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Abstract

In this study, the solution of poly-alumino-iron sulphate (PASF) coagulant for wastewater treatment was prepared
from Na Duong coal mining acid drainage. 8 % aluminum and iron coagulant solution prepared can be used to treat the
household wastewater with high concentration of residual suspended solid, turbidity, organic compounds, phosphates
and total phosphorus. With the dose of 0.6 mM (Fe, Al), 8 % poly-alumino-iron sulphate coagulant could reduce 70 %
of suspended solids; 72 % of turbidity; 65.3 % of phosphates; and 73% of total phosphorus. The highest efficiency of
BOD and COD removal was 64.1 % and 76 %, respectively, at the dose of 0.5 mM (Fe + Al) of PAFS coagulant.
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1. MO PAU

Tai Viét Nam, qué trinh khai thac than d3 dién ra
nhiéu nam. Bén canh viéc mang lai lgi ich kinh té to
16n, qua trinh khai théc than ciing dé lai nhiing anh
huong, 6 nhiém va tic dong manh dén moi truong
tai cac vung khai thac. M6t trong nhiing tac nhan 6
nhiém chinh 13 nudc thai axit mé (Acid Mine
Drainage - AMD). Vi¢c xtr ly va nghién ctu tai st
dung nude thai axit mé ndy nhim gép phan bao vé
mdi trudng 14 rat can thiét.

Nudc thai tr moong khai thac cia mé than Na
Duong 1a loai nude thai co tinh axit cao, d§ pH do
dugc 1a tir 2,1+2,9. Ham luong sit (Fe) vuot Quy
chuan Viét Nam QCVN40:2011/BTNMT(B) hang
tram 1in. Ham luong mangan (Mn) vuot QCVN
hang chuc lan. Bén canh do6, ham lugng chét rn lo
limg (TSS) ciing tuong ddi cao va nudc thudng cé
mau d6 nau do chira nhiéu sét (Fe) va luu huynh (S).
Viéc xa thai vao moi truong lam anh hudng khong
nhiing chét lugng nuéc ma con ca d6 mau clia nudc
song sudi trong khu vuc. Hoat dong xtr Iy nudc axit
thai mo than tai Viét Nam chi mdi duoc tién hanh
khoang 10 nam gan day. Cong nghé xir Iy nudc thai
chua yéu bang phuong phép co hoc két hop vdi trung
hoa bang véi hodc xit [1]. Tuy vao muc dich khac
nhau ma phan nudc sau khi xir Iy c¢6 thé dugc ding
cho tudi tiéu trong néng nghiép dia phuong, cong
vién, cac vanh dai xanh, ding lam ngudn nudc cip

nhiét, nudc lam mat trong céng nghiép, nudc dép
bui, rira xe, ... [2, 3]. Hién nay, phan 16n cac tram xir
ly nude thai mo than cia Tép doan than khoang san
Viét Nam véi cong nghé xir ly theo nguyén tic keo
tu - ling va loc cat; nuée sau xir ly ddp ung duoc
yéu cau xa ra ngudn nudc mit loai B theo QCVN
40:2011/BTNMT. Viéc tai sit dung ngudn nudc thai
axit mo vao muyc dich xtt ly méi truong chua dugc
quan tim nghién ctru nhiéu.

Pé lam giam d¢ duc, chit ran lo Iimg, ham
luong chat hitu co va cac chat dinh dudng trong
nudc va nude thai, nguoi ta thuong st dung cac loai
phén nhém, st — ddng vai tro 1a nhiing chét keo tu —
két hop v&i mot sé loai hda chat khac [4]. Viéc tai sir
dung nudc thai mo than lam chat keo tu cho xur ly
nudc da duge nghién clru voi nudce thai tai mo Santa
Catarina (Brazil) [5, 6]. Ttr ngudn nudc thai axit mo
v6i dac trung pH thip, ham luong cac kim loai Fe,
Al, Mn, Zn cao vuot quy chuan cho phép xa thai.
Céc thi nghiém khao sat danh gia kha nang xu ly
nudc ciia keo tu niy cho thay keo tu cé hiéu qua xu
ly cao tuong duong vai cac loai keo tu thong thuong
da dugc sur dung trong cac nha may xu ly nudc [5,
6].

