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SEPARATION OF THE CONSTITUENTS OF GASEOUS MIXTURES.

AN

To all whom it may concern:

Be it known that I, Craupe C. Vax Nuvys,
a citizen of the United States, residing at
Cranford, in the county of Union, State of
New Jersey, have invented certain new and
useful Improvements in Separation of the
Constituents of Gaseous, Mixtures; and I
do hereby declare the following to be a full,
clear, and exact description of the invention,
such as will enable others skilled in the art
to which it appertains to make and use the
same. .

This invention relates to the liquefaction
of ternary gaseous mixtures for the purpose
of recovering the constituents thereof in a
theoretically and commercially economical
manner. Thé method employed is particu-
larly adapted for the separation of the prin-
cipal constituents of air, which, for the pur-

pose of this disclosure, is considered to be -

composed of oxygen, nitrogen and argon,
thereby disregarding the minute quantities
of rare gases present. It may be applied
for a like purpose to other ternary mixtures,
the constituents of which have different boil-
ing points. . :

It has been proposed heretofore to sepa-

rate the constituents of a ternary. gaseous.

mixture such as air by liquefaction and sub-
sequent rectification. The methods used
have, however, relatively low efficiency
when compared with the theoretical possi-
bilities. .

It is the object of this invention to elimi-
nate many of the soirces of energy loss and
to otherwise improve the methods of sepa-
rating the constituents of ternary gaseous
mixtures as heretofore practiced by avoid-
ing as far as possible all thermodynamically
irreversible operations in connection wit
the production and utilization of the re-
frigerative effect required in the liquefac-
tion cycle.

A further object of the invention is the,

provision of a method of and apparatus for
the production of argon from the atmos-
phere in an economical and efficient man-
ner; accompanied by the recovery of oxy-
gen of higher purity than has heretofore
been possible in liquefaction operations,
owing to the difficulty experienced in sepa-
rating argon therefrom. '

Further objects and advantages of the in-

" vention will be apparent as it is better un-

derstood with reference to the following

, . .
Application filed May 24, 1923. Serial No. 641,035,

specification and accompanying drawing
diagrammatically illustrating the apparatus
which is adapted for use in practicing the
invention. : .

It is to be understood that in the drawing
no attempt has been made to illustrate those
portions of liquefaction apparatus which
are well known to those skilled in the art,
the purpose of the drawing being merely to
assist the reader to a complete comprehen-
i}on of ‘the essential features of the inven-
ion. :

In common with the method disclosed. in
my copending application, Serial No. 615,-
036, filed January 26, 1923, the separation of
the three constituents is accomplished in
three successive steps, each of. these steps
embodying’ fractional condensation- .and
separation. The first step consists in sepa-
rating the compressed and cooled air into
two parts by selectively liquefying a portion
thereof, employing for that purpose in the
greatest possible degree the method of
“backward return.” This step results in the
separation of a fraction, consisting approxi-
mately of half by volume of the air treated,
composed of substantially pure nitrogen, the

other fraction being a ternary mixture of

oxygen, argon, and nitrogen in the liquid
state, with the percentages of the two form-
er constituents substantially greater than
in air, for example, oxygen 45%, argon
2% and nitrogen 53%. The nitrogen frac-
tion which is available at a pressure of from
four to six atmospheres is liquefied, and a
portion of the liquid is utilized in the second
step.  The balance of the liquid nitrogen is
utilized in the third step as hereinafter de-
scribed. .

The second step of the operation consists
in separating by a suitable rectification the
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portion enriched in oxygen and argon into

two sub-portions, one of which 1s a gaseous
effluent having a composition of substantial-
ly pure nitrogen, while the other contains
from 93 to 95% oxygen and practically all
of the argon. content ofa' the original air.
The Jow temperature of the nitrogen effluent
is utilized by means of suitable interchang-

ers to cool the system and is thereby restored.

to substantially the original air tempera-
ture. ‘This sub-portion is available at at-
mospheric pressure, and after giving u{) its
cold to the system it is rejected or utilized
for any desired purpose. The sub-portion
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of 93 t0.95% oxygen is available in the lig-
uid state, and in & manner similar to that
described in said co-pending application is
delivered to an intermediate point of the
auxiliary rectification column. In this aux-
iliary column the third and last step of the

_ separation is accomplished, this step consist-
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‘ing in the production of oxygen of high

purity in the liquid state and an argon prod-
uct containing a small amount of oxygen
and only a very minute quantity, if any, of
nitrogen. A small amount of substantially
pure nitrogen. is also separated in this step

as a residual uncondensed gas, which is re-

turned at a suitable level to the primary
rectification column by means of which the
second separation is accomplished.

