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COMPLETE SPECTFICATION
Improvements in or relating to Iron Catalysts

We, RUHRCHEMIE AKTTENGESELL-
serarr, of Oberhausen-Tolten (Rermany,
a German (Company, and Lurcr GEspLr-
SCHAFT FURR W ABRMETECINIK M.B.H., of

8 Frankfnrt am Main, Germany, a Clerman

(ompany. do hereby declare the inven-
tion, for which we prav that a patent may

_ begranted to us, and the method by which

it 15 to be performed, to be particulaply

18 degeribed in and by the following state-

ment -

The invention relates to a method for
the produciion of iron catalysts, partiou-
larly of iron catalysts for nse in the hydre.

15 genation of carbon monoxide,

25

In the co-pending Application No.
22106/ 50 (Serial No. 679,785) there is des.
eribed o method for the production of an
iron catalyst for use in the hydrogenntion
uf carhon monoxide, the catalyst so pro-
dueed being effective to give a high derree
of conversion of the synthesis ges with a
load, or space velocity of the synthesis gas
which is several limes the normal load or
space wvelocity.

The iron eatalyst comtains oo carrier
substanee or only small amounts of o
carrier substance and the method of its
production which js deseribed and claimed
in the co-pending application eomprises
precipitating, with intensive stirring, o
hot solatinn of iron nitrate with = Dol
solution of an alkeli-metal hydroxide nr
of ay alkeli-metal carbopate tu give a

35 sojution having a pu valus within the

40

range 6.8—7.2 upon completiop of the
precipiltation washing the precipitate to
rednes its content of alkali-metal com-
pounds, ealeulateq at K0, lo a mazimum
uf 0.5 perts by weiglit of K.0 per 100 paris
by welght of iron, converting the precipi-
fate inio a h-om-cg-'lcﬁcous, agueots suspen-
gion, adding a selution of an alkali-matal
gilicate to the suspension to give 20 lo 25

45 parts by weight of 810, per 100 parts by

welght of irom, treating the suspension
with mitrie acid to yield after filtratiom,
a eatalyst mass having a ratie of alkali-

f

metal oxide, caleulated as K.0, to 8i0,
of from 1:4 to 1:5; awonlding the cata-
Iyst magg, drying the moulded ecatalysi
and thepn reducing the dried sud moulded
catalyst al a temperature within the
range 200°—350° ¢, with a reducing gas
2} linear velocities of the reducing gag of
from 1 to 2 meires per secong to vield u
catalyst confaining from 309 fo 509% of
ils totul content of iron in the form of
metallic iron.

Iu the specific exampla deseribed, ihe
alkali-metal silicate nsed was potassium
silicate, the solution being of commercial
composition (K,0:810,=1:2.6 ypproxi-
mately). The lmprepnated suspension
was then treaied or neuntralised with
dilute nitrie acid tu give the desired ratin
of X,0:5810,, after which the suspension
was filtered, the excess alkali being
removad as potassium nifrate in the
filtrate,

It has now been, found that the method
of the co-pending Application No.
22006/ 30 (Herial Ne. 579,785) for the pro-
duetion of such an iron catalyst for the
eatalytic hydrogenation of carhon mon.
oxide, especially at a high gar load, which
catalyst may eontain, small amounts of
carrier materialy and mey contain copper
angd other selivating metals in the ueual
amounts, can ba jmproved. In Hhe course
of the preparation according to the
co-pending  application  hereinbefore
referred to, an 1ron hydroxide gonspension
wios admized with o guantity of potassium
silicats solution sufficient fo give 20--25
parts by weight of 8i0, for every 100 parts
by weight of iron contained in the suspen-
sion, followed by a freatment with mitrie
acit_i in such a manner as to produpe 2
ratio of 1:4 {0 1:5 of K,0 to 810, in the
catalyst anass remaining sfier ﬁftra'tien-
In the methog according to the present
invenlion & part of the total S510, is
added 1o a form ofher than as ap alkali-
metal silicate, such as in the form of an
sctivaled bleaching earth or fuller’s
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carth, the gmount of alkali-metal gilicate
addegd being only that requireq to give the
catalvst its meecssaTy eontent of allali.
thereby eliminating the subsequent treat-
5 ment with nitric acid. ,

