
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002, pp. 565-571
����� ��� p-	
� �
� ��

���������	
†����*

����� �����
*	
����
 ���� ����

(2002� 5� 22� ��, 2002� 8� 7� ��)

Preparation of p-Toluene Sulfonic acid Using Reactive Distillation

Joohyoung Kim, Chaeyong Lim, Myungwan Han† and Beom-Sik Kim*

Department of Chemical Engineering, Chungnam National University, Daejeon 305-764, Korea
*Chemical Process and Engineering Center, KRICT, Daejeon 305-600, Korea

(Received 22 May 2002; accepted 7 August 2002)

� �

��� ���� ���� 	�
 ��
� ��� ��
 �
� ����. � ��� �� ��� �� ��
 � �.

�! "#
$ %� �&'�(  �)� 	�
 *�+,-. �� /0
 1�2 3�. 456 � �)� 	�� 789

�! :$;<�. = >?�(  ��@A! ��
� �� /0
 @B;C� D;� E/� p-TSA! �  FG� H� >

?! I
J�. KL �� kineticsM �� �� ��� H� >?! 
2 �� $?! �N
J,O �! PQ,- RST

U R*, $VWX
 I
� ��� ��� �Y� �� @A Z�
 [\
J�.

Abstract − The sulfonation of toluene to produce p-toluene sulfonic acid (p-TSA) is strongly limited by chemical equilib-

rium. Therefore, in chemical process industry, excess sulfonic acid is used in order to increase the reaction yield. However, this
causes an environmental problem. We propose a new process using reactive distillation to increase the reaction yield and get

pure p-TSA. The first step was to study the reaction kinetics and chemical equilibrium. In this work, we explored the feasi-

bility of using a reactive distillation column for the preparation of p-TSA based on the simulation of the new column and

kinetic data obtained by experiments.
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(1)

bcd efU\ Tp� $Um� m4 9p�& ���� O�� �

] �> 89 ���� >c�� '(. ��, �� 
�4 �>� *

�- ��� �U4 |3�- �� 89�4 >
�� 
�4 ���

�� ��� ���� U1��, |3?& '(. ��O >�  @A

%��� � �U> HT�- <@�=� u�}(. y  bcd ef

U4 =��� *�- (~� �\ ��4 s3� 
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> ��\ �A ���- ��� � �¡> �A ¢W& ��, �

��> ��O £/ ¤� $ Tpm> ¥K¦� @j> '(. >§ )

�W4 ¨©�� *: �� ���ª4 >3�- �� 894 Tpm
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�� �� 
�4 ¬���� �­��& 
�� �2��

	 >3�- m4 Z���� =� (. ®, ��� 
�� ��¯1>

>c�� &° � ijk efU4   ./�, Z� TU� 
 '(.

m� �2	 9p�� ijk ±�
²	 ��³9 ���� ³ v´

�� µ¶�& ³ %$� �U4 µ¶�-, ijk �lm� ·¸��

��4 ��r, 
�� ��	 ��- ³%�� m> =�?& ³¹

� &° � ijk efU> =�º 
 '(. >] �\ ��GH4 *

:, » Z��,� ef� ��� �� �G¼
W� ��- q½¾

CH3C6H5 H2SO4+ CH3C6H4SO3H H2O+↔

CH3C6H5 SO3+ CH3C6H4SO3H→
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4 ¿W� LC	 >3�- �À  Á Â�Ã4 ¯p�& �� ÄÅ4

��- > ÄÅ [�	 �Æ�� ��ÇÈ4 �p�& � %
] 8

9 %
W4 ��É(. y  >ÊË ��­ ��ÇÈ4 �Æ�� ��

��³ ÇÈ4 �p, Ç|	 ��- » �� �� �� �3� ��p

4 ÂÌ�É(.

