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This invention relates to a method of dispersing a
powdered solid in a gasiform fluid. In one of its more
specific aspects, this invention relates to a method of
charging a finely divided solid reactant into a reaction
zone and thoroughly admixing the solid within the reac-
tion zone with a gasiform reactant. This invention is
particularly applicable to the generation of a mixture of
carbon monoxide and hydrogen by reaction of a solid
fuel, for example, coal, with oxygen.

Gas mixtures consisting essentially of carbon monoxide
and hydrogen are commercially important as a source
of hydrogen for various reactions and as a source of feed
gas for the synthesis of hydrocarbons, oxygenated or-
ganic compounds and/or ammonia. At the present time
there is a great deal of interest in the commercial de-
velopment of coal gasification processes in which the coal
is reacted with relatively pure oxygen and steam to pro-
due a mixture of carbon monoxide and hydrogen. The
carbon monoxide may be readily converted to hydrogen
by the so-called water gas shift reaction which involves
reaction with steam at a temperature on the order of
700 to 800° F. in the presencé of a suitable catalyst,
such as iron oxide.

The present invention is directed to improvements in
the gasification of solid fuels by reaction with a gaseous
reactant. It is particularly applicable to generation of
carbon monoxide and mixtures of carbon monoxide and
hydrogen from a solid carbonaceous fuel. Suitable solid
carbonaceous fuels include lignite, anthracite, bituminous
coal, and coke. My invention is particularly suitable for
reaction of a powdered solid carbonaceous fuel with
oxygen and steam in a flow-type gasification reaction sys-
tem. In the flow-type reaction system, solid particles
are gasified while dispersed in the gaseous reactants and
gaseous products of reaction. Gasification of a solid
carbonaceous fuel with an oxygen-containing gas is usual-
ly conducted at a temperature within the range of 2000 to
3000° F., preferably 2200 to 2800° F. A compact, un-
packed reaction zone is preferred. The reaction may be
carried out at atmospheric pressure or at an elevated
pressure on the order of 100 to 500 p. s. i. g. or higher.

Air may be used as the source of free oxygen. Pref-
erably, the oxygen-containing gas contains in excess of
40 percent oxygen by volume, ¢. g., oxygen-enriched air.
Substantially pure oxygen is often preferred, particularly
in those cases in which it is desirable to produce a nitro-
gen-free product gas stream, e. g., hydrocarbon synthesis
feed gas, fuel gas, or hydrogen. The reaction between
free oxygen and carbonaceous fuel is exothermic. In
addition to oxygen, steam is generally supplied to the re-
action zone. The proportions of free oxygen and steam
are such as to maintain the desired reaction temperature
autogenously. Instead of steam, or in addition to it,
other reducible oxygen-containing compounds may be
supplied to the reaction zone, as for example, carbon
dioxide or any of various reducible metal oxides, particu-
larly oxides of iron, copper and zinc. In general, if a
nitrogen-free produgct is desired, it is advantageous to con-
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duct the gasification reaction with a mixture of steam
and pure oxygen as the gaseous reactants. .

It is desirable to conduct the gasification reaction in
a well-insulated reactor and to preheat the reactants. The
reactants are preferably preheated to a temperature above
about 600° F. Some reactants, e. g., steam and carbon
dioxide, may be heated to a temperature on the order of
1200° F. or higher without difficulty. Others, for ex-
ample, high purity oxygen, may not be highly heated
without undue expense or hazard. It is desirable that
the oxygen be heated to a temperature as high as practi-
cal. Generally, however, it is not feasible to preheat
commercially pure oxygen to a temperature above about
600° F. to 800° F.

In practice, the quantity of oxygen (from all sources)
required for the conversion of a carbonaceous fuel to
carbon monoxide (and hydrogen) is in excess of the
amount required theoretically for conversion of all of the
carbon in the fuel to carbon monoxide but substantially
less than the amount required to convert all the carbon
in the fuel to carbon dioxide. When coal, for example,
is gasified with steam and oxygen in a continuous, self-
sustaining reaction, the amount of free oxygen required
is generaly on the order of 60 to 100 percent of the
amount theoretically required to convert all of the carbon
in the fuel to carbon monoxide, the remaining oxygen
being supplied by the steam. Similar results are obtained
when carbon dioxide is substituted in whole or in part for
steam. The generator may be operated to yield a product
consisting essentially of carbon monoxide and hydrogen
and containing only a relatively small amount of carbon
dioxide.

