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We, Stamparp Ot Deveroruest Con-
PANY, g Corporation duly organized and
existing wmder the laws of the State of
Delaware, United States of Amoerica,
having au office at Elizabeth, New Jorsey,
United States of America, do hereby
declare the nature of this invention and in
what manner the same is to he performed,
fo be particularly deseribed and ascer-
tained in and by the {ollowing siate-
mant;—

The present invention relates to the
catalytic conversion of carhon oxides with
hydrogen 40 form vwaluable kydrocarbons
and oxygenaled organic products. The
invention relates more particularly ta
improved eatalysts for this synthesis
employing the fluid golids technique, and
purticularly to a sintered iron ‘eafalyst
which ig particularly efieeiive, resistant to
fouling by corbon formation and resistant
to disintepration,

i is wn that mixtures of carbon
menoxide and hydrogen when brought
into intimate confact with eatalysts under
suitable conditions of femperature gnd
pressure are converted into-hydrocarbons
end oxygenated organie compounds, pro-
ducing valuable wunsaturated Hignid
Lydrocarbons in the gasnline range having
high octane yatings. The eatalytic con-
version of carbon monoxide end hydrogen
aan he earried oud in Gxed bed, slurry, or
fuid solids type of operation. The gdvan-
tages of the latter, guch ag improved heat
disbribution, fransfer, and control, and of
intimate mixing and confaet of the
catalyst with the reactants arewell known.
Two problems that arise parlicularly in
conjunciion with the fluid solids type of
yperation are the fouling and cobsequent
inactivation of the catalyst by carbon
daposition and the tendeney of the catal_gvat
particleg to disintegrate, presumably
because of carbon formation and deposi-
tion within the lattice of the catalyst par-
Holes. - _

One of the most satisfactory meams of
overcoming the tendency of an irom syn-

[Pries 2/-]

thesis eatalyst to disinleprate has been ta
sinter the latter i the presence of a non-
oxidizing or even reducing atmosphere.

This sinfering operation was fivet sug-
gested at a fime before the fuid solids

technique had been applied to the hydro-
carhon synthesis process,

With the infroduction of the fiuid
techuique to ‘the hydrocarhon synthesis
reaetion, several problems in the apnlica~
tion of sintersd eatalyst to thig impraved
process are apparent. First angd foremost
is the problem of grinding the sinfersd
calalyst to fluidizable size” In the fixed
bed process, it was sufficient to pill the
eatalyst before sintaring to suitable ren
siza gnd then. sinter, the agglomerating
effect of the sintering being to give an
extremely hard body which may be used
ag such in the fixed bed process with or
without prier promoter additior, In the
flnid solids process however, the satulyst
particles must be of an average size so that
the resultant catelyst mass is [uidizabls
under the reaction conditions obfaining ip
the hydrocarbun synthesis reactor. Under
normal reaction eonditioms, an avernce
Anidizable particle distribution of the
eatalyst Wou%& };jclthe following; —
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In order to obfain gintered irvon catalyst
erticles of o size suitable for fluidiza-
on, that is, in the range 100 o 525 mesh,
previous practice hag been to impregnate
an aclive catalytic malerial, gueh as red
iron oxide; with u solution of a desired
womoter, such. g alkali metal salts, to
orm a paste which is dried, bzoken up
into 1020 mesh granules,
sintered at a temperature of about 140(*
%o 1600° ¥. in an atmosphere of hydrogen,
In this manner pills wers obtained which
were metallic in appearance, ynd while
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they wusually showed good eatalyHe
activity they were found to be excerdingly
diffieult to gringd to & pariicle size snitable
for Anid operation. Thus by this method
of sinfering pills, ozly about a 5—I10%
gield of malerial which passes through an

0 mesh screan was obfained by putting
the sintered pills through e planetary disc
grinder 25 times, the sintered product
being hydrogen-redured promoted red irom
oxide.

Iiis the purpose of this invewtion to dis-
close a mew and advantageons method
whereby sintered reduced red iron oxide
catalyst of g particle size suitable for
fluidization way be readily prepared in a
state requiring only a sitmplified subse-
quent grinding process, or the final grind-
ing step may be substantiully eliminated,
thus greaily saving on the time. Iihor, and
equipment required for the hydraocarhon
synthesiz process,

Another object of 1he invention is {v
diselose a process of producing a sinlered
reduced red iron oxide ratalyst which
reguires substnntislly no grinding ofter
sinfering, and whose promoeter content
may be conlbrolled during the sinfering
operation.

