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PRODUCLION OF SyNTHESIS gAsS 90830
(DF62,694-C3-F)

‘This inventlon relates to the process for the pro-
duction of carbon monoxide and hydrogen, or synthegils gas, from
liquid hydrocarbens by direct partial oxidation with an oxygen-
contalning gas. 1In one of 1ts more specific aspects, the present
Inventicn relates to a non-catalytlc process for generating syn-
thesls gas in whieh ligquid water 1s supplisd to the reaction zone
as a femperature moderator, In another of its more specific
aspects, the lnvention relates to the method of generating syn-
thesis gas by dlrect partial oxldation wherein water is mixed

10 with hydrocarbon oll and the mixture 1is charged toc a reaction
zone in liquild phase and reacted with oxygen at an autogenous
temperature in the range of 1800° to 3200°F.

The generation of carbon monoxide and hydrogen, or syn-

thesls gas, by non-catalytic reaction of hydrocarbons with oxygen

TE or oxygen—enriched air, opticnally in the presence of steam, is

A known. Partlal oxidatlion of liquid hydrocarbons, especially heavy

o fuel oils, is a highly economleal method of producing synthesis
gas 1n quantity. In the partial oxidation process, lliquid hydro-
carbon is reacted wlth oxygen and steam 1n a closed, compact re-~

20 action zone in the absence of catalyst or packing at an autogenous
temperature within the range of about 1800 to 3200°F, praferably
in the range of about 2200 to 2800°F. The hydrocarbon oil is
usually partly or completely vaporlzed and mixed with or dispersed'
in steam, The hydrocarbon oil and steam are usually preheated to
a temperature in the range of 500 to 800°FR, génerally to a tempe-
rature of at least H600°F, whereas oxygen usually is not preheated.
The reaction zone is usually maintained at a pressure above about
100 pounds per sguare 1lnch guage, e.g. 600 to 1000 pslg: recent

trends are toward hlgher operating pressures up to about 2500 to

30 3000 psilg. The product gas sbtream consists primarily of carbon

monoxide and hydrogen and contains relatively small amounts of
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carbon diloxide, methans and entralned carbon, Solid carben pro-

I
duced in the process 1s liberated in very fine partlicle form

which is8 easily wet by water. |

The amount of oxygen supplled to the reaction zone 1s

limited so that near maximum ylelds of carbon meonoxilde and hydro-

gen are obtained. Usuwally 1t Is preférable to employ high purity
oxygen, l.e., uxygeh-rich gas streams contalining in excess of G5
mol per cent oxygen. Suech oxygen concentrates are readlly avail-
able from commercial oxygen plants.-

Product gases issulng from the gas generatlon reactlon
zone contain a large quantity of heat. The heat may be employed
advantageously to convert water to steam either by direct con~
tacting of the hot gas stream with water or by passing the hot
gas stream through a sultable heat exchanhger, such as a waste
heat boiler,

Generally it is deslrable to operate the synthesis gas
generator so that about two per cent of the carbon contained in
the hydrocarbon supplied £o the gas generator is liberated as
free carbon whlch ig entralned in the product gas leaving the
gas generator. Entrained carbon in the synthesis gas'stream is
effectively removed by contacting the gas stream wilth water in a
sultable gas-1liquid contact apparaﬁus, for example a spray tower,
bubble plate contactor, or packed column.

We have now discovereé that improved results may be
obtained by dispersing water in hydrocarbon oil feedstock and
Sﬁpplying the mixture in liguld phase directly to the reaction
zone. The process of the present invention represents an im-
provement therefore over the conventlonal synthesis gas genera-
tion process as described hereinabove. Although varlous hydro-
carbon liguids are sultable as feedstocks for the process, hydro—
carbon olls having an API gravity less than 1C°® API are preferred.

Heavy fuel olls which are sultable for use in the process include
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for example, heavy distillates, residual fuel oil, bunker fuel
0ll and No. 6 fuel o0il. Preferably the hydrocarbon liquid feed-
stocklhas an initial bolling point above the bolling point of
watér, suitably above 250°F. The fuel oll may be preheated prior
to mixing the oil with the water, but in any event the preheat
should be limited to a temperature below the boilling point of
water at the pressure under which mlxing takes place.

The hydrocarbon oll feedstream which 1s mixed with
water may comprise & slurry of carbon in oil, The water may com-
prise a slurry of carbon in water, e.g. & slurry obtained as a
result of scrubblng product gases [rom the synthesis gas genera-
tor. The mixture of water and oll is substantially unvaporized
prior to its introductlon to the synthesis gas generator.

