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i teraction between caibon oxide and hydrogen whereby liguid

" hydrocarbons are formed, and is more particularly concerned

B 7683

, The presént invention relates to the catalytic in-

with maintenance of catalytic agtifity throughout an extended
period of time. .

It is well knOWn that the reaction between carbon
monoxide and hydrogen may be carried out at an elevated
temperature in the pregence of the famlliar catalysts for
this reaction. with the direct production of hydrocarbons
which arelpredominantly, normally liquid in character. Tt
is, however, important to maintain the reaction temperature

within selected narrow limits of operation in order to ob-

tain the desired products, For example, whan using a selec-
ted catalyst under given coﬁditions of charge, space veloc-
ity, preasure, and the like, there will be a narrow optimum
range of temperatures at which a maximum yield of liquid hy-
drocarbons 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 increése. On the other hand, at lower temperatures

the percentage conversion will be materially reduced.

After a usually prolonged period of operation, how-
ever, the activity of the catalyst, as indiecated by a de~
crease in yield, particularly of liquig hydrocarbons, pro-
gressively declines. This loss of activity is to be dis-
tinguished from that occasioned by carbonaceous and other
surface deposits, and capable of being overcome by conven-
tional steps of regeneration and revivification invelving
removal of such surface deposits, reworking of the catalyst,

removal of catalyst poisons and the like. In short, it may
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;'and usually does occur in spite of such conventional regenera-
|

|ting and revivification processes.

; Such decline in activity may be overcome by raising
4

the temperature level of the catalyst somewhat, as for ex-
5 | ample, 9 to 18°F., but as indicated above there is usually
an accompanying increase in gaseous hydrocarbon reaction pro-
ducts at the expense of liquid hydroecarbons. Moreover, 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
10 § product distribution is altered so that normally gaseous
hydrocarbons exceed the liquid products, and by-product
carbon dioxide predominates over water Vapor.

It 1s an object of the present invention to over-
come the foregoing disadvantages by providing a method of
15 { operation whereby product yield is maintained and product
distribution held relatively constant to the end that cata-
lyst life is materially prolonged beyond the time when dis-
carding would normally be in order. A further object con-
templates an operation as above wherein the range of tempera-
20 | tures at which high yield of selected liquid products may
be obtained is materially extended.

In accordance with the present invention it has
beeﬁ discovered that it is possible to maintain a high
level of catalyst activity with relatively constant product
25 |l distribution by periodically or progressively, as activity
tends to diminish, incorporating in the catalyst an alkali
metal compound, in sufficient quantity, at least, to increase
the proportion of alkali metal over the maximum present
in the catalyst during any previous period of operation,

30 ||while concurrently raising the operating temperature
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likewise advisable before subsequent use.

517688

to a new level where an increased catalytic activity regsults,
The alkali metal compound is preferably 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 invention thers may be mentioned the alkali

metal, particularly soalum, carbonates, bicarbonates, hydrox-

ides, formates, acetates, citrates, fluorides, borates, alum-}

inates, tungstates, and the like. Since the carbonates are
readily available and produce excellent results, it is pre=
ferred to use these compounds, '

The incorporation of the alkali metal compounds 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 distribute the

solution uniformly on the catalyst surface. This may be
followed by drying and thereafter by resumption of the cata-
lytic reaction. Alternatively, there may-be poured over the
catalyst, a solution of the alkali metal compound of such
strength that the quantity which will be retained by the con~

tact mass contains the selected addition of alkali. Drying ig

The invention is particularly advéntageous.in the
case of a catalyst operating under the well knoﬁn conditions
of dense phaée fluidization where, in the finely divided or
powdered form, its particles are buoyed up offsuépended in
the upflowing gaseous reactants. Thus aerated, the catalyst
particles, as is well known, vibrate in a random rattern so
that a condition of physical uniformity and mixture tends to
prevail throughout the contact mazs. Even under reaction

conditions, a solution of alkali metal compound sprayed into

-4 -
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E!the stream of reactant feed gases is readily absorbed and even
E ly distributed on the contact mass, and at the high tempera-

i tures normally prevalling, seems to dry instantaneocusly. Accord-
ingly, the controlled introduction, preferably as a spray, of
5 | any selected aqueous solution of alkali metal compound into
the feed gases, affords ar ideal means for adding alkali metal
to a fluidized catalyst mass,

