«» UK Patent Application ..GB ., 2 089 368 A

i21)
(22}
130}
(31]
132)
133)
143)

LAY

o
N

{56}
68)

171}

172}

{74}

Application No 8137508
Date of fillng 11 Dec 1981
Priority data

BGZB564

16 Dec 1980

France {FR]

Application published

23 Jun 1982

INT CL?

CO7C /04 // BO1J 23/46
23/86

[damestic classiticalion
CSE 332 391 CF

B1E 1162 1180 1284
1285 1298 1315 1421
1482 1471 1492 1500
15131514 15181701
171212141719 1721
1722 17381747 CB
Documents cited

GB 6B6373

Fiald of search

GHE

Applicants

Shell Intermnationals
Resourch Maatschappij
B.V.,

Caral van Bylandtlaan 30,
The Hagus, The
Metherlands

Inventors

Andras Quus Theodorous
GGeorge Kortbeek,
Emmanuel Emile Alfred
Neel,

Guy Barre

Agent

B.C. Rogers,

4 York Roed, London
S5E1 INA

{54} Process for the preparation of a
hydrocarbon mixture

{57} Process for the praparation of a
hydrocarban mixtura fram a mixture of
carhon monoxide and hydrogen, using
a catalyst combinaticn containing one
or mara metal compunents with
catalytic activity for the convarsion of

an H,/CO mixture into acyclic
hydrocarbons, e.g. Ru, Co, Fa, Nl and
Cr, and as carrier a laminar compound
capable of absorbing metal ions ar
metal saits by intercalation, Preferahly
the laminar compaund is a laminar
crystalline silicate, e.g. magadiitc.

By this process a high praportion of
hydrosarbens boiling in the gasoline
bailing range {C,-—C,,} is obtainad,
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SPECIFICATION
Frocess tor the Preparation of a hydrocarbon
mixture

The invention relatas to a process for the
preparation of a hydrocarbon mixture from a
mixiure of carbon monuxide and hydrogen, using a
catalyst combination containing one or more
metal components with catalytic activity for the
conversion of an H,/CC mixture into acydlic
hydrocarbons end a carrier.

In an investigation by the Applicant concerning
this process it was found that it has two
drawbacke. In the first place, when using space
velacities acceptable in actual practice, the
convarsion of the H,/CO mixture is unsatisfactory.
Further, the process yields a product substantiafly
consisting of hydrocarbons with more than 12
carbon atems in the molecule and 100 few
hydrocairbons with 5—12 carlhon atoams in the
molecule.

Further investigation by the Applicant
conceming this process has shown that the twa
above-mentionsd drawbacks can be obviated by
using a laminar compound, preferably a faminar
orystalling silicats as catalyst carrier, l.a. by
nonacting the fead with a catalyst containing one
or more rmatal compaonants with catabytic activity
for the conversian of an H,/CO mixiure into acyclic
hydrocarbons, which meial components are
preferably chosen from the group formed by Fe,
Mi, Co, Cr and Ru, and which camponentis) is/are
deposited on & leminar compound, praterably a
taminar crystailing silicata capable of absorhing
meial ions or metal salts by intercelation. In this
rmanner it is not only achieved that, when using
space velocitiss acceptable in actual practice, not
only & very high conversion of the H,/CO mixture
is obtainsd, but moreover that the reaciion
procuct consists substaniially of hydrcearbons
with 5—12 carbon atoms in the molacule.

The picsent application therefore relates ta a
process for the preparation of a hydroczarbon
mixture, in which a mixturg of carbon monoxide
and hydrogan is contacted with a catalyst
combinatinn as defined above.

in the process according to the invention the
stariing material is an H,/CO mixture. Such H,/CO
mintures can vary suitably be prepared by steam
gasification or partial combustion of a carbon-
containing materiz!. Examples of such materiats
are wood, prat, brown coal, bituminous coal,
anthracita, coka, citida minaral oil and fractions
therect s wetl as tars and oils extrected from tar
sand and bitu.ninous shale, The steam gasification
or partial cormbustion is preferably carried out at &
remperaturs of 800—-1800°C and a pressure of
10100 bar, In tha process according to the
invention it is preferred to start from an H,/CO
mixture with an 4./C0 molar ratio of more than
0.25.

