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COMPLETE SPECIFICATION

A Process for the Product_ion. of Moulded Catalysts.

We, N. V. DE BarsasrscEr Prrrormum
Masrscearpid, a Body Corporate organised
under the laws of The Netherlands, of 30
Carel van Bylandtlaan, The Hague, Hol-

- §land, do hereby declare the nature of this
invention and in what manmer the same is
to be. performed, to be particularly des-
cribed and ascertained in and by the
following statement;— )

10 This invention relates to improved
moulded eatalysts and. the produnetion and
application thereof. .

According to the. nalure of the active
part catalysts may be distinguished, e.g.,

15 as metal oxide catalysts, metal sulphide
catalysts and ecatalysts containing free
metals,

-The Applicants have already developed
eatalysts containing free metals which are

20 produced by converting metals, either en-
tirely or partially, into hydrosilicate and
subsequently subjecting the mass to & re-
dueing treatment. These catalysts may be
obtained by precipitation of an active metal

95 from a solution of one of its salts with a
precipitant consisting, either entirely or
partially, of a goluble silicate. Turther
they may be obtained by veplacing the
metal of an inspluble metal hydrosilieate,

30C either entirely or partially, by a eatalyti-
eally active metal. As initisl material may
also be taken, for example, sinfered liesel-
guhr, on which the aciive metal is preei-
pitated in the form of a basiec eompound,

85 the hydrosilieate then being prepared
either by & treatment with steam or a pro-
longed contact of the precipitate with the
golution in which the presipitate has been
formed.

40 The production of these improved eata-
lysts is not limited to the applieation of
carrier material, sueh ag kieselgnbrs con-
taining free gilicie aeld and capable of
forming the desirable hydrocilicates when

45 the catalysts are prepared under suitable
circumstanees, but the most divergent
carrier materials may be used, such as

% .

alpha-aluminium  oxide, carborundum,
magnesium silicate, magnesium earbonate,
magnesium oxide, barium sulphate, pumice 50
stone, majolica, potsherds, active carbon
and satisfactory heat conduetors, such as
metals, either in powdered or gritty cou-
dition.

Hitherto such eatalysis were frequently 55
prepared by starting from a solution which
contained a salt of the eatalyiically active
metal mixed with a carrier, upon which the
eatalytically active metal was precipitated.

Tt was also possible to add the carrier to the 6o
suspension after preeipitation of the active
components,

Now it was found experimentally that in
employing earriers which are suitable for

-the production of moulded caialysts.of 65

great mechanieal strength, the catalysts
obtained were not so aciive or eould not he
redneed so satisfactorily as these prepared
with earriers forming moulded pieces of
less mechanical strength. j 70

Generally it was found that 1{ carriers
were used which had been strongly heated
or otherwise been rendered less veactive in
respect of the active catalytic metals, eata-
lysts were obtained of less mechanical 75
strength but adequaie activity, whereas
eatalysts prepared with carriers piving 2
greater mechanieal sirength generally
proved less active.

It has now been. found that moulded eata- 8¢
lysts eontaining aetive metals and a carrier,
and having a sreat mechanieal strength and
high eatalytie activity, may be produced by
entirely or partially converting the active
metal into a hydrosilieate by precipitating 85

‘awr active metal from a solution of one of

its salts with a precipitant consisting en-
iirely or partially of a soluble silieate, mix-
ing the hydrosilicate-containing material
in pulverised condition with a powdered 90
carrier, compressing the mixture to shaped
pieces and subjecting the pieces to a redue-
ing treatment with hydrogen to obtain the
aciive metal at least partly in the active

LT
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form. .
This process is particularly advantageous

if earriers are employed which in the case

of the ahove-deseribed older method of pre-
- 5 paration would render the eatalytieally
active metals non- or poorly-reducible when
contacted with the solmtion coutaining a

salt of the eatalytically active metal, thus

resulting in catalysis with a lower activity.
10 In the process according to the invention
such carriers may be used without adverse-
ly affecting the reducibility and activity of
the eaialyst. -
When employing earriers such as alumi-
15 nium grits, activated alumininm oxide,
gamma alumininm oxide or hydrated
alumininm oxide, it js desirzble fo use a
lubricating agent, for example, graphite,
sn order to enable the compressed pieces to
90 leave the press nndamaged. With carviers
sueh as magnesium oxide, magnesium sili-
cate and magnesium carbonate the appli-

eation of a lubricating agent is generally -
not required and even harmful, sinee it

25 slightly reduces the activity of the eatalyst.
Tn the case of beta-aluminium oxide it may
sometimes be desirable to add a lubricating
agent.

