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11 ‘Claims.
1

This invention relates to an improved method
for hydrogenating carbon oxides to produce hy-
drocarbons and oxygenated organic compounds.
The carbon oxides treated comprise primarily
carbon monoxide and -carbon dioxide, but may
‘include-also other organic compounds which con-
tain the carbonyl group, such as ketones, alde-
hydes, acyl halides, organic acids and their salts
and esters, acid anhydrides, amides, etc;, and
whose reaction with hydrogen to preduce other
oxygenated compounds and hydrocarbong is pro-
moted by -catalysts and reaction conditions
which are effective to promote the reaction -of
hydrogen with carbon monexide. While the im-
‘proved process is applicable to the hydrogena-
tion of these compounds of carbon and oxygen,
to produce both hydrecarbons and oxygenated or-
ganic -compounds, the invention is particularly
applicable to the large scale production of hy-
drocarbons by ‘the hydrogenation of carbon
monoxide,

The object -of this invention is to provide an
improved supported catalyst for the hydrogena-
tion of carkon oxide by -contact with the catalyst
in finely -divided form.

Anether object of this invention is to pro=
vide a novel catalyst composition for use in the
hydrogenation of carbon oxide.

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

The ahove-described reactions may be carried
out in a highly advantageous manner by passing
the reactants as a gas stream upwardly in a re-
action zone through o mass of finely Givided
solid -catalyst.
vention the gas stream is passed through the
catalyst powder at a linear velocity which is-ef-
fective to suspend the catalyst in the gas stream
in a dense fluidized pseudo-liquid phase in which
the particles of catalyst circulate at a hish rate.
If the velocity of the gas stream is maintained

In cne embodiment of this in- -
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sufficiently low, the catalyst mass assumes a con-

dition which is «lescribed as “pseudo-liquid” for
‘the reason that the mass exhibits many of the
properties of a true liquid, particularly asto fow-
ability and density. The gas velocity necessary
to produce this condition depends somewhat upon
the character and condition of the catalyst; but
it is preferred ordinarily to pass the gas stream
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2
through the catalyst at a velocity which is suf-
ficiently low to produce the above described con-
dition but sufficiently high without substantial
entraihment o produce turbulence in the mass
whereby the particles circulate at @ hish rate
throughout the mass.of contact material.

Under the conditions described above, the
fuidized mass of contact material is gquite dense,
resembling in this respect a settled mass of the
same material. The density of the fluidized mass
may be not less-than half that of the settled mass.
The fluidized catalyst mass is suspended in the
gas stream but there is no movement of the cata~
1yst mass as a whole along the path of flow of
the gas stream. Thus, while the catalyst mass
is-suspended in the gas stream, it is hot entrained
therein. However, a smmall proportion of the par-
ticles of the fluidized mass may become entrained
and carried away in the gas stream emerging
from the dense pseudo-liquid catalyst mass.

To produce the fluidized catalyst mass the gas
stream s passed into the ‘bottom of the reactor
through a relatively smallinlet at an inlet veloci-
‘ty such that solifls in-the reactor are prevented
from passing downwardly ‘out of the reactor
through the gas:inlet. The horizontal dimension
of the reactor and the rate of flow of the gas
stream into the reactor are controlled to pro-
duce in the redctor a gas veloecity effective to
maintain the catalyst mass in the fluidized con-
dition. This velocity is defined ordinarily in
terms of the veloeity of the gas stream through
an-empty reactor which is referred to as the sy~
‘perficial velocity. Ordinarily, superficial veloci-
ties of 0.1 to 10 feet per second are employed
for pseudo=liguid type operations; the actual ve-
locity depends on such factors as catalyst den-
sity, composition and size.

1t is preferred ordinarily in pseudo-liquid type
operations to-provide 4 reactor having a volume

-substantially greater than the desired volume of

the fluidized catalyst mass. In such a large re-
actor the catalyst forms the relatively dense
fluidized mass' described above which -occupies
the lower part of the reactor and which is re-
ferred to hereafter as the dense phase. In the
upper part of the reactor the density of catalyst
in the gas is substantially Jess and of a different
order-of magnitude than the density of the cata-

50 1yst in the dense Phase. The upper phase may
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be referred to as a diffuse phase. In the diffuse
phase there is substantial disengagement by seb-~
tling of solids which are lifted above the dense
phase by the gas stream. Depending upon the
gas velocity and the particle size of the catalyst
mass, such settling may effect substantially com-
plete disengagement of solids from the gas
stream. Ordinarily, however, a substantial pro-
portion of the particles comprising the catalyst
mass has a free settling rate less than the super-
ficial velocity of the gas stream, whereby a small
proportion of the catalyst is carried from the
reactor in the exit gas stream in the absence of
special means to effect separation of the sus-
pended solids from the gas stream. '

Between the dense catalyst phase and the up-
per diffuse phase there is an interface which is
a relatively narrow zone in which the concen-
tration of solids in the gas stream.changes from
the high concentration of the dense phase to the
low concentration of the diffuse phase.

