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This invention relates to improvements 1ln catalytic
carbon monoxide hydrogenstion.

The catalytic hydrogenation of carbon monoxide
to obtain valuable synthesis products is well known. Varlous
gas mixtures may be used as the synthesis gas for the
hydrogenation. Gas mixtures which are known and have been
ugsed include coke oven gas, blast furnace gas, producer gés,
waste gases from the production of abetylene,/gases formed
by the pressure gasiflcation of varbonaceous materlals with
the use of oxygen as the gasifying agent, and gases derived
from other sources.

The gas mixtures which are used as the aynthesls
gas for the hydrogenatlon must contain carbon monoxide and
hydrogen. The proportions of garbon monoxide and hydrogen
may vary wlthin certain limits, but a minimum proportional
amount of hydrogen must always be present. The verlous
proportions of carbon meonoxlde and hydrogen and the limits
of these proportlions are, of course, well known and described
in the art.

Very often gases are available which do not contaln
the requlred smounts of hydrogen or which only contsin carbon
monoxide inladdition to inert constituents. It 1s, of course,
not posslble to use gases of this type as the synthesls gas
for catalytic carbon monoxide hydrogenatlon until the required
amount of hydrogen 1s pressent. The requilred hydrogeﬁ pontent
to render these gmses useful as synthesia gasés for hydrogenstlon
1a generally effected by converting s portion of the carbon
monoxlde admlxed with water vapor into carbon dioxide and
hydrogen.

This converslon of the carbon monoxide containing
gas mixtures is effected in the presence of a catalyst. Varlous

catalysts are well-known in the art which are suited to gilve
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optimum conversions at different temperatures and ges
velocitles. These catalysts are generally dlvided into

three broad classes. The normal convers&?n catalysta which
require temperatures of approximately 400°b; for the conversion;
medium activity conversion catalysts which effect a satisfactory
reaction\be£Ween the carbon monoxide and water vapor at’
temper&turés as low as 300%.. ang highly active conversion
catalysts which effect a satisfactory .conversion betwsen the
carbon monoxide and water wapor at témperatures ad low as

200°¢c., -

The axact compositions and methods for preparing
the catalysts of these three general types ars well-known
and described in the art. In accordancs with the above
explanation, therefore, a akilled artisan will know axactly
what catalysts are referred to when referring to normal
converslon catalysts; medlum amctivity conversion catalysts
and hlghly actlive conversion catalysts. Thua, for example,
particularly effective highly:active converslon catalysts
consist of copper or copper oxide énd activating metal oxides
of the second or seventh group of the Psrlodic System which have
been prepared with or wlthout carrier materisls by a sintering,
fusing or pressing process.

The conversién of the carbon monoxlde and the water
vapor Into hydrogen as has been mentioned also results in the
productlon of carbon dioxide. In additlon to thls carbon
dioxlde, the converted gases always contaln relatively large
amountg of water vapor which has been added in excess or which has
not been completely consumed In the conversion. It was always
belleved that these substances would be very injurious to the

hydrogenation procesa and prior to the instant Invention, these

converted gases which were to to used for the catalytic hydrogentiuni :>ﬂ
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of carbon monoxide,were treated for the removal of carbon dioxide

and water. This treatment for carbon dioxide and water removal
was relatively complicated and expensive. Conslderable
operating expenges were Involved due to the fact that the gas
had to pass heét exchangers, coding devices and absorption
devices, l

| One object of this inventicn is to effect catalytic
cerbon dioxlde hydrogenatlon with synthesis gasas obtained
by the catalytie conversion of carbon ﬁbnoxide contalning gas
mixtures without the disadventspous carboen dioxide and weter
purifying steps. This and 3tl11l further bbjects will

become apparent from the followlng description:

1t has now been very surprisingly and unezpectedly
found that carboh moncxide containing gases which have been
catalytlecally converted in the pressence of water vapor and
the gases contalnlng carbon monoxide, hydrogen, carbon dioxide
and water vapor may be used directly; l.e8. wlthout any carbon
dioxide or water removal In the catalytlc carbon monoxlde.
hydrogenation syntheals process as the aynthesis gas.

In accordance with the Invention, tﬁe carbon monoxlide
containing gases whlch reguire a coﬁversion 8o that the requlred
amount of hydrogen will bs present are subjected to the Qétalytic
conversion in the pregence of water vapor in the conventional
manner gnd are thereafter direcily charged at negrly.the same
pressure as synthesls gas for.tha catalytié hydrogenation of
carbor monoxide. By directly charged, it is meant that the
gases from the catalytic gonversion gre passed to the catalytile
carbon monoxide hydrogenation wifhout separation therefrom of any
of the conversion products. The gas pressures used for the
hydrogenation are preferably above 5 kllograms of square

centimsters.
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The catalytic hydrogenatlion of carbon monoxide is

