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COMPLETE SPECIFICATION

Improvements in the Catalytic Hydrogenation of Carbon Monoxide

We, Rumrcnmmme A.(%, of Oberhansen
Holten, and lLurer GESELLSCEarT Foex
‘WaerMeTECH K mbH.,, of irankfurt
8.M.-Heddernheim, German Companies, do

§ hereby declare the invention, for which we
pray that a patent may he granted to us,
and the method by which it is to he per-
formed, to be partienlarly deseribed in and
by the following statemeni :—

1 The invention relates to improvements
in the eatalytie hydropenation of curbon
monoxide, More particularly, the invention
relutes to a proeess for the catalytie hydro-
genation of earhon monoxide with the pro-

1§ duetion  of primary synthesis produety
which have z relatively high conlent of
oxygen-containing orgsanic  compounds,
partienlariy alechols, In addition to a high
content  of nitrogen-containing  organie

20t compounds and olefins.

In the co-pending Applieslion Nu, 6932/
50 (Serial No. 672,405) thers is daseribad
and elaimad a process for the catalviie
hydrogenation of earbon monoxide in

25 which ammonta and/ar a derivative, such
as melhvlamine, is added 1o the liydrogen-
eontaining synthesis gas. This process has
been offected at hoth aimosphoric and
glevated pressures and a eertain guantity

30 of - nitrogen-coniaining compounnds eonsist-
ing chiefly of primary amines, i3 presenl
in the synthesis produets. Aleohols and
other  uxyvgen-containing  organie  eom-
ponnds, however, are only formed in very

85 small amounts,

Tt is an objest of the invention to pro-
vide a procesy for the eatalytie hydrogena-
‘tion of earbon monoxide in whiel the
primary synihesis prodnets eontain nitrf_:-

40 gen-containinyg organie compounds in addi-
tion to a relatively high content of uxyycn.
containing organie compounds partionlarly
aleohols.

According to the invention, a process for

45 the gynthesis of a mixinre eontaihing

[Price 3/-]

hydroearhons, oxygen-containing organie
compounds and  nitrogen - contalning
organie conmpounds comprises contasting a
mixture of hydrogen and earhon monoxide
in synthesis proportions with a precipitated 50
iron eafalyst ander synthesis conditions of
temperature and pressurc in the presence
of 5 small quantity of an alkaline, nitre-
gen-rontaining eompound which is gageous
under the synihesis conditions, the eatalyst 58
huving little or no sapporting material
meorporated  therein and containing an
alkali-melal compounnd which, ealenlated
as K,0, is present to the extent of from
19 to 13% T weight of the total amount 60
of iron in the eatalyst, with ai least 60%
of the iren in the catalyst heing in the
melallic state.

The hydrogenation iy preferably effected

- at gavge pressures in-the range 1.100 at- 65

muspheres, and advantageously at gauge
pressures of from 10 to 30 atmospheres -
with synthesis gases which eontain from
05 to & vohumes of hydrogwen [or each
volume of carbon monoxide. I'he quantity 70
of the alkaline-reacting, nitrogen-contain-
ing eampoundy which are gaseons 1mder
the synthesis conditions snd whieh are
added fo the synthesis gus, preferably con-
stitntes from 0.5% to 2% hy volume of 75
the synthesis mas, The preferred alkuline,
nitrogen - eoutaining  compounds  are
ammonig and derivatives thereof, such for
cxample ag mathylamine. The gynthesis is
effected at tomperatures of 170° ¢ 200°C. 80
and preferably at temperatures of 190° -
ta 260°C, _

The eatalysts used in the process of the
invention are preeipilaled irom oatalysts
which are free from or contain onlv rcla- 83
tively small quantites of supporting mat-
ervials. Kieselguhr und activated hleaching
earth have heen formd to he pariieulariy
usefyl ag sueh supporiing materials. Not
more than 25% by weight. and preferably 90
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less. than 109 by welght of supporting
material Is presenl based on the total
amutnt of iron In the eatalyst. Prior to
1se in the syuthesly, the catalyst is reduced

