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This. invention relates to ‘an improved process for con-
ditioning metal oxides which are catalytically active in
the conversion of ‘carbon monoxide-hydrogen mixtures to
normally. liquid’ hydrocarbons: and .oxygenated organic
compounds.. More: specifically, the present invention is
concerned with a method for conditioning a catalyst made
up:largely of :an oxide of a ferromagnetic metal, that is,
an oxide  of iron, cobalt, or nickel. In particular, the
method described herein is directed to conditioning cat-
alysts-having an iron oxide base.

The- catalytic production of hydrocarbon and/or oxy-
genated organic compounds from CO and Hz is commonly
referred to-as Fischer-Tropsch synthesis. = Catalysts useful
in said synthesis are conventionally subjected to condi-
tioning before effecting the desired conversion. Hereto-
fore, the catalyst, initially in the form of a metal oxide,
has been conditioned by substantially completely reducing
to the metallic state with reducing gases under tempera-
ture conditions such that sintering is minimized. . The re-
duction -is :typically. carried out by passage of hydrogen
or hydrogen-rich gas through the oxide at temperatures
of .the -order.of 300-550° C. or higher, the duration of
such treatment and the space velocity utilized being varied
over wide limits. For the usual type of fused magnetite
base catalyst containing minor proportions of potassium
oxide and aluminum oxide as promoters, a temperature
of about 450° C. and a hydrogen space velocity of about
2000 volumes per hour per volume of catalyst will lead to
about 90 per cent reduction of the iron oxide after approx-
imately 50 hours treatment. The second phase of the
conditioning usually involves passage of the synthesis gas
mixture of hydrogen and carbon monoxide over the pre-
viously reduced catalyst at increasing temperatures until
synthesis activity is obtained. ' This stage, generally con-
sidered as-a carbiding operation, may be regarded either
as a final -conditioning or as the initial phase of the syn-
thesis proper. When synthesis gas is used for the initial
reduction, this part of the conditioning may be simulta-
neous with the :reduction. -

Catalyst conditioning methods ‘of the foregoing type
have the disadvantages of being time-consuming, tedious,
and relatively expensive to operate. . Thus, process times
in.the range of 10 to.50 hours or greater have been re-
quired.. . The:'method due to its inherent' nature has
necessarily been. carried out as'a batch operation -and
the process cost has been high, since reduction equilibria
limits consumption to-a minor fraction of the hydrogen
heated and passed over the oxide, 1. e., 13 per cent of the
hydrogen -at 450° C. .In practice even this low conversion
is seldom attained because of the need for high hydrogen
space velocities, normally of the order of 2,000 volumes
per hour per volume of catalyst.. Furthermore, the hydro-
gen so-used must be purified of its water content before
recycling, a process usually accompanied by loss of the
sensible heat in the gas, which then necessitates reheating
before recycling. - The reduced. catalysts obtained by
these conditioning procedures- are generally pyrophoric
in nature and consequently are necessarily stored: and
transferred out of contact with air. An inert gas atmos-
phere, such as nitrogen or carbon dioxide, is, accordingly,
uwsuafly required for storage of the reduced: catalyst and
transfer of the same to-the reactors.
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It is a major object of this ‘invention to provide a
rapid method for conditioning metal oxide catalysts con-
ventionally employed in promoting the conversion of CO
and Hz mixtures to hydrocarbons and oxygenated organic
compounds.- A further object is the provision of a catalyst
conditioning process capable of continuous operation. A
still further object is to provide an improved, economi-
cally attractive method for conditioning catalysts of the
above type without entailing the procedural precautions
and ‘difficulties which have heretofore been involved in
the previously employed methods.

These and other objects which will be apparent to those
skilled in the art are achieved in accordance with the
method of this invention. Broadly, it has been discavered,
in accordance with the present invention, that metal oxide
catalysts which are active, after a gaseous reduction, for
the conversion -of carbon monoxide-hydrogen mixtures
into hydrocarbons and oxygenated organic compounds
may be conveniently and rapidly conditioned for synthesis
activity by the process of heating particies of the catalyst
oxide to an elevated temperature and thereafter quenching
the hot catalyst oxide with a large volume of a liquid
which is-thermally decomposed upon centact with the hot
solid into. gaseous reduction products which serve to form
a gaseous envelope around the catalyst particles reducing
the outer surface thereof, and thus placing them in con-
dition for catalytically promoting the desired synthesis
reactions.

