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Process for the Catalytic Hydrogenation of Carbon Monoxide

We, UUMRenmMs A K1IENCIYBLLS (H A ,
of  Olwrhausen-Ylolten, Germany, o
Grerman joint - stork Compuny, and
Tner Gusirrserare T W inMprees-
it a1, of Freankfurt o, M. -Heddern-
lletul, Grermany, o Gernum Company, do
hereby derlare the invention, for which
we pray thal a patent may be emanted to
s, l-tIltIYﬂJ.e method by which #t i 0 be
performed, to be particularly deseribed in
and by the following stulement: —

The invention relates to a provess for
the eotulyle lLiypdrogenation of carbom
monozide.

t is knowna to nbiain oxygen-con-
taining organic compounds by reacting
varbon monoxide and Lydrogen in the
presence of lrun eatulysts, the  irom

- catalysts nsed heing generally mixed, fox

the usual alkult impreguation, with putas-
sium hydroxids or with  potassium com-
pounds of acids that ure readily volutile,
for exumple, potassivm  earbenute op
potassium blearbonate, Aleohaly form the
areater purt,  freyuently $3%—80% . of
the vxrgen vompounds obtained,

For meany Industrial purposes, how-
ever, an intressed formution of esters is
desirable, vsters belng extensively wsed,
for cxnmple, as solvents or us starting
materials in the production of artifieinl
resins,  Furthsrmore, carboxylic  acids
which, owing to thelr stralght-rhain
wature are parfivularly valuable, may be
ehiained in o simple manner fron esters
produced by the vatalytic Tvdrgenation
of vurbon monnxide,

It s now been Lound that a cousider-
alile increuse in the formation of esters is
obtainad if, at a senbhesis pressure of
1050 kg foy. e preferably of 2030
kg fsg. emi., dren catadvats ave  nsed
whiell, relative fo their total fron content,
comtuin mure than 8UY, preferably wore
than 809% of free imn ond (L3% ta 109,

[ Price 3(8]
Pee 45 £2

preferubly 2% 595 of u halogeu-free
alkali-metal compound  (ealewlated s
K0} of one of the phosplioric acids, boxie
acids, tungstic acids or molybdic neids,
The preferred alkeli-netal compound is o
potassivm. compound. T4 is most surpris-
g that, with iron catulysts reduced to
such an extent, and wlich at normal Jres.
sure effect only au increased parathin vield
und a reduction inthe methane formation,
there is o much higher yield in esters at
superatmospheric pressure sueh as lns wot
been. observed Litlerto, '

Arcording to the invention, therefore,
u process Iy provided for the catalytic
hydrogenation of corbon monoxide to
yield w product having u relutively high
vontent of esters, jn whicl a svuflresis gus
containiag carbon moenoxide and hydvo-
sen Is contiacted, uwi o temperuture within
the runge 163° C.—240° C., and ut u pres.
sure within the ronge of 10 kg, to 50 kg,
per sy, e, with a precipituted iron
catalyst containing o halogen-froe wlkali-
metal compound introduced infe the
catalyst in the form of o salt of one of the
plasphoric seids, boric acids, tungstic
acills or anslybdic acids, more than 60%
ol the iron being in the metallic state and
the alkali-metal compound, euleuloted as
K.0, being preseut in o proportion of
from 059 to 10% by weight of the total
Iron content uf the cainlyst. The preferred
temperature rangy for the process is 190”
C. to 220° (0]

[eon vatidysts having u reduction valye
of L% tu more thun 80% tree iron show,
under suitable synthesis conditions, «
four to five thney bLigher formstion of
oxygen-cuntaining  orgunic  compounds.
Apart from the increuse in the vield of
oxyget-contuining compounds, the indi-
caled increase n the roluciion value of
the iron cafulyst also permils o derrense
the reaction temperatare of  approxi-
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712,658

nately 15° O, 4o 20° (! if the synthesis
is vurrvied out with the degree of conver-
sion usual at the present time. Further-
fore, o change ccowrs in the compasition,
of the hydrocarbons produced. With iron
catalysts of high reduction value only a
small yicld in ¢rgaunic products boiling
whove 321" (. is obtained in spite of the
working temperature being considerably
below the nurmal synthesis femperature.
Compared with this, iron catalysts of
normad reduchion velue, the metallic iron
conten| of wlhich (1_1}.1{}111]1'& to 259 —1a9%
af their total iron content, generally yield
at 1—20 ke /ey, em., according to the
Lind of catnl;\;ﬂt wsed in any given cise,
a prodiet prefomingting in ln drocarbons
which boil for the greater part abuve
220° C.

