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 � �

PEN(polyethylene naphthalate) ��� ����� 2,6-DMN(2,6-dimethylnaphthalene) 	
� �
 1,5-DMT(1,5-dimethyltetralin)

����, � 5-OTP(5-ortho-tolyl-pentene)� ��� ��� H-beta zeolite ��� ���� �����.  ! "#$� H-USY

% &'() *$+ ��,- ./0� 1� � 23�. "4 56%) 78�9 :��; <�� =���  > DMT ?�

@, DMN ?�@ A �B �CD ��E� =�? F	G3�, 140oC ?�� H0%) 100%� 1,5-DMT ./0� 1� �

23�. 140oCI� JK �H%) LMN ��M%; 1,5-DMT� ?�� ��? O�G3PQ 1,5-DMTR ST
 triad%

U�; 1,6-DMTR 2,6-DMTR VK W�
 �� XP9 ��? O�G3�. H-beta zeolite ��� YK Z< [\]- ]

6
 ^_ ` a b�
 ���- ./0� I?; c�P9 de+�.

Abstract − To make 2,6-DMN(2,6-dimethylnaphthalene) used as a precursor of PEN(polyethylene naphthalate), the catalytic

cyclization reaction of 5-OTP(5-ortho-tolyl-pentene) to 1,5-DMT(1,5-dimethyltetralin) was carried out by using H-beta zeo-

lite. Compared with H-USY mentioned in the several patents, higher activity and selectivity to 1,5-DMT were obtained using

H-beta: the side reaction products such as DMTs, DMNs and other polymers, known as impurities in many processes were sup-

pressed. H-beta shows 100% selectivity to 1,5-DMT at lower temperatures below 140oC. At temperatures above 140oC,

isomerization of 1,5-DMT occured on H-beta, but the products were 1,6-DMT and 2.6-DMT which were belonging to the

same triad of 1,5-DMT and could be used as reactants to make a final product. The high activity and selectivity of H-beta was

considered to be originated from the microcrystallite structure of H-beta with large and irregular external surface area, meso-

pore, and proper acidic strength.
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1. � �

PEN(polyethylene Naphthalate) ��� ��� PET(polyethylene tereph-

thalate) ��� �	
 ���, 
�, ��� ��� �� ��� ��

	
 ����� �� ���  !" # $�� %&'� (�) *+

�,- �.�/. PEN ��� ��� PET ��� 01 2+ 3! 4

567 2+8 �9 :;�� 	2, < =>�? 2,6-NDA(2,6-naphthal-

enedicarboxylic acid) @A 2,6-NDC(dimethyl-2,6-naphthalenedicarboxy-

late)� B�C/. DE 2,6-NDA4 2,6-NDC� 2,6-DMN(2,6-dimethy-

lnaphthalene)� ��� �F GH	� $� �" I+D J��� KL

M N/[1, 2].

OP �" ��	/2 KLQ Amoco J�[3-5]A Fig. 1�? 4RS

TU V� WI�� =>X o-xyleneY 1,3-butadieneZ [\�.� 	


 alkenylation, cyclization, dehydrogenation, isomerization� 4]�8

^_ 2,6-DMN(2,6-dimethylnaphthalene)Z GHD � ��[` NDC8

GH	� J��/. � J�� cyclization abA alkenylation abZ

cF d�C Kef01g(OTP, 5-ortho-tolylpentene)8 [\ �.� 	


 H-USY zeolite &�? cyclization abZ cF 1,5-DMT(dimethyl-

tetralin)8 GH	h C/. � i, jab�� X	
 1,5-DMT k�l

�R DMT ��m, DMN ��m n 
o pg� 2qr �.sl t

u d�'v, wx 2qr �.A yz{ abZ ^_|} /[ 2+�
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ab� =>� B�# � N/. DE, DMN ��m� ~� triad ��?

