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The present invention relates to the conversion of car-
bon monoxide with hydrogen into hydrocarbons baving mors than
ope carbon atom in the molecule and/or into liguid or solid
oxygen derivatives of ﬁydrooarbons.

It has already been proposed to carry out the reaction
of carbon monoxide with hydrogen to form hydrocarbons having
more than one carbﬁn atom in the moleculs and/or to form liquid
or #0lid oxygen derivatives of hydrocarbons, as for example
mgtha;nol or highér al;:‘cahols, such as isobutyl alookol, or ke~
tones, aldehydes or a'cida, 1n s liguid medium.

We have now found thet the saild remction in a liguid
medium can f.m ocarriad out w-_ith speoial advantage by uaing as
catalysts sintered heavy metals, edvantageously metals of the
&th group of the periodic system, espeoially of the iron group
and in particular iron itself surrounded by a hydrocarbon which
1e 1iquid at the reaction temperature.

Tor the preparation of tha sintered metals it is pre-
feorable to start from. armetai powder or a porous metal. These
may bs prepared in any way; for example the metal powder may
be prepared by decompoaition ofl the corresponding ocsrbonyl
compounds, suoh as iron oar_bonﬁ, or by reduction of pulverulent
netal oﬂdus, hydroxides or other compounds, such as nitrates,
carbonates or oxalates, which are comverted into the metals by

reducing trestment at alevated tempsrature; the pmeus mebals
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may be'prepaxsd ﬁy reduction of pieces of metval oxides or hydro-
xidee or by pressing metaypowders.

The sintefing of the metals is carried out at temperat-
ures above SOOOC, preferably above 60000, as for example at
7000, 8000, 900° or‘1000°C, in such a menner that the space
occupied by the metal becomes vislibly smaller; in the case of
metal powders an agglomeration of the particles of powder takes

place and in the case of porougy metals a decrease in the porb~
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sity takes place. Generally speaking the decrease in volume ox~
deéda 10 per cent. ihe temperatures are, however, not raised to
such an extent that the melting of the metals takes place.
Non-oxidising g:ses, such as nitfogen, may be present during the
glntering. In meny casea it is advantageous to work in the pre-
senoe of reducing gases, such as hydiogen or gases containing
hydrogen. The sintering may also be cairied cut in vacuo. Yhen
gtarting from reducible metal compounds, a8 for example the ox-
ides of fhe metals of the 8th group, these ﬁay be first converted
into the metals by treatment at comparatively low temperature,
ap for example at 400° or 500°U, whereby no sintering takes

' place,.the gintering then belng effected at above 50000, prefer-
ably at ebove 600°C, in the presence of non-oxidizing gases or
in vacuo. The reduwotion and sintering may, however, also be
carried out in one'operation for example by treating an oxide at
elavatleemperatufes with reduciné gases until not only a re-

duction but also a sintering of the metal formed by the reduct-

ion has taken place, lhis may usually be readily effected by a

pomparatively short treatment of the metal compound, in parﬁicw

?Q@ ular the oxide, at high temperature or by a longer treatment ai




YO
4,1.,‘.. i ped 5

0.2.10189

g2 lower temperature, whereby the speed of flow and the partial
Pressure of the reducing gas, as for c.ample the hydrogen, shoulé
be adapted to the speed of reduction of the metal compound
treated.

The sintering may also be carried out in different
presvsure stages, as for examplé by first working at afmospharic
pressure and then at the same or a different temperature but
. under inoreased pressure, as for example at 2, 5, 10, 50, 100
atmogpheres or more. Incrsased pressure may also be used when
sinteriné in one stage.

In order to increése the acfivity, there may be added
t0o the metal powder or porous metal other subgtances, as for
example the oxides or hydroxides of aluminum, sillicon djioxide,
kisselguhr or compounds of copper, titanium, manganese, tung-
steh, molybdenum, chromium, thorium, cerium, zirconium or other
rare sarths., Alkalies or alkeline earths, when used in suitable
amounts, &lse favorably influence the formation of hydrocarbons
from the mixtures of ocarbon monoxide and hydrogen.

The ligquid nmedium may consist of 1i§u1d or fusible
hydrooarbons, as for example mineral oils or their fractionms,
tar oils, destruotive hydrogenation products or paraffin waxes
and 4in perticular oils which have been obtained by the reaction
of carbon monoxide and hydrogah, preferably under the same ¢con-
ditiona, and which may contain substantiel smounts, or consist,
of oonstituents boiling within the boiling range of bYenzinss.

