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COMPLETE SPECIFICATION

Improvements relating to Catalysts

YWe, Rumrcmsarg  ARTIENGESELL-
8cEA®T, of Oberhausen-Hollen, Germauy,
2 CGerman joint-stock OCorparation, do
hereby deelare the nature of this inven-
tion and in what manner the same is to
ba performed, to be particularly described

and aonaaentainad Ju an T b £h. EaTllawinm

hydrogenation cartied out under normal,
or inereased pressure. The reduction can,
for example, be undertgken by means of
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bydrogen, carbon monoxide or ather re- 50

ducing gases or mixiure of gases. Thilst

cobalt eatrlysts can be reduced for syn-
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Page 1, lina 51, jor "uilxture read folztures™

Pags 2, line 48, for Vcaroun' read “carbonate’
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metallic iron and iror oxideg in the rela-
tive proportions of 2535 ‘metallic iron,
S0—81% ferrous oxide and 25—4% ferric
oxide,

During manufactura it is necessary, by
monns of appropriate investigetions, fo
determine aceurately the Fe, Fe( and
Fe.0, content of the redunced catalyst. An
iron calalyst worling well of normal
atmospheric pressure, and containing
50-—200 parts of kieselguhr, g earrier
constituent, for every 100 parts of (iren
+lrop oxides) should contain approxi-
mately 25—359% of the 100 parts in the
form of metallic iron. As soon as the freo
iron content is appreciably above or below
this value, the synthesis properties be-
coms appreeiably worse.

Ot great influence on the synthesis
properties of the irom catalyst necarding
to the invention, iz the nature of is redue.
tion. Tt is well known that with iron
catalysis the preliminary treatmment with

45 reducing gases has a decisive influence on

their behaviour In carbon monoxide
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DS 14087/1(5) /2831 150 452 R

LI T TV TR 1

fon of the reduction is alsg of consider-
able importance, T the above mentioned
speeds of flow are maintained, the redye-
tion should sontinue for epproximalely 30
to GO minntes,

. 1t is advantageous that +he new irgn
catalysi shanlg be impregpated with an
alkalimeata] componnd, in particular with
potassinm hydroxide or potassium silicate
n g quantity which (caloulated os the
alkali-metal monexide) Hes between (.59,
and 5% K0, preferably hefween 1% and
3% K,0. impregnation with aeid
botassivm orthophosphate or other alkali-
meta] salis of non-volatile mineral acids,
Is of particular advantage. In this way
the activity of the eatalyst is inereased,
tha methane formation is diminished, and
the formaiion of parafin wax is consider.
ably augmented. Tmpregnations which
are in axcess of 5%K.0 produce an excos-
sive formadion of parafin wax which
would necessitate pn nlmaost daily axtrae-
tim of the eatalysis. The E.0 eontents
given are determined in relation to the
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We, RumBomsumiz  AKTISNGESELL-
s0mArT, of Oberhausen-Holten, (fermany,
a CGerman joint-stock Corporation, do
hereby declara the nature of this inven-
tion and in what manner the same is to
be performed, {o be particularly described
and ascertained in and by the following
statement . — X

For the optimum working of an iron
catalyst it is more than wsually important
that the metallic ixon (Te), ferroms oxide
(F'eD) and ferric oxide {Fe,0,) in its eon-
tent be brought into the right proportion
to each other. IT has now been discovered

13 that iron catalysis (i.e. catalysls by means

20

of which carhom menowide hydrogenation

can be carried oul at roughly atmospheric
pressure) which wark particularly well at
normal pressurs, ave obtained if there is
present, in eddition to the usual carrier
substences and activators, a content of
metallip iron and iron oxides in the rela-
iive praporticns of 25--85% metallic iron,
50—-61’%_ forrous oxtde and 256—49% ferric

20 oxida,

40

During mannfacture it is necessary, by
means of appropriafe investigations, tu
defermine aceurately the Fe, eQ and
Fe,0, content of the reduced catalyst, An
iron catalyst working well at mnormal
atmospherts pressure, and containing
50—200 perts of kieselguhr, as carrier
eonstituent, for every 100 parts of (iroun
+iron oxides) ghould eontain approxi-
mately 25—859% of the 100 parts in the
form of metallic iron, As soon as the free
iron content is appreciably above or below
this value, the synthesis properties be-
come appreciably worse,

