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PRODUCTION OF INDUSTRIAL GASES CON-
TAINING CARBON MONOXIDE AND HY-

DROGEN

Eugene S. Corner, Roselle, and Charles S. Lyhch
Plainfield, N. J., assignors to Standard Qil De-
velopment Company, a corporation of Delaware

"Original apphca,tmn August 12, 1947, Serzal No

768,247.

4, 1948 Serial No. 6,227
(Cl 48—-—196)

11 Claims.
This application is a division of our copending
application Serial No. 768,247 filed August 12,
1947, now U. S. Patent No: 2,553,551 dated May
22, 1951, The present invention is directed to-a
method for producing-industrial gases containing
carbon monoxide and hydrogen from gaseous
hydrocarbons and to novel compositions which
function as oxygen carriers in the oxidation of
gaseous hydrocarbons.
Tn many industrial processes the raw mater1a1
is composed of, or essentially contains, a mixture

of carbon monoxide and hydrogen. -Chief among-

these processes are the so-called methanol syn-
thesis, in which carbon monoxide and hydrogen

are reacted in the presence of a suitable catalyst.

to produce oxygenated organic compounds, and
the Fischer-Tropsch Synthesis in which carbon
monoxide and hydrogen in suitable proportions

are reacted in the presence of a suitable catalyst.

and under selected conditions to produce a prod=
uct: primarily composed of liguid hydrocarbons.
In processes . of this type it is highly :desirable
that the feed:gas be free from contammatlon
with inert gaseous substances:

The obvious way to obtain 4 mlxture of carbon
menexide and hydrogen is to subject:a mixture
of .o hydrecarbon such .as methane- and air fo

controlled combustion.. “This-procedure, however, .

results.in a gas containing g large-quantity of

nitrogen. - Phis detrimental dilution has led: to’
much:study dnd-experimentation, directed toward -
the: developed :of . a -method for producing.the-
desired “make gas” free from contammants and.

diluents. -

.Among:. the procedures whlch have been pro-—
posed for: producing from hydrocarbons a suit-:
able gas mixture containing carbon:imonoxide:;

and hydregen free from large volumes of diluent
gas is f,hat in which a metal is used.as an oxygen
carrier..” The general procedure proposed. is:to
react the hydrocarbon, such as. methane, with.a
metal oxide until the latter is depleted in oxygen
content, then to reoxidize the depleted-metal ear~
rier with air, Ventmg off the re51due gases and

again. reactlng the regenerated oOxide - ‘with- the,

hydrocarbon, . By this- procedure the .gas result-
ing from. the reaction of the hydrocarbon thh

the metal oxide is obtained separately. from the'
gaseous residues from the, ox1datlon of the metal

Wlth air.

While a number of metals have been proposed"i
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practwally unpos51ble to 0‘{1d1'7€ a hyorocalbon
with -zinc exide to'carbon dioxide whereby a high ..
selectivity to carbon monoxide can:be expected
in the use of this metal oxide. - Zinc oxide, how~
ever, presents the great difficulty that at the tem-
perature at which it will give up its oxygen the.
zinc will also vaporize; giving: rise to -a difficult.
recovery problem. Moreover; at the temperature
of- operation, zinc oxide- does -not. effect a suffi-
ciently high eonversion of ‘the hydrocarbon.

:Of . the many oxides.which might be considered
ugeful, iron -oxide, based -on considerations -of
availability, price and reactivity with hydrocar-
bons, would seem to be.the logical choice. When
it is attempted, however, to react a hydrocarbon’
such as methane with a fixed bed of iron oxide,’
the course of the reaction proceeds in a direction
quite the contrary of ‘that desired. - At the outset
the iron oxide oxidizes the hydrocarbon com-
pletely to carbon dioxide until ‘an appreciable
quantity .of free iron is:present in the. reaction.
mass. From .that peint. on some carbon mon-
oxide is produced but at the same time large

Quantities of carbon.are produced by reason of

the highly catalytic effect of the iron on .the
cracking of hydrocarhons..

