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1

The present invention is directed to an im-
proved process for the production of useful in-
dustrial gases from coal, coke, or similar carbona-
ceous material by controlled combustion thereof.

In a copending application I have described a
method for producing industrial gases, such as
producer gas, which is characterized by being
performed in two stages, a reduction stage and
an oxidation stage, and by feeding the raw ma-
terial rich in carbon to the reduction stage, pass-
ing it from the reduction stage to the oxidation
stage, which may be considered a carbon clean-up
stage and to which all the air required for the
production of the ultimate gas is supplied, and
feeding the off gas from the oxidation stage to
the reduction stage. This procedure yields a hot
producer gas. It is an object of the present in-
vention to provide a similar process in which a
relatively cool producer gas is obtained without
undue waste of heat. g

It might be assumed that in a process of the
type just described one could conserve heat by
effecting heat exchange between the final hot
gas and the cold air fed to the process. This,
however, would result in a substantial decrease
in the amount of heat which could be absorbed
in the oxidation stage and therefore would neces-
sitate a reduction in the carbon feed to the oxida-
tion stage with a consequent loss in capacity in
the unit as a whole.

According to the present invention, the desired
result is obtained by utilizing an inert heat car-
rier having high total heat capacity in the proc-
ess. This heat carrier makes it possible to use
preheated air in the oxidation zone without any
serious loss in capacity therein. This heated
carrier is then conveyed to the reduction zone
where it supplies heat for the endothermic reac-
tions occurring therein.

The general principle of the present invention

is applicable, also, to processes of a related nature,
such as the production of water gas. By the use
of this heat carrier it is possible to.convert the
conventional blow-and-run type of operation for
the production of water gas into a continuous run
operation.

In order to realize the full advantages of the
present invention it is preferred to conduct the
operations with all solids maintained in a so-
called fAuidized condition. The solid carbona-
ceous material should preferably be of a size such
that all particles will pass 10 mesh and a sub-
stantial portion will pass 50 mesh. A wide dis-
tribution of particle sizes is preferred including
particles as fine as 5 microns and ranging up-
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wardly to the maximum size mentioned. The
heat carrier, which may be sand or any similar
granular or powdery material having g high heat
capacity, should likewise be composed of par-
ticles all of which pass 10 mesh and which will
preferably have ‘a' range -of particle sizes from
about 10 mesh to about 100 mesh: 'The use of
particles of this size range facilitates the sepa-
ration of ash from the heat ‘carrier. It may be
observed that in general the carbonaceous ma-
terial should contain a greater -percentage of
fines than in the case where no heat carrier is
employed because the carbonaceous fines must
assist-in the fluidization of the heat carrier. It
is important to bear in mind that the percentage
of fines actually existing in the reaction zone is
usually far greater than that provided in the feed
of carbonaceous material due to attrition and
degradation resulting from reaction.

The nature of the present invention may be
more clearly understood from the following de-
tailed description of the accompanying drawing
in which:

Fig. 1 is a front elevation in diagrammatic form
of a plant suitable for the production of cold pro-
ducer gas according to the present invention; and

Fig. 2 is a similar view of a plant suitable for
the production of water gas in accordance with
the present invention. '

Referring to Fig. 1 in detail, numeral [ desig-
nates the first or oxidation reactor and numeral
2 designates the second or reduction reactor. The
ground carbonaceous material is introduced into
reactor 2 through a feed line 3 at a point just
above a suitable grid or grate 4 which is provided
with openings of a size sufficient to pass the solid
material. The carbonaceous material may be
forced in by a screw conveyor- or may be fed in
in fluidized condition from a standpipe connected
to a hopper according to the technique well known
in catalytic cracking utilizing g fluidized catalyst.

Gas is introduced: into the bottom of reactor
2 by way of line 5 which carries off gas from g
cyclone separator, or other separator of gases
and solids, 6 which in turn receives a mixture
of gas and solids from reactor | through line 7.

