May 27, 1952 W. P. BURTON 2,598,503
SYNTHESIS OF ORGANIC COMPOUNDS
Filed March 29, 1947

/9
RCKRLI STORAGE 7
28— A-vessec —
74 , ‘ . 6
D v Y|
/3
—®
R
|14
jz.._- J Illlllllll\lllll"lm
- REACTOR
CRRRIER MEDIOM | 23
| 7|7 | ]
PRODUCT
—AAVKING CHAMEER .
- 26
21 25 / |
. 16
2773
1COOLEA
/ A ‘ I~27
e
g FEED
 INVENTOR,
WiLLiam F. BurTON

ZATTOEYEYS ,




Patented May 27, 1952

2,998,503

UNITED STATES PATENT OFFICE

2,598,503
SYNTHESIS OF CRGANIC COMPOUNDS

William P. Burton, Orange, N. J., assignor to
The M. W, Kellogg Company, Jersey City, N. J.,
a corporation of Delaware

Application March 29, 1947, Serial No. 738,237

i1 Claims. = (Cl. 260—449.6)

This invention relates to an improved method
for hydrogenating carbon oxides to produce
hydrocarbons having more than one carbon atom
per molecule and oxygenated organic compounds.
In one aspect this invention relates to the hy-
drogenation of carbon monoxide in the presence
of a finely divided hydrogenation catalyst under
conditions such that organic compounds are pro-
duced. The improved process is applicable also
in reacling hydrogen with carbon- dioxide and
organic compounds containing the carbonyl
group and herein designated as carbon oxides,
whose reaction with hydrogen is promoted by
catalysts which are effective with carbon monox-
ide, such as ketones, aldehydes, acyl halides,
organic acids and their salts and esters, acid
anhydrides, and amines. In the following de-
scription of the invention the hydrogenation of
carbon monoxide will be referred to specifically.
It will be understood, however, that the in-
vention is of wider application including within
its scope hydrogenation of any suitable carbon
oxides.

It has been known for some time that hydrogen
and carbon monoxide may be made to react ex-
othermically in the presence of a catalyst under
specific reaction conditions to form hydrocar-
bons and oxygenated compounds. In general,
the synthesis of these organic compounds by
the hydrogenation of carbon monoxide is ac-
complished in the presence of a metal or an oxide
of a metal chosen from group VIIT of the pe-

riodic table as a catalyst, at pressures below about

500 pounds per square inch gage and at tem-
peratures below about 750° F. for the production
of hydrocarbons and oxygenated organic com-
pounds, and at pressures between about 1000 and
about 10,000 pounds per square inch gage and at
temperatures above 750° P. for the synthesis of
oxygenated organic compounds as the major
product.

The synthesis feed gas or reaction mixture
comprises a mixture of about 1 to 2 mols of
hydrogen per mol of carbon monoxide and may
be prepared by the catalytic conversion of natu-
ral gas, steam, and carbon dioxide, by the partial
oxidation of natural gas with oxygen, or by
gasification of coal.

Of the various methods utilized to effect hy-
drogenation of carbon monoxide, such as by
fixed or stationary catalyst technique, or by
finely divided fluidized catalyst technique, this
invention has particular application to the finely
divided fluidized catalyst technique.

An object of this invention is to provide an
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2
improved process for the synthesis of organic
compounds. :

Another object of this invention is to provide
a process for the production of oxygenated or-
ganic compounds,

Still another object of this invention is to
provide a method for maintaining the activity
and selectivity of the catalyst during the hydro-
genation of carbon monoxide.

It is another object of this invention to pro-
vide a method for removing excthermic heat of
reaction liberated during the hydrogenation of
carbon monoxide.

Various other objects and advantages will be-
come apparent to those skilled in the art from
the accompanying description and disclosure.

A metal or metal oxide hydrogenation catalyst
containing between about 0.1 and about 3.0 per
cent by weight of an oxide of potassium has been
found to be very effective for the hydrogenation
of a carbon oxide to. produce a high yield of
organic compounds. For maximum yields and
selectivity a metallic iron or iron oxide catalyst
containing between about 0.2 and about 2.0 per
cent by weight potassium  oxide, K20, is pre-
ferred. A potassium oxide content above about
2.5 or about 3 weight per cent results in ex-
cessive formation of wax and carbonaceous de-
posits on the catalyst, which deposits decrease
the activity and life of the catalyst; while a
potassium ‘oxide content below about 0.1 per
cent results in substantially increased yields of
carbon dioxide, methane, ethane, and other
relatively low molecular weight hydroearbons.

The amount of potassium oxide in the catalyst
is eritical with respect to the type of products
produced. Thus, for the production of oxygen-
ated organic compounds, especially the relatively
high molecular weight alcohols and organic
acids, . the catalyst must contain at least about
0.8 weight per cent, preferably between about
1.0 and about 2.0 weight per cent, potassium
oxide. When it is desired to produce relatively
high molecular weight hydrocarbons accompanied
by. & minimum amount of oxygenated organic
compounds, the catalyst must contain between
about 0.2 per cent and about 0.7 per cent po-
tassium oxide. The per cent potassium oxide is
based in this specification on the total amount
of catalytic metal present in the catalyst calcu-
lated as the elementary metal.

A high alkali metallic iron catalyst containing
between about 0.8 per cent and about, 2.5 per
cent potassium oxide produces a much larger
amount of oxygenated compounds than a me-
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tallic iron catalyst of lower potassium oxide con-
tent under comparable reaction conditions. In
fact, in some instances, as much as four or five
times as much oxygenated compounds are pro-
duced by such a high alkali catalyst as with a
lower alkali catalyst. Of the oxygenated com-
pounds produced with the high alkali catalyst,
the normal alechols, such as ethanol, propanol,
butanol, and pentanol, along with such organic
acids as acetic, propionic, and butyric acids
comprise the major portion of the organic com-
pounds. In contrast, with a low alkali catalyst
substantially negligible amounts of organic acids
are produced and generally relatively smaller
amounts of oxygenated compounds are produced.
It has also been noted that with the high alkali
catalyst of the present invention, a substantial
proportion of the relatively low molecular weight
hydrocarbons produced are olefinic and are pres-
ent in the product in a relatively larger pro-
portion than in the product of the low alkali
catalyst. It is possible to operate with the high
alkali catalyst at relatively higher temperatures
than is possible with low alkali catalysts with-
out excessive formation of coke on the catalyst.

