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The thickening is the process of increasing the solid fraction in the slurry.
The purpose of the process is to obtain a thicker sludge product and to
obtain an overflow product with a minimum solid amount. The
equipment used are traction thickener, cable thickener, caisson thickener,
tray thickener, E-Cat thickener, lamella thickener, etc. This stage plays an
essential role and greatly affects operations in mineral beneficiation
factories. However, this is a problem for Aluminum companies in Vietnam
because the amount of particles passing 1 mm is significantly higher than
the design, leading to the overloading of thickeners. The overall
productivity of the factories was affected and seriously reduced due to not
being able to ensure the amount of feeding coarse particles and having to
stop the operation to fix the problem. The requirement is to find and apply
advanced technologies to improve the sedimentation process. This article
presents the characteristics of bauxite slurry in Daknong and Lamdong
companies. The amount of fine particles passing 0.02 mm reaches more
than 62% (in the case of Daknong) and 72% (in the case of Lamdong)
with the main minerals (gibbsite, goethite, kaolinite, ilmenite, etc.). On
that basis, the survey was implemented to define the optimal type of
flocculant aids (NALCO 85035 and HA - LB 080), flocculant dosage (40
grams/tons), and pH of the sludge (6.5 — 7). The obtained underflow
product has a solid phase concentration of over 35% and the overflow has
an amount of solid/water of less than 100 mg/l. Research was conducted
on an experimental settling column system and it was recommended to
pre-test a Lamella high-performance thickener for further research.
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Nghién ctru hiéu qua lang dong buin cta cic cong ty nhom & Viét
Nam bang 6ng lang thi nghiém

Pham Van Luan !, Pham Thanh Hai »*, Lé Viét Ha !, Pham Thi Nhung !
Trwong Pai hoc M6 - Dia chdt, Ha N6i, Viét Nam

THONG TIN BAI BAO TOM TAT

Qud trinh: Qud trinh ldng dong bun la qud trinh ndng cao ham lwong pha rdn trong

N7han bai 08/9/2023 bun. Muc dich cia qua trinh la thu dworc sdn pham bun ddc hon cé ham
Stra xong 19/01/2024 luong rdn & mikc cdn thiét va nhdn dwoc san phdm nwée tran cé ham luong
Chap nhan dang 21/01/2024  rn ¢ mute do toi thiéu. Cdc thiét bi dwoc st dung la bé cé ddc, bé ldng con
Tir khéa- sdu, bé cb ddc nhidu tang, bé Iang Lamella, bé Iang hinh chi# nhat, beelr Iang
' E-Cat... Cong doan nay déng vai tro thiét yéu va dnh hu'o'ng I6n dén san xudt
trong cdc xu'o'ng tuyen khodng. Tuy nhién, xir ly buin nwéc (dac biét la bun
thdi nha mdy tuyén) dang la van dé ctia cdc cong ty nhom & Viét Nam.
Nguyén nhan la do ham Iu'(mg cdp hat -1 mm tdang cao dang ké $0 vai thiét
. ké, dan dén qud tdi cdc bé cé ddc. Thuc tién sdn xudt ddt ra yeu cdu phdi tim
Ong lang. kiém va tng dung cdc cong nghé méi nhdm cdi thién qud trinh Iang dong.
Bai bdo trinh bay ddc diém bun quang bé-xit ciia hai nha mdy & Pak Néng
va Lam Pong. Bun cé hon 62% cdp hat -0,02 mm véi cdc khodng vt chinh
la gipxit, gotit, cao lanh,... Trén co sé d6, cdc khdo sdt dd lwa chon loai chdt
tro Iang toi wu (chdt két bong NALCO 85035 va HA - LBO80) VOi tiéu hao (40
/tan) va dé pH ctia buin (6 5+7). Sdn phdm thu dworc la cdn ldng cé ndng dé
pha ran trén 35% va mdt dé pha rdn trong nwéc tran duéi 100 mg/lL Cdc
nghién ctru dugc tién hanh trén éng Iang thi nghzem va kién nghi thir nghiém

b€ ldng hiéu sudt cao Lamella cho cdc nghién ciru tiép theo.

Chat tro lang,
Lang dong bun,
Nhoém Dak Néng,
Nhom Lam Dong,
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1. Mé dau

Khir nwérc bun min 13 qua trinh tach pha ran
ra khoi pha 16ng, nham muc dich thu hoi lai pha
ran, tuin hoan nuwéc trong va bao vé mdi treong,
Hai giai doan ctia qua trinh khit nwéc bun min la
lang dong bun va loc. Trong cic nha may tuyén,
tiéu hao cho qua trinh nay rat tén kém nhwng hiéu
suit khir nwéc thwong thip. Von dau tw cho cac
thiét bi khir nwéc buin min cao vi chiing cé dién
tich 16n nhwng ndng suit nhd, chi phi van hanh
cling tén kém vi phai trai qua nhiéu giai doan va
stt dung chit tro lang (Nguyén va Pham, 2012;
Parsons va Jefferson, 2006; Wang va nnk., 2014).

Qué trinh 1ang dong buin 12 qué trinh nang cao
ty 1& phan rin st dung trudomg trong lwc hoic
treeong lwc ly tAm. Qué trinh nay nham thuc hién
hai muc dich: thu dwoc sdn phadm bun dic hon cé
ham lwong ran & mic can thiét, hodc nhan dugc
san phim nudc tran c6 ham lwong ran & mirc do
t6i thi€u (Parsons va Jefferson, 2006).

