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2- Claims.

The present inverntion relates to the synthesis
of hydrocarbons and oxygenated hydrocarbons,
particularly those having g molecular weight
greater than that of carbon monoxide, by the
catalytic reduction of carbon monoxide with hy-
drogen in the presence of a catalyst in fluid con-
dition.

In accordance with the present invention, an
iron ecatalyst is maintained in a condition of
dense phase fluidization by the upflowing re-
actants which make predetermined contact with
tHe catalyst under selected operating conditions,
meluding a temperature within the optimum op-
erating range. The stream of reactant gases
comprises carbon monoxide and hydrogen with
oy without other typical additions, in suitable
proportions, and the efluent products are with-
drawn from contact with the catalyst after con-
version of a major portion of the carbon mon-
oxide, 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 efluent products,
fluidization is impaired and the process tends to
become economically impractical.

On the other hand it is usually advantageous
to carry the reaction to a level of conversion ap-
proximating this lower limit since at highet con~
centrations of carbon monoxide the réaction goes

forward rapidly and without undesirable effect on

the catalyst or product distribution. Thus, while

it is necessary to withdraw reaction products be~ ;

fore the carbon monoxide concentration has
fallenr below about 1% and preferably before it
has fallen below about 2%, best results are cb-
tained by 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 question must maintain
‘more or less uniform fluidizing characteristics if
-good and consistent fluidization ig to be held over
any reasonable period on stream under reason-
-ably constant reaction conditions. Thus for any
predetermined contact between a feed 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. Otherwise fluidization
may be impaired or unfavorably altered. Where
the settling rate of the -catalyst incredses, the
mass tends fo becoine relatively more dense ab
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any predetermined upflow of reactant gases. On
the other hand, with the more frequently encoun-
tered decrease in settling rate, the catalyst tends
to become progressively more and niore aerated at
a fixed rate of reactant feed until ultimately it
will tend to fill the reactor and pass out with
the products of reaction. This difficulty, which
has been hitherto experienced in the case of
typical catalysts operating at relatively high tem-
peratures, has been referred to as loss of the cata-
lyst bed and obviously presents a serious impedi-
ment to the economic operation of the otherwise
highly advantageous production of hydrocarbons
in the presence of 4 fluid eontact 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 operation of the process can be over-
come by terminating the reaction; that is, by
withdrawing the gasiform reaction effiuent from
contact with the catdlyst, while containing at
least about 1 and preferably not less than about 2
mol percent of carbon monoxide. At ranges of

« carbon monoxide content materially lower than

the foregoing, the gasiform reactants so carbonize
the catalyst as to cause a lowering of overall cata-
lyst density. Presumably, under such conditions
there is a progressive formation of g relatively
licht or low density carbon on and about the
particles of catalyst which progressively re-
duces the apparent catalyst density and accord-
ingly the settling rate, until ultimately the entire
mass tends to become excessively aerated by the
flow of reactant gases and pass partly or com-
pletely out of the reactor.

While it is to be understood that the foregoing
explanation is purely theoretical and conjectural
and not intended ag a limitation herein, never-
theless: when operating in accordance with the
present invention, it is possible to maintgin the
catalyst at, or reasonably approximating, prede-
termined conditions of density and settling rate
over protracted periods of operation. On the
other hand, in one case, for example, an iron cat-
alyst: having an initial fluidized densify in the
neighborhood of 70 lbs. per cubic: foot afler a
comparable, extended period of fluid operation
with a.reaction efifuent having a ¢arbon monoxide
concentration substantially less than 1 mol per-
cent, will have 2 fluidized dersity of 20 lbs. per
cubic: foot where the linear velocity of the up-
flowing, fluidizing gases remains constant.

While the present.invention is, in its broadest
sense, applicable to the treatment of feed gases
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containing carbon monoxide and hydrogen in
varying proportions, nevertheless in accordance
with the preferred embodiment it is advantageous
to operate with a total reactor feed of certain
preferred characteristics. For example, best re-
sults are secured where the total mol percentage
of carbon monoxide in the feed is not substan-
tially 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 preferably 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 character, it is pertinent to point
out that the water vapor content of the feed gas
should advantageously be as low as possible; in
any event not greater than 3% on a molar basis
but preferably as low as can be attained by con-
densation and separation at, for example 70 to
90° F.,, and at pressure of about 200 Ibs. per square
inch gauge; in other words, about 0.01% to 0.1%.

