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This invention relates to the catalytic iso 

merization of hydrocarbons, and it particularly 
relates to the catalytic isomerization of the satu 
rated paraffin hydrocarbons. 
An object of the invention is to provide a prac 

tical and economical process, adapted to opera 
tion on a commercial scale, for the production of 
the commercially more valuable branched or 
more highly branched chain parafin hydrocar 
bons from the corresponding normal or less 
branched chain paraffin hydrocarbons. 
Another object of the invention is to provide 

a process for the catalytic isomerization of the 
normal and slightly branched chain paraffin hy 
drocarbons to the corresponding iso- or more 
highly branched chain hydrocarbons which is 
characterized by the use of a selective and par 
ticularly active isomerization catalyst which per 
mits selective isomerization of the treated hydro 
carbon or mixture of hydrocarbons under such 
conditions that practical conversions to the de 
sired branched or more branched chain isomers 
are obtained while undesirable side reactions 
Such as Cracking, dehydrogenation, etc., are re 
duced to a practical minimum. 
The process of the invention is of great techni 

cal importance in that it provides a simple and 
effective method for converting the less valuable, 
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the corresponding olefines. The isoparaffin hy 
drocarbons can be easily dehydrogenated to the 
corresponding tertiary olefines which in turn are 
valuable starting materials in the production of 
tertiary alcohols, tertiary alcohol derivatives, un 
saturated tertiary carbon atom-containing alco 
hols, etc., as well as in the production of high 
anti-knock motor fuels and motor fuel constitu 
ents via copolymerization, or interpolymerization 
with ethylene or secondary olefines, followed by 
hydrogenation of the resulting polymer product. 
The isoparafin hydrocarbons are also much more 
Suitable than the normal paraffin hydrocarbons 
as starting material in the production of motor 
fuels by alkylation, that is, by reaction of the 
paraffin hydrocarbon with an olefine in the pres 
ence of a suitable catalyst. 
The process of my invention comprises con 

tacting the hydrocarbon to be isomerized, or a 
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because less reactive, normal paraffin hydrocar 
bons to the corresponding more reactive and 
more valuable iso or branched' chain paraffin 
hydrocarbons. The branched chain paraffin hy 
drocarbons which boil within the gasoline boiling 
range are, because of their relatively much higher 
anti-knock value, of greater value and in more 
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demand than the normal hydrocarbons of the 
Same number of carbon atoms for use as inter 
nal combustion motor fuel or as constituents of 
Such fuel compositions. The process of the in 
vention can be applied to the individual normal 
or only slightly branched chain paraffin hydro 
carbons to increase their anti-knock value, or it 
may be applied directly to hydrocarbon fuel mix 
tures containing relatively high percentages of 
normal or only slightly branched paraffin hydro 
carbons to isomerize said hydrocarbons and thus 

- increase the total anti-knock value of the fuel 
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mixture with a minimum of treatment and with 
Substantially no loss of the treated material. 
The lower boiling isoparaffin hydrocarbons 

such as isobutane, isopentane, the isohexanes, 
etc., are relatively much more valuable than the 
normal compounds of the same number of car 
bon atoms because of their greater activity per 

mixture of such hydrocarbons, or one or more 
of such hydrocarbons in the presence of an inert 
diluent material incapable of isomerization such 
as aromatic hydrocarbons, substantially com 
pletely isomerized paraffin hydrocarbons, nitro 
gen, hydrogen, etc., with a catalyst consisting of 
or essentially comprising a double compound of 
an acid-acting metallic halide with an aromatic 
compound at a temperature at which the iso 
merization proceeds at a practical rate but at a 
temperature below 150° C., the material to be 
isomerized being contacted with the catalyst for 
a time sufficient to effect the desired isomeriza 
tion but insufficient to effect any substantial de 
composition such as cracking or dehydrogenation 
of the treated material. 
By use of the special catalyst herein defined, 

the desired degree of isomerization can be ef 
fected while undesirable side reactions are re 
duced to a practical minimum, and, in some 
cases, substantially completely obviated. The 
Special catalyst is, when used under the condi 
tions herein specified, a selective isomerization 
catalyst, it accelerates Substantially only the iso 
merization reaction and permits the isomeriza 
tion to be effected rapidly and to the desired 
extent under conditions at which the occurrence 
of undesirable side reactions can be substantially 
obviated. It is known that aluminum chloride is 
a catalyst for the isomerization of parafin hy 
drocarbons. However, this knowledge has failed 
to provide any technically feasible process for 
the isomerization of the normal paraffin hydro 
carbons, particularly those which are normally 
liquid, to the isoparaffin hydrocarbons because of 