The gas carried by line 5§ is the product of
the reaction of oxygen with carbonaceous ma-
terial in reactor I, the oxygen being supplied,
e. g, in the form of air. It may contain from
5 t0 10% of CO2 and 10 to 16% of oxygen, de-
pending on the solid and gas feeds to reactor
1. In some cases both the oxygen content and
the CO:z content may be much higher. It is
preferred to maintain a substantial amount of
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oxygen in line 5, however, to assist in providing
heat in reactor 2 by reaction with carbon. 'The
gas is introduced through line 5 at a rate suf-
ficient to effect fluidization of the finely divided
solid material in reactor 2. Ordinarily the gas
velocity through reactor 2 will be between about
5 and 5 feet per second, the particular velocity
depending on the particle size and the particle
size distribution of the solids in this reactor.

The gas leaving reactor 2 will consist mainly
of CO and H: aside from nitrogen. When ground
coal is used, this gas is enriched with hydro-
carbons, and this is desirable in fuel gas. In
such case this gas may be processed for the
recovery therefrom of any such hydrocarbons
desired. This gas carrying fine solids is fed by
way of line 8 into a cyclone or other separator
§ from which the free gas leaves by line {8 while
recovered solids are returned to the reactor
through line if.

The minimum gas velocity in reactor 2 is that
sufficient to give the necessary turbulence to
achieve the purpose of the invention. As gas
velocity. is increased above this minimum the
tendency is for the solid density in the reactor
to be reduced by reason of carryover of solids
by the gas. However, if solids are fed into the
reactor at a high rate, this reduction in density
due to high gas velocity is less. This is made
possible by recycling of solids from cyclone sep-
arator: 9. - The maximum gas velocity is that
which will maintain satisfactory solids concen-
tration in reactor 2. with recycle of solids from
separator 9. This procedure allows high maxi-
mum capacity together with a wide range in
capacity while still maintaining good operating
conditions.

Partly spent carbonaceous material mixed with
inert heat carrier leaves the bottom of reactor
2 by way of standpipe 2. This pipe is provided
with a plurality of injection ports or nozzles 3
for injection of small-amounts of fluidizing gas
to maintain the solids, in the pipe in fuidized
condition. It is convenient to use steam for this
purpose.

Af the bottom of the. standpipe is a control
element {4 which may be a suitable slide valve,
star wheel, or other device for controlling the
flow of a fluidized solid. This solid is discharged

into a flow line 15 by which it is conducted to 5

the bottom of reactor | where it is introduced
above a grid or grate 16. Some steam may be
introduced into line 15, as indicated, as well as
at the points therealong, to facilitate the trans-
fer of the fluidized solid.

The, full. requirement of air for the process
is introduced into the bottom of reactor | below
the grid through ling 17. Lines 7 and (8 pass
through a heat exchanger {8 in which heat is
imparted to the incoming air by the final product
gas whereby the latter is cooled. The air is in-
troduced. into reactor 1 at a rate sufficient to
maintain the solids. in. this reactor in a fuidized
condition. - Again, the velocity of air through
this reactor will, in. general, be between about
.5 and 5 feet per second. TUsually, however, if
will be lower than the velocity in reactor 2.
This is because the average particle size of
the solids fed into. reactor 2 becomes smaller
by reason of attrition and reaction, and, in
addition, fine ash builds up.in reactor | as will
hereinafter appear.

Some steam may be admitted with the air in
line {7 to assist in temperature control in reactor
2. Much of this may. be brought in by line {85,
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PFurther quantities of steam and/or air will be
introduced into the process by way of jets 19 in
standpipe 286 into which ash and inert heat car-
rier from reactor { are discharged. This mixture
of solids is maintained in dense, fluidized con-
dition in standpipe 2§ to prevent plugging and to
provide a hydrostatic head to facilitate transfer.

