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(54) PRODUCTION OF CATALYSTS FROM ACTIVATED SUPPORTS

n We, GALLAHER LIMITED, of 65
Kingsway, London WC2B 6TG, do hereby
declare the invention, for which we pray that
a patent may be granted to us, and the
method by which it is to be performed, to be
particularly described in and by the follow-
ing statement:—

Catalysts for gas phase reactions often
comprise a catalytically active material, often
a metal such as platinum or nickel, carried
on a refractory support material, for example
alumina, a zeolite or a clay. The catalyst is
generally made by contacting the support
with an aqueous solution of a compound
providing the catalytically active material,
generally a salt of a catalytically active metal,
followed by heating to dry the catalyst and
then heating at high temperature in a reduc-
ing atmosphere to decompose the salt or
other compound.

The activity of the catalyst for the chosen
gas phase reaction depends upon the combi-
nation of support and catalytically active
material and upon the method of prepara-
tion. Whilst the activity of many catalysts in
high temperature reactions is considered to
be adequate, although improvement in this
may be desirable in many instances, the
activity of catalysts in low temperature gas
phase reactions tends to be too low for many
purposes. For instance attempts have been
made to devise a catalyst for the low tem-
perature (e.g. below 100°C and preferably 15
to 80°C) oxidation of carbon monox-
ide to carbon dioxide, for instance for incor-
poration in a cigarette filter, but such cata-
lysts have been too inactive to be commer-
cially useful.

We have now devised a method of making
catalysts of improved activity, which method
is of particular value in producing catalysts
for low temperature reactions, especially
carbon monoxide oxidation to carbon diox-
ide.

According to the invention a catalyst is

made by a method comprising activating
preformed solid support material selected
from alumina and zeolites by providing a
deficiency of hydroxyl groups on the surfaces
of the support material and contacting the
activated surfaces with a solution of a sub-
stance providing catalytically active material

before there is any substantial deactivation of -

the activated surfaces.

One method of generating the activated
surfaces comprises heating the support mate-
rial under conditions such as to create the
deficiency of hydroxyl groups. Another
method, that is applicable when one is
starting from the conventional manufactured
pellet form of alumina or zeolite comprises
crushing the pellets.

An alternative way of indicating that the
surfaces have a deficiency of hydroxyl groups
is to say that they are activated by providing
Lewis acid sites in them.

It is of course well known to calcine a
support material at some stage in its manu-
facture prior to it being impregnated with a
solution of a substance providing catalyti-
cally active material. However so far as we
are aware it has never previously been
appreciated that the resultant catalyst will
have much higher activity if the contact is
effected before there is any substantial
deactivation of any activated surfaces that
may have been formed during the calcina-
tion. Thus for instance calcination is con-
ducted by heating and no special precautions
are taken between termination of the heating
and impregnation of the support with the
solution. For instance the heated support is
generally cooled to room temperature while
exposed to the atmosphere. This will result in
significant deactivation of the surfaces, com-
pared to their activity while they were hot.
It is essential in the invention that the
activated surfaces are contacted with the
solution before there is any substantial
deactivation of the activated surfaces and
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therefore the contact is generally effected that was calcined during or prior to manufac-
substantially immediately after generation of ture.
the surfaces. When the surfaces are gener- Although the described heating step is
ated by heating a powder the contact is best preferably applied to powder it can also be

5 effected by immersing the hot powder in the applied to pellets, to activate the exposed 70
solution. In any event the contact is generally surfaces of them, and these activated pellets
conducted within one hour of generating the may then either be used as such or may be
surfaces, for instance by crushing. The inter- crushed before use.
val between creating the activated surfaces The heating conditions necessary to

10 and contacting them with the solution can be  achieve activation can readily be ascertained 75
extended, without causing any substantial by routine experiment. With most support
deactivation of the activated surfaces, if they materials the heating temperature needs to
are maintained, during thisinterval, in anhy- be between 300 and 800°C, with a range of
drous conditions or under a vacuum. 400 to 650°C, especially 500 to 600°C, gener-

