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Abstract

Gas phase photocatalytic oxidation of tetrachloroethylene (PCE) under 370 nm ultra-violer irradiation was

investigated with TiO: catalyst.

During the photocatalytic oxidation of PCE vapor several kinds of intermediate were produced, and the reaction
pathways were proposed on the basis of the production sequence of the intermediates. The intermediates in the
pathways of PCE oxidation were hexachloroethane, pentachloroethane, 1, 1, ) -trichloroethane, carbon tetrachl-
oride, dichloroacetylchloride, chloroform, 1, 1 —dichloroethane, phosgene, CO, CO,, HCI, Cl..
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Table 1. Properties of PCE.

Chemical Molecular Solubility  Henry's
Compounds formula  weight(g) ™ water constant
ghtlg (gl (1 atm/pumol)
PCE CLC=CCl: 16585 0.150 3.7
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Fig. 1. Schematic diagram of a photacatalytic reactor.
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Fig. 2. Relative intensity versus wavelength for black
light.

Table 2. Operating conditions of GC/ECD and GC/MSD.

Conditions GC/ECD GC/MSD
Colurmn (Omxb2mm)  (5mx025mm)
Injector temp. 200°C 150°C
Detector temp. 250°C 170°C

Oven temp. 70°C 35°C

Carrier gas flow 1 mb/min I ml/min
Injection volume 10ul 200 ul

GC model HP~5890 Series II HP-5972 Series
Detector ECD Mass Selective Detector
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Fig. 3. Removal characteristics of PCE under the reac-
tion with TiOz without UV irradiation (e ), and un-
der UV irradiation without TiO2(4).
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Fig. 4. The degradation extent of PCE and product extent
of intermediate for photocatalytic degradation,
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Table 3. Some residence times employed for the experi-
ments of PCE photocatalytic oxidation.

Weight of packed  Flow rate  Length of packed Residence*

catalyst (g) {ml/min) catalyst (cm) time {sec}
0.05 6.24 0.7 08
Q.1 6.07 14 1.7
02 6.17 26 33
04 6.19 5.1 6.0
06 6.18 8.1 9.6

* Residence time = length of packed catalyst X arca / Flow rate.
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Fig. 5. GC chromatogram obtained after photocatalytic
oxidation of PCE with 1.7 sec residence time.
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Fig. 9. Proposed predominant reaction pathways for the photocatalytic degradation of PCE vapor.

220000 4

200000 4

180000

160600 4

140000

120000 4

100000

80000

0000 -

40000 4

20000 4 ool ,

.

L e T o Sl R T BT e

Timge=> 2.00 4.00

6.00 T lB.lilo‘ 10

Fig. 10. A typical chromatogram obtained after PCE photooxidation with dry air.

[ A A A7 A1



=g 4o =g AfdA CCL7F AEHR Qe
dl, Hung and Marinas {1997)¢] ZARE A3 27164
T Abgslskag Z1AFREE s e Fegal 3
slgo] Jehtal gokeln Baska ok of A
deletart Bl F0EAe] ofd H4H oz ¢z
3t HZ2AMER M3} webs PCEE 7| AR
st Sy whg-AIZE, Ao} H7), SR 5] 222
HAF) welste] Ardabebae] A& Ao oA
T el o]F2] A el

(==

L

4, A £

B4 F2] PCEE 27|38t 7]doz ol )7
ARR 7hag FabY 370mme) A8l TioE
o] g3te] Rashe AN AsE T AA
Axg ¥ FUAYBYEE A=Y 23 oHYs
e dsg A9

1. UV, UV+TiOze| 23 PCE #3]a g 747
15.0%, 95.5%2 Eh} 370 nm 332 ZA2]44L
o84 A4 FujE Wase] Ansi: Aol xs
M9l Ao ¥4=Yt

2. TiO, #&v] & o] 43t PCES] Absl P&
9% =7F 2.8~3.1ng/ul, WA 7ke] 36secd o,
ule] H)7] 2.0~6.1 mWiem?ell 4] 823~-973%2 1}
el o, 3.5 mWiem® o] 442} FEel| M EallEe
SEHA Zrig ez, ol A ' oAl M W
Zhedl Auldate] Falde] Frks AL obEE
o 4= dgl=t

