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This invention relates lo- improvements in iron catalyst
for catalytic carbon tenoxide hydrogenation, It more
.partieudarty rclaies ro g new, improved cachon monoxide
hydrogenution catalyst and a navel method for its produc-
tion,

Mrom catalysts for the catalytic hydrogenation of carbon
monoxide are well known and various methods _bave
.been deseribad for
iron catalysis may contain small amaunts.of <arrier mas
tzrialy and activating metals, such-as capper,

An iron caralyst for the hydrogenation of carhon mon-
-oxide with a high &as toad has hean described, This
catalyst is produzed by 2 special process and invelves
4. combination of very specific steps. Accarding o this
‘Process, an iron nitrate soletion s precipitated with
caustic sorla at a oI value of about 7. The precipitated
material is then thoroughly washed and impragnated
-with alkali silicate so that the finished catalyst wili con-
“tain Kz0 und SiCw in the ratio of approximately [:4 1o
1:5 to each other. 'This critical ratio of ‘KO -to 8iQ:
is obtained in accordance with ‘said process by impregnat.
ing the catalyst with water glass, Commereia] water. glass
has a K20 to Si0Dg ratia of ubgut ! to gbout 26, A
subsequent reneufralization ig thernf01'e.ncce_ssary. This
Tenutralization js elfected with diluted nitric acid foliowed
by filtration and permits the K20:8i0z ratio to be ag-
justed as desired swith the -excess alkali contained in the
flltrate in the form of potassium nitrate,

This process is described in detail in U. S, application
Ser. No. 184,114,

One object of this invention is 4 production of a catalyst
having superior activity to catalysts produced by the
ubove described method,

A {nrther object of this invention is 1o educe the ma-
terial cost in the nbove-deseribued Process,

A still further object of this invention is to eliminate
the operational Step of renentralization which is neces-
sary in the above-described Process,

A slill further object s the -production of catulysts
with superior muchanical strength, and further improve-
ments as compared with tha eatalyst produced by the
above-deseribed process,

These, and still further objects will become apparent
from- the following description:

In uccordance with the invention an iron hydrexide
suspension is produced, as, for example, in the same
manner s in the above-mentianed process, by precipita-
tion from an iron siirate solntion with caustic sodg at a
‘PH of abont 7. A portion of 20 W 25 parts of SiQs
for each 100 parts of iron is then added to the .iron
brdroxide suspension.  This portion of the total sjlicic
acid is first added as silicle acid of anolther kind than
water gloss, such as in the form of activaleq ‘blenching
varth. A water glass solution coataining the remainder
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-tralization .is climinated

‘the water glass must be addcd in

‘as silicie ucid of

2
of the total-silicic acid ig then added as alkali-in amount
su clent to produce & ratig of K20:5i0z in :the finished
catalyst of ahout 1:4 and.about 15 without the necessity
of remtralization. with nitrie acid,

The portion .of the totg] silicic acid introduced in an-
other form as compared to the porlioh introduced .as
water glass, depends on the composition of the water
glasy and the .amount of the alkali water glass desivad.
The total silivie acid.-must be equal to .about .20 -1 25
parts. for every 100 parts by weight.of the iron contained
in the jron hydroxide -suspension. The zatic -of Kz
to 802 in the cataiyst Mass -remaining .after Hltration,
must be of abent 1:4 to ahout 1:3.  After the introdue.
tion of the sificic acid in a form other than water glass,
quantities s6 that 2 total

ng renewtralization ig nccessary.,  These Tactors clearly
determined (he relative amonnts of silicic acid as water
glass and silicie acig in anoiher form, .as, for example,
uctivated bleaching earth, The skilled artisan will have
19 difficully in determining thege proporlions from the

above,

The iron catalyst prodnced in accordance with the in-
vention may contain small amounts of crreisr material
and the usnal quaniitics of copper and other activating
metals. The ranges and amounts of these cartier ma-
terials and activating materials and their made of jntro-
duction iz well known in the art, and 4.detajled descrip-
tion of these ranges and medes of introduction j¢ not
necessary, .

It is.apparent that the -method for the production of
the catalyst in accordance with the invention i5-identical
to the methed deseribed gbove and in U, 3. application
Ser. No. 184,114 excepl that i the method -according
to U. 8. application Ser. No. 184,114 the iron. hydroxide
suspension was admixed with Potassinm water glass
solution in amounts sufficient to yield 20 to 25 parlg of -
SiC2 for every 100 parts by weight of iron -contained
in the snspension, Inliowed by 2 treatment with nitric
aeid for reneutralization and o.produce .a ratio of 1:4
o 1i5 of K2l to $i02 in the vatalyst mags ‘remaining
after filtration, while in the method according o the
invention, u part of the total silicic acid is introduged
another kind and the alkali is added as
water -glass o the quantities desired, which eliminates
the renevtralizution by nitric acid.

