nhiém moi truong. Vi vay can thiét phai nghién ciru cong nghé nham thu hoi triét dé than
sach tir nguon DPLT, ting hiéu qua kinh té va giam thiéu 6 nhiém méi truong.

* Téac gia lién hé
Email: nhuthikimdung@humg.edu.vn
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2. Phwong phap nghién ciu
Mau DDLT duoc lay tir cic béi thai tam
thugc Cong ty CP than Coc Sau va Nui Béo.
Than cdp +3mm dugc tuyén biang may ling
ludi chuyén dong ban cong nghiép (hinh I).
Méay c6 chidu dai va chiéu rong ludi la
1x0,25m [Nhir Thi Kim Dung, 2011]. Than
cép hat -3mm, sir dung 2 thiét bi chinh 1a may
tuyén tang s6i (hinh 3) va may tuyén nodi
phong thi nghiém (hinh 2). Thiét bi tuyén tang
s0i hinh 3 ¢ tiét dign 150x150mm. Céac tam
nghiéng phia trén c6 thé thay d6i dugc chiéu
dai (600 900; 1200mm), géc nghleng (65; 70;
75% va khoang cach giita cac tim nghiéng

(37,5; 50; 75mm) [Pham Van Luan, 2012]. Hinh 1. Mdy ldng Iwdi chuyén déng bdn cong

,unv"?'

m Illlll\\

Huuul

I

Hinh 2. Mdy tuyén néi Hinh 3. Thiét bj tuyén tdng séi phong thi nghiém
3. Két qua va thio luan
3.1 Tinh chat mau nghién cau
Hai mau PDLT dugc dem phan tich rdy dé xac dinh thanh phan d¢ hat va phan tich chim noi xac dinh
thanh phan ty trong. Két qua phan tich ray thé hién ¢ bang 1 va 2.

Bdng 1. Két quad phan tich rdy khé PDLT mé Niii Béo

Cép hat, mm Y, % A, %
35-50 8,50 87,10
15-35 18,84 79,65

6-15 17,65 68,08
3-6 17,91 59,49
1-3 12,79 47,17
05-1 9,02 44,88
-0,5 15,29 34,12
Téng 100 60,38
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Bdng 2. Két qud phan tich rdy khé BPPLT mé Coc Sdu

C'Qip hat , mm v, % A, %
+50 11 84,76
35-50 15,44 75,89
15-35 15,52 68,92
6-15 13,63 64,47
3-6 10,19 55,28
1-3 7,04 52,48
05-1 7,72 49,5
-05 19,46 48,21
Téng 100 63,06

S6 lidu céc bang 1, 2 cho thdy: Mau PDLT mé NUi Béo ¢ ¢& hat 16n nhit 1a 50mm, DPPLT mé Coc
S&u Sim ¢6 ¢4 hat trén 50mm; Do tro cia 2 mau déu trén 60%; Do tro cdp hat +50mm than mé Coc Séu
do tro cao gan bang 85%, thu hoach 11% nén s& thai bo; Than cap hat +35mm mo Nui Béo c6 thu hoach
8,5%, d¢ tro trén 87% cd thé thai bo.

DDLT cac cap hat +0,5mm mo NUi Béo, Coc Sau duoc dwa phan tich chim ndi & céc ty trong 1,4; 1,5;
1,6; 1,7; 1,8; 1,9 va 2,0. C4c cap ty trong dugc gia cong lay mau dwa phan tich dé tro. Két qua phan tich
thanh phan ty trong cho thay: Hau hét cac cap hat than trong mau than NGi Béo va Coc Sau déu thugc loai
than kho tuyén dén rat kho tuyén trong luc. Vi vay khi tuyén than cac cp hat c6 trong mau than Nai Béo
va Coc Sau bang thiét bj tuyén trong luc thong thuong s& cho higu qua tuyén khdng cao. Nghién ctu dé
XUAt phuong an tuyén nhu sau: DPDLT cac cap hat +3mm cua cac moé dem tuyén bang may Iang lui
chuyén dong. Cép hat 0,5 - 3mm tuyén trén may tuyén tang sbi. Cap hat -0,5mm ding may tuyén ndi dé
nang cao chat luong.

3.2. Két qud thi nghiém tuyén
3.2.1. Thi nghiém tuyén trén may ldng ludi chuyén déng

_ Tién hanh thi nghi¢m trén méy léng ludi chuyén dong cac cip hat nhu sau: DPPLT mo NUi Béo tuyen
cap hat 3 - 35mm; DPDLT mo6 Coc Su tuyén cap hat 3 - 15mm va 15 - 50mm.

Céc diéu kién thi nghiém duoc xac dinh ti vu nhu sau:

- DBLT cép hat 3 - 35mm Ndi Béo: Tan s6 dao dong mat lugi 110 lan/phat; chiéu cao cura cap liu
65mm; bién d6 dao dong mat ludi 55mm; chiéu cao ngudng tran 44mm. Khi tuyén cap hat 3 - 35mm &
cac ché do cong nghé t6i uu thu dugc 21,83% than sach véi d6 tro dat 43,62%, thuc thu phan chay vao
than sach 36,08% va da thai c6 d6 tro 81,02%.

- DDLT cip hat 15 - 50mm Coc Sau: Tan s dao dong mit Iudi 110 lan/phat; chiéu cao cira cap liéu
65mm; bién do dao dong mat lugi 55mm; chiéu cao ngudng tran 64mm. Khi tuyén cip hat 15 - 50mm &
cac ché do cong nghé t6i uu thu dugc 28,58% than sach véi d6 tro dat 39,63%, thuc thu phan chay vao
than sach 53,72% va da thai c6 d6 tro 83,33%.

- DPLT cép hat 3 - 15mm Coc Sau: Tan s6 dao dong mat lusi 120 lan/pht; chiéu cao cira cap ligu
65mm; bién do dao dong mat ludi 45mm; chicu cao ngudng tran 30mm. Khi tuyen cap hat 3 - 15mm ¢
cac ché do céng nghé toi uu thu duoc 41,05% than sach vai d6 tro dat 32,06%, thuc thu phan chay vao
than sach 63,91% va da thai c6 do tro cao 82,7%.

3.2.2. Thi nghiém tuyeén tang sdi cap hat 0,5 - 3mm

) Tién hanh thi nghiém xac dinh luu luong dong nudc Ién t6i wu, cac thong sd gilr ¢b dinh: Chiéu dai
tam nghiéng 900mm; khoang céch gitra cac tam nghiéng 37,5mm; gdc nghiéng cua tam nghiéng 700. Két
qua thé hién trong bang 3 va 4.
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Bdng 3. Két qua thi nghiém anh hwong cia luu heong dong miede 1én dén két qua tuyén may tuyén tang séi
madu DDLT Niii Béo

Luu lugng (I/s) San pham Y, % A, % €, %

Than sach 46,76 7,27 77,78
1,8 b4 thai 53,24 76,73
Than dau 100 44,25

Than sach 48,31 9,02 79,37
1,9 ba thai 51,69 77,89
Than dau 100 44,62

Than sach 51,39 10,7 82,61
2 b4 thai 48,61 80,13
Than dau 100 44,45

Than sach 53,07 11,88 84,06
2,1 b4 thai 46,93 81,12
Than dau 100 44,37

Bdng 4. Két qud thi nghiém anh hwong cia leu heong dong nieée 1én dén két qua tuyén may tuyén tang séi
mau PPLT Coc Sdu
: Thuc thu
. . 2 o A o I'hy
Luu lugng nudc (1/s) San pham Thu hoach, % bo tro, % phan chay, %

Than sach 18,81 7,05 36,61
20 ba thai 60,01 71,4
' Trung gian 21,18 38,1
Than dau 100 52,24

Than sach 21,91 12,4 41,45
99 ba thai 57,3 74,8
' Trung gian 20,79 39,05
Than dau 100 53,7

Than sach 35,21 16,43 60,42
24 ba thai 44,8 78,92
' Trung gian 19,99 45,8
Than dau 100 51,3

Than sach 40,01 17,89 67,36
26 ba thai 41,2 82,3
' Trung gian 18,79 54,1
Than dau 100 51,23

Than sach 45,3 25,8 68,15
58 ba thai 39,42 84,12
' Trung gian 15,28 38,2
Than dau 100 50,68

Dua vao két qua thi nghiém & bang 3 va 4 cho thiy:
- D6i voi mau DPLT Nii Béo: O luu lugng dong nuéc 1én 2 /s cho d tro than sach dudi 11% va do
tro da trén 80%, cho thyc thu phan chay trén 82%, cac chi tiéu tuyén dat yéu cau.

- D6i véi mau DDLT Coc Sau: O luu lwong dong nudc 1én 2,6 I/s cho d6 tro than sach x4p xi 17,89%
va d6 tro da trén 82%. cho thuc thu phan chay trén 67%, cac chi tiéu tuyén dat yéu cau.

3.2.3. Thi nghiém tuyén néi cap hat -0,5mm

Ca 2 mau PDLT mo Nui Béo va Coc Sau cap hat -0,5mm khi dwa tuyén trong may tuyén ndi thi
nghiém dang ngan may dung dau hoa lam thuoc tap hop, tai chi phi dau hoa t6i vu (PBLT Nui Béo:
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1600g/t, PDLT Coc Sau: 1400g/t), ndng do ban: 150g/1, chi phi thudc tao bot dau thong: 100g/t, céc chi
tiéu tuyén dat dugc nhu sau:

- MAu than NGi Béo: Thu hoach than sach 9,16%; d6 tro than sach 12,26%; d6 tro da thai >80%.

- Mau than Coc Sau: Thu hoach than sach 10,12%; d6 tro than sach 14,8%; do tro d4 thai >83%.

4. Két luan va kién nghi

» CAac mau dat da 1an than cua cac mo Coc Sau, Ni Béo ¢ do tro trén 60%;

> Cap hat +35mm mau dat da 1an than Mo NUi Béo va cap hat +50mm Mo Coc Sau ¢ dé tro trén
80% c6 thé thai bo, tuy nhién dé tan thu than sach c6 thé ding phuong phap nhit tay;

> Tinh kha tuyén cac cip hat trong dat d4 1an than timng mo khéc nhau c6 thé s& khac nhau, n6 dao
dong tir trung binh tuyén dén kho tuyén;

> Két qua tuyén ling cap hat 16n trong dat d 13n than, mo Coc Sau lay ra than sach ¢ d tro dudi
35% mo Nui Béo dat dudi 45%, da thai co do tro déu trén 80%, co thé thai bo duoc;

> Két qua tuyén cip hat 0,5 - 3mm trong may tuyén ting soi dat d4 1an than ca 2 mo déu ldy ra duoc
than sach ¢6 d6 tro dudi 20%, da thai c6 do tro trén 80%;

> Két qua tuyén ndi mun than - 0,5mm trong dat da 1an than cac mo cho phép lay ra than sach c6 d6
tro duédi 15%; da thai do tro trén 80%;

> So dd kién nghi tuyén loai dit d4 1an than viing Hon Gai - Cam Pha thé hién trén hinh 4.

Dit dé 13n than

l

Sang 18 lwéi 50035) mm

Nhat tay Sang wot 16 3 mm
Pa that Than sach
A\ 4
TuyEn ML luéi chuyén déng _ Bang wot 0,5 mm
ba thai Than Than Bun than Bun 0,5 rm
sach cérm sach ol
Tuyén thng s8i Tuyén ndi

B thai Mudéc TH Than cém

Hinh 4. So @6 kién nghj tuyén logi dat da lan than viing Hon Gai - Cdm Pha
Tai ligu tham khao

Cong ty CP than Coc Su - Vinacomin, 2014. Phuong 4n sang tuyén ché bién sau, thu hoi than tir
nguon dat d4 1an than ton cii va than nguyén khai 1an dat da c6 do tro cao phat sinh trong qua trinh khai
thac than.
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Cong ty CP than NUi Béo - Vinacomin, 2015. Phuong 4n sang tuyén ché bién sau, thu hdi than tu
nguon dat d4 1an than ton cii va than nguyén khai 1an dat da c6 do tro cao phat sinh trong qua trinh khai
thac than.

Nhix Thi Kim Dung, 2011. Nghién czu cong nghé tuyén bang may lang lui chuyén dgng dé tang hiéu
qua su dung than chat luong thap cua mét so mo than ving Quang Ninh. Luén an tien si ky thuat,
Chuong 2, Trudng Pai hoc M6 - Pia chat.

Pham Vian Luan, 2012. Nghién ciu cdng ngh¢ tuyén tang séi d@é tuyén than cap hat min viing Quang
Ninh. Luén &n tién si k¥ thuat, Chuong 3+4, Truong Dai hoc M6 - Pia chat.

ABSTRACT

Recovery of clean coal from the contaminated waste of Coc Sau
and Nui Beo coal mine by a combination of movable screen jig,
fluidized bed separator and flotation machine

Nhu Thi Kim Dung?, Vu Thi Chinh!
! Hanoi University of Mining and Geology

The contaminated waste is a by-product generated during coal mining process. From this type of
waste, a clean coal yield of about 20% may be produced as its ash content varies in a range of 60% to
75%. The waste is normally stockpiled separately at “temporary disposal dumps”. This waste is not
regarded as a waste but it is very costly to process. A large quantity of representative samples from Coc
Sau and Nui Beo waste disposal dumps have been collected and a number of experiments for clean coal
recovery have been carried out using a combination of low cost and highly efficient semi-industrial
movable screen jig, fluidized bed separator and flotation machine. The obtained clean coal and tailings
qualities are in compliance with Vietnam quality standards (clean coals suitable for trading and the
tailings of over 80% ash suitable for disposal). The study results suggest that the application of these new
machines may allow significant recovery of clean coals from contaminated wastes. This may significantly
contribute to the reduction of environmental pollution while ensuring the production viability and
economic efficiency for the miners.

Keywords: Contaminated waste, clean coal, movable screen jig, fluidized bed separator, flotation.
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Két qua nghién ciru va dé xuat cdng nghé tuyén than chat lugng thap
vung Quang Ninh bang thiet bi xoay I6¢ huyen phu 3 san pham khong ap
D6 Nguyén Dan'*, Nguyén Hitu Nhan!

L Vien khoa hoc cong nghé ms-Vinacomin

TOM TAT

Béo c4o nay trinh bay vé viéc thi nghiém dé xac dinh cac théng s6 tdi wu, danh gia higu suat tuyén cua
thiét bi xoay 16¢ huyén phu 3 san pham khong ap (XLHP3SPKA), tir ¢6 danh gia kha nang ap dung vao
thuc té san xuat & ving Quang Ninh. Phuong phap nghién ctru duoc sir dung két hop nghién ciru ly thuyét
két hop véi nghién ciru thuc nghiém trong phong thi nghiém, phan tich h¢ théng va so sanh. Két qua
nghién ctru di x4c dinh duoc: (i) Tuyén than cip hat 1-6 mm, cip hat 6-15 mm ctua mo than Ha Rang sir dung
thiét bi XLHP3SPKA c6 duong kinh 200/140 mm véi cdng suét 1a khoang 5 tin/h, (ii) Xac dinh céc théng
s6 t&i wu vé cong nghé, thiét bi tuyén XLHP3SPKA, (iii) Qua tuyén thu dugc 3 san pham: than sach c6 do
tro nho hon 12 %, trung gian c¢6 dé tro tir 30-40 %, d4 thai c6 do tro 16n hon 82 %, (iv) Hiéu suét tuyén
cao véi do léch dudng cong phan phéi o ty trong thap va ty trong cao déu c6 gia tri thap 1a 0,04.

Tir khéa: Tuyén than, xoéy 16¢

1. Pit van dé

Hién nay tai ving Quang Ninh, than nguyén khai sau khi khai thac duoc sang tuyen ché bién dudi 2
dang: (i) Cac xudng sang tuyen tai mo nhu Nui Béo, Déo Nai, Coc Sau, Nam Mau, Mao Khé, Uéng
Bi...Trong do, cong nghé tuyen ap dung cha yéu & cac mé 1a huyén pho tang quay manhétit, huyén phu
tu sinh, mot s6 4p dung tuyén khi, bang tai nudc.. .mdi mot day chuyén tuyen déu c6 tinh vu viét riéng va
phu hop vai tirng IOaI than cu thé. D4i voi than khé tuyén thi qua trinh tuyén huyen phu s& cho hiéu qua
tuyen cao hon. Pa s cac may tuyen huyén phu déu cho ra hai san pham, khi liy ra ba san pham thi so do
tuyen sé phirc tap hon. Coéng suat cua cac day chuyen chi ¢ quy md vura va nho; (i) Cac nha may sang
tuyén than trung tam (NMT) gém c6 NMT Cira Ong 1, Ctra Ong 2, Hon Gai, Vang Danh, Lép M§. Trong
d6 NMT Cira Ong 1, Cira Ong 2, Hon Gai 4p dung cong nghé tuyén gdém 2 khau tuyén may ling két hop
xo0dy l5¢ huyén phu 2 san pham, NMT than Vang Danh &p dung cong nghé tuyén huyén phu bé, nha may
sang tuyén than Lép M¥ &p dung cong nghé tuyén huyén phu tu sinh. Cac NMT Cira Ong, Hon Gai, Vang
Danh déu sir dung 2 khau tuyén tré 1én dan dén so d6 tuyén phirc tap, chi phi van hanh Ién. Bé rat gon,
don gian day chuyén cong nghé, ting mirc do tuy dong héa, giam nhan luc van hanh nham giam vén dau
tu, chi phi van hanh tai cdc nha méy tuyen than, cc xuong tuyén than tai mo can xem xét nghién ciu &p
dung cong nghé tuyen than bang thiét bi XLHP3SPKA. Vi cac Iy do, cong nghé¢ tuyen bing
XLHP3SPKA cé nhleu wu diém: Phu hop ké ca vai than cé tmh kha tuyén la kho tuyen Than Cap liéu
khong can phan cap hat; don gian hda qué trinh tuyén khi chi can diing mét ty trong huyén pht c6 thé thu
dugc 3 san pham (than sach c6 chét lugng cao, trung gian va dé thai c6 do tro cao); hiéu qua tuyén cao, ty
Ié than sach v& vun thip, giam chi phi von dau tu thiét bi va chi phi san xudt; ning suét 16n; do mai mon
thiét bj thdp;dién tich xay dung chiém it. Trén thé gisi, cac nha méy tuyén than méi duoc xay dung dang
wu tién lya chon &p dung cong nghé tuyén than bang thiét bi XLHP3SPKA.

Céc noi dung nghién ctru: Nghién ciru dic tinh than mé Ha Rang, nghién citu ché tao thiét bi XLHP3SPKA
quy md thi nghiém, sau d6 tuyén than cip hat 1-6 mm, cip hat 6-15 mm dé xé4c dinh c4c thong s6 tdi uu va danh
gia hiéu qua tuyén cua thiét bi, tir d6 dé xuét so d6 cong nghé tuyén than chét lugng thap viing Quang Ninh.

2. MAiu nghién ciru va phwong phap nghién ciru
2.3. Mdu nghién cizu

Mot trong nhitng yéu t6 quan trong anh huéng téi két qua tuyén than 1a dic tinh cua than vao tuyén.
Dic tinh coa than vao tuyén bao gom: thanh phan d6 hat va thanh phan ty trong. D& nghién cau thi
nghiém tuyén than cac mo viing Quang Ninh bang thiét bi XLHP3SPKA, d& tai tién hanh nghién ctu céc
tinh chat than cua mo than Ha Rang vi than cua moé than Ha Rang la rit kho tuyén. Néu thiét bi
XLHP3SPKA tuyén duoc than Ha Rang thi c6 thé tuyén duoc bat ky moé than khac viing Quang Ninh

Két qua phan tich thanh phan do6 hat than nguyén khai mo than Ha Rang duoc tong hop trong bang 1.
* Tac gia lién h¢

Email: donguyendan@gmail.com
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Két qua phan tich thanh phan ty trong cip hat 1-6 mm mo than Ha Réang dugc téng hop trong bang 2.

Bdng 1. Két qua phan tich thanh phan ¢ hat than nguyén khai mé Ha Ring

T Céphat | Thuhoach | D6 tro Luy tich (+) Luy tich (-)
(mm) (%) ACE) [ sy ) | AR | sy ) | A%)
1 +50 14,19 72,25 14,19 72,25 100,00 43,81
2 15-50 24,94 53,39 39,13 60,23 85,81 39,11
3 6-15 15,78 43,35 54,91 55,38 60,87 33,26
4 1-6 22,63 32,24 77,54 48,63 45,09 29,73
5 0-1 22,46 27,2 100,00 43,81 22,46 27,2
6 Cong 100,00 43,81
Bang 2. Két qud phan tich thanh phdn ty trong cdp hat 1-6 mm mo than Ha Rang
Thu hoach (%) Phan noi Phan chim TH cap
o . ty trong
?ffn;y Trong -I;L(;rr]]g B? (E;OO) TH bo tro TH b tro 1an c4n
’ cap i Ty (%) | AX(%) | Ty (%) | A (%) 8r+0,1
au (%)
-14 11,89 2,29 4,21 11,89 4,21 100,00 33,50
1,4-15 5,76 1,11 6,52 17,65 4,96 88,11 37,45
1,5-1,6 9,24 1,78 8,37 26,89 6,13 82,35 39,62 15,00
1,6-1,7 13,59 2,61 14,29 40,48 8,87 73,11 43,57 22,83
1,7-1,8 20,31 3,90 21,38 60,79 13,05 59,52 50,25 33,90
18-19 14,30 2,75 42,07 75,09 18,58 39,21 65,20 34,61
1,9-2,0 2,38 0,46 61,97 77,47 19,91 24,91 78,49 16,68
+2,0 22,53 4,33 80,23 100,00 33,50 22,53 80,23
Cong 100,00 | 19,22 33,50
Bun 15,06 3,41 25,16
Tong 22,63 32,24
Nhdn xét:

- V& thanh phan do hat: Than cip hat + 50 mm cha yéu 1a d4 chiém ty 1& trén 14% véi d6 tro khoang
trén 72 %. Than cam chiém ti Ié trén 60 % véi chat lwong thugc cdm 5b. Than don x6 cép hat 15-50 mm
chiém ty 1& gan 25 % v&i do tro trén 53 %, rat kho tiéu thu néu khong dwoc pha tron véi than chat luong
t6t hoac tuyén nang cao chét lugng.

- V¢ thanh phan ty trong va tinh kha tuyen: Than cp hat (1-6) mm mo Ha Réng c6 tinh kha tuyén 12 tir
kho tuyén den rat kho tuyen. Than cap hat (6-50) mm mo Ha Rang c6 tinh kha tuyén la tir hoi kho tuyen dén
khé tuyén. Vi vay, than mé Ha Rang chi co thé tuyén bang huyén phu thi mai 6 thé thu duoc than sach chat
lugng cao va da thai d¢ tro cao.

2.2. Lua chon phwong phdp tuyén

Co sé lya chon phuong phap tuyén than xét vé mat ky thuat gom: tinh chét than vao tuyén; yéu cau vé
chiing loai va chét lugng san pham; chi phi dau tu, chi phi san xuat va hiéu qua kinh té. Trong d6 yéu t6 c6
vai tro quyét dinh dé lya chon phuong phap tuyén Ia tinh chat than vao tuyén. Tinh chat than vao tuyén
bao gdm: Pic tinh thanh phan cip hat, dic tinh thanh phan ty trong (tinh kha tuyén)... Mdi thiét bi tuyén
chi 4p dung dé tuyén mot loai than c6 c& hat va tinh kha tuyén pha hop. Tir bang 3 cho thay:

- Xét vé ¢& hat vao tuyén: cho thay chi co hai phuong phap tuyen bang may lang va tuyén bang xoay lc
huyén phu cé thé 4p dung phu hop véi déi twong nghién ciru 1a tuyén than véi ¢& hat 1-15 mm.

- Xét vé tinh kha tuyén: Than Ha Rang co tinh kha‘tuyen tir kho tuyén dén rat kho tuyén nén theo bang 3
cho thay chi c6 phuong phéap tuyén bang xody loc huyén phu la phu hgp.
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Bdng 3. Lira chon phwong phdp tuyén than diwa theo ¢& hat va tinh kha tuyén cia than vao tuyén

e 2 Tinh chét than vao tuyén
TT | Thietbjtuyén Cd hat, mm Tinh kha tuyén : Do khotuyén T
1 | Mayling 0-100 Than d& tuyén dén trung binh tuyén <8
2 | Huyeén phtibé 6-300 Dé tuyén dén rat khd tuyén Moi giatri T
3 | XLHP3SPKA 0-110 D& tuyén dén rat kho tuyén Moi giatri T
4 | Xody loc HP 2 SP (1) 6-50 Dé tuyén dén kho tuyen <12
5 | Xoay léc nude 0,1-10 D& tuyén va trung binh tuyén <8
6 | Tuyéntang soi 0,25-6 D& tuyén va trung binh tuyén
7 | Mangria 6-50 Dé tuyén <4
8 Ban dai 0,1-10 Dé tuyén <4
9 Tuyén noi 0,008 -1

Thuc té & Viét Nam va trén thé gisi cho thay, xody I6c huyén pht 2 san pham chi 1a khau tuyén lai san
pham than cuc cua khau tuyén may ling khi y8u cau vé san pham than chat lugng cao. Khi lay ra ba san
pham thi so' d6 rat phic tap do nhiéu thiét bi kém theo, chi phi ddu tur cao dan téi chi phi san xuat Ié6n. Do
vay, két hop ca ba chi tiéu ¢& hat, tinh kha tuyén than dura vao tuyén va chi phi dau tu, chi phi san xuat thip
cho thay chi c6 thiét bi tuyén XLHP3SPKA 1 phi hop.

2.3. Gigi thigu vé thiét bi xody léc huyén phii 3 san phdam khong ap
2.3.1. Cdu tgo

Thiét bi XLHP3SPKA bao gdbm hai don nguyén xoay 16c dat lién ké nhau. Xody I5¢ dau cé dang hinh tru va
xody l6c thir hai véi hinh dang thong thuong (hinh try + hinh con). Cau tao cua thiét bi XLHP3SPKA duoc thé
hién & hinh 1.

