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This invention relates to the hydrogenation of
carbon oxides to produce oxygenated organic
compounds and hydrocarbons. In one aspect
this invention relates to the activation and re-
activation of hydrogenation catalysts. The
process of this invention is applicable to the
activation and reactivation of catalysts used to
react hydrogen with carbon monoxide, carbon
dioxide, and organic compounds containing the
carbonyl group, such as ketones, aldehydes, acyl
halides, organic acids and their salts and esters,
acid anhydrides, and amines, and herein desig-
nated as carbon oxides, whose reaction with hy-
drogen is promoted by catalysts which are effec-
tive with carbon monoxide.

It has been known for some time that hydro-
gen and carbcn monoxide may be made to react
exothermically in the presence of a catalyst un-
der specific reaction conditions to form hydro-
carbons 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 VIII of the periodic
table at pressures below about 500 pounds per
square inch gage and at temperatures below
about 750° F. for the production of both hydro-
carbons and oxygenated compounds, and at pres-
sures between about 1,000 and about 10,000
pounds per square inch gage and at temperatures
above 750° F. for the synthesis of oxygenated
organic compounds as the major product.

The synthesis feed gas or reaction mixture
comprises a mixture of about one to two mols
of hydrogen to one mol of carbon monoxide and
may be prepared by the catalytic conversion of
natural gas, steam, and carbon dioxide.

Various methods have been utilized to effect
the hydrogenation of carbon monoxide, such as
by fixed or stationary bed catalyst technique or
by fluid bed technique. In the stationary or
fixed bed technique, the reaction mixture is
passed through a stationary bed of granular
catalyst in the reaction zone, and, in the fluid
bed technique, the reaction mixture is passed
through a mass of fluidized catalyst in which the
catalyst is suspended in finely divided form in
the reaction mixture in the reaction zone. This
invention has particular application to the finely
divided fluidized catalyst technigque in which
the catalyst is mainfained in a fluidized condi-
tion in the reaction zone.

Often a catalyst must be treated prior to use
as a hydrogenation catalyst to render the catalyst
particularly active for the hydrogenation re-
action. PFor example, in the hydrogenation of
carbon monoXxide in a fluidized process in the
presence of a reduced iron catalyst, finely divided
iron oxide is reduced prior to introduction into
the hydrogenation reaction zone. It is desirable
to reduce the iron oxide in the fluidized condi-
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tion, if possible, in the presence of a reducing
gas, such as hydrogen, under appropriate con-
ditions of temperature and pressure to effect
either partial or total reduction of the iron oxide
to metallic iron. Also, after use of a particular
hydrogenation catalyst in hydrogenating carbon
monoxide, the catalyst becomes partially de-
activated and must be reactivated intermittently
or continuously during the course of the hydro-
genation process. In this latter respect usually
the hydrogenation catalyst is withdrawn from
the reaction zone, such as, for example, when a
reduced iron catalyst is used, and the partially
deactivated reduced iron catalyst is reactivated
by reduction and/or oxidation steps and returned
to the hydrogenation reaction zone. It is also
desirable to reactivate the catalyst in the fluid-
ized condition, if possible, in the presence of a
reducing or an oxidizing gas. Such reactivation
treatment is necessitated as a result of the cat-
alyst becoming partially oxidized and contami-
nated with waxes and carbonaceous deposits
during the hydrogenation of the carbon mon-
oxide. The partially oxidized catalyst may be
treated by oxidation in one step and subsequently
the catalyst is re-reduced in g second and sep-
arate step. :

The activation of the catalyst prior to use and
the reactivation of the catalyst after use re-
quires temperatures substantially greater than
the temperature used during the hydrogenation
of carbon monoxide with the catalyst, if maxi-
mum efficiency is to be achieved and minimum

" contact time is to be used. It has been found
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that at the relatively high temperatures of ac-
tivation or reactivation it is often difficult, if
not impossible, to maintain the finely divided
catalyst in a fluidized suspended condition in
the activation zone. . As 'a result of such diffi-
culty, the.catalyst is often pelleted and acti-
vated in a stationary bed, or the catalyst may
be suspended and reduced at a relatively low
temperature. When using a low temperature to
maintain the catalyst in a fluidized suspended
condition in the activation zone, a much longer
period of time is required to reduce the iron oxide
than at temperatures above 900° F. or higher.
It is seen, therefore, that considerable difficulty
accompanies . the activation and reactivation .of
a2 fluidized type catalyst, and it is much to be
desired, therefore, to provide a process or a
method for eliminating or minimizing such dif-
ficulties. -

The reason for the difficulty of fluidizing the
catalyst during activation or reactivation is not
thoroughly understood, but it is known that at
the higher temperatures of activation and reacti-
vation necessary for maximum efficiency- and
minimum contact time the catalyst loses its fluid-
ization characteristic which it has at lower tem=
peratures, stch as those temperatures used:in the
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hydrogenation reaction. As a result of the loss
of its fluidization characteristic, the catalyst does
not achieve the -conventional fluidized condition
but settles and agglomerates in the activation
zone. For example, in the reduction of iron oxide
or in the re-reduction of a used or partially oxi-
dized iron catalyst, the reaction -and -adsorption
of hydrogen on the surface of thecatalyst par-
ticle at the relatively high temperatures required
may prevent normal fluidizing conditions from
being achieved. This theory is offered merely as
a possible explanation of the difficulty in fluidiz-
ing the finely divided catalysts during -activation
and reactivation and should not be considered un-
duly limiting to the invention in.any respect. It
s known that it is very difficulf io maintain a
finely divided catalyst in .a fluidized condition
during activation, in parficular during reduction
.of an iron catalyst with hydrogen, at tempera-

tures substantially above fhese temperatures used

during the synthesis reaction.