Catalytically active metals comprise, for

30 example, iron, eobalt, nickel and the other

metals of the eighth group of the Periodie

System, as well as eopper or Manganese.

The compressed eatalysts may, for ex-

ample, have the form of pellets, tablets,
a5 eylinders or Raschig rings. Owing to their
great mechanical strength they may be ap-
plied for a long time without the risk of
their being pulverised when introdueed
into or withdrawn from the cafalyst space
40 or when msed in the reaction space. More-
over the catalysts have a high resistance to
temperature fluctuations.
The moulded eatalysts are applicable to
a large number of catalytie reactions, for
45 example, hydrogenation reactions, sneh as
the hardening of vegetable and animal oils;
the déstruetive hydrogenstion of hydre-
carhon oils; the eonversion of aldehydes
and ketones into the corresponding aleo-
50 hols; the conversion of olefins and di-olefins

fnto saturated hydroearbons, of aromatics-

into cyclohexane derivatives; the hydro-
genation of maphthalene to tetrahydronaph-
thalene or deeahydronaphthalene; the se-
55 lective hydrogenation of di-olefins to mono-

Olefins and of acetylenes fo mono-olefins;’

4he dehydrogenation and the desnlphurisa-
tion by hydrogenation of mineral oils and
the selective desulphurisstion by hydrogen-
g0 ation of unsaturated oils. These eatalysts
are partienlarly effective in the synthesis
of kydrocarhons from earhon monoxide and
hydrogen-containing gas, especially when
employed according to the embodiment
&5 which comprises & fixed catalyst bed and

- catalysts are eminently suitable
‘operating n the liquid phase.
" The invention will be further Mustrated

circulation of evaporating oil or the appli-
eation of a high gas-reeycling ratio. They

" may also be employed in the isomerisation

of unsaturated eompounds with one or
more olefinic bonds by shifting the latter. 70
By their great mechanical strength the
when

with reference to an Example. 5
ExaMPLE.

A eomparison was made between moulded
eatalysts produeed according to the known
process of adding the earrier material to
catalytic material freshly preeipitated from 80
a solmtion and moulded eatalysts obtained
by the proeess of the invention. TIn the
produciior of the eatalysts sueh qaantities
were used that the resultant eatalysts eon-
tained 100 gms, of cobalf per litre.

1. The following imitial solutions were
v used:
A. an agueons solation of 80 gms. of
cobalt, 4 gms, of thorinm oxide and
8 gms. of magnesium oxide in the 90
form of nitrates up io a total
volume of 2 Iitres.
B. a solution of 165 gms. of anbydrous
sodinm earbonate dissolved in 1800
ces. of water. 95
€. 156 gms. of sodium silieate solution,
containing 151 mgs. of 8i0./gm.
and 1563 mgm. of Na,l/gm. was
diluted to 200 ces.

Ty solution B, heated to 90-95°C., solu- 100
tion C and subsequently sclution A, heated
to 90-95°C., were rapidly added, stirring
being effected during the whole operation.

Subsequently the suspension was vigor-
onsly stirred for 1 minute and mized with 105
520 gms. of powdered activated aluminiam
oxide which had previonsly been heated to
600°C., for 2 hours and then cooled. Afier
heing stirred for a short time the suspen-
sion was rapidly filtered and thoroughly 110
washed with water at 95°C., whereupon the
precipitate was dried at 105-110°C. for 3
hours. After pulverisation 896 by weight
of oraphbite was added as a lubricating
agent, and the catalyiie mass was com- 115
pressed into pellets having a diameter of B
mms. and a height of 4 mms. These pellets
were reduced with hydrogen of 430°C. -
during one hour (1100 litres of hydrogen
being used per hour per T0 ces.), which 199
cansed 40% of the total quantity of eohalt
present o be eonverted into the metallic

85

form.

The eatalyst was composed of 100 parts
by weight of eobalt, 650 parts by weight of 125
activated aluminium oxide, 8 parts by
weight of magnesium oxide, 5 parts by
weight of thorimm oxide, 28 parts by weight
of siﬂz.