510 convert af least H0% and prelerably
moye than 80%¢ of the total iven content
inta the metallic state. Reduciion is
cifeeted with reduetion gases sueh as, for
example, earhon mwonexide and/or hydro-

10 gen. The eatalyst may be promofed with
ane or more ol the mctaly of the class con-
sisting of enpper, silver, and metals of the
seeond to seventh gronps of the periodie
svstem. OF these metals, the melals of

i5 Granp TI ol the periodic classiffeation,
amwl alse the metals tifaninm, vanadium,
cerinm. thorium and manganess have heen
suecessfully used. _

Tt is adveutageous to prepare the catalyst

g0 by preeipitation from un agueous solution
under alkaline conditinms, preferably at a
pH in the range 8 to 10, 'The solntion nsed
mar, for example, be a solution of Iron
nitraie or iron sulphate, whilst the precipi-
25 tant may be a solution of an alkali metal
gnide or carbonate. The eontent of the
alialimetal ecompound in the eatalyst
showld constitute hetween 1% and 13%%,
preferahly bhetween 09% and 10%, when
80 caleuluted a8 K.0O and bhased on the total
iron content of the calalyst. The final
aliali-mctal eomponnd eontent may be
¢htained by washing the preeipitated cata-
1vst mass completely free from allulimetal
35 compermds and  thercafter impregnating
the eatalyst with an alkali-metel eompound
o hy partially washing the precipitated
mass to reduee the alkali-metal eompound
content, of the mass to the amonnt desired.
40 The two methods may also be used in
combination, :

If an inereaved yield of esters: rather
than of aleohols is desived, the catalyst
ghonld he impregmated either partially or

45 exelngively with salts of non-volatile acids,
such as, for example, alkalimetal phos-
phutes, borates, and tungstates Alse in
this case, the allali-metal compound is
gdded in quantities of between 1% and

50 159, calenlated as K,0. TIf the oxygen-
containing organic compounds are to con-
sist largely of aleohsls, the alkali-metal
compormd in{roduced inte the cetalyst is
preferably a salt of a volatile acid, a salt

55 0f an acid which decompeses during the
reduction or g hydroxide.

Tt hag beem found that the life and
activity of the iron eatalyst nsed in the
process weeording to the nvention may be

80 inoreaged if it is dried prior te reduction
at 4 temperature of 80° to 150°C., prefer-
ably at 100° to 120°C, to a residual water
content. of 495 tu T% by weight of H.0.

Catalysts reduced from suitable exymen-

‘65 pontaining componds with reducing gases

at linear gas velocities of at leagt 30 to 50
am. per sacond, preferably 100 to 200 em,
per sceond, measured in ilie eold siaie
{(05C.; 780 mm. Hey, and temperatures of
approximately 200% te 400°C. have heenn 70
found to be particularly active. Faor this
reduetion, the use of reduetion eases rich

I carbon monexide has been found puzti-s
anlarly  advantageons under eerfain |
cireumstances. The rednetion may cven 75
he effected with pure carhon monoxide, In
gencral, o redueing gas eontaining carbon
monoxide and hydrogen in rafios hy
volume from 1:1 {0 1:2 in satisfaciory.
The use of carbon monoxide or gases eon- 80
taining carbon monoxide during the redune-
tion iz of particular advanlsge W cascs
where a high reduetion valme {that is, a
high propertion of lhe lron s in the
metalbie state) along with lowest powsible 85
reduaction temperatures iz desirable.

If the catalysi hus a vopper content of
more than 15% and preferably bhetween
15% and 509, a particularly high
tormation of oxygen-comtaining organic 90
products will be eifected, and the synthesis
may he earried out at relatively low tem-
peraturcs,

This result is also obtalned by using
catalysts having & grain size which is helow 95
2 mm, in dlameter and prelerably between
0.5 and 1.5 mm. in diameter and as uni-
form as possible.  With respect to the
uniformity of grain size, a toleranee ol
approximutely 0.3 mm. i permissible. 100
With the use of these catalysts, it has been
found particularly advantageous under
certain civenmstanees to effect the ayn-
thesis hy passing the synthesis gases up-
wardly through the catalyslt layer. This 108
expedicent has been found to be advan-
tameonts where high gas loads or space
velorities of, for example, more than 300
volumes of gas per velume of catalyst par
hour are used in the synihesis, since o {10
lowering of the pressurc less is possible in
this way.

