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The present invention relates to the synthesis
of hydrocarbons as well as oxygenated hydrocar-
bons by means of the catalytic reduction of car-

bon oxides with hydrogen and is more specifically:
concerned with the foregoing process operating

through the agency of an iron catalyst: i
1t has been known for some time that so-called
synthesis gas contalning substantial proportions
of hydrogen and carbon monoxide can be readily
converted to hydrocarbons of desired properties
in the presence of a catalyst comprising a metal
of the iron group such as iron, nickel, and cobalt,
preferably together with certain activators or pro-
moters such as alkali metal or alkaline earth
metal compounds or alumina (Al203). The re-
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that of stainless steels. It is important that the
corrosion resisting catalyst be essentially or pre-
dominately metallic iron in combination with
other metals which are true alloying constitu-
ents. At least the combination must possess cor-
rosion resisting properties equivalent to those of
a true alloy as compared with ordinary mixtures
or coprecipitated combinations wherein this sig-
nificant property is absent.

The preferred class of catalysts suitable for
use in accordance with the present invention is
the class of stainless steels itself. These alloys,
while including a wide field of combinations of

"various alloying elements, are characterized uni-
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action which is- highly exothermic in character -

is necessarily conducted under conditions of care-
ful temperature control such as to maintain the
optimum temperature level dependent on the par-
ticular catalyst and the desired character of the
products to be produced. More or less of a frac-
tion of oxygenated hydrocarbons may also result
depending on the selection of favorable temper-
atures and pressures.

The initial attempts to use catalyst compris-.

ing assentially iron led to the conversion of about
30—409% of the carbon monoxide to carbon diox-
ide. For economic reasons it is obviously of
advantage to operate the process substantially

-accordance with the equation: - :

9H2+CO=CHa+4Hi0 ‘
The process, carried out in the presence of cobalt

or nickel catalyst, evidences a general conform-"
ance to this type of reaction. On the other hand’

the tendency to the production of carbon dioxide
in lieu of water vapor when using iron catalyst
has formed a serious objection to this process.
This objection has now been largely overcome by
various expedients including conducting the re-
action in stages with the intermediate removal
of water vapor, use of high space velocities and
relatively active catalyst maintained under con-
ditions of uniform temperature -control, by re-
cycling gaseous materials adapted to suppress the
formation of carbon dioxide, and by other means.

In accordance with the present invention it has
been discovered that the formation of carbon
dioxide in the catalytic reduction of carbon mon-
oxide with hydrogen can be largely and in most
instances substantially completely inhibited when
carrying out the reaction in the presence of an
fron catalyst comprising iron in the form of an
alloy with other metal or metals which confer
corrosion resistance substantially equivalent to

20

30

35

40

45

56

-formly by an alloy combination which is pre-

dominately iron with a preferred minimum of
about 129% chromium. In some instances, how-
ever, where optimum corrosion resistance is not
required, the chromium content may fall as low
as 4 or 5%. On the other hand the chromium
content may go as high.as 20 or 30%. The most
common additional alloying element in com-
pounds of this character is nickel, normally in
proportion of 4 to 8% of the total alloy. Various
other alloying elements occur either alternatively
or in addition to the nickel but these are not
critical either for the broad purpose of stainless
steel or for the purpose of ¢he present invention.
A typical illustrative alloy of this character
comprises 18% chromium, 8% nickel and the
remainder iron. Another may comprise 12%
chromium, 4% nickel and the remainder iron,
together with minor amounts of other alloying
metals. Products of this character normally ex-
hibit no tarnishing or heat tinting at temper-
atures up to 650° F. in strongly oxidizing gases,
but are capable of carbiding or carburizing on
their surfaces in the presence of suitable car-
biding materials such as synthesis gas. .
Another class of iron alloys broadly adaptable
for use in accordance with the present inven-
tion embodies the so-called class of silicon irons,
likewise highly resistant to corrosion and comn-
taining in the neighborhood of 13 to 16% of sili-
con. Normally this product is found commer-
cially in the form of a cast iron. However, to be
suitable for use in accordance with the present
process, it must be substantially free of the known
catalyst poisons such, for example, as sulfur an
phosphorus and their compounds. .
The process may be carried out in any con-
ventional type of reactor constructed to permit
passage of a mixture of the reactant gases
through a bed of the catalyst at controlled; pre-
determined temperatures and under the desired
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optimum pressure, the effuent reaction products
being collected and treated for recovery or fur-
ther processing. As is known, this type of ap-
paratus normally includes a reactor adapted to
support the catalyst bed in heat exchange rela-
tionship to adequate cooling surfaces which re-
move exothermic heat of reaction at operating
temperature.

