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COMPLETE SPECIFICATION.

A Process for the Production of Hydrocarbons and Oxygenous
. Derivatives thereof,

We, N.V. DE BaTAAFSOHE PETROLEUM
MaaTscuarPw, a Body Corporate organised
under the laws of The Netherlunds, of 30
Carel van Bylandtlaan, The Hague, HoHand,
do hereby declare the nature of this invention
and in what manner the sarse is to be per-
formed, to be parficularly described and
ascertained in and by the following sbate-
ment —

This invention relates to a process for the
produection of hydrecarbons and oxygenocus
derivatives thereof, particularly aldehydes
and alcohols, by treating carbon monoxide
with hydrogen, if desired in the presence of
hydroearbons, such as olefins, at elevated
temperature and in the presence of a catalyst.
The invention relates mere particularly to
the use of an improved catalyst.

In the industrial synthesiy of hydro-
carbons from monoxide and hydregen it is
known to use catalysts econtaining a metal of
the iron group (iron, cobalt and nickel),
precipitated on kieselguhr., The preparation
of such catalysts presented certain diffi-
culbies, sinee the kiegelgulr serving as
support, on being contected with acids or
alkalis, separates off soluble components,
which—as hitherto has been assumed-
adversely affeets the catalytically active
metals. When, for example, the kieselgnhr
is added to the’ alkaline solution wsed fo
precipitate the catalytically aective metals,
part of the silicic acid of the kieselgubr is
dissolved as alkali silicate, which forms with
the salts of the heavy metals heavy metal
gilicates that are insoluble and cannot—or ab
least not readily—be reduced to metal.
These silicates were also believed fo affect
the catalytic activity.

Measures have, therefore, been taken to
prévent such components of the support from
being dissolved. When kieselguhr is used
as support, this may be attained by reducing
to a winimum the peried of contact of the
Idfeselguhr with the alkaline solution which is

used for the precipitation. For example,
the Iieselguhr s added to the solution after
the precipitation of the eatalytically active
metals has almost or entirely been com-
pleted, since the solution is then no lomger
highly alkaline.

It has further been considered advan-
tageous to use an entively insoluble suppord
material or to render soluble components
thereof insoluble by a preliminary treatment,
for example, by heating audjor removing
the soluble eomponents by extraction.

As highly " insoluble support maiterials,
compounds of alkaline earth metals and the
heavy metals that are not readily soluble,
such as barium sulphate, magnesium car-
bonate, silicon carbide {(carborundum), chro-
mium oxide, sluminium oxile, as well as
silicates, for instance, steatite (rmagnesium
hydrosilicate) potshards and the like, have
already been proposed.

When uvaing these supports, which do not
contain soluble silicie acid, catalysts are
obtained, however, which only retain their
activity tn synthesis for a shorb time. In
practice, therefore, suitable types of kiesel-
guhr have always been resorted to.

Tt was further deemed essential for the
preparation of a good ecatalyst to carry out
a very rapid filtration after the precipitation
of the catalytieally active metal, for example
within one minute, and to rapidly wash the
precipitate, as also to effevt the reduction
with a rapid flow of hydrogen. All these
preseriptions have been issued in order to
check the formation of silicate.

Tt has further been proposed to use
catalysts whieh contain as an essential com-
ponent a finely divided metal of the iron
group and for i oxidie compounds, and, if
so desired, aetivators either with or without
supports, particularly iron catalysts con-
taining one or more alkali silicates, especially
potassium silicate, in a proportion of apprexi-
mately 2. to 609, calenlated as alkali car-
bonate on the total weight of the catalyst.
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With cobalt catalysts it was considered
necessary, on account of what was hitherto
known, to preclude the use of allali silicate
in the preparation of the catalyst.

It has now been surprisingly found accord-
ing to this invention that in the preparation
of snitable catalysts the formation of silicates
of the active metals is desirable,

According to the invention the preparation
of hydrocarbons and oxygenous derivatives
thereof, particularly aldehydes and alcohols,
by treating carbon monoxide with hydragen,
if desired in the presence of hydrocarbons
such as olefines, is carried out at clevabed
temperature (as hereinafter defined) in the
presence of a catalyst which is essentially
free from alkali silicates, i.e. contalns less
than 29, of alkali silicate, for example less
than 19, (caleulated as alkali carbonate on
the total weight of the catalyst) and which
contains a metal of the iron group obtained
by reduction, either with or without a support
which does not appreciably confribute to the
formation of silicates with the catalytically
active metal, the metal of the iron group
during the preparation of the catalyst being
partly precipitated by means of a dissolved
silicate so that it is partly in the form of a
silicate and pertly in that of a readily
reducible basic compound.