}(�, 1,5-,1,6-,2,6-��?, 1,3-,1,4-,2,3-��?, 1,7-,1,8-,2,7-��?}) �

��� ��4v[6], /� triad ��� ���� �� �L) $�� K

LM N� i�� ��	� 2,6-DMN� ��Z ��2 /� ��m� �

��� �� �l� 	� �	
 DMN� triad� ��'� cyclization

ab� ��l8 �3D ��� $� �� T��	/.

Beta zeolite� 1967�� ��C ��, 1988�� �?| �H� ��

�2[7] �� 
o I��� j��? �� ��� �  n ��'2 N

/. ¡G �J��� ��C %�� ¢�£� alkylation[8], ¢�£�

acylation[9], indole synthesis[10], ¢�£� nitration[11], <+2 aliphatic

alkylation[12] �� N/. Beta zeolite� ¤J y�� 0.55-0.7 nm �l

�2 ¥� ¦A §�� Si/Al ratio�? ��� �¨��v � i ©c

�� \A(<1µm) ��s� d�C/[13]. �U VA �H�X �ª«

�A ��� morphology� ¬�Z �� ¥� ^­ ®¯�H8 °h D

/. �ª«D kj ®¯�, �� \A ��s, <+2 �� ±A ²H³

�s� q³� XF kj®¯�� ´m ®¯�� µ 35%¶� ·�	

h C/[14, 15].

9 ¸��?� AmocoB� 2,6-DMN GHJ�(Fig. 1)� ¹ º» a

bX cyclization ab�? ��� H-USY zeolite8 3mD H-beta zeolite

8 B�	
 ¡¼Z �½	¾�v, 1,5-DMT8 �3 ��� ¿� �D

�� ab HÀ� lÁY �� ��U� �Â Ã�8 �½	¾/.

2. � �

2-1. �� �� � �� �	

9 ¡¼� B�D ��� &���� Ä�'� GÅZ B�	¾�v,

�9 TosohB� beta zeolite(HSZ-930NHA)U ÆÇ UOP B� USY(LZ-

Y74), <+2 AldrichB� Y zeolite8 B�	¾/. �È É[ beta zeolite�

ammonium form�Ê2, USYU Y� Na+ Ë�Ê�v �sA /ÌY V�

H+ Ë�� TÍ � ab� B�	¾/. � qÎ&� zeoliteU 1 N Ïl�

ammonium chloride(Aldrich chemicalB) ��ÐZ 1 g/ 50 ml� ���

&Ñ�? 24 h ~� Âa[Ò¯? �ÑÂÓZ D/. � Y��? zeolite

�� �ÑÂÓ� �ÔD �Õ� Ö×Ø�(NH4
+ )� r+Ùh C/. �Ñ

ÂÓ� Ú4¯ Û-� ��U ��ÐZ q+	¾/. ��U Üg��

�8 1 g/300 ml� 	
 Üg�� Ýqx ¤ÞD �, ÀH ßà�?

110oC, 12 h ~� ÀH[Ò2 J�á�? 500oC� 4 h â�	¾/. â

� Y��? Ö×Ø�� Ö×ã¥(NH3)� G^'� H+Ë�� äÓC/.

Beta zeolite ��� ®¯ Èrs� q³U ×åZ K¥©� �F

Hitachi(Japan)B� S-4200 FE-SEMZ ��	
 }æ� æ��? SEM

BQZ ¿Z � NÊ�v, MicrometricsB� ASAP 2010C çè "Õ8

��	
 Ðm .â Ñl(77 K)�? .â çè n 6è �Ñ�Z ¿Ê

2 BET ®¯�Y kj ®¯�� ��'Ê/.

2-2. 
��
 � 
���

OTP� cyclizationY OTP ��abA ×¹ Ð&�? batch ab��

�½	¾/.