On the other hand, a low alkali metallic iron
catalyst containing between about 0.2 per cent
and about 0.7 per cent potassium oxide produces
the maximum yield of hydrocarbons having more
than one carbon atom per molecule. In the hy-
drogenation of carbon monoxide with a low
alkali catalyst the maximum yield of hydro-
carbons of high quality boiling within the gaso-
line range are obtained. Furthermore, the low

alkali iron catalyst produces a hydrocarbon frac- :

20

tion useful as a diesel fuel of much higher quality

than that produced with a high alkali catalyst.
Relatively higher space velocities for somewhat
lower temperatures may be used with the low
alkali catalyst than with the high alkali catalyst
for an equivalent conversion of carbon monoxide.

Although potassium oxide has been found to
be the much preferred activating compound when
incorporated with a hydrogenation catalyst com-
prising a metal and/or metal oxide, other po-
tassium compounds and other inorganic com-
pounds of alkali metals and alkaline earths, such
as sodium, barium, calcium, and lithium, are
capable of being incorporated with the hydro-

genation catalyst in the above ranges previously »

qualified with respect to KoO when calculated
as the oxide and based on total catalytic metal
calculated as the elementary metal. Preferably,
such activating compounds of alkali metals and
alkaline earths contain oxygen in the form of
the oxide, hydroxide, carbonate, sulphate, sili-
cate, phosphate, aluminate, chromate, nitrate,
and borate. Potassium, carbonate, nitrate, hy-
droxide, and chloride have shown very good
results; particularly, when these compounds were
incorporated with a hydrogenation catalyst com-
prising iron as the major component in gquan-
tities greater than about 0.8 weight per cent
(calculated as K20) high yields of oxygenated
organic compounds were produced. Mixtures of
these compounds may be used as the activating
material without departing from the scope of
this invention, and when mixtures are used the
alkali content calculated as the oxide is con-
sidered as either the total quantity of compounds
or the quantity of any single compound.

The activating compound, such as K20, may be
incorporated with the hydrogenation catalyst in
a solid solution or a fused condition therewith,
or it may be merely on the surface of the hy-
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drogenation catalyst uncombined therewith in
any way. For example, a naturally occurring
magnetite may be mixed with an appropriate
amount of potassium hydroxide or potassium
carbonate and the resulting mixture fused. The
fused mixture is then pulverized and reduced
with hydrogen at a temperature between about
900° F. and about 1600° F. In this manner of
preparation the potassium oxide is present in
the ultimate catalyst in a fused condition with
iron. In another manner of preparation in which
the alkali is on the surface of the catalyst uncom-
bined with the iron, naturally occurring magnet-
ite is pulverized with or without prior fusion
(above 2000° ¥.) or caicination (above 1200° F.),
mixed with potassium earbonate,and theresulfing
mixture reduced. For further details and other
methods of preparing iron catalysts containing
promoters attention is directed to the co-pend-
ing application, Serial No. 735,536, filed March
18, 1947, now U. S. Patent 2,543,327, issued
February 27, 1951, of Henry G. McGrath and
Louis C. Rubin.

A preferred embodiment of this invention in-

% yolves flowing a gaseous mixture comprising

hydrogen and a carbon oxide to be hydrogenated
upwardly in a reaction zone in contact with a
mass of finely divided catalyst containing iron
as the major component and an appropriate
amount of potassium calculated as the oxide,
for producing the desired product. The hy-
drogen and carbon oxide reactants are passed
as gases through the reaction zone, under con-
ditions effective to react all, or a major portion,
of the carbon oxide reactant. The gaseous mix-
ture is passed upwardly through the mass of
catalyst at a velocity sufficient to suspend or
entrain the catalyst mass in a fluidized condition
in the gas stream. Preferably, the velocity of
the gas stream passing through the reaction
zone is sufficiently low to maintain the catalyst
mass in a dense, fluidizéd pseudo-liquid condi-
tion. However, the velocity may be sufficiently
high to entrain at least a substantial portion
of the finely-divided catalyst in the gas stream
to form a continuous fluidized catalyst phase
which circulates with the flowing gas stream,
without departing from the scope of this in-
vention. In the former condition the catalyst
mass may be said to be suspended in the gas
stream, but not entrained or carried therein in
the sense that there is movement of the catalyst
mass as such in the direction of flow of the
gas stream. When operating with the catalyst

5 in the pseudo-liquid condition, it is preferred

to maintain the upward velocity of the gas stream
sufficiently high to maintain the fluidized cata-
lyst mass in a highly turbulent condition in
which the catalyst particles circulate at a high
rate in a stationary pseudo-liquid mass. In
this pseudo-liquid condition of operation a small
proportion of catalyst in the fluidized mass may
become entrained in the gas stream emerging
from the upper surface of the fluidized mass
whereby catalyst thus enfrained is carried away
from the mass.

As used herein, fluidized condition of the cata-
iyst refers to that condition of the catalyst
either when it is in a pseudo-liquid condition
above described and/or when it is entrained in
{he gaseous reaction mixture such that the cata-
lyst is carried along with the gases in the reaction
zone.

The charging rate in the present process is
defined by reference to the rate at whieh the
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carbon oxide is charged, in terms of standard
cubic feet, in the gas form, of ‘the carbon oxide,
per hour, per pound, of the metal catalyst in the
dense pseudo-liquid mass of catalyst in the reac-
tion zone. The fluidized process is preferably
cperated at a minimum space velocity equivalent
to charging rate of about 1.0 standard cubic foot
of the carbon oxide reactant, per hour, per pound
of the metal catalyst in the dense catalyst phase.
A standard cubic foot of the carbon oxide is that
quantity of a normally gaseous carbon oxide
which would occupy one cubic foot at atmospheric
pressure at 60° F'., or an equivalent quantity of a
normally liquid carbon oxide reactant. General-
1y, with fluidized dense phase operation and pres-
sures between 150 and 300 pounds per square inch
gage with the high alkali catalyst, a space velocity
between about 4 and about 10 standard cubic feet
of the carbon oxide reactant, per hour, per pound

of the iron catalyst is used. With the low alkali ¢

catalyst a space velocity between about 10 and
about 25 is used.

The catalyst employed in the present invention
is a finely divided powder comprising a metal
and/or metal oxide, such as a metal of group VIII
of the periodic table, containing the appropriate
amount of alkali metal or alkaline earth com-
pound calculated as the oxide, which is or be-
comes in the reaction zone a catalyst for the
reaction, or a mixture of such metal or metal
oxide and other catalytic materials or noncata-
lytic materials. While the catalyst powder con-
sists essentially of such catalytic meta] and/or
metal oxide containing, for example, potassium
oxide, it may include also a minor amount of
promoting ingredients, such as alumina, silica,
titania, thoria, manganese oxide, magnesia, ete.

