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Tém tit: Nghién ctru ndy duoc thuc hién nhim danh gia kha nang xu ly As, Cd va Pb trong moi
truong nude thong qua thi nghiém hép phu dang cot cta vat li¢u SBC2-400 ché tao tir bun thai moé
sit Ban Cudn, tinh Bic Kan. Cot vat liéu c6 duong kinh trong 3 cm, chiéu dai 11,5 cm, dung tich
60 ml va khdi lwong vat liéu duge chén 50g, véi didu kién dong chay lién tuc theo chidu huéng 1én
trén, téc do dong chay 2 ml/phat. Hai thi nghiém hdp phu dang cot dugc tién hanh ddng thoi va
lién tyc trong 25 ngay v6i ham lugng As, Cd, Pb ban dau 1an luot 1a: 1,0; 0,5; 20 mg/1 va 0,4; 0,1;
0,6 mg/l. Két qua nghién ctru cho thiy, hiéu suét xir Iy As, Cd, Pb ciia vat liéu SBC2-400 dbi véi 2
thi nghiém cot lan luot dao dong trong khoang 70,0 - 83,2; 9,8 - 56,3; 97,0 - 98,6 % va 53,1 - 76,1;
4,3 -31,0; 43,9 - 63,9 %. Ham lugng Pb trong dung dich dau ra dat mtrc ham lugng cho phép déi
v6i nudce thai cong nghiép QCVN 40:2011/BTNMT. Ham luong As va Cd déu vuot qua muc giGi
han cho phép trong QCVN40:2011. Dé nuéce thai dau ra dat quy chuin moi truong, can két hop
v6i cac cong ngh¢ xur ly hodc tang khéi lugng hat vat li€u.

Tir khéa: Bién tinh, bun thai mo sit, hdp phu, kim loai ning, loai bo, nudc thai.

1. Mé dau

Nhiém doc As, Cd va Pb trong méi trudong
nudc lam anh hudng té1 moi truong, hé sinh
thai va sirc khoe cong dong [1, 2]. As, Cd va Pb
1a nhimg nguyén t& vét c6 doc tinh cao khi ton
tai trong moi trudng véi ham lugng 16n, dugce
sinh ra do qua trinh dia chét ty nhién, hoat dong
khai thic va ché bién khoang san, hoat dong
nong nghiép va qua trinh cong nghi¢p hoa [3,
4]. Mot s6 hd dudi thai va dong thai axit mo co
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ham lugng As, Cd va Pb cao, chiing dé dang di
chuyén va tich tu trong méi trudng dat va trim
tich [3]. As, Cd va Pb tich liiy trong co thé con
ngudi thong qua cac chudi thire an [5-7]. Nhiéu
phuong phap cong nghé, k¥ thuat da duoc phat
trién va str dung nham xu Iy kim loai nang nhu
phwong phap hép phu [8, 9], phuong phép trao
dbi ion [10, 11], phuong phap sinh hoc [12] va
phuong phép keo tu [13]; tuy nhién, hau hét cac
cong nghé déu doi hoi thiét bi hién dai, chi phi
cao va khong gian rong. Phuong phap hip phu
sir dung vat liéu hap phu 13 nhitng nguyén liéu
khoang tu nhién c6 hiéu qua xu 1y cao, tiét
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ki€m chi phi va than thi¢n vdi moi truong [14].
Nhiéu vat liéu hip phu dugc nghién ciru va tng
dung nhu da ong - laterit [15], zeolit [16],
kaolinit [17], oxit va hydroxit sit [18]. Viéc sir
dung bun thai tir qua trinh khai khoang lam vat
liéu hip phu dugc xem nhu mot giai phap co
hi€u qua xur 1y cao va tiét kiém chi phi [19, 20].
Su ¢ v& hodc tran dap do khéi luong bun thai
16n doi hoi sy can thiét tién hanh cic nghién
ctru danh gid kha nang su dung bun thai lam vat
liéu xtr 1y. Bun thai thuong co kich thudc hat
nho, giy tic cac hé théng xur 1y khi st dung. Do
d6, nhiéu nghién ctru da tién hanh bién tinh bun
thai nham ting kich thudc hat va ting kha ning
hap phu [21]. Nghién ctru nay duoc thyc hién
nham: (1) danh gi4 kha ning hap phu As, Cd va
Pb trong moi truong nude st dung hat vat liéu
ché tao tir bun thai mo sit Ban Cuén, tinh Béc
Kan; va (2) danh gi4 tiém nang tmg dung phuc
vy trong Xt 1y 6 nhiém moi truong nudc.