In common with said copending applica-
tion, a feature which distinguishes the pres-
ent invention from prior methods is the di-
rect return to the dprimary column of sub-
stantially the liqui
which passes from the primary column to
the auxiliary. Also, as in said co-pending
application, the method which forms the
subject of the present disclosure provides

" for efficiently ‘applying a sufficient amount
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of refrigerative effect directly to the auxil-
iary liquefaction cycle to overcome the ef-
fects of heat leakage therein, so that the
liquid oxygen returning to the primary from
the auxiliary column is somewhat greater
than the amount necessary to constitute the
total oxygen product of the separation.
Thae present method differs from that de-
seribed in said co-pending application in
that part of the refrigerative effect applied
to the auxiliary cycle is produced in a some-
what different manner whereby the amount
of the working fluid necessary to be com-
pressed and “cycled ” through the auxiliary
apparatus is very much reduced, and thus
an important economy in the cost of oper-

_ation of the apparatus is accomplished.

In the co-pending application, I have
pointed out that the amount of residual un-
condensed nitrogen obtainable at the top of
the tubular system constituting the primary
“backward return® vaporizer, wherein the
initial selective condensation is accomplish-
ed, is considerably in excess of that neces-
sary, after liquefaction thereof, for subse-
quent use as “reflux” liquid nitrogen in the

- primary cycle. This excess residual nitro-
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gen is utilized, after being brought into in-
direct contact with succeeding portions of
the incoming air, as a working fluid in an
expansion engine or turbine, whereby it at-
tains an extremely low temperature, and
becomes a suitable refrigerant for use at a
suitable point in the system.

In the operation of that method, however,
it is difficult, particularly in an apparatus
of the size in commea‘ciajy use to-day, to at-
tain a high efficiency in the expansion of

equivalent of the liquid

. 1,667,007

the residual nitrogen passing through said
expansion engine or turbine on account of
the relatively small amount thereof avail-
able for that purpose. "Moreover, when the
expansion machine is of the reciprocating
type, it is difficult, on account of gl)\e ulsa-
tions induced by the machine in the tubes of
the primary vaporizer, to maintain a suffi-
ciently high purity of the residual uncon-
densed nitrogen so that, after liquefaction
of the portion necessary for that purpose, it
is suitable for use as “reflux” in tﬁe pri-

70

mar{l column. .
I have discovered that that portion of the
residual nitrogen not necessary for “reflux”
needs may be utilized in a much more effi-
cient manner to reduce the cost of operating
the system, with the further advantage that
no expansion machine is required. In the
operation of the method forming the sub-
ject of this disclosure all the residual uncon-
densed nitrogen available at the top of the
rimary vaporizer is liquefied in the “re-
ux” condenser of the primary column; but
only as much’ of the liquid thus produced
as is necessary_as “reflux” in the primary
column is utilized for that purpose. e
remaining portion of the liquid nitrogen is
delivered to the space surrounding the tubes
of a condenser located at the top of the
auxiliary rectifier. All or a portion of the
vapors ascending in the auxiliary rectifier
ass through the tubes of this condenser and
1s subjected to selective liquefaction therein.
Experiments as well as calculations show
that about twice as much residual nitrogen
is available at the top of the primary vapor-
izer as is necessary for “reflux” needs in the
primary cycle and that the portion of this
residual nitrogen which is not needed as pri-
mary “reflux ® will, if it is applied as liquid
nitrogen in the auxiliary condenser, reduce
the amount of liquid necessary to be cycled
in the auxiliary cycle by approximately one
half in producing a given composition of 110
i\'rgqﬁ product and high purity oxygen
iquid. _
Another advantage of thus utilizing the
liquid nitrogen is that it assists in_ over-
coming the effects of heat leakage in the 118
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.auxiliary cycle. In my co-pending appli-

cation I have pointed out the effects of heat
leakage in the auxiliary cycle and the ad-
vantage of overcoming said effects by the
use of an auxiliary “liquefier.” This ad- 120 .
vantage consists in the fact that by the ap-
plication of refrigerative effect directly to
the auxiliary liquefaction cycle, the liquid
oxygen returned to the primary from the
auxiliary column is somewhat greater than 123
the amount necessary to constitute the total
oxygen product of the separation. Since
any refrigerative effect, however, applied to
the auxiliary cycle, will product the same
result, it is apparent that the present inven- 130
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A

tion secures the advantage justA pointed out

" ‘in a somewhat different manner than by the

(3]

method- disclosed in said co-pending appli--

cation. o : ~
- Another advantage of the use of the auxil-

_iary liquefier as described in said co-pend-
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ing application is that the liquefaction ac-
complished in that liquefier is produced by
the cold outgoing products of the primary
apparatus before -they pass through the

