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Abstract − The catalytic cracking of p-cumylphenol, a major component of the byproduct for the manufacturing process of

phenol was studied over various zeolites with different acidities and pore structures. p-Cumylphenol was decomposed to phe-

nol and α-methylstyrene, however, α-methylstyrene was consecutively converted to various materials such as indenes and its

dimers. With installing a distiller on the batch reactor to separate α-methylstyrene from the reactor, the yield of α-methylsty-

rene was considerably improved. Conversion of p-cumylphenol was high on the catalyst with a large amount of acid site. The

consecutive conversion of α-methylstyrene was suppressed on the zeolite catalyst with small size pores. The catalyst with large

size pores showed high conversion irrespective of a small loading amount of catalyst, while the product yield was low due to

additional conversion of α-methylstyrene within its large pore.
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� � �D TU�e,. MFI 	�t��� ¡��� ¢4j(Du Pont,

Ludox HS-40, 40%), 7&@£¤¥¦(Junsei, C.P. grade), 7&@{�

§(Tedia, >95%), ̈ ©@ª�t«�¬­®¦(Fluka, >98%)�� 	


a xy ®¯� 175oC�� 7° ±² 7³xyJK A"�e,[5]. 	

�t��� ®´ 1 N 2&­®¦(Fluka, GR>99%) U¯�� 80oC�

� 24J� �oµ}a ¶ 550oC�� 12J� ·"�D Ḩ �� �

oµ}�D TU�e,. °¹ º
cY�»6�� 	
a Si/Al ;.

10$ MOR 	�t��(JRC-Z-HM20)h 0.05 N- 12 N) ¼& U¯

�� ½4�D Si/Al ;. 12� 120$ MOR 	�t��h 	
�e

,. 80oC�� 12J� ±² ¼& U¯�� ½4�D £¤¥¦� U¾

J¿�À, �E ÁÂ7� �Ã�e,. 100oC�� �¤ Ä
a ,Å,

550oC�� 8J� ·"�e,.

2-2. ��� ��� �� �	

A"a cY� O*ÆtÇÈ #ÉV(Jobin Yvon JY 38 plus)� »

·Ê ��� Ë��D Si/Al �;h �&�e,. HNO3, HF, HClO4

h �;� 4:4 :1� s*Ì C1 ÍA&� JSh ÎE 200oC��

}Â .³�D JSh Ïe,. ÁÐ Ä
 ¶ 2&�� ÑÉ�D ¢4

Ò- £¤¥¦ ��� Ë��e,. 	�t��) ÓÔÕ Ö ×Ø ²

� Si/Al �;h ME, MOR(10)½Ù cYh �V�e,.

cY) Ú� �
� CuKα, Ni-filter, 35 kV, 15 mA 
Ä�� X-

Û 6W#ÉV(Rigaku Model Geigerflex)� ÜÝ X-Û 6WÞß��


T�e,. A"a MFI) XRD 6WÞß1 �à� H3+ Ú-� á

°/�e�À[6], &½4�D 	
a MOR cY) XRD Þß���

¾Ð '2) 6WÞß- â�. ãä,.

�[M1 g� 	5a %åæç� Ë�è/� 300oC�� 2J� c

Yh éVJê ¶, ¯�2· o*�� Ë�a 2·) æç oÛ��

%� BETë� TU�D �&�e,.
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! �D ò#ó �@s*Ì æçJ¿,. ô1 o*�� 2J� éV

JK '4æç+ ­®m�h 	^�3, 10oC/min�� 600oCõ9 ì

oJbÀ íçs� ­®m�h TCD d¾V� Ë��e,[7].

��[ &<) xy"1 vö O÷ë xyV� 
Ta 1,3,5-triisopro-

pylbenzene(Aldrich, 97%, TIPB)) #Ixy Ú-� ;µ�e,[8].

2·h ð4[� 500oC�� 2J� ±² cYh �"@Jê ¶, 350
oC�� 30#� xyJ¿,. W/F� 8.0 gøh/mol�ä�À, |}F1


ùa TIPB ú xya TIPB) �#F� �)�e,.
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CuPh) cY #Ixy1 3� Æt��� }Â ûüVh ý/a v

ö ¯v 6#ë xyV� 
T�e,. 100 mL Æt��� xy'-

cYh Î3 &·h é	�V �I 2·h ð4[� xyJ¿,. 30

# þZ 240oCõ9 xyV o*h �43 � o*�� 1J� ±²

xyJ¿,. CuPh(Aldrich, 99%) 20 g� ÿI, cY� 0.1 g%� 0.5

gõ9 TU�e,. #Ixy) |}F1 
ù+ xy' ú ·®+ x

y') �;�, ("') 7F1 
ù+ xy') �� ("+ �7

;F� �)�e,.

