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Aalestrie n2GRE NSl YHNE S HE 5
dichloroethylene(CH,CCL) SZ3lIRES- A3-S F3ls3ict. dialqt
650~900 °C, HPQAPP 0.3~2.0%°A et o, 185 mole B8 HA A&olA CH,CClL:H, = 4:96 LF3HA
AT, ®REEE CH,CCL7F Shlali s (sl 99% o) 825 °COESAIRE 13 7102 0H, H, #Egel7]

W CHZCCI2 T2 AN AREE A FF 9 A7t X8 Ak = glelw 9t} CH,CCL7T 46% 3l|=]

T 700 °ColA 12+ =R CH,CHCPF 28%% 7 & s5% HAEESITE 775 °C oPdellx= 24948ke C,H,
7} 2 BEE 7P Eo| AdEglon], et TSRS 4 At e slekEe] AdEglen o 8t
e g3l oz gy Edolrt. 825°C o2 .ﬂL HES-G ool FANR2] FAREQ]l HCI CH,, CH,,
CH, CH, 57 &= g3str| o2 Mgd wlslravt FRANER AZH U 2 ATelA 12w bAoA &
sle} WERE BAS aefsta dststo|@ E vk *‘:L S 7|12E T WHAHEE A

S votaty] el Hy, WSS 7 olA 1L1-
A SBINETNE o] g3to] R E

T o T

Abstract — The pyrolytic reaction of 1,1-dichloroethylene(CH,CCl,) has been conducted to investigate thermal
decomposition of chlorocarbon and product formation pathways under hydrogen reaction environment. The reactions
were studied in a isothermal tubular flow reactor at 1 atm total pressure in the temperature range 650~900 °C with reac-
tion times of 0.3~2.0 sec. A constant feed molar ratio CH,CCl,:H, of 4:96 was maintained through the whole experi-
ments. Complete decay(99%) of the parent reagent, CH,CCl, was observed at temperature near 825 °C with 1 sec.
reaction time. The important decay of CH,CCl, under hydrogen reaction environment resulted from H atom cyclic chain
reaction by abstraction and addition displacement. The highest concentration (28%) of CH,HCI as the primary product
was observed at temperature 700 °C, where up to 46% decay of CH,CCl, was occurred. The secondary product, C,H, as
main product was detected at temperature above 775 °C. The one less chlorinated ethylene than parent increase with
temperature rise subsequently. The HCI and dechlorinated hydrocarbons such as C,H,, C,Hy, CH, and C,H, were the
main products observed at above 825 °C. The important decay of CH,CCl, resulted from H atom cyclic chain reaction
by abstraction and addition displacement. The important pyrolytic reaction pathways to describe the features of reagent
decay and intermediate product distributions, based upon thermochemical and kinetic principles, were suggested.
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Fig. 1. Schematic diagram of experimental system.
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£ 650 °CollA] 3l =)7] Al&kete] 700 °C Foll F4 8 Gl
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Fig. 2. Product distribution vs. temperature in CH,CCl,/H, reaction
system.
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Fig. 3. Product distribution vs. time in CH,CCl,/H, reaction system.
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HS-& 12 800 °ColA HEE-A17H(0~2.0% )]l W2 CH,CCL2] +-3)
9 AE BEE Fig 30 YERASITE CH,CCL7E 3l = wHA] A
S E-S CH,CHCIP]1 21, CH,CHCI 557} 7F
25 CH7F o A Eglet 18] 9] A EREE CH,, CH,,
C,H, & @848t HCP) AEH ek T3 vEgAI7E 2.0% F
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HRS-2 ol ke AAME B Al Fig, 29} SAFE A
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3-2. CH,CCL/H, HISHNM FMME HISHE

Hh3-2710] WHE CH,CCl, &3l Aad e} dsjstol& 4 RE
SEHEES 7|2E AHE T2 EAHEE 1ESISITE CH,CCl,
CHE-AR-3l] (unimolecular decomposition)elli= Table 201 UER} Sl
Hh&-(1a)sk 2] C-Cl Agto] #alju= At T3l (simple
unimolecular decomposition)Z} RF5-(1b)2} 7] HCI #A|ARH-S-(HCIL

Table 1. Carbon mass balance in CH,CCl,/H, reaction system (CH,CCl, : H, =4 : 96, Reaction Time = 1 sec)

Reaction temperature (°C)

Species mol%

650 700 725 750 800 825 850 875 900

CH, ND ND ND 0.6 3.7 47 94 16.8 24.0
C,H, ND 02 1.0 48 18.8 14.1 46 12 2.0
C,H, ND 02 13 102 383 432 50.2 532 53.7
C,H, ND ND 0.1 15 17.5 232 246 233 19.1
C,HCI 0.1 03 0.5 1.0 1.0 04 02 02 02
C,H,Cl 1.8 6.7 13.7 278 8.8 12 0.1 ND ND
CH,Cl, ND ND 0.1 04 02 ND ND ND ND
C,H, ND ND 0.1 0.9 1.0 04 0.1 02 02
CH,CCl, 97.8 91.1 77.6 54.0 7.8 0.9 0.1 1.0 0.1
CeH, ND ND ND 1.1 3.1 2.8 43 39 53
CH,Cl ND ND ND ND 0.9 0.4 1.1 ND ND
Total 100 99 95 103 101 %) 95 99 104

(ND: less than 0.1% carbon mole)
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Table 2. Kinetic parameters for unimolecular decomposition of CH,CCl,

Reaction Rate Parameters

Reaction i
A Ea” k(mooc)‘) ref.  rxnno.

