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This invention relates to the production of
cycloparaffins of hydroaromatic structure from
hydrocarbon mixtures of relatively wide boiling
range such as naphthenic gasolines or fraciions
thereof comprising cycloparafiins of hydroaro-
matic structure and non-hydroaromatic struc-
ture in admixture with open chain paraffin and
aromabic hydrocarbons, The invention relates
more particularly te an improved process for the
more efficient produetion of cyclohexzane from
naphthenic gasolines and fractions therecf com-
prising methyleyclopentane and cyclohexane.

Realization of the full advantages inherent in
processes relying upon cyeloparafiins of hydro-
aromatic structure, such as, for example, cycle-
hexane, as a starting or intermediate material
is often dependent upon efficient practical scale
production of such cycloparaffins from the avail-
able complex hydrocarbon. mixtures comprising
them. Not only is it imperative that they be pro~
duced with high yields, hut it is essential that
the product obtained be of a relatively high purity
and yet involve the use of a minimum of opera-
tive steps in their production.

Sources of cycloparaffins of hydroaromatic
structure include the available hydrocarbon mix-
tures such as, for example, the naphthenic, natu-
ral and straight run gasolines, etc. Other sources
include hydrocarbon mixtures of naphthenic
character, boiling in the gasoline boiling range
obtained by fractionation of the products of the
process involving the thermal or catalytic treat-
ment of hydrocarbons or carbonaceous materials.
Efficient production of a cycloparaffin of hydro-
aromatie structure such as, for example, cyclo-
hexane from such readily available hydrocarbon
mixtures of naphthenic character involves not
only the problem of recovering at least a sub-
stantial part of the cyclohexane inherently pres-
ent in such mixtures, but the simultaneous con-
version of the cycloparaffins of non-hydroaro-
matie structure to cycloparaffins of hydroaro-
matic structure, such as the conversion of the
initially present methyleyclopentane to eyclohex-
ane. The readily available naphthenic hydrocar-
bon mixtures as is well known, however, consist
of highly complex mixtures of a plurality of indi-
vidual hydrocarbons, many of which have similar
or closely approximating boiling temperatures,
and many of which are ecapable of forming azeo-
tropes with one another during the eonditions of
fraetional distillation.

Separation of cycloparafiing free of any sub-
stantial amount of impurities from suech ecomplex
mixtures by such methods of fractions]l distilla-
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tion disclosed heretofore, if at all possible, is
often rendered so involved and delicate an oper-
tion as to render it highly impractical. Resort
to such expedients as the inifial separation of
a fraction comprising both methyleyclopentane
and cyclohexane, subjection of this fraction to
cycloparaffin isomerizing gonditions, and fraction-
ation of the isomerizate by metheds disclosed in
processes heretofore is therefore unsatisfactory.
Not only do they enahle the attainment of only
relatively low conversions of ¢yclopayraffing of non-
hydrearomadbic structure to gycloparaffins of hy-
droaromatic structure but the product thereby
obtained will generally comprise substantial
amounts of eontaminant materials such as aro-
matic hydroearbons and gpen ehain parafiins, the
boiling temperatures of which lie so clese to those
of the desired gycloparaffins as to render their
separation therefrom by such expedients as sim-
ple fractionation by metheds disclosed heretofore
impractical. In the production of cyelohexane
from readily available naphthenie hydrocarbon
mixtures by such methods, the cycloparaffins pro-
duced will he contaminated with substantial
amounts of the benzene and dimethylpentanes
originally present in the charge. A serious diffi-
culty generally inherent in processes disclosed
heretofore wherein benzene is unavoidably ac-
cumulated in the isomerizate is the highly cis-
advantageouys limitatien upon the amount of un-
converted material whigh ean be reeycled. For
the removal of sufficient benzene to avoid an
inordinate accumulation in the system requires
the rejection therewith of at least a substantial
part of the unegnverted material constituting the
recycle stream in such methods. Since the suit-
ability of a eyclohexane as starting or intermedi-
ate material in many precesses is dependent upon
the absence therein to any substartial degree of
penzene and dimethyipentanes, it is apparent that
the practicability of a DPrecess producing cyclo-
hexane from readily available ecomplex naph-
thenic hydrocarbon mixtures relies upon the abil-
ity of the proecess to produce eyclohexane effi-
ciently and free of any substantial amount of ben-
zene and dimethylpentane. By the term “hydro-
aromatic cycloparafiins,” as used throughoul; the
specification and appended elaims is meant the
eycloparaffins having a hexamethylene ring sueh
as, for example, cyclohexane, and the alkyl eyclo-
hexanes, to distinguish them from cycloparafiins
of non-hydroaromatic structure comprising those
having pentamethylene rings such as, for exam-
ple, methylcyclopentane and other ¢yclopentanes,

It is an obhject of the present invention te pro-
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vide an improved process for the more efficient
production of cycloparaffins of hydroaromatic
structure from hydrocarbon mixtures of relatively
wide boiling range siich ags naphthenic gasolines,
or fractions thereof, comprising cycloparaffins of
hydroaromatic and non-hydroaromatic structure
in admixture with close boiling aromatic and open
chain paraffinic hydrocarbons.,

Another object of the invention is the provision
of an improved process for the more efficient pro-
duction of cyclohexane from hydrocarbon mix-
tures of relatively wide boiling range such as
naphthenic gasolines.

