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� ����� ��	 
�� Ethylene Dichloride(EDC) 
�� ��� �� �� ��� ��� ���� � �! "

#$% &' 
()* +, EDC 
�� �� #$- ./ � �01. 200�2� radical �3 ��45 �678� EDC


�� �� 9:;<% H = Cl abstraction, 
��5 *> radical ?@ = 	A ��� BC �D�� EF �� 9:

;<% FGH45 �@�04I, " #$% JK45 
( L�- MN,� O�� BP EDC �� QR$ S�T �U

.R� V> WV VG% �U�01. � ��% X�� W� EDC ��5� �  ��� YZ�[ \]4I, vinyl chloride�

^R _W `� = S�T ?@ abcd� YZ�� EDC ��5� eH 
( 
�� �U�� `��� ,f�01.

Abstract − The pyrolysis of ethylene dichloride (EDC) is investigated on the base of kinetic mechanism schemes. Hundreds

of radicals and molecular reactions and H and Cl abstraction are involved and thermodynamic functions and reversible kinetics

were considered simultaneously in the schemes. The cracking depth of EDC and the amount of by-products are calculated as a

function of operating temperature and additive concentration. The calculated results are in good agreement with the trend of the

commercial plant data. Suggested methodology can provide practical responses involved in the operation of an industrial EDC

pylorysis unit.
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1.� �

Ethylene Dichloride(EDC)� ��� ��� 1950�	 
��� 


��� Vinyl Chloride(VC) �� ��
�. VC� acetylene� HCl

� ���� acetylene�, ��� ���� � �! �"#$ HCl�

��%& '� oxychlorination� ()* EDC� ����+ HCl$

VC, '� �"#�
 -�[1]. ./ EDC0 �"#� �� � �

! ��%1� Kureha�
2 acetylene$ �"#� 34�+ VC,

5��� ��6 748* -�[1]. 
0 9� VC 5: ;<� =>

*? @� ��AB C:8� -AD, EF/ radical �� GHIJ

AB C:8� -�. 
K Cl radical
 �� �L� �M NO/ P

Q N� �2
�.

Cl
 RSB T4�� ��� ��� 	/ UC� Kurtz� �� V


WP X4
 Y:8Z�[2]. [B alkane
2 alkyl halide� ���

UC� [B alkane \� ]^ _V`ab� *�Q Na
 �c/

alkeneAB de� fg� UC� 
h� ij� 
��k�. Benson

� alkyl chloride� ��� lm UC0, ��� $<�! *�Q N

a
 
��n� reaction path� op� qrs UC�tAD, Sen-

kan� ��� $<�! coke� 5:� l/ u� UC v$, wx

�t�[3, 4]. 
 UC�! soot 5: GHIJ� l/ *y$ aromatic

bz{� 5:� l/ 
|{
 �%8Z*, 
V � � coke 5:

� l/ UC� }~8Z�[5]. Ranzi� �� alkane� ��� UC

v$, EDC ���� W4�tAD, pilot plant v$0 =7 v$,

�a�+ EDC ���B �L �B(�� ���t�[6]. Ranzi� U

C�! EDC ���, kinetic, reactor, furnace, coking � �n =

�B 2�� �L�� ��
 �%8V6 �t�[7]. 
�/ v$�

�M �� v$, � ��/ Mh
 -A2 �� GHIJ� 	/ �

6-� 
|W ��� ��/ �h
 -�.

Radical� �;_ �Q�
 ���� �: �� bz� ��D. [

B octet�! �Q� �2 �� bzB 5:8V K�� �B� `a

bB�� 5:8� ��� u�. EDC ��� ��� UC� ���

X��! ��2� 
 radical reaction� �L ��� -�.†E-mail: jyiecerl@snu.ac.kr
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Radical
 l+�� EDC ��� ���  � %¡� 
��nD

}u� ��
 ¢%� 
��nV K�� <:WAB £p�V� ¤

n ¥�. 90�	 
� 
��� Ranzi\[6]� UC�!� �� GH

IJ Q¦, <§s C��V¨�� ���! 
��n� � ©ª«

� <¬WAB ­��+ �¦ EDC ;< =7, ~�t�. ®¯!,

�¦WP ;< }°� 	/ =7� ¤± 
��z } -A2, ²¬

5:8� ³´b� 	/ *y$ �� R�� µ �� ¶��� l/

a)WP £p
 ���t�.

Cl radical
 l+8� r�WP �� GHIJ� Senkan, Benson

\[3-5]� �� UC8ZAD, 
 UC, d·AB ��� $<�!

radical� ¸¢
 q¹ �� op8Z�.

