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The invention herein described and claimed
may be manufactured and used by or for the
Government of the United States of America for
governmental purposes without the payment of
any royalties thereon or therefor. . :

This invention relates to the production of hy-
drocarbons from carbon monoxide and hydrogen,
and more particularly to catalysts for accomplish-
ing the reaction between carbon monoxide and
hydrogen.

It is an object of this invention to produce new
iron oxide catalysts which are suitable for the
production of hydrocarbons containing more than
one carbon atom per molecule from mixtures of
hydrogen and carbon monoxide. Another object
is to produce new iron oxide catalysts which pref-
erentially induce the formation of hydrocarbons
having more than one carbon atom per molecule
rather than the formation of methane. Other

objects will be apparent or will appear hereinafter.

As used herein, the term “iron oxide catalyst”
is intended to apply to the catalyst comprising
essentially iron oxides in any degree of hydration,
both before and after conditioning with hydrogen
or other reducing gas. Depending upon the ex-
tent of reduction during the conditioning period,
such catalysts may contain various oxides and
mixtures of oxides of iron, as well as metallic iron,
in varying proportions.

The use of catalysts containing iron for initiat-
ing the synthesis of aliphatic hydrocarbons from
mixtures of hydrogen and carbon monoxide has
been the subject of a number of patent specifica-
tions. The addition of varying percentages of
" both easily reducible and difficultly reducible
metallic oxides to ferric or ferrous oxide is men-
tioned in these disclosures as resulting in catalysts
possessing superior activity. Preparation by
methods employing thermal decomposition of
iron carbonyl to iron, and by methods of treating
promoted iron or iren oxide under such conditions
of temperature that “sintering” or even fusion
occurs, have also been proposed.

‘We have been unable to find, prior to our inven-
tion, any disclosure of the preparation from pre-
cipitated iron oxides of an unpromoted ferric
oxide catalyst having the properties and/or com-
position which are hereinafter described.

It is stated in the literature that more than
one type of ferric oxide, corresponding to more or

‘less definite composition with respect to water of
constitution and exhibiting differences in color,
crystal size and crystal structure is obtainable by
precipitation from solutions of ferric salts. One
of these oxides is sometimes designated as the
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ortho form, which is red-brown in color, and the
other as the meta form, which is yellow in color.

The red-brown form is non-crystalline and has
been considered by some to exist in several de-
grees of hydration, the one containing the most
water corresponding to the formula, Fez03.5H20.
Others claim that no definite hydrates are asso-
ciated wtih this form. All agree, however, and it
has been corroborated by us in preparing iron
catalysts for the synthesis of hydrocarbons from
hydrogen and carbon monoxide, that in this form
iron oxide is associated with relatively large quan-
tities of water and as a result, exhibits the proper--
ties of a gel. In the wet condition following
precipitation, thig form of iron oxide readily dis-
solves in dilute (2.5 to 5 normal) mineral acids
(such as hydrochloric, sulfuric, nitric) and also
acetic acid. .

The yellow form is reported to be crystalline,
and to contain a definite proportion of water
or constitution, corresponding to the formula
Fez03.Hz0. It is more difficultly soluble in dilute
mineral acids (2.5 to 5 normal) than the red-
brown form, and is particularly resistant to solu-

25 tion in nitric acid in this range of concentration,
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In this form iron oxide does not exhibit a gel
structure.

In the following discussion and examples, ref-

-erences to metaq ferric oxide are to be understood

as designating the yellow precipitated form, which
in the wet condition following precipitation is
difficultly soluble in dilute (2.5 to 5 normal) nitric
acid and references to ortho ferric oxide designate
the precipitated gelatinous red-brown form
which is readily soluble.

