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{"OMPLYETE SPECITICATION

Improvements in or relating to a Catalyst for the Synthesis of
Hydrocarbons

We, Painrers Prrrorava COMPANY, a
corparation organised nnder the laws of
the Stale of Deluware, United Sfates of
Ameriea, of Bartlesville, Oklahoma,
Uxnited States of America, do hereby
declare the nature of this invention and
in what manner the same iz fo be per-
tormad, to be particularly described and
ascertained in and by the following state-
mend i —

The present iuvention relates to the
synthesie of hydrocarhong by the catalytic
reduction of carbon  monoxide with
hydropen. More parficularly the inven-
fion relates to movel catalysts for this
reactivn.

In the synthesis of hydrocarbons by the
method comnmonly known as the Wischer-
Trapsch process, narbon mionoxide and
bydrogen mmuy be reacted ot clevated tem:-
peratitreg and at atmospheric or higher
pressures in the presence of o suitable
ratalyst, to vield hydrocarbens ranging in
molecular weight and constitution all the
way irom methane to wnxy maferials,
with the concomitant formation of var%—
ing amounts of oxyzenated material,
depending on (e nature of the catalyst
and the reaction conditions.

The rencticn is generally earried oub in
u manner whick will vield subslantial
proportions of hydrocarbons boiling in
the gusoline runge as well as ]zigher?}uil«
ing hydrocarhons. Catalysts used in this
syuthesis inelude oohalt, iron, mickel, or
ruthenium, and these may be promoted
with alkali metals, alkaline earth metals
or their vxides, thoria or various other
known materials. The eatalyst of the prior
arl may he utilired an inerf supports,
such as kicsclguhr or the like. Using
cobnlt-containing catalysts, temperatures
in the range of abont 125°—225° 0. may
be used with u preferred temperature
being about 185°—15{1° C. Ordinary iron
catalysts operate hes! in a narrow range

[

clese to 240° U, while sintered iron cuta-
lysts require temperature in the mneigh-
hurheod of 320° 8

‘The synthesis reaction is ordinarily
carried out at atmospheric 0r medium
pressures, depending om the products
desired snd the catalyst used. A preferrad
range of pressures snitahle for gencral use
is from ubout 3 o about 15 atmospheres,
but pressures up to 150 atmospheres or
even. higher may be used. Flow rates are
variable depending on u number of factors
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such as eatalyst,” products desired, .and :

the nature and cxtent of cooling.
(Catalysis of the fused or sinterad iron
tyne are prepared hy the reduction of
Fe,Q,, ferroso ferric pxide, which oxide
may be obtained by the burning of iron
with oxygen with the resultant formation
of a molten mass of the iron woxide,
followed by erushing of the mass and
reduction to the metallic state. Tt was
found, however, that the pure or uwnpro-
moted iron catulysts do not produce aphi-
mum results In reactions particularly
whet nsed in finely divided, or fiuidized
form. Sueh rvesulls are manifested by
lowered efficiency and increased methane

formation, as well .ag other offects. Tt was 1

found that potassiuvm oxide and alumina
together function. as offective promoters
when incorporated with the metallic iron.
The use of potassium oxide alone ag a pro-
nioter is undesirable becanse if enongh is
added to inerease the production of
hydrocarbons fo,an economic pereanfage
of the earbon . monoxide eowverted, the
product is to  heavy. On the
other hand, if less potossia is sdded, teo
much carbon monoxide 15 converted io
methane, vurbon dioxide and light gases.
Alumina, of itself, as o promoter, fails to
function satisfactorily as a promoter to
give Increwsed yields of hydroearbons in
the desired boiling renge, and further-
mare appeors to hinder the reduction nf
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irpn oxide.

The use of alumina in combination with
potassium oxide in the proper propor-
tions, to doubly promste the iron catulyst

b provides a more efficient catalyst and’

improves the ‘product. The aluming
appears {0 modify the affects of potassizm

oxide and thus provides a means for

narrowing the range of produet distribu-

10 tion and at the same tme ebbaining pro- -

duct in the desired range.

