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1,1,2-Trichloroethane� ��� ����	
 ��
�� ����� ���� ��� ����� 300-600oC� ���

���  !���� "#�� ��� ��$%� &'�(). 400oC*+,� ��� ��* -.�/ 01234, 600oC

,�5 678 ���95 :3� 012). ;��
< cis-dichloroethene, trans-dichloroethene, 1,1-dichloroethene=3�

>/ 01234, ?��
�� vinyl chloride, trichloroethene* @A9B). CDE
�?F GHI ��

 ��
� �

J K Cl LMN, �O H abstraction *P, QR�� �� STUV� %��(). WO, pseudo-steady state XYZ [

�� kinetics� �A�(34, *� CDE
\ ]^��, _Y�Z @`�().

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 300-600oC in a tubular reactor.

Pyrolysis of 1,1,2-trichloroethane occurred at the temperature greater than 400oC and totally decomposed at 600oC. Cis-

dichloroethene, trans-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 Cl 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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1. � �

���������� �	
�� 
��� �� �� ��� ���

� ��� �� !" �#�� �$%, &'� ()* + ,-. /

�	
 01)� �2�� ��� 34 �, 56, 7�� 89��$:

�; <=>'�? 1)�$ @� A�B 'C!D <=/EF� G)

H IJK LMN OPQ R&�2� S#!T U�� VWX �Y[1].

���1� Z[\ PVC, PCB ] ^_` aT bc1d�? 7e�

� f#�� �T �� (�#`Q g�� hijk� lm �`T 2

n <=L� (op:�? qrs t� �Y[2]. (� �����u v

� g�� �wQ =x oye, �z, {� | }~ ��H  m ��

� �� ���Y ���$�� ��
& hiH  !D z�� ��

u���� q�\Y. (������ �w� /�� � �T �2Q

����$T O-CO, HO-H, H-Cl, C-Cl, Cl-Cl, N-Cl, O-Cl ���?

����$� �m �2� 1)�� ��Y[3, 4]. �.? CO2� H2OT

y�	
�� ,q 
��� �� �w aT ����Q ���?T

34 /��: Y� �2� ~<�$ @� ��/��� 89\Y. �

�� HClQ =x   1,100oC�!�?T 
�\ ���� M¡!�

1,300oC  �z�?T )i�� D� �$ ¢£m �	��u ¤B/�

�2s (�!" \Y[2].

���������Q �whi� b�� ¥¦m zE�? �§�2

=x, H �#Q `m�� Qm ���¨�� HCls /�!$ ©!�

Y�ª«, Z¬­ |u v� (®� oxy-chlorinated hydrocarbonQ ¯

®� �2� /�\Y. �.? (������CQ g��� 
�J ©

m ���? �whi�: hi7z �2�Y ®�� ° �m ¯®�

�2� ~<��� 2n, 3n <=L�s (o* � �" \Y[2, 3].

�� ±!D, y1) jk� ��Q ²b� aT ³b� �����

? (����2� 1)�� 1´e� S� .µ¶ aT ·Z����

�� /��K �; �2� b�� M¡!$ @��� .µ¶u .µ

¶, aT .µ¶u ·Z������ ��!D 1´e� ¸ PAHs�

soot� v� �1´ �2s /�mY[5]. �.? Y�ª«, Z¬­ |Q

¯®� �' /�u 2n, 3n <=L�s (o* �¹�� >x 
Y.
900



1,1,2-Trichloroethane� ��� ���� 	 
��
 �� 901
am y1)T �	��s º!D »� �B ¼� YeQ �½� g�

�s hi* � ��K, o/�T ¦b�Q 6� 
YT A¾� �Y.

y1)jks �#m g��hi�?T hi� /��T �2Q 2u

6s `�!�  !D CO2, N2� v� ±��� �¬H ¿��¬� q

�!D 
Àm ����s ($�Ád mY. �� ������H hi

* =x /��2Q `�T �Â ��Ã� ��� Qm Ä�����

s ÅÆ!�  !D ���¬ aT H/CQ ±� ¸ LNG� v� ��

�����s q�!D �MQ j$�Ç� `�� #�m HCl� ~<

!�  m ����� ÈÉ!K, HCl� `Ê\ Ä���\ �����

��� ��� ¡f#� � �Y[5, 6, 8, 9].

