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This invention relates to the eatalytie
conversion of earbon oxides with hydro-
geu to form valuable synthetic products.
More specifically, tha inventior is com-
cerned  with improved catalysis and
methods of operation for the cetelylie
synthesis of normally liquid hydroearbons
from CO and H,.

Tha conventional hydrocarbon syn-
thesis processes may be divided into two
brond ¢lagses, de Jendini on the type of
entalyst used am} the choracter ol reac-
tion producis obiained. Omne class com-
prises reactions carried out at relatively
low temperatures of about 350°—450° I¢.
and relativaly low pressures of about
1—10 adm, abs. in the presenco of caln-
Iysts of whkich cobalt is o typical repre-
sendaiive {o form predomipantly sator-

§ ated puraffinie liguid and solid hydrocar-

hons from which highly valuable dicsel
tuels and lubrieating oils bul ouly low
ociane number motor fuels may be
obtuined. The other elass of processes
employs iron type eatalysts at higher tem-
peratures of about 450°-—800° I, and
higher pressures of about 3—325 atm, abs.
to ohtain a predominantly unsaturaed
produet  from  which lighly valuable
wnfor fuels laving sntisfactory octand
vafings may Le recovered,

In countrast ta the above hydrocarbon
synthesis  processes, with which the

[Price 2f-]

name of Stendard 011 Developmant Company, a cor
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Ltates ol America.
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or oxides thereof whicl are reduced to the
metal under the eonditions of working;
or yet again a redueed and sintered mix-
ture of a precipitated iron compound o
which Lias been ndded 2 precipitated com-
pound of another metal, for example
beryllinm, manganese, or zine, which on
heating - yields an oxide not reducible by
hydrogen o metal below 900° C.

More conveniional iron catalysts are

those prepared by the reduetion of various
iron ores or precipitated iren oxides as
well as hy the decomposition of iron ear-
bonyls. The eatalytio activity of the iron
may be enbanced by the addition of such
promoters as various compounda of alkali
metals orithe uvxides of chromium, sine,
sluminium, magnesivm, mangancse, ile
zore earth metals, and others, in small
umounts of abount 1—10%. Tt has also

san suggested to deposit these iron. cata-

L Jmerica, havi
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Iysts on inexrt or active parviers such as 59

siliceous materials, partioularly Ikiesel-
gulir, pumice, synthetic silicon gel, or
Lydrated alumina.

The' last-mentioned catalysts, that is
thosa supported on cazriers, have heen
found to be of purticular interest in ron-

_neetion with syuthesis reactions cwploy-

ing the so-ralled fluid eatalysi technique
wherein the synthesis pns is contacted

a0

with u dense turbulent bed of fAnely- 95

divided catalyst fluidized by the guseous
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 GOMPLETE SPECIFICATION |
An Improved Process for the Catalytic Synthesis of -

Hy&mcarb_ons

(A communication from STANDAED Or.
Doverormewr Uompaxy, s Corporation
duly orgonised and existing under the
laws of the State of Delaware, United

$ States of America, having an office ab
Linden, New Jersey, Umibed Stetes of
Ameriea.) : L
I, Joun Conman Amworn, & British
Subject, of 29, Scuthampton Buildings,
10 Chancery ¢, "London, W.C.2, do
herehy declere the wature of this 1mven-
tien and in what maznner the same 18 fo

Le performed, to be particularly deseribed

and ascerluined in and by the following

15 gtatement:— - .
This invention zeletes to the cafalyfic
conversion of carbon oxides with hydro-
gen to form waluable synthetic produsts.

