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UNITED STATES PATENT OFFICE

2,633,417
GASIFICATION OF CARBONACEQUS SOLIDS

Edward J. Gornowski and Karl J. Nelson, Cran-
ford, N. J., assignors to Standard Qil Davelop-~
ment Company, a corperation of Delaware

Original application December 3, 1947, Serial No.
489,424, Divided and this apphcatmn February
28, 1952 Serial No. 273,986

(Cl, 48—206)

14 Claims.
i
The present invention relates to the production
of gases from non-gaseous carbonaceous mate-
rials and, more particularly, to the production of
gas mixtures containing carbon monoxide and
nydrogen, such as water gas, from such solid
carbonaceous materials as coke, various coals,
lignites, brown coals, peat, oil shale, oil coke,
tar sands, cellulosic materials including lignin,
and the like.
It has long been known that solid fuel mate-
rials, such as coal, coke and the like, may be
converted into more valuable gases which can

be more easily handled and more efficiently used

for a greater variety of purposes. One of the
most widely practiced gas generating conversions
is the so-called water gas process in which solid
fuels, such as coal or coke of any origin, are re-
acted with steam at temperatures of about
1400°-3000° 7., to produce water gas mixtures of
carbon monoxide and hydrogen in varying pro-
portions, depending mainly on the time of con-
tact, conversion temperatures and the feed ratio
of stearm. The overall water gas reaction being
endothermic, heat must be supplied which is
usually accomplished by the combustion of a
portion of the carbonaceous feed with an oxidizing
gas, such as air and/or oxygen, at about 1600°-
3000° . The combustion reaction may be car-
ried out either simultaneously with the water
gas reaction or alternately in a make and blow
fashion.

The water gas process permits the production
of gas mixtures of widely varying compositions
and B. t. u. content. The process as such, there-
fore, is extremely well suited not only for the
production of fuel gases of varied B. t. u. content
but also for the production of gases for hydro-
genation processes and particularly for the cata-
lytic synthesis of hydrocarbons and/or oxygen-
ated organic compounds from carbon monoxide
and hydrogen which, depending on the products
desired, requires H2:CO ratios varying within
the wide limits of 0.5 to 5 volumes of Hz per vol-
ume of CO.

However, the technical utilization of the water
gas process, particularly for hydrogenation proec-
esses and the production of synthesis gas, has
been appreciably impeded by difficulties en-
countered particularly in heat supply, continuity
of operation and limitations in temperature im-
posed by low ash fusion or softening points. The
problem of continuity of operation has been satis-
factorily sclved heretofore by the application of
the so-called fluid solids technique wherein the
carbonaceous charge is reacted in the form of a
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dense turbulent mass of finely divided solids flu-
idized by the gaseous reactants and products.
With respect to heat supply, such processes con-
template either generation of heat by combustion
of carbonaceous materials within the gas gen-
erator or a continued circulation of solid car-
bonaceous material in a fluidized state to a sep~
arate heater in which heat is generated by com-
bustion of the carbonaceous constituents of the
residue, and recirculation of the highly heated
solid finidized combustion residue to the gas gen-
eration zone to supply the heat required therein,

In either case considerable difficulties arise in
arriving at heat sconomies adequate for large
scale economical operation. More particularly,
it has been found that conventional methods of
preheating the solids feed are too wasteful of
heat to be practical in connection with the fluid
processes here involved. In addition, there ex-
ists the difficult problem of reconciliating the
requirement of high gas yields per unit weight of
co2l and unit of reaction space with a complete
conversion of available carbon into product gas
and heat required in the process. This diffi-
culty results from the fact that carbon gasifica-
tion is directly proportional to the weight of car-
bon held up in the fluid generator. Most effi-
cient heat generation by eombustion, on the other
hand, requires low carbon concentrations in the
heater. )

The present invention overcomes the afore-
mentioned difficulties and affords various addi-
tional advantages. These advantages, the nature
of the invention and the manner in which it is
carried out will be fully understood from the
following description thereof read with refer-
ence to the accompanying drawing.

