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FILLER OR A SUPPORT FOR CATALYTICALLY ACTIVE SUBSTANCES, A

PROCESS FOR PRODUCING SAID FILLER OR SUPPORT, A CATALYST

PRODUCED FROM SAID SUPPORT, AND THE USE OF
SAID CATALYST

In catalytic processes, one frequently has to
rely on rapid mass transportation in combination with
a high accessibility of the catalytically active sur-
face in order to achieve high reaction yield, good
selectivity and thus satisfactory economy of process.

The refining of heavy oils into different fuels,
such as gasoline and diesel, is carried out by means
of catalytic processes, for example catalytic hydropro-
cessing, hydrogenation or cracking. As a result of
the increased crude prices, it is endeavoured to cata-
lyse increasingly heavier starting materials, and
this has made it difficult to achieve a satisfactory
economy of process because a combination of rapid
mass transportation and high accessibility of the
catalytically active surface is not readily accom-
plished. The heavy starting materials, in particular
residual fractions, are characterised in that they
have large molecules and aggregates of large molecules,
for which reason it is difficult to achieve a rapid
transport of these molecules or molecule aggregates
into and out of the catalysts which are being used
today for catalytic hydroprocessing, hydrogenation
or cracking. Another problem encountered in connec-
tion with catalytic cracking is that the most common
catalyst supports have but low resistance to the pro-
cess conditions and the conditions during the rege-
neration and like treatment processes to which the
catalyst must be subjected.

Another field in which problems are caused by
prior art supports for catalytically active substanées,
is the catalytic automobile exhaust emission control,

i.e. a purification process in which it is desired




WO 85/03241. . PCT/SE85/00037

10

15

20

25

30

35

2

to remove nitrogen oxides and non-burned hydrocarbon

molecules from the exhaust gases from automobile engines

and other internal combustion engines. In this case,
the difficulty lies not in large molecules, but instead
in the need for very high exhaust throughflow rates
in the catalytic reactor. Great demands are therefore
placed on the porosity in combination with a large

catalytic area, such that the catalytic reactions

which are necessary in order to eliminate nitrogen
oxides and non-burned hydrocarbons, can take place
in the very short time during which the exhaust gases
are in contact with the catalyst mass.

Catalytic cracking of heavy oils to gaséline
and diesel is an example of a refinery process in
which the process economy to a high degree is affected
by the presence of large molecules and aggregates
of molecules in the oil. One of the difficulties with
heavy molecules and aggregates of molecules in the -
oil is thaf these frequently contain metal impurities
of the type vanadium and nickel which have an adverse
effect on the activity and selectivity of the catalyst.
The above-mentioned problem in respect of rapid mass
transportation of the large molecules or molecule
aggregates into the interior of the catalyst structure
causes in itself a further problem in connection with
catalytic cracking. The diffusion rates of the large
molecules and aggregates of molecules can be so low
that the molecules stay too long in the catalyst and
thus are subjected to so-called overcracking into
undesired products, such as gases and coke. A further
problem encountered in catalytic cracking of heavy
oils of the type residual oils is that the largest
molecules and molecule aggregates easily get stuck
in the small pores of the catalyst and are not removed
during the so-called stripping step which, in the
refinery process, precedes the regeneration. As a

result, many large molecules and molecule aggregates

e, 8
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may be taken along by the catalyst to the regenerator
where they are burned and thus will be lost, the tem-
perature in the regenerator increasing to undesired
high values. The large molecules or molecule aggregates
getting stuck in the pores within the outer parts
of the catalyst may also have the effect that the
activity and efficiency of the catalyst is reduced
considerably because subsequent molecules, both large
and small ones, are prevented from penetrating into
the active surface of the catalyst for cracking.

As regards the catalytic hydroprocessing of heavy
oils, one has, in order to remove metal impurities
and hetero atoms such as nitrogen and sulphur, from
the oil, increased the mass transportation of oil
into and out of the catalyst by increasing the average
pore size of the catalyst. In conventional hydropro-
cessing, for example desulphurisation of gasoline
and diesel fractions, use is made of catalysts which
consist of aluminium oxide having pore sizes within
a rather narrow range of 40-70 A. The porous aluminium
oxide usually is impregnated with a mixture of, for
example, cobalt sulphide and molybdenum sulphide.
This type of catalyst functions satisfactorily for
the removal of sulphur from the light molecules pre-
sent in the relatively light hydrocarbons in gasoline
and diesel. As regards the removal of metals, sulphur
and nitrogen from the heavy molecules occurring in,
for example, heavy fuel oils and residual fractions,
the activity and efficiency of conventional hydro-
processing catalysts is reduced considerably because
large molecules or molecule aggregates get stuck in
the pores within the outer portions of the catalyst
so that subsequent molecules, both large and small
ones are prevented from penetrating into the active

surface of the catalyst for hydroprocessing.
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One way of coping with this problem in connection
with cracking and hydroprocessing catalysts has been
to produce catalyst structures having a larger average
pore size. Efficient cracking or hydroprocessing of,
for example, heavy fuel oils, requires a catalyst
structure having an average pore size exceeding 200 A.
There is no difficulty in producing such structures
from, for example, aluminium oxide or zeolites; in-
stead, the difficulty lies in obtaining in such a
structure a high surface area within pores that are
so large (larger than 100 A pore diameter) that the
large molecules or molecule aggregates can be readily
and rapidly transported to the catalytically active
surface within the pores, which is necessary in order
to achieve high catalytic activity. The surface area
of the catalyst support is in the inverse ratio to
the average pore size in such a conventional catalyst.
A conventional catalyst, e.g. a desulphurisation cata-
lyst, may have an average particle size of about 40
A and a surface area of about 150 mz/g. If the average
pore size of such a conventional catalyst is increased
to 200 A, the surface area, on the other hand, will
be reduced drastically to about 50 m2/g of catalyst
material. In the refinery industry, however, it is
desired to be able to use catalysts, e.g. a hydropro-
cessing catalyst, having an average particle size

exceeding 200 A because one has found that the average

pore size should be at least 10 times greater than,

the average diameter of the large molecules or molecule

aggregates which are to pass into and out of the pores.
For catalysts for catalytic cracking of oils,

use is made of a support containing an active compo-

nent which frequently is zeolite Y in hydrogen form

or in the form of a rare earth metal, said active

component being embedded in a matrix which may con-

sist of, for example, kaolin and which contains a

binder in the form of a silicate or an aluminium sili-

)

k.
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cate gel. The active component, i.e. the zeolite,
has a very regular pore structure and is characterised
by pores in the order of 12 A with pore openings in
the order of 7-8 A. The matrix in which the active
component is incorporated, may have a pore structure
varying from some twenty Angstrém up to several thousand

Angstrdm. Recently, the development of cracking cata-

- lysts has tended to reduce the proportion of binder

(which consists of silicic acid gel or an aluminium
silicate gel), thereby to reduce the proportion of

fine pores in the catalyst and thus the difficulties
associated with the penetration of large molecules

into small pores. In the catalytic cracking of heavy
oils, it has been tried to avoid these problems by

first subjecting the oil to a separate preliminary
cracking utilising a catalyst which consists solely

of spray-dried and calcined kaolin, i.e. a catalyst
which does not contain zeolite or binder. The cata-

lyst of such a pre-cracking step has a high a§erage

pore size and, thus, also a low surface area. In the
pre-cracking step, a large proportion of the content

of metallic impurities in the heavy oil is removed.
After this pre-cracking, cracking with a conventional
cracking catalyst is carried out. However, this solu-
tion to the problem requires additional cracking reac-
tors. A further technique of solving the problem in
connection with the catalytic cracking of heavy oils

is to use zeolitic structures of larger pores and

pore openings than are available in zeolite Y. In this
case, use is made of clays having a plate-like structure,
such as montmorillonite clays (cf. US-A-4,238,364). These
plates have been bonded together by means of crosslinks
in the order of 10 A. The spacing between the crosslinks
may be varied, but lies typically at about 20 A. Mont-
morillonite which is cross-linked in this manner,

is characterised by pore openings which are about

10 A in one direction and about 20 A in the other

_gn
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direction, i.e. considerably largér than in zeolite Y,
but still rather small as compared to the dimensions
of the'largest molecules in heavy oils.

According to DE-C2-3003361 a catalyst material
is produced by first forming a gel by mixing together
an inorganic aluminium salt and an alkali metal silicate
as well as a water-soluble anionic polyacrylic amide.
To this gel is then added an aqueous dispersion of
a zeolitic crystalline aluminium silicate, whereupon
the whole of it is spray-dried at a temperature causing
a degradation of the polyacrylic amide. The catalyst
material obtained is not, however, based on a mineral
having fibrous structure.

According to DE-B2-1542185 a zeolite-containing
cracking catalyst is produced by forming a slurry
of clay material or silica/aluminium oxide and other

materials, whereupon the zeolite material is admixed.

- After filtration and drying, an ion exchange is effected.

Drying may be done by spray-drying, but the resulting
catalyst material is not based on a mineral of fibrous
structure. ‘

GB-A-1485370 discloses a catalyst which is made
from "KAOWOOL" which is a mineral fibre product having
coarse fibres which presumably are at least 0.1 mm
thick. Such a batting structure or fibre structure
cannot be used for the production of a support or
catalyst of the type here concerned.

GBR-A-2090766, on the other hand, discloses a
porous hydroprocessing catalyst based on halloysite.
This catalyst is produced by preparing two disper-
sions of different mineral materials and then convert-
ing these dispersions into catalyst support particles
which are coated with a catalytically active substance.
When catalyst support particles are being shaped,
the tubular halloysite fibres have a tendency to realign-
ment, which causes an unsatisfactory pore structure

and distribution in the finished catalyst support

)
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particle. For this reason, this patent specification
suggests the admixture of other types of fibres which
are thinner than the halloysite fibres. These thinner
fibres give stability to the fibre structure of the
catalyst support particles during shaping. The resulting
catalyst support particles have a relatively large
pore diameter of 200-700 A, but it was found that
such a catalyst support has a relatively low surface
area detrimental to the catalyst activity. Usually,
the BET surface area lies about 50 mz/g. A probable
explanation is that the halloysite fibres have a smooth
surface structure. As mentioned above, it is necessary,
in processing especially heavy hydrocarbon fractions
and residual fractions, to have large pores in combi-
nation with a high activity, and the high activity

is best obtained with a large surface area, in spite

of the large pores.
Another problem which is encountered in the hydro-

proceésing of heavy oils, and which is especially
pronounced in connection therewith, is the handling

of spent catalysts. For example, hydroprocessing cata-
lysts contain not only the catalytically active me-
tals, such as cobalt and molybdenum, which are initial-
ly present in the catalysts, but also large amounts
(up to several per cent) of metallic impurities of

the type vanadium and nickel. In many parts of the
world, the deposition of spent catalysts in landfills
is deemed to constitute an environmental hazard. An
alternative is then to remove the metals, i.e. both
the catalytically active metals and the metallic im-
purities, from the catalyst support prior to deposi-
tion. This can be done for example by leaching the -
spent catalyst with acids of the type sulphuric acid,
but this means that also the support which usually
consists of aluminium oxide, will be dissolved in

the acid, resulting in, on the one hand, high che-
mical costs and, on the other hand, difficulties in
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connection with the processing and separation of the
different metals. The refinery industry therefore
desires catalysts with supports that are acid resis-
tant, especially where supports for hydroprocessing
catalysts are concerned.

