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 Y� ��� ���� PEN��� ��� 2,6-NDCA� ���� 5-(o-tolyl)-pentene

� 	��  !" #$�%& �'() ������ ��*+, 	
��� ��� - .� /0� o-xylene1 1,3-butadiene

��� alkenlyation #$� #$0 
 5-(o-tolyl)-pentene� 2345 6�7 89& :��;<. �� != ������ �

�� 	
��� �� >5?  >#$& @= o-xylene1 1,3-butadiene� alkenlyation #$& �A�;<. ������ �

�� ��� - 47 pyrrole� TPD BC& @= DE�;<. ������ ��� 	
��� ��� FG H- I 
 J

- I� K LM� - I� NO�7 PQ� RSTQU, - 4V WX �����Q� ��Y�Z H- I� [� \

]" #^ J- I� [� _V�;<. H- I� [� _V`�Z alkenylation #$� #$0� _V�7 PQ� RST

), J- I� _V`�Z 5-(o-tolyl)-pentene�� 230� _V�7 PQ� RST<. abR J- � Rb 
 CsV ��

� FG57 cd!" J- I� NO� �= o-xylene5 K e �>� 1,3-butadiene� fg� )hij kglm� n0*

+ opq 5-(o-tolyl)-pentene� 234V \]�;<. 

Abstract − The gas phase alkenylation of o-xylene with 1,3-butadiene was studied on the alkali cation exchanged zeolites X
and Y. The alkenylation product, 5-(o-tolyl)-pentene, is a major precursor of 2,6-dimethylnaphthalene which is the raw mate-

rial of polyethylene naphthalate (PEN). The relation between the basicity of the alkali cation exchanged zeolites and the alk-

enylation activity and selectivity was investigated. It was found by TPD analysis that there were two kinds of basic sites on the

alkali cation exchanged zeolites: one was weak and the other was strong. The activity of alkenylation of o-xylene increased

with the amount of the weak basic sites, while the selectivity of 5-(o-tolyl)-pentene enhanced with the amount of the strong

basic sites on the catalysts.
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1. � �

2,6-Naphthalene dicarboxylic acid(2,6-NDCA)� polyethylene naph-

thalate(PEN) � �� ��� �	 �
�� 
���� ���� ��

�� ��� � �� � ! "#$ %&' (� �). * +!�, PEN

��	 ���� -. %&(� �)[1]. PEN��� 
/	 polyethylene

terephthalate(PET) ��0) 12 34��, -�56�, 
78 9,,

:�, � ;�$ <�' -�� ��, =3� >?@AB, 
����

����, C��,	 DE� FG, =3� H.�
, IJ� KL, M

NO PQ � ;R STU VW�X!� )YZ[ ��\�] � �).

* +!�, C^ 
/	 _% `U a�� b' cde � �� -�

�' f� �). g�� PEN��! c$ �h- i-e�j 2,6-NDCA

! c$ �h� kie >lJ)[2, 3].

2,6-NDCA� mno pq<	 alkylation, alkenylation r� acylation

stU J stu! 	v S�w xyp mno pq<	 Vpst!

	v� z�{). |U8}� 2,6-DMN' B~Z
 �$ �2 ��u

J ��\� �}�, mno pq<u	 alkylation st +!�� ��

��7 pq<	 methylation stJ, alkenylation st +!�� E�
279



280 ���������	
����
���	 alkenylation stuJ ?�\� �). * J�� Ju st!

	v S�w 2,6-dimethylnaphthalene(2,6-DMN)J ��� �JZ[ 2,6-

NDCA}� Vp� � �
 ��J). Naphthalene, 2-methylnaphthalene,

o-, m- � p-xyleneU p-tolyl-sec-butylketone �J 2,6-DMN q�' �

$ �s8� �� <]J). *�� ����7 pq<' J�Z�

methylation st2 stJ 6�Z)� .�' ��� �}�, �� <

]� ����7 pq<	 B$w �k}� �v c�� SV ��}

�	 >�J ��� ��  2 ��	 �.J �¡!� -¢+� "£

J)[1, 2].