In carrying oub the method of the
invention, a quantitative determination of
the amount of S0, present in, for
example, a bleaching parth, is first made,

10 followed by @ caleulation of that quantity
of Si0, in the {orm of, for example, achi-
vated blesching earth, which must alie
Be ndied o the eatalyst mass in excess of
the 810, present in_{he alkali-metal a1l

15 cate used fur impregnation.  The

naniity of bleachinqi: earth eorrespond-
ing to Llis amount of 8i0. is stirred up.
i the ponyentipnal manuer, with the
catalyst mass, immediately upon precipri-
91} tation, whereupon the impregnation with
the alkali-mebal silieate may be rarried
out in the form of a direet impregnation
without sabsequent neuiralisation. This
not oniy improves the activitr of the
eatalyst, bt reduces the material cost for
fhe eulalyst and eliminatcs the step of
pentralisation wsed according to the
invention eclaimed in Application No.

2900630 (Serial No. 679,785, Moreover,

30 the mechanical strength of such catalvsts
is further improved 3s compared with
that of cutalysts descrihed In Application

No. 2200650 (Serial No. G70,789).

A suitebla meteriaj for use in the

85 method of the invention is 8i0), in the
torm of an earth o7 elay, fny exomple, an
activated bleavhing earth known under
the mame ‘“Tomsil”, (Other siliceous
materials may however, be used, sueh, for

40 example, as Sterchamol, Filtrol (Reglis-

tered Trade Mark), Saperfiltrol. gacd
ceramic magses saeh us clay.

Tt has zlso beey ubserved that the con-
position, of the Dleachine earth, fullor’s
paril,, or other siliceous materials used.
has an appreciable influente un the
behaviour of the eetalyst during the syn-
thesls.
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The epmposition of the primary
pruducts obtained 1L the synthesis is also
5() depeudent on the composition of the earth
or elay or other qiliceous material used.
Tt Des been found that perkicnlarly
alyanlageons 8 nthesis resnlts may be
ablained with tgeSe patelysts when usng
55 in their preparalion bleaching earths
which have a yather low alumininm oxide
content of less than 10% by weight, pre-
fernbly less than 5% by weight, in addi-
tion to 8 rather high £a0 gotttent of more
than 3% by weight, preferably mere than
102, by weight, . ]

A high alvminiom oxide conlent in the
ecatulysts  according tg the imvention
results in an incTeascd formution of meth-
65 ane in addition fo the formation of pro-

duets bhaving a somewhat Jower plefin
coptent. Conversely, a enrrespondingly
higher comtent of ealeium oxide resulls
unt only Tu a reduced methaue formation,
but in un increased proportion of unsain- 70
roteq aliphatie hydrocarbons.

Tlhe invention is illustrated in the fol-
lowing example,

1001 litres of a hot solntion conlalning
swr litre upproximately 10 grams of iron T
0 the form of Fef X0, und 0.2 grams of
copper in the form of (u(X0,). were
admixed with 1050 litres of 2 hot zolution
pontaining approximulely 100 grams of
Nu, O, per Hilre, while Viggronsly stir- 8U
ring {he mixture, The stirring of 1he
mixiure was ronlinued nntil the carhon
dioxide, which is evolved. had eseuped,
Tmmediately {hereafter, the mixture wus
stiyred up with 6.8 kilograms of an acti- Bd
<ated blenching earth Lnown under the
pame ‘‘Tonsil’®, The “Tonsil™ had a
confent of 10, of 65.69%. se that,
approximately 447 kilograms of i),
were thereby added fo the eotalrst. A
g value of ¥ wasz maintaine] during and
after the precipitation, -

The precipitated catalyst mass was then
immeﬁmtely treed from the mother liquor
in a filter fress ond subsequently washed
with het condensate water for approx-
mately 70 minutes. Thercafter, the resi-
dual eontent of alkali, caleulated as K,0.
in the entalyst mass was (hdd o/, Tased on
the total iren present. 1K

