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The role of anatase in the behavior of heavy metals in the soil environemnt
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This study was performed to enhance the understanding of the leaching
mechanism of heavy metals from contaminated kaolinite with a focus on the role of anatase
impurities. Anatase showed significantly higher Cd(11) adsorption capability than those of kaolinite

and goethite (o -FeOOH), with inner-sphere complex formation as the dominant adsorption mechanism.
Under acidic and near-neutral conditions, kaolinite absorbs Cd(Il) mainly via outer-sphere complex
formation, while both outer-sphere and inner-sphere complex formation are important at higher pH.
Binding constants obtained from modeling analyses were then used to predict the leaching extent of
Cd(11) from contaminated kaolinite with different contents of anatase impurity at pH 4.0 - 7.0. The
experimental data and model predictions consistently showed that the leaching of Cd(ll) decreased
with increasing anatase content and this trend was more significant under acidic conditions.
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Kaolinite No. 7, Dixie Rubber Pit, Bath, SC
1.67 wt.% (Fe:O3 ) 1.48 wt.% (TiO; )
99% Sigma-Aldrich  St. Louis, MO
BET 24.9m?g 9.4m?lg
50 mL
15
757 0.2mmol/L 2mol/L
Cd(NO3)24H0 30mL
NaNOs 0.001 0.01 0.05mol/L
NaOH HNO; pH 24 24
0.2 pm
pH AA-6200 (Shimadzu Corp., Kyoto, Japan)
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Fig. 1 Cd(l1) adsorption edges on kaolinite/anatase with different NaN O3 concentrations, solid dosages, and
initial Cd(l1) concentrations.
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Table 1. Surface complexation model parameters used to model the experimental data and comparison
with literature values.

This study Literature [1]
Anatase Kaolinite Kaolinite

Surface acidity constants 2

LogK- 2.8b 3.2 4.63

LogK. -9.2°b -9.2 -7.54
Surface cation adsorption constants 2

LogKsocd 0.1 -4.4 -3.23

LogKxna - -2.9 -2.02

LogKxacd - -2.6¢ 122
Ste density

[=SOH]7ota (Mmol/g) 0.2d 0.13 0.0502

[=XT1ota (Mmol/q) - 0.035 0.012
Others

Specific surface area (m?/g) 9.4 24.9 22.42

Capacitance x (F/m?) 1.2 12 1.2

a|ntrinsic constants at zero ionic strength

b Sahai and Sverjensky, 1997 [2]

¢ Average value of 12 experimental conditions shown in Fig. 1. See Fig. 1 for the value for each condition.
dThisvalueis calculated assuming a site density of 12.5 sites/nm? [2] and specific surface area
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