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Improved Process for the Catalytic Synthesis of Hydrocarbons

(A communication Irvm NSTA¥DAED (L
DEVELOENENT LOMPANY, & corperation
duly vrgunized and existing under the
laws of the State of Deluware, United

F  Stutes of America, having an office ot
Linden, New Jersey, Unitad Stales of
America).

I, Comiap AuNosn, » British subject, of

2, Seuthamplon Buildings, Chancery

10 Lune, London, W.C.2, do hereby declare
the wntare of this invention and in what
nmnuer the same is tu he performed, to be
purtivulorly deseribed -.m]d sscerfuined in
and by the Lollowing statement: —

This inventive relates (o the cufalytic
vouversion of carhon monexides with
hydrogenr to form  valuable synthetie
products, .

Phe vouventivnal hydrocarbon synthesis
of) provesses may be divided intv two broad
classes, depending on the type of catalyst
wged awd the character of reaction
products obfained.  One cluss comprises
reactions using cobalt eatalvsts ub rela-
tively low temperatures of about
3507 450° ). aud velatively luw pres-
sures of aboul I—10 atm.abs, to forn pre-
dominantly saturated pureffinic Hguid
and  solid hydroearhona from which
30 highly valualle diesel fucls and lubrieat-
ing vils but only low cctane oumber motox
fuels may be obtained. The other class
of processes employs iren catalysts ut
higher temperatures of about 450°—800°
T, and higher prossures of about 8—3%5
atm.abs. 1o oblain o predominantly
ungeturated preduct frowm whiek highly
valuabla motor fuels having satisfactory
cotane ratings may be recovered. Also,
40} in this clase of processes pressuves of up

to 100 ahmospheres ov higher may some-

times be used, particulazrly if high yielde
 of oxygenated compounds are desired.

The present invention is concerned with
abthat typs of reaction which wuses iron

catmlysts.

‘Artive iron catalysts arc usually pre-
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pared by tho reduction of varigus iron ores

[Price 2f-]

or precipitobed iror oxides as well as by
the devoinpusition of iron. carbonyls, The
catalytic activity of the iron way be
aphanced by the addition of seeh pro-
moters as various compounds of alkali
matals or the cxides of chromiom, zine,
aluminium, magnesivm, manganess, the
rare earth metals, ond others, in small
amounuts of about I—I0%. - As an
examyle of o proposed sotalyst contain-
ing @ promofiug substance moy be men-
tiomed a catalysh comprising wholly or
wainly & sintered metal of #he irow group
4o which has been ndded an alkali com-
pound which in agueous selution has a
neutral or acil reaction wnd which is
pravtically undecomposed at tewperatures
up to 00U C,  As alkeli compounds,
alleali halides have beew stated to be suis-
able wml ‘the addition {o the above
cafalyst uf polussium chlovide, potasgium
bromide, sodium chloride or sedicwe
fluorido has been, specifically sugoestad,

Tt has further been proposed te cary
out the ecatalytic hydrogemation and
delydrogenation: of compounds contain-
ing carboa by employing catalylic agents 75
containing metallic nickel, cobalt, iron or
copper, und alio fluorine, tellurium ov
antimony. Complex  compouuds o
Huorine, tellurium or antimony have been
reported to be advantageous for the above BO
porpose, fha use of potassinm silive
flueride und potassivme titaninm fuoride
baving been specifically suggested. The
present invention is directed solely to an
improved process for the cafalytic hydro-
genation of earbon moenoxide and it has
now been found that the use in this process
of a catelyst comprising o major propor-
tion of au Irow compound and a minor
propertion of a flworine componnd gives
excepbionally beneficial resulty es will
becoms apparent hereinafter. :

The escential factors determining the
ntility of an iron cabalyst for hydro-
gemating oarbon monoxide are total liguid 935
yield as determined Ly activity (per cenf.
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vonversion} and selechivity (ratio (0, wnd
higher hydrocarbons: €l and Ligher
Liydracarbang), olefin formatiom and
catalyst slabllity., 'Thus, the avemge
5 unpromoted iron eatalysts have a selec-
tivity of about 0.5, yielding aboud
140—150 ce. of liguid product per cu.m,
of GO and H, consumed, which confaing
abowb 60—G5% of olefin in the €, cut.
10 These characteristics may he improved by

the addition of the most aclive conven-..

