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TOM TAT

Asen (As) la mot trong nhiing nguyén té déc hai trong nguén nudc. O nhiém (As) trong nuSc ngam
va nhling tac dong tiéu cuc clia chiing déi vai stic khoe con ngudi da va dang nhan dugc sy quan
tam nghién cu tai nhiéu qudc gia trén thé gidi, trong dé co Viét Nam. Bai bao nay trinh bay vé viéc
vat liéu bun thai tr dap quang dudi mo sat Trai Cau, tinh Thai Nguyén (STC) dugc thu thap nham
déanh gia kha nang loai bd 2 dang asen (As) phd bién trong méi trudng nudc gém As(lll) va As(V)
théng qua chudi thi nghiém mé bao gém anh hudng pH dung dich, anh hudng thai gian tiép xdc
va anh huéng clia nbng d6 dung dich chat 6 nhiém ban dau. Két qua nghién ctiu cho thay STC c6
diém dién tich khong (pHPZC) 1a 6,5. K&t qud khao sat dnh hudng pH dén quéa trinh hdp phu chira
rang, kha nang loai bo asenit [As(ll)] va asenat [As(V)] ctia STC khong bi anh hudng nhiéu khi pH
dung dich thay déi ti pH 2 t6i pH 10. Qud trinh hdp phu ctia STC d&i vai As(Ill) va As(V) tang nhanh
trong vong 60 phut dau va dat can bang sau khoang 400 phut tiép xdc. Phan tich mo hinh dong
hoc hdp phu cho thay qua trinh hap phu As(lll) va As(V) déu dugc mé ta chinh xac hon khi s&r dung
mo hinh hap phu biéu kién bac 2 (PSO), vai R? 1an luot 13 0,94 va 0,94. Ngoai ra, qué trinh hdp phu
clia STC d6i véi As(lll) va As(V) pht hap biéu dién bai mé hinh Langmuir. Dung lugng hdp phu téi
da (Gmax) ducc tinh dua vao phuong trinh ddng nhiét Langmuir doi vai As(lll) va As(V) ctia STC lan
luot dat 0,49 va 0,54 mg/g. Kha nang hap phu clia STC ddi véi As cao hon nhiéu so vai nhiéu vat
litu c6 ngudn goc khac nhau tir tu nhién (da ong, zeolit), phé thai cong nghiép (bun thai mo sat,
bun dd), va dang bién tinh clia ching. Do do, STC dugc danh gia la vat liéu tiém nang dé x( ly asen

trong moi trudng nudc.

Tukhoa: asen, hap phy, bun thai mé sét Trai Cau, moi trudng nudc

MG PAU

O nhiém As trong nudc ngdm da va dang la van dé
nhéan dugc sy quan tdm & rit nhiéu qudc gia trén thé
giGi!'. Cac hoat déng nhan sinh (khai khodng, san
xudt cong nghiép, ndong nghiép va sinh hoat) va qua
trinh tu nhién (phong héa, s6i mon, ...) la nguyén
nhan chinh din t6i ham lugng As cao trong nudc
ngdm. Theo thong ké, hang triéu triéu ngudi & cac
quéc gia nhu Bangladesh, An Do, Pakistan, Nepal,
Trung Qudc, Viét Nam, Théi Lan va Campuchia dang
phai d6i mét véi tinh trang phoi nhiém As cao do lién
tuc st dung nguén nudc ngdm bi nhiém As>?. St
dung nudc bi nhiém As trong thoi gian dai lién tuc
c6 thé gay ra nhiing bénh nguy hiém cho con ngudi
nhu dot bién gene, ung thu, thi€u mau, cac bénh tim
mach, céc loai bénh ngoai da, tiéu dudng, bénh gan
va cac vin dé lién quan t6i hé tiéu hda, cic r6iloan &
hé than kinh . Do d¢, t§ chtic y té thé giéi WHO da
khuyén cdo ham lugng As cho phép trong nudc udng
14 dudi 0,01 mg/L. Tai Viét Nam, 6 nhiém As trong

nudc ngdm phé bién & d6ng bing sdong Hong va dong
bang song Cliu Long. Theo udc tinh, ¢6 t6i 10 triéu
ngudi & ddng bing song Hong va 1 triéu ngudi ¢ dong
bing séng Ctiu Long dang ¢ nguy co bi phoi nhiém
As cao”®.