Morecver, the preferred total feed composition
includes a molar proportion of hydrogen to the
carbon monoxide substantially greater than 2.5:1.
In short, the mol ratio of H2:CO is advantageous-
lv 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 sub-
stantial proportion, preferably upwards of about
15%, of carbon dioxide, which tends to control
the reaction by suppressing net formation of car-
bon dioxide and which permits a lower hydrogen
to carbon monoxide ratio in the reactant gases
with the result that the production of light gas-
eous hydrocarbons such as methane and ethane is
decreased. Obviously excessive production of the
latter gases may be quite disadvantageous when
operating for the production of normally liquid
hydrocarbons. Morecover the net production of
carbon dioxide usually, 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 operating 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 reactor.

The recycle of preferably normally gaseous re-~
action products is of advantage in that it readily
bermits maintenance of the optimum conditions
defined above in connection with the composition
of the total feed, affords a ready source of de-
sired carbon dioxide for the feed, and permits
return of the normally gaseous hydrocarbons to
the reaction zone where unsaturated gases tend
to be consumed in the course of the reaction.

Operation of the process with g feed gas meet-
ing the reguirements of the preferred embodi-
ment has numerous practical advantages. Thus
in addition to suppression of carbon dioxide and
methane formation the process enables the ef-
ficlent production of predominantly liguid hydro-
carbons in the motor gasoline boiling range with
an iron type of catalyst.

In a typical operation at a temperature of 650°
F. and a pressure of 200 pounds per square inch
gauge, and with a reactor feed containing about
85% of hydrogen, about 329 of carbon monox-
ide, and about 1% of carbon digxide in a total

10

15

20

25

30

35

40

50

60

70

75

4

volume theoretically sufiicient to produce one
barrel of liquid hydrocarbons, the carbon mon-
oxide concentration will fall tc ahout 2% when
only 0.7 of a barrel of oil has been synthesized.
To carry the reaction further entails the dis-
advantages of forcing a reaction at extremely
low reactant concentration as well as the afore-
mentioned deposition of light elemental carbon
on the catalyst. Moreover the effluent withdrawn
at this stage may comprise almost 28% CO:z rep~
resenting a loss of carbon monoxide to an un-
desired by-product.

Under the same conditions but with about 20%
of carbon dioxide, a carbon monoxide content weil
below 15% and a hydrogen carbon monoxide
ratio of over 3:1, there is usually no or only a
negligible net production of carbon dioxide.
Moreover, the carbon monoxide consumed is con-
verted predominantly to desired liquid hydro-
carbons. )

In accordance with one illustrative example, a
typical fluid reactor is provided with a charge of
iron catalyst comprising substantially pure iron
powder into which about 1.0% of potassium oxide
(K20) and about 2% alumina (Al203) have been
incorporated as promoters. The catalyst powder
all passes a 200 mesh screen with about 854
passing a 325 mesh screen. The latter 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 re-
mainder being carbon dioxide, methane and a
very small proportion of nitrogen. The reactor
is maintained at an internal operating tempera-
ture of 650° F. and a pressure of 250 pounds per
square inch. During operation the aforemen-
tioned temperature is controlled by appropriate
cooling surfaces immersed in the reaction 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 pow-
dered contents in a state of uniform dense phase
fluidization.

The level of catalyst in the reactor is adjusted
so that the efluent 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 foregoing conditions, for a period of
about 2 days until settled operaion has been
reached with a constant yield of liquid hydro-
carbons. At this time the fluidized density of the
catalyst is between 40 and 45 pounds per cubiec
foot. Thereafter operation is continued, the
gaseous products of reaction being withdrawn
from the upper surface of the catalyst, separated
from entrained solid particles in a cyclone sepa-
rator, and subjected to condensation and separs-
tion at a temperature of about 70° F'. and a pres-
sure of 250 pounds per square inch gauge yield-
ing a liquid hydrocarbon layer corresponding to
about 656% of the carbon monoxide consumed.
About 60% of this hydrocarbon layer comprises
products boiling in the motor gasoline range.
Operating in this manner, contact time is ap-
proximately 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. :

In accordance with a parallel example carried
out under the same conditions, except that the
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bed depth and contact time is substantially in-
creased so that the effluent reactor stream eon-
tains only about 0.7% carbon monoxide by
volume, there is & material decrease in catalyst
bed density. More specifically, within a period
of operstion: of enly 200 hours, the fluidized bed
density is decreased progressively to aboubt 25
pounds per cubiec foot. Mereover, the mass of
catalyst smells more or less inversely to its de-
crease in density and the overall yield of hydro-
carbons boiling in the motor gasoline range de-
creases quite materially.