The reaction gas confaining ash leaves the top
of reactor | through line 7 which discharges into
separator §. The ash, which may contain inert
heat carrier, is fed back from tha separator to re-
actor | by line 2!, If this material is pre-
dominantly ash, it may be removed from the
system at this point through line 3. The fuid-
ized solid mixture is transferred from standpipe
20 by line 23 into s cyclone or other separator
24. A gas, such as air, is foreed into line 22 at
its open end in order to impart sufficient velocity
to the solid stream moving through this line to
carry out of the separator 24 the light ash, al-
lowing only the heavier solid material to £all into
the standpipe 25 at the bottom of separator 24.
This standpipe is also. provided. with jets or ports.
2% into which fluidizing medium may. be fed at
a rate sufficient to maintain the solid in the
standpipe in a dense, fuidized state. A control
element or valve 21.is provided at the lower end
of the standpipe which discharges into a transfer
line 28. Steam meay be fed into the open end
of this transfer line to assist in the fransfer cf
the hot heat carrier. to. reactor 2. where it is in-
troduced just above the grid or grate 4. TIn the
transfer of this heat-carrying. solid from reactor
I to reactor 2 any. gases which aie employed. to
assist in the transfer are preheated to a tempera-
ture at least as high as that of the heat. carrier.

In starting this system, one convenient pro-
cedure includes. the following cperations:. ’

1. Hol combustion gas containing oxygen is
pagsed through the system and solid is introduced
in order to bring the system to a temperature at
least about 1600° . ' '

2. Sand- is introduced rapidiy intc reactor f
until this reactor is properly. loaded for good
fluidized. condition throughout the reactor, that
is, & density of 5.to 10 pounds. per cubie. foot.

3. A mixture of equal parts of sand and coke is
introduced into reactor 2 in like manner until it
is properly. leaded.for good fluidized operation.

4. As soon -as the temperature in' reactor 2
starts to rise above that obfaining in line §, steam
is introduced into reactor 2 to hold down the tem-
perature, o o

3. Valve {4 is opened. partislly to initiate tem-
perature rise in reactor {, care being. taken that
this. temperature does not rise zbove the ash
sintering temperature, and.at the same time the
level in reactor i is maintained. by suitably ad-
justing valve 28. - ’

6. Progressively replace the combustion gas by
air in line i7. '

In the production of water gas it is.cusicmary
to provide a bed of. carbonaceous material which
is blown alternately. with air and steam. The
blowing with air serves the purpcse of burning
& portion of the carbonaceous material to raise
the temperature of the bed to that required for
the reaction between steam and. carbon. When
the bed. is sufficiently heated; which in practical
operation is in a matter of minutes, the. steam
is blown through it to effect a reaction betwesn
the steam and the carbon in the bed, producing
a mixture of carbon monoxide and. hydrogen.
This' reaction is highly endothermic, ' which
means that the bed rapidly cools.down resulting
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ih a very short reaction period. Moreover, the
rate of this reaction depends upon the carbon
concentration in the bed. 'The more this is
depleted by the combustion step the slower is
the rate of the reaction with the steam, with the
result that a single charge of carbonaceous ma-
terial to the reactor provides only a limited re-
action time.

'The present invention makes possible the pro-
duction of water gas in a continuous process in
which an adequate heat supply is continuously
maintained and in which the carbonaceous ma-
terial in the reaction chamber is adequately rich
in carbon. The manner in wheh this process
may be conducted according to the present in-
vention is illustrated in Figure 2 in which numer-
al 31 designates the water gas generator to which
carbonaceous material is fed .through line 32
just above a grate or grid 33 in a manner similar
to. that described with reference - to Figure 1.
The partially depleted carbonaceous material
leaves the reactor through a standpipe 34 con-
nected to the bottom thereof and provided with
jets or nozzles 85 for the introduction of steam
in quantities sufficient to maintain the solids in
the standpipe in dense, fluidized . condition.
Near its bottom this standpipe is provided with
a suitable control element 36 to regulate the
amount of solid material leaving the standpipe.