In this specification and claims the catalyst
employed is described by reference to its chemical
composition when first contacted with the re-
actants.

The catalyst is employed in a fine state of sub-
division. Preferably, the powdered catalyst ini-
tially contains no more than a minor proportion
by - weight of material whose particle size is
greater than 250 microns. Preferably also, the
greater proportion of the catalyst mass comprises
material whose particle size is smaller than 100
microns, including at least 25 weight per cent
of the material in particle sizes smaller than 40
microns. A highly desirable powdered catalyst
comprises at least 75 per cent by weight of ma-
terial smaller than 150 microns in particle size,
and at least 25 per cent by weight smaller than
about 40 microns in particle size.

In the preferred form of the invention with
the catalyst present in a pseudo-liquid condition,
the powdered catalyst mass is maintained in a
reactor substantially larger than the volume oc-
cupied by the catalyst mass in the fluidized con-
dition. In this operation all but a minor pro-
portion of the catalyst mass is contained in the
dense fluidized pseudo-liquid mass, which may
be designated as the dense phase of the catalyst.
The dense phase of the catalyst occupies the
lower part of the reactor while that part of the
reactor above the dense phase is occupied by a
mixture of gases and powdered catalyst in which
the catalyst concentration is much lower, and of
a different order of magnitude, than the concen-
tration of the catalyst in the dense phase. This
diffuse phase may be said to be a disengaging
zone -in which the solids lifted -above the dense
phase by the gas stream are disengaged therefrom
angd returned to -the -dense phase to the extent
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that such solids are present in the diffuse phase
in excess of the carrying capacity of the gas
stream at the superficial velocity of the gas
stream. The latter is the velocity at which the
gas stream would flow through the reactor in
the absence of catalyst. In the dense phase the
concentration of the catalyst in the gas stream
varies from a maximum near the gas inlet to a
minimum in the upper part of this phase. ILike-
wise the concentration of catalyst in the diffuse
phase varies from a maximum near the upper
surface of the dense phase to a minimum in the
upper part of the reactor. Between the dense
phase of high average concentration and the dif-
fuse phase of low average concentration there is
a relatively narrow zone in which the concentra-
tion of solids in the gas stream changes in a
short space from the high concentration of the
dense phase to the low concentration of the
diffuse phase. This zone has the appearance of
an interface between two visually distinet phases.

This operation ordinarily involves employment
of catalyst powders and gas veloeities such that
a relatively small proportion of the dense fluidized
catalyst mass is carried away by entrainment,
and it is necessary, therefore, to provide means
in the reactor for separating such entrained cata-
lyst and returning it to the dense phase, or to
provide means externally of the gas reactor to
separate entrained catalyst from the gas stream
and return it to the reactor, or otherwise to re-
cover catalyst from the product gas stream.

When catalyst is permitted to pass out of the
reactor by entrainment in the gas stream in either
the pseudo-liquid operation or the continuous
phase operation, it is necessary to return such
catalyst to the reactor, or replace it with fresh
or revivified catalyst, in order to maintain the
desired volume of fluidized catalyst in the re-
action zone.

The pseudo-liquid operation in which the
finely powdered catalyst is employed in a form
comprising reduced iron as the major component
and containing at most minor proportions of pro-
moting agents, other than potassium oxide or
other alkali metal or alkaline earth compounds,
provides very high catalyst concentrations in the
reaction zone. The employment of the finely
powdered metal catalyst in a fluidized bed with
efficient cooling means also is g factor in permit-
ting the use of high catalyst concentrations, since
it facilitates the removal of heat from the rela-
tively concentrated reaction zone. The pseudo-
liquid operation, employing the finely . divided
metal catalyst, results in initial catalyst concen-
trations of at least about 30 pounds per cubic foot
of the fluidized dense catalyst phase, while the
preferred gas velocities result in initial concen-
trations of 40 to 120, or more, pounds per cubic
foot of dense phase. It will be understood that
these figures refer to the initial average concen-
tration in the dense phase. The accumulation
of reaction products on the eatalyst particles as
the operation proceeds reduces the catalyst den-
sity and increases the bulk of the dense fluidized
mass. .

With a reduced iron catalyst containing for
example an oxygen-containing compound of
botassium, temperatures in the range of about
350 to about 750° F. are employed. Usually about
30° P. to about 50° F. higher temperatures are
necessary with the high alkali catalyst than with
the low alkali catalyst for an equivalent reaction.
With the iron catalyst, pressures between atmos-
pherie pressure and the maximum. pressure at
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which condensation in the catalyst bed is avoided
‘may be employed. It is desirable, however, fo
employ pressures cf at least 50 p. s. i. and prefer-
ably about 150 to.about 500 p. s. i.

In this specification, pressures are expressed as
pounds per square inch gage and gas volumes as
cubic feet measured at 60° ¥, and atmospheric
pressure.

The linear velocity of the gas stream passing
upwardly through the dense phase is conveniently
expressed in terms of the superficial veloeity,
which is the linear velocity the charge gas stream
would assume if passed through the reactor at
operating conditions in the absence of catalyst
and takes into account the shrinkage in volume
caused by the reaction, and is, preferably, in the
range of from 0.1 to 6 feet per second. When
operating with a continuous catalyst phase in
which the catalyst is entrained in the flowing
gaseous mixture, velocities as high as 40 feet per
second may be used.

The reactants are passed into and through the
reaction zone at a space velocity equivalent to
at least 1.0 stendard cubic feet of the carbon
oxide, per hour, per pound of metal catalyst in
the dense catalyst phase. In the hydrogenation
of carbon monoxide with a catalyst comprising
reduced iron as the major component it is pre-
ferred to operate at a space velocity equivalent
to at least 2.0 standard cubic feet of carbon mon-
oxide per hour, per pound of reduced iron in the
dense catalyst phase. The charging rate is de-
fined by reference ic the carbon monoxide re-
actant, since the ratio of the hydrogen reactant
to the carbon monoxide reactant in the charge
gas may vary within wide limits. This ratio of
hydrogen to carbon monoxide is usually in excess
of about 0.7:1 and preferably at least 1:1 and
often as high as 10:1. At the 1:1 ratio the pre-
ferred charging rate of hydrogen and carbon
monoxide would, therefore, be at least 4.0 stand-
ard cubic feet per hour, per pound of reduced
iron in the dense catalyst phase. At a 2:1 ratio
this preferred minimum rate would be 6.0 stand-
ard cubic feet of hydrogen and carbon monoxide.