Advantages of the process as compared with conventional
methods are many. TFor example, it ls unnecessary to generate
steam for the synthesis gas reaction, and it is possible to
operate the synthesis gas generator wlth reduced amounts of water
and at lower temperatures. Réduction of water in the feed to the
process results in less steam, or water vapor, in the product gas
stream. An advgntage of the low content of steam in the product
gas 1is realized when a vwaste heat boller is used to cool the pro-
duct gas and thereby generate steam. In such cases, the product
gas stream 1s cooled only to a temperature above the dew point
at the prevalling pressure to avold condensation of water with
resultant wetting and corrosion of heat exchanger surfaces and
adhesion of carbon thereto.

Figure 1 of the accompanylng drawings 1s a diagrammatlc
elevational view of a suitable arrangement of apparatus by which
a preferred embodiment of the process of this invention may be
carried out. ‘

Figure 2 is a longltudinal view, partly in cross-section,

of a burner structure suitable for uwse in the process of the pre-

sent invention.
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With reference to the drawings, hydrocarbon oil
feedstock from a suitable source of supply, not ”?1ustrated,
is.fed through line 5 by pump 6 to line 7. In a?Preferred
embodiment, water from a suitable supply source, e.g. line
11 and pump 12, is injected into the oil in line 7 ferming a
dispersion of water in oil which is supplied to burner 8 of
synthesis gas generator 9. Oxygen frem a suitable scurce of
supply enters the burner 8 through line 10. The mixture or
dispersion of water in oil from line 7 is discharged in liquid
phase from burner & into gas generator 9 into admixture with
oxygen from line 10. A suitable burner structure is illus-
trated in Fig. 2, described in detail hereinafter. Cooling
water is supplied to the burner through line 14 and discharged
through line 15 to prevent overheating of the burner tip,

Synthesis gas generator 9 comprises a cylindrical
pressure vessel 16 with refractory lining 17 defining a cylin-
drical, compaét, unpacked reaction chamber 18. A feaction
mixture from burner & coﬁprising cil, water and oxygen, is
injected axially into the upper end of reaction chamber 18
through a suitable inlet passageway 19. Products of reaction
are discharged axially from £he lower end of reaction zone 18
through an outlet passageway 20 into transfer line 21 provided
with a refractory lining 22.

In the reaction zone 18 of synthesis gas generator 9,
the mixture of oil, water and oxygen reacts at an autogenous
temperature above 1800°F, e.g., a temperatufa in the range of

2200 to 2800°F, producing synthesis gas comprising carbon

monoxide and hydrogen and containing minor amounts of other

gases and solid carbon,
The relative proportions of o0il, water and oxygen are

carefully regulated to convert substantially all of the carbon
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content of the hydrocarbon olil o carbon monoxlde and to malintain

I
an autogenous reaction zone temperature Iin the range;pf 1800 to

3000°F, preferably in the range of 2200 to 2800°F. &mall amounts
of freé carbon, e.g£. one to five per cent of the car Pn in the
0il feed stream from line 7,. 1s contailned in the proiuct gas,
Also, small amounts of carbon dioxlde, e.g., five to seven mol
per cent of the product gas, dry basls, appear 1n the synthesis
gas product. Usually, from ninety to nilnety-two per cent of the
carbon in the hydrocarbon feed stream 1s converted directly to
carbon monoxlde. At least a part of the carbon dioxlde appearing
in the product gas is the result of the water gas shift reaction.
A small amdunt of methane, e.g., 0.2 to 0.5 mol per dent, dry
basls, 1s usually alsc pfesent in the product gas stream. Some
nitrogen and argon may also be included in the product gas, de-
pending upon purlty of the oxygen supplied to The process.

Any ash contalined in the hydrocarbon oil, for example,
ash liberated In the conversion of a heavy reslduum to synthesis
gas, 1s discharged from the lower part of reaction zone 9 as a
molten ash or slag which is accumulated in slag chamber 23, de-
pendent from transfer line 21, Molten ash from line 21 drops
into a pool of water 24 maintalned in slag accumulateor 23.which
effects quick coolling of the hot molten ash from the generator
forming granular solid particles. Waterils supplied to the slag
aceumulator 23 as required by pump 24 through a control valve 26
and line 27, suitably in response to a liquid level control 28,
Accumulations of solid material, for example, carben from the gas
stream, scale, and solidififed slag or ash from the fuel, may be
withdrawn perlodically from the lowermost portion of the slag
accumulation zone 23 through line 29 controlled by valve 30.

