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PATENT SPECIFICATION

No. 6839 /51.

Application made in Germany on March 24, 1950,
Complete Specification Published: Sept. I, 1954,

J2: M),

COMPLETE SPECIVICATION

Process for the Hydrogenation of Carben Monaxide

We, RUHRCHFMIE AKTIENGESELLSCHAFT, 4
German  Company, of Oberhausen-Holten,
Germany, and LURGI GESELLSCHAFT FUR
WARMITHCHNIK M.B.JL, a German Company,
of Frankiurt a,M.-Heddernhcim, Germany, do
hereby declare the invention, for which we
pray that a patent may he granted 10 s, and

the method by which it is 1o be performed,.

iy be particularly described in and by the
following statement:—

The invention relates to a process for the
hydrogenaden of carbon monoxide, in which
the products have 2 high content of oxygen-
contining organic componnds,

Ozxygen-contafning organic compounds, par-
ticularly alcohols, may bhe obtained in larger
or smaller quantities, In addidon o hydro-
carbons, in ane hydrogenation of carbor mon-
oxide. This is effected by the use of particular
fron catalysts and by the application of in-
creased synthesis pressures and suitable other
synthesis conditions. Such iron catalyss are
conyventionally produced by the fusion process
and contain promoters, for example, alnminiom
oxide and small quantities of alkalis, Precipi-
tated catalysts are also kmown which consist
chiefiy of iron and contain small quantities of
Copper, magnesitm or rare earths as promoters;
these camlysts also yield larger quantities of
oxygen-coniaining synthesis products, In addi-
tion, the precipilated iron catalysts genernlly
contain, large quantities of kieselguhr or similar
inert supporting materials in an amount equal
to front about 50% to 100/, by weighr of the
total iron conrent, By the use of fhese catalysts
yields of alcohols end other oxypen-containing
cempounds amounting to 50% —609% of the
normally Hguid synihesis products are oh-
tained. All such catalysts comaln only com-
paratively small quantides of alkaliy, such as
potassium hydroxide or potassium carbonate,

Tt has now heen found, according to the
invention, that a product rich in ogypen-
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containiug organic compounds (more than
609%) may be obtained by a process which
comprises vontacting a synthesis gas containing
at least 1.2 volumes of hydrogen per volume
of carbon monoxide with a precipitated iron
catalyst under synthesis conditions of rempera-
ture and pressure, which catalyst contains one
or more allkali-metal comprmnds (as herein-
after defincd) in an amowmt of more than 5%
by weight when calculated as K,0 and based
on the total iron content of the catalyst, the
catalyst being wnsuppurted or containing no
more then 20% by weight of supporting
material relative to the total iron content and
being used #s a fized bed or as a suspension
in a liquid medium,

The alkali-metal compounds which may be
used in the catalyst in the process according
t the invention, are these.which exhibit an
ulkaline reaction, such a3 the hydroxides and
cathonates, or those which are decomposed
under the synthesis conditions with the forma-
tion of alkaline-reacting componnds. Bxamples
of the lutter kind of alkeli-metal compounds
arc the afkolimetal salts of many orpanic
acids, such as the acetates and the oxalates,
Alkati~meral halides and alkali-metal salts of
non-volatile acidy, for .example, potassium
fluoride, potassim silicate and  potassitm
phesphate, are therefore not nsed to promote
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the catalyst in the process according to the -

invention, The amount of aikali-metal com-
pound or compounds incorporated in the
catalyst is more than 5%, preferably from
8954—12% (calculated as K.O and based on
the total iron content),

The cawlyst may also contain  copper,
silver or a metal of the second, Afth, sixth
or geven frronps of the periodic systcm or an
oxide of sich metuls as promoter.

When the catalyst is provided as a fized
bed, it will be understood that the catalyst
grarules may he coated with or surrounded
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by a liquid medium, The synthesis gas pre-
fcrably contains from 1.5 w0 2 volumes of
bydrogen per volume of carbon menoxide.