The gas leaves the upper end of the reactor g

through line 37 which discharges into a cyclone
or other suitable separator of gases or solids 38
from the bottom of which solids are returned to
the reactor through pipe 39 and from the top
of which product gas is withdrawn through line
40,

The solids discharged from standpipes 34 are
conducted by pipe 41 to a second chamber 42
which may be called & carbon clean-up chamber
and which, in addition, serves the function of
a heater. Air or steam may be introduced into
the open end of pipe 41 to assist in the transfer
of the solid material.

The vessel 42 is similar in construction to the
reactor 31 being provided with a grid or- grate
43 just below the discharge point of pipe 4l.
Air is introduced below the grid 43 through line
44. The combustion gases leave vessel 42
through line 45 -and pass through a cyclone or
other separator 46 from the bottom of which
solids are drawn off through line 47 while the
residual gas goes off overhead through line 43.
Iines 44 and 48 pass through a heat exchanger
49 whereby the incoming air is preheated by
the combustion gas.

The solid residue is drawn off from the bot-
tom of vessel 42 through standpipe 58 provided
with suitdble jets or nozzles 51 to maintain the
solids in said standpipe in a dense, fluidized con-
dition. Near its bottom the standpipe is pro-
vided with a control element 52 to regulate the
amount of solids. leaving the standpipe. The
solids leaving the standpipe feed into line &3
which returns them to reactor 31 at a point just
above grid 23 or near the top thereof, or both,
as desired.  Steam may be introduced into the
open end cf pipe 53 to assist in this transfer.
Where the steam so introduced, ftogether with
the steam: introduced by nozzles 35.is insuffii-
cient to supply all the steam required for the
production of water gas, and this is usually the
case, additional steam is introduced into the
hottom of reactor 3! through suitably arranged
feed lines §4.

In this process an inert heat carrier is em-

15

20

26-

40

50

60

65

70

5

6

ployed. This heat carrier is a finely: divided
solid, such as sand or other inert material of
high total heat capacity. This heat carrier may
be introduced into the system through separa-
tors 38 and 48 by way of suitable hoppers 85 and
56, respectively. - This inert heat carrier is heat-
ed to a high temperature in vessel 42 by the com-
bustion of the residual carbon feed from reactor
31 to vessel 42. In vessel 42 the amount of air
supplied should be that sufficient to burn the
carbon to carbon dioxide, thereby providing a
maximum of heat to be stored in the heat car-
rier. The velocity of the air through vessel 42
will be suitably adjusted between about .5 and
5 ft./second to maintain the solids therein in a
fluidized condition.  'This  velocity is preferably
so regulated as to carry off overhead the light
ash which is withdrawn from separator 46 by
line 47 and may be withdrawn from the system
by branch line 5T or refurned in part to the ves-
sel 42 to maintain therein a selective ash con-
tent. Recyeling of sufficient ash with the heat
carrier to provide good fluidization in the trans-
fer lines is desirable.

The particle sizes of the carbonaceous mate-
rial and the inert heat carrier for use in this proc-~
e35 are of the same order of magnitude as those
recited in connection with Fig. 1. It is. pre-
ferred 1o have g large predominance of fines in

the carbonacesus material, meaning by fines

particles smaller than 100 mesh, in order to in-
sure the fiuidization of the inert heat carrier.
It may be mentioned, also, that the gas velocity
in the reactor will be of the same order of mag- -
nitude as that in reactor 2 of Fig. 1.

