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Adsorption of Heavy Metals on the Surface of Birnessite Relationship with Its

Mn Average Oxidation State and Adsorption Sites

WANG Yan TAN Wen-feng FENG Xiong-han QIU Guo-hong LIU Fan
( College of Resources and Environment Huazhong Agricultural University Wuhan 430070 China)

Abstract: Adsorption characteristics of mineral surface for heavy metal ions are largely determined by the type and amount of surface
adsorption sites. However the effects of substructure variance in manganese oxide on the adsorption sites and adsorption characteristics
remain unclear. Adsorption experiments and powder X-ray diffraction( XRD) X-ray photoelectron spectroscopy( XPS) were combined
to examine the adsorption characteristics of Pb>"  Cu’" Zn®" and Cd*" sequestration by birnessites with different Mn average
oxidation state( AOS) and the Mn AOS dependent adsorption sites and adsorption characteristics. The results show that the maximum
adsorption capacity of Pb>*  Cu’* Zn’* and Cd’" increased with increasing birnessite Mn AOS. The adsorption capacity followed the
order of Pb** > Cu®* > Zn’" > Cd*". The observations suggest that there exist two sites on the surface of birnessite i.e. high—
binding-energy site ( HBE site) and low-binding-energy site ( LBE site) . With the increase of Mn AOS for birnessites the amount of
HBE sites for heavy metal ions adsorption remarkably increased. On the other hand variation in the amount of LBE sites was
insignificant. The amount of LBE sites is much more than those of HBE sites on the surface of birnessite with low Mn AOS.
Nevertheless both amounts on the surface of birnessite with high Mn AOS are very close to each other. Therefore the heavy metal ions
adsorption capacity on birnessite is largely determined by the amount of HBE sites. On birnessite surface adsorption of Cu®*  Zn**
and Cd** mostly occurred at HBE sites. In comparison with Zn** and Cd** more Cu’* adsorbed on the LBW sites. Pb’" adsorption
maybe occupy at both LBE sites and HBE sites simultaneously.
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1
Table 1  Chemistry parameters of the tested samples
Mn K SSA
AOS . K/Mn ,
/% /mmol kg /m”eg
HBI1 3.99 49.3 2 062 0.23 31.7 Kg 5 MnO, |, 0. 72H,0
HB12 3.91 51.5 1342 0.14 67.6 K¢ 14MnO, ;0. 68H,0
HB13 3.87 51.3 1198 0.13 58.3 Ky 13MnO, o, *0. 64H,0
HB14 3.67 52.3 1170 0.12 100. 5 Kg 1, MnO, o +0. 65H,0
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BE /eV FWHM /eV At. /% BE /eV FWHM /eV At. /%
HBI1 642.00 3.32 95.72 529.29 1.70 56.47
HB12 " 642.18 3.62 91.12 5 529.47 1.70 69.51
HB13 Mn 642.18 3.65 87.11 0 529.47 1.70 61.97
HB14 642.23 3.65 71.27 529.38 1.70 62.34
HBI1 641.48 1.72 4.28 530.99 1.70 19.24
HB12 . 641.67 1.78 8.88 ) 530.95 1.70 18.59
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Fig.4 XPS O 1s spectra of the tested samples
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Fig.5 Isotherms of the heavy metals adsorption on synthetic birnessites with various Mn AOS
Langmuir Y = A, Ke/(1+Kc) ~0.9987(n>8 a= 0.01 R*<0.6363)
Y Ph>*. Cu’'\ Zn’".
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Table 3 Langmuir equation parameters for adsorption of heavy metals on the tested samples
Pb2* Cu2t Intt a2
Amu\ A max Anmx 5 A max
R? K R K R K R?
/mmol kg ™' /mmol kg ™' /mmol kg ™! /mmol *kg ™!
HBI11 2 286 37.17 0.9883 1461 38.76  0.996 4 1227 34.72 0.9956 1323 200.00 0.996 9
HBI12 2167 24.81 0.9939 1254 38.76  0.998 6 1 059 64.94 0.9896 930 64.10 0.9951
HB13 1845 26.60 0.9984 929 82.64 0.9987 849 8.59 0.9627 726 20.96 0.9795
HB14 1251 8.65 0.99%41 490 10.10 0.9877 408 0.64 0.9813 321 3.84 0.9908
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Table 4  Adsorption sites change among tested samples adsorbing heavy metals
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Table 5 Adsorption site changes of tested samples with various AOS
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