More specifically, the imvention is com-

20 cerned with improved catalysts  and

methods of operalion for the- catalytic -

synthesis of normally Lquid hydrosarhons
from ©O and H,:

“The .couventional hydrocazbon syn-.
25 thesis processes may he divided info two.

broad clmsses, depending on the iype- of

patalyst used and the charactar of rese- -

tion products obtained. One class com-
rises reactions carried out ab reiatwe%y

80 low tompereturas of about 850°—450" T,

aud relatively low prassures of about
{—-10 atm. abs. in the presence of cata-
Iysts of which cobalt is o fypical repre-
gentative “to form fredomin_jzmtly satur-
85 ated parafinie Hgunid and solid hydrocar-
bons from which highly valuable diesel
fuels and lubricating oils bué only low
octane number motor fuels may- be
obtained. The other class of processes
40 employs iron type catalysts at higher tem-
peratyras of about 460° 800" F. and
bigher pressures of about 3—25 atm, abs.
to obtain a predominantly unsaburated

product from which highly valuablo.

45 motor Tuels. having satisfactory octana
ratings may be recovered, :

In econtrast fo the above hydrocarbon -

syathesis propesses, with which the
[(Price 2[-] -

present invemiion is concerned, a syn-
thesis process of a diffsrent type comprises 5O
the production of oxygenajed hydrecar-
hons, especially methanol, by the use of
extremely Bigh pressures, for example 200
simospheres and higher and temperatures
in the range of 300°—400° G, and a suit- 55
able cafalyst such as an iroxn spine] cata.

‘1yst with or without the addition of alkali

or alkali metal compounds.

In the hydrocarbon synthesie process
calalysts comprising irom in admixture §0
with anolher motal have been proposed.
For ipstance iron or & compound. thereof
together with copper, silver, gold or zine
or oxides theraof which are reduced to the
metel under the sonditions of working; 66
or yot again o reduced and sintered mix~
tnre of a precipitated- iron compound to
which has hean added a precipitated com-

ound of another metfal, for example

eryllium, manganese, or zine, which on T0
hegting yields an oiide not reducible by
hydregen to msial below 900° C.

. More conventlonal iron eafalysts are
those prepared hy the réduetion of various
iran ores or precipiated iron oxides as T9
well as bH]ze decomposition of iron car-
honyls. e cafalytic activity of the iren
may-be enhanced-by the addition of such
promoters as various compounds of alkali
metaly or the oxides of chromium, zine, 20
aluminium; magnesium, manganess, the
rare earth metfals; and others, in small

" amounts -of abowt 1--10%. TIi hasz also

been suggested to-deposit these iron cate- _
: on inert or active carriers such as 85

.siliceous msaterials, particularly kiesel-

guhr, pumice, synthetc silicon gel, or
bydrated slumina. -

The" lagt-mentioned cabalysts, that is
those supjorted on earriers, have been 90
found to be of parficular interest in con-
nection with synthesis reactions employ-
ing the so-called fluid-catalyst technigue
wherein the synthesis gas iz somtacted
with o dense {furbulent bed of fnely- 95
divided catalyst fiuwidized Ly the gaseous
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raactants and products and which permits
eontinugus eafalyst replaecment and
affords & greaily improved ilewmperaiure
. eontrol of the highly exothermic and
§ temperature-sensitive synthesis reaction.
The adaptation of the hydracarbon syn-
thesis to the fluid eatalyst techrique has

introduced & new factor in the rafing qf

synthesis catelysts.  While total liguid
10 yield as determined by activity (per ceut.
conversinn) and selectivity (ratic C,+
higher hydrocarbons: O, +higher hydro-
carbone), olefin formation, and catalyst
stability are the essenmtial characteristics
16 determining the utility of fixed bod syn-
thesiz  catalysis,
reguires, in addifion, sase of fluidization.

None of the prior art eatalysts oomplies-.

sailisfacturily with these requirements.
20 Trnsupported iron eaialysts, while exhibii-
ing high activity and selectivity, have

poar fleidization. characteristics mainly

dus to their high bulk density. The
Imown carrier eatalysts have superior
25 fuidization characteristics bui fall short
with respect to aclivity end seleclivity.
This situation has stimulated extensive
research to develop a new type of sym-
thesis catalyst of egual utility for fixed
B) hed and fluid catalyst techmique, The
prosent invention includes such mnew
development.
Tt is, therefore; a principal object of
the presenf invention to provide a process
35 for  synthesizing Thydrocarbons from
hydrogen and oxides of carbon in the
presence of an improved synthesis
catalyst. .
Tt 18 2 mare specific object of {he inven-
40 tion to provide an improved hydrocarbhon
syntheefs process oarried out in the
preschice of a carrier catalyst having

