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1
This invention relates to an improved method
for reacting hydrogen and carbon monoxide to
produce normally liguid hydrocarbons. More
particularly, this invention relates to an im-

(CL. 260—449.6)

2
higher than 26. Within this group the preferred
metals are cobalt, nickel and ruthenium.
The metal hydrogenating catalyst may be em-
ployed in the metallic form with or without a

proved method for hydrogenating carbon mon- § support and may or may not be associated with
oxide to produce liquid hydrocarbons in the pres- promoters, such as magnesia, thoria, alumina,
ence of a metallic hydrogenation catalyst of the silica, titania, manganese oxide, etc. Ordinarily,
type exemplified by nickel, cobalt and ruthenium. the metal catalysts are associated with suitable
Still more particularly, the invention relates to supports, such as kieselguhr and clay, in the
an improved method for reacting hydrogen and 10 ratio of one part by weight of the metal catalyst
carbon. monoxide to produce a liquid hydro- to two parts by weight of the support. Prefer-
carbon product which is highly saturated and a ably also promoters such as the metal oxides
desirable ingredient of diesel fuel under condi- listed above are incorporated in small propor-
tions productive of very small amounts of wax tions. The catalyst may be combined with the
The object of this invention is to provide a 15 supporting material and promoters in any suit-
new and improved process for the synthesis of able manner, and the final product is then con-
organic compounds from hydrogen and carbon verted to a state of fine sub-division. Preferably
monoxide . without excessive formation of waxes the powdered catalyst employed in the improved
and relatively heavy organic compounds. process consists prinecipally of a mixture of par-
Another obiect of this invention is to provide gp ticles varying in size from 40 to 400 microns
a satisfactory starting-up procedure in a syn- (average diameter). However, particles of
thesis process using finely-divided catalyst in a larger or smaller diameter may be present.
suspended condition. The gaseous mixture is passed upwardly
Still another object is to provide a method for through the mass of powdered contact material
heating up the reaction system in the hydrogena- 95 at a velocity effective to suspend the mass in the
tion of carbon monoxide without excessive for- gas stream. The gas stream is passed through
mation of waxes. the reaction zone at g velocity sufficiently low to
This application is a continuation-in-part of maintain the contact mass in a dense, fluidized,
ocur prior application Serial No. 550,800, filed pseudo-liquid condition. In this condition the
August 23, 1944. g contact mass may be said to be suspended in the
In geccordance with this invention, the gas gas stream, but not entrained therein in the
mixture, comprising hydrogen and carbon mon- sense that there is movement of the contact mass
oxide in suitable proportions, is passed upwardly 28 such in the direction of flow of the gas stream.
in a reaction zone through a mass of finely- It is preferred to flow the gas stream through
divided contact material comprising a freshly 5 the mass at a velocity sufficiently high to main-
reduced metal hydrogenating catalyst. For the tain the fuidized contact mass in a highly tur-
purposes of this description and the following bulent condition in which the particles of con-
claims, g “freshly reduced metal hydrogenating tact material circulate at a high rate in the
catalyst” may be defined as a catalytic metal pseudo-liquid mass. In this preferred condi-
which has been formed by reduction of a metal ,, tion of operation a small proportion of contact
oxide and which has not been used under con- material in the fluidized mass may become en-
ditions which build up waxy deposits on the sur- trained in the gas stream emerging from the
face thereof, or one which has been revivified upper surface of the mass whereby it is carried
by hydrogen treatment to restore it substan- away from the mass.
tially to its original fresh condition. Such metal 45 The gas mixture is introduced into the reactor,
hydrogenating catalysts include those having in which the contact mass is located, through an
hydrogenating characteristics similar to those of inlet in the bottom thereof whereby the gas
cobalt or nickel. A preferred group of such cata-, stream passes upwardly through the contact
lysts comprises the metals of the VIIIth group mass to be maintained in a fluidized condition.
of the periodic system having atomic numpers 50 The cross-sectional area of the inlet is substan-
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tially less than the corresponding dimension of
the space in the chamber occupied by the con-
tact mass. In that manner the gas stream may
be passed into the reactor through the inlet at
a high velocity whereby solids do not pass down-
wardly out of the reactor through the gas inlet.
For convenience, the velocity of the gas stream
in the chamber or reactor is given in terms of
the theoretical velocity of the gas stream through

an empty chamber, referred to hereafier as the 1

superficial velocity.

If the reactor is somewhat larger in volume
than the space to be occupied by the fluidized
mass of contact material, the contact mass ap-
pears to be distributed in the reactor in two
visually distinct phases. One phase is the rela-
tively dense pseudo-liquid mass of contact ma-
terial deseribed above. This phase occupies the
lower portion of the reactor and comprizes all
but a minor proportion of the contact material
in the reactor. The second phase, which occu-
pies the upper part of the reactor, is a diffuse
phase in which the concentration of the contact
material is far less and of a different order of

magnitude than the average concentration in :

the dense phase. The diffuse phase is a dis-
engaging zone in which the solids lifted ahove
the dense phase by the gas stream are disengaged
therefrom, to the extent that such solids are

present in excess of the carrying capacity of

the gas stream at the minimum velocity reached
by the gas stream in the reactor. Between the
dense phase and the diffuse phase there is a
relatively narrow zone in which the concentra-

tion of solids per unit of reactor volume changes ,

In g short space from the high concentration of
the dense phase to the low concentration of the
diffuse rhase. This zone has the appearance of
an interface between two visually distinet
phases.

The improved method may be operated with
contact material of relatively large particie size
and under conditions such that substantially no
part of the contact material is carried by en-
trainment in the gas stream at the superficial
velocity. However, the preferred method of
operation involves the use of contact material
of the particle size indicated above and oper-
ating conditions such that a portion of the con-
tact material is carried by entrainment in the
gas stream at the superficial velocity. The
finely-divided contact materials are desirable as
presenting a high ratio of surface to volume and
as affording the maximum efficiency of heat
transfer between particles. Relatively high gas

velocities are found to be desirable in efficiently °

mixing the components of a contact mass of sub-
stantial cross-sectional area. In this preferred
method of operation mere settling is not suffi-
cient to disengage all the contact material from
the gas stream emerging from the dense phase.
It is necessary, therefore, to provide means in
cooperation with the reactor to separate en-
trained solids from the gas stream. Solids thus
separated are returned to the reactor or are re-
placed with fresh material.