("'1 ���ªk(Oriental, 99.0%)� ÑÉ�D DB-1 �Ù(0.53

mm�30 m)� ý/+ V���È�Ü�«(GC, DONAM DS 6200)�

80 oC�� 200oCõ9 10oC/min�� ìo�À #É�e,.

("') w.xy� �	�V �I ("'� #4P 7 8� ÁÂ

Vh ý/a vö ¯v 6#ë xyVh TU�e,(Fig. 1). ÁÂV

�� ��� ý/�D xy J�Ê� ("' f� Ë��e,. ÁÂ

Vh ý/�[ xy o* 300oC ����� ��- AMS:� ûü

Vh ^p ®�9À, ("') 7F1 ®�� ��- AMS �7 ;

F� �)�e,.
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CuPh1 &cY�� ��- AMS� #I+,. vö 6#ë xyV

�� D� 	�t�� cYh TU�D 
Ta CuPh #Ixy) (

"' 7F� Fig. 2� {�	ä,. cY� �t ,k
 �9: ��1

v�� ("s{, AMS� Y� Mr ("+,. ��- AMS ���

AMS) £�@, �"@ 
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�·«�¬��, $z, AMSD  � ("+,. �� 7F� �1 MFI

Table 1. Characteristics of catalysts used

Catalyst Si/Al ratio
Surface area

(m2/g)
Pore diametera

(_)
Source

FER 8 340 4.2 ̀  5.4 Tosoh Corp.
MFI  20 400 5.3 ̀  5.6 synthesized
MOR  10 410 6.5 ̀  7.0 JRC-Z-HM(20)

12 380 a dealuminated 
64 350 a Tosoh Corp.

120 370 a dealuminated
FAU  1.5 680 7.4 ̀  7.4 PQ Corp.

3 570 a JRC-Z-HY(5.5)
20 390 a Tosoh Corp.

BEA  12 690 7.6 ̀  6.4 PQ Corp.
aref. 4

Fig. 1. Schematic diagram of the batch reactor with a distiller for the
catalytic cracking of CuPh.

Fig. 2. Catalytic cracking of CuPh over various zeolite catalysts at the
single batch reactor at 240oC.
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(20)- MOR(64) cY��� AMS. vÿM�� Q� ("sä�{,

|}F� 01 FER(8), FAU(3), FAU(20), BEA(12) cY��� (

"' ú AMS ��� Y� ��,. |}F� �1 cY�� AMS)

7F� 0,� <1, |}F� 01 cY��� ("+ AMS. w.

xy� ^p ,� '2� |}säÅ� HD�,.

CuPh) #I L�h d��V ��D, |}F� �r ,� MOR

(64)� BEA(12) cY) TU�� �4�D ("' #�h 
T�e

,. Fig. 3�� H�� E� cY��{ cY TU�� Q�9[ |}

F1 0��,. MOR(64) cY��� 7F� �3 ��- AMS.

("+,. x[ BEA(12) cY��� AMS ÿ� AMS) w.xy

("'� Q,. cY� �t |}F�1 â�. �9:, |}F�

20% �½�� ("' #�� cY� ��ã� ;��,. � |}F

� �� AMS �*. ��[ w.xy� �Z AMS� ��89:,

("+ AMS. Q�9[ w.xy� ��sE AMS 7F1 *4E

���,.

vö 6#ë xyV�� 
Ta D� 	�t�� cY) ("' 7

F� Fig. 4� �A�e,. �� 7F1 |}F� ;��D ^) Û¸

M�� Á.a,. AMS 7F1 |}F� 20% �*° �õ9� Á.

�9:, |}F� N 0�9[ *4E �·�3 ÿ� w.xy ("

') 7F� 0��,. �7a ��� BEA(12) cYh Î3 240oC

�� 1J� xyJK* ��1 ,� '2� |}s9 G�,. Ü�{

ô1 
Ä�� �7a AMS� ÿ%# ���   ,� '2� |}s

ä,. AMS� ¨��ªÔ &<�� qr ��@sE D� '2� |

}s`�[2], CuPh�� #IsE ("+ AMS. &cY.  E8�

6#ë xyV� Üÿ� ��8Vh Vÿ�V E!,. w.xy� �

	s*Ì AMS� cY) "c� â#�D_ ��- AMS� 67P

7 8,.

