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Tém tit: Nghién ctru nay dugc tién hanh dé danh gia kha nang hap phu kim loai ning trong nudc
ctia vat liéu SBC-400-10S ché tao tir bun thai do ché bién quang sat thudc tinh Bic Kan voi 10%
thiy tinh 16ng, nung & nhiét o & 400°C trong 3 gio. Thi nghiém dugc thuc hién trong 25 ngay s
dung dung dich pha ché tuong ty voi nudce thai khu ché bién khodng san tinh Béc Kan vé6i nong do
Mn, Pb, Zn, As va Cd lan luot 12 20; 20; 6; 1va 0,5mg/L. Két qua nghién ctru cho thay vét liéu
SBC-400-10S c6 kha ning xur 1y kim loai trong nuéc véi hiéu suat Mn, Zn, Cd, Pb va As tuong
ung 12 27,9 - 97,6; 73,9 - 97.4; 51,0 - 53,0; 96,4 - 98,2 va 77,5 - 83,3%. Ham luong Pb, As, Cd va
Mn trong nudc sau hap phu cao hon gidi han trong quy chuén k¥ thudt qudc gia v& nudc thai cong
nghiép QCVN 40:2011/BTNMT cot B cho thdy can két hop voi mot sé cong nghé khic nham xir
Iy nudce thai véi ham lugng kim loai cao tai khu vuc nghién ctu.

Tir khéa: Bun thai mo, hip phy, kim loai ning, mé chi k&m, mo sét, nudc thai.

1. Mé dau

Bic Kan Ia tinh c6 nhiéu mo chi kém 16n
duogc khai théc va ché bién dem lai hiéu qua kinh
té cao. Tuy nhién, bén canh nhiing gid tri ma
ngudn khodng san dem lai, hoat dong khai thic
va ché bién khodng san lam phat tan cac kim loai
ning trong mdi trudng gy anh hudng dén con
nguoi va hé sinh thdi xung quanh [1, 2, 3].

Mot trong nhirng phuong phéap pho bién xir
ly kim loai ndng trong nudc la phuong phap
hap phu. Kim loai ning ton tai trong nuéc &
dang céc ion linh dong nén c6 thé dugc hip phu
trén bé mat hodc cd dinh chit trong céu tric cua
vat liéu hép phu khi c6 sy tuong tic cua hai
phan tir trdi ddu bang lyc hit tinh dién, nho d6
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duogc tach ra khoi mdi truong nude. Nhu vay,
hi¢u qua xr ly phu thudc vao ciu tric cla vat
liéu hap phu, dién tich bé mat, do am dién...
Céc cation kim loai ning Pb**, Mn** va Zn™,
Cd** mang dién tich duwong nén né c6 thé bi hap
phu boi bé mit mang dién tich 4m thong qua su
hinh thanh cdc lién két héa hoc bén viing trén
bé mit [4], nén cdc vat liéu thich hop nhat bao
gém da ong [5], zeolit [6], kaolinit [7], oxit va
hydroxit sat [8]... Nguoc lai, As lai ton tai
cht yéu dudi dang anion va c6 thé cd dinh
chat trén céc bé mat mang dién tich duong
nén cédc hop chit cua sit 1a vat liéu phi hop
nhat dé xir 1y As [9].

Bén canh mo chi k&m, tinh Béc Kan 1a mot
trong nhiing tinh giau tai nguyén sit, voi céc
moé quing sat tap trung ¢ cac huyén Chg Dén,
Ngan Son va Bic Mé. Hién nay, trén dia ban
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tinh dang ¢6 13 mo sat dugc dua vao khai thdc
v6i tong trit lugng cua cdc mo sit & trix luong
khoang 22 tri¢u tan [10]. Trong qu4 trinh tuyén
quing sat, dudi thai chira nhiéu khodng vat c6
kha nang hip phu nhidu kim loai ning trong
mdi trrong nudc nhu gotit, kaolinit... [11, 12,
13, 14]. Pudi thai tir qué trinh ché bién khodng
san thuong la cac hat bo roi, hat min nhu sét va
bun thuong khong phit hop dé st dung truc tiép
1am cdc chat hap phu. Bén canh d6, dé nang cao
hiéu qua xur 1y, viéc bién tinh vat liéu st dung
cdc chat két dinh va nhiét do nung khic nhau da
duoc thuc hién [9]. Nghién clru nay dugc thuc
hién nhim danh gid kha ning xtr 1y kim loai
(Pb, Zn, Cd, Mn va As) trong nudc thai do ché
bién khodng san chi k&m cua hat vat liéu ché tao
tir bun thai mo ché bién sit khu vire Béc Kan.

