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&1 Abstract

The invention is directed to a process for the regeneration of a catalyst, said catalyst comprising at least one precious metal on an
amorphous silica—alumina support, in which process the catalyst is impregnated with an acid, followed by reduction or oxidation of the

impregnated catalyst at a temperature above 200 °C.
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Title: Process for regenerating a used precious metal

catalyst

The present invention is directed to a process for
regenerating a used precious metal catalyst by redispersing
the precious metal. Regeneration of used precious metal
catalysts is an important aspect of this type of catalyst
technology, intended to extend the lifetime of the precious
metal catalyst. Regeneration is generally performed in three
steps, namely 1) Removal of carbonaceous deposits (usually by
burning), 2) redispersion of the precious metal, and 3)
reduction of the redispersed precious metal.

Various methods for regeneration of used precious
metal catalyst by redispersion of the precious metal on the
support are known. Generally the redispersion is done by
treatment with oxygen, Cl, or Br,.

In a review article of J.B. Butt and E.E. Petersen in
Activation, Deactivation and Poisoning of Catalyst, Academic
Press (1988), pp 214 to 232, it has been indicated that the
following general types of redispersion procedures have been
suggested: 1) thermal treatment in an oxygen atmosphere, 2)
thermal treatment in oxygen followed by reduction in
hydrogen, 3) high temperature treatment followed by rapid
cooling or 4) chemical dissolution of contaminants and
redispersion of the metal. In this article it has been
indicated that the behaviour of a catalyst in redispersion
experiments is very much dependent on the nature of the
support. A platinum on alumina catalyst can for example be
redispersed using air, whereas platinum on silica behaves
totally different.

In WO-A 95/23643 a process has been described for the
catalytic treatment of waste water, using a precious metal
catalyst, which process includes as part of the overall
process the regenerating of the catalyst. The regeneration of

the catalyst which is a palladium on silica/carbon, is done
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by washing with an organic solvent, and/or acid and/or by
thermal treatment.

In US-A 3,804,777 a process has been described,
wherein lead contaminants present in a precious metal
catalyst are dissolved by percolating a dilute acid at
ambient temperature through the catalyst, followed by
treatment with hydrogen at about 100°C.

The present invention deals with a process for
regenerating a precious metal catalyst on an amorphous silica
alumina support. The inventors of the present invention have
found that the conventional methods, for example such as
reported by Butt et al, but also the methods using chlorine
or bromine do not result in an increase of dispersion, as
will be shown in the examples to be reported herein. Various
known methods result in a decrease of the degree of
dispersion.

It is an object of the present invention to provide a
method for redispersing the precious metal present in a
catalyst based on an amorphous silica-alumina support.

The process according to the present invention for
the regeneration of a catalyst, said catalyst comprising at
least one precious metal on an amorphous silica alumina
support, comprises impregnating the catalyst with an acid,
followed by reduction or oxidation of the 1mpregnated
catalyst at a temperature above 200°C.

The regeneration of the catalyst, as used herein,
indicates a redispersion of the said at least one precious
metal over the surface of the support.

Surprisingly it has been found that the use of an
acid in a liquid state, such as an aqueous solution, followed
by the specific thermal treatment results in a redispersion
of the precious metal on the support, whereas other methods
result in a decrease of the degree of dispersion.

Suitable precious metals for use in the catalyst to
be regenerated by the process according to the present

invention are platinum, palladium, gold, iridium, rhenium,
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ruthenium,.rhodium, osmium and silver. Also combinations of
two or more of those precious metals can be used. So it is
possible to use a combination of at least one of those
precious metals with one or more other metals. The preferred
catalyst to be regenerated by the process of the present
invention is based on platinum and/or palladium.

The precious metal catalysts to be regenerated by ‘the
process of the present invention have generally been used for
reactions involving hydrogenation, such as hydrogenation
itself, hydro-isomerisation, hydro-desulfurisation and hydro-
dewaxing. The may also have been used in dehydrogenation
reactions, such as catalytic reforming. Once the performance
of the catalyst decreases below a certain level the catalyst
is regenerated. In some processes it is also usual to perform
regeneration simply after a certain amount of time has
passed, without waiting for a decrease of the activity.

The catalyst to be regenerated is, either in the
reactor or in a separate plant, prepared for the actual
redispersion experiment. This step includes the removal of
carbonaceous deposits and other unwanted material on the
catalyst. This can for example be done by washing using a
suitable solvent and/or by burning of the contaminants.

Subsequently the catalyst is impregnated with an
acid, preferably in an aqueous solution. Suitable acids are
the usual mineral acids, including HC1, H,PO,, H,SO,, HNO,,
HBr, or combinations of two or more of these acids. The
amount of acid on the basis of the ratio of equivalents of
acid to atoms of precious metal is between 0.1 and 100,
preferably between 0.5 and 10. After impregnating the
catalyst with the acid, the impregnated catalyst is either
reduced in a flow of hydrogen gas or oxidised in a flow of
dry air, followed by reduction. In a more preferred
embodiment both reduction and oxidation are carried out at a
temperature of at least 250°C and more in particular between
250°C and 600°C.
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After the final reduction step a supported catalyst
is obtained usually having approximately the same degree of
dispersion as the original catalyst. Sometimes the treatment
even results in an increase of degree of dispersion. It is to
be noted in this respect that the degree of dispersion is
related to the precious metal crystallite size. The degree of
dispersion can for example be determined by CO-chemisorption,
whereby the amount of CO absorbed by the precious metal gives
an indication of the number of metal atoms available on the
surface of the metal crystallites. A larger amount of
chemisorbed CO indicates a higher degree of dispersion, i.e.
a smaller metal crystallite size.