A move specific object of the invention
is {o provide a simplified process for mak.
ing an improved hydroecarhon synthesis
catalyst for use in the fluid eatulyst hydro.
carbon synthesiz from carbun monoxide
snd hydrogen.

Other olgectivey and advantages of the
invenlion will become apparent herein-
after,

Tt has now been found that the grinding
operation can be preatly simplifisd and
substontially eliminated when the catalyst
is mintered 1o the form of smoall mranzles
rather than in the farm of pills, gz prac.
ticed heretofor, The size of the gromulas is
salected so that the ghrinkage accompany-
ing the ‘f ineiptent fusion * of the pro-
moted red iron oxide on sinlering wives o
product which after granulating or light
grinding te breek upart the individuul par-
ticles has approximately the desired size
for good Alnidization, Dépending upon the
partiele size desired for the Huid vperation
the dried material privr fo sinferiig may
be broken up into granules from £0—S80
mesk, B0—100 mesh or, to ghiain o wider
ranpge of particle sire, pll mateyial passing
fhrough g 40 or 60 mesh screen may be
used for the sinlering operaiion. Thus
whereas by the previvus method of sinter-
ing pills only about HF—I10% wield of
eatalyst passing thrrugh an 80 mesh
sereen was obtained hy putting the pills
through a planetary disc grinder 25 times,
by tfe proeess of lhe present invention
w"i'lerahy granules passing fthrough o 40

mesh screen are employed m the sintering

operation, a produet comprisinﬁla 40%

yield of eatalyst passing through an 50
mesh sereen was obfalned when the
sintered eatalysl was put through the
grinder only five limes. = Thus a tenfold
Increase in fnidized calalyst yield was
accompanied by n fivefold decresse In
grinding requirements.

" Red iron oxide catalyst is genevally pre-
pared fur use in the hiydrocurbon syniliesis
reacton by steps comprisiug precipitating
the hydroxide frum solalion, washing,
filization, dryving, impregnstion of the iron
rompoung with the desired promoter, such
as E,CQ, or KF ie give a product. which,
on drving at approximately 2004007 F,
may eontain about 0.3—5% by sveight,
preferably 1—39%. of the promcter. In
accordance with the present invention, the
dried impreguuated red iron axide is first
pilled and then hroken up into partieles uf
such size that all pass througdh a number
40 mesh sereen, The Aried and scrsened
product may then ke charged to a snitable
reduecing apparatus, alr removed by flusk-
ing with an inert gas, and then a reducing
gas such ag hydrogen is passed threugh the
promoted red iron vxide bed at a relativelv
high How rate of 750—L1300 v/v/hr., the
reduetion being curried owi at fempera-
tnres beiween 000°-—1100° F. preferahly
ai the higher range. and the fiow of wis
confinued nntil no further reduction fokes
place.

. . The latter portion of the sinlering sten,

as deseribed more fully bslow, iz advan.
tageously enrried out under very low
hvdroiau throughpet rates, in particnlsr
when high sinfering temperatures in e
ranigre of 1400°—1650° F. ure used. Tt has
now been found that ir the customary
methad of hydrogen sinlering in which
the temperature is raised from the hydro-
genation {o the sinteriue range, hut the
rafe of hydrogen threnghpnt remains snb-
slantiglly the same for the wheie of tle
sintering freatment, » large nroporiiva of
the promoter pn the catalyst is velalilized
and ecanses plugging of venl lianes in the
eooling section of the furnare, and the
vomposition and proportion of promwuter
on the eatalyst i3 difficnli o corizel. The
inventors have found {lat thiz difienltr s
largely eliminaled by redueing the flnw
during ike latter portion of {he sintering
period to a very Inw rate of ghout 100—200
vivfhr., the purpese of the slow sweep
being merely o ensure that no air gets
into the furnace. However, in order to
ghtain an irom eatalyst containing less
then about 1% oxvoen content it iz
important, during the initin] stages of the
gintering processes, to mainiain ’fzydrogen
throughputs of snhstanfially the same
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order of magnitnde ag during the redue-
tion step proper for it has been found that
rednefion of this tyne of catslyst is mot
complete even aftcr Ilrealment with
] L}Fdrogen al 1100° ¥. for from 3 to 6
omrs

Tollowing the hydrogenation step,
therefore, the temperature in the furnace
may be raised fo the desired simtering

10 range, 1250°—1400° F, when. the require-
ments are for low temperature sintering,
1400° —1850° P, when the requirements
ate for a high temperature sintered pro-
doet. The promoted reduced vatalyst may