2. Phwong phap nghién ciru
2.1. Vat liéu hdp phu

Mau vit liéu duoc thu thap tai hd dudi thai
mo sit Ban Cudn, tinh Bic Kan. Mau bun thai
sau khi lay dugc van chuyén dén phong thi
nghiém, siy khdé bing may NIIVE OVER
KD200 ¢ nhiét @6 80 - 105°C, sau d6 duogc
nghién min véi duong kinh < 2mm bang may
nghién MRC Laboratory Equiment Manufac
Urer. Mau vat liéu hép phu duoc ché tao b?mg
cach tron mau bun thai nghién min véi nude cat
khtr ion sau d6 cho qua may ép tao ra cac hat
vat liéu voi duong kinh 2 mm va nung & nhiét
do 400°C trong thoi gian 3 gio (SBC2-400).

2.2. Phuong phdp xit Iy va phén tich mau

Thanh phan khoang vat cua vat liéu SBC2-
400 duogc xac dinh bang phwong phap nhiéu xa
tia X d6i v6i miu bot (X-ray Diffraction -

XRD) (D5005, Siemens). Dién tich bé mat va
cac nhom chirc hoat dong cua vat liéu SBC2-
400 lan luot duoc xac dinh bang phuong phap
phan tich thé dién dong cua dung dich khi c6
dong chuyén dong (PCD - Mitek 05) va
phuong phép phan tich phd hong ngoai (Fourier
Transform Infrared Spectroscopy -FTIR) (FTIR
Spectrometer - Nicolet iS5, Thermo Scientific).
Ham luong kim loai ning trong mau nudc duoc
xac dinh bang phuong phap phén tich quang
ph6é hip thu nguyén tir (Atomic Absorption
Spectroscopy - AAS) (280FS, VGA77,
Agilent). Cac phan tich trén duoc thyc hién tai
Truong Pai hoc Khoa hoc Ty nhién, Pai hoc
Qudc gia Ha Noi. Dién tich bé mit vat liéu
dugc xic dinh bang phuong phip phén tich
Brunauer-Emmet-Teller (BET) (Gemini VII
2390 Surface Area Analyzer, Micromeritics) tai
Truong Pai hoc Bach khoa Ha Noi.

2.3. Thi nghiém danh gia kha nang xu ly kim
logi nang sw dung vat lieu SBC2-400

Thi nghiém xdc dinh diém dién tich
khong pHpyc

Can 2g vat liéu SBC2-400 va cho vao céac lo
nhya chita 100 ml dung dich NaNO; 0,01M,
sau d6 didu chinh pH bang dung dich NaOH va
HNO; vé cac mirc pH 3, 4, 5, 6, 7, 8 va 9. Mau
dugc dua vao may lic véi toc do 120 vong/phit
trong 24h. Do lai cac gia tri pH sau khi lic. Su
bién dbi cua pH trudc va sau khi két thuc thi
nghiém dugc xac dinh be"mg phuong trinh (1):

ApHpzc = pHi - pHf (1)

Trong d6, pHi va pHf lan luot 1a pH trudc
va sau thi nghiém. Piém giao nhau ctia do thi
biéu dién pHi véi truc hoanh co gia tri ApH=0
va tuwong ung la pHpzc cta vat liéu.

