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Abstract — The sulfonation of toluene to produce p-toluene sulfonic acid (p-TSA) is stromutgdi by chemical equilib-
rium. Therefore, in chemical process industry, excess sulfonic acid is used in order to increase the reaction yield .Hitowever, t
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 chemiddirieom. 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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Fig. 1. Schematic diagram of the proposed process.
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Table 1. Toluene/Benzene mole ratio

ESHE

0|83t pERY EE A= 567

Standard material(l) Pure material of component(A) Standard material(l) Pure material of component(A)
M,(Benzene, mol) M ,(Toluene, mol) W,(Benzene, g) W, (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(l) Pure material of component(R) Standard material(l) Pure material of component(R)
M,(Benzene, mol) Mg(p-TSA, mol) W,(Benzene, g) Wr(p-TSA, 9)
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
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Fig. 2. Toluene/Benzene relative calibration curve.
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Fig. 3. p-TSA/Benzene relative calibration curve.
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Fig. 4 Experimental apparatus for the determination of kinetic data
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Fig. 6. Experimenal and simulation results for the determination of equilibrium constant.

st5l58 M40H M55 20024 102



TSSHE o188 pERA & Az 569
2 2.0
L ]
0 1.9 4
-2
> 1.8 -
-4
X X 174
-6 -
L)
8 16 - .
-10 A * 15 4 *
12 y ) 14
0.0027 00028 00029 00030 00031 0.0032 0.0033 0.0034 '00027 0.0028 0.0029 0.0030 0.0031 0.0032
T T
Fig. 7. Equilibrium constant with reaction temperatures. Fig. 9. Arrhenius plot for kinetic constants.
o]E-S AT 4 AU oA ¥h& AJ7) 1, 3, 5, 10, 15-0)] thal p-TSAESA A&7k} Aok
Fig. 62 ¥ &% 30°C, 50°C, 70°C, 90°CoIA] SiHE=al B =g mapglk A7 kg vepla vk Fig. 92 9h8 2% 323K, 343K,
H]7} 0.6667, 0.8, 1.0, 1.25, 2bx =gkl tigh p-TSAEFI 43 363K} g A7) 1, 3, 5, 10, B3Ol dojxl APz} ma Axpm A
# Aot mdlg waRek A 3hg B gl o] dellA] Aot ol £ 45 4t 6, 5, 48 EURE In kghe 7 & Tk
wdo] At /\F&‘D‘tﬂl 2 p-TSARA F&E & 58 F JSg 24 (8), (9), (108 TAR &5 AraE ol BARZRE IS
2 & 9lrk Fig. 72 &% 303K, 323K, 343K, 363 ®HA doid 4l g BAL Ao} A3 o5k AFE Fig. 6 eI Fig. ®

Fatst 2L AN Sofzl B
E EUE InKZke g 4= 919tk
Fig. 8% &% A8 +817] 9] 4& H]OIE1§ TR =ATE A

<7 %+ 2.5, 0.035, 0.0012, 0.000045

o= FAETA BHE 17 slo] w3 2% 30°C, 50°C, 70°C, 90°C
0.6
0.5
0.4
Q
6 0.3
5o
O ——
0.2 o
,:/’
0.1 - e experimetal
Ve
0.0 : : . : | .
0.6 0.8 1.0 1.2 1.4 1.6
time (min)
(a) T=30°C
0.6
0.5 A
0.4 PSS
o -
g .
0.3 ,/
4 o
($) .
02] o/
7
0.1 /
0.0 ; : : r .
0.6 0.8 1.0 1.2 14 1.6
time (min)
(c) T=70°C

CR/CA0

CR/CA0

ol
1 oo@‘r‘oﬂ E’HHL’Q‘ 54
AHg-ste] ke gk o] 3

3%

R

Arrheniugd (k=k,expE/RT))&
FANA k,=4.482, E=1072.12(cal/

mole Tk, B3 Wh-g& e Ad= GA] Arrhenius® FElE Fste] mi7)
WP PE-5 F3ATHFig. 8, 9).0l k,=59.39, E=1165.35(cal/mol)
0.6
0.5
0.4
03 "