Powdered solid fuel may be effectively preheated prior
to its introduction into the gas generation zone by form+
ing a dispersion of the solid fuel in a suitable gasiform
carrier, preferably steam, and simultaneously preheating
both the carrier and the solid fuel by passing the dis-
persion through a heating zone, preferably, an externally
heated helical coil. By this means, it is practical to read-
ily heat steam and powdered coal, for example, to a
temperature within the range of 600 to 1200° F. It is
often advantageous to employ more steam in the forma-
tion of a dispersion than is ordinarily required or desir-
able in the reaction. The excess steam is separated from
the solid fuel prior to introduction of the fuel and part
of the steam to the generator.

The reaction of carbonaceous fuel with oxygen to pro-
duce high yields of carbon monoxide and negligible
amounts of carbon dioxide presents problems not usually
encountered in combustion of fuel. In the first place,
it is essential to obtain very rapid and complete mixing
of the reactants. In the second place, the burner must
be so constructed that the reaction between the fuel and
oxygen takes place entirely outside the burner proper
within a suitable reaction zone.

The present invention solves the problem of rapidly
and intimately mixing the reactants in a novel manner.
In accordance with the present invention, finely divided
solid fuel particles are suspended in a gasiform carrier,
introduced tangentially into a vortex-forming zone, and
discharged axially from the vortex zone as a swirling
stream directly into the reaction zone. An oxygen-con-
taining gas, preferably free oxygen, is supplied to the
reaction zone annularly of said stream of dispersion.
The oxygen-containing gas stream is preferably charged
into the reaction zone in unidirectional unobstructed
flow. The centrally charged swirling stream of disper-
sion fans out into the path of flow of the oxygen-contain-
ing gas stream, the spirally moving particles of solid
being thrown directly into the surrounding annular stream
of oxygen-containing gas. In this manner, very rapid
and intimate mixing of the reactants is accomplished



http://ww. Pat ent Gopher.com

2,829,957

3

while, at the same time, the reactants are carried away
from the tip of the burner so rapidly that the burner tip
is protected from overheating.

The novel burner structure of my invention comprises
a vortex-forming zone or vortex chamber in which a
stream of solid fuel particles entrained in a carrier fluid
is given a vortical movement. This is accomplished by
tangential introduction of the stream of fuel particles into
a cylindrical or annular vortex chamber forming a part
of the burner structure. From the vortex chamber, the
swirling stream of particles is discharged axially through
a conduit, preferably smaller in diameter than the vortex
chamber, directly into the reaction zone. The conduit
through which the swirling stream of particles is trans-
ported from the vortex chamber to the reaction zone
preferably has a straight bore of uniform diameter, and,
preferably, is at least 10 diameters in length. This con-
duit may be flared at its discharge end. A second con-
duit, concentric with and surrounding the fuel supply
conduit, supplies a stream of an oxygen-containing gas
to the reaction zone. The two conduits preferably termi-
nate within the reaction zone in a single plane. Alterna-
tively the inner conduit terminates just within the outer
one, preferably at a point such that the angle defined by
the axis of the conduits and an imaginary line from the
axis touching the inner periphery of the terminal ends of
both conduits defines an angle of at least 45° and not
more than 90°,

The burner preferably discharges the reactants axially
into one end of a cylindrical reaction zone free from
packing or catalyst with an inlet at one end for the intro-
duction of reactants and an outlet at the opposite end for
discharge of products of reaction. Preferably, the reactor
has an internal surface area not more than 1.5 times the
surface of a sphere of equal volume. A cylindrical reac-
tion zone in which the length is at least equal to and not
more than three times the diameter is generally preferred.

The present invention may be more readily understood
by reference to the accompanying drawing which illus-
trates a preferred form of apparatus forming a part of the
present invention.

The drawing is an elevational view, partly in cross
section, showing a preferred embodiment of apparatus of
this invention in combination with a flow-type reaction
zone.

With reference to the drawing, the reactor comprises
a cylindrical pressure vessel 1 provided with a refractory
lining 2. At one end of the vessel, along its axis, is an
inlet nozzle 3 provided with a flange 4 through which the
burner is inserted into the reactor.
flange 7 attached to housing 8 cooperates with flange 5
to form a gas-tight seal between the burner and the pres-
sure vessel. The reaction zone is preferably free from
packing and catalyst. Reaction products are discharged
from the reaction zone at the opposite end from the burner
through a discharge nozzle 6.