Thi nghiém hdp phu cét

Thi nghi¢m h?ip phu dang cot duoc thuc
hién véi vat lisu SBC2-400 trong diéu kién
dong chay lién tuc voi van tde 2ml/phut trong
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25 ngay. Cot vat li€u thi nghiém c6 duong kinh
trong 3 cm, chiéu dai 11,5 cm, dung tich 60ml
va chén 50g vat liéu SBC2-400 (Hinh 1). Kim
loai nang trong dung dich thi nghiém duogc pha
ché tir dung dich chuin (Na,HAsO, Cd(NO;),
va Pb(NO3),). Nghién ciru dugce tién hanh vai 2
thi nghiém cot riéng biét nham xir Iy dong thoi
As, Cd va Pb véi ndng do twong tng 1an luot 1a
1,0; 0,5 va 20 mg/l (cot A) va 0,4; 0,1 va 0,6
mg/l (cot B). Nudc thai duoc pha ché trong cot
A va c0t B ¢6 ham lugng As, Cd va Pb tuong tu
nude thai tryc tiép va nudc thai qua 1 ho ling
thuoc khu ché bién khoang san (khu mé chi
kém Cho Dén, tinh Bic Kan). Dung dich kim
loai sau khi duoc pha ché dugc diéu chinh pH =
7-7,5 bﬁng dung dich NaOH va HNO;.

Ong théng khi

Binh dung dung
dich kim loai ning

Van diéu chinh téc d6
dong chiy 2ml/phit

Ong din dung dich

’ -,
’ 'Y

Dung dich

daura il iy Lk

SBC-400
m=50g

esseme  Tam nhya
gitr vt lién

Dung dich diu vio

Binh chira dung dich diu ra

Hinh 1. So dd hép phu dang coét.

Binh dung dich st dung ong thong khi va
van diéu chinh dé dat tbc do 6n dinh 2 ml/phut,
twong duong voéi thoi gian luu gitt dung dich
kim loai nang trong ¢t vt liéu h?ip phu khoang
30 phut. Mau nudc dung dich dau ra duoc iy
tai thoi diém 1, 3, 6, 12 giova 1,2, 3,5, 7, 9,
11, 13, 15, 17, 19, 21, 23, 25 ngay tién hanh thi
nghiém. pH cua dung dich ddu vao va dau ra
dugc do tai thoi diém 1iy mau.

3. Két qua va théo ludn

3.1. Thanh phan khodng vit va ddc trung cia
vat liéu SBC2-400

Thanh phéan vat liéu SBC2-400 chira mot s6
khoang vat c6 kha ning hép phu As, Cd va Pb
bao gém kaolinit (11%), muscovit (11%), gotit
(6%), hematit (8%), illit (14%), va magnetit
(1%) (Bang 1).

Bang 1. Thanh ph?m khoang vt ciia mau vat li¢u
hap phu SBC2-400

Khoang  SBC2 Khoang SBC2

T Gat 400 T yat -400
p o Thach o 6 Tale 7%
anh
2 Kaolinit 11% 7 Muscovit  11%
3 Gotit 6% 8 I1lit 14%
4 Hematit 8% ,
Téng 100%

5 Magnetit 1%

Dién tich bé mat (BET) va dién tich bé mat
(PCD) 1a tham sé dic trung biéu thi cho kha
ning hap phu ciia SBC2-400 do duoc lan lyot
1a 47,8 m*/g va 69 mmolc(-) kg™). Vit liéu hap
phu cé dién tich bé mat cang 16n va sy tuong
tac gitta dién tich bé mat vat liéu va ion kim
loai can loai b6 cang 1én thi kha ning hip phu
va ¢b dinh kim loai cang tot [22, 23]. Két qua
phan tich cac nhom chic hoat dong FTIR cua
mAu vt liéu SBC2-400 bao gém cac nhém: O-
H (H bonded), Si-O-Si ¢6 budc song lan luot 1a
3620,06 (cm™) va 1032,23 (cm™). Su c¢6 mat
cia cac nhém chirc hoat dong ctia mau vat liéu
SBC2-400 chimng to bé mit mang dién tich 4m
va c6 kha ning hap phu kim loai ning 1én bé
mat vét liéu [24-26] theo co ché nhu sau:

nSiO” + M"™ — (Si-0), - M 2)

