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SYNTHESIS OAS GENERATION
(DL 123 F)

The present lnvention relates generally to a synthesis
gas generation process, and speclfically to a process fof the
reaction of a ligquid hydrocarbon with an oxildang gas stream {e.g.
air, oxygen-enriched gas, or substantially pure oxypgen with or
without steam) to produce a mixture of gaseous products compris-
ing carbon monoxilde and hydrocgen, useful as a synthesls gas, fuel
gas, or as a source of hydrogen for various purposes.

The partial oxidation of ligquid hydrocarbons to form
carbon monoxlde and hydrogen, together with more or less carbon
dioxide, water vapor, l{ght hydrocarbong and free carbon 1s known
in the art. The hydrocarbons are converted to carbon monoxilde
and hydrogen by reaction wlth steam alone or with a mixture of
oxygen and steam, at an elevated reactlon temperature sufflclent
to convert the hydrocarbon substantilally completely to filxed gases
comprlaing malnly carbon monoxide and hydrogen.

In the Texaco Synthesis Gas Generation Process for gen-
erating gases from heavy olls, the oils are atémized,by mixing
with superheated steam in highly turbulent flow through a pre-
heat system. The resulting fuel-steam mixture 1s then mixed with
an oxidizing gas (air and/or oxygen) in the form of jets inject-
ing from a burner %ip into a generator wherein the reaction zone
temperature 1s maintained within the range of about 1800° to
about 3500°F. at a level where the reaction goes nearly to com-
pletlon rapldly.

Satilsfactory atomizatisn of the fuel and flow of the
mixture through the feed system have been maintained with steam-
01l ratios as low as C.25. Lower steam-oil ratios are of inter-
est where low water content synthesis gas is to be used as a
supplementary feed to a blast furnace.

In accordance with the present invention, the reactants
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are brought together in a novel manner whilch has been found to
produce superlor results in the gasification of liguid hydrocar-
bons,

In the process of this inventlon, the hydrocarbon 1s
injected at a burner tip into an annular stream of an oxldizing
gas, such as enriched air or even oxygen alone or mixed with
steam. Hereafter, this mixture will be referred to as the "oxy-
gen-steam” mixture. (Equivalent oxidizing gases can be used in
the process, also.) The ensuing shearing actlon by the oxygen-
steam mixture disperses the oil uniformly in this mixture to form
& substantially homogeneous dispersion having the appearance of
a migt as 1t leaves the burner tip and immediately enters the
reaction zone in the generator.

It is an obJect of this inventlon to providé carbon-
aceous liquid subdivided into droplets of sufficlent minuteness
to permit optimum intimacy of contact_with the other reactants
in a synthesis gas generation process.

This and other objects and advantages of the invention
will be apparent from the followilng deseriptlon when taken in
connection with the accompanylng drawing wherein:

Flg. 1 is a general lllustration of a burner assembly
in position; and

Flg. 2 15 a diagrammatlc longitudinal cross section
through the burner tip showing the burner face cooling chamber,

The process of the present invention contemplates the
solutlon to the problem of the thermal or pyrolitic decomposi-
tion and/cr polymerization of hydrocarbon liguids prior to the
chemlcal interaction with other reactants in a synthegis gas
generation process.

Referring to the figures in the drawings, in Fig. 1,

the burner assembly ls indicated generally at A, with the burner
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tip at B, an expansion joint assembly at C, the mounting flange at
D, the oxygen-steam mixture inlet at E, and the hydrocarbon fuel
inlet at F. One of the coolant connections 1s disclosed at G,

the other being located diametrically opposite.

In Fig. 2, the burner tip at B, included in coassigned
U.5. Patent No. 2,928,460, is shown in cross section, with the
inner conduit, indicated at 10, providing the hydrocarbon fuel,
and having an outlet therefor at 11, and with diametrically spaéed
locking lugs indicated at 12, 12. An outer conduit 13, ending in
an orifice 14, is locked in spaced relationship with the inner
conduit 10 to define an annular passage, indicated at 15, which
leads to the orifice at 14. The annular passaée lﬂrconverges in-
wardly in the shape of a hollow, right cone to accelerate the
oxygen-~steam mixture discharged therefoem, with the conical angle
indicated at X and being in the range of 30° to 45°. The orifice
14 is surrounded by a face éooling chamber indicated at 16, to
whlch an appropriate coolant is provided by coolant tubes. The
outer conduit 13 carries complehentary locking lugs indicated at
17, 17 and 18, 18, which coact with locking lugs 12, 12 &0 restrain
extensive longitudinal movement of the inner conduit. - All the
locking lugs may be integral with their respective conduits or
welded thereto. Radial spacers may be used alternatively so long
as the conduits are restrained from excessive differentlal movement
along the longitudinal axis.

The outer conduit 13 also carries a plurality of spacer
pins 19, indicated as four in number in the drawings, which serve
to locate the inner conduit in spaced relationship to the outer
conduit.l These spacer pins also may be integral with the outer

conduit or affixed thereto in some other suitable manner, as by
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press fitting into bore holes and then plug welded, as disclosed
herein.

