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COMPT.ETE SPECIFICATION
Process for the Catalytic Hydrogenation of Carbon Monoxide

Wea, DRuomonsum  AETIENGESRLL-
somarr, of Oberhansen-Holten, Ger-
muny, a Clerman company, snd Lorer
GESELLSUEAPT FUR WARMEBIEORNIE Mo,

6 of Fronkfurt a.M.-Heddernkeim, Ger-
many, g {Jerman company, dn herehy
declore the invention, for which we pray
thai a patent may be granied to us, and
the method by which i} is to be per-

10 formed, to be particularly described in
and by the following statement:—

The invention relates to u procesy for
the eatalytic hydrogenation of carbon
monoxide.

16 In earrying out such a process in the

presence of certain catalysts of the iron
group, it is kuown to use synthesis gases
containing acelylene or other hydroecar-
bons having a triple bond, Thus aeeord-
me 9 ome prier process, inercased olefins
yiolds are obluined with such synthesis
gases in the presence of cobalt catalysis,

‘Lo a certain extszul, the acelylene hydro-

carhomg inclnded in the synthesiz gas
may be replaced by ethylene snd other
hydrocarbons having o double bond,

in B.1.0.3. Finel Report No. 447,
there Is degeribed anm experimeng In
which a synthesis gas containing 90%
30 waler-gus and 1L0% acelylene was passed
afl a temperature of 240°'—210° €. and af
a pressure of 10 almospheres, over an
iron catalyst of the composition Fe 100:
(a0 10:Kieselgubr 100, The total yield
from this prior process was 26 grams per
normal cubic meire, the (CO+I.) con-
vorsion, being 8%.

Tt has now been found that appreciably
higher conversiops can be obtained with
synthesis gases containing acetylene, or
other gaseous hydrucarbons having =@
triple bond, in the presence of an unsup-
ported iron eatalyst.

According {0 the invention, a procesg
45 for the catalytie hydrogenation of carbon

monoxide eomprises passing g synthesis

gas which contains acefylene or other
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%asmu? hydrocarhons huviag a triple
ond, in additicn to ecarhon monoxide
and hydrogen, over an wnsupporbed iron
catelyst. It is adventageous to use an
unsupported iron catalyst whieh hos been
impregnated with an alkali-metal salt of
& non-volatils acid, The preferred alkali-
meta] salis used in the impregnation of
the ¢atalyst, are phosphates and silicates,
particularly potassium phospkate and/or
potassium silicate,

As 1s usual, the iron catulyst is reducsd
prier fo ifs use in the synthesis. Such
reduction is advantageously carried out
at a temperature of about 250° C. with &
mixture of nitrogen and bydrogen, the
mixture being pugsed over the ocotalyst
{or spproximately sixty minutes af o flow
velocity within tho range 1 te 2 melres
per second, preferably about 1.4 metres
per second. This high flow velocity has
proved to be particularly advantageous
for wuiformly reducing %he whale
catalyst mass,

Ap gompared wilk a process for the
ratalytie hydrogenation of earbon mon-
oxide in the presence of an ivon cululyst
where the synthesis gas does not contain
acetyleme, the process according to the
invenblor makes possible a reduction of
about 20° O, in the synthesis tempera-
ture.

Tt is kmown that with iron catalysts the
synthesis temperature has a direct rela-
tion to the catalyst load or space velocily
and to the formation of bydrocarbony of
high melecular woight. & greater propor-
tion of higher hydrocarbons is obtained
ouly i a low syuthesis temperature 1s
nsed. In these cireumsiances, Lowever,
{he permissible space velosity 18 low and
the (OO +H,) conversivn hardly excceds
40%-—50%. Even though higher syn-
thesis temperaiures incrcase the conver-
gion, they result in an inerease in the
formation of methane and a reduction in
the formation of hydrosarbons of high
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molecular weight. -

Tn the process according 1o the inven-
tion, i 0.5%—10% acelylene are added
to the synthesis pus, conversions of 65% —
T0% may be obtained ab synthesis tem-
Deratures of 195° C—200° O, the meth-
ane formation remaining below 79, If
acelylene is nof added, a tofa] conversion
of anly 40%-—50% 3s chtained at these
temperatures. It is appreciated that af an
increased synthesis temperature of 220°
C.—225° C. 2 (CO+H,) conversion of
G5%—T0% is obtained, dut on the olher
band, there is a methane formation of
129 —169%.

Tt ig preferred to use a synilesis gas
which contains the acetylene, or other
yaseous hydrocarbon having a triple

" bond, in an amount constituting from

g
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B0 lyst, may amount to 1—10%
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3.5—1% by volume.

A further advanluge of the process
necording to the invention lies in the fact
that, due (o the lower synihesis tempera-
ture, a high yield in hydrocarbuns hoil-
ing above 820° C. is gbtained, Approxi-
mately 80% of the synthesis products
consist of hydrocarhens boiling above
320° C., ineluding the wax whick may be
extracted from the catalyst.

