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UNITED STATES PATENT OFFICE

MANUFACTURE OF GAS MIXTURES CON-
TAINING CARBON MONOXIDE AND HY-

DROGEN.

Frank T. Barr, Summit, and Homer Z. Martin,
Roselle, N. J,, assignors to Standard Gil Devel-
opment Company, a corporation of Delaware

Application August 8, 1946, Serial No. 689,156

14 Claims, (CL 48--206)

The present invention relates to the manufac-

ture of gas mixtures containing carbon monoxide
and hydrogen from non-volatile carbonaceous
materials such as coal, coke, peat, oil shale,
heavy ol residues, cellulosic materials, including
Hgnin and the like, and more particularly to
the manufacture of such gas mixtures as are
suitable for the catalytic synthesis of hydrocar-
bons from carbon monoxide and hydrogen.

It has long been known that non-volatile car-
bonaceous materials such as coal, coke, and the
like may be converied into water gas by a high
temperature reaction with steam. The process
vields mixtures of CO and Hs in varying propor-
tions, depending mainly on the conversion tem-
peratures and the feed ratio of steam. The
flexibility of the process may be illustrated by a
serles of possible chemical reactions about as
follows:

C4-2H20-2Hz24-C02—24.700 cal.

C4-H:0-H:4-CO—32,500 cal.
C+CO2-200—40,200 ¢cal. -

The overall water gas reaction being endo-
thermiec, heat must he supplied. This 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°
F, in accordance with the following overall re-
actions: ’

C+402-C02+494,400 cal.
2C+022C04-54,200 cal.

The combustion reaction may be carried out
elther simultaneously with the water gay reac-
tlon or alternately in a make and blow fashion.

It will be appreciated from the above that the
water gas process permits the production of gas
mixtures of varying composition and B. t. u. con-
tent. Furthermore, *the process as such' is ex-
tremely well suited not only for the production
of fuel gases but also for the production of feed
gases for hydrogenation processes and particu~-
larly for the catalytic synthesis of hydrocarbons
and/or oxygenated organic compounds from CO
and Hz. Depending on the products desired, the

latter synthesis requires H2:CO ratios varying

within the wide limits of 0.5-5 volumes of Hs per
volume of CO. :

However, the technical utiliéation of the {vdter‘

£as process, particularly for hydrogenation proc-
esses and the production of synthesis feed gas,
has heen appreciably impeded by difficulties en~
countered in heat supply. .and continuous-oper-

. ation as well as in the. substantial removal of &

B v e ey

20

10

o
o

sulfur compounds from the gas, the latter being
imperative for the utilization of the gas in the
hydrocarbon synthesis.

‘The problem of supplying heat of reaction with
continuity of operation has been materially eased
by the application of the so-called fluid solids
technique wherein the carbonaceous charge is
reacted in the form of a dense turbulent mass
of finely-divided solids fluidized by the gaseous
reactants and products. In this procedure heat
is supplied to. the gas generator by the combus-
tion of carbonaceous constituents of the charge
with air and/or oxygen either in the gas genera-
tor itself or in a separate heater from ‘which
it.is transferred to the gas generator as sensible
heat of hot combustion residue.

The procedure involving combustion within
the gas generator requires the use of highly ex-

- pensive pure oxygen as the oxidizing gas in order
to prevent dilution of the produet gas with

nitrogen. When a separate heater is used, con-
siderable loss of potential heat is incurred as a
result of high carbon concentrations in the
heater requiring greater guantities of air to pro-
vide the necessary heat for water gas genera-
tion at heater temperatures of about 1800°—
2200°F. Moreover, the sensible heat of the com-
bustion residue being the only heat source for

. the water gas reaction, the solids circulation

- 30

rates from the heater to the gas generator are
quite considerable, i. e, usually around 4 1bs. or

- 0.2 cu. ft. of -solids per cu. ft. of water gas pro-
. duced. In addition, it is necessary to operate

35

- the heater within a few pounds pressure, say. 25,

of the generator, thereby requiring compression
of large amounts of air over a considerable pres-
sure range if water gas of more than 25 lbs. pres-
sure is to be produced. In any case, the water

- gas produced contains organic sulfur compounds

40

which complicate considerably the gas desulfur-
ization. Finally, the steam and cooling water
requirements are relatively high. These diffi-
culties result in a.relatively high cost of water

- gas or synthesis gas from coal, averaging mozve

45

50

than $.10 per 1,000 cu. ft. of gas produced as
comvared with about $.05 per 1,000 cu. ft. of
synthesis gas produced by modern methane con-

‘version processes. .

