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The present invention relates to the catalytic
conversion of carbon oxides with hydrogen to
form valuable hydrocarbons and oxygenated or-
ganic products. The invention relates more par-
ticularly to improved catalysts for this synthesis
employing the fluid solids technique, and par-
ticularly to a sintered iron catalyst which is par-
ticularly effective, resistant to fouling by carbon
formation and resistant to disintegration.

It is known that mixtures of carbon monoxide
and hydrogen when brought into intimate con-
taet with catalysts under suitable conditions of
temperature and pressure are converted into hy-
drocarbons and oxygenated organic compounds,
producing valuable unsaturated liquid hydroecar-
bons in the gasoline range having high octane
ratings. The catalytic conversion of carbon
monoxide and hydrogen can be carried out in
fixed bed, slurry, or fluid solids type of opera-

tion. The advantages of the latter, such as im~

proved heat distribution, transfer, and control,
and of intimate mixing and contact of the cata-
lyst with the reactants are well known. Two
problems that arise particularly in conjunction
with the fluid solids type of operation are the
fouling and consequent inactivation of the cata-
lyst by carbon depositicn and the tendency of
the catalyst particles to disintegrate, presumably
because of carbon formation and deposition with-
in the lattice of the catalyst particles.

One of the most satisfactory means of over-
coming the tendency of an iron synthesis cata-
lyst to disintegrate has been to sinter the latter
in the presence of a non-oxidizing or even reduc-
ing atmosphere. This sintering operation was
first suggested by Michael (U. S. 2,183,148 and
U. S. 2,254,748) at a time before the fluid solids
technique had been applied to the hydrocarbon
synthesis process.

With the introduction of the fluid technique to
the hydrocarbon synthesis reaction, several prob-
lems in the application of sintered catalysts to
this improved process are apparent. First and
foremost is the problem of grinding the sintered
catalyst to fluidizable size. In the fixed bed proc-
ess of Michael, it was sufficient to pill the cata-
lyst before sintering to suitable pesa size and then
sinter, the agglomerating effect of the sintering
being to give an extremely hard body which may
be used as such in the fixed bed process with or
without pricr promoter addition. In the fluid
solids process, however, the catalyst particles
must be of an average size so that the resultant
catalyst mass is fluidizable under the reaction
conditions obtaining in the hydrocarbon synthesis
reactor. Under normal reaction conditions, an
average fluidizable particle distribution of the
catalyst would be the following:
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In order to obtain sintered iron catalyst pair-
ticles of a size suitable for fluidization, that is, in
the range 100 to 325 mesh, previous practice has
been to impregnate an active catalytic material.
such as red iron oxide, with a solution of a de-
sired promoter, such as alkali metal salts, to form
a paste which is dried, broken up into 10-20 mesh
granules, pilled, and sintered at a temperature of
about 1400° to 1600° F. in an atmosphere of hy~
drogen. In this manner pills were obtained
which were metallic in appearance, and while
they usually showed good catalytic activity they
were found to be exceedingly difficult to grind
to a particle size suitable for fluid operation.
Thus by this method of sintering pills, enly about
a 5-10% yield of material which passes through
an 80 mesh screen was obtained by putting the
sintered pills through a planetary dise grinder 25
times, the sintered product being hydrogen-re-
duced promoted red iron oxide.

It is the purpose of this invention to disclose a
new and advantageous method whereby sintered
reduced red iron oxide catalyst of a particle size
suitable for fluidization may be readily prepared
in a state requiring only a simplified subseguent
grinding process, or the final grinding step may
be substantially eliminated, thus greatly saving
on the time, labor, and equipment reguired for
the hydrocarbon synthesis process.

Another object of the invention is to disclose
a process of producing a sintered reduced rad iron
oxide catalyst which requires substantially no
grinding after sintering, and whose promoter
content may be controlled during the sintering
operation.

A more specific object of the invention is to
provide a simplified process for making an im-
proved hydrocarbon synthesis catalyst for use
in the fluid catalyst hydrocarbon synthesis from
carbon monoxide and hydrogen.

