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The present invention relates to the synthesis of
i‘h},rdr'c:c:axr"bons and oxygenated compounds by the catalytic reduc-
tion of carbon oxides with hydrogen.

It has been known for scme time that in the presence
of suitable catalysts, carbon monoxide, for example, reacts
with hydrogen with the direct production of hydrocarbons. ‘
The character of the hydrocarbon product depends on factors
such as the reaction temperature and pressure, the conditions
of contact and the specific catalyst employed.

The catalysts commonly used for this purpose are
metals of the iron group, as for example iron, cobalt, nickel
and ruthenium. Iron constitutés an attractive material for
thls purpose, particularly for economic reasons. The use of
iron, however, has some characteristic limitations, including
a tendency to form by-product carbon dioxide instead of water
vapor, with a resulting uneconomic utilization of carbon fed

to the system., Thig tendency is attributed to the presence

of iron oxide ﬁhich appears to be formed in the catalyst in
the course of the synthesis reaction. This disadvantage may
characterize other catalysts to a relatively more limited de-
gree. Moreover, the catalyst, particularly when operating at
the higher temperature ranges, becomes adversely affected by
reaction conditions with formation of carbonaceous deposits,
and a progressive disintegration and deterioration. It has
heretofore been necessary in all practical operations to re-
generate the catalyst periodically, but the regeneratioen, with
hydrogen, for example, appears to involve alteration of the
catalyst, particularly, reduction of the desirable catalytic

metal carbide to metal.
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It is an object of the present invention to provide .

ﬁa catalyst for the foregoing reaction which overcome the

ituse of a catalyst which is essentially an alloy of iron and

iforegoing difficulties and promotes the reduction of the car-

bon oxides by hydrogen, and the resulting formation of hydro-;
carbons in good yields approximating optimum. A further ob-
Ject of the present invention contemplates the provision of ai
catalyst as above, which is characterized by a pronounced |
tendency for the synthesis of hydrocarbon products particular%
ly suited as motor fuels because of good antiknock properties;
A yet further object of the present invention contemplates a
process as above, wherein the formation of by-product carbon
dioxide is materially restricted, particularly in the caée of
iron catalyst, with the production, in lieu thereof, of by-
product water vapor. Still another object is to provide syn—;
thesis catalysts in highly carbided form which show improved
resistance to change during use and, accordingly, exert high
activity over prolonged periods of operation. Other and
further objects will be apparent from a consideration of the
following disclosure. !
In accordance with the present invention, the syn- ‘
thesis of hydrocarbons and oxygenated compounds is carried ;
out by treating synthesis gas comprising essentially a carbon;
oxide and hydrogen at an elevated temperature, and advantage-é
ously an elevated pressure, with a metallic catalyst of the
iren group witﬁ which tellurium is combined as an alloying

agent. In its preferred aspect, ths invention contemplates |
tellurium. . |
In the course of the reaction, the catalyst is pro-i

bably altered by the carbiding reaction so that the catalyst
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iis esséntially a mixture of the catalyst metal and its car-
‘bided equivalent. In referring to a metallic alloy catalyst
fI include homogeneous metallic composition of the character

i
ithe tellurium in molten metallic iron, as well as such other

physical and chemical conditions as may result through the

iaction of the synthesis gas on such a catalyst in the course
i

above, wherein carbon forms one of the alloying elements,

the result of later carbiding treatment with a gaseous or
solid carbiding agent, or as the result of the action of syn-

thesis gas in the hydrocarbon forming reaction.

In the preparation of the catalyst, metallic alloys

of iron and tellurium may be finely ground, abraded, broken

lor machined into suitable particles or other desired shapes.

iThe use of a particulate mass of catalyst follows the con-
| ventional procedure in the art for the purpose of presenting
extensive catalytic surface to the reactants. It, therefore,
'is advantageous in most instances to employ particles of re-
latively limited size. The actual size of the particles may
vary from particles as large as 1/16 of an inch or greater,

down to as fine or impalpable a powder as may be desired.

ithe invention is applicable to any of the conventional types
of contact technique with which I am familjiar, as for e xample
fixed bed type of operation or fluidization. According to

the fixed bed operation, particle size may vary, without eri-

tical limit, depending on the preference of the operator.

iy

With reference to particle size, it should be noted

-ﬁproduced by dissclving or otherwise homogeneously distributing

of the catalytic synthesis of hydrocarbons or oxygenated com-

pounds, The invention also contemplates an alloy catalyst as .

either as the result of inclusion in the original melt, or as -
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}?ollowing the fluidization technigue, on the other hand, it is
%ﬁecessary to employ powder, as is known, of such limited par-
E%icle size that it can be readily aerated in the available up-~
é5f10w of gas. In the powdered state, the catalyst may be
readily handled either mechanically or otherwise in accordance
with any conventional precedure.