Another demand placed upon catalysts quite general-
ly is that the catalyst should be able to retain their
pore structure and their catalytically active surface
under the conditions prevailing during the processes
in which the catalysts are used. This means, for cata-
lytic cracking, that the cracking catalysts must be
able to retain their structure and catalytically ac-
tive surface at temperatures of up toward 750°C and
also in the presence of water vapour. In most catalytic

processes, it is also required that the catalyst have

"a high mechanical strength to be able to withstand

the strain to which it is subjected during the cata-
lytic process.

) One object of the present invention is to obviate
the shortcomings of known hydrocarbon processing cata-
lysts by providing a novel type of structure for the
catalyst support. Another object of the present inven-
tion is to provide a hydrocarbon processing catalyst
and a support therefor having a surface area of at
least 75 m2/g and an average pore diameter of at least
100 A, at least 75% of the surface area being present
in pores having a diameter exceeding 100 A. A further
object of the invention is to provide a novel catalyst
and a support therefor having higher mechanical, thermal
and hydrothermal stability than the corresponding
conventional catalyst, so that it can be used in ca-
talytic processes, such as catéfyéic cracking, hydro-
cracking, hydroprocessing, automobile exhaust emission
control etc. Another object of the invention is to
provide a process for producing such a support or
catalyst, and still another object of the invention

is to provide a support or catalyst and a process

w
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for producing such a support or catalyst which has
aggregate particles in the form of a coherent three-
dimensional network of mineral particles having fibrous
and strip-shaped structure. Still another object of
the invention is to provide, in the production of
such a support or catalyst, a desired pore diameter
by pretreating natural mineral particles having fibrous
or strip-shaped structure. Finally, it is the object
of the invention to provide a cracking catalyst of
aggregate particles having the said coherent three-
dimensional network of such mineral particles having
fibrous or strip-shaped structure, granules of zeolite
material being enclosed within said network.

Since we have found that a mineral based catalyst
support is useful as a filler in e.g. polymers, a
further object of the present invention is to provide
such a filler having a new structure.

A filler or a support for 'catalytic substances
according to the present invention consists of aggregate
particles having a coherent three-dimensional network
structure of mineral particles having fibrous or strip-
shaped structure and a diameter of at least 100 A
and a mechanical, thermal and hydrothermal stability
required for the contemplated use or catalytic process
The support has a surface area of at least 75 m /g
and an average pore diameter of at least 100 A, at
least 75% of the surface being present in pores having
a diameter exceeding 100 A. In the coherent three-dimen-
sional network structure, the zeolite particles may
be distributed and locked. As aluminium silicate and
magnesium silicate mineral particles having fibrous
or strip-shaped structure use may preferably be made
of attapulgite, sepiolite and chrysotile, separately
or in mixture. The characteristic features of the
filler or support and the catalyst, respectively,

according to the present invention will appear from

the claims.
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In the process according to the invention, the filler

or support for the catalytically active substance is
produced by forming a well-dispersed slurry of in-
dustrial mineral particles which have the requisite

5 particle diameter in the natural state or to which
this particle diameter has been imparted by modifica-
tion. Zeolite particles may, if necessary, be suspended
in the said well-dispersed slurry which then either
is spray-dried in order directly to form the aggre-

10 gate particles, or is extruded or pelletised to form
such aggregate particles, or is first spray-dried
to aggregate particles which are then slurried and
extruded or pelletised to the desired catalyst support
particles. In the production of a catalyst, a catalytic

15 substance or a precursor thereof is applied as a surface
coating on the fibrous or strip-shaped particles of
the support prior to or after spray-drying, extrusion
or pelletisation of the support particles. The charac-
teristic features of the process according to the

20 invention will appear from the claims.

- The first step in the production of a catalyst
support having the desired..characteristics is to pro-
duce an extremely well-dispersed slurry of fibrous
or strip-shaped industrial minerals, especially alumi-

25 nium silicates or magnesium silicates, in water. In
the production of a cracking catalyst, it is possible
simultaneously or in a separate step to suspend zeolite
particles in this slurry. By "extremely well-dispersed
slurries" is here meant that the mineral fibres or

30 strips and the zeolite particles, if any, are to be
suspended separately in the slurry and thus preferably
should form no aggregates at all. Examples of aluminium
silicates having fibrous or strip-shaped structure
are attapulgite and sepiolite. An example of fibrous

35 or strip-shaped magnesium silicates is chrysotile.

An example of useful zeolites employed for cracking

catalysts is faujasite, i.e. zeolite Y and zeolite X,
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mordenite and zeolites of the type ZSM. The zeolite
content may be from low contents of, for example,
0.5% by weight up to 75% by weight, based on the fi-
nished catalyst. A useful content range is 10-75%
by weight, especially 25-60% by weight. The zeolite
particles preferably have a particle size of 0.1-5 um,
preferably 0.5-5 um, or 0.5-3 um.

To make the fibrous or strip-shaped mineral par-
ticles and the zeolite particles, if any, form extreme-
ly well-disperéed slurries having a high dry content,
dispersing agents, such as water glass, aluminium
hydroxy chloride, polyphosphates etc. are used.

One possibility of producing, in the process
according to the present invention, the catalyst sup-
port with a large surface area in combination with
a large average pore size and high mechanical, thermal
and hydrothermal stability is to spray-dry an extreme-
ly well-dispersed slurry of, for example, attapulgite
dispersed in water with water glass as dispersing *
agent, zeolite particles also having been dispersed
in the slurry when a cracking catalyst is to be pro-
duced.

Another possibility of producing, in the process
according to the present invention, a catalyst support
with a large surface area in combination with a large
average pore size and high mechanical, thermal and
hydrothermal stability is to form an extremely well-
dispersed slurry of, for example, attapulgite and,
where appropriate, zeolite particles in water by means
of water glass, whereupon this slurry is pelletised
to support and catalyst particles, respectively.

A third possibility of producing, in the process
according to the present invention, the support or
the catalyst with a large surface area in combina-
tion with a large average pore size and high mechani-
cal, thermal and hydrothermal stability is first to

spray-dry extremely well-dispersed slurries of, for
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example, attapulgite and, where appropriate, zeolite
particles in water with water glass as a dispersing
agent, and then to re-slurry these spray-dried par-
ticles in water to a viscous mass which then is ex-
truded or pelletised to form the final support and
catalyst material, respectively.

The present invention alsc comprises the produc-
tion of catalyét supports formed for mixtures of dif-
ferent types of fibrous or strip-shaped mineral par-
ticles. '

Furthermore, the invention comprises the pro-
duction of catalysts or catalyst supports which, in
their network structure of fibrous or strip-shaped
mineral particles, contain other incorporated particles
than zeolite particles, for example particles of alu-
minium oxide.

Such a mixed structure of fibres and zeolite
and/or other particles has a bimodal pore size di-
stribution i.e. a first pore size distribution which
is characteristic of, for example, the zeolite (e.g.
about 12 A pores having a pore opening of 7-8 A) or

of aluminium oxide (e.g. 40-100 A) as a support for

" desulphurisation catalysts, and a second pore size

distribution within the range 100-1000 A which is
characteristic of the support structure according

to the present invention. It is also possible to give

‘spray-dried supports according to the present invention,

by modification of the surface of the fibrous or strip-
shaped mineral particles included, a structure with
acid seats, such that also the support proper will
obtain cracking catalytic activity. For such use,
it is also possible to include in the network-like
structure particles of zeolite of, for example, the
type H-Y or ReY.

As has been mentioned above, the fibrous or strip-
shaped mineral particles may be modified prior to

the production of the three-dimensional network struc-



WO 8_5/93241~ PCT/SE85/00037

10

15

20

25

30

35

13

ture. Such modification may serve to increase the
fibre diameter, thereby to increase the average pore
size of the resulting network structure, or may Serve
to deposit catalytically active substances on the
surface of the mineral particles. However, catalytical-
ly active substances may be supplied also after the
desire network structure has been produced by extrusion,
pelletisation and/or spray-drying. The catalytically
active substance may be supplied for example by im-
pregnation with a precursor of the catalytic substance,
such as platinum, palladium etc., which then is formed
in situ on the fibres or strips of the support.

In order positively to achieve the requisite
high degree of dispersion in the slurry prior to spray-
drying, extrusion or pelletisation, a dispersing agent
should be used. Many conventional dispersing agents
are in the form of sodium salts. If such dispersing
agents are used for the production of the catalyst
support by spray-drying, extrusion or pelletisatibn
in accordance with the present invention, the resulting
catalyst support will in that case contain sodium
in different amounts. If sodium is detrimental to
the subsequent catalytic process, the sodium content
must be reduced by washing and ion exchange. It may,
however, be difficult to remove all of the sodium
from the catalyst support. For some purposes, €.9.
catalytic cracking, it is highly important to maintain
the sodium content of the final catalyst at as low
a level as possible so that the requisite high hydro-
thermal stability is achieved. In such cases, it is
therefore necessary to use sodium-free dispersing
agents, if one wants to have sodium-free catalyst
supports. Examples of such sodium-free dispersing
agents are aluminium hydroxy chloride, tetramethyl
ammonium silicate, tetraethanol ammonium hydroxide,
ammonium citrate, ammonium tartrate, ammonium glycolate

etc., all of which are excellent dispersing agents
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for fibrous or strip-shaped aluminium silicates and
magnesium silicates, such as attapulgite, sepiolite,
chrysotile etc.

If one elects, in the preparation of the slurries
of said fibrous or strip-shaped mineral particles,
to admix mineral, such as montmorillonite, kaolinite
etc., the amounts of these substances must not exceed
50% by weight.

