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Claims. 

This invention or discovery relates to the pro 
duction of iso-butane; and it comprises a cata 

(C. 260-676) 

lytic method for the production of iso-butane 
from normal butane without cracking, in which 
normal butane substantially free of unsaturated 
hydrocarbons is maintained in contact with a 
small amount of a metal halide such as aluminum 
bromide at a temperature below the critical tem 
perature of the normal butane; all as more fully 
hereinafter set forth and as claimed. 
The paraffin hydrocarbons having one or more 

side chains or having an iso-structure have high 
er anti-knock value as fuels for internal combus 
tion engines than the corresponding normal or 
straight-chain paraffins. Furthermore, the par 
affins having an iso-structure are recognized 
as being more reactive than the normal parafins 
and for many purposes such as chemical syn 
thesis these more highly branched paraffins are 
preferred. The normal hydrocarbons containing 
4 to 6 or more carbons are available from vari 
ous sources such as various types of gasoline from 
which they may be recovered in substantially 
pure form. It is often desirable in view of the 
greater utility of the paraffins having the iso 
structure to convert these normal paraffins to iso 
paraffins, particularly to convert normal butane, 
pentane or hexane to iso-butane, iso-pentane or 
so-hexane. 
Warious catalytic processes have heretofore 

been proposed for converting normal hydrocar 
bons into iso-hydrocarbons but the conditions 
under which these processes are carried out are 
such that substantial portions of the normal hy 
drocarbons are cracked to produce compounds 
having a lower and higher carbon content, as 
well as unsaturated compounds which tend to 
react with the catalyst to form a tar-like residue. 
Thus, in these processes, a substantial amount of 
the raw material is wasted and the catalyst is 
used up and is not recoverable. 

I have discovered that if normal butane sub 
stantially free from unsaturated hydrocarbon 
Compounds is maintained in contact with a metal 
halide catalyst, particularly an aluminum halide, 
at a temperature below the critical temperature 
of the n-butane and preferably under pressure 
sufficient to maintain the n-butane in a liquid 
state, the n-butane will undergo an internal re 
arrangement to produce iso-butane, without sub 
stantial cracking or the production of compounds 
of lower carbon content, and the aluminum halide 
catalyst may be recovered for reuse. The process 
is truly catalytic, as the aluminum halide does 
not form the typical tarry residue and under 
goes no apparent change, so that it may be sepa 
rated from the hydrocarbons and reused indef nitely. 
The Conversion of the n-butane to iso-butane 

according to the method of my invention is an 
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equilibrium reaction and a relatively long period 
of time is required to carry the reaction to 
equilibrium. Periods up to about 2000 hours have 
been required to reach equilibrium under certain 
conditions. The time required for equilibrium 
will vary with the particular catalyst used, the 
concentration of the catalyst and the temper 
ature at which the reaction is carried out. How 
ever, in normal operation I do not generally 
carry the reaction to equilibrium. As in all 
equilibrium reactions, the rate of reaction from 
n-butane to iso-butane is considerably higher in 
the early stages than after a relatively large 
amount of iso-butane has been formed. I find it 
more convenient and economical therefore to 
carry Out the reaction in Such manner that the 
iso-butane formed is recovered from the re 
action mixture before equilibrium is reached. 
This can be done conveniently either in a batch 
or continuous type of process. In most cases 
have found it more practical to conduct the 
conversion of the n-butane to iso-butane in such 
manner that the iso-butane is removed as it is 
formed, for example by refluxing liquid n-butane 
in contact with the aluminum halide catalyst 
and fractionally distilling the lower boiling iso 
butane out of the system as it is formed. Be 
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cause of the fact that no cracking takes place 
to fortin volatile lower hydrocarbons a substan 
tially pure iso-butane can thus be produced di 
rectly. Furthermore, no undesirable tarry resi 
due is formed with the catalyst and the catalyst 
retains its activity indefinitely so that continu 
ous operation may be carried on merely with the 
addition of fresh amounts of n-butane to replace 
that converted to iso-butane and fractionated 
out. 
The compounds which I have found to be ef 

