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TheAprésent invention relates to the catalytic
reduction of cafbon oxide with_hydrogen and is more partic-
ularly concerned with the manufaﬁture of hydrocarbonsléhd
related compounds under conditions of good yield and unin-
terrupted operation.

The present invention contemplates the catalytic
manufacture of hydrocarbons, particularly normally liquid
hydrocarbons, in the presence of an iron catalyst and with a
relative proportioning of reactant feed gases such that
the net production of undesired by-products, such as carbon
dioxide and light gaseous hydrocarbons, is materially sup-
pressed or inhibited.

In carrying out the present invention, a reactant ‘
stream ‘containing carbon monoxide and hydrﬁgen is passed
in contact with a fluidized mass of iron caétalyst in solid
particle form maintained within a reaction zone under pre-
determined conditions of temperature and pressure, 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 con-
verted to products of reaction cémprising mainly normally
liquid compounds. Advantageohsly the conversion of carbon -
monoxide per pass through the reaction zone is limited so that
a small, but critical amount of carbon monoxide, i.e. at
least about 1 and preferably about 2 mol per cent, 'remains
in the effluent stream from the reaction zone. In other
words conditions are maintained in the reaction zone such
that slightly less than complete conversion of carbon mon-
oxlde is secured in passing through the reaction zone.

.In accordance with the invention, the composition
of the reactant mixture initially passing into contact with

the catalyst is maintained such that there is felatively
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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, preferably sub-
stantially greater than 2.5 %o 1; and sufficient carbon di-
oxide, usually greater than about 15 mol percent, capable in
combinhtion with the foregoing of suppressing net formation
.of carbon dioxide.

Tt has already been proposed to operate a hydro-
carbon synthegis reactor so that the effluent stream retains
at least about 1%, preferably at least about 2%, carbon
monoxide on the molar pqsis results in the elimination of
objectionable carbonaceous deposits upon the catalyst.
Generally, however, the effluent gases are maintained in
contact with the catalyst until the carbon monoxide concen-
tration has reached a value below about 3% on the molar basisd
.Garbqnization of the catalyst causes catalyst deterioration
and objectionable ;hange in catalyst density with consequent
adverse effect on faactor operation.

The carbon monoxide concentration of the total feed
must in all cases be maintained below about 15 meol percent
and obviously must be greater than that minimum propertion
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,
allowipg for typlecal volume contraction of the gases during
'reactf%n, is generally at least about 5% on the molar basis.
All other variables remaining constant, the tendency toward
suppression of carbon dioxide formation is enhanced as the
initial carbon monoxide cbncentration is decreased from 15%

toward the lower limit, although obviously the lower concen-
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trations require a greater feed gas circulation per unit of ne|
hydrocarbon production. Therefore, an Intermediate concentra-
tion in the range of, for sxample, 8 to 12%, may be most
desirable.

As indlcated sbove, the total feed gas suppllied
to the reactlon zone most adyantageously contains as small a
concentration of water vapor as possible, Whlle a gas free
from water vapor is ideal, as a practloanl matter the lower
1imit is usually determined by the degree of separation
possible when condensing and separating at temperamtures and
pressures sconomically avallable. At, however, temperatures
below 100°F. and pregsures in the neighborhood of 250 1bas.
per sguare inch gauge and above, the water vapor content can
be limited to en inconseguential value, as for example, 0.01%
to 0.1%. 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 1is

greater with high water vapor concentratione and decreases

a8 water vapor 1s eliminated from the feed gas.

The aforsmentioned ratio of hydrogen to cafhon
monoxide 1n the feed gas, represents the minimum whilch can
usually be tolerated for good results. othor conditions
remaining equal, an inoresse in thle ratio results in a
corresponiing tendency toward the suppression of carbon
dloxide production. Accordingly, 1t 1s advantageous to use
feed gésas which contain at least a'3:1 ratio of hydrogen to
carbon monoxide and preferably a ratio of 4:1 or 5:1 amd
higheri .

