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- This invention relules to improvements in catalytic
carbon monoxide hydrogepation with a low methape
formation. 1t more particulady relates to an improve-
ment in & process for the catalytic hydropenation of car-
bon menoxide wilh the formation of hydrogenation prod-
uets having & high content of oxygen-containing com-
pounds, so Lhat the methane formation is reduced and
the formautivn of synthesis products having 2 high molec-
uldr weight is increased.

1o my United Statzs patent apphcanon, Scriaf No.
215,010, filed March 10, 1951, a process for the pro-
duction .of carbon monoxide kydrogenation producis
having a bigh content of axygenaccous compounds is Je-
scribed. In accordance with the process deseribed in the
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said application, a synthesis gas containing af least 1.2 -

parts and preferably 1.5 to 2.0 parts by volume of hydro-
gen per part by volume of carbon monoxide ure passed
over special precipitated iron catalysts. Yields of more
than $0% oxygenacecous compounds may be obtained
from the synthesis producis of this special symhesls
The precipitated iron catalysts, according to the said ap-
plication, must contain a [ree atkali oxide present in
amount calculated as KO of at least 5% in rzlation to
the iron content. Yhe specinl catalysts should prefer-
ably contain the [ree alkali oxide calenlated as KoQ in
an amount of about 8 lo 12% of Kz, Tt is not neces-
sary that these calulysts contasin any carrier materials,
and if carrier matcriul is prasest, ;t should not be present
in amount cxcceding 20%.

One object of this invention is to decrease the methanc
formation and to increase the formation of the highcr
molecniar weight compounds i the ahove-mentioned syn-
thesis process.  This and still further objects will become
apparent from lhe (ullowing description:

It was generally believed that the process deseribed
by said epplication Serial No. 215,010 could only be
effected and the desirable results could only bc abtained
by using & synthesis gas containing at least 1.2 and pref-
erably at least 1.5 parts by volume of hydrogen per part
by volume of carbon monoxide,

Il has now heen very surprisingly und usexpectedly
found that carbon meonoxide hydrogemation produocts
huving a high content of oxygen-contuining products
may be obtained by the hydrogenation of varbon mon-
uxide in the presence of precipitated alkall iron catalysts
in weeordance with my application No. 215,010 with
the use of a synthesis gas coataining anly 0.5 to 1.2
paris by volume of bydrogen for every part by volume
of carbon monoxide.

Even more startling than the fact that the desirable
results can be nbtained with the use of only 0.5-1.2 parts
by volume of hydrogen for every parl by volume of
carbonl monoxide, Is that considerable advantages are
obtained with the reduced hydrogen to carbon monoxide
ratic. MHalirely unexpectedly the formation of mcthanc
and of the Cz hydrocarbons which are generally unde-
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sirable is markedly reduced. In addition, the yicld of
the very desirable high molecnlar weight compounds in
{he boiling range abova approximately 320° C. is in-
creased. In addition, a considerable incrcasc of the
portion of esters, principally in the higher beifing range,
is obfained. These high molecular weight csters are
specially valuable for various technical purposcs. After
the separation of the accompanying compounds, ‘and
thainly after the separation from the accompanying hy-
drocarbons, these esters may be directly put fo further
use. "If, it is desirable to obtain larger guantitics of
bigh molecular weight alcohols, it is possible to do so
hy saponifying the esters in the known manner, 1. ¢

with the nse of acids or alkaline media at normal or:
elevated pressuce, The acid component of these esters

has been found to be present principally as acctic .and

propionic acid, sa that the corresponding alcohols which

may be obtained from these esters have a molecular size
of twa to three carbon atoms smaller than ihe- esters.

The use of gases rich in carbon monoxide in uccord-
ance with the inveation is of decided cconomic advantage
in commercial operation. Synthesis gases ure normally
produced from coal with the use of water vapor.and
oxygen-containing gascs. ‘These synthesis gases so pro-
duced are rclatively rich in carbon monexide, The use
of these pasey in this condition is, of course, vary de-
sirable and fhe conversion into pases which are rich in
hydrogen is expensive and results in zAn economic loss.

Besides the use of a synthesis pas containing only 0.5
Lo 1.2 parts by volome of hydrogen for every part by
volume of carbon monoxide, the synthesis is effécted in
any ol the manners described ih said application No.
215,010. The catalyst used is exactly the same and all
other conditions are identical.

