No. 27022149,

L Er ,ja.'f-.;‘}- ;
2 i

PATENT SPECIFICATION

Applicotion made in Germany on Dec. 23, 1948,
Complete Specification Published May 17, {954,

Index at acceptancs - —Classes 1(1), F3B1; and 2(3}, B1G.
COMPLETE SPECIFICATTON
Process for the Hydrogenation of Carbon Monoxide

15 ]

20

80

35

40

45

bt

We, Ruancusiul AGTIRNGESELLSCITATT,
of Oberhnusen-Hoiten, (ermany. a Ger-
man Joint-Btock Company, do hereby
deelare the nature of this invention and
in, whal munner the same is to be per-
formed, to be particularly deacribed and
aseartained in aund by fhe following state
ment ;-—

The invention relates to a process for
the syathesis of hydrocarhons by the cutu-
litic hydrogenation of carbon moenoxide.

Tn the hydrogenation of corbon mon-
oxide at atmogpherie pressure {synthesis
at normal pressurel, the use of iren cota-
vsls 1s known.,  These cutalysts nearly
alwnvs contain, in gddition fo 1ron. small

amounts nf copper, and frequently also .

appropriate activators, for example cal-
cinm or sine. Catalysts of {his type always
confain a more or less o ppru(.‘iaglp auount
of ane or more alkali-metals, [or example
iy the form of sadium carbonate, sodium
hydroxide, potassium hydroxida or potas-
sium virbogule.

Tha guantity ©f alkali-melal compound
present, whiell is usually expressed as
K.,0, is of fundamental importance.  if
small quantities gi the alkali-metu]l com-
pound are used, for exwmple 0.9%—1%,
expressed as K,O and hasad on the total
iron content of the eatalyst, the propor-
tion of hydroearhons of lhigh meleenlar
welgh( in the produsts is relatively small,
Un the other Liond, the amovunt ol
metlove formed is funrly high. If the
quantity of alkali-metal  compound,
expressed as .0, is increased fo §%——
10%, then an appreciably higher yield
ol hydrocarbons of high molecular weight
geeurs, whilst the methane formation
tecreases. These catulysts quickly hecome
coated with paraftin wax during the reac-
tinn; this results in o speedr reduction
of their activity and often wecessitates
the extraction of the catalysts at short
intervals, :

Tn the catalytie il;,-'drngena-'tiﬁn of car-
bun monoxide, particular imporlance is
often atfached to products having a low
content of Lvdrocarbons of higl mole-

cular weight, It has naw bean found that
this object can be achieved at mormal
pressure nr at u pressure only a faw

atmospheres higher, with the use of
precipitated  drom catalyst, if  the
catalvsts wre Impregnated with an

alkali-metal acid salt of a nmom-vplatile
weld, pariculurly the nofassiuin  salt,
instend of with an alkali-meiul hydroxide
or  an  alkali-melal  carbonate, the
quantity of the alkali-metal aeid salt
ralculated as F.0) in the finished cata-
Iyst being from 1% to 5% by weight of
the lotel 1ron contenl of the ealalysi.
Privr to use in the synlhesis, the cata-
Iysis are veduced with hydrogen,

By the term ' alkali-metal acid salt ™,
as used in 1he specificotion and the
appended elaims, is fo be understood an
alkeli-metal seli of un weid the repluce-
wble hiydregen of which iz only replaced
in part by the alkali-maetal. As herein-
hefare stated, the aeid is nom-voletile.

Catalysts with particulady good pro-
pertios are obtulned when the impregna-
liom 13 carried oul by means of an allali-
metal silicate, being an aeid salt as here-
inhefore defined, a primary alkali-metal
Ehoﬁphu‘ce and for u primary alkali-metal

orate. By confrast, seeondary phoaphutes
are not so suliahble, since therr acld com-
ponent is not sufficiently pronounced, and
thuerafore, if they are used for the impreg-
nation of the catalysts, their use, ufter
reduction, resulls in o Mgher formation of
hydrocarbons of high molecular waight.

