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Abstract

Adsorption of arsenate [As(V)] from aqueous solution onto Fe-bentonite was studied. Batch adsorption studies
were carried out on the adsorption of As(V) as a function of contact time, pH, and initial metal concentration. X-ray
diffraction (XRD) analysis, thermal analysis (TG - DTA), and surface area analysis indicated that poly-hydroxy-Fe or
polyoxo-Fe cations were intercalated into layers of montmorillonite, resulting in an increase of dg; value and of the
specific surface area compared with those of raw bentonite. The results indicated that the maximum adsorption of Fe-
bentonite was obtained at the pH 3.0 for As(V). The adsorption data was analyzed by both Freundlich and Langmuir
isotherm models and the data was well fit by the Langmuir isotherm model. Kinetic data correlated well with the
pseudo-second-order kinetic model. Thermodynamic studies showed that the adsorption process was endothermic and

spontaneous in nature.
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1. DPAT VAN PE

Asen 1a chét doc cuc manh dbi v6i co thé con
ngudi va sinh vat, co thé gdy ra nhidu can bénh khac
nhau trong d6 phd bién 1a ung thu da va phdi. Do do,
6 nhiém asen dang la mot vAn nan cuta toan thé gidi.
Pé giai quyét cp bach van dé 6 nhidm asen, cac nha
khoa hoc di sir dung nhidu phuong phép, trong d6
phuong phap hip phu 1a phuong phap don gian, d&
ap dung va cho hi¢u qua tot [1]. Nhiéu chat hap phu
asen dugc cac nha khoa hoc quan tdm nhu khoang
dolomit [2], vat liéu nano oxit sat tir [3], than non,
bentonit [4], than hoat tinh, Al;(SBA-15, Fe/NN-
MCM-41 [5], Fe;0,@CTAB [6], ximang phu oxit
sat [7], sét hiru co [8], ....

Trong nghién ctru nay ching t6i quan tim dén
khoang sét bentonit. Vi thanh phan cha yéu 1a sét
smectit v&i cAu tric lop 2:1, co cAu tric mao quan,
bé mit riéng, dung luong trao ddi ion 16n, dd bén co
hoc va hoa hoc cao, bentonit thuong dugc sir dung
lam chat hap phu. Dé cai thién chit lugng cta
bentonit nham ting kha ning hip phu cua né, ching
t6i bién tinh bentonit bang cach chén cation polyme
Fe vao khoang gilta cac 16p cua bentonit. Vat liéu

tong hop hira hen 1a mot chit hip phu asen tdt.
Trong bai bao nay, chiing toi trinh bay anh hudng
ctia pH, nhiét d6 dén qué trinh hip phu As(V) trén
vat liéu bentonit bién tinh, cling nhu dong hoc va
nhiét déng hoc ctia qua trinh hip phu nay.

2. THUC NGHIEM
2.1. Téng hgp vit liéu Fe-bentonit

Ngudn bentonit l4y tir C5 Dinh - Thanh Ho4. Dé
tinh ché bentonit, dung dich huyén phu 2 % theo
khéi luong bentonit trong nudc duge chuén bi. Hon
hop huyen phu dugce siéu am trong 20 phut, sau do
khuay trong 24 gio, roi siéu 4m lan thir hai trong 20
phut. Dé yén 24 gio, gan ldy phan long. Dich long
dé sa ldng ty nhién trong 36 gio, gan lay phan long
dem ly tam, bentonit thu dugc say kho & 100 °C
trong 10 gio. Mau bentonit d4 tinh ché dugc ky hiéu
la M.

Vit liéu Fe-bentonit duoc tong hop bang cach
chén cation Fe-polyme (viét tit 1a Fe,3) vao bentonit.
Cho tir tir dung dich NaOH 0,1 M chuin vao dung
dich Fe(NOs); theo i 1¢ mol n_,/n_, = 03, tién
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hanh khudy 2 gid, 1am gia 24 gio thu duoc dung dich
mau nau dam. Cho dung dich nay vao dung dich
huyén phu bentonit 1 % trong nuéc, khudy 24 gio &
diéu kién thuong. San phém thu dugc dem rua, ly
tam nhiéu lan va sy & 100 °C trong 10 gio. Mau
Fe-bentonit tong hop duoc ky hiéu 0,3FeM.

