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. 4 Claims,

This invention relates to a process for the sep-
aration of mixtures of olefing of different types,
or of olefing and paraffins, containing five to
seven carbon atoms per molecule, into two or
more portions having different properties or con-

_ taining hydrocarbons of different types. By ole-
fins I refer to hydrocarbons containing at least

one olefinic linkage, that ig g double bond be- .

- tween carbon stoms, which may be deseribed
more specifically as mono-olefins, diolefins, or
cyclic olefins. More particularly, this invention
relates to the use of methano] in order to render

" separation into hydrocarbon types by fractional
distillation much more practical and feasible
than by simple fractiona} distillation alone.

Hydrocarbon mixtures of a complex nature are
produced in various petroleum cracking processes
and in other ways. In order to best utilize cer-
tain components of such mixtures, it is frequently

‘desirable to isolate or recover these components
in concentirated form, Thus, it is frequently de-

sirable to utilize pentenes in s substantially con- .

the manufacture of penta-
dienes; similarly, it is desirable to separate the
resulting pentadienes from the unreacted pen-
tenes. Although no difficulty is experienced in
breparing a hydrocarbon fraction by conven-
tional fractional distillation that will have g rela-
tively narrow boiling range and that will contain
for the most part hydrocarbons having the same
number of carbon atomg ber molecule, further
segregation of the hydrocarbons is difficult if not
impossible to achieve by ordinary fractionation.

There are a number of instances among the
five-, six-, and seven-carbon olefin and paraffin
hydrocarbons in which two or more hydrocar-
bens of different types are quite near-boiling. As
commercially important instances may be men-
tioned the following: .

centrated form for

Hydrocarbon Bplhgngomt,

A, Pentene-2 (low-boiling jsomer)_.______._____ PO 96.6-97.5
n-Pentane._....._____  TTITTTTTTTemetee- 97.0
Pentene-2 (high-boiling isomer). 98.6

B. Piperylene igh-boiling isomer) 111..5
Cyclopentene__._._____~ " _ 111.6-112.0

C. Hexene-2 (mixture of isomers)_ . - 154-156
n-Hexane .. . [ TTTTTTTeemmmmeemee 155.8

In these examples of close-boiling hydrocarbons,
it will be readily understood that the differences
in boiling points within each example are too
small for commercially feasible separations of the
-hydrocarbons by conventional fractionation.
Furthermore, certain cases exist in which hydro-
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carbons of different types form constant-boiling
mixtures, and in these cases separation of the
hydrocarbons by ordinary fractionation under
the usual conditions is impossible. “Such ig true,
I hayve found, of mixtures of cyclopentene angd
piperylene. .

It is an object of my invention to provide g
brocess for the separation of close-boiling hydro-
carbon mixtures containing more than one type
of compound into fractions having different com-
bositions. - A further object of my invention is
to provide a methogd for separation by azeotropic
distillation of five carbon. atom hydrocarbons of
different types, namely diolefins; and cyclo-ole-
fins from mixtures of two or more of such hydro-
carbong having relatively close boiling points,
‘whereby one or more of the different: hydrocar-
bons may be concentrated, or separated in sub-
stantially pure form. Another object of my in-
vention is to provide an entraining agent for use
in the distillation of such hydrocarbon mixtures
to aid in the separation of the different hydro-
carbons one from the other. A specific object of
my invention is to separate cyclopentene and.
piperylene from a material containing the same
and from each other. !