The conecentration of carbon dloxide should 1in all
inatancea be above about 15%. Here again, an important
effect of increased oarbon dioxide ooncaﬁtration, per se,

is to suppress net produetlion thereof. That 1s to say,
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increased proportions above 15 mol percent, preferably above
20% are to be preferred. For example the proportion may
be as high as 30 or 40 mol percent.

From the foregolng, i% wlll be apparent that based
upon the stated limits of concentration of the several
roactants in the feed gas, each exerts an effect in produe-
ing the improved results desired and relative variation 1s
permissible with this in mind. For example, with a feed gas
containing a relatively high proportion of hydrogen to carbon
monoxide, the concentration of carbon dioxide or the propcr-
tion of carbon monoxide may reapectively be decreased or
increased somewhat within the spe¢ified ranges in order to
gooure the final product distribution desired. So also,
where the concentration of water vapor is somewhat above the
preferred minimum, en increase in carbon dioxide concentra=-
tion, for example, may be advisable.

The remainder, if any, of the feed gas may comprilse
inert gases, or gases whieh do not adversely alter or impair
the hydrocarbon synthesis process. Also, such gages may
comprise hydrocarbons recyocled from the reaction process.

The use of a recycle stream affords a simple solu-

tlon to the problem of providing a total reactant raeq meet-
ing the requirements of the present invention. Moreoier,
the presence of oléfina in thp reoyole stream appears to be
benefielal to the produstion of lisuid hydrocarbons.
' For instance, the normally gaseous products recov-
aered from the reaction product by condensation and separation
of the normally liquid products as abova,.may be recyeled in
the proper ratlo with respect to the availﬁble fresh feed

stream of synthesis gas in order to give a total feed meet-
ing the foregoing reguirements, Obviously, this may require
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separation of certain, or all, of the several normally gaseous
components by conventlonal gas recovery means and &n appro-
priate recycle of selected gases so separated or recovered,
in suech relative proportions as to provide the desired
predetermined total feed composition. Reactor recycle reduceg
the concentration of carbon monoxide entering the reactor
and usually results in a more uniform ratio of hydrogen to
carbon monoxide throughout the reactlon zone.

The foregolng conditlons of reactant composition
are particulsrly effectlve with a powdered synthesis cata~
lyst of the iron type maintained irn a state of dense phase
fluidization by the upflowing reactants and maintained at a
temperature in the range of about 550 to 700°F. and under a
pressure in the vicinlty of about 200 to 250 pounds per squarq
inch geuge and with provision for rapid removal of the heat
of reastion. The hydrocarbon product produced under these
conditions has a high degree of unsaturation, excess produc-
tion of light gas is avoided, and excessive carbonization
of the catalyst 13 also avolded.

From the foregoing it is apparent that the present
invention is of particulaf advﬁntage in overcoming the unec-
onomie utilization of Ieed carbon in the production of un-
desired carbom dioxide. Thus the inventfon in its broadest
aspesct contemplates operation within a range where carbon
dloxide production 1;710werad to an economically practiocal
range. Considering the normal requirements of an operating
process of thie character, some net production of carbon
dioxide is usually not objeoctlonable and may be adventageous.
For example, in a system where product gases are recycled to
meintain a predetermined carbon dioxide concentration in the
inlet Teed there is usually some net loss of carbon dloxide

with the withdrawn product gases unless resort 1s had to the

usually uneconomie process of recovering from the produoct
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gases all of the carbon dioxide for recycle.' To this extent
therefore the net production of carbon dioxide mey be desir-

able. Therefore, the invention, in its broadest aspect,

contemplates some net production of carbon dilcxide, melntain-
el, however, at a relatlvely low and economically beneficial
level.

On the other hand, the invention in a more specific
aspect, permits operation with substantially no net produc-
tion of carbon dioxide and may be carried out in some instan-
ces, where desirable, so as to effect net consumption of
carbon dioxide. These latter objectives can be readlly
achieved merely by varying the concentration of the respec-
tive components of the feed gas, as indicated, in the direo-
tion of carbon dioxide suppression.