In accordance with another example, otherwise
the same as the foregoing, a portion of the effiuent
reaction products, after condensation and sepa-
ration of the normally liguid compounds, are re-
cycled to the incoming fresh feed and passed
through the reactor in admixture therewith at
2 linear velocity of 1.2 feet per second, in the ratio
of about 1:1, and the reactor efluent withdrawn
at carbon monoxide concentration of about 2 mol
percent. The catalyst density similarly remains
at 40-45 pounds per cubic foot after 400 hours of
operation. The recycle feed is relatively rich in
hydrogen and light gaseous hydrocarbons and
contains a material proportion of carbon mon-
oxide greater than the carbon monoxide content
of the fluid reactor effluent gases by virtue of
separation of the normally liguid constituents.
Obviously, with a feed of this type therefore, the
total feed will contain 2 smaller proportion of
hydrogen and carbon monoxide than in the
previous example, the feed including, for example
approximately the following: about 14% CO;
about 20% COg2; about 35% hydrogen; the re-
mainder being the aforementioned diluents.

Obviously the carbon monoxide content in the
effuent stream from the reactor is dependent
upon 2 number of factors including the type of
catalyst, reaction conditions, contact time and
feed composition. Essentially, however, with
any given reactor under predetermined condi-
tions of reaction, the carbon monoxide content
of the efluent reactor products is determined by
contact time which in turn depends on such fac-
tors 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 scmewhat without adversely af-
fecting the operation nevertheless for any sub-
stantial regulation of contact time, it is usually
superior to select an appropriate catalyst bed
depth usually by appropriate experiment.

The invention accordingly contemplates with-
drawal of reactor efiluent after a substantial por-
tion, preferably a major portion, of the carbon
monoxide in the feed has been converted but be-
fore the carbon monoxide content of the effiuent
has fallen below about 1%, preferably before be-
low about 2.0%. Advantageously the operation
is. controlled to obtain a carbon monoxide con-
version equal to at least 85% and usually 90-25%
of the carbon monoxide in the fresh feed, the
yield of Cz and heavier hydrocarbons correspond-
ing to 75-80% of the converted carbon monoxide.

The present invention may utilize catalysts
containing 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, alkall
metal oxides, alkaline earth metal oxides,
alumina, zirconia and many others. The speci-
fic modifying agent and the proportion in which
it is included in the catalyst, per se, form no part
of the present invention and may follow conven-
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tional practice. On the other hand it has been
found that best resulfs are obtained where &
substantial proportion, as for example, 1 to 2% of
an alkali metal modifier, such as potassium car-
bonate, is present in the catalyst.

So also, it is important to note that the particu-
lar temperatures and pressures of operation are
apparently fully independent of the present in-
ventign: and may follow the typical procedure in
the:art. In other words, temperatures and pres-
sures will be characteristic of those optimum. for
the. particular catalyst selected and the pre-
dominant product desived. For a typical iron
catalyst temperatures will usually vary from
about 550700 P, at pressures above atmospheric,
preferably at about 200 to 300 pounds per square
inch gauge.

In general, reference above to hydrocarbons
may be considered as applicable to the usual
products of the reduction of carbon monoxide by
hydrogen, including not only petroleum hydro-
carbons 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 liguid hydrocarbons result from
operations carried out with typical iron catalysts,
under the reaction conditions indicated in the
above example. At lower temperatures, some-
what higher molecular weight compounds tend to
result while at higher temperatures the trend is
toward gaseous hydrocarbon products. Pre-
dominantly oxygenated compounds tend to be
produced at higher operating pressures.

Cbvicusly many modifications 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 following claims.

I claim:

1. In the synthesis of hydrocarbons, oxygen-
ated hydrocarbons and mixtures thereof by the
catalytic reduction of carbon monoxide with hy-
drogen wherein a stream of synthesis gas com-
prising hydrogen and carbon monoxide is passed
upwardly in contact with a solid particle, iron
hydrocarbon synthesis catalyst at a temperature
in the range of about 550-700° F. and at a linear
velocity 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 continu-
ously withdrawn, the improvement of maintain-
ing high yields of the desired products of reac-
tion under conditions suppressing the decrease
in catalyst particle density and the resulting loss
of catalyst bed due to deposit of low density car-
bon on the catalyst particles, by introducing a
synthesis gas comprising hydrogen and carbon
monexide in a relative molar ratio at least 2.5:1
and containing at least 15 mol percent carbon
dioxide into contact with the fiuidized catalyst,
maintaining said gas in contact with said fluid-
ized catalyst until a predetermined portion of
the carbon monoxide is converted into said de-
sired products of reaction, withdrawing the re-
actant gas stream from said upper interiace of
the catalyst when the remaining unconverted
carbon monoxide contained therein is in the
range of about 2-3% by volume of the withdrawn
stream, and recovering desired products of reac-
tion from the withdrawn stream.

2. The method according to claim 1 wherein
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the catalyst particle density is maintained above
about 40 pounds per cubic foot. :
EDWIN T. LAYNG.
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