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Cs, K-Mg, MgO� && '�() *+,- H/zeolite-X ���
� ether
 �� o-toluidine� N-./0 �� ��� 1

2(3#. H/zeolite-X� 45 300oC
�, .6789
 �� *+:; <() =>? @(A ��B� 45 K/zeolite-X

C Cs/zeolite-XD 320oC
�, K-Mg/zeolite-XD 350oC
�, MgO/zeolite-XD 400oC� �EF:; GH ��I>
�

&& JE K0LM NO�P#. H/zeolite-X ��C K, Cs, K-Mg? && �IQRA zeolite-X ��BH 300-420oC� �

�I> ST
� I>? �UV
 WX N-ethyl-o-toluidineM YZ(D N-./0 ��� [Z� \9] ^_`� 6-ethyl-

o-toluidineM YZ(D C-./0 ��� [ZH a?`D 4bM NO�P#. c �d
, �B ��e# f GH �g>�

?h MgO/zeolite-XD I> �U
 Wi N-alkylatesC C-alkylates YZj� *0�>? �EF:; kl mnM . 1 "

P#. o�, Cs p� .6789
 �q *+A zeolite-X ��D rs =>? t u:N vw ./0 ��� x; �y

z{ N-alkylates? !|F:; YZ`P#. o-toluidine} ether�� ��~� �Z �r? 1 : 4� � ?� GH K0LM

NO�P:�, .6789:; �IQRA ��BH =>? t �
 WX� ��� JE[ZM NO�D I>? H/zeolite-

X
 rq� �EF:; G �M . 1 "P#. ��, Cs/zeolite-X ��
�D Cs �!j� 1 wt%< ��? ?� GH K

0LM NO�P#.

Abstract − A study of reaction processes using solid catalysts has drawn attention of domestic dyestuff intermediate manu-

facturers. From this viewpoint, N-alkylation of o-toluidine with ether was conducted on H/zeolite-X catalysts modified with K,

Cs, K-Mg, and MgO, respectively. While H/zeolite-X gave rise to maximum conversion at 300oC, those zeolite-X catalysts of

lowered acidity due to modification by alkali metal exhibited maximum conversions at relatively higher temperatures: 320oC

for K/zeolite-X and Cs/zeolite-X, 350oC for K-Mg/zeolite-X, 400oC for MgO/zeolite-X. For H/zeolite-X and zeolites modi-

fied by ion exchange with K, Cs, or K-Mg, as the reaction temperature increased in 300-420oC range, the activity of N-alky-

lation forming N-ethyl-o-toluidine decreased rapidly whereas the activity of C-alkylation forming 6-ethyl-o-toluidine increased.

Meanwhile, for the same temperature increase, MgO/zeolite-X having higher basicity showed relatively much smaller varia-

tion of N-alkylates or C-alkylates yield. Those zeolite-X catalysts modified with alkali metals including Cs selectively cata-

lyzed side-chain alkylation producing N-alkylates predominantly. Maximum conversions were brought about at o-toluidine:

ether mole ratio of 1 : 4 in the reaction mixture, and lowered acidity of the catalysts modified by ion exchange with alkali met-

als were responsible for the increase of reaction temperature for maximum activity, relative to H/zeolite-X. In the case of Cs/

zeolite-X catalysts, Cs loading of 1 wt% gave rise to the highest conversion of o-toluidine.
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\� I] ^ _` 6aK�� �� b8c9R dC �=� e8 f

-2 gh-4 %&. Oi4 ?1j� [k STK� lm� no�

�l)* �� �, ��(Mp qrR -* [k9 �� 4=W� �

=p s� t��* _` �=� ?C ��+�p uvw -* xy

  z{&.  PC +�,� |P }~p ��-� t�� 4�� �

�� 4��� ��* t� \�~Lp ��� � %* ?�����

  � � %&.

