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SU HAP PHU Co(II) TRONG DUNG DICH NUOC
CUA VAT LIEU Na-BENTONITE
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Tém tat. Trong bai bdo nay, vét liéu Na-bentonite duoc dic trung bang phuong phép nhiéu xa tia X
(XRD), hién vi dién t¢ quét (SEM) va phén tich dién tich bé mit riéng (BET). Vat liéu Na-bentonite
duoc st dung d€ hap phu Co(Il) tir dung dich nudc. Sy hdp phu Co(Il) trén vat liéu khao sat tuan theo
md hinh déng hoc bac 1. Déng nhiét hdp phu Langmuir va Freundlich dugc sit dung d€ phén tich céc
sO liéu can béng hap phu. Dung lugng hap phu cuc dai d6i v6i Co(Il) trén vat liéu Na-bentonite ¢ 303
K tinh tit phuong trinh Langmuir la 25,25 mg/g. Cac thong s6 nhiét déng ctua qua trinh hdp phu Co(Il)
da duoc xac dinh. Két qua cho thdy qud trinh hdp phu la tu dién bién (AG° < 0) va thu nhiét (AH® > 0)
véi sy tang entropy (AS° > 0) trong khoang nhiét d¢ khao sat.

T khoa: Na-bentonite, sy hap phu Co(II), déng hoc va déng nhiét hap phu

Adsorption of Co(II) from aqueous solutions onto Na-bentonite
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Abstract. In this work, Na-bentonite was characterized by using X-ray diffraction (XRD), scanning
electron microscopy (SEM), and nitrogen adsorption/desorption. Na-bentonite was used for the
removal of Co(Il) from aqueous solutions. Co(Il) adsorption follows the pseudo-first-order kinetic
model. The equilibrium data were analyzed based on the Langmuir and Freundlich adsorption
isotherm models. The highest monolayer adsorption capacity for Co(Il) at 303 K derived from the
Langmuir equation is 25.25 mg/g on Na-bentonite. The obtained thermodynamic parameters
demonstrate that the adsorption is spontaneous (AG° < 0) and endothermic (AH® > 0), with increased
entropy (AS°>0) in the investigated temperature range.
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1 Mo dau

Ngay nay, sw phat trién vuot bac cta khoa
hoc va cong nghé da thac day cac nganh cong
nghiép va nong nghiép phat trién manh. Bén
canh nhiing thanh qua dat dwgc, xa hoi ciing
dang ddi mat voi van dé 6 nhiém moi treong do
cong nghiép gay ra, dac biét la chat thai tir cac
nha may loc dau, duwoc phdm, chat déo, son, my
phdm, dét nhudém, thudc bao vé thuc vat, v.v.
Hién nay, ngu6n nuwéc bi 6 nhiém do cac kim loai
nang dang la van dé cdp bach can duwoc giai
quyét. Kim loai nang duoc xem la khong cé kha
nang phan huy sinh hoc va nhiéu céng trinh da
cong bo tap trung vao viéc xtt ly nudc chira ion
kim loai [1-5]. Trong cac phuwong phap xt ly
nudc chira kim loai thi hdp phu dwgc xem la
phuwong phap day hita hen va c6 trién vong nhat.
Trong s6 cac vat liéu hdp phu hiéu qua, bén hoa
ly, gid thanh thap, ham luwgng phong phu trong
tw nhién thi khoang bentonite voi thanh phan
chu yéu la sét smectit duwoc xem la loai vat liéu
thiét thuc, c6 kha nang xtr ly t6t chat 6 nhiém [6-
8]. Day la vat liéu mao quan vdi cdu truc 16p 2:1,
c6 bé mat riéng va dung luong trao doi ion 16n
va d§ bén co hoc va hda hoc cao. Trong nghién
ctu nay, Na-bentonite duwgc sit dung lam chat
hap phu Co(II) trong dung dich nuéc. Pong hoc,
dang nhiét va nhiét dong hoc ctia qué trinh hap

phu Co(Il) cling sé dwgc thao luan.

2 Phuwong phap

2.1 Hoa chat

Céac hoa chat st dung trong nghién ctu
gom CoSOs+7H20 (Guang dong, Trung Qudc, 99
%), NaCl (Xilong, Trung Qudc), AgNO:s (Xilong,
Trung Qudc), va bentonite Co Dinh.