ukility for both fized bed and fuwid opera-

1o,

45 A further object of the present inven-’
tion is to provide a synthesic process of -
the {ype specified whish iz carried out

in the presence of uan Improved irenm
59 raterial,

Another objeet of the invention iz fo
provide moeans for improving the opera-
tion and efficiency of the catalylic syn-
thesis of high-ovtane motor fuels from CO
and H,, employing the fuid cafalyst
technique. -

A still further cbject of the invention
is fo provide improved catalysts for the
Lydrocarbon synthesis, having uwtility
for both fixed bed and Huid operation.

Other and further gbjeots and advan-
tages will appear heroinafter,

o ?ft has been found that these objects

" may be accomplished quite generally by
86 carrying-out the synthesis reaction in the

5b

a0

the fluid techuiguo - £

_portions, composites having a hig
‘thesizing aotivity af least approximeting

type catalyst supported on a carrier

presence of a catalyst which eomprises the
oxide of trivalent jron, that is Fe,0,, in
colnhination wilh an egquimoleeular pro-
portion of one or more oxides of one or
more bivalent metals other than iron. W
Reduction products of these oxide com-
posites may likewize be used. Investiga-

-tiong indicate that the superior gualities

of these catalysts are due to the fvemation
of particularly aclive spinel-fype com- T
pounds huving the general formula
MettTRe,+++0,, wherein Me ++ is =
bivalent metal ather than iron and
Tet++ is trivalent iron. The bivalent
metal component is therefore selected 8l
rom. those metals and metal compounds

which on the basis of their chemical and

physieca) characteristics are éapable of

‘forming spinel-type compounds with the

oxide of teivalent lom, - BExamples for B
such bivalent metals are Mg, Zn, Mn, Cd,
the alksline earth metals, Be and Cu. In
accordance with the present invention the

T

" hivalent metal component is used in pro-

portions at least sufficient {o convert the 9l
total amount of trivalent iron present into
o spinel-type compound (i.e. ut least equi-
molscular ﬂroportmns with respect to the
Fe,0,). arger amounis of Dbivalent
metal somponent acts ag diluent or carrier ™
without adversely affecting the activity of
the spinel-type combinafion proper.
Therelure by wsing an excess of a bivalent
component giving a relatively low bulk
density such as Mg(}, catalysts of excel-
lent utility for fuid solids operation may.
be ﬁ'c ared. ’

¢ bivalent metals other than irod
mentioned above give with trivalent iron
oxide when used in spinel-forming pro-
gyn-

i

10i

and mostly su.Epaasing that of pure ron
eatalysts including wmaguoetite which is a
naturally occurring iron spinel having
theformula Fet+Fe,++ +0,=T,0,. How-
ever, t{m’nmularlg good resulfs  ave
cbiained when wamg Mg andfor Zn as
lhe bivalent metal component. Materials
comprising oxide composites of trivalant 11i
iron with at least spinel-forming propor-
tions of Mg and/er Zn, or reduction pru-
ducis of these'vxide composibes are, there-
fore, the preferred symthesls ecatalysts.
As Indicaled above the bivalent eom- 319
posent of the ecatalyst may comprise
oxides of -one or mors of the hivalent
metals deseribed. .
The addition of a promoter apd =
stabilizer groatly enhances the activity of 12
the eatelysis.  Preferred promoters are
those obtained by fhe addition, to the
original catalyst composite, of compounds
of potassivm, such as KOH, K,CO,,
ENOQ,, EClL and E,(J. Similar compounds 13