2. �� ��

��� efU =� iÍ� =� ./� ����� ��� ����

bcd4 Î& ��� �U4 Ï¶�- ��> ��O Ð h��Ñ b

cd efU4 ��(. > @A ;�  ��\ �Ò ��>� Ó�� T

p} m� �:, ��> ¦.4 Ô~��Ñ 
�> ÕK¦� �> Ö

)��� ¦�?a(. y >	 ¨©�� *: �U4 ���� �×�

Ë ?& > @A =Ø v� �U> �� ÙF�Ë Ú� �� �U� Û

�� Ö �=� HT?a(. ��, » Z��, =#} ��\ m� �

2	 9p�� bcd� Ü_�� �U4 Z� �×�- �U� bc

d> ·¸�- p-bcd efU4 =�� 
 ' Ð �É(. >� � 

GÝ 	 Fig. 1� O�+a(. ³��, OÞ� �{� bcd� m>

�2	 >cß� bcd� m� àlm>7 �á�- %����, m

4 =��� �> �â�(. %��� %$� bcd\ (� ��³�

� <� ��Ë }(. ³ �$� �= ãÒ4 ä� Tp} p-bcd e

fU4 &° � �= (. ��, » �åæ\ ����] hç �2

��� ��O� ©l ��>(. -�, �2��� entrainer� ��m

� bcd�� ��ãÒ�, m4 =�:+� Ò�4 ��Ë }(. �

Ù� ��W\ ��ãÒ�, m4 è���� =��� é �êë �

> '�O > ��\ >] �\ �W> :[> ?a(& � 
 '(.
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 '� �1ãÒ� ��� ��ð 
 '� �1 ã

Ò> vñ?�u  (. >� ³� òó4 ¼���, �1 ô  ãÒ4

¼���� �> �â�(. >Ó� �� òó @� �ï� = 4 Ô�

(. » ���,� �=� õ�O ./ �¯ �â ãÒ  hç ÂÌ?

�u  (.

2. y  ��� ] ��� � 2� �� ö> ?�u  (. ÷	 W

� ��� � øù ú�r ��> ��O� {��z4 =��� *

: ³)� û�� ¦O/Ë ü�u �� )�4 �¦Ë ?� E. �3

� �=�4 ýË }(. * @� �ïW4 �»��� ¿k?a(r �

� ô  ãÒ, �� ãÒ, �� � W� �  ÂÌ� >c��u  (.

(~�� ���� ./ þ�	 *�- �� �  qE� 0 %89 é

>ÿ	 ÄÅ4 ��- �\ ���|	 ��- ��-u  (. >	 �

Æ�� �� Ç|	 �- �� þ� 0 �1�ï4 X����(. >Á

� pilot test	 �� �� ��4 �. �Ç� scale-up�Ë }(.

3. Kinetic data 	
 ��

3-1. �� � ��

» ÄÅ�, |3} �`\ Junsei| =Ø� bcd, ��, �U4 |

3�É�7, p-bcd efU\ Aldrich Chem.| =Ø4 |3�É& I

±�\ J.T.Baker| =Ø� HPLC(&pâ ¾{ û�	Ì��
)34 >

3�É(. -�, ��\ Â�Ã4 ���é +$ q½mx� |3�(.

�À��� Gilson Liquid Chromatograph	 >3�É& �
\

Phenomenx ULTRACARB 5µ ODS>7 Âw�� Ultraviolet(UV)

Absorbance Detector	 >3�É(. y  UV �.\ 254 nm� &��

É(. >
%�� |3} I±�� m� !�\ 1.05 ml/min, 0.45 ml/

min� �É(. �o� µ¶�\ 5µl sample loop	 >3�- ���Ë

µ¶�- �À4 ��É(.

3-2. �� �� � 	


bcd\ ì;�p /< ��� ef� ��4 ���(. bcd\ �

U� �3p>¦¿ efU\ �U� �Ë 3: (. ��� �[\ ±

�
²�> õ��4 �& í 
 '(. bcd� ef� ��\ 100-

200oC�, ��O7, p-bcd efU4 µ Tpm� 9p�7 ²��

ortho-, meta- >px{W4 
��� ��� íê� '([1]. » Z��

, �� �� m, �U, bcd n 	 í& ��> 89�  �  Á

bcd n 	 ��h��Ñ ;<�, p-TSA(bcd efU)�� 89

%
	 �� 
 '(. ���� p�> °mx(bcd, A) ���� +

$ q½mx(��, I)� ���4 Table 1� O�� �
2� q½¾4

�=�& � ���4 LC� µ¶ (. 	��¦� ���� p�> °

mx(p-bcd efU, R) ���� +$ q½mx(��, I)� ���4

Table 2� O�� �2��- q½¾4 �=�& ���4 LC� �À

 (. -�, �\ é>ÿ	 �¦& Â�Ã4 ¯p  �\ Fig. 2] 3�

O�O'(. ÄÅ./� Fig. 4] 5� O�+a(. Fig. 4� ���  0

89 é>ÿ	 ��� *  ÄÅ./�, 15 ml vial4 �O� ���

� T��- >	 �ô��, �� �ï� �� ��ô � ����

(. > [�	 LC	 >3�- �À�É(. ��m\ bcd(A0)� �U

(B0)4 (0.04 mol, 0.06 mol), (0.04 mol, 0.05 mol), (0.04 mol, 0.04 mo

(0.05 mol, 0.04 mol), (0.06 mol, 0.04 mol)� �2� �U�- 30oC, 50oC,

70oC, 90oC �� ô �, 1�z
# ����(. -�, ���z 1

�z\ ��89�  ��� é ��  �z> ?�, [�} �>(.