º UC�!� radical �� 
|� d·AB �� `» ¼6|(com-

putational chemical kinetics) V�� 74�+ ½� ?6�! �¾

¼6B ��2� EDC ��� ��� ¦­WAB �L�tAD, '�

� v$, ¿� �M�! ��NP EDC ���B0 �À�+ ÁÂ

�t�. ., �� � � ®¾ �� v$, ÃÄ�*, ¿� �M v$

0 �À�+ ( Å¹:� ªÂ�t�.

2.�� ��	
� �


2-1. EDC ��� ��

Radical ��� Æ%(initiation), �Ç(propagation), Èv(termination)�

r �­, ¸É� ÊAB *ËÌ�. Initiation ��� EDC�! Cl

radical
 5:8� ��AB�� %TÌ�. UV�� ÍÎ Cl20 9�

�B� V¦{
 ��� ��0� Ï) alkyl halide� *? � �!

Cl radical� 5:�� Ê� S� �ËÐ ��
�. Cl radical� 5:�

� [O ��� Table 1� 2Å2 -�. ��WP ��� ���!� H

radical6 S� Ñ l+, �± 8D, Table 2�� EDC ��� ���

! H radical
 5:8� ��� Ò:` �Ón, �%�t�.

Table 1$ 2� Ò:` �Ón, !B �À�+ ¨Ô, Cl radical 5

: ��
 �Õ/ C�� `abB�� H radical
 5:8� ���

�� Ö× ¤± ��2� Ê� Ø } -�. Ùs EDC ���B�

��8� 800 K ²«� ?6�!� Cl radical 5: ¼6� H radical

5:¼6� �� Ú 100� 
q ½± 2ÅÛ�. ��� ���� �

 �!� H radical� w5
 OH radical� �� _68� �ÀW

¤± 
��z } -A2[4], º UC�! 	qAB Ü� ��� �

�� ��� Ýª8n ¥� Þ�� � � ��
�.

®¯!, EDC ��� ��� radical
 SÆ8� ��
V� �n«

��WP ��� ��$ 9
 H radical \� �� ��� *Ë� ß

O �
 Cl radical$ Cl radicalB�� Ç58� [O radical«� UC

	qAB ÜÍ6 �¦ ��� �L� } -�.

��� propagation GHIJ� H abstractionAB 
��n� ��

� �Ç0 *�Q Na $<� > �nB �L� } -�. H abstrac-

tion ��� Cl radical
 RSB T48� ��� ��� [Ì GH

IJAB ØËà -AD, *�Q Na ��� 
N µ ÜN va


5:8� -� bz� �ÀW �</ alkyl radical
 T4�+ ��


 �~8� fg
�.

H abstraction ��� � (1)$ 9� fgB EDC0 9� á`}��

Cl radical
 T4�+ }�, �2 �)�+ �</ ethylene chloride

radical$ HCl� 5:/�.

CH2ClCH2Cl+ l= 2H3Cl2+HCl (1)


 ��� v$B '�� 2H3Cl2�! Cl radical �2� �)8�

âÈWP VC, 5:�± Ì�[4, 8, 9]. Propagation� 
0 9
 radical


 EDC \� bz� T4�+ }�, �2 �)�� fg� H abstrac-

tion ��
 [ 5:b� 5:�� GHIJ
 Ì�.

CH2ClCH2Cl+ l= 2H3Cl2+HCl (2)

C2H3Cl+ l= 2H2Cl+HCl (3)

C2H2+ l= 2H+HCl (4)

H abstraction ��� acetylene \� C2 ­�� ��b 5:� £p

�� NO/ ã�� /�. ./, 
 ��� ã��
 �c/ �ã�

�
V K��, chloroethane$ 9� ä` á`}�� 5: åP� £

p� } -�. H abstraction� radical� �� bz
 á`}��!

}�, _)�+ �</ bzB æ�� ��
�. º UC�! *ËÌ

�� bz N Cl radical
 H abstraction ��� 	/ Ò:
 �M

E�tAD ( �ç
 C1 ­�� radical
Z�. +� �QB C:8

*, �n� u
 Ïè radical�}é H abstraction ��:� ê�n

± Ì�. Table 3� �%Ì �� q}{
 
�/ 7¿� ëìí�*

-�.

Propagation� �¾ �B� *�Q Na $<AB 
��n� Ê


�. *�Q Na fg� �ç$ 9� �î ��AB 
��nD,

+C=CïR-C- (5)

«Ú 
 lP ��, 
N va
 -� bz$ ���Ô �ç�

� (6)$ 9� �� �B, ¸É± Ì�.

l+C=CïCl-C- (6)


 ��� Cl radical$ 9� }p
  � radical̈ �� }p


ð bz{� �� ñò � ��2± Ì�. ./ radical$ «2� b

z
 
N va� �� bz¨� ÜN va� �� bz$ 9
 π v

a� u
 ó* -� bz{P �� �� Ò:6� ñ ½�[4].