The present invention overcomes the afore-
mentioned difficulties and affords various addi-

. tional advantages.. These advantages, the na--

53

ture of the invention and the manner in which
it Is carried out will be fully understood from.
the following description thereof. read with ref-

.erence to the accompanying drawing.
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It is, therefore, the principal object of our
Invention to provide an improved process for the
production of gas mixtures containing carbon
monoxide and hydrogen from non-volatile car-
bonaceous materials.

Another object of our invention is to provide
improved means for converting carbonaceous
materials into gas mixtures suitable for the cata-~
lytic synthesls of hydrocarbons from carbon
monoxide and hydrogen. B ‘

A more specific object of our invention is to
provide improved means for supplying heat to a
waler gas generator using a carbonaceous charge
in the form of a dense fuidized mass of finely
divided solids.

Other and further objects will appear herein-
after, ’ S S

In accordance with the present invention the
gasification of solid carbonaceous materials with
steam is carried out in the presence of metal
oxides supplying the heat required. Employing
the fluld solids technique the fluidized finely
divided metal oxlde is intimately contacted with,
and gives off its oxygen to, the fluidized solid
carbonaceous charge of the gas generator,
resulting combustion which may go in part to
CO2 may generate at least a substantial portion
of the heat required by the water gas reaction.
In addition, the metal oxide is reduced so that

5

‘10

4
the catalytic effect is directed. On the other
hand, any methane formed by cracking of the
carbonaceous feed is more easily reformed in the
presence of metals such as iron, nickel, etc.

The metal oxides which may be used in the
present process are quite penerally such oxides
as have such an affinity for oxygen at the tem-
peratures of our process that their oxygen vapor
pbressures at equilibrium with both higher and .
‘lower stages of oxidation present are less than

" about 0.10 atmosphere and preferably less than

15

.20

The o5 dium pentoxide,

0.01 atmosphere so that substantially all the
oxygen of the air used for regeneration can be
bound by the lower stage of oxidation. The
metal oxides should also be capable of oxidizing
carbonaceous constituents of the solid carbo-
naceous charge abt the temperatures and pres-
sures of the water gas reaction. While certain
oxides which are reduced to metals such as fer-
rous oxide, cuprous oxide, and the like, are useful
for our process, other suitable oxides are the
higher oxides of metals which are capable of
forming both higher and lower oxides. Typical
of these are cupric oxide, ferric oxide and vana-
Suitable also are mixtures of
these oxides and mixtures with carrier mafterials
such as kieselguhr, alumina or silica gels, ben-
tonites, and the like.

As indicated above, spent metal oxide is con-

1t may be reoxidized in an exothermic reaction‘so centrated in the solids withdrawn from the gas

to produce heat required by the gasification reac-
tion. A substantial separation of solid gasifica-
tion residue from reduced metal oxide is effected
without appreciable heat losses and reduced
metal oxide is continuously or intermittently cir-
culated to a separate oxidation zone to be regen-
erated by oxidation with air at temperatures
within the range of about 1400° to 2500° F. Re-
generated metal oxide is returned to the gas gen-
eration zone substantially at the temperature of
the oxidation zone thus supplying sensible heat
of solids to the gas generation zone in addition
to heat which may be generated by partial com-
bustion within the gas generation zone.

In this manner, the volume of solids to be cir-
culated through the system for the purpose of
heat supply may be reduced in some instances
to less than that required for the steam-carbon
reaction when carried out jn the absence of the
metal oxides of the present invention. In addi-
tion air rather than pure oxygen may be used
for heat generation. It should be noted that, as
Indicated above, in the system in which a sep-

‘arate heater is used and hot ashes from the

heater supply the heat for the water gas reaction,
the carbon concentration in the heater must be
low in order to brevent excessive carkon monox-
ide formation therein, To accomplish this it has
been necessary to operate the water gas gen-
erator likewise at, arrelatively low carbon concen-
tration which results in a low rate of the water
Bas reaction. In accordance with our invention
the necessity of low carbon concentration in g
heater is obviateg and the water gas generator
may be operated at highest carbon concentra-
tions and rates of reaction. Moreover, the metal
oxide may act simultaneously as a cracking cata~
lyst for organie sulfur compounds, thus simplify-
ing the desulfurization of the product gas. In
addition, it may catalyze the water gas shift
reaction, thereby allowing the production of
larger proportions of I by reaction of CO with
steam, the supply of the latter being controlled,
It necessary, to establish concentrations suitable

