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1
This invention relates to a process of recovering
liquefiable hydrocarbons from high pressure hy-
drocarbon fluids. - More particularly, the inven-

tion relates to a process of recovering liqueflable -
hydrocarbons from fluids flowed from high pres-.

sure wells of the distillate or condensate type.

A number of processes have been proposed for
the recovery of liquefiable: hydrocarbons from
high pressure hydrocarbon. fluids of the type
flowed from distillate or condensate wells. For
example, liquefiable hydrocarbons have been re-
covered from such fluids by processes in which
the condensation of desired hydrocarbons is ac-
complished prinecipally by reducing the pressure
on the fluids and subjecting the fluids to cooling,
These processes in general have the disadvantage
that the percentage of recovery of desired hy-
drocarbons is relatively low and, further, the re-
sidual gases, which ordinarily must be returned
at a high pressure to an underground formation,
are obtained at low pressures. Various types of
absorption processes have also been practiced and
these processes have found considerable favor
because of the high recovery of desired hydrocar-
bons. However, again the pressure of absorption
is often low relative to the pressure required for
returning residual gases to a formation, and the
costs of compressing residual gases represent an
important part of the costs of operating these
processes.

It has also been proposed as a variation of
the first type of process to accomplish the ex-

- pansion of the high pressure hydrocarbon fluid

in an expansion engine. By this procedure it
is  possible fo achieve increased cooling of the
fluid during expansion and to obtain useful work
which may be employed in compressing residual
gases. . From the standpoint of recovery, however,
this' proposed process stands in the position of
other processes wherein recovery is accomplished
solelv. by reducing the pressure on the fluld and
cooling. -
It is a principal obiect. of the present inven-
tion to provide a novel and efficient process for
the recovery of liquefiable hydrocarbons from
high pressure hydrocarbon flulds. particularly

._hieh vressure hydrocarbon fluids which are under

conditions in the critical area and such that they
are subject to retrograde condensation. A more
specific object of the invention is to provide a
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process for the treatment of a hydrocarbon fluld
removed from a distillate or condensate well
whereby desired - liquefiable hydrocarbons may
be recovered efficiently and residual gases may,
be obtained at a high pressure at & minimum
cost. » .

Other objects of the invention In part will
be obvious and in part will appear hereinafter.

In accordance with the present invention a
mixture of hydrocarbons at a high pressure and
a temperature such that the mixture is subject
to retrograde condensation upon a reduction in
pressure Is treated by a process comprising ex-
panding the mixture while doing work to a pres-
sure at which desired condensation of liquefiable
hydrocarbons takes place, contacting the mixture
while in the expanded condition with an ab-
sorption oil to sweep out or collect condensed hy-
drocarbons and absorb additional hydrocarbons,
compressing at least the residual gases while uti-
lizing the work created in the expansion, and re-
covering the liquid hydrocarbons from the mix-
ture. i

The pressure to which the mixture i3 expanded,
of course, will depend upon the characteristics
of the mixture, but in general will not be below
about 700 pounds per square inch and ordinarily
will be within the range from about 1200 to 2200
pounds per square inch. This pressure is general-
v within the retrograde condensation range of
the hydrocarbon mixture and may be the vres-
sure at which maximum condensation of Houid
takes place at the existing temperatures. While
this pressure Is sometimes referred to as the eriti-
cal pressure, it is probably more accurately
termed the nressure at the bottom of the retro-
grade condensation range, the term eritical pres-
snre heing reserved for the pressure at the eritieal
noint for the mixture. See the article by D. 1.,
Ratz and P. Kurata, Industrial and Eneineering
Chemistry, vol. 32, No. 6, June 1939, pages 817
to r27.

The process may be carried out by expanding
the hydrocarbon mixture and compressing at
Teast the residual gases in the same zone or cham-
her. although separate expansion and compres-
sion chambers may be used. if desired. The liq-
nid hvdroearbons are preferably removed from
the exoansion zone at the end of the expansion
step. The process also preferably involves utiliz-
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ing the liquid hydrocarbons removed from the ex-
pansion step for cooling the chamber in which
the expansion and compression steps are carried
out when these are both accomplished in the
same chamber or for cooling the compression
chamber when separate chambers are employed.