Véi muc tiéu nghién ctru tin dung ngudn nudc
thai axit mé va gép phan lam giam thiéu 6 nhidm
moi truong, trong bai nay, chung t6i nghién ciu tai
sir dung nude thai axit mo than Na Duong dé diéu
ché dung dich chat keo tu poly-nhém-sit-sunphat va
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khao sat kha nang tng dung dung dich chét nay df:
xu ly nude thai nha hang véi ham lugng cao chat
htiu co, chat ran lo ling va d6 duc lon.

2. THUC NGHIEM

2.1. Piéu ché dung dich chit keo tu tir nguén
nudce thai axit mé

Nudc thai axit mé duge dé thoang khi trong 24 gio
dé chuyén toan bd Fe’" thanh Fe**. Sau do, dung
dich NaOH néng d6 4 mol/L dugc thém dan vao
nham tao cac két tua dang hydroxit kim loai & cac
gia tri pH khac nhau (pH = 4,0; pH = 5,0 va pH =
6,0). Tiép theo la phén tach cac hydroxit kim loai két
tua tir nude thai bang phuong phap ly tam v6i toc do
3000 Vong/phut Két tia rén sau ly tim dugc ria
sach va dugc hoa tan trong axit sunfuric 49 % dé tao
thanh dung dich poly-nhém-sét sunphat. Him lugng
cac ion kim loai cua Fe, Al, Mn, Cu, Cd, Ca, Zn, As,
Pb va ion SO, dugc phan tich theo b tiéu chuin
Standard Method 2012 [7].

2.2. Panh gia kha niing xir Iy nwéc thai caa chit
keo tu di€u ché dwgc tir nwéc thai axit mo

Ngudn nudc thai trong cac thi nghiém 14 nudc thai
nha hang Quang Chau ¢ Cim Pha, Quang Ninh
dugc 1y tir cong xa nha hang vao luc hoat déng cao
diém. Nudc thai ¢ thanh phan ham luong chit hitu
co, chét rin lo ling, phét pho cao, phit hop véi muc
dich thi nghiém. Céc thi nghiém Jartest duoc tién
hanh theo hudéng dan cia ASTM D 2035-80 [8]. Cac
thi nghiém dugc thuc hién vdi van tde khqu nhanh
1 phit dong thoi cho nhimng lugng chat keo tu
(PAFS) xéc dinh vao, tiép theo khudy chdm trong 20
phut, sau dé dé ling trong 30 phut, cu01 cung ly
phan nudc trong phan tich cac chi ti€u can theo doi,
so sanh. Cac chi tiéu vé chat lugng nudc sau khi xir
ly bang keo tu dugc theo dbi trong cac thi nghiém
bao gom pH, d6 duc, TSS, COD, PO,” va tong phdt
pho (TP) dugc phén tich bang nhiing phuong phap
va thiét bi huéng dan boi bo tiéu chuin Standard
methods 2012 [7].