Huyén phi

Xody loc Trung
thw hai gian

Hinh 1. Cdu tgo cua thiét bi XLHP3SPKA

Hinh 2. Thiét bi XLHP3SPKA phong thi nghiém

Than duoc cap ligu trong lyc tir phéu cap ligu vao xody léc dau, con huyén phi duge bom cip vao cubdi ciia
xody I6c dAu. Qua xody l6c dau thu dwoc 2 san pham san phim than sach va san pham trung gian + d4. San
phim trung gian + da duoc tiép tuc sang xoay 16¢ thir hai, do ty trong cua xoay I6¢ thir hai cao hon nén trung
gian va da thai dugc tach ra riéng biét. Bé thay doi ty trong phan tuyen cua xoay I6¢ thr hai, c6 thé diéu chinh
duong kinh ng thao da, duong kinh dng théo san pham trung gian va vi tri dng huéng dong tran trong xody
16¢ thir hai.

2.3.2. Nguyén Iy hoat dong

Than duoc cap ligu tw chay vao phia dau cua xody Iéc thir nhat. Huyén phu manhétit duoc cAp v6i 4p suét
nhit dinh vao phia duéi cua xody 16¢ va cp theo phuong tiép tuyen véi xody l5¢ dau. Trong xoay l6¢ dau, cac
hat than chiu tac dong cua cac lyc ly tim do dong huyén phii cip vao, luc trong truong do trong luc cia cac hat
va lyc diy acsimet.

Lyc ly tim duoc tao ra do vat liéu chuyén dong theo quy dao tron bén trong xoéy léc. Do lyc ly tm I6n hon
rat nhidu lyc trong trudng nén céc hat déu co xu huéng chuyén dong ra phia thanh xiclon, nhung chuyén dong
cua ching bi dong huéng tdm can lai. Nhiing hat than ty trong nho nén luc ly tam nho va khong théng ndi tré
luc ciia dong huéng thm bi cudn vao thm thanh dong trong va chuyén dong theo hudng nguoc lai véi dong
ngoai sau do thoat ra ngoai qua 6ng thédo san pham. Nhiing hat da, trung gian véi ty trong cao hon nén Iyc ly
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tam du 16n thing duoc lyc can cia dong hudng tdm s& vang dat ra chu vi tao thanh dong ngoai chuyén dong vé
phia sat thanh xody 16¢ dau va thoat sang xoay l6¢ thir hai.

Trong xody l6¢ thir hai, mdi truong huyén phu duge ¢o dic hon, ty trong phan tuyén cao hon. Céc hat trung
gian c6 ty trong nhe hon nén lyc ly thm nho khong thing néi tro luc cia dong huéng tam, bj cudn vao trung
tam thanh dong trong chuyén dong theo hudng nguoc lai véi dong ngoai va thodt ra ngoai qua éng hudng dong
tran. Con cac hat d4 voi ty trong cao nén lyc ly tam du lon théng duoc luc can cia dong hudng tam s& vang dat
ra chu vi tao thanh dong ngoai chuyén dong vé phia phan con va thoat ra ngoai qua ng thao da.

2.3.3. Thiét bj tuyén XLHP3SPKA phong thi nghiém

Thiét bi XLHP3SPKA quy mé phong thi nghiém duoc thiét ké, ché tao thé hién & hinh 2, véi cac thong sé
ky thuat nhu sau:

- Xoay l6¢ dau duong kinh xody lc 200 mm, chiéu dai 600 mm, dat nghiéng 15 d6 so véi phuong ngang,
phéu cap liéu, ng théo san pham than sach, 6ng théo san pham nang, 6ng cap huyén phu.

- Xody léc thir hai: duong kinh xody 16¢ 140 mm, chidu dai 360 mm, dit nghiéng 15 d6 so véi phuong
ngang, goc con ciia phan con 1a 10 do, co cau diéu chinh va thao san pham trung gian, 6ng thao da.

Ngoai ra, day chuyén thi nghiém con c6 céc thiét bi may bom cap huyén pha, thiing huyén phu, céc thang
dung san pham...

3. Két qua nghién ciru va ban luan
3.1. Thi nghiém tuyén than mé Ha Rang trén day chuyén XLHP3SPKA

Mau than cap hat 1-6 mm, cap hat 6-15 mm ciia mo than Ha Réang dugc tuyén thir nghiém trén day
chuyén tuyén XLHP3SPKA duong kinh 200/140 mm quy md phong thi nghiém. Qua céc thi nghiém diéu
kién xac dinh dugc cac thong sé vé& cong nghé va céc théng sb vé thiét bi caa XLHP3SPKA t6i wu nhu sau:
Ham lugng mun than ‘trong huyen phi 12 15-20 %, ham luong long/ran la khoang 5 m? huyen phu/l tan
than vao tuyén, &p suat Cap huyén phu vao thiét bi 1a khoang 0,6 at; ty trong huyén phu Cap vao thiét b la
khoang 1,6; duong kinh 6ng thao san phiam than sach I khoang 70 mm, duong kinh 6ng thao san phim
trung gian la khoang 52 mm. Sau khi x4c dinh dugc cac diéu kién ti wu, mau than mo Ha Rang duoc tuyén
lién tuc vai khdi lugng va thoi gian nhidu hon. Két qua tuyén than cap hat 1-6 mm dwoc thé hién trong bang
4, két qua tuyén than cap hat 6-15 mm duoc thé hién trong bang 5.

Bdng 4. Két qua tuyén than cdp hat 1 - 6 mm mé than Ha Rang trén ddy chuyén tuyén XLHP3SP KA

TT Tén san pham Thu hoach (%) Do tro (%)

1 Than sach 55,84 10,63
Trung gian 23,49 39,50
ba thai 20,67 82,37
Cong 100,00 32,24

Nhdn xét: Tir mau than cap hat 1-6 mm c6 d tro 32,24 %, cap hat 6-15 mm c6 d¢ tro 43,35 %, qua thict
bi XLHP3SPKA c6 thé tuyén duoc than thu dugc 3 san pham: than sach ¢ do tro nho hon 12%, trung gian
¢6 d6 tro tir 30%+40%, da thai c6 do6 tro I6n hon 82%.

Bdng 5: Két qua tuyén than cdp hat 6 - 15 mm mé than Ha Rdng trén ddy chuyén tuyén XLHP3SP KA

TT Tén san pham Thu hoach (%) Do tro (%)

1 Than sach 39,12 12,20
Trung gian 28,30 38,73

3 bé thai 32,58 84,77
Cong 100,00 43,35

3.2. Pdnh gid higu sudt tuyén cia thiét bi XLHP3SP KA
MGt trong nhitng chi tiéu dugc sir dung rong rai dé danh gia hiéu qua tuyén cia cac thiét bi tuyén than
bing trong luc 1a phuong phap danh gia theo do léch duong cong phan phéi. Do léch cua duong cong
phan phdi dugc xac dinh bang mét nira hiéu s giita hoanh do ty trong cac diém trén duong cong phan
phdi tng véi tung d6 (ty 1 phan phdi) bang 25 % va 75 %. Gié tri do léch duong cong phan phdi dwoc
tinh theo cdng thirc:
E = Gy5—0as (1)
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Két qua tinh toan xéc dinh ty I¢ phan phdi cac san pham dugc thé hién trong bang 6. Do thi the hign
dudng cong phan phoi cac san pham tai ty trong thap (xody 16c dau) va ty trong cao(xody 16¢ thir hai) cua
thiét bi XLHP3SP KA quy mé phong thi nghiém duoc thé hién trén hinh 3 va hinh 4.

Nhdn xét: Higu suat tuyen cua thiét bi XLHP3SPKA la rét cao, d6 léch dwong cong phan phoi ¢ ty
trong thap va ty tron cao déu cé gid tri thap la Ey,= 0,04 twong duong véi cac thiét bi tuyén huyén phu nhap

khau khéc.

Bang 6. Két qua tinh todn ty I¢ phdn phoi cac san pham tuyén than cdp hat 1-6 mm bang thiét bi

XLHP3SPKA
Thu hoach Thu hoach | gt'el‘;h:; 1‘1’%’2 Ttaly:e ';hi’; F(’;ahg'
. an pham (% than dAu (% y | HYEO bl
Cipty | 0 SanPham O6) so than dau (%) hoach | trong %) %)
tron danh
ong Than | Ting | P4 | Than | Tng | Pa | TG+ dt;fro]/o nghifa Than T+G Tung | Pa
sach | gian | thai | sach | gian | thai bT ' sach BT gian thai
-14 1764 | 000 | 000 | 1055 | 000 | 000 | 000 | 1055 130 | 100,00 | 0,00 100 0,00
14-15| 802 | 041 | 000 | 480 | 008 | 000 | 008 488 145 | 9836 | 164 100 0,00
1516 | 421 124 | 000 | 252 | 024 | 000 | 024 2,76 155 | 91,29 | 871 100 0,00
16-1,7 | 6653 | 3884 | 000 | 3981 | 753 | 000 | 753 | 4735 165 | 8409 | 1591 | 100 0,00
1,718 | 321 | 3140 | 000 | 192 | 609 | 000 | 609 8,01 175 | 239 | 7604 | 100 0,00
1819 | 040 | 1157 | 031 | 024 | 224 | 006 | 231 255 185 941 | 9059 | 9718 | 282
19-20 | 000 | 1033 | 1,10 | 0,00 | 200 | 023 | 223 223 195 0,00 100 | 8980 | 10,20
2021 | 000 | 620 | 1408 | 000 | 120 | 292 | 413 413 205 0,00 100 | 2913 | 7087
+2,1 000 | 000 | 8451 | 000 | 000 | 17655 | 17655 | 1755 | 220 0,00 100 | 000 | 100,00
Téng 100 100 100 | 5984 | 1939 | 20,77 | 40,16 100
100 .___’L\ = 100 "“3
20 l\\)L\_ S0
/
=0 h 80 ll'
| 1/
© 1‘1 ] \
80 lln |[ — 60 'II
£ JI | i = Ty trong phin nnén JI
2 TH trong phan tosén = Sr=201 l|i|
& S ] g E=0.04 I
: . ! 1 i |
Ir.r lllll !
= ] = T
- [ 20 A
[
10 — \ 10
F-J/ a |1

1,20 140 150 1,890 1,70 1,80 1,20 200 210 =22

Ty treng

Hinh 3. Pwong cong phan phdi tai ty trong
thap cua thiet bj XLHP3SP KA
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3.3. Pé xuit so' do cong nghé tuyén than chdt lweng thap vang Quang Ninh

Cin ctr vao dic tinh than ciia cac mo, két qua nghién ciru thir nghiém tuyén than trén day chuyén thiét
bi tuyén XLHP3SPKA quy md phong thi nghiém, dé tai dé xuat cong nghé tuyén than don x6, than chat
luong thép tai cac mo than ving Quang Ninh nhu sau: Sang tach cam luéi 15 mm, tuyén than than X0
bang thiét bi XLHP3SPKA, thu hi tai sinh huyén phii bang may tuyén tir, xtr 1y bun nudc bang bé co
dac, loc ép.

So dé dé xuat cong nghé tuyén than don x0, than chat luong thap tai cac mé than ving Quang Ninh
duoc thé hién & hinh 5.

Than nguyén khai

Sing phiin loai 2 hedi

Z\_hi% tay l l

l Than don x6 Than cam khé
Cuc x6 Pa thai e o
o g
Miv tuvén XLHP3ISP KA :
i ;
I
Sang tinh Sang tinh Sang tinh !
[}
Nudc nra R SR , S (. S » :
TTTTNT T T T T TN '
Y “o . 1
Sangnra Than sach Sangrnya T.gian '
| H | i H 1
| A [, l_ DR, S S (PP, AP S S !
§ : "
g Than sach : .gi '
———————————————— H 1
Sang 2 lwdi 15835 mm . H E
I I 1 Nghicn Tuyén tir chinh '
Cuc+33 Cuc15-35 Camtuyén i v i
. H - 1
L g——— Camnghién - v '
BE cé dic Tuven tir vét '
= H —
. L H H 1 :
+ Loc ép | A >
hoan

Than biin pha trén

Hinh 5. Dé xudt so do cong nghé tuyén than chat lwong thap ving Qudng Ninh bang XLHP3SPKA
4. Két luan
Qua nghién ctru, thir nghiém tuyén than, c6 mot sb két luan sau:

- Than moé Ha Rang co tinh kha tuyén 1a tir kho tuyén dén rat khé tuyén, can nghién ciru p dung cac
cong ngh¢ tuyén huyén phu méi cé the nang cao dugc chat lugng than.

- Nghién ciru, thiét ké ché tao thiét bi xody 16¢ c6 dudng kinh 200/140 mm, ning suat khoang 5 tan/gio.

- Thir nghiém xac dinh dugc cac ché do t6i wu vé tl}éng sb chg nghé, thong s6 thiét bi cua thiét bi
XLHP3SPKA: Ham luong long/ran la khoang 5 m? huyén phi/1 tan than vao; ham lwong mun than trong
HP la khoang 15-20 %; ap sudt cap huyén phu vao 1a khoang 0,6 at; ty trong huyén phu cap vao la khoang

1,6, dudng kinh dng théo san phdm than sach 1a 70 mm, dudng kinh éng thdo san phdm trung gian 1a 52
mm, gbc con cua xoay lc thir hai 1a 10 do.

- Tuyén thtr nghiém mau than qép hat 1-6 mm, 6-15 mm cia mé6 Ha Réang trén diy chuyén
XLHP3SPKA lay ra dugc 3 san pham: than sach c6 dd tro nhé hon 12%, trung gian c6 dd tro tir
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30%+40%, d4 thai c6 do tro 16n hon 82%. Hiéu suét tuyén cao twrong duong véi cac thiét bi XLHP3SPKA
san xudt & nudc ngoai.

- Cong nghé¢ tuyén XLHP3SPKA c6 thé thay thé so dd cong nghé tuyén c6 s dung hai cong doan
tuyén (may lang két hop xody 16c 2 san pham hodc hai cong doan tuyén huyén phu). Uu diém cua cong
nghe tuyén nay so véi cac cong nghe tuyén trong luc khac: Tuyén dugce than c6 tinh kha tuyén la kho
tuyén; than cép liéu khong can phan cap hat; Pon gian hoa qua trinh tuyén; chi phi du tu va san xuét van
hanh thap.

- Cong suét ctia day chuyén XLHP3SPKA v6i nang suat khoang 5 tan/gio, gi6i han cd hat trén dua vao
tuyén 1a 15 mm. Dé co thé ap dung cong nghé tuyén XLHP3SPKA vao trong thyuc té ¢ Viét Nam can
nghién cuu, trlen khai & quy md cong nghiép dé ting cong suat thlet bi, c& hat vao tuyén va hoan thién
céc thong s6 vé thiét bi, cong nghé cho phii hop véi thuc té san xuat.

- Pé nghi Tép doan cong nghi¢p Than - Khoang san Viét Nam va cac don vi san Xuét than cho ap dung
cong nghé tuyén than bang XLHP3SPKA nham giam chi phi dau tu va ha gia thanh san xuat than ./.
Tai ligu tham khao

DG Nguyén Pén va nnk, 2017. Nghién cau cong ngh¢ tuyén than don x8 viing Quang Ninh bang thiét bi
tuyén xoay l6¢ huyén pha 3 san pham, Vién KHCN Moé-Vinacomin.

ABSTRACT

Study results and proposed technology for washing of low grade coal
of Quang Ninh area using trio-product dense medium hydrocyclone

Do Nguyen Dant, Nguyen Huu Nhan?
Ynstitute Of Mining Science And Technolony

This report presents results of the dense medium trio-product hydrocyclone experiment for
determining optimum operating variables and its performances, which can be used for assessment of the
Quang Ninh practical low grade coal washing production. Reasearch methods used in the study are
combined between theoretical study, laboratory testing, analysis and comparison. The results of the study
are as the follows: (i) The capacity of the XLHP3SPKA 200/140 mm diameter hydrocyclone was about 5
T/h for the Ha Rang size fractions 1-6 mm and 6-15 mm; (ii) Optimum operating variables were
determined for the XLHP3SPKA hydrocyclone; (iii) The obtained products included clean coals of less
than 12% ash, middlings of 30-40% ash, tailings of more than 82% ash content; iv) Separation efficiency
and deviation values from the distribution curve for both low and high density were low as 0,04.

Key words: coal preparation, dense medium, trio-product hydrocyclone
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E R*S % HOI NGHI TOAN QUOC KHOA HOC TRAI DAT
EANM BOENCES M) VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Cong nghé tuyén va ché bién sau quing graphit mé Bao Ha, Lao Cai

Tran Thi Hién!*, Pao Duy Anh! D3 Hong Nga!, Tran Ngoc Anh!
LVién Khoa hoc va Cong nghé Mo - Luyén kim

TOM TAT

Quang graphit mo Béo Ha la graphlt ty nhién ton tai dudi cau tric dang vay, dang tAm, v6i trir lugng
da dugc xac dinh 14 3.170,56 ngan tan. Viéc tap trung nghlen ctru cdng nghé tuyen bang phuong phép
tuyén nodi va ché bién sau bang phuong phéap hoa tach axit dé thu dugc san pham graphit tinh khiét 1 va
graphit tinh khiét 2 ¢6 ham lugng cacbon (C) > 98% va > 99% la hét sirc ¥ nghia va can thiét cho nganh
cdng nghiép cdng nghé cao nhu hang khong, ning lugng.... Hiéu suat thu hdi dbi voi san pham graphit
tinh khiét 1 dat > 93%; d6i voi graphit tinh khiét 2 dat > 96%, tong hiéu suét thu hdi cua toan bd cong
nghé nay dat > 87% tir quang nguyén khai ¢6 ham luwong 11,80% C.

Diém nbi bat cua cdng nghé tuyén 1a quing nguyén khai duoc nghlén & ¢ hat tho dat 100 % cip hat -
0,5 mm twong duong khoang 30% -0,074 mm, truée khi dem tuyén ndi. Phuong phap nghién lai quing
tinh tuyén ndi dugc sir dung 1a phuong phép nghién - cha xat c6 kha nang giir duogc t6i da vdy graphit tho.
Cong nghé ché bién sau graphit duoc lua chon 1a cdng ngh¢ hoa tach hoéa uét, bao gdm céc cong doan
chinh: Nung quing tinh véi NaOH, hoa tan san phdm sau nung bang nudc, ba sau loc, rira tiép tuc hoa
tach trong axit H,SO4 dé xir 1y quang tinh graphit Bao Ha.

Tir khoa: Bao Ha, Lao Cai, tuyén ndi, graphit vay; phuong phép hoa

1. Giéi thiéu

Graphit 12 mot khoang mém, co do cung theo thang Mohs tir 0,5+1 va ¢6 khéi lwong riéng 2,09+2,26
g/cm?®, Graphit duoc tng dung trong nhicu linh vuc bao gom: Cac hé thong luu trir dién nhu céc loai pin
va cac té bao nhién liéu, vat liéu ma sat, choi than cho déng co dién, vat liéu chiu lra, chat boi tron va
luyén kim...

C6 hai loai graphit la graphit tong hop va graphit ty nhién. Trong d6, graphit tu nhién chia lam ba loai
graphit vo dinh hinh, graphit vay va graphlt mach. Graphit v dinh hinh thyc té 12 mot dang vi tinh thé
cua graphit. Pay 1a dang phd bién nhat cua graphit, nhung c6 chat lwong thap nhat [Tran Thi Hién, 2016].
Ham luong C cuia graphit vo dinh hinh trong quang thap, trong khoang 20 + 40% C (ti 1é khbi lwong cua
cacbon). Sau khi 1am giau, ham lugng C c6 thé dat 70 + 85%. Graphit vay thuong ton tai & dang cac vay
gian doan, kich ¢& duong kinh tir 50 + 800 micromet va day 1 + 150 micromet [Tran Thi Hién, 2016].
Quang graphit dang nay c6 ham luong C dat 5 + 30% va dat 85 + 95% hoac hon sau khi lam giau. San
phdm thwong mai cua loai nay thuong dat 80 + 99,9% cacbon v&i kich thuéc vay khoang 2 + 800
micromet. Graphit nhan tao dwoc san xuit chu yéu tir ngudn gdc dau mo nén chat lugng c6 thé dat téi
99,9% C [Tran Thi Hién, 2016].

Két qua tim kiém tham do dia chat cho thdy, quing graphit Viét Nam cha yéu nim trong diit gdy séng
Hong kéo dai tir Yén Bai dén Lao Cai. Téng trit lwong quing graphit khoang 29,3 triéu tn, trong do, Lao
Cai chiém 70% tong trir lwong quiang [Bo Cong Thuong, 2017]. M6 graphit Bao Ha, tinh Lao Cai di xac
dinh trix lugng trén dién tich dugc tham do 1a 3.170,56 ngan tan [Cong ty CP KS Song Pa Lao Cai, 2013].

Quang graphit mé Bao Ha tinh Lao Cai ton tai dudi dang kién tric 1a tinh thé dang vay, dang tam,
dang mach, véi dang tinh thé nhu vay s& cho gia tri thwong mai cao hon gap nhiéu lan so véi cac mo
graphit ¢6 cau trdc tinh thé dang vo dinh hinh tai Viét Nam. Trong khuén kho bai béo nay tap thé tac gia
da dé xuit duogc ché do cong nghé tuyén va ché bién sau phi hop dé thu dugc quang tinh graphit dong
thoi thu hoi téi da graphit c6 ciu tric vay c6 trong mau quing nguyén khai.

2. Phwong phap, thiét bi nghién ciu
Cac phuong phap dwoc sir dung trong qué trinh nghién ctru nhu sau:

*Tac gid lién h¢
Email: hienvimluki@gmail.com
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Phan tich khoang vat, thach hoc, SEM duoc thuc hién tai khoa Dia chat Truong Pai hoc Khoa hoc Ty
nhién Pai hoc Qudc Gia Ha Noi, PH Téng hop Greifswald-CHLB Dic, Vién Khoa hoc Dia chat va
Khoang san-Bo Tai nguyén va Méi trueong. Phan tich héa dugc thuc hién tai Trung tam phan tich — Vién
Khoa hoc va Cong nghé Mo - Luyén kim va Vién hoa hoc cong nghiép.

Nghién ciru cong nghé tuyén duoc sir dung 1a phuong phap tuyén ndi, quing tinh graphit dugc nghién
lai trén thiét bi nghlen -cha xat. Qua trinh nghién ctru dugc thuc hién tai phong Céng nghé Tuyen khoang -
Vimluki trén cac thiét bj nhu: Méy dép ham, may dap truc, sang rung, bo ray tiéu chuan, may nghién,
may cha xat, may khuay thudc tuyén, may tuyen noi dung tich 11; 2,51; 51 (Denver, Mesto...). Nghién cau
cong nghé ché bién sau duoc sir dung 1a su két hop giita phuong phéap nhiét va phuong phép hoéa uwot. Qua
trinh nghién ctru dugc thyc hién tai phong Cong nghé Luyén kim — Vimluki trén cac thiét bi nhu: Lo ong
Nabertherm, Pric, thiét bj hoa tach (axit, kiém). ..

3. Két qua nghién ciru va bién luan
3.1. Két qua nghién cizu cong ngh¢ tuyén

Mau nghién ciu quc_rc ldy tai mo graphit Bao Ha tinh Lao Cai, dam bao tinh dai dién cho toan mo, sau
khi gia cong tron diéu va gian lugce dugce phén tich hda hoc va khoang vat.

Két qua phan tich khoang twdng va phan tich SEM cho thay graphit c6 trong mau & dudi dang vay, tim
hozc dang soi, xen kep giira cac vay, tam graphit 1a nhitng khoang phi quang, xam tan kha day trong nén
mau, kich thudc céc vay, tam graphit tir (0,05 x 0,2) mm dén (0,15 x 0,5) mm [Tran Thi Hién, 2016]. Céc
vay soi thuong c6 dang uén luon. Phi quing chu yéu gom cac hat thach anh, mica (biotit), granat va mot
s6 phi quang khac. Ngoai ra con mot s6 khoang chira sunphua nhu pyrit, pyrotin va cac khoang chira sat
nhu hematit, limonit. Két qua phén tich ronghen cho thiy ngoai khoang vat chinh 1a graphit, khoang vat di
kém 1a thach anh, felspat, biotit, illit.... thanh phan hoa hoc mau nguyén khai dugc néu trong bang 1.

Bdng 1. Thanh phdn héa hoc mau quing graphit mé Bao Ha, Lao Cai

Két qua phan tich, %
C Al203 Fe:03 S SiO2 Do tro Chit boc
11,80 10,72 7,50 2,02 57,10 85,20 1,00

Két qua phan tich khoang tudng thach hoc, phan tich SEM thé hién trén hinh 1, hinh 2, hinh 3, hinh 4

Hinh 2. Hinh anh phén tich SEM vay graphit chiza cac khoang vt khdc nhu thach anh, felspat...

Tir két qua nghién ctru thanh phan vat chat méu, thuc nghiém dé tai da xéc dinh phuong én cong nghé
14 tuyén noi tdch khoang graphit ra khoi cac khodng di kém nhu thach anh, felspat, biotit, illit...d6 min
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nghlen hop ly cho khau nghién thd 1a -0,5 mm (cap -0,074 mm chiém khoang 30%); nong do bun tuyén
noi téi uu 1a 20%...sau d6 quing dugce dem di tuyén chinh va tuyén tinh véi so ¢ nguyén ly tuyén quing
graphit mo Bao Ha tinh Lao Cai dugc néu ¢ hinh 3.

Theo so d nguyén ly ndy quing nguyén khai dugc dua nghién dén do hat giai phong kich thudc vay
graphit tho 1a 0,5 mm. Quing dwoc dem di tuyén chinh. San pham bot tuyén chinh duoc dem di tuyén tinh
- nghién (cha xat) - sang lay duoc quang tinh vay tho ham lugng cao, san pham duéi sang duoc dem di
nghién va tuyén tinh thu dugc quang tinh graphit min. Quang dudi dugc dem di tuyén vét dé thu hoi téi da
quang graphit trude khi thai, cac san pham trung gian cua tuyen tinh va bot vét dugc gop chung dé tuyén
lai trung gian, cac san pham bot trung gian sau khi duoc tuyén tinh dua sang khau tuyén tinh lay quing
tinh graphit min.