&���� OTP8 Ä�	� �� i�� 9 ¡¼�?� �é OTP8

��	
 �8 ab�� B�	¾/. �´� ¸�[16]�? r¤	2 �

êD OTP ��ab� ©2 'Ê�} 9 ¡¼�?� 2ëab�(Parr

instrumentB, parr 4561)�? Yì� ��8 B�	
 OTP8 3ì��

��	¾/. ab�� o-xylene 100 gY Na 0.5 g, K 0.5 gZ í2 .â

8 Ýqx îL ab��� J�8 G^D �, abÑl�?� Ð&Z

©"	� �F .â� 30 psia� ëïZ �ÈD/. 185oC¶� ðÑ	


1 h~� ´ñ+8 D �, 135oC�? 1,3-butadieneY 3 h~� ab[ò

/. ab p> � ��8 q+	2 óë Üg	
 OTP8 ¿Ê/.

9 abX OTP� cyclization abA 150 ml� 3� ôõ,y &ë a

b "Õ� ¡¼Z �½	¾/. abö·8 ÷ø©¯, �� 9 ab ´�

zeolite� 250oC�? 1 h~� J�q�� 	�? ´ñ+Y�Z cF

zeolite�� �qZ G^D � ab�� IÈ[ò/. ab�� ab�Y

´ñ+8 ^­ ��8 �ÈD �� .â8 Ýqx cY[` ab��

J�8 G^D � abÑl¶� ðÑ	
 abZ �½	¾/.

×ù d��� �ìqWA l�[,úB� gas chromatography(DS

6200)8 B�	¾2 HP-1 capillary column(hewlett packard)Z B�	

¾�v d��X 1,5-DMT� �êD ��qWA GC-MSU H1-NMRZ

��	¾/.

3. �� 	 
�

3-1. 1,5-DMT� �� � �� �	

OTP� GC qW �Y8 ©¯ 5-ortho-tolyl-1-penteneY 5-ortho-tolyl-

2-pentene� 2��� 4R4�û ®ü[µZ �# � ýÊ2, q+	�

l &Éx �Lþ �êx ÿy8 �q# � ýÊ/. <o4 �á���

�ÕU� &�ý� cyclization� ab�� I�	� i�� � �&�

êX\�A 	� ��/. � ab�? ́ ��A ab�� J D OTPá�

? â�C OTP� å�� ��	¾/. â�C OTP� åA 4-tert-butyltoluene

(Aldrich chemicalB)Z �j®ü�.� 	
 GC� ¯��U �h��

©���Z \�	
 �ìqW	¾/. ��l� ´m abd��X

DMT ��m, DMN ��m, �R j�� á�? 1,5-DMT� GC ̄ �

�� ��	¾/. ab d��X 1,5-DMT� ��qWA GC-MSU H1-

NMRZ cF �¨��/.

Fig. 2� 1,5-DMT� GC-MS qW �Y�/. VG(U.K.)B� (QUATTRO

II) GC-MS spectroscopy8 B�	
 d���j- �GD 1,5-DMT8Fig. 1. Synthesis of 2,6-DMN from o-xylene and 1,3-butadiene.
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002



390 ��	
��	

��
���
���
���
qW	¾/. 1,5-DMT� M+X 160Y alkyl�� q+C ��X 145�?

�ÿy� ©�2, �D mass reference�? 1,5-DMT�Z êX	¾/.

Fig. 3A 1,5-DMT� H1-NMR qW �Y�/. Varian(USA)B� (varian

unity plus 300, 300 MHz) FT-NMR spectroscopy8 B�	
 d���

j- �GD 1,5-DMT8 qW	¾/. 7 ppm �ñ�? ¢�£� ´Ë�

X ÿy� ©�2, 2.21 ppm�? ¢�£� 	A CH3� �âU 1.23 ppm

�? aliphatic� 	A CH3� �â ÿy� �
'v aliphatic� �é 	

A �âsA 1.30-2.92 ppm B��? �
C/.