The catalysts nsed in the process according
te the invention, even ar low synthesis tem-
perabures, show an activity which has not
generally been atteinable with iron catalysts.
As the catalytfc conversion of gas mixtures
containing carbon monoxide and  hydrogen
will produce very high vields of oxygen-
conlaiming organic compeusnds, parricularly
alcohols, only at low synthesis temperaturcs,
reladvely high yields of ozygen-conraining
organic compounds may be produced with
the iron catalysts according to the invention,
particularly by a synthesis effected in several
stages or with recycling of the synthesis gases.
The highest yiclds of oxygen-containing
organic compoimds can be obtained with
hydrogen-rich synthesis gascs which contajn 2
or more volemes of hydrogen for each volume
of carbon monoxide. The fron caralysts
bitherte knownr and msed will, wnder these
conditions, generally show a decrease in the
alcohol yield with an undesirably high pro-
duction of mcthane; this dacrease in the
alcolwl vield s due to hydrogenaiion with the
production of saterated hydrocaibons.

If the alkali-meral in the catglyst is potas-
sium, introduced for example in the form of
its hydroxide or carbonate, then it is obscrved
that by the use of such catalysts considerahly
more csiers are formed than by the use of
similar catalysts in which the potassium com-
pounds are replaced by the corresponding
sodium compounds. Coversely, the use of
godium compounds produces large quantities of
alcchols and only small quantities of esters,
This fact is of considerable importance in the
technical exploitation of the process according
to the invention, since it magkes possible the
preduction of primary products with farger or
smaller amounts of esters or increased or re-
duced amows of aleohols as desired, Thus,
by simply changing the catzlyst, whilst aliove-
ing the other synthesis condirions to remain
the same, products with 2 bigh or low ester
content and a corerspondingly reduced or in-
creased alcohol content, may be gbtained,

The iron catalysts according to the fnven-
tion which permir the use of syathesis tem-
peratures of 150° C. 6 225° C., are produced
by precipitating 2 hor agucovs solngon of iron
nitrate or other iron salts and soluble salts of
the promoters, with hot sodiurn carbonate or
potassium carbonate solotion,  Other :;H:a.h
compounds, such as caustic soda or caunstic
potash soluiiops, are also sutmable for use as
precipitants, The precipitation is  suitably
effecied in the alkaline rapge, that is
at a pliof 9 o 11, . .

The high alkali centent required according
tn the invention may he nbtained by a re-
stricted washing of the precipitated catalyst
sludge to leave the required amount of alkali-

to say,

metal compounds in the sludge, Such a re-
siricted  washing may be carried out, for
example, by washing the moist catalyst mass,
after it has been: filtered in a filter press from
the mother liquor, for such a period of time
as serves to Icave the catalyst with the destred
residual content of alkuli, the washing being
effected by the uvse, for example, of hot dis-
iilled warer, However, in many cases it is
advantageous if the washing of the precipitated
sludge is carried throngh in the usual manner
as far as Is possible, for example, to a residual
alkali contenr of 0.5% to 1%, the precipitated
mass being then impregnated with suitsbic
alkeli-metzl compounds. As a certain content
of free alkali in the catalyst is required, this
Impregnation is carcied out, for example, with
an alkali-metal hydroxide or advantageously
an alkali-ietal carbomare, or an alkali-meral
salt of an organic acid, such as an oxalate or
acerate , which galt may be reodily decom.
posed under the synthesis conditons. This
procedure  of subsequent impregnation is
particularly advantageous i the catalyst is o
be impregnated with expensive alkali-metal
compounds, their use in excess for precipita-
tion being thereby uneconomic, Thus, this
procedure should be followed ¥ impregnation
with Hthinm, nbidium, or cassium is to he
effected. This particular procedure has also
been found cffective if several alkalis are 1o
be used simulraneously in the catalyst.

The: impreguation of the mnist catalyst mass
may be carried out by any of the known
methods, such as by stirring in a suspension
container, by mixing in a strring apparatus or
by use of a kneading machine, ‘The alkali-metal
compormds may be used in the solid, dissolved
or suspended state.

