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Reissued Dec. 9, 1930

UNITED STATES

PATENT OFFICE

SAMUEL C. CARNEY, OF SAN FEANCISCO, CALIFOB,NIA, ASSIGNOR TO SHELL PETRO-
LEUM CORPORATION, A CORPORATION OF VIRGINIA :

PROCESS FOR THE TREATMENT OF HYDROCARBONS

- Original No: 1,768,827, dated July 1, 1930, Serial No.

filed October 18, 1830.

This invention relates to a new and useful

_process for the treatment of hydrocarbons.’

. An cbject of the invention is to recover in a
liquid state highly volatile fractions of hy-
drocarbon mixtures, after the same have
first been seperated from hydrocarbon mix-
tures having relatively high boiling points,
by utilizing a part of the condensate result-
ing from the primary segregation of the
heavier hydrocarbons as a refrigerant to re-
duce the temperature of the light fractions to

. a point at which they will condense under
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pressure.
Another object of the invention is to re-
cover in a liquid state light fractions of hy-
drocarbon mixture and to withdraw and pack
said liquefied light fractions under pressure,
by subjecting hydrocarbon mixtures to an
initial separation into a liquid and vaporous
component; condensing a part of the va-

porous component; then effecting a second-

ary separation of the condensate from the
vapor, and then utilizing a part of the con-
densate in a refrigerating cycle to reduce the
temperature of the vaporous component
thereby condensing the same.

Additional objects of the invention will be
apparent from the following -detailed de-
seription thereof, taken in connection with
the accompanying drawing in which a satis-
factory form of apparatus for practicing the
process is shown. o

The mixtures to be treated are primarily
segregated into a liquid component and a va-
porous component, the liquid component be-
ing satisfactory for commercial purposes,
and the vaporous component comprising the
lighter. fractions. . The vaporous component
thus separated from the liquid is in practice
ordinarily that fraction of the original mix-
ture which consists of hydrocarbons that
have a boiling point below that of pentane.

. The vaporous segregated component, after
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the primary segregation from. the heavier
fraction of the original mixture, is subjected
to a refrigerating cycle, in which a part of the
liquefied component of the original mixture
is utilized as the refrigerant. The result of
the cooling effected by this refrigeration is to
reduce the light fractions to a liquid form in

45,661, filed July 28, 1925.  Application for reissue
Serial No. 490,559,

which state it.is drawn from the system, and
may be stored in the usual containers for use
as a refrigerant, or for other technical pur-
poses. :

It is known that certain characters of hy-
drocarbon mixtures may be initially segre-
gated by treating the same in a rectifying
column under the influence of heat and pres-
sure coordinated to a degree sufficient to ac-
complish the initial segregation of the liquid
component from the vapor. The vaporous
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component as a. gas has very little technical

value, but because of its low beiling point
when liquefied it is highly satisfactory as a
refrigerant, and for other uses. By subject-
ing- the segregated vaporous component to
the refrigerating action of an expanding lig-
vid in a refrigerating device, the tempera-
ture of the vapor may be reduced to a degree
sufficient to condense the same ; and the lique-
fied mixture may then be withdrawn in lig-
uid form, and under pressure, and packaged
for use in suitable containers such, for in-
stance, in steel ecylinders or tanks. -

The expanded refrigerant is subjected to a
recovery treatment including absorption in a
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-netroleum liguid.. The mixture is then dis-

tilled and the recovered refrigerant is re-
turned to the system. .

An example of the process may be better 8
understood by reference to the apparatus dis-
closed in the accompanying drawing in which
1 indicates a rectifying column having a sup-
ply pipe 2 which preferably enters the rec-
tifying column approximately intermediate
of its height.” Adequate heat is generated for .
raising the temperature of the contents of
the column 1 to a degree which, when coordi-
nated with predetermined pressures in ac-
cordance with known practice, accomplishes
the initial segregation of the liquid and va-
porous components. Tt will be understood
that an internal pressure is maintained in
the rectifying column by the gases generated
therein. The heat may be generated by any
known means and the illustrated embodi-
ment includes a preheater 3 having a heating
coil 4, a steam inlet pipe 5 and a steam return
pipe 6. The preheater is'connected with the 2
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well 7 of the rectifying column 1 by pipe con-
nections 8 and 9.

In the normal operation of the apparatus-

thus far described, the heavier fractions in
ratio to their weight are liquefied and dis-
posed in the column 1 from the bottom to the
top thereof. That is to say, the heavier lig-

uids condense in the lower part of the rectify-

ing column 1 from which they are with-
drawn through a take off pipe 10, being dis-
charged thrOHOh a cooler, before pressure is
relieved in accordance with known practice,

and the lighter fractions accumulate in the

upper zone of the column.