The gas stream is withdrawn from the top
of the reactor through an exit which is ordi-
narily substantially smaller in cross-sectional
area than the reactor. This provides a high
velocity outlet for the gases which is surrounded
by an area in the reactor in which the gas ve-
locity accelerates. The nearer this zone of ac-
celerating gas velocity is to the dense phase the
greater is the concenfration of solids in the gas
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stream entering that zone and the greater is
the quantity of solids carried out of the reactor
in the exit stream. This quantity approaches
the carrying capacity of the high velocity exit
gas stream when it is desired to maintain the
upper level of the dense phase in the vicinity
of the zone of accelerating velocity. It is pre-
ferred, however, to provide a reactor substan-
tially larger than the required volume of those
fluidized contact materials whereby there is a
relatively large diffuse phase in which substan-
tial disengagement of solids from the gas stream
occurs by mere settling.

The quantity of contact material required in
the reactor may be charged to the latter prior
to the passage of a gas stream therethrough.
Alternatively, the highly turbulent dense pseudo-
liquid phase may be established by flowing a gas
stream through the empty reactor and charging
finely-divided contact material into the reactor
at a rate greater than the carrying capacity of
the gas stream at its superficial velocity. As a
result of such excess loading, the desired volume
of dense phase is built up in the reactor.

In accordance with the improved process, the
freshly reduced metallic hydrogenating catalyst
is maintained at a high level of activity through-
out the operation. This results in greatly re-
stricting the accumulation of waxy deposits on
the particles of contact material, whereby long
operating runs are made possible, and in the
production of a highly saturated liquid product
containing little or no wax. The freshly reduced
metallic hydrogenating catalyst is maintained at
a high level of activity by avoiding contact of
the catalyst with the reactants for any substan-
tial length of time under reaction conditions
which build up deposits, such as wax, on the
barticles of contact material. Preferably, the
temperature at which the reactants and contact
material are contacted is not permitted to fall
helow 350° F. at any point in the reactor, This
control of the temperature level is facilitated in
the improved process by the employment of the
contact material in the fluidized form described
above. It is a characteristic of such a fluidized
mass of contact material that all parts thereof
are maintained substantially at a uniform tem-
perature as a result of the high rate of heat ex-
change between the rapidly circulating particles.

The highly uniform temperature conditions
which exist in a fluidized mass of contact ma-
terial of the character described above make
possible the use of the hydrogenating catalyst
at its highest level of activity. This character-
istic of the fluidized mass of contact material
permits the withdrawal of heat therefrom at
whatever rate is necessary to abstract the heat
of reaction. The high rate of circulation of the
particles of the contact mass serves to promote
rapid and efficient heat exchanhge between that
part of the fluidized mass which is subject to
cooling means and the remainder thereof, and
also serves to prevent the occurrence of local
zones of overheating.

In accordance with the bresent invention, the
catalyst is maintained at all times at its maxi-
mum level of activity and the reactants are
passed at all times through the reaction zone
at a temperature which produces hydrocarbons
at a high rate. Furthermore, the temperature
control provided by the fluidized contact mass
bermits the passage of the reactants through the
reaction zone at a space velocity far in excess
of the space velocity permissible in previous
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commercial or proposed operations. For exam-
ple, it is permissible and even desirable to pass
the reactants through a fluidized mass of con-
tact material comprising cobalt as the catalyst
at a space velocity equivalent to 2 or more liters
(measured at standard conditions of pressure
and temperature) of hydrogen and carbon mon-
oxide in the 2:1 ratio per hour per gram of co-
balt. In this operation, this rate is equivalent
to about 500 standard volumes per hour per
volume of catalyst dense phase. It is preferable,
furthermore, that the contact material and re-
actants shall not be contacted at a temperature
lower than 350° F. However, it is permissible,
and in some instances necessary, to contact the
reactants and fluidized catalyst mass for a short
time at a temperature lower than 350° ., such
as during the initial starting-up or aerating pro-
cedure, or after regeneration of used catalyst;
but the quantity of carbon monoxide passed
through the contact mass at such low tempera-
ture operations should be less than an amount
equivalent to 15 parts by weight of carbon mon-
oxide per part by weight of reduced metal of
the catalyst.

In order to heat up the reaction system and
to properly fluidize the finely-divided freshly
reduced catalyst during the starting up of the
system, the catalyst is contacted with an upward

flowing hyrogen-containing gas, such as pure :

hydrogen or a gas containing a high percentage
of hydrogen, such as recycle gas, at a temperature
of contact between catalyst and gases not greater
than about 350° F. After the initial contact be-
tween catalyst and gas below 350° F., the tem-
perature of contact is raised to the desired oper-
ating temperature. The initial temperature of
contact between finely-divided catalyst and hy-
drogen-containing gas during the starting up
procedure is made at a temperature above about
200° ¥, for example at 300° F. This initial tem-
perature is achieved by various methods, such as
by heating the catalyst, or the gas, or the gas
and catalyst to a sufficiently high temperature
so that upon initial contact between gas and
catalyst, the temperature of contact will be be-
tween about 200 and about 350° F. Heat may be
supplied indirectly to the reaction zone itself,
such as by circulating a heating fluid at a rela-

tively high temperature through the cooling coils -

within the reaction zone or through a cooling
jacket surrounding the reaction zone. After the
jnitial contact, the temperature of the reaction
zone is raised to the initial reaction temperature

for the conversion of the synthesis feed gas to &

normally liquid organic compounds, for example,
to 400° F. The temperature of the reaction zone
may be raised to the desired operating tempera~
ture by adding additional hot catalyst at a tem-
perature and in a quantity sufficient for this
purpose, or by preheating the hydrogen-contain-
ing gas used to fluidize the catalyst to a still
higher temperature necessary for this purpose,
or hoth of the above methods may be used in com-
bination to heat the reaction zone. Additionally
or alternatively, the operating temperature may
be achieved by indirect heating of the reaction
zone in the manner previously described.
Preferably, the contact mass of finely-divided
catalyst is fluidized and heated to a temperature
of 350° . or higher prior to contact thereof with
the synthesis gas containing carbon monoxide.
However, since the contact between catalyst and
synthesis gas causes an exothermic reaction
liberating a considerable amount of heat, the use

ot

0

20

25

35

40

[

64

75

6

of synthesis gas itself as the fluidizing gas in the
starting-up procedure is a convenient and
practical method for heating up the catalyst mass
to the operating temperature for the production
of the desired products of the process. In so do-
ing, the contact between the carbon monoxide
and catalyst during the starting-up or fluidiza-
tion procedure should be maintained less than
about 15 parts by weight of carbon monoxide per
part by weight of the reduced metal of the cat-
alyst. The heat necessary to raise the tempera-
ture of the contact mass to the desired operating
temperature is obtained by the exothermic re-
action of hydrogen with carbon monoxide. Under
substantially adiabatic conditions between about
9 and about 12 pounds of carbon monoxide (using
a 2:1 H2:CO gas) is sufficient to raise each pound
of catalyst mass from 300° F. to about 400° P,
about 4 to 6 pounds of carbon monoxide being re-
quired to raise the temperature from 300° F. to
about 360° F.