If in an object of this invention to obviate the
above difficulties accompanying the activation of
- hydrogenation catalyst in a fluidized condition.

Another object of this.invention is to provide a
process for the hydrogenation of .carbon monox-
ide in the presence of a finely divided hydrogen-
ation catalyst.

It is another object of this invention to pro-
vide a process for the activation or reactivation
of a finely divided hydrogenation catalyst.

-Still another object of this invention is to in-
-crease the temperature permissible during activa-
tion -or reactivation of a finely divided hydrogen-
ation catalyst in-a fluidized condition.

A further object is to provide.a method for the
reduction -of a mefal compound.

It is a further object of this-invention to.reduce
‘the period of time required for the activation or
reactivation -of a finely divided hydrogenation
catalyst in a fluidized condition.

Yet a further object.of this invention is to pre-
-yent the :agglomeration -and settling of a finely
divided hydrogenation catalyst during the activa-
tion orreactivation thereof using a fluidized tech-
‘nigue:

Various other objects and advantages of this
invention will become apparent to those skilled in
the art from the accompanying description and
disclosure.

According to’ this invention I have found that
3 finely divided hydrogenation catalyst may be
maintained in:suspension and in a fluidized .con-
dition during activation .and reactivation there-
of by admixing a diluent material or materials
with said catalyst to be treated in an amount suf-
ficient to maintain the resulfing mass in suspen-
sion ‘and in a fAuidized condition ‘without classi-
fication or segregation between the catalyst and
diluent material during the activation treatment,
said diluent material comprising a finely divided
‘inert solid capable of maintaining suspension un-
der the conditions of activation and capable of
separation from said catalyst.

In one aspect the invention comprises an im-
provement -of the process for the hydrogenation
of a carbon oxide in the presence of a:fluidized
finely divided hydrogenation catalyst in which
said finely divided catalyst.is reactivated by sus-
pending the catalyst in a regeneration .gas such
that the catalyst is maintained in a fluidized and
-suspended condition in the regeneration zone by
admixing a diluent material - therewith.

Such & solid diluent material which is substan-

. tially inert -and :capable ‘of maintaining a ‘sus-
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pended or fluidized condition under the conditions
of activation and reactivation of the hydrogen-
ation catalyst, and which is capable of separa-
tion from the catalyst, comprises silica and/or
aluming mafterials, such as silica sand, quartz,
alumina, bentonite type clay, diatomaceous earths,
bauxite, kieselgulir, and Super Filtrol. These
materials will retain a fluidized condition in either
an oxidizing or reducing atmosphere at tempera~
tures up to about 2000° F. or above. Thus, by
diluting the catalyst with such a material which
can'maintain a fluidized condition under the con-~
ditions of activation, the fluidization character-
istic of the diluent is-imparted to the entire re-
sulting mass. Preferably, the diluent should com-
prise at least 50 per cent by weight of the result-
ing mixture .and generally will comprise about
75 to about 95 per ecent by weight.

As used herein, activation and reactivation of
the catalyst is defined as any treatment of a cata-
lyst, such as oxidation or reduction, which ren-
ders the catalyst suitable to promote the reaction
between hydrogen and carbon monoxide to pro-
duce organic compounds. Also, in referring to a
fluidized or suspended condition of the catalyst, it
is meant that the finely divided catalyst particles
are suspended in an upward flowing gaseous mix-
ture under conditions such that the suspended
catalyst will form a conventional pseudo-liquid
dense phase of catalyst .in the reaction zone or
alternatively under conditions such that the cata-
lyst itself is enfrained in the gaseous mixture
passing through the reaction zone and is removed
therewith. In operations using the pseudo-
liquid dense phase of catalyst, the reaction cham-
ber is usually of such size that only a portion of
the chamber is occupied by the dense phase .of
catalyst and a relatively dilute phase containing
a very small proportion of catalyst appears in
the upper portion-of the chamber with an inter-
face between the two phases. It .is not necessary,
however, in all instances that a dilute phase be
present in the reaction chamber but the chamber
may be of such size or the quantity of catalyst
such that only a dense phase is present therein.
This dense phase of catalyst is further character-
ized by being a highly turbulent mixture of cata-
lyst particles.