Thanh ph?m pha cta vat liéu dugc nghién ctru
bang phuong phip nhidu xa tia X (D8 Advanced
Bucker, Puc) voi tia phat xa CuK,. Sy thay ddi vat
lidu theo nhiét 6 dugc nghién ciru bang phép phan
tich nhiét TG-DTA trén thiét bi DTG-60H
(Shimadzu). Déc trung xép cua vt liéu dugc nghién
ctru bang phuong phap dang nhiét hip phu va khir
hép phu nito trén thiét bi Tri Star 3000 ¢ 77 K.

2.2. Nghién ctru kha ning hip phu As(V) trén vat
liéu Fe-bentonit

Dung dich As(V) trong nuéc véi cic ndng do
khac nhau duoc pha tir dung dich axit H;AsO, gbc
(Merck). pH cia dung dich dugc diéu chinh bang
HCI 0,1 M va NaOH 0,1 M. Nbng do As(V) trude
va sau khi hdp phu duoc xac dinh bing phuong phap
AAS ¢ bude song 193,7 nm, trén may Shimadzu—
6800.

Luong As(V) bi hap phu tai thoi diém t duoc
Ci — Ct

m

S
Trong d6 C;, C; va C lan lugt 1a ndng do As(V)
(mg.I™) tai thoi diém ban dau, thoi diém t va thoi
diém can bang; V 1a thé tich dung dich As(V) nghién
ctru (1); mg 14 lwgng Fe-bentonit str dung (g).

xac dinh nhu sau: q, =

3. KET QUA VA THAO LUAN
3.1. Pic trung vat liéu Fe-bentonit

Hinh 1 1a gian d6 XRD cia cic mau M va
0,3FeM.
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Hinh 1: Gian dd XRD cua cac mau M va 0,3FeM

Tir hinh 1 nhan thiy d6i voi mau 0,3FeM, cudng
d6 pic & mat phan xa (001) giam, khoang cach
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khong gian dgy ting nhe tir 14,4 A (miu M) dén
14,8 A (mﬁu 0,3FeM).

Két qua nay phu hop voi cac cong trinh da cong
b6 [9, 10], viéc chén céc cation Fe (I11) vao bentonit
c6 thé lam tang doo; hoac lam sup dd cau tric cua
bentonit tuy dicu kién tong hop. Véi mau 0,3FeM,
su tang khoang cach khong gian dgo, la do céac cation
Fe** polyme [Fe1304(OH),4(H,0)1,]™* hay cation Fe-
poly-hydroxyl chén vao khoang gitra cac 16p bentonit
[11].

Hinh 2 trinh bay gian dd phén tich nhiét cua cac
mau M va 0,3FeM.
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Hinh 2: Gian d6 TG (a) va DTA (b) ctia
cac mau M va 0,3FeM

D6i v6i mau M, duong cong TG c6 giai doan mat
khéi luomg 3,5 % dudi 200 °C tng véi pic thu nhiét
& 66,0 °C, quy cho qua trinh giai hap nuge hap phu
vat 1y trén bé mat 10p sét, giai doan mat khoi lugng
tir 200 °C dén 600 °C dwoc quy cho qua trinh tich
nuéc gitta cac 16p bentonit, giai doan mit khdi
luong trén 600 °C tmg voi pic thu nhiét manh & 778
°C quy cho qua trinh tach nhém -OH cua 16p
aluminosilicat. Pbi v&i cac miu 0,3FeM, duong
cong TG c6 cac giai doan mét khdi lwong twong tur
nhu miu M. Tong d6 giam khdi lwong & giai doan
trén 100 °C déi voi mAu 0,3FeM 1a 11,2 % 16n hon
so voi mau M (8,1 %), chung t6 giai doan 16n hon
100 °C con bao gdm qué trinh tich nudc cua cic
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cation sat.

