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This invention is related to the conversion of
carbon monox:ide and hydrogen to liquid hydro-
carbons using iron-alkali metal catalysts. It
deals primarily with the employment of iron-

~alkali metal catalyst in a finely divided form

suspended in a stream of gassous rcactants and
especially with the sensitizing of said catalysts
in a finely divided form.

The use of iron-alkali metal catalysts for the
conversion of carbon monoxide to liquid hydro-
carbons has long been known to the art. Com-
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mercial processes, however, could not be devel- -

oped because of the extreme difficulties encoun-
tered in carrying out this reaction on a large
scale. In certain instances, however, where nor-
mal economic forces were inoperative, iron alkali
catalysts were employed on a moderate scale in
fixed bed units for the synthesis of hydrocarbons.
The use of fluidized finely divided solid catalysts
in the synthesis of hydrocarbons has been pro-
posed as a means for overcoming the many diffi-
culties which stood in the way of a commercial
synthetic oil process. However, attempts to ap-
ply the fluidized-solid techniques to the synthesis
of hydrocarbons using iron-alkali metal catalysts
brought to light a previously unencountered, but
serious problem, the solution of which is vital
to the commercial development of a synthetic
oil process using finely divided iron-alkali metal
catalysts. This problem is the unexpected de-
fluidization of iron-alkali metal catalysts.

It has been repeatedly observed that in an
effort to adapt the fluidized solids technique to
iron-alkali metal catalysts the catalysts under-
go a phenomenon of defluidization. For example,
during a period of heretofore smooth and satis-
factory operation the suspended particles of cata-
lyst suddenly agglomerate and settle out with
the result that the normal fluidization process
fails completely and the reaction abruptly ceases.
Many explanations have been offered for tlis
tendency, none of which appears at this time to
be wholly satisfactory. It is certain, however,
that not only is the linear velocity of the aerating
gases of great importance but also the physical
condition of the catalyst, its chemical comro-
sition and the operating conditions.

Operating conditions and special techniques
have been developed whereby the catalyst can
be retained in the fluidized condition in the syn-
thesis step for long periods of time, but these
special methods are not applicable to the catalyst
conditioning step. The conditioning operation to
which I refer consists in contacting the finely
divided catalyst with & reducing gas containing
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.to 6 hours.

hydrogen under a critical range of conditions,
the use of which is the essence of my invention.
This conditioning step involves not only a pare
tial reduction of the oxides which are present
in the catalyst but also the adsorption of some
of the reducing gases on the surface of the cata-
lyst. .

The conventional method for conditioning iron
catalyst which has been activated with an alkali
metal compound consists in passing a stream of
hydrogen over a fixed bed of the granular cata~
lyst at about 1100° F. Space veloeity is not criti-
cal and the treatment is completed in about 4
The conditioned catalyst was then
pulverized and subsequently introduced as a
finely divided solid into a synthol converter op~
erating on the fluidized solid principle. Obvious-
ly, it is necessary to protect the reduced catalyst
from oxidation during the grinding operation
and during the transfer to the converter.

When an attempt is made to effect this con-
ditioning under the same cond:tions of tempera-
ture and pressure in the suspended fluid phase,
the catalyst becomes defluidized.

It is difficult to explain why the fluidization
of the catalyst failed under the conventional con-
ditions of temperature, i. e., at a temperature be-
tween about 1000 to 1200° F. Apparently, after
the catalyst has been partially reduced, it tends
to become cohesive with the result that the cata-
lyst particles set or agglomerate, and the hydro-
gen channels through the defluidized catalyst.
The cohesiveness that develops probably is due to
the secretion or migration of free caustic from
the pores of the catalyst particle. The stickiness
resulting from the caustic, which is at a tem-
perature above its melting point under these con-
ditions of temperature, apparently causes the'
catalyst to agglomerate with the resulting fail-
ure of fluidization. The agglomerated catalyst is
friable and disintegrates to a powder upon cool-
ing. This disintegration of the agglomerated
mass probably is the result of stresses produced
by the thermal contraction. On the other hand,
perhaps the alkali returns to the pores from
which it migrated at the higher temperature.