2. Phwong phap nghién ctiru
2.1. Chudn bi vt liéu hdp phu

Vit lidu SBC2-400-10S duoc ché tao bang
tron bun thai véi nude khir ion, 10% thay tinh
16ng voi thanh phﬁn la Na,O = 11,5 ~ 12,5%,
Si0, = 27,5 ~ 29,5%, d = 1.46+0,01 g/mLvéi
duong kinh < 2 mm va nung & nhiét do 400°C
trong thoi gian 3 gio.

2.2. Chudn bi dung dich thi nghiém

Ham luong kim loai ndng trong dung dich
thi nghiém dwgc pha ché tuong ty nudc thai
tryc tiép tir khu ché bién khodng san chi kém
khu vuc Bic Kan su dung dung dich chuén
(Pb(NO3)2, ZH(NO3)2, MH(NO3)2, Cd (NO3)2V21
Na,HAsO,) (Merck). Ham luong Mn, Pb, Zn,
As va Cd trong cung mot dung dich tuong ung
1a 20, 20, 6, 1 va 0,5 mg/l. Dung dich dugc diéu
chinh pH = 7 stir dung NaOH va HNO;.

2.3. Thi nghiém ddnh gid kha nang xu Iy kim
logi nang swr dung vdt liéu hdp phu

Cho 50g hat vat liéu SBC-400-10S vao cot
nhya c6 dung tich 60ml va dong chay hudng

1én (Hinh 1). St dung 6ng thong khi va van
diéu khién sao cho nuéc vao cOt qua hat vat li¢u
hap phu SBC-400-10S c6 téc do dong chay
2ml/phut, twong duong véi thoi gian luu git
dung dich kim loai ning trong cot hip phu
khoang 30 phut. Céac thi nghiém hép phu cot
dugc tién hanh & nhiét d6 phong (25°C). Vén
toc dong chay dugc kiém tra hang ngdy dua vao
s6 lidu vé thé tich dung dich chay ra trong
khoang thoi gian nhat dinh. Mau nuéc dugc
14y tai thoi diém 1, 3, 6 va 12 gio; 1, 2, 3, 5,
7,9, 11, 13, 15, 17, 19, 21, 23, 25 ngay sau
khi bat dau thi nghiém. Po gid tri pH tai thoi
diém iy mau.

2.4. Phuong phdp phdan tich

Thanh phin héa hoc cua vat lidu hip phu
SBC-400-10S duoc x4c dinh biang phwong phap
huynh quang tia X (XRF-1800, Shimadzu).
Thanh phf?m khodng vat ctia vat liéu duoc xac
dinh bang phwong phap nhiéu xa tia X (XRD -
Siemens D5000). Mat d6 dién tich bé mit duoc
xdc dinh bang thiét bj PCD - Miitek PCD-05.
Ham Iugng kim loai trong nudc dugc xac dinh
bang quang phd hip thu nguyén tir (AAS -
280FS, VGA77, Agilent). Cic phuong phap
trén dugc thyc hién tai Trudng Pai hoc Khoa
hoc Tu nhién, Pai hoc Quéc gia Ha Noi. Dién
tich bé mit cua vat lidu dugc xdc dinh bang
thiét bi Gemini VII 2390 Surface Area
Analyzer (Micromeritics) tai Truong Pai hoc
Bach khoa Ha Noi.

