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Kinetics and thermodynamics of the adsorbing phosphate from water on
palygorskite/alumina compound material

HAO Yan-ling and FAN Fu-hai
(School of Chemical and Biological Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: In this paper, palygorskite/alumina composite materials were prepared as the adsorbent by using sol-
gel technique, and the adsorption properties and mechanisms of complex adsorbing phosphate were investigated,
with a discussion on the adsorption kinetics and thermodynamic characteristics. The results demonstrate that the
adsorption processes of phosphate on complex surface follow the pseudo-second-order equation most effectively
and the rate constant increases with decreasing initial concentration and the rise of temperature. The adsorption
isotherms fit Langmuir equation and D-R equation fairly well. The adsorption enthalpy is positive and the ad-
sorption Gibbs free energy changes are in the range of —25~ —21 kJ/mol. The adsorption process is endother-
mic and spontaneous, with the coexistence of physical adsorption and chemical adsorption.
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Table 1 Kinetic parameters for adsorption rate expressions
pseudo-first-order pseudo-second-order Elovich
Co mnfol L' ¢ C 2 i
R2 R k g‘ . Q. y h m'moli] R? B b
mmol min mmol g g min
1.0 20 0.9599 0.999 3 0.513 0.479 0.118 0.9866  0.2500 0.0465
1.0 30 0.9472 0.999 0 0.520 0.483 0.121 0.9794  0.2662 0.0433
1.0 40 0.9729 0.999 4 0.531 0.484 0.124 0.979 4 0.2543 0.0470
1.0 50 0.9202 0.999 4 0.541 0.485 0.127 0.979 4 0.2522 0.0480
1.5 20 0.9177 0.999 8 0.504 0.669 0.226 0.9630 0.3833 0.060 4
1.5 30 0.9149 0.999 8 0.525 0.681 0.243 0.9594 0.3928 0.0614
1.5 40 0.9723 0.9998 0.499 0.679 0.230 0.969 6 0.3976 0.0591
1.5 50 0.9363 0.999 8 0.518 0.683 0.242 0.960 4 0.3926 0.0618
2.0 20 0.9543 0.999 6 0.370 0.887 0.291 0.9651 0.5334 0.0730
2.0 30 0.9747 0.999 4 0.355 0.891 0.281 0.9880 0.5567 0.0672
2.0 40 0.9832 0.998 6 0.380 0.891 0.302 0.990 8 0.563 1 0.068 8
2.0 50 0.9659 0.999 6 0.389 0.89%4 0.310 0.9889 0.568 7 0.066 4
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Table 2 Regression equations for adsorption isotherm
Freundlich Langmuir Dubinnin-Radushkevich
T k n R>  Qummol g s L mol! R? Q. mgg ' B molf kJ 2 E, kf mol! R?
293 1.099 0.382 0.9420 1.297 7842.3 0.998 1 3.186 0.0037 11.625 0.976 0
303 1.176 0.372 0.9532 1.364 8428.7 0.997 3 3.217 0.003 3 12.309 0.984 2
313 1.218 0.364 0.959 5 1.395 8897.0 0.996 8 3.180 0.0030 12.910 0.986 6
323 1.251 0.335 0.976 3 1.429 9482.4 0.9955 2.874 0.002 5 14.142 0.9930
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Table 3 Values of thermodynamic parameters
T K AG k} mol ™! AH kF mol™! AS }J mot K !
293 —21.84 4.91 91.31
303 —-22.77 4.91 91.36
313 —23.66 4.91 91.29
323 —24.59 4.91 91.33

Langmuir

D-R
AG =21~ —25 k] mol
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