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@ C, to C4 hydrocarbons and oxygenated derivatives
thereof are produced by contacting synthesis gas at a
temperature in the range 150 to 450°C and a pressure in the
range 1 to 700 bars with a catalyst comprising the crystaliine
cobalt-modified silica product obtained by crystallising a
mixture containing a source of silica, a8 source of cobalt, a
nitrogenous base and, optionally, a mineralising agent
and/or an inorganic base in a liquid medium comprising
either water, an alcoho!l or a mixture thereof. The catalyst
may also contain one or more of the metals cobalt, iron,
manganese, hickel, ruthenium, palladium, zinc, chromium
¥ and copper.
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PROCESS FOR THE PRODUCTION OF LOWER HYDROCARBONS AND
OXYGENATED DERIVATIVES THEREQF BY THE CATALYTIC
CONVERSION OF CARBON MONOXIDE AND HYDROGEN

The present invention relates to a process for the production
of lower hydrocarbons and oxygenated hydrocarbons by the catalytic
conversion of carbon monoxide and hydrogen, hereinafter to be
referred to as synthesis gas.

During the past few years political and economic events affecting
the petroleum industry have led to increasing interest in alternatives
to petroleum as the practically exclusive source of raw materials for
the petrochemical industry. In this search for alternatives there
has been a resurgence of interest in the long and wniversally known
Fisher/Tropsch process whereby hydrocarbons and .0xygen-containing
compounds are obtained from carbon monoxide and hydrogen which can
be obtained from other carbonaceous deposits such as coal and nmatural
gas. The raw materials demanded by the petrochemical industry are
hydrocarbons and in particular umsaturated hydrocarbons with a chain
length from Cy to C4;. Unfortunately, the products obtained from the
Fisher/Tropsch process using the cobalt and iron catalysts convention-
ally employed are mainly liquid and partially solid hydrocarbons
having chain lengths from Cg to about Csg, oxygenated hydrocarbons
and, at the most, only 30 to 507 by weight of the low molecular weight
hydrocarbons of chain length C2 to C; which are desirable in the
petrochemical industry.

One catalyst which has been investigated in other types of
reaction is silica-based material comprising crystalline silica which
has been modified with one or more elements which have entered the
crystalline lattice of the silica in place of silicon atoms of the

silica or in the form of salts of bisilicic or polysilicic acids.
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Such catalysts are described in published UK Patent Specification
No. 2024790A. Preferred elements are said to be those having, at
least partially, an amphoteric character such as chromium, beryllium,
titanium, vanadium, manganese, iron, cobalt, zinc, zirconium, rhodium,
silver, tin, antimony and boron, of which the use of beryllium,
chromium, zinc, titanium, vanadium and boron are exemﬁlified. The
crystalline materials are described as catalysts for a large number
of reactions, including the conversion of- dimethyl ether and/or
methanol or other lower alcohols into hydrocarbons such as olefins.
However, the list of catalytic applications does not include the
production of hydrocarbons by the catalytic conversion of carbon
monoxide and hydrogen.

During the course of our investigations we produced a crystalline
silica modified with cobalt by mixing a source of silica, a source of
cobalt, a nitrogenous base and a mineralising agent in water and
maintaining the mixture under elevated temperature znd pressure for
a considerable period of time. After calcination the cobalt modified
silica, instead of converting methanol into hydrocarbons such as
ethylene, quantitatively decomposed the methanol to synthesis gas.
This reaction forms the subject of our copending UK application
No. 8013361 (BP Case No. 4964). To our surprise, the reverse
reaction, i.e. the catalytic hydrogenation of carbon monoxide, produced
only a small proportion of Cj to C4 oxygenated hydrocarbons which
consisted mainly of methanol, but included also ethamol, and a major
proportion of C; to C, hydrocarbons and substantially no hydrocarbons
of higher carbon number.