It had been expected that. this difficulty of
controlling the course of the reaction between
the hydrocarbons and iron oxide ecould be ameli-
orated: by operating according to that technique.
which has-eome to be known as a fluidized solid-
techhnique in which the solid in -finely divided
form is suspended in a rising stream. of the gas

"to be reacted ‘while correlating the velocity of the

gas with respeet to the degree of fineness of the
solid to produce. 2. dense suspension of the solid
in the gas in which the solid is in a highly turbu-
lent state. - The difficulty encountered with this
procedure, howeyer, is.that when the tempera-
ture of operation is maintained within the limits
caleulated to give.the desired rate of reaction,
for- example between about 1600 and 2000° F.,

" the finely divided mixtire of iron exide and iron

4>

for use in this process they . all present d1ﬁerent; -

vroblems When it s attempted actually to use.

them. in the proeess. .Zine ox1de .is. on

theoretlcally ‘should. serve the purpose admlrably; .

because its oxidation potential is such that it is

58

proves to be very dlﬁ‘loult to ﬂU.lOJZE It appears
thatthe powdered, material becomes sticky in this
range of temperatm es, although it is con51derab1y
below :the me1t1n9 pomt of either the iron. oxide
or, the iron, “with, the result that the particles
merate and do, not remain m the desired

.. - state of suspensien. This failure fo remain fluid-
o

ized appears to cause the reaction to follow sub-
stantially - the same .course . as that observed in
fixed bed operatmn ’ .

According to the present invention, an eﬂicmnt
oxygen carriei for. the oxidation of hydrocarbcns
is prepared’ by mixing manganese dioxide with
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iron oxide in such a manner as to give a very
intimate degree of mixing. The intimacy of ad-
mixture desired is comparable to that attain-
able by precipitating the mixed oxides from mixed
water solutions of their salts. A comparable de-
gree of mixing for the purpose of the present
invention is attainable by soaking either of the
oxides in a solution of the salt of the other and
thereafter roasting. If desired, one of the oxides
can be immersed in the water solution of a salt
of the other, a precipitating agent added to pre-
cipitate the oxide of the other, and the result-

ing solid precipitate filtered, washed and roasted.

The preferred carrier, according to the present
invention, is a mixture of Fe203 and MnO2 con-

10

4
tailed description of the accompanying drawing
in which:

Fig. 1 is a front elevation in diagrammatic
form of one type of apparatus suitable for the
practice of the present invention;

Pig. 2 is a pair of curves showing the relation-
ship between hydrocarbon conversion and selec-
tivity to carbon monoxide with compound car-
riers .according to the present invention with
varying contents of manganese oxide; and

Fig. 3 is a family of curves showing the vari-
ation in selectivity of a 50-50 mixture of iron
oxide and manganese oxide with time of oper-

- ‘atiom.

15

taining between 10 and 70% by weight of MnOz."

"The best composition is a 50-50 weight mixture
of these ecompounds. Other iron oxides may be

employed, if desired.

The oxygen carrier, according to the present

invention, constitutes a marked improvement
over iron oxide as an oxygen carrier both in
fixed bed operation and in operation according
to the so-called fluidized solid technique in which
the oxygen carrier in finely divided form is sus-
pended in the form of a dense, turbulent suspen-
sion in a rising stream of the hydrocarbon gas.
In the fixed bed type of operation the compound
oxygen carrier makes possible the realization of
a degree of conversion and a selectivity of the
reaction toward the production of carbon mon-
oxide and hydrogen unexpectedly superior to that
attainable by the use of either component of
the compound carrier alone. In the fluidized
solid type of operation there is secured, in addi-
tion to the foregoing advantage, considerably in-
creased fluidizability at the temperatures of op-
eration, which are usually between.about 1600°
F. and 2000° F. It will be understood that the
upper limit of this temperature may be higher
and is dictated only by the melting point of the
finely divided solid and the material of wh1ch
the-reaction vessel is made.

“Furthermore, the compound carrier makes pos—
sible ‘an operation at a high conversion level
with high selectivity to carbon monoxide for an
extended period of time indicating that there is

no critical oxygen content of the compound car~

rier but that it is effective over a fairly wide
range of oxygen content. This is important com-
mercially because in a two-stage operation, in
one stage of which the hydrocarbon is reacted

with the oxygen carrier and in the other stage
of which the oxygen content of the carrier is
replenished by treatment with an oxidizing agent
such as air, much less careful control is required
in both stages. Finally it is to be observed that
the foregoing advantages are realized in both
fixed bed and fluidized solid operations with a
minimum production of carbon.