2.2 Téng hgp vat liéu Na-bentonite

Vat liéu Na-bentonite duoc tong hop theo

quy trinh da dugc Bergaya va cdng suw cong bd [9].

Cho 25 g bentonite C6 Dinh da so ché vao 400 mL
dung dich NaCl 1 M, khudy tir véi téc do 500
vong/phtit trong 10 gio, dé sa lang qua dém va
gan bo phan rin ling 6 dudi. Cho phan huyén
pht long phia trén vao 400 mL dung dich NaCl 1
M, tién hanh khudy tir trong 10 gio, d€ sa lang qua
dém va chi 1dy phan huyén phti. Cho phan huyén
phu nay vao 1 L dung dich NaCl 1 M, khuay déu
va dé sa lang trong 2 ngay. Ly tdm phan huyén
phtt 1ong thu duoc chét rén; riea sach chat ran
bang nudc cit cho dén khi loai bo hét ion Cl-
(kiém tra bang dung dich AgNOs 0,1 M). Mau Na-
bentonite duoc sdy kho ¢ 373 K trong 24 gio, sau

d6 nghién min va git trong lo kin d€ st dung.

2.3 Nghién cttu dong hoc cta qua trinh hip

phu Co(II) trén vat liéu Na-bentonite

Cho 250 mL dung dich Co (II) véi nong do
5 g/L vao cdc dung tich 500 mL. Chinh nhiét do
cua dung dich 6n dinh ¢ 303 K, sau d6 cho 10 g
Na-bentonite bién tinh vao cdc roi day kin; khudy
dung dich bang méy khuay tlr va xem day la thoi
diém bat dau qua trinh hdp phu. Sau nhiing
khoang thoi gian xac dinh, dung pipet 1ay 5 mL
dung dich dem ly tdm 14y phan long, xac dinh
néng d6 con lai ctia Co(Il) bang phuong phap UV-
Vis & A =512 nm tai cac thoi diém dé.

Tién hanh twong tw nhu trén & 293, 313 va
323 K. Twr s6 liéu thye nghiém thu dwoc, tién hanh
nghién cttu mo hinh dong hoc biéu kién cua qua
trinh h&p phu Co(Il) trén vat liéu Na-bentonite dya
vao phuong trinh ddng hoc hap phu bac 1 va bac 2
biéu kién cua Lagergren.

Nong d6 Co(Il) duoc xac dinh theo dinh
luat Beer-Lambert 6 budc song A = 512 nm va
duoc tinh theo phuong trinh duong chuan
y = 0,0817 x x — 0,014 (R? = 0,999) (y la mat do
quang; x 1a nong dd Co(Il) (mg/L))
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24 Nghién ctru ding nhiét hap phu Co(Il)
trén vat liéu Na-bentonite

Lay 2,0 g Na-bentonite cho vao binh tam
giac chira 50 mL dung dich Co(Il) néng d6 Co khac
nhau (Co thay do6i tix 5 dén 15 g/L). Bay kin va
khudy bang may khudy tir t8c d6 500 vong/phut
trong 4 gio & 293, 303, 313 va 323 K. Sau khi can
bang thiét 1ap, ly tdm loai bo chét rén. Nong do
dung dich Co(Il) con lai duoc xac dinh béng
phuong phap UV-Vis ¢ A =512 nm.

3 K&t qua va thio luan

31 Mot s6 dic trung vat 1y cta bentonite
va Na-bentonite

Vat liéu bentonite C6 Dinh va Na-bentonite
dugc dic trung bang phuong phap nhiéu xa tia X
(XRD), hién vi dién t& quét SEM va dang nhiét
hap phu - khtt hdp phu Ne.

Hinh 1 cho thdy gian d6 XRD cua mau
bentonite C6 Dinh ¢ cac peak & 26 = 5,72°, dac
trung cho mao quan (khoang cach don gitta cac
16p, don=15,4 A), 26 = 20,84° va 26,64° dic trung
cho thach anh (quartz), 20 = 12,16° va 24,6° ddc

trung cho cao lanh (kaolinite). D&i véi mau Na-

bentonite, cic nhiéu xa dic trung cua thach anh
va cao lanh hau nhu bién mat. Peak phan xa dac
trung cho mat (001) chuyén vé phia 26 16n hon
véi cudong dd ting so véi mau bentonite ban dau.
Khoang cach khong gian dom cua mau Na-
bentonite 1a 12,3 A, nhd hon so vGi cia mau
bentonite C& Dinh ban d4u 15,4 A. Diéu nay cho
thdy cac cation Na* c6 kich thuwdc nho da chen vao
khoang gitta cac 16p cua bentonite, trao doi véi
cac cation Mg? va Ca? c6 kich thudc 16n hon méi

dan dén gid tri doo giam.