Methylation st	 B¤ ~¥� ���B¦ v§Z
 �v xylene	

alkenylation stJ ̈ ©\ª). Xylene	 alkenylation st! 	$ 2,6-

NDCAB~� o-xyleneU 1,3-butadiene' st<� x«R ¬­' ®¯

� ��Z° �"!� alkenylation st! 	v 5-(o-tolyl)-pentene(OTP)

' S�Z�, OTP	 cyclizationU dehydrogenation! 	v 2,6-DMN'

S�$ ± Vpst! 	v 2,6-NDCA¦ SVZ� ²}�, ³´	

AMOCO�!� "�p\��). �� AMOCO�!�� �µ 6¶· ̧

¹L	 2,6-NDCA¦ SVv =� �� n± ¤ 8¶5º·=� 1»¶·

¸¹L¼� * SV½' i-¾y 7¿J). Methylation! 	$ 2,6-

NDCA B~ ��2 �¡	 ³ÀM¾ -�Á³«!� �µ 2º· ¸¹

L	 2,6-NDCA¦ SVv=� �}� ��� 2-methylnaphthalene	 Â

o}� iVJ ��¹ Ã�J)[4].

o-Xylene}�ÂÄ 2,6-DMN' B~Z� ��	 ��2 x«R ¬­

' ®¯� �" st' ��Z� ��, ��w ®¯	 Å� � ���

J Æ-�Z°, ��w ®¯	 Ç
¾ ©SZ� �ÈOÉ �B¦ ��

� �). JÊ Ë2 �B�u' v§Z
 �v 
" st' ��Z� ²

J h�\ª}�, J m4}� x«R ¬­' Ì�$ ®¯¦ ��Z�

� ÍÎJ �ª}�[5], x«R ¬­ Ì� ®¯¦ 
"st! T�$ §

U Ì�w x«R ¬­J 
" st~¥!� kÏZ[ �Ã\� �B

�' 0Ð). g�� �È8 ÑÒU ®¯	 ���Ò' ��Z° 4�

w 
" st ®¯¦ ¨©e Fh�J cÓ\ª).

É
� BÔ�JÕ	 side-chain alkylationst ®¯��	  �2

1970ÖcÂÄ 0�\��� �). mno pq<	 alkylation st2 V

�®¯¦ ��e È; ���R	 �×!� ���[ \� sÒ, É


� ®¯¦ ��Z[ \Ò side-chain alkylationstJ ��Ø)� 0�

\��� �)[6]. Yahima �[7]2 x«RJÙJ ×�w X, Y IÚ	

BÔ�JÕ¦ ®¯� ÛÜ
	 side-chain alkylationst' 0�$ Ý

�). J st2 >Þ8� É
� ®¯ st +	 Z��, ?ß\���

BÔ�JÕ	 à�Ê ×�\��� x«RJÙ	 à�! g� ®¯T

�J )YZ[ áp\� ®¯T�J É
8� C�' ~âã! 	v ~

âe � �)� 0�ZÐ). r$, Itoh �[7, 8]2 ®¯"	 V�2 Û

Ü
 �R	 :ä��Ê	 "� �}� ���R¦ 4�p¾å� s

Ò, É
�2 ÛÜ
	 xy
	 :äÊ	 "� �}� xy
	 :ä

��	 !æ�¦ 4�p ¾çè)� 0�ZÐ). ÛÜ
U E:Ô	 s

t' +é}� ��\� �� side-chain alkylation2 ®¯	 É
,-

i-e È; ÛÜ
	 xy
�	 ?ß8� stJ ���[ \�

styreneJ� ethylbenzeneË2 S�<J S�\�, V�®¯¦ ��Z[

\Ò ���R�	 ring alkylationJ ���[ \� xyleneË2 pq<

J S�\� ²}� 0�\��).

¡ ��!�� x«RJÙJ ×�w BÔ�JÕ X � Y¦ ®¯� �

�Z° o-xyleneU 1,3-butadiene	 alkenylation st! cv ��¦ �

�ZÐ). )Y$ x«RJÙJ ×�w BÔ�JÕ¦ ��Z° 
"s

t' êv 2,6-DMN B~¦ �$ +µd� OTP¦ B~Z
 �$ st

	 T�U OTP ?ß�J ×�w x«R ¬­JÙ	 É
,! g� �

ë áp¦ 0J�� ~�ZÐ). Alkenylation st	 st� � OTP

?ß�2 ×�w x«R ¬­JÙ	 É
,! ìn' (� ²}� �

Ií}�, É
�	 î
 � Y! g� alkenylation	 st�U OTP ?

ß�J �� )ï Èn' �I=� ²}� ðñ\ª).