A more particular object of the invention is
the provision of an improved process for the more
efficient production of cyclohexane of a high de~
gree of purity from naphthenic gasoline frac-
tions comprising methyleyclopentane, eyclohex-
ane, benzene and close boiling open chain paraf-
finic hydrocarbons.

In accordance with the process of the inven-
tion a hydrocarbon mixture of naphthenic char-
acter such as for example a naphthenic straight
run gasoline is subjected to fractionation to sep-
arate therefrom a fraction predominating in hy-
drocarbons having the same number of carbon
atoms to the molecule and comprising cycloparaf-
fins of non-hydroaromatic structure and cyclo-
paraffins of hydroaromatic structure in admix-
ture with close beiling aromatic and open chain
paraffins. The cycloparaffin-containing fraction
thus obtained is subjected to extractive distilla-
tion conditions in the presence of g suitable sol-
vent as described more fully below to separate

therefrom cycloparaffins: of hydroaromatic and 3

non-hydroaromatic striicture free of any substan-
tial amounts of close boiling contaminants com-
prising open chain paraffins and aromatic hydro-
carbons. The cycloparaffins of non-hydroaro-
matic structure free of any substantial amount
of aromatic and open chain paraffins thus ob-
tained are subjected to cycloparaffin isomerizing
conditions converting cycloparaffins of non-hy-
droaromatic structure to cycloparafiins of hydro-
aromatic structure.

In a preferred embodiment of the invention the
cycloparaffin-containing fraction separated from
the naphthenic gasoline and including ecyclo-
paraffins of hydroaromatic and non-hydroaro-
matic structure in admixture with close boiling
contaminants comprising open chain paraffins
and aromatic hydrocarbons, is subjected to an ex-
tractive distillation in a first extractive distilla-
tion zone. In the first extractive distillation zone
a raffinate fraction comprising paraffinic hydro-
carbons is separated from an extract fraction
comprising cycloparaffins of hydroaromatic and
non-hydroaromatic structure in admixture with
aromatic hydrocarbons having the same number
of carbon atoms to the molecule as the cyclo-
paraffins. The extract fraction from the first
extractive distillation zone is passed into s cyclo-
paraffin separating zone wherein a vapor fraction
comprising cycloparaffins: of non-hydroaromatic
structure and aromatic hydrocarbons is separated
from a liquid fraction comprising cycloparaffins
of hydroaromatic structure free of any substan-
tial amount of aromatics. The vapor overhead
from the cycloparaffin separating zone is passed
into a second extractive distillation zone. In the
second extractive distillation zone a raffinate
comprising ceycloparaffins of non-hydroaromatic
structure free of any substantial amount of aro-
matics is separated from an extact fraction com-
prising aromatic hydrocarbons. The raffinate
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comprising cycloparafiins of non-hydroaromatic
structure free of any substantial amount of aro-
matics is introduced into a cycloparaffin con-
version zone, In the conversion zone the cyclo-
baraffins are subjected to catalytic ‘cycloparafin
isomerizing conditions effecting the conversion of
cycloparaffins of non-hydroaromatic structure to
cycloparafiins of hydroaromatic structure having
the same number of carbon atoms to the mole-
cule. Efluence from the conversion zone com-
prising cycloparaffins of hydroaromatic and non-
hydroaromatic structure is introduced into the
cycloparaffin separating zone. As will become
apparent from the following description thereof,
the invention enables not only the recovery of at
least a substantial part of all of the cycloparaffin
content of a eycloparaffin concentrate as cyclo-
paraffins of hydroaromatic structure, but results
in the obtaining of a product of a high degree
of purity, devoid of even such contaminants as
aromaitics of close boiling range, with a minimum
of steps and in the absence of many of the dif-
ficulties and complexities inherent in attempts
to obtain a cycloparaffin product of a similar de-
gree of purity by methods available heretofore,

In order to set forth more fully the nature of
the invention, it will be described in detail in
its application to the production of cyclohexane
of a high degree of purity, free of any substan-
tial amounts of benzene, from hydrocarbon mix-
tures of naphthenic character in the gasoline
boiling range, with reference to the attached
drawing in which the single figure represents a
more or less diagrammatic elevational view of a
form of apparatus suitable for executing the
brocess of the invention.