®¯! ;<� acetylene\
 ��8� -AÔ 
 ��� �ÀW

Òw�± ��Û�. Table 4� acetylene �� ��! ô radical� �

� q}� 2Å2 -AD H abstraction ��$� Ï) radical� á

� Æ}� Â��ñ¯6 �� ¼6� Ñ ��� ìn ¥ç� Ø }

-�. Termination ��� �ç$ 9
 r �nB C�� } -�.

l+ l=Cl2 (7)

+ =R' (8)

+ l=RCl (9)

l� õ6� �� � �� õ6� Ö× ½V K�� (7)� Èv

��¨�� (8), (9)� �B, ö� Èv
 
��n� Ê
 n�WP

ÊAB *ËÌ�.

C· C·

C·

C· C·

C· C·

C· C·

R· C·

R· C·

C· C·

C· C·

R· R·

R· C·

C· R·

Table 1. Kinetic parameters of initiation reactions for Cl radicals

Reaction A b Ea(cal/mole) Ref.

Cl2+M=2 Cl⋅ 1.00×1013    0.0 47000 [6]
EDC=CH2ClCH⋅ +Cl⋅ 1.00×1028   −4.6-- 86509 [18]
CCl4=CCl3⋅+Cl⋅ 1.00×1017    0.0 70000 [6]

k AT
b
e

Ea–
RT
----------

=

Table 2. Kinetic parameters of initiation reactions for H radicals

Reaction A b Ea(cal/mole) Ref.

EDC=CH2ClCCl⋅ +H⋅ 3.16×1015   -−0.0− 097400 [18]
CH4=CH3⋅ +H⋅ 1.10×1033    −2.4 105150 [19]

k AT
b
e

Ea–
TR
----------

=
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2-2. Vinyl Chloride� �� ��

VC 5: $<� ÷± r �­, ¸ø�. ùú EDC� H abstrac-

tion$<� ¸û radicalB æ�± Ì�.

CH2ClCH2Cl+ lïCH2ClCH l+HCl (10)

2H3Cl2 Cl radical
 �)8� ��� �ç$ 9� > �n, 5

ô� } -�.

CH2Cl HCl+ =C2H3Cl+RH (11)

CH2Cl HCl+(HEAT)=C2H3Cl+ l (12)

º UC v$ � (11)
 � (12)� ��+ [Ì �� �Bü
 ýþk

�. CH2Cl HCl$ radical
 «ÿ ���� � (13)$ 9� H abstrac-

tion ��AB �¦WP ��
 
��n± Ì�.

CH2Cl HCl+ =CHClCHCl+RCl (13)

2-3. Acetylene(C2H2)� �� ��

Acetylene 5: ��� VC� H abstraction ��AB�� 
��

��. ®¯!, ���� �B� ùú VC�! H� �2 7¯n� �

ç ��AB�� %TÌ�.

C2H3Cl+ l= HClCH+HCl (14)

C2H3Cl+ H2Cl= HClCH+CH3Cl (15)

+V! 5:Ì CHCl H� *?�! Cl radical
 _)Ì�.

HClCH=C2H2+ l (16)

®¯!, acetylene� 5:¬$ Cl radical� �� õ6� ��WP l

­� -AD, acetylene� 5:�V î/ N¡ �­P CHCl H�! Cl

� �¸�� ��� ½� �¬� ßOB �V K�� *?�! Òw�

± ��2± Ì�.

2-4. C1 	
�� ��

C1 `ab� EDC�! ;�Ì H2Cl
 termination �� H ab-

straction ��
 
��nÔ! �¾ fgB d�± Ì�. (�2, C1

`ab� ���� EDC� C-C va
 �¯à 5:8� �� S�

W�. ./, H abstraction ��
 �~�}é H� 	�
� fg�

��
 
��n�B ��
 ­¼ �~Ì�Ô CCl4� âÈ 5:bB

�± Ì�. 
� Weissman \� v$0 �É/�[10].

CCl4�! ©w/ ��bz�� H� Cl 	
 ��8� ��
 
�

�nV� S� ���. ®¯! «Ú ;<q� ßO� �� ü�B CCl4
, [ª�ñ¯6 H2Cl$ CH3Cl \� bz� CCl4� Í� EDC\

�! 5:Ì�. EDC� õ6� �ÀW ½� q��!� H2Cl, CH3Cl

� EDC, ;��± 8D, �ç� � (17)� �A1± Ì�.