for high I¥; content, at equilibrium, toward which
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generation zone for regeneration. While this
circulating material need not be free from ash
introduced with the carbonaceous charge, it
should be freed of significant concentrations of
oxidizable material other than the Spent metal
oxide without incurring appreciable heat losses.
For this purpose, the linear velocity of the gases
in the gas generation zone may be so adjusted as
to accomplish a desired separation of solids by
elutriation. This method may be replaced or
supplemented by packing the -gas generation
zone with relatively large sized non-fluidizable
refractory aggregate such as ceramic tower pack-
-Ings, Raschig rings, or the like whereby a segre-
gation or classification of the fluidized solids by
density may he accomplished. Such segrega-
tion may be further enhanced by maintaining
carbonaceous solids and metal oxide in different
-size distribution, the carbonaceous material hav-
ing preferably a smaller size, and/or by using a
metal oxide having g density significantly differ-
ent from that of the carbonaceous solid.

In spite of the-effective separation of ashes
and carbonaceous solids from the metal mass ac-
complished in the gas generator by the- above
-procedure, the metal mass withdrawn from the
gas generator for regeneration in 3 separate oxi~
dation zone frequently contains quantities of
oxidizable carbonaceous matier which interfere
with efficient operation of the oxidation zone. In
order to eliminate these difficulties it is preferred
to carry out the reoxidation of the metal mass in
-& fluidized oxidation zone packed with relatively
large-sized non-fluidizable refractory aggregate
such as the above mentioned ceramic tower pack-
ings and to adjust the superficial velocity of the
fluidizing gas so as to remove overhead from the
oxidation zone, ash and carbonaceous materials
having a lower density than the metal mass while
retaining the concentrated metal mass in the oxi-
dation zone at oxidation conditions, )

* Having set forth the general nature and obh-
Jects, our invention will be best understood from
the more detailed description. hereinafter, in
which reference will be made to the accompany-

SFARCH RO
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ing drawing which shows a. semi-dlagrammatic
view of apparatus suitable to practice a preferred
embodiment; of the invention.

Referring now in detail to the drawing the sys-
tem illustrated therein essentially comprises a
water gas generator 18, a metal oxide regener-
ator 20 and a separation system 485, 8§, 60, the
functlons and cooperation of which will be pres-
ently explained. For the purpose of the follow-
ing description, the carbonaceous charge will be
referred to as coal and the metal oxide as iron
oxide, but other materials may be used.

Coal ground to a fiuidizable particle size, for
example, of the order of 50% having a size of less
than 100 mesh is fed, preferably continuously,
from feed hopper | through line 2 which may
have the form of an acrated standpipe, to water
gas generator (8. Steam which, particularly dur-
ing the starting period, may be preheated to tem-
peratures of about 1200-1600° F., is supplied
through line 5 to the bottom portion of generator
{0 and passes through a distribution grid 7 into
gas generation zone 8 to react with the coal at
a temperature of between 1400° and 2400° 7, pref-
erably about 1660° to 1800° F. whereby water gas
is formed. About 0.5 to 3.0 lbs. of steam per 1b.
of coal to be gasified is generally sufficient for this
purpose, although if high CO gas is desired,
steam addition may be dispensed with, except
as required for fluidization, gasification being ac-
complished by the CO2 and steam formed by oxi-
dation of part of the coal.

Gas generation zone 9 also con*ams finely di-
vided iron-oxide of a particle size slightly larger
than that of the carbonaceous solids in the gas
generator, e. g. a particle size of say about 50
mesh, which is supplied from metal oxide re-
generator Z0 as will appear more clearly herein-

10
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20
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after. The amounts of metal oxide required to -

supply the oxygen necessary to support the re-
action in generator 18 vary between ahout 1 and
25 1bs., preferably about 2-10 1bs., per 1b. of coal
to be gasified, depending on the character of the
coal or other carbonaceous solid used, the amount
of inert material circulating, and the temperature
desired in generator (8. However, this amount
is preferably not less than that which gives up
about 7-8 cu, ft. of oxygen (measured at stand-
ard couditions) per 1b. of coal charged (on an

ash and moisture-free basis). In addition tosup- ¢

plying oxygen to the gas generation zone, the cir-
culating solid also acts to carry heat evolved in
reoxidation zone 25 to the generation zone, The
amount of heat so evolved will depend on the
metal oxide used, but up to 500 Ibs. of solids may
be circulated per Ib. of coal charged to accom-
plish- this. A wide range of operable ratios of
circulating solids to fresh coal addition, there-
fore, exists in operation of this process.

