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The adsorption of chromium ( V[) on iron oxide-modified palygorskite clay

HAO Yan-ling, DONG Ming and LIU Chang-ning
(School of Chemical and Biological Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: The palygorskite clay coated with iron oxide was prepared as the adsorbent and the adsorption proper-
ties and mechanisms of adsorbing Cr( VI ) were investigated, with a discussion on the adsorption kinetics and
thermodynamic characteristics. The results demonstrate that the adsorption function of Cr (VI ) on modified pa-
lygorskite decreases significantly with increasing pH. The equilibrium can be reached in about 90 minutes and
the adsorption processes seem to follow pseudo-second-order equation most effectively at an optimum pH of 4.0,
the rate constant increases with the rise of temperature and the adsorption activation energy is 18.90 kJ/mol.
Adsorption isotherms fit Langmuir equation fairly well, the adsorption enthalpy is 28.29 kJ/mol and the adsorp-
tion Gibbs free energy changes are in the range of —25~ —20 kJ/mol. The adsorption process is endothermic
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
. TK Qo mgg!
mg L ki min ! Q. mg g’l R? ky g mg’l- min ! Q. mg g{l R?
10 293 3.89 0.0411 2.80 0.962 6 0.0151 4.51 0.9934
10 303 4.11 0.0402 3.02 0.9858 0.0154 4.74 0.9957
10 313 4.54 0.0383 2.87 0.9291 0.0168 5.09 0.9978
10 323 4.94 0.0397 3.12 0.9113 0.0165 5.49 0.997 8
25 293 10.54 0.048 6 7.93 0.960 2 0.007 6 11.74 0.998 1
25 303 10.85 0.048 8 7.12 0.9658 0.009 6 11.83 0.9989
25 313 11.30 0.0418 6.43 0.989 5 0.0117 12.17 0.999 6
25 323 11.64 0.043 6 6.83 0.9234 0.0159 12.24 0.999 5
50 293 21.13 0.0507 15.16 0.962 1 0.0051 22.83 0.998 2
50 303 21.96 0.044 8 11.87 0.9860 0.007 1 23.20 0.9995
50 313 22.66 0.0583 13.80 0.9910 0.008 5 23.70 0.9997
50 323 22.88 0.059 2 7.52 0.8772 0.0136 23.64 0.999 7
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25 Table 2 The parameters of the Langmuir and
Cr VI Freundlich models
4 Langmuir Freundlich K Langmuir Freundlich
Langmuir Q, mgg! b Lmg! R? k n R?
293 43.67 0.0724 0.9718 3.406 0.653 0.9260
Q=Q,,bc 1+bc
303 44.84 0.0933 0.9733 4.230 0.630 0.9177
c Q=c Q1 Q, 313 45.66 0.106  0.9923 6.054 0.569 0.9428
Q.. mgg b 323 46.30 0.2049  0.983 7.180 0.561 0.9464
L mg
Freundlich K Langmuir
Q = k(;n 9 b R
InQ = nlnc + Ink 10 3
En n 1 Gibbs AG
Langmuir  Freundlich AH>0 AS>0
2 AG  —20~0 kJ mol
Langmuir Freundlich =400~ —80 k] mol Yuetal. 2004
Langmuir Freundlich Cr VI
Langmuir
Q. b
Q 3
Fre- Table 3 Values of thermodynamic parameters
undlich b n 0.56 ~ K AG kbmol™' AH k} mol™' AS } mol " K™
0.66 293 —20.06 28.29 165.01
2.6 303 —21.38 28.29 163.93
313 —23.33 28.29 164.93
AH Gibbs X
323 —24.90 28.29 164.70
AG AS
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