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The present invention relates to the catalytic
reduction of carbon oxide with hydrogen and is
more particularly concerned with the manufac-
ture of hydrocarbons and related compounds
under conditions of good yield and uninterrupted
operation, .

The present invention contemplates the cata-
lytic manufacture of hydrocarbons, particularly
normally liquid hydrocarbons, in the presence of
an iron catalyst and with a relative proportion-
ing of reactant feed gases such that the net pro-
duction of undesired by-products, such as car-
bon dioxide and light gaseous hydrocarbons, is
materially suppressed or inhibited.

In carrying out the present invention, a re-
actant stream containing carbon monoxide and
hydrogen is passed in contact with a fluidized
mass of iron catalyst in solid particle form
maintained within a reaction zone under pre-
determined conditions of temperature and pres-
sure, such that at least the major portion of, say
at least about 75% of, and preferably at least
about 95% of, the carbon monoxide is converted
to products of reaction comprising mainly nor-
mally liquid compounds.
conversion of carbon monoxide per pass through
the reaction zone is limited so that a sniall, but
critical amount of carbon monoxide, i. e. at
jeast about 1 and preferably about 2 mol per-
cent, remains in the efluent stream from the re-~
action zone. In other words conditions are
maintained in the reaction zone such that slightly
less than complete conversion of carbon monox-
ide is secured in passing through the reaction
zone.

In accordance with the invention, the compo-
sition of the reactant mixture initially passing
into contact with the catalyst is maintained such
that there is relatively small but limited content
of carbon monoxide; a very minor proportion,
preferably as low as practical, of water vapor; a
high ratio of hydrogen to carbon monoxide, pref-
erably substantially greater than 2.5 to 1; and
sufficient carbon dioxide, usually greater than
shout 15 mol percent, capable in combination
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with the foregoing of suppressing net formation

of carbon dioxide.

As indicated in the copending application
Serial No. 717,313, filed December 18, 1946, in the
name of Edwin T. Layng, one of the coinventors
herein, operating the reactor so that the effiuent
stream retains at least about 1%, preferably at
least about 2%, carbon monoxide on the molar
basis results in the elimination of objectionable
carbonaceous deposits upon the catalyst. Gen-
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erally, however, the efluent gases are maintained
in contact with the catalyst until the carbon
monoxide concentration has reached a value be-
low about 3% on the molar basis. Carboniza-
tion of the catalyst causes catalyst deterioration
and objectionable change in catalyst density
with consequent adverse effect on reactor opera-
tion.

The carbon monoxide concentration of the
total feed must in all cases be maintained below
about 15 mol percent and obviously must be
greater than that minimum proportion required
to assure the presence of at least 1%, preferably
at least 2%, carbon monoxide in the final gaseous
effluent from the contact mass. Accordingly, this
means that the initial concentration of carbon
monoxide in the feed gases, allowing for typical
volume contraction of the gases during reaction,
is generally at least about 5% on the molar basis.
All other variables remaining constant, the tend-
ency toward suppression of carbon dioxide for-
mation is enhanced as the initial carbon monox-
ide concentration is decreased from 15% toward
the lower limit, although obviously the lower
concentrations require a greater feed gas circu-
lation per unit of net hydrocarbon production.
Therefore, an intermediate concentration in the
range of, for example, 8 to 12%, may be most
desirable: ) '

As indicated above, the total feed gas supplied
to the reaction zone most advantageously con-
tains as small a concentration of water vapor as
possible. While a gas free from water vapor is
ideal, as a practical matter the lower limit is
usually determined by the dégree of separation
possible when condensing and separating at tem-
peratures and preéssures economically available.
At, however, temperatures below 100° F. and
pressures in the neighborhood of 250 lbs. per
square inch gauge and above, the water vapor
content can be limited to an inconsequential
value, as for example, 0.01% to 0.19%. In any
event, it is preferred that the feed gas water
content be below 1% and at the outside not
greater than 3%. Tendency toward net carbon
dioxide formation is greater with high water
vapor concentrations and decreases as water
vapor is eliminated: from the feed gas.

