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Abstract − The characteristics of poly(vinyl chloride)(PVC) pyrolysis has been studied by using thermogravimetry(TG), gas

chromatograph-mass spectrometry(GC-MS) and fourier transform infrared spectroscope(FT-IR) under various heating rates and

residence times. The yield of pyrolytic oil and the content of heavy oil increases as the heating rate decreases. As the heating

rate increases, an increasing tendency of the yield of BTX and low molecular weight materials is observed. The recovered oil pro-

ducts are mainly composed of BTX, indane, indene, naphthalene and anthracene. As the residence time increases, the yield of oil

increases because gas phase products such as ethylene and butadiene are combined by the Diels-Alder reaction.
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���� �� ��� ��� 	
� �
 ����� ��� ��

� �� ������   !�"# $%& '() *+��# ��

��� ,-�# ./" 0�1 234�5 67) 89��:[1].  

;� <=" >?�# @�	� A��5 B& @�	 �CD EF

G*5 �H�� ���IJ @�	� KL4B �CMN OI"J

P��D :� ��� �� Q# RS�:. P��# TS� 7�"

UV DWX Y,, �Z-# �[ \]	(char)" �^�_Z 6` a

# :b cdTe" Ef Dg& h` i� F8j 8 Q:. UVJ

P��# @�	� kEf�# MNB 1l mf� *+��# @n

VWo� pf�� q0cj 8 Q# <r� �CN Dst ��5

uD�� Q:[2-5].

P�� ��� [v" UV degradationL decomposition� w DZ

5 �x-Z#t degradation"J# ���� yz{D ��| }-~

100 % yz{5 �9��, 2l ��� �9�Z �# �I", decom-

position� -� 4!& ����"J# �y& ��	� ��IJ h

�� E�� ��) pZ�� �:. $� poly(vinyl chloride)(PVC)#

D�*� A��5 Ef� >�� ?D��Z� P" ��:# y3

� �� Q� �G" ,��� P�� ��� 0/	
� �-��

�, P�� �� Dst decomposition� ��" ���, �`� /�

[v" UVJ solution decompositionL solid decomposition�5 �

x-�:[1]. ��@�	� �H"J nVWo ��� G*D �# �

� 0�� PVC 2 HCl�G�:[6, 7].  ;� PVC 2 HCl� �(

��S�1 :b -� nVWo� ���: ��  �"J ¡� �

C¢ 8 Q�£5 HCl� F8) �& ��  �"J� P��) ¤

�1 HCl� F8& ¥ ¦z� \] §c8�(hydrocarbons)� *¨&

:I ©ª*�" �f¢ 8 Q:[8]. UVJ P��" �& PVC D

st HCl F8D «¬� ���� Q�� ,­"J �9 2B :8

� P�� TS�� HCl� ®��	� ��5 *��� Q�� �:

[4]. �X ¯� PVC� P��# HCl� °AL �±Z ��� 2l �

�5 ²�j 8 Q#t HCl� °A�� ³� �´ccµ	� k2µ

��� ¶�" ,-�J ,�# �( ��D -·s 	
5 ¸��

¹º� §���5 ³� �:[3].

Z»_Z PVC� P��" 0& 67¹L# ¼� A½� ¾ Q:

[9, 10]. ¿ i[3]� HCl� °A� 2��5 ��	� A�� �E�

� �±Z §c8� ��	� $�� �À�# MÁ�5 PVC� P

�� RÂ� 89����, TGA) �f�1 ABS, PS, HDPE, PVC

nVWo Ãµ	� P�� $�� �Ä& 67 ¹L� A½& ¾ Q

:[11]. a& PVC P�� TS" 0& �: SÅ& ��X /fc)†E-mail : crelab@email.hanyang.ac.kr
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516 ���������	
���
����
Æ4�5 P����Ç4 67�[12,13]� ÈÉ 89�- �:.  ;