When reacting carbon monoxide with hydrogen to form
hydrocarbons or their oxygen-containing derilvatives in the preo-
sence of the said catalysts, such pressurea are used that the

-3 -
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liguid phase is maintained in the reactibn zone; if the liguid
medium has & sufficiently high boiling point, atmospherioc press-
ure may,’naturally, be usad. The term ligquid phase is also in-
tended to include a state above the oritical temperature of the
liquid medium at which the density is not appreciably differ-
ent from that of the medium at tﬁe critical temperature and at
the critical pressure.

The liquid products formed are withdrawn from the

reaction vessel continucusly or periodiecally in such an amount

that sufficient liguid medium remains in the reaction vessel.
A part of the liguid medium may also be led in & cycle and the
freshly fqrmed constituents removed from the ¢irculating oil
by distillation.
al . It has also been found that the advantageous ac¢tion of
‘ the seid cetalysts is not restricted to working in the usual
1iquid medium, i.e. in the liquid phase, but that very good re-
gults are obtained therewith in all cases in which a liquid
surrounds the catalyst, for example in reactions where a liguid
iz allowed to tricle over the cataiyst without a liquid level
being maintained in the reaction vessel, whereby the liguid
surrounding the catalyst forms only o thin coating such as is
deserived in the specification of the application Ser.No.116124,
filed December 12th,1936. '

The reaction of the carbon monoxide with hydrogen is
edvantageously carried out'at temperatures between about 180°

ond 450°% and preferably under increaged pressure, as for example

pressures of 5, 10, 20, 50, 100 atmospheres or more. Atmospheric

pressure may, however, alsc be used. Per each liter of catalyst
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space preferably fIOm?OOO ‘to 20000 liters of carbon monoxide-
nydrogen-mixture are passed per day.

The initial gases, carbon monoxide and hydrogen, may
be used in equal proportions by volume, dbut mores cérbon monoxide
than hydrogen or more hydrogen than carbon monoanide may also
be used., Additional smounts of carbon monoxide or hydrogen or
both may'also be added at differsnt parfs of the reaction vessel;
In many cases it is advantageous to react gas wmixtures contain-
ing more than 50 per cent, as for exam le from 60 to 70O par cent
of’ carhon monoxide.

The following Example will further illustrate the nat-
ure of this invention but the invention 18 not restricted to
this Example.

’

Exampl e.

Iron powder, which has been 6bﬁained by the thermal
deocomposition of iron cerdbonyl, is ﬁqistened with water, pressed
into porous pills and then heated at 850°% for 6 hours in a cur-
rent of hydrogen. '

Lfter cooling, the resulting catalyst is charged into
a reaotion veasel,'into which there is also charged a product
consisting maiﬁly of hydrocarbons and boiling between 1509 and
3509 whicﬁ has been obtained by an earlier reaction of carbon
monoxide and hydrogen. '

_ | A gés nlxture of equal parts by volume of carbon monox-
ide and hydrogan ig then lecd upwards thrOugh the reaction vessgel
while its interior is kept at & temperaturs of 350° and under a
pressure of 40 atmospheres. The vapors formed by the reaction

ara led together with the unconverted gas into a seperator alsc
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kept under pressure and at a temperature of 100% in which the
fractions having the boiling range of middle oils and heavy oils
gre separated. Of the said condensed fractions, such an amount
is returned to the reaction vessel that the liquid levsl in the
reaction vessel remaiﬁs congstant.

The uncondensed portion is cooled to room temperature
in a cooler under the same pressure,‘whereby mainly fraoctions
of the boiling range of heavy benzines and benzines separate.

fhe residual gas ig released from pressure. 1t ma& be
returned to thé reacinn vessel or reacted in a second reaction
chamber, preferably after removal of the carbon dioxide and
se_ aration of the unsaturated hydrocarbons for working up into

polymerized bhenzine.
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Having regard to the foregolng disclosure, the
patent of which this specification forms paxt eonfers,
subject to the conmditioms prescribed in the Patent Act,
1935, the exclusive right, privilege aand liberty of
meking, construoting, using and vending to others to be
used, the invention as defined ix ¢laims submitted by
the patentes as follows:-

1. A process for the conversion of carbon monoxide
witk hydrogen into subatances selected from the group ocon-
sisting of hydrocarbons containing move than one carbon

atom in the moleculs and liguid and aclid oxygen derivatives

P L IR

of hydroearbons whioh comprises operating in the presence,
ap ocatalyst, of a gintered heavy metal and meintaining a
11quid phese of hydrocarbon in the scnversion spasce and
surrounding the eatalyst\

B‘ 2. A process as cleimed in olaim 1, in which the
catalyst is a sintersd metal selected from group 8 of the

periocdic system.
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3. A4 process ss claimed in elaim 1, in whioh the

ontalyst 18 sintered iron.

4e A process as defined in ecleim 1 in whioh the

* PRETATET

hydrocerbon surrounding the oetelyst 1z liquid st the

e ‘ reaction oondition.






