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METHOD FOR RECOVERING LIQUIDs FROM 
GASES. 

Stuart E. Buckley ouston, Ter, assignor, by 
mesne assignments, to idewater Associated 
Oil Company, Tulsa, Oka, and Seaboard Oil 
Company of Delaware, Dallas, Tee, both oor 
porations of Delaware: 

Original No. 2,242,173, dated May 13, 1941, serial 
No. 265,095, March 31, 1939. Appeation for 
reissue May 27, 1942, serial No. 444,769 

5 Clains. (C. 62-55) 
The present invention is directed to a method 

for recovering normally liquid constituents fron 
gases. More specifically, this invention is di 
rected to the recovery of gasoline from natural 
Eas and from refinery gases of a composition 
admilar to that of natural gas. 

Natural hydrocarbon gas . from different 
sources contains varying amounts of normally 
liquid hydrocarbons which are desirable con 
stituents of gasoline. These gases are usually 
produced at high pressures ranging upwardly of 
1000 pounds per square inch. At these pressures 
and at ordinary temperatures certain phase laws 
operate which render recovery of the normally 
liquid Constituents by the conventional scrubbing 
methods difcult or impractical, since, under 
these Conditions, although the gas may contain a 
substantial percentage of normally liquid con 
ponents, the gas as a whole has the characteris 
ts of a dry gas. Accordingly, it has been the 
1ston to reduce the gas pressure considerably, 

so as to make possible a substantial recovery of 
normally liquid constituents by scrubbing. 
On the other hand, it is frequently desirable 

to recover the normally dry gas at a high pres- 25 
sure, because this gas is frequently used for re 
Pressuring the producing substrata. Moreover, it 
is desirable from an economic point of view to 
conserve the pressure energy of this gas for use 
ful purposes whether or not it is to be used for 
repressuring. When the gas is to be used for 
repressuring, precompression of it before intro 
duction into the producing substrata is necessary 
and for this reason the important factor to be 
Considered is that the cost of compressing a gas 
to a certain final pressure multiplies rapidly as 
the initial pressure of the gas decreases. Ac 
cordingly, it is desirable to recover the normal 
liquid constituents from the gas with as small a 
reduction of pressure of the gas as is possible, 
consistent with an economic recovery of liquid 
constituents. That is to say, a balance must be 
struck between the cost of recompressing the gas 
and the value of the recovered liquid constitu 
ents. 0. 

The principal object of the present invention 
is the provision of a method for recovering nor 
mally liquid constituents from gases under high 

O 

20 

An additional object is a provision of the meth 
od of the character described which can be car 
red out with simplified equipment and with 
lower operating and maintenance cost with a 
maximum utilization of the energy contained in 
the gas. 
Another object of the present invention is the 

provision of a method of the character described 
in which is included a step of drying the gas 
so that the equipment will not become plugged 
with ice and solid hydrates. . 

St another object of the present invention 
is the provision of a method of the character 
described in which the pressure on the liquid 
condensate is utilized to produce refrigeration 
in the further stabilization of this liquid con 
densate. 
A further object of the present invention is 

the provision of a method of the character de 
scribed in which the normally dry gas which is 
dissolved in the liquid condensate recovered. is 
removed from this condensate and subjected to. 
a treatment for the recovery therefron of con 
densable constituents which it carries of from 
the condensate. 

