CIPO - Patent - 479364

e

//m\\- Strategis Index:

strategis.gc.ca

Page 1 o2

Canada

s emp gy
o ) R4 I
+ J : T
CIeO Sy A1
EFWMT

Canadian Patents Database

{12y Patent:

1214972000 - 09:09:13
(1) CA 479364

{54) HYDROCARBON SYNTHESIS PROCESSES

(54y PROCEDES DE SYNTHESES D'IIYDROCARBURES

(72) = (Country):
(73 - (Country):

(71} {Country):

(3

None

JULIUS P. BILISOLY (Not Avuilable)
STANDARD OIL DEVELOPMENT COMPANY

Dec. 11, 1951

260/678.7
N/A
N/A

Unknown

¥ Note: Data on abstracts and cluims is shown in the official language in which it was submitted.

View aor Download Images :

@

CRp.
Cover Page Image

Abstract Image

Claims Image

Disclosures Image

IR D RS B

Drawings Image

http://patents |.ic.ge.ca/details?patent_number=479364& language—X 12/19/01



The proceas of the present invention relates to the production
of hydrocarbons from carbon monoxide and hydrogen in the presence of a
catalyat; This process 1s lmown as the Fiacher-Tropach ayntheais.

The conventional Fischer-Tropach synthesis iz carried out using

a catalyet such as a l_wdrogenating-mat.al of the Eighth Group of the Perlodic,

System 1n combination with a promoter, usually a difficultly reducible
metal oxide, in promoticnal .aa‘:nounta,, and this mixture of metal alnd, metal
oxide 1s supported on a suitable cafriar guch as. kiéeelguhr. The procéss
" has been carried ocut using verious carriez"é such as, for example, charcoal,
‘fullar'a sarth, qhsa lw;’ol, kaolin, pumice, silica gel, kieselguhr and a
carrier having the trade name "Filter-Cel,"” These carriers are gultable
for caming ont a Flacher-Tropsch synthesis vhe;ra a.bed type eatalyst V
mags 1s employed and }wha‘rein the synthetic gas mixture of carbon monoxide
and hydrogen 1s passed through the bed under suiﬁahle’reaction conditiona.
However, these catalyst carriers, with the exception of silloa gel, are
not suitable for use in adapt'l.ing the Fischer synthesis %o a powdéred cata-
iya}t 'c;r f,iuid catalyst technigue wherein the catalyst mass 18 suspended
T in a\gﬁa'atx‘gam and maintained therein under reaction cmditima ‘while
éf/facbihé the reduction of carbon menoxide with hydrogen. Even with
. ailica gel,. .the impx.'egnation.of the prefoﬁned dried gel with the deelrsd

- metal and metal oxlde does not produce a setisfactory catalyst for nee in
- fluld catalyst operations.

v: ' The prg'parat}bn of Fischer-Tropsch catalysts in the past has
involiéil the .preparation of aquecus sgolutiona of ua_ter-solu‘blq motal salts,
the metals ‘bé:l.ng of thé BElghth Gyoup of t;he Periodic System, for example,

. 1ron, ccbalt or'nickel,- and of thé promoter salts, for example, of matﬁla
Bsuch as mag-nasium,_ thorium, cerium, and the like, which yleld diﬁ’icult.ly

reduoible metal oxides, I1n each case the salts belng capable of thermal
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decomposition to the corresponding oxidea. Thus, for example, ccbalt
nitrate in aqueoua golution ia admixed with thorium nitrate in agueous
solution and-to- thia aqueons solution of mixed salts there 1s‘added suffi-
clent ammonium, eodium or potasgium carbonate to alkalize the same and
precipitate the metala.as the cerbonetes. To the slurry of precipltate