fective as catalysts in the method of my inven 
tion are the metal halides, and I have found 
that the aluminum halides such as aluminum 
chloride and aluminum bromide in substantially 
anhydrous form are particularly suitable. Alumi 
nun bromide, while it is more costly than alumi 
num chloride, has certain technical advantages, 
and since the catalyst is not used up in the 
process but retains its activity for an indefinitely 
long period, aluminum bromide is preferred for 
use. The amount of the catalyst used may vary 
Over a relatively wide range. With concentra 
tions as low as 0.5 mol per cent I have effected 
conversion of Substantial amounts of n-butane to 
iso-butane and I have used concentrations up 
to 10 mol per cent with increases in the iso 
merization rate with increasing amounts of cata 
lyst. However, with the higher concentrations 
the increase in reaction rate is relatively small 
and it is not generally desirable to use concen 
trations greater than about 5 mol per cent. 
I have also found that the anhydrous hydrogen 



2. 
halides such as hydrogen bromide act as pro 
moters to increase the catalytic activity of the 
metal halide catalysts. I have found it desir 
able, therefore, in many cases to use an anhy 
drous hydrogen halide in conjunction with the 
metal halide catalyst. For example, I have found 
that when about 1.0 mol per cent of anhydrous 
hydrogen bromide is used in conjunction with 
about 3.0 mol per cent of aluminum bromide, as 
the catalyst, the initial rate of reaction is in 
creased approximately 100 per cent over that 
obtained with aluminum bromide alone. 
The temperature at which the reaction is car 

ried out is an important factor in the method 
of my invention. It is essential, in order to avoid 
cracking of the n-butane, that the reaction be 
carried out at a temperature below the critical 
temperature of the n-butane; that is, below about 
153 C. I have found that Substantial cracking 
takes place in a relatively short time if the con 
Version of the n-butane to iso-butane is carried 
out above this temperature. The method of my 
invention is therefore carried out at a tempera 
ture below the critical temperature and prefer 
ably at a pressure Sufficient to maintain the n 
butane in a liquid state. Ordinarily it is de 
sirable that the reaction be carried out at a tem 
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arated out. The catalyst may be reused in 
definitely. 
In continuous operation, the n-butane mixed 

with the catalyst is gently heated in a vessel pro 
vided with a suitable condensing column and 
usually under pressure sufficient to maintain the 
n-butane in the liquid state. The condensing 
Column should be such as to permit the iso 
butane, which has a lower boiling point than the 
n-butane, to be fractionally distilled out of the 
System. I have found that a column having about 
twenty theoretical plates may be used under a 
gressure of about 60 pounds per square inch, 
corresponding to an operating temperature of 
about 30-40° C. The heat supplied to the reac 
tion chamber should be just sufficient to main 
tain a constant reflux. . 
The following example is an illustration of the 

results which may be obtained by the operation 
of the method of my invention in a batch type 
process. To 100 parts of liquefied n-butane con 
tained in a suitable steel pressure vessel and 
maintained at a sufficiently low temperature to 
prevent evaporation, there was added 14 parts of 
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perature materially below the critical tempera 
ture, particularly when a batch method is used. 
The equilibrium constant of the reaction favors 
the production of greater percentages of iso 
butane when lower temperatures of reaction are 
used. For example, when the reaction is carried 
out at a temperature of 25' C. the maximum 
yield of iso-butane is about 80 per cent, whereas 
at temperatures of about 75 C. the maximum 
yield is 70 per cent iso-butane. Thus, operation 
at lower temperatures produces a higher equi 
librium conversion to iso-butane. In continuous 
operation the use of lower temperatures is of 
less importance, as iso-butane is continuously 
fractionated out and the initial rate of reaction 
is preserved. However, in both batch and con 
tinuous operation, I have found it most practical 
to use a temperature of about 20° to 40° C. and 
preferably about 25 C. 
In batch operation the method of my inven 

tion may be carried out by merely placing liquid 
n-butane in a closed vessel with a small amount 
of catalyst such as aluminum bromide at a tem 
perature of about 25° C. and a pressure corre 
sponding to the vapor pressure of the n-butane 
and agitating the mixture for a suitable length 
of time. Agitation is generally required to ob 
tain Satisfactory contact between the n-butane 
and the catalyst throughout the reaction period 
or until solution of the catalyst is effected. In 
general a compromise between time and yield 
should be made. In the normal course of the 
reaction at about 25° C. using 5 mol per cent 
of aluminum bromide as the catalyst, approxi 
mately the following yields may be expected: 

