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Our present invention relates to improvements
in the manufacture of catalyst utilizable in the
hydrocarbon synthesis reaction; that is to say,
the chemical reaction in which carbon monoxide
and hydrogen are reacted to form hydrocarbons,
including hydrocarbons boiling within the gaso-
line and gas oil boiling range. More particularly
our invention relates to improvements in the
preparation of iron catalyst according to various
methods which will be set forth more fully here-
inafter.

As indicated previously, it was known prior to
our invention that hydrocarbons could be syn-
thesized by reacting carbon monoxide and hy-
drogen at elevated temperatures in the presence
of a suitable catalyst. Heretofore, the catalyst
emploved has generally been one selected from
the VIII Group of the Periodic System, and it is
undoubtedly true that the metals cobalt and iron
have been used more than any other catalysts
in this particular synthesis. It should also be
pointed out that the cobalt catalyst is usually
associated with a suitable promoter, such as
thoria, and it is usually supported on a suitable
spacing agent such as kieselguhr. With respect
to the iron catalysts, they have heretofore been
prepared in several ways. For example they have
been prepared by reducing a native ore such as
hematite to the metallic state with hydrogen, or
some other reducing gas; or the iron catalysts for
this synthesis have been prepared by oxidizing
metallic iron and thereafter reducing the same.
Still another method for preparing iron ecata-
lysts involves precipitating iron hydroxide from
an adueous solubion of a water-soluble iron salt
by adding thereto an alkali metal hydroxide or
ammonium hydroxide, filtering the iron hydrox-
ide precipitate, drying, igniting and thereafter
reducing the hydroxide with hydrogen or some
other reducing gas. A promoter such as a salt
of an alkali metal is generally added at some
stage during the preparation. One drawback to
those processes in which iron is oxidized and
thereafter reduced is that heretofore high tem-
peratures in the range of from about 1000° to
1800° F'. have been employed where the iron was
oxidized by means of air or oxygen and reduction
with hydrogen was also carried out at high tem-
peratures, for example, in the range of about
1000 to 1500° F'. In this type of high temperature
oxidation, followed by an equally high tempera~
ture of reduction, it is impossible to confrol the
oxidation temperature within narrow limits when
Ehg ~operation is performed in fixed or stationary

eds. .

We have now discovered that when the oxida-
tion is controlled by maintaining the metal in
the “fluidized” condition while it is being con-
tacted with air at 600 to 900° F'., an active cata-
lyst can be prepared when the subsequent redyc-
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tion is also carried out in the same temperature
range. An important characteristic of catalysts
so prepared is that they give synthesis products
unusually rich in oxygenated compounds, such as
alcohols and ketones. Insofar as we are aware,
this method of preparing hydrocarbon synthesis
catalysts by a combination of low temperature
oxidation of metals (e. g. iron) followed by low
temperature reduction has .not been previously
described in the literature and is not now per-
formed in practice. The control of oxidation
temperatures within the narrow temperature
range indicated has been made possible by uti-
lization of the “fluid” processes, wherein the fine-
ly divided metal particles are constantly agitated
by the oxidizing gas. A suitable promoter for
the hydrocarbon synthesis reaction can be added
to the iron before or after the oxidation step,
hereinbefore mentioned.

The object of our invention, therefore, is to
prepare a catalyst which is adapted to promote
the synthesis of hydrocarbons by successive oxXi-
dation and reduction of the catalytic metallic
substance performed at temperatures substan-
tially lower than those heretofore employed for
the same purpose.

" Another object of our present invention is to
prepare a cabalyst utilizable in the hydrocarbon
synthesis process in a more expeditious and in a
cheaper manner.

A still further object of our present invention
is to prepare an active catalyst utilizable in the
hydrocarbon synthesis reaction, which prepara-
tion involves the oxidation of the metal followed
by reduction under conditions such that not only
is the temperature during the oxidation phase
controlled within rather narrow temperature lim-
its, but the degree of oxidation is likewise main~
tained within desired limits.

A further object of our invention is to prepare
3 hydrocarbon synthesis catalyst especially adapt-
ed to promote the production of increased quan-
tities of oxygenated compounds, such as alcohols
and ketones in the hydrocarbon synthesis reac-
tion., .