Hién nay, cac cong ty nhom cta Tap doan
cong nghiép Than - Khoang san Viét Nam (TKV)
da van hanh san xuit 6n dinh véi cac chi tiéu kinh
té - ky thuat dat yéu cau (DNA, 2020). San phidm
alumin cia cac nha may cé chit lwgng tot, dap rng
nhitng doi hoi khit khe ctia thi trudmg, manglai loi
nhuén t6t cho cong ty. Tuy nhién, ning suat thuc
té cta cac nha may khéng dat nhw thiét ké ban
dau. Nguyén nhin truc tiép la do bé c6 dac bi qua
tai dAn dén khong thé ddm bao ning suit cap liéu,
phai gidm thoi gian chay may thuc té dé khic phuc
sw 0. Van dé qua tai nay c6 nguyén nhan khach
quan la do ty 1& cap hat min trong thuec té dang cao
hon so vi thiét k€. Viéc tang kich thwdc ctia bé ¢
dac dé giai quyét van dé nay kéo theo rat nhiéu
thay doi 16m lién quan dén chi phi diu tw, chi phi
san xuit va dién tich mit bang (Vinacomin, 2020;
DNA, 2020). Trong b6i canh d6, viéc tim kiém mot
s8 loai thiét bi ling v&i hiéu suit va ning suit cao
hon, tiét kiém chi phi san xuit va dién tich nha
xwong la giai phap hop ly hon ca. Co sé& ctia déi
méi cong nghé ciing nhw ng dung cac thiét bi
hién dai & quy mo céng nghiép phai duoc xuit
phét tir sw hiéu biét sdu vé hanh vi sa lang ctia cac
hat khoang vt loai nay. Xuit phat tir nhirng yéu
cau do, viéc nghién ctru kha ning lang dong cta
vat liéu hat min sau tuyén rira, kién nghi cac giai
phap cai thién hiéu suit ctia qua trinh 1a hop ly va
can thiét. Két qua nghién ciru sé mé ra kha nang

L [

ng dung cac cong nghé méi trong quy mo 16n
hon.

2. Ly thuyét va thwc t€ 4p dung qua trinh ling
dong bun ¢ Viét Nam

2.1. Ly thuyét vé qud trinh ldng dong biin

Cac hat khoang c6 thé dwoc lang dong theo
b6n phuwong thitc khac nhau. Mdi bé ldng dwoc
thiét ké phu hop cho tirng phwong thiec va cac
trang thai lang dong d€ 4p dung dwoc cho tirng
trwomg hop xdy ra. Piéu nay phu thudc cha yéu
vao do loang cia bun cap liéu va sw dinh két twong
doi gitra cac hat khoang v&i nhau. Bon trang thai
clia qué trinh ling dong 1: roi tw do, 1dng két bong,
lang ctia mot khéi hat va qua trinh nén cin lang
(Hardheim_Leiblein-GmbH, 2009a; Parsons va
Jefferson, 2006; Li va nnk., 2012).

Trong qua trinh ldng dong bun ton tai 4 ving
khac nhau nhw mé td & Hinh 1. Ving dau tién la
ving nwdc trong (A), noi ma cac qua trinh 1ang ctia
cac hat roi tw do hay khdi hat két bong déu tao ra
trudce tién. Vang thir hai 1a viing c3n lang mat do
cao (B) véi dic diém noi batla tit ca cac hat cd kich
thuée khac nhau déu bi lang vao viing c6 mat do
ran nhu nhau (twong tng 1a téc dd lang nhuw
nhau). T6c do lang cia ving nay 1a ham sé phu
thudc mat d6 pha rin clia cic mién lién ké c6 cung
ty s6 16ng/ran. Ving thir ba 1a viing chuyén tiép
(C) véi cac dac diém giao thoa ctia viing thir hai va
vung cudi ciing. Vung thit tw 1a viing nén cin lang
(D), noi cic san pham sé dwoc thdo ra ngoai va
dwoc dwa vao cac qua trinh tiép theo. Trong thuc
té&, kich thwdc clia cac thiét bi lang dong dwoc xac
dinh thong qua viing nwdc trong va viing lang can
mat do cao (Parsons va Jefferson, 2006; Wills va
Finch, 2016; Li va nnk., 2012).

l San pham tran

A: Ving nudc trong;

B: Viing ling mit d¢ cao;

B C: Ving chuyén tiép;

D: Viing nén can lang.

Hinh 1. Cdc viing khdc nhau trong qud trinh ldng
dong bun qudng (Wills va Finch, 2016).



Pham Thanh Hdi va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 65 (1), 74 - 87 77

Cac yéu to chinh anh hwdng dén qua trinh
lang dong bun bao gom: kich thuéc va hinh dang
clia hat; thanh phan do hat; ham lwong pha ran;
khoi lwgng riéng cua hat; do nhét ctia bun; do pH
va nhiét d6 cta bun; anh hwdng ctia mot s6 hoa
chittrong bun diu; yéu ciu chit lwgng clia cic san
phdm. Véi cac hat min hon c6 tdc do lang cham
hon, chiing yéu cau dién tich ling cao hon dong
thoi mat do pha ran cia san phdm cin thip hon so
v&i cac hat thd. Cac hat c6 dang hinh ciu cé téc do
l3ng cao hon so véi cac hat c6 hinh dang khac vi
céc hat hinh cau c6 dién tich bé mit thip nhat. Vé
méat do bun quang, yéu t6 nay &nh hwdng dén dong
hoc clia cac hat trong qua trinh 13ng dong. Khi mat
do bun diu ting thi tinh ndi va téc d6 lang dong
cda cac hat trong bun quang giam. P6 nhét cia
bun 14 théng s quan trong tiép theo, dic biét hon
khi lang dong cac hat rit min (<20 pm). Cac hop
chat hda hoc dwoc dwa vao qua trinh 1ang dong sé
gop phin tang hiéu qua c6 dac thong qua sy hinh
thanh cac khoi hat c6 kich thwéc 1on hon (két tu
va két bong) (Peng va nnk, 2020; Li va nnk,
2012). Thong s6 khdi lwong riéng cia pha ran va
ctia bun anh huwéng dén tdc dd l1ang cia hat va tré
lwc tic dung 1én hat. Quan trong hon 1a khéi lwong
riéng cta hat &nh hudng dén ham lwong pha ran
clia san phdm cin lang trong qua trinh ling dong
(Nguyén va Pham, 2012; Heredia, 2018).

