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This invention relates to methods of hydrocar-
bon conversion and recycle which are particu-
larly applicable for use in eonnection with wells
of the so-called distillate or condensate type.
The method is applicable also in connection with
production- from other types of wells when it is
desired to cycle gas to repressure an underground

formation. More particularly this invention re-

lates to & combination of distillate recovery and
the Fischer or Fischer-Tropsch process. -

Production from certain deep hydrocarbon
reservoirs of the so-called distillate type is wholly
or largely in the vapor phaze although these va-
pors contain substantial amounts of normally
liquid hydrocarbons commonly including gasoline
hydrocarbons and hydrocarbons boiling some-
what above the gasoline range. The existence of
these hydrocarbons in the vapor phase in the sub-
surface reservoir is due to the high pressure ex-
isting in the formation which brings into play
the so-called retrograde phenomena, whereby a
hydrocarbon system which would exist as a
liquid phase plus a vapor phase at moderate pres-
sures exists as a single dense vapor or super-
critical phase.

If gases coming from these extremely high-

pressure wells, e. g. at pressures of the order of
2000 to 4000 pounds per square inch, are reduced
in pressure to pressures of the order of 700 to 1200
pounds per square inch, a distillate or condensate
is formed. In handling the production from
such reservoirs the well fluids are reduced in
pressure and sometimes cooled to bring about the
phenomenon of retrograde condensation, where-
by a large part of the normally liquid hydrocar-
bons and also a substantial part of three and four
carbon atom hydrocarbons are thrown out in the
liquid phase and separated. This liquid phase
can then be stabilized or flashed to atmospheric
pressure. The gases originally separated, and
sometimes those resulting from the stabilization
or flashing operation are recycled to the under-
ground formation from which they were pro-
duced, thereby maintaining the pressure in such
formation and preventing retrograde condensa-
tion therein, thus greatly improving the ultimate
recovery from the reservoir. In some instances,
these gases are used for the maintenance of the
pressure in or the repressuring of an underground
formation other than that from which they orig-
inated. .

It has been proposed to recover the liquid com-
ponents of high pressure well fluids of the type
described by a high pressure absorption or high
pressure adsorption process followed by recycling
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of the gases to the same or another sub-surface
reservoir for pressure maintenance or repressur-
ing purposes. .

Although the present invention is particularly
applicable to production from high pressure wells
of the distillate type, it is also applicable to ordi-
nary gas wells, particularly where natural gaso-
line is present in the gas and to wells producing a
Hquid phase as well as a gas phase at the well
head.

It is an object of my invention to increase the
quantity of motor fuel produced from well fluids
of the distillate type. Further, it is an obkject of

- this invention to provide repressuring gases hav-

ing an increased ability to promote retrograde
vaporization or prevent retrograde condensation
in the reservoir. It is also an object to provide
a process in which increased quantities of motor
fuel are obtained from well fluids of the distillate
tvpe and in which the quantity and quality of the
repressuring gases are increased. A more par-
ticular object is to provide a process in which at
least a part of the gases remaining after g dis-
tillate recovery operation are so treated as to pro-
duce a synthetic crude oil which can be further
processed to motor fuel. Other objects will ap-
pear hereinafter,

The production from distillate wells normally
includes a large amount of methane and lesser
amounts of higher paraffinic hydrocarbons.
Ordinarily this includes a substantial amount of
Cz, C3 and Cs: hydrocarbons, with a substantial
amount of hydrocarbons within the gasoline boil-
Ing range, i. e. up to about 400° F., and usually
some still heavier hydrocarbons in varying
amounts. In distillate recovery, whether by
retrograde condensation or high pressure ahsorp-
tion, it is customary to recycle practically all of
the C1, C2 and Cs hydrocarbons and often a large
part of the C4 hydrocarbons to the underground
formation. The desirable normally liquid hydro-

. earbons are recovered and are not available for
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recycling. Therefore, because of the diminished
supply of recycle gas, pressure maintenance ig not
ordinarily completely successful. ‘The process of
my invention, however, uses certain of these
lower hydrocarbons for the production of addi-
tional amounts of hydrocarbons boiling in the
motor fuel range without seriously diminishing
the initial supply of fixed hydrocarbon gases
available for recycling, and in addition introduces
to the system considerable amotunts of hydrogen
and/or nitrogen under high pressure which im-
proves the function of the gases in the sub-sur-
face retrograde phenomena.
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The above and other objects are accomplished
by subjecting to catalytic oxidation certain of the
light hydrocarbons present in the dry gas result-
ing from a distillate recovery operation to pro-
duce a synthesis gas comprising carbon monoxide
and hydrogen. This synthesis gas is subjected
to a Fischer or Fischer-Tropsch process, and high
pressure nitrogen and/or hydrogen is cycled to
the input well.

Briefly, this' method is followed by first sepa-
rating the distillate from gases by retrograde
condensation or by high pressure absorption at
pressures of about 1000 pounds per square inch
or more. These gases are processed as outlined
below. The distillate is separated into a predom-
inantly C3 and Cs fraction, a light naphtha in
the gasoline boiling range and a heavy naphtha.
The normally gaseous C3 and Cs hydrocarbons
may be subjected at high temperatures and pref-
erably at high pressures to a thermal polymeriza-
tion .process which produces not only a large
amount of gasoline range hydrocarbons but also
an amount of gas of even greater volume than
the gaseous volume of the hydrocarbons going
to the polymerization operation. These gases
are available for recycling. The thermal poly-
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merization process involves, among other reac- -

tions, the dehydrogenation of C3 and Cs« hydro-
carbons and of ethane to some extent, and the
polymerization of the olefinic hydrocarbons thus
produced to form normally liquid hydrocarbons
ordinarily beiling largely in the gasoline range
but including a heavy polymer fraction, which
is very useful in connection with a high pres-
sure absorption operation. The overhead from
the initial Fischer product separation compris-
ing mainly C: and Cs olefins can be subjected
to catalytic polymerization and the polymer com-
bined with the product from the distillate C3—Cs
thermal polymerizer. This combined stream is
further fractionated and cycled as described in
detail in connection with the drawings.