Hot product gases leaving the gas generator through line
21 and substantlally free from ash or slag from the fuel but still

containing entrained carbon particles i1s passed upwardly through

~5-
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2 waste heat boliler 32 wherein the gas stream 1s coo}ed to a tem-
perature above 1ts dew point, e.g., 1n the range of 4;0 to 600°F,
generating high pressure steam which is deldivered from steam drum
33 through 1ine 3% for process use, Water for the w%%te heat
boller is supplied as reguired from line 35 to mud drum 36 by
pump 37.

Cooled products from waste heat boller 32 are passed
through transfer line 38 to a gas-liguid contactor 39, inte which
water is injected from line 41 through injectlon nozzles 42 from
a gource described hereinafter. Intimate contact between product
gas from line 38 and water from line 41 is effected in contactor
36, sultably a Qenturi contactor in which the gas stream is accele-
rated and water injected into the accelerated gas stream at the
venturi throat from a plurality of nozzles 42, two of which are
illustrated dilagrammatically in the drawing; such contactors are
known in the art,

The resulting mixzture of gas and water formed 1n con-
tactor 39 1ls dilrected into séparator 43 yherein a separation is
made between cooled, clean product gas and water containing carbon
removed from the product gas stream. Separator 43 1s sultably a
eyclone-type vessel from upper end of which clean gas is discharged
centrally and axlally to line R4, Fresh water, sultably condensate
from the process system, 1s introduced to serarator #3 through
line 46 by pump 47, suitably as controlled by a valve 48 respon-
sive to a liquld level control U49. Water-containing carbon sepa-
rated from the product gas stream accumulates in the lower portion
of separator 43, A slurry of carbon 1n water 1s withdrawn from
separator 43 through line 51. A part of the carbon-water slurry
15 recycled by pump 52 %o line 41 and Injection nozzles k2, The
remalnder of the carbon-water. slurry 1s passed through line 53

to carbon recovery facility 54, suitably at a rate determined by
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a rate of flow controller 55 and control valve 56. If desired,
water containing carbon may be passed by pump 57 through line 58
to iine 7 as part or all of the water required for making up the
0ll and water charge to gas generator 9, with the remainder of

the carbon-water slurry, 1f any, supplied to carbon recovery facl-
lity 54,

Carbeon recovery facilities sultable for use in the pro-
cess are known and are described in detail in U, S, Patents
2,999,741 to R, M. Dille et al and 2,992,906 to F. E. Guptill, Jr.
01l for the carbon recovery facllitles, suitably a part or all of
the oil required as feed for the synthesis gas generator, 1s sup-
plled to the carbon recovery facllity through line 5§. In the
carbon recovery facility, carbon is transferred from the water
slurry or dispersion %o the hydrocarbon oil thereby forming a
carbon-coll glurry. 011 and carbon slurry is withdrawn from the
carbon recovery facility through line 61 from which 1t may be
passed through line 62 for use as fuel or passed by pump 63
through line 64 into 1line 7 where it may be employed as part or
all of the oll required for the synthesis gas generation.

Clarified water 1s wlthdrawn from the carbon recovery
facllity 54 through line 66 from which 1t may be returned by pump
67 through line 68 to separator #3 or by pump 69 to line 58 and
line 7 as part or all of the water requlred for preparation of
feed for the synthesls gas generator,

Clean product gas from the synthesis gas generator dis-
charged from separator 43 through line U4l is passed ﬁhrough heat
exchangers 70 to a shift converter 71 containing a sultable shift
conversion catalyst, e.g., iron oxlde promoted with 5 to 15 weight
per cent chromic oxide.as promoter, Heat exchanger 70 is an in-
direct gas-to-gas type heat exchanger. The net heat effect of

the reactlons taking place in shift converter 71 are exothermle.
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The shift converter 71 operates at a temperature in the range
of 550 to 100CCF, preferably with outlet temperatures in the
range of 6504to TSOOF, and at substantially the same pressure
as the gas generateor 9 and waste heat boller 32. S8hifted syn-
thesls gas, consisting essentially of carbon dioxide and hydro-
gen, is discharged from shift converter 7} through line 72 and
passed through heat exchanger 70 to purification system 73.
Heat exchanger 70 serves to preheat gas from separator 43 to
the desired shift conversion reaction temperature. Purification
system 73 effects removal of water and carbon dioxide {and
hydrogen sulfide if present} from the shifted gas stream.
Hydrogen is delivered through line 74 as product of the process,

A number of shift conversion catalysts are available
commercially. Oxides and sulfides of iren, nickel, cobalt,
molybdenum, =zinc, copper and chromium are used in various
catalysts, some of which employ various combinations of these
materials, Preferred 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 chromium.