" If kaolin is admixed to a slurry of, for example,
attapulgite, the admixture of kaolin which is a cheaper
material than attapulgite, implies that the spray-
dried, pelletised or extruded structures will have
a lower surface area and higher density, which in
some cases may be disadvantageous. -

' The characteristics of the catalyst supports
produced by spray-drying, extrusion or pelletisation
of slurries of fibrous or strip-shaped mineral particles
can be improved by different aftertreatments. One
way of improving'the mechanical strength and fixing
the pore structure is to thermally treat the spray-
dried particles in the temperature range 100-700°C.
Another way of increasing the mechanical strength
and fixing the pore structure is to coat the surface
of the spray-dried, extruded or pelletised particles
of the fibrous or strip-shaped mineral with silica
according to prior art technique. After washing and
drying, the spray-dried silica-coated particles are
subjected to heat treatment in the temperature range
100-700°C.

In producing the support or catalyst, it has
proved advantageous to subject the raw material, i.e.
the mineral having the fibrous structure, to a pretreat-
ment in order to modify the?mineral structure. This
modification is carried out as an acid treatment with
an acid to remove some of the elements in the mineral
structure. However, the acid treatment must be carried

out for such a short time or with an acid so diluted
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that the mineral will retain its basic structure.

In one embodiment of the acid treatment, the
mineral can be treated with a 20% sulphuric acid solu-
tion in which the mineral is agitated for 1-3 hours
at a temperature of 30-80°C. After separation of the
mineral from the sulphuric acid solution, washing
with deionised water is carried out, whereupon drying
is effected, for example at 120°c.

An acid treatment with sulphuric acid involves
that, for example, Na, K, Ca, Mg, Al and Fe are partly
removed from the mineral structure. Furthermore, the
removal of Al results in a change of the Si:Al ratio
in the mineral structure, especially in the outer
regions of the crystal complexes.

Acid treatment may also be carried out with hydro-
chloric acid in water in a concentration of 1:1 to
1:10.

A modification by means of weak.acids results
in but a slight leaching of Fe and K, and also the
leaching of Al will be less strong. However, the leach-
ing of Ca is still strong and Ca can be removed to
almost 100% by leaching for 1 hour at 20°C. An increase
of the leaching temperature will also increase the
leaching of Al and Mg.

If attapulgite is leached with 20% sulphuric
acid in the manner described above, about 10% of the
originally present Al and about 20% of the originally
present Mg will be removed.

Generally, it can be said that hydrochlorlc acid
is less aggressive to the minerals than sulphuric
acid. Moreover, it should be pointed out that the
various minerals are affected to different degrees
and in differeﬁt manners depending on the structure
of the minerals. '

As has been mentioned above, the catalytically
active material required in a hydroprocessing or hfdro-

genation catalyst according to the present invention
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can be supplied at different stages of the production
process. Three different main processes may be distin-
guished, viz. 1) coating before spray-drying, 2) coating
after spray-drying, and 3) coating after extrusion
or pelletisation of the slurry or the re-slurried
spray-dried material.

In the main process 1, the catalytically active
substance is deposited on the fibrous or strip-shaped
mineral particles while these are in the form of a
slurry. The slurry of the particles coated with cata-
lytically active substance are then shaped into larger:
particles by spray-drying, extrusion or pelletisation.

In the main process 2, the catalytically active
substance is deposited on the support material after
spray-drying thereof. Prior to extrusion or pelleti-

sation, the spray-dried particles coated with cataly4

tically active substances may, optionally, be mixed

with spray-dried aluminium oxide particles which also

- have catalytically active substances on their surface.

In the main process 3, a support material in
the form of larger aggregate particles is first pro-
duced by extrusion or pelletisation of the well-dispersed
slurry of fibrous or strip-shaped mineral particles,
or by first spray-drying and then re-slurrying the
slurry in water prior to extrusion or pelletisation.
These larger aggregate particles of fibrous or strip-
shaped mineral materials are then provided with a
catalytically dctive surface on the fibre material
by depositing on this surface a catalytically aétive
substance. Also in this instance, spray-dried aluminium
oxide particles may, optionally, be admixed prior
to extrusion or pelletisation. . _ -~

In the above-mentioned maiﬁ process 1, the cata-
lytically active substance'may be deposited in dif-
ferent ways on the fibrous or strip-shaped particles
of the support material. One possibility of producing

active hydroprocessing catalysts is to deposit on
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the fibrous oOr strip-shaped mineral particles very
small particles of catalytically active substances
according to a microemulsion technique disclosed in
the PCT publication Ww081/02688 (PCT/SE81/00091). Accord-
ing to this publication, a microemulsion is first pro-
duced in which small particles of the contemplated ac-
tive catalyst material, e.g. small particles of cobalt
and molybdenum sulphide, are suspended. The microemul-
sion is then mixed with the slurry of the fibrous
or strip-shaped mineral material, the said fibrous or
strip-shaped mineral particles being coated with a mono=
layer of small particles of cobalt and molybdenum sul-
phide. After that, the slurry is spray-dried or extruded.
Similarly, a hydrogenation catalyst can be produced
by first preparing a microemulsion in which small
particles of metallic platinum are suspended. Another
possibility of depositing the catalytically active
substance is to form first a colloidal slurry of par-
ticles, the surface of which has been coated with
a catalytically active substance, in accordance with
Swedish patent application 8400426-6 of January 30,
1984. This colloidal slurry is then mixed with the
slurry of fibrous or strip-shaped mineral particles.
1n the production of hydroprocessing catalysts, it
is thus possible first to produce a sol of silicic
acid or aluminium silicate, the surface of which is
coated with cobalt and molybdenum sulphide. Upon ad-
mixture to the slurry of fibrous or strip-shaped mineral
material, the fibres of this material will obtain
a monolayer of colloidal sol particles. The same tech-
nique can be used for producing a hydrogenation cata-
lyst, the silicic acid sol, aluminium silicate or
alkali aluminium silicate sol particles'having me-
tallic platinum on their surface.

Another possibility of applying catalytically
active subtance is by precipitation. In the produc-

tion of hydroprocessing catalysts, it is thus possible
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first to produce a slurry of the fibrous or strip-like
mineral particles. After that, a solution of cobalt
compounds and molybdenum compounds is admixed to the
slurry under controlled conditions and intense agita-
tion. In this manner, each individual fibre or strip of
the fibrous or strip-shaped mineral material can be
provided with a thin coating of cobalt and molybdenum
compounds. If the cobalt and the molybdenum should -
not be in the form of sulphides, sulphidisation can
be effected to convert the cobalt and the molybdenum
into cobalt and molybdenum sulphide. Corresponding-
ly, it is possible, in the production of a hydrogena-
tion catalyst, first to prepare a slurry of the fibrous
or strip-shaped mineral material and then to supply
a platinum salt under controlled reducing conditions
and intense agitation. In this manner, a thin layer
of metallic platinum will be precipitated on the par-=
ticles of the support material. Finally, spray-drying
or extrusion to larger catalyst particles is effected.

Also in the above-mentioned main process 2, the

catalytically active substance may be deposited in

different ways on the support material. One possibility
is to impregnate spray-dried particles of the fibrous
or strip-like mineral material which, optionally,

has been mixed with spray-dried particles of aluminium
oxide, with solutions of the catalytically active
substance or precursors thereof. A hydroprocessing
catalyst may thus be produced by impregnating a spray-
dried powder of the fibrous or strip-shaped mineral
material (possibly in mixture with spray-dried aluminium
oxide particles) with a solution of ammonium molybdate
in water. After the water has been driven off, the
spray-dried powder is impregnated with the solution

of cobalt nitrate in water. After drying and calcining,
cobalt and molybdenum are present as oxides on the
surface of the individual fibres or strips of the

support material. To produce hydrogenation catalysts,
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the spray-dried powder can be impregnated correspond-
ingly with a solution of chloroplatinic acid, whereupon
the solvent is driven off and reduction to metallic
platinum is effected so that the inner surfaces of
the spray-dried particles are coated with metallic
platinum. Also in this instance, the above-mentioned
microemulsion technigue may be employed for deposit-
ing particles of cobalt and molybdenum sulphide or
cobalt and molybdenum hydroxide.VIf the particles
deposited according to the microemulsion technique-
are in the form of oxide-hydroxides, such particles
may be converteé into sulphides by sulphidisation.
Also for the above-mentioned main process 2, use may
be made of the technique of supplying the catalytically
acti&e material by means of small colloidal particles
provided on their surface with the said catalytically
active material. It is thus possible to mix the spray-
dried powder -which may contain or may be mixed with
spray-dried aluminium oxide powder, with a sol whose
individual particles are provided on their surface with
a coating of cobalt and molybdenum hydroxides. These
hydroxides may then be converted into sulphides by
sulphidisation after coating of the support material.
Similarly, it is possible in the main process 2 to
produce hydrogenation catalysts by first coating the
individual particles of a silicic acid sol, aluminium
silicate sol or an alkali aluminium silicate sol with
metallic platinum, whereupon this modified sol is
used for impregnating spray-dried particles of the
fibrous or strip-shaped mineral particles which also
in this instance may be miked with a spray-dried pow-
der of aluminium oxide.

Also in the above-mentioned main process 3, the
shaping of the support material into active catalysts
may be carried out in different ways. Thus, the support
material in the main process 3 is in the form of an
extrudate formed either of a slurry of fibrous or

strip-like mineral particles, optionally in mixture
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with spray-dried particles of aluminium oxide, or
of a slurry formed of spray-dried particles of the
fibrous or strip-shaped mineral material, optionally
in mixture with spray-dried particles of aluminium
oxide. ,

One possibility in the main process 3 thus is
to impregnate the extrudates with solutions of the
catalytically active substances or precursors thereof.
To produce hydroprocessing catalysts, it is thus pos-
sible to impregnate the extrudate with a solution -
of ammonium molybdate. After the water utilised as
solvent has been driven off, the extrudate is impregnat-
ed with a solution of cobalt nitrate. After calcining,
the cobalt and the molybdenum are present as oxides.
By sulphidisation, the cobalt and molybdenum oxide
can then be converted into the corresponding cobalt
and molybdenum sulphides which are the catalytically
active substances. To produce a hydrogenation catalyst,
the extrudate can be'impregnated with chloroplatinic
acid. After the water has been driven off and after
reduction, the individual particles of the extrudate
are coated with platinum which is the catalytically
active substance in the hydrogenation catalyst.