biém dién tich khong pHpyc cua mau vat liéu
SBC2-400 1a 5,6 (Hinh 2). Do khéng tron lan
thém phu gia nén gi4 tri diém dién tich khéng cua
mau vat liéu ché tao SBC2-400 do duoc xap xi
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bang gia tri diém dién tich khong cia mau bin
thai nguyén khai (pHpzc = 5.5). Gia tri diém dién
tich khong ctia vét liéu SBC2-400 thap hon gia tri
pH cua 2 thi nghiém cot (pH =7 - 7,5), vi vay, hat
vt liéu hdp phu SBC2-400 ¢ xu huéng hip phu
céc cation kim loai nhu Cd* va Pb* [27].

4 -

SBC2-400
2 -
0 o

2 4 6 8 19
2 - . P
. =

) R?=0.95

Hinh 2. Diém dién tich khong ctiia SBC2-400.

3.2. Khad nang hdp phu As, Cd, Pb cua vt li¢u
SBC2-400 trong thi nghiém hap phu cot

Trong 25 ngay tién hanh thi nghiém dang cot,
gia tri pH do dugc cua dung dich dau ra cua thi
nghiém cdt A va cot B tuong ting dao dong trong
khoang 6,6 - 7,5 va 7,1 - 7,6 (Hinh 3 va 4). Sau
12 gio tién hanh thi nghiém, gi4 tri pH cta thi
nghiém c6t A giam manh tir 7,5 xudng 6,6, chimg
t6 rang As, Cd va Pb di hap phu mot phan trén bé
mat hat vat li¢u, day cling 1a nguyén nhan gia tri
pH cua dung dich dau ra giam. Bén canh do, tai
gia tri pH ctia dung dich du vao dao dong trong
khoang 7 — 7,5 déu cao hon gia tri pHpyc; cung
voi su ¢d mat cia cac nhom chuc hoat dong (Si-
0-Si) va O-H (H-bonded) cho thiy bé mit cuia hat
vt lidu ché tao SBC2-400 mang dién tich am c6
ai lyc cao vdi cac cation kim loai ning,

Trong thi nghiém cdt A, ham lugng dau vao
cua cac kim loai As, Cd va Pb lan Iuot 1a 1,0; 0,5
va 20 mg/l; sau 1 ngay thi nghiém giam xudng
con 0,2; 0,35 va 0,4 mg/l; sau 9 ngay giam 0,24;
0,39; 0,5 mg/l; sau 25 ngay tién hanh thi nghiém
chi dat 0,22; 0,46 va 0,6 mg/l. Trong 25 ngay tién
hanh thi nghiém, hiéu suat hap phu As, Cd va Pb

cua hat vat li€u duy tri voi hiéu sut hﬁp phu dao
dong 1an luot 1a 70,0 - 83,2; 9,8 - 56,3 va 97,0 -
98,6% twong tmg voi ty 16 clia ndng do dau ra va
nong do ban dau ciia dung dich kim loai (Ce/Co)
tuong Gng lan luot 12 0,17 - 0,31; 0,44 - 0,90 va
0,01 - 0,03 (Hinh 3). Piéu nay chimg to vat liéu
SBC2-400 van co thé tiép tuc xir Iy kim loai As,
Cd va Pb trong thoi gian dai hon.

Trong thi nghiém cét B, ham lugng As, Cd va
Pb giam dan theo thoi gian trong sudt thoi gian
tién hanh thi nghiém (Hinh 4). Sau 3 ngay dau
thuc nghiém, tong thé tich nudc thai di qua cot vat
liéu 1a 8,681 voi hiéu sudt hip phu As, Cd va Pb
dao dong trong khoang 64,2 - 76,1% (Ce/Co =
0,36 - 0,24); 6,2 - 19,2% (Ce/Co=10,94-0,81) va
44,1 - 59,0% (Ce/Co = 0,56 - 0,41); sau do6 hi€u
suét tiép tuc giam nhe, hiéu sudt h?ip phu As, Cd,
Pb & ngay tht 25 chi dat 54,4 % (Ce/Co = 0,46);
8,5% (Ce/Co =0,92) va 43,9% (Ce/Co = 0,56).