2.2. Thiét bi ldng dong bun
2.2.1. Thiét bi lang dong truyén théng

Bélam dac bun (bé c6 dic): day la loai thiét bi
dwoc str dung chid yéu trong cac nha may tuyén
khodng trong va ngoai nuwéc (Tarleton va
Wakeman, 2007; Wills va Finch, 2016; Nguyén va
Pham, 2012). Hau hét cdc nha mdy tuyén khoang
tai Viét Nam déu st dung bé c6 dic dang truyén
théng dé ling dong bun min. Cac nha may tuyén
than Cira Ong, Vang Danh st dung bé c6 dic
truyén dong chu vi d€ lang dong bun than c4p hat
-1 mm. Cic nha mdy tuyén quing dong (Sin
Quyén, Ta Phoi) str dung bé c6 dic truyén dong
trung tAm dé lang dong quang tinh dong trwdc khi
loc. Cac nha mdy tuyén quing apatit Tang Lodng
va Bic Nhac Son str dung bé c6 dic truyén dong
chu vi dé khir slam va c6 dac quing tinh trwdc khi
loc. Tai nha may tuyén quing bo-xit LAm Dong va
DPik Nong, quiang dudi sau tuyén rira déu dwoc
ldng dong ndi tiép trong hai giai doan dé thu hoi

nuéc tudn hoan, trong dé giai doan 1 1dng dong
bang bé cd dic; giai doan 2 lang dong tai ho thai
quang dudbi (Vinacomin, 2020; DNA, 2020;
Nguyén va Pham, 2012). Nong d6 bun vao cb dic
khong thay d6i dwoc do dic thli san xuit cia cac
nha mdy. Tuy nhién, tinh chit cda bun, loai héa
chat két bong phu hop van chwa dwoc danh gia.
Viéc van hanh san xuit chu yéu la dwa trén kinh
nghiém va khuyén cdo ctia cic nha san xuit.

BE lang ngoai troi va hod lang bun: cac san
pham bun thai min thuwdng dwoc ling dong trong
cac bé ldng ngoai troi hodc cac hd lang bun. Tai
Viét Nam, cac ho ling bun dwoc st dung cht yéu &
cac nha may tuyén ndi quang dé 1ang dong quing
dudi nhw: cadc nha may tuyén quing apatit, dong,
chi - k&m, bo-xit,... Con cdc nha may tuyén than st
dung bé&1dng ngoai troi d€ 1ang dong lai bun sau cd
dac (Nguyén va Pham, 2012; HPG, 2020; Tarleton
va Wakeman, 2007). Hiéu qua lang cua loai thiét
bi nay khong cao, khé diéu chinh cac thong sé cong
nghé, tén nhiéu dién tich ling va thoi gian lang
dong kéo dai.

2.2.2. Thiét bi ldng dong ndng sudt cao

Bé lang con sau: loai bé 1ang nay c6 gia thanh
van hanh va lap dat ré, chiém it dién tich nha
xuwdng nhwng thiét bi nay yéu cau phai str dung
mot lwong 1én thudc két bong dé tiang hiéu qua
lang dong. Do vay, tong gia thanh cudi cung lai dat,
hon nita do cin lang c6 dd nhét cao nén chi phi
nang lwong cho qué trinh khuiy cao hon (Parsons
va Jefferson, 2006; Tarleton va Wakeman, 2007;
Wills va Finch, 2016). Tiéu hao thudc két bong
dong vai tro quan trong trong lang dong. Tuy
nhién, tiéu hao két bong va diéu kién t6i wu cta cac
héa chat phai dwoc khao sat chi tiét cho tirng loai
vat liéu.

BE c6 dic nhiéu ting: loai bé nay c6 wu diém
1a st dung t6i da dién tich nha xwdng tuy nhién lai
khé stra chita khung cao & ting dudi, van hanh
phtrc tap, tiéu hao van hanh cao (Parsons va
Jefferson, 2006; Tarleton va Wakeman, 2007;
Wills va Finch, 2016).

BE€ ling lamella: diy 1a bé ldng dang tim
nghiéng (lang trong 1ép mong). Uu diém cla thiét
bi ndy so véi cac thiét bi ldng khac 1a ning suit
riéng cao, khong c6 cac co ciu truyén dong, tiéu
hao vin hanh thap, tén it dién tich nha xwéng. Tuy
nhién, khi cip liéu véi toc db cao sé lam cho dong
chay gifta cac tAm nghiéng bi hon loan (chay réi)
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lam cho cac hat rdn bi cuén vao san phim tran
(Nguyén va Pham, 2012;
Hardheim_Leiblein_GmbH, 2009b; Zhou, 2012;
Zhou va nnk., 2013; Wills va Finch, 2016).

2.2.3. Cdc loai b€ ldng khdc

B€ lang hinh chir nhat: bé nay dugc dung dé
thu hoi cic hat c6 kich thwéc rat min 1+50 pm.
Thiét bi nay c6 vén dau tw thip, nhung gia thanh
van hanh cao, ham lwong pha rin cla cin ling
thap, chat lwong nwéc tran kém. Thiét bi nay
trwde kia dwoc dung trong cac xwdng tuyén than
dé khir slam. Nhwng hién nay, hdu nhw khong con
dwoc st dung trong cac xwdng tuyén khoang trén
thé gi¢i (Wills va Finch, 2016; Tarleton va
Wakeman, 2007).

Bé lang E - Cat (b€ 1ang vdi co cAu nén cdn):
bé c6 dang hinh tru con, gitra bé cd 13p co ciu lam
toi x8p bun lng (Wills va Finch, 2016; Tarleton va
Wakeman, 2007).

Nhin chung, cic bé 1ang dong bun thwong c
kich thwéc I6n nhwng ndng suat nhé va hiéu suat

lang dong thip. Do d6, dé ting ning suitling dong
bun, hién nay cac nha may dang cé xu huwéng thay
thé& cac bé co dic truyén thdng bang cac bé 1ang c6
ning sudt va hiéu suit lang dong cao, nhw: bé cd
dic nhiéu ting, bé ling hinh c6n va bé lang
Lamella. Bén canh d6, viéc nghién ciru tinh chit
bun, lwa chon loai chit két bong, tiéu hao két bong,
gia tri pH ctia bun quyét dinh dén hiéu qua lang
dong thuc té, 1a co sé thiét ké, ché tao, t6i wu héa
thiét bi phu hop cho tirng loai bun c6 dac.

