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This invention relates to production of cyclo-
parafins of hydroaromatic structure from hydro-
carbon mixtures of relatively wide boiling range
such as naphthenic gasolines or fractions there-
of comprising cycloparaffins of hydroaromatic and

non-hydroaromatic structure in admixture with.

open chain paraffin hydrocarbons., The inven-
_ tion relates more particularly to an improved
process for the more efficient production of cyclo-
hexane from naphthenic gasolines and frac-
tions thereof comprising methylcyclopentane and
cyclchexane. - :

The cycloparaffins of hydroaromatic structure,
particularly cyclohexane, are of great value as
starting materials and intermediates in the pro-
duction of a wide variety of organic products. A
most fertile source of these highly desirakle ma-
terials resides in the naturally occurring hydro-
© carbon mixtures of naphthenic character such as
naphthenic, natural and straight run gasolines,
etc. Other sources comprise hydrocarbon mix-
tures-of naphthenie character, boiling in the gas~
oline boiling range, obtained by fractionation of
the products of many of the processes involving
the catalytic or thermal treatment of hydro-
carbons or carbonaceous materials. As is- well
known,; these readily available hydrocarbons con-
stitute highly complex mixtures of a plurality of
individual hydrocarbons, many of which have
similar or closely approximating boiling points
and many of which are capable of forming azeo-
tropes with one another during distillation.
Realization of the full advantages inherent in
the many chemical processes relying upon the
cycloparaflins of hydroaromatic structure as start-
ing or intermediate materials has been hendi-
capped by the lack of a process enabling effi-

cient production of the cycloparaffins of hydro--
aromatic structure on a practical scale from these
available complex mixtures. Not only is it imper-
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ative that such cycloparaffins of hydroaromatic -

structures be produced with high ylelds, but it is
essential that the product obtained be of a rel-
- atively high purity and yet involve the use of a
minimum of operative steps.. v
Efficient production of a cycloparafiin of hydro-
aromatic structure such as, for example, cyclo-
hexane from a readily available hydrocarbon mix-
ture of naphthenic character involves not only
the problem of recovering substantially all of
the cyclohexane inherently present in such mix-
tures, but the simultanecus conversion of the
cycloparafins of non-hydroaromatic structure

such as methylcyclopentane to cyclohexane. Sep-
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-aration of either or both of these cycloparaﬁné

from the complex hydrocarbon mixtures in which
they are generally encountered .by such methods
as fractional distillation, if at all possible, is .
often rendered so involved and delicate an oper-
ation as to render it highly impractical. Re-
sort to such procedures as the initial separation of
a fraction comprising both the methylcyclopen-
tanes and cyclohexane, subjection of this fraction
to isomerizing conditions effecting the conversion
of methyleyclopentane to cyclohexane, and frac- -
tionation of the isomerizate, has been found un-
satisfactory. In addition to other difficulties, such
a method generally does not enable the produc-
tion of cyclohexane of any substantial degree of
purity. Thus, the isomerizate will contain hy-
drocarbons such as the open chain paraffin hy-
drocarbons having -seven carbon atoms to-the
molecule including, for example, 2,2-dimethyl-
pentane and 2,4-dimethylpentane, the boiling
points of which are far too close to that of cyclo-
hexane to enable separastion by practical frac-
tionating means. On the other hand, further
separation of a -methylcyclopentane -concentrate
and a higher boiling cyclohexane concentrate
from this fraction, and subjection of the methyl-
cyclopentane fraction separately to isomerizing
conditions will result not only in the loss of
methyleyclopentane in the cyclohexane concen-
trate, but still present the difficulty of separat-
ing cyclohexane from admixture with Cr open
chain paraffins of close boiling point. By the
term “hydroaromatic cycloparaffins,” as used
throughout this specification and appended claims
is meant the cycloparafins having a hexamethyl-
ene ring such as, for example, cyclohexane and
the alkyl cyclohexanes, to distinguish them from
cycloparaffins of non-hydroaromatic structure
comprising those having pentamethylene rings
such as, for example, methylcyclopentane and
other alkyl cyclopentanes.

It is an object of the present invention to pro-

“vide an improved process for the more efficient

production of. cycloparaffins of hydroaromatic
structure from hydrocarbon mixtures of rela-
tively wide bolling range such as naphthenic gas-
olines or fractions thereof comprising cyclopar-
affins of hydroaromatic and non-hydroaromatic

- structure in admixture with close boiling. open
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chain parafin hydrocarbons.

- Another object of the invention is the provision
of an improved process for the more. efficient
production of . cyclohexane from - hydrocarbon
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mixtures of relatively wide boiling range such as
naphthenic gasolines, .

Still another object of the invention is {o pro-
vide an improved process for the more efficlent
production of cyclohexane from naphthenic gas-
oline fractions comprising methyleyclopentane,
cyclohexane, and close boiling open chain par-
affinic hydrocarbons. Other objects and advan-
tages of the invention will become apparent from
the following description thereof.

