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This invention rel;atéa to eatalytic cénvereiona and improved
cnﬁalyata therefor. More spacificaiiy‘ the invention 1s concerned with
improved iron catelysts for fiuid cathlyet operation, particularly for
t.hp patalytic synthesis of normally liquid hydrt:sf:urbons and/or dxy'genaﬁed
cmp‘ounds frem CO a_nd H2

| Iron type catalysts are normally employed In the hydroecarbon
synthesis at relatively high temperatures of about 450°.800°F. and
relatively high pressures of abogt 3-100 atm. abs. or higher, to
dbtain predominantly unsaturated and oxygenated produlcta from which
motor fuels with high octane ratinge may be recovered.

- | "I'he extreme temperature senaitivity and relatlvely rapid
catalyet deactivation of tht:: hydrocarbon synthesis have led In recent
years to vé.riou‘s attempts and proposals to employ the so-called flnld
oatalyst technique wherein the aynthesis gas 1s contacted with a dense
turbulent bed of finely divided catalyst fluidized by the gaseous
reactante and products and which permite continuoua catalyst replace-
ment and greatly improved temperaturse conmtrol. Howsver, the adaptation
-of the hydrocerbon synthesis to the'fluid catalyst technlque has
encountered serious difficulties, particularly when iron catalysts
are used.

Application of the fluld catalyst technigue requires in
atidition to the cm;ventional characteristics determining catalyst

utility, such as total desired yield, end active catalyst \ife, ease
of fluidization and attrition Ji'aeiat.ance. None of the prior art iron
catalynts compllies patisfactorlly with all of these requirements.

Iron catalysts are usually preparsd by the reduction of
various natural or synthetlc iron oxldes or by the decomposition of 1

iron carbenyls, the catalytic activity being enhanced by the addition
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of such promoters as various compounds of alkall metals or the oxldes

of chramivm, zinc, alumlnum, magnes ium; ﬁanganeae, the rare earth metals,
and others, in emall nﬁounts of about 1-10%. While some of these
catalyats exhiblt excellent activity characteristics they are without
exception deficlent with respect to eabe of fluldization and attrition
resistance for the followiﬁg reasons.

Catalyats obtained by the reduction of naturel iron oxides,
guch ag various oxidic lron ores; may be ground to a fluidizable
paiticle size, however, not withqut oxcesalve losses in the foxm of
fines having particle aizes belot the minimum fluidizable size of about
30 mierans. In additfion, the particles of proper fluidizeble size
are cxtremely brittle and subJacg to excessive attritlion in the course
of flutd operation.

Tron catglysts prepared by the reductlon of synthetlc oxides,
auch ae precipitahed red or yellow iron oxides or by the decompoaltion
of iron carbanyls, are cbteined in the form of extremely flne powders
baving particle eizes far below the flutdlzable range., Attempts to
oonvert these powders into fluidizable materisls by agglomerating
treatments, esuch ag pilling or sintering, have failed as a result
of elther the low attritlion resistence or the irregularity of the
agglemeratow.

The present invention overcomes the aforementicned difficulties
and affords various additional advantages as will be fully underatocd
from the more detalled deacription glven Below.

It 18 tharefore the maln object of thisg invention to provide
an improved process for the catalytic conversion of CO and HE.

Another obJect of thle Invention is to provide an improqu

catalyst for the hydrooarbon synthesis and a method of preparing

the same.
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A more speclfic object of thie invention ia to provide an
iron catalyst for the hydrocarbon esynthesis, which cotbines high
activity and long catalyst life with highest utility for fluid catalyst
operatlon.

A 8t1]1l further object of this invention is to provide an
improved hydrocarbon eynthesis process operated by the fluid catalyst
technigue.

Another object of this invention 1s to provide an iron cata-
1yet having improved utility for fluid catalyet operaticn.

