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This invention relates to the liquefaction of
natural gases, as for storage or transportation
purposes. The natural gases contemplated com-
prise a mixture of which the principal constituent
is methane. Other constituents are or may be
nitregen, hydrogen, helium, argon, oxygen or other
gases or vapors having lower beiling point than
that of methane.

For the purposes of this invention it is desired
to liguefy principally the methane of the natural
gas feed stream and to rid the product of the
more volatile constituents. It is not the purpose
0 obtain a pure methane product, but rather to
eliminate the nitrogen or other relatively vola-
tile constituents at a rate equal to or greater than
that at which such, volatile constituents enter the
system with the fresh stream, so as to prevent such
constituents from building up in the system. As
will be appreciated by one familiar with the art,
nitrosen is the most important of those constitu-
ents more volatile than methane, because nitro-
gen occurs more frequently and in greater
amount In natural gases, and is useless in the
combustion ultimately contemplated for the meth-
ane. For simplification the term “volatile con-
stituent” will be somet‘mes hereinafter employed
to embrace principally nitrogen but also other
such constituents as above noted which boil below
the beiling point of methane.

In the present processes employed in liquefac-
t'on of natural gases containing either traces or
reasonably small amounts of volatile constituents,
it is customary at various points in the cycle to
vent, and if the constituent concentration is low,
then only small amounts of methane are lost dur-
ing this elimination step. However, with certain
gases containing amounts of such constituents
running relatively high, it is quite expensive to
use such process, as entirely too much methane
is lost during the venting. This invention has for
its principal general cbject, to provide an econom-
ical and effective process for liquefaction of gases
of which the principal constituent is methane,
but which also contain more volatile constituents,
in which process such constituents, and particu-
larly nitrogen, is vented so that the liquefaction
process as a whole is more efficient than hereto-
fore. .

Briefly, according to the invention the feed
stream is liquefied, then it is vaporized by lower-
ing the pressure, part of the flashed vapors are
rel’quefied, and that part of the stream which
does not reliquefy is vented. The vented vapors
are therefore much less rich in the methane, re-
tainment of which Is desired, than would other-
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wise be the case; so that the methane may be
recycled for recovery of refrigeration therefrom,
without the impairment to the system which
would otherwise be the case.

To the accomplishment of the foregoing and
related ends, said invention, then, consists of the

~ steps hereinafter fully described and particularly
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pointed out in the claims; the annexed drawing
and the following description setting forth in
detail one approved method of carrying out the
invention, such disclosed method, however, con-
stituting but one of the various ways in which
the principle of the invention may be used.

In the annexed drawing, the single figure there
appearing is a diagrammatic lay-out of the units
comprising that portion of the entire liquefaction
apparatus and process which contain the venting
or purging apparatus for the volatile constituents.

The present invention is intended primarily but
not exclusively for use in what is generally called
a cascade system which employs, for example,
ethylene as refrigerant for lquefaction of the
methane and associated more volatile gases.

In typical processes and apparatus now in use
for the liquefaction of natural gas, of which the
principal constituent is methane, the nitrogen is
vented from the liqguefied methane while the mix-
ture is at a pressure of about 600 pounds and
under such conditions for every part of nitrogen
vented there would be approximately 10 parts of
methane vented. This is, of course, not a serious
loss of methane so long as the percentage of nitro-
gen in the methane is quite low, but would become
a serious source of loss If the nitrogen content
were very materially higher. In the event that
the nitrogen content increases to substantially
more than a trace, the methane loss would be
considerable. It will be understecod, of course,
that in a cascade system any nitrogen not vented
in the liquefaction stage will be carried in the re-
cycle stream and in time, by reason of the addi-
tions of nitrogen from the feed gas, will build up
to such 2 point that the entire system will be
progressively less efficient and eventually even
inoperative.

In the attached drawing there is shown only
pertinent portions of the entire system, since the
cascade method of liguefaction of gases is well
known. The natural gas, preferably after water
and carbon dioxide removal therefrom, is intro-
duced through the line C at high pressure into an
exchanger C—I served by a refrigerant such as
ethylene, and there liquefied, then, as indicated
in the drawing by horizontal arrows D directed
to and from the exchanger C—I, introduced into
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the super-cooler C—4. At this second point as
will appear refrigeration is recovered from the
gas remaining after removal of volatile constitu-
ents therefrom, which remainder gas leaves the
super-cooler C—4#& through the line B-—I, and
eventually joins the main gas feed stream C,
through line B as conventionally indicated in the
drawing by the broken line including com-
pressor E,

From the super-cooler C—4 the liquefied natural
gas Is carried to a flash chamber F—I in which
the first stage of the separation of the more vola-
tile constituents from the methane takes place.
In the flash chamber, the liquefled natural gas
is “flashed,” which causes lowering the tempera-
ture of the liquid methane by evaporating some
of the liquid of the mixture, through the expedient
of rapidly lowering the pressure imposed thereon
to approximately 120 1bs, per square inch. There
will accordingly be a considerable enrichment of
the more volatile constituents in the vapor state.
The liquid from the flash drum F—I, is then fur-
ther flashed to 25 1bs. per sq. in. in the flash drum
F—3 and the resulting liquid methane drawn off
from drum F—3 is then ready for storage, as in
container S—I.