The beneficial effects of liquid quench reduction are
obtained asa result of both chemical and physical action:
Chemically, the quenching liquid’s decomposition prod-
ucts are active reducing agents for the instant the hot
solid catalyst ‘particle is in contact with the gaseous en-
velope of reducing agent. - Since the volume of quenching
liquid is large relative to the volume of catalyst particles
being reduced, the reduction is-practically instantaneous
and is limited to a relatively small depth of penetration,
so that ordinarily only an outer layer of reduced and:con-
ditioned surface is obtained, leaving the core of the
catalyst particle, which does not participate in the catal-
ysis, undisturbed. Physically, since the solid catalyst
oxide is somewhat brittle, the thermal shock, when fhe
solid at elevated temperature strikes the liquid at ambient
temperature, effects cracking of the particles both macro-
scopically: and microscopically. - Macrescopic cracking
has not been found to be serious and where a close particle
size rangeis desired, a larger size oxide may be chosen
than that of the final desired reduced catalyst. Micro-
scopic cracking or crazing -of the: catalyst particles has
been found desirable in that the fissures and other irregu-
larities so formed result in the exposure of a more exten-
sive catalyst surface to -reducing conditions and conse-
quently afford a larger catalytic surface in the subsequent
synthesis reaction.

It is deemed that the thermal shock effects encountered
upon quenching the hot catalyst particles are particularly
valuable in the conditioning of dense oxides, such as fused
oxides or dense ores, for example, the Swedish or Dover,
N. I., magnetites; since these dense oxides reduce much
more slowly in conventional gaseous reductions than
lighter oxides, such as the precipitated hydrous oxides.

The quench reduction liquid employed hereinis a liquid

" capable of yielding a gaseous reducing atmosphere upon

thermal decomposition. Quenching media preferably in-
clude liquid organic compounds and mixtures of said com-
pounds wherein' the atom ratio of hydrogen to carbon
does not exceed about 4.- Generally, the atom ratio of
H to C of the organic quenching liquids employed herein
will not be greater than 3. Typical of the liquid organic
compounds contemplated for use as quenching: liquids
are “hydrocarbons, alcohols, aldehydes, ethers, ketones,
acids, amines; and- esters. These compounds may be
aliphatic .or  aromatic in: nature and may be either. sat-
urated or unsaturated. Liquid mixtures of organic com-~
pounds are also suitable for use as quenching media in
the  instant process. - Thus; organic. mixtures, -such -as
mineral oils, gasoline, turpentine, and oxygenated organic
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compound mixtures may be employed with advantage.
Representative specific compounds suitable as quench
liquids are pentane, benzene, tetralin, hexane, toluene,
xylene, ethyl alcohol, isoprepyl alcohol, amyl alcohol,
acetaldehyde, acetic acid, ethyl benzoate, glycerol, ethyl-
ene glycol, acetone, methyl-ethyl ketone, and the like.
This list is, of course, not to be construed as limiting
since other organic liquids having the above recited char-
acteristics may likewise be employed. Generally the
choice of quench liquid will be governed by economic
factors and it is, accordingly, ordinarily preferred to
employ the less expensive, more readily available organic
compounds and mixtures. However, since the essential
reaction is a thermal decompeosition of the liquid medium
brought about by the sensible heat of the catalyst particles
undergoing treatment, with formation of an envelope of
reducing gases arising from this decomposition, it will be
understood that the use of any liquid capable of affording
such reducing atmosphere upon thermal decomposition is
within the purview of this invention.

The metal oxide catalyst being conditioned in accord-
ance with the present method is initially heated to a mini-
mum temperature, being that temperature which under
the conditions effects thermal decomposition of the chosen
liquid quench reducing medivm and leads to surface alter-
ation of the catalyst activating it for synthesis. This
minimum temperature will be dependent on the specific
quench liquid chosen and will vary in part with the par-
ticular particle size of the catalyst. As a practical matter,
however, a temperature of about 900° C. is considered to
be the minimum temperature to which the catalyst par-
ticles should be initially heated. The higher the temper-
ature of the catalyst oxide before quenching, the higher
is the degree of reduction. The maximum temperature
to which the catalyst oxide may be heated before quench-
ing is measured by the melting point of the particular
metal oxide composition employed. The temperature
should not be such as to melt the catalyst. Thus, for a
magnetite catalyst, the maximum temperature is about
1500° C. For other metal oxide catalysts, this maximum
temperature is correspondingly governed by the particular
melting point thereof.

The catalyst oxide, as indicated, is suitably present in
particle form during treatment. The particle size may be
varied over wide limits, depending largely upon the
nature and circumstances of subsequent use of the con-
ditioned catalyst. Thus, using fluid catalyst technique, a
finely divided catalyst having an approximate size in the
range of 200 to 325 mesh would be employed. For

various other forms of operation, the particle size would ;

be appreciably larger, generally in the range of from 100
to 6 mesh. A convenient particle size for the operation
hereinafter described is between about 10 and about 30
mesh.

The amount of quench liquid employed is large in j;

comparison to the quantity of catalyst being conditioned.
Thus, the volume of quench liquid is generally such that
the temperature of the liquid body as a whole is not appre-
ciably raised upon contact with the hot catalyst particles
to result in undue vaporization therecf. Under the usual
conditions of operation, it is desirable to maintain an
inert atmosphere, such as carbon dioxide or nitrogen, over
the supply of quenching liquid, thereby minimizing the
possible fire hazard.