---primary liquefier, and for this reason any

liquefaction accomplished in the auxiliary
liquefier reduces by an equivalent amount
the liquefaction necessary to be accomplished
in the primary liquefier. In the operation
of the method forming the subject of the

_ present disclosure, the liquid nifrogen de-

~ livered to- the auxiliary cycle is produced
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in the primary cycle, and hence the refriger-
ative effect thereof in- the auxiliary cycle
will not reduce the amount of liquefaction
necessary to be accomplished in the primary
liquefier. Therefore, in common with the
method disclosed in said co-pending applica-
tion, provision is' made, in the method ?orm-
ing the subject of the present disclosure,
for an auxiliary liquefier. The amout of
liquefaction necessary in this ' liquefier is,
however, somewhat reduced, being only that
necessary to compensate for heat leakage
in the auxiliary cycle. This- heat leakage
has been much reduced on account of the fact
that the amount of working fluid cycled in
the auxiliary apparatus is, by the operation
of the present method, much reduced. . The
effect is therefore cumulative. ~ = =~ =

For convenience the invention will be de-
scribed in more detail with reference to the
drawing, the primary and auxiliary columns
being considered separately. The primary
column 5 comprises a shell divided by parti-
tions 6, 7 and 8 into a lower rectifying com-
partment 9, vaporizing compartments 10
and 11, and upper rectifying compartments
12 and 13. The gas to be treated, after
compression and cooling, is preferably di-
vided into two portions, and one portion is
delivered through a pipe 14 controlled by a
valve 15 to an expansion engine 16 wherein
it is expanded with external work and there-
by cooled. The cold expanded gas passes
through a pipe 17 to the compartment 9 of
the column. The balance of the cold com-
pressed gas is delivered by a pipe 18 to a
liquefier 19 wherein it is cooled by cold
gaseous products of the column passing
through tubes 20 and 21 as hereinafter de-
scribed. The cold compressed gas is thus
liquefied, and the liquid 1s delivered through
a pipe 22 controlled by a valve 23 to the
compartment 9 of the column near the upper
end thereof. This liquid flows downwardly
over trays 24 of the usual kind employed
in rectifying columns and is thereby sub-
jected to the rectifying action of the ex-

2

panded gas ‘which enters through the pipe .

17. An initial rectification of this liquid
together with other liquid formed by selec-
tive li%uefaction of the rising gas occurs
and a
of the compartment which approximates a
composition which is in phase equilibrium
with the gas entering through the pipe 17.
The liquid accumulating in the bottom of
the .compartment 9 is delivered by a pipe
25 through a pressure-reducing valve 26 to

quid product gathers in the bottom- 70

the rectifying compartment 13 of the column
and accumulates about a condenser.compris-

flows through a tube 28 and passes thence
downwardly over trays 29 of the usual type
employed in rectification columns and is su}l)»
jected to vapors rising through the column.
The rectification of the liquid is thus ac-
complished, and as it escapes it becomes
more -and more impoverished in the least
condensible constituent. The liquid accum-
ulates in a container 80 within the column
and overflows into the compartment 11.
The entering gas with the vapors rising
from the compartment 9 passes through a
lurality of tubes 31 which are surrounded
y liguid accumulated as described in the
container 30 and compartment 11 and by
liquid which is supplied to the compartment
10 as hereinafter described. The refrigera-
tive effect of this liquid causes selective
liquefaction of the entering gases and results
in the separation of the liquid which flows
backwardly into the compartment 9 from an
unliquefied residue which continues through
the tubes 31 to a header 32 with which the
tubes communicate. This unliquefied resi-
due escapes through a pipe 83 and is de-
livered to a header 34 communicating with
the tubes 27 of the condenser. These tubes
are surrounded by liquid, and during the
passage of the gas through the tubes it is
liquefied and descends into a header 85. A
pipe 36 communicating with this header and
provided with a valve 37 permits the diver-
sion of a portion of the liquid to the upper
part of the rectification compartment 13.
This liquid is the “reflux” which flows
downwardly over trays 38 of ‘the. type
usually employed in rectification columns
and by contact with the rising vapors is
impoverished in the least condensible con-
stitient. The vapors from the compart-
ment 12 enter the compartment 13 through
a pipe 39 and thence pass upwardly through
the trays 38.
As the result of the operation as described,
a liquid and an unliquefied residue are first
produced. In the treatment of air the liq-
uid contains substantially all of the oxygen
and argon and some of the nitrogen of the
air. e unliquefied residue. is substantially
pure nitrogen.
and a portion of the liquid is employed as a