_� 4�� ��d ZSM-5Y� zeolite2 '(-| p-ethyltoluene

� ��� GC ���� ZSM-5� boric acid, phosphoric acid2 �

9-| ����R ��� ��R Ja�p � M,��d AlCl3 �

�2 '(C � �& xqrC  aW�� �m  �� A�� ��

  ;� ��R ���&[1, 2]. Oi4 styrene monomer� ���R

�   ()* ethylbenzene� 4�� ��d ZSM-52 '(-| ;�

��p s� 
(  �4� � %&[3, 4]. BC 4���a ��d

Na/zeolite-X, Na-cluster2 '(C ���� � ¡� �C ¢£ ¤¥

� ST ^ 4i ¤¥� ST� GC ����8 �, ��� 4���

� ¦�5 <a  �U)§��[5], g��a4� ��d K(NH3)/Al2O3,

KNH2/Al2O32 '(C 5-vinyl-bicyclo[2.2.1]hept-2-enep 5-ethylidene

bicyclo[2.2.1]hept-2-ene�R� Z N� Ë �  a�� GC ���5

8 ]©� � %&[6].

zª� « ��* ether� �C o-toluidine� N-¤¥� ST� ?�

M,  �¬ 4���R H/zeolite-XF ,?A�R ¤­i®¯   

°±Z)# �²89 f-� K/zeolite-X, Cs/zeolite-X, KMg/zeolite-

X, MgO/zeolite-X ��2 ����R³ �
��� �� ^ ST<

a� ?C ��2 �´-µ&. OPQR « ��� ¶8* o-toluidine

� ¤¥� ST�� o-toluidine� 1· �¸� ¹R/ ¤¥�2 8º-

| n» �
���2 '(-| �, �
2 Ja-µp � ¤¥�9 ¼

I B* ��� ½�K� ?C ¾¿8� �� ÀÁp ÂÃ � %� �

\� ¹R/ 4��� '(�R ¤¥�2 8º-* STÄ5F �� Á

,p �?� � %&. BC 4���2 '(C « ST� ?C ��*

M,���& +�,�� Ä�Ad ¢Åp �  9Æ4 %� �\� A

@C ��� �Ç� �7� ÈjV +��R1É �¯V ST�R �

Z� � %p Ên �Ëª ��� EÌ(Å��8 �� U~p 9�&.

 Í G~�� « ��* o-toluidine� N-¤¥� ST� ?��

zeolite-X2 Î�R '(-| ¤­i®¯p  °±Z¶Ï* Y &ÐC

¨ÑR n» &Ò Ó ��� ST°8 ^ ®¯�  °±Z�� zª

ÔÕp ´-µ4, 4i¤¥� 6aKd 6-ethyl-o-toluidine, 4, 6-

diethyl-o-toluidine  aW� ^ ¢£ ¤¥� 6aKd N-ethyl-o-tolui-

dine, NN-diethyl-o-toluidine� ?C �Ç8 [Áp Ö×-| ST�

�� ?C _A�Øp Ù4Ú -µ&. Oi4 4���� ?C ST

<a5 ��� �~ jÛ� z{ C-¤¥� ^ N-¤¥�� 6aK�

6a [Á� G�� �'-µ&.

2.� �

0SA�R �a��-��� ¤¥� ST� Ü�Ú� ¨ÑR Ìa

�� E*���F ¤¥� ¶Ý� ,Þß(  à áâ 0#ã&. Oi

4 Üä�R ´å-* �Áæ �JK  9�ç� zª �è�uST

  0#ã&.

E*+ArH� [E-Ar-H]+
�E-Ar+H+ (1)

BC Bronsted acid �� HAF �é ethylene� �C benzene� ¤

¥� ST� [k �hF ê  �´�&[7].

CH2=CH2+HA�CH3-CH2
+ A−

� [CH3-CH2-ArH]+A−
�ArH

CH3-CH2-Ar+HA (2)

?1j� [k �f,Ñ�� Ìa�� carbonium ion�  °ë�R

7E-4 carbonium ion5 anion' �* +I�Jp  �4 %&.

