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My invention relates to apparatus and a
process for producing light hydrocarbons
and particularly light hydrocarbons of which
gasoline is composed.

g It has been proposed to produce gasoline
by the so-called cracking of heavier hydro-
carbons of crude petroleum but many diffi-
culties are encountered in the practice of such
a process including the formation of carbon

10 deposit in the still in which the cracking op-
eration is carried on. Furthermore, it has
not been found commercially possible hereto-
fore to convert into gasoline hydrocarbons
all of such petroleum or petroleum products

15 as are introduced into the- cracking still.

It has also been proposed to produce gaso-
line from natural gas by the so-called absorp-
tion methods in which certain constituents of
the natural gas are absorbed in a medium

20 contacted with the natural gas and then dis-
tilled off of such medium and then liquefied
in whole or in part by compression and
cooling. In such absorption processes, how-
ever, only a small part of the natural gas

26 is converted into gasoline of a readily usable
form and even a large part of those hydro-
carbons present in the natural gas and de-

* sirable as gasoline constituents, is not brought

into the gasoline so produced.

Moreover, the production of gasoline by
mixing light hydrocarbons such as natural

* gas with vapors, produced by distillation of

30

crude petroleum is impracticable because ex-

tremely high pressures would be necessary
to effect stable liquefaction to a reasonable
extent of the resulting mixture of vapors
‘and gases. A L 7
- Tt is an object of my invention to provide
apparatus and a -process whereby the diffi-
40 culties and disadvantages of previously
known processes for the production of gaso-
line will be substantially avoided. :
In the practice of my invention a charg-
ing material consisting of crude petroleum
or fractions, residues or products thereof,
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that include hydrocarbons that possess boil-..

ing points so high that they are not suitable
as constituents of gasoline, is subjected to
cracking in a cracking zone, in liquid phase

50 or in vapor phase or in both phases succes-

sively, and hydrocarbons -of suitably low
boiling point are utilized in connection with
the cracking operation, preferably by being
introduced separately or together with other
substances into the cracking zone or into the
vapors thereof or in part into the cracking
zone and in part into the vapors thereof, and
then the resulting vapors are condensed. In
such an operation the added hydrocarbons of
suitably low boiling point preferably possess
a resultant condensation pressure or average’
partial pressure as low as is compatible with
the production, without change of conditions
in the cracking zone, of a final product of
desired initial and end points and sufficiently
low to permit a reasonably complete combi-
nation and stable liquefaction of the vapors
coming from the cracking zone by the use of
pressure low enough to be readily produced
in the commercial production of gasoline.
My invention contemplates the utilization
of such suitably low boiling hydrocarbons
of suitably low average partial pressure in
connection with both liquid phase cracking
and vapor phase cracking (independently or
successively employed upon the same mate-
rial) of relatively high boiling petroleum
products; and it contemplates also the use
of steam 1n the cracking operations.
Natural gas contains hydrocarbons which
as originally constituted are suitable as con-
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stituents of commercial gasoline, but it also

contains in large quantities constituents,
such-as methane, of which the partial pres-
sure is so high that-combination and stable
liquefaction of the constituents of a mixture
of vapors coming from a cracking operation
to which -natural gas has been added, cannot
be obtained to a reasonable extent by the em-
ployment of known . methods. . In :other
words the utilization of natural gas in con-
nection with the cracking of petroleum prod-
ucts 'in an effort to produce gasoline gives
rise to a vapor mixture of such high resultant
or average partial pressure that liquefaction
thereof to"a reasonable extent cannot be ef-
fected by known means. - Accordingly, a spe-
cific application of my- invention resides in
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utilizing in connection with the cracking of

_petroleum products in the production of
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gasoline, natural gas which has been so