This nitrogen is liquefied

ing a number of tubes 27. The liquid over-
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reflux in the second or rectification step of
the. process which results in the separation
of liquid produced’ by selective liquefaction

" into a gaseous effluent which is also substan-

" more, and substantially all of the argon

_ origi'na‘a,llg'1

]0

tially pure nitrogen and a liquid containing
a large proportion of oxygen, e. g:, 93%, or

present in the air.. The effluent

escapes through a pipe 40 and after utiliza-.

tion as a refrigerant as hereinafter de-

scribed it may
jected.
To-accomp

be employed .as desired or re-

lish the sepafation of the rich

- oxygen liquid containing argon into its con-

stituents, an auxiliary column 41 is em-

"ployed. This column comprises a shell di-
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vided by partitions 42, 43,44 and 45 into a.
lower compartment 46, a liquid oxygen
compartment 47, a vaporizer compartment -
48, a rectifying compartment 49 and a con-
denser compartment 50. That portion of
the liquid in the compartment 11 of the pri-:

mary column which is not vaporized therein

is delivered by a pipe 51 controlled by a
valve 52 to an intermediate point of the rec-
tifying compartment 49 and flows down-:

wardly therein over trays 53 of the kind
usually employed in rectification ‘columns
whereln it is subjected to the rectifying ac-

tion of the vapors rising through the col-"

umn. The downwardly flowing liquid
passes through a pipe 54 into the compart-
ment 48 and overflows through a pipe 55
into the compartment 47. During its pas-

5 sage the liquid is freed from the more read-.

ily vaporizable constituents, for example,
nitrogen and argon, and the liquid accumu-
lating in the compartment 47 is substantially
pure oxygen. This liquid is returned
through a pipe 56 to the compartment 10 of

- the primary column where 1t is vaporized

45

50

by the passage of gas throuﬁh the tubes 31.-

The vapors rising through the rectifying
compartment 49 are subjected in the upper
portion thereof to liquid supplied as herein-
after described and flowing downwardly
over trays 57 of the usual kind employed in
rectification columns. The vapors which
contain ‘a high (ferc'entage of argon with
some oxygen and nitrogen pass upwardly
through tubes 58 which extend through the

- condenser compartment 50. This compart-

55

ment is filled with liquid nitrogen delivered

through a pipe 59 controlled by a valve 60
from the header 35 of the primary column..
The liquid thus supplied is the portion of
the liquid which is not employed as “reflux”
in the primary column. The liquid in the
condenser 50 is vaporized and the vapors
passing through the tubes 58 are concur-
rently subjected to selective liquefaction re-
sulting in the separation of the more readily
condensible constituent, oxygen, for ex-
ample, which returns through the tubes into
the compartment 49. The remaining va-

_pipe 63 without passin

‘pressor

' 1,557,807

‘pors escape through a pipe 61 to an e:i-’
“changer 62. A portion of the vapors from

the column 41 may be. diverted through a
through the tubes

58 of the condenser and likewise delivered

to the exchanger 62..- The pipe 61 commu-

nicates with a compartment 64 at the end

™

of the exchanger and the:pipe 63 likewise
communicates with:.“a - compartment -65.. "

Tubes 66 and 67 connect these compartments:

eing one

ment 69 passes through a pipe 78 to a com-
4 where it is recompressed and
cooled by the usual intercoolers. From the
comﬁressor the gas passes through a pipe 75
to the exchanger 62 wherein it circulates

‘about.-the tubes 66 and 67, being cooled by
-the gases passing through -these tubes. - By
means of a by-pass 61” and valves 62" and .
63* the operator may:-cause all of the va-

jpors from the column 41-to pass through the

98
-to corresponding compartments 68 and 69 at
‘the opposite end of the exchanger. ‘A pipe

~ 70 controlled by a valve 71 delivers the gas
entering the compartment 68 .to a -%aso_meter

72 in ‘which it is stored, this gas

-of the products of the operation, for exam-
ple, argon. The gas entéring the compart-