After contact with quenching liquid has been made,
the conditioned catalyst particles are removed from the
quench bath and excess adhering liquid is permitted to
drain off. The catalyst may then be stored or transferred
to the reactors while moist with quench liquid. Unlike
the conventionally reduced catalyst, the wet catalyst
particles obtained by the present method are not pyro-
phoric and the instant catalyst accordingly may be in
contact with air without instituting the precautions nec-
essary in the previously employed methods.

The catalyst conditioning procedure of this invention
may be carried out either as a batch operation or on a
continuous basis. A suitable continuous method of oper-
ation is shown, in diagrammatic form, by the attached
drawing. Referring more particularly to this drawing,
the metal oxide cafalyst, in particle form, is introduced
into hopper 10 and flows downwardly through conduit
11. An inert seal gas under slight pressure is fed into
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conduit 11 through pipe 12, preventing the upward flow
of gaseous products therethrough and diluting the affects
of any air which may have been introduced along with
the catalyst. The particles of catalyst are heated to an
elevated temperature of at least about 900° C. upon
passing through the restricted zone between heating coils
13 and 13’. The hot catalyst thereafter falls into a
quenching bath 14 of a liquid which is thermally decom-
posable, yielding a gaseous reducing atmosphere. This
liquid is contained in tank 5. An inclined moving belt
16 passes through the quenching bath transporting the
reduced catalyst particles upward and out of the bath.
The moving belt is suitably fabricated of a porous or
sieve-like material which permits liquid adhering to the
surface of emerging particles to drain back into the
quenching bath during the course of upward movement.
Upon reaching the top of the incline, the catalyst par-
ticles are discharged from the belt and fall by gravity
through column 17 from which they may be conducted
to catalyst storage or directly to the reactors.
~ An inert gas, such as mitrogen or carbon dioxide, is
introduced into column 17 through pipe 18 and flows
upward, serving to maintain an inert atmosphere over
the quenching liquid and to sweep out gaseous decom-
position products through outlet 19. The moving belt
continuously passes through the quenching bath being
guided by rollers 28. The entire system is encased by
shell 21 so that the process is carried out in the absence
of any contaminating atmosphere. This continuous meth-
od of operation affords a rapid and effective means for
conditioning the metal oxide catalysts discussed herein-
above. -

The following specific examples will serve to illustrate
the process of this invention without limiting the same.

EXAMPLE 1

A typical synthetic ammonia catalyst of fused pro-
moted magnetite having the following composition:

Weight percent

_____________________________________ 96.
Al2O3 _____. 2.%
KeO _— - - 1.1

was conditioned by the following procedure.

Nine hundred sixty grams (about 370 milliliters) of
the above catalyst oxide having a particle size of between
12 and 30 mesh was placed in an iron.box and heated in
a furnace for about 2 hours to a maximum temperature
of 980° C. The box and contents were then removed
from the furnace and the catalyst oxide was quickly
poured from the box into a vessel containing approxi-
mately 2 gallons of denatured alcohol (90% ethanol and
10% methanol). To minimize fire hazard, an atmos-
phere of carbon dioxide was maintained above the
alcohol. Excess alcohol was immediately drained from
the catalyst particles and the solid particles further par-
tially drained on a Biichner funnel.

In the moist state there was an increase in apparent
volume as a result of the quench. Of the 370 milliliters
of catalyst originally charged, it was estimated that about
50 milliliters were lost through spillage, adherence to the
box, etc.; vet, the apparent volume of the quenched
groduct obtained in the moist state was about 425 milli-
iiters. The quench-reduced catalyst had become less re-
flective and was dull grey in color. Microscopic exami-
nation indicated the presence of fissures in the catalyst
surface apparently due to the thermal shock involved
upon quenching.

Activity tests carried out with the above conditioned
catalyst and also with a conventionally hydrogen-reduhced
catalyst of the same composition were made in a static
bed apparatus using about 200 milliliters of catalyst dis-
posed in an annular column about 30 inches long with
an outer diameter of about 34 inch and an inner diam-
eter of about 38 inch. Close temperature control was
obtained with a vapor heat transfer system,. and care-
fully desulfurized synthesis gas was amplove’d. The re-
sults of these activity tests carried out at a pressure of
300 _bounds per square inch gage and employing a syn-
triesm gas having a hydrogen-to-carbon monoxide ratio
of 2.08 are summarized in Table I below:
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Table I .
‘Aleohol-Quench-
Redu]eedtoa.tan Hz Reduced (95% Reduction) Catalyst
ysb -
Temp,, ®C_... .ooo.._..._...| 305 | 295 | 281 | 285 | 230 | 2545 204
Space Veloeity (Volumes, of gag/volume <
of catalyst/hour) fmemm 584 592 600 600 600 600" 600
Hours, Test. ... 20 40 24| 20 24 24 o4
Reagtion Data :
Vol. Contraction, Percent- 50.3 2401 321 41.6 41.6 44.6 49.1
CO Conversion, Percent.__........ 95:0 42.4 67.3 66. 8 86.5 91,2 95.9
Product Yields, g/N cu. m.: ]

