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Adsorption Characteristics of Heavy Metals on Clay Minerals

Jeong Ho Moon - Tae Jin Kim - Choong Ho Choi - Cheol Gyu Kim'

Division of Civil, Environmental and Urban Engineering, Hanbat National University

ABSTRACT : This research was designed to investigate the removal of heavy metals, such as A13+, Cu2+, Mn2+, Pb”* and Zn2+, by adsorp-
tion on clay minerals. Bentonite(Raw-Bentonite), Ca>* and Na~ ion exchanged bentonite(Ca- and Na-Bentonite) and montmorillonite, such as
KSF and K10 from Sigma Aldrich, were used as adsorbents. The component of five inorganic adsorbents was analyzed by XRF, and the
concentration of metal ions was measured by ICP. The cation exchange capacity(CEC) and the particle charge of adsorbents were mea-
sured. The initial concentration range of metal ions was 10~100 mg/L.

From the expetimental results, it was shown that the adsorption equilibtium was attained after 1~2 hours. The maximum percentage removal
of A13+, Cu2+, Pb* and Zn®" on Na-Bentonite were more than 98% and that of Mn>" was 66%. AI’" was leached out from KSF with the
higher concentraion of hydrogen ion. Percentage removals of Pb™" and Zn”" on KSF were 88% and 59%, respectively. In general, the per-
centage removal of metal ions was decreased with the higher initial concentration of metal ions. The adsorption capacity of metal ions on
Na-Bentonite was 1.3~19 mg/g. Freundlich equation was used to fit the acquired experimental data. As the results, the adsorption capacity
of metal ions was in the order of Na-Bentonite Y Raw-Bentonite = K10 > Ca-Bentonite > KSF. Freundlich constant, K, of Na-Bentonite was the
largest for metal ions. The order K of Na-Bentonite was Al>Cu>Pb>Zn>Mn, and the adsorption intensity(1/n) was determined to be
0.2~0.39.

Key Words : Heavy Metal, Bentonite, Adsorption, Adsorption Capacity, Freundlich Constant
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Table 1. Chemical compositions of five inorganic adsorbents
by XRF analysis
Contents| SiO2 | Al:O; [Fe:03]MgO |CaO | K20 | TiO; {NaxO | P2Os |Total
Raw-B.|63.2| 23.1 | 4.54 | 4.01 |3.84(0.627|0.431]0.183]0.064| 100
KSF [55.6] 26.8 |7.32 {5.14 |3.16|1.330|0.427;0.128{0.079 | 100
K10 544|269 | 736 | 542 (4.12(1.170]0.436)0.146|0.062| 100
Na-B. |58.7] 23.3 | 4.83 | 3.86 |5.05(0.637|0.4213.230(0.031| 100
Ca-B. |61.1] 25.2 | 5.32 | 3.89 (3.59(0.512{0.384|0.061|0.027| 100

Table 2. Surface area of five inorganic adsorbents

Contents Surface Area(m?/ 2)
Raw-B. 496.9
KSF 448.7
K10 512.5
Na-B. 501.5
Ca-B. 657.9
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Fig. 2. Residual concentration rate of Pb*" and Zn™ ions vs.
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Fig. 11. Freundlich isotherms of the clay minerals on Cu’".
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Fig. 14. Freundlich isotherms of the clay minerals on Zn®',
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Table 3. CEC and particle charge of clay minerals

Sample CEC(meq/100 g) Particle Charge(ueq/g)
Raw-B. 55.42 10.43
KSF 65.19 1.25
K10 64.09 6.33
Na-B. 145.52 180.50
Ca-B. 47.31 8.53

Table 4. Constant and Correlation Coefficients for the Freundlich
isotherms

Al Cu Mn Pb Zn
K |I/m|Ki{lm| K |Im|K |1ln K 1/n

Adsorbent

Raw-B. | 42.5 {0.79] 3.0 {0.35| 0.43 [0.45(2.88]0.30| 0.83 [0.21

K10 7.1 10.57]3.10.27} 0.83 |0.13{3.02(0.12| 035 |0.86

KSF - - 10.0210.88/0.007 |0.59{1.41]0.65|3.8x10°|4.09

Na-B. [106.3(5.52(15.4|0.39| 1.07 [0.20(8.71]0.36| 3.63 [0.28

Ca-B. | 10.7 (0.70| 1.2 [0.37] 0.76 |0.10]|1.62]0.10| 0.16 |[1.04
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