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Mechanism and Kinetics of Phenol Degradation by TiO, Photocatalytic

Combined Technologies

ZHANG Yi', HUANG Ruo-nan', WANG Xiao-min*, WANG Qi', CONG Yan-qing'

(1. School of Environmental Science and Engineering, Zhejiang Gongshang University, Hangzhou 310012, China; 2. Environmental
Engineering Co. , Ltd. Zhejiang Province, Hangzhou 310012, China)

Abstract: The combination H,O, or electrical catalytic (EC) system with TiO, photocatalytic system for phenol degradation was
investigated. The catalytic systems of TiO,/UV, H,0,/UV, TiO,/UV/H,0, and TiO,/UV/EC were compared to investigate the
phenol degradation mechanism and kinetic model. The degradation of phenol in TiO,/UV/H,0, and TiO,/UV/EC system is more
effective than that in TiO,/UV system. With the solution pH of 6, TiO, concentration of 0.2 g-L.™", UV illumination of 2 h, the

% is added, the removal efficiency of

photocatalysis removal efficiency of phenol reaches to 86% , if the current density of 12 mA-cm ™~
phenol could reach to 100% . The energy utilization in different catalytic systems was also compared. When phenol is degraded in 15
min, in TiO,/UV/EC system the energy utilization is the highest of 0. 0306 g+(kW+h) ™' with the energy consumption of 0. 064 0
kW-h~'. It indicates that much more energy is used in TiO,/UV/EC system for phenol degradation. During the analysis of
intermediate products in different catalysis systems, the first-order kinetic model of phenol degradation and intermediate products such
as hydroquinone, catechol and benzoquinone formation were established. The kinetic model is validated the phenol degradation pathway
in different catalysis systems, and also indicates the TiO,/UV/EC system could enhance phenol and intermediate products degradation.
Key words : phenol; TiO, ; photocatalysis; degradation mechanism; kinetic model
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Fig. 7 Effects of different catalytic systems on phenol degradation

%1 Tio,/UV, H,0,/UV, Ti0,/UV/H,0, # TiO,/UV/EC Ik R 2 H FELL B
Table 1 ~ Comparison of energy consumption between TiO,/UV, H,0,/UV, TiO,/UV/H, 0, and TiO,/UV/EC process

=X

i AbFE 15 min J5 R B HE
. PR FACK % T R T T R
TiO,/UV 250 65 0.0625 0.020 8
H,0,/UV 250 89 0.062 5 0.028 4
TiO,/UV/H, 0, 250 91 0.062 5 0.0291
TiO,/UV/EC 262 98 0.064 0 0.0306

1) BRI LR TR ¢ =10 mg- L' IRWEAIER pH 9 6, AL BRIAFUA 200 mLL, EAMT S ATHER Jg 250 W, LA TR g 12 W
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Fig. 8 Byproducts of phenol degradation under different catalytic systems
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Table 2 Apparent rate constant under different catalytic systems

U H H/ min !

etk X 9 K, K, K, K K,
Ti0,/UV(Ti0, =0.2 g-L-") 0.077 0.018 0.035 0. 046 0. 024 0.039 0.026
H,0,/UV(H,0, =10 mg-L"") 0.19 0. 020 0. 037 0.051 0. 028 0. 056 0.034
Ti0,/UV/H,0,(Ti0, =0.2 ¢-L."' \H,0, =10 mg-L"')  0.20 0. 035 0. 037 0.255 0. 084 0.077 0. 085
Ti0,/UV/EC(TiO, =0.2 g-L=' ,CD =12 mA-cm2) 0.22 0. 046 0.038 0. 345 0. 146 0.079 0.097
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