BC anion� aW� ¤¥� KW� STa5 �Ç8� �� ÀÁp

ìÜ&.   ST� �R �Áæ4i�� 0#�4 C-¤¥�ª48 í

C&. OP� ��a ��-�� �Áæ �JKL� ¤¥� ST�

[k, alkylbenzene, alkylnapthalene, alkylpyridineY� ?�� ��

�� ÆîAd 4i ¤¥� ST5 &ïð ¢£ ¤¥� ST  �R

��ã&.  PC ñi2 ò?R zeolite� ÎÆ� ¤­i®¯� ®¯

<a, �Ú2 �ó* aW  ²-� ¤­i®¯ ��K¨Ñ* �è

ñÚLp 9Æ4 %� �\� �è9 9Æ4 %* ô1C �+I �

ÚëL  STK� ÐaÚ2 +õ��R� ST  �´�&[8]. Oi

4 ��L� `öL� }0aj ��K, ¤­i®¯  �9� zeolite,

Ôi÷¤�ì�� ÎÆ� ¤­i®¯, ¤�ì�� ÎÆ� KF, KNH2

Y  %&[9-12]. |�� }0aj� ��K� MgO, CaO, CsOF ê 

¤­i®¯ B* ¤­i ò®¯p ø-�,  L ��KL� ®¯n

ÎÆ� ���& ù ²C ��82 ��ú&.  L 4� ��a��

2 Ìa�¶Ï� t��* ��©Å� 7E-* H2O, CO2 Yp û

�ü �u¶ý �#w C&. ©Å� þö-4 %* K � CO2* B

&{ ��R ß(-u� ��� Ìap f-¶Ï* KWR ��2 ÿ

¨¶�&. OPQR ��a ��� ��i5�p 4°(723 K)  ,�

� xeKLp �u� �#w -� ÆÆ�� `ö� zª� ù ;�

°89 r�� �8 %&[13].

3.���	

3-1.����

« ÔÕ� '(� ��* �7� ���� '(� ����Lp T

(-µ��[14], ÿ¨� ����� ?1j� H/zeolite-X�& �89

f-� ��2 ��-*� G~  �#�&. ����� ���R*

Ð °±Z�5 ���p  (-µ�� ����2 tC <�¶Ý�

,(Ad �p �º-| '(-µ&.

H/zeolite-X� ��* zeolite-X2 1N-NH4Cl �(M�R 80oC��

12¶�  °±Z¶� &Ò cö�R ��-| NH4
+/zeolite-XR nL

§&. O	 120oC�� 12¶� Ø�¶Ï4 350oC�� èa-| NH3

9
¨ÑR �u¶��R³ _`Ad H/zeolite-Ẍ  ��2 ��-µ&.

Cs/zeolite-X, K/zeolite-X, KMg/zeolite-X ��* H/zeolite-XF å0

-ð NH4
+/zeolite -Ẍ ÑR Ð °±Z¶� 	 t� ��5 ê  c

ö� �� ^ 120oC�� 12¶� Ø�¶� 	 CH3COOCs, KOH, KCl

5 MgNO3 �(M�R 80oC�� 12¶�  °±Z-µ&.  �ð ��

� ��L� &¶ 120oC�� 12¶� Ø�¶� 	, ST � 650oC��

H2O, CO22 �u¶� 	 '(-µ&.

¤­i ò®¯ ��K ��d MgO/zeolite-X� ��* jø,�

MgOF 0.1 N-HCl�(Mp '(-µ&. 
f MgO2 cö�� j�

¶� &Ò èm� 0.1 N-HClp '(-| (�¶�&. MgO9 ��

%* �(M� zeolite-X2 �º-| 80oC�� 12¶� å� ��¶�&

.  �ð ��� MgO/zeolite-X2 120oCØ��� 12¶� Ø�¶� 	

650oC�� 12¶� å� +�èap ¶ý _`Ad MgO/zeolite-X2

��-µ&.