In the past it hag only very rarely heen
possible: to precipilate eatalysts from sul-
phate solutions. However, the eatalyst 115
nsed in the process aecording to the in-
wention may be precipitated from sulphate
golutions with approximately 109% Lo 60%
and preferably 25% to 309 of the iron
present being converted inte the irivalent 120
form. The weshing of the precipibated
mass obtained should be carried ont with
aguevts solntions of eompounds which per-
mit the alkeli-metal sulphate, whieh is
adsorbed hy the fron hydroxide n the 125
precipitate, to be substantially completely
removed by jen-exchange. The preferred
comnoundy vo be nerd tor this purpaose ure
readily soluble ammoninm eompounds and
compormds derived from ammonia. The 130
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washing, predrving and drying iy suitably
efferted with the sbundent supply of air
in order to obain oxidation of the bivalent
irn stili present to eonvert it into the

5 trivalent form. In any case, more than
Tl¢g and preterably more than 20% of
the tofal iron in the eatalyst should be
prescnt in the trivalent torm hefore the
rednetion. It is of advanlage v inercase

16 the eoncentration of the jon exchange
compounds 1o the wash water during the

~eourse af wagshing the precipitated wuss in
‘order to obtaln o maximum washing with
small gnantities of water. In peneral, the

15 waeh waters advantageously eontain from
0.2% to 20%, preferably from 0.2% to
2oL of the fon exchange compaonnd.

The syuthesis shauld be effected o a
manner which assnres care{ul {peutment of

20 the ecatalvst. Whilst the synthesis may he
offected in once-through operation, it is
preforred to reeyele the synthests wus,
usine 1 1o 10 volumes, preferably 3 to 2
velumes, of racvelad gas for each volume

25 of fresh syalhesis gas.

The gas load should generally he about
10-1,000 volumes of fresh gas per velue
of catalyst per hour. prelferahbly 100-500
volunes.

30  The use of temperalure gradient, ie,
an inercasing ecatalyst temperature in the
direction of gus flow, is of advantage in
special cases. This is trme, for cxample,
it in a synthesis carried ont with once-

86 through operation or with only little gas
recyeling, as, for example, 1 volume of
fresh yas + 0.5 volumes of reeyele gas, the
comesntration between the inlet and the
vutlet of the reactor hecomes considerably
lower 50 thal an Inereasad femperaiore at
the reactnr owtlet as compared with that
at the reaetor inlet is favourable for .
ereasing the raie of eonversion at the re-
uelor outlet.

45 The pruccss according to the invention
may he earried out with the eatalyst pro-
vided azs o fixed bed or with the catalyst
suspended in u liquid medium, or it may
be eurried ot as a fluidised process. When

B0 working with the flaidised bed process, the
svnthesis iz effected In a gaseous phase
with & hed of finely divided catalyst. the
particles of which arc maintained n a
lively whirling mation.

3% The synthesis prodnets obtained In
accordanee with the invention, generally
pontain more than 20% of oxygen-contain-
ing organic eompounds and more than
109% of amines, together with a high con-

80 onl of olefins,

The Invenlion is
following examples :—

Examrre 1

A catalyst was precipitated from a hoil-

63 ing solution containing 40 grams of iron

ilnstrated Dby the

and 12 gramg of copper per litre in the
form of their nitrates, by pouring the
solution into a holling selution of sodinm
carbonate containing 101 grams of sodium
carbonate per litre. The pH was 9.2. The 76
fillered vatalvst mass was freed from ex-
cese alkall by repeated washing with dis-
tilled wuter and was then impregnated
with potassinm eavhomate to the extent of

8 parts by weight of polassium earhonate 75
ealenlated as K0 per 100 puris by weight

of iron. The grain gize of the dried and
manlded mass was between L and 3 mm.

