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The present invention relates to a process for cooling
a gaseous mixture to low temperatures and for producing
at least one component of this mixture in the liquid state.
The invention is applicable more particularly although
not exclusively to the production of moderately low tem-
peratures which cannot be achieved with the aid of a sim-
ple refrigerator but which are above the temperature at
which air is liquefied, that is to say between —60° C. and
—180° C., and to the liquefaction and/or the separation
of gaseous mixtures condensing in this temperature range,
for example natural gas.

The process usually recommended for the production
of temperature in the above range is the process known
as the *‘cascade” process, which consists in liguefying a
first refrigerating fluid under pressure, in expanding it
to a lower pressure and in vaporising it in heat-exchange
with a second more volatile refrigerating fluid under
pressure, in expanding the second refrigerating fluid at a
lower pressure and in vaporising it in heat exchange with
a third more volatile refrigerating fluid, and so on, each
of the successive refrigerating fluids enabling a lower
temperature to be reached. However, this process re-
quires the use of an equipment which is very complicated
and which presents great regulation difficulties, each of
the refrigerating fluids travelling through its own closed
cycle and requiring a compressor, a condenser, an ex-
pansion valve and a heat-exchanger.

A reirigeration cycle known as the “single flow cas-
cade cycle” has recently been proposed (AP Kleemenko,
Reports on the Refrigeration Congress at Copenhagen,
1959, page 34), in which at least a part of the condensed
fractions is expanded, vaporised in heat-exchange with
the mixture under pressure during cooling, then recom-
pressed to the initial pressure and combined with the
mixture under pressure. Thus, for example, natural gas
under pressure is subjected to a fractional liquefaction of
those fractions which have (a) a high butane and propane
content and (b) a high ethane content, each of them
veing expanded to atmospheric pressure and revaporised
i heat exchange with the natural gas under pressure:
the remaining gaseous methane under pressure is then
expanded to atmospheric pressure and partly liquefied,
the methane vapours being reheated by heat exchange
with the natural gas under pressure, combined with the
previously separated fractions, recompressed to the pres-
sure of the natural gas and mixed with the latter.

Such a cycle requires the use of only a single compres-

sor instead of a compressor for each refrigerating fluid.
The energy consumption for compression is however
higher than that of a cascade cycle with separate flows
of the type previously known. Furthermore, the separa-
tion of the less voltatile fractions by fractionated con-
densation is not very good, and this presents disadvan-
tages, especialy when it is desired to separate certain of
their constituents in the pure state.

It is an object of the invention to provide a process
which obviates the disadvantages mentioned above in
connection with the single flow cascade cycle, and, in
particular, it is an object of the invention to provide a
process for the production of low-temperatures for the
liquefaction of a gaseous mixture and for the separation
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in a substantially pure state of at least some of the com-
ponents of the gas mixture, without employing a higher
energy consumption than with the normal “cascade” proc-
ess having separate flows of the various refrigerating
fuids. |

It 1s a further object of the invention to provide a
process for the liquefaction of natural gas available under
a relatively low pressure, for example, of the order of a
few tens of kg./cm.2, and for the separation in a substan-
tially pure state of methane, ethane, propane and the
butanes contained in natural gas.

Furthermore, it is an object of the invention to pro-
vide a process which is adapted for simple operation and
regulation of the installation used for liguefaction and/or
separation of natural gas.

According to the invention there is provided a process
for cooling a gaseous mixture to a low temperature and
for the production of at least one component of the gas
mixture in the liquid state. The gaseous mixture is sub-
jected to a iractionated condensation and at least one
of the condensed fractions is expanded, vaporised in heat
exchange with the mixture being condensed and then re-
compressed and mixed with the gaseous mixture to be
cooled. The component to be obtained in the liquid state
1s condensed and expanded to the pressure at which it is
to be collected. It is particularly pointed out that the
vaporization of at least the major part of the fraction
intended to be recompressed and mixed with the gaseous
mixture to be cooled is effected at a pressure higher than
that under which occurs the production of the component
to be recovered in the liquid state where the production
pressure 1s, for instance, the tank storage pressure.

According to one embeodiment of the invention, the
component to be produced in the liquid state is subjected,
prior to its expansion to the pressure under which its pro-
duction takes place, to a supercooling sufficient for this
expansion not to result in appreciable partial vaporiza-
tion. All of the fraction or fractions intended to be re-
compressed and mixed with the gaseous mixture to be
cooled are vaporised at a pressure higher than that at
which there takes place the production of the component
to be recovered in the liquid state. The aforesaid super-
cooling can be obtained with the assistance of any appro-
priate source of cold. Nevertheless, it is particularly ad-
vantageous, when the gaseous mixture to be cooled com-
prises at least one component which is more volatile than
the component to be produced in the ligquid state, to carry
out this supercooling by vaporisation of the fraction
which 1s more volatile than this latter component. The
more volatile fraction has remained in the gaseous state
during the fractionated condensation of the gaseous mix-~
ture and has been liquefied by heat exchange with a less
volatile liquid, for example with the actual component
to be produced in a liquid state previously expanded to
a pressure lower than that of the fractionated condensa-
tion, and then itself expanded. All or part of this vapor-
isation can be effected at a pressure substantially equal
to the vaporisation pressure of the fractions intended to
be recompressed and mixed with the gaseous mixture to
be cooled, and the vaporised more volatile fraction is
mixed with these latter fractions. All or part of this
vaporisation can also be effected at a pressure lower
than the vaporisation pressure of the said latter fractions,
but the vaporised more volatile fraction, which can then
not be mixed with these latter fractions, must then be
evacuated.