2. � �

st! ��w 1,3-butadiene(SeeTec, 99.98%)2 +qm�B- u��

� ò2 ²' ��ZÐ}�, ¾¤k	 o-xylene(Aldrich)¦ ��ZÐ).

®¯� NaJÙJ ó�\�ô �� XIÚ BÔ�JÕ(Aldrich, pellet, 1/

16")Ê YIÚ BÔ�JÕ(Strem Chem., pellet, 1/16")¦ ��ZÐ� Li,

K, Rb *R� Cs JÙJ ×�\�{ BÔ�JÕ ®¯� �s8� JÙ

ó� mõ}� NaX r� NaY 1.0 g# öö	 x«R ¬­É 0.5-1.0 N

	 ��� 10 mlÊ ÷ øqZ° 80oC!� 12¾µ JÙ ó�$ ± �J

Ùw i��� ù�^ îú$ ± 120oC!� 12¾µ ¥~ZÐ� J�

$ JÙ ó�U�' 3û sAZÐ). B~w ®¯� st> 500oC!�

3¾µ ä�ZÐ). r$ B~\�{ ®¯� ��ü� �ýõ' ��Z

° x«R ¬­JÙJ ×�\�{ �,¦ þ�ZÐ).

o-XyleneU 1,3-butadiene	 
"st alkenylation ��' �v ��

w .×� "ÿ ��� ðÞ �­�G st.×(Fig. 1)�� st-��

1,3-butadiene2 50oC� ��\��� �3 Ü�¦ �×Ò� ù�^ �

3\� ¥~
¦ �� �½7(mass flow controller)¦ êUZ° ��$

�­}� st
� �Ú\ª). J� 1,3-butadiene	 È; +qm�B

- u��� ò}�� �,	 +qm�B B�
� �×Z� ò	).

o-Xylene2 +

!� 
p¾ç ¹s-�� ]ä -�! 	v ���

½}� ¹s\� st
� �Ú\ª). J� o-xyleneÊ 1,3-butadiene

2 �M ~â2 1,3-butadiene	 �½U o-xylene ¹s-�� ]ä -�

	 �½ ~â! 	v ��\ª}�, �Z� �M� ~âw 1,3-butadiene

U o-xylene	 øq<2 �3
!� ù�^ �3w )a 6.0 g	 ®¯-

��{ =È 20 mm	 ?Þ quartz st
 =� �Ú\[ w). st


	 Ù,� Ù, ~â
! 	v �Z� st Ù,� ��\�, st
¦

�� �Ù stS�<2 
ö
!� �"}� 
ö\� �� ¾µ µ

Ï}� ��\� ��ZÐ).

stS�<2 =È 0.2 mm, �J 50 m� ULBON PLC(Shinwa Chemical

Industries, LTD.) capillary column' .�$ -� ����*�@(5890

series II, Hewlett Packard Co.)� ��ZÐ). 30 psi	 ��' J�$

FID¦ ��ZÐ}�, ��	 Ù,� 150oC, ��
� 250oC, *R�

injector Â�2 230oC� ��ZÐ). r$ S�<	 ��½ þ�' �

v Mass Selective Detector(5970 series, Hewlett Packard Co.)¦ ��Z

Ð).

�� st! ��� o-xyleneJ 1,3-butadiene! Mv U½}� ��\

�, st	 >��U OTP?ß,¦ 1,3-butadiene' 
è}� 7VZÐ).

Fig. 1. Schematic diagram of the gas phase reaction apparatus.
1. N2 cylinder 16. Vaporizer
2. 1,3-butadiene cylinder 17. Preheater
3. Moisture trap 18. Temperature controller
4. 1,3-butadiene preheater 19. Gas phase reactor
5. Mass flow meter 10. Condenser
���� �39� �3� 2001� 6�
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x«R ¬­JÙJ ×�w BÔ�JÕ ®¯=	 É
� ��Ê î


¦ Ñ�Z
 �v TPD Ã�' ��ZÐ). É
� Ñ�� probe�� pyrrole

' ��ZÐ). öö	 x«R ¬­JÙJ ×�w ®¯¦ 120oC, N2 �

�
!� 12¾µ ¥~$ ±, 1.0 g	 ®¯! pyrrole 0.2 ml¦ -Z° 1

¾µ ¢4 ÃÙ!� ü�¾ ). PyrroleJ ü�\�{ ®¯¦ 40oC,

20 mmHg	 {� ¥~O!!� 2¾µ ¢4 ¥~¾ç ®¯ "Ò! <R

8}� ü�\�{ pyrrole' ��¾ç p# ü�w Â�· ®¯ "!