‘ Quang nguyeén Kkhai ‘

&

‘ Nghién tho ‘

'

‘ Phan cap ‘

&

‘ Tuyén néi chinh ‘

Tuyén tinh Tuyén vét
‘ Nghién lai ‘
Tuyén tinh
+0,149 mm (+100 mesh) | Phan cl viy C
| |
-0,149 mm
(-100 mesh) ‘ Nghién - phan cip ‘
Nghién Tuyén trung gian
Tuyén tinh Tuyén tinh trung gian

Quang tinh graphit vay Quang tinh graphit min Quang thai
ham lugng C > 94% ham lugng C> 82%

Hinh 3. So' do nguyén ly tuyén quang graphit moé Bao Ha tinh Lao Cai

Céc yéu t6 chinh anh huong dén hiéu qua cta qua trinh tuyén ndi chinh quang graphit bao gom: Do
min nghién, ndng d¢ bun quang, chi phi va thoi gian khudy tiép xdc cac loai thubc tuyén, thoi gian tuyén
ndi. Lya chon diéu Kién co s¢ nhu sau: pH = 7,5 + 8, chi phi thudc dé chim 500 g/t; chi phi thudc tap hop
200 g/t; chi phi thudc tao bot 70 g/t, sau d6 thay ddi gia tri yéu té khao sat trong khi ¢ dinh nhitng yéu té
khéc. Thoi gian khudy tiép xdc thube tuyén duoc xac dinh tir cac nghién ciru trude 14 5 phat. Két qua
nghién ctru anh huéng cia cac yéu té trén dén higu suat tuyén (mirc thu hoach y, ham lugng B va ty 1¢ thu
héi €) dugc thé hién trén d6 thi hinh 4,5, 6,7, 8 va 9.
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Két qua thu duoc tir qua trinh thi nghi¢m anh huong ciia cac yéu t tac dong chinh dén higu suét tuyén
quang graphit mo Bao Ha, tinh Lao Cai rdt ra: Nghién quang dén do hat -0,5 mm cho gia tri vé ty 1& thu
hoi, ham lugng va thuc thu cacbon t6i uu. Piéu nay cling trung Vi két qua nghién ctu thanh phan vat
chat miu 1a do hat xam nhiém quang graphit véi tap chit khac 1a < 0,5 mm; ndng d6 bun tuyen noi hop ly
1a 20%; pH phu hop nhit cho tuyen noi quang graphit moé Bao Ha 1a pH ty nhién. G muc pH nay, ty 1¢ thu
hoach quing tinh dat 31 + 32% va thuc thu C dat 94 + 95%:; két qua trén Hinh 5 cho thay, khi tuyen o do
hat thd -0,5 mm thi thudc dé chim tac dong khong nhiéu dén hiéu suat caa qua trinh tuyén néi; Chi phi
thudc tap hop 90 g/t 1a phi hop nhat cho tuyén ndi quing graphit mo Bao Ha, & mac chi phi nay, thu
hoach va thuc thu quang tinh graphit 1an luot 1a 31,62% va 95,74%; Chi phi thubc tao bot & mic 50 g/t
cho thu hoach va thyc thu quang graphit lan luot 1a 31,52 va 95,17% la cac gié tri hop |y nhét trong céac
muc chi phi thudc tao bot [Tran Thi Hién, 2016].
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Véi cac diéu kién va ché do tuyén da xac 1ap trong phong thi nghiém, tién hanh thi nghiém tuyén véi khoi
lwong mau 16n & quy moé pilot c6 ning suat 100 kg/h trén day chuyén tuyén khép kin dé kiém tra su 6n
dinh cua quy trinh cdng nghé. Thi nghiém dwoc thuc hién theo so d6 nguyén ly hinh 1 véi 6 lan tuyén
tinh, 3 1an nghién lai va hai 1an sang tach cap hat. Sau qué trinh chay so d6 thu duoc quang tinh graphit
vay thd cd thu hoach 4,23%, ham lugng cacbon (C) dat 94,17% ung vai thuc thu la 33,52%; quang tinh
graphit min ¢6 thu hoach 8,65% véi ham lugng C la 82,09% wng véi thyc thu 1a 59,79%. Téng thuc thu
quang tinh 1a 93,31%. Quing thai tong hop. 6 thu hoach 1a 87 ,13%, ham lugng cacbon 14 0,91% ng voi
6,69% C c6 trong quang nguyén khai con nam trong quang thai [Tran Thi Hién, 2016].

3.2. Nghién cieu cong nghé ché bién sau

Mau nghién ctru ciia qua trinh ché bién su dugc ldy tir quang tinh graphit tir khau cong nghé tuyen.
Sau d6, mau duoc tron déu gian lugc, lay mau va tién hanh phan tich doc Iap. Két qua phan tich thanh
phan héa hai loai quang tinh dugc thé hién & bang 2.

Bang 2. Thanh phan héa hoc quéng tinh graphit Bao Ha, %

Quang tinh 1 (quéng tinh min) Quang tinh 2 (quang tinh vay)
c Chit béc Tro Am Cacbon | Chit béc Tro Am
83,20 1,87 14,8 0,2 95,70 0,66 3,30 0,2
Thanh phan tro Thanh phén tro
Al,O3 SiO; | Fe,03 | CaO MgO Al2O3 SiO. Fe2O3; | CaO | MgO
11,3 30,6 29,6 6,38 2,46 18,5 40,3 20,7 455 | 3,33

Tir két qua phan tich thanh phan hda va khoang & trén cho thiy dé nang cao ham lwong C trong quang
tinh graphit phai loai bo dugc SiO,, Al;Os, Fe;03, CaO, MgO. Qua tham khao tai liéu nghién ctu trén
thé gigi va thuc tién khao sat dé loai SiO, va mot phan AlO3 chon dung méi NaOH va nung & nhiét do
cao. Quing sau nung kiém dwoc rira voi nuée. Cac tap chit khac trong thanh phan tro nhu: Al,Os, Fe;0s,
Ca0, MgO c6 ham luong nho, dé loai bo dugc ching chi cin hoa tan trong méi trudng axit. Mot s6 cong
trinh nghién cau [Tran Thi Hién va nnk, 2017], [Hoang Thi Minh Thao, 9/2017] cho thay, HCI c6 tac
dung hoa tan cac tap chat ké trén tdt hon H,SO4. Tuy nhién, H,SO4 van uu tién dugc st dung do chi phi
thap hon. Cac yéu té anh huong dén qua trinh nung phan hay: Nhiét d6 nung, thoi gian nung, ty 1¢ chat
phan hity/quang tinh; cac yéu t anh huong dén qua trinh hoa tach bao gom: nong d dung dich hoa tach;
nhiét do hoa tach, thoi gian hoa tach va ty 1¢ R/L. Két qua nghién ciru cua céc yéu td trén dugc xac dinh
muc do khir tap chét va duoc thé hién trén cac hinh 10, 11; 12; 13; 14; 15.

Két qua thu dugc cia qué trinh nung phan hiy loai bé SiO; va Al,Os trong quang tinh graphit rat ra: O
nhiét d6 cang cao, hiéu qua phan hay (danh gia thong qua hiéu suit khur tap chat) cia NaOH dbi véi
quiang tinh graphit cang tét. Tuy nhién, & nhiét do > 450°C, NaOH khong phat huy thém nhiéu kha ning
phan hay ma chi phi nang luong lai ting 1én vi vy chon nhiét d6 nung phén huay la 450°C. Thoi gian
nung cang dai, hiéu qua phan hay quing cang tét nhung néu thoi gian nung qué dai hiéu qua nung khong
nhimg khong ting ma lai co xu hudng giam di do xay ra hién twong dong rin san phim sau nung, thoi
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gian nung phan huay 1a 60 phat hidu suat khir tap chét 1a tét nhét. Ti 16 NaOH/quang tinh c6 anh hudng 16n
t61 mirc d khir tap va do sach cua san phém, voi ti 1¢ NaOH/quang tinh = 1/2 cho théy muc d6 khi tap
cao nhat nhung bat dau & ti 1& 1/3 tré di mire do khir tap dd & murc cao va dan 6n dinh nén d2 tai chon ti 18
NaOH/quéng tinh 1a 1/3. Véi ché d t6i wu trén quing tinh 1 ¢6 mutrc do khir tap chit khoang 80% va mic

d6 khtr tap chat ddi voi quang tinh 2 khoang 90%.
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Hinh 15.

Néng d6 dung dich axit, %

Hinh 13. Anh hwéng ciia nong dé dung dich
hoa tach téi mire dé khar tap chat

——San pham 1
8- San pham 2

30 60 90 120 150 180 210 240 270
Thoi gian hoa tich (phit)

Anh huéng cua thoi gian hoa tach téi

muzc do khi tap chat

0

Nghién ctru qué trinh hoa tach axit dé nang cao chat luong graphit 1én > 99% C da rat ra duoc céc chi
tiéu toi wu nhu sau: Ca axit H,SO4 va HCI déu ¢6 kha ning loai bo tap chit trong quang tinh graphit tot.
Tuy nhién, véi cang sé mol H* trong dung dich, H2SO4 cho mirc d6 khir tap twong duong HCI nhung chi
phi sir dung H2SO4 thdp hon dang ké so véi HCI. Do vay, H,SO4 duoc chon lam dung moi hoa tach. Nong
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d6 dung dich axit H,S04 10% cho mirc d¢ khir tap t6t dbi véi ca hai mau quang tinh graphit sau xu ly voi
kiém. O ndng do nay, san pham graphit nhan dugc c6 ham lugng cacbon dat yéu cau dé ra. Nhiét do c6
tac dung ting toc do hoa tach. Tuy nhién, vé mat hidu qua thi kéo dai thoi gian hoa tach 1a don gian va dé
thuc hién hon so véi thuc hién & nhiét do cao. Do vay, qué trinh hoa tach nén tién hanh & nhiét do thuong
va thoi gian 120 phat. Két qua thuc nghiém khang dinh ti 1& R/L thich hgp nhat ddi voi qua trinh hoa tach
1a 1/5. O céc ti 1¢ R/L thap hon khién dung dich c6 d6 sét cao va mirc d¢ khir tap thap, trong khi ti I¢ R/L
thip hon, tiéu hao hoa chat Ién nhung mirc d6 khtr tap cai thién duoc khéng nhiéu. Vai ché do cong nghé
nay, mic d6 khi tap cua 2 quing tinh dat dat trén 80%. Ham lugng cacbon sau khi hoa tach cua quang
tinh 1 dat 98,6%; quang tinh 2 sau hoa tach ham lugng cacbon dat 99,4% C

4. Két luan

Béng cac phuong phap phan tich nhu: phuong phap héa hoc, phuong phap nhiéu Xa tia ronghen va
khoang tuéng, thach hoc, phan tich SEM da cho thay, cacbon ton tai trong quiang graphit Bao Ha &
khoang graphit, vai hinh tha dang tim, vay va mot phan rat nho dang két tinh vo dinh hinh. Ham luong
cacbon trong quang nguyén khai khoang 11,80%. Di kéem vai khodng vat cé ich graphit con c6 cac
khoang phi quang nhu biotit, felspat, thach anh...

O quy mé phong thi nghiém ciing nhu pilot da nghién ctru thanh cong quy trinh cong nghé tuyen quang
graphit mo Bao Ha tinh Lao Cai, xac 1ap dugc cac diéu kién va ché do tuyén ndi tbi uu cho dbi tuong
quang nay. Quy trinh céng nghé tuyén hoat dong 6n dinh, khang dinh phuong phép tuyén noi phu hop va
c6 hiéu qua dbi véi dbi twong quang graphit mé Bao Ha tinh Lao Cai

Véi cac diéu kién va ché do tuyén tdi wu duoc xéc lap qua thuc nghiém nhu: ¢6 min nghién 29,47%
cap -0,074 mm, pH ty nhién, nong d6 bun tuyén noi 1a 20%, chi phi thubc tap hop 90 g/t, chi phi thuc
tao bot 12 50 g/t. O cac diéu kién tuyén nhu vay, quing tinh graphit thu duoc hai loai bao gdm: quang tinh
graphit vay ham lugng dat 94,17% véi thuc thu la 33,52%; quéang tinh graphit min c¢6 ham lugng 82,09%
vei thyc thu 1a 59,79%. Téng thuc thu quang tinh 13 93,31%. Quang thai c6 ham lugng 0,91% C véi phan
bo 1a 6,69%.

D3 khao sat qué trinh nung phan hay quang tinh graphit véi kiém nham xac dinh mot sé yéu té anh
huong dén qué trinh nung phan hity. Ché d¢ cong nghé nung phéan hay dugc lya chon nhu sau: nhiét do:
450°C, thoi gian la 60 pht, ty 16 NaOH/quing tinh graphit la 1/3. Ché d¢ hoa tach thich hop dbi véi
quing tinh graphit sau xu 1y vai kiém duoc chon la: Dung dich axit H,SO4 ndng dd 10%, nhiét do la nhiét
do phong, thoi gian 1a 120 phat, ti 16 R/L =1/5, toc d6 khudy 200 vong/phat. Vi ché d6 cong nghé nay,
mutc do kht tap dat dugc la 81,3%. Ham lugng cacbon sau khi hoa tdch cua quéng tinh 1 dat 98,6%;
quang tinh 2 sau hoa tach ham lugng cacbon dat 99,4% C
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ABSTRACT

Technology of deepening and processing graphite ore in Bao Ha,
Lao Cai

Tran Thi Hien?, Dao Duy Anh?, Do Hong Nga?, Tran Ngoc Anh?
INational Institute of Mining - Metallurgy Science and Technology

Graphite from Bao Ha mine, Lao Cai is a natural graphite exists mainly in two types of flakes graphite
and lump graphite, with a resource of 3.170,56 thousand tons. Focusing on the technology of flotation and
deep processing by acid separation to obtain pure graphite 1 and pure graphite 2 with a carbon-graphite
content of> 98% and> 99 %. Graphite, especially, high quality graphite can be used in many industrial
applications including air, energy, metallurgy, batteries, fuel cells, and refractories. The recovery rate for
pure graphite products is> 93%; For pure graphite 2> 96%, of fine graphite with 87% total recovery from
the original ore 11,8 % carbon-graphite content

The highlight of the recruitment process is that the raw ore is crushed at a grain size of 100% at the
grain level of -0.5 mm, equivalent to about 30% -0,074 mm, prior to flotation process. The method of
refining the refractory ore used is the grinding-rubbing method capable of retaining the maximum scale of
crude graphite. Graphite processing technology is selected as wet separation technology, including the
main stage: firing fine ore with NaOH, dissolve the product after heating with water, filter residue,
continue washing to split in acid H2SO4 to treat Bao Ha graphite ore.

Key words: Bao Ha, Lao Cai, flotation, graphite scales; methodization
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Két qua nghién ctru cdng nghé tuyén quing sunfua chi - k&m nghéo
vung Thai Nguyén, Bac Kan

Nguyén Huy Hing"*,Nguyén Vin Minh!
Vién Khoa hoc Cong nghé M¢ - Vinacomin

TOM TAT

Béao cao trinh bay két qua nghién ciu cong nghé tuyén quiang sunfua chi kdm nghéo ving Thai
Nguyén: Khu Lo 1A thugc Mo Ba va mo Coi Ky; ving Bac Kan: Khu Déo An va mo Ba Bo. Quing
sufua chi kém cé ham lugng thap, cac khoang vat quang va phi quang cung dat da xam tan trong nhau
min dén rat min, da st dung két hop_ nhleu phuong phap tuyén (phuong phap tuyén trong luc, tuyén tir va
tuyén ndi), két qua nghién ctru da dé xuit so do tuyén hop ly va thu héi dwoc quing tinh Pb, Zn c6 ham
lwong >50% vai thuc thu Pb~80% va thuc thu Zn~90%.

Tur khéa: Tuyén ndi; tuyén trong luc; quing sunfua chi - kém

1. Giogi thiéu

Theo Quy hoach quéang chi kém trén dia ban tinh Thai Nguyén, giai doan 2008 - 2015 - 2020 trit lwgng
tai nguyén du bao quang sunfua chi kém tai Thai Nguyén la trén 1 triéu tan, tai Bic Kan trén 21 triéu tin
[Quyét dinh 176/2006/Qb-TTg, 2006]. Cac nguon quang nay dugc cép cho cac xuong tuyén dé nang cao
ham lugng trudc khi cip sang nha may luyén, quang cép cho cac xudng tuyen la quang dang sunfua va c6
ham lugng chi kém cao, tuy nhién ngu0n quang nay ngay cang can kiét nén can phai tinh dén tuyén quang
¢6 ham lugng thip nham huy dong t6i da ngudn tai nguyén.

Dé tuyén quing sunfua chi k&m c6 thé sir dung phdi hop phuong phép trong luc va tuyén ndi hoic chi
mot phuong phap tuyén noi. Thyc té tuyen quang chi kém trén thé gidi cho thay so d6 thich hop dé tuyén
ndi quang chi kém 1a ding so d6 tuyén noi chon riéng tryuc tiép. Tai Thai Nguyén: Khu Lo 1A va mo Coi
Ky; Tai Bic Kan: Khu Péo An va mo Ba B ¢ trir lugng tuong ddi Ion nhung quing c6 ham luong
nghéo (tong ham luong chi kém dudi 7%) lai chiém ty ¢ cao [Nguyen Huy Hung, 2015]. Van dé dit ra
khi nghién ciru tuyén quing sunfua chi k&m nghéo 13 lra chon so dd tuyén hop 1y cho loai quing nay.

2. Miu nghién ciru va phwong phap nghién ctru
2.1. Mdu nghién ciru

Dé 6 ¢d so nghién ciu, lya chon cong nghé tuyén nhém nghién ciru da 1dy mau tai 4 khu mo: Coi Ky,
Lo 1A, Ba B va Béo An. Mau liy vé duoc nghién ctiu tai phong thi nghiém va dem di phan tich thanh
phan vat chit, hda hoc va phan tich khoang tuéng. Két qua phan tich mau nghién ctru dwoc thé hién lan
luot tai bang 1 va bang 2, hinh anh khoang tudng tai hinh 1 va hinh 2.

Bang 1. Két qua phan tich thanh phan héa hoc

Tén mau Pb (%) Zn (%) Fe (%) As (%) Ag (ppm) Sn (%)
Lo 1A 1,82 4,73 1,21 0,083 22,3 0,06
Coi Ky 1,62 3,08 18,45 0,001 31,6 0,04
béo An 1,30 3,35 29,54 1,84 66,4 0,07
BaBo 1,78 1,39 5,25 0,51 86,55 0,02

*Té&c gid lién h¢

Email: hungnh0801@gmail.com
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Bang 2. Két qua phan tich thanh phan khoang vat
X A , R Tén mo va khoang ham luong (%

Thanh phan khodng vat Lo 1A Coi Ky " Péo A ) Ba Bb
- Sphalerit - ZnS 6-8 2-4 4-6 1-2
- Galenit - PbS 3-5 1-2 2-4 2-4
- Pyrit - FeS; 1-2 8-10 30-35 2-4
- Pyrotin - - 25-30 -
- Siderit - FeCO3 - 30-32 - 3-5
- Chancopyrit - - 1-2 -
- Arsenopyrit - - 10-13 -
- Hydrocit Fe, Anglesit, Serucit - - it -
- Thach anh - SiO; 10-12 21-23 - 36-38
- Canxit - CaCOs 34-38 <1 - 7-9
- Dolomit — Ca(Mg,Fe)(COs): 28-32 1-3 22-26 8-10
- Felspat — KosNagsAISizOg 5 1-3 - 1-3
- it — KAI[AISi3010](OH) 6-8 12-14 10-12 27-29
-Clorit — Mg2Al3[AlSiz010](OH)s 3-5 7-9 6-8 1-3

Mdu qudng C6i Ky: Kh

oang vdt siderit, pyrit di

cung galenit va sphalerit

Hinh 1. Hinh dnh

phan tich khodng

Mdu qudng Lo 1A

hoang vdt sphalérit chiém da

s6, xam tan cuing khoang chi va phi quang

guang sunfua chi kém vung

Thai Ngu é

Mdé Béo An: Galenit, sphalerit dang tam manh nam
xen lan céc sunfua pyrit, pyrotin va mgt so phi
quang

Mo Ba Bo: Khoang vat galenit, sphalerit hat nho
tw hinh nam xen lan cac sunfua pyrit bao quanh la
silicat, canxit va mgt sé thanh phan khoang vdt sét

Hinh 2. Hinh anh phdn tich khodng téng quang sunfua chi kém viing Bdc Kan
Nhdn xét:

+ Céc mau quing lay dugc tai ving Thai Nguyén va Bac Kan déu Ia mau quang sunfua chi kém c6
ham lugng <7%, Khoéang vat tao quang chaa chi va k&m cha yéu la galenit va sphalerit, ngoai ra con cé
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céc khoang vat chira st di kém nhu pyrit, pyrotin, siderit, arsenopyrit... Khoang vat phi quang chi yéu la
thach anh, dolomit, lllit, clorit... C6 d6 xam nhidm tir min dén rat min. Dac biét 1a mo Ba B ¢6 hat quing
nho, xam nhidm tir min dén rat min kich thudc céc khoang vat ¢ ich tir 0,01-0,2mm xam tan trong cac
manh thach anh va cacbonat.

+ Tai Thai Nguyén: Quang chi k&m tai Lo 1A va Ci Ky c6 thanh phan vat chat twong déi gidng nhau,
tuy nhién quang tai Coi Ky c6 ham lugng nghéo hon va trong mau quéng chura nhiéu khoang vat cacbonat
sat, pyrit sat gay mang bam gidng than bao quanh khoéang vat quing (rat d& ndi) anh huéng xau dén qua
trinh tuyén va gay 1an ban cho quang tinh.

+ Tai Bic Kan: Khu mé BPéo An co thanh phan vat chat rat phuc tap, chira nhiéu sat (phan I6n la pyrit
va pyrotln) c6 thé loai bo bang phuong phap tuyén tir. Quang mo Ba Bd xam nhiém rat min, chira rat
nhiéu thach anh va cac khoang vat sét anh huong tinh ndi cua khoang vat c6 ich. Mo Ba B6 ¢4 trir lugng
I6n (hon 7 triéu tAn quing) nhung ham luong chi kém nghéo.

Tu nhitng nhan xét trén, tap trung nghién ciu 2 mzfiu quang tai mo Coi Ky va Ba Bo, két qua phan tich
thanh phan d6 hat cua 2 mau nghién ctru trén duoc thé hién tai bang 3.

V6i miu quing Lo 1A va Péo An sg tién hanh cc thi nghiém bo sung dé nghién cau tinh kha tuyen
dua trén nhitng két qua nghién cau va thu thap duoc.

Bang 3. Két qua phan tich thanh phdn dé hat mdu quang mé Coi Ky va Ba Bo

Thu hoach,% | H.lwongPb,% |H.lwong Zn,% | Phan b Pb,% | Phan bd Zn,%

Cép hat, mm [ 1 NN 1 PN .
Coi Ky | BaBd | Coi Ky | BaBd |Coi Ky |Ba Bd| Coi Ky | BaBd | Coi Ky | BaBd

+2,5 23,37 | 18,80 | 1,51 1,62 265 | 108 | 21,78 | 17,14 | 20,11 | 14,58
-2,5+1 18,28 | 15,28 | 1,53 1,71 2,71 | 123 | 17,26 | 14,68 | 16,08 | 13,52
-1+0,5 15,08 | 12,44 | 1,53 1,73 291 | 1,31 | 14,24 | 12,09 | 14,25 | 11,72
-0,5+0,3 10,74 | 11,26 | 1,61 1,75 | 301 |136| 10,67 | 11,07 | 10,49 | 11,01
-0,3+0,2 5,10 7,50 1,69 1,77 | 307 |137| 532 | 746 | 508 | 7,40
-0,2+0,1 4,32 6,69 1,71 181 | 347 |139] 457 | 680 | 488 | 669
-0,1+0,074 2,18 | 5,10 1,89 190 | 362 | 150 | 255 | 544 | 2,57 | 550
-0,074+0,045 | 3,61 | 5,89 191 | 201 | 389 |183| 425 | 6,66 | 455 | 7,76
-0,045 17,32 | 17,04 | 1,81 195 | 391 |1,78| 19,35 | 18,67 | 21,99 | 21,82

Téng 100,00 | 100,00 | 1,62 1,78 | 3,08 | 1,39 |100,00 | 100,00 100,00 | 100,00

Nhgn xét: Két qua phan tich thanh phan do hat mo Coi Ky va Ba B6 cho thay: Chi va kém phan bd
tuong d6i dong déu & cac cap hat, riéng & cac cip hat min thi ham luong chi va kém c6 cao hon. Do céc
khoang vat lién két rat chat chd véi nhau, dé thuc hién thi nghiém tiép theo, tién hanh nghién dé giai
phong két hach trudc khi mang di nghién ctu.

2.2. Phwong phdp va cach danh gia két qud nghién ciru

Phu thudc vao tinh chat mau quang dau s& dugc tuyén so bo biang phuong phap tuyén trong luc hodc
tuyén tr. Thi nghi¢m tuyen ndi dugc thuc hién theo phuong phap truyén thong, nghia 1a ¢6 dinh cac
thong sé khac ngoai thdng sb duoc khao sat. Thong s téi wu cua thi nghiém trude dugc sir dung cho thi
nghiém tiép theo.

Hiéu qua tuyén dugc danh gi thong qua cac thong s sau: Ham lugng kim loai chi va k&m co ham
lugng trén 50%, dong thoi 6 thu hoach (y) va thyc thu (g) cao nhat. San pham quang tinh kém tai Mo
Déo An c6 ham lugng sat dudi 8%..

3. Két qua nghién ciru
3.1 Két qua nghién cizu tuyén mau quéng sunfua chi kém nghéo mé Coi Ky viing Thai Nguyén

Qua cac két qua phan tich thanh phan vat chat, thanh phan do hat miu cho thdy tap chét dat d4 1an
trong quang nguyén khai la tuong doi lén (khoang 80%), cho nén da nghién ctru kha nang tuyén quing
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bang phuong phép tuyén trong luc va tuyén noi.
3.1.1 Thi nghiém tuyén trong luc

Véi ¢& hat ddu dua vao tuyén 1a -Imm Iya chon thiét bi d&é nghién ciru la méang xoan. Mang xoén thi
nghiém c6 duong kinh 400mm, 4 vong vit, chi hirng san pham & cudi mang, san pham trung gian duoc
dem tuyén lai. Nong d6 bun cip vao l1a 30%. San pham thu duoc: Quang tinh va quing dudi. Két qua
duoc thé hién trong bang 4.

Bdng 4. Két qua thi nghiém mau qudng trén thiét bji mang xodn

.z Ham luong (%) Phén b6 (%)

[}
San pham Thu hoach (%) Pb 7n Ph 7n
Quing tinh 28,73 1,79 4,64 31,81 43,31
Quiing dudi 71,27 1,55 2,45 68,19 56,69
Quing dau 100 1,62 3,08 100,00 100,00

Nhgn xét: Thi nghiém tuyén trén thiét bi mang xoan d4 nang dugc ham lwong nhung khong nhiéu.
Phan bé kim loai chi va kém vao quang dudi rit cao lan luot 1 68,19% va 56,69%. Viéc sir dung phuong
phép tuyén trong luc véi d6i twong quang nay hiéu qua khdng cao, cho nén tap trung nghién ciru bang
phuong phéap tuyén néi.