OO P | 218 9.9 248/ 167 23.7.( 30.5: 32.7
Gasoline: .Cs to 400° I, BP.. 4141 1631 244] 2.2| 34.0| 53.6] 47.2
Diesel: 400° t0 700° F....._._ 18.0 26 ate. 133 e 147 | 147
Residues: >700° F.___ 23.5 6.5 1611 20.2 181| d2:6] 102

Total useful yield. ._.......coo.o.| 1047 | 344 | 76.4) 76.2| 90.4| 11141 1048
By-Products: ) )
0100 e e 2.1| 28] 185 1L8| 17.8 2.7 2.5
Oxygenates in H20 layer . ... _— 9.2 1.3 3.6 3.3 4.6 6.9 7.9
“Total Organies......_............| 1350 | 48.5| 93.5]| oL3/| 112.8| 1440 136.2
18.8 | - 45,7 | 47.3 | 54.0| 643 | 73.8
.94.0 | 133.0 165.3 | 220,0.| 223.0 | - 217.0 .
From the foregoing table, it will be seen that the liquid 25  The .data: of the above table show that ‘the gasoline

quench-reduced catalyst -showed -excellent  synthesis’ ac-
tivity for fuels under normal synthesis: conditions.
 ‘That the alcohol :quench reduction had activated the
catalyst for synthesis ‘was substantiated by ‘similar tests
using the same catalyst .oxide with: no .activating treat-
ment ‘whatsoever.  Synthesis gas having :a hydrogen to
carbon monoxide ratio of 0.8 was passed over the unre-
duced catalyst cxide, employing a space velocity of 150
volumes of .gas: per velume of .catalyst per hour for:a
total .of 212 hours at .temperatures increased ‘in :about
10° C. steps from 185° C. to 300° :C. :Only negligible
amounts of product were obtained under such conditians.
In the next 24 hours at a temperature of 332° C., there
was .a noticeable -amount .of product, :0.125 gram :per
hour including water, and slightly higher ‘gas contraction,
‘CQ conversion, -and COz formation. - This -experiment
- was concluded with 65 hours treatment at 354° .C. where
crude product increased.to 2.1 grams per hour and gase-
ous contraction, CO conversien, and «COz in the exit gas
all increased to 59%, 92%, and51%, respectively. These
data are compatible with ‘the explanation of a slow re-
duction of the iron oxide by the synthesis gas over..the
prolonged test period with the iron produced by the
reduction acting principally as catalyst for the reaction:
2CO—>C02--C.
EXAMPLE?2 -

Six hundred grams (about 250 milliliters) of the
catalyst employed in Example 1, having a particle size
of between 12 and 30 mesh, were heated to a tempera-
ture of 1260° .C. and quickly quenched by pouring into
a bath of gasoline having an A. P, 1. gravity of 61.8°
and 2 boiling point of up to 375° F. The quench bath
of gasoline was provided with a carbon dioxide Blanket
to minimize fire hazard. The catalyst was removed
from the gasoline bath and tested for activity along with
a conventionally hydrogen-reduced catalyst of the same
composition.

In these comparative tests, about 50 grams of catalyst
were used.. The test was carried -out at atmospheric
pressure under carefully controlled. temperature. .condi-
tions. The synthesis ‘gas used was one having :a hy-
drogen-to-carbon monoxide ratio of about: 0.8. The
space velocity was. 160 volumes of .gas per volume .of
catalyst per hour. The volume contraction taken with
the CO2 formed was used as a .convenient measure. of
catalyst activity. The comparative results obtained :are
set forth in Table II below:
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quench-reduced catalyst is:more active at the lower
temperature (188° C.) test level than the hydrogen-
reduced catalyst. . In both cases ‘the contraction relative
to the carbon dioxide formed indicates that the synthesis
was ‘proceeding rather than .decomposition of CO to CO2
and carbon, as-was the case with the unreduced oxide
described ‘in ‘Example 1. The carbon -dioxide produc-
tion -with- the gasoline' quench-reduced catalyst is ex-
ceptionally ‘low, particularly considering the relatively
high contraction.