To maintain the catalyst in either of the
above suspended conditions, the linear velocity of
gases passing upward through the reaction zone
and the catalyst mass will range hetween about
0.1 and abcut 40 feet per second. The pseudo-
liquid fluidized condition is usually -achieved by
maintaining the linear gas velocity between about
0.5 and about § feet per second and under these
conditions the concentration of catalyst in the
reaction zone will range between akout 25 or 40
pounds per cubic foot of gas to as high as 120
pounds per cubic foot of gas. On the other handg,
when the catalyst is entrained in the gaseous
mixture and passes through the reaction Zone
with the gases, the linear velocity of the gaseous
mixture is above about 6 feet per second and usu-
ally between about 10 and about 40 feet per
second. Under the latter conditions, the con-
centration of catalyst in the reaction zone will
be between about 3 and about 20 pounds per
cubic foot of gas.

The catalyst and diluent are employed in a
fine state of subdivision. Preferably, the pow-
dered catalyst and diluent initially contain no
more than a minor proportion by weight of mate-
rial whose particle size is greater than 250
microns. Preferably, also, the greater proportion
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of the catalyst mass and diluent mass comprise
material whose particle size is smaller than 100
- microns, including at least 25 weight per cent of
the material in particle size smaller than 40
microns. A highly desirable powdered catalyst
and/or diluent comprises at least 75 per cent by
weight of material smaller than 150 microns in
particle size and at least 25 per cent by weight
of material smaller than 40 per cent in particle
size.
The velocities,
sizes of the catalyst and diluent hereofore de-
seribed are characteristic of the conditions
required for both the hydrogenation of carbon
monoxide and the activation or reactivation
-~treatments when it is necessary to maintain the

catalyst or the catalyst and diluent in a sus-
- pended condition in an upward flowing gaseous
mixture.

This invention is applicable to the activation’

and reactivation of various catalysts suitable for
- the hydrogenation of a carbon oxide. The cata-
- lyst to which the present invention is applicable
--is a finely divided powder consisting of a metal
or metal oxide which is or becomes in the reac-
“tion zone a catalyst for the reaction. The cata-
lyst may comprise such a metal and metal oxide

or a mixture of such a metal or metal oxides. :

Finely divided metallic iron or iron oxide or a
mixture of metallic iron and iron oxide are repre-
sentative examples of the catalysts employed in
this invention. Other metals and their oxides
may be employed which are effective in catalyz-
ing the hydrogenation of a carbon oxide, such as
cobalt, nickel, and platinum and other metals of
group VIII of the periodic table, and chromium,
zine,. and cerium. While the catalyst powder
consists essentially of such catalytic metals or
their oxides, it may include also a minor amount
of promoting ingredients, such as alkalies, alu-
' -mina, silica, thoria, manganese oxide, and mag-
nesia impregnated in the catalyst. In the fol-
lowing description and claims catalyst powders
- consisting of a metal and/or a metal oxide and
containing at most a minor proportion of a pro-
moter are referred to as a “finely divided hydro-
genation ‘catalyst.” :
The present invention is also applicable to the
reduction of metal compounds to the elementary
metal. For example, in the production of finely
. divided iron for use in powder metallurgy, an
- oxide of iron may be ground to the desired-size,
and then reduced in a fluidized condition in the
presence of a diluent material of the type herein-
-before described. The invention has various
applications to those situations where it is desir-
able to maintain a finely divided material in a
- fluidized condition at temperatures under which
. it is ordinarily very difficult, if not impossible, to
maintain the finely divided material in such a
fluidized condition.
In the hydrogenation of carbon monoxide in
the presence of a catalyst containing reduced
iron as the major component, a temperature
- between about 450° F. and about 750° F. is-gen-
erally used. Activating or reactivating such a
catalyst by reducing the catalyst, such as in the
presence of hydrogen, requires a temperature
between about 900° F. and about 1600° F. for
the minimum amount of time and maximum
efficiency. In the hydrogenation of carbon mon-
-oxide in the presence of a catalyst containing
reduced cobalt as the major component, a tem-
. perature between about 350° F. and about 550° F.
:’is used. The activation or reactivation ‘of the

concentration, and particle

6

cobalt catalyst by reduction in the presence of

- ‘hydrogen requires a temperature between about

10

650° P..and about 1200°. F. or higher. Using
either catalyst, a reaction pressure between about

-60 and about 500 pounds per square inch gage is

suitable for both the hydrogenation of the earbon
monoxide and the reduction of the catalyst. If
oxidation of the catalyst is required to remove

- waxes and carbonaceous deposits, the tempera-

fure is somewhat higher than in the case of the

- reduction of the catalyst, usually temperatures
- above at least about 1500° . or 1600° F. are used
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to initiate combustion of the carbonaceous
material and waxes. )

This invention will be desecribed by reference
to the hydrogenation of carbon monoxide in the
accompanying drawing. The drawing is a dia-
grammatic illustration in elevation of an ar-
rangement of apparatus which may be used in
the synthesis of hydrocarbons and oxygenated
compounds and for the regeneration of a used
synthesis catalyst. Although specific reference
will be made to conditions of operation and to
catalyst, these conditions and catalyst are not
to be taken as unnecessarily limiting to the
invention.