3.1.2 Thi nghiém tuyén néi

So d tuyén noi tap hop chon riéng dé nghién cau mau quang thé hign hinh 3. Dudi dy la ché do
tuyén va cac két qua thi nghiém diéu kién dat duoc:

Qudng dau * Ché dg tuyén vong tuyén chi
I - B6 min nghién: 80 % cap - 0,074 mm;

- Méi truong (v6i): pH=8;

I - Thubc dé chim Zn: Na,SO3 +ZnS04:600+1200 olt;
Tuyén ndi Pb - Etylxantat: 50g/t;
l * Ché dg tuyén vong tuyén kem

. . - Moi trud 0i): pH=11;
Tuyén ndi Zn 01, omg (Vo) p
l l - Thuoc kich dong Zn: CuSOq - 300 git;

- Butylxantat: 100g/t;

Qudng tinh Pb Qudng tinh Zn  San pham dudi

Hinh 3. So' dé tuyén chon riéng chi kém

V6i ché do téi wu & thi nghiém diéu kién dat duoc, tién hanh thi nghiém tuyén néi so d6 vong ho xéac
dinh s6 1an tuyén tinh va tuyén vét Pb, Zn. Bé thu dwoc quang tinh Pb, Zn dat yéu cau thi can 3 lan tuyén
tinh Pb va Zn; s6 lan tuyén vét Pb va Zn lan luot 1a 3 va 4 lan. Tiép tuc nghién ctru bang so do vong kin
dé xem xét ky hon cac yéu té anh huong trong qué trinh tuyén. Két qua thu duoc sau cac lan thi nghiém
vong kin dugc thé hién tai bang 5.

Bang 5. Két qua tuyén néi vong kin mé Coi Ky

\ 2 Ham lugng, % Thuc thu, %
San pham Thu hoach, % Ph 7n Pb 7n
Quing tinh Ph 2,45 52,51 1,78 79,41 1,42
Quing tinh Zn 5,44 2,24 51,02 7,51 90,41
Thai 92,11 0,23 0,27 13,08 8,17
Cong 100,00 1,62 3,07 100,00 100,00

Két qua tuyén vong kin mau quang chi kem Coi Ky cho thy ring, voi so do tuyén noi va ché do thudc
tuyén hop ly, nhan duoc cac quang tinh chi va kém c6 ham lugng >51% vaéi thuc thu Pb ~ 80% va thuc
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thu kém >90%.
3.2 Két quda nghién cizu tuyén mdu qugng sunfua chi kém nghéo viing Béic Kgn
3.2.1 Thi nghiém tuyén mdu qudng mé Ba Bo

Theo két qua phan tich thanh phan vat chat mau dau cua quang chi kém mo Ba Bo cho thay day
la quang chi kém chira lugng chi va kém tuong dbi thap, do xam nhiém cua mau quédng la rat min. Két
qua tuyén tham do d6i tuong quang nay da khang dinh, ding phuwong phap tuyén ndi chon riéng c6 thé
tach riéng Pb va Zn ra khoi tap chat dét da.

Str dung so do tuyén noi tap hop chon riéng dé nghién cau miu quang nhu hinh 3. Dudi ddy 1a ché do
tuyén va cac két qua thi nghiém diéu kién dat duoc:

* Ché d¢ tuyén vong tuyén chi Ché do tuyén vong tuyén kém
- P min nghién: 85 % cap - 0,074 mm; - Méi truong (voi): pH=10,5;
- Méi truong (voi): pH=8; - Thubc kich dong Zn: CuSOy - 300 g/t;

- Thudc dé chim Zn: Na,SOz+ZnS04:200+600 g/t; | - Butylxantat: 200g/t.
- Etylxantat: 90g/t;

Véi ché do téi wu ¢ thi nghiém diéu kién dat dugc, tién hanh thi nghiém tuyén néi so dd vong hé xac
dinh s 1an tuyén tinh va tuyén vét Pb, Zn. Xac dinh duoc s6 1an tuyén tinh va vét Pb 12 3 1an, s lan tuyén
tinh va vét Zn Ia 4 1an. Tiép tuc nghién ctru bang so dd vong kin dé xem xét ky hon cac yéu té anh hudng
trong qua trinh tuyén. Két qua thu dugc sau khi thi nghiém vong kin dugc thé hién tai bang 6.

Bang 6. Két qua tuyén noi vong kin mé Ba Bo

. 2 Ham luogng, % Thuc thu, %

San pham Thu hoach, % Ph 7n Ph Zn
Quang tinh Pb 2,88 50,06 1,76 80,10 3,67
Quang tinh Zn 2,35 5,16 51,73 6,74 88,09

Thai 94,77 0,25 0,12 13,16 8,24
Cong 100,00 1,80 1,38 100,00 100,00

Két qua tuyén vong kin quang sunfua chi kém mo Ba B6 cho thay rang, véi so do tuyén noi va ché do
thudc tuyén dugce dé nghi, cho phép nhan duoc cac quang tinh chi va kém dat ham lugng >50%, thuc thu
chi 80% va thuc thu kém la 88%.

3.2.2 Thi nghiém tuyén mau qudng khu Péo An

Mau quing khu Béo An thanh phan quing chira rat nhiéu pyrit va pyrotin (chiém dén 40-50%), dan
dén khong nng cao dugc chat lwong quing tinh k&m, tién hanh tuyen tir dé tach pyrotin (chiém 20-25%),
sau do tlep tuc tuyén nodi dé nang cao ham luong theo so do tuyén ma cac can bo cua Cong ty Kim loai
mau Bic Kan da thyc hién [Cong ty kim loai mau Thai Nguyén, 2014]. Tién hanh tuyén ndi vong hd chon
riéng chi (3 lan tuyén vét Pb) va k&m (3 lan tuyén tinh va 3 lan tuyén vét). Két qua thi nghiém duoc thé
hién tai bang 7.

Bang 7. Két qua thi nghiém mdu quéng khu Péo An

T Tén san phim Thu Ham lugng, % Thyc thu, %
hoach, % Pb Zn Fe Pb Zn Fe

1 Quang tinh kém 511 0,65 | 52,74 | 7,77 2,54 | 80,69 | 1,34
2 Quing tinh tuyén chinh Pb 6,65 16,56 | 2,61 | 40,00 | 84,06 | 5,20 9,00
3 Trung gian 1 8,33 0,33 2,96 | 32,06 | 2,12 7,38 9,04
4 | Trung gian 2 1,56 0,30 1,06 | 31,23 | 0,36 0,50 1,65
5 Trung gian 3 1,02 0,25 0,97 | 30,22 | 0,19 0,30 1,04
6 Thai 48,62 0,10 0,32 | 1482 | 3,71 4,66 | 24,38
7 San pham c6 tir 28,71 0,32 0,15 | 55,11 | 7,01 1,29 | 53,54
Nguyén khai 100,00 1,31 3,34 | 2955 | 100 100 100

Nhgn xét: Két qua thi nghiém cho thay, véi so o cong nghé két hop tuyén tir va tuyén ndi da nang
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dugc ham lugng quang tinh kém trén 50%, thuc thu vong ho dat trén 80% va ham lugng sat trong quang
tinh k&m nho hon 8%. Ham Iugng kém, chi trong dudi thai twong duong véi san xuat thuc té hién nay.

4. Pé xuit cdng nghé tuyén quing sunfua chi kém nghéo viing Thai Nguyén Bic Kan

Theo céc béo cdo dia chat va két qua phan tich thanh phan vat chat mau quang chi kém sunfua ngheéo
vung Thai Nguyén, Bac Kan cho thay:

- Vuing Théi Nguyén va Bic Kan nam trén 1anh thd Dong Bic Viét Nam trong kién tric L6 Gam - Phu
Ngit, phat trién chu yéu cac tram tich Luc Nguyén va luc nguyén - cachonat Paleozoi. Khoang vat tao
quang chtra chi va kém cha yéu 1a galenit va sphalerit, ngoai ra con c6 cac khoang vat chira st di kém
nhu pyrit, pyrotm siderit, arsenopyrlt Khoéng vat phi quang cha yéu Ia thach anh, dolomit, Illit, clorit...
Nhu vay, co the ndi vé qua trinh thanh tao va thanh phan vat chat cua quang sunfua chi kém ving nay la
tuong ddi giéng nhau.

- Trong quing nguyén khai ham lugng Pb+Zn dao dong tir 3+7%, cac khoang vat tao quang lién két co
hoc chat ché va c6 @6 xam nhiém tir min dén rat min véi nhau.

bé Iay duogc quang tinh c6 ham luong dat yéu cau cap cho luyén kim va dat duoc ti Ié thyc thu cao, di
dé xuat cong nghé tuyen ddi vai quing sunfua chi k&m nghéo ving Thai Nguyén - Bic Kan va so d6 cong
nghé d& xuat duoc thé hién tai hinh 4.

Quing diu

Dip. sing
-10mm

Nghién, phin cip
80 (85)% cip -0.074mm

””””””” -Voi

' | San phim et | - ZaS0,+Na;S0;
- Etyl xantat

- Dau thong

Tuyén ndi chinh Pb

X6 da Byl
- ZnS0,+NaySO; - Déu théng

Tuyén tinh Pb (3 dén 4 lan) Tuyén vét Pb (3 dén 5 lan)

l l - Véi - CuSO;
-Butyl xanfat - Diu théng

Tuyén chinh Zn

- Véi; -Butyl xantat - Véi: -Butyl xantat
- Dau thong - Déau théng

Tuyén tinh Zn (3 dén 4 lin) Tuyén vét Zn (3 dén 5 lan)

__T__

+
Nghién, phan cép

L — —d

Quiing tinh Pb>50% Quing tinh Zn >50% Quing dudi
Hinh 4. So do d@é xudt cdng nghé tuyén quang sunfua chi kém nghéo viing Thai Nguyén - Béac Kan

5. Két luan

- Quiang sunfua chi kém nghéo ving Thai Nguyén, Bic Kan cd tong lugng Pb, Zn trong quing dau
khoang 3-7%, trong d6 cac khoang vat c6 ich va cac khoang vat khong c6 ich xam nhidm kha min va rat
chat ché véi nhau, gay kho khin cho viéc tach riéng cac khoang c6 ich ra khoi dat d4 ciing nhu tach riéng
cac khoang c6 ich ra khoi nhau.

- D3 @& xuét so @ cong nghé tuyén dbi trong quing sunfua chi kém nghéo ving Thai Nguyén, Béc
Kan:

+ Nghién giai phong két hach.

+ Trong truong hop nguon quang dau vao co tir tinh thi co thé két hop tuyen tir dé tach san pham cd tir,
sau d6 tuyén ndi chon riéng truc tiép thu hdi chi trude sau d6 tuyén ndi thu hoi kém. Bé nang cao thuc thu
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trong khau tuyén k&m cd thé nghién lai san pham trung gian sau d6 cho quay lai khau tuyén chinh.

- Két qua nghién ciru trong phong thi nghiém da khang dinh kha ning tuyén noi chon riéng quang
sunfua chi kém ngheo vung Thai Nguyén, Bac Kan cho phép nhan duoc qudng tinh chi va kém dat yéu
cau veé chat lugng ciing nhu thuc thu.

- Két qua nghién ctru da dé xuét so do tuyén hop ly va thu hoi dugc quang tinh Pb, Zn ¢6 ham luong
>50% véi thuc thu Pb ~ 80% va thyc thu Zn ~90%.

Tai liéu tham khao

Nguyén Huy Hung, 2015. Bao cao “Nghién cizu cong nghé tuyén noi quang sunfua chi — kém nghéo
vung Thai Nguyén, Bac Kgn nham tgn thu tai nguyén”, Vién khoa hoc Cong nghé Mo - Vinacomin.

Cong ty kim loai mau Thai Nguyén, 2014, Bao c4o san xuat thang 11/2014.
Quyét dinh 176/2006/QD-TTg (2006), Vé viéc phé duyét quy hoach tham do, khai thac, ché bién va
sir dung quang chi, ké€m giai doan 2006-2015, c6 xét dén nam 2020.
ABSTRACT

The research results on the low grade lead - zinc sulphide ore
separation works at Thai Nguyen and Bac Kan province

Nguyen Huy Hung?, Nguyen Van Minh?!
Winacomin Institute of Mining Science and Technology

The report presents the reseach results on the low grade lead - zinc sulphide ore separation works at 1A
- Ba mine area and Coi Ky mine area, Thai Nguyen Province; Deo An mine area and Ba Bo mine area,
Bac kan province. The low grade lead - zinc sulphide ore, ore mineral and non-ore minerals and other
gangue mineral finely disseminated in each other. Used a combination of methods separation such as:
Gravity concentration, magnetic separation and froth flotation. The results on show that, after the
separation , the concentrate with the content of more than 50%Pb and 50% Zn, and lead recovery ~80%,
zinc recovery ~90%.

Key words: Froth flotation, gravity separation, lead - zinc sulphide ores
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E\RSE HOI NGHI TOAN QUOCKHOA HOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién cau tuyén noi bun than khu vic cam pha bang hadn hop thube
pha ché tir dau thai

Pham Van Luan**, L& Viét Ha', Nguyén Thi Tuyét Mai*
! Truong Pai hoc M6 - Dja chat

TOM TAT

Tuyén noi 1a phuong phap phd bién dé thu hdi ban than cap hat -1mm. Phuong phéap nay cho phép thu
dugc san pham than sach c6 chat lugng va ty 1¢ thu hdi cao, ddng thoi nang cao hiéu qua khir nuéc ban
than va giam thiéu 6 nhiém méi trudng. HON hop thude tuyén 1a thanh phan khdng thé thiéu trong qué
trinh tuyén néi bun than, hdn hop thudc tuyén cé cac thanh phan chinh 1a: cac hydrocacbon (dau diezel,
dau hoa, dau f/o,...) va mot sb chét phu gia khac. Dau thai 1am mét cua cac dong co c6 thanh phan chinh
Ia céc hydrocacbon nén tinh tap hop. Néu tan dung dugc dau thai dé pha ché thudc tuyén s& lam giam gia
thanh tuyén ndi ban than va giam thiéu 6 nhidm méi tredng. Bao cdo nay trinh bay két qua nghién ciu
tuyén néi bun than mo Khe Sim va Coc Sau bang hdn hop thudce tuyén tu pha ché c6 thanh phan chinh tir
dau thai. Ttr mau bun than ban dau cia M6 Khe Sim va Coc Sau c6 do tro gan 70% va 39%, sau khi tuyén
bang hdn hop thudc pha ché tir dau thai thu duoc san pham than sach c6 d6 tro dudi 35% va 15%, véi
thuc thu vao khoang 75% va 90%; Pong thoi thu duoc san pham da thai co do tro trén 80%.

Tur khda: Tuyén ndi, ban than, thube tuyén

1. Giéi thiéu

Than thudc nhdm Ky nuéc t nhién nén chung duoc tuyén néi bang thude tap hop khdng cuc gom céc
loai hydrocacbon nhu: dau hoa, dau diezen, dau mazut .... Do dai cua mach hydrocacbon ty 1é thuan véi
tinh tap hop va ty 1& nghich véi tinh chon riéng. Nén khi sir dung thudc tap hop 1a hdn hop cua cac loai
hydrocabon luén cho hiéu qua tuyén cao hon so véi khi ding mét loai [Janusz S. Laskowski, 2001]. Dién
hinh 1a nghién ctru sir dung hdn hop thude tap hop ¢6 thanh phan chinh 1a dau hoa va dau diezen dé tuyén
ndi bun than Hon Gai, dén nay van duoc dung tai nha may tuyén than Hon Gai [Pham Vin Luan, 2013,
2014]. Tuong tu, Chanturiya valentini sir dung 2-vinylhexadiene—1.5 tron voi dau nang dé tuyén ndi bun
than caa nha may Severstal Central Preparation Plant [Rick Q. Honaker, 2010]. Bé tang hiéu qua tuyén
ndi bun than, nhidu nghién ctu trén thé gidi da phdi tron mot lwong nho thude tap hop di cuc vai thube
tap hop khong cuc. Vao nam 2002 Renhe Jia va cac cong su dd phat trién mot loai hdn hop thube tuyén
méi (tetrahydrofurfuryl -THF) dé tuyén ndi bun than chit lwong thap hodc bi oxy héa bé mat. Ho THF la
hén hop cua Dodecane (Ci2Hz26) vSi Nonylphenon hoic Nonylbenzene véi Polyethoxylated nonylphenol
(GH4) [Renhe Jia, 2002]. Bé tuyén néi bun than bi oxy héa vé mit, Raghav M. Dube da sir dung thudc
tap hop 1a hén hop cua axit oleic voi dau FO [Dube, Raghav M 2012].

Thudc tao bot dung trong qua trinh tuyén ndi bun than 1a c4c loai aliphatic alcohol hozc polyglycol ete.
Thudc tao bot ciing c6 hiéu qua cao hon khi st dung ¢ dang hén hop. Murat Erol nhan thay khi tuyén noi
bun than néu duing riéng cac thudc Triton x-100, Brij-35, MIBC va SDS cho hiéu qua tuyén thap hon khi
sir dung thudc tao bot la hdn hop cia MIBC véi Triton x-100 hoac Brij-35 [Murat Erol, 2003].

2. Miu nghién ciru va phwong phap nghién ctru
2.1. Mdu nghién ciu
2.1.1. Mdu dau thai

DAu thai 1am mat cia cac dong co duogc ldy tai nha may tuyén than Hon Gai véi khdi lwong 101. Dau
thai duoc loc bo cin ba dé 1am nguyén liéu pha ché hdn hop thudc va ldy mot phan di phan tich. Két qua
phan tich tinh chit ciia dau thai va dau nhét cho ¢ bang 1. Tir két qua & bang 1 nhan thay:

- Sau qua trinh 1am mat do nhét cua dau giam di khoang 4 1an, ty trong giam mot chdt, & nhiét do
3700C di c6 khoang 50% thé tich ciia dau bay hoi;

- Do d9 nhét cua dau thai giam va lugng dau nhe trong dau thai tang nén kha nang phén tan va tinh
chon riéng cua dau thai tang, vi vay c6 thé sir dung dau thai 1am thudc tap hop dé tuyén ban than.

*Té&c gid lién hé:
Email: phamvanluan@humg.edu.vn
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Bang 1. Két qua phan tich dau thdi va dau nhot

TT Céc chi tiéu Don vi Keét qua
Dau thai Dau nhét
1 | Tytrong 6 15°C g/cm3 0,8736 0,8937
2 Do nhét dong hoc & 40°C cSt 51,25 226,77
Ham lugng CA, CN ,CP
CA (Aromatic) 0 1,3
3 [CN (napathanic) Yoviv 67.88 62.02
CP (parafinic) 32,12 36,49
Thanh phan cat den 370°C %v/v
90°C %v/v T dau -
218°C %v/v T5%vV/v -

4 276°C %v/v T10%v/v -
334°C %v/v T20%v/v -
349°C %v/v T30%vV/v -
357°C %v/v T40%v/v -
370°C %v/v T50%v/v -

2.1.2. M4u bun than

Mau bun than sir dung dé kiém tra hi¢u qua cua hdn hop thude duoc ldy tai M6 than Khe Sim va Coc
Sau. Khoi lugng moi mau 1,5tan, két qua phan tich ray va dé tro ctia hai mau bun than cho & bang 2.

Bang 2. Tinh chdt ciza mdu ban than Mé Khe Sim va Coc Sau

Cép hat, mm Khe Sim Coc Sau

- v, (%) A, (%) ¥, (%) A, (%)
0,5-1 13,9 58,66 10,24 31,15
02-0,5 35,48 61,84 22,82 30,02
0,1-0,2 9,13 67,59 13,35 28,85
0,074-0,1 6,67 67,69 8,83 30,59
0,04-0,074 4,55 69,77 6,81 27,89
-0,04 30,27 82,26 37,95 52,46
Cong 100 68,86 100 38,4

Tir két qua phan tich mau ban than nhan thay:
— Bun than caa Mo Khe Sim va Coc Séau ¢6 do tro lan luot 1a; 68,86% va 38,4%;
— Mau nghién ctru chira phan 16n 12 cdp hat -0,04mm va do tro cua chiing cao hon rat nhiéu so voi
céc cap hat con lai;
— Theo két qua phan tich mau bun than c6 thé nhan thiy: khi tuyén ni mau bun than mé Khe Sim
can sir dung hdn hop thudc c6 tinh chon riéng cao hon so véi mau bun than mé Coc Sau.
2.2. Phwong phdp va cdch danh gid két qua nghién ciru

Thi nghiém dugc thyc hién theo phuong phap truyén théng, nghia 1a c¢6 dinh cac thong sé khac ngoai
thong s6 duoc khao sat. Thong s6 téi wu cua thi nghiém trude duoc sir dung cho thi nghiém tiép theo.

Céc thi nghiém duoc tuyén mot 1an duy nhat trén may tuyén ndi co gigi phong thi nghiém, con céc
diéu kién khac nhu sau: Cap thudc 1 1an; may tuyén néi 3 lit; khudy tiép xtc 3 phat va thoi gian gat bot 5
phut.

Hiéu qua tuyén dugc danh gia thong qua cac thong sé sau: Than sach khi tuyén néi bun than caa mo
Khe Sim va Coc Sau c¢6 d tro (A) lan lugt dudi 35% va 15%, ddng thai cd thu hoach (y) va thuc thu (g)
cao nhit. San phdm d4 thai c6 do tro trén 80% dam bao yéu cau thai bo.

3. Két qua nghién ciru va ban luan
3.1. Nghién cizu pha ché hén hep thuac
3.1.1. Nghién cizu pha ché han hop thudc tap hep tir dau thai

DAau nhét dung 1am mat cho cac dong chira dén 90 % dau khoang, khoang 10 % dau toéng hop va chat
phu gia (chdng oxy hoa, tay rira bé mat, chdng mai mon, phan tan mudi than,...). Phan dau khoang thuoc
loai dau niang c6 do nhét cao va mach hydrocacbon rat dai. Trong qua trinh sir dung lam mét cho céc
dong co dau nhét cé thé bi oxy hda mot phan, chira thém mudi than,.. tinh chat cia dau thai thay doi so
v6i dau nhot nhu bang 1. Vi vay, khéng nén dang truc tiép dau thai dé 1am thudc tap hop. Ma trugc tién
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can phai loc dé tach bo mudi than, sau d6 bd sung thém céc loai dau nhe hon (nhu dau hoa, dau
diezen,...) va mot s thubc tap hop di cuc (axit oleic, natri oleat,...) dé lam giam d6 nhét va tang tinh
chon riéng cua thudc. Tién hanh nghién ctru pha tron hdn hop thudc tap hop (TH) theo céc budc sau:

> Budc 1 — Nghién ciru xac dinh ty 1¢ hop ly gitra dau hoa, dau thai va diezen: lan luot thay doi ty 1¢
giira 3 loai dau nay dé thu dugc ho thude TH, sau d6 lay ting thuéc TH dé tuyén noi ban than. Két qua
nghién ctru cho ¢ Bang 3;

> Budc 2 - Nghién ciu cai thién tinh tap hop cua thudc TH: Lay thude TH da tim dugc ¢ budc 1
phdi tron voi axit oleic hoic natri oleat. Két qua nghién ctiru cho thay dung natri oleat cho két qua tuyén
t6t hon va ty 1& natri oleat vai hdn hop thudc TH & budce 1 1: 4:100.

Ty I¢ pha tron giira cac thanh phan c6 trong thudc tap hop va ky hiéu thudc tap hop dé tuyén néi bun
than mo Khe Sim va Coc Sau cho ¢ Bang 3. Két qua tuyén néi ban than mo Khe Sim va Coc Sau véi cac
loai thudc tap hop: dau hoa; dau thai; dau diezen, TH1; TH2; TH3 va TH4 ¢ mot vai chi phi dugc cho &
cac dd thi hinh 1 va 2. Thudc tao bot 1 90 % MIBC+10 % con (TB) véi chi phi 100 gft.