At the higher ‘temperature level (218° C.) to which
the .catalysts were-then subjected, both catalysts increased
in:activity; but the gasoline’ quench:reduced catalyst did
not" decrease in activity with time of -test, whereas the
activity of the noermally hydrogen-reduced -catalyst slow-
ly fell off.  Again, the low CO2 production of the gaso-
line:quench-reduced catalyst is unusual.:

While a promoted magnetite catalyst -was used in the

above examples, the process of ‘this invention is like-
wise applicable to the conditioning of other metal oxides
which are .catalytically active after :gaseous reduction in
the .conversion of carbon monoxide-hydrogen mixtures to
hydrocarbons ‘and :0xygenated organic compounds. In
particular, oxides of the ferromagnetic metals, i. e., iron,
cobalt, and nickel, may ‘be conditioned by the method
described herein. Also, the conditioning of other metal
oxides, such as those of copper, may be effected by the
procedure of this invention.. The activity of these metal
oxides may ‘be enhanced by the addition of conventional
promoters, such as various compounds of alkali metals or
the oxides of difficultly reducible metals, such as alumi-
num,- chromjum, and others in miner proportions .ef
“about 0.5 to.10% by weight.
It will further be understood that ‘suitable .quenching
liquids ‘include those: capable -of yielding a gaseous re-
ducing  atmosphere upon thermal ‘decomposition at tem-
peratures-of the hot catalyst. . Thus, satisfactory guench-
reduction liquids “include “hydrocarbons pyrolized into
Hpz, :C and lower hydrocarbons; ‘alcohols, the pyrolitic
decomposition products of which include Ha, CO, alde-
hydes, ‘etc.; and liquid ammonia, yielding thermal de-
composition ‘products of 3 volumes of hydrogen and
1 volume of nitrogen.

It is to be understood that the above description is
merely illustrative. of preferred embodiments of the in-
vention, of which many variations :may be. made ‘within

Table 11
Gasoline-Quench-Reduced:| HzReduced (93% Re-
} -Catalyst duced) Catalyst

Temp:, Cn e 188 218 188 218
Test:Time Period, Hours.._____. 1 0=4 | 4-10 | 20<16 {:34~40| :0-4[.4-10 | 16-22 . 4046 .-
Average Percept Vol. Contraes | : ; - :

tion For Test Time Period.. . [11.1 1122 7| 13.8 | 145 | 587 42| 13.9 1L.0..
‘Average ‘Percent ‘COz Formed - ! ! i R -

“Jor Tegt'Time Period. - oxovzxn) 0.06::0.04 0.5 0,10 | 154 0.8 | 45| 3.8




2,603,481

7
the scope of the following claims by those skilled in the
art without departing from the spirit thereof.

I claim:

1. In a method for reducing a metal oxide selected

from the group comsisting of an oxide of iron, cobalt,
and nickel prior to use thereof as a Fischer-Tropsch
catalyst for catalytic conversion of carbon monoxide-
hydrogen mixtures to hydrocarbons and oxygenated
organic compounds, the improvement which comprises
heating said metal oxide to a temperature above about
900° C., but below the melting point thereof, introduc-
ing the hot metal oxide into a quantity of a quenching
liquid of an organic compound having an atom ratio of
hydrogen to carbon not exceeding about 3 and capable
of yielding a gaseous reducing atmosphere upon thermal
decomposition at temperatures of the hot metal oxide,
said quantity being sufficiently large to afford an amount
of a gaseous reducing atmosphere upon said thermal
decomposition of a portion of said quenching liquid at
temperatures of the bot metal oxide to effect surface
reduction of said oxide during the interval of initial con-
tact thereof with said quenching liquid, and thereafter
removing the reduced metal oxide from said quenching
liquid.
- 2. In a method for reducing a metal oxide selected
from the group consisting of an oxide of iron, cobalt,
and nickel prior to use thereof as a Fischer-Tropsch
catalyst for catalytic conversion of carbon monoxide-
hydrogen mixtures to hydrocarbons and oxygenated
organic compounds, the improvement which comprises
heating said metal oxide in particle form to a temperature
of at least about 900° C., but below the melting point
thereof, introducing the hot metal oxide into a quantity
of a quenching liquid of an organic compound having
an atom ratio of hydrogen tc carbon not exceeding
about 4 and capable of yielding a gaseous reducing
atmosphere upon thermal decomposition at temperatures
of the hot metal oxide, said quantity being sufficiently
large to afford an amount of a gaseous reducing atmos-
phere upon said thermal decomposition of a portion of
said quenching liquid at temperatures of the hot metal
oxide to effect surface reduction of said oxide during the
interval of initial contact thereof with said -quenching
liquid, and thereafter removing the reduced metal oxide
from said quenching liquid.

3. Tn a method for reducing an iron oxide prior to use
thereof as a Fischer-Tropsch catalyst for catalytic con-
version of carbon monoxide-hydrogen mixtures to hydro-
carbons and oxygenated organic compounds, the im-
provement which comprises heating said iron oxide in
particle form to a temperature of at least about 900° C.,
but below the melting point thereof, introducing the hot
iron oxide into a quenching liquid of an organic com-
pound having an atom ratio of hydrogen to carbon not

exceeding about 4 and capable of yielding a gaseous re-

ducing atmosphere upon thermal decomposition at tem-
peratures of the hot iron oxide, said quantity being suffi-
ciently large to afford an amount of a gaseous reducing
atmosphere upon said thermal decomposition of a por-

tion of said quenching liquid at termperatures of the hot ¢

iron oxide to effect surface reduction of said oxide dur-
ing the interval of initial contact thereof with said
quenching liquid, and thereafter removing the reduced
iron oxide from said quenching liquid.