An embodiment of the invention comprises ex-
panding the fluid relatively slowly, especially to-
wards the end of the expansion, introducing the
absorption oil a sufficient period before. the start
of compression to permit settling of liquid hydro-
carbons, removing  liguid hydrocarbons before

compression is begun, and compressing the res-

idual gases rapidly.

The process involves the advantage among
others that it utilizes the expansion of the hy-
drocarbon mixture to create work and reduce the

temperature of the mixture and at the same time

accomplishes a high recovery of desired hydro-
carbons. Thus, it is more efficient than the pre-

viously proposed processes which rely principally "

on reducing the pressure and cooling for recov-
ery because a better recovery of desired hydro-
. carbons, particularly light hydrocarbons such as
Cz and C: hydrocarbons, is possible. As com-
pared with conventional absorption processes, the
process Is advantageous in that it is thermody-
namically - sounder, requiring less fuel for com-
pression and also less for circulation of absorp-
tion oil. The use of separated cold liquid hydro-

carbons for cooling the zone in which expansion -

and compression is accomplished is effective not
only to improve condensation but also to bring
these liquid hydrocarbons to a desirable temper-
ature for release of absorbed and condensed light
hydrocarbons.

_ The invention will now be described in connec-
tlon with the accompanying drawings in which
Figure 1 is a flow sheet illustrating one manner
in which the present process may be incorporated
in a complete recovery system; Figure 2 is a dia-
grammatic view with parts in section of one form
of expansion chamber which may be employed in
the practice of the process; Figure 3 is a similar
view of a part of the expansion chamber illus-
trated in Figure 2, showing the piston location

ab the end of the expansion step; Figure 4 is a -

similar view of another form of expansion cham-
per, this view showing the location of the piston
at the end of the compression step; and Figure 5
is a graph illustrating the piston movement in one
embodiment of the invention.
Referring to Figure 1, a sultable hydrocarbon
- mixture under a high pressure, for example a
pressure of 1500 to 4000 pounds per square inch,
enters the system through a line 10. When this
fluid is a distillate well fluid it will ordinarily have
been passed through a preliminary separator to
remove hydrocarbons condensed due to the drop
in pressure and temperature from the formation
to the separator. Also, when the hydrocarbon

mixture contains undesirable amounts of water

which might cause difficulty because of hydrate
formation, the mixture will have been subjected
to dehydration by conventional means. The hy-
drocarbon mixture is conducted by means of line
18 to a combined expansion and compression en-
gine represented geneérally at 12, This engine
may be of the type disclosed in Figures 2 and 3
or Pigure 4, which will be described hereinafter.

Leading from the side of the engine is a shaft
{4 to which is attached a flywheel 16. This shaft
is coupled to a suitable source of auxiliary power
represented generally at 18. This source may be
an internal combustion engine of any suitable

type. The hydrocarbon mixture is expanded in

engine {2 to a desired pressure within the retro-

grade condensation range of the mixture while

doing work. " This results in condensation of hy-.
5 drocarbons in the form of a mist or droplets be-
cause of the decrease in both pressure and tem-
perature. At or near the end of the expansion
step absorption cil is introduced into the cham-
ber through valved line 26. This line is provided
at its end with a nozzle indicated generally at 21
whereby the absorption oil is introduced in the -
form of a spray. The absorption oil spray acts
to sweep the condensed hydrocarbons from the
residual gases in the expansion chamber and also
to absorb to a certain. extent additlonal hydro-
carbons. -