Asenit As(III) va asenat As(V) 13 2 dang hop chét vo
co dién hinh va phd bién cta As trong moi trudng
nuéc®. Sovdi As(V), As(IlI) doc hon va kho biloai bo
hon. Nhiéu cong nghé loai bo As ra khoi ngudn nude
khdc nhau da dugc phét trién va Gng dung rong rai
bao gém cong nghé keo tu’, trao di ion®, hip phu?,
oxi héa®, cong nghé mang '” va cong nghé xii Iy bing
thuc vét. Trong d6, cong nghé hdp phu véi nhiing uu
diém nhu 1a kha ning xt 1y cao, chi phi thép, tiéu ton
it ning lugng, don gian trong thiét ké va van hanh,
giam thai ngudn thai thi cip, vi thé n6 dugc xem la
cdng nghé t6i uu phtt hgp cho xti ly As quy mé phan
tan (ho gia dinh) hodc quy mé tip trung nho>!'!. bi
cung v6i cong nghé hip phy, hang loat vét liéu hdp
phu véi nguén gdc khac nhau ti vat liéu tu nhién, phé
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thai nong nghiép, phé thai cong nghiép hoidcla vatliéu
ty tong hgp da dugc nghién ctu. Nhiéu nghién ctu
da thuc hién nhim tin dung chit thai tit qua trinh
sin xudt cong nghiép nhu bun d6 2714, tro bay !>19,
si sit!” va bun thai mo sit'®1° dé lam vat lieu xi ly
As va cho két qua kha thi. Ngoai ra, nhiéu sy c6 moi
trudng tit cac dap quing dudi nhu vé dé, tran dap de
doa téi mdi truong, hé sinh thai va stic khde ctia con
ngudi xung quanh khu vic mo. Chinh vi thé doi hoi
su can thiét trong nghién ctdu tai st dung, tdn dung
ngudn théi ti hoat dong cong nghiép nay dé lam vat
liéu xtt Iy 6 nhiém moi trudng.

M0 sét Trai Cau, huyén DPong Hy, tinh Thai Nguyén
la mot trong nhiing don vi khai thac quang phuc vu
san xudt gang 10 cao ctia cong ty C8 phan Gang thép
Théi Nguyén véi trit lugng khai thac hon 10 triéu tdn
va cong sudt khai théc trén 200 nghin tin/nam. Hoat
dong khai thac va chébién da tao ralugng I6n bun thai
dugc chiia trong cac dap quang dudi. Bun thai mo sit
Trai Cau c6 chiia thanh phén héa hoc va thanh phan
khodng vat chda nhiéu t6 hop céc oxide sit va cac
khoang vat chtia sat?’, nhiing thanh phan nay rit c6
ich cho viéc xti ly loai bo As. Tuy nhién, theo Duong
Hong Viét va nnk?! khai thac khoang sin 13 nguyén
nhén dan dén nhiéu téc dong tiéu cuc dén moi trudng
va doi s6ng ctia ngudi dan séng gin noi khai thac. Vi
vay, tdn dung bun thai mo st ché tao thanh vt liéu
xu ly da dugc nghién ctu dé€ xt Iy Mn, Zn, Cd, Pb
va As bdi Lé Sj Chinh va nnk '8, xit ly Pb va Hg bai
Sarkar va nnk?? hay xti Iy As b&i Nguyen va nnk [19].
Tuy nhién, cho t6i nay chua c6 nghién ctiu nao tién
hanh st dung vét liéu bun thai mo sit Trai Cau trong
xtt ly dong thoi 2 dang phé bién ctia As gom As(III)
va As(V). Nghién ctiu ctia Lé S§ Chinh va nnk '8 st
dung buin thai mo sat Ban Cuén nhung chi tdp trung
xti Iy As(V) va chua tién hanh m6 hinh héa déng hoc
hdp phu va ding nhiét hdp phu. Vi vay, bai bdo nay
trinh bay cac sy viéc gom, 1/ Panh gia tiém nang loai
bo 2 dang As gdm As(IIT) va As(V) trong moi truong
nudc clia bun thai mo sit Trai Cau; va 2/ Thyc hién
viéc mo hinh héa dong hoc va can bang hip phu.

