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6 Claims.

This invention relates to the separation and
recovery of the constituents of gaseous mixtures,
and particularly to the recovery of a constituent
of intermediate boiling point in a condition of
substantial purity by a continuous operation.

The invention may be utilized for the recovery
of various constituents from complex gaseous
mixtures, of which numerous examples are found
in the art. It is especially useful in the recovery
of products such as ethylene, which are produced
admixed with various other hydrocarbon gases
and hydrogen in the petroleum industry. By the
application of the invention, ethylene can be re-
covered in a substantially pure condition and in
an economical manner from various gaseous mix-
tures containing it.

It is the object of the invention, therefore, to
provide a simple, efficient and economical meth-
od of separating the constituents of complex gas-
eous mixtures, and particularly of recovering a
constituent of intermediate boiling point in a
substantially pure condition.

Another object of the invention is to provide
an efficient method of producing the refrigera-
tive effect necessary for the accomplishment of
the desired separation.

Further objects and advantages of the inven-
tion will be apparent as it is better understood
by reference to the following specification.

The invention depends upon the treatment of
the gaseous mixture by liquefaction and rectifica-
tion, so that constituents having different boil-
ing points are segregated. Thus the initial gas-
eous complex mixture, after compressing to a
suitable pressure and primary cooling by heat ex-
change with products of the method, is subjected
to selective liquefaction with backward return of
the liquefied constituents. By this step the initial
mixture is separated into a liquid portion con-
taining a substantial fraction of the constituents
of intermediate boiling point and the major por-
tion of the constituents whose boiling points are
higher, and a gaseous fraction -containing the
balance of the constituents of the initial gaseous
mixture.

The gaseous mixture resulting from the first
step of the procedure is then subjected to further
liquefaction with backward return of the liquid
produced, thus effecting a further separation into
liquid and gaseous fractions. These fractions are
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then further separated by rectification so as to
produce an effluent consisting substantially of the
constituents of lowest boiling point and a liquid
containing substantially only constituents of in-
termediate and higher boiling points.

The liquid fraction from the rectification is
then returned and subjected to rectification with
the first fraction produced in the initial separa-
tion, the rectification being completed with liquid
consisting substantially of the constituents of in-
termediate boiling point so as to produce an ef-
fluent consisting of that constituent in a substan-
tially pure condition. The residual liquid pro-
duced by the final rectification consists almost en-
tirely of the constituents of higher boiling point.
The several fractions into which the gaseous
mixture is thus separated are withdrawn con-
tinuously and are thus recovered and may be uti-
lized for any desired purpose.

In the application of the procedure to the re-
covery of ethylene from gases derived from the
petroleum industry, the major product is ethylene
which has a boiling point intermediate between
the boiling points of other constituents making
up the initial gaseous mixture. The remaining
products recovered are usually hydrogen and va-
rious hydrocarbon gases. .

The details of the procedure will be better un-
derstood by reference to the accompanying draw-
ing and the following description. The drawing
is a diagrammatic representation of an apparatus
suitable for the practice of the method.

It is to be understood that in the drawing no
attempt has been made to illustrate those details
of liquefaction apparatus which are well known
to those skilled in the art, the drawing being
intended merely to elucidate the procedure as
hereinafter described.

Referring to the drawing, 5 and 6 indicate col-
umns in which the selective, liquefaction and
rectification of the gaseous mixture and the frac-
tions thereof is accomplished. The initial gase-
ous mixture comprising the several constituents
is compressed in a suitable compresser (not
shown) to the pressure which may be necessary,
and which will vary depending upon the nature
of the gaseous mixture. The compressed gaseous
mixture is introduced through a pipe 7 to an
exchanger '8 wherein it- is cooled by circulation
about pipes 9, 10 and 11 through which the prod-
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ucts of the separation at a lower temperature are

-delivered. The gaseous mixture thus cooled

passes through a pipe 12 info a compartment 13
at the bottom of the column 5 and thence up-
wardly through pipes 14 which are surrounded by
liquid produced in the rectification hereinafter
described. The gaseous mixture passing through
the pipes 14 at a higher pressure than that of
the surrounding liquid is subjected to partial
liquefaction and the liquid produced flows back-
wardly-through the pipes and accumulates in the
chamber 13. It consists of a ]large portion of the
constituent of intermediate boiling point, for ex-
ample, ethylene, and the major portion of a con-
stituent or constituents having a higher boiling
point.

