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This invention relates to an improved process 

for the separation of cycloparaffins from hydro 
carbon mixtures comprising cycloparafins in ad 
mixture with open chain parafriris. The inven 
tion relates more particularly to an improved is 
process for the production of cycloparafins of 
hydroaromatic structure from hydrocarbon frac 
tions comprising open chain paraffins and cyclo 
parafins of non-hydroaromatic structure, 
The cycloparaffins have become of exceeding 

importance as starting materials and intermedi 
ates in the production of a wide variety of or 
ganic products. The most fertile source of these 
highly desirable materials resides in the hydro 
carbon mixtures obtained in the natural state 
as petroleum and in the products obtained in 
the thermal or catalytic treatment of petroleum 
or distillate fractions thereof, and in the thermal 
or catalytic treatment such as, for example, hy 
drogenation, of carbonaceous materials, etc. As 
is well known, the cycloparaffins in these readily 
available hydrocarbon mixtures are found there 
in in admixture with open chain paraffins. Real 
ization of the full advantages inherent in the 
many chemical processes relying upon the cyclo 
paraffins as starting or intermediate material 
has heretofore been seriously handicapped by the 
lack of a process enabling the efficient separa 
tion on a practical scale of the cycloparaffins 
from the open chain paraffins in admixture with 
which they are generally encountered. Thus, 
separation of the cycloparafins from open chain 
paraffins having the Sane or approximately the 
same number of carbon atoms to the molecule 
by such methods as fractional distillation, if at all 
possible, is often rendered so complex and del 
icate an operation as to render it impractical. 
Of the cycloparaffins, those of hydroaromatic 

structure are presently of particular value and 
find application in the production of an exceed 
ingly wide range of valuable organic products. 
The production of the cycloparaffins of hydro 
aromatic structure in a state of required purity 
is rendered even more difficult since to the dif 
ficulty of their separation from open chain par 
affins is added the often equally vexing problem 
of their separation from isomeric non-hydro 
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aromatic cycloparaffins and other hydrocarbons 
of close boiling range or capable of forming azeo 
tropes therewith. By the term "hydroaromatic 
cycloparaffins' as used throughout this specifica 
tion and appended claims is meant the cyclo 
paraffins having a hexamethylene ring such as, 
for example, cyclohexane and the alkyl cyclo 
hexanes, to distinguish them from cycloparaffins 
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of non-hydroaromatic structure comprising 
those having pentamethylene rings such as, for 
example, methylcyclopentane and the alkyl 
cyclopentanes. 

It has been suggested heretofore to subject 
the hydrocarbon mixtures comprising open chain 
parafins and cycloparafins of non-hydroaro 
matic structure to isomerizing conditions effect 
ing the conversion of non-hydroaromatic cyclo 
parafins to hydroaromatic cycloparaffins and 
thereafter subject the entire hydrocarbon mix 
ture to fractionation to separate fractions com 
prising - desired cycloparaffins. Although such a 
procedure enables the concentration on a prac 
tical scale of certain of the cycloparaffins such as, 
for example, cyclohexane, it still does not enable 
the attainment of desired yields in even such 
specific instances. It furthermore does not 
eliminate to a sufficient degree the difficulties of 
separation. Thus, for example, in the production 
of cyclohexane from hydrocarbon mixtures com 
prising Ce paraffins and methylcyclopentane, the 
available raw material must first be subjected 
to a fractionation resulting in the production of 
a methylcyclopentane concentrate. In so doing, 
a considerable amount of valuable cyclohexane 
originally present in the available raw material 
as well as a certain amount of methylcyclopen 
tane, is left in the higher boiling fraction from 
which the methylcyclopentane concentrate is 
separated. Such methods furthermore offer lim 
ited advantages in ony such specific cases. They 
do not provide a practical answer, for example, to 
the production of hydrocarbons predominating in 
methylcyclohexane from the readily available 
hydrocarbon mixtures comprising the non-hy 
droaromatic cycloparaffins having seven carbon 
atoms to the molecule in admixture with close 
boiling open chain paraffins having Seven and 
eight carbon atoms to the molecule. In such case 
the problem of separation is in no wise overcome 
by isomerizing the mixture as a whole under 
conditions resorted to heretofore. 

In its broadest aspect, the object of the pres 
ent invention is to provide an improved proceSS 
enabling the more efficient separation of cyclo 
paraffins from hydrocarbon mixtures comprising 
cycloparaffins and open chain paraffins. 
A more particular object of the invention is 

the provision of a process enabling the more efil 
cient separation of cycloparaffins from hydrocar 
bon fractions comprising cycloparaffins and open 
chain paraffins having substantially the same 
number of carbon atoms to the molecule. 
A further object of the invention is the provi 



sion of an improved process enabling the more 
eficient separation of cycloparafins of non-hy 
droaromatic structure from hydrocarbon mixtures 
comprising cycloparafins and open chain para 
fins with simultaneous conversion, during the 
separation, of the non-hydroaromatic cyclopar 
afnins to hydroaromatic cycloparafins. 
Another object of the invention is the prov 

sion of an improved process for the production 
of hydrocarbons predominating in cyclohexane 
from hydrocarbon fractions comprising open 
chain hexanes and methylcyclopentane. 

Still another object of the invention is the pro 
vision of an improved process for the more ef 
cent production of nethylcyclohexane from hy 
drocarbon fractions comprising open chain par 
affins and cycloparafins of non-hydroaromatic 
structure having seven carbon atoms to the mole 
cule. Other objects and advantages of the in 
vention will become apparent from the following 
description thereof. 