80
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tubes 58 and thence to the compressor 74, or -

.all of the vapors may be directed through

the tubes 58 to the gasometer 72.. Thus
‘when the valves 63’ and 73 are closed -and
the valve 62’ is-open all of the vapors will
be recompressed.  If the valves 62’ and 63*
are close
the vapors will pass to the gasometer. Nor-
63’ and ‘71 are open to

permit operation as
hereinbefore described. R

- From the exchan%er 62 the cooled gas is
delivered by a pipe 76 to an auxilia i(illle-
fier 77 and passes therein about a plurality

of tubes 78 through which a cooling agent
such as the effluent from the primary column
is caused to travel. For this purpose a pipe
79 connects. the pipe 40 with a -compart-
ment 80 at the end of the liquefier 77. After
Fa'ssing through® the pipe 78 the gas is de-
ivered through a compartment 81 and pipe
82. The gas joins the vapor formed 1in
the coltdenser 50 which escapes through a
ipe 83, and the combined gases are de-
the liquefier 19. : R
The gas which is cooled by its passage
through the auxiliary liquefier 77 and par-
tially or wholly liquefied is delivered
through a pipe 85 to the lower compartment
46 of the auxiliary column. It passes thence
upwardly through tubes 87 which are. sur-
rounded by the bodies of liquid in the com-
partments 47 and 48. Selective liquefaction
of the ga;sinthe tubes results, and the liquid
flows ‘
and is thence delivered through a. pipe 88

and pressure-reducing valve 89 to the upper

and the valve 71 is open, all of-
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-mally the valve 62’ is closed and the valves .
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ivered to a compartment 84 at the end of
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ackwardly into the compartment 46

130
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Kart of the rectification compartment 49 as
ereinbefore described. This liquid is ‘sub-

stantially free from the most volatile con-

stituent, for example, nitrogen, which passes
in an unliquefied state thrgugh the tubes
87 to a header 90 and thence through a pipe
91 controlled by a valve 92 to the upper
part of the rectification compartment 13
of the primary column. - . ‘

Oxygen vapors formed in the compart-
ment 10 of the primary column are delivered

. through a pipe. 93, and a portion thereof
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may be returned through a pipe 94 to the
compartment 47 of the auxiliary column.
These vapors, together with the . vapors
formed in the compartment, pass upwardly,
through a pipe 95 and mingle with the
vapors formed in the compartment 48. The
vapors rise through the descending liquid to
accomplish rectification thereof. - The re-
sult of the operation as described is the

gases escape through pipes 112 and 113
which may: communicate with storage re-
ceptacles or may deliver the gas to the at-
mosphere, depending upon whether it is to
be used or rejected. .

“The gas entering the system is introduced
through a pipe 114 to the exchanger 102 and
passes about baffles 115 in contact with the
tubes 108 and 109. The gas is thus cooled
and is delivered through a pipe 116 with
which pipes, 14 and 18 communicate. It is
understood that prior to its introduction to
the exchanger 102 the gas entering the sys-
tem has been compressed and cooled in the
usual manner. ) :

. The purpose of the invention has been
discussed heretofore but attention is particu-
larly directed to the utilization of the liquid
produced in the tubes 27 for cooling the
tubes 58 of the condenser and to the advan-.
tages of this mode of operation as herein-

radual enrichment of the gas circulating.before enumerated. It is to be observed that

in the auxiliary cycle until it includes a
high proportion of argon and is suitable for
withdrawal as a product of’ the operation.
This withdrawal is preferably accomplished
after the gas has passed through.the con-
denser 50 and is thus freed from some or
all of the oxygen which may still be includ-
ed therein. It is possiblé in this manner to
obtain argon substantially ‘free from nitro-
gen and containing a very low proportion of
oxygen and at the same time to materially
reduce the amount of work necessary in the
auxiliary cycle by limiting the amount of
gas which is recompressed therein. The
other product of the auxiliary column is
substantially pure oxygen which is returned
to the primary column' in liquid form as

“hereinbefore described tobe vaporized there-

in. .
This oxygen vapor is withdrawn through
a pipe 96 controlled by a valve 97 and is
delivered to a compartment 98 at one end
of the liquefier 19. It passes through the
tubes 21 of the liquefier to a compartment
99 at the opposite end and thence through
a pipe 100 to a compartment 101 of an ex-
changer 102. The gas delivered to the
compartment 84 of the liquefier- passes