In a preferred process the normally gaseous
hydrocarbons remaining after recovery of the
liquid hydrocarbons from the high pressure well

fluids and comprising predominantly methane

are desulfurized and subjected to cracking in the
presence of oxygen to produce a synthesis gas
comprising carbon monoxide and hydrogen.

The methane or gas fraction can be cracked
to produce the synthesis gas mixture consisting
largely of carbon monoxide and hydrogen by any
of a variety of processes. Thus it can be reacted

with steam or with oxygen. Preferably the dry -

gas is cracked in the presence of oXygen pro-
duced either by electrolysis of water or by a low
temperature distillation process from air. For
example, the oxygen necessary for this gas-crack-
ing step can be produced by the Linde or Linde-
Friankl process. This results in a volume of high
pressure nitrogen which theoretically will be equal
to twice the volume of methane cracked, since
one-half mol of oxygen will theoretically be used
for each mol of methane and about two mols of
nitrogen will be produced for each half mol of
oxygen. This nitrogen is available at an ele-
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vated pressure and can be used directly for re- -

cycling to the formation, preferably by boosting
its pressure by pumping it as a liquid, since this
is much less expensive than compressing it as
a gas. .

An advantage connected with either electroly-
sis of water or oxygen concentratio_n from air is
that both processes produce gases other than
oxygen which can advantageously be injected
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into an underground reservoir to increase or
maintain its pressure and displace the hydrocar-
bons in that reservoir towards the outlet well
or wells, Thus electrolysis ylelds hydrogen and
the oxygen concentration ylelds nitrogen under
high pressure.

Alternatively or additlonally the taill gases from
the Fischer or Fischer-Trcpsch process can be
compressed and recycled through the formation
or sent to another formation to displace the hy-
drocarbon fluids en masse towards the output
well or wells and to prevent the precipitation
of liquids within the reservoir which would re-
sult from a pressure érop. These tajl gases not

5 only contain hydrogen as the principal compo-

nent but also contain nitrogen, carbon monoxide
and light hydrocarbons and enhance the opera-
tion of the retrograde phenomena.

If the gas cracking is carried out with steam
rather than oxygen, an excess of hydrogen will
ex'st in the synthesis gas and in the tail gas
from the Fischer process. These tail gases par-
ticularly high in hydrogen are highly beneficial
for cycling to a sub-surface reservoir to increase
or maintain the pressure in the reservoir thus

-increasing the ultimate recovery of valuable hy-

drocarbons from the reservoir.

The normally gaseous hydrocarbons heavier
than methane, i. e. C2 and/or C3 and/or Ci hy-
drocarbons, can be separated wholly or in part
in one or more fractions from the products of
the Fischer synthesis oven, which can be oper-
ated in one or two or more stages with or with-
out an intermediate product recovery step. All
or part of the normally gaseous products can
be recycled to the gas-cracking step or can be
compressed and cycled to the input well. Like-
wise, . some .of the gaseous hydrocarbons from
the Fischer process can be cycled to fuel. Tt will
be apparent to those skilled in the art that the
ultimate disposition of the gases remaining after
the various separations will vary depending not
only upon the composition of the well fluid un-
dergoing recovery but also upon the manner
in which the various steps are operated. Var-
ious economic considerations will enter to de-
termine further what is to be done with the var-
lous gas fractions other than the methane frac-
tion from the distillate recovery. Ordinarily the
methane fraction is cracked to synthesis gas and
the hydrogen, nitrogen and Fischer tail gases
ordinarily are sent to an underground formation
under pressure, the hydrogen and nitrogen being
under considerable’ pressure i

In a preferred process, the gases comprising
the methane fraction remaining after recovery
of lquid hydrocarbons from the well fluids are
cracked to produce a synthesis gas mixture made
up largely of carbon monoxide and hydrogen.
Any of a variety of processes can be used, for
example, the gases can be reacted with steam
or with oxygen. Some hydrocarbons of higher
molecular weight than meéthane can be inc¢luded
in the methane fraction separated fmm the well
fluid, particularly where their presence servesﬁ-
to produce a better balanced synthesis gas’ mlx-j .
ture and the synthesis gas can, if desired,. be.
made entirely from Cz and Cz or Cz, Cs, and.Ce.
hydrocarbons, thus retaining ‘the methané. for.
sub-surface recycle purposes. The cra,cked gases. -
are subjected to the synthesis conditions and:the
synthesis products subjected to further treat-
ment.

In a manner similar to that used for the dis-
tillate recovery, the normally gaseous hydrocar-
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bons heavier than methane, 1. e, the Ca and/or
C: and/or C: hydrocarbons, can be separated
wholly or in part in one or more fractions from
the liquid products of the Pischer synthesis, The
recovered gases can be recycled in whole or in
part to the gas-cracking step or the synthesis gas
step or they can be thermally or catalytically
polymerized. An intermediate fraction of the
Fischer synthesis product can be thermally or
catalytically polymerized to liquid hydrocarbons
either separately or along with the distillate hy-
drocarbons. Hydrogen produced by either the
thermal or catalytic treatment of, the hydrocar-
bons can, of course, be forced down a well fo re-
pressure an underground formation. -

In order that the invention may be better un-
derstood, reference is made to the accompany-
ing drawings which show in Figures 1, 2 and 3
flow diagrams {llustrating my invention and form-
ing a part of thig specification.