It is known that unsaturated hydrocarbons 
Such as olefins and aromatic hydrocarbons which 
can react readily with an aluminum chloride, are 
removed from hydrocarbon mixtures containing 
then by treatment with aluminum chloride. It 
has now been found that saturated hydrocar 
bons of cyclic structure comprising the cyclo 
parafins can be separated efficiently by extrac 
tion under suitable conditions with a preformed 
complex obtained by the interaction of a metal 
halide of the Friedel-Crafts type and an organic 
compound. It has been found that by selection 
of Suitable conditions, the cycloparafins of non 
hydroaromatic structure present in the hydrocar 
bon mixture treated are converted to, and sepa 
rately recovered, as cycloparafins of hydroaro 

amatic structure. 
in accordance with the process of the inven 

tion, the hydrocarbon charge comprising a mix 
ture of cycloparafins and open chain parafins 
such as, for example, a naphthenic straight run 
gasoline fraction, optionally predominating in 
hydrocarbons having substantially the same 
number of carbon atoms to the molecule, such 
as a hexane or heptane fraction, is contacted 
with a preformed organo-metal halide complex, 
obtained by the interaction of a metal halide of 
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the Friedel-Crafts, type and an organic come . 
pound, in an extraction zone under suitable con 
ditions resulting in the formation of a raftinate 
phase comprising paraffins and an extract phase 
comprising organo-metal halide complex and cy 
cloparaffins. A suitable extraction zone com 
prises, for example, an enlarged chamber or a 
tower packed with a suitable packing material 
through which the hydrocarbon charge is passed 
counter-current to a descending stream of the 
organo-metal halide complex. The extract phase 
is passed into a complex separating zone where 
in hydrocarbons comprising the cycloparafins 
are separated from the organo-metal halide con 
plex. The cycloparaffins eliminated from the 
complex separating zone are introduced into a 
product separating zone wherein separation of 
cycloparaffins into fractions predominating in 
cycloparafins of particular composition is ef 
fected. A part of the cycloparaffins thus obs 
tained is preferably recycled to the extraction 
zone and introduced therein at a point at, and 
preferably below, the point of introduction of 
the charge. 
By maintaining suitable cycloparaffin isoner 

izing conditions within the extraction Zone, con 
prising the introduction of hydrogen halide or 
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a material aording a hydrogen halide, and the 
maintenance of temperature conditions defined 
more fully below, the somerization of cyclopar 
afins such as, for example, the conversion of 
cycloparafins of non-hydroaromatic structure 
to cycloparatins of hydroaromatic structure is 
accomplished simultaneously with the extraction 
Operation. 
When the extraction zone is maintained under 

cycloparafin isonerizing conditions, the raftinate 
phase eliminated therefron and the cyclopar 
affins eliminated from the complex separating 
2One are passed in separate streams to separate 
stripping zones wherein the hydrogen halide ad 
nixed therewith is separated as gaseous frac 
tions. The gaseous fractions comprising the hy 
drogen halide are recycled to the lower part of 
the extraction zone. 

It is to be noted that in the process of the 
invention a raftinate phase comprising open chain 
paraffins and an extract phase comprising 
organo-metal halide complex in admixture with 
cycloparafins are separately removed from the 
extraction Zone, and that Such operation in no 
wise approximates the practice resorted to hereto 
fore in the isomerization of hydrocarbons where 
in hydrocarbons and catalyst are drawn in single 
stream from the reaction zone and wherein hy- . 
drocarbons separated from catalyst drawn from 
the reaction zone are recombined with the total 
hydrocarbon effluence from the reaction Zone be 
fore or during product separation. 
In order to set forth more clearly the nature 

of the invention it will be described herein in 
detail with reference to the attached drawing in 
which the single figure represents a more or less 
diagrammatic elevational view of one form of 
apparatus suitable for executing the process of the 
invention. 
A hydrocarbon mixture comprising open chain 

paraffins and cycloparaffins such as, for example, 
a naphthenic hexane fraction comprising open 
chain hexanes, methylcyclopentane and cyclo 
hexane, is taken from an outside Source and 
forced by means of pump through line 2, con 
taining suitable heating means such as an indirect 
heat exchanger 3, into an extraction Zone. The 
extraction zone may comprise an elongated 
chamber or column 4 containing inert Solid. Con 
tact material such as, for example Raschig rings, 
crushed brick, silica stone, etc. The hydrocarbon 
charge is introduced into the column at an inter 
mediate point along the length thereof. 
A preformed fluid organo-metal halide complex 

is introduced into the top of the column by means 
of valved lines. The fluid organo-metal halide 
complex is prepared by mixing a metal halide of 
the Friedel-Crafts type, for example, a halide of 
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aluminum such as aluminum chloride and/or 
aluminum brotmide, with an organic compound 
under suitable conditions resulting in the interac 
tion of the metal halide with the organic come 
pound and/or decomposition products thereof. 
Suitable organic compounds with which the metal 
halide may be combined under conditions result 
ing in the obtaining of a desired organo-metal 
halide complex comprise, for example, aromatic 
hydrocarbons such as benzene, toluene; hydro 
carbon fractions, such as an aromatic kerosene 
extract; cyclic olefins, such as cyclohexene, cyclo 
pentene, and alkyl derivatives thereof; parafinic 
and olefinic hydrocarbons of straight or branched 
chain structure; phenols; organic acids; ethers, 
etc. Of the suitable organo-metal halide con 
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plexes, those comprising aluminum chloride-hy 
drocarbon complex are somewhat preferred. 
By means of heat exchanger 8, and optionally 