A hydrocarbon mixture of naphthenic charac-
ter such as, for example, a naphthenic straight
run gasoline, is forced from an outside source
through valved line | by means of pump 2 into
a feed fractionating zone comprising fractionator
3. Within fractionator 8 a hexane fraction com-
prising methyleyclopentane and cyclohexane is
separated as an intermediate fraction. The
methylcyclopentane - cyclohexane fraction is
bassed from fractionator 8 through line 4 into
8 second feed fractionator 5. Fractionation with-
in fractionator 3 is preferably controlled to con-
centrate substantially all of the six carbon atom
cycloparaffins originally present in the feed in
the intermediate methyleyclopentane-cyclohex-
ane fraction. Although the boiling range of the
fraction thus obtained may vary within the scope
of the invention, depending upon the particular
origin of the composition of the feed madterial, a
hexane fraction boiling in the range of, for ex-
ample, from about 65° C. to about 85° C. has been
found suitable. Within fractionator 5 the hexane
fraction is subjected to a second fractionation to
effect the separation of a higher boiling fraction
as bottoms from a vapor overhead fraction com-~
prising cyclohexane and methylcyclopentane.
Operating conditions within fractionator 5 may
be controlled to include at least a substantial
part of the dimethylpentanes originally present
in the feed in the liquid bottoms, Bottoms from
fractionator § are withdrawn therefrom through
valved line 6 and may be sent to additional cy-
cloparaffin separating means, not shown in the
drawing, to effect the recovery of any cyclohex-
ane contained therein.

The vapor fraction is taken overhead from
fractionator 5 and passed through valved line 8
into a first extractive distillation zone. A frac-
tion comprising methyleyelopentane and eyclo-
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hexane from any suitable otbeide sotifce may be
introduced into the system by means -of valved
line 1. Such a fraction may constitute 4 part
of or all of the hydrocaibon charge to the system.
The overhead fraction from tewer fractionator
§ will comprise besides methylcyclopentine and
cyclohexane a -certain amount -of opén chain
paraffing and at least a substantial part of the
benzene originally ‘present i the .charge. - The
first extractive distillation -zone may comprise
an extractive distillation célamn 9. Within cel-
umn 10 the cycloparafiin concentrate issubjected
to an extractive distillation in the presence ‘of a
suitable solvent introduced inte the upper part
of the column from & switable sotirce by means
of line 13.

Solvents which may be employed in column
{0 include any -solvent material enabling the
separation -of -open chain paraffins as a vapor

fraction from a liquid fraction comprising

the solvent and the cycloparaffins wunder
extractive distillation cconditions. Suitable sol-
vents comprise solvents for hydrocarbons which
are higher boiling than ‘the cycloparaffins be-

ing distilled, are stable under the .conditions %

of distillation, o not react with any of the com-~
ponents of the hydrecarbon feed, and which
markedly increase the wolatility of the open
chain paraffins relative to those of the cyclo-
paraffins. Suitable solvents comprise, for exam-
ple, the polar lquids such as for example any
of the polar solvents for .cycloparaffiins higher
boiling than cyclohexane having exygen-, nitro-
gen-, or sulfur-containing jpelar groups such as

for example phenol, ‘henzoic acid, isobutyric acid, #

aniline, N-methylaniline, cyclohexylamine, N-cy-
clohexylaniline, diphenylamine, - napthylamine,
hexamethylamine diamine, ‘bemzaldehyde, fur-
furaldehyde, zenzoic anhydride, ethylbenzoate,
benzophenone, -acetophenone, cyclohexanone;
henzoin, benzonitrile, nitrobenzene, nitropropane,
pentachloroethane, diphenyl ether, acetal, acet-
amide, -ethylphosphate, dimethylsulfolane, the
alkyl-substituted sulfolanes, et¢. The solvent em-

ployved may consist .of a single compound or of 4

solutions of two or more :of such compounds or
of aqueous solutions thereof.
Extractive distillation-conditions within.celumn

10 are controlled to «effect the separation of a
vapor raffinate comprising open chain paraifins

from a liquid extraet comprising the solvent,
methylcyclopentane and cyclohexone. The ben-
zene present in the charge to column 10 will be

included, under extractive distillatien conditions .

effecting the separation of paraffins frem -cyclo-
paraffins in the cycleparafiin extract.

The vapor raffinate fraction is taken everhead
from column 18 by means-of valved Hne 14, The
liquid extract fraction is taken from the lower
part of column 40 and passed through line I
into a stripping zone comprising still 16 wherein
the cycloparaffins comprising methyleyclopentane
and cyclohexane in admixture with benzene are

separated as'a vapor fraction from a liquid frac- -

tion comprising the solvent. Lean solvent is re-
turned from still 16 to the upper part of celumn
10 by means of valved line 13.

The process of the invention enables substan-

tially complete recovery -of the six carbon atom °

cycloparaffins originally present in the feed. In
a preferred method of effecting such substan-
tially complete recovery of all thesix carbon atom
cycloparafins in the feed, conditions in fractiona-
tor 5 are controlled so that substantiglly all of
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the cyclohexane in the charge thereto is taken
overhead. This will generally result in the in-
clusion of ‘a proportion of the .dimethylpentanes
in the overhead. Dimethylpentanes thus includ-
ed in the overhead of fractionator 5 are separated
therefrom to the degree desired in column 10 of
the first extractive distillation zone. Inclusien
of substantially all of such dimethylpentanes in
the paraffinic overhead of column 10 will occasion
the entrainment therewith of a certain amount of
the methylcyclopentane. When methylecyclopen-
taen is thus included to a substantial degree jin
the overhead from column {0 it is perferably
recovered therefrom by recycling at least @ part
of the overhead stream from line {4 through
valved line 18 to line i leading into fractionator
8. The overhead from .column {8 may be passed,
in part .or in its entirety, through valved line 28,
to a separate fractionating zone represented in
the drawing by the single fractionator 21. ‘Within
fractionator 24 a fraction comprising lighter beoii-
ing materials, such as open chain hexanes, is
separated from a liquid higher boiling fraction
comprising dimethylpentanes. Since the lower
boiling of the six carbon atom cycloparaffins is
readily separated by fractionation from dimethyl-
pentane, an intermediate fraction cemprising
methylcyclopentane free of any substantial
amount -of dimethylpentane is separated in frac-
tionator 21 and removed therefrom by means of
line 22.

