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A study of the adsorption property of sul{ydryl organic silicane-grafted
kaolinite for Cd (Il )
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(School of Chemistry and Environment, South China Normal University, Guangzhou 510006, China)

Abstract: Due to the poor adsorption performance and extreme toxicity of the heavy metal cadmium ion, it is of
great practical significance to explore an efficient adsorption material for cadmium immobilization. In this paper,
the modification by grafting sulfhydryl silane onto kaolinite was investigated and confirmed by infrared spec-
troscopy which proved that sulfhydryl groups were successfully introduced onto the surfaces of kaolinite. At the
same time, silane modification did not cause the change of kaolinite in the crystal structure. Batch experiments
were conducted to investigate the adsorption characteristics of kaolinite and modified kaolinite (K-SH) for Cd**
under different conditions, mainly including pH and adsorption time. The adsorption kinetics of cadmium ions
by the two materials is in agreement with the pseudo-second-order kinetic model. Nevertheless, the relevant ad-
sorption isotherm equation showed a good fitness with the Langmuir model. The calculated maximum adsorption
capacity of K-SH is 4.375 mg/g, which is 20 times higher than that of original kaolinite. The modified kaolinite
grafted with sulfhydryl groups provided a large number of new adsorption sites on its surface, thus significantly
improving the capacity of adsorption and immobilization for cadmium ions by coordination and complexation. It
is therefore held that sulfydryl organic silicane-grafted kaolinite is a promising soil remediation material.
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Fig. 1 XRD patterns of kaolinite (KD and MPTMS-
modified kaolinite (K-SH)

Kl 2 4 K K-SH & MPTMS (1) & 5L - 21 41 5]
. 2% Frost % (199 W FT, K3 616 em™ 4
H—OH H4adsh, IHJE T W2 3391 em ™ 1K
SRR SN, T 1630 em ™ 7K 2 1102
g WK K 5 K-SH 1 B %, &I &g a4
MPTMS GH 8 5, 762 9242 853 em ™ ' i 4b 7~
A TR RN, JE T CH AR 4 B g, Forb2 924
em ™ VB T -CH, M 4a 9510, 2 853 em ™! -CH; 4
P CLi et al., 2011, 3X 2 A g AT DL 7E
MPTMS (1) 3% th 8¢ 3 ; 752 550 em ™ 4k MPTMS
(1J—SH 45 P 2l 0t 7T LAAE K-SH i [ %2 21,
5Er N 1 wE 5T &5 B — 2 (Fonseca and  Airoldis
200000 BEAR, XA WERE 0SS, v e 2 AU Y
Wi B SR A Y R S E 940 T IX AN IE (Y er
al.» 20100, XL, MPTMS 77 1 Ol P 15 % 2|
R AT KT

T

I MPTMS
. . 2700 Izr\'on ) 25}:n| 2400
4000 3500 3000 2500 2000 1500 1000
fﬁ‘t’t.f’um-l
eI (RO B B 3 Pk 0 A (R-SHD 20 7k i 1]
Fig. 2 IR spectra of kaolinite(K) and MPTMS-
modified kaolinite (K-SH)
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Fig. 3 TEM images of K (a) and K-SH (b)
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Fig. 4 N, adsorption-desorption isotherms and pore

size distribution curves Cinset) of K and K-SH
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Fig. 5 The TG-DTG curve of kaolinite
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Fig. 6 The TG-DTG curve of MPTMS-modified kaolinite
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Fig. 7 Effect of the solution pH on the adsorption of
CdC 1) on K and K-SH
WIREZAE: CACT DML 6 me/ L, WS 25 C » W B 7k
2.0 g/L AR R NI [H] 24 h
Initial condition: [Cd?* 1=6 mg/L, temperature ¢ =25C »
adsorbent dosage=2.0 g/L, and time t =24 h
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CUDOHE Ty RA KA AR g =4, X T 30T %
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Fig. 8 Adsorption kinetic curves of Cd( [[ ) adsorbed on
K and K-SH
WILRSAE: CEHIREE 6 me/ L, TJ% 25°C , WAL 2.0 o/ L,
pH=5.5
Initial condition: [Cd** J=6 mg/Ls ¢t =25T,
adsorbent dosage=2.0 g/L, pH=5.5



870 HoA T W o k& % 36 &
F 1 K K-SH X cdl ) EIRMIah 1 F S
Table 1 Kinetic parameters for Cd( I ) adsorption on K and K-SH
e 24 We— Gy i,y e
HA
qlmg/g) K, qlmg/g) R? K, q.(mg/g) R?