The lighter volatile components are drlven
off in vaporous form through the conduit
comprising the pipes 11 and 12 by means of
which they are conducted to a condenser 13.
The condenser 13 is preferably water cooled,
and reduces the temperature of the vaporous
component passing therethrough to a degree
sufficient to liquefy a portion thereof, said
liquefied component having a rehtlvely low
boiling point and being of itself of such char-
acter that upon expansion it acts as a satis-
factory refrigerant. A portion of the mix-
ture entelipg the condenser 13 remains in

vaporous form and comprises the lightest
fractions reduced from the original mixture,
It is ordinarily principally in the form of
propane with an admixture of the homol-

" ogous hydrocarbons such as 1sobutane, bu-
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~ discharged from -the nozzle 19 operates in a
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tane and-ethane.

The liquid and vaporous mixture from the
condenser 13 is conducted to a container 14
by a pipe 15, and the liquid residue is con-
ducted from the tank 14 to a trap comprising
the pipes 16,17 and 18, the pipe 18 being con-
nected at its upper end with a nozzle 19 dis-
¢harging interiorly of the upper portion of
the rectifving column 1. The reflux liquid

the rectifying columan 1 for washing out all
of the fractions to be reclaimed in the initial
segregation and comprised in -the liquid
withdrawn ™ from -said rectifying column
through the pipe 10, according to known
practice.

The vaporous component resulting from

he treatment in.the condenser 13 is. with-
drawn from the upper part of the container
14 through a pipe 20 by means of which it is
conducted to a refrigerator 21." The separa-
tion at this point is & gravity separation, the

vapor rising to the top.of the container and’

the liquid flowing to the pipe 16 from. the

lower zone of the contamer. as W1}1 be read--

ily understood.

The refrigerator 21 may be of any known
type comprising expansion coils and a con-
denalncr ch dmbel ’Ihe refrigerator is cooled

-bv nmeans of the expansion of a part of the

liquid which accurnulates in the trap formed
bv the pipes 16—17—18 and is conducted
8 therefrom by a branch pipe 22 1°ad1ng to the

17,898

expansion coils of the refrigerator 21. The
action of the refrigerator 21 may be con-
trolled so that the temperature of the influent
vaporous mixture entering the refrigerator
from the pipe 20 is reduced below a point at
which the fraction thereof that it is desired
to recover in liquid form will entirely con-
dense, at the internal pressure in the con-
densing chamber. It will be understood that
the internal pressure in the condensing cham-
bers renders it possible to condense the vapor
at the temperature reduction effected by the
expansion. of the liquid in the expansmn
coils.
The condensation of the vapor passmor

‘through the refrigerator 21 accumulates in
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the botwm of the condensing chamber of the -

refrigerator from -which it is withdrawn
throuwh a take off pipe 23 and discharged
into a container 24 which may be a steel con

tainer of the usual type for storing and trans-
porting highly volatile liquids. - The weight
of the contents at the time the steel cylin-

“ders are filled may be standardized by filling
The take off -

the cylinders on a scale 25.
line 23 may be controlled by a filling valve 26.

In order to regulate the flow through the
pipe 20 a valve 27 may be provided therein.

‘The flow of tlie refrigerant to the refrigera-

tor 21 may be control Tled automatically by a
thermostatic valve 28, the thermostatic ele-
ment 29-of which is 11'1 the take off line 28.
Thus, as determined by the temperature of
the liguid discharged from the refrigerator
21, more. or less of the refrigerating liquid
from the pipe 22 may be admitted to the ex-
pansion coils of the refrigerator 21, as may
be required to effect condensation.

In order to recover the vapor resulting
from the expansion in the expansion coils of
the refrigerator 21, the vapor is conducted by

a pipe. 30 from the refr igerator to an absorber

.81. The absorber 81 is preferably in the form

of a steel cylinder having an extended inter-
nal- surface. The absorber 31 contains a
quantity of cooled hydrocarbon liquid siich,
for instance, as petroleam oil: - Tt is desir able
that the 11qu1d absorbent utilized as the ab-
sorbing agent have a low viscosity and a rel-
ativ ely low molecular weight (preferably 80
to 225).