In accordance with the process of the inven-
tion a hydrocarbon mixture of naphthenic char-
acter from any suitable source such as, for ex-
ample, & naphthenic straight run gasoline is sub-
jected to fractionation to separate a fraction com-
prising cycloparafiins of non-hydroaromatic
structure such as, for example, methylcyclopen-
tane, and a fraction comprising cycloparafiins of
hydroaromatic structure such as, for example,
cyclohexane, The fraction comprising cyclo-
paraffins of non-hydroaromatic structure is sub-
jected to isomerizing conditions in & first con-
version zone to effect the conversion of cyclo-
paraffins of non-hydroaromatic structure to cy-

' cloparafiins of hydroaromatic structure. The
fraction comprising cycloparafiins of hydroaro-
matic structure separated from the charge is sub-
jected to isomerizing conditions in a second con-
version zone to effect the conversion of cyclopar-
affins of hydroaromatic structure to cycloparaf-
fins of non-hydroaromatic structure. Hydrocar-
bons comprising cycloparaffins of non-hydroaro-
matic structure are separated from the effiuence
of the second conversion zone and passed to the
inlet of the first conversion zone. Effluence from
the first conversion zone is passed into a prod-
uct separating zone to effect the separation
therein of cycloparafins of hydroaromatic struc-
ture in & high state of purity. As will be appar-
ent from the following detailed description there-
of, the invention enables not only a substantial
increase in the total production of cycloparaf-
fins of hydroaromatic structure from natural gas-
olines on a practical scale, but enables the ob-
taining of the desired product on a large scale
in a greater state of purity.

In order to set forth more fully the nature of
the invention it will be described herein in de-
tail in its application to the production of cyclo-
hexane from hydrocarbon mixtures of naphthenic
character in the gasoline boiling range, with ref-
erence to the attached drawing in which the
single figure represents & more or less diagram-
matic elevational view of one form of apparatus
suitable for executing the process of the inven-
tion.

A hydrocarbon mixture of naphthenic charac-
ter such as, for example, & napthenic straight rurmr
gasoline is forced through valved line ! into a

- feed fractionator 2. Within feed fractionator 2
a fraction comprising methyleyclopentane and
cyclohexane is separated and forced through
valved line 3 into a second fractionator 4. A
naphthenic gasoline. fraction, comprising meth-
ylcyclopentane and cyclohexane, from any source
may be separately introduced through valved line
§ into line 3, and may comprise a part or all of

" the charge to the system. The fraction passed

into fractionator # is of suffiicently wide boiling
range to comprise substantially all of the methyl-
cyclopentane and cyclohexane originally present
in the straight run gasoline. A fraction boiling

in the range of from about 65° C. to about 85° C.

has been found particularly desirable. Such &
fraction will unavoldably comprise a number of
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other hydrocarbons besides methylcyclopentane
and cyclohexane, particularly normal hexane and
straight and branched chain heptanes and some
benzene, Within fractionator 4 the hydrocar-
bon fraction is further fractionated to separate a
fraction comprising methylcyclopentane and a
fraction comprising cyclohexane. The fraction
comprising methylcyclopentane wiil generally boil
in the range of from about 65° C. to about 75° C.
and will generally comprise some normal hexane
and a small amount of beénzene. The cyclo-
hexane fraction will generally boil within the
range of from about 75° C. to about 85° C, and
will unavoidably comprise beside cyclohexane, di-
methylpentanes and a small amount of methyl-
cyclopentane. Although it is preferred to select
as the fraction passed into fractionator 4 a Irac-
tion boiling in the range of from about 65° C. to
about 85° C. a fraction of somewhat wider bolling
range may suitably be used. Under such condi-
tions at least a part of the material lower boiling
than methylcyclopentane preferably will be elimi-
nated overhead from the fractionator 4, and hy-
drocarbons higher boiling- than cyclohexane wil
be eliminated as bottoms,

The methylcyclopentane fraction separated

 within fractionator 4 is forced through line 1
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into a methylcyclopentane conversion zone 8.
Within conversion zone 8 the methylcyclopentane
fraction is contacted under cycloparaffin isomer-
izing conditions with an isomerization catalyst.
Suitable catalysts comprise those containing a
metal halide of the Friedel-Crafts type, particu-
1arly those comprising & halide of aluminum, such
as AICI: and/or AlBri. Particularly suitable cat-
alysts comprise the organo-aluminum halide com-
plexes, preferably a preformed aluminum chloride
hydrocarbon complex. Other suitable catalysts
comprise those of the molten salt type contain-
ing the aluminum halide in admixture with one
or more other halide salts. The tempergture in
conversion zone 8 is maintained in the range of
from about 20° C. to about 100° C. and preferably
from about 50° C, to about 90° C. The particu-
lar temperature chosen within this specified tem-
perature range will be governed to at least a sub-
stantial degree by the particular catalyst em-
ployed. When utilizing a preformed aluminum
hsalide hydrocarbon complex as the catalyst a
temperature in the range of from about 65° C.
to about 85° C. is somewhat preferred. A hy-
drogen halide promoter such as, for example, hy-
drogen chloride is introduced into the conversion
zone by means of line 9. The hydrogen chloride
is added in an amount equal to from about 0.1
to about 3% and preferably from about 0.5 to
about 2% by weight of the hydrocarbon charge
to the conversion zone. Higher or lower concen-

_trations of the hydrogen chloride may at times
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be desirable depending upon variation in operat-
ing conditions. Under these conditions methyl-
cyclopentane will be converted to cyclohexane in
conversion zone 8. )

Effluence from conversion zone 8 is passed
through line {1 into a stripping zone 12 wherein
8 vapor fraction comprising the hydrogen chlo-
ride promoter is separated and recycled to the
conversion zone 8 by means of line 9. Make-up
hydrogen chloride is introduced into the system
by means of valved line 13. Liquid hydrocarbons
are passed from the stripper 12 and forced
through line {4 into a fractionator 15. Within
fractionator 15 material lower boiling than cyclo-
hexane and comprising unconverted methylcyclo-
pentane is separated as a vapor fraction and re-
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cycled at least in part through line (8 to the
conversion zone. The stream thus recycled may
- be subjected to fractionation to effect separation
- of hydrocarbons other than methylcyclopentane
therefrom prior to passage to the conversion zone.