Su thay ddi rd nét nhat cia mau 0,3FeM so véi
mau M dugc quan sat tir duong ding nhiét hip phu
va khir hdp phu N (hinh 3), dién tich bé mit (Sger)
tang dang ké, thé tich mao quan va duong kinh mao
quan déu giam sau khi bién tinh bentonit (bang 1).
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Hinh 3: Pudng hap phu va khir hip phu N, ciia M
va 0,3FeM

Bdng 1: Céc thong s6 dic trung cho tinh chat xdp
cua M va 0,3FeM

x SBET Dp (nm)
Mau ) (emg)
M 114,44 0,187 8,49
0,3FeM 146,07 0,159 5,55

Sger: Dién tich bé mit theo BET; V! Thé tich mao quan;
Dy: Duong kinh mao quan.

Tu hinh 3 nhan thay ¢ vung ap sudt tuong d01
P/P° = 0,4-0,9, duong dang nhiét hip phu ciia mau
M va 0,3FeM déu c6 vong tré, didu nay cho thay vat
liéu c6 mao quan trung binh. Bang 1 cho thiy Sger
tang khi chén ion Fe(III) vao bentonit, tir 114,44 dén
146,07 m?/g, két qua nay twong tu nhu cac cong bd
khéc [9, 10]. Su ting dién tich nay chu yéu 14 do
dién tich bé mat ngoai ting, con dién tich cac vi mao
quan hau nhu khong d6i. Dién tich bé mit ngoai cua
Fe-bentonit ting c6 thé 1a do c6 mit cac cum nano
oxit sat phan bd & bé mat ngoai cua cac hat sét. Sy
giam thé tich mao quan va dudng kinh mao quan c6
thé do cac cum oxit hinh thanh chiém chd hodc khoa
mot s6 mao quéan trong vat ligu.

3.2. Nghién ciru sw hdp phu As(V) trén vt liéu
Fe-bentonit

3.2.1. Anh hwong ciia pH
Anh huong pH dén kha ning hip phu As(V) trén

mau 0,3FeM véi ndng d6 dau As(V) 12,98 mgll,
ham lugng 0,3FeM 1,0 g/l dugc gidi thidu & hinh 4.

Nghién ciru si hdp phu As(V)...

Tir két qua nay chung t6i xac dinh dugc pH t6i
wu cho su hip phu As(V) trong nudc cia mau
0,3FeM la 3,0. Trong mdi trudng nudc, As(V) ton
tai & cac dang anion khic nhau phu thudc vao pH
cua dung dich: H3AsO, (pH < 2), H,AsO4 (pH = 2-
7), HASO4 (pH =7-11) va AsO,* (pH > 12). Tw do
cho thdy mau 0,3FeM hap phu chi yéu ciu tur
H2ASO4
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Hinh 4: Anh huong cua pH dén dung luong hap phu
As(V) trén mau 0,3FeM (Cyas) = 12,98 ppm, 303 K)

3.2.2. Pong hoc ciia qud trinh hdp phu As(V) trén
vdt liéu Fe-bentonit

3.2.2.1. Anh hwéng ciia thoi gian tiép xiic

_ Hinh 5 biéu dién su bién thién q; theo thoi gian
tiép xtic & 283, 293, 303 va 313 K.
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Hinh 5: Hap phu As(V) trén vat liéu 0,3FeM ¢ 283,
293, 303 va 313 K (Cyag = 11,95 ppm, pH = 3,0)

O nhiét do 283 va 293 K, qua trinh hip phu
As(V) dién ra tir tir, trong khi d6 & nhiét do 303 va
313 K qué trinh hap phy xay ra nhanh & 60 phut dau,
sau d6 can bang duoc thiét 1ap sau 240 phut & moi
nhiét d6 nghién cuu.

