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This invention relates to the catalytic isomeri-
zation of saturated hydrocarbons,

A principal object of the invention is to pro-
vide a practical and economical. process for the
production of commercially valuable branched or
more highly branched chain paraffin hydrocar-
bons from normal or only slightly branched chain

parafin hydrocarbons containing at least five
carbon atoms per molecule and boiling at a tem-

perature not substantially greater than about
160° C.

The process of the invention is of great com-
.mercial importance in that it provides a direct
method for the production, via catalytic iscmeri-
zation, of isoparaffin hydrocarbons from the more
available and less valuable normal paraffin hy-
drocarbons such as normal pentane, normal hex-

" ane, normal heptane, normal octane, etc. The

isoparafins which contain at least five carbon
atoms are useful as motor fuels and as compo-
nents of anti-knock motor fuel compositions. - In
addition, the ‘lower isoparaffins such as isopen-
tane and the isohexanes are valuable starting
materials in the production of tertiary olefines

which in turn are valuable starting materials for.
the production of highly branched chain paraf-

fin hydrocarbon motor fuels and motor fuel con-
stituents via polymerization and hydrogenation
or by direct coupling or alkylation with an iso-
-paraffin. The process of the invention can be
applied to the individual normal or slightly
branched chain parafiin hydrocarbons to increase
their anti-knock value or it may be applied di-
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the hydrocarbon molecule toward the center of
the carbon chain; consequently, the process may
pe applied to the treatment of any such saturated
hydrocarbon possessing a structure capable of
modification in such a way as to result in a hy-

_drocarbon molecule of & more condensed type.
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rectly to hydrocarbon fuel mixtures, such as °

‘straight-run gasolines, containing relatively high .

percentages of normal or only slightly branched
chain parafin hydrocarbons to isomerize said
hydrocarbons and thus Increase the total anti-
knock value of the fuel mixture with g minimum
of treatment and loss of the treated material.

The process of this invention comprises con-
tacting the hydrocarbon to be treated, or a mix-
ture of such hydrocarbons, with a catalyst con-
sisting of or éssentially comprising an acid-act-
ing halide at a temperature not greater than
about 150° C. under a pressure sufficiently high
to ensure the presence of & liquid phase in the
system and in the presence of such an amount
of a hydrogen halide that the partial pressure of
the hydrogen halide in the system ls equal to ab
least three atmospheres.

The treatment of normally liquid paraffin hy-
drocarbons bolling up to about 160° C. in accord-
ance with the process of the invention has the
apparent effect of displacing the end groups of
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‘Lhe process can be applied {o the- isomerization
to isoparaitin nydrocaroons of any of the normal
paraitin hydrocaroons higher than butane. Suit-
able normal parafiin hydrocarbons are -normal

" pentane, normal hexane, normal heptdne, nor-

mal octane, normal nonanes, etc. The hydro-
carbons treated are preferably those which boil
at a temperature not greater than about 160° C.

The process may be applied to the treatment
of a switable pure or substantially pure normal
hydrocarbon or to a mixture consisting of or com-
prising one or a plurality of such hydrocarbons.

‘For eXample, a suitable starting material may
comprise, besides a substantial amount of a suit-

able normal or slightly branched chain paraffin
hydrocarbon, one or a plurality of other hydro-
carbons which may not be capable of isomeriza~
tion under the conditions of operation, and/or one
or more non~-aqueous inert diluent materials. .

_If desired, relatively inert djluent gases such
as hydrogen, nitrogen, carbon dioxide, methane, .
ethane, etc., may be introduced into the reaction
zone to aid in establishihg and/or maintaining the
desired operating pressure.

