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This inventlon relates to new and useful
improvemants in iron catalyst for the catalytic hydro-
penation gf carbon monoxide.

Tn the catalytic hydrogenation of carbon
monoxide with lron catalysts, 1t 1s desired to achilsve
not only a high rate of conversion but also the best
possible proportionate utilization of the synthesis gases,
1.e., carbon monoxlide and hydrogen are to be utllized in
substantially the proportion in which they are present.
Furthermore, it 1s desired to obtain the highest possible
catalyst load and the lowest possible methane formation.
The 1lron catalyst used may be carrier containing or sub-
stantially carrier-free catalysts. Diatomaceous carth
18 a preferred carrier material, while in speclal cases,

however, other materlals such as actlvated alumlnum oxlde,

s%
bleaching earth, and similar materlals may be used.
Carrier containing iron catalysts possess a

fairly good utllization ratio at synthesis pressures in

- gXcess of about P - 1D kg per square centlmeter which ratlo

may become almost propertionate when reacting, for example,
water gas, and gilving conversions of up to HO% (CO + Hg).
The di;ution of the catalyst metal caussd by the carrler
material requlres, howevar, a fairly high synthesgls tempera-
turé in order to attaln such a high conversion rate., When
using a pas load of about 100 parts per voluma of pas per
liter catalyst matcrilal which 1s conventionally consldered
normal, 1t 1s necessary bvo maintain synthesis bemperatures
of approximately 250%0. If the gas load 18 increased,
however, to a multiple of the normal load, the synihesis
temperature has to be lncreased to such a laprge axtent that
the synthesls procsss bocomes unsceonomlaal by raason of the

increased formation of methans and deposit ol carbon.



10

15

20

™
un

30

- 527988

inen asing substantially carelier foee dron

catalyetn,. tho synthesls may be coprlod oul ob tomperatoras
\' 1 ) - 3. "

whiech arce avvroximately 30~MO°G. loWwer bhan thoege reguiredc

CaABRaPs

Tor carrisr containing cataiysbs. With a stralzht
of the synthesis vagses, the load may he dincercased andor such
conditions to a vuiue of 10 - 20 times that of the apov -
referred to normal load, and yet permitbing the cbbaining of
a conversion (COHH,) of up to 705,  This does involive the
disadvantage s however. irat ithe substantially carrlier frae
iron catalysts will cause to an appreciable extent a converslon
of the individual gas compenents. Conseguentiy, the remaining
residual pzas is so rich in hydrogen that it 1s impossible
either directly or with the use of subsequentiy cut in synthesis
stages to obtaln an Increase of the conversion rate up to
about 90% (CC+HH,) @nd higher.

In the production of lron catalysis, various
individual expedients are known elther as such or in com-

bination for the purpose of improving the synthesis charvacter-

1stics. It has thus been proposed to obtain the precinitation

" of the catalyst metal from hot metal nitrate solutlons wilth

hot caustic solutilon whille substantially mainftaining predeter-
mined hydropen lron concantration. t has bean f;rther found
that it is possible to influencz the synthasls characteyist10$-
of iron catalysts to an appreciable extent Dby their_imbregna—
tion with alkalli compound, and proferably with potasslum
compounds. In the practlce of this crpedient, potasslium water
glass has been uscd for the impregnation. If an lron catalyst
is, for instance, impregnatzd with & - 10 parts K,0 and 40 -

50 parts 5102 for each 100 narts of 1its iron contant, 1t 1s
possible to cbtain at temperatures between 220 and 240°¢.

and substantially prormal load and recycling ol the gases,
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conversion rates ol aboul &60,- 70 (CO+HR). Wi lh Increaged
load, howevar, as Tor example & lead ten times that ol normal,
entively too much methane is formed, and at the zame time wun-
desired carbon deposit may oceur. JIron catalysts have alse
Lbesn impregnated In such manner that about 1 - 1.5 parts of

K?O and 3 - 5% parts of SiO2 result for every 100 parts of iron.
Thoupgh it was possible to operate such catalysts with increased
gas load, an unsatlsfactory proportilonate utilizatlon was
obtained and a high methane Tormatilon.