Tao obtain satisfactory sster yields, it is
udvantagueous {o effect the usual reducing
pra.trentment of the vatelyst with hydro-
gen, carhon monoxide or mixtures of
these two guses, usiog high gas uloutles
ub wmpemturc:\ within the range 2007

C—320° C., pr efelahh wilthin the range
L),‘)Uo C—300° ¢ In this ense, at tempera-
tures between 200 C. and 210° C. the
subseuent synthesis vields a (CO+IH,,
conversion uf Letween GU9% and  T0%
which is equivalent to a pure (;llbUJ.I.
mwnoxide conversion of b(}%—bb It is
preferred to use 2 gas rich in Ldrhuu
moenoexide for the reduction of tha
eatalyst.

A carbon moenosidefhydrngen mixture
uz rich a3 possible in earbon monoxide is
particularly  advantugeous for uwse as

syntlesis gas, as too high o content of

hivdrogen increnses the formaulion of ole-
finie hydroearhons. A gas rich 1 carhon
monoxide also gives an Inereased formm-
tion of hydroearhons of high moleculur
weiglit, The gas load may be greater than
the sual eatalyst load of 100 lilres of
synthesis gas per litre of catalyst per
hour, and mav oveasionally be iuvreased
to 300 litres of synthess gus pev litre of
cafulyst per hour vr even wmore

When using swater gas, a hquld product
wmay be obtained at a a,xn{-he;m pressure
of 1 ke fsy. cm, which, apart from

yproximately 209 aleoliols, contaius
’imut 2049, esters. Furthernwre, the pro-
duct contains about 5% of other oxyoen-
copivining compounds sucl ws ketones,
aldahydes and acids.

High yields aze best obtained when the
synthesiz is effected with temperatures
Inereasing in the direction of the pay How,
‘At the present time the Lydrogenation of
carbon monoxide is mostly  effected in
waler-vooled reaction chsbers, In whicl
the gus-evnversion lokes plave subslun-
tially in the upper thivd of the enlalyst

musd, 1o contrast to this, where catalyst
temperutures inerense in the direetion of
the gus dow, uniformly high conversions
over the greater part of the total eatalyst
mass result, so that side reaction: and
undesived decomposilivas of the priwaey
products formed are aveided, The inerease
of eatulyst {femperature n the direction
of gas flow may be obtained in known
mauner by special cooling medin or zone-
wise veoling of the reaction chowber.

In contrast to other irou  cataliss,
whicly mainly yield alcoliols, the process
of the invention resulis in a verv small
formation of methuwue. In preseni-day
svnthesis with dron catalysts, at o con-
versivn of 359%—60Y% (CO +H,) in once-
through operation, methane s formed fu
the extent of approximately 875-—~12%..
In the process of the invenfion, lawever.
with eonversions of C0% 1o 509 the quan.
tity ol wethove formed asuy be reduced
to 5% or less.

1 iy most advantageous o effect the
synthesis with reew dmn of the symihesis
gases, Even when nuleu with ance-
through passage of the gas, “the pracess of
the invention vields UU%——%% uf tihe
Liguid syathests products in the form of
compounds of high moleculor weiglt, If
ilhe gas is recveled, the vield in com-
pounds of high molecular weighi
leredses to f{l,owsJ L. the great ecn-
nnmie advantage hcln“ that the esters
formed lie :_\ubsmmmll} in the Doiling
range i the products of high molecular
weight,

Tie process necording to the mvention
15 ilustrated by the following examples:
xampLE 1.

Tu effert the intersction of varbon mun-
oside and hydrogen » catalyst consisring
of 100 parts of {ron and 3 parts of copper
was wsed, This eatalyst was prepared by
preciplialion with sodivm ecarbonafe from
o hot solution of the wmetn]l nifrates. The
precipilale was freed from alkali by wash-
g, 1 was then iepregnated with potas-
sium dibydrogen ]Jhosphate (R I s
ihat it contained 7.9 parts of pntaaamm
coleulated we putﬂ:s\sium monexide TG,
o 100 parts of won, The vatalyst so
formed was reduced for one hour at 3007
L0 with a gas mizturs consisting of 3
volumes of hydrogen and one volume of
aitrogen. The fow velocity of the redue-
tim gas amounted to 1% melres per
seeond (760 mw. Mg{(0%. After velduc-
tion, tha catalyst coutained 6529, of ile
iron in the mefullic state.