tional promolers such ‘as various podas-
sium compounds, particnlarly potassinm

chleride and corbonate jo o selectivity of

16 somewhat less than §,70, yielding about

20U ee, or less of ligaid produch per cu.m.
. of GO+ H, consumed, %he improvement
“  of the olefin formation by the conven-
tivnal alkall metal proinoters is Lighly
frregular. 1o view of the faet that the

theoretical maximum yield of lignid.

hydrocarbons obtainable per cum. of
ayuthesis gus contuining 1 or 2 mols. of
H, per mol, of O is 290 ce, of lquid
which may contain as mueh as 100%

olefins in the C, cut, it will be appreri- .

ated that there iz considerable room for
improvement, However, in apife of the
extensive research work conducted in the
field of synthesis catalysts, no appreei-
able immprovement is known to have been
;mcompf' i
tion beyond the figures given shove. The
Presend invention is. clielly conesrned
with suoh an improvement, ’
Accordingly the present invention con-
sists of an 1mproved process for prodme-
ing normmlly lguwid hydrocarbons from
varbor muneside and hydrogen by a
40 catalytic synthesis veaction comiprising
contacting 2 gas mixbure conluinming
carbun monexide and hydrogen in syn-
thesis proportions, nwnder synthesis con-
ditions of tetnperature and pressizre, with
45 0 catalyst comprising & major proportion
of an iron componeniand & miner propor-
tion of a fluerine compound of potasgium
us promoter. ..
While polessiom fluoride is {he pre-
50 ferred promoter other finoring tompounds
of potessiom  poacticularly complex
fuorides suck -as potassinm aliminmium
flueride and potassinm fvostlicate may be
used. - The irco suey be employed as wa

30

g5 oxide, for instance in the form of red or -

vellow irom oxide; irom ores euch as
hematites, Hmonite wnd megoetite. The-

fluorine compound of petassium may be

present in amownts of 0.1—105, prefer-
g0 ably about L% of the irom oxide.

’ﬂw catulysts may be prepared by
moigtening iron oxides with an agueous
potassium Huoride solution of suitable
corecatration followed by drying, sizing

g5 or otherwise forming: - h‘m'&y‘-'ﬁei advis-

ished prior to the present inveiu--

ahld fo add a small wmount, such as .

B—4i% of & combustible binder, to eid in

the pilling operation, and te remove the
binder after pilline by roasting the
catalyst in air at high jewperatures of 70
about 800°—1200° H. If desired, the

" impragnabed iron oxido may be partielly
_or_gubstantielly reduced by -means of a

reducing gas, such as hydrogen for about
24 hours af elevated femperatures of 75
abont G00°—1400° ¥, A sintering treat-.-
ment in & non-oxidizing slmoesphere at

“shaut 00" —1800° F. for several hours

may follow ths redueing step. A
typical method suitablo for preparing the 80
impzaved eatulyst is as follows: 340 g. of

w pigment form of red iron oxide
{anatyses—99.90% Feld,) is mixed with

a solntion, of 3.4 g. potassium Auoride in

160 e, of distilledi water to form a poste. 85
This paste is dried at 350° F., blended

with di% of w pilling aid (stearates) pilled

and caleined & hours at- 850° F, = The

pills are reduced for & hours with 1000

Y[V /Hr. of hydrogen at 900° F. and 80
tlen sintered in hydrogen for four hours

af RO0F T,

_ While the procedure described obove

1¢ a preferred method of preparing the
eatalysts it has beenm found +that other 05 .
methods may be used fo inesrperate “
fiuorine compounds of potassinm into the =~
cotalyst, Forexample, the catalysts may

be prepared by treating iron or iron oxide *
eonfaining a compound of potassinm sush 100
es KOH, K0, or ENO,, with Aucriding
materials such as H,Fy or Fel,. - Also

the iron muy be treated with these fluurid-

ing materials first 4o introduce fnorine,

and ther be impregmated with KOH, 105
K00, or EIN(Q,.  Tho vatalyst buse con-
taining the polassium componnd may be
mpregnated with, agwecuws solutions or
treated with vapors of the volatile finorid-

ng! pgends .at lemperatures of aboub 110
Wo—500° €. Complex Aumoriding
materials such us Huosilicio acids or their