3. 6.1 mW/iem?e) A 7lel M PCES] §U%¥ %7}
2.ong/uld® 9.6sec?] ubgAlZlollA] 99.8%2) 3
&5 dglon, Bl w2 37 9 AFYdE=
+ hexachloroethane, pentachloroethane, 1,1, 1 -trichl-
oroethane, carbon tetrachloride, dichloroacetylchl-
oride, chloroform, 1, 1 -dichloroethane, phosgene, CO,
CO2, HCL, Cl gol 2o g3z

4, pF-o] ZAEA g 5ot o] BAE
752 Rl AP LHl&e] A2 10%, 9% ol
Aoz g zbelE iebdl, SF-2] Eaj7} R
fofl Wi F <ddE o Aes e

5714 FEajukgel A AV FHEA B 3

AAEAL D i Az JRE 2D

TiOx 3 ¢] 88 PCE2] 74 s4ilshaid] 65

i 02 4

87, ol F(1995) Fxvlol =gk i), S, 11,
58-08.

TRAE ¢ (1994) REARTIZ & (T 3 HFoRIFIRE £ OHE
(22T RIRIEEEEE, 17,91-95.

-k — A0, & R 2 (1994) A'BD SRR, 23, 9
LR e, Sal ity 5 -, 52-60,

FEr s, BT (1995 Py oo F L - OREE
S UHEMIC B 3R R, BHE & WERIT,
22(5), 3644,

BT —(1991) HHEER(L & W o R E H ik, 7Rk B,
32,61-65.

Allen, C.C. and B.L. Blaney (1985) Techniques for treating
hazardous wastes to remove volatile organic con-
stituants, Hazardous waste Management, 35, 841-
348.

Blaney, B.L. (1988) Alternative techniques for managing sol-
vent wastes, Hazardous Waste Management, 36,
275-285.

Hung, C.H. and B.). Marinas {(1997) Role of Chlorine and
Oxygen in the Photocatalytic Degradation of Tri-
chloroethylene Vapor on TiQ), Films. Environ, Sci.
Technol, 31(2), 562-568.

Hussain, AE., B. Brian, D. Dale, H. Wendy, P. Tony, and S.
Joan (1993) Photocatalytic Purification and Treat-
ment of Water and Air, 719-723,

Minera, C.E. Pelizzetti, 5. Malato, and J, Blanco {1993} Large
Solar Plant Photocatalytic Water Decontamination
-Degradation of Pentachlorophenol. Chemosphere.
26,2103-2119.

Nimlos, M.R., W.A. Jacoby, D.M. Blake, and T.A. Milne
(1993a} Direct Mass Spectrometric Studies of the
Destruction of Hazardous 2, Gas—Phase Photoca-
talytic Oxidation of Trichloroethylene over TiO: :
Products and Mechanisms. Environ Sci. Technol.,
27,732-740.

Nimlos, M.R., W.A, Jacoby, D.M. Blake, and T.A. Milne
{1993b) In Photocatalytic Purification and Treat-
ment of Water and Air. Ollis, D.F., Al-Ekabi,
Eds.; Elsevier Science Publisher; Amsterdam, The
Netherland, 387-392.

Pellizzetti, E., C. Minere, P. Piccinini, and M. Vincenti (1993)
Phototransformations of Nitrogen—Containing or-
ganic Compounds over irradiated Semiconductor -
Metal Oxides—Nitrobenzene and Atrazine over

TiO:z and ZnQ, Coordination Chemistry Reviews,

J. KOSAE Vol. 17, No.1(2001)



66 zold - WEg . WEs . o532 AL

125, 183-193. Resource through photo-chemistry and catalysis,
Sakata, T. and T. Kawai (1983) Photosynthesis and photo- Edited by M. Gratzel, Academic press, Inc., New
catalysis with semiconductor powder, In Energy York, 331.

A2 AT A 17D A1