The unliquefled residue is delivered to & head:

15 and passes through a pipe 16 into a compart-
ment 17 at the bottom of the second column 6.

Thence the gaseous mixture passes upwardly

through pipes 18 surrounded by liquid produced
in the subsequent rectification and is subjected to
partial liquefaction. The liquid returns through
the pipes into the compartment 17. The balance
of the gaseous mixture is delivered to a head 19
and escapes through a pipe 20.

Liquid accumulating in the compartment 17 is
delivered by a pipe 21, passes upwardly through

an exchanger 22, thence through a pipe 23 and’

pressure reducing valves 24 and is delivered
through a pipe 25 into the rectifying section of the
column 6, in which it flows downwardly over trays
26 of the type usually employed in rectification
columns and in contact with rising vapors.

The gaseous fraction escaping through the pipe

- 20 passes through an exchanger 27, pipe 28 and
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condenser 29, within the rectification column,
being thus condensed to a liquid which escapes
through a pipe .30 to an exchanger 31 where the
liquid may be sub-cooled. The liquid passes then
through a pipe 32, pressure reducing valve 33 and
pipe 34 into the upper end of the rectification
column and flows downwardly over the trays 26
therein in contact with rising vapors.

By the rectification in the upper section of the
column 6 a separation is effected so that the
effluent which escapes through pipe 35 at the top
of the column consists substantially of the con-
stituents having a boiling point lower than that
of the.constituent of intermediate boiling point,
such as ethylene. The liquid which flows down-
wardly becomes concentrated in the constituents
of intermediate and higher boiling point, and this
liquid flowing downwardly over the baflles 36
finally accumulates in the compartment sur-
rounding the tubes 18 at the bottom of the
column.

The effluent escaping through the pipe 35
passes through the exchanger 31 where it serves
to reduce the temperature of the liquid flowing in
the opposite direction therethrough, thence
through a pipe 37 to the exchanger 27, thence
through a pipe 38 to the exchanger 22, and finally
through a pipe 39 which delivers it to the pipe 9
in the exchanger 8. It is withdrawn after giving
up its cold in the exchanger system through a
pipe 40 as one of the products of the operation.

Liquid accumulating in the compartment 13 at
the bottom of the column 5 is withdrawn through
a pipe 41 and, after passing through -a pressure
reducing valve 42, is delivered to a separator 43.
In the separator, vapors may escape from the
liquid, and such vapors may be delivered through
a pipe 44 to an intermediate point in the column
6. Uncondensed vapors leaving a condenser 48

1,058,568 -

through pipe 47 and valve 46 pass through pipe 45
to the separator 43, whence they pass out through
pipe 44 to column 6 with the vapors previously
mentioned.

The liquid from the separator 43 is delivered
through a pipe 50 and valve 50a at an intermedi-
ate point in the rectification section of the col-
umn 5 wherein it flows downwardly over the
usual trays 51 in- contact with vapors rising
through the column.

Liquid from the lower part of the column 6 is
delivered through a pipe 52 and valve 53 to the
rectification section of the column 5, or, as an
alternative, vapors may be withdrawn also from
a lower level of the column 6, above the liquid
therein, through a pipe 54 and delivered through
a valve 55 to the rectiﬂcation section of the
column 5.

There are thus flowing into the rectification
section of the column 5 fluids consisting prinei-
pally of the constituents of intermediate and
higher boiling points. Those fluids which are
liquid flow downward, tending to concentrate in
the constituents of higher boiling point; those
fluids which are gaseous flow upward and become

concenfrated in the constituent of intermediate

boiling point, such as ethylene. The final rectifi-
cation is accomplished with liquid flowing through
the pipe 49, and the pressure reducing valve 49d,
which consists substantially of the constituent of
intermediate boiling point, so that the effluent
escaping through the pipe 56 consists of the con-
stituent of intermediate boiling point, for example
ethylene, in substantial purity. This product
may be delivered through a pipe 57 to the pipe
11 in the exchanger 8 and may be withdrawn
through a pipe 58 and delivered to a suitable re-
ceptacle for storage, or it may be otherwise em-
ployed.