Other objectives and advantages of the inven-
tion will become apparent hereinafter.

It has now been found that the grinding cpera-
tion can be greatly simplified and substantially
eliminated when the catalyst is sintered in the
form of small granules rather than in the form
of pills, as practiced heretofore. The size of the
granules is selected so that the shrinkage accora-
panying the “incipient fusion” of the promoted
red iron oxide on sintering gives a product which
after granulating or light grinding to break apart
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the individual particles has approximately the de-
sired size for good fluidization. Depending upon
the particle size desired for the fluid operation
the dried material prior to sintering may be
broken up into granules from 60-80 mesh, 60-100
mesh or, to obtain a wider range of particle size,
all material passing through a 40 or 60 mesh
screen may be used for the sintering operation.
Thus whereas by the previous method of sintering
pills only about a 5-10% yield of catalyst passing
through an 80 mesh screen was obtained by put-
ting the pills through a planetary disc grinder
25 times, by the process of the present invention
whereby granules passing through a 40 mesh
screen are employed in the sintering operation,
a product comprising a 50% yield of catalyst
passing through an 80 mesh screen was obtained
when the sintered catalyst was put through the
grinder only five times. Thus a tenfold increase
in fluidized catalyst yield was accompanied by
a fivefold decrease in grinding requirements.
Red iron oxide catalyst is generally prepared
for use in the hydrocarbon synthesis reaction by
steps comprising precipitating the hydroxide
from solution, washing, filtration, drying, immpreg-
nation of the iron compound with the desired
promoter, such as K2CO3 or KF to give a product
which, on drying at approximately 200-400° F.
may contain about 1-3% of the promoter. In ac-

cordance with the present invention, the dried :

impregnated red iron oxide is first pilled and then
broken up into particles of such size that all pass
through a number 40 mesh screen. The dried and
screened product may then be charged to a suit-
able reducing apparatus, air removed by flushing
with an inert gas, and then a reducing gas such
as hydrogen is passed through the promoted red
iron oxide bed at a relatively high flow rate of
750-1500 v./v./hr. (v./v./hr.=volume of gas per
hour per volume of red iron oxide bed), the re-
duction being carried out at temperatures be-
tween 900°-1100° F., preferably at the higher
range, and the flow of gas continued until no fur-
ther reduction takes place.

The latter portion of the sintering step, as de~
scribed more fully below, is advantageously car-
ried out under very low hydrogen throughput
rates, in particular when high sintering tempera-
tures in the range of 1400°-1650° F. are used. It
has now been found that the customary method
of hydrogen sintering in which the temperature
is raised from the hydrogenation to the sintering
range, but the rate of hydrogen throughput re-
mains substantially the same for the whole of
the sintering treatment, a large proportion of the
promoter on the catalyst is volatilized and causes
plugging of vent lines in the cooling section of the
furnace, and the composition and proportion of
promoter on the catalyst is difficult to control.
The inventors have found that this difficulty is
largely eliminated by reducing the flow during the
Jatter portion of the sintering period to a very low
rate of about 100-200 v./v./hr., the purpose of the
slow sweep being merely to insure that no air
gets into the furnace. However, in order to ob-
tain an iron catalyst containing less than about
1% oxygen content it is important, during the
initial stages of the sintering processes, to main-
tain hydrogen throughputs of substantially the
sanie grder of magnitude as during the reduction
step proper for it has been found that reduction
of this type of catalyst is not complete even after
treatment with hydrogen at 1100° F. for from 3
to 6 hours.

