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The rates of photodegradation, reactivities, and mechanisms of photooxidation for the
aqueous solution containing with halogen derivatives of aliphatic hydrocarbons have been
discussed with respect to the kinds of photocatalysts, concentration of photocatalytic
suspensions, strength of radiant power , time of illumination, changes of pH of substrate
solution, wavelength of radiation, and pressure of oxygen gas saturated in the solution.

These aqueous solutions suspended with 0.5 gL' TiO, powder have been pho-
todecomposed in the range of 100 and 93.8% per 1 hour if it is illuminated with
wavelength {{> 300nm) produced from Xe-lamp(450W).

The photocatalytic abilities have been increased in the order of Fe,0; { CdS { CeO, <
Y,0; < TiO,, and rates of photodegradation for the solution have maximum values in the
condition of pH 6 ~ 8 and 3 psi-O, gL' . These rates for the photooxidation per 1 hour
were dependent on the size of molecular weight and chemical bonding for organic halo-
gen compounds and the rates of photodegradation were increased in the order of C,H;Br
{ CH,Br, { CsH,,Cl C,H,C],  trans-C,H,Cl, ¢ cis-C,H,Cl, The t,,, and tes for these solu-
tions were 5~21 and 40~90 minutes, respectively, and these values were coincided with
initial reaction kinetics(r,).

It was found that reaction of photodegradation has the pseudo first-order kinetics con-
trolled by the amount of h'y; diffused from a surface of photocatalysts.

Key words : Photocatalyst, photooxidation, photodegradation, halogen derivatives, ali-

phatic hydrocarbons, pseudo first-order reaction, photoreaction-mechan-
isms
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Fig. 1. Ultraviolet spectra of trichloroethylene-aqueous solution under various ex-
perimental conditions.

A. {llumination at wavelength (>300nm) using the 450W-light source

B. fllumination at wavelength {>300nm) using the 200W-light source

€. fllumination at wavelength of the 253.7nm using the 450W-light source

D. ultraviolet spectra for the photocatalytic degradation of the dibromomethane-aqueous solution as a function of
timetminuteilluminated by wavelength {>300nm) using the 450W-light source

W before llumination

u {llumination without photocatalysts(TiO»)

e illumination for 5 minutes with TiO3 (0.5¢L )

 for 10 minutes with TiO; (0.5gL )

@ before {llumination without TiO2
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@ for 10 minutes with TiOz (0.5¢L")

[#) before Numination with TIOz (O.SgL'l). under conditien of the normal atmosphere
[@lafter llumination for 10, 20, 30, 40, 50, and 60 minutes, respectiverly
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Fig. 2. Gas chromatogram for the photocatalytic degradation of as a function of time il-
luminated by wavelength(>300nm)using the 450W-light source.
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Table 1. ‘Removal percentage for photodegradation of trichloroethylene in aqueous
suspensions of various kinds of photocatalyst(450W, Xe-lamp =>3000nm)

Catalyst Time of illumination Conc. Removal
(0.5¢/L) (min) (ppm) (%)

0 21.55 86.7
CeO2 50 2,860

0 21.56 88.54
Y205 50 2.470

0 21.67 83.39
CdS 50 3.600

) 0 21.56 97.03

TiO2 50 0.640

0 4.820 76.14
Fez03 50 1.150

80



AYE BdBese] A FEA S BE-FEa

aal

Table 2. Removal percentage for photodegration of TCE containing with aqueous TiO,(0.
5gL") suspensions in condition of various pressure of oxygen gas injected in the

solution(450W, Xe-lamp >300nm)

Pressure of Oz Time of illumination Conc. Removal
(PS) (min) {ppm) (%)
atmospheric 0 21.58 61.89
40 8.225
4 0 21.58 90.30
40 0.560
8 0 21.66 96.11
40 0.842
12 0 21.67 99.42
40 0.125
16 0 21.75 99.94
40 0.013
20 0 21.69 99.93
40 0.016
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Table 3. Removal percentage for photocatalytic(TiO,(0.5gL") degradation of TCE aqueous
solution in condition of change of pH(450W, Xe-lamp >300nm)

pH Time of illumination(min) Conc.(ppm) Removal(%)

5 0 20.95 93.22
50 1.420

4 0 20.46 94.43
50 1.140

6 0 20.26 100.0
50 0.000

8 0 20.52 100.0
50 0.000

10 0 20.37 100.0
50 0.000

12 0 20.36 77.85
50 4510
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Table 4. Effect of photocatalyst for photodegradation of aqueous organic pollutants(450W,
Xe-lamp =>300nm)