In starting the system - in  operation, reactor
31 and vessel 42 may both be charged with a
mixture of finely divided carbonaceous material,
such as coke, and a finely divided heat carrier,
such as sand. The sand content of the charge to
vessel 42 may constitute at least %4 thereof while
the sand content of the charge to reactor 3l
should not constitute more than about ¥4 thereof.
At the outset, air may be blown through both
vessels until they are brought up to temperature
and the flow of solids through the system .is
regulated to the desired rate. Then the supply
of air to reactor 31 may be replaced by steam
and the operation continued in an uninterrupted
manner from this point with coke being continu-
ously charged through line 32 and ash being con-
tinuously withdrawn through pipe 57. ‘

In operation the temperature in vessel 42 is
regulated by the supply of carbon thereto by
line 4{. The composition of the off gas in this
vessel -ig, of course, determined by the rate of
air supply thereto. The composition of the wa-
ter gas is determined by the supply rate of fhe
carbonaceous material and the temperature
maintained in reactor 31 which, in turn, is ad-
gusted by the rate of sand supply through line
g3. ‘

The temperature in reactor 31 should be main-~
tained at the highest level compatible with main-
taining suitable fluidization characteristics of the
ash.. When using high grade anthracite with
high fusion ash as the raw feed, the tempera-~
ture in reactor 3{ may be at least 2000° F. and
in reactor 42 2100° or even 2200° F'. The reactor
42 placss a limitation on the temperature which
can be attained in reactor 3! because the tem-
perature in reactor 42 will ke higher than that
in 31 and it in. turn'is limited by the fusion point
or. sintering point of the ash produced from the
raw feed. One reason for maintaining as high
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& temperature as possible-in reactor: 31 is. to

make: possible- the recovery from the coal used-
as- raw- feed such hydrogen- as-may- be cracked:

oub of theraw feed.

It will: be-understood that-the- foregoing dis~-
cussion- of- the -specific- flow’ plans. illustrated is
intended to' explain  the: nature-of the: preserit-
invention and not to-define its limits. Various'

modifications- of the particular flow plans- de-
seribed - will- occur to those skilled in- the art and
applications. of the:general principles embodied
in -the: present invention.other. than those: Spe-~
cifically illustrated will be apparent.

The nature. and objects of the present inven-

tion having- been thus: described and illustrated,
the-said invention. is-defined as-follows:

1. A process-for preparing a fuel gas from

solid:carbenaceous-material- which: comprises re=
acting- said* carbonaceous’ material with a ‘gasi-
form-material whichireacts-endothermically ‘with
said carbonaceous material to genersite fuel gas

rich in:CO in-a-first reaction Zone;:.reaciing: in.

a-second zone carbonzceous material and- a:gasis
form material which reacts excthermically with
said carbonacecus material to form carbon di-
oxide, passing a moving stream of finely divided

inert solids of high heat capacity in a closed’

cycle including said zZones, whereby™ said . inert
solids move from one zone to the other in se-
quence, feeding finely divided fresh carbonaceous
material to said first zone in which it mixes with
sald inert solids, féeding: to.said first zone off
gases'from said second zone,.at least a portion of
said off ‘gases reactingrendothermically with szid
carbonaceous -material to: form:said fuel gas in
a 'manner such as to maintain'said carbonaceous
material and said inert solids:in said zone in a
fluidized. condition, feeding partially -sperit-car-
bonaceous material and inert solids from’ said

first zone 1o said second zone, feeding ‘gasiform

material capable of reacting exothermically with
said partially  spent' ecarbonaceous: material: to
sald second zore in a-manner such as to main-
tain the:carbonaceous material-and inert solids
in said-second zonhe in: a fluidized condition; said
last-named gasiform' material being’ further
characterized in that it' containg sufficient free
oxygen to consume- the carbon fed to said zone;
maintaining - an’ exothermic reactiori’ producing

carbon dioxide ‘in said’ secondzone, withdraw:-

ing a mixture of ash and hot inert solids from
said second zone separating ash from said hot
inert solids and. returning at least’a portion.of
said separated hot inert solids to said first zone.