In accordance with one embodiment of the in-
vention, the resulting mixture, including residual
gases and condensed liquid hydrocarbons with
absorption oil, is compressed in the chamber 12 to
a pressure in excess of that at which the mixture
-+ entered the engine.. This embodiment is based
upon the fact that while the condensation result-
ing from a reduction in pressure is reversed upon
the pressure being raised, the condensation and
vaporization do not proceed at the same rate.
Thus, while the condensation takes place substan-
tially instantaneously, a time interval is required
for vaporization.  Also, vaporization is retarded
by the relatively heavy hydrocarbons in the ab-
sorption oil, which is usually a hydrocarbon mix-
ture boiling within.a range above the boiling
range of the bulk of the liquefiable hydrocarbons.
The heterogeneous mixture is removed from the
engine through .valved line 22 which leads to a
separator 24. This separator may be a vessel
provided with baflles or other means of separating
liquids and gases, or it may be a precipitator such
as a Cottrell precipitator. The separator should
be located close to the engine in order to reduce
or eliminate revaporization of liquid hydrocar-
bons. The residual gases are removed from the
separator through a valved line 26 and may be
returned to a distillate formation for the purpose
of maintaining pressures. The liquid is removed
from the bottom of separator 24 through valved
Jdine 28, and passes into valved line 30 and into
a separafor 32. .

This separator is maintained at some pres-
sure below the pressure on the hydrocarbon
liquid at the time of separation from residual
gases, for example a pressure of about 1000
pounds. At this pressure light gases pass over-
head through valved line 34. These gases, which
consist mainly of methane and ethane, may be
compressed by means of compressor 36 to the
same pressure as the residual gases In line 286.
At the raised pressure they are passed through
valved line 38 and combined with the gases flow-
60 ing in line 26. The liquid is removed from the

lower portion of separator 32, through valved
line 48 and is passed into a lower pressure sep-
arator #2. In this separator the pressure may
be of the order of 500 pounds per square inch
85 and additional light hydrocarbons are evolved.
These light hydrocarbons may be subjected to
absorption in known manner, or, as shown, they
may be passed overhead and combined with
gases from a lower pressure separator to be de-
70 scribed.

The liquid is then removed from the lower por-
tion of separator 42, passed. through valved line
46 leading to a third separator 48, which may be
at a low pressure of the order of 50 to 80 pounds

75 per square inch. Here additional light hydro-
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carbons are evolved and are passed overhead
through valved line 50 and combined with the
gases from separator #2. These combined gases
may be subjected to additional absorption. or
they may be employed for fuel without treat-
ment. The liquid removed from the separator
48 is passed through valved line 52 to a heater
54 where it is heated to a sufficiently high tem-
perature for distillation. The heated oil is in-
troduced into a still 56 which may be maintained
at a pressure 'of the order of about 60 pounds
per square inch. In this still liquefiable hydro-
carbons boiling, for example, below 320° F. are
vaporized and removed overhead through valved
line §8. The vapors are condensed in condenser
80 and passed to storage through valved line §2.

The remaining liquid is removed from the bot-
tom of still 56 through valved line 64 and is
passed to another still 66. The remainder of the
condensed and absorbed hydrocarbons are va-
porized in this still, which is maintained at a
lower pressure than still 56. The vapors are re-
.moved overhead through valved line 68, con-
densed in condenser 10 and passed to storage
through valved line 72. The remaining liquid,
which constitutes a suitable absorption oil, is re-
moved from the bottom of the still through line
T4. A portion of this liquid may be removed from
the system through valved line 16. Line 14 leads
to a pump 78 which serves to raise the pressure on
the liquid to a pressure slightly above the pres-
sure in the expansion step in the expansion en-
gine. The liquid at the higher pressure passes
through line 80 to a cooler 82, wherein the tem-
perature of the absorption oil is reduced to a
suitable temperature for injection into the ex-
pansion chamber, this being accomplished by
flowing the oil through line 20, as previously
explained. When operating in accordance with
the present procedure the expansion chamber
may be cooled by means of a cooling jacket 84,

which is supplied with a cooling liquid stick as

water through valved line 86, the water passing
out through a line 88.

In accordance with another embodiment, also
{llustrated in Figure 1, at the end of the expan-
sion step and before compression is accomplished
in the expansion engine, liquid hydrocarbons, in-
cluding those condensed from the gases and the
absorption oil, are removed from the expansion
chamber through line 90. This liquid may be
passed directly into separator 32 through a line
91 and line 30. In accordance with the pre-
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ferred procedure, however, this liquid is passed

through valved line 92 and through jacket 84
where it is employed for cooling the expansion
and compression chamber 12. The hydrocarbon
liquid is removed from the cooling jacket B4
through valved line 94, which leads .to line 30,
through which the liquid hydrocarbons enter
separator 32. When operating in this way the
compressed gases leaving the chamber {2 through
line 22 will be substantially denuded of liquid
phase material and the use of separator 24 may
be eliminated. Thus, the gases may be passed
through valved line 96 and directly into line 26.