The liquefied more volatile fraction is itself preferably
super-cooled, before its expansion, concurrently with the
component to be produced in the liguid state.

In the case of the liquefaction of natural gas which
frequently contains a certain quantity of nitrogen which
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is more volatile than the methane to be liquefied, a mix-
ture of methane and nitrogen, existing as gaseous residue
after the liquefaction of the methane, is preferably em-
ployed as the more volatile fraction thereby permitting
the super-cooling of the liquefied methane to be efiected.
After the vaporisation of the mixture of methane and
nitrogen and after it has been reheated to the region of
ambient temperature, at least a part of this mixture 1s
evacuated to be utilised for example as a fuel for the
feeding of boilers.

According to a second embodiment of the invention,
at least one fraction condensed during the cooling of the
gaseous mixture is separated from the gaseous mixture
and super-cooled before being expanded and vaporised in
heat exchange with the mixture being condensed. There
is thus obtained a cooling to a lower temperature by the
vaporisation of this fractmn than when it is not super-
cooled.

According to a third embodiment of the invention, the
fraction vaporised in heat exchange with the mixture be-
ing vaporised, then recompressed, is at least in part cooled
between the ambient temperature and a temperature which
is intermediate between the ambient temperature and the
minimum temperature reached by the gaseous mixture to
be cooled, independently of this latter, before being mixed
therewith. - There is thus assured a more convenient sep-
aration by condensation of the components contained in
this fraction, at temperatures not so low as for the initial
gaseous mixture to be separated. When the gascous mix-
ture to be separated contains at least one component more
volatile than the component to be separated in the liquid
state (this being more especially the case with the nitrogen
contained in the natural gas, which is more volatile than
methane), it may be subjected after liquefaction of this
latter to a degasification from these components at an in-
termediate pressure between the initial pressure of the
gaseous mixture and the pressure at which occurs the
vaporisation of the fraction intended to be recompressed
and mixed with this mixture, and the separated and re-
heated volatile component is not mixed with the gaseous
mixture to be cooled. This facilitates the condensation

of the component to be separated in the liquid state, which

would be impeded, if it was carried out with the initial
mixture, by the presence of these volatile components.
When the gaseous mixture contains a component which
is difficult to separate by simple fractionated condensation
because of its low concentration and/or because of a
volatility close to that of ‘another component (for ex-
ample, ethane in certain natural gases), at least the frac-

tion with the closest volatility (that is to say, immediate- ;

ly below or immediately above) is subjected after its con-
densation to a rectification with the object of separating
this component therefrom. The separated component is
then expanded and mixed with the fraction being vapor-
ised and intended to be recompressed and mixed with the
initial gaseous mixture.

Finally, when the gaseous mixture contains a compo-
nent which is difficult to separate by liquefaction and
possible rectifiaction at low temperature, one of the frac-
tions which are vaporised, recompressed and subjected
afresh to the cooling is a fraction with a relatively high
content of this component. The fraction 1s recycled in a
proportion sufficient to facilitate the subsequent separa-
tion of this component by liquefaction and possibly recti-
fication during the fresh cooling operation.

Installations for the liguefaction and separation of nat-

ural gas in accordance with the invention will be herein-
after described by way of non-limitative examples and
by reference to the accompanying drawings in which:

FIGURE 1 represents an installation which may be
used for liquefying natural gas and which permits a pos-
sible separation of the heavier constituents of this gas
mixture, 1.e., the butanes and propane;

FIGURE 2 represents an installation similar to that of
FIGURE 1, but which 1s adapted to be employed witih-
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out separation of the constituents of natural gas other
than methane, and in which the recompressed and recycled |
fractions are cooled independently of the natural gas in
a certain temperature range before being reunited there-

- with; and

FIGURE 3 represents an installation similar to that of
FIGURE 1, but in which the methane to be produced in-
the liquid state is supercooled before its expansion, and
there is no recycling of gas at low pressure.

The natural gas to be liquefied, available at a pressure
of 30 ke./cm.2 absolute and at a temperature of 30° C,,
with a flow rate of 1000 cubic metres per hour (brought
to normal conditions), has the following composition:

Percent by volume

Methane - e e 83.7
Ethane oo o e 7.9
Propane e e e e e 2.1
Butane — e e 1.0
Nitrogen and other light 2aseS oo oo . 53

In the installation shown in FIGURE 1, which 1t will
be presumed first of all not to effect the separation of the
propane and butanes, the natural gas to be liquefied is
cooled in a series of heat exchangers 10 to 14, then In-
troduced into the degasification column 15, Fractions
with high contents of propane and butanes are separated
in the rectification columns 16 and 17. The vaporised
and reheated fractions are recompressed by the compres-

‘sor 83 to the pressure of the natural gas, before being

reunited therewith.

The natural gas arriving by way of the conduit 1, to
which is added through the conduit 2 a recycled fraction,
the origin of which will be referred to hereinafter, passes
through the conduit 3 into the heat exchanger 10, where
1t 1s cooled to about —15° C. in counter-current with a
recycled fraction partially in the liquid state. There is
condensed a liquid with a high content of butanes, and
this liquid is separated from the remaining in the separa-
tor 4. This liquid is conveyed by way of the conduit 6
into the exchanger 11, where it is supercooled to about
—18° C. concurrently with the treated natural gas, then
it 1s expanded in the valve 88 to about 7 kg./cm.? and
introduced into the recycled fraction which is being re-
heated and which arrives by way of the conduit 89 at the
cold end of the exchanger 11.