3.2.2.2. M6 hinh déng hoc qué trinh hdp phu As(V)

Dé x4c dinh phuong trinh dong hoc mé ta qua
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trinh hip phu As(V) trén vat liéu Fe-bentonit, ching
toi st dung hai phuong trinh:
- Phuong trinh dong hoc biéu kién bac nhat:
In(ge-q) =InGe - kit
- Phuong trinh ddng hoc biéu kién bac hai:
t 1 1
—= > +—.1
9. k0. 4.
Trong d6, q. va q; (Mg.g™) 1a dung lwong hip phu
(ky hiéu DLHP) ¢ thoi diém cén bang va thoi diém t
bat ky, ki (phit™), k, (g.mg™.phat™) 14 cac hing sb.
Hinh 6 biéu dién d6 thi ctia mé hinh dong hoc
biéu kién bac 1 va bac 2 su hip phu As(V) trén vt
lidu 0,3FeM & cac nhiét d6 khac nhau. Cac tham sd
dong hoc ctia phwong trinh dugc tom tit & bang 2.

In(a.-q,)

0 40 80 120 160 200

t, phat

154

104

tlq, (phiit.g.mg™)

0 100 200
t, phat
Hinh 6: Dong hoc hap phu biéu kién bac 1 (a) va bac
2 (b) cua sy hip phu As(V) trén vt liéu 0,3FeM &
cac nhiét @6 khac nhau

Dua vao gia tri R? va su sai khac gilta gia tri ge
thuc nghiém va g, tinh toan, chiing t6i nhan théy mo
hinh dong hoc biéu kién bac 2 phu hop kha tot voi
cac s6 liéu thuc nghiém. Gid tri k, ting theo nhiét do
khao sat tir 0,353x10° dén 7,301x10° g.mg™.phit™
Tuy nhién gia tri g, tinh toan c6 sy sai khac so vdi
gid tri thyc nghiém & nhiét d¢ thap, con ¢ nhiét do
cao hon (303 va 313 K) qua trinh hip phu méi tuan
theo triét & mo hinh dong hoc bac 2. Diéu nay cé
thé dugc giai thich 1a do ¢ nhiét do cao hon, qua
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trinh chuyén cac ion As(V) trén bé mit va trong cac
mao quan cua vat liéu 0,3FeM nhanh hon, do vay
toc do hap phu tang 1én.

Bang 2: Céc tham s6 cua phuong trinh dong hoc
biéu kién bac 1 (a) va bac 2 (b) cua su hap phu
As(V) trén vat liéu 0,3FeM ¢ cac nhiét do khac nhau

0, (xp) Pong hoc bac 1 (a)
T(K) € -1 1| e (Cal) 2
mg. ky, phat ) R
283 14,38 0,0102 15,19 0,9422
293 14,42 0,0130 12,44 0,9765
303 14,42 0,0270 9,80 0,9620
313 14,44 0,0213 6,57 0,9916
Ddng hoc bac 2 (b)
T(K) |% (exp) 5 " -
283 14,38 [0,353x10°| 21,14 0,9237
293 14,42 10,683x10°| 19,80 0,9725
303 14,42 [4,200x10°| 15,53 0,9992
313 14,44 |7,301x10°| 14,97 0,9975

G (exp) 1a DLHP can bang tinh theo nong do dau va
nong do can bang. g. (cal) 1a DLHP céan bang tinh theo
phuong trinh dong hoc.

3.2.2.3. Anh hwéng ciia nhiét dg

Tir bang 2 nhan thiy, khi ting nhiét dg, hing s6
tbc do hap phu k, ting. Cho ring sy phu thudc cua
k, vao nhiét d6 tuan theo phuong trinh Arrhenius, ta
tinh dugc nang luong hoat hoa ciia qua trinh hap phu

E, +InA.
RT

dya vao biéu thie: Ink, = —

Trong d6 E, 1a nang lugng hoat hoa; k, 1a hing sd
tdc do hép phu biéu kién bac 2; A la thira sb tan sé.
Ning luong hoat hoa cia qua trinh hip phu tinh
duoc 1a 19,19 keal.mol™.