My invention is a process for the separation,
into two or more fractions of different composi-
tion, of hydrocarbon mixtures that may contain
two or more 5 to 7-carbon atom paraffing and/or
olefins, including cyclopentene and piperylene.
The process consists in fractionally distilling the
hydrocarbon mixtures in the presence of meth-
anol, which forms minimum-boiling azeotropic
mixtures with the several hydrocarbons, I have
found that in genera] the addition of suitable
amounts of metharol to a mixture of a paraffin
ald & mono-olefin that have like boiling points
results in so changing the relative volatilities of
the paraffin and mono-olefin that upon fractional
distillation the overhead product is found to have
a higher paraﬂin-mono-olefm ratio than the
original mixture. Thus, although the addition of
methanol to g pure paraffin or g bPure mono-olefin
results in the formation of 3 minimum-boiling
azeotropic mixture in each case, there is in gen-
eral a greater increase in the apparent volatility
of the paraffin than in that of the mono-olefin.
A similar effect is found for baraffins and diole-
fins, in that the addition of methanol results in
a greater enhancement of the volatility of par-
affins than of that of diolefins. I have further
found that the presence of methano] results in
enhancing the relative volatility of mono-olefing
and cyclo-olefins in comparison ‘with that of di-




2

olefins. A
eral the more satur

ccordingly, it may be said that in gen-
ated hydrocarbon is concen-
trated in the overhead product, and the less sab-
urated is concentrated in the kettle product. in
this way, I may use methano] to separate like-
boiling olefins, that is mono-olefins, diolefins.
and/or cyclo-olefins, one from the other or from
paraffins.

T may apply my Drocess to a variety of hydro-
carbon mixtures. In general I prefer to treat
relatively narrow-boiling mixtures such as might
result from a preliminary conventional fractional
distillation. In order to obtain maximum effi-
ciency in practicing my process of azeotropic dis-
tillation, it is desirable that the hydrocarbon mix-
ture contain not more than minor amounts of
hydrocarbons boiling more than about 4° to 6° F.
above the olefin in the mixture that is to be pro-
duced as a kettle product. No such limitation is
involved, however, S0 far as the presence of hy-
drocarbons boiling considerably below the olefin
or olefins to be producéd as a kettle product is
concerned. .

As will be understood by those skilled in the
art, the many different ways of carrying out aze-
tropic distillations which are known to the art
may be applied with suitable modification, in
view of this disclosure, to carry out the present
invention. Thus, batchwise fractional distilla~
tion .may be utilized in practicing my process,
or continuous fractionation may be employed.
In the latter case, the hydrocarbon mixture
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In operating my process, I use any convenient
method of removing the methenol from the prod-
ucts of the fractionation, such as water washing.
The methanol thus separated from the hydrocar-
pons may then be recovered.in known fashion
such as by simple fractional distillation, and re-
turned to the azeotrope column.

The pressure ab which my process is most con-
veniently operated depends upon the volatility
of the hydrocarbon mixture being distilled.
Thus, in fractionating five-carbon hydrocarbon
mixtures, pressures up to around 50 pounds per
square inch gauge are usually desirable, whereas
in fractionating six- and seven-carhon hydrocar-
bon mixtures pressures near atmospheric are ad-
vantageously employed. However, if desired,
pressures higher than these may be used.

In order further to illustrate and describe my
invention, I may cite the following examples,
without, however, limiting the invention thereto.

EXAMPLE 1

A mixture of n-pentane and pentene-2 having
a specific gravity (20/20) of 0.6361 and an esti-
mated pentene-2 content of about 37 per cent,
together with methanol in a hydrocarbon-to-
methanol voiume ratio of 200:155, was subjected
to batchwise fractionation at atmospheric pres-
sure in & column of 1.2-c¢m inside diameter packed
to a height of 120 cm with te-Inch diameter sin-
gle-turn wire helices. A reflux ratio of about
e course of the distilla-

is continuously charged to the fractionating tion is shown in Table I
TaprLE 1
Pentene-2—N-peniane separation by azeotropic
fractionation with methanol :
Bolling range (eor: ' Percent pentene-2
rected to 760 mm.) Enfrainer in| yol ¢ Cumul. vol. 8 in fraction
Fraction overhead g!'c‘l)leal;cge: percentof | np® 2%'/20
vol. percen charge Bysp. | BY Brs
°F. °C. g a0 | .
(Methanol-free)
86.5-87.1 | 30.3-30.6 15.0 14.0 14,0 | 13600
87.1-87.3 | 30.6-30.7 1.1 16.0 30.0 | 1.3601
87.3 30.7 13.0 13.5 43.5 | 1.3606
87.3 30.7 13.5 16.0 50.5 | 1.3616
87.3-88.5 | 30.7-3L.4 - 16.0 14.0 73.5 | 18693
88.5-88.9 | 31.4-3L6 12.0 11.0 84.5 | 1.3785
______________________________________ 15.5 100.0 |o-ocvn--
......................... T Y TR, INSRPRRRERS Sy