A synthesis feed gas comprising hydrogen and
carbon monoxide in a ratio between about 0.7:1
and about 10:1, usually about 1.5:1, is passed
through conduit 3 to a synthesis reactor 4 which
compriges a cylindrical chamber having fluid in- -
lets and outlets therein. In synthesis reactor 4
the carbon monoxide is hydrogenated under con-
ditions such-that hydrocarbons and oxygenated
compounds are produced. In one embodiment of -
this invention the gases passing upward through
reactor 4 are maintained at a velocity below
about 6 feet per second under conditions such
that the catalyst suspended therein is maintained
in a pseudo-liquid dense phase condition. The
size of reactor 4 and the quantity of catalyst re-
tained therein is preferably such that a dilute
rhase is present in the upper portion of reactor
4. The catalyst is infroduced into conduit 3
through conduit 49 and comprises in this em-
bodiment a finely divided reduced iron catalyst
having a particle size less than about 250 microns.
The synthesis conditions of reactor 4 are a tem-
perature of akout 600° F., a pressure of about
150 pound per square inch gage, a space velocity
equivalent to at least one standard cubic foot of
carbon monoxide, per hour, per pound of cata-
lyst in the dense phase, and a residence time of
the reaction mixture therein of about 5 to 7
seconds. The reaction effuent comprising hydro-
carbons and oxygenated compounds together
with unreacted hydrogen and/or carbon mon-
oxide is removed from reactor 4 through outlet
conduit 6 in the upper portion thereof. The ef-
fluent is passed to a conventional cyclone sepa-
rator 1. In cyclone separator 7 a small amount
of entrained catalyst is removed therefrom and
returned either to reactor % or to a regeneration
chamber 23 through a solids outlet conduit 8, as
desired.

Although the above embodiment has been de-
scribed with reference to the catalyst being pres-
ent in reactor 4 in a pseudo-liquid condition, it is
within the scope of this invention to operate re-
actor 4 such that the catalyst is entrained in the

- gaseous mixture therein and is carried with the

78

reaction effluent through conduit 6 to separator
1, which may comprise a settling zone or like
means for separating the bulk of the catalyst
from the gaseous effluent. A portion of the sepa-
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rated.catalyst is returned to reactor-4 by :conduit
-8 -and -the remaining portion is either continu-
‘ously or-intermittently passed .to regeneration
chamber 22 by means not shown and regen-
erated, which operation will be described more
fully hereafter.

The .reaction -effluent substantially free from
-catalyst is passed to an accumulator {3 through
-conduits  and 1f and cocler or condenser {2.
‘Condenser [2 cools the reaction effiuent to about
150° F. or below and may comprise a single or
-a.series of condensation units. A ligquid aqueous
:phase and a liguid hydrocarbon-rich phase are
formed in accumulator {3 and may be withdrawn
therefrom through conduit 14 for recovery and
purification by means not shocwn. Uncondensed
gases may be removed from accumulator {3
through conduit {6, and may alsc be passed to
‘2 recovery and purification system (not shown)
for recovery of products of the process. A por-
tion of the reaction efluent may be recycled
through conduits {7 or {8 to reactor 4, if desired.

The reduced iron catalyst in reactor 4 becomes
partially oxidized and contaminated with car-
bonacecus deposits upon use and necessitates re-
activation thereof. Accordingly, catalyst is with-
drawn either continuously or intermittently from
reactor 4 through an outlet conduit 2§ which may
conveniently comprise a sufiiciently long stand-
pipe that the catalyst is forced by gravity into
conduit 22 through which a regeneration gas,
such as hydregen, is passing. The regeneration
gas in conduit 22 picks up the catalyst from con-
duit 2f and passes the catalyst to a regenerator
28 which comprises an elongated cylindrical
chamber. In regenerator 23 the catalyst is main-
tained in a fluidized condition, and according to
one embodiment of this invention it is main-
tained in a pseudo-liquid dense phase condition
with a dilute phase present in the upper portion
of regenerator 28 by admixing with the catalyst
‘s diluent material of the type hereinbefore de-
seribed. This diluent material is conveniently
introduced together with the regeneration gas in
conduit 22 in an amount sufficient to comprise
at least 50 per cent of the catalyst mass in re-
generator 23. The velocity of the gaseous mix-
ture, which in this case is hydrogen, is between
about 0.5 and about 6 feet per second, a suf-

. ficiently low velocity that a pseudo-liquid dense
catalyst phase is formed, and yet a sufiiciently
high velocity that a tubulent mixture of catalyst
and diluent is present in the dense phase of re-
generator 23. The diluent material is usually
less ‘than about 250 microns in size and of a
finely divided form similar in size analysis to the
catalyst itself.

A reduction temperature between about 900°
F., and about 1600° F., preferably between about
1200° F. and about 1400° ¥, is maintained in re-
generator 23 which is at a pressure substantially
equal to the pressure of reactor 4. The gaseous
mixture entering regenerator 23 through conduit
22 is usually about 100° F. to about 300° F. above
the actual regeneration temperature in regenera-
tor 23 in order to supply the endothermic heat of
reaction and mechanical heat losses. In ths
preferred method of operation, the diluent will
comprise about 75 to about 95 per cent of the
catalyst mass. The overall reactions taking place
during the reaction of the spent iron catalyst are
exemplified by the following equations:

68) Fe2034-3Hz~> 2Fe -+ 3Hz20
£2) -:C}-2H2->CHzs
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The .iron -oxide .of the reaction illustrated by
Equation 1 may be in one-or more states of oxi-
dation. The carbon in the reaction illustrated by
Equation 2 may be in the form of high molec~
ular weight material or iron .carbide as well as
the elemental form.