heating or cooling means, such as closed coils 
, and B within column 4, the hydrocarbons and 
conplex are maintained in the temperature range 
of from about 20 to about 140 C., and prefer 
ably from about 20° C. to about 70 C. Atmod 
pheric or superatmospheric pressures are main 
tained within column . The pressure is, hows 
ever, kept sufnciently high to maintain the hydro 
carbons in the liquid phase. Under these cond 
tions cycloparafins, in the hydrocarbon mixture 
passing upward through the column, will be selec 
tively removed from open chain parafans result 
ing in the formation of a rafnate phase in the 
upper part of the column consisting essentially of 
parafanic hydrocarbons, and an extract phase 
in the lower part of the column consisting es 
sentially of complex and cycloparafins. 
The extract phase, comprising aluminum 

chloride-hydrocarbon complex and cycloperafins, 
is passed from the lower part of column 4 through 
valved line , and heat exchanging means , 
into a complex separating zone. The complex 
separating zone may comprise a still 2. Within 
still 2, hydrocarbons comprising cycloparafins 
are distilled from the extract phase. Vapors 
comprising methylcyclopentane and cyclohexane 
are passed from still 2 through line f and 
cooler into an accumulator f. Cycloparafins 
may be removed from accumulator through 
valved line 2 as a final product. A part of the 
cycloparafins is, however, preferably passed 
through lines f, and 20 into a fractionator 
22. Within fractionator 22 a vapor fraction con 
prising methylcyclopentane is separated from a 
liquid fraction comprising cyclohexane. The li 
quid fraction is eliminated from fractionator 22 
through valved line 26 as a final product. The 
vapor fraction is eliminated from fractionator 
22 through valved line 28, and a part thereof is 
preferably recycled through line 24 into extrac 
tion column 4 and introduced therein at a point 
below the introduction of the hydrocarbon charge. 
This, it has been found, aids materially in the 
separation of cycloparaffins from paraffins under 
the operating conditions. A by-pass 25 is pro 
vided for the introduction of recycled methylcylo 
pentane into charge line 2. 
The raftinate phase comprising open chain hex 

anes is taken overhead from column 4 and passed 
through line 27 into accumulator 29. 
Although separation of complex from the cyclo 

parafins contained in the extract phase is ac 
Complished by distillation in the above illustrative 
description of the invention, other means of ef 
fecting the separation may be resorted to. The 
complex may be separated from cycloparafins by 
Scrubbing the extract phase with a suitable hy 
drocarbon such as, for example, a low boiling 
Saturated hydrocarbon, such as butane or pen 
tane, as disclosed in Copending application, Serial 
No. 538,893, fled June 6, 1944. 
A particular advantage of the invention resides 

in the ability to recover the naphthenic hydrocar 
bons of non-hydroaromatic structure, originally 
present in the charge, in the form of naphthenic 
hydrocarbons of hydroaromatic structure. Thus, 
in the treatment of a naphthenic hexane fraction 
containing methylcyclopentane, maintenance of 
suitable cycloparaffin isomerizing conditions with 
in column 4 enables the conversion of the methyl 
Cyclopentane to cyclohexane during the extrac 
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tion operation. To attain these objectives the 
temperature within column is maintained with 
in the range of, for example, from about 30' to 
about 140 C. and preferably from about 70' to 
about 100° C. A hydrogen halide promoter such 
as, for example, hydrogen chloride, or a material 
affording the hydrogen halide under the condi 
tions maintained in column , is introduced into 
the lower part of the column through valved line 
8 at a point below the introduction of the charge. 
A part of the hydrogen halide may be introduced 
directly into charge line from line 2. The hy 
drogen halide promoter is introduced at such a 
rate as to maintain a concentration of the hy 
drogen halide in the column in the range of from 
about 0.1 to about 2.0 and preferably from about 
0.1 to about 0.5 per cent by weight of the hydro 
carbon in the Column. 
When thus maintaining cycloparafn isomeric 

ing conditions within column , the raftinate phase 
passing through line, as well as the cycloparaf 
fins emanating from still through line f, will 
comprise hydrogen chloride. The hydrocarbons 
comprising hydrogen chloride within accumulator 
20 are forced through line S3 into a stripping 
column S. Hydrocarbons comprising cycloparaf 
fins containing hydrogen chloride are taken from 
accumulator f, and forced through line into 
a separate stripping column . Within stripping 
columns and conditions are maintained to 
effect the removal of the hydrogen chloride as a 
vapor overhead from the hydrocarbons. The hy 
drogen chloride thus separated in columns 4 and 
U is passed therefrom through lines 38, 32 and 3 

into column 4. Make-up HCl is introduced into 
the system as required by means of valved line 
T. Parafanic hydrocarbons comprising open 

chain hexanes are eliminated from the lower part 
of stripping column 34, through valved line 38, as 
a final product. Cycloparafins comprising cyclo 
hexane and unconverted methylcycloperatane are 
passed from stripping column 3 through valved 
line 2, into fractionator 22. 
Although the above-detailed description of the 

invention has been directed to the treatment of 
a naphthenic hexane fraction, it is to be under 
stood that the invention is in no wise limited to 
the treatment of this particular naphthenic hy 
drocarbon mixture and may be applied to any hy 
drocarbon mixture comprising open chain paraf 
fins in admixture with cycloparafins. Thus, the 
invention may be applied with advantage to the 
treatment of naphthenic heptane fractions con 
prising dimethylcyclopentane, ethylcyclopentane, 
and methylcyclohexane, in addition to open chain 
heptanes, under conditions effecting separation 
of cycloparaffins from paraffins, optionally with 
simultaneous conversion of the dimethylcyclopen 
tane, and ethylcyclopentane to methylcyclohex 
ane. The charge to the system need not neces 
Sarily comprise only hydrocarbons having sub 
stantially the same number of carbon atoms to 
the molecule, and hydrocarbon mixtures compris 
ing cycloparafnins and paraffins of relatively wide 
boiling range such as straight run naphthenic 
gasolines, straight run naphthenic naphthas, etc. 
may be charged directly to the system. 