‘treated as to reduce its resultant or average

pressure as by elimination from- the natural

-gas of constituents, such as methane, that
5 possess high partial pressure. Such reduc-
tion of the resultant or average pressure of
natural gas may be effected in the practice
of my invention by contacting the natural
gas with an absorbent medium, such as min-
eral seal oil, and thereby absorbing constit-
uents of relatively lower partial pressure and
then distilling from the absorbent medium,
the hydrocarbons so absorbed thereby and
thus producing as the vapors of such a still,
a mixture of hydrocarbon vapors having a
lower resultant or average liquefaction pres-
sure than that of natural gas treated, it be-
ing well known that in such an absorption
operation ‘the hydrocarbons of higher par-

10
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pletely absorbed by the absorption medium.
Thus, suitable low-boiling hydrocarbons are
selected from the natural gas used.

In the practice of this specific application
of my invention all or some desired fraction
of the hydrocarbons distilled from the ab-
sorbent medium that has previously "been
contacted with natural gas may be intro-
- duced directly into the cracking zone or into
30
directly into the cracking zone and another
part into the vapors tﬁereof, so long as
enough of such light hydrocarbons enter the
cracking zone to eliminate the deposit of car-
‘bon therein. - In such an operation it may be
advisable for mechanical reasons to subject
the vapors distilled from the absorbent me-
dium to compression or to cooling or to both
of ‘such operations, in known manner or as
herein described, to reduce such vapors to
a liquid state or in part to a liquid State and
in part to a vapor state. If such vapors are
reduced to a liquid state only in part then
the uncondensed vapors alone may be uti-
lized in connection with the cracking of pe-
troleum products or the resultant liquid hy-
drocarbons of low boiling point may be so
utilized, or both such liquid and such vapors
may be so utilized. Thus, any desired frac-
tion may be used of the hydrocarbons so se-
" lectively withdrawn from the natural gas.

In the practice of my invention the vapors
produced by the utilization of light hydro-
carbons in connection with the cracking of
petroleum products may be subjected to cool-
ing to produce a final liquid product or such
final liquid product may be produced by the
application of other more or less effective
steps, such as the application of pressure,
with or without the addition of further heat,
the vapors being finally cooled. Any de-
sired precautions may be taken in weather-
ing (elimination of very light hydrocarbons
without loss of desired hydrocargons) of the
+ final produet, '

40

tial pressure, such' as methane, are not com- .

vapors thereof or a part may be introduced:

1,817,672

I have found that in the practice of my in-
vention no objectionable deposit of carbon
occurs in the cracking zone and substantially
all of the petroleum products introduced
into the cracking chamber are converted into
gasoline hydrocarbons, even though the
Lighter hydrocarbons, utilized in connection
with the cracking operation by being intro-
duced directly into the cracking zone consist
only of uncondensed vapors remaining after
the vapors of an absorption-medium still are
subjected to compression and cooling to pro-
duce liquid gasoline from the constituents of
natural gas which had been absorbed in the
absorption-mediuim. Merely cooling the va-
pors resulting from the addition of uncon-
densed absorption-still vapors to the crack-
ing zone produced commercial motor fuel in
a quantity greater than that of the petroleum
products introduced into the cracking
chamber. ' ‘

In the practice of my invention uncon-
densed vapors of the absorption-still or un-
condensed vapors coming from the cracking
operation or both may be advantageously re-
circulated in the system by being reintro-
duced into the operations in which hydrocar-
bons from natural gas are being treated or by
being introduced into the cracking zone.

