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g Carbon monoxide and hydrogen are useful, either alone
o 2,879,148 or in admixture with one another, for the red.uction of

G procESS FoR THE PRODUCTION OF CARBON bor of commersial procetses mach o e e & U

= MONOXIDE FRCM A SOLID FUEL ; ; . y

c 5 monia, hydrogenation processes, catalytic conversion of
QHarold V. Atwell, Beacon, N.Y., assignor to The Texas petroleum hydrocarbons, etc. Carbon monoxide is read-
‘g Company, New York, N.Y., a corporation of Delaware ily converted to hydrogen by the. so-_cal]ed water gas shift

D'Ori inal application May 31, 1952, Serial No. 290,921, process in which carbon monox1d.e is reacted with steam
 how Patent No. 2,761,772, dated September 4, 1956, {0 produce hydrogen and carbon dioxide. .

% Divided and this application December 6, 1955, Serial As previously mentioned, air, oxygen-enriched air or

No. 551,387 commercially pure oxygen may be used in gas genera-

- . tion. Commercially pure oxygen is preferred for the

- 4 Claims. (Cl. 48—206) generation of gases in those instances in which nitrogen is
o undesirable in the product. In generating gas for am-
+— This invention relates to a process for the generation 15 monia synthesis, oxygen-enriched air may be preferred.
+of carbon monoxide from a solid carbonaceous fuel. In For the production of maximum yields of carbon mon-

Lone of its more specific aspects, this invention relates to oxide and hydrogen in the flow-type generator, the tem-
an improved method for the production of a mixture of perature must be maintained above about 2,000° F., and
carbon monoxide and hydrogen from a solid carbonaceous preferably above about 2,200° F. The temperature may
fuel. The process is particularly applicable to the reac- 20 range as high as 3,000° F., or even higher, the maximum
tion of powdered coal with oxygen and steam to produce being limited by the properties of available materials of
carbon monoxide and hydrogen. construction.

Gasification of coal to carbon monoxide is an indus- The gasification reaction may be conducted at either
trially important operation. Coal and related solid fuels atmospheric or at an elevated pressure. Preferably the
may be reacted with a restricted quantity of free oxygen 25 reaction is conducted at a pressure in excess of 100
at temperatures above about 2,000° F. to produce carbon p. 5. i. g. Pressures on the order of 500 p. s. i g or
monoxide relatively free from carbon dioxide. The re- higher may be used. At elevated pressures, the rate of
action may be carried out with air, in which case the reaction is somewhat higher than at lower pressures.
product gas contains a relatively high percentage of In the gasification of solid fuels generally, it is desir-
nitrogen. Because this is generally undesirable, oxygen 30 aple to limit oxygen consumption to the practical mini-
or oxygen-enriched air may be preferred. In any case, mum consistent with satisfactory operation; i. e., it is
the reaction, being exothermic, liberates more heat than desirable to limit the quantity of oxygen supplied to the
is required to maintain the desired reaction temperature. reaction zone to near-theoretical quantities to produce
Carbon dioxide or steam may be added to the reaction carbon monoxide with minimum production of undesir-
zone to control the reaction temperature. Steam is gen- 35 aple carbon dioxide and water vapor. Low oxygen con-
erally preferred as an auxiliary reactant serving to control sumption is also important from the economic standpoint,
the temperature in the reaction zone and at the same particularly if substantially pure oxygen is required. Lim-
time to produce hydrogen. iting the quantity of oxygen often leads, however, to in-

A number of processes have been developed for gasi- complete consumption of carbon. This problem is par-
fication of coal. In one, a downwardly moving bed of 40 ticularly evident in gasification of solid fuel in the flow-
coal is contacted with an upwardly moving current of type gasification reactor or in the fluid bed reactor.
air, or oxygen, and steam. In another, the gaseous re- Theoretically, the rate of gasification of solid fuel with
actants pass upwardly through a bed of particles of the an oxygen-containing gas should increase as the particle
solid fuel at a rate such that the particles are violently size of the solid fuel is decreased. This follows from the
agitated by the gaseous reactants and reaction products 45 fact that as the particle size decreases, the surface area
but are not entrained therein. This process is generally per unit mass increases. Since the oxidation takes place
known as “fluid bed” gasification, indicating that the on the surface of the particles, it is to be expected that
gasification takes place in a bed of solid particles which, the rate of gasification of very fine particles would be
due to the action of the gases, has the appearance of a much greater than that of the somewhat larger particles,
boiling liquid. In still another, powdered coal is sub- 50 for example, those granular in size. Accordingly, it might
jected to reaction with the gaseous reactants while en- be expected that the very fine particles of solid material
trained in the reactants and reaction products. The which are often entrained in the product gas from the
relative proportions of solid fuel and reactants is so ad- gasification zone would be essentially ash. In practice,
justed that there is little or no excess fuel supplied to the however, it is often found that fine particles are carried
reaction zone. This process may be designated as “flow- 88 from the reaction zone in the product gas stream before
type” gas genmeration. As used hereinafter, the term their carbon content has been completely consumed.
“flow-type” gas generation designates such a process in Fine particles of solid material carried from the reaction
which the coal is reacted with an oxygen-containing gas zone in the product gas often contain a surprisingly high
while entrained therein. proportion of unreacted carbon. The present invention