In some instances .it .may be desirable to pass
the partially deactivated catalyst through an qxi-
dation atmosphere prior to regeneration with hy-
drogen; thus, regenerator 23 may comprise a

‘series of -oxidation and reduction chambers.

The oxidation of the catalyst removes waxes and
carbonaceogus deposits therefrom by combustion
and a temperature sufficient to initiate combus-
tion of .the carbonaceous and wax deposils is
necessary. During oxidation the temperature will
be at least about 1200° F. .Affer oxidation the
catalyst is passed to the reduction chamber
where the previously described reduction process
is .effected. The catalyst may be admixed with
the diluent material in either or both the oxida-
tion-and reduction chambers in order to main-
tain the catalyst in a fluidized condition without
classification or segregation of catalyst and
diluent material.

When regeneration is effected solely by reduc-
tion, the reducing gas containing products of
the reduction passes from regenerator 23 through
conduit 24 to a conventional cyclone separator
(not shown) for the removal of any entrained
catalyst. After remova] of entrained catalyst, the
regenerated gas is passed to a scrubber 26 to fur-
ther remove finely divided solids, and cool the
gaseous effluent. Scrubber 26 comprises a cylin-
drica] tower containing a suitable number of
bafile plates. It may be unnecessary.in many in-
stances to use a preliminary cyclone separator
prior to introduction into scrubber 26. In scrub-
ber 26 a scrubbing liquid, such as water, is intro-
duced into the upper portion thereof through
conduit 21 and passed downward eountercur-
rently to upward flowing regeneration gas. The
water containing finely divided catalyst is re-
moved from scrubber 26 through conduit 28 for
disposal or recovery of catalyst and soluble prod-
ucts therefrom. A portion of the serubbing liquid
is withdrawn from conduit 28 and recycled by
means of conduit 29 and cooler 31 to serubber 26.
Scrubbed gases are removed from scrubber 26
through conduit 32 to be removed from the sys-
tem and a portion of the gases may be recycled
through conduit 33 if desired. Fresh regenera-
tion gas, in this particular embodiment hydrogen,
is introduced into the system through conduit 22
and is admixed with recycled hydrogen from con-
duit 33 and passed through a preheater 36 where
the gaseous mixture is heated to a temperature
of about 100° F. to 300° F. above the regenera-
tion temperature. The hydrogen regeneration
gas picks up the diluent material, such as finely
divided sand or quartz, from conduit 44 and re-
turns the sand or quartz to regenerator 23
through conduit 22 as previously described.
Scrubber 26 serves two functions: removal of
finely divided catalyst from the effluent, and cool-
ing of the regeneration effluent by contact with
water.

Regenerated catalyst is removed either inter-
mittently or continuously from regenerator 23
through conduit 38 and passed through g heat ex-
changer or cooler 33 to a ‘mechanical separator
41. Cooler 39 cools the catalyst to a sufficiently
low temperature that separation can be made be-
tween catalyst and diluent.in conventional -equip-
ment. Inseparator 41 the diluent material, such
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as-ddnd, s partially separated or completely sepa-
rated from the. catalytic material, such as metal-
lic iron. In the case of metallic iron or iron ox-
ides, this may conveniently be done by a mag-
netic operation in a conventional manner known
to those skilled in the art. As an example of
magnetic operation, the cooled mixture of cata-
lyst and- diluent is levelled on a belt conveyor
which rolls over a magnetic drum. The sand falls
off the end of the conveyor while the iron is mag-
netized by the magnetic drum and remains on
the belt for a short distance until the belt breaks
contact with the drum. Other methods may be
used for separating the diluent and the catalyst
without departing from the scope of this inven-
tion.. Such methods comprise fiuid separation
processes in which the free flowing velocity
of the materials are utilized by allowing the
material to fall through an wupward flow-
ing. gas whose velocity is such that one ma-
terial is removed with the upward flow-
ing gas and the other material is removed
from the lower portion of the separation
equipment. Conventionaj flotation methods may
also be used for separating catalyst and diluent
material. It is believed that further description
of the separation between diluent material and
cabalyst is unnecessary as such methods are
known to those sgkilled in the art.

Separated diluent is removed from separator
41 through conduit 42 and passed to a diluent
storage tank or surge tank 43. TFrom diluent
storage tank 43 the diluent is recycled to regen-
erator 23 through conduits 44 and 22, as pre-
viously described. Separated catalyst is removed
from separator 41 through conduit 46 and is
passed to catalyst storage tank or surge tank 47,
Fresh or make-up catalyst may be introduced
into tank 47 when necessary by means not shown,
In one embodiment of this invention at least a
portion of the feed gas comprising hydrogen and
carbon monoxide is passed through conduit 49
and may be combined with recycle gas in conduit
17 and thereafter passed through heater 51 where
the feed gas is heated ta about 400° ¥. to 600° F.
Thereafter the heated gas is admixed with regen-
erated catalyst from conduit 48 and returned to
feed conduit 3. A portion of the regeneration
gas, such as hydrogen may be introduced into
feed line 49 through conduit 34 to increase the
ratio of hydrogen to carbon monoxide. It may
be desirable to preheat the feed gas prior to in-
troduction of the regenerated catalyst therein
sinece this eliminates the contact of cold gas with
hot catalyst and, as a result, substantially in-
creases the life of the catalyst.

