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The present invention relates to the isomeriza-
tion of a hydrocarbon. In one of its embodi-
ments, the invention relates to the ISGTQEILZELHGH
of a parafiin hydrocarhon.

The importance of processes for the isomer iza~
tion of hydrocarbons, generslly, for example, the
paraffin hydrocarbons, is well recognized in the
art of producing motor fuels as well as in the
chemical synthesis fields. Many different proc-
esses involving various conditions of isomeriza-
tion and different catalysis have been set forth.

In respect of the art of producing motor 1uels
it has been desired constantly to increase not
only the yields of isomerized hydrocarpons, pro-
duced in any particular process, but also the per-
centace of the specifically desirable isomer or iso-
mers obtained. Therefore, any change in existing
processes which will decidedly increase eivher
the total yield of isomer piroduced or increase the
percentage of the desirable iscmer or isomers In
the product obtained is constantly sought for and
constitutes an important advance in the art. As
fully set forth below, the process of this inven-
tion accomplishes a decidedly large increase in
the ultimate yield of isomerized hydrccarbons
obtainable in a prior art process, that is, it in-
creases the percentage of the desirable isocmer or
isomers in the product mixture.

As stated, the isomerization of hydrocarbons,
for example, parafiin hydrocarbons, is well known
in the art. Catalysts which have been employed
for this reaction are alss well known and include,
among others, Friedels-Crafts catalysts, for ex-
ample, aluminum ch1or1de, gluminum bromide,
and the like.

Hydrocarbons isomerized by the prior processes
include among others, the parafiin hydrocarbons,
branched-chain paraffin hydrocarbons, and the
like. Of particular present imporiance to the
art are the branched-chain paraffin hydrocar-
bons which possess or exhibit nigh cctane num-
ber or value in use as motor fuels. Thereiore,
the present invention will be descriked in COI~-
nection with its application to the production of
certain highly desirable branched-chaln paraifin
hydrocarbons and its application to the pr oduc-
tion of other isomer hydrocarbons will be cbvious
to those versed in the hydrocarbon art or the
chemical art from a reading of this specification
and its appended claims.

As stated, it is known to isomerize a paraffin
hydrocarbon or a branched-chain paraifin hydro-
carbon employing a Friedels-Crafts type catalyst,
for example a metal halide isomerization catalyst
such as aluminum chloride, aluminum bromide,
zirconium chloride, zine chloride, etc. Now it
also has been known tc employ certain reaction
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modifying agents which inhibit side reactions.

Among those which have been recommended 10

be employed 1is decalin, that is, decahydronaph-

thalene.
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Ordinarily available decalin contains hoth cis~
and trans-decalin. Thus, the recommended use
of decalin in the prior art has been a recommend-
ation of the use of both the cis- and trans- forms
of decalin. In any evenf, to my present knowl-
edge, the art has not distinguished between the
isomers of decalin in respect of its use as 2 modi-
fier for the iscmerization of hydrocarbons.

According to this invention it has been found
that of the components of decalin it is the cis-
decalin which is solely responsible for the modi-
fier effect of decalin as heretoiore recommended
for the catalytic isomerization of hydrocarbons.
Thus, according to this Invention it has been
found that trans-decalin exhibits or possesses
nractically no modifier effect in the catalytic iso-
merization of hydrocarbons and, thereiore, when
it is present merely dilutes the cis~-decalin.

Therefore, as a result of these findings and ac-
cording to the present invention, there is provided
a process for the isomerization of isomerizable
hydrocarbons, for example, paraflin hydrocar-
bons, and more particularly br anched-chain par-
affin hyvdrocarbons, having at least four carbon
atoms to the molecule, under isomerization con-
ditions in presence of an isomerization catalyst
and a modifier consmtmg essentmlly of cis-dec-
alin,

Still, according to this invention, it has also
been found that when 2,2 4-trimethylpentane is
isomerized it is converted substantially to the
octanes, 2,2,3-, 2,3,3- and 2,3,4-trimethylrentanes.
Thus, of the octanes obtained upon the isomer-
ization of 2,2,4-trimethylpentane, 91% consisted
of the three just enumerated.

