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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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Table 1 The characteristics of three adsorption isotherm models

Freundlich s=KC"™

Linear s=KC + a

Langmuir s=S,, C/ 1/K + C
r s Su K r s n K r s a K
0.991%#* 0.033 41.667 0.014 0.990%* 0.077 1.015 2.512 0.982%* 2.480 1.502 0.62
0.999%* 0.009 45.455 0.079 0.992%%* 0.066 1.270 3.273 0.991%* 2.007 0.949 1.854
* P=0.05 ok P=0.01 o

Notes * denotes significant difference at P =0.05 ** denotes significant difference at P =0.01.
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Table 2 The thermodynamic parameters
e K AG/KJ-mol” AH/KJ-mol” AS/J-mol '+ K
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 s= A+Blnt Ins= A+BlInt lg = =A K1
r s A B r A B r s A K
0.987+* 0.027 5.246 0.065 0.981#* 1.659 0.012 0.925%* 0.191 -1.124 0.001
0.997%* 0.001 8.951 0.003 0.994** 0.000 1 2.190 0.003 0.966%** 0.089 —2.883 0.001
* P=0.05 ok P=0.01 o
Notes * denotes significant difference at P=0.05 ** denotes significant difference at P = 0.01.
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Table 5 The characteristics of three kinetics Desorption isotherm model

Elovich s=A+Blnt Ins=A+ Blnt lg =™ =A —K1
r s A B r A B r s A K
0.993%* 0.005 0.177 0.028 0.984%* —-1.651 0.098 0.979%* 0.072 —-1.124 —-0.464
0.992%* 0.003 0.012 0.064 0.991%* -2.640 0.095 0.927%* 0.099 -0.495 -0.002

* P=0.05 wE P=0.01

o

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