PHUONG PHAP NGHIEN CUU

Chuan bi vat liéu hap phu va héa chat

Mau vatliéu dugc thu thap tai hd dudi thdi mo sat Trai
Cau, huyén Dong Hy, tinh Thai Nguyén. Sau khi dugc
van chuyén vé€ phong thi nghiém, mau bun thai dugc
rtia sach vdi nuGe cit it nhit 3 14n trude khi dem di
sdly ¢ nhiét dd 80°C béng ta sdy NIIVE OVER KD200
cho t6i khi kho hoan toan. Mau thu dugc nghién va
ray dén kich thudc 0,1-0,5 mm. D€ bio quan mau
va thudn tién trong qua trinh thi nghiém va xt ly s6

liéu, mau bun thai mo sit Trai Cau thu dugc sau khi
riy dugc bao quan trong tudi zip kin va dugc ky hiéu
la STC.

Pac tinh vat liéu hap phu

biém dién tich khong ctia vat liéu STC dugc xéc dinh
bing phuong phap dich chuyén pH (drift method).
Cu thé, chudn bi 10 binh tam gidc c6 chita 100 mL
dung dich NaCl 0.01 mol/L ¢6 pH lan lugt 1a 2, 3, 4,
5,6,7,8va9. St dung 2 dung dich gbm NaOH 0,1
mol/L va HNOj3 0,1 mol/L d€ diéu chinh pH ctia dung
dich vé gid tri mong muén. 0,1 g vat liéu STC dugc
thém l4n lugt vao 10 binh tam gidc trén, sau d6 dugc
lic trong di€u kién nhiét d6 phong véi téc do lac 160
vong/phut. Sau 24 gid, thi nghiém két thic, gid tri pH
ctia hén hgp dung dich dugc xéc dinh. Sy dich chuyén
pH ctia hon hgp dung dich trude va sau khi két thic
thi nghiém dugc xac dinh bang phuong trinh (1):
ApH = pHi - pHf (1)

Trong d6, pHi va pHf 14n lugt la gid tri pH ctia hon
hop dung dich trudc va sau thi nghiém. Két qua dugc
vé trén d6 thi vdi sy dich chuyén pH ctia hdn hgp ApH
trén truc y va gia tri pH ban ddu cta dung dich (pHi)
trén tryc x. Diém giao nhau gitta dudng biéu dién véi
truc x (x = 0) dugc xéc dinh 13 diém dién tich pHpzc.

Thinghiém hap phu As

Dé khdo sat kha nang xt ly As cta vat liéu STC, thi
nghiém hdp phu dugc tién hanh trong diéu kién tinh
v6i ty 16 rdn 1ong la 2,5 g/L. Hoa tan lan lugt 4,146 g
mudi Nay AsO4.7H, O hay 1,733 g mudi NaAsO; vao
trong 1000 mL nudc cit d€ dugc tuong ting dung dich
g6c chiia As(V) hay As(III) c6 nong d 1000 mg/L.
Dung dich lam viéc c6 n6ng d6 Asban ddula 0,3 mg/L
dugc phaloang tit dung dich gdc v6i nude cat. pH caa
dung dich lam viéc dugc diéu chinh vé mic pH mong
mudn, bang cach st dung dung dich HNO3 va NaOH
0,1 M. Céc diéu kién khao sat kha nang xti Iy ctia STC
d6i v6i As(IIT) va As(V) gom anh hudng ctia pH, dnh
hudng thoi gian, anh hudng ndng d6 As.

Thi nghiém khdo sat anh hudng ctia pH dung dich:
pH dung dich chtia As(IIT)/As(V) dugc diéu chinh
pH tit 2—10 bang dung dich HNO3 va NaOH 0,1 M.
Céc dung dich déu chia As(III)/As(V) v6indng d6 0,3
mg/L. Cho vétliéu STC vao tiing 6ng dung dich c6 pH
khac nhau, lic trén mdy & nhiét d6 phong trong vong
24 gi6 dam bédo cho qud trinh dat cin bang.

Thi nghiém khao sat dnh hudng thoi gian dén qud
trinh hép phu: Dung dich lam viéc dugc duy tri tai
pH 7, v6i nong do As(III)/As(V) 1a 0,3 mg/L, & nhiét
d06 phong thi nghiém. Thoi gian 14y maula 1, 5, 10, 20,
30, 60, 120, 240, 360, 480, 600, 840, 960, 1080, 1200,
1440 phit.

