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COMPLETE SPECIFICATION

Process for the Catalytic Hydropenation of Carbon Monoxide

We, RUHRCHEMIE AKTIHNGFSKLLSCHART,
of (therhavsen-Haolten, Gormany, a German
Company, and LUrGI (JESELLSOHAPT FUER
WarrvMerECHNIE M.8H,, of Frankfurm am

5 Main, Heddernheim, fermany, a (ferman
Company, do hereby declare the invention,
for which we pray that a patent may he
granted to us, and the methud by which
it iy o he performed, ta he particularly

10 Jescribed in and by the following state-
menl =—

The invention relates to a proeess for
the hydrogenation of carbon monoxide in
the presence of an iron eatalyst.

15 1t is kriown that, in he eatalvtic hydra-
genation of carbon monoxide, primary pro-
dnets may be ohtained which differ lurgely
Lolh in thelr chemieal nature and in their
hoiling ranges, This variety of products

20 1is obtained by varying the synthesin com-
ditiong, partieularly with respeet lo the
pressure, temperature, pas throughpnt and
gas recveling, as well ag hy using catalysts
of different composition and catalyets

25 which have heen prepared by different

cmethods. For fron estalvsts, these eondi-
tions are very charaeierisfie. [n genaral,
a eatalyet of a given ecomposition which
hus heen prepared by a given method

30 resnlts, in the main, in the formation of
svnthesis producls ol o verinin composi-
tion. Por the production of primar pro-
ducts having a high conteat of uvxygen-
eontaining organie compounds, strongly

35 alkalised 1ron catalvsts have proved to be
useful. Only rarely has it heen reported
that different primary  produeis  arc
ghtainahie with the same catalyet, merely
by selecting the eonditions for the syn-

40 thesis operation, partieularly in respeet of
the paz thronghpui.

It iz kmown that the inner surface ares
of vatalsysls Is of deeisive Luporlance fov
their efficiency, particularly with respect

45 to_the chemical patgre and the holling

range of the primary prodeets. (Reference

s made to the work of Tramm *¢ Zur
Technile  der Kohlenoxydbydrierung,
published in ** Trdoel gnd Kohle,”’ Vol

3, pp. 10-17, partienlarly Fig, 9 and the 50
lefl-hand eolumn of page 14, and in

' Bremmstoff-Chemie,”” Vol 33, pp. 21-30,
parileoiarly page 27, left-hand column,
Fig, 9.

I has now besn found that by the use 55
of a catalyst of a given composition pre-
pared by a given method and thns having
4 certain surface area. primary products
having a high cowient of high hoiling
Lyvdrocarbons may he obtained by the 60
hrdrogenation of earbon monoxide.

According to the invention, a proeess
far the eatalvtie hydrogenstion of earbon
menoside comprises contacting a gas mix-
ture containing hydrogen and  earbon 65
monoxide in synthesis proportions with an
iron-contaiine catalvst which is wosup-
ported or which containe only a small
quantity of supporting material, at o tem-
perature inm the range of 1759-300°0., at 70
un elevated pressure mnot exceeding 100
atimrospheres gauge and al o rate of from
10 to 200 volumes ol fresh synthesis gas
per volnme of ecatalyst per howr, the iron
in the eatalysi having heen obtained hy 75
precipitation from a solntion of an iren
salt at a pil value in the range 6.8-7.5.
the calalyst havine an 8#). econtent of
from 35 to 15% obtaincd by direct
impregnation with an alkali-metal silicate, 80
and having an alkall content (ealenlated
as KO0 of {rom 29 tn 8%, the Si0, and
the K. contents bheing by weighi and
melalive to the lotal Ivon conteni of the
catalyst, the eatalyst having an mner sar- 85
face areg of from 180-230 square metres
per pram of the fotal von In the eatalyst
and having hesnh redueed prior to use to
converl from 1095 to 509 of the {otal iren
into the clementary state, . 20
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Where the catalyst is supported, the
small quantity of supporting niaterial
‘vhe eaialyst may, for example, congtitute
up to [0 by weight of the catalyst. Suit.
5able substances for use ss the supporting
materfal are, for example, Kkiesclguhr,
aluming, hansite and asbesios. The sup-
porting matcrial, when used, may be sus-
pended in the selntion of the von salt on
¥ in the solution of (he precipitant prior io
the precipitation, or it may Le added
dnring the proeess ol precipitation. Tt is
necferred, owever, to add the supporting
material, when wsed, to the seluwtion
15 Imediately the preeipitation of the iron
has bheen ecompleted.

The alkali content of the catalyst Is
nretevably In the range 3-49%, the imner
surfaee area of the eatalyst is preferably

gofrom 200 te 220 sguare metres per gram
of toial iron in the eatalvst, and from
304% to D04 of the total iron in the cata-
lyat is prelerubly in the elamentary state,

The aikali content of the eatulyst’ may

25 e provided I parl by the precipitant
wsed for the precipitation of the fvon éata-
ivst, the washing of the precipitated
ratalyst mass being then limited to permit
some of the alkali-metal eomponnd or com.