In the catalyst as thus prepared the metal
of the iron group is present mixed with

silica. If a support is used the catalyst is

present in the support.

Thus a catalysi may be employed, in the
preparation of which 0.5 to 809, preferably
5 to 30°;, of the metal of the iron group is
precipitated in the form of silicate.

The preparation of hydrocarbons according
to the invention is technically of great
advantage. Thus one is no Jonger tied down
to the special manufaciuring specifications
required when using kieselguhr which has
hitherto proved suitable as & sopport, in
crder to obviate as much as possible the
formation of undesirable silicates ; moreover
the most diverse support materials may be
employed with the same result as when using
a known suitable kieselguhr.

Thus, according to the present invention,
it is possible to obtain active eatalysis even
with types of Lieselgubr which so far had
given much inferior results as compared with
the known better types of kieselgubr sup-
ports. These catalysts could be prepared
with reproducible results.

Kieselguhr may be employed as a support
if it has been sintered since it then no longer
gives rise to the formation of silicates,
Other suitable supports are: aluminium
oxide, carborundum, magnesium silicate,
magnesium carbonate, barfum sulphate and
other known supports that are free from
silicic acid. A support material with a high
heat conductivity I8 particularly advan-

-alkali

tageous, such as a metallic support, for
example, either in the form of powder or grit.

The formation of a silicate from the active
catalytic component resulted in ecatalysts
with a high stability. Thus the catalysis
obtained according to the invention are
marked by a very long period of activity not
calling for any intermediate regeneration.

A proper control of the quantity of silicate
affects the properties of the catalyst, result-
ing, for example, in the formation of less
paraffin wax and alse of paraffin wax having
a low molecular weight, which is of advantage
since paraffin wax of high molecular weight
checks the activity of fhe catalyst owing to
clogging of the pores. The amount of
silicate may be regulated by the proportion
of alkali silieate wused for precipitation
instead of the usnal precipitating agent, such
assoda. Part of the soda, e.g. 10, 20 or 307,
may be replaced by alkali silicate, for
example, water glass. With the aid of much
silicate the precipitation proved
‘capable of being carried out rapidly, while on

.the other hand for a somewhat longer

duration less alkali silicate may be applied.
So far it had not been possible to apply
the known cobalt-kieselgulr eatalyst in a
fluidised state. By using smpport material
capable of heing fiuidised, it is possible
according to fhe invention to effeet the
reaction with fluidised cobalt catalysts, thus
attaining the combined advantages attached

-to the application of both cobalt and the fuid

technigue. 1

Moreover the hitherte Lknown catalysts
supported on kieselgnhr could not readily be
applied in a suspended state In either a
bolling or non-boiling Hquid, for whisk
purpose a mechanically much stronger sin- I
tered catalyst was wused. With entalysts
according to the invention the support as
such may have great mechanieal stability
and sapports may be used which on preeipl-
tation of the active constituents thereon may 1
be given the form of pressed particles, such as
tablets. The pressed particles may be
obtained by means of an extruding proeess or
s pelletting machine. These catalysts in the
form of pressed particles may be conveniently 1
used for carrying out the process of the
invention in the liquid phase.

The process according to the invention majy
he carried out at normal as weil as elevated
pressure, for example, at a pressure, for 1
example, at & pressure of 10, 20 atms. or
50 atms. or higher,

The process according fo the inveution
may be advantageously applied to the
preparation of oxygenous compounds hy 1
passing olefines together with earbon mon-
oxide and hydrogen over a catalyst which has
beén prepared by giving part of the active
metal the form of silieate.

“The process according to the imvention 1
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may also be used for the removal of CO from
gases containing CO by conversion info
methane with H, Thus, coal gas may be
methanised by applying the improved cata-
Lysts, for which purpose precipitated nickel
catalysts are particularly suitable.

The following examples illustrate how the
process of the invention may be carried into
effect :

Exawers 1.