Liquid bottoms comprising cyclohexane and:

higher boiling materials are withdrawn from
fractionator 18 and passed through line (9 into a
fractionator 20. Within fractionator 28 cyclo-
hexane of a purity- of at least 95% is separated

3

In accordance with the process of the.inven-
tion the cyclohexane concentrate separated with-
in fractionator 4 is passed through line 24 to
cyclohexane conversion zone 25, Within conver- .
sion zone 25 the hydrocarbons are contacted with
isomerization catalysts of the Friedel-Crafts type
such as used in conversion zone 8. Temperature

- conditions maintained in conversion zone 28 are,

10

and eliminated from the system as a final prod-

uct through valved line 2{.

.The eficiency with which methylcyclopentane
in a straight run naphthenic gasoline fraction is
converted to cyclohexane under these conditions
is illustrated by the following example,

Exaupre I

A stra.ight run naphthenic gasoline was frac-
tionated to separate therefrom a methyleyclo-
pentane-cyclohexane fraction boiling in the range
of from 65° C. to 85° C. ‘The composition of this
fraction is given in Table I in column A. This
fraction was then subjected to further fractiona-
tion to separate therefrom a methyleyclopentane
concentrate having a boiling range of from 65° C
to 75° C. and a cyclohexane concentrate having
a boiling range of from 75° C, to 85° C. The com-
position of the methylcyclopentane and cyclo-
hexane concentrates is given in Table I in col
umns B and C respectively. The methylcyclo-
pentane concentrate was contacted with a pre-
formed aluminum halide hydrocarbon complex
_ at & temperature of 80° C. and a contact time of

30 minutes. HCI in an amount equal to 1% by
welght of the charge was added to the conver-
" sion zone. A conversion of methylcyclopentane

to cyclohexane of 75% was obtained. The com-
position of the isomerizate is given in column D
of Table I. By further fractionation of the isom-
erizate a cyclohexane of g purity of 96% was
obtained as indicated by the composition thereof
shown in column E of Table 1.

Table I
A B C D |'E
Boiling range._........... °C..| 6585 65-75| 7585 | (M | (®
Composition per oent by . R
volume: )
Methylpentanes ......... 2.5 8l 19 ...
@XBRO. oo man 30.0 36 |ecoaaaoe 28 ...
Dlmethyl tanes. 3.0 fuceen.-- 14
Methilcyclopentane .. 370 48 1 12 {.....
....... 20.8 |ocaee-.- 84 34 06
eNZONO... o eioioaeen 7.0 8 1 8 2
Undetermined. ... oo |eooacai]emaeanas 2 2
1 Jsomerizal
!Cyclohemneproduct

The cyclohexane of high purity thus produced
represents the greater part of the methyleyclo-
pentane content originally present in the feed. It
does, however, not comprise the cyclohexane orig-
inally present in the feed nor the smaller amount
of methylcyclopentane unavoidably comprised in

the .cyclohexane concentrate separated within -

fractionator 4. The cyclohexane concentrate sep-
arated in fractionator 4 will unavoidably com-

prise, beside - the cyclohexane, a substantial

amount of open chain heptanes, certain isomers
of which cannot be separated from the cyclo-
hexane by such means as fractionation on a prac-
tical scale, However, in accordance with the
process of the invention substantially all of the
cyclohexane and methylcylopentane comprised in
the cyclohexane fraction is ultimately recovered

as cyclohexane of & purity of at least 95%.

N

however, maintained at a substantially higher

level than those within conversion zone’8, .Thus,

the temperature in conveérsion zone 28 is main-
tained in the range of from about 110° C. to about

. 200° C. and preferably. from ‘about 130° C. to

18

about 170° C. The. particular temperature se-
lected within this temperature range will vary

. to some extent with the type of catalyst used.
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When utilizing a catalyst of the aluminum halide
hydrocarbon complex type, a temperature in the
range of from about 140° C. to about 150° C.
has been found particularly advantageous. A hy-
drogen halide promoter, for example, hydrogen
chloride is introduced into the conversion zone by
means of line 28. The hydrogen chloride is added-
in an amount ranging from about 0.1 to about
3% and preferably from about 0.5 to about 2%
of the hydrocarbon charge to the conversion
zone. Somewhat higher or lower hydrogen chlo-

-ride concentrations may, however, be employed.

Make-up hydrogen chloride is introduced into
conversion zone 25 by means of line 29.

