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PRODUCTION OQF SYNTHESIS GAS
(D62, 694 =C2-F)

This invention relates to gz process for the production
of hydrogen at highly elevated bressures, e.g. at pressures in
the range of 1000 to 3000 psig, preferably in the range of 1200
to 2500 psig., 1In one of its more specific aspects, the present
invention involveg reacting a hydrocarbon oil with oxygen and
steam at a pressure above 1000 psig with the production of carbon
monoxide and hydrogen as principal products of reaction, thereaf-
ter subjecting products of said partial oxidation reaction to ca-
talytic reaction with steanm effecting the water gas shift reaction
at said elevated pressure above 1000 psig effecting substantially
complete conversion of carbon monoxide to carbon dioxide with gi-
multaneous production of hydrogen, and thereafter removing carbon
dioxide at said elevated pressure to yield a hydrogen~rich product
al a pressure above 1000 psig.

Direct partial oxidation of hydroecarbons t¢ carbon mono-
xide and hydrogen by noncatalytic reaction with oxygen or air,
cptionally in the presence of Steam, is known. Liquid hydrocar-
bons, especially heavy fuel oils, are economically attractive fuels
for the process, Although partial oxidation of hydrocarbons at
pressures as high as 1000 psig has been proposed heretofore, ope-
ration of the water gas shift reaction has heretofore been limited
to reaction pressures in the range of atmospheric pressure to 400
psig,

In our method of production of hydrogen by direct partial
oxidation of liquid hydrocarbons at high pressures above 1000 psig,
the water gas shift reaction is carried out at a pressure substan~
tially equivalent to that of the partial oxidation reactor. Unex-
pectedly, improved results are obtained when the water gas shift
is carried out at pressures in the range of 1000-2500 peig in ac-
cordance with this invention.

Generation of synthesis gas is carried out at a pressure

in the range of 1000 to 2500 psig with steam supplied *
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to the reaction zone in relative proportions within the range of
one pound cof steam to one to ten pounds of hydrocarbon 0il, pre~
ferably in the range of one pound of steam tc 1% to five pounds
of hydrocarbon oil, and substantially pure oxygen, i,e. oxygen
of at least 95 volume per cent purity, supplied to the gas gene-
ration reactlon zone in an amount within the range of 10,4 to 14,4
standard cubic feet of oxygen per pound of oil. Relative propor-
tions of oil, steam and oxygen within the indicated ranges are re-
gulated to ensure an autogenous temperature in the &a8 generation
zone within the range of 1800 to 2800°F,

Effluent gas from the reaction zone containing carbon mo-
noxide, hydrogen, water vapor, and minor amounts of impurities,
is cooled, substantially at reaction zone pressure, either by di-
rect contaet with water in a gas-liquid contacting zone, or by in-
direet heat exchange. Direct cooling is generally preferred, using
water preheated to equilibrium temperature of the gas-liguid con-
tacting zone and supplied to the contacting zone in an amount in
excess of the amount which can be vaporized by the heat contained
in the effluent gas from the gas generation reaction zone., The ef-
fluent gas stream, cooled to a temperature in the range of 500 to
600°F and comprising carbon monoxide, hydrogen, and steam, is
passed at substantially reaction zone bressure to a water gas
shift reaction zone. The water gas shift reaction zone contains
a catalyst effective for reaction of steam with carbon monoxide to
produce carbon dioxide and hydrogen, Effluent gas from the water
ga3 shift reaction zone is processed without reduction in pressure
for removal of carbon dioxide to yield a hydrogen~rich stream which
ie available at a pressure in the range of 1000 to 3000 psig for
utilization in subsequent reaction systems such as hydrogenation

or ammonia synthesis.
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A preferred embodiment of the process of this in-
vention 18 illustrated in the accompanylng drawlngs.

Flgure 1 18 a diagrammatic elevational view of
apparatus for carrying out the method of thisg invention.

Plgure 2 1s a cross-sectional view of a burner
structure suitable for generation of synthesis gas at high
pressure.