> ÄÅ\ ��� ô � �  �2� ÄÅ�É(. -�, �� ô �

PID ô  �¡�	 |3�- ���Ë !¦��(. �� �o � !�

�"} I±�4 ��� Ï¶�- ��4 �o��ê �É(. �o�

;{ x�(WT)4 ���- � v�, ���� �o	 #�É& WT�

� $�� } bcd> ÙF�Ë ?ß� sample� ÙF�� bcd�

�4 ��r WT� ÙF�� bcd� �4 �� 
 '(. Sample 0.2 g

� q½ �o(��, WI) 0.05 g	 %�, LC�À4  (. LC�À4 �Fig. 1. Schematic diagram of the proposed process.
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�- �\ r�2�$ÿ �2	 ��& sample� &K '� q½ �o

� �(WI)� 2'�- bcd(A)� �4 � (. ��, WT� &K '

� bcd(A)� �4 í 
 '�ß� WT� &K'� �4 Û~ Ï¶}

bcd(A)�, (r O)¦� Çä ;<} �>(.

Fig. 5� 500 ml ���, �* '��, ô  �¡�, �
, �á�, �

ô�, *;+�� �p} ��� ���� �åæ>(. > ���� �

����åæ4 >3�- Ä=� ����] �2��� ��O�¦	

ÄÅ4 ��- MåN�É(.

3-3. �� 
� � ��
� ��

�o(bcd+�U+I±�)	 ¿, Á LC� �À�- 
>û� r�

4 íK+&, �o� r�2(AI/AA)	 � (. �  %
 ÄÅ\ ��

�z 1, 3, 5, 10, 15� 
# �� ô  30, 50, 70, 90oC�, �� ��É

(. LC �À r�2	 Relative Calibration Curve�, �  "��� �

¶�- �o� �2(bcd �
(MA)/�� �
(MI))	 �4 
 'Ë ?

&, �o� W�'� bcd� �4 �U (. �o� &K'� bcd

� �\ MA=�
2-(MI/MWT)� í 
� '(. ²2} bcd(A1)\

�� bcd(A0)�, .K'� bcd(A0−A1=A2)4 / �� �(.

Table 1. Toluene/Benzene mole ratio

Standard material(I)
MI(Benzene, mol)

Pure material of component(A)
MA(Toluene, mol)

Standard material(I)
WI(Benzene, g)

Pure material of component(A)
WA(Toluene, g)

1 0.01 0.09 0.7811 8.2926
2 0.02 0.08 1.5622 7.3712
3 0.03 0.07 2.3433 6.4498
4 0.04 0.06 3.1244 5.5284
5 0.05 0.05 3.9055 4.6070
6 0.06 0.04 4.6866 3.6856
7 0.07 0.03 5.4677 2.7642
8 0.08 0.02 6.2488 1.8428
9 0.09 0.01 7.0299 0.9214

Table 2. p-TSA/Benzene mole ratio 

Standard material(I)
MI(Benzene, mol)

Pure material of component(R)
MR(p-TSA, mol)

Standard material(I)
WI(Benzene, g)

Pure material of component(R)
WR(p-TSA, g)

1 0.001 0.009 0.07811 1.71198
2 0.002 0.008 0.15622 1.52176
3 0.003 0.007 0.23433 1.33154
4 0.005 0.005 0.39055 0.95110
5 0.007 0.003 0.54677 0.57066
6 0.008 0.002 0.62488 0.38044
7 0.009 0.001 0.70299 0.19022

Fig. 2. Toluene/Benzene relative calibration curve.

Fig. 3. p-TSA/Benzene relative calibration curve.

Fig. 4 Experimental apparatus for the determination of kinetic data
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002
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��, 	��¦ i��� ��> 89�  � � � � ���z>

@�  Á� (~� 89%
 �4 >3, 89%
	 �U� 
 '(.

(7)

-�,, R0, S0, B0� ����� bcd efU, m, �U� n >(.