4. In a method for reducing a promoted magnetite
catalyst prior to use thereof in the synthesis of hydro-
carbons and oxygenated organic compounds from CO and
Ha, the improvement which comprises heating said mag-
netite to a temperature within the rauge of about 900° C.
to about 1500° C., introducing the hot magnetite into a
quantity of a quenching liquid of an organic compound
having an atom ratio of hydrogen to carbon not ex-
ceeding about 4 and capable of yielding a gaseous re-
ducing atmosphere upon thermal decomposition at tem-
peratures of the hot magnetite, said quantity being suffi-
ciently large to afford an amount of a gaseous reducing
atmosphere upon said thermal decomposition of a portion
of said quenching liquid at temperatures of the hot
magnetite to effect surface reduction of said magnetite
during the interval of initial contact thereof with said
quenching liquid, and thereafter removing the catalyst
from said quenching liquid.

S. In a method for reducing a metal oxide selected
from the group consisting of an oxide of iron, cobalt, and
nickel prior to use thereof as a Fischer-Tropsch catalyst
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for catalytic conversion of carbon monoxide-hydrogen
mixtures to hydrocarbons and oxygenated organic com-
pounds, the improvement which comprises heating said
metal oxide to a temperature above about 900° C., but
below the melting point thereof, introducing the hot
metal oxide into a quantity of a quenching liquid of an
organic compound having an atom ratio of hydrogen to
carbon not exceeding about 3 and capable of yielding a
gaseous reducing atmosphere upon thermal decomposi-
tion at temperatures of the hot metal oxide, said quantity
being sufficiently large to afford an amount of a gaseous
reducing atmosphere upon said thermal decomposition of
a portion of said quenching liquid at temperatures of the
hot metal oxide to effect surface reduction of said oxide
during the interval of initial contact thereof with said
quenching liquid, and thereafter removing the reduced
metal oxide from said quenching liquid.

6. In a method for reducing a metal oxide selected
from the group consisting of an oxide of iron, cobalt, and
nickel prior to use thereof as a Fischer-Tropsch catalyst
for catalytic conversion of carbon monoxide-hydrogen
mixtures to hydrocarbons and oxygenated organic com-
pounds, the improvement which comprises heating said
metal oxide to a temperature above about 900° C., but
below the melting point thereof, quenching the hot metal
oxide with a sufficiently large quantity of a liquid hydro-
carbon mixture capable of yielding a gaseous reducing
atmosphere upon thermal decomposition at temperatures
of the hot metal oxide to afford an amount of a gaseous
reducing atmosphere upon said thermal decomposition
of a portion of said liquid hydrocarbon mixture at tem-
peratures of the hot metal oxide to effect surface reduc-
tion of said oxide during the interval of initial contact
thereof with said liquid hydrocarbon mixture, and there-
after removing the reduced metal oxide from said liquid
hydrocarbon mixture.

7. In a method for reducing a metal oxide selected
from the group consisting of an oxide of iron, cobalt, and
nickel prior to use thereof as a Fischer-Tropsch catalyst
for catalytic conversion of carbon monoxide-hydrogen
mixtures to hydrocarbons and oxygenated organic com-
pounds, the improvement which comprises heating said
metal oxide to a temperature above about 900° C., but
below the melting point thereof, quenching the hot metal
oxide with a sufficiently large quantity of a liquid alcohol
mixture capable of yielding a gaseous reducing atmos-
phere upon thermal decomposition at temperatures of
the hot metal oxide to afford an amount of a gaseous re-
ducing atmosphere upon said thermal decomposition of a
portion of said liquid alcohol mixture at temperatures of
the hot metal oxide to effect surface reduction of said
oxide during the interval of initial contact thereof with
said liquid alcohol mixture, and thereafter removing the
reduced metal oxide from said liquid alcohol mixture.

8. In a method for reducing a metal oxide selected from
the group consisting of an oxide of iron, cobalt, and nickel
prior to use thereof as a Fischer-Tropsch catalyst for
catalytic conversion of carbon monoxide-hydrogen mix-
tures to hydrocarbons and oxygenated orgamic com-
pounds, the improvement which comprises heating said
metal oxide to a temperature above about 900° C., but
below the melting point thereof, queaching the hot metal
oxide with a sufficiently large quantity of gasoline to
afford an amount of a gaseous reducing atmosphere upon
thermal decomposition of a portion of the gasoline at
temperatures of the hot metal oxide to effect surface
reduction of said oxide during the interval of initial
contact thereof with the gasoline, and thereafter remov-
ing the reduced metal oxide from the gasoline.