The initial fluidization of the catalyst does not
correspond to conventional pretreatment or soak-
ing period practiced in fixed-bed synthesis oper-
ations. The primary purpose of the present
recommended operations is to assure proper
fluidization of the finely-divided catalyst and to
preheat the catalyst mass prior to the main
operating run without excessive formation of wax
upon the catalyst during this starting up period.

After use, the catalyst becomes deactivated as
the result of such factors as oxidation of the re-
duced metal and/or accumulation of waxes, rela-
tively heavy organic compounds, and carpbon on
the catalyst. The used or spent catalyst may be
reactivated by a hydrogen treatment at a tem-
perature substantially above the synthesis oper-
ating temperature, such as a temperature between
about 550 and about 850° F. The catalyst may
also be subjected to an oxidation treatment to
burn up combustible materials prior to the re-
duction treatment. After reduction, the catalyst
temperature is reduced to a temperature substan-
tially below the predetermined operating tem-

5 perature, preferably to a temperature not higher

than 350° F., and the procedure outlined with re-
gard to the starting-up of the process is followed.

With any freshly reduced or hydrogen treated
catalyst the temperature is reduced after the hy-
drogen treatment to a temperature not higher
than 350° F. and then gradually raised at a
rate of about 2 to about 30° P. per hour to the
predetermined ‘ operating temperature, such as
400° ¥. or higher. This applies equally to the
initial starting-up procedure and to the procedure
after regeneration of a used catalyst.

The invention will be described further by
reference to the accompanying drawing which
is a view in elevation, partly in section, of a rela-
tively small reactor employed in connection with
the improved process, and by reference to specific
examples of operations embodying the present
invention and carried out in the apparatus of
the drawing.

Referring to the drawing, reactor 1 consists of
a length of extra heavy 2-inch steel pipe which is
153 inches long and has inside and outside di-
ameters of 1.94 inches and 2.38 inches respec-
tively. Reactor i is connected by a conical sec-
tion 2 to an inlet pipe 3 made of extra heavy
half-inch steel pipe having an inside diameter
of 0.55 inch. Reactor | is connected at the top,
by means of conical section 4, with an enlarged
conduit 5 comprising a length of 6-inch extra
‘heavy steel pipe having an inside diameter of 5.76
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inches. Conical section:4 and- conduit- 5 con-
stitute an enlarged extension-of reactor 2 which

facilitates disengagement of- catalyst from the.

gas stream after passage of the latter through
the dense catalyst phase.

Conduit §-is connected by means of manifold 6
with conduits. T and 8 which comprise other sec-
tions of extra heavy 6-inch steel pipe. Conduits
T and 8 contain filters 9 and 10 which are con-
structed  of porous material which is permeable
to the gas and vapors emerging from the reac-
tion zone but-impermeable to the catalyst par-
ticles carried by entrainment in the gas stream.
Filters 9 and 19 are eylindrical in shape and
closed at the bottom ends. They are dimen-
sioned in relation to conduits T and 8 to provide
a substantial annular space between the filter
and the inner wall of the enclosing conduit for
the passage of gases and vapors. and entrained
catalyst upwardly about the outer surface of the
filter. The upper ends of filters 9 and (0 are
mounted in closure means t1 and 12 in a manner
whereby the gases and vapors must pass through
either filter 8 or filter 10 to reach exit pipes 13
and i4. Each of filters 9 and 10 is approximately
36 inches long and 4% inches in outside diam-
eter, the filter walls being approximately 34 of
an inch thick.

The greater part of reactor ( is enclosed in a
jacket 15, which extends from g point near the
top of the reactor to a point sufficiently low to
enclose the 3-inch length of conical section 2
and approximately 5 inches of pipe 3. Jacket 15
comprises a length of extra heavy 4-inch steel
pipe having an inside diameter of 3.83 inches.
The ends of jacket {5 are formed by closing the
ends of the 4-inch pipe in any suitable manner,
as shown. Access to the interior of jacket 15 is
provided by an opening {6 in the top thereof

through a 2-inch steel pipe. Jacket 15 is adapted

to contain a body of liguid for temperature con-
trol purposes, such as water, or “Dowtherm.”
The vapors which are evolved by the heat of re-
action are withdrawn at 186, condensed, and re-

turned through i6 to the body of temperature )

control fluid in jacket 15. The temperature con-
trol fluid in jacket 15 is maintained under a
bressure at which the liquid boils at the tem-
perature desired in jacket 5. Heating means,

not shown, are provided in connection with jacket ..

15 to heat the temperature control fluid therein
to any desired temperature.

In order to show all the essential parts of the
reactor and associated catalyst separation means
on a single sheet, a large proportion of the ap-
paratus has been eliminated by the breaks at (7
and 18. For a clear understanding of the rela-
tive proportions of the apparatus, reference may
be had to the over-all length of the apparatus,
from the bottom of -jacket 15 to exit pripes {3 and
t4, which is 224 inches. In each of breaks
1T and (8 the portion of the apparatus elimi-
nated is identical with that portion shown imme-
diately above and below each break.

In the operations carried out in the appa-
ratus of the drawing the catalyst recovery
means, comprising filters 8 and 10, are effective
to separate substantially completely entrained
catalyst from the outgoing stream of gases and
vapors. The disengagement of solids from the
gas stream is promoted by the lowered velocity
of the gas stream in conduit 5 and remaining
solids are separated on the outer surfaces of fil-
ters 9-and 10. The latter are employed alterna-
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gases and vapors and entrained solids passes from
conduit § through either the left or right
branches of manifold 6 into conduit 7 or conduit
8. During the alternate periods, the filter which
is not in use is subjected to a back pressure of
inert gas which is introduced at a rate sufficient
to dislodge catalyst which has accumulated on
the outer surface of the filter during the active
perjod. Such “blow-back” gas and dislodged cat-
alyst flows downwardly in the conduit enclosing
the filter and into manifold 6, in which the “blow-
back” gas is combined with the reaction mixture
flowing upwardly from conduit 5. The greafer
part of the catalyst thus dislodged settles down-
wardly into the reactor and is thus returned for
further use.

In the operation of the apparatus of the draw-
ing the desired quantity of powdered catalyst is
introduced directly into the reactor through a
suitable connection, not shown, in conduit §.
After any desired preliminary activation treat-
ment, the temperature of the fluid in jacket 15
is adjusted, by the heating means mentioned
above and by the pressure control means, to the
temperature desired to be maintained in jacket
5 during the reaction. After the catalyst mass
has reached the reaction temperature, the intro-
duction of the reaction mixture through pipe 3
is initiated. The reaction mixture may he pre-
heated approximately to the reaction tempera-
ture prior to its- introduction through pipe 3 or
the reactants may be heated to the reaction tem-
verature through the passage thereof through
that portion of pipe § which is enclosed by jacket
{3 and by contact with the hot catalyst. It will
be understood, furthermore, that the enclosure
of pipe 8 in jacket 15 is not necessary to the in-
vention and that the reactants may be heated
to the reaction temperature solely by contact
with the hot eatalyst.