The feed gas in conduit 48 may also be heated
by recycling a portion of the reaction effluent
prior to condensation thereof through conduit 1.

Catalyst and diluent material may be intro-
duced into conduits 49 and 22, respectively, by
various methods, such as pressuring the tanks
41 and 43 with a gas or by making conduits 48
and 44 sufficiently long to act as standpipes.
The gases in conduits 22 and 49 are brought up
to-the desired pressure of reactor 4 and regener-
ator 23 prior to the introduction of catalyst and
diluent material therein by means of suitable
compressors (not shown).

Various other modifications and arrangements
of apparatus may become apparent to those
skilled in the art without departing from the
scope of this invention. Various heaters, valves,
pumps, and condensers, coolers, etc., have been
omitted. from the drawing for a matier of con-
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venience. - For example, water is  recycled
through conduit 29 by means of a pump (not
shown) and gases are passed from conduit 33
to conduits 22 and 49 by means of a suitable
low-head compressor (not shown).

The following example is offered as a better
illustration of the application of the present
invention and the example should not be con-
sidered unnecessarily limiting the invention as
to either its application or as to conditions of
operation.

EXAMPLE

A catalytic contact mass containing about
0.195 pound of carbon, about 0.268 pound of
oxygen, and about 0.091 pound of oil and wax
per pound of iron is admixed with sufficient
finely divided silica sand to form a mixture com-~
prising about 85 per cent of the diluent material.
The roller analysis of the catalyst and sand is
shown below. The resulting mixture is intro-
duced into a reaction chamber and a stream of
hydrogen is passed upward therethrough at a
velocity of about 3 or 4 feet per second. The
temperature of the reduction process is main-
tained at about 1450° F. during reduction. The
catalyst remains in the reduction chamber for
about 6 hours and at least 1 hour after the
formation of water has ceased. After this re-
duction treatment, the catalyst contains about
0.170 pound of carbon, about 0.070 pound of
oxygen, and about 0.001 pound of oil and wax
per pound of iron. No difficulty is encountered
during the high temperature reduction in main-
taining the catalyst mass in the pseudo-liquid
phase condition.

Roller,analysié of catalyst and diluent

. Weight Weight
Particle Size Microns Percent Percent
Catalyst Diluent

17 10

20 15

24 21

32 30

7 24

The original size of diluent material is larger
than the size represented by the above analysis,
and, therefore, it is necessary to reduce the
diluent material to the above sme analysis by
grinding in a ball mill.

Various modifications of this invention a,nd
various alterations in the type and amount of
equipment shown in the drawing will become
apparent to those skilled in the art without
departing from the scope of the invention. The
invention has also been described in the draw-
ing with reference to one embodiment of this
invention, and it is obvious that some pieces
of equipment and some operational steps may
be omitted entirely, if such omissions do not
materially affect the regeneration of the catalyst
in the presence of a diluent material.

I claim:

1. A continuous process for the hydrogenation
of carbon monoxide in the presence of a finely
divided hydrogenation catalyst comprising re-
duced iron as the major component whose fluid-
ization properties are materially impaired by
relatively high temperatures and influenced by
the character of the fluidization gas which com-
prises suspending in a fluidized condtion a finely
divided reduced iron catalyst containing an al-
kali in an upward flowing gaseous mixture of
hydrogen -and carbon monoxide in a reaction
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zone, meaintaining a- feed ratio- of hydrogen to
carbon monoxide between about 0.7:1 and about
10:1, a reaction temperature between about 450°
F. and about 750° F., a pressure between about
50 and about 500 pounds per square inch gage,
and a linear gas velocity between about 0.1 and
about 40 feet per second in said reaction zone,
removing g reaction effluent from said reaction
zZone comprising organic compounds as products
of the process, removing partially deactivated
catalyst from said reaction zone, regenerating
sald partially deactivated catalyst by passing
said partially deactivated catalyst into a re-
generation zone, said regeneration consisting of
contact of deactivated catalyst with a reduecing
gas consisting essentially of hydrogen, suspend-
ing said partially deactivated catalyst in said
regeneration zone in a fluidized condition in an
upward flowing gas consisting essentially of hy-
drogen in the presence of a diluent material
containing no more than a minor proportion by
weight of particles greater than 250 microns in
size and which constitutes between about 75
and about 95 per cent by weight of the resulting
mixture of solids, said diluent material com-
prising a finely divided inert solid capable of
maintaining a fluidized condition under the con-
ditions of regeneration and capable of separa-
tion from reduced iron, maintaining a tempera-
ture of regeneration between about 1200° F. and
about 1600° F. such that deactivated catalyst is
substantially reduced, a pressure substantially
equivalent to the pressure in said reaction zone
and a linear velocity of gas between about 0.1
and about 40 feet per second in said regenera-
tion zone, removing a mixture of reduced iron
and diluent material from said regeneration zone,
cooling said mixture, separating reduced iron
and diluent material, recycling said separated
diluent material to.said regeneration zone and
recycling reduced iron to said reaction zone in
which carbon monoxide is hydrogenated.