� P��# �� ¸8" UV   ��	� �´" ¼� ÊË� Ì

� Í� ÎÏV Z»_Z� 0��� 67# HClL �Ð� PVC P

��� 67D ®) �Ñ- �:. UVJ ­ 67"J# ��	 �´

" ÊË� ¦Ò# P��  �, DP�� Ó {]��" Ub PVC�

P�� �� 67) TGA(thermogravimetric analyzer)X �SÔ �

��) �f�1 <Õ P��  �_Z Ö �×� N2 ��� �"

J 89���� P�� �� ¸8" Ub ��	� S� Ó Sz�

À� ��:.

2. � �

2-1. ��

�`# LGcd"J *�& straight resin(LM 100)� Ef����

�`� ��z� 0Ø 6� S��:. Ù�� Ú2� 0.58 g/mL��

100 mesh S� Û�� :T� ÜÝ �Þ�:. Table 1� Fisher Coal

Analyser(Model 490)) �f& �`� Te�À ¹L�:. ��� 8

�� *+�I 0��� °A	
�� �S§�(fixed carbon)5 �Ñ

-~ Q
� ß 8 Q:. Table 2# �`� h��À ¹L�:. h�

�À�"J j5à h�) �Àj 8 á��£5 8�, §�, 
�,

ª�� â� *+& �±Z) ©�� â�5 ãS��:.

2-2. ����

2-2-1. DP��

P�� ��"J DP��# �`� ����" äå4�5 ÊË�

®# ¸85 DP��D æ)8ç ����D èÎ�:. P�� ��

� y, ��� ÎÏV 8é"J 8ê DZ� ��� ¶�" ,-�

# ���£5 ����" UV (ë& ��� ìV
 8 Q�� �

" UV ��	� �´� ìV
 8 Q:. UVJ ­ 67"J# D

P��) *1� RÂ¸85 Ef��:. DP��# TG RÂ"J#

10 oC/min, 20oC/min, 30oC/min, 50oC/min�5 ¸c�×� RÂ�

��� ��� RÂ"J# PID  � �í�) Ef�1 10oC/min, 40
oC/min, 70oC/min, 100oC/min5 ¸c�×� RÂ��:.

2-2-2. {]��

P��# 1l4�5 �{/"J� ����� 2²�Z� ���

��	 E�� �/ ��� �( 2²�� �;& 2l4B �/ ��

" ÊË� ¦Ò# ¸8D {]���:. 2l4B �/ ���5# �

{/� ��LS" �� ��� 	
� E�� îï" �& k��

��L Diels-Alder ���5 0½�# k2µ �� i� Q:[15].

UVJ PVC� P�� RÂ"J DP��X ð�- {]��� ¸8

5 Ef��:. {]��� ��� �ñ, ���  �, pò DW5 E

f� 
�� pz i" �� ¸c�ó 8 Q#t ­ RÂ"J# �

��� �ñD �S�- Q�£5 pòDW� pz� ¸c�ô {]

��� �í��:. ���  �# ��� õ��  �" UV õ�

DW� ö�) ¸c�÷�5ø {]��" ÊË� ®# a ��� ¸

85 �f�� �#t ­ 67"J 89& DP RÂ"J# ����

 �D ù�4�5 ¸�� �£5 uú {]��� ùª�1 Ef�

�:. uú {]��� TG RÂ� ¤� polyene� ���# 7�B

400-560oCE�"J ùª��:. ��� õ�� Û�) �·�1 ù

ª& ¹L pz� 100 mL/min, '(# � 52û, pz� 200 mL/min

, '(# 27û, pz� 500 mL/min, '(# 11û�:.

