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This invention is related to the preparation of
a catalyst, and more particularly pertains to a
catalyst suitable for use in the conversion of car-
bon monoxide and hydrogen into hydrocarbons
and oxygenated compounds. Specifically, the in-
vention relates to the preparation of finely di-
vided iron catalyst activated by added promoters
and adapted for contacting gasiform fluids in a
dense turbulent suspended phase,.

The use of iron-alkali metal catalyst for the
conversion of hydrocarbons has long been known
to the art. However, attempts to apply the fuid-
ized solids technique to the synthesis of hydro-
carbons using this iron-alkali metal catalyst have
encountered . unexpected problems in catalyst
activity control. For example, the loss of the
more finely divided particles has resulted in an
unexpected reduction in activity of the remaining
catalyst beyond that which might be attributed
to surface effects or weight of catalyst lost.

Operating conditions and techniques have been
developed whereby the catalyst can be retained
in the fluidized condition during the synthesis
operation for relatively long periods of time. It
has been found that broper fluidization requires a,
distribution of catalyst particle sizes over a con-
siderable range, usually from about 20 to 300
microns diameter.

During operation, the proportion of finer par-
ticles tends to increase as a result of disintegra-
tion. Catalyst disintegration can occur by reason
of build-up of carbon on the catalyst and re-
cently it has been observed that disintegration
occurs even in the absence of carbon build-up.
Furthermore, it has been found that the catalyst
fines have been much more active than the
catalyst particles of larger size and that it is
very difficult to keep the active fines in the dense
phase. The tendency of the fines to be car-
rled away by the gas stream results in an equi-
librium catalyst in which most of the particles
are disintegrated coarser particles originally
charged. Thus, the larger particles are the ones
which remain within the fluid system. From the
standpoint of uniform catalyst performance,
therefore, it is desirable, in some manner, to
render the large particles of catalyst as active
as the smaller ones. It is, therefore, an object
of this invention to provide a method and means
for preparing catalysts of substantially uniform
activity. Another object of the invention is to
orovide & method and means for promoting a
finely divided iron catalyst to give a catalyst of
good fluidization characteristics, 1. e. comprising
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the same time producing a catalyst of substan-
tially uniform activity and uniform performance
in use. It is a specific object of my invention to
provide a promoted iron catalyst for synthesis
of hydrocarbons from CO and H2 which is uni-
formly promoted throughout all ranges of par-
ticle size, as it has been found that ‘an optimum
concentration of promoter exists for the synthesis
of hydrocarbons in the desired molecular weight
range.

The presence of fines in the dense turbulent
suspended phase is esssential for ease of fluidi-
zation. Thus it is highly desirable that the finely
divided catalyst as charged to the reactor include
a certain proportion of relatively large, inter-
mediate, and relatively fine particles. However,
when a mixture of catalyst particles of varied
size is treated with an aqueous solution of an
alkali metal as has been the practice heretofore,
the quantity of promoter on any one particle is
proportional to the surface area of that particle,
Accordingly, the amount of promoter deposited
on each particle is proportional to its surface
area and not in proportion to its weight or
volume. The promoter, on heating, has a ten-
dency to migrate within the catalyst particle

. during activation at elevated temperature and

during use in synthesis. Accordingly, the amount
of promoter on the surface of s given particle is
decreased by such migration. When the quan-
tity of promoter on & given particle is proportiona]
the surface area and not to the mass of the
particle, then after the migration has oceurred,
the concentration of promoter is substantially
greater in the particles of smaller mass. Itisan
object of this invention to provide a method and
means whereby each particle of synthesis catalyst
contains a uniform proportion of promoter
throughout each particle, regardless of particle
size,

In general, I attain the objects of my invention
by grading the raw catalyst into a plurality of
different fractions or grades of relatively uniform
particle sizes and applying the promoter to the
different sizes separately, in optimum amount for
each size. Thus, when employing a promoter
salt in solution, the impregnating or promoting
solution is -chosen of g strength fo be optimum
for each particle size. This treated catalyst
can then be activated by contacting with a re-
ducing gas, for example at 700 to 900° F., or sup-
plied directly to the synthesis reactor.