���������Q y1)� lË\ �MQ �ÌT q� /��Q

1Z� ��s OÍ!�´ !T hi  qQ �Ì� 7¦1�Î���

Ï �Ì�?T ������Q y1) ��s Ð¦
�� OÍ!�  

!D 1) ÑÒ-Óu y1)�� Ô�H �)!�´ !ÕY. �H  

!D Cl .µ¶� Qm H abstraction�Âu y1)� lm �Ï��

s ÖB�� !T y1) ��=�H ×ØÙ!Õ�, 1)/�� 1Z�

ÚÛs IJT y1) ��� 'C�B� �� 1,1,2-trichloroethaneQ

y1) �� ÜÝ �ÌH lÞ���H �#!D �ß!ÕY. ��Ô�

à ×ØÙu ÜÝ�u�¦á y1) �� â�� �� /��Q ��

] �e1ã� [ä �ß!ÕY.

2. � �

2-1. ��

1,1,2-Trichloroethane(Acros�� 98%)s y1) 7z��� å�, f

#!ÕY.²æQ ç'� ±¾� 113oC�K 25oC�? è�é� 22.49 mm

Hg& êo�� ̧  ����������Y.

2-2. ����

2-2-1. ����

y1) ��� 43 ��� ,-. �ë aT �ì �$Q ���

í�� 3��T .µ¶ ����� �� ���? î���� 3�ï

� ��K am xÐm ��� ð.2 � �� �� �. /��Q

1Z� ð.2 � �Y. Ï ÜÝ�?T ��� H 300-600oC� â�

�ñK y1)H �ß!ÕY.

2-2-2. 'C�B

Ï �ÌT �z�?Q ������Q y1)H r
�� !�� '

C�B� ¤Ém ÚÛs IJ" \Y. y1) u��? /�\ �2;

� ?� _ò� Q!D ¡1)�Ê� Diels-Alder ���� 7ó�T

¡¤� �� |� 3�ï � �Y[9]. Ï ÜÝ�?T 'C�Bs â��

ñ�  !D ¿��¬Q (es â��ôY. ¿��¬Q (es 6-

30 ml/min�� â��ôs � ���Q ½�T 0.0015-0.0060�K 'C�

B� 11-55õÕY.

2-3. ���� 	 ��
�

1,1,2-TrichloroethaneQ y1) ��s �ß!�  !D Fig. 1u v�

ÜÝAJH Ì�!ÕY.ÜÝAJT ¼= 4mm,ö= 6mm,÷� 437mm

Q ãÚl ���� �� �À�, ���Q (�s  m microfeeder,

���s øy!�  m øy¦, ¿��¬Q (es �À!�  m mass

flow controller, ��/��Q ùúH  m syringe� Ì��� �Y. y

1) ÜÝ� ¿��¬& N2H ���� û� ���¼� �T ��H

}~� `Ê�ü ý, ���Q ��H zþ�ôY. ��� ¼Q ��T

���À�� �À!Õ�K, K-type y~ÿs f#!D Ü`��H p

�!ÕY. ���� øy¦�? 120oC� øy�� ����T �z�

� ;��" ��, ��/��� syringe� ùú!D GC/MS(HP5973,

HP), GC-FID(DS-6200, Donam Instrument)� 1ã!ÕY.

3. �� 	 
�

3-1. 1,1,2-Trichloroethane� 
�� ���� ��

1,1,2-Trichloroethanes 7�é!Q ���  300-600oC�? y1)

ÜÝs �ßm �u�? GC/MS chromatograms Fig. 2� ��¼ÎY.

q/���? cis-dichloroethene,trans-dichloroethene, 1,1-dichloroethene

u ¦/��� vinyl chloride� trichloroethene� �9�ÎY. Fig. 3�

T ��/��Q ����Q â�� �� ��Q â�H `�!ÕY.