H/zeolite-XR1É ÿ¨� ��L� �8j�p t� DSC� �C

¢���p �´)§&. DSC� �C ��� �8 �'[15]* ���

��Lp �i���¸(TEA)� �¹ Î9�§&9 DSCR ¢�-�

�� 80oC�� 1¶� Ø�¶�&. Oi4 sample cell� ¤�ì� 89

Ë� ê� �ð� �i)Æ �� ��2 �� 50oC1É 550oC _̀ °8

�t�Æ 20oC/min� �° ¯8R �'-µ&.  R1É DSC ½�

ÅA� �±R �~� ��e�2 �d-|  2 Ó ��� STa
���� �38� �2� 2000� 4�
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5 �± �ò��R³ « ST� ?C �Gap Ö×-4Ú -µ&.

3-2.����

o-toluidine� ether� �C N-¤¥� ST� 4�  !" ST�R

,# -�� �´)§&. ST�* 1/2 in stainless 316$%2 '(-

| ST� �&1� ��C ��2 '�¶Ï4 ��  �&1� °

8�@�F ��� (�?2 ):-| ST°8�@p ( -ð -µ

&. o-toluidine5 ether� *JK� syringe pump2  (-| ST�

R +�-� Wè2 åS9
R -| ST� 
1R �º¶�&.

o-toluidine5 ether� STK� mole�* 1 : 1-1 : 5(o-toluidine : ether)

� �Ø�� �´)§�� ST°8* |P �52 +4-| 250-450oC

� �t��  �#�&[15]. ��2 Ìa�¶Ï� t�� STÔÕp

-� �� 650oC� Wè!"p IÆ¶���, ST� ,�2 -� �

X* 6aKLd N-ethyl-o-toluidine, NN'-diethyl-o-toluidine5 C-¤¥�

�  a� 4,5,6-ethyl-o-toluidineY� G.C-FID2 --| j�)#�&.

4.
� � 
�

4-1.��	
��
 �� ���

ST°8� ÿ�9 ether� �C o-toluidine� ¤¥� ST� ì:

* ÀÁp ¤��� t� ¤¥� ST� '�.�ÔÕp -� �d

� 0�C ST°8 �t 300-420oC2 �-4 O �t ��� ��

� STÔÕp �´-µ&.

Fig. 1�� ¤ � %/  � ��d H/zeolite-X� [k* 300oC�

� 9U 0� Ìap ��
§4, 300oC ,� ST°8��* ST

°89 c91� zª� ���  f-)* [Áp �µ&. ¤­i®

¯p '(-| � ²82 f-¶� ��L� ,?A�R ;� °8d

K/zeolite-X 320oC, Cs/zeolite-X 320oC, KMg/zeolite-X 350oC, MgO/

zeolite-X 400oC�� ÓÓ _? ���p ��
§&.  Í �5R1

É K, Cs� }0aj ¤­i®¯�R  °±Z� ��* �±A 2�

°8�� _?Ìap ��
4, KF Mg� � `ö� ¤­i®¯�

R  °±Z� ��* }0aj� ��� ��� ;� °8�� _

?Ìap ��3p ¤ � %§&. Oi4 ¤­i ò®¯ ��K ��

d MgO/zeolite-X [k�8 ,?A�R 9U ;� °8�� _?Ì

a  ���&.  PC  I* ��,�� ¤­i®¯, ¤­i ò®

¯� 4I aW� zª Ó� ST�� _? Ìap ��
* °89

&ï� �\ ª4 |4�&. <ü, ¤­i®¯  ÎÆ� ��L� �

�� ¤­i ò®¯d MgO� [k* ��,�� ��K ¨ÑR 7

E-| �& ��-ð 1�R³ _?Ìap s� t��* ù ;�

°82 qrR -ð )* ��R 5})§&.