By conventional promoting techniques, uneven
distribution of the promotor results because of
the difference in particle size of the finely divided
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iron oxide. The larger particles, having rela-
tively less surface, will receive relatively less pro-
moter. Assuming non-porous catalyst and that
the film thickness of the promoter solution will

be the same on the surface of all particles, then.

a particle ten times as large as another will re-
ceive only one-tenth the quantity of promoter,
and in general, the concentration of promoter
deposit will vary inversely with the diameter or
thickness of the particles. Experience has shown
that the fines which are preferentially lost from
the reactor have a higher concentration of pro-
moter than the catalyst left behind, the loss of
fines being accompanied by decreased catalyst
activity. )
The following data, obtained by analysis, will
show how the concentration of promoter varied
with catalyst particle size in the case of a cata-
lyst made from roasted pyrites which was ground
to a powder and then impregnated with a potas-
sium salt solution, dried and ignited. Analyses
were made after screening to the sizes indicated.

Perticle | Average Parti- | Concentration-
Size, Mi- | cle Size Esti- |_of Promoter,
crons |mated, Microns|Wt. Per Cent K|

0- 44 2 0.945
53- 74 64 0.586
99-144 122 0.485

This maldistribution of promoter can be cor--

rected by grading the catalyst before adding the
promoter and subsequently using a2 more con-
centrated promoter solution on the coarser mate-
rial as indicated hereinzbove or by repeated ap-
plication of promoter to the coarser particles. In
some instances it is only necessary to grade cata-
1yst into two or three sizes, for example fine, in-
termediate and coarse. Afier applying the pro-
moter solution to the different grades of catalyst
so that each size receives the optimum quantity
of promoter proportional o the mass of the
particle, the batches of catalyst can be separately
dried and igniated before remixing to obtain the
optimum particle size distribution. By this sepa-
rate drying and igniting, the promoter is affixed
to the surface of the particles and permitted to
migrate into the particles, preventing redistribu-
tion of the promoter between the individual
particles. :

In the case of dense oxides, such as mill scale,
a very little of the promoter solution is actually
absorbed into the oxide particle before the cata-
Iyst drying step. Migration of the solid promoter
will have a tendency to accur during the cata-
1yst reduction step and during synthesis, i

The hydrocarbon synthesis process with which
this invention is concerned, employs an iron cata-
lyst and is conduected at a temperature of be-
tween about 400 and 750° F. and at pressures
of between about 75 and 600 pounds per square
inch. A preferred range of temperature is be-
tween 450 and 675° F. and a pressure of between
about 175 and about 325 pounds per square inch,
e. g. about 250 pounds per square inch. The
space velocity through the reactor can be between
about 5 and 15 cubic feet of carbon monoxide
per hour per pound of catalyst within the re-
actor. A hydrogen to carbon monoxide ratio of
between about 2 to 1 and 5 to 1 can be used with
an optimum carbon monoxide content of between
about 9 and about 15% based upon the total gas
feed to the reactor. Ordinarily, the actual feed to
the synthesis reactor will also include some car-
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bon dioxide in varying proportions. Thus, the
total feed can be a mixture of hydrogen, carbon
monoxide and carbon dioxide in the ratio of about
2-6:1:5-2, a ratio of about 4:1:1 being preferred.

The catalyst for use in such a process should
be in a finely divided form capable of being
fluidized by gas flowing upwardly through the bed
at low velocities to produce a turbulent suspended
catalyst phase which should be maintained at an
apparent bulk density within a selected critical
range.

The catalyst particles can be of the order of
between about 2 and 200 microns, preferably 20

_to 100 microns. A satisfactory catalyst, for ex-
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ample, is one in which 100% passes a 40 mesh
screen, a minimum of 50% passes a 200 mesh
sereen, and a maximum of 25% passes a 325 mesh
screen. In practicing my invention, it is preferred
to use as a starting material for catalyst prepara- -
tion a finely divided iron oxide which will yield
the desired distribution of particle sizes.

with vertical gas velocities of the order of be-
tween about 0.3 and about 5.0 feet per second,

‘preferably. between about 0.5 and 2, for example,

about 1 foot per second, a liguid-like dense phase .
of catalyst is obtained. In such a liquid-like
dense turbulent phase, the bulk densily of the
catalyst is between about 10 and about 80% of
the density of the settled catalyst material, pref-
erably between about 20 and about 60%, e. 2.
about 40%. Normally a catalyst prepared in ac-
cordance with my invention will have a settled
bulk density of between about 120 and about 150
pounds per cubic foot. The vertical or linear
velocity of the gas is, in any event, regulated so
as to produce a turbulent suspension of catalyst
within the reaction zone having an apparent
density of about 45 and about 100 pounds per
cubic foot. -

Considerable improvemens in the catalyst re-
sults when it is assured that each particle of cata-
iyst has the optimum concentration of K20. It
is known that an excessive amount of K20 re-

"sults in increased production of heavy products

including wax, whereas insufficient K20 favors
methane formation. Therefore, if potassium flu-
oride or potassium carbonafe is applied in solu-
tion to finely divided iron catalyst having a wide
range of particle sizes, there resulfs an excessive
concentration of K20 on the fine particles and &
deficiency on the large particles, giving a large
proportion of particles which are either under or
over promoted. This is particularly true of sub-
stantially non-porous iron oxide of the mill scale
type.