Overhead from stripper 16 comprising methyl-
cyclopentane, cyclohexane and benzene, free of
any substantial amount of dimethylpentanes, is
passed through line 24 inte a cycloparaifin sepa-
rating zone. When operating the process with
the passage of overhead from column {9 to frac-
tionator 2i, the methylcyclopentane withdrawn
from fractionator 21 through line 22, is passed
in part or entirety into line 24 to combine thersin
with the eycloparaffin overhead from stripper 8.

The cycloparaffin separating zone may com-
prise a fractionator 25. In fractionator 25 a
fraction comprising cyclohexane is separated
from a vapor fraction comprising methylcyclo-
pentane and benzene. The liquid fraction com-
prising cyclohexane is withdrawn from fraction-
ator 25 by means of valved line 26 and eliminated
from the system as a final preduct. The vapor
fraction comprising methylcyclopentane and ben-
zene is withdrawn overhead from fractionator 25
and passed through valved line 28 inte a second
extractive distillation zone. The second extrac-
tive distillation zone may comprise an extractive
distillation column 29. Within column 28 the
‘hydrocarbon stream is distilled in the presence
of a suitable solvent which is introduced into
the upper part of the column by means of line
'30. Extractive distillation conditions are con-
trolled within column 38 to effect the separation
of a raffinate vapor overhead comprising methyl-
cyclopentane free of any substantial amount of
benzene from a liguid extract fraction compris-
ing solvent and benzene. Suitable solvents for
use in column 29 comprise those set forth for the
separation of cycloparaffins from open .chain par~
affins in column 8. Thus good results are at-
tained by the use of phenol or any other polar
solvent for benzene which is higher boiling than
benzene and stable under the operating condi-
tions, to effect the indicated separation of methyl-
cyclopentane from benzene.

The vapor fraction comprising methyleyeclo-
pentane free of any substantial-amount of ben-
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zene is passed frowm column 29 through line 35
to a conversion zone.

The liquid fraction comprising benzene and
solvent is passed from extractive distillation col-
umn 29 through line 31 into a stripper 32. With-
in stripper 32 benzene is stripped from the
solvent and eliminated as overhead therefrom
through line 33. Lean solvent is withdrawn
from stripper (6 and passed through line 30 to
column 29.

It is thus seen that the process of the inven-
tion enables not only the substantially complete
recovery of cyclohexane free of any substantial
amount of benzene from the charge, but pro-
vides for the separation of a methylcyclopentane
charge for the conversion zone which is also free
of any substantial amount of benzene. Modifica~
tion may ohviously be made within the scope of
the invention without departing from the spirit
and scope thereof. Thus if desired the cyclopar-
affin-rich solvent withdrawn from column 10 may
be stripped cof only the methyleyclopentane in
stripper i6. Additional solvent may then be in-
troduced from an outside source by means of
valved line 11. The substantially pure methyl-
cyclopentane thus obtained overhead from strip-
per 16 may be passed directly to the conversion
zone, To this effect a valved line 37 is provided
enabling the passage of hydrocarbons from line
24 into line 35 leading to the conversion zone.
‘When thus taking only methyleyclopentane over-
head in stripper 16, the solvent now still contain-
ing cyclohexane as well as benzene is drawn
therefrom through line 13 and by-passed through
a valved line 38 to suitable cyclohexane and ben-
zene recovery means not shown in the drawing.
Such recovery means may comprise one or more
separate stripping zones as well as one or more
separate solvent extraction or extractive distiila-
tion zones. When the benzene is thus diverted
from the system through line 38 and no benzene
is sent to the cycloparaffin separating column 25,
the benzene-fres overhead from column 25 may
be passed directly to the conversion zone by
means of valved lines 28, 34, 36 and 35.

When methylcyclopentane is passed from frac-
tionator 21 through valved line 22, such methyl-
cyclopentane stream may also be introduced di-
rectly into the conversion zone. To this effect a
valved line 39 is provided to enable the passage
of methyleyclopentane from line 22 into line
35. An outstanding feature of the process of
the invention is the efficien{ separation of ken-
zene from cyclohexane. The separation of ben-
zene from cyclohexane is greatly aided in column
25 by the presence therein of substantial amounts
of methyleyclopentane which is taken overhead
with the benzene. The passage of methylcyclo-
pentane, even though free of benzene, from line
22, through line 24, into fractionator 25, may
be resorted to to obtain the additional advan-
tage of its presence upon the efficient separation
of benzene from cyclohexane.

