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_ The present invention relates to the synthesis of
hydrocarbons and oxygenated hydrocarbons, particularly those
having a molecular weight greater than that of carbon mon-
oxide by the catalytic reduction of carbon monoxide with
hydrogen, in the presence of a catalyst in tluid condition.

In accordance with the present invention, an iron
catalyst is maintained in a condition of dense phase fluidiza-
tion by the upflowing reactants which make predetermined
contact with the catalyst under selected operating conditions,
ineluding a temperature within the optimum operating range.
The stream of reactant gases comprises carbon monoxide and
hydrogen with or without other typical additions, in suitable
proportions, and the effluent products are withdrawn from
contact with the catalyst after conversion of a ma jor porticn
of the carbon monoxide, but while they still contain not less
than about 1% and preferably not less than about 2% of carbon
monoxide, expressed on the molar basis. In short, it has
been discovered that where the reaction is carried materially
beyond a point where there is at least about 1 mol percent of
carbon monoxide in the effluent products, fluidization is
impaired and the process tends to hecome economically
impractical.

On the other hand, it is usually advantageous Lo
carry the reaction to a level of conversion approximating
this lower 1limit since at higher concentrations of carbon
monoxide the reaction goes forward rapidly and without un-
desirable.effect on the catalyst or product distribution.
Thus, while it is necessary to withdraw reaction products
before the carbon monoxide concentration has fallen below

about 1% and preferably before it has fallen below about 2%,
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best results are obtained bv a close approach to this limit
of about 2% or, at most, 3% of carbon monoxide on a molar
basis.

More specifically, it has been discovered that the
fluidized catalyst in guestion must maintain more or less
uniform fluidizing characteristics if good and consistent
fiuidization is to be held over any reasonable period on
stream under reasonably constant reaction conditions. Thus
for any predetermined contact between a [eed gas, and a
fluidized catalyst mass of selected depth and character, the
catalyst must not vary materially in respect to its optimum
settling rate or kindred physical characteristics. Other-
wise fluidization may be impaired or unfavorably altered.
Where the settling rate of the catalyst increases, the mass
tends to become relatively more dense at any predetermined
upflow of reactant gases. On thedcther hand, with the more
frequently encountered decrease in settling rate, the cata-
lyst tends to become progressively more and more aerated at
a fixed rate of reactant feed until vitimately it will tend
to f£ill the reactor and pass out with the products of reaction
This difficulty, which has been hitherto experienced in the
case of typical catalystsoperating at relatively high tempera-
tures, has been referred to as loss of the catalyst bed and
obviously presents a sericus impediment to the economic opera-
tion of the otherwise highly advantagecus production of hydro-
carbons in the presence of a fluid contact mass.

in accordance with the present invention, it has

further been discovered that loss of catalyst bed and the

related progressive variation from initial, optimum opera-

tion of the process can be overcome by terminating the
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reaction; that is, by witharawing the gasiform reaction efflu—@
ent from contact with the catalyst, while containing at least
about 1, and preferably not less than about 2 mol percent of
carbon monoxide. At ranges of carbon monoxide content materi-
ally lower than the foregoing, the gasiform reactants so
carbonize the catalyst as to cause a lowering of overall catalyst
density. Presumably, under such conditions there is a progresk
sive formution of a relatively light or low density carnon on
and about the particles of catalyst which progressively re-
duces the apparent catalyst density and accordingly the settl-
ing rate, until nltimately the entire mass tends to become
excessively aerated by the flow of reactant gases and pass
partly or completely out of the reactor.

While it is to be understood that the [oregoing
explanation is purely theoretical and conjectural and not
| intended as a limitation herein, nevertheless when operating
in accordance with the present invention, it is possible to
maintain the catalyst at, or reasonably approximating, pre-
determined conditions of density and settling rate over pro-
tracted periods of operation. On the other hand, in one
case, for example, an iron catalyst having an initial
fluidized density in the neighborhood of 70 1lbs. per cubic foog
after a comparable, extended period of fluid operation with
a reaction effluent having a carbon menoxide concentration
substantially less than 1 mol percent, will have a fluidized
density of 20 lbs. per cubic foot where the linear velocity
of the upflowing, fluidizing gases remains constant.