Fig. 2, 3� 6aK� �Ç8 �±��* H/zeolite-X ��F K, Cs, K-

Mg� ¤­i®¯�R  °±Z¶� ��* ST°89 ,��� zª

N-ethyl-o-toluidinep 6a-* N-¤¥�9 �¯ü 6è� SÅ, Cy�

R* 6-ethyl-o-toluidinep 6a-* C-¤¥�9 c9)* [Áp ��


§&. OP� H/zeolite-X ��F ¤­i®¯�R  °±Z� ���

& ��89 7� ¤­i ò®¯ ��K ��d MgO/zeolite-X* °8

,�� z{ N-alkylatesF C-alkylates� 6am� ÿ��89 ,?A�

R 89 ßÒp ¤ � %§&.  PC 'Ô� 0SA�R ���,��

* C-alkylates9 �R 6a)* 4i ¤¥� ST  0#�4 ¤­i

����* N-alkylates9 �R 6a)* ¢£ ¤¥� ST  ÆîA 

ª* &{ ��Ú� �� �5[7]* 370oC -� ST°8��  �#

Fig. 1. Change in the conversion for increasing the reaction tempera-
ture of various catalysts.
Condition: mole ratio 1 : 3, LHSV−1=1

Fig. 2. Change of selectivity of N-alkylated o-toluidine on various tem-
perature. 

Fig. 3. Change of selectivity of C-alkylated o-toluidine on various tem-
perature.

Table 1. Operating conditions of gas chromatography

Analysis conditions

Helium carrier 45 cc/mim
Packed column 10% Carboxwax 20 M on Chromosorb
Detector FID
Injection temperature 180oC
Column temperature 220oC
Detector temperature 250oC
HWAHAK KONGHAK Vol. 38, No. 2, April, 2000
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Æ* D,5* ,S)* �5 Æn, « ST��* 370oC ,� S

T °8�� t� ���5F ê� [Áp ��
§&.

4-2.����
 �� ��� ��


Fig. 4� H/zeolite-X ��� 85% �8� _?���p ��
* 300oC

�� ST¶� [5� z{ 6aK� �Ç8 �±��* N-ethyl-o-

toluidine� �Ç89 ÆîA §��, ¶�  Æ:� zª �Ç89

�® c9-µÆn ST	 2¶�  	�* u� 0�-ð 6a;I

Æ)* [Áp �µ&. Oi4 B&{ N-¤¥� 6aKd NN'-diethyl-

o-toluidine� ,?A�R �� 2� �Ç82 ��
§��, ST	

�Ç89 �®< 6è-µÆn 90j  	�* �Ç89 u� ÿ�)

Æ �=&. Cy, ?©A C-¤¥�6aKd 6-ethyl-o-toluidine5 O  

3� C-alkylates(Unknown A.B)L� N-alkylates 6am� �� ��6

am  10%�8R A4 ST¶� [5� z{ ÓÓ� C-alkylates� �

Ç89 0�-ð IÆ)§&. BC, Fig. 5� Cs/zeolite-X ��� [k

8 85% �8� _?���p ��
* 320oC� ST°8�� H/

zeolite-X� ST6aK �Ç8F u� ê� [Áp �µ&. Oi4

Fig. 6�� &{ ��L� �� ��89 ²C MgO/zeolite-X* 400oC

�� 9U ;� 50% �8� _? ���p ��
Æn, H/zeolite-X�

Cs Y� ¤­i®¯�R  °±Z� ��� ��� ���  Df-ð

"#Æ* D,p ]¾-µ&. OP� N-ethyl- o-toluidine5 NN'-diethyl-

o-toluidine� N-alkylatesF 6-ethyl-o-toluidine5 Unknown-A,B� C-al-

kylates� 6a� ?C �Ç8* H/zeolite-X, Cs/zeolite-X ��F u

� ê� [Áp ��
* �p ¤ � %§&. OPQR  R1É H/

zeolite-X2 �>-| H/zeolite-X2  (-| ¤­i®¯�R ÿ¨� �

�* �? �²89 #@ �8 2A#��� |�ü ¢£ ¤¥� ST

   �#$ 6aKR N-alkylates9 ÆîA�R 6a�&* �p �d

� � %§&. BC,  Í 'Ô� B� 4-1@� C1j�� D�� 370oC

 -� ST°8�� ¢£ ¤¥� ST�R N-alkylates9 �R 6a)

* �5F ê� EF�R 5})§&.

