CIPO - Patent - 527989 Page 1 of 2

Industry  Industrie Ny s B
Bl G2 oo Canada

T Strategis [ndex: . «(}";‘5.';’ e
strategis.gc.ca o S | . e L T

Canadian Patents Database

(12) Patent: (11 CA 527989

12/19/2001 - 10:11:31

(54) IRON CATALYST FOR CATALYTIC CARBON MONOXIDE HYDROGENATION
54) CATALYSEUR FERRIQUE POUR L'HYDROGENATION CATALYTIQUE D'OXYDE DE CARBONE

(72y -+ - (Country)y: WALTER ROTTIG  (Not Available}
(73) - (Country): RUHRCHEMIE AKTIENGESELLSCHAFT
LURGI GESELLSCHAFT FUR WARMETECHNIK M.B.H.
(71y . o (Country):
(74}
(45) . July 17, 1956
(22)
43)
(52) 4+ inchnt Lo an s 252177
(51) dmi ol Lo N/A
No

(30} E T None

N/A

Unknown

#¥% Note: Data on abstracts and claims is shown in the official language in which it was submitled,

View or Download Images :

[y

Cover Page Image
« Abstract Image
-

Claims Image

C o
Disclosures Image
[

http://patentsiic. ge.ca/detuils?patentnumber=3527989& linguage- X £2/19/01



10

15

20

25

- 527989

Thils invention relates to improvements in lron
catalyst for catalytic carbon monoxide hydrogenation. It
more particularly relates to a new, improved carbon monoxide
hydrogenation catalyst and a novel method for its production.

Iron catalysts for the catalytic hydrogenatlon
of carbon monoxide are well lmown and various methods have
been dégcribed for their production. These conventional
1ron catalysts may contaln small amounts of carrler materials
and activating metals, such as copper.

An itron catalyst for the hydrogenation of carbon
monoxlde with a high gag load has been described. This
catalyst 18 produced by a speclal process and involves a
combination of very specific steps. According to this pro-
cess, an 1ron nltrate solutlon is precipltated with caustic
soda at a pH value of about 7. The preclpitated material is
then thoroughly washed and impregnated with alkalil silicate
80 that the finished catalyst will contaln KoCand SiO2 in
the ratio of approximately 1 : 4 to 1 : 5 to each other.
This eriltical ratlo of K50 to 810, 1s obtained in accord-
ance with sald process by impregnating the catalyst with
water glass. Commerclal water glass has a KEO to 810 ratilo
of about 1 to about 2.6. A subsequent reneutralizatlon is
therefore necessary. This reneutralization is effected
with diluted nitric acid followed by filltration and permits
the Kp0 : S10p, ratio to be adJusted as desired with the
excess alkall contalned in the flltrate in the form of

potassium niltrate.

This procéss is described 1n detail 1n.AzyﬂhhM¢L:7

cafflociti  Soped g £45.973
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One object of this invention is a production of
a catalyst having superlor activity to catalysts produced

by the above described method.

A further obJect of this inventilon is to reduce

5 the materlal cest in the above described process.

A still further obJect of thils invention 1s to
eliminate the operational step of reneubtralization which
1s nécessary in the above described process.

A st¥11 further obJect 1g the production of

10 catalysts wilth superilor mechanical strength, and further
lmprovements as compared with the catalyst produced by the
above described process.

These, and stilil further objects will become
apparent from the following descriptilon:

15 In accordance with the inventlon an iron hydro-
xlde suspenslon is produced, as, for example, in the same
manner as in the above mentioned process, by precipiltation
from an iron nltrate solution with caustic soda at a pH
of about 7. A portion of 20 to 25 parts of 310, for each

20 100 parts of iron is then added to the ircon hydroxide sus-
pension. This portion of the total silicle acid Is first
added as gllicic acid of another kind than water glass,
such as in the form of activated bleaching earth. A water
glass solutlon containingthe remainder of the total silicic

25 acld 1ls then added as alkali in amount sufficlent tc produce
a ratlo:of K0 : 510, 1n the finished catalyst of about 1 : 4
and about 1 : 5 without the necessity of reneutralization
wifh nitric acid.

The portion of the total siliclc acid introduced

30 in another form as compared to the portlon intreoduced as

water glass, depends on the composition of the water glams
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and the amount of the alkall water glass desired. The
total silicic acid must be egual to about 20 to 25
parts for every 100 parts by welght of the lron con-
tained in the iron hydroxide suspenslon. The ratlio of

K20 to 810. in the catalyst mass remalning after flltra-

2
tion, must be of about 1 : 4 to about 1 : 5. After the
introduction of the silicic acld in a form cther than water
glass, the water glass must be added in guantltles so that a
total of 20 to 25 parts of 810, for every 100 parts by welght
of ipron contained in the suspension is present, and so that
no reneutralizatlon 1s necessary. These factors clearly
determine the relative amounts of silicic acid as'water

glass and siliclc acid in another form, as, for example,
activated bleaching earth. The skilled artisan wlll have

no Gifficulty in determining these proportions from the
above.