Except for the method of the introduction of the silicic
acid and the élimination of the renentralization by qitric
acid, all othe conditions, amounts aod ranges ip:the
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In practice, o yuantitative- determination is fitst made
of the amonnt of silieic acid present in a bleaching earth,
Then the yuantity of silicic acid which must be con.
tained in the catalyst mass in excess of the 10 tu Si0s
ratio present in the water glass is-caleolated, A quantity
of bleaching earth containing this amount-of sjlicic -aci
is then fmmediately stirred into the caralyst mass upon
precipitation.  The impregnation {s then effected in the
form of a dirct impregnation with. watey glass without
fencutratization,  This means ‘o be the best form of
practice.  The catalyst is then worked inlo final form
in the conventional known manner.

The catalyst thus formed has not only improved activity
over the catalyst deseribed in TI. S, patent application

In addition, . the mec¢hanical
strength of the new catalyst is far superior to that of
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the catalyst described in U. S. patenat application Ser.
Na, 184,114,

Bleaching sartis are understood fo be clay-like alumi-
nivm hydrosilicates having a varying content of mag-
nesium, calcium, and iren. Distinction is mude between
natural carths which can directty be used after drying
and grinding [or many purposes, and activated earths
which become particularly effeciive by a chemical Lieat-
ment. On an sverage, these earths contain 30-73%
%0z, 5-15% Alz03, 3-12% Ca0 or MgO in addition to
small amounts of FeaOs, Ti0z, Ka0 and MNaxl., Acl-
vated commercial bleaching earths are known under the
trade names of Filirol, Superfilttel, Granusil, Tonsil,
Filter-Cel etc. Other materials than these activated
bleaching earths, such as Sterchumol, ceramic masses, efc,
may also be psed in accordance o the invention, The
compuosilion of some bleaching earths is given as foltows:

B0 _.__ 623
AlzO3 b ———————— - _ 134
Feol e e e e e — 2.6
A e e —————————— 0.6
Mgl .. e -— 21
NaaQ, Ko amam oo e 0.4
Loss at TeA e e e e —
Heato . __ e 7.3
Ha oo e e 11.3
(2} Filter-Cel (standard):

Loss af red heat .o oo 041
Halo— . . _— . 113
FeaOse oo _— - .89
Alas 3.06
Balance 5103

(3) Analysis of another commerciul bleaching sarth
brought {0 maximum activity by means of mineral acid:

[T T . 73.64
Al e 13.46
T8 et e e e e —— = — 6.35
(ot o P —_—
Tossatredheat . e 6.63

Tn accordance with the invention it hus been found
that the composition of the hleaching carth used or of the
other siliceous malerizls bas & considerable inffuence on
the behavior of the catalyst during the synihesis, The
compasition of tie primary preducts obtained & also
depandent upon this compositien,

It Lias thus been found that particularly favorable syn-
thests results may be obtained with the new catalyst il
tlcaching earths are used in their preparation which have
a relatively low aluminum oxide content of lzss than
10% by weight and preferably of less than 5% by weight.
These earths shouid, in addition, have a rather high CaO
content of morc than % by weight and preferably mors
ilan 10% by weight,

If the new catalyst contulned a high aluminum oxide
content, an increased methane formation and the forma-
tion of products with a semewhat lower olefin content
results during the synthesis. On the other hand, & re-
duced methane formation apd an increased yield of un-
salurated aliphatic hydrocarbons is produced with the
use of the new catalyst with u correspondingly low con-
ient of calcinm oxide.

The follawing examples are given by way of illustration
and not limitation of the invention:

Example |

1000 liters of a tot iran selution contazining per liter
approximately 40 gms. of Fe in the torm of Fe{NO)a
and .2 g. Cu jn the form of Cu(lNOz)z were admixed
with 1050 liters of 2 hot solution containing per liter
approximulely 100 gms, of NazCUz while vigorously stir-
ring the mass, The stirring of the mixture was continued
until the escape of the formipg curbon dioxide. Im-
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mediately thereafter, the mixiure was stirred np with
6.8 kilos of an activated bleaching earlh known undet the
trade mark *Tonsil.” With 2 conterl of 65.6% of silicic
acid in the Tonsil, approximatcly 4.447 kilos of §iO:
were thereby added fo the catalyst. A pH valve of 7
was maintained during and after the precipilation.

Immediately thereafter, the precipitated catalyst mass
was freed from the mother liguor in a filter press and sub-
sequently washed with hot condensate for approximately
40 minutes. Thersafter, the residual content of alkali in
the catalyst muss was (.45% calcufated as KeO and tased
on the total iren present.