Of great influence on the synthesis
properiies of {ha iron catalyst according
to f—lﬁe invention, iz the uature of its redur-
tion. It is well known that with iron
catelysts the preliminary treatment with

45 reducing gases has a decisive influence on

their behavionr

[Price 2{.]
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Improvements relating to Catalysts

Lydrogenation cartied out woder normael,
or inereased pressure, The reduction ean,
for example, be undertaley by means of
bydrogen, carhon monoxide or other re-
ducing pases or mixture of gases. Whilst
cobalt catalysts ean. be redwced for syn-
thesis at both normal and mediym Pres-
sure under practieally similar conditinns,
the synthests properties of ivoa catalysis
are to a great extent dependent opn the
conditions nnder which the reduction of
the catalyst megs ig carried out.

With iron catalysty according to the n-
vention, the reduction must be oarried
through ot temperatures helow B800° C.
end preferably ‘at s temperatyrs hetween
206" C. and 2407 (. During the reduc~
tlon it is necessary to operate at a speed
of flow of the reduction gases attajning
approximately 1.3-— 1.5 m{see., caley-
lated when the gases are eool, The dnra-

on of the reduction iy alea of consider-
ablo importance. If the above mentigned
iipeedi Dflgnw aére maintained, {he reduc.
Aon should continue for im¢
toIGO i approximately 30
. 4t is advantageous {hnt the new ir
catalyst shoul] he impregnated with EE
&lkalr-_metal eompound, in particular with
potassium hydroxide or potassium siliento
2 quantity which (raleulated as the
alkah_—metal monoxids) Hes hebween 0.5 %
und 5% K,0, preferably between 1% and
3% K.0. An impregnation with aeid
petastinm orthophosphate or other alkali-
metal salty of non-volatile mincral acids,
18 of particular wdvantape, In this way
the activity of the catalyht iy increased,
the methane formation is diminished, and
the formation of paveffin wax is consider.
ab]y. asugmented.  Tmpregnations which
are ™ excess of A%E,0 produce ay oxees-

Sive formation of parafin wax which

would nepessitate an almest daily extrace
ton of the entalysts, The .0 contents
gwven are detsrmined in relation to the
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total iron conient of the ca:'talyst.

The activity of the catalysts menw-
factured and reduced, according to the
invention fs the hest obtainable after

3 many experiments on the effect of the
varivus known redvetion wmethods. In o
varbon monoxide Lydrogenation earried
vul belween 200° (. and 220° C, in whick
100 voluntes of synthesis mas per volums of

10 catalysi per hour were passed through the
reacior, iron catalysts of this kind cou-
verted up o T0%—75% of the gas mix-
lure employed, Ay the synthesis gas,
water-g0s wus used. As the iron cafalysd

18 did not hava 2 typical consumption of the
water-gos, that 1z to say, not in aecord-
atice with the ealoulated synthesis, but
due to secondary reactions—particularly
o conversion whish oceurred in the reace

20 tion—which consumed more carbon mown-
oxide than satisfied the pure synthesis
equation, the 70%—75%, conversion, men-
tioned whove presents in fact a practically
vomplete, that is to say 92%—87% treat-

25 ment of the varbon monoxide present in
the synthesis gas,

Tha life of the iron eatalysts sccording
to ihe invention iz considerable and
amounts fo at least 10,000—12,000 work-

80 ing hours,

Ag carrier suhstance, kieselguhr, alu-.
ninium oxide, magnesitm oxide and
similay substances may be used. Ag ach-
vators Cu, (20, Zn0 and similar metal

35 compnunds ore saitable. The cafalysts
may, Lowever, also be manufactured with-
out carrier sumbstances,

Exawprr 1.

Frem an appropriafe solution contnin-

40 ing irop nitrate, ocopper nitrate and
caleium nilrate, a catalyst was produced
by precipitation with an aqueous solution
of sediuvm curbonate of a concentration of
about 11% at a hydrvogen ien comcentra-

46 tion pH=9.2 with the addition of
kieselguhz. The nitrate solution rontajned
40 gramas of irou, 2 grams nf copper and 4
grams Cal) per litre. The iron is precipi-
tated ns the carbon and bicarbonate but

80 immediate hydrolysis oecurs with the for-
matioy of tha hydroxide ang the evolution
of carbon dioxide. The relative propor-
tions of {he metal nitrates ang Ikieselgnhr

.. were such {het the ratalyst eontained 100

89 parts We, 5 parts Cu, amd 10 parts ('al) +a
100 parts kieseleuhr, After a subsequent
washing out of the residual alkali ron-
tent, an impregnaiion with siall guanti-
ties of KO wus carried out, and the

60 catalyst mass dried ot 120° (.