In order to produce the desired turbulent
pseudo-liquid condition in the dense phase, it is
desirable that at least a substantial proportion
of the contact material consist of particles whose
free settling rate is less than the superficial ve-
locity of the gas stream. The mass of contact
material may consist advantageously of a mix-
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ture of particles varying in size from 40 to 400 -

microns (average diameter), although particles
of larger or smaller diameter may be present.

The pseudo-liquid type operation is initiated
by charging the reactor with the desired quantity
of the contact material.
mass in the reactor is fluidized by the passage of
a gas stream upwardly therethrough at the proper
velocity. Alternatively, a -gas stream may.be
passed through the empty reactor, while catalyst
is charged to the reactor at a rate in excess of
the rate at which catalyst is carried out of the
reactor in the gas stream. In this manner, the
desired volume of fluidized dense phase may be
built up. During the operation it may be neces-
sary to add catalyst to the reactor continuously
or intermittently to replace deactivated catalyst,
or to replace catalyst carried from the reactor
with the product gas stream.

The reaction is initiated by heating the fluid-
ized contact mass to a temperature effective to

initiate the reaction. Thereafter, it is necessary ;

to cool the fluidized contact mass to maintain
the reaction temperature at the desired level.
Tt is a feature of the pseudo-liquid method of
operation that the circulation of the particles in
the fluidized mass promotes rapid-and efficient
heat exchange between the various parts of the
fluidized mass whereby a substantially uniform
condition in the mass is maintained. Conse-
quently, the excess heat of reaction may be with-
drawn from the reaction zone by cooling a part
of the fluidized mass. This may be effected in
whole or in part by introducing the reaction gas
in a cold condition, but it is necessary ordinarily
to provide additional means for withdrawing heat
from the contact mass. This may be provided
for by indirect heat exchange means of the char-
acter indicated below in the example or by in-
troducing a cold gas or vaporizable liquid di-
rectly into the dense phase.

Another mode of operation involves the use
of sufficiently high gas velocities to entrain the
contact material such that all of it continuously
moves in the direction of flow of the gases. The

30

Thereafter, the contact . -

40

60

70

entrained contact material passes from the re- .

action zone with the efiluent gases to a solids
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separator, such as a conventional settling zone
or cyclone separator. Contact material is sep-
arated from the effluent gases and recycled, after
aeration and/or stripping, to the reaction zone.
The concentration of contact material in the
gases in the reaction zone is materially less than
characteristic of dense phase operations. Gen-
erally, superficial gas velocities above 5 feet per
second are employed, preferably 8 to 40 feet per
second or higher, depending on such factors as
catalyst density, composition and size, and re-
action conditions employed. As with dense phase
operations, the reaction zone may be cooled in-
directly by conventional means, or directly by in-
jection of a cooling medium therein.

The catalysts, or contact material, ordinarily
employed in the reaction of hydrogen and carbon
oxides, include hydrogenating metals which may
or may not be employed in combination with ac-
tivating metal oxides and supporting materials.
The hydrogenating metal catalysts which are
employed ordinarily include the metals of group
VIII of the periodic system. While metallic iron
or iron oxide may be employed satisfactorily
without the use of supporting materials, it is
preferred to employ the catalytic metals of group
VIII having an atomic number higher than 26,
such as cobalt and nickel, in combination with
suitable supports to be discussed hereinafter. In
addition, activating metal oxides may be incor-
porated in such contact materials. These in-
clude alkalis, alumina, silica, titania, thoria,
manganese oxide and magnesia. For example,
a catalyst may comprise metallic cobalt in com-~
bination with approximately one to three times
its weight of support and approximately 0.05 to
0.2 its weight of a difficultly reducible metal oxide,
such as thoria or magnesia.

In connection with his invention, it has been
discovered that catalysts comprising supports of
the character previously employed, such as kie-
selguhr, are inferior, when used in the fluidized
powder form described above, to catalysts com-
prising supporting materials not previously sug-
gested for use. It has been found particularly
that superior catalysts for use in the fluidized
powder form may be produced by employing as
a support a synthetie silica gel-alumina type sup-
port. Silica gel alone does not exhibit as good
physical and catalytic characteristics as does
silica gel combined with alumina.