2-3. ���� 	 ��
�

�SÔ ��� RÂ� ü yù5J  �" Ub PVC� 2z ¸c

) ýþ�� ��1 TG(Shimadzu TGA-50) RÂ� ��:. 20 mg�

�̀ ) Ef���� DP��) 10-50oC/min�5 ç�×IJ 1,000
oC_Z Ö  RÂ� ��:. P�� Y,� F8) �& �SÔ ��

RÂ ÿÒ�# Fig. 1" ��õ�:. P�� ���# Z�� 30 mm,

��D 500 mmB ÀÊ�� Ef���� �`# P�� ��� �

`� â" Ub P4 Z6 ./�� ��DW� üìZ6 ./� <

�cj 8 Q�ç 1.5 cm�10 cm�1 cm Û�� �� �� ���5

�M�- Q# 2�� cell" HH 5 g| �Î ÀÊ� �" ��:. �

`) �� ¥ 
�DW) h�# {]��� ��ç pz� �í&

¥ PID *-�5 electric furnace) ,S& DP��D ��ç *-

�IJ 1,000oC_Z Ö �	�� �� A��# ��	� 

	 �

" �- � F8�"J �
�ô F8��:. F8�� ä�5 6¹

� 2�) Ef���� F8�� 
z ¸c5�� HH� F8�"

# F8�# Y,� â� OS��:. F8� �"# HCl� A�z

� OS�� ��1 2�� nVWÛ" 	� �Î ���×IJ A�

� HCl� f��	�� � �� nVWÛ"# 1 L, w �� nVW

Û"# 250 ml� 	� �Î Ef��:. P��D ,-�# LS"

P��  �� ¸c" Ub HCl� A�z� OS�� ��1 � �

� nVWÛ" pH probe) �Ò�1  �� ¸c" Ub HCl� A

�z� OS�· ���� pH probeX pH meter� �� Z6� �

J A�z� SÅ� �Ê�Z ��# �ù5 RÂ� �� ¥ 0.1 N

Na2CO3 ½¬f�� �f& 2c 4SN" �� � HCl� A�z�

ùª��:. Na2CO3X HClL� 2c��� :
L ¯:.

 Na2CO3� 2HCl � 2NaCl � H2O � CO2

2-4. �
�� �
��

PVC� P�� Y,� FT-IR(Bruker IFS45)L GC-MS(GC; Shimadzu

GC-17A, MS; Shimadzu QP-5000)) �f�1 �À��:. P�� Y

,� Îë�" �B ¥ GC-MS" ®ò���� mass spectrum� �

À�J S� �À� �� GC-MS chromatogram� peak I4� �

¬�5 Sz �À� ��:. Table 3" GC-MS� sü ��� ��

õ�:.

             
Table 1. Proximate analysis of PVC sample

         Item Weight fraction(%)

         Initial moisture   0.8
         Volatile matter 93.7
         Fixed carbon   6.3
         Ash   0.0

Fig. 1. Schematic diagram of pyrolysis apparatus.
���� �37� �4� 1999� 8�
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3. �� 	 
�

3-1. TG/DTG ��

Fig. 2# DP��� ¸c" Ub P�� ��� TG Ó DTG �r

�:. HCl� }-~ �Y#  ©c8� ��� DP��D 10oC/min

, � � 220oCS�"J ���� 370oCS�"J Õ¹��:. DP

��D �ZIJ �� �� �X �� Õ¹ �D èÎ!� ß 8

Q#t �# P4 Z6 ./, " ®��  ��: �` õ��  �

D ð �� �G" ���# ./�5 #y�:. Fig. 2� TG�r"

J �I  ©c8� ��" �� ü{ �`� � 63% S�D $��

��� DP��X# %��� ,SÈ� ß 8 Q:. Table 2� �`

� h� �À ¹L" ��I ©��� �` %�� 53.7%���£5

�) &w ©�h�V� DS�1 ©�h�� ��z� $�j '(

HCl� Î%C ¼� }-~ �X� ü{ �`� 55-56%) 'Z �j

��5 #y�:(53.7�36.5/35.5=55.2).  ;£5 ���  ©c8�

��� ,-�# LS"J HCl �+� :b §c8� 	
� <�&

� 8%S�D }-~ �Y� Q:# �� �¦�# ��5 Strom-

berg i[15]� ��� §c8�# ()L *Ñ+ i, ��5 ��&

¾ Q:. Polyene� ����� DP��D 10oC/min, � � 400
oCS�"J ���- 500oCS�"J ��� DP��D �
 '("