It is apparent from the foregoing that the in 
vention obviates in a simple and a highly efficient 
nanner the difficulties heretofore encountered in effecting the separation of cycloparamins from 
parafins and enables the attainment of such sepa 
ration with the simultaneous isomerization of the Cycloparafins. 



4. 
The following examples are indicative of the 

degree to which isomerization of cycloparafins 
is accomplished, with simultaneous separation 
of cycloparafins from admixture with open 
chain parafnns in accordance with the process of 
the invention. 

cample 
A methylcyclopentane concentrate having the 

following composition 
Per cent 
volume 

Methyl pentane------------------------- 4.5 
Normal hexane-------------------------- 40.0 
Methylcyclopentane --------------------- 55.0 
Undetermined -------------------------- 0.5 
was contacted in a single stage operation with 
an aluminum chloride-hydrocarbon complex 
under the following conditions: 
Ratio of complex to hydrocarbon----------- 21. 
Time of contact ----------------minutes-- 30 
Temperature ------------------------ °C 70 
Hydrogen chloride was bubbled through the liq 
uid throughout the operation to maintain a con 
centration of HCl equal to 0.1% of the hydro 
carbons charged. A raftinate phase and an ex 
tract phase were separately withdrawn. The 
raftinate phase contained 70% by volume of the 
hydrocarbons charged whereas the extract phase 
contained 30% of the hydrocarbons charged. A 
conversion of methylcyclopentane to cyclo 
hexane of 40% was obtained. The degree of 
separation of cycloparafins from Open chain 
parafins is exemplified by the following ratios 
of naphthenes to paraffins: 
Ratio of naphthenes to paraffins in charge-- 1:25 
Ratio of naphthenes to paraffins in raf 
finate -------------------------------- 1.06 

Ratio of naphthenes to paraffins in extract- 1.62 
Eacample II . 

A methylcyclopentane concentrate having the 
following composition 

Per cent 
volume 

Methyl pentane------------------------- 4.0 
Normal hexane-------------------------- 37.0 
Methylcyclopentane --------------------- 51.0 
Benzene -------------------------------- 8.0 
was contacted in a single stage Operation with 
an aluminum chloride hydrocarbon complex 
under the following conditions. 
Ratio of complex to hydrocarbon----------- 1:1 
Time of contact----------------minutes. 30 
Temperature ------------------------ C 70 
Hydrogen chloride was bubbled through the 
liquid throughout the operation to maintain a 
concentration of HCl equal to 0.1% of hydro 
carbons charged. A raftinate phase and an ex 
tract phase were separately withdrawn. ... The 
raftinate phase contained 70% by volume of the 
hydrocarbons charged whereas the extract phase 
contained 30% of the hydrocarbons charged. A 
conversion of methylcyclopentane to cyclo 
hexane of 35% was obtained. The separation 
of cycloparafins from open chain paraffins is 
exemplified by the following ratios of naph 
thenes to paraffins: 
Ratio of naphthenes to paraffins in charge-- 1:24 
Ratio of naphthenes to paraffins in raf 
finate --------------------------------0 

Ratio of naphthenes to parafins in extract- 1.64 
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It is to be pointed out that the above examples 

are single stage extraction operations wherein 
the complex and hydrocarbons are contacted 
with one another in a single operation. After 
equilibrium is established the two phases are 
separated from each other and withdrawn from 
the contacting zone. As such they are indica 
tive of the substantially complete separation of 
cycloparafins from admixed open chain parafins 
obtainable when operating in a multiple rtage 
or continuous flow operation. It is also evident 
from the foregoing examples that high con 
versions of the non-hydroaromatic cycloparaf 
fin to hydroaromatic cycloparafin is accom 
plished during the execution of the process 
within the specified conditions. 

Separation of the complex from the raftinate, 
it has been found, may be facilitated by effect 
ing the separation in the presence of addition 
ally introduced hydrogen halide into the still. 
A valved line 40 is therefore provided enabling 
the passage of hydrogen chloride from line 32 
into line 0 carrying the extract phase into still 
2. In a further modification of the invention 
hydrogen halide, for example, hydrogen chloride, 
is introduced into still 2 through line 40, but 
no hydrogen halide is introduced into column 6. 
Column 4 will then function as described above 
to effect the separation of cycloparaffins from 
paraffins in the absence of any substantial cyclo 
paraffin isomerization, whereas in still 2 isom 
erization of cycloparaffins, for example, con 
version of cycloparaffins of non-hydroaromatic 
structure to cycloparaffins of hydroaromatic 
structure will take place. Under these condi 
tions still 2 will function as a cycloparafin iso 
merizing zone. 
Aluminum chloride-hydrocarbon complex, sub 

stantially free of cycloparaffins, is eliminated 
from still 2 through valved line 4 and intro 
duced into line 5, passing into the top of 
column 4. 