When acetylene is added according to
the process of the invention, not only
may the femperatures at which the iron
catalysts ure pluced on stream be reduced
by about 20° C. but the temperature,
which is gradually inereased during the
eourse of tﬁsyuthesis, wmay be kept about
20° C. lower than the temperatures norm-
ally reguired with » synthesis gas free
from acebylene. This results in o consides-
able inerease in the life of the calalyst,
sinee the lewperature interval over which
the synthesis temperature may be gradu-
ally incressed, is inereased by wbout 20°
Al

A relatively high impregoation of the
iron catalyst with an alkali-meta] salt of
a non-volatile acid is particularly advan-
tameons. The alkali-metal salt or sulis
{ealeuloted as K0 1 preseni in the cata-
] I{go, mee]'-
ably about 3% R,0, of the total irnn
vontent of the catalyss, i

The acelylene added to the syuthesis

ases may be replaced by other gaseous

ﬁydroca-rhons having a {riple bond, for
example, vinylacetylene, allylens and
similar compounds. Part of the acctylene
may be replaced by hydrocarbuns huving
2 double carbou bond, for example,
ethylene,

The invention is illustrated by the
following example:— .

From a golution of the corresponding
nitrates, o catalyst mass contaiming 100
parts of iron and 5 paris of copper was

precipitated. After thorough ‘washing,
the precipitated catalyst slarry wus in-
preguated with normal potassium ortho-
phosphate (KH_ PO, in such manner that
the finished calalyst contained 3 paurts
K0 per 100 parts iron.

The precipitated catalyst mass was
dneii- and then reduced at a temperature
of 250° (3, with a Lydrogen-nitrogen mix-
ture, the mixture being passed over the
catulyst at a flow veloeity of 1.1 meires
per second for . period of 6O minutes, The
iinished catalyst hag a reduetion value
equivalent to 40Y% free jren,

When this catalyst was loaded with
160 normal litres of water gas per litre
per bour, 4 (CO+ H,) conversion of 0%
—99% was abtained at g synthesis tem-
peralurs of 200° C. The methane forip-
atlon amounted to upproximately 11% of
the liguid synthetic produats, Tha syn-
thetie products, ineluding the wax ob-
talted upon extraction of the catalyst,
coutarned upproximataly 20% of hydro-
earhous boiling ghove 850° (4, X

When water gas containing 1.4% by
volume. of acetylene was pussed over the
same catalyst, at
#ud at the same temperature of 200° C.,
the (CO -1 H,; eonversion was nereased to
N%—72%. Ihe methane formation was
reduced {o approximately 79, Approxi-
mately 30% of the synibetic produets,
including the wav obtujned upen exirac-
ton of the eatalys(, ronsigt of hydro-
rarbons boiling above 320° (.

What we claim is:—

L A process for the catalyte hydrogen-
ation of ecaxrbun mouvxide, in whigh g
synthesis gag which containg acetylene or
other gaseous hydroearbons having a
tziple hond, in additien ta carbon mon-
oxide and hydrogen, is pussed over an
unsupported iron eatalyst,

<. 4 pracess according to (laim 1, in
which the iron eatalyst is impregnated
'Wl%t an alkali-metal salt of o non-volatile
HEId,

3. A process according to Claim 1 or
Claim 2, in which, for the reduction of
the iron catalyst prior to use in the syn.
thesis, a bydrogen-nitrogen mixture is
rassed uver the catalyst for g neriod of
approximately sixty mimites at u lemper-
ature of about 250° C. and at 4 flow
velocity of from 1 to 2 melres Pper seeond.

4. A ﬁrocess according to Claim 3, in
whick the flow velueity of the. bydrogen-
"nitrogen wmixture is about 1.4 mclreg per
second. ,

5. A proeess according to any ane of the
preceding claims, in wﬁich_the syutheais
gas contains  0,5%—I10%, preferably
0.5%~—1% by volume of acetylene or
other gaseous hydrocurbons having a
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triple bond,

. A precess according o any one of
Claims 2 t0 5, in which the alkali-metal
cunfent, calenlated as K.0, of the cata-
lyst, constitutes from 1%—~10% by
weight of the total iron cantent of tha
cubalyst, .

7. A procsss according o Claim G, in
which the alkali-meta] tontent is about
3% by weight,
proceds accordiag fo any ons of
the preceding claims, iy which part of
the acetylene is replaced by ethylene or
other gasecns hydrocarhong having &
deuble carbon to carbon bond.

9. A process ancording to any oue of the
preceding claims, in which the iron cata.
Lyst i impregmated with potassinm phos.
Phate und for potassium silicate,

10, A process according tn any ome of
the preceding eclaims, in which the syn-
thesis gay consists of o wixtnre of watar
gas and acetylene,

11. A process according to any one of
the preceding elaims, in which the Eyn- 35
thesis is effecled at temperatures approxi.
mately 20° (0, below the corresponding
temperatures required when an iron cata-
lyst is used with a synthesis gas free from
acelylene,

12. A process for the hydregenation of
carbon monoxide in the pregence of an
unsupported iran eatalyst, substantially
as herainbefors desnribed, -

13. A procesy for the conversion of a 85
mixture comtaining ecarbun monoxide,
hydrogen and acetylene, substantially as
hercin%leiore described with refersnce to
the example.

11, Hydrocarbons whenever prepared 40
by the process claimed ju any one of the
preceding alaims,
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