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Adsorption Characteristics of Arsenite on Goethite by Flow Stirring Method

LI Xin'?, YANG Jun', RAO Wei', WANG Dai-chang'* , DU Guang-hui', HUA Dang-ling', LIU Shi-liang' , LIU
Hong-en'

(1. College of Resources and Environment, Henan Agricultural University , Zhengzhou 450002, China; 2. College of Sciences, Henan
Agricultural University , Zhengzhou 450002 , China)

Abstract: Adsorption characteristics of arsenite on goethite under the effects of the solution pH, concentration and temperature were
investigated using a flow-stirring dynamic device. The results showed that the adsorption process of arsenic could be divided into rapid
and slow reactions under different conditions. The maximum of arsenite adsorption fitted by the first order equation remarkably decreased
with increase in the solution pH, for example, 246.9 mg-kg ™" at pH 3.0 and 99.8 mg-kg™' at pH 7.0, respectively. The rate
constant( k") of the apparent adsorption increased gradually along with the increase of solution pH, and so the half reaction time(¢,,, )
was smaller, and the equilibrium time of arsenic adsorption was shorter. At the same time, the b values of diffusion rate constant were
reduced gradually. With the increase of arsenic concentration, the amounts of arsenic adsorption and the £’ values increased gradually.
The maximum amount of adsorption of arsenic was 96.5 mg-kg™' and 249.1 mg-kg™' when the arsenic concentration was 0. 10
mg-L~" and 1. 00 mg-L ™", respectively. Adsorption constant( K, )by the Freundlich equation decreased gradually with the extension of
the reaction time and its ability of adsorption was gradually weakened. Distribution factor( R, ) by Langmuir equation was between 0-1,
and the adsorption of arsenic on goethite was accounted for the preferential adsorption. With the increase of temperature, the maximum
amount of adsorption of arsenic was increased, for example, 241. 1 mg-kg ™' at 298 K and 315.6 mg-kg™' at 313 K, respectively.
And the k" values of the apparent adsorption rate constant gradually rose in the meantime. The false thermodynamic constants were
calculated using the b values of the diffusion rate by the parabolic diffusion equation. The reaction activation energy ( E. ) of Arsenic
adsorption was 14. 60 kJ-mol . The change of arsenic diffusion activation enthalpy ( AH®) decreased with the increase of temperature
and AH® was positive in values and on behalf of the endothermic process. So the rising temperature was beneficial to the diffusion of
arsenic. AG"of activation free energy was increased as the temperatures rose, and helpful to accelerate the diffusion process. Entropy of
activation( AS®) was negative in all cases, suggesting that the system could improve its degree of order.

Key words: flow stirring method; goethite; arsenite; adsorption; reaction kinetics
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Fig. 2 Adsorption kinetics of arsenic at different pH
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Table 1 ~ Parameters of arsenic adsorption kinetics on geothite at different pHs
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Gimax K x10° i r’ b ? b P b P
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3.5 191.2 2.08 333.6 0.991 4.75 0. 949 0.09 0. 845 0.57 0. 906
4.5 175. 4 2.22 312.1 0.990 4.36 0. 940 0.08 0. 828 0.55 0. 897
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6.0 144.0 2.19 316.5 0.993 3.55 0. 950 0.07 0. 842 0.44 0. 740
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Table 2 Parameters of arsenic adsorption kinetics by geothite under different concentrations
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?E&f% (1 -¢,/q,,) = —k't q =a+b'"? q,=a+blnt g =at’

e G max k' x 103 Ly, 2 b 2 b 2 b 2
0.10 96.5 0.53 1303.2 0. 995 1.51 0.974 0.03 0.987 0.77 0. 994
0.25 153.1 0. 80 870.2 0.998 3.00 0.987 0. 06 0.971 0.71 0.992
0.50 175.1 1.24 560. 8 0.999 4.00 0.991 0. 08 0.941 0.62 0. 986
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1.00 246.9 1.61 430.0 0.997 5.98 0.974 0.12 0. 896 0.57 0. 966
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Fig. 4 Isothermal adsorption curves of As
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Table 3 Parameters of adsorption isotherm by Langmuir and Freundlich equation
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Fig. 5 Adsorption kinetics of arsenic at the different temperature
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Table 4  Parameters of arsenic adsorption kinetics on geothite at different temperatures
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Table 5 Characteristics of energy change in As adsorption kinetics
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