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This invention deals with a method and apparatus re 
quired for partial or total liquefaction with or without 
sub-cooling of the liquid thus obtained from gas or gas 
mixtures of which certain components have very low 
boiling temperatures at atmospheric pressure. It concerns 
especially a method and apparatus for the liquefaction 
and sub-cooling to a liquid state of mixtures including 
light hydrocarbons, nitrogen and helium, for example, and 
those which cannot be kept in a liquid state in closed con 
tainers without refrigeration; that is to say those with a 
critical temperature lower than the ambient temperature. 
This invention can be especially applied to natural gas 
liquefaction, extraction of nitrogen, helium and rare 
gases. 

This invention in its broadest form is not limited to the 
liquefaction of the gases mentioned hereabove, but applies 
to any complex gas mixture. It applies especially when it 
is essential to construct installations processing mixtures 
of variable and varied composition, having therefore to 
be extremely ?exible. I 

Moreover, this invention permits the construction of 
installations with low investment and operating costs. 
An important application of this invention includes the 

liquefaction of natural gas produced in locations separated 
from the place of consumption by bodies of water, mak 
ing transport by pipe~line impossible or very costly. In this 
case, the gas is transported by special ships in liquid form 
at a pressure slightly above atmospheric pressure and at 
a temperature of about the bubble point; the evaporation 
of a part of the liquid produces the refrigeration effect re 
quired to maintain the cargo cold and the gas thus evapo 
rated can be used as fuel for the ship’s engines. 
Up to the present the liquefaction of natural gas With 

out expansion supplying work has been made by, amongst 
others, the following two methods: 
The ?rst uses several refrigeration cycles, each cycle 

using an essentially pure refrigerating ?uid. For example, 
such a system can use propane for the ?rst cycle between 
the ambient temperature and —35° C., ethylene for the 
second cycle between temperatures of —-35° C. and 
—100° C., methane for the third cycle between tempera 
tures of —l00° C. and —160° C., and if necessary a 
fourth cycle with nitrogen to reach a temperature lower 
than —160° C. In order to lessen the energy consumption, 
each cycle of this system consists itself of several tempera 
ture stages, these being obtained by controlling at different 
levels, the boiling pressure of the refrigerating ?uid. The 
consequence of this is an expensive multiplication of 
equipment: heat exchangers, piping, control equipment, 
compressors. This complexity leads to high investment 
costs. Moreover this system is not very ?exible and is dif 
?cult to adjust as soon as the real conditions vary a little 
from the basic conditions. 
The second method uses the gas itself as the refrigera 

tion ?uid; however, this other solution requires important 
auxiliary equipment which considerably increases the com 
plexity of the system and the power required to accom 
plish liquefaction. 
The principal object of the present invention is to pro 

vide a method and apparatus for carrying out continuous, 
total, or partial liquefaction, with or without sub-cooling, 
of the liquid thus obtained from the gaseous mixtures, 
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whose critical temperature is lower than the ambient 
temperature. 

Another object of the present invention is to provide a 
method and apparatus for carrying out continuous lique 
faction of gaseous mixtures, whose composition can vary 
from time to time, and this under conditions near to the 
optimum for a fairly wide range of variations. 

Another object of the present invention is to provide 
apparatus for carrying out the continuous liquefaction of 
gaseous mixtures with minimum capital and operation 
costs. 
A speci?c object of the present invention is to provide 

a method for the continuous liquefaction of gaseous mix 
tures in which the cold producing ?uid or refrigerating 
?uid is a mixture of several components which mixture 
is chosen to allow the liquefaction of the gaseous mixtures 
under the most efficient conditions. 

Another object of the present invention is to provide an 
apparatus for carrying out the liquefaction of gaseous 
mixtures in which the composition of the refrigerating 
?uid can be modi?ed so as to maintain the operating con 
ditions close to the optimum. 
Another object of the present invention is to provide 

a method and apparatus for continuous, total, or partial 
liquefaction, with or without sub-cooling of the liquid thus 
obtained from the gaseous mixtures by counter-current 
surface heat exchange with a refrigerating ?uid of vary 
ing composition at several points in the cooling circuit, the 
refrigerating ?uid itself being, when compressed, a gaseous 
mixture distinct from the mixture to be lique?ed, this ?uid 
being continuously recirculated, while the gas to be lique 
?ed only passes through the exchanger system once. 
Another object of the present invention is to provide a 

method and an apparatus permitting the continuous cool 
ing, the condensation under a certain pressure of the 
natural gas and its sub-cooling to a liquid state down to 
a temperature near or equal to its bubble temperature at 
atmospheric pressure by counter-current indirect heat ex 
change between said natural gas and said fractions of a 
refrigerating ?uid comprising mainly methane, ethane, pro 
pane, butanes, pentanes, but also possibly containing small 
quantities of more volatile substances, nitrogen and heli 
um, for example, and less volatile substances, such as 
hexanes, heptanes, octanes. This is an inexpensive cold 
producing ?uid (refrigerating ?uid) easily obtained since 
it is made up of the hydrocarbons or the gases contained 
in the natural gas or in the liquid usually present in the 
natural gas before its processing in the ?eld, prior to its 
transport by pipe-line. 
The different objects are obtained in accordance with 