3-4. Kinetic data ��

�� ¾��$ÿ �o	 #�r �o v�� �U, m, bcd, bc

d efU> ÙF�Ë }(. LC	 ��- �À> �â  mx\ bc

d� bcd efU>(. GC� TCD	 |3�� @A )¦ bcd¿4

�À� 
� 'a(. Fig. 2, 3� relative calibration curve� bcd/�

�� �
 2] bcd/�� r� 2, p-TSA/��� �
 2] p-TSA/

�� r� 2� �� O�0 ��� Regression �4 ¿W&, 1Á� r

� 2�$ÿ �
 2	 ���é >3� 
 '(.

ÄÅ [�	 �Æ�� (~� �\ ���4 �p, =#�É(.

(8)

(9)

(10)

bcd� ef� ��\ �Ò���� �U� Tpm� p-TSA> m

� 
�m4 9p�r > 
�mW\ ���, =2?� ��� ��

�É(. >] �> ��h��Ñ ��� �U4 |3h� �  89�

KX
R0 A1+( ) S0 A1+( )

A2( ) B0 A1–( )
--------------------------------------------=

CH3C6H5 A( ) H2SO4 B( )+
k1

k 1–

⇔ p TSA R′( ) H2O S( )+–

H2SO4 B( ) H2O S( )+
k2

k 2–

⇔H2SO4 H2O BS( )⋅

p TSA R′( )– H2O S( )+
k3

k 3–

⇔ p TSA– H2O R′S( )⋅Fig. 5. Reactive semibatch distillation system.
1. PID controller 5. Condenser
2. Hot plate 6. Funnel
3. Circulator 7. Insulator
4. Ball column 8. Phase separator

Fig. 6. Experimenal and simulation results for the determination of equilibrium constant.
���� �40� �5� 2002� 10�
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>
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 '(.

Fig. 6\ �� ô  30oC, 50oC, 70oC, 90oC�, �U/bcd �


2� 0.6667, 0.8, 1.0, 1.25, 1.5� n ¼�� �  p-TSA/bcd ÄÅ

ö� =#} ÇÈ� Ç|  [� ö4 �-µ& '(. >%�, =#}

ÇÈ> �U |3�� �  p-TSA Tp 
�4 ^ ÷�� 
 '~4

4 
 '(. Fig. 7\ ô  303 K, 323 K, 343 K, 363 K�, ��­ Ä

Åö� Ç| [��, ��­ 89%
 ö 2.5, 0.035, 0.0012, 0.000045

	 Ì�� lnKö4 5�� 
 'a(.

Fig. 8\ �  %
	 ��� *�- �\ é>ÿ	 �¦&  �  �

�� �U/bcd �2	 1� �- �� ô  30oC, 50oC, 70oC, 90oC

�, �� �z 1, 3, 5, 10, 15�� �  p-TSA/bcd ÄÅö� =#}

ÇÈ Ç|  [� ö4 O�+& '(. Fig. 9� �� ô  323 K, 343 K,

363 K] �� �z 1, 3, 5, 10, 15��, ��­ ÄÅö� Ç| [�� �

�0 �  %
 ö 6, 5, 4.5	 Ì�� In kö4 �� 
 'a(.

ÇÈ� (8), (9), (10)4 Y�� �  %
�4 ��- Ç|6��74

>3  Ç| [�] ÄÅ� �  [�	 Fig. 6� O�+a& Fig. 7�

, 89 %
� �  ô � ãj4 Arrhenius� (k=koexp(−E/RT))4

|3�- 89�:(. >Ó 89%
 ;Ã�, ko=4.482, E=1072.12(cal/

mol)>a(. y  ���  %
 Ò� Arrhenius � 9<	 #�- �G

¼
� öW4 ��É((Fig. 8, 9). >Ó ko=59.39, E=1165.35(cal/mol)

Fig. 7. Equilibrium constant with reaction temperatures.

Fig. 8. Experimental and simulation results for the determination of kinetic constants.

Fig. 9. Arrhenius plot for kinetic constants.
HWAHAK KONGHAK Vol. 40, No. 5, October, 2002
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� O�=(. ® µ ��� �\

� qE� 
 '(. -�, xA, xB, xR, xS� bcd, �U, bcd ef

U, m� n 	 �� O�0(. >Ó � (9), (10)� �  %
� ô 

] ù"�(& ���- ��ö4 |3�É(. >� >W mx� >


� �� ô � ÄÅ ô �( ?@ �� Ó�>(. � (9)� 
� �

�> ABË ��O& 89�\ Tpm«� '� ��� ���É(.