18 be maintained of the sintering tempera-
ture for about I hour at the hiph "fow
velovity of YB—I1500 v/v/hr,, then for
ahowt 2—4 hours at a low hydromen
flow of about 100—200 ~v[v/hr. The

0 material may then be eooled in an imexd
gos or hydrogen to room temperature. T#
sinlering has heen earried gut af a tem-
parature range of about 126(°==1400° .,
substantinlly no grinding of the sintered

B ootulyst will be required for use in the
fluid solids mnit. IFf a high temperature
sintering operation wos employed, only o

light grinding operation is required, The
time during which the catalyst meay ke

80 exposed Yo reduction tempernture 3¢ a
function of the hydrogen flow rate. Thus
ot a temperature of 1100° F. and a flow
rate of 1500 v/v/hr., the residence time
of the catalysl in the reducing period

B may be 4 hours. Onthe other hand if the
flow rale is rednced to about 1000 v/v/hr.,
the reduction period is increased to ahout
6 houra, In general, high space valonitias
can be compensated by decreased reduc-

48 tion time and if the operation is carried
out at the lowsr space velocities the con-
tact time i inoregsed.

The invention may be forthar illus-
truted by the fellowing specific examples.

45 Exawerd 1.
(PREPARATION OF CATALTST),

A sixty pound bateh of the dried
impregnated matericl prepared as des.
cribed  ahove was gmented into

0 grannles of e size small enouﬁ to pass
threngh a 10 mesh sieve, and the product
was classified, a 20 mesh sieve, The
wmaterial retained by the 20 mesh sieve and
that which passed {hrough said sieve were

ok then separately made ints pills gbout §°
in dismeter in a pilling machine. Tt was
advantageong to add o pilling compound,
such as *° Sterotex '’ wax, to the classified
portions hefore pilling, The pills thus

formed wers then fragmented through a &0
serias of sieves undil ol the moterigt
passed through a 40 mesh sieve. This
method of preparation of red iron oxide
promoted eatalygt for sintering swbstan-
tially gvoids the plugging snocuntered in &8
the smaller sieves when the dried impreg-
nated material iz broken successively
through a series of sieves until all the
material passes through a 40 mesh sieve,
thus saving substantially on time amd T
labor,

The dried and classified granulated pro-
duct was them charged to a closed tube
fitted with inlet and outlet eonmections
for gases. 'The material wags flushed with T8
nitrogen fo remove aiv and then hydrogen
was introduced. The entire ‘L’u%m was
Leated by means of a furnace to about
1160° F. and then held at that tempera-
ture for about 4 honrs whils hydrogen was 80
Dassed t-hrou%'h the hed of catalyst at the
rafe of aboul 1500 vivjhr. The tem-
perature was then reised to about 1500° F,
while under hydrogen, and the system was
maintained at that temperalure for 1 B
hour with the same hydrogen flow, then
the flow wag decreased v a low hydrogen
flow rate of 200 v/v/br, and mainiained
nndar these eonditivna for 3 hours.

The catalyst wus then oooled under 80
nitrogen {0 .room temperature and dis-
eharged info air and given a light grind-
ing. The sintered mess was given g final
clzssification by shaldng through an 80
mesh sereen. '.Fhe product thus obtained 96
was of a size desirable for good fluidiza-

tion, with particle disteibntion as
follows: — .,
Through 100mesh - - - . 71.09%
Through 80 om 100~ - - 9.0% 100
On8t - - - . . 144%
Finey - = - - - 5;6%
The bulk density of the fnal production
was 2.2 10 2.3 a8 uguinst the Jonsity of the

unsintered material which was 1.1 to 1.2. 105
This inerease in bulk density iz 2 measure

of the decreuse in the particle size result.

g from the sintering operation. This
decrease in particle size is important in

the fluid catalylic technique, 110

To indicate the superior anti-fouki

and disintegration resisting pmpertiesntﬁ

o reduced alkali metal promoted iron oxide
catalyst classified and sintered in accord-
ance with the presenj invenilon, the 115
following data are given from g fuid
catalyst hydrocarhon synthesis pilot plant
run, :
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CATALYST ACLIVITY
Catalyst - -~ - - A*
Temperature - =~ - 650—695 °F.
Pressure - - « = 400 psig.
5 Feed Gag Batio, H,/CO 1.1
TFeed Gas Throughput
Ralte {(Std. Con. Fi.
Per Hr, H,4CO per
Ib. catalysty~ - - 12
10 Duzatiocn of run. = - 451 hourg
o4 Conversion, H, + O 63—95%
roduct oil, cc/m?
converted H,+C0 - 172191, ce.
Disintegration rate ** 8
I Carbon Jormation rate** 4
“*Prepared as described abova, drying the impregnated materiul, pilling
**Gorams of 0—20 micron material it, breaking the %illq into particles fins
formed per 100+ grams of 20+ enough to pass a 40 mesh screeu, reducing
___microns present per 100 howrs. the iragmented purticles in tha form of a
20 ““*Grams of carbon formed per 100 hed by pessivg a reducing gas throngh the T6

2%

20

85

40

¥

grams catalyst per 100 hours.