In accordance with the present invention, the
carbonaceous solids to be gasified are dried and
preheated in direct heat exchange with hot gases
produced in the gasification stage and flowing
upwardly through two or more fluidized beds of
solids to which the solids feed is supplied counter-
currently to the gases which serve simultaneous-
ly as heating and fluidizing medium. The ar-
rangement of a plurality of fluidized preheating
beds or zones in combination with the counter-
current flow of solids and gases permifs the
utilization of the available waste heat of the
product gases at different temperature levels in
an order affording the greatest heat transfer
efficiency and maximum heat recovery. For ex-
ample, the temperature in the preheating bed
first contacted by the product gases may be
maintained just below the level of beginning car~
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bonization, while the temperature in the preheat-
ing bed last contacted by the product gases should
be kept substantially above the dew point of the
product gases. By this arrangement, maximum
heat is recovered from the product gases and
maximum preheat is transferred to the solids
entering the gas generator. Considerable sav-
ings of oxygen and process coal are thus secured
in the gasification stage, which may amount to
about 10-209;,

The carbonaceous solids thus efficiently pre-
heated are then subjected to gasification at a
relatively high carbon concentration of about
30-70% by weight of the solids held up in the gasi-
fication zone. Carbon losses are avoided by feed-
ing the high carbon gasification residue directly
to a combustion zone wherein their sensible and
potential heat content is converted into steam.
In this manner, it is possible to keep the gener-
ator size at a minimum without wasting carbon
and to recover the sensible heat in the hot solids
discharged from the generator. About 15,000-
30,000 B. t. u. of sensible heat per 100 ibs. of coal
fed to the generator may thus be utilized in the
process.

Having set forth its general nature and objects,
the invention will be best understood from the
subsequent more detailed deseription wherein ref-
erence will be made to the accompanying draw-
ing wherein

Figure 1 is a semi-diagrammatic illustration of
a system suitable for carrying out g preferred em-
bodiment of the invention involving heat genera-
tion by combustion within the gas generation
zone; and

Pigure 2 is a similar illustration of a system in-
volving heat generation in a separate heater.

Referring now to Figure 1 of the drawing, the
system illustrated therein essentially comprises g
drier and preheater 10, a gas generator 25 and a
boiler 40, whose functions and cooperation will be
forthwith explained using as an example the pro-
duction of a synthesis gas having an Hz2:CO ratio
of about 1:1 directly from coal. It should be un-
derstood, however, that water gas of the same or
a different composition may be produced from
other carbonaceous solids such as coke, shale, ete.
in a generally analogous manner.

For purposes of illustration, it is assumed that
the system of the drawing is designed to produce
about 130 million standard cu. ft. of Hz2--CO in
the approximate ratio of 0.85:1 from g bituminous
coal having a moisture content of sbout 7.0%, a
heating value of about 8,900 B. t. u./lb. as re-
ceived and about the following composition:

Weight per cent

HoO e 7.0
CcC .- — _— — 53.1
B 3.0
N e 1.2
Oz .. - e ———— e 113
S e 1.3
Ash o 23.1

Ahout 4,750 tons of this coal per day is crushed
in crusher | to pass through a 30 mesh screen.
The ground coal is hoisted or conveyed in any
suitable manner through line 3 to feed hopper 5.
From here it is fed through line T by a screw con-
veyor 8 at a pressure of about 30-500 Ibs. per sq.
in. abs. to an upper portion of drier 10. At least
two horizontal perforated plates, such as grids 12
and {4, are arranged in drier 10 in spaced rela-
tionship to each other, the upper grid {4 being
provided with an overflow downcomer (6 formed
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by the wall of drier {¢ and a baffle {5 which ter-
minates just above grid i2. The coal feed enters
drier 40 at a point above grid i4. Simultaneously,
hot product gas from generator 25 is supplied
through line (8 to the bottom of heater 10 at
point below grid 12. This gas enters the main
section of drier {0 at a superficial linear velocity
of about 0.3-5 ft. per second, preferably aboub
0.3-1 ft. per second, to convert the coal feed into
two dense, turbulent, fluidized beds forming above
grids 12 and 14, respectively, and having well de-
fined upper levels Li2 and Lis.

The product gas may enter the lower coal bed
above grid 12 at a temperature of about 800°-900°
¥ The solids holdup of the lower fluidized bed is
preferably so controlled as to permit the solids
therein to reach a temperature of about 500°-790°
F. Gas solids contact times of about 2-5 seconds
are generally sufficient for this purpose though
longer contact times may be used. The partially
cooled product gas then enters the upper fluidized
bed through grid {4 to dry and heat the solids
therein to about 250°-300 F. at gas-solids contact
times similar to those in the lower bed. Dried
and preheated coal overflows over bafle 15 to
enter the lower fluidized bed through down-
comer 18, at the rate at which it is supplied to
drier 19. Cooled product gas is withdrawn up-
wardly from level i and further treated as will
appear hereinafter.