. salts may be wsed, as woll ss gaseons

vrganic floorides, - .
‘I corryibg oul the hydvecarbon 115
:tsinthem i the presence of o vatalyst of

e type ahove described, comventional
synthesis wonditions for iron catalysts
uay be employed, for example tempera-
tures of about 460°—8a0* F., preferably 120
500°—100° F., pressurcs. of uhout 825
b, Hy : Q0 ratios in the rangs of about
0.8: 1 t03: L and space velocities of about
1002500 V[V [hr., - -

The following dain illustrate the advan- 125
tages of $he presend improved process over -
procedures using irom ostalysts promoted
by the most active conventional potassinm
cospounds sweh. s pofassium shloride,

- potassiuni darbonsde and Dotassium sul- 130
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phate. A series of comparative fests
carried out on  such  imiscellaneous

catalyuts prepured by methods similar to
that deseribed in the above specific
example, af synthesis conditions of

250 1bs. [sq. in. pressure, 200 V Véhr.
space velveity, U.8-—L.1 H,:C0 feed
ratio, and opfimum, reaction temperatures
#or the individusl catalysts yielded the

Tapre I.

Yields of C 4, Out-
put, ee.feu..

Catalyst (Ieduced ub Q0K . Gonv. % Belee- .
16 and Sintered at 1200° Before Tewmp, Ouilput  tivig On  Oun CO+ H.
bhe tests fTF, Pasis O+ [C+ Peed  Consmmed
Red Pe,0,+ 1% KF - 821 i 4.79 168 23
Red Fe, 0, + 19 K 1y~ 880 %8 I SR | RUA
Red Fe 0, + Ii%h K,CO, - G et g% 158 199
Red Few0, - 1% KOL Y &1T 351 062 14b L3
Red Fe,0, + 1% KOL (3) BUd D 0.40 85 111
Red Fedl o-1% K, PO, - GO0 98 0.4 158 177
Unpromoted Bed Fel, - 605 53 .49 100 1=

25

80

B0

Eb

{1y Not sintared.

{2) Not sintered; operating pressure 150 psig. ; this pressure change does not

appreciably affeet the yield.
(3) Sintered at 1300° F.

From the above data it will be appreci-
atad that the proeess accurding fto the
prevent inveation carried out in the
presence of an iren eatulyst promoted hy
potassinm fnaride affords a coasideruble
imprevement with respect to selectivity
and vield of liguid products which exeeed

3

tollowing results in. fixed bed-operation, 10

those of the conventional procedures by as 35

ek as abond I0—509%.

Teusts carried ont at optimum: tempera-
tures for olefin. formetion but at other-
wise the same conditions as Indicuted in
connection with Table I gave the follaw-
ing results: '

Tapin IE.

Catulyst (Reduced al 900° F. and Synthesis 9 Olefins in
Hintered at 1200° F.) Temp. * ¥. - G
95Y% Red Fa,0,, Ii% KF - e . Ga0 81 g1
8% Red Fel),, 1% EF (1) - - 3Kk 88 9
9% Red Fe 0y, 1% K4, - - 595 87 35
Y% Red Fe,0,, 156 KG1 (1) - - alu a8 i
99% Red Feyy, 1% KCL(2) - - GOd 2 —
999, Red Fey,, E% K, PO, - - HI5H 285 —
Red Iron Oxide Pigment (1Y (3} - L3 G0 B0

{1} Not sintered.
() Rinterad af 1800° T
{3 Redueed ot 10000107 F,

Tt will be nofed that the potassinm
fluoride-promoeted catalyst  yields the
kighest perventuge of clefins and is the
only one of ths iron cutalysts tested that
affords o considerable increass of olefiu