" through tubes 20 therein to a compartment
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103 at the opposite end of the liquefier and
thence through a pipe 104 to a compartment
105. A by-pass 106 controlled by a valve 107
permits delivery of the effluent from the
primary column to the compartment 84 of
the liquefier. This is particularly useful in
starting the apparatus or in operating it
independently of the auxiliary column.
The exchanger 102 comprises a shell with
a plurality of tubes 108 and 109 through
which gas passes from the wcompartments
101 and 105 to corresponding compartments
110 and 111 at the opposite end of the ex-
changer. From -these compartments the

details as to the amount of gas passing
through this condenser or circulated inde-
pendently thereof may be varied and that
this utilization of the liquid from the pri-
mary column for refrigeration purposes may
be carried out in connection with various
modifications of the system which are de-
scribed herein for illustrative purposes and
without departing from the invention as
herein set forth and claimed. '
I claim:— ’ ~
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1. A method of separating the constitu-

ents of gaseous mixtures, which comprises
subjecting the compressed and cooled mix-
ture to selective liquefaction to separate a
liquid -enriched in the less volatile constitu-
ents and g residual gas, liquefying the resid-
ual gas, rectifying the liquid enriched in
the less volatile constituents with a portion
of the liquefied: residual gas, subjecting the
liquid product of the rectification to an aux-
iliary rectification, and cooling the gaseous
product of the auxiliary rectification by
heat exchange with the balance of the lique-
fied residual gas to separate the least volatile
constituent therefrom.

2. A method of separating the constitu-
ents of gaseous mixtures, which comprises
subjecting the compressed and cooled mix-
ture to selective liquefaction to separate a
liquid enriched in the less volatile constitu-
ents and a residual gas, liquefying the resi-
ual gas by heat exchange with the liquid
enriched in the less volatile constituents, rec-
tifying the liquid enriched in the less vola-
tile constituents with a portion of the lique-
fied residual gas, subjecting the liquid prod-
uct of the rectification to an auxiliary recti-
fication and cooling the gaseous product of -
the auxiliary rectification by heat exchange.
with the balance of the liquefied residual gas
to separate the least volatile constituent
therefrom.
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3. A method of separatin thej constitu- -
ents of gaseous mixtures, which comprises’

- subjecting the' compressed and cooled mix-

- the less volatile constituents with a portion7

10~ liquid product of the rectification to an aux-’
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ture to selective li(tlefa,ction to separate a
liquid enriched in the less volatile constitu-
ents and a residual gas, liquefying the resid-
ual gas, rectifying the liquid enriched in

of the liquefied residual gas, subjecting the

iliary rectification, and cooling a portion of
the gaseous product of the auxiliary rectifi-
cation by heat exchange with the balance of
the liquefied residual gas to separate the
least volatile constituent therefrom. :

4. A method of separating the -constitu-
ents of gaseous mixtures, which comprises
subjecting the compressed and cooled mix-
ture to selective liquefaction to separate a
liquid enriched in the less volatile constitu-

ents and a residual gas, liquefying the resid-

nal gas, rectifying the liquid enriched in
the less volatile constituents with'a p'ortion
of the liquefied residual gas, subjecting the
liquid product of the rectification to an aux-

“iliary rectification, cooling a portion of the

gaseous product of the auxiliary rectifica-
tion by heat exchange with the balance of
the liquefied residual gas to separate the
least volatile constituent therefrom, relique-
fying the remainder of the gaseous product

" of the auxiliary rectification and returning

40

it for further rectification.
5. A method of separating the constitu-

ents of gaseous mixtures, which comprises.

subjecting the compressed and cooled mix-
ture to selective liquefaction to separate a
liquid enriched in the less volatile constitu-
ents and a residual gas, liquefying the resid-
ual gas, rectifying the liquid enriched in the
less volatile constituents with a portion of

~the liquefied residual gas, subjecting the lig-

- 46

50

uid product of the rectification to an auxil-
iary rectification, cooling a portion of the
gaseous product of the auxiliary rectifica-
tion by heat exchange with the balance of
the liquefied residual gas to separate the
least volatile constituent therefrom, recom-
pressing and reliquefying the remainder of

the gaseous product of the auxiliary rectifi-

- cation and returning it for further rectifica-

tion. . _ :
6. A method of separating the constitu-

“ents of gaseous mixtures, which comprises

55

" ual  gas, rectfying the liquid enriched in .
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subjecting the compressed and cooled mix-
ture to selective liquefaction to separate a
liquid enriched in the less volatile constitu-
ents and a residual gas, liquefying the resid-

the less volatile constituent with a portion
of the liquefied residual gas and utilizing the
remainder of the liquefied residual gas as a
refrigerant in the further separation of the
constituents of the liquid produced by the
first rectification. PR .