® m> T�r �U� 
�m> �� Tp?� ��� �:(. >Ó

��� %
� 4, �� 89 %
� 12,000�� ���É(. ��,

�U\ ��� �: Tp} m� ��- ef� ��� C-�¦ D�

� 
�m� 9<	 ýË ?� Ó�� ef� ��� ;<�4 �>�

*:,� ��� �U> Ü_�Ë Ú4 í 
 '(. ® m> ��ãÒ

�, =�?¦ ¤�r � ¿E� :��� �U> F Ü_�Ë }(.

>�\ E.�,� ÄÅ[� 0 @Å�  �/�� �>(. � (10)\

�A úG ���� ���É(. ��, � (10)\ ;{��� ûË ã

j4 $/¦ ¤� ��� �- ���  %
 ö4 �A ¯Ë ���

É(. >ÊË �:­ �G¼
W4 �Æ��   Ç| [�� Fig. 6�

8� O�� �] �> ÄÅ[�] x �/Ú4 4 
 'a(.

4. 
��� 
��� ���

Ä=� ����� �â  ¦	 íK�� *:,� ��� ����

� !3�([9]. Fig. 5� O�� ���� �����åæ4 >3�-

���� ÄÅ4 ��É(. ��bcd 100 ml	 ���� µ¶�& ³

%�, �U4 2 ml/min� � � 50 ml	 µ¶�É(. >Ó �� Tp

} m� bcd> ³ %$� Hw?� %��?� m> %��� �$�

I>� �4 5�� 
 'a(. ��� �$� ô � bcd� 2��

110oC�, �1 %J�- bcd efU> Tp?� �4 5�� 
 '

a(. �� �z4 30��� �& ���o	 �É4 Ó ³�$� ù


bcd efU> Tp?� �4 4 
 'a& '�4 KLr bcd�

bcd efU\ %��?a(. > ÄÅ4 ��- ef� ��> ���

�	 �3� 
 '4 � � A  �4 í 
 'a�7 y  �2��

0 %��	 ��- m4 ��ãÒ�, =��� �4 4 
 'a(.

5. 
� ��� ��� � ��

���� Ç|	 *  Aspen Plus[2]	 >3�- p-TSA =� ��

��� �  Ç|	 ��É(. M, N×} �] �> ���� Ç|�

Ü_  é>ÿ� kinetic data] %89 é>ÿ>(. %89 é>ÿ� b

cd, �U, m� �: é>ÿ� Aspen é>ÿ O>å� ¹.?� '�

ß� >	 s3�É(. bcd efU� �  �¾ 89 é>ÿ� » Z

�� "PãÒ�,� �% ¾{� ÙF�� &2� mx>ß� >	 Q

#, Antoine �� �G¼
	 ��h��Ñ �=	 :[�É(. -�,

;{ )
� 10)�� �É& 1)\ �á�, 10)\ F2�� O�+

a(. O)¦ �� ��³ Ç| �ï\ Table 3� O�+a(. y  �

���³\ � )�, ��89�  � (& ���É(.

5-1. �� �� � ��

£o v bcd> 9)��, �U\ 2)�� �×?� ��� �É(.

��, �U\ &2� mx>ß� ��)4 ��+ê Þ& bcd\ ¹

2� mx>ß� ��)4 �� %J�Ë }(. >] �> £o	 ��

�- �×�� �> ��è�> �(. Fig. 10� ³ + � p�W� n

  6�Ü4 O�+a(. ��ãÒ�, m> �;D =�?� � )�

, m� n � �� 0� �RË ?� �4 4 
 '(. ��, Ò��

> S=?� �� 
�4 ¬���� ���T 
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Table 3. Simulation input data

No. of total stage 10(including condenser and reboiler)
No. of feed(H2SO4/toluene) 2/9
Feed rate(H2SO4/toluene) 10/12 mol/hr
Feed temperature 25oC
Pressure(feed/column) 1/1 atm
Reflux ratio 3
Distillate 2 mol/hr

Fig. 10. Column composition profile of the reactive distillation process.

Table 4. Result of components mole flow

Component
Feed 1

(mol/hr)
Feed 2

(mol/hr)
Distillate

(%)
Bottom

(%)

p-TSA 0.0 0.0 00.00 99.690
Toluene 0.0 12.00 16.47 0.31
H2SO4 10.00 0.0 00.01 0.00
H2O 0.0 0.0 83.52 0.00

Total flow(mol/hr) 10.00 12.00 11.97 10.030

Fig. 11.  Reaction rate for p-TSA.
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