In accordance with this invention, a portion of the 80 overcomes this problem by substantially completely con-
fuel is burned substantially completely, while a further suming the fine particles as will be explained in greater
portion is subjected to reaction with the resulting gaseous detail hereinafter.
products of combustion to produce carbon monoxide and One of the objects of this invention is to provide an
hydrogen. improved process for the generation of carbon monoxide

Various solid fuels including lignite, anthracite, and 85 and hydrogen from a solid carbonaceous fuel by reaction
bituminous coals, coke, and oil shale may be subjected with oxygen in a flow-type gas generator. Another ob-
to gasification. : ject is to provide a process for generation of carbon mon-

Carbon monoxide, hydrogen and mixtures thereof are oxide and hydrogen in such a system wherein the effi-
useful in a number of industrial processes. For example, ciency of gasification is substantially increased. ‘
liquid hydrocarbons suitable for use as motor fuels may 70

be produced by reaction of hydrogen with carbon mon-
oxide in the Fischer-Tropsch ‘type’ synthesis reaction.

In accordance with this invention, solid fuel, for ex-
ample, coal, is reduced to a particle size smaller than 40
mesh (Tyler standard screen scale), commercially re-
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ferred to a powdered coal. Before the powdered coal
is subjected to gasification the finest particles are sepa-
rated therefrom, for example, by screening. The fine
particles are fed into the reaction zome into admixture
with a stream of oxygen-containing gas in such propor-
tions that they are completely burned to carbon diox-
ide, thus yielding combustion products at a very high

temperature. Steam may be employed in the primary.

combustion zone to conirol temperature.

The high temperature stream of gases, comprising car-
bon dioxide and steam, is brought into contact with the
coarser particles of coal under reaction conditions favor-
able for the production of carbon monoxide and hydro-
gen. Contact between the hot carbon dioxide and steam,
and the coarser particles of fuel is preferably conducted
in a gas generation zone in which a high degree of tur-
bulence is attained. Preferably an excess of relatively
coarse coal particles is maintained in this gas genera-
tion zone.

The separation of fine particles from coarser particles
may be effected by any of a number of conventional
means; for example, separation may be accomplished
by screening, or by classifying in a centrifugal classifier
or hydraulic classifier. The fine particles may be sep-
arated from the coarser particles by elutriation, particu-
larly by passing a stream of gas upwardly through a mix-
ture of the particles at a rate sufficient-to entrain the
fine particles but insufficient to entrain the coarser par-
ticles. )

Particles smaller than about 200 mesh (Tyler stand-
ard screen scale) (about 75 microns in average diame-
ter) are eliminated from the coarser coal supplied to the
reactor as a secondary stream for reaction with steam
and carbon dioxide. The particles smaller than about
75 microns are supplied to the burner for complete com-
bustion to carbon dioxide. Coarser particles may be
present in the stream supplied to the burner, but substan-
tially all of the particles smaller than about 75 microns
are removed from the coarser particles supplied as a
secondary stream to the gas generator. The coarser par-
ticles are of a size falling within the range of 40 to 200
mesh or about 75 to 350 microns.

Preferably the process comprises complete combustion
of all of the particles of fuel smatler than about 75 mi-
crons with oxygen in a reaction zone free from packing
and catalyst to produce a high temperature stream of fully
oxidized products of combustion comprising carbon di-
oxide and water vapor. Particles of solid carbonaceous
fuel having a particle size within the range of from about
75 to about 350 microns are introduced into the reaction
zone into contact with the high temperature stream of car-
bon dioxide within the reaction zone to produce carbon
monoxide and hydrogen.