The linear velocity of the steam is so selected
that the charge of gas generation zone 9 forms
a-dense ebullient mass of fluidized solids having
a- well defined upper level Lip and that coal ash
is carried overhead from generator (9, suspended
in the product gases. Steam velocibies of ahout
0.5-10 ft. per second, preferably 1-4 ft. per second
are suitable for this purpose. At these condi-
tions of particle sizes and gas flow, a crude classi-
fication of fluidized solids may be accomplished
with the result that the solids charge of zone 9
gradually changes from a lower layer consisting
substantially of reduced and unreduced iron
oxide of high specific gravity to a middle layer
consisting of a reacting mixture of coal and iron
and iron oxides and. an. upper layer consisting

) e
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6

mainly . of * coal undergoing| gasification: with
steam. While there:is no sharp separation be-
tween these layers, the classification is sufficiently
pronounced to permit the withdrawal of sub-
stantially spent metal oxide| containing minor
proportions of carbonaceous material from the
battom: of gasification zone 9{while at the same
time allowing for sufficient contact between coal
and iron oxide to produce by combustion heat re-
quired for the gasification reaction. If desired,
this effect- may be furthered by arranging a re-
fractory tower packing of relatively large-diame-
ter ceramic Raschig rings in zone 9.

As previously indicated, spent oxide is with-
drawn from the holtom of zone 8 and passed
downwardly through standpipe {2 aerated
through taps 15 by small amdunts of a suitable
fluidizing gas such as air and/or fiue gas and
under some conditions, steam, @nd provided with
a slide valve 1. This fluidizingigas may be added
in sufficient quantities to strip the spent oxide of
occluded water gas. .

If desired, a reverse standpipe {2 such as dis-
closed in the copending application Serial No.
659,041, filed April 2, 1946 may be used in place of

-standpipe 12 to transport spent metal oxide from

generator {0 to regenecrator 25.+ This arrange-
ment has the advantage that the spent metal
oxide may bz conveyed to regenerator 25 using
low pressure air while, if desired, the generator
may be kept under a high pressure when using a
conventional standpipe of sufficient height for
the feed of regenerated metal oxide from regen-
erator 25 to generator 10. This may be particu-
larly desirable from an economic point of view
when high-pressure synthesis gas is to be pro-
duced. It should also be noted in this connection
that the use of metal oxide in place of ashes or
other light inert heat carriers permits the use of
standpipes of considerably reduced height for
the purpose of establishing the desired pressures.
The spent fluidized iron mass, if conveyed
through a downflow standpipe, enters pipe (8
wherein it is picked up by air to form a dilute

5 suspension which is passed under the pseudo-

hydrostatic pressure of standpipe (2 to the lower
portion of metal oxide regenerator 20 and
through  distributing grid 23 into oxidizing
zone 23.

The linear velocity of the air supplied to re-
generator 24 is so selected that a dense turbulent
mass of fluidized solids having an upper level Loo
is formed above grid 23. Sufficient air must be
charged to permit reoxidation of the iron mass at
the rate prescribed by the heat requirement of
gasification -zone 8. In general, 40 to 130 cu. ft.
of air per 1b. of coal to he gasified is sufficient for
this purpose.

The spent metal oxide mass supplied through
line {9 may contain carbonaceous constituents
rvesulting from an incomplete separation in gas
generator {0. This carbonaceous material may
be sufficient in amount to consume more oxygen
than would be permissible for efficient operation
of regenerator 20. We prefer, therefore, to provide
reoxidizing zone 25 with a packing of large-sized
non-fluidizable refractory Raschig rings while
maintaining a superficial gas velocity of about
14 ft. per second as described in connection with
gas generator 10. In this manner, we accom-
plish a substantial concentration of metal oxide
in zone 25 and elutriation of any material of
lower specific gravity including the carbonaceous
constituents.

The oxidation tempel ature in zone. 25-is main-

L. g
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tained between 1500° and 2500° P., preferably at
about 1700°~1900° F. by a proper control of the
air supply. Residual air consisting essentially of
nitrogen and small proportions of CO2 is with-
drawn overhead through a conventional gas-
solids separator 271 provided with solids return
pipe 29, and through line 31 to be either vented
or passed to any desired use such as aeration of
standpipe {2 or nitrogen recovery. If desired,
cyclone separator 27 may be located downstream
of means for cooling the flue gases. Separator 27
is preferably operated so as to return to zone 25
only metal oxide entrained in the residual air.