in water there 1s nddsd a sultable carrier such as one of the above-
1dentified carriers, 'The mass is then filtered and dried at & temporature
of about 212°F. until the molsture content shows between 6 and 10%. The
carbonates deposited on these carriers are phen‘subdected, under a tempera-
ture of from TOO-900°F,, ﬁo a str;;m of hydrogen to reduce the iron, cobalt
or nickel carbonates to the corresponding metel, the promoter carbonates
to the cqrreaponding oxides, ond the catslyst is them ready for usé a8 a
Fischer synthesip catalyst. It hes been found however, that a catalyst
propared in this mammer. is not sultable for uee In the fluid- Bolid technique
wherein the catalyst mase is suspended in o streem of reactant gasba undar
reaction conditions for the reduction of cerben monoxide with hydrogen to
produce normally liquid hydrocarbone, This catalyst is not suitable
because of ;he fact that génerally the carrier 1s much boo friable and,

in addition, the coating of irom, cobalt or nickel and the promoter, such
ag thorium‘oxide or magnesia, tends to flake off due to erosicn and to
attrition 80 fhat much of the catalyﬁic pffect of the carrier 1s lost dﬁe
to the removal from the system of fines, those finea being nogtly in the
range of O to 20 microns in diameter. The density'of particles of such

slze 15 not sufficlently greaot to afford switeble fluldizing characteristica

to them, hence they must be ramoved from the aystem in order to maintaln

the remalning portion of the catalyst mass in auitable flutdized condlitlion,

It 1a an‘ohJact‘of the present invention to prepare sulteble

Fischer synthesis cetalysts having Improved attrition characteristics

yot malntalning good activity and flexibility with regard to density,

.
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It is a further object of the invention Lo prepare Fischer synthesis
catalyets tenmciously holding their catalytic components and to select
the carria;.r's and prepare.ﬁhe catalysts in o manner advantageous f“-‘ an
effective catelytic reduction of carbon monoxlide with hydrogen. It is &
further obJect of the invention to prepare e ﬁatalyst mass for fluidized

technigué involving powdered catalyst and a vapor phase reaction end

" to maintain catalytic sotivity throughout the 1life of the carrier, which

is oubatantimlly unchanged in form so long as the catalyat remaine active.
It is a further objJect of the invention to employ silica gel e8 a carrier

for Fischer syntheals cntalyste while employing o rather wide renge of

" densitles without sacrificing good attritim characteristice. It 1s a

further object of the inventicn to prepare a silica gel base Fiecher

synthesls catalyst euch that when employed in o fluldized -catalyat technique
type of operation the eesential ingredients of the catalyst, that is, tho
iron, cobalt or nickel, in cembination with, thoria, magnesia and the ]
like, do not become separated fr}zn tho carrier nor doss the carrler became

broken up or Aisintegratod through ercsion or attrition during the reaction.
It 1s a further object of the invention to minimize the prodwction of fines

of the order of 0 to 20 microns in dimmeter while cmploying the novel cata-

' lysts as Fischer synthesls catalysts in the reductlion of carbon monoxide

with hydrogen while employir;g the fluidized technique.

The reaction conditicne for effecting the syntheals vary conelder-
ably, depending upon whether or not the catalyst in the reactlon zone
1 in the form of a bed through which the gases paes or in the form of o
finldized _auspénaicm of solid catalyst particles mintamaﬂ in a au-called

"hindered settlor" operation, said hindered settler merving as the re-

_ action zone the effluent from which comprises reaction product and unreccted

a

geseous reactants substantially free of finely divided catalyet particles.
In a solld hed type operation, the temperature is maintained at from '325'F.‘.

to YOO°F., under pressure renging from 1 to 25 atmospheres, with apaco
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velocitios of from 75 to 400 V/V¥/Hour. Tho fluldized operstion employo

o temperaturs of .from 325¢F, to 550°F., preferably 350*F. to L75°F., for
the cobalt and nickel catalysts, with e teml')aratura of from 375°F. to
700°F,., preferably W15°F. to £25°F. for the iron catolyst. Sﬁace veloclties
mAy Tange ﬁatweenabout 100 snd about 3000 volumes of feed gas measured
mnder stondard conditions of temperature and presgure por volume of '
aeroted suspended catalyst per hour, preferebly betwoen about 300 and about
1000 v/v/Br. The pressure may range from cbout 1 to about 35 atn;oapheres‘
in both instences. The hydregen to carbon monoxide moler ratio varies
between 0.5:) and.';';':l, proforably between 1l:1 and 3031, For‘ ordinary
commercial op;arntima, the hydrogen to carboh monoxide molar ratlio ie
generally maintained at 2:1 or thereabouts. No further elaboraticn on

the reaction condition is beli‘avéd to be neceseary in view of the fact j;hnt.
these tonditions ars well ¥nown and the catalysishereln dlsclosed are
operable under the reaction conditlions neretofore customerily empioyed.