It is most advantageous however to operate in
accordance with the known process of fluidiza-
tion wherein the catalyst in the form of finely
divided powder is maintained in a so-called
fluidized state by the flow of incoming reactants.
In other words the reactant gases move upwardly
through the particles of powder at such a rate
as to maintain the particles in suspension and
yet permit slippage of the particles against the
up-flowing gas stream. As Is known, when oper-
ating in this manner, the particles are given a
rapid and vibrating movement similar in the
aggregate to the action of a boiling body of liquid.

Advantageously the rate of gaseous flow may
be so adjusted with respect to the catalyst par-
ticle size that the catalyst mass assumes a state
of dense phase fluidization with a more or less
clearly defined upper surface in the nature of
a pseudo-liquid level.

Alternatively the catalyst particles may be
largely or fully entrained in the gases. In either
case, however, the continuous mass of moving
catalyst particles suspended in the reactant gases
exhibit » rate of heat transfer to adjacent cool-
ing surfaces which is characteristic of a good
liquid heat transfer medium whereby tempera-
tures may be readily held uniformly throughout
the mass at or near the pre-selected optimum.

It is believed that the fluidizing technique is
of particular advantage in connection with the
use of the new catalysts disclosed in accordance
with the present invention because of the advis-
ability of operating with a fine state of catalyst
subdivision where the resulting large amount of
available surface area materially increases the
overall activity of the catalyst. In other words,
operating for example with a finely comminuted
stainless steel having little or no internal active
surface area available for contact with the re-
actant gases, it is desirable to use powders of
less than 100 and preferably less than 200 mesh
size. In fact even greater degrees of subdivision
are quite advantageous and powders passing a
325 mesh screen are to be preferred where high
rates of conversion and good yields approach-
{ing optimum are desired. Moreover, it will be
obvious from the foregoing that use of the fluid-
{zing technique is additionally advantageous and
necessary in many cases in order to permit re-
moval of excess heat and the desired uniform
control of reaction temperature at the resulting
high reaction rate.

The catalyst powder may be employed with or
without the addition of conventional promoters
and activators referred to above. Under condi-
tions where precise temperature control is avail-
able, such addition agents may be largely or en-
tirely eliminated. On the other hand the cat-
alyst powder may advantageously contain from
0.6 to 2.0% or even up to as high as 5% of an
alkali metal or alkaline earth metal compound,
such for exambple, potassium oxide (K20), sodium
oxide (Na20), or compounds of magnesium or
barium such as magnesium carbonate (MgCO3).
Other suitable promoters are compounds of
titanium, silicon, uranium, and molybdenum.
The iron alloy powder may advantageously be
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combined with the additional promoters or acti-
vators where desired by mixing the particles with
the activating additions preferably in the form
of a solution of a salt which may be deposited
upon the catalyst powder by precipitation or dry-
ing. Thus, for example, the finely powdered
iron alloy may be intimately mixed with a weak
aqueous solution of sodium carbonate sufficient
to bring the alkali content to about 1%4% ex-
pressed on the basis of NazO percent of the total
weight of catalyst. This may be followed by dry-
ing the powder slowly in a current of warm dry
air and then by conditioning in a catalyst reac-
tion zone. ‘

It is particularly desirable to break in or con-
dition the catalyst prior to initiation of the syn-
thesis of hydrocarbons. This so-called condition-
ing involves a start-up period normally occupy-
ing 2 to 5 hours during which initial, undesired
reactions including formation of methane and
carbon dioxide, are gradually eliminated and the
reaction approaches an equilibrium condition
with the formation of the desired products. More -
specifically it involves passage of synthesis gas
through the fresh catalyst at about reaction tem-
perature and pressure and at a linear velocity
approximating that to be followed in normal
operation of the process. During this period the
synthesis gas presumably conditions the catalyst
surface in some manner as by carbiding or other-
wise. Completion of the step is indicated by
settled and uniform character of the effluerit re-
actlon products. Thereafter the synthesis process
is operated normally for the production and re-

5 covery of the desired reaction products.

The temperature of reaction may vary widely
within the range of 550 to 700° F. depending upon
the specific products required. The pressure may
vary from atmospheric or below upwardly to
300 pounds per square inch gauge or more, in
some instances as high as 1000 pounds. In gen-
eral higher temperatures tend to result in a pre-
dominance of relatively lower boiling hydro-
carbons although excessive temperatures may
tend toward undue catalyst deterioration. For
the production of hydrocarbons predominately
boiling in the gasoline range, a temperature of
about 600° F. and a pressure of about 200 pounds
per square inch gauge is to be preferred in most
instances.. It will be understood however that
the precise conditions of operation will depend
in each instance upon the specific catalyst em-
ployed and are therefore best determined by ex-
periment. :