When the moist catalyst mass, through re-
siricted washing or complete washing and
subsequent impregnation, las been brought to
the desired alkali content, it may be drled in
the msral manner and moulded. The mouiding
of the catalyst may be effected in a thread or
cord press. Other means for moulding may
Al be uged,

Iy moulding the catalyst Inass, the produc-
tion of a catalyst granule of the greaiest pos-
sible strengih is aimed at. The length of the
life of the catalyst depends 1o a great exient
on the strength of the granules. If the grannle
fs too soft, the catalyst will tend to form s
shudge due 1o the more or less extensive dis-
integration of the pranwles, This disintegration
of the granules may be prevented o a large
extent If the mouldmg is carried our under as
high a pressure as is possible. In many cases
the addirion of small amounts of iner sup-
portingmaterials, suchas Keselguhr, “Tonsil,”
ceramic masscs ar bleaching clay, will Improve
the firmness and stremath of the granules.
Where inert supporting msterials are fncor
porated in the catalyst, the content of these
materials never exceeds 209 by weight of the
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ttal iron content of the catalyst. Ir is impor-
tant that this amount should not be exceeded,
ags the addition of inert substamces always
results in an undesirable increase in the sya-
thesis temperature, The inert materials wsed
may be added during the step of precipitation

. or just before the moulding of the catalyst.

If the catalyst is formed imto threads or
filaments, the unreduced grunules should have
a size of about 3-8 mm, and preferably 4—5
mm. A gronule of smaller size will tand 1o
break or splinter owing to the shrinkage of the
granple dnring the reduction of the camalyst,
This shrinkage in the size of the granule
may be 50% or more of the original

‘volume of the granule. Thus a granue

having an initial sizz¢ of 2 mm. may
under certnin  circwmstances he  reduced
to a size of only about 0.5 to 1.0 mm. Caralyst
granules of such small size tend to disintegrate
2 great deal. When wing a catalyst grannle
of 4 mm. size, the sizve of the granule upon
reducrion will be about 2 mm., which is suff-
cienily large to prevent disintegration. The
moulded catalyst granules are dried in con-
tinuous manner, or in stages, for example, on
a band in a drying oven. The drying process
is carrfed out at 8 ternperature of hetween §0°
C. and 150° C., preferably at ghout 100°—
115° C. At the beghming of the drying process
the temperature should preferably not exceed
116" C. because 2 too repid escape of steam
may damage the structure of the catalyst
gramles to such an extent that the catalyst
during reduction, and particularly during syn-
thesis, teads to disinteprate at an increased
rate, It is preferred to discomtinue the drying
of the catalyst when the residual water con-
wnt is about £9-—7%. '

The moulded apd dricd catalyst must be
reduved in a suitable mammer, Practically all
known reduction metheds are suitable, I'ar-
teularly favourable caralyst properties awe

obtained when the reduction is carricd out with |

pure hydrogen or with mixtures of hydrogen
and nitragen, such as are used in the synthesis
of snunonia, With the iron catalyst used
according to the fnvention, it is possible to use
fow synthesis temperatures and thus particn-
larly high vields of nxygen-containing orgamic
compounds, it the reduction is carried throngh
until more than 60%, preferably more than
807%, of the iron in the catalyst is in the
metallic state. For this purpose, the tempera-
tare of reduction [es within the range 250°—
350° C, and is preferably about 300°--320°
C. During the reducton, the linear speed of
the reduction gases should be 30—[50 cm./
sec., preferably 100 cm./sec., ar 760 mm, Hg
and 07 C,

With the iron catalyst used according to the
nvention good yiclds of oxygen-containing
organic products can be obtaied from syn-
thesis gases which contain the minfmrmt of 1.2
volumes of hydrogen per yolume of carbon

monoxide, This is in contrast with the prior
art which places particular emphasis on the
use of gases rich m carbon monoxide for the

- manufacture  of oxygen-coniaining  synthesis

products,

The catalysts described can be used with
much higher lvads or throughpats than the
normal load of 100 volumes of gas per volume
of catalyst per hour, for example, the process
may be operated with 200 to 400 volumes of
gas per volume of catalyst per hour. In operat-
Ing with such higher throughputs, correspond-
ingly hirher synthesis temperatures may he
used without any appreciable rednetion jn the