For the production of hydrogen or mixtures of hydrogen
and nitrogen suitable for the synthesis of ammonia, the product
gas from the partial oxidation reaction is cooled, treated for
removal of carbon, subjected to the water gas shift reaction,
and purified by remeval of carbon dioxide, water vapor or steam,
hydfocarbons, argon, etc,,; to yield pure hydrogen or a mixture
of hydrogen and nitrogen substantially free from other consti-
tuents. In the water gas shift reaction, gés from the synthesis
gas generator, mixed with steam, is passed over a catalyst to
effect reaction between carbon monoxide and stcam to produce
hydrogen and carbon diox?de. For the synthesis of ammonia, pure
hitrogen obtained by liquefaction and rectification of air
usually is added to-the purified stream of hydrogén.

One method of removing meost of the minor impurities

from hydrogen, following removal of carbon dicxide and water, is

8-
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by washing the hydrogen stream wlth substantially pure liquid
nitrogen. Substantially pure nltrogen can be produced in the
oxygen plant. Some of the liquid nitrogen 1s vaporized inte the
hydrogen to form the nlirogen-hydrogen mixture required for
ammonia synthesis. At the same time, higher boiling c0nst1tutents,
e.g., argon, methane and carbon monoxide,are condensed and with-
drawn wlth the unvaporized portlon of the llguid niltrogen wash.
Washing the'hydrogen stream with liquild nitrogen produces a
mixture of niltrogen and hydrogen, substantially free from other
gases, especlally advantageous for ammonia synthesils, The nitro-
gen wash 1is particularly sultable for use In the generation of
ammbnia synthesis feed gas by partial oxidation of hydrocarbons.

With reference to Fig. 2, a mixer-burner structure
sultable for use as burner 8 of Fig., 1 for carrying out the method
of this invention 1s shown 1n detall. This burner structure com-
prises a cylindrical steel conduit 75 provided with a flange 76
at one end and a water—cooléd tip structure 77 at the other end.

A mounting flange 78 intermedlate the two ends of the eylindrical
shell permits attachment of the burner to vessel 16 of Pig. 1.

A flanged nozzle 79, intermediate flanges 76 and 78, provides an
inlet for reactants to condult 75.

A second tubulay conduit'BO is contalned within the
outer conduit 75 and is uniformly spaced btherefrom by gulde spacers
81 to provide a uniform, annular passageway 82 between the two
conduits. JInner conduit 80 has a flange 83 at one end, and a tip
sectlon 84 at the other having an axial outlet port or orifice 85.
A mounting flange 86 Intermediate the two ends of inner conduit
80 cooperates with flange 76 of outer condult 75 to hold the con-
dulits in fixed relation to one another. Suitably, the area of
the outlet port Bl is one fourth to one half the free cross-sec-
tional area of condult 80. Tip portion B4 of conduit 80 1s also

tapered externally to provide & substantlally uniform passageway

...9..



-~ §90830

or outer discharge port 86 between the cuter zurface of tip 83

and the inner surface of tip 77 for discharge oI gaseous react-
o ants 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 10 for fast, uniform

mixing of reactants and uniform reacticn within the reaction

chamber, |

The burner tip structure 77 contains a passage 90

. surrounding outer discharge port 88 for cooling the burner tip,

10 Cooling water is supplied tb passage 90 through line 14 circu-
lated around the burner tip through passage 90 and discharged
through line 15.

In operation, a mixture of liguid hydrocarbon from
line 5 and water from line 11 is supplied through the interior

of conduit 80 to tip 84 and discharged into reaction zone 16

through cutlet port 85, At the same time, oxygen from line 12
,% is intréduced through inlet 79 to annular passageway 82 and
: discharged through annular port 88 at high velocity relative
to the velocity of the stream of water and oil discharged from
} 20 port 85. The converging annular stream of gaseous reactants
discharged from port 88 impinges upon the stream of liquid
discharged thrcugh port &5 at high veleocity with the result
that the water and liquid hydrocarbon are intimately dispersed
in the oxygen and form a homogenous reaction mixture substan-
tially at the point of discharge of reactants from the burner
into the reaction chamber 16. The mixture éf reactants under-
goes lmmediate reaction at reaction zone temperatures of 1800
to 3000°F with the liberation of sufficient heat to maintain
an autogenous temperatufé in the reaction zone in the range of