2.5. Dung long hdp phu kim logi ndng

Dung leong hdp phu ge, duoc tinh theo cong
thire (1):

_ (Co—Ce W
qe: = (1)

™m

Trong d6: ge:: dung luong hip phu cua vat
lidu tai thoi diém t (mg/kg); Co: ndéng do ion
kim loai ban déu (mg/); Cee: ndng do ion kim
loai & trang thdi cin bang hap phu tai thoi diém
t (mg/l); m: khéi luong vat lidu (g); V: thé tich
dung dich (ml)
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Hinh 1. So d6 hép phu dang cot.

Hiéu sult xur Iy cua vat liéu vdi ting kim
loai duogc tinh theo cdng thic (2):

Iligu sudt hip phu (%) = M x 1009

' ' n 2)

Trong d6: Co: ndng do ion kim loai ban du
(mg/l); Cey: n6ng dd ion kim loai & trang théi
cin bang hip phu tai thoi diém t(mg/1).

Pudng cong hép phu dugc xdc dinh bdi truc
tung 12 ty s6 C./C, (trong d6 C, 12 ndng do dung
dich dau ra tai cdc thoi diém léy mau khic nhau
cua ion kim loai sau khi hép phu boi cot vat
liéu; Cy 1a ndng d6 ban dau cia kim loai) va
truc hoanh 1a thé tich dung dich d4 chay qua cot
vat liéu o cac thoi diém khdc nhau.

3. Két qua va thao luan
3.1. Pac trung cua vat lieu SBC-400-10S

Két qua phén tich thanh phan héa cho thiy
bun thai mo sit Ban Cudn c6 chira ham luong
cao Fe,O5 (20,37%), SiO, (43,67%) va Al,O3
(21,73%)...(Bang 1). Chinh vi thé ma miu bun
thai mo sit khu vyuc nghién ciru c6 kha ning

chira nhiéu khodng vat c6 kha nang hap phu cic
kim loai nang nhu goethit va kaolinit (Bang 1).

Thanh ph?ln khoédng véat cua vat liéu SBC-
400-10S (Bang 2) bao gém kaolinit (7%),
hematit (7%), goethit (1%), illit (3%)... Day la
nhiing khodng vat c6 kha ning hap phu kim loai
nang [11, 12, 13, 14] (Bang 2).

Tir két qua bang 2 ta thay c6 sy khic nhau
vé thanh phan khodng vat ciia mau nguyén khai
va mau SBC-400-10S. Sy thay doi vé thanh
phan khodng vat giita 2 mau nay 12 do su pha
tron 10% thiy tinh 16ng trong mau SBC-400-
10S. Ngoai ra, nguyén nhan cta sy khiac nhau
nay con do trong qué trinh nung va pha tron voi
10% thay tinh 16ng, mot phan goethit-FeO(OH)
bi pha huy va goethit chuyén dan sang dang
oxyt-Fe,O; hematit. Kaolinit khi bi nung ciing
xay ra hién tugng tuong ty, mat nuéc hap phu &
nhiét d6 thip, tinh chit cia khodng vat chua
thay d6i nhung néu nung dén 450-600°C qua
trinh mit nudc ciu tric s& xdy ra va tinh thé
khodng vat s& bi pha huy, vat chat chuyén sang
trang thdi vo dinh hinh va c6 d6 hoat tinh nhét
dinh ddi véi tig thanh phan hod hoc riéng biét.
Tuong tu v6i cdc khodng vat khac.

Mau SBC-400-10S c6 dién tich bé mat
riéng va mat do dién tich tuong dbi cao, lan
luot 1a 39,4 m*/g va 91mmol,ykg. Gia tri nay
cling cho thdy kha ning hap phu kim loai cua
vat liéu.

3.2. Hiéu sudat xir ly kim logi cua vt liéu SBC-
400-108

So d6 dién bién kha niang hap phu kim loai
Mn, Zn, Cd, Pb va As trong thi nghiém hip phu
dang cot cua vat licu SBC-400-10S duoc thé hién
trong hinh 2 v6i duong xu thé hiéu suét hap phu
(H%) giam dan cua ion kim loai va duong xu thé
dung luong hip phu (C/Cy) ting dan theo thoi
gian cta vt licu SBC-400-10S (Hinh 2).
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Béng 1. Thanh phdn héa hoc ctia bun thai mo sét
thuoc tinh Bac Kan
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Béng 2. Thanh phan khodng vat cua vt liéu