the invention by way of a process of liquefactoin of a mix 
ture of gas hereafter called a “?rst gas mixture,” charac 
terized by the fact that this gas mixture passes through a 
?rst system of liquefaction, in indirect contact with and 
in a direction opposite to a refrigerating liquid in the 
process of vaporization, introduced in portions at several 
points, these portions being increasingly volatile in the 
direction followed by the ?rst gas mixture, said portions 
of refrigerating liquid resulting from the liquefaction in 
successive stages, into a second liquefaction system, of a 
second gas mixture obtained by vaporization of the refrig 
erating liquid in said systems of liquefaction, this second 
liquefaction resulting from the vaporization with indirect 
contact of at least one part of the condensate of each pre_ 
vious stage, with the exception of the ?rst condensate 
which is obtained by compression of the second gas mix 
ture, the pressure of vaporization in the ?rst liquefaction 
system being lower than the pressure of vaporization in the 
second liquefaction system. 
The absolute vaporization pressure in the ?rst liquefac 

tion system will usually be between about 0.4 and about 3 
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atmospheres, preferably between about 1 and about 1.5 
atmospheres. 
The absolute vaporization pressure in the second lique 

faction system will usually be between about 4 and about 8 
atmospheres, preferably between about 5 and about 7 
atmospheres. 
The absolute liquefaction pressure of the ?rst gas mix 

ture is preferably between about 30 and about 100 bars, 
whereas the absolute liquefaction pressure of the second 
gas mixture is usually selected to be higher than about 31 
bars, for example between about 31 and about 50 bars. 
The adoption of a vaporization pressure in the second 

liquefaction system which is higher than that of the ?rst 
system, constitutes an essential feature of the invention. 

In fact, under these conditions, power consumption is 
greatly reduced. 
On the other hand, the losses in heat are reduced on 

account of the fact that the liquefaction in the second 
liquefaction system is e?ected at relatively high tempera 
tures. 

Finally, this difference in pressure makes it possible to 
utilize a cold producing ?uid of a low nitrogen content or 
a low content of another gas having a low boiling point. 
The liquefaction of such a ?uid requires a less high power 
consumption. 
Another preferred feature of the invention is the fact 

that the gas mixture is circulated from below moving up 
wardly, and the refrigerating liquid downwardly from 
above, throughout the ?rst and-or second liquefaction 
system. Such manner of procedure provides a number of 
practical advantages. In particular, pipes of large volume 
in which the gas circulates, can be placed near the ground, 
close to the compressor. These pipes may be short which 
reduces the cost of installation and operation by reducing 
the losses in load. Only pipes of a small diameter des 
tined for liqui?ed gases are connected to the highest parts 
of the system. This arrangement is also more advantageous 
than the use of exchangers arranged successively at the 
same level. In fact, in the latter case, connecting pipes 
between the different apparatuses must be provided which 
are fairly long, for example for letting the partially liqui 
iied gas rise again from one level to the next. 
Another preferred feature resides in refrigerating ?uids 

of particular composition. 
The composition of the cold producing ?uid may vary 

somewhat with the composition of the gas to be lique?ed 
and with the liquefaction pressure; in the same manner, 
the nitrogen content of the cold producing ?uid depends 
upon the temperature at which the lique?ed natural gas 
is to be sub-cooled. 

Generally, the refrigerating ?uids have the following 
composition in the gaseous state: 

Percent by volume 
Nitrogen and more highly volatile gases (for exam 

ple helium) ____________________________ __ 0-3 

Methane ________________________________ __ 20-32 

Ethane _________________________________ __ 34—44 

Propane ________________________________ __ 12—2O 

Butanes _________________________________ __ 8-15 

Pentanes and heavier ?uids _________________ __ 3-8 

According to a preferred form of application, the con 
tent of nitrogen and more volatiles is between about 0.5 
and about 2%. 

Refrigerating ?uids of the composition given above, 
can be utilized in practically all cases of liquefaction of 
natural gases containing methane as the main component. 
With such refrigerating ?uids, power consumption is re 
duced to a minimum. 
These and other objects of this invention will become 

apparent in the following description of the invention as ’ 
it could be applied, for example, to the liquefaction of a 
natural gas in view of its transportation by sea or river 
ships. 
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For example, the gas could have the following composi 

tion and be available at a pressure of 39 bars absolute: 