9, In a method for reducing a metal oxide selected
from the group consisting of an oxide of iron, cobalt,
and nickel prior to use thereof as a Fischer-Tropsch cata-
lyst for catalytic conversion of carbon monoxide-hydrogen
mixtures to hydrocarbons and oxygenated organic com-
pounds, the improvement which comprises heating said
metal oxide to a temperature above about 900° C., but
below the melting point thereof, quenching the hot metal
oxide with a sufficiently large quantity of denatured
alcohol to afford an amount of a gaseous reducing at-
mosphere upon thermal decomposition of a portion of
the denatured alcohol at temperatures of the hot metal
oxide to effect surface reduction of said oxide during
the interval of initial contact thereof with the denatured
alcohol, and thereafter removing the reduced metal oxide
from the denatured alcohol.
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10..Tn. a method for reducing a- metal oxide selected
from the group consisting of an oxide of iron, cobalt,
and nickel prior. to.use thereof. as a Fischer-Tropsch cata-
lyst: for: catalytic conversion .of carbon monoxide-hy-
drogen mixtures to hydrocarbons:and oxygenated organic
compounds, the imprevement. which .comprises heating
said metal oxide to a temperature above about 900° C.,
but below the melting point thereof, quenching the hot
metal oxide with. a sufticiently. large: ‘quantity- of. liquid
ammonia to. afford an amount of a gaseous reducing at-
mosphere upon thermal decomposition of a portion of
the liquid ammonia at temperatures of the hot metal
oxide to effect surface reduction of said oxide during the
interval of initial contact thereof with the liquid am-
monia, and thereafter removing the reduced metal oxide
from the liquid ammonia.

11. In a method for reducing an iron oxide prior to
use thereof as a Fischer-Tropsch catalyst for catalytic
conversion of carbon monoxide-hydrogen mixtures to hy-

drocarbons and oxygenated organic compounds, the im- ¢

provement which comprises heating said iron oxide to a

temperature above about 900° C., but below the melt- -

ing point thereof, quenching the hot iron oxide with a
sufficiently large quantity of a liquid hydrocarbon mix-
ture capable of yielding a gaseous reducing atmosphere
upon thermal decomposition at temperatures of the hot
iron oxide to afford an amount of a gaseous reducing
atmosphere upon said thermal decomposition of a por-
tion of said liquid hydrocarbon mixture at temperatures
of the hot iron oxide to effect surface reduction of said
oxide during the interval of initial contact thereof with
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said liquid hydrocarbon mixture, maintaining an inert

atmosphere above the surface of said liquid hydrocarbon
mixture, and thereafter removing the reduced iron oxide
from said liquid hydrocarbon mixture.

12. In a method for reducing an iron oxide prior to
use thereof as a Fischer-Tropsch catalyst for catalytic
conversion of carbon monoxide-hydrogen mixtures to hy-
drocarbons and oxygenated organic compounds, the im-
provement which comprises heating said iron oxide to a
temperature above about 900° C., but below the melt-
ing point thereof, quenching the hot iron oxide with a
sufficiently large quantity of a liquid alcohol mixture
capable of yielding a gaseous reducing atmosphere upon
thermal decomposition at temperatures of the hot iron
oxide to afford an amount of a gaseous reducing atmos-
phere upon said thermal decomposition of a portion of

40

said liquid alcohol mixture at temperatures of the hot -

iron oxide to effect surface reduction of said oxide dur-
ing the interval of initial contact thereof with said liquid
alcohol mixture, maintaining an inert atmosphere above
the surface of said liquid alcohol mixture, and there-
after removing the reduced iron oxide from said liquid
alcohol mixture. :

13. A continuous method for reducing a metal oxide
selected from the group consisting of an oxide of iron,
cobalt, and nickel prior to use thereof as a Fischer-
Tropsch catalyst for catalytic conversion of carbon
monoxide-hydrogen mixtures to hydrocarbons and
oxygenated organic compounds, which comprises con-
tinuously passing particles of said metal oxide through
a heating zone wherein the oxide is heated to a tem-
perature of at least about 900° C., but below the melt-
ing point thereof, continuously introducing the heated
metal oxide into a quantity of a quenching liquid of an
organic compound having an atom ratio of hydrogen to
carbon not exceeding about 4 and capable of yielding a
gaseous reducing atmosphere upon thermal decomposi-
tion at temperatures of the hot metal oxide, said quan-
tity being sufficiently large to afford an amount of a
gaseous reducing atmosphere upon said thermal decom-
position of a portion of said quenching liquid at tem-
peratures of the hot metal oxide to effect surface reduc-
tion of said oxide during the interval of initial contact
thereof with said quenching liquid and continuously with-
drawing the quench-reduced metal oxide from said
quenching liquid.

