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It is knbwn that the rate and direction of homogeﬁ%us
destructive hydrogenation of alkylbenzenes is substantially
dependent on hydrogen pressure. An increase in hydrogen
pPressure in the homogeﬁ?us destructive hydrogenation of
ethylbenzene leads to an increase in the benzene content and
a decrease in the toluene content of the reaction products /1/.
This fact, and other analogous data are sometimes interpreted

as the relative weakening under hydrogen pressure, of the
Caliph'carom bond in alkylbenzenes. But it is evident that
hydrogen pressure (of the order of several hundreds of
atmospheres) cannot in any way significantly change the relative
strength of these or any other chemical bonds (or the absolute
value of the bond energies). Discussion here therefore centers

on the difference in the mechanisms of thermal degradation

and of the homogeneous destructive hydrogenation of alkylbenzenes.

Al In the stud&es which we carried out earlier on the homogeneous

. ydrsgend o
destructigaﬂof toluene under high hydrogen pressure /2/ (as
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well as in the earlier publication /1/) it was pointed out
that demethylation of tolueng is significantly accelerated
with increasing hydrogen pressure. In our paper /2/ we proposed
a chain-reaction mechanism for this process. Basic to this
scheme is the reaction of radical%, formed in the thermal
degradation of tolu%}e, with hydrogen (and with molecules of
toluene and with reaction products). The reaction with Ho
molecules generates atomic hydrogen. The latter, in turn,
attacks toluene molecules /3,4/ with the formation of methane
and phenyl radicals, or benzene and methyl radicals (or
possibly, also tolyl radicals) and the chain reaction continues
in the same manner. It is precisely this reaction of atomic
hydrogen with alkylbenzene molecules, which is apparently
responsible for the change in composition of the products of
the homogeneous destructive hydrogenation with increased
hydrogen pressure. Thus, for ethylbenzene, one might expect

the following reaction *

*(Footnote R.p. 949) We have noted only the chain-initiation

reaction and some chain-propagation reactions involving hydrogen.

..l..R. p. 949

Reaction (1) appears to be the first step in the
thermal degradation of ethylbenzenes (see /5/).
exsxaRs Px 949
sxsssRe P 950
The molecules of toluene formed in this process

undergo further transformation into benzene and methane /2/.
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Apparently chain termination occurs mainly by
radical recombination. Examination of equations (1) - (6)
leads to the conclusions that with increased concentration,
and therefore, with increased pressure of hydrogen, benzene
formation should be accelerated; that the formation of toluene

should be significantly limited by the rate of reaction (1)%*;

*(Footnote R.p. 950) The possibility is not excluded that
toluene formation may result from the reaction s.«.. ,

but the relative probability of such a reaction is small /5/.

and that demethylation of toluene should also be accelerated
by increased hydrogen pressure. In this way one can elucidate
the effect of hydrogen pressure on the rate and course of
homogeneous destructive hydrogenation of ethylbenzene.

We were interested in studying the effect of
hydrogen pressure on the course of the process of destructive
hydrogenation of isopropylbenzene, whose thermal decomposition
yields a variety of products (hydrogen, methane, ethane,

ethylene, propane, propylene, butane, benzene, toluene, xXylenes,
A ethylbenzene, n-propylbenzene, styrene, A -methylstyrene, etc.)
/6-10/.
As was shown in publication /10/, the first step in
the thermal degradation of isopropylbenzene is the reaction
siaxalx P 950
In homogeneous destructive hydrogenation the further

reactions involving the participation of hydrogen, are
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sssssRe pP. 950

The ethylbenzene which is formed undergoes further ‘
destructive hydrogenation.

As indicated above, the exptl. studies of the
pyrolysis of ethylbenzene and of isopropylbenzene lead to the
conclusion that it is the rupture of the C-C bond in the side
chain, and not of the Cgron *Caliph bond, which constitutes
the first step in the process of thermal decomposition of
these hydrocarbons. This is confirmed by data on bond
dissociation energies. According to the calculations of
N. N. Semenova /11/, the dissociation energy of the C-C bond
in CgHg5-CH3 is equal to 87.5 kcal/mole, and that of the C-C
bonds in ..... is equal to 84.6 kcal/mole. The dissociation
energy of the C-C bonds in the side chains of alkylbenzenes
is significantly smaller, about 57.5-65.0 kcal/mole. |

Let us now consider our exptl. data.

