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This mvention relates to the isomerization of

tetramethylbenzenes. Particularly it relates to
the production of isodurene by the isomerization
of prehnitene and/or durene. |

The tetramethylbenzenes are valuable com-
ponents of aviation safety fuels because of their
very high octane numbers and high boiling points.
However, the 4-80° C. freezing point of the du-
rene (1,2,45-tetramethylbenzene) makes it un-
desirable as a high octane blending agent for
aviation fuels. Although the —6° C. freezing
point of prehnitene (1,2,3,4-tetramethylbenzene)
is better than that of durene, it is still relatively
poor for an aviation fuel blending agent. Isodu-
rene (1,2,3,5-tetramethylbenzene) with its freez-
ing point of —24° C. and the highest octane num-
ber of the tetramethylbenzenes is an exceptional-
ly good blending agent for high octane aviation
safety fuels. -

An obiject of this invention is the manufacture
of a mixture of tetramethylbenzenes wherein iso-
durene is the predominant member. Another
object is the manufacture of high purity isodu-
rene by the isomerization of the other members
" of the isomeric tetramethylbenzenes. Yet an-
other object is the treatment of a mixture of Cio
aromatic hydrocarbons to produce a tetrameth-
vlbenzene fraction which consists essentially of
isodurene. | | |

These objects and other objects not specified
are attained by contacting a feed comprising es-
‘sentially prehnitene and/or durene, or a mixture
of tetramethylbenzenes under substantially an-
‘hydrous conditions with a treating agent con-
sisting essentially of between about 0.9 to 3 mols
of B: per mol of said feed tetramethylbenzene,
and sufficient liquid HPF to dissolve said feed to
form a single phase solution of feed, liquid HF
and BFs, maintaining said solution at a tempera-
ture between about 20° and 100° C. for a time
sufficient to reach an equilibrium composition
and removing HF and BFs from the product hy-
- drocarbons which are predominantly isodurene.

Tt has been found that the Cio aromatic hydro-
carbons other than butylbenzene form complexes
with BF: and HF, which complexes are stable in
liguid HF solution. These complexes have dif-
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fering dissociation constants, which dissociation

constants appear to be a function of the position
of the alkyl substituents on the benzene nucleus.
It has been found that of the tetramethylbenzenes
the most stable complex is formed by isodurene.
The complex appears to contain for each mol of
complex-forming Cio aromatic hydrocarbon at
least 1 mol of HF and 1 mol of BFs.
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" It has been found, under certain conditions
of temperature and contacting time, that prehn-
itene and isodurene are isomerized in the pres-
ence of liquid HF and BFs; to an equilibrium com-
position containing isodurene predominantly.
Further, it has been found that the degree of
isomerization can be carried to a point that sub-
stantially pure isodurene is the product of the
reaction. Thus it is possible by the process of
this invention to treat prehnitene and/or du-
rene or g mixture of tetramethylbenzenes under
conditions of temperature, contacting time, and
composition of liquid HF-—BF; treating agent to
produce either a mixture of tetramethylbenzenes
wherein isodurene is the predominant member,
or a composition which consists essentially of
isodurene, i. e., high purity isodurene.

It has also been found that a mixture of Cio
aromatic hydrocarbons can be treated to pro-
duce a yield of isodurene greater than that theo-
retically obtainable by isomerizing the tetra-
methylbenzene content thereof. Apparently dis-
proportionation, isomerization, and cracking re-
actions occur which result in the production of
isodurene. | |

It has been found that sufficient liquid HF
must be present to participate in the formation
of the complex and also to dissolve the result-
ing complex. In general the amount of liquid
HF used should be between about 2 mols and 50
mols or more for each mol of complex-forming
aromatic hydrocarbon present in the feed. Pref-
erably the amount of liqguid HF should be be-
tween about 4 and 10 mols. More than 10 mols
may be used, but little or no improvement In
product quality is obtainable in most instances.
The liquid HF used in this process should nos
contain more than about 2 or 3 weight percent
of water, i. e., the process should be carried out
under substantially anhydrous conditions.

It has been found that best results are obtain-
able when operating in a substantially single
phase system. By single phase system it is to
be understood that all the feed is dissolved in the
liquid HF—BF: treating agent either in the form
of a complex, or in physical solution. It has been
found that the presence of complex in liquid HF
markedly increases the solvent power of the lig-
uid HF for non-complexed aromatic hydrocar-
bons and non-aromatic hydrocarbons. Thus it
is possible to obtain a single phase system even
though the feed to this process may contain ap-
preciable amounts of non-complex forming aro-
matic hydrocarbons such as butylbenzene or non-
aromatic hydrocarbons.
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layer of butane is removed from settler 42 by
way of line 46 and is recycled to line 3& by way
of lines not shown. A bottom layer of liquid
HPF-—BF: solution is withdrawn from settler 42
by way of valved line 47 and is recycled to the
process by way of line I7.