. Referring first to Figure 1, a producing well 6
furnishes well fluids from a sub-surface reser-
voir which is normally a deep high pressure well
of the distillate type. The well fluids pass
through valve (1 and line {2 to one or the other
of driers 28. These driers may contain any de-
sired drying material, for example, calcium chlo-
ride. The particular drier used at any particu-
lar time is controlled by the operation of valves

$0. Normally one drier is onstream and the other :

is being regenerated by passing hot gases there~
through by means of valves 21. The purpose of
the drying operation is to remove water which
would otherwise form natural gas hydrates on

reduction of the temperature and pressure, there- :

by interfering with the operation ot the subse-
quent apparatus.
and pressure of the separation step are such that
hydrate formation is not objectionable, the dry-
ing step can be omitted.

The well fluids pass through cooler 13 aad pres-
gure reduction valve {4 to separator 15. The
cooler and pressure reduction valve are controlled
to give a temperature and pressure in the sepa-
rator 1§ which may be varied within considerable
limits depending on the desired operation and
the particular character of the well fluids. How-
ever, they are such as to give a substantial recov-

1¢
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182 and oxygen passes to methane cracker (40
by line (42. The synthesis gas comprising large-
ly hydrogen and carbon monoxide is withdrawn
from methane cracker {40 by line 158 and intro-
duced In synthesis over 18, In oven 146 the
carbon monoxide and hydrogen are reacted to
produce higher molecular weight hydrocarbons
largely of the gasoline boiling range. This step
is well known in the art and it is contemplated
that it may be carried out under any one of the
variety of conditions under which it is known to
operate. Thus it may be carried out at pressures
ranging from about atmospheric up to about 150
pounds per square inch or somewhat higher, and
within the temperature cange of between above
300° F. and 400° F., although somewhat higher
and somewhat lower temperatures may be
selected. )

The syathesis product containlng substantial
amounts of olefins 1§ removed from oven 146 by
line 156 to separator 151. If desired, cooler or
waste heat boiler {68 may be placed on line 158
between synthesis oven 146 and separator (57 to
cool reaction products prlor to introduction - to
the separator 151.

Considerable quantities of water are produced

_in the hydrocarbon synthesis from carbon mon-

oxide and hydrogen and this water ordinarily is

- removed from the hydrocarbons and discarded

However, if the temperature .

40

b
P

ery of liquid hydrocarbons by virtue of the retro-

grade condensation phenomenon.

The gas phase from separator {5 is predomi-
nantly methane but also includes ethane and
minor amounts of heavier hydrocarbons. This
gas pPhase passes through line 16 ‘to methane
cracker or synthesis gas generator 140, where it
undergoes an exothermic catalytic oxidation. Qf

necessary the gases from separator 15 may be -

reduced in pressure prior to introduction to the-

methane cracker 140.) The liquid phase formed
in separator 1§ and withdrawn through line 23
by valve 22 controlled by float 21, includes a ma-
jor part of normally liquid hydrocarbons present
in the well fluids and normally gaseous hydro-
carbous, particularly C:; and Cs+ paraffinic hydro-
carbons. These gases may be recovered by known
means and the fraction in the gasoline boiling
range passed from surge drum 28 by line 113 to
Pischer Process gasoline storage tank 83.

The synthesis gas generator (48 is supplied
with oxygen produced by electrolysis of water
with by-product hydrogen under high pressure,
for example, about 4000 pounds.per square inch,
or by the Linde-Frénkl process with nitrogen
under high pressure as a by-product. The hydro-
gen or nitrogen is cycled via line 1$1 to input well

from the system by valved line 202 in response to
float control 159. When the process is operated
to produce a predominantly synthesis gasoline, it
is drawa off by valved line 162 and passed to
stabilizer 32, the bottoms from stabilizer 32 being
drawn off by line 59 through cooler 61 and thence
to product tank 63.

The gas phase from separator 157 is pumped
to absorber 171. Alternatively, the gas phase’
can be sent to fuel via valved line 206 and valve
210. The gases removed from absorber {17 via
line 187 may be recycled to the input well or may
be used as fuel. The liquid product from ab-
sorber 77 is withdrawn as bottoms by valved line
178, passed .in heat-exchange relation with an

& absorber oil flowing in line 186 by means of heat

exchanger (79 and introduced to fractionator
180. Fractionator 180 is provided with conven-
tional dephlegmating means 181 and with re-
boiler 182. The bottoms from fractionator 180 is
pumped via valved line 183 by pump 184 through
heat exchanger {719 and cooler 185 and intro-
duced as lean absorber oil in absorber 171 by line
186. The gases from absorber {11 comprising
predcminantly hydrogen are withdrawn by line
187 and may be compressed and recycled to the
input well via line 190. Alternatively, the gases
can be sent to fuel by valved line 191, or they
may be recycled to the methane cracker or syn-~
hesis gas generator 140,

Returning to the fractionator 180, the gas phase
withdrawn overhead by line 192 may be intro-
duced to stabilizer 32 by either of valved lines
35. Reflux in addition to that resulting by the
use of the cold material from the product sepa--
rator 181 can be furnished by passing the off-
gases from stabilizer 32 through partial con-
denser 37 to separator 38 from which a part of
the liquid phase can be pumped by means of
nump 40 through valve 41 back into the top of
stabilizer 32. The off-gases from separator 38
can be recycled to methane cracker (40 or used .
as fuel. .

Although the simple flow diagram and ar-
rangement of apparatus shown in Figure 1 is
advantageous in many respects, it is also desir--
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able in some instances to use more extensive
processing and equipment. This is particularly
true where large production is available and
where the characteristics of the formation in
well fluids are such that the production of the
well or wells declines only very slowly, justifying
a high capital investment in obtaining increased
efficiency. Figures 2 and 3 taken together illus-
trate some of these possibilities.