The remaining natural gas leaving the separator 4 passes
through the conduit 5 into the exchanger 11 where it is
cooled to —48° C., while a fraction with a high propane
content 1s condensed, and this fraction is separated in the
separator 7. This liquid passes through the conduit 9 into
the exchanger 12, where it is supercooled to —72° C., then
it is expanded in the valve 85 and reunited with the frac-
tion being reheated and arriving by way of the conduit
86 at the cold end of the exchanger 12. The natural gas,
remaining at —48° C., is then introduced through the
conduit 8 into the exchanger 12, where it is cooled to
about —72° C., while a fresh fraction composed mainly of
ethane is condensed, and this fraction is separated from the
gas in the separator 20. This liquid is conveyed through
the conduit 22 to the exchanger 13, which lowers its tem-
perature to —85° C. Meanwhile the gas is returned
through the conduit 21 into the same exchanger, where the
methane is partially liquefied. The liquid methane which
is formed is collected in the receiver vessel 23 and super-
cooled liquid originating from the separator 20 is added
thereto, this liquid arriving by way of the conduit 24.
The two combined liquids are introduced through the con-

- duit 25 into the exchanger 26, by which they are super-

5

cooled to about —105° C. by heat exchange with a gas
with a high nitrogen Content, the origin of which will be
hereinafter referred to. The liquid methane is then super-
cooled to —110° C. in a coil 27 disposed in the boiler of
the degasification column 15, then the major part thereof
is expanded in the valve 28 to 15 kg./cm.2 approximately
and introduced into the central portion of this column. A
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regulatable fraction of the liquid is still not introduced
into the column, but is expanded in the valve 29 to about 7
kg./cm.2 and combined with different gaseous fractions
intended to bt recycled in heat exchange with the natural
gas. |

The remaining gas at the outlet of the exchanger 13,
passes through the conduit 30 into the final exchanger 14,
where it is cooled to about —112° C. in heat exchange
with different gaseous or liquid fractions originating from
the degasification column 15. Practically all the remaining
methane is condensed. It is divided into two portions; the
first is expanded in the valve 31 to 15 kg./cm.2 and intro-
duced into the upper end of the degasification column 15;
the other portion is expanded in the valve 32 to 7 kg/cm.2
and introduced into the condenser at the head of the col-
umn 18; it i1s vaporised therein, thereby assuring the re-
flux in this column, and then it is evacuated through the
conduit 34.

The methane fraction not condensed in the exchanger
14 and containing a large proportion of nitrogen and other
volatile gases is expanded in the valve 70 to 15 kg./cm.2
and reunited with a portion of gas released at the head of
the column 15 and arriving by way of the conduit 67.
The combined stream is then returned through the con-
duit 71 into the heat exchanger 26, where it is heated to
—385° C. while supercooling the liquefied gases originating
from the exchanger 13. It then passes through the conduit
72 and the valve 72A (the valve 72B being closed) to the
exchanger 62, where it is reheated substantially to the
ambient temperature in heat exchange with a mixture of
liquid butanes and propane originating from the rectifi-
cation column 17, which will hereinafter be described. It
is then conveyed through the conduit 73A to the point of
use, for example as a fuel.

The degasification column 15 is thus fed on the one hand
in its central portion with liquid methane containing a
certain quantity of less volatile impurities (more parti-
cularly ethane) and on the other hand at the upper end
with liquid methane containing particularly more volatile
impurities (nitrogen); in addition, there is introduced by
way of the conduit 65 a mixture of liquid butanes and
propane originating from the rectification column 17.

At the head of the column 15, there is discharged a gas
containing a high proportion of volatile compounds (nitro-
gen), this taking place through the conduit 6§6. A portion
thereof is reunited by way of the conduit 67 with the non-
liquefied gas in the exchanger 14 and expanded in the valve
70, as already indicated; the other portion is expanded in
the valve 68 to approximately 7 ks./cm.2 and conducted
through the conduit 69 to the cold end of the exchanger
14, after having added thereto gaseous fractions originating
from the previously mentioned condenser 33 and expansion
valve 29, as well as another gaseous fraction originating
from the separator 75, to which reference is still to be
made.

- On the other hand, a liquid containing methane and
heavier hydrocarbons, with a small amount of residual
nifrogen, in the liquid state is withdrawn from the bottom

of the column 15. This liquid is expanded in the valve 74

to approximately 7 kg./cm.2 and introduced into the sepa-
rator 75. The vapours formed by the expansion are con-
ducted through the conduit 76 to the cold end of the
exchanger 14, with the gaseous fractions referred to above.
The remaining liquefied natural gas is expanded once again
in the valve 77 to 1.3 kg./cm.2 and introduced into the
separator 78. The liguefied natural gas substantially free
from gases more volatile than methane is then conducted
through the conduit 79 to a storage reservoir (not shown).
The low-pressure vapours formed in this last expansion are
recycled; they are first of all returned through the conduit
80 to the exchanger 64, where they are reheated to ap-
proximately —80° C. in heat exchange with the mixture of
liquid butanes and propane to be fed into the desgasification
column 15. They then pass through the conduit 81 into the
exchanger 54, where they are reheated to approximately
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the ambient temperature in heat-exchange with thé re-
leased vapours at the top of the rectification columns 16
and 17, and finally pass through the conduit 82 to the
first compressor stage 83, provided for compressing the
recycled vapours to the pressure of the treated natural
gas. -

On the other hand, the vapours originating from the
degasification column 15 and the separator 75 pass by
way of the conduit 69 into the exchanger 14, after addi-
tion of the liquid expanded by the valve 29, are reheated
therein to —90° C. approximately, in heat exchange with
the natural gas undergoing condensation. They then
pass through the conduit 84 into the exchanger 13, where
their temperature rises again to approximately —75° C.
and then, after addition through the expansion valve 85
of a supercooled liquid with a high ethane and propane
content originating from the separator 7, they pass
through the conduit 86 into the exchanger 12, where they
are reheated to —57° C. After addition through the
valve 88 of a supercooled liquid with a high butane con-
tent originating from the separator 4, they are reheated
in the exchanger 11 to —31° C. Finally, after addition
thereto by means of expansion valve 91 of a liquid with
a high content of butanes originating from the water
condenser 36 placed at the outlet of the recycling com-
pressor 83 and supercooled in the exchanger 10 after a
first expansion in the valve 39, they reach the exchanger
10 by way of the conduit 92, which exchanger restores
them to the region of the ambient temperature. They
are finally returned through the conduit 57 to an inter-
mediate stage of the compressor 83.