. Pt

. ////
0.2 P
o
011 /
0.0 " T 7
0.6 0.8 1.0 1.2 1.4 1.6
time (min)

(b) T= 50°C
0.6
051 P )

" .
~
0.4 1 o//
0.3 //
o/
0.2 /
0.1+
0.0 T T T .
0.6 0.8 1.0 1.2 14 1.6
time (min)
(dy T=90°C

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

HWAHAK KONGHAK Vol. 40, No. 5, October, 2002



- 111665.3%]
k= 4.751expD——RT 0
11072.12]

K:4.482exp|:|— =T O

ke
v

]
4

AT A7IA Xy, Xg, Xp X5 BT, AL E
E Z}7] vhERTE, ojw A (9), (109] &= 2
Astehal 7P ste] AR AMEETh ol olE
% 2R 84 7] el 4 (9% F8
oluvbx FHAPE YFER e 2oz sHgatiirh
o2 A= 202 RBYT) o

e
1o
o
i

=z
=
i
2

e
e
S
53
L= 17
;A
>
&
E
e
e

z

£ oo
o i

lo,
L)
o=
o
it
m.ln ofl
2
lo,
9‘L
&
iy
r
o
=
oo
2,
3
8,
9‘L
)
by
9‘L

_,4
oo

d

¢

e o 2 N oo b o >

3
o
il
o
ofll
fuj
1
P
X
0,
N,
2
=i
=2
iy

I
L)
=
oo
o
)

e

(o3
b
Hir
9
N,

M ko] @ate] HasiA He ¢

oA AAHR gom 1wk =

ojzl e A9 AP A 9 A= Ak slolt). 4
A

i

i

o 2] (10)&-
= g o Agssith mek 4 (10)2 AR A o
MAH G A0R Sel MEEE AT % WS 2l g
g}, ol%l e wpiRFES Hgo R 3 B A3 Fig. 64
&l Lehd wish o] M@ ANe 9 AL B Uk

% 2
b P

f
f

4. HES|RA| HESER HAE

HAZ T bed NS gokhr] flsiM e BEA WES
7¢ f-8-81eH9). Fig. B veld W3R W-gSR{A 28-S o] 88t
SR 482 doint. BEEFA 100 mE HH37 ol Fdeal
g kg 2 miiming] == 50 mE FY3act. ow) whE A4
H F3 EF9l0] § R wEH o] AR =ol 7] sH-
ol Ae FAE F AT 7] s 2=e 709 v

[o}

ot

w & i

<]

110°CollA A} Adeste] &5l S3Ate] AdEE 218 #1838
Ak, g ARE 30202 Sk SRS SIS W "okl
7 g WHE e B UL s {Ed EFA3%
EFU S FEHERT o] 48e Fole] g8} kol WvE%
FE A48 7 e AR WME 2e & 7 den I FHEH
g S Tt =2 5P Gl AAskE A& & 7 AT

FS-EF DALS 93 Aspen Plus[ZE ©]&3te] p-TSA A= dh&
&30l thek BALE AL SRA AFE vk} o] BhEER BA
a3 HolH= kinetic datélt FH @ dlolElo|t}h. 4 HolHe =
Fall, A, ol el HlolEl7t Aspentlo]E] ulo] o) AgE]e] Sl

B2 o2 Beag) TR SEN g 719 38 dolHE 2 o

Table 3. Simulation input data

No. of total stage
No. of feed(HSQy/toluene)
Feed rate(550,/toluene)

2/9
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Feed temperature 26
Pressure(feed/column) 1/1 atm
Reflux ratio 3
Distillate 2 mol/hr
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Table 4. Result of components mole flow

Component Feed 1 Feed 2 Distillate Bottom

P (mol/hr) (mal/hr) (%) (%)
p-TSA 0.0 0.0 0.00 99.69
Toluene 0.0 12.0 16.47 0.31
H,SO, 10.C 0.0 0.01 0.00
H,O 0.0 0.0 83.52 0.00
Total flow(mol/hr) 10.0 12.0 11.97 10.03
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