The eatalyst combinations used In the process
accarding 1o the invantion contain, in addition to
meial compurnients with catatytic activity, a
taminar compound, preterably a iaminar crystalline
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65 metal silicate, characterized in that it can absorb
metal ions or metal salts by intercalation, As
larmirar compound graphite may be used.
Althaugh in principls the silicates preferably to be
used may contdin several metals selected from the
group formed by aluminium, iron, gatlium,
rhodium, chromium and scandium, in the process
according to the invenlion it is preferred to use
catalysts in which the silicate contains only ong of
said metals and in particular silicatas containing
atuminium, iron or galliurn as the metal,
Particularly suitable silicates for the process
according to the invention arc to be found among
the clay minarals, especially the candites,
smectites and vermiculites, in which intercalation
can be effacted by ion exchange with suitable
metal ions or metal complex ions, such as
chremium ions and cobalt ions. Such clay minerals
are described in the book “Zaolites and Clay
Minerals as Sorbents and Molacular Siaves™ by

R. M. Barrer {1978}, pp. 407--485. A particular
suitable and hence preferably used carrier for the
catalysts used in the present process is magadiite
(Na,Si, 40,4 - 9H,0}, since the use of this carrier
rasults in a high content of hydrocarbons with
512 carban atoms in the synthesis praduct.
Magadiite is preferably used in comhination with
0.1 up to 10% by weight of cobalt advantageousiy
promoted with up to 10% by weight of chromium,
cobalt being incorperated into the magadiite by
ian exchange and chramium by impregnation,

Angther vary selective catalyst is oblained by
incorporating 0.1 up 10 15% by weight of
ruthenium into the magadiitc by ion exchange.

The catalyst combinations used in the grocess
according to the invention contain one or more
metal componants with catalytic activity for the
conversion of an k,/CO mixture into acyclic
tiydrocarbans.

Catalyst components capable of converting an
H,/CC mixture into mainly acyclic hydrocarbons
are known in the literature as Fischer-Tropsch
catalysts, Such catalyst components consist of
ane ar more metals of the iron group or ruthenium
togathar with one or mare promoters to increase
the wctivity and/or selactivity. Par 100 parts by
weight of carrier suitable catalysts contain 1—15
parts by weight of ruthenium and/or 10—75 parts
by weight of one or rmore metais of the iron group
together with one or more promoters in a quantity
of 1—50% of the guantity of the iron group
metzals present on the catalyst.

As promoters for the catalysts according to tha
invention a large humber of elements are suitabla.
The following may be mentioned as examples:
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120 afkali metals, alkaline earth metals, metals of

group VIB, Ti, Zr, Al, 51, As, V. Mn, Cu, Ag, Zn, Cd,
Bi, Pb, Sn, Ce, Th and U. Very suitable promater
combinations for iron catalysts according o thy
invention consist of an alkali metal such as K, a
readily reducible metal such as Cu or Ag and
optionally @ metal difficult to reduce, such as Al or
Zn. An axampla of a very suitable tron catalyst
according to the invention is a catalyst containing
iron, potassium and copper on a crystalline
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lavninar silicate as camier. If in the process
according to the invention use is made of an jron
catalyst containing K as selectivity promaoter, a
catalyst cantaining not mare than 0.15 g of K per
g cf Fe is preferred. since it has been found that if
higher i cancentrations ure applisd the selectivity
does not rise further while the stability
subztantialiy decreases as a result of carban
deposition on tha catalyst. Very suitabie prometer
combinations {or cobalt catalysts aceording to the
inveniion consist of an alkaline earth metal and Cr,
Zr, Th, U o7 Ca. An example of a vary suitable
cobalt according ta the invention is a catalyst
coniaining cobalt, magnesium and thoriem on a
iamisioi grystellins slllcate as carrier. Other very
suitabie cobali catalysts ascording to the
inveniion are caiglysts containing So/Cr, Co/Zr,
Co/Zn or Co/Mg on a crystalline laminar sificate as
carrier. Yery suitable promoters for nickel catalysts
aecording to the invantion are Al, Mn, Th, W

and U,

I in the process according ta the invention itis
intendad o use 2 catalyst combination of which
the catalyst component having Fischar-Tropsch
activity is iron, an iron caialyst is prefarably
choseit containing a promoter combinatfon
consisting of an elkali metal, a readily reducible
matal such as copper or silvar and optionally a
metal difficult to reduce, such 2 aluminium or zinc.
A very suitable iron catalyst for the present
purpose is a catalyst prepared by impragnation
coneaining iron, patassium and copperon a
erystalling laminar silicate as carrier. 1§ in the
catalysi gombination iron is used as catalyst
eomponent hiaving the required Fischer-Tropsch
activity, the process according 1o the invention Is
preferably carried out at a temperature of
250—375°C and a pressure of 10—50 bar.