The gaseous mixture recompressed by the compressor
83 to approximately 30 kg./cm.? is returned by way of
the conduit 35 to the condenser 36, cooled by a water
circulation coil 37. There is condensed therein a liquid
formed mainly of butanes, which is evacuated through
the conduit 38. A first portion of this liquid is expanded
in the valve 39 to 15 kg./cm.?2 and sent by way of the
conduit 40 to the exchanger 10, where it is supercooled
to —15° C. before being expanded in the valve 91 and
reunited with the gaseous fraction recycled during its
reheating at the cold end of the exchanger 16. The sec-
ond portion is expanded in the valve 41, likewise to about
15 kg./cm.?, and introduced into the upper portion of

the rectification column 16, heated at its lower end by
a steam coil 42. The most volatile constituents (nitro-

gen, methane, ethane) are released at the top and are
introduced through the valve 45 into the conduit 50, in
which liguid butane is circulating, the origin of this butane
being hereinafter referred to. After another fraction of
relatively volatile gases, separated at the head of the rec-
tification column 17, to which reference will later be
made, has been added by means of the valve 53, the mix-
ture of these gases is cooled to approximately —15° C.
in the exchanger 54, in counter-current with methane
originating from the low pressure separator 78 and al-
ready partially reheated in the exchanger 64. They are

- then expanded in the valve 55 to approximately 7 kg./.

60

65

70

75

cm.? and reunited by means of the conduit 56 with the
gaseous fraction recycled during its reheating at the cold
end of the exchanger 10.

~The liquid mixture comprising propane and butanes
collected at the base of the column 16 is conducted
through the conduit 43 and the regulating valve 44 into
the second rectification column 17, cooled at its upper
end by a water circulation coil 46 and heated at its bot-
tom end by a steam coil 47. The most volatile gases
liberated at the upper end are conveyed through the regu-
lating valve 53 into the conduit 50 already referred to.
On the other hand, the substantially pure liquid butane
present at the bottom of the column 17 is drawn off at a
rate which can be regulated by the valve 49 (the valve
51 being closed) and evacuated through the conduit 50.

Finally a liguid mixture of propane and butanes collected
at the head of the column 17 is evacuated through the
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conduit 58; the valve 59 being closed and the valve 61

open, it is supercooled in the exchanger 62 to approxi-

mately —75° C. in heat exchange with the mixture of

methane and nitrogen separated at the head of the degasi~

fication column 15 and already partially reheated in the

exchanger 26. It is then supercooled once again to ap-
proximately —110° C. in the exchanger 64 in counter-

current with the methane vapours originating from the
separator 78, then introduced through the conduit 65 and
the regulating valve 65A  into the degamﬁcatmn col-
umn 135.

On the other hand, if it is desired to- separate fractions
of liquid butanes and propane, the valves 49, 61, 65A
and 72A are closed and the valves 51, 59 and 72B are
opened. ' The liquid butane collected at the base of the
column 17 is conducted to the storage container through
the conduit 52 and the operation of this same column is

regulated so as to discharge substantially pure liquid

propane through the conduit 58; this propane 1s sent for

storage through the conduit 60. The heat exchangers 62

and 64 are then rendered inoperative, and the mixture of

methane and nitrogen arriving by way of the conduit 72 is

then reheated to the proximity of ambient temperature
in the exchanger 54, then conveyed to the point of use by
way of the conduit 73B.

If it should be desired, it is also possible to separate
a liquid ethane fraction by the liquid with a high ethane

content obtained in the separator 20 being conveyed to.

a suplementary rectlﬁcatlon column analogous to the col-
umns 16 and 17.

In the installation according to FIGURE 2, the natural
gas to be liquefied is first of all cooled in a series of
exchangers 116, 111 and 112, while the recycled non-
liquefied gas is separately cooled in a series of exchangers
145, 120, 121 and 122. The natural gas to be liquefied
and the recycled gas are then reunited and cooled to-

gether in the exchangers 130 and 131, then liquefied and

rectified in a column 116. The liquefied gas is sent to a
storage reservoir, while the non-liquefied gas, separated
from a fraction containing principally nitrogen, is re-

heated at two different pressures, a mean pressure in the
regiotnr of 6.5 kg./cm.2 and a low pressure in the region
of atmospheric pressure; the two reheated fractions are

reunited, recompressed to the pressure of the natural gas,

and then subjected to cooling in the exchangers 143, 120,

'121 and 122 already referred to.