Under these conditions there is attained not
only a conversion of cyclohexane to methylcyclo-
pentane, which latter hydrocarbon is readily sep-
arable in relatively pure form by simple frac-
tionating means from the isomerizate, but there
is effected a simultaneous conversion of dimethyl-
pentanes to higher boiling materials. This has
the very advantageous result of reducing the

.amount of dimethylpentanes admixed with the

remaining unconverted cyclohexane in the isom-
erizate and enables the recycling of this mixture
with ultimate substantially complete conversion
of cyclohexane to methylcyclopentane,
Effluence from conversion zone 28 is passed

5 through valved line 26 to & Stripping column 21.

Within  stripping column 27 a vapor fraction
comprising the hydrogen chloride promoter is
separated and passed through line 28 to the con-
version zone. Liquid hydrocarbons are passed
from the lower part of stripping column 21
through a valved line 30 into a product separat-
ing zone. The product separating zone is depict-
ed in the drawing by means of the single frac-
tionator 3i. In fractionator 3! material lighter
boiling than methylcyclopentane is separated and
eliminated through valved line 32. The remain-
ing isomerizate is separated therein into a rela-
tively pure methylcyclopentane, a cyclohexane

“fraction and liquid bottoms comprising material

higher boiling than cyclohexane. The cyclohex-
ane fraction comprising some -dimethyipentane

' not-separable therefrom is taken from fraction-

65

k(]

(]

ator 31 through line 33 and recycled at least in
part to the conversion zone by means of line 34.
Relatively pure methylcyclopentane is taken from
fractionator 31 and passed:through line 35 to

conversion zone 8 to be converted therein tov :

cyclohexane.

" The following example is ulustrative of the ef-
ficlency with which the cyclohexane originally
present in the straight run gasoline and not sepa-
rable from parafinic components thereof by frac-
tionation is converted to methylcyclopentane and
recovered as relatively pure methylcyclopentane

suitable for conversion to cyclohexane of & high
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purity in the methyleyclopentane conversion gone
of the system.
ExamprLe II
The cyclohexane concentrate boiling in the
range of from 75° C, to 85° C. separated from the
‘naphthenic gasoline charge in Example I, the

composition of which is given in column C of

Table I, was contacted with a preformed alu-
minum chloride hydrocarbon complex at a tem-
" peratire of 140° C. and a contact time of 15 min-
utes. Hydrogen chloride in an amount of 0.5%
by weight of the hydrocarbon charge was added.

A conversion of cyclohexane to methylcyclopen- ‘

tane of 40% was obtained. The composition of

the isomerizate was as follows:

Percent by volume
Methylcyclopentane 33
Cyclohexane - —— ——— 47
Dimethylpentanes 7
Material higher boiling than cyclohexane_--_ 9
Material boiling below 65° C 4

The isomeriza.’oe was fractionated to separate
therefrom relatively pure methylcyclopentane for
recycling to the methylcyclopentane conversion

zone and & cyclohexane fraction for recycling to-

the cyclohexane conversion zone,

Conditions to be maintained within conversion
zone 2§ are not limited to the use of catalysts of
the Friedel-Crafts type at a temperature below
200° C. Substantial advantages are obtained by
the utilization of a solid isomerization catalyst
such as, for example, a heavy metal sulfide isom-
erization catalyst; in - particular the sulfides of
the metals of the left hand side of Group VI of
the Periodic System. Molybdenum sulfide and/or
tungsten sulfide are particularly suitable cata-

-lysts. These catalysts may be used as such or in
combination with suitable inert, solid diluent or
. support material. When utilizing isomerization
catalysts of the heavy metal sulfide type in con-
version zone 25, temperatures in the range of from
about 300° C. to about 600° C. and preferably from
about 350° C. to about 400° C. are employed. Hy-
drogen is added to the charge in sufficient amount
-to maintain & hydrogen pressure in the range of,
for example, from about 50 to about 200 atmos-
pheres and higher. A line 37 is provided for the
introduction of hydrogen into the system. When
thus operating, the conversion zone 2§ at the
higher temperatures in the presence of hydrogen,
stripping column 27 is replaced by suitable means
for separating hydrogen from the isomerizate.

Ex@m'x.; m .
A cyclohexane concentrate boiling in the range

of from 75° C. to 85> C. was separated by frac-
tionation from a naphthenic straight run gasoline

fraction. The cyclchexane concentrate had the
following composition;

Percent by volume -
Dimethylpentanes 12
Methycyclopentane T
Cyclohexane 79
Benzene 1
Dimethylcyclopentane 1

The cyclohexane concentrate was passed over &
molybdenum sulfide catalyst.at & temperature of
400° C. and a liquid hourly space velocity of 0.2.
Hydrogen was added to the charge to maintain a
hydrogen pressure of approximately 660 pounds
throughout the operation. Under these condi-

tions & 70% conversion of cyclohexane to methyl-'
cyclopentane was atiained, The momeriute was 75
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fractionated to separate relatively pure methyl-
cyclopentane therefrom for passage to the
methyleyclopentane conversion zone. )
The following example is given to illustrate the
signal advantages attained by effecting the pro-
duction of cyclohexane from napthenic hydro-
carbon mixtures in accordance with the inven-

_ tion, over methods invelving the isomerization of

a single fraction comprising both methyleyclo-
pentane and cyclohexane originally present in the
charge.