The reduction of the catalwst mass was
ecarried out al w temperattre of 32020, 80
with the use of 2 gas mixiure congisting
ot 7% of hydrogen and 255 of nitrogen
at @ Jinear pas veloeity of 1.4 metres per
seeonnd,  The reduetion time was 120
minutes, at the end of which time 63% 83
of the iron was in elemantary form.

When water gas eontaining 29 of NH;
was passed aver this eatalyst at a gauge
pressure of 30 atmospheres. and a gas load
of 100 litres ol gus per lire of catalvet 90
per hour, a conversion rate of 56% of
() + Ay was obtained at a temperature
of 183¢C.

The svnthesis produet obtained con-
tained 35% of oyygen-containing organic 95
componnds consisting chiefiy of primary
aliphatic aleohols, in additien to 17% of
nitrogen-vontaining eompoinds consisting
chiefly of primary aliphatic amines. The
remainder of the svnthesgis prodoet con-
sisted of hvdrocarhoms. 60% of the
hvdrocarbons beiling in the gasoline range
were olefins, as were 5096 of the hydro-

1G0

-parhons hoiling in the diesel oil range.

When the same eatalyst was charged 105
with twice the gmas guantity., a €O -
conversion of B0% was obiained at a tem-
perature of 196=C.

When the mas load was increased to three
times its original value, that is, to 800 110
. /v./hr,, a (GO + Hi) conversion of boYp
was obtained at a temperatare of 210°C.

The yield of nilrogen-containing and
oxygen-containing products was slightly
rediteed nnder these conditions.

FixameLe 2

An aqueous solution of iron nilrate and
copper nitrate of ihe concentration men-
tionied in Example I was poured inte a
hoiling solution of sodiwm. earbonate con- 120
tainina 100 grams of Na.CO; per litre.
After fittration, the precipitated calulyst
slurry war partially washed with het dis-
#i1led waier so that B parts of alkali, eal-
anlated as K.O, per 100 -parts of Iron
remained m the eatalyst. The mass was
moided, dried at a temperainre of 105°C,
and sieved to a grain size of hetween 1.5
und 3 mm,

The reduetion was earried out for 90 130

115

125
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minnfes at o temperature of 810°C. with

hrdrogen at a Tnear gas velosity of 1.5

metres per second, measursd in the eald

state. T0% of the iron In the catalyst was
5then in the metallic state.

Water gns containing 29 of NH, was
passed over the catalyst at a gauge pres-
sure of 30 almospheres, a tempergture of
196°C. und a @os load of 100 litres of gas

10 per litre of catalyst per howr, The (CO
Tl eonversion was G0%.

The synthesls product comtained 3944
of oxygen-contuining organie compounds,
chicfly primary aliphatic alechols, in addi-

15 tion to 15% of nitrogen-containing com-
ponnds consisting  chiefly of primary
amines,

Exawerze 8

A eatalyst was prepared in the manner

20 described in Fxample 1. The ratio of fvon
to copper was 100 to 10 After reduction
glez of the iron in the catalyst was in
the metallie siate. The impreznation was
effected with the nse of primery potassinm.

25 phosphate in sueh & manmer That 8 party

of potagsium phosphate, ealeulated ag K0,

per 100 parts of Fe were present in the
catalyst, Under the reduetion and gyn-
thesls eonditions of Example 1, o (GO +
30 H:1 conversion of 58% was obiained at g
gas load of 100 litres of geg per litre of
cafalyst per hour. The proportion of
nitrogen-containing compounds, mainly
primary aliphatic wmwines, was 12% in
35.addifion to 30% of oxygen-ontaining
crgenie compounds consisting chiefly of

aliphaiic aleohols. .

: Bxamere 4

A solution eongisting of fron sulphate
40 and copper sulphate and containing &

parts of ecopper for every 100 parts of -

iron end having "a concentration of 40
parts of irom for every 1,000 parts of water
was heated 1e belline point and precipi-
45 tated in the hot state by pouring it into
a solution of sodium carhonate containing
80 gramg of Na (J0; per litve, the tempera-
ture of the sodium carbonate solution
hefore the addition of the swiphate solution
50 being #0°C, During the presipitation, g
stream of afr was Mown through the
precipitation apparatus, The quantity of
air so uged wug 600 lLitres for cvory 25

grams of fron, the blowing time beine 3.3

S8 minutes.  Immedialcly - thersafter, the
precipilate: was freed from the mother
Ligror by subjeeting it 1o suetion fltration.