To facilitate the final rectification, a portion
of the effluent is diverted from the pipe 56 through
a pipe 59, and, after passing through an ex-
changer 60, it is delivered by a pipe 61 to com-
presser 62 where the pressure is materially in-
creased. The compressed efluent which may at
this point be partially liquid is returned through
a pipe 63 and the exchanger 60 to a pipe 64 which
delivers it to the condenser 48. The unliquefied
portion of this efffuent is partially liquefied in con-
denser 48 and is delivered through pipe 49 and
pressure reducing valve 48d to the top of the rec-
tifying section of the column 5. Thus the recti-
fying section is supplied continuously with a
quantity of liquid consisting substantially of the
constituent of intermediate boiling point, for ex-
ample, ethylene. This liquid washes from the
rising vapors all constituents of higher boiling
point, which are thus returned to the liquid flow-
ing downwardly through the column and accu-

mulating therein about the pipes 14. The latter --

liguid is partially vaporized in cooling the initial
gaseous mixture in the pipes 14, and the balance,
if any, is withdrawn through a pipe 65 and valve
65a¢ which delivers it to the pipe 10 in the ex-
changer 8. The lower end product of the recti-
fication column 5, over and above that portion
withdrawn in the liquid state through pipe 65, is

_withdrawn in the vapor state through pipe 66 and

regulative valve 67, after which it is added to the

liquid portion coming through valve 65a. These :

combined products then enter pipe 10 of ex-
changer 8 wherein the vaporization of the liquid
is completed, and the resulting product, consisting
of the constituent or constituents of higher boil-
ing point, escapes through a pipe 68.
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As examples of the practical application of
the invention, I have utilized it to separate and
recover ethylene from complex gaseous mixtures
such as the following, in which the constituents
are arranged in the order of their boiling points.

I
Gas Percent
He 6-8
CHi4 el 23-35
CoHa o 23-26
CoH6 - e e 10-12
CaHb - o e 15-18
C3H8 - e e 2-4
CaHs o e e o 6-9
As well as small amounts of other constituents.

II
Gas Percent
Ho o e 33.0
CH4 oo 125
CoHs e 36.5
CoH6 o e e 14.0
C3H6 e 0.5-1.0
CsHS o e 0.3-0.7

As well as small amounts of C:Hz2 and other
constituents.

i
Gas Percent
Ha o oo e 175
CHi4 o 34.9
CoH4 e 27.2
CaHb o e e 0.0
C3H6 - e 6.1-9.6
C3HE o e 6.6
CsH8 . e Vi

As well as small amounts of C:Hz and othe
constituents.

From such complex mixtures I have readily
obtained ethylene of 98-99% purity with a yield
of 80-85% and higher. The invention thus af-
fords a convenient and economical method of
separating ethylene from mixtures of hydrogen
and hydrocarbons which are available in larger
quantities. The ethylene thus obtained may be
utilized for a variety of commercial purposes.

From the foregoing description, it will be evi-
dent that the successive steps of separating the
several constituents of the initial gaseous mix-
ture are accomplished in a continuous manner,
so as to effectively eliminate the constituents of
lower boiling point and then to separate the con-
stituents of higher boiling point, especially from
the constituent of intermediate boiling point.
The primary purpose of the invention is the re-
covery of the constituent of intermediate boiling
point in a condition of substantial purity, and this
is readily and econcmically accomplished by the
procedure as described.

Various changes may be made in the details
of the operation, particularly in view of the special
characteristics of the mixture treated, without
departing from the invention or sacrificing any
of the advantages thereof.

I claim:

1. The method of separating and recovering
ethylene from complex gaseous mixtures which
comprises initially separating, by selective lique-
faction and backward return of the liquid, a frac-
tion centaining cthylene and other constituents
of higher boiling point, subjecting the balance of
the gaseous mixture to further separation by
selective liquefaction with backward return of the
liquid followed by rectification so as to separate
it intc two portions, the first containing only con-
stituents of boiling points lower than that of

3

ethylene, and the second or lower product con-
taining only ethylene and constituents of higher
boiling points, withdrawing the vapors of lower
boiling point as the upper efiluent from this recti-
fication, subjecting the second or lower product
of the rectification to further and combined recti-
fication with the liquid product of the initial sepa-
ration, and withdrawing as the upper effluent of
the combined rectification a vapor consisting sub-
stantially -of ethylene. ) .