The following example is intended to illus-
trate more specifically one preferred embodiment
of the present invention by way of indicating the
advantages thereof. In accordance with this ex-
ample a synthesis gas containing about 58%
hydrogen, 29% carbon monoxide, 8% carbon
dioxide and 5% methane is passed at a space
velocity of 1000 v./hr./v. and an inlet linear
velocity of about 114 feet per second through a
mass of catalyst comprising powdered stainless
steel having a composition consisting of 18%
chromium, 8% nickel and the remainder iron.
The powdered material may have been prepared
by any known means of comminution including
erinding or ball milling of the original alloy
preferably followed by magnetic separation of
any non-metallic particles. Grinding, for exam-
ple, is carried to a degree where all of the parti-
cles pass through a 200 mesh screen and at least
85% pass s 326 mesh screen. Then there is
added and uniformly distributed through the
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powder, a five percent aqueous solution of sodium
carbonate in sufficient quantity to leave on the
iron alloy powder about 2% by weight of sodium
carbonate. 'The mixture is slowly dried in a
current of warm air until the last traces of water
are removed, and the mass placed in a suitable
reactor. '

Under the conditions of reactant flow indicated
above the catalyst is maintained in a state of
dense phase fluidization. With adequate and
well-designed cooling jackets and internal cool-
ing surfaces contacting the mass, it is possible
to maintain uniformly a temperature within
about 5° above or below 600° F. throughout the
reaction zone. The synthesis gas passes through
the mass'at this temperature and a pressure of
200 pounds per square inch gauge. The efffuent
reaction gases are passed through a cyclone
separator to remove small amounts of entrained

' catalyst, and are cooled to room temperature to

separate fixed gases from water vapor and liquid
hydrocarbons. After an initial start-up period
of four hours the yield of hydrocarbons and
water vapor becomes settled at a value closely

approximating the theoretical yield indicated by’

the equation above with substantially no produc-
tion of carbon dioxide. The catalysts of this in-
vention make it possible to carry out the syn-
thesis of hydrocarbons with the formation of
not more than about 5%, and usually less than
39, of carbon dioxide.

While the present invention has been specifi-
cally disclosed in connection with single stage
operation, it is not so limited but may he car-
ried out under conditions wherein partial con-
version of the synthesis gas occurs in each suc-
cessive stage with intermediate removal of water
vapor and/or other reaction products. So also
the invention contemplates, where desired, re-
cycling of reaction gases through one or more
of the stages, with or without removal of some
reaction products prior to recycling.

Moreover the invention, in its broadest aspect,
may follow the technique of fixed bed operation
or any other known physical or mechanical ex-
pedients whereby the reactants are brought into
contact with the catalyst under reaction condi-

tions. As indicated above the linear velocity of

reactant flow, as well as the space velocity and
the other conditions of reaction will necessarily

vary from those indicated above, depending on’

the specific catalyst and the preferred technique
of operation. While I have disclosed that so-
called stainless steels, and silicon iron containing
at least about 12% silicon, possess the required
degree of corrosion resistance characteristic of
iron catalysts exhibiting the important, novel ad-
vantage of the present invention, it will be un-
derstood that these advantages are likewise avail-
able in connection with all other iron catalysts
active for the catalytic reduction of carbon oxides
with hydrogen, and having substantially the cor-
rosion and staining resistance of stainless steel.
Various other modifications of the invention
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will occur to those skilled in the art upon care-
ful consideration of the foregoing disclosures,
without departing from the spirit and scope
thereof and accordingly only such limitations
should be imposed as are indicated by the follow-
ing claims,

Iclaim: ‘

1. In the catalytic reaction of a mixture of car-
bon monoxide and hydrogen for the production
of hydrocarbons predominantly boiling in the
gasoline range, the improvement which comprises
passing said mixture of carbon monoxide and hy- -
drogen in contact with a finely divided solid par-
ticle catalyst comprising stainless steel containing
approximately 18% chromium and 8% nickel ac-
tivated by a minor proportion of a sodium com-
pound, maintaining reaction temperature at
about 600° F. and reaction pressure at about 200
pounds per square inch, withdrawing gasiform
products of reaction from contact with the cata-
lyst after substantial conversion into normally
liquid hydrocarbons has occurred, and recovering

_such - normally liquid hydrocarbons from the

withdrawn products of reaction.

2. In the catalytic reaction of a mixture of car-
bon oxide and hydrogen for the. production of
liquid hydrocarbons, -oxygenated hydrocarbons
and the like, the improvement which comprises
passing said mixture of carbon oxide and hydro-
gen into contact with a solid particle catalyst
comprising stainless steel containing from about

‘4 to about 30 per cent chromium, and from about

4 to about 8 per cent nickel at a temperature in
the range of from 550 to 700° F. and at a pressure
less than about 1,000 pounds per square inch,
maintaining said contact until a substantial de-

" gree of conversion has occurred into normally
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liquid products of reaction, and recovering such
products of reaction from the efiluent gases.

3. The method defined in claim 2 wherein the
stainless steel contains approximately 12 per cent
chromium and 4 per cent nickel. )

. EDWIN T. LAYNG.
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