A suitable synthetic silica gel-alumina sup-
port may be prepared by admixing a sodium sili~
cate solution and a sulfuric acid solution under
conditions such that silica gel is precipitated.
The hydrous silica gel is thereafter admixed with
an aluminum sulfate solution, to which is added
an appropriate quantity of an ammonia solu-
tion to precipitate aluminum hydroxide upon the
silica gel. The aluminum hydroxide impreg-
nated silica gel is recovered by filtration and is
partially - dehydrated at a temperature above
1000° F. The resulting partially dehydrated sil-
ica gel which is impregnated with alumina may
be calcined at higher temperatures and for longer
times to remove substantially all of the remain~
ing water therefrom, but omission of the calcin-
ing treatment in preparing the gel may be prac-
ticed without departing from the scope of this
invention. The calcining treatment may be un-
necessary in some instances and even undesir-
able.

The silica gel-alumina support of this inven-
tion contains between about 5 and about 20
weight per cent alumina, preferably hetween
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about 10 -and about 15 weight per cent: alumina.
The water content. of the support is less than
about 50-weight per cent. and preferably less.than
about 10 weight per cent when the: caleination
treatment is empleoyed.

In forming the preferred catalytic contact ma-
terial, the hydrogenating metal is precipitated
from a solution of a water-soluble metal salt on
the finely-divided synthetic silica gel-alumina
supporting material which has been previously
calcined. The resulting mixture after suitable
drying is subjected to a reducing treatment at
a temperature of approximately 750° ‘F. to. de~
compose the metal salt to the oxide and to con-
vert the metal oxide to the metal. The mixture
may be ground further; it desired, before or after
the reduction treatment to produce the- desired
particle size distribution. Any promoting oxides
which are employed, such as thoria and mag-

nesia, may be incorporated by precipitating them ¢

from a solution of their water-soluble metal salts
on: the silica gel-alumina along with the hy-
drogenating type metal oxide.

The hydrogenating catalysts containing sup-

ports previously employed are not suitable for :

use in  the hydrogenating of a2 carbon oxide be-
cause their activities are relatively low. More-
over; these previously used supported catalysis
are difficult to maintain in a fluidized condition
when- employed in fluidized operations, becauss
of the relatively narrow range of velocities by
which they can be fluidized. On the other hand;
the silica gel-alumina support yesulls in a hy-
drogenation catalyst of optimum activity for the

hydrogenation of carbon oxides, whieh can be 3

maintained in o fluidized condition over rela-
tively wide gas velocities and reaction condi-
tions.

The invention will be described in more detail
by reference to the specific examples of the use
of the improved catalytic contact material in the
conversion. of hydrogen and carbon monoxide to
normally liouid organic produets. The accom-
panying drawing is a view in elevation, partly
in-cross-section, of the reactor employed in car-
rying out the specific operation referred to in the
example.

Referring to the drawing, reactor [ 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, respee-
tively. Reactor | is connected by a conical sec-
tion 2 to an inlet pipe 3 made of exira heavy
half-inch steel pipe having an inside. diameter
of 0.55.inch. Reactor { is connected at the top,
by means of eonical section 4, with an enlarged
eonduit 5 comprising a.length of 6-inch extra
heavy steel pipe having an inside diameter of
576 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 5 is connected by means of manifold
& with conduits T and & which ecomprise other
sections of exira heavy 6-inch steel pipe. Con-
duits T and & contain Hlfers 8 and 1@ which are
constructed of porcus material which is perme-
able to the gas and vapors emerging from the
reaction zone hut substantially impermeable to
the catalyst particles earried by entrainment in
the gas stream. Tilters 9 and I8 are eylindvicel
in shape and closed at the:bottom ends. They
are dimensioned in relation to conduits: T and: 8
to provide a substantial annular space between
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the: filter- and the inner wall of the enclosing
conduit. for the: passage of gases and vapors:and:
entrained catalyst upwardly about the outer sur~
face of‘'the filter: The upper ends:of filters 9.and:
{0. are mounted in closure means i1 and 12 in a.
manner-whereby the gases:and vapors must pass:
through either filter 9 or-filter i0 to reach exit.
pipes 13 and 4. Each of filters 9 and 10 is ap~
proximately 36 inches long and 4% inches:in out-
side diameter, the filter walls being approxi-
mately 3 of aninch thick:

The greater part of reactor { is enclosed in
a- jacket 15 which extends from a 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 com~
prises a length of extra heavy 4-inch steel pipe
having an inside diameter of'3.83 inches. The
ends of jacket 15 are formed by closing the ends
of the 4-inch pipe in:any suitable manner, as
shown. Access to the interior of jacket. {5 is pro-
vided by an opening i6 in the top thereof through
a. 2=inch steel pipe. Jacket 1§ is-adapted to con-
tain a body of liquid for temperature control
purposes, such as: water, or “Dowtherm’ (a con-
stant: boiling mixture of diphenyl and diphenyl
oxide). The vapors which are evolved by the
heat of reaction are withdrawn at {6, condensed,
and returned through 1§ to the body of tempera-
ture control fluid in jacket 5. The tempera-
ture control fluid in jacket 15 is maintained un-~
der a pressure at  which the: liquid boils- at: the
temperature desired: in- jacket 15. Teating
means, not shown, are provided in connection
with jacket (5 to heat the temperature control
fluid therein to any desired temperature.

In order to show all the essential parts of the
reactor and associate catalyst separation means
on a single sheet a large proportion of the ap-
paratus has been eliminated by the breaks at T
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 pipes 13 and
{4, which is 224 inches. In each of breaks 17 and
i8 the portion of the apparatus eliminated is
identical with that portion shown immediately
aboveand below each break.

In the operations carried out in the apparatus
of the drawing the catalyst recovery means com-
prising filters 9 and 18 is 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 filters 9 and
i®. The latier are employed alternatively dur-
ing the operation so that the stream of gases and
vapors and-entrained solids passes from conduit
% through either the left or right branches of
manifold 6 into conduit T 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 o’ dis-
lodge  catalyst which has accumulated on- the
outer surface of the filter during the active
period. Such “blow-back” gas and dislodged
catalyst flows downwardly in thre conduit enclos-
ing the filler and into manifold § in which the
“blow-~-back” gas is combined with the reaction
mixture flowing upwardly from conduit: 5. The
greater part of the catalyst thus dislodged set-

tles downwardly into the reactor- and: is thus re~

turned for further use.
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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 5.
After any desired preliminary activation treat-
ment the temperature of the fluid in jacket (5
is adjusted, by the heating means mentioned
above and by the pressure confrol means, to
the temperature desired to be maintained in
jacket 15 during the reaction. After the cat-
alyst mass has reached the reaction tempera-
ture the introduction of the reaction mixture
through pipe 3 is initiated. The reaction mix-
ture may be preheated approximately to the re-
action temperature prior to ifs introduction
through pipe 3 or the reactants may be heated
to the reaction temperature through the passage
thereof through that portion of pipe 3 which is
enclosed by jacket {5 and by contact with the
hot catalyst. It will be understood, furthermore,
that the enclosure of pipe 3 in jacket 15 is not
necessary to the invention and that the reactants
may-be heated to the reaction temperature solely
by contact with the hot catalyst. )

Pipe § is dimensioned with respect to reactor
i and the desired superficial velocity whereby
the velocity of the gases passing through pipe
3 is sufficiently high to prevent the passage of
solids downwardly into pipe 3 against the in-
coming gas stream. A ball check valve, not
shown, is provided in pipe 3 to prevent solids
from passing downwardly out of the reactor when
the gas stream is not being introduced into pipe 3.

EXAMPLE

A catalyst for promoting the reaction of car-
bon monoxide with hydrogen was prepared as
follows: About 10,000 grams of cobalt nitrate,
Co(NO3) 2.6H20, and 1050 grams of thorium ni-
trate, Th(NOz3) 2.4H20, were dissolved in 50 liters
of water. About 6500 grams of sodium car-
bonate, Na2CO3.H20, were dissolved in 50 liters
of water. Both solutions were heated to the boil-
ing point (185° F.4) and the nitrate solution
was then added to the carbonate solution with
continuous stirring. After the resulting mixture
has been stirred thoroughly, 4,000 grams of cal-
cined silica gel-alumina support in finely-divided
form 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 to 50 pounds per
square inch gage. The filter cake was washed
in the filter with 160 gallons of water at 180°
F. and at a pressure of 50 pounds per square inch
gage. The washed filter cake was dried over-
night at room temperature by means of an air
blower. The partially dried material was dried
at 210° P. to a moisture content of about 54
per cent and was then extruded through 34 inch
dies. The extruded material was then dried
overnight at 220° F. to obtain a product having
a moisture content of about 20 per cent. 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 ah oven at one atmosphere pressure
by means of a circulating stream of hydrogen
equivalent to a space velocity of 60 v./hr./v. from
which circulating stream water and carbon di-
oxide were removed continuously. The tempera-
ture of the mass of catalyst during this oper-
ation was gradually raised to a final temperature
of 750° PF. during which time the production of
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water ceased. The reduced catalyst was then
ground in an atmosphere of CO:z to a powder of
the desired size. The following Table I is a
screen analysis of this powder:

Table 1
. Weight
Size Range Percent
0 e Trace.