Tt wus also found thei the reduetion

temperature is of great importance in the

. Preparation of these catalynts. Toov hich a
15 {emperature produces catalysts with low
agtivity while oo low'a -femperature
resulls in  ocatalysts’ whic are
diffflenlt 4o control and the $ime required
on the reduction is to0 léng and possibly
uever complets. If was :furtier found thet
the optimuw’ conditions for reduetion are
temperatures of 475°—5660° O, for a mini-
murme period of 42 houvrs, after which
reduction is substantially complete, It
%5 has previously been found that, while
alumina hinders the reduction of the oata-
Lyst, at these temperatures the potassis
combives with the alumina and reduces

20

this effect, 50 that it is possible to use up -

80 4o 3-—4 welght percent alumnia provided
that it is combined with potassium oxido

so that the excess alumina does not excesd

and is preferably helow 2 weight par sent,

txcess alumina is degirable Decause it ig
86 found that the alumina exerts a surface
effact on the catalyst,“increasing its rate
of carbidization and inereasing the sur-
face arvea and its catalytic power for this
synthésis. Satisfactory renges for the
potassia content ave (.05—1.G per cont of
the original Fe,0), and the sluming mole-

culerly squivalent o the potassia and i
addition 1—2 weight per cemt oxeCHs

alumiiva (the total alumina not o exeesd
45 sbout 4 per cent.) ' '

Ag hereinalfter disclosed catalysis of the

fused or sintered iron type may be materi-

ally improved in important respects hy

the ineorporation of esleivm oxide ag an

b0 wilded promoter and/ or modifier, providad
{his -addition is carried out in tertain,
definite and eritieal Droportions. Catalysts
promoted with K,0 and ALO, alone yre

- highly effective. Howoves, such catalysts
- b5 frequently hecome . wild,” ‘resulting in
excesmive feraperature, ineresges and con-

ssquent: formation of undesired produets,
ete. This ““ wilduess ** is apparently due
o axcess wax formation amd baild up on
the eatalyst with resultent lLeat transfer 60
difficulties and uncontrollable resction.
It was further found, that eeleium oxide,
when, added to an slumina-potassia pro-
mwted iron eatalyst in certain definite pro-
portions gave marked improvement in 69
conversien and higher O, + effoiency. At
the same time the catalyst coald be oper-
ated for considerably lenger periods
before requiring reactivation r re-reduc. _
tion.. The ealeinm oxide in proper propor- 7 0

“tions therefore was found 1o inhibit the

formation of free cavhon and high molc-
tular weight waxes. :

In aceordance with this invextion there
is provided a method for the. preparaiion
of 2 eatalyst for the synthesis of hydro-
earbons by the reduction of carbon 1zon-
oxide with hydrogen, which comprises

=3
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: Jmlucing the mizture of Fe 0, and minor

Erﬂparhons-of E,0 and ALO, which may 80.
¢ 1 the form of thermally decomposable
salts, together with 1 t0 10 per cent by
weight of Ca0 besed on the Fa0,, in an
atmaspherc of hydrogen a$ a temperature

of 450" and H50° C. fo form metallic jron 85
in which i incorporated minor progor-
tions of K0 and A1,0, and 1.3 to 13 ner
cent. by weight of Ca based on ihe
metallic fron. .

In the preparation- of the catalyst of 90 .
the present invention calcium oxide is
incorporated into the iron aleng with the
other oxides in the propurtion of 1 o 10 o
per cend by weight based on the Fe,0,

from which the metallic izgn is ohtained 95

by reduction. Treferably the (a0 is

" diilived fin the proportion of 8—7 Doz

cenl since it-appears fo be most sifective -
for the purpose in this sonechiration. The
caleium oxide was found to be ineffestive L0G
or undesirahle at lower ccncentrations,
and in the presence of K,0 and AlO,
appeired o act as an inhibitor for the
synthesis reaction. On fhs basiy of
metallie irom, the proportions are: K.0, 105
0.07—1.49%, A1,0, 1.4—2.8%, CXCRSE MOTE
than ths moleenlar equivalent of AlO,
{0 the X0, and 1.8—13% Ca0.

The following table countains illnstra-
tive exawples of the practice of the inysn- 110
{ion;
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Tavee I,

{'unversion data;
Reection Temperature -

205° €. (508° F.;
250 i

Pressura - « « - - e . a4 . . aipr
Space Veloeity - - - -~ < o - - o o 24002600
Recyele vatio - - - - - . _ . _ . g8
Uatalyst—Heduced Iron Oxide. promoted a: indiented
v
Lo Recovered Ifficiency
Xuo, Catalyst {‘onversion % C,+ G,
1131 ¥% K,0+13% ALG, 9405 62—G3 4448
114 #% 0+ 14% ALO, 9586 976 63—
115 ;{-% K04 l%% ALO.+ 1% CaD 94—95 66—G8 43—48
118 3% E,0+11% AL, +§% Ca0 9798 68—70 H56—H8
120—1 39 T, 04 15% ALG, + 5%, Cal 98—09 TdsT7 61—065
120—2 ¥ K0 +13% ALGO,+5% Ca0 99 T6—30 86—T0
The nhove data show that the C,+ After the uxidation is eomplete, the
efiriency of K,0+ALO, promofed mass is allowed fo cool fo romn tem-

eatalysts is slightly decreased by the use
of Ca0 as a promoter in small proportions.
{n the other hand, 5% €aO effects a
material increasa hoth in econversion, and
Cp+ and (4 + cofficlency. The benefieial
effect of the calcium ozide hecomesn
apparent at coneentrationy of about 1 per
cent based on Fe,0,. There appearz to
be no advantage in naihg more than about
10 per cent, snd weafalysis containing
morg (hap 10 per eent calcium oxide,
hased on Fe,0,, have the disadvantage of
comparalively low resistancs to attrition
during use.