The amount of promoter for the iron catalyst
for CO hydrogenation can be between about 0.1
and about 2.5%, for example between about 0.25
and about 1.5%, by weight, employing an alkali
or alkaline earth compound. Thus, about 2% or
more potassium carbonate may be admixed with
the iron catalyst before the reduction step. Or-
dinarily, the promoting alkali will be deposited by
treating the separate size batches with a solution
of the promoter compound, but if desired the pro-
moting alkali can be deposited as a fine powder
by mixing selected proportions of the promoter
compound, e. g. KF and the iron powder; then
igniting, preferably with agitation as in a rotary
kiln. In the most usual case, however, promoter
will be added in the form of a water solution of
the carbonate, fluoride or other salt. -

After applying the promoter, the iron oxide is
subjected to reduction at an elevated temperature
in the presence of hydrogen to convert it at least
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in part to metallic iron. The temperature of the
reduction may vary over a considerable range, for
example 600 to 1000° F., a preferred temperature
being between about 700 and 800, for example
7180° 'F. It appears that. migration of the pro-
moter salt into the catalyst particles takes place
under these conditions. . S

Following the reduction, it is sometimes desir-
able to subject the catalyst to g high temperature
stabilization treatment or “sintering” by contact-
ing with hydrogen for a ‘time at a temperature
of between about 100 and 1400° F. By this treat-
ment, the catalyst is rendered resistant to dis-
integration in use. - oo

As an example of my procéss of catalyst prepa-
ration, I may grind a suitable iron oxide, for ex-
ample hematite or mill scale, to a sufficient fine-
ness to pass a 40 mesh screen., The ground iron
oxide Is then graded, for example by screening,
levigation or other suitable means and divided
into at least two fractions depending on the size
or mass of the particles, It is preferred to em-
ploy sereens for this purpose and separate from
the ground iron oxide three or more fractions of
relatively uniform particle size. For example; I
may prepare fractions having particle sizes as
follows: : ’

Fraction 1-—about 20 to 45 microns.
Fraction 2—about 60 to 125 microns.
Fraction 3—about 150 to 300 microns.

These catalyst fractions are then impregnated
separately, applying approximately the same
amount of promoter to each fraction on the
weight basis. For example, I may apply the cal-
culated amount of potassium fluoride, e. g. 1% by
weight, to each lot of catalyst and then dry,
breferably with agitation to obtain uniform dis-
tribution of the promoter on the catalyst particles.
After drying, the desired catalyst compositfon is
brepared by mixing the three fractions in pro-
portion to give satisfactory fividization when in
use. If has been found that g satisfactory fiuid-
izable catalyst results when the above fractions
are combined in about the following proportions:
Fraction 1, 15%; Fraction 2, 65%; and Fraction
3, 209%. After blending the different catalyst
sizes in the above proportions, taking care to avoid
excessive agitation which might remove the pro-
moter salt from the surface of the catalyst par-
ticles, the compounded catalyst is subjected to the
usual reduction as described hereinabove.

The nature of the promoter employed in the
preparation of catalysts varies widely with the
type of catalyst and the duty to be imposed on it.
Thus, cracking catalysts may be composed chiefly
of silica, e. g. silica gel, promoted with 2 to 259%
of Al203, MgO or ThOz. A hydroforming catalyst
may be chiefly active alumina, bauxite, ete. pro-
moted with 5 to 15% of Cr:03 or Mo203. For
synthesis of aldehydes from CO, olefins and Hoa,
cobalt can be promoted with about 5% ThO:2 and
hardened with about 8% MgO. The preferred
catalyst for the preparation of hydrocarbons from
CO and H2 by the so-called “Fischer” process
hereindescribed is iron produced by reduction of
Fe3Os or other oxide and promoted with an alkali
or alkaline earth metal, preferably potassium.
Generally the promoter is added most convenient-
Iy in the form of a water soluble salf such as the
nitrate, chloride, carbonate, hydroxide, sulfate,
fluoride, phosphate, etc.