44



Tap chi Phdt trién Khoa hoc va Céng nghé - Natural Sciences 2025, 7(S1):43-53

Thi nghiém khao sat anh hudng ndéng do
As(IIT)/As(V) ban dau: pH dung dich lam viéc
dugc duy tri tai pH 7, thdi gian lac 24 gi¢ tai nhiét
d6 phong. Nong d dung dich As(III)/As(V) ban dau
lan lugt 1 0,02; 0,05; 0,1; 0,5; 1; 2; 5; 7,5; 10 va 15
mg/L.

Kha ning hip phu As(III)/As(V) ctia vat liéu STC (qe;
mg/g) tai thoi diém can bang va theo thoi gian (qt;
mg/g) dugc tinh toan theo cdng thiic (2) va (3). Hiéu
suat loai bo As(III)/As(V) béi vat liéu STC dugc tinh
toan theo cdng thiic (4).

Qe = (co - €o)xV/m (2)

qr = (co - ¢)xV/m (3)

H (%) = (¢, - c.)x100%/c, (4)

Trong do6: Co, Ce va Ct (mg/L) lan lugt 1a nong do
As(IIT)/As(V) trong nudc trude hdp phy, sau hdp phu
& thoi diém can bing va theo thoi gian t; m (g) 1a trong
lugng kho ctia STC dugce st dung; va V (L) 1a thé tich
dung dich As(III)/As(V) dugc st dung

Phéan tich va xi ly sé liéu

Ham lugng As téng trong cdc mau nudc dugc xdc
dinh béng trén mdy quang phé hip thu nguyén tu
(AAS 280FS, Agilent). X4y dung dudng chuén trong
ving néng do tit 10—100 pg/L, v6i 5 miic nong do.
Gié6i han phat hién1a 2 pg/L.

Thi nghiém hip phu thuc hién & cic diéu kién khac
nhau déu dugc ldp lai hai lan. S6 liéu trinh bay trong
nghién ctiu la gid tri trung binh cta hai lan ldp lai.
Céc thong s6 ctia mo hinh ddng hoc va can bing hip
phu dugc tinh todn trén phan mém Origin Pro 2022.
Hai hé s6 xac dinh diéu chinh (adj—RZ) va kiém dinh
Chi binh phuong giam (red-x2) thu dugc tit qué trinh
tinh todn va mo hinh héa bing phin mém Origin
dung dé danh gié sy phu hgp cua s6 liéu thi nghiém
v6i mo hinh ddng nhiét hdp phu va dong hoc phdp
phu. Khi phuong trinh dang nhiét hip phu hodc dong
hoc hép phu nao gid tri adj -R? cang 16n (tiém cén t6i
1) va gid tri red-x cang nhé thi phuong trinh d6 phu
hop d€ mo ta s6 liéu thi nghiém.

KET QUA VA THAO LUAN

Piém dién tich khéng (pHpzc) cha vat liéu
STC

Trong thuc nghiém, dic tinh dién tich bé mit vat liéu
STC dugc danh gid thong qua diém dién tich khong
hay con goi la diém trung hoa dién tich (point of zero
charge—PZC). Gia tri pHpyc 14 gid tri pH ma & d6
bé mat vat liéu STC trung hoa vé dién tich (t6ng dién
tich Am c4n bing téng dién tich duong trén bé mat vat
liéu). Hinh 1 biéu dién d6 thi xac dinh gid tri pHpzc
ctia vat liéu STC. Két qua tinh todn cho thiy gia tri

pHpzc ctia STC 14 6,75. Két qud nay tuong déng véi
gid tri pHpyc cta vat liéu bun thai moé sét (pHpyc =
6,0) tit dap Samarco, Brazil*. Gia tri pHpzc ctia STC
gitp xdc dinh dugc dién tich bé mit ctia vat liéu trong
cac diéu kién pH dung dich khac nhau, la mét trong
nhiing co s& luan giai co ché hip phu chét 6 nhiém As.
Co ché chiém uu thé trong qua trinh hdp phu As boi
vat liéu STC sé la luc hut tinh dién néu pH dung dich
nho hon gia tri pHpzc bdi vi khi d6 bé mat vat liéu sé
dién tich duong, chung dé dang tuong tdc va hip phu
céc chat 6 nhiém mang dién tich 4m.