I¥ in the process avcording to the invention it is
intendstl to use a cateiyst comblnation of which
the caialyst component having the required

Fiseher-Tropsch activity is cobalt, a cabalt catailyst

is preferred containing a promoter combination
cansizting of an alkaline sarth metal and
chramiurs, thorium, uranivum or cerium.

A vary suitable cobalt caralyst for the present
purpuse is a catalyst prepared by lon exchange
ahd containing cobali, magnesium and thorium on
a crysialline laminar silicate as camrisr. Other very
suitakls cobalt catalysis prepared by jon axchange
are catalysts conisining, in addition to cobalt, one
of the elaments chrormium, titanium, zirconium
and zinc on the silicate as carriar.

If in the catalyst csimbination cobalt is used as
catalyst having the required Fischer-Trapsch
activity, e procass ascording to the invention is
preferadly carried our at 3 temperatura of
220-—300°C and a pressure of 10—35 bar.

Very suitable caialysis for the process
ascurding to tha invention are:

g} cawzlysts contzining 10—76 parts by weight
of ron and & -4 parts by weight of magnesium
per 100 parts by weight of crystalline laminar
silicatz casrier and prapared by ion exchange of
the carrlar swith one or mars aquecus solutions of

70

75

80

85

20

95

100

106

110

115

120

125

130

salt of iron and of magnesium followed by drying
the composition, calcinlng it at & temperature of
200-—1200°C and reducing it. Special preference
is given te such catalysts containing, in addition to
20—~80 parts by weight of iron and 7.5—30 parts
by weight of magnesiumn, 0.6—5 parts by weight
of capper as reduction promotar and 1—-5 parts
by weight of potassium as selectivity promoter per
100 parts by walight of carrier and calcined at
650—880°C and reduced at 200—360°0:

bl catalysts containing 10—40 parts by weight
of iron and 0.25—10 parts by weight of
chromiur per 100 parts by weight of crystalline
laminar silicate carrier and prepared by ion
exchange of the carrier with one or more aqueous
soiutions of salts of iron and of chromium followed
by drying the composition, ¢alcining it and
reducing it at a8 tamperature of 350—750°C.
Particular preference is given to such catalysts
containing, In addition to 20—386 parts by weight
of ircn and 0.5—5 parts by weight of chromium,
1-—5 paris by waight of potassium as selectivity
promoter and calcined at 200—700°C and
reduced at 200—B00°C.

c) catalysts containing 10—40 parts by weight
of cobalt and 0.25—5 parts by weight of
zirconivm, titanium or chromium per 100 parts by
waight of crystalline laminar silicate carriar and
prapared by ion exchange of & silica carrier with
one or mole aqueous solutions of salis of cabait
and zirconium, titanium or chromiurm, foflowad by
drying the campaosition, ealcining at 200—700°0
and reducing it at 200—700°C,

In the pracess according to the invention
catalysts are preferably used that are prepared by
ion exchange of the carrier with one or more
aqueous solutions of salts of ruthenium or of
matals of the iron group and salts of promaoters,
followad by drying and calcining the composition.

in the preparation of the catalysts the saits can
be deposited on the carrier in one or move steps.
Between the separate ion exchange and/or
impregnation steps the material is dried. For the
preparation of catalysts with a high mstal content
the use of 2 multi-step technigue may bs
necessary, The salts of the iron group metals and
tha salts of the promoters can bs daposited on the
carrier separately or together from one salution.

In the process according to the invenven the
intantian is ta convert the largest possible quantity
of the CO presant in the feed into acyclic
hydrocarbons aver a catalyst containing one or
mare metal components with catalytic activity for
the conversion of an H,/CO mixture inta acyclic
hydrocarbons, which metal componants are
chosen from the group formed by iron, cabalt,
nickel and ruthenium. To this end the H,/CO maiar
ratio in the feed iz suitably at leasi 1.0 and
preferabty 1.25—2.25,