With further regard to the above mentioned advan=-
tage of suppressing net production of carbon dioxide, it is
to be particularly noted that when operating with feed gas com|
positions within the specific range taught by the present
invention the net carbon dioxlde production usually never
exceeds a maximum value of about 10% determined on the basina
of the carbon monoxide converted in the reaction zone. For
example, with a feed composition containing about 10%Ioarbon
monoxide, about 15% carbon dioxide, prarerébly less than 1%
water vapor, and a H,:CO ratio of about 3.5:1 with s fluldized
iron catalyst at predetgrmined optimum conditions for the
predominant produotién of hydroecarbons in the motor gasoline
boiling range, the contact time may be sc adjusted as to
result in a final errluent stream of gasiform products con-
taining at least about 1%, preferably at least about 2%,

oarbon monoxide on the molar basis. Analysls of the product
stream.willzestablish a net proportion of CO; productlionm not
greatly variant from that desired, and adjustment can be

mmde precisely to the desired proportion by varying the stream
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of feed gases in accordance with the foregoing principles.
Thus working toward a maximum of about 10% net production of
carbon dioxide, if the proportion of production scmewhat
exceeds this, the percent of carbon dicxide in the total
feed contacting the catalyst may be increased, the molar con-
centration of carbon monoxide decreamsed, the water content
iowered or the hydrogen to carbon monoxide ratic 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 operate with total reactant
foed composition within the foregolng range, adjusted, how-
ever, in the direction of decrsased net carbon dioxide pro-
duction until the desired result 1s achlieved. In this way
it 1s possible to operate with any selected carbon dioxide
production, for instance of 5% or lower or even, 828 Indicated
above, with a net consumption of carbon dloxide.

For example, when using a typical iron catalyst in
o state of dense phase fluldization at 600°F., under 200
pounds per square inch gauge pressure, and charging ges com-
prising 15% carbon dioxide, 5% carbon monoxide, 22% hydrogen,
and about 1.0% water vapor by volume, there 1s no net produc-
tion of carbon dloxide., Likewise substantially complete
suppression of net production of carbon dicxide is reglized
when the charged gas comprises 20% carbon dioxide, 12% oarbon
monoxide, L4LO% hydrogen, and less than about 0.1% water vapor
by volume, In each instance, the effluent gases contain
about 1.5% carbon monoxide or the molar basis and the hydro-
carbons recovered therefrom are predominantly of the type
whish are normally liguid, boiling in the gascline range.

The present invention accordingly provides a limi-
ted range of operation within which the feed gas compositlian

may be adjusted to control net carbon dloxide production
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to the most esconomically favorable value, as desired, Thus
with upper limits of 15% for carbon monoxide and 3%, prefer-
ably 1%, for water vapor, and with lower 1imits of about
15% for carbon dioxide and 2.5:1 foxr the H2:GO ratio, 1t

is simply necessary to adjust untll the specific predeter-
mined conditions are met. In general, though not without
exception, the condltions thus determined are also favorable
to the suppression of the formation of light hydrocarbon
geses such as methane.

Referring more particularly to the drawing accom-
panying the present specification there is disclosed in more
or lesa disgrammatic form one arrangement sultable for carry-
ing out the pre;ent invention, In the drawing the numeral 10
repredents an inlet pipe supplied from a source not shown
with a synthesis gas containing, for exampls, about 25 mol
percent of carbon monoxide, 64 mol percent hydrogen, 7 mel
percent carbon dioxide end about 4% methane. As will herein-
after be shown more in detall, the precise composition of
the synthesls gas 18 not extremely critical within broad
1imits since other means are avallable for permitting a flne
degrbe of control in respect to the compositlion of the totsal
Toed uitimately supplied to the synthesis reactor. Advan-
tageously, however, the synthesis gas 1s free or at 1;ast
substantially free from water vapor.