In one particular embodiment of the present

Referring to the drawing in detail, numeral [
desighates a reaction vessel and numeral 2 des-
ignates a regeneration vessel. In the embodi-
ment shown these vessels operate on the dense

: phase drawoff principle. It will be understood
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invention, namely that in which the fluidized .

solid technique is employed, the fluidizing char-
acter of the solid is improved by incorporating
in it varying amounts of magnesia and/or chro-
mium oxide which may be included in the com-
position of the oxygen carrier by coprecipitation
with the components of the carrier. From 10 to
40% by weight of the magnesia and/or chromium
oxide may- be advantageously. included in the
composition to improve fluidizing characteristics
and in some instances to improve conversion and

: selectivity.

" The nature of the present invention will be

! --more fully understood from the following de-

\
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that these vessels can be of the well known bot-
tom drawoff type or the strictly upflow type.

Vessel |- is provided at. its bottom with an.
inlet 2’ for gas and finely divided solid and at
its upper end with -an outlet 3 for gas, ahead of
which is an internal cyclone 4 or other separator
for gases and sohds having a dip leg 5 depending
into the vessel. - On one wall the vessel is. pro-
vided with a duct 6 having its open upper end
terminating at the selected level for the dense
phase of the suspension. This duct empties into
a line T into which air or other oxidizing gas is
fed through line 8. Line 7-discharges into the
bottom of vessel 2 which, like vessel I, is pro-
vided at its upper end with a gas vent 5 ahead
of which is arranged a cyclone separator I8
having a.dip. leg 11 extending into the dense
phase . of the suspension in .vessel 2. Vessel 2
is also provided with a duct 12 on one of its walls
having its open upper end located at the intended
level of the.dense phase of the suspension in
vessel 2. Duct 12 empties into line 2’ into which
is' fed. a hydrocarbon gas through line 3.

In earrying out the process of the present in-
vention in the apparatus described, the vessels are
charged with finely divided -solid, the individual
particles of which are an intimate mixture:.of
manganese: oxide and iron oxide with or with-
outother fluidizing additions.: As previously in-
dicated, this mixture is conveniently prepared
by mixing aqueous solutions of a manganese salt:
and -an -iron salt and coprecipitating the hy-
droxides with an alkali. ‘The precipitate is care-
fully washed to remove water-soluble contami-
nants after which it is dried and roasted. If the
final product is not.in the finely divided form
heretofore specified, it 1s ground so as to satisfy
the requirements.

In starting up with both vessels charged with-
the' finely divided “solid mentioned above, the
systém may-be brought to'a temperature between
about 1550 and 1850° F. by feeding hot combus-
tion gases through lines 8 and 3. If desired,
some finely divided carbon may be mixed with
the initial charge and the system brought to tem=-
perature by burning off the carbon. When- the
operating temperature is obtalned a hydrocarbon
gas is fed through line 13 ‘at a velocity such as
to maintain:the ﬁnely divided solid in vesse] 1'in
suspension in the gas in the form of a dense body
in which the particles are in incessant motion.

- The velomty should be so regulated as to produce

a ‘suspension having at least about 5% by volume
of “solids, preferably between about 10 and 25%.
The ‘velocity ‘is ‘correlated with the amount of
solids charged so as to bring the level of the dense
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phase .to & point where it overflows into .con-
duit 6. . The gases passing out-of the vessel tend
to carry solids with them. These solids are sepa-
rated:.in the: cyclone 4 and returned to the. dense
suspension. :

As the solid overﬂows mto condtut 8 and thus
into line 1, preheated air.or:other oxidizing me-
dium is fed in through-line 8 at-a veloeity:such
as to carry the finely divided solid“into-vessel 2
and maintain it therein-in s suspension of the
character heretofore: described, ‘the lévél of the
dense phase of the suspension being so regulated
that the dense phase-overflows into: condult i2
which carries solid back into-linei2’.

The heat required for the reactlon in- Vessel l

o

10

is-supplied primarily as sensible heat contained -

in the solids returned from wvessel: 2 supplemented
by:preheat imparted to the hydrocarbon gas from
the hot exhaust gas from vessel 2.+ ..
-It.will-be appreciated that the 111ustratlon of
the apparatus and the drawingis:limited to-the
bare ‘essentials, calculated merely: t0° depict the
flow plan of the process.  Désign and engineering
details .are purposely omitted: t6:avoid uhneces-

sary complication. Among such-details are heat ¢

exchangers, aerating jets for the various conduits,
pumps, and the like. - It is repeated.that the flow
plan shown is only one:of -several’ whichimay: be
used, the essential requirement: being ‘that ‘the

flow: plan shall include at least two zones in one :

-of ‘which hydrocarbon is reacted with the metal
oxide mixture serving as the oxygen: carrier and
in the other -of which: the resultant-métal or
metal-metal oxide mixture with depleted oxygen
content is treated with-an 0x1dlz1ng gas 50 as to
replenish its oxygen.content. :

‘Referring to Fig.:2, curve A- shows the varia-
tion in.conversion of methane at:1700°-F, i1 a

20

fixed bed reactor with a methane feedirate of .