Further objects and advantages of the pres 
ent invention will appear from the following de 
tailed description of the accompanying drawings 

. . which 
30 Fig. 1 is a front elevation, partly in section, 

of one type of apparatus suitable for the practice 

s 

0. 

of the method of the present invention, 
Fig. 2 is a phase diagran, graphically pre 

senting the phase relations of the liquid and gas 
phases of a gas mixture of the type to the treat 

of which the present invention is appli 
cable, 

Fig. 3 is a graph showing the variation in gross 
liquid recovery from such a gas mixture with 
pressure at Yarious temperatures, 

Fig. 4 is a graph showing the variation in 
net gasoline recovery from such a gas with pres 
asure at various temperatures, 

Fig. 5 is a front elevation in diagrammatio 
form of an apparatus suitable for carrying out 
the present invention in which a dry gas and a 
tdry condensate are delivered, 

Fig. 6 is a front elevation of a section of an 



2 
high pressure of the condensate is utilized in the 
stabilization of the condensate, 

Fig. 7 is a front elevation, partly in section, 
of one type of apparatus suitable for recovering 
dry gas dissolved in the condensate and intro 
ducing this gas into the first condensing zone; 
and 

Flg. 8 is a front elevation in diagrammatic 
form of a different apparatus suitable for effects 
ing the same results. 

22,226 
in pressure cannot affect the condensation. This 
point is known as cricondentherm. Each of these 
curves A, B, C, D and E has a similar point, and 
a line P drawn through these points designates 
the pressure at which maximum liquid recovery 
can be had at any given temperature, and vice 

... versa. That is to say, line P is the line of maxi 

In Fig. 1 are applied suitable legends from which 
the nature of the method of the present inven 
tion is evident. Briefly, the method consists in 
conducting high pressure gas fron a decosit or 
fron the separator of a refinery plant, which 
should first be dehydrated by any conventional 
method or by the method hereinafter described, 
through a pipe if, a heat exchanger 2, and an ex 

mum gross liquid production. 
Any condensation resulting from a decrease in 

pressure from.a point above line P is retrograde 
condensation. For example, assume that a mix 
tire exists at a temperature of about 30 F., as 

s 

pansion valve 3 into a separator , which is . 
naintained at a pressure and temperature with 2 
in the limits defined hereinafter. The dry gas 
leaves the separator through a drawoff line 5, 
which is provided with a wave 6 and leads to a 
compressor or to any other piece of equipment 
in which the gas is utilized. If it is desired to 
precool the feed gas, valve 6 is closed and valve 
in a branch line 8, leading to the heat exchang 

er 2, is opened, whereby the cool gas passes in 
heat exchange relation with the incoming gas. 
he dry gas leaves the heat exchanger through 

pipe 9 which is connected to the same equipment 
as line S. The liquid products recovered in sep 
arator 4 are drawn of through line and con 
ducted to a stabilizer, if necessary, or to storage 
tanks, or to separators and thence to storage 

In Fig. 2 is shown a phase diagram or a liquid 
recovery diagram of a gas mixture of the type, 
to the treatment of which the present invention 
is directed. In this diagram the various loops 
A, B, C, D, E and F represent equilibrium curves, 
by which is meant a curve showing the tempera 
ture and pressure through which a systern con 
taining the designated amount of liquid in gal 
lons per thousand cubic feet of gas can be car 
ried without evaportion or condensation occur 
ring. For example, any point on curve A shows 
the temperature and pressure which obtain when 
the system contains one gallon of liquid for a 
thousand cubic feet of gas in equilibrium. 
The diagran shown in Fig. 2 represents the 

phase relation of a mixture of a plurality of hy 
drocarbons of various boiling points. 
reason, there are a plurality of envelopes, each 
designating equilibrium temperatures and pres 
sures for a different liquid content of condensate. 
It will be observed that the amount of conden-. 
sate designated by the envelopes increases in gen 
eral with a decrease in temperatre. It will also 
be observed that the irritical temperature, due 
to the large amount of methane present, is very 
close to the pressure ax's and is designated by 
point O. At any temperature higher than the 
critical teaperature and outside of envelope F, 
the system is wholly in the vapor or gas phase, 
while at any temperature below the critical tem 
perature and outside of the envenpe the system 
is wholly in the liquid phase. A line drawn from 
O to the temperature axis cuts of a sector of 
the diagram to the right of this line in which 
retrograde action occurs. Along the curve F is 
a point N which indicates a temperature at which 
condensation cannot be effected by an increase 