se and because of the much greater reactivity of 55 the fact that aluminum chloride per se is not 
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at all selective as regards the isomerization re 
action. It is, under the conditions at which it 
acts as an isomerization catalyst, also an excel 
lent cracking and dehydrogenation catalyst, and 
very frequently, its activity as a decomposition 
catalyst exceeds its activity as an isomerization 
catalyst with the result that only a minor amount. 
of the treated material is isomerized, the re 
mainder being converted to undesired decompo 
sition products. 
The treatment of hydrocarbons in accordance 

with the process of the invention has the appar 
ent effect of displacing the end groups of the hy 
drocarbon molecule toward the center of the car 
bon chain; consequently the process can be ad 
vantageously applied to the treatment of any 
hydrocarbon possessing a structure capable of 
modifications in Such a Way as to result in a hy 
drocarbon molecule containing the same. number 
of carbon atoms but being of a more condensed 
type. The process can be applied to the isomeri 
zation to an isoparaffin of any of the normal par 
affin hydrocarbons higher than propane. The 
class of suitable normal paraffin hydrocarbons 
starts with normal butane, which is normally 
gaseous, and includes the normally liquid normal 
paraffin hydrocarbons such as normal pentane, 
normal hexane, normal heptane, normal octane, 
normal nonane and the like. Suitable already 
branched chain hydrocarbons which can be iso 
merized to still more branched chain hydrocar 
bons in accordance with the process of the in 
vention may be pentanes, hexanes, heptanes, oc 
tanes, nonanes, etc. The hydrocarbons or hydro 
carbon mixtures treated are preferably those 
which boil at a temperature not greater than 
about 100 C. and thus comprise, the hydrocar 
bons with from four to seven carbon atoms in 
clusive. 

For purposes of convenience and clearness of 
description only, the process will hereinafter be 
described with reference to its use to convert a 
normal paraffin hydrocarbon containing at least 
four carbon atoms to the corresponding isopar 
affin hydrocarbon. 
The process may be applied to the treatment of 

a pure or Substantially pure normal paraffin hy 
drocarbon, or to a hydrocarbon mixture compris 
ing one or more normal paraffin hydrocarbons. 
For example a suitable starting material may 
comprise, besides a substantial amount of a nor 
mal paraffin hydrocarbon, one or a plurality of 
other hydrocarbons which may not be capable of 
isonerization under the conditions of the opera 
tion, or the treated mixture may comprise one or 
more normal paraffin hydrocarbons and a sub 
stantially inert diluent material such as hydro 
gen, nitrogen and the like. The invention pro 
vides means for converting to isoparaffin hydro 
carbons the normal paraffin hydrocarbon content 
of cracked gasolines and other commercial hy 
drocarbon mixtures such as are obtained by the 
cracking of higher molecular weight hydrocar 
bons and hydrocarbon mixtures such as petro 
leum oils, shale oils, petroleum products, animal 
and vegetable oils, waxes and the like. Conven 
iently treated normal parafin hydrocarbon-con 
taining mixtures are the so-called alkane-alky 
lene fractions such as the butane-butyliene frac 
tion, the pentane-pentylene fraction, etc. from 
which the olefines have preferably been renoved. 
Treatment of such inixtures results in materially 
increasing their isoparaffin hydrocarbon content. 
The catalysts used in the process essentially 
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comprise a double compound of an acid-acting 
halide and an aromatic compound. The term 
"acid-acting halide' is used herein and in the 
appended claims to designate those metallic or 
non-metallic halides (other than the hydrogen 
halides) which will give an acid reaction in 
water. Representative acid-acting halides are 
the boron halides, the halides of aluminum, zinc, 