/�Z,j ZÐ). p# ü�w ®¯ 22-24 mg' �Z° 10oC/min	

$Ù­,� N2¦ 50 ml/min}� %�%� +½&ä '?' z2 ± J

¦ ³�$ '?' z� É
�	 ��Ê î
¦ Ñ�ZÐ).

3. �� 	 
�

3-1. ����

��w NaXÊ NaY	 <R8 �]' ~�Z
 �v BET .×¦ J

�Z° M"Ò8 �' Ñ�ZÐ}�, * §U¦ Table 1! �I=ª).

NaXÊ NaY®¯	 M"Ò82 öö 617 m2/g *R� 705 m2/g}� "

Ò8J Mó8 (2 )Jª� ³î
�	 *È2 7.4+, ®¯	 ,-


�	 *È2 19.75+Ê 19.37+� M.Z[ �Ií).

NaX � NaY BÔ�JÕ! 1Ao x«R ¬­JÙ' ×�Z° z2

®¯ +	 x«R ¬­JÙ	 Y' Ñ�Z
 �v ��ü� �ýõ'

��Z° ��ZÐ}�, ��$ §U¦ Table 2! �I=ª). JÙó�

Z
 >! BÔ�JÕ	 6�Ï� =! /�Z� NaJÙ	 � �¦

100%� �$ ± ×�w JÙ	 Y' 7VZÐ). NaJÙ0) É
,-

9$ JÙ}� ×���j ×��J &äZÐ�/ J²2 JÙsÈJ

"c8}� 0 K, Rb *R� CsJÙJ BÔ�JÕ X, Y	 1��2 �

R3 �~	 =Â¼�	 4 J �5
 ��� ²}� ��w).

x«R ¬­JÙJ ×�w BÔ�JÕ ®¯¦ ��$ È; 
"!�

o-xyleneU 1,3-butadiene	 alkenylation stJ {�\� ²J ðñ\ª

). Alkenylation st! ��� ®¯	 st� � OTP?ß,- st¾

µ! g� ápZ� ²J ðñ\ª)(Fig. 2). NaX¦ ®¯� ��$ È

;! Mv NaY¦ ®¯� ��$ È;! st¾µ! gï st�	 &

ä- 67 é$ ²}� �Ií). JÊ Ë2 st� � ?ß�	 st

¾µ! gï áp� ®¯	 7­8� MT�pÊ alkenylation stU

b�Z° {�\� 1,3-butadiene	 Diels-Alder st! 	$ ²}� 8

6\�, st¾µJ 3¾µJ ��Ò�ÂÄ� st	 T�,- ��Z[

��\� ²J ðñ\ª). C^ st 9
! 1,3-butadiene	 Diels-

Alder stJ "c8}� �J {�Z° OTP ?ß�J :2 ²}� ð

ñ\ª}�, st ¾µJ ù�^ �ï È;(3 hr J")!� OTP ?ß�

J �	 100%! ,;ZÐ). �c st�2 1-2¾µ �,! �I��

²}� ðñ\ª). r$ NaX! Mv NaY	 È;! st�	 &ä-

67 é$ ²2 NaY- NaX! Mv V,- 9Z° ®¯	 MT�p-

6 <R {�\� ©SZ� ²}� ��w).

Ã�J �� È; o-xyleneJ 1,3-butadiene! cv U½ ��\� ~

¥!� ��\ª
 ��! conversion2 1,3-butadiene' 
è}�, yield

� )aU ËJ 7V\ª).