- yleld of oxygen-containing organic compounds,

This is also in contrast with the catalysts
hitherto known. _

With the caialyst used according to the
Invention high (CO +H,) conversions may be
ebtained in singic stape operation, It is, how-
ever, of greater advantage i we 2 two or three
stage operation. In this manner, canversions of
90% (CO 1+ H,) and higher may be obtained
without difficulty. Ar a synthesis pressure of
between 10-—100 kg per 8q. cm, and prefor-
ably between 20--50 ke, per sq. cm. yields
of about 190—-210 grams per cubic metre {760
mm. Hg and 20° C) can: be obtained. Thess
high ylelds have hitherto been technically im-
possible, “Ihis is due to the face that synthesis
pressures considerably above 10 kg, per sq. cfi,
have the advantege of 2 much higher conver-
sion. If a constant conversion ratc is desired,
the synthesis temperatures can he lowered con-
siderably. In this connection the ratio of make-
up CO and H, may be infhuenced towards an
increased H, conswmption, In view of the
favourable properties of gases rich in hydra-
gen, this appears to be particularly advan-
tageons,

In multi-stage operation it is ivantageous
to remove the carbor diozide from the exit
gases at least after the second stape and pre-~
ferably after the first stage. In this mamner 4
synthesis gas with a high content of carbon
menezide and hydrogen is provided for each
stage. If the gas has a sofficientdy high hydro-
gen comtent before the last srage, this stage
cant he operated with a single pass without re-
cycling,

In contrast to the technical methods of to-
day in the process according to the invention
for 1he manufacture of producrs with = high
content of oxygen-containing compounds, re-
cycling of the gases is advantapeous, Ta ro-
cycling, the ratio of 1 volume of fresh £4s 1o
1—10 volumes of recycle gas and preferably
1 volume of fresh gas to 3—5 volumes of re.
cycle gas Is used, With recycling of the gas,
an increase of the temperature is nor required.
By kecping the temperature constant, the con-
version: according 1o the process of the jnven-
ton is somewhat increased by the recycling,
In partievlar, the consmmption ratio is con.
siderably improved, ‘This fact is particularly
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advantageous for the catilysis used according
to the invention because, by their USS, gases
rich in bydrogen can be converted particularly
well and produce high yiclds of DEYgen-con-
taining organic componnds. By this mathod a
conversion up 1o 90% (CO+H,) can be pb-
tzined.  Known calalysts, which operatc with
gases rich in carhen monoxide, cannot be used
lor such high (CO+H,) conversions because,
by recycling the conmversion rmatio is alterad
towards an increased conswption of hydro-
gon,

For the process according to the inventdon
it is of wrmost importzoce that the hear of
reaction be guickly and effectively removed,
To carry out the synthesis, the well-kaown
catbon monexide hydrogenation reactors with
double or single wbes of 1020 mm.
diamarer, can be wsed,

The invention is illustrated by the following
cxamples ; —

lxampre 1.

An iton catelyst containing 100 paris of
iron (Fe), 5 parts of copper (Cu), 10 parts of
celeinm oxide (CaO) and 10 parts of kieel-
guhr, was precipitated from a solutivn of the
corresponding  meral pitrates containing the
kieselgmihr in suspension, by means of a buil-
ing sodium carbonate selution. Upon compie-
ticn of the precipitation, the pH was 9.2. The
precipitated mass was immediately filtered in
4 filter press, the mother liquor being discarded,
The flter cake was parvially washed with dis-
tilled water m 2 residual alkali content, calen-
lared as KO and based om the total iron con-
tent of the mass, of $.4%. This partially
washad mass was pre-dricd m 2 residval waier
content of 60°% IL,0 and moulded into threads
3.5 mm. ek, in a thread press. The carmlyst
maoulded in thiy manper was then finally drisd
at 110° C., broken Inte small picccs and
screened throwgh a sleve. _ .

In a snitable reduction apparatus this catu-
Iyst was reduced at a remperature of 310° C.
with 4 gas mixture consisting of 757% hydrogen
and 25% mitrogen, and with a lncar speed
of the gas of 1.20 metres per sccond (calen-
fated ar 760 mm. Hg. and 0° C). The dura-
tion of the reduction period was 90 minmes,
The reduced catalyst contained 70% of the
iron in the memllic state, . )