Regenerated oxidized iron is withdrawn down-
wardly from regenerator 20 and passed substan-
tlally at the temperature of zone 25 through a
standpipe 33, aerated and stripped with steam
through taps 35, Into gas generation zone 9 of
generator (0. The rate of metal oxide circulation
through pipe 33 may vary within wide limits de-
pending on the metal oxide and carbonaceous
solid used and the desired temperature gradient
between zones 9 and 25. It should, however, be
sufficient to make about 0.01 to 0.5 mol of O2
available in zone 9 per Ib. of carbon to be gasified.
In the case of iron oxide and a common bitumi-
nous coal the solids circulation through pipe 33
may be about 1 to 25 lbs., preferably about 5-10
Ibs. or 0.02-0.07 cu. ft. per cu. ft. of water gas
produced.

Fresh metal oxide may be supplied to regen-
erator 20 through line 37 and metal oxide fines of
undesirably small size may be withdrawn from
the system through line 39.

Returning now to gas generator 10, product gas
consisting essentially of CO and Hs and small
amounts nof exceeding about 5-15% of CO2 and
containing entrained coal ash tosether with g
small amount of unconverted coal and iron or
Iron oxide is withdrawn through line 41 and
passed to a conventional gas-solids separator 45,
preferably of the centrifugal type, wherein g
major proportion of the heaviest entrained solids,
particularly metal and metal oxide, is separated
and returned through line 47 to gas generator (0.
The gas containing the remtaining entrained
solids passes through line 508 to a water scrubber
55 wherein it is completely freed of solids by water
supplied through line 57 for countercurrent flow.
Product gas is withdrawn overhead from scrubber
55 and passed through line 58 to conventional gas
purification eguipment (not shown) and ulti-
mately to a synthesis reactor or other use.

Water containing coal ash ané minor amounts
of metal or metal oxide and unreacted coal is
withdrawn from the bottom of scrubber 55
through line 58 and passed to a settling zone 60
wherein a further crude classification of the
suspended solids by density takes place. A sus-
pension enriched ifi coal ash may be decanted
and removed from settler 60 through line 63.
The lower layers of settler §0 contain a suspen-
sion enriched in metal or metal oxide and some
carbonaceous material which may be withdrawn
through line 65 and passed into steam feed line
b to be returned to generator 0.

If 'desired, tail gas from the hydrocarbon syn-
thesis may be recycled to generator 18, for ex-
ample, via steam feed line 5 in order to modify
the composition of the water gas produced by the
conversion of the gaseous hydrocarbons and CO2
contained in the tail gas.

While no specific pressures have been men-
tloned above it should be understood that pres-
sures varying from slightly sub-atmospheric to

10

- 8 _

about 400 lbs. per sq. in. gauge may be applied.
If high B. t. u. fuel gas of increased methane
content is desired, pressures of at least 200
Ibs. per sq. in. are preferred. A particular ad-
vantage of the invention resi les in the fact that
synthesis gas may be produce;d in generator (0
at any desired elevated pressure while reoxidizer
20 may be operated at '.substaﬁ\tially atmospheric
pressure, thus saving the cost of compressing
large volumes of air to high pressures.

It will be appreciated from the above descrip-

~ tion that the system ilustrated in the drawing
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permits a fully continuous conversion of carbo-
naceous solids into a mixture o‘; carbon monoxide
and hydrogen of improved purity, affords op-
timum heat economy and requires a minimum of
solids circulation. While we {Aave shown pre-
ferred means for recovering metal oxide suspend-
ed in the product gas or ad Lixed with other
solids, we do not wish to be limited to these spe-
cific means. Numerous variations and modifica-
tions thereof may appear to those skilled in the
art without departing from the spirit of our in-
vention.

Our invention will be further illustrated by the

following specific example.
Example

For the production of 415 million cu. ft. of syn-
thesis gas per day containing 175 million cu. ft.
of He, 175 million cu. ft. of CO, and 65 million
cu. ft. of CO2 from a coal containing 4.2 1bs. of
He per 100 lbs. of carbon using iron oxide as the
oxygen carrier, the following operating condi-
tions have been found to be suitable.

Coal feed, 188 tons per hour.

Process steam feed, 440,000 lbs. per hour.

Air feed to regenerator, 315,000 SCF per minute.

Solids circulated from regenator to generator,
1,200 tons per minute.

Generator temperature, 1800° F,

Generator pressure, 100 1bs./sq. in. gauge.