���? �T �� v� 400oC�z�? ±�� ��m ��s �Õ�

K, 500oC Öh�?T 95%�zQ 1)�s �Õ�, 600oCÖh�?T

���� }~� 1)�T �uH ��¼ÎY. Fig. 4� 5�T ��� �

�� Æß�T 500oC� 600oC�?Q ���B� �� ��Q â�H

��¼ÎY. 3�$ dichloroethene ��2'� ��� ���B� è�[

� �. /�Ô�� 	
" è�!� ��s V � �Y. Fig. 3�? �

��  400-500oC�? ��� 88 �z�� ��� è�!Õ��, ��

�� 500oC�z�?T ���� }~� 1)�T 600oC�$ ·u 6%

��Q ��Q è�%s ��� �T
, ��m =Û� Fig. 4� 5Q �

��B� �� ��Q â��?� ��0Y. �, ���B� �. ��

� 4�è�H ��¼$%, ���B 11õ�$T ��m ��Q è�H

��Y� ���B� ° è�!: ��Q è�T �Y$ �$ @� �

uH �DqÎY. q/��Q 1Z �� ¤ �A qr*%m ¾� 3�

$ dichloroethene ��2'Q ��� ¸ n�H ��� ��K, 400oC

�? 500oC� ��� è�*�� � n�� è�!Y� 500oC�zQ

y1) ���?T ¸ n�H ��¼$ @TYT U�Y. q/�� ¤�

?T cis-dichloroetheneQ ��� �A �" ����K, trans-dichloro-

ethene, 1,1-dichloroetheneQ ��� �� n�H ��¼ÎY.

3-2. 1,1,2-Trichloroethane� 
�� �� ���� ��

y1) ��� 3�
�� .µ¶ ���� VWX �Y. �, î�4

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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F, ~O4F, ��4FQ Ð 4F� �§�$" \Y. ������H

y1)* =x �¹m î���� ����¦á Cl� )i�� .µ¶

s Þ�!Ê� H� )i�� .µ¶s /�!T =x�Y. Table 1�

� � �$ =xQ .µ¶� /��T ��Q ��Ô� &´H ��¼Î

Y. �, ��� ��$Q ��H ���� �W!:, Cl� )i�T ��

� H� )i�T ��� ±!D xÐ!Y. � ø�?, ethylene dichloride

y1)�� �c�T 800 K I%Q ���?T Cl .µ¶Q /� Ô

�� H .µ¶Q /�Ô�� ±)   1008 �z �" ��0Y[10].

b�� M¡!T ���?T H .µ¶Q o/� OH .µ¶� Q!D

(��� ±�
 �" �§�2 � ���, Ï �Ì�? 7z�� m

y1) ��� b�� ���$ @T ²b� ��Q ���Y. �.?

1,1,2-trichloroethaneQ y1) ��� .µ¶� >î�T ���� 3

�
& y1) ��u v� H .µ¶ |Q �� ÚÛs �W* ÈÉ

�� Cl .µ¶u Cl .µ¶�¦á O/�T qÉ .µ¶%s �Ì 7

z�� !D ~' ��s )ã!T U� �¹!Y[10].

~O��� H abstraction�� �§�$T ��u �1´ ¤� ��

aT Diels-Alder ��� Qm 1´ �AQ 3�$� )ã* � �Y[11].

Ï �Ì�?T �? GC/MS�u�? `�\ �� v� qÉ/���

? dichloroethene��2'� ¦/��& vinyl chloride� trichloroethene

� �9�Î��� �; �2s �Ï�� !D H abstraction� Qm

��/�=�H Z�!T �� kinetic����H Ì�!ÕY.

1,1,2-TrichloroethaneQ 1)���? �A qÉm ��� HCl� /

��:? 3�$ dichloroethene��2'H Þ�!T ���Y. � ��

� 1,1,2-trichloroethane��¦á Cl� )i�T ����¦á î�\Y.

1,1,2-TrichloroethaneQ =x Cl� ethaneQ � ��� ×� ���� �

��� � �$ .µ¶ ��2'H Þ�* � �Y.