Accordingly, the present invention provides a process for the
production of C; to C4; hydrocarbons and oxygenated derivatives
thereof which process comprises contacting synthesis gas at a -
temperature in the range 150 to 450°C and a pressure in the range
1 to 700 bars with a catalyst comprising the crystalline cobalt-
modified silica product obtained by mixing a source of silica, a
source of cobalt, a nitrogenous base and, optionally, a mineralising
agent and/or an inorganic base in a liquid medium comprising either

water, an alcohol or a mixture thereof and maintaining the mixture
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under conditions of elevated temperature and pressure for a time
sufficient to effect crystallisation of the product.

Mixtures of the gases hydrogen and carbon monoxide are abundantly
available in the form of synthesis gas. Methods for preparing synthesis

gas are well known in the art and usually involve the partial oxidation

‘of a carbonaceous substance, e.g. coal. Alternatively, synthesis gas

may be prepared, for example, by the catalytic steam reforming of
methane. Although it is preferred to use substantially pure synthesis
gas, the presence of such impurities as carbon dioxide and nitrogen
can be tolerated. On the other hand, impurities which have a
deleterious effect on the reaction should be avoided. The ratio of
hydrogen to carbon monoxide in the synthesis gas may vary widely.
Normally the molar ratio of hydrogen to carbon monoxide may be in the
range from 5:1 to 1:5, preferably from 2:1 to 1:2. In generzal a
high proportion of hydrogen favours the formation of hydrocarbons
whilst a low proportion of hydrogen favours the formatior of
oxXygenated hydrocarbons. Methods for adjusting the molar ratio of
hydrogen to carbon monoxide by the so-called shift reaction are
well known in the art.

Preferably the temperature is in the range from 200 to 4000°C,
even more preferably from 200 to 300°C and the pressure is in the
range from 10 to 300 bars. The use of higher temperatures within

the aforesaid ranges tends to increase the co-production of methane.

Because of the highly exothermic nature of the reaction the

temperature requires careful control in order to prevent a runaway
methanation, in which methane formation increases with increasing
temperature and the resulting exotherm increases the temperature
still further. In fixed bed operations, temperature control may be
achieved by mixing the catalyst with an inert diluent, thereby
ensuring that the exothermic heat is more evenly distributed. 1In
this way the useful life of the catalyst may be prolonged. The use
of highe pressures within the aforesaid ranges tendes to increase
the production rate and selectivity to C; to C4 hydrocarbons.
Although the process may be carried out batchwise it is

preferably operated in a continuous manmer. Suitably the coatact
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time, as hereinafter defined, for continuous operation may be up to
30, preferably from 0.0l to 5 seconds. For the purpose of this
specification the contact time is defined as:

Volume of catalyst in millilitres
Total volume of gas (in millilitres/second at NTIP)

The catalyst may be employed in the form of a fixed or a
fluidised bed.

The catalyst is the crystalline product obtained by mixing a
source of silica, a source of cobalt, a nitrogenous base and,
optionally, a mineralising agent and/or an inorganic base in a
liquid medium comprising water, an alcohol or a mixture thereof and
maintaining the mixture under conditions of elevated temperature
and pressure for a time sufficient to effect crystallisation of
the mixture.

Suitable sources of silica include, for example» sodium silicate,
silica hydrosol, silica gel, silica sol and silicic acid. The
preferred source of silica is an aqueous colloidal dispersion of
silica particles. A suitable commercially available source of
silica is LUDOX Colloidal Silica marketed by Du Pont (LUDOX is a
Registered Trade Mark).

Suitable sources of cobalt include the oxide, hydroxide, salts
such as the nitrate and alkoxy derivatives such as the acetate. .

Suitable sources of nitrogenous base include amines and
substituted amines such as the alkanolamines. A preferred nitrogenous
base is a quaternary ammonium compound, e.g. a tetra-alkylammonium
compound in which the alkyl group contains from 1 to 5 carbon atoms
or a tetra-arylammonium compound in which the aryl group is a phenyl
or an alkylphenyl group.

Suitable mineralising agents include alkali metal and alkaline
earth metal hydroxides and halides, for example LiOH, NaOH, Ca(OH)Z,
KBr, NaBr, Nal, Ca12 and CaBrz.