Also in the above-mentioned main process 3, use
can be made of the microemulsion technique to apply
the catalytically active substances. Thus, a hydropro-
cessing catalyst can be produced by impregnating the
extrudate with a previously prepared microemulsion
in which cobalt and molybdenum sulphide or cobalt
and molybdenum oxide-hydroxide is suspended. If the
particles applied according to the migrgemﬁlsion tech-
nique are present as oxide—hydroxideé, these can be
converted into sulphides byréﬁighidisation. Similarly,
it is possible to produce hydrogenation catalysts
by utilising, in the above-mentioned manner, micro-
emulsion technique in order to deposit on the surfaces

of the support a thin layer or platinum or some other
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metal from the platinum group. Also in the above-men-
tioned main process 3, use can be made of the technique
of supplying the catalytically active substance by
means of sols, the particle surfaces of which are
coated with the catalytically active substance. This
is done in the same manner as in the main process 2,
althoug coating in this case occurs on the extrudate
instead of on the individual particles of fibrous
or strip-shaped mineral material, optionally in mix-
ture with spray-dried particles of aluminium oxide.

Hydroprocessing or hydrogenation catalysts produced
in accordance with the present invention are charac-
terised by a high average pore size in combination
with a high surface area. Such catalysts may be used
with advantage in processes in which large molecules
or aggregates of molecules must be converted, such
as ‘the catalytic hydroprocessing of heavy fuel oils,
in order to remove metallic impurities and heteroatoms,
such as sulphur and nltrogen. ‘

Also the cracking catalysts according to the
present invention are characterised by a high average
pore size in combination with a large catalytically
active surface area accomplished by spray-drying and/or
pelletisation of a well-dispersed slurry of zeolite
particles and fibrous or strip-shaped aluminium silicate
or magnesium silicate minerals. The surfaces of the
fibrous or strip-shaped particles included in the
catalyst may be provided with a surface of aluminium
silicate or alkali aluminium silicate converted into
catalytically active form by ion exchange with hydrogen
jons or ions of rare earth metals.

The cracking catalyst production according to
the present invention may also be carried out in ac-
cordance with three main processes, viz.

1. A well-dispersed slurry is formed of zeolite
particles and particles of fibrous or strip-shaped

aluminium or magnesium silicates and is then
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spray-dried. If the zeolite is not in the desired
form for catalytic cracking, the zeolite may
be converted into such form by subjecting the
spray-dried particles to a succession of ion
exchange steps, for example ammonium ion exchange
and ion exchange with rare earth metals.

Particles of fibrous or strip-shaped aluminium
or magnesium silicates in a well-dispersed slurry
are given a catalytically active surface or a
precursor thereof. '

The slurry of zeolite and fibrous or strip-
shaped particles is then spray-dried to a struc-
ture which is characterised by the above-mentioned
high average pore size in combination with a
large surface area. If the zeolite particles
or the fibrous or strip-shaped particles are
not in the final catalytic form, they can be
converted thereto by a succession of ion exchange
steps, such as an ammonium ion exchange and ion
exchange with rare earth metals.

A slurry of zeolite particles and fibrous
or strip-shaped aluminium silicate magnesium
silicate mineral is spray-dried to particles
of the above-mentioned structure having a high
average pore size in combination with a large
surface area. After that the spray-dried particles
are impregnated with a catalytically active sub-
stance or a precursor thereof. If the coating
on the fibrous or strip-shaped particles consists
of such a precursor or if the zeolite is not
in the final catalytic form, the precursor and
the zeolite, respectively, can be converted into
this catalytically activé'form by a series of
ion exchange steps with ammonium ions and ions
of rare earth metals.

One way of producing a cracking catalyst accord-

ing the main process 1 of the present invention is
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to prepare a slurry of zeolite, for example zeolite
Y in sodium form, and fibrous or strip-shaped alu-
minium or magnesium silicates. The slurry is spray-
dried, and the spray-dried particles are shaped into

5 an active cracking catalyst by ion exchange. By ammonium
ion exchange, washing, drying and calcining, a cracking
catalyst in hydrogen form is produced. By ion exchange
of spray-dried particles, first with ammonium and
then with ions of rare earth metals, a catalyst in

10 rare earth form is produced. A particularly interest-
ing way of producing a catalyst according to the main
process 1 is to proceed from an acid-leached attapulgite
and zeolite of the type ultrastable hydrogen Y. A
well-dispersed slurry of the attapulgite and this

15 zeolite in water is formed with aluminium hydroxy
chloride as dispersing agent, followed by spray-drying
and calcining at 500-600°C, whereby a catalyst is
obtained which has a very low sodium content and,
thus, a very high hydrothermal stability.

20 One way of producing the cracking catalysts ac-
cording to the main process 2 of the present invention
is to coat in a slurry the particles or fibrous or
strip-shaped aluminium of magnesium silicates with
a monolayer of small sol particles. The sol particles

25 consist of aluminium silicate, preferably in ammonium
form, or alkali aluminium silicate. The sol particles
may also consist of silicic acid, but then the particle
surface must be modified by means of aluminate or
alkali aluminate to an aluminium silicate and alkali

30 aluminium silicate, respectively, which is converted
into the ammonium form. If the surface area of the
fibrous or strip-shaped aluminium or magnesium sili-
cate is known, one can calculate the amount of sol
that must be supplied to the slurry of fibrous or

35 strip-shaped aluminium or magnesium silicate particles

in order to coat each particle with a monolayer of

sol particles. To this slurry are added particles
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of zeolite Y, preferably in the ammonium form, the
zeolite being supplied in the form of a powder or
slurry. The slurry of the zeolite particles and the
coated fibrous or strip-shaped particles is spray-dried
to particles having an average particle size of about
70 uym. If the zeolite or the surface coating of the
fibrous or strip-shaped particles is present in the
ammonium form, this can be converted into the hydrogen
form by calcining at about 500°C, whereby ammonia
is expelled and the hydrogen form of the zeolite and
the aluminium silicate is established. If zeolite Y
and the surface coating of the fibrous or strip-shaped
particles are in the ammonium form, ammonium ions
may be replaced by ions of rare earth metals by slurry-
ing the spray-dried particles and effecting ion exchange
with a solution of, for example, chlorides of rare
earth metals according to prior art technique. If
zeolite Y and the surface coating.of the fibrous or
spray—aried particles‘are in the sodium form, this
is converted into catalytically active form by slurrying
the spray-dried particles in a solution of ammonium
sulphate. After filtration and washing, the spray-dried
particles in the ammonium form are slurried in a solution
of chlorides of rare earth metals: After filtration
and drying, the catalyst is obtained in the rare earth
form.

Another way of producing an efficient cracking
catalyst according to the main process 2 is to coat
the fibrous or strip-shaped aluminium silicate or
magnesium silicate particles with a homogeneous layer
of aluminium silicate. Solutions of alkali aluminate
and alkali silicate or a solution of alkali aluminium
silicate are then added simﬁifaneously at a carefully
controlled rate and under intense agitation to the
slurry of the fibrous or strip-shaped particles, where-
by each particle in the slurry is coated with an alkali

aluminium silicate layer, the thickness of which may

W
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be varied from a few Angstrdm to se?eral hundred Angstrdm.
The slurry of the particles thus coated is mixed with
particles of zeolite Na¥ in the form of a powder or
a slurry and is spray-dried to particles having an
5 average particle size of 70 um. Alkali ions, such as
sodium or potassium ions, are replaced by ammonium
ions in that the spray-dried particles are slurried
in a solution of ammonium sulphate. After filtration
and washing, the ammonium form may be converted into
10 the hydrogen form by calcining of the spray-dried -

particles at 500°cC.
If it is desired to convert the catalyst into

a form containing ions of rare earth metals, the fil-
trate of the spray-dried particles which are present
15 in the ammonium form, is slurried in a solution of
chlorides of rare earth metals. A finished catalyst
is obtained by filtration, washing and drying of the
spray-dried particles.
" One way'of producing a cracking catalyst according
20 to the main process 3 of the present invention is
to spray-dry slurry of zeolite particles, such as
zeolite Y in the ammonium form, and fibrous or strip-
shaped aluminium or magnesium silicate to particles
having an average particle size of 70 um. The surface
25 of the spray-dried fibrous or strip-shaped particles
is coated with a monolayer of aluminium silicate par-
ticles or silicic acid particles, the surface of which
has been modified with aluminium to aluminium silicate.
The particles of aluminium silicate preferably should
30 be in the ammonium form. After coating of the spray-
dried particles with a monolayer of small sol particles
of ammonium aluminium silicate, ammonium can be driven
off by calcining at SOOOC, the zeolite being converted
into the hydrogen form and a surface of aluminium
35 silicate in the hydrogen form being established. After
the surface of the spray-dried particles has been

coated with small sol particles of aluminium silicate
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in the ammonium form, ammonium may be replaced by
jons of rare eath metals by ion exchange with a solu-
tion of chlorides of rare earth metals.

The cracking catalysts according to the present
invention are characterised by a high average pore
size in combination with a large surface area. These
catalysts may be used with advantage for cracking
heavy oils, especially heavy residual oils, whereby
several of the problems encountered in the cracking
of heavy oils in present-day refineries are avoided.
Thus, large molécules and aggregates of molecules
present in the heavy oils will have easy access to
the catalytically active surface of fibrous or strip-
shaped aluminium or magnesium silicates, while fragments

of large molecules or smaller molecules will have easy

. access to the catalytically active surface of the

zeolite for cracking. The driving-off, the "stripping”,
of products from the catalyst preparatory to regene-
ration of the catalyst will also be more efficient

so that no products or large molecules are carried
along to the regenerator to be burned therein and

to cause undesired high temperatures in the regene-
rator. '

The extruded, pelletised or spray-dried supports
according to the present invention may be used after
impregnation with precious metals, such as platinum,
palladium etc., as oxidation catalysts in, for example,
automobile exhaust emission control.

As has been mentioned above, the extruded, pelle-
tised or spray-dried supports according to the invention
may be used, after impregnation with catalytically
active substances, such as cobalt, molybdenum, nickel,
tungsten etc., also as hydroprocessing catalysts.

In the following, a number Examples are given to
illustrate the invention in more detail. In these
Examples, attapulgite having the trade name "ATTAGEL 50"

and purchased from Engelhart Minerals, was utilised.
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This attapulgite contains 68% Sioz, 12¢% A1203 and
10.5% MgO.

In the Examples, soda water glass or sodium sili-
cate solution from EKA Kemi AB was used. The ratio
of 8102 to NaZO was in this instance 3.3:1, the 5102
content being 26.6% and the density 1350 kg/m .

The aluminium hydroxy chloride employed had the
formula Alz(OH)5C1.3H20 and was purchased from Hoechst
under the trade name "KLORHYDROL ACH".

