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EXTRUDATES AND CATALYST BASED THEREON    The invention is directed to
transition alumina extrudates) suitable as catalyst, or as catalyst
support, and t he use of such extrudates in chemical reactions, In
catalysis alumina plays an important role, both as 5 a catalyst support and
as catalytically active material. As is mentioned in Kirk-othmer, Third Ed.
Vol. 2, pages 230-232, alumina can be used as catalyst in a Claus process,
for dehydration of alcohols, such as the production of olefins from
alcohol, and the reverse reaction, but also for the 7.o isomerisation of
olefins, As interacting catalyst support alumina may play a role in
hydrorefining catalysts) e.g. in cobalt or nickel-molybdenum oxides on
alumina. As a support alumina is frequently used for precious metal
catalyst, such as in exhaust catalysts or for 15 (de)hydrogenation
reactions. As support fox a nickel catalyst it may be used
in(de)hydrogenation reactions such as for fat and oils hydrogenation, for
hydrogenation of fatty nitrites or of vitro aromatic compounds or for
oligomerisation of olefins . 20 The structure of the support, i.e. the BET
surface area, the pore size and the pore volume distribution, forms an
important aspect of the alumina or alumina based catalyst. In view of
activity and selectivity it would be highly desirable to have an alumina
product that is on the one hand 25 highly porous, i.e. having a large
volume in large pores, and t hat has a good mechanical strength and
stability. Unfortunately these are requirements that are difficult to
reconcile with each other. In fixed bed processes shaped bodies of alumina
are 30 frequently used. An important aspect therein is the shape dependency
of the pressure drop. Tablets and extrudates are the materials commonly
used in fixed bed applications. In     3 0 APR 2003 New Page 2 order to
minimise pressure drop, the use of scar shaped extrudates would be moat
suitable. However, star shaped bodies, extrudates, tend to be proms to
attrition duo to the presence of the 'points' of the star. EP-A-0 08 424
discloses star shaped desulfurization catalysts.  Highly porous star shaped
catalysts, having a good mechanical strength and stability are not
disclosed. It i6 an object; of the invention to reconcile these various
requirements in the form of a. transition alumina extrudate, having a
carefully balanced set of properties Further objects and advantages will
became clear 1,0 from the following description of the invention end the
preferred embodiments thereof. The invention is based thereon that the
inventiors have now been able to provide a star shaped alumina extrudate,
herring op the ono hand an optinal structure as indicated above and on 'the
other hand a good strength. 



15 The invention is accordingly directed to far shaped alumina extrudates
with a pore volume in pores of diameter of over 1000 nm, as determined by
mercury poroeilimetry of at least o.06 mho, a side crushing strenght of at
least GU N and a, hulk crushing strength of at least 1 MPs. Surprisingly,
this sot of properties can be made available in one ZO material, thereby
providing s material with which chemical reactions can be made much more
efficient, resulting in higher activity and/or selectivity. Also the
material of the invention, when used in axed bed reactores, provides a
decreased pressure drop compared to regular extrudares having s cylindrical
shape. 2G The BET surface area, as determined by single point adsorption
using the BET aquation (as o.g. described by G. Sandatede et.al , Chem Ing
Tech. 32 (l99O), 413)) should be at least 10 m2/g of alumina This coincides
with the the requirement of using a transition alumina, i.e. not a n a
alumina Suitable alumina's are the various transition alumina's including
y-alumina 3o S-aluxaina, c-alumina) ~c-alumina 5-alumina A-aluxnina and
t-alumina. There alumina's have 8 large 1'3ET-surface area) generally in
the tango of 25 up to more than 1D0 m2/g. AMENDED SHEET   3 0 APR 2003 3
The pore volume is a further important requirement, whereby it is on the
one hand important that the total pore volume, as determined by mercury
intrusion is sufficiently > high and on the other hand that the pore volume
in pores of 5 over 1o00 nm forms a substantial portion of the total pore
volume. In absolute terms the total pore volume should beat least 0.50
m1/g, whereas the ratio of the pore volume in pores of over 1000 nm to
total pore volume should preferably be more than 0.04. An alumina having
those properties has l0 good properties in terms of reactant accessibility,
which makes it very suitable for aft kinds of catalytic reactions requiring
good diffusion of reactants and products through the alumina) thereby
eliminating diffusion limitation problems as much as possible. 15 The pore
volume and pore size distribution are determined by mercury porosimetry
measurements, as described by J. Rouquerol et al in Pure & Applied Chem.,
66(8),1.999) pages 1752-Z753, using the Washburn equation. As indicated
above, the use of star shaped extrudates 2o is important in terms of
pressure drop in relation to accessibility of the internal surface of the
alumina. This also plays a role in eliminating diffusion problems. Star
shaped extrudates can be defined as objects having some kind of central
part or core, with three or more triangularly 25 shaped extensions on the
circumference thereof. Most preferred are star shaped extrusions having
five extensions, ' as this provides the optimal balance between strength,
porosity, pressure drop and accessibility) Another advantageous property of
the star shaped extrudaates is the 3o fact that the ratio of external
surface area to volume is more advantageous than in the case of
conventional cylindrical extrudates or tablets. The ratio of the length of
the extrudates to the diameter is preferably between 7. and 3, whereby as
diameter 35 the distance is meant between two parallel planes on either
side of the extrudace.   3 0 A PR 2003 4 Important aspects of the material
of the invention are also the strength characteristics. As indicated above
a side crushing strength of at least 50 N and a bulk crushing strength of
?t least 1 MPs are essential herein. These r 5 parameters form the basis
for the suitability of the extrudates for use in large scale reactors, like
in the ~ , petroleum industry. When the extrudates meet these requirements,
they can be used in huge fixed bed reactors, that require very strong
material. The side crushing strength 10 and the bulk crushing strength is
defined as follows: The side crushing strength (SCS) of extrudates is
defined as the pressure (in Newtons) at which extrudates of 4,5-5.00 mm
length are crushed, when treated under pressure between two flat plates on
a'AIKOH, 9500 series tester. 15 The bulk crushing strength (BCS) of a
catalyst is defined as the pressure (in Megapascals) at with 0.5% fines
(i.e. particles less than 0.425 mm) are formed when treated under a piston
in a tube. For that purpose, 17 ml of catalyst particles, presieved on a
0.425 mm sieve, are loaded in a 