Referring to Figures 2 and 3 in more detail,
the production from one or more producing wells
10, which are preferably of the distillate type,
passes through valve t1 and line (2 into cooler
13 and pressure reduction valve {4 to a sepa-
rator absorber {5 which, if valves {8 and 19 are
closed and no absorber oil is introduced by lines
20 and 171, operates as a retrograde condensa-
tion separator similar to that shown in Figure 1.
One difference, however, is that Figure 2 shows
the use of an antifreeze system as one method
of preventing natural gas hydrate trouble. A
fluid antifreeze material, for example, calcium
chloride brine, can be circulated with the well
fluids through pressure reduction valve 14 and
this serves to prevent the formation of natural
gas hydrates.. In the case of liquid antifreeze
material, the antifreeze separates at the bottom
of the separator absorber #§ and is withdrawn
by valved line 25 under control of float 24 which
floats at the interface between the antifreeze
and the hydrocarbons. The antifreeze is with-
drawn to a regenersation, storage and recycling
system from which it goes back into the line
either preceding or following cooler 13. In Fig-
ure 2 the regenerated antifreeze is returned by
valved-line 27 between the cooler {3 and pressure
reduction valve 14,

It will be understood, however, that some of
these apparatus arrangements may be omitted
depending upon the character of the well fluids
and the character of the subsequent operations.
Thus, for example if the well fluids are available
at moderate pressures, for instance 1500 to 3000
pounds per square inch, a pressure reduction
ordinarily will not be needed and is not desirable
when the distillate recovery is effected by ab-
sorption. If the product is very low in water
content or if the separator-absorber 15 is oper-
ated at a temperature above that at which hy-
drates form under the particular conditions in-
volved, the antifreeze step can be omitted. An
alternative method of avoiding the natural gas
hydrates is shown in Figure 1, wherein the well

fluids are dried by passing them through a drier

containing 2 solid contact mass such as calcium
chloride for example.

The well fluids enter the high pressure sepa-
rator-absorber i5 and the gases, chiefly methane,
are withdrawn from separator {5 by line 16. The
liquid hydrocarbons in separator 15 are with-
drawn through valve 22 under the control of float
valve 21 and passed by means of line 23 to surge
drum 28. This surge drum can be operated at
about the same pressure as separator 15 in which
case it serves only as the surge drum. Or it may
be operated at a pressure intermediate that of

“separator 15 and that of stabilizer 32, in which
case it serves not only as a surge drum but also
as a separator. Thus, for example, the distillate
recovery vessel 15 can be operated at 1200 pounds
per square inch, the surge drum 28 at 600 pounds
per square inch, and stabilizer 32 at 300 pounds
per square inch. Valved line 31 leading from
surge drum 28 to fuel gas system 88 is provided.
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Thus when surge drum 28 is operated as a sepa-
rator, some of the gases can be removed to fuel.

The liquid present in surge drum 28 passes
through line 29 and pressure reduction valve 30
into stabilizer 32, Before entering the stabilizer
32 all or part of the liquid can be used to cool the
stabilized product by wholly or partially closing
valve 34 and opening valves 33, thereby passing
this cooled stream from the surge drum 28
through heat exchanger 60. On the other hand
it is often desirable to utilize the low tempera-
ture of this material from the surge drum not as
indirect heat-exchange material in heat ex-
changer 60 but rather as refluxing material in
stabilizer 32. When the stream from the surge
drum is not routed through the heat exchanger

- 80 prior to introduction into the stabilizer, the
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point of introduction preferably is the one cor-

responding to the upper of the three alternative
valved lines 35.

" In stabilizer 32 hydrocarbons lighter than
butane are removed and the stabilizer is pref--
erably operated at such pressure, reflux ratio,
and top temperature as to eliminate a portion of
the Cs hydrocarbons not desired in the finished
motor fuel. Reflux in addition to that resulting
by the use of the cold material from the surge
drum 28 can, if desired, be furnished by passing
the off-gases from the stabilizer 32 via line 36
through partial condenser 31 to separator 38
ifrom which a part of the liquid phase can be
pumped by means of pump 40 through valve 41

and line 42 back into the top of stabilizer 32. If
the hot material from polymerizer 471 is intro-
duced into stabilizer 32 through line 53, as will
be discussed hereinafter, little or no reboiling is
necessary. However, if this is not the case, i. e

if a separate fractionator apparatus is used for
the polymerization products, reboiling can be
furnished by means of trapout plate 64 and

‘heater 68. Some heating at this point may be

desirable, even if the hot polymerization prod-
ucts are discharged into the stabilizer.

Stabilized material from stabilizer 32 can be
cooled by heat exchanger 60 and/or cooler §
and then passed to intermediate products storage
tank 63. Since the material in this intermediate
porducts storage tank normally contains a con-
siderable amount of hydrocarbons boiling above .
the gasoline range, it can be rerun. Therefore,
it is withdrawn by means of pump 66 and passed
through line 67 to rerun tower 68. When desired,
the liquid product from the Fischer process may
be rerun with the bottoms from stabilizer 32
which may include gasoline, polymers and dis-
tillate hydrocarbons.

Rerun tower 68 can be operated at low pres-
sure and is a conventional piece of equipment.
If cooler 61 has been used, the material from in-
termediate product storage tank 83 can be used
to cool the hot bottoms from rerun tower 68 by
closing valve 68 and opening valves 10, thus pass-
ing this relatively cold stream through heat ex-
changer 7l. In any event the material to be re-
run enters the rerun tower 68 by line 61. The
tower is provided with dephlegmating coil 72 and
reboiling equipment 73. Stabilized gasoline of
the desired end.point is taken off through line
14, passed through condenser 15 and then passed
via line 716 to storage tank 171 which with proper
control may contain the final gasoline produced
directly from the distillate. If the liquid prod-
uct from the Pischer process has not been rerun

.with the intermediate product from stabilizer
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32, this gasoline can be withdrawn through valved
line 78 for shipment or for further treatment.
Alternatively, it may be withdrawn through
valved line 719 and blended in line 81 with the
gasoline produced in the polymerization opera-
tion, and this is in general desirable since theé
polymer gasoline has a relatively high knock
rating and the distillate gasoline has a relatively
high volatility. so that the two together make an
excellent blended motor fuel. .