The spray drier utilised for the tests was a -
pilot spray drier from Niro A/S, Denmark, having a
diameter of 9 feet (2.75 m). The spray drier had a
rotating spreader wheel, variable air flow, variable
speed of the spreader wheel, variable input and out-
put temperatures, and variable inflow. Typical running
conditions during the spray-drying of the slurries

in the following Examples where:

Spreader wheel speed 13500 r/m
Temperature of inlet air 450 Cl
Temperature of outlet gas 150°C
The moisture content of the spray-

dried particles varied between 10 and 30%

For determining the dispersion degree of molybdenum,
cobalt and platinum, use was made of a measuring appara-
tus "KEMISORB 2800" from Micromeritics. The relation-
ship between the dispersion degree and catalytic ac-
tivity is described in a paper entitled "A Study of
Relationships between Pore Size Distribution, Hydrogen
Chemisorption, and Activity of Hydrodesulphurization
Catalysts", Journal of Catalysis, Vol. 72, pp- 266-273,
1981. The microemulsion technique for the production
of fine-grained platinum and other precious metals
is described in the PCT publication W081/02688 (PCT/
SE81,/00091).

Pore sizes were determined by means of an appara-

tus "DIGISORB 2600" from Micromeritics.
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1f a catalyst or catalyst support according to
the invention is produced by extrusion moulding, use
may be made of conventional extrusion moulding machines
for use in catalyst production or in the ceramic in-
dustry. To obtain satisfactory results, it has been
found to be extremely important to maintain a correct
moisture content in the mass to be extruded, and in
this respect it has been found that, for the object
of this invention, the best results are obtained at
a moisture content of 30-50%. In those cases where
extrusion moulding has been used in the following
Examples, a moisture content within this range has
been used. The diameter of the extrudates has been
selected within the range 0.8-3.2 mm. After extrusion
moulding, the extrudates are dried, and in the Examples
this has been done by linearly increasing the tempera-
ture of the extrudate from room temperature up to
200 Oc at a temperature increase rate of 85 C/hour,
sometlmes 100°c/hour, whereupon the extrudates have
been maintained at 200 Oc for 2 hours. After heating,
the extrudates where allowed to cool to room temperature
in stationary air.

In the following Examples 53, 54 and 61, the
fibrous clay minerals are pretreated by an acid treat-
ment before the catalyst support is produced. This
acid treatment is carried out in the following manner:
A. 35 g of fibrous material are mixed with 500 ml

of 20% sulphuric acid (HZSO4) and agitated at

20-80°C for 1-3 hours..

B. The mineral is separated from the solution.

Q

The mineral is washed with deionised water.
D. The washed mineral is dried at 120°C.

During the acid treatment, the fibrous structure
(basic structure) on the mineral is maintained, which
can be confirmed by X-ray analysis. As a result of
tpe acid treatment, some elements were removed from

the mineral structure. In respect of attapulgite,

n
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about 20% of the aluminium and 20% of the magnesium
normally present in the mineral were leached out.
EXAMPLE 1
Production of a support
To form a well-dispersed slurry, 2.85 kg "ATTAGEL

50" are added to 10 litres of water containing water
glass in a ratio of 3.3:1. The water glass content
of the slurry is made to correspond to 3.5 g SiO2
from the water glass per 100 g of dry attapulgite.
The attapulgite is added under intense agitation:

The final attapulgite content is 22% by weight of

dry attapulgite. The attapulgite slurry is then spray-
dried under the above-mentioned conditions. Spray-dried
particles have an average pore size of 426 A and a
surface area of 109 m /g. 933 of the surface area

‘are in pores having a diameter exceeding 100 A.

EXAMPLE 2
Production of a support
Example 1 is repeated, but after spray—drylng
the spray-dried particles are calcined at 500°C for
1 hour. After calcining, the spray-dried particles
have an average pore size of 362 A and a surface area
of 111 mz/g. 879 of the surface area are in pores

exceeding 100 A.
EXAMPLE 3

Production of a carrier
Example 1 is repeated, but the spray-dried par-
ticles are aged at 750°C in an atmosphere of 100%
relative humidity for 18 hours. After aging, the spray-
dried particles have an average pore size of 465 A
and a surface area of 10l m /g. 91% of the surface
area are in pores having a diameter exceeding 100 A.
~ EXAMPLE 4
Production of a support
Attapulgite in an amount corresponding to 1.81 kg
of dry attapulgite is added to 10 litres of water con-
taining "KLORHYDROL ACH". The content of "KLORHYDROL
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ACH" in the well-dispersed slurry corresponds to 15 g
A1203, based on 100 g of dry attapulgite. The attapul-
gite is added under intense agitation. The slurry
of attapulgite which has been dispersed with "KLOR-
HYDROL ACH", is spray-dried. The spray-dried particles
have an average pore size of 410 A and a surface area
of 125 mz/g. 853 of the surface area are in pores
exceeding 100 A.
EXAMPLE 5
Production of a support

Example 1 is repeated, but the spray-dried par-

ticles are calcined at 750°C for 1 hour. After cal-

cining, the spray-dried particles have an average

pore size of 380 A and a surface area of 91 m /g.
80% of the surface area are in pores having a dia-
meter exceeding 100 A.
EXAMPLE 6
‘ Production of a support

Example 1 is repeated with a well-dispersed slur-.
ry of attapulgite which is dispersed with aluminium
citrate. The same result is obtained.

EXAMPLE 7

Production of a support

A well-dispersed slurry of sepiolite in water
is dispersed with water glass and spray-dried. A three-
dimensional network structure is obtained in the spray-
dried particles.
EXAMPLE 8

Production of a support

A well-dispersed slurry of attapulgite with water
glass is extruded to support particles having a three-
dimensional network structure.

EXAMPLE 9
Production of a support

A well-dispersed slurry of attapulgite in water
is dispersed by means of water glass and spray-dried.

The spray-dried particles are slurried in water to
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a viscous slurry which is extruded to catalyst sup-
port particles.
EXAMPLE 10
Production of a support
A well-dispersed slurry of attapulgite is dispersed
with water glass and spray-dried. The spray-dried par-
ticles are coated with silica. After the coating with
silica, the spray-dried particles are heated at 500°C

for 1 hour.
EXAMPLE 11

Production of a support
A well-dispersed slurry containing 75% attapul-
gite and 25% kaolin is dispersed with water glass
and spray-dried. The spray-dried particles have a
structure in the form of a three-dimensional network

"of attapulgite fibres, and the kaolin particles are

mechanically retained in the three-dimensional net-

work.

EXAMPLE 12
Production of a support
A well-dispersed slurry of attapulgite in water

and water glass as dispersing agent is formed. The
fibre surfaces of the slurried particles are coated
with a 200 A thick layer of aluminium silicate, fol-
lowed by spray-drying. Support particles of aluminium
silicate-coated attapulgite fibres in a three-dimen-
sional network structure are obtained.
EXAMPLE 13
Production of a support

A well-dispersed slurry of 50% attapulgite and
50% chrysotile in water is formed, water glass being
used as dispersing agent. During spray-drying of the
slurry, support particles are formed which have a
three-dimensional network with pores corresponding
approximately to the diameter of the attapulgite and

the chrysotile.




WO 85{03241» : PCT/SE85/00037

10

15

20

25

30

35

32
EXAMPLE 14
Production of hydroprocessing catalyst

Attapulgite in an amount corresponding to 1.82 kg
of dry attapulgite is added to 10 litres of water
containing, as a dispersing agent, aluminium hydroxy
chloride in an amount corresponding to 16 g A1203 per
100 g of dry attapulgite. The attapulgite is added under
intense agitation. When all attapulgite has been added,
the well-dispersed slurry contains 15% by weight of
attapulgite, calculated as dry attapulgite. The re-
sulting slurry is spray-dried. 100 g of the spray-
dried attapulgite are slowly heated to 540°C for 3 hours
and then calcined at 540°C for 16 hours. 10 g of the
calcined attapulgite are then impregnated with a solu-
tion of 1.06 g ammonium molybdate [(NH4)6M07024.4H20]
in 13.77 g of water. Before the ammonium molybdate
is added to the water, the ammonium molybdate is mois-
tened with 0.47 ml ammonlum hydroxide consisting of
25ﬁ ammonia in water. The ammonium molybdate—lmpregnated
attapulgite is dried in an oven for 8 hours at 120°%.
The attapulgite is agitated every 10 minutes during
the first hour of drying. After drying, the attapulgite
is impregnated with a solution of 0. 58 g of cobalt
nitrate [Co(NO3)2.6H 0] in 15.27 g of water. The im-
pregnated attapulgite is dried for 8 hours at 120°c.
The catalyst is agitated every 10 minutes during the
first hour of drying. The attapulgite impregnated
with cobalt and molybdenum salts is slowly heated
to 540°C and calcined at this temperature for 10 hours.
The spray-dried attapulgite impregnated with cobalt |
and molybdenum salts has an average pore size of 360 A
and a surface areaof 85 m /g. 76% of the surface area
are in pores exceeding 100 A. The dispersion degree
of the molybdenum is 89%.

As a comparison, it may be mentioned that alumi-
nium oxide ("PURALSB" from Condea) impregnaﬁed with
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cobalt and molybdenum in the same manner as the atta-
pulgite above, will have an average pore size of 60 A
and a surface area of 240 m /g 5% of the surface
area are in pores exceeding 100 A. The dlsperSLOn
5 degree of the molybdenum is in this case 3l%.
The attapulgite catalyst produced in accordance
with this Example and impregnated with molybdenum
and cobalt may be used as a hydroprocessing catalyst.
EXAMPLE 15
10 Production of a hydrogenation catalyst
2.85 kg "ATTAGEL 50" are added to 10 litres of

water containing water glass in a ratio of 3.3:1.
The water glass content in the slurry is made to cor-
respond to 3.5 g SiO2 from the water glass per 100 g
15 of dry attapulgite. The attapulgite is added under
" intense agitation. The final attapulgite content is
22% by weight of dry attapulgite. To the well-dispersed
attapulgite slurry silicic acid salt particles are
admixed whose surface has previously been coated with
20 platlnum. The attapulgite slurry thus obtained is
then spray-dried under the above-mentioned conditions.
Spray-dried particles have an average pore size of
426 A and a surface area of 109 m /g 93% of the sur-
face area are in pores having a diameter exceeding
25 100 A.

If the spray-dried particles after spray-drying
are calcined at 500°C for 1 hour, they will have,
after calcining, an average pore size of 362 A and
an surface area of 111 mz/g. 87% of the surface area

30 are in pores exceeding 100 A.