After a suitable time period the iso-butane may 
be recovered from the reaction mixture by frac 

anhydrous aluminum bromide. The pressure 
vessel was closed and the contents allowed to 
Warm up to room temperature. The pressure 
vessel and its contents were then shaken vigor 
Ously for 10-5 minutes to effect Solution of the 
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catalyst. It was then placed in a suitable thermo 
stat held at 25° C. At the end of 168 hours the 
bomb was placed in a dry ice-acetone bath and, 
after allowing time for precipitation of the cata 
lyst, the bomb head was removed, the contents 
decanted and fractionated. A yield of 40 parts 
iso-butane was obtained together with 60 parts 
unconverted n-butane. 

In One example of the operation of the process 
of my invention in a continuous manner the 
following results were obtained. The apparatus 
used comprised a steel reaction vessel equipped 
with an auxiliary line for supplying liquid 
n-butane and a suitable fractionating coumn 
having about 20 theoretical plates together with a 
cooling jacket and a column head cooled to 
maintain a head temperature below about 26° C. 
One hundred parts of n-butane were charged 
containing 23 parts of aluminum bromide dis 
Solved therein. Heat was supplied to the reaction 
vessel, the temperature being maintained at 
about 40° C., the pressure in the system at about 
60 pounds per Square inch absolute. After 2-3 
hours, it was found possible to withdraw essen 
tially pure vaporous iso-butane from the top of 
the column at a rate of about 2-3 parts per 
hour, n-butane being Supplied at a corresponding 
rate to the reaction vessel. 
The method of my invention, I have found, is 

also applicable in principle to the conversion of 
other normal hydrocarbons than butane to iso 
hydrocarbons. That is, by the treatment of a 
normal hydrocarbon such as n-pentane and 
n-hexane with an aluminum halide catalyst at a 
temperature below the critical temperature of the 
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hydrocarbon, a substantial amount of iso-pentane 
or iso-hexane may be produced without cracking 
and without using up the catalyst. I do not in 
tend, therefore, that the method of my invention 
shall be specifically limited to the production of 
iso-butane except as hereinafter defined in the 
appended claims. 
What claim is: - . 
1. A method of producing isobutane from nor 

mal butane without cracking, comprising conn 
tional distillation and the catalyst may be sep-75 tacting liquid normal butane with about 0.5 to 
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10 no per cent of an aluminum halide catalyst at 
a temperature below the critical temperature of 
normal butane. 
2. A method of producing isobutane from nor 

na, butane without cracking, comprising con 
tacting liquid normal butane with about 0.5 to 
10 mol per cent of aluminum chloride at a tem 
perature below the critical temperature of nor mal butane. 

3. A method of producing isobutane from nor 
mal butane without cracking, comprising con 
tacting liquid normal butane with about 0.5 to 
10 mol per cent of aluminum bromide at a tem 
perature below the critical temperature of nor 
mal butane. 

4. A method of producing isobutane from nor 
nal butane without cracking, comprising con 
tacting liquid normal butane with about 0.5 to 
10 mol per cent of an aluminum halide catalyst 
in the presence of a hydrogen halide at a ten 
perature below the critical temperature of nor 
mal butane. . 

5. A method of producing isobutane from nor 
mal butane without cracking, comprising con 
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tacting normal butane with an aluminum halide 
catalyst entirely dissolved in liquid normal butane 
at a temperature below the critical temperature 
of normal butane, 

6. A continuous method of producing isobutane 
from normal butane without cracking, compris 
ing contacting liquid normal butane with about 
0.5 to 10 mol per cent of an aluminum halide 

0. 
catalyst in a contacting zone at a temperature 
below the critical temperature of normal butane, 
continuously withdrawing isobutane from the 
contacting zone, and continuously supplying nor 
mal butane to said zone. 
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7. A continuous method of producing isobutane 
from normal butane without cracking, compris 
ing contacting normal butane with an aluminum 
halide catalyst entirely dissolved in liquid nor 
mal butane in a contacting zone at a tempera 
ture below the critical temperature of normal 
butane, continuously withdrawing isobutane from 
the contacting zone, and continuously supplying 
normal butane to said zone. 
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