The bottoms from the rerun 68 may be cooled
in heat exchanger 11 and/or cooler 82 and then
passed by valved line 83 to tank 84 and blended
with the heavy polymer which as hereinafter
will appear is normally the main product pass-
ing to this tank. In some instances the heavy
. distillate tank 88 can be omitted and all the
heavy distillate can be passed along with the
heavy polymers in tank 84. The heavy polymers
separately accumulated in tank 84 is the best
absorber oil for use in distillate separator I8.
Therefore, when the separator 18 is operated as
& high pressure absorber, the heavy distillate can

be collected in storage tank via valved line 85-

and removed by valved line 87.
Returning now to separator 38 in connection
_ with stabilizer 82, the liquids from this separator
" alternately are passed by pump 40 through valve
43, line 44, line 48, heat exchangers 49 and line
46 into the coils of the polymerization furnace 41.
The gases from separator 38 on ¢he other Hand
can be utilized in a variety of ways which will
depend for the most part upon their composition.
Their composition in turn depends on the pres-
sures chosen for various parts of the apparatus
and on the composition of the original well fluids.
If gases from the surge drum 28 are not used as
fuel, gases from separator 38 can be used as part
or all of the fuel for polymerizer 41. Fuel gas
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storage tank 88 normally floats on the line. 40

The gases from separator 38 normally contain a
substantial amount of polymerizable components
and it is therefore desirable to pass all or a part
of them from valved line 38 through valve 88,

compressors 90, valve 91, line 45, heat exchangers

49 and line 46 to the coils of a polymerization
furnace 41. The third possibility which is desir-
able when fuel gases are available from other
sources and when, as is ordinarily the case, the
gases from separator 38 do not contain large
amounts of polymerizable hydrocarbons, is to
pass all or a part of these gases through valve
.89, compressors 90, valve 92, compressors 93,
line 94, line 190, compressors 203, and lne 234
to input well 152,
polymerizer 47 discharges into stabilizer 32, to
cycle the greater part of the gas from separator
38 to the input well or wells 152, Gases from
downstream points can be picked up and recycled
.to a point in the Fischer process. For example,

valved line 207 can be provided for that pur- -

pose.

Referring now in more detail to polymerizer 47,
the hydrocarbons entering it are preheated by
means of heat exchangers 48, or by one of them
if so.desired, by control of flow of product by
valves §0, and then pass with any desired rout-
ing through the coils of the polymerization fur-
nace 41. This polymerizer is preferably oper-
ated at a temperature of between about 950 and
1150° F,, for instance about 1025° F., and at a
pressure of 1600 to 3000 pounds per square inch,
for example 1500 pounds per square inch.

Other types of polymerizers may be used, pref-
erably high temperature thermal polymerization

I prefer, particularly when ;

5

systems, but also including thermal and cata-
Iytic systems:in which the gases are first dehy-
drogenated and then polymerized in a separate
operation. Such a polymerization can be applied
to the synthetic crude produced by the Fischer
process as will be described below. Although
the operation of polymerization involves dehy-
drogenation as well as polymerization, in the
strict sense of the latter term, I refer to the com-
bined reactions, whether occurring together or
in separate steps, as polymerization. This is i
accordance with the usage in the art. :
The reaction products from the polymerizer
47 pass out through line 48 and heat exchangers
48 and thence through valved lines 51, 54, or 98.
If desired, the hot polymerization products from
polymerizer 47 can enter separator 55 by valved
line 64 in which case valve 51 is closed. The
heavy polymer may be withdrawn by valved line
56 in response to float control §51. The remain-
ing vapors then pass by valved line 58 and one
of valved lines 63 to stabilizer 32. This has the
advantage of using a single column for two pur-
poses and utilizing the hot stream from the
polymerizer and the relatively cold stream from
the distillate recovery operation to good advan-

‘tage in eliminating or cutting down the amount

of reflux and reboiling necessary in connection
with this tower. When this operation is carried
out in this fashion, tanks 63, 17 and 86 will, of
course, contain the polymer product as well as
the distillate product, and stabilizer 97, frac-
tionator 896, bubble tower 98 and tanks 84 and
99, together with the associated equipment, can
be eliminated. .

On the other hand, it is sometimes advan-
tageous to keep the polymerization products en-
tirely separate from those of the distillate re-
covery operation, and when this is desired valves
§1 and B4 can be closed and valve 95 opened,
thus sending the products from the polymerizer
41 to a separate fractionation system. Another
possibility is to utilize a separate fractionation
system- only for such part of the polymer prod-
ucts as it is desired to keep separate and to re-

" tain the advantages of single tower operation in-
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sofar as the bulk of the polymer products is con-
cerned. This can, of course, be accomplished

-by proper control of valves 81, 54 and 95.

The material, if any, passing through valved
line 95 can be used, if so desired, to heat reboiler
100, whereupon it enters fractionating column 86
which is operated under such conditions that the -
gases and a portion of the gasoline is taken over-
head and a portion-of the gasoline and the heavy
polymers is eliminated as bottoms. Fractionator
98 can be provided with dephlegmator 10{ and re-
boiling apparatus 102. The overhead from this
fractionator 86 passes into stabilizer 97 through -
line 103 and one of the three alternative valved
lines (04. The bottoms from the stabilizer is
withdrawn through valve 108 and passed through
cooler 106 to storage tank 98 as part of the stabi-
lized polymer gasoline product. ‘The overhead
from stabilizer 97 passes through line (07T and
partial condenser 108 to separator 109. A portion
of the liquid phase from this separator can be
passed by pump 118 through valved line 1if to
serve as reflux in stabilizer 97. Likewise all or a
portion can be recycled by valved line {12, line
48, heat exchangers 48 and line 46 to the coils
of the polymerization furnace 41 to produce
higher ultimate ylelds of polymer gasoline. Al-
ternatively, all or a portion of the liquid phase
from separator 189 may he routed by valved line
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135 and line 171 to furnace 175 and subsequently
subjected fo catalytic polymerization together
with the: synthetic crude produced by the gas-
cracking jand hydrocarbon synthesis steps.