The synthesis pressure was 103 kg, ,’u .
eny, umd the syathesix lempernture 205°
€. The svntliesis gas used was water gas
anmtl it wils pased. over e catalyst ot o
space veloeity of 160 worwal tres of gus
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per litre of catalyst per hour, u {0+ H,),
conversion of 61% being obiained and
4.9% of methane being formed. The
Liguid synthesis products vbtained cone
talned on su avernge 17% esters, 289
alcohols and 4% of other oxyyen-contain.
ing organie compounds, 57% of the liquid
products of the synthesis hoiled ahove
2207 .
Exaswpry .

A catalyst contuining 100 parts of oL,
23 parts of copper, 20k pavts of chromic
oxide, (Cry0;) and 20 parts of Kiegelguhy
(relative to metallic iron) was produced by
precipitation with Dol sodium carhonate
solution from a hob solution of the corres
ponding unifrates, the precipilate heing
then thovoughly washed to remove traces
of alkeli and wilerwards impreguated with
4 solution of potassium phozphate to rive
a content ol 2 parts of potassinm mon-
oxide K. 0, The catalyst was then reduced
with hydrogem for » period of three hours

Cat 307 O using o pas flow valovity of 1.5

metres per second. Tts reduction value
thersupon amounted to 83% of free Irun.

When water gas was passed over this
catalyst at o pressura of 20 ke. fag, v,
und ut o temperature of 211° (L. a
(L0 +H,) vonversion of G5% to 0% was
obtained, The product obteined con-
tained u large quentity of OXyEEN-(0N-
taining organie compounds, for exarple,
the Uy hydrovarhon fraction contained
HKh  oxygen~contuining  organic  eom-
pounds, und the C,, hrdrocarbon fractioy
approxmiately  40%  oxygen-cont aining
arganic eompounds. The proportion of
esters amounted to approximately 3% of
the liguid product, Approxiwmately 25%
ol the Hyuid produet boiled ahove 320° ¢

An tron entalyst produced in a shmilar
manuer, but with a shorter reduction
veriod and o lower reduction tmunperatyre,
had a reduction value of ouly 404%. A
reactivn  temperature of 280" ©. wos
regnived with this catalyst to give the
same conversion.  The liguid  product
obtained in the [ractions with the corres
Ponding mumber of carbon atome con-
tuined, however, ouly approximately o
quarter to o {ifth of the above-meniioned
voateut of  oxygen-confaining orgamic
compontuls, The content in compounds
boiling above 320° C. wuounted to 459
of the lguid synthetic produet,

In the foregoing descripbion, the term
“rednetion value' ineans the percentage
of the folal iron content of the calalyss
whicli is in the moetallic stule.

What we clulmn 1s:—

1. A provess for the valulybic hydro-
genatioa of curbon monoxide to vield o
product having a relatively high vonleul
of esters, in which o synthesis gus con-

taining curbon wonvxide and hydroge is
contucled, at a temperalure in the rangc
165°—240° C. und ot a pressure in the
rynge 11—t kg, per sy. cm., with a pre.
vipitated irow culalys containing a Lialy-

gen-free alkali-metal compuund intre-

duced iobu the catalyst in the form of o
sult of one of the phosplioric acids, boric
acitls, tungstic acids or molybdic acids,
more than 609% of the iron being in the
metallic state aud the alkali-metal eom-
pound, caleuluted as 3,0, being present
iy u proportion of fron 0.5% to 10% hy
welght of the fotal iron content of the
catalyst.

2. A process uecording to Claim 1, in
wlich more than 809 of the iron is in the
wmetallic state.

3. A process according to Claim 1 or
Claim 2, in whiclt tlie pressure lies within
the range 2030 ke, per sq. cw,

4. A process aceording to any of the
preceding claims, in which the tempera-
ture lies within the range 190° Q—
2200 C, -

S A process secorling to any of the
preceding claims, in which the alkali-
wetal ealeulated us K0 comprises 2% to
1% by weight of the total iron content of
the cuinlyst,

. A process according to uny of the
preceding elaims, in which the alkali.
metal is potagsinm, :

T. A process according to any of the
preceding claims, in which the alkali-
metal componad is introduced inte the
catalyst by impregnating it with a solu-
tion of an alkali-metal salt,

8. A process according to any of the
breceding claims, in whieh the catalyst,
prior to use, is reduced.in & gas strean of
bigh veloeily, the gas containing hydro-
gen or earbon menoxide, or a mixture of
botl.