The conversion zone may comprise one or more
reaction vessels such as for example, a reactor
40, provided with suitable stirring means 41.
Within reactor 48 the methylcyclopentane is con-
tacted with an isomerization catalyst under cy-
cloparaffin isomerizing conditions. Suitable cat-
alysts comprise those containing a metal halide
of the Friedel-Crafts type, particularly those
comprising a halide of aluminum, such as AIClz
and/or AlBri, Particularly suitable catalysts
comprise the organo-aluminum halide complexes,
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preferably a preformed aluminum chloride hy-
drocarbon complex. Other suitable catalysts
comprise those of the molten salt type contain-
ing the aluminum chloride in admixture with
one or more halide salts. The temperature in
the conversion zone 40.is maintained in the range
of from about 20° C. to about 150° C, and prefer-
ably from about 50° C. to about 95° C, The spe-
cific temperature employed will be dependent to
some extent upon the particular catalyst em-
ployed. When utilizing a preformed aluminum
chloride hydrocarbon. complex as the catalyst a
temperature in the range of from about 65° C
to about 85° C, is somewhat preferred. A hydro-
gen halide promoter, such as for example hydro~
gen chloride, is preferably introduced into reactor
40 by means of line 42. The hydrogen chloride
may be introduced in an amount of, for example,
from about 0.1% to about 5% and preferably in
an amount below about 1%. A greater or lesser
amount of hydrogen halide may, however, he
introduced into the reaction zone within the scope
of the invention. Under these conditions methyl-
cyclopentane is converted to eyclohexane within
reactor 40.

Effluence from reactor 40 comprising cyclohex-
ane, and unconveried methylcyclohexane, en-
trained catalyst and hydrogen halide, is passed
through line 43 into a catalyst separating zone,
such as a separator 44. Within separator 44 a
catalyst layer is separated from a supernatant
hydrocarbon layer, Catalyst is passed from sepa-
rator 44 through line 45 to reactor 40. The hy-
drocarbon layer is passed from separator 44,
through line 46, into an accumulator 47. Liguid
comprising cycloparaffins and dissolved hydrogen
chloride is passed from accumulator 471 through
line 48 into a stripping tower 49, Within stripper
49 there is separated a vapor overhead compris-
ing hydrogen halide which is recycled through
valved lines 51 and 42 to the conversion zone. A
valved line 52 is provided for the introduction of
makeup hydrogen chloride into the system.

A liguid fraction comprising cyclohexane and
unconverted methylcyclopentane is taken from
the lower part of stripper 49 and passed through
line 54 into fractionator 25. To aid in avoiding
the accumulation of light materials within the
system without loss of valuable cycloparaffins, a
part of the overhead from fractionator 25 may be
passed intermittently or continuously from line
28, through line 34, into line 8 leading to the
first extractive distillation column (0.

A further signal advantage of the process of the
invention resides in the ability to employ a total
recycle from the isomerization zone therein. Due
to the substantially complete elimination of ben-
zene from the reactor charge without loss of any
substantial amount of cycloparaffins from the
system, all of the methylcyclopentane content
of the reactor effluence is returned to the reac-
tion zone, thereby attaining substantially com-
plete conversion to cyclohexane of all methyl-
cyclopentane charged to the process and its re-
covery as a henzene-free product. The invention
therefore eliminates the difficulties often inherent
in processes disclosed heretofore, wherein at least
a substantial portion of the cycloparaffin-con-
taining recycle stream must be sacrificed to effect
the elimination of sufficient benzene to prevent
its accumulation within the system.

The following example is illustrative of the
practical scale production of high purity, ben-
zene-free - cyclohexane from a naphthenic
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straight: run gasoline: in accordance with: the
process of the invention:

Example

In a continuous plant scale eperation 8200 bar-
rels: of straight. run naphthenic gasoline contain-
ing 7.1% of methylcyclopentane, 2.73%. of cyelo-
hexane and 0.83% of benzene by volume, are
subjected to a first fractional distillation to sepa-
rate therefrom a hexane fraction boiling in the
range of from about 685 C. to. about: 85> C. The
resulting hexane fraction is subjected to & sec-
ond fractionation to separate therefrem g Cs cy-
cloparaffin concentrate boiling in the range of
from about 65° C. to about 78° C. containing
431.149% methylcyclopentane, 11.109% cyclohex-
ane, 4.5% benzene and 2.28% dimethylpentanes,
the remainder of the concentrate consisting es-
sentially of lower boiling and higher boiling
paraffins.