4t pormde to remallr in the precipiate, Aller-
natively, the precipitate may be washed
substantially ¥ree from alkali-meial com-
ponnds, the alkali content of the eatalyst
heing then introduneed by impregnating

35 the preeipitate with an alkali-metal silicate
i ghtain the desived eantent of 8i0,, Any
eveesg of allall which ig thereby intro-
daced.muy Le removed by means of dilute
nitrie acid. Thus the desived comtent of

40 silicie aecid 'SI0.) sy ba ohtained by
impregnating the preeipitated mass with
commeredu) allalianetal silicate having a
ratio of .00 :Si0w of 1:2.5 hy weipht. Tt
will be wnderstood that when the alkuli-

45 metal in the eatalyst or i the sflisate is

het potassinm, the alkall metal is expressed
u3 the eguivalent of K.0. The silieie acid
510} remains quantitatively in the preei-
pitated eatalsyst mass and cannol be or iz

50 snt. removed therefram hy any chemiaal
step employved in the eourse of the produe-
tion of the eatalyst.

The K080, ratlo in the ecatalyst iz
advaniageously adjusted 1o a value of

85 from 1:1 {0 1:5 by weight. Such a. ratio
will give partiewlarly favounrable resulis
with respect to the life and the activity of
the eatalyst, To obtdin u ratio of 1: more
than 2.5, the catalyst mass impregnated,

60 with the alkali-metal silieate. for craniple,
waterglass, 18 nentralised with dilute nitrie
wrid while maintaiming o pH value of 6.5-
2, thereby dissolving out a more or less
larme proportion of the alkali-metal and

63 shifting the ratio .0 :8i0. in favour of

the siliele acid (80,

If & K.0:810, ratio of 1: less than 2.3
iz desived, an incomplete washing of the
precipitateld catalyst mass is advantage
ously eifected, that is, the residual alkali 70
eontent of the previpifaie is adinsted to
1-2% {ealculated as K,0 and based un the
weight of the total iron in the precipitate,.
By the subsequent direct impregnation
with the allrali-metal silieats, it is possible 75
to obtain K.0 :810, ratios which are lower
than 1:2.3, sueh, for example, as 1:1.3
or ever 1:1. '

The desived content of [ree iron in the
eatalyst Is obiuined hy the use of sultahle 89
reduetion eonditions. The reduetion is
effected wilh puses eontaining hydrogen
and /oy earbon monoxide at temperatuves
within the range 175°-320°C. and prefer-
ebly at temperatures between 200°(, and 856
250°07. A high gas veloelty of, for example,
1-2 metres per second and preferakly 1.2
1.5 metres per sceond (ealeulated at room
temperature and at normal atmospherie
pressnre) has heen tound to be advan- 90
tagoons,

The inmer surfacc avea of the catalvst
i& o funetion (u) of the alkali eontent, (1)
of the Si0. content and (¢ of the quanfity
of the total iron which i= i the elementary 25
state, The determination of the inner sur-
faee arca of the catulyst is efferted by the
preparation of an adsorption isotherm and
its evaluation by the method of Brunager,
Tmmet and Teller (the so-called BET
method), The apparatus required consisiz
substantially of a praduated buretic n
which the volume of the gas te be adsorhed,
ench as nitrogen or argon, is measared, a
manometer for the determination of he 105
gas pressure, and a small flask in whieh
the adsorbing substanee to he tegted Is
placad.

The catulyst may contain ome or more .
promoters, sueh as copper, silver, lime or 110
metals of 5th, Gth or 7th groups of the
periodic system,

The invention Is ilinstrated in the fol-
lowing exanple,

100

Brauvpry 115
A hoiling solution which econtained 45
gramg of irom, 0.45 grams of copper and
2.5 gramg of Cal in solution in the form
of their nitrates waz added within 2
minutes to a holling =olution of sedinm 129
carbonate so that the pH value uwpon fer.
mination of the preeipitation was 7.1. The
mixinre was then heated for a short time
and immediately thereafter filtered in the
hot state. The filicred mass was washed 125
with hot distifled water sa that the residusl
alleali contenl (ealeuluted as I.0) in the
TR W 0.6% by weight based on the
total iron conteut of the mass, -
The moish eatalzst mass was cooled and 180
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lmpregnated with an agueons solation of
rotassium silieate having a conceniration
of 209% and a XK,0: SiQ; ratio nf 1 : 2.5
by weight, the quantity of the potassiom
S silicate solution nsed heing sneh that the
total alkeli content of the imprognated
eatalyst mass was 3.69% (ealewlated as
K:0) by weight of the totul irom in the
mass. . The contant of silicie aeld (8i0J)

10in - the impregnated mass was T.83% by _

weirht of the tofal iron. .

The mags was dried at a temperature of
1107, erushed and sieved to a grain size
of between 2 mm and dmm.