2. A continuous process for the hydrogenation-

of carbon monoxide in the presence of a finely
divided hydrogenation catalyst comprising re-
duced iron as the major component whose fluid-
ization properties are materially impaired by
relatively high temperatures and. influenced by
the character of the fluidization gas which com-
prises suspending in a fluidized condition a finely
divided reduced iron catalyst. in an upward
flowing gaseous mixture of hydrogen and carbon
monoxide in a reaction zone, maintaining a feed

ratio of hydrogen to carbon monoxide between

about 0.7:1 and about 10:1, a reaction tempera-
ture between about 450° F..and about 750° F.,
a pressure between about 50 and about 500
pounds per square inch gage, and a linear gas
velocity between about 0.1 and about 40 feet
per second in said reaction zone, removing a
reaction effluent from said reaction zone. com-
prising organic compounds as products of the
process, removing partially deactivated catalyst
from said reaction zone, regenerating said par-
tially deactivate catalyst by passing said partial-
ly deactivated catalyst into a regeneration zone,
said regeneration consisting of contact of de-
activated catalyst with a reducing gas consisting
essentially of hydrogen, suspending said partially
deactivated catalyst in said regeneration zone in
o fluidized condition in an upward flowing gas
consisting essentially of hydrogen in the presence
of a diluent material which constitutes beiween
about 75 and about 95 per cent by weight of the
resulting mixture.of solids, said diluent material
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comprising a. finely: divided: inert- solid eapable
of maintaining a fluidized condition under the.
conditions of regeneration and capable of sep-.
aration from reduced iron, maintaining a.tem-.
perature of regeneration between about: 1200° R
and about 1600° F. such that deactivated: cata-.
lyst is substantially reduced, a pressure substan-.
tially equivalent to the pressure in said reaction
zone and g linear velocity of gas between. about.
0.1 and about 40 feet per second in said regen-
eration zone, removing a regeneration efiluent:
from said regeneration zone, removing reduced:
iron from said regeneration zone, recycling re-
duced iron to said reaction zone in which car-
bon monoxide is hydrogenated, and recycling @
portion of said regeneration efluent to said re-
action zone.

3. A continuous process for the hydrogenation-
of carbon monoxide in the presence of a.finely:
divided hydrogenation ecatalyst comprising re-
duced cobalt as the major component whose:
fluidization properties are materially impaired,
by relatively righ temperatures and influenced
by the fluidization gas which comprises suspend-
ing in a fluidized condition a finely divided re-
duced cobalt catalyst in an upward flowing gas-
eous mixture of hydrogen and carbon monox-
ide in a reaction zone, maintaining a feed ratio.
of hydrogen to carbon monoxide between abous.
0.7:1 and abeut 1071, a reaction temperature
between about 350° F. and ahout 550° F., a pres-.
sure between about 50 and about 500 pounds per-
square inch gage, and a linear gas-velocity be-
tween about 0.1 and about 40 feet per second in-
said reaction zone, removing a reaction eﬁluent
from said reaction zone comprising organic-com-.
pounds as products of the process, removing.
partially deactivated catalyst from said reaction.
zone, regemerating said partially. deactivated
catalyst by passing said partially deactivated
catalyst into a regeneration zone, said: regen-
eration consisting of contact of deactivated cata-
lyst.with a reducing gas consisting essentially of
hydrogen, suspending said: partially -deactivated.
catalyst in said regeneration zone in a fluidized
condition in an upward flowing, gas- consisting:
essentially of hydrogen in the presence of a; di--
luent. material which constitutes about 75- and
about 95 percent by weight of the resulting. mix-.
ture of solids, said diluent material comprls-—
ing a finely divided inert-solid capable of main-.
taining a fluidized condition under the: condi-.
tions of regeneration and capable: of separation .
frem reduced. cobalt, maintaining a temperature.
of regeneration between about 650° F. and about.
1200° F. such that deactivated catalyst is sub-~
stantially reduced, a- pressure substantially
equivalent to the pressure in. said reaction zone.
and a linear velocity of gas between about 0:1
and about 40 feet per second in said regeners-
tion zone, removing a regeneration effluent from.
said regeneration zone, removing a; mixture. of.
reduced. cobalt and diluent material: from -said:
regeneration zone, cooling said mixture,; separat-.
ing-reduced cobalt and . diluent material; recy-.
cling said: separated diluent -material to. said re--
generation zone and recycling reduced.cobalt to:
said reaction zone in which-carbon. monoxide-is-
hydrogenated.

4, A process for the reduction of an- alkgli-
containing synthesis catalyst which comprises-
introducing a finely-divided: alkali-containing-
catalyst comprising iron into a reaction zone,
passing a reducing gas consisting . essentially. of:
hydrogen upwardly through: said.reaction: zone.



