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The invention relates to a process of azeotropic
distillation to prepare pure naphthenic hydro-
carbons from mixtures thereof which naphthenes
are difficult to separate by ordinary fractional
distillation due to the deviation of naphthenic
solutions from the ideal.

The process of separating one hydrocarbon
component from another hydrocarbon component
of substantially the same boiling point, contained
in a complex hydrocarbon fraction, by azeotropic
distillation is well known. This process consists
of distilling the hydrocarbon fraction in the
presence of an extraneous substance which has
& preferential affinity for one of the hydrocarbon

components contained in the fraction thus caus-

ing a disturbance of the vapor pressure equi-
librium that formerly existed in the fraction in
such a manner that the partial vapor pressure
" of fugacity of at least one component within the
fracfion is changed sufficiently to permit its sep-

aration by controlled fractional distillation.

Such an azeotroping process heas found wide
spread usage in the treatment of hydrocarbon
Iractions for the separation of the relatively more
paraflinic hydrocarbons from the relatively more
aromatic hydrocarbons contained in the fraction.
In most cases the azeotrope former employed has
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an aromatic such as cyclohexane from benzene
or of & paraffin fraction from an aromatic, or of &
paraffin-naphthene mixture from an aromatic
such as the separation of the paraffins and naph- -
thenes boiling in the range of toluene from
toluene by -the addition to such a mixture of
an azeotrope former having the effect of in-
creasing the vapor pressure of the paraffins and
naphthenes in the fraction whereby they may-be
separated more readily by a controlled distilla-
tion from the toluene in the fraction,

There are many cases, however, where it is de~
sirable to improve the means of separation of
two or more members of & homologous series such
ag for example two or more naphthenic hydro-
carbons. It has been repeatedly observed in such
mixtures that the relative ease of separation is
not as closely correlated to the differences in
bolling points existing between the members of
the serles as might be reasonably expected. For
example, In a mixture of methylcyclopentane,
bolling point 71.9° C., and cyclohexane, boiling
point 80.8° C., it would be exvected on the basis

* of an 8.9° C. difference in the boiling points of
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had the effect of increasing the vapor pressure of .

the relatively non-aromatic hydrocarbons in the
fraction thus permitting their removal from the
fraction as an overhead distillate together with
the azeotrope former. In the present description
of our invention the aforesaid type of distillation
will hereinafter be referred to as azeotropic dis-
tillation, and the overhead product consisting of
the azeotrope former together with the com-
" ponent or components most effected by said azeo-
trope former will hereinafter be referred to as the
“azeotropic distillate,” while the residue remain-
ing as bottoms from the azeotropic distillation
will hereinafter be referred to as the “azeotropic
bottoms.”

Heretofore the process of azeotropic distillation
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has been employed primarily for the separation .

of hydrocarbons of different structural type, that
is paraffins, aromatics, naphthenes and the like,
from hydrocarbon fractions in which they are
contained which are difficult to separate from
such a hydrocarbon fraction because of the small
differences in bolling point exhibited between cer-
tain members of each of these series or types,
or because of azeotropes existing between the
members of these series within the fraction. A
simple example of this usage of azeotropic dis-
tillation is in the separation of a naphthene from
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these two compounds that their separation by con-
ventionsal fractional-distillation could be readily
accomplished. However, it appears that the binary
mixture of methyleyclopentane and cyclohexane
deviates sufficlently from an ideal solution to pre-
vent their efficlent separation. Thus, we have
found that if an equal volume mixture of methyl-
cyclopentane and cyclohexane is distilled under
controlled conditions in a fractionating column
of approximately 30 theoretical plates it is only
possible to recover from about 50% to 55% of
each of these components in the pure state. This
difficulty appears to exist throughout the naph-
thenic hydrocarbon series and has been observed
specifically in such mixtures as dimethylcyelo-
pentanes, boiling . point 90° C. to 99° C., and
methyleyclohexane, boiling point 100.8° C., meth-
yleyclohexane and- ethyleyclopentane, boiling
point 103.2° C., ethylcyclohéxane, boiling point