The catalysts- suit.c_xble for use in a fluldized technique and
capable of catelyzing ﬁlhe reduction of carbon monoxide with hydrogen are
prepared ﬁa general os follows:

A 91lico hydrogel, which is sometimes referred to os a hydroua
oxlde of silicon in gelatinous or Jelly form, is prepored by the reaction
of an agueous, sodium s_ilicate golution with sulfuric, hydrochloric or
ni;.ric acid. The resultant mixture ie allovwed to set to the gelatlnous
state. Tt 1o then washed to remove the water-soluble salts and ie impreg-
nated by sosking thereinto a mixed solution of the water-aoluble salts
of the hydrogemation type metals of .the Eighth Group of the Pefiodic System
and the ﬁater-solu‘ble salts of difficultly reducible metal oxides. Thus,
for exmmple, the iron, cobnlt. or nickel nitrates, the iron, cobalt or nickel
acetatgs or chloriQaa, Yotc, , and the thorium or magnesium, nranium, manganess,
aluminum nitrateé, acetates, ghloriﬁos, etc., are mixed in aquaou‘a golution

and taken up in the hydrous oxlde of gilicon in Jelly form. The excess
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solutions are then drained therefrom and the precipltate or hydrogel
is drled and heated at the lowest temperature neces;aarj to effect decom-
position of the metal salts. The material may then be ground to the
desired particle eize, that is of the approximate order of between 20
and 209 mcrons in diameter, and reduced bY pae;:lng a stream of hydrogen
thersover under temperaturea between about 600‘F; and obout 800°F., uaing
apace velocities of between about LOOO and about 6000 V/V/Hour. Usually |
a complete reduction is ¢ffected in between about 1 hour and about 4 hours.
The resultant catalyst mase may be pelleted and reduced after pelleting if
a fixed bed type of operationhia ﬁésired. 'Ganerally, however, the material
. 1le groumd to the desired particle size to glve the proper density for use
in a fluldized tecnigue of catalyst contact and then reduced in’ this
powdered or finely divided‘conditim.

A modificntion of the above procedure mey alsoc be employed to
produce highly effectiv;z Fiacher aynthesis.cat.alyst masses at the point
in the sbove preparation where the hydrous oxide of silicon 1n. Jelly form
has impragnatad thereinto the water-soluble snlts of metals of the Eighth
Group of the Perlodic System and metals whosé 6x1§as are difficultly
reducidle, both ealts being thermally 'deccmpésable to oxldes. The separated
gelatinoﬁu impregnated material may be so trested in the manner heretofore
get forfh, that is, by the addition in propér proportions of an agueous
solution of ammonivm, sodium, or potassium carbonate to precipltate the
metals of the Eighth Group of the Pericdic Syetem and metals whoae oxlides
" - are d1fficultly reducible in the form of their carbonmtes, so thot the
mixed metal carbenates are-preaqnt in the gel carrier. This mmes is
then washed, dried and'hezsted'at a temperature of sbout 212°F. for a suf~
flcient 1591110& of time to reduce the water content to between about 6 ‘
and about 10%, followed by the reduction and p.rocoasing a8 beforq doacribed.
4The'fasu1ting catalyst has been found to be highly efficaclous in affect-
ing the reduction of carbom monoxide with h&drogen to produce normally

