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Abstract: Two sets of thermal reaction experiment for chlorinated hydrocarbons were performed using an
isothermal tubular-flow reactor in order to investigate thermal decomposition, including product distribution
of chlorinated hydrocarbons. The effects of H, or Ar as the reaction atmosphere on the thermal
decomposition and product distribution for dichloromethane(CH,Cl,) was examined. The experimental
results showed that higher conversion of CH,Cl, was obtained under H, atmosphere than under Ar
atmosphere. This phenomenon indicates that reactive-gas H, reaction atmosphere was found to accelerate
CHCl, decomposition. The H, plays a key role in acceleration of CHxCl, decomposition and formation of
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dechlorinated light hydrocarbons, while reducing PAH and soot formation through hydrodechlorination
process. It was also observed that CH3Cl, CHs, C;Hs, C;Hs and HCl in CH>Cly/H, reaction system were
the major products with some minor products including chloroethylenes. The CH>Cly/Ar reaction system
gives poor carbon material balance above reaction temperature of 750°C. Chloroethylenes and soot were
found to be the major products and small amounts of CH;Cl and C;H, were formed above 750C in
CHyCly/Ar. The thermal decomposition reactions of chloroform(CHCls) with argon reaction atmosphere in
the absence or the presence of CH; were carried out using the same tubular flow reactor. The slower
CHCI; decay occurred when CH, was added to CHCIs/Ar reaction system. This is because :CCl, diradicals
that had been produced from CHCl; unimolecular dissociation reacted with CHy. It appears that the added
CH, worked as the :CCl, scavenger in the CHCl3 decomposition process. The product distributions for
CHCI; pyrolysis under argon bath gas were distinctly different for the two cases: one with CHs and the
other without CHy4. The important pyrolytic reaction pathways to describe the important features of reagent
decay and intermediate product distributions, based upon thermochemistry and kinetic principles, were

proposed in this study.

Keywords : Thermal decomposition, Chlorinated hydrocarbon, Dichloromethane, Chloroform, Pyrolytic

reaction condition, Reaction pathway

1. M B

& 3} ek 3l (chlorinated hydrocarbon: CHC):= 3183
A, Ak D AR FolA Rkt e = AFEE L Jle 3t
gEZoltt. 53] glEadelre ZeAY, 98, oFE o4,
a4, A T BellA gl AR e tEARl {7
SAloITH1]. ol# et Feterstrie AA ol Falgh worEd
2 dEA glow 7] FelAE gtdo® g E] 9l &
W BEgkelM= AT el SR iAol rEE
2l 71 EAToEA A W A iAol & FHE v
Atk ol EAL 715 AAEgelA A 5 #H7]H 3
Asfetslrd F 60% YEUF F-A A A Eo tr1 g
Aozl B ol giV]d ASHE Eikd 3 AT T2y
o] 33)E-3}€l 4 3}3E(chlorofluorocarbon: CFC)¥} 3H74| ¢
EZ5 BskE T2 AJNEZo|vH2,3]. webA w5 $EH
oMz lAlel el Azbe J¥Fe mA|= chloroform
(CHCL) 5 5%9 Asletslras xdsto] 1752 {alsst

=48 941 5431852 (high-priority toxic chemicals) 2
A7 ate] AAAelM AR o ® ol HYE wMEHe @A
2om Foli= AFo] FxguE JlrH4l
ol AzE TS vAe dstestras FErE
2 TEHo] ol Ay e oy Wilo] AAIHIL 91O
4ol D QAR AhsE Fol e
bdatA Aestr] S
T ’i—{i %EH‘%W ?zir‘i‘rﬁﬁ‘ﬂo‘%‘é(perlYSlS)o] o8- 3L Jlrt
Asietasad A7 B dFo
%j—oH?& COs, HyO8} 71328 WA A EZ §ol 3
= HCIZ AN  9on, dsletslss I
[e)

3 A AR A4 gh st e AX AEE
o] 7}5 3t $- g4 E3}44(non chlorinated hydrocarbons) 2}

HCIZ d&A)d o 3ok 22y dshrr]shgte ghehe]

%9} 93} E(degree of chlorination), ¥H-gZ7 9 2-u}
2~ FR 24 ol weh 24 454, VIR TR Fol
A FepRIvH6-8].

AaeErL 2298 A AR 5 ol B4 Al
A7} & 42 ydshd 0-CO, HO-H, H-Cl, C-H, C-Cl,
CLClL, N-Cl, O-Cl o] AFUA7} & SFEAFS AR
a15)7] o HTHIL. COs8} H:0% AakstH o ehgslo] 9)
o] 19 AL o= A A HAE ThE EAE H1Ey

A gk HF M“E HHEHU% HCl °3/\1 éﬁhﬂlﬁﬂﬂ 7

& ol e EA5) £Hel 92 44 AL HO
Ago] A9}, 274 PHe %@Odi—é— %ﬂ A7}

[e}

C/()/Cl :rL & oxy- chlormated Carbon HE o] =YPAE
2 ASECH11,12). wfebA] Asterasa sy T EAS 1
glebA] oF2 xelA Aud A 47k x3E dioxin,
phosgene, polychlorinated biphenyl (PCB) %53} o] g
B gdnc osld 540 O Aa s 24w e
N2LE B0 2AATH6,11] Tene fau]E
4 2?3”“1 Slall A2zt eb= tid #J71E el
L EE 2ol F ome 2AE AV Fod B
"41 gol Hojof gt} &l A7et &S viA= A3t
2 G718 =y w7 sl AT ER
psiol e AZI00C o102 TS A3
Ty el gk 2 ARl ofa) H-at A A8l
O 716 BAR 4718 FREAZ QA% A H
oJFt )23t BHEAle) o £, £ 59 #AeAe
kb7 = soH 14].