CH2ClCHCl2 = CH2ClCHCl· + Cl· (1)

CH2ClCHCl2 = CH2CHCl2· + Cl· (2)

 � v� ��s ÊJ:? /�\ Cl .µ¶� R Q 1,1,2-trichlo-

Fig. 2. Typical GC/MS spectrum of pyrolysis of 1,1,2-trichloroethane at 500oC(Residence time: 9 sec).

Fig. 3. The effect of pyrolysis temperature on the products distribution
form pyrolysis of 1,1,2-trichloroethane(Residence time: 11 sec).

Fig. 4. The effect of residence time on the products distribution of py-
rolysis of 1,1,2-trichloroethane at 500oC.
���� �38� �6� 2000� 12�



1,1,2-Trichloroethane� ��� ���� 	 
��
 �� 903
roethaneu ��s !D H abstractions (�!" \Y.

CH2ClCHCl2 + Cl· = CH2ClCCl2· + HCl (3)

CH2ClCHCl2 + Cl· = CHClCHCl2· + HCl (4)

�!" Þ�\ .µ¶� Y� Cl� )i�T u�s ÊJ:? 3�$

dichloroethene��2'� /�\Y.

CH2ClCCl2·= CCl2CH2 + Cl· (5)

CHClCHCl2· = cis-CHClCHCl + Cl· (6)

CHClCHCl2· = trans-CHClCHCl + Cl· (7)

�i� 3�$ dichloroethene ��2'� Cl.µ¶ BQ ��s º!

D C2HCl2·H Þ�mY.

CCl2CH2+ Cl· = C2HCl2· + HCl (8)

cis-CHClCHCl + Cl· = C2HCl2· + HCl (9)

trans-CHClCHCl + Cl· = C2HCl2· + HCl (10)

am, �� (1)u (2)�¦á /�\ � .µ¶� Y� Cl� )i�T

u�s Ê" vinyl chlorideH Þ�!" \Y.

CH2ClCHCl· = CH2CHCl + Cl· (11)

CH2CHCl2· = CH2CHCl + Cl· (12)

�!" /�\ vinyl chlorideT C2HCl2·� ��!D trichloroethene

s /�mY.

C2HCl2· + CH2CHCl = CCl2CHCl + C2H3· (13)

�� v� �¢�T î���u ~O��s Ê# ý, ����s º

!D ��� ���" �T
 �" 3�$� 1C� � �Y.

Cl· + Cl· = Cl2 (14)

R· + R· ' = R-R' (15)

R· + Cl· = RCl (16)

Cl·� ±!D R·Q ½�� $% �� ��� (14)Q �����YT

(15), (16)Q ����� ¸ ±¤s n$!" \Y[10].

 � ?&\ ��ÑÒ-Ós É !D ��!: Fig. 6u vY. �.

?, Fig. 6� `�\ ��=�H �'�� !D 7�$Q 1´���u

7�$Q .µ¶Q ( 14îQ �2� lD!T 14îQ �Ï��Ô�à

s Ì�!ÕY.

3-3. Pseudo-Steady State ��

������H �õ� !D /��;Q /�Ô�H øp!ÕY. D�

4FH Ê" ��� 3��T ÑÒ-Ó� )D!� �T ×* �	�

s �W!D )H Ì!T U� �	
�� >x ¢£!Y. Ï �Ì�

?T ��Q ¤B/��(intermediate), D��?T .µ¶� 7!D

pseudo-steady stateH ��!D )H Ì!ÕY. �,

(17)

� v�K CHCl2CH2·, CH2ClCHCl·, CH2ClCCl2·, CHClCHCl2·, Cl·, C2HCl2·,

C2H3·Q 7�$ .µ¶� 7!D pseudo-steady stateH ��!D Fb

s �ß!Õ�K � �u�¦á ��/��� 7m Ô�à� Y�u

v� 
s � �Y.