R’ =0,952

-84 J

0,0034  0,0035
UT (K™Y

Hinh 7: Sy phu thudc Ink, vao 1/T

0,0032 0,0033
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3.2.3. M6 hinh dang nhiét hip phu va xdc dinh cdc
thong so nhiét dong cua qua trinh hap phu

3.2.3.1. Mé hinh ddang nhiét hdp phu

Can bang hép phu dang nhiét cia As(V) trén vat
liéu 0,3FeM dugc moé phong theo hai md hinh
Langmuir va Freundlich.

- M6 hinh dang nhiét hap phy Langmuir:

C. C, N 1

qg qmax K’L'qmax
- M6 hinh dang nhiét hap phu Freundlich:

Ing, = InK_ +£.InC .

Trong do6, q. la DLHP & thoi diém can bang, Omax 12
DLHP cyc dai; K (1.mg™) 1a hang sé can bang hap
phu theo Langmuir; C, 1a ndng d6 chat bi hdp phu
tai thoi diém can béng; (mg.g™Y), Ke (mg.g™) van la
cac hang sb Freundlich .

Hinh 8 trinh bay duong déng nhiét Langmuir (a)
va Freundlich dang tuyén tinh (b) ctia qué trinh hap
phu As(V) trén vét liéu 0,3FeM & cac nhiét do khac
nhau.

(@
)
= 283K
2 ® 293K
A 303K
g
o°
1
A.
0 T T T T
0 10 20 30 40
C, (mg/l)
®) ,
[ )
= 283K
3,01
g
£
2,54

InC
Hinh 8: Buong drflr}g nhi¢t Langmuir (a) va
Freundlich dang tuyén tinh hap phu As(V) trén
0,3FeM 6 cac nhiét do khac nhau

Nghién ciru si hdp phu As(V)...
Céc tham sd cia hai phuong trinh cing v&i hé sd
tuong quan R® dugc trinh bay ¢ bang 3.

Bdng 3: Céc thong s6 dang nhiét hap phu cia
Langmuir va Freundlich

M@ hinh Langmuir | M6 hinh Freundlich
283 | 17,76 | 1,08 | 0,9757 | 8,81 | 4,86 | 0,5613
293 | 18,05 | 5,18 | 0,9715| 9,99 | 5,36 | 0,3914
303 | 18,98 | 7,87 | 0,9755|10,69| 5,44 |0,4051

Tir bang 3 nhén thdy hé sb twong quan ciia md
hinh Freundlich nho, trong khi d6 hé s6 tuong quan
ctia mo hinh Langmuir 16n v6i R?> 0,97 & tit ca cac
nhiét d6 khao sat nén md hinh Langmuir ¢6 sy phu
hop tot hon v6i hdp phu ding nhiét cia As(V) trén
0,3FeM. Khi ting nhiét do tir 283 dén 303 K, Qmax
tang tir 17,76 dén 18,98 mg.g™ con K, ting tir 1,08
dén 7,87 I.mg™. Sy thay d6i kha ning hap phu As(V)
trén vat liéu 0,3FeM theo nhiét do co thé 1a do tinh
chat bé mat chat hap phu thay doi hay do ban chét
clia qua trinh hip phu 1a thu hay toa nhiét.

So véi két qua cong bd clia cac nghién ctru khac,
vat lidu 0,3FeM c6 kha niang hap phu As(V) kha tét.

Bang 4: Dung luong hap phu As(V) cuc dai (qm) cla
vat lidu tong hop va so sanh voi mot sb két qua cua
cac tac gia khac

DLHP
Chat hap phu As(V), |TL tham khao
mg.g™
Chitosan-Mont 9,0 [1]
Chitosan-Clay-Magnetite | 6,5 [1]
TikOy 3,0 [5]
Polymeric Al/Fe-Mont 21,23  [12]
Fex(OH),-Mont 4,0 [13]
Fe-Mont 15,15 [[13]
Fe-bentonit 18,98  [Cbng trinh nay

3.2.3.2. Xdc dinh cac thong s6 nhiét dong ciia qud
trinh hap phu

Cac thong sé nhiét dong cua qua trinh hap phu
nhu bién thién ning lugng tu do AG®, bién thién
entanpy AH?, bién thién entropy AS® dugc tinh toan
theo phuong trinh do Gupta dé nghi [14]:

AG® = —RTInK,
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nk, = AG"_ AR AS

+
RT RT R

Trong d¢6 K, 1a hang s6 dang nhiét Langmuir
(.mol™) & nhiét d6 T(K), R 1a hang sb khi (8,314
J.mol™.K™?), AG® (3.mol™), AH® (3.mol ™), AS® (J.mol™).