It is therefore an object of this invention to
provide a method and means for conditioning
finely divided iron catalyst, which has been acti-
vated with alkali, in the dense fluidized' phase.
Another object of my invention is to provide a

‘method and means for treating finely divided

promoted iron catalyst with hydrogen at the
optimum temperature at which fluidization can
be maintained. These and other objects will
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become apparent as the description of my inven-
tion proceeds.

Briefly, my invention contemplates a critical
range of conditions in which the defluidization
can be avoided in the catalyst conditioning step.
In this operation, control of temperature is of

_ prime importance and, by its control to with-

in a rather limited range, I have been able to
satisfactorily condition the catalyst in the fluid-
ized state. In general, it appears that the critical
temperature rahge of this operation is related
to some extent to the alkali content of the cata-
Iyst. I have developed a correlation by which
I adjust the conditions to alkali-metal content
of the catalyst.

By my invention, I have eliminated the trouble-
some procedure of conditioning the catalyst in a
fixed bed operation and then grinding the cata-
lyst in a protecting atmosphere. I have also
avoided the necessity of protecting the sensitized
pulverized catalyst from traces of oxygen during
storage and during transfer from said pulverizing
means. Likewise, I have now been able to condi-
tion & catalyst which has been prepared in a
finely divided state or finely divided catalyst
which previously has been regenerated without

:the necessity of an intermediate pelleting or

analogous step and it is possible to condition the
catalyst “in situ” avoiding the necessity of spe-
cial apparatus. Furthermore, I have found in-
dications that the practice of my invention dur-
ing conditioning of catalyst in the fluidized state
eliminates some of the difficulties which hereto-
fore take place in the subsequent synthesis step.
The hydrocarbon synthesis process with which
this invention is concerned, employs an iron cata-
lyst and is conducted at a temperature of between
about 400 and 750° P. and at pressures of be-
tween about 75 and 400 pounds per square inch.
A preferred range of temperature is between 450
and 6756° F. and a pressure of between about 175
and about 325 pounds per square inch. The space
velocity through the reactor should be between
about 5 and 15 cubic feet of CO per hour per
pound of catalyst within the reactor. A hydro-
gen to carbon monoxide ratio of between about 2
to 1 and 5 to 1 can be used with an optimum car-
bon monoxide content of between about 9 and
about 15% based upon the total gas feed to the
reactor. Ordinarily, the actual feed to the syn-
thesis reactor will also include from 1 to 3 times
&8 much carbon dioxide as carbon monoxide.
The catalyst for use in such a process should
be in a finely divided form capable of being fluid-
ized by gas flowing upwardly through the bed
at low velocities to maintain the catalyst in a
dense turbulent suspended phase. The catalyst
particles can be of the order of between about 2
and 200 microns, preferably 20 to 100 microns
in particle size. With vertical gas velocities of
the order of between about 0.5 and about 5.0 feet
per second, preferably between about 1 and 3, for
example, about 2 feet per second, a liquid-like
dense phase of catalyst is obtained. In such a
liquid-like dense phase, the bulk density of the
catalyst is between about 10 and 80%, preferably
between about 20 and 60%; e. g. about 30% of
the density of the settled catalyst material. Cata-
lyst particles without a support will have a set-
tled bulk density as high as between about 120
and 150 pounds per cubic foot, whereas the set-
tled bulk density of the iron catalyst supported
by Super Filtrol or similar carrier may be as low
a8 10 pounds per cubic foot. The vertical or linear
velocity of the gas is, in any event, regulated so
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as to produce a turbulent suspension of catalyst
within the contacting zone; e. g., the hydrocarbon
synthesis zone, the catalyst preparation zone, or
the like.

The iron type catalyst for use in my system can
be derived by a number of methods well known
in the art. 'One embodiment is that used in am-
monia synthesis, such a catalyst ordinarily being
prepared by oxidizing iron in a stream of oxygen
to produce a fused mass and then crushing the
fused oxide. A very effective and economieal
catalyst can be prepared by first roasting iron
pyrites. Another catalyst is one of the precipi-
tated type which may be supported on Super
Filtrol or other finely divided inert carriers. The
iron catalyst, however derived, can be promoted
by the addition of between 0.1 and 2.5% for ex-
ample, between about 0.25 and about 1% of a
metal alkali compound such as by adsorbing KpF
thereon before conditioning. The promoted iron

_catalyst is then trea.ted with hydrogen before use

in synthesis.