When this catalyst was used with 100 Litres
(760 mm. Hg., 20" C.) of water gas (CO:H,
=11 1.2) per Hrve of catalyst per honr with a
reeyele ratlo of 3 volumes of recycle gas to 1
volume of fresh gas wnder a pressure of 30
kg. per aq. cm. and at 4 wemperature of 210°
C., synthests products with a total content of
oxygen-cuntaining organic compounds of 64%,
were ohrained. When, under otherwise the
same conditons, a synthesis gas haying the
ratioc CO:H,=1:2 was used, the vield of
oxyZen-confdining  organic  compounds  in-
creased 16 73%,. When Drocessing a gas mix-
tnre having a carbop monoxide: hydrogen

ratio of 1:0.85, the yield of OXygen-containing
organic compounds decreased w 53 Y. In each
of these cases the (CO+H,) conversion was
about 57%,

o Examrig 2,

4 catalyst which consisted of 100 parts Fe,
10 pars Cu and 10 parts of Kicselgnhy, was
precipitaied from a soluifon of the correspond-
Ing metal nirates containing the kicselguhe in
suspension, by means of a hot sodfvm carbon-
2ie solution to an eod-puint of pH =92, Tha
precipitated. mass was immediately separated
from the mother liquor in 2 fiter press and
weshed to a residual allali content of 1%, the
alkali being caleufated as R,O and relative to
the iron present. The mass was tlien impreg-
nated with a svlution of potasstum carbonate
in such manner that the finished catalysr had
an alkali content of 7% caleulawed as K.0
2nd relative to the total iron content, The mass
was then sieved o recover granules of 3~—d
i, and dried to 4 residual water content of
about 6% ot a temperaire of 110° C.
~ This caselyst was reduced for 3 hours at
310° C. with 2 gas mizmure cantaining 739,
hydrogen and 259 nitrogen. The reduction
gases had a lnear speed of 1.4 meres/sec,
The reduction value, ihat fs, the amount of the
iron n the metallic state, was 789,

When this catalyst was used in single-pass
operation with 100 litres of water gas {(CO:H,
=1:12} per ltre of catalyst per hour at a
femperature of 198° C. and at a pressure of
20 kg, per so. cm., the liquid synthesis pro-
ducis  contained approximately 62%  of
oxygen-conigining organic compounds, With o
eypibesisgashavingaratio of CO: H,=1:2.1,
the content of oxygen-containing organic com-
pounds in the producrs incressed o about
73%. With a gas zich in carbon monoxide
(CO:H,=1:0.85) only 35% of oxygen-
containing organic campounds were obeained,
The CO + H, eonversion was herween 58 O
€09 in each case, .

_ ExaMPIE 3.

Four caralysts were prapared, each having a
hasic composition of 100 parts Pe, § parts Cu
and 10 parts CaQ. The caralysts were ubtained
oy precipitation from a boiling solution of the
corresponding meral uitrates hy means of a
boiling sadjum carbonate solution at a pH of
about O, The residual alkali present in the
Drecipitares was practically entirely removed
by a subsequent, thorough washing. Bach of
the four carakbysts was then impresnaied with 2
different alkali-metal compound so that each
catalyst contained 10 parts of atkali, calculated
a5 R.O, per 100 parts of the total iren
comment, The first catolyst was impregnated
with KOH, the second with K,CO,, the third
with MaOH and the fourth with Na.CO.,.

Each caralyst mass was then dried for 24
hourg ar témperatures hetween 100° C, and
110° C. and was reduced for 4 “hours with
hydrogen at a Tinear speed of 13 metres/
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second. at temperatures around 316° C. The
free Irow content of each catalyst was approxi-
mately 45%--50%. The catalysts were used
for the synthesis in an experimental reacror
baving a catalyst volume of S litres. The
synthesis pressure was 20 atraospheres, the pas
load was 10" volumes per volume of catalyst
per hour. A recycle ratio of 1:1 was wed.