The precipitated eatalyst mass was then
(livectly impreguated with a dilute priag-
sium siHeate solution in sach a manmer
that 5.57 parts of E;0 and 13 borts of
%36, (this being the couzposition i the 10
approximatelv 207% solution of eommer-
e1al potassinm silicate ased) for every 100

arts of Fe were inlroduced into the cuta-
ystmass, T Lie impregnation was earried
put in such a manner that, by earcfully 11
Tueading in the potassium silicate solH-
fiua, the distribation in the precipitufed
catulyst stuery was as pniform as pussible,
The catalyst mass was then carefully dried
to u water content of 603 and muaided in 11
an extriding press into evlindrieal grains
of 5 mm. size. Affer shopt-titne re-dry-
ing jn a belt_dryer, the ratalyst grains
were fmally dried in a drying chamber
fop 24 honts at a femperature of 105° €, 14
o a water ronfent of 4%

Sines the quantity of Si0. alded to the
catalyst by the “Tunsil” was £.47 Iailo-
grams, and the quantity of 8i0. added by
the direet impregnation with pofassimm iz
slipate was 6 kilograms, the fotul
guantity of Sild, was 10.47 kilograms in
10 Lilograms of Fe, thal ¥+, 26% calen-
lated on Fe, The guantity of K.O was
293 Lilograms corresponding to 5.7755 1
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bas;.ad on Fe and the K.0 :810, ratio was
1:4.D.

By crushing and sleving the dried mass,

a linished grain size of & mm. was

% obtained.  This cetalyst was redunced in

a reduction apparatus for 75 minufes at

a temperature of 320. C. using 5 cubic

metres of a gas mixture consisting of 75

parts of hydrogen und 25 parls of nitro-

10 gen. The flow rafe during the reduction

wag 1.4 meires per second, weasured in the

cold state.  The Teduction value of the

catalyst after the roduetion_ that is to say,

the perventage of the total fron content of

18 the catalyst presenl us metallic iron, was
approximately 30,

Wheq this eatalyst was charged into a
synthesis reactor of 12 matres length and
consisting of siwooth tubes of 32 mm. dia-
meter ynd was 1seq in a synthesig at a
pressure of 30 atmospheves, with q recycle
ratio of 1:8 and & gas load of 500 volumes
of weter gas per volume of vatalyst per
hour, a conversion of 60% CO+H, was
25 oblained ot o reaction femperature of

227" C.
When the same catalyst was prepared
nceording to the method deseribed in
_Awpplivation No, SOOA A0 (Qerial Nu.
30 679,785) without the addition of ‘“Tansil”’,
but merely by potussium silicate Impreg-
nution and suhsoguent neutralisation, and
reduced and vperateq wunder the same
rednetion gnd synthesis conditions respec-
tively, a reaction temperature vf 233° C.
was required 1o obtain the same conver-

3b

giun.
With the catalyst according o the
invenilon, the methane formetion was
40 correspondingly lower, the yield of high
Loiling hydroearbong was higher and the
cutalyst life was appreciably increased.
hat we claimg 15—
1. A modification of the method for
45 tle production of an iren catalyst, for use
i 't%le catalytic hydrogenutiop of carbon
menoxide waccording to Patent Applica-
tion No. 22008/50 (Serial No. 879,785},
whiel, comprises adding part of the 8.0,
60 in a form other than as an alkali-metal
silicate, the amount of alkali-metal sili-
cate added heing unly that required to
give the catalyst ifs necessary gontent of
alkali thereby eliminaling the treatment
BB with nifric acid.
2. A method secording to Claim 1, in

which parb of the 8i0, Is added in the
form of an earfl or clay. .

3, A method according fo Clajm 1, 1n
which 1hat part of the SiQ, which iz 60
added in a form other them as an alkali-
metal silicate, is udded in the form of an
activaled bleaching earth or activated
tuller’s aurth, )

4. A methog aceording fo Clalm 2 or
Claim 3, in which the Al., content of the
earth or cloy is Jess than 10% by weight.

5. A method according to Claim 4 in
which the Al,0; content of the earth or
clay is lesg than 5% By weight,

4. A method according o any one of
Claims 2 o 5, in whicl the Cad content
of the earih or clay is greater than 5% by
weight.