3. KET QUA VA THAO LUAN

3.1. Piéu ché dung dich chat keo tu poly-nhom-
sat-sunphat tir nwéc thai axit mé

Két qua trong bang 1 cho thdy tai gia tri pH = 4,0
né)ng dd tat ca cac kim loai nang Cu, Zn, Cd, Pb,
As... trong thanh phan dung dich diéu ché dugc la
thap nhat, rat phtt hop cho sir dung dé xu 1y vi khong
gy doc cho ngudn nude duge xir 1y, tuy nhién ham
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lugng cac tac nhan keo tu sdt va nhom thu hdi duoc
lai dat thap chi 5,4 % trong thanh phan PAFS, thip
hon nhiéu so v6i kha nang thu hdi tai cac gia tri pH
= 5,0 dat mirc 8,0 % va pH = 6,0 & mic 7,89 %. Két
quéa diéu ché dung dich PAFS tai hai gi4 trj pH nay
thu duoc thanh phan sit va nhom 13 twong duong
nhau, nhung ¢ pH = 5,0 mot yéu td cAn xem xét khi
lwa chon phuong an diéu ché 1a ham lugng mét s6
kim loai anh hudéng nhu Cu, Zn, Cd, Mn, ... trong
thanh phan dung dich PAFS thap hon so véi két qua
thu dugc tai gia tri pH = 6,0, mat khac cling tiéu ton
luong kiém it hon. Nhu vdy c6 thé nhan thdy rang
gi tri pH thich hop nhat dé diéu ché dung dich poly-
nhém-sit-sunphat tir nudc thai axit mé than Na
Duong la pH =5,0.

Bang 1: Thanh phan nuéc thai mé than Na Duong
va thanh phan dung dich keo tu poly-nh6m-sat-
sunphat (PAFS) dicu ché dugc

[ Thanh
5111121111 %izlci nu%l::atlllléi Thanh phan PAFS
mo
pH 22 40 | 50 | 60
Fe(mg/L) | 502,80 | 52000 | 76000 | 76030
Al(mglL) | 1560 | 2150 | 4570 | 3940
Mn(mg/L)| 13,07 | 413 | 46,00 | 485
Ca(mg/L) | 29400 | 219,0 | 228,00 | 230,0
Mg (mg/L) | 11600 | 69,0 | 72,50 | 73,0
Cu(mgll) | 0,15 043 | 050 | 122
Zn(mgL) | 037 | 058 | 069 | 084
Cd(mgL) | 0,011 |<0,003 | <0,004 | <0.01
As(mg/L) | 0012 | <0,003 | <0,003 | <0,003
Pb(mg/L) | 0032 |<0,003 | <0,005 | <0,005
(Sn?;;-L) 5569 | 74200 | 73000 | 72500

3.2. Kha nang xit Iy nwédc thii cia dung dich keo
tu poly-nhdém-sit sunphat diéu ché dwoc

3.2.1. Kha ndng xir Iy chdt rdn lo lig TSS, d6 duc

Thir nghiém duoc tién hanh véi 2 miu ling khong
c6 keo tu va lang cd str dung keo tu poly-nhém-sit-
sunphat didu ché dugc vdi lidu lugng sir dung thay
ddi 0,4 mM (Fe, Al); 0,5 mM (Fe, Al); 0,6 mM (Fe,
Al); twong tng 1an luot véi ndng do poly-nhom—sat-
sunphat la 21,5 mg (Fe, Al); 27,0 mg (Fe, Al) va
32,0 mg (Fe, Al) cho 1 lit nuée xir Iy. Két qua duoc
dua ra ¢ bang 2.
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Bang 2: Gia tri pH, TSS va d duc nudce thai nha hang Quang Dong khi xur ly bang
dung dich keo tu poly-nhdm-sat-sunphat diéu ché dugc

Liéu luong pH TSS (mg/L) Do duc (NTU)
mM Pau | Pau | Pau | Pau | Hiéusuat | Pau | Pau | Hiéu suét
(Fe, Al) vao ra vao ra (%) vao ra (%)
0,0 7,20 | 7,20 | 153 | 107,1 30,0 122 | 86,6 29,0
0,4 7,10 | 7,05 | 146 | 53,0 63,70 120 | 42,0 65,0
0,5 7,15 | 6,95 | 153 | 50,0 67,30 122 | 39,7 67,5
0,6 7,20 | 6,50 | 160 | 48,0 70,0 124 | 34,7 72,0