- mount of ph atalyst, TiO2
_ Time of 0.00 Ampnt e P (%%)) 150
pollutant 1Ilurmr.13txon TOC. Removal TOC Removal Removal Removal
i) | g | %) | med | ) (%) (%)
0 107.9 0 84.8 0 0 0
10 104.7 2.965 185 78.16 79.20 79.25
20 97.36 9.768 567 93.32 94.21 9551
trans-DCE 30 64.80 39.94 263 96.90 96.90 97.83
40 51.80 52.00 1.83 97.84 98.22 98.63
50 4464 58.63 1.73 97.89 98.74 98.81
60 42.26 60.83 1.64 98.07 98.32 98.50
0 3397 0 337 0 0 0
10 29.46 13.28 9.13 72.94 73.12 76.48
20 25.98 2352 3.02 91.04 91.68 93.56
cis-DCE 30 22.54 3335 251 92.57 95.42 98.42
40 18.68 45,01 0.00 100 100 100.0
50 15.12 55.49
60 14.08 58.55
0 110.8 0 104.4 0 0 0
10 106.8 3610 54.1 48.15 49.02 52.43
12-dichloro 20 95.72 13.61 311 70.18 70.64 74.02
’ _ethane 30 90.75 18.10 17.3 83.40 84.31 8751
40 5756 48.05 10.0 90.43 92.35 93.05
50 53.19 51.99 5.87 94.38 9%.12 96.36
60 51.70 53.34 3.84 96.32 97.35 97.84
0 57.56 0 54.6 0 0 0
10 49.15 1461 40.1 26.56 30.16 3547
20 40.60 29.46 24.4 55.31 60.21 67.03
1-chloropenthane 30 25.96 54.90 134 75.46 82.36 86.41
40 23.30 59.52 7.05 87.09 92.94 97.02
50 2288 60.25 353 93.54 93.78 98.07
60 21.69 62.32 341 93.82 94.01 98.21
0 2228 0 52.2 0 0 0
10 21.48 3591 405 2241 2768 30.02
20 20.00 10.23 316 4275 4641 50.21
1-bromopenthane 30 15.05 32.45 104 80.08 85.05 86.72
40 1455 34.69 5.95 83.60 90.04 96.02
50 13.25 40.53 3.82 92.73 94.86 97.21
60 12.95 41.88 284 94.65 95.01 97.92
0 73.52 0 778 0 0 0
10 63.81 13.21 4.7 42.49 47.63 52.36
20 58.74 21.10 27.1 65.16 66.51 68.27
dibromomethane 30 40.98 44.26 171 78.00 80.21 89.82
40 3538 51.88 994 87.20 89.20 90.78
50 33.38 54.60 5.70 92.66 93.16 9321
60 27.98 61.94 3.83 95.07 95.52 94.05
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Fig. 3. Photooxidation of aqueous organic
halogen solution with trans-Dce
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TOC L'(4&), 100mg 1.2-di-
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Table 5. Initial rates of photocatalytic degradation(r,), illumination-times required to
decompose to 50%(t,,;) or 99%{t,) and removal percentage of aqueous organic
pollutants as a function of illuminate-times in condition of the aerobic
processes (TiO, : 0.5gL"),

Xe-lamp : 450W >300nm)

Time of
Pollutant illurnination Toc Removal fo tve toosss
. (mg/L) (%) (mmol h™) (min) (min)
(min)
0 50.00 0
10 14.01 72.9
cis-DCE 20 0450 91.0
30 01.68 96.6 0.774 5 40
40 0.000 100.0
0 50.00 0
10 11.00 78.7
20 3.350 93.3
trans-DCE 30 1.551 96.9 0.506 5 50
40 1.102 978
50 1.055 97.7
60 0.954 98.1
0 50.00 0
10 24.27 484
20 14.92 70.2
1,2-Dichloroethane 30 8.253 835 0.49 10 55
40 4.808 904
50 2811 94.4
60 1.610 96.8
0 50.00 0
10 37.20 256
20 2275 54.5
1-Choropenthane 30 11.90 76.2 0.46 18 78
40 370 926
50 320 93.6
60 0.85 938
50.00 0
10 2250 425
20 18.80 65.2
Dibromomethane 30 11.00 78.0 0.28 15 90
40 6.40 87.2
50 3.65 92.7
60 2.45 95.1
0 50.00 0
10 9.90 80.2
20 4.80 90.4
1-Bromopenthane 30 350 93.3 0.30 21 95
40 2.80 944
50 3.65 927
60 2.75 945
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