The iron catalyst produced in accordance with
the invention may contain small amounts of carrier materlal
and the usual quantitles of copper and other actlvating
metaleg. The ranges and amounts of these carrler materials
and activating materials and thelr mode of introduction 1is
well known in the art, and a detailed description of these
ranges and modes of 1lntroductlon is not necessary.

It is apparent that the method for the productlon
of the catalyst in accordance wlth the invention 18 ldentical
to the method desoribed above and in feciad e
603 18735 except that in the method according 0 sdotint Ao,
éos 5 573, the iron hydroxide suspension was admlxed with a
potassium water glass solution in amounts sufficlent to
yleld 20 to 25 parts of 8102 for every 100 parts by weight

of iron contained in the suspensilon, foéllowed by a treat-
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ment with nitric acld for reneutralization and to produce

aratic of 1 : 4 to 1l : 5 of K,0 to SiO2 in the catalyst

2
mass remalning after filtration, while in the method
according to the invention, a part of the total siliclc acid
is introduced as silicie acid of another kind and the alkall
1s added ag water glass in the quantities deslred, which
eliminates the reneutralization by nitric acid,.

. Except for the method of the introduction of the
gilictc acld and the elimination of the reneutralizatlion by
nitric acid, all other condltlons, amounts and ranges in
the instant ilnvention may be bthe same as those disclosed
in drad Ao, 605, $T3-

In practice, a quantitative determination is first
made of the amount of silicic acid present in a bleaching
earth. Then the quantity of sllicic acld which must be
contalned 1in the catalyst mass in excess of the KEO to 8102
ratio present in the water glass 1s calculated. A quantity
of bleaching earth containing thls amount of slliclc acid
is then Immediately stlrred 1nto the catalyst mass upon
precipitation. The impregnation Is then effected in the
form of a direct impregnation withwater glass wlthout
reneutralization. The catalyst 13 then worked into final
form in the conventional, kncwn manner.

The catalyst thus formed has not only improved
activity over the catalyst descrlbed in -*£14*i4/'24v

Gey 0725, but the material cost for production 1s sub-
stantially reduced and the cperational step of reneutrallza-

tion is eliminated. In addition, the mechanlcal strength

of the new catalyst is far superlor to that of the catalyst

described in /ﬂu}/g Mo Los X775
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Any of the activated bleachlng earths which
contain silicic acid may be used in accordance with the
invention. An example of such a bleaching earth is that
sold under the trade name of "Tonsil". It is also pos-
sible to use other slliceocus materilals guch as Sterchamol,
#1l1trol, Superfiltfgl, ceramic masses, etc. instead of the
activatei bleachling earths.

"In accordance with the inventlon 1t has been
found .that the composition of the bleachlng earth used or
of the other siiticeous materials has a considerable influence
on the behavior of the catalyst durlng the synthesiz, The
composition of the primary products obtained 1s also dependent
upon this composition.

Tt has thus been found that partlcularly favorable
gynthesis results may be obtalned with the new catalyst if
bleaching earths are used in thelr preparation which have a
relatively low aluminum oxide content of less than 104 by
welght and preferably of less than 5% by welght. These
earths should, 1n addition, have a rather hlgh Cal content
of more than 5% by welght and preferably more fthan 10% by
welght.

If the new catalyst contained . a high aluminum
oxide content, an inersased methane formation and the forma-
tion of products with a somewhat lower olefin content
results during the synthesis. On the other hand, a reduced
methane formation and an increased yleld of unsaturated
aliphatic hydrocarbons is produced with the use of the new
catalyst with a correspondingly low content of calelum
oxide.

The following examples are glven by way of 1l-

lugtration and not limiltation of the inwentlon:
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EXAMPLE 1
1000 1lilters of a hot ilron sclution contailning per
liter approximately 40 gms. of e in the form of Fe(Noa)3
and 0.2 g Cu in the form of Cu(N03)2 vere admixed with
1050 liters of‘a het =olution containing per liter approxi-
mately 100 gms. of Na2003 while wigorously stirring the
mass. The stirring of the mixture was continued untll the

egscape of the forming carbon dloxide. Immedlately tThere-

after, the mixture was stirred up with 6.8 kilos of an

actlvated bleaching earth known under the trade mark "Tonsili".