K 0.36 5.60 0.31 0.902 0.913 0.41 0.983

K-SH 2.66 0.09 2.27 0.835 0.348 2.58 0.986

HEZ R ) F BRI G R E R? YR T —443)
1R, BT T CAC I D AE =& A L R el 7
B3GR By AL, W b R A A
HLEEFE I Celis et al.» 20000 WFIFERT 10 min 2E
ATAFAR T PR, XA DA A, R 2R 1 A I 5 | A FH A
SN A 1) R R A7 G I B T KB
CdC I )(Djomgoue et al . » 2012). BEFHE KN AT, B
WA TR BRAST Rt 28 T TR LR, W B AT 24 h NIA
BV . PRI, 75 5 SR e H 24 h DUR ORI
Bt~ 5

2.4 MEIRLZ

WS B 45 i 2% K FH 5 % 3X Langmuir (3) #1 Fre-

undlichCA) FE IR P55 5 125 1 (1 W Bk 7, 25 SR 1)1
2,

ge= qnK . C./(1+ K C.) (3

q.= K. C? @y

Horb ¢ (mg/ @) A PATREE C.(mg/ L) T B

e, ¢, (mg/g) & CAC I B R, K Al Ky

JEHE. M Freundlich 1 Langmuir 77 P24 1) 451

WS o ot 4 i v B 45 2R

MY

75 W B SR H Langmuir /7 72

%z 2 K0 K-SH B Cd( I DAY Langmnuir 7 Freundlich 2R & &R
Table 2 Langmuir and Freundlich isotherm parameters for Cd( Il ) adsorption on K and K-SH

Frenudlich 57

Langmuir #%

P dh
Ky n R? Gm Ky R?
K 0.036 0.405 0.786 0.208 0.154 0.814
K-SH 2.291 0.154 0.887 4.375 0.364 0.958
Al b AR R (Zhao et al . 2011). WA, K-

Langmuir

+====== Freundlich
2 b n K
Langmuir
Ll ===+=== Freundlich
=
0 »
L 1 1 1 L
1] 20 40 6l) 80
CJ/mg.L"!
9 Langmuir 1 Freundlich " i 553 2 30 &
Fig. 9 Langmuir and Freundlich isotherms to fit the

adsorption of CdC [l ) on K and K-SH
YIRS AT: 24 h, HIE 25°C , W FIHBINE 2.0 g/L, pH=4~5
Initial condition: adsorbent dosage=2.0 g/L, time=24 h,
1=25C, pH=4~5
UG FEE B Frenudlich B 547 (B 9), B8] Lang-
muir A8 S IE F T AT 5T i W B ok B T BL R,
WG o 3t P A A A vy W A T ()R 0 PR 38— SO RAVE R

SH IFi s KWL & g, {5 4.375 mg/g tb K 1Y g, i
0.208 mg/g & 1711 20 o B 55 3 A be ek 1
SRR, B ISR T K-SH X CAC T DR B
3 4R
28 Tk A7 AR Jo SCTE T S 08 A P ) CK-SHD 11 1y
PRLE R FI LR RS AR A R AR, (B FT-IR 1%
2 S ARTE Sy AT 4 T LLER I, K-SH B 582 b3 &L
HEH o [R] A R (10 R PRSI 6 UE SIZ, J ke ) v U A LA
T S8 Tt 5 R U A ) A S I B I R B pH
{HMTERIIAE 4~8 2 10], Y pH<4 I 11 5 4
IRsR M ATAF CAC T ) oW B 2 9 4 BAIG s 1 pH > 8 LA
S W55 FECAC T DB 7 K i /R 3t 1R, 3
SO0 BRI T

BT R B Bl ) AE R G A HE ) ) R
Y, W W BN Ot A 52 A 2 W B B R PR 4R . kA,
Langmuir 55 26 A 70 538 A T 0 ey i 7 S 3L e ik
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