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Lead Adsorption and Arsenite Oxidation by Cobalt Doped Birnessite
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Abstract:In order to study the effects of transition metal ions on the physic-chemical properties of manganese dioxides as environmental
friendly materials three-dimensional nano-microsphere cobalt-doped birnessite was synthesized by reduction of potassium permanganate
by mixtures of concentrated hydrochloride and cobalt ( I ) chloride. Powder X—ay diffraction chemical analysis N, physical
adsorption field emission scanning electron microscopy (FE-SEM) and X-—ay photoelectron spectra (XPS) were used to characterize
the crystal structure chemical composition and micro-morphologies of products. In the range of molar ratios from 0.05 to 0.20
birnessite was fabricated exclusively. It was observed that cobalt incorporated into the layers of birnessite and had little effect on the
crystal structure and micromorpholgy but crystallinity decreased after cobalt doping. Both chemical analysis and XPS results showed
that manganese average oxidation state decreased after cobalt doping and the percentage of Mn’* increased. Co( II) OOH existed
mainly in the structure. With the increase of cobalt hydroxide oxygen percentage in molar increased from 12.79% for undoped
birnessite to 13.05% 17.69% and 17.79% for doped samples respectively. Adsorption capacity for lead and oxidation of arsenite of
birnessite were enhanced by cobalt doping. The maximum capacity of Pb>" adsorption increased in the order HB (2 538 mmol/kg) <
CoB5 (2798 mmol/kg) < CoB10 (2932 mmol/kg) < CoB20 (3 146 mmol/kg). Oxidation percentage of arsenite in simulated waste
water by undoped birnessite was 76. 5%  those of doped ones increased by 2.0% 12.8% and 18.9% respectively. Partial of Co’*
substitution for Mn** results in the increase of negative charge of the layer and the content of hydroxyl group which could account for
the improved adsorption capacity of Pb’*. After substitution of manganese by cobalt oxidation capacity of arsenite by birnessite
increases likely due to the higher standard redox potential of Co’* /Co™* than those of Mn*"/Mn’* /Mn’". Therefore Co-doped
birnessite is more applicable for the remediation of water polluted with heavy metal ions implying new methods of modification of
manganese dioxides in practice.
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Table 5  Fitting parameters and Results of O 1s of .
N 3 000 . M N
cobalt-doped birnessite & — o
- ]) ﬁ -
BE  FWHM Ty 2500 | O "
/eV /eV 1% =
0¥ 520.76  1.65 73.22 g 2000
HB OH "~ 531.24  1.65 12.79 I
= 1500
H,0 532.56 2.20 13.98 =
02" 529. 34 1. 65 67.59 & 1 000 = HB
CoB5 OH "~ 531.01 1.65 13.05 ® CoBS5
H,0 532.56 2.2 19.3 500 4 CoB10
: 3236 0 936 v CoB20
0* 529.29 1. 65 68.52 0 , ) ) ) )
CoB10 OH "~ 530. 89 1. 65 17. 69 0 1.0 2.0 3.0 4.0 5.0 6.0
H,0 532.56 2.20 13.79 Pb2 P43k i /mmol-L ™!
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CoB20 OH "~ 531.01 1. 65 17.79 7 Pb**
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6 Pb** Langmuir
Table 6 Langmuir parameters for adsorption of Ph** and Maximum amounts of Mn** H* K released
/mmol kg !
/mmol kg ™! K R? Co** Mn?* H* K*
HB 2538 17.70 0.998 0 0 2778 1283
CoB5 2798 1018 0.999 14.6 0 3081 1396
CoB10 2932 413.9 0.999 17.0 0 3246 1545
CoB20 3146 294.9 0.999 24.5 0 3624 1710
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