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Decomposition of Trichloroethylene/Air Mixture by
Electron Beam Irradiation in a Flow Reactor
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Abstract

Decomposition of trichloroethylene (TCE) in electron beam irradiation was examined in order to obtain
information on the treatment of VOC in air. Air containing vaporized TCE has been studied in a flow reactor with
different reaction environments, at various initial TCE concentration and in the presence and absence of water
vapor. Maximum decomposition was observed in oxygen reaction environment and the degree of decomposition
was about 99% at 20 kGy for 2,000 ppm initial TCE. The concentration of TCE exponentially decreased with dose
in air and pure oxygen. The effect of water vapor on TCE decomposition efficiency was examined. The
decomposition rate of TCE in the presence of water vapor (5,600 ppm) was approximately 10% higher than that in
the absence of water vapor. Dichloroacetic acid, dichloroacethyl chloride and dichloroethyl ester acetic acid were
identified as primary products of this reaction and were decompased and oxidized to yield CO and COs.
Perchloroethylene, hexachloroethane, chloroform and carbon tetrachloride were also observed as highly chlorinat-
ed by products.
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16, Primary winding terminals
19. Extraction device
22. Cross-head
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2, Primary winding
5. Rectifying section (44 p)
8. H.V. electrode

11. Receiver

14. Energy divider

17. HF scanning coil

20, Lower frame

23. Bellows gate

3. Disk magnet gnide

6. Accelerating tube

9. Injector
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18. LH scanning coil
21. Magnet discharge pumps
24. Focusing lens

Fig. 1. Schematic diagram of high voltage electron beam accelerator.
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Fig. 2. Schematic diagram of experimental system.
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Fig. 3. C/C, vs irradiation absorbed dose for chloroethy-
lenes. (Initial conc. =2,000 ppm, carrier gas = alr)
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Fig. 5. Distribution of products for TCE decomposition
by EB irradiation. (initial conc¢. = 2,000 ppm, carrier
gas =air}

Table 1. Semi quantitative product distribution.

EB Irradiation Dose

No. Species kGy)
4 6 15
1. Hydrochloric acid *rk *hkE RRA
2. Chloro acetaldehyde * * *
3. Chloroform ki flcted ok
4, Carbon tetrachloride *¥ R X
5. Trichloro ethylene FREER obiohk ook
6. Dichloro acetylchloride *% *® *kk
7. 2,2-dichloro butanoic acid * * *
8. 2,2-dichloro ethanol * * *
9. Tetrachloro ethylene ** % *kk
10. Dichloro methyl ester acetic acid * * *
11. Chloro acetic acid * * *
12. Dichloro ethyl ester acetic acid ~ *%* ** **
3. 1,1,3~trichloro 2—-propanone * * *
14.1,2,3,3-tetrachloro 1 -propens  * * *
15. 1,1,2,2~tetrachloro ethane * ® *
16. Dichloro acetic acid RREkRE Rk kekdek
17. 1,1,3,3—terachloro 2-propanone  * * *
18. 2—chloro acetamide * * *
19. Hexachloro ethane ** ok o
20. 2,2-dichloro ethanol b o *k
21, Oxybis dichloro methane ok *k wx
22. 1,2-dichloro butane *k *x *k
23. Pentachloro ethane - - **
24, Carbonmenoxide FREE L kwkk dokdoRk
25, Carbondioxide Forkk hkkk dokckdok

*<0.1%, 0.1%<**<10%, 1.0%<***<50%,
500 A+ 10%, 109 < Fxxxs
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Fig. 6. C/C; vs dose in the presence and absence of wa-
ter. {initial TCE conc. = 2,000 ppm, carrier gas = air)
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