Nguén nude khi bat dau thi nghiém cd d6 duc
trung binh 122,0 mg/L. Sau khi xir Iy biang PAFS,
ham luong chét rin lo ling, d6 duc giam rat nhanh &
cac nghiém thic ¢ xir 1y héa chit. Kha ning xu ly
TSS, d6 duc theo lidu lugng PAFS phu hop vdi ly
thuyét keo tu. Khi ting liéu luong chét keo tu thi
hi¢u qua keo tu ciing tang theo, pH va d¢ duc giam
dan, tuy nhién néu sir dung lidu luong cao qua thi do
duc s€ tang trd lai do cac hat keo trong nudc thai tai
6n dinh [9]. Cac két qua khac biét c6 y nghia véi
mau thi nghiém dbi ching khi khong st dung chét
keo tu. Néu dé léng tw nhién hiéu suét loai bo rét
thip chi khoang 30%. Két qua nay cho thiy kha
nang loai bo ham lugng chat rin lo limg va d6 duc

khi st dung keo tu PAFS dat dugc & lidu luong 0,6
mM (Fe, Al) 1a cao nhét véi hiéu sudt 70-72 %. Tuy
nhién tai nong d6 nay gia tri pH ctia dung dich giam
manh ¢ ngudng pH = 6,5 sat voi ngudng cho phép.

3.2.2. Kha ndng xir Iy chdt hitu co

Ngoai kha nang xir ly céc chit ran lo lung ciing nhu
loai bo duc 1am trong nudc ctia chat keo tu poly-sit-
nhém-sunphat, chung téi da tién hanh khao sat kha
nang xu ly céc chit hitu co hoa tan va lo ling trong
nude thai sinh hoat bang keo tu PAFS. Céc két qua
dugc thé hién trong bang 3.

Bang 3: Két qua BOD;s, COD trong nudc thai nha hang Quang Dong khi xur ly
bang dung dich keo tu poly-nhom-sat-sunphat

Liéu luong BOD;s (mg Oy/L) COD (mg Oy/L)
mM (Fe, Al) Déu vao Déu ra Hiéu sut (%) Péu vao DPau ra Hiéu suit (%)
0,0 136,5 124,5 8,8 285,0 268,0 6,0
0.4 132,0 52,0 60,6 281,0 89,90 68,0
0,5 136,5 49,0 64,1 285,0 68,40 76,0
0,6 141,0 51,5 63,5 289,0 73,70 74,5

Két qua tir bang 3 cho thiy hiéu qua xu ly cia
keo tu poly-nhém-sit-sunphat thu dugc 13 kha cao.
Céc chi s6 BOD, COD giam dén 6 4% va 76 %.
Ham luong chat hitu co trong nudc thai dau vao cao
bién dong véi ty 16 BOD/COD trung binh khoang
0,48. Do hiéu suét loai bd COD cao hon BODs trong
thi nghiém xtt ly voi keo tu s€ cho ty 1¢ BOD/COD
sau lang tang 1én 0,57 gitp nang cao hidu qua xu ly
sinh hoc.

3.2.3. Kha nang xit Iy photpho hoa tan (P-PO,") va
photpho tong (tong P)

Keo tu poly-nhom- ~sit- -sunphat ¢6 kha nang xu ly
thong s6 1an hoa tan va lan téng s rét tbt trong nudc

thai. Kha nang nay duoc thuc hién chu yéu do cac
cation sit va nhém (Al3+ Fe*, Fe”) trong PAFS
phdn tng v6i phot phat hoa tan tao nén cac mubi
phét phét kim loai két tia lam giam ham luong phdt
phat hoa tan, phdt phat téng sé trong nudc thai.