Follawing the hydrogenation step, therefore,
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the temperature in the furnace may be raised to
the desired sintering range, 1250°-1400° ¥. when
the requirements are for low temperature sinter-
ing, 1400°-1650° F. when the requirements are
for a high-temperature sintered product. The
promoted reduced catalyst may be maintained at
the sintering temperature for about 1 hour at the
high fiow velocity of 750-1500 v./v./hr., then for
about 2~4 hours at a low hydrogen flow of about
100-200 v./v./hr. The material may then be
cooled in an inert gas or hydrogen to room tem-
perature. If sintering has been carried out at
a temperature range of about 1250°-1400° F.,
substantially no grinding of the sintered catalyst
will be required for use in the fluid solids unit.
If a high temperature sintering operation was
employed, only a light grinding operation is re-
quired. The time during which the catalyst may
be exposed to reduction temperatures is a func-
ticn of the hydrogen flow rate. Thus at a tem-
perature of 1100° F. and a flow rate of 1500
v./v./hr., the residence time of the catalyst in the
reducing period may be 4 hours. On the other
hand if the flow rate is reduced tc about 1000
v./v./hr., theé reduction peried is increased to
about 6 hours. In general, high space velocities
can be compensated by decreased reduction time
and if the operation is carried out at the lower
space velocities the contact time is increased.

The invention may be further illustrated by the
following specific examples.

EXAMPLE I
(Preparation of catalyst)

A sixty pound batch of the dried impregnated
material prepared as described above was frag-
mented into granules of a size small enough to
pass through a #10 mesh sieve, and the product
is classified by a #20 mesh sieve. The material
retained by the #20 mesh sieve and that which
passed through said sieve were then separately
made into pills about 38"’ in diameter in a pilling
machine. It was advantageous to add a pilling
compound, such as “Sterotex” wax, to the classi~
fled portions bhefore pilling. The pills thus
formed were then fragmented through a series
of sieves until all the material passed through a
#40 mesh sieve. This method of preparation of
red iron oxide promoted catalyst for sintering
substantially avoids the plugging encountered in
the smaller sieves when the dried impregnated
material is broken successively through a series
of sieves until all the material passes through a
#40 mesh sieve, thus saving substantially on time
and labor.

The dried and classified granulated product
was then charged to a closed tube fitted with
inlet and outlet connections for gases. The ma-
terial was flushed with nitrogen to remove air
and then hydrogen was introduced. The entire
tube was heated by means of a furnace to about
1100° F. and then held at that temperature for
about 4 hours while hydrogen was passed through
the bed of catalyst at the rate of about 1500
v./v./hr. The temperature was then raised to
about 1500° F. while under hydrogen, and the
system was maintained at that temperature for
1 hour with the same hydrogen flow, then the
flow was decreased to a low hydrogen flow rate
of 200 v./v./hr. and maintained under these con-
ditions for 3 hours.

The catalyst was then cooled under nitrogen to
room temperature and discharged into air and
given a light grinding. The sintered mass was
given a final classification by shaking through
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“an 80 mesh screen. The product thus obtained
« was of a size desirable for good fluidization, with
gparticle distribution as follows:

S-Through 100 mesh-_..__________________. 71.0
8Through 80 on 100_______________________ 9.0
~=0n 80 14 .4
CDFines ___________________________________ 5.6
*C—G' The bulk density of the final production was

0 2.2 to 2.3 as against the density of the unsintered
.material which was 1.1 to 1.2. This increase in
bulk density is a measure of the decrease in the
particle size resulting from the sintering opera-

Z_tion. This decrease in particle size is important

—In the fluid catalytic technique.

To indicate the superior anti-fouling and dis-
E‘integration resisting properties of a reduced
—alkali metal promoted iron oxide catalyst classi-
Lfied and sintered in accordance with the present
invention, the following data are given from ga
fluid catalyst hydrocarbon synthesis pilot plant
run.

CATALYST ACTIVITY

Catalyst - __ Al
Temperature ..o ______ °F__ 650-695
Pressure — oo __._ p.s.igo_ 400
Feed gas ratio, Ha/CO ________________ 1.1
Feed gas throughput rate (std. cu. ft. per

hr. H2--CO per 1b. catalyst) _________ 12
Duration of yun — e ______ hours.-.. 451
Per cent conversion, Hz-+CO _per cent__.  6$5-95
Product oil, ec./m.3 converted

He4-CO . ce.— 172-191
Disintegrationrate? ... _____________ 8
Carbon formation rate® —______________ 4

' Prepared as described above.

