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The present invention relates to the catalytic
interaction between carbon oxide and hydrogen
whereby liquid hydrocarbons are formed, and Is
more particularly concerned with maintenance
of catalytic activity throughout an extended
period of time.

It is well known that the reaction between car-

* pon monox‘de and hydrogen may he carried out

at an elevated temperature in the precence of
the familiar catalysts for this reaction with the
direct production of ‘hydrocarbons which are pre-
dominantly, normally liquid in character. It is,
however, important to maintain the reaction tem-
perature within selected narrow limits of opera-
tion in order to obtain the desired products. For
example, when using a selected catalyst under
given conditions of charge, space velocity, pres-
sure, and the like, there will be a narrow optimum
range of temperatures at which a maximum yield
of liquid hydrccarbons is produced. At higher
temperatures, all other conditions being the same,
the yield of liquid hydrocarbons will decrease and
the amount of gaseous conversion products will
increase. On the other hand, at lower tempera-
tures the percentage conversion will be materially
reduced. ‘ :

After a usually px;olonged period of operation,
however, the activity of the catalyst, as indicated
by a decrease in yiéld, particularly of liquid hy-
drocarbons, progressively declines. This loss of
activity is to be distinguished from that occa-
stoned by carbonaceous and other surface de-
posits, and capable of being overcome by conven-
tional steps of regeneration and revivification
involving removal of such surface deposits, re~
working of the catalyst, removal ‘of catalyst
poisons and the like. In short, it may and usually
does occur in spite of such conventional regen-
erating and revivification processes.

Such decline in activity may be overcome by
raising the temperature level of the catalyst
somewhat, as for example, 9 to 18° F,, but as indi-
cated above there is usually an accompanying
increase in gaseous hydrocarbon reaction prod-
ucts at the expense of liquid hydrocarbons. More-
over, in the case of a typical cobalt catalyst, an
increase of from 35 to 40° F. is all' that can be
tolerated before the desired product distribution
is altered so that normally gaseous hydrocarbons
exceed the liquid products, and by-product carbon
dioxide predominates over water vapor.

Tt is an object of the present invention to over-
come the foregoing disadvantages by providing
a method of operation whereby product yield is
maintained and product distribution held rela-
tively constant to the end that catalyst life is
materially prolonged beyond the time when dis-
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carding would normally be in order. A further
object contemplates an operation as above
wherein the range of temperatures at which high
yields of selected liquid products may be obtained
is materially extended.

In accordance with the present invention it
has been discovered that it is possible to maintain
a high level of catalyst activity with .re'atively
constant product distribution by periodically or
progressively, as activity tends to diminish, incor-
porating in the catalyst an alkali metal compound,

-~ ijn sufficient quantity, at least, to increase the
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proportion of alkali metal over the maximum
present in the catalyst during any previous period
of operation, while concurrently raising the oper-

_ating temperature to a new level where an in-

creased catalytic activity results. The alkall
metal compound is preferahly alkaline in reaction
and if it is a salt, it contains an acid radical which
is innocuous with respect to the activity of the
catalyst. As examples of the types of compounds
that are included within the scope of the inven-
tion there may be mentioned the alkali metal,
particularly sodium, carbonates, bicarbonates,
hydroxides, formates, acetates, citrates, fluorides,
porates, aluminates, tungstates, and the like.
Since the carbonates are readily available and
produce excellent results, it- is preferred to use
these compounds.

The incorporation of the alkali metal com-
pounds may be accomplished in any convenient
manner. For example, an aqueous solution
thereof may be sprayed upon the particles of
catalyst from a number of points so as to dis-
tribute the solution uniformly on the catalyst
surface. This may be followed by drying and
thereafter by resumption of the catalytic reac-
tion. Alternatively. there may be poured over
the catalyst, a solution of the alkali metal com-
pound of such strength that the quantity which
will be retained by contact mass contains the
selected addition of alkali. Drying is likewise
advisable before subsequent use.

The invention is particularly advantageous in
the case of a catalyst operating under the well
known conditions of dense phase fluidization
where. in the finely divided or powdered form,
jts particles are buoyed up or suspended in the
upflowing gaseous reactants. 'Thus aerated, the
catalyst particles, as is well known, vibrate in a
random pattern so that a condition of physical
uniformity and mixture tends to prevail through-
out the contact mass. Even under reaction con-
ditions, a solution of alkall metal compound
sprayed into the stream of reactant feed gases is
readily absorbed and evenly distributed on the
contact mass, and at the high temperatures nor-
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mally prevailing, seems to dry instantaneously.
Accordingly, the controlled introduction, prefera-
bly as a spray, of any selected aqueous solution of

alkali metal compound into the feed gases, affords -

an ideal means for adding alkali metal to a fluid-
ized catalyst mass.