Referring now to Pigure 2, this figure illus-
trates a simple form of apparatus adapted. for
use in the expansion and compression steps. In
the figure, unnecessary details have not been il-
lustrated in order to simplify description of the
process. The reference numerals refer to. cor-
responding parts of Figure 1. The apparatus
illustrated comprises a familiar type of engine
provided with a piston 102, connecting rod 104
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connected to the crank 105, intake valve 108, ex-
haust valve 108 and a valve 110 for removal of '
liquid - hydrocarbons. The engine is shown in
the position it will occupy at the beginning of
the expansion step, shortly after the beginning
of the upward movement of the piston. Assum-
ing that the high pressure hydrocarbon fluid is
received at a pressure of abhout 3000 pounds per
square inch, the gas at this pressure enters
through the intake valve 106 causing the piston
to do work. The introduction of the high pres-
sure fluid is controlled so as to attain the final
desired pressure at the end of expansion, for ex-

. ample, a pressure of 1500 pounds per square inch.

When the amount of fluid required to accomplish
this result has been introduced the intake valve
is closed and the expansion allowed to proceed.

At the end of the expansion the piston will be
in the position shown in Figure 3. Just prior to
the end of the expansion stroke the desired
amount of absorption oil, for example, 2 to 5 gal-
lons per 1000 cubic feet of high pressure fluid at
standard conditions, is introduced through line
20, preferably so as to fall in a spray within the
chamber. As previously described, the resulting
liquid hydrocarbons, including the condensed hy-
drocarbons and the absorption oil may remain in
the mixture during the compression step. In this.
case all of the valves are closed until the pressure
desired on the residual gas is reached, at whi¢h
point the exhaust valve 108 is opened a regulated
distance and the compression stroke is continued
while forcing out mixed gases and lquid hydro-
carbons at the high pressure. In the example
under consideration, this pressure may be about
3500 pounds per square inch. ’

It is preferred, however, to open vaive 110 for
a brief period, prior to substantial compression
in order to remove from the chamber the hydro-
carbon liquid formed due to the reduction in tem-
perature and pressure and due to the introduciion
of the absorption oil. After the liquid has been
removed, the valve (10 is closed and the compres-
sion proceeds as describedq above. Thus, in this
case, the residual gases are obtained at a high
pressure apart from the condensed and absorbed
hydrocarbons. .

The engine is designed so as to contain only a
small amount of high pressure gas at the end
of the compression step, and the introduction of
the high pressure hydrocarbon fluid through the
inlet valve is started when the pressure below
the piston is but slightly iess than the pressure
of the inlet gas. ‘

Reviewing the operation of this -embodiment in
the engine shown in Figures 2 and 3, it will be
noted that the inlet valve is opened when the
piston is a little above bottom dead center and the
pressurein the cylinderisslightly below thepressure
of the inlet gas.  The absorption oil is introduced
shortly before the piston reaches top dead center
so that the oil may act on the condensed hydro-
carbons and the gases during the time interval
between the introduction of the absorption oil
and the reaching of top dead center by the pis-
ton.. The valve ‘for removal of liquid hydrocar-
bons may be opened at about top dead center and
is closed before any substantial compression. The
exhaust valve will be opened when the residual
gases reach the desired pressure, which pressure