100 v./v./hr. with: compound - carriers ‘according
to:the present invention with varying contents of
manganese oxide.. Curve B shows:the variation
in selectivity. to CO: under the ‘same’ conditions
with the same variations in content .6f MaOs:
The data on the runs-on whlch these curves are
based are as follows:

Methane oxidation wzth Fean__MnOz com: ez-‘

tions RTINS
[Fl\ed bed 1700°°F.; 100 v./v. /hr] x:

40

B0

MnOz Content, Weight Percent_._..--__'.,; <0 10 .80 |:90:[:100

Methane Conyversion, Perce'lt ________________ 70 T-80: [ 32 |- 22

Selectivity, Mol Percent: .
‘GO i 170 | 75795 82
30 [ 25 B 8
0

0].0 10

It will be observed that'under the conditions
of ‘eperation iron oxide alone gave a conversion of
56% with a selectivity to CO of 22%..:10% of
manganese oxide increased the-conversion to 70%
and the-selectivity to:70%.
sion ‘was obtained with a 50=50 -mixture of: iron
oxide. :and manganese -oxide with a selectivity to
CO'of 756%. : As the iron . oxide:décreased -below

'50%: :the selectivity tended to rise.but the con-

version fell off rapidly.: Manganese:-oxide aloné
gave :a cconversion of only 22%.. It will-be ap-
parent that-over a wide variation of -composition
both conversion-and select1v1ty were mamtalned
ata highlevel, . -

Referring to’ Frg 3, curve C shows the 'varla-
tion of selectivity to-carbon monoxide with time
on stream when using :a.50-50. mixture of - FesOs

80

Maximum' conver-
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6
and MnO:z in a fixed bed reactor:at 1700° F. with
a:methane feed rate of 100 -v./v./hr.. Curye.D
shows for the same operations the variation in
selectivity .to.COz. with. time while curye E .shows.
the point at:which carbon production -begins.and
its.increase with time. The data from: whlch
these curves were prepared were as followss i

o ethane o:culatzon with 50 Fe203—50 MnOz .
IFixed bed; 1700° F; 100 v./v./hr.d .

Time on stream, min___-____.__ 15 "30- 55 60
Methane conversion; percent__~ 100 ‘70 94- 98
Selectwlty, mol percent SR
0 177216 66

.89 28 -24 ‘18

00 0 *‘16

It w111 be observed: first-of all that there s a
relatively short induction period in which product
gas changes from 100% CO: to a relatively. ‘high
percentage of CO. ‘This high: selectivity to .CO
persisted in ‘the particular operation described
for & period of about 25 minutes when it began
to. drop off simultaneously with .the- formation
of carbon as:shown in-curve E. This period :of
high selectivity to CO with no carbon formation
indicates the high degree of utility of the oxygen
carrier ‘for - commercial operations. In g “con-
tinuous operation as heretofore described it is
relatively easy to operate so as to limit the resi-
dence time of the oxygen carrier in the methane
conversion zone to less than 25 minutes. - A wide
variation in residence time is permissible with-
out any substantial effect on the composition of
the product gas and without any formation of
carbon. This, of course, indicates that the oxygen
carrier is effective in producing the desired re-
sults over a wide range of oxygen content in‘the
carrier. Thus, with the use of the oxygen carrier
in the present invention much less careful con-
trol of residence time of the carrier in the re-
actor and the degree of reoxidation of the carner
in the regenerating. zone is’ requlred ]

In order to - demonstrate the effectlveness of
the, compos1te carrler 1n . ﬂmdlzed type op -
tion, ‘. 50-

ized operation in which methane ‘was ox1d
In’ ‘this’ operatmn the ﬁnely divided - sohd_,

was maintained at a temperature of 1700° F.
and the'feed rate of ‘the methane was regul ited
at; a. value of 200 v./v. /hour The data obt
Were as follows R