3. Nghién ciru tinh chdt mau bun quing

3.1. Phadn tich thanh phdn dé hat va phan tich
héa

MAu duoc str dung dé nghién ctru d6 1a mau
bun nguyén khai (c& hat -1 mm, dworc 14y tir quang
nguyén khai, sau dé st dung hé théng sang rira
danh toi va sang -1 mm). Két qua phén tich thanh
phéan d6 hat miu quiing nguyén khai, bin -1 mm
nguyén khai ctia cAc xwdng tuyén riva Dak Nong va
Lam Dong cho & Hinh 2.

“-Thanh phan dd hatbun
nguyén khai Pdk Nong

+-Thanh phan do hat bun
nguyén khai Lim Pong

1 10
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Hinh 2. Thanh phdn dé hat va ham Iwong Alz03, SiO; trong cdc mdu Dak Néng va Lam Dong.
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Thu hoach cip hat siéu min (-0,02 mm) trong
quang nguyén khai cip cho hai cong ty déu rat cao
lan lwot la 72,82% véi LAm Pong va 62,04% véi
Pk Nong. Diéu ndy chirng té6 quang nguyén khai
chira nhiéu mun sét.

Ham luwgng SiO; c6 trong bun nguyén khai &
mirc chip nhan dwoc véi Dak Nong (3,21%), va
twong do6i cao & Lam Pong (5,72%). Ham lwong
nay phan bd déu & cac cip hat khdo sat.

Cép hat +0,5 mm trong bun nguyén khai c6
ham lwgng Al;Os cao, tuy nhién, trong qua trinh
phan tich riy nhan thiy cap hat 1an kha nhiéu ré
cay.

Nhw viy, c6 thé nhdn thiy bun bé-xit clia
Cong ty Nhom Dak Nong va LAm Pong déu chira
rat nhiéu cip hat siéu min (-0,02 mm). Pay la cip
hat rat khé lang dong trong lwc, dé thu dugc cin
lang c6 ndng do pha ran cao can dién tich 1ang 16m
va tén nhiéu chat tre 1dng.

3.2. Phan tich khdi Iwong riéng

Khéi lwong riéng cling la théng s6 quan trong
ddi v&i qua trinh 13ng dong, n6 quyét dinh tri s6
cda lyc trong trwong tac dung 1én hat khoang.
Trong qué trinh ling dong cac hat khoang vat c6
phan tach khai pha léng hay khong trwére tién phu
thuéc vao khéi lwgng riéng cta ching. Trong
tuyén khoang thuong st dung ba phwong phap dé
xac dinh khdi lwgng riéng ciia quang la: phwong
phap binh ty trong, phwong phap chit 16ng ning

. 24-26% l

Mau nguyén khai Pak Nong

® Gipxit = Gotit = Hématit
Thach anh = J1lit = Kaolinit
m Clorit = [Imenit m K vat khac

va phwong phap chat1dng cin. Phwong phap binh
ty trong dwoc st dung dé xac dinh khdi lwong
riéng ctia bun min (< 3 mm), do vy trong nghién
cru da st phwong phap nay dé xac dinh khdéi
lwong riéng ciia bun nguyén khai cip -1 mm cda
Cong ty Nhom bk Nong va LAm Dong. Khdi lwong
riéng cua bun dwgrc xac dinh theo cong thixc (1).
Az — Ay

6= (Ay—A3)+ (A, —Ap) (1)

Trong d6: A; - khoi lwong cia binh, A; - khéi
lwgng ctia binh va mau; As - khéi lwong binh, mau
va nuwdc; A4 - khéi lwong binh + nwéce (day binh).

Chuin bi 3 binh thuy tinh cé thé tich 100 ml
va bun nguyén khai cip -1 mm kho. Két qua thi
nghiém xac dinh khéi lwong riéng trung binh cta
bun quing nguyén khai Pak Nong va LAm Dong
I4n Iwot 12 2,39 va 2,72. Bun nguyén khai ctia Dak
Nong cé khoi lwong riéng thip hon so véi LAm
bong (330 kg/m3), diy cling chinh la mét trong
nhitng nguyén nhéan 1am cho tdc d 1dng dong bun
quang tai D3k Nong thdp hon LAm Dodng va lam
tang tiéu hao chat két bong,

3.3. Phdn tich thanh phdn khodng vdt qudng
nguyén khai

MAu nghién ctru biin nguyén khai ctia Cong ty
Nhom Dak Nong va LAm Dong dwoc dwa di phan
tich XRD. Két qua phan tich cho & Hinh 3.

1-3%3.502-4%

50-52%

Mau nguyén khai Lam Dong

m Gipxit = Gotit = Hématit
Thach anh = J1lit m Kaolinit
m Clorit = [Imenit m K vat khac

Hinh 3. Thanh phdn khodng vat ctia mdu qudng nguyén khai ciia Ddk Néng va Lam Dong.
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C6 thé nhan thiy rang trong cac miu nghién
ctru chira chi yéu khoang vat gipxit. Ham lwong
khoang vt gipxit trong cAc mau clia Pak Nong
thap hon cia Lim Pong vao khoang 10% (40% so
v&i 50%).

Tap chét SiO; trong cdc miu bun chu yéu
trong khodng vat thach anh va kaolinit. Tuy nhién,
ham lwong hai khoang vat nay trong bun Lam
bong rat it. Con miu bun cua Pak Nong c6 ham
lwong khodng vt kaolinit cao gip doi so véi LAm
DPong. Mau bun ctia Ddk Nong c6 nhiéu mun sét
hon LAm Dong va khé ling dong hon, dong thoi
SiO; ton tai trong kaolinit anh hwdng 16m dén hiéu
suit ctia khiu san xut alumin.

Tap chit sit trong cAc mAu bun tip trung chi
yéu trong khodng vat gotit véi ham lwong vao
khoadng 20% va it hon la khoang vat hematit véi
ham lwgng duwdi 7%. Theo két qua phén tich thi
tong ham lwong Fe, 05 trong cAc mau bun ctia LAm
Dong cao hon tir 4+6 % so véi Dak Nong.