15 The precise mechanism by which the ally being found to be optimum. 30
deficiency of hydroxyl groups or the excess of The removal of chemisorbed water, and
Lewis acid sites are generated is not entirely subsequent creation of a deficiency of hy-
clear. In the method involving crushing droxyl groups, can be observed by differen-
pellets it appears possible that the grinding tial thermal analysis. Thus the support mate-

20 step exposes strain sites within the crystal rial sample under observation and a refer- 85
structure at the surfaces of the support, ence of inert material (eg alumina that has
including within the micropores, and that itself been preheated several times) may be
because of these strain sites meore efficient heated under identical conditions and the
distribution of the catalytic material occurs difference of temperature prevailing within

25 provided the solution of catalytic material is ecach sample observed. If aged powder is 90
contacted with the support before the strain being heated, it will be found that as the inert
has been released upon storage or by con- reference temperature increases above 100°C
tamination with poisons or other materials.  the amount by which the sample of support

The most reliable results are, however, material is cooler than the inert material

30 obtainable when the generation of the active increases to a peak, generally at around 200 95
surfaces having a deficiency of hydroxyl or 300°C. Up to this peak the difference can
groups has been by a method comprising be accounted for initially by considering
heating the support material to a tempera- physical removal of water and then removal
ture of at least 20°C above the temperature at of chemisorbed water and for the purposes

35 which chemisorbed water is driven off but herein we consider that substantially all the 100
below the temperature at which substantial chemisorbed water has been driven off once
degradation of the support material starts to this peak has been passed. After the peak has
occur. This is the preferred mechanism for been passed the temperature difference be-
generating activated surfaces in powdered tween the sample and the reference gradually

40 support material starting from powder, for decreases, and during this stage it appears 105
example where the particle size is 50 microns that dehydroxylation is occurring. The tem-
or less. It is probably also the mechanism perature difference reaches a minimum, at
involved in generating the activated surfaces which optimum dehydroxylation and activa-
in preferred products made by crushing tion has occurred, and thereafter may tend to

45 pellets. Thus such pellets are preferably ones increase again, this probably indicating the 110
that have been made by such a heating step, initiation of chemical degradation of the
thereby creating the active form of the support.
support material, and have then been pel- The heating may be conducted in an
leted whilst still in the active form, i.e. the atmosphere that permits the expulsion of

50 heating being conducted substantially imme- water and most preferably is conducted by 115
diately prior to or during the manufacture of calcining in air or nitrogen for a period that
the pellets. It seems that the active form is can be determined by routine experimenta-
trapped within and is protected from ageing tion. Generally it is for from 1 to 72 hours,

. influences by the outer layers of the support most preferably 6 to 24 hours. :

55 material, which upon ageing become A simple way of testing whether any 120
deactivated, but upon crushing the active particular support material is capable of
form is then exposed. The heating step that being activated by the heating mechanism
generates this active form may be the con- comprises applying this differential thermal
ventional calcination step to which support analysis to samples of the support material. If

60 material is traditionally subjected during its it is already activated, and dehydroxylated, 125
manufacture prior to or during pelleting. there will be no large temperature difference

One main method of activation according due to physically absorbed water but instead
to the invention thus comprises heating there will be a gradual increase in tempera-
powdered support material whilst another ture difference, this indicating probably that

65 irrespective of the temperature the further 130

comprises crushing pelleted support material
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heating is simply causing degradation of the
support, to some extent at least.

The presence of the electron rich and
electron poor centres created by the dehy-
droxylation, that is to say the excess Lewis
acid and base centres, can be proved by
iodine titration in conventional manner.
Thus the material may be treated with a
solution of iodine in dry hexane followed by
titration with thiosulphate. The smaller is the
titre the larger is the number of redox sites,
and thus the greater is the activity. For
instance a commercially available zeolite
13X powder has a titre of 63 ml but after
activation by heating at 550°C for 16 hours
has a titre of 37 ml, this indicating a
considerable increase in redox sites and thus
activity. Naturally activation conditions are
best selected to give as large a decrease in the
titre as possible, and when further decrease is
unobtainable this indicates that the optimum
activity with that particular support has
probably been obtained.

