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Abstract − This research was about anti-polymerization both in the purification process of high purity cyclopentadiene from

C5 fraction and in synthesizing norbornene via Diels-Alder reaction. During the purification process of HPCPD, high reaction
temperature reduced polymerization reaction as a side reaction better than low temperature. The TISP among the inhibitors got

the higher rate of CPD conversion, and over 100 ppm of the concentration of inhibitor was suitable for stable CPD production.

In addition, the synthesis of norbornene using inhibitors reduced the side reaction, but the selectivity of endo and exo nor-
bornene form was not affected by the use of inhibitors.
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Table 1. Composition of typical C5 fractions (weight percent)

 Type of C5  Weight percent (%)

 Paraffins  iso-C5  15
 n-C5  20
 cyclo-C5  1

 Olefins  1-Pentene  4
 2-Pentenes  6
 Methyl butenes  8
 Cyclopentene  2

 Diolefins  Isoprene  15
 Cyclopentadiene and dicyclopentadiene  15
 Pentadienes  10

Acetylene, Aromatics, and other  4

 Total  100

Fig. 1. Block diagram for the separation of cyclopentadiene from C5-
fraction.

Fig. 2. CPD reaction in C5-fraction in the process.

Fig. 3. Polymerization of norbornene.
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dimethylbenzyl amine(7%)+stearic acid(3%)+ethylbenzene(90%)) Z�

1 hydroquinone(Kanto, 99.0%) HG�y'. DCPD(Aldrich, stabilized

with BHT), BA(Junsei, 99.5%)v HG�y'. st qXK� syringe�

ïð�� ú¯16 �º�y*= GC(HP 6890, USA)� HP1 capillary

column� Qû³ FIDv �G�� 2N�y'. 2N� GC(HP 6890,

USA)� üý� AT-WAX(30 M×0.25 mm)v HG�� FIDv �G��

2N�y'. �� exo ���� endo ���� qX°²� ¬¬� ìþ

�^v dT7 GC� 2N�y'. 
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Úa�*� -0 : ; <#%6 ô�5 ��&'. Fig. 6� �� �0
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Fig. 4. Diels-Alder reaction of CPD and butyl acrylate.

Fig. 5. Schematic of reactor.
T: Temperature indicator, P: Pressure indicator, TB: Temperature bath,
CT: Control tower

Fig. 6. The effect of reaction temperature on CPD and DCPD concen-
tration in C5-fraction.
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0% ¬$ '�l� CPD
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CPD� Á.� ¹Jv L�Y1 <'. `Â"/V �
 Ä.�w67

���09� �%� oT CPD% DCPD�� �4J st �# +%
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� Á.% ka�� �%�1 <'. Fig. 8� �� �09o IPON�

TISPv �%�y5 � Ä.6 ½´ DCPD� Á. ¹Jv ��ù1 <

'. � ���09# DCPD� CPD��  4J st6 ���*� �

��0 ��1, DCPD� CPD��  4J st*� oT Á.% 
Û

�*� �À�1 <'. �() `Â~��7 Ä.# CPDM DCPD�

2�6 </7 ��) Ù:5 �1 <*= �è�� Ä.v �è�*�

� +%qXK� ?5 �À� �Þ7 ¯�6 CPDM DCPD� Á.v 9

/: ; <*=, 1p. Pa� Úa�*� CPDM DCPDv U5 ; <'.

3-1-2. ���09� |}M Á.� ÿb

���09 |}� ÿb6 º) `Â� %Q ���'1 � "/V

Ä. 180oC67 IPON, TISP, hydroquinone5 HGT7 ka) ��

�09� Á. 10,000 ppm ¡æ67 ;x�y'. ���09% ê��

0 �� ¡æ67# CPD� +% st� qX� %IX� ­�V'. 1

p.J Pa� %Q ù�) st� CPDM DCPD� ÚaX� CPD�

+%st� u9�'. �� �09# ¾Bü5 9ó�*�� ��5 u

9�# ±�% <� ³'. � `Â5 d�� 1p.� CPDv U$ w

) Pa6 ��) �� �09v £a�# � �) ±²�o Þ� $�

�o �6 </ ���'.