11



881,407 3

of other alkalies sneh as Na, and Li, or
of Ba and Ca, as well as oxides of such
elements as Al, 8i, Uu, Mn or Cr may
be ndded as promoters. Usefnl stabi-
b lizers may be derived from the oxides ol
mebals of the right hand side (fransition
series) of Groups I, 1T and ITY of the
Periocdic System. Cu0 has been found
to be puriiculaily suitable for this pua-
10 pose. The priacipal funetion of the pro-
moter is to increase catalytio achivity
while the stahilizer is added to prevent
deactivation of the catalyst.
Tha catalysts may be prepared by
16 methods of coprecipifetion, Impregnation
or wet mixing, in any conventional
manner, followed by drying, pilling and
roasling ot  temperatures of about
300°—1600°. F. {0 obtain the cubalyst in
20 the oxide form which, if desired, may be
reduced with a reducing gos, preferably
drogen, at temperutures of about
0°—1800° F, Satisfaclory resulfs are
obiuined with cafalysts comtuining, prior
25 to reduction, from about 10 or 20%, io°
809, preferably abowt B30—80%, by
weight of I'e,0, when maguesinm oxide”
is the hivalent component,. and from’
about 5—-85%, preferably 25—50% by
weight of Pe,0, when zine oxide 1y the
bivalent component. The proportions of
Ts,0), in combination ith other bivalent
components vary depending on the mole-
enlar weights invelved.  Promoter and
stabilider mey be added in-proporbions
varyiag from 0,1—10%  an 1—20%,
respectively based on the compasiie cala-
Jyst. Excellont ylelds of valuable liquid
hydrocarbons have been obtained for
40 example with a calalyst composed as
follows :-— - ;

30

8

D~ = - b%

- KB 1%
A typical metliod sulfuble for preparing
catalysts is as fellows:—

Megnesia 15 mixed with a scluticn of
ferric nitrate. Ammoniem hydroxide
may be added to ensure complste precipi-
tatron. The magnesis with ferric
hydraxide precipitate is weshed wnd then
mixed with solutions of copper wilrate
and potassiwm nitrate. The resulbing
mixture 18 dried, melded into pills or
lumps of any suitable size and shaps,
roasted ot about 1000° F., reduced for
about four houss at about 900° ¥, with
about 1000 V]V /hr. of excess hydrogen

45

1]

“and siniered for about four hours at about 80

1200° T, in a non-oxidizing atmosphera,
of for example hydrugen.

Ih carrying ocut the hydrecarbon syn-
thesis in the presence of catalysts of fhe
type above doscribed, comventional syn- 65

-thesig conditions for iron catalysts may be

smployed, for exemple temperatures of
abdut 450°—800° F., preferably 500°—-

-¥00° T., pressures of abont §—25 atm.

H," CO ralios of bout 0.6:1—3:1, and 70
space  velocifies of obout 100—2500
V[V [hr; in either fixed bed or fuid bed
operation. In the laffer case the catalysts
may have o particle size falling within

Ahe wide range of 5500z diameter while 75

spheres of 6—200p diemeter are’ prefer-
ahly used at superficial gas velocities of
0.3—5 ft. per second.

The superiority of the new type irox
spinel catalysts-over a pure iron catalyst 80
suth sy the Fe++Fe +++ gpinel mag-
netite in the absenee of sarriers and pro-
moters is Hlusirated by the typical experi-
mental data lsted 1m Table T below,

Mg - - B4% which wore obtained at optimum reaction 55
Fe,0, -~ - 4% temperature for the individual catalysts.
Taprw T, )
- - 1_Mal. Fe 0,
- - - P . )
90 1mel . lmel.. Llmol . 1 mel
MgC Zn0 - Ca0 Fe0
(MgFe, 0,5 (Fnle,0;) (CaFe,0, (Mupnelile)
Catalyst Beduction 4 hours with 1000 V[V [hr. Excess H,
Catalyst reduction tem. °F. - a00° agn* go0® a00°-—1200°
95 Synthesis gas feed rate, V/V/hr., - - = - - - - 20 - -~ - - - -
Synthesis press., psig. B = | e e
Synthesis temp, *F. - - - 5307 5a5° LT 5714°
.- 00 volume ratio in synthesis
feed gus - - - - 1:1 1:1 1:1 1:1
100Vol. % COU, in exit gas - - 48 49 48 29
o, 0 econversion - - - 26 26 94 78
Measured yield (e.c.[eu.m feed) 144 102 80 'k
Yield of C; and higher ‘hydro- :
carbens (c.o.foum. H,+CO .
105  consumed) - o« = 03 i 145 142
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The abuve datz shotw that the spinel-
type catalysts of the present invention
give & (0 conversion which is by more
then 20% higher than that obtainahle

thesis employing the fluid solids {ech-
nique. . .