The aforementioned ratio of hydrogen to car-
bon monoxide in the feed gas, represents the
minimum which can usually be tolerated for
good results. Other conditions remaining equal,
an increase in this ratio resulfs in 2 correspond-
ing tendency toward the suppression of carbon
dioxide production. Accordingly, it is advan-
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tageous to use feed gases which contain at least
a 3:1 ratio of hydrogen to carbon monoxide and
preferably a ratio of 4:1 or 5:1 and higher.
The concentration of carbon dioxide should in
all instances be above about 15%. Here again,
an important affect of increased carbon dioxide
concentration, per se, is to suppress net pro-
duction thereof. That is to say, increased pro-
portions above 15 mol percent, preferably- above
209 are to be preferred. For example the pro-
portion may be as high as 30 or 40 mol percent.
From the foregoing, it will be apparent that
based upon the stated limits of concentration
of the several reactants in the feed gas, each
exerts an effect in producing the improved re-
sults desired and relative variation is permis-
sible with this in mind. For example, with a
feed gas containing a relatively high proportion
of hydrogen to carbon monoxide, the concentra-

tion of carbon dioxide or the proportion of car- :

bon monoxide may respectively be decreased or
increased somewhat within the specified ranges
in order to secure the final product distribution
desired. So also, where the concentration of

water vapor is somewhat above the preferred -

minimum, an increase in carbon dioxide concen-
tration, for example, may be advisable.

The remainder, if any, of the feed gas may com-
prise inert gases, or gases which do not adversely
alter or impair the hydrocarbon synthesis proc-
ess. Also, such gases may comprise hydrocarbons
recycled from the reaction process.

The use of a recycle stream affords a simple
solution to the problem of providing a total re-
actant feed meeting the requirements of the pres-
ent invention. Moreover, the presence of olefins
in the recycle stream appears to be beneficial to
the production of liquid hydrocarbons.

For instance, the normally gaseous products
recovered from. the reaction product by conden-
sation and separation of the normally liquid prod-
ucts as above, may be recycled in the proper ratio
with respect to the available fresh feed stream of
synthesis gas in order to give a total feed meeting
the foregoing requirements. Obviously, this may

 require separation of certain, or all, of the sev-

eral normally gaseous componenfs by conven-
tional gas recovery means and an appropriate
recycle of selected gases so separated or recovered,
in such relative proportions as to provide the de-
sired predetermined total feed composition. Re-
actor recycle reduces the concentration of carbon
monoxide entering the reactor and usually results
in a more uniform ratio of hydrogen to carbon
monoxide throughout the reaction zone.

‘The foregoing conditions of reactant composi-
tion are particularly effective with a powdered
synthesis catalyst of the iron type maintained in
a state of dense phase fluidization by the up-
flowing reactants and maintained at a tempera-
ture in the range of about 550 to 700° F. and under
a pressure in the vicinity of about 200 to 250
pounds per square inch gauge and with provision
for rapid removal of the heat of reaction. The
hydrocarbon product produced under these con-
ditions has a high degree of unsaturation, excess
production of light gas is avoided, and excessive
carbonization of the catalyst is also avoided.

From the foregoing it is apparent that the pres-
ent invention is of particular advantage in over-
coming the uneconomic utilization of feed carbon
in the production of undesired carbon dioxide.
Thus the invention in its broadest aspect contem-
plates operation within a range where carbon
dioxide production is lowered to an economically
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practical range. Considering the normal require-
ments of an operating process of this character,
some net production of carbon dioxide is usually
not objectionable and may be advantageous.
For example, in a system where product gases are
recycled to maintain g predetermined carbon di-
oxide concentration in the inlet feed there is
usually some net loss of carbon dioxide with the
withdrawn product gases unless resort is had to
the usually uneconomic process of recovering
from the product gases all of the carbon dioxide
for recycle. To this extent therefore the net
production of carbon dioxide may be desirable.
Therefore, the invention, in its broadest aspect,
contemplates some net production of carbon di-
oxide, maintained, however, at a relatively low
and economically beneficial level,

On the other hand, the invention in a more spe-
cific aspect, permits operation with substantially
no net production of carbon dioxide and may be
carried out in some instances, where desirable, so
as to effect net consumption of carbon dioxide.
These latter objectives can be readily achieved
merely by varying the concentration of the re-

-spective components of the feed gas, as indicated,

in the direction of carbon dioxide suppression.