40/100__ .. 38.1.
100/140._ 16.2.
140/200. .- 15.2
200/pan. .. 30.5.

This catalyst had the following approximate
composition in parts by weight: C0:0.25 ThO:2.0
silica gel-alumina support.

The silica gel-alumina supporting -material
contained about 13 weight per cent alumina and
about 4 weight per cent water, and was pre-
pared in a manner. similar to the following: A
4.2 weight per cent sodium silicate aqueous solu-
tion at a temperature of about 82° F. is added
to a 30 per cent sulfuric acid solution to obtain
a pH of about 9.5. The mixture is allowed to
set for about 4 minutes with vigorous agitation.
Thereafter the pH of the solution is adjusted to
about 2.5 by the addition thereto of further 30
per cent sulfuric acid solution. The resulting
2.5 pH solution is allowed to set for about thirty
minutes to peptize the silica and form a slurry.
A 5 per cent ammonia solution is then added
to the slurry with constant stirring to obtain a
pH of 6.5 whereby substantially all the silica
is gelled. To the neutralized slurry of silica gel
is added an 18 weight per cent aluminum sulfate
solution in an amount sufficient to result in about
13 weight per cent alumina in the final product.
To the slurry of silica gel and aluminum sulfate
is added slowly with constant stirring a 13.5
weight per cent ammonia solution. Care must he
exercised to maintain the slurry slightly acid at
the point of addition of the ammonia solution,
such as by slow addition and constant stirring.
Aluminum hydroxide (or Al203) precipitates on
the surface and in the pores of the silica gel.

Throughout the mixing steps localized over-
acidity or over-basicity should be avoided by
careful mixing and control of the rate of addition
of the solutions.

The resulting slurry of aluminum hydroxide-
impregnated silica gel is filtered under a sub-
atmospheric pressure of about 15 to 20 inches of
mercury. The filtered silical gel-alumina sup-
port is dried from a moisture content of about
90 per cent to less than 50 per cent, usually
about 40 to 45 per cent, at a temperature of
about 1400° F. In order to remove salts of am-
monium and sodium, the partially dried support
is repeatedly washed with a 2.5 pH aqueous solu-
tion. The washed silica gel-alumina support is
then calcined at a temperature of 1500° F. for
a sufficient length of time to reduce the water
content to about 4 per cent. The coarse support
is then ball milled to reduce its size. The re-
sulting silica gel-alumina support has a density
of about 50 pounds per cubic foot.

Reactor | was purged by means of carbon di-
oxide and, while a small stream of carbon dioxide
was passed through reactor I, about 10 pounds
of the catalyst prepared as described gbove were
introduced while maintained in an atmosphere
of carbon dioxide. . The catalyst mass was then
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heated to approximately 300° F. by heating the
water bath in jackeét {5. At that pointa small

10 .
which shows the operating conditions and results
for the above run.

B Operating Conditions?

Table 1T
Hours on Condition.:ove scwemanasiuins aea 12 12 43 8 12 24 281
Catalyst Age, Hours.:...: 5 92 | 104 | 147 | 155 | 167 | 101 227
Av,-Catalyst Temp W 422
Maximum Témp., °F.: 425
Pressure, p.§ i, g. 100
Space Vel., V., /Hr 585
Fresh Feed Rat e, C 122
Inlet Vel., F¥, /Sec (Superﬂcxa.l) z K14}
Heéight of anse Phase, féet_ ___: 10.3
Density of Dénse Phase; pouads/6ii.: 36:1
Fresh Feed Gas, Vlol Percent: !
S S 61
GO0 e e 33
R 1(l)lther compé¥ients, 002, N3, CH¢: 6
es
Contractios; Percent.. 34 63 62 36 53 44 47
CO Disappeatance, Peroént .......... Ay leis L BT 38 e 47 49
Observed Oil 4+ Wax, ce, /m of {ies] :53 b&| 84| Bl 69 57 57
Wax, cc./m3:6f fresh feed. 0. 5 7 -8 13 8 |eeaee
Est. Total Qil, ec./m.3 of fresh Teod B9 | _coaoop 121 BL [ 93 81
Oxygenated Comp., de:fih.3 of fresh feed. . A3 B 6. S jocza | 14 16
Observed Water, cc./m:3 of fresh feed .. .. .| 1241 132| 160§ 103 | 127 | ‘117 109
Selectmt:y,2 Percént:
Yoo oz 2o En 3 fozanos 1 ) R 4 -5
CO——»CH;—}-Ce 10 [ocees 17 19 [eeeeol 17 17
Product Qiality: Secondary Récelver Product (Tap 1
water temperature ‘and opey atmg “pressure)-- X . A
Gravity, ® A. P. X siiiiiiciioeol 54.6 | 56.4 59.5
A STOMS ) -
214 163 190
‘ a5 | 421 360
B.P B61f 653 638
Oleﬁnsy Percoiit.- 18 19 40