The data of Wable IT helow illustrate
the advantages of the use of the new oata-

60

§ when using pure iron spinel. Of parficu- lysts over praocedures using iron vatulysls .
Jar importance are the high ylelds of supported on different carriers such as
liquid products produced by the zine snd slamina, silica microspheres, and silica-
magnesium spinels which surpass those of alumina microspheres, nnd iron eatalysts
magnetite by mogpe than 20% and 40%, free of earrier material. A series of tests 25

L0 respectively. ) carried out on such miscelianeous cata- -

As indicated above o further advantage lysts at 250 lbe.fsq. iIn. pressure,
of the catalysts of the present imvention 200 V/V/he. apace veloeily, an 0.8—1.1
resides im the fact that they may be sup- H,p:CQ feed ratio and opfizoum reaction
ported om sn excess of bivalent component temperatures for the individual catalysty 30

15 to obtain m;;)ported catalysis of highest yielded the following results for fixed hed -
activity suitable for the hydrocarhon syn- operation, .

Tasin I1. . _
Catalyst Composition Prier to Max. Measured Liguid Temp. Conv.
35 Reduction at 900° I, and Yield, ec./cz.m. Syu- B, % *
Sintering at 1200° F. thesis {iag (Input
DBasisy
L% Mg, 40% Fe,0,, 5% Cub, 1% K0 126 517 80
90% Fe,0;. 10% ALO, (mized ppt.)y - T2 547 a0
40 899% ALO,, 30% Fe0,, 1% KOGt - -~ 44 592 75
8% TFe,, on 3,%% aluming - silioa ]
micrpspheres -~ - - - -39 562 70
45% Te,0, on A%, silica microspheres - 2L 628 72
Bed Fe,0, +1% EC1 - = = = 139 517 a6

45 ® Ngtimated .

From the shove data if will be seen that obisinable with pure- iron oxide pru-
the process carried cut in the presence of moted with XCL. - 03
magnesia-supported iron-magnesia spinel - Fluidity. tests carried out in a 1-—3”
catulyst promoted with potassium and [used silica fube using H, or N, as the

50 copper yields aboub 75% more ligmid fuidizing was ot superficial velocilles of
hydrocarbons than the proecss using the 0.3—0.5 ft. per second gave the fullowing
maost active of the other carrier calalysts results:— - - .
{ested and clofely approaches the yields -

: . Tapre I1L L
Catalyst Size Bulk Floidity
_ Microns *©  Dengity at Go0° T,

549, Mg0, 40% Fe,Q,, 5% (n0, 1% K0 6% 080 - f(lood

65 329 alumina-silica Lydrogel, 689 Te,0, AH0—60 0.79 - Good

559% silica gel, 46% e, 0; - - - p—AB8 0.62 Good -

Hematite - - -« = - - « .5—7h 2.4 TPoor

Tron . powder - .-~ - - - .= B—Tb 2.4 Poor

Magnetite - - - - - b—Tb 2.4 Poor

70 The above table shows that the the yields of olefing are appreciably
magnesia supported spinel catulyst of the higher thuy {hose vbiainable with other
present invention has the same guod carrier eatalysts at similar reaction condi-
characteristics for use in flvid catalyst +ions. Thiy combination of charaeteristics
systems as other carrier catalysts and distingmishes the catalysts of the present 90

75 is in this respect grently superior to pure invention over any known prier art

iron_eetalysts. Other of the spinel-type
cutalysis - supported in bivalent '_com)im-
nents of low bulk dengity have similar
good fluidity characteristies. )