3-2. Cyclization ��

Cyclization abA Amoco J�� 2º» ]�� FÉ	� $�� OTP

8 ab�� B�	
 1,5-DMT8 ¿��� ab�/. ́ ��A abD

OTP� å��, ��l� d�C �. á 1,5-DMT� q�� ��	¾

/. Amoco J�� ��¯ acid YË zeolite ��8 ��	
 120-350oC

� Ñl§��? 2-6 h~� ab� �¨��v, �i B�'� ��ì

A OTP �h �ü�� 1-3 wt%�/. � ab�? 1,5-DMT 
} ¥ã

õ 
o DMT ��ms� d�'�û �sA ��� J��? ���

� \�	
 PEN ��� Å.Z �	[Ò�� �A ��Y ���Z

¿� $� á�	/[17-20].

3-2-1. ��� �� ab�

��� AmocoB� ©I	2 N� w��? B�D USY(UOP, LZ-

Y74) zeoliteU �a�X Y zeolite, <+2 beta zeolite(tosoh)8 B�	


 � ��� ab�Z �Â	¾/. abHÀA &ë�? 2 wt%

catalyst(g)/total OTP(g)� ��ìZ B�	¾/. Fig. 4� � ��&�?

� ab�Z K¥©� �	
 140oC�? 4 h ~� OTP� cyclization

abZ �½D �Y�/. H-beta zeolite�? 98.2%� �" �A ́ ��

Z ©�2 H-USY� ���� 92.2%� �Â� �A ´��Z ©��

} 1,5-DMT� ��l� 92.0%�� 1,5-DMT}� d�'� H-beta�

�F ��Q/. H-USY�?� 1,5-DMT k�l VA triad� �D 1,6-

DMTU 2,6-DMT� �� jab d��� 4R4�û, �� ab��

� d�C 1,5-DMT� ��� ab� Q½�� �õ d�'� $��

? H-beta� 2Ñ ab �Y�?l IB	h 4R4h C/. Y� ��

�� ́ ��� 8.5%�? &Éx ab�� �ÌZ � � N2 ��� a

bA Q½'� �¥ 1,5-DMT}� d�C/. �	� ¡¼ �YsA �

A ����Z ©�� ¹ ��, � Amoco w�� H-USYU �� ��

D ��Z ¿�û �JD H-beta� �Â ¡¼ �YsZ 4R�Ê/.

3-2-2. H-betaU H-USY� �� �� �Â

Table 1Y Fig. 5� 140oC�?� H-betaU H-USY� ab �½ �Y

8 ©
�2 N/. OTP� 5-ortho-tolyl-pent-1-eneY 5-ortho-tolyl-pent-

2-eneZ �­ �h %�v, �R DMTs� triad� �D 1,6-DMTU 2,6-

DMT8 GkD DMT ��.m, DMN ��.mU < k� d�'� 2

qr �.s� �Z 4RS/.

H-beta� ��� ab[\ ��� ^� ab� / Q½'� ´���

���� 1 h�? 24 h¶� � ·�� ý/. �, 140oC�?� 1 h �´�

�Æ OTP� cyclization abA ^� / Q½'h C/. �D cyclization

ab�� d�'� d���� 1,5-DMT }� d�'v d�C 1,5-DMT

� 24 h ��l ��� ab� Q½'� �¥ ��l� 100%� I�C

/. H-USY� H-beta� �F ab�l� �+�} "[� ab [� <

´��A H-BetaU ^� ��D �Y8 ©
�2 N/. <o4 ��l�

N�?� &ÉD ·�8 ©
�h C/. ab[� 1.5 h�? �Æ 1,6-

Fig. 2. GC-MS spectrum of 1,5-DMT.

Fig. 3. FT-NMR spectrum of 1,5-DMT.

Fig. 4. Conversions and selectivities of various zeolites in OTP cycliza-
tion reaction at 140oC after 4 hours.

