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1 Claim. (Cl. 48—215)

Pat ent gopher .

This invention relates to a process for the production
of synthesis gas, i.e. carbon monoxide and hydrogen, by
he partial oxidation of hydrocarbons. The process of
his invention is particularly applicable to the production
—of synthesis gas from normally liquid hydrocarbons, for
—<xample, crude oil, hydrocarbon distillates, and heavy
gresidua from petroleum refining operations.
+— In one of its more specific aspects, this invention relates
40 a method of disposing of carbon produced as a by-
Loroduct in the production of synthesis gas from liquid
hydrocarbons by partial oxidation. In another of its
more specific aspects, this invention relates to a unitary
process for the production of ammonia.

In the generation of carbon monoxide and hydrogen
from liguid hydrocarbons by partial oxidation, some free
carbon, or carbon black, is inevitably produced. Such
carbon production is considered undesirable, as the car-
bon tends to accumulate on the apparatus, particularly
on the surface of heat exchangers, and generally must be
removed from the gas stream prior to use of the gas.
Although potentially valuable as a by-product, generally
there is no market for the carbon so that it presents a
disposal problem after its removal from the gas stream.
If the synthesis gas is utilized as a source of relatively
pure hydrogen, for example, for the production of am-
monia, the carbon must be removed before shift conver-
sion (i.e. reaction of steam with carbon monoxide) to
avoid plugging the catalyst with carbon.

We have found, contrary to popular belief, that with
liquid hydrocarbons, particularly heavy petroleum oils,
it is desirable to produce a small, but significant, con-
trolled amount of carbon in the partial oxidation reaction
for the protection of refractory and that the carbon may
be readily removed from the gas stream and used ad-
vantageously in our process.

In our process, liquid hydrocarbon is  dispersed in
steam and subjected to reaction at a temperature in the
range of 1,100° C. to 1,900° C. with a gas containing
free oxygen in a compact reaction zone which is free
from catalytic packing or inserts. - The proportions of
oxygen, steam, and hydrocarbon supplied to the reaction
zone, preferably preheated, are so reguated that the-de-
sired reaction temperature, for example, 1,400° C., is
autogenously maintained in the reaction zone and the
resulting preduct gas contains at least 0.5 percent but not
more than about 4 percent, preferably from 1 to 2 per-
cent, of the carbon contained in the liquid hydrocarbon
feed to the reaction zone. This small percentage of the
carbon orginially contained in the feed hydrocarbon is
liberated within the partial oxidation reaction zone as free
carbon, or carbon black. The remainder of the carbon
contained in the hydrocarbon feed is converted to carbon
oxides, principally carbon monoxide.

The free carbon produced in accordance with our
process protects the refractory lining of the reactor from
attacks by partial oxidation products, such as ash from
the hydrocarbon, if any is present. If has been found
that the interior surfaces of the reaction zone, generally
made up of high temperature refractory oxidic materials,
for example, oxides of magnesium or aluminum, are sub-
ject to attack by partial combustion products of heavy
oils. A large number of heavy oils of petroleum origin
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products of these heavy metals appear in ash contained
in the products of partial combustion. We have found
that, in the absence of carbon, this ash is responsible for
failure of oxidic refractory in the reaction chamber, often
within a very short time. We have also found, however,
that the presence of small amounts of carben in the prod-
uct gas from the partial oxidation reaction protects the
oxidic refractory lining material from attack by the par-
tial combustion products. The protection of the refrac-
tory liner of the reaction chamber has been found to be
particularly effective against attack from the partial com-
bustion products of heavy crude oils and hydrocarbon
residua from petroleum refining operations.

We have found, also, that the controlled amount of
carbon contained in the raw synthesis gas, i.e. the mixture
of carbon monoxide and hydrogen produced in the par-
tial oxidation reaction, is not troublesome and that there
are no problems of carbon accumulation in the apparatus
used in carrying out our process, or in subsequent cat-
alytic operations, such as shift conversion. When the
hot gases leave the partial oxidation reaction zone they
are immediately quenched from the high temperature
(about 1,100° C.) by direct contact with liquid water in
an amount in excess of that which may be vaporized by
the heat contained in the hot gases. The carbon is read-
ily wet by the unvaporized water and trapped therein.