3.4. Trinh tw thi nghiém

DE c6 co s& phan tich, lwa chon thiét bi va ché
dod cong nghé ling dong hop ly cho bun xwéng
tuyén rira ctia hai Cong ty Nhndm Dak Nong va LAm
DPong, bai bio nay tip trung vao nghién ctiru xac 1ap
cac ché d6 cong nghé lang dong bun tdi wu bang
dng lang véi cac thong s6 loai chit tro lAng phu
hop, tiéu hao chit tro lng t6i wu va gia tri pH bun
dau (Peng va nnk, 2020).

Ongling hinh tru c6 thé tich 0,5 lit va c6 thang
chia tir 0+250 mm dwogc st dung cho cac thi
nghiém. Lwong phan ran can thiét dwoc tinh todn
cho 0,5 lit bin d€ dam bao nong d6 pha ran cla
bun 6% (twong dong vdi thuc tién san xuit & cac
cong ty nhdm hién nay), d6 bun va nwéc vao ong
lang dén vi tri 0. C4p chét tro 1ang theo gia tri da
tinh to4n. Bit chat 6ng lang va 14t di 14t lai vai lAn
dé bun phan tan déu trong 6ng lang. Khi bun da
phan tan déu trong 6ng lang, diat 6ng lang ngay
ngan, bat ddu quan sat va tinh thoi gian 1dng. Vi tri
I chi 6ng lang chira bun quing & thoi diém dau
tién. Sau mot thoi gian trong 6ng lang xuat hién
cac mién khac nhau: mién nwéc trong A, mién cé
ham lwgng ran ban dau B; mién chuyén tiép C;
mién cin ling D. O day 6ng dong tao nén mot 1ép
nhitng hat thé ldng dong nhanh (vi tri Il va III). Cac
vi tri tiép theo III, IV dién ra qua trinh mé rong cac
mién A va D. Qud trinh lang tiép tuc thi cAc mién B
va C bién mat, khi mién A va D tiép xtc véi nhau

qué trinh nén dién ra cham lai. &' vi tri V chi trang
thai bun quing tiép tuc nén can lang. Quan sat sy
hinh thanh 1&p nwéc trong (mién A) va ghi lai moi
quan hé gitra thoi gian lng va chiéu cao 16p nwéc
trong. Thi nghiém két thuc khi chi con mién A va
mién D chiéu cao 16p cin lang (mién D) hu nhuw
khéng thay d6i. Thi nghiém hai lan & ciing mot ché
do6, néu két qua hai lan c6 su sai khac nhiéu thi tiép
tuc tién hanh thi nghiém lan th& ba. Két qua thi
nghiém cu6i cung la trung binh cda hai lan thi
nghiém (Hinh 4) (Liu va nnk,, 2015; Jiang va nnk.,
2010).

K&t qua thi nghiém lang dong bun dwoc biéu
dién duéi dang do thi thé hién méi quan hé giita
tdc do lang véi thoi gian 1dng. Chat lwgng cac san
pham dwoc biéu thi badng ndng d6 pha ran clia cin
lang (p, %), mat do pha ran trong 16p nwéc trong

(C g/D).
4. Két qua va thao luan

4.1. Nghién ctru xdc dinh loai chdt két bong

Hién nay c6 rat nhiéu loai két bong, mdi loai
két bong phu hop tro 1dng cho nhitng khoang vat
nhat dinh. Cac loai két béng dung trong nghién
ctru bao gbm: Polyacrymide (A); Polyacrylat (B);
NALCO 85035 (C - dwoc Bateco cung cip va dang
str dung tai cadc nha may); HA-LB080 (D - duoc
cung cip béi Hansol - Trung Quéc).

biéu kién thi nghiém: tiéu hao két béng 40
g/t; pH bun qudng 6,5+7,0; cAc chit trg lang st
dung 1a: A, B, C va D. Két qua thi nghiém cho & cac
Hinh 5, 6.

A
A LA
B
\\C
N
N D D

| Il I IV \Y
Hinh 4. Qud trinh ldng dong bun trong dng.
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Toc do trung binh hinh
thanh 1ép nude trong, mm/s
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Thoi gian lang, s

“®-Bun thai Pik Nong Keo tu A
“®-Bun thai Pak Nong_Keo tu C
=+Bun thai Lam Dong Keo tu A
++Bun thai Lam Dong_Keo tu C

“@-Bun thai Pik Nong Keo tu B
Bun thai Bik Nong Keo tu D
=+Bun thai Lam Dong Kceo tu B
Bun thai Lam Dong_Keo tu D

Hinh 5. Téc d6 trung binh hinh thanh 1ép nuéc trong theo thoi gian Idng.
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~ 8
s 40 0.16 5
98 35 0.14 o
g 30 0125 _
o 25 0.1 Vg |
B 20 0.08 £ 2
o oS
B 15 0.06 &0 &
g 10 0.04 ;’g
e 5 0.02 =
k- 3
2 0 0o =
A B C D

Loai keo tu

mNong d bim_Pik Nong
“@Ham lugng pha ran_Bak Nong

®mNong do bun_Lam Pong
“®Ham lugng pha ran_Lim BDong

Hinh 6. Chdt lvong nwéc trong va cdn ldng véi cdc loai két béng khdc nhau.

Nhén thay khi st dung két bong A va B dé
ldng dong bun quang dudi thu dwoc tdc dd ling
dong; ndng dd pha ran trong cin lang va chat
lwong 16p nwéce trong thap hon nhiéu so véi két
bong CvaD.

K&t bong C cho hiéu qua lang dong bun quing
dudi cia LAm Dong tét hon so véi két bong D. Cu
thé: khi st dung két bong C thi chi cin 60 gidy
chiéu cao 16p nwéc trong da dat 215 mm va bt
dau vao thoi gian nén bun, con két bong D can dén
72 gidy mai dat chiéu cao 16p nwéc trong 215 mm.
Dong thoi, ndng do pha ran trong cdn lang khi st
dung C cao hon (41,64% so véi 40,05%), chit
lwong 16p nuwéce trong tét hon (0,09 g/l so véi 0,1
g/1) va t6c do lang dong bun cin & thoi diém két
thuc thi nghiém cling cao hon (10,25 m/h so véi
9,39 m/h).