“The streams of reactants supplied to the generator may
be preheated. In general, the oxygen stream may be
preheated to a temperature ranging up to about 600°
F. Air may be preheated without difficulty to 2 consid-

erably higher temperature, for example, 1,200° F, The’

steam and coal also are preferably preheated, for ex-
ample, to a temperature within the range of 600 to 1,200°
F. The temperatures given for the preheat temperatures
are illustrative only and are not to be construed as lim-
jting temperatures.

In accordance with one embodiment of my invention,
combustion of the finest portion of the coal is conducted
in a downwardly flowing primary stream entirely sur-
rounded by a secondary stream of steam and, optionally,
coarser particles of coal which serve to protect the walls
of the reaction chamber from excessive temperatures.
Part or all of the coarser coal, and additional steam, if
desired, may be introduced into the reaction zone well
below the point of introduction of the fine coal. The
quantity of coarser coal introduced to the reaction zone
is sufficient to reduce substantially all of the carbon di-
oxide, produced by combustion of the fine particles, to car-
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bon monoxide without permitting the reaction tempera-
ture to fall below about 2,000° F. Also, some of the
coal reacts with steam tot produce hydrogen and carbon
monoxide.

In another, the fine coal is burned in a separate
generator which is maintained at a temperature above
the slagging temperature of the coal ash. Ash is drawn
from the combustion chamber as molten slag. The hot
combustion gases, substantially free from entrained sol-
id particles, are passed into a separate reactor where they
are contacted with coarse particles of coal, preferably in
a fluid bed. Fine particles resulting from decrepitation
of the coarser particles during gasification may be sup-
plied as fuel to the burner as a supplement to the fine
particles, or separately burned to supply heat for the gasi-
fication reaction, as will be brought out in greater detail
hereinafter.

The invention will be most readily understood with
reference to the accompanying drawings.

Figure 1 of the drawings is a diagrammatic represen-
tation of the process of the present invention as applied
to the generation of synthesis gas from coal.

Figure 2 is a vertical cross-sectional view of a gas
generator suitable for use in the present process, illus-
trating a preferred method of introducing the various
reactants.

Figure 3 is a more or less diagrammatic illustration of
an arrangement of apparatus suitable for carrying out a
preferred modification of this invention.

" With reference to Figure 1 of the drawings, which
is largely self-explanatory, coal from a suitable source
is introduced through line 6 to a grinding operation 7,
where it is ground to a powder of a size such that all of
the ‘coal particles pass a 40 mesh screen, but preferably
not more than 50 percent of the particles pass a 200
mesh screen. 'This powdered coal is passed through line
8 to a size separation step 9 where particles smaller
than 200 mesh are separated from the coarser particles.
The fine particles, which may optionally contain par-
ticles larger than 200 mesh, pass through line 10 to a
combustion zonme 11. Sufficient oxygen for complete
combustion of the fine particles is introduced through
line 12. Steam may be supplied to the combustion zone

" through line 13.
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The products of combustion comprising principally
carbon dioxide and steam, are introduced into a gas gen-
eration zone 14. Coarse particles which contain no par-
ticles smaller than 200 mesh, pass through line 15 to the
gas generation zonme, Steam is introduced into the gas
generation zone through line 16. In the gas generation
zone, the coarse particles react with steam and the hot
carbon dioxide resulting from combustion of the fine
particles, to produce a mixtare of carbon monoxide and
hydrogen. The product gas is discharged from the gas
generator through line 18, Solid residue entrained in
the product gas stream may be removed therefrom in a
separation step 19 and discarded through line 20. The

- product gas is discharged through line 21.
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Figure 2 illustrates apparatus suitable for carrying
out the combustion of fine particles and generation of
gas from the coarse particles in a single reactor. The
reaction comprises a vertical cylindrical vessel having
an outer wall 26 designed to withstand the required
operating pressure. This pressure may range as high
as 1,000 pounds per square inch gauge; generally the
pressure will range from about 50 to about 600 pounds
per square inch gauge. Adjacent the inner wall of the
pressure vessel, a cooling coil 27 is provided to protect
the wall of the vessel from ovérheating. A refractory
lining 28 within the vessel reduces the heat loss to the
¢ooling coils.