Percent by volume 
Nitrogen _________________________________ .. 1.8 

Methane _________________________________ __ 87.0 

Ethane ___________________________________ __ 7.3 

Propane _ ._ _____ __ 2.5 

Butanes ___ ..____ ___ 1.2 

Pentanes and less volatiles ___________________ __ 0.2 

FIGURE 1 illustrates a simple application of the inven 
tion. 
FIGURE 2 shows the heat-temperature relationship be 

tween the processed natural gas and the cold-producing 
?uid or refrigerating ?uid. 
FIGURE 3 vshows, in order to allow the comparison, the 

same relation as FIGURE 2, in the case of a three cycle 
cold-producing process. 
FIGURE 4 illustrates a practical example of an appli 

cation of the invention. 
FIGURE 1 illustrates a simple application of the inven 

tion. A refrigerating ?uid, after being compressed in com 
pressor 1 up to an absolute pressure of 37.5 bars, for exam 
ple, is admitted through line 2 into the indirect contact 
surface condenser 3 (wherein air or water is used for ex 
ample). The ?uid is partially condensed when it comes out 
of condenser 3 through line 4. It is then passed to drum 5. 
Liquid condensate called L1 is collected in drum 5 while 
the vapor in drum 5 is introduced through line 6 into 
the tubes of condenser 7 from which it comes out partially 
condensed through line 8, for passage to drum 9. Liquid 
condensate called L2 is collected in drum 9 while the vapor 
of the ?uid in line 8 is introduced through line 10 into 
the tubes of condenser 11, from which it comes out partial 
ly condensed through line 12 and through which line it 
passed to drum 13. Liquid condensate called L3 is col 
lected in drum 13 while the vapor therein is introduced 
through line 14 into the tubes of condenser 15 from which 
it comes out completely condensed through line 16; this 
condensate, called L4 feeds the shell of exchanger 36. 
The stepwise condensation of the cold producing ?uid 

is obtained in the following manner. A part of the con 
densate L3 through lines 17 and ‘18 is injected through 
expansion ‘valve 119 into the top of the shell of condenser 
15 wherein it partially vaporizes while descending 
counter-‘currently with the ?uid ‘condensing within the 
tubes of condenser .15. From .the bottom of the shell of 
condenser 15, partially vaporized L3 is introduced into 
the top of the shell of ‘condenser 11 through line 20. A 
part of the ‘condensate L2 from lines 21 and 22 is in 
jected through expansion 'valve 23‘ into line 20. The re 
sulting mixture of L3 and L2 is passed into the shell of 
condenser 11 wherein it vaporizes while descending 
counter-currently with the ?uid condensing within the 
tubes of 11. From the bottom of the shell of condenser 
11, the vaporized L2—L3 mixture is passed through ‘line 
24- and is introduced into the top of the shell of condenser 
7. A part of the condensate L1, in lines 25 and 26, is 
injected through expansion valve 27, and is mixed with 
the vapor in line 24. The resulting mixture of L3, L2 and 
L1 vaporizes and is superheated while descending counter 
currently with the ?uid condensing in the tubes of con 
denser 7. From the bottom of the shell of condenser 7, 

_@the mixture of L3—'IJ2—L1 in a superheated vapor state 
‘ is introduced through line 28 to ‘an intake of compres 
sor 1. 
The natural gas to be lique?ed enters through line 29 

into the tubes of exchanger 30, then successively through 
line 31 into the tubes of exchanger 3-2, then through line 
33 into the tubes of exchanger 34, then through line 35 
into the tubes of exchanger 36, from which it comes out 
in a sub-cooled liquid ‘state through line 37, then through 
valve 38 and line 39 to storage. All the exchangers are 
wall-contact type. The condensate L4 passing through 
line 16 and expansion valve 40 is injected into the top of 
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the shell of exchanger 36, in which it partially vaporizes 
counter-currently with the natural gas circulating in the 
tubes thereof. From the bottom of the shell of exchanger 
36, condensate L4 is introduced into the top of the shell 
of exchanger 34 through line 41. In line 41, a part of the 
condensate L3 in lines 17 and 42 is injected through ex 
pansion valve 43. The mixture of L4 and L3 vaporizes 
while descending counter-currently with the natural gas 
circulating inside of the tubes of exchanger 34. From the 
bottom of exchanger 34, the mixture of L4 and L3 is in 
troduced into the top of the shell of exchanger 32 through 
line 44. A portion of the condensate L2, from lines 21 
and 45, is injected through expansion valve 45 into line 
44. The mixture of L4—L3-L2 vaporizes while descend 
ing counter-currently ‘with the natural gas circulating in 
side of the tubes of exchanger 32. From the bottom of 
the shell of exchanger 32, the mixture of L4-L3—L2 is 
introduced into the top of the shell of exchanger 39 
through line 47. Part of the condensate L1 in lines 25 
and 48 is injected through expansion valve 49 into line 
47. The mixture of L4-L3-L2-L1 vaporizes and is super 
heated while descending counter-currently with the nat 
ural gas circulating in the tubes of exchanger 30. The 
mixture of L4-L3—L2-L1, in a superheated vapor state, 
is passed from the bottom of exchanger 30 through line 
58 to an intake of the compressor 1. 