The natural gas arriving by way of the conduit 101

enters the heat exchanger 110, where it circulates in par-
allel with a liquefied fraction of the recycled gas and in

counter-current with the non-liquefied gas under a mean.
It is cooled:
therein to approximately —15° C. and its heavier frac-
tions (butane, isobutane) are condensed; at the outlet of
the exchanger, they are separated: from the gas remaining

pressure (6.5 kg./cm.?2) to be reheated.

in the liquid separator 102, then conveyed by way of the
conduits 103 and 107 and the expansion valve 197A at

approximately 15 kg./cm.2 absolute, and after addition.
of the condensed liquid originating from the separator
106 at lower temperature, to the heat-exchanger 132, the.

purpose of which will be hereinafter described.
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The natural gas at —15° C. leaving the separator 102

passes through the conduit 104 into the exchanger 111,

in which it is cooled by the same recycled gas under me-

dium pressure to —45° C. approximately, while the major
part of the propane which it contalins is condensed.
It is then fed through the conduit 105 into the separa-

tor 106, where it is separated from the liquefied fraction
This latter fraction is re-

with a high propane content.
united by way of the conduit 107 with the fraction having
a high butane content and originating from the conduit

103, and sent with it to the exchanger 132, after expan-

sion in the valve 107A.

'The natural gas cooled to —45° C. then passes through

the conduit 108 into the exchanger 112, in which it 1s
cooled, always in counter-current with the recycled gas at

8

average pressure, to —67° C., while a part of the ethane
which it contains is condensed. Through the conduit 109,
it is fed to the separator 210, where the liquid is separated
and is then conveyed through the conduit 211 and the ex-
pansion valve 211A at 15 kg./cm.? to the conduit 133,
where it is reunited with the fractions previously con-
densed and supercooled in the exchanger 132, at the inlet
end of the exchanger 134, the purpose of which will be
set out in detail hereinafter.

The remaining natural gas, at —67° C., is reunited
through the conduit 222 with the gas recycled at the same
pressure and at approximately —72° C., arriving by way
of the conduit 113 at a rate of about 4000 cubic metres
per hour. The combined gas stream then enters the ex-
changer 130, where it is cooled to approximately —80° C.
in counter-current with gas recycled at mean pressure. A
fresh fraction of condensed ethane is evacuated through
the conduit 114, supercooled in the coil 115 in heat ex-
change with the base of the rectification column 116, then
expanded to about 15 kg./cm.2 and introduced at a regu-
latable rate through the expansion valve 118 into this
column. Another fraction passes by way of the conduit
119 to the expansion valve 220 at intermediate pressure,
where it is recombined with the cold gas recycled at mean
pressure, the origin of which will be hereinafter indicated.

The remaining natural gas, now composed almost ex-
clusively of methane and more volatile gases, particularly
nitrogen, is sent through the conduit 221 {o the final ex-
changer 131,:in which it is cooled to about —100° C. in
heat exchange with the recycled gas at average pressure.
Practically all the methane is liquefied and conducted
through the conduit 222 and the expansion valve 123 at
15 ke./cm.2 to the head of the rectification column 116,
The non-liquefied fraction, constituted by a mixture of
methane and nitrogen, is reunited by the expansion valve
124 with the gaseous: fraction separated at the head of
the rectification column 116 and discharged through the
conduit 125.

The rectification column 116 is moreover supplied with
liquid fractions with high contents of butanes, propane
and ethane, originating from separators 102, 106 and 210,
expanded to 15 kg./cm.2, then supercooled respectively in
the: exchangers 132 and 134 in counter-current with the
gas discharged from the separator 138. These fractions.

5. are introduced through the conduit 135 into the middle

zone of the column. The separation effected in the column
116 may be regulated by varying the rate of flow of liquid
entering the coil 115, and as a consequence the rate of
vaporisation in the vessel of the column, due to a bypass,
adjustable by-a valve 117.

The mixture of methane and nitrogen discharged at the
top of the rectification column 116 1s reheated in the ex-
changers 165 and 148 in heat-exchange with condensed
liguid fractions, then evacuated through the conduit 168
in order for example to be employed as a fuel

The liquid withdrawn at the base of the column 116 and
substantially free from nitrogen and other volatile gases.
passes through the conduit 126 to the expansion valve 127,
which expands it to a pressure of approximately 6.5 kg./
cm.2 and then to the separator 128. The fraction va-
porised by the expansion is conducted through the conduit
129 to the exchanger 131, after a liquid fraction originating
from the heating coil 115 has been added thereto through
the expansion valve 220. The non-vaporised fraction is
conducted through the conduit 136 and the expansion
valve 137 at a low pressure in the region of atmospheric
pressure to the separator 138. The natural gas which has
remained in the liquid state is conducted through the con-
duit 142 to the storage reservoir, not shown. The vapours

- formed during this final expansion, which contain a large

proportion of methane, are reheated in heat exchange
with the fractions condensed in the exchangers for cooling
the natural gas, in the exchangers 134 and 132, and are.
then returned through the conduit 141 to the recycling

. compressor: 143.
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On the other hand, the vapours released during the ex-
pansion to the intermediate pressure are reheated in the
exchanger 131 to approximately —88° C., by the com-
bined stream of natural gas and recycled gas.

After a fraction of the recycled gas liquefied under pres-
sure in the exchanger 122 has been added thereto through
the expansion valve 166, the combined gases pass through
the conduit 169 into the exchanger 130, where they are
again reheated to approximately —76° C. After a frac-
tion of the recycled gas liquefied under pressure in the
exchanger 121 and supercooled in the exchanger 112 to
approximately —67° C. has been added thereto through
the expansion valve 162, the combined gases are divided
into two portions.