#  ©c8� ��L ,-DZ5 �� �� �X �� Õ¹ �D

ð èÎ!� ß 8 Q:. PVC� P��" �& Y,� 0���

polyene� ��5�� .-Z#t Fig. 2� TG�r"J polyene� �

���" �& 2z $�# ü{ �`� 26-27%S��:. UVJ PVC

5�� .� 8 Q# Y,� <0z� ü{ �`z� 26%S�, �

��  ©c8� ��" �& §c8� ��� �·�ðV� 34%)

'Z �j ��5 �H�:. :b ��� 	
L# :^� PVC# P

�� ¥" \]	� ³� �#t \]	� â� 9%õ+�� DP�

�D �
8ç \]	� â� $��# 'Ë� ��õ� Q:.  C

� Fig. 2� DTG�r�5��  ©c8� ���� polyene� ��

�� &w DP��D �!" UV ����D r[4�5 ?DÈ�

ß 8 Q�� ����D <0B  � Tmax#  ©c8� ��� '

("# 280-320oCE���, polyene� ����, '("# 440-

460oCE�/� ß 8 Q:.

3-2. �
�� ��

PVC� P�� ���5�� .� 8 Q# ��	� HCl, Y,, D

W, char i� Q:. HCl� â� 2c4SN�5 Sz& ¹L�� F

8� Y,� â� w �� F8��5�� �
�ô F8� â� µ

& 0�:. a& \] char� â� P�� RÂü1¥� ��� cell

%� ¸c) �f�1 OS��:. DW� â� RÂ4�5 OS��

D �( -·(£5 ü{ �`z"J ©c8�� A�z, Y, Ó \

] char i� *+& â�5 DS��:.

3-2-1. DP��� ÊË

Fig. 3� {]��� 11 secB ��"J DP��� ¸c" Ub PVC

� P�� ��	 �´) ��2  3�:. HCl� A�z� DP�

�X# %��� �`%�� 55.5-56.5% S���� �` 2� ©�

Fig. 2. TG and DTG curves of PVC at various heating rates.

Table 2. Elemental analysis of PVC sample

        Elements Weight fraction(%)

        Hydrogen   5.4
        Carbon 38.6
        Nitrogen   0.1
        Oxygen   2.2
        Chlorine* 53.7

* Remainder

     
Table 3. Analysis conditions of GC-MS

     Item Condition

    Column 25 mS0.25µm, BP1 capillary column
    Column material 100% dimetyl polysiloxane
    Carrier gas He
    Column temperature 50oC to 250oC at 10oC/min
    Interface temperature 230oC

Fig. 3. The effect of heating rates upon the product distribution from
pyrolysis of PVC[Residence time:11 sec].
HWAHAK KONGHAK Vol. 37, No. 4, August, 1999
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���
����
�4� 53.7%B �� �·j � ¨� üz� HCl5 F8� ��5

�H�:. DP��D ?DÈ" UV Y,L char &w A�z� $

��# 'Ë� ��� Q:. a& Fig. 3�5�� ß 8 Q5� DP

��D ?DÈ" UV Y,� 84� $��� DW� 84� ?D

�# �� ß 8 Q:. �# ����� l" �& ¹L5 �À�:.

" DP��D Û:# �� ����D Û:# �� �¦�� ��

��D 6 '( polyene E�� ü{4�5 7� ���� �G" Y

,� 84� $��� DW� 84� ?D�# ��5 #y�:. a

& char� 84� DP��" UV ¸�# �� 8� �¶ ��(hy-

drogen transfer reaction)" �B�# ��5 3-3í"J �8��:.