The preferred catalysts to which the present
invention pertains are those comprising metallic
cobalt, together with s promoter such as one or
more of the oxides of thorium, magnesium, ura-
nium, manganese and vanadium on g suitable
supporting material, particularly a silicious ma-
terial, such as diatomaceous earth, silica gel, or
various clays. The catalysts may be prepared by
making up an aqueous solution of g mixture of
suitable compounds such as the nitrates, acetates,
and formates of the metals to be employed as such
or as the oxides, mixing the support with the solu-
tion, and then precipitating the metals as the car-
bonates by adding a suitable alkali metal carbo-
nate. After drying, the catalyst, if it is to be used
in a fixed bed reaction, is formed into pellets or
granules in any suitable manner. Thereafter,
prior to use in the reaction, the catalyst is re-
duced in s stream of hydrogen or hydrogen-con-
taining gases to convert the catalytic metal largely
to the free state. )

Moreover, alkali metal compounds may form a
valuable constituent of the catalyst. These may
be incorporated in the catalyst by using an excess
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of sodium carbonate, for example, to precipitate -

the metallic nitrates, in the foregoing process of
catalyst preparation, and then controlling wash-
ing so as to retain the desired amount of alkali
metal. Alternatively, the sodium carbonate may
be directly added to the exhaustively washed cat-
alyst.

The present invention is applicable either to a
catalyst having an initial selected alkali metal
content or to one free therefrom. In either case,
about 3% of alkali metal based on the weight of
cobalt in the catalyst represents the typical upper
limit beyond which the alkali content cannot be
raised without encountering results that are dis-
tinctly disadvantageous.
erating in accordance with the present invention,
it is advisable to start with a catalyst having an
alkali metal content as far bélow this limit as pos-
sible. In fact, a catalyst free or substantially free
of alkali metal gives the widest range of permis-
sible alkali addition and is to be preferred where
it gives the desired initial product distribution.

Advantageously, incorporation of additional
alkali metal compound in the catalyst should be

deferred until the activity of the catalyst has di- :

minished to an objectionable extent. If additions
of alkali metal compound are made at more fre-
quent intervals the aforementioned condition of
limiting alkali content is earlier approached. It
will be obvious, however, that the frequency of
alkali addition resolves itself into a mere eco-
nomic operating balance between the decrease in

-catalytic activity which can be tolerated, and:

availability of catalyst replacement. In any event,
the present invention permits a longer catalyst
life at higher activity than heretofore.

The addition of alkali metal compound need
only be sufficient to increase the proportion of
alkali meta] over any previous maximum propor-
tion. This normally, in the case of g cobalt cata-
lyst, means simply an increase over that con-
tained in the catalyst before the addition. How-
ever, in the case of other catalysts, such as iron,
operating under higher temperatures and in other
cases after extended periods of continuous use,

Therefore, when op- -
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there may be a decrease in alkali content due to
migration or loss from ‘the reaction zone. The
present invention contemplates incorporation of
sufficient alkali metal compound to compensate
for this loss and to provide g substantial addition.

For example, the addition may amount to about
0.30 to 0.40 per cent based on the weight of the
alkali metal as referred to the weight of the co-
balt. However, within the range from 0.10 per
cent up to the limit dictated by the above dis-
cussed limiting alkali metal content, improved
results are observed. :

As is true with respect to any catalyst for this
reaction, the optimum reaction temperature
should be determined prior. to continuing the re-
action for any extended period of time by making
short tests at various temperatures preferably
with representative samples of the catalyst. In
general, the cobalt type of catalysts produce op-
timum results at temperatures varying from
about 360° F. to about 460° F, In other words, the
optimum narrow temperature range for a given
catalyst will usually fall some place within these
limits, and, as indicated above, will be an increas-
ingly higher value as the proportion of alkali
metal in the catalyst increases.

For example, with an alkali metal addition of
about 0.3 to 0.4 per cent, as mentioned above, and
with a typical cobalt catalyst, the required in-
crease in temperature to reach the new optimum
range is generally about 9 to 18°. F. More or less

. comparable temperatiure alterations accompany-
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ing varying additions of alkali metal compound.

In order that the invention may be understood
more fully, reference will be had to the following
example: A cobalt catalyst was prepared as fol- -
lows: .

1975 grams of cobalt nitrate, Co(NQO3)2, 6H20,
26.1 grams of thorium nitrate, Th(NO3)s. 4H30,

40 and 867 grams of Filter-Cel (a diatomaceous
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earth) are mixed with suficient water to make up
five liters of aqueous mixture. Thereafter, 375
cc. of 2 magnesium nitrate solution prepared by
dissolving 222 grams of magnesius oxide in 750 ce.