Methane oxidation wzth 50 Fe203—50 MnOz
[I‘Imd bed opelatlon 1700" F.;200v. /v /hr] L

’I‘xme ory Stream Mm i

Flurd;zatlon_ '_:
Sele%:’ivity ; VL

-1 Good
2 Channeh.og obse1 ved

In this-: operatron 1t w111 be observed that lngh
select1v1ty ‘was: maintained :to .the -end of ‘the
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run; which was 45 minutes in duration. ‘Further-
more, it will' be .observed that no carbon: for-
mation had begun at the end of the run. -After
35 :minutes of operation the fluidization, which
up.-to:that: time had been. excellent, began. to
show signs.of impairment as indicated .by thé
tell-tale 6ccurrence of . channeling. It will be
understood, however, that in a continuous.oper-
ation of the type illustrated in the drawing the
residence time of the oxygen carrier in the re-
action zone can readily be controlled so as to
be less than 45 minufes. .The channehng was
presumably due to decrease. in oxygen - content
of the carrier below the desired level. The im-
portant fact revealed by this data is that the
oxygen carrier of the preésent invention performs
better in the fluidized type of operatlon than in
a fixed bed type- of - operation.

In order to illustrate the nature of the im-
provement effected by the joint use of magnesia
or- ‘chromium oxide with-the iron oxide-manga-
nese oxide carrier, runs were made employing
the fluidized solid technique with three-compo-
nent ‘carriers-of these types. In the following
table are given the operatmg condltlons and the
results

M ethane oxidation with. metal ozides
: IZOQ,Y [v./ar.; 134" quartz reactor; fluid bed operation. 1

ST i |3 FesOs— - | 45 Fez02 45 Fes O3
OkXide Oomposition_._ 2l:-2|445MnO; . *| 46 MnOy— | 45 MnOy—
T I 17 MgO 10 Mg0 10 Crz03

Tlme on Stream, Min, ... 54 16271435062 29

Methane Conve1swn, pet—
______________________ 56|83 | 94162731901 €6

Selecnvny, Mol Percent: ]
co R 90.| 90 {89 (8990 |9 83
10|10 8|11 |10 s

3

These data 1nd1cate that excellent results can
be obtained by thé utlllza.tlon of these three
component miktures. Both the methane con-
version and the seléctivity were high and carbon
formation did not ocecur over long periods of
oberation. These oxygen carriers gave the best
results thus far attamable m an operatmn of
thls type. O

Although in the foregomg the spec1ﬁc opera-

rtlon deseribéd employs the fluidized solids. tech-

nique, it. is to be understood that in the pracmce
of the present invention a fixed bed or a combi-
natmn of fixed bed and & fluidized solid bed may
be employed In . general, the ’cemperature in
the hydrocarbon oxidation zone is mamtame_d
in the ‘range between about 1600° F, and 2000° ¥

The pressure may ‘be atmosphenc or- superat-
mospherie, ' depending on design- and .economic
considerations. ~Pressures as high as 600 1bs./
$q. in. are contemplated. The feed rate of the
hydrocarbon gas may vary widely, depending
on other operating conditions. In general, per-
missible feed rates will be higher the higher the
operating temperature and pressure. Feed rates
4s low as 100 volumes of gas per volume_of oxy-
gen carrier per hour are contemplated and this
feed rate may be as high as 3000 v./v./hr.. The

‘residence time of the oxygen carrier in the hy-

drocarbon -oxidation .zone will vary and is a
function of the circulation rates required for
temperature control between the reactor and

- the regenerator. This residence time is also a

function of the average oxygen to metal ratio
in the.oxygen carrier at which high 'selectivities
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for CO production are obtained. This residence
time may vary from about.5 to 30 minutes. 'In
general, it is preferred to Have a residence time
of the oxygen carrier in the hydrocarbon. oxi-
dation zone in the range of about 10 to 15 mm-
utes. .

The nature and objects of the present 1nven-
tion: having been described and illustrated, what
is claimed as new and. useful and is desired to
be secured by Letters Patent is: ;

1. A method for converting a gaseous hydro-
carbon into a gas containing carbon monoxide
and hydrogen which comprises contacting said
hydrocarbon at a temperature of -at least about
1600° with an oxygen carrier comprising a mix-
ture of ‘iron oxide and manganese oxide.con-
taining between 10 and 70% by weight. of man-
ganese oxide and having an intimacy of .admix-~
ture equal to that obtainable by -coprecipita-
tion of the hydroxides from mixed solutions:of
salts of their metals followed by heating: il

2. ‘A method according to claim 1 in.which the
oxygen carrier includes magnesia.