3-2-2. {]��� ÊË

Fig. 4# DP��D HH 10oC/min Ó 100oC/minB ��"J {

]��" Ub P�� ��	 �´) �B  3�:.  3�5�� HCl

L char� A�z� {]��" %��� ¨� ,S���� {]��

� �8ç Y,� 84� è� DW� 84� $��# 'Ë� ���

Q
� ß 8 Q:. Y,� 84� ?D��:# �� �/"J k��

���:# Diels-Alder ��L ¯� 2µ��� ,-9:# �� �¦

&:. 2µ��� ,-�� ��J# �2 ¹µ� ¼� �/ ��	�

Q-: �£5 A��# DW ��"# ";<, ��=+L ¯� ß>

cµ	� ¼� ��5 �H�:. a& Fig. 45�� Y,� ?Dz� D

P��D 10oC/min, '( 19.9%"J 22.1%5 2.2%D ?D� �I,

DP��D 100oC/min, '( 14.7%"J 17.8%5 3.1%D ?D��

:.   �p# DP��D 6 '( DW ��	� ¼Î~J k2µ�#

DW��� â a& ?D�� �GB ��5 #y�:.

3-3. �
��� �
 	 �� ��

GC-MS Ó FT-IR� �f�1 ��Y,� S� Ó Sz�À� 89

��:. ­ 67"J 89& S� Ó Sz�À� ¹L) DP��D

10oC/minB '(� P�� ��Y," 0& GC-MS chromatogram�

0/�5 �1 Fig. 5" 0½4�5 ��õ�:. Fig. 55�� ß 8

Q5� P��5�� ���# Y,� &wD MË? cµ	�� ß

@�� ß>L ¯� är7�� cµ	� Ak�Z �B:. UVJ

6`p5J Ef�� ��J# är7�� §c8�D ¼� ´È�-

Q-:� Cü 6�D ¡� ,-�� APz� �Z£5 PVC� P

��5�� ���# Y,� 6`p5J� Ef� 4í�Z �j �

�5 #y�� :b cdTe� h`5J� �f� �: KL4, �

�5 E`�:. �;& PVC� P�� ��Y,� 0�� MË? c

µ	B �p# ß@�� ß>cµ	� §�X 8�� Ú# 1: 2��

A��# Y,� §�X 8�� ÚD ¨� 1: 1B polyene�5�� �

��� 4� â� 8�5 ¼� â� §c8�D ���� ��J#

§�X 8�� ÚD 4� MË? cµ	5 �-:� �� �GB �

�5 #y�:.

3-3-1. DP��� ÊË

DP��" Ub P�� Y,� Sz�À ¹L# Table 4" ��õ

�:. PVC P��� ��Y, 2 Dÿ ¼� â� ´È�- Q# �

� &D '(" �E <���� DP��D �!" UV �E <

" 0& rF�� ?D�1 100oC/min, '(" �E <� �

35.1%�:. Table 4) �I DP��D �!" UV �E < ���

'
�� �: ¼Î!� ß 8 Q:. '
�� ¼ÎZ# �p# DP

��D �!" UV �{ ��z� G� Y, ��z� $��# �

L ¶,& �p5 polyene� �: 7� ���� �G, ��5 �

H�:. ¿ i[3]� DP��D 68ç '
�� Èpz� èÎ�:

# ¹L) A½& ¾ Q:. UVJ Y,� 2
�� Y,�: '
�

� Y,� ¼� Èpj8ç mf Dg�� èÎZ£5 DP��) æ

^� �1 P���# �� KL4, ��5 #y�:. a& BTX�
Fig. 4. The effect of residence time upon the product distribution from

pyrolysis of PVC.

