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It is known that the isomeric forms of xylene,
t.e., ortho-xylene, meta-xylene and para-xylene,
can be converted into one other by isomerization
over acid catalysts under heterogeneous conditions.
However, as has been reported by Taylor,) the
para-xylene content in the mixture of xylene at
equilibrium is 23—249%, in the temperature range
from 100°C to 600°C.

Recently a patent presented by Hepp? has re-
ported an improved process for isomerizing xy-
lenes; in this process the yield of the para isomer
is about 589%,, and that of the ortho isomer is al-
most twice that which can be obtained by a con-
ventional operating process, when the reaction is
conducted at 327°C and at a pressure of 5400 kg/
cm?®.  If such a process can be possible, both the
economical and thermodynamical interests of the
isomerization would be enhanced. However, it
has been realized that the influence of the pressure
on an equilibrium of a reaction is determined by
the difference between the molar volumes of the
product and the reactant. The molar volumes
of ortho-, meta- and para-xylene at 25°C are 121.2
m//mol, 123.5 ml//mol, and 123.9 m//mol respec-
tively.¥) Hence, under a high pressure, the dif-
ferences between the molar volumes of these isomers
seem to be small even at a high temperature of
327°C, where the molar volumes of the xylenes
are nearly equal to those at 25°C.

The present authors have previously developed
high-pressure equipment for both the batch and the
flow reactions and have investigated the rate of the
isomerization of xylenes over acid catalysts under
heterogeneous conditions.>®  This study was
undertaken in order to examine the pressure de-
pendency of the compositions of the mixtures of
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xylenes at equilibrium at 290°C and to confirm
the improved process described above.

Experimental

The xylene isomerization was carried out by the
contineous-flow method using the high-pressure equip-
ment reported in the previous paper.”> The catalyst
used was powdered Nikki X633L silica-alumina. The
feeds were prepared by mixing pure xylenes in the
desired proportions; the compositions used are given
in the column 2 of Table 1. The products were ana-
lyzed by gas chromatography in the same manner as
has been described in a previous paper.®

Results and Discussion

The compositions of the xylene fraction in the
reaction product at 290°C at pressures between
300 and 6000 kg/cm? are shown in column 3 of
Table 1.

It has been proposed by Hanson that para-xy-
lene and ortho-xylene do not directly interconvert,”
that is, that the migrating methyl group moves
around the benzene ring in steps of one ring posi-
tion at a time. This can be represented sche-
matically as;

ortho = meta = para

Hence, the results on the equilibrium composition
of xylenes were treated with the following two
reactions: para=meta and meta=ortho. The ratios
of para-xylene and ortho-xylene to meta-xylene
are also tabulated in column 2 (Reactant) and
3 (Product) of Table 1 and are shown in Fig. 1.
The ratios of the products should approach closer
to those at equilibrium than the ratios of the reac-
tants. For example, the ratio of p/m at equilibrium
under the pressure of 2000 kg/cm? can be obtained
by the following procedure. The ratio of p/m
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TaBLE 1. CoOMPOSITIONS AND RATIOs* AT 290°C UNDER VARIOUS PRESSURES

Reactant 11 Product** 111
P 7 S, T T T . W/F IV
risgs/lggzl % Ratio* % Ratio* h. g/- cat./g
— o
P m 0 plm  mim  o/m b m 0 p/m  mlm  olm
300 33.3 33.3 33.3 1.00 1.00 1.00 26.8 45.5 27.7 0.59 00 0.61 0.45
300 0.2 99.6 0.2 0.00 1.00 0.00 22.0 59.0 18.8 0.38 00 0.32 1.24
2000 18.8 55.9 25.3 0.34 00 0.45 19.9 54.4 25.7 0.37 1.00 0.47 0.78
2000 33.3 33.3 33.3 1.00 1.00 1.00 23.1 51.1 25.8 0.45 00 0.51 0.43
2000 0.3 99.4 0.3 0.00 0.00 21.8 59.0 19.2 0.37 00 0.33 1.13

.00 0.49 0.85
.00 0.51 0.80
.00 0.43 0.80
.00 0.49 0.80
.00 0.46 0.08
.00 0.50 0.81
.00 0.46 0.45

5000 17.5 58.4 24.1 0.30
5000 52.5 14.9 32.6 3.52
5000 27.7 54.1 18.1 0.51
5000 24.1 53.6 22.3 0.45
5000 20.0 56.0 24.0 0.36
6000 18.2 56.7 25.1 0.32
6000 33.3 33.3 33.3 1.00

00

00 0.41 20.9 53.2 25.9 0.39
.00 2.19 29.2 47.1 23.9 0.62
00 0.34 23.9 53.3 22.8 0.45
00 0.42 22.0 52.2 25.7 0.42
.00 0.43 20.4 54.6 25.0 0.37
.00 0.44 20.8 52.7 26.5 0.40
.00 1.00 20.1 54.7 25.2 0.37

O S S G U ey

* Ratio of para-xylene or ortho-xylene to meta-xylene.
**% Xylene fraction of the product.
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Fig. 1. Ratios, p/m and o/m, of reactants and products.
—: plm, ——: o/m

R: Reactant P: Product
A and B are the maximum and the minimum value of the probable ratio at
equilibrium respectively.

TaABLE 2. COMPOSITIONS AT EQUILIBRIUM

Composition at B¥* in Fig. 1 Composition at A* in Fig. |
Pressure Ratio o/ Ratio %
kg/sz /0 )

. g
plm m|m olm P m 0 plm m|m olm b m 0
300 0.38 1.00 0.32 22 59 19 0.59 1.00 0.61 27 46 28
2000 0.37 1.00 0.47 20 54 26 0.45 1.00 0.51 23 51 26
5000 0.39 1.00 0.49 21 53 26 0.42 1.00 0.51 22 52 26
6000 0.37 1.00 0.46 20 55 25 0.40 1.00 0.50 21 53 27

* A is the maximum value of the probable ratio at equilibrium.
** B is the minimum value of the probable ratio at equilibrium.
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decreases from 1 to 0.45 upon the isomerization;
thus, the ratio at equilibrium should be smaller
than 0.45 (A in Fig. 1). The ratios of p/m increase
from 0 to 0.37 and from 0.34 to 0.37; thus, the
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Fig. 2. Pressure dependency of the composition at

equilibrium.
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ratio at equilibrium should be larger than 0.37
(B in Fig. 1). Consequently, the ratio at equili-
brium under 2000 kg/cm? should be 0.37(B)—
0.45(A). The A and B values obtained from such
a procedure, and also the corresponding com-
positions, are shown in Table 2 and in Fig. 2.
Figure 2 clearly indicates that a mixture of xylenes
at equilibrium, even under a pressure of 6000 kg/
cm?, consists of 20—219, para-xylene, 53—559,
meta-xylene, and 25—279, ortho-xylene; these
findings practically agree with those obtained under
ordinary conditions, although the experiment in
this study was carried out at 290°C, a temperature
lower by 37°C than that in Hepp’s work. How-
ever, it seems unlikely that the difference in the
reaction temperature between the both cases greatly
influences the equilibrium composition, for it is
very difficult to suppose that by such a temperature
difference discrete phenomena can occur.

This conclusion is consistent with the thermody-
namical consideration presented in the first para-
graph.