Hydrocarbon mixtures comprising naphthenic 
hydrocarbons often contain, in addition to open 
chain paraffins, a certain amount of aromatic 
hydrocarbons. Thus, the naphthenic hexane 
and/or heptane fractions will generally comprise 
a certain amount of benzene and/or toluene. 
This material may be removed from the charge 
by suitable pretreatments prior to introduction 
into column 4. The aluminum chloride hydro 
carbon complex, it has been found, however, is 
far more selective as a solvent for aromatic hy 
drocarbons than for naphthenic hydrocarbons. 
Distillation of the extract under conditions ef 
fecting the separation of cycloparaffins from the 
complex will generally result in a retention in the 
complex of at least a substantial amount of the 
aromatics originally present in the charge. In 
a modification of the invention, when the charge 
to the System comprises aromatic hydrocarbons, 
at least a part of the complex eliminated from 
still 2 is passed through line 42, containing heat 
exchanging means 43, into a second distillation 
ZOne comprising, for example, still 44. Within 
still 44 the complex, substantially free of cyclo 
paraffins but still containing aromatic hydro 
carbons, which in the treatment of naphthenic 
hexane fractions will comprise benzene, is sub 
jected to more drastic distillation conditions to 
efect the separation of substantially all of the 
benzene. The more drastic conditions may be 
obtained by distillation at a higher temperature 
by means of heat input into heating means 33 
and closed heating coll 45, by prolonged residence 
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time in still 44, by use of subatmospheric pres 
sure, by the introduction of stripping gases such 
as hydrogen, methane, ethane, nitrogen, etc., 
through valved line 4S or HCl through line 50, 
or by any two or more of these expedients. Wa 
pors comprising benzene are eliminated from still 

through valved line 47. Aluminum chloride 
hydrocarbon complex, now free of any substan 
tial amount of benzene, is passed from still 
through valved line 48, and is recycled at least 
in part through lines 49, 4 and 5 into the upper 
part of column . 
The degree to which aromatic hydrocarbons 

can be separately recovered in the process of the 
invention is exemplified by the following example. 

Ecample II 
The complex remaining after subjecting the 

extract phase in Example II to distillation at 
a temperature of 90° C. and atmospheric pres 
sure to separate the extracted cycloparaffins 
therefrom, was subjected to a second distillation 
in a separate zone at a temperature of 70° C., 
under a subatmospheric pressure of 150 mm. for 
a period of 2 hours. The resulting vapors were 
condensed and recovered. Upon analysis 33% 
by volume of the distiliate was found to be aro 
matic hydrocarbon. 

Ecomple IV 
A hydrocarbon fraction boiling in the range of 

from 65 C. to 85 C., containing normal hexane, 
methylcyclopentane, cyclohexane and 7% by 
weight of benzene was contacted countercur 
rently in continuous operation with an AlCl3 hy 
drocarbon complex thereby forming a paraffinic 
ratinate phase and an extract phase containing 
the complex, cycloparaffins and benzene. The 
extract phase was stripped at 90° to 110° C. and 
atmospheric pressure for 30 minutes to remove 
extracted cycloparaffins therefron. The re 
maining complex was thereafter subjected to 
further stripping, with the aid of hydrogen chlo 
ride, at a temperature of 90° to 100 C. for a 
period of one hour. Properties of the distillate 
product from the second stripping operation in 
dicated it to contain above 90% of benzene. 
The separate removal of the aromatics from 

the recycled complex is resorted to not only to. 
maintain the efficiency of the aluminum chloride 
hydrocarbon complex as extracting medium 
and/or isomerization catalyst, but also, to sep 
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arately recover the aromatic hydrocarbons orig 
inally present in the charge as a valuable by 
product of the process. 
The invention as described is capable of modi 

fications without departing from the spirit and 
scope thereof. Thus, though a packed column 
has been chosen as a preferred extraction or ex 
traction-isomerizing Zone, other types of appara 
tus enabling intimate contact between the hydro 
carbon charge and the organo-metal halide con 
piex, resulting in the formation of an extract 
phase, and a rafiinate phase may suitably be used. 
Thus, column 4 may be replaced by a plurality 
of chambers connected in Series and provided 
with suitable stirring means, through which the 
hydrocarbon charge is passed, and in which Op 
eration raftinate may be removed from one or 
more of the chambers. 
We claim as our invention: 
1. The process for the production of cyclo 

hexane from a hydrocarbon mixture comprising 
open chain hexanes and methylcyclopentane 
which comprises, subjecting said hydrocarbon 
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5 
mixture and a hydrocarbon-aluminum chloride 
complex to continuous countercurrent contact in 
the presence of added hydrogen chloride in a cont 
tacting zone at a temperature of from about 70 
C. to about 100° C. to effect the conversion of 
methylcyclopentane to cyclohexane while form 
ing a raftinate phase comprising open chain hex 
anes and an extract phase comprising said Com 
plex, cyclohexane and unconverted methylcyclo 
pentane, removing the rafanate phase from one 
end of said contacting zone, separately removing 
said extract phase from the opposite end of said 
contacting zone, and separating cycloparaffins 
comprising cyclohexane from said extract phase. 