-130.4° C. and dimethylcyclohexane, boiling point

119° C. to 130° C., dimethyleyclohexane and pro-
pvlcyclopentane, boiling point 130.8° C., and the
like. Simflarly, this difficulty of separation to a
degree in excess of what might be expected from
the differences in the bolling points of the naph-
thenic hydrocarbons has been observed between
the members of the varlous isomeric.forms of
any particular naphthenes. For example, trans,
1,2-dimethylcyclopentane, boiling at approxi-
mately 92° C. is difficult to separate from the

b -cis isomer boiling at approximately 99° C. and in
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like manner the cis and trans forms of the di-
methylcyclohexanes boiling from 4° C. to 5° C.
apart are difficult to separate by ordinary frac-
tional distillation. - Still further, we have found
that the naphthenic hydrocarbons differing from
each other solely in the isomeric forms of the
alkylating groups are more difficult to separate
than would be expected from an observation of
their bolling points. Thus, propyl cyclopentane,
boiling at 130.8° C. and isopropyl cyclopentane,
boiling at 126.4° C. are difficult to separate by
ordinary fractional distillation as are mixtures
of isobutyl cyclopentane, boiling at 108.3° C. and
tertiary butyl cyclopentane, boiling at 145.2° C.
These examples serve only to show the difficulty
arising in the separation of the various forms of
naphthenic hydrocarbons boiling from 3° C. to

10° C. apart, which difficulty -apparently resides .

in the formation of a non-ideal solution between
these naphthenic hydroecarbons.

It Is an object of our invention to prepare hy-
drocarbons from hydrocarbon fractions which
are difficult to separate by ordinary fractional
distillation. :

: More specifically it is an object of our inven-

. tion to prepare substantially pure naphthenic
hydrocarbons from fractions thereof by means
of azeotropic distillation employirg the azeotrope
formers hereinafter disclosed.

It is a further object of our invention to facili-
tate the separation of naphthenic hydrocarbons
boiling from about 3° C. to about 10° C. apart,
which are difficult to separate by conventional
means due to the formation of a non-ideal solu-
tion.

Other objects and advantages of our invention
will become apparent to those skilled in the art
as the description thereof proceeds., .

We have discovered that it is possible by em-
bloying azeotrope formers as hereinafter dis-
closed to improve the separation of naphthenic
hydrocarbons. As azeotrope formers for this
separation we have found the organic esters to
be particularly effective. Esters are classifled
as the combination product of an alcohol and
an acld in which water is eliminated between the
two by combination of the OH group of the alco-
hol with a hydrogen of the acid. The prepara-
tion of esters is not confined to this reaction but

the end product may be classified as such. In

this groupage are included not only the esters
of organic acids but of mineral acids as well and
for convenience in this disclosure these will be
divided into halogenides and oxygen esters to
distinguish the esters of hydrogen halides from
the esters of the oxygen-containing acids either
organic or inorganic in nature,
genides and oxygen esters have the effect of
forming with the lower boiling naphthenic hy-
drocarbon in the mixture a minimum boiling
azeotrope which is more readily separated from
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hydrocarbon is considerably more readily sepa-
rated from a second hydrocarbon than is the
given hydrocerbon itself. Thus we have found
that the formation of an azeotrope between the
lower. bofling naphthenic hydrocarbon . in 8
binary mixture and the azeotropic formers here-
in disclosed yielding an azeuiropic drop of only
a few degrees is considerably easier to separate
from the higher bolling naphthene in the mix-
ture by distillation than is the lower boiling
naphthene itself. ‘This we have found to be true
throughout the range of naphthenic hydrocar-
bons and as a result have been able to separate
these hydrocarbons hy azeotropic distillation
even in those cases where a large azeotropic drop
is not obtained. However, it is to be understood
that we prefer to employ those halogenides and
esters which result in the greatest boiling point
spread between the azeotrope of the lower boil-
ing naphthene and the higher bolling naphthene
or an azeotrope formed therewith,