The ” precipitale was then washed tiwiee, -
exeh: time #ith a gquatitity of hoiling dis

60 filled water corresponding o twelve times
the quantity of iron prescut. Finally, the
eatalvet mass wus washed three iimes by
suspending if v an ammoenium earhansta
solution containing from § to 10 prams of

63 gmimoninm carbonate dissotved-in 1,500

ce. of solution.’ 1,500 ec. of the washing
solution for every 25 grams of iren were
used in each of the three washings, After
the last washing, the sulphur content of
the catalyst mass wae only 0.029. 28%
of the folal Fe was now present as e
(111}, the balanee being Fe {1T), The cata-
Iyst mass wag then impregnated in a

74

Potassiuin earhonate solution in sdeh g -

munner that 8 parts of alkali, ealeylated
ag 1,0, Lor every 100 parts or iron ware
contained in the miags.

75.

The eatalyst mass was dried for 24 -

hours at a femperature of 110°C, with
eiverdating air and erushed to a grein size
of 2-4 mm. "The content of Fe (111) was
now 83%. Therealier, the catalyst was
reduced for 1 hour at & tewperature of
300°C. nsing a gas mixture consisiing of
To% of hydrogen and 25%. of nitrogen at
a linear gas veloeliy of 1.4 metres per
second, messured in the eold state. 68%
of the iron in the eatulyst was then in
slementary form, '

A gas consisting of 35 parts of 0O, 53
parts of H., 2% of ammonia, the re-
mainder being earbon dioxide, nitrogen
and methane, was passed over this catalyst
at a gas load of 100 litves of gas por Litre
of chtalyst per houwr, a synllesis pressmro
of 30 atmosphercs gange and a synfhesis
temperature of 192°C. A (0 + L)
eonversion of 65% was obtained. The
resulting produet was worked nwp and
fonnd to contain 389 of oxygen-contain-
ing organic compounnds congisting ehiefiv

" of primary aliphatic componnds, in addi-

tion to 18% of nitrogen-containing com-
pounds consisting ehicfly of primary
QIR Ees,

What we claim is:

1. A process for the synihesis of a mix-
tnre  containing hydroearboms, oxygen-
containing organie eompounds and nitro-
gen-containing orgunic eomponnds, which
comprises contaeting a mixture of hydro-
gen and carbon menoxids in symthesis
proportious with a  preeipitated from
catalyst umder synthesis conditions of

- temperature and pressare in the presenee

of 4 small quantity of an alkaline, nitro-
gen - containing  compennd which iy
gascous under the synthesis cundifions, the
catalyst having a lilile or na supporting

" materfal-incorporated thereln and cortain.

ing an alkalimetal eompound which,
calenlated as K0, is present to the estent
of from 19 to 159 by weight of tha total
amount of iroh in the catalyst, with at
least 60% of the irem in the cutalyst haing

i the metallic state,

2. A process for the synthesis of a mix
ture confaining -hydegearbons, osygen-
containing crgenic componnds and amines,
which eomprises contarting a syuthesis gas

80
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conlaining hydrogen and earhon ronoxide
in the proportion of 0.5-6 volumes of
hydrogen per volume of carbon monoxide
together with 0.5-2% by volume of an
§ alkaline, mnitrogen-containing compound
gaseons under the synthesls conditions,

with a predipitated iron catalyst at a tem-.

perature within the range 170°300°C.
and at a gange pressure within the range

10 cf 1-100 atmosphercs, the eatalvst being
ong which is free from or containg not
more than 209 of supporting material,
which eontains ome or 1more alkali-metal
compounds which, ealenlated as X0, to-

15 pether eonsiitute from” 1% io 15% by
welght of the total amount of iron in the
patalyst, and in which ai least 60% of the
irom is in the metallic state.

- 8. A proccss according to Clalm 1 or

20 Claim 2, in which the catalyvst Is promoted
with one or more metals from the class
eonrmisting of enpper, silver and metals of
the sceond to the seventh groups of ke
periodie system.