With reference to Fipure 1 of the drawings, hydro-
carbon liquid, for example, fuel oll from a suitable source,'
is supplied through line 6 and delivered at required pressure
and a predetermined rate by a pump 7 to a mixer-burner 8§
forming a part of a synthesis gas generator. A preferred em-
bodiment of burner 8 is illustrated in Figure 2 described in
more detall hereinafter. Steam and oxygen are supplied from
sultable sources through lines 11 and 12, respectively, mixed
with one anothér and introduced to burner 8. In a preferred
embodiment illustrated, water from a suitable source of supply
is delivered through lilne 13 at the required pressure and at
a predetermined rate by pump 14 %o a heater 15 where it is
converted Inte steam and supplied to burner 8 through line 11.
Pumps 7 and 14 ensure accurate pProportioning of the steam and
oll supplied to the gas generator. Oxygen supply to the £as
generator 1s sultably controlled by a rate of flow controllexr
16. A mixture of oxygen and steam from lines 11 and 12 and
o1l from line 6 is formed by the mixture-burner 8 and suppliied
directly to synthesis gas generation zone 18.

Gas generator 18 comprisés a cyllindrical pressure
vessel 19 with a refractory lining 20 defining a cylindrical
compact, unpacked reaction chamber 18. The reaction mixture

from burner 8 1s injected axially into the upper end of reaction
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chamber 18 through a suitable inlet bassageway 22, Products of
reaction are discharged axially from the lower end of reaction
zone 18 through an outlet bassageway 23.

In gas generator 18, immediate ang substantially complete
reaction takes place between the hydrocarbon and oxygen at reaction
zone temperatures in the range of 1800°F to 3000°F forming carbon
monoxide and hydrogen as prineipal products of reaction. Steam
moderates the reaction temperature to prevent excessive generator
temperatures and, at the same time, some of the steam reactis with
carbon or hydrocarbons to form carbon monoexide and hydrogen and
with carbon monoxide %o form carbon dioxide and hydrogen,

The relative proportions of oil, steam and oxygen are
carefully regulated to convert substantially allof the carbon in
the hydrocarbon oil to carbon monoxide and maintain an autogenous
reaction zone temperature in the range of 1800°F to BODOOF, pre~-
ferably 2000% to 2800°F as described in more detail hereinafter,
Small amounts of free carbon, e.g. 1 to 5 per cent of the carbon
in the oil feedstream from line 6 appears in the product gas leav-
ing reaction zone 18. Also, small amounts of carbon dioxide, e.g.
5 to 7 mol per cent of the product gas, dry basis, appear in the
gas generator product probably as a result of the water gas shift
reaction., From 90 to 92 per cent of the carbon in the hydrocarbvon
feed stream is converted directly to carbon monoxide,

A small amount of methane, e.g, 0.01 to 2 mol rer cent,
is usually present in the product gas, Some nitrogen and argon
may be included in the product gas, depending upon the purity of
the oxygen supplied to the process.

We have discovered that the hot gas from the synthesis
gas generator may be cooled by direct contact with water at the

pressure of the synthesis gas generator and rassed directly to
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the shift converter, Sufficient water is vaporized into the hot
synthesis gas to Supply all of the excess steam reguired for the
shift conversion reaction,

Hot product gases leaving the generator through ocutlet
23 are passed through conduit 24% into a guench section 25 in the
lower part of vessel 19, Conduit 24 is surrounded by a larger
condult 26 spaced from conduit 24 and open at both ends to chamber
25. Quench chamber 25 normally contains a quantity of water into
which hot gages from conduit 24 are introduced for quench cooling
the product gases from gas generator 18, Water from a suitable
source is introduced directly into conduit 2k through line 27, A
preferred source of cooling water is described hereinafter., Suite
able apparatus for guench c0oling hot synthesis g£a8 1s described
in detail in U.S. Patent 2,818,326, Water is drawn from the quench
chamber 25, as required, through line 28 controlled by valve 29 in
response to a liquid level controller 31 to maintain the desired
level of quench water in the guench chamber 25,