Other and further objects of our invention will
appear from the following more detailed descrip-
tion and claims.

In the accompanying drawing, we have shown
diagrammatically an apparatus layout in which a
preferred modification of our invention may be
carried into practical effect.

We have found that the preferred method for
preparing a catalyst such as an . iron cabalyst
which is to be employed in the hydrocarbon syn-
thesis is to start with an iron powder and fo oxi-~
dize the same with air while it is in the form of
2, dense suspension in the oxidation zone and
thereafter to withdraw the metal from the oxida-
tion zone and reduce it in the reduction zone
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while it is also maintained in the form of a dense
suspension, all of which will appear more fully
presently.

Referring in detail to the drawing, { repre-

sents an oxidation vessel consisting essentially.of .

a vertical cylindrical section, a concave crown-
plece and a conical base portion. The oxidation

vessel is provided with a reticulated member G.

disposed in the lower part.of the cylindrieal por-
tion. Iron powder having a-particle size.of from
about 5 to 300 microns average diameter and pref-

erably having less than 50% by weight of the

particles with a diameter greater than 80 microns
is impregnated with a suitable promoter such:as
0.5 to 1% of an alkali-metal carbonate. The im-
pregnated iron powderis continuously withdrawn
from a supply hopper 3.via line 5 and discharged
into the oxidation vessel 1, .Simultaneously, com-
pressed air from .some external .source (not
shown) is pumped by compressor 8 through line

A1 into the bottom of oxidizing vessel | and is

thereafter forced upwardly into the main portion
of the oxidizer {. The superficial velocity of the

_alr is maintained within the range of say 0.3 to

3.0 feet per second so as to form within:the vesse!
I a dense, turbulent, ebullient suspension having
an upper dense phase level, depending upon the
actual number of pounds of iron charged to the
reactor, at some point which we have represented
at L. The density of this suspension will be of
the order of 50 to 175 lbs. per cu. 5. or from 30
t0 95% of the density.of the unaerated powder.
Above L.in reactor {, there is a more dilute phase,
the concentration of iron in the gas decreasing
rather sharply from the level L to the top of -the
reactor. There is disposed in the upper portion
of the reactor a plurality of solids gas-contacting
devices, commonly called “cyclone separators,”
through which the up-flowing suspension is forced
and wherein the entrained.powder is separated
by centrifugal operation, according to known pro-
cedure, whereupon the spent gas finally separated
from the main portion of the iron is withdrawn
from the upper portion of the oxidizer through
pipe #3. Since extremely finely divided iron may
be contained in the gas in line 13, it is usually

‘preferable to force the gas through one or more

electrical or magnetic precipitating devices 14

- which serve to remove substantiaily the last trace

of powder from the gas, which powder is then
returned to the oxidizer by a dip pipe and the
gases are rejected from the system through line
i8. Now, with respect to .conditions within the
oxidizer i, it is pointed out, as heretofore indi-
cated, that the temperature is maintained within
the range of from about 600 to 900° F., and that
the pressure within the reactor is from 0 to 300
Ibs. per sq. in. gauge presstre .and the residence
time of the iron in the oxidizing zone is such that
the iron is only incompletely oxidized. In order
to control temperature. within the oxidizer t it
is necessary or at least desirable to dispose within
the oxidizer { means for cooling the oxidizing
zone. Thus, in the drawing we have shown tubes
7 into which may be fed a fluid cooling medium
from some external source via line 8 and with-
drawn from the cooling tubes via a pipe 9. 'The
cooling medium thus circulating in the ccoling
coils may be water, hydrocarbon oils, ete.