CH2ClCH2Cl+ H2Cl= H2ClCHCl+CH3Cl (17)

2-5. C3 �
 	
�� ��

C3 
q� `ab� 5:�V î�!� �B C-C va
 5:8�

� /�. ®¯!, ��� H abstraction ��
 Í� polymerization

� �� �Q¬
 ½� bz{
 [B 5:Ì�.

Polymerization $<� 5:Ì radical bz
 
N va �� ÜN

va� �� bz$ ���� �B
�.

+C=CïR-C- (5)

R-C- +C=CïR-C-C-C- (18)


 $<
 U¼WAB 
��n± 8D 
 ��� v� coke� 5:

AB ��
 ÈvÌ�.

Polymerization ��� acetyleneAB�� %T�� �ç� � (19)-(22)

0 VCB�� '�n� (14), (23)-(26)� �m� ��AB �~Ì�[11].

C2H2+ l=CHCl H (19)

CHCl H+C2H2= 4H4Cl (20)

CHCl H+C2H3Cl= 4H5Cl2 (21)

2H+C2H2= 4H3 (22)

C2H3Cl+ l=CHCl H+HCl (14)

C2H3Cl= 2H3+ l (23)

2H3+C2H3Cl= 4H6Cl (24)

2H3+C2H2= 4H5 (25)

ÜN va
 �)Ô! ��2� ��
 
N va
 �)Ô! ��

2� ��¨� Ö× Ò:` �Ón� �V K�� acetylene
 VC̈

� Ö× Ñ ��:� 2Å��. 7�� �
� ��z}é Ò:` �

Ón� TÍ ��
 ¤± 
��z } -n«, ��b� õ6� h�

�ÍnV K�� ¿� �Q¬
 ½� bzB Na8� ��� (�

n Òws 
��nn ¥��. C4 
q� bz{� 5:6 (14), (19)-

(25)0 ¢�/ GHIJ
 ��8� 
����.

2-6. Butadiene� Chloroprene� ��

Butadiene� 5:� VC� �z� ê��� �« ÍI¯, coke�

C· C·

C·

C· R·

C· C·

C·

C· R·

C· C·

C· C·

C·

C· C·

C·

C·

C·

C·

C· C·

R· C·

C· C·

C· C·

C· C·

C· C·

C· C·

C· C·

C· C·

C· C·

C· C·

Table 3. Kinetic parameters of H abstraction reactions I

Reaction A b Ea(cal/mole) Ref.

CH2ClCH2Cl+Cl⋅=CH2ClCHCl⋅ +HCl 
CH2ClCH2Cl+CH2Cl⋅=CH2ClCHCl⋅ +CH3Cl  
CH2ClCH2Cl+CH2ClCHCl⋅ =CH2ClCHCl⋅ +CH2ClCHCl2

1.00×1013

1.16×1011

1.00×1015

0.0
0.0
2.0

−3100
−9000
19783

[18]
[18]
[18]

k AT
b
e

Ea–
RT
----------

=

Table 4. Kinetic parameters of C1, C2, C3, C4
 propagation reaction with

acetylene

Reactions     A               b Ea(cal/mol) Ref.

CH3⋅ +C2H2=C3H5⋅ 1.00×109.3     0.0 9100 [11]
C2H3⋅ +CH2=C4H5⋅ 1.00×108.9     0.0 6900 [11]
C3H5⋅ +C2H2=C5H7⋅ 1.00×109.0     0.0 6900 [11]
C4H5⋅ +C2H2=C6H7⋅ 1.00×108.9     0.0 6900 [11]

k AT
b
e

Ea–
RT
----------

=

Table 5. Kinetic parameters of H abstraction reactions II

Reaction A b Ea(cal/mole) Ref.

CH3CH3+Cl⋅=CH3CH2⋅ +HCl
CH2ClCH2Cl+Cl=CH2ClCHCl+HCl

4.94×1013

1.00×1013
0.0
0.0

−198
3100

[18]
[18]

k AT
b
e

Ea–
RT
----------

=

���� �38� �2� 2000� 4�
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EF/ precursor bzB 5ô8* -V K�� <¬`� S� NO�

�. (24)0 (27)� butadiene� 5: $<
 2Å2 -�.

C2H3Cl+ 2H3= 4H6Cl (24)

4H6Cl=C4H6+Cl (27)

Butadiene� vinyl chloride0 vinyl chloride�! _6Ì H3� !B

���+ 
����. H3� 5: $<� vinyl chloride� �� �

��8� 5:8� (30)$, vinyl chloride�! Cl radical abstraction

��� �A1� (28)-(30) ��
 -�.