nguyén khai va bién tinh
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Hinh 2. Hiéu suét xir 1y kim loai cua vat liéu SBC-400-10S.
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Hié¢u suét xtr ly Mn, Zn, Cd, Pb va As cla
vat liéu SBC-400-10S trong 25 ngay thi nghiém
dao dong trong khoang 27,9 - 97,6; 73,9 - 97 .4;
51,0 - 53,0; 96,4 - 98,2; 77,5 - 83,3% va duong
cong Ce/Co tuong ung la 0,02 - 0,62; 0,03 -
0,21; 0,47 - 0,49; 0,02 - 0,04; 0,23 - 0,15. Két
qua nghién ctu cho thdy sau 25 ngay thi
nghiém vat liéu vat chua dat dén trang thai bao
hoa (Hinh 2). Hiéu suat xir ly Mn cua hat vat
liéu trong thi nghiém hap phu dang cot giam
dan theo thoi gian. Sau 5 ngay thi nghiém, hat
vat liéu c6 hiéu suét hép phu cao (97,6-85,8%)
(Hinh 2); sau 25 ngay giam xudng con 27,9%
voi thé tich dung dich chita Mn chay qua hat
vat licu SBC-400-10S 1a 72 lit va tong dung
lwong hap phu Mn 12 88.960 mg/kg. Hiéu sut
xir 1y Zn ciing giam tir 97,4% xudng con 73,9%
sau khi két thic thi nghiém. Tuy nhién, higu
sudt xtr Iy Cd va Pb cua vt lidu tuong ddi 6n
dinh va hiéu suit xir Iy As c6 xu hudng ting
nhe trong qud trinh thi nghiém (Hinh 2). Tong
dung lugng hap phu Zn, Cd, Pb va As ctia vat
liéu sau 25 ngay thi nghiém lan luot 43.100,
2.650, 193.700 va 8.380mg/kg.

Gia tri pH cta dung dich dao dong trong
khoang 6,79 - 7,86. Két qua do pH ctia ndng do
ban dau C, ctia kim loai cho thi nghiém hap phuy
dang cot dugc didu chinh & muc 7 twong tng
voi nudce truc tiép tai khu ché bién, nhung dau
d6 pH ting 1én 7,86 khi bat dau thi nghiém.
Nguyén nhan cua su tang pH nay la do thuy
tinh 1ong (Na,Si03) 12 mudi cua axit yéu véi
bazo manh bi thiy phan trong nudc tao ra moi
truong bazo trén bé mat hat hap phu lam két tua
cdc ion kim loai ndng. Sau d6, cic nhém chirc
hydroxyl (OH’) mdt phan giam di do rira troi,
phan khic do hp phu cic ion kim loai trén bé
mit hat vat liéu [11, 12, 13]. S6 lugng céc phan
tr Na,SiOs trén bé mat hat hap phu giam dan va
1a nguyén nhan khién pH gidm dan theo thoi

gian. Két qua ciing cho thay hap phy ion kim
loai trong thi nghiém hép phu dang cot cua hat
vat li¢u cao va chiém cdc vi tri hép phu trén bé
mat hat vat liéu SBC-400-10S khién kha nang
hap phu cua hat vat liéu nay giam dan theo thoi
gian, tuong tng tong thé tich dung dich ion kim
loai ting dan. Ngoai ra, sy chiém giir cdc vi tri
trén bé mat hat vat li€u cting c6 nghia lam ting
dan céc ion kim loai trén bé mat hat vat li¢u va
day ciing 1a nguyén nhan khién pH giam dan
theo thoi gian va dat & muc pH 1a 6,79 sau 25
ngay thi nghiém.