QOur quenching and scrubbing operation has a number
of advantages. The gas from the generator is cooled
in a very short period of time, usually in about 0.2 to 0.5
second, to a temperature below about 250° C., thereby
effectively preventing any undesirable reactions which
might occur upon slower cooling of the gas; the free car-
bon is effectively and substantially completely removed
from the gas stream as a dispersion in water; and steam
needed for subsequent shift conversion operations is gen-
erated and added to the gas stream. By supplying water
to the quench and scrubbing operation, preferably water
at approximately the vaporization temperature at the
existing pressure, e.g. 8 to 40 atm., the needed steam is
generated directly from the water without the necessity
for boilers or heat exchangers with their attendant car-
bon accumulation . problems.. Maximum utilization of
the heat available in hot gas for the production of steam
necessary for the shift converter is achieved. It is possi-
ble to produce in this manner all of the steam necessary
for the shift conversion reaction. Carbon monoxide pro-
duced in the process may be readily converted to carbon
dioxide, with the simultaneous production of hydrogen,
by reaction of steam with carbon monoxide at a temper-
ature in the range of about 370 to about 480° C. over
an iron catalyst.

Carbon dioxide, unreacted steam and carbon monoxide,
and other impurities are removed from the product
stream from the shift conversion step to produce pure
hydrogen. Carbon dioxide may be removed by conden-
sation and absorption in water, methanol, monoethanol-
amine, or light hydrocarbons. Water is generally re-
moved by condensation followed by contact with a suit-
able desiccant, such as silica gel. Unconverted carbon
monoxide may be removed by condensation or by contact
with an aqueous solution of a copper salt, e.g. cuprous
ammonium acetate.

For the production of ammonia, we prefer to remove
the carbon dioxide and water vapor as outlined above, and
then contact the hydrogen-rich gas stream with substan-
tially pure liquid nitrogen. This condenses almost en-
tirely all impurities from the gas stream, including carbon
monoxide, methane, and argon. Argon is usually present
from the atmospheric oxygen used in the partial oxidation
step. A preferred procedure is to fractionate air by lique-
faction and rectification to produce a stream of nitrogen
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" having a purity in excess of 99 percent and an oxygen

stream of at least 95 percent purity. Commercial nitro-
gen of over 99.9 percent purity may be so obtained, The
oxygen from the air fractionation plant is supplied to the
synthesis gas generators, while the substantially pure
nitrogen is ‘used to wash the hydrogen stream free from
impurities. )

The nitrogen wash step is carried out at essentially the
pressure at which the gas is generated and at low tempera-
ture so that liquid nitrogen containing impurities removed
from the hydrogen stream is withdrawn from the nitrogen
wash step. ~ The nitrogen wash is preferably a counter-
current contacting operation. Some nitrogen is vapor-
ized into-the gas stream during the nitrogen wash opera-
tion. Any additional nitrogen necessary for the synthesis
of ammonia is supplied directly from the air fractionating
plant,

Nitrogen and hydrogen in the desired proportions for
ammonia synthesis are passed over an ammonia synthesis
catalyst at synthesis temperature and pressure, converting
nitrogen and hydrogen to ammonia. Generally, the pres-
sure is above 69 atm., e.g., 70 to 680 atm., and the tem-
perature is about 455 to 540° C. With an iron catalyst,
temperatures of about 480 to 510° C. are adequate at a
pressure of 34 atm.

Preferably the reaction zone is a refractory lined cylin-
drical pressure vessel having an internal surface mot
greater than 1.5 times the surface of a sphere of equal vol-
ume with an inlet opening at one end and a discharge
opéning at its opposite end. The reactants preferably are
introduced through a central opening at the inlet end of
the reactor and the reaction products which comprise hy-
drogen, carbon monoxide, and free carbon, discharged
from the opposite end. The hydrocarbon oil and OXy-
gen-containing gas are separately introduced in proper
proportions into the reaction zone where the final mixing
of reactants takes place. The final mixing of the oxygen-
containing gas and the oil-steam dispersion perferably is
effected by impingement of the separately introduced
streams upon one another within the reaction zone with
each of said streams moving at a velocity in excess of
about 6 meters per second, preferably in excess of about
10 meters per second. The hydrocarbon oil may be
atomized with steam, but in a preferred procedure, the