Bang 3. Thanh phan va ky hiéu cua cac thusc tdp hop

Thudc tuyén bun than mé Khe Sim Thudc tuyén bun than mé Coc Sau
Ky Ty I¢€ theo khéi lugng Ky hiéu Ty I¢ theo khoi lugng
hiéu Dau Dau Dau Natri Dau Dau Dau Natri
hoa thai diezen oleat hoa thai diezen | oleat
TH1 15 80 5 0 TH?2 5 80 15 0
TH 3 15 80 5 4 TH 4 5 80 15 4
85 95

= 65 Z
; 60 2
Ié —e—TH3 E —e—TH4
55 —m—Diezen 65 —=—Diezen
50 —ﬁ—THl 60 —A—TH2
—8—Dau thai —8—Dau thai
45 x - 55 PR
—a—Dau hoa —&— Dau hoa
40 50
600 700 800 900 1000 1100 600 700 800 900 1000 1100
Chi phi thude tap hop, g/t Chi phi thudc tap hop. g/t

a, Mé Khe Sim b, Mé Coc Sau
Hinh 1: Bé thj biéu dién su phu thugc cua thuec thu than sach vao logi va chi phi hdn hop thudc tdp hop

£ 34 e 12
g g 10
=3 =3
@ 30 —e—TH3 a8 —e—TH4
28 —m—Diezen 6 —&—Diezen
26 R . —a—TH2
2 —8—Dju thai —&—Dau thai
2 —&—Déu hoa 2 —a&—Diu hoa
20 0
600 700 800 900 1000 1100 600 700 800 900 1000 1100
Chi phi thude tap hop, g/t Chi phi thuée tap hop. g/t
5 . > .
a, Mo Khe Sim b, Mo Coc Sau

Hinh 2. Pé thj biéu dién sw phyu thugc ciia d@é tro than sach vao logi va chi phi hdn hop thudc tip hop

Tir két qua tuyén ndi bun than véi mot sé loai thude tap hop & cac chi phi khac nhau, nhan thiy:

- Hinh 1 va 2 cho thdy: Dau thai c6 tinh tap hop cao hon so véi dau hoa va thip hon so vé6i dau
diezen, tuy nhién tinh chon riéng cua né lai gan bang dau diezen; ching to dau thai hoan toan cé thé
dung lam thuéc tap hop, tuy nhién can bd sung vao dau thai mot lwong nho dau hoa va dau diezen dé
cai thién tinh ndng cta thudc;

- Bun than ciia mo Khe Sim ¢6 chét lugng xau hon so voi mé Coc Sau, do vay dé thu duoc san
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pham than sach c6 d¢ tro dat yéu cau can sir dung hdn hop thudc tap hop c6 tinh chon riéng cao hon.
Nguoc lai, bun than mé Coc Sau dugc tuyen bang hon hop thudc tap hop cd tinh tap hop cao hon, dé
tranh mat mat than sach vao d thai. Day 1a nguyén nhan chinh dan den ty I¢ dau hoa va dau diezen trong
hon hop thuoe TH1 va TH2 khac nhau; o )

- Hon hop thudc tap hgp pha ché tir dau thai bat dau cho phép thu dugce san pham than sach cé thyc thu
cao hon dau diezen & chi phi trén 900g/t. H3n hop thubc cd mat natri oleat (TH3 va TH4) ludn thu dugc
san pham than sach ¢6 d¢ tro va thuc thu cao hon so véi hdn hop thuc khdng sir dung natri oleat (TH1
va TH2), xem hinh 1 va 2;

- Hdn hop thubc tap hop pha ché tir dau thai bat dau cho phép thu duoc san pham than sach c6 thyc thu
cao hon dau diezen & chi phi trén 900g/t. H3n hop thudc c6 mat natri oleat (TH3 va TH4) luén thu dugc
san pham than sach c6 do tro va thuc thu cao hon so véi hdn hop thube khong sir dung natri oleat (TH1
va TH2), xem hinh 1 va 2;

- Tir hinh 1 va 2 nhan thay: O cting mét chi phi, khi tuyén ban than bang dau hoa ludn cho phép thu
dugc san phiam than sach cé chat lvong cao nhét nhung thuc thip nhat; con khi tuyén bang dau diezen va
dau thai ludn thu dugc san pham than sach c6 chat luong thap nhat;

- Két qua nghién ciru cho thdy: Khong can pha thém céc chat cd tinh hgp manh vao dau thai (natri
oleat; axit oleic...); c6 thé sir dung dén 80% dau thai dé pha ché hdn hop thudc tap hop, 20% con lai 1a
dau diezen va dau hoa; ty 1¢ dau hoa va diezen trong hdn hop thudc phu thude vao bun than dua tuyén va
yéu cau chit luong san pham than sach;

- Chi phi hdn hop thudc tap hop tdi uu vao khoang 1000g/t, chi phi cao hon 1000g/t thi thyc thu san
pham than sach ting khong dang ké con chét luong than sach giam rat nhanh (xem hinh 1 va 2).

3.1.2. Nghién cizu pha ché han hep thusc tao bot

Dé xéac dinh hdn hop thudc tao bot téi wru cho qué trinh tuyén ndi bun than, trong qué trinh nghién cu
da str dung 3 loai thudc: MIBC; dau thdng va con 900. Két qua nghién ctu cho thay: khi phdi tron
90%MIBC véi 10% cdn 900 Iam thudc tao bot hiéu qua tuyén cao hon so véi khi phdi tron MIBC véi dau
thong hoic sir dung riéng dau théng va MIBC I1am thudc tao bot. Két qua tuyén véi cac loai thubc tao bot
& modt vai chi phi cho ¢ hinh 3 va 4. Thudc tap hop sir dung trong nghién ciru nay 1a TH1 va TH2 dé
tuyén ndi lan luot bun than mé Khe Sim va mé Coc Sau & cuing mét chi phi 1000g/t.

70

Thue thu, %
The thu, %

——DT ——DT

o
o

—a— 70%MIBC+30%DT —— 70%MIBC+30%DT

=)
=

—&—MIBC 70 —&—MIBC

—8—90%MIBC+10%Con —8—90%MIBC+10%Cén

2
2

o)}
n

60 80 100 120 140 60 80 100 120 140

Chi phi thude tao bet, g/t Chi phi thudc tao bot, g/t

a, Mo Khe Sim b, M6 Coc Sau
Hinh 3. Poé thj biéu dién sw phyu thugc cua thiec thu than sach vao logi va chi phi hén hop thudc tao bot

Két qua nghién ciru cho thiy:

- Ttr hinh 3; 4 nhan thay: St dung 90%MIBC+10% cdn (TB) lam thudc tao bot cho hiéu qua tuyén cao
nhét va chi phf thap nhét (vao khoang 100g/t); néu diing MIBC Iam thuéc tao bot thi hiéu qua tuyén thap
hon mot chiit va chi cao hon (vao khoang 120g/t); con néu dung 70% MIBC + 30% dau thong hoic dau
thong cho hiéu qua tuyén rat thap;

- Tac dung chinh cua con 1a gidp MIBC phan tan t6t hon nén hon hop thuée tao bot TB cho hiéu qua
tuyen t6t hon va chi phi thip hon; ngoai ra cdn con c6 tinh tao bot yéu, do d6 néu ty I¢ con trong hdn hop
thudc tao bot TB trén 10% thi hiéu qua tuyén bat dau giam.
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Hinh 4. Do thi biéu dién si phu thugc ciia do tro than sach vao logi va chi phi han hop thudc tao bot

3.1.3 Nghién ciu xdc dinh ty 1¢ t6i wu giira thuoc tap hop va tao bot

Céc nghién ctru ¢ trén da xac dinh dugc hai hdn hop thudc tap hop (TH1 va TH2) va han hop thudc tao
bot (TB) cho qua trinh tuyén ndi bun than moé Khe Sim va Coc Séau. Vi thubc tuyén ndi bun than khong sir
dung riéng ré ma dung ¢ dang hdn hop, nén da tién hanh nghién ciru phdi tron TB véi TH1 va TH2 & mot
s6 ty 1¢é nhu bang 4. Sau d6 sir dung cac hdn hop thude (c6 ki hiéu nhu trong bang 4) dé tuyén ndi bin mé
Khe Sim va Coc Sau véi chi phi 1100g/t, két qua tuyén cho & biéu dd hinh 5.
Bang 4: Thanh phan va ky hiéu cia cac hon hep thuse
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a, Mo Khe Sim
Hinh 5. Biéu do thé hién si phu thugc cua thuec thu, thu hoach va dé tro than sach vao ty 1¢ pha ché giira
thudc tao bot va thuéc tap hop

b, Mé Coc Sau

Tir két qua thi nghiém phdi tron giira thudc tao bot va thudc tap hop nhan thay:
Khi tang ty 1& thubc tao bot trong hdn hop thudc tir 8 — 10% thi cac chi tiéu cong nghé tuyén ting
dan; tiép tuc tang ty 1& thudc tao bot trén 10% thi c4c chi tiéu cong nghé tuyén bit dau giam, ddng
thoi trong qua trinh tuyén con nhan thiy bong khi to va dai hon, chirng té hdn hop thubc bat dau co
hién twong du thira thudc tao bot;
Tir két qua nghién ctru chon ty 16 pha ché gitra thudc tao bot (TB) véi thudc tap hop TH1 va TH2
déu 12 10:90; twong tng véi hdn hop thuéc HH2 dé tuyén bun than mo Khe Sim va HH6 dé tuyén
bun than mo Coc Sau.

3.2 Nghién cizu tuyén nai bun than véi hén hep thuéc méi pha ché

3.2.1 Nghién citu xdc dinh néng dé bun toi wu
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Nong do pha rin cua ban tuyén noi anh huong lon dén higu qua tuyén noi, ndng do bun dua tuyén
qua khéng phu hgp sé lam giam cac chi tiéu cong nghé tuyén. Két qua thi nghiém cho & hinh 6, véi chi

phi hdn hop thuéc tuyén (HH2, HH6) 1000g/t.
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Hinh 6. P6 thi thé hién sw phu thugc cua thuc thu, thu hoach va dé tro than sach vao néng dg pha ran

Tir d6 thi hinh 6 nhan thay: Bun than cua mo Khe Sim c6 chat lugng Xau hon nén nong d¢ bun dua
tuyen t6i uu cao hon va vao khodng 200g/l; con bun than mé Coc Sau c6 chat lugng tot hon nén dam bao
thu hoi toi da than sach can tuyén ¢ nong d¢ thap hon, nong d¢ toi uu vao khoang 160g/I.

3.2.2 Nghién cizu xdc dinh chi phi hon hop thudc toi wu

Chi phi hdn hop thudc anh huong dén kha nang thu hoi va chat lwong cua san pham than sach. Chi phi
thap, lugng thubc cho qua trinh tuyén thiéu, khéng thu hoi hét cac hat than gdy mat mat than sach. Ngugc
lai, chi phi hdn hop thudc du thira, lam giam tinh chon riéng ciia thude va chét lugng than sach, d6i khi no
con 1am rdi loan qué trinh tuyén va tang chi phi tuyén. Két qua thi nghiém cho & hinh 7, véi ndng d6 bun
t6i wu cho mé Khe Sim va Coc Sau lan luot 1a 200g/1 va 160g/1.
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b, M6 Coc Sau

Hinh 7. P6 thi thé hién su phy thugc cia thuc thu, thu hoach va d@é tro than sach vao
chi phi hén hop thudc tuyén
Tir két hinh 7, nhan thiy: DE thu dugc san pham than sach khi tuyén biin than caa mo Khe Sim va Coc
Sau dudi 35% va 15%, thi chi phi hon hop thuoc HH2 va HH6 toi vu lan luot 1a 900g/t va 1000g/t.

4. Két luan

Sau khi nghién ctu pha ché hon hop thudc tir dau thai dé tuyén ndi buin than chat luong xau cua mé
Khe Sim va Coc Sau, tap thé tac gia c6 mot s6 ket luan sau:

> Tir miu bun than ban dau ciia mo Khe Sim va Coc Sau c¢6 do tro lan luot gan 69% va 39%, sau
khi tuyén ndi bang hdn hop thudc tuyén pha ché tir dau thai da thu dwoc san pham than sach caa mo
Khe Sim c6 d tro dudi 35% va thuc thu gan 80%; con than sach ciia mo Coc Sau c6 do tro dudi 15%
va thyc thu trén 90%;

> Tir két qua nghién cttu nhan thay: dau thai van cé tinh tap hop khé tét nén khong can pha thém
céc chét c6 tinh tap hop manh nhu axit oleic, natri oleat ma can pha thém cac chat c6 tinh chon riéng
cao nhu dau hoa; dau diezen;

> Sau qua trinh 1am mat cho cac dong co, d6 nhét cua dau thai da giam nhanh chéng va chira thém
mét lugng nho cac hydrocachon mach ngén. Py 1 nguyén nhan co ban 1am tang kha ning phan tan
va chon riéng cua thudc, nén cé thé sir dung dén 80% dau thai dé pha ché hdn hop thudce tuyeén;

> Ty lé dau hoa va diezen trong hon hop thude phu thugc vao yéu cau chat lugng than sach va tinh
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chét cua bun. Khi can thu hoi téi da than nén sir dung hdn hop thudc tuyén c6 tinh tap hgp manh hon,
do d6 can pha ty I¢ gjiezen r]hiéu hon va ngugc lai; ) o
> D€ som co the dua ket qua nghién ciru vao thyc te san xuat, can tiep tuc nghién cau cac thi
nghiém ban cdng nghiép va cdng nghiép ngoai thuc té san xuat.

Tai ligu tham khao

Pham Vin Ludn, 2013. Két qua nghién ciru didu ché hdn hop thudc tuyén dé tuyén ndi bun than cua
Cong ty tuyén than Hon Gai — Vinacomin, Tap chi Céng nghiép Mo s6 5.

Pham Van Luan, 2014. Trial results of local made flotation reagents for flotation of fine coal slurry at
Hon Gai coal washing plant, Advances in mining ang Tunneling, 21-22 october 2014, Vung tau, Viet
Nam.

Cong ty Tuyén than Hon Gai, 2017. B4o céo san xuit thang 4/2017.

Janusz S. Laskowski, 2001. Coal Flotation and Fine Coal Utilization, Elsevier.

Renhe Jia, Guy H. Harris, Douglas W. Fuerstenau, 2002. Chemical Reagents for Enhanced Coal
Flotation, Coal Preparation, Vol. 22, pp 123-149.

Dube, Raghav M, 2012. Collectors for enabling flotation of xidized coal, Theses and Dissertations-
Mining Engineering, University of Kentucky

Rick Q. Honaker, 2010. International Coal Preparation Congress 2010 conference proceedings, trang
421 — 431, Society for Mining, Metallurgy, and Exploration.

Murat Erol, 2003. The effect of reagents and reagent mixtures on froth flotation of coal fines, Int. J.
Miner. Process, s6 71 trang 131-145.

ABSTRACT

Flotaion of Campha fine coals using collectors prepared from waste
engine lubricants

Pham Van Luan?, Le Viet Ha!, Nguyen Thi Tuyet Mai
! Hanoi University of Mining and Geology

Flotation is a common method for recovering -1mm coal size. The method allows to produce high quality
clean coal products at high recovery rates, while provides dewatering improvement and minimum
environmental pollution. Flotation reagents are necessarily to be used in the process of coal flotation. The
collector, as the key reagent, is a mixture of mainly hydrocarbons (diesel oil, kerosene, FO oil, ...) and
some other additives. The engine lubricants mainly consist of hydrocarbons so they should have
collecting power. Thus the use of waste engine lubricants for collector preparation should reduce the cost
of coal flotation and minimize the environmental pollution. This report presents results of the study on the
use of collector prepared from waste lubricants for the Khe Sim and Coc Sau fine coals. From the feed
samples of Khe Sim and Coc Sau mines with nearly 70% and 39% ash content respectively, the clean coal
ash contents of 35% and 15% respectively were achieved, with recoveries of about 75% and 90%; At the
same time, the reject ash contents were of over 80%.

Key words: fine coals, flotation, flotation reagent, waste lubricant oil.
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E\R;S‘ E ; HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
EANIES BOINGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru tuyén mau quang fenspat cap hat thd Mo Ngot - Phii Tho
trén thict bi tuyén noi trong luc véi mot so loal thuoc tap hop

Pham Thi Nhung"*, Nguyén Hoang Son*
! Truong Pai hoc Mo - Dja chat

TOM TAT

Béo céo trinh bay két qua thi nghiém tuyén mau quang fenspat mé Ngot — Phi Tho cap hat 0,2 -1 mm
trén thiét bi tuyén néi trong lyc dang Hydrofloat quy m6 phong thi nghi¢m voi mot s6 thudc tap hop cua
Vién Hoa hoc Cong nghiép Viét Nam va thudc cua Trung Qudc. Két qua nghién ciru da xéc dinh dugc
thuée tap hop phu hop cho vong tuyén mica la 6B va cho vong tuyen fenspat 1a 5C, déy 1a hai loai thudc
san xuat tai Viét Nam. Khi tuyén quang fenspat véi hai loai thudc nay di thu duoc quang tinh fenspat co
ham luong > 12% (K20 + Na,0) va thyc thu > 70%, dong thoi tach dugc ba san pham: mica, fenspat va
thach anh.

Tur khoa: Fenspat, Hydrofloat, Quing fenspat Mé Ngot, Thudc tuyén

3. Pit vin dé

Nguyén liéu fenspat dong vai trd quan trong trong nhiéu nganh céng nghiép nhu: gém si, thuy tinh,
son, vét lieu sir cach dién va cac nganh cong nghiép khac. Tuy nhién, san lugng khai thac va ché bién
fenspat ¢ Viét Nam hién nay chwa dap tng dwoc nhu ciu trong nudc ciing nhu xuat khau. Mo fenspat M6
Ngot, Pht Tho 1a mo c6 quy mo 16n cua Viét Nam véi tong trir lwong khoang 20 triéu tin fenspat, khai
thac mdi nam tir 10.000 - 15.000 tan fenspat. Xuong tuyén quang fenspat Mo Ngot la xudng tuyén noi
duy nhit & Viét Nam san xuét ra cac san pham fenspat va thach anh chat luong cao. Xuéng hoat dong tir
thang 6 nam 2014 va sir dung thudc tuyén nhap khau tir Trung Qubc dé tuyén ndi cap hat dudi
0,2(0,3)mm [Trung thm KHCN Ché bién va Sir dung khoang san, 2006, 2009; Nguyén Hoang Son, 2017].

Theo két qua phan tich thanh phan vat chat mau quing fenspat Mo Ngot cac khoang vat fenspat trong
quang nguyén khai xam nhiém tuong ddi thd véi céc thanh phan tap chét chinh 1a Mica va Thach anh. Do
vay, néu thu dugc tinh quang fenspat ¢& hat tho s& 1am giam dang ké chi phi niang lwong nghién, nang cao
ning suét tuyén va giam chi ph| san xuat. Nhiéu nghién ctu trén thé giéi da khang dinh: khoang vat
fenspat xam nhiém thd nén cé thé tuyén tét bang thiét bi tuyén néi — trong luc (Hydrofloat). [Christopher
J. Barbee, 2004],[ P.Zhang, R.Snow, J.Miller, J.Kohmuench, 2004]

Niam 2017, Nguyén Hoang Son da nghién ciru tuyén quing fenspat cap hat thd Mo Ngot trén thiét bi
hydrofloat tu thiét ké, két qua tuyén véi thudc nhap khau tir Trung Quéc (FY102 va FY105) da thu duoc
quang tinh c6 ham luong (K20 + Na:0) = 11% [Nguyén Hoang Son, 2017]. Két qua nghién ctru cua
Nguyén Hoang Son cho thay quang fenspat ¢ hat thd Mo Ngot hoan toan c6 thé tuyén tét bang thiét bi
hydrofloat, tuy nhién can tiép tuc nghlen ciru dé nang cao ham luong quang tinh. Mot trong nhiing giai
phap dua ra la nghién ciu su dung mot sé loai thude tap hop méi thay thé cho loai thubc tuyén cua Trung
Qudc. Gan day, Vién héa hoc Cong nghiép Viét Nam mai cho ra s6 thudc tap hop méi nhu 6T; 6B (thudc
tap hop cation mach ngan) va 5C (thudc tap hop cation mach dai) dé tuyen quing fenspat. Do d6 can c6
cac nghién cau tuyén quang fenspat ¢& hat thd trén thiét bi tuyen hydrofloat bang thudc tuyen cua Viét
Nam, nham khang dinh chit luong cua thude, chi dong ngudn thudc tuyén va sém dua thiét bi nay vao
thuc té tuyén quing fenspat tai Viét Nam.

2. Miu va phwong phap thi nghiém
2.1. Mdu nghién ciru

Mau thi nghiém Ia quang fenspat iy tir Mo Ngot tinh Phu Tho. Mau dugc dap dén -10 mm bang may
dap ham va -1 mm béang méy dap truc. Sau dé sang lay ra céap hat 0,2 -0,5mmva 0,5 -1 mm dé 1am céc
thi nghiém tuyén. Thanh phan héa hoc va thanh phan do hat ciia mau dugc cho & bang 1 va 2.

*Tac gia lién h¢
Email: nhungpham2508@gmail.com
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Bang 1. Thanh phan héa hoc mau nghién ciru

SiO; Al,O3 Fe,0s K20 Na.O CaOo
75,51 14,37 0,83 3,16 5,29 0,82
Bang 2. Thanh phan d¢ hat mau nghién cizu

Ham luong .,
Cép hat, mm Thu hoach Ky0 + NayO.% Ty 1€ phéan b0,%
05-1 46,13 7,86 44,99
0,2-05 30,65 7,68 29,2
-0,2 23,22 8,96 25,81
Quing dau 100 8,06 100

2.2. Phwong phdp thi nghiém

Thiét bi tuyén néi trong luc thi nghiém 1a mot
cot tiét dién hinh chit nhat 8x10cm, cao 1,2m
(nhu hinh 1). Nuéc c6 chta thude tao bot duoc
bom tir thiing chira nuéc tuan hoan di qua tam
phan phéi ¢ day cot, tao ra dong nudc di 1én. Tée
d6 dong nudce di 1én phu thude vao luu lwong
bom va c6 thé diéu chinh bang bién tan. Bot khi
duoc tao ra bang cach cap khi nén qua céc ong
cao su dot 16. Luu lwong khi dwoc didu chinh
thong qua van khi. Hon hop nudc va bong khi
chuyén dong tir dudi Ién trén trong cot. Vat lidu
sau khi tron véi thudc tuyén dugc cip theo
phuong ngang tai dinh ¢t rdi roi tu do vao trong
may. Trong qué trinh nay: Cac hat ky nudc sé
bam vao bong khi va chuyén dong theo dong
nudc nguoc vugt qua ngudng tran di vao sang 16
ludi 0,2 mm dit trén thung nudc tuan hoan; Cac
hat nang, wa nudc duoc thu vao binh thdo san
pham nang & day cot.

Phuong phap thi nghiém: Thi nghiém dugc
thuc hién theo phwong phap truyén thdng,
nghia 13 ¢6 dinh cac théng sb khac ngoai théng
s6 duoc khao sat. Thong sb téi wu cua thi
nghiém trudc dugc st dung cho thi nghiém
tiép theo. Thi nghiém dugc tién hanh lan Tuot
theo hai budc: buéc 1 tuyén tch mica; budc 2
tuyén tach fenspat va thach anh (nhu so @6 hinh
2).

Diéu kién thi nghiém: Tién hanh thi nghiém
mau dau 1kg/t véi hai vong tuyén.Vong tuyén
tach mica duoc tién hanh theo ché d6 tuyén d¢
chim thach anh va fenspat trong mdi truong
axit & mac pH = 4,0 - 4,5 va tuyén nol mica
biang thudc tap hop cation mach ngan 6T va

Ciip ligu

Khi nén
E<3

3

=

3

2

Than sach

N\ 7 Thung nuéc
tuin hoan

May nén khi
Binh thio tai o
SP da e

Hinh 1. C4u tao cua thiét bi thi nghiém

Mau quang Felspat
(1Kg)

Tuyén tach Mica

Tuyén vét Felspat

SPMia  Sanphim Felspat (tran) ~ San pham thach anh
(Eing dong)

Hinh 2. Sor do thi nghiém tuyén quang fenspat

6B; luu luong nuéc cb dinh voi cap hat 0,5 — 1 mm la 21 lit/phut, cap hat 0,2 — 0,5 mm la 15 lit/pht.
Vong tuyén tach fenspat khoi thach anh duoc tién hanh‘theo ch’e do6 tuyén dé chim thach anh trong moi
treong axit & muc pH = 4,0 - 4,5 va tuyén noi fenspat bang thudc tap hop cation 5C, dugc s dung dudi
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dang hon hop voi dau diesel theo ty Ié khdi lugng 1:1; lwu lugng nude ¢b dinh véi cdp hat 0,5 — 1 mm la
24 lit/phat, cap hat 0,2 — 0,5 mm la 18 lit/phat. Ché do thudc tuyén dugc trinh bay nhu & bang 3.

Bang 3. Ché dg thusc tuyén quéng fenspat

Vong tuyén tach mica

Vong tuyén tach fenspat

Loai thudc Chi phi thube Loai thude Chi phi thubc
Thubc tao bot MIBC 40mg/l Thudc tao bot MIBC 40mgl/l
Axit H2S04 2 kolt Axit HF 2 kglt
Thubc tap hop 6T va 6B 0,8;1,0; 1,2 kg/t Thude tap hop 5C 0,8;1,0; 1,2; 1,4 kg/t

3. Két qua thi nghiém

3.1. Thi nghiém tuyén tach mica bang thuéc tdp hep 6T va 6B

Tién hanh thi nghiém voi cép hat 0,5 — 1,0 mm va 0,2 — 0,5 mm téch ra tir mau nghién ctru véi hai loai
thuoc tap hop 6T va 6B. K&t qua thi nghiém cho & bang 4 va 5.

Bang 4. Két qua thi nghiém tuyén tach mica khi thay doi chi phi thuéc tap hop 6T

, Chi phi o Ham | Thyethu | O
Cap hat, mm thuI?gc/t6T, Sén pham tuyén | Thu hoach,% EIKII;%{S/S NI;;OO ;A) phan tich
' ' ronghen),%
Mica (tran) 13,56 9,88 17,07
0,8 San pham ling 86,44 7,53 82,93 2-3
Cép lidu 100 7,85 100
Mica (tran) 16,17 9,26 19,05
05-1 1,0 San pham ling 83,83 7,59 80,95 1-2
Cép liéu 100 7,86 100
Mica (tran) 20,82 8,57 22,74
1,2 San pham ling 79,18 7,66 77,26 <1
Cép liéu 100 7,85 100
Mica (tran) 11,91 9,91 15,35
0,8 San pham ling 88,09 7,39 84,65 2-3
Cép liéu 100 7,69 100
Mica (tran) 12,94 9,83 16,56
0,2-0,5 1,0 San pham ling 87,06 7,36 83,44 1-2
Cép liéu 100 7,68 100
Mica (tran) 15,51 9,41 19,03
1,2 San pham ling 84,49 7,35 80,97 <1
Cép liéu 100 7,67 100
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Bang 5. Két qua thi nghiém tuyén tach mica khi thay déi chi phi thuoc tap hop 6B

) Chi phi Sén phim Ham lugng | Thuyc thu I:ﬁg; lgﬁgf
Cap hat, mm | thudc 6B, 2 Thu hoach,% K20 + K20 + N
kgt tuyen Na0% | NaOg | Phantich
' ' ronghen),%
Mica (tran) 14,22 9,55 17,28
0,8 San pham ling 85,78 7,58 82,72 1-2
Cap liéu 100 7,86 100
Mica (tran) 17,99 8,71 19,99
05-1 1,0 San pham ling 82,01 7,65 80,01 1-2
Cap liéu 100 7,84 100
Mica (tran) 21,96 8,16 22,86
1,2 San pham ling 78,04 7,75 77,14 <1
Cép lidu 100 7,84 100
Mica (tran) 12,78 9,46 15,74
0,8 San pham ling 87,22 7,42 84,26 1-2
Cap liéu 100 7,68 100
Mica (tran) 13,53 9,39 16,69
0,2-0,5 1,0 San pham ling 86,47 7,39 83,31 1-2
Cép lidu 100 7,66 100
Mica (tran) 16,05 9,24 19,34
1,2 San pham lang 83,95 7,37 80,66 <1
Cép lidu 100 7,67 100

Tir két qua thi nghiém tuyén tach mica nhan thay: Hai loai thudc tap hop 6T va 6B déu cho hiéu qua
t6t dé tuyén tach mica khoi quang fenspat; Tang chi phi thudc tap hop 6T va 6B thi ham lugng mica trong
san pham ling giam dan, & chi phi 1,2 kg/t déu thu duoc san pham ling c6 ham lwong mica (theo két qua
phan tich ronghen) giam xuéng < 1%; Tir két qua nghién ctru chon chi phi thudc tap hop 6T va 6B t6i uu
cho khau tuyén tach mica l1a 1,2kg/t.