stÙ,- 1,3-butadiene	 >��U OTP�	 ?ß,! ³×� ìn

' ~�Z
 �v NaX¦ ®¯� ��Z° stÙ,¦ áp¾åÒ� Ã

�' ��ZÐ}� * §U¦ Fig. 3! �I=ª). NaX®¯� st >

! ]ä ��
!� 500oC!� 3¾µ ä�¾= ± stÙ,� 
ö¾

ç st' ¾ ZÐ). J� st~¥2 o-xyleneU 1,3-butadiene	 �

M� 1 : 1, *R� 4®¾µ(W/F)2 166 g>hr/mol� Z° 170-350oC

¼� stÙ,¦ áp¾ ). stÙ,- "$e�j >��2 i-Z

Ð}� 300oCJ"	 Ù,!�� >��J O^� &äZ� ²J ðñ

\ª). J²2 300oC J"!� ®¯	 MT�p- -­\� ©SZ�

²}� ��w). stÙ, áp! gï OTP ?ß, áp¦ ?@0Ò,

stÙ,- 225oC¼�� �	 100% -¼¹ ?ß,¦ �I=ª}� *

J"	 Ù,!� ?ß,� &äZ� Èn' �I=ª). C^ Ù,-

i-e�j ?ß,	 &ä �,� i-Z� ²}� �Ií). stÙ,

- 12 È; 1,3-butadiene	 Diels-Alder st! 	$ ÂV< i-A

·J B��, o-xylene! 1,3-butadieneJ Ó ¨ J" §qw ��� p

q<J S�\� ?ß,- kÏZ[ &äZ� ²}� �Ií).

4®¾µ! gï st� � OTP ?ß� áp¦ ðñZ
 �v st

Ù,¦ 225oC� ��Z� 4®¾µ(W/F)' áp¾ç-� ®¯	 T�

� OTP?ß, áp¦ ~�Z°, * §U¦ Fig. 4! �I=ª). 4®

¾µ2 )aU ËJ �	\ª).

yield    moles of OTP
moles of fed 1,3-butadiene
------------------------------------------------------------  100 mole%( )×=

Table 2. Exchanged amount of alkali cations in zeolite X and Y

Catalyst
Exchanged amount(wt%) Si/Al

ratio
Exchanged 

%Li Na K Rb Cs

LiX 1.24 5.69 1.5 36.46
NaX 11.300 1.5 100
KX 2.95 11.7 1.5 60.90
RbX 3.61 19.9 1.5 47.41
CsX 3.95 24.5 1.5 37.47
LiY 1.03 3.57 2.3 47.11
NaY 7.23 2.3 100
KY 0.91 21.7 2.3 89.33
RbY 2.22 14.7 2.3 54.60
CsY 2.16 19.1 2.3 45.62

Table 1. Physical properties of NaX and NaY

NaX NaY

Surface area(BET) 617 m2/g 705 m2/g
Specific pore volume 0.40 cc/g 0.45 cc/g
Average pore diameter 19.75 Å 19.37 Å
Cavity diameter 7.4 Å 7.4 Å

Fig. 2. Activity and OTP yield changes with the reaction time in the
alkenylation of o-xylene with 1,3-butadiene on NaX and NaY
(W/F=166 g · hr/mol, temp.=225oC, o-xylene/1,3-butadiene=1).
HWAHAK KONGHAK Vol. 39, No. 3, June, 2001
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Fig. 4! �IíCJ st<U ®¯Ê	 4®¾µJ i-e�j >�

�2 i-Z� Èn' �Ií). 4®¾µJ i-e�j st¾µ áp

! gï ®¯ T�	 áp- "c8}�  	}�, 4®¾µJ &äe

�j ®¯T�J st¾µ! g� kÏ^ &äZ° 3.5¾µJ ÈU$

±
 stJ 6 J" {�\� ò	). OTP�	 ?ß,� 4®¾µJ

i-e�j &äZ� ²}� �Ií). 

o-XyleneU 1,3-butadiene	 � M! gï st� � OTP?ß, áp

¦ ðñZ
 �v 1,3-butadiene	 �Ú½2 ��¾å� o-xylene Y	

~â' êv st�M¦ áp¾ç-� Ã�ZÐ). J� Mó¦ �v

�� È; W/F=166 g>hr/mol� ��¾ç Ã�' ��ZÐ). o-Xylene

U 1,3-butadiene	 st�M� 1 : 1, 2 : 1, 4 : 1, 6 : 1� áp¾ç Ã�'

��ZÐ}� * §U¦ Fig. 5! �I=ª). >�� � OTP yield �

Ó �M- i-ã! g� i-Z� ²J ðñ\ª).

3-2. �� ��	

x«R ¬­JÙJ ×�w BÔ�JÕ ®¯u	 É
�	 ��Ê î


¦ Ñ�Z
 �$ probe�� V�<]� pyrrole' ��Z° TPD¦

J�Z° z2 §U¦ x«RJÙJ ×�w BÔ�JÕ XÊ BÔ�J

Õ Y! cv Fig. 6! �I=ª). �s8}� TPD!� É
� Ñ�!