~hydrocarbon oil is injected into a stream of steam flowing

at a velocity in excess of 6 meters per second, and prefer-
ably in excess of about 10 meters per second, and passed
through a conduit, preferably with external heating, into
the reaction zone while flowing at said velocity. By ad-
mixing the steam required for the reaction with the hydro-
carbon oil in this manner an intimate dispersion of the oil
in the form of vapor or small droplets suspended in the
steam is obtained. A high degree of dispersion is ob-
tained by passing the stream of steam carrying said hydro-
carbon oil through a conduit for a distance at least 100
times the diameter of the conduit. The oil-steam disper-
sion is preferably preheated to a temperature within the
range of from about 300° C. to about 500° C., preferably
about 400 to 425° C.

Air, oxygen-enriched air, i.e., air containing more than
about 40 mol percent oxygen, or substantially pure oxy-
gen may be used in the process. Commercially pure oxy-
gen, ie., oxygen of 95 to 98 mol percent purity, is gen-
erally preferred. Enriched air is sometimes advan-
tageous, particularly if the product gas is to be used for
the synthesis of ammonia. Generally from about 2.7 to
about 3.8 gram mols of free oxygen are required for each
thousand kilogram calories of gross heating value of the
oil fed to the reactor. The free oxygen requirements are
generally within the range of about 0.6 to 1.3 kg./kg. of
liquid hydrocarbon, while the steam requirements range
from about 0.2 to about 3.0 ke./kg. of liquid hydrocarbon.
Examples of typical feed proportions. are 0.5 to 0.6 kg,
of steam and 1.0 to 0.95 kg. of free oxygen, respectively,
per kilogram of oil.
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The hot synthesis gas from the generator at reaction
temperature and pressure is brought into direct contact
with liquid water effecting quench cooling of the hot syn-
thesis gas within a period of less than about 0.5 second,
foliowing which the gas is scrubbed with an excess of
water effecting substantially complete removal of the car-
bon from the gas stream. The carbon contained in the
quench and scrub water is transferred to a liquid hydro-
carbon, suitably a minor proportion of the feed hydrocar-
bon, and the dispersion of carbon in oil utilized as fuel
for the generation of steam for the reaction and for the
breheating of reactants. In this manner ‘advantage is
taken of the entire fuel value of the hydrocarbon feed to
the process to supply the necessary heat requirements of
the process and generate synthesis gas.

The transfer of carbon from the water dispersion to
heavy fuel oil may be accomplished by contacting the car-
bon-water dispersion with fuel oil directly, with the result
that the carbon is transferred from the water to the fuel
oil. However, since the specific gravity of some of the
fuel oils suitable for use in the process is very near 1, there
is a tendency with these oils to form emulsions with water
which are not readily resolved. We prefer in such in-
stances to transfer the carbon from the quench water to a
light hydrocarbon, for example, gasoline, by directly con-
tacting the dispersion of carbon in water with sufficient
gasoline to form a fluid slurry of carbeon in gasoline, and
then mix the carben-gasoline slurry with heavy oil. 'The
resulting mixture may be used directly as fuel for the gen-
eration of steam and for preheating the reactants, if de-
sired, but preferably the light hydrocarbon is recovered
from the fuel oil-carbon mixture by vaporization, and re-
cycled to the carbon removal portion of the process.

The drawing is a diagrammatic flow sheet representing
an.example of an arrangement of apparatus suitable for
carrying out the process of this invention.