Thus the reduced and sintered alkali
promuted red iron oxide catalyst ag pre-
pared in aceordanee with the invention
eombines the highest activity end liguid

roduct selectivity with very Iow earben
forming tendencies and high resistance to
atirition and disinfegration,

In contrast to the eatalyst obtained rom
ordinary sintering aperations in which the
high rate of hydrogen thoughput is not
deereased fvllowing the catalyst reduction
slep and wherein the promoter losg is high,
the promoter loss when sintering is ear-
ried out m aecordance with the present
invention is very small. Thus when 2 red
iron oxide ecatalyst conteining  1.5%
K.CO, prior to sivtering iz prepared and
then sintered at 1570° ¥., the promoter
loss after 4 howrs sintering at the custom-
ary hydrogen throughput rate specifically
300 v/v/hr, at 15 psia., was G5%. When
sinforing was carried out in aceordanee
with the present juvention, this loss was
reduced to ¥9%, almost a tenfold decreass,

he  foregoing  deseviption  and
examples, though illustrating specifie
applications and resulis of the inveniion,
are nol intended 1o exclude vther modifica-

53 tiony ubvious to those skilled in the ari,

&5

80

and which are within tha scope of the
inventiom,

Throughaui the specifieation and -
claints, the mesh sereen sizes are those of
the United States Bureas of Standards,
Standard screen seties, 1919,

Havine now partivularly described and
ascertained the nature of our said inven-
Hom and in what manner the same is to he
parformed, we declaze that what we
elaim is:—

1. A process for the production of
improved hydrocarhon synthesis catalysts
ecmprising imprefnahng g red iron oxide
powder with an alkali metal salt promoter,

hed angd then ruising the temperature after
reduction to tha sintering range and con-
tinuing the heating at the sinfering runge
in 2 nom-oxidising atmeosphepe,

2 A process as claimed ir Claim 1,
wherein tie reduction is condmeted at &
temperature between 900 and 1100° F.

8. A proeess as claimed in Clujm 1 or
2, wherein the ginfering s conducted at a
temperature between 1250 and 1650° T,

4. A process au claimed in any of claims
1 to 3, wherein the reducing gas is hydro-

5."A prucess 23 claimed in any of Claimg
L tu -4, wherein the sinforing ig carried
vut in an atmosphere of hydrugen,

. A procesg as claimed in any of (laims

78

l to &, in which the rale of hydragen

‘_throuqhi)ui thuough the eatalyst hed dur-
ing tha latter part of the sinfering step 1s
substantially smaller then the rate of
hydrogen throughpus througk said bed
during the reduction step and the carly
purt of the sintering step,

7. A pracesy as claimed in Claim 6, in
which the hydrogen througbput during
the reduetion. step and the inizial part of
the sintering strip is between 750 and 1500
volumes per volume of catalyst per hour

90

95

and is reduced to between 100 und 200 100

volumes per wolume uf catalyst per haur
dturmg the latter part of the sintering
slep.

5. A proeess as claimed iu any of Glaims
1 to 7, in which the dried impregnated
material is broken into fragmenis substan-
tiully all passing throngh e 10 mesh sieve,
some fragments passing through a 20 mesh
sieve and the balance retained by said
sicve, pilling sepurately the refained and
unretained pertions, and breaking the pills
throngh a series of sieves until substanti-
ally all of {he moterial passes through a
40 mesh sieve.

105

110

9. A proecss according to any of the pre- 115
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ceding claimg in which said promoter com- catalysts whengver prepared according to
prises about 0.5—5% by weight of potas- the processes claimed in any of the abovs 10
s1um carbonate. claime,

10, A method for the production of Dated 1his 21st day of February, 1949,
improved catalysts for the couversion of J. T. TYSOR,
carhon oxides and hydrogen into hydrocar- Brettezham House, (Sixth Floor Bouth),
bong ag hereinbefors desori Tancaster Place. Londen, W.(1.3,

11, Tmproved hydrocarbon synthesis Agent for the Applicants.
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