A, comparison will be made of three
embodiments of the synthetic preparation
of hydrocarbons from CO and H; by using a
oobalt catalyst supported on a kieselgubr
hitherto deemed suitable for this process
{Experiment a) on the one hand and an
aluminium oxide on the ofher (Experiment
b), whilst a third embodiment {Experiment c}
shows the improvement of the latter catalyst
by using part of the cobalt in the form of a
silicate.

The catalyst for Experiment ¢ was pre-
pared by heating to 95° C. a solution of cobalt,
magnesium and thoriute niirates confaining
40 gms. of cobalt per litre and for every 100
parts by weight of cobalt 10 parts by weight
of magnesium oxide and § parts by weight of
thorium oxide, and then introducing it into
a solution of soda which contained 104 gms,
per litre and had likewise been heated to
95° (., after which stirring was effected for
% minute. While intensively stirring, 200

parts by weight of kieselgnhr per 100-parts

by weight of cobalt were added within 1%
minutes and stirring continued for another
% to 1 minute, a subsequent filtration being
earried out as quickly as possible. Within
15 minnies the precipitate was washed with
digtilled water of 90° C. The filter cake was
removed by suctional fltration until & sub-
stance was formed which with the aid of an
extruding press was pressed inte sbrands.
The strands were dried at a temperature of
at most 105° C. and then broken into & mm.
pleces. The catalyst was subjected to a
reducing treatment with hydrogen which was
passed through the catalyst at a linear
velocity of 250 ems. [see. Tor 1 hour at 320° C.

As a suitable kieselgubr one of the follow-
ing compositions was taken :

Bi0, 78.89%,
FeQ, 0.829
AlOy 2.5%
CaO 7.5%
MgO —

H,0 and CO, Eemainder.

By means of acetic acid, CaCO; woa
removed, the kieselgulr then having & sur-
face 14 sq. mfgm. {measured according o
the method of Emmett, Brunauner and Teller,
deseribed in Jourmal American Chermical
Society, 60, page 309, 1938) and a bulk
weight of 320 gms. per litve,

The ecatalyst for HExperiment & was pre-

pared in the same way, the only difference
heing that for every 100 parts by weight of
cobalt 875 parts by weight of alpha—Al,0,
were now used as support. e catalyst
was subjected to a reducing treatment with
hydrogen which was passed through the
catalyst ab a linear velocity of 250 cms. [see.
for 10 minutes at 320° C.

The catalyst of Experiment ¢ was prepared
in the same way as that of Experiment &
except that part of the soda employed for
the precipitation was replaced by sodium
meta-silicate, resuliing in 20 and 10 parts
by weight respectively of sodium of the soda
being replaced by sodivm of the meta-
silicate. The cotalyst was subjected to a
reducing treatment with hydrogen which
was passed through ithe catalyst at a linear
velocity of 250 cms. fsec. for 55 minutes af
az20° C. :

The hydrogen reduction was ecarried out
in such a way that about 60%, of the cobalt
was obtained as a metal in all three cases.

With the aid of the catalysts prepared in
this ‘manner the synthesis of hydrocarbons
wag earried out at a temperature of 185° C.
and & pressure.of 1 atm., with a gas consist-
ing, besides some proportions of impurities,
of CO and H, in the vatio of 1 2. 3i‘he gas
was passed through the reactor in a quantity
of 1 Iitre per gram cobalt per hour.

The following results were obtained :
Bzperiment a, :

The contraction rese to 88%, in 30 hours,
and subsequently dropped slowly and con-
tinuously, until after more than 300 hours a
contraction of 829, had been aftained. The
initial yield of normally liquid preducts
amounted to 124 gms. per cw. m. of synthesis
gas supplied, which gradually dropped to
116 gms.

Ezperiment b. | .,

Within 20 hours the contraction rose to
856%, and subsequently dropped to less than
50%, within 100 hours.

After hydrogen regeneration the contrac-
tion again amounied to 30% but dropped
then still more rapidly, however, than in the
first period ; after an additional 100 hours
it had dropped to 30%.

The yield of normally liguid products
dropped from 70,t¢ 56 gms. in the first period
and to less than 40 gms. per ou. m. of syn-
thesis gas supplied in the second period of
100 hours.

Baperiment c.

By supplying 28 parts by weight of 8i0,
per 100 parts by weight of Co to the catalyst
a catalyst was obtained giving the following
results :

In about 20 hours the contraction rose to
B59%, to remain entirely constant at 839 for
300 hours after an initial slight drop.