C2H3Cl+ l= 2H3+Cl2 (28)

C2H3Cl+ H2Cl= 2H3+CH2Cl2 (29)

C2H3Cl+CH2Cl HCl= 2H3+CH2ClCH2Cl (30)

./, Cl30 9� bz� �/ Cl abstraction6 
��n± Ì�.

H abstraction ��$� �	B (30) ��
 2H3, 5:�� [Ì

��AB ­�8Z�. (30) ��� ?6� � � �!�V K��[18],

?6� ½ÍnÔ butadiene� 5:¬� �¼s Â�/�.

Chloroprene� EDC ��� ���! �M u
 5:8� ��b

N� �2
D �� GHIJ� (31)� ®¾�.

C2H3Cl+CH2 Cl=C4H5Cl+ l (31)

3.�� ��

º UC 	qP EDC ���B� " 16Æ� �B 
��à -AD

( �
� Ú 316 mP #�f ��V0 
, $�%* -� ��B

B C:8� -�. ­�� &�, î�+ ��B� ���AB 
�

�à -�* �<�tAD, ��V �� _¦� '((plug flow)B �

<�t�. 
V �� )F� 11.3 V)AB ¿� �� � $ ¢��

± £<�t�. �M �� � $ ¢�/ ?6 �ä, �<�+ �ç

$ 9� �Ón }n�� ­��t�.

(32)

+V! ρ� ��b� *6, � '+ �4¬, Q� ,�B�� ì

� �¬, A� Ç
�� �ÔW, a� Ç
� �î �
 xÔW, hi�

-./, �²/�.

ô bz� �4¬� Nasa-Chemkin database, 74�tAD, 


database� �ç� fgB C:8� -�.

(33)

�4¬ 0
�B�� �ç$ 9
 -./ µ -1B/, C� }

-�[12-15].

(34)

ô nh2 ��b� �:� %¡� ®¾ ��b� õ6 æ`B ­

�8D, �� ¼6�� � (35)0 9
 x�Ì�.

(35)

�� ¼6 q}� � (36)$ 9� }<Ì Í3I�4 �AB 2Å

5 } -�.

(36)

��� <��$ ã��
 ¢%� *Ë8� 'f ��� V6AB

�tAD, <�� q}� �7]� 74�tAD, ã�� q}� (37)

�$ 9� ��AB 'f q}, ­�/ 8 <�� ¼6 q}B 2

�� ­��t�[12-15].

(37)

²� �<�� �
�, Chemkin III Plug 91n, 74�tAD

��/ �� � � ®¯ }É �L� �+ ( v$, ¿� �M 0


�0 �À�t�. ./ �� lm æ}{� ���± æ`%& �

Ô! ( �q� :;¨* âW �� � � ÃÄ�*Q �t�.

4.�� � ��

4-1.�� ��� ��� � �� ��

UC 	q %4<� �� ?6� ¿� �M �� � � �M �=

Ð 5� >?�(R2=0.9997)AB 	ª�tAD Fig. 1� ( ?6 �ä

� �%8� -�. =7 v$ EDC� âÈ ��°� Ú 51% <6�

'�kAD, ¿� �M 0
�� 50-55% <6� ��°B Ð�8*

-Z�. Fig. 2�� ��V �
� ®¾ ��°
 2Å2 -AD, Fig.

1$ �À�+ �L�t� K, �� ?6� 700 K 
q
 _n8��

« �B� EDC �� ��
 %T8Z*, 730 K 
qAB _n8��

��°
 �¼�± Â��� 7¿� Ø } -Z�.

��b N �ÀW 5:¬
 u� acetylene� õ6æ`, Fig. 3�

�%�t�. Ír"#� 5:� ?6� S� @A�V K�� *?

�ã�! Ú¡� ?6 æ`«AB �¦ Ír"#� 5:¬� Ñ �


, ¨t�. Fig. 4�� <q �� � $ ��V B��� ?6,

2%<6 q� �</ �BÐ �� � �! Ð�8Z� K Ír"#

5:¬ æ`, �%�t�.

Acetylene� 5:¬� Ú 1,500 ppmV <6B ÃÄ8ZAD, ¿� �

M 0
�� 1,000-2,000 ppmV7
� ]
 '�à }É �L v$0

�M �� v$� ¸� �ÉC� Ø } -�. Acetylene� �Q¬


½� bz$ coke, 5:��0 ��WP ��� [� bzB ØË

à -AD � (19)-(22)� ( 5: $<� �%�t�.