Pipe 3 is dimensioned with respect to reacior |
and the desired superficial velocity whereby the
veloeity of the gases passing through pipe 3 is
sufficiently high to prevent the passage of solids
downwardly into pipe 3 against the incoming gas
stream. A hall check valve, not shown, is pro-
vided in pipe 3 to prevent solids from passing
downwardly out of the reactor when the gas
stream is not being introduced into pipe 3.

‘The recovery system used for the apparatus
shown and the example hereinafter consisted of
a steam jacketed primary receiver and a second-
ary receiver preceded by a tap water condenser.
The primary receiver was maintained at a tem-
perature of about 300° F. and the secondary re-
ceiver was maintained at a temperature around
70° F. Effluent gas from the secondary receiver
passed through a bed of activated carbon to re-
move light hydrocarbons from the gas before
venting or recycling, as desired. The absorber
was pericdically stripped to recover absorbed
material.

In this apparatus operating runs were made to
test the efficacy of the starting-up procedure and
the regeneration or reactivation of the catalyst
by observing the results for various operating
conditions during stabilized periods of operation.
The conditions of operation and results, together
with substantially complete explanation of the
rreparation and activation of the catalyst, the
starting-up procedure, and regeneration: of used
catalyst are described below in the following rep-
resentative examples,

The results and operating conditions of this in-
vention are presented in Example IT in conven-
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tional tabular form. The contraction, yield of

- 0il and water may be taken as indications of the

—
(&)
=

catalyst activity, resulting at least partially from
the technique recommended. The inspections of

Q_ the products were obtained by conventional meth-

http://ww. Pat ent Go

ods of analysis. The unsaturated content of the
oil is ealculated and reported as “mol per cent
mono-olefins,” although there may be some di-
olefins present.

EXAMPLE I

A catalyst was prepared in accordance with the
following procedure:

A cobalt nitrate solution was prepared by dis-
solving 10,000 grams of Co(NO3)2.6H20 in 50
liters of water. A sodium carbonate solution was
prepared by dissolving 6,100 grams of Na200:.HaC
in 50 liters of water. With both solutions at the
boiling point, the cobalt nitrate solution was add-
ed with stirring to the sodium carbonate solu-
tion. After thorough stirring, 4,000 grams of
dried “Super-Filtrol” preheated to 180-200° F.
were added with vigorous stirring. The slurry
thus obtained was filtered and the filter cake was
reslurried in 30 gallons of treated water. After
standing for several hours, the slurry thus ob-
tained was heated to boiling with vigorous stir-
ring, after which the slurry was filtered again.
During this operation, the filter cake was washed
with 300 gallons of hot treated water. The filter
cake thus obtained had a water content of ap-
proximately 70 weight per cent. This material
was partially dried at room temperature to a
water content of approximately 57 % and was then
extruded through a 3 inch diameter orifice. The
extruded material was heated overnight in an
oven at 420° F. 'The material thus obtained was
in the form of hard lumps and had a water con-
tent of approximately 7.6 weight per cent. This
material was then ground in a Braun disc mill
and screened to collect material passing through
o 40 mesh sieve. Material which did not pass the
sieve was recycled to reduce the batch to a size
smaller than 40 mesh,

The following Table I is a screen analysis of
this powder:

Table 1

Weight

iz g
Size range percent

Trace
5.0
6.9

4.
L
9.
2.
0.

G
BOBOD

6.3 pounds of this material were charged to re-
actor f, this amount being chosen to produce 8.8
pounds of catalyst in the reactor after reduction.
The unit was flushed out with nitrogen and then
hydrogen was passed in through pipe 8. Jacket
1% was filled with a suitable temperature control
fluid such as “Dowtherm” and by heating this
fluid in the manner described above the temper-
ature of the catalyst mass was gradually raised.
After the temperature of the catalyst was raised
to 450° B, the rate of introduction of hydrogen
was increased to 40 cubic feet per hour and the
temperature was raised, while operating at that
velocity, to 709° F. This operation was contin-
ued until the formation of water ceased, after
which the hydrogen flow rate was lowered to 5
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cubic feet per hour and the temperature was low-
ered to 300° F. The catalyst composition was
Co:2 “Super-Filtrol.”

The “Dowtherm” was then removed from jacket
15 and replaced with water at a temperature
equivalent to a catalyst temperature of 300° F.
The introduction of feed gas, consisting approxi-
mately of two parts of hydrogen and one part of
carbon monoxide, was then initiated at a space
velocity of 333 standard volumes of gas per hour
per volume of dense catalyst phase, and the tem-
perature was raised rapidly to the desired reac-
tion temperature range. The time during which
the temperature was raised from the initial tem-
perature of 300° F. to 360° F. was only two hours.
During this two hour period 4.3 pounds of carbon
monoxide per pound of cobalt were present.
Thereafter, the temperature was raised to 400° F.
in a space of 14 hours.

The operation thereafter was continued under
various experimental conditions for 1,115 hours at
the end of which time the unit was shut down
voluntarily and the catalyst withdrawn for ex-
amination. During this time the temperature of
the reaction zone varied from g minimum of 380°
P, to a maximum of 460° P, and the pressure
varied from atmospheric to 50 pounds per square
ineh (gauge). The feed gas consisted substan-
tially of Hz2 and CO in ratios of 2:1 to 3:1 through
this period and it was charged to the reactor at
space velocities varying from 175 to 1200 volumes
(measured at standard conditions of temperature
and pressure) per volume of the dense catalyst
phase per hour. Throughout this period the con-
version rate was maintained at a high level to
form a ligquid product which was highly paraf-
finic but on the other hand substantially free
from wax. During the period, however, the ac-
cumulation of deposits on the surfaces of the con-
tact material was infinitesimal compared to the
accumulation of wax which would have been
formed on a comparable catalyst in a fixed
bed operation. The finely-divided contact mate-
rial remained perfectly dry and non-adherent
throughout the operation and the fluidized con-
dition of the contact material was maintained
without difficulty. .