With further regard to the above mentioned
advantage of suppressing net production of car-
bon dioxide, it is to be particularly noted that
when operating with feed gas compositions within
the specific range taught by the present invention
the net carbon dioxide production usually never
exceeds 8 maximum value of about 109 deter-
mined on the basis of the carbon monoxide con-
verted in the reaction zone. For example, with a
feed composition containing about 109 carbon
monoxide, about 15% carbon dioxide, preferably
less than 1% water vapor, and a Hz:CO ratio of
about 3.5:1 with a fluidized iron catalyst at pre-
determined optimum conditions for the predomi-
nant production of hydrocarbons in the motor
gasoline boiling range, the contact time may be so
adjusted as to result in a final efluent stream of
gasiform products containing at least about 1%,
preferably at least about 2%, carbon monoxide
on the molar basis. Analysis of the product
stream will establish a net proportion of COz
production not greatly variant from that desired,
and adjustment can be made precisely to the de-
sired proportion by varying the stream of feed
gases int accordance with the foregoing principles.
Thus working toward a maximum of about 10%
net production of carbon dioxide, if the propor-
tion of production somewhat exceeds this, the
percent of carbon dioxide in the total feed con-
tacting the catalyst may be increased, the molar
concentration of carbon monoxide decreased, the
water content lowered or the hydrogen to carbon
monoxide ratio increased.

The same remarks apply to operations wherein
a lower net production of carbon dioxide may be
desired in which case it is only necessary to oper-
ate with total reactant feed composition within
the foregoing range, adjusted, however, in the
direction of decreased net carbon dioxide produc-
tion until the desired result is achieved. In this
way it is possible to operate with any selected
carbon dioxide production, for instance of 5%

“or lower or even, as indicated above, with a net
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consumption of carbon dioxide.

For example, when using a typical iron catalyst
in a state of dense phase fluidization at 600° F.,
under 200 pounds per square inch gauge pressure,
and charging gas comprising 15% carbon dioxide,
5% carbon monoxide, 22% hydrogen, and about
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1.09% water vapor by volume, there is no net pro-

duction of carbon dioxide. Likewise substantially

complete suppression of net production of carbon
dioxide is realized when the charged gas com-
prises 20% carbon dioxide, 129, carbon nionoxide,
409 hydrogen, and less than about 0.1% water
vapor by volume. In each instance, the effluent
gases contain about 1.5% carbon monoxide on
the molar basis and the hydrocarbons recovered
therefrom are predominantly of the type which
are normally liquid, bolling in the gasoline range.

The present invention accordingly provides a
limited range of operation within which the feed
gas composition may be adjusted to control net
carbon dioxide production to the most econom-
ically favorable value, a&s desired. . Thus with
upper limits of 15% for carbon monoxide and
39, preferably 1%, for water vapor, and with
Jower limits of about 15% for carbon dioxide and
25:1 for the H2:CO ratio, it is simply necessary

to adjust until the specific predetermined condi-

tions are met. In general, though not without
exception, the conditions thus determined are

also favorable to the suppression of the forma--

tion of light hydrocarbon gases such as methane.

Referring more particularly to the drawing
accompanying the present specification there is
disclosed in more or less diagrammatic form one
arrangement suitable for carrying out the present
invention.. In the drawing the numeral {0 rep-
resents an inlet pipe suppiied from a source not
shown with a synthesis gas containing, for ex-
ample, about 25 mol percent of carbon monoxide,
64 mol percent hydrogen, 7 mol percent carbon
dioxide and about 4% methane. As will herein-
after be shown more in detail, the precise com~
position of the synthesis gas_is not extremely
critical within broad limits since other means
are available for permitting a fine degree of con-
trol in respect to the composition of the total
feed ultimately supplied to the synthesis reactor.
Advantageously, however, the synthesis gas is
free or at least substantially free from water
vapor. )

The synthesis gas is fed into a synthesis reactor
{f at the lower portion thereof and passes up-
wardly through a mass of suitable catalyst under
familiar conditions of temperature, pressure and
contact such that the catalytic reaction between
the hydrogen and carbon monoxide takes place.
The efiuent gases are drawn off through suitable
filters or other separating means, not shown, by
the pipe 12 and passed to a condenser {3 and a
separator 4.

The condenser and separator advantageously
operate under such conditions of temperature
and pressure as to effect condensation and re-
moval of all normally liquid constituents of the
reaction gases. Thus water vapor is removed
from the separator by way of the outlet pipe 15
and liquid hydrocarbons are withdrawn for fur-
ther treatment or recovery by line 16. The nor-
mally gaseous, residual products removed over-
head by pipe 17 will usually consist of carbon
dioxide, light gaseous hydrocarbons and hydro-
gen, together with, where reaction is not com-
plete in the synthesis reactor, a minor proportion
of carbon monoxide, This product may be di-
rectly recycled to the incoming stream of syn-
thesis gas by means of pipes 18 and 19 controlled
by valve 20. For example, the recycled gas may

amount to 1 to 4 volumes per volume of fresh -

feed gas.