Oxygen and the fiine coal are introduced to the gen-
erator through a flanged inlet 29 in the top of the gen-
erator. Oxygen, coal, and steam are mixed with one
another by a burner 31. The burner, per se, is not a
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Opart of the present invention. As illustrated, it com-
Oprises a conduit 32 for discharging oxygen into the re-
"action zone and a concentric conduit 33 coextensive with
oconduit 32 for discharging a stream of coal and steam
Cinto the reaction zone. It will be evident that the coal
Qmay be propelled into the reaction zone by means of a
Bgas other than steam, as, for example, air, carbon dioxide,
+=recycled product gas, or the like, .
C  Steam, optionally containing coarse coal, is intro-
_duced into the upper part of the reaction zone adjacent
othe point of introduction of the fine coal through an in-
Olet 34 supplied by line 35. Preferably, inlet 34 is ar-
anged tangentially to the inner wall of the reaction zone.
%imilarly, coarse coal, optionally mixed with additional
team, may be introduced at an intermediate point in the
—feactor through inlet 37 supplied by line 38. Any num-
“ber of inlets 34 and 37 may be provided. Steam and
cxoal introduced into the region surrounding the zone
+of combustion of the fine coal forms a protective blanket
_Eialong the inner wall of the reactor to prevent overheat-
ng of the wall of the reactor. The temperature main-
tained in the reactor should be above 1,800° F. and
preferably within the range of 2,200 to 2,600° F. Product
Sases and residual solid particles are discharged from
the reactor through outlet 39 at the bottom of the re-
actor.

Figure 3 illustrates another embodiment of the present
invention. This embodiment provides for, among other
things, the handling of coals which tend to cake or ag-
glomerate on heating. The caking tendency may be
substantially reduced by partial oxidation or charring of
the coal particles. As in the other embodiment, powdered
coal, having a particle size range such that all particles
are smaller than 40 mesh and a portion are smaller than
200 mesh (Tyler standard screen scale), is used. The
powdered coal is mixed with steam and introduced
through line 41 to a heating coil 42 disposed within a
furnace 43. Oxygen may be introduced to the heating
coil into admixture with the powdered coal and steam
through line 44. A temperature within the range of
400 to 700° F. is maintained in the preoxidation zone,
or heating coil 42, Preoxidation or partial oxidation
of the coal takes place within the coil 42 to render the
coal particles substantially non-caking in character. The
preoxidized coal is discharged through line 46 into a
cyclone separator 47.

Steam and gases from the coal, carrying with them
the fine particles of coal, pass from the separator through
line 48 to a combustion chamber or burner 49, Suifficient
oxygen for complete combustion of the fine particles
of coal is introduced to the burner through line 50.
Additional steam may be added, if desired, by means of
line 51. In the burner 49, the fine particles are com-
pletely burned to carbon dioxide and steam, preferably
at a temperature above the melting point of the ash or
slag. This temperature usually is above about 2,200° F.
The molten ash or slag is discharged from the burner
through line 52. The resulting hot products of com-
bustion, substantially free from solid ' particles, leaves
the burner 49 through line 53.

Coarse particles of the original stream of powdered
coal are passed from separator 47 through line 54 to a
gasification unit 56. A dense phase fluidized bed of
coarse particles is maintained in the gasifier 56. Hot
gases from the burner 49 are introduced to the gasifier
through line 53, while additional steam may be supplied
through line 55. In the gasifier, steam and carbon di-
oxide react with the coarse particles of coal to produce
carbon monoxide and hydrogen. The temperature in
this reaction zone is above about 1,800°. F., but below
the temperature which causes softening of the ash. The
temperature will generally be within the range of from
about 1,800° F. to about 2,100° F.

Carbon monoxide and hydrogen, generated as the re-
sult of reaction between the coarse particles of coal and
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the hot combustion products in gasifier 56, are discharged
therefrom through line 57 to a cyclone separator 58.
These gases contain fine particles of solid residue re-
sulting from decrepitation of the coal particles in the
fluid bed. The fine particles are removed from . the prod-
uct gas stream in separator 58; the product gas is dis-
charged through line 59.

'The fine particles carried overhead from the gasification
unit 56 have a relatively high ash content, but still con-
tain an appreciable amount of unreacted carbon. The
fine particles from the separator 58 are passed ‘through
line 61 to a burner 62 where they are subjected to com-
bustion with air introduced through line 63. Preferably,
burner 62 is operated at a temperature above the fusion
temperature of the ash or slag so that the molten ash
or slag separates from the gases and is discharged from
the burner through line 4.