When hydrogen ol 226° (V. with a ljnenr
speed of 1.85 m/sec. was nosse] over the
catalyst for a period of 40 minutes, the

.« irce iron (Fe) eontent. in relation (o the
total content of irun and iron oxidas,

“amounted to 309, the conteni of ferrous
ozide being 58% aud that of ferrie oxide
12%.

During the synthesis operation, 100
volumes of water gas were passed ovor one 70
volume of the catalyst per hour.  The
synthesis temperature amounted to 220°
(. The {Co+H,) vonversion attained
65%—68% with a reswltant eonswmption
Tatio of 1 part by volume of carhon man- 75
oxide to (.85 parts by volume of hydiowen.
The (0 eonversion was in exress of 90%,.

When the ecatalyst was reduced of a
tempsrature of 300° €. instend of 225° (.

a econversion of only ahont 459, (00 + H,) 80
could be obtained in the subsequent syn.

thesia,

When the catalyst was reduceq with a
speed of flow of zas of 45 cmfsee. instend
of 1.35 m/sec. & conversion nf onlv ahout 85
50%. (CO+H.) eomld be obiained in the
subseguent synthesis.

S Fixaurre 2.

¥rom on approprinte solntion contuiu-
Ing “iron nitrate, copper nitrute and 90
caTcium uftrate. an iron eatalyst was pro-
dured by precipitntion with an agneous
solulion of sedimm carhoante of » roncen-
tration of about 11% at a hvdrogen ion
concentration pH =7.3 with the addition %9
of Lieselgahr. The solution of wuitrates
contained 40 grams of iron, 2 erams of
copper and 1.2 grams (a0} ver litre. The
Iron is initially precipitated in the form of
the .carbonate and the biearhuuate but 100
immediata hydrelysis ocenrs with the for-
mation of the hvdroxide and fhe evolntion
of carhon dioxide. The relative propor-
tion of the metal niteates und the
keselguhr wers such that the catalvsi 105
conteined 100 parts Fe. & parts Cn, and 3
parts CaO to 60 parts of kieselenhr. The
precipitated moss was washed ont  and
then impregnated with 1e KV in the
form of polassivm silicate fealeulated on 110
’illzgoFg content). Finally it wus dried at

When, in the reduction, kydrugen with
a linear speed of flow of 1.4 m/ser, was
nassed over the catalyst for o period of 40 115
minutes, at a temperature of 325° (.. the
free.iron content, relative to the total
eontent of iron and {ron oxides, amonuted
0 33%, the content of ferrous oxide Beinyr
619% and that of forrie oxide 689, . 120

When the eatalyst was used at 290° C.
with: water gas for synthesis, and 100
volumes of mas were passed over one
volume of the catalyst per liouy, n eanver-
sion of 5% to 0% (CorT) was 12
oblained. The eonsumption ratio lay in
the region of 0.65 and oave a OO ronyver
sion of over D59,

en, in the reduction, the gns spead
was reduced from 1.4 m fsec, to 40 em /sec, 130
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then, in the subsequent synthesis, ths
.conversion fell to from B0% to 56%
(CO +H,).
When, during the reduction, fhe tem-
9 perature was maintained at 300° C. in-
gtrad of 225° C. then the conversion in the
subseguent synthesis fell o  55%
(00 + H,), .
When, during the reductipn, the tem-
10 perature of 225° C. was Jecreased o 180°
C. then, in the synthesis, a conversion of
only about 459, (Co 4 H,) wag obfained,

ExamerE 3.
From n hol aqueous sctution confain-

1§ Ing iron nitrate sand copper nitrate, a
vatalyst without carricr substance was
precipitated by means of 2 hot agnueous
solution of sodinm carbonate of a concen-
tration of about 11% at a hydrogen iom

20 eoncentration of pH=7.1. The nitrate
golution contained 45 grams of irom and
2.2 grams of copper per litre. The irox iy
initially precipitated as the carbouate and
bicarhonate but hydrolysis oceurs im-

25 mediately with the formation of the
Lydroxids and ths evolution of carbon di-
oxide. The relative proportions of the
twe nitrates were such that the catalyst
contzined 5 parts copper per 100 parts

40 -iron. Affer a thorough washing, the
catalyst wag 5o Impregonated with acid
potegsium orﬂm—pﬁusphaﬁe {(KH,PO,}
that, in the fnished state, 1 part K,0 was
present in the form of this potassinm salt,

35_per 100 pacts Fe.