liguid hydrocarbons.
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Sti1ll another ﬁethod of preparation of the cdtalyat for use
in fluid catalyst technigue involving the reduction of the monoxide of
carbon witﬁ hydrogen invelves the initial preparation of the carrier
base in more or leas spherical particle plzes ranging from 5 microns to
1/2 inch diameter, depending upon the particular density to be employed
in the flu:ldi'ziné veaction of the Flscher bynthesls, The gpherical
silica gel carrior base fo prepared.allows for high catalyset denslty and
reduces the erosion of the equipment as well a@ provides a more dctlve
and steble catslyet gensrally having improved attrition cheracteristics.
The catalyst corrier part’.iclea have espentielly a spherical shape, allow-
ing for more efficient washing, impregnating cnd tresting: in the prepara-‘
t.ioh of the sultable cafnlyst maspes. The catelysts containing tha.ae
spherical particles as suiteble carrier bases are prepared by admixing
the oqueouns sodium sililcate and inorgonlc mineral acidification agent 1n
the form of two eeparate solutions by means of a Jot of restricted internal
dlsmeter whersby they are intimately mixed in forming the hydrosol., To
the sol there is added o small volume of on emmlalfying or wetting agent
such ag "Aarosol, (sodium salte of sulfomated succinic acid ssters),
"pkaterge«0," lecithin, "fween,” (polyalkoxy ethylene oxlde derivativea
of fqt.tjr'acid meno esteys of sorbitol), etc., and this resultant mixtura

1 passed through a second Jet wherein the amol 1s emulsified in two to

".t.wenty times 1te volume of a wholly or partinlly immiecible substance such

ne the butyl alcchols, ether, naphthe, or light gas o1l. The gel portion
gf'the amxleion 1s then allowed to remain in a constant state of turbulence
for o sufficient length of time to set th'a sol into the hydrogel or
hydrous oxide of eillcon in ,Jaiiy form. The emlsification mey bo carried
out at t.amperaturea fram room to 280YF., under preaaurea ranging from
atmospheric to 50 pounda per eguare inch, an,d the h.yarosol, in such an
1nstance using 25'{ Be. aulfuric acid as the acidiflcation agent end 25‘36.

sodium sllicate, will set. in from 1 minute to 60 minutes dgpanding upon thé
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conditions employed. Various modificationa of reactant concentration and
temperature and pressure conditions may be employed. In addltlon to uging
the jet type of agitation to maintain the desired emulsion, propeller type

aéitators may be empleyed. The tinj particles of 'bydrogel which are.

.

essentially epherical in nature may be .separat.ed from the said immiscible
gubatances by the addition of water after formation of the spheres. The
wg‘.te:.--gal mixture is withdrawn from tué bottom of the separating vessel
and conveyed to a washing step whar_ein ﬁhﬂ water-scluble salte formed in
the preparation of the h:;droua oxide of pllicon are removed. 'I_‘his may ,
be deme concurrently or countercurrently, depending upon the economies
of the particular apperatus, A continuous typd filter may be employed
for finally removing the a;lid hydrogel particles from the water or an
orflinaty filtering cperation may be resorted to. The impregnation of
the tiny aﬁherical particles with the datalyet componania may be proceeded
with in the man;ier previcusly set forth. _The resulting ateps are ldentical
with those praviouaiy deacribed. The catalyst so prodﬁced is oxcellent
for carr_ying out a fluidlizad powdered catalyst technique ao npplied to
the Fischer synthesis because of the fact that preparstlon detalls such
as concentration of _aolutio:r;s, drying technique, etec., éﬂn be varied to
glve the partic&lar denoity of the catalyst ultimntely deslired, and further
because the catalyet so produced has excellent attrit:ion properties ond
is prgctically free from readily friable matter so that the effective
' . components of the catalyst remnin adhered to the carrier—dﬁring the uae
of the preparation in a fluidized catnlyst Flacher syntheais process.
A low demsity hydrous oxide of silicop in Jolly form (sometimes
leas correctly known as "ellica hydrogel") having an apparent density of
" 0.53 for the dried gel (when in-a 4-12 meeh) was impregnated with aqueoue
Bblutions of the nitrates of cobalt and thorium in such proportions that

