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Abstract—The solubilities of isobutylene in the aqueous solutions of p-toluenesulfonic acid have been
experimentally determined over wide ranges of acid concentrations, and a method for analyzing the apparent
solubilities in terms of the activity coefficients in the pseudocomponents of water-acid mixtures is presented.
Near 33C and 1 atm, the solubilities steadily increased according to the increase of the concentration of
acid, pressure, and temperature, while beyond 40 wt%, significant amounts of isobutylene solubilized, in
fact, by the acid - catalyzed hydration mechanism forming an intermediate complex. Inthe equilibrium calcu-
lations, van Laar 1-parameter model and Redlich-Kister 3-parameter model, were incorporated with the
simplified chemical theory for the pseudobinary systems of isobutylene and pseudocomponent, and the solu-
bility increase was attributed to the chemical complexation.
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Fig. 2. Experimental set-up.
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f;connector to isobutylene storage

b;straight cock to mercury

g;connector to nitrogen hjconnector to vacuum pump

i ;pressurizing air jsoil reservior
k;pressure transmitting oil

I ;cock m;mercury-oil separator
n;gas cylinder o;teflon tube

p;isolating cock
r;manometer s;thermostat
t ;magnetic bar u;hot plate

v;sampler.
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Table 1. Solubility data of isobutylene in 30%
PTSA solution.
\ P (tot) P, Sol. x10° vy, X, Y
mmHg mmHg mol/cc
* . 258.0 222.0 0.612 0.8603 0.0131 5.8878
Rk 2580 220 0.678 0.8603 0.0145 53193
* . 383.0 347.0 1182 0.9059 0.0250 4.8223
k% 3830 347.0 L104 09059 0.0234 5 1521
¥ 4140 3780 1114 0.9130 0.0236 5.5648
*x: 4140 ¥8.0 L1211 0.9130 0025 51300
¥ 4910 455.0 1.406 0.9266 0.0296 5.3406
k4910 4550 1509 0.9266 0.0317 49868
* 1 659.0 6230  2.207 0.9453 0.0457 4.7363
Rk 6590 6230 2350 09453 00487 4 4445
* 0 758.0 722.0 2,952 0.9525 0.0602 4.1669
k% 7580 7220 3146 0.95%5 0.0639 39256
* 1 762.0 726.0 3.077 0.9527 0.0626 4.0293
k%D 7620 7260 3.203 0.9527 0.0650 38805
* . 7770 741.0 3.527 0.9536 0.0711 3.6209
k%1 7770 7410 3715 0.953 0.0746 34510
* . from partial pressure

% % [ from gas chromatographic analysis
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The lines are calculated from the equa-
tion (14 incorporating with van Laar 1-
parameter model.
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The best fittings were obtained with the
use of the equation (14) incorporating with
the Redlich-Kister 3 -parameter model.

Table 2. Chemical equilibrium constant K and
constants of Redlich- Kister meodel.
In y,=x}atb(1-4x,)+c(1-8x,+12x,))

wt.% K a b c

range
acid
10 0,02 0.07 0.93 1.67 x,<0.1
20 0.03 16.03 -35.41 22.19 x,<0.1
30 0.05 -3.73 11.60 -6.05 x,<0.1
35 0.14 -408 11.33 -6.26 x,<0.1
40 0.29 -3.8 13.28 -9.66 x,<0.2

50 0.38 0.74 -1.42 0.62 x,<0.25
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NOMENCLATURE

a, : Activity of ; component

a,b,c : Redlich-Kister parameters

g~ . Molar excess Gibbs free energy

K :  Chemical equilibrium constant

k : defined by K/(1+K)

N, : Number of moles of i component

P ¢ Total pressure, atm

P, : Partial pressure of i component, atm

T . Temperature °k

X, : Mole fraction of i component in
liquid phase

Yi : Mole fraction of i component in vapor
phase

Z: : True mole fraction of i/ component

7. . Activity coefficient of / component

X247 X6z 19867 123

10.

. Gehlawat |

QAR AR

Fugacity coefficient of /component in
mixture
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