Fig. 5. GC-MS spectrum of pyrolytic oil at 10oC/min[Residence time :
11 sec].
A: Benzene B: Toluene
C: Ethyl benzene D: p-Xylene
E: Stylene F: m-Xylene
G: o-Xylene H: Methyl ethyl benzene
I: Indane J: Indene
K: Butyl benzene L: Methyl propyl benzene
M: Naphthalene N: Methyl naphthalene
O: Biphenyl P: Ethyl naphthalene
Q: Diphenyl methane R: Dimethyl naphthalene
S: Ethenyl naphthalene T: Fluorene
U: Methyl biphenyl V: Methyl fluorene
W: Phenanthrene X: Anthracene
���� �37� �4� 1999� 8�
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�4� DP��D �!" UV 3.0%�/ ?D��:. a& Table 4

"J ß 8 Q# a :b ./ 2� ��# DP��D �!" UV

ß@()�� indane i� cµ	 �: ß>()�� indene i �2

¹µ� ¼� ´È�- Q# cµ	� â� ?D�� Q# ��:.  

�p# DP��D �!" UV ����� �~ >�& �� ��

� ,-�I 8��¶��(hydrogen transfer reaction)� ,-�Z �

�� ¾5 ���- HC� �G�5 �H��, a& DP��D �


8ç \]	� â� $��# �� ���# §c8� 2" �2

¹µ� ¼� �� Q� �GB ��5 #y�:.

�/�5�� ¹L5�� PVC� polyene P�� ��" 0& DP

��� ÊË� SC�I :
L ¯:.

�"J �� (2)# (1)L ¯� polyene" P� D�
 � ,-�#

V=I �� ���� �� �� (2)X ¯� conjugate� 7�"J#

πü�D �pJ� �¶j 8 Q� �G" V=I� �Ò� �pJ�

�¶�IJ ��� j 8 Q� �:. �� (3)� 8� �¶ ��(hydro-

gen transfer reaction)�5 V=I� -� :b ��� E�" Q#

8�) T��J 8�D �¶�# ���:. UVJ 8�) ÌÎ��

# E�, " V=I� Ak�# E�� ß@ ��cµ	� ��� 8

�) KL�# E�� �2¹µ� â��5 Ak�# §�D ���

�:. �2¹µ� â��5 Ak�# §�# 8�D á� �2¹µ�

¹µM� N�J ¹º"# �S§�5 ³Î P�� �� ¥" \]

�� �:. a& �� (4)# MË? cµ	5 ���# ��� ��

2:. �, DP��D æ^:I polyeneE� ü7�"J ¶�" �

� ��� ,-�J 7� E�� ¼� ���� UVJ DW� �4

� ¼ÎZ� �� Y, 2"# '
�� ¼� ´È�� �:. a& �

���D æ^� �G" �� (3)L ¯� 8� �¶ ��� /04�

5 O A��£5 Y, 2"# ß@�5 ÒP� MË? cµ	�:

# ß>�5 ÒP� MË? cµ	� ¼ÎZ� �� \]	� â a

& $��# ��5 #y�:. �;& ./� ��	� 84" Q-

J DP��D ?DÈ" UV \] char� â� $��# RÂ¹LX

,Ò�# ¹L��� �:.

3-3-2. {]��� ÊË

Table 5# DP��D 10oC/minX 100oC/minB '( {]��" U

b ��	� Sz�´) �z� �¬�5 �1 ��2 ½�:. Table

5) �I ��Y," 0& {]��� ÊË� Û� ���Z �
�

ß 8 Q:. :� BTX� �4� {]��� �-!" UV 0.8%S

� ?D���� �E < ��� '
�� Èpz� 1.0%S� ?D

��:. a& �E <]� â� 1.2%S� $�& 0Q �� ��	

� â� 1.5%S� ?D& �� �1®� Q:. DP��D 10oC/min

, '(" ��	� �´D {]��� ¸c" Û� l�D �Z �

# �� �� DP��"J# �{� A� S�D �ÎJ k2µ �

�� ¼� A��Z �� �G�5 �H�:. a& Table 55�� D

P��D 100oC/min, '("# A��# �{ ��	� â� ?D

È�5 {]��� ¸cD ��	� �´" Û� ÊË� ®���  

2"J� BTX� '( � 3.0%D ?D��
� ß 8 Q:. Table 6

� PVC P��5�� ���# BTX ��" 0& {]��� ÊË

� ýþ�� ��1 DP��D 10oC/minX 100oC/minB '( {]