- The relative proportion of the alloying elements is-

similarly variable within an extremely wide range. Surpris-

ingly, proportions of tellurium to iron which in many alloys _
will be considered to be mere traces, are noticeably effectiveé
I\ material improvement in results occurs with iron alloys ‘
containing as little as 0.005% by weight tellurium,. although
dvantageously greater proportions, as for example, above 0.05%
Ere to be preferred. There appears to be no practical upper
limit to this range as long as the iron is present in major
proportion. On the other hand, the economic limitations and
the fact that all the important advantages are present at lower
iconcentrations make it advisable to operate with compositions l
containing percentages of tellurium below 2% by weight, pre-

ferably below about 1%. In short, the present improved re-

isults are obtainable in full measure at low alloy concentra-

tions of tellurium so that resort to the higher alloying pro-

ortions is unnecessary. i
As indicated above, the catalyst may be prepared
imply by comminuting or subdividing any previously prepared

lloy composition. With many low tellurium~iron alloys this

an be accomplished by any conventional means such as grind-

ing, abrading or machining. It is important to note, however,g

that with alloys contaihing a relatively high carbon content, i

i

articularly in the case of cast irons containing tellurium, %
! |
¥ i

-5- ) ) 4
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ﬁthere is a definite tendency to the formation of chilled or
white iron extremely hard in composition, and therefore un-
suitable for comminution by many conventional means. It is
usually, therefore, advisable to start with a relatively soft
alloy composition preferably of low carbon content, in order
to simplify the particle forming steps. On the cther hand, a
relatively large carbon content may not be objectionable if !
chilling is avoided during preparation of the alloy. Where i
low carbon or carbon free alloys are comminuted, the powder
may thereafter be subjected by carbiding in any conventional %
manner, as by treatment with carbon monoxide at elevated g
temperatures in order to incorporate iron carbide either at :
the surfaée or entirsly throughout the body of each particle. i
It is well to note that the improved effect of the %
present alloy may be impaired to some extent by the substan- %
tial presence of graphitizing alloying metals within the E
fina)l catalyst. These, for example, include copper, aluminum,‘
calcium, titanium, zirconium, barium and the like. Where
raphitizing agents are present in moderate proportions, a
somewhat slightly increased proportion of tellurium may ad-

vantageously be used in alloys of this character in order to

secure an effect comparable to the use of tellurium in iron

lzalloys free from such agents.

In accordance with one specific embodiment of the

resent invention, a substantially pure iron is alloyed with
bout 0.2% by weight of tellurium and the product ground to a
owder passing a 200 mesh screen, about 65% by weight passing
325 mesh sereen. About 1% by weight of potassium oxide and
1% of alumina are chemically precipitated upon the powder and

bhe resulting mass carefully dried. The powder is charged into

-6-
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| & reaction vessel and subjected for 48 hours to the passage

of synthesis gas containing on a volume basis approximately
31% carbon monoxide, 62% hydrogen, 4% methane, 2% carbon dioxiﬁe
and the rest largely nitrogen. The temperature is maintalned .
at a substantially uniferm value of 625C°F throughout the
catalytic mass, and the vessel is operated under an internal
pressure of 200 pounds per square inch gaugs.