generally sffected at tempsratures between 170° and 300°Q,

depending on the catalyst used. With the use of special iron
catalysts, as & known in the art, synthesis temperatures of
approximately 300° to 350°C, are also possible. Ynder these
conditions and with the use of suitable conversion ratalystas,
the converted gases may be passed directly without any cooling
from ths cohversion z0ne directly into the hydrogenation zone.
It 1s prefersble In most cases to .use highly active conversion
catalysts which csuse a satisfactory reaction betwaen the
carbon monoxide gnd water vepor at temperatures as low as
200° £o 300°C. since with the use of these highly active
qonveraién cafalyats, £he fases passing out of the conversion
zone will have a temperature closest to the temperature at
which the catalytic carbon monoxide hydrogenation ls effected.
The catalysts fillings used for the conversion and
for the hydrogenation of the carbon monoxide may be arranged
wthin a single synthesls ampparatus in any manner provided
that the conversion catalyst is positloned before the
hydrogenation catalyst In the airectlon of gas flow. Thus,
when using a reactor. in which the gas mixture is passed in a
downward dlrection, the lower catalyst laysr must consist of a
hydrogenation catalyst such ss a cobalt or iron catalyét, while a
conversion catalyst layer must be positioned in the upper part of
the reacter,. If the gases flow through the catalyst furnasce
in upwerd direction, then a convefsion catalyst layer
must be poaltioned in the 1cﬁer rortion of the furnace and
8 hydrogenation catalyst layer must be positioned in the upper
portion of the reactor. It is alsc possible to effect the

process in accordance with the invention in reactors through
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which the gas mixture passes horizonbally. This latter
arrangement has the advantage that the two catalyst massea
cannot mix with each other by one dropping down from a sieve
plate or the like on which it is held and through which the
Zas passes as when uslng vertiecal reactors. _

The catalyst for the convension‘g?d/bf the hydrogen-
atlon besides being in the form of a fixéd.béd may be moving
or suspended catalysts such as are dse@ in“the "fluidized"
procesas. In these cases, the gases may be converted with the
use of a fluidized bhed of a suitaEIe conversion catalyst.
Thereafter, 1t may be‘passed éb a different spparatus and
passed through a fluldized bed of a conventional fluidized
hydrogenation.catalyst. By so connecting in series to such
fluidized catélyst processes, the results of the invention are
obtained, 1.e. the separation of water and carbon dioxide from
the converted gas as no longer necessary.

It 1s, of course, not absolutely necessary that the
catalysts zones for effecting the process be arranged in superpos-
itlon. It 13 also posasible to operate with aggragateé lying
side by side, but care should be taken that no substantial

cooling oceurs in the transitlon from one to the cther.

Both the catalybtle hydrogenatlon procesa and the
catalytic cbnversion process are in all other respects identical
in reaction, condltlon, procedure, etc. The catalysts may
be positioned in tubes of small or large dAlsmeter or in
peclceta. Water for agueous salt solutlons are preferably used
as the coolling medium. It 13, however, possible tec work with
water vapor or other gaseous or llguld cooling agents or to
effect the cooling in any other conventional manner.

As both the catalytic converslon and the catalytic

carbon monoxlde hydrogenation are substantially excothermic
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resctions, 1t is generally necessary to provide a cooling
system with a removal oﬁ the reactlon heat in each of the
conversion and hydrogenation. In aecordance with the
Inventlon, the cooling systems for the conversion and
hydrogenation may be connected in series and the sams cooling
medis may flow therethrough. It is, however, also possible
in accordance with the invention to provide a geparate cooling
system for each of the conversion and hydrégenation zones.
The latter arrangement has the advantage that %oth catalyst
zones may be indlvidually controlled with respect to ths ‘
operating temperature. _jThe operating temperature in the
conversion zone should be_;eariy 28 high as that In the
hydrogenation zone, i.e. thé temperature difference should
not be sc large that an intermediary seperation of water will
occur.

A3 has been mentioned, th9 catalytic carbon monoxide
hydrogenation process in accordance with the invention is
effected In any of the conwentimsal. or known mannérs. Thus
hydrogenation may be operated with gas recjcling to the
conventional extent. If necessary or deslred, different
syntheals stages may be used, in which case, suitable synthesis
products in gaseous or liquid form maey be separated from the
gas mlxture between the individual stages.

The gasecus or llguld synthesls products leaving
the zone In which the hydrogenation occurs are worked up in
the Enown and conventional manner and separatéd Into the
deaired fractions,

In the claims, when there l1s mentioned "hydrogen:
lean carbon menoxlde contailning gas" there 1s specifically
meant thereby a carbon monoxlde containing gas which éontained

no hydrogen or which does not contain the required amount
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of hydrogen for carbon monoxide hydrogenation, The amount

of hydrogen which must be present in the gas for the

hydrogenation ia of course, well known in the art.
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The embodiments of the invention in which an
exclusive property or privilege 1s claimed are defined as

follows:

1. Process for catalytic reaction of carbon monoxide
containing gases by conversicn and subsequent carbon monoxide
hydrogenation which lncludes the steps of contacting such a
gas in the presence of water vapor with s hlighly active con-
verslon catalyst at a temperature of approximately 200=-300°C.,
passing the gaged from sald catalytic conversion directly to
the catalytic carbon monoxide hydrogenation without separation
therefrom of any of the conversion products, and utiliging an
iron catalyst as the hydrogenation catalyst with a synthesis
temperature of approximately 300~350°C.
e Process according to elaim 1, in which a gas pressure
of more than 5 kilo/sq.cm. i3 used.

'

3. Process according to claim 1 in which sajd conversaion

-oatalyst and saild carbon monoxide hydrogenation catalyst are

substantially adjacently positioned in a common reactors

Le Process according to claim 1, which includes separately
cooling the zone containing sald conversion catalyst end the

zone containing sald hydrogenation catalyst.

Se Process according to cleim 1, in which at least one

of said conversion catalyst and said carbon monoxide hydro-

genation catalyst is In fluldized form.

_Alex. E. MacRele & Co.,
P. Ou Box 1077,
Ottawa, Onterlo, Canada,

Patent Agefits for Applicant.