��\��� CO2-�0)� st <]� ��w o-xyleneU ��$

�
¦ f� pyrrole' ��ZÐ). Pyrrole' ��$ J�� pyrroleJ

CO2 0)� st! D°Z� o-xyleneU E 6 ��$ É
8 T��

!� ü� C�' 0� ²}� 
c\� ��ZÐ).

x«R ¬­JÙJ ×�w BÔ�JÕ ®¯u	 "Ò8 � 
� ��

¦ Ñ�$ §U x«R ¬­JÙ	 ×�! 	$ BÔ�JÕ "Ò8	

áp� �� ò2 ²}� �Ií). r$ x«R ¬­JÙ ×�! gï


� �� ápÊ st� �J!, FG$ "ðð7- H� x«R ¬

­ JÙ ×�! 	$ "Ò8 ápÊ 
��� áp- st�! ìn'

%� ò� ²}� �Ií).

Fig. 6(a)!�Ê ËJ BÔ�JÕ X	 È; Ó -� à�	 É
�u

J /�Z� ²}� ðñ\ª). I 100-250oC! �J! J� ��Z

� ¤É
�U 250oC J"! ��Z� 9É
�	 Ó à�J). ¤É


�	 Y2 LiX > NaX > KX	 �}� x«R ¬­JÙ	 É
,-

 '�j i-Z� ²}� �Ií). sÒ 9É
�	 Y2 KX > NaX

> LiX	 �}� x«R ¬­JÙ	 É
,- i-ã! g� i-Z�

²}� �Ií). g�� NaXÊ Móe � >d8� É
�	 Ò82

É
,- :2 LiJÙ	 È; ¤É
�	 Ò82 i-Z� 9É
�	

Ò82 &ä$ sÒ, É
,- 12 KJÙ	 È; ¤É
�	 Ò82

&äZ� 9É
�	 Ò82 i-ZÐ). J�$ 9É
�	 &ä(i-)

� NaJÙ0) "c8}� :2(12) É
,¦ -{ Li(K)JÙJ ×

�\� S�w ²}� ��w).

$), Fig. 6(b)!� LiY, NaY � RbY®¯!�	 pyrrole	 ��'?

' �I=ª). Zeolite XÊ ��Z[ 9É
�U ¤É
�J /�Z�

²}� �Ií}�, ¤É
� � 9É
�J �I�� Ù,- ¤µ :

2 K(50 oC �,)}� >J\� �Ií). ¤É
�2 50-200oC �J

! ��Z� sÒ 9É
�2 200oC J"!� ��Z� ²' 0Ð).

W   F  ⁄   catalyst wt.(g)
feed rate of reactants(mole/hr)
-----------------------------------------------------------------------=

Fig. 3. Effect of reaction temperature on the activity and OTP yield in
the alkenylation of o-xylene on NaX(W/F=166 g · hr/mol, o-xylene/
1,3-butadiene=1).

Fig. 4. Effect of contact time on the activity and OTP yield in the alke-
nylation of o-xylene on NaX(W/F=166 g · hr/mol, temp.=225oC,
o-xylene/1,3-butadiene=1).

Fig. 5. Effect of molar ratio of o-xylene and 1,3-butadiene on the activ-
ity and OTP yield in the alkenylation on NaX(W/F=166 g · hr/
mol, temp.=225oC).
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¤É
�!�	 É
	 Y2 LiY>RbY>NaY� �Ií}�, 9É
�

	 È;� LiYÊ NaY- 200-350oC �J	 L�	 9É
�' 0J�

É
	 Y2 �� M.$ sÒ RbY	 È; 200-450oC! J� M([

��Z� �a' 0°%� �). I RbY	 È; Rb	 9$ É
�}

� �v "#^ 9$ î
	 É
�J /�Z� �a' 0°%� �).

NaX! °� à�	 x«R ¬­JÙ}� ×�w BÔ�JÕ X¦ ®

¯� ��Z° o-xyleneU 1,3-butadiene	 
" alkenylation st	 s

t�U OTP�	 ?ß�! cv ~�ZÐ). st ~¥2 Mó¦ �v

�Ó Ë2 ~¥(225oC, W/F=166 g>hr/mol, o-xylene/1,3-butadiene=1:1)!