2. The process:of claim -1 wherein-ash pro-
duced by reaction of said gasiform’ material in
said first zone is separated. from’said inert solid
material while in. the. hot condition resulting
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from said exothermic reaction and said hot inert

solids are returned to said first wone.”

3. The process of claim 1 wherein steam’ is-

fed to said second zone.

4. A method according to claim 1 in which g
hot product gas.is taken off said first zone and
the heat therein is-transferred by indirect heat
exchange to-the gasiform material fed to said
second zone.-

5. A method ‘according to claim 1 in which-
the gasiform material fed to said second zone:

contains: oxygen in -excess of .that required for
the consumption of the-carbon fed to said zone,
the hot off gas from said second zone is:the gasi-

form material fed to said first zone and ‘contains:

a substantial - quantity of free ‘oxygen, . a- hot

product gas is recovered from said first zone and:

60

75

8
heat therefrom is transferred by indirect: heat
exchange to the gasiform material fed: to- said:
second zone.

6. The method for preparing a fuel gas from
solid -carbonaceous material which comprises:re~
acting earbonaceous  material with a gasiform:
material which reacts endothermically with said
carbonaceous material in a reaction zone, react-
ing in & second zone carbonaceous material-and
- gasiform: materisl which reacty exothermically
with' said carboriaceous miateérial,. said last-
named- gasiform - material being - further’ ¢har-
acterized in that it comprises steam’ and at least
sufficient free oxygen to'consume- the carbon fed
to said zone, passing a moving: stream’ of: finely
divided- inert solids- of ‘High' heaf: capacity’ in' g
closed- cyele inecluding: said: zones whereby said
inert: solids move: from one Zong: to the other-in-
sequence; feeding: finély 'divided fresh carbond-
ceous material to-said first zéne in which'it mixes
with said inert-solids; feeding to " said: first zone'
off- gases from  said- second zona whieh: gases
react endotherrnically: with: said carbonaceous
material in- & mahner such a5’ to raifitain sdid
carbonzaceous material and’ said ineft solids in
said zZone in a fluidized condition, feeding par-
tially- spent carbonaceous material- and inert
solids from said first zone to said’ second zZone,
feeding said ‘gasiform material eapable of react-
ing excthermically with said rartially spent car-
bonaceous material to said second zone in a
manner such ‘as to maintgin the carboraceous
material and said inert solids’ in said second
zZone in a fluidized eondition in which-said car-
bonaceous material ig consumed by reaction with
5zid gasiform material and converted into ash,
separating ash. from said inert solids while in
the hot condition -résulting’ from said exother-
mie reaction and returning said hot inert solids
to said Arst zone.

7. A method for preparing a-fuel ‘gas from
solid’ earbonaceous material which comprises
establishing a eclosed cycle of a-moving body of
finely divided inert solig material of high heat
capacity, maintaining said solid in a’turbulent
suspended condition throughout its cycle, adding
finely "divided fresh carbonaceous material to
sald wioving body at otie 'point of its cycle, con-
tacting the mixtire wtih a gasiform’ material
containing earbon diokide and capable ‘of resct-
ing endothermically’ with' said carbonaceous
material-at said poiit under conditions under
which' they react to form: fuel gas rich in co,
separating hot fuel gas from the mixture at said
boint of contact, contacting the mixture of inert
material and partiaily spent carbonaceous ma-
terial at a later peint in‘said eycle with a gasi-
formr material capable of reacting. exothermi-
cally 'with said carbonaceois material to form
carbon dioxide and -tg thereby-heat up said inert
solids, said last-named gasiform - material: con-
taining at least sufficient free oxygen-to consume
the residual carbon in the cycle-at’ the point of
contact and said first-named- gasiform material
comprising residual hot carbon ‘dioxide-contain-
ing- combustion gases resulting from said  ex-
othermic reaction, Separating ashfrom said inert”
solids while ‘in thie hot condition resulting from
sald exothérmic reaction ahd ‘returning ‘said hot
inert solids to the fist<named point,.