The vapors resulting from the flashing of the
materia] in the flash chamber F—I are partially
reliquefied in the exchanger C—5 by some of the

liquid methane from the flash chamber F—3, and :

the mixture, after leaving heat exchanger C—S,
is then introduced into the flash drum F—2.
There is a further enrichment of volatile con-
stituents in the vapor in the drum F—2, and this

vapor is then purged from the F—2 drum by way

of the vent V. As will be appreciated, the vent V
is of restricted character so as to maintain suffi-
cient pressure within the chamber of the flash
drum F—2 to transfer the liquld product thereto
to the flash drum F—3. For example the parts
may be so proportioned as to maintain pressures
of 115 pounds in the flash drum F—2, 25 pounds
in the flash drum F—3, and 15 pounds at the
mouth of the vent V.

By thus flashing in successive steps the mixture
of methane and more volatile constituents, and by
partially reliquefying the vapor from the first
flash drum, it is possible to draw off a higher con-
centration of constituents than has been hereto-
fore possible, and to thus avoid wasting methane
in the purged gas. Purthermore, the system will
tend to be self-balancing regardless of the amount
of volatile constituents present in the feed stream:
the greater such amount, the greater will be the
amount of constituents vaporized in the flash
drums and purged.

The flashed vapors are recycled by introduction
into the feed stream C, at B, and preferably re-
covery of refrigeration available in the flashed
vapors is had before such recycling. ‘Thus, a first
stage of such recovery is had in the super-cooler
C—4, from which the vapors emerge by way of
the line B—I, and may have further heat ex-
change in other elements not illustrated before
entering the main feed stream C for reliquefaction
therewith; further recovery and recycling details
forming no part of the present invention.

The methane vaporized in the heat exchanger
C—5, together with the vapors from the flash
drum P—3 are employed in the recycling system
wherein recovery of their refrigeration is had.
It is not thought necessary to describe the re-
cycling system in detail, as recycling is well known
in the art, it is here indicated by the heat ex-
changer C—4 arranged as a methane super-cooler,
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It being understood that other heat exchangers
may be employed in sequence for recovering fur-
ther refrigeration from the recycle stream. TUiti-
mately, the stream is compressed and has re-
entry for reliquefaction with the feed stream as
at the arrow B. Methane revaporized by heat
losses in the container 8—I may also be recycled,
compressed, and reintroduced into the system at
B for reliquefaction.

As will be appreciated by one familiar with the
art, the flash drums P—1{ and F—2 could, if de-
sired, Le replaced by a fractionating tower which
wiil purge a stream rich in volatile constituent
gases, without in other ways affecting the prin-
ciples herein described.

It will, of course, be understood that, depend-
ing upon the volatile content of the feed gas, it
may be desirable to vary the pressure and conse-
querntly the temperatures in order to keep the
amount of volatile which is recycled down to a
desired minimum,

The present method of removal or purging of
volatile gas can be used in any system of lique-
faction of natural gas, i. e., in either the cascade
system, the Linde system, or an expander type
of lquefaction.

Other modes of applying the principle of our
invention may be employed instead of the one
explained, change being made as regards the
method herein disclosed, provided the step or
steps stated by any of the following claims or the
equivalent of such stated step or steps be em-
ployed.

We, therefore, particularly point out and dis-
tinctly claim as our invention:

1. In the treatment of natural gases containing
methane and a more volatile const‘tuent, liquefy-
ing 8 stream of gas flashing the liquefled gas to
produce a vapor relatively rich in said constituent
and a liquid relatively high in methane content,
partial'ly re-liquefying said vapor, flashing sa‘d
re-liquefled vapor to produce a second vapor rela-
tively richer in said constituent and a liquid rela-
tively high in methane content, and venting said
second named vapor, combining said liquids rela-
tively high in methane content, flashing said com-
bined liquids to produce a third liquid higher in
methane content and a third vapor and employ-
ing some of said third liquid in said partial lique-
faction.

2. In the treatment of natural gases containing
methane and a more volatile constituent, lique-
fying a stream of gas, flashing the liquefled gas to
produce a vapor relatively rich in sald constituent
and a liquid relatively high in methane content,
partially re-liquefying sald vapor, flashing said
re-liquefled vapor to produce a second vapor rela-
tively richer in said constituent and a liquid rela-
tively high in methane content, and vent'ng said
second named vapor, combining said liquids rela-
tively high in methane content, flashing said com-
bined liquids to produce a third liquid higher in
methane content and a third vapor.

3. In combination with the liquefaction of a
stream of natural gas containing methane and a
more volatile constituent: separation of the lique-
fled gas into a liquid relatively high in methane
content, a vapor relatively high In methane con-
tent, and a vapor relatively high in said constitu-
ent, combining said first named vapor with said
stream for liquefaction therewith, and venting
sald second named vapor.

4. In combination with the liquefaction of a
stream of natural gas containing methane and a
more volatile constituent: separation of the lique-
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fled gas into a Nquid relatively high in methane
content, a vapor relatively high in methane con-
tent, and a vapor relatively high in said constitu-
ent, cooling of said stream by said first named
vapor and combining the same with said stream
for liquefaction therewith, and venting said sec-

ond named vapor. .
FRANCIS W. LAVERTY.
ALLAN B. COLE.
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