From the above description, it will he appar-
ent to those skilled in the art that the objects
of my invention have been attained. Thus, by
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this Invention, it is possible to prepare a cat-
alyst in g finely divided state and apply the
bromoter uniformly and effectively while in the
finely divided form. The ‘invention applies par-
ticularly to the preparation of catalysts of a non-
borous or impervious nature which are difficult
to impregnate with a promoter solution. Even
somewhat porous catalysts, however, such . as:
silica gel, are not always easily impregnated with
salt solutions because of selective adsorption phe-
nomena and surface tension effects,

Although a specific embodiment of my inven-
tion has been described, it should be understood
that this is by way of illustration only, and that
the invention is not limited thereto. Further-
more, in view of the description given, modifica-
tions will become apparent to those skilled in the
art and such modifications and alternatives are
contemplated as coming within the scope of the
invention which is defined by the appended
claims.

I claim:

1. The process of making a finely divideg iron
catalyst containing an average concenfration of
promoter selected from the clasg consisting of
alkali and alkaline earth metal compounds of
between about .1 and about 2.5%, which com-
prises the steps of classifying the finely divided
iron eatalyst into relatively fine ang relatively
coarse particles, applying a relatively dilute so-
lution of promoter to the surface of the relatively
fine catayst particles, applying a relatively
strong solution of promoter to the surface of
the relatively coarse catalyst particles, the con-

centration of solution of promoter being corre-

lated with the weight of the iron particies in s
direct proportion relationship, separately drying
the two sizes of bromoted catalyst, and recom-
mixture of finely
divided iron catalyst having a uniform propor-
tion of promoter in each size range based upon

- the weight of catalyst,

66

2. The method of breparing a finely divided
iron catalyst suitable for use in the conversion
of carbon oxides and hydrogen into hydrocar-
bons and oxygenated compounds which comprises
the steps of classifying a mixture of finely di-
vided iron catalyst into at least three grades,
including coarse, intermediate, and fine par-
ticles, separately contacting each of the grades
of catalyst with a solution of a promoter select-
ed from the class consisting of alkali and alka-
line earth metal compounds, the concentration
of the solution of promoter being correlated
with the weight of catalyst in the separate
grades so as to apply between about .1 and about
2.5 wt. percent prompter, drying the separate
grades of promoted catalyst, commingling the
dry promoted catalyst to produce a mixture of
finely divided iron particles having the desired
fluidization characteristics, and contacting a
dense turbulent suspended mass-of the promot-
ed catalyst with a reducing gas at an elevated
temperature.

3. The method of breparing a finely divided
Iron catalyst adapted for use in the synthesis of
hydrocarbons and oxXygenated compounds from
carbon oxides and hydrogen which comprises the
steos of grading a quantity of finely dividegd iron
catalyst into separate batches of substantially
uniform particle size, applying to the individual
batches of catalyst separate solutions of a pro-
moter salt of a3 metal selected from the class
consisting of alkali and alkaline earth metals,

78 each solution of promoter being of a concentration
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which will deposit a quantity of promoter pro-
portional to the weight of the catalyst in the
respective batch treated, drying the individual
batches of promoted catalyst separately, recom-
bining the dry promoted catalyst particles to
produce & mixture of finely divided particles of
iron having about 15% smaller than 45 microns,
about 65% between about 60 and 125 microns
and about 20% between about 150 and 300 mi-
crons, and contacting the mixture of catalyst
with a reducing gas at a temperature of between
about 600 and 900° F. whereby the promoter
migrates into the catalyst particles to produce a
catalyst having a substantially uniform propor-
tion of promoter based upon weight of iron in
each catalyst particle size.

4, The method of preparing a promoted pow-

dered catalyst having a wide range of particle
sizes for easy fluidization which comprises sep-
arately applying promoter to the surface of a plu-
rality of separate catalyst fractions of narrow

particle size ranges in optimum concentratfon
by weight for each fraction of catalyst the con-
centration of the promoter solution being corre-
lated with the weight of the catalyst in the sep-

5 arate fractions in a direct proportion relation-
ship, and combining said catalysts of narrow
particle size range to produce a catalyst mixture
having & wide range of particle sizes.

VANDERVEER VOORHEES.
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