When the support material is a zeolite it
may be, for example, a zeolite of the A, X or
Y series with best results generally being
obtained with the A and X series. Preferred
support materials are zeolite 3A, 4A, 5A, 10X
and 13X, zeolite 13X, 4A and 5A being
preferred. The support material may be
utilised in the form of pellets, for example
containing a clay binder and having a
particle size of 1.3 to 3 mm and which are
then crushed to powder, for example less
than 0.1 mm, most preferably less than 50
microns, so as to generate the active surfaces
or the support material may be in the form of
powder, for example less than 0.1 mm and
preferably less than 50 microns, and then
heated in this form to generate the active
surfaces. Most preferably the particle size of
the powder, especially when it is being
heated to activate it, is from 5 to 15 microns.
The powder particles, whether produced by
crushing or that are heated, preferably have a
substantially uniform diameter, for example
with substantially none of the particles hav-
ing a diameter more than 3 times the
diameter of a significant proporton of any of
the other particles. If crushing produces
oversize particles they are preferably sieved
away and rejected.

Although it is necessary to activate the
support material on which the catalytic
substance is actually deposited it is of course
possible for this support material itself to be
carried by a second support material, in
which event this second support material of
course may not have to be activated in this
manner. For instance the final catalyst made
by the invention may comprise catalytic
substance deposited on, for instance, alu-
mina that has been activated in the described
manner and which itself is present as a
coating on a honeycomb or other macropo-

rous refractory material which serves as the
second support. This refractory material may
be a ceramic or may be a metal, for example
a steel alloy. .

As mentioned, the support material is
generally porous. Preferably it contains both
a microporous structure with substantially all
the pores of the support having a diameter of
less than 30 A preferably the diameter is less
than 20 A and most preferably from 4 to 16
A. With clays such as montmorillonite this
microporous structure can more properly be
referred to as interlayer separation. An ad-
vantage of using a microporous structure
having such small diameters is that the
catalyst cannot be poisoned by tars and other
large molecules, such as those present in
tobacco smoke and which might otherwise
reduce the activity of the catalyst.

The substance providing catalytically ac-
tive material may be contacted with the
activated surfaces while in nonionic, anionic
or cationic form, but preferably it is present
in anionic form. Whereas normally it is
common to rely upon deposition of the
catalytically active material by ion exchange
in the invention best results are achieved
when deposition follows from physical ad-
sorption of the substance providing the
catalytically active material on to the support
material, this being particularly useful when
the substance is in anionic form. Thus
contact between the solution and the support
material is maintained for sufficient time for
the substance to be physically adsorbed into
the pores of the material. Preferably the
contact between the solution and the support
is conducted over a prolonged period, e.g. at
least 6 hours and usually at least 10 hours, s0
as to give optimum time for metal to be
deposited within the pores.

Normally some evaporation at least of the
solvent occurs during the contact time, at
least 50% of the solvent generally being
evaporated off during the contact, and if
desired all the solvent may be evaporated off
from the support material during the contact.
Whilst the initial concentration of the solu-
tion can range from being a trace to a higher
percentage, say 25%, preferably the concen-
tration is below 2.5% and most preferably the
concentration is very low, generally less than
0.2% and preferably less than 0.1%, of the
catalytically active material. Best results are
obtained with 0.01 to 0.10% of the metal (e.g.
about 750 parts per million metal). If the
solution is too concentrated there seems to be
a tendency for it to deposit the catalytically
active metal on the external surface and not
substantially within the pores.