3-2.  !"# $% ��� ���
�� p-����� ����

("+ AMS) w.xy� �	�V ��D 6#ë xyV� ÁÂ

Vh ý/�e,(Fig. 1). ("+ ��- AMS� ÁÂVh ^p 	^

s`� w.xy� �	+,. ÁÂV. ã� 6#ë xyV��� (

"') ;<� �� xyV o*h 240oC �v 0° 7 ã�{, Á

ÂVh ý/�D ;<� �1 ��- AMSh xyV�%� #4�[

xy o*h CuPh� ÁÂV� $E %9 G� 300oCõ9 0° 7

8ä,.

Fig. 5� BEA(12) cY�� xy o*� �� CuPh #Ixy) (

"' 7F� H$ ��,. xy o*. 0�27Ì #Ixy� Q�

��sÀ, |}F� Y� 01 
Ä��* AMS� 67sä,. CuPh

� �vM�� #Is[ ��- AMS. ô1 �7� ("s�&,

AMS) 7F� ��� ;I �,. 300oC�� �� 7F1 50%�{

AMS� 30%�, xyV 	�� AMS) w.xy� ��sE ÁÂ =

��� #4s9 G� 3;< '2� xyV 	� ("säÅ� HD

�,.

&"*� �
�
. ,� 	�t�� cY�� 
Ta CuPh #I

xy) ("' 7F� Table 2� �A�e,. Si/Al ;. �� &<�

Q^{ H+ f�o µ}F� 0� &<� Q1 FAU(3) cY�� CuPh

Fig. 3. Catalytic cracking of CuPh over MOR(64) and BEA(12) cata-
lysts at the single batch reactor at 240oC.

Fig. 4. Variations of product yields with conversion in the catalytic
cracking of CuPh over various zeolite catalysts at the single
batch reactor at 240oC.

Fig. 5. Yields of AMS and phenol in the catalytic cracking of CuPh
over BEA(12) catalyst at the batch reactor with a distiller.
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) |}F� 0,. 	�t��) �Â� �t â�. 89:, &��

CuPh #Ixy) �"� Ú��� ú'a $g(1 )*ã,. Ü�{,

FAU(3) cYH, &�� M1 MOR(10) cY�� ��- AMS) 7

FA� 01 <� ýÕ��&� &�:��� ò#�9 G,.

Fig. 6� 	�t�� cY) &�Vh ;µ�V �I ­®m� TPD

Ú-h He,. ­®m�. 01 o*�� íçs� MOR(10) cY

) &�V. +�3, 01 o*�� íçs� ­®m�. ^) ã�

FAU(3)�{ BEA(12) cY) &�V� vÿM�� ��,. Ü�{

Table 2) CuPh #Ixy) |}F1 &�V. �a FAU(3)- BEA

(12) cY��* &�� Q�[ ®´ 0�,. &�V. +a MOR

(10)�{ FER(8) cY�� &�� ;�a FAU(3) cYH, |}F�

01 <� &�V �>�� ýÕP 7 8�{, &�V. �a BEA

(12) cY�� ��- AMS 7FA� ,� CuPh #Ixy) �"1

&�VH,� &�) �>� 9éM�t3 (ü+,.

CuPh1 ´ -) =>? 34. 8E #g �V. MFI 	�t��

) �
�V� ;��,. MOR, FAU, BEA 	�t�� �
1 CuPh

H, �9:, �V â�. ME �
 	 &<� ;I ��[ &<�

#Ixy� N �r VDP 7 8,. ��[ &<) VDh 
T�V

��D MOR 	�t�� �
�  E.9 G� TIPB) #Ixy�

Si/Al �;. ,� MOR cY�� 
T�e,(Fig. 7). TIPB #Ix

y1 MOR 	�t��) ��[ &<��: °E{`�, TIPB #I

xy) |}F�� ��[ &<) VDh OwP 7 8,[8]. CuPh

#Ixy�� ��- AMS 7FA� TIPB) |}F- L>� ;�

�,. TIPB #Ixy) |}F� 01 cY�� CuPh #Ixy* Q

� ��+,. CuPh #g. MOR 	�t��) �
�* °%  E

..9:, �
 	��H, ��[�� #Is� f� QÅ� ­Ja

,. MOR 	�t��H, �
� N 5� CuPh� �
�  E.V

EZ�4t uvs� FER cY�� ��- AMS) 7FA� 01

Ú-* 	�t��  g) ��[ &<�� CuPh) #Ixy� /k

r ��sV ���� ýÕ+,(Table 2).