The pellets eonld withstand a maximum 130
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pressure in radisl direction of 5 kgms.

16. A catalyst of similar eomposition was
prepared as follows aecording to the
process of the invention.

5 The same solutions as referred to under
1a. were mixed in an analegous manner and
then filtered, washed, dried and pulverised
without the addition of a earrier, wherehy
220 pms. of a dry, powdered, active

10 material was obtained. 160 gms. of pow-
dered. activated aluminium oxide, which
had been subjected o the same heating
treatment as mentioned under le, was
mized with 70 gms. of the active powder

15 in a dry state, to which 8% by weight of
graphite was added. The mixture was then
eompressed inte pellets of the same size.

The reducing treatment was earried out

in the same manner as under 1, although

20 in view of the desivable reduction of ap-
proximately 6095, the reduetion had to be
effected at only 400°C. for one howr. The
catalyst was composed of 100 paris by
weight of cobalt, 8 parts by weight of mag-

25 nesium oxide, 5 parts by weight of thorinm

oxide, 28 parts by weight of 8i0. and 700

parts by weight of activated alumininm

oxide.
The pellets could withstand a maximum

80 pressure of 8 kgms.

2@ 1 Litre of aqueons solution eontaining
40 gms. of cobali, 2 gms, of thorium
oxide and 4 gms. of magnesium oxide
in the form of nitrates was introdueced

85 in the same manner as indieated under
1e in to 900 ces. of a solution of sodinm
carbonate containing 83 gms. of
sodium earbonate, to which 78 gms. of

a sodium silicate solution, confaining -

40 151 mgms. of Si0, per gm. and 1562
mgms. of Nag0 per gm., had previously
been added upon being diluted to 100
ces.  In aeeordance with the process
. deseribed under 1, after the preeipit-
45 atien of the eatalytic eonstituents 220
gms. of dry magnesium oxide was
added, filtered, washed and dried at
- 110°C.

The pellets formed by eompression were
50 redirced in an analogous manner with hy-
drogen at the maximum temperature of
4309C, Thus only 174% by weight of the
eobalt present could bhe reduced io the

metallic form. -
55 The catalyst was composed of 100 parts
by welght of cobalt, 8 parts by weight of
magnesium oxide; 5 parts by weight of

thorium oxide, 28 parts by weight of S8i0,

and 550 parts by weight of magnesium

go oxide carrier. The pellets eould withstand
8 maximum pressure of 12 koms.

2b. T0 gms. of the aetive material obtained

secording to the process deseribed

" under 15 was mixed in a dry state with

65 150 gms. of powdered magnesium

oxide and subsequently compressed to
pellets. - The rednetion was effected in
the same manner as referred to under
1y and 16. In order to obtain a re-
duction of 60% it was necessary to 70
earry out the redueing treaiment at
375°C. for one howur. '

TFhe Catalyst was composed of 100 parts
by weight of cobalt, 8 parts by weight of
magnesium oxide, 5 parts by weight of 75
thorium oxide, 28 parts by weight of Si0,
and B50 parts by welght of magmesium
oxide. The pellety eould withstand a maxi-
mum pressure of 12 kgms.

Sa. The same solutions as mentioned under 80
Ia were mixed in an analogous manner
and the precipitate filtered and
washed. The resultant precipitate was
suspended in 700 ces. of water of 20°C.,
into which 450 gms. of degreased alu- 85
mininm grits of a particle size of less
than 1 mm, was introduneed while stir-
ring. The aluminium grits cannot be
introdueed into the hot solution im-
mediately after the precipitation and gg
prior to the filtration, sinee under these
circumstances the aluminium is rap-
idly disselved.

After filtefing and washing drying was
effected at 110°C. in the same manner as gg
referred to nnder 1e, upon which the mass
was mixed with 3% of graphite and com-
pressed to pellets, The reduction was ear-
ried out in the same way as mentioned
under le. For the purpose of obtaining 100
2 reduection of 60% of the cobalt the redne-
tion had to be effected at 400°C. for ome
houx.