the impregnated gel, after draining off the supsrnatant liguid, would
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contein 25% cobalt and 5% thorium. The impregnated gel was dried at
about 212°F. and 1t wae then heated at a tempersture of about L20*F, for
ah hours in order to deccmpose the nitrates to the corresponding oxidea.
The dried impregnated material was then formed into 1/8" pills for
further treatment. The pills were then charged to & reduction furnace

and contacted with a stream of nitregen while the tomporature wan raised

to 6501700’F. When this temperaturs wee reached, hydrogon replaced the

nitrogen stream and was papsed through the catalyst at a space veloclty

of obout 5000 V/V/Hour for about 4 hours while maintaining the temperature

of'650-700°F. The apparent density of the reduced pills wae about Q.90

.grems por cc. or sbout 56.1 pounds per cublc foot.

- This catalyet was then tested for 1ts attrition chafactéristica
after fifat belng ground to a highly comminuted condition to glve particle’
gizes within the ranges desired for fluidized-solid catalyst cperatlons.

It 1e desirﬁble uaudily to grind the material to a powder which contailna
lese than 25% of material having a porticle slze of fram O to 20 micron
range .diameter. This materinl vas then studled to agcertain the tendency
of the cobalﬁ and thorin to become separated from the carrier materlal

and nctual operating conditions were simulated ns closely sa possi?le..

Thé analyses were carried out with a view to daﬁermining_not only the
separaiion of the active conatituentd from the carrier but also to determine

the amount of breakdovn of larger particles 1nto smaller sized particles

due to rubbing of one particle againat another. A ﬁoller analyzer vweo

empioyed for this purpose and consigted of blowing alr through the

Roller analyzer for & pericd ofreight hou;s, the contente of the analyzer
baing the comninuted catalyst material. The analyzer 1s éo conptructed
that it 1s poasible to withdraw tharafrum pamples of the varlous silzod
particles and to analyze the same for their content of active constibuanta.

In the case of the above catalyst, the following results were obtained:

-G~



479364

Micron Range 0-20 20-ho Lo-80 80 and higher
% Cobalt 23.8 21.9 21.7 21.8

At the end of the eight-hour period the amount of 0-20 micron
material incressed from 41.2% to 54.8%. It is obvious from these figures
that there wae very litile concentration of tobalt in the fines from - )
the 'ntt-rition teat and the catelydt was therefore satis'fnctory for use in
fluldized-solid catalyst operations., An ahalogous dletribution with
respect to thorla contént in about thé same relative proportlions also
ocoura, On a comparctive basis, the data obtalned using clay type carricrs
in place of sllice gol showed a concentration or increase of fines frcm,
33% to 4o during the 'éight-hour attrition teat and with the following
'annlysia for cobalt: 7 ; - B

T Micron Renge 0-20 20-40 40-80 80 and higher
SV % Cobalg 2.9 . 21,2 18.1 12.8

These data were obtained using a carrier of Attapulgus clay and 1t la evi-
dent that there weed a pronowced concentration of cobalt in the finea -
resulting from the attrition test, .A further comparable test wae carrled

out using a catalyst whose carrif;r wog roy bentonlte type ¢lay ns theo buse,

with the following resultes

T . Mlcron Rangse 0-20 20-40 h0-80 ’80 and highe
EA , % Cobalt 39.2 15.1 ..9.9 8.5 S

Here there was a marked lncrease in the amount of oobalt in the fines,
that ia, the materiasl fram 0-20 microné in djsmeter., Thore was aleo in

")thé case of the bentanlfe carrier & marked inorsase in the amount of fines

present.

f
N

P EXAMPLE .

* The silica gsal cabélyst. ebove described was tested for Ilts =mctlyity

A
5
[

[
.
'

in promoting the Fiacher synthesis of reducing carbon monoxide with hydrogen
to produce normally liquid hydrocorbons ueing a feed stock heving iho

following composition:

-10-
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Cop 0.5%
Unsaturates 0.2
Oxygen 0.3
.CO 29.7
W Hydrogen 60.1
. CHyp 2.2
Nitrogen 7.0

This feed stock was paésed over a portlon of the above
catalyst, whichlamd been reduced in the form of 1/8% pills and
which had been transferred to the reactor under a blanket of
nitrogen, at a tempsrature of between about 390°F, and about
400°F. and et a apace velocity of about 100 v/V/dour. The amount
ot catalyst smployed was about 100 cc. of the reduced pills.

