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Effect and mechanism of Ti,O, porous membrane

electrode for orange II degradation
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Abstract: To develop an efficient and low-cost electrochemical oxidation system, a flow-through electrochemical
oxidation process was designed based on a Ti,O, porous membrane electrode. The material properties of the Ti, O,
porous membrane electrode were analyzed by X-ray diffraction, mercury intrusion, and electron paramagnetic
resonance spectroscopy. The degradation kinetics of orange II in flow-through and non-flow-through electrochemical
oxidation modes were analyzed. The effects of pipeline pressure, current density, initial pollutant concentration,
and solution pH on the electrochemical oxidation of orange Il in the flow-through mode were investigated. The
cycling stability of the Ti, O, porous membrane electrode was tested, and the catalytic mechanism of the Ti, O,
porous membrane electrode was revealed. Results showed that the Ti, O, porous membrane electrode had high
crystal purity, high specific surface area (10.18 m*/g) , concentrated pore size distribution (0.1 —1.0 pwm) , and
high oxygen evolution potential (2.2 V vs. SHE). The flow-through electrochemical oxidation mode could enhance
the liquid-phase mass transfer of pollutants to the electrode surface, accelerating the electrooxidation of pollutants.
The degradation rate of orange II in flow-through electrochemical oxidation mode was 91. 03% and the current
efficiency was 88. 77%. In the flow-through mode, the pipeline pressure and current density had positive
correlation with the degradation rate of orange [[. Orange [I with different initial concentrations (10 =50 mg/L)
could all be effectively degraded in the flow-through electrochemical oxidation mode, with the optimum pH ranging
between 3 and 7. The cycling stability of the Ti, O, porous membrane electrode was high. -OH and SO, - were the
main oxidants in the electrochemical oxidation process of Ti, O, porous membrane electrode.

Keywords: electrochemical advanced oxidation process; Ti, O, porous membrane electrode; liquid-phase mass
transfer; orange II ; kinetics
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Fig.1 Structure diagram and photo of flow-through electrochemical system
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Fig.2 XRD patterns of Ti, O, porous membrane electrode
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Fig.3 SEM images of Ti, O, porous membrane electrode
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Fig.4 Nitrogen adsorption curves and mercury pressure curves of Ti, O, porous membrane electrode
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Fig.5 Polarization curves of Ti, O, porous membrane electrode
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Tab.1 Oxygen evolution potential of different electrodes
HBR AL BT ERAL/V (vs. SHE) || LB EL 4B/ V (vs. SHE)
RuO, 1.4~1.7 PbO, 1.8~2.0
Ir0, 1.5~1.8 Sn0, 1.9~2.2
Pt 1.6 ~1.9 BDD 2.2~2.6
a 1.7
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Fig. 6  Fitting of orange [l degradation curves and kinetics
curves in flow-through and non-flow-through modes
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Fig.7 Orange Il degradation curves in different conditions
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Tab.2 Pseudo first-order kinetic fitting parameters for orange II

¥

degradation
S A LAIER kl/min’1 R?
0.02 0.044 0.99
0.05 0.052 0.99
I 1/ MPa
0.08 0.053 0.99
0.10 0.060 0.99
2 0.023 0.99
s . 5 0.031 0.99
HULR I/ (mA -em ™)
8 0.049 0.96
10 0.057 0.99
10 0.069 0.97
20 0.057 0.97
WA B/ (mg-L~") 30 0.058 0.99
40 0.051 0.98
50 0.051 0.99
3 0.060 0.99
5 0.061 0.99
pH
7 0.056 0.99
9 0.050 0.99
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