It should be understood that, instead of the 4 ex 
changers 30, 32, 34 and 36, a smaller number of exchang 
ers can be used. For example, a single exchanger of 
much greater length With the same number of injections 
of the cold-producing ?uids (refrigerating ?uids) in lines 
16, 42, 45 and 4S and the expansion valves 4%, 43, 46 and 
49 can be used. In this case the connecting lines 41, 44 
and 47 are unnecessary. 

It should be understood that, instead of the three con 
densers 7, 1'1 and 15, only one condenser, for example, 
can be used in which the condenser bundles. would be 
stacked, and the condenser shell would have the same 
number of points for the injection of the cooling fluids 
through lines 25, 22 and 18, and expansion valves 27, 23 
and 19. The connecting lines 24 and 2%) would then be 
unnecessary. These exchangers and condensers can be, 
for example, coiled tube type or multiple plate type ex 
changers. 
The two refrigeration circuits for cooling and conden 

sation of the natural gas on the one hand and for con 
densation of the condensates of the cold-producing ?uid 
on the other hand, operate under different pressures, the 
?rst one at a lower pressure than the second one. Since 
the pressure is not the same in the two circuits, two or 
three compression casings can be used on the same drive 
shaft with intermediary cooling if necessary, the regula 
tion of the lowest suction pressure being made, for exam 
ple, by means of variable inlet guide vanes. This system 
has the advantage of only requiring one driving machine. 
Curve C in FIGURE 2 represents the evolution of 

natural gas under a certain pressure. The quantity of heat 
called enthalpy (H) is shown as the abscissa and tempera 
ture (T) while cooling is shown as the ordinate. This 
curve is characterized by three special sections: the ?rst 
one between the ambient temperature (A) and the dew 
point (B) corresponds to the gas cooling while in the 
vapor state; the second section between the dew point 
(B) and the bubble point (D) represents the progressive 
condensation of the vapor, the mixture being entirely 
liquid at the bubble point temperature; and the third sec 
tion below the bubble point temperature represents the 
sub-cooling of the liquid obtained by condensation. 

Curve F in FIGURE 2 represents under the pressure of 
vaporization of the condensates of the cold-producing 
?uid, the variation of enthalpy of a cold-producing ?uid 
taken, as an example, in terms of the vaporization tem 
perature. This curve shows a certain number of angular 
points corresponding to the injection points of the con 

10 

6 
densates points -1 and 2, and point 3 corresponds to the 
beginning of the ‘superheating of the cold-producing ?uid. 
The work of cooling of the natural gas is linked to the 

cross-hatched area in FIGURE 2; work increases when 
the surface of this area increases. The minimum work is 
obtained when curve -F merges with curve C but this 
would correspond to an in?nite heat exchange surface be 
cause the difference of temperature would be zero at 
every point. On the other hand a curve F, Whose tempera 
tures at each point are markedly lower than the corre 
sponding temperature of curve C, leads to a limited ex~ 
change surface but to increased work. 

In order to facilitate the comparison between this proc 
ess ‘and the well known three cycle cold-producing proc 
ess, FIGURE 3 represents, using the same curve C as in 
FIGURE 2, the operation of a well known process using 
three cooling cycles, each cycle itself being divided into 
three pressure stages, the enthalpy temperature curve of 
the cold~producing ?uids is a step-like curve requiring in 
the case shown here nine different exchangers. For exam- 
ple, cycle I relates to prepare, cycle K to ethylene and 
cycle L to methane. The three pressure stages of each 
cycle are numbered 1, 2 and 3. 
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The pressure to which the gas is available at the entry 
of the liquefaction installation has an in?uence on the 
power required for liquefying the gas and sub-cooling it. 

If it is wished to sub-cool a natural gas in the liquid 
state down to a temperature near or equal to its bubble 
point temperature at atmospheric pressure, a pressure 
more or less equal to the pressure at which, in general, 
lique?ed natural gas is stored, it is necessary, either to 
drop the pressure of the cold-producing circuit to allow 
the condensate rich in methane to do this cooling, which 
adds to the power required for compression, or to incor 
porate in the cold-producing ?uid a certain quantity of 
a more volatile component than methane in order to 
lower the vaporization temperatures in the temperature 
zone under consideration. This more volatile component 
can be nitrogen, for example, Whose boiling temperature 
at atmospheric pressure is —195.8‘‘ Celsius. 
Due to the concentration action of the successive con 

densation steps a relatively small quantity of nitrogen, up 
to 2%, in the cold-producing fluid at the compressor dis 
charge will produce much larger concentrations in the 
last and ?nal condensate, so that it is possible at the 
same pressure to considerably lower the bubble point 
temperature, 15° Celsius for example. The presence of 
nitrogen modi?es the vaporization curve in its coldest 
position by removing the almost constant step existing 
in the vaporization curves of fractions rich in methane 
Without more volatile components, but to take full ad 
vantage of this new form of curve, the liquid condensate 
must be sub-cooled down to a very low temperature, 
practically down to the outlet temperature of the lique 
?ed natural gas. 
The discharge pressure of the compressor also deter 