10 

5 

20 

25 

iron, zirconium, tin, beryllium, and the like. The 
acid-acting halide is present in the catalyst as a 
double compound with an aromatic compound. 
These double compounds may be regarded as the 
additive compound of an acid-acting halide With 
an aromatic compound. 
A preferred group of catalysts for use in the 

process of the invention comprises the double 
compounds of the aluminum halides (aluminum 
chloride, aluminum bromide, aluminum iodide 
and aluminum fluoride) with an aromatic hydro 
carbon, particularly an aromatic hydrocarbon 
which has been substituted by one or more alkyl groups. Representative catalysts of this pre 
ferred group are the double compounds of an 
aluminum halide, preferably aluminum chloride, 
With an aromatic hydrocarbon Such as tolene, 
dimethyl benzene, trimethyl benzene, ethyl 
benzene, triethyl benzene, propyl benzene, di 
propyl benzene, the isopropylbenzenes, the nor 
mal butyl benzenes, the tertiary butyl benzenes, 
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the amyl benzenes, the mixed alkylbenzenes such 
as ethyl toluene, dipropyl toluene, etc., the mono 
and polymethyl naphthalenes, the mono- and 
polyethyl, propyl, butyl and the like alkyl naph 
thalenes, the mixed alkyl naphthalenes, the alkyl 
anthracenes, the alkenylbenzenes, naphthalenes, 
anthracenes, etc., the mixed alkyl-alkenyl ben 
Zenes, naphthalenes, anthracenes and the like, and 
their homologues, analogues and suitable substi 
tution products. 
The aluminum halide-aromatic hydrocarbon 

double compounds may, in general, be regarded 
as the additive compounds of two mols of the a 
luminum halide with one mol of the aromatic 
hydrocarbon which may or may not be alkyl 
and/or alkenyl. Substituted. A representative 
catalyst, namely, the double compound of an a 
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luminum halide with a dialkyl benzene, may be 
represented by the formula 2A(Hal) 3.CoH4(R)2, 
wherein R represents an alkyl radical. 
The aluminum halide-aromatic hydrocarbon 

double compound catalysts may be prepared in 
any suitable manner. A convenient method of 
preparing the aluminum halide-alkylated aro 
matic hydrocarbon double compound catalysts 
comprises adding the preferably anhydrous alu 
minum halide to the liquid non-alkylated aro 
matic hydrocarbon such as benzene and adding 
to the mixture in a regulated amount the desired 
quantity of the alkyl halide corresponding to the 
alkyl radical which it is desired to substitute into 
the aromatic hydrocarbon. The alkyl halide is 
preferably added slowly while intensively agi 
tating the reaction mixture, as by mechanical 
stirring, and while maintaining the reaction mix 
ture at or below about 20° C. The aromatic hy 
drocarbon and the aluminum halide are prefer 
ably employed in excess of the alkyl halide. 
When all of the alkyl halide has been added, and 
the reaction is substantially complete, the excess 
of the aluminum halide and the unreacted aro 
matic hydrocarbon are separated. The result 
ing aluminlinn haide-alkylated aromatic hydro 
carbon compound may then be used alone or in 
admixture with a dissimilar compound of the 
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same type in any suitable manner as hereinafter 
described. 
The aluminum halide-alkylated aromatic hy 

drocarbon double compounds are in most cases 
more or less heavy liquid substances, and as such 
they can, when operation of the process in the 
liquid phase is desired, be easily added to and 
intimately contacted with the hydrocarbon ma 
terial to be tretaed under the desired conditions 
of treatment. The catalyst material is quite 
stable and can be used at temperatures as high 
as 150° C. with substantially no decomposition 
or loss of activity. The catalysts are, however, 
unstable in the presence of water and conse 
quently the presence of water during their prep 
aration, storage and use should be avoided. 
The process of the invention is executed at 

temperatures below 150° C. and preferably at 
temperatures of from 20° C. to 140° C. A favor 
able conversion of the treated hydrocarbon ma 

- terial is often obtained at room temperature or 
Only slightly elevated temperatures. In general, 
temperatures equal to or higher than 150° C. are 
not suitable because at about this temperature 
the catalysts used in the process lose their selec 
tive isomerization power and begin to accelerate 
cracking and other decomposition reactions. 
The process may be executed with the hydro 