&�- �
 �V. ,� D� 	�t��) |}F� Fig. 8� �

A�e,. cY) &�� Q3 �
� 07Ì CuPh) #I �"�

0�9� L>� HD!À, &�� Q�7Ì �"� 0�9� L>1

Y� 12�,. �
�V. ,27Ì #I �"� 0�9{, ��[

&<) VD. ,� &�� ;�[ �>� M,.

�
 �V. ,� MFI(20)� BEA(12) 	�t��) cY�� 3

@JK CuPh #Ixy) ("'� �
 	�� w.� xy��9

D%h 
T�e,. Fig. 9�� H�� CuPh #Ixy) 1â ("'

$ ��- AMS) 7FA� cY�� �t �t9� L>� cY �

Â� �t ,k,. �
� 5�� ��[ &<�� #Ixy� !�

��s� MFI cY��� cY�� Q�27Ì 7F� 0��,. x

[ �
� 4 BEA cY��� cY�� Q�9[ |}F� ���

,. �% &<��� ("'� 5� ÁÂVh ^p #4s`� w.

.
Table 2. Cracking of CuPh over various zeolite catalysts at the batch

reactor with a distiller at 300oC

Zeolite Si/Al ratio
Amount of acid 

site(mol�104
�g−1)

Yield (%)

Phenol AMS Sum

FER  8 9.4 37 34 71
MFI  20 4.0 24 23 47
MOR  10 7.7 51 45 96

12 6.5 28 24 52
64 1.3 14  8 22

120 0.7  7  2  9
FAU  1.5 16.7 59 37 96

3 14.7 45 41 86
3a 11.7 30 29 59
3a 10.4 26 23 49
3a 8.9 18 18 36

BEA  12 6.5 42 40 82
aDifferent amount of acid site is due to the difference in the H+ ion content.

Fig. 6. TPD profiles of ammonia from various zeolite catalysts.

Fig. 7. Comparison of the sum of phenol and AMS yields with TIPB
conversion over MOR catalysts with different Si/Al molar ratios.

Fig. 8. Effects of the amount of acid site and the pore size of FER(����),
MFI( ����), MOR(����), FAU(����) and BEA(����) zeolites on the sum
of phenol and AMS yields in the catalytic cracking of CuPh at
the batch reactor with a distiller at 300oC.
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xy� ��s9 G�,. x[, �
 	��* xy� ��~ 7 8

� BEA cY���, �
 	 &<* #Ixy� �D�`� cY�

� 5�* |}F� 0,. Ü�{ cY�� Q�9[ �
 	�� (

"+ AMS. �
 	 	a+ 
��� $z�{ AMSD  �� |

}sE AMS 7F� ���,. �
� �! ,� 6&� �! /k

^{ �
� 5� �
 	 xy� ��s9 G� cY��� AMS)

w.xy� ��s9 G�`� AMS 7F� 0�4t uvP 7 8

,. �
�V. �! �3 &<� Q1 £¤¥{{ ¢4j-£¤¥{

�� CuPh #Ixy� ÿa �"� Y� 0,� <[9]* ��a ý

Õ- uv� 7i8a,.

4. � �

	�t�� cY.  E8� vö 6#ë xyè/�� CuPh1 �

�- AMS� #Is9:, ("+ AMS� w.xy�� $z- AMSD

 �� |}+,. 6#ë xyè/� ÁÂVh ý/�[, ("+ �

�- AMS. cY�%� #4sE AMS) w.xy� �	P 7 8

ä,.

ô1 �
) 	�t�� cY�� &�� Q�9[ CuPh) #I

�"* ,9{, &�V. #I �"� ¥/� �>1 �9 G�,. �


� 51 	�t��(FER- MFI)��� xy') �
 	 6&�

�Z�, #Ixy1 !� cY ��[�� ��a,. �
� 4 	�

t��(FAU� BEA)��� �
 	 &<��* xy� ��sE c

Y�� ME* #Ixy� Q� ��+,. Ü�{ �
� 4 cY�

�� ("') �
 	 �*. 0�9[ w.xy� 9t:� cY

�� Q�9[ AMS) 7F� %óZ ���,.
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