The partially oxidized iron is continuously
withdrawn from the oxidizing zone by means of
a drawoff pive 28. It will be understood by thoss
familiar with this art that the drawoff pips 28,
which comprises a standpipe, is provided with
taps 22 through which a slow current of gas may
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be introduced to increase the fluidity of the down-
flowing iron powder, thus preventing bridging
and plugging. The iron discharges into g current
of hrydrogen-containing gas which enters the sys-
tem through line 25, becomes suspended therein
and then discharges into a second vessel 30 of

:substantially the same size and shape as oxidizer

1 but being disposed somewhat below the latter
so-as to .permit.a natural flow of oxidized iron
from the oxidizer 1 to the reducer 38. As In the

-case-of .the gxidizer, reducing vessel 3% is provided

with a reticulated member Gi, and furthermore
by controlling -the upward velocity of the gas in
reducer § the ircn forms a dense suspension in
the gas, which dense:suspension has an upper
level at In above which there is a dilute suspen-
sion:phase. The hydrogen gas causes at least a
part of the iron oxide to be reduced to a metallic
state, and in this vessel the temperature is con-
trolled within the limits of from about 600 to 900°
F. under pressure of from 0 to 300 Ibs. per sq.
in. It should be pointed out also that the super-
ficial gas velocity in reducer 30 is of the same
order as that in oxidizer { and that the density of
the suspension from Gi to L: in reducer 39 is ap-
proximately the same as the corresponding den-
sity in oxidizer {. The spent gas passes through
a plurality of cyclone separators disposed in the
upper portion of 28 wherein entrained powder is
removed and the gas exits from the vessel through
line 35 and if necessary or desirable it may be
forced through one or more electrical or mag-
netic precipitators 36 for the purpose of separai-
ing the last traces of entrained powder, which is
returned fo the vessel 30, while the spent gas is
vented from the system through line 40.. The
reduced iron is withdrawn from the vessel 30
through draw-off pipe 42, provided as usual with
taps 44 through which the fluidizing gas may be
introduced, and is passed to storage under an
inert atmosphere to prevent .oxidation of the
reduced catalyst or alternatively it is passed di-
rectly to the reactor in which the synthesis is fo
be effected. . .

The principle of this invention can also be
carried out by using a single reaction vessel for
the oxidation and reduction of the iron.  In this
case, the tredtment of the iron is conducted bateh-
wise. For example a single batch of iron powder
is placed in vessel | and subjected to air oxida-
tion until the iron has attained the desired oxygen
content. "Then the air is displaced by an inert
gas, such as flue gas, which in turn is displaced
by hydrogen. If is within the contemplation of
my invention that the vessel 1 be used in sequence
as an oxidizer, a reducer and a vessel in which
the actual hydrocarbon synthesis takes place.
That is, after the reduction is completed by means
of hydrogen-containing gas a stream of carbon
monoxide properly proportioned with respect o
the hydrogen may be forced into the reactor i,
in which event when maintaining the reactor  at
synthesis ftemperatures and pressures, of course,
a product would be recovered overhead via line (3.

In the design shown in the drawing, from
standpipe 42, the catalyst .is discharged into a
hydrocarbon synthesis reactor 50 similar in con-
struction and operation to the oxidizer { or the
reducer 30; that is to say, & dense fluid mass-of
the catalyst is maintained in the reactor having
an upper level at Lz and hydrogen from line 25¢
plus carbon monoxide from line 49 may he mixed
in line 48¢, then mixed with catalyst from the
bottom of standpipe- 42 to form a .suspension
which is discharged into reactor 50 and passes
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upwardly into the same reactor through grid Ga.
In the reactor the proper conditions of tempera-
ture (by suitable cooling means, say by means
similar to those in oxidizer I) and pressure are
maintained to cause the desired conversion of
hydrogen and carbon monoxide to hydrocarbons,
and oxygenated hydrocarbons, whereupon the
product is withdrawn overhead through line 52
and subjected to the usual distillation and puri-
fication to recover gasoline hydrocarbons, alco-
hols, ketones, and the like in equipment not
shown.

In order to explain our invention further, we
set forth below specific examples which serve to
illustrate our invention without, however, impos-
ing any limitations thereon, for it will be obvious
to those skilled in this art that numerous modifi-
cations of these particular embodiments of our
invention may be made withouft departing from
the spirit of the invention.