1,557,907

7. A method of separating the.constitu-
ents of gaseous mixtures, which comprises

subjecting the compressed. and: cooled mix-

ture to selective li(ﬁzefaction to separate a
liquid enriched in the, less volatile constitu-
ents and a residual gas, liquefying the resid-
ual gas by heat exchange with theliquid
enriched in the less volatile constituents, rec-
tifying the liquid enriched in the less vola-
tile constituent with a portion of the lique-
fied residual gas and utilizing the remain-

erant in the further separation of the con--
stituents of the liquid produced by the first

- rectification.

8. A method of separating the constitu-
ents of gaseous mixtures, which comprises

‘subjecting the compressed and cooled mix-

ture to selective liquefaction to separate a
liquid enriched in the less volatile constitu-

76

({3

.der of the liquefied residual gas as a refrig- -

80

ents and a residual gas, liquefying the re-

sidual gas, rectifying the liquid enriched in
the less volatile constituent with a portion
of the liquefied residual gas, and utilizing
the remainder of the liquefied residual gas
as a refrigerant in the further separation of
the constituents of the liquid produced by
the first rectification after the latter has
been subjected to a second rectification.

9. A method of separating the constitu-
ents of gaseous mixtures, which comprises
subjecting the liquid and vapors containing
said constitutents to rectification, compress-
ing a portion of the gaseous effluent of the
rectification, cooling it to separate one of
the constituents from the liguid which is
thereby impoverished in that constituent,

00 -

’

100

utilizing the impoverished liquid as a rec-

tifying agent in said rectification, subject-
ing the remainder of‘the effluent to cooling
to liquefy and separate the least volatile
constituent and withdrawing the portion of
the effluent thus purified. '

10. A method of separating the constitu-
ents of gaseous mixtures, which comprises
subjecting the liquid and vapors containing

said constituents to rectification, compress-

ing a portion of the gaseous effluent of the

105

110

rectification, cooling it to separate one of

the constituents from- the liquid which is
thereby impoverished in that constituent,
utilizing the impoverished liquid as a rec-
tifying agent in said rectification, subject-
ing the remainder of the effluent to cooling
by heat exchange with an evaporating liquid
to liquefy .and separate, the least volatile
constituent and withdrawing the portion of
the effluént thus purified. T

.11, A method of separating the constitu-
ents of gaseous mixtures, which comprises
subjecting the liquid and vapors containing

said constituents to rectification, compress-

ing a portion of the gaseous effluent of the
rectification, cooling it to separate one of

" the constituents from the liquid which -is
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thereby impoverished. in that constituent,

utilizing the impoverished liquid as a rec-
tifying agent in said rectification, subject-
ing the remainder of the effluent to coohn§
by heat exchange with an evaporating liqui

to liquefy and separate the least volatile
constituent, withdrawing the portion of the
effluent thus purified and sup£lying the

"liquid employed in cooling the efftuent from

a separate liquefaction cycle in- which the
liquid and vapors which are subjected to
rectification are likewise produced.

12. A method of separating the constitu-

ents of ternary gaseous mixtures, which

comprises subjecting a liquid and its vapors
produced from said mixture and containing

chiefly the least volatile constituent to rec-:

tification by means of a liquid containing
another and more volatile. constituent, with-
drawing the gaseous effluent of this rectifi-
cation, separating a portion of the most
volatile constituent from said gaseous efflu-
ent by liquefying the remaining gas, utiliz-
ing this liquid in the rectification and when
the effluent: has been sufficiently .enriched
in the constituent of intermediate volatility
subjecting a. portion thereof to cooling to
separate the least volatile constituent there-
from. ) 4 .