A preferred technique for preparing catalyst is
to roast a material containing a compound of
iron with a combustible material or in admixture
with a combustible material. The heat of com-
bustion of the combustibie components should be
sufficient to raise the temperature during the
roasting operation to at least 1500° F, Examples
of suitable combustible components are sulfur
and carbon.

An excellent method of catalyst preparation is
to admix hematite (Fe:03) with about 2% or
more potassium carbonate, heat the mixture to
a temperature above 1000° C., i. e., to effect in-
cipient fusing or sintering, and.to convert the
iron oxide to FesOs, extract excess potassium from
the sintered mass with water so that only about
1to2%; e. g., about .5% potassium will remain,
grind the catalyst to the desired particle size and
treat the FesO4 containing the residual potassium
with hydrogen or hydrogen-rich gas.

It has been demonstrated that a finely divided -
promoted iron catalyst can be conditioned while
maintained in a fluidized state if the temperature
is held between about 700-900° F.; i. e., at about
50 to about 300° F. above the proposed synthesis
temperature. By maintaining a substantial hy-
drogen pressure, it is possible to accomplish the
high degree of activation at these lower tem-
peratures in a period of 10 to 30 hours or more.
The conditioning is preferably carried out at be-
tween about 200-300 pounds per square inch and
can, for example, be conducted at the same pres-
sure as is used in the synthol converter. Shorter
periods at lower pressure, however, are effective
and give catalysts with an initial activity closer
to the average activity in the synthesis.

In general, catalyst containing between about
0.1% and about 2.0% alkali based on the weight
of unreduced catalyst can be fluidized at a tem-
perature of between about 50 and 300° F. above
the hydrocarbon synthesis temperature and the
temperature at which agglomeration occurs has
been found to vary. For example, with about
149 alkali, the temperature for maintaining a
mobile iron catalyst appears to be as low as about
700° F. On the other hand, with about 1.0%
adsorbed alkali metal compound a pronounced
reduction in the mobility of the catalyst has been
observed with a higher temperature of about
750° F. The maximum temperature at which
fluidization of the finely divided iron catalyst
containing about 0.5% alkali can be maintained
in the presence of a reducing gas i3 somewhat
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higher and may be about 800° F. With smaller
percentages, i. e., about 0.1%, the dense turbu-
lent suspended phase can be maintained without

agglomeration at substantially higher tempera- -

tures but below about 900° F. If agglomeration
does occur at a given temperature level with the
resultant tendency to defluidize, the catalyst can

be maintained fluidized at a substantially lower

temperature, for example, at least about 5° P. and
preferably at least about 50° P. below the defluid-
ization temperature, i. e, the temperature at
which agglomeration occurs. :

Although the chemical nature of the catalyst
particles cannot be defined with precision, it ap-
pears to be a mixture of reduced Fe and FeO and
in the synthesis zone a portion thereof is con-
verted to Fe:C. Potassium stabilizes the state of
reduction of the iron and may be initially added
as a carbonate as above described or as a fluoride,
for example as KF, or other salt or oxide. When
sodium is substituted for potassium as a promo-
ter, it may be used in much smaller amounts,
usually about 1% as much as in the case of potas-
sium. Small amounts of other materials or metal
oxides may be employed with the catalyst in man-
ners and for purposes well known to the art.

It is unnecessary that the catalyst be com-
pletely reduced and in fact complete reduction or
long contact with hydrogen appears to result in
chemically adsorbed hydrogen which renders the
catalyst extremely active. It has been found that
beneficial results can be obtained with the re-
duced iron catalyst of the type described herein if
it is brought on-stream gradually and preferably
by subjecting the treated catalyst at conventional
conversion temperature and pressure to pre-
treatment with a synthesis gas low in carbon
monoxide and gradually increasing the carbon
monoxide content to the indicated optimum. A
suitable source of such pretreating gas is a re-
cycle stream from the synthesis proper. This
pretreatment or induction step can be carried out
in a separate vessel interposed between the hy-
drogen treating zone and the synthesis reactor
and the induced catalyst transferred to the syn-
thol converter. When the zones are all main-
tained at approximately the same pressure and
the catalyst is in a dense turbulent fluid phase,
the catalyst can be progressively transferred
from the hydrogen treating zone to the induec-
tion zone and thence into the hydrocarbon syn-
thesis reactor in series.

