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Abstract — Pyrolysis reaction kinetics and mechanism of chlorinated hydrocarbons were investigated. As a model, 1,1,2-
trichloroethane was selected. The experiment was performed at the temperature ranges of@G00-&0@bular reactor.
Pyrolysis of 1,1,2-trichloroethane occurred at the temperature greater th8@ 4ad totally decomposed at 6@ Cis-
dichloroethenetrans-dichloroethene, and 1,1-dichloroethene were detected as major products, while vinyl chloride and trichlo-
roethene were formed as byproducts. A kinetics network was formulated, based on the elementary kinetics theory of H abstrac-
tion by ClI radical. In addition, pyrolysis kinetics of the 1,1,2-trichloroethane were proposed and the calculation results were

compared with the experimental results.
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Fig. 1. Schematic diagram of pyrolysis apparatus.
1. Nitrogen gas 6. Electric furnace

2. Mass flow controller 7. Reactor
3. Microfeeder 8. Syringe
4. Thermocouple 9. Trap

5. Heating zone
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Fig. 2. Typical GC/MS spectrum of pyrolysis of 1,1,2-trichloroethane at 508C(Residence time: 9 sec).
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Fig. 3. The effect of pyrolysis temperature on the products distribution
form pyrolysis of 1,1,2-trichloroethane(Residence time: 11 sec).
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Fig. 4. The effect of residence time on the products distribution of py-
rolysis of 1,1,2-trichloroethane at 500C.
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Fig. 5. The effect of residence time on the products distribution of
pyrolysis of 1,1,2-trichloroethane at 606C.

Table 1. Kinetic parameters of initiation reactions for Cl radical and H

radical
Reactions A E(cal/mol) Ref.
CH,CCl, - CH,CCL+ CIO 1.1x10'6 68300 [13]
CH,CCl, - CH,CCL,+ HO 1.3x10% 92900 [13]
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Fig. 6. Proposed reaction network for pyrolysis of 1,1,2-trichloroethane.
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Table 2. Reaction kinetics for pseudo-steady state calculations
Rxn. no. Reactions A Jcal/mol) Ref.
1 CH,CICHCI, = CHCLCH,: + CI- 1.0&10' 77000 [14]
2 CH,CICHCI,= CH,CICHCI- + CI- 1081013 77000 [14]
3 CH,CICHCI,+ Cl- = CH,CICCl,- + HCI 106103 460 [12]
4 CH,CICHCI,+ CI- = CHCLCHCI- + HCI 1.0&1083 460 [12]
5 CH,CICCl,- = CCLCH, + Cl- 1.06x10M 25900 [12]
6 CHCLCHCI- =cis:CHCICHCI + CI- 1.0&10* 21100 [12]
7 CHCLCHCI- =trans CHCICHCI + CI- 1.0&10* 21600 [12]
8 CCLCH, + Cl- = GHCl, + HCI 106103 1390 [15]
9 Cis-CHCICHCI + CI- = GHCl,- + HCI 106103 1960 [12]
10 trans:CHCICHCI + Cl- = GHCl,,- + HCI 10610 1510 [12]
11 CHCI,CH,* = CH,CHCI + Cl- 3.76:104 19600 [14]
12 CH,CICHCI- = CHCHCI + Cl- 1.5&1013 20600 [14]
13 CH,CHCI + GHCl,» = CCLCHCI + C,H,: 1.00x10'6 14233 [15]
14 CH,CHCI + CH,CICHCl,= CH,CICHCI- + CHCICH, 3.00x10M 61000 [12]
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Fig. 7. Comparison of pseudo-steady state calculations and experimen-
tal results at the temperature of 500C. The lines represent results
from calculation and symbols represent experimental results.
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tal results at the temperature of 60CFC. The lines represent results
from calculation and symbols represent experimental results.
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1,1,2-Trichloroetha

Table 3. Reaction kinetics of formation of 3 dichloroethene isomers

Reactions A Ecal/mol) Ref.

CH,CICCl,- = CCLCH, + CI- 1.0x10* 25900 [12]

CHCLCHCI- =cis-CHCICHCI + Cl- 1.0810% 21100 [12]

CHCLCHCI- =transCHCICHCI + Cl-  1.0810'* 21600 [12]
E

k=AeRT

Table 4. Reaction kinetics of reaction 3 dichloroethene isomers and CI-
Reactions A E(cal/mol) Ref.

CCLCH, + Cl- = GHCI,- + HCI 1.0x10% 1390 [15]
CiSCHCICHCI + Cl- = GHCl,» + HCl  1.0610% 1960 [12]
transCHCICHCI + CI- = GHCl,- + HCl  1.0610% 1510 [12]

“RT

k=Ae
CH,CICCl,: = CCLCH, + CI- (5)
CHCLCHCI- =cisCHCICHCI + Cl- 6)
CHCLCHCI- =transCHCICHCI + Cl- )
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=, 500°Ce] ol = vinyl chloridet A= w8 (11), (12%] =
8% 9GS oA At

Table 5. Reaction kinetics of initiation reactions and formation of vinyl

chloride
Reactions A E(cal/mol) Ref.
CH,CICHCI, = CHCLCH, + Cl: 1.0610% 77000  [14]
CH,CICHCI, = CH,CICHCI- + CI- 1.0810° 77000  [14]

CH,CICHCI, + Cl- = CHCICCL, + HCI 1.06<10"® 460  [12]
CH,CICHCI, + Cl- = CHC}JCHCI- + HCI 1.06:10' 460  [12]

CHCL,CH,: = CHCHCI+ Cl- 37610 19600  [14]
CH,CICHCI- = CHCHCI + CI- 15810 20600  [14]
_E
k=Ae "'

sl Whege g MyhE 97 905

CH,CICHCI- = CH,CHCI + Cl- (11)
CH,CHCI, = CH,CHCI + Cl- (12)

Vinyl chlorides A4d3h=d 23 Juize uke (1), QEYH
ABAREA =), o]d A2 dichloroetheng AAsl7] $)sle] Hast
A0S A HE B8 @), @3 249 A QA Ao n
24 dichloroethemd 41 9] Lo e $-8-9) F7&wr) s
Al Aok A 4 g

CH,CICHCl,= CHCLCH,: + Cl- 1)

CH,CICHCl, = CH,CICHCI- + CI- @)

CH,CICHCL, + Cl- = CH,CICCl, + HCI ®)

CH,CICHCl, + Cl- = CHCICHC}- + HCI @)
4.2 £

H7] $)8lo] 1,1,2-trichloroethar tIYEA=R sl XS #4338 7,
£12419) 300-600CA] AL AT B AroAE AT

T h=4
o $EE GCMSH GC-FIDE olg3le] 44, R o= 2433
T ol Mo d) vk YEN IS SEENS fEsgt

1,1,2-Trichloroethang #-3-2% 400°Co]dollA] dAg W3- R
901, 500°CZA M= 95%] H3]8-S HAL, 600°C =AM =
A5 Ha)H ). Bl E 24 cisdichloroethenetransdichlo-
roethene, 1,1-dichloroetheleF 3= A&, vinyl chloride,
trichloroethene] A4 &2 A& o] v EE 7122 3}
o o]EAQ] WHgHFIIEE AABIAAL, WU ERAS 53T
A AWRAEREE dotidy] 98t WeHyEH U ESAE
7122 3lo pseudo-steady stée /st A4k Az, 434S
Z o &k 108 et o] A3E vlEe R s W, F A4
2] ¥} cis-dichloroethenedyans-dichloroethene, 1,1-dichloroethene
won vehte ofE 43 43, AR 37F] dichloroethere] 48
s SRR FAgleuR 9] zte]7t & Zlof Z19)EH, E4,
3714 dichloroethena] ¥H5-2] &7+-&34 (intermediated: 8733l 37
oAl A Aoll(steric hindrance} 9gle] Hi= Foz wedr}.
ol gt dFATE Feldslris did) FAY A B HHsE
A& Fag rlzAE=E 882 5 AUt

I

Al

B ATE GRS A P o] ADeke NdE71% ARAG
agoz Yo old) A=Y

=l

: pre-exponential factor [consistent unit]
: activation energy for the reaction [cal/mol]
: reaction rate constant [consistent unit]
: gas constant (8.314)[J/knol]
: hydrocarbon radical
: absolute temperature [K]
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