Table 1. Cyclization product distribution of H-beta & H-USY at 140oC

Catalyst H-beta H-USY

Reaction time 1 h 4 h 24 h 1.5 h 4 h 24 h

Product(wt%) Product(wt%)

OTP 2.8 2.5 1.8 38.8 7.8 2.7
1,5-DMT 97.3 97.5 98.2 58.9 84.8 69.0
1,6-DMT 0 0 0 1.6 4.0 14.6
2,6-DMT 0 0 0 0.7 2.1 7.8
Other DMTs, DMNs 0 0 0 0 1.2 5.8
Conversion(%) 97.3 97.5 98.2 61.2 92.2 97.3
Selectivity(%) 100 100 100 96.2 92.0 71.3
Yield(%) 97.3 97.5 98.2 58.9 84.8 69.4
���� �40� �3� 2002� 6�
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DMTU 2,6-DMT� d�'2, 4 h�? ´��A 92.2%� �¥��}

1,6-, 2,6-DMT�� ��� ab 
} ¥ãõ /� DMTs ¶�l d�

'2 NÌZ � � N/. ab[� 24 h�?� ��� ab� Q½� �

�'� 1,6-, 2,6-DMT� µ 22.4%� ��v DMTs k�l /� 2q

r �.l d�C/. �oD ��� ab�� XD jab d��s�

XF H-USY� ��l� ab[\ ���?j- �� óâD/. ´�

�� 92.2%X 4 h ���� �oD ��l� ���X óâ� XF 24 h

�?� ´m ��A 4 h�?� ¿A $ ©/ ßxL �¥�h C/. 

  KLQ TU V� H-USY8 GH# i �� �!� "�� óâ

	�} Y zeolite� 6 K¨ÆØ J�� �F? �!� ¤�� #F�

� $�� ©2'2 N�v[21], �i d�C #�!�? 1,5-DMT�

��� ab� Q½'2, a¯� H-beta�� ��� ab� ��$ }

D #�!� �P	� �ÌZ K � N/.

H-betaU H-USY� 140oC ¡¼�Y8 ©¯ < ab�� H-beta� �

� %�4 µ 1 h �´� ×ù ab� Q½C/. wx ab� Q½��

�õ ��� ab� ��4 ��l� óâ	h '� H-USYU� /�

h, H-beta�?� d�C 1,5-DMT� ��� ab� Q½'� �¥?

< ��l8 <3� I�	h C/.

�A ´���?� �� ab w�Z �
	� �F? abÑl8

120oC� �&2 ab[�Z '
? ¡¼Z Q½	¾/. Table2� 120oC

�?� H-betaU H-USY� ab�½ �Y8 4R�2 N/. H-beta�

�� ab[\ µ 30q�? 83.8%� �A ´��Z ©�2 ([ � Ñ

l�?l 1,5-DMT� ��l� 100%�v d�C 1,5-DMT� ���

abA Q½'� ��/. a¯ H-USY� 140oC� �F < ab�� &

Éx �¥? ab[\ 5 h�?� ´��� 32.3%, 17 h�?� ´��A

70.0%8 4R�2 N/. �D 1,5-DMT� ��l� N�?� ab��

� �A ´���?� 1,5-DMT }� d�'�} ab ´��� 70%

� ��¯ ��� ab� Q½'� 1,5-DMT� ��l� �¥�2 N

ÌZ � � N/. � i ��� abA 1,5-DMT�? 1,6-DMT� ��

��� ��4h 'v ��� ab� � Q½�� �õ 1,6-DMT k�

l 2,6-DMT� d�'v, ��? DMTs, DMNs, others �� d�'�

��Z ©X/. �U V� H-beta� �� w�&� H-USY©/ �� �

A ��Z ��v, wx 1,5-DMT� ��� ab� Q½'� �¥ �A

��Z ¿Z � N/.