In order to obtain improved physical
adsorption into the micropores whilst retain-
ing the advantages of aqueous impregnation
it is desirable for the solution of the sub-
stance to be a solution of the substance in a
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mixture of water and an organic liquid that
reduces the surface tension of the solution.
This organic liquid should be one that is inert
to the catalytically active material, reduces
the hydrogen bonding within the solution
and between the solution and the support,
and is wholly miscible with the water in the
solution. Often it is preferred that it has
molecular dimensions smaller than the pore
size of the support material. It should be a
solvent itself, and will generally be present in
an amount of from 10 to 90% by volume of
the mixture, the solution preferably consist-
ing of 20 to 50% water and 50 to 80% of the
organic liquid. Classes of organic liquids
from which appropriate compounds comply-
ing with these requirements can be selected
include alcohols, ethers, especially cyclic
ethers, and amines. The liquid is usually
aliphatic or alicyclic. Preferred compounds
are selected from methanol, ethanol, tetrahy-
drofuran, dioxan and furan. However etha-
nol may be reacted with platinum com-
pounds and so when the catalytic metal is
platinum the preferred solvent is methanol.
Such methods are described in more detail in
our application No. 23527/78.

Substances that provide the catalytic mate-
rial in the desired anionic form are readily
available. (Serial No. 1604082). For instance
when the catalytic material is to be platinum
or a compound of platinum chloroplatinic
acid can be used as the source of platinum.

The catalytically active material is gener-
ally a metal, or metal oxide, and the metal is
preferably a transition metal, most prefera-
bly of groups 6, 7 and 8 of the Periodic Table.
Preferred metals are Fe, Co, Ni, Ru, Rh, Pd,
Os, Ir, Pt, Cr, Mo, Re and W. Particularly
preferred for low temperature oxidation of
carbon monoxide to carbon dioxide are
catalysts containing platinum, palladium,
rhodium, rhenium and tin and nickel (al-
though nickel catalysts may be more suitable
for industrial uses of the catalysts than in
smoking products). Mixtures of metals are
often useful, especially mixtures of platinum
or palladium with rhodium, rhenium or tin.
Especially preferred are catalysts based on
platinum, palladium, rhodium, rhodium
mixed with palladium or any of these to-
gether with tin. Whilst the palladium or
platinum are generally present in metallic
form the tin may be present as stannous
oxide. Such catalysts have particularly stable
activity in the presence of moisture.

Catalysts containing two or more metals
may be made by contacting the powdered
support with a solution containing com-
pounds of both metals or by contacting the
powdered support sequentially with solu-
tions of different metal compounds.

The total amount of catalytic metal on the
support is preferably from 0.1 to 5%, most
preferably 0.5 to 2%. .

After physically absorbing the catalyti-
cally active material onto the support mate-
rial it is generally necessary to reduce the
substance providing the catalytically active
metal and that has been adsorbed before the
catalyst is used. Whilst reduction can be
conducted with any reducing gas including
hydrogen or hydrogen carbon monoxide
mixtures, or with an organic reducing, e.g.
formaldehyde, best results are obtained if 75
reduction is with carbon monoxide, prefera-
bly substantially pure. Reduction is prefera-
bly at a temperature of 100 to 450°, most
preferably 300 to 400°C.

Many catalysts made according to the 80
invention are of value for low temperature
oxidation of carbon monoxide to carbon
dioxide, for example in the oxidation of stack
gases or in motor car or other engine
exhausts (especially when carried on a re-. 85
fractory macroporous support) but they are
of particular value distributed through smok-
ing products or included in a filter for a
smoking product. Preferably they are in-
cluded in a filter. The filter may be a triple
filter, with catalytic powder, either by itself
or mixed with absorbents such as granular
carbon, in a central component between
fibrous end portions. The powder may be
loose or may be bonded into a porous plug. 95
The powder may also be bonded to fibres
that form the central portion of a triple filter
or that are distributed throughout some or all
of any filter construction or may be bonded
to a sheet which is crumpled or spirally 100
wound to form part or all of a filter.

Examples 1 to 4 are of catalysts particu-
larly suitable for such uses.

