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Adsorption and Desorption Behaviors of Cadmium on/from Goethite and Its Compound Colloid with Humic Acids
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Abstract: The thermodynamics and kinetics of Cd** adsorption and desorption on/from goethite and its compound colloid with humic acids

were studied by batch experiments. The results showed that within the range of cadmium concentration tested, Cd*" adsorption was increased

with the increase of its initial concentration, and the compound colloid had a higher Cd** adsorption capacity than goethite. The adsorption

isotherms of Cd** by the two samples could significantly confirm to Langmuir, Freundlich and Linear equation, while Langmuir was the best

one. The maximum adsorption of Cd* by the two tested samples was 41.667 and 45.455 mg- g™, respectively,according to Langmuir equation.

The compound colloid had a lower Cd** desorption rates than goethite, which was only 1.068% as compared to 5.871% from goethite, indicat—
ing that compound colloid had a higher adsorption strength for cadmium. The Cd** adsorption reactions by the two tested samples was a rapid

process, which could reach an equilibrium within 4 hours. Elovich equation was the optimal model to describe the kinetics of Cd** adsorption.

The enthalpy changes AH of the adsorption reaction were all positive and the changes of free energy AG were negative, while the changes of
adsorption entropy AS were positive, which suggested that the adsorption processes of Cd** on goethite and its compound colloid with humic

acid were both endothermic and belonged to a spontaneous process. And the absolute value of AG were all less than 40 kJ+mol™, much lower
than the free energy change caused by chemical bonds(> 60 kJ+mol™), indicating that adsorption of Cd* by two tested samples belonged to

physical adsorption processes, with possible mechanisms of H-bonds, dipolar action force and van der Waals force.
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Figure 1 Adsorption isotherm of cadmium on/from goethite and its

compound colloid with humic acids(25 °C)



5 28 55 5 1]

AR

L 899

T LT T4 5 ka2 i B A A M DA
K, RORFHERAR Cd> BAT B 1 A4 A 5 i
BHERDT RIS 5 I A 2 1) MR B 1) 22 55, T B AR TR
TESH R R0 7 T — 2 B [ HBA 8 ik
A HLELIE I BT kAT — J8 AR A2 45 IOk, IX P A
PLAOERE 35 T 5T ERA™ I S8 MR R

PR . BT — B R A5 R A P AR B 51 %o
CA* ARy 2 B A5 D AT LA 3k AR 3 Fofr 458 Tk 1
TR AU FIRAE,

Linear J7#2:S=KC+a (1)
Freundlich J5 ¢ : S=KC"" (2)
Langmuir J5F#:5=S,C/(C+1/K) (3)

XS A CAFEEM B A &, mg g5 S, R
CA* FEAH ™ L A e R Bt it mg - 7' € Ry P
CA*MREE ,mg- L™K \a N HE LI,

FHUL L RN . AT - IS AR & A AR
(R P 25 TR R HEA T, B SR L2 1, A R 4D
B R AT DLHARSE R B0 () FIBR IR 22 (s ) el i o r
EAEK, s fEBR/N, A BRAAT . AT I, 3 P A B 5
PRV REIR A b ek CATEAH A M 7oA, 05
R B K 78 3 R R, IWAHSE R %0 (r)
FIRRE IR 25 () AT I : Langmuir 77 5 5 7 0% B 551 1)
CA> SR M BB el o d2 FHZ O B F R AT A5 e iR
JEE g 25 CINF, PIRRIZ BRI Cd B R B 20591 g
41.667 Fl1 45.455 mg-g™' . FESLHRBETT MR BEVE Y,
R B - SRR B A ARG CdP 1) e R
0k 34.412 F140.812 mg-g™', ¥ITEHREIIA Y
e RV L, BB Langmuir J5 F2 45 & 5 8
C> 75 P BRE590 v A SR A 7R o T R KB
SREER T K (EA, FORM R S5 E F i A he
AR, AR KA W TR, [FRs S, Al
K A 36 FLnT L e £ 39 X6 Cd>* i d5p K 2% vh 5
(MBC=S,,-K), WHFMZEH 59 MBC 4351 /2 0.588 Fil
3.582 mg- g, A AN CA>* By KR i I 3 e T
FHERE . P22 IR, Freundlich 7R H ) K {H