The preheated coal is withdrawn from the
lower bed of drier {8 through a bottom drawoff
well 20 and fed through a conventional standpipe
22 provided with one or more aeration taps 23
and a flow control means, such as slide valve 24,
to generator 25. Standpipe 22 may be sufficiently
high to feed the coal against the back pressure
of the gas in generator 25 which may e operated
at an elevated pressure of, say, about 50-400 1bs.
per square inch,

The coal feed enters generator 25 af a point
above grid 27 arranged in the lower portion of
generator 25. Simultaneously, generator 25 re-
ceives from line 29 through grid 27 g mixture of
steam and oxygen produced and Preheated to g
temperature of about 1000°~1200° F. as will appear
more clearly hereinafter. The gas mixture en-
ters the main section of generator 25 at a super-
ficial linear velocity of about 0.3-1 ft. per second
adapted to maintain the solids above grid 27 in
the form of a dense, turbulent, fluidized mass hav-
ing a well defined upper level Los.

The absolute and relative proportions of steam
and oxygen are so chosen that about 70-959% of
the carbon fed to the generator 25 is converted
by steam and oxygen to CO and Hz ab a steam
conversion of about 40-80% and about 10-20%
of the carbon is burned by the oxygen to CQO2 to
supply the heat required by the water gag reac-
tion and to maintain g gasification temperature
of about 1600°-2000° P., preferably about 1700°
F. Amounts of about 0.3-0.4 Ib. of steam and
about 0.0070-0.0080 mol of oxygen per Ib. of coal
supplied to generator 25 are generally adequate
for this purpose. For example, the gas mixture
supplied through line 28 may be composed of
about 2.8 MM, Ibs./day of steam and 27.5 MM,
standard eu. ft. of oxygen (95% pure) per day,
for a generator bed height of about 30 ft. De-
pending on the carbon concentration in the gen-
erator, the reactivity of the carbonaceous mate-
rial and the reaction temperature, the bed
height may vary between about 5 and about
40 ft.

- An amount of about 1,930 tons of solid gasi-
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fication residue per day containing about 30-50
wt. percent of carbon is withdrawn through bot-
tom drawoff well 31 and passed through stand-
pipe 33 provided with aeration taps 35 and con-
trol valve 31, substantially at the temperature of
genergtor 25 to boiler house 46 wherein the re-
mainder of the carbon is burned fo produce
steam required in the process.

. Steam produced in boiler 48 passes through
line 42, heat exchanger 44 and line 46 to gas feed
line 29 at a temperature of about 1500°-1600° F.
Simultaneously, oxygen of about 95% purity is
produced in oxygen plant 50 and pumped by
compressor 52 through line 54, heat exchanger
56 and line 58, at a preheat temperature of about
700°-800° P, to gas feed line 29 to make up the
steam-oxygen mixture deseribed above.

. Returning now to generator 25, product gases
are withdrawn overhead from level Lss. The
gases containing some entrained solids leave
through line 64, enter heat exchanger 44 at
about 1700° F. to preheat the process steam to
about 1550° F. as described above. The partially
cooled product gas then flows through line §8 to
heat exchanger 56 which it leaves at about
1280° F. after having preheated the oxygen to
about 800° F. The gas leaving heat exchanger
56 through line 59 is passed, if desired after fur-
ther heat exchange with process materials, to

line I8 and from there to drier {0 as described 3

above.