column at some point glong the column, and
the methanol entrainer is added at the same
point or at some other point or points along
the column. In such a continuous fractiona-
tion, a product comprising one Or more ole-
. fins is ordinarily removed from the kettle of -the
column, and an azetropic mixture of oné or more
other hydrocarbons with the methanol is taken
off the top of the column. The olefins removed
f;-om the kettle may or may not contain substan-
tial amounts of the methanol, depending upon
the relative amounts of entrainer and hydrocar-
bon mixture charged to the column, and my proc-
ess may be operated with any desired ratio of
methanol to hydrocarbon mixture equal to or
greater than a minimum ratio which will be de-
termined by the amount
form azeotropic mixtures with the hydrocarbon
or hydrocarbons which are to be distilled over-
head. If desired, minor proportions of water,
preferably less than about 5 per ¢
times be used in the azeotrope column along with
the entrainer to aid the selective action of the
methanol.
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of methanol required to -

ent, may some- -
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of fractions 1 and 6 (Table
methanol by water washing,
Cottrell boiling point ap-

The boiling points
1), after removal of
were determined with a

paratus and were found to be as follows:
Fraction . Bz’%‘gg‘t
°F.
OOy 2.6
RS .3

my invention, efficient
separation of the two types of hydrocarbons,
parafiins and mono-olefins, was realized in spite
of the fact that only & minute difference in the
boiling points of the hydrocarbons exists. It is
practically impossible to effect & comparable sep-
aration by the methods of conventional frac-.
tional distillation.

'EXAMPLE II

An extremely close-cut hexane-hexene frac-
tion, distilling at corrected temperatures (760
mm. mercury) of 153.7° to 154.8° P, and contain-

In this application of
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ing 50.4 mole per cent mono-olefins by bromine  pentene and 32 mole per cent of the high-hoiling
titration, was subjected together with & volume . isomer of piperylene. ‘This latter fraction wag

of methanol! equivalent to 139 volume per cent of
the hydrocarbon charge, to batchwise fraction-
ation at atmospheric pressure in the column de-
scribed in Example I, A reflux ratio of about
70:1 was employed. The course of the distilla-
tion 18 shown in Table IT. : ’

Tasrx IT

Hezxene—N-hexdne separation
fractionation with metha_nol

then subjected to batchwise fractionation at at-
mospheric pressure in the presence of methano]
amounting to 45 volume per cent of the hydro-
carbon volume. The fractionating column de-
scribed in Example I was used, and a reflux ratio
of 70:1 was employed. _The course of the azeq-

by aéeotropz‘c

Boiling range (cor-

S Eigtra!ner Vol Cuﬁml hl’ex' een;:n
rected to 760 mm, over- ol. vol. per Sp. gr exenes
Fraction h;!)!]d. ol;e(l:‘h 1:}1;'; cent of | PD¥ 20/2 frg!c‘t,ion gy
°F, eg. per cent harge titration

! Exclusive of value for fraction &.

tropic distillation

Since the original hexane-hexene cut con- with methanol is shown fn -
tained 50 mole per cent olefins, it is seen from Table III. ‘
TAsLE XIT
Azeotropic separation of Ccyclopentene from high-
boiling piperylene with methamoy
Bolling range (cor- » Per cent
: * rected to 76 miay Entrainer |y, Cumul. | high-boiling
Fraction head, vol. | pereent [ Yol . g)g piperylenein .
A T ead, % | of charge %ehee / traction by
‘ °F, °Q. ber cen of eharge 8D. 1. 20/20
(Methanol-free) i
5.1 9.11 0.7565 20
12.7 21.81 0.7568 20
125 . 343! o 7862 21
12,5 45.8 | 0.7554 2
1.8 5.6 | 0.7542 23
17.1 75.71 07468 32
10.2 85.9 0. 7019 88
RSl T X 3 S S