The cainlvst may be prepared in the
following manner:

Tren o {he form uf short lenglhs of
wire or strips, is tied into small bundles
und weighed, [t is then placed in a steel
erucible of suifeble dimensions and the
vrucible with its contents ig brought to &
dull red heat hy means of o gas burner.
The gas flume is then removed. and oxygen
streamrs- from twe nozzles are placed on
the heated iron, causing it to oxidize nnd
melt, The oxygen sireams are ejected
with a velocity sufficient to agitate Lhe
molfen mess. The iron is completely
mwllen in ten to ffteen minntes. After
the oxidation las continued for three o
five minutes beyond this point, the
promoter is added in emall amounts in
granular form so that it is thoroughly
fused and mized with the mokien
material, Thorough  agitation is
aceomplished by means of the oxygen jets.
The addition of the prometers requires
about twe minutes. The oxidation is
continved wutil it is  complefe, as
evidenced by the formation of 2 crust on
the surfave, followed by the caoling and
hurdening of the entire mass. The total
oxidation requires ubout 25 minutes.

perature and iy then broken out of the
rrucible and ground to the desired size,
usuzlly 65 to 140 mesh on the Tyler scale.
1t is then ready for the reduotion step
which will be deseribed subsequently,

The Te,0, mey be prepared in ofher
ways, as Dy oxy-hydrogen fusion of
Fe,0, wccording to {he following
reaction :

3 Fe,0,—% Pe,0,+ 10,

The promoters are added to the irom
oxide befora fusing and the preduct is
ground to the desived mesh size. Fe,0,
from other sources may also be used as a
starting material in tho fusion;

The rveduction step is carried out by
iniroduring the finely divided ozide info
a vertical cylindrical reactor. The
meteriul is maintained in o fAnidized
condition by introducing hydrogen into
the reducing zone at a velocity of about
0.3 fest per second (standard conditions)
and the reduction femperature iz
mainiained at a point between 450°-—550°

for a minimum period of ubout 42
honurs and until reduction is complete,
The optimum temperature for the
reduction of the eatalyst {s about 500° (.
When reduced at lower temperatures the
catalyst appears to be *‘ wild *’ Quring
the initin! s{ages of the synthesis reaction
and temperatures are almost impossible to
control, When reduced at higher tem-
perslures, among other effects, the
activity of the catalyst falls off. Tao
general good results ars obtadned in the
temperature range specifted. During the
reduetion, space velocities of about
1500—2500 arve preferably mtilined.

The promoters may be added in the
form of the oxides thamselves, or in the
form of compounds thermally decompos-
able to form the oxides suchk as the
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nitrates, carbonates, hydroxides, etc. For
cxumple, potassium oxide may be
ineorparated as the niirate or hydroxide,
- while the alumina may ba incorporated

5 az the oxide, alumizate, alwmnium
nitrate, ete. Culcium oxide may be
incscirporated as the earhonate or the oxide
itsalf,

The synthesis reaction is preferabl
varried out in g vertical cylindrical -
reactor. The eatalyst, in finely divided
form, preferably G5—140 mesh, is-
introduced into the reactor and a mixinre
of H, ard CO in the proportions of aboud
2 to 1, respectively, is dowed through the
reactor al o linear velocity sufficient to
clliciently fluidize the catalyst. A
minimwm linear velocity of about 0.8 feet
- per second is required. The catalyst is

retained within the resefor and fa ot
earried over into the product nutlet, mos}
of the cutalyst settling gravity and
then being re-fluidized. Small propor-
tions -of catalyst which might carry over
ure prevented from doing go by providing
a scresn ar other separating means ahead
of the outlel. The result is what is known

s a flnidized fixed bed with a portion of

the catalyst preferably remaining in a

more or lsss settledcondition ot the bottom
of the chamber with $he major portion
existing in the chamber in s Huidized
condition. The reaction is prefarably
carried -out ai a temperatvre of about
270°—820° C. and with a spaee velocity
of abouj 1500--8500 (vul{;‘ﬂl. catfhr),
Tho pressure is preferably abewt 150—250
pounds per sq. in. gauge. The products
of reaotion are revovered for separation of
€;+ bhydrocarhons and ofler desired
materials, from which & gasaline boilin

range material ie separated as the cliie

product. A gaseous fraction, eontaining
mastly unrescled CO and M., is recyeled
1o the reactor in a ratio of 3:1 4o about

7.0:1 based gu the fresh synthesis gas

feed,” Reocycling of tail gas bas a iwo-

fold function.  Rirst, 1% reduces the
carbon monoxide concemtration at the
inlet 50 that am inordinste amount of
reaction will not {ake placs in the inlet
. #one of the reactor thus onusing erratic
- temperatures, Second, it aids in main-
taining the eatalyst in a fluidized siute.