The synthesis gas 48 fed into a synthesis reactor
11 st the lower poition thereof and passes upwardly through
8 mass of suitable catalyst under familiar conditiona of
temperature, pressure and contact such that the catalytlo
feaction between the hydrogen and carhon monoxide takes
place., The effluent gases are drawn off through suitable
filters or other separatlng means, not shown, by the pipe 12

and passed to & condenser 13 and a ssparator 1lk.
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The condenser and separator advantagecusly operate
under such conditions of temperature and pressure as to affsct
condensation and removal of all normally liquld constituents
of the reaction gases. Thus water vapor 1s removed from the
separator by way of the outlet pipe 15 and liquid hydroecarbons
are withdrawn for further treatment or recovery by line 16.
The normally gaseous residual products removed overhead by
plpe 17 will usually consist of carbon dioxide, light gaseous
hydrocarbons and hydrogen, together with, where reaction is
not complete in the synthesis reactor, & minor proportlion of
carbon monoxide. Thié product may be directly recycled to
the incoming stream of synthesls gas by means of plpes 18 and
19 controllaﬁ by valve 20. For example, the recycled gas may
amount to 1 to 4 volumes per volume of fresh feed gasa.

On the other hand it may be advantageous and desir-
able to subjeot a portion at least of the tail gas from the
pipe 17, to one or more purification or separation processes,
Thus, for example, a branch pipe 21 controlled by valve 22
conduets any desired portion of the tall gas stream to a
carbon dlioxlde absorbing unit 23. While this unit or system
is 11llustrated only disgrammatically, it may comprise any of
the conventional systems wherein the carbon dioxide contained
in the geseous stream 16 absorbed in a sulitable solveﬁt sush
as a monoethanolamine solution, and then liberated by regen-
eration. The gaeseous hydrocarbons and hydrogen from which
the oarbon dloxide has been stripped leave the absorber 23
through pipe 25 whereas the carbon dioxide liberated in the
regenerator section of the absorbing unit 23 lemves through
a plpe 24 which passes into pipe 19 to further supplement
the reactor feed gas.

Any portion of the gaseous product from the pipe
25 may also be returned directly into the incoming feed of
synthesis gas through valve 26 and branch pipe 27 leading
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into pipe 19. On the other hand it may be advantageous to
remove all or part of the nydrocarbon gases from this product.
One convenient means for recoverlng useful hy&rocarhons
involves the passage of this gas through & branch pipe 28
and a valve 29 into a polymerization unit 30 wherein the
olefins present in the gaseous stream are polymerized by
contact with & sultabls catalyst suchb as phosphorle acid on
silica, The 1liguid polymer resulting from this process ls
withdrawn for further treatment or use through pipe 31,

The residual gaseous atream comprising hydrogen and gaseous
paraffins and probably nitrogen and unpolymerizsd olefins
leaves the polymerization unit through plpe 32 for supply to
the manifold pipe 19.

Iﬁ-the interest of a simple diagramuatic showing,
the valves and other coutrols have been reduced %o 2 minimum,
Aoccordingly the invention contemplates use of such additionel
controls as will ocour to one skilled in the art.

It will be apparent that the camposition and propord
tioning of gases whioh are recycled for admixture with the
incoming fresh feed synthesis gas can be controlled within
relatively wide limita. Thus valve 20 may Be adJusted to
permit any portion of the tall gas stream to be recycled
directly. Any additional proportion thereof may be treated
in the carbon dloxide absorber to provide a relatlvely pure
stream of carbon dloxide which permits the adjustment of
the ocarbon dloxlde content of the feed gas to any desired
level. A third recyocle stream free from carbon dloxlde is
avallable 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
exceas tall gas or for overcoming any abnormal bulld-up of

gases accumulating in the recycle stream. So aslso branch
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pipe 35 controlled by valve 36 connects with the carbon
dioxide line 24 in order to permit venting or what 1s pro-
bably more desirable In practice, introductlon of carbon
dioxide from outside sources to inltially secure the level
of concentration required for sald operation.

8o alac a branch pipe 37 controlled by valve 38
connects with the pipe 25 from a carbon dioxide 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 4D permits venting of the residual
hydrogen and hydrocerbon stream from the polymerization unlt.
From the foregoing it will be obvious to one skllled in the
art that the process may be so continuocusly operated that
the mixture of fresh feed synthesis gas and recycle gas can
be maintained at that composition required for operation in
accordance with the present inventlon.