With reference to the drawing, water is introduced in
a metered amount corresponding to the quantity of steam
desired in the process by pump 5 directly into heater 6
where the water is converted to steam. Steam produced
in heater 6 is discharged through line 7 and passed through
line ¢ into heater 16. Liquid oil is pumped at a con-
trolled rate by pump 8 and injected into the stream of
steam flowing through line 9 to preheater 18. An inti-
mate dispersion of the oil in steam is developed by passing
the mixture through an elongated tubular conduit, suit-
ably the heating tubes of preheater 19, at a velocity in
excess. of 6 meters per second. Preferably the conduit
has a relatively small diameter, for-example, less than
25 millimeters, and a length at least 100 times its internal
diameter. A part of the oil remains unvaporized and is
uniformly dispersed in the steam as very small droplets
or particles. Turbulent flow is maintained throughout
the heater and associated piping by maintaining a velocity
iq excess of 6 nieters per second to thereby maintain the
dispersion of oil in steam. The resulting heated steam-
oil dispersion is passed through line 12 and is discharged
directly into the reaction zone 13 or synthesis gas gen-
erator wherein it is mixed with free oxygen entering
through line 14. In the reaction chamber, partial com-
bustion of the oil is carried out in the absence of a cata-
lyst with the production of carbon monoxide and hydro-
gen together with a small amount of free carbon.

The hot product gases leaving the reaction chamber
13 are contacted directly with water in an amount in
excess of that amount which may be vaporized in coocling
the gas stream, Water may be injected into the hot
product gases, or (as illustrated) hot product gases may
be injected into water. Direct contact between gas and
water results in an almost instantaneous quench cooling
of the gases to a témperature equal to or below the boil-
ing point of water at the existing pressure. In the embodi-
ment of apparatus illustrated in the figure, the hot gas
from reaction chamber 13 is brought through a tube 16
to a point below the liquid level of a relatively large
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Osolume of water maintained in a quench chamber 17.
OFhe gas bubbles through the water effecting rapid cool-
_ing of the gas and removal of carbon. The cooled gas
@stream containing vaporized water passes through line
48 directly to scrubber 19 where any residual carbon
ntained in the gas stream is removed and an additional
ount of water vaporized into the gas stream. In many
«instances, a sufficient quantity of steam or water vapor
is introduced into the gas stream in the quenching. and
scrubbing operation to supply the steam requirements for
@ subsequent shift converter. Any additional steam, if
Oyequired, for shift conversion may be obtained from
eater 6 or other suitable source.
Water is introduced into scrubber 19 through line 20
nd continuously circulated from the bottom to the top
—of the scrubber by means of pump 21. Water contain-
“Sing carbom, generally of the order of 0.5 to 2 percent by
Oweight, is disengaged from the gas stream and drawn
+from the scrubber through line 22 to quench chamber 17.
he gas stream from the scrubber, saturated with water
vapor, is passed through line 23 to heat exchanger 24
where it is heated to shift conversion reaction temperature
and is then introduced through line 25 into shift con-
verter 26. In the shift converter, carbon monoxide-
containing gas is reacted with steam to produce carbon
dioxide and hydrogen. Any additional steam required
for the shift conversion reaction may be supplied through
line 11. The shift conversion reaction is an endothermic
reaction so that the gases leaving the shift conversion

reactor are at a higher temperature than the gases enter- &

ing the reactor. The heat contained in the efffuent gases
from the shift conversion reactor is utilized to preheat
the gas stream entering the reactor; this is accomplished
in heat exchanger 24. The product gas from the shift
converter is discharged through line 27 to a purification
system comprising an absorber 28 which effects the re-
moval of impurities, such as carbon dioxide, from the gas
stream by solution in a solvent, such as water, to produce
substantially pure hydrogen suitable for hydrogenation
reactions or for ammonia synthesis. The impurities are
eliminated from the solvent in stripper 29. Hydrogen is
delivered through line 390.

Hot water containing carbon is drawn from quench
chamber 17 through line 31 and passed to a separator 32.
Liquid hydrocarbon, suitably from the same source of
supply as feed to the process, and preferably heated to
about the water temperature, is injected from line 33
into line 31 where it mixes with the dispersion of carbon
in water. The temperature of the water is generally
about 15 to 30 degrees C. below its boiling point at the
existing pressure. An agitator may be utilized, if desired,
to insure intimate contact between the water and oil.
Carbon contained in the water is picked up by the oil
effecting a transfer of the carbon from the water to the
oil. Separation of the oil and carbon dispersion from the
water takes place in separator 32. The temperature in
the separator is generally of the order of 120 to 205° C.
Qil containing carbon so removed is drawn from the sepa-
rator through line 34 and sent to heaters 6 and 16 where
the carbon-oil mixture is burned to supply heat for the
generation of steam required in the process and for pre-
heating the process reactants. Water from separator 32
is discharged through line 35 and recirculated to the proc-
ess, preferably to heater 6 and to quench chamber 17, so

that any unseparated oil and carbon contained in the water §

is fed back into the system and recycled.