Cooled product gas is discharged from quench zone 25
through transfer line 32, into which water is injected from line
33 from a source described hereinafter., Intimate contact between
cooled product gas in line 32 and water from line 33 is effected
by a suitable contacting device, not illustrated, such as an ori-
fice contactor or a venturi contactor in which the gas stream is
accelerated and water injected into the high velocity stream at
the throat of the orifice or venturii such contactors are known
in the art. The resulting mixture of gas and water is introduced
through dip leg 34 into a contactor-separator vessel 35 where wa-
ter is separated from the gas stream. Water is introduced into
separator 35 from a suitable source of supply through line 36 by

pump 37 as controlled by valve 38 in response to a liquid level
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controller 39 which maintains a substantially constant guantity
of water in the lower part of separator 35. Water is continuous-
ly withdrawn from the lower part of Beparator 35 thrcugh line 41;
part of this water is supplied to line 33 by pump 42, while the
remainder 1s supplied to conduit 24 in quench zone 25 via line
27 by pump 43.
In quench zone 25, hot gas from the generator 18 is
quickly cooled to an equilibrium temperature, within the range
of 500 to 600°F by vaporization of water. At the same time, car-
10 bon contained in the product gas is removed therefrom forming a
slurry of carbon in water which is withdrawn from the quench
chamber through line 28. Additional contacting of the gas with
water in itransfer line 32 and in the lower part of contactor-
separator 35 insures substantially complete removal of carbon
from the gas stream. Steam generated by vaporization of water .+
in the econtacting steps supplies steam necessary for subsegquent
water gas shift reaction, which converts carbon monoxide to carbon
dioxide and hydrogen.
Clean product gas from the synthesis gas generator is

20 discharged from separator 35 through line 46 and heat exchanger

L7 to a shift converter 48 containing a suitable shift conversion
catalyst, e.g. lron oxide containing 5 to 15 weight per cent chro-
mic oxide as promoter. The net results of reactions taking place

{ in shift converter 48 are slightly exothermic, The shift convert-

er operates at temperatures in the range of 550 to 1000°F, prefer-
ably 600 to 950°F and at substantially the same pressure as gas

generator 18, i.e. at a pressure in the range of 1000 to 3000 psig, R

Shifted synthesis gas, consisting essentially of carbon dioxide and

hydrogen, is discharged from shift converter 48 through line 49

30 and passed to heat exchanger 47 1o preheat gas from separator 35
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to the desired shift reaction temperature.

From heat exchanger 47, the chifted synthesis gas is
passed to a sultable purification system 51 for removal of wa-
ter and carbon dioxide (and hydrogen sulfide if present). Hy-
drogen at high pressure, i,e., 1000 +to 3000 psig, is discharged
through line 52.

A number of shift converter catalysts are available com~
mercially, Oxides and sulfides of iron, nickel, cobalt, molybde=~
num, zinc, copper and chromium are used in various catalysts some
of which employ various combinations of thesze materials. Prefer—
red catalysts are those with iron oxide or iron sulfide as the
major catalytic component with minor amounts of the oxides and
sulfides of nickel, zinc and chromiumn.,

For the production of hydrogen or mixtures of hydrogen
and nitrogen suitable for the synthesis of ammonia, the product
gas from the partiial oxidation reaction is cooled, treated for
removal of carbon, subjected to the water gas shift reaction,
and purified by removal of carbon dioxide, water vapor or steanm,
hydrocarbong, argen, etc., to yield pure hydrogen or a mixture
of hydrogen and nitrogen substantially free from other constitu~
ents. In the water gas shift reaction, gas from the synthesis
gas generator, mixed with steam, is passed over a catalyst to
effect reaction between carbon monoxide and steam to produce hye-
drogen and carbon dioxide. For the synthesis of ammonia, pure
nitrogen obtained by liquefaction and rectification of air usual-
ly is added to the purified stream of hydrogen.