. It has been stilll further proposed for the purpose
of improving the synthesié characteristies to apply to the
reduction of the iroﬁ catalysts a variety of different methods
operating with high as well as low reductlon temperatures!'tw“
In the practice of these expedlents, partly hiph velocltles
and partly low veloecltles of the reductlon gasos have been
used.. St1ll further, the compositicn of the reductlon pases
has been widely varied, usin@‘substantially pure hydrogen as
well as carbon mono:zide-hydrogen mixtures, and 1n speclal
cases pure carbon monoxlde.

j ﬁith all these hiltherto known combinatlons of
these pﬁeparation expedlents, 1t has been/up to now impos-

2ible to obtailn iron catalysts combining satisfactorily a

high gas load capacity, high convarslon capaclty, a capaclty

‘for proportionate utilization of the synthesis pases, and a

low methane formatlon.

Tt has been dlscovered that it 1s possible to
obtain with an entirely novel combination of as such knoWn
individual expedients, 1ron catalysts which will cenvert, for
example, water gas at a gas load of 10 - 20 times that of
normal to 1n excess of 90%, utilizing only a two stage opera-
tional procedure. The method in accordance with the lnvention

for producling the substantlally carrierless lron catalysts
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which may contain small amounts of copper or simlliar mebals

as auxlllary components, cssentially comprises nrecipltating

a4 hot solution of the metal nitrate used, while Intensively
gtirring, with a hot caustle soda solution in such manner that
the pH value after the precipltation is about 6.8 -~ 7.2, wash-~
ing the preciplitated mass down to & Kp0 caleulated content of
at the most 0.5 parts by weipght of K0 for every 100 parts by
weight of 1iron content, stirring at first with a small amount
of¢;ater for the purpose of comminution, thereafter converting
into a suspension by the addition of further amounts of water,
adding to this suspensilon amounts of a potassium water glass
sdlution suffleient to yield 20 - 25 parts by welipght 5.102

for every 100 parts by welpght of iron contained in said
catalyst, fhereafter adding nitric acid in amount sufflclent
to yleld for the catalyst mass remaining after filtration

a K;0 to 510, ratio of about 1l:4 - 1:5, thereafter drying
thig\catalyst mass and immediately molding the sameswithout
return of pulverulous components, and finally subjecting the
molded catalyst tc a reductlon with a reducing gas at tempera-
tures of about 200 - 350°C. and preferably 260 - 300°C. using
relatively high gas velocities of about 1 - 2 meter per second
and carrying the reduction to a point at which the catalyst
contalns about 30 - 50% of its total iron content in the

form of substantially free iron.

When using 1ron cataiysts prepared in accordance
with the invention, 1t 1s pessible to convert water gas with
only a two-stage operatlon to in excess of 90% with a gas load
which is 10 - 20 times that of normal. One of the two synthesis
atages 1s operatsd with stralght passage of synthesls gas,
while the other is operated with gas recycling, whersby a

ratio of gas to recycled gas of from 1:1 to 1:3 is used.
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The use of potassium salts of substantlally non-
volatile acids is important for the impresnation of the
catalysts, since the characteristics of the new catalyst in
accordance with the invention are not obtainable with alkall
hydroxides, carbcnate acetate or similar salts. The pH value
of 6.8 - 7.2 is critlcal for the precipitatlon because the
precipitated catalyst mass i only difficultly filiterable and
washable at pH values which are higher or lower than those
given. For the purpose of stirring the press-off [llter cake,
the amounts of water specified for the comminution and forma-
tion of the suspenslon must be obaserved, since 1t 1s otherwilse
not possible to obtain the desired impregnatlon with a
sufficient degree of certalnty.

When molding the catalyst, 1t 1s not possible
to resort to a return of pulveruleﬁt components, as 1s, for
instance practised in the production of cobalt catalysts,
because the catalyst in accordance with the invention would
in that case exhibit a decreased activity and an insufficlent
Firmness of grain. Only if the catalyst is molded immediately
upon filtration will there be substantial stability of 1ts
granular structure and optimum synthesls characterlistics.

In the reduction of iron catalyst 1n accordance
wlth fhe.invention efficient and active catalysts are obtalned
only when utllizing relatfvely high gas veloclties. When
using low gas velocitles, such as hitherto practised, iron
catalysts of insuffilclent actlvity are obtained.