‘When the oil from line 33 is a heavy hydrocarbon,
for example, an oil having a specific gravity greater than
about 0.94, it is desirable to supply a low boiling hydro-
carbon distillate, for example, gasoline or naphtha, from
line 36, to line 31 either as the sole hydrocarbon liquid
supplied to the separator 32, or as an addition to the
hydrocarbon from line 33. The light hydrocarbon facil-
itates separation by gravity of the hydrocarbon-carbon
mixture from the clarified water in separator 32. Hydro-
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carbon distillates or mixtures of heavy oil and light
hydrocarbon distillate containing recovered carbon may
be used directly as furnace fuels, but in many cases it is
desirable to conserve the light hydrocarbon distillates and
to burn only heavy hydrocarbons and carbon as furnace
fuels. In this case, hydrocarbon distillate may be re-
covered from the separated oil-carbon mixture leaving
separator 32. This may be accomplished by passing the
oil-carbon mixture to distillation zone 37. The low boil-
ing hydrocarbon is vaporized from the heavy oil and
carbon, and passes overhead to condenser 38. The heavy
oil may be supplied from line 33 to either line 31 or,
through line 48, to distillation zone 37, or to both. The
condensed hydrocarbon distillate from zone 37 is returned
through line 39 to line 31. Unvaporized heavy oil con-
taining carbon is drawn from distillation zone 37 to line
34 as fuel.

The amount of carbon which can be incorporated in
hydrocarbon oil to form a fluid mixture varies to some ex-
tent, depending upon the specific gravity of the hydrocar-
bon. Heavy hydrocarbons have the ability to carry a
higher percentage, by weight, of added solid carbon while
retaining fluidity than do light hydrocarbon distillates.
Heavy fuel oils of 0.94 specific gravity or higher are ca-
pable of carrying about 15 weight percent added carbon,
while light hydrocarbon distiliates, e.g., gasoline, can
carry only about 10 weight percent added carbon and re-
main fluid. By loading heavy fuel oil passed through line
34 to heaters 6 and 18 with about 10 to 15 weight percent
carbon, a balance may be maintained between oil feed to
the process and carbon produced, when about one per-
cent of the carbon is unconverted in reactor 13, so that
all of the carbon is consumed in the process. The carbon-
oil fuel mixture may be supplied to heater 18 as part of the
feed to the process, and may be put to other commercial
uses, particularly in the generation of steam required for
plant operations.

Water separated from the carbon and oil in separator
32 may be freed of its small residual oil content and re-
cycled to scrubber 19 or made available for other purposes
in the plant. Removal of residual oil from the water is
illustrated in the drawing. Hot water from the separator is
withdrawn from line 35 through line 41 and through a
pressure reducing valve 42 into separator 43. Reduction
of pressure causes some of the water to vaporize forming
steam. The resulting steam carries the oil in vapor phase
overhead from separator 43 through line 44, The deoiled
water may then be recycled by pump 45 through line 46
to line 2¢ for use in scrubber 19, or utilized elsewhere in
the system, as required.