The process is executed in the presence of a
catalyst cqnsistlng of or essentially comprising
an sacid-acting halide. The term “acid-acting
halide” is used herein and in the appended claims
to " designate those -active metal or non-metal
halides (other than the hydrogen halides) which
will give an acid reaction in water. Representa-
tive acid-acting halides are the halides of alumi--
num, zinc, iron, arsenic, antimony, molybdenum,
tungsten, cadmium, beryllium, tin, boron, and the
like._ ‘The metal halides, particularly the chlo-

- “rides of the above-listed metals, form a preferred
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group of catalysts. The catalysts may be used
alone or in admixture with each other and/or
other catalytic as well as non-catalytic materials.
For example, one or more suitable halide cata-
lysts may be mixed with or deposited on filler or
supporting materials such as pumice, silica, alu-
mina, charcoal, permutite, etc. The rehtive
amount of the catalyst employed will -depend
upon the particular catalyst or catalyst mixture
selected, upon the material to be treated and, to
a certain extent, upon the conditions of opera-
tion, and may vary over & wide range. In gen-
eral, the catalyst may be advantageously em-




2
ployed in 4
about 15%
rial treated. : .

The process Is preferably executed at tem-
peratures not greater than about 150° C. At

an amount equal to from about 1% to
by weight of the hydrocarbon mate-

temperatures greater than about 150° C,, losses
of material due to cracking. and other degradation

reactions usually occur to an undesired extent.
The lower limit of the practical operating range
is set by thé temperature at which the desired
‘jsomerization will take place at & practical rate
and will depend upon the particular hydrocarbon
material treated, the particular catalyst em-
ployed, the total pressure in the system, and the
partial préssure of the hydrogen halide in the
system. A favorable conversion of the treated
hydrocarbon material is sometimes obtained at
room temperature or only slightly elevated tem-
peratures. For ‘example, when normal
is treated, conversion to isopentane can be ef-
fected at a practical rate at temperatures below
50° C. and even aslow as 20°C. N

The process Is executed under a superatmos-
pheric pressure, the total pressure in the sys-
tem being suficiently -high to ensure the pres-
~ ence of a liquid phase of hydrocarbon in'the sys-
' tem, and the partial pressure of a hydrogen

". halide in the system being equal to at least three

" atmospheres. The total pressure in. the system
will in all cases be equal to at least three atmos-
pheres and will depend ux

sure of the hydrogen ha.'de under which it is
desired to operate, upon the temperature of op-

eration, and upon the vapor pressure of the other .

components of the reaction system at the oper-
ating temperature. Total pressures as high as
20 atmospheres, and higher, may be conveni-
ently employed. In general, total pressures of
from about 3 to about 15 atmospheres are pre-
ferred. o . -

The partial pressure of the hydrogen halide in
the system should in all cases be equal to at

pentane
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- gions characteristic of the
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1 atmosphére appears to.be the minimum prac-
tical operating partial pressure of the hydrogen
halide at which the high and selective conver-
process are obtained.
As the.partial pressure of the hydrogen halide in.
the systein is increased from about 1 atmosphere
to about 20 atmospheres, other. conditions being
the same, higher conversions of the destred iso-
par are obtained per time unit of treatment
time. -In general, I prefer to operate with a
partial . pressure of a hydrogen halide in the
system of from about 3 to about 15 atmospheres.
The term “hydrogen halide” as used herein
and in the appended claims embraces hydrogen
chloride, hydrogen bromide, hydrogen lodide and
hydrogen fluoride. In most cases hydrogen
chloride is suitable, and, due to its availability
and cheapness, its use is preferred. A hydrogen -
halide from any source is suitable. Since the
process is preferably executed in the substantial
absence of water, care should be taken to avoid

. introduction of water into the system with the

upon the partial pres- .
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least three atmospheres and it may, if desired, -

be as high as 20 atmospheres or higher. In gen-
eral, the process Is preferably operated with &
partial pressure of & hydrogen halide in the sys-
tem of from 3 to about 15 atmospheres. Since
the actual partial pressure of hydrogen halide
. under the reaction conditions depends upon sev-
eral factors such as the temperature, solubility,
ete., and is difficult to determine accurately, the
partial pressures of hydrogen halide herein re-
terred to are those measured when the reaction
mixture is first brought to 2 temperature of
20° C. :