The cooled product gas leaving level ILis of
drier {0 is passed through a conventional gas-~
solids separation system such as cyclone 88 from
which separated solids may be returned through
line 70 to drier 10, The gas then flows through
line 12 to a water scrubber which may be sup-~
plied through lines 76 and 18 with a total of
about 650-750 gal. of water per minute for scrub-
bing and further cooling to about 100° F. A sus-
pension of scrubbed solids in water leaves
through line 80 to be disposed of in any desired
manner. Product gas is withdrawn through line
82 in an amount of about 200 million standard
cu. ft. per day containing about 130 million cu.
ft. per day of Hz--CO in the ratio of 0.85:1 and
having the following approximate composition:

Vol. percent

CO2m e e e e — e -- 123
CO e e 40.8 °
2 e e i o e e _. 348
CH A e e e e S 8.0
HaS - ———— 0.9
N e e e i e e 17
HoO e e e 15
100.0

The gas may be further purified by COz and sul-
fur removal in any conventional manner (not
shown) and is then ready for use in the hydro-
carbon synthesis, If desired, the X»/CO ratio
may be increased to any desirable value in a
regular shift converter.

- For the size and type of operation illustrated
in Figure 1, the heat supplied to the coal in
drier 10 is equivalent to about 100,000,000 B, t.u.
per hour. If the coal were fed directly to gener-
ator 25 without drying and preheating as here-
above described, an additional 5.4 million stand-
ard cu. ft. of oxygen and a corresponding amount
of additional coal would have to be provided for
the gas generation. ‘The amount: of heat recov-
ered as sensible heat of gasification residue fed
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6
to the hoiler house is about 69,600,000 B. t. u. per
hour.

Referring now to Figure 2, the system illus-
trated therein comprises, in addition to the es-
sential elements of Figure 1, a separate heater
99 in which gasification residue is burned to gen-
erate the heat required in generator 28 and the
preheat for drier 10 as will be explained below,
like reference characters designating like system
elements.

The crushed coal supplied to drier {6 as de-
seribed before is dried, preheated and fluidized
therein by hot flue gases from heater 98 supplied
through line 188 at a temperature of about 600°-
800° F. as will appear more clearly hereinafter.
The coal preheated in the lower bed of drier {0
to a temperature of, say, about 500° F. is with-
drawn through bottom drawoff well 20 and
standpipe 23 and passed to generator 25 at a
point above gas distributing cone 27 arranged in
the lower portion of generator 25. Cone 2T is
surrounded by a stripping section 28 containing
a plurality of concentric vertical baffles as appar-
ent from the drawing.

Simultaneously, generator 25 receives from
line 26 an amount of about 0.3-0.4 1b. of steam
per 1b. of coal supplied to generator 28 at a pres-
sure of about 70 lbs. per sq. in. abs. The steam
may be preheated to about 1100° F. in heat ex-
change with product gas as will appear more
clearly hereafter. Generator 25 is so designed
that the steam enters the main generator section
of generator 25 at a superficial linear velocity of
about 0.5-1 ft. per second to maintain the solids
therein in the form of a dense, turbulent, fluid-
ized mass about 30 ft. high having a well defined
upper level Las. The temperature of this mass
is maintained at about 1800° F. by the supply
of highly heated solids from heater 80 as will
appear hereinafter.

The total product gas, which amounts to about
21.0 standard cu. ft. per 1b. of coal fed and which
may contain about 0.002-0.05 lb. per cu. ft. of
entrained solids fines, is withdrawn overheard
from level Los at a pressure of about 65 1bs, per
sq. in. through line 64. 'The gas may have g
composition about as follows:

Mol percent

g o e e i et e e e e 457
CO e — 26.9
COz .- O — 5.8
CHA e e e 2.9
No .. e e e 2.2
HoO e 16.1
S (88 H2S) e e e 0.4

This gas is passed to heat.exchanger 44 where it
preheats process and stripping steam produced
in boiler 40 and supplied through line 42 to ex-
changer 44. About 90% of the steam preheated
to about 1100° F. in heat exchanger 44 flows
through line 29 to generator 25 as described
above. o
The product gas now cooled to about 1480° F.
may then flow through line 66 to a second heat
exchanger 56, which may be used to reheat prod-
uct gas after HeS and COz removal, to a tempera-
ture of about 600° P, suitable for the removal of
organic sulfur by any known catalytic process.
This synthesis gas to be reheated may enter heat
exchanger 58 through line §5 at about 300° F.
and leave through line 57 at about 600° ¥,
. The product gas which may leave heat ex-

changer 55 at a temperature of about 1225° F. is

then passed to a waste heat boiler §9 wherein
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further steam may be produced and withdrawn
through line §3. The product gas, now cooled to
about 500° F., passes through line 65 to a cyclone
61 wherein most of the entrained solids, say
about 80-95% thereof, are separated to be re-
turned to generator 25 through line §9. The re-
mainder of the solids may be removed and the
temperature of the product gas may be reduced
to a temperature suitable for CO2 and H:S re-
moval, by scrubbing with water in scrubber 74,
substantially as described in connection with
Figure 1. Product gas is withdrawn through line
15 at a temperature of about 100° F. This wet
gas, which amounts, per lb. of coal charged, to
about 17-19 standard cu. ft. and contains about
14-16 standard cu. ft. of Ha+CO in the ratio of
1.70:1, may be further purified by CO: and sulfur
removal and is then ready for use in the hydro-
carbon synthesis. -