The Cs cycloparaffin coneentrate thus obtained
is subjected to a first extracted distillation in
the presence of phenol as the solvent to separate
an overhead raffinate consisting essentially of
paraffins from a liquid bettoms extract consist-
ing essentially of solvent, cycloparaffin and aro-
matics. 'The rich extract-containing solvent is
stripped to obtain an extract fraction consisting
essentially of methylcyclopentane, cyclohexane
and benzene, substantially free of paraffins,
which is passed into a eycloparafiin fractionator
into which the hydrocarbon efluent from the
subssquent reaction zene is also introduced. In
the cycloparaffin fractionator a vapor overhead
containing methyleyelopentane and aromatics is
separated from a liguid bottoms fraction con-
sisting essentially of benzene-free cyclohexane.
The overhead from the eycloparaffin fractionator
contains 7.59% normal hexane, 84.07% methyl-
cyclopentane, 0.9% cyclohexane and 6.07% ben-
vene. The overhead from the cycloparaffin frac-
ticnator is subjected to a second extractive dis-
tillation in the presence of phenol as the solvent
resulting in the obtaining of a substantially ben-
zsne-free raffinate containing 8% normal hex-
ane, 89.4% methyleyclopentane and 1% cyclo-
hexane. Benzene is stripped from the rich
phenol solvent and recovered as 99.8% pure ben-
zene. The benzene-free raffinate from the sec-
ond extractive distillation zone is subjected to
cycloparafiin isomerizing conditions by contact
with an aluminum chloride-hydrocarbon com-
plex at a temperature of 80° C. and in the pres-
ence of a 0.4% HCL The hydrocarbon com-
ponents of the reactor effiuent containing 40.7%
methyleyclopentane and 48.7% of cyclohexane
are passed directly into the cycloparaffin frac-
tionator.
91.59% by volume content of cyclohexane is
drawn as the bottoms. fraction from the cyelo-
paraffin fractionator. Redistillation of this cy-
clohexane fraction results in a benzene-free cy-
cichexane of 959% purity. 87% of the combined
methyleyclopentane and cyclohexane originally
present in the gasoline charge to the system is

hus recovered as benzene-free cyclohexane of
059 purity.

For the purpose of clarity, parts of apparatus
such as pumps, coolers, reboilers, condensers,
valves, etc., not essential to a complete under-
stand’ng of the invention have been omitted from
the drawing. Fractionating zones depicted in
the drawing by single fractionators may com-
prise the use of more than one fraetionator in
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the execution of the mventlon on 2 practical
scale.

The:invention claimed: is

L. The process for the production of cyclohex-
ane free 'of any substantial amount of benzere
from naphthenie gasoline which comprises sep-
arating a fractiom comprising methyleycloven-
tane and cyclohexane ih admixture with close
boiling' open chain paraffins and henzesne from
szid gasoline, subjecting said fraetion to extrac-
tive distillation in a first-extractive distillat'on
zone, separating a raffinate fraction ecomprising
paraffing from an extract fraction comprising
methyleyclopentane, cyclohexane and benzene in
said first extractive distillation zone, passing said
extract fraction from said first extractive dis-
tillation zone into a cycleparaffin fractionating
zone, separating a vapor fraction comprising
methyleyclopentane and benzene from a liguid
fraction comprising cyclchexane free of any sub-
stantial amount of benzene in said cycloparaf-
fin fractionating zone,; passing said vapor frac-
tion from said cycloparaffin fractionating zone
into a sscond extractive distillation zone, sepa-
rating a raffinate fraction comprising methyl-
eyclopentane free of any substantial amount of
benzene from an extract fraction eomprising
benzene in said second extractive distillation
zone, contacting said raffinate from said second
extractive distillation zone with an isomerization

catalyst at methylcyelopentane isomerizing con-
dxtmn in a conversion zone, thereby converting
methyleyclopentane to cyclohexane in said con-
version zone, passing effluence from said conver-
sion zmone into said cycloparaffin fractionating
zone, and withdrawing said liquid fraetion coa-
sisting essentially ef  cyclohexane free of any
substantial amount of benzene from said eyelo-
paraffin fractionating zone.

2. The process for the production of cyclohex~
ane free of any substantial amount of benzene
from naphthenic gasoline whieh comprises sep-
arating a fraction comprising methyleyclopen-
tane and cyclohexane in admixture with close
boiling open chain paraffins and benzene from
said gasoline, subjecting said fraetion to extrac-
tive distillation in a first extractive distillation
zone, separating a raffinate fraction comprising
paraffins from an extract fractien comprising
methyleyclopentane, eyclohexane and benzene in
said first extractive distillation zone, passing sald
extract fraction from said first extraetive distil-
lation zone into a cycloparaffin fracfionating
zone, separating a vapor fractien comprising
methyleyclopentane and- benzene from a liguid
fraction comprising cyclohexane free of any sub-
stantial amount of benzene in said cycloparaffin
fractionating zone, passing said vapor fraction
from said eycloparaffin fractionating zone into
a second extractive distillation zone, separat'ng
a raffinate fraction comprising methyleyclopen-
tane free of any substantial amount of benzene
from an extract fraction comprising benzene in
said second extractive distillation zone, contact-
ing said raffinate from said seeond extractive dis-
tillation zone with an aluminum chloride isom-
erization eatalyst at methyleyelopentane isom-
erizing conditions in a conversion zone, thereby
converting methyleyelopentane to cyclohexane
in saifl conversion zone, passing effluence from
said conversien zone into said cycloparaffin frac-
tionating zone, and withdrawing said liguid frac-
tion consmtmg essentially of cyclqheAa,ne free of