While the present invention is, in 1its broadest
sense, applicable to the treatment of feed gases containing
carbon monoxide and hydrogen in varying proportions, never-

theless in accordance with the preferred embodiment it is
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advantageous to operate with a total reactor feed of certain
preferred characteristics. For example, best results are
secured where the total mol percentage of carbon monoxide in
the feed is not substantially greater than about 15% of the
total gas feed entering into contact with the catalyst. As
will be obvious from the foregoing, the reactant feed will
necessarily contain an amount of carbon monoxide in excess
of the minimum requisite in the reactor effluent and prefer-
ably not less than about 5% on the molar basis.

In view of the frequent occurrence of water vapor
in hydrogen~carbon monoxide feed gases of the present charac-
ter, it is pertinent to point out that the water vapor content
of the feed gas should advantageously be as low as pessible;
in any event, not greater than 3% on a molar basis, but prefer
ably as low as can be attaineé by condensation and separation
at, for example, 70 to 90°F., and at pressure of about 200 lbs
per square inch gauge; in other words, about 0.01% to 0.1%.

Moreover, the preferred total feed composition in~
cludes a molar propertion of hydrogen to the carbon menoxide
substantially greater than 2.5:1. 1In short, the mol ratic of
Hy:00 is advantageously well above 2.5:1, preferably above
about 3:1, as for example, 4:1, 5:1 or higher.

The reactant feed desirably comprises a substantial
proportion, preferably upwards of about 15%, of carbon di-
oxide, which tends to control the reaction by suppressing
net formation of carbon dioxide and which permits a lower
hydrogen to carbon monoxide ratic in the reactant gases with
the result that the production of light gaseous hydrocarbons

such as methane and ethane is decreased. Obviously, excess-
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ive production of the latter gases may be quite disadvantageou
when operating for the production of normally liquid hydro-
carbons. Noreover, the net production of carbon dioxide usu-
ally, beyond reasonable limits, represents an uneconomical
utilization of carbon.

The remainder of the gaseous feed, if any, best
comprises gases which are inert or which at least do not tend
to impair the course of the reaction. Thus even when operat-
ing with relatively pure reactant gases, the feed may contain
normally gaseous hydrocarbons. This is particularly true in
the case where a portion of the total reactant feed, at least,
comprises product gases recycled from the effluent of the
Vreactor.

The recycle of preferably normally gaseous reaction
products is of advantage in that it readily permits mainten-
ance of thé'optimum conditions defined above in connection
||with the composition of the total feed, affords a ready
gource of desired carbon dioxide for the feed, and permits
return of the normélly gaseous hydrocarbons to the reaction
zone where unsaturated gases tend to be consumed in the
course of the reaction.

Operation of the process with a feed gas meeting the
requirements of the preferred embodiment has numerous practi-
cal advantages. Thus in addition to suppression of carbon
dioxide and methane formation the process enables the efficilent
production of predominantly liquid hydrocarbons in the motor
gasoline boiling raﬁge with an iron type of catalyst.

Tn a typical operation at a temperature of 650°F,

and a pressure of 200 pounds per square inch gauge, and with

B




018058

a reactor feed oontaining about 65% of hydrogen, about 32%

of carbon monexide, and about 1% of carbon dioxide in a total
volume theoretically sufficient to produce one barrel of
liquid hydrocarbons, the carbon monoxide concentration will
fall to about 2% when only 0.7 of a barrel of oil has been syn-
thesized. To carry the reaction further entails the disadvan-
tages of foreing a reaction at extremely low reactant con-
centration aé well as the aforementioned deposition of light
elemental carbon on the catalyst. DMoreover, the effluent with-

drawn at this stage may comprise almost 28% C05 representing

a loss of carbon monoxide to an undesired by-product,

Under the same conditions but with about 20% of car-

bon dioxide, a carbon monoxide content well below 15% and a

hydrogen-carbon monoxide ratio of over 3:1, thefe is usually

Eo or only a negligible net production of éarbbn dioxide,
oreover, the carbon monoxide consumed is converted predominant

to desired liquid hydrocarbons.