The volume of reactants per hour per volume
of dense pseudo-liguid catalyst phase depends
upon the charge rate and also upen the concen-
tration of catalyst in the dense phase, the latter

reing affected by the condition of the catalyst £

and the gas velocity. At the preferred gas veloci-
ties mentioned above for the pseudo-liquid opera-
tion, and when employing an iron-containing
catalyst, the minimum space velocity may be de-
fined as 2 cubic feet of carbon monoxide, per
hour, per pound of catalyst.

According to the preferred embodiment of this
invention a fresh feed gas having an H2:CO ratio
higher than the mol ratio in which these com-
pounds are converted to other compounds is em-
ployed and the ratio of hydrogen to carbon mon-
oxide in the charge to the reactor is increased to
the desired figure by recycling a portion of the
unconverted gas, after removal of part or ail of
the product liquid. A gas containing excess hy-
drogen is processed under conditions effective to
react all, or a major proportion, of the carbon
monoxide, and a portion of the product mix.tur.e_,
after removal of the greaier part of the liquid
product, is recycled in volumetric ratios, to the
sresh feed gas, of about 0.5:1 to about 10:1.

Fluid operations are carried out at tempera-
ture levels which are relatively high as compared
to those which would be permissible in fixed cat-
alyst bed operations under comparable operating
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conditions. This results from the excellent heat
transfer capacity of the fluidized mass of finely
divided iron or iron oxide and the effect of ex-
cess hydrogen in minimizing carbon formation.
It is preferred to operate at whatever tempera-
ture level, in the range of about 350° F\. to about
750° F., is necessary to effect high ¢onversion
of carbon monoxide when treating a gas charge
containing more hydrogen than carbon mon-
oxide, at space velocities equivalent to at least
about 2 standard cubic feet of carbon monoxide,
per hour, per pound of iron catalyst in the dense
phase.

In hydrogenating carbon monoxide with an
alkali catalyst under the operating conditions
previously described fo produce organic com-
pounds, it has been found that the alkali con-
tent of the catalyst decreases during its use to
such an extent that the alkali content of the
catalyst does not correspond to that critical
amount necessary to produce the desired prod-
uct. Purthermore, after continuous and pro-
longed use the alkali content of the catalyst may
be substantially completely dissipated. The de-
crease in alkali content of the catalytic material
is especially noticeable in those catalysts in
which the alkali has been incorporated without
fusion. Tt is believed that the decrease in alkali
content of the catalyst on use is caused by the
volatility of the alkali compound (alkali metal
or alkaline earth compound) in the catalyst at
the temperatures and pressures of reaction or
at the temperatures and pressures necessary
during repeated regeneration of the catalyst.
In the latter respect, the catalyst is usually re-
generated by reducing with hydrogen at tem-
peratures similar to those temperatures used in
reducing the original catalyst, i e., usually be-
tween about 900° F. and about 1600° F., or by
roasting at about 1200° F. in air followed by the
reduction. The above reason for the decrease
in alkali content of the catalyst is offered merely
as a possible explanation but is not considered
unnecessarily limiting to the present invention.
Other reasons may also account for the decrease
in alkali content, such as the reaction of the
alkali compound with the reactants, etc.

The hydrogenation of carbon monoxide in the
presence of fluidized synthesis catalyst at a tem-
perature hetween about 350° F. and about 750° F.
results in a decrease of the alkali content of the
catalyst between about 0.0005 and about 0.1
pound of alkali calculated as the oxide, per hour,
per ton of the active catalytic material. The
actual depletion of the alkali content of the cat-
alyst within the above range will depend upon
the correlation of temperatures and pressures
of reaction as well as the manner in which the
alkali compound was incorporated in the cat-
alyst, and to some extent upon the velocity of
the gaseous mixture. The decrease of the alkali
content will be about 0.02 to about 0.05 pound of
alkali, per hour, per ton of ferruginous material
calculated as the elemental metal when using
an iron-containing catalyst at a temperature
between about 450° F. and about 700° P,

In order to maintain the alkali content of the
catalyst at the desired level according to this
invention, an alkali compound, which may cor-
respond to the compound used to impregnate
the catalyst itself, is injected into the reaction
zone in an amount sufficient to compensate for
the loss of alkali content during the process.
The amount of alkali compound injected into
the reaction zone will consequently amount to
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about 0.005 to about 0.1 pound of alkali com-
pound calculated as the oxide, per hour, per
ton of catalyst. When using a catalyst com-
prising iron or iron oxide as the major com-
ponent and a temperature between about 450° F.
and about 700° F., the amount of alkali com-
pound, such as a potassium compound, injected
into the reaction zone to compensate for the loss
of the alkali compound will correspond to about
0.02 to about 0.05 pound of the alkali compound
calculated as the oxide, per hour, per ton of ferru-
ginous material calculated as the elemental metal.
It has been found that if the alkali compound of
the catalyst is injected into the reaction zone
itself within the above amounts, that the alkali
content of the catalyst does not decrease but
may be maintained substantially constant at
the desired level, thus the selectivity and ac-
tivity of the catalyst is maintained substantially
constant during the process of the reaction.

Conveniently, the alkali compound is injected
into the reaction zone by the use of a fluid car-
rier medium. The carrier medium holds the al-
kali compound in solution or in suspension, and
the carrier medium containing the alkali com-
pound is injected into the reaction zone without
adversely affecting the hydrogenation reaction
or causing difficulty in the fluidization of the
catalyst. Such carrier medium comprises, pref-
erably, a vaporizable liquid which is substantial-
ly inert and capable of substantially completely
vaperizing at the temperatures and pressures of
reaction. Such inert liquid may conveniently
comprise an alcohol or other liquid oxygenated
organic compounds, water, a hydrocarbon oil,
iron carbonyl (pentacarbonyl) or any mixture
of these. If the alkali compound is soluble in
the liquid carrier medium, it will usually be dis-
solved therein and injected into the reaction
zone. However, since many of the alkali com-
pounds are not soluble in various liquid carrier
mediums, the alkali compounds may be merely
suspended in the medium as a slurry and the
resulting slurry injected into the reaction zone.
Using an aleohol, water, or a hydrocarbon oil
which is vaporizable at the reaction tempera-
tures and . pressures, the carrier medium will
vaporize immediately upon injection into the re-
action zone and deposit the alkali compound
upon the catalyst therein.

Generally, the amount of liquid cooling medium
used will be sufficient to dissolve or suspend the
required amount of alkali compound but insuf-
ficient to cool the reaction zone below the de-
sired reaction temperature. Generally, the liguid
carrier medium will be injected into the reac-
tion zone in an amount less than about 15 gal-
lons, per hour, per ton of catalyst. When water
is used as the carrier medium, less than about 6
gallons per hour, per ton of catalyst has been
found adequate without ccoling the reaction zone
too much. On the other hand, when a hydro-~
carbon oil is used, a somewhat greater quantity
is usually necessary, up to about 15 gallons, per
‘houz, per ton of catalyst.