3.2. Thi nghiém tach fenspat bang thuéc tgp hep 5C

Cép liéu cho khau tuyén tach fenspat 14 san phim ling cta khau thi nghiém tuyén tach mica & chi phi
thuoc tap hop 6T va 6B toi wu 1,2kg/t.

Két qua thi nghiém duoc trinh bay & bang 6 va bang 7.

Bdng 6. Két qua thi nghiém tuyén tach fenspat (sau khi tich mica bang thuoc 6T) khi thay déi chi phi

thuéc tdp hop 5C
Cép hat 0,5 - 1 mm Cép hat 0,2 - 0,5 mm
Chi phi San pham > Ham

thude 5C, A Thu Ham Thuyc thu Thu luong Thuc thu

kg/t tuyen hoach,% lugng K20 K0 + hoach,% bi + K0 +
’ + Na0,% Na,O,% : Na;0.% Na;O,%

Fenspat 38,04 12,69 61,49 34,83 12,14 55,13

0,8 Thach anh 41,14 3,01 15,77 49,66 3,99 25,83

Cép liéu 79,18 7,66 77,26 84,49 7,35 80,96

Fenspat 45,77 11,47 66,88 45,99 11,04 66,2

1,0 Thach anh 33,41 2,44 10,38 38,5 2,94 14,76

Cép liéu 79,18 7,66 77,26 84,49 7,35 80,96

Fenspat 48,96 10,95 68,29 49,51 10,63 68,61

1,2 Thach anh 30,22 2,33 8,97 34,98 2,71 12,35

Cép liéu 79,18 7,66 77,26 84,49 7,35 80,96

Fenspat 50,71 10,66 68,86 52,87 10,16 70,03

1,4 Thach anh 28,47 2,32 8,4 31,62 2,65 10,93

Cép liéu 79,18 7,66 77,26 84,49 7,35 80,96
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Bdng 7. Két qua thi nghiém tuyén tach fenspat (sau khi tach mica bang thuée 6B) khi thay déi chi phi

thuéc tdp hop 5C
Cép hat 0,5 -1 mm Cép hat 0,2 - 0,5 mm
E?ch,i Eg/lt Sat‘:lg:sm e | Ham | Thucthu | L Ham Thue thu
hoach,% | on& K20 K0 + hoach,% lxong K20 K0 +
o +Na,0,% | Na,0,% o +Na,0,% | Na0,%
Fenspat 39,36 12,85 64,43 34,91 12,22 55,61
0,8 Thachanh | 38,68 2,58 12,71 49,04 3,92 25,05
Cap ligu 78,04 7,75 77,14 83,95 7,37 80,66
Fenspat 45,43 12,16 70,37 47,4 11,16 68,97
1,0 Thachanh | 32,61 1,63 6,77 36,55 2,45 11,69
Cép liéu 78,04 7.75 77,14 83,95 7,37 80,66
Fenspat 48,49 11,51 711 49,82 10,75 69,84
1,2 Thachanh | 29,55 1,6 6,04 34,13 2,43 10,82
Cép lidu 78,04 7,75 77,14 83,95 7,37 80,66
Fenspat 50,95 11,06 71,78 53,55 10,19 71,14
1,4 Thachanh | 27,09 1,55 5,36 30,4 2,4 9,52
Cép liéu 78,04 7.75 77,14 83,95 7,37 80,66

Tir két qua thi nghiém cho thay khi ting chi phi thudc tap hop thi ham luong quang tinh giam dan dong
thoi thyuc thu ting. Piéu nay 1a do khi ting chi phi thudc tap hop dan dén ting kha ning bong khi bam
dinh 1én bé mat hat khoang fenspat dé tao ra cac té hop bong khi — hat khoang c6 khéi luong riéng thap
hon va c6 xu xudng di vao san pham tran theo nguyén Iy phan cap dong nudc ngugc.

Dbi véi két qua tuyén cua ca hai cip hat trong ca hai trudng hop trén, ta thiy véi chi phi thude tap hop
5C 1a 1,0 kg/t déu thu duoc quang tinh c6 ham lugng K20 + NaO ting tir 11 + 12%, thuc thu tang tir
66% lén >70%. Néu tang tiép chi phi thudc 1én thi ham luong quang tinh giam tir 10 + 11%, thyc thu tang
khong dang ké. Do d6 chon chi phi thudc 1kg/t tbi wu cho vong tuyén fenspat.

Két qua thi nghlem cling cho thay khi sir dung két hop thudc tap hop 6B + 5C dé tuyen mau quing
fenspat véi ca hai cap hat déu cho hiéu qua tuyén cao hon, quing tinh thu duogc déu c6 ham luwong
K,0+Na,0 va thyuc thu cao hon khi str dung két hop thudc tap hop 6T + 5C.

3.3. Thi nghi¢m so sanh hiéu qud tuyén gisa thuéc cia Vigt Nam véi thugc Trung Quac

Tir két qua thi nghi¢ém ¢ trén xac dinh dugc chi phi thuée tap t6i wu khi tuyén quang fenspat Mo Ngot
la: 1,2kg/tan thuéc 6B hoac 6T cho vong tuyén mica va 1kg/tan thu0c 5C cho vong tuyén fenspat. Hi¢n
nay, tai xudng tuyén fenspat Mo Ngot — Phll Tho dang dung thudc tuyen FY102 cho vong tuyén mica va
FY105 cho vong tuyén fenspat, hai loai thuéc nay déu do Trung Qudc san xuat. Bé so sanh hiéu qua
tuyén giira cac loai thudc, tién hanh thi nghiém tuyén ca hai cip hat 0,51 mm va 0,2 — 0,5 mm trén thiét
bi tuyén ndi trong lrc véi thuéc FY102 va FY105 cua Trung Quéc va céac thudc 6T, 6B va 5C & Viét
Nam. Céc thi nghiém duoc tién hanh & cung diéu kién, chi phi thudc tuyén giéng nhau.

Két qua thi nghiém duoc trinh bay ¢ bang 8 va bang 9. Biéu d6 so sanh hiéu qua tuyén giita céc loai
thuoc dugc trinh bay ¢ hinh 3 va 4.
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Bang 8. Két qua thi nghiém so sanh tuyén cdp hat 0,5 - 1,0 mm khi si dung cac thudc tdp hep khéac nhau

x Ham luong Ham luong
Loai tl;1u00 San phém tuy én Thu hoach.% K,0 + Thuyc thu K20 mcha (theo
tuyén + Na20,% phén tich
Na20,%
ronghen),%
Mica (Tran 1) 20,37 8,51 22,08 <1
FY102 va Fenspat (Tran 2) 44,36 11,79 66,62
FY105 | Thach anh (Léng) 35,27 2,51 11,3
Cép liéu 100 7,85 100
Mica (Tran 1) 21,96 8,16 22,83 <1
Fenspat (Tran 2) 45,43 12,16 70,37
6B va 5C :
Thach anh (Lang) 32,61 1,63 6,8
Cép liéu 100 7,85 100
Mica (Tran 1) 20,82 8,57 22,74 <1
Fenspat (Tran 2) 45,77 11,47 66,38
6T va 5C :
Thach anh (Lang) 33,41 2,44 10,38
Cép liéu 100 7,85 100
100
901
801 7037
66,62 66.88
701
60 1
501
40+
301
20 1,79 12,16 11,47
10+
0 T T .
FY102+FY105 6B+5C 6T+5C

B Thuyc thu K20+Na20 W Ham lugng K20+Na20

Hinh 3. Biéu d6 so sanh hi¢u qua tuyén giira cac logi thudc tap hop khi tuyén quang fenspat cdp hat
0,5 — 1mm trén thiét bj tuyén néi trong luc
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Bdng 8. Két qua thi nghiém so sanh tuyén cdp hat 0,2 - 0,5 mm khi siz dung cac thudc tdp hop khéc nhau

x Ham lugng Ham luong
Loai t?uoc San phém tuy én Thu hoach.% K,0 N Thuyc thu K20 mcha (theo
tuyén + Na»0,% phén tich
Na20,%
ronghen),%
Mica (Tran 1) 14,29 9,23 17,22 <1
FY102 va | Fenspat (Tran 2) 46,09 10,89 65,52
FY105 Thach anh (Ling) 39,62 3,34 17,26
Cép liéu 100 7,66 100
Mica (Tran 1) 16,05 9,24 19,34 <1
: 11,16 68,97
6B va 5C Fenspat (Tranr2) 47,4
Thach anh (Ling) 36,55 2,45 11,69
Cép lidu 100 7,67 100
Mica (Tran 1) 15,51 9,41 19,02 <1
3 11,04 41
6T VA 5C Fenspat (Tranr2) 46,14 ,0 66,
Thach anh (Ling) 38,35 2,92 14,57
Cép lidu 100 7,67 100
100 1
90
80 1 o0 Q7
65,52 — 66,41
70
60 1
50 1
401
301
20 10,89 11,16 11,04
10+
0 . .
FY102+FY105 6B+5C 6T+5C
B Thyc thu K20+Na20 B Ham lugng K20+Na20

Hinh 4. Biéu do so sanh hiéu qua tuyén giiza cac logi thudc tap hop khi tuyén quang fenspat cap hat
0,2— 0,5 mm trén thiét b tuyén néi trong luc

Két qua thi nghiém cho thdy khi st dung thudc tap hop 6B + 5C tuyén mau quing fenspat cho két qua
tuyen tot nhat. Véi cap hat 0,5 — 1 mm thu duoc quéang tinh c6 ham lugng K20+Naz0 la 12,16%, thuc thu
70,37%. Vi cap hat 0,2 — 0,5 thu dugc quang tinh ¢6 ham luwong K2O+Na0 la 11,16%, thuc thu 68,79%.
4. Két luan

Quing fenspat - Mo Ngot xam nhiém twong ddi tho voi cac thanh phan tap chét chinh Ia mica va thach
anh. Thict bi tuyén noi trong luc dang hydrofloat cho hiéu qua tuyén tot voi mau quang fenspat cap hat
thd 0,2 - 1 mm do tdng kha ndng cdc bong khi bam dinh 1én be mat cac hat khoang fenspat. Do do tang
hiéu qua thu hoi khi tuyén quang fenspat cap hat tho, dong thoi s€ tang ndng suat cua thict bi, giam toi da
chi phi nghién.
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Thiét bi tuyén ndi trong luc dang hydrofloat cho hiéu qua tuyén tét véi cac loai thude tap hop 6B va
5C duoc san xuat tai Viét Nam. Vi két qua thu dugc san pham quing tinh fenspat dat ham lugng >12%
K20 + NayO va thuc thu >70% dap ting dugc nhu cau thi truong trong nude ciing nhu xuat khau. Két qua
nay cho thay thudc tap hop san xuét tai Viét nam hoan toan cé thé thay thé cho thudc nhap khau tai Trung
Qudc, gitp cho viée chu dong ngudn thude tuyén va giam gia thanh san xuat quing fenspat, dem lai hi¢u
qué kinh té cho dat nudc.
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ABSTRACT

Study on the concentration of coarse size feldspar ore of the Mo Ngot
deposit — Phu Tho by hydrofloat separator with several flotation
collectors

Pham Thi Nhung?, Nguyen Hoang Son'
! Hanoi University of Mining and Geology

The report presents the study results on concentration of the 0.2 — 1 mm size fraction feldspar ore
sample from the Mo Ngot - Phu Tho province by a laboratory hydrofloat separator with some Chinese
and Vietnamese flotation collectors. The results showed that the Vietnamese collectors gave higher
performance. Vietnames 6B collector is suitable for muscovite separation while 5C collector is suitable
for feldspar separation. As a result of using these 6B and 5C collectors, a feldspar concentrate of >12%
(K20+Na20) content with a recovery of >70% was produced.

Keywords: Feldspar, Hydrofloat separator, Mo Ngot feldspar deposit, new Vietnamese collector.
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E\R;S‘ E ; HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
EANIES BOINGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ctru tuyén quang apatit loai 3 khé tuyén khu vuc Bac Nhac
Son, Lao Cai

Nguyén Ngoc Phi** Pham Van Luan*, L& Viét Ha!
! Truong Dai hoc M6 - Dja chat

TOM TAT

Xuong tuyén quang Apatit Biac Nhac Son tuyén noi chu yéu quang apatit-thach anh, phong héa manh
v6i yéu cau thiét ké quang tinh dat 31+32 % P,Os va thyc thu trung binh 72 %. Tuyén ndi quing apatit-
thach anh phong héa manh trudc kia duoc thuc hién kha dé dang. Tuy nhién nhiing nim gan day, ning
sut khai thac ting manh, khai thac ngay cang xuéng sau hon, quing c6 thanh phan vat chat phuc tap va
khé tuyén hon. Quing cép liéu cho nha may tuyén cang ngay cang bién dong manh vé chét luong va
thanh phan, dan tgi chi tiéu cong nghé tuyén thap va khong 6n dinh. Bao cdo nay cong bd két qua tuyén
mot s mau quang apatit loai 111 khé tuyén khu vuc Bic Nhac Son theo mét s6 so d6 nghién - tuyén va
ché mot s6 ché do thube tuyén. Két qua nghién ciu cho thdy néu nghién lai cac san pham trung gian téi
d6 min 75% cap -0,04mm khong chi nang cao ti I& thu hdi apatit, giam mat mat tai nguyén khoang san
vao dudi thai ma con lam 6n dinh cong nghé cua cac khau tuyén. Sau khi tuyén thu dwoc quang tinh cé
ham luong trén 31%P,0s véi mic thye thu déu dat trén 70% va dudi thai c6 ham luong nhé hon 5%
P20s.

Tir kh6a:quang apatit, so do tuyén, xir ly san pham trung gian, khu vyc Bac Nhac Son

1. Gigi thiéu

Céc nha may tuyén quang apatit tai Viét Nam déu duoc thiét ké dé tuyén quing apatit phong héa véi
dét da chii yéu la thach anh va mét phan rat nho 1a dolomit. Trong day chuyén cng nghé luon co sang
tang quay dé danh toi va rira bun sét, quang sau khi nghlen dén 70 — 80% cap -0,074mm dua di khu slam
rdi cip vao thung khudy tiép xic. O khau tuyén ndi, dat da dugce dé chim bang thuy tinh long trong moi
truong c6 pH = 8 - 9 va st dung thudc tap hop dang axit béo. Sau khi qua khau tuyén chinh, 2 — 3 khau
tuyen tinh va 1 — 2 khau tuyen vét s& thu dwoc quang tinh c6 ham luong Xap xi 32%P20s V6i thuc thu
khodang 70% va dudi thai ¢6 ham lugng 4 — 8%P,0s. Cong nghé tuyén nay da dwoc ap dung hon 20 nim
tai Viét Nam. Tuy nhién nhirng ndm gan day, quang cap lieu cho nha may tuyén cang ngay cang bién
dong manh vé chat luong va thanh phan, dac biét 1a quang cap liéu cdp cho nha may tuyen quang apatit
Béc Nhac Son [Béo cdo san xuét, 2017]. So d6 céng nghé noi chung, trong d6 so dd nghién - tuyén ciing
nhu ché dong cong nghé tuyen khong pht hop véi nhitng thay ddi ndy. Hé qua 1 chi tiéu cong nghé
tuyen khong on dinh va mét mat apatit vao dudi thai lon. Ham lugng P,Os trong dudi thai ciia nha may
Béc Nhac Son dbi khi c6 thé Ién t6i 8-9%. Dé khac phuc hién twong nay nha may tuyén da dua ra phuong
an phoi tron quang trudc khi tuyen nhung day chi la giai phap tinh thé [Pham Van Luén, 2017]. Xa hon
nha may can cd cac nghién ciru vé cai tién cong nghé tuyén nhu: so do tuyén, ché do nghién, ché do thude
tuyén, thiét bi tuyén. ..

2. Miu nghién ctru va phwong phap nghién ciru
2.1. Mdu nghién ciru

M3au nghién ctu 1a mau Q3 KT22, MC: 35 — 41, cbt 160-180, la mau quing apatit loai 3 viing nguyén
liéu cho nha méay Béc Nhac Son. Khéi lugng mdi mau lay vé phong thi nghiém khoang 50kg, ham lugng
P,Os trong cac mau MS1; MS4; MS5 va MS6 lan luot khoang: 8,5%; 18,5%; 13,5% va 17,5%. Tinh chat
cia mau nghién ctru cho & hinh 1 va Bang 1.

M3au nghién ctu cha yéu 1 cac khoang vat apatit, thach anh va céc khoang vat sét. Khoang vat Apatit
c6 dang vi hat, hat min, hat nho <0,01-0,05mm phan bé lac dac hoic tap trung thanh dam, 6 hodc dai
mong kéo dai theo phuong dinh huéng. Apatit khdng mau, ndi cao, bé mat 1am cham ban, giao thoa xam
ghi. Mau MS1 nghéo nhét va chira trén 60% khoang vat thach anh, mau MS5 chira trén 60% khoang vat
Sét.

*Tac gia lién h¢
Email: nguyenngocphu@humg.edu.vn
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Bang 1. Thanh phan khoang vat cia cac mau nghién cizu

TT Tén khoang vat Ham lugng, %
MS1 MS4 MS5 MS6
1 Sét, sericit, muscovit 27-30% 20 - 22% 63 - 64% 35-37%
2 Thach anh 61-63% 58 - 59% 20 - 22% 42- 45%
3 Apatit 8-10% 18 - 20% 13 - 15% 18-20%
4 Quang, hidroxyt sat 1% 1-2% 1-2% 1-2%

MS5 MS6

Hinh 1. Anh cac mau nghién cizu duwéi kinh hién vi
2.2. Phuong phdp nghién ciru va dt:éu ki¢n thi nghi¢m )
Thiét bj thi nghiém: 1a may tuyén noi co gidi ctia Buc ¢6 dung tich la 11 va 3l. Tat ca céac thi nghiém
déu dugc thyc hién tai Phong thi nghiém Bo mon Tuyén khoang. Quing sau khi dap xudng -3 mm dugc
nghién bang may nghién bi dung tich 81 dé chuan bi do hat cho qua trinh tuyén néi.

Phuong phap nghién cttu: céc thi nghiém duoc tién hanh theo phwong phép truyén théng, nghia la
tién hanh khao sat lan luot ting théng s6. Trong mdi loat thi nghiém céc thong sé diéu kién dwoc gitr
nguyén ngoai thdng sé duoc khao sat. Gié tri thdng s tét nhit & loat thi nghiém trudce duoc giir ¢b dinh
cho céc loat thi nghiém sau.

Céc san pham qua trinh tuyén noi duogc loc, sdy kh, can va gia cong phan tich hoa. Hiéu qua cua
ting thi nghiém dugc danh gia qua céc chi tiu cong nghé: ham lwgng va thuc thu P,Os trong quang tinh;
ham lugng P2Os trong dudi thai
3. Két qua thi nghiém va ban luan
3.1. Thinghié¢m diéu ki¢n i N

. Sau kh’i tien hanh céc thi r]ghiém dicu kién’ Vé6i trng mau quang nhu hinh 2, da xac dinh dugc cac
diéu kién toi wu nhu Bang 2. Két qua tuyén & ché do toi uu cho ¢ Bang 3.

247



QUANG PAU

NaOH, khudy 2"
T~ Na,SiO;,, khudy 2"

MD, khudy 3'

A\ J
TUYEN NOI 5'

A J \j
Tinh quéng Duoi thai

Hinh 2. So do thi nghiém tuyén diéu kién

Bang 2. Cac ché d¢ cong nghé tuyén toi wu

Ché d6 cdng nghé MS1 MS4 MS5 MS6
Do min nghién, % cap -0,074 mm 95,7 91,1 91,88 92,72
Nong d6 pha ran, g/l 300 300 300 300
Chi phi NaOH (pH =8 -9), g/t 800 800 800 800
Chi phi thuy tinh long, g/t 400 400 400 400
Chi phi thudc tap hgp MD, g/t 400 400 400 400
Bang 3. két qua tuyén ¢ ché dg cong nghé tuyén toi wru
Mau Tén san pham Thu hoach, % Ham lugng P,0s, % Thuyc thuP,0s, %
Quang tinh 50,24 15,72 93,13
MS1 DPuoi thai 49,76 1,17 6,87
Quing dau 100 8,48 100
Quang tinh 65,93 24,85 88,56
MS4 DPuoi thai 34,07 6,21 11,44
Quang dau 100 18,5 100
Quang tinh 58,99 20,03 87,78
MS5 Dudi thai 41,01 4,01 12,22
Quing dau 100 13,46 100
MS6 Quing tinh 62,82 22,62 81,25
Dudi thai 37,18 8,82 18,75
Quing dau 100 17,49 100

Tir két qua thi nghiém tuyén diéu kién nhan thdy: Cac mau nghién ciru tuy c6 thanh phan khoang vat
va ham luong P,0s khac nhau nhung déu cé thé tuyén ¢ ciing mot ché do cong nghé; T4t cac cac mau
nghién ciru déu yéu ciu do6 min nghién trén 90% cap -0,074mm; véi mau quang nghéo MS1, sau khi
tuyén chinh di thu dugc dudi thai c6 ham lwong P2Os 1a 1,17% du diéu kién thai bo nén khéng can ap
dung khau tuyén vét véi loai quing nay.

i . ) NaOH 800gt khudy 2 phut
NaCH 800gt kday 2 phut Thiy tinh1ong 400g/t +  khudy 3 phit
Thuy tinh long 400g/t khuay 3 phut MD 400g/t khuiy 5 phit
MD 400g/t khuy 5 phat T
Tuyén noi
Tu}'én néi
Tuvén tinh 1 Dudi
Tuyén tinh 1 Tuyen veét Trung gian 1
; . . Tuyén tinh 2
Trung gian 1 Tlﬂ}__l quang Duédi =
— tuyen vet
Tuyen tinh 2 Tuyen tinh 3 Trung gian 2
Tinh quéng Trung gian 2 Tinh quing Trung gian 3
a b

Hinh 3. So d6 tuyén vong he
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3.2. Thi nghigm lwa chen so do tuyén vong ha

Muc dich: so d6 vong hd ding dé xac dinh so b s6 khau tuyén tinh, sb khau tuyén vét dé thu dwoc
quang tinh va dudi thai dat yéu cau. Sau qua trinh nghién ctru da xac dinh dugc so do dé tuyén cac mau
quiang MS4; MS5 va MS6 nhu hinh 3a, con so d6 dé tuyén mau MS1 nhu hinh 3b. Két qua tuyén theo so
dd vong ha cho ¢ bang 4.

Bang 4. Két qua thi nghiém so d@o tuyén néi vong ho

Mau San pham Thu hoach, % | Ham lugng P20Os, % Thuc thuP,0s, %
Tinh quing 18,5 31,78 69,66
Puoi 47,92 1,87 10,62
MS1 Trung g!an 1 18,35 2,11 4,59
Trung gian 2 10,6 7,02 8,82
Trung gian 3 4,63 11,5 6,31
Tong 100 8,44 100
Tinh quing 35,59 33,28 63,78
Puoi 26,08 4,37 6,14
Ms4  |Tinh quang tuyén vét 3,55 13,58 2,6
Trung gian 1 23,06 11,57 14,37
Trung gian 2 11,72 20,77 13,11
Tong 100 18,57 100
Tinh quing 33,16 29,15 71,87
Puoi 35,13 2,42 6,32
Mss  |Tinh quang tuyén vét 4,85 7,43 2,68
Trung gian 1 16,32 7,19 8,72
Trung gian 2 10,54 13,28 10,41
Tong 100 13,45 100
Tinh quing 38,12 31,21 68,21
Puoi 31,28 5,48 9,83
Msg  |Tinh quang tuyén vét 5,69 9,31 3,04
Trung gian 1 17,26 11,56 11,44
Trung gian 2 7,65 17,05 7,48
Tong 100 17,44 100

_ Tirkét qua thi nghiém tuyén noi vong ho nhan thay: Bdi véi quang nghéo (MS1), sau khi tuyén tinh 3
lan thu dwoc quang tinh c6 ham lugng dat yéu cau, cac san pham dudi thai cua khau tuyén tinh va tuyén
chinh c6 ham lugng rat thap nén cd thé thai bo; cac san pham trung gian khi tuyén cac mau quang giau
theo hinh 3a con chira ham lugng P20s khé cao nén can phai tiép tuc xa 1y dé ndng cao thyc thu.

3.3. Thi nghi¢m lya chen so do xi Iy sdn pham trung gian . )

Muc dich : Nghién ctu lya chon so d6 xu ly san pham trung gian nham tang thuc thu va chat lugng
tinh quang, nang cao hiéu qua tuyén va tranh mat mat chéat cé ich. Trong cac so d6 tuyén vong kin co
quay vong san pham trung gian vé khau tuyén chinh, néu luong trung gian nhiéu s& lam ting tai trong
tuan hoan va anh huong dén khau tuyén trude do, dong thoi chat luong tinh quang, thuc thu va thu hoach
quang tinh s& bi giam, mit mat chit c6 ich vao trong dudi thai ting. Theo mot vai nghién ciru trudc day,
V6i quang apatit loai 3 kho tuyén thi san phim trung gian thudng ndi tot & khau tuyén chinh nhung lai ni
kém hon & khau tuyén tinh, rat cé thé ching la c4c hat lién tinh giita apatit va thach anh [Pham Vin Luén,
2017]. Do vay, trong nghién ciru ndy, c4c tac gia lva chon phwong 4n nghién lai san pham trung gian va
tuyén bang so d6 khac. Sau qué trinh thi nghiém cac tac gia da xac dinh dwoc ché do cong nghé tuyén so
d6 hop 1y dé tuyén mau quing giau nhu hinh 4. Ham luong cap -0,04mm trong san pham trung gian khi
chwa nghién va nghién lai & ché do tdi uu lan luot vao khoang 50% va 75%. Két qua thi nghiém theo so
d6 hinh 4 khi khéng nghién va nghién lai san phdm trung gian, ciing nhu do min nghién cua san pham
trung gian cho & bang 5.