The results obtained during one period in the
above operation may be referred to to illustrate
the character of the product obtained. In this
period, of 68 hours’ duration, after 423 hours of
operation, a gas consisting essentially of H: and
CO in the 2:1 ratic was passed through the re-
actor at a space velocity of 800-1200 volumes per
volume of dense catalyst phase per hour. This
corresponded to superficial inlet velocities of 0.43-
0.73 foot per second. The dense phase rose to a
level of 5.1-5.8 feet above pipe 3. The reaction
was maintained at an average temperature of
430° F. gnd an exit pressure of 45 pounds per
square inch (gauge) was maintained on the re-
actor. Under these conditions, a contraction of
419 was observed. A liquid yield (including pro-
vane and heavier hydrocarbons) of 76 cc. per
cubic meter of charge gas was obtained, This
included 33 ce. per cubic meter of normally liquid
hydrocarbons boiling up to 308° F. and 24 cc. per
cubic meter of hydrccarbons boiling above 300°
. This high boiling product constituted an ex-
cellent diesel fuel. The diesel oil product boiled
between 330° F. and 668° F'. It had an API grav-
ity of 54.8 and an aniline point of 186° F., a pour
point of 30° F. and a diesel index of 102. The
diesel oil contained 2% olefins and 1.7 weight per

w5 cent of wax of a melting point of 124° F. The
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-gasoline fraction contained 119 olefins and had
an octane number of 42.7 A. S. T. M. This was
rajsed to 67.5 by the addition of 3 cc. of tetra-
ethyllead per gallon,

The results obtained in this example differ sub-
stantially from the results obtained in previous
fixed bed operations, in the production of a high-
Iy saturated liguid product while at the same
time.substantially suppressing the formation of
Wax.

EXAMPLE II

‘A _catalyst for promoting the reaction of car-
bon monoxide with hydrogen was prepared as fol-
lows: 10,000  grams of cobalt nitrate,

‘Co(NO3) 2.6H20
and 1910 grams of magnesium nitrate,
Mg (NO3) 2.6 H20

were dissolved in 50 liters of treated water. 6100
grams of sodium carbonate, Na2C03.H20, were
dissolved in 50 liters of treated water. Both soluy-
tions were heated to the boiling point and the
nitrate -solution was then added to the carbonate
solution with continuous stirring. After the re-
sulting mixture had been stirred thoroughly 4,000
grams-of “Super-Filtrol” (previously dried at 900°
F.’for1:5 hours) at a temperature of 210° F. were
added to the solution with vigorous stirring.
After thorough stirring, the resulting mixture
was then filtered under a pressure of 30 pounds
per square inch gage. The filter cake was washed
in'the filter with 160 gallons of treated water at
180° F. and.a pressure of 40 pounds per square
inch gage. The washed filter .cake was dried
overnight at room temperature by means of g
blower. The partially dried material was dried
at 210° F.-to a moisture content of about 549
and was then extruded through 34 inch dies.
The extruded material was then dried overnight
at:210° F'..to obtain a product having a moisture
content of about 169%. 'This material was then
ground to produce a granular mass finer than
6 mesh but coarser than 20 mesh. The granular
material thus produced was reduced in an oven
by means of a circulating stream of hydrogen
from which water and CO: were removed con-
stantly by means.of a caustic wash and an alumi-
na treatment. The temperature of the mass of
catalyst during this-operation was raised from
about 100° F. to .a final temperature of about
700° F. during which time the production of
water ceased.

The Tollowing Table II is the reduction proce-

dure .of the fresh catalyst:
Tadble 11
Temperature—° F, Outlet 0 (cu. 0
Time press., | ft.) con- prod., ce.

Inlet gas | Catalyst | P+ S 1. & | sumption

|
(N3 purge at atmospheric conditions)
110 L5

350 325 1.3 6 55

485 455 10.8 8 85
610 595 10.0 14 175
630 640 10.0 16 130
628 635 10.0 6 0
671 695 9.5 14 0
665 700 9.5 10 0
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The reduced catalyst was then ground at room
temperature in an atmosphere of COz.to a pow-
der of the desired size. The following Table IIT
is a screen analysis of this powder:

Table IIT
Size range ;Xfégg%
0.0
45.2
22.8
6.7
4.8
4.3
5.7
10. 5

This catalyst had the following approximate
composition in ‘parts by weight: Co0:0.15 ;
MgO:2.0 “Super-Filtrol.”

Reactor | was purged by means of COs and,
while- g small stream of COz was passed through
the reactor, 9 pounds of the catalyst prepared as
described above were introduced while main-
tained in an atmosphere of COa2, passing CO2
through the reactor at a velocity of about 0.1 foot
per second. The catalyst mass was then grad-
ually heated to 400° F. by heating the water bath
in jacket 15 in the following manner. When the
catalyst temperature reached 300° F. g stream of
hydrogen was substituted for CO: as the serat-
ing medium and was passed therethrough at a
linear velocity of about 0.2 foot per second. When
the catalyst temperature reached approximately
360° F'. the stream of hydrogen was stopped and
the passage of feed gas through the reactor was
initiated. The reaction temperature was raised
from 360° F. to 490° F. during a period of 11
hours. This operation was continued for approx-
imately 650 hours during which time the gas was
passed through the reactor at varying experi-
mental conditions. The reaction temperature
varied from about 380° . to about 425° F. The
pressure varied from atmospheric to about 59