On the other hand it may be advantageous and
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gas from the pipe 117, to one or more purification
or separation processes. Thus, for example, a
pbranch pipe 21 controlied by valve 22 conducts
any desired portion of the tail gas stream to a
carbon dloxide absorbing unit 23. While this
unit or system is illustrated only diagrammat-
ically, it may comprise any of the conventional
systems wherein the carbon dioxide contained
in the gaseous stream is absorbed in a suitable
solvent such as a monoethanolamine solution,
and then liberated by regeneration. The gaseous
hydrocarbons and hydrogen from which the car-
bon dioxide has been stripped leave the absorber
23 through pipe 25 whereas the carbon dioxide
liberated in the regenerator section of the ab-
sorbing unit 23 leaves through a pipe 24 which
passes into pipe 18 to further supplement the
reactor feed gas.

Any portion of the gaseous product {rom the

. pipe 25 may also be returned directly. into the

incoming feed of synthesis gas through valve 26
and branch pipe 27 leading into pipe 1. On the
other hand it may be advantageous to remove
all or part of the hydrocarbon gases from this
product. Ome convenient means for recovering
useful hydrocarbons involves the passage of this
gas through a branch pipe 28 and a vaive 29 into
a polymerization unit 30 wherein the olefins
present in the gaseous stream are polymerized
by contact with a suitable catalyst such as phos-
phoric acid on silica. The liquid polymer result-
ing from this process is withdrawn for further
treatment or use through pipe 31. The residual

* gaseous stream comprising hydrogen and gaseous
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parafiins and probably nitrogen and unpolymer-
ized olefins leaves the polymerization unit through
pipe 32 for supply to the manifold pipe 19.

In the interest of a simple diagrammatic show-
ing, the valves and other controls have been re-
duced to a minimum. Accordingly the inventicn
contemplates use of such additional controls as
will occur to one skilled in the art. .

It will be apparent that the composition and
proportioning of gases which are recycled for ad-
mixture with the incoming fresh feed synthesis
gas can be controlled within relatively wide limits.
Thus valve 20 may be adjusted to permit any por-
tion of the tail gas stream to be recycled directly.
Any additional proportion thereof may be treated
in the carbon dioxide absorber to provide a rela-
tively pure stream of carbon dioxide which per-
mits the adjustment of the carbon dioxide confent
of the feed gas to any desired level. A third re-
cycle stream free from'carbon dioxide is avail-
able from the polymerization process.

In order to permit full control we also provide a
branch outlet pipe 33 provided with a valve 34 for
venting excess tail gas or for overcoming any
abnormal build-up of gases accumulating in the
recycle stream. So also branch pipe 35 controlled
by valve 36 connects with the carbon dioxide line

‘24 in order to permit venting or what is probably

more desirable in practice, introduction of carbon
dioxide from outside sources to initially secure the
level of concentration required for said operation.

So also a branch pipe 37 controlled by valve 38
connects with the pipe 25 from a carbon dioxice
absorber in order to permit venting of all or any
desired part of the hydrogen and hydrocarbon
stream. A similar branch line 39 controlled by
valve 40 permits venting of the residual hydro-
gen and hydrocarbon stream from the polymeri-
zation unit. From the foregoing it will be obvious
to one skilled in the art that the process may be

desirable to subject a portion at least of the tail 7§ so continuously operated that the mixture of fresh
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feed synthesis gas and recycle gas can be main-
tained at that composition required for operation
in accordance with the present invention.

In accordance with one specific example of the
present invention, there is provided a typical
reactor of cylindrical form having a filling of
catalyst comprising a powdered iron catalyst of
about 200400 mesh, about 85% passing through a
325 mesh screen. The catalyst has incorporated
therein by weight about 1.5% potassium oxide
(K20) and 29 alumina (Al203) and is condi-
tioned by use until a state of settled operation is
reached. A stream of reactant gas is fed up-
wardly through the mass of catalyst at a linear
velocity sufficient to hold the catalyst powder in a
condition of dense phase fluidization, and at an
overall rate of 120 standard cubic feet per hour
per pound of iron. The reaction temperature is
continually maintained throughout the mass of
catalyst at about 607° F. by internal cooling sur-
faces immersed in the catalyst. The pressure is

235 lbs. per square inch gauge.