14. A continuous method for reducing a metal oxide
selected from the group consisting of an oxide of iron,
cobalt, and nickel prior to use thereof as a Fischer-
Tropsch catalyst for catalytic conversion of carbon
monoxide-hydrogen mixtures to hydrocarbons and
oxygenated organic compounds, which comprises con-
tinuously passing particles of said metal oxide through
a heating zone wherein the oxide is heated to a tem-
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perature .of at. least-about 900° C., but below: the melt-
ing point thereof; continuously: introducing the hot:metak
oxiae into a quantity:of a guenching: liquid of an:or-
ganic compound having an atom rano of hydrogen to
carbon nou:exceeding avout 4 and capable ot yieiding a
gaseous reducing atmosphere upon thermal decomposi-
tion at temperatures of the hot metal oxide, said quan-
tity being sufficiently large to .afford an amount: of: a
gaseous: reducing. atmosphere .upon. said: thermal: decom-
position: of:'a portion. .of said..quenching. liquid::at:tem-
peratures of the hot metal oxide to etfect surface re-
duction of said oxide during the interval of initial contact
thereof with said quenching liquid, continuously blowing
an inert gas over the surface of said quenching liquid,
continuously withdrawing gaseous liquid decomposition
products from the atmosphere overlying said quenching
liquid and continuously removing the quench-reduced
metal oxide particles from said quenching liguid.

15. A continuous method for reducing an iron oxide
prior to use thereof as a Fischer-Tropsch catalyst for
catalytic conversion of carbon monoxide-hydrogen mix-
tures to hydrocarbons and oxygenated organic compounds,
which comprises continuously passing said iron oxide in
particle form through a heating zone wherein the iron
oxide is heated to a temperature of at least about 900°
C., but below the melting point thereof, continuously
quenching the heated iron oxide by introducing the same
into a sufficiently large quantity of a liquid hydrocarbon
to afford an amount of a gaseous reducing atmosphere
upon thermal decomposition of a portion of said liquid
hydrocarbon at temperatures of the hot iron oxide to
effect surface reduction of said oxide during the interval of
initial contact thereof with said liquid hydrocarbon and
continuously withdrawing the resulting quench-reduced
iron oxide from said liquid hydrocarbon.

16. A continuous method for reducing an iroen oxide
prior to use thereof as a Fischer-Tropsch catalyst for
catalytic conversion of carbon monoxide-hydrogen mix-
tures to hydrocarbons and oxygenated organic compounds,
which comprises continuously passing said iron oxide in
particle form through a heating zone wherein the iron
oxide is heated to a temperature of at least about 900°
C., but below the melting point thereof, continuously
quenching the heated iron oxide by introducing the same
into a sufficiently large quantity of an alcohol to afford
an amount of a gaseous reducing atmosphere upon ther-
mal decomposition of a portion of said alcohol at tem-
peratures of the hot iron oxide to effect surface reduction
of said oxide during the interval of initial contact there-
of with said alcohol and continuously withdrawing the
resulting quench-reduced iron oxide from said alcohol.

17. An improved process for synthesizing valuable
conversion products from CO and Ho in the presence
of a Fischer-Tropsch catalyst, which comprises contact-
ing a gas containing CO and Hs in synthesis proportions
at synthesis conditions with a metal oxide catalyst selected
from the group consisting of an oxide of iron, cobalt,
and nickel which has been reduced by heating at a tem-
perature of at least about 900° C., but below the melting
point thereof, and thereafter introduced into a quantity
of a quenching liquid of an organic compound having an
atom ratio of hydrogen to carbon not exceeding about
4 and capable of yielding a gaseous reducing atmosphere
upon thermal decomposition at temperatures of the hot
metal oxide, said quantity being sufficiently large to afferd
an amount of a gaseous reducing atmosphere upon said
thermal - decomposition of a portion of said quenching
liquid at temperatures of the hot metal oxide to effect
surface reduction of said oxide during the interval of
initial contact thereof with said quenching liquid.

18. An improved process for svnthesizing valuable con-
version products from CO and Hs in the presence of an
iron oxide catalyst, which comprises contacting a gaseous
feed containing CO and Hs in synthesis proportions at
synthesis conditions with an iron oxide catalyst which
has been reduced by heating to a temperature above about
900° C., but below the melting point thereof, and there-
after quenched with a quantity of an organic liquid hav-~
ing an atom ratio of hydrogen to carbon not exceeding
about 3 and capable of yielding a gaseous reducing atmos-
phere upon thermal decomposition at temperatures of the
hot iron oxide, said quantity being sufficiently large to
afford an amount of a gaseous reducing atmosphere upon
said thermal decomposition of a portion of said organic



9,608,481
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{iquid at temperatures of the hot iron oxide to effect sur- Number
face reduction of said oxide during the interval of initial 1,329,323
contact thereof with said organic liquid. 1,378,337
) . 2,287,891
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