��" Ub BTX ��	� 7���� ��	� �z� �¬�5 �

1 ��2 ��:. Table 6�5�� BTX 2"J� ()L *Ñ+�

?DëD Î® RS�� ��9
� ß 8 Q:.  Tt xylene 2"

J# pU o-xylene�� ?D�� �±Z� â� ?D�Z �� ��

V 8 Q:.   �p# :
L ¯� Diels-Alder ���5 �8¢ 8

Q� ��5 #y�:. (1)��L (2)��� ��=+L ";<, ��

=+L E5W<" �& ()L *Ñ+� ����� ��2 ���

(3)L (4)# ��=+L �;<, ��=+L ��=+L� ��" �

� o-xylene� ����� ��2:. �X ¯� ���5�� -� ß

>� DZ�� m-xyleneL p-xylene� ���Z �
� ß 8 Q:.

 ;£5 {]��� ?D" �& BTX� ��� �E <�/� 	

    
Table 4. Quantitative analysis of pyrolytic oil at various heating rates

[Residence time:11 sec]

Material 10oC/min 40oC/min 70oC/min 100oC/min

Light oil BTX     7.4 10.1 10.0 10.7
Alkane benzene  13.4 11.7   7.7   6.7
Alkene benzene  5.3   8.9   9.8 11.6
Indane  3.9   4.7   3.1   2.4

Indene  1.5   3.5   7.2   9.1

Subtotal 31.5 38.9 37.8 40.5

Heavy oil Naphtalene 22.2 25.6 28.0 35.1
Biphenyl   7.5   5.6   6.8   5.3

Others 38.8 29.9 27.4 19.1

Subtotal 68.5 61.1 62.2 59.5

         
Table 6. Quantitative analysis of BTX product at various residence time

    
 Material

10oC/min 100oC/min

11 sec 27 sec 11 sec 27 sec

     Benzene 0.3 0.3 0.9 2.2
     Toluene 2.8 3.3 4.1 5.5
     p-Xylene 1.1 1.2 1.6 1.3
     m-Xylene 1.0 0.8 1.2 0.9
     o-Xylene 2.2 2.6 2.8 3.6

      
Table 5. Quantitative analysis of pyrolytic oil at various residence time

Material
10oC/min  100oC/min

  11 sec    27 sec   11 sec    27 sec

Light oil BTX   7.4   8.2 10.6 13.5
Alkane benzene 13.4 13.4   6.7   9.0
Alkene benzene   5.3   5.4 11.6 11.7
Indane   3.9   4.1   2.5   3.8
Indene   1.5   1.3   9.1   5.2  

Subtotal 31.5 32.4 40.5 43.2

Heavy oil Naphtalene 22.2 21.0 35.1 29.4
Biphenyl   7.5   6.7   5.3   5.7
Other aromatics 38.8 39.9 19.1 21.7

Subtotal 68.5 67.6 59.5 56.8
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� k���- ��� ��V� �:# �{ ��	B ��=+ �

�� ß>�" �& Diels-Alder ��" �& ��5 #y�� {]
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�� â� ?D�#t �� a& �{��� k2µ ��" �&

��5 �H�:.  C� {]��� ?D" Ub Y,â� ?D�

�T Diels-Alder��" �B& ��5 #y�:. a& {]��� ¸

c" �� ¸c� 	
5# �E <]D Q#t �# �E <]X

�{� ß>� ���1 :b �E <], " E5W �E <, �;

�E < i�5 üP� ��5 �H�� �5 B�1 �� 	
�

?D� ��5 �H�:.  ;� �" 0& 8Å& ÅB� ��J#

�: ¼� RÂ� ¤�1 ÅB�-: j ��5 #y�:. �X ¯�

{]��� ?D# Y,� 84� ?D�×�� �Z� pf& 	


B BTX� ?D"� /!& ÊË� ¦Ò£5 PVC� P�� ��"

J# {]��� �� �# �� KL4, ��5 #y�:.