b Recyole omaﬁl
2 The selel

deycle ratio (vol) 0.85:1,
defined as the percent of thé oM pouHa oF compPonds il the pfotliets based 6n

the carbon énoxide rescted.
+ Thereases ih ‘Opeérating pressufe substantially incereased the oxygenated chemiesl content ot the

-produet.

stream of hydrogen was substituted for the car=
bon dioxide as the aerdting medium. Heating
was continued to 4 temperature of approximately
360° ‘P, at which point the passage of stream. of
reaction gas, consisting essentizlly of Hs dind
CO in the ratio of approximately 231, wds initi-
ated. 'The reaction temperature was then raised
during g period of 12 hours to 396° P,

This operation wds contitived for Approxi:
mately 200 Hours durihg which tiie the ga§ W
passed through the reactor at varyihg ex
Both sivigle pass and:recye
operations were used. "The reac¢tion temiperdtire
varied from 396° F. to 422° F. THe pressure
varied fromi 10 to 100 pouiids per square inch
gage. The feed .gds, which consistéd substan-
tially entirely of hydrogen and éarbon monoxide
in & ratio of about 2:1, was charged to the re-
actor at space velocities of 190 to 585 volumes -of
gas (medsured at standdrd conditions of tem-
perature snd pressure) per volume of dense
catalyst phase per hour. A high rate of con-
version of carbon monoxide to quid. hydrocar-
bon products was maintained throughout the
operation, which was terminated a,rbktranly
Throughout this operation the catalytie contact
mass exhibited: the desired dense fuidized
pseudo-liquid condition with the result that uni-
form. temperature conditions were maintained
throughout the reaetor at all times, Af:no time
during the: operdtion was there observed: :any
accumulation of deposits on the contact material
which interfered with the fluidized condition.
Examination of the catalyst after the termina-
tion of the operation showed it to be & finely-
divided non-adherent’ easily fluidizable naterial.

For a specific example of the operating con-
ditions for production rate ih this operstion,
veferetice is thade to the decompanying Table IT
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Diesel Andex oo

Several tests were made to-determine the opti-
1 femperature ‘of reduction of the cobalt
-cataIYst supported on: silics gel-aluining suppors
4t temperatures-of 650, 700, 750 afid 800° F. and
‘atmiospheric pressure.. The most active cata-
158t resulted after substantially complete reduc-
tion gt ‘750¢ F. using about 60 v./hf./v. of hydro-

-geni'as the reducmg agent,

THe catalyst of this.invention resisted sttiition
very well and produced optimum. yields of valu-
ghlé organie:eompounds with the minimium pro-
‘duction of méthane. 'The cdrbon content of
‘the used catalyst was usually below about 3
weight 'per eént. A high guality ‘diesel fuel was
separated from the product. .

Inspections of a typical diesel oil produced in
high- yield -over this catalyst are shown below
in: Table HI:

Table 111
Grarvllty, OAPI A 3 & Sk e o D) i 2
ASTM dxstﬂlamon )
IBP, °F..