25 4 A prowess according to Claim 3, in
which the eatalyst is pruinoled with one
or more of Lhe following metals - titanium,
vanadium, cerinm, thorium, manganese
and melals of the seeemd group of the

30 periodic system.

5. A process according to any ong of the
preceding claims, in which the catalyst is
precipitated under alkaline conditions,
preferably as a plb in the range 5-10.

85 6. A process seeording to any of the
preceding elaims, in which the synthesis
iz effected at » pressure within the range
10-30 atmospheres,

7. A process aceording to any onc of the

40 preceding elaims, in which the synthesis
is effected af o temperature within the
range 190°.280°C.

8. A proecss aeeording fo any ol af the
preceding elaims, in which the alkali-mctal

45 compound, calenlated us .0, in the
ecatalyst eonstitutes from 5% to 107 by
weight of the total amount of iron in the
catalyst. ‘

9. A pracess aceording fo any one uf the

50 preceding elaims, in which part or all of
the alksli-metal compound in the catalyst
is inirodueed in the form of a salt of a
non-volatile geid. _ o )

10. A process aecording to Claim 9, In

5 which pari or all of the alkalimetal in
the catalyst is inlroduced in the Iorm of
a phosphate, borate or_tungstate.

11. A process aceording fo any one of
the preceding elzims, in which the catalyst

go is dried, prior to use, at a tcmiperature
within the range 80°-150°C., preferably
within the range 100°-120°C,, to a residnal
water content of 4-79% by weight, ]

12, A process sceording to (Taim 11, in

g5 whieh the catalyst is dricd at a temapéra-

tuare of ahont 1109C,

13, A proeecss according to any one of
the preceding elaims, in which the eatalysl
confaing at least 15% of copper.

14. A process aceording to Claim 13, in 70
wileh the copper content iz not greater
than 50%.

15, A proeess aeeording to any one of
ihe preeeding claims, 1 which the partiele
size of the catalyst is less than 2 mm. in 75
dinmeter,

16. A process aesording to any one of
the preeceding elaims, in which the alkaline,
nitrogen-containinge eompound Iz ammngonig
or a derivative of ammonia sueh as 80
methylamine,

17. A process geeording to any one of
the precoding elaims, in which the catalyst
iz precipitated from a sulphaie solution,
1056-50%, preferably 25%-359%, of the 85
iron heing converted into the trivalent
form during precipitation, the washing of
the precipitate being effected with o solu-
tien of an ion-exchanga compound, pre-
ferably an ammoninm compound or other 90
compound  derived from ammonia, and
fnriher oxidation of the iron being effected
so that more than 706, preferably more
than 809, of the iron s in the trivalent
tarm priar to reduction. 95

18. A proecss aceording to Claim 17, in
which the eoncentration of the compound
uged in the wash water is inereased dnring
the course ol the washing operation,

19. A process acoording to Claim 17 or 100
(laim 18, In which ihe wash water eon-
tains 0.2-209, preferably 0.2-29%, of ithe
compound or compounds.

2. A proeess according to any one of
the preceding claims, in which the space 105
valoeity of the synihesis gas is within the
range 10-1.000 v./v. /hr.

21. A process according to any one of
the preceding elaims, in which the tem-
perature of 1he catalyst inercases in the 110
divectiom of flow of ihe synthesis gas.

22, A proeesy for the synthesis of hyd-
roearbons, oxygen-containing organic com-
pounds and nitrogen-eontaining organie
compounds, substantially as hereimbefore
daseribed in any one of Fxamples 1 fo 4.

23, A process for the eatalyvtie hydro-
genation of carbon monoxide In  the
presence of an alkaline reacting, nitrogen-
containing eompound whick is gaseous
under the reaction oconditions, substan-
tialy us heveinbefore deseribed.

24. Hydroearhong,  oxygen-containing
organie compounds and nitrogen-eontain.
ing oreanic componnds whenaver produeed 125
Iy the process of any preceding clafm.

EDWARD EVANS & 0.
1418, liieh slhorn, London, W.C.1.
Agenis for the Applicants.
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