mines the composition of the cold-producing ?uid es 
pecially with regards to the quantities of hydrocarbons 
heavier than propane. Indeed, the condensation tempera 
ture of the ?rst condensate being determined by the 
nature and temperature of the natural ?uid for ?nal heat 
removal (air or water, for example), the composition of 
the cold-producing ?uid must be such that the pressure 
prevailing in the cold-producing circuit at condenser 
3 in FIGURE 1 (pressure directly linked to that of the 
compressor discharge), the quantity of condensate L1 
collected in the drum 5 should be able to meet, on the 
one hand, the refrigeration requirements of condenser 
7, in a mixture with the fractions of L2 and L3 injected 
in the colder condensers of this circuit, and on the other 
hand, if necessary, the refrigeration requirements of the 
exchanger 30 in a mixture with the fractions of L2, L3 
and L4 injected in the colder exchangers of this circuit 
counter-currently with the natural gas. 
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This is obtained by introducing hydrocarbons heavier 
than propane into the cold-producing ?uid. Introduction 
of a ‘certain amount of butanes appears, at ?rst sight, to 
be suf?cient to do this, however, a closer look at the 
problem, discloses that it would be more advantageous 
to replace a part of these butanes by pentanes, and even 
heavier, hexanes and heptanes, which when present in 
smaller quantities produce the same effect for this pre 
cise point and have the advantage of improving the liquid 
vapor separation of the other ‘components through a 
better selectivity of said separation. 
The discharge pressure of the compressor, pressure 

which determines the condensation pressures of the suc 
cessive liquid condensates, is linked to the suction pres 
sure of the cold-producing ?uid ensuring these condensa 
tions-suctions which in e?ect determines the vaporization 
pressures of the condensate mixtures through several 
actions. The ?rst one through the compression ratio 
which determines the power required for the condensa 
tions of the liquid condensates of the cold-producing 
?uid. The others are concerned with the heat exchange 
in the condensers between the condensing vapors and the 
vaporizing or superheating of the cold-producing ?uids. 
The complete condensation of the residuary vapor and a 
part of the sub-cooling of this condensate in condenser 
15 is done by vaporization of condensate L3 coming 
from the same drum 13 as said vapor. This partly or 
completely vaporized condensate leaves condenser 15 at 
a temperature necessarily lower than the temperature 
of the vapor and liquid in drum 13. 
Under a vaporization pressure su?iciently low, the 

condensate leaves condenser 15 completely in a state of 
super heated vapor. At a pressure higher than the pre 
ceding one (condenser 11), the condensate comes out 
at its dew point temperature. At any pressure above the 
latter the condensate comes out partially vaporized, the 
liquid fraction vaporizing only when mixed with L2 in 
condenser 11. 

Therefore, as the vaporization pressure increases, thus 
reducing the compression ratio and therefore the power 
for an equal out-put, the quantity of the condensate L3 
slightly increases, up to the corresponding pressure at 
the outlet to its dew point; then increases relatively more 
quickly when the vaporized percentage at the outlet de 
creases. The reduction of the compression ratio is 
counter-balanced by the increase in the out-put of L3, 
which also leads to an increase in the out-put of L2, 
then an increase of L1. 

This system its started-up by introducing in drum 5 
propane and the heavier hydrocarbons in liquid form. 
These are easily obtained commercially and it is no prob 
lem to keep them liquid under pressure at the ambient 
temperature; afterwards it is only necessary to add the 
other components in gaseous form. These are easily ex 
tracted from the natural gas to be lique?ed, in order 
to progressively put into operation the system for cold 
producing ?uid condensation and then the natural gas 
liquefaction system. 

For the best operation of the system the composition 
of the cold-producing ?uid must be varied according to 
the seasonal variations of the heat evacuation agent 
(water or air); for example, the heavy hydrocarbons con 
tent must be increased in summer as against that neces 
sary during winter. 

Contrary to processes using several refrigeration cycles 
with esssentially pure components and which lack ?exi 
bility, the process of the present invention can be easily 
adapted to any changes in the natural gas composition or 
pressure, by slight modi?cation of the cold-producing 
?uid composition. 
A practical example is given below of an application 

of the invention illustrated in FIGURE 4. 
The natural gas could be de?ned as follows and be 

available at a pressure of 39 bars, for example: 
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Percent by volume 

Nitrogen _________________________________ __ 1.8 

Methane ________________________________ __ 87.0 

Ethane __________________________________ .._ 7.3 

Propane _________________________________ .. 2.5 

Butanes __________________________________ __ 1.2 

Pentanes and less volatile ?uids _____________ __ 0.2 

It is desired to obtain the liquid sub-cooled at the 
temperature of —154° C; the cold-producing ?uid com 
position Would be as follows: 