(1) The cavalyst impreguated with KOH
gave with a reaction temperanre of 204° C,,
a CO-+H, conversion of 58%. 'The reaction
product contained about 179 of esters and
30% of alephols, in addition to other oxypari-
containing organic compounds moest of which
were In solutfon in the agueous phase

(2) The catalyst impregnaicd with K, CO,
gave a CO + H, conversion of 539 ai a'tem-
perature of 221° G, The reaction product con-
rained sbout 20% of eswers and 27% of
aleohols, in addivion to other cxygen-contain-
ing erganic compounds, ost of which were in
solution i the agueous phase,

{3) The camlyst impregnated with NaOH
gave a- CO + H, conversion of 599 at a tem-
perature of 213° C, The reaction product con-
ained about 38% of alcohols, about 109 of
esiers, in addition to other oxygen-containing
organic compeunds wwost of which were mIn
solution in the aguenus phase,

(4) The reaction temperature with the
caialyst impregnated with Na,CO, was 224°
C. and the CO+H, conversion was 579%.,
The reuciion product contaimed 429% of
alcohols and 7% of esters, together with other
oxygen-containing organic compounds, most of
which werc in solution in the agueous phase.

What we claim is; —

1. A proceys for the synihesis of a product
rich in: oxygen containing organic compounds,
which comprizes contacting a2 synthesis gas,
coniaining at least 1.2 yolumes of hydrogen
per volume of cerbon -monoxide, under syn-
thesis conditions of temperature and pressure
with 2 precipitated iron catalyst containing one
or mors alkali-metal compounds (as Lerein-
hefore defined) in an amount of more than 5%
by weight when calculated as K,O and based
on the wral jron content of the catalyst, the
catalyst being unsupported or contalning not
more than 207% by weight of supporting
material relative to the total iron content and
being used a3 a fized bed or as a suspension in
a Hquid medium, . . .

2. A process according to claim 1, in which
the synthesis pas containg 1,5—2 volumes of
hydrogen per volume of carbon monoxide. )

3. A process according to claim 1 or clalm
2, in which the catelyst cuntaing from §9% to
12% of the atkali-meral compounds, caloulated
as K {) and based on the total iron content of
the catalyst. _

4. A process according tw any one of the
preceding clafms, in which the catalyst contains
copper, silver or a metal of the second, ﬁfﬂ},
sizsth und seventh groups of the Periodic

SySienL, as prometer.

5. A process according 1o umy of the pre-
ceding claims, in which the catalyst is dried
at & wemperature within the rapge §0°—3150°
C. to a residual warer cowient of 49 to 7%,

6. A pracess according to Claim'S, in which
the caiutyst is defed a; a temperature  of
o —315° ¢,

7. & process according (o any one of ihe
preceding claims, in which the catalyst con-
w@ins supporting mawerial, the supporiing
matcrial being incorporated i the catalyst
when the caralyst is moulded to the desired
OIT,

8. A process according to any one of the
preceding claims, in which the cawmlyst, prior

to use, is reduced with hydrogen or « hydrogen/ .

nitrogen mixture gt temperanues within  the
range 250°~—350° C,

9. A process according to any one of the
preceding claims, in which the catalyst, prior
Io e, is reduced by a stream of gas having a
linear velocity of 30—I130 centimetres per
sccond. :

10. A process according to claim 8 or clajm
%, in which the catalyst is reduced at a tem-
perate within the range 300°—320° C, by
2 stream of gas having a finear velocity of
about 100 centimetres per second.

11. A process according to any one of the
preceding cluims, in which the catalyst, pricr
1o use, i5 reduced umtili more than 80%,
preferably more than 809 of the irom is in
the metallic state,

12. A process according ro any one of rhe
preceding cluims, in which the process is
eflecied ar a pressure within the range 10—
100 kg, per sq. cm.

13, A process according 1o claim 12, in
which the pressure iy within the range 20—50
kg, per square centimetre,

14. A process according to any one of the
preceding claims, in which the  unconveried
synthesis gas Is recycled.

15. A process according to claim 14, in
which the recycle ratio is 110 volumes of
Tecycle gas to 1 volume of fresh synthesis gas,

16. A process according to claim 15, i
which the recycle ratio i5 3—5 volumes of
recycle gas to 1 volume of fresh synthesis Zas,

17. A process according to any one of the
preceding claims, in which the space velacity
is 200 1o 400 volumes of gas per volume of
vatalyst per hour,

18, A process according to any one of the
preceding clalms, in which the process is
carrled out at a temperature within the range
150"—225° C, :

19. A process for the hydrogenation of
carbon manoxide, substantially as hercinbefore
deseribed,

20, A process for the hydtogenation of
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