5 pounds (gauge) per sguare inch. The feed gas,

which consisted substantially entirely of ¥» and
CO in ratios of about 2:1 to about 3:1 was
charged to the reactor at space velocities of about
330 to about 875 volumes of gas (measured
at standard conditions of temperature and pres-
sure) per volume of dense catalyst phase per
hour. ‘A high rate of conversion to liquid hydro-
carbon products was maintained throughout the
operation, which was terminated arbitrarily in
order to examine the catalyst. After 516 hours
of this operation the catalyst was revivified by
treatment with a stream of hydrogen at about
760~-850° . for about 5 or 6 hours. The func-
tion of this regeneration treatment was primarily
the reduction of oxides formed on the catalyst
surface during the operation, but the removal of
any waxy deposits was also accomplished by the
treatment. At no time during the operation was
there absorbed any accumulation of deposits on
the contact material which interfered with the
fluidized condition of the catalyst and the final
examination of the catalyst after the termina-~
tion of the operation showed it to be a finely
divided non-adherent, easily fAuidizabie material.
The liquid produet obtained throughout this op-
eration was highly paraffinic in character, but
the production of wax was very small. The fol-
lowing Tables IV and V show the operating con-
ditions and results from the runs made of this
catalyst:
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o Table IV
E A B o D E by G H I 7 X L
Ny
CHours on eondition. .o ..o 22 12 18 24 24 24 36 18 6 6 12 8
otal operating NOUrs.. oo 93 159 246 324 348 384 468 486 580 612 642 850
perating conditions:
Catalyst temperature, average, ® Fo_...___... 400 402 381 410 412 411 424 426 396 412 414 414
+  Teed gas temperature, ° F.__. .- - 7 217 366 402 408 305 301 390 388 397 399 402
o Reactor outlet pressure, . s. ig 24.3 | 44.0 2 44 43 44 43 43 45 44 44 45
QF1luid bed conditions:
4+ Bedheight . e 9.4 8.6 7.4 7.2 6.9 7.0 6.9 7.0 7.7 7.5 8.0 6.8
@  Lb. catalyst in reactor.__ 8.6 8.0 6.7 6.7 6.7 6.7 6.7 6.7 8.3 8.3 8.1 81
o Catalyst density, 1b.fcu. ft. 4 46| 453 | 46.5| 491 48.4| 48.2| 475 53.3| 545 2. 0 58.5
Cu. ft. of catalyst.... 0.190 | 0.173 148 144 137 140 | .139 140 | 0.155 | 0.151 | 0.161 | 0.138
;  Inlet velocity, {t./sec. — 0. 0.62| 0.64; 0.60| 0.83 | O 0.55 0.56 | 0.47{ 0.4 0.38 0.33
Cu. ft. inlet gas/hr.fou. it. catalyst_ 476 635 331 877 787 793 784 krid 509 613 491 444
Liters of inlet gas/hr./gm. cobalt. 1.04| 2254 | 1.05| 271 | 231 |.238 | 234} 233 | 1 99| L98{ 170 131
Contact time, seCS.cooocacnon 19 17 13 15 16 15 15 15 18 20 22
Gas throughputs:
=~  Gas entering catalyst bed, 8. C. F./hro..._._. 00.5 | 118.5 | 49.0 1} 126.3 | 107.7 | 111.0 613
~  (asleaving catalyst bed, 8. C. F.jhr ... ... 98.8 | 4871 34.5| 50.2| 40.5) 540 36.1
- Blowback gas to filter, S. C. F.fhr .. ... 124§ 13.8 .8 | 166} 152 17.3 20.6
OGas entering fluid bed (air-free):
—  ©O,—dry basis, percent_._ 3.2 11 5.5 4.4 4.6 3.9 0.3
CO—dry basis, pereent. . coomoceooraom 95.8 | 20.7| 30.0} 27.9| 286 | 28.7 17.4
E Hy—dry basis, percent. oo oo 66.2| 65.5| 59.0| 66.3 | 64.8] 63.2 32.6
CH—dry basis, percent. 3 L7 4.9 1.0 2.0 3.7 1.1
Ny—dry basis, pereent.. 0.6 0.4 [cooman 0.5 48.6
Molecular weight—dry gas 12,9 | 1.3t 1.6 1L7 19.4
Hp:CO 1850 oo 211241281221 1.9:1
Results:
Yields—
Volume percent contraetion. .. ..o 60.7 | 60.4! 3.0 61.8| 640} 526 54.6| 520 716 | 6LB 1 754 80.7
ec. oil/hr./gm. cobalb. . ..o —..- 0.366 | 0.421 | 0.068 | 0.391 | 0.850 | 0.288 | 0.293 | 0.209 0.181 | 0.242 | 0.145) 0.086
Percent CO disappearing_. ... 947 | 61.6 | 238.7] 751} 781| §0.1 56.8 1 55.5 | 69.7 70.3 70.1 79.4
Percent CO—->CO; (bagis inlet gas) 1.9 0.4 L5 —3.5 [coaae- 3.5 L5 12 9.0 9.1 7.5 2.5
Percent CO-—-heavy oil.. oo - .| 330 3L8 L7) 9225 23.4| 224 18.9| 187 | 27.0 2.4 19.8 24,3
Percent CO->Cs..... Tl o304 261 | 16.4| 27.2| 286§ 19.1| 22.4| 24.4 28,1 | 17.4; 33.2 18.2
Percent CO>CH4u - _l 2.9 51 —2.5| 19.6 % 19.2 87! 13.0] 14.9| 157 26.7 1.2 26.7
Percent CO—unconverted. . - 53] 384| 7631 249 | 219 49.9| 43.2| 445, 30. 3 29,71 29.9 20.6
Percent CO unaccounted for_. ... 445 —L8 3.6 9.3 6.9 | —3.6 1.0 -3.7|-10.1| —6.3 8.4 8.7
Table V
A B C D E F a H I J KX L
Products:
Total gm, HoO oo oomeemoeaas 9,701 | 5087 | 1,667 | 11,646 | 11,266 | 10,429 | 17,008 | 7,488 | 1,409 2,161 2, 466 | 1,502
Total gm, heavy oil | 2,841 2,253 208 | 3,186 | 2,903 | 2,867 , 07! 1,981 460 728 540 348
Total ce. heavy oil_. -1 8,701 | 3,005 277 | 4,215 | 3,854 | 3,936 | 5,626 2,729 622 999 734 472
Total gm. Cs___. | 2,844 7 1,886 784 | 3,946 | 3,629 | 2,506 4,961 | 2, 642 490 569 922 252
Total ¢C. Ol - o —weoocoamcomaan 235 | 59052 1,424 | 10,381 | 0,524 | 7,852 | 13,378 | 6,857 | 1,388 | 1,838} 2175 866
Gas leaving fuid bed (air-free):
Percent CO3.__. 11.5 3.0 8.5 8.7 12.3 10.1 2.3 2.4 2.9 8.4 2.4 1.2
Percent CO oo 4.2 21.7 32.7 17.5 16.6 29.6 30.2 29.0 8.8 25.0 8.1 6.1
Percent Ha. oo omo e 45.6 52.8 50.6 2.7 46.9 44.2 49.9 50.4 7.3 39.3 6.8 0.0
Percent CH4_oooovmmmeeeaeee 33.4 12.7 5.9 16.3 19.8 12.8 14.0 13.8 5.6 24.3 2.3 9.5
Percent Co-heavier....._.__...._. 5.2 3.8 1.4 3.8 4.4 2.3 3.2 3.2 1.6 3.0 1.8 L0
Percent N oocmom oo 0,1 | e 0.9 1.0 [oeoeas 1.0 0.4 1.2 73.8 0.0 78.6 82.2
Carbon No.._ 1.54 1.92 177 1.75 173 1.61 1.74 1.75 1.89 1.4 2.76 1.38
Molecular weight—Dry gas. ...~ 16.3 14.9 16.1 15. 4 17.3 17.6 15.1 15.0 26.6 17.5 27.1 21.5
Heavy oil inspections:
Gravity, A P. L ... ... 64.0 60,0 57.2 62.0 60.6 60.6
A. 8. T. M, distillation—
. B. P, F . 134 152 218 183 180 186
i3/ T 184 205 267 228 220 230
10%.. 208 229 289 240 244 248
20%.- 232 264 319 264 270 268
30%-- 257 298 346 288 208 290
[0}/ S 281 332 381 310 319 318
510/ Y — 311 372 400 338 342 342
60 e 341 415 432 368 370 371
(L7 S 379 470 467 407 409 406
809 e 430 527 508 459 459 454
L 490 602 572 532 548 536
95% .- 554 646 622 580 604 602
P 574 665 660 637 660 648
Percent monoolefins. 0.8 6.9 3.3 2.6 4.3 4.2
Molecular weight__._____ ... 140 165 177 153 154 153
Light naphtha from adsorber:
Inspections—gravity, ° A.PI____| 79.8 85.6 82.9 oo
A.8.T.M. distillation—
I.B.P,°F 107 90 92
127 100 105
132 104 110
142 111 119
151 117 129
161 124 139
171 132 151
183 142 165
198 156 182
221 176 203
244 208 232
268 242 269 |oceee
202 274 207 fooeaeen
9.1 13.9 13.8 ocvmeee-
- 2.0 14.8 146 joeeemeee
Desorbed oil yield, ce./m.? inlet
B e mmmmm oo 13.0 23.7 [ 20 [
Tajl gas from adsorber—Cu.Ft./Hr....[ 29.2 55.2 50.5 |eomcaca
Analysis (air-free; dry):
Percent COpo o ovommoommmacanas 16.1 9.8 1.2 .
Percent CO.- 400 23.4 6.8 |.
Percent M- .44 54.9 4.0 (-
Percent CHu_ .l 3858 8.4 4.8 |.
Percent Co's.. - 1.9 0.8 0.3 I.
Percent Cy's_. - 2.7 0.9 0.2 |.
Percent Cy’s.. - 11 0.5 0.5 i
Percent Cg'Socenovmmevmaaamcacanm- 0.5 0.1 0.1 foeecmann
- Percent Ny 0.5 L2 82.1
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For an example of the character of the product
obtained in this operation, reference may be had
to the results obtained during a 22 hour period
after 71 hours of operation (run A, Tables IV and
V). In this period a gas consisting essentially
of Hz and CO in a 2.6:1 ratio was reacted at 405°
F. An exit pressure of 25 pounds per square inch
was maintained on the reactor and the feed gas
was passed through the reactor at a space veloc-
ity of 476 volumes per hour per volume of fAuid-
ized catalyst. This corresponds to a superficial
inlet velocity of 0.64 foot per second. The dense