Két qua thi nghiém cho thdy: Khi chwa nghién lai san phiam trung gian hiéu qua tuyén lai san pham
trung gian thip hon nhiéu so vai khi nghién lai; chimg to khi nghién lai san phiam trung gian cac khoéang
vat apatit da giai phong ra khoi cac lién tinh nén lam tang thyc thu tinh quang trung gian.
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Bang 5. Két qua tuyén khi chua nghién va nghién lgi san pham trung

Chua nghién lai Nghién lai
Mau San pham Thu % Thyc | Thu % Thuc
hoach, % | P20s thu, % | hoach, % | P20s thu, %
Tinh quing 35,58 33,27 | 64,19 35,05 33,42 63,35
buoi 26,82 4,74 6,89 26,52 4,66 6,68
MS4 Tinh quang trung gian 1,65 26,77 |24 6,17 27,73 9,25
Pudi trung gian 1 8,2 10,58 | 4,7 20,94 11,17 12,65
DPudi trung gian 2 27,75 14,5 21,82 11,32 13,18 8,07
Tong 100 18,44 | 100 100 18,49 100
Tinh quing 27,97 32,57 | 68,49 28,04 32,61 67,29
buodi 36,77 2,49 6,88 36,13 2,47 6,57
MS5 Tinh quéng trung gian 3,11 27,45 | 6,42 7,3 26,55 14,26
Dudi trung gian 1 27,66 7,63 15,87 22,73 5,28 8,83
DPudi trung gian 2 4,49 6,92 2,34 5,8 7,15 3,05
Tong 100 13,3 100 100 13,59 100
Tinh quing 34,61 32,05 | 62,78 34,73 32,05 62,71
buoi 32,02 5,27 9,55 31,9 5,26 9,45
MS6 Tinh quéng trung gian 0,52 25,86 | 0,76 3,49 25,12 4,94
DPudi trung gian 1 23,89 14,18 | 19,17 22,3 13,1 16,46
DPudi trung gian 2 8,96 15,26 | 7,74 7,58 15,07 6,44
Tong 100 17,67 | 100 100 17,75 100
NaOH } Kmay2 phit
Thoy finhléng | Khudy 3 phat
Tuéc tap hop Ky 5 phit
MD: 3602/t
l'u}-'f::n ndi
MD: 20zt
Tuyén tinh [ Tuyén vét
Tuyén tinh 1T Buéi

Hién nay, c6 rat nhiéu loai thuéc tap hop dé tuyén quang apatit loai 111, mdi mot loai thude thuong
pht hop cho mét déi tuong quang nhat dinh. Do vay, muc dich cua nghién ciu nay 1 lra chon loai thudc
tap hop phi hop véi dbi twong quing dang nghién ciru. Thi nghiém tién hanh theo so d6 va ché do cong
nghé nhu hinh 4 cho cac mau giau va hinh 3b cho miu nghéo (MS1). Két qua thi nghiém cho & biéu db

hinh 5.

Tinh quing

Trung gian Tring gian Tinh quing tuyén vét

Tinh quing

MD: 20zt NaOH 80zt

Tuyén néi

l'u}-'én finh

Budi trung gian 1

Budi trung sian 2

Hinh. 4 So do tuyén vong kin
3.4. Nghién ciu lwa chen thudc tdp hep
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Hinh 5. Biéu do thé hién su phu thugc cua thuc thu, thu hoach va ham lrong P,0s trong qudng tinh
vao logi thuéc tap hop
Tir két qua thi nghiém véi mot vai loai thudc tap hop ¢6 mot sé nhan xét sau:

- Thuéc MD va X cho tinh chon riéng tét hon VH nhung tinh tap hop kém hon so véi thubc VH mot
chut. Thudc Cladian cho két qua tuyén rat thap, loai thudc nay khdng phi hop dé tuyén cac mau trén;

- Thubc VH luén cho thuc thu tinh quang cao nhat nhung ham lugng P,Os trong tinh quing nhé hon
31%. Thube MD va X cho phép thu dugc san pham tinh quing c6 thuc thu thip hon VH mot chiit nhung
ham luong tinh quang luén dam bao trén 31%P,0s;

- P6i v6i miu quing nghéo (MS1) nén sir dung loai thudc tap hop c6 tinh chon riéng cao (X; MD) dé
dam bao chat lwong cua quang tinh. Con véi mau quing gidu nén dung thude tap hop cé tinh tap hop
manh hon dé tang ty 1& thu hdi quang tinh;

- B6i véi mau MS4 va MS6 khi tuyén bang thuéc MD cho két qua tuyén tét nhat, mdu MS5 va MS1
lai c6 két qua tuyén tbt nhat voi thube X.

- Chung t6 thudc tap hop anh huong I6n dén két qua tuyén, khi chon dung loai thude thudc tap hon co
thé 1am tang thém thyc thu quang tinh tir 5 — 10%; mdi mot loai hon hop thudc tuyén déu ¢ diém manh
va diém yéu, do vay trong qua trinh tuyen nén sir dung hdn hop thudc tap hop dé loi dung diém manh va
khic nhuc diém yéu cua tung loai thude.

4. Két luan
Sau khi nghién ctru tuyén mot vai mau quang apatit loai 111 khé tuyén ving Béic Nhac Son, Lao Cai,
c6 mot s6 két luan sau:

> Thanh phin vat chit cia quang Apatit loai 111 khu viyc Bic Nhac Son twong déi don gian chi bao

gom: apatit, thach anh, Sét, Sericit, hoan toan khong thiy su c6 mat cua thanh phin cé hai la cac

khoang vat dolomit. Tuy nhién khoang vat apatit lai xam nhidm rat min trong thach anh, day la nguyén
nhan chinh gay ra hiéu qua tuyén thap;

> Vi cac mau quang ngheo nhu MS1, chi nén tuyén theo so do vong ho nhiam thu dwoc quing

tinh dat chat lugng yéu cau, cAc san phim trung gian dwa di thai bo ma khdng can xir Iy lai;

>  Phuong an xir ly san pham trung gian hop 1y hon ca khi tuyén cac mau quang giau va xam nhiém

min 1 nghién lai rdi tuyén trén so @b khac. Khi d6 hiéu qua tuyén cao hon, khac phuc dwoc hién tuong

san pham trung gian noi t6t & khau tuyén chinh nhung lai ndi kém & cac khau tuyén tinh va lam rdi
loan khau tuyén trude do;

> MG&i mot loai thude tap hop déu c6 tinh tap hop va chon riéng khac nhau, trong qua trinh nghién
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ctu nhan thay Khi tuyén mau quang ngheo nén dung thu00 c6 tinh chon rleng cao nham thu duoc tinh
quang co chat luong dat yéu cau; nguoc lai khi tuyen mau quing giau va dé tuyén hon nén sir dung
thudc tuyén cd tinh tap hop cao hon nham thu hoi ti da chat c6 ich;

> Dé loi dung dugc wu diém va khic phuc nhugc diém cua ting loai thudc tap hop can tiép tuc
nghién ciu phdi tron cac loai thudc & mot vai ty 1¢ hodc sir dung thudc tap hop khéc nhau cho khau
tuyén chinh, tuyen vét va tuyén lai san pham trung gian;

> Can tlep tuc nghién ctru thém ¢ céc so dd tuyén nhiéu giai doan va nghién ctru thém so dd xu ly
trung gian. Dé tim so d6 céng nghé tuyén hop 1y hon nira cho nha méay nham tan thu tinh quang, nang
cao ning suat va hi¢u qua tuyén.
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ABSTRACT

Flotaion of low-floatable apatite ores type 3111 at Bac Nhac Son Area,

Lao Cai

Nguyen Ngoc Pha?, Pham Van Luan?, Le Viet Ha!
! Hanoi University of Mining and Geology

Bac Nhac Son Apatite Flotation Plant mainly processes highly weathered sileceous apatite ores with
the concentrate grade requirement of 31-32% P,Os and average recovery of 72%. In the past years,
flotation of the weathered apatite ores was quite easy. However, in recent years, the mine production
increased sharply and deeper ores are mined, so that the run of mine ores have more complicated material
composition and are more difficult to be floated. The supply of crude ores to the plant has more
increasingly fluctuated in the both terms of quality and composition, thus leading to the lower and less
stable processing criteria. This report presents the results of the study on the process design for some
samples of hard floatable apatite ores type 111 of Bac Nhac Son area with a number of milling-flotation
flowsheets at different flotation reagent regimes. Research results show that regrinding of all middlings to
the fineness of 75% -0.04mm not only improves the recovery rate of aptite that reduces the loss of
mineral resources into the tailings but also stabilize the processing operations and criteria. The obtained
concentrate with content of more than 31% P,Os with the recovery of over 70% and the recovery into
tailings is less than 5% P,0Os.

Keywords: apatite ores, flotation flowsheet design, Bac Nhac Son area, regrinding of middlings.
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E\R;S‘ E ; HOI NGHI TOAN QUOC KHOA HQC TRAI DAT
EANIES BOINGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Nghién ciru tach dong trong xi 10 SKS Lao Cai
bang qué trinh thiéu sunfat vai axit H2SO4 va hoa tach nudc

Tran Trung Tail”"
Truong Dai hoc M6 - Dia chat

TOM TAT

Bai béo trinh bay vé két qua nghién cau thuc nghiém tach dong trong xi 16 luyén stén dong (SKS) Lao
Cai bang qua trinh thiéu sunfat hoa xi véi axit sunfuaric, sau d6 hoa tach nuéc. Qua trinh da nghién ctu
khao sat anh hudéng caa cac thong so6 nhu: nhiét d6 thiéu, thoi gian thiéu va ti 1€ axit/xi téi mac do hoa
tach dong. Ket qua nghién cuu cho thay ¢ che do: nhiét d6 thiéu 400 °C, thoi gian thiéu 60 phat, ti 1¢
axit/xi dong la 0,48 lit/1kg thi hi¢u suat hoa tach dong trong xi dat trén 90%. Néu tang nhi¢t do thiéu Ién
600 °C thi hiéu suat hoa géch dat 88,7% nhung lugng sat cung hoa tch vaéi dong giam xuoéng nam lan.
Kha nang tach dong co thé cao hon nira khi ti I¢ axit/xi tang, tuy nhién s¢ tang chi phi cho qua trinh xt ly

Tir khoa: Chiér tach dong; Xi dong; Thiéu sunfat; X7 10 SKS Lao Cai.

5. Pit vin dé

Xi dong sinh ra trong qué trinh hoa luyén déng Lao Cai (trong khau luyén stén ddng 16 SKS) con lan
dong voi ham lugng tir 4 - 5% Cu. Viéc nghién ctu cong nghé xir 1y thu hoi dong tir xi nay 1a rat quan
trong va can thiét, khong nhung glup tan thu kim loai dong ma con gop phan dinh huéng xu ly moi
truong thai xi, tranh gay 6 nhidm va ton that tai nguyén khoang san cua dat nudc.

Trong céc cong trinh nghién ctu trude d6 [Tran Trung Téi, Nguyén Ngoc Phl, 2018; Banza, A.N.,
Gock, E., Kongolo, K., 2002] da nghién cau xir Iy xi bang qua trinh hoa tach & nhiét do thap trong dung
moi axit H,SO4 va sir dung cac chat oxy hda la oXy trong khéng khi, H,0, hoac Fez(SO4)3 Tuy nhién
mirc d6 hoa tach dong trong xi ciing chi dat cao nhat khoang 80%, trong dudi thai van con chira t6i trén

0,6% Cu (twong dwong dudi thai ciia xuang tuyén xi dong Lao Cai) chua thé thai bo.

Qua4 trinh hoa tach ¢ nhiét do thap néu trén tuy don gian nhung hiéu suat hoa tach thap, do d6 can
nghién ciru huéng xtr ly ¢ nhiét &6 cao. Trong nghién ciru nay dé cap huéng thiéu sunfat hda mau xi & cac
nhiét do khac nhau, véi muc dich sunfat hoa dong dé dé hoa tan trong nudc va dugc tach ra khoi ba xi.
Chat sir dung dé sunfat hoa ddng va hop chét oxit dong sir dung la axit H,SO..

6. Co s ly thuyét

Khi tron xi dong véi axit sunfuaric va dem thiéu trong 16. Cac phan @ng chinh xay ra khi thiéu [Mile

D. Dimitrijevic, Daniela M. Urosevic, Zoran D. Jancovic, Snezana M. Milic; 2015]:

Cu+ 0,50, = CuO (1)
CuS + 1,50, = CuO + SO, )
H,SOs = H,0 + SO3 3)
SO, + 0,50, = SO3 (4)
CuO + SO; = CuSO, (5)

O 337 °C axit H,SOa4 phan ly ra hoi SO tao diéu kién cho dong va sit sunfat hoa. Cac hop chat cua st
cling bi sunfat hda giong dong, tuy nhién & nhiét do 480 °C, sat sunfat lai bi phan ly tao oxit theo phan
ung:

Fex(SO4)s = Fe03 + SO; (hoac SOz + Oy) (6)
trong khi CuSQOj chi phéan ly & nhiét 46 650 °C.

San pham sau thiéu thu duoc s& tiy thudc vao nhiét do ma thanh phan chi yéu 1a:

+ Khi thiéu ¢ nhiét d6 dudi 480 °C: CuSO. va Fex(SO.)s.
+ Khi thiéu ¢ (480 — 650) °C: CuSQOs va Fe;0s.
+ Khi thiéu & nhiét @6 16n hon 650 °C: CuO va Fe;03
*Téac gia lién h¢
Email: trantrungtoi@humg.edu.vn
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Do d6, qu trinh thiéu nén ¢ khoang nhiét do thap 480 - 650 °C dé dong s& bj sunfat héa tao CuSO4 dé
dang hoa tan trong nudc, con sat s€ ¢ dang oxit Fe2Oz khong tan, dong thoi cling giam dugc chi phi
H2SO4 (nguon tao SO3 cho qua trinh thiéu sunfat).

3. Qué trinh tién hanh thi nghiém

- Madu thi nghiém

Mau xi str dung trong nghién ciru ciing duoc lay tur Xi 10 luyén Stén ddng (10 SKS) Lao Cai. Mau duoc
dap — nghien xuong ¢& hat 0,074 mm (chi€ém 75%) dé thi nghiém. Thanh phan hop chat chinh cua mau
cling twong tu Xi luyén dong trén the gisi [Tran Trung Téi, Nguyén Ngoc Phu, 2018; Gbor, P.K., Mokri,
V., Jia, C.Q., 2000a], gom: Fayalite 60 — 77% (FeSiO4), Magnetite 16 — 18% (FesO4) va Gotite 1-3%
(Fe205.H20). Ham lugng dong 4,05% va ton tai ba dang: oxit Cuz0 1 — 2%, sunfua CusS, CuzS 1 - 2% va
dong kim loai (it).

- Thiét b si dung trong nghién csu

Thiét bi sir dung trong nghién ctu 14 nhirng thiét bi théng dung trong phong thi nghiém bao gom: Lo
gieng (1o ddy nung dién trg tu che tao, dung tich 5 lit, c6 hé thong dicu khién va dat nhiét do dudi 1000
°C), coc su thé tich 200 ml chiu dugc nhiét do cao 1200 °C, coc thay tinh 250 - 500ml, may khuay diia c6
hé thong gia nhiét va may do pH kiéu handylab of SCHOTT.

- Quy trinh thi nghiém

Tron déu mau xi dong véi axit H2S04 dang dic 98% trong céc thuy tinh (véi mot lugng dugc tinh toan
theo phan ng) roi cho vao coc sir va dua vao trong 16 nung & cac nhi¢t do khao sat khac nhau dao dong
trong khoang 200 — 800 °C. Qua trinh tién hanh thi nghiém theo hai budc nhu so @6 hinh 1.

Mau xi dong (25 gam)

H>S04
y A

Tron déu

'

Thiéu sunfat hoa

v v
Khi xtr ly Bo6t thiéu
H.O
\ 4 &«
Hoa tach nudc
v v
Dung dich CuSO,4 B3 thai

Hinh 1. So do quy trinh thi nghiém khao séat
Budoc thir nhat Ia thiéu sunfat héa mau xi vei axit sunfuaric ¢ cac ché do khao sat gom: nhiét do thiéu,
thoi gian thiéu va ty 1¢ axit/xi dong. Budc thir hai 1a hoa tach bot sau thiéu bang nuée ¢ che do o dinh:
20% ran, 25°C, 30 phit. Muc d6 hoa tach dong tir Xi cua qua trinh nay duoc tinh theo cdng thirc sau:
(M, %Cu,, —M,.%Cu,)

100, %
Tew M_.%Cu_

Trong do: -Ncu: Mt d6 hoa tach dong , %
- Mm: Khéi lugng mau dau (gam).
- Mp: Khéi lugng ba thu duoc sau hoa tach nuéc (gam)
- %Cum: Ham lugng dong trong mau dau (%)
- % Cup: Ham luong ddng con lai trong ba hoa tach nudc (%)
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4. Két qua va thao luan
4.1. Anh hwéng cia nhigr dg thiéu sunfat héa

Ché @6 nghién ctu khao sat anh huong cia nhiét do thiéu sunfat dén hiéu qua tach ddng duogc thuc
hién nhu sau: i
- Mau xi dong: 25 gam i
- Ty I¢ axit/xi: 0,2 lit/1kg (twong tng 5 ml axit/25 gam xi dong)
- Thaoi gian thiéu: 60 phat
- Nhiét do thiéu khao sat: 250, 300, 400, 500, 600 va 700 °C
- Bot sau thiéu duoc hoa tach nude
Két qua dugc thé hién trén hinh 2
100
90 A
80 A

70 4

60 -

50 - —&— Mirc do hoa tach déng

Mikc @ hoa tiach, %

40 - =@==Khéi hrong miu giam
30 A
20 A
10 -

0 T T T T
200 300 400 500 600 700 800

Nhiét @ thiéu, do C
Hinh 2. Anh hwéng ciia nhiét g thiéu téi mirc dg tach dong trong xi

Qua trinh thiéu sunfat c6 kha ning tach dugc ddng trong xi véi mirc d6 cao tir 76% dén 84%. Ban dau
muc d6 hoa tach dong ting theo nhiét do thiéu tir 250 °C dén 400 °C sau d6 giam dan khi nhiét d¢ thiéu
tang tiép. Nguyén nhan la & nhiét do cao, mot phan CuSOs bi oxy héa thanh oxit (CuO) kho tan dugc
trong nude 1am mire d6 hoa tach dong giam.

Mtc d6 hoa tach dong tét nhat & nhiét do thiéu 400 °C dat 84%; tuy nhién & nhiét do nay, khéi luong
mau hoa tach ciing giam nhiéu nhat tir 25 gam xudng 18 gam (tuong ng giam 28%). Diéu nay ching to
luong sat hoa tan vao dung dich ciing rat nhiéu (khoang 17 — 20%).

O nhiét do thiéu 600 °C, mirc do hoa tan ddng thip hon (dat 76,5%), nhung khdi lwong mau hoa tach
giam khong déng ké tir 25 gam xubng 24 ‘gam (giam 3.2%). Nguyén nhan do ¢ nhiét do nay, sat sunfat s&
chuyén sang dang oxit. Nhu vay, lwong sit hoa tan trong dung dich thap, sat chi yéu nam lai trong b hoa
tach.

4.2. Anh hwéng cia theoi gian thiéu

Qué trinh nghién ctru anh huong cua thoi gian thiéu téi mic do tach dong theo cac ché do:
- Mau xi dong: 25 gam
- Ty I¢ axit/xi: 0,2 lit/1kg
- Thoi gian thiéu khao sat: 30, 60, 90 va 120 phat
- Nhiét do thiéu: 400 °C va 600 °C
- Bot sau thidu dugc hoa tach dong trong nudc

Két qua duoc thé hién trén hinh 3.

Khoang thoi gian thiéu 40 phut dau, mirc d6 hoa tach dong & nhiét do thiéu 600 °C cao hon khi thiéu &
400 °C; con khi tang tiép thoi gian thiéu, mic d6 tach ddng lai nguoc lai. Nguyén nhén, & nhiét do thiéu
600 °C, su phan ly axit tao ra khi SOz nhanh hon, do d6 téc do sunfat hoa ddng ting nhanh & thoi diém
dau nhung sau do lai thoét ra nhanh, lam muc d6 sunfat hoa déng khong kip, nén mirc do tach dong lai
giam so voi thiéu & 400 °C.
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Hinh 3. Anh hirong cua thoi gian thiéu téi mirc dg tach dong trong xi
Trong khoang thoi gian thiéu 60 phit diu, mic do tach dong ting theo théi gian va sau d6 gan nhu
khong tang nhiéu khi thoi gian thidu ting. Piéu nay dong nghia véi dong da dugc sunfat héa gan nhu da
hoan toan trong khoang thoi gian thiéu sau 60 phut.

4.3. Nghién citu dnh hwong cia ty 1¢ axit/xi dén mirc dp hoa tich dong.

Tuong ty nhu qua trinh khao sat anh huong cua nhiét d6 va thoi gian. Ché do nghién ciru khao sat anh
huong cua lugng axit H,SO, dé thiéu sunfat dén hiéu qua tach ddng gom:
- Mau xi dong: 25 gam
- Thoi gian thiéu: 60 phat
- Nhiét do thiéu: 400 °C va 600 °C
- Ty lé axit/xi ddng khao sét: 0,2; 0,3; 0,36; 0,48 va 0,6 (lit/kg)
- BOot sau thiéu dugc hoa tach trong nudc.
Két qua duoc thé hién trong hinh 4

100

90
80
70 4

60 -
so |  —e—Thiéu #400d6 C

Mikc d6 hoa tich dong, %

a0 | =®=Thiéu 6600do C
30 -
20 -

10 -

0

0.1 0.2 0.3 0.4 0.5 0.6 0.7

Ty 1¢ axit/xi dong, lit/kg

Hinh 4. Anh hwéng cua ty 16 axit/xi t6i mire dp hoa tach dong

Ty I¢ axit/xi dong tang, s& lam tang mirc do hoa tan dong vao dung dich. Nguyén nhan do ting axit s&
tang lugng khi phan ly SOs, lam kha nang sunfat héa dong ciing ting.
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Trong viing ty 1§ axit/xi dong khao sét lan luot 12 0,36; 0,48 va 0,6 lit axit/1kg xi dong (twong &g 9ml,
12ml va 15ml axit), mac dd hoa tach dong tang 1an luot 88,4%; 91,2% va 92,1% khi thiéu ¢ nhiét d6 400
9C. Con thiéu & nhiét d6 600 °C thi hidu qua thip hon khoang (2 — 3)%.

5. Két luan

Tir két qua nghién ciru kha niang tach dong tir xi 10 luyén stén dong (10 SKS) cua nha may luyén dong
Lao Cai bang qua trinh thiéu sunfat véi axit sunfuaric va hoa tach nudce, rit ra két luan:

1. Muc d hoa tach ddng trong xi bang qua trinh thiéu sunfat — hoa tach nudc dat trén 90% ¢ diéu
kién chi phi axit H2SO4 trén 0,4 lit/ 1kg xi, nhiét do thiéu 400 — 500 °C va trong thoi gian 60 — 90
phiit. Ham luong ddng trong ba thai sau xtr 1y con dudi 0,4% Cu.

2. Mirc d6 hoa tach ddng cao nhit khi nhiét d6 thiéu dat 400 — 500 °C, nhung lwong sat cling hoa tan
vao cling cao, khoang 20 — 30%. Khi ting nhiét 6 thiéu 600 °C thi mirc d¢ hoa tach dong co giam
khoang 1 — 3%, nhung luong sat clng hoa tan vao giam di dang ké, chi con khoang 3-6%.

3. Ty l¢ axit/xi dong trong qua trinh thiéu thi nghiém cao hon nhiéu so véi luogng can thiét dé tao
sunfat hoa dong. Bai qua trinh thuc nghiém thiéu trong céc khong kin, mot lwong Ién SO3 phan ly
bi bay hoi ra khoi 16. Do d6, dé giam chi phi nay can phai c6 thiét bi thiéu chuyén dung.

4. Can tiép tuc nghién ctu thay thé axit H,SO4 bang cac chat c6 kha nang cung cip ngudn tao khi
SO0s cho qué trinh thiéu sunfat ré tién hon nhu mudi Fe(SO4)3 hodc FeS,, ...
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ABSTRACT

Extraction of copper from Lao Cai SKS copper smelter slag by
sulphation roasting with sulfuaric acid and water leaching
Tran Trung Toi?

'Hanoi University of Mining and Geology

This paper presents the experimental results obtained by leaching H,SOs-roasting copper slag
generated in copper processing by SKS furnace for recovering copper metal. The study investigated the
influence of important variables including roasting temperature, roasting time and the ratio between
H.SO. 98% and copper slag . The results indicate that at 400 °C of roasting temperature, 60 min of
roasting time and the ratio between H,SO, 98% and copper slag by weight is 0.48, the recovery ratio of
copper metal in initial copper slag reach to over 90%. At 600 °C of roasting temperature, the recovery of
copper metal get only 88.7%, but the amount of iron contaminated to obtained copper metal reduced to
five times. Copper extraction ratio may be higher if increased the ratio between the weight of H,SO4 98%
and slag, but the cost of the leaching process increase also.

Keywords: Extraction of copper, copper smelter slag, roasting sulfate, Lao Cai SKS furnace slag.
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E‘R?S@/ HOQI NGHI TOAN QUOC KHOA HQOC TRAI DAT
EANIH BOIENGES MO VA TAI NGUYEN VO'I PHAT TRIEN BEN VNG (ERSD 2018)

NATURAL RESOURCES FOR
SUSTAINABLE DEVELOPMENT

Két qua nghién ciru thay thé may tuyén néi cii bang may tuyén noi
co gidi - khi nén ty tran tai nha may tuyén dong Sin Quyén, Lao Cai
Ly Xuan Tuyén?, Tran Thuan Bact B3 Vin Quang?, Ta Qudc Hung!, Pham Vin Luan?

'Chi nhanh Mo - Tuyén dong Sin Quyén, Lao Cai
2 Truong Dai hoc M6 - Dja chat

TOM TAT

Déy chuyén tuyén véi may tuyén noi co gidi — khi nén kiéu cii tai nha may tuyén dong Sin Quyén da
ton tai trén 10 nam. Céc chi tiéu cdng nghé cia nha may trong nhirng nam qua déu dat yéu cau, tham chi
con cao hon so V6i thiét ké. Nhung hién nay ham luong ddng trong quang nguyen khai giam so véi thiét
ké va nhu Ccau vé quang tinh ngay cang cao nén nha may buoc phai ting nang suét tuyén. Do d6 cac may
tuyen noi kiéu cii khong con dam bao duoc cac chi tleu cdng nghé tuyen Trudce tinh hinh do, duoc sy
ddng thuan tir Tong cong ty, Giam déc chi nhanh di quyét dinh thay thé may tuyén ndi kiéu cii bing may
tuyén ndi co gidi - khi nén tu tran (tu thiét ké va ché tao). Sau khi thay thé thay thé céc chi tiéu cong nghé
clia nha may déu vuot so véi thiét ké: Tinh quing ddng c6 ham luong tiang tir 25%Cu 1én trén 25,52%Cu
va thuc thu ting tir 92,02% 1én trén 94%; luong tinh quing ddng tang 1én khoang 1000tdn/nim; ham
lwong ddng trong dudi thai giam tir 0,08%Cu xudng khoang 0,06%Cu; tinh quing sit c¢6 ham lugng ting
tir 64,5%Fe Ién trén 65%Fe va thuc thu tinh quang sat ting tir 25,2% 1én 28%; luong tinh quang sit ting
Ién khoang 6500tan/nam. ..