- - - - - - - - - ar- - - - - 

a gas. This point is indicated as point R. It 
can be seen that a reduction in pressure causes 
condensation, such that at 1840 pounds pressure 
0.2 gallon per 1000 cubic feet will be formed, and 
that at 1660 pdunds per square inch 0.4 gallon 
will be formed and that at 1300 pounds per square 
inch 0.6 gallon will be formed, while at 980 pounds 
per Square inch a point of maximum condensa 
tion or about 0 gallon per 1000 cubic feet is 
reached. Thereafter a decrease in pressure cases 
vaporization, such that at about 200 pounds per 

s 

3. 

For this 

. 

square inch less than 0.4 gallon of condensate will 
remain. 

It will be understood that below line P con 
densation follows the conventional law and in 
creases with pressure and decreases with ten 
perature. It should be noted in this connection, 
with reference to curve B, that the same liquid 
recovery can be obtained at about 1220 pounds 
per square inch and -20 F., as can be obtained 
at about 240 pounds per square inch and -20 
F. For practical operation according to the pres 
ent invention, liquid recovery is effected at ten 
peratures between about -50 and +60 F. and 
at a pressure between about 500 and 1200 pounds 
per square inch. . . 
It will be understood that the phase diagram 

shown is not intended to be a precise. picture dif 
the phase relationships of the components of all 
mixtures treated according to the present in 
vention. In fact, it is not precise with respect 
to the particular mixture on which it was base, 
That is to say that every point on the various 
curves was not determined. Enough points were 
determined, however, to indicate that the phase 
diagram takes the general shape shown, and this 
is offered for purposes of illustration and for a 
better understanding of the present invention. 

in Fig. 3 is shown a family of curves which 
were produced by plotting pressure in pounds per 
square inch against gross liquid recovery in gal 
lons per 1000 cubic feet of gas at various ten 
peratures. It will be observed that in general the 
armount of gross liquid increases with the decrease 
in temperature. It can also be seen that the 
amount of recovery passes through a maximum 
with increase in pressure and then falls of, in 
dicating that the condensation occurring at the 
point of maximum recovery is retrograde con 
densation. In almost every instance the maxi 
Turn gross liquid recovery occurred at a pres 
sure above 700 pounds per square inch, although 
at some temperatures the amount of recovery 
was very close to maximum at 500 pounds per 
square inch and fell of rapidly from this pres 
Stre. Again, it will be noted that at 60 F. 
the annount of recovery fell off rapidly after 
Bbout 200 pounds per square inch, and that this 
is also true at 20 and 40° E. 

It will be tunderstood that these relationships 
may change for specifically different mixtures, 
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eral relationship holds, however, for mixtures of this type. 
In Fig. 4 is shown a family of curves obtained 

by plotting net gasoline, R. W. P. 20 pounds per 
square inch, in gallons per 1000 cubic feet against 
pressure in pounds per square inch, the original 
gas containing about 0.52 gallon per 1000 cubic 
feet. It will be understood that the reason for 
the lower values in this family of curves is that 
the condensate represented in the family of 
curves in Fig. 3 includes normally gaseous con 
stituents dissolved in the liquid. In this case it 
can be seen that madnun net liquid recovery 
occurs more nearly at 500 pounds per square 
inch than at 700 pounds per square inch, and 
that beyond 1200 pounds per square inch the re 
Covery falls of even more sharply than was the 
case with gross liquid recovery. Beginning at 
about 40' F,700 pounds per square inch appears 
to be the minimum preferred pressure for in 
crease in temperature. p 