‘When the light hydrocarbons utilized -in
connection with the cracking operation are
derived from natural gas as above described
the operations whereby gasoline hydrocar-
bons are obtained from natural gas and the
operations whereby light hydrocarbons- are

utilized in connection with cracking, so co-

operate with one another that one set of oper-
ations modifies the result of the other set of
operations and a final product consisting of
motor fuel is produced from both natural gas
and heavier petroleum products, such pro-

duction being substantially free of difficul--

ties encountered in the production of gasoline
from either of those sources. My invention,
therefore, comprises not only the step of uti-
lizing, in connection with the cracking of
petroleum products to produce gasoline, light
hydrocarbons of sufficiently low resultant or
average pressure to permit reasonably com-
plete and stable combination and liquefac-
tion of the resultant vapors, but also the pro-
duction of gasoline from natural gas and the
cracking of petroleum products in such coop-
erative relation that the resultant vapors are
susceptible of combination and stable lique-
faction to a practical extent without use of
excessive pressures. ,

In the drawing there is shown diagram-
matically one form of apparatus embodying
my invention and whereby my invention may
be practised but it is to be understood that
my. invention is not limited to such embodi-
ment which is intended to be merely exem-
plary and which is described only for the
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purpose of aiding in the understanding of
my invention. - . o _ :

The apparatus shown in the drawing com-
prises means for absorbing hydrocarbons
from natural gas, means for distilling from

the absorbent medium the hydrocarbons so

absorbed and for then compressing the hy-
drocarbon vapors.so evolved, means for uti-
lizing in connection with the cracking of
petroleum products all or some part of the

vapors evolved from the absorption-medium.

still, means for obtaining liquid gasoline

from the vapors coming from the cracking

operation and means for recirculating uncon-
densed vapors.

« The absorber 1 may be of any desired con-
struction but should be so designed as to be
highly efficient, preferably effecting an ab-
sorption of as much of the natural gas as pos-
sible with the exception of hydrocarbons
thereof having very high partial pressures,
such as methane. The natural gas is led into
the absorber 1 through the inlet 2 and ab-
sorption medium, such as mineral seal oil, is
led into the absorber by the inlet 3, the unab-
sorbed gas passing out of the absorber
thirough the pipe 4, and oil containing ab-
sorbed hydrocarbons passing from the
absorber 1 through the pipe 5. The absorber
1 is advantageously operated as in known
natural gas absorption systems or various
features of operation may be cairied on as
described in the copending application filed
August Tth, 1926, by myself and Alexander
Clarke, Ser. No. 127,718.

The oil containing absorbed hydrocarbons
passes through pipe 5 into vent tank 6, which
1s provided with a vent 6’, and then is passed
by pump 7 through heat exchanger 8 and
heater 9 into a still 10 which may resemble a
fractionating tower and may be of the stand-
ard bell and washer type. In the still 10 some
of the absorbed hydrocarbons are liberated

from the absorption medium and it then

passes through pipe 11 into steam. still 12
which may resemble a fractionating tower in
construction. From the steam still 12 the oil
is passed through pipe 13 by means of pump
14 to the heat exchanger 8 and then to cooling
coils 15 and through a refrigerating device
16 from which the oil passes to inlet 3 of ab-
sorber ‘1. The use of the refrigerating de-
vice 16 is optional and it may only be neces-
sary to.refrigerate some part of the stripped
absorption medium, for. example, the part
entering the upper zone of the absorber 1.
Absorption medium containing absorbed
hydrocarbons is heated in heater 9 to a tem-
perature approaching the initial boiling
point of the absorption medium, for example,

400° F. to 500° F. Steam is supplied to steam

still 12 by boiler 65, the steam preferabl;

- passing through superheater 66 and pipe 6
“to still 12. :

Light hydrocarbon vapors liberated in still

3

10 pass through pipe 17 to knockout 18 in

which suitable reduction of temperature
eliminates undesirable fractions. including
lighter parts of the absorption medium, re-
sulting liquid returning to still 10 through
pipe 19. Vapors from knockout 18 pass
through pipe 20 to compressor 21 where the
pressure of the vapors 1s increased to about
40 pounds per square inch, pressures referred
to herein being gauge pressures. The com-
pressed vapors pass through cooler 22 and

the resultant vapors and liquids are collected -

in accumulator 23. ‘

Vapors evolved in steam still 12 pass
through pipe 24 to knockout 25 from which
any collected liquid is returned to still 12
through pipe 25”. Vapors pass from knock-
out 25 through cooling coil 26 into a separat-
ing tank 27 from which water is drained by
cock 28 and from which vapors pass through
pipe 29 to outlet 17 of still 10, and from
which liquid hydrocarbons are passed by
pump 30 to accumulator tank 23.