The absorber 81 is internally cooled by any

suitable means such, for instance, as water

coils 32 having external connections 33 and
34 The absorber 81 is also preferably pro-
vided with a relief valve 35 outwardly oper-
ating - against a -predetermined maximum
pressure. The purpose of the valve 35 is to
relieve the abserber of insoluble gases such
ag methane, air, water, vapor, or other accu-

miulated eloments that will not absorb in the

absorbing agent.  The action of the absorber
31 upon the vapor entering through the pipe

30 is to efféct a substantlally complete absorp-

tion of the vapor in the heavy hydrocarbon
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Liquid. It will be understood that the tem-
perature and pressure in the absorber is co-
ordinated to effect a satisfactory degree of
absorption of the vapor in the absmbmo
hcllnd in the absorber.

he liquid containing the absorbed vapor
is conducted under forced pressure by means
of a pump 36 to a conduit 37, thence through
a heat exchanger 88 and a pipe 39 to the upper
part of a still 40, the pipe 89 discharging
into the still through an internal nozzle 41.
The still 40-is internally heated by any suit-
able means such, for instance, as a steam coil
42 having a steam inlet and return passage
43 and 44, the passage 44 discharging through
a steam trap 45. “The still 40 may be in the

form of a rectifying column so that a more

effective separation of the absorbed vapor
and the absorbing liquid may be accomplished

by proper balancing of pressure and tem-
" perature.

The action of the still 40 is to drive off
from the heavier hydrocarbon liquid contain-
ing the absorbed gas the vaporous component
comprising the fractions substantially cor-
responding to the mixture that was used as
the refrigerant in the refrigerator 21: The
segregation into these selected groups is ef-
tected by the proper balancing of pressure
and temperature, so that this end will be sub-
stantially effected by the treatment in- the
still 40. ‘The residue of the liguid in the still,
after the selected vaporous components have
been expelled, accumulates in the bottom
thereof and the vaporous components are
driven off from the top of the still through
a conduit 46 through- which it may be re-

turned to the system by connecting the pipe

46 into the pipes 11 and 12. The accumulated
heavier liquid in the still is withdrawn there-
from through a conduit 47 through which
it is conducted to the heat e‘ichancre1 38, the
heated liquid from the still being initially
cooled by the effect of the mixture of lower
temperature flowing through the heat ex-
changer 88 from the pipe a7.

From the heat exchanger 38 the mixture is

‘subjected to a secondary cooling treatment in

a cooler 48 to which it is conducted from the
heat exchanger 38 by a pipe 49. The cooler
48 is cooled bV water or other outside cooling
agent and, after treatment in the cooler 48
the hquld is reintroduced into the absorber
31 through a pipe 50 having a nozzle 51 inter-
nally dlsposed in the upper part of the ab-
sorber 31.

From the foregoing description of the proc-
ess it will be understood that the process has
particular applicability to the treatment of a
starting material substantially of the char-
acter of natural gases and petroleum vapors
such as casing head gas or the vapors that rise
from petloleuln oils in storage or from the
various refining processes. Asisknown, such
gases include a component that may be main-
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tained as a liquid under normal pressure and
temperatures and which is generally known
as a natural gas gasoline. The original mix-
ture also includes the light fractions herein-
before specified and comprising
propane and lighter fractions with an admix-
ture ‘of the homologous hydrocarbons.

What T claim and desire to secure by Let-
ters Patentis:—

1. That process for treatment of hydro-
carbons having substantially the characteris-
tic of natural gas, which consists in splitting
the hydrocarbon mixture into a liquid.com-

‘ponent and a vaporous component by recti--

fication; then condensing a part of said va-

‘porous component to form a secondary liquid

component; then expanding said secondary
Lquaid component to effect a cooling action;
and subjecting the vaporous component while
under pressure to the cooling action of the
expansion of said secondary liquid- compo-
nent to condense said last named vaporous
component.

2. A ‘continuous process for the treatment
of hydrocarbon mixtures substantially of the
character of natural gas, which consists in
subjecting the hydrocarbon mixture to a rec-
tification treatment under balanced pressures
and ‘temperatures to split the mixture into
a liquid and a vaporous component; cooling
the vaporous component to further split said
vaporous component into a secondary liquid
component and a vaporous component; then
effecting -a gravity separation  of said last
named- components then expanding said last
named liquid component; passing the va-
porous component within the cooled area re-
sulting from the expansion of said last named
liquid component, thereby condensing said
last named vaporous component to a liguid
state; and then recovering the expanded

‘liquid component in a vaporous state and

returnlncr the same to the system.

3. A contlnuous process for the treatment
of hydrocarbon mixtures of the general char-
acter of natural gas, which consists in sub-
jecting the hydrocarbon mixture to a recti-
fication treatment under balanced pressures
and temperatures to split the mixture into a
liquid and a vaporous component; cooling
the vaporous component to further spht sald
vaporous compornent into a secondary liquid
component and a vaporous component; then

- effecting a gravity separation of said last
named component; then expanding said last

named liquid component; passing the va-
porous component within the cooled area
without releasing the pressure ' thereon,
thereby condensing the same to a liguid
state; and then recovering the expanded
liquid component in a vaporous state and
returning the same to the system.