The preferred catalysts to which the present in-
vention pertains are those comprising metallic cobalt, together
10 i with a promoter such as one or more of the oxides of thorium,
magnesium, uranium, manganese and vanadium on a suitable sup-

rorting material, particularly a silicious material; such asg

‘diatomaceous earth, silica gel, or various clays. The cata-
lysts may be prepared by making up an aqueous solution of a
15jmixture 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 solution, and then pre-
cipitating the metals as the carbonates by adding a suitable
alkali metal carbonate. After drying, the catalyst, if it is
20 ||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 reduced in a stream of hydrogen
or hydrogen-containing gases to convert the catalytic metal
largely to the free state.

25 Moreover, alkali metal compounds may form a
valuable coﬁstituent of the catalyst. These may be incorp—
orated in the catalyst by using an excess of sodium carbonate,

for example, to precipitate the metallic nitrates, in the fore-
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.more frequent intervals the aforementioned condition of limi-
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going process of catalyst preparation, and then controlling

washing so as to retain the desired amount of alkali metal.

Alternatively, the sodium carbonate may be directly added to
the exhaustively washed catalyst.

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 repre-
sents the typical upper limit beyond which the alkali con-
tent cannot be raised without encountering results that are
distinctly disadvantagesous. Therefore, when operaﬁing in
accordance with the present invention, it is advisable to
start with a catalyst having an alkali metal content as far
below this limit as possible. In fact, a catalyst free or
substantially free of alkali metal gives the widest range of
permigsible alkali addition and is to be praferred 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 diminished to an objectionable

extent. If additions of alkali metal cempound are made at

ting alkali content is earlier approached. It will be ob-
vious, however, that the frequency of alkali addition re-
solves itself into a mere economic operating balance between
the decrease in catalytic activity which can be tolerated,
and availability of catalyst replacement. In any avent, the
present invention permits a longer catalyst life at higher
activity than heretofors.

The addition of alkali metal compound need only be
sufficient to increase the proportion of alkali metal over any

previous maximum proportion. This normally, in the case of a

-6 -
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‘peratures varying from about 360°F. to about 460°F. In other

5176838

cobalt catalyst, means simply an increase over that contained

in the catalyst before the addition. However, in the case of
other catalysts, such as iron, operating under higher tempera=+
tures and in other cases after extended periods of continuous
use, there may be a decrease in alkali content due to migra-
tion or loss from the reaction zone. The present invention
contemplates incorporation of sufficient alkali metal com-
pound to compensate for this loss and to provide a substantial
addition.
For example, the addition may amount to about 0.30 tb

0.40 per cent based on the weight of the alkalil metal as re-

ferred to the weight of the cobalt. However, within the rangé

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 re-
actlon, the optimum rsaction temperature should be determined
prior to continuing the reaction for any extended period of
time by making short tests at various tempsratures preferably
with representative samples of the catalyst. In general,

the cobalt type of catalysts produce optimum results at tem-

words, the optimum narrow temperature range for a given cata-
lyst will usually fall some place within these limits, and,
as indicated above, will be an inecreasingly higher value as
the proporticn 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 increase in temperature to react
the new optimum range is generally about 9 to 18°F. More or
less comparable temperature alteraticns accompany varying addid

tions of alkali metal compound.