An important aspect of the present invention resides
therein that the catalyst to be regenerated 1s based on an
amorphous silica alumina support. On the support a precious
metal is present preferably in an amount of from 0.001 to
5 wt.%, calculated on the weight of the catalyst (in reduced
form). The amorphous silica-alumina support is preferably
prepared using a sol-gel method, whereas the support has an
Si/Al atomic ratioc of between 0.1 and 300. As has been
indicated before, the type of support is extremely important
in the selection of the regeneration method.

The present invention is now elucidated on the basais

of a number of experiments.

EXAMPLES

In the examples the effect of various treatments on
the dispersion of 0.7 wt.% platinum on a silica-alumina
support having an Si/Al atomic ratio of 8 is shown. The
catalyst support is prepared by a sol-gel method as for
example described in International patent application
PCT/NL98/00090. The fresh catalyst had an CO/Pt ratio of
0.25, which is a measure for the degree of dispersion of the

precious metal.
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Samples of this catalyst were subjected to various
treatments, which are described in the subsequent table,

together with the result thereof.

5 Table 1 Redispersion experiments for Pt/silica-alumina

btreatment Co/Pt
none 0.25
air 400°C 0.25
air 500°C 0.23
500°C, 0.8% Cl, 5% H20, 2h 0.12
530°C, 0.8% Cl, 5% H20, 4h 0.07
530°C, 0.8% Cl, 5% H20, 2h 0.07
HCl imp, dry air 400°C 0.31
HCl imp, H2 300°C 0.33
HCl imp, wet air 400°C 0.07
HC1 imp, wet HCl 200°C 0.12

10 As can be seen from this table, treatment with air

had almost no influence, whereas treatment with a gas flow
containing chlorine and water strongly decreased the
dispersion. Also impregnating with hydrochloric acid,
followed by wet air or wet hydrochloride at increased

15 temperature resulted in a strong decrease of degree of
dispersion. Only acid impregnation followed by treatment with
dry air and hydrogenation, or acid impregnation followed by
hydrogenation only, showed an improvement in the degree of

dispersion.
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Claims

1. Process for the regeneration of a catalyst, said
catalyst comprising at least one precious metal on an
amorphous silica-alumina support, in which process the
catalyst is impregnated with an acid in liquid state,
followed by reduction or oxidation of the impregnated
catalyst at a temperature above 200°C.

2. Process according to claim 1, wherein the precious
metal is at least one of Pt, Pd, Au, Ir, Ru, Rh, Re, Os
and Ag, preferably Pt and/or palladium.

3. Process according to claim 1 or 2, wherein the degree
of dispersion is increased after the regeneration.

4, Process according to claims 1-3, wherein the acid
impregnated catalyst is reduced in a flow of hydrogen gas.
5. Process according to claims 1-4, wherein the acid
impregnated catalyst is oxidised in a flow of dry (<0.1
vol.% of water) air, followed by reduction.

6. Process according to claimg 1-5, wherein the
reduction and or oxidising step are carried out at a
temperature of between 250 and 600°C.

7. Process according to claims 1-6, wherein the silica-
alumina support has been prepared using a sol-gel method.
8. Process according to claims 1-7, wherein the support
has an Si-Al atomic ratio of from 0.1 to 300.

9. Process according to claims 1-8, wherein the catalyst

o\°

has a precious metal content of from 0.01 to 5 wt.%,
calculated on the basis of the weight of reduced catalyst.
10. Process according to claims 1-9, wherein the catalyst
is impregnated with an aqueous solution of the acid.

11. Process according to claims 1-10, wherein the acid is
selected from the group of HC1l, H,;PO,, H,S0,, HNO,;, HBr and

combinations thereof.
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12. Process according to claims 1-11, wherein the amount
of acid calculated on the basis of a ratio of equivalents
of acid to atoms of precious metal is between 0.1 and
100, preferably between 0.5 and 10.

13. Process according to claims 1-12, wherein prior to
the impregnation, carbonaceous deposits on the catalyst
are burned off.

14. Process according to claims 1-13, wherein the
regeneration is carried out in a reactor, separate from
the reactor in which the catalyst is used.

15. Process according to claims 1-14, wherein the
catalyst is a used catalyst from a process in the group
consisting of hydrogenation, hydro-isomerisation, hydro-
desulfurisation or hydrodewaxing and catalytic reforming.
16. Process for hydrogenation, hydro-isomeration, hydro-
desulfurisation or hydrodewaxing, comprising treating the
feedstock in the presence of a catalyst that has been
regenerated using the process of claims 1-15.

17. A process according to claim 1, substantially as
herein described and illustrated.

18. A process according to claim 16, substantially as
herein described and illustrated.

19. A new regeneration process, or a new process for
hydrogenation, hydro-isomerisation, hydro-
desulfurisation, or hydrodewaxing, substantially as

herein described.
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