The products of the reaction were colle cted in a dry ice
condenser and the run was carried out for a pericd of about six
qégg‘while maintalning a temperature between about 390°F, and

- f%t h0O°F. The maximum yleld of liquid hydrocerbons obtained

ol :
over a 2i~hour period was about 170 cc. per cuble meter of
synthesis gases computed as dontaining hydrogen and carbon
monoxide in the ratio of 2:1 with no diluents and megsured under

standard temperature and pressure conditiona. The average

yield over the entire continuous six-day period was about 162 co.

Pttt

per cuble meﬁer.
The h;gh reslstance to attrition coupled with the high
activity of the catalyst maass in catalyzing the reduction of
earbon monoxide with hydrogen indleates an ideal catalyst for the
reaction. Care in the converslon of the nitratés to the
corresponding oxldes ia deairable and in fact necessary 1f high
activity of the catalyst 1ls %o be obtained, Generally speaking,
the catalyat sﬁoul& not be heated during the conversion to a
temperature much above #75°F, In general, = temperature between
about 400°F. and about 450°F, i1s moet sultable. ?hé novel
catalyst was found to be much mcre active than was'the case when
merely impregnating the dry ellica gel with aqueous solutione
of the nitrates followed by thelr conversion to oxides at
temperatures of between about 800 and about 1000°F, and subsequen
Jﬁk reduction. - The impregnation of the hydroue oxlde
| Bttt

|_.of silicon in Jelly form .
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produced a highly active catalyat of better quallty than the catalyst

prepared directly from dry silica gel as the 1nitia1 carrier. In grind-
1ng the material for use in fluld-solld catalyst units or processes, it
15 deslrable to limit the fines produced to less than 25% of the cata-
lyet mass, preferably less than 15%,

Other methods-of impregnating and forming the close asscciatlon
between the catalytic components of the cgtqust and the sillca gel carrier
may be amployedl Thus, for example, instead of uslng the hydrous oxlde
of silicon in Jelly form, a mixture of hydrous oxides of silicon and
aluminum in Jelly form may be employed in one of two forms: ﬁither the
Jelly form of.the hydrogs oxides of silicon gnd alumlnun mey be separately
prepared and qdmi;ed or they maj be co~setting éals to give the plural
gols of hydrous silica and hydrous alumina. A further coambination of
the silica-alumina hydrous oxides in Jelly form 1z prepared dy first pre-
paring the Jelly form,o; hydrous oxide of silicon, washing the psme and
then impregnating or goaking 1t in a solution of & sultable aluminum salt, -
for example, an'aluminum nitrate or sulfate or chloride, followed by the
’ precipitation of the aluminum with ammonia solution and washing the same
ﬁ ' free of resulting salta. In thesé'comblﬁatidns of gllica and élumina’

gels 1t is preferable to maintain the alumina in minor proportitnss Indi-
cations have been that alumina gel aloné is not 5 satlefactory carrisr
' . for the'catalytic camponents, for although the attrition characterlstice
' are good the catalytic activity is inferior. '
Cther proportions of the catalytlc componenta on.the sillca

carrier may be employed than those diaclased'sbecifically hereinbaefore.

e T

3a N Thus the Eighth Oroup metal such as iron, cobalt or nickel, may vary between
ébbut-IS'or about 40% while the diffioultly reducible metal oxide such as

thorla, magnesia, etc, mey vary between about 2 and about 104,

T
AT

Having thue fully described and 1llustrated the nature of the

invéntiun, what 1a desired to be secured by Iettera Patent le:

o -12-
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What la claimed:

\I. A process for the nroduction of normally liquid
hydroéarbons ﬁhich comprises reacting carbon monoxide and
hydrogen in the presence of a fluidized mass of aubdlvided
catalys#_comprising essentlally a metal of the Eighth Group of

the'Periodic System which is an active catalyst for the gynthesis

of liquld hydrocarbong and promotional amounts of a dlffiecultly

reducible metal oxide, both constltuente belng assoclzted with
a carrier comprlsing silica gel, said catalytlc mass being formed

by impregnating in aqueous solution a hydrous oxide of silicon

An Jelly form with a major portion of a water-soluble metal salt,

whereln the metal 1s an active caterlyst for the synthesis of
liquid hydroearbons and of the Eighth Group of the Perilodic
System, and a minor portion of a water-soluble metal salt wherein
the metal forms a2 difflicultly reducible metal oxide, sald salts
belng capable of thermal decomposition to metal oxides, dralning
and drylng the resultant lmpregnated jelly, heating said Jelly
only sufficiently to convert the said Aifficultly reducible metal
selt to the corresponding oxide, sizing the product to a
fluidizable partlcle size and reducing the metal oxlde of the
Eighth Group to the free metal,

2. A process for the production of normally liguid
hydrocarbong which comprises reacting cerbon monoxide with
hydrogen in the presence of a fluidized mass of subdivided
catalyet comprising essentially a metal of the Eighth Group of
the Perlodlc System whleh 18 an active catalyst for the synthesis
of 1liguid hydrocarbona and promotional amounts of a difficultly .
reducible metal oxide, both constituents belng in assoclation

with a carrier comprising silica gel, sald catalyst mass being

/7
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2, {Cont'd)., formed by impregnating in aqueous
solution & hydrous oxide of ailicon iIn jelly form with & major
portion of a water-soluble metal salt, whergin the metal 18 &an
active catalyst for the synthesls of 1liquid hydrocarbons and of
the Eighth Group of the Periodic System, and a minor portion of
a water-soluble metal salt wherein the metal forme a diffiocultly
reducible metal oxide, adding a water-gcluble alkaline reacting
carbonate to the said salt aclution conteining said impregnated
Jelly to convert the eaid metal salte to carbonates, filterlng
and draining the said jelly, in suspension from the solution,
washing and drying the said jelly, heating szld drieq }elly only
sufficlently to reduce the water content to be between about 6
and aboutl0¥, sizing the product to a fluldizable particle size
and reducing the metal oxide of the Eighth Group of the Perlodic
Bystem to the free metal,

3, A process ae in olaim 1 wherein the silica gel le
in the form of small spheres having fluld-llike characteristics,
the catalyst containing between about 15 and about 40% of the
Eighth Group metal and between about 2 and about 104 of the
difricultly reducible metal oxide.

b, A process as in clalm 2 wherein the silica gel
i in the form of emall spheres having fluld.-like characteristics,
the catslyst contmining between about 15 and about 40% of the
Eighth Group metal snd between about 2 and about 10% of the
difficultly reducible mstal oxide.
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i 5. A process for the production of normally liquid

# hydrocarbons which comprises reacting carbon monoxide with

i hydrogen at a temperature between about 325°F. and about 550°F,
in the preeence of a fluidized mase of finely dlvided catalyst

?E comprising essentlally cobalt and a oromotional amount of thorla,
'i both constltuents being in aseoclation with silica gel, seld

l catalytic mass being formed by impregnating in agueous solutlon
a hydrous oxide of silicon in jelly form with a major rortlon

i of cobalt nitrate apd a minor promotlional amount of thorlum
nitrate, drying the resultant impregnated Jelly, heating said

jelly at e temperature below 475°F. to convert the metal nitrates

to the corresponding metal oxides, sizing the product to a
fluidizable particle size and reducing the cobelt oxlide to cobalt
with hydrogen at a temperature between about 600°F, and about
B00*F,

E 6. A procese bY the productlion of normally liquid

| hydrocarbona which comprises reacting carbon monoxide with
hydrogen at & temperature bstwsen about 325°F. and about 550°F.
in the presence of a fluldized mese of finely dlvided catalyst

comprising easentially cobalt and a promotlional amount of thoria,

SR e
[ .