By controlling the conditions of preparation,
we are able to prepare catalysts in which either
the ortho or meta form can be made to predomi-
nate in substantial amounts in the finished prod-
uct. This has led to the development of methods
of preparing catalysts which are reproducible with
respect to their suitability in initiating the desired
synthesis. We have now found in particular that
& precipitated ferric oxide containing between 5
and 25 percent by weight of the meta form and
between 95 and 75 percent by weight of the ortho
form (calculated as Fez03) 1is especially suitable
as a catalyst for the production of liquid hydro-
carbons by reduction of carbon monoxide with
hydrogen; and that the content of the meta form
may vary between the approximate limits of 1

and 60 percent by weight without reducing the

utility of such a catalyst to a point where it has
ne practical value for the hydrocarbon synthesis.’
We have found that catalysts containing very
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Small percentages (1 percent or less by weight)
0f meta ferric oxide either produce small yields
of hydrocarbons or have short life or both and
that catalysts containing as much as 60 percent
of meta ferric oxide produce a substantially lower
yield of hydrocarbons than is obtained when the
content of the meta form is in the range of 5 to
25 percent (which range we shall hereinafter des-
ignate as the “preferred range”) although their
useful life may be as long as the useful life of
catalysts having the preferred composition.

We have also found that, before conditioning
with hydrogen or other reducing gases, our pre-
cipitated iron oxide catalysts exhibit ferromag-
netic properties. While we belleve that ferro-
magnetism is associated with the superior prop-
erties of our catalysts, it will be understood that
the specifications of this invention are not in-
tended to demonstrate or further enlarge upon
the manner in which these properties are as-
sociated,

Catalysts within the scope of our invention may
be prepared in accordance with the following
general description: An aqueous solution of an
alkaline precipitant, as for example, potassium
carbonate, which is present in an amount which
is in slight excess of the stoichiometric propor-
tlon required for precipitation, is added under
good agitation to a hot dilute agueous solution
of a ferric salt whereby co-precipitation of the
ortho and meta ferric oxides can be made to
occur within either the preferred or the wide
range of proportions previously mentioned, that
is, 5 te 25 percent or 1 to 60 percent by weight
of the meta form, respectively. The precipitated
material is then washed with water, preferably
with distilled water, either by decantation or by
any other suitable means, until it contains sub-
stantially no more than traces of the salts of
the metal employed as the precipitant. The
washed precipitated material is dried in any
convenlent manner as, for example, in an elec-
trically or steam-heated oven at moderately ele-
veted temperatures such as 100 to 150 degrees
centigrade until essentially - constant weight is
attained. At this stage of preparation the cat-
alyst exhibits the physical properties character-
istic of a ferric oxide gel. The dried material is
crushed either into granules which are graded by
screening into sizes suitable for use in the syn-
thesis process or into a fine powder which is
then pressed into any desirable shape as, for
example, into pellets or tablets such as are com-
monly employed for catalysts used in the afore-
mentioned hydrocarbon synthesis process.

In general, we have found, in the preparation
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of our ferric oxide catalyst, that the proportion .

of meta to ortho ferric oxide (and hence the
suitability of the catalyst for the hydrocarbon
synthesis) is particularly affected by the temper-
ature of precipitation, by the nature of the chem-
fcal reagents used for the. preparation, by the
concentration of ferric salt in the solution from
which ferric oxide is to be precipitated, and by
the time consumed in adding the precipitant to
the ferric salt solution. We prefer to use solu-
tions of the ferric salt whose concentrations lie
between 1.0 and 2.5 moles of salt to 100 moles
of water, & time of precipitation which les be-
tween 15 and 45 minutes and a temperature of
the precipitating mixture which lies between
70 and 85 degrees centigrade.

- While any suitable ferric salt may be employed
such as the chloride, sulfate, nitrate, etc., we
prefer- to use the nitrate.

As a precipitant we
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prefer potassium carbonate; however, the hy-

droxide, carbonate or bicarbonate of other al-
kali metals, as well as corresponding ammonium
compounds may llkewise be used for this pur
pose, :
It will be understood that the scope of our in-
vention is not limited by the reagents and con-
ditions disclosed in the foregoing description, but
that we may apply other materials and modifi-
cations of physicochemical conditions to obtain
mixtures of meta and ortho ferric oxide suitable
as catalysts for the hydrocarbon synthesis and
it is further obvious that without departing from
the spirit and scope of our invention, there will
occur to one skilled in the art the possibility of
using many variations, both in the preparation
and conditioning methods employed for our cat-
alyst as well as in the manner in which the
said catalyst is to be used in the hydrocarbon

. synthesis process.