The total feed gas fed to the reactor has the
following composition:

Hoo oo . 19.4 mol percent

COetee e 6.4 mol percent

CO2 e 22.4 mol percent

HoO_ Less than 0.1%

Remainder. ______. Normally gaseous hydrocar-
bons with about 3.3% nitro-
gen

The total feed is derived in the present instance
by condensing and separating normally liquid
components of the reactor effluent at a tempera-
ture of about 100° F. and a pressure of about 235
pounds per square inch gauge and recycling the
normally gaseous products of reaction into a
typical fresh feed synthesis gas in the ratio of
5.6:1, The effluent gases are filtered to remove
entrained particles of catalyst and the products
recovered with a net yield of about 9% carbon
dioxide based on the total carbon monoxide con-~
sumed. The yield of hydrocarbons, including
3% oxygenated hydrocarbons, on the same basis,
amounts to about 91%. The hydrocarbon prod-
ucts are predominantly of normally liquid char-
acter, boiling within the motor gasoline range and
highly unsaturated.

Somewhat similar results are achieved where
the total feed includes less than 0.1% water, the
carbon monoxide concentration is about 13%, the
hydrogen concentration is raised to about 40.0%,
and the carbon dioxide about 18%. This presup-
poses the same operating conditions as previously.
‘Where the reaction temperature is reduced to 600°
F. or thereabouts but the other conditions re-
main unchanged, the net production of carbon
dioxide will increase in a very minor respect, but
can readily be adjusted as above by a relatively
minor increase in CO2 concentration, increase in
H2:CO ratio, decrease in CO content in the feed,

" or combination thereof.

In accordance with another example using the
same equipment, catalyst and reaction conditions
as above, there is substituted a total feed gas of
the following composition:

Hoeoo . 20.3 mol percent

CO e 5.3 mol percent

CO2 e 26.7 mol percent

H20 vapor— . ____. Less than 0.19%

Remainder___.____ Normally gaseous hydrocar-
bons with about 3.2% nitro-
gen

15

20

25

30

40

50

65

60

65.

70

75

In accordance with this example, conditions
approximate those in the earlier example, except
that average temperature is about 618° ¥. and
pressure is 205 pounds per square inch gauge.
The effluent gaseous reaction products withdrawn
contain on molar basis about 1.2% of carbon
monoxide, and yield about 97.0% of Cs3 and
heavier hydrocarbons on the basis of the carbon
monoxide converted. There is in addition a yield
of about 10% of Ci and Cz hydrocarbons, and
about 5.0% of water soluble oxygenated com-
pounds.

It is particularly important to note that in this
example the high yields are accounted for by an
actual net consumption of carbon dioxide, cor-
responding to about 12% of the carbon monoxide
converted.

As previously indicated, any intermediate pre-
determined net carbon dioxide production inter-
mediate between those disclosed by the foregoing
illustrative examples, is obtainable by appro-
priate adjustment of the feed gas stream compo-
sition in accordance with the foregoing principles.

It is important to note that the foregoing ex-
amples are subject to some variation in degree
depending upon the specific type of catalyst and .
reaction technique employed, as well as the pres-
sure and the temperatures prevailing. In any
event, however, the variation is relatively minor
and can readily be determined in accordance with
the foregoing principles by a series of preliminary
test operations.

In particular, variation in temperature of the
reaction assumes some special significance. Thus
while the present catalytic process is operative
generally within the range of 550 fo 700° F. using
iron catalysts, a temperature of about 600 to 650°
F. is usually requisite for the production of
hydrocarbons predominately in the gasoline boil-
ing range.

In general, as temperatures are increased, the
tendency toward net carbon dioxide production
decreases somewhat. Stated in another way, a
decrease in synthesis. temperature imposes some
limitation on the synthesis gas composition where
any predetermined carbon dioxide production or
consumption is to be maintained. Under such con-
ditions it will be seen that when the temperature
is lowered it may be necessary to readjust condi-
tions by increasing carbon dioxide content, de-
creasing the carbon monoxide content, increasing
the H2:CO ratio, or by combinations thereof.
For example, in changing a reactor temperature
from 650 to 600° F'., a minor increase in the con-
tent of carbon dioxide in the feed gas will usually
serve to maintain the same net carbon dioxide’
production.