We have found that in the separation of
naphthenic hydrocarbons employing the esters
and halogenides as azeotrope formers that it is
necessary to emvloy the oxygenesters or the halo-
genides which boil at least 10° C; below the higher
boiling naphthenic hydrocarbons, and not more
than 15° C. below the lower boiling naphthenic
hydrocarboiis which are desired to be separated.
As pointed out above 1t is not necessary in each
case that the-azeotrope former effect a spread
in the boiling points of the two components inas-
much as azeotropes may be formed between each
of the naphthenic hydrocarbons and the azeo-
trope former employed boiling the same distance
apart or even slightly less distance apart than
the naphthenic hydrocarbons themselves with-
out defeating the purpose of our invention which
is essentially to improve the separation of the
various naphtheniec hydrocarbons. .

The oxygen esters which we may employ in
the process of our invention are those organic
esters in which the hydrocarbon radical is of
comparatively low molecular welght and the
ester group is selected or is derived from such
acids as horie, nitric, formic, acetic, propionie,
butyric, and the like. Thus we may employ such

" compounds as methyl borate, isobutylnitrite, nor-
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the remaining naphthenic hydrocarbons by

means of ordinary fractional distillation.

In this regard it appears that the azeotropic
drop; that is, the difference in the bolling points
of the azeotrope and of the lower boiling compo-
nent of a binary mixture is of greater signifi-
cance than would be expected.

It has been reported in the literature and is
-confirmed by our Investigations that azeotropes
of a given bolling point spread are in many cases
more readily separated by fractional distillation
than are two hydrocarbons of the same boiling
polnt spread. Further an azeotrope with g glven
hydrocarbon bolling only slightly below the given
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mal butyl formate, isobutyl formate, methyl ac-
etate, ethyl propionate, and the like, providing
such esters conform to the boiling point limita-
tions established for the particular naphthenic
hydrocarbon mixture to be separated. In like
Inanner we may employ any halogenide conform-
ing to the necessary boiling point specifications
such as 1isobutyl chloride, chloroform, iodo
ethane, 1-chloropropane, normal butyl chloride,
1-bromobutane, 1-fluoropentane, and the like,
Thus, for example in the separation of methyl-
cyclopentane and cyclehexane we may use such
esters as isobutyl nitrite and methyl borate; and
such halogenides as isobutyl chloride and chloro-
form, and in the separation of methylcyclohexane
from ethyleyclopentane we may use such esters
as ethyl nitrate, and such halogenides as iso-
propyl iodide and the like and in the separation
of dimethylcyclohexane from propyl cyclopen-
tane we may use such esters as normal butyl
formate, normal propyl nitrate and the like and
such halogenides as normal amyl chloride and
normal heptyl fluoride and the like, : :
In the application of our process the presence
of hydrocarbons other than naphthenic hydro-
carbons is immaterial to the effectiveness of the
process inasmuch as these hydrocarbons when
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present may be taken as overhead with the azeo-

trope or remain in the azeotropic residue depend-
ing upon the nature and relative boiling point,
and may thereafter be separated from the corre-
sponding naphthenic hydrocarbon by methods
known in the art such as for example fractional
distillation, azeotroplc distillation, extractive dis-
tillation, solvent extraction and the like. Due
to the difficulty of separating parafiins and naph-
thenes by these methods paraffins may remain
as impurities in the naphthene fractions if their
boiling points are too close. However, we have
found that these extraneous hydrocarbons do noé
hinder the improved separation of the naphthenic
hydrocarbons by our process. )

It is within the scope of our invention to use
any manner of separation of the azeotrope former
from the naphthenic azeotrope after the separa-
tion of the azeotrope from the remaining naph-
thenic hydrocarbons such as for example sec-
ondary azeotropic distillation, solvent extraction,
extractive distillation, or the like. The particu-
lar method employed for separating or breaking
the azeotrope is a function of the particular azeo-
trope former employed, of the availability of sol-

vents or secondary azeotrope formers and of the -

equipment available and is not & limiting factor
in our invention.

The following examples of our process will serve
to illustrate the advantages accruing from its
usage.