In accordance with one illustrative example, a typi-
cal fluid reactor is provided with a charge of iron catalyst
'comprising substantially pure iron powder into which about
1.0% of potassium oxide {K0) and about 2% alumina (A1203)
have been incorporated as preomoters. The catalyst pqwder all
passes a 200 mesh screen with about 85% passing a 325 mesh
screen. The latfer fraction has a particle size distribution
of fairly broad range.

The feed gas comprises about 30.6% carbon monoxide
and about 64,3% hydrogen, the remainder being éarbon dioxide,
methane and a very small proportion of nitrogen. The reactor
is maintained at an internal operating temperature of 650°F.

and a pressure of 250 pounds per square inch. During opera-
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‘going conditions, for’a period of about 2 days until settled
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tion thé aforementioned temperature is controlled by appropri-
ate cooling surfaces immersed in the reéction ZOne .,

The feed gas is passed upwardly through the mass of
catalyst at a linear gas velocity of 1.2 feet per second
sufficient to-maintain‘the powdered contents in a state of ’
uniform dense phase fluidization,

The level of catalyst in the reactor is ad justed
so that the effluent gases withdrawn from contact with the
catalyst contain about 2.3% carbon monoxide, on the molar
basis.

The fresh catalyst is first subjected to a period

of conditioning by passing in fresh feed gas, under the fore-

operation has been reached with a constant yield of liquid
hydrocarbons,. At this time the fluidized density of t he
catalyst is between 40 and 45 pounds per cubic foot., There-
after operation is.continued, the gaseous products of re-
action being withdrawn from the upper surface of the catalyst,
separated from entrained solid particles in a cyclone separatd
and subjected to condensation and separation at a temperature
of about 70°F. and a pressure of 250 pounds per square inch
gauge yielding a liquid hydfocarbon layer corresponding to
about 65% of the carbon monoxide consumed. About 60% of
this hydrocarbon layer comprises products boiling in the motorx
gasoline range. Operating in this manner, contact time is
apprbximately 25 seconds.

It is particularly significant to note that the
bed of catalyst remains fairly constant at a fluidized
density of between 40 and 45 pounds per cubic foot over an

operating period of four hundred hours.
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In accordance with a parallel example carried out
under the same conditions, except that the bed depth and
contact time is substantially increased so that the effluent
reactor stream contains only about 0.7% carbon monoxide by
volume, there is a material decrease in catalyst bed density.
More specifically, within a period of operation of only 200
hours, the fluidized bed density is decreased progressively
to about 25 pounds per cubic foot. Moreover, the mass of
catalyst swells more or less inverssly to its decrease in
density and the overall yield of hydrocarbons boiling in the
metor gasoline range decreases quite materially.

In accordance with another example, otherwise the
same as the foregoing, a portion of the effluent reaction
products, after condensation and separation of the normally
liquid compounds, are recycled to the incoming fresh feed
and passed through the reactor in admixture therewith at
a linear velocity of 1.2 feet per second, in the ratio of
about 1:1, and the reactor effluent withdrawn at carbon mon-
oxide concentration of about 2 mol percent. The catalyst
density similarly remains at 40 to 45 pounds per cubic foot
after 4LOO hours of operation. The recycle feed is relatively
rich in hydrogen and light gaseous hydrocarbons and contains
a material proportion of carbon meonoxide greater than the
carbon meonoxide content of the fluid reactor effluent gases
by virtue of separation of the normally liquid constituents.
Obviously, with a feed of this type, therefore, the total feed
will contain a smaller proportion of hydrogen and carbon mon-
oxide than in the previous example, the feed including, for
example, approkimately the following: about 14% CO; about 20%
C0,; about 35% hydrogen; the remainder being the aforementione

diluents.
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Obviously, the carbon monoxide content in the ef-
fluent stream ITom the reactor is dependent upon a number
of factors includiﬁg the type of catalyst, reaction condi-
tions, contact time and feed composition. [ssentially, how-
ever, with any given reactor under predetermined conditions
of reaction, the carbon monoxide content of the effluent re-
action products is determined by contact time which in turn
depends on such factors as the rate at which the gases pass
through the reactor, and the depth of the catalyst bed.
While the linear internal rate of gas flow may usually be
varied somewhat without adversely affecting the operation,
nevertheless for any substantial regulation of contact time,
it is usually superior to select an appropriate catalyst bed
depth usually by appropriate experiment.