2. The process for the production of cycloa 
hexane from a hydrocarbon mixture comprising 
open chain hexanes and methylcyclopentane 
which comprises, subjecting said hydrocarbon 
inixture and a hydrocarbon-aluminum halide 
complex to continuous countercurrent contact in 
the presence of an added promoter affording a 
hydrogen halide in a contacting Zone at a tem 
perature of from about 30° C. to about 140 C. to 
effect the conversion of methylcyclopentane to 
cyclohexane while forming a raftinate phase 
comprising open chain hexanes and an extract 
phase comprising Said complex, cyclohexane and 
unconverted methylcyclopentane, removing the 
raftinate phase from one end of said contacting 
zone, separately removing said extract phase from 
the opposite end of Said contacting Zone, and sep 
arating cycloparafins comprising cyclohexane 
from Said extract phase. 

3. The process for the production of cyclo 
paraffins of hydroaromatic structure from a hy 
drocarbon mixture comprising open chain paraf 
fins and cycloparaffins of non-hydroaromatic 
structure which comprises, subjecting said hy 
drocarbon mixture and a hydrocarbon-aluminum 
haide complex to continuous countercurrent 
contact in the presence of an added hydrogen 
halide in a contacting Zone at a temperature of 
from about 0° C. to about 100° C. to effect the 
conversion of cycloparaffins of non-hydroaro 
natic structure to cycloparaffins of hydroaro 
matic structure while forming a rafinate phase 
comprising open chain paraffins and an extract 
phase comprising said complex and cycloparaffins 
of hydroaromatic structure, removing the raf 
finate phase from one end of said contacting 
Zone, Separately renoving said extract phase 
from the opposite end of said contacting zone, 
and separating cycloparaffins of hydroaromatic 
structure from said extract phase. 

4. The process for the production of cyclopar 
affins of hydroaromatic structure from a hydro 
carbon mixture comprising open chain paraffins 
and cycioparaffins of non-hydroaromatic struc 
ture which comprises, subjecting said hydrocar 
bon mixture and an organo-aluminum halide 
complex to continuous countercurrent contact in 
the presence of an added hydrogen halide in a 
contacting Zone at a temperature of from about 
30 C. to about 140 C. to effect the conversion of 
cycloparaffins of non-hydroaromatic structure to 
cycloparaffins of hydroaromatic structure while 
forming a raftinate phase comprising open chain 
paraffins and an extract phase comprising said 
complex and cycloparaffins of hydroaromatic 
structure, removing the raftinate phase from one 
end of said contacting zone, separately removing 
said extract phase from the opposite end of said 
contacting Zone, and separating cycloparaffins 
of hydroaromatic structure from said extract 
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5. The process for the production of cyclo 

parafins of hydroaromatic structure from a hy 
drocarbon mixture comprising open chain par 
affins and cycloparaffins of non-hydroaromatic 
structure which comprises, subjecting said hy 
drocarbon mixture and an organo-metal halide 
complex to continuous countercurrent contact in 
the presence of an added promoter afording a 
hydrogen halide in a contacting zone at a tem 
perature of from about 30 C. to about 140 C. 
to effect the conversion of cycloparaffins of non 
hydroaromatic structure to cycloparafins of hy 
droaromatic structure while forming a raftinate 
phase comprising open chain paraffins and an 
extract phase comprising said complex and cyclo 
paraffins of hydroaromatic structure, separately 
removing the raftinate phase and extract phase 
from said contacting zone, and separating cyclo 
paraffins of hydroaromatic structure from said 
extract phase. 

6. The process for the production of cyclo 
paraffins of hydroaromatic structure from a hy 
drocarbon mixture comprising open chain par 
affins and cycloparaffins of non-hydroaromatic 
structure which comprises, subjecting said hy 
drocarbon mixture and an organo-metal halide 
complex to continuous countercurrent contact in 
the presence of an added promoter affording a 
hydrogen halide in a contacting zone at cyclo 
paraffin isomerizing conditions to effect the con 
version of cycloparaffins of non-hydroaromatic 
structure to cycloparaffins of hydroaromatic 
structure while forming a raftinate phase con 
prising open chain paraffins and an extract phase 
comprising said complex and cycloparaffins of 
hydroaromatic structure, separately removing the 
raftinate phase and extract phase from said con 
tacting zone, passing said extract phase into a 
complex separating zone, separating cyclopar 
affins of hydroaromatic structure from complex 
in said complex separating zone, and passing 
complex free of any substantial amount of cyclo 
paraffins from said complex separating zone to 
said contacting zone. 

7. The process for the production of cyclo 
hexane from a hydrocarbon mixture comprising 
open chain hexanes and methylcyclopentane 
which comprises subjecting said hydrocarbon 
mixture and a hydrocarbon-aluminum halide 
complex to continuous countercurrent contact in 
the presence of an added hydrogen halide in a 
contacting zone at a temperature of from about 
70° C. to about 100° C. to effect the conversion 
of methylcyclopentane to cyclohexane While 
forming a raftinate phase comprising open chain 
hexanes and hydrogen halide and an extract 
phase comprising said complex, cyclohexane, 
methylcyclopentane and hydrogen halide, pass 
ing the raftinate phase from One end of said con 
tacting zone into a stripping Zone, passing said 
extract phase from the opposite end of said cons 
tacting zone into a complex separating Zone, sep 
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structure which comprises, subjecting said hy 
drocarbon mixture and an organo-metal halide 
complex to continuous countercurrent contact 
in the presence of an added promoter affording 
a hydrogen halide in a contacting zone at cyclo 
paraffin isomerizing conditions to effect the con 
version of cycloparaffins of non-hydroaromatic 
structure to cycloparaffins of hydroaromatic 
structure while forming a raftinate phase com 
prising open chain paraffins and hydrogen halide 
and an extract phase comprising said complex, 
cycloparaffins of hydroaromatic structure and 
hydrogen halide, passing said raftinate phase into 
a stripping Zone, passing said extract phase to a 
complex separating zone, separating cycloparaf 
fins in admixture with hydrogen halide from 
complex in said complex separating zone, pass 
ing said cycloparaffins in admixture with hydro 
gen halide from said complex separating zone to 
a separate stripping zone, separating a gaseous 
fraction comprising hydrogen halide in each of 
said stripping zones, and passing said gaseous 
fractions from said stripping zones to said con 
tacting Zone. w 