Example 1

A mixture of 50 volumes of cyclohexane and 50

volumes of methylcyclopentane was fractionated -

in a distillation column of approximately 30 theo-
retical plates with an internal reflux ratio of
20 to 1 in the absence of any azeotrope former
resulting in the recovery of 27% volumes of pure
methyleyclopentane and of 27 volumes of pure
cyclohexane, the remainder being a mixture of
the two hydrocarbons. A second m'xture of 100
volumes of methylcyclopentane, boiling voint 71.9°
C.. and 100 volumes of cyclohexane, boiling point
80.8° C., and 200 volumes of methyl borate, boil-
ing point 65° C., was fractionated in the same 30
theoretical plate column at an internal reflux
ratio of 20 to 1. In this azeotropic distillation an
initial fraction was taken overhead amounting to
57.3% of the original charge and comprising 100
volumes of methylcyclopentane, and 129 volumes
of methyl borate at a vapor temperature of 64°
C. A transition fraction was obtained bo'ling be-
tween 64° C. and 65° C. representing 17.7% of
the original mixture and comprising 71 volumes
of methyl borate. The azeotropic residue from
this distillation consisted of essentially pure cy-
clohexane contaminated by only a trace of methyl
borate. . It is apparent from these data that an
excess of methyl borate was employed over and
above that necessary for effective separation of
the naphthenes. Of still more importance is the
fact that these data indicate that in this in-
stance at least when the boiling point Imitations
established for the azeotrope formers are observed
no azeotrope is formed with the higher bolling
naphthene. Thus, methyl borate apparently
does not form an azeotrope with the cyclohexane,
It is evident from these two distillations that the
azeotropic process of our invention results in a
decided increase in the recovery of the pure naph-
thenic hydrocarbon.

Example 11

Another azeotropic distillation was performed
employing & halogenide as the azeotrope former
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for the separation of methylcyclohexane and
ethyleyclopentane. In this distfllation 100 vol-
umes of methylcyclohexane, boiling point 100.8°
C., 100 volumes of ethylcyclopentane, bolling point
103.2° C., and 200 volumes of 2-iodo propane,
boiling point 89.5° C. was distilled in a column of
approximately 30 theoretical plates at an internal
reflux ratio of 18 to 1. The initial fraction from
this distillation representing 44% of the original
mixture was obtained at a vapor temperature of
88° C. and comprised of 96 volumes of methylcy-
clohexane and 180 volumes of 2-iodo pronane. A
transition fract'on representing 6.7% of the orig-
inal fraction was obtained at a vapor temperature
in the range of 88° C. to 90° C. and comprised of
20 volumes of 2-iodo propane, 3 volumes of ethyl-
cyclopentane, and 4 volumes of ethyleyclohexane.
The residue from this distillation amounted to 97
volumes of ethylcyclopentane contaminated by
only slight traces of the azeotrope former.

The recoveries given In these examples are
based on 100% recovery in the distillation, the
1% or 2% loss in the distillation is assumed to
have been spread throughout.

Having described and illustrated our invention
and realizing it is understood that we do not in-

~tend to be Hmited to the particular examples

given inasmuch as our process is applicable over
the range of naphthenic hydrocarbons and is lim-
ited only by the usage of such esters and halo-
genides as conform to the temperature limita-
tions established for satisfactory azeotropy, we
claim:

1, A process for the treatment of a complex hy-
drocarbon fraction to separate one naphthenic
hydrocarbon from another close boiling naph-
thenic hydrocarbon contained therein which com-
prises azeotropically distilling said complex hy-
drocarbon fraction in the presence of a sufficient
amount of an ester boiling at least 10° C. below
the boiling point of the higher boiling naphthenic
hydrocarbon in said complex hydrocarbon frac-
tion and not more than 15° C. below the boiling
point of the lower boiling naphthenic hydrocar-
bon in said fraction, said ester having the effect
of forming a minimum boiling mixture with the
lower bolling of sald naphthenic hydrocarbons
whereby sald lower boiling naphthenic hydro-
carbon is obtalned in the azeotropic distillate and
the higher boiling naphthenic hydrocarbon re-
mains in the azeotropic bottoms.