Na-bentonite

!

Intensity (cps)

Bentonite

!

0 1‘0 2b 3‘0 40
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Hinh 1. Gian d6 XRD cuia cdc mAu bentonite trude va
sau khi tinh ché

Anh hién vi dién t& quét SEM cta mau
bentonite va Na-bentonite duoc trinh bay trén
Hinh 2.

IMS-NKL x50.0k SE(M)

(a)

(b)

Hinh 2. Anh SEM cua bentonite (a); Na-bentonite (b)

Anh SEM ctia mau Na-bentonite (Hinh 2b)
cho thay c6 su khac biét vé hinh thai bé mdt so voi
mau bentonite ban dau (Hinh 2a). Sau khi chen
ion Na* vao bentonite, cdu tric c6 cac 16p sap xép
trat tw hon, chdt khit hon; diéu nay phu hop véi
két qua phan tich XRD & trén. Bentonite va Na-

DOI: 10.26459/hueunijns.v134i1A.7608

bentonite dwgc dic trung thém bang phuong
phép hap phu — kht hdp phu nitrogen. Dién tich
bé mat riéng BET ctia mau bentonite va Na-
bentonite [an lwot la 70,26 m2/g va 84,02 m?/g.
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3.2 Nghién ciru tinh chit hip phu Co(Il) ctia
vat liéu Na-bentonite

Pong hoc caa qua trinh hap phu Co(Il) trén vat
liéu Na-bentonite

D¢ lya chon chat hdp phu, chung toi tién
hanh khao sat so by vé kha nang hap phu Co(II)
trén vat liéu Na-bentonite va bentonite & nong do
dung dich 5 g/L va nhiét d¢ phong. Két qua cho
thdy dung luong hdp phu can bang ge (mg/g) ctia
Na-bentonite (18,69 mg/g ) 1én hon dung lwong
h&p phu can béng ge ctia bentonite (8,32 mg/g). Do
vdy, ¢ cac nghién ctu ti€p theo, chung toi chi
khao sat tinh ch&t hap phu Co(Il) cua vét liéu Na-
bentonite.

Phuong trinh dong hoc mé ta qua trinh hap
phu Co(Ill) trén vat liéu Na-bentonite dwoc st
dung la phuong trinh dong hoc bi€u kién bac 1 va
bac 2:

Phuong trinh dong hoc biéu kién bac 1 la

In( ge - gt ) =Inge - k1. t 1)
?._ 309
; = 283K
g &‘\ * 303K
T 251 4 33K
= S v 323K
e
20 T
15 AN .
N
1.0 “
! N
sl (@ *
0o

—— T
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t (phit)

Phuong trinh ddng hoc biéu kién bac 2 1a

= +—.
0 k.09 g,

t 1 1 t (2)

trong do6 ge va g (mg/g) la dung lwong hap phu
(DLHP) 6 thoi diém can bang va thoi diém t bat
ky; ki (phut?) va ka2 (g/(mg.phtt)) 1a cac hing s6.

Dung lwgng hdp phu gt duoc tinh theo

phuong trinh
o -G )

trong d6, Co va Ct (mg/L) la nong d6 dung dich
Co(I) & thoi diém ban dau va thoi diém ¢; V (L) la
thé tich dung dich Co(II); m (g) la khdi lwong chat
hép phu (Na-bentonite).

Hinh 3a va 3b biéu dién db thi cia md hinh
dong hoc biéu kién bac 1 va bac 2 ctia qua trinh
hap phu Co(Il) & cac nhiét d6 khac nhau trén vat

liéu Na-bentonite.

Céc tham s6 dong hoc cua phuwong trinh

dugc tém tat & Bang 1.