25

Hinh 1: D6 thi x4c dinh diém dién tich khéong

Anh huéng ctia pH t6i kha nang xitly As ciia
vat liéu STC

Khao sat anh hudng pH dung dich dén qua trinh hdp
phu As cua vat liéu bun thai moé sit Trai Cau (STC)
dugc thé hién qua Hinh 2. Két qua phan tich cho
thdy, qud trinh hip phu ca 2 dang As (As(III) va As(V)
phu thu¢c khdng nhiéu vao gia tri pH ctia dung dich.
Tuy nhién, qud trinh hip phu As(III) va As(V) c6 xu
huéng trai ngugc khi pH dung dich thay d6i. Khi pH
cta dung dich tang tii 2,0 dén 10, hiéu suit va dung
lugng hdp phu As(V) gidm dan. Ngugc lai, trong cung
diéu kién thay d6i pH vé6i As(V), kha ning hdp phu
As(IIT) bai vat liéu STC ting nhe. Kha ning xt ly
As(III) va As(V) ctia vat liéu STC dudi diéu kién anh
hudng ctia pH dung dich trong nghién ctiu nay c6 xu
huéng tuong ty nhu mot vai két qua nghién cttu ctia
vat liéu d4 ong tu nhién 24 vat lidu sét bién tinh véi
FeOOH .

Trong diéu kién pH khéc nhau, dang ton tai chinh As
¢6 thé khac nhau. Vily do, As(V) ¢6 hing s6 phén ly
1an lugt 1a 2,3 (pKal), 6,8 (pKa2) va 11,6 (pKa3)*2°.
Nhu vay, khi pH dung dich 16n hon gia tri pKal =
2,3 thi As(V) thuong ton tai dudi dang cac anion,
thi du nhu HpAsO4~ (pH dung dich 2,3-6,8), hodc
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HasO42~ (pH dung dich 6,9-11, 6) hodc AsO43~ (pH
dung dich 12-14) 26, Do d6, khi thuc hién qua trinh
hép phu As & pH dung dich nho hon pHPZC (pH <
pHpzc 6,75), co ché hdp phu lyc hut tinh dién c6 thé
chiém uvu thé, béi khi d6 bé mat dién tich cua STC da
mang dién tich duong. Trong khi, thyc hién qud trinh
hép phu As & pH dung dich 16n hon pHPZC, céc co
ché khéc nhu tao phtc bé mit, hip phu qua 16 rong
c6 thé giti vai tro chinh.

D6i voi As(I1I), hing s6 phan ly pKal, pKa2 va pKa3
lan lugtla 9,2, 12,1 va 12,7. Do d6, trong mdi trudng
pH dung dich 0-9,2, As(III) ton tai cha yéu & dang
H3As03, 1a dang khong c6 mang dién tich®>°. Nhu
vay, cd ché hdp phu thong qua luc hit tinh dién gitia
vatliéu STC v6i H3 AsO3 khong dién tich 1a khong xay
ra. Tuy nhién, két qua thyc nghiém thé hién & Hinh 1
cho théy, mac du kha ning xtt ly STC d6i v6i As(V)
t6t hon As(III), nhung hiéu sudt xt ly As(III) cho két
qua tuong dai cao (59,8%-69,1%), chiing to STC c6
kha ning xtt ly As(III) thong qua cac co ché khac, c6
thé gém co ché tao phiic bé mit, co ché hdp phu qua
16 réng va As(III) c6 thé bi khti thanh As(V) sau do6
hép phu boi STC.

Pong hoc hdp phu

Khdo sit anh hudng ctia thoi gian dén qua trinh hép
phu As (IIT) va As(V) béi vat liéu bun thai mo sit Trai
Cau dugc trinh bay 6 Hinh 3. Két qua cho thdy trong
toc do hdp phu As(V) va As(III) taing nhanh trong
vong 60 phut dau, sau do giam dan theo thoi gian.
Thoi gian dat can bang hdp phu (d6i véi ca 2 hgp chat
6 nhiém) dat khoang 400 phut. Két qua vé thdi gian
can bang hip phu trong khéo sit nay kha tuong dong
v6i két qua clia Nguyen va nnk?’. Theo Nguyen va
nnk?’ thoi gian dat can bang hdp phu As(V) cua vét
liéu bun thai mo st Ban Cudn dat 360 phut.