Acetylene� [B VCB�� 5:8� $<� ¸É�B, �� VC

� 5:
 
��à� ��
 Æ%Ì�. ®¯!, acetylene
 ��V

�! â
B 5:8� nh� VC� 5:8� nh$ �É�� ÊA

B 2ÅD�. Acetylene� VC̈ � *?�! 5:8Z*, VC̈ � ?

C· C·

C·

C·

C·

C· C·

C· C·

C· C·

C·

C·

C· C·

ρuA hi

dY i

dx
--------∑ + Cp

dT
dx
------ + u

du
dx
------ 

 =aQ

Cp

Cp

R
------ = a1+ a2T+ a3T

2
+ a4T3

+ a5T
4( )

∆H
RT
-------- = CpdT∫  

∆S
R
------- = 

Cp

T
------dT∫,

v = k X[ ]n
Y[ ]m

k = ATβ Ea–

RT
-------- 

 exp

K= ∆G
RT
-------- 

 exp  ∆G= ∆H T∆S–,

Fig. 1. Temperature profile of EDC pyrolysis reactor at normal opera-
ting condition.
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�������	�����
6� ®¾ 5:¬� æ`� @A/ ÊAB ÃÄ8Z�.

��V� �� ?6 �BÇ�� æ`%1� Ê� �¦WP �� }

°$ ��b 5:� Ñ ��� [Z�. �� ?6� ½AÔ ½�}é

EDC ��°$ ��b� 5: �°� ¢%� Â��t�. Ùs ��

V B�� Ú 20 m <6� ?6 �BÇ�$ ��° µ ��b 5:

�°
 Ñ l­� -� Ê
 §P8Z�. ��V B��� ?6, Ú

10 K <6 EË [Ô EDC ��°
 2-3% <6 qF�t*, 
 v

$� �M ��$ ¸� �É�t�. (�2 ��V� �� ?6� Â

��Ô acetylene\� coke _w bz{
 9
 Â��� v$, �à

G�. ��V B��� ?6, Ú 10 K <6 EH� ��, ?6 qF

� ®¾ acetylene� Â� ¼6� EDC� ��° Â� ¼6, Ö×

q>�+ 20% <6 ñ u� acetylene
 5:I
 ÃÄ8Z�. ?6

� ½Íz}é EDC ��°� Â��D, acetylene� 5: �°� EDC

� Â�°¨� Ñ ]� 2ÅX� v$, 'Z�. Ùs 760 K
q�

?6�! acetylene� 5: �°� Ñ JAB Â��t�. ®¯!, �

�V B��� ?6, EË [� ¡�/ ��AB ��°� Â�%

K } -n« 
 ��� 74/�Ô, coke� _w bz{
 Â��V

K�� Ð�V¡
  Íz ÊAB ÃÄÌ�.

®¯!, coke _w ��b� A��� ��AB ��� 
LV î

�! ��V �¦WP ��?6, 760 K ²«AB _n�Ô! ��°

� Â�%1� ��� �� �  æ`, £<�t�. 
 �� ��V

� ú? �ã� ?6, h� ½+�Ô! }É�L� ���+ Fig. 5

0 9� ?6 � � �%�tAD, 
 ?6 � AB ��� � �

� acetylene� 5:¬� A��Ô! �� }°� Ö× MÍn� }

É�L v$, '� } -Z�. (�2 N¡ nh�! ��b� ?6

qF J
 V� �� � ¨� ÷± 
��à� �V K�� 
 �

� � � _6�ËÔ �Ón �=¬� Â�0 ��B Ð�� l/

¿zWP VN
 OCÌ�.

Fig. 5� h�� V� �� � � 2ÅXD ¿�� }É �L v$

�%Ì � 
�. �%Ì d0 9
 ?6 � � de± 8Ô ��V

100-200 mnh�! ��°
 2-3% <6 ½ÍkAD, âÈ acetylene

5:¬� (�n ½n ¥� ­� v$, '� } -Z�. �%Ì ?

6 � � acetylene 5:� l/ v$� Fig. 6� �%8� -�. 760 K

²«� ?6, ­¼ _n�+ ��� �� �� acetylene� ���

± Â��� <q �� � $� Ï), [�� �� ?6�! Y«�

± Â��� fg, O� ÊAB 2ÅD�. ®¯!, acetylene� 5:

¬� �� 
V�� �� Â��� ��� ¨
�� ��V B��

�!� PsË V� �� � � v$B 5:Ì acetylenë� W�

�
 5:8� Ê
 ­�8Z�.

Fig. 2. The cracking depth of EDC as a function of reactor length.

Fig. 3. The concentration of acetylene as a function of reactor length.

Fig. 4. Comparison of the concentration of acetylene at normal condi-
tion and higher temperature condition.