The hydrocarbons collected in liquid and
vapor form in accumulator tank 23 will pos-

sess a resultant or average partial pressure .

considerably lower than that of the natural

gas from which said chlécted hydrocarbons:

are derived. : v

Uncondensed vapors in accumulator tank
23 pass to compressor 31 where their pres-
sure is increased to 225 to 250 pounds. The
hydrocarbon vapors pass from compressor 31
through pipe 32 to cooler 33 and the resulting
liquid and uncondensed vapors are collected
in high stage accumulator tank 34.

With a view to improving the operation of
the apparatus so far described for the ab-

,sorption and distillation of the light hydro-

carbons derived from natural gas a part of
the uncondensed vapors in the high stage ac-
cumulator tank 34 may be carried through
pipe 85 to heater 36 and introduced into the
light hydrocarbon absorption system at some
point preceding the condensation of the ab-
sorbed light hydrocarbons, for example, by

‘means of pipe 37 leading from heater 36 into

still 10.
Cracking chamber 50 of any suitable form
and suitably operated is supplied with crude

petroleum or products thereof from tank 51, .

the charging material in tank 51 being passed
by pump 52 into feed tank 53 where the de-
sired pressure, 225 pounds pér square inch or
higher, is maintained. The charging mate-
rial passes from feed tank 53 through pipe 54
and through heater 55 into the upper part of
cracking chamber 50 through pipe 56, and
any charging material drained from chamber
50 through pipe 57 is returned by pump 58
through pipe 59 to the inflo>wing charging
material in pipe 56. Cracking chamber 50
may be provided with a supplemental heater

The charging material may be heated in
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heater 55 to suitable temperatures, for ex-
ample, temperatures up to 1000° F. and the
pressures maintained will depend upon the
temperature employed, the design of the
heater, rate of flow, etc.

Light hydrocarbons of suitable average or

resultant pressure are introduced into crack-

ing chamber 50 through pipe 61 leading from
heater 62. In the apparatus shown provision
is made for various modifications in the utili-
zation of the light hydrocarbons obtained
from the natural gas. Thus uncondensed
vapors of the high stage accumulator tank
34 may be passed by pipe 63 directly to heater
62 by opening valve .. Light hydrocarbons
coming from the high stage compressor 31

may be passed into pipe 63 leading to heater .

62 by opening valve ¢ in pipe 64, closing
valve b in pipe 32 and opening valve ¢ in
pipe 65. By opening valve 66, liquid in low
stage accumulator tank 23 may be passed by
pump 67 into pipe 68 that leads to pipe 65
that opens into pipe 63. Liquid in high stage
accumulator tank 84 may be also passed into
pipe 68 by opening valve d. Accumulator
tanks 28 and 84 are respectively provided
with drain cocks 69 and 70 in the event that
the liquid hydrocarbons therein are to be
withdrawn for immediate use or in order to
be stabilized and so converted from .wild
gasoline into commercial gasoline. :

The upper zone of the cracking chamber
50 may be of the bell and washer type of
scrubber or fractionating column as indi-
cated diagrammatically or the vapors from
the cracking zone may be passed through pipe
71 to knockout 72 where undesirable fractions
are eliminated, by reduction of temperature
if necessary, and returned to the cracking
chamber through pipe 73. Vapors from
knockout 72 pass through pipe 74 and are con-
densed. Such condensation may be effected
directly by cooler 75 and the resulting liquids
and vapors are collected in tank 76 from
which they may be withdrawn to storage
with or without being subjected to stabiliza-
tion. By closing valve ¢ in pipe T4 and open-
ing valve f, the resultant vapors may be sub-’
jected to compression and heat prior to their
introduction into the cooler 75. To this end
the vapors may be cocled for mechanical
reasons in cooler 77 and compressed by com-
pressor 78 until the pressure is sufficiently
increased even up to 1000 pounds. Liquid
formed upon the cooling of the vapors in
cooler 77 is collected in trap 79 and returned
by pump 80 to the vapors discharged from
compressor 78.  The. products then pass
through heater 81 in which the temperature
may be raised to any desired point even to
1000° F. and are then passed to cooler 75.