Thdi gian dat cAn bang cta vét liéu STC déi véi As(I1D)
va As(V) tuong dong véi thoi gian dat can bing cua
vatliéu bun thai mo sit Ban Cudn d6i vdi As(V) 1a 360
phut.

Trong khao sat nay d€ biéu dién dugc dong hoc qua
trinh hép phu hai dang As bdéi vat liéu STC, hai mo
hinh dong hoc hip phu dugc st dung gom mo hinh
ddng hoc biéu kién bac 1 (PFO)?® va biéu kién bac
2 (PSO)%°. Hai md hinh déng hoc dugc biéu dién &
dang phi tuyén tinh thé hién 14n lugt & phuong trinh
(5) va (6).

q = qe [1-exp(-kiB)] (5)

a = (@kat)/(14g.kat) (6)

Trong do, cac thong s6 ¢, g. va C; da dugc dinh nghia
& cong thiic (2) va (3); thong s6 kj (1/phut) 1a hang s&
toc do phan ting theo md hinh dong hoc bac 1 (PFO)

va ky [g/(mgxphut)] la hing s6 t6c d6 phan ting theo
mo hinh dong hoc bac 1 (PFO) bac 2 (PSO).

Céc thong s6 dong hoc hép phu theo mo hinh biéu
kién bac 1 va béc 2 dugc thé hién tai Bang 1. Két qua
tinh todn cho théy chi ra rdng s6 liéu thi nghiém qud
trinh hép phu As(III) bing vét liéu STC dugc mo ta
b&i mé hinh dong hoc biéu kién bac 2 (PSO) (adj-R?
=0,94vared-y2 =1,56 x 10~) phithgp hon mé hinh
PFO (adj-R* = 0,89 va red-x2 = 2,49 x 107°). Tuong
ty, qud trinh hdp phu As(V) giéng véi As(III), nghia la
ching pht hgp dugc mo ta bdi mo hinh biéu kién bac
2honbéc 1 véigia tri adj—R2 va red—){2 lanlugtla 0,94,
2,60 x 1077 v4 0,90, 4,53 x 107>, Nhu vay, thong s8
dong hoc hip phu As (III) va As(V) ctia vét liéu STC
la phtt hgp vé6i két qua biéu thi cdc mo hinh dong hoc
& Hinh 3. Do d6, t6c d6 hip phu ca 2 dang As dugc
thao ludn thong qua hing s6 ky dua vao mo hinh biéu
kién bac 2 (PSO). Hing s6 té¢c o hdp phu As(V) (ky
= 0,45 g/(mgx phut)) béi vat liéu STC nho hon hang
6 t6c do hdp phu As(III) (k; = 0,86 g/(mgxphut)).
Do d6, vét liéu STC c6 kha nang loai bo As(IIT) trong
nuGc nhanh hon As(V).

DPang nhiét hap phu

Qua trinh déng nhiét hip phu As bdi vit lieu STC
dugc thuc hién tai di€u kién pH 7, nhiét d6 phong.
Hinh 4 trinh bay dudng ding nhiét As(III) va As(V)
hép phu bang vétliéu STC. Két qua cho thdy, qud trinh
hép phu As bai vét liéu STC phu thudc vao noéng do
chét hdp phu ban ddu. Kha nang hép phu ctia STC
tang khi ting nong do¢ ban dau ctia As. Ngoai ra, vat
liéu bun thai mo sat Trai Cau STC c¢6 kha ning xt ly
As(V) t6t hon As(III). Két qua thuc nghiém thé hién
& Hinh 4 cling chi ra rang, xu huéng hép phu As cta
cdc duong déng nhiét hdp phu dugc thé hién bing
cdc dudng phi tuyén tinh c6 dang L. Xu hudng cac
dudng ding nhiét hdp phu As clia ctia STC d6i v6i cac
ion As(III) va As(V) giéng vdi xu hudng dudng ding
nhiét hip phu ctia mot s6 vat liéu hdp phu tu bun thai
nhu bun thai sit Ban Cuén?’ va dang bién tinh ctia
no's hay vat liéu bun do bién tinh 12

Trong khdo st nay, hai mé hinh ding nhiét phé bién
nhét Langmuir®® va Freundlich?! dugc st dung dé
mo td sy tuong tdc gitta cac phan ti chat hip phu
As(III) va As(V) véi bé mit vat liéu STC. Dang phi
tuyén tinh ctia hai m6 hinh dugc thé hién 14n lugt &
phuong trinh (7) va (8).