20 cylindrical sample tube (diameter 27.3 mm), and 8 ml steel beads is
loaded on top. The catalyst is subsequently treated at different
(increasing) pressures for three minutes, after which the fines are
recovered and their percentages is determined. This procedure is repeated
until a level of 25 0.5 wt.% fines is reached. Another aspect of the
strength of the material ie the attrition, i.e, the amount of material that
may break off of the extradutes upon use. This attrition, determined in
accordance with ASTM D4058-67, should preferably be less than 30 5 wt.%,
more in particular less than. 3 wt.%. The alumina extrudates having the
above properties can be prepared by mixing transition alumina powder with a
, suitable binder in the presence of a liquid, usually water or an aqueous
solution of a mineral acid such as hydrochloric, 35 sulfonic or nitric
acid, to form a paste, followed by extruding of the paste in the required
star form) using a   ~ o aPR 2003 5 suitable die and cutting the extruded
strands of material to the required length. optionally after drying, the
ertrudates are calcined. It is possible to use various types of binder 5
materials, such as those based on silica or alumina. Examples are colloidal
silica, waterglass, or clays, It is preferred to use an alumina based
binder or a binder that is removed during calcination, while providing and
maintaining the required strength. An example of a suitable binder system
is 1o an alumina binder that gels under acidic treatment, for example by
using organic or inorganic acids. The amount of binder material used in the
preparation of the paste that is to be extruded will vary depending on the
type of material and the required strength. Generally it will not be in
excess 15 of 30 wt.% based on the dry weight of binder and alumina
together. The invention will now be elucidated on the basis of an example.
EXAMPLE  20 1.5kg of aluminium trihydrate, containing 65 wt.% of A1203,
with an average particle size of 30-50 um is mixed with o.4 kg of alumina
binder. The powders are mixed extensively while slowly adding diluted,
aqueous HNO3 in an 25 amount of 2 wt.%, calculated on the weight of the
total amount of alumina. Thereby the alumina binder is peptised. Mixing is
continued until a relatively dry product is obtained, the intermediate
product is extruded using a one-screw extruder, 30 equipped with a die
having starshaped holes and a cutting device. The extrudates obtained are
dried at 7.05C for 16 hours and subsequently calcined at 85o(err)c for one
hour. Attached are two figures with photographs of an extrudate 35 shown
from two different angles.    



3 0 APR 2003 6 The final product has been analysed for its physical
properties with the following result: N2-HET surface area 106 m/g2 Total Hg
pore volume o.56 ml/g 5 Pore volume in pores over 1000 nm o.07 m1/g Side
crushing strength 65 N .Bulk crushing strength 1.0B MPa F       3 0 APR
2003 7 Claims 1. Star shaped alumina extrudates with a pore volume in pores
of diameter of over 1o00 nm, as determined by mercury porosimetry, of at
least 0.05 ml/g, a side crushing strength of at least 50 N and a bulk
crushing strength of at least 5 1 MPs .  _ 2. Extrudates according to claim
1, having a length of between 2 and 8mm. 3, Extrudates according to claim 1
or 2, having a length to diameter ratio of between 1 and 3. i0 4.
Extrudates according to claims 1-3, wherein the total pore volume a
determined by mercury porosimetry is between o.5 and 0.75 m1/g. 5.
Extrudates according to claims 1-4, wherein the BET surface area is at
least 75 m3/g. 15 6. Extrudates according to claims 1-5, wherein the
attrition in accordance with ASTM D4058-87 is less than 5 wt.%, preferably
less than 3 wt%. 7. Catalyst, comprising at least one catalytically active
material supported on an extrudate according to claims 20 1-6. 2. Catalyst
according to claim 7, wherein the catalytically active material is selected
from the group of metals, metal oxides, metal sulfides and combinations
thereof . 25 9. Use of an era rudate according to claims 1-6 or a catalyst
according to claim 7 or 8 in a chemical reaction. .AH.A&.A,H
.As&.A[.AYH.A@uSTUV 
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