Exampre IV

A portion of the methylcyclopentane-cyclo-
hexane fraction boiling in the range of from 65°
C. to 85° C. separated from the napthenic gasoline
charge in Example I, the composition of which'is
given in column A of Table I, was isomerized by
contact with a preferred aluminum chloride hy-
drocarbon complex at & temperature of 80° C.
with a contact time of 26 minutes. Hydrogen
chloride in an amount equal to 1% by weight of
the charge was added. The isomerizate had the
following compeosition: -

. Percent
Methylpentanes 13
Normal hexane } 20
Dimethylpentane . 3
Methylcyclopentane - 15
Cyclohexane - 40
‘Benzene . 7
Higher boiling material .o 2

The isomerizate was distilled to effect the separa-
tion of cyclohexane therefrom. The cyclohexane
cut thus produced contained only 88% by volume
of cyclohexane, The rest of the hexane cut con-
sisted of benzene, 5%, and dimethylpentane, 7%.
Such a proportion of dimethylpentane is substan-

" tially above that tolerated in many of the proc-
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85

esses-wherein cyclohexane:is utilized as starting
or intermediate material. Reduction of the
peraffinic content of such a fraction on a large
scale would be 80 costly as to render the process
economically unfeasible. The process of the in- -
vention on the other hand, not only enables the
recovery of substantially all of the available
methyleyclopentane and cyclohexane in readily
available naphthenic hydrocarbon mixtures, but
enables their recovery as & cyclohexane of & purity
of 96 % or better.

Although the detailed lllustrative description

"of the invention has been directed to the produc-

tion of cyclohexane, the invention is not Umited
to the production of only this cycloparafin and

. may be applied with advantage to the production

of other cycloparaffing of hydroaromatic structure
from complex naphthenic hydrocarbon mixtures.
Thus the process of the invention is applied to
the production of methylcyclohexane from a
naphthenic gasoline by separation therefrom of
& fraction comprising cycloparafling of non-hy-

-droaromatic structure having seven carbon atoms

to the molecule, such as, dimethylcyclopentane
and a fraction comprising cycloparaffins of hy-
droaromatic structure having seven carbon atoms
to the molecule such as methylcyclohexane and

 the parafiinic hydrocarbons of close boiling range

70

inseparable therefrom by fractionation on a prac-
tical scale. The fraction comprising the cyclo-
perafiin of hydroaromatic structure is passed to
conversion zone 26 maintained at the higher tem-
perature to effect the conversion of cycloparaf-
fing of hydroaromatic structure to cycloparafins
of non-hydroaromatic structure therein. The
cycloparaffing of non-hydroaromatic structure
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are separated from the isomerizate, ‘combined
with the fraction comprising cycloparaffins of
non-hydroaromatic structure separated from the
gasoline charge, and the combined streams passed
into conversion zone 8 maintained at lower tem-
perature. Within conversion zone 8 cycloparaf-
fins of non-hydroaromatic structure are con-
verted to cycloparafiing of hydroaromatic struc-

ture, which are separated as a final product from

the system

10

.. For the purpose of simplicity parts of apparatus -

such as pumps, separators; coolers, condensers and

detailed showing of reactors, catalyst separators, -

accumulators, etc., not essential to complete and

adequate description of the invention have been .

omitted from the drawing. Similarly, fraction-
ating zones depicted in the drawing by the single
fractionators 2, 4 and 31 will, in actual practice,
comprise the use of more than one fractionator to
effect'the indicated separations.

‘We claim as our invention:

15
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1. The process for the production of cyclohex- '

ane from a hydrocarbon mixture comprising
methylcyclopentane, cyclohexane and open chain
parafiing having six and seven carbon atoms to
the molecule, which comprises separating & lower
boiling fraction comprising methylcyclopentane
and a higher boiling fraction comprising cyclo-
hexane and open chain parafins having seven
carbon atoms to the molecule from said hydro-
carbon mixture, contacting said higher boiling

“fraction with an aluminum chloride isomerization

_ catalyst at cyclohexane isomerizing conditions in
a cyclohexane conversion zone thereby converting
cyclohexane to methylcyclopentane, separating
hydrocarbons comprising methylcyclopentane
from the effluence of said cyclohexane conversion
zone, contacting said hydrocarbons comprising
methylcyclopentane in admixture with said lower
boiling hydrocarbon fraction with an aluminum
chloride isomerization catalyst at methylcyclo-
pentane isomerizing conditions in a methylcyclo-
pentane conversion zone thereby. converting
methyleyclopentane to cyclohexane, and separat-
ing hydrocarbons comprising cyclohexane from

- the effiuence of said methylcyclopentane conver-
sion zone.

2. The process for the production of cyclohex-
ane from a hydrocarbon mixture comprising
methylcyclopentane, cyclohexane and open chain
parafiins having six and seven carbon atoms to
the molecule, which comprises separating a lower
boiling fraction comprising methyleyclopentane

" and a higher boiling fraction comprising cyclohex-
ane and open chain paraffins having seven carbon
atoms. to the molecule from said hydrocarbon
mixture, contacting said higher boiling fraction
with an aluminum chloride isomerization.catalyst
at a temperature of from about 130° C. to about
170° C. in a cyclohexane conversion zone thereby
converting cyclohexane to methylcyclopentane,
separating hydrocarbons comprising methyleyclo-

. pentane from the effluence of said cyclohexane

conversion zone, contacting said hydrocarbons
comprising methylcyclopentane in admixture with
said lower boiling hydrocarbon fraction with an

aluminum: chloride isomerization catalyst at a

temperature of from about 50°C-to about 90° C. in

& methylcyclopentane conversion zone thereby.

converting methyleyclopentane to cyclohexane,
and separating hydrocarbons comprising cyclo-
hexane from the effluence of said methylcyclopen-
tane conversion zone.