If, on the other hand, the spray-dried particles
are aged at 750°C in an atmosphere of 100% relative
humidity for 18 hours, the spray-dried particles after
aging will have an average pore size of 465 A and a

35 surface area of 101l m /g 91% of the surface area are
in pores having a diameter exceeding 100 A. The par-

ticles may be used as a hydrogenation catalyst.
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EXAMPLE 16

Production of a hydroprocessing catalyst

Attapulgite in an amount corresponding to 1.81 kg
of dry attapulgite is added to 10 litres of water
containing "KLORHYDROL ACH". The content of "KLORHYDROL
ACH" in the well-dispersed slurry corresponds to 15 g
A1203, based on 100 g of dry attapulgite. The atta-
pulgite is added under intense agitation. An aluminium
silicate sol whose surface is coated with cobalt and
molybdenum oxide-hydroxide is admixed to the attapulgite
slurry which is then spray-dried. The spray-dried
particles have an average pore size of 410 A and a
surface area of 125 mz/g. 85% of the surface area
are in pores exceeding 100 A. The particles may be
used a hydroprocessing catalyst.

EXAMPLE 17

Production of a hydrogenation catalyst

A well-dispersed slurry of attapulgite is prepared
and spray;dried in accordance with Example 14.. Conven-
tional coating of the spray-dried material with pla-
tinum is carried out, whereupon the material is ex-
truded. The resulting extrudate may be used as a hydro-
genation catalyst.

EXAMPLE 18
Production of a hydroprocessing catalyst

A well-dispersed slurry of attapulgite is prepared
and spray-dried in accordance with Example 14, and
the spray-dried material is coated in conventional
manner with cobalt and molybdenum, followed by ex-
trusion and sulphidisation. However, the sulphidisation
may be performed in situ in the catalytic reactor.
The resulting extrudate may be used as a hydroprocessing
catalyst.

EXAMPLE 19
Production of a hydroprocessing catalyst

A well-dispersed slurry of attapulgite is prepared

and spray-dried in accordance with Example 14. The
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spray-dried attapulgite is coated with aluminium oxide
sol, the sol particle surfaces of which are coated
with oxide-hydroxides of molybdenum and nickel. After
extrusion and sulphidisation, the resulting extrudate
may be used a hydroprocessing catalyst.
EXAMPLE 20
Production of a hydroprocessing catalyst
A well-dispersed slurry of attapulgite is prepared

and spray-dried in accordance with Example 14. The

spray-dried attapulgite is mixed with spray-dried -
aluminium oxide. Spray-dried attapulgate and aluminium
oxide are coated in conventional manner with molybdenum
and cobalt. After extrusion and sulphidisation the
resulting material may be used as a hydroprocessing
catalyst.
EXAMPLE 21
Production of a hydroprocessing catalyst

- A well-dispersed slurry of attapulgite is prepared
and spray-dried in accordance with Example 14. The
spray-dried attapulgite is mixed with the spray-dried
alumium oxide and coated with sulphides of molybdenum

and nickel according to microemulsion technique. After

extrusion, the resulting material may be used as a
hydroprocessing catalyst.
EXAMPLE 22
production of a hydroprocessing catalyst
A well-dispersed slurry of attapulgite is prepared
and spray-dried in accordance with Example 14 and
mixed with the spray-dried aluminium oxide. Spray-dried

attapulgite and aluminium oxide are coated with alumi-
nium oxide sol whose sol particle surfaces are coated
with oxide-hydroxides of tungsten and nickel. After
extrusion and sulphidisation, the resulting material
may be used as a hydroprocessing catalyst.
EXAMPLE 23
Production of a hydroprocessing catalyst
A well-dispersed slurry of chrysotile is spray-

dried. The spray-dried chrysotile is coated with alu-
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minium oxide sol whose sol particle surfaces are coated
with oxide-hydroxides of molybdenum and cobalt. After
extrusion and sulphidisation, the resulting material
may be used as a hydroprocessing catalyst.
EXAMPLE 24
Production of a hydroprocessing catalyst

A well-dispersed slurry of attapulgite and mont-
morillonite is prepared and spray-dried. Spray-dried
attapulgite and montmorillonite are coated in conven-
tional manner with tungsten and cobalt. After extru-
sion and sulphidisation, the resulting material may
be used a hydroprocessing catalyst.

EXAMPLE 25
Production of a hydroprocessing catalyst

A well-dispersed slurry of attapulgite and chry-
sotile is prepared and spray-dried. Spray-dried atta-
pulgite and chrysotile are coated in conventional
manner with molybdenum and nickel. After extrusion
and sulphidisation,’the resulting material may be
used as a hydroprocessing catalyst.

EXAMPLE 26

Production of a hydrogenation catalyst

An extrudate of attapulgite and aluminium oxide
is formed from a well-dispersed slurry and coated
in conventional manner with platinum. The resulting
material may be used as a hydrogenation catalyst.
EXAMPLE 27

Production of a hydroprocessing catalyst

An extrudate of attapulgite and aluminium oxide
is formed from a well-dispersed slurry. This well-
dispersed slurry is formed by mixing an aqueous slurry
of 500 g attapulgite with such an amount of aluminium
oxide that the dry content of the slurry will be above
30% and the aluminium oxide content 33%, based on
the dry weight of the slurry. The extrudate is then

coated in conventional manner with cobalt and
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molybdenum. After sulphidisation, the resulting material
may be used as a hydroprocessing catalyst.
EXAMPLE 28
Production of a hydroprocessing catalyst
An extrudate of attapulgite and aluminium oxide
is formed from a well-dispersed slurry and coated
with aluminium oxide sol whose surface is coated with
molybdenum and nickel. After sulphidisation, the result-
ing material may be used as a hydroprocessing catalyst.
) EXAMPLE 29 ’
Production of a hydroprocessinq catalyst
Attapulgite ("ATTAGEL 50") in an amount correspond-
ing to 0.50 kg of dry attapulgite is added to 1.6 litre

of water which, as a dispersing agent, contains water

glass in an amount corresponding to 3.0 g Sio2 per

100 g of dry attapulgite. The attapulgite is added

under intense agitation in a 7z-shaped blade kneader.
When all attapulgite has been added, the slurry .contains
30% by weight of attapulgite, calculated as dry atta-
pulgite. The resulting mass is extruded in the above-
mentioned manner to extrudates having a diameter of

1.6 mm and a length of 3-5 mm. The finished extrudates
are slowly heated to 200°c during 2 hours and then

held at 200°C for a further 2 hours for drying.

100 g of the dried extrudate are then slowly
heated to 540°C during 3 hours and then calcined at
540°C during a further 2 hours.

100 g of the calcined attapulgite extrudate are
impregnated with cobalt and molybdenum in the manner
stated in Example 14. The attapulgite extrudate impreg-
nated with cobalt and molybdenum salts has an average
pore size of 360 A and a surface area of 108 mz/g,

753 of the surface area being in pores exceeding 100 A.

After sulphidisation, the resulting material

may be used as a hydroprocessing catalyst.
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EXAMPLE 30

Production of a hydroprocessing catalyst

An extrudate of spray-dried attapulgite is formed
from a well-dispersed slurry and coated with particles
of molybdenum sulphide and nickel sulphide prepared
by microemulsion technique. The resulting material
may be used as a hydroprocessing catalyst.

- EXAMPLE 31

Production of a hydroprocessing catalyst

An extrudate of spray-dried attapulgite is formed
from a well-dispersed slurry and coated with aluminium
oxide sol whose sol particle surfaces are coated with
oxide-hydroxides of tungsten and nickel. After sulphi-
disation, the resulting material may be used as a
hydroprocessing catalyst.

EXAMPLE 32
Production of a hydroprocessing catalyst

An extrudate of spray-dried chrysotile is formed
from a well-dispersed slurry and coated with aluminium °

‘oxide sol, the sol particle surfaces of which are

coated with oxide-hydroxides of molybdenum and co-
balt. After sulphidisation, the resulting material
may be used as a hydroprocessing catalyst.

EXAMPLE 33

Production of a hydroprocessing catalyst

An extrudate of slurries of attapulgite and mont-
morillonite is formed from a well-dispersed slurry
and coated in conventional manner with tungsten and
cobalt. After sulphidisation, the resulting material
may be used as a hydroprocessing catalyst.

EXAMPLE 34

Production of a hydroprocessing catalyst

An extrudate of slurries of attipulgite and chry-
sotile is coated in conventional manner with molybdenum
and nickel. After sulphidisation, the resulting material

may be used as a hydroprocessing catalyst.
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EXAMPLE 35
Production of a hydrogenation catalyst

Attapulgite in an amount corresponding to 1.82 kg
of dry attapulgite is added to 10 litres of water
containing "KLORHYDROL ACH" as a dispersing agent
in an amount corresponding to 16 g A1203 per 100 g
of dry attapulgite. The attapulgite is added under
intense agitation. After the attapulgite has been
added, the slurry contains 15% by weight of attapulgite,
calculated as dry attapulgite. The slurry of attapulgite
in water is spray-dried. 100 g of spray-dried atta-
pulgite are slowly heated to 540°C for 3 hours and
then calcined at 540 Oc for 16 hours. 10 g of the cal-
cined attapulgite are impregnated with a suspension
of platinum particles in a microemulsion of heptane.

The platinum particles in the microemulsion are of

the order 25 A. The attapulgite particles are impreg-
nated with a platinum content of 1%. After the solvent
heptane has been driven off, and after drylng, the
spray-dried attapulgite is calcined at 600 Oc for 8 hours.
The calcined spray-dried particles have an average
pore size of 400 A and a surface area of 95 m /g

1f aluminium oxide ("PURAL SB" from Condea) 1is
impregnated with 1% platinum according to conventional
technique, the resulting product will have an average
pore size of 60 A and a surface area of 240 m /g

EXAMPLE 36
production of a cracking catalyst
2.85 kg "ATTAGEL 50" are added to 10 litres of

water containing water glass in a ratio of 3.3:1l.

The water glass content in the slurry is made to cor-
respond to 3.5 g 8102 from the water glass per 100 g

of dry attapulgite. The attapulgite is added under
intense agltatlon. The final attapulgite content is

25% by weight of dry attapulgite. The attapulgite

in the well-dispersed slurry is coated with particles

of a sol of ammonium aluminium silicate. The attapulgite

slurry is then spray-dried under the above-mentioned
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conditions, whereupon the spray-dried particles are
calcined at 500°C for 1 hour, whereby the hydrogen

form of the catalyst is obtained. After calcining,

the spray-dried particles have an average pore size
of 362 A and a surface area of 111 mz/g. 87% of the
surface area are in pores exceeding 100 A.

EXAMPLE 37

Production of a cracking catalyst

Example 36 is repeated, but the spray-dried par-
ticles are aged at 750°C in an atmosphere of 100%
relative humidity for 18 hours. After aging, the spray-
dried particles have an average pore size of 465 A
and surface area of 101 mz/g. 91% of the surface area
are in pores having a diameter exceeding 100 A.