-7 -
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In order that the invention may be understood more
fully, reference will be had te the following example: 4 cod
balt catalyst was prepared as follows:

1975 grams of cobalt nitrate, CD(N03)2.6H20, 26.1
grams of thorium nitrate, Th(N03)h.bH20, and 867 grams of
Filter-Cel {a diatomaceous earth) are mixed with sufficient
water to make up five liters of aqueous mixture. Thereafter,
375cc. of a magnesium nitrate solution prepared by dissolv-
ing 222 grams of magnesium oxide in 750 cc. of nitric acid
plus sufficient water to make a volume of two liters is
added o the mixture. After stirring for one-half hour, the
metals are precipitated in the form of the carbonates by
the slow addition of a ten per cent sodium carbonate solu-
tion in an amount sufficient to effect complete precipita-
tion. The resulting mixture of precipitates 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 convention-
al pelleting machine having 5/32 inch dies.

The catalyst prepared as above described is redu-
ced in a stream of hydrogen at a temperature of about 660°F.,
and a space velocity of about 100 (100 volumes of hydrogen
per hour per volume 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 molec~
ular proportion, for six hours, starting at a temperature
of about 300°F. and concluding at the temperature gradually
raised to about 3920F.

The reduced and conditioned catalyst, having a bulk

-8 -
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density of 0.45g./cc., is used in a reaction by passing a
charge of synthesis gas consisting of carbon monoxide and
hydrogen in the respective 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 tem-

perature of 392°F, and at atmospheric pressure. The pro-

ducts are collected and analyzed with results approximately

as follows: N
Weight per cent of synthesis gas converted to: Unconverted
Hydrocarbons H,0  CO2 _
3 % L, ’
Liquid Gaseous

CHY plus Heavier than
Cots Ch'y
30 s R

49 9 2

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

Weizht per cent of synthesig gas converted to: Unconverted

Hydrocarbons H0  COs
Liquid Gaseous
CH;, plus Heavier than
Co's Cots
24 &4 4 L0 6 22

At this point the reaction is terminated, and the
catalyst is cooled and uniformly mixed with 1500cc. of water
containing 3.0 grams of sodium carbonate. The pellets are
dried to a water content of about ten per cent and again’ sub-
jected to passage of synthesis gas under the same conditions
as before except that the reaction temperature is held at
about 405°F. The product yield and distribution was as

follows:

,%ﬁ




1C

15

20

25

30

517683

Weight per cent of synthesis gas converted to: Unconverted

Hydrocarbonsg Hy0 GOz
Liquid Gaseogusg
CHj, plus Heavier than
0273 Ca,s
28 6 6 L8 10 2

The foregoing addition of sodium carbonate actu-
ally adds about 0.35% sodium baged upon the weight of cobalt
in the catalyst. After an. extended 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 resumed with a reaction
temperature increase of about 12°F. Thus, for example,
after the third addition of sodium carbonate {with an alkali
content of about 1.05% on the foregoing basis) the product
yield and distribution at a reaction temperature of L280F,.- -
is as follows:

Weight per cent of synthesis gas converthd to: Unconverted

Hydrogcarbons HaQ ~ COp
Liquid Gaseoug “f:;
CH) plus Heavier than .
cg% czjs ’ ‘
26 7 7 Fos5 12 3

This procedure may be continu?d untlil the alkali
matal contént, on the above basis, réaches about 2,85% with
an operating temperature of about 4809F. At this point,
howaver, 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.

- 10 -
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If, in the foregoing example, the reaction tempera-
ture 1s increased without an alkali metal addition, there
would be a decrease in yield of 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 catalyst, 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 con-
trary, we may commence the reaction with a catalyst contain-
ing, for example 0,584 or 1.20% alkali metal {on the above i~
basis) with additions of alkali metal compound .at successive
periods as activity diminishes. Initial reaction tempera-
ture will be 4100 and 428°F., respectively, for the two
starting catalysts following the method of preparation cut-
lined in the previous example.