8. A:method  according to claim 7 in which
the hot preduct. gas is passed in heat exchange
relation to said second Named gasiform’ material
before the latter enters the'cycle.




&
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© 9. A method according to claim 7 in which ash
« is removed from the cycle by elutriation.
@O 10, A method according to claim 7 in which
-g_after contact with the second gasiform material
and before contact with the first gasiform mate-
8 rial the eycle includes an enlarged zone in which
+=the hot inert material and ash is blown with a
o hot inert gas to carry off ash from said inert
— material.
@ 11, A method according to claim 7 in which the
second named gasiform material contacts the
:cycled material in an enlarged zone through which
%the gasiform material passes upwardly and car-
ries off some ash and said ash is returned, at
—~least in part, to said enlarged zone.
T 12. A method according to claim 7 in which the
Osecond named gasiform material contains steam
+and at least sufficient free oxygen to consume the
Cresidual carbon in said cycle at the point of con-
tact, the resulting hot combustion gases consti-
tute the first named gasiform material and the
hot product gas is passed in indirect heat ex-
change relation with said second named gasiform
madterial before the latter entérs the cycle.
13. A method for producing a fuel gas rich in
CO irom solid carbonaceous material which com-
prises reacting carbonaceous material with a
gasiform material which reacts endothermically
therewith in an endothermic reaction zone, re-

acting in a second zone, carbonaceous material +

and a gasiform material which reacts exothermi~
cally with said carbonaceous material, the gase-
ous material passed to said last~named zone be-
ing further characterized in that it contains
steam and more than sufficient free oxygen to
consume the carbon fed to that zone, and the
gaseous material fed fo said first-named zone
being further characterized in that it comprises
substantially hot off-gases comprising carbon di-
oxide, nitrogen and substantial amounts of oxy-
gen from said last-named zone, passing a mov-
ing stream of finely divided inert solids of high
heat capacity in a closed cycle including said
zones whereby said inert solids move from one
zone to the other in sequence, feeding finely
divided fresh carbonaceous material to said first
zone in which it mixes with said inert solids,
feeding to said first Zone, gasiform material
which reacts endothermically with said carbona-
ceous material in a manner such as to maintain
said carbonaceous material and said inert solids
in said zone in g fluidized condition, feeding par-
tially spent carbonaceous material and inert solids
from said first zone to said second zone, feeding
gasiform material capable of reacting exothermi-
cally with said partially spent carbonaceous ma-
terial to said second zone in a manner such as
to maintain the carbonaceous material and inert
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solids in said second zone in a fluidized condition
in which said carbonaceous material is consumed
by reaction with said gasiform material and con-
verted into ash, separating ash from said inert
solids while in the hot condition resulting from
sald exothermic reaction, and returing said hot
inert solids to said first zone.

14, A method for producing fuel gas from solid
carbonaceous material which comprises establish-
ing g closed cycle of a moving body of finely
divided inert solid material of high heat capacity,
maintaining said solid in a turbulent suspended
condition throughout its cycle, adding finely di-
vided fresh carbonaceous material to said moving
body at one point of its cycle, contacting the mix-
ture with a gasiform material capable of react-
ing endothermically with said carbonaceous ma-
terial at said point under conditions under which
they react to form hot fuel gas rich in CO, sepa-
rating hot product gas from the mixture at said
point of contact, contacting the mixture of inert
material and partially spent carbonaceous ma-
terial at g later point in said cycle with a gasi-
form madterial containing steam and at least suf-
ficient free oxygen to consume the residual car-~
bon in said eycle at the point of contact in an
exothermic reaction to thereby heat up said inert
solids, separating ash from said hot inert solids;
removing ash from said cycle, and returning said
separated inert solids to said first-named point,
the residual hot combustion gases resulting from
said exothermic reaction comprising said first-
named gasiform material,

WARREN K. LEWIS.
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