Referring to . Fig. 5, parts corresponding to 
those shown in Fig. 1 bear the same numerals. 
The apparatus shown in this figure differs from 
that shown in Fig. 1 by including a line for the 
circulation to the heat exchanger and the sepa 
rator of a guidhaving a greater afinity for wa 
ter than oil. This liquid should be one which 
remains liquid at temperatures as low as those 
at which it is desired to operate and will b21 at 
least as high as butane. In general, this liquid is 
nked with wet gas before the latter is expanded 
into the separator, whereby the water in the wet 
Eas is taken up by the liquid which settles out in 
the separator with the oil, with which it, or at 
least its Water solution, must be inniscible, in 
order to be operative. Suttable liquids for use in 
this connection are the various glycols, such as 
ethylene glycol, glycerol, concentrated inorganic 
salt solutions, and the like. Referring to the 
drawings, line is provided at the bottom of the 
separator for drawing of the water absorbent 
and conducting it back to the feed inlet , pre 
erably after compressing it by pump 2 to a 
pressure such that it will enter line . In prac 
tice, a certain amount of this liquid will be 
periodically withdrawn and replaced by fresh 
liquid, or the liquid itself will be periodically or. 
continuously subjected to a flash distillation for 
separation of the liquid from water. 

In Fig. 6 is shown a stabilization tower which 
say be used in conjunction with the apparatus 
shown in Fig. 1. Stabilization tower 3 is pro 
vided with a gas drawof 4 at its upper end. 
and a liquid drawon f sat its lower end. It is also 
provided with a steam coil 16 for vaporizing un 
desired constituents at the pressure employed. 
The chief undesired constituents are propane 
and lower hydrocarbons, and a certain percent 
age of the butane which must be removed in 
order to reduce the vapor pressure of the gaso 
line to the desired amount. Line ?o from tower 

of Fig. 1 passes into the top of tower 3 in 
which it is formed into a coil 7, and then back 
out to a heat exchanger where it is passed in 
heat exchange relation to the stabilized gasoline 
which has been heated up by the steam coil car 

... red in line 5. The stabilized condensate is 
withdrawn from the heat exchanger by line is. 
Prior to its entry into the tower the unstable 
Condensate is passed through an expansion valve 

which causes expansion of this condensate in 
Coll with annsennant remninor ro the aw 

reducing the temperature of coil to any de 
sired point, and easily to the temperature re 
quired to maintain the composition of the over 
head so that it contains nothing higher than 
butane. - 

In Fig. is shown a tower which may be sub 
stituted for separator 4 in Fig. 1, and which en 
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ables the operator to recover the dry gas which 
has been dissolved in the condensate from the 
Condensate without a loss of its pressure. The 
tower shown in Fig. 7 is indicated by numeral 2 
and's provided with a partition 22 intermediate 
its ends dividing it into two zones. The wet gas 
is introduced into the upper zone through line 
and expansion valve and with the zone main 
tained under conditions heretofore proposed the 
condensate collects at the bottom thereof, while 
dry gas passes of at the top through line S. The 
condensate is withdrawn through line S and 
passed through heat exchanger 24 into the lower 
end of the bottom zone which contains a steam 
col 2, which is supplied with steam at a suit 
able temperature to drive of normally gaseous 
constituents of the condensate at the pressure 
maintained in the system. The gases so driven 
of are withdrawn through the lower section 
through line 2 and passed in heat exchange re 
lation to the liquid withdrawn from the upper 
Zone, and are then discharged into the upper 
end of the upper zone to join the dry gas leaving 
the system through line 5. The condensate with 
a reduced content of normally gaseous constit 
uents, such as methane and ethane, is with 
drawn from the lower section through line 2. 