The major portion of the cold gas recycled at mean
pressure 1s conveyed in heat exchange with the recycling
gas previously recompressed to the pressure of the natural
gas into the multi-stage compressor 143. It thus enters
the exchanger 122 by way of the conduit 171 and is re-
heated in the exchanger to —58° C. After a fraction of
recycling gas at 30 kg./cm.? and liquefied in the exchanger
120 and supercooled in the exchanger 111 to approximate-
ly —45° C. has been added thereto by way of the expan-
sion valve 157, it passes through the conduit 173 into the
exchanger 121, where it continues its reheating to approxi-
mately —25° C. Finally, it enters the exchanger 120 by
way of the conduit 159, after addition through the ex-
pansion valve 149 of a fraction with a high butane content
liquefied in the water condenser 145 and supercooled in
the exchanger 148 in counter-current with the gas having
a high nitrogen content separated at the head of the recti-
fication column 116. 1t is reheated therein to apPproxi-
mately +22° C. and, after the addition thereto, through
the conduit 178, of the other gaseous fraction at mean pres-
sure, reheated in counter-current with the natural gas, it
enters an intermediate stage of the compressor 143 of the
recycling gas.

The other portion of the cold gas at mean pressure,
conducted inheat exchange with the natural gas to be
cooled, is first of all reheated to approximately —58° C.
in the exchanger 112, then to —28° C. in the exchanger
111, and finally to approximately 4-20° C. in the ex-
changer 119; it is then reunited with the other portion
at the inlet to the recycling gas compressor 143. |

It will be noted that practically all the recycling gas
recompressed by the compressor 143 to the pressure of
the treated natural gas, mamely 30 kg./cm.2, is supplied
by the gas expanded to a mean pressure, 6.5 kg./cm.2,
al a rate 1n the region of 5000 cubic metres per hour, to
the inlet of the intermediate stage of the compressor,
and for a very small part (about 200 m.3/h.) by gas
previously expanded to the region of atmospheric pres-
sure. ‘The necessary compression energy is thus sub-
stantially that necessary for bringing the recycled gas
from 6.5 kg./cm.2 to 30 ke./cm.2.
~ The recycling gas, brought by the compressor 143 to
the pressure of 30 kg./cm.2 and to a temperature of
about 32° C,, is cooled in the exchanger 145 by a water
circulation coil 146. Its temperature is lowered to about
30 C. and a fraction formed mainly of butane is liquefied.
This latter fraction, discharged through the conduit 147,
1s divided into two portions. The first portion, after
supercooling to —15° C. in the exchanger 148 in counter-
current flow with the mixture of methane and nitrogen
delivered from the head of the rectification column 116,
is expanded by the valve 149 and vaporised in the gas
recycled at mean pressure, at the cold end of the ex-
changer 128. The second portion is conveyed through
the conduit 151 to the exchanger 110, where it is cooled to
—15° C. in parallel with the natural gas, then it is
reunited by means of the conduit 152 and the expansion
valve 153 with the gas recycled at mean pressure at the
cold end of the exchanger 116, and is vaporised therein.

The main fraction of the recycling gas, which has re-

mained in the gaseous state, passes through the conduit
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154 into the exchanger 120, where it is cooled to about
—15° C. The last fractions of butane and propane are
then condensed. This lquid fraction is conveyed
through the conduit 155 to the exchanger 111 of the
cooling circuit for natural gas, where it is supercooled
to —45° C. approximately. It then passes through the
conduit 156 to the expansion valves 157 and 158, which
introduce it respectively into the two fractions of recycled
gas at mean pressure, where it is vaporised during the
passage thereof in the exchangers 111 and 121.

The main gaseous fraction then passes through the
conduit 159 into the exchanger 121, where it is cooled
to about —49° C., while a liquid formed mainly of
propane is condensed. In analogous manner to the pre-
ceding liquid fraction, this liquid is conveyed through
the conduit 160 to the exchanger 112 for cooling the
natural gas, where it is supercooled to —67° C.; it is
then expanded by the valve 162 to 6.5 kg./cm.2 and in-
troduced into the gas recycled at mean pressure and
leaving the warmer end of the exchanger 130.

The non-liquefied recycling gas is then reunited by
means of the conduit 113 with the natural gas arriving
by way of the conduit 212 at a similar temperature
(—67° C.). -

In the installation shown in FIGURE 3, the natural
gas to be liquefied, with an identical flow rate and com-
position, as well as the pressure and temperature accord-
ing to the previously indicated values, has added thereto,
by means of the conduit 2, a recycled gaseous fraction
which has a high content of hydrocarbons heavier than
methane, the origin of which will be hereinafter indi-
cated. The cooling thereof is effected.in a series of heat
exchangers 10 to 16, while the rectification columns 18
and 19 permit the separation of a liquid fraction with a
high content of propane and butanes. The liquefied gas
is subjected to a degasification of its most volatile frac-
tions in the rectification column 17 before being expanded
and sent for storage.

The cooling of the natural gas takes place as follows.
The mixture of natural gas and recycled vapours is in-
troduced through the conduit 3 into the heat exchanger
1@, where it is cooled to about —15° C. in heat exchange
with a mixture of gas and liquid at lower pressure (about
7 kg./cm.2) introduced through the conduit 84, and con-
currently with a liquid fraction having a high butane
content introduced through the conduit 90 for the pur-
pose of its supercooling. During this cooling of the
natural gas, a liquid with a high content of butanes is
condensed and this liquid is separated from the remaining
gas in the separator 4. This liquid is conveyed through
the conduit 6 into the following exchanger 11, where it
is supercooled to about —50° C., and then it is reunited
by means of the conduit 78 and the expansion valve 79
with the recycled vapours arriving at the cold end of the
exchanger 11, in which vapours it is vaporised during
the reheating thereof. .

