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A thermodynamic study of the adsorption of organic dyes on palygorskite clay

HAO Yan-ling, WANG Yuan, DONG Liang-yu, NIU Huan and CHEN Jun-feng
(School of Chemical and Biological Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract: The adsorption isotherms of such organic dyes as methylene blue, crystal violet and aniline blue in water on palygorskite
based on the purification of Jingyuan palygorskite clay were studied through static adsorption experiments, with a discussion on the
thermodynamic characteristics. The results show that the equilibrium of the three kinds of dyes can be reached in about 30 minutes in
the range of experiment temperatures, the adsorption isotherms of these three dyes on purified palygorskite fit Langmuir model fairly
well, and the saturated adsorption capacities from Langmuir models are in order of crystal violet>>methylene blue>>aniline blue. The
adsorptions of the three dyes are all endothermic processes, the adsorption enthalpies of methylene blue, crystal violet and aniline blue
are 15.52, 9.26 and 2.59 k]/mol, respectively; the adsorption Gibbs functions vary in the range of —35~ —30 kJ/mol and the ad-
sorption entropies are all positive values. The adsorption processes are spontaneous.
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Fig. 1 Effect of time on adsorption amount
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Fig. 2 Adsorption isotherms of organic dyes
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Table 1 Regression equations for adsorption isotherms
Langmuir Freundlich
T K
R? Q,mgg 's Lmg! R? k 7
298 y=0.0074 x+0.0133 0.9972 135.14 0.556 4 y=0.1317 2 +4.2780 0.7597 72.10 0.1317
308 y=0.0073 x+0.0103 0.9993 136.99 0.708 7 y=0.1423 x+4.3012 0.808 5 73.79 0.1423
318 y=0.0072 2 +0.008 1 0.9994 138.89 0.8889 y=0.1437 . +4.3330 0.8166 76.17 0.1437
328 y=0.0070 x+0.007 2 0.9995 142.86 0.9722 y=0.1462 x+4.360 1 0.8025 78.26 0.1462
298 y=0.0060 x+0.0134 0.999 6 166.67 0.447 8 y=0.2604 x+4.164 1 0.8278 64.33 0.260 4
308 y=0.0059 x+0.0122 0.9990 169.49 0.4836 y=0.2418 x+4.2409 0.7575 69.47 0.2418
318 y=0.0057 x+0.0101 0.9977 175.44 0.564 4 y=0.2475 x+4.298 1 0.8689 73.56 0.2475
328 y=0.0056 x+0.0090 0.9992 178.57 0.6222 y=0.2735 x+4.302 8 0.8933 73.91 0.2735
298 y=0.0119 x+0.064 7 0.9974 84.03 0.1839 y=0.0983 x+3.8958 0.8227 49.20 0.098 3
308 y=0.0116 x+0.0607 0.996 2 86.21 0.1911 y=0.0976 x+3.9232 0.8237 50.56 0.0976
318 y=0.0111 2+0.0569 0.994 2 90.09 0.1951 y=0.0892 x+4.0089 0.7736 55.09 0.0892
328 y=0.0104 x+0.0512 0.9955 96.15 0.203 1 y=0.0933 x+4.0503 0.800 5 57.41 0.0933
3 Q. b 6 hK 1T AH 3
7 8 AG AS AG AS
1 2 N 2
13.0
Al-Futaisi et al . 128 }
2007 12.6 f
X 124}
5
1994 122}
284 120 F
g mol 372 g mol 18T
11.6 . . .
0.430 5 mmol g 0.003 0.0031 0.0032 0.0033 0.0034
122.26 mg g 160.15 mg g T
Qm 3
Fig. 3 Adsorption enthalpy of organic dyes
Si—OH N
2 AH AG AS
2003 Table 2 Adsorption enthalpy AH Gibbs function AG and
entropy AS
Na* TK AHK mol ' AG K mo ' AS ol 'K
¢ 298 —30.34 153.88
308 —31.98 154.20
Na* 15.52
318 —33.61 154.50
328 —34.92 153.76
298 —30.02 131.80
308 -31.22 131.43
9.26
2.3 318 —32.44 131.77
’ 328 ~33.94 131.70
298 -29.28 106.93
AH Gibbs AG AS 308 5 50 -30.36 106.97
318 ’ —31.40 106.88
ImnK=—-AH RT+C 328 —32.50 106.96
AG= —RT InK
3
AS= AH-AG T
Vural Gokmen et al. 2002

K R
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AG  —20~0 kJ mol AG
=400~ —80 kJ] mol Yu Ying et al. 2004
AG 3

AS

30 min

Langmuir

15.52 9.26  2.59 k] mol
Gibbs =35~ =30 kJ mol
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