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Abstract

Two forms of titanium dioxide, which were Degussa P25 powder and Degussa P25-coated
filters, were used in photocatalysis for carbendazim degradation in water under sunlight irradiation.
Carbendazim 50 (commercial name) in a concentration of 10 mg/L (equivalent to standard
canbendazim of 5 mg/L) was synthesized. The concentration of Degussa P25 powder in a range of
0.005-10 mg/L was investigated for the best efficiency rate; and then that concentration was chosen
to compare with the Degussa P25-coated filter. In the processes of coating, Degussa P25 in the
concentrations of 0.05-2 ¢/L (wt/vol) were studied, including Degussa P25 loadings on the filter
(0.05-0.3 ¢/ piece), and numbers of filter (1-3 pieces) were investigated for carbendazim 50
degradation. Carbendazim 50 sorption and photolysis were also studied. Lastly, the effect of pH (5,
7, and 9) in water was investigated for both Degussa P25 powder and coated filters. Two conditions
were explored, adjusting the pH only 1 time at the beginning and controlling the pH all over 180
min of the irrrdiation time. The results showed that photolysis could not degrade carbendazim in
the water. However, for photocatalysis, 2 ¢/L of Degussa P25 powder yielded the highest efficiency
rate as 95.6% with the kinetic constant of 0.032 min". In the case of coated filters, Degussa P25
concentration of 0.3 % wt/vol was suitable and the titanium dioxide loading of 0.05-0.3 g per piece
of filter was insignificantly different for degradation rates. Also, 1-3 pieces of the filter provided
similar efficiency rates with insignificant difference. However, when comparing between Degussa
P25 powder and coated filter in the same titanium dioxide concentration, it was found that the

efficiency rate from the powder was better than that of the coated filter. When taking up to 120
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min, the efficiency rate form the coated filter was then closed to that from the powder. In terms

of sorption, both Degussa P25 powder and coated filter showed less than 6 % on the carbendazim

sorption. For the effect of pH of the water, it was found that pH 5 and 7 yielded higher degradation

rates than that of pH 9 for both conditions. The best reaction rate (0.0404-0.0441 min™) was from

Degussa P25 powder, while that of 0.0206-0.0210 min™" was from the coated filter from adjusting

pH at the beginning.
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Figure 1 Positions of coated
glass- fiber filters
(1, 2, and 3 pieces)
in beakers during

photocatalysis.
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Figure 2 Experimental setups for control, Degussa P25 powder, and coated slass-fiber filters.
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Figure 3 Photolysis degradation of carbendazim 50 in water under solar irradiation.
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Figure 4 Photolysis degradation of standard carbendazim under solar irradiation.
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Figure 5 Photocatalytic degradation of carbendazim 50 using Degussa P25 and their reaction

kinetics.

Table 1 Reaction rate constants of photocatalysis using different concentrations of Degussa P25.

Degussa P25 concentrations Reaction rate constants (min™) )
(/L) 1% run 2" run 3 run average "
0.005 0.0083 0.0049 0.0109 0.0078 0.9889
0.01 0.0137 0.0118 0.0166 0.0139 0.9967
0.05 0.0255 0.0181 0.0282 0.0232 0.9591

0.1 0.0349 0.0248 0.0287 0.0288 0.9379
0.5 0.0316 0.0234 0.0341 0.0289 0.9201
1 0.0364 0.0253 0.0330 0.0308 0.9025
2 0.0419 0.0243 0.0358 0.0320 0.9405
5 0.0402 0.0242 0.0323 0.0304 0.9793
7 0.0319 0.0180 0.0306 0.0253 0.9867
10 0.0214 0.0161 0.0148 0.0171 0.9837
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Table 2 Water turbidity from different Degussa

P25 concentrations.
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Figure 6 Carbendazim 50 photocatalysis degradation using Degussa P25-coated filter vs. powder.
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Figure 7 Carbendazim 50 photocatalysis degradation using coated filters with different Degussa P25

concentrations.
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Figure 10 Carbendazim 50 sorption from
Degussa P25 powder vs. Degussa

P25-coated filter.
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“unfixed pH” means the pH of water was adjusted at the beginning only; “fixed pH” means the

pH of water was controlled all the time of 180 min.

Figure 11 Effect of pH in water on photocatalysis degradation of Carbendazim 50
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Table 3 Reaction rate constants of photocatalysis using different conditions.

Reaction rate constants (min™) 2
Conditions R” (from each pH value)
pH 5 pH 7 pH 9
a. Degussa P25 (unfixed pH) 0.0404 0.0441 0.0307 0.9598, 0.9633, 0.8987
b. Degussa P25 (fixed pH) 0.0352 0.0333 0.0208 0.9493, 0.9957, 0.9946
c. Coated filter (unfixed pH) 0.0206 0.0210 0.0159 0.8589, 0.9054, 0.8880
d. Coated filter (fixed pH) 0.0205 0.0210 0.0105 0.8639, 0.9497, 0.9465
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