‘will be obtained in a gas where the pressure is

to be about double the expansion pressure, when
the piston is just shortly past the middle of the
compression stroke, The exhaust valve will then -
be closed at about bottom dead center,
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In Figure 4 there is Hlustrated another form of
apparatus for carrying out the invention. Fig-
ure 5 illustrates the manner in which the expan-
sion and compression steps are accomplished in
another embodiment of the invention. Although
" ‘the type of engine shown in Figure 4 can be used
in a process ag illustrated in Figures 2 and 3, it
will be particularly described in connection with
the embodiment illustrated in part by Figure 5.
This embodiment comprises expanding the high
pressure hydrocarbon fluid relatively slowly,. in-
troducing the abosrption oil just before the end
of the expansion, removing hydrocarbon liquid at
" the end of the expansion step, and then quickly
compressing the residual gases. By expanding
and introducing the absorption oil in this way,
" time is aliowed for condensation and collection of
condensed hydrocarbons by the absorption oil.
‘The relaiively short compression period is ad-
vantageous in that problems of heat dissipation
ere reduced and the eficiency of.compression is
increased.

The engine of Pigure 4 is provided with a pis-
ton 120 having a. convex face (22. A connecting
rod 124 serves to transmit force to and receive
force from the piston. The valve for removal of
liquid hydrocarbons from the chamber at the end
of the expansion takes the form of ports 130
which are opened and closed by the motion of the
piston. The liquid passing through the ports en-
ters a ring 132 and is removed through line 90
as previously described. In this case, however,

the line 90 is provided with a check valve (34
which prevents return of fluid through the ports
when the piston is in the upper portion of the
cylinder.

Figure 4 illustrates the position of the piston
and valves at the end of the compression stroke
and after closing of exhaust valve §08. After the
piston has moved down to reduce the pressure in
the chamber to a pressure slightly less than the
pressure of the incoming hydrocarbon fluid, inlet
valve 106 will be opened to admit the high pres-
sure fluid into the chamber.

An engine such as shown in PFigure 4 is well
adapted for operating the process so as to vary
and control the expansion and compression steps.
This manner of operating will be understood by
referring to the graph of Figure 5. The intro-
duction of the fluid is begun at a point past bot-
tom dead center (0 crank angle degrees) at which
the pressure in the cylinder is about equal to the
pressure on the fluid and is continued until an
amount is introduced adapted to yield the desired
final pressure. The graph shows that the intro-
duction of fluld and expansion are accomplished
over about 175 crank angle degrees. The ports

. 130 will remain closed until about this point is
reached and then will be opened for abcut 5 de-
grees of rotation, through boftom dead center,
to permit removal of liquefiable hydrocarbons and
absorption oil from the engine. These liquid
products will have settled on the convex face of
the piston and will have flowed to the ports. In
general, the introduction of absorption oil should

be started .at about 160 to 165 degrees of rota-

tion from top dead center. -

After the piston has reached hottom dead cen-
ter the compression is accomplished quickly. As
the piston moves upward the ports 130 are first
closed, and then the compression is accomplished
substantially entirely over about 110 crank angle
degrees. Exhaust valve 108 is opened when the
pressure on the residual gases has reached the de-

sired point and these gases are used as before

described. ,

It will be understood that the invention in its
broader aspects is not limited to any of the fore-

5 8oing specific ways of operating, and that the de-
vices described are presented primarily for the
purposes of illustrating the operation of the proc-
ess rather than highly developed mechanisms.
Thus, the piston movement disclosed in Figure 3
may be accomplished by any suitable mechanism
for controlling the movement of pistons, several
of which are known. It will also be understood
that when controlling the expansion and com-
pression as shown in Figure 5, it is not necessary
to remove the liquid products at the end of the
expansion. For example, an engine such as il-
lustrated in Figure 3 may be operated so as to
accomplish controlled expansion and compres-~
sion, and the entire mixture of liquid products
and residual gases may be removed from the
cylinder at a high pressure and separated at this
pressure.