In one modification of this invention the alkali
compound may be suspended in the recycle gas
to the reaction zone instead of a liquid carrier
medium. In such a case the recycle gas itself
constitutes the carrier medium for the alkali
compound in a similar manner as the feed gas
often constitutes a - carrier medium for. fresh
catalyst. The use of recycle gas as a carrier
medium for the alkali compound is not as desir-
able as a liquid carrier medium since the liquid
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10
carrier medium may be used to greater advan-
tage in controlling the temperature of reaction.
Of course, the recycle gas may also control the
temperature to some extent since it may he either
cooled or preheated before recycling.

Another especially desirable carrier medium is
iron carbonyl since the iron carbonyl will de-
compose at the reaction temperatures and pres-
sures into an active iron catalyst and carbon
monoxide, a reactant. For this reason iron car-
bonyl is a preferred liquid carrier medium.

Since the preferable carrier medium is cne
which is substantially completely vaporizable at
the reaction temperatures and pressures and one
which will be substantially non-reactive with the
catalyst, still another highly desirable carrier
medium comprises a hydrocarbon fraction recov-
ered as a product of the process for the hydro-
genation of carbon monoxide. Such a prod-
uct of the process may comprise a naphthg frac-
tion having a boiling range between about 80°
F. and about 195° F. and an A. P. I. gravity of
about 84. Instead of the light naphtha, a higher
or lower boiling fraction of the process may be
employed. Other fractions recovered from the
process, such as oxygenated organic compounds,
particularly alcohols, may be used as the liquid
carrier medium. Alternatively, similar fractions
may be obtained from any source and used as
the carrier medium. In the selection of a carrier
medium from an external source, it is necessary
to avoid the introduction of deleterious com-
pounds which may injure the catalyst. For this
reason, also, & liquid produced in the process is
highly desirable as the carrier medium.

When using a liquid carrier medium which is
substantially completely vaporizable at the tem-
perature and pressure of reaction, this medium
may provide a means for removal of g substan-
tial proportion of the exothermic heat of reac-
tion. The latent heat of vaporization of the car-
rier medium will absorb exothermal heat of re-
action in the reaction zone and aid in maintain-
ing a relatively constant temperature therein.
Consequently the carrier medium may serve two
functions: one as a means for transporting the
alkali compound to the reaction zone, and as =&
means for cooling the reaction zone.. A carrier
medium which serves both of these purposes very
satisfactorily is water, since it has a high latent
heat of vaporization and because many alkali
compounds are soluble therein.

It is not essential that the carrier medium con-
taining the alkali compound be injected directly
into the reaction zone itself as it may be in-
jected into the feed line into the reaction zone,
into the catalyst standpipe used to transport the
catalyst through a catalyst cooler, into the con-
duit used for reintroducing regenerated catalyst
into the process, or any other desirable location
in the system in which carrier medium will not
cause agglomeration of the catalyst or hinder
the flow of the system. It may also be desirable
in any instances to inject the carrier medium
containing the alkali content at several points
into the reaction zcne either longitudinally or
transversely. '

Although the invention has been deseribed with
particular emphasis on the type of fluidized cata~
lyst process in which the finely divided catalyst
forms a pseudo-liquid dense phase of catalyst in
the reaction zone, the invention is equally ap-
plicable to the so-called high: velocity continuous
phase system in which the catalyst passes or is
carried through the reaction zone with the gase-
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ous mixture with a minimum amount of slip of
the catalyst in the gas. In the high velocity
continuous phase system the velocity of the gases
are substantially higher than those used for the
fluid-bed type system previously decribed and
will usually range above about 6 feet per second
and as high as 40 feet per second. Using such
a high velocity system, the carrier medium con-
taining the alkali compound is usually injected
upstream in the reaction zone, although such in-
jection upsiream is not essential since the cata-
lyst is recycled.

The invention will be described further by ref-
erence to the accompanying drawing, which is a
view in elevation, diagrammatically illustrating
an arrangement of apparatus suitable for carry-
ing out the present invention in a process for
the hydrogenation of carbon monoxide by a
pseudo-liquid phase operation.

In the drawing a synthesis feed gas compris-
ing hydrogen and carkon monoxide in a mol ratio
of about 1.5:1 to about 2:1 is introduced through
conduit 3 into a reactor & which comprises an
elongated cylindrical chamber.
mixture passes upwardly through reactor 4,
preferably at a velocity less than about 6 feet per
second and usually about 1 to 2 feet per second
under conditions such that a pseudo-liquid dense
phase of catalyst is formed in reactor 4. The top
of the pseudo-liquid dense phase of catalyst in
reactor § is designated by numeral § and consti-
tutes an interface between the dense phase and
the relatively dilute phase in the upper portion
of reactor 4. When using a catalyst comprising
reduced iron as the major component and con-
taining an alkali compound, according to this in-
vention, operating conditions are a temperature
of reaction of about 550° F. to 625° F., a space
velocity equivalent to about 2 standard cubic feet
of earbon monoxide, per hour, per pound of cata-
1yst in the dense phase and a pressure of about
150 to 400 pounds per square inch gage. A re-
action effuent containing the desired products
of the process is removed from reactor 4 through
outlet conduit 6 and passed to a conventional cy-
" clone separator 71 or similar separating means,
such as a Cottrell precipitator or ceramic filter,
for the separation of a small amount of en-
trained catalyst. The entrained catalyst sepa-
rated from the reaction effluent is withdrawn
from separator 7 through conduit 8 for disposal
or reintroduction into the process.

The reaction effiuent substantially free from
entrained catalyst is passed from separator 1
through conduit 8§ and a cooler or condenser i1
to an accumulator {2. Condenser (i is main-
tained at a temperature of about 150° F. or be-
low and may comprise a single or a series of cool-
ing and condensing units. Accumulator {2 con-
tains two liquid phases: one an agueous-rich
phase, and the other a hydrocarbon-rich phase.
Uncondensed gases are removed from accumu-
lator {2 through conduit I3 and may be passed
to a recovery system (not shown) for the re-
covery and purification of valuable products of
the process. A portion of the uncondensed gases
from accumulator 12 may be recycled through
conduits {3 and {4 to feed conduit 3, as shown.
The two liquid phases are withdrawn from ac-
cumulator 12 through conduit 1% and passed to a
recovery and purification system (not shown) for
recovery and separation of various products of
the process in the conventional manner, such as
by distillation, extraction, absorption, efe.