Fig. 967# �� �09� |}6 ½¾ CPDM DCPD� Á.� ¹

Jv ��ù1 <'. i£ %Q ùëT¥ : �� �� �09� ê�

: �M ê��0 �5 � ��% 2Ñ�'# ��'. �� �09% ê

��0 �5 �# CPD� Á.% �Ô� 0�6 ½¾7 �À�# Íb

5 ��ù# sÞ, �� �09� ê�¡æ67# CPD� Á.% 
Û

�*� �%�5 ��ù1 <'. �# DCPD� CPD��  4JM CPD

Fig. 7. The effect of reaction temperature on CPD concentration in C5-
fraction with inhibitor IPON 0.1% and TISP 0.1%.

Fig. 8. The effect of reaction temperature on DCPD concentration in
C5-fraction with inhibitor IPON 0.1% and TISP 0.1%.
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w67 ��) �� �09� �Ü�o �� +�)'. DCPD# �Ô

6 ½¾ �� �À�#í, �# DCPD�  4J� qX"/V CPD%

���09� oT '� DCPD µ� +% st� �q�$ /¿$ �

��'. �) DCPD� Á.% �� �09� ê� �67# 2�Ô �

c+,# Úa�*� ¹�#í sT �� �09% ê��0 �5 Í

i# 
Û�*� ���� �À"# Íb5 ��ù&'. ��� ��

�09% ê��0 �5 � CPD� DCPD�� �4J st�' +%

st� Ý i	) �*� TN³'. �� �09 |}� £Å6 </7

# Fig. 96 L�� ÆM z� TISP% �� �09�7 %Q ���'

1 : ; <'. Fig. 10� �� �09� Á.6 ½¾ CPD� Á.� ¹

Jv L�Y1 <'. ��) ���09� TISPv £a) c TISP� Á

.v ¹JT%=(100-10,000 ppm) ̀ Â5 ;x�y'. �� �09�

Á.% ­�¶;� ñ� Á.� �� �09�' CPD� Á.% ÖÔ

­�0# Íb5 L�Y1 <'. Z(L DCPD� Á.# �� �09

� Á.6 ½´ � ��# L�L0 �#'. ���09� Á. ¹J#

100 ppm��� )
 Á.v ºÈ�# �� ���0¦ m `Â6 HG

) st$�# �ù �� ?� Á.v aä�� `Â�# �� �i /

©g `a*� bc pilot �$� st Qe67 ���09� )
 Á

.6 \) `Â5 ;x: ÷a�'.

3-2. ���� ��� �	
� �


3-2-1. ���09� Á.6 ½´ ÿb

CPDM BA� Diels-Alder st6 ���09v �%�y5 � exo �

��� endo ���� Ö 89 wt%% qX"&'. �0¦ jst³ BA

M DCPDv 9��Þ exo ���� endo ���� ��²� 97%v  

#'. �# ���09v ø0 �!5 � ���� qX4(79.24%)�

°"�Þ exo ���� endo ��� qX4� ­�V ~�v %W#'.

�() ~�# ���09v ø0 �!5 � +% qXK 15.28 wt%�

' ���09v �%�y5� 1/8� ñ� +%K5 qX(1.79-2.37

wt%)�$ ���'. �# +stK� �� qX"Þ7 exo ����

endo ���� qX4� ��²� ­�0# �5 `Â5 dT ��ù

1 <'. exo ���� endo ���� ��²5 ­�# � � ��)

) �À# +st� u9¾ : ; <1, � `Â6 HG"/V ���

09# +st u96 ���'1 � "/V'. ���09� Á.6

½´ qX4� ��²5 Table 26 L�Y&'.