"™ The cutalyst was dried at 110° €. and
then reduced for 60 minntes at 235° €.
]Jy means of a mixture of hydrogen and
nitrogen. The speed of flow of the gas

40 amounted (measured cold) to 1.4 m/see.
After this treatiment the finished catalyst
confained 32 free iron, relative to the
tofal content of iron and irom oxide, the
content of ferrous oxide being 60% and

45 that of ferric oxzide helng §%.

To the use of the catalyst so chtained,
100 Litres of watar gas welre possed over
one litre of catalyst per hour at a tem-
perature of 210° C. The (CO+1H.) con-

50 version reached 7839%, corresponding to a
carbon monexide conversion of 98.69%.
The methane formation amounted in
abont 89%.

When, in the manufaeture of the cata-

80 lyst, the reduction temperature was raised
from 235° C. to 300° C.. the ecatalyst,
under the same synthesis conditions,
shower a somewhat lesser conversion, and

ga” 2 increase in methene formation to about
1494

As a resals of lowering the reduction
temperature from 2856° (1. 1o 200° C. and
rataining the speed of flow of the gas of
1.4 mfsec., {he conversion diminished

from 73% to 519%. When the speed of 86
fow of tha rednction gases was lowsrad to
0.35 m{sec., the conversion at the same
reduction temperature fell to about 58%.

In the step of impregnating the cata-
lyst, it has bheen found advantageous to 70
uas 4 solution of the alkal-melnl come
pound of a strangth of 5—10:%.

Having now ‘particularly describsq and
ascertained the nature of our said inven-
tion and in what manner ths same is to 19
be performed, we declore thut what we
elaim is:——

1. A proocess fur the produstion of iren
catalysts, particularly for the hydrogena-
tion of carbon monoxide, in whick a solu- 80
tion of iron nitrate and a solution or solu-
tiong of nitrates of suitahls activators are
precipitated to yield the hydroxides and/
or carbonates of iron and of the activators,
the hydroxides andfor carbonales being 85
thereafter reduced in a stream of redpc.
tion gas at 5 temperature below 300° C.,
and preferably within the range 200° .
—240° C., {or a period of 30—60 minues,
the rate of flow of the reduction gas being 80
within the rauge 1.3—1.5 metres per
second,

2. A process according to claim 1, in
which the hydroxides endor carbonates
are precipitated on fo & rarrier substance 05
such as Kieselguhr, aluminium oxide and
magnesium oxide,

8. A process according fo cleim I or
claim 2, in which the preeipitation is
effected by means of an aqueous sclution
of sodiww carbonate. ’

d. A process according to any one of
the preceding elaims, in which the cata-
lyst, prior to treatment with the redunction
gas, is impregnated with an alkali-metal 105
composmd. .

5. A process arcording to claim 4, in
which the sompound is ey alkali-metal
salt of & non-volatils minseral noid.

8. An iron cafalyst for the hydrogenn- 110
tion of carbon menoxide at approximately
atmospheric pressure, in which the jron
ig in the form of iron and iron oxides in
proportions retative to each othey of 259
-—35% of metallic’ iron, 50%—61% of 115
ferrows oxide and 25% to 4% of ferric
oxide, the catalyst being impregmated
with L.5%-—59%, preferably 19%-—39%' of
an_alkali-metal, ralenlated ae the mon.
oxide, relative to the total iron contant of 120
the catalyst, and produced aceording to
the process of claim 4 op claim 5.

. 7. A process for the production of an
iron catalyst, subslondially as hereinbe-
fore desaribed. . 125
. 8. A process for the production of an
irnn ecatalyst, substantially as hereinbe-
fore destribed with reference to any ona

of Bzamples 10 3. - .

100
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