@yGlOParaﬁin fractlonatlng zone
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3. The process for the production of cyclopar-
affins of hydroaromatic structure free of any sub-
stantial amount of aromatic hydrocarbons from
a naphthenic gasoline which comprises separat-
ing a fraction comprising cycloparaffins of hydro-
aromatic and non-hydroaromatic structure in
admixture with close boiling open chain paraffin
and aromatic hydrocarbons from said gasoline,
subjecting said fraction to extractive distillation
in a first extractive distillation zone, separating
g raffinate fraction comprising paraffins from an
extract fraction comprising cycloparaffins of hy-
droaromatic and non-hydroaromatic structure in
admixture with close boiling aromatic hydrocar-
bons in said first extractive distillation zone,
passing said extract fraction from said first ex-
tractive distillation zone into a cycloparaffin
fractionating zone, separating a vapor fraction
comprising cycloparaffins of non-hydroaromatic
structure and close boiling aromatic hydrocar-
bons from g liquid fraction consisting essentially
of cycloparaffins of hydroaromatic structure free
of any substantial amount of aromatic hydrocar-
bons in said cycloparaffin fractionating zone,

passing said vapor fraction from said cyclopar-

affin fractionating zone into a second extractive
distillation zone, separating a raffinate fraction
comprising cycloparaffins of non-hydroaromatic
structure free of any substantial amount of aro-
matic hydrocarbons from an extract fraction
comprising aromatic hydrocarbons in said sec-
ond extractive distillation zone, contacting said
raffinate fraction from said second extractive dis-
tillation zone with an isomerization catalyst at

cycloparaffin isomerizing conditions in a con- 3:

version zone, thereby converting cycloparafiins of
non-hydroaromatic structure to cycloparaffins of
hydroaromatic structure in said conversion zone,
passing effluence from sald conversion zone into
said cycloparafin fractionating zone, and with-
drawing saild liquid fraction consisting essential-
ly of cycloparaffins of hydroaromatic structure
free of any substantial amount of aromatic hy-
drocarbons from sald cycloparaffin fractionating
zone.

4. The process for the production of cyclohex-
ane free of any substantial amount of benzene
from a hydrocarbon fraction comprising methyl-
cyclopentane and cyclohexane in admixture with
close boiling open chain paraffins and benzene,
which comprises subjecting said fraction to ex-
tractive distillation in a first extractive distilla-
tion zone, separating a raffinate fraction com-
prising paraffins from an extract fraction com-
prising methylcyclopentane, cyclohexane and ben-~
zene in said first extractive distillation zone,
passing said extract fraction from said first ex-
tractive distillation zone into a cycloparaffin frac-
tionating zone, separating a vapor fraction com-
prising methylcyclopentane and benzene from a
liquid fraction comprising cyclohexane free of
any substantial amount of benzene in said cyclo-
paraffiin fractionating zone, passing said vapor
fraction from said cycloparaffin fractionating
zone into a second extractive distillation zone,
separating a raffinate fraction comprising
methyleyclopentane free of any substantial
amount of benzene from an extract fraction com-
prising benzene in said second extractive dis=
tillation zone, contacting said raffinate from said
second extractive distillation zone with an isom-
erization catalyst at methylcyclopentane isom-
erizing conditions in a conversion zone, thereby
converting methylcyclopentane to cyclohexane
in said conversion zone, passing effluence from
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12
said conversion zone into said cycloparaffin frac-
tionating zone, and withdrawing said liquid frac-
tion consisting essentially of cyclohexane free of
any substantial amount of benzene from said cy-
cloparaffin fractionating zone,

5. The process for the production of cyclohex-
ane free of any substantial amount of benzene
from a hydrocarbon fraction comprising methyl-
cyclopentane and cyclohexane in admixture with
close boiling open chain paraffins and benzene,
which comprises subjecting said fraction to ex-
tractive distillation in a first extractive distilla-
tion zone, separating a raffinate fraction com-
prising paraffins from an extract fraction com-
prising’ methylcyclopentane, cyclochexane and
benzene in said first extractive distillation zone,
passing said extract fraction from said first ex-
tractive distillation zone into a cycloparaffin
fractionating zone, separating a vapor fraction
comprising methylcyclopentane and benzene
from a liguid fraction comprising cyclohexane
free of any substantial amount of benzene in said
cycloparaffin fractionating zone, passing said va-
por fraction from said cycloparafiin fractionat-
ing zone into a second extractive distillation
zone, separating a raffinate fraction comprising
methyleyclopentane free of any substantial
amount of benzene from an extract fraction com-~
prising benzene in said second extractive distilla-
vicn zone, contacting said raffinate from said
second extractive distillation zone with an alumi-
num halide isomerization catalyst at methyley-
clopentane isomerizing conditions in a conversion
zone, thereby converting methyleyclopentane to
cyclohexane in said conversion zone, passing
efffluence from said conversion zone into said cy-
cloparsffin fractionating zone, and withdrawing
said liquid fraction consisting essentially of cy-
clohexane free of any substantial amount of ben-
zene from said cycloparafin fractionating zone.