Qua theo ddi céc s6 liéu phan tich trong Bang 4 cho
thiy ham luong 1an hoa tan bt ddu giam dang ké ¢
liéu luong keo tu 0,5 mM (Fe, Al) tir ham lugng ban
dau 1a 4,82 mg/L, giam xudng con 1,687 mg/L hiéu
suat xur 1y dat 65 % va tang thém & liéu lugng 0,6
mM (Fe, Al) véi hiéu suit 65,3 %. Ham lugng nay
dugc so sanh v6i ham luong PO, & miu tring doi
chiing 1a mAu khéng sir dung dung dich keo tu PAFS
cho thdy hau nhu khong giam. Nhu véy, keo tu nay
c6 hidu qua t6t, lam giam luong phdt
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Bdng 4. Ham lugng phdt pho hoa tan va phét pho tong s6 khi xir 1y bang dung dich keo tu
poly-nhém-sat-sunphat

Liéu luong P-PO,” (mg/L) Tong P (mg/L)
mM (Fe, Al) Pau vio Paura | Hiéusudt(%) | Pauvao | Diaura | Hiéu suét (%)
0,0 4,82 4,720 2,07 8,25 8,043 2,5
0,4 4,71 2,355 50,0 8,10 3,807 53,0
0,5 4,82 1,687 65,0 8,25 2,550 69,0
0,6 4,93 1,710 65,3 8,40 2,270 73,0

phat hoa tan trong nudc.

Keo tu poly-nhom -sit-sunphat cling ¢6 hiéu qua
rt tot dé lam giam ham luong phét pho téng so.
Ham luong tong phdt pho trung binh dau thi nghiém
dao dong khoang 8,25 mg/L, giam xudng con tir
2,2+3,8 mg/L & tat ca cac thi nghiém xir Iy nudc thai
c¢6 sir dung PAFS. Con tai cdc mau di chimg nong
d6 nay hau nhu khong giam. Ty 1¢ giam ham lugng
phét pho tong vao khoang tir 53 % dén 73 %, ndng
d6 xir Iy cang cao thi ty 1& giam 14n téng s cang 16n,
hiéu sut xur ly cao nhét dat duoc & néng d6 0,6 mM
(Fe, Al) 1a 73 %.

3.2.3. So sdnh kha ndang xir [y medc thai khi sir dung
poly-nhom-sat-sunphat diéu ché duwoc vdi pheén
nhém va phen sdat

Thong thuong khi keo tu ching ta hay ding mudi
clorua hoac sunphat ctia AI(III) hoac Fe(Ill) do tac
dung keo tu tdt tir cic nhan keo tu hydoxit ctia cac
mudbi nhém va sit. Cac loai phén nay duoc dua vio
nudc dudi dang dung dich hoa tan. Viéc lya chon
chat keo tu phu thugc vao cac tinh chit héa ly, chi
phi, néng d tap chét trong nudc, pH va thanh phin
ctia nude thai. Nguoi ta dung thi nghiém dé xéc dinh
loai chat keo tu va liéu luong téi wu cia chat keo tu
trong qua trinh xr ly nudc thai. Trong cac thi
nghiém nay chung t6i tién hanh so sanh hiéu qua xu
ly cta cac loai keo tu thong dung nay véi dung dich
PAFS diéu ché dé khing dinh hiéu qua xir 1y nudc
ctia keo tu diéu ché duoc.

So sanh véi cac loai phén nhém
Aly(S0O4);.18H,0 va phén satF e(S0O,).7H,0 dugc thi
nghiém theo cach thirc va liéu luong twong tu nhu
ddi v6i keo tu poly-nhom-sit-sunphat. Cac két qua
thi nghiém duoc trinh bay trong bang 5.

