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Thermodynamics and Kinetics of Cadmium Ion Adsorption onto Lignite—derived Amendments

BAO Xiu-li, ZHANG Jing—jing, HUA Dang-ling", YANG Qiu-yun, SONG Xiao—yan, WANG Dai-chang, LIU Shi-liang

(Resource and Environment College, Henan Agricultural University, Zhengzhou 450002, China )

Abstract: Adsorption kinetics and thermodynamics of cadmium onto lignite —derived humic acid and lignite —derived active carbon were
investigated by batch experiments under different temperatures. The adsorption thermodynamic isotherms were fitted using Langmuir,
Freundlich and Temkin models, the adsorption kinetics were fitted to pseudo—first—order, pseudo—second—order, Elovich, fractional power and
intraparticle diffusion models. Thermodynamic studies showed that Temkin model displayed the most suitable model to describe adsorption of
cadmium onto raw lignite, extracted humic acid and active carbon. Thermodynamic parameters indicated the adsorption process were
spontaneous, favourable, and endothermic physical adsorption in nature. The equilibrium adsorption capacity of cadmium obtained from the
Langmiur model for humic acid, lignite and active carbon was 36.14~44.09, 29.63~38.20 mg - g™ and 21.04~30.34 mg- g™ respectively in the
temperature range of 294.55~313.15 K, adsorption capacity magnitudes increased with a rise of temperature, indicating more feasible
adsorption at high temperature. Adsorption kinetics parameters showed that the pseudo—second—order model was better than the pseudo—
first—order, Elovich, fractional power and the intraparticle diffusion models, this indicated that cadmium adsorption might be a physisorption
associated with chemisorption process. According to the adsorption characteristics of kinetics, thermodynamics parameters such as change in
free energy(AG ), change in enthalpy(AH ), and change in entropy (AS), it was concluded that the adsorption process of cadmium onto these

different adsorbents were spontaneous, endothermic, simultaneous physisorption and accompanied by chemisorption or alternatively
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physicochemical process. Adsorbents of humic acid had the great adsorption capacity and adsorption intensity. Temkin isotherm model and

pseudo—second —order model could be the suitable models with good fitting for describing the adsorption properties of cadmium onto these

adsorbents. Infrared spectra analysis showed that oxygen containing functional groups and unknown absorbance peaks at approximately 2 360,

2 342 em™ had important impact on Cd* adsorption.
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Figure 1 Adsorption isotherm of Cd* onto active carbon, humic acid and lignite at different temperatures
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Table 1 Langmuir, Freundlich and Temkin isotherm model parameters and correlation coefficients for adsorption of cadmium onto active

carbon , humic acid and lignite particles

S T SR T a1 Tt
294.55 K 303.15 K 313.15 K 294.55 K 303.15 K 313.15 K 294.55 K 303.15 K 313.15 K
Langmuir 28R £k
Q./mg-g”! 21.04 27.17 30.34 36.14 39.31 44.09 29.63 33.61 38.20
Ky/mg- L™ 0.120 2 0.106 3 0.081 0 0.614 9 0.7323 0.709 6 0.065 2 0.055 3 0.047 1
R? 0.986 0.961 0.970 0.961 0.959 0.967 0.989 0.974 0.985
X 0.694 2.546 3.182 3918 4.117 4.377 0.868 2.107 2.280
Freundlich 25iH4%
Ki/(mg-g™?)(Lemg™)" 6.843 7.961 8.415 16.53 18.04 20.13 6.797 6.577 7.212
n 4.592 4.155 4.120 5.811 5.708 5.797 3.613 3.241 3.251
R? 0.959 0.974 0.984 0.949 0.959 0.960 0.966 0.989 0.986
X 2.300 1.976 1.196 7.981 8.134 9.451 3.194 1.417 1.544
Temkin 2Rk
b/KJ - mol™ 0.750 0.606 0.598 0.556 0.523 0.498 0.485 0.447 0.422
Ky/L-mg™" 3.421 3.520 4.053 41.29 45.57 51.26 1.383 1.331 1.364
R? 0.994 0.991 0.991 0.992 0.997 0.997 0.995 0.990 0.985
X 0.188 0.370 0.514 0.403 0.276 0.222 0.212 1.694 1.621
VI
InK 2419 2.653 2.870 5.270 5.502 5.694 1.721 1.790 1.859
AG/k]J +mol™ -5.924 —6.688 -7.473 -12.91 -13.87 -14.82 -4.214 -4.511 -4.840
AS/J-mol™- K™ 83.27 103.0 33.61
AH/k]J*mol™ 18.59 17.42 5.684
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Figure 2 Kinetics of Cd* adsorption onto active carbon , humic acid

and lignite
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Table 2 Adsorption kinetic model rate constants for Cd* adsorption

onto active carbon , humic acid and lignite particles
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Figure 3 FTIR spectra of absorbents from lignite before
adsorption(a), after adsorption(h) of Cd*
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Table 3 Infrared absorbance bands of lignite—derived substances and their metal complexes (cm™)F#!=¢!
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