If the impregualion of the catalysts is
carried ant with an wlkali-metal silicate,
being an acid salt us hereinhbafore defined,
a K,0/510, ratio in the eatalyst within
the approximale range of 1:3 to 1:8 is
pariicularly advantageous. With am
wnerease in the silieate components heyond
this, the catalyst shows, alter reduclion,
2 marked deereass in aelivity, Inerease of
the allali-metal cowponents in sueh o
manner that for eaely part K,0 there are
precipiteted less thun 8 parls 810, resulis
in an apprecinbly greater formativn of
paraflin wax,
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The precipitated iron eatalysts aeeard-

Ing to the ipvewtion, under severe syn-
thesis condifivus, for example when work-
ing at the highest possible eonversion

8 by the use of appropriate reaction tem-
peraturcs, show after reduelion only a
smeall furmation ol paraffin wax; never-
theless, suprizingly ennugh,  the
methane formation also remamns  rela-

10 tively low. Also, under less severe condi-
tions of operation, no portirnlarly Jarge
quantities of paraffin wax are produced;
under these cnnditions the methonoe for-
mation deereases «till further.

18 To obtnin the highest possible yield of
hyrocurbong of low boiling point, the
mulecular size of which lies, for example
between €5 and C,, the irom ecatalysts {0
he used ncvording to the invention ave

20 reduced with hrxdrogea ut relatively low
temperatures, preferably at lomporatures
within the yange 220°—250° C., with the
use of high gas velocities, the gux
velocities being preferably within the

25 range 1 to [.5 etres per second. Redue-
tion under conditions outside these pre-
ferred ranges results in the production of
iron catalgsts which arve efther of a lower
aetivity or which cause gn inercase in the

39 formation of methaue during synthesis
If water-gas is waed instead of hydrogen
for the reduction of the ratalysts, an
increuse them occurs in the formotion of
Lydrocarbons of high molceular weight.

85 The precipitated iron catalysis vecord-
ing to the invention are best prepared
completely without, or with anly o small
content of the uswal supporting materials
such, for example, as kieselguhr,

#0  The invention Ig illustrated hy the
following examples:—

Exawrere 1.
A vutalysi vontaining 100 parts of irou
and 4 parts of copper was previpitated
48 hot, in known manuer, from the appropri-
ate nifrate solutions by means of n solu-
tion of sodimw carbomate, Immediately
after the preeipitution, the wmether soln-
tion was filtered off, sud the ulkullauetul
50 compounds still prezent in the filter cake
wers washed out with condensate water
until the residual alliali-metal compnund
or compounds, exprossed as K. present
in tha filter anke commrized approximatel
69 0.8% by welghl of the iron. The filter
ealee, still moist, was then Impreguated
- with g solntion of waterglass, the water-
glass Dbeing an alkali-mefal acid salt as
hereinbefore deflued. The solufien econ-
60 tained approximately 3 parte 8i0), per
part of K,0. After this impregnation, the
moist catalvst mass contained 259% hy
weight of 210,. ealenlated on the tofal
ivon presenmt.  Excess alkali-mefal was

wasled vut Ly neuiralization with dilute 86
pitric acid and subsequent filiration,
leaving 3 purts by weight of K0 per 104
parts of the total iron in the mass and a
K.0{510, ratio vf 113,

The catalyst 1oazs was then dried for 24 70
hours at 1107 (., and thereafter sieved
to n particle size of hetween 1 mm. and
3 wwm, The subseguent vreduetion was
curtied oud by means of hydrogen at
at 225° (. for o reduction period of 60 TH
minntes, at a gas-fow veloeity of 1.2
metres per seeond, The eatalyst preduced
in this way Lad a reductivn value of 305
free iron, that is tv say, 30°. of the iron
in the catalyst was in the metallic stule. 80