Két qua thi nghiém cho thay ca 3 loai keo tu déu
¢6 tac dung lam giam ham luong rén lo ling, phdt
pho hoa tan, phdt pho téng sé va chét hitu co trong
nudc thai. Trong d6 hiu sudt loai bo chat rén lo
limg, d6 duc chét hiru co hoa tan ciia poly-nhém-sét-
sunphat tai thu hi tir nguén nudc thai mé dat hiéu
qua cao hon phén st Fe(SO,).7H,0 ¢ tat ca céc thi

nghiém khao sat. Cu thé ty 16 giam d6 duc khi xtr ly
phén sét thay dbi khong dang ké & cac ndng do, mirc
d6 giam cao nhit chi dat 37 %, thap hon nhiéu so
v6i khi xir Iy v&i phén nhém 1 75 % & liéu lugng
0,5 mM va poly-nhém-sat-sunphat 13 72 % & lidu
luong 0,6 mM. Ty 1& giam phét phat hoa tan trong
nuéc thai thi nghiém gita phén nh6ém
Alz(SO4)3 18H,0 va keo tu poly-nhom-sat sunphat
diéu ché duoc la tuong duwong o tat ca cac nong do
khao sat va dat dugc hiéu suét loai bd cao nhit
(~65,5 %. Hiéu suit loai bo tong photpho khi sir
dung poly-nhom-sit-sunphat cao hon khi su dung
phén nhém AIZ(SO4)3 18H20 & hau hét cac nong do
khao sat. Hiéu suat cao nhét cua PAFS ¢ nong do
0,6 mM (Fe, Al) dat dugc 1a 73 %. Khao sat tuong
tu lién quan dén keo tu hod hoc diéu ché tir nudc
thai axit mo6 va kha nang rng dung trong xu ly nudc
d3 duoc tién hanh trong nghién ctru cia Menezes
[5] ciing cho thy keo tu poly- nhém-sit-sunphatdat
duoc hi€u qua xu ly cao, cho hiéu suit loai bo mot
$6 chi tiéu nhu chét rin lo lung, do duc, Fe, Pb, ...
trong nudc ngudn.

4. KET LUAN

Nudc thai axit mé da dugc tai st dung lam nguon
diédu ché dung dich chit keo tu poly-nhom-sit-
sunphat (PAFS) dé xu ly nuée thai sinh hoat. Gia tri
pH thich hop dé thu hoi hén hop hidroxit nhém va
sat lam ngudn diéu ché dung dich chét keo tu tir
nudc thai axit mo 1a pH = 5. Két qua nghién ctru sir
dung dung dich PAFS diéu ché duogc lam chit keo tu
héa hoc dé xir ly nudc thai sinh hoat cho thdy dung
dich PAFS nay c6 kha nang xu ly tbt cac thong sb
nhu d6 duc, chét ran lo ling, chat hitu co, photpho
hoa tan va photpho tong s6 trong nudc thai sinh
hoat. Kha nang x ly nudc thai cia PAFS tuong
duong vdi cac loai chat keo tu théng thudong nhu
phén nhém, phén sit. Nudc thai ddu ra — sau khi
dugc xtr Iy bang dung dich chit keo tu poly-nhom-
sit-sunphat diéu ché dwoc — thich hop dé tiép tuc
qué trinh xt 1y su hon bing cic phuong phép sinh
hoc, cac phuong phap cho ngudn nude sau xt 1y dap
{mg yéu ciu chat luong cao hon.
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Bdng 5: So sanh hiéu qua xtr Iy nude thai cua PAFS diéu ché dugc v6i phén nhom va phén sit