The remaining natural gas leaving the separator 4 is
conveyed through the conduit 5 to the exchanger 11,
where it is also cooled to —50° C., while a liquid with
a high content of butanes and propane is condensed before
being separated in 7 from the remaining gas. This liquid
passes by way of the conduit 9 into the exchanger 12,
by which it is supercooled to approximately —70° C. and
then it is introduced through the conduit 74 and the ex-
pansion valve 75 into the recycled vapours reaching this
same exchanger.

The residual gas discharged from the separator 7
through the conduit 8 then enters the exchanger 12,
where 1t is also cooled to —70° C. The liquid with a
high propane content, which is condensed, is collected at
20, sent by way of the conduit 22 to the exchanger 13,
and supercooled in this latter to —85° C. The first por-
tion is reunited by means of the conduit 70 and the ex-
pansion valve 71 with the cold vapours reaching the
exchanger 13. A second portion is introduced through
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the conduit 65 and the expansion valve 66 into the gas
separated from the liquefied methane leaving the ex-

changer 16.
The gaseous mixture under pressure, leaving the separa-

tor 20, passes through the conduit 21 into the exchanger

13, where its temperature is lowered to —85° C. The
condensed liquid, rich in ethane, and collected at 23,

passes through the conduit 25 to the exchanger 14, where

it undergoes a supercooling to about —100° C. It then
passes through the conduit 51 into the exchanger 16,
where it is again cooled to about —125 °C. At the cold
end of this exchanger, it is divided into two portions; the
major portion is reunited by means of the conduit 54 and
the expansion valve 55 with the gas separated from the
liquid methane in the degasification column 17 and re-
cycled; another portion is sent through the conduit 352

and the expansion valve 53 at about 7 kg./cm.? into the

upper portion of the column 17.

The gas remaining at the outlet of the separator 23, free
from the major part of the hydrocarbons other than
methane, passes through the conduit 24 into the exchang-
er 14, where its temperature falls to —100 °C. A part
of the methane is condensed and is collected in the separa-
tor 26. The remainder passes through the conduit 27
into the exchanger 15, where its temperature is progres-
sively lowered to approximately —105 °C, while the
major part of the remaining methane is liquified and col-
lected in the base of the exchanger before rejoining,
through the conduit 29, the already liquefied portion
leaving the separator 26 by way of the conduit 28. The
liguid methane thus collected is conveyed through the
conduit 30 into a coil 31, in heat exchange with the base
of the degasification column 17, in which it is super-
cooled; it then passes through the conduit 32 into the ex-

changer 16 already referred to, where it undergoes a final

cooling to —125° C. before being introduced through
the conduit 33 and the expansion valve 34 into the head

of the degasification column 17.-
The residual gas, not condensed in the exchanger 15

and constituted for example of a mixture of 70% of
methane and 30% of nitrogen at approximately —105°

C., is sent through the conduit 35 to a coil 36 in the

base of the column 17. It leaves the latter, cooled to
approximately —125° C., and then passes through the
conduit 37 into the exchanger 38, concurrently with the
liquid methane withdrawn at the base of the column
17, its temperature falling to —145° C. Leaving this ex-
changer by way of the conduit 39, it is divided into two
parts.

The first part, passing through the conduit 40, 1s ex-
panded in the valve 41 to about 7 kg./cm.2, then returns
to the cold end of the exchanger 38 so as to as-
sure therein a first supercooling of the liquid metkane
originating from the degasification column 17. It i1s

then reunited by way of the conduit 42 with the vapours

discharged at the head of the column 17, and introduced

with them through the conduit 63 into the exchanger 16.

The second part of the mixture of approximately 70%
methane and 30% nitrogen at low temperature is infro-
duced through the conduit 43 into the exchanger 44, sub-
jected to a last cooling to approximately —165° C. in
this latter, then expanded by the valve 45 to about
2 ke./cm.2 and returned to this exchanger with the object
of ensuring the final supercooling of the liquid methane,
where the methane enters this exchanger through the con-
duit 58 before being sent to the reservoir. The second
part then passes successively through the conduits 46 and
43 into the exchangers 47 and 49, in heat exchange
with a liquid having a high content of propane and bu-
tanes, then it is evacuated substantially at ambient tem-
peratures through the conduit 50 and sent to the place
for use, for example as a fuel, in view of its high con-

tent of methane.

As already mentioned, the degasification column 17,

heated at its base by the coils 31 and 36 and cooled at
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its upper end by the arrival of supercooled liquid through
the conduit 33, makes it possible to eliminate the last
fractions of more volatile gases dissolved in the liquid
methane. This latter is withdrawn from the base of the
column through the conduit 56, supercooled in the ex-
changers 38 and 44 to about —162° C., then expanded in
the valve 59 to its storage pressure, which is in the re-
gion of atmospheric pressure. This liguid does not con-
tain more than traces of nitrogen and other gases more
volatile than methane.

The volatile vapours discharged at the head of the
column 17 through the conduit 61, have added thereto,
through the conduit 54 and the valve 55, the liquid with
a high ethane content originating from the separator 23
and supercooled in the exchangers 14 and 16, and then is
added through the conduit 42 with the gas having a high
nitrogen content expanded in the valve 41 and reheated
in the exchanger 38 in counter-current with the liquid
methane. After vaporisation and reheating in the ex-
changer 16 to —125° C., they are mixed with the liquid
having a high propane content originating from the separa-
tor 20, supercooled in the exchanger 13 and expanded 1n
the valve 66. The combined stream is vaporised and re-
heated to approximately —90° C. in the exchangers 15
and 14, then it is reheated to ambient temperature, after
successive additions of liquid fractions condensed under
pressure, in the exchangers 13, 12, 11 and 10. The re-
cycled fraction leaving the exchanger 10 through the con-
duit 85 is then brought by the compressor 86 to the ini-
tial pressure of the natural gas, which is about 30 kg./cm.2.