Table IT that more than half of the hexenes was
recovered in 96 per cent concentration by the
application of my brocess. This result is the
more remarkable since from consideration of the
distilling temperature range of the hydrocarbons
alone (that is, 153.7°-154 8° P.) it appears that
the hexenes must have been predominantly 2-
methyl pentene-2 and the isomers of hexene-2
and hexene-3, and these hexenes boil below n-
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hexane as indicated hereinbefore, whereas in the -

were concentrated in
fractions, which were the last to

EXAMPLE III

By fractionatien of the so~-called light oils pro-
duced in pyrolysis of hydrocarbon gases, a frac-
tion containing five-carbon hydrocarbons of
various types wag produced. This fraction  was
then subjected to further close fractionation in
order to,produce g fraction distilling gt 110.8° to

distillation these hexenes
the less-volatile
distill over.

85
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-111.6° P. (corrected to 760 mm. mercury) that

had a specific gravity
was composed of about 68 mole per cent cyclo-

(20/20) of 0.7473 ang f;hat"_;;ti

It is seen from Table IIT that about 25 per
ccent of the high-boiling isomer of piperylene that
was contained in the hydrocarbon charge wags
recovered in fraction 7 in about 88 per cent, purity.
Even higher purity may readily be obtained by
use of a more efficient fractionation column.
Such a separation would be impossible to achieve
by conventional fractionation on account of the
tendency of the hydrocarbons involved to form a
constant-boiling mixture, and even if this com-
Dlication were absent the boiling points of the
hydrocarbons are too close for satisfactory sep.
aration by ordinary means, .

Because my invention may be practiced other-
wise than as specifically. shown herein, and be-
cause many modifications and variations of it will
be obvious to those skilled in the art, it should
not be restricteq except as specifically indicated
In the appended claims. .

I claim: T .

1. The process of Separating into jts compo-

Ing cyclopentene ang piberylene which comprises

"

“fractionally distilling said mixture in the pres-
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ence of sufficlent
with at least a substantial proportion of the cy-
clopentene in said mixture, separating -a mini-
mum-hoiling hydrocarbon-methanol azeotrope
containing said cyclopentene concentrated there-
in as a low-boiling product, and separating a
higher-boiling product containing said piperyl-
ene concentrated therein. ’

9. The process of separating into its compo-
nents a narrow-boiling-range mixture compris-
ing cyclopentene and the high-boiling isomer of
piperylene which comprises fractionally distilling
said mixture in the presence of sufficient meth-
anol to form an azeotrope with at least a substan-
tial proportion of the cyclopentene in said mix-
ture, separating & minimum-boiling hydrocar-
bon-methanol azeotrope containing said cyelo-
pentene concentrated therein as a low-boiling
product, and separating a higher-boiling product

containing said piperylene concentrated therein.

methanol to form an szeotrope’

10

15 by the presence of water
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3. A process for recovering concentrates of cy-
clopentene and of piperylene from an unsaturated
hydrocarbon oil containing the same which com-
prises subjecting said oil to fractional distilla-
tion to produce & substantially constant-boiling
mixture essentially comprising eyclopentene and
piperylene, and fractionally distilling said mix-
ture in the presence of at least sufficient metha-
nol to form an azeotrope with all of sald cyclo-
pentene to concentrate said cyclopentene in an
overhead fraction as & minimum-boiling azeo-
trope with methanol and to concentrate said
piperylene in the residue.

4. The process of claim 1 further characterized
during said fractional
distillation in an amount less than about five per
cent of said methanol but sufficient to aid the
selective action of said methanol.

CHARLES E. WELLING.