This cotalyst was used in a synthesis
rector for the eonversion of water-gas,
100 volumes of waler-gus per volume of
catalyst being passed through per honr at
a tempervature of 2207 €, In this way a 85
conversion (GO -+ fl,) of 729%——747% was
attuined ecorresponding tuw a 939989
carbun  monoxide  cousumption,  The
methane formation approximated fo
T%—8% pf the tutal conversivn. The eon- B0
sumplion rotio (COfH,. smounted to
approximutely 1:0.7, The yield per nor-
mal eubic metre of ideal gus reached 142
erams of syntliesiz produets, exelnding
methane. About 153% of these syuthesiz 85
products conststed of C—C, lhydrocar-
hong {beiling below P C. 45—55Y%
comsisted of U—=y hydroerabons (boiling
range 30°—180° C.,, 18—20% ronaisted
of C,—C,,; hydrocarbons (boiling range 16
180°—320° () and the remaining H—
209%, cunsisted of bydrosarboms  having
more than eighiren carbon atvms in the
molecule and boiling above 320° (.

In comparizson with (his, an Jron cata- 14
lvst whicekh had, imstead of a silicale
impregnation sccording to the Invention,
bueen given & corresponding fmpreguation
with WOH, aftained o yield of 138 grams
per wormal cubic metre of ideal gus. The TN
composition vt the synthesis prmﬁlﬂ's WiE
similar to that given earlier in  this
Example. However, as a cpuseguence of
the high smount of free alkali, the von-
version fell to 474, whereupon exirnetiva 13
af the eatalysi was necessary tn restore It
ig itg state af fnll activity,

When the eatalyst was  impregnated
aeeording to the Invention in such manner
that if contained gt almost the same K0) 12
810, ruiip, ouly 13, of the alkeli-uetal
compound {expressed as K.0 and relalive
tn the total irnn eontent of the eatndvsis,
then, with approximately the same con-
version. a methanc formatien of about 12
149 ovearred. The yleld fell. in 1his
instanee, to 130 grams of synthesiz pro-
ducta per narmal enhic metre of ideal gas,

-This yield was. however, mainiained ounly



709,268 ' 2

sl the beginuing of {ke run, zince the
methane formation, even after i rela-
tively small time on stream, rose fo about
14%—201% , whereupon. the yield fell still

B further tv 120 arams per normal cubie
metre of ideal gas. The compesition of the
synthess products containing more than
two carbon atoms in the meleeule,
obtained by means of this catalyst, was

1 similar to that given eavlier in this
example.

In a comparative test a colalyst was
usedd which rcomtained a greater quantity
of allali-matal acid salt than the catalysts

16 employed in the process according to the
invention. The catalyst used was impreg-
nated with w walerglags solulion whic
contained 3 parts by weight of Si0, per
part of 1,0 to give a calsﬁyst eonraining
by weight, 25 parts of 8i0, and 8.3 parts
of 1,0 per 100 parts of the tolal lrom.
The syothesis product obtained in this
compurative test confained large quanti-
ties of hydrocarbons of Tigh molecular
25 weight and this fact necessitated exirae-
tion of the catalyst alter a short period
of gperation.

When the catalyst according to the

inventinn was veduced with water-gas
30 insiead of hydrogen then, in this case,
also, there was oo Increased yield aof
})altaﬂin wazx, Furlhermore, the aatalyst
1ad « shorter life than when the reaction

was carried out with hydrogen.
35 Wlhen the amount of 310, in the euta-
lyst was increased, the catalysls axhibiied
under similar working conditions, au
appreviable lowering in activity, with the
result that the conversion fell to ahout

44 B0Y%—BF%.
Exawere 2.

A calalyst mass was precipitated by
quickly pouring o boiling selution con-
taining, 1o the [omn of ullrates, 50 grams
of iron and 2.5 grams of copper per litra,
into o boiling solution of sodivm enrbon-
ate; the sndinm ecarhonata sointion con-
tained 100 grams of zodium carbonste per
litre. The precipitoied cotalyst wass was
50 filiered, and tle precipilate was carefully
washed with hot econdensate waier. The
washed precipitate contained 0.5 parts of
the alkali-metnl compound or compounds,
expressed as K,Q, per 100 parts of irom.,
66 Thereupun, the precipllale was immedi-
ately impregnated with a solution of
primary pntassium phosphate (K, PO,
containing deterinined amownts of frec
phosphoric acid, the impregnation being
gn effecled to give the finished eatalyst
4 vparts of alkali-meta] compounds,
expressed as K,0, per 100 parts of iron.
The catalyst moss was then dried ut au
temperature of 105° C. and {hereafter

moulded and sieved to a particle size of 85
from 2 mm, to 4 mm,

The reduciion of the catulyst will
bydrogen was effected with a linear gas
velneity of 1.9 metres per second at a
temperature of 2307 C. for a period of T
sisty minutes. The reduction value of the
catalyst was then 299%.