Catalyst may be withdrawn from reactor 4

The reaction
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through a conduit or standpipe 16 for regenera~
tion. and/or cooling, if desired. By cooling the
catalyst and reintroducing it into reactor 4, at
least a portion of the exothermic heat of reac-
tion may be removed and thus provide a means
for maintaining the temperature of reaction sub-
stantially constant. To aid in achieving a sub-
stantially constant reaction temperature, the
catalyst is passed through standpipe 16 and
through a cooler 1T and re-introduced into con-
duit 3 through conduit {8. Generally, a sufficient
quantity of catalyst is removed and cooled in
cooler 1T to a sufficiently low temperature, such
as about 300° F. or 400° ., to at least partially
control the temperature in reactor 4, as previously
described.

During the course of the continuous process of
the hydrogenation of carbon monoxide in reac-
tor 4, a substantial proportion of the alkali com-
pound impregnated in the catalyst is lost by
volatilization therefrom under the temperatures
and pressures of reaction. If the dissipation of
the alkali compound from the catalyst were per-
mitted to continue, the characteristic of the cata-
lyst as well as the quantity and the quality of
the products of the process would be adversely af-
fected. In order to prevent such a situation and
to maintain the alkali content of the catalyst sub-
stantially eonstant, an alkali compound or com-
pounds corresponding generally to the compound
comprising the analysis of the catalyst is continu-
ously or intermittently injected into reactor 4 in
the following manner. A storage vessel 28 is sup-
plied for holding the alkali compound or com-
pounds to be injected into reactor 4. From stor-
age vessel 28 the alkali compound is passed
through a standpipe or conduit 29 to a mixing
chamber 2f. A suitable liquid carrier medium,
such as water or a hydrocarbon oil, is introduced
into mixing chamber 2{ through conduit 33 in
an amount sufficient to dissolve or suspend the
alkali compound, as the case may be. From mix-
ing chamber 2i a mixture of the alkali com-
pound and the liquid carrier is circulated through
a circulating loop 22 such that the alkali material
is maintained in suspension or in solution in the
liquid carrier medium. From circulating loop 22
the desired amount of mixture, usually that
amount which would correspond to the injection
of about 0.03 pound of alkali calculated as the
oxide, per hour, per ton of catalyst is injected
into the reaction mixture through any or all of
conduits 23, 24, 2€, and 27.

It is noted that the carrier medium and alkali
compound may be injected directly into the cata-
lyst in standpipe §§ through conduit 2§. If the
catalyst is regenerated, the alkali compound is
conveniently admixed therewith after regenera-
tion. Thez injection of a liguid carrier medium
containing the alkali compound inio standpipe
{8 may serve not only to replenish the alkali con-
tent of the catalyst, but also as a means for cool-
ing the catalyst the desired amount before its
reintroduction into reactor 4, as previously de-
scribed. Also, it may bhe desirable in some in-,
stances to inject g portion or all of the carrier
meadium and alkali compound directly into feed
conduit 3 through conduit 27. It is also within
the scope of this invention to vary the amount of
carrier medium injected longitudinally into reac-
tor 4, such as through conduits 23, 24, and 27.
In such instances the largest proportion of the
carrier medium containing the alkali compound
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is injected through conduit 24, since in this por-
tion of reactor 4 the greatest amount of heat is
liberated through the exothermic reaction.

An alternative method of introducing the
alkali compound into reactor 4, although not as
desirable as using a liquid carrier medium, is by
passing the alkali compound or compounds from
vessel 28 through a standpipe 31 into at least a
portion of the recycle gas in conduit 32. The
alkali compound which is in a finely divided form
is suspended in the flowing mixture of recycle
gas and may be passed, with or without cooling
or preheating, through conduit 32 and conduifs
23, 24, 26, and 27 into the reaction mixture, as
_ previously described with respect to the introduc-
tion of the liquid carrier medium.

The alkali compound in a finely divided form
may be introduced directly from storage vessel
28 by means of standpipe 29 into conduit 3, con-
duit I8, or reactor 4 without departing from the
scope of this invention.

Although the invention has been described with
specific reference to the reaction conditions and
to the composition of the catalyst, these condi-
tions and compositions should not be construed
as unnecessarily limiting to this invention. Var-
ious heaters, compressors, coolers, valves, distil-
lation columns, ete. have been omitted from the
drawing as a matter of clarity and convenience.
Various modifications of the present invention,
especially as to the manner and as to the point
of introduction of the alkali compound, may be
practiced without departing from the scope of
this invention.

The following example is illustrative of the
results obtained with and without the teachings
of this invention and shows the catalyst com-
position and yield of hydrocarbon oils and oxy-
genated organic compounds produced by the
hydrogenation of carbon monoxide with a rela-
tively high alkali catalyst containing redueced
iron as a major component. Since the example
is illustrative only of the application and com-
position of the catalyst and of the results ob-
tained through the teachings of this invention, it
should nect be considered unnecessarily limiting
to the present invention and is offered merely as
a. better understanding of the process for the
hydrogenation of carbon monoxide with a rela-
tively high alkali catalyst.

The results obtained are presented in conven-
tional tabular form. The yield of observed oil
and water may be taken as indications of cata-
lytic activity. The yield of observed oil repre-
sents the product cooled in the primary receiver
at room temperature and operating pressure and
in the secondary receiver at about —80° F. and
atmospheric pressure. This yield of oil is not the
total yield of organic compounds since it does not
include most of the gaseous hydrocarbons made
or the organic compounds soluble in the water
product. The yield of observed water represents
the agueous layer recovered in the primary and
secondary receivers and includes the organic
cormpounds soluble therein.

The inspections on oil and water were obtained
by conventional methods of analysis and these
data may be used as a measure of catalyst selec-
tivity. The “weight per cent water—XK. F. R.”
is cobtained by the use of the Kar! Fischer
Reagent (XK. F. R.) and the differences between
that value and 100 per cent is a measure of the
organic chemicals contained in the observed
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water product. Oxygenated organic compounds,
such as acids, alcohols, aldehydes, ketones, ete.,
are not only present in the observed water but
are also present to some extent in the observed
oil product. The yield of acids contained in the
water is expressed as equivalent yield of acetic
acid, although higher molecular weight acids are
also present.