In some instances if the catalyst particles are
fragile, particularly when the active iron catalyst
is prepared from a compound of iron with a com-
bustible material or in admixture with combusti-
ble material, it is beneflcial to sinter the catalyst
particle before use in the synthesis by maintain-
ing a bed of the treated catalyst in a dense turbu-
lent suspended phase in the presence of a reduc-
ing gas at a sintering temperature.

From the above description it will be apparent
to those skilled in the art that I have attained
the objects of this invention. By my system it
is possible to reduce not only new catalyst but
regenerated catalyst as well, and to transfer said
catalyst directly to the converter or a pretreater
In a stream of gas. Thus, by treating the catalyst
with hydrogen-rich gas in the fluidized state at
between about 50 and 300° F. above the synthesis
temperature, at a pressure of between about 200
and 300 pounds per square inch, and at a linear
gas velocity in the treating zone of between about
1 and 3 feet per second, a simplified and econom-
jcal system is provided. This improvement af-
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fords considerable economy in equipment, simpli-
fles the handling of the active catalyst, and low-
ers the ultimate cost of preparing an active cata-
lyst and maintaining the desired activity. .

Although a specific embodimant of my inven-
tion has been described, it should be understood
that this is by way of illustration only and that
the invention is not limited thereto. From the
above description, modifications will become ap-
parent to those skilled in the art and such modi-
fications and alternatives are contemplated as
coming within the scope of the invention which
is defined by the appended claims. :

Iclaim:

1. In the method of treating a finely divided
iron catalyst having an alkali metal compound
adsorbed thereon and tending to agglomerate at
temperatures above about 700° F., the steps of
passing a reducing gas upwardly through a body
of the iron cata.yst initially in a dense turbulent
suspended phase, increasing the temperature of
the catalyst phase above about 700° F. until there
is a tendency for the catalyst to settle from the
suspended phase, decreasing the temperature to
a point where the catalyst is freely suspended in
the dense turbulent phase, and alternately in-
creasing and decreasing the. temperature as to
maintain the catalyst at the highest temperature
level at which the body of catalyst can be main-
tained in the dense turbulent suspended phase.

2. In the method of treating a finely divided

- iron catalyst having an alka.i metal compound
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adsorbed thereon and tending to agglomerate at
elevated temperatures, the steps which comprise
passing a reducing gas upwardly through a body
of -the iron catalyst at an upward linear velocity
sufficient to maintain the iron catalyst in a dense
turbulent fluidized phase, maintaining the dense -
turbulent fluidized phase at an elevated tem-
perature until there is an indication of the tend-
ency for the dense turbulent -fluidized phase to
defluidize and reducing the temperature by about
50° F. for a period sufficient to re-establish the
desired dense turbulent fluidized phase.

3. In the method of treating a finely divided
iron cata.yst having an alkali metal compound
adsorbed thereon and tending to agglomerate at
elevated temperatures, the steps which comprise
passing a reducing gas upwardly through a body
of the iron catalyst at an upward linear velocity
sufficient to maintain the iron catalyst in a dense
turbulent fluidized phase, elevating the tempera- .
ture until there is an indication of the tendency
for the dense turbulent fluidized phase to de-
fluidize, reducing the temperature by at least
about 50° P for a period sufficient to re-establish
the desired dense turbulent fluidized phase, and
maintaining the dense turbulent fluidized phase
at a temperature approaching that at-which the
catalyst has a tendency to defluidize,

4. In the method of treating a finely divided
iron catalyst having a surface coating of an alkali
metal compound ‘adsorbed thereon and tending
to agglomerate at temperatures above about 700°
F., the steps which comprise passing a reducing
gas upwardly through a body of the promoted
iron catalyst initially in a dense turbulent sus-
pended phase, increasing the temperature of the
suspended catalyst phase above about 700° F.
until there is an indication of a tendency for the
dense turbulent catalyst phase to defluidize, re-
ducing the temperature by at least about 5° F.
for a period sufficient to re-establish the desired
dense turbulent fluidized phase and maintaining
the dense turbulent fluidized phase at a tempera-
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ture approximating that at which the catalyst
has & tendency to defluidize. Number
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