Powdered solid and a gasiform reactant are separately
introduced into the reaction zone through a pair of con-
centric tubular burner conduits 10 and 11. A swirling
stream of solid particles in carrier fluid is introduced
through the passageway 12 in the tube 11. As illus-
trated, the passageway 12 is of uniform diameter. Pas-
sageway 12 may be flared outwardly at its discharge end.
Tube 11 has a straight section equal to at least 10 times
the diameter of passageway 12 to insure uniform dis-
tribution of fuel at the burnmer tip. Oxygen-containing
gas is supplied to the reactor through the annular passage-
way 13 between tubes 10 and 11. A cooling coil 17 sur-
rounds conduit 10 to protect the burner nozzles from over-
heating; liquid coolant is imtroduced to coil 17 through
line 18 and is discharged therefrom through line 19.

As illustrated, the concentric burner conduits or nozzles
10 and 11 terminate in a common planz normal to the
axis of the nozzles. As previously mentioned, the inner
nozzle may terminate a short distance within the outer
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nozzle. In this event, the discharge end of the inner
nozzle should be so situated, with respect to the end of
the outer nozzle, that a line from the axis of the conduits
touching the inner surface of both nozzles at their terminal
ends makes an angle with the axis of at least 45°. The
limiting angle is, of course, 90°, at which position the
nozzles terminate in a common plane.

Powdered solid fuel entrained in a gasiform carrier,
preferably steam, is introduced through conduit 20 into
a cylindrical vortex chamber 21 forming a part of the
burner. The stream of fuel particles is introduced tan-
gentially into chamber 21 at a velocity on the order of
100 feet per second or higher. Tangential introduction
of the dispersion into the cylindrical vortex chamber im-
parts a swirling motion to the dispersion. The coal par-
ticles are thrown outward against the periphery of cham-
ber 21 by centrifugal force. As illustrated in the drawing,
a preferred embodiment of the burner structure of this
invention, the vortex chamber 21 may take the form of
a cyclone separator.

Carrier fluid, substantially free from fuel particles, is
discharged through line 22. Outlet pipe 22 extends into
the vortex chamber 21 to a point beyond the point of intro-
duction of fuel and carrier fluid through line 20. A valve
23 is preferably provided in the discharge line 22 by
means of which the relative amounts of fluid discharged
through line 22 and through conduit 11 may be controlled.

The powdered fuel, together with at least a portion of
the carrier fluid is discharged through passageway 12
into the generator while still swirling at relatively high
velocity. The swirl motion imparted to the fuel particles
in vortex chamber 21 persists throughout the path of flow
of the powdered fuel through conduit 11. Upon leaving
the discharge end of conduit 11, the coal particles spray
out into the oxygen stream discharged through annular
passageway 13. This tendency for the fuel stream to fan
out into the path of the oxygen-containing gas stream
insures rapid and intimate mixing of the powdered fuel
and oxygen-containing gas at the point of discharge of
these reactants into the reaction zone.

Conduit 20, at the approach to the vortex chamber,
passes through a transition from a conduit of circular
cross section to one of rectangular cross section. In one
specific example, the transition is from a ¥ inch E. H.
pipe to a rectangular conduit having an internal cross-
sectional area of 1% inches by ¥ inch. This conduit
enters the vortex chamber with the longer side tangent
to the inner wall of the chamber.

It is desirable to impart a high velocity to the fuel par-
ticles entering the vortex chamber. The velocity of the
stream introduced through line 20 should be at least 100
feet per second and preferably is much higher. As the ve-
locity of the entering stream is increased, in a vortex cham-
ber of a given size, the more effective is the vortex cham-
ber in imparting a swirl to the stream of fuel particles
discharged through line 11. Increased velocity also im-
proves the efficiency of the separation of fuel particles
from the carrier fluid. In general, it is desirable to em-
ploy a vortex chamber of the smallest practicable diam-
eter to develop maximum swirl. High velocities in the
yortex chamber result in considerable pulverization of the
fuel particles.

High velocities may be developed at or immediately
adjacent the point of introduction of fuel and carrier fluid
to the vortex chamber. In accordance with a specific
embodiment of this invention a convergent-divergent (De
Laval type) nozzle is placed in line 20 immediately ad-
jacent the inlet to the vortex chamber. A nozzle hav-
ing an included angle on the discharge (divergent) side in
the range of about 8 to 24° is suitable. With a conver-
gent-divergent nozzle, supersonic velocities may be at-
tained.