Két bong D d€ lang dong bun quing dudi cta
D3k Nong lai t6t hon so v&i két bong C. Cu thé: khi
stt dung két bong D d€ lang dong bun thai Dak

Nong thi chi cAn méit 60 gidy chiéu cao 1ép nuéc
trong da dat 210 mm, con két bong C can 66 gidy
dé dat chiéu cao 16p nwéc trong nhw trén. Dong
thoi, nong dd pha ran trong cin lang cao hon
(37,07% so v&i 35,75%) va téc dd lang dong bun
cin & thoi diém két thuc thi nghiém ciing cao hon
(10,06 m/h so véi 8,64 m/h).

O cling mot ché d6 thi nghiém thi téc d6 13ng
dong va ndng do pha rén trong cin lang khi lang
dong bun quing dudi ctia Pak Nong thdp hon so
v&i LAm Pong. Ngwoc lai, chat lwgng nwéc trong
lai cao hon.

Tl két qua thi nghiém chon két bong D dé
ldng dong bun thai ctia Cong ty Nhém Pak Nong va
két bong C d€ lang dong bun thai cua Cong ty
Nhom Lam Dong. Tuy nhién, dé danh gia chinh xac
hon hiéu qua cta két bong C va D khi lang dong
bun thai, chon ca hai loai két bong trén cho cac thi
nghiém tiép theo.
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60 70 80 100 110 120

90

Thoi gian lang, s

=-Biin thai Dik Nong_Keo tD_chi phi 20 g/t
=#-Biin thai Pak Nong_Keo tuD_Chi phi 40 g/t
=*=B0n tha Dak Nong Keo tu D Cli phi 60 g/t
@3 in thai Dak Nong Keo tu C_Chiphi 30 gt
«“@-Biin thai Pak Nong KeotuC Chi phi 50 g/t

<+Bin thai Dik Nong_Keo tuD_Chi phi 30 g/t

Bun thai Pak Néng_ Keo tuD_Chi phi 50 g/t
“®Bun thar Dk Nong_ Keo tu C_Chiphi 20 gt
“@=Bun tha DAk Nong Keo tu C_Chiphi 10 gt
“@-Bun thai Pak Nong Keo tuC Chiphi 60 g/t

Hinh 7. Téc d6 trung binh hinh thanh 1ép nwéc trong theo thoi gian ldng bun Dk Néng véi cdc tiéu
hao két béng khdc nhau.
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mNéng do bun_Dik Nong_Keo tu D = Nong do bun_Dék Néng Keo tu C
<®-Ham luong pha rin Dik Néng Keo tu D  “®Ham luong pha rin Dik Néng Keo tu C

Hinh 8. Chdt lvong nwéc trong va cdn ldng khi ldng dong bun Pdak Néng véi cdc tiéu hao két béng
khdc nhau.

4.2. Nghién ciru xdc dinh tiéu hao chdt két bong
toi wu

Tiéu hao két bong anh hwdng dén chat lwong
16p nwdc trong, ndng dd cian lang va mat do pha
ran trong nuéec trong. Khi tiéu hao két bong & mirc
thap, chit lwong 16p nwdc trong gidm, tdc do ling
dong va ndng do can lang thap. Ngworc lai, tiéu hao
két bong qua cao thi ndng do cin lang ciing giam,
déng thoi 16p nudce trong chira két bong con dw
lam gidm chat lwong nwéc tudn hoan va anh
hwdng dén hiéu qua cia cic khau st dung nuwéc
tuén hoan.

Diéu kién thi nghiém: cac chit trg ling st
dungla C va D; pH bun quiing 6,5+7,0; tiéu hao két
béng thay doi lan lwot la: 20; 30; 40; 50 va 60 g/t.
Két qua thi nghiém cho & cac Hinh 7+10.

Nhén thay téc dé hinh thanh 16p nuwéc trong
tang ty lé thudn vai tiéu hao két bong. Ngoai trir, &
tiéu hao két bong 60 g/t toc dd hinh thanh 16p
nuwéc trong lén nhit chi & 60 gidy dau tién, & thoi
gian lang tiép theo tdc dd hinh thanh 16p nuéc
trong thip lai hon so vi tiéu hao 50 g/t.

Tang tiéu hao két bong thi mat do pha ran
trong 16p nwée trong giam dan.

NoOng dd pha rén trong cin ldng ting dan khi
tang tiéu hao két bong tir 20 g/t dén 40 g/t. Néu
tiép tuc ting tiéu hao két bong lén trén 40 g/t thi
nodng do pha ran cia cin lang lai gidm. Chirng to
khi str dung nhiéu két béng, cic bong cdn nén
khong chit nén 1am gidm ndng d6 pha ran trong
can lang.

(' tiéu hao két bong 30 g/t, bun thai ctia Cong
ty Nhdm LAm Pong déu cho céc chi tiéu ling dong
cao hon so v&i bun thai Ddk Nong va gan nhw da
dat gia tri toi wu.



Pham Thanh Hdi va nnk./Tap chi Khoa hoc Ky thudt M6 - Dia chdt 65 (1), 74 - 87

7.0
6.0
5.0
4.0
3.0
2.0
1.0
0.0

10 trung binh hinh thanh

16p nude trong, mm/s

83

7
3 0 10 20 30 40 50 60 70 80 90 100 110
= Thoi gian lang, s
“#Bun thai Lam Pong_KeotuD chi phi 20 g/t «»Bin thai Lam Péng_Keotu D Chi phi 30 g/t
“+Bin thar Lam Dong Keo tuD_ Chi phi 10 g/t Bun thai Lam Dong Keo tuD_Chi phi 50 g/t
=+Bim thai Lam Dong KcotuD_Clu phi 60 g/t “@=Bun thai Lam Dong Keo tu C_Chi phi 20 g/t
“@-Bin thai L.am Pong KeotuC Chi phi 30 g/t “@-Bin thai Liam Pong KeotuC Chi phi 40 g/t
@B thai Lam Dong Keo tu C_Chi phi 50 gt @B thai Lam Dong Keo tu C_Chi phi 60 g/t

Hinh 9. Téc d6 trung binh hinh thanh Iép nwéc trong theo thoi gian ldng bun Ladm Déng véi
cdc tiéu hao két béng khdc nhau.
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Hinh 10. Chdt Iwgng nwéc trong va cdn ldng khi ldng dong biin Ldm DPdng véi cdc tiéu hao két
béng khdc nhau.