(5]

10

16

‘hydrogen and carbon monoxide was passed

through the reactor. The temperature was then
allowed to increase from a minimum of about
340° F. to a predetermined operating tempera-
ture at a rate of about 2° F. or greater per hour.
In general, the return to operating conditions
after regeneration was similar to the procedure
for starting up the process. Table VI below is
a tabular form of the operating conditions just
prior to and subsequent to the regeneration of
the catalyst, including also the regenerating pro-
cedure.

. Aver. ;
Time— cat. ixgéits-

Hrs. bed— Tem
cumulative T%mp., 3 Fp.,

Table VI
Liquid produect
Outlet (cumulative) Injet
press., |_ gas, Remarks
p.s. i g C. F./bhr

H:0, cc. | Oil, ce.

Ny4-syn. gas.

Cut out Na.

Cut out syn. gas, H; in.

Cut out Hg, in syn, gas.

phase rose to a level of 9.4 feet above pipe 3.
During this period a contraction of 67.5% was
observed and g liquid product consisting of pro-
pane and heavier hydrocarbons was obtained at
the rate of 147 cc. per cubic meter of feed gas.

The liquid condensate obtained in this opera-
tion, boiling between 134° F. and 574° F., and
including all the higher boiling products con-
tained but 0.8 mol per cent olefins. No wax for-
mation was detected.

In each of the foregoing examples the accu-
mulation of material on the surface of the con-
tact throughout the operation was less one weight
ber cent of the contact material. This included
a8 waxy oil and carbon.

After 516 hours of operation, the fow of syn-
thesis gas to the reactor was discontinued and
approximately 14 standard cubic feet of hydro-
gen per hour was passed through the reactor.
The reactor pressure was then reduced to at-
mospheric. The temperature of the reactor wags
raised above about 550° I, by heating the reactor
with Dowtherm. At this point the flow of hydro-
gen was increased to about 40 standard cubic feet,
per hour and subsequently the reaction tempera-
ture was raised above about 760° B. After sev-
eral hours of operation in this manner, the tem-
perature of the reactor was reduced to 550° P,
and at this point the flow of hydrogen was dis-
continued and the unit “bottled up.” The tem-
perature was then reduced still further to about
345° F. at which time synthesis gas comprising
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The results obtained in the foregoing exam-~
ples, which are characteristic of the method of
operation of this invention, are different from
results obtained in previous operations princi-
pally in the formation of a highly parafiinic
liquid produect while substantially avoiding the
formation of wax. It may be theorized that such
results are obtained by initiating the main con-
version of reaction of the H: and CO to liquid
hydrocarbons at a high rate at the initial level
of activity of the freshly reduced catalyst. As is
pointed out above, this is made possible by main-
taining the catalyst mass in the fluidized form
which provides s, means for withdrawing heat
from the reaction at an unusually high rate. It
may be postulated that when the freshly reduced
catalyst is in its initial state of activity, the
formation of wax occurs only at temperatures
substantially below 350° F., and therefore the
initial procedure after reduction of the cata-
lyst is very important. Thus, by initiating the
operation with a freshly reduced or regenerated
catalyst in accordance with this invention the
formation of wax is substantially inhibited from
the beginning and the capacity of the catalyst
for adsorbing hydrogen is not reduced by the ac-
cumulation of wax thereon. At the same time,
the high activity of the catalyst for hydrogena-
tion results in the formation of a highly sat-
urated liquid product. It will be understood,
however, that the foregoing is offered merely -as
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& possible explanation and that the invention is
« not limited by such theoretical considerations.

@O The present invention provides a Dprocess in

h

o .
8 of activity during operating periods of long

duration in which the reaction gas is passed .

+ through the reaction zone at space velocities
o substantially higher than those possible in pre-
 vious fixed bed operations, employing a catalyst
E which has been preconditioned to a lower level
of activity. This results in the formation of a
S maximum yield of liquid product and a mini-
mum production of solid products such as wax.
Such a liguid product contains a fraction which
: is a highly valuable diesel fuel because of its
T substantially completely paraffinic character, be-
Q cause it is composed substantially entirely of
+ straight chain hydrocarbons, and because of the
= relatively low pour point resulting from the small
amount of wax contained therein.