It is known that the research octane numbers
of 2,2,3-, 2,3,3-, and 2,3,4-trimethylpentanes are
superior to that of 2,2 4-trimethylpentane and
accordingly the importance ¢f the application of
the process of the present invention can be gppre-
ciated readily. It is also known that in the syn-
thesis of triptane (2,2,3-trimethylbutane) 2,2,3-,
and 2,3,3-trimethylpentanes are catalyvically hy-
drogenclyzed. The importance of triptane as &
super-fuel component iurther emphasizes the
value of the plesent mventmn to the chemical
synthesis art.

The process of the pleaent mventmn is appli-
cable with advantage to the isomerization of
2,2,4- trunethylpentane to the other trimethyl-
pentanes e. g. 2,2,3-, 2,3.3- and 2,3 4-trimethyl-
pentanes and, thel efore, it will be described with
reference to said iscmerization.

According to a modification of the present m-
vention and as 111ustratec1 diagrammatically in
Figure 1 of the drawing, commercially availaole
decalin is separated by fractional distiliation into
a cis-decalin fraction (B. P. 194.6° C.)  and a
trans~-decalin fraction (B. P. 185.,5° C.). The
trans-decalin which prekus:.y diluted cis-deca-

- lin, can now be converted to cls-decalln as here-
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inafter set forth, and used to cause saild advan-
tageous effect as one of the features of this in-
vention.

The cis-decalin is now admixed with 2,2,4-
trimethylpentane and contacted with aluminum
chloride in & paraffin iscmerization zone under
usual conditions of isomerization well known In
the art. To promote the reaction, an alkyl halide,
an olefin or the like, and/or a hydrogen halide
may also be present in the reaction mixture, The
use of such reaction-promoting addition agents,
commonly called catalyst activators, is well
known in the isomerization art.

Following completion of the isomerization re-

action, the reaction mass is passed to a product
separation zone. The catalyst is separated em-
ploying standard procedures and the hydrocar-
bons are fractionally distilled.

The reaction mass consists of catalyst, isoni-
erized 2.2.4~trimethylpentane, some other hydro-
carbons and cis- gnd trans-decalins. Some o0&
the cis-decalin undergoes a change 1o the trans-
torm during the reaction. The unisomerized
2,2 4-trimethylpentane is recycled to the isom-
erization zone, the other hydrocarbons are re-
moved from the system, the cis-decalin is tused
to further modify additional isomerization ana,
as 2 feature of the invention, the trans-decalin
is converted to the cis- form and also used o
modify additional isomerization in the isomeriza-
tion zone,

Used catalyst is reused, all or in part, or with-
¢rawn from the system, as desired. The c¢on-
version of trans-= to cis-decalin can be eiected
agdvantageously by dehydrogenaticn %0 naph-
thalene, hydrogenation, and recovery of the cis-
isomer. This is accomplished in the *‘“trans-
decalin conversion zone.” The dehydrogenation
ald hydrogenation can be accomplished by known
methods. Thus, the dehydrogenation can be
effected In presence of g nickel, or chromia-
aluming, catalyst at an elevated temperatvure.
The hydreogenation can be effected in presence
of a nickel, cobalt, copper or platinum catalyst
at an elevated pressure the temperature being
maintained, preferably, below about 100° C. to
tavor the yield of the cis-isomer.

The quantity of cis-decalin admixged with the
hydrocarbon feed can he varied. Even smaill
amounts of cis-decalin, say 0.1 per cent by weight
cf the hydrocarbon in the feed, can be usad to
advantage to effect an increase in the yield of
gctanes, but increased yvields of octanes are ob-
tained with Iincreasing amounts of cis-dsecalin
up to about 15 per cent by weigant. Little advan-
tace now appears to be gained by using more
than about 15 per cent by weight of cis~decalin
in the hydrocarbon feed. Thus, according to the
invention the preferred range for the quantity of
cis-decalin to be used is 0.1 per cent to 15 per cent
Dy weight of the hydrocarbon feed, although a
quantity without this range would yield to a
lesser or to g greater extent the keneficial results
of the invention. In any event the particular
¢uantity of cis-decalin that will be the optimmum
under any set of operating conditions can be
arrived at only by balancing the many various
ractors inveolved against the octane yield im-
piovenient. In general, the considerations and
conditions discussed in this specification are op-
erative for other hydrocarbon isomerization re-
actions in each of which the many various fac-
tors will and can be balanced by mere routine
test by one versed in the art. In the isomerization
of 2,2,4-trimethylpentane it has been found that
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guantities of cis-decalin of at least about 4% may
be considered as an optimum from this view-
However, from other considerations, it
may be found that quantities even up to 50%
cis-decalin by weight of the hydrocarbon feed
will be considered as optimum because use of this
guantity will result in improved yields of desired
1somers greater than those obtained with lesser
quantities of cis-decalin,