Suitable inorganic bases include alkali metal and alkaline earth
metal hydroxides, for example NaOH, KOH and Ca(OH);, and ammonia.

The 1iquid medium may additionally contain an active organic

species such as an alkyl halide, e.g. methly bromide, ethyl 1odide
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or propyl bromide. .

The amount of nitrogenous base and/or inorganic base employed
may vary within wide limits.

The mixture may suitably be maintained at a temperature of from
100 to 200, preferably from 120 to 200°C for a period of from a few
hours to several days, preferably for about 3 days. The mixture is
preferably maintained at the required temperature in a closed vessel
such as an autoclave under autogenous pressure.

The modified crystalline silica may suitably be separated from
the liquid medium, after cooling, by filtration. After separation
the silica is preferably washed to remove any exchangeable cationic
impurities, preferably with boiling distilled water have dissolved
therein an ammonium salt such as the nitrate or acetate.

The crystalline product obtained is believed to be a crystalline
silica modified by inclusion of cobalt in the crystal lattice in
place of a proportion of the silicon atoms. Tt is preferred to
calcine the crystalline product before use as a catalyst. Caicination
may be effected by heating in air at a temperature in the range from
300 to 700°C, preferably at about 550°C, for a period of from 2 to
24 hours.,

The catalytic activity of the crystalline product may be further
enhanced by the addition of one or more metals. Suitable metals which
may be added include cobalt, iron, manganese, nickel, ruthenium,
rhodium, palladium, zinc, chromium and copper. The metals may be
added either by impregnation or by ion-exchange. Any of the known
techniques for impregnation and ion-exchange may be employed. The
crystalline product may suitably contain from 0.1 te 207, preferably
from 0.2 to 107 by weight of added metal.

The invention will now be particularly described by reference
to the following Examples and by reference to the accompanying Figure
which is a simplified diagram of the apparatus employed.

With reference to the Figure, 1 is a preheater (150°C)s 2 is a
preheater (ZOOOC), 3 is a bursting disc, 4 is a reactor, 5 is a salt
pot, 6 is a knock-out pot, 7 is a water quench, 8 is a water recycle

pump, 9 is a2 water wash tower, 10 is a DP level controller, 11 is 2

'8AD ORIGINAL £
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knock-out pot, 12 is a Foxboro valve, 13 is a molecular sieve drier,
14 is a Gyp relief valve, 15 is a back pressure regulator, 16 is an
aqueous product receiver, 17 is a gas recycle pump, 18 is a ballast
vessel and 19 is a vent.

Catalyst Preparationms

Catalyst A (cobalt silicate)

Sodium nitrate (0.85 g) was dissolved in aqueous tetrapropyl
ammonium hydroxide solution and then cobalt nitrate hexahydrate
(2.9 g) was added. A blué solid was formed. Ludox silica sol ,
Type AS40 (21.8 g, containing 407 silica), was added with vigorous
stirring at room temperature and the suspension was allowed to stand
for two hours.

The mixture was placed in a pressure vessel which was rotated
and heated at 150°C for 24 hours and then at 170°C for 60 hours.
At this point the mixture was cooled to room temperature, filtered
and the solid washed by heating with a 1 molar ammonium chloride
solution (150 ml). This operation was repeated twice. Finally the
solid was washeé with deionised water (300 ml), dried at 120°C for
16 hours and broken down to form 8 - 16 mesh granules. Analysis of
the solid showed Si 40.5 and Co 6.067 wt/wt.
Catalyst B (cobalt treated cobalt silicate)

Cobalt nitrate hexahydrate (7 g )was dissolved in deionised water
(500 ml) and the resulting solution was divided into three portions.

Catalyst A (14 g) was suspended in one portion of the above
solution and the mixture was heated at 80°C for 90 minutes with
stirring. This operation was carried out three times. The final solid
was washed with deionised water (300 ml), dried at 120°C, calcined in
air at 500°C for 16 hours and broken down to form 8 - 16 mesh (B.S.S.)
granules. Analysis of the product showed silicon 40.3 and cobalt 9.6Z%
wt/wt. 7
Catalyst C {rhodium treated cobalt silicate)

' Rhodium trichloride trihydrate (1.3 g) was dissolved in deionised

water (500 ml) and the resulting solution was divided into three
portions.