= 283K
s 303K
A& 313K
¥ 323K

0 20 40 60 80 100 120 140 160 180 200
t(phut)

Hinh 3. Péng hoc hdp phu biéu kién bac 1 (a) va bac 2 (b) ctia qua trinh hdp phu Co(Il) trén vat liéu
Na-bentonite & cadc nhiét d6 khac nhau

Béang 1. Cac tham s0 cia phwong trinh dong hoc biéu kién bac 1 va bac 2 ctia qua trinh hap phu Co(1l) trén vat liéu
Na-bentonite & cadc nhiét d6 khac nhau

Phwong trinh ddng hoc bac 1

Phuong trinh ddng hoc bac 2

reg k " K "
(mg/g) ,1 Qe( ) R2 2 , 5/8( ) R2
(phat?) (mg/g) g/(mg.phut) (mg/g)
293 17,78 0,0123 19,102 0,9803 0,0002 30,68 0,8928
303 19,61 0,0127 20,487 0,9777 0,0003 29,07 0,9724
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Phuong trinh dong hoc bac 1

Phuong trinh dong hoc bac 2

re T k K
(mg/g) ,1 qe (tt) ) 2 , qe (tt) )
(phat?) (mg/g) g/(mg.phut) (mg/g)
313 19,61 0,0134 19,213 0,9721 0,00031 27,78 0,9635
323 20,53 0,0155 18,752 0,9557 0,0004 30,30 0,971

Ghi chii: ge (tn) 1a DLHP can béng tinh theo nong dd dau va nong do can bang thuc nghiém; ge (tt) 1a DLHP can bang

tinh theo phwong trinh dong hoc.

Bang 1 cho thdy mo hinh dong hoc bac 1 c6
gia tri R? I6n hon so véi md hinh dong hoc bac 2
déi v6i sy hap phu Co(Il) trén vat liéu Na-
bentonite khao sat & moi nhiét d6. Pong thoi, gia
tri ge tinh theo md hinh d6ng hoc bac 1 gan bang
véi gia tri ge thiee nghiém. Do d6, ching t6i cho
rang mo6 hinh dong hoc bidu kién bac 1 tuong
thich hon véi cac s6 liéu thwe nghiém. T cac s6
liéu trén, ching toi xac dinh nang luong hoat héa
cua qud trinh hap phu Co(Il) trén vét liéu Na-
bentonite. Gia st su phu thudc cua héng sO toc do
vao nhiét do tuan theo phuwong trinh Arrhenius va
nang luong hoat héa ctua qua trinh hap phu duoc
tinh theo biéu thiic
Ink; = — =2+ InA 4)
trong d6 Ea la ndng luwong hoat hoda; ki 1a hé so toc
d6 hap phu biéu kién bac 1; A la thtra s6 tan so.

4157
= 420 4
425
4301

-4,35 4

-4,40 4

-4,45

T T T T T T T
3,1x10° 3,2x10° 3,2x10° 3,3x10° 3,3x10° 3,4x10° 3,4x10°
UT (K'Y

Hinh 4. Sy phu thudc ctia Ink: vao 1/T ctia qua trinh
hap phu Co(II) trén vat liéu Na-bentonite

Hinh 4 cho thdy ning lwong hoat hda cta
qua trinh hdp phu Co(l) trén vat liéu Na-
bentonite 1a 5,821 kJ/mol. Gia tri nang lwong hoat
héa nay khong 16n nén qua trinh hap phu Co(Il)
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trén vat liéu Na-bentonite la hap phu vat ly.

Ding nhiét hap phu
Can bang hap phu ding nhiét caa Co(Il)

trén vat liéu Na-bentonite digc mé phéng theo
hai m6 hinh Langmuir va Freundlich. M6 hinh

dang nhiét hdp phu Langmuir dang tuyén tinh la
C

e _

_C 1 )
qe qmax KL'qmax

M6 hinh dfmg nhiét hdp phu Freundlich
dang tuyén tinh la

Ing, =InK. +1.InCe (6)
n

trong d6 ge (mg/g) 1a DLHP & thoi diém can bang;
gmax (mg/g) 1a DLHP cuc dai; Ki (L/mg) 1a hang s&
can bang hdp phu theo Langmuir; Ce 1a nong do
chat bi hdp phu tai thoi diém can bang (mg/L); Kr
(mg/g); n 1a cac hang s6 Freundlich.

Hinh 5a va 5b trinh bay duwong dang nhiét
Langmuir va Freundlich dang tuyén tinh ctia qua
trinh hap phu Co(Il) trén vat liéu Na-bentonite &

cac nhiét do khac nhau.

Céc thong s dang nhiét hap phu Langmuir

va Freundlich dwoc moé ta ¢ Bang 2.