Fig. 1167# ���09o hydroquinone, TISP, IPON� Á.6 ½

´ exo ���� endo ���� qX4� ��², +EK qX45 �

�ù1 <'. ���09% �%"0 �� ¡æ�' ���09% �%

³ ¡æ% exo ���� endo ���� qX°# É� ÿb� �$5

m `Â5 dT7 Ó ; <&'.

Fig. 9. The effect of inhibitors (0.1%) on CPD and DCPD concentra-
tion in C5-fraction at 180oC.

Fig. 10. The effect of TISP concentration on CPD and DCPD conver-
sion in C5-fraction at 180oC.
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3-2-2. ���09� |}6 ½´ ÿb

Fig. 12# ¬¬� ���09� |}6 ½¾ exo ���� qX4�

+EK qX4 ��v ��ù1 <'. ���09� |}6 ½¾ exo

���� endo ���� qX46# � ��% �# �5 Ó ; <'.

4. � �

m `Â67# C5 -2Y� ��st� st�a `Â~�v Ã\�

1p.� CPDv U# Pa Y67� +% st5 �\) u9�$ w

) ���09� £a, ���09� ?5 £a�1 �) Ä.É £Å

³ ���09� ?5 ÆÇ/7 ��"# a.v ºÈ�� CPD qE

� ¬ PaÉ ��� �Ê5 ~a�# ��'. �) CPDM BA� Diels-

Alderv d) st� ��6 ��� qX"# %pK5 &�$ w��

���09 Ù:�  !, ���09v dT �X¶D(endo/exo) °²

5 �è: ; <#%6 º��  !�y'.  ! `Â~��+, ñ�

Ä.67�' ­� Ä.(180oC)67 CPD� DCPD�� �4J st µ

� DCPD� CPD��  4J st� CPDM '´ +%�o st�'

i	�$ ��6 CPD, DCPD# ñ� �¯X ' Úa�5 ��ù&1,

Ä.% ñ�(6 ½¾ ­� Û. ¡;v ¢1 <$5 äo: ; <&'

. �() 2� Pa67 Ä.# � ÿb5 L�Y&'. �� �09 TISP

� HG� CPDM DCPD� ��²6 </7 '´ �� �09� HG

� °"T� � ñ� ��²5 ��ù&'. ­� Á.� �� �09#

CPD� ��²5 Ý�Ý Úa) ¡æ� �)&'.

CPDM BA� Diels-Alder st6 ���09v �%�y5 � 1/8�

ñ� +%K qX(1.79-2.37 wt%)5 ��ù&1, +stK� �� qX

Table 2. The effect of inhibitor type and concentration on the ratio of endo/exo conversion (at 180oC)

Inhibitor Exo norbornene (wt%) Endo norbornene (wt%) Exo+endo conversion (wt%) Byproduct (wt%

Without inhibitor 36.58 38.33 79.24 15.28
Hydroqui-none 0.3 wt% 44.56 45.17 97.48 2.19

0.5 wt% 43.76 44.46 97.72 1.84
0.7 wt% 43.87 44.54 97.10 2.37
1.0 wt% 44.51 44.50 97.68 1.99
1.2 wt% 44.65 44.69 97.88 1.96

TISP 0.5 wt% 43.76 44.82 94.92 2.73
0.7 wt% 43.37 44.64 97.07 1.58
1.0 wt% 44.67 43.15 95.77 2.69
1.2 wt% 44.37 43.66 95.72 2.46

IPON 0.3 wt% 44.60 44.93 96.76 2.17
0.5 wt% 44.03 44.45 97.01 1.79
0.7 wt% 43.97 44.14 95.36 2.34
1.0 wt% 44.89 44.83 96.40 2.21
1.2 wt% 44.81 44.59 96.04 2.29

Fig. 11. The effect of inhibitors on the ratio of endo/exo products in the
reaction of CPD and BA.

Fig. 12. The effect of inhibitor type on exo norbornene.
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