Nhin chung, két qua kiém chtng kha ning xur
Iy cua vat liéu ché tao SBC2-400 thong qua 2 thi
nghiém hap phy cdt A va cot B cho thiy, kha
nang xir Iy Pb cao hon Cd va As. Diéu nay co thé
do ban kinh cta ion (Pb*" va Cd*") 4nh hudng dén
mat do dién tich cac ion, trong d6 r (Pb*) (1,2A°)
> 1 (Cd*) (0,97A°). Cation c6 ban kinh cang 16n
thi mat d¢ dién tich cang nho va 16p vo hydrat
cang mong. Do Cd voi 16p vo hydrat hoa 16n co
kha nang che chén luc tuwong tac tinh dién tét, vi
viy Pb>" c6 kha ning bi hép phu cao hon Cd*".
Bén canh d6, hi€u qua xt 1y Pb cao hon so véi Cd
¢6 thé do Pb*" bj thily phén, tao két tua va bj loc
manh hon so véi Cd*. Su trao ddi ion ciia cac ion
héa tri 2 c6 hang sb thity phan (pK) cang nho dién
ra cang manh va nguoc lai, trong d6 hing sé thiy
phéan Pb (pK 1 = 7,7) thap hon so v6i hang sb thiy
phén ctia Cd (pK1 = 10) [28, 29].

Cac khoang vat gotit va khoang vat sét c6 kha
ning hip phu As rit cao do ciu truc khoang vat
gotit tao bé miat mang dién tich duong [2].
Khoang vat gotit lién két c6 dinh As theo co ché
sau [22]:
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Fe - OH + AsO,” + H = Fe - OAsO;” + H,0

Ngoai ra, trong diéu kién méi truong trung
tinh ctia dung dich ban dau (pH="7 - 7,5), As (1)
va As (V) déu di chuyén nhanh [2]. Trong d6, cac
anion As (V) tuong tac phan tng v6i Cd* tao nén
2 co ché ddng hap phu va ddng két tia trén bé mat
khoang vt gotit, két qua hinh thanh cac hop chat
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CdH,AsO," va CdHAsO, trong dung dich [30].
Diéu nay 1y giai cho hiéu sudt xir Iy Cd*" ¢ ca 2 hé
thong thi nghiém c6t giam di nhanh vao nhimng
ngay cudi cling ctia thi nghiém do bé mit khoang
vit gotit da bj l4p ddy dan dén kha ning hip phu
giam va hiéu sudt loai bo giam (Hinh 3, 4).
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Hinh 3. BPudng cong hép phu As, Cd, Pb ctia vat li¢u
SBC2-400 trong thi nghi¢m ct A.

Hinh 4. Budng cong hép phu As, Cd, Pb ctia vat li¢u
SBC2-400 trong thi nghiém cdt B.
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3.3. Kha nang xu Iy kim loai ngng As, Cd va Pb
cua vat lieu SBC2-400

Trong 25 ngay thi nghiém, ham lugng As,
Cd va Pb trong dung dich nuéc dau ra trong thi
nghi¢m cdt A va cot B lan luot dat tor 0,17 -
0,31; 0,22 - 0,46; 0,27 - 0,60 mg/l; va 0,10 -
0,19; 0,07 - 0,10; 0,22 - 0,34 mg/I (Hinh 5). Két
qud so sanh gitra hat liéu SBC2-400 véi vt ligu
tron 10% thuy tinh long va nung & nhiét do
400°C trong 3 gid (SBC2-400-10S) cho thiy,
trong cung diéu kién thi nghiém, SBC2-400 c6
hiéu suét xir Iy As, Cd va Pb thdp hon SBC2-
10-10S [31]. Su khac nhau vé hiéu suit xu ly
gitia hai hat vat li¢u nay la do SBC2-400-10S
dugc ché tao thém chét phu gia thay tinh 16ng
v6i thanh phan Na,0 = 11,5 - 12,5%, SiO, =
25,5 - 29,5% [31]. Ngoai ra, két qua nghién ciru
nay cho thiy ham luong As dau ra cua ca 2 thi
nghiém cot A va cot B déu cao hon mirc ham
luong cho phép cia QCVN 40:2011/BTNMT
trong 25 ngay tién hanh thi nghiém. Ham luong
Cd trong dung dich diu ra cua cot A cao hon
muc ham lugng Cd cho phép trong QCVN
40:2011/BTNMT. Ham lugng Cd ctia dung dich
d4u ra cta thi nghiém cot B dat quy chudn cho
nudc thai cong nghiép theo quy chuén loai B
QCVN40:2011/BTNMT nhung van cao hon quy
chuén loai A ddi v6i nude thai cong nghiép xa
thai cho muc dich cip nuée sinh hoat (Hinh 5).