carbon compound to be treated in either the 
gaseous or the liquid phase. When operation in 
the liquid phase is desired, the hydrocarbon ma 
terial to be treated and the catalyst may be 
charged to a suitable reaction vessel in the de 
sired relative amounts and the mixture main 
tained at the desired temperature for a time 
necessary to effect the desired extent of isomeri 
zation. The relative proportions of the Catalyst 
and the hydrocarbon material to be treated may 
vary over a comporatively wide range, and will, 
in general, depend upon the particular hydro 
carbon material to be treated, upon the particu 
lar catalyst used, and upon the specific tempera 
ture and contact time employed. In general, 
the hydrocarbon to be treated is present in rela 
tively great excess over the catalyst. If desired, 
the gaseous hydrocarbon or hydrocarbon mixture 
may be contacted with the catalyst. This may 
be done in a variety of suitable manners. For 
example, when the catalyst is a liquid, it may be 
maintained at the desired temperature, with 
stirring if desired, while the gaseous hydrocarbon 
material is bubbled through it at the desired rate. 
If desired, the liquid or solid catalyst may be 
adsorbed on or supported on the surface of a suit 
able solid carrier material Such as clay, charcoal, 
alumina, pumice, diatomaceous earth. The gas 
eous or liquid hydrocarbon material may be con 
tacted with the solid or adsorbed catalyst in the 
conventional manners. 
The presence in the reaction system of a hy 

drogen halide or substance capable of yielding a 
hydrogen halide under the Conditions existing 
in the reaction system, in some cases, has a bene 
ficial effect upon the life and activity of the 
catalyst. Thus, a hydrogen halide, such as hy 
drogen chloride and hydrogen bromide, may be 
added to the reaction mixture or separately 
added to the reaction zone in the desired amount 
in any convenient manner, intermittently or con 
tinuously. In lieu of a hydrogen halide per se, 
a controlled amount of a compound, such as 
propyl chloride, tertiary butyl chloride, propyl 
bromide, tertiary butyl bromide and the like alkyl 
halides, which will decompose under the reac 

isomerization reaction, the process is preferably 
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tion conditions to yield a hydrogen halide, may 
be intermittently or continuously added. 
The process may be executed under atmos 

pheric, subatmospheric or superatmospheric 
pressure. Since pressure, in general, favors the 

executed at atmospheric or at a superatmos 
pheric pressure. When operation under pres 
sure is resorted to, pressures up to about 30 at 
mospheres are generally sufficient. If desired, 
relatively inert diluent materials such as hydro 
gen, nitrogen, methane, ethane, propane, etc., 
may be added to the material treated or sepa 
rately introduced into the reaction Zone to aid 
in establishing and/or maintaining the desired 
operating pressure. For example, the process 
may be executed with a substantial partial pres 
Sure of hydrogen in the reaction zone. Such 
added hydrogen or other inert gas may have the 
beneficial effect of acting as a heat conductor 
to maintain a substantially constant tempera 
ture, throughout the reaction zone, or it may 
serve as a means of introducing heat into the 
reaction zone. 
The process may be executed in a batch, in 

termittent or continuous manner. When sepa 
ration of isomerized hydrocarbon from the un 
reacted material is desired, such separation nay. 
be effected in any suitable manner as by frac 
tional distillation, selective absorption, selective 
reaction, etc. 
The following examples illustrate suitable 

modes of executing the process of the invention. 
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The invention is not to be regarded as restricted 
to the particular catalysts, the particular modes 
of operation, the particular hydrocarbons treated, 
or the particular operating conditions specified 
in the examples. 

Eacample I 
The catalyst was prepared in the following 

manner: About 2.5 mols of anhydrous aluminum 
chloride were suspended in about 3.0 nols of 
benzene. This mixture was stirred and main 
tained at a temperature of about 0°C. while a 
total of about 2.0 mols of tertiary butyl chloride 
was added slowly, a small quantity at a time. 
When all of the tertiary butyl chloride had been 
added, and the reaction was apparently com 
plete, the unreacted aluminum chloride was 
separated from the liquid by decantation. The 
liquid was then heated to about 80° C. under re 
duced pressure to remove the unreacted benzene. 
The residue was an oily liquid consisting of the 
complex double compound of aluminum chloride 
and tertiary butyl benzene, and containing 
about 66% by weight of aluminum chloride, 
About 40 cc. of the liquid catalyst were added 

to about 100 gmi. of normal pentane and the 
mixture maintained at a temperature of about 
35° C. for about 2.5 hours and later allowed to 
stand for some time at about room temperature. 
The hydrocarbon material was then separated 
from the catalyst material, washed with water, 
dried and analyzed. It was found that about 
18.3% of the treated normal pentane had been 
isonerized to isopentane, with no appreciable 
amount of decomposition. About 73% of the ap 
plied normal pentane was recovered unchanged. 