‘of nitric acid plus sufficient water to make a vol-

ume of two liters is added to the mixture. After
stirring for one-half hour, the metals are pre-
cipitated in the form of the carbonates by the
slow addition of a ten per cent sodium carbonate
solution in an amount sufficient to effect complete
precipitation. The resulting mixture of precipi-
tates and support is filtered and washed ten times
with five liters of water each time. The mass is
dried to a water content of about 10 per cent,
ground to 40 mesh and pelleted in a conventional
pelleting machine having -5 inch dies.

The catalyst prepared as above described is
reduced in a stream of hydrogen at a tempera-~
ture of about 660° F'., and a space velocity of about
100 (100 volumes of hydrogen per hour per vol-
ume of catalyst) for 24 hours. The catalyst is
then conditioned by a stream of synthesis gas
consisting of a mixture of carbon monoxide and
hydrogen in a 1:2 molecular proportion, for six
hours, starting at a temperature of about 300° F.
and concluding at the temperature gradually
raised to about 392° F.

The reduced and conditioned catalyst, having a
bulk density of 0.45 g./cc., is used in a reaction
by passing a charge of synthesis gas consisting
of carbon monoxide and hydrogen in the respec-
tive molar ratio of 1:2, at a space velocity of
100 (100 volumes of charge gas per-hour per
volume of catalyst), in contact with the catalyst
at a temperature of 392° F. and at atmospheric
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pressure. The products are collected and ana-
lyzed with results approximately as follows:

Weight per cent of synthesis gas converted to—
Hydrocarbons .
Unconverted
Qasecous H,0 | COs
Liquid

CHj plus Heavier
Cy's than C2's

30 a ! 5 49 9 2

During a continuous period of operation of
about 336 hours, under the above conditions, the
catalyst activity progressively diminishes until
the product yield and distribution is as follows:

Weight per cent of synthesis gas converted to—
Hydrocarbons
Unconverted
Gaseous H,0 | COa
Liquid

CH, plus Heavier

Cy's than Cz’s
24 4 4 40 6 22

At this point the reaction is terminated, and

the catalyst is cooled and uniformly mixed with
"1500 cc. of water containing 3.0 grams of scdium
carbonate. The pellets are dried to a water con-

tent of about ten per cent and again subjected .,

to passage of synthesis gas under the same con-
ditions. as before except that the reaction tem-
perature is held at about 405° F. The product
yield and distribution was as follows:

Weight per cent of synthesis gas converted to—
Hydrocarbons .
' Unconverted
Gaseous H,0 | COz
Liquid - :
CH, plus Heavier
Cy's than Ci's
28 6 6 48 10 2

The foregoing addition of sodium carbonate
actually adds about 0.35% sodium based upon the
“weight of cobalt in the catalyst. After an ex-
tended period of operation when the catalyst
activity has diminished in the order indicated
above, a sodium carbonate addition is made in
the same manner as above and the process re-
sumed with a reaction temperature increase of
about 12° F. Thus, for example, after the third
addition of sodium carbonate (with an alkali con-
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This procedure may be continued until the
alkali metal content, on the above basis, reaches
about 2.85% with an operating temperature of
about 480° F. At this point, however, permanent
loss of activity has usually set in so that it may
be advisable to discard the catalyst at a some-
what lower alkali metal content depending upon
the economic availability of replacement catalyst.

. If, in the foregoing example, the reaction tem-
perature is increased without an alkali metal

. addition, there would be a decrease in yield of
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tent of about 1.05% on the foregoing basis) the -

product yield and distribution at a reaction tem-
perature of 428° F. is as follows:

Weight per cent of svnthesis gas converted to—
Hydrocarbons
Unconverted
Gaseous H:0 | CO;
Liquid 1. ’

CH; plus Heavier

Cy’s than Cz’s
2 7 7 45 | 12 3
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liquid hydrocarbons with an excessive increase
in gaseous products, particularly carbon dioxide
and methane. Obviously, therefore, the present
invention prolongs the effective life of the cata-
lyst, while maintaining the desired yields. -

As indicated above, it is not necessary to start
with a catalyst which is free of alkali metal. On
the contrary, we may commence the reaction with
a catalyst containing for example 0.58% or 1.20%
alkali metal (on the above basis) as taught -in

the aforementioned application, Serial No.

528,004, now Patent 2,437,051, with additions of
alkali metal compound at successive periods as
activity diminishes. Initial reaction tempera-
ture will be 410° and 428° F.., respectively, for the
two starting catalysts following the method of
preparation outlined in the previous example.