The invention accordingly contemplates withdrawal
of reactor effluent after a substantial portion, prererably
a major portion, of the carbon monoxide in the feed has been
converted but before the carbon monoxide content of the
effluent has fallen below about 1%, preferably before below
about 2.0%. Advantageously, the operation is controlled to
obtain a carbon monoxide conversion egual to at least 85%
and usuwally 90 to 95% of the carbon monoxide in the fresh
feed, the yield of C3 and heavier hydrocarbons corresponding
to 75 to 80% of the converted carbon monoxide.

The present invention may utilize catalysts contain+
ing any typical modifying agents in the usual proportions.
Such, for example, are the so-called activating and promoting
additions of the type exemplified by titanium oxide, alkali
metaz) oxices, alkaline earth metal oxides, alumina, zirconia

and many others. The specific mouifying agent and the
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proportion in which it is included in the catalyst, per se,
form no part 5f tiae present invention and may follow con-
ventional practice, On the other hand, it has been found
that best results are obtauined where a substuntizl proportion,
as for exanmple, 1 to 2% of an alkali metal modifier, such as
potassium carbonate, is present in the catalyst,

50 also, it is important to note that the particular
temperatures and pressures of operution are apparently fully
independent of the present invention and may follow the
typical procedure in the art. In other words, temperatures
and pressures will be characteristic of those optimum for the
particular catalyst selected and the predominant preduct
desired. For a typical iron catalyst temperatures will usu-
ally vary from about 550-700°F. at pressures above atmos-
pheric, preferably at about 200 to 300 pounds per square inch
gauge.

In general, reference above to nydrocarbons may be
considered as applicahle to the usual products of the reduc-
tion of carbon monoxide by hydrogen, including not only
petroleum hydrocarbons but also oxygen-containing compounds,
such as the numerous aliphatic alcohols, organic acids,
ketones, aldehydes and the like, which may be produced by
the present process. As is known, predominantly ligquid hy-
drocarbons result fromroperations carried out with typical
iron catalysts, under the reaction conditions indicated in
the above example, At lower temperatures, somewhat higher
molecular weight compoundas tend to result while at higher
temperatures the trend is toward gaseous hydrocarbon products,
Predominantly oxygenated compounds tend to be produced at

higher operating pressures.
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Cbviously, many modificatlons and variations of the
invention as hereinbefore set forth may be made without
departing from the spirit and scope thereof and only such

limitations should be imposed as are indicated in the follow-

ing claims,
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The embodiments of the invention in which an exclu- i

Live property or privilege is claimed are defined as follows:
1. In the synthesis of hydrocarbons, oxygenated
hydrocarbons and mixtures thereof by the catalytic reduction
pbf carbon monoxide with hydrogen wherein a stream of synthesis

Eas comprising hydrogen and carbon monoxide is passed upwardly

n contact with a solid particle, iron hydrocarbon synthesis
catalyst at a temperature in the range of about 550-7000F. and
bt a linear velocity such that the catalyst particles are main-

Lained in a state of dense phase fluidization with a predeter-

ined upper interface from which the effluent reaction product
tream is continuously withdrawn, the improvement of maintain-
ng high yields of the desired products of reaction under con=-
itions suppressing the decrease in catalyst particle dénsity
d the resulting loss of catalyst bed due to deposit of low
ensity carbon on the catalyst particles, by introducing a
ynthesis gas comprising hydrogen and carbon monoxide in a

elative molar ratio at least 2.5:1 and containing at least 15

ol % carbon dioxide into contact with the .said fluidized catalys

Maintaining said gas in contact with said fluidized catalyst
til a predetermined portion of the carbon monoxide is con-
erted into said desired products of reaction, withdrawing the
eactant gas stream from said upper interface of the catalyst
en the remaining unconverted carbon monoxide contained there-

is in the range of about 2-3% by volume of the withdrawn

ream, and recovering desired products of reaction from the
thdrawn stream.