The catalyst was composed of 100 parts
by weight of eobalt, 8 parts by weight of 105
magnesium oxide, 5 parts by weight of
thorinm. oxide, 28 paris by weight of 8i0,
and 570 parts by weight of aluminium,
The pellets could withstand a maximum

.pressure of 10 kgms. 110

8b. 50 gms. of the active material obtained
aceording to 1b was mixed in the dry
state with 100 gms. of degressed
aluminimin grits, to whieh 8% of gva-
phite was added. The mass was then 115
compressed to pellets. Tt was neeessary
to earry out a redueing {reatment at
370°C. for one hour in order to obtain
a reduction of 60%. The catalyst was
composed of 100 parts by welght of 190
cobalt, 8 parts by weight of magne-
slum oxide, 5 parts by weight of
therium oxide, 28 parts by weight of
8i0, and 500 parts by weight of
alomininm.  The pellels could with- 195
stand a maximum pressuve of 20 kgms,
The zbove catalysts were tested as 3o
their activity for the synthesis of hydro-
earbons from synthesis gas at atmospherie
pressure. This gas was composed of 1 part 130
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by vol. of carbon
vol. of hydrogen, the salphur content being
less than 1 mgm. of sulphur per cu. metre
of gas, The reaction was carried out at 2
5 temperature of 185°C. and the symthesis
gas was passed through the reactor at the
rate of 100 parts by vol. per part by vol. of

monoxide and 2 parts by — wherein a powdered subsiance eapable of

being formeql into particles of great mech-
anical strength is employed as earrier.

3. A proeess a claimed in Claim 1 or 2
whereinn  activated aluminium  oxide,
gamna-aluminium oxide, magnesium oxide,
hydrated alnminium oxide or aluminiom
60

eatalyst. The following resulis were grits is applied as carrier.
. whiained. 4. A process a claimed in any one of the
10 Catalyst- Maximum Vol. % of contraction Yield of hydroearbons
carrier permissible of the synthesis gas higher than C; in
: pressure during the following  respect of synthesis; gas
in ke. periods of hours. supplied In g/m. 65
0-50 100-150 200-200 (-50 100-150 200-300
15 - 1a aetivated 5 T2 71— 20 85 .
aluminium
oxide
15 . 8 84 T9 — 20 105 —_ 70
2a Mgl 12 11 (Test interrupted) 10 . —
20 2b 12 85 85 81 120 118 105
. 3a Al 1] 65 60 55 80 75 70
3b 20 84 32 i) 120 110 100

From the above tests it appears that the
catalyst pellets prepared aceording to.the
o5 process of the inveniion are muehk more
active than those obiained by mixzing the
active constitnents and the earrier in a wet
o state. Moreover the catalyst pellets aceord-
ing to the invention retain their activity
30 for an appreciably longer time than the
others. )

Having now partienlarly described and
aseertained the nature of our sald inven-
tion and in what manner the same is to be

45 performed, we declare that what we claim
g — .
"1 A proeess for the produetion of
‘moulded catalysts containing active mefals
‘and & earrier, wherein the- active metal is
40 entirely or partially converted into a
‘hydrosilieate by precipitation of an active
metal from z solution of one of s salts
with a preeipitant consisting entirely or
partinlly of a soluble silicate and the
45 hydrosilicate-containing material is then
mixed in a pulverised econdition with a
powdered cavrier, wherenpon the mixture
is compressed to shaped pleces and these
are subjected to a reducing treatment with
50 hydrogen to obtain the aetive metal at least
partly in the metallic form.
2 A process as claimed in Claim 1

preceding claims wherein the active metal 75
consists of a mesal of the iron group and/or
copper and/ov manganese.

5. A process for the production of
monlded eatalvts substantially as deseribed
with reference to any one of the Examples 0
1b, 2b and 3b.

6. Moulded catalysts, such as pellets,
tablets, evlinders and Raschig rings, when
obtained hy the proeess elaimed in any one
of the preceding claims. .

7. A process for carrying out catalytic
veactions, wherein moulded eafalysis,
claimed in Clajtn 6 are employed are
catalysts,

8. A process as claimed i Claim 7,90
wherein the eatalytic reaction is a hydre-
senation reaction.

9, A process for the eatalyiie produetion
of hydrocarhons from earhon monoxide and
hydrogen-containing gas mixtures, where- 9g
in moulded eatalysts claimed in Claim 6
are employed as eafalysts. |

Dated the 6th day of July, 1948,

ELKINGTON & FIFE,
Comsulting Chemists and
Chartered Patent Agents,

Bank Chambers, 329, High Holborn,

o London, W.C.1L.

- Agents for the Applicants.
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