18. A method of separating the constitu-
ents of ternary gaseous mixtures, which
comprises subjecting a liquid and its va-
pors produced from said mixture and con-
taining chiefly the least volatile constituent
to rectification by means of a liquid contain-
ing another and more volatile constituent,
withdrawing the gaseous effluent of this rec-

"tification, separating a portion of the most

volatile constituent from said gaseous efflu-

ent by liquefying the remaining gas, utiliz--

ing this liquid in the rectification and when
the effluent has been-sufficiently enriched in
the constituent of intermediate volatility
subjecting a portion. thereof to dooling by
heat interchange with a liquid to separate
the least volatile constituent therefrom.
14. A method of recovering argon from
air, which comprises subjecting a liquid and
vapors confaining oxygen, nitrogen and
argon to continuing rectification, compress-
ing the gaseous effluent, cooling it to sepa-
rate a liquid containing chiefly argon and
oxygen and a gaseous residue containing
practically all of the nitrogen, using the
last-named liquid in said rectification and
when the effluent has been sufficiently en-
riched in argon subjecting a portion there-
of to cooling to separate oxygen therefrom.
15. A method of recovering argon from
air, which comprises subjecting a liquid and
~apors containing oxygen, nitrogen and
argon to continuing rectification, compress-
ing the gaseous effluent, cooling it to sepa-

‘rate a liquid containing chiefly argon and

oxygen ‘and a gaseous residue containing

ractically all of the nitrogen, using the

ast-named liquid in said rectification and
‘when - the effluent has been sufficiently en-
riched in argon subjecting a portion there-
of to cooling by heat exchange with liquid
nitrogen to separate oxygen therefrom.

16. A method of separating the constitu-
ents of gaseous mixtures, which comprises
subjecting the compressed and-cooled mix-
ture to selective liquefaction to separate a
liquid enriched in the less volatile con-
stituents and a residual gas, liquefying the
residual gas, rectifying the liquid enriched
in the less volatile constituents with- a por-
tion of the liquefied residual gas, subjecting
the_liquid product of therrectification to an
auxiliary rectification, cooling the gdseous
product of the auxiliary rectification by
heat interchange with the balance of the
liquefied -residual gas to separate the ‘least
volatile constituent therefrom, recompress-
ing the remainder of the gaseous product of
the auxiliary rectification, subjecting it to
a partial liquefaction to separate the most
volatile constituent therefrom and utilizing
the liquid thus obtained in the auxiliary
rectification. oo

_17. A method of recovering argon from
air, which comprises subjecting a liquid and
vapors containing oxygen, nitrogen and ar-
gon to continuing rectification, cooling the
gaseous effluent by heat interchange with a
]i«{ﬁd, .compressing the gaseous effluent,
subjecting the compressed effluent to a lique-
faction operation to separate a liquid con-
taining chiefly argon and oxygen and a
gaseous residue containing practically all of
the nitrogen, and . using the last named
liquid in said rectification. .

18. A method of separating the constitu-
ents of ternary gaseous mixtures, which
comprises subjecting a liquid and its vapors
produced from said mixture and containing
chiefly the least volatile constituent to recti-
fication by means of a liquid containing an-
other and more volatile constituent, subject-
ing the gaseous effluent of this. rectification
to heat-interchange with a liquid, thereby
separating additional quantities of the least

volatile constituent, compressing the re-:

mainder of the effluent, subjecting it to a
liquefaction operation to separate a liquid
containing the two less volatile constituents

and a residual gas consisting of the most
volatile constituent and utilizing this liquid

in said rectification. .

19. In an apparatus for separating the
constituents of gaseous mixtures, the com-
bination of means for rectifying a liquid
and vapors containing said-« constituents,
means for recompressing and cooling a por-
tion of the gaseous effluent from the recti-
fication to separate one of the constituents
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- for use in said rectification, and separate

- means for subi'ecting the remainder of the

“effluent to coo
& stituent. - o . ‘
‘ 20. In an apparatus for separatingthe
. . constituents of gaseous mixtures, the com-
o bination of medns -for rectifying a liquid

ing to liquefy another con-

. and vapors containing said constituents,
.-10- means for recompressing and cooling a por-

tion. of the gaseous effluent from the recti-
7. fication to. separate one of ‘the constituents
. as a gaseous residue and to produce a liquid
. for use in-said-rectification, and a baek-
* 18 ward-return condenser. above the rectify-
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as a 'ga'seoﬁé residue and to produce 2 liquid

ing means to cool the remainder of the ef-. .

fluent by heat-exchange with a liquid where-

by another constituent is liquefied. ‘

21. In an apparatus for separating the.
constituents of gaseous mixtures, the. com-.
bination of means.for rectifying a- liquid
and vapors containing -said constituents,

20

‘means for- subjectirig the effluent from -the

rectification  to ~heat-interchange with  a -
liquid, and separate means for recompress- 25
ing -and cooling the effluent to separate one -
of the constituents as a gaseous residue and

, to produce a liquid for use in said rectifica-

tion: ~ .
In testimony

whereof T affix my signa- 30
ture. R » '
CLAUDE C. VAN NUYS.