C4c thi nghiém déu chirng té bun thai ctia Pak
Noéng va LAm DPong cho két qua 1ang t6t nhat & tiéu
hao két bong tir 40+50 g/t. Tiéu hao két bong to6i
wu dé ling dong bun thai cia LAm Pong va Dk
Noéng 1a 40 g/t. Cu thé: khi lang dong bun thai Dak
Nong véi két bong D & tiéu hao 40 g/t thu dwoc
nong do can lang; ham lwong pha ran va téc do
lang & thoi diém két thic thi nghiém Ian lwot 1a:
37,07%; 0,08 g/1 va 10,06 m/h; khi lang dong bun
thai DAk Nong v&i két bong C & tiéu hao 40 g/t thu
dwoc ndng do can ldng; ham lwong pha ran va toc
do lang & thoi diém két thic thi nghiém Ian lwot
12: 35,75%; 0,08 g/1 va 8,64 m/h; khi lang dong
bun thai LAm Pong véi két bong C & tiéu hao 40
g/t thu dwoc ndng d6 cin ldng; ham lwong pharan
va tdc do lang & thoi diém két thiic thi nghiém lan
lwot 13: 41,64%; 0,09 g/1 va 10,25 m/h; khi léng
dong bun thai LAm Pong v&i két béng D & tiéu hao

40 g/t thu dwoc ndng dd cin lang; ham lwong pha
ran va téc do lang & thoi diém két thic thi nghiém
lan lwot 1a: 40,05%; 0,1 g/1 va 9,39 m/h. Két bong
C c6 hiéu qua lang dong bun thai LAm Dong cao
hon so véi két bong D. Ngwoc lai, bun thai Dik
Nong lai c6 hiéu qua lang cao véi két bong D. ¢
cung ché do cong nghé lang dong: tdc dd lang dong
va ndng do pha ran trong cin lang ctia bun thai
Dbak Nong thap hon so véi LAm Dong, nhung ham
lwong pha ran trong nwéc trong lai thap hon. Tiéu
hao két bong khi lang dong bun thai LAm Ddng
th4p hon so véi Dak Nong. Chirng to bun thai cia
cong ty Nhom D3k Nong va LAm Dong c6 tinh chat
ldng dong khac nhau.

Tl két qua thi nghiém chon tiéu hao két bong
khi l&ng dong bun thai cia Céng ty Nhom D3k
Néng 1a 40+50 g/t, ctia LAm Dong 30+40 g/t cho
céc thi nghiém thay d6i d6 pH cta bun dau.
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4.3. Nghién ctru xdc dinh dé pH ctia méi trwong
toi wu

Néu phéan loai chit két bong theo moi treong
lam viéc thi c6 3 loai: chit két bong 1am viéc trong
mdi tredng axit; trong moi trwong trung tinh va
bazo. M6i mot loai chit két bong chi c6 hiéu qua
trong moi trweong c6 do6 pH nhit dinh. Do d6, can

=

(9%}

O

0 10 20 30

Toc d6 trung binh hinh
thanh 16p nudc trong, mm/s
(3]

xac dinh do pH t6i wu cta bun thai khi st dung
chit tro 1ang. Bun thai cia hai nha may hién dang
c6 tinh axit nhe (pH = 6+6,5), dé ting pH ctia bun
quang trong qua trinh thi nghiém str dung NaOH.

biéu kién thi nghiém bao gdém cac hda chit st
dung 1a C va D; tiéu hao két bong thay doi lan luot
1a 30 va 40g/t, pH bun quing thay déi lan lwot tir
6+6,5; 6,5+7,0; 7,0+7,5 va 7,5+8. Két qua thi
nghiém cho & cac Hinh 11+13.
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Thoi gian lang, s

«+Bimn thai Dik Nong Keo tuD) Chiphi40 g/t pH 6.5 «#Bun thai Dik Nong Keo tu D) Chiphi40 g/t pH 7
«Bun thai Dak Nong Keo tuD_Chi phi40 g't_pll 7.5 Bum thai Dak Nong Keo tuD_Chi phi10 gt_pll 8
@B thai Dak Nong Keo tuD Cli phi 50 g/t pl1 6.5 “@Bum thai Dik Nong Keo tuD Chi phi 50 gt pll 7
@i thii Dik Nong Keo tuD) Chiphi 50 g/t pH 7.5 «@Bim thai Dik Nong Keo tul) Chi phi 50 gt pH 8
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«+Bin thai Dk Néng_KeotuC_Chiphi 40 g/t pH6,5 =B thai Dik Nong_Keo tuC_Chi phi 40 g/t _pH 7

<++Bun thai Dik Nong_Keo tuC_Chiphi 40 g/t pH7.5 Bun thai Dik Nong_Keo tu C_Chi phi 40 g/t pH &

“®-Bun thai Dik Nong_Keo tuC_Chiphi 50 ¢/t pH6.5  @Bunthai Dik Nong KeotuC_ChiphiS0g't pH7

“@-Bun thai Dak Nong Keo tuC Chiphi 50gt pH7.5 <@ Bum thai Pak Nong Keo tuC Chiphi 50 g/t pH 8

Hinh 11. Téc dé trung binh hinh thanh 16p nwéc trong theo thoi gian ldng cia bun thdi Dak

Néng voi cdc gid tri pH khdc nhau.