The catalyst was then used in syn-
thesis with water-gas under normal pres.
sure ot o temperoturve of 217° C. and with 78
a space veloeity of 100 v/v/hr, A €O+ 1,
conversion of T3% wns obtained in
the synthesis, which corresponded to a

CO vonversion of over 90%. The
methane formed amounted 4o B9, 144 80
grams  of svnthesizs  products, other
than _wm¢thane  were  obluined per

normal enhie metre of ideal gas. The come
poeition of these products was similur to
the composition of the products ohtained 85
in Exomple 1.

Throughaut the specification und the
appentded claims, the slkali-metal com-
pound or cempounds in the ecatalyst is or
are expressed ns W,0 and the content of 90

alkali - metal compounds, expressed
g BL.0 15 veleulated with reference
to  the fotal amount of irom, in

clementury and combined form, in the
pubalyst. Thus where the only alkali-
metal compound present in the calalyst
1s that introduced as NaH, PO, and the
catalyst_was Impregnated with 5.1 parts
by weight of this compound for every 100
parts by weight of the total amount of 100
iron in the eatalyst, the quantity of
alkali-metal compound in the catalyst is
expressed g 4 paris of K0 per 100 parts

of iron or as 4%.

Similarly, where the allnli-metal aeid 108
salt used for the impregmation of the cata-
Iyst is an allkali-metal silicate, the alkali-
metal component is always expressed as
E,0 in the ratio alkali-meial component/
8i0,. Thus where the alkalixpetal apid 110
salt 1s sodinm silieate aud blie finished
catalyst contning 1 part by weipht of
Na,0) for every G paris by weight of 8i(),,
the K,0/810, railo of the finished catu-
Iysi is 1:4 approximately, 115

In Patent Specification Nu. 672,259
there iz claimed a process for the syn-
thesis of hydrocarbons or mixtures  of

8b

“hydrecarbons and oxygenated hydrocar-

bon dezivatives by the eatalytic hydro- 120
genation of carbon monvxide with the aid
of catalysts which contain irom, alkali-
metal compounds {preferably oxygen-cons
taining petassium eompounds) und difs-
culty redueible non-volatile reactive anid 1¥6
anhydrides as therein defined, charac-
terised in that the ratia hy weight of
alkali-mefal componund (ealculated in
terms of alkali-metel oxide) to mon-vola-
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file reactive acid anhydride in the cata-
lyst is selected fo be {etween 1:2.3 and
1:7.0. The term ** reactive ami] anlryd-
rides *" wsed therein is defined as intended
to denote a group of eompounds vompris-
ing those ozides whivh are cupuhble of
reacting directly at elevaled temperatures
with alltali metal earbonates or alkah
metal hydrvoxides to form alkali metal
salts,

Having vow particulurly described and
ageertaitied the nature of our said inven-
tion, and in what manner the same 15 to
be performed, we declare that what we
claim i5:—

1. A process for the synthesis of Lydro-
varbous by the hydrogenation of carbon
monexide m the presence of a precipitated
non eotalyst at normal or slightly ele-
vated pressures with reduced formation
of methane and of hydrecarbons of high
maleenlar weight, in which the iron enta-
lyst, which may confaip the nsual seti-
vators, has been impregnated with wu
alkali-metal acid salt (Izls hereinbefore
defined) of a non-volatile acid, to0 an
extant sueh that the quantity of alkali-
metal aeid salt, ealeulated as K,U, in the
finished eatalyst constitutes from 1% to
3% by welght of the tota]l Iron conbent
of the cutalysf, the culalyst having been
redneed with hydragen at high gas
veloetties and at relafively low tempera-
tuces prior to use.

