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Kinetics and Thermodynamics of Cd( Il ) Adsorption onto Particle-Sized Fractions

of Yellow-Brown Soil
LI Zhao-li» ZHOU Li-xiang
(College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: A batch method was used to investigate the kinetics and thermodynamics of cadmium adsorption onto different particle-sized fractions
(2000 ~ 200 pm, 200 ~20 pm> 20 ~2 pm and 2 ~ 0 pm, which were named coarse sand, fine sand; silt and clay respectively according to
international system) derived from yellow brown soil by using a novel technology combined with wet sieving, sedimentation-siphoning and
centrifugation method. The results showed that the reaction of adsorption can be divided into two types: a fast reaction in the first 15min and a
slow reaction in the later reaction course. The amounts of Cd* adsorbed by the fast reaction exceed 95% of the adsorption capacity. As the
temperature increased from 25°C to 45°C, the adsorption capacities of the four fractions increase by 4.86%-25.3% . First-order rate equation
and pseudo second-order rate equations were applied to express adsorption kinetics. Adsorption processes for C* onto the four fractions were
found to follow pseudo-second order type adsorption kinetics. The pseudo second-order rate constants exhibited that adsorption speed to reach
equilibrium decreased with the increase of particle size. Intra-particle diffusion might be the major rate-limiting step. Thermodynamic
parameters including AH, AS” and AG® were also calculated from graphical interpretation of the experimental data. Positive AH’ values
indicated the adsorption processes to be endothermic. Negative AG® values implied that adsorption reaction was a spontaneous process.
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Table 1 Preliminary physic-chemical properties of the selected yellow-brown soil
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Fig.1 Kinetic plots of cadmium sorption by the fractions at 25°C and 45°C
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Fig.2 Pseudo first-order kinetic plots for cadmium sorption by the fractions at 25°Cand 45°C
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Table 2 Kinetic parameters for cadmium adsorption by the fractions at 25°Cand 45°C
B W UG IR L CIPES S I PAE
/K /mmol *kg ™! go/mmol*kg™"  ky/min~! R? go/mmol*kg™!  k,/kg® Comol * min) ~! R?
ks 298 88.80 6.8%4 0.0214 0.9155 88.50 0.0746 1
318 96.50 7.026 0.0289 0.9708 96.15 0.1222 1
Bk 298 39.34 3.850 0.0228 0.9216 39.37 0.0509 1
318 49.30 5.449 0.0217 0.9522 49.26 0.0572 0.9999
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Fig.3 Pseudo second-order kinetic plots for cadmium sorption by the fractions at 25°Cand 45°C
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Table 3 Thermodynamic parameters for the adsorption of Cd** on fractions
- A6 AH° AS°
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