EXAMPLE

About 1390 grams of AICI:.6H20 were dissolved
in 1400 cc. of water. The solution was warmed
to about 130° F. for a few minutes to dissolve
the aluminum chloride. About 13,600 grams of
powdered Alan Wood Ore were added to the
aluminum chloride solution and agitated for
about one-half hour in a mechanical mixer.
An additional 1300 cc. of water were required
for stirring. The resulting mixture was dried
overnight at about 200° P., after which the
dried material was pelleted into ¥, inch di-
ameter pellets in preparation for calcination.
The pelleted material was calcined with air in
a gas-fired furnace at a temperature of about
The pellets were
removed from the gas-fired furnace and ground
in a disc mill to a fine powder. About 216 grams
of K2CO3 (C. P.) were dissolved in about 1600
ce. of water. The potassium carbonate solution
was admixed with the powdered calcined material
and 250 cc. of additional water were added dur-
ing stirring. The resulting mixture was then
dried at a temperature of about 250° F. for sev-
eral hours. After the Alan Wood Ore had been
calcined and treated with the potassium car-
bonate solution, the material was pelleted and
reduced at a temperature between about 1400°
F. and 1500° F. for about six hours until the
formation of water substantially ceased. After
reduction, the reduced material was repulverized
in preparation for use as a catalyst. The cata-
lyst composition in parts by weight was approxi-
mately 3 parts Al,Os, 1.5 parts K20, minor pro-
portions of silica and titania present in the -
original ore, and about 100 parts iron (Fe).

Table I below shows optimum yields of oil and
water obtained in several runs for the hydro-
genation of carbon monoxide in the presence of
the fresh catalyst as well as in the presence of
regenerated catalyst at approximately equivalent
space velocities for each run. Runs 1 and 2
show the optimum yield obtained using a fresh
catalyst. Runs 3 and 4 show the optimum yield
obtained after regeneration of the catalyst by
roasting in air at a temperature of about 1200°
F. followed by reduction with hydrogen at a
temperature between about 1400° F. and about
1500° F. Run 5 shows the optimum yield of oil
and water obtained when the alkali content of
the catalyst was replenished in accordance with
the teachings of this invention. The original
catalyst contained about 1.5- parts by weight of
potassium calculated as the oxide per hundred
parts by weight of iron. After about 1000 hours
of use including repeated regeneration, as shown
by runs 1, 2, 3, and 4, the alkali content of the
catalyst was only about 0.2 part by weight of
potassium. oxide per hundred parts of iron. Suf-
ficient potassium -carbonate was added in run 5.
to replenish -the alkali content of the. catalyst
to -approximately its former amount. ‘
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TaBLE L
| I
' ! Optimum Yield—
Reduct ce./m.3 -

P ot Reduction ours on
Run | Treatinent Temp. °F. ‘ Stream

Temo. | o | H0
) S Tresh.._._._ 1, 505 535 97 109 310
S I do_____. 1,480 580 86 74 230
3. Regenerated 1,430 520 23 28 160
4. ceecdoo L 1,485 540 41 47 180
[ SR N doo_o... 1, 470 639 87 76 240

Table II indicates the water analysis of prod-
uct water obtained from runs 1 through 5. Table
IIT shows the analysis of the catalyst after a
period of use indicated in runs 1 through 5.
After a substantial decrease in the alkali con-
tent of the catalyst, a considerable amount of
coke formation was obtained on the catalyst,
often to such an extent as to make the synthesis
cperation difficult.

Tasze II
Water anealysis
. Total Oxygenated
Compounds
Ave. Arcid Weight (XK. F
Run i Yield Per Cent
i oec./m.s CH;COOH Weidh
‘ eight
| Per Cent| 0/
90 1.8 14.0 16
80 2.2 17.0 17
49 0.2 9.0 i
53 0.8 12.5 8
59 2.3 13.1 19
TapLe TIX
Catalyst composition
Qil +Wax‘§ o Carbon |
Run - Weight | neep | Weight | Hours
| Per Cent | " % Per Cent ot bise
Lo 7.0 214 24! 310
b S, - 2.01 226 4.2 230
R, ! L 62. 160
L S ] 0.1 . 14.5 | 190
3 3.5 ‘ 239 3.6 | 240
i H !

The oil and water are reported in terms of
cc. per cubic meter of total synthesis feed at 32°
F. and atmospheric pressure.

It should be noted that upon prolonged use
and repeated regeneration of the catalyst that
the yield of oil and the amount of acid in the
water was substantially decreased. However, by
replenishing the alkali content of the catalyst
according to this invention the yield and se-
lectivity of the catalyst is maintained relatively
high throughout the hydrogenation process, as
indicated by the increase in yield of oil and
amount of acid in the water product.

Although the reduced iron catalyst of this
example has been considered to have an ultimate
composition of metallic iron and K20, the actual
composition of the catalyst may contain consid-
erable amounts of unreduced oxides of iron, and
the potassium may be present in the catalyst in
other forms than as K20. In all instances the
potassium content of the catalyst has been cal-
culated as the oxide based on all iron present
calculated as the elementary metal.

I claim:

1. In g process for the hydrogenation of car-
bon monoxide to produce organic compounds
comprising introducing a feed mixture compris-
ing hydrogen and carbon monoxide having a mol
ratio of hydrogen to carbon monoxide between
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about 0.7:1 and about 10:1 info a reaction zone,
passing the gaseous. mixture upwardly in said re-
action zone through a mass comprising a finely-
divided hydrogenation catalyst at a velocity suffi-
ciently low to maintain the mass in a dense fluid-
ized pseudo-liquid condition but sufficiently high
to produce a rapid circulation of catalyst in the
mass, maintaining in said reaction zone g tem-
perature of between about 450 and about 700° F.,
a pressure between about 150 and about 500
pounds per square inch gage and a space velocity
equivalent to at least one standard cubic foot of
carbon monoxide per hour per pound of catalyst
in said reaction zone, said finely-divided hydro-
genation catalyst comprising metallic iron as a
major component and containing initially a pre-
determined amount of between about 0.1 and
about 3.0 weight per cent of at least one alkall
eompound selected from the group consisting of
an alkali metal compound and an alkaline earth
compound and further characterized by the tend-
ency of the catalyst to lose at least a portion of
its alkali content under conditions to which it is
subjected, withdrawing a portion of the mass of
finely-divided catalyst from said reaction zone,
regenerating finely-divided catalyst thus with-
drawn from said reaction zone including contact
with hydrogen at an elevated temperature and
returning regenerated catalyst thus contacted
with hydrogen to the reaction zone for reuse, the
method for uniformly controlling the alkali con-
tent of the catalyst particles which comprises ad-
mixing at least one alkali compound selected from
the group consisting of an alkali metal compound
and an alkaline earth compound with a carrier
medium comprising a substantially non-reactive
liquid capable of substantially completely vola-
tilizing under the aforesaid conditions of reaction,
prior to returning regenerated catalyst to the re-
action zone injecting the resulting mixture of
carrier medium and alkali compound into the re-
generated catalyst thus withdrawn from said re-
action zone in an amount sufficient to supply be-
tween about 0.005 and about 0.1 pound of alkali

- compound calculated as the oxide per hour per

ton of catalytic material present in said mass of
catalyst in said reaction zone but not more than
that amount necessary to compensate for the de-
crease in alkali content of the catalyst, and re-
turning the resulting mixture of regenerated cat-
alyst and alkali compound to said reaction zone
whereby the decrease in alkali content of the cat-
alyst mass is at least minimized.