(18)

(19)

(20)

d radical[ ]
dt

------------------------ 0≈

d CH2ClCHCl2[ ]
dt

----------------------------------------- k1 k2+( ) CH2ClCHCl2[ ]–=

1
2 k3 k4+( ) CH2ClCHCl2[ ]

k8 CCl2CH2[ ] k9 cis CHClCHl–[ ] k10 trans CHClCHl–[ ]++
----------------------------------------------------------------------------------------------------------------------------------------------+ 

 

d trans CHClCHCl–[ ]
dt

------------------------------------------------------
k4k7

k6 k7+
-------------- 2k10 trans CHClCHCl–[ ]– 

 =

k1 k2+( ) CH2ClCHCl2[ ]2

k8 CCl2CH2[ ] k9 cis CHClCHl–[ ] k10 trans CHClCHCl–[ ]++
--------------------------------------------------------------------------------------------------------------------------------------------------

 
 
 

d cis CHClCHCl–[ ]
dt

------------------------------------------------
k4k6

k6 k7+
-------------- 2k10 cis CHClCHCl–[ ]– 

 =

k1 k2+( ) CH2ClCHCl2[ ]2

k8 CCl2CH2[ ] k9 cis CHClCHCl–[ ] k10 trans CHClCHCl–[ ]++
------------------------------------------------------------------------------------------------------------------------------------------------------

 
 
 

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

Reactions A Ea(cal/mol) Ref.

CH3CCl3→CH3CCl2⋅ + Cl⋅ 1.1×1016 68300 [13]
CH3CCl3→CH2CCl3⋅ + H⋅ 1.3×1016 92900 [13]

k Ae
Ea

RT
-------–

=

Fig. 5. The effect of residence time on the products distribution of
pyrolysis of 1,1,2-trichloroethane at 600oC.

Fig. 6. Proposed reaction network for pyrolysis of 1,1,2-trichloroethane.
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-

(21)

(22)

(23)

Ï ��Fb� f#\ ��àu Ô� z�� Table 2� �i�� �

�K �H �#!D ��� ] /��Q ½�H �BQ â�� �.

��m �u� Fig. 7u 8� `��� �Y. Fig. 7u 8� ww 500oC

� 600oC�?Q Fb�uH ��+ U�K, ���? �T �� v�

Fb �uT ÜÝ�u� , 3J!ÕY. 500oC�?T ×* 1)/��

� 7!D ÜÝ-�Y ." øp�Î�� 600oC�?T trans-dichlo-

roethene� 7)?% ÜÝ-�Y �" øp�ÎY. ��m LnQ R&

��?T ��� ó:� /�\ /�/��� øp\Y. /�/� Ñ0

-Óu kinetics� 7m ́ Ðm �Ì� �¡ Æß¤�Y.

��m �u� �? `�m ������H �õ� !D 3�$

dichloroethene ��2'Q ��Q n�� �" /�T R&s Y�u

v� ^1 2 � �Y. 3�, cis-dichloroethene] trans-dichloroethene

u 1,1-dichloroetheneQ ��� z�� ¸ n�H ��T U� dichlo-

roethene� /��T ��u dichloroethene� Cl .µ¶u ��!D

Y� .µ¶� ~<�T ��s º!D )ã* � �Y. Cl .µ¶�

)i�� dichloroethene� /��T ��à Ô�&´;� Table 3� `

��� �Y.ó� ��0 1,1-dichloroethene� /��T �� (5)T cis-,

trans-dichloroethene� /��T �� (6), (7)� ±!D $��&´T í

3!� �����$� ��? ±�
 ¸ n�H ��� ���� 1,1-

dichloroetheneQ /�� cis-, trans-dichloroetheneQ /��YT ��Y.

d CCl2CH2[ ]
dt

------------------------------

k1 k2+( ) k5 CH2ClCHCl2[ ]2 2k8 CCl2CH2[ ]–( ) CH2ClCHCl2[ ]
k8 CCl2CH2[ ] k9 cis CHClCHCl–[ ] k10 trans CHClCHCl–[ ]++
------------------------------------------------------------------------------------------------------------------------------------------------------=

d CH2CHCl[ ]
dt

--------------------------------

k1 k2+( )= CH2ClCHCl2[ ] k14 CH2CHCl[ ]– CH2ClCHCl2[ ]

d CCl2CHCl[ ]
dt

---------------------------------- 2 k1 k2+( ) CH2ClCHCl2[ ]=

1
k14 CCl2CHCl[ ]

k8 CCl2CH2[ ] k9 cis CHClCHCl–[ ] k10 trans CHClCHCl–[ ]++
------------------------------------------------------------------------------------------------------------------------------------------------------– 

 

Table 2. Reaction kinetics for pseudo-steady state calculations

Rxn. no. Reactions A Ea(cal/mol) Ref.