Example

Synthesis gas is produced by partial oxidation of bunker
fuel oil with oxygen and steam at a temperature of 1,426°
C. (2,600° F.) and a pressure of 18 atmospheres (250
pounds per square inch gauge). Bunker fuel oil of 10°
API gravity is used. This oil has a gross heating value of
10,120 kg. cal. per kg. (18,180 B.t.u. per pound) and a
total carbon content of 85 weight percent. The oil is dis-
persed in steam and supplied to an unpacked cylindrical
reactor at the rate of 989 kg. (2,184 pounds) of oil and
499 kg. (1,100 pounds) of steam per hour. Oxygen of 95
volume percent purity is supplied to the reactor at the
rate of 736.3 standard cubic meters (26,000 standard cubic
feet) per hour. One percent of the carbon contained in
the fuel oil supplied to the synthesis gas generator ap-
pears as free carbon, or carbon black, suspended in the
product gas.  The hot synthesis gas comprising 2,810
standard cubic meters (99,300 standard cubic feet) per
hour of hydrogen and carbon monoxide is cooled to ap-
proximately 205° C. (400° F.) by direct contact with
water. Carbon is removed from the gas stream by scrub-
bing with water in a packed tower at approximately gen-
erator pressure. Water containing 0.5 weight percent
carbon is withdrawn from the scrubber and contacted with
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light hydrocarbon distillate at the rate of approximately
.28 liter of distillate per liter of water. The scrubber
water, caroon, and hydrocarbon distillate are thoroughly
mixed by passing the crude mixture through a V-port
valve set to maintain a pressure drop of about 1.7 atmos-
pheres (25 pounds per square inch) across the valve, The
hydrocarbon distillate has an API gravity of 64° and an
ASTM distillation boiling range of about 60 to 150° C.
(145 to 300° F.).

The mixture of water, hydrocarbon, and carbon is

“passed into a closed separator tank having a volume suf-

ficient to permit a residence time of 30 minutes under nor-
mal operating conditions. The carbon from the scrubber
water is picked up in the hydrocarbon, forming a slurry
which floats on top of the clarified water in the separator.
The temperature in this separator is about 126° C. (250°
F.). Clarified water is withdrawn from the separator and
returned - to the system. The hydrocarbon-oil slurry is
withdrawn frem the separator and contacted with one
fourth its-volume of bunker fuel oil having a gravity of
10° API and preheated to 205° C. (400° F.).

The mixture of carbon, ght hydrocarbon distillate, and
heavy fuel oil is passed into a second separator maintained
at approximately the pressure of the hydrocarbon-water
separator, i.e. about 16 atmosphere (220 pounds per square
inch gange). In the second separator, the light hydro-
carbon is vaporized and the vapor withdrawn from the
separator leaving a slurry of carbon in heavy fuel oil.
The light hydrocarbon vapor is condensed and returned
into contact with additional water-carbon dispersion from
the gas scrubber.  Heavy oil containing 10.35 weight per-
cent free carbon recovered from the synthesis gas is sup-
plied to the preheaters to mest the fuel requirements for
generating steam and preheating the oil supplied to the
synthesis gas generator.

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

We claim:

A process for the production of carbon monoxide and
hydrogen substantially free from contamination with nor-
mally liguid hydrocarbons which comprises subjecting a
liguid hydrocarbon to partial oxidation wunder elevated
pressure in the range of 8-40 atmospheres and an autog-
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enous temperature within the range of 1100° C. to 1500°
C. with oxygen and steam to produce a hot gaseous prod-
uct comprising carben menoxide and hydrogen and con-
taining uncombined carbon corresponding to at least 0.5
and not more than about 4 percent of the carbon in the
liquid hydrocarbon, bringing said products into direct con-
tact with water under said elevated pressure effecting cool-
ing of said hot gas stream and removal of said carbon
from the cooled gaseous reaction products thereby form-
ing a dispersion of carbon in hot water at a temperature
within the range of 250 to 400° F., contacting said car-
bon-water dispersion under said elevated pressure and
temperature with light hydrocarbon distillate effecting
transfer of said carbon to said hydrocarbon distillate and
forming a slurry of carbon in hydrocarbon distillate, sep-
arating at said elevated pressure said slurry of carbon in
hydrocarbon distillate from resulting clarified water sub-
stantially free from carbon and containing a small residual
amount of said hydrocarbon, passing said clarified water
at said elevated tempearture to a separator maintained at
a pressure lower than said elevated pressure effecting flash
vaporization of a portion of said water to steam and simul-
taneously vaporizing said residual hydrocarbon, separately
withdrawing resulting vapors and resulting hydrocarbon-
free water from said separator, repressuring said water
free of said residual hydrocarbon distillate and passing said
repressured water substantially free from hydrocarbons
into contact with hot gaseous products of said partial ox-
idation reaction as cooling and scrubbing medium.
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