Obviously many modifications and variations .
of the Invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof, and therefore only such limitations
should be imposed as are indicated in the ap-
pended claims,

I claim:

1. The process of recovering liqueflable hydro-
carbons from a hydrocarbon mixture which is
substantially in a single phase at a high pressure
such that the mixture is subject to retrograde
condensation upon a reduction in pressure, which
comprises expanding the hydrocarbon mixture in
an expansion and compression chamber substan-
tially within the retrograde condensation range
while doing work, the resulting reduction in pres-
sure and temperature causing the formation of
40 liquefiable hydrocarbons in the liquid phase, in-

timately contacting the expanded mixture in said

chamber with absorption oil to collect the hydro-
carbons in the liquid phase, withdrawing liquefied
condensate and absorption oil from said cham-
45 ber separately from expanded gases compressing
at least the residual gases in said chamber while
utilizing the work created in the expansion, and
recovering said hydrocarbons in the liquid phase
from the withdrawn liquefied condensate and ab-
50 sorption oil. )

2. The process of recovering liquefiable hydro-
carbons fromi a hydrocarbon mixture which is
substantially in a single phase at a high pressure
'such that the mixture is subject to retrograde -

56 condensation upon a reduction in pressure, which
comprises expanding the hydrocarbon mixture in
an expansion and compression chamber substan-
tially within the retrograde condensation range
while doing work, -at least the latter portion of

60 the expansion step being at a relatively slow rate,
the resulting reduction in pressure and tem-
perature causing the formation of liquefiable hy-
drocarbons in the liquid phase, intimately con-
tacting the expanded mixture in said chamber to-
ward the latter part of the expansion step with
absorption oil to collect the hydrocarbons in the
liquid phase, removing liquid hydrocarbons from
the expanded mixture in said chamber while in
the expanded state leaving residual gases, and
compressing said residual gases at a relatively
rapid rate in said chamber while utilizing the
work created in the expansion.

3. The process of recovering liquefiable hydro-
carbons from a hydrocarbon mixture which is
75 substantially in a single phase at a high pressure
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such that the mixture is subject to retrograde
condensation upon a reduction in pressure, which
comprises expanding the hydrocarbon mixture
substantially within the retrograde condensation
range while doing work, the resulting reduction
in pressure and temperature causing the forma-
tion of liqueflable hydrocarbons in the liquid
phase, intimately contacting the expanded mix-
ture with absorption oil to collect the hydrocar-
‘ bons in the liquid phase, removing liquid’ hydro-
. carbons at & low temperature from the expanded
mixture while in the expanded state leaving re-
- sidual gases, compressing said residual gases
while utilizing the work created in the expansion,
and passing said liquid hydrocarbons into in-
direct heat exchange relationship with the re-
sldual gases during compression.. =
4. The process of recovering liquefiable hydro-
carbons from a hydrocarbon mixture which is
substantially in a single phase at a high pressure
such that the mixture is subject to retrograde
condensation upon a reduction in pressure, which
comprises expanding the hydrocarbon mixture
in an expansion and compression chamber stb-
stantially within the retrograde condensation
range while doing work, the resulting reduction
in pressure and temperature causing the forma-
tion of liqueflable hydrocarbons in the lquid
phase, intimately contacting the expanded mix-
ture in said chamber with absorption. oil to col-
lect the hydrocarbons in the liquid phase, remov-
ing liquid hydrocarbons at a low temperature
from the expanded mixture while in the expanded

10

: 10

-B. The process of recovering liquefiable hydro-
carbons from a hydrocarbon. mixture which is
substantially in a single phase at a high pressure
such that the mixture is subject to retrograde
condensation upon a reduction in pressure, which
comprises expanding the hydrocarbon mixture in
an expansion and compression chamber substan-
tially within the retrograde condensation range
while doing work, the resulting reduction in pres-
sure and temperature causing the formation of
liquefiablée hydrocarbons in the liguid.  phase,
introducing at a predetermined period in the

. expansion step a spray of absorption oil into the
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_expanded mixture in said chamber to collect the

hydrocarbons in the liquid phase, discharging
liquid condensate and absorption oil from said
chamber at substantially the end of said expan-
sion step while confining residual gases within
said chamber compressing the residual gases in
said chamber while utilizing the work created in
the expansion, exhausting the recompressed re-
sidual gases from said chamber at a high pressure,
and then repeating the cycle.

. ALLEN D. GARRISON.
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state in said chamber leaving residual gases, -

compressing .sald residual gases while utilizing
the work created in the expansion, and passing
said liquid hydrocarbons into indirect heat ex-
change relationship with the residual gases dur-
ing compression.
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