AT DI A Wz B 550 0) o 45 i S I B A T B s FE HE AR
KA, 270 W B 70 % 5 4 e 25 iR W BFH A FH T A
Ko HFE 1LATLIE N, B G BN K65 TE0,
2 I, B A MAARXT Cd> A i [ W B T 2 RE T -
22 ZRBWHRAE

B TAHE R A AR 2540 45 7 T 4 A AN,
B B Cd 55 M R 500 =2 [] ) A R s B AN ], il IO
() A I i R 2 L] 2 T DL TR e o
FIBEIL CA* MY fE 1 22 S8R AHERT I IR AE 0%~
13.296% 2 [0),*F-¥5°h 5.871% ; 180 - AR 5 G i
PRAFE R R 09%~2.260% , 345 1.068% , H H: A%
M4 A b a3 22 itk T AR 4 Fre-
undlich 7R H1 19 K {EHE S H 02 A B ARXT Cd> A 5
SER 1A A B 1 5 B ik — 4518 . AT LR A, AT RE R T
B 5 R RRIE U 2 G ARSI R S 4, 7 1Rl
VEF 1 s, (L ) >4 58 T 2 361 3 g

16
ul A EERR
g b O Skt — R Ak
EREL
= 10}
£ o8t
£ 6
E 20Q
O(J 1 1 1 1 ]
0 10 20 30 40 50

M ffie: Adsorbed Cd/mg- g
2 SRS -BERE SRR CITH
SRR E £ (25 C)
Figure 2 Desorption isotherm of cadmium on/from goethite and its

compound colloid with humic acids(25 °C)
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Table 1 The characteristics of three adsorption isotherm models

Langmuir s=S,, C/(1/K + C)

Freundlich s=KC"™

Linear s=KC + a

A )

s Sin K r n K r s a K
EE 0.991%* 0.033 41.667 0.014 0.990%* 0.077 1.015 2.512 0.9827%* 2.480 1.502 0.62
FEB 0.999%* 0.009 45.455 0.079 0.992%* 0.066 1.270 3.273 0.991#* 2.007 0.949 1.854

% FIRTE P=0.05 K P RFMZESR:, ** RIRTE P=0.01 K BV

Notes: * denotes significant difference at P = 0.05,** denotes significant difference at P = 0.01.
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Figure 3 Adsorption kinetics of cadmium on/from goethite and its

compound colloid with humic acids (25 °C)
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Table 2 The thermodynamic parameters

T K AG/kJ-mol™ AH/k]J - mol™ AS/J+mol™+ K
ek RS IU ek =Ry (N ik REd (I k0 RN
298 1.346 16.530 -0.735 -6.950 3.144 37.452 12.5 149

308 1.399 8.436 -0.860

-5.461
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Table 4 The characteristics of three kinetics adsorption isotherm models

Elovich J7## s= A+Blnt

XU KO AR Ins= A+Blnt

fﬁjﬁi*?&ﬁ*& lg‘ 1=SSm_ A _Kt

2 BF51
s A B r s A B r s A K
T 0.987%% 0.027 5.246 0.065 0.981%* 0.005 1.659 0.012 0.925%: 0.191 -1.124 0.001
BAEE 0997 0.001 8.951 0.003 0.994%#%  0.000 1 2.190 0.003 0.966%* 0.089 -2.883 0.001

% FoRTE P=0.05 K-SR ** FORTE P= 0.01 RV REMEZER.

Notes: * denotes significant difference at P =0.05, ** denotes significant difference at P = 0.01.
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Figure 4 Desorption kinetics of cadmium on/from goethite and its

compound colloid with humic acids(25 °C)
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Table 5 The characteristics of three kinetics Desorption isotherm model

Elovich J5F# s=A +Blnt

WH R Ins=A+ Blnt

BB RE Ig =A Kt

R B 551

' s A B . s A B r s A K
EFEHT 0993 0005 0177 0028  0984% 004  -1.651 0098  0979%% 0072  -1.124  -0.464
SAKE 0992%% 0003 0012 0064  0991% 0032  -2.640 0095  0.927%% 0099  -0495  —-0.002

% FIRTE P=0.05 K FME 25+ FORTE P= 0.01 RP-REFERES:

Notes: * denotes significant difference at P = 0.05, ** denotes significant difference at P = 0.01.
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