qe = (QuaxKree)/(1+Kpc.) (7)

ge =Kp Cze (8)

Trong do, thong s6 g, va C, da dugc dinh nghia & cong
thic (2) va (3), thong s6 Quax (mg/g) 14 dung lugng
hép thu t6i da cta vat liéu STC d6i véi chét 6 nhiém;
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Hinh 2: Anh hudng pH t6i kha ndng hap phu As(lll) va As(V) cla vat liéu STC

Bang 1: Théng s ddng hoc hap phu As(lll) va As(V) ctia vat liéu STC tinh toan theo mé hinh biéu kién bac 1 va

bac2

M6 hinh

1. M6 hinh biéu kién bac 1 (PFO)

Qe
ky
adj-R?

red-x?

2. M6 hinh biéu kién bac 2 (PSO)

Qe
ky
adj-R?

red-x?

Pon vi As(IID) As(V)
mg/g 0,045 0,058
1/phut 0,025 0,019
= 0,890 0,900
= 2,49 x 1073 4,53 X 1075
mg/g 0,047 0,062
g/(mgxphut) 0,860 0,450
= 0,940 0,940
= 1,56 x 1077 2,60 X 1073

47



Tap chi Phdt trién Khoa hoc va Céng nghé - Natural Sciences 2025, 7(S1):43-53

0.07
° °* o .
ey gy g BB
£
§005- - :
E- ———————————————————
£ 0.04-
o
W
£ 0031
o
5
- 0.024
2 = As(lll)
e o As(V)
= _
5 0.01 S
—- PSO
0.00

0 200 400 600

800 1000 1200 1400 1600

The&i gian hap phu (t; phat)

Hinh 3: Anh hudng thai gian tiép xtc dén qua trinh hap phu As(lll) va As(V) béi vat liéu STC

thong s6 Ky, (L/mg) la hang s6 hdp phu can bang cua
mo hinh Langmuir; Kr [(mg/g)/(L/mg)"] 1a hing s6
ctia md hinh Freundlich, n (0 < n < 1) la hing s6 ma
ctia phuong trinh Freundlich.

Cac thong s6 ding nhiét hdp phu dugc tinh toan theo
mo6 hinh ding nhiét Langmuir va Freundlich dugc
trinh bay trong Bang 2. Véi gié tri adj-R? 14n lugt 1
0,96 va 0,97 tinh theo phuong trinh Langmuir cho ca
2 chat hép phu lan lugt la As(IIT) va As(V) cao hon
gid tri tuong tng tinh theo phuong trinh Freundlich
(As(IID), adj-R? = 0,88) va As(V), adj-R? = 0,91. Nhu
vay, m6 hinh déng nhiét Langmuir phu hgp dé mo
td qua trinh hip phu ca 2 dang As bai vat liéu STC
hon mo6 hinh Freundlich. Két qua tinh toan cho thdy,
dung lugng hip phu t6i da (Qqax; mg/g) clia vat liéu
STC déi v6i As(III) va As(V) lan lugt 1a 0,49 mg/g va
0,54 mg/g. STC c6 kha nang hip phu As(V) tt hon
As(ITD).

Bang 3 trinh bay két qua so sanh dung lugng hip phu
cuc dai gitta vat liéu STC va mot s6 vat liéu hdp phu
khéc. Két qua cho thdy STC c6 dung lugng hép phu
As(IIT)/As(V) cuc dai 16n hon cac c6 ngudn goc ty
nhién nhu vét liéu da ong 32 vat liéu co ngudn goc
phé thai cong nghiép gom bun do !> va bun thai mo
st bién tinh*, va nhiing vt liéu bién tinh phu sit
nhu da tu nhién >4, zeolit > va c4t>°.