4-3.���� �� mol� ��
 �� ���� ��


o-toluidine� ¤¥� ST� %#� STK� G�2 1 : 1-1 : 5(o-

toluidine : ether)R ÿ�¶ÏÅ� ÔÕp �´-µ&.   ST�� ST

K �a G� ÿ�� z{ ÔÕ�5* Table 2F Fig. 7� ��ú �5

F ê  1 : 10 � 9U 2� ���p ��H&. Oi4 ether� Ð 

c9��? o-toluidine� ���  c9-* ��R �����, G�

9 1 : 40 � 9U ;� ���p ��
§&. G� 1 : 15 1 : 40 �

ÓÓ� �Ç82 Table 2�� �±-Å ether Ð  c91� zª 1·

�¸� ¢£ ¤¥� 6aKd N-ehtyl-o-toluidine �Ç8* f-)* [

Áp �d SÅ, 2· �¸� ¢£ ¤¥� 6aKd NN'-diethyl-o-tolu-

idine� c9)* [Áp �µ&. BC STK �a G� ÿ�* C-

alkylates2 6a-* 4i ¤¥� ST�* u� ÀÁp �Æ �* �

�R ���&. Cy, STK �a G��� ether Ð  c91� zª

N-ethyl-o-toluidine� 6am  &è A#ç� zª ,?A�R NN'-

diethyl-o-toluidine� 6am  �  ÿ�-Æ �* �� STK o-

toluidine  9Æ4 %* CH3�9 NH2�� dI-| t:-4 %� �

\� B&{ STKd ether9 o-toluidine� N�� L#9Æ J-* º

�UK9 I]¶ý N-ethyl-o-toluidine� 6a  #@ �8 6è� ��

R |4�&. OP� STK �a G��� ,?A�R ether� Ð  c

9)ùª8 |�ü ¢£ ¤¥� ST�R N-alkylates9 ÆîA�R ¨

a)#Æ4 O 9/��8 N-ethyl-o-toluidine� �Ç89 ,?A�R

L « ST� �� G~5 M&{ · ~  N* ��R 5})§&.

Oi4 1 : 5��* ���  1 : 4� �� &è "#Æ* D,p GO

� � %§*�,  * o-toluidine� ?-| ether� Ð  ,?A�R �

�Æ* 1 : 5��1É* Table 2� ethanol 6am �±�� ether� j�

R d� ethanol� 6am  �õ-ð c9)# ���  ù  , ;�

ÆÆ �4 6è)* ��R |4�&.

4-4.��� ��� ��
� Cs�  !"
 �� #$

Fig. 4. Change in the selectivity and conversion of N-alkylated o-tolui-
dine over H/zeolite with time on stream at 300oC.

Fig. 5. Change in the selectivity and conversion of N-alkylated o-tolui-
dine over Cs/zeolite with time on stream at 320oC.

Fig. 6. Change in the selectivity and conversion of N-alkylated o-tolui-
dine over MgO/zeolite with time on stream at 420oC.
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@� Fig. 1� Ó ���� _?���p ¨a-ð )* ST°89

¤­i ®¯ B* ¤­i ò®¯�R d� ;�� ��� ��8, S

��� �89 2�� �5F #@ �8 �Ga  %�iª4 5}

)§&. S, ;� �82 9� H/zeolite-XF ¤­i®¯�R  °±

Z)# ÿ¨� ��L� H/zeolite-XR1É �89 2�ç� zª H/

zeolite-X 300oC<K/zeolite-XTCs/zeolite-X 320oC<KMg/zeolite-X 350oC

<MgO/zeolite-X 400oC�R ST� _?Ìap ��
* °89 ,

?A�R ;�çp 8¶� � ÉR1É �d� � %§&.