60 formativn in combination with maximmum

geleotivity and maximum liquid yield,
With regard to olefin formation, it huas

hean further found theb the proporfion of

olefin produced by a KF-promoted iron

85 catalyst increases with inoreasing reae-

tioh temperatures to reach a maximum

ut o ‘temperature substantially higher,
preferably about 10°—50° ¥, higher,
than the gptimuwmn temperzture for maxi-
mum  lgmid vroduet  Fields. This
phenomenon is the opposite of what
should have been expeclted on the besis
of the behaviour of unpromoted iIron
colubysts.  Data pertinent herete are
given below, tha lewest {emperalures
Iisted corresponding approximately to
these of maximum liguid yield for the
purticelar catalysts here involved.

w
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. Taves TII.
: : Wt, %
Teanp. Loy, | - Qlefins
Ualalyst B A in Oy Cut

B Bed 1,0, unpromoted - - 830 48 65
. 650 83 53

- 570 9 &l
Red Fe,0,4+1% EF -.-». - -~ _ 600 . 70 av

. B 1)) M. &
10 . BB¢ o7 3

Therefore, if the fmmu.tmn of lﬂrge pm- -

portions of olefing iy desired, it is pre-
ferred to employ reaction tempumtmeér
ahove ohout 620° F. and preferably
15 between wbouwl 830° and G507 F.
The presemt invention iz not to be
limited by wny theory of the mechanism, of
the PIOCESS UT catalysh wor fr the eximples

which are piven merely for illnshative

2 purposes.

Efp ving now partienlarly described and

asecrtained tho nature of the said inven-

tion, and in what munser the saue is fo

ha performed, as ecowmunicated to me by

25 mv for gn, t'urre.‘:.laonde-n‘t-ﬁ, I'derdore that
I elaim ix:—

1 Au improved process for prodneing

normellty  buwld  hydwcarbens  from

earhon. monoxide and hydrogen by a

80 catalytic synthesis reaction comprising

contecting o gos mixbure contalning

cazhon. . monoxide and hydrogen in
syubliesiy proportiows, wnder sywfbesis
~ eonditions of temperagure and nressure,
85 with & celulyst comprising a wajor pro-
portion of uu iren component and a mainoxr
proportion of a Hluorine sowpound of
vobussium.
20 A provess as claimed in Claim 1
40 wherein the fluorine compound of 1370’&1»5-
siwm Is potassivin duoride,

3. A process as claimed in Claim 1,
wherein ths fluorine compound of potas-
sium, iy potussiwm Huoride complex such

4h as potassivm aluminum Auoride or potas-
stue Jugsilicate,

4. A process ax claimad dn any one of
Cladins 1—3, wherein the ivon component

47 1% an iron oxide. )

‘5. A iprocess as claimed in Claim 4, 50
wherein the izon oxide is red iren oxide,
vellow iron oxide, or an iron ore, swck as
Liematite, limonite, or magnetite, )

-0, A prucess w elabined in Cluims 4 or
8, whevetu the amaunt of the fluerine com- 5h
pound is from 0.1—10% by weight of the
iron oxide.

T. A provess as.claimed in any one of
Cluims 1—G, wherein the eutulyst com-
pogition is hmbnenteﬂ 1o a redncing action g0
with a reducing gas prior fo use.

. A process as claimed in (_;].d.lll.l. 7,

" whevein the patalyst composition s sub-

jected to o sinfering freatment in @ mon~ ' .
oxidizing atmosphere, such as hydrogen, @5
ulter the reducing action.

e A process as olaimed in any of the
vraeeding claime, wherein tha cavbon.
moneside-hydregen mixture conteins
from 4.8—8 moleenles of hydragen per 70
molecule of carbon monoxide and the
rexctlon is -carried vub at o pressure of
#-25 atmospheres and ab af a tempers-
1wrs  considecably higher fhan  the
optimom  temperature for producizg 75
maxivnum yields of liguid products.

S A prucess as L%amled. du Claim 9,
wherein the reaction temperature is
10-—5F F. higher then tho said optimum
temyperature, 80

11. Aprocess asclaimed in Claims 9 or
1), wherein the reaction is corried ouk of
a femperature betwesz 630 aid GSO° F.

Dmted this 28rd day of Aupust, [940.

D. YOUNG & CO.,
29, Southampton Buﬂdmg‘s,
Chancery Lane, Tondon, W.C.2, |
Agents for the Apylicant. ’
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