7. A mathog according to Claim 6, in T8
whieh thg Ca0 content of the earfh or
clay is greater than 10% by weighi,

8. A methogd necording to Clapm 1, in
which the alkuli-mefal silicale is potas-
gium silicate, . )

-9. A method according to Clajm 8, in
which the 810, addsd other than as polas-
giuzn silicate, 1s supplied by the addifion
of ackivated fuller’s eartl or scéivated
bleaching eaxth. .

10. A method according to Claim 8 in.
which the AL, conlent of the activated -
earth is less than 109% by weight and the
Ca) content of the activated earth is
aroafer than 4% by weight,

11. A method accarding to Claim §, in
which the ALD; content of the activated
parth is lsse than 5% by weight and the
Cad) content of fhe activated carlh is
gregter than 109% by weight, a5

12. A method for the produetion of an
iron cafalysi, substaniially as herein-
hefure described,

13. A method for the production of an
iron catalyst, substentially as harein- 300
before described in the example.

14, An iron catalyst whenevar pro-
dueed according to the method of any
preceding claims,

15. A procesg for the catalylic hydro-
genation of varbon menoxide whenever
earried out in the presemce of the iran
vatalyst claimed 1n é]aim 14,

6
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EDWARD EVANS & CO.,
1418, High Holburn Iondon, W.C.1,
Agents for the Applicanis,

Leaminglon Spa: Printed for Her Majesty's Stationery Uffice, by the Courier Press.—1954.
Published at The Patent Office, 25, Southmnpion Buildings, Tonden, W.C.2, from which
copies may be obtained,
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22006 /50 (Serial No. 679,785) there i des-
cribed a method for the production of an
iron catalyst for use in the hydrogenotion
of carbon monoxide. the catalyst sg pro-
dueed being sffective to give a high degree
of conversion of the synthesis gas with 4
load, or space velecity of the synthesis gas
which is several times the normal load or
space velocity.

The ron calalyst comiains mo carrier
substanee or only small amovnfs of =
carrier substance and the method of its
production whicl is gescribed and claimed
in the co-pending application comprises
precipitating, with intensive stirring, a
hot solution of irom nitrale with a hot
solution of an alkali-inetsl hydroxide or
of an alkali-mets] carbonate to give o

5 solution Laving a pE value within the

" ronge 6.8—7.2 u}i‘rlon completion of the

40

precipitation washing the recipitaie to
rednes ity content of alkali-metal com-
pounds, calculateq at K0, to v maxgimum
of 0.5 parts by weight of E,0 per 100 parts
Ly welght of iron, converiing the precipi-
tate inﬁ) a homogemeous, agneols SUSpen-
sion, adding o solution of an alkali-metal
gilicats to the suspension to give 20 to 25

5 parts by weight of 810, per 100 parts by

weight of iron, treating the suspension
witl witric acid to yield. after filiration,
o catalyst mass having a refio of alkali-

E]

“(Seriai ™o, 5795785}”
679,783)"
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was then treated or meuiralised with 5
dilufe nitrie acig ta give the desired ratio
of B,0:8i0,, after which the suspensjon
was filtered, the excess alkall being
removed as potassium nitrate in  the
filtrate. 0
Tt has now been foumd that the method
of the cvo-pending Application No.
32006 /50 (Sertal No. 579,785} for the pro-
dustion of syeh an iron catalyst for the
catalytic hydrogenation of carbonm mon- 1o
ogide, especially ol a high gas load, which
catalvst may contajn small amounts of
carrier materialg and may contain copper
ang other setiveting mefals in the usual
amounts, cun he jmproved.  In the course 80
of the preparation aceording 1o ihe
co-pending  application  hereinbefore
referred te, an irop hydroxide suspension
was admixed with a quantity of potassium
silicate solution sufficient fo give 20—25 85
Eartg by weight of 8i0, for ayery 100 parts
Liy weight of iron cont2ined in the smspen-
sion, followed by o treatment with nitric
acid in such & manner as o produce u
ratio of L:4 +0 1:5 of K0 tv 810, in the 90
eatalyst mass remaining affer filtration.
In the methoq according to the present
invention a part ot the fotal 8iQ. is
addeq i a form other than as an alkali-
metal silicate, such as in the form of an 85
activated Dbleaching earth or fuller’s