1 CH2ClCHCl2 = CHCl2CH2· + Cl· 1.00×1013 77000 [14]
2 CH2ClCHCl2= CH2ClCHCl· + Cl· 1.00×1013 77000 [14]
3 CH2ClCHCl2+ Cl· = CH2ClCCl2· + HCl 1.00×1013 00460 [12]
4 CH2ClCHCl2+ Cl· = CHCl2CHCl· + HCl 1.00×1013 00460 [12]
5 CH2ClCCl2·= CCl2CH2 + Cl· 1.00×1014 25900 [12]
6 CHCl2CHCl· =cis-CHClCHCl + Cl· 1.00×1014 21100 [12]
7 CHCl2CHCl· =trans-CHClCHCl + Cl· 1.00×1014 21600 [12]
8 CCl2CH2 + Cl·= C2HCl2· + HCl 1.00×1013 01390 [15]
9 cis-CHClCHCl + Cl· = C2HCl2· + HCl 1.00×1013 01960 [12]

100 trans-CHClCHCl + Cl· = C2HCl2· + HCl 1.00×1013 01510 [12]
110 CHCl2CH2·= CH2CHCl + Cl· 3.70×1014 19600 [14]
120 CH2ClCHCl· = CH2CHCl + Cl· 1.58×1013 20600 [14]
130 CH2CHCl + C2HCl2· = CCl2CHCl + C2H3· 1.00×1016 14233 [15]
140 CH2CHCl + CH2ClCHCl2= CH2ClCHCl· + CHCl2CH2· 3.00×1014 61000 [12]

k Ae
Ea

RT
-------–

=

Fig. 7. Comparison of pseudo-steady state calculations and experimen-
tal results at the temperature of 500oC. The lines represent results
from calculation and symbols represent experimental results.

Fig. 8. Comparison of pseudo-steady state calculations and experimen
tal results at the temperature of 600oC. The lines represent results
from calculation and symbols represent experimental results.
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1,1,2-Trichloroethane� ��� ���� 	 
��
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and
CH2ClCCl2· = CCl2CH2 + Cl· (5)

CHCl2CHCl· =cis-CHClCHCl + Cl· (6)

CHCl2CHCl· =trans-CHClCHCl + Cl· (7)

�i� Table 4�T �; 3�$ dichloroethene ��2'� Cl.µ¶

u ��!D HH 4� .µ¶u HCl� ~<�T �� (8), (9), (10)�

7m ��Ô�& �́ `��� �Y. ó� ̀ �\ �� v� 1,1-dichlo-

roethene� Cl .µ¶Q ��s t, HCls /�!:? a Y� .µ

¶� â!T ��Q �����$� �A .�s 2 � �Y. �T

1,1-dichloroetheneQ =x )i�T H� ±�
 ��� ¸ Cl� ��

�� �$ @� ��� ���� �� ��� Cl� ��� ×� ��

�� �T cis-, trans-dichloroethene�YT Cl .µ¶� Q!D ��

t�� �� ��& U�� �W\Y.

CCl2CH2+ Cl· = C2HCl2· + HCl (8)

cis-CHClCHCl + Cl· = C2HCl2· + HCl (9)

trans-CHClCHCl + Cl· = C2HCl2· + HCl (10)

�.? 1,1-dichloroethene� cis-dichloroethene� trans-dichloroethene

� ±!D /�� lm Ô�Â
 p:�?T ·i!� 1)� #�!

�� � �2Q ��� z7
�� ." ��0 U�� �W\Y.