The foregoing examples indicate satisfactory
starting-up procedure and operating conditions.
In general, it may be said that any pressure from
atmospheric to any feasible superatmospheric
pressure may he employed. The temperatures
should be maintained above 350° F. for the main
operating run at substantially all times, and tem-
peratures in the range of 390 to 550° F., prefer-
ably 400 to 500° ., are highly satisfactory to ei-
fect substantial conversion at high space veloci-
ties. At temperatures of 350 to 450° F. space
velocities of 50 to 2000 standard volumes of re-
actants per hour per volume of fluidized dense
phase are satisfactory; higher velocities being in
general associated with higher temperatures.
For catalysts comprising about one-third by
weight of hydrogenating metal, the above range
corresponds to about 0.2 to 8 standard liters per
hour per gram of hydrogenating metal.

Various modifications and alterations of the
present invention may become apparent to those
skilled in the art without departing from the
scope of this invention.

We claim:

1. In the catalytic hydrogenation of carbon
monoxide for the production of hydrocarbons,
oxygenated hydrocarbons and the like, the meth-
od which comprises passing carbon monoxide and
hydrogen in centact with a solid particle, syn-
thesis catalyst within a reaction zone, effecting
said contact at a temperature within a predeter-
mined range such that a substantial conversion
of earbon monoxide into higher molecular weight
compounds occurs, with some deposition of solidi-
fiable material upon the catalyst particles, dis-
continuing the fow of carbon monoxide and hy-
drogen through said reaction zone, subjecting
said catalyst to contact with hydrogen under re-
generating conditions including an elevated tem-
perature effective to strip the said solidifiable
material from the catalyst, reducing the tem-
perature of the resulting hydrogen treated cat-
alyst to substantially below said predetermined
temperature range, thereafter passing a mixture
of carbon monoxide and hydrogen in contact
with the resulting cooled catalyst while slowly
raising the temperature of the catalyst, at the
rate of about 2 to 30° F. per hour, to substan-
tially said predetermined range to thereby con-
dition the ecatalyst and thereafier continuing
passage of said carbon monoxide and hydrogen
in contact with the catalyst at about said prede-
termined range.

2. In the catalytic hydrogenation of carbon
monoxide for the production of hydrocarbons,

which the catalyst is maintained at a high level.
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oxygenated hydrocarbons and the like, the meth-
od which comprises passing carbon monoxide and
hydrogen in contact with a solid particle, syn-
thesis catalyst within a reaction zone, effecting
said contact at a temperature within a predeter-
mined range such that a substantial conversion
of carbon monoxide into higher molecular weight
compounds oceurs, with some deposition of solidi-
fiable material upon the catalyst particles, dis-
continuing the flow of earbon monoxide and hy-
drogen through said reaction zone, subjecting said
catalyst to contact with hydrogen under regen-
erating conditions including an elevated temper-
ature effective to remove the said solidifiable ma-
terial from the catalyst, reducing the tempera-
ture of the resulting hydrogen treated catalyst to
substantially below said predetermined temper-
ature range, thereafter passing a mixture of car-
bon monoxide and hydrogen in contact with the
resulting cooled catalyst while raising the tem-
perature of the catalyst, at the rate of about 2
to 30° F, per hour, to substantially said predeter-

ined range to thereby condition the catalyst
and thereafter continuing passage of said carbon
monoxide and hydrogen in contact with the cat-~
alyst at about said predetermined range.

3. In the catalytic hydrogenation of carbon
monoxide within a predetermined temperature
range such that a substantial conversion of car-
on monoxide into higher molecular weight com-
pounds occurs, the method which comprises sub-
jecting a solid particle, synthesis catalyst to con-
tact with hydrogen at an elevated temperature
not lower than said predetermined temperature
range, reducing the temperature of the resulting
hydrogen treated catalyst to substantially below
said predetermined temperature range, there-
after passing a mixture of carbon monoxide and
hydrogen in contact with the resulting cooled
catalyst while raising the temperature of the
catalyst at the rate of about 2 to 30° F. per hour
to substantially said predetermined temperature
range to thereby condition the catalyst, and
thereafter continuing the passage of said car-
bon monoxide and hydrogen in contact with the
catalyst at a temperature within said predeter-
mined temperature range such that a substan-
tial conversion of carbon monoxide into higher
molecular weight compounds occurs with some
deposition of solidifiable material upon the cat-
alyst particles.

4, In the catalytic hydrogenation of carbon
monoxide for the production of hydrocarbons,
oxygenated hydrocarbons and the like, the meth~
od which comprises passing carbon monoxide
and hydrogen in contact with a solid particle,
cobalt synthesis catalyst within a reaction zone,
effecting said contact within a predetermined
temperature range between about 390° F. and
450° . such that a substantial conversion of
carbon monoxide into higher molecular weight
compeunds occurs with some deposition of solidi~
fiable material upon the catalyst particles, dis-
continuing the flow of carbon mohoxide and hy-
drogen through said reaction zone, subjecting
said catalyst to contact with hydrogen under re-
generating conditions including an elevated tem-
perature effective to strip said solidifiable ma-
terial from the catalyst, reducing the tempera-
ture of the resulting hydrogen treated catalyst
to substantially below said predetermined tem-
perature range, thereafter passing a mixture of
carbon monoxide and hydrogen in contact with
the resulting cooled catalyst while slowly raising
the temperature of the catalyst, at the rate of
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about 2° F. to 30° F. per hour, to substantially
sald predetermined temperature range to thereby
condition the catalyst and thereafter continuing
bassage of said carbon monoxide and hydrogen
in contact with the catalyst at about said prede-
termined temperature range.

5. In the catalytic hydrogenation of carbon
monoxide with g finely divided catalyst suspend-
ed in the gaseous reaction mixture in the reac-
tion zone within a predetermined temperature
range such that a susbtantial conversion of car-
bon monoxide into higher molecular weight com-
bounds cccurs, the method which comprises sub-
jecting a solid particle, synthesis catalyst to
contact with hydrogen while suspended therein
at an elevated temperature not lower than said
bredetermined temperature range, reducing the
temperature of the resulting hydrogen treated
catalyst to substantially below said predeter-
mined temperature range, thereafter passing &
mixture of carbon monoxide and hydrogen in
contact with the resulting cooled catalyst while
the catalyst is suspended in said mixture of car-
bon monoxide and hydrogen and while raising
the temperature of the catalyst, at the rate of
about 2° F. to 30° ¥, per hour, to substantially
said predetermined temperature range to there-
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by condition the catalyst and thereafter contini-
ing passage of said carbon monoxide and hy-
drogen in contact with the catalyst at a tem-
perature within said predetermined temperature
range such that a substantial conversion of car-
bon monoxide into higher molecular weight com-
pounds occurs with some deposition of solidifia-
ble material upon the catalyst particles.

6. The process of claim 5 in which said syn-
thesis catalyst comprises cobalt and said pre-
determined temperature range is between about
390° F'. and about 450° F.

LOUIS C. RUBIN.
HENRY G. McGRATH.
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