Now the precipilaied catalyst mass was gireclly im-
pregnated with u diluted patassium water glass splution
in such a manoer thet 5.57 parts of KzO corresponding
to 13 parts of 5i0z (composition of the approximately
20% commercial potassivm water glass solution) for
every 100 parts of Fe were contained in the catalyst
mass. The impraghation was carried out in such a man-
ner that, by carefully kneading in the puiassiom water
glass solution, the distribution in the precipitated catalyst
slurry was ou uniform -as possible. Then the gatalyst
mass was carefully dried te a water content of 60% and
molded in an exiruding press into cylindricat gralns of
S mm, size. After short-time redrying in a belt duier,
the grains were finally dried in a drying chamber for 24
hours at a tempetature of 105° C. to a water content of
4%,

Considering the quantity of silivic zcid (4.47 kilos)
added to the catalyst by the Tonsii and adding therefo the
quantity of sificic acid (6 kilos) added by the direct
impregnation with potassium water glass, the total guan-
tity of silicic acid is 10.47 kilos in 40 kilos of Fe, L. ¢
26% culculated on Fe; the quantily of Ez0 is 2.23 kilos
correspondiag to 5.77% and the Kz0:Si0Oz ratio is 1:4.5.

By crushing and sleving the dried mass, a finished grain
of § mm., wus obtained., This catalyst was reduced in &
rednction spparatus for 75 minutes at a lemperature of
320 C., using 95 cu. m. of a gas mixture consisting of
75 parts of Hz and 25 parts of Nz, The flow ratc during
the redoction was 1.4 m., measured in the cold sfate.
The reduction value after he reduction was 28% Fe.

When this catalyst was charged to a reaction furnace
of 12 M. in length and consisting of smooth tabes of 32
mun. diameter and was brought to reaciion using a pres-
sure of 30 atmospheres, 2 recycle vatio of 14-3 and a gas
load af 500 volumes water gas per volume of catalyst
per hour, u conversion of 60% CO+H: was obtained
at a reaction temperature of 227° C.

When the same catalyst was prepared zccurding to
U. §. application Ser. No, 184,114, U. 8, Vatent No.
2,617,774, without the addition of Tonsil, but merely by
potassium water glass impregoation and subsequent reneu-
iralization, and reduced and operated under the same re-
duction and synthesis conditions, respectively, a reaction
temperature of 223° C. was required to oblain the same
conversien.

With the catalyst according to the ipvention, the
methane formation was correspondingly lewer, the yield
of high builing hydrocarbons was higher and the catalyst
life was markedly increased.

Example 2

While the catalyst of Example 1 was prepared using a
German bleaching carth which, in addition to approxi-
mately 60% of silivic acid, contained approximately 129
of water, smaller amounts of iron oxide, magaesium
oxide and ecaleinm oxide, and approximately 22% of
alumninum uxide, 2 new catalyst was prepared having the
zame composition, but the activated blenching earth used
in this case was composed as follows:  Approximately
63% of silicic acid, 7% of aluminum oxide, 3.5% of
iron oxide, 7.5% calcium oxide, 2.3% of magnesium
oxide, smaller amounts of aikali, titanic acid etc, and
14% of water.
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The catalyst prepared with thig
an approximately 2° C, lawer synthesis temperature as
compared to that of the catalyst prepated according to
Example 1. The paraffin formation was somewhat higher,
The formation of Cr and Cy hydrocarbons was approxi-
mately 15% lower as eompared to that of the catalyst of
Example 1.

I claim:

1. In 2 method for the production of precipitated iron
catalyst for the catalytic hydrogenation of cacbon mon-
oxide having a ratio of alkali oxide to Si0z, calculated
as KoO:8i0y of 1:4 1o 1:5, the Improvements which
comprises adding te an iron hydroxide suspension of silice-
ous material other than potassium water glass congisting
predominantly of $i02 and additionally 8i0Oz in the form
of potassium water glass, said siliceons material and said
potassium  water glass being added in proportional
amounts sufficient to produce & matio of 20-25 parts by
weight of 8i0s for rach 100 parts by weight of iron, and

bleaching earth had
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Tecovering 4 cafalyst having 2 ratis of alkali oxide to
8i0z calculated as K20:80; of 1:4 to i:s,

2. Improvement accarding to claim 1, in which said
siliceous material s an activated bleaching earth.

3. Tmprovement according to claim 2, in which said
bleaching eartk has an ‘alumioum oxide content of less
than 10% by weight and a Ca0 content of 5-12% by
weight in excess of 5% by weight.
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