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Formation Characteristics of Chlorobenzenes and
Chlorophenols from TCE
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Abstract

The objective of this study was to evaluate the formation characteristics of CBs and CPs from TCE, aliphatic
compound. The experiment was carried out in a fixed reactor during 30 min under the oxidation condition at the
range of temperature, 300 ~700°C. MSWI fly ash was used as catalyst in this study. Total amount of CBs formed
greater magnitude than that of CPs overall range of reaction temperature. It is proposed that the formation of CPs
was caused from hydroxylation of CBs. According to increasing temperature to 600°C, the yield of CBs and CPs
increased but significantly decreased at 700°C. It is suggested that decomposition rate was faster than formation
rate at the high temperature. In the homologue distribution of CBs, DCBs were major products at 300°C and the
amount of higher chlorinated compound increased to 600°C. Because they were formed by chlorination of lower
chlorinated compounds. In case of CPs, the amount of DCPs was 90% of total amounts in both thermal formation
and catalytic reaction. On the other hand it was clearly observed that the chlorination rate in catalytic reaction was
higher than in thermal formation with TCE only.
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Fig. 1. Schematic diagram for experimental apparatus.
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Table 1. Experimental conditions.

Reaction temp. 300 ~700°C
Reaction time 30 min

Input gas air (99.999%)
Catalyst fly ash

Gas flow rate 2 /min(+5%)
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Table 2. Operating conditions of gas chromatography

analysis.
CBs CPs

Detector Electron Capture Detector (ECD)
Column DB-5,30m,0.25mm I.D.
Injector temp. 250°C
Detector temp. 280°C 300°C

60°C (2 min) 60°C (2 min)
Oven temp. — 6°C/min — — 8°C/min —

280°C (10 min) 300°C (10.5 min)

Injection vol. il
Flow rate 30 ml/min
Carrier gas N3(99.999%)

Table 3. Recovery percent of dichlorobenzene and dichl-

orophenol. (unit: %)
30°C First Second Third Average
1,3-DCB 66 60 61 62
3,4-DCP 79 75 81 78
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Fig. 2. Analytical error of GC for 1, 3, 5-T;CP.

F37) 8 FeA = A 33 o)} EHE 5
galodw, xdez 1,3,5-T:CBe] g ==zn}
B3¢ I3 20 vtebleh 7 o] A £ 03
= obefol vebd s o] BE ©]44A7} 30% ©]
3t Aot vy Ay o AAE 10%
oj3t2 ebgtt.

m Volts
30F

25}

20

ECD response

101

(=)
-
11530 11 778
P12.444
L
1
-
[5 340

-1,3-DCB, 1,4-DCB, 1,2-DCB, 1,3, 5-T:CB,
HCB, 2,3-DCP, 2,4~-DCP, 2,5-DCP, 2,3, 5~
TsCP, 2,4,6-TsCP, 2,3,4,6-T.CP, PCP; 10% ©]3}

-1,2,4-TsCB, 1,2,3,4-T«B, 3,4-DCP, 2,4,5-
DCP; 20% o] 3}

- 1,2,3-TsCB, 1,2,4,5-T.CB, PCB, 2,3, 6-T:CP;
30% |3}

13 33 4x AR FRYA3 ZzeHE
FerlEadE ehd oz o]AdAe Eest &
58 Zeoz Jepdd azrteaddds 194 3}
3}§}2¢] PCB, HCB, T.CP, PCP %] peak7} ZA|
Uehdou, Axl yex A4 shgEQ DCBs,
DCPs 50| gx2 vebgdt. o2 ECD 3&7]
7} Qagrt g2 oAl da) AdHez 2
Aes 77 droez Bo (A4t 5, 1988).

3.2 2y S2HEe] WNSY

2 A7elAE AgEel TCERE W3S i
2ol ANEAE Uohn) AN TCES T
2718 0 wrgHe] E- A% ()8 “TCE 44"
ot st WA Edel el Fzes

i

W

0123456 7 891011121314151617 18 1920 21 22 23 24 2526 2728 29 30 31 323334 35
m o
. @ @m @ Q O Q @
g8 g% 9 3 3 3
o o o o Y 5 3
- a2 R - - a T
Time (min)

Fig. 3. Typical chromatogram of chlorobenzene isomers.

ﬂ,q_qiy]j&?éij}i‘}] X-“ 18?‘1 1‘“ 2%



TCE (trichloroethylene) 2 2 28] Zz2wlAlz} Z2 25w YA EA 153

Volts

0.301

0.25

0.20-

0.15F

ECD response

0.10r

0.08}
8

18506

389
»

7.

T L1 P T

0123456 7 891011121314 15161718 1920 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35

2.4-CP

Time (min

236CP
23.46-CP
Penta-CP

o
Q
23
@
o
)

Fig. 4. Typical chromatogram of chlorophenol isomers.
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Fig. 5. Homologue distribution of CBs by the thermal for-
mation.
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Fig. 6. Homologue distribution of CBs by the catalytic
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Fig. 9. Isomers distribution of CBs, CPs by the thermal formation and catalytic formation at 300°C.
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Fig. 11. Isomers distribution of CBs, CPs by the thermal formation and catalytic formation at 600°C.
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Fig. 12. Isomers distribution of CBs, CPs by the thermal formation and catalytic formation at 700°C.
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Fig. 13. Homologue distribution of CBs according to the
position of fly—ash.
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