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Solar cell synergistic enhanced photoelectrocatalytic efficiency for birnessite
and performance of dye degradation
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Abstract: Electrochemical technology offers an alternative solution to many environmental problems because
electrons provide a versatile, efficient, cost-effective, and clean reagent. The technology includes electro-
catalysis, heterogeneous photocatalysis, photoelectrocatalytic (PEC) process and so on. Birnessite electrodes
were synthesized by electrochemical method in this paper. Mineral phase and morphology were studied by X-ray
Diffraction (XRD) and scanning electron microscope (SEM). UV-Vis absorption spectra demonstrated that the
birnessite had a significant absorption of visible light from 300 to 600 nm and a direct band gap of 2.14 eV.

Moreover, the flat band potential was 1.15 V and the carrier concentration was 3.3 % 10" cm ™3

as evaluated by
Mott-Schottky. The results demonstrate that birnessite is a great n-type visible light excitation semiconducting
material. Meanwhile, a cheaper and more efficient solar cell was used to replace the traditional electrochemical
devices such as electrochemical workstation, which realized an enhanced photoelectrocatalytic activity of birnes-

site. Methyl orange degradation rate was 90.2% at 60 min, which was higher than the sum of degradation rate
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of birnessitephotocatalysis (2.2% ) and electrocatalysis (33.6% ). Effective utilization of sunlight was realized

and photoelectrocatalytic activity of birnessite was promoted. Moreover, energy was saved and the degradation

efficiency was increased. Cyclic degradation showed that decrease degree of the fourth round degradation rate

(86.8% ) was lower than 5%, compared with the first round (90.3% ), and this shows that it has a stability of

long term operating. The results obtained by the authors provide a more energy saving, advantageous, and envi-

ronmentally friendly technique for organic wastewater treatment in the field of environmental mineralogy.
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Fig. 1 Diagram of reactor structure for birnes site

photoelectrocatalysis enhanced by solar cell
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Fig. 2 XRD patterns of birnessite electrode
(insert photo: SEM picture of birnessite)
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Fig. 3 Mott-Schottky plots of birnessite electrode with
100 Hz Cinsert photo: UV-Vis absorption spectrum of birnessite)
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Fig. 4 Degradation curves of methyl orange under different Fig. 5 Cyclic degradation curves for methyl orange

conditions
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Table 1 Parameter fitting results of methyl orange continuous
degradation curves
it R S HZETEHL /0! WA R?
EIRE i 90.3% 2.07 0.994
B2k 88.8% 1.95 0.996
B3k 87.9% 1.88 0.995
a4k 86.8% 1.84 0.996
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Fig. 6 The schematic diagram of enhanced photoelectrocatalytic

degradation for methyl orange
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