In general the amount of alkali metal compound to
be added, at each step, is the minimum addition which will
permit the required increase in activity. Where activity
is permitted to detericrate to a greater extent than in the
previous example, a relatively greater addition may be
necessary. These statemsnts, however, refer to optimum
operation, and where full resumption of catalytic activisy
is not desired, lesser additions will suffice. '

It will be understocd thét the foregoing examples
are merely illustrative of specific application of the inven-
tion and that other alkali metals and their compounds are con-
templated, such as potassium, lithium, cesium, and rubidium

compounds, especially the carbonates.
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While the use of cobalt catalysts forms a preferred
embodiment of the invention, it is not so limited, and in its
broadest aspect is operable to some extent with all familiar
carbon monoxide hydrogenation catalysts, such, for example,
as other metals of the iron group, notably iron itself,
nickel and ruthenium, together with any conventional promot-
ers and activators. The catalyst metal may be either unsup-
ported or else supported on any typical carrier such as silicy
gel, diatomaceous earth or the like.

It is to be understood, of course, that the tempera-
tures and proportions of alkali metal given above for purposed
of example, will neceassarily be modified to those character-
istically optimum for the alternative catalysts of the broad

invention. Thus, in the case of a typical iron catalyst the

[]

initial reaction temperature will be about 600°F. at a pressun
of about 200 pounds per square inch gauge. Additions of
alkali metal compound and subsequent operating temperature
will be made on this basis. As is true with respect to any
catalyst for this reaction, the amount of the addition and theL
optimum operating 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 mentioned above but also
to foam type reactions and reactions wherein the catalyst is
suspended in or continuously rinsed by a ligquid vehicle such
as a."pr0per 0il" or water. When water is used as the sus-
pendiﬁg vehicle, the required addition of alkali metal can
advantageously be made by simply increasing the alkalinity of

the water.

- 12 -
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The method may be varied within wide limits, includ+

ing the proportions of carbon monoxide and hydrogen, reaction
pressure, space velocity, etc., since the effect of the addi-
tion 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 de~
parting from the spirit and scope thereof and therefore only
such limitations should be imposed as are indicated in the

10 flappended clains.
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The embodiments of the invention in which an exclu-
sive property or privilege is claimed are defined as followé:

1. 1In a process for the reaction of carbon monoxidp
and hydrogen to produce hydrocarbons wherein the reaction is
carried out at an elevated tempsrature in ths presence of a
hydrocarbon synthesis catalyst and the selectivity of the
catalyst for the production of normally ligquid hydrocarbons is
favorably affected by a minor alkali metal content of the
catalyst and tends to decrease with use; the improvement which
comprises adding alkali metal compound effective to increase
said selectivity to the catalyst after a period of use; and
inereasing the reaction temperature to substantially that at
which the maximum yield of liquid hydrocarbons is obtained with
the resulting catalyst.

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

]

3. A process as defined in Claim ) wherein the
éatalyst comprises cobalt with an initial alkali metal con-
tent substantially below 3 per cent by weight_based on the
weight of the metallic cobalt,

L. A process as defined in Claim 3 wherein the
initial catalyst has substantially no alkali metal content.

5. In a process for the reaction of carbon monoxidé
and hydrogen to produce hydrocarbons wherein the reaction is
carried out at an elevated temperature in the presence of a
hydrocarben synthesis catalyst and the selectivity of the
catalyst for the production of normally liquid hydrocarbons
is favorably effected by a minor alkali metal content of the
catalyst and tends to decrease with use; the improvement which
comprises mailntaining the selaectivity of the catalyst during
use by simultaneously supplementiﬁg the alkali metal content
of the catalyst and increasing the réaétion temperature as

the selectivity tends to decline,

A d
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! 6. In a process for the reaction of carbon monoxide
with hydrogen to produce a liquid hydrocarbon 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 alkali metal content, and wherein said alkali metal con;
tent favorably influences the yield of said product and said

vield tends to decline with use of said catalyst, the improve

T

ment which comprises progressively adding a compound of said
alkali metal effective to supplement said alkali metal con-
tent to the reaction zone into contact with the catalyst.
during continued use, and increasing the reaction temperature
within said reaction zone such that the vield of said product
is substantially maintained.

7. A process as defined in Claim & wherein the
alkali metal compound is supplied to the reaction zone as a

spray of a solution of said compound.

Al