If, however, the molar percentage requirement
of carbon dioxide becomes excessive it is possible
to readjust the carbon monoxide molar percentage
downwardly or to increase the Hz2:CO ratio up-
wardly, or to resort to both of these expedients
in order to secure a condition under which the
molar proportion of carbon dioxide produced will
be limited to the predetermined figure.

As indicated above, the present invention is
broadly applicable to the various types of catalyst
contact technique with which we are aware using
iron type catalysts and may be applied to opera-
tion either in a single stage or a plurality of
stages in series with or without intermediate con-
densation and removal of water vapor and/or
hydrocarbon products. Furthermore as indicated
above, the exact composition of the fresh feed
synthesis gas is not normally critical since the



9

recycle stream permits adjustment of the fresh
_ feed gases to any reasonable total feed gas com=
O position. Thus, it has been our experience that
< the tail or recycle gases normally contain a sub-
stantially higher Ha:CO ratio than the original
feed gases and, as clearly shown, are low in
+~ carbon monoxide content, permitting wide lati-
C tide in controlling such characteristics in the

— total feed gas. .
© It is to be noted that the term hydrocarbons
O s used herein is intended also to include the
: oxygenated hydrocarbon compounds usually in-
% evitably formed to some proportion but capable
of being produced in predetermined proportion,
~ where desired, by an appropriate increase in
~ pressure as is fully known. The invention ac-
O cordingly contemplates any conventional varia-
+— tion in reaction pressure and temperatures sult-
+ able and appropriate to vary the product distri-
bution in view of the specific products required.
Moreover, the invention contemplates the use of
iron catalysts in substantially any familiar form
whether in the condition of metallic particles or
whether supported upon any suitable carriers
- such as diatomaceous earth, silica gel or the

like.
Obviously many modifications and -variations

com

Gop

of the invention as set forth above may be made

without departing from the. spirit angd scope

thereof and therefore only such limitations should

be imposed as are indicated in the appended
. claims.

I claim: '

1. In the production of hydrocarbons, oxygen-
ated hydrocarbons and the like by the catalytic
reduction of a carbon oxide with hydrogen where-
in a continuous stream of reactant gas contain-
ing substantial proportions of hydrogen, carbon
monoxide and carbon dioxide is passed in contact
with an iron synthesis catalyst under predeter-
mined conditions of reaction, including an
elevated temperature effective to form said prod-
uct eompounds, a substantial conversion of carbon
monoxide into said compounds is effected, and
the effluent products of reaction are withdrawn
from the catalyst, the improvement which com~
prises regulating the sald stream of reactant gas
supplied to the catalyst to a composition con-
taining at least about 15% of carbon dioxide, not
more than about 15% of carbon monoxide, less
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than 1% of water vapor, and having a H2:CO

ratio of at least 3:1.

2. In the production of hydrocarbons, oxygen-
ated hydrocarbons and the like by the catalytic
reduction of a carbon oxide with hydrogen
wherein a continuous stream of reactant gas con-
taining substantial proportions of hydrogen,
carbon monoxide and carbon dioxide is passed
in contact with an iron synthesis catalyst under
predetermined conditions of reaction, including
an elevated temperature effective to form said
product compounds, a substantial conversion of
earbon monoxide into said compounds is effected,
and the efluent products of reaction are with-
drawn from the catalyst, the improvement which
comprises regulating the said stream of reactant
gas supplied to the catalyst to a composition
containing at least about 15% of carbon dioxide,
not more than about 15% of carbon monoxide,
not more than 3% of water vapor, and having
a Ha:CO ratio of not less than2.5:1.

3. Tn the production of hydrocarbons, oxygen-
ated hydrocarbons and the like by the catalytic
reduction of a carbon oxide with hydrogen
wherein a continuous stream of reactant gas

b6
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10
containing substantial proportions of hydrogen,
carbon monoxide and carbon dioxide is passed in
contact with an iron synthesis catalyst under
predetermined conditions of reaction, including
an elevated temperature in the range of about
550-700° P, effective to form said product com-
pounds, a substantial conversion of carbon
monoxide into said compounds is effected, and
the efluent products of reaction are withdrawn
from the catalyst, the improvement which com-
prises regulating the said stream of reactant gas -

‘supplied to the catalyst to a composition con-

taining from about 5 to about 15% carbon dioxide,
not more than about 15% of carbon monoxide,
not more than 0.1% of water vapor, and having
a Ha:CO ratio of at least about 3:1.