In the system shown in Fig. 8 the object is to 
recover dry gas which has been dissolved in the 
condensate and at the same time stabilize the 
condensate without the loss in the dry gas of 

. constituents, such as propane and butane, which 
Inay be desired for some other purpose. In this 
Systern the rich gas is introduced through line 28 
into a heat exchanger 29 where it gives up heat 
to the condensate initially produced, and is then 
passed through a second heat exchanger 30 
where it gives up heat to the dry gas initially 
produced, and then passes through expansion 
valve 8 into the separator 3. The condensate 
is withdrawn from the separator-through lines 
and passed to heat exchanger 29, while dry gas 
is withdrawn from the separator through line St. 
and passed through heat exchanger 30, and then 
to a second heat exchanger 37 hereinafter re 
ferred to. Separator 34 is provided at its upper 
end with a cooling cott 38 which need not be 
used if sufficient temperature reduction can be 
secured by expansion of the wet gas. 
The condensate leaving tower 34 contains some 

dry gas dissolved therein, and this condensate is 
heated up in heat exchanger 29 and then passes 
through line 52 to a flash drum 39 from the 
upper end of which the dry gas passes of through 
line 40. This dry gas inevitably carries of some 
desirable constituents with it, so it is added to 

O 

the feed stock at the low pressure side of expan 
sion valve . The remainder of the condensate 
is withdrawi from drum 39 through line and 
is discharged through a heat exchanger 42 into a 
stabilization drum 43. Stabilizer 43 is provided 
at its botton with a heating coil 44 and at its 
top with a cooling coil 85. The overhead from 
the stabilizer passes of through line 4G to heat 
exchanger 3 where it is cooled by the dry gas 
trf-aware essa al-- - - - - - - 
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Stabilized liquid is withdrawn from the bot 
ton of stabilizer 4 through line 4, and is con 
ducted to a heat exchanger 42, where it imparts 
its heat to the incoming condensate. Line 
is provided with a bypass 48 containing a pump 
4, while line S is provided with a bypass it 
containing a compressor S. Since it is desirable 
to have the dry gas from the whole system at 
the pressure maintained in separator, it is nec 
essary either to compress the condensate from 
flash drun SS and to operate the stabilizer at 
this pressure, or to compress the overhead from 
the stabilizer. The former is generally the more economical procedure. 
In order to impart flexibility to the system, line 

S2 is provided with a bypass 5 in which is a 
pump 58, and line 40 is provided with a bypass 
in which is a compressor SS. Thus separator 
may be operated at fairly low pressures, and the 
gases resulting therefrom are compressed in 
compressor SE, and the liquids pumped by pump 
4 into stabilizer 4. Alternatively, stabilizer 
can also be operated at low pressure and the gases 
resulting therefron compressed by connpressor 
S. or by the use of pump S4, the aseparator 
may be operated at relatively high pressure and 
the stabilizer 43 at relatively low pressure. 
As can be seen, the system illustrated in Fig. 

8 utilizes to the fullest extent the energy con 
tained in the various components of the initial 
mixture, and yields a stabilized gasoline and a 
dry gas at a high pressure which may be used 
for repressuring producing formations or for any 
other purpose where high pressure gas is desired. 
It will be understood that the drying arranges 
ment shown in Fig. 5 is applicable to the appa 
ratus shown in Flg. 8 as well as to the apparatus 
shown in the other figures. Cewise, the Con 
densate line in Fig. 8, instead of going to the 
first heat exchanger, can go to the stabilizing 
tower as shown in Fig. 6. . 
From the above description, it will be appa 

rent that the present invention relates to the 
recovery of condensable constituents from high 
pressure gases containing them, the recovery to 
be effected at a pressure of at least 500 pounds 
per square inch. As has been shown, the oper 
ation is preferably conducted at a pressure of at 
least 700 pounds per square inch and Enay be 
conducted at pressures as high as 1200 pounds per 
square inch, provided the initial wet gas is avail 
able at pressures substantially in excess of 1200 
pounds per square inch, such as 2000 pounds per 
square inch which is quite common in many 
fields. The separator may be maintained at any 
convenient temperature of between about -50 
and --60 F., the lower temperatures in this 
case being rather cheaply attained, when the 
wet gas is at a sufficiently high pressure, by ex 
pansion of the gas to the separation pressure with 
suitable heat exchange. 