It i1s to be noted from the graph in Figure 2
that even a very small proportion of cis-decalin
increased very considerably the fotal 2,2,4-tri-

sthylpentane isomerized to other branched-
chain octanes whereas the trans-decalin gave no
practically significant increase. .

The quantity of aluminum halide used will also
depend upon a consideration of the various fac-
tors. The yield of octanes appears to be sub-
stantially independent of the quantity of catalyst
used, at least in the range of from about 29 to
about 12% by weight of the 2.2 4-trimethvipen-
tane. The aluminum halide can be used as such
or a5 3 sludge or aluminum halide-~-hvdrocarbon
complex. The various catalysis are well known
in the art as are the promoters and their use.

Contact time for the reaction will vary depend-
ing upon other conditions. A time in the ranae
of from about 1 to about 500 minutes now appears
to be desirable. In one run according to the
invention about 10% of 2,2,4-trimethyipentans
was converted by anhout 109 of a2luminum bro-
mide and 10% cis-decalin in about 2 hours at
26° C. No promoter was used in this run.

A temperature in the rance of from about
minug 30° C. 1o about plus 50° C., preferably from
about minus 10° C. to about 30° C. is operative
:n the invention. Within the recited ranges of
temperature, I have found that a yield of about
29% octanes from 2.2 4-trimethylpentane oh-
tained with aluminum hromide at 26° C. could
be increased to double this value, namely to 524
if the temperature was maintained at about 1°
C. Thus, it is seen that lower temperaiures tend
to increase yield. However, the temperature ean-
not be too low if a high rate of reaction is desired.
Thereiore, to determine the desired temperature,
consideration must be given to the rate of re-
action at that temperature. The increase in
yield with decrease in temperature from 58° C.
t0 1° C. is shown in Table I.

TABLE I

Run Nvwmbero ... i 4‘ 9

Temberafure, °C___ ... j a0 |
Centaet Time, Hours. ... _ . ________ ] X 2 ]
Aluminum Bromide, Weight percent of 2.2,4- | o o
Trimethylpentane .. _____.___.___ o | -y 5 5
IFFeed Composition, Weight Percent: O o
2.2,4-'Trimethylipentane
Cis-deealin. ...
Product Composition, Weight Percent:
I'sobutane. i
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Isobutane. ____ . ___ . ____ . 1

h-———ﬂ-—-—-‘————-ﬂ—-"-—ﬂ

Coand Cro oo 1;
Octanes._
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While the reaction appears to be essentially
independent of pressure, a pressure sufiicient to
maintain liquid the hydrocarbons in the reaction
zone 1s employed.

The increase of the desired octanes which can
be obiained by the use of cis-decalin, according
to this invention, is clearly evident from Table
1T. When no cis-decalin was used, the yield in
octanes of the 2,2, 4-trimethylpentane converted
was 299% . When cis-decalin was used in increas-
ine amounts this value was 44%, 43.5%, 53.6%
and 659% respectively,

