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(57) Abstract

impregnated catalyst at a temperature above 200 °C,

(54) Title: PROCESS FOR REGENERATING A USED PRECIOUS METAL CATALYST

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
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I ndi.catsed that the behaviour of a catalyst in redispersion experinments is
Yery much dependent on the nature of the 25 support. A platinumon alum na

catal yst ca npl e be redi spersed using air, whereas platinum on
silica beha\%ésg%%@g?l y different. In WO- A 95/ 23643 a process RGINIad/po3se
described for the catalytic treatnment of waste water, using a precious
nmetal 30 catal yst, which process includes as part of the overall process
the regenerating of the catalyst. The regeneration of the catalyst which is
a palladiumon silical/carbon, is done 2 by washing with an organic

sol vent, andggglggidp§g3§§g frﬁgéqéguéééﬁéfﬁgusé@ ﬁféé&éuéoéeZZi a

process has been descri bed, erel nants present 1'n a precious
nmetal 5 catal yst areQﬁﬁﬁﬁﬂﬁRxlby percolating a dilute acid at anbi ent
tenperature through the catalyst, followed by treatnent with hydrogen at

cbout 000 err1C. The e SeiladiV Aty ok (52! £ I8 RAOES®S L0 cean o
support. Theregesmeratsing 4 heseud gseeiousemetah batelystinbyt retiispersing
conventionaltggt@ggﬁigﬁg ﬁgaﬁPJ%&¥é¥bfﬁtion_of used precious metal
catalysts is an important aspect of this type of catalyst
5 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.

10 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

15 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 oxygeh followed by reduction in

20 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

25 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

30 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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reperted by Butt et al, but also the nethods using.chlorine or brom ne do
hot result in an increase of dispersion, as will be shown in the exanples
to be repor WIOMEPB n. Various 15 known nethods result in a BSHNbIeI3SS
the degree of dispersion. It is an object i the present invention to
provi de a nethod for redispersing the precious netal present in a catalyst
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by reduction or oxidation of the inpregnated 25 catalyst at a tenperature
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di spersion. Suitable preCious netals tor use in the cat -2
regener at ed BpIEReIptdiacsa Rrastinuy merahcaralyst envant aRparpheugl sildem

pal | adi 4y 9ghtminal duPPortheMHdNinventors 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

15 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.

20 ' The process according to the present invention for
the regenération 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 impregnated

25 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

30 acid in a liquid stafe, such as an agqueous 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

35 Dbe regenerated by the process according to the present

invention are platinum, palladium, gold, iridium, rhenium,
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3 rwtheni um rhodium osmumand silver. Al so conbinations of two or nore
bf those pr 59 tals can be used. So it is possible to use
conbi nati on of “at Teast one of those precious nmetals wth onePSF”ﬂﬁ?@mﬁ?her
metals. The preferred 5 catalyst to be regknerated by the process of the
present invention is based on platinum and/or palladium The precious netal

catal ysts toreneademsr &nﬁaﬁm t sl gk &ssd Odi 1Wer prﬁsat cbmmﬂ*at%n'%a‘é%

general ly been used for r i ons invol vin ogenat
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al so usud t capady®tmtes hee@ammraﬁﬁctubmlwhefpmcasseocatheapmeser tine

has passed, Whihowh opRistd Haded &?@%%&h& aﬂaaxu The catalyst to
act or

be regenerated is, either in ther arate ant ., pregered

for the actual redisp&esPHeCIONs MALAL caf ¥ﬁ¥ﬁ)?%0¢%d€§9?ﬁérﬁéﬁ§v v ‘She
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can for exangeac%%oggpgd?of¥¥ﬂgrﬁ&d‘ éhérlon, such as hydrogenatlon

10 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

15 regeneration simply after a certain amount of time has
passed, w1thout 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

20 carbonaceous deposits and other unwanted material on the
catalyst. This can for example be done by washing using a
suitable solvent and/or by bnrning of the contaminants.

Subsequently the catalyst is impregnated with an
acid, preferably in an aqueous solution. Suitable acids are

25 the usual mineral acids, including HC1l, 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

30 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

35 250°C and 600°C.



sui table sol vent and/or by burning of the contam nants. Subsequently the
tatalyst is inpregnated with an acid, preferably in an aqueous sol ution.