Hinh 5a va 5b va Bang 2 cho thdy rang
phuong trinh Langmuir 1a phti hop nhét cho dang
nhiét hap phu Co(Il) trén vat liéu Na-bentonite (R2
>0,9). So voi mot sd cong bd khac (Hashemian va
cong su [10]: gmax = 18,76 mg/g, Mervette El va
cong sw [11]: gmex = 20,28 mg/g), dung lwong hap
phu Co(l) circ dai gmax tinh tit phwong trinh

Langmuir trong nghién cttu nay lén hon.
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Hinh 5. Buong déng nhiét Langmuir va Freundlich dang tuyén tinh ctia qua trinh hap phu Co(Il) trén vét liéu Na-

bentonite & cac nhiét 4o khac nhau

Bang 2. Cac thong s6 déng nhiét hadp phu Langmuir va Freundlich

MO hinh Langmuir MO hinh Freundlich
Nhiét do (K) K
gmax (Mg/g) Ki (L/mg) R? n R?
(mg/g)
293 23,42 0,00337 0,961 7,179 6,444 0,299
303 25,25 0,0104 0,916 7,441 6,922 0,093
313 26,39 0,1014 0,913 5,593 4,609 0,115
323 26,67 0,1069 0,920 6,321 5,595 0,152

Xac dinh cac thong s6 nhiét dong ctia qua trinh
hap phu

Céc thong s6 nhiét ddng ctia qua trinh hap
phu nhu bién thién nang luong tu do Gibbs AG®,
bién thién enthalpy AH® va bién thién entropy AS°
dugc tinh theo phuong trinh sau:

AG° =-RT x InKvL (7)
_ _E _ AH® E
InK, = RT ~ RT R (8)

Ttr d6 thi InKe = f(1/T) trén Hinh 6 c6 thé
tinh dwoc giad tri AH® va AS° cua qua trinh hap
phu. Céc thong sd nhiét dong duwoc trinh bay o
Bang 3.

InK;
©
|

y =-12030x + 46,398
R?=0,9122

3,1x10° 3,2x10% 3,2x10%° 3,3x10° 3,3x10? 3,4x10° 3,4x10%
1/T (K"

Hinh 6. D6 thi InKw theo 1/T xac dinh cac thong s nhiét
déng ctia qud trinh hap phu Co(Il) trén vat liéu
Na-bentonite

Bang 3. Cac thong s& nhiét dong tinh tir hang s8 ddng nhiét Langmuir (Kv) d&i véi qua trinh hap phu Co(Il) trén vat
liéu Na-bentonite

Nhiét do (K) Kw (L/mol) AG® (kJ/mol) AH® (KJ/mol) AS° (J/mol.K)
293 198,306 -12,886
303 614,209 -16,173
100,01 385,75
313 5976,09 22,628
323 6301,326 -23,493

10
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Két qua ¢ Bang 3 cho thdy qua trinh hap
phu Co(Il) trén vat liéu Na-bentonite la qua trinh
tu dién bién (AG°< 0) trong khoang nhiét d¢ khao
sat, thu nhiét (AH° > 0) va tang entropy (AS° > 0).
Nhu vay, yéu td entropy thic day qua trinh hap
phu Co(Il) hon yéu t6 enthalpy.

4  Kétluan

Vat liéu Na-bentonite tong hop dwogc ¢ cau
trac 16p trat tu, dién tich bé mat 84,02 m?/g, 16n
hon bentonite ban dau 70,26 m?/g. Bong hoc hap
phu Co(Il) trén vat liéu Na-bentonite tuan theo
mo hinh dong hoc biéu kién bac 1. Ning luwong
hoat héa cua qua trinh hdp phu Co(lIl) trén Na-
bentonite 1a 5,821 kJ/mol. Dang nhiét hdp phu
Co(Il) trén vat liéu Na-bentonite tuan theo mo
hinh Langmuir v6i dung lwgng hap phu cuc dai
Co(II) trén vat liéu Na-bentonite giam dan theo
nhiét d6. Cac tham s6 nhiét dong hdp phu nhu
AG®, AH® va AS° cho thdy qua trinh hdp phu Co(II)
vat liéu Na-bentonite khao sat la qua trinh tu dién
bién (AG® < 0), thu nhiét (AH® > 0) va tang entropy
(AS°>0).
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