Returning now to generator 25, solid, fluidized
gasification residue containing about 30-40% of
carbon is withdrawn downwsardly through the
concentric spaces formed by the concentric
baffles in stripping section 28. Simultaneously,
air supplied from air compressor 77 and air
booster 79 through lines 81 and 83 is blown up-
wardly into these concentric spaces in order to
strip the carbonaceous residue of occluded prod-
uct gas and steam. The amount of solids with-
drawn through section 28 may be about 40-45 1bs.
per 1b, of coal fed to the generator.

The fluidized residue together with entrained
air and carbon oxides formed in section 28 is
withdrawn from the bottom of generator 25
through a standpipe 85 and suspended in line 87
in air supplied by compressor 11 and booster 79
through line 8i after preheating in heat ex-
changer 85 to about 1200° F. in heat exchanger
with flue gases from heater 80 as will appear
hereinafter. The air supplied through line 87
serves fto support the desired combustion in
heater 80 which generates substantially all the
heat required in the system. About 20-25 stand-
ard cu. ft. of air per 1b. of coal charged to gen-
erator 25 is sufficient for this purpose, at the
conditions specified for the present example.
Additional air may be supplied from compressor
11 via line 84, preheaters 99 and 97 through
line 86.

The dilute suspension of gasification residue |,
In air flows under the combined air pressure and

pseudo-hydrostatic pressure of the  fluidized
solids in standpipe 85, upwardly through line 81
and distributing cone 8% into heater 89, The gas
enters heater 90 at a superficial linear velocity
of about 0.3-1 ft. per second at which the en-
trained solids form a dense, turbulent, fluidized
mass having a well defined upper level Lss. The
temperature in heater 90 is preferably main-
tained at about 1900° P at a pressure of about 50
1bs. per sq. in.

An amount of about 40-45 lbs. of hot heater
residue per lb. of coal charged to generator 25
passes downwardly through the concentrical
spaces formed by the coneentric bafies of strip-
ping section 92. Simultaneously, preheated
steam is passed from heat exchanger 44 through
line 94 at about 1100° ¥. upwardly through strip-
ping section 92 to strip the heater residue of oc-
cluded flue gases and air. The stripped heater
residue then flows through a conventional stand-
pipe 96 substantially at the temperature of heater
20 to steam feed line 28 to be carried by the

. steam into generator 28 and to supply the heat

required therein. ... ;

25

30

35

40

GO

65

76

8

Returning now to heater 80, hot flue gases
amounting to about 20-30 standard cu. ft, per
Ib. of coal charged to generator 25 leave level Lso
overhead and are freed of entrained solids In &
conventional gas solids separator 9{. The flue
gases then flow through line 93 to heat exchanger
85 wherein they preheat the stripping and part
of the combustion air as deseribed above. Par-
tially cooled flue gases then pass through ex-
changers 97 and 99 in heat exchange with further
combustion air and enter waste heat boiler 101
at a temperature of ahout 1100° F. to generate
further process and stripping steam. Flue gases
how cooled down to about 600°-800° F. enter the
lower portion of drier 10 through line 103 to pre-
heat the fresh coal charge to about 500° B, in the
lower bed and to about 260° F. in the upper bed
of drier 10. Cooled flue gases are vented through
line 1085 at about 100° F,

A second minor proportion of hot heater residue
amounting to about 0.3-0.35 1b. per 1b. of fresh
coal charged is passed from the bottom of heater
80 through line {07 at the temperature of heater
90 to the boiler house 480 wherein the sensible
heat of the residue, amounting to about 150 B. t. u.
per lb. of coal charged to generator 25 and ifs
carbon content of about 30-40%, by weight, are
converted into process steam.