2. The method according to Claim 1 wherein the
atalyst particle density is maintained above about LO pounds
r cubic foot.

3. In the process of synthesizing hydrocarboas,
c&ygenated hydrpcarbons and mixtures thereof by the catalytic

" fleduction of carbon monoxide with hydrogen, wherein a stream

/3
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:3”;;:£éactant gas comprising substantial proportions of hydrogen
hnd carbon monoxide is passed upwardly in contact with a solid
particle, iron hydrocarbon synthesis catalyst at a tempera-
ture in the range of about 550-700°F. and at a linear velocity
such tﬁat the catalyst particles are maintained in a state of

Hense phase fluidization with a predetermined upper interface

rom which the effluent reaction product stream is continue
usly withdrawn, the improvement of maintaining high yields

f the desired products of reaction under conditions suppress-
ng the decrease in catalyst particle density and the resulting
ogss of catalyst bed due to deposit of low density carbon on
the catalyst particles, by introducing the reactant gas into
contact with the fluldized catalyst, maintaining said intro-
luced reactant gas in contact with sald fluidlzed catalyst

intil a predetermined proportion of the CO is converted into

esired products of reaction and wibhdrawing.said reactant gas
tream from the said upper interface of the catalyst when the
emaining, unconverted CO contained therein falls in the range
bf not greater than 3% and not less than about 1% by volume

bf the withdrawn stream, and recovering desired products of
freaction from the withdrawn stream.

4. The process according to claim 3, wherein the
products of reaction withdrawn from contact with the catalyst
tontain not lasé than about 2% by volume of carbon monoxide.
5. The method according to claim 3, wherein said
stream of reactant gas passed in contact with fluidized
batalyst comprises hydrogen and carbon monoxide in a relative
olar ratio not less than about 2.5:1, substantially free from
[a;er vapor, and containing at least about 15 mol percent of
parbon djoxide,

6. In the process of synthesizing hydrocarbons,
pxygenated hydrocarbons and mixtures thereof by the catalytic
reduction of cérbon monoxide with hydrogen, wherein a stream

pf reactant gas comprising a mixture of substantial proportions

24
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of hydrogen and carbon monoxide, including some H20 and COZ’
is passed upwardly in contact with a solid particle, iron
hydrocarbon synthezis catalyst at a temperature in the range
of about 550-700CF., and at a linear wveloelty such that the
catalyst particles are maintained in a state of dense phase
fluidization with a predetermined upper interface from which |
the effluent reaction product stream is continuocusly withdrawn,
the improvement of maintaining high yields of the desired
products of reaction under conditions suppressing the decrease
in catalyst particle density and the resulting loss of catalysy
Ped due to deposit of low density carbon on the catalyst
particles, by supplying a stream of reactant gas into contact
with the fluidized catalyst comprising a gaseous mixture in

hich the molar ratio of 82 to CO is at least 2.5:1, the con-
l ent of H20 is not more than that corresponding to saturation

t about 909F., the content of CO is between about 5 and 15 molj

ercent, and the content of 002 is at least about 15 mol per-

cent, maintaining said reactant gas in contact with said

fluidized catalyst until a predetermined portion of the carbon

onoxide is converted into desired products of reaction and
ithdrawing said reactant gas stream from the said upper inter-
ace of the catalyst when the remaining unconverted carbon
onoxide contained therein falls in the range of not greater
han about 3% and not less than about 1% by volume of the withd
rawn stream, and recovering the desired products of reaction
roﬁ the withdrawn stream.

7. The process according to claim 6, wherein the

tream of gaseous feed mixture supplied into contact with the
atalyst comprises H, and CO in a relative molar ratio sub-

tantially greater than 2.5:1.