3. The process for the production of cyclohex-
ane from a hydrocarbon mixture comprising
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S
methyleyclopentane, cyclohexane and open chain
paraflins having six and seven carbon atoms to
the molecule, which comprises separating a lower
boiling fraction comprising methylcyclopentane
and a higher boiling.fraction comprising cyclo-
hexane and open chain parafins having seven
carbon atoms to the molecule from said hydro-
carbon mixture, contacting said higher boiling
fraction with an aluminum halide isomerization
catalyst at cyclohexane isomerizing conditions in
a cyclohexane conversion Zone thereby converting
cyclohexane to methylcyclopentane, separating
hydrocarbons -comprising methyleyclopentane
from the effluence of said cyclohexane conversion
zone, contacting -said hydrocarbons comprising
methyleyclopentane in admixture with said lower
boiling hydrocarbon fraction with an aluminum
halide isomerization catalyst at methylcyclopen-
tene isomerizing conditions in a methylcyclopen-

-tane conversion zone thereby converting methyl-

cyclopentane to cyclohexane, and separating hy-
drocarbons comprising cyclohexane from the efflu-
ence of sald methylcyclopentane conversion zone.

4, The process for the production of cyclohex-
ane from a hydrocarbon mixture comprising
methylcyclopentane, cyclohexane and open chain
parafiing having six and seven carbon atoms to
the molecule, which comprises separating & lower
boiling fraction comprising methylcyclopentane
and s higher boiling fraction comprising cyclo-
hexane and open chain parafins having seven -
carbon atoms to the molecule from said hydrocar-
bon mixture, contacting said higher boiling frac-
tion with an aluminum halide isomerization cata-
lyst at a temperature of from about 116° C. to
about 200° C. in a cyclohexane conversion zone
thereby converting cyclohexane to methylcyclo-
pentane, separating hydrocarbons comprising
methylcyclopentane from the efluence of said
cyclohexane conversion zone, contacting said hy-
drocarbons comprising methylcyclopentane in ad-
mixture with said lower boiling hydrocarbon
fraction with an aluminum halide isomerization
catalyst at a temperature of from about 20° C, to
about 100° C. in a methyleyclopentane conversion
zone thereby converting methylcyclopentane to
cyclohexane, and separating hydrocarbons com-
prising cyclohexane from the efluence of said
methylcyclopentane conversion zone.

-5. The process for the production of cyclo-
hexane from & hydrocarbon mixture comprising
methylcyclopentane, cyclohexane and open chain
parafiins having six and seven carbon atoms to

" . the molecule, which comprises separating a lIower

80

boiling fraction comprising methylcyclopentane
and a higher boiling fraction comprising cyclo-
hexane and open chain parafiins having seven
carbon atoms to the molecule from said hydro-
carbon mixture, contacting said higher boiling
fraction with an isomerization catalyst compris-
ing a metal halide of the Friedel-Crafts type at
cyclohexane isomerizing- conditions in a cyclo-
hexane conversion zone thereby converting cyclo-
hexane to methylcyclopentane,: separating hy-

 drocarbons comprising methylcyclopentane from

the efflience of sald cyclohexane conversion zone,
contacting said hydrocarbons comprising meth-

' - ylcyclopentane in admixture with said lower
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boiling hydrocarbon fraction with an isomeriza-
tion catalyst comprising a metal halide of the
Friedel-Crafts type at methylcyclopentane isom-
erizing conditions in a methylcyclopentane con-
version zone thereby converting methylcyclopen-
tane to cyclohexane, and separating hydrocar-
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bons comprising cyclohexane from the effluence
of said methylcyclopentane conversion zone.

6. The process for the production of cyclo-
hexane from & hydrocarbon mixture comprising
methyleyclopentane, cyclohexane and open chain
paraffins having six and seven carbon atoms to
the molecule, which comprises separating a lower
boiling “fraction comprising methylcyclopentane
and a higher boiling fraction comprising cyclo-
hexane and open chain parafins having seven
ecarbon atoms to the molecule from said hydro-
carbon mixture, contacting said higher boiling
fraction with a molybdenum sulfide isomeriza-
tion catalyst at cyclohexane isomerizing condi-
tions in a cyclohexane conversion zone thereby
converting cyclohexane to methylcyciopentane,
separating hydrocarbons comprising methyl-
cyclopentane from the effluence of said cyclo-
hexane conversion zone, contacting said hydro-

_carbons comprising methylcyclopentane in ad-
mixture with said lower boiling hydrocarbon
fraction with an aluminum chloride isomeriza-
‘tion catalyst at methylcyclopentane isomerizing
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conditions in & methyleyclopentane conversion .- -

zone thereby converting methylcyclopentane to
cyclohexane, and separating hydrocarbons com-

25

prising cyclohexane from the effluence of said

methylcyclopentane conversion zone.