�i� Fig. 3�? ���� 500oC�z�? dichloroetheneQ ��Q

è�Ô�� 5�!T �(T 67, 1,1,2-trichloroethaneQ 95%�z�

1)�� dichloroethenes Þ�* � �T .µ¶Q /�Ô�� 5�

�� ���K, 87, 500oC�z�? vinyl chlorideQ ��� è�!

� ���.� �W\Y. � ��Q Ô�&´T Table 5� ��¼ÎY.

�, 500oC�z�?T vinyl chloride� /��T �� (11), (12)� ¤

Ém 9*s !" \Y.

CH2ClCHCl· = CH2CHCl + Cl· (11)

CH2CHCl2· = CH2CHCl + Cl· (12)

Vinyl chlorideH /�!T
 ÈÉm .µ¶� �� (1), (2)�¦á

/��" �T
, �: =x dichloroethenes /�!�  !D ÈÉm

.µ¶s /�!" �T �� (3), (4)� =;Q lF� �" \Y. �

.? dichloroethene��2'Q ��� �� ��Q è�Ô�� 5�!

" \Y� )ã* � �Y.

CH2ClCHCl2 = CHCl2CH2· + Cl· (1)

CH2ClCHCl2 = CH2ClCHCl· + Cl· (2)

CH2ClCHCl2 + Cl· = CH2ClCCl2· + HCl (3)

CH2ClCHCl2 + Cl· = CHClCHCl2· + HCl (4)

4. � �

������Q ÜÝÜ <×Q hi jk��?Q y1) ��s V,

��  !D 1,1,2-trichloroethanes 7z�2� !D AJH Ì�m ý,

���  300-600oC�? ÜÝs �ß!ÕY. Ï �Ì�?T ��/��

Q 1ZH GC/MS� GC-FIDH �#!D ��
, �e
�� 1ã!Õ

� �H �'�� y1) �� ����� Ô�Âàs (�!ÕY.

1,1,2-Trichloroethane� ���� 400oC�z�? ��m ��s �

Õ�K, 500oCÖh�?T 95%Q 1)�s �Õ�, 600oC Öh�?T

}~� 1)�ÎY. 1)/���?T cis-dichloroethene, trans-dichlo-

roethene, 1,1-dichloroethene� q/��� �9�Î�, vinyl chloride,

trichloroethene� ¦/��� �9�ÎY. �; ��/��s �õ� !

D �Â
& ��ÑÒ-Ós `�!Õ�, ������H Ì=!ÕY.

/��Q /�Ô�H V,��  !D ��ÑÒ-Óu ������H

�õ� !D pseudo-steady stateH ��!D Fbm �u, ÜÝ�uH

, øp!T U�� ���Y. � �uH �'�� !Õs �, q /�

�Q 1Z� cis-dichloroethene,trans-dichloroethene, 1,1-dichloroethene

��� ���T �(H 1ãm �u, 67 3�$ dichloroethene� /

��T ��=��?Q �����$Q n�� ¸ U� �&!K, 87,

3�$ dichloroethene� ��Q ¤B�2(intermediate)s Þ�!T u�

�?Q �' A>(steric hindrance)� R&� �T U�� �W\Y.

��m �Ì�uT ������Q y1) ��Q ÇF ] �
�H

 m ¤Ém �õ´�� �#� � �Y.

� 


Ï �ÌT m?/b�&�ÌR� $R!T @AB#�& îofcQ

3<�� �ß�Î�K �� 5fCD-Y.


���

A : pre-exponential factor [consistent unit]

Ea : activation energy for the reaction [cal/mol]

k : reaction rate constant [consistent unit]

R : gas constant (8.314)[J/KEmol]

R·, R·' : hydrocarbon radical

T : absolute temperature [K]

�
��

1. Pausteinbach. D. J.: “The Risk Assessment of Environmental 

Human Health Hazards,” John Willey & Sons, New York(1990).

Table 3. Reaction kinetics of formation of 3 dichloroethene isomers
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RT
-------–
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Table 4. Reaction kinetics of reaction 3 dichloroethene isomers and Cl·

Reactions A Ea(cal/mol) Ref.
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k Ae

Ea

RT
-------–
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k Ae

Ea

RT
-------–

=
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