9. The process for the production of cyclohex 
ane from a hydrocarbon mixture comprising open 
chain hexanes, methylcyclopentane and benzene, 
which comprises, subjecting said hydrocarbon 
mixture and a hydrocarbon-aluminum halide 
complex to continuous countercurrent contact in 
the presence of an added promoter afording a 
hydrogen halide in a contacting zone at a tem 
perature of from about 70° C. to about 100° C. 
to effect the conversion of methylcyclopentane to 
cyclohexane while forming a raftinate phase corn 
prising open chain hexanes and an extract phase 
comprising said complex, cyclohexane, methyl 
cyclopentane and benzene, removing the raffnate 
phase from one end of the contacting zone, Sep 
arately removing the extract phase from the op 
posite end of the contacting zone, passing said 
extract phase into a first distillation zone, sepa 
rating hydrocarbons comprising cyclohexane and 
methylcyclopentane as a vapor fraction from a 

45 liquid fraction comprising complex containing 
benzene in said first distillation zone, passing said 
liquid fraction into a second distillation zone, 
separating hydrocarbons comprising aromatic 
hydrocarbons as a vapor from a liquid fraction 

50 comprising complex in said second distillation 
Zone, and recycling said liquid fraction compris 
ing complex from said second distillation zone 
to said contacting Zone. 

10. The process for the production of cyclo 
parafins of hydroaromatic structure from a hy 
drocarbon mixture comprising open chain par 
affins, cycloparaffins of non-hydroaromatic struc 
ture and aromatic hydrocarbons, which com 
prises, subjecting said hydrocarbon mixture and 

60 an organo-metal halide complex to continuous 

arating cycloparaffins in admixture with hydro 
gen halide from complex in said complex sepa 
rating zone, passing said cycloparafins in ad 
mixture with hydrogen halide from said complex 
separating zone to a separate stripping zone, Sep 
arating a gaseous fraction comprising hydrogen 
halide in each of said stripping zones, and re 
cycling said gaseous fractions from said stripping 
zones to said contacting zone. 

8. The process for the production of cyclo 
paraffins of hydroaromatic structure from a hy 
drocarbon mixture comprising open chain par 
affins and cycloparaffins of non-hydroaromatic 
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Countercurrent contact in the presence of an 
added promoter affording a hydrogen halide in 
a contacting 20me at cycloparaffin isomerizing 
conditions to effect the conversion of cyclopar 
affins of non-hydroaromatic structure to cyclo 
paraffins of hydroaromatic structure while form 
ing a raftinate phase comprising open chain par 
affins and an extract phase comprising said con 
plex, cycloparaffins and aromatic hydrocarbons, 
separately removing the raftinate phase and ex 
tract phase from said contacting zone, passing. 
said extract phase into a first distiliation zone, 
separating hydrocarbons comprising cyclopar 
affins as a vapor fraction from a liquid fraction 
comprising complex containing aromatic hydro 
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carbons in said first distillation zone, passing 
said liquid fraction into a second distillation 
zone, separating hydrocarbons comprising aro 
matic hydrocarbons as a vapor from a liquid 
fraction comprising complex in said second dis 
tillation zone, and recycling said liquid fraction 
comprising complex from said second distillar 
tion zone to seid contacting zone. 

11. The process for the production of cyclo 
hexane from a hydrocarbon mixture comprising 
open chain hexanes and methylcyclopentane 
which comprises, subjecting said hydrocarbon 
mixture and a hydrocarbon-aluminum chloride 
complex to continuous countercurrent contact in a 
contacting zone at a temperature of from about 
20° C. to about 70° C. to form a raftinate, phase 
comprising open chain hexanes and an extract 
phase comprising said complex and methylcyclo 
pentane, separately removing said rafflinate and 
extract phases from the contacting Zone, passing 
said extract phase and hydrogen chloride into a 
cycloparaffin isomerizing zone maintained at cy 
cloparaffin isonerizing conditions, thereby effect 
ing the conversion of methylcyclopentane to cy 
clohexane, and separately withdrawing hydrocar 
toons comprising cyclohexane and complex from 
said isomerizing Zone. 