2. A process for the treatment of a complex
hydrocarbon fraction to separate one naphthenie
hydrocarbon from another naphthenic hydro-
carbon contained therein which naphthenic hy-
drocarbons have boiling points differing by not
more than about 10° C., which process comprises
azeotropically distilling said complex hydrocar-
bon fraction in the presence of a sufficlent amount
of an azeotropic former having a boiling point at
least 10° C. below the higher boiling naphthenic
hydrocarbon of sald complex hydrocarbon frac-
tion and not more than 15° C. below the lower
bolling naphthenic hydrocarbon of said fraction,
said azetropic former bheing selected from the
class of compounds consisting of the esters of
organic and inorganic acids having the effect of
forming & minimum bolling mixture with the
lower boiling of sald naphthenic hydrocarbons
whereby said lower boiling naphthenic hydrocar-
bon is obtained in the azeotropic distillate and the
higher boiling naphthenic hydrocarbon remains
in the azeotropic bottoms.

3. A process for the treatment of a complex
hydrocarbon fraction to separate one naphthenic
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hydrocarbon from another naphthenic hydro-
carbon contained therein which naphthenic hy-
drocarbons have bofling points differing by be-
tween about 3° and 10° C., whict process com-
brises azeotropically distilling said complex hy-
drocarbon fraction in the presence of a sufficient
amount of an ester of an oxygen-containing acid

which boils at least 10° C. below the boiling point -

of the higher boiling naphthenic hydrocarbon in
said fraction and not more than 15° C. below the
boiling point of the lower boiling naphthenic hy-
drocarbon in said fraction which ester has the
effect of forming a minimum bofling mixture with
the lower boiling of said naphthenic hydrocar-
bons whereby said lower boiling naphthenic hy-
drocarbon {s obtained in the azeotropic distillate
" and the higher bofling naphthenic hydrocarbon
remsins in the azeotropic bottoms.

4. A process for the treatment of a complex
hydrocarbon fraction to separate one naphthenic
hydrocarbon from another naphthenic hydro-
carbon contained therein which comprises azeo-
tropically distilling saild comiplex hydrocarbon
fraction in the presence of a sufficient amount of
an inorganic halogenide which boils at least 10°
C. below the boiling point of the higher boiling
naphthenic hydrocarbon in said fraction and not
Iiore than 15° C. below the boiling point of the
lower boiling naphthenic hydrocarbon in said
fraction which halogenide has the effect of form-
ing & minimum boiling mixture with the lower
boiling of sald naphthenic hydrocarbons whereby
said lJower boiling naphthenic hydrecarbons is ob-
tained in the azeotropic distillate and the higher
bolling naphthenic hydrocarbon remains in the
azeotropic bottoms,

5. A process for the separation of cyclohexane
and methylcyclopentane which comprises azeo-
troplically distilling the cyclohexane-methyleyclo-
pentane containing fraction in the presence of a
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sufficient amount of methyl borate whereby an
azeotrope of methyl borate and methyleyclo-
pentane is obtained as the azeotropic distillate
and the cyclohexane remains as the azeotropic

-bottoms.

6. A process for the separation of cyclohexa.
and methylcyclopentane which comprises azeo
tropically distilling the cyclohexane-methyleyclol
pentane containing fraction in the presence o
& sufficient amount of chloroform whereby a
azeotrope of chloroform and methyleyclopentane
is obtained as the azeotropic distillate and the
cyclohexane remains as the azeotropic bottoms.

7. A process for the separation of cyclohexane
and methylcyclopentane which comprises azeo-
tropically distilling the cyclohexane-methyleyclo-
pentane containing fraction in the presence of a
sufficient amount of isobutyl nitrite whereby an
azeotrope of isobutyl nitrite and methyleyclo-~
pentane is obtained as the azeotropic distillate
and the cyclohexane remains as the azZeotropic
bottoms.

JOSEPHINE M. STRIBLEY.
GEORGE R. LAKE, }
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