Olefm content, Mol percent

Aniline point; °F, .. .
S 8. U. viseosity at 100° F ~SECS - R
P. M. C. €. flash point, °F. . ..o o __ oo

Th:s dieS"éI oﬂ‘ is vasﬂy Supel'for to ’th‘at ’i_!é—
able as an unusually high quahty blendmg agent

Table IV below is 4 typical compatison of the
supported catalyst of this invention with other
cobalt sSupported catalysts showing the ifproved
catalyst characteristics of the present stipported
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catalyst using comparable conditions of opera-
tion:

12

in, said contact material consisting essentially of
one part by weight of cobalt in combination with

Table IV
Average Yields
Catalyst Catalyst Composition based on 1 1%%1!;:-
Number part Cobalt Temp oil, H10,
oF. cc./m3 | cc. /m‘

2.0 Silica gel (220° F.) o ciccemmceea 388 22, 47
: 2.0 Silica gel (1,300° F.)oucomcmaannn 383 ... 33. . 62
: 0.25ThO; : 2.0 Silica gel.... 380 21 | . 53
: 0.15ThOz : 2.0 Silica gel....... 380 50 87
: 0.15ThO; : 2.0 Silica gel-alumina. ... © 390 153 212
+ 0.15MgO : 2.0 Silica gel-: alumina. ___ 380 175 219

0 : 0. 25’1‘h 02:2.0 Silica gel-alumina
(0 5% Ka0)eeeccoomccaccsiimammmcaaanan 376 135 197

309.oeeooe Co: 0. 25"1"110; 1.0 Siliea gel-aluming
(0 .>‘7 380 206 . 202

314 ... 0.15: ThOzO 25MnO : 2.0 Silica gel-
alummn 424 | 96 84
816_..__. Co : 0.50MnO : 2.0 Silica gel-alumina._..__ 405 135 205

B 51 S Co:0.15ThOs: 2.0 Silica gel-alumina ,

. (not caleined). cuacoocemcmoccencaeaaca 300 161 203

322, eeee Co:0.15Mg0 : 2.0 Silica gel-alumina
(not caleined) - cue e mcaciaemmcaaeeas 400 126 198

All of the above catalysts were prepared in a .

manner similar to the method previously de-
scribed. The silica gel-alumina supports of cat-
alysts 321 and 322 were not calcined. Although
in the method described the metal salt was pre-
cipitated with a sodium carbonate solution, an
ammonium carbonate or a potassium carbonate
solution could have been used, and actually have
been used in other similar experiments.

The foregoing examples indicate satisfactory
operating conditions. In general, it may be said
that any pressure from atmospheric to any feas-
ible superatmospheric pressure may be employed
and as high as 600 or 700 pounds per square inch
gage. The temperatures should be maintained
above 350° F. and temperatures in the range of
400 to 500° F. are highly satisfactory to effect
substantial conversion at high space velocities.
At temperatures of 350 to 500° F. space velocities
of 50 to 5000, preferably 300 to 1000, standard
volumes of reactants per hour per volume of
fluidized dense phase are satisfactory; higher
space velocities being, in general, associated with
higher temperatures. For catalysts comprising
about one-third by weight of hydrogenating type
metal the above broad range corresponds to
about 0.2 to 20 standard liters per hour per gram
of hydrogenating metal.

Iclaim:

1. A process for the hydrogenation of carbon
monoxide which comprises flowing a gaseous mix-
ture comprising hydrogen and carbon monoxide
through a reaction zone containing a mass of
finely divided contact material in a fluidized con-
dition, said contact material consisting essen-
tially of -one part by weight of cobalt in combina-
tion with between about 0.05 and about 0.2 part
by weight of a difficultly reducible metal oxide
and about two parts by weight of a support there-
for consisting essentially-of a substantially com-
pletely dehydrated synthetic silica gel contain-
ing between about 10 and about 15 weight per
cent alumina, maintaining conditions of reaction
such that hydrogen and carbon monoxide are
converted to organic compounds as products of
the process, and withdrawing a gaseous mixture
from the reaction zone and recovering reaction
products therefrom.

2. A process for the hydlogenatlon of carbon
moenoxide which comprises flowing a gaseous mix-
ture comprising hydrogen and carbon monoxide
through a reaction zone containing a mass of
finely divided contact material suspended there-

.between about 0.05 and about 0.2 part by weighl

- of a difficultly reducible metal oxide and between
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45
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60

65

70

75

about one and about three parts by weight of a
support therefor consisting essentially of a de-
hydrated synthetic silica gel dehydrated at a tem-
perature above about 1000° F, and containing
between about 10 and about 15 weight per cent
alumina and less than 10 per cent by weight of
water, maintaining a temperature of reaction be-
tween about 350° F. and about 500° F. a pressure
between about atmospheric and about 700 pounds
per square inch gage and a space velocity be-
tween about 50 and about 5000 in said reaction
zone such that hydrogen and carbon monoxide
are converted into organic compounds as prod-
ucts of the process, and withdrawing a gaseous
mixture containing such organic compounds from
the reaction zone and recovering the organic com-
‘pounds as products of the process.