2. The method of separating and recovering
ethylene from complex gaseous mixtures which
comprises initially separating, by selective lique-
faction and backward return of the liquid, a frac-
tion containing ethylene and other constituents
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of higher boiling point, subjecting the balance of .

the gaseous mixture to further separation by se-
lective liquefaction with backward return of the
liquid followed by rectification of the liquid to
separate constituents having boiling points lower
than that of ethylene, withdrawing the vapors
of lower boiling point, subjecting the remaining
products of the rectification to further and com-
bined rectification with the liquid product of the
initial separation, withdrawing as the efluent of
the combined rectification a vapor consisting sub-
stantially of ethylene, and liquefying and return-
ing a portion of the effiuent from the combined
rectification to facilitate the separation of ethyl-
ene in a condition of substantial purity.

3. The method of separating and recovering
ethylene from complex gaseous mixtures which
comprises initially separating, by selective lique-
faction and backward return of the liquid, a frac-
tion containing ethylene and other constituents
of higher boiling point, subjecting the balance of
the gaseous mixture to further separation by se-
lective liquefaction with backward return of the
liquid followed by rectification of the liquid to
separate constituents having boiling points lower
than that of ethylene, withdrawing the vapors of
lower boiling point, subjecting the remaining
products of the rectification to further and com-
bined rectification with the liquid product of the
initial separation, withdrawing as the effluent of
the combined rectification a vapor consisting sub-
stantially of ethylene, and recompressing and
liquefying and returning a portion of the efiuent
from the combined rectification to facilitate the
separation of ethylene in a condition of substan-
tial purity.

4. In the method of separating and recovering
ethylene from complex gaseous mixtures, the
steps of initially separating the gaseous mixture
into liquid and gaseous fractions by selective
liquefaction and backward return of the liquid,
conducting the liguid at reduced pressure to a
compartment, separating vapors from the liquid
in the compartment, subjecting the liquid to rec-
tification, liquefying at least a portion of the
gaseous fraction from the initial separation and
utilizing the vapors from the compartment in a
separate rectification of liquefied constituents of
the gaseous fraction from the initial separation.

5. The method of separating and recovering
ethylene from complex gaseous mixtures, which
comprises initially separating, by selective lique-
faction and backward return of the liquid, a frac-
tion containing ethylene and other constituents
of higher boiling point, subjecting the balance of
the gaseous mixture to further separation by se-
lective liquefaction and backward return of the
liquid, followed by rectification of the liquid to
separate constituents having boiling points lower
than that of ethylene, withdrawing the vapors of
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the lower boiling point, subjecting the liquid prod-
uct of the initial separation to reduced pressure
and separating vapors therefrom, utilizing the
vapors thus separated in a rectification of liquid
resulting from the liquefaction of the gaseous
fraction of the initial separation, and subjecting
the liquid remaining after the separation of va-
pors therefrom to rectification.

6. The method of separating and recovering
ethylene from complex gaseous mixtures, which
comprises initially separating, by selective lique-
faction and backward return of the liquid, a frac-
tion containing ethylene and other constituents of
higher boiling point, subjecting the balance of the
gaseous mixture to further separation by selective

liquefaction and backward return of the liquid,
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followed by rectification of the liquid to separate
constituents having boiling points lower than that
of ethylene, withdrawing the vapors of the lower
boiling point, subjecting the liquid product of the
initial separation to reduced pressure and sepa-
rating vapors therefrom, utilizing the vapors thus
separated in a rectification of liquid resulting
from the liquefaction of the gaseous fractions of
the initial separation, subjecting the liquid re-
maining after the separation of vapors therefrom
to combined rectification with the liquid resulting
from the liquefaction of the gaseous fraction of
the initial separation, and withdrawing as the
efiuent of the combined rectification a vapor con-
sisting substantially of eéthylene.

CLAUDE C. VAN NUYS.
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