Fig. 5. Temperature profile of EDC cracking coil.
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®¯!, �� ?6� �Q«AB EDC ��� ��$ lmÌ +�

�n �q{� �� ���� Ê
 �c��� Ê� Ø } -�. (

�2, ?6 �Q� �Ón ��0 �vÌ ��
V K�� �M� �

� W4�V î�!� �Ón �=¬$ lmÌ j�WP ��: �

L
 OCÌ�.

4-2.�� ���� �� �


4-2-1.�� R��

EDC ��� ���! R) 748� �� R��P CCl4� ��Ì

��, *Ë�t�. CCl4� Ú 1,000 ppmV <6 ��8Z� K ��

}°� Ú 3-4% <6 Â�/ 54-55% <6� '�k�. CCl4� �

�¬
 W� K� j�8� ��¬� ®¯ �� }°� æ` J
 �

ÀW SAD, ��¬
 uÍz}é Â� ��
 !!s A��t�0,

	T 1,500 ppmV� CCl4<6� �
 ( �­]
Z�. CCl4� ��

� ®¾ �� }°� æ`� Fig. 7� �%8� -�.

CCl4� ���!� ã�� Ranzi\� ��+ ( 
|WP ��


Uç �%8ZAD, �� ��� Cl radical� ;�Q ã�� �± Ì

�[6]. Radical Æ¦� ´¡ �� õ6� ¨ö 10−10 <6� V�°�

nIn«, Ú¡� radical õ6 æ`� �� �¦� ��� ²É± Ì

�. º UC� �7 v$ Cl radical
 10−9 <6� V�°� _n�

Ô EDC ��°
 ��s ½Ín� ÊAB §P8Z�.

(�2, CCl4� ��¬
 Â�C� ®¯ ��AB�� '�n� �

�b �¦� õ66 Â��t�. Ùs CCl4� Â�C� ®¯ acety-

lene$ C4 ­�� `ab� Â�¬
 Ùs >
�k�. Acetylene� VC

� ��� $<� ¸û [B 5:8V K��, acetylene� w5 Â�°

� EDC ��°$ ¸� �É�t�. C4 ­�� `ab{� acetylene$

radical� ��õ6�  � l­� -V K�� Cl radical� õ6�

Â�C� ®¯ C4 ­�� `ab� Â�¬� acetylenë� Ö× u

W�.

CCl4� ���n ¥� q��! CCl4
 ��� K0 ¢�/ }°�

'V î�!� <q �� � �! ��V È� ��� ?6, 10-

15 K <6 Â�%K ßO� -ZAD, 
�/ ?6 Â�� �! X�

/ d0 9
 +� ��b� õ6 Â�, _w�* v� coke� 5

: ¼6, Â�%K ÊAB *ËÌ�.

4-2-2.�� ú� bz{

EDC ��� ��� �� ú� bz� EDC0 �Y ��� �+

�¦WAB Cl radical
 A��� ��AB 'f� _6�� bz{


�. (38)-(43)�! H� u� bz�}é H abstraction
 Ö× ¤±

��2D, Cl
 u� bz�}é H abstraction
 q	WAB ���.

Table 3� (38)$ (42) ��� 	/ Ò:` �Ón, �À�t�.

CH3CH3+ l=CH3 H2+HCl (38)

CH3CH2Cl+ l=CH2Cl H2+HCl (39)

CH2ClCH2Cl+ l=CH2Cl HCl+HCl (40)

CHCl2CH2Cl+ l=CH2Cl2 HCl+HCl (41)

CHCl2CHCl2+ l=CHCl2 Cl2+HCl (42)

CCl3CHCl2+ l=CCl3 HCl2+HCl (43)

º UC�!� ¿� ;<q�! ��bB 5:8� chloroethylene

(CH3CH2Cl)
 �¬ ��b� ��� ��, �¦WP �� ¸¢ æ`

, ­��+ ¨WAD ( v$� Fig. 8� �%8� -�.

Chloroethylene
 1,000 ppmV ��8Ô �� }°
 1-1.5% <6

A�/�. C2H5Cl� Cl radical �2B P/ H abstraction ���

�� CH2Cl H2� 5:�D, 
 N¡¦� �% VC µ �¾ ��b{�

5:�± Ì�. Chloroethylene
 [ªÌ �� [ª¬� ®¯ EDC

��°� h� A��� ��� 2ÅXZAD, ��� ��bB ace-

tylene, butadiene$ Cl radical
 Â��t�. Chloroethylene� [ª

õ6 Â�� ®¾ butadiene w5¬ æ` j
� Fig. 9� �%8�

C· C·

C· C·

C· C·

C· C·

C· C·

C· C·

C·

Fig. 6. Concentration of acetylene at normal operating condition and
modified operating condition.