It will be understood by those skilled in the
art that the system of Figure 2, as a result of
the efficient heat utilization in drier 10 and the
use of hot high-carbon heater residue in boiler
house 48, affords heat economies similar to those
outlined in connection with Figure 1.

While specific numerical values have been given
in the above examples for the various process
conditions including temperatures, pressures, flow
rates of gases and solids ete., it should be under-
stood that the invention is not limited to these
values which are given for lustration purposes
only and which may vary within fairly wide
ranges, depending on the character of the solids
charge, the product gas desired and the specific
design of the system as will be understood by

+ those skilled in the art. If it is desired to charge

coke rather than coal to generator 25, a suitable
fluid type coking vessel may be interposed be-
tween drier 10 and generator 25, substantially
as described in the copending Roetheli applica-
tions, Serial Nos. 487,187 and 609,662 filed May
15, 1943, and August 8, 1945, respectively, now
Patent Nos. 2,579,397 and 2,579,398, respectively,
and assigned to the same interests ag the present
application. These applications are here specifi-
cally referred to with respect to possible varia-
tions in operation and equipment design, such
as the use of standpipes in place of mechanical
feeders, variations in the order of reaction zones
passed through by the cireulating solids, varig-
tions in heat generation, etc. When product
gas of the type of producer gas is desired, the
steam supply to generator 25 may be at least in
part replaced by corresponding amounts of CQOa.
Other modifications of the systems illustrated
may appear to those skilled in the art without
deviating from the spirit of the invention,

This application is a division of Serial No.
789,424, filed December 3, 1947, wherein the em-
bodiment described above with reference to Fig-
ure 1 is claimed specifically. '

While the foregoing description and exemplary
operations have served to illustrate specific ap-
plications and results of the invention, other
modifications obvious to those skilled in the art
are within the scope of the invention. Only such



http://ww. Pat ent Gopher.com

2,638,417

9
Himitations should be imposed on the invention
as are indicated in the appended claims.

What is claimed is:

1. In the process of producing gas mixtures
containing CO and Hz from solid carbonaceous
materials and an oxidizing gas containing steam,
wherein the oxidizing gas is contacted in a gasi-
fication zone at gasification temperatures of about
1600°-2000° F. with a dense, ebullient, fluidized
mass of finely divided carbonaceous solids, and
the heat required by said gasification process is
supplied by combustion of a portion of said
carbonaceous solids and direct heat exchange of
burned solids and solids undergoing said gasi-
fication, the improvement which comprises main-
taining at least two dense, ebullient, fluidized
beds of finely divided fresh carbonaceous solids
in a preheating zone, passing hot flue gases pro-
duced in a combustion zone by the combustion
of solid gasification residue upwardly through
said beds in series, passing finely divided solids
from bed to bed countercurrently to said hot
gases, heating the solids in a hed first contacted
by said hot gases to a relatively high tempera-
ture of about 500°-700° F. but below the level of
beginning carbonization of carbonizable solids in
heat exchange with said hot gases, and the solids
in a subsequent bed in heat exchange with gases
Jeaving said first bed to a relatively low tempera~
ture but above the dew point of said hot gases,
feeding preheated solids from said first bed di-
rectly to said gasification zone, supplying gasi-
fication residue from said gasification zone to
said combustion zone, subjecting it to combus-
tion therein to produce said hot fiue gases and
heating said residue at least to said gasification
temperature, and returning the residue so heated
to said gasification zone at a temperature and
in amounts adequate to support said gasification
temperature.

9. The process of claim 1 in which a portion of
the sensible heat of the hot gases produced in
said first-named combustion zone is supplied-to
gasification process feed gases at a point outsu}e
said gasification zone prior to the contact of said
hot gases with said fresh carbonaceous solids.

3. The process of claim 1 wherein said carbo-
naceous solids are carbonizable. )

4. The process of claim 1 in which said oxidiz-
ing gas comprises free oxygen.

5. The process of claim 1 wherein solid gasi~
feation residue having a temperature not below
said gasification temperature is passed to a sec-
ond combustion zone and subjected therein to

combustion, the heat available in said combus- ¢

tion zone being converted into steam. .