Catalyst A (14 g) was suspended in one portion of the above
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solution and the mixture was heated at 80°C for 90 minutes with
stirring. This operation was carried out three times. The final
solid was washed with deionised water (300 ml), dried at 120°C,
calecined in air at 500°C for 16 hours and broken down to pass 8 - 16

mesh (B.S.S.) granules. Analysis of the product showed silicon

.38.0, cobalt 9.9 and rhodium 2.97 wt/wt.

Catalyst D (rhodium treated cobalt silicate)

Catalyst A (14 g) was suspended in a solution of rhodium tri-
chloride trihydrate (1.3 g) in deionised water (20 ml). The mixture
was evaporated to dryness on a steam bath and the solid dried

at 120°C and broken down to form 8 - 16 mesh (B.S.S.) granules.
Catalyst Testing

The catalysts were reduced in hydrogen.at 450°C for 6 hours
and were tested for the conversion of carbon monoxide/hydrogen ’

mixtures.

Example 1

With reference to the accompanying Figure a mixture of carbon
monoxide and hydrogen in a molar ratio of 1:2 was passed via the
inlet manifold through the two prehéater coils (1) and (2) maintained
at 150°C and 200°C respectively in silicone o0il baths. The heated
gases were then fed via a heat—traced line to the copper-lined
reactor (4) containing a fixed bed of Catalyst A in the form of 8 to
16 mesh (B.S.S.) granules. The reactor was maintained at the desired
Teaction temperature by immersion in a molten salt bath (5). The
product gases were passed via a heat~traced line through a knock=-out’
pot for wax products (6) to a small quench vessel (7) into the top
of which water was sprayed. The gases were then passed through a
water cooler to the bottqm of the water wash tower. (9) which was
packed with 3/8 inch Raschig rings. In the tower (9) the product gases
were washed counter-currént with water. The resulting liquid product
was fed into the receiver (16) and any dissolved gases were recombined
with the product gas stream from the back pressure regulator (15).
The separated gas stream from the top of the water wash tower )]
was passed through a water cooler to the knock-out pot (11) and then

to the inlet side of the dome-loaded back pressure regulator (15).
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Recycle gas was recovered from the inlet side of the back pressure
regulator (15), passed through a molecular sieve drier (13) and
compressed up to 67 bars in the gas ballast vessel (18) using the
gas recycle pump (17). The recycle gas was fed back to the imlet

manifold. Provision was made to feed spot samples of the inlet

gases and the total gas stream to a gas chromotographic analytical

unit.

The product gas stream leaving the back pressure regulator (15)
was measured and samples were withdrawn and analysed by gas chromo-
tography. The liquid product was also sampled and analysed by gas
chromotography.

After the reaction had reached equilibrium balance rums were
carried out over ome hour periods.

Example 2 ]

The procedure of Example 1 was repeated except that Catalyst A
was replaced by Catalyst B.

Example 3

The procedure of Example 1 was repeated except that Catalyst A
was replaced by Catalyst C.

Example 4

The procedure of Example 1 was repeated except that Catalyst A
was replaced by Catalyst D. -

The reaction conditions and results for Examples 1 to 4 are

given in the accompanying Table.
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Clains:

A process for the production of C; to C; hydrocarbons and oxygenated
derivatives thereof which process compris;s contacting synthesis gas
at 2 temperature in the ramge 150 to 450°C and a pressure in the
range 1 to 700 bars with a catalyst comprising the crystalline cobalt-
modified silica product obtained by mixing a source of silica, a
source of cobalt, a nitrogenous base and, optionally, a mineralising
agent and/or an inorganic base in a liquid medium comprising either
water, 21 alcohol or a mixture thereof and maintaining the mixture
under coaditions of elevated temperature and pressﬁre for a time
sufficient to effect crystallisation of the product.