Fig. 7. The relationship between cracking depth and the concentration
of CCl4.

Fig. 8. The relationship between cracking depth and the concentration
of chloroethylene.
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r-
-�.

Ethane(C2H6)� ��%Z ;<� =7/ v$ chloroethylene
 ��

� ��¨� ñ EF/ �� ¶� T4
 2ÅD�. Ethane� C2 ­�

`ab N Cl radical� �/ H abstraction ��
 �M ¤± ��Û�.

(�2 ethane� EDC0 �Y ��� �A1n«, chloroethylene$�

Ï) VC 5: $<� l+�n ¥A�B butadiene� 5:
2 CH2Cl

radical� 5:$� Ñ l­� �� ÊAB §P8Z�.

4-2-3.�� R�$ �� ú� GHIJ

�� R�
2 �� ú�� => H abstraction ��� �A1� Cl

radical� �� õ6� @A/ ��� ìWAD, Cl radical� ��õ6

, �¦WAB A�%1D, EDC0 �Y ��� -� bz{� �� ú

��B T4� } -�. �	B Cl radical� ��õ6, Â�%1� �

�AB 'f� 
�� bz� �� R��B 74� } -�.


0 9
 �� R��, 74�+ ��� ���� ��, ��b

� ®¾ ��b� 5:� *Ë� [�� /�. �� R��B� CCl4

,� Cl radical� �;�� bz{
 *Ë 	q
 � } -AD,

CCl4� ( Q¦B� ÷± ��b� 5:%1n ¥� R��B 74

� } -�. (�2, Cl radical� õ6� ½± _n8Ô 5:8� +

� �n ��b{
 Â��� [$� w5�tA�B ��bB �¦

��� }°� ½
� Ê� ��b K�� �< }6 
q� [$,

¨V� �Ë\ ÊAB *ËÌ�.

4-3. Butadiene � Chloroprene� ��

Butadiene� 5:� �] �^/ Q�, ¸ø�. Butadiene� 5:

¬� 2H3$ _� l­� -�. 2H3� 5:� VCB�� %T8D

?6 � � ®¯ Ú¡` �¾ �� �q� a�. 760 K ²«� ?6

�!� CH2Cl HCl$ VC� ���+ 2H3
 w58D 800 K 
q�

?6�!� vinyl chlorideB�� �� Cl radical
 _)8� C2H3
 5

:Ì�. Cl radical� abstraction� H abstraction� �� ��� @

�6� Ö× ÷�. ®¯!, *? � 
 _n�}é butadiene� 5:

¬� uÍn± Ì�.

Chloroprene� butadiene$ _7/ C��� �n* -n«, 5:

GHIJ� �¾ �q� a�. Chloroprene� C2H3Cl$, 2H2Cl


«2 
��nD, 2H2Cl
 5:8� ��� H abstraction ��
�

B, vinyl chloride� 5: ��¨� ¤± 
����. ®¯!, bBB

�#� 5:¬� vinyl chloride� õ6, c cracking depth0 �� l

m
 -�. ®¯!, cracking depth, ½
± 8Ô chloroprene� 5:

¬� Â��± Ì�. Fig. 10� chloroprene0 vinyl chloride� õ6

l­�
 2Å2 -�.

5.� �

º UC�!� EDC ��� ;<� 	qAB `» �� ¼6|�

74�+ EDC ��� ;<� �¦ �� GHIJ� 
|W ���

�%�+ Cd�t�. ./, �BÐ �� GHIJ� d·AB EDC

��� ;<� ��° Â� ��$ +� �n �� bz{� qe T

4 µ ;< ��� �L�tAD, ;<AB P� w58� ��b{

� 5: åP$ ( úA ��� 	�+ ØÍ¨W�.

EDC ��� ;<� Í[ �^/ ��AB 
��n* -n«, ¿�

B� ���B P/ radical 5:, radical� �/ H abstraction ��$

polymerization ��� �n* =f ���
 �L� } -AD, �LÌ

���� d·AB ?6 ��� ®¾ ��b$ ��°� ��, ()*

��b� ®¾ �¦ �� }°� ��� ØÍg } -Z�.

����

A : Arrhenius constant [Consistent Unit]

b : temperature exponent(Modified Arrhenius Equation) [-]

: mixture-average specific heat [cal/mol/K]

G : Gibbs free energy [cal/mol]

H : enthalpy [cal/mol]

K : equilibrium constant [-]

k : reaction rate constant [Consistent Unit]

T : temperature [K]

S : entropy [cal/mol/K]

���� ��

ρ : density of reactant [mol/cm3]

v : reaction rate [mol/s]

����
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