4. A continuous process for the treatment
of hydrocarbon mixtures responding in com-
position substantially to natural gas, which

prinecipally
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consists in subjecting the hydrocarbon mix-
ture to a rectification treatment under bal-
anced pressures and temperatures to split

-the mixture into a liquid and .a - vaporous

component ; cooling the vaporous component
to further split -said vaporous component

into a secondary. liquid component and a .

vaporous -component ; returning a portion of
sald condensate as a reflux liquid. for the
rectification step ; withdrawing the vapor re-
sulting from: said separation; withdrawing

-a portion of the condensate and expanding

the same; passing the vaporous component
within the cooled area of the expanding con-
densate to liquefy said vaporous component;

and then withdrawing the condensated vapor

-in the form of a»liquid from the system. -

5. A continuous process for the treatment
of a mixed hydrocarbon gas of the character
of natural gas, which consists in subjecting

the hydrocarbon mixture to a rectification’

treatment under balanced pressures and tem-
peratures to split the mixture into a liquid
component and an overhead vaporous com-
ponent ; cooling the overhead vaporous com-
ponent to further split the same into a see-
ondary liquid. component and a  vaporous
component; then effecting a gravity separa-

-tion of said last named component; then ex-
30:

panding said last named liquid component;
passing the vaporous component within. the
cooled area under a sufficient vapor pressure

-to condense the same at the temperature pro-

duced by the expanding of said last named
liquid component ; and then withdrawing the
condensate from the system.

6. A continuous process for the treatment
of a mixed hydrocarbon gas of thecharacter
of natural gas, which cons1sts in subjecting
the starting mixture to. a rectification treat-
ment under balanced pressures and tempera-
tures to split the mixture into a liquid com-
ponent and a vaporous overhead component ;
cooling the overhead product to further spht
the sameé into a secondary liquid component
and .a vaporous component; then effecting
a gravity separation of said Tast named com-
ponents; then expanding said last named
liquid component ; passing the vaporous com-
ponent within the cooled area under a suffi-
cient vapor pressure to condense the same at
the temperature attained by the expansion of
said last named liquid component; then
withdrawing the condensate. from the sys-
tem; and controlhng the temperature of said
cooled area- by controlling the supply of
liquid: expanded by the temperature of said
last named condensate as it leaves the sys-
tem

The steps in the he1 ein described process

of hquefymg light hydrocarbon fractions of ‘

a hydrocarbon mixture substantially of the

17,898

therefrom by rectification; cooling the vapors
to produce a liquid component and a vapor-
ous component, separating ‘the two com-
ponents by gravity, and ‘thereafter, while
maintaining the vaporous compoiient at the
pressure of the system, cooling it further by

‘an out of contact evaporation of a part of

the liquid component at a lower pressure.
8. Thesteps in the herein described process

ot liguefying light hydrocarbon. fractions of:

a hydrocarbon mixture substantially of the
character of natural gas, which consists in
withdrawing the vapors from a liquid corre-
sponding to natural gas gasoline separated
therefrom by 1ect1ﬁcat10n, cooling the vapors
to produce a liquid component and a vaporous
component, separating- the two components
by gravity, thereafter,  while maintaining the
vaporous component. at the pressure of the

system, cooling it further by an out of con-

tact evaporation of a part of the liquid com-
ponent at a. lower pressure, and controlling
the extent of condensation of the vaporous
component by controlling the amount of the
Liquid expanded in the coohnd step.-

. 9. A continuous process for the treatment
of hydrocarbon mixtures corresponding sub-

stantially to natural gas: which consists in
- subjecting. the startmg mixture to a. recti-
- fication' treatment. under balanced pressures
~and temperatures, said pressures being in

excess of atmospheric pressure to fractionate

the mixture into a liquid and vaporous com-
‘ponent, then reducing the temperature of the

vaporous, component to- further fractionate .
it into a highly volatile gas and into a
secondary liquid’ component, separating the
secondary liquid component from the highly
volatile component, effecting an out of con-
tact expansion of the liquid component in
an area traversed by the vaporous component
while the vaporous component remains under
the normal pressure in the system whereby
the highly volatile vaporous. component is
condensed, withdrawing the condensate of the
vaporous component under pressure, with-
drawing the expanded 'gas resulting from
the cooling step, and returmng the same to

the system
- SAMUEL C. CARNEY.

_character. of natural gas, which consists in *~
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withdrawing the vapors from a liquid. corre-

'sponding to natural gas gasoline separated
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