Table 3A H-beta� Ñl ä�� �� cyclization ab �Y8 4R�

2 N/. H-beta� ���l 160oC�?� 1,5-DMT� ��� ab�

Q½'2 NÌZ � � N/. 180oC� 2Ñ�? 24 h� "[� ab �

�� &ÉD 1,5-DMT� ��� ab� Q½'� 1,5-DMT� ��l�

±� �¥)Z � � N/. <o4 140oC �	� Ñl�?� [�� �

� ´��� ·�� N�} "[� ab [�l 1,5-DMT� ��l�

'�s� �ÌZ � � N/. �, 100-140oC §��? H-beta� �A

Fig. 5. Overall yield of 1,5-DMT using zeolite H-beta and H-USY in OTP
cyclization reaction at 140oC as a function of reaction time.

Table 2. Cyclization product distribution of H-beta & H-USY at 120oC

Catalyst H-beta H-USY

Reaction time 10 min 30 min 2 h 6 h 10 min 1 h 5 h 17 h

Product(wt%) Product(wt%)

OTP 40.7 15.5 11.9 11.0 96.01 84.5 69.4 33.7
1,5-DMT 59.3 83.9 96.8 99.1 4.0 15.5 30.6 64.5
1,6-DMT 0 0 0 0 0 0 0 11.8
2,6-DMT 0 0 0 0 0 0 0 0
Other DMTs, DMNs 0 0 0 0 0 0 0 0
Conversion(%) 58.8 83.8 97.3 98.2 4.2 16.4 32.3 70.0
Selectivity(%) 100 100 100 100 100 100 100 97.3
Yield(%) 58.8 83.8 97.3 98.2 4.2 16.4 32.3 68.1

Table 3. Cyclization of OTP on the H-beta at various temperatures

Reaction 
temperature(oC)

Reaction 
time(h)

Conversion 
(%)

Selectivity
(%)

Yield
(%)

100 4 82.6 100 82.6
120 6 97.2 100 97.2
140 24 97.6 100 97.6
160 9 97.1 98.4 95.5
180 24 98.5 67.3 66.3

Table 4. Cyclization product distribution of H-beta & H-USY at high
temperatures

Catalyst H-beta H-USY

Reaction temperature 180oC 160oC

Reaction time 1 h 24 h 1 h 6 h

Product(wt%) Product(wt%)

OTP 1.5 1.9 5.3 5.2
1,5-DMT 97.5 66.1 68.7 52.0
1,6-DMT 1.0 15.9 11.2 16.9
2,6-DMT 0 14.3 4.5 10.2
DMTs 0 1.9 6.2 10.6
DMNs 0 0 3.0 1.7
Others 0 0 1.0 3.2
o-xylene 0 0 0.1 0.2
Conversion(%) 98.5 98.5 94.2 94.3
Selectivity(%) 99.0 67.3 73.4 56.9
Yield(%) 97.5 66.3 69.1 53.7
HWAHAK KONGHAK Vol. 40, No. 3, June, 2002
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��
���
���
���
´��Y tu 1,5-DMT}� ��l8 ¿Z �� N/.

Table 4�?� 2Ñ�? Q½C H-betaU H-USY��� 1,5-DMT�

� ��� ab�Y8 �Â	¾/. H-beta� �� 180*� 2Ñ�?l

1,5-DMT� ��� ab[�� �� 1,6-DMTU 2,6-DMT� ab� Q

½C/. 1,5-DMT, 1,6-DMT, 2,6-DMT, � ¤ �� �.A VA triad�

�	2 ��� J��? ×¹ I�D ab�� B�+ � N/. �, H-

beta�? 2Ñ ab[� ��� ab� Q½+ i�� < d��� I

�D DMT ,�� Q½'v �� yz{ J�� Û�	h '� 2qr

ì� �. d�l ý/. <o4 H-USY� ���� H-beta©/ �A Ñ

l(160oC)U -A ab[�(6 h)�l ��	2 1,6-DMTU 2,6-DMT k

�l 
o DMT ��.mU DMN ��.m8 �.D 
o �� 2q

r �.� d�� �
C/. �, H-USY� H-beta� �F �A Ñl, -

A ab[��?l 1,5-DMT� ��l� ��M ��� �¥�h C/.

�� w�� H-USY©/ �A ab�Y ��l8 ¿�û �JD H-
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