Our investigation which was carried out under autoclave
conditions at 475o and at working pressures up to 680 atm
(initial hydrogen pressures of 50-300 atm) showed the overall
conversion of isopropylbenzene was accelerated with increasing
hydrogen pressure. Thus, after three hours this conversion
was 71% at 300 atm working pressure, about 80% at 390 atm and
about 90% at 670 atm. The composition of the liquid reaction
products undergoes a very substéntial change. When the duration
of the expt. was three hours, and the working pressure was
180-220 atm, the benzene content of the reaction products
corresponded to 8-9 wt. % of the isopropylbenzene initially
chargé%; at 300 atm, it was 20-22%; at 670 atm it was 46-49%.

The toluene contents under these conditions were, respectively,
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11-13, 7-8 and 2-3%; while the ethylbenzene contents were 19-20,

14-15 and 2-5%.* Thus, an increase in hydrogen pressure sharply

* (Footnote, R.pP. 951) In liquid products boiling below 160?
the overall content of paraffinic, naphthenic and olefinic

hydrocarbons did not exceed l%.

increases the yield of benzene and reduces the yield of toluene
and ethylbenzene.

However the data on the composition of the liquid
products are insufficient to verify the above-described
schematic mechanism for the homogeneous destructive hydrogena-
tion of alkylbenzenes. Analogous changes in the composition
of the liquid reaction products with increasing hydrogen
pressure might, in principle, occur if it were assumed that
hydrogen pressure accelerated the degradation of isopropylben-
zene to ethylbenzene, from ethylbenzene to toluene, and from
toluene to benzene, even if benzene were not formed from:
ethylbenzene by reactions (4)-(5) or from isopropylbenzene by

reactions (9) and (5).

Obvioﬁsly, in the latter case, the gaseous products
of the reaction at any hydrogen pressure would be predominantly
methane while the course of the reaction by equations (7)-(10)
should lead to an increase in propane content and a reduction
of the methane content in the gaseous products at increasing
hydrogen pressure. Analysis of the gaseous reaction products
does, in fact, indicate a significant increase in their propane

contents. Fig. 1 shows the change in the ratio .....** with




*%(Footnote R.p. 951) The quantities in parentheses are molar

concentrations.

increasing pressure at 475° at an exptl. duration of three hours.
It was shown that under the indicated conditions this ratio
increases with pressure. (It is approximately proportional to

the initial hydrogen pressure).

Fig. 1. Effect of initial hydrogen pressure
on the ratio ..... at 475° (t=3 hours).
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Fig. 2 shows the dependence of the ratio on the
yield of benzene (in mole per cent) to the overall yield of
toluene and ethylbenzene as a finction of the initial hydrogen

pressure at 475° for different exptl. durations.

Fig. 2. Effect of initial hydrogen pressure on the
ratio (benzene): [(toluene)+(ethy1benzene)] at 475°. a - 2 hours,

b - 3 hours, ¢ -4 hours, d - 5 hours.
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It appears that this ratio, at t=2,3,4 and 5 hours in

the range of initial hydrogen pressures of 0-200 atm increases
nearly proportionately to the square of the pressure.

Thus, increase in hydrogen pressure in the homogeneous
destructive hydrogen#ﬁtion of isopropylbenzene significantly
increases the yields of benzene and Propane, compared to the
yields of other liquid and gaseous reaction products. The fact
that the (benzene):(toluene # ethylbenzene) ratio (Fig. 2)
increases with increasing hydrogen pressure to a greater extent
than does the ratio (propane):(ethane + methane) (Fig. 1),
is easily explained. Benzene is formed directly from
isopropylbenzene as well as from ethylbenzene and toluene, the
yields of which decrease with increasing hydrogen pressure. In
contrast to benzene, propane is formed only from isopropylben-
zene. Recombination of methyl and ethyl radicals to from

propane proceeds apparently to a negligible degree* and, in

*(Footnote R.p. 952) Thermal degradation of isopropylbenzene
yields gaseous products containing methane and ethane, but

almost no propane.

any case slows down rather than accelerates, with increasing

hydrogen concentration.

The results of this study support the description,

given in this paper, of the mechanism of homogeneous destructive

hydrogenation of alkylbenzenes.
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