Other and further objects ard advantages W11l appear hereﬁn-
after,

In accordance with the prosent invention well fluidizable
ircn catalysts are obtained by subjecting iron oxides to o sintering
treatment and grinding the sintered material to o fluidizable p&rticle
#ize, A reducing treastment mey be applied, preforably prior to grind-
ing. It bas been found that the eintering treatment increases the
mechanical strength of the catalyst mase ao considerably that 1t may
be ground in conventional grinders to u desired particle size within
the range of, say, 30 to 250 miorons or about 60400 mesh with a
negligible loss in the form of non-fiuwldizable fines of leso than 50
microns or wbout 400 flesh particle size. In addition, the fluidizable
catalyst partiocles, hardened by sintering, are far superior to
finldizable iron catalyst prapared by conventional methods with respect
té attrition resistance and exhibit higheat catalytic smctivity and
setisfactary catalyat life.

It lg importunt for the catalytic, mechanical and pseudo-
hydrodynamic properties of the catalysts of thie invention that the
sintering treatment be aubsequent to any treatment with liquids or
sollds, which affects the chemical composition nnd/or phyalcal structure

of the catalyst, When preparing these catalyats, 1t ia preferred,
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therefore, to combine the 1ron oxide with any addition egents desired,
such as activatora or therlika, by 1mpregnation or mechanical mixing
and to subject the resulting composite to pintering followed by grind-
ing to the desired particle size.

while sufficiently purs ircn oxides of any origin and particle
gize may be used ap the starting noterial for my lmproved iron catelyasts,
best results are obtained when fine iron oxide powders, partlculerly
the pracipitated material imown as red iron oxide, are employed which
have Euhstantially uniform porticle sizes of less than, pay,- about 50
microns and preferably less than about 30 microns. These iron oxide
povders may flrat be impregnated with sultable poluticns of activators
or other additives to yleld e powdered or lumpy mase which is subjected
to 31ntaring to form a hard friable maés which 1s ground to the dealred
particle size of say sbout 30 to 200 microns. A reducing treatmant
way precede or follow the anbtering treatment, but in accordance with
the preferred embodiment of thle invention the aintering treatment
1s carried out, in a reduoing stmoephsre, ueing Lydrogen, carbon monoxide,
gepeous hydrocarbone, or the like, or mixtures of such reducing geses.

Suitable mintering temperatures fall within the approximate
range of 1200°-1500°F. in a reducing ntmosphere, dbut may be coneiderably
higher in a non-reducing atmoaphaf;. For instance in an inert atmosphere
of nitrogen or the like it may range anywhere from about 1O00°F. to
about 2700°F. 'The sintering treatment should be carried at least to
a point at which surface deformation of the sintered particles becomes
appreciable, Reductiaﬁrtempsraturéa ranging frﬁm about 800° to about
1500°F, are generally n&equate to obtaln the deeired degree of rsduction
which may reach the metallic state or any oxygen concentration known
to be beneflclal for iron catalysts.

A tyvical method enltable for preparing iron catnlysts use- 1

ful 1in fluid catelyet operation is 1llustrated by the following example:
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EXAMPLE

Red iron oxlide powder having an average particle size of

about 10-20 micronse is impregnated with a solution of potassium carbonate
in dlstilled water of gbout 1-1.5 wh, % strength until about 1.5% of
potasslum carbonate based on iron has been incorporatsd in the iron
oxide. The resulting pasty mass 1s dried at a temperature of about
150°-300°F. and reduced in a stream of hydrogen at about 900°F. for
about 2-6 hours, The lumpy, reduced materinl is sintered in o hydrogen
atmosphere at about 1600°F. for about 4 houra. The resulting hard
granular mass 1s ground by subjecting i1t to 3 or 4 passes through a
conventional laborateory planetary dlse grinder. Froducte having the

following typlcal sleve analyses are cbtained:

__Sleve Blzes o Weight Percent
Through o Sample A Semple B
- Lo . - 1.0
ho 80 1.1
60 100 7.3 13.8
100 140 9.1 11.5
o 200. 9.8 12.6
200 270 22,3 8.1
270 325 23,9 9.1
o 3RS - 25.5 Ly,
' ...  Loams 0.0 Oy
s The above samples contain more than 50% of particles within