Regenerator temperature, 1900° . .

Regenerafor pressure, 1 1b./sq. in. gauge.

Approximate height of standpipe from regen-
erator to generator, 100 ft.

Preheating temperature of steam and air, 1100° F.

While the foregoing description and exemplary
operations have served to illustrate specific ap-
plications and results of our invention, other
modifications obvious to those skilled in the art
are within the scope of our invention. Only such
limitation should be imposed on our invention as
are indicated in the appended claims.

We claim: .

1. The process of producing carbon monoxide
and hydrogen which comprises passing steam
upwardly through a dense fluidized bed of finely
divided carbonaceous solids of fluidizable particle
size maintained in a gasification zone at gasifica-
tion conditions of temperature and pressure in the
presence of fluidizable particles of a metal oxide
which oxidizes carbonaceous materials at the
gasification conditions and which has a lower
buoyancy in gas than that of the solid gasification
residue of said carbonaceous solids, said metal
oxide being added in amounts and at a tempera-
ture sufficient to supply at least a substantisl
portion of the heat required to maintain said
gasification temperature, withdrawing a gas con-
taining carbon monoxide and hydrogen upwardly
from said bed, passing the steam upwardly
through the dense fluidized bed at a velocity such
that metal oxide particles of reduced oxygen con-

Ut
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tent are concentrated in the lower portion thereof
to a relatively greater extent than in the upper
portions of said fluidized bed, withdrawing a
stream of solids from the lower portion of the
fluidized bed, passing said stream to a dense
fluidized bed of finely divided metal oxide, pass-
ing air upwardly through said second named bed
at conditions adapted to reoxidize said withdrawn
metal oxide by an exothermic reoxidation reac-
tion, and returning reoxidized metal oxide from
said second named bed to said first named bed.

‘2, The process as claimed in claim 1 wherein
the average particle size of said metal oxide is
larger than that of said carbonaceous solids in
said first named bed.

3. The process as claimed in claim 1 wherein
said first named bed contains a packing of refrac-
tory materials of greater than fluidizable particle
size.

4. The process as claimed in claim 1 wherein
the linear velocity of said steam is so controlled
that at least a major proportion of ash of the
carbonaceous solids is entrained in said with-
drawn gas.

5. The process as claimed in claim 1 wherein
metal oxide enftrained in said withdrawn gas is
recovered outside said gasification zone and re-
turned to said first named bed.

6. The process as claimed in e¢laim 1 wherein
said second named bed contains a packing of
refractory materials of greater than fluidizable
particle size and the linear velocity of said air
within said bed is so controlled that solids of
higher buoyancy in gas than that of sald metal
oxide are carried overhead from said second
named bed.

7. The process as claimed in claim 1 wherein
the pressure of said gasification zone is substan-
tially higher than the pressure on said second
named bed.

8. The process as claimed in claim 1 wherein
tail gas from a hydrocarbon synthesis reaction
is recycled to said first named bed.

9, The process as claimed in claim 1 wherein
sald withdrawn gas confains s major proportion
of ash ang smaller proportions of reduced metal
oxide and carbonaceous solids, sald gas Is sub-
jected to a mechanical gas solids separation to
separate reduced metal oxide from said with-
drawn gas, said withdrawn gas is passed there-~
after through a scrubbing and settling system to

[
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separate further reduced metal exide and carbo-
naceous solids from ash, and the separated re~
duced metal oxide and carbonaceous solids are
returned to said first named bed.

10. The process as claimed in claim 1 wherein
the pressure of said gasification zone is at least
200 1bs. per sq. in, and the pressure on said second
named bed is substantially atmospheric.

11. The process as claimed in claim 1 wherein
the pressure of said gasification zone is substan-
tially higher than the pressure on said second
named bed and said withdrawn metal oxide is
passed to said second named bed by means of a
standpipe in which said withdrawn metal oxide
flows upwardly in the fluidized state under the
influence of said higher pressure.

12. The process as claimed in claim 1 wherein
at least a portion of said heat is supplied as
exothermic heat generated by said oxidation
reaction.

.13. The process of claim 1 wherein at least
a portion of said heat is supplied as sensible heat
of said reoxidized metal oxide highly heated in
said second named bed by said reoxidation reac~

tion.

14, The process of claim 1 wherein said gas-
ification zone is operated at a pressure within the
range of from slightly below atmospheric to about
400 p.s.i. g.

. FRANK T. BARR.
HOMER Z. MARTIN.
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