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This invention relates to the catalytic conver-
{, sion of carbon oxides with hydrogen to form val-
uable synthetic products. More specifically, the
invention is concerned with improved catalysts .
and methods of operation for the catalytic syn-
thesis of normally liquid hydrocarbons-and oxy-
genated compounds from CO and Hz. ~—._
The conventional hydrocarbon synthesis proc=:
esses may be divided into two broad classes, de-
pending on the type of catalyst used- and the
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character of reaction products obtained. . One

class comprises reactions using catalysts of which
cobalt is a typical representative, at relatively low
temperatures of about 350°-450° F. and relatively
low pressures of about 1-10 atm. abs., to form
- predominantly saturated paraffinic hquid and
solid hydrocarbons from which highly valuable
Diesel fuels and wax may be obtained. The other
class of processes employs iron type catalysts
at higher temperatures of about 450°-800° F. and
higher pressures of about 3-100 atm. abs. to ob-
tain a predommantly unsaturated product from
which highly valuable motor fuels having satis-
factory octane ratings may be recovered. Space
velocities in both classes are about 1-200
v./v./hr. in fixed bed operation and about 500-
2000 v./v./hr. in fluid operation.

Active synthesis catalysts are usually prepared
by the reduction of the oxides of the active metal
component obtained by alkaline precipitation,
oxidation, or dissociation of suitable metal com-
pounds. It is known that the catalytic activity of
these metal components may be considerably en-
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hanced by the addition of small amounts of about .

0.5-10% of various promoters. Thus, cobalt type
catalysts have been promoted mainly by the addi-
txon of oxides of magnesium, thorium and other
“rare earth metals, while compounds of alkali
metals, particularly of potassium, are known to
be the most active promoters for iron type cata-
Iysts. It has also been suggested to deposit syn-
thesis catalysts, particularly those of the cobalt
type, on inert or active carriers such as siliceous
materials, particularly kieselguhr. pumice, syn-
thetic silica gel and various clays, hydrated
- alumina, magnesium carbonsate, etc.
" All these prior art synthesis catalysts must be
used either at high or low temperatures and pres-
sures, depending on whether they are of the iron
or cobalt type. The prodiction of motor fuels
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of satisfactory octane rating requlres the pres-
ence of iron type catalysts and the use of ex-
pensive equipment capab]e of resisting the high
temperatures and pressures of the iron type syn-
thesis reaction. This situation has stimulated
extensive research to develop a new type of syn-
thesls catalyst permitting the production of val-
uable motor fuels at relatively low pressures and
‘temperatures The present invention includes
such new development. -

If is, therefore, a principal object of my inven-
tion to provide an improved process for synthesiz-

ing valuable products from hydrogen and oxides -

of carbon in the presence of an improved syn-
thesis catalyst. :

Another object of my 1nVention has to do with
an improved hydrocarbon synthesis carried out
in the presence of an improved supported cata-
lyst.

‘A further object of my invention is to provide-

improved supported synthesis catalysts for the
conversion of CO with Ha.

A more specific object of my inventlon is to -

provide an improved supported catalyst for the
synthesis of valuable motor fuels from CO and
Ha at relatively low temperatures and pressures.

Other and further objects and advantages will
appear hereinafter.

I have found that these objects may be accom-
plished quite generally by carrying out the syn-
thesis reaction in the presence of one and pref-

erably at least two metal components, preferably -

of the iron group, supported on a base or carrier
comprising at least a major proportion of mag-
nesium oxide. More specifically, I have found
that satisfactory yields of valuable motor fuels
are cbtained when CO and H: are reacted at rel-
atively low temperatures of about 400°-450° F.,
preferably at a temperature which is interme-
diate those generally employed for supported co-
balt and supported iron catalysts, for example
about 415° F., and low pressures of about 1-10
atm. abs., preferably atmospheric pressure, in the
presence of a catalyst containing cobalt, prefer-
ably together with iron, on a magnesia base car-
rier material.
Ni, Mo, Th, etc., may be used in combination with
cobalt and iron. The addition of a promoter and
a stabilizer enhances the activity of the catalysts.
Preferred promoters are those obtained by the

Other active components such as .
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addition, to the original catalyst composite, of
compounds of potassium such as KOH, K2COs,
KNOs3, KCl, etc. Similar compounds of other
alkalies such as Na and Ld, or of Ba and Ca, and
oxides of other metals may be added as promoters.
Useful stabilizers may be derived from the oxides

of metals of the right hand side (transition se-.

ries) of groups I, IT and III of the periodic sys-
tem or certain non-acidic oxides. CuO has heen
found to be particularly suitable for this pur-
pose. The principal function of the promoter is

to increase catalytic activity while the stabilizer

is added to prevent deactivation of the catalyst.
In general, my catalysts contain about 20-60
parts by weight of the active component, i. e.
iron+cobalt (calculated as metals), and about
40-80 parts by weight of magnesia, while pro-
moter and stabilizer may be added in amounts
varying between about 0.5-10 parts by weight and
1-20 parts by weight, respectively. Good/results
have been obtained with catalysts prepared by
incorporating about 2040 parts by weight of co-
balt calculated as metal (or 25-51 parts by weight
calculated as cobalt oxide) into such magnesia-
base iron oxide catalysts promoted with potassium
and stabilized with copper as have been used in
the dehydrogenation of olefins in the presence of
steam as disclosed in the Kearby Patent No.
2,395,875, issued March 5, 1946, on application
Ser. No. 430,873, flled February 14, 1942, i. e. into
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steam butene dehydrogenating catalyst employed
has the following analyisis before use:

Parts by weight

MgO

78.5
Fe203 20.0
CuO 5.0
K20 5.0

This used catalyst is heated in air at 1200° F.
to burn off residual carbon and it is pulverized so
its particle size range is as follows:

. Per cent
0-20 microns : °. 39.4
20-40 microns 247
40-80 microns 18.2
804 mierons__ 177

About 200 grams of this material is mixed into
the solution containing the precipitated car-
bonate. The composition of the used dehydro-

" genation catalyst is substantially the same as that

of the fresh dehydrogenation catalysts, though
under certain dehydrogenation conditions the
K20 content may be reduced to about 0.5-1
part by weight without affecting the utility of
the catalyst for the purposes of my invention.
After addition of the dehydrogenation catalyst
to the mixed solution, stirring is continued for

- about one minute, the material is filtered, washed
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catalysts which prior to use have a composition )

about as follows: )

Parts by weight
MgO — 50--95
FerO3 e 3-49
K20 0.5-10
CuO e L 0.5-20

The overall range of the magnesia content of
the catalyst may run from 40-95 parts by weight.
Dehydrogenation catalysts of this type may be
prepared by adding a mixed solution of iron and
copper sulfates to be an excess of magnesia sus-
pended in water. Continued mixing effects the
precipitation of the iron and copper. The entire
precipitate may be filtered, washed and pressed,
reslurried with an aqueous solution of a potas-
sium carbonate, dried while mixing and finally
heat-treated at 1200° P. '

My catalysts may be prepared by various meth-
ods, such as mixing the freshly precipitated hy-
droxides of the active metal components w:th
the magnesia base, impregnation of the magnesia
base with a salt of the metal component decom~
posable by heat, suspending the magnesia base in
a salt solution of the metal component followed
by precipitation with an alkali carbcnate, mill-
ing the magnesia base with the dry metal compo-
nent, ete. .

A typical method suitable for preparing a cata-
lyst useful in my process is as follows: 424 g. of
Co (NO2)2.6H20 is diluted to a volume of 2150
cc. so as to contain 40 g. of Co per liter. Another
solution is prepared by dissolving the equivalent
of 173 g. of Na2CO;3 in water to a volume of 1730
cc. containing 100 g. of Na2COs per liter. Both
solutions are heated to boiling and the cobalt
nitrate solution is added within about one minute
to the sodium carbonate solution while stirring
to. precipitate cobalt carbonate. The mixture
thus obtained is combined with used steam-
butene dehydrogenation catalyst as follows. The

free of Na2COz and dried at 212° F. This com-
posite is preferably reduced for four hours at 700°
F. with Ha2 having a velocity of 1200 meters per
hour. The catalyst has about the following com-

position prior to reduction.

35 Parts by weight
MgO 78.5
CoO ——- 38
FesO3 20
CuO — - 5
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When a synthesis gas containing 2 volumes of
Hz per volume of CO is contacted at atmospheric
pressure, a2 temperature of about 415° F. and a
space velocity of about 100 v./v./hr. with the cata-
lyst obtained by the method of preparation de-
scribed above a liquid yield of about 104 cc. of
valuable motor fuel per cubic meter of synthesis
gas supplied may be recovered.

The present invention is not to be limited to
any theory of the mechanism of the process or
catalysts nor to any examples given merely for
illustrative purposes, but only by the following
claims in which I wish to claim all novelty inher-
ent in the invention.

I claim:

1. An improved reduced catalyst for the cata-
lytic conversion of Co and Hz, the analysis of
which on an oxide basis is essentially 78.5 parts
by weight of MgO, 38 parts by weight of CoO, 20
parts by weight of FezOs3, 5 parts by weight of
CuO and 0.5-5 parts by weight of K20. '

2. An improved reduced catalyst for the cata-
lytic conversion of CO and Ha which essentially
consists of a composite the analysis of which on
an oxide basis is essentially 40-95 parts by weight
of MgO, 3-50 parts by weight of Fez0s3, 0.5-20
parts by weight of CuO, 0.5-10 parts by weight of

-~ K20 and 25-51 parts by weight of CoO.
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3. An improved process for producing valuable
motor fuels from CO and H: by g catalytic syn-
thesis reaction, which comprises contacting a gas
containing CO and Hz in synthesis proportions
al temperatures of about 400°-450° F., pressures
not substantially above atmospheric and syn-
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thesis space velocities with a catalyst which es-
sentially consists of a composite the analysis of
which on an oxide basis is essentially 40-95 parts
by weight of MgO, 3-50 parts by weight of Fe203,
0.5-20 parts by weight of CuO, 0.5-10 parts by
weight of K20 and 25-51 parts by weight of CoO.

4. An improved process for producing valuble

motor fuels from CO and H: by a catalytic syn-
thesis reaction, which comprises contacting a gas
containing CO and H: in synthesis proportions at
temperatures of about 400°-450° F'., pressures not
substantially above atmospheric and synthesis
space velocities with a catalyst, the analysis of
which on an oxide basis is essentially 78.5 parts
by weight of MgO, 38 parts by weight of CoO, 20
parts by weight of Fe203, 5 parts by weight of
CuO and 0.5-5 parts by weight of K20.

JULIUS P. BILISOLY.
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