16p nudce trong, mm/s
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Thoi gian lang, s

Téc d6 trung binh hinh thanh

«+Bin thai Lam Pong KeotD Chiphi30g/t pH6,5  «#=Bin thai Lam Péng_KeotuD Chiphi30gt pH 7
“#Bin that Lam Dong KeotuD Chiphi30gt pH7.5 Bun thai Lam Dong KeotuD Chiphi30gt pH 8
“®-Bun thai Lam Pong KeotuD Chiphi40gt pH6.5 4@=Bim thai Lam Déng KeotuD) Chiphi40gt pH7
«“@Bun tha Lam Pong KeotuD Chiphi40g't pH7.5 <@ BiunthaiLam Pong KeotuD Chiphi40gt pH 8
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Thoi gian ling, s

«#Bun thai Lam Pong_Keo tu C_Chi phi 30 g't_pH 6.5
«#»Bim thai Lam Pong KeotuC Chiphi30gt pH 7.5
«®-Bun thai Lam Dong KeotuC_Chiphi40 gt pH6.5
@B thai Lam Pong KeotuC Chiphid0 g't pH 7.5

<Bin thii Lim Déng_Keo tu C_Chi phi 30 g/t_pH 7

Bim thii Lam Déng Keo tuC Chiphi30 git pH§
«®Biin thii Lam Ddng_Keo tu C_Chi phi40 g/t_pH 7
@®Bin thai Lim Péng KeotuC Chi phi40 g/t pH 8

Hinh 12. Téc dé trung binh hinh thanh 16p nuwéc trong theo thoi gian ldng ctia bun thdi Lam
DPdng vdi cdc gid tri pH khdc nhau.
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m=Nong 46 bim Lam Déng Keo tuD Chi phi 40 gt
Néng d¢ bim Lam Déng Keo tuC Chi phi 40 g/t

«®Ham Ivong pha rin Lam Déng Keo tuD Chi phi 40 gt
Ham hremg pha rin_Lam Déng_Keo tuC_Chi phi 40 git

Hinh 13. Chdt lwong nwéc trong va cdn ldng khi ldng dong bun Bdk Néng (trdi) va Ldm Dong
(phdi) véi cdc gid tri pH khdc nhau.

Khi thay d6i do pH ctia bun dau, cé thé thiy
téc do lang dong ctia bun chidm nhat & pH = 6+6,5.
O cac gia tri pH trén 7 thi nong dd cin ling giam
dan va ham lwong pha ran trong lép nwéc trong
tang dan. Chirng té6 & moi tredng bazo hiéu qua
lam viéc cta cac chit tro'1ang D va C kém hiéu qua,
déng thoi trong moéi tredng bazo bun phan tan
manh hon nén khé ldng dong va lam gidm chat
lwong 16p nuwéc trong.

O gia tri pH = 7,0+7,5 bin c6 t6c d6 ling
nhanh hon so vé&i cac gia tri pH khac & trong
khoang 30+36 gidy dau tién. Sau do téc do lang
giam dan va thip hon so véi pH = 6,5+7,0.

Khi ling dong bun thai Pak Nong va Lim
boéng véi két bong C va D thi bun c6 cac chi tiéu
ldng dong t6t nhit & pH = 6,5+7,0.
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4.4. Thdo ludn

Bun thai xwdng tuyén riva ciia hai Céng ty
Nhom D3k Nong va LAm Dong c6 tinh chit khac
nhau nén can str dung chit tro lang khac nhau va
& tiéu hao khac nhau. Pdng thoi, cac chi tiéu lang
dong khi ldng dong hai loai bun nay ciing khac
nhau.

Khi lang dong bun thai LAm Dong nén dung
két bong C (NALCO 85035, dang dwoc Bateco
cung cip va st dung tai nha may) véi tiéu hao nam
trong khoang 30+40 g/t.

Khi ling dong bun thai Pdk Nong nén dung
két bong D (HA-LB08O, cung cip Hansol - Trung
Qudc) v6i tiu hao nam trong khodng 40+50 g/t;

K&t qua lang dong bun thai Dk Nong véi két
bong D & tiéu hao 40 g/t va pH = 6,5+7,0 thu dwoc
ndng do can lang; ham lwong pha ran va tdc do
lang & thoi diém két thic thi nghiém Ian lwot 1a:
37,07%; 0,08 g/1 v 10,06 m/h.

Khi ldng dong bun thai LAm Dodng véi két
bong C & tiéu hao 40 g/t va pH = 6,5+7,0 thu duoc
nong do can lang; ham lwong pha rn va téc do
lang & thoi diém két thic thi nghiém Ian lwot la:
41,64%; 0,09 g/ va 10,25 m/h.

5. Két luin va kié€n nghi

Bun nguyén khai cip -1 mm ctia quang bo-xit
c4p cho Coéng ty Nhom Dik Nong va LAm Dong
chira trén 62,04% cip hat -0,02 mm. Khodng vat
trong bun cha yéu 1a gipxit, gotit, cao lanh,... va
khoi lwong riéng cia bun vao khodng 2,4+2,5
t/m3. C6 thé khang dinh, day 1a loai bun kho ling
dong do chira nhiéu cip hat siéu min va cac
khoéang vat sét. Néu lang dong bang cac thiét bi
thong thwong sé ton nhiéu dién tich lang dong va
hiéu suit lang dong thap.

Khi 1ang dong bun trong méi trwong tinh
bang dng lang da xac dinh dwoc cac ché do cong
nghé t6i wu: loai két bong C va D; tiéu hao két bong
40 g/t va pH ctia bun quing nam trong khoang
6,5+7,0. Khi d6 thu dwoc cin ling c6 ndng do pha
ran trén 35% va mat dd pha ran trong nuéc tran
dudi 100 mg/1.

Dua trén cac thong s6 cdng nghé tdi wu cho
qua trinh lang trong 6ng thi nghiém va tdc do sa
ldng cta cac hat khoang, bun quing nén dwoc
nghién ctru ling dong trén cac thiét bi tién tién
nham danh gia kha nang g dung trong thurc té.

Tl d6 c6 cac tinh toan va phat trién & quy mo ban
cong nghiép va san xuit cong nghiép.

Bé ling Lamella vdi cac wu diém vwot troi vé
hiéu qua lang dong, ning suit riéng cao, yéu cau
vé dién tich nha xwdng nhé dang dwoc rng dung
nhiéu trong cic xwdng tuyén khoang. Nhom tac
gia kién nghi thir nghiém loai bé 1ang nay trong cac
nghién ctu tiép theo & quy mod phong thi nghiém
va ban cong nghiép.
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