In accordance with one apecific example of the pre-
gent Invention, there is provided a typlecal reactor of c¢ylin-
drical form having a £illing of catalyst comprising a powder-
ed iron catalyst of about 200=400 mesh, about 85% passing
through a 325 mesh screen. The catalyst has Incorporated
therein by welght about 1.5% potassium oxide (K0} and 2%
alumina (Alzoa) and is condltioned by use until a ataﬁe ot
gsettled operation is reached. A stream of reactant gas is
fed upwardly through the mass of catalyst at a 11naarﬁfelocity
suffiolent to hold the catalyst powder in a conditlon of
dense phase fluldization, and at an overall rate of 120 stan-
dard oubic feet per hour per pound of iron. The reaction
temperature 1s continually maintained throughout the mass of
catalyst at about 607°F, by lnternal coolling surfaces immer-
ged in the catalyst. The pressure is 235 lbs. per square
inch gauge.

The total feed gas fed to the reactor has the

=12-
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following composition:-

H, 19.4 mol percent
co 6. M "
Co 22.4 "

6 Less than 0.1%

H
Rgmainder - Normally gaseous hydrocarbons
with about 3.3% nitrogen

The total feed 1s derived in the present Iinstance
by condensing and separating normally liquid components of
the resctor effluent st a temperature of about 100°F, and a
pressure of about 235 pounds per square Inch gauge and re-
cycling the normally gaseous products of reaction into a
typleal fresh feed synthesis gas in the ratio of 5.6:1.

The effluent gases are filtered to remove entrained parti-
cles of catalyst and the products rescoversd with a net yield

of about 9% carbon dloxide based on the total carbon monoxlde

1 consumed. The yleld of hydrocarbons, including 3% oxygenated

hydrocarbons, on the same basis, amounts to about 91%. The
hydrocarbon products are predominantly of normally liquid
¢haeracter, bolling within the motor gesollne range and highly

|l unsaturated,

Somewhat aimllar results are achleved where the

‘;fotal feed includes less thean 0.1% water, the carbon monoxide

concentration is about 13%, the hydrogen concentratiop is
raised to about 4L0.0%, and the carbon dloxide sbout 18%.
This presupposes the same operating condlitions as previcusly.
Where the reaction temperature 1s reduced to 600°F. or
thereabouts but the other conditjions remain unchanged, the
net'ﬁroduction of ocarbon dioxide willl increase in a very
minor respect, but ocan readily be adjusted a3 above by a
relatively minor increase in CO, concentration, inerease in
H,:C0. ratio, decrease In CO content in the feed, or combina-
tion thereof.

In accordance with anocther example usling the same

equipment, catalyst and reaction condltlionsa as above, there
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is substituted a total feed gas of the following composition:

H2 20.3 mol percent
co 5.3 n n
002 26,7 " »
H,0 vapor Less then 0.1%

Rémainder - Normelly gaseous hydrocarbons
with about 3.2% nltrogen

In accordance with this example, conditlens approx-
{mate those in the earlier example, except that average tem-
perature 1s about 618°F. and pressure is 205 pounds per
sguare inch gauge. The effluent gaseous reaction products
withdrawn contain on molar basis about 1.2% of carbon mon-
oxide, and yield about 97.0% of Cy and heavier hydrocarbons
on the basis of the carbon monoxide converted. There 1s in
addition a yield of about 10% of C; and ¢, hydrocarbons, and
about 5.0% of water soluble oxygenated compounds.

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

As previously indloated, any intermedlate predeter-
mined net carbon dioxide produotion intermediate batween
those disclosed by the foregolng illustrative e;amples, is
obtalnable by appropria@e ad justment of the feed gas stream
oémpoéition in accordahoe with the foregoiﬁg prinoipléﬁ. |

It 18 important to note that the foregoing examples
are subjecf to some variation in degree depending upon the
apecific type of catalygﬁ and reaction technique employed,
ag well as the pressure and the temperatures prevailing.

In eny event, however, the variation is relatively mipnor and
oan readily be determined in accordance with the foregeing
principles by a series of preliminary test operations.