70

90

Example 1 105
13X zeolite pellets containing clay binder
and having a particle size of 1.5 to 3 mm were
ground in a domestic grinder and were then
sieved to leave a fraction having a particle
size of 30 to 60 mesh. Within 1 hour three 110
grams of this powder was mixed with 20 ml
water containing 0.75 ml chloroplatinic acid
solution (5% w/v) (i.e. an aqueous solution
containing 750 ppm platinum). The mixture
was left for 12 hours at about 40°C by which 115
time the solution has evaporated to dryness
to leave a free flowing powder.
Example 2 ’

The method of Example 1 is repeated 120
except that contact between the solution and
the powder is maintained for, for instance, 10
hours, preferably under reflux, and excess
solution is then decanted and the wet powder
evaporated to dryness. 125
Example 3

The method of example 1 is repeated
except that the solution is a 50% water 50%
methanol (by volume) solution and reduc- 130
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tion is by formaldehyde.

Example 4

The method of Example 2 is repeated
except that the powdered zeolite is first
contacted with stannous or stannic ions and
after drying is then contacted with chloropla-
tinic acid.

After drying the products of all four
Examples are reduced by carbon monoxide
at 350°C.

All the pellets used in the preceding
examples are thought to have been made by
a method involving calcination. The follow-
ing is an example of a method in which
powder is activated by heating.

Example 5

Zeolite 4A or 5A having a particle size of 5
to 15 microns is heated in air at 580°C for 24
hours. At the end of the heating step the
powder is immediately immersed in a solu-
tion of 0.25% chloroplatinic acid in a mixture
of equal parts of water and methanol. The
solution was allowed to evaporate to dryness
over a period of 16 hours and the powder was
then reduced by carbon monoxide at 350°C
for 3 hours.

In order to observe the progress of water
removal and removal of chemisorbed water
and hydroxyl groups differential thermal
analysis was conducted during the initial
heating step.

Any of the foregoing examples may be
repeated using, instead of chloroplatinic
acid, sodium chloropalladate (Na,Pd CL)
and/or ruthenium trichloride Ru Cl; X H,0.

All these catalysts have exceptionally good
activity for use in smoking products, for
example when included in a triple filter.

Other uses of catalysts made in accordance
with the methods of the invention include the
hydrocracking and hydroreforming of oil,
Fischer Tropsch synthesis, the dehydrosul-
phurisation of oil and the formation of
methane from naphtha, catalysts made by
heating an amorphous hydroxylic refractory
support material being particularly suitable
for such uses. Naturally the particle size and
the shape of the catalyst for such uses may be
coarser than the fine particle size required in
smoking products. Example 5 is an example
of the production of a catalyst from an
amorphous hydroxylic refractory material.

Example 6

Alumina of particle size 30 to 60 mesh is
heated slowly (2 to 3 hours) from ambient
temperature to 300°C. It is then transferred to
a muffle furnace and maintained at 580°C,
for 48 hours and is quenched in sufficient of
a solution of chloroplatinic acid to give a
pickup of 2% by weight measured as plati-
num metal. It is then dried at 25°C and
reduced by heating in an atmosphere of

hydrogen or CO at 350°C, for 3 hours. The
resultant catalysts have markedly increased
activity when used in the oxidation of carbon
monoxide, aromatisation of n-heptane to
toluene and hydrogenation of benzene, as
compared with standard catalysts prepared
without initial support activation step.

Similar results are obtainable when a
molecular sieve is used in place of alumina.

As an example to demonstrate the value of
preheating, for instance in the manner of
Example 6, and utilising the catalyst whilst
still activated, heptane in hydrogen was
continuously passed, in a series of separate
experiments, over catalysts maintained at
450°C. A “U” tube, immersed in solid
CO,/acetone, was attached to the exit of the
catalyst chamber and a bulb, open at both
ends, was fitted to the exit of the “U” tube.
The bulb was used to collect samples of that
material which failed to condense in the “U”
tube i.e. light hydrocarbons.