The yield of normally liquid products was
constantly maintained at 110 gms. per ow. m.
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of synthesis gas.

With the catalyst contaiming a guaniiiy
of 14 parts by weight of Si0, a yield was
obtained which dropped from e maximum of
130 gms. to 110 gms. the contraction like-
wise showing a slow drop from -a maximum
of 859, to 78%.

ExampLr 2,

In removing ecarbon monoxide from gases
by bydrogenation to methane a compatison
was made between the activities of two eata-
Iysts containing nickel and magnesium oxide
supported on aluminium oxide, in one case
with and in the other case without addition
of sodium silicate to the precipitant.

The catalysts were prepared as follows ;

1. 87 Ces. of nickel nitrate solueion having
a concentration of 115 mgms. of nickel per
ce. and 15.8 ces. of magnesium nitrate solu-
tion with a concentiration of 95 mgms. of
magnesium oxide per ec. were mixed and
so much distilled water was added until the
mixture amounted to 125 cos.
at boiling +emperature a boiling solution of
32 gms. of sodinm carbonate in 123 ces. of
water wag quickly added. Then 21 gms. of
alphs - aluminium oxide prepared from
“activated alwinina” by heating it to
1200° C. during 10 hours was added to the
solution. After 5 minutes the liquid was

- removed by suetional filtration, followed by

10 minwtes” washing with 12 litres of boiling

. water. After pressing into strands and

drying at 1107 O, the catalyst was redueed
with hydrogen at 350° during 2% hours.

2, The silicate-containing catalyst was
prepared in the same way as under (1), with
the exception that the precipiration was now
carried out at boiling temperatne with a
solution of 7.4 gms. of sodium metasilicate
and 25.6 gms. of seda in 125 ces. of water,

To vhviate flocoulation of kieselgel in the
sodiuin silicate-soda solution the sodium-
silicate solution was added to the sodinm
carbonate solution just prior tu the precipi-
tation.

The following results were obtained :
Series of Beperiments A.

The coal gas to be converted was com-
posed of 2.5%, of CO, 1% of O, 17% of
GO, 639 of H;, 9% of CH,, the remainder
being Ny, The sulphnr content was less
than 1 mgm. per cu. m. This gas was passed
over eatalyst I at a rate of 340 volfvol of
cafalystfhour (=85 litre gasfgm. nickel/
hour), Below 230° C. 110 conversion oceurred,

. at 234° . the coniraction amounted to

about 12%,. The final gas contained 129
of CO and 15%, of CH,. The reactor had to
be heated to 2860° to effect a coniraciion of
60%,. The final gas contained 1% of CO
and 769, of CH,.

Tn the same test carried out with catalyst 2
1o reaction took place at 183° C.; with a

After heating

36%

temperature of the reactor of 2007 C., how-
ever, the hydrogenation was complete at the
rate of supply of 340 vol/vol of catalyst/

“hour {=6.93 Btres of gas/nickel/hour).

- The above proves that the silicate-contain-

ing catalyst is more active at lower {eropera-
ture than the non-silieate-containing vatalyst,
it being moreover striking that with the
former complete conversion already ocours
at the initial temperature, such in conirast
with the no-silicate containing catalyst.
Seale of Experiments B.

The gas supplied was a carhon monoxide
hydrogen mixture composed of $% of CO,,
10%, of CO, 879, of H, the remamder being
N.. Oy, and saturated hydrocarhons,

When applying catalyst 1 no reaction
oceurred at 1957 C.; with a temperature of
216° C. prevailing in the reactor the com-
traction amounted to 6.8%; with a tempera-
sure of 2267 C. to 33%, ; the final gas con-
tained 0.5% of CO and 19°; of CH,. The
gas rate remained constant at 355 vol vol
of eatalyst/hour (=6.7 litre of gas;gm. of
nickel/hour).

At the rate of supply of 1140 vol/vel
catalyst/hour (=13.% litres of gas/gm. of
nickel‘hour) and a temperature of 226° C,
in the reactor the comtraction amounted io
? the final gas eontained €,4%, of CO
and 199, of CH,.

At the rate of supply of 278 vol/vol of
catalyst/hour (=334l litres of gasfgm. of
nickelihour) and a temperature of 2257 C.
the contraction amowmted to 33% ; the
final gas was composed of 0.6% of (O,
172, of CH,.