It is known that aluminum chloride in the
presence of a small amount of hydrogen chloride
is a catalyst for the isomerization of the normal
paraffin hydrocarbons. However, this knowledge
- has fafled to provide any technically - feasible

process for the conversion of the liquid normal
_paraffin ‘hydrocarbons to isoparafin hydrocar-
bons because of the fact that the isomerization
reaction proceeds at & prohibitively low rate at
the low temperatures necessary to avoid exces-
sive cracking of the treated and resultant hydro-
carbon. I have made the unexpected discovery
_ that by operating under & total préessure in the
reaction system sufficient to maintain a lquid
phase therein and increasing the partial pres-
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‘from the unreacted material is

constituents of the reaction mixture.

One of the practical advantages of ‘the process
of the invention is that the desired conversion
of the treated hydrocarbon material to branched
or more branched chain hydrocarbon material
can be effected with the use of relatively shorter
treatment times than are required by the known
methods without the necessity of increasing the
temperature and thereby increasing the extent
of occurrence of undesired degradation reactions,
The time of treatment will depend upon the par-
ticular hydrocarbon material treated, upon the -
particular catalyst employed, upon the partial

pressure of the hydrogen halide in the system,

and upon the temperature and other conditions
of operation. - .
The process of the invention may be executed
in & batch, intermittent or continuous manner.
When separation of the isomerized hydrocarbon™
desired, such sep-
aration may be effected in any suitable manner

‘as by fractional distillation, etc., and the unre-

acted material returned to the reaction zone for
further treatment. i

“The following examples fllustrate suitable
modes of executing the process of the invention.
The invention is not to be regarded as restricted’
to the particular catalyst, the particular modes
of operation, the particular hydrocar bons

- treated, or the particular operating copdltions

_ 58

60

- pheres

65

specified in the examples.
Ezample 1

A hydrocarbon mixture consisting of about
91.5% normal pentane and about 8.5% of iso-.
pentane was charged to an autoclave along with
about 10% of its welght of anhydrous aluminum
chloride. Hydrogen chloride gas was forced into
the autoclave until the total pressure therein ab
about room temperature was about 5 atmos-
(gauge) and the partial pressure of the
hydrogen chloride theréin was about 4.5 atmos-
pheres.. The mixture in the autoclave was kept
at about 20° C. for about 16 hours during which
time it was agitated by revolution of the auto-

- clave, - :
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sure of the hydrogen halide to at least three-at- *

mospheres results in materially increasing the
rate of isomerization while permitting the use of
temperatures at which undesired degradation
reactions can be substantially obviated. 'A‘bout
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At the end of 18 hours, the mixture was dis-
charged from the autoclave, the hydrogen chlor-
ide and the aluminum chloride removed, and the
hydrocarbon material analyzed. It was found to
consist of 38% by weight of isopentane, 11% by
welght of isobutane, 44% by weight of n-pentune
and about 7% of higher boiling constituents,



Ezample 11 .
The same hydrocarbon material was treated

with the same catalyst and under substantially

‘the same conditions of temperature and reaction
time.

However, the operation was effected under-
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a total gauge pressure of about 3.5 atmospheres, .

the partial pressure of the hydrogen chloride in
the system being about 2.0 atmospheres.:

The resulting hydrocarbon reaction product
consisted of 21.7% by weight of isopentane, 1.4%
of isobutane, and 76.9% by weight of normal
pentane. The product was devoid of higher or
lower boiling hydrocarbons. -