Such light hydrocarbons as are introduced
into pipe 68 may be passed into the vapors
coming from the cracking still by closing

" 85 valve ¢ and opening valve g in pipe 82 that

1,817,672

leads into pipe 74, such hydrocarbons being
heated in heater 83. Uncondensed vapors
from accumulator tank 34 may be similarly
passed into pipe 74 by closing valve A and
opening valvec. - '
Uncondensed vapors in tank 76 may be
returned to the distilling operation by open-

-ing valve j in pipe 84 or they may be re-

circulated in the cracking operation by pass-
ing them into the cracking chamber through
pipe 85 or through the pipe 86 into the va-
pors coming from the cracking chamber,
pump 87 being provided for that purpose.
Light hydrocarbons derived from natural
gas and utilized in the practice of my inven-
tion contain some air of which the oxygen
by combination with hydrocarbons is con-
verted into steam which may assist the phe-
nomena oceurring in the practice of my in-
vention; and if, under the conditions of op-
eration, which will obviously vary greatly,

70

75

85

the use of additional steam is helpful it may -

be employed as by passing steam through
the superheater 88 and conducting it through
pipe 89 into the chamber 50.

Many valves and control devices in addi-
tion to the valves that have been referred to,

90

some af which additional valves are indi- -

cated, may be employed.for regulating the
flow of liquids and vapors in the practice of
my invention, particularly to the end that
either uncondensed vapors from accumulator
tank 34 or liquids from accumulator tank 23,
or liquids from accumulator tank 34, or any
one or more of those fractions of the vapors
distilled from the absorption medium, may
be introduced into the chamber 50, or into
the pipe 74, or in part into one and in part
into the other. :

The increase of pressure created by com-
pressor 78 and the temperature at which the
compressed gases are maintained by heater
81 may be such that that temperature and that
pressure will merely- assist in condensation
in cooperation with cooler 75, or they may be
made sufficiently high to cause cracking, poly-
merization and combination which are addi-
tional or supplementary to any similar effects
produced in the chamber 50, or when such
high temperatures and pressures are pro-
duced by compressor 78 and heater 81, the
chamber 50 may be operated at lower tem-
peratures, even at temperatures which will
merely effect distillation.

From the foregoing it will be apparent that
I have provided apparatus-and a process
whereby light hydrocarbons of suitably low
resultant or average pressure, for example,
suitable hydrocarbons selectively derived
from natural gas, may be utilized in connec-
tion with the cracking of petroleum products
to produce gasoline and whereby production
of gasoline from natural gas and production
of gasoline from heavier petroleum products
are carried on in such ceoperation that gaso-
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line is economically produced with substan- .

tial avoidance of the difficulties encountered
in production of gasoline by absorption or
by cracking when those methods of produc-
tion are separately used, and whereby crack-
ing of relatively heavy petroleum products in
liquid phase or vapor phase and cracking of
lighter hydrocarbons In vapor phase and
combination or polymerization in such man-
ner as to produce gasoline of desired charac-
teristics, are so carried out as to avoid diffi-
culties heretofore encountered in such opera-
tions.