With eatalyst 2, the same gas mixture
anrl a through-put of 333 vol/vol of catalyst;
hour (=6.7 litre of gasfgm. of nickel:hotr)
the comtraction was found to be 94, of
19687 ¢, The final vas eonsisted of 8%, of
€O and 39, of CH,.

With o temperature of 200° C. in the
reactor the eontraction amounted to 35%;
the final gas contained 0.3% of CO and
15.5%, of CH,.

At a throughpot of 1110 volivel of eai-
Iyst fhowr { =12, litre of gasfgm. of nickel
hour) the coniraction amounted to 359,
with & temperature of 199" C. in the reactor.
The final gas comtained 19°; of CH, and
0.4%, of CO.

_.From the above tests it appears that the
silicate-containing catalyst is far more active
than the silicate-free eatalyst.

The term * elevated temperature = as

“used herein ‘means the temperatures usually

pmployed in processes of the kind herein
deseribed, i.e. temperatures between 100
and 350" €., more particularly temperatures
between 140 and 250° C.

Having now particularly deseribed and
aseertained the nature of our said invemtion
and in what manner the same is to be per-
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formed, we declare that what we claim is:

1. A process for the production of hydro-
earbons and oxygenous derivatives thereof,
particularly aldehydes and alochols, by
treating carbon monoxide with hydrogen, if
desired in the presence of ydrocarbons such
as olefines, al clevated teroperature (as
hereinbefore defined) and in the presence of
a cabalyst whieh is essentially free from alkali
silicates, i.e. contains less than 2% of alkali
silicate (caloulated as alkali carbonate on
the total weight of the catelyst), and which
contains & metal of the iron group obtained
by reduction, either with or without a support
not appreciably contributing to the forma-
tion of silicates with the catalytically active
metal, characterised in that in the prepara-
tion of the catalyst the metal of the iron group
is partly precipitated by means of a dis-
solved silicate so that it is partly in the form
of a silieate and partly in that of a readily
redueible basie compound.

2. A process as claimed in claim 1 wherein
the eatalyst contains less than 1% of alkali
silicate.

3. A process as claimed in Claim I or 2
wherein a cobalt-confaining catalyst is nsed.

4. A process as claimed in any one of the
preceding claims wherein sintered kieselgnhr,
alumininm. oxide, earborundum, magnesiom
gilieate, magnesium carbonate or barium sul-
phate is used as supagfﬁ.l

5. A process a8 claimed in any one of the
preceding claims wherein the silicate of the
metal of the iron group is obtained by the
precipitation of the metal from a solution of
g salt thereof by means of an alkali silicate,
such as waber glass.

6. A process as claimed in any one of the
preceding claims wherein a catalyst is used

which is prepared by precipitating 0.5 to
60%,, preferably 5 to 309, of the metal of
the iron group in the form of a silicate.

7. A process as claimed in any one of the
preceding claims wherein the catalyst Is
used in a fAnidised state.

8. A process as claimed in any one of
the praceding Claims wherein the catalyst is
used in the form of pressed partlcles, such
as are obtained with an extruding press or
a pelleting machine.

9, Aprocess as claimed in Claim 8 wherein
the process is carried out in the liquid phase.

10. A process as claimed In any one of
the preceding Claims wherein sabstances
with a high heat conductiviby, such as
metals, either in the form' of powder or
grit, are nsed as catalytic support material.

11. A process as claimed in any one of
the preceding Claims 1 to 8 and 10 wherein
the process I3 applied to carbon monoxide-
containing gases, such as coal ges, for the
purpose of freeing them from CO by conver-
gion with H, into methane, preferably by
using a nickel eatalyst.

12, A process for the produetion of
hydrocarbons and oxygenous derivatives
thereof substantially as desecribed.

13. Hydrocarbons and oxygenous deri-
vatives thereof when produced by the process
claimed in any one of the preceding claims.

Dated the 15_1311 day of January, 1948,

ELEINGTON & FIFE,
Consulting Chemists and Chartered
: Patent Agents,
Bank Chambers, 329 High Holborn,
.. London, W.C.1.
Agents-for the Applicants,

Abingdon : Printed for His Majesty's Stationery Office, by Burgess & Son (Abingdon), T4d.—1650,
Published ab The Patent Office, 25, Southeznpton Buildings, London, W.C.2, from which
copien, price 2s. 0d. each (inland) 2. 1d. (abroad) may be obbained,
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