One method of removing most of the minor impurities from

hydrogen, following removal of carbon dioxide and water,
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1s by washing the hydrogen stream with substantially pure
liquid nitrogen. Substantially pure nitrogen can be produced
in the oxygen plant. Some of the liguid nitrogen is vaporized
inte the hydrogen to form thg nitrogen-hydrogen mixture re-
quired for ammonia synthesis. At the same time, higher boiling
constituents, e.g. argon, methane ard carbon monoxlide are
condensed and withdrawn with the unvaporized portion of the
1ligquild nitrogen wash, Washing the hydrogen stream with liquid
nitrogen produces a mixture of nitrogen and hydrogen, sub-
stantially free from other gases, especially advantagebus for
ammonia synthesis, The nitrogen wash 1s rarticularly sultable
for use In the generation of ammonia synthesis feed gas by
partial oxidation of hydrocarbons,

With reference to Flgure 2, a mlxer-burner structure
sultable for use as burner 8 of Figure 1 for carrying out the
method of this inventicn 1s shown in detail, This burner
structure comprises a cylindrical steel conduit T5. provided
with a flange 76 at one end and a water-cooled tip structure
TT‘at the other end. A mounting flange 78 intermedlate the
two ends of the.cylindrical shell is provided for attachment
of the burner to vessel 19 of Filgure 1. A flanged nozzle 79,
intermedlate flanges 76 and 78, provides an inlet for reactants
to conduit 75.

A second tubular conduit 80 is contained within the
outer condult 75 and is uniformly spaced therefrom by gulde
spacers 81 to provide a uniform, annular passageway 82 between

the two conduits. Tnner conduit 80 has a flange 83 at one
end, and a tip section 84 at the other having an axial outlet
port or orifice 85; A mounting flange 86 intermediate the

two ends of inner condult 80 cooperates with flange 76 of
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outer condult 75 to hold the condults in fixed relation to
one another. Sultably, the area of the outlet port 84 is one
fourth to cne haif the free cross-ssctional area of condult
80. Tip portion B4 of conduit 80 is also tapered externally
to provide a substantially uniform passageway or outer dis-
charge port 86 between the outer surface of tip 83 and the
inner surface of tip 77 for discharge of gaseous reactants
from annular passageway 82, Conduits 75 and 80, comprising
the basic elements of the burner, are axially aligned with
one another and with the reaction chamber 18 for fast, uni-,
form ﬁixing of reactants and uniform reactlion within the
reaction chamber,

The burner tip structure 77 contains a passage 90
surrounding outer discharge port 88 for cooling the burner
tip with cooling water which 1s supplied to passage 90 through
line Gl. Water from line Ol circulates around the burner %ip
through passage $0 and is discharged through conduit 92.

In operation, liquid hydrocarbon from line 6 is
supplied through the interior of conduit 80 to tip 84 and
discharged into reaction zone 18 through ocutlet port 85. At
the same time, steam and oxygen from lines 11 and 12 are in-
troduced through inlet 70 te annular passageway 82 and dis-
charged through annular port 88 at high velocity relative to
the veloclty of the stream of 01l discharged from port B5.
The converglng annular stream of gaseous reactants discharged
from port 88 impinges upon the stream of 1lquid discharged
through port 85 at high veloeity with the result that the liquid
hydrocarbon is intimately dispersed in the gaseous reactants
and forms a homogenous reaction mixture substantlally at the

point of discharge of reactants from the burner into the
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reaction chamber 18. The mixture of reactants undergoes immedia-
te reaction at reaction zone temperatures of 1800 to BOOOOF with
the liberation of sufficient heat 4o maintain an autogenous tem-
perature in the reaction zone in the range of 1800 to 3000°F.

A converging annular stream of oxygen and steam is dis-
charged at relatively high velocity, for example a velocity above
about 200 feet per second, suitably in the range of 200 to 400
feet per second, axially into reaction zone 18. 0il supplied to
the burner through line & is discharged centrally and axially
into the converging mixture of steam and oxygen. Convergence and
impingement of the streams into one another results in an intimate
mixture of oxygen, steam and highly dispersed droplets of hydro-
carbon liguid. The velocity of the o0il stream at the point of
discharge into the stream of oxygen and steam is preferably in
the range of 5 to 40 feet per second. The relatively high veloci-
iy differential between the gaseous stream, i.e. the mixture of
ateam and oxygen, and the liquid hydrocarbons stream results in
efficlent and highly effective atomization of the hydrocarbon li-
quid.