The foregoing temperature is controlled in a convenJ
tional manner by the combination of internal heat exchange i
means and uniform fluidization of the catalyst by the upflow—é
ing reactants. The heat exchange means comprises a tubular !
heat exchanger of streamlined form maintained at a carefully |
controlled predetermined surface temperature and immersed in
the ecatalyst mass. |

A good state of dense phase fluidization is main- ;
tained as indicated above by the incoming reactant feed gases
introduced at a linear velocity of about 1.5 feet per second,
measured at the temperature and pressure conditlions prevail-
ing in the reactor. In other words, the gases flow upwardly
through the powdered catalyst at a uniform rate throughout
the horizontal croess~section of the reactor at such a rate
that the individual particles are buoyed up or suspended for
random movement in the powdered mass. The powder thus, as
is known, assumes an earated condition analogous to a mass of
boiling liquid having an upper pseudo~liquid level and
characterized by a condition of heat uniformity and thermal
transfer comparable to that of a liguid of extremely good
thermal. properties. Under such a condition, the surface
temperature of the heat exchanger is adjusted by experiment

to a value where the powdered mass of catalyst is maintained

-7
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%throughout at a temperature within £ 59F of the desired temp-
Eerature of 625°F.

After an initial conditioning period of 48 hours,
the catalyst assumes a condition of settled operation, and
lthereafter introduction of the feed gas is continued under the;
conditions previously observed. Contact time is held at 10 .
seconds. The product gases are collected and passed through a;
condenser operating at 700F. A separation is made between a |
resulting water layer, a hydrocarbon layer and a normally
gaseous fraction. j

The hydrocarbon layer consists essentlally of hydro;
carbons boiling in the gasolmne range in a yield equal to
somewhat over 65% on the basis of the carbon monoxide converted
in the reactor. The normally gaseous fraction consists essen-g
tially of carbon dioxide, normally gaseous hydrocarbons, hy- :
drogen and a small amount of unreacted carbon monoxide. The
total amount of moisture condensed over any selected period
of operation is substnatially greater on a molar basis than i
the amount of carbon dioxide in the gaseous products re-
covered, usually amounting to at least 3 molar parts for each
molar part of carbon dioxide.

While the foregoing example concerns operation l
under fluidized conditions the invention is equally operative
and advantageous with conventional fixed bed reactors, asso-

ciated with any conventional means for maintaining desirable

temperature control and uniformity.

The invention, moreover, while particularly bene~
ficial in the case of iron catalysts, is also applicable to
processes of the present class employing other catalytic

metals of the iron group. Thus, in place of the iron alloy

8-
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hin the previous example, a cobalt-tellurium alloy of substan-
tially the same relative proportions may be employed, pre-
iferably with alteration of temperatures and pressures to those:
conventional with a cobalt catalyst.

From the foregoing example, it will be moreover ap-

parent fhat the invention contemplates inclusion of all known ;
activators and promotors which commonly find use in the pre-
sent synthesis reaction. More specifically these, as is
known, usually involve compounds or oxides of the alkali
metals or alkaline earth metals, such as potassium, sodium
land calcium oxides. Of the wide field of other known pro-
rmotors, there may be mentioned thoria, titania, zirconia,
alumina and magnesia,

It is to be understood that the reacticn conditions,
particﬁlarly the temperature and pressure to be observed in
practicing the present invention, are generally equivalent to
those heretofore observed in the art on the basis of the pro-
cess employed, and particularly the metal selected as cata-
lyst. In other words, as is known, the temperature in the
case of an iron catalyst is normally in the neighborhood of
. 600°F, where predominantly motor gasoline fractions are de-
sired. This temperature isv aried upwardly for the production
of lighter hydrocarbons, and downwardly where somewhat
heavier fractions are required. Obviodusly where oxygenated
hydrocarbon products are desired the reaction conditions are
altered to the conﬁentional ranges for the type of catalyst
in question. Thus the invention contemplates the synthesis

of hydrocarbons, oxygenated hydrocarbons or mixtures thereof.

Referring to the foregoing specific example using

tan iron-tellurium catalyst, similar results are obtained with
I
| i
il
i E
|

1
Hi
i
ii
il
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an iron-tellurium catalyst prepared from an alloy containing
0.2% by weight tellurium and about 2% by weight carbon cast
under conditions of slow cooling, the conditions of operation
being otherwise identical. So also some improvement in yield
is obtained when that example is modified by precarbiding the
catalyst disclosed, subsequent to comminution, by contact with
carbon monoxide for %wo hours at a temperature of lOdO°F.
Moreover highly carbided surfaces produced by this or any other
equivalent carbiding process are advantageous not only in con{
nection with iron catalysts but also In the case of tellurium-
containing cobalt or nickel catalysts or any other catalysts
of the iron group familiar in connection with hydrocarbon
synthesis, In fact the conditioning treatment referred to 1
above presumably, among other things, effects the creation ofi
i

at least a layer of carbides at or in the vicinity of the
' |

active surfaces of the catalysts.