6. The process for the production of cyclo-
parafiins of hydroaromatic structure free of any
substantial amount of aromatic hydrocarbons
from a hydrocarbon fraction comprising cyclo-
parafiins of hydroaromatic and non-hydroarc-
matic structure in admixture with close boiling
open chain paraffin and aromatic hydrocarbons,
which comprises subjecting said fraction to ex-
tractive distillation in a first extractive distil-
lation zone, separating a raffinate fraction com-
prising paraffins from an extract fraction com-
prising cycloparaffins of hydroaromatic and non-
hydroaromatic structure in admixture with close
boiling aromatic hydrocarbons in said first ex-
tractive distillation zone, passing said extract
fraction from said first extractive distillation
zone into a cycloparaffin fractionating zone,

_ Separating a vapor fraction comprising cyclo-
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paraffins of non-hydroaromatic structure and
close boiling aromatic hydrocarbons from a
liquid fraction consisting essentially of cyclo-
parafliins of hydrearomatic structure free of any
substantial amount of aromatic hydrocarbons in
said cycloparaffin fractionating zone, passing
sald vapor fraction from said cycloparafiin frac-
tionating zone into a second extractive distilla-
tion zone, separating a raffinate fraction com-
prising cycloparafins of non-hydroaromatic
structure free of any substantial amount of aro-
matic hydrocarbons from an extract fraction
cemprising aromatic hydroearbons in said second
extractive distillation zone with an isomeriza-
tion catalyst at cycloparaffin isomerizing condi-
tions in a conversion zone, thereby converting
cycloparafins of non-hydroaromatic structure to
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cycloparaffins of hydroaromatic structure in said
conversion zone, passing efluence from said con-
version zone into said cycloparaffin fractionating
zone, and withdrawing said liguid fraction con-
sisting essentially of cycloparaffing of hydroaro-
matic structure free of any substantial amount
of aromatic hydrocarbons from said cycloparaffin
fractionating zone.

7. The process for the production of cyclohex-
ane free of any substantial amount of benzene
from a hydrocarbon fraction comprising methyl-
cyclopentane and cyclohexane in admixture with
close boiling open chain paraffins and benzene
which comprises subjecting said fraction to ex-
tractive distillation in a first extractive distilla-
tion zone, separating a raffinate fraction com-
prising paraffins and methyleyclopentane from
an extract fraction comprising methyleyclopen-
tane, cyclohexane and kenzene in said first ex-
tractive distillation zone, passing said raffinate
fraction from said first extractive distillation
zone into a methyleyclopentane fractionating
zone, separating a fraction comprising methyley-
clopentane from a fraction comprising parafiins
in said methylcyclopentane fractionating zone,
passing said extract fraction from said first ex-
tractive distillation zone and said methylcyclo-
pentane fraction from said methylcyclopentane
fractionating zone into a cycloparafiin fraction-
ating zone, separating a vapor fraction compris-
ing methylcyclopentane and benzene from a lig-
uid fraction comprising cyclohexane free of any
substantial amount of benzene in said cyclopar-
affin fractionating zone, passing said vapor frac-
tion from said cycloparafiin fractionating zone
into a second extractive distillation zone, separat-
ing a raffinate fraction comprising methylcyclo-
pentane free of any substantial amount of ben-
zene from an extract fraction comprising benzene
in said second extractive distillation zone, con-
tacting said raffinate from said second extractive
distillation zone with an isomerization catalyst at
methylcyclopentane isomerizing conditions in a
conversion zone, thereby converting methylcyclo-
pentane to cyclohexane in said conversion zone,
passing effluence from said conversion zone into
said cycloparaffin fractionating zone, and with-
drawing said liquid fraction consisting essentially
of cyclohexane free of any substantial amount of
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benzene from said cycloparaffin fractionating
zone,

8. The process for the production of cyclohex-
ane free of any substantial amount of benzene
irom a hydrocarbon fraction comprising methyl-
cyclopentane and cyclohexane in admixture with
close hoiling open chain paraffins and benzene
which comprises subjecting said fraction to ex-
tractive distillation in a first extractive distilla-
tion zone, separating a raffinate fraction com-
prising paraffins and methylcyclopentane from an
extract fraction comprising methylcyclopentane,
cyclohexane and benzene in said first extractive
distillation zone, passing said raffinate fraction
from said first extractive distillation zone into a
methyleyclopentane fractionating zone, separat-
ing a fraction comprising methyleyclopentane
from a fraction comprising paraffins in said meth-
ylcyclopentane fractionating zone, passing said
extract fraction from said first extractive distil-
lation zone into a cycloparaffin fractionating
zone, separating a vapor fraction comprising
methyleyclopentane and benzene from a liquid
fraction comprising cyclohexane free of any sub-
stantial amount of benzene in said cycloparaffin
fractionating zone, passing said vapor fraction
from said cycloparafiin fractionating zone into a
second extractive distillation zone, separating a
raffinate fraction comprising methylcyclopen-
tane free of any substantial amount of benzene
from an extract fraction comprising benzene in
said second extractive distillation zone, contact-
ing said raffinate from said second extractive dis-
tillation zone and said methyleyclopentane frac-
tion from said methylcyclopentane fractionating
zone with an isomerization catalyst at methylcy-
clopentane isomerizing conditions in a conversion
zone, thereby converting methyleyclopentane to
cyclohexane in said conversion zone, passing efflu-
ence from said conversion zone into said cyclo-
parafiin fractionating zone, and withdrawing said
liquid fraction consisting essentially of cyclohex.-
ane free of any substantial amount of benzene
from said cycloparafiin fractionating zone.
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