Thus, instead of decantation, as described
above, the precipitate may be separated from
soluble salts and other compounds by filtration
and washing in any conventional manner. Sim-
ilarly, under some conditions it may be prefer-
able to dry the washed precipitate in a current
of warm air or other-gas which is non-reactive
with the precipitate.

The following examples will further and more
specifically illustrate the nature of the present
invention and in what manner the same can be
carried out in practice, but it should be under-
stood that the invention is not limited to said
examples.

Example 1

Materials:
Solution 1. Fe(NO3)3.9H20, 1,518 grams in 3
liters water.
Solution 2. K2CO: (anhydrous) 856 grams
in 1.5 liters water. )

Solutions 1 and 2 were made up separately, -
and heated to 75 degrees centigrade. Solution
2 was then added slowly to Solution 1, with agita-
tion, over a period of 20 minutes, while maintain-
ing the temperature at or near 75 degrees centi-
grade. At the end of this period, the volume
of the slurry was increased to 12 liters by the
addition of water at 75 degrees centigrade, the
precipitate allowed to settle, and the super-
natant liquor withdrawn by decantation. The
precipitate was further washed 16 times by de-
cantation over a period of about 2 weeks, ap-
proximately 8 liters of wash liquor being with-
drawn at each washing. This procedure removed
nitrates from the precipitate to such an extent
that the wash liquors of the last decantation
contained less than 1 part nitrate to 16,000 parts
water.

After the washing, the precipitated oxide was
filtered, spread upon a plate and air-dried 114
hours at room temperature. It was then placed
in an electrically-heated drying oven, heated
from rocom temperature to 149 degrees centigrade

5 in 9% hours, and held at this temperature 381

hours longer. After drying, this catalyst was
ground to a powder and compressed into pellets
about ! inch in diameter and about % inch
long, in which condition it was ready for use.
A spectrographic examination showed .the pres-
ence of potassium, the estimated amount being
not over 0.1 percent. Samples of catalyst pre-
pared according to this procedure contain sub-
stantially from ten to twenty percent by weight
of the meta form.
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Catalyst so prepared was conditioned by treat-

ment with & synthesis gas having a ratio of hy- -

drogen to carbon monoxide of 1:1 for about 15
hours at atmospheric pressure and a tempera-
ture of 240° C., followed by treatment with a
sythesis gas having a ratio of hydrogen to car-
bon monoxide of 2:1 for an additional 62 hours
at the same pressure and temperature. Through-
out this period the space velocity was about 150
per hour (N. T. P.). At the end of this period
a synthesis gas containing two parts hydrogen
to three parts carbon monoxide was passed over
the catalyst, at a pressure of from 100-135
pounds per square inch, a temperature of 250°
C., and & space velocity of 150 per hour (N.T. P.).
For a single pass operation, using a 12-inch bed
of the catalyst, over a five week test period the
yield of hydrocarbons heavier than butane av-
eraged 66 g. per cubic meter of synthesis gas
(N. T. P.). During the third week of this test
the yield was about 70 g. per cubic meter of the

synthesis gas.
: Ezample 2

This was a composite made from two catalysts
which were prepared as follows:
. Ozide I—Six hundred ninety-four grams of

ferric nitrate (Fe(NO3)3.9H30) were dissolved

in 3 liters of water and ferric oxide was precipi-
tated at 80 degrees centigrade by addition, with
agitation, of a solution of 374.7 grams Kz2CO3
in suitable concentration in water. The time

onsumed in adding the precipitant was 20 min-
utes.

Oxide II.—One thousand twelve grams of fer-

ric nitrate (Fe(NO3)3.9H20) were dissolved in 3
liters of water and ferric oxide was precipitated
at 70 degrees centigrade by the addition, with
agitation, of 571 grams of K2COs in suitable con-
centration in water. The time consumed in add-
ing the precipitant was 20 minutes.

Each of these compositions was dried and pel-
leted separately and the two were mixed in the
proportions of 2 parts by weight of oxide I to
1 part by weight of oxide II, and this mixture
was used as such for the hydrocarbon synthesis
process.