The gas phase from separator (09 may be
handled in any one or more of the three alterna-
tive ways discussed in connection with the gas
phase from separator 38. Thus it may be passed
through valve 113, compressors (14, valve 115,
line 45, etc. to the coils of the polymerizer 41;
or through valve 116 and line {7 to burner 118
or fuel gas storage 88; and/or it may be passed
by valved line 113, compressors {14, valve 118,
compressors 93, line 94, line 190, compressors 203,
and line 204 to one or more input wells 152,
This latter is a. highly desirable operation, since
it is important to keep up the amount of gas avail-
able for recycling to the formation and this gas
being rich in hydrogen is a particularly desirable
material for recycling. In many instances, it
will be possible to eliminate part of the com-
pressors referred to, since it will not be desired to
utilize all of these possible alternative arrange-
ments shown.

Reverting now to the bottoms from the frac-
tionator 86, these can be used, if desired, to cool
the bottoms from bubble tower $8 by closing valve
120 and opening valves (21, whereb, the hot
stream passes through heat exchanger 122 and
thence through line 123 into the bubble tower 98.
This bubble tower is conventionally equipped with
dephlegmating means 124 and reboiling means
125. It is so operated as to eliminate a heavier
than gasoline bottoms and a gasoline overhead.
The latter is passed through condenser 126 and
line 127 to polymer product tank 89 while the bot-
toms pass through heat exchangers 122 and/or
cooler 128 to heavy polymer tank 84,

The heavy polymer can be withdrawn from tank
84 for any desired purpose through valved line
129 and the heavy distillate from tank 96 simi-
larly can be withdrawn through valved line 81.
However, it is advantageous to use one or both
of these materials as an absorber oil and to cper-
ate vessel 15 as a high pressure absorber rather
than merely as a retrograde condensation separa-
tor, since the recovery of distillate can ordinarily
be increased quite substantially by so doing.

The polymer product of gasoline boiling range
can be withdrawn from tank 99 through valved
line 130 for storage, further treatment or use, or
can be, and preferably is, withdrawn through
valve 131 for admixture with the distillate gaso-
‘line in line 81.

As has been pointed out above, the preferred
absorber oil is the heavy polymer separately ac-
cumulated in tank 84 and this is one of the prin-
cipal reasons for using a separate fractionating
system on at least a part of the polymer prod-
ucts. In connection with small installations, it
will be apparent that this fractionating system
can be simplified considerably. In the preferred
operation using heavy polymers as absorber oil,
the heavy distillate is withdrawn from the system
through valved line 87, valves 83 and 132 being
closed, while such part of the heavy polymer as is
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by line 139, Ordinarily, the methane or gas
fraction is passed concurrent to the flow through
the unit as a cooling medium around the tubes.
The methane fraction is then circulated by line
143 to the top of the methane cracker 140 and .
re-enters the unit with the oxygen in line 148.
These combined gases enter the catalyst bed at
about 900 F. and the product gases are removed
from the bottom of the methane cracker 140 at
about 1603° F. Heat exchangers |41 are pro-
vided on the product gas line to preheat the
oxygen flowing via lines 142 or 144 and (45 to the
stream entering the methane cracker. In pass-
ing through the methane cracker the methane is’
subjected to catalytic oxidation at a tempera-
ture of about 1600° F. and at a pressure of about
140 pounds per square inch. The methane frac-
tion would be available at about this pressure and
at about 375° F. from the organic sulfur removal
process. The oxygen is available at about 60° F.
The product gases should be cooled to about
400° P. before entering the synthesis oven 148.
When desired, heat can be removed from oven
146 by recycling cold gas or by water tubes. The
sensible heat content of the product gases be-
tween about 1600° F'. and about 400° F'. is removed

. before the synthesis gas reaches the synthesis
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needed for absorber oil passes through valve 133, -

pump 134, line 20 and one or both of valves I8
and 19 into the separator-absorber 15.
Referring more in detail to the processing of
the methane fraction, the gases recovered from
the separator-absorber 1§ pass by line 16 to an
organic sulfur removal unit 138, the desulfurized
gases being passed to the methane cracker 140
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oven (46, A portion of this heat is removed by
heat exchanger 141 in preheating the oxygen
and the heat above about 700° F. is récovered in
waste heat boiler 147. The remainder of the heat
may be discarded in a water cooler (not shown).
The oxygen for the catalytic oxidation of the
methane fraction may be obtained by the elec-
trolysis of water or by the Linde or the Linde-
Fréankl process from air. In the electrolysis of
water, electrode pressure of the order of 1000
atmospheres of hydrogen may be obtained for
cycling to the input well 152. ) C
The electrolysis of the water as a source of
oxygen produces a quantity of by-product hydro-
gen under very high pressure and this hydrogen

‘may be cycled to the underground reservoir dis-

pensing with the recompression of the gases. In

7 Pigure 2 the watier enters the system by line 148,

the oxygen being led to line 142 by valved line
149; the hydrogen passing via valved line 150 and
line 154 to input well {52. When the oxygen nec-
essary for the gas-cracking step is produced by
the Linde or Linde-Frankl process, there results
a volume of by-product nitrogen which is avail-
able at an elevated pressure. The alr is passed
through heat exchanger {37 and the recovered
oxygen is led to line {42 by valved line 133, the
recovered high pressure by-product nitrogen
passing via line 154 to line {5( and ultimately to
input well 152, Thus by my process there is no
deficiency of recycled gas and an increased quan-’
tity of motor fuel is produced from the well
fluids.