16 The granulaied catalyst mass was re-
dueed for G0 minutes at a temperatnre of
250°C, with a gus mixture consisting of
759 of hydrogen and 259 of nitrogen
using - a superficlal gas veloeity of 1.4

Xmetres per seeond (ealmilated at room
temperature and at normal almospherie
pressure), 269% of the total iron in the
rednped catalyst was then in the clemen-
taTy etate.

o5 4.5 Iitres of the redueed catalyst mass
were charged into a2 double-tube reaction
vessel eonsisting of two coneentrie tnbes,
the satalyst heing disposed in the annular
space helween the two tubes whilst a heat

g0 transfer mediurm was passed through the
inner (ube, Water gas was then contacted
with the catalysi al a synthesis pressure of
30 atmospheres ganpge and af a tempera-
ture of 212°C., and at the rate of 100

35 volumes of fresh gas per volume of catalyst
. per honr, with the use of a recyele ratin
of 24 ;1 (2.5 volnmes of reeycle gas per
volume of fresh gas). The (O : H, ratlo
in the water gas was 1 : 1.10.

40 The CO + FH. conversion ohtained onder
these eonditions was 6594, the methane
formation being 109, and the usage or
eonsumption ratie heing 1 : 153, The
proportion  of produets hoiling shuve

45 320°0". constituted more than Ti% of the
liguid produet.

A further catalvst was prepared in a
manner similar to, thal deseribed above,
except that the washing of the precipitaled

50 mass was less Intensive to leave a residual
KO content of 1.39% instead of 0.6%. The
same quantity of the same solution of
potassinm silicate as that deseribed above,
“was used to Impregnate the nrecipitated

g5 mass. When the redueed czna.l}“st was ?sed
in synthesis under the conditions deseribed
above, the proportion of Ligh hoiling hyd-
rocarhons in the produet was somewbat
higher.

80 What we ¢laim is:—

. 1. A process fur the eatalvtie hydro-
genation of carbon munoxide, which com-
prises contacting a gae mixture contain-
ing hydrogen and earbun monoxide in
85 synthesis proportions with an iron-contain-

ing catalyst which iy unsnpporicd or which
containg only a smal! gnantity of support-
ing material, at o tcmperainre in the range
1139-3005C,, at an alevated pressure nof
cxeceding 100 atmospheres guuge and at a 70
rate of from 10 to 200 volumes of fregh
gymihegis pas per volume of catalyst per
hour, the iron in the eatalyst having been
obtained by preeipitation from z solntion

of an iron salt at a plff value in the range 75
6.8-7.5, the tatulyst having an 8i0. con-
tent of from 55 to 159% ohtained by direct
tmpregnation with an alkali-metal silieate,
and baving an allkali confent (ealowlated
as K0 of from 2% {0 6%, the 310, and B0
the K.} contents bheing by weight . and
relutive fo the total irom conient of the
catalvat, the catalyst having an inner sur-
faec ares of from 180-230 sguare meires
per gram of the fotal ivon tn the eatalyst, 85
ud having been reduecd prior 1o nse o
eonvert from 1095 fo 309 nf the total iron
into the elementary state,

2. A procese aecording to (laim 1, in
which presipitation of the solution of the 50
won zalt iz effected ut a pIl value oot
ereater than 7.1,

5. A proecess aceordiuy to Claim 1 or
laim 2, in which the alkali vontent is in
the range 5%-4%. 95

4. A process ascording to any one of the
preceding eluims. in which lrom 20%-
e of the iron o the eatalvst iz in the
elemeniary slate,

3. A profess acenrding to any ane of the 100
preceding claims, in whish the inner swr-
tace area of the ealalyst is from 200220
square melres per gram of the total irom
in the eatalyst. )

6. A proeess according to any one of the 165
preceding elaims, 1o which the catalysi
eontaine one or more pramoters, sueh as
lime, copper. eilver and metals of the 5lh
ta the Tth groups of the perindie system.

7. A provess aceording to any one of Lthe 1160
mreceding claime, in whieh the precipita-
1ion of Lthe ivom from the solution is cifec-
ed with an alkali-metal compound, the
precipiiated mass being then incompletely
washed wherehr, after impregnation of the 115
mass with the alkali-metal silieste, a cata-
Ivst Is obiained in which the nnmerieal
valne of the ratio Si0, : K.0 i3 less thanw
2.5

8. A process acenrding te any one of 120
(Maims 1 10 6, In which the precipitation
of the fron from the solntion iz effected
bv an glkalimeta] eompound, the presipi-
tated mass heing thereafter -washed for
substantially complete removal of alkali- 125
metal compounds, the washed mass beine
then impreenated with an alkali-metal
gilieate., the alkuli-metal content in the
satalyst heing theréafter lowered by trents
ment of the mass with nftvie acid whilst 130
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raintaining 1 pH value of from 6.5 1o 8
to yield a catalyst in which the numerieal
valne of the ratio 8i0,:K,0 is greater
than 2.5,

5 9. A provess for the prodoetion of agh
holling hydroearbong by the hydrogenation
of carbon mornoxide, substantially as here-
inhefore deserihed. '

10, A process for the eaxtalviie hydro-
gengtion of sarhon monoxide, substantially 10
as deseribed in the Example.

11. Ilydroearhons whenever abtained by
the process of auy preceding elgim,

EDWARD EVANS & CO,,

14-18, HWigh Holborm, London, W.C.1,

Agents for the Applicants.
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