6. The process of claim 5 in which the sol}ds
in said first-named combustion zone are mali-
tained in the form of a dense, turbulent, fluidized
bed and said residue passed to said second com-
bustion zone is withdrawn from said first-named
combustion zone. ]

7. The process of claim 6 in which said residue
withdrawn from said first-named combustion
zone contains about 30-70% of carbon.

8. Tn the process of producing gas mixtures
containing CO and Hz from solid carbonaceous
materials and steam, wherein steam is contacted
in a gasification zone at gasification tempera-
tures of about 1800°-2000° F. with a dense, ebul-
lient, fluidized mass of finely divided carbona-
ceou,s solids and the heat required by said
gasification process is supplied by combus-
tion of a portion of said carbonaceous solids
and direct heat exchange of burned solids
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and solids undergoing sald gasification, the
improvement which comprises maintaining at
least two dense, ebullient, fluidized beds of finely
divided fresh carbonaceous solids in a preheating
zone, passing hot flue gases produced in a com-
bustion zone by the combustion of solid gasifica-
tion residue through said beds in series, passing
finely divided solids from hed to bed countercur-
rently to said hot gases, heating the solids in a
bed first contacted by said hot gases to a rela-
tively high temperature of about 500°-700° F. but
below the level of beginning carbonization of
carbonizable solids in heat exchange with said
hot gases and solids in a subsequent bed to a
relatively low temperature above the dew point
of and in heat exchange with gases leaving said
first bed, feeding preheated solids from said first
bed to said gasification zone, maintaining the
carbon content in said gasification zone relatively
high, supplying solid gasification residue of said
high carbon concentration to said combustion
zone, subjecting said gasification residue to com-
bustion therein to produce said flue gases and
heating said residue at least to said gasification
temperature, and returning solid residue so
heated to said gasification zone at a temperature
and in amounts adequate to maintain said gasi-
fication temperature in said gasification zone.

9. The process of claim 8 in which the circula~
tion of solids between said gasification zone and
combustion zone is continuous.

10. The process of claim 8 in which said car-
bonaceous solid is coal, said gasification tempera-
ture being about 1600°-1800° F. and said rela-
tively low temperature about 200°-300° F.

11. The process of claim 8 in which said gasi-
fication residue is maintained in said combustion
zone in the form of a dense, turbulent, fluidized
mass and a portion of the residue from said com-~
bustion zone is supplied substantially at the tem-
perature of said first-named combustion zone to
a second combustion zone, the heat available in
said second combustion zone being converted into
steam.

12. The process of claim 11 in which the car-
bon concentration of solid residue withdrawn
from said first-named combustion zone is about
30-709%.

13. In the process of producing gas mixtures
containing CO and H: from solid carbonaceous
materials and an oxidizing gas containing steam,
wherein the oxidizing gas is contacted in a gasi-
fication zone at gasification temperatures of about
1600°-2000° F. with a dense, ebullient, fluidized
mass of finely divided carbonaceous solids, and
the heat required by said gasification process is
supplied by combustion of a portion of said car-
bonaceous solids and direct heat exchange of
burned solids and solids undergoing said gasifi-
cation, the improvement which comprises main-
taining at least two dense, ebullient, fluidized beds
of finely divided fresh carbonaceous solids in a
preheating zone, passing hot flue gases produced
in a combustion zone by the combustion of solid
carbonacecus gasification residue upwardly
through said beds in series, passing finely divided
solids from bed to bed countercurrently to said
hot gases, heating the solids in a bed first con-
tacted by said hot gases to a relatively high tem-
perature of about 500°-700° F. but below the level
of beginning carbonization of carbonizable solids
in heat exchange with said hot gases, and the
solids in a subsequent bed in heat exchange with
gases leaving said first bed to a relatively low
temperature but above the dew point of said hot
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gases, feeding preheated solids from said first
bed directly to sald gasification zone, maintaining
the carbon concentration in said gasification resi-
due at about 36-70%, supplying at least a portion
of said gasification residue of said carbon con-
centration to said combustion zone and heating
it at least to said gasification temperature there-
in, and returning solid residue so heated to said
gasification zone at a temperature and in amounts
adequate to maintain said gasification tempera-
ture in said gasification zone.
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14, The process of claim 13 in which a portion
of said gasification residue is passed to a second
combustion zone and subjected to combustion
therein, the heat available in said second com-
bustion zone being converted into steam.

EDWARD J. GORNOWSKI.
KARL J. NELSON.
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