Eacample II 
By use of procedures similar to that described 

in the preceding example, a variety of different 
aluminum chloride-alkylated aromatic hydro 
carbon double compound catalysts was prepared. 
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used to effect the isomerization of normal pen 
tane to isopentane were the complex double 
compounds: aluminum chloride-ethyl benzene, 
aluminum chloride-n-butyl benzene, aluminum 
chloride-isopropyl benzene and aluminum chlo 
ride-isobutylene benzene. 

All of these catalysts, when used at tempera 
tures of from about 35 C. to 100° C. were active 
in converting normal pentane to isopentane with 
no appreciable loss of the pentane due to the 
occurrence of decomposition reactions, For ex 
ample, with the aluminum chloride-normal butyl 
benzene catalyst, about 15.5% of the normal pen 
tane was converted to isopentane in a single 
treatment, and with the aluminum chloride-iso 
propylbenzene catalyst about 13.5% of the nor 
mal pentane was converted to isopentane in a 
Single treatment. 

Eacample III 
100 gm. of normal pentane were heated with 

30 cc. of the complex catalyst prepared as de 
scribed in Example I and with 30 gm. of hydro 
gen chloride during 120 hours at a temperature 
of 120° C. in a closed vessel of 1 liter capacity. 
After separation from the catalyst material. the 
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reaction product was proved to contain 40 gm. 
isopentane, 44 gm. non-converted normal pen 
tane, 12 gm, isobutane, 2 gm. normal butane 
and 2 gm. propane. 
While I have described my invention in a de 

tailed 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. s 
I claim as my invention: 
1. A process for the production of isopentane 

which comprises contacting a saturated hydro 
carbon fraction consisting essentially of normal 
pentane in the liquid phase in the presence of 
hydrogen chloride with a preformed complex 
compound of aluminum chloride and an alkyl 
ated aromatic hydrocarbon in which the alumi 
num chloride is present in the greater mol ratio 
in the substantial absence of solid aluminum 
chloride and at a temperature of from 20 C. to 
140° C. whereby there is effected as the predomi 
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Among the catalysts of this group prepared and nating reaction the isomerization of normal pen 

tane to isopentarae. 
2. A process for the conversion of a normal 

paraffin hydrocarbon to a branched chain par 
affin hydrocarbon containing the same number 
of carbcn atoms which comprises contacting a 
saturated hydrocarbon fraction consisting essen 
tially of a normal paraffin hydrocarbon having 
four to nine carbon atoms in the liquid phase 
in the presence of hydrogen chloride with a pre 
formed complex compound of aluminum chlo 
ride and an alkylated aromatic hydrocarbon in 
which the aluminum chloride is present in the 
greater mol ratio in the substantial absence of 
solid aluminum chloride and at a temperature 
of from 20° C. to 140° C. whereby there is ef 
fected as the predominant reaction the isomeri 
zation of said normal paraffin hydrocarbon to 
a corresponding branched chain isomer. 

3. A process for the isomerization of saturated 
hydrocarbons which comprises contacting a sat 
urated hydrocarbon fraction consisting essen 
tially of saturated hydrocarbons having between 
four and nine carbon atoms in the presence of. 
hydrogen chloride with a preformed complex 
compound of aluminum chloride and an alkyl 
ated aromatic hydrocarbon in which the alumi 
num chloride is present in the greater mol ratio 
in the substantial absence of solid aluminum 
chloride and at a temperature of from 20° C. to 
140° C. whereby there is effected as the pre 
dominant reaction the isomerization of the sat 
lirated hydrocarbons of said fraction. 

4. A process for the isomerization of saturated 
hydrocarbons which comprises contacting a sat 
urated hydrocarbon fraction consisting essen 
tially of Saturated hydrocarbons having between 
four and nine carbon atoms in the presence of 
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a hydrogen halide with a preformed complex 
compound of an aluminum halide and an alkyl 
ated aromatic hydrocarbon in which the alumi 
num halide is present in the greater mol ratio 
in the substantial absence of solid aluminum 
halide and at a temperature of from 20° C. to 
140°C. whereby there is effected as the predomi 
nant reaction the isomerization of the saturated 
hydrocarbons of said fraction. 
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