3.- A method according to claim 1 in whlch the
oxygen carrier includes chromium oxide.

4, In a method for converting a gaseous hydro-
carbon into a gas. containing carbon monoxide
and hydrogen in which the gaseous hydrocarbon
is passed upwardly through a contacting .zone
containing an oxygen carrier in the form of.a
finely divided solid at-a velocity such as to main-

" tain said finely divided solid in the form of-a

35

40

dense.fluidized suspension while maintaining said
contacting zone at a temperature of at ‘least
about 1600° F. and product gas is recovered from
said contacting zone, the step which comprises
employing as an oxygen carrier a. finely: divided
solid each particle of which contains iron oxide
in intimate admixture with manganese oxide
the said manganese oxide amounting to 10-70
weight-per cent of the said finely divided solid.
- 5;-A -method- according to claim 4 in which
each: part1cle of oxygen carr1er also contalns

. magnesia.
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6. Amethod accordmg o clalm 4 in whlch each
particle of oxygen carrier also contains chromium
oxide.

7, In a processfor converting a gaseoas hydro-
carbon into a gas containing carbon monoxide
and hydrogen in which there are maintained
interconnected beds of finely divided solid oxygen
carrier, gaseous hydrocarbon is passed upwardly
through the first of said beds at a velocity suffi-
cient to maintain said bed in a fluidized state
at a temperature of at least about 1600° F, an
oxidizing gas is passed upwardly through the
second of said beds at a velocity sufficient to
maintain said bed in a fluidized state and at a
temperature at which oxygen is added: to said
carrier, product gas is recovered from. the first
of said beds and finely divided solid continuously
flows from each ‘bed to the other, the :step .of
employing as an oxygen carrier a mixture com-
prising iron oxide and manganese -oxide having
an intimacy of admixture equal to that obtainable:
by coprecipitation of the hydroxides from mixed:
solutions of salts ~of ~their metals followed: by
heating, ‘the said manganese oxide amounting
to -10-70 weight per cent of the said -mixture.

8. A method according to.claim 7 in which the
oxygen carrier also’ includes magnesia.: :

9. A method according to claim 7 in’ wh1ch the
oxygen carrier also includes chromium oxide. -+

10. In a process for converting gaseous hydro-
carbon. into a ‘gas-containing carbon monoxide:
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and hydrogen in which there are maintained
interconnected beds of finely-divided solid oxygen
carrier, gaseous hydrocarbon is passed upwardly
through the first of said beds at a velocity suffi-
cient to maintain said bed in the fluidized state,
maintaining said bed at a temperature of about
at least 1600° F., which process is further char-
acterized in that an oxidizing gas is passed up-
wardly through the second of said beds at a
velocity sufficient to maintain said bed in the
fluidized state, maintaining said last named bed
at a temperature in which oxygen is added 1o
said carrier in which product gas is recovered
from first of said beds and finely-divided solid
continuously flows from each bed to the other,
the step of employing as an oxygen carrier, a
composition containing 10-40 weight per cent of
magnesia with the remainder being made of
substantially equal parts of iron oxide and man-
ganese oxide. :

11. In a process for converting gaseous hydro-
carbon into a gas-containing carbon monoxide
and hydrogen in which there are maintained in-
terconnected beds of finely-divided solid oxygen
carrier, gaseous hydrocarbon is passed upwardly
through the first of said beds at a velocity suffi-
cient to maintain said bed in the fluidized state,
maintaining said bed at a temperature of about

<t
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at least 1600° P, which process is further char-
acterized in that an oxidizing gas is passed up-
wardly through the second of said beds at a
velocity sufficient to maintain said bed in the
fluidized state, maintaining said last named bed
at a temperature in which oxygen is added to
said carrier in which product gas is recovered
from first of said beds and finely-divided solid
continuously flows from each bed to the other,
the step of employing as an oxygen carrier, a
composition containing 10-40 weight per cent
chromium oxide with the remainder being made
of substantially equal parts of iron oxide and
manganese oxide.

EUGENE S. CORNER.

CHARLES S. LYNCH.
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