Proceeding in accordance with the present invention)
it is notable that the catalyst remains cleaner and maintains
high activity much longer than where tellurium is absent.

In several instances it has been observed that conventional

i atalysts for the synthesis of hydrocarbons, when used in a

fluidized reaction system, gradually become lighter so that

in the course of the operation it becomes impossible to main- !
tain dense-phase fluidization without materially decreasing
the velocity of the gases through the fluidized mass. This
loss of density in the catalyst particles appears to be a
function of the formation of carbon within the particles; on

occasion, the catalyst particles will disintegrate into

smaller fragments, perhaps, because of this internal carbon

Iformation. Catalysts containing tellurium exhibit
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igreater stability and resistance to chemical and physical

§§changes, and therefore are particularly well suited for use

ﬂdition of dense-phase fluidization over prolonged perieds of
ﬁoperation.
i% Many other specific modifications and adaptations

!of the present invention will be obvious to those skilled in

fthe art from a consideration of the foregoing more or less

i
|

| exemplary disclosure, and it is therefore understood the in-
!vention is not limited to any such details except as defined

%by the following claims.

=11~

lin fluidized systems wherein it is desired to maintain a con-
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The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as follows:

1. The process for the catalytic synthesis of
compounds of the class consisting of hydrocarbons and oxygenated
hydrocarbohs by the reduction of a carbon oxide with hydrogen,
which comprises passing synthesis gas containing essentially
carbon oxide and hydrogen, under reaction conditions, on
contact with a catalyst mass containing a metal of the iron
group containing a minor proportion of tellurium intimately :
associated with said metal. z

2. The process for the catalytic synthesis of comé
pounds of the class consisting of hydrocarbons and oxyganatedé
hydrocarbons by the reduction of a carbon oxide with hydrogen;
which comprises passing synthesis gas containing essentially
carbon oxide and hydrogen, under reactien conditions, in con-
tact with a catalyst mass containing a metal of the iron groug
having alminor proportion of tellurium alloyed therewith.

3. The process for the catalytic synthesis of com-
pounds of the class consisting of hydrocarbons and oxygenated
hydrocarbons by the reduction of a carbon oxide with hydrogen,
which comprises passing synthesis gas containing essentially
carbon oxide and hydrogen, under reaction conditions, in con~
tact with a catalyst mass containing a metal of the iron grouy
having a minor proportion, greater than 0,005% by weight, of
tellurium alloyed therewith.

4. The process for the catalytic synthesis of
compounds of the class consisting of hydrocarbons and oxygen-
ated hydrocarbons by the reduction of a carbon oxide with
hydrogen, which comprises passing synthesis gas containing
egsentially carbon oxide and hydrogen, under reaction con-
ditiong, in contact with a catalyst mass containing an alloy
of tellurium and a metal of the iron group in which tellurium
is present in a minor proportion above 0.005% by weight but

less than about 2% by weight.

/?/
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5. In the process for catalytically synthesizing
compounds of the class consisting of hydrocarbons and oxygen-
ated hydrocarbons by the reduction of carbon monoxide with
hydrogen the steps which comprise contacting synthesis gas
comprising essentially carbon monoxide and hydrogen, at
reaction conditions including an elevated temperature and
pressure, with an iron catalyst containing from about 0.005%

to 2% by weight tellurium as an alloy constituent.

6. The process as defined in claim 5 wherein the
iron in said catalyst is at least partly in the form of iron
carbide.

7; In the process for catalytically synthesizing
compounds of the class consisting of hydrocarbons and oxygen-

ted hydrocarbons by the reduction of carbon monoxide with

ydrogen the steps which comprise contacting synthesis gas
omprising essentially carbon monoxide and hydrogen, at reactiop
onditions including an elevated temperature and pressure, with
n iron catalyst containing a minor proportion of tellurium
lloyed therewith,

8. The process defined in claim 4 wherein the metal
pf the iron group is at least partly in the form of a carbide.
9. The process as defined in claim 7 wherein the
*ron in said catalyst is at least partly in the form of iron

tarbide., i