13

at a velocity effective to suspend said catalyst in
said reaction zone in a pseudo-liquid fluidized
conditicn, admixing a diluent material with said
synthesis catalyst in said reaction zone in an
amount between about 75 and about 95 weight
percent of the mixture of catalyst and diluent
material to maintain the synthesis catalyst in a
fluidized condition in said reaction zone, said
diluent material comprising a finely-divided in-
ert solid capable of maintaining a fluidized con~
dition under operating conditions in said reac-
tion zohe, the synthesis catalyst and the diluent
material each initially contain no more than a
minor proportion by weight of material whose
particle size is greater than 250 microns includ-
ing at least 25 weight percent of the mateiial in a
particle size smaller than 40 microns, maintain-
ing a temperature in said reaction zone between
about 1200 and about 1600° ¥. and maintaining

contact between reducing gas and the synthesis

catalyst for a sufficient length of time to cause
substantial reduction of said synthesis catalyst.

5. The process of claim 4 in which said
diluent material comprises finely divided alu-
mina.

6. The process of claim 4 in which said diluent
material comprises finely divided silica sand.

7. The process of claim 4 in which said diluent
material comprises a finely divided bentonite
type clay.

8. A process for the reduction of a fluidized
finely-divided hydrogenation catalyst compris-
ing a reduced metal as the essential catalytically
active component which comprises introducing
a finely-divided hydrogenation catalyst compris-
ing a reduced metal as an essential catalytically
active component into a reaction zone, passing
a reducing gas consisting essentially of hydrogen
upwardly through said reaction zone at a veloci~
ty effective to suspend said catalyst in said re-
action zone in a fluidized condition, admixing a
diluent material with sald hydrogenation cata-
lyst in said reaction zone in an amount between
about 75 and about 95 weight percent of the mix-
ture of catalyst and diluent material to main-
tain the hydrogenation catalyst in a fluidized
condition in said reacton zone, said diluent ma-~
terial comprising a finely-divided inert solid ca-
pable of maintaining a fluidized condition under
the operating conditions in said reaction zone,
the hydrogenation catalyst and the diluent ma-
terial each initially containing no more than a
minor proportion by weight of material whose
particle size is greater than 250 microns includ-
ing at least 25 weight percent of the material in
a particle size smaller than 40 microns, main-
taining a temperature in said reaction zone be-
tween about 650° F. and about 1600° F. and main-
taining contact hetween said reducing gas and
said hydrogenating catalyst for a sufficient
length of time to cause substantial reduction of
said hydrogenation catalyst.

9. In a process for the hydrogenation of a car-
bon oxide in which a gaseous mixture compris-
ing hydrogen and a carbon oxide is contacted
with a finely divided hydrogenation catalyst
whose fluidization properties are materially im-
paired by relatively high temperatures and in-
fluenced by the character of the fluidization gas,
the steps comprising passing a stream of hydro-
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gen and a carbon oxide upwardly through a mass
of said finely divided hydrogenation catalyst in
a reaction zone at a velocity effective to suspend
the mass in said stream, maintaining the tem-
perature in said reaction zone at a level effective
to produce the desired catalytic reaction, pass~
ing a stream of reducing gas comprising hydro-
gen upwardly in a reducing zone through a mass
of finely divided hydrogenation catalyst at a ve-
locity and in the presence of an amount of dil-
uent material between about 50 and about 95
weight percent of the mixture of catalyst and
diluent effective to suspend said mass in said
stream of gas, said diluent material comprising
a finely divided inert solid capable of maintain-
ing a suspended condifion under the conditions
of reduction and capable of separation from said
catalyst, maintaining the temperature in said re-
ducing zone between about 900° F. and about
1600° ., transferring a portion of the catalyst
from said reaction zone to said reducing zone,
removing from said reducing zone finely divided
solids comprising hydrogenation catalyst and
diluent material, thereafter separating hydroge-
nation catalyst from said diluent material, re-
cycling separated diluent material to said re-
ducing zone, and recycling hydrogenation cata~
lyst thus separated and substantially free from
said diluent material to said reaction zone.

10. A process for the reduction of a synthesis
catalyst which comprises introducing a finely di-
vided synthesis catalyst into a reaction zone,
passing a stream of reducing gas comprising hy-
drogen upwardly in said reaction zone at a ve-
locity effective to suspend said catalyst in the
reducing gas therein, admixing a diluent ma-
terial with the synthesis catalyst in said reaction
zone in an amount between about 75 and about
95 weight percent of the resulting mixture of
solids to maintain the synthesis catalyst in a
suspended condition in said reaction zone, said
diluent material comprising a finely divided in~
ert solid capable of maintaining a suspended
condition under the operating conditions em-
ployed in said reaction zone, maintaining a
temperature in said reaction zone between about
900° F'. and about 1600° F. and maintaining con-
tact between reducing gas and said synthesis
catalyst for a sufficient length of time to cause
substantial reduction of said synthesis eatalyst.

THEODORE S. WILLIAMS.
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