. EXAMPLE 1
1000 liters of a hot solutlon containing

per liter 40 g. iron in the form of Fe(N03)3 and

2 g. CU In the form of Cu(NO3), were admixed with

1050 liters of a hot solution contalinlng per

N
liter 100 g. MaQCO3 whille vigorously stirring -



10

15

20

a5

30

6~ BR798Y

the mass. The stirrlng of the mlx was con-
tinued until the split-off carbon dioxlde was
completely removed for which purpose the mix
was maintained at a constant boil.

Upon completed precipitation, the mlx
showed a pH value of about 7.0, The precipitated
metal compounds were then separated in a filter
press from thelr solution, and they were immedlate-
1y thereafter washed with hot condensate water
for 30 minutes at a pressure of 3kg/cm2 in
excess of atmospheric for the purpose of removling
the alkali to an appreciable extent. When observ-
ing the pH value of 7, the alkall content of the
fi1lter cake may be lowered without diffieculty to a
point that the same (calculated as KQO) is about
0.4 parts by welght of K,0 for each 100 parts by
weight of iron. 1If, on the other hand, the
precipitation 1s effected at an alkaline pH, 1t
waslimpossible to obtain in spite of an appreci-
ably prolonged washing, a reduction of the

alkaline content below about 1.5 - 2 parts by

welght of Ko0 for each 100 parts by welght of ~iron.

The washed fillter cake was then stirred to
a slurry with 1ittle water in a mixer for the pur-
pose of obtaining the best poselble comminutlon
of the moist mass. For this purpose, there were
added 30 liters of water for every 100 kg of the
molst fiilter cake. The comminuted catalyst mass
was theresupon mixed with further 350 liters ‘of
water until a substantialiy uniform suspension of

almost si1lk-like conslstency was obtained.
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Immediately thereafter, 17 kg potassi@? water
glass solutlon were added, the same contalning
about 8.1% KEO and about 20,5% £10,.

The suspension impregnated with the potag-
aium water glass was then neutrallzed with 2.1
1iters of nitric acid {48% HNO3) for every 100 kg
of the molst filter cake, the acld belng added wlth
intensive stirring in a thin stream. After the
neutralization, the suspended material was
fiitered from the solution in a filter press.

The separated fllter cake contained &bout ;OO
parts by weight of iron (Fe), 4.6 parts by weight
of KQO, and 23 parts by welght of 5102.

The fllter cake was then molded wilthout return
of pulverulent components into cylindrical particles
of about 2 - 4 mm diameter &nd 3 - & mm length,
whereby extracrdinarily hard and resistant catalyst
partlcles were obtained. ‘These weres then reduced at

about 280° C. with a hydrogen-nitrogen mixture for

about 60 minutes, utllizing a gas veloclty of

about 1.5 m (linear veloclty measured cold) per
second. The reduced catalyst thus obtalned con-
tained about 42% of the total iron content in the

form of free iron.
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The embodiments of the invention in which
an exclusive property or privilege 1s cleimed are

derined as follows:

1. Method for the production of iron catalysts
for the catalytic carbon monoxide hydrogenation which
comprises adding to a golution of iron nltrate conven-
tionally used for the preparation of carbon monoxide
hydrégenation catalyst an iron hydroxide preciplitant

in amount sufficient to obtaln a pH end point of from
about 6.8 to T2 while continuously stirring, separating
the precipitate, washing the same to reduce its alkall
contents to a meximum of 0.5 parts by weight of Kp0 for
each 100 parts by welght of iron conktent in =aid preci=
pitate; thereafter preparing an aqueous gslurry of sald
precipitate, adding further amounta of water to gaid
glurry to thereby obtain a suspension of said precipl-
tate, adding a potassium water glass solution to saild
suspension in amount sufficilent to gield 20 to 25 parts
by weight of 510 for every lQO parts by welght of iron
contained in said suspension, thereafter adding nitric
acid in amount sufficient to yield for the residué after
filtration thereof K 0 to 8103 proportion of sbout 1l:h
to 1:5, thereafter dryling the filter residue and moulding
the same into particles without return of pulveruleﬁt
components, reducing the moulded particled material with
a reducing gas at a veloclty of sbout 1 to 2 me£ers per
second and a temperature of about 200 to 3509C. until
said materisl ylelds at least 30 %o 50% of its iron
content in the form of free iron.

2e Method in accordance with Claim 1, in which
gseld precipitant is & not agueous solution of an alkall

metal carbonate.
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3. Method in accofdanca with Claim 2 in which

soid alkali metal precipitant goiution is a hot soda solu-

tion.
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