Co .i:l';_eir-gize rané,‘é" ovaO-}E'j mesh ‘and fluidize {aaéil;f, both in nitrogen

and -Ey-::;;.hesia aad mixturasr of carbon monoxide and hydrogen. For example,
at superficial gas velocitles normal for dense phase fluld operation,
stich as 0.2-0.4 ft, per second, a turbulent fluidized aclids bed 1s
formed having a well defined upper level and exhibiting a stesdy pressure
#up over the height of the fluidized mass similar to that of a liguid.
Sﬁ;éll amounts of entrained sclids may be readily geparated from the ‘
gas by conventlional mechanical gas-aclids separators. The catalyst
retains essentielly this condition in normal f£luld operation for more

than 750 hours.
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Catalysts obhained from red iron oxide powder or iron ores
b& sizing without sintering or by sintering wlthout subaeqﬁant
grinding on the other hand, when epplied et similar conditione of gas
flow form either Mnedi&tely or after sbout 5-10 hours opsratlon
compact catalyst masses throuwgh which the ges bubbles without eny
fluidizing effect entraining weually large proportione of catalyst
fines uh;ch cannot ba sepurated by gas-sclids separators of the tyoe
mentioned snd require gas filters or simillar oqmplicatad means of
aseparatlon.

: A catalyst prepared in adoordance with the above Example was
employed in the ]wdrocafbm synthesis using a synthesin gas containing
ebout 2 moles of H, per mol of CO end a gae reajcle rﬁtlo of about
' 2:1 at g fresb feed gos throughput of about 1,000 volumes of gae per
volume of catalyst per hour, a superficial gas veloclty of about 0.4

ft. per second, a presaure éf about 250 lbe. per eq. 1n.'gage and a
reaction temperature of about 600°F. At these conditlons sbout 97%
of the CO supplied waes converted to form per cublc meter of synthesls
ges, about 21k c.q. of c, end higher nydrocarbens including oxygenated
organic compounde recovered from the product water.

' The experimental results reported above demonstrate that the
catalysts prepared in acoordance with the preaent inventlon combine
perfect ease of fluldization with higheét catalytic actlvity.

while this invention has becn described with specifio reference
to the catalytic synthesis of hydrocarbons it will be readily understood
that the invention affords similar advantages in connection wilth othor
fluid cﬁtalyst operations involviﬁg the use of lron type catalysts,
for example the hydrcgenation of unsaturated hydrocarbons, the synthesis
6f ammonia, the halogenation of certaein hydrocarbons, eto.

The prepent invention 1s not to be limited by any theory of
the mechanipm of the process or catalyst nor to any examples glven
merely fér 1llustration purposes, but only by the followlng claims in

which 1% 1g desired to claim all novelty inherent In the inventiom.
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What 18 claimed:

1. An improved process for producing valuable
conversion products from Co and Hp In the presence of 1iron
catalysts which comprises contactling a gas containling CO
and Hz in synthesis proportions at synthesls conditions
with o fluldized mass of sintered reduced iron oxlide partlcles

of fluidlzable size obtalned by a method comprising

incorporating into red-iron oxide powder a minor promotional

amount of potassium carbonate subjectlng the composite
obtaimed to a zubstantially complete reduction inecluding

a sintering trestment in a hydrogen-contalning reduclng
atmosphere atabout 1600°F. and grinding the sintered product
to 3 fluidizable particle silze,

2. The process of claim 1 whereln sald composite
i3 subjected to a reducing treatment prlor to said
sintering treatment.

%, An lmproved process for produclng valusble
conversion products from CO and Ho in fhe presence of iron
catalysts which comprises contactling a gas contalning GO
;nd Hy in synthesis proportions at synthesis conditlons with
a fluidized mass of sintered reduced lron oxide particles of
fluidizable size obtalned by & methed comprislng lncorporating
inte red-iron oxlde powder a mlnor promotional smount of
potassium garbonate, subjecting the composite obtalned to o
substantilally complete reduction including a =intering treatment
in s hydrogen-conteining reducing atmosphere at a sintering
temperature within the range of from 1200% to about 1600°F. am
grinding the sintered product to a fluidizéble particle size{

4, The process of ¢lalm 3 wherein aaid composite

is subjected to a reduclng treatmsnt prior fo sald sintering

treatment.