The process according to the invention can very
suitably be carried out by condusting the feed in
upward or downward direction through a vertically
mounted reactor containing u fixed bed of the
monofunctional catalyst or of the bifunctional
catalyst combination. Tha process can also be
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carried out using a suspension of the catalyst or
catalyst combination in a hydrocarbaon oil. The
process is preferably carried out under the
following conditions: a temperatura of
8 125-—375°C and in particular of 175—275°C
and a pressure of 1—150 bar and in particular of
B 100 brar.
The invention will now be explained with
reference to the followlng Examples.
10 EXAMPLE1
Magadiiie was prepared according to the recipe
by Lagaly et al, as described in “American
Mineralogist” 80 {1975), p. 842, The magadiite
obtained was first transferred into the ammonium
15 form by ion exchange with a concentrated NH,OH
solution. The ammenium form of the magadiite
was then impregnated with an agueous solution of
chromium nitrate (2.3% wt Cr{NQ,), - 9H,0] and
dried. The impregnated magadiite was ion
20 exchanged with an aqueous solution of
ColNH ) (NQg}, {2.1% wt) during 24 hours. The
catalyst was then dried at 110°C calgined for two
hours at 800°C in air and subjected 1o a 24-hour
reduction at 575°C with hydrogen at atmospheric
25 pressure. The resulting catalyst had the foliowing
composition: 25 Co/1 Cr/298 Si0,,.
A gas mixture consisting of H, and CO
(Hz/CO = 1) was passed over this catalyst
apptying the following conditions:

30 gas hourly space ; 1000 {NTPY/1h
valocity
prassure 1 20 bar
temperature 1 2E0°C

The cenversion of Hy+ CO into hydrocarbons
35 was 71%. The space-time vield was 138 grams of
hydrocarbons per litre of catatyst volume per hour,

The selectivity is given in the following Table:

Ci+C, @ 22%

Ca+C,p 1 10%

40 Cg—Cy 1 B0%
Ciy—Cs © 12%

Cpt : 6%

Frem this Tabla it can he sasn that the yield of
desired hydrocarbons boiling in the gasoline
5 boiling range (C, — C,,} is vary high, compared
with those boiling below and above tha praferred
range.

EXAMPLE 2
The ammanivm form of magadiite was
8Q prepared as shown in Exampte 1. it was ion
exchanged with a solution of ruthenium chioride,
dried and calcinad far 2 haurs at BO0C in air at
atmospheric pressure and raduced for two hours
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at 280°C with hiydrogen and nitrogan {mofar ratio
3/1} at atmospheric pressure in order to obtain a
catalyst having the composition: 1 Ru/25S5i0,.
Using this cetalyst under the conditions described
in Example 1 hydrocarbons were formed from a
H./CO gas mixture (H,/CO = 1},

The space-lime yield was 82 grams of
hydrocarbons per litre of catalyst per hour,

The selectivity was:

C,+C, 3.7%
C,+C, 5.6%
C.—C,, : 90.6%
Cia—Cyq 0.1%
czn+

An axcellent result as regards the vield of
gasoline components {C; — C, .} was thus
obtained.

CLAIMS

1. A pracass for the preparation of a
hydrocarban mixtura fram a mixture of carbon
munoxide and hydrogen, using a catalyst
combination contalining ane or mora metal
components with catalytic activity for the
conversion of an H,/CO mixture into acyclic
hydracarbons and a carrier, characterized in that
use is made of a laminar compound capabie of
absorbing metal icns or metal salte by
intercalation.

2. A process as claimed in claim 1,
characterized in that the laminar compound is a
laminar crystalline silicate.

3. A process as claimed in claim 1 or 2,
characterized in that it is carried out at a
temperature of 125—375°C and a pressure of
1—150 har.

4. A procass as claimaed in any ong or more of
claims 1, 2 and 3, characterized in that the
catalyst contalns iron, nicksl, cobalt, chromium
and/or ruthenium,

5. A process as claimad in any ong or mare of
the preceding claims, characterized in that the
catalyst contains a silicate of ona or mors of the
metals aluminium, iron and gallium.

6. A process as ¢laimed in any one or more of
the praceding claime, characterized in that the
catalyst contains one or more candites, smectites
and/or vermiculites.

7. A process as claimed in any one or more of
the preeeding claims, characterized in that the
catalyst is obtained by depositing one or more
metals with catalytic activity for the conversion ot
an H,/CO mixturs into acyelic hydrocarbons on the
laminar crystalline siiicate by ion exchange.

8. A process as claimed in any one or more of
the precading clalms, characterized in that the
{uminar crystalline silicate is magadlite.

S. A process as claimed in any one or more of
the preceding claims, characierized in that the
catalyst consists of magadiite on which G.1 up to
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10% by weight of cobalt is deposited by ion 5 the preceding claims, characterized in that the
exchange promoted with up to 10% by weight of catalyst consists of magadiite on whick 0.1 up to

chromium by means of impregnation. 15% by weight of ruthentum is deposited by
10. A process as claimed in any one or more of means of ion exchange.

Prnted for Her Majesty's Stetionery Office by the Cousior Presg, Leamington Spa, 1982. Puhlishad by the Patent Offica,
25 Southampion Buildings, Landnun, W24 1AY, from which coples may be obtalngd,