Example 1

A catalyst consisting of powdered iron treated
with 0.5% Na:COs3 was partially oxidized in fluid-
ized condition at 700° F. to an oxygen content of
45%. 'The partially oxidized material was com-
pressed into pellets and divided into two portions.
One portion (a) was reduced with hydrogen at
atmospheric pressure at 1100° F. and the other
portion (b) was reduced at 700° F. In an activity
test of the two catalysts at 600° F., 250 pounds
per square inch pressure using a feed gas con-
taining equal volumes of hydrogen and carbon
monoxide and a feed rate of 200 volumes of gas
per volume of eatalyst per hour, it was found that
catalyst (b), reduced at 700° F., gave 3 times the
volume of hydrocarbons as catalyst (@) reduced
at 1100° P,

Example 2

Commercial powdered iron which had been
impregnated with 0.59% NasCOs and dried was
oxidized in a fluidized condition by contacting
with an oxygen-containing gas for 2 hours at
680-700° F. at atmospheric pressure, followed by
treatment for 2 hrs. at 50 pounds gauge pressure
and at the same temperature. The catalyst was
then reduced in a fluidized condition in the same
equipment by treating with hydrogen for 8 hours
at 683° F. and atmospheric pressure. It was next
contacted in the same unit with a feed gas con-
sisting of a mixture of equal volumes of hydrogen
and czrbon monoxide at 300 pounds pressure,
552° P. and a space velocity of 222 v./v./hr. of
fresh feed plus recycled product gas equal to a
total v./v./hr. of 3000, A yield of 141 cec. of Ce
and heavier hydrocarbons per cubic meter of
hydrogen and carbon monoxide in the feed gas
was obtained. The total liquid product obtained
in the hydrocarbon layer had an oxygen content
of 9.7% showing a large production of oxygenated
organic compounds.

To review briefly, our present invention re-
lates to methods for preparing active metallic
catalysts, in particular iron, which are adapted
to promote the synthesis of hydrocarbons from
a mixture of carbon monoxide and hydrogen.
We have discovered that active catalysts may
be prepared by oxidizing metallic iron in pow-
dered form with air, or oxygen, at relatively low
temperatures, but in particular under control-
lable conditions of temperature by employing the
fluid solids technique, as hereinbefore described,
an attainment which is not possible where the
iron is oxidized in the form of stationary beds.
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In the oxidation of iron, there is a tremendous
quantity of heat released and, as stated, in a
large fixed bed or mass of iron it is wholly im-
possible to maintain uniformity of temperature
throughout the mass. We have found that by
employing the fluid technique we may control
temperature at the low level stated above and
maintain the temperature in the oxidation zone
substantially uniform throughout. But prob-
ably the greatest advantage of our new catalyst
prepared as described in detail hereinbefore is
that when it is used in the synthesis of hydro-
carbons from carbon monoxide, it is adapted to
promote the formation of relatively large quan-
tities of oxygenated hydrocarbons, such as alco-
hols and ketones, products which are of course
much more valuable than gasoline hydrocar-
bons and the like.

Numerous modifications of our invention may
be made by those who are familiar with this art.

What we claim is:

1, A method for producing hydrocarbons by a
catalytic synthesis from carbon monoxide and
hydregen in the presence of an iron catalyst
adapted to promote the formation of substantial
quantities of oxygenated hydrocarbons which
comprises contacting a mixture of carbon mon-
oxide and hydrogen in a reaction zone at syn-
thesis temperatures and pressure with a cata-
lyst prepared by oxidizing powdered iron at a
temperature within the range of from 600°-900°
B, thereafter reducing the oxidized iron with a
hydrogen-containing gas at temperatures within
the range of about 600°-900° F., permitting the
carbon monoxide and hydrogen to contact the
said reduced iron oxide for a sufficient period of
time in the reaction zone to effect the desired
conversion, and thereafter recovering from said
reaction zone a product containing normally
liquid hydrocarbons and oxygenated hydrocar-
bons.

2. The method set forth in claim 1 in which
the reduced iron oxide contains a relatively small
amount of alkali metal compound adapted to
promote the hydrocarbon synthesis reaction.

3. The method set forth in claim 1 in which
the powdered iron is in the form of a fiuidized
mass in the reaction zone.

ALEXIS VOORHIES, Jr.
JOHN J. OWEN.
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