80 From the foregoing, it will be readily
appreciated that the improved synthesis
catalysts combine highest achivity and
selectivity with satisfactory ease of flnidi-
zafion. An additional advantage of the

85 preseni invention resides in the faet that

synthesis catalyst,
~*Fhe present inventien ig not to ba
- limited o any theory of the mechenism of
the process or catulysls mor Lo say 95
examples given merely for -illusirative
purposes, T
. Hoving now particuarly deseribed and
-ascertained $he nature of the said inven-
tion, and in wha{ manner the same is to 10D
be performed, nx conunuicated to me' by
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mwy forei
what I elaim is:—
1. A procsss for the synthesis of hydro-
carbons from mixtures of carboa mun-
§ oxide amd hydrogen which comprises
contacting a gas mixture containing
earbon monoxide and hydrogen in syn-
fhesis proportions, wnder hydrocarben
gynthesis -vonditions of temperature and
pressure with o catalyst comprising a
tri-valent iron oxide and at least an
equimalecular proporbion of gne or more
oxides of one or mare bi-valent metals
other then iron which will form & spinel
15 type sompound with the said fron oxide or
products obteined by reducing such
mixinres.
2. A process as

i

claimed in Claim 1

wherein the bi-valent metal oxide is an.

90 oxide of mﬁanese, magnesiom, cad-
mium, zinc, alkeline earth metals, beryl-
liwm, copper, and the like, and preferably
magnesium or zine oxides. -

g, A proeess as claimed in Claim 1 or 2

25 whercin the cotalyst contains more than
1 molar proportion of the bi-valent oxide
and the excess of such oxide is emploﬂyed
a8 & suppork or carvier for the catlyst
composition, - .

30 4. A process ag claimed in Claims 1—3
whereih the catalyst iz 4 apinel type com-

»  pound prepared from the oxides.

b A process as claimed in any of

the preceding claims wherein the

35 entalyst comprises a mixture of from

80—20%, of magnesium oxide and irom

20—80%, and preferably from 30—80%
of tri-valens irom oxide.

6. A process s claimed in any of the

40 preceding claims 1—4 wherein the cata-
Tyst comprises 2 mixture of from 5—65%,
and preferably from 25-—60%, by woight
of tri-valent Jiron oxide and Irom
95-—35%, and preferably from B0—V6%,

46 of zine oxide. e :

T.eamington Spa: Prinfed for Hizs Majesty's

correspondents, I declare that

* 7. A process as claimed in any of claims
1—6 wherein the catalyst also contains
from 0.1—10% .of a calalysi promoter,
for example, oxides, hydroxides, car-
bonates, nitzates, or chlorides of alkali
mgtals, or oxides of aluminium, silicon
imanganese, copper and chromivm, potas-
sium oxide being the preferred pruicter.

8. A process as claimed in” Claim 7
wherein the catalyst aiso comprises from 5§
1—20% of a ecatalyst stabiliver com-
pound, for exam%lc, an oxide of a matal
of the frst, second, or third groups (right
Land side) of the periodic system, and
preferably copper oxide,

9, A process as claimed in any of the
preceding cleims wherein the eatalyst is
prepared by co-precipitating a mixture of
solutions of salts of the metals and con-
verting the precipitate aktained to the &3
oxides.

10. A pracess as claimed in any of the
preceding claims  i—8 wherein the
catalyst 15 abtained by impeegnating the
oxide of one of the metals with a solulion 76
of a zoluble salt of the other metal easily
convertible into the oxide, and converting
the sams o the oxide,

11. A process ag claimed in Claims Y
and 10 wherein the mixture of oxides 78
ubiained is- subjested to roasting at an
elovated temperatura.

18, A process as olaimed in any of
olaims 9—11 wherein the catalyst mix-
ture is reducsd at an elevated fempera- 80
ture of 600—1800° F. in the presence of
Lydrdgen.

18, A process as claimed in any of
(laims 0—I12 wherein the cafalyst is
gintered before use.

Dated this 6th day of Angust, 1946,
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