2, A process according to Claim 1, 1n
which the auid salt iz an alleali-metal s3li-
eate, a primary alkali-metal phosphate or
& primary alkali-metal borate,

709,263

3. A process avcording lu Claim 2, in
wlich gn alkali-metal silicate is nsed, the
H,0/510. ratie of the finished catalyst
being within ihe range 1:3 to 1:46.

4. A prucess avcording to any one of the
preceding claims, in which the lineax
veloeity of the hydrogen in the reduetion
of the catalyst is within the range 1.—1.5
metres per secold.

a. A precess gecordiug lo auy ene of the
preceding vlaims, in which the reduetion
of lhe catalvat with hydrogen is effected
at @ temperainre within the range 2207 —
2500 C.

b, & provess avcording le any of the
precediosg claims, in whieh the alkali-
melal snlt is o potassium salt.

7. A proeess according to any oune of
tlhe preveding clalms, 1o which the cata-
lyst is unsupported.

8. A process for the produetion of
hydracarhons, substan’tial%y as berein-
before described in weeordanve with ike
invention Iun Example 1.

9. A process for the produetion of
Lydrocarhons substantially as  lercin-
before descvibed with  referemce 1o
Example 2,

I8 A process for the production of
leydrovarbons, substantially as  lerein-
before deseribed. -

11. Hydrocarbons whenever produced
by the process of any preceding claim,

EDWIN EVANS & CO.,
1418 Hisk Holborn, Londen, W.C.1,
Agents for the Applicants,

Lesmingtan Spa: Printed for Her Majesiy's Statinnery Office, by the Courier Prems.-—1954.
Puhlish_ed at The Pateni OMEce, 25, Southazmpton Buildings, London, W.C.2, from which
copie way be oblained.
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SAREILL RSl AMAERLEYY,

The guantity of alkali-metal compound
present, which is nsually expressed as
K,0, is of fundumental importance, If
small quantities of the alkali-metal vom-
pound are wsed, for example 8.9%—1%,
expressed as 10 and based on the fotal

30
_tron content of the catalyst, the propor-
tion. of hydrocarbons of high molecular
weight in the produets is relulively small.

On the other hand, the amount of
methare formed is fuirly high., If ilie
quantity  of alkali-metal = compoeund,
expressed as K,(), is inereased to D%
10%, then an appreciably higher yield
of hydrocarbons of high molecular weiglht
ocours, whilst +he wethane formaiion
eereqses. There catalvsts qunickly become
couted with paratin wax during ‘the reac-
tion: this resyils in o speedy reduction
of their activily and often necessitates
the extraction of (he catalysts at shot
infervals,

Ta the eutalrtic hydropenation of car-
ben menoxide, purticular importance is
offen attuched to products having a low
50 conient of hydrocarbons of high maole-

35
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perties are obtuined when the mipregna- 76
tion is carried vul by means of an alkali-
metal siligute, being on aeid salt as Lere-
inbefore defined, o primary alkali-metal
pliosphate andfor a primary alkali-metal
borate. By continst, secondary phosphates
are nol so sullable, sinee thelr acid coni-
ponent is not snfticiently pronounced, and
tharefors, if they are use(f for the impreg.
notion of the catalysts, theiv nse, ufter
reduction, results in o higher furmation of
hydrocarbons of high molecular welght.

If the impregnation of {he catalysts is
earried ont witl un plkali-metal siHeate,
baing un ueid salt as hereinbafore defined,
a K,0/510, ratic in the eafalyst witkin
the approximate range of 1:8 fo 1:8 is
particulurly  advantageous.  With an
merease in the silivate components beyond
this, the catalyst shows, after reduction,
a marked decresse in avtivity, Increase of
the alkali-metal components in sweh g
manner that for each part 1,0 there nre
preeipitated Tess than 3 parts 310, resnlts
In an appreciably greater formation of
paraffin wax,
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