The hydrocarbon product is withdrawn from
the bottom of stripper 33 and is passed by way
of line 51, heat exchanger 52 and line 53 into
fractionator 54. Fractionator 54 is equipped with

a2 reboiler 55 and is so constructed that a side

stream of high purity isodurene may be removed
therefrom. ‘The minor amounts of Cs aromatic
hydrocarbons that are formed in the reacuien
are withdrawn from fractionator 84 by way OI
line 56 and are sent to storage not shown. A
bottom fraction consisting of Ci1 and Ciz2 aromatic
hydrocarbons is withdrawn from fractionator 54
by way of line 57 and is sent to storage not shown.
A high purity isodurens product is withdrawn
as a side stream from fractionator 3& by way of
line 58 and is sent to storage not shown.
When operating with a feed consisting of mixed
Cio aromatic hydrocarioons about 7 mols of liquid
HF and about 1.3 mols of BFs may be used per
mol of Cio aromatic hydrocarbon. Operating con-
ditions would otherwise be the saime as described
above except that the fractionation system would
necessarily be more complex in order to separate

isodurene from the numercus other aromatic ;

hydrocarbons formed in the reaction zone, e. g.
by disproportionation of alkylbenzenes contain-
ing ethyl groups and higher alkyl groups.

It is to be understood that the akove embodi-

ment is illustrative only and many items of ;

process equipment have been omitted. Many
variations of this process may be readily de-
vised by those skilled in the art. All such varia-
tions are intended to come within the scope of
the invention.

The results obtainable by this process are illus-
trated below.

The apparatus used in the illustrative test
was a 1570 ml. carbon steel autoclave feed with
a 1725 R. P. M. mechanical stirrer. The desired
amount of feed was charged to the reactor. The
substantially anhydrous liquid HF was then add-
ed. The BFs was then added to the reactor and
the contents of the reactor were raised to the
desired temperature and agitated for the desired
contacting time. At the end of the contacting
time the stirrer was stopped and the contents
were allowed to settle for 10 minutes,

The contents of the reactor were withdrawn

into a flask containing about 700 ml. of ice. The
flask and its contents were allowed to warm %o
room temperature under a hood. The decom-
position of the complex by the water resulted in
the separation of an oil phase and an agqueous
HF—BF3 phase. The agueous phase was discard-
ed. The oil phase was withdrawn and washed
with ammonium hydroxide to remove traces of
HF and BFs. 'The oil product was fractionated
‘through a column containing about 30 theo-
~ retical plates. The close-boiling fractions from
this distillation were then analyzed by ultra-
violet and infrared absorption methods.

RUN 1

The feed to this run was substantially pure
durene. This run was carried out using 33 mols
of liqguid HF and 1.3 mols of BIs per mol of
durene. The contents of the reactor were agi-
tated for 30 minutes at a temperature of 60° C.
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Cy aromatic hydrocarbons, 4% ; Cio aromatic hy-
drocarbons, 86%; and C1i—Ci2 aromatic hydro-
carbons, 10%. The Cio aromatic fraction was
found to consist within experimental error only
of isodurene. - |

| RUN 2

In this test the feed consisted of durene. The
{reatine agent consisted of, per mol of durene,
17 mols of liquid HF and 1.4 mols of BFs. The
contents of the reactor were agitated for 60
minutes at 0° C. Analysis showed that about 4
mol % of durens had been converted to Cg and Cii
aromatic hvdrocarbons. The Cio aromatic hy-
drocarbon fraction in the product oil contained
about 4 of isodurene and the remainder durene,
This run shows that at this low temperature no
appreciable isomerization occurs.

Thus having described the invention, what
is claimed is:

1. A proczess for the production of isodurens
from the other isomeric tetramethylbenzenes,
which process comprises contacting under sub-
stantially anhydrous conditions a feed compris-
ine essentially at least one other tetramethyl-
benzene with from about 0.9 to 3 mols of BE's per
mol of said tetramethylbenzene, and with suffi-
cient liquid HF to dissolve said feed and asso-
ciated BF3, maintaining said solution at a tem-
perature between about 20° and 100° C. for &
time sufficient to reach an equilibriuin composi-
tion, and removing HPF and BFs; from the iso-
durene~enriched product hydrocarbons.

2. The process of claim 1 wherein said feed
consists essentialiy of a mmtule of tetramethyl-
Lenzenes,

3. The process of chain 1 wherein said feed con-
sists essentially of durene.

4. The process of claim 1 wherein the amount
of liguid HF is between about 2 and 50 mols per
mol of said tetramethylbenzene.

5. The process of claim 1 wherein the con-
tacting time is between about 2 minutes and
60 minutes and wherein the longer times cor-
respond to lower temperatures of contacting,

6. A process for the production of high purity
isodurene from the other isomeric tetramethyl-

. benzenes, which process comprises contacting
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The product oil consisted of, on a mole basis, 75

under substantially anhydrous conditions a feed
comprising essentially at least one other ftetra-
methyvlbenzene with between about 1 and 1.5
mols of BF: per mol of said tetramethylbenzene,
and with between about 4 and 10 mols of ligquid
HF per moil and said tetramethylbenzenes, main-
taining said contacting at a temperature between
about 40° and 80° C. for a time sufficient to con-
vert said feed tetramethylbenzene essentially to
isodurene, separating HF and BF: from the prod-
uct hydrocarbons, and separafting high purity
isodurene from said product hydrocarbons.

7. The process of claim 6 wherein the feed to
the process consists essentially of & mixture of Cio
aromatic hydrocarbons and the BF3 usage and
the liquid HF usage is based on total Cio aro-
matic hydrocarbhon content therein.

8. The process of claim 6 wherein the con-
tacting time is between about 10 and 40 minutes
and wherein the loncer f{imes correspond to
higher temperatures of contacting.

9, The process of ciaim 6 wherein the feed con-
sists essentially of durene.

ARTHUR P. LIEN.,
DAVID A, McCAULAY.
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