3. A process for hydrogenating carbon oxides
which comprises continuously flowing a gaseous
mixture comprising hydrogen and a carbon oxide
upwardly in a reaction zone through g mass of
finely divided contact material consisting essen-
tially of a reduced metal selected from the group
consisting of cobalt and nickel in combination
with about 0.05 and about 0.2 times its weight of
a difficultly reducible metal oxide supported by
between about 1 and about 3 times its weight of
a synthetic silica gel containing between about
10 and about 15 weight per cent alumina and less
than 10 weight per cent water, said contact ma-
terial having been prepared by heating said syn-
thetic silica gel at a temperature above 1000° F.
prior to incorporation with the aforesaid sup-
ported constituents of said contact material,
passing said gaseous mixture through said mass
at a velocity effective to suspend said mass in said
gas stream in a dense fluidized pseudo-liquid con-
dition in which the particles of contact material
circulate in said mass at a high rate and under
conditions such that organic compounds are pro-
duced, cooling at least a portion of said turbu-
lent mass of contact material to maintain the
mass temperature at the desired reaction tem-
perature level, and withdrawing a gaseous efflu-
ent from said reaction zone and recovering reac-
tion products therefrom.

4. The process of claim 3 in which said diffi-
cultly reducible metal oxide is thoria.

5. The process of claim 3 in which said diffi-
cultly reducible metal oxide is magnesia.

6. The process of claim 3 in which said diffi-
cultly reducible metal oxide is manganese oxide.
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7. A process for the hydrogenation of carbor
monoxide which comprises flowing a gaseous
mixture comprising hydrogen and carbon mon-
oxide through a reaction zone containing a mass
of finely ¢ivided contact material in a fluidized
condition, said contact material consisting essen-
tially of cne part by weight of cobalt in combi-
nation with hebween about 0.0 and about 0.2
part by weight of a difficultly reducible metal
oxide and between about 1 and about 3 parts by
weight of a support therefor consisting essentially
of a substantially completely dehydrated syn-
thetic silica gel containing between about 5 and
about 20 weight per cent alumina, maintaining
congitions of reaction such that hydrogen and
carbon monexide are converted to organic com-
pounds as products of the process, and withdraw-
ing a gaseous mixture from said reaction zone
and recovering reaction products thersfrom.

8. A readily fluidizable and highly active con-
tact material for the hydrogenation of carbon
oxide comnsisting essentially of a reduced metal
selected from the group consisting of cobalt and
nickel in combination with between about 0.05
and about 0.2 times its weight of a difficultly re-
ducible metal oxide supporied by between about
1 and about 3 times its weight of synthetic silica
gel confaining between about 5 and about 20
weight per cent alumina and less than about 50
weight per cent water, said contact material hav-
ing been prepared by heating said synthetic silica
gel at a temperature above 1000° B, prior to in-
corporation with the aforesaid supported consti~
tuents of said contact material.

9. A readily fluidizable and highly active con-
tact material for the hydrogenation of carbon
monoxide censisting essentially of reduced cobalt
in combination with between about 0.05 and aboub
0.2 times its weight of a difficultly reducible metal

oxide supported by between about 1 and about 3

times its weight of a synthetic silica gel contain-
ing between about 10 and about 15 weight per
cent alumina and less than 10 weight per cent
water, said contact material having been pre-

(52
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pared by heating said support at a temperature
above 1000° F. prior to incorporation with the
aforesaid supported constituents of said contact
material.

19. A readily fluidizable and highly active con~
tact material for the hydrogenation of a earbon
oxide which comprises as the principal com-
ponents thereof a metal selected from the group
consisting of cobalt and nickel as the essential
catalytic ingredient in combination with hetwesn
about 1 to about 3 times its weight of a support
therefor consisting essentially of a synthetie silica
gel containing between about 5 and about 20
weight per cent aluming and less than 50 weight
per cent water, said contact material having been
prepared by heating said synthetic silica gel at 2
temperature above 1000° 7. prior to incorporation
with the aforesaid supported constituent of said
contact material.

11. A readily fluidizahle and highly active con-
tact material for the hydrogenation of earbon
oxide consisting essentially of cobalt supported
by between about 1 and about 3 times its weight
of a synthetic silica gel containing between about
5 and about 20 weight per cent alumina and less
than 50 weight per cent water, said contact ma-
terial having been prepared by heating said syn-
thetic silica gel support at a temperature above
1000° F. prior to incorporation with aforesaid sup-
ported constituent of said contact material.

HENRY G. McGRATH.
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