30 1800 to 3000°F,

10w
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The converging annular stream of oxygen is prefer-
ably discharged at relatively high velocity, for example a
velocity above about 200 feet per second, suitably in the
fange of 200 to LOO feet per second, axially into reaction
zone 18, The oil and water mixture supplied to the burner

through line 7 is discharged centrally and axially into the

converging stream of oxygen. Confluencs of the streams with

one ancther results in the formation of an intimate mixture

of oxygen and highly dispersed droplets of water and hydro-
carbon liguid. The velocity of the water and oil stream at
the point of discharge into the stream of oxygen is preferably
in the range of 5 to 40 feet per second., The relatively high
#elocity differential between the oxygen stream and the stream
of water and liquid hydrocarbon results in efficient and

highly effective atomization of the liquids.
EX/MPLES

Synthésis gas 1s generated by partial oxidation of

hydrocarbon fuel oil admixed with water by non-catalytic

reaction with pure oxygen in an unpacked reactor having an

internal volume of 1.85 cubic feet. In the following examples,
both the water and oil feed mixtures and the oxygen are

supplied to the reaction zone at 250°F. The reported data
are ceomputer processed results based on operating data obtained

from trial runs,

-11-~
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Example No. 1 2 3 "
Operating Conditions

Pressure, psig 300 600 1200 2400

Temperature, OF 2670 2483 2373 2120

Residence Time, Secs. 1.37 2.17 3.01 4,11
Feed Rates

Oxygen, SCFH 4,538 5,770 8,375 12,824

0il, Lbs/Hr 336.9  L4R,65  656.36  1,082.3

Water, Lbs/Hr 84.2  110.66 164.1 270.6

Jater/0il, Lb/Lb 0.25 0.25 0.25 0.25

Oxygen/0il, SCF/Lb 13,47 13.04 12.76 11.85
Product Rates

Dry Gas, Moles/Hr 42.49 56.52 84,04  137.17

Carbon, W&, % )

of C in feed ) 2.0 2,0 2.0 2.0
Product Gas Composition, Mole %

Steanm 6.90 5.52 4,92 3.06

Hydrogen 39,62 40,95 41.36 41 .61

Carbon Monoxide 50.00 50.26 50.56 50,76

Carbon Dioxide 2.91 2.66 2.37 2.29

Nitrogen 0.26 0.26 0.26 0.26

Methane 0.01 0.05 0,23 1.74

Hydrogen Sulfide 0.28 0.28 0.28 0.29

Carbonyl Sulfide 0.02 0.02 0.02 0.02
0,/H,+C0 (SCF/MSCF) 292.8 R78.7 271.6 258.7

-12-
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The embodiments of the inventlion in whiéh an exclusive

property and privilege 1s claimed or deflned as follows:

1. In & process for the generation of carbon monoxlde
and hydrogen by direct partial oxidation of hydrocarbon liquid
wherein sald hydrocarbon is subjected to reaction with free
oxygen and steam at an autogenoﬁs.temperature in the range of
1800 to 3000°F. in an unpacked reaction zone, the improvement
of which comprises introducing said hydrocarbon inteo sald reaction
zone in admixture with water in liguid phase in an amount Buf:
flcient to supply substantially all of said steam for said re:
action into admixture with an oxygen-rich gas in relative
proportlions effecting substantially complete convefsion of sald

hydrocarbon to carbon oxides and hydrogen and autogenously

maintaining sald temperature,

2. A method as defined in Clalm ] wherein saiad

reaction 1s carried out in the range of 100 to 3000 paig.

3. A process as defined in Claim 1 wherein said
mixture of water and hydrocarbon llgquld ls = weter in oll

emulsion.

4. A process according to Claim 1 wherein said
oxygen~rich gas comprises at lesst 95 per cent oxygen

by volune.

5. A process according to Clalm 1 whereln said
mixture of hydrocarbon liquid and water is preheated to a
temperature below the vaporization temperature of water at

the preasure existing within ssid gas generation zone prior

Ye

to iIntroduction of said mixture Into said reactlion zone.

13



spyas P2oH m
[P0, m A w
o 29 £ \ 3
h-m; - } A m
b J . Z.. N
24 Nh.m. oz —L_ JJ/ ﬂ X
= O o A PEE _ &
s [ 1% [
ob = % _ e
im_vu = 7o
\M\.\\.\\UN\ %.W -+ m.N
BIRAZY OGS =
T = ENYH
BS  wegrarpizoy - ) 97
Hv o =837 12 e m\) #
& = 7
: - WETETT d ﬁ\llwlnv_ g
3/ A1 | &
GE LE SF 91, i
9r. Q\ i “
'el () n I
— L »
7 ! SEANPE O S o
HA LI i o4 L, oy
s %M NV. —r T | i
s 1 o7 LR
» 3 &
£2) 3 66 FE sorporr> gyt 1
o oL e
DOy L
| ~ th
(%) 0