2. The process for the production of cyclo 
hexane from a hydrocarbon mixture comprising 
open chain hexanes and methylcyclopentane 
which comprises, subjecting said hydrocarbon 
mixture and an organo-aluminum halide complex 
to continuous countercurrent contact in a con 
tacting zone at a temperature of from about 20 
C. to about 70° C. to form a raftinate phase con 
prising open chain hexanes and an extract phase 
comprising said complex and methylcyclopentane, 
separately removing said raftinate and extract 
phases from the contacting zone, passing said ex 
tract phase and a hydrogen halide into a cyclo 
paraffin isomerizing zone maintained at cyclo 
paraffin isomerizing conditions, thereby effecting 
the conversion of methylcyclopentane to cyclo 
hexane, and separately withdrawing hydrocar 
ors comprising cyclohexane and complex from 

said isomerizing ZOne. 
3. The process for the production of cyclo 

paraffins of hydroaromatic structure from a hy 
drocarbon mixture comprising open chain paraf 
fins and cycloparaffins of non-hydroaromatic 
structure which comprises, subjecting said hydro 
carbon mixture and a hydrocarbon-aluminum 
halide complex to continuous countercurrent con 
tact in a contacting zone at a temperature of from 
about 20° C. to about 140 C. to form a rafflinate 
phase comprising open chain paraffins and an 
extract phase comprising said complex and cyclo 
paraffins of non-hydroaromatic structure, sepa 
rately removing said rafflinate phase and said ex 
tract phase from the contacting Zone, passing 
said extract phase and a hydrogen halide into a 
cycloparaffin isonerizing Zone maintained at cy 
cloparaffin isonerizing conditions, thereby effect 
ing the conversion of cycloparaffins of non-hydro 
aromatic structure to cycloparaffins of hydro 
aromatic structure, and separately removing hy 
drocarbons comprising cycloparaffins of hydro 
aromatic structure and complex from said isomer 
izing zone. 

14. The process for the production of cyclo 
paraffins of hydroaromatic structure from a hy 
drocarbon mixture comprising Open chain paraf 
fins and cycloparaffins of non-hydroaromatic 
structure which comprises, subjecting said hydro 
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7 
carbon mixture and a hydrocarbon-aluminum 
halide Complex to continuous countercurrent con 
tact in a contacting zone to form a raftinate phase 
comprising Open chain paraffins and an extract 
phase comprising said complex and cycloparaf 
fins of non-hydroaromatic structure, separately 
removing said raftinate phase and said extract 
phase from the contacting zone and subjecting 
said extract phase in the presence of an added 
hydrogen halide to cycloparaffin isomerizing con 
ditions thereby effecting the conversion of cyclo 
parafins of non-hydroaromatic structure to cyclo 
paraffins of hydroaromatic structure. 

15. The process for the production of cyclo 
paraffins from a hydrocarbon mixture comprising 
Cycloparaffins in admixture with open chain 
paraffins and aromatic hydrocarbons which com 
prises, subjecting said hydrocarbon mixture and 
an organo-netal halide complex to continuous 
countercurrent contact in a contacting zone at a 
temperature of from about 20° C. to about 140° C. 
to form a raftinate phase comprising open chain 
paraffins and an extract phase comprising said 
complex, cycloparaffins and aromatic hydrocar 
bons, removing the raftinate phase from one end 
of said contacting Zone, separately removing said 
extract phase from the opposite end of said con 
tacting Zone, passing said extract phase into a 
first distillation zone, separating hydrocarbons 
comprising cycloparaffins as a vapor fraction from 
a liquid fraction comprising complex containing 
aromatic hydrocarbons in said first distillation 
Zone, passing said liquid fraction into a second dis 
tillation Zone, separating hydrocarbons compris 
ing aromatic hydrocarbons as a vapor from a 
liquid fraction comprising complex in said second 
distillation zone, and recycling said liquid frac 
tion comprising complex from said second distill 
lation zone to said contacting zone. 

16. The process for the separation of cyclo 
paraffins from a hydrocarbon mixture comprising 
an isomerizable cycloparaffin having at least 
six carbon atoms to the molecule and containing 
at least five carbon atoms in the ring in admix 
ture with Open chain paraffins while simultane 
ously isomerizing said cycloparaffin, which com 
prises subjecting said hydrocarbon mixture and 
a hydrocarbon aluminum chloride complex to 
continuous counter current contact in the pres 
ence of an added promoter affording a hydrogen 
halide in a contacting zone at a temperature of 
from about 30° C. to about 140° C., thereby effect 
ing the isomerization of said cycloparaffin having 
at least six carbon atoms to the molecule and 
containing at least five carbon atoms in the ring 
to a cycloparaffin having at least six carbon atoms 
to the molecule and containing at least five carbon 
atoms in the ring while forming a raftinate phase 
comprising open chain paraffins and an extract 
phase comprising said complex and isomerized 
cycloparafin, separately removing the raftinate 
phase from one end of said contacting zone, 
Separately removing said extract phase from the 
opposite end of said contacting zone, and sepa 
rating said isomerized cycloparaffin from said 
extract phase. 

17. The process for the separation of cyclo 
paraffins from a hydrocarbon mixture compris 
ing an isomerizable cycloparaffin having at least 
six carbon atoms to the molecule and containing 
at least five carbon atoms in the ring in admixture 
with Open chain paraffins, which comprises sub 
jecting said hydrocarbon mixture and an organo 
metal halide complex to continuous counter 
current contact in the presence of an added 



8,883,643 
promoter affording a hydrogen halide in a con- parafins, and an extract phase containing said 
tacting zone at cycloparafn isomerizing cond- complex and cycloparafins comprising said iso 
tions to effect the isonerization of said so- merized cycloparafin, separately removing the 
merizable cycloparafin having at least six carbon raftinate phase and extract phase from said con 
atoms to the molecule and at least five carbon 5 tacting zone, and separating cycloparafins com 
atoms in the ring to a cycloparafn having at prising said isomerized cycloparafan from said 
least six carbon atoms to the molecule and at extract phase. 
least five carbon atoms in the ring while form- WAM . Ross. 
ing a raftinate phase comprising open chain PEP PEZZACLA. 