3.3. Kha nding hdp phu kim logi ndng trong
nuwoc cua vat lieu SBC2-400-108

Nghién ctru cho thay dbi véi kim loai Mn
sau 3 gio thi nghiém hap phu thi ham lugng Mn
nuée dau ra dat QCVN 40:2011/BTNMT cot A
va sau 1 ngay dat QCVN 40:2011/BTNMT cot
B (Hinh 3). Ham luwgng Zn trong nude chay qua
vat liéu hap phu dao dong trong khoang 0,16 -
1,58 mg/l sau 25 ngay hip phu dat QCVN
40:2011/BTNMT c6t A va B (Hinh 3). Két qua
trén cling déng thoi cho thay vat liéu hip phu
van chua dat dén trang thai bao hoa Zn sau 25
ngay thi nghiém. Ham luong Cd, Pb va As
trong nu6c dau ra trong thi nghiém hip phu lan
lugt dao dong trong khoang 0,24 - 0,25; 0,37 -
0,73 va 0,23 - 0,17 mg/l sau 25 ngay. Ddi sanh
voi ham luong kim loai trong nude dau vao cho
thy vat liéu SBC2-400-108S c6 tiém ning xir 1y
cac kim loai nay trong nudc, dac biét 1a Pb. Tuy
nhién ham luong kim loai trong nudc dau ra
cao hon QCVN 40:2011/BTNMT cét B (Hinh
3). Vi vy, dé nudc dau ra dat gidi han cho
phép can phai ting thém khdi lwong vat lidu hap
phy, nghién ctru didu kién t6i wu nham ting
kha ning hip phu hoic két hop vdi cong nghé
xur ly khéc.
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Hinh 3. Kha nang hap phu kim loai cta vét liéu SBC-400-10S theo thoi gian.

4. Két luan

Vit liéu SBC-400-10S ché tao tir bun thai
mo6 ché bién sit khu vuc tinh Bic Kan c6 kha
nang hap phu kim loai Mn, Zn, Cd, Pb va As
v6i ndng d6 ban dau twong tng 1a 20; 6; 0,5; 20

va 1,0 mg/l va hiéu suét xtr 1y tuong Gng trong
25 ngay thi nghiém 1a 27,9 - 97,6; 73,9 - 97.4;
51,0 - 53,0; 96,4 - 98,2 va 77.5 - 83,3%. Hi¢u
sudt xtr Iy Cd, Pb va As twong dbi 6n dinh trong
qud trinh thi nghiém; tuy nhién hiéu suat xt ly



L.S. Chinh va nnk. / Tap chi Khoa hoc PHQGHN: Cdc Khoa hoc Trdi dat va Moi truong, Tap 32, S6 15 (2016) 45-52 51

Mn giam di nhanh. Ham luwgng Zn trong nudc
dau ra dat QCVN 40:2011/BTNMT; tuy nhién
ham luong Pb, As, Cd va Mn trong nuéc cao
hon giéi han cho phép.
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Nghién ctru nay dugc thuc hién véi su hd
trg kinh phi tr D& tai KHCN-TB.02C/13-18
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The Potential of Modified Iron Mine Drainage Sludge for
Treatment of Water Contaminated with Heavy Metals
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Dang Ngoc Thang®, Nguyen Tai Giang®, Tran Dang Quy”, Nguyen Thi Hoang Ha®

'Hong Duc University, 565 Quang Trung, Thanh Hoa, Viemam
’VNU University of Science, 334 Nguyen Trai, Hanoi, Vietnam

Abstract: This study was conducted to assess the metal treatment of iron drainage sludge from
Bac Kan province which was modified by addition of 10% sodium silicate solution and heating at
400°C in 3 hours. In the 25-day-experiment, aqueous solutions were prepared similar to wastewater
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from a lead - zinc processing mine in Bac Kan province with the initial concentrations of Mn, Pb, Zn,
Cd and As of 20, 20, 6, 1 and 0.5 mg/l, respectively. The results showed that the removal efficiency of
Mn, Zn, Cd, Pb and As varied within 27.9 - 97.6, 73.9 - 97.4, 51.0 - 53.0, 96.4 - 98.2 and 77.5 -
83.3%, respectively. The concentrations of Pb, As, Cd and Mn in outlet water were higher than those
in national technical regulation on industrial wastewater QCVN 40:2011/BTNMT. The results of this
study indicated the need for a combination with other technologies for treatment of wastewater with
high initial concentrations of heavy metals.

Keywords: Mine drainage sludge, sorption, heavy metals, lead - zinc mine, iron mine, wastewater.