Transition from the vortex chamber to the solids dis-
charge pipe is preferably gradual. A frusto-conical sec-
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tion having an apex angle or included angle in the range
of 12° to 30° is preferred.

At least a portion of the carrier fluid remains in ad-
mixture with the powdered fuel discharged through line
11 from the vortex chamber into the reaction zone.
Steam is generally used as the carrier fluid, coal or coke,
as solid fuel. Relatively complete separation of pow-
dered coal or coke from steam may be effected in the
separator. Relatively complete separation of powdered
solid from gasiform carrier may be made if the amount
of fluid separated from the mixture is limited to from
about 80 to 90 percent of the fluid in the dispersion.
In a specific example, a dispersion consisting of equal
parts by weight of steam and powdered coal is fed to
a burner constructed as illustrated in the drawing and
having a vortex chamber 4 inches in diameter. About
90 percent of the steam may be withdrawn from the
separator substantially completely free from coal parti-
cles. Concentrations of solid fuel particles in the sepa-
rated steam vary from about 0.1 percent by weight when
10 percent of the steam is separated to about 1 percent
by weight when 90 percent of the steam is separated.

By means of valve 23 it is possible to control the
amount of steam separated from the powdered coal with-
in the range of from about 5 percent to substantially the
full amount introduced through pipe 20. It is usually
not desirable to supply more steam than an amount equal
in weight to the weight of the coal.

A dispersion of coal in steam leaving the central tube
of a burner constructed as illustrated in the drawing fans
out, with no flow of gas through the annular passageway,
in the form of a cone having an apex angle within the
range of 60 to 100°. By way of comparison, the corre-
sponding solid angle of a jet discharged without induced
swirl from a straight pipe is less than 10°.

The method and apparatus of my invention has been
described throughout this application as applied to the
mixing of a solid fuel with an oxygen-containing gas.
It will be appreciated by those skilled in the art that both
the method and the apparatus disclosed herein are use-
ful for producing a rapid and intimate dispersion of solid
particles in gas in general. My method and apparatus
are particularly advantageous for rapidly and intimately
mixing a powdered solid with a gasiform reactant. For
example, the method and apparatus of this invention may
be employed in reactions between a powdered elemental
reactant, including metals, e. g., aluminum, magnesium,
iron, copper, lead and zinc, as well as other non-metals,
e. g., sulfur, phosphorus and arsenic, with a gasiform
oxidant, e. g., oxygen or a halogen. My invention may
also be applicable to the reduction of a metal oxide, e. g.,
copper oxide, with a gasiform reducing agent, e. g., hy-
drogen or carbon monoxide.

Obviously, many modifications and variations of the
invention, as hereinbefore set forth, may be made with-
out departing from the spirit and scope thereof, and there-
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fore only such limitations should be imposed as are indi-
cated in the appended claims.

I claim:

1. In the generation of a mixture of carbon monoxide
and hydrogen by reaction of a carboniferous solid fuel
with free oxygen in a reaction zone, the improvement
which comprises forming a dispersion of powdered solid
fuel in a gasiform carrier fluid, introducing a stream of
said dispersion tangentially into a cylindrical vortex-
forming zone having a straight longitudinal axis through-
out and positioned in close proximity to said reaction
zone, discharging a swirling stream of said powdered fuel
entrained in said carrier fluid axially of said vortex-form-
ing zone in straight line flow directly into said reaction
zone into an axially moving surrounding stream of gas
containing free oxygen effecting intimate mixture be-
tween said swirling stream of fuel and said free oxygen,
and subjecting said mixture to reaction in said reaction
zZone. '

2. A method as defined in claim 1 wherein the rela-
tionship between the vortical velocity and the axial veloc-
ity of said swirling stream discharged from said vortex
zone is such that said stream in free flow, with no an-
nular flow of gas, takes the form of a cone having a solid
angle within the range of 60° to 100°.

3. A method as defined in claim 1 wherein said carrier
fluid is steam.

4. A method as defined in claim 1 wherein the swirling
stream of solid discharged axially of said vortex-form-
ing zone is of smaller diameter at its point of discharge
from said zone than the maximum diameter of said vortex
zone.

5. A method as defined in claim 1 wherein a portion
of said carrier fluid substantially free from said solid is
withdrawn from said vortex zone.
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