9. A process according to Claim 8, in
which the catalyst is reduced at o temper-
ature within the range 200° .—220° (1,

16. A process uceurding to clain 8 or
Claimm 9, tn which the gas used in the
reduction contains we excess of curbou
monoxide,

11. A process according to any of the
preceding claims, in which the syuthesis
gas fed to the process contains more
varbon monoxide then hydrogen,

12, A process according to any of the
preceding eluims, in which the tempera-
ture of the catnlyst incresses in  the
direction of gas fow,

Li. A provess for the cubalylic hydro.
geaation of ourbon monoxide, substan-
tially ws described with veference to
Bxaumple T or Bxample T1.

A process for the catalytic bydro-
gelation of earbon monoxide, substan-

70

75

80

85

g0

85

100

105

110

115

120

125

130



i 712,656
tiakly s hereinhefore described.
15, Oxygen-vonlaining organic  eoli- LDWARD BVANG & CO,
ponnds and hvdzm"ubum whenever pro- 34;1«5 High Holbern. Londun, W.{.1,
duced by the process of any preceding §."Lut~; for the Applicants

5 elaim,

Lesmrington Spa: DPrinted for Her Mzjesty’s Sintianery Office, by the Courler Press.—1954.
Published at The Patent Office, 95. Scutihampion Buildings, Lemden, W.C.2, from which
oopies may ba abbained.
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falning organic COMPOUNUY uy e
carhor munuxide and hydvogen in the
preseuce  of dvon La.tll\ sts, ithe iren
catalysts used being geneml]v mized, for
the nsial alkali impreguation, with putm-
sium bydruxide or with potassium com-
pounds of neids that are readily volalile,
for exumple, putassiun carbonata  or
putassitan bicarbonate. Aleohols form the
sreater purt, freguently 85%—V0%, of
the oxygen compounds vhtained.

Tor muany industrial purposes, how-
ever, au increased formation of esters is
desirable, esters being exteusively used,
for exumple, as solvents or us starting

cmaterials in the production of urtificia

vesing,  Turlhermore, carboxylic acids
wiich, owing te their strudght-chaln
unture are purtleulurly valuable, may be
obtained 11 a stple manner from, edters
produced by the entulyiic bydrogenation
o} carbon menoxide.

1t has now been found that o consider-
uble incrense in the formation of esters is
abtainad if, at o synthests pressure of
FO-—30) Lo fsg, em, preferably of 203t
kg fw. cm., iron catalysts are  used
which, velutive to their total iron content,
vontuin wore then 0%, preferably more
than &9 of free irun and 0L.5%, to 10%,

[Price 28] .
Price 45 #4,
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yield a prouwuey wue.—,
coutent of esters, in which a syuthesis gas
(.unfarnmtr carbon monoside and lnﬂhn-
gen s wnt.u.ted, ak & famperture withis
the range 165° C--220° C., and at a pres-
sure within the range of 1tk kg. to 30 ke,
per sg. en,, with oa ]JlL(_l]_Jltiltb'd irun
catalyst L-untalmu,. t Lalogen-free alkalie
metal compound  introduced into ihe
tatalyst in the form of u sult of vne of the
Phosplwric weids, boric acids, tungstic
welds or me \fhdu acids, wore than G0%
of {he Iron being in the matatlic state and
the alkali-mets] compound, valeulated as
K, 3, bl.mg present in a proportion of
frmn .5% to 10% by welghi of ilie total
irgn vuntent of the (.lt.)l\fst The preferved
femperafure runge for the process s 1990°

. to @20° (L

Tron catalysts having a reduction yvulue
of GO to more than 809 free iron show,
under suifable synthesis conditions, o
four to five fimes higher formation of
oxygen-confuininy  orgunic  compounds,
.11)mt frow the increase in the vield of
oxygen-contaiming compounds, the indi-
eated incrense in the reduction vitlue of
i‘]le it catalyst also permits o decrease
Hie reaction tewmperainre of approxi-
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