According to the preferred procedure, the
methane fraction which may include. selected
higher hydrocarbons is subjected to catalytic ox-
idation at high temperature and under moderate
pressure according to the known process. Suit-

‘able temperatures are of the range of 1450° P, to

1700° P. and pressures may range from atmos-
pheric up to about 150 pounds per square inch.
A suitable catalyst for use in the synthesis
oven are metals of the eighth group, i. e. iron,
cobalt and nickel, with cobalt being particularly
useful. The catalyst may be supported on kiesel-
guhr, for example, and is rendered more active
by the presence of small amounts of difficultly
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reducible oxides such as alumina, thoria, zir-
conia, chromium oxide and the like. A par-
ticularly preferred catalyst is cobalt on kiesel-
gubhr promoted by small amounts of thoria and
magnesia. This reaction is highly exothermic
and heat is removed from the reaction products
by waste heating boilers which produce stem,
which in turn may be used as power for com-

pressing the discard gases cycled to the input -

well,

Alternatively, the synthesis gas may be pro-
duced by reacting the methane with steam. This
latter reaction is less desirable since it is not exo-
thermic, as is the reaction between methane
and oxygen, and further since it produces an ex-
cess of hydrogen, the mol ratio of hydrogen to
carbon monoxide being about 3:1. This can be
compensated by including some hydrocarbons
higher than methane with the methane fraction
or by introducing carbon monoxide from another
source. The gaseous reaction products of the
catalytic oxidation are, of course, carbon monox-
ide and hydrogen. ~From this carbon monoxide
and hydrogen, hydrocarbons are synthesized by
the Fischer process. A mol ratio of hydrogen to
carbon monoxide of about 2:1 ordinarily is used
to produce hydrocarbons predominating in .par-
affins. Decreaging the hydrogen content of the
synthesis gas gives a more olefinic product.
Thus a hydrogen to carbon monoxide ratio of
about 1.5 to 1 yields more olefins.

“The synthesis gas comprising largely hydrogen
and carbon monoxide s withdrawn from
methane cracker 146 by line 155 by which it

passes to the synthesis oven 146. In oven 14§ :

the carbon monoxide and hydrogen are reacted
with each other and with any hydrocarbons pres-
ent to produce higher molecular weight hydrocar-
bons largely of the gasoline boiling range. This
step is well known in the art and it is contem-
plated that it may be carried out under any one
of the variety of conditions under which it is
known to operate. Thus it may be carried out at
pressures ranging from atmospheric up to about
. 150 pounds per square inch, or somewhat higher,
and within the temperature range of between
about 300° F. and 400° F., for example 383° F,
although somewhat higher and somewhat lower
temperatures may be used if desired.

It is well recognized that the Fischer synthesis
is highly exothermic and if uncontrolled the
heat effect raises the temperature of the reaction
to a point where methane and carbon are pro-
duced. At the same time it is necessary to keep
the reaction temperature between narrow. limits.
The dissipation of the heat of reaction may be
effected by circulation of water around the cat-
alyst containers, thereby generating steam suit-
able for process use.

The synthesis product is removed from the
oven 146 by line 156 to separator {51. If de-
sired, waste heat boiler 158 may be on line 156
to cool the reaction product prior to introduc-
tion to the separator 157.

Considerable quantities of water are produced
in the Fischer process and this water ordinarily
is removed from the hydrocarbons and dis-
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The 'heavy lquid fraction from a Fischer syn-
thesis frequently has a very low octane number
and therefore it may be desirable to send the
product to a reforming step by valved line 164.
However, where a finished motor fuel is produced
in the Fischer synthesis it may be pumped by
pump 166, line {65 and line 67 to rerun tower 8.

The gaseous product of the synthesis is taken
off overhead from separator 157 by line 167, com-

‘pressed by compressors 168, and sent to cooler

169 before entering separator (70. The liquid
fraction from separator (10 is withdrawn by line
111 and passed in heat-exchange relationship
with the synthesis products going to the product .
separator 131. Heat exchanger 112 is provided
for this purpose. The liquid fractions compris-
ing substantial amounts of olefins are sent via
line {11 and pump {14 to furnace {15.  The

' gaseous products from separator 1710 are with-
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carded from the system through valved line 202

in response to float-control 159. If the product
separator 157 is operated under such conditions
that a synthesis gasoline fraction is recovered,
valve 160; operating in response to float-control
161, in line 162 provides a means for drawing it
off to storage tank 163 or for further treatment.
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drawn by line 16 and passed to absorber 117,
wherein it is subjected to the action of a circu-
lating absorber oil. The rich absorber oil is
withdrawn from absorber 111 by line 118, passed
through heat exchanger 19 and introduced to
fractionator (80. Fractionator 180 is provided
with a conventional dephlegmating means (8t
and reboiler 182, The bottoms from fractionator
180 is passed via line 183 and pump 184 through
cooler 185 and introduced as the lean absorber
oil in absorber {17 via line i86. The tail gases
from absorber 171 comprising predominantly
hydrogen are withdrawn by line {81. These
gases may be recycled to the methane cracker
140 by valved line 188. They may be compressed
by compressors 188 and recycled to the input
well by line 180, or the tail gases may be sent to
fuel by valved line 181. .

Reverting to fractionator 180, the gaseous frac-
tion is withdrawn overhead by line 192, com-
pressed by compressors 198, and passed to fur-
nace 15. Thus the bottoms from separator (70
and the overhead from fractionator (80 are
heated in the same furnace. The hot feed passes
by line 194 to catalyst chambers 195 and { 96,
where polymers are formed. .