7. The process for the production of cyclo-
hexane from a hydrocarbon mixture comprising
methylcyclopentane, cyclohexane and open chain
parafins having six and seven carbon atoms to
the molecule, which comprises separating a lower
boiling fraction comprising methylcyclopentane
and a higher boiling fraction comprising cyclo-
hexane and open chain parafiins having seven
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carbon atoms to the molecule from sald hydro- -

carbon mixture, contacting said higher boiling
fraction with a heavy metal sulfide isomeriza-
tion catalyst at cyclohexane isomerizing con-
ditions in a cyclohexane conversion zone thereby
converting cyclohexane to methylcyclopentane,
separating hydrocarbons comprising methyl-
cyclopentane from the effluence of said cyclo-
hexane conversion zone, contacting said hydro-
carbons comprising methylcyclopentane in ad-
mixture with said lower boiling hydrocarbon
fraction with an aluminum halide isomerization
catalyst at methylcyclopentane isomerizing con-
ditions in a methylcyclopentane conversion zone
thereby converting methylcyclopentane to cyclo-
hexane, and separating hydrocarbons compris-
ing cyclohexane from the efluence of said meth-
yleyclopentane conversion zone, '

8. The process for the production of cyclo-
hexane from a hydrocarbon mixture comprising
methyleyclopentane, cyclohexane and open chain
parafins having six and seven carbon atoms to

the molecule, which comprises separating a lower.

boiling fraction. comprising methyleyclopentane
and a higher boiling fraction comprising cyclo-
hexane and open chain parafiins having seven
carbon atoms to the molecule from sald hydro-

carbon mixture, contacting said higher bLoiling’

fraction with an isomerization catalyst at cyclo-
hexane isomerizing conditions in & cyclohexane
conversion zone thereby converting cyclohexane
to methylcyclopentane, separating hydrocarbons
comprising methylcyclopentane from the efiience
of said cyclohexane conversion zone, contacting
said hydrocarbons comprising methyleyclopen-
tane in admixture with said lower boiling hydro-
carbon fraction with an isomerization catalyst
at methylcyclopentane isomerizing conditions in
8 methyleyclopentane conversion zone thereby
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converting methylcyclopentane to cyclohexane,
and separating hydrocarbons comprising cyclo-
hexane from the effuence of sald methylcyclo-
pentane conversion zone.

9. The process for the production of cyclo-
hexane from naphthenic gasoline which com-
prises, separating a lower boiling fraction com-
prising methyleyclopentane having a maximum
hoiling point of about 75° C. and a higher boil-
ing fraction comprising cyclohexane having a
maximum boiling point of .about 85° C. from
sald gasoline, contacting sald higher boiling
fraction with an aluminum halide isomerization
catalyst at cyclohexane isomerizing conditions
in a cyclohexane conversion zone thereby con-
verting cyclohexane to methylcyclopentane, sep-
arating hydrocarbons comprising methyleyclo-
pentane from the effluence of said cyclohexane
conversion zone, contacting said hydrocarbons
comprising methylcyclopentane in admixture
with said lower boiling fraction with an alu-
minum halide-isomerization catalyst at methyl-
cyclopentane isomerizing conditions in a methyl-
cyclopentane conversion zone, thereby convert-
ing methylcyclopentane to cyclohexane, and sep-
arating cyclohexane from the efluence of said
methylcyclopentane conversion zone.

10. The process for the production of cyclo-
hexane from naphthenic gasoine which com-
prises, separating a lower boiling fraction com-
prising methylcyclopentane having a maximum
boiling point of about 75° C. and & higher bolling
fraction comprising cyclohexane having a maxi-
mum boiling point of about 85° C. from said gaso-
line, contacting said higher boiling fraction with
an isomerization catalyst comprising a metal
halide of the Friedel-Crafts type at cyclohexane
isomerizing conditions in & cyclohexane conver-
sion zone thereby converting cyclohexane to
methyleyclopentane, separating hydrocarbons
comprising methyleyclopentane from the effuence
of sald cyclohexane conversion zone, contacting
sald hydrocarbons comprising methylcyclopen-
tane in admixture with said lower boiling fraction
with an isomerization catalyst comprising a metal
halide of the Friedel-Crafts type at methyleyclo-
pentane isomerizing conditions in a methylcyclo-
pentane conversion zone, thereby ‘converiing
methylcyclopentane to cyclohexane, and separat-
ing cyclohexane from the efluence of said methyi-
cyclopentane conversion zone.

11, The process for the production of cyclo-

" hexane from naphthenic gasoline which com-
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prises, separating a lower boliling fraction com-
prising methylcyclopentane having a maximum
boiling point of about 75° C. and a higher boiling
fraction comprising cyclohexane having a maxi-
mum boiling point of about 85° C. from said gaso-
line, contacting said higher boiling fraction with
s molybdenum sulfide isomerization catalyst at
cyclohexane isomerizing conditions in & cyclohex-
ane conversion zone thereby converting cyclo-
hexane to methyleyclopentane, separating hydro-
carbons comprising methyleyclopentane from the
efluence of said cyclohexane conversion zone, con-
tacting said hydrocarbons comprising methyl-
cyclopentane in. admixture with said lower boil-
ing fraction with an aluminum halide-isomeriza-
tion catalyst at methylcyclopentane isomerizing
conditions in a methylcyclopentane conversion
zone, thereby converting methylcyclopentane to
cyclohexane, and separating cyclohexane from
the efluence of sald methylcyclopentane conver-
sion zone. . ‘ .