H/zeolite-X� ?C Cs� ÎÆmp 1, 2, 6, 9 wt%R ÿ�¶ý  �

z{ STa ÀÁp �'-µ&. S, �89 9U L ¨Ñd H/zeolite-

X ���2 CH3COOCs2  (-| Cs� ÎÆmp �@��R³ �

�� �82 2A#  � z{ ���, �Ç82 �d-4Ú -µ�

� O �52 Table 3� ��
§&. ÎÆm  ÿ�� 49Æ ��9

/� Cs  1 wt%R ÎÆ)§p �9 9U 0� �Z�p �µ4,

1 wt% ,� Cs  ÎÆ� �UÆ 3V� ��� ?��* Cs� ÎÆ

m  ��ç� zª ��� Ìa, S, �Z�  6è)#çp ¤ �

%§&.

BC Cs� ÎÆm c9� ?C Cs/zeolite-X ��,� N-alkylates

F C-alkylates 6aKL� �Ç8 ÿ� [Áp �'-| Fig. 9� 8

¶-µ&. o-toluidine� N-¤¥� ST�� Cs ÎÆm c9� z{

�Z� 6èR �Ç8 ÿ�2 #@ �8 .¢� �=Æn, Table 3�

�5F WX9ÆR � ST6aKd N-alkylatesF ìm 6aKd C-

alkylates� �Ç8 ÿ�* �ü ß� M&{ [Áp Ù�Y �* N

§&.  Í 'Ô� Cy�R 1 wt%  ,� Cs  ÎÆ� Cs/zeolite-

X� ?-|�* ��,�� ù  ,� �8� ÿ�9 %p � N&

* ��R |4���,  R d� 6aK� �Ç8 ÿ�8 u� 0#

�Æ �* ��R |4�&.

4-5.�%(Space Velocity� ��
 �� #$)

o-toluidine� N-alkylation� ?C ST�Ø ��� +�¯8� ?

C ÀÁp �d-� t� +�¯82 0.5-1.5 hr−1� �t�� 1 wt%

Table 2. The conversion and selectivity for mole ratio of o-toluidine to ether over Cs/zeolite-X

Mole ratio of 
OTD to ether 

Conv.(%)
 Selectivity(%)

N-ethyl-OTD NN-diethy-OTD 6-ethyl-OTD Unknown A Unknown B EtOH

 1 : 1 47.13 80.32 3.40 4.18 4.25 0.56  1.51
 1 : 2 71.30 83.09 5.66 3.79 1.73 0.64  1.30
 1 : 3 75.38 80.29 5.04 4.75 2.81 0.64  0.46
 1 : 4 84.34 77.60 10.280 4.16 1.06 0.79  0.38
 1 : 5 83.35 78.75 8.77 4.18 1.22 0.92  2.36

Condition: reaction temp.: 320oC, LHSV: 1.2 hr−1 60 min

Fig. 7. Change of conversion for mole ratio 1 : 1-5(o-toluidine : ether)
with time on stream.

Table 3. The conversion and selectivity for ion-exchange ratio of Cs on zeolite-X

 Cs wt% 0.2
Conv.
(%)

Selectivity(%)

N-ethyl-OTD NN-diethyl-OTD 6-ethyl-OTD Unknown A    Unknown B

 H/X 68.52 79.28 7.49  5.16 1.93 1.40
1 75.38 80.35 8.20  5.48 1.76 1.01
2 72.30 78.76 7.62  4.62 1.19 0.98
6 64.69 80.29 5.04  4.75 1.81 0.64
9 55.56 76.16 3.80  4.31 3.52 0.51

 Condition: reaction temp.: 320oC, LHSV: 1.2hr−1 60 min

Fig. 8. DSC thermograms for TEA desorption.
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��* 300-420oC� ST°8 �t�� °89 ,��� zª N-
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§&.

Oi4 STK�� ether Ð  c91� zª 1· �¸� ¢£ ¤¥�
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§&.

(5) H/zeolite-XF ¤­i®¯�R  °±Z)# ÿ¨� ��L� �

89 2�ç� zª ST� _?Ìap ��
* °89 ,?A�R
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§&.
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