The recycled and recompressed fraction is then sent
by way of the conduit 87 to the water condenser 88,
equipped with a cooling coil 89. The uncondensed gas
is reunited through the conduit 2 with the natural gas to
be liquefied. A fraction condensed in this condenser,
formed mainly of butane and propane, is sent through
the conduit 99 to the exchanger 10, where 1t is super-
cooled. A first part of this condensed fraction is re-
united through the conduit 82 and the expansion valve
83 with the fraction recycled under low pressure during
reheating at the cold end of the exchanger 10. The
second part is sent through the conduit 91 and the ex-
pansion valve 92 at 15 kg./cm.? to the rectification
columns 18 and 19, provided for eliminating the propane
and the butane continuously introduced into the appara-
tus. To this end, the column 18 is heated at its base
by a steam coil 93. The most volatile iractions (nitro-
gen, methane, ethane) are released at the head of column
18.. The most volatile fractions are expanded in the
valve 103 to 11 kg./cm.2 and the residual volatile frac-
tion released in the column 19 is added thereto by way
of the valve 104 the mixture from the two columns is
then sent through the conduit 165 to the exchanger 49
in counter-current with the mixture of methane and nitro-
gen being reheated and already mentioned. Thus cooled
to. about -—-30° C., the volatile vapours are reunited
through the conduit 106, the expansion valve 107 and
the conduit 108 with the fraction recycled during the
reheating, at the cold end of the exchanger 10.

The liquid mixture of propane and butanes collected
at the base of the column 18 is introduced through the
conduit 94 and the expansion valve 95 into the central
portion of the second rectification column 19, at a pres-
sure of about 11 kg./cm.2. This column is heated at ifs
base by a steam coil 96 and cooled at its upper end by
a water circulation coil 97. The volatile vapours re-
leased at the head of this column are reunited by means
of the valve 104 with the vapours leaving the top of the
column 18. On the other hand, a liquid fraction with
a high butane content is withdrawn at the base of the
column 19, and this fraction is cooled in the water con-
denser 99, equipped with a coil 100, and then conveyed
by way of the conduit 101, the expansion valve 102 and
the conduit 1068 into the recycled fraction at the cold

end of the exchianger 10,
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Finally, in the upper part of the column 19, at 109,
a liquid with a high content of propane and butanes is
drawn off, and this liquid is conveyed through the con-
duit 119 to the exchangers 49 and 47, where it is cooled
from -}-40° C. to approximately —i45° C. in heat ex-
change with the mixture of methane and nitrogen to be
reheated, as slowly mentioned. It is finally expanded
to approximately 7 kg./cm? in the valve 112 and reunited
with the lignid methane at the inlet end of the supercool-
ing exchanger 44.

It will be noted that the saving in energy of the installa-
tion which has just been described, relatively toc those
FIGURES 1 and 2 of the drawing, is in fact greater than
single energy of recompression of the fraction recycled
at low pressure. In effect, it can be estimated approxi-
mately that the vapours which were reheated under low
pressure in the installation according to FIGURES 1 and
2 are this time reheated under the same intermediate
pressure as the others, so that the vaporisation of the
condensed fractions takes place according to the present
improvement in the presence of more volatile vapours
and consequently at lower temperature. Thus, for the
fractionated condensation, there is obtained a greater
transmission of cold for an unchanged heat-exchange
surface, this corresponding to an appreciable energy gain.

What I claim is:

1. A process for liquefying a gaseous feed mixture at
a relatively low temperature, comprising the steps of:

(a) passing the gaseous mixture through a condens-
ing zone at relatively high temperature forming a
high boiling point liquid and a low boiling point
gas;

(b) withdrawing the low boiling point gas from the
condensing step and passing it through a cooling
zone to form a second liquid fraction and a second
gaseous fraction;

(¢) withdrawing the high boiling liquid from step (a),
passing at least part of said liquid through a cool-
ing zone, expanding said passed liquid to a lower
pressure, and passing sald expanded liquid back in
counterflow through at least one of said cooling and
condensing zones while vaporizing the expanded
liquid to form a return fluid;

(d) recompressing said return fluid of step (c); and

(e) mixing the recompressed return fluid of step (d)
with the gaseous feed mixture to be condensed.
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2. A process as claimed in claim 1, and condensing
from said second gaseocus fraction a low boiling point
liquid, and withdrawing from the process as product at
least most of said low boiling point liquid.

3. A process as claimed in claim 2, in which said
low boiling point liquid is expanded to a pressure sub-
stantially lower than said lower pressure of step (c), be-
fore being withdrawn from the process.

4. A process as claimed in claim 3, and liquefying a
gasecous state fraction more volatile than said low boil-
ing point liguid, expanding and vaporizing said lique-
fied gaseous state fraction by heat exchange with said
low boiling point liquid prior to the expansion of the
latter, thereby subcooling said low boiling point liquid
to a temperature low enough to prevent appreciable par-
tial vaporization on its expansion.

5. A process as claimed in claim 4, wherein said
gaseous state fraction is liquefied by heat exchange with
a recfification zone under substantially the same pressure
as said lower pressure of said expanded high boiling
liquid.

6. A process as claimed in claim 4, wherein said ligue-
fied more volatile fraction is expanded to substantially
the same pressure as said lower pressure of said expanded
high boiling liquid, and after being vaporized is at least
partly mixed with said expanded high boiling liquid.

7. A process as claimed in claim 4, wherein said lique-
fied more volatile fraction is supercooled concurrently
with said low boiling point liquid, before being expanded
and vaporized by heat exchange with said low boiling
point liquid.
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