Tir khoa: Quang ddng, may tuyén ndi, Nha méy tuyén quing dong Sin Quyén

1. Giéi thiéu may tuyén ndi co giéi — khi nén kiéu tu tran

May tuyén noi tu tran dugc thiét ké trén co so nhitng uu diém cua may tuyén néi dang bé c6 banh
khudy dit sau, 1a loai méay tuyén t6i uu cho cac khau tuyén chinh, tuyén tinh va tuyén vét. Thiét ké doc
déo tao ra dong khudy tron ban theo hudng ban kinh c6 dong nang 16n nham tao ra hai dong ban tuan
hoan: dong thir nhét tuan hoan rat manh & phia duéi bénh khudy; dong tha hai tuan hoan 1én phan phia
trén ciia may. Cac van khuéch tan dat thang ding nham tao ra cac dong chay xuyén tam kiéu mau nham
loai bo hoan toan sw quay vong cua bun khodng trong ngan may tuyen ndi. Mdi ngin may tuyen ndi ty
tran duoc cung cap hai mang bot dat nim ngang bén trong may nhiam ting hiéu qua thu hdi va giam
khoang cach van chuyen san pham bot. Ca hai mang bot dugc thao ra mot phia cua ngin may dé don gian
hoa viéc van chuyen san pham bot. Cac tim nén ép bot c6 tac dung lam giam thoi gian tuyén néi nham
tang hiéu qua thu hoi khi tuyén hat thd va & khau tuyén tinh. [Metso Minerals].

1 - dong ban méau huéng ban kinh voi dong ning 16n di chuyén dén thanh méy; 2 — dong chay thir nhét
tro lai phia duéi banh khuay; 3 — dong bun thir 2 tuan hoan 1én phia trén cta may

Hinh 1. Anh cdu tao ciia mdy tuyén néi tw trin
*Tac gid lién h¢é

Email: phamvanluan@humg.edu.vn
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Ngan méy hinh try c6 thé tich tir 5 — 200m3, muc cp bun thap gan véi cira thodt dé giam thiéu su tuan
hoan cia bun. Ngan may gdém nhiéu modun dé dé dang cho viéc xay dung, van chuyen va lp dat. Bun
quang duoc cap Xuong ddy may va san pham ngdn mdy dugc thao qua hop thao tdi dat thap dudi muc san,
hop thao tai c6 lap van dé diéu chinh chiéu cao mirc bin trong ngan may. Anh cau tao cia méy nhu hinh
1. Thiét bj nay hién dang duoc ap dung tai nha may tuyén quing da kim Néi Phao va nhiéu nha may
tuyén quang trén thé gioi.

Uu diém chinh caa may: Tao ra su tiép xuc t6i da giira hat khodng va bong khi trong ngan mdy; dam
bao bin quang & trang thai lo limg trong qué trinh hoat dong va dé dang tro lai trang thai nay sau khi tat
may; bong khi dugc phan tan déu trong toan bo thé tich ciia ngan may; ving khudy tron thap hon dam bao
buin quang & trang thai lo ling tao diéu kién thuan loi cho qua trinh va cham giita hat khoang va béng khi;
viing bin quang phia trén yén tinh nham giam hién tuong hat khoang bi roi khoi béng khi; bé mat ngin
may rat yén tinh lam giam tdi thiéu sy rira troi ciia cac hat va ngan may hinh try véi mirc cap ban thap
gan Véi cira thoat dé giam thiéu sy tuan hoan cua bun.

2. Tinh toan lya chon s6 ngin may tuyén
2.3. Xdc dinh téng thé tich ciia ngdn mdy tuyén

Téng thé tich cua ngidn may duoc tinh theo cong thirc sau: [Truong Cao Suyén, 2003; Metso Minerals]

Q*Tr*S (1)

60*Ca

Trong do: - Vs la tong thé tich ngan may can thiét, m?;

- Q 1a Iuu lwong bun cép liéu;
- Tr 1a thai gian tuyén ndi duoc xac dinh bang thyc té hozc trong phong thi nghiém;
- S 1a hé sé phy thudc vao cach xac dinh thoi gian tuyén ndi. Néu thoi gian tuyén noi
duoc chi dinh, duoc xac dinh bang thi nghiém cong nghiép hoic ban cong nghiép thid S
= 1. Néu thoi gian tuyén ndi duoc xac dinh trong phong thi nghiém thi S = 1,6 — 2,6.
- Ca la h¢ s tinh dén thé tich cua khi trong buin qung, Ca = 0,85.

2.4. Lwa chon sé ngdn mdy tuyen cho mgt day

Sau khi tinh dugc tong thé tich ngan mdy can thiét, dua vao bang 1 va 2 dé lya chon loai ngin ‘may roi
tinh ra s6 ngin may trong mot day. Nong d6 bun khi tuyen tinh bang khoang 60% so v&i khi tuyén chinh
va thoi gian khi tuyén tinh bang khoang 65% khi tuyen chinh. Pé dam bao buin ty chay doc theo day thi
clr sau mot sb ngan nhét dinh phai ha béc cac ngan t1ep theo gitra hai bac dat mot hop trung gian (so ngéan
trén bac nhu bang 1). Pau va cu0| mdi ngdn may can cd hop cap liéu va hop thao tai. Thir tu sip xép tiéu
biéu trong mot day 1a: Hop cap liéu — 4 ngan may — hop trung gian — 3 ngin may — hop thao tai. [Metso
Minerals]

§ =

Bang 1. Luu lwong bun cho phép ciia may RCS

Loai may Thé tich, m? Luu luong tdi da, Luu luong tdi S6 ngin may toi
m3/h thiéu, m3h da/bac
RCS5 5 200 70 4
RCS10 10 400 115 4
RCS15 15 600 225 4
RCS20 20 800 230 3
RCS30 30 1220 380 3
RCS40 40 1600 400 3
RCS50 50 2000 600 3
RCS70 70 2800 900 2
RCS100 100 4000 1020 2
RCS130 130 5200 1660 2
RCS160 160 6400 1710 1
RCS 200 200 8000 2560 1
Bang 2: Mét vai théng so cong nghé ciza may RCS khi tuyén chinh
Khodng vat Nf‘mgﬂdé bun trong | Thoi gian tuyén noi, S0 ngan
cap liéu, % phut may /day

Copper 32-42 13-16 8-12

Feldspar 25-35 8-10 6-8

Lead 25-35 6-8 68

Molybdenum 35-45 14-20 10-14

259



3. Phuwong 4n thay thé va higu qua Iam viéc cta nha may tuyen néi sau cai tao
3.1 Phwo'ng dn thay thé may tuyén néi tai thuec té nha may tuyén

Do may tuyén noi tu tran (cell) ty tinh toan va thiét ké ¢ong thoi dam bao cho nha méay duoc lién tuc
va khdng anh huong dén hiéu qua san xuat kinh doanh. Nén khéng chon phuong 4n thay dong loat ma
chon phuong an thay thé cac may tuyén noi kiéu cii bang may tuyén noi cell theo ting g1a1 doan. Phuong
an ndy cho phép dua ra cic gidi phap khac phuc nhing toN tai cta giai doan trudc dé &p dung cho giai
doan sau dong thai khdng xay ra céc bién dong I6n vé ché do cong nghé va hiéu qua kinh doanh cua nha
may.

Sau mdi giai doan lap dat cac ché do cong nghé tuyen thuong xuyén dugc kiém soat va diéu chinh kip
thoi dé tim ra ché d¢ cong nghé tuyen hop 1y cho may tuyén méi lap dat. Dic két kinh nghiém dé dua ra
giai phap hop ly cho giai doan thay thé tiép theo.

Dé kiém soat hiéu qua lam viéc cua may tuyén ndi mai lap thi cac san pham daura ¢ timg ngén may
tuyén lién tuc duoc lay mau. Mau dugc lay theo phuong phéap cit ngang dong bing may cit mau tan suat
15 phat/lan (miu don), gop cac mau don/ca dugc mau ca, gop 03 mau ca/ngdy. Cac mau ca, ngay duoc
dua phan tich hoa va thanh phan d¢ hat.

3.2 Ddnh gid hiéu qud 1am viéc ciia so' do cong nghé tuyén sau tieng giai dogn cdi tao
3.2.1. Giai dogn 1: Thay thé Cell cho khau tuyén thd nhanh va tinh nhanh
Gia cong lap dat 01 may tuyén Cell thay thé cho may tuyén tinh nhanh truyén théng va 02 may tuyén Cell
thay thé cho tuyén thd nhanh. Theo két qua tinh todn: khau tuyén thé nhanh cin 02 méy thé tich 50m?3
(Cell 1,2); khau tuyén tinh nhanh can 01 may thé tich 16m3 (Cell 3). Két qua tuyén sau cai tao cho & bang
3.

Bang 3. Cdc chi tiéu cong nghé tuyén khi thay thé cdi tao mdy tuyén cho khau tuyén thé nhanh va tinh

nhanh
Tén san pham Chi tiéu (%)
Quing nguyén khai vao tuyén (% Cu) 1,00
Bot Tuyén chinh nhanh Cell 1, 2 (% Cu) 15,8
Dudi Tuyén chinh nhanh Cell 1, 2 (%Cu) 0,14
Bot Tuyén tinh nhanh Cell 3 (%Cu) 26,84
Bot Tuyén tinh 2 (% Cu) 20,01
Puoi thai Cu chung (%Cu) 0,075
Tinh quing thanh pham (%Cu) 25,0
Thuc thu Tuyén chinh nhanh, (%) 86,77
Thuc thu toan phan (%) 92,78

Nhan xét :

—Sau khi cai tao thyc thu cong doan tuyén thé nhanh Cell 1,2 cao hon nhiéu so véi khi sir dung thiét bi
truyén thdng (tiang tir 80,4% lén 86,77%);\

— Thyc thu toan phan da cao hon so véi thoi gian san xuat trude khi lap dat Cell tuyén, tir 92,25% lén
92,78%. Tuy nhién chua dat dugc so voi thiét ké 12 93% va muc tiéu chung 1a 94%. Nguyén nhan chu yéu
1a do str dung hai thiét bi khong ddng nhét trong cting mot day chuyén nén ham luong dudi thai chua
khéng ché dugc;

—Trén co s& d6 6 thé khang dinh thiét bi Cell tuyén hoan toan phu hop véi dbi tuong quang dang tuyen
va cho hiéu qua cao hon thiét bi tuyen truyén thong tai cong doan tuyén thd nhanh. Can nghién ctru dé
thay thé tiép cac thiét bi truyén thong tai cac cong doan khac.

3.2.2. Giai doan 2: Thay thé Cell cho khau tuyén néi tdp hop Cu — S

Lap dat thém 08 may tuyén Cell thay thé cho hé may tuyén tap hop Cu-S va 01 may cho khau tuyén
tinh tach Cu — S. Theo két qua tinh toan khau tuyén ni tap hop Cu — S can s6 may la: khau tuyén chinh
can 04 may thé tich 20m?3 (Cell 5, 6, 7, 8) va khau tuyén vét can 04 may thé tich 20m? (Cell 9, 10, 11, 12).
Khau tuyén tinh tach Cu — S can 01 may thé tich 20m?3 (Cell 4). Két qua tuyén tai thuc té nha may cho ¢
bang 4.

Sau khi lap dat thiét bj Cell cho giai doan 2 ¢6 nhan xét sau:

—Thyec thu va ham lwong dong trong quing tinh da tang hon so véi giai doan truée, ham lwong Cu ting
tir 25% dén 25,12% va thyc thu ting tir 92,78% dén 93,81%;

—Thyc thu toan phan dat cao hon so vdi thiét ké va thuc té san xuat trudc day, da tiém can dén gié tri
yéu cau (94%);

—Ham lugng dudi thai da giam xubng dang ké, tuy nhién ham lwong dong trong dudi thai van cao va
ham lugng luu huynh 1An vao tinh quang sit van con Ion. D6 d6 can thiét phai lap dat thiét bi cell cho
khau tuyén tach Cu — S va tach luu huynh.
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Bdng 4. Cdc chi tiéu cong nghé tuyén khi thay thé cdi tao mdy tuyén cho khdu tuyén néi tip hop Cu — S va
khau tuyén tinh tach Cu - S

Tén san pham Chi tiéu (%)

Quing Nk vao tuyén (% Cu) 0.95
Bot Tuyén chinh nhanh Cell1,2 (% Cu) 17,0
Pudi Tuyén chinh nhanh Cell 1,2 (% Cu) 0,12
Bot Tuyén tinh nhanh Cell 3 (%Cu) 27,2
Bot Tuyén tinh 2 Cell 4 (%) 21,02
Bot tuyén chinh tap hop Cu-S Cell 5,6,7,8 (%Cu) 2,25
Bot tuyén vét tap hop Cu-S Cell 9,10,11,12 (%Cu) 0,3

Duoi thai Cu chung (%) 0,061
Tinh quing thanh pham (%) 25,12
Thuc thu Tuyén chinh nhanh 87,99
Thuc thu toan phan (%) 93,81

3.2.3. Giai doan 3: Thay thé Cell cho khau tuyén tach Cu — S va tach S

Lap dat thém 02 may tuyén Cell thay thé cho khau tuyén tach Cu — S, 01 may cho khau tuyén vét tach
Cu — S va 03 may cho khau tuyén tach S. Sau giai doan nay tat ca cac khau tuyén néi trong nha may déu
duoc thay thé bang may tuyén Cell, hoan thién so do tuyén ndi cia nha may bang thiét bi tuyén Cell.
Theo két qua tinh toan: khau tuyén tach Cu - S can 02 may thé tich 20m3 (Cell 13, 14), khau tuyén vét
tach Cu — S can 01 may thé tich 20m? (Cell 15) va khau tuyén tach Iuu huynh can 03 may thé tich 20m?
(Cell 16, 17, 18). Két qua tuyén tai thuc té nha may cho & bang 5.
Bang 5. Céc chi tiéu cdng nghé tuyén khi thay thé cai tao may tuyén toan bo may tuyén ndi tai nha may

Tén san pham Chi tiéu (%)

Quing Nk vao tuyén, (% Cu) 0,96
Bot Tuyén chinh nhanh Cell 1,2, (% Cu) 16,89
Dubi Tuyén chinh nhanh Cell 1,2, (% Cu) 0,12
Bot Tuyén tinh nhanh Cell 3, (%Cu) 27,32
Bot Tuyén tinh 2 Cell 4 (% Cu) 22,06
Bot tuyén chinh tap hop Cu-S Cell 5,6,7,8, (%Cu) 2,34
Bot tuyén vét tap hgp Cu-S Cell 9,10,11,12, (%Cu) 0,23
Bot tuyén chinh tdch Cu — S Cell 13,14, (%Cu) 7,6
Bot tuyén vét tach Cu — S Cell 15, (%Cu) 1,1
DPuoi thai tuyén tach Cu-S, (%Cu) 0,155
DPuoi thai tuyén TH Cu-S, (%Cu) 0,055
Duoi thai Cu chung (%) 0,058
Tinh quang thanh pham (%) 25,43
Thuc thu Tuyén chinh nhanh, (%) 88,35
Thuc thu toan phan (%) 94,10

Sau khi hoan thién giai doan 3, cd mét s6 nhan xét sau:

—Thyec thu va ham lwong dong trong quing tinh da tang hon so véi giai doan truée, ham lwong Cu ting
tir 25,12% dén 25,43% va thuc thu tang tir 93,81% dén 94,1%:;

— Thyc thu toan phan dat cao hon so vdi thiét ké va gia tri mong muén truée khi lip dat Cell;

—Ham luong dong trong dudi thai da giam déang ké chi con 0,055%Cu.

—Tuy nhién mot vai chi tiéu cong nghé ctia so dd tuyén van chua 6n dinh, diéu nay c6 thé 1a do mot sd
thiét bi hoat dong chua dong bo vai hé thong méy tuyén va cac ché do cong nghé tuyén chua diéu chinh
Vé gid trj toi wu. Do d6 can nghién ciru cai tao ché do cong nghé tuyén ¢ giai doan tiép theo.

3.2.4. Giai dogn 4: Hoan thién so do cong nghé tuyén néi bang thiét bj Cell

Tap trung chinh dinh day truyén cong nghé tuyén moi dam bao ham luong tinh quang Cu > 25%Cu va
thuc thu tinh quang dong > 94%. So d6 cong nghé cua nha may sau khi hoan thién cho ¢ hinh 2, ket qua
tuyén sau khi hoan thién ché d¢ cong nghé tuyén cho & bang 8.

Bdng 8. Cdc chi tiéu cong nghé tuyén khi hoan thién ché dg cong nghé tuyén véi thiét bi Cell
7 Tén san pham Chi tiéu (%)
Quing Nk vao tuyén, (% Cu) 0,98
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Bot Tuyén chinh nhanh Cell 1,2, (% Cu) 16,89
DPudi Tuyén chinh nhanh Cell 1,2, (% Cu) 0,12
Bot Tuyén tinh nhanh Cell 3, (%Cu) 27,52
Bot Tuyén tinh 2 Cell 4 (% Cu) 22,36
Bot tuyén chinh tap hgp Cu-S Cell 5,6,7,8, (%Cu) 2,22
Bot tuyén vét tap hop Cu-S Cell 9,10,11,12, (%Cu) 0,21
Bot tuyén chinh tach Cu — S Cell 13,14, (%Cu) 7,8
Bot tuyén vét tdch Cu — S Cell 15, (%Cu) 1,2
Dusi thai tuyén tdch Cu-S, (%Cu) 0,15
Dusbi thai tuyén TH Cu-S, (%Cu) 0,05
Duoi thai Cu chung (%) 0,058
Tinh quang thanh pham (%) 25,52
Thuyc thu Tuyén chinh nhanh, (%) 88,38
Thuyc thu toan phan (%) 94,30
Ham lugng S trong tinh quang sat (%) 0,85
Ham luogng tinh quang sat sau tuyén tach S (%) 65,11
Thuc thu toan phan khu tuyén sat (%) 28,20

Sau khi hoan thién so dd cong nghé va thiét bi toan bo day chuyén tuyén néi thi két qua thu duoc rat
kha quan:

— Ham lugng nguyén khai dau vao thip hon thiét ké nhung thyc thu cao hon thiét ké;

—  Thuc thu dat cao : 94,3% vuot chi tiéu dé ra;

— Dbi véi khau tuyén sit : Ham luong S trong tinh quing sit dat mirc < 1,0% va 6n dinh lién tuc dap
g tot yéu cau da dé ra. Ké ca khi ham luong S trong tinh quang sét truée khi vao tuyén tach S >15%.
Ham luong tinh quing sit sau khi tuyén tach S ting 1én tir 64,5% Ién trén 65%. Thuc thu toan phan ting
trén 3% ( tir 25,2% lén 28,20%) so Véi trude day st dung thiét bi truyén thong cho khau tuyén tach S.

3.3 Pdnh gia hi¢u qud lam vigc ciia nha may sau cdi tao

Két qua so sanh hiéu qua tuyén cia nha may theo so d6 mai so Véi so d6 cii cho & bang 9.

v

Cell 1-Tuyén thd

Cell 2-Tuyén thé
Thung khuay
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v 1 1 ¥
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X Ma <
il Tuyén tron Cell 11
- 1Y (usén trong

TQCu  Nudctuan K.vatndng Dudi  BotS TQFe
Hinh 2: So do céng nghé Nha may tuyén néi dong Sin Quyén Lao Cai (sau khi ldp CELL tuyén)

Bang 9. So sanh cdc chi tiéu KTKT qud trinh tuyén néi dong trén thiét bi tuyén truyén thong va tuyén trén
thiét bi CELL
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s Day chuyén may | Day chuyén ma So sanh
T Chi tieu bvT ytuyé)r/n cii / ){uyényCell ’ (%)

1 2 3 4 5 6=5/4
| Quing NK vao tuyén T/ndm 1.380.000 1.380.000 100,00
- Ham lugng dong %Cu 0,95 0,95 100,00
- Ham lugng sat %Fe 11,22 11,22 100,00
Il | San pham sau tuyén
1 Tinh quang dong T/nam 48.000 49.034 102,15
- Ham lugng dong %Cu 25,00 >25,00
- Thuec thu tuyén dong % 92,02 94,00 102,15
2 Tinh quang sat T/nam 60.000 66.669 111,11
- Ham luogng sat %Fe 65,00 > 65,00
- Thuec thu tuyén st % 25,20 28,00 111,11
3 | Dudi thai 1.272.000 1.264.297 99,39
- Ham lwong dong %Cu 0,08 0,06 75,00
- Ham luong sat %Fe 7,97 7,65 95,98
111 | Tiéu hao vat tu chi yéu
1 Thuoc tuyén
- AP2 kg 27.600 19.320

Tiéu hao kg/TNK 0,02 0,014 70,00
- Butyl xan tat kg 151.800 121.440

Tiéu hao kg/TNK 0,11 0,088 80,00
- BK201 kg 103.500 62.100

Tiéu hao kg/TNK 0,08 0,045 60,00
- BF kg 13.800 - -

Tiéu hao kg/TNK 0,01 - -
- V0i kg 2.277.000 1.821.600

Tiéu hao kg/TNK 1,65 1,32 80,00
2 Bi nghién kg 2.139.000 1.932.000

Tiéu hao kg/TNK 1,55 1,40 90,32
3 | Dién ning kWh 34.500.000 33.120.000

Tiéu hao KWh/TNK 25,00 24,00 96,00

Tur két két qua & bang 9 nhan thay:
Khi sir dung may tuyén Cell thay thé cho céc thiét bi tuyén ndi truyén théng dem lai hiéu qua va do

6n dinh cao hon nhiéu. Pong thoi tiét kiém t6i da tai nguyén;
— Tir két qua tinh toan va két qua thuc nghiém cho thiy khi thay thé céc thiét bi tuyén ndi truyén théng
bang Cell tuyén thi thyc thu dong ting 1én gan 2%; thuc thu sit ting xip xi 3%;
— Tinh quang sit c6 ham lugng trén 65%Fe va thyc thu tang thir 25,2% lén 28%;
— Céc chi tiéu cong nghé khac khi tuyén ndi bang so do méi déu rat tét. Chi phi dién nang, chi phi vat
tu giam;
— Cong tac van hanh thuan tién hon do may cell d& diéu chinh hon, giam st lao dong.
4. Két luan
Sau qua trinh thay thé may tuyén ndi kiéu cii bang may tuyén ndi co giGi khi nén tu tran tai nha
may tuyén quing dong Sin Quyén, nhan thiy:

> May tuyén nbi cd gigi

- khi nén tu tran wu diém hon so véi may kiéu cii 1a: Bam bao bun quing

lubn & trang thai lo limg, bong khi duge phan tan déu trong bun quing va tao ra su tiép xdc t6i da giira
hat khoang va bong khi; Viing bot yén tinh giam t6i da hién tuong hat khoang bi roi tro lai ban quang;
ning suét tuyén cao hon va chi phi ning lugng thip hon; Diéu chinh va van hanh d& hon.
> Sau khi thay thé thay thé thiét bi tuyén noi truyén thong tai nha may bang may tuyén Cell thi cac
chi tiéu cong nghé ctia nha may déu vuot so vai thiét ké:
- Tinh quang dong c6 ham lugng ting tir 25%Cu Ién trén 25,52%Cu va thyc thu ting tir 92,02% Ién
trén 94%. Luong tinh quing dong ting 1én khoang 1000tan/nam;
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- Tinh quang sit c6 ham lugng tang tir 64,5%Fe Ién trén 65%Fe, thuc thu tinh quang st tang tir
25,2% 1én 28% va ham luong luu huynh trong tinh quing sat giam tir trén 1,5%S xudng con duéi
1%S. Luong tinh quing sit ting 1én khoang 6500tdn/nam;




- Ham lugng dong trong dudi thai giam tir 0,08%Cu xudng 0,06%Cu va ham luong sét trong dudi

thai giam tir 7,97%Fe xudng 7,65%Fe.

- Tiéu hao vat tu, dién nang, nhan cong, gia thanh tuyén giam so voi nam 2016.
> Tiép tuc nghién ctru cai tao cac théng sb cu tao cua may tuyén Cell va ché do cong nghé tuyén
cho phu hop va 6n dinh véi thuc té nhiam nang cao hiéu qua san xuat kinh doanh nha may. Xay dung
bo thiét ké may Cell chuan phi hop véi timg ddi twong quang cu thé dé &p dung cho Tong Cong ty.
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ABSTRACT

Replacement of old mechanical flotation machines by new
mechanical-pneumatic flotation machines at Sin Quyen Copper

Flotation Plant, Lao Cai
Ly Xuan Tuyen?, Tran Thuan Duc?, Do Van Quang?, Ta Quoc Hung', Pham Van Luan?

1Sin Quyen Mining and Processing Branch
2 Ha noi University of Mining and Geology

The old and oudated mechanical flotation machines had been used at Sin Quyen Copper Flotation
Plant for more than 10 years. The mineral processing criteria and technological norms of the plant have
met the requirements, some even higher than the designed one. However in recent years, the copper grade
of ROM ore is much lower than the designed grade and a larger volume of copper concentrate is required
so that the plant is forced to increase production capacity. As a result, the old flotation machines no
longer guarantee the technological criteria. Facing that challenging situation, the Sin Quyen Mining and
Processing Branch, with the full support of the Mineral Corporation, has decided to replace the old
flotation line by more efficient froth self-overflow mechanical-pneumatic floation machines (selves-
designed and manufactured). After replacement, the processing criteria and technological norms of the
plant have achieved higher levels than the old designed:

Keywords: Copper ore, mechanical flotation machine, mechanical-pneumatic flotation machine, Sin
Quyen Mining and Processing Branch, Sin Quyen Copper Ore Flotation Plant
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