EXAMPLE 38
Production of a cracking catalyst

Example 36 is repeated, but the spray-dried par-
ticles are subjected to ion exchange with rare earth -
metals, followed by calcining at 750°C for 1 hour.

After calcining, the spray-dried particles have an
average pore size of 380 A and a surface area of 91 m /g
80% of the surface area are in pores having a diameter
exceeding 100 A.

EXAMPLE 39

Production of a cracking catalyst

Example 36 is repeated, but sepiolite is used
instead of attapulgite. Equivalent results are ob-
tained.

EXAMPLE 40

Production of a cracking catalyst

Attapulgite in an amount corresponding to 263 g
of dry attapulgite is added to an aqueous solution
of water glass in a ratio of 3.3:1. The water glass
content corresponds to 4% Si02, based upon dry atta-
pulgite. The attapulgite is added under intense agita-
tion. When all attapulgite has been added to the slurry,

the well-dispersed slurry has a dry content correspond-
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ing to 20% of dry attapulgite. 1 litre of a solution
of potassium aluminium silicate is prepared by mixing
56% by volume of potassium silicate which is in the
ratio of 2:1 and which is 3-molar with regard to Sioz,
with 25% by volume of 2-molar potassium aluminate
and 19% by volume of water. To 1 litre of attapulgite
slurry, 840 ml of the solution of potassium aluminium
silicate are added for 1 hour. The temperature of
the slurry is maintained at 80-85°C, and the pH of
the slurry at 10-11.5 by the addition of acetic acid.
In this manner, the attapulgite particles are coated
with a homogeneous layer of aluminium silicate. When
the addition of the potassium aluminium silicate is
finished, the slurry is spray-dried. The spray-dried
attapulgite is slurried in water and ion exchanged

with ammonium ions by adding ammonium sulphate to

the slurry at pH 4.5 and a temperature of 80°C. The
spray-dried particles are filtered, and the ion exchange
procedure is. repeated twice. After the 1ast ion exchange
step, the spray-dried particles are filtered and washed.
The spray-dried particles are then aged for 18 hours
at 750°C and in 100% water vapour. The catalytic activi-
ty of the aged aluminium silicate-coated attapulgite
is measured with a Micro Activity Testing apparatus
(MAT testing is a technigque described in literature).
The test gave a yield of 50%, which should be com-
pared to the yield obtained with an equilibrium catalyst
in a commercial cracking plant. The selectivity of
gasoline and diesel is excellent. The yield of gas
and carbon is low.
EXAMPLE 41
Production of a cracking catalyst

A well-dispersed slurry of attapulgite is prepared

and spray-dried to particles having an average pore

size of 70 um. The surface of the spray-dried particles

is coated with a layer of sol particles of aluminium

silicate in the ammonium form.
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EXAMPLE 42

Production of a cracking catalyst

Example 41 is repeated, but the ammonium form
of the aluminium silicate is converted into RE form.
EXAMPLE 43
Production of a cracking catalyst

Example 41 is repeated, but a mixture of chrysotile
and attapulgite is used as support material.
EXAMPLE 44

Production of a cracking catalyst

Example 38 is repeated, but instead of attapulgite
a mixture of 70% attapulgite and 30% bentonite is
used.
EXAMPLE 45

Production of a cracking catalyst

A well-dispersed slurry is prepared from zeolite
NaY and attapulgite, utilising water glass as dispers-
ing agent. The slurry is spray-dried, and the spray-
dried particles are then subjected to ammonium ion
exchange and then to ion exchange with ions of rare
earth metals.
EXAMPLE 46

Production of a cracking catalyst

A well-dispersed slurry is prepared from attapul-
gite and zeolite RE-Y, using aluminium hydroxychloride
as dispersing agent. The slurry is spray-dried to
particles which are calcined at 600°C.

EXAMPLE 47
Production of a cracking catalyst.

Example 46 is repeated, but instead of zeolite
RE-Y the highly stable zeolite US-Y is used.
EXAMPLE 48

Production of a cracking catalyst

A well-dispersed slurry is prepared from attapul-
gite, kaolin and zeolite NH,-Y, use being made of
aluminium hydroxychloride as dispersing agent. The

slurry is spray-dried, and the spray-dried particles
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are subjected to ion exchange with ions of rare earth
metals.
EXAMPLE 49
Production of a cracking catalyst
5 Attapulgite is added to an aqueous solution of

chloroaluminium hydroxide under intense agitation.
When all attapulgite has been added to the slurry,

a sodium aluminium silicate sol is added, such that
the attapulgite fibres are provided with a monolayer
of sol particles. To this well-dispersed slurry the
zeolite NA-Y is then added. The resulting slurry of
zeolite NA-Y and attapulgite is spray-dried, and the
resulting particles are first subjected to ammonium

10

ion exchange and then to ion exchange with ions of

15 rare earth metals.
EXAMPLE 50
production of a cracking catalyst
Example 49 is repeated, but instead of attapulgite

 chrysotile is used.
EXAMPLE 51

20
Production of a cracking catalyst
Example 49 is repeated, but instead of zeolite
NaY use is made of zeolite NH3—Y, the ammonium ion
exchange being omitted.
25 EXAMPLE 52

production of a cracking catalyst

Attapulgite is dispersed under intense agitation
in an aqueous solution of aluminium hydroxychloride,
whereupon an ammonium aluminium silicate sol is added

39 for coating the surface of the attapulgite fibres
with a monolayer of sol particles. To the resulting
well—dispefsed slurry a well-dispersed slurry of the
seolite US-Y is added under intense agitation. After
that, spray-drying is effected to particles which

35 finally are calcined at 500°C.
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EXAMPLE 53
Production of a support material having high

crushing strength
Attapulgite ("ATTAGEL 50") in an amount correspond-

ing to 1.82 kg of'dry attapulgite is added to 10 litres
of water which, as a dispersing agent, contains alumi-
nium hydroxy chloride in an amount corresponding to

16 g A1203 per 100 g of dry attapulgite.

The attapulgite is added under intense agitation
to form a well-dispersed slurry. When all attapulgite
has been added, the slurry contains 15% by weight
of attapulgite, calculated as dry attapulgite. The
resulting slurry is spray-dried.

200 g of spray-dried attapulgite are mixed in
the dry state with 100 g attapulgite which has not

- been sprayed. This attapulgite mixture is added under

intense agitation in a 2-blade kneader to 1.2 litre

-of water which, as a dispersing agent and binder,

contains 3 g 8102 per 100 g of attapulgite that has
not been spray-dried. When all attapulgite has been
added, the well-dispersed mass contains 29% weight
of dry material.

When the mass thus produced is extruded in the
above-mentioned manner to an extrudate having the
diameter 0.8-3.2 mm, the extrudate, after drying at
200°C and calcining at 540°C in the manner stated
in Example 29, has a BET surface area of 130 m2/g
and an average pore size of 380 A. This extrudate
has high crushing strength and can be used as a sup-
port for catalyst material. The catalyst material
can be supplied in the manner previously mentioned.

EXAMPLE 54
Production of a catalyst support of attapulgite

and aluminium oxide
Attapulgite ("ATTAGEL 50") is mixed with water

and a dispersing agent in accordance with Example 53

and is spray-dried.
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500 g (calculated as dry attapulgite) of the

spray-dried attapulgite are mixed with 88 g aluminium

oxide ("PURAL SB"). This dry mixture is added under in-

tense agitation in a Z-shaped blade kneader to 1.3 litre
5 of water to form a mass containing 30% by weight of

dry material. This mass is extruded in the manner

mentioned above and dried by being slowly heated to

and maintained at 200°C in the manner stated in Example

29. After drying at 200°C, the temperature of the

10 mass is immediately and slowly heated to 540°C for
3 hours and held at this temperature for a further
2 hours for calcining.

The resulting calcined product has a BET surface
area of 173 m2/g and an average pore size of 260 A
15 and may be used as a catalyst support.
EXAMPLE 55
Production of a catalyst support of attapulgite
and bentonite
400 g attapulgite "ATTAGEL 50" (calculated as

20 dry material) and 21 g bentonite are dry mixed. The
resulting mixture is added under intense agitation
in a Z-shaped blade kneader to 1.25 litre of water
containing "KLORHYDROL ACH" in an amount corresponding
to 15 g A1203 per 100 g of dry attapulgite and ben-

25 tonite mixture, whereby a well-dispersed slurry is
formed containing 28% by weight of dry material. After
this mass has been extruded in the manner mentioned
above, drying is effected at 200°C in the manner stated

in Example 22 and calcining in the manner stated in

30 Example 54.
The resulting calcined product has a BET surface
area of 130 m2/g and an average pore size of 284 A
and may be used a catalyst support.
EXAMPLE 56
35 Example 55 is repeated, but instead of "KLORHYDROL
ACH" water glass is used in an amount corresponding
to 3.0% SiOZ, calculated on the dry weight of the

attapulgite and bentonite present.
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The resulting calcined product has a BET surface
area of 136 m2/g and an average pore size of 300 A
and may be used as catalyst support.
EXAMPLE 57
5 Production of a catalyst support of attapulgite

and cross-linked smectite

100 g of cross-linked smectite are prepared by
adding 100 g of bentonite to a solution of 90 g "KLOR-
HYDROL ACH" in 1340 g water at 90°C. The suspension

10 is kept under gentle agitation for 5 hours at 90°¢C.
The filtered material is then washed three times with
deionized water at 90°C. After the removal of the
last wash water the material is dried at 105°C for
4 hours. By this treatment the interlayer spacing

15 d0001 of the cross-linked smectite is increased to
i9 A.

Example 55 is then repeated, use being made of
the said cross-linked smectite instead of the bentonite.

The resultiné calcined product has a BET surface

5g area of 123 mz/g and an average pore size of 380 A
and may be used as a catalyst support.

EXAMPLE 58

Example 57 is repeated, but instead of "KLORHYDROL
ACH" use is made of water glass in an amount correspond-

95 ing to 3.0% SiOz,rcalculated on the dry weight of

attapulgite and smectite present.
The resulting calcined product has a BET surface

area of 136 m2/g and an average pore size of 370 A

and may be used as a catalyst.