In particular, varistion in temperature of the re-
action assumes some special significance. Thus while the

present catalytic process is operative generally within
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the range of 550 to 700°F, using iron catalysts, a temperature
of about 600 to 650°F. 1= usually requisite for the productlon
of hydrocarbons predominately in the gasoline boiling range.
In general, as temperatures are lncreased, the
tendenoy toward net carbon dloxide production decreases
somewhat. Stated in enother way, a decrease in synthesls
temperaturs imposes some limltation on the gynthesis gas
composition where any predetermined carbon dioxide production
or consumption is to be maintained., Under such conditions

it will be seen that when the temperature is lowered 1t may be
necessary to readjust conditions by lncreasing oarbon dlox-
ide content, decreasing the carbon monoxide content, 1noreas-
ing the H,:C0 ratio, or by combinations thereof. For example,
in changing a reactor temperature from 650 to 600°F., a

minor iperease in the content of carbon dioxlde in the feed
gas will usually serve to maintain the same net carbon dioxide
product ion.

If, however, the molar percentage requirement of
earbon dipxide becomes excessive it 13 possible to readjust
the carbon monoxide molar percentage downwardly or to in-
crease the ﬁzzco ratio upwardly, or to resort to both of
o these aippdients in order to securs a condltion under whioch
 “the mglar proportion of ocarbon dioxide produced will ﬁe |

1tmited to the predetermined figure.

I E 1' As indiohﬁéa-aboye, the present invention is broad-
‘ly appl;ééhle to the various types of catalyst contact tech-
;'nidne with whigh we are awere using lron type ocatalysts and
mey be applied to operation either In a single stage or a
plurality of stages in series with or without Ilntermedlate
condensation ﬁnd removal of water vapor and/or h&drocarbon
products, Furthermore as indlcated above, the exact compo-

sition of the fresh feed synthesis gas 18 not normally eoriti-

cal since the recycle stream permits adjustment of the fresh
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feed gases to eny reasonable total feed gas composition. Thus
it has been our experishce that the tall or recycle gases
normally contain a substantlally higher Ho:CO ratio than the
original feed gases and, as clearly shown, are low ln carbon
monoxide content, permitting wide latitude 1n controlling
such characteristics in the total feed gas.
It is to be noted that the term hydrocarbons as
used herein 1s intended also to include the oxygenated hydro-
carbon compounds usually inevitably formed to some proportion
but capable of being produced 1p predetermined proportion,
where desired, by an appropriate increase i{in pressure as is
fully known. The inventlon accordingly contemplates any
conventional veriation in reaction pressure and temperatures
suitable and &ppropriate to vary the product distribution in
view of the speclific products required, Moreover, the inven-
tion contemplates the use of iron catalysts in substantially
any familiar form whether in the condition of metallic par-
ticles or whether supported upon any suitable carriers such
as diqtomaceous earth, silica gel or the llke.

Obviously many modificetions and variations of the

invention aas set forth above may be made without departing

from the spirit and scope thereof and therefore only such
limitations should be imposed as are indicated in the appen-
ded claims. '

16—
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The embodiments of the invention in which an exclu-

sive property or privilege is claimed are defined as follows:

1. In the production of hydrocarbons, oxygenated
hydrocarbons and the like by the catalytic reduction of a car-
bon oxide with hydrogen wherein a continuous stream of react-
ant gas containing substantial proportions of hydrogen, carbon
monoxide and carbon dioxide is passed in contact with an iron
synthesis catalyst under predetermined conditions of reaction|
inciuding an elevated temperature effective to form said prod-
uct compounds, a substantial conversion of carbon monoxide
into said compounds is effected, and the effluent products of
reaction are withdrawn from the catalyst, the improvement whig
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 mon-
oxide, less thah 1% of water vapor, and having a Hz:C0 ratio

of at least 3:l.

2. In the production of hydrocarbons, oxygenated
hydrocarbons and.the like by the catalytic reduction of a
carbon oxide with hydrogen wherein a continuous stream of
reactant gas containing suﬁstantial 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 cafbon
monoxide into said compounds is effected, and the effluent
products of reaction are withdrawn from the catalyst, the
improvement which comprises regulating the said stream of
reactant gas supplied to the catalyst to a composition contain

ing at least about 15% of carbon dioxide, not more than about

4
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15% of carbon monoxide, not more than 3% of water vapor, and
having a H,:C0 ratio of not leas than 2.5:1.