While I have described in great detail fea-
tures of apparatus and of the operations
thereof whereby my invention may be prac-
ticed. I do not intend that my invention shall
be limited thereto but intend that it shall in-
clude such modifications and variations as
fall within the appended claims. In this
connection I would point out that the op-
erations of absorbing hydrocarbons from nat-
ural gas and distilling them from the absorp-

tion medium and the treatment of such still

vapors including recirculation thereof, may

‘be carried out by the steps and features de-

seribed in the above-mentioned application
filed by myself and Alexander Clarke. Thus,
in that treatment of those still vapors the
pressures and temperatures may be varied
and increased
combination or polymerization thereof as
niay be desirable in the production and con-
densation of desired hydrocarbons from ab-
sorbed constituents of natural gas. Fur-
thermore, the temperatures and pressures in
the cracking operations herein described and
in any recompression and reheating of the
vapors therefrom may be varied and in-
creased to bring about production of desired
hydrocarbons in the cracking zone or in the
vapors coming therefrom. ,

What I claim as new and desire to secure
by Letters Patent of the United States is:

1. In the production of gasoline the proc-
light hydrocar-
bons from natural gas by absorption, com-
pressing and cooling said hydrocarbons, in-
troducing uncondensed vapors of said cool-
ing operation into a zone wherein petroleum
products are being cracked in liquid phase,
and cooling the vapors coming from the
cracking operation.

2. In the production of gasoline the proc-
ess comprising absorbing light hydrocarbons
from natural gas by an absorption medium,
distilling the absorbed hydrocarbons from

“said medium, compressing and cooling the

60

65

still vapors, recirculating uncondensed va-
pors of said cooling operation into said dis-
tilling and compressing and cooling opera-
tions, passing remaining products of said dis-
tilling operation into a zone wherein petro-
leum products are being cracked in liguid
phase, and cooling the resulting vapors.

to effect such cracking and -

‘line comprising
‘means for distilling absorbed hydrocarbons

5

‘3. In the production of gasoline the proc-
ess comprising absorbing light hydrocar-
bons from natural gas by an absorption medi-
um, distilling the. absorbed hydrocarbons
from said medium, compressing and cooling
the still vapors, recirculating uncondensed

70

vapors of said cooling operation into said

distilling and compressing and cooling oper-
ations, passing remaining products of said
distilling operation into a zone wherein
petroleum products are being cracked in
liquid phase, cooling the resulting vapors,
and recirculating to said cracking zone un-
condensed vapors of said last named cooling
operation. ‘ :

4. In the production of gasoline the proc-
ess comprising absorbing light hydrocar-
bons from natural gas by an absorption medi-
um, distilling® the absorbed hydrocarbons

from said medium, compressing and cooling’

the still vapors, recirculating uncondensed
vapors of said cooling operation into said
distilling and compressing and cooling oper-
ations, passing remaining products of said
distilling operation into a zone wherein
petroleum products are being cracked in
liquid phase, further heating and compress-
ing the vapors coming from said cracking
zone, and cooling said heated and compressed
vapors. ‘

5. In the production of gasoline the proc-
ess comprising absorbing light hydrocarbons
from natural gas by an absorption medium,
distilling the absorbed hydrocarbons from
said medium, compressing and cooling the
still vapors, recirculating uncondensed va-
pors of said cooling operation into said
distilling and compressing and cooling oper-
ations, passing remaining products of said
distilling operation into a zone wherein
petroleum products are being cracked in
liquid phase, and further compressing and
then cooling the vapors coming from said

. cracking zone.

6. Apparatus for the production of gaso-
an absorber for natural gas
of the natural gas from the absorbing medi-
um of said absorber, means for compressing
and cooling vapors of said still, means for
recirculating to said distilling and com-

‘pressing and cooling means uncondensed
= t e )

vapors from said compressing and -cooling
means, a cracking chamber for petroleum
products, means for introducing into said
cracking chamber remaining hydrocarbons
from said compressing and cooling means,
means - for cooling the vapors of said
cracking chamber and means for recirculat-
ing to said cracking chamber uncondense
vapors of said last named cooling means.

In testimony whereof, I have signed my
name to this specification.

HORACE BUTLER.
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