In general the amount of alkali metal com-
pound to be added, at each step, is the minimum
addition which will permit the required increase
in activity. Where activity is permitted to de-
teriorate to a greater extent than in the previous
example, a relatively greater addition may be
necessary. These statements, however, refer to
optimum operation, and where full resumption
of catalytic activity is not.desired, ‘lesser addi-
tions will suifice. .

It wjll be. understood that the foregoing -
examples are merely illustrative of specific appli-
cation of the invention and that other alkali
metals and their compounds are contemplated,
such as potassium, lithium, cesium, and rubid-
ium compounds, especially the carbonates.

While the use of cobalt catalysts forms a pre-
ferred embodiment of the invention, it is not so
limited, and in its broadest aspect is operable
to some extent with all familiar Fischer catalysts,
such, for example as other metals of the iron

o group, notably iron itself, nickel and ruthenium,.

together with any conventional promoters and
activators. The catalyst metal may be either un-
supported or else supported on any typical car-
rier such as silica gel, diatomaceous earth or the
like. ’

" It is to be understood, of course, that the tem-
peratures and proportions of alkali metal given
above for purposes of example, will necessarily
be modified to those characteristically optimum
for the alternative catalysts of the broad inven- .
tion. Thus, in the case of a typical iron catalyst
the initial reaction temperature will be about
600° ¥. at a pressure of about 200 pounds per
square inch gauge. Additions of alkali metal
compound and subsequent operating tempera-
ture will be made on this basis. As is true with
respect to any catalyst for this reaction, the
amount of the addition and the optimum operat~
ing temperature are best determined by advance
testing of a catalyst sample.

The invention is applicable not only to the
fixed bed and “fluid” catalyst operations men-
tioned above but also to foam type reactions and
reactions wherein the catalyst is suspended in
or continuously rinsed by a liquid vehicle such
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a8 8 “proper ofl” or water. When water is used
as-the suspending vehicle, the required addition
of alkali metal can advantageously be made by
simply increasing the alkalinity of the water.

The method may be varied within wide limits,
including the proportions of carbon monoxide
and hydrogen, reaction pressure, space velocity,
etc., since the effect of the addition of the alkali
metal compound is apparently independent of
variables other than temperature. :

Obviously many modifications and variations
of the invention as hereinbefore set forth may
be made without departing from the spirit and
scope thereof and therefore only such limitations
should be imposed as are indicated in the ap-
pended claims. :

We claim:

1. In a process for the reaction of carbon
monoxide and hydrogen to producé hydrocarbons
wherein the reaction is carried out at an elevated
temperature in the presence of a hydrocarbon
synthesis catalyst and the selectivity of the cata-
lyst for the production of normally liquid hydro-
carbons is favorably affected by a minor alkali
metal content of the catalyst and tends to de-
crease with use; the improvement which com-
prises adding alkali-metal compound effective to
increase said selectivity to the catalyst after a
period of use; and increasing the reaction tem-
perature to substantially that at which the
maximum . yield of liquid hydrocarbons is ob-
tained with the resulting catalyst.

2. A process as defined in claim 1 wherein the
catalyst comprises a metal of the iron group of
the Periodic Table.

3. A process as defined in claim 1 wherein the
catalyst comprises cobalt with an initial alkall
metal content substantially below 3 per cent by
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weight based on the weight of the metallic cobalt. .

4. A process as defined in claim 3 wherein the
initial catalyst has substantially no alkali metal
content, i ’

5. In a process for the reaction of carbon
monoxide and hydrogen to produce hydrocarbons
wherein the reaction is carried out at an elevated
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temperature in the presence of a hydrocarbon
synthesis catalyst and the selectivity of the cata-
lyst for the production of normally lquid hydro-
carbons is favorably effected by a minor alkali
metal content of the catalyst and tends to de-
crease with use; the improvement which com-
prises maintaining the selectivity of the catalyst
during use by simultaneously supplementing the
alkali metal content of the catalyst and increas-
ing the reaction temperature as the selectivity
tends to decline.

6. In a process for the reaction of carbon mon-
oxide with hydrogen to produce a liquid hydro-
carbon product wherein the reaction is carried
out at an elevated temperature in the presence
of a catalyst of the iron group having a relatively
minor alkall metal content, and wherein said
alkali metal content favorably influences the yield
of said product and said yield tends to decline
with use of said catalyst, the improvement which
comprises progressively adding a compound of
said alkali metal effective to supplement said
alkali metal content to the reaction zone into
contact with the catalyst during continued use,
and increasing the reaction temperature within

-said reaction zone such that the yield of said

product is substantially maintained.

7. A process as deflned in claim 6 wherein the
alkali metal compound is supplied to the reaction
zone as g spray of a solution of said compound.
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