With a content of 65.6% of silicle acld in the Tonsll, ap-

proximately 4.447 kilos of S10, were thereby added to the

2
catalyst. A pH value of 7 was maintained durlng and after
the preclpltation.

Immediately thereafter, theprecipltated catalyst
mass was freed from the mother liguor in a filter press and
subsequently washed with hot condensate for approximately
70 minutes. Thereafter, the residual content of alkall in
the catalyst mass was 0.45% calculated as K,0 and based on
the total iron present.

Now the precipitated catalyst mass was directly
impregnated with a diluted potassium water glass solution
in such & manner that 5.57 parts of K20 corresponding to
15 parts of 510, (compositlon of the approximately 20%
commercial potassium water glass golution) for every 100
parts of Fe were contained in the catalyst mass. The
Impregnation was carrled out In such a manner that, by
carefully kneadlng In the potassium water glass solution,
the distribution in the preclplitated catalyst slurry was
as uniform as possible. Then the catalyst mass was care-

fully dried to a water content of 60% and molded in an ex-
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truding press Into cylindrical gralns of 5 mm. size. After
short-time redrying in a belt drier, the grains were
finally dried in a drying chamber for 24 hours at a
temperature of 105° C. to a water content of 4,

sonslderling the guantity of silicic acld (4.47
kilos) added to the catalyst by the Tonsil and adding
thereto the quantity of silicilc acid (6 kilos) added by
the direct Impregnation with potassium water glass, the
total gquantity of siliclc acid 1s 10.47 kllos in 40 kilos
of Fe, 1.e. 26% calculated on Fe; the guantity of K50 1s
2.23 kllos corresponding to 5.77% and the KEO : Siqe
ratio is 1 : 4.5.

By crushing and sleving the drled mass, a finlshed
graln of 5 mm. was obtained. This catalyst was reduced in
a reduction apparatus for 75 minutes at a temperature of
320° ¢., using 95 cu.m. of a gas mixture consisting of 75
parts of I and 25 parts of Neo. The flow rate during the
reduction was 1.4 m., measured in the cold state. The
reduction value after the reduction was 28% Fe.

When this catalyst was charged to a reaction
furnace of 12 M. 1n length and conslsting of smooth tubes
of 32 mm. diameter and was brought to reaction using a pres-
sure of 30 atmospheres, a recycle ratlo of 1 + 3 and a gas
load of 500 volumes water gas per volume of catalyst per
hour, a conversion of 60% CO+H, was obtalned at a reaction
temperature of 227° ¢.

When the same catalyst was prepared agcording to
Lt e £ 085575 without the additlion of Tonsil, but
merely by potassium water glass lmpregnation and subsequent
reneutralizatlon, and reduced and operated under the same
reduction and synthegis condltions, respectively, a reaction
temperature of 233° C. was required to obtaln the same

converslon.
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With the catalyst according to the inventlon,
the methane formation was correspondingly lower, the yleld
of high boiling hydrocarbons was hlgher and the catalyst

1ife was markedly increased.
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THE embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. In a method for the production of iron catalysta
having a ratie of K0 : S10, of 1 : 4 %0 1 : 5, the improve-
ment which comprises adding to an iron hydroxide suspension a
pértion of 20 to 25 parts of SiO2 for each 100 parts of lron,
as a siliceous material, adding as an alkall, water glass
‘containing the remaining portion of said 20 to 25 parts of
Sioe_for each 100 parts of iron, and recovering a catalyst
having K,0 and S10, in the ratio of 1 : ¥ to 1 : 5.

2. Improvement according to Claim 1, in which sald

siliceous material is an activated bleaching earth.

3. Tmprovement according to Claim 2, 1n which sald

bleachling earth has an aluminum oxide content of less than
104 by welght and a Ca0 content in excess of 5% by weight.

5._ Improvement according to Claim 3, in which said

" bleaching earth has an aluminum oxide content of less than

5% by welght and a Ca0 content in excess of 10% by weight.

5. A new catalyst for the catalytlc hydrogenation of
cqrbon monoxide at a high gas load, comprising a precipltated
iéoﬂ catalyst containing Ks0 and S10; 1n a ratic of about
1:4%to1l: 5, and formed by the addition to an Lron
hyﬁroxide suspension of a portion of 20 to 25 parts of S:LO2
for ‘each 100 parts of irén as a slliceous material, and the
subsequent additlon of the remaining portion of Sio2 as

water glass with a sufficient K20 to form a catalyst having a

ratio of K0 t0 S10, of 1 : 4 to 1 : 5.

ALEX. E. MacRAE
' Box 1077
Ottawa Ontario Canada
Patent Agent for Appllecant