TABLE 11
- - I
Run Number e 3 4 5} {
Temperature, °C_ oo 26 26 26 26
Contact Tune HourSe e e 2.0 2.0 2.0 5. 1)
Aluminum Brmmde Welgnt
Pereent of 2,2,4- ’I"'metm I- | .
115 #R 548 4 (L IO 0.5 9.7 9.4 12.1
Teed Composition, Weight Per*
cent:
2.2, 4-Trimethylpontane . ... 85. 6 093, 2 87.1 66, 7
Cis-decalin. oo 4,1 6.8 12.9 33.3
Product Composiiion, Welgnt
ereent:
FETeTa] 01721 4L 2.01 2. 61 1,74 1,735
Ysemeutane_ . oL 0. 16 0.36 .29 (0. 028
Coand Core e oo eea s 1.9 1.2 0.79 | Trace
2,2 4-Trimethylpentane. . ___. 86.42 1 80.35 | 76.28 58. 8
Other CctanesS. oo oo 4,2 5.6 5 8 5 14
Coand Heavier. e meceme oo xl 6% 7.4 13. 4 J% {]
Catalyst Sludge O} .. __. 1. 35 2.5 1.7 1.9
Yield, Weight Percent of 2,2,4-
’I‘rlmethy lpentane Converted:
isobutane._ . . 21, 2 20. 3 16.1 22
Isopentane. e 1.75 2.8 2.7 0.35
Coand Cre oo 13 9.3 7.3 | Trace
Octanes. i 44 43. 5 53. 6 bh
Coand Heavier. .o ______ 6 4,7 4,6 0
Catalyst sludge Ol ... 14 19. 4 15.7 12. 7
Total Conversion, Weight Per-
cent of 2,2,4-Trimethylpentane
Feed o oo e 0.9 13.8 12. 4 13. 8
Yield of Octanes, Weight Per-
cent of 2,2,4-Trimethylpentane
Charged e 4,4 6.0 8,7 9.0
Yield of Octanes, Weight Per-
cent of 2,2,4-Trimethylpentane
Converted .o e 44 43. 5 53. 6 H5

Variation and modification are possible within
the scope of the appended claims to the inven-
tion the essence of which is that cis-decalin, has
been found to he the essential isomerization re-
action 1mpr0ver in decalin.

I claim:

1. A process for the isomerization ci an iso-
merizable hydrocarbon which comprises subject=-
ing decalin to fractionation to separate a cis-
decalin fraction and a trans-decalin fraction
therefrom, combining the cis-decalin fraction
with said hydrocarbon and subjecting the com-
vined stream under isomerization conditions to
the action of an isomerization catalyst, process-
ing the resulting reaction mass to separate from
it isomerized hydrocarbon as a product of fhe
process, catalyst and cis-decalin, trans-decalin
formed from cis~decalin during the isomeriza-
tion, any by-products which are separated from
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the process, and unreacted hydrocarbon, con-
verting the trans-decalin to cis-decalin, and
passing the cis-decalin, the unreacted hydrocar-
bon and the catalyst to the isomerization step.

2. The process of claim 1 wherein the hydro-

carbon is 2,2,4-trimethylpentane, the catalyst 1is
an aluminum halide, the temperature is within
the range minus 30° C. to plus 50° C., a pressure
sufficient to maintain the reaction substantially
in the liguid phase is employed and the cis-
decalin in the isomerization step Is present in a
guantity within the range of 0.1%-15% by
weight of the hydrocarbons.

3. The process of claim 2 wherein the alumi-
num halide is aluminum chloride and is present
in g auantity within the range of 2%—13% by
weight of the hydrocarkon.

4, The process of claim 2 wherein the alumi-
num halide is aluminum bromide and 1s present
in a quantity within the range of 2%-13% by
weight of the hydrocarpon.

5. A process for the isomerization of an iso-
merizable parafiin hydrocarbon having at least
four carbon atoms per molecule which com-
prises subjecting said hydrocarbon under iso-
merization conditions to the action of an alumi-
num halide catalyst and a reaction improver
consisting essentially of cis-decalin, recovering
trans-decalin formed during the isomerization
reaction, converting said trans-decalin to cis-
decalin, and reusing said cis-decalin, thus ob-
tained, in the process.

8. The process of claim 5 wherein the hydro-
carbon is 2.2,4-trimethylpentane, the aluminum
halide is aluminum chloride, the reaction is ef-
fected at a temperature within the range minus
30° C. to plus 50° C. at a pressure sufficient to
maintain the reactants in the ligquid phase and
the cis-decalin is present in a quantity of
0.19%-15% by weight of the hydrocarbon.,

7. The process of claim 5 wherein the alumi-
num halide is aluminum bromide.

FRANCIS E, CONDON.
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