Dbi v6i Pb, ham luong trong dung dich
nuée diu ra & ca 2 thi nghiém cot hip phu A va
B déu dat QCVN40:2011/BTNMT loai B, tuy
nhién chua dat quy chudn loai A. Dic biét,
trong nhimng ngay cudi ctia thi nghiém cot A,
ham luong Pb trong dung dich dau ra vuot quéa
giéi han cho phép theo quy chuan loai B
QCVN40:2011/BTNMT (Hinh 5). Nhu vay, dé
dam bao nudc diu ra dat quy chuin moéi truong,
can két hop cong nghé xir Iy khac hodc ting
khéi lwong hat vat liéu SBC2-400.
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Hinh 5. Kha nang xt ly As, Cd,
Pb cua hat vat liéu SBC2-400.

4. Két luan

Vit liéu hap phu SBC2-400 ché tao tir bun
thai mo sit Ban Cudn, tinh Bic Kan c6 kha
ning xir Iy As, Cd va Pb. Trong 25 ngay tién
hanh thi nghiém, hiéu suat xtr Iy As, Cd va Pb
tuong ung dat 53,1 - 83,2; 4,3 - 56,3 va 43,9 -
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98,6%. Hiéu SUAt xir Iy Pb cao hon so voi As va
Cd. Ham lugng Pb ciia dung dich dau ra thap
hon so véi QCVN40:2011/BTNMT, ham Iuong
As cua dung dich dau ra cao hon gi¢i han cho
phép cia QCVN40:2011/BTNMT.
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Simultaneous Removal of As, Cd and Pb by Modified Ban
Cuon Iron Mine Drainage Sludge, Bac Kan Province

Nguyen Thi Hai, Dang Ngoc Thang, Nguyen Thi Hoang Ha

Faculty of Geology, VNU University of Science, 334 Nguyen Trai, Thanh Xuan, Hanoi, Vietnam

Abstract: Arsenic (As), cadmium (Cd), and lead (Pb) are potentially highly toxic trace elements.
The present study was conducted to assess the removal efficiency and potential for wastewater
treatment by Ban Cuon iron mine drainage sludge, Bac Kan province, which was modified by heating
at 400°C in 3 hours (SBC2-400). 50 g of sorbent was put in a fixed bed column of diameter x length x
volume = 3 cm x 11.5 cm x 60ml with constant flow rate of 2 ml/min during 25 days of experiment.
Initial concentrations of As, Cd and Pb in column A were 1.0, 0.5, and 20 mg/l, respectively, those in
column B were 0.4, 0.1, and 0.6 mg/l. The results showed that removal efficiencies of As, Cd, Pb by
SBC2-400 in column A were 70.0 - 83.2, 9.8 - 56.3, 97.0 - 98.6%, respectively; those in column B
were 53.1 - 76.1, 4.3 - 31.0, 43.9 - 63.9%. Concentrations of As and Cd in outlet water were higher
than those in national technical regulation on industrial wastewater QCVN 40:2011/BTNMT. The
results of this study indicate the need for increasing the adsorbent dose and combining with other
technologies for treatment of wastewater with high initial concentrations of heavy metals.

Keywords: Modification, iron mine drainage sludge, sorption, heavy metals, removal, wastewater.