KET LUAN

Kha ndng xti Iy As(III) va As(V) cta vat liéu bun thai
mo sat Trai Cau (STC) khéng bi phu thu¢c nhiéu boi
su thay d6i pH dung dich. Qua trinh hip phu As(III)
va As(V) boi STC dat cao nhét lan lugt tai pH10 va
pH4. Qua4 trinh hdp phu As(III)/As(V) 1én vat liéu
STC xday ra nhanh trong vong 60 phut dau va dat cdn
bang sau 400 phut. Khao sat mé hinh déng hoc hip
phu cho thiy, cac két qua thuc nghiém phu hgp véi
mo6 hinh hép phu biéu kién bac 2. Dung lugng hép
phu t6i da ctia STC d6i véi As(III) va As(V) lan lugt
1a 0,49 va 0,54 mg/g va ciing cao hon nhiéu so véi cac
vat liéu da dugc nghién ctiu trudce do. Bai vay, vat liéu
bun thdi mo st Trai Cau STC dugc ddnh gia la vat liéu
xt 1y tiém ning cé kha nangloai bo hiéu qua dong thoi
2 dang As(III) va As(V) trong mdi trudng nudc.

DANH MUC CAC TU VIET TAT

As: Asen

As(III): Asenit

As(V): Asenat

PFO: M6 hinh biéu kién bac 1
PSO: M6 hinh biéu kién bac 2
pHpzc: Diém dién tich khong
STC: Bun thai mo sit Trai Cau
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Hinh 4: Dudng dang nhiét hap phu As(lll) va As(V) bai vat liéu STC

Bang 2: Thong sé dang nhiét hap phu As(lll) va As(V) cta vat liéu STC tinh toan theo phuong trinh Langmuir va
Freundlich

M6 hinh DPon vi As(III) As(V)

1. M6 hinh dng nhiét Langmuir

Qinax mg/g 0,490 0,540
ky L/mg 0,520 0,603
adj-R? = 0,960 0,970
red-y? = 0,0013 0,0010

2. M6 hinh déng nhiét Freundlich

kg (L/mg)/(mg/g)n 0,168 0,193
n - 0,395 0,385
adj-R? = 0,880 0,910
red-x? = 0,0035 0,0036
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WHO: T6 chtic y té thé gisi

XUNG DOT LOI iCH
Céc tac gia dong y khong c6 bat ky xung dot lgi ich

nao lién quan dén cac két qua da cong bé.

PONG GOP CUA TAC GIA

Nguyén Thi Hai thiét k€ thuc hién thi nghiém, xt ly
cac dii liéu, viét ban thao va hoan chinh ban thao.

Nguyén Qudéc Tudn hé trg thu thép va xt ly cac di
liéu. Ta Thi Hoai thuc hién thi nghiém
Nguyén Thién Phuong Thio gép phan thio ludn cic

két quéa nghién ctiu.
LOI CAM ON

Nghién ctiu nay dugc tai trg boi Truong Pai hoc Khoa
hocTuy nhién, Dai hoc Quéc gia Ha Noi trong dé tai
ma sd TN.23.13.
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ABSTRACT

Arsenic (As) is one of the most toxic elements found in water resources. The As contamination in
the ground water and its adverse effects on human health have been receiving much attention
in various countries whole the world, including Vietnam. This paper presented the fact that the
iron mining waste, collected at the tailings dam of Trai Cau mine, Thai Nguyen province (STC), was
investigated for its performance in removing both arsenite [As(lll)] and arsenate [As(V)] in an aque-
ous environment through a series of batch adsorption experiments under various conditions (i.e.,
solution pH, contact time, and initial arsenic concentrations). Results of the effect of pH solution
indicated that both the As(lll) and As(V) adsorption processes were insignificantly affected by the
initial pH solution (pH 2—10). The adsorption process of STC toward both As(lll) and As(V) increased
quickly in the first hour of contact and then reached equilibrium at about 400 minutes of contact.
The kinetic study showed that both As(lll) and As(V) adsorption processes onto STC adsorbent were
represented by the second—order model (PSO) with the R2 = 0.94 and 0.94, respectively. The equi-
librium adsorption isotherm study suggested that the adsorption process of As(lll) and As(V) were
adequately described by the Langmuir model. The maximum adsorption capacity (Gmax) of STC to-
ward As(lll) and As(V), calculated by the Langmuir model, were 0.49 and 0.54 mg/g, respectively. In
addition, the adsorption capacity of STC toward As ions was generally higher than those reported
in the literature where many other adsorbents were used, i.e., natural materials (laterite, zeolite), in-
dustrial wastes, or even their modified forms (iron mining waste, red mud). The results suggest that
STC would be considered as a promising adsorbent for the removal of As ions from water media.
Key words: arsenic removal, adsorption, iron mining waste, water environment
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