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Experimental researches on photoreduction of azo dyes in the rutile-cathode
bioelectrochemical system

DING Hong-rui, LI Yan, LU An-huai, QUAN Chao, WANG Xin, YAN Yun-hua, ZENG Cui-ping
and WANG Chang-giu
(The Key Laboratory of Orogenic Belts and Crustal Evolution, School of Earth and Space Sciences, Peking University,
Beijing 100871, China)

Abstract: The reductive decolorization of azo dye wastewater was investigated by using a dual-chambered bioelectrochemical cell e-
quipped with different cathode materials (graphite and rutile-coated graphite). The experimental data show the feasibility of electrici-
ty generation by utilizing the model azo dye of methyl orange (MO) as the cathodic electron acceptor along with the color removal.
Compared with MO reduction in traditional microbial fuel cell (MFC), an increase of the efficiency for MO reduction as well as the
electricity production was successfully achieved in the irradiated rutile-cathode system. Quantification of the internal resistance by fit-
ting the electrochemical impedance spectra (EIS) data to an equivalent circuit showed that the polarization resistance (R,,) of rutile-
cathode significantly decreased from 1 378 Q (dark control) to 443.4 (light control) Q. The results demonstrate that the cathodic
electron transfer process in the irradiated rutile-cathode system is driven by the photocatalysis of rutile. The photoreduction of MO at
different initial concentrations obeys the pseudo-first-order kinetics, and the reaction constant increases with the decrease of the initial
concentration of the dye. Based on an analysis of decolorization products, the authors put forward a possible cathodic reaction mecha-
nism for the photoreductive decolorization of MO, i.e., the azo bond of MO is cleaved by photoelectrons at the irradiated rutile-cath-
ode, resulting in the formation of colorless hydrazine derivative.
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Fig. 1 Variations of current density a and MO decolorization efficiency b in bioelectrochemical cell with time
MO MO
MO MO

MO

MO


Administrator
文本框
竑


544 28

MO 4
MO —&— 10 mg/L
2 2 51 —=— 20 mg/L 2
= A
Q
0.08}- B 2r
—o— SR KK =
—— &R TR
1 n
2
g
g
1 . . . . . .
g{; 0.04f- 7 % s 10 1z 1 16
ﬁj B 1E) /h
)
= 3 MO
Incy ¢
0.00 L L L L L L L Fig. 3 Linear transforms Incg ¢ versus time for the decol-
0.00 005 010 015 020 025 030 035
Sh LR R /mmol orization of MO in rutile-cathode bioelectrochemical cell un-
der the condition of different initial concentrations
2
Fig. 2 A comparison of electrons usage ratios at the rutile 2.3
-coated cathode in dark and in light
EIS OTCM
2.2 capacitance C polarization resistance R,
MO c ohmic resistance R Manohar et al .
MO 1b 2008 4 log Z log Freq
MO 1 R, R,
MO R, MO
Kusvuran er al. 2004 C R,
de dt= — ket ™" 1 EIS
C MO t n Rp Rp
k 1
Inecyec =% 1—-n 77 2 3.0 300
o MO In ¢y ¢ 2.7 -_-.:3:
24k «ga L] %ﬂﬁ
3 MO ' 5, o o3k
MO 20 mg L 2=,
0.059 10 mg L 0.269 L8[ "
MO 1.5} %
N %
MO _ED 12} ’%
MO 09} )
0.6 85&
MO M O;;M
03} %,
) 3 -2 -1 0 1 2 3 4 5
log Freq
4 EIS
MO oCP
Fig. 4 EIS for the rutile-cathode in light and in dark
MO