� ��ZÐ}�, * §U- Table 3! h¤\� �). Table 3! �IØ

ÝÊ ËJ BÔ�JÕ X	 È; ×�w x«R ¬­JÙ	 É
,-

i-e�j alkenylation	 st�J &äZ� ²}� �Ií). J²2

x«R ¬­JÙJ ×�w BÔ�JÕ X	 É
, Ñ� §U[Fig. 6(a)]

Ê Móe �, ®¯ "! /�Z� ¤É
�	 YU "ðð7- �� ²

}� ��w). ¤É
�	 Y2 Fig. 6(a)! �IØ ÝÊ ËJ LiX >

NaX > KX	 ��� alkenylation	 st�U Ë2 Èn' 0J� ��

¤É
�J st�! ìn' ³×� ²}� 0�). sÒ, OTP�	 ?

ß�' 0Ò Table 3! �IØ ÝÊ ËJ ?ß,- KX > NaX > LiX	

��� i-Z� ²' 0° %� �}�, J²2 Fig. 6(a)! �IØ Ý

Ê ËJ 9É
�	 YU "ðð7- �� ²}� 0�). I 9É
�

	 YJ �'�j OTP�	 st	 ?ß�J i-Z� ²}� �Ií

). g�� ¤É
�2 st	 T�,Ê ðNJ �� 9É
�2 st

	 ?ß�U ðNJ �� ²}� 0�). *��, ×�w x«R ¬­J

Ù	 É
,- 67 i-Z� È; OTP�	 ?ß�2 O^� �O�

� ²}� �I�� /(CsX < RbX < KX), J²2 Fig. 6(b)	 RbY	

É
, ��!� �IØ ÝÊ ËJ Rb � CsJ ×�w È; 9É
�

J (2 L�! J� ��Z� ��� st	 ?ß�J &äZ� ²}

� 0�). ÃB� GC-MS� ��v ¡ §U LiX, NaX � KX	 È;

!� st	 ÂV<J %� 1,3-butadine	 Diels-Alder st	 S�<

u� sÒ, RbX � CsX	 È;!�� st	 ÂV<J o-xylene! 1,3-

butadieneJ Ó ¨ J" §qw ��½J 0 <]u� ²}� ðñ\ª

). I 9É
�	 /�- o-xylene	 xy
¦ T�p¾ç alkenylation

! 	v OTP�	 ?ß�' i-¾å�· 67 9$ É
�u	 /�

� o-xylene	 xy
u' "c8}� 9Z[ T�p¾ç Ó ¨	 xy


 �Ó! 1,3-butadieneJ stZ� -��' i-¾ç OTP�	 ?ß

�J &äZ� ²}� ��w). g�� ¤É
�2 o-xylene	 ü�'

T�p¾ç st	 T�,¦ i-¾å�, 9É
�2 o-xylene	 xy


¦ T�p¾ç OTP	 ?ß,! ìn' %� ²}� 0�).

BÔ�JÕ Y¦ ®¯� ��Z° P!� Ã¾$ BÔ�JÕ X	 Ã

�!� §�w ~¥U ¢�$ st~¥}� Z° st' Ã¾ZÐ).

BÔ�JÕ XÊ BÔ�JÕ Y� QË2 �~� ��\��� î�È

, 7.4+}� ��Z). *�� XIÚ0)� YIÚ	 BÔ�JÕ- V

�,- ~¬ 6 1)� x�ô �� x«RJÙ! 	$ É
,Ê BÔ

�JÕYÊ	 "�  �2 BÔ�JÕ XÊ	 È;Ê� )¦ ²}� �

"\ª)[10].

NaY¦ )ï x«R ¬­JÙ}� ×�w BÔ�JÕY ®¯¦ ��

Z° alkenylation st	 st� � OTP ?ß�' ~�ZÐ}�, * §

U¦ Table 4! h¤ZÐ). YIÚ BÔ�JÕ!�� LiY, NaY *R�

RbY!� 12 ®¯T�' �I=ª}� KY � CsX È;� �	 ®¯

T�' �I=� ò	). Table 4! �IØ ÝÊ ËJ st�2 LiY >

RbY > NaY	 ��¦ 0J�, J²2 Fig. 6(b)! �IØ ÝÊ ËJ ¤

É
�	 YU "ðð7- �� ²}� �Ií). I BÔ�JÕ X	

È;Ê ËJ BÔ�JÕ Y È;, ¤É
�	 YU st	 T�,-

MRð7! �a' 0°%� �). BÔ�JÕ Y È; st	 T�J

BÔ�JÕ X! Mv st�J 12 ²2 BÔ�JÕ Y- BÔ�JÕ

X0) V�,- ¤µ 1)� � ��J BS- ��w). OTP ?ß�

2 LiY � NaY� "c8}� 12 ?ß�' 0J�, RbY	 È; ý

L�$ É
�	 /�� o-xylene! 1,3-butadieneJ Ó ¨ §qw pq

<	 S�}� :2 OTP ?ß�' 0J� ²}� 0�). KY È;	