Preheazting of the oil is not necessary, but oil preheat
is generally desirable to reduce the viscosity of the oil and to
conserve oxygen. Steam and oxygen may be preheated if desired
or may be supplled at temperatures just sufficient to maintain
the steam in vapor phase, for example, temperatures in the range
of 400 to 1000°F,

Exceptionally high throughputs are possible with the very
high pressure generator. Whereas, usual high pressure operations
produce dry gas product yields of about 6,000 to 173,000 standard

cubic feet of gas per hour per cubic foot of generator reaction
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space, product gas rates above 20,000 standard cubic feet per
cubic foot of reactor volume may be attained at generator pressu-
res above 1000 psig.

The following examples show calculated comparative data
based on a large number of runs for the generation of synthesis
gas by partial oxidation of hydrocarbon oil at conventional high
pressure and at very high pressure. In each of the examples,
the product gas from the synthesis gas generator is quench cooled
by direct contact with water at the pressure of the synthesis gas
generator and the analysis reported on a dry basis.

EXAMPLES

Synthesis gas is generated in an unpacked reactor by
partial oxidation of hydrocarbon fuel by non-catalytic reaction
with oxygen and steam at various pressures and under the operating
conditions indicated in the following table, The internal volume
of the reactor in each instance is 1.85 cubic feet. Pure oxygen
is mixed with steam and the mixture supplied to the gas generator
at 500°F, The fuel oil in each instance is preheated to 250°F,

Hot synthesis gas from the generator in each of the ex-
amples is contacted in a closed quench zone at generator pressure
with water preheated to the prevailing temperature of the quench
zone, After removal of carbon from the unvaporized part of the
quench water, it is recycled to the quench system, The steam-
enriched product gas from the guench system is passed to a shift
converter containing iron oxide catalyst comprising ferric oxide
promoted with chromic oxide. The shift converter is operated at
substantially the same pressure as the synthesis gas generator and

the gquench system,

w}le
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The fuel oil supplied to the synthesis gas generator
has the following characteristics.
Gravity, 94PI 9.70

Ultimate Analysis, Wt. %

Carbon 87.76
Hydrogen 9.97
Sulfur 1.30
Nitrogen 0.97
Heating Value, BTU's/1b 18,335
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fixannle No.

1 2 3 & 5
Operating Conditions
Pressure, psig 300 600 1200 1800 2400
Temperature, OF 2739 2313 2486 2470 2377
Residence Time, Secs. 1.21  3.27 2.60 2.95 3.32
Feed Rates
Oxygen, SCFH hy555 5,797 8,455 11,181 13,402
0il, Lbs/Hr 337,41 442,55 561,34 £79.75 1085,2
Steam, Lbs/Hp 168,7 221..27 330.67 439.88 542.5
Steam/0il, Lb/Lb 0.5 0.5 0.5 0.5 0.5
Oxyzen/0il, SCF/Lb 13.5  13.1  12.8 12.71 12.3
Oxygen/0il, Moles/MMBtu 1.94 1,88 1.84 1.83 1.77
Product Rates
Dry Gas, Moles/Hr 43.54  57.95 87.21 115,71 142.45
Dry Gas, SCFH 16,523 21,992 33,095 43,911 54,059
Carbon, Wt. %)
of € in feed) 2.0 2.0 2.0 2.0 2.0
Product Gas Composition
Dry, kol %
Hydrogen L3.94 LL.76  45.14 45,00 44,89
Carbon Monoxide 49.86 49,22 48,65 4B,57 48.22
Carbon Dioxide 5.60 5,42 S5.43 0 5044 5,37
Nitrogen 0.27 0.26 0.26 0.26 0.26
Methane 0.01 .03 0.21 0.42 0,95
Hydrogen Sulfide 0.30 0.29 0.29 0,29 0.29
Carbonyl Sulfide 0.02 0.02 0.02 C.C2  0.02
02/H,4+C0 (SCF/MSCF) 2G3,.9 280,52 272.70 272.17 266.27
Quench System
Temperature, OF 376 436 509 559 597
Steam/Dry Gas,
Mols/Mol 1.65 1.58 1.61 1,67 1,68
Shift Converter
Bed No. 1
Inlet Temp., OF 700 700 700 700 700
Outliet Temp., °F 950 950 941 s0g 280
Bed No. 2
Inlet Temp., °F 761 761 783 786 782
Outlet Temp., COF BR6 812 205 g0l 792
Overall Space Velccity,
SCFH/cu.ft. Catalyst 301 557 838 1010 1097
Conversion of CC, Mol % 90 50 90 %0 90