The cutalyst activity decreeses slightly
over sucoesaive periods of 24 o 48 houys.
In corder to mwadnfain o high level of
activity it Das been found that short
periodie, flushings with bydrogen atl
reaction ilemperature and pressure are
sufficient to restore the catalytic activity.

Having now partienlarty desceibed and
ascertained the nainre of our said inven-
Hon, dnd in what menner the same i 4o
io be performed, we declare that what we
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tions of K0 and ALG, and 1.8 10 13 per

claim is:— .

‘L. A method for the preparation of «
eatulyst for the synthesis of hydroearbons
by the redustion of carbon monoxide with
hydrogen, which comprises reducing ihe
mixtire of Te,0, and minor propurtions
of K,0 and ALO, whick may bhe in the
form of ‘thermally decomposable salfs,
together with 1 to 10 per vsnt by weight
of CaO bused on the Fe,0,, in an simo-
sphere of hydrogen at a temperature of
450° and 660° {3 to form metallic iryn
in which is incorporated minoe propor-

70

sent by weight of ©Oal based on the 8U
metallic iron,

2. A method aecording to elaim 1, in
which tha K,0 and A1,0, cre incorporated
in molten Fe,0,, the resultant mixture iz
cooled, and the cooled mixturc is ground 82
to a finely divided form. ’

3. A method acenrding to claim 1 or 8
in which the said mixfure contains 0.05
to 1.0 per cent by weight of E.0 haged
on the Fe;0, and AlQ; in a molecular
equivalent propertion to K.0 plus an
exocess 0f 1 1o 2 per cent by weight based
on the Fe 0,

. 4 A method according to any of the
preceding elaims in whiek the reduction 95
1y sffected ot a femperature of 560° .

. & A meihod according to any of the
preceding claims in which thie mizinre of
Fes0,, K0, ALQ, and CaO is prepared hy
incorporating in malten Fey),; 0.05 to 1.0 100
per nent of 1,0 basel on Fe,0,, ALD, in

a. molecular sguivalent proportion o the -
E,0 plus an excess of 1 to 2 per cent by
weight based on the Fe,0,, and Ca0 in
tho ﬁmpurﬁon of 1 4o 10 per cent hy 108
weight of the Fa,0,, cooling the remtitant
mixture and grinding the ceoled mixture
to a finely divided form.

6. A method according to clajm 4 in
wiiich .the cooled mixture is ground to a
fineness of 65 to 140 mesh (Tyler Seale).

7. A cafulyst for the synthesis of kydro-

carbons by the zeduction of carhon
monoxide with hydrogen, when prepared
by ihe method of any of the preceding
claims,
. 8. A catulyst according to claim 7 con-
taning 0.07 to 1.4 per cent, by weight
of B0 bused on the metellic imon and
AL0; in & molecular equivalent Prapor-
tion to K,0 plus an excess of 1.4 1o 2.8
per eent by weight based on the metallie
iron, .

9. A catalyst according to claim 7 eon-
taining substantially 0.6 per cemt K0
and substantislly & per cent Ca0.

10. A catalyst whenever prepared by
the process sui:’cantia,lly a8 ﬁereinbefom
deseribed.

11. Hydrocarhons whenever prepared 130
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by a synihesis which comprises contacting Dated the 2ud day of December, 1948,
& synthesis gas mixture comprising carbon

monoxide and hydrogen with a catalyst For: PHILLIPE PETROLEUM
according to ony one of the preceding COMPANY
3 claima. Btevens, Langner, I-'a,rry & Kollinson,
12. A process for the synthesis of Chartered Patent Agents,
hydrocarbous which comprises contacting 8—9, Quality Court, Chancery Lane,
& synthesis gas mixture comprising carbon London, W.C.2, and at
monoxide and Lydrogen with a catalyst 120, Bast 415t Street, New York, 17,
10 wceording to any one of claiing 1 to 11 New York, U.8.A.

Leamington Spa: Printed for Her Majesty’s Stationery (ffice, by the Courier Press.—1052.
Published at The Paieni Oftee, 25, Southumnpton Buildings, London, W.0.2, from which
coples may he obtaired.