Percent by volume 
Nitrogen ________________________________ __ 0.5 

Methane ________________________________ __ 26.5 

Ethane __________________________________ __ 39.6 

Propane __________________________________ __ 16.1 

Butanes _________________________________ __ 12.6 

Pentanes and less volatile ?uids ______________ __ 4.7 

The cold-producing ?uid having the composition indi 
cated above leaves compressor 101 under an absolute pres 
sure of 37.5 bars and at a temperature of about 100° 
C. through line 102 towards the water-condenser 103 
which it leaves partially condensed through line 104. 
Liquid condensate L1 is recovered in drum 105 at the 
absolute pressure of 37 bars and a temperature of 40° 
C. Vapor in drum 105 is introduced through line 106 
into the partial condenser 107, from which it comes out 
partially condensed through line 1118. Liquid condensate 
L2 is recovered in drum 109 at an absolute pressure of 
36.5 bars and a temperature of —6° C. Vapor in drum 
109 is introduced into condenser 111, through line 110, 
from which it comes out, partially condensed, through 
line 112. Liquid condensate L3 is recovered in drum 
113 at an absolute pressure of 36 bars and a temperature 
of —66° C. Vapor in drum 113 is introduced through 
line 114 into condenser 115, wherein this vapor is en 
tirely condensed and the liquid so obtained is sub-cooled 
down to the temperature of —l23° C. under an absolute 
pressure of 35.5 bars. Condensate L4 leaves the condenser 
115 through line 116. It is to be noted that the condensa 
tion takes place at an approximately constant pressure. 
The condensations are achieved in the following man 

ner. Condensate L3 recovered in drum 113 is introduced 
into the tubular bundle located in the ‘shell of the con 
denser 115, from which it comes out cooled at the tem 
perature of —l23° 0, through line 113. One part of this 
sub-cooled ‘condensate is injected through line 119 and 
expansion valve 120 into the upper part of the condenser 
shell of condenser 115 wherein there is an absolute pres 
sure of 4 bars. The sub-cooled condensate is vaporized 
partially while gravitating counter-currently with the two 
?uids in the tubular bundles in condenser 115 and comes 
out of the lower end of this shell nearly totally vaporized 
at a temperature of -—72° C.; it is then introduced into 
the upper part of the condenser shell 111 through line 121. 
One portion of condensate L2 is recovered in the drum 

109 and is introduced through line 122 into a tubular 
bundle located in condenser 111 ‘from which is comes 
out sub-cooled at the temperature of —66° C. through 
line 123 to be injected through expansion valve 124 into 
line 121 wherein it mixes with the ‘fraction L3. The tem 
perature of the liquid-vapor mixture so obtained is —75° 
C. The liquid-vapor mixture is introduced into the upper 
part of the condenser shell of condenser 111 and is vapor 
ized counter-currently with both ?uids in the tubular 
bundles in condenser 111. The vaporized mixture comes 
out of the lower end of this shell in the vapor state at 
the temperature of —13° C. and proceeds through line 
125 towards the upper part of the shell of condenser 107. 

Condensate L1 recovered in drum 105 is passed through 
line 125 and the expansion valve 127, and is injected into 
line 125 in which it is mixed with the vapor coming out 
of the shell of the condenser 111. The temperature of the 
liquid-vapor mixture thus obtained is —18° C. This mix 
ture is vaporized and is superheated while gravitating in 
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the shell of condenser 107 counter-currently with the con 
densing ?uid and comes out at the bottom of the shell of 
condenser 107 at a temperature of 27° C. through line 
128 towards the intake of compressor 101. 
The natural gas is introduced through line 129 under an 

absolute pressure of 39 bars and a temperature of 38° 
C. into the tubular bundle of exchanger 130 from which 
it comes out at the temperature of —6° C. in a vapor 
state. The vapor then passes through line 131 into tubular 
bundle of exchanger 132, from which it comes out in 
liquid state at a temperature of —123° C. The liquid 
then passes through line 133 into the tubular bundle of 
exchanger 134, from which it comes out at the temper 
ature of —143° C., thence through line 135 into the 
tubular bundle of exchanger 136, from which it comes 
out through line 137 at the temperature ‘of —l54° C. 
and thence through expansion valve 138 and line 139 
to storage. 
The cooling of natural gas is carried out as follows. 

The most volatile condensate leaves condenser 115 at a 
temperature of —l23° C., through line 116; it is sub 
cooled in a tubular bundle of exchanger 134, from which 
it comes out at a temperature of ——l43° C. through line 
140. It is sub-cooled again in a tubular bundle of ex 
changer 136, from which is comes out at the temper 
ature of —l54° C. through line 141. It is afterwards ex 
panded through valve 142 in the upper part of the shell 
of exchanger 136, where it enters at the temperature of 
~—l59° C. under an absolute pressure of 2 bars. It is par 
tially vaporized while gravitating within the shell counter 
currently with the two ?uids in the process of being cooled 
in exchanger 136 to come out at the bottom of the shell 
of 136 partially vaporized at a temperature of —150° 
C. It is then introduced into the upper part of the shell 
of exchanger 134 through line 143. 