=13-
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The embodiments of the invention in which an exclusive

property and privilege 1s claimed or defined as follows:

1. In a process for the production of hydrogen
wherein hydrocarbon liguid is subjected to partial oxidation
by reaction with oxygen and steam at an autogenous reaction
temperature within the range of 1800 to 3000°F In a compact
reaction zone free from packing, the improvement which com-
prises carrying out sald partial oxidation reaction at a pressure
in the range of 1000 to 3000 psig, generating sufficlent steam
for substantially complete converslon of carbon monoxide to
carbon dioxlide In a subsequent water gas shift by passing effluent
sas from said reaction zone at said reaction temperature into
direct contact with water at equilibrium vaporizatlon temperature
in a pgas guench zone maintained at substantially reactlon zone
pressure, passing effluent gas from said gas\quench zone into a
water gas shift reaction zone maintained at a\pressure within
the range of 1000 to 3000 psig and substantially equal to the
pressure of sald first reactlion zone effecting substantilally
complete conversion of carbon monoxide to carbon dioxide with
concomitant production of hydrogen, discharging effluent of
salid water gas shiff reactlon zone comprising hydrogen and carbon
dloxide, and separating carbon dloxlde from hydrogen in saild
effluent of said water gas shift reaction zone at substantially
sald water gas shift converslon reactlon zone pressure and re-
covering a hydrogen-rleh product therefrom at said reaction

zone presgsure,

2. A process as claimed in Clalm 1, wherein the
amount of oxygen supplled to saild reactlon zone 1s from 10.4

fo 14.4 standard cuble feet of oxygen per pound of hydrocarbon,
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3. A process as claimed in Clzim 1 wherein the relative
proporiicns of steam to hydrocarbons supplied to said reaction zone

is within the range of one pound of steam to about one to ten pounds

of hydrocarbon.

4, A process ag claimed in Claim 1 wherein carbon monoxide
and hydrogen is produced by partial oxidation in said reaction zone
at a rate in excess of 15,000 standard cubic feet per hour per cubic

foot of volume of said reaction zone.

5. 1In a process for the production of carbon monoxide and
hydrogen by direct partial oxidation of a liguid hydrocarbon with
oxygen wherein steam is supplied to the reaction zone in relative

proportions within the range of one pound of steam to from about 1 to

about 4 pounds of hydrocarbon and said reaction is carried out in a

compact reaction zone free from packing and catalyst autogenously

maintained at a temperature about 2,000°F, the improvement which com-

prises introducing said liquid hydrocarbon intimately admixed with
oxygen and steam into said reaction zone, maintaining a pressure above
1,000 psig and autogenously maintaining a temperature in the range

of 2200 to BOOOOF in sald reaction zone by supplying oxygem to said
reaction zone in an amount within the range of 1.6 to 1.9 moles of
oxygen per million Btu's gross heating value of said hydrocarbon li-
quid, discharging effluent gas containing carbon monoxide and hydrow
gen at said reaction zone temperatures from said reaction zone into

a gas-liquid contacting zone into direct contact at substantially
reaction zone pressure with water preheated to substantially equili-
brium temperature of said gas-liquid contacting zone and supplied
thereto in an amount in excess of the amount vaporizable by the heat
contained in said effluent gas, and passing resulting carbon monoxide

and hydrogen mixture containing added water
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vapor resulting from vaporizatlion of water by sald effluent
gas at the temperature and pressure of sald gas-water con-
tacting step directly into contact with water gas shift re-
adtion catalyst effecting conversion of carbon monoxilde to

carbon dioxlde at substantially saild reaction zone pressure.

6. A process according to Claim 5 wherein all

pressures are within the range of 1500 to 5000 psig.

16
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