In the apended drawings apparatus has been 
shown in which the high pressure gas is expand 
ed in the separator so that the desired tempera 
ature in the separator can be attained. In some 
cases the initial gas is not at sufficiently high 
pressure to produce the desired low temperature 
merely by expansion to the operating pressure. 
In this case it will be evident that the temper 
ature of the separator may be maintained by ex 
traneous refrigeralton, such as by the enploy 
ment of cooling coils such as shown in Flg. 8. 
The method, as practiced in the various types 

of apparatus shown in the drawings, consists in 
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assae i 
uents, above the desired separation temperature, 
preferably dehydrating the gas, cooling the gas 
initially to a lower temperature and then releas 
ing the pressure on the gas to bring it to the de-. 
sired separation pressure and temperature. 
It wipl be apparent that the apparatus shown 

in the various figures is merely illustrative and 
may be changed substantially without departing 
from the scope of the present invention. Mention 
may be made of the fact that all of the low ten 
perature vesses should be encased with a heavy 
lagging so as to conserve energy to the greatest possible extent. 
The nature and objects of the present inven 

tion having been thus described and illustrated, 
what is claimed as new and useful and is desired 
to be secured by Letters Patentis: 

1. he method of recovering desirable lique? 
able constituents from natural gas which is ini 
tally at a high pressure within the retrograde 
condensation range of said constituents which . 
comprises, precooling said gas while under said 
high pressure to a temperature below its initial 
temperature, but above the final desired temper 
ature for condensation of said constituents, then 
reducing, said high pressure substantially only 
within the retrograde condensation range of said 
constituents at said final temperature and there 
by to further cool said gas to said final tempera 
ture, and separating the resulting condensed con 
stituents from uncondensed gas. 
2. The method of recovering desirable lique 

fiable constituents from natural gas which is ind 
tially at a high pressure within the retrograde 
condensation range of said constituents which 
comprises, cooling said gas below its initial ten 
perature while said gas is maintained under said 
high pressure, thereafter reducing said high pres 
sure sufficiently only to produce retrograde con 
densation of said constituents at the reduced 
temperature, separating the resulting condensed 
constituents from uncondensed gas, and utilizing 
the refrigeration effect produced in the gas by the 
reduction in pressure to accomplish the aforesaid cooling. 

3. The method of recovering desirable liquefl 
able constituents from natural gas which is ind 
tially at a pressure above 700 pounds per square 
inch which comprises, cooling said gas while un 
der said pressure to a temperature below its in 
tial temperature but above the final desired ten 
perature, then reducing said initial pressure sub 
stantially only within the retrograde condensa 

55. tion range of said constituents and to thereby further cool said gas to said final temperature, 
. and separating the resulting condensed constitut 

O 

ents from uncondensed gas. 
4. The method of recovering desirable liquefl 

able constituents fron gas which is initially at a 
high pressure within the retrograde condensation 
range of said constituents which comprises, cool ing said gas in a series of cooling stages of pro 
gressively decreasing temperature to a final tem 
perature suitable to condense said constituents, 
reducing said pressure only in the final One of 
said cooling stages and sufficiently only to pro 
duce retrograde condensation of said constitue 
ents and to cool said gas by the expansion thereof 
to said final temperature, separating condensed 
constituents from uncondensed gas in said final 
cooling stage, and utilizing said uncondensed gas 
as a cooling medium in an earlier one of said 
cooling stages. -- 

5. The method of recovering desirable liquefl taking a gas, containing nnrmatv Hm1a rars' - " -- - - - " - 
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tially at a high pressure within the retrograde stituents at the reduced temperature, separating 
condensation range of said constituents which the resulting condensed constituents from un 
comprises, cooling said gas sufficiently to con- condensed gas, and passing said uncondensed gas 
dense said constituents while the gas is main- into indirect heat exchange relationship with 
tained under said high pressure, thereafter re- is said natural gas prior to the reduction in pres ducing said high pressure substantially only with- sure thereof. 
in the retrograde condensation range of said con- - is UAR at BUCKI. 