. Example IIT ‘
A hydrocarbon mixture consisting of about

91.5% by weight of normal pentane and about -

8.5% by weight of isopentané was treated with
about 10% of its weight of aluminum chloride
-at about 20° C. for a period of about 17 hours
under a hydrogen chloride partial pressure of
about 0.5 atmosphere. The reaction product
was found to consist of about 9.5% by weight
of isopentane and about 90.5% by weight of nor-
mal pentane. " Only about 19% of the treated
normal pentane was converted to isopentane. -
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It was found that keeping other conditions

substantially the same and increasing the par-
tial pressure of hydrogen chloride resulted: in
a materially. increased conversion of normal
pentane to isoparaffin (principally isopentane)
" after a Dbartial pressure of at least 1 atmosphere
was reached, : -

When a partial pressure of -hydrogen chloride
of 1.5 atmospheres was used, the resulting hy-
drocarbon product contained. about 199 by
weight -of isoparaflin hydrocarbons (isopentane

and isobutane, with the latter present in only’

small afmount), and abopi 819% of normal
Pentane. At a hydrogen chioride partial pres-
sure of 3.5 atmospheres, about 539 of the treat-
ed normal pentane was converted to isoparafiin
hydrocarbons (primarily isopentane) with the
formation of no hydroearbons lower than
butane. At a hydrogen chiloride partial pres-
sure of about 7.5 atmospheres, about 66% of the
treated normal pentane was converted to iso-
parafiin hydrocarbons (primarily isopentane)
with the formation of no hydrocarbons lower
than butane. At a partial hydrogen chloride
pressure of about 10.5 atmospheres, about 929,
of the treated normal pentane was converted to

_ 3
Example IV

Amout 100 parts of normal hexane were
charged to a suitable pressure reaction vessel
along with about 5% of its weight of aluminum
chloride. Hydrogen chloride gas was added in
an amount sufficient to provide a partial pres-
sure of hydrogen chloride of about 10 atmos-~
pheres .in the system. The reaction mixture
was maintained at about 80° C. for about 16
hours. At the end of this time, the hydrogen
chloride and aluminum chloride were separated
from the hydrocarbon material and the hydro-
carbon material analyzed. It consisted of 8%
by - weight isohexane, 5% by weight iso-

_ bentane, 10% by weight - isobutane, about 1%

by weight propane, the .remainder being un-

- changed normal hexane.

While . I have described my invention in a
detailed. manner and provided specific examples
illustrating suitable modes of executing the
same, it is to be understood that modifications
may be made and that no.limitations other than
those imposed by the scope of the . appended -
claims are intended.

T claim as my invention: - :

1. A process for the conversion of normal
hexane to isoparafiin hydrocarbons which com-

" prises contacting normal hexane in the liquid
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" isopentane and isobutane, with the former ma- .

terially predominating, and with the formation
of no hydrocarbons containing less than four
carbon atoms, - .
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phase with an aluminum chloride catalyst at a -
temperature of from 20° C. to 150° C. for a time
not exceeding 17 hours under s pressure of ‘hy-
‘drogen chloride equivalent to from three to-
twenty atmospheres when measuréd at 20° C. ,

2. A process for the conversion of normal
bentane predominantly to isopentane which
comprises - contacting normal ‘pentane in the
liquid phase with an aluminum chloride: cata-
lyst at a temperature of from 20° C. to 150° C.
for a time not exceeding 17 hours under a pres-
sure of hydrogen chloride equivalent to from
three to twenty atmospheres when measured at
20° C. : :

3. A process for the conversion of a normal
paraffin hydrocarbon to an isoparafiin hydrocar-
bon which comprises contacting a normally
liquid normal paraffin hydrocarbon which boils
at a temperature not greater than about 160° C.
with an acid-acting halide catalyst in the liquid
phase at a conversion temperature of from 2¢° <.
to 150° C. fo¥ a time not exceeding 17 hours -
der a pressure of a hydrogen halide equivalent to
from three to twenty atmospheres when meas-

ured at 20° C.
ADRIANUS JOHANNES vaN PESKT.