The cataiyst of application No. 215,010 is a precipi-
tated iron catalyst cantaining a free alkali oxide calcu-
Jated as Kz0 present in amounts of about 5 to 12% KaQ
and being substantially frec from alkali compounds of
nonvolatile acids, The calulyst contains O to 20% of
an inert carrier based oz lhe irom present and is re-
duccd with a hydrogen containing gas at a temperature
of about 250 tw 350° . to a reduction valne of at
least 60%.

The following example is given to forther illustrate and
not limit the Invention:

Example 1

An iron catalyst, identival with the iren catalyst de-
scribed in Example I of my said application No. 215,010,
comtaining 100 parts of from (Fe}, 5 parts of capper
(Cu), 10 parts of lime {Ca0) and 10 parts of kieselguhr,
was precipifated from a solution of corresponding metal
nitrates by means of a bailing soda sofution.  Upon com-
plelive of lhe precipitation, the pII was 9.2. The pre-
cipitated mass was immediately pressed in a filter press,
the mother liguor being filtered off. The filter cake was
partially washed with distilied water to a residual alkali
content of 8.49, caleulated as Ka0 and rclative to the
iron content. This partially washcd mass was predried
to a residual water content of 60% Hal) and molded
into threads 3.5 mm. thick, in a thread press. The
catalyst malded in this manner was then fizally dried at
110° C., broken into small pieces und screened lhrough a
sleve,

In.u suitable reduction apparatus this catalyst was fe-
duced at a temperature of 310° C. with a gas mixture
consisting of 75% hydrogen and 25% nifrogen, und with
a linear gas velocity calculated cold, of 1.200 meires per
second. The reduction time was 90 minutes. The te-
duced catalyst contained 70% of free iron, relative to a
total content of ircn.

A pas consisting of 45% by volume of carbon mon-



oxide; 43% by volume of hydrogen and 12% by volume
of carbon dicxide, nitrogen and methane, was passed
over the calalyst. The synthcsis pressure
maspheres. At # temperaiure of 212° C. 8 COmversion
of 56% CO+Hx was obtained, The metliwne formation
and ‘the formation of Ca hydracarbons decreased to ap-
proximately 8% as compared with approximately 18%
in the analogous methed of operation with the synthesis
gas of the-main application, . .

The analysis of the liguid product shawed a content
of 27% of products boiling above 320° C. a5 compared
with 13% in the product ehtained according to Example
1 of the said application. 40% of these 279% were pres-
enl in the farm of high molecular weight esters [rom
which, after saponification with, for cxample, aqueous
polassium solution, 35% could: be obtained in the form
of high molecular weight alcohols,

Example 2

- A gas consisting ol 56% by voluwe of carhon mon-
oxide, 35% by volume of hydrogen and 9% by volwme
of carbon dioxide, nitrogen and methane, was passed
over the same catalyst as used in Exaimple 1. The syn-
thesis pressure “was 20 uimospheres, the gas load was
100 volumes of gas per volume of catalyst per honr, and
the recyele rafio was 142,

At a lemperature of 222° C., a conversion of 58¢
CO+-H: was obtained. o spite of the increased opera-
tional temperature as compured with that of Example 1,
the methane formation had decreased to upproximately
5%. Also the formation of Ca hydrocarbony was cor-
respondingly lower, .

The analysis of the liquil product shawed u content
of 40% of compounds beiling above 320° . in which
37% of esters, bused on the total portton boiling ghove
320° C.,, were present. Also in the diesel oil fruction
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boiling from 186 iv 320° C., the ester content had con-
siderably iucreased as compared with Bxample 1,

1 claim:

In the method for the catulytic hydrogenation of car-
bon monoxide with the preduction of synthesis products
containing a mujor pertion of -OXygenous compounds in
which a carbon monoxide hyirogen containing synthesis
gas Is countacted af an slevated temperature with a pre-
cipitated iton catalyst containing a free alkali oxids
calenlated as K20 and present in amount of about 3 ta
127 Ho0 and being substantially free from alkal com-
pounds of non-volatile acids aond containing 0 to 20%
inert cartier based on the -iron present, said catalyst being
reduced with 2 bydrogen containing gus at a temperature
of 250 tc 350° C. prior to said contacting to reduction
value of at least 60%, the improvement for increasing
the yield of high molecular weight esters and reducing
the yield of hydrocarbons having 1-2 carbon atams which,
comprises cffecting said contacting with a synthesis pas
containing from 0.5 to 1.2 parts by volume of hydrogen
for- every part by volume of carbon monoxide, and re-
covering the hydrogenation products produced contain-
ing a high yield of high molecular weight esters and u
low yield of hydrocarbens having 12 carbon atoms.
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