12. The process for the production of cyclo-



2,382,446

hexane from naphthenic gasoline which com-
prises, separating & lower boiling fraction com-
prising methylcyclopentane having a maximum
boiling point of about 75° C. and a higher bhoiling
fraction comprising cyclohexane having a maxi-
mum boiling point of about 85° C. from said gaso-
line, contacting said higher boiling fraction with
an isomerization catalyst at cyclohexane isomer-
izing conditions in a cyclohexane conversion zone
thereby converting cyclohexane to methylcyclo-
pentane, separating hydrocarbons comprising
methylcyclopentane from the effluence of said

cyclohexane conversion zone, contacting said hy-

drocarbons comiprising methylcyclopentane in ad-
mixture with said lower boiling fraction with an
isomerization catalyst at methylcyclopentane iso-
merizing conditions in a methylcyclopentane con-
- version zone, thereby converting methylcyclopen-
tane to cyclohexane, and separating ¢yclohexane
from the effiuence of said methylcyclopentane
conversion zone.

13. The process for the production of cyclo- .

paraffins of hydroaromatic structure from hydro-
carbon mixtures comprising cycloparaffins of hy-
droaromatic and non-~hydroaromatic structure

b
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and hydrocarbons difficult to separate by frac-

tionating means from said cycloparafiins of hy-
droaromatic structure, which comprises separat-~
ing a fraction comprising cycloparafins of non-
hydroaromatic structure and a fraction compris-
ing cycloparafins of hydroaromatic structure in
admixture with hydrocarbons difficultly separable
therefrom by fractionation from said mixture,

contacting said fraction comprising hydrocarbons’

of hydroaromatic structure with an aluminum
halide isomerization catalyst at cycloparaffin iso-
merizing conditions, thereby effecting the conver-
sion of cycloparaffins of hydroaromatic structure
to cycloparafiins of non-hydroaromatic structure,
separating hydrocarbons comprising said cyclo-
paraffins of non-hydroarcmatic structure from
the resulting isomerization products, contacting
said cycloparaffins of non-hydroaromatic struc-
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ture so produced in admixture with said fraction -

comprising cycloparafiins of non-hydroaromatic
structure separated from the charge with an alu-
minum halide isomerization catalyst at cyclo-
paraffin isomerizing conditions, thereby convert-
ing cycloparaffins of non-hydroaromatic struc-
ture to cycloparafiing of hydroaromatic struc-
ture, and separating cycloparafins of hydroaro-
matic structure from the resulting isomerization
products.

14, The process for the production of cyclo-
. paraffins of hydroaromatic structure from hydro-
carbon mixtures comprising cycloparafiins of hy-
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droaromatic and non-hydroaromatic structure

and hydrocarbons difficult to separate by frac-

tlonating means from said cycloparafins of hy- .

7

droaromatic structure, which comprises separat-
ing a fraction comprising cycloparaffins of on-
hydroaromatic structure and a fraction compris-
ing cycloparaffins of hydroaromatic structure in
admixture with hydrocarbons difficultly separable
therefrom by fractionation from said mixture,
contacting said fraction comprising hydrocarbons
of hydroaromatic structure with a heavy metal
sulfide isomerization catalyst at cycloparaffin iso-

.merizing conditions, thereby effecting the conver-

sion of cycloparaffins of hydroaromatic structure
to cycloparaffins of non-hydroaromatic structure,

. separating hydrocarbons comprising said cyclo-

paraffins of non-hydroaromatic structure from
the resulting isomerization products, contacting
said cycloparafiins of non-hydroaromatic struc-
ture so produced in admixture with said fraction
comprising cycloparaffins of non-hydroaromatic
structure separated from the charge with an iso-
merization catalyst comprising a metal halide of
the Friedel-Crafts type at cycloparaffin isomeriz-
ing conditions, thereby converting cyclophraffins
of non-hydroaromatic structure to cycloparaffins
of hydroaromatic structure, and separating cyclo-
parafiins of hydroaromatic structure from the re-
sulting isomerization products.

15. The process for the production of cyclo-
paraffins of hydroaromatic structure from hydro-
carbon mixtures comprising cycloparaffins of hy-
droaromatic and non-hydroaromatic structure
and hydrocarbons difficult to separate by frac-
tionating means from said cycloparaffins of hy-
droaromatic structure, which comprises separat-
ing a fraction comprising cycloparafiins of non-
hydroaromatic structure and a fraction compris-
ing cycloparaffins of hydroaromatic structure in
admixture with hydrocarbons difficultly separable
therefrom by fractionation from said mixture,
contacting said fraction comprising hydrocarbons
of hydroaromatic structure with an isomerization
catalyst at cycloparafiin isomerizing conditions,
thereby effecting the conversion of cycloparaffins
of hydroasromatic structure to cyeloparaffins of
non-hydroaromatic structure, separating hydro-
carbons comprising said cycloparafins of non-
hydroaromatic structure from the resulting iso-
merization products, contacting said cyclopar-
affins of non-hydroaromatic structure so produced
in admixture with said fraction comprising eyclo-
parafins of non-hydroaromatic structure sepa-
rated from the charge with an isomerization cata-
1yst at cycloparafiin isomerizing conditions, there-
by converting cycloparaffins of non-hydroaro-
matic structure to cycloparafiins of hydroaromatic
structure, and separating cycloparaffins of hydro-
aromatic structure from the resulting jsomeriza-
tion products.
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