The disclosed apparatus is subjected to severe tempera-
ture operating conditions, not only being disposed adjacent the
reacfion zone where the synthesis gas generaticn proceeds desir-
ably at above 2000°F., and frequently as high as 3500°F,, but
also conveying reactants which are preheated to relatively high
temperatures, e.g. above $O0°F., prior %o their discharge into
the reaction zone. Consequently, structural provision, disclosed
at C, FIG. 1, is made for the high differential expansion and con-
traction of the several elements of the burner, arising not only
from exposure of the burner to radiation from the nlgh tempera-
ture reactlon zone but alsc from the flow of preheated gases,

Preferably, the steam 1s superheated toc about 900° -
1000°F. prior to intermixing with the oxldizing gas, whieh also
may be heated (e.g. about 300°F,) to result in a mixture at an
intermediate temperature, perhaps 500°F. so that there is sub-
stantially no condensatlion of the steam. The hydrocarbon fuel,
l.e. 611, may be preheated so as to be pumpable, or remain at
amblent temperature, when injected into the annular oxygen-steam
stream.

It 1s known that liguid streams are dispersed into fine
droplets of controlled size with an average diameter in the range
of 25 mierons by the shearing action of relatively high velocity
gas Jets or streams, The disperslon results from the relatively
great difference in the dellvery speeds between the gas and
iiguid. The shearing action of the high velocity gas stream on
the relatively low speed liquld stream draws cut fine streamers
of liguid from the main stream oi the liquid. Eventually, the

streamers collapse 1nto individua} droplets under the force of
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surface tension. The oxygen-steam mixture flows at gpeeds up to
U00 feet per second, while the lilguid hydrocarbon fuel is furnish-
ed at speeds of flow as low as 5 to 10 feet per second.

The hydrocarbon fuel, 1n the form of liguid oil 1s fed
to the burner in a steady single-phase flow, independent of the
amount of steam fed with oxygen. By using the oxygen to assist
in the atomlzatlon of the fuel, the quantity of steam required is
reduced so that a low water content synthesis gas is produced.

The liguid fuel should be injected near the loecation of the high-
est flow velocity of the stream of the oxygen-steam mlxture,

elther axlally, radially or tangentially so as to subject it to

the action of a gas stream with a relative veloclty greater than
200 feet/second, although higher speeds are desirable. Although
the oxygen-steam stream is diselosed as a hollow right cone, the
area of impact of the liguid and gas streams should be where the
greatest relative velocity occurs, and so the shape of the passages
should be selected fto achleve this result.

Thus, there hae been shown and described a novel syn-
thesis gas generatlon process wherein a dispersion of fuel, oxi-
dizing pgas and steam 1s provided to a reaction zone of a generator
having a temperature in the range of about 1800° to about 3500°F.
the dlsperslon occurring when a liguid hydrocarbon is injected at
relatively low speed into a relatively high speed, converging
annular gas stream, with droplets of the llguid of controllied size
belng disposed uniformly downstream and having an average diameter
in the range of 25 milcrons.

Other modiflcations and variations of the lnvention, as

hereinbefore set forth, may bte made without departing from the
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5pirlit and scope thereof, and therefore oniy such limitations

should be imposed as are indicated in the appended claims.
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The embodiments of the invention in which an
exclusive property or privilege is claimed are defined as
follows: |

1. Ina procesé for reacting a hydrocarbon fuel
with an oxidiziné gas in predetermined proportions to produce

& wixture of gaséous products by partlal oxidation of said

fuel, the 1mpfovement which comprises infroducing sald fuel

in liquid form into a stream of an oxidizing gas, introduc-
ing sald dispersion immediately thereafter into a reaction
zone, and effecting sald partial oxidation therein at a
temperature within the range of from about 1800° to about
3500°F, said oxidizing gas beilng dlscharged thrbugh an
annuiar conduit as an annular stream converging into the
shape of a hollow right cone having an apex angle in the
range of 30° to 45° as said oxidizing gas comes into con-

tact with sald fuel,

2. A process as defined in Claim 1, wherein saild
dispersion ig formed by providing said oxidlzing gas at a
relative velocity 1n excess of 200 feet per second with

respect to the velocity of said fuel.

3. A process as defined in Claim 1, whereln said

oxidizing gas includes steam.

4. A process as defined in Claim 1, in which
sald oxldizing gas is éubjected to preheating, and above
the temperature required to maintain the steam substantially

in vapor phase at the existing pressure.
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5. A process as defined in Claim 1, wherein said
fuel is disposed uniformly throughout said dispersion with
droplets thereof having a coﬁtrolled average diameter in

the range of 25 microns,

6. A process as defined in Claim 3, wherein the
amount of steam is controlled to produce a low water content
synthesls gas as sald mixture of gaseous products from said

partial oxidation.
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