Sui t abl e aciV@9%6®W235 the usual mineral acids, including HC PCI/NL99/00389
Herr]PJerr], Herr]Sderr], HNJerr], HBr, or conbinations of two or nore
of these acids. The anount of acid on the basis of the ratio of equivalents
of acid to atons.of precious netal is between 0.1 and 100, preferabl

between 0.5 and 10. AHtAT ithe ckiprl nsedwet ton catapyat suppPATERE 8@33&{1"?%
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obt ai ned usua avi ng appr oxl €e o ersion as the
original cat anqﬂaﬂtecsotmwln%spm@lmeam’éﬁl evEataddites sigean Thee degreepfof

degree of di QSdMhonlca’d £6rSeREmpPbetel aeaarﬁlheapssft colahelliaoighith,
of dispersion.is related to the greC|ous metal, crys I'te size. The degree

of di spersi oWheHERGCRE APPRABOietRr APRETPET Eﬁ&&%@n?§@FﬁPP§nm5tal gives

an indication of the number of metal atoms available on the
10 surface of the metal crystallites. A larger amount of
chemisorbed CO indicates a higher degree of dlsper51on, i.e.
a smaller wmetal crystalllte size.
An important aspect of the present invention resides
therein that the catalyst to be regenerated is based on an
15 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
20 Si/Al atomic ratio of between 0.1 and 300. As has been
indicated before, the type of support is extremely 1mportant
in the selection of the regenération method.
The present invention is now elucidated on the basis
of a number of experiments.

25
EXAMPLES

In the examples the effect of various treatments on
30 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
35 0.25, which is a measure for the degree of dispersion of the
precious metal.



whes eby' t he anount of CO absorbed by the precious netal gives an indication
bf the nunb gg aI atons avail able on the 10 surface of tP tal.
crystallltes farg amount of chem sorbed CO indicates a h'gﬁgﬁﬂﬁ@ﬁﬁge
of dispersion, i.e. a smaller netal crystal$®ite size. An inportant aspect
of the present |nvent|on resides therein that the catalyst to be

regenerated is based %ﬁ%é%@%ﬁ‘%&ﬂ&é@%@fé‘%ﬁ@jéé@@&rEo Ariles
support a preC|ous nmet al Iﬁggaggent ég 8 ¥ I n,_an Sgnunt of from 0.001
to 5 wt.% chrFegrtmeatsn 1 cxiRed in) Ghe # SPEHFEEd *AEL . The
anor phous  si tbg&taieﬂnmmmﬁmrfestslmrﬁﬁerebfy prepared using a sol -gel

nmet hod, whereas the support has an 20 Si/A. atomc ratio of between-0.1 and
300. As has been indicated before, the type of support is.extrenely '

i nport ant5 i nTabdesdl &adizpexsicon expenimentsniarwt H'gdsa.iheapaégmma
I nvention is now el u0| dat ed on the basis of a nunber of exper| ments.- 25

EXAVPLES | nithe—exanptes—the—effect—of—varrous—tTreatments—on 30 ttre

di spersi on ptrearments pl atinumon a silica-§&

atomc rati paf, 8 is shown. The catal yst suppokl i s prepared by a sol - gel
met hod as f pr exarrpl e described in International patent application.

PCT/ NL98/ 00p94r #HO G esh catal yst had an COPPE3ratio of

air s500°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
HC1l imp, dry air 400°C 0.31
HC1l imp, H2 300°C 0.33
HCl imp, wet air 400°C 0.07
HC1l imp, wet HC1l 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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25, V\:hl ch is a neasure for the degree of dispersion of the precious
5. Sanples of this catalyst were subjected to various treatnents,
PPBEEi n the subsequent table, together with t h@CTEUSSA00389

thereof. 5 Table 1 Redi spersion experinment& for Pt/silica-alum na

t r eat ment CO Pt none :

air 400[err]C : 0.25 air 500[err]C

0.23 500[err]C, 0.8%C, 5% H20, 2h 0.12 5300C, 0. ﬂﬂmﬁlumﬂwgwwl
0.07 530[err]C, 0.8%d, 5% H20, 2h QalQmsHC inp, dry &t L