A process according to claim 1 wherein the molar ratio of hydrogen to
carbon monoxide in the synthesis gas is in the range from 5:1 to 1:5.
A process according to either ome of the preceding claims wherein the
synthesis gas is contacted with the catalyst at a temperature in the
range 200 to 400°c.

A process according to claim 3 wherein the temperature is in the
range 200 to 300°c.

A process according to any one of the preceding claims wherein the
pressure is in the range 10 to 300 bars.

A process according to any one of the preceding claims when operated
in 2 continuous manner at a contact time of up to 30 seconds.

A process according to claim 6 wherein the contact time is in the
range from 0.0l to 5 seconds.

A process according to any one of the preceding claims wherein the
nitrogenous base employed in the preparation of the cobalt-modified
silica product is a tetra-alkylammonium compound’in which the alkyl
group contains from 1 to 5 carbon atoms or a tetra—-arylammonium

compound in which the aryl group is a phenyl or an alkylphemyl group.
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A process according to any one of the preceding claims wherein the
crystalline cobalt-modified silica is calcined by heating in air at

a temperature in the range from 300 to 700°C for a period of from

2 to 24 hours prior to contact with the synthesis gas.

A process according to any one of the preceding claims whrein there
is added to the crystalline cobalt-modified silica one or more of the

metals cobalt, iron, manganese, nickel, ruthenium, rhodium, palladium,

zinc, chromium and copper.

11



0044740

1/1

12Ndodd SNoaNvY

S

o 81~ SV9
G _ T 310A03
| b
, & L
w x it T
NG _ 1oNgoH
|- 5
g £l W %@ XJ J A
il NS
WMA x.,x, % Qn\WM - 1]+ ! m
=y g <[ 12 | ..
” 7
U L, S




D)

European Patent

EUROPEAN SEARCH REPORT

0044740

Application number

Office EP 81 30 3326.3
DOCUMENTS CONSIDERED TOBE RELEVANT %ﬁ%ﬂ%ﬂmp&;rs
Category Citation of document with indication, where appropriate, of relevant Relevant
passages to claim
cCo07¢Cc 1/04
A DE - A1 - 2 623 867 (UOP) 1,10 C07C 29/15
* claims 1, 11 #* BO1J 21/08
_ BO1 J 23/74
B 01 J 23/80
A DE - A1 - 2 818 307 (SHELL) 1-5,10 { B 01 J 23/84
% claims 1, 7 to 10 * BO1 T 27/24
DE — At - 2 822 656 (INSTITUT FRANCAIS 1-5,10
DU PETROLE)
* claims 1, 5, 9 to 11;
TECHNICAL FIELDS
page 6, lines 14 to 23; examples 1 to SEARCHED (int. C1.3)
6 * BO1J 21/08
_ B O1J 23/74
B 01 J 23/80
AP DE — A1 - 2 925 571 (HOECHST) 1 B 01 J 23/84
. . BO1 J 27/24
* N
claims 1, 2; page 4, lines 9 to B 01 J 31/18
19 * BO1J 31/28
. co7c 1/02
Co07C 1/04
US - A- 4 086 261 (T.0. MITCHELL 1,11 C 07 ¢ 27/06
et al.) cC 07 C 29/15
‘ c07C 31/02
% claims 1, 3, 15 to 17 * C07C 31/04
_ C07C 31/08
A US - A - 4 142 061 (J.B. WILKES) 1
CATEGORY OF
* claims 1 to § * CITED DOCUMENTS
. X: particularly relevant
A: technological background
US - A- 4 168 245 (D.H.J. CARLSON 1 O: non-written disclosure .
et al ) P: intermediate document
’ T: theory or principle underlying
* claims 1, 4; column 2, lines 9, 12 * the invention '
——— E: conflicting application
D: document cited in the
application
L: citation for other reasons
&. member of the same patent
X The present search report has been drawn up for all claims family.
corresponding document
Place of search Date of compietion ot the search Examiner
Berlin 23-10-1981 KNAACK

EPO Form 1503.1 08.78