The elevated temperature maintained in the
polymerization zone is ordinarily in the range
of 300 to 500° F. and the pressure usually is about
150 to 1500 pounds per square inch. The above
conditions are for catalysts of the phosphoric
acid-kieselguhr or metal pyrophosphate types.
Sulfuric acid and aluminum halide may be used
at lower temperatures. Valves 187 and 198 are
provided whereby one catalyst chamber is on-

5 stream, while the other is being regenerated.

The reaction products’ are removed from the
catalyst chamber by line 199, and can be passed
by valved line 200 and valved line 95 to frac-
tionator 86. Alternatively, the reaction prod-
ucts may be introduced by valved line 20i to
valved lines 51 or 54 and blended with the reac-
tion products from polymerizer 47,

Vessel 15 when operated as an absorber can
usually be operated at a somewhat higher pres-
sure and, if desired, at a slightly higher temper-
ature than when operated as a retrograde con-
densation separator. More specifically as an
absorber its pressure may range from 1000 to
4000 pounds per square inch, usually from 1200
to 3000 pounds per square inch, for nstance 2000
pounds per square inch. The absorber oil in
any desired ratio, for example two to six gallons
per thousand cubic feet of gas, can be intro-
duced above baffles 138, or part of it or even all
of it can be passed through cooler 13 into the
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absorber along with the well flulds. The ab-
sorber oil, of course, is removed from vessel 18
along with the distillate hydrocarbons and finds

its way through surge drum 28 and stabilizer

32 to intermediate storage tank 63 and ultimately
to heavy distillate storage tank 86. By this route
the absorber oil becomes contaminated with the
heavy distillate and in the preferred operation

the newly produced heavy polymer- is continu-~.

. ously sent to the absorber as an absorption me-
dium, since its aromatic character and its high
critical temperature make it possible to operate
separator-absorber 15 at a higher pressure than
would otherwise be the case. If desired, the ma-
terial to be used as absorber oil may be frac-
tionated.. Thus for instance the heavy polymers
in tank 84 could be fractionated and the desired
fraction could be sent to the absorber 5. For
economic reasons the operation at a higher pres-
sure is more desirable. : : A

It is to be understood, of course, that the var-
jous flow diagrams presented are merely illus-
trative of some of the possibilities and other
alternative routings will occur to those skilled
in the art in view of this deéscription,. Therefore
my invention is not restricted to the details
shown. Likewise, it will be understood that these
flow diagrams are simplified for purposes of con-
venience and that various items of pumping and
compressing equipment, insulation control de-
vices, safety equipment, and various other ‘details
are not indicated. . . -

Having described my invention what I claim jis:

1. A method of effecting maximum recovery
from & high pressure petroleum reservoir and of
preparing liquid hydrocarbons from high pressure
well fluids recovered therefrom comprising the
steps of simultaneously generating oXygen and &
by-product gas of the oxygen generation at about
the pressure of the high pressure reservoir, in-
jecting said high pressure by-product gas into a
high pressure petroleum reservoir to effect maxi-
mum recovery of high pressure well fluids, sepa-
rating said well fluids at a high pressure into at
least one fraction rich in normally gaseous hydro-
carbons and at least one fraction rich in distillate
motor fuel hydrocarbons, generating a synthesis

. gas comprising carbon monoxide and hydrogen by
treating said normally gaseous hydrocarbons at
an elevated temperature in the presence of said
generated oxygen, subjecting the said synthesis
gas to an exothermic hydrocarbon synthesis step,
fractionating the product from said hydrocarbon
synthesis into at least one gas fraction and at
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least one liquid fraction, said liquid fraction be-

ing rich in motor fuel hydrocarbons. -
2. A method of effecting maximum recovery

from a high pressure petroleum resérvoir and of
preparing liquid hydrocarbons from high pressure
well fluids recovered therefrom comprising the
steps of simultaneously generating oxygen and a
by-product gas of the oxygen generation at about
the pressure of the high pressure reseryvoir, in-
jecting sald high pressure by-product gds into &

“high pressure petroleum reservoir to effect maxi-

15

mum recovery of high pressure well fluids, sepa-
rating said well fluids at a high pressure into at
least one fraction rich in normally gaseous hydro-
carbons and at least one fraction rich in dis-
tillate §not0r fuel hydrocarbons, cycling at least
a portion of the high pressure normally gaseous
hydrocarbons along with the high pressure by-

- product gas to the high pressure petroleum reser-
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voir to enhance the retrograde vaporization ef-
fect of the pressuring gases, generating a syn-
thesis gas comprising carbon monoxide and hy-
drogen by tréating said normally gaseous hydro-
carbons at an elevated temperature in the pres-
ence of said generated oxygen, subjecting the said
synthesis gas to an exothermic hydrocarbon syn-
thesis step, fractionating the product from said
hydrocarbon synthesis into at least one gas frac-
tion and ag least one liquid fraction, said liquid
fraction befng rich in motor fuel hydrocarbons.
3. A method of effecting maximum recovery
from a high: pressure petroleum reservoir and of
preparing liquid hydrocarbons from high pressure
well fluids recovered therefrom the steps com-
prising simultaneously generating oxygen and a
by-product gas of the oxygen generation at a
high pressure of the magnitude of the pressure
existing in a petroleum reservolr, injecting said
high pressure by-product gas into the high pres- -
sure petroleum reservoir to effect maximum re-
covery of high pressure well fluids, separating sald
well fluids at high pressure into at least one {rac-
tion rich in methane and at least one fraction
rich in distillate motor fuel hydrocarbons, gen-
erating a synthesis gas comprising carbon monox-
ide and hydrogen by cracking said fraction rich
in methane in the presence of said oxygen, sub-
jecting said synthesis gas to an exothermic hy-
drocarbon synthesis step, recovering from the
product of said hydrocarbon synthesis step at
least one synthesis fraction rich in motor fuel
hydrocarbons, and blending said distillate motor
fuel hydrocarbons and said synthesis fraction.
GEORGE L. PARKHURST.
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