controlled under the open circuit potential



545

EIS
20mg LMO 1 mol L KCI

Table 1 Fit parameters for EIS of the rutile-cathode under

MO MO
different light controls with MO 20 mg L and KCl
1 mol L as the catholyte -0.14-0.059 pH \ SCE  Sene et al.
2003 MO —0.058 pH A\
SCE Zang et al. 1995 MO
R, Q 443.4 1378
CF 0.096 76 0.098 74 -
R, Q 2.706 1.336 >
OCP V vs. SCE 0.243 0.208
) hv=E,
1378 Q 443.4 Q R, AT <
A
MO
A
o
MO
- Bt S oo
2.4 MO e D e e KN h o
UV-Vis PR R H Bﬁ*&
R RR SLE RA R
5 505 nm
MO
247 nm MO 6 MO
MO
Fig. 6 Possible MO decolorization mechanism in irradiated
Brown and Darwent 1984
. . . o . B rutile-cathode bioelectrochemical cell
(,/H3 ZNL()H:N — 1\]((,1‘{45()2 +2H +2e —
C D— A— e — H — h*—
CHy ,NCeH,NHNHCsH,SO5 ho— Eo—
D—electron donor A—electron acceptor e —electron H'—proton
h*—photo generated hole huv—photon energy Eg—band gap
- - - IR BRI IR
— RS BAARIA R
5 3
=
=
§ PN 1 MO
MO
2 EIS
‘ 500 500 1378 Q 443.4 O MO
Be/om 3 MO
5 UV-Vis MO
Fig. 5 UV-Vis spectra of the initial cathodic electrolyte
and the solution after reaction.
- - References

Abderrazik N B Al-Momani F Sans C et a/. 2002. Combined ad-

vanced oxidation with biological treatment J . Afinidad 59 498
141~146.


Administrator
文本框
竑


546

28

Adams CD Cozzens R A Kim B J. 1997. Effects of ozonation on the
biodegradability of substituted phenols J . Water Res. 31 10
2 655~2 663.

Bechtold T Burtscher E and Turcanu A. 2001. Cathodic decolourisation
of textile waste water containing reactive dyes using a multi-cathode
electrolyser J . J. Chem. Technol. Biotechnol 76 3 303 ~
311.

Brown G T and Darwent ] R. 1984. Photoreduction of methyl orange
sensitized by solloidal titanium dioxide J . J. Chem. Soc. Faraday
Trans. 1. 80 1631~1643.

Chibisov A K. 1967. Impulse photolysis study of oxidative-reductive re-
actions photosensitized by pigments J . Biofizika 12 1 53~62.

Diaper C Correia V M and Judd S J. 1996. The use of membranes for
the recycling of water and chemicals form dyehouse effluents an e-
conomica assessment ] . J. Soc. Dyers Colourists 112 10 273
~281.

Frijters C T M ] Vos RH Scheffer G er al. 2006. Decolorizing and
detoxifying textile wastewater containing both soluble and insoluble
dyes in a full scale combined anaerobic aerobic system J . Water
Res. 40 6 1249~1257.

Golab V' Vinder A and Simoni¢ M. 2005. Efficiency of the coagulation
flocculation method for the treatment of dye bath effluent J . Dyes

93~97.

Guivarch E Trevin S Lahitte C ez al. 2003. Degradation of azo dyes

Pigments 67 2

in water by Electro-Fenton process ] . Environ. Chem. Lett. 1
1 38~44.

Kusvuran E Gulnaz O Irmak S er al. 2004. Comparison of several

advanced oxidation processes for the decolorization of Reactive Red

120 azo dye in aqueous solution J . J. Hazard. Mater. 109 1~
3 85~93.

Manohar A K Bretschger O Nealson K H ez al. 2008. The use of
electrochemical impedance spectroscopy EIS in the evaluation of
the electrochemical properties of a microbial fuel cell J . Bioelec-
trochem 72 2 149~154.

Marmagne O and Coste C. 1996. Color removal from textile plant efflu-
ents ] . Am. Dyestuff Rep. 85 4 15~21.

Meyer U. 1981. Biodegradation of synthetic organic colorants J .
FEMS Symp. 12 371~385.

MuY Rabaey K Rozendal R A et al. 2009. Decolorization of azo
dyes in bioelectrochemical systems J . Environ. Sci. Technol. 43

13 5137~5143.

Rajeshwar K Ibanez ] G and Swain G M. 1994. Electrochemistry and
the environment J . J. Appl. Electrochem. 24 11 1077~
1091.

Sene J ] Zeltner W A and Anderson M A. 2003. Fundamental hotoelec-
trocatalytic and electrophoretic mobility studies of TiO, and V-Doped
TiO, thin-film electrode materials J . J. Phys. Chem. B. 107

7 1597~1603.

Zang L Liu CY and Ren X M. 1995. Photochemistry of semiconductor
particles 3. Effects of surface charge on reduction rate of methyl or-
ange photosensitized by ZnS sols J . J. Photochem. Photobiol.

A Chem. 85 3 239.