Condensate L3 has been sub-cooled down to —123° 
C. in exchanger 115. The fraction of this condensate 
which is not injected in the exchanger 115 through line 
119 and valve 120 is introduced via line 118 into the 
tubular bundle of exchanger 134, from which it comes 
out at a temperature of ~143° C. through line 145, in 
order to be injected through expansion valve 146 into 
line 143. The liquid-vapor mixture so obtained has a 
temperature of -147° C. It is vaporized partially while 
gravitating into the shell of exchanger 134 counter-cur 
rently with three ?uids being cooled therein, and it comes 
out at the bottom of the shell of 134, partially vaporized, 
at a temperature of -—l3l° C. It is then passed to the 
upper part of the shell of exchanger 132 through line 147. 

Condensate L2 collected in drum 109 has been partial 
ly used up in condenser 111. The remainder of it is in 
troduced via line 148 into the tubular bundle of ex 
changer 132 from which it comes out sub-cooled at the 
temperature of ——l23° C. through line 149 to be injected 
through expansion valve 150 into line 147. The liquid 
vapor mixture so obtained has a temperature of —128° 
C. It is vaporized and superheated while lgravitating 
counter-currently with two ?uids being cooled in ex 
changer 132 and comes out of the bottom of the shell 
of 132 in the vapor state at the temperature of —134° 
C. It is then introduced via line 151 into the top of the 
shell of the exchanger 130 wherein it is superheated coun 
ter-currently with natural gas and comes out strongly 
superheated at the bottom of the shell through line 152 
towards the suction of compresser 101. 
At the suction end of the compressor 101 in line 152, 

the absolute pressure is about 1.5 bars corresponding to 
the pressure at the top of the shell of exchanger 136, 
that is 2 bars minus the pressure drop through the cold 
producing circuit. Consequently, one can see that the 
cold-producing ?uid circulates at an almost constant pres 
sure. At the suction end of compressor 101 in line 128, 
the absolute pressure is approximately 3.5 bars corre 
sponding to the pressure at the top of the shell of con 
denser 115, that is 4 bars minus the pressure drop in 
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this cold-producing circuit. Consequently, the cold-pro 
ducing ?uid has circulated at an almost constant pres 
sure. 

It should be understood that, instead of 4 exchangers 
130, 132, 134, 136, it is possible to use a lesser number 
of shells by grouping the bundles of several exchangers 
within the same shell. For instance, one single shell could 
be used comprising the same number of injections of 
cold-producing condensates through lines 141, 145 and 
149 and expansion valves 142, 146 and v150. Connecting 
lines 143, 147 and 151 are then unnecessary. 

It should be understood also that, instead of 3 con 
densers 107, 111 and 115, one single shell could be used, 
for example, one single shell in which the tubular bundles 
would be stacked. In such a shell, there would be achieved 
the same number of injections of cold-producing conden 
sates through lines 119, 123 and 126 and expansion valves 
120, 124 and 127. Connecting lines 121 and 125 are then 
unnecessary. 

It is advantageous to position in line 135, between ex 
changers 134 and 136, a ?ash drum (not shown) wherein 
gases of low boiling point, such as helium, and other gase 
ous impurities may be removed from the material in line 
135 through an overhead line (not shown) of this ?ash 
drum. The condensate formed in this ?ash drum is passed 
upwardly through line 135. 

It should be understood that the diagram on FIGURE 
4 is a speci?c example and that the sub-cooling of liquid 
condensates in particular can be carried out in several 
different ways. 

It is to be understood that the cold-producing ?uid 
(i.e., refrigerating ?uid) used herein, distinguishes from 
natural gas as found in nature. Rather, components of 
natural gas can be used to prepare novel mixtures of dif 
ferent composition than natural gas and such composi 
tions are suitable for the process of this invention. It is 
advantageous, therefore, that all or substantially all of 
the components of the cold-producing ?uids can be ob 
tained from natural gas in order that the ?uids can be 
prepared; and when nitrogen is a component of the ?uids, 
nitrogen can readily be obtained from air. 

I claim: 
1. Process for the liquefaction of a ?rst gas mixture 

comprising passing said ?rst gas mixture through a ?rst 
liquefaction system in indirect contact with and in a di 
rection opposite to a refrigerating liquid in a process of 
vaporization, said refrigerating liquid being admitted as 
a plurality of portions at several points in said ?rst lique 
faction system, said portions being increasingly more vola 
tile in the direction followed by said ?rst gas mixture and 
said portions of refrigerating liquid resulting from a lique 
faction in successive stages in a second liquefaction sys 
tem, of a second gas mixture obtained by vaporization 
of the refrigerating liquid in said liquefaction systems, 
said liquefaction in said second liquefaction system result 
ing from the vaporization with indirect contact of at least 
one part of the condensate of each previous stage, with 
the exception of the ?rst condensate which is obtained 
by compression of said second gas mixture, the vaporiza 
tion pressure of the refrigerating liquid in said ?rst lique 
faction system being lower than the vaporization pressure 
in said second liquefaction system, said ?rst gaseous mix 
ture ?owing thru the ?rst liquefaction system being out 
of contact with the ?uid in the second liquefaction system 
throughout the process. 