3. In the production of hydrocarbons, oxygenated
hydrocarbons and the like by the catalytic reduction of a carg
bon oxide with hydrogen wherein a continuous stream of reacte
ant gas containing substantial proportions of hydfogen, carbon
monoxide and carbon dioxide is passed in contact with an iron
synthesis catalyst under predetermined conditions of reaction,
including an elevatedrtemperature in the range of about 550-
700°F. effective to form said product compounds; 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 comprises regulating the said
stream of reactant gas supplied to the catalyst to a composi-
tion containing at least about 15% carbon dioxide, from about
5 to not more than about 15% of carbon monoxide; not more thar
0.;% of water vapor; and having a Hp:C0 ratio of at least
about 3:1. ‘

] 4. The process defined in olaim 3 wherein the
hydrocarbons produced are normally liquid compounds produced
at an elevated temperature of about 600-650°F.

. 5. In the production of hydrocarbons; oxygenated
hydrocarbons; and the like by catalytic reduction of :carbon
| oxide with hydrogen, the process comprising continuously passing
a stream of reactant gas containing substantial proportions of
hydrogen, carbon monoxide and carbon dioxide in contact with 4
fluldlzed iron catalyst at a temperature 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 reaction zone, maind

taining the reactant compoasition supplied to the catalyst such
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that the carbon dioxide content is at least 15 mol percent,
the carbon monoxide cuntent does not exceed about 15 mol per-
cent, the water vapor content is not in excess of about 3 mol
percent, and the hydrogen amounts to at least 2.5 mols per
mel of carbon monoxide, effecting conversion of at least a
major proportion of the carbon monoxide into said product comd
pounds, and removing from the reaction gzone an effluent streaw

containing said product compounds,

6. A process according to claim 5 in which the
concentration of carbon dioxide in the reactant feed is main-
tained sufficiently high so that there is substantially no net

production of carbon dioxide.

7. The process according to claim 5 in which the
concentration of carbon dioxide in the reactant feed is maine
tained sufficiently high so that the net production of carbon

dioxide is less than about 10% of the converted carbon monoxide

8. In the production of hydrocarbons, Qxygenated
hydrocarbons and the like by catalytic reduction of carbon
oxide with hydrogen, a process comprising passing a stream of
reactant gas containing substantial proportions of hydrogen,
carbon monoxide and carbon dicxide in contact with an iron

synthesis catalyst in a reaction zone maintained under super-

tmospheric pressure and at a temperature in the range about
50 to 700°F., effective to form said product compounds, main-
aining the.composition of said stream of reactant gas such

hat the carbon dioxide content is at least a bout 15 mol per-
ent; the carbon monoxide content does not exceed about 15 mol

ercent, the water vapor content is not in excess of sbout

-
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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 monoexide,
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.,

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 mol percent.

10. The process according to claim 8 in which the
effluent products of reaction are withdrawn from the reaction
zone after a comtact time such that the effluent stream con-

tains at least about 1% carbon monoxide on the molar basis.

11. 1In the production of hydrocarbons, oxygenated
hydrocarbons and the like by catalytic reduction of carbon
oxide with hydrogen, the process comprising passing a stream
of reactant gas containing substantial proportions of hydrogen.
carbon monoxide and carbon dicxide in contact with a fluidized
iron synthesis catalyst in a reaction zone at a temperature in
the range of about 550 to 700°F. and under a pressure, in the
range 200 lbs. per sq. in. gauge and higher, maintaining the
composition of said stream of reactant gas such that the car-
bon dioxide content is at least about.l5 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 per-
cent and the ratio of hydrogen to carbon monoxide is at least

2.5:1 and such that the net production of carbon dioxide is
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substantially suppressed, 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.

12. The process according to claim 11 in 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 accordirg te claim 11 in which the
effluent products of reaction are withdrawn from the reaction
zone after a contact ti.e such that Lhe effluent stream con-

tains at least about 1% carbon monoxide on the moclar basis.
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Certified to be the drawings referred to
in the specification hereunto annexed.

Otteawa,Canada  January. Zth. oo -
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