EXAMPLE 59

30
Production of a catalyst support of attapulgite

a) A well-dispersed attapulgite slurry has been
prepared and spray-dried in accordance with Example 1.
b) 20 g of the attapulgite spray-dried in accor-
35 dance with a) is mixed with 370 g of attapulgite that-
has not been spray-dried and 6 g of sodium carboxyl
methyl cellulose (CMC). Calculated on the dry weight,
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the mixture contains 93% of attapulgite that has not
been spray-dried, 2% by weight of CMC and 5% by weight
of spray-dried attapulgite. This mixture is added
under intense agitation in a 7-shaped blade kneader
to 670 g of water to form a well-dispersed slurry
containing 28 % by weight of dry material.

c) This well-dispersed slurry or mass is extrud-
ed and then dried in accordance with Example 29.

d) After drying, calcining is effected by slow-
ly raising the temperature from 200°C to 540°C for-

3 hours, whereupon the temperature is maintained at
this level for a further 2 hours.

e) After calcining, ion exchange is carried out
by means of 5% by weight solution of ammonium sulphate.
This ion exchange treatment is effected 3 times in
all. After ion exchange, the extrudate is washed 3
times with water. Both the ammonium sulphate solution
and the wash water have a temperature of 60°C. Ion
exchange and washing are carried out on the one hand
in order to remove Na+ in the extrudate by ion exchange
and, on the other hand, to remove any residual ash

from the burning of CMC.
After the last washing with water and after filtra-

tion of the extrudate, the extrudate is heated from
room temperature to 150°C for 2 hours, whereupon the
temperature 1is maintained at 150°C for a further 2
hours for drying. After that, the temperature is raised
at a rate of'115OC/hour to SOOOC, and the extrudate
is maintained at this temperature for one further
hour for calcining.

The resulting product has a BET surface area
of 133 m2/g and an average pore size of 300 A, 77%
of the surface area being in pores exceeding 100 A.
The product may be used as a catalyst support.

EXAMPLE 60

Example 59 is repeated, but in step b) 80 g of

the spray-dried material are mixed with 300 g of attapul-
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gite that has not been spray-dried and 19 g of CMC,
whereby a mixture is obtained which, calculated on
the dry weight, contains 74% of attapulgite that has
not been spray-dried, 20% of spray-dried attapulgite
5 and 6% of CMC, said mixture being added to 670 g of
water under intense agitation to form the well-dispersed
slurry.
The product obtained after calcining has a BET
surface area of 132 mz/g, and average pore size of
10 360 A, and a pore volume of 0.53 cm3/g and may be -
used as a catalyst support.
EXAMPLE 61
Example 59 is repeated, but step a) is omitted
and in step b) 350 g of "ATTAGEL 50" are mixed with
15 6 g of CMC and 41 g of aluminium oxide ("PURAL SB"),
‘the mixture being added to 660 g of water to form
the well-dispersed slurry. Calculated on a dry basis,
this well-dispersed slurry contains 88% attapulgite,
10% aluminium oxide and 2% CMC.
20 The product obtained after calcining has a BET
surface area of 141 mz/g, an average pore size of
480 A and a pore volume of 0.69 cm3/g and may be used
as a catalyst support.
EXAMPLE 62
25 A well-dispersed attapulgite slurry as prepared
and spray-dried according to Example 1.
21 g of this spray-dried attapulgite, 320 g of
"ATTAGEL 50" and 12 g of CMC as well as 40 g of alu-
minium oxide ("PURAL SB") are mixed and, under intense
30 agitation, are added to 665 g of water to form a well-
dispersed slurry which, calculated on a dry basis,
contains 81% of attapulgite that has not been spray-
dried, 5% of spray-dried attapulgite, 4% of CMC and
10% of aluminium oxide. This slurry is extruded, dried
35 and calcined in accordance with steps c), d) and e)

of Example 59.
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The product obtained after calcining has a BET
surface area of ‘142 m2/g, an average pore size of
500 A, and pore volume of 0.65 m2/g and may be used

as a catalyst support.

It will thus be evident that the present invention
provides a support or catalyst structure having an
unusually high pore diameter coupled with a large
surface area. The large surface area is concentrated
to the pores having a diameter exceeding 100 A. Typical-
ly, attapulgite having a fibre diameter of 200-300 A
will give a surface area of 100-110 mz/g. This should
be compared with a surface area of about 25 mz/g for
the most fine-granular kaolin clay which is frequently

being used as catalyst support.
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CLAIMS

1. A filler or support for catalytically active
substances, character i s ed in that it has
a surface area of at least 75 m2/g and an average pote
diameter of at least 100 A, at least 75% of the surface
area being in pores having a diameter exceeding 100 A,
and that it consists of aggregate particles having a
coherent three-dlmenSLOnal network structure of fibrous .
or strip-shaped, optionally modified mineral particles
having a diameter of at least 100 A and having a mechani-
cal, thermal and hydrothermal stability required for
the contemplated catalytic process.

2. A filler or support as claimed in claim 1,
characterised in that the mineral particles
have been modified by acid treatment.

3. A filler or support as claimed in claim 1 or
2, characterise d in that the mineral
particles have a diameter of 100-1000 A.

4. A filler or support as claimed in claim 1,

2 or 3, character 1 s e d in that it has
a surface area of 75-250 m /g

5. A filler or support as claimed in any one of
claims 1-4, characterise d in that it con-
sists of fibres of attapulgite, sepiolite or chrysotile
or mixtures thereof and, optionally, also of minerals
admixed thereto, such as montmorillonite, hectorite,
vermiculite, nontronite, kaolin, or mixtures thereof.

6. A filler or support as claimed in any one of
claims 1-5, character i s ed in that it
contains particles of zeolite material or conventlonal
aluminium oxide or mixtures thereof, said particles being
trapped in the three-dimensional network structure.

7. A process of producing a filler or support as
claimed in any one of claims 1-6, character~-
i sed in that an jndustrial mineral having fibrous

o
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or strip~shaped structure with fibrous or strip-shaped

particles of a diameter of at least 100 A, is slurried,
optionally after modification, in water and a dispersing
agent to a well-dispersed slurry which then either is
spray-dried to particle aggregates having a coherent
three-dimensional network structure and a surface area
of at least 75 m2/g as well as an average pore diameter
of at least 100 A, at least 75% of the surface area being
in pores having a diameter exceeding 100 A, or is ex-
truded or pelletised to particle aggregates having this
structure, or is first spray-dried to such particle
aggregates which are then reslurried and extruded
or pelletised to support articles.

8. A process as claimed in claim 7, charac-

terised in that the mineral particles are modified

by acid treatment.
9., A process as claimed in claim 7 or 8, C har-

acterised in that the well-dispersed slurry is

formed of mineral particles having a diameter of -100-1000

A.

10.” A process as claimed in claim-7, 8 or 9,
characterised in that the particle aggre-
gates are given a surface area of 75-250 mz/g.

11. A process as claimed in any one of claims 7-10,
characterised in that the support is formed
of fibres of attapulgite, sepiolite or chrysotile or
mixtures thereof and, optionally, also minerals admixed
thereto, such as montmorillonite, hectorite, vermiculite,
nontronite, kaolin or mixtures thereof.

12. A process as claimed in claims 7-11, char -
acterised in that the well-dispersed slurry also
is made to contain zeolite particles or conventional
aluminium oxide or mixtures thereof.

13. A catalyst for catalytic hydroprocessing,
hydrogenation or cracking of hydrocarbons, C harac-
t er ised in that it consists of a catalyst support

as claimed in any one of claims 1-6, and a surface coating
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of a catalytically active substance on the fibrous
or strip-shaped particles of the catalyst support.

14. A catalyst as claimed in claim 13, ¢ har-
acterised in that the fibrous or strip-shaped
particles of the support are coated with colloidal par-
ticles, the surface of which is coated with the cata-
lytically active substance.

15. A catalyst as claimed in claim 13 or 14,
characterised in that the surface coating
of catalytically active substance consists of a metal
from the platinum group, gold or silver, cobalt sulphide,
nickel sulphide, molybdenum sulphide + cobalt sulphide,
molybdenum sulphide + nickel sulphide, tungsten sulphide
+ cobalt sulphide, or tungsten sulphide + nickel sulphide.

16. A catalyst as claimed in claim 13, ¢ har -
acterised in that the fibrous or strip-shaped
particles have a surface coating of aluminium silicate
or alkali aluminium silicate converted into catalytically
active form by ion exchange with hydrogen ions or ions
of rare earth metals.

17. A catalyst as claimed in any one of claims
13-16, characterised in that it contains
particles of zeolite material trapped in the three-
dimensional network structure.

18. A catalyst as claimed in any one of claims
13-17, characterised in that it contains
particles of minerals, such as montmorillonite, hectorite,
vermiculite, nontronite, kaolin or mixtures thereof,
trapped in the three-dimensional network structure, said
minerals being admixed in an amount of at most 50% by
weight. '

19. A catalyst as claimed in claim 17 or 18,
characterised in that the zeolite in the
catalyst is 0.5-75% by weight, preferably 10-75% by weight,
especially 25-60% by weight.

20. A catalyst as claimed in claim 17, 18 or 19,

characterised in that the zeolite particles

[

Ar
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have a particle size of 0.1-5 um, preferably 0.5-5 um
or 0.5-3 um.

21. A process of producing a catalyst as claimed
in any one of claims 13-20, in which process a catalyst
support is formed and coated with a catalytically active
substance, character i s ed in that the
catalyst support is prepared in accordance with any one
of claims 7-12, and that the catalytically active sub-
stance or a precursor thereof is applied as a surface
coating on the fibrous or strip-shaped particles of the
support prior to or after spray-drying, extrusion or
pelletisation of the support particles.

22. A process as claimed in claim 21, c har -
acteri s e d in that the fibrous or strip-shaped
particles of the slurry are coated with a homogeneous
layer of aluminium silicate prior to spray-drying, and
that the aluminium silicate is converted into catalyt-

- ically active form by ion exchange, with hydrogen ions or

jons of rare earth metals.

23. A process as claimed in claim 21 or 22,
characterised in that the fibrous or strip-
shaped particles prior to or after spray-drying, extru-
sion or pelletisation are coated with aluminium silicate
or alkali aluminium silicate or with silicic acid sol
particles, the surface of which has been modified by
means of an aluminate and an alkali aluminate, respect-
ively, to aluminium silicate and alkali aluminium sili-
cate, respectively, and that the aluminium silicate is
converted into catalytically active form by ion ex-
change with hydrogen ions or ions of rare earth metals.

24. A process as claimed in claim 21, char -
acterised in that the surface coating of
catalytically active substance on the surface of the
fibrous or strip-shaped particles is formed of a metal
from the platinum group. gold or silver, cobalt sulphide,
nickel sulphide, molybdenum sulphide + cobalt sulphide,
molybdenum sulphide + nickel sulphide, tungsten sulphide
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+ cobalt sulphide or tungsten sﬁlphide + nickel sulphide.
25. Use of a catalyst as claimed in any one of
claims 13-20, for hydroprocessing, hydrogenation or
catalytic cracking of hydrocarbon fractions, especially
5 heavy residual fractions.
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