0.31 HA inp, H2 300[err]C 0.33 HCL inp, wet air 400[err]C
0.07 HCL inp, wet HO 200[err]C 0.12 10 As canh be seen from
this table, @reatnenPrecessaifforhdarthelrapnexativn uefice, cabalpas, t saatinent
with

dispe?s?gﬁ.fk?50§$%%$egn |rm;é§t$§nﬁégg%ﬁﬁcwl é@f%ug ﬂgegfaggd hhe

amorphous 5111ca alumlna support, . in which process the
catalyst is impregnated with an acid, followed by reductiocn
5 or oxidation of the impregnated catalyst at a temperature

above 200°C. ' :
2. Process according to claim 1, wherein the precious
mefal is at least one of Pt, Pd, Au, Ir, Ru, Rh, Re, 0Os and
Ag, preferably Pt and/or palladium. -

10 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 ac¢id

15 impregnated catalyst is oxidised in a flow of dry (<0.1 vol.%
of water) air, followed by reduction.
6. Process according to claims 1-5, wherein the
reduction and or oxidising step are carried out at a
temperature of between 250 and 600°C. .

20 7. Process according to claims 1-6, wherein the silica-

alumina support has been prepafed 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.
S. Process according to claims 1-8, wherein the catalyst

25 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

30 selegted from the group of HCl, H,PO,, H,SO,, HNO,, HBr and
combinations thereof.
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followed by wet air orummmwmﬂm“une at increased 15 tenperature
‘resul ted in“;g:1 d of dispersion. Only

| mpregnation %H@iv%gd by tfeatneht switth dry air and hydrogengf#‘glﬁ‘}'g%?osg%i d
i npregnation foll owed by hydrogenation only., showed an inprovenent in the
degree of dispersion. [err] NTw O aim 1. Process for the regeneration
of a catal ysi2.said pabekpst acoodition¢ciclabasd 16114 ,prvidetin NEhél avouAd
anor phous si | Eca-alumi t. i ' r £ C [ S :
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axi dati on ofachd tapasgmst of mnedions metalk dmpdrerveen adboveand 1000[ err] C.
AVENDED SHEEL ofefabily betwBehCS 3kPrgf g to claime 111 wherein tlie
amount of acid calculated on the basis of a ratio of equivalents of acid to

at ons of Spr eb? ous _nePEPCPESHBCHMNIRG) th FLBIMS prek%or IHISTHER REHCD. E%and

10. the impreégnation, carbonaceous deposits on the catalyst are
burned off. R .
14.  Process according to claim 1-13, wherein the

regeneration is carried out in a reactor, séparate from thé

10 reactor in which the catalyst is used.

15. Process according to claims 1-14, wherein the
catalyst is a used catalyst from a prdcééé-in_the.grdup.
consisting of hydrogenation, hydro-isomerisation, hydro-
desulfurisation, hydrodéwaxing"and Catalytic réforming.

15 1s. Process for hydrogenatibn, hydro-isomerisation,
hydro-desulfurisation or hydrodewaxing, comprising_treating
the feedstock in the presence.bf”a catalyst that has been -
regenerated using the process of_claims 1-15.
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5 13s Qvﬂﬁwsésﬁrmﬂdu@“@o clains 1- 12 wherein prior to the

i nprsegnat i on, carbonaceous deposits on the cat al yst are burned off. 14.
Process accor di ng to claim1-13, wherein the regeneration-4s—carried out in _
a reactor, separate fromthe 10 reactor in which the catal is used. 15.
Process according to claims 1-14, wherein the catalyst is *mﬂﬂmm'"ﬁl"'m”m
froma process in the group consisting of hydrogenation,

hydro-i sonmeri sation, hydro- desul furi sNemﬁ’,ag‘h)ﬁjrodewam ng and cat al yt| c *
reformng. 15 16. Process for hydrogenation, hydro-isomerisation,
hydro-desul furisation or hydrodewaxi ng, Ng®@B4aingi Ng treating the f eedst ock
in the presence of a catal yst that has been regenerated u5| ng the process
of clainms 1-15.

1 Pracess for the regeneration of a catalyst, said catalyst comprising at
loaat one precious metal on an amorphous silica-alumina support, in which
process the catalyst ia impregnated wi_th an acid in liquid state, followed Ey
reduction or oxidation of the impregnated catalyst at a temperature above

5 200¢C.
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