:2 st�' 0J� ��! cv�� T± ��- 7­ {�\�X

e ²}� Söw).

BÔ�JÕ ®¯ =! /�Z� V�2 �� �R¦ ü�¾å� 4�

Fig. 6. TPD desorption profiles of pyrrole from various alkali cation
exchanged zeolites X and zeolites Y.

Table 3. Activity of alkali cation exchanged zeolites X 

Catalyst
% 

Exchanged
Conversion

(mol%)
OTP yield 
(mol%)

OTP selectivity 
(mol%)

LiX
NaX
KX
RbX
CsX

36.5
-

60.9
47.4
37.5

2.64
0.86
0.10
0.12
0.11

2.15
0.74
0.10
0.09
0.03

81.7
86.5
100
72.9
32.0

Table 4. Activity of alkali cation exchanged zeolites Y 

Catalyst
% 

Exchanged
Conversion

(mol%)
OTP yield 
(mol%)

OTP selectivity
(mol%)

LiY
NaY
KY
RbY
CsY

47.1
-

89.3
54.6
45.6

3.80
1.77
0.05
1.98
0.05

2.66
1.54

-
1.02

-

70
87
-

51.5
-
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s

p¾ç o-xyelen	 alkylation st' {�¾y � �' ²}� Sö\

ª). x«R ¬­JÙ! 	v JÙ ó�\�{ BÔ�JÕ X, Y	 È

; ®¯ =! �� V�J /�Z� r$ 3URU�!� ��U�!
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g�� °
!� ��w BÔ�JÕ X � Y	 V�u2 ring alkylation

' �}y ·V 9Z�� ò2 ²}� þ�\ª).

4. � �
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 �v "�\� �� ��2

x«R ¬­' ®¯� �" st}� ��\� ��, ��w ®¯	 Å

� � ���J Æ-�Z�, ��w ®¯	 Ç
¾ ©SZ� �ÈOÉ

�B¦ ��� �). JÊ Ë2 �B�u' v§Z
 �v x«R ¬­

JÙJ ×�w BÔ�JÕ ®¯¦ ��Z° o-xyleneU 1,3-butadiene	


" alkenylation st' ��ZÐ). °
�� x«RJÙJ ×�w B

Ô�JÕ X � Y¦ ®¯� ��Z° PEN��	 ��� 2,6-NDCA	

>�d� 5-(o-tolyl)-pentene¦ B~Z
 �$ st~¥' xB0� x

«RJÙJ ×�\�{ BÔ�JÕ ®¯	 É
8� C�J o-xyleneU

1,3-butadiene�J	 alkenlyation st	 st� � 5-(o-tolyl)-pentene	 ?

ß,! ³×� ìn' ��ZÐ). x«RJÙJ ×�w ®¯	 É
,

� pyrrole	 TPD Ã�' êv Ñ�ZÐ). x«RJÙJ ×�w BÔ

�JÕ ®¯	 È; ¤É
� � 9É
�	 Ó à�	 É
�J /�

Z� ²}� �Ií}�, É
,- 12 x«RJÙ}� ×���j ¤

É
�	 YJ &ä$ sÒ 9É
�	 YJ i-ZÐ). ¤É
�	

YJ i-e�j alkenylation st	 st�J i-Z� ²}� �Ií

�, 9É
�J i-e�j 5-(o-tolyl)-pentene�	 ?ß�J i-Z�

²}� �Ií). *�� 9É
� Rb � Cs- ×�w È;!� ýL

�$ 9É
�	 /�� �v o-xylene! Ó ¨ J"	 1,3-butadieneJ

§qw ���½ pq<uJ Þ�\� O^� 5-(o-tolyl)-pentene	 ?

ß,- &äZÐ).
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