2. Process according to claim 1, wherein the absolute 
vaporization pressure in said ?rst liquefaction system is 
between about 0.4 and about 3 atmospheres. 

3. Process according to claim 1, wherein the absolute 
vaporization pressure in said ?rst liquefaction system is 
between about 1 and about 1.5 atmospheres. 

4. Process according to claim 1, wherein the absolute 
vaporization pressure in said second liquefaction system 
is between about 4 and about 8 atmospheres. 

5. Process according to claim 1, wherein the absolute 
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vaporization pressure in said second liquefaction system 
is between about 5 and about 7 atmospheres. 

6. Process according to claim 1, wherein the absolute 
vaporization pressure is approximately 1.5—2 atmospheres 
in said ?rst liquefaction system and approximately 3.5-4 
atmospheres in said second liquefaction system. 

7. Process according to claim 1, wherein the absolute 
liquefaction pressure of said second gas mixture is greater 
than about 31 bars. 

8. Process according to claim 1, wherein the absolute 
liquefaction pressure of said second gas mixture is be 
tween about 31 and about 50 bars. 

9. Process according to claim 1, wherein the absolute 
liquefaction pressure of said ?rst gas mixture is between 
about 30 and about 100 bars. 

10. Process according to claim 1, wherein said ?rst gas 
mixture circulates upwardly from below and said refrig 
erating liquid downwardly from above, with indirect con 
tact with said ?rst gas mixture through the entire ?rst 
liquefaction system. 

11. Process according to claim 1, wherein said ?rst gas 
mixture is a natural gas containing methane; and said 
second gas mixture contains approximately 0—3% by vol 
ume of gas having a volatility which is at least equal to 
that of nitrogen, 20—32% by volume of methane, 34-44% 
by volume of ethane, 12-20% by volume of propane, 8 
15 % by volume of butanes, and 3-8% by volume of hy 
drocarbons heavier than the butanes. 

12. Process according to claim 1, wherein at least one 
of the liquefaction products of said second liquefaction 
system is sub-cooled before being utilized as a refrigerat 
ing liquid in one of said liquefaction systems. 

13. Process according to claim 1, wherein the ?rst at 
least partially liqui?ed gas mixture is subjected to expan 
sion permitting to recover a gas having a low liquefaction 
point, before being subjected to a ?nal cooling. 

14. Apparatus adapted for liquefaction of gaseous mix 
tures comprising: 

(a) a ?rst indirect heat exchange system for counter 
?ow of a ?rst gas mixture and a refrigerating liquid, 
said ?rst exchange system comprising a plurality of 
feed conduits for said refrigerating liquid arranged 
along said ?rst exchange system and an outlet con 
duit for vaporized refrigerating liquid, inlet means 
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at one end for said ?rst gas mixture and outlet means 45 
at the opposite end for liqui?ed ?rst gas mixture; 

12 
(b) a second indirect heat exchange system for coun 
ter?ow comprising a refrigerating liquid feed pipe 
system and outlet means for vaporized refrigerating 
liquid, on one side, inlet means at one end for a sec 
ond gas mixture and a plurality of outlet conduits 
for partial condensates of said second gas mixture 
occurring through stepwise liquefaction, on the other 
side; 

(c) means for compressing vapors of the refrigerating 
liquids issued from said ?rst and said second ex 
change system, and means for passing the resulting 
compressed vapors into said second exchange system 
as a second gas mixture; and 

(d) conduits for passing condensates resulting from 
the stepwise liquefaction of said second gas mixture 
toward the corresponding inlet means in refrigerating 
liquid of the two exchange systems through respec 
tive expansion means ?owing the ?rst gaseous mix 
ture through the ?rst liquefaction system out of 
contact with the ?uid in the second liquefaction sys 
tem throughout the process, and means for main 
taining the vapor pressure of the refrigerating liquid 
in the ?rst indirect heat exchange system at a lower 
pressure than the vaporizing pressure of the refrig 
erating liquid in said second indirect heat exchange 
system. 

15. Apparatus according to claim 14 wherein the heat 
exchange systems comprise internal piping adapted for 
the circulation of said refrigerating liquids by gravity. 

16. Apparatus according to claim 14, wherein an ex 
pansion and separation means for gas and liquid is inter 
posed in said ?rst exchange system on the path followed 
by the ?rst gas mixture. 

References. Cited 

UNITED STATES PATENTS 
3,092,976 6/1963 Tafreshi ________ __ 62—9 XR 

3,130,027 4/1964 Harper _________ __ 62—23 XR 

3,205,669 9/1965 Grossmann _________ __ 62—23 

3,218,816 11/1965 Grenier _________ __ 62—28 XR 

3,260,058 7/1966 Ray et al ____________ __ 62—23 

NORMAN YUDKOFF, Primary Examiner. 

V. W. PRETKA, Assistant Examiner. 