}-. ! both constlituents being in association with silica gel, aanld
eatalytic mass belng formed by impregnating in aqueous solutlon
a hydrous oxide of silicon in jelly form with a major portion of

cobalt nitrate and a minor portien of thorium nitrate, adding

a water-soluble alk&line reacting carbonate to the sald metal

RELAS E

i npiltrate solutions contalning sald impregnated lelly to convert

the said metal nitrates to the corresponding carbonates, fllterin

T AR Ty

said jelly from the solution, washling eand drying the sald jelly,

YTy

"heating sald dried Jelly at a temperature below 212°F. to reduce
the water content to between about £ and about 10% sizing the

product te a fluidizable particle size andreducing the cobalt

oxide to cobalt with hydrogen at s temperature betweesn about
- .

600°F. and about 8§00°F. /§
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?. A process as in claim 5 wherein the sllica gel

is in the form of small spheres having fluid-like characterlstics
8. A process as in claim 6 wherein the silica gel

ja in the form of small spheres having fluld-like characteristics
9. A proceas as in claim 5 whereln the catalyat

containe between about 15 and about 40% of cobalt and between

about 2 and about 10% of thoria, its apparent density in the

reactlon being between about 10 and about 35 pounds per cublc foo}

10. A process as in claim 6 wherein the catalyet
contains between about 15 and about ko# of cobalt and between
about 2 and sbout 10% of thoria, 1ts apparent density in the
reaction being between about 10 and sbout 35 pounds per cublc fod

11, -A process for the production of normally liquid
hydrocarbons which comprises reacting carbon monoxide with
hydrogen in the presence of a fiuidized mees of subdlvided
catalyst oomprising essentially = metal of the Eighth Group of
the Perliodic System whlch 18 an sctive catalyst for the synthesls
of 1liquid hydrocarbons and promotlonal amounts of a difficultly
reducible metal oxlde, both constituents being assoclated with
a carrier comprising silica-slumina gel, sald catalyst mass
being formed by impregnating in aqueous solutlon mixed hydrous

oxides of siliooqéand aluminum in jelly form with a major portion

-of m water—aolublé metal salt, wherein the metal 1s an sctive

catalyst for the synthesis of 1liquid hydreocarbons and of the
Eighth Group of the Periodic System, and a minor portion of a
water-soluble metal salt wherein the metal forma a difficultly
reducible metal oxide, sald galts being capable of thermal
decomposition to metal oxldes, draining and drylng the resultant
impregnated jelly, heating gaid jelly only sufflclently to conver
the said d1fficultly reducible metal salt to the correspondlng
oxlde, sizing the product to a fluidizable particle sizé and
reducing the metal oxide of the Eighth Group to the free metal.

i

.
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12, A process for the production of normally liquid
hydrocarbons which comprises rescting carbon monoxide with
hydrogen in the presence of a fluldlzed mass of subdivided
catalyst comprising essentlally a metal of the Eighth Group of
the Periodic System which 18 an active catalyst for the synthesl
of liquld hydrocarbons and promoticnal amounte of a difficultly
reducible metal oxlde, both constituents belng in association
with & carrier comprieing silica-slumina gel, eald catalyst mass
being formed by lmpregnating in asqueous solution hydrous oxides
of pllicon and sluminum in Jelly form with a major portlon of
a water-soluble metal salt, wherein the metal is an active
cafaly!t for the syntheals of liquid hydrocarbons and of the
Eighth Group of the Perlodlc Bystem, snd & minor portion of a
Water-scluble metal salt wherein the metal forms a 4ifflieultly
reducible metal oxide, said salte being capable of thermal
deoomposition to metsl oxldes, adding a water-aoluble alkaline
reacting carbonate to the said salt sclution containing ssid
impregnated jelly to convert the sald metal salte to carbonates,
filtering and drainlng the sald Jelly in suspension from the
solutlon, washing and drying the sald jJelly, heatlng salddried
Jelly at 2129F, to reduce the water content to bestween about 6
and about 10%, sizing the product to a fluidlzable particle alze
and reducing the metal oxlde of the Eighth Group of the Periodic

System to the free metal,