2 Grams of 0—20 micron material formed per 100 grams
of 20- microns present per 100 hours.

® Grams of carbon formed per 100 grams catalyst per
100 hours. ’

Thus the reduced and sintered alkali promoted
red iron oxide catalyst as prepared in accordance
with the invention combines the highest activity
and liquid product selectivity with very low car-
bon forming tendencies and high resistance to
attrition and disintegration.

In contrast to the catalyst obtained from
ordinary sintering operations in which the high
rate of hydrogen throughput is not decreased fol-
lowing the catalyst reduction step and wherein
the promoter loss is high, the promoter loss when
sintering is carried out in accordance with the
present invention is very small. Thus when a
red iron oxide catalyst containing 1.5% K2CO3
prior to sintering is prepared and then sintered
at 1570° ¥, the promoter loss after 4 hours sinter-
ing at the customary hydrogen throughput rate
specifically 500 v./v./hr. at 15 p. s. i. a., was 65%.
When sintering was carried out in accordance
with the present invention, this loss was reduced
to 7%, almost a tenfold decrease.

The foregoing description and examples,
though illustrating specific applications and re~
sults of the invention, are not intended to exclude
other modifications obvious to those skilled in
the art, and which are within the scope of the
invention.

‘Whatis claimed is:

1. A process for producing an attrition resist-
ant catalyst for the conversion of carbon mon-
oxide and hydrogen into normally liquid hydro-
carbons and oxygenated organic compounds from
2 previously unsintered iron oxide of low me-
chanical strength which comprises impregnating

with an alkali metal salt promoter a red iron 7
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oxide powder prepared by precipitating an iron
compound from an agueous solution of an iron
compound and heating the said precipitate to
convert it to the oxide, drying the impregnated
material, pilling the latter, granulating said pills
to a size such that all of the material passes
through a 40 mesh screen, passing a stream of
hydrogen through a bed of the granulated mate-
rial to reduce the iron oxide, raising the temper-
ature of the bed after said reduction to a temper-
ature within the sintering range of from about
1280°-160%° F', continuing the heating in the said
sintering temperature range while continuing to
pass hydrogen through the said ecatalyst bed dur-
ing a period of from about 3 to 5 hours, the hy-
drogen rate of fiow through the said bed being
rom about 759 to 150C v./v./hr, during an initial
minor portion of the sintering period wherein
the iron is reduced to the extent that it contains
pelow 1% Oz and at a fiow rate of from about 100
to 200 v./v./hr. during the remainder of the sin-
tering period, cooling the heated product and re-
covering a fluid solid hydrocarbon synthesis cat-
alyst requiring substantially no grinding.

2. The method set forth in eclaim 1 in which
the pills are granulated to a size of from 40-60
mesh.

3. The method sef forth in claim 1 in which
the granulated material is treated with hydrogen
in the sintering range for a period of about 1
hour at a feed rate of from 750-1500 v./v./hr.
and ab a feed rate of from 100-200 v./v./hr. dur-
ing a period of 3 hours.

4, The process of claim 1 in which the iron
oxide reduction is carried out at a temperature
of from about 800° to about 1100° F.

5. The process of claim 1 in which the dried
alkali metal salt impregnated material is broken
into fragments substantially all passing through
a #10 mesh sieve, some fragments passing
through a #20 mesh sieve and the balance re-
tained by said sieve, pilling separately said re-
tained and unrvetained portions, and breaking
said pills through a series of sieves until sub-
stantially all of the material passes through a
#40 mesh sieve.

6. The process of claim 1 in which said pro-
moter comprises about 0.5-59% by weight of po-
tassium carbonate.

7. The process of claim 1 wherein the granu-
lated material is maintained at non-sintering
reduction conditions for a period of from about
4 to 6 hours and at sintering conditions for about
3 to 5 hours.
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