The contents of both traps were analysed
by conventional G.C. techniques under stan-
dard conditions and comparisons of the peak
areas made. From these it was evident that
catalyst which had been preheated immedi-
ately prior to use gave higher conversions of
heptane to toluene accompanied by corre-
spondingly less cracking to the lower hydro-
carbons than those supports where pretreat-
ment was omitted.

WHAT WE CLAIM IS:—

1. A method of making a catalyst com-
prising activating a preformed solid support
material selected from alumina and zeolites
by providing a deficiency of hydroxyl groups
on the surfaces of the support material and
contacting the activated surfaces with a
solution of a substance providing catalyti~
cally active material before there is any
substantial deactivation of the activated sur-
faces.

2. A method according to claim 1 in
which the activated surfaces are generated by
heating the support material under condi-
tions suce as to create a deficiency of
hydroxyl groups.

3. A method according to claim 2 con-
ducted by heating powdered support mate-
rial and immersing the hot powder in the
solution.

4. A method according to claim 1 in
which the activated surfaces are generated by
crushing manufactured pellets of the support
material.

5. A method according to claim 4 in
which the crushed support material is im-
mersed in the solution within one hour of
crushing.

6. A method according to any preceding
claim in which the catalytically active mate-
rial is present in the said substance in anionic
form and is physically adsorbed onto the
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support material.

7. A method according to any preceding
claim in which the solution of the said
substance is a solution in a mixture of water
and an organic liquid that reduces the
surface tension of the solution.

8. A method according to claim 6 in
which the organic liquid is methanol.

9. A method according to any preceding
claim in which the catalytically active mate-
rial is subsequently reduced by treatment
with carbon monoxide.

10. A method according to any preceding
claim in which the catalytically active mate-
rial is selected from platinum, palladium and
rhodium.

I1. A method according to any preceding
claim in which the solution is maintained in
contact with the surfaces while at least 50%
of the solvent in the solution evaporates.

12. A method according to any preceding
claim in which the support comprises mate-
rial having an average pore diameter of less
than 30 A.

13. A method according to claim 1 in
which the deficiency of hydroxyl groups has
been created by a process comprising heating
the support material to a temperature of at
least 20°C above the temperature at which
expulsion of chemisorbed water is substan-
tially completed but below the temperature
at which substantial degradation of the
support material occurs.

14. A method according to claim 13 in
which the support material that is heated is
in the form of powder having a particle size
of less than 50 microns and the contact with
the said solution is conducted substantially
immediately thereafter.

15. A method according to claim 14 in
which the powder is contacted with the
solution while the powder is still hot.

16. A method according to claim 13 in
which the heating is conducted substantially
immediately prior to or during the manufac-
ture of pellets of support material, and the
activated surfaces are generated by crushing
the pellets. .

17. A method according to claim 16 in
which the contact with the solution is ef-
fected within one hour of crushing the
pellets.

18. A method according to any of claims
2, 3 or 13 to 17 in which the heating is
conducted at a temperature of from 300 to

- 800°C.

19. A method according to claim 18 in
which the support material is a zeolite or
alumina and the heating is at a temperature
of 400 to 650°C.

20. A method according to claim 7 in
which the amount of the organic liquid is 10
to 90% by volume of the mixture and the
organic liquid is inert to the catalytically
active material, reducgs the hydrogen bond-

ing within the solution and between the
solution and the support, is wholly miscible
with the water in the solution.

21. A method according to claim 20 in
which the organic liquid is selected from
alcohols, cyclic ethers and amines.

22. A method according to any of claims
7, 8, 20 or 21 in which the solvent in the
solution consists of 20 to 50% water and 50 to
80% of the organic liquid.

23. A method according to claim 1 sub-
stantially as herein described with reference
to any of the examples.

24, A catalyst made by a method accord-
ing to any preceding claim.

25. A smoking product incorporating a
catalyst according to claim 24.

26. A catalytic converter for an automo-
bile exhaust the converter incorporating a
catalyst according to claim 24.

For the Applicants,
GILL, JENNINGS & EVERY,
Chartered Patent Agents,

53 to 64 Chancery Lane,
London WC2A 1HN.
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