2. The process according to claim 1 in which
the alkali compound contained in the catalyst is
a potassium compcund and the alkali compound
injected into the regenerated catalyst is a po-
tassium compound.

3. The process of claim 1 in which said alkall
compound contained in the catalyst is an oxygen-
containing potassium compound and the alkali
compound injected into said regenerated catalyst
is potassium carbonate.

4, The process of claim 1 in which said alkali
compound contained in the catalyst is a calcium
compound and the alkali compound injected into
the regenerated catalyst is a calcium compound.

5. The process according to claim 1 in which
said alkali compound contained in the catalyst
is a sodium compound and the alkali compound
injected into the regenerated catalyst is a sodium
compound.

6. The process of claim 1 in which said liguid
carrier medium is a light naphtha fraction re-
covered as a product of the process.
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7. The process of claim 1 in which said liquid
carrier medium is water.

8. The process of claim 1 in which said liquid
carrier medium is iron carbonyl.

9. In a process for the hydrogenation of car-
bon monexide to produce organic compounds
comprising intreducing a feed mixture compris-
ing hydrogen and carbon monoxide having a mol
ratio of hydrogen to carbon monoxide between
about 0.7:1 and about 10:1 into g reaction zone,
passing the gaseous mixture upwardly in said re-
action zone in contact with a finely-divided hy-
drogenation catalyst at a velocity such that said
finely-divided catalyst is suspended in a fluidized
condition in said flowing gaseous mixture, main-
taining in said reaction zone a temperature be-
tween about 350 and about 750° F'. and a pressure
between about 50 and about 500 pounds per square
inch gage, said finely-divided hydrogenation cat-
alyst comprising metallic iron as the major com-
ponent and containing initially a predetermined
amount of between about 0.1 and about 3.0 per
cent by weight of at least one alkali compound
selected from the group consisting of an alkali
metal compound and an alkaline earth compound
and further characterized by the tendency of the
catalyst to lose at least a portion of its alkali con-
tent under conditions to which it is subjected,
removing finely-divided catalyst from said re-
action zone treating catalyst thus withdrawn un-
der conditions such that alkali is removed fiom
the catalyst and returning treated catalyst to
said reaction zone, the method for uniformly con-
trolling the alkali content of the catalyst particles

which comprises, prior to returning withdrawn

catalyst to the reaction zone, admixing at least
one alkali compound selected from the group con-
sisting of an alkali metal compound and an al-
kaline earth compound with the treated catalyst

in an amount sufficient to at least partially com~

pensate for the loss in alkali content of the cat-
alyst but insufiicient to increase the alkali con-
tent over the initial predetermined amount, and
returning the resulting mixture of catalyst and
alkali to said reaction zone for reuse.

10. In a process for the hydrogenation of car-
bon- monoxide to produce organic compounds
comprising infroducing a feed mixture compris-
ing hydrogen and carbon monoxide as the prin-
cipal reactants having a mol ratio of hydrogen to
carbon monoxide between about 0.7:1 and about
10:1 into a reaction zone, passing the gaseous mix-
ture upwardly in said reaction zone in contact
with the finely-divided hydrogenation catalyst
such that the catalyst is suspended in a fluidized
condition in said gaseous mixture, said finely-
divided hydrogenation catalyst consisting essen-
tially of metallic iron and containing initially a
predetermined amount of between about 0.8 and
about 2.0 weight per cent of at least one alkali
compound selected from the group consisting of
an alkali metal compound and an alkaline earth
compound calculated as the oxide and further
characterized by the tendeney of the catalyst to
lose at least a portion of its alkali content under
conditions to which it is subjected, maintaining
a temperature of reaction between about 550 and
about 625° F. and a pressure between about 150
and about 400 pounds per square inch gage, with-
drawing finely-divided catalyst from said reac-
tion zone, subjecting said finely-divided catalyst
thus withdrawn from said reaction zone to con-
tact with hydrogen at an elevated temperature
and returning catalyst thus contacted with hy-
drogen to said reaction zone for reuse, the method
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for uniformly controlling the alkali content of
the catalyst particles which comprises, prior.to
returning hydrogen-treated catalyst to the reac-
tion zone admixing with finely-divided hydrogen
treated catalyst at least one alkali compound se-
lected from the group consisting of an alkali metal
compound and an alkaline earth compound in
an amount sufficient to at least partially com-
pensate for the loss of alkali content but in-
sufficient to increase the alkali content over the
initial predetermined amount, and returning the
resulting mixture of finely-divided catalyst and
alkali compound to said reaction zone whereby
the decrease in alkali content of the catalyst is
at least minimized. )

11. In a process for the hydrogenation of a car-
bon oxide to produce organic compounds in the
presence of a fluidized catalyst in which a feed
mixture comprising hydrogen and a carbon oxide
having a mol ratio of hydrogen to carbon oxide
between about 0.7:1 and about 10.1 is introduced
into a reaction zone and is contacted with a fluid-
ized hydrogenation catalyst at a temperature be-
tween about 350 and about 750° ¥, said hydrogen-
ation catalyst comprising iron as the major com-
ponent and containing initially a predetermined
amount of between about 0.1 and about 3.0 weight
per cent of at least one alkali compound selected
from the group consisting of an alkali metal com-
pound and an alkaline earth compound and fur-
ther characterized by the tendency of the catalyst
to lose at least a portion of its alkali content un-
der conditions to which it is subjected, and in
which process used hydrogenation catalyst is
withdrawn from the reaction zone and subjected
to regeneration including contact with hydrogen
at an elevated temperature and is subsequently
returned to said reaction zone for reuse, the meth-
od for uniformly controlling the alkali content of
the catalyst particles which comprises prior to
returning regenerated catalyst to the reaction
zone admixing with the regenerated catalyst at
least one alkali compound selected from the
group consisting of an alkali metal compound and
an alkaline earth compound in an amount at least
sufficient to partially compensate for the decrease
in alkali content of the catalyst but insufficient
o increase the alkali content of the catalyst over
the initial predetermined amount,

: WILLIAM P, BURTON.
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