- WD 99/ 08791 PCT/ EP98/ 04819 Process for producing catal ysts conprising
nanosi ze netal particles on a porous support, in particular for the

gas- phase oxi dation of ethylene and acetic acid to give vinyl acetate 5
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netal s sel ect: h I co i ansi ti r oups
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het er ogengously catal yzed reactions such as 20 hydr ogenajy p
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particular, the invention relates to the production of
15 “coated” catalysts on porous, preferably nanoporous,

supports by this method.

Catalysts, preferably coated catalysts, can be used for
many heterogeneously catalyzed reactions such as
20 hydrogenations and oxidations. Among other things,
Pd/Au coated catalysts are extremely well suited to the
catalysis of the gas-phase oxidation of ethylene and
acetic acid to give vinyl acetate. Here, the
catalytically active metals are deposited in the form
25 of a shell on or in the outermost layer of the support.
They are often produced by penetration of the support
with metal salts into a surface region and subsequent
precipitation by alkalis to form water-insoluble Pd/Au
compounds.
30
GB-A-1 283 737 discloses the production of a coated
noble metal catalyst by preimpregnation of the support
with an alkaline solution and saturation with 25-90%
water or alcohol. Subsequent impregnation with Pd salts
35 and reduction of the precipitated salts to the metal
gives coated catalysts in which the penetration depth

of the noble metal is said to be up to 50% of the
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- of the noble netal is said to be up to 50% of the pellet radius. ~IIHH IIH
e rerer rerrt vl ~~~~ ~I i~ *000002* WO 99/ 08791 PCT/ EP98/ 04819 2
According to US-A 3,775,342 and 3, 822,308, coated catalysts are produced

- by i npregnat wogobhesywpport with a solution of Pd/ ApcEoiHmehadd h an
aqueous base, preferably NaOH which results in precipitation of 5

i nsol ubl e pa i ydr_oxi ahd 0X] i S -1 rface
zone of the %%?ﬁg%i?ng.rhé: y#o%de%’qﬁﬁh%% ha%/lggbeghg’?i?kggbf n Fég%ﬁel | in
this way arectheaystéd@sed rupdunedrdtyal T1pUEgGE- g 52¢ s8ppobtawashcoat ed

catal ysts of 5t he,B@gi oMl bYPRu Isa@tONhNdaRiItHCEnS I fud hBagRNEri cal
Si 2 support contains the noble netals while the inner core and a thin -
outer shel | PER&ERaPLyt udPCH fr¥BiGh REEPetRet &P, BYeS1PdkB&ASH eOf

pr ocedur & ( phasspuegeatpOI ddi wh t AyBdoxAdes alrid, g1y hgdrPaS@e in a

precipitation eduction).. US-A 4,048.0 t eaches the_precipitation of

wat er - i nsol ﬁBFé&Pcdilz(ﬁd Sk{ff@ocr?poﬁ?fa% 8h ?E‘g 1S - 2%}[? rg?’ﬁ’ﬁf’ééﬂﬁtsed with
Pd/ Au salts wbkicnlh Sedieumbesin ifdatess dir ithe asleebf NaGthigheayhackneiasnof the

shel |l is |essq4tha md9A SO, 567, 839 precipitates water-insoluble Pd

Q Qo%ﬁ%‘%‘ . _ . .
and Au 25 conpounds on the support preinpregnated with Pd/Au salts using
bari um hydroxide in place of NaOH The thickness of the shell is 1 mm The

catal ystyganggalaal Beideged Wokhibari @%@%g& ?Eﬁtaigs%%‘- Aok SiBe43agg

di scl oses thebgr oduction of a Pd/ Au/K or, Cd/ K Coated catal yst in which

a specific sUPPSGFt “¥Rferfaf-i SMAhRA WFTant 53 dOpr itdhe t SPPRBLEGhat i on
and is treat edowi shppobaseafttaams i€ gnabl eNnme3a1dSwhid e31dh858naerncer ns
doubl e fiXingo%E Eﬂ%ingméiin outer shell remain virtually free of
noble metal, by a comparable procedure (preimpregnation
15 with P4, Au salts, drying, base precipitation,

reduction) .

US-A 4,048,096 teaches the precipitation of water-
insocluble Pd and Au compounds on the support

20 preimpregnated with Pd/Au salts using sodium silicates
in place of NaOH. The thickness of the shell is less
than 0.5 mm.

UsS-A 5,567,839 precipitates water-insoluble Pd and Au
25 compounds on the support preimpregnated with Pd/Au
salts using barium hydroxide in place of NaOH. The
thickness of the shell is 1 mm. The catalyst can also

be doped with barium acetate.

30 EP-A-0 519 435 discloses the production of a Pd/Au/K or
Pd/Cd/K coated catalyst in which a specific support
material 1is washed with an acid prior to impregnation

and is treated with a base after impregnation.

35 US-A 5,314,858 concerns double fixing of the noble
metals 1in an outer shell by means of two separate

precipitation steps using NaOH.



“metals in an outer shell by neans of two separate precipitation steps
usi ng NaCH. WD 99/08791 PCT/ EP98/ 04819 3 WO A-94/08714 achi eves
particularly uniformshells by rotational notion of the support

- i npregnat ed wict koPdg79Au salts during the fixing steppct/Epod oegsed in the
al kaline fixing solution (NaOH). 5 EP-A-® 723 810 enpl oys pretreatnent

(i mpregnati o) Gf ot p . W . Sal | uti.ens._to_.produce a
support whi c% g‘ 6’}4 f%réb ygégﬁ%g\% {%]%}l&%érﬁ;? gh&%gf? st eéeq%entyl y used
for the abovadatesconsdd makseon 10fprided psuppPoh tiorfrsgnat eR/ Wit K Edat ed

catal yst. USph Sy3dds Oéérgﬁacrtihléesfitmglsgte%,Oi,.e'\.'i,irQQersF@d M. t[?Féb; Ag
as pronoters i_n Pd/ Au systeirs on SI Q2 supcg_gr S pretreated wth alkali -
net al hydr oxitd&adddea fidaingddiut ipn siNg@hte. Another nethod of produci ng

coated catalysts is prenucleation with nmetals and. subsequent deposition of
t he i ntended unt _Qf |l e netals. 20 The publjshed Japanese patent

appl i cation E%%%gﬁﬁ%%% d&8erPEEs ?ﬁ%tﬁ?%g‘ﬂ%ﬁonad?