Hot flue gases resulting from combustion of the fines
in burner 62 pass through line 65 to a heater 66 where
it is used to supply additional heat for the gasification
unit 56. A stream of solid particles is withdrawn from
gasifier 56 by line §7 and introduced into line 65 where
the hot flue gases from burner 62 carry it into heater 686.
A dense phase fluidized bed of the solid particles is
maintained in heater 66. Heated particles of solid are
withdrawn from the heater through line 68 and introduced
into line 53 where the hot gases from burner 49 pick
them up and carry them into gasifier 56.

Flue gases are discharged from heater 66 through
line 69. If desired, these gases may be treated for the
removal of entrained solid particles in the same manner
as the gases discharged from gasifier 56 through line 57.
Particles separated from the flue gases leaving line 69
may be supplied to either burner 49 or burner 62. It will
be evident that the particles separated from the gases
leaving gasifier 56 may also be supplied to burner 49,
if desired, and that particles may be removed from either
the heater 66 or gasifier 56 and supplied to either burner
49 or burner 62.

If desired, an excess of air may be supplied to burner
62 so that the hot flue gas passing through line 65 to
heater 66 contains free oxygen. In this case, additional
burning will take place in heater 66 to supply an addi-
tional quantity of heat to the stream of hot particles
circulating from gasifier 56 through heater 66 and back
to the gasifier.

This application is a division of my copending appli-
cation Serial No. 290,921, filed May 31, 1952, now U.S.
Patent 2,761,772.

Obviously many modifications and variations of the
invention 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 claims.

I claim:

1. A process for the generation of carbon monoxide
and hydrogen from powdered caking coal having a vari-
able size range smaller than about 40 mesh which com-
prises subjecting said coal to preoxidation with a limited
amount of free oxygen, separating resulting preoxidized
coal into a coarse fraction containing coarse particles sub- -
stantially free from finer particles and a fine fraction
containing substantially of said finer particles, reacting
said fine fraction with free oxygen and steam in suspen-
sion under conditions such that the carbon content of
the fuel in said fraction is substantially completely con-
sumed yielding hot gaseous products comprising carbon
dioxide and steam, passing said coarse fraction substan-
tially free from finer particles into a second reaction zone,
maintaining a dense phase fluidized bed of coarse particles
in said second reaction zone, and contacting said coarse
particles with said hot gasecus product at a temperature
above about 1800° F. such that said carbon dioxide is
substantially completely reduced to carbon monoxide.
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"2, A process as defined in claim 1 wherein said pre-
oxidation zone is maintained at a temperature in the
range of 400 to 700° F.

3. A process for the generation of carbon monoxide
and hydrogen from powdered caking coal having a
variable size range smaller than about 40 mesh which
comprises suspending said coal in steam and passing
said suspension through a preoxidation reaction zone in
admixture with a limited amount of free oxygen effecting
oxidation of at least a portion of the volatiles of said
coal, separating the effluent of said preoxidation zone into
a coarse fraction containing coarse particles substantially
free from finer particles and a fine fraction containing
substantially all of said finer particles, reacting said fine
fraction with free oxygen and steam in suspension under
conditions such that the carbon content of the fuel in
said fraction is substantially completely consumed yield-
ing hot gaseous products comprising carbon dioxide and
steam, passing said coarse fraction substantially free from
finer particles into a second reaction zone, maintaining a
dense phase fluidized bed of coarse particles in said second
reaction zone, and contacting said coarse particles with
said hot gaseous product at a temperature above about
1800° F. such that said carbon dioxide is substantially
completely reduced to carbon monoxide, discharging
resulting products of reaction from said second reaction
zone comprising carbon monoxide and hydrogen contain-
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ing entrained solid particles, separating said entrained
particles from gaseous products of reaction and subjecting
said particles to reaction with air under conditions effect-
ing substantially complete consumption of the carbon
content of said particles and producing hot combustion
products, withdrawing coarse fuel particles from said
fluidized bed, contacting said products of said coarse
particles with said hot products of combustion effecting
heating of said coarse particles, and returning said heated
coarse particles to said fluidized bed.

4. A process as defined in claim 1 wherein said
powdered solid carbonaceous fuel consists of particles
smaller than 40 mesh and containing at least 25 percent
and not more than 50 percent of said finer particles
smaller than 200 mesh.
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