3-3-3. ��Y,� FT-IR�À

Fig. 6� P�� ��Y,� FT-IR WXYZ�:. DP��� ¸c

" UV FT-IR WXYZ� ¸cD ¨� á# ��5 �Î DP��

" Ub ��Y,� �� ¸c# ¨� á# ��5 #y�:. ��

Y,� FT-IR WXYZ�5�� 2,900 cm−1L 1,500 cm−1  C� 750

cm−1�="J 3�� [ bandD �/� ß 8 Q:. 2,900 cm−1�=

"J �1Z# band# &D §c8� cµ	"J ���# band5

§�X 8� E�� ¹µ� ��õ# band�� 3,030 cm−1"J split

� ��# ��5 �Î §�X 8� E�" �2¹µ� �� Q# §

c8� cµ	� AkÈ� ß 8 Q:. a& 1,500 cm−1L 1,600 cm−1

"J �1Z# band# ()�C" �� ���# band�� ()�C

" 8�0Q ß@�� ß>� ÒP� '(" ���# 750 cm−1�=

� bandD Ak�# ��5 �Î 1; Õ]� () cµ	� AkÈ

� ß 8 Q:.  \" 2,000-2,500 cm−1"J ���# bandD á#

��5 �Î ]2¹µ� �� Q# 	
� á��, 1,500-2,000 cm−1"

J ��� bandD �1Z£5 ß> cµ	� Akj ��5 �H�

:. �X ¯� ��Y,� FT-IR WXYZ �À�5�� PVC� P

�� ��Y,"# MË? cµ	�� MË? cµ	" ß@�� ß

>� ÒP�- Q# 	
� ´È�- Q�� ]2 ¹µ� �� Q#

	
� Ak�Z �� ��5 #y�:.

4. � �

PVC� P�� RÂ�5�� :
L ¯� ¹L) .� 8 Q�:.

(1) DP��D $�j8ç polyene� V=I5 ^-Z# E�� �

�D �-~ ��Y,� 84L 2
�� â� ?DÈ� ÅBj 8

Q��� a& DP��D ?Dj8ç ��Y,� 84� $����

� Y,� ��"# '
�� Èpz� èÎZ� BTX� Èpz� ?

D�1 â
� Y,� F8j 8 Q�:. UVJ Y, F8OI"J

V � 4í& P�� DP��� rF� W²j ��5 #y�:.

(2) {]��� ?Dj8ç �/ 	
� k2µ ��" ��1 Y

, 84� ?DÈ� ÅBj 8 Q�:. a& DP��D �� '(

{]��" Ub ��	� �´"# [ ÊË� á��� DP��D

è� '( {]��� ?DÈ" UV BTX) ´È& '
�� 84

� /!� ?DÈ� ÅBj 8 Q�:. UVJ P�� {]��� ?

D�ó8ç Y, F8OI"J pCj ��5 #y�:.

(3) Y,� 7� ��� ¨� 0��� MË? cµ	�£5 6`

p �:# cdTe� h`5J Ef�# �� _� ��5 �H�

� a& Y, 2"# �E <�� `;�E <, ";�E < i

�E < p�{�� Dÿ ¼� Èp�- Q
� ÅBj 8 Q�:.

(4) DP��D ?Dj8ç A�DW� 84� ?D���� \]

char� A�z� $����� HCl� A�z� DP��� ¸c" %

�È� ÅBj 8 Q�:. a& {]��� ?Dj8ç A�DW�
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