Xay dung d6 thi InK_ = f(@/T), tir d6 tinh
duoc gia tri AH® va AS® cua qua trinh hdp phu. Céc
thong sd nhiét dong tinh toan dugc trinh bay & bang
4. Hinh 9 1a @6 thj In(K,) theo 1/T dé xac dinh cac
thong sd nhiét dong ctia qua trinh hap phu ion As(V)
trén vat liéu 0,3FeM.

]
13
n
<
£ 121
n
11 ; ; . .
0.003300 0.003375 0.003450  0.003525
UT (K™Y

Hinh 9: 4 thj In(Ky) theo 1/T xéc dinh cac thong s
nhiét dong ctia qua trinh hap phu As(V) trén vét liéu
0,3FeM

_ Bang 5: Cac thong s6 nhiét dong tinh todn tur
hang s6 dang nhiét Langmuir (K) d61 voi qua trinh
hap phu ion As(V) trén vat li¢u 0,3FeM

Ky, AG?, AH, AS°
T’ K 1 1 1 1 1
l.mol kJ.mol" kJ.mol™ |kJ.mol™.K
283 | 80913,6 -26,59
293 | 388085,6 -31,35 71,234 | 0,3471
303 | 589620,4 -33,47

Tir bang 5 nhan thay qua trinh hap phu As(V)
trén 0,3FeM 1a qua trinh tu dién bién (AG® < 0)
trong khoang nhi¢t do khao sat. Gia tri AH’ > 0
chimg té qua trinh hap phu 1a thu nhiét va AS° >0
cho thay d6 hdn don ting khi hap phu As(V) trén
0,3FeM.

Néu qua trinh hap phu vat 1y thi gia tri AG® ndm
trong khoang -20 va 0 kJ/mol, con hap phu hoa hoc
AG® niam trong khoang -80 dén 400 kJ/mol. Trong
nghién ctru nay, gia tri AG® lai nam trong khoang
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-26,59 va -33,47 ki/mol cho thay trong khoang nhiét
do khao sat, qua trinh hap phu As(V) trén 0,3FeM
vira ¢6 ban chat vat ly, vira ¢6 ban chat hoa hoc.

4. KET LUAN

Vat liéu Fe-bentonit da duoc téng hop thanh
cong bang phuong phap chén cation polyme Fe vao
khoang giira cac 16p bentonit. Két qua dic trung
XRD, TG-DTA, BET cho thiy vit liéu thu dugc ¢
doos tang, cAu tric mao quan, dac tinh xép, bén véi
nhiét, c6 dién tich bé mit 16n, tuy nhién thé tich mao
quan va duong kinh mao quan bé hon so véi
bentonit ban dau. Vat liéu Fe-bentonit c6 kha nang
hap phu tot As(V) trong nuéc & pH 3,0 v6i dung
lwong hép phu cao. Su hap phu tuin theo md hinh
Langmuir & cac nhiét d¢ khac nhau. Viéc tinh toan
céc thong sd nhiét dong cho thdy qua trinh hap phu
As(V) trén Fe-bentonit 1a qua trinh thu nhiét (AH® >
0) va tu dién bién (AG® < 0). Hap phu As(V) trén Fe-
bentonit tudn theo phuong trinh dong hoc biéu kién
bac 2 & cac nhiét do khac nhau. Tur cac két qua do
cho thay vat liéu Fe-bentonit c6 trién vong trong héap
phu va xtr Iy As(V) trong moéi trudng nudc.
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