) Liéu Poly-nhom-sét-sunphat Phén nhom Phén sét
Thongso | lwong | . [.  |Hiéusuat| Pau | | Hiéu | Pau | Pau | Hiéu
(mM) (%) vao suat (%)| vao ra | sudt (%)
0,4 146,0 | 53,0 63,7 146,0 | 45,3 69,0 146,0 | 97,80 33,0
(n];,:/i) 0,5 153,0 | 50,0 67,3 153,0 | 4437 | 71,0 153,0 | 97,15 36,5
0,6 160,0 | 48,0 70,0 160,0 | 40,80 | 74,5 160,0 | 101,0 36,5
A 0,4 120,0 | 42,0 65,0 120,0 | 36,0 70,0 120,0 | 80,4 33,0
]3\?]?55 0,5 122,0 | 39,7 67,5 122,0 | 31,72 | 74,0 122,0 | 76,9 37,0
0,6 124,0 | 34,7 72,0 124,0 | 31,0 75,0 124,0 | 79,36 36,0
BOD 0,4 132,0 | 52,0 60,6 132,0 | 51,5 61,0 132,0 | 54,78 58,5
(mg O,/L) 0,5 136,5 | 49,0 64,1 136,5 | 48,5 64,5 136,5 | 53,24 61,0
0,6 141,0 | 51,5 63,5 141,0 | 52,0 63,0 141,0 | 53,58 62,0
0,4 281,0 | 89,9 68,0 281,0 | 84,3 70,0 281,0 | 112,4 60,0
(mg(())];)/L) 0,5 285,0 | 684 76,0 285,0 | 71,25 | 75,0 285,0 | 109,72 | 61,5
0,6 289,0 | 73,70 74,5 289,0 | 69,36 | 76,0 289,0 | 112,71 | 61,0
PO 0,4 4,71 | 2,355 50,0 4,71 | 2,12 55,0 4,71 2,04 56,7
(mg;L) 0,5 4,82 | 1,687 65,0 4,82 | 1,66 65,5 4,82 1,63 66,0
0,6 4,93 1,71 65,3 4,93 1,73 65,0 4,93 1,77 64,0
Téng phét 0,4 8,10 | 3,807 53,0 8,10 | 3,85 52,5 8,10 3,80 53,0
pho 0,5 8,25 2,55 69,0 825 | 2,72 67,0 8,25 2,81 66,0
mgL) o6 | 840 | 2,77 | 73.0 | 840 | 235 | 720 | 840 | 2,18 | 74,0
TAI LIEU THAM KHAO Production of a poly-alumino-iron  sulphate

1.

Van Hiru Tap. Nghién cuu xu Iy ndng cao nudc thdi
ham 16 mé than d@é tai sir dung cho muc dich cdp
nudc sinh hogt, Hoi nghi moéi truong toan quéc lan
tha IV, B§tai nguyén va Moi truong, Ha Noi
(2015).

L. Haibin, L. Zhenhing. Recycling utilization
patterns of coal mining waste in ChinaResources,
Conservation and Recycling, 54(12), 1331-1340
(2010).

R. N. Singh, H. B. Dharmappa, M. Sivakumar.
Wastewater quality management in coal mines in the
Illawarra region, International Conference on
Mining and the Environment, Bandung, Indonesia,
9.1-9.16 (1996).

US Army Corps of Engineers. Engineering and
design:  Precipitation/Coagulation/  Flocculation,
EM 1110-1-4, 8.2-8.3 (2001).

J. C. S. S. Menezes, R. A Silva, 1. S. Arce.

Lién hé: Cong Tién Diing

B6 mon Hoa, Truong dai hoc Mé - Dia chét

coagulant by chemical precipitation of a coal mining
acid drainage, Minerals Engineering, 23, 249-251
(2010).

S. R. Rao, R. Gehr, M. Rindeau, D. Lu, J. A. Finch.
Acid mine drainage as a coagulant, Minerals
Engineering, 5(9), 1011-1020 (1992).

A. D. Eaton. Standard methods for the Examination
of Water and Waste Water, 22nd, published by
American Public Health Association, Washington

(2012).
ASTM - American Society for Testing and
Materials, Standard practice for coagulation-

flocculation jar test of water, Annual book of ASTM
D 19.03, 11(02) (1995).

Metcalf & Eddy, Inc.,, Revised by G.
Tchobananoglous, F. L. Burton, H. D. Stensel.
Wastewater engineering: treatment, disposal and
reuse, McGraw-Hill series in water resources and
environmental engineering, New York (1991).

18 Phé Vién, phudong Pirc Thing, Béc Tir Liém, Ha Noi
E-mail: congdung.mdc@gmail.com; Di¢n thoai: 0926988868.

293