This modified techmque permits the ready
preparation of catalysts containing between 5
and 10 percent by weight of the meta form.

This catalyst was conditioned for service by
reduction with hydrogen for 24 hours at a max-
imum temperature of 360 degrees centigrade and
then placed under test for a period of 16 weeks
in a single pass apparatus. It was operated on
a gas mixture consisting of about 1 part hy-
drogen to 1 of carbon monoxide at 100 pounds
per square inch at a temperature of about 250
degrees centigrade and an N. T. P. space ve-
locity of between 150 and 200.

Over this test period and under the above con-
ditions, this catalyst gave an average yleld of
60 grams of hydrocarbons heavier than butane
per cubic meter of gas passing over it, such gas
volume being measured under normal temper-
ature and pressure (N. T. P.), and, excluding
the results obtained during the first week of op-
eration, the maximum yield (which was pro-
duced by this catalyst during the sixth week of
operation) was about 76 grams per cubic meter.

Ezxample 3
Materials: :
Solution 1. Fe(NO3)3.9H20, 607 grams in 2.5
liters water.
Solution 2. KOH, 302 grams in 600 cubic cen-
timeters water..
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Solutions 1 and 2 were made up separately and
heated to 83 degrees centigrade. Solution 2 was.
then slowly added to Solution 1 with agitation
over & period of 20 minutes, while maintaining
the temperature at or near 83 degrees centigrade.
At the end of the precipitation, the volume of
the slurry was increased to 6 liters by the addi-
tion of water, and 17 decantation washings ef-

fected over a period of about 2 weeks, approxi-
‘mately 4 liters water being withdrawn at each

washing. At the last washing, the nitrate con-
centration in the wash liquors was less than 1
part in 16,000, After filtration, the project was
dried 112 hours at room temperature, then trans-
ferred to an electrically-heated oven, heated from
room temperature to 151 degrees centigrade in
7Y% hours and held at 151 degrees centigrade for
16% hours longer. After drying, the catalyst
was powdered and compressed into pellets in
the usual manner.

Analysis of a catalyst whose preparation du-
plicated in an exact manner the method used
for the catalyst of the present example showed
a content of 58.5 percent meta ferric oxide by
weight.

It was conditioned for service in the same man-
ner as described for the catalyst of Example 1.
For the hydrocarbon synthesis, it was used in a
single pass apparatus at a pressure of 100 pounds
per square inch, with a gas mixture consisting
of about 1 part hydrogen to 1 of carbon mon-
oxide at an N. T. P, space velocity of about 150
per hour and a temperature of about 250 degrees
centigrade.

Over a test period of 3 weeks this cafalyst,
under the above conditions, gave an average
yield of about 57 grams of hydrocarbons heav-
ier than butane per N. T, P. cubic meter of gas
passing over it, and, excluding the results ob-
tained during the first week of operation, the
maximum yield (which was produced by this cat-
alyst during the third week of operation) was
about 55 grams per cubic meter.

The iron oxide catalysts of our invention may
be prepared and used in other ways than as set
forth in the foregoing description and examples.
For certain operating conditions these catalysts
may be supported by a suitable carrier such as
silica gel, kieselguhr, diatomaceous earth, clay,
bauxite and the like. These catalysts may also be
combined with, or used in conjunction with, other
catalysts and/or promoters if desired.

The catalyst may likewise be used in other
than a fixed bed arrangement. It may be pre-

5 pared in small particles adapted to be main-

tained in a state of agitation by passage of re-
actants and/or reaction products therethrough.
In powdered form it may be alternatively em-
ployed in so-called “fluid catalyst” operations,
that is, suspended in the gases and vapors during
the reaction, being separated therefrom and re-
turned to the reaction zone either in admixture
with fresh synthesis gas or with the gases re-
covered from the reaction products and recycled
to the reaction zone for further conversion.

According to the provisions of the patent
statutes, we have set forth the principles and
mode of operation of our invention, and have
illustrated and described what we believe to
represent its best embodiments. We desire to
have it understood, however, that within the
scope of the appended claims, the invention may
be practiced otherwise than as speciﬁcally illus-
trated and described.
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What we claim is:

1. A catalyst for the synthesls of liquid and
solid hydrocarbons from hydrogen and carbon
monoxide consisting essentislly of the reduction
products of a mixture of precipitated ferric
oxides in which from one to sixty percent by
welght is in the mets form, the balance of said
oxides being essentially in the ortho form.