4. The process defined: in claim 3 wherein the
hydrocarbons produced are normally liquid com-
pounds produced at an elevated temperature of
about 600-650° F.

5. In the production of hydrocarbons, oxygen-
ated hydrocarbons, and the like by catalytic re-
duction of carbon oxide with hydrogen, the pro-
cess comprising continuously passing a stream of
reactant gas containing substantial proportions
of hydrogen, carbon monoxide and carbon dioxide
in contact with a fluidized iron catalyst at a tem-
perature in the range of about 550 to 700° F'. and
under a gauge pressure in the range of about
200 to 250 pounds per square inch within a reac-
tion zone, maintaining the reactant composition
supplied to the catalyst such that the carbon di-
oxide content is at least 15 mol percent, the car-
bon monoxide content does not exceed about 15
mol percent, the water vapor content .is not in
excess of ghout 3 mol percent, and the hydrogen
amounts to at least 2.5 mols per mol of carbon
monoxide, effecting conversion of at least a
major proportion of the carbon monoxide into
said product compounds, and removing from the
reaction zone an effluent stream containing said
product compounds. ‘

6. A process according to claim 5 in which the
concentration of carbon dioxide in the reactant
feed is maintained sufficiently high so that there
is substantially no net production of carbon di-
oxide. : ]

7. The process according to claim 5 in which
the concentration of carbon dioxide in the re-
actant feed is' maintained sufficiently high so
that the net production of earbon dioxide Is less
than about 10% of the converted carbon monox-
ide.

8. In the production of hydrocarbons, oxygen-
ated hydrocarbons and the like by catalytic re-
duction of carbon oxide with hydrogen, a process
comprising passing a stream of reactant gas con-
taining substantial proportions of hydrogen, car-
bon monoxide and carbon dioxide in contact
with an iron synthesis catalyst in a reaction zone
maintained under superatmospheric pressure and
at a temperature in the range about 550 to 700°
F., effective. to form sald product compounds,
maintaining the composition of said stream of -
reactant gas such that the carbon dioxide con-
tent is at least about 15 mol percent, the carbon
monoxide content does not exceed about 15 mol
percent, the water vapor content is not in excess
of about 3 mol percent and the ratio of hydrogen
to carbon monoxide is at least 2.5: 1, and such that
the net carbon dioxide produced is less than about
10% of the converted carbon monoxide, effecting
conversion of at least a major proportion of the
carbon moncxide into said product compounds,
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and removing from the reaction zone an effuent -

stream containing said product compounds.

9. The process according to claim 8 in which
the water content of the stream of reactant gas
passing into the reaction zone does not exceed
about 1 mo] percent.

10. The process according to claim 8 in which
the effluent products of reaction are withdrawn
from the reaction zone after a contact time such
that the efluent stream contains at least about
1% carbon monoxide on the molar basis.

11, In the production of hydrocarbons, oxygen-
ated hydrocarbons and the like by catalytic re-
duction of carbon oxide with hydrogen, the pro-
cess comprising passing a stream of reactant gas
containing substantial proportions of hydrogen,
carbon monoxide and carbon dioxide in contact
with a fluidized iron syntheses catalyst in s re-
action zone at a temperature in the range of
about 550 to 700° F. and under a pressure in the
range 200 1bs. per sq. in. gauge and higher, main-
taining the composition of said stream of reactant
gas such that the carbon dioxide content is at

. least about 15 mol percent, the earbon monoxide
content does not exceed about 15 mol percent,

the water vapor content is not in excess of about
3 mol percent and the ratio of hydrogen to car-
bon monoxide is at least 2.5:1 and such that the
net production of carbon dioxide is substantially
suppressed,  effecting conversion of at least g
major proportion of the carbon monoxide into
said product compounds, and removing from the
reaction zone an effluent stream containing said
product compounds.
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12. The process according to claim 11 .1 which
the water content of the stream of reactant gas
passing into the reaction zone does not exceed
about 1 mol percent.

13. The process according to claim 11 in which
the efluent products of reaction are withdrawn
from the reaction zone after a contact time such

that the effluent stream contains at least about |

1% carbon monoxide on the molar basis.
WALTER G. FRANKENBURG.
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