 ATelM s Bl mEE A Aol faleh dstes

ST Adsy Ao A5 A% e B8

A

S

Al
=
A

X,’LEFF_,L_%

)

=



717}2~2 CHCIs:Ar =
3} CHy

200 ZF&o/= A16H AS=, 20105 92
HS 1] S8 w9

ssl AspstolE U WSLERS 7
erataict.

G733 HF-Z 73} CHoCly Ealj5H-3- Il
71 7haE Btol MR 6
2.0% 271514 Figure 19 #gu}
Fasigon AgwHe eoshd o

Slal Arst Hy 7hag ¥
~900 C, ¥F&-A|7F 0.3 ~
718 ol g3to] NS

13710 5= CHCly s x4

B
3l 2709] impinger Wol] 91x] CHoClo2 T3+ &

(Ar X H) 2 E3pA)7 94 550 CHCL7F 3se o =
dE f2el gwskag F4 AAA7 weE sre g e NaOH &eiol o) wahd 29 impingerifel gl
AN mole B 192 FANES sjoich wgwe) g 5 EUEF 001 N-HOE G3f i dso] impingere] &}
N 2Ae AN g wey] xE welse 0 O GHIReR MEsRs
impingere] FU == 7kA9) SN FRFE FAo 25t A
4 AR fAHES 2dsgon e | 3. dut A ¥
Z1kol k. vES7]= W17 8 mn, Zo] 81 eme] A S AR
stRem, HENEST] U 255 52202 A7 fd 22 3.1. CH:Cl, 235l 2 A0l EFESEL|7|(Ar/H) Ol
=HA o F 257} A F = three zone tubular furnace® M2 235) 2l MAZS 2x
MBS WHe7IUe] Al S Ketype ARATNE ALg-3h
o 3 it 0% Bl or], S4 A3 Y LEs) +3Co| 3.11. HSERIAr =
&z §AEE wg7] ol & 1A 80%e] sjdE o] g
24 olE fFaN-g7IZ sklch A nb-gol A REg917] 7k F
CHy A7} w2 CHCl; G&3) EA 1&2 3 A8 3 9 AFE ¥ EAS 3
Stell i A CHeCly Gi-3l|ih-g A3 9} Tds 7} oA 7kl HoZbAS B9 71714 8kl CHCls Jz_7] '
BAZ CH, A% FU4AZ A2tk CH, A7kl BE v 4%z sj9] 1 Rajgol
CHCl; 9&3I54S gtotatr] flsix] B2 71A0 Ars & CHyCly TH-
3-Way Valve
Reactor Bypass
Pressure Gauge
Quartz Tube

gl AdS 73T
Figure

| Hied AE

1:990] B2
718k CHCl;:CHy:Ar = 1:1:98 Z-58-8

1 A7 oA by-pass F25
on-line gas samplerE ARg-3}o] A

FID(HP 589011)2 43Itk A E 5%

s9g vas
FARg71oIA] W
o WA sk

42 98 GC Relw 33

0T ice batho] 9]%]

ERP7RA
T F

1

V<> I
-/ k

3-Way Valve 3-Zone Electric Furnace

8l 28 WAAA W7ol AlEE F

A== 1% AT-1000 Graphac
GBE A5l 0m Be]3 Zol= 1.5 m, 2173 1/8 inch stainless
steel tubeE AFE-EFQICE WSV~ =
el Kajeko 7 HkalE 0.01 N-NaOH g2 27H 1rnpinger0ﬂ
&7}~ 5 impingero]| S3A|7] 3 WA impinger

HCI

A= S LS

A} 7|A2sf|(unimolecular initiation decomposition)

Exit
Fume Hood

c
L
=}
=
o y S
Gas Sampler ( acuum Gauge
| (6-port Valve) e
s Trap
¥ ¥ | k([ ]
e| FID GC
HP 5890l
Saturation
Impinger (0 °C)
Vacuum Pump
H, or Ar Supply for Sampling

Figure 1. Schematic diagram of the experimental system.
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Table 1. Kinetics information of the unimolecular initiation decomposion of CH:Cl,

A

Ea k (625TC)

Reactions Rxn No. (1/sec) (keal/mol) (1/sec) Ref.
CH,Cl, — CH,Cl + Cl (1a) 1.1E16 80.8 2.37x10™ [15,16]
CH,Cl, — CHCL, + H (1b) 5.9E15 98.4 6.62x107 [15]
Table 2. Kinetics information of the radical reaction of H, and CH,Cl,
. A Ea k (625C)
Reactions Rxn No. (cm’/mol -s)  (kcal/mol)  (cm’/mol -s) Ref.
H, + Cl - H + Hd ) 4.8E16 1.3 2.3E16 [17]
CH,Cl, + H — CH,Cl + Hdl (3) 7.0E13 7.3 1.2E12 [18]
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