2. A catalyst for the synthesis of Hauid and
solid hydrocarbons from hydrogen and carbon
monoxide consisting essentially of the reduction
products of a mixture of precipitated ferric oxides
in which from five to twenty-five percent by
welght is in the mets form, the balance of said
oxides being essentially in the ortho form.

3. In a process for the production of lquid
and solid hydrocarbons from hydrogen and car-
bon monoxide, the step of reacting a mixture of
hydrogen and carbon monoxide at an elevated
temperature and pressure in the presence of an
iron oxide catalyst comprising a mixture of
ortho- and meta-ferric oxides containing from
one to sixty percent of the meta form and from
ninety-nine to forty percent of the ortho form,

4. In o process for the production of Hquid
and solid hydrocarbons from hydrogen and car-
bon monoxide, the step of bassing a mixture of
hydrogen and carbon monoxide over an iron
oxide catalyst prepared from a mixture of ortho-
and meta~-ferric oxides containing from five to
twenty-five percent of the meta form.

5. In @ process for the production of liquid
hydrocarbons by the catalytic conversion of g
synthesis gas mixture at elevated temperatures
and pressures, the improvement which comprises

hydrogen and earbon monoxide, the improve-
ment which comprises co-precipitating 2 mix-
ture of hydrated ortho- and meta-ferric oxides
from an aqueous solution of ferric nitrate con-
taining from 1.0 to 2.5 moles of the salt per 100
moles of water by the addition thereto of an

. aqueous sclutfon of potassium carbonate at a

10

15

30

rate such Zhat precipitation is completed over
8 perlod of sbout twenty minutes, while main-
taining the solutions at s temperature between
70 and 85 degrees centigrade.

10. A catalyst for the synthesis of liquid and
solid hydrocarbons from hydrogen and carbon
monoxide consisting essentially of the reduction
preducts of a dehydrated mixture of oxides said
mixture, prior to dehydration, being composed
essentially of co-precipitated ortho- and meta~-
ferric oxides, containing from 1 to 60 percent of
the meta form.

11. A process for the synthesis of carbon com-
pounds comprising reacting hydrogen with car-
bon monoxide at an elevated temperature and
8 superaimospheric pressure in the bresence of
an active catalyst prepared from a mixture of
hydrated ortho- and meta~ferric oxides con-
taining from five to twenty-five percent of the
meta form, by dehydrating the said oxide mix-
ture and thereafter conditioning the dehydrated
oxides with a mixture of hydrogen and carbon
monoxide at a temperature between 200 and 360

. degrees centigrade.

12, A process as in
hydrated ortho-

claim 11 in which the
and meta-ferric oxides are co-

" precipitated.

35

contacting the synthesis gas mixture with an -

iron oxide catalyst prepared from 8 mixture of
ortho- and meta-ferric oxides containing from
five to twenty-five percent of the meta form, by
& preliminary treatment with a reducing gas at
& pressure lower than the conversion Pressure,

6. In a process for the preparation of a cata-
lyst for the synthesis of organic compounds from
hydrogen and carbon moenoxide mixtures, the
improvement which comprises co-precipitating g
mixture of hydrated ortho- and meta-ferric
oxides from g solution containing from 1.0 t¢ 2.5
moles of a ferric salt per 100 moles of water by
the addition thereto of an aqueous solution of
2 compound of the group consisting of the hy-
droxide, carbonate and bicarbonate of an alkali
metal at a rate such that precipitation is com-
pleted within a period of from 15 to 45 minutes,
while maintaining the solutions at a tempera-
ture in the range of from 70 to 85 degrees centi-
grade. .- :

7. A process as in claim 6, in which the ferric
salt is the nitrate.

8. A process as in claim 6 in which the time
of precipitation is about 20 minutes,

9. In a process for the preparation of a cata-
lyst for the synthesis of liquid hydrocarbons from
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