CH,CClL, > CH,CCHCI 12E16 866 42x107 [14,15] (la)
CH,CCl,— C,HCI+HCI 1.1E14  69.1 33x1072 [14,16] (lIb)

DA unit: 1/s
bEa unit: keal/mol
K unit: 1/s

elimination)®] #3 WA} 123l (complex unimolecular decomposition)
2 FHEECH13]

Table 2°] CH,CCl, THEARE8l WHg-S5 Q1o A e Sl=
kel o] HCl AARRS-(1by7}F C-Cl A WHEA} gt aiik-8-(1a)
of vlal 8ou MM 700 °C 7155) W=k wb gked)
AR RS- © 21k CH,CCL, 23S B71stobd Hapik-g- oy
2 WS (1b)ell 2J&l] o] F=0i%Ith, Table 29] HFEEHEJAAME ©]4-
3to] HESAIZE 128} 700 °C WESZ=7 oA WEE-(1b)el] &J 3t 3l &
AP AT} 3% STt

18} Fig. 23 Table 12] CH,CCl, w3l © A5 3o LE}
v ke o] FaRkE-(1b)ell &8l B3 == CHCK: w7 A=
Atk CH,CCl, 35 (1b)= HES-(layR o) HhE-5 27} W=
Fig. 298] Ad 8 3ol Yehdule} o] 12} A/dE<1 CH,CHCIO]
1S (1b)ell Qe A= CHCIR T 84 Wol A et wlet
A B A g2 o CH,CCL, 58] ¥H-3-2 BES-(1a)l
ol /4% CIIAkel CH,CCI radical?} 22 7| & 3l5HE
of] &t o]i#A3ll (bimolecular decomposition) REg-2ll £]3l] A44d
e Row 9t A8dst 700 °Colld] HCL A|A HH-41 9k
(1bjell 2Jah B8 CHCR- 0.3%% v|zF 4% Wha CH,CHCI
© 6.7% A=) o= EallRke-(la)el <Jsl A CH,CCl
radical?} Cl 927} RES-(2)7} o] 91717k H, Ake} vhg-8t
o] B47F  H 92 A Elo], AdE H kel oJs) vkg-
7} whE o] R} 5 (abstration) 2} H 7 PRS- (addition)el] 23
CH,CCL7} E35o] CH,CHCI} A= Aoz dukent

o|EAHEEESol| 23t CH,CCL, ¥l Whe-(1a)2] C-Cl 32
HES-ol 28] AAE Cl 929} CH,CCl radicalo] 2H2] #9177}
22 Hy(96% mole &) BFS310] WHS-(2)e} (4)20] olEA-go
ofsf) EAL=7F S H dAPF A ETE A E H 9Aks WSt
w2 N3} 7o) 23l CH,CHCPF A= 22 11-g-(1a)
7h EalRke-e] T8 JHANES e ¢ < Stk

W) @y H A FE19-81 213l CH,CCLE 58] CH,CHCI
£ sk W7 1TEAM, H 92ke] AN Whg(la)ell <3l A
Cl Y32} CH,CCl radicalo] #9171 7k~ Hy9} vEg-3te] A3t
HEE-(2)2h (@)l 23l A H 92k= vhe-3)ell Slato] Am] =, vt
S@elA thA AFEE R H A= 20) /A4 HHE] ake-S
E38| CH,CCl, #3floll Wk CH,CHCl A (437 g2 anks)
o ks shA Frt.

A Ea ref. rXn no.
Cl+H, > H+HCI 4.8E13 5.0 [17,18] 2
CH,CCl, + H— CH,CClI+HCI 12E13 5.5 [17,18] 3)
CH,CCl+H, - C,H;Cl1+H 6.2E11 6.0 [6,14] “)
CH,CCl, + H, - C,H;Cl1+ HCI (overall rxn of 3 & 4) ®)

g

J 513

J

H 97} 37} addition)dH-&-¢ll &3t CH,CHCI] A7 =+ W3-
(6)7F o] H Ake] H7Mkg-o=z EAdu3HAel [CH,CHCL]7F
A E I BAEEAL ATelA] 5 7P oFst c-Cl Ado] sl
%|o] CH,CHCIZ} Clo] A3AhTH13]. 4% ¢l A= w-8-)
o] H,9} HHgato] thA] HAARE 3T H YAl ARE A
94= H 7| X)8HES( displacement reaction)?] &g <]
g CH,CHCI} A3 ¥t}

CH,CCl, + H <> [CH,CHCL]* - C,H,Cl + CI (6)

750 °C ©]442] W25 ool 4= CH,CHCI} 45 7] A%
shHA C,H,8F CHZF FF 57Tt ©li= CH,CHCIO] CH,CCl,
o] el g7 AR WSS B3l CH,CH,7F A3/3 = ofefise} 2+
o] H Yxfel| &gt Cl F249He-2F H 92F wA x| gike-2] 2d4s)
& AA A

A Ea ref.  rxnno.
CH,CHCI — C,H; +Cl 4.1E15 917 [14,16] (7a)
CH,CHCI — C,H, + HCI 53E15 687 [14,16] (7b)
CH,CHCI + H — C,H; + HCI 1LOEI3 65 [17,18] (8)
CH,CHCl +H, — C,H, +H 50E1l 73 [17,18] (9)
CH,CHCl +H, — C,H, +HCl  (overall rxn 8 & 9) (10)
CH,CHCI + H <> [CH,CH,CI]* - C,H, + Cl (11)

Fig. 20 UEhd ule} o] CH, s5e 257} Folglel wke}
CH, 559} 87 Z71519 850 °C ol dolld CH, H57F A48k
ATk, o= 750 °C o’3e] 112 JelA= Cl YA} radical®] 5
57} ol HL8F FENkgo] e HA H Ak w57t 571
o], ¥ H A= ¥E&(12)7 7ol 750 °C o)de] aellA] 7}
= FEE Holal e CH e H YAk H RSl 93] C,H;
7F AE 2971782 Hyo RES-(13)0l] <J8l G He7F A it

A Ea ref. rXn no.
C,H, +H— C,H; 40E13 2.6 [23,24] (12)
C,H;+H, » CH;CH; + H 3.5E12 132 [21] (13)

725 °C o]afe] W2 Izoll X HEHA] 9t CH= CHy 5
7} S7¥eb] A&l 750 °Collx] B3 E7] AlEFste] CHyZt A
w]7] A= 850 °Collx] AL Wk 900 °CollM= 24%
o] =& FEE HEFHS o= C,H,2] ©agAge] g2
o|FHTOR HAgoUA7} vl A & A 2 oellA sfizl=
7] ol WA, CHas L5527} S8kl wheh Agtolu | G ar:
C,HeA - A&ellvIA]: 90.5 keal/mol, C-H AEHolU=]: 100.7
kcal/mol [13])7} 718 22 C-C(B4ZF) DEARE3RES ()=
CHy7} A% a1, ¥h&-(15)%F o] H,8 wHg-8te] CH7F /3Tt

A Ea ref. rXn no.
CH;CH; — CH; + CH;4 79E16 894 [13,19] (14)
CH;+H, > CH,+H 33E12 125 [17] (15)

Acetylene 714 3}3ME% C,HCE: RES-(1b)ell 2Jal A3 =t 5t
SR DA v s Ao, CHE 25757t
ol whe} AA13] Z7E8kE 800 °CollM = HalsE(19%)E HEE
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Fig. 4. Main reaction pathways for formation of major products in
CH,CCl,/H, reaction system.

T ZHAE QT o] = W 2 E o4& chloroethylene B-21Ee] ©]
TAYE 7 SEEA T aRReiNgo] dojubr] of HARL
750 °C o)) 31294 CH,CHCIO] HCl AARES-] 2]3)] BE&-(16)
9} o] C,H,7F A B3 CH,CHCIS] C-Cl fj2]ik-g-l] <Js)
AdE CHL0] B scission W<l 28l C,H,7}F A4 T 13,20].

A Ea ref.  rxnno.
CH,CHCI — C,H, + HCI 53E13 68.7 [6,16] (16)
CH,CHCl+H — C,H; + HCI 1.0E13 6.5 [17,18] (17)
CH;—>C,H,+H 1.6E12 383 [1519] (18)

IS SIS 80 °C ool B Y WS 3
= T acetylened 3 57t S7FkR: 229 lA
z7]_ O]_ 1:]- ]1_ Hl.f;]:_;_ ﬂ_slﬂ /Kg/\‘] xﬂ-‘r’—gzlo acetyleneO] tﬂ—ﬁ]:
=SB ARSIQ7) thzo]m, CH, it W21} 3ok
o we} F7ksk= BhE CHLCl 557} 875 °C o449 icfﬂl/\%—
4 ol AEEA] A9kth. o) CH,Cl AR Agellu=|=

CI7} 97.8 kcal/mol®] 1L, C-H7} 113.7 kcal/molZA] %7} ?7]-%
of wjz} AgelUIA| 7} 2-e C-H7) a2 e A CH, radical
o] H,9} HHg3ke] CHel A/ =Th13,20].

Rhexdel wet g or SAE AdAdE SHoR HP%
wae} A EEE 5S4 /aLEsto] dststol 23t W
e 71xE A o RS Qoksto] Fig. 40 L‘rEM%
ri‘r.

¥@ FU{U

4. 4

rhu

2 A5 CHCCLE] 112 GEaikgolla APJERE 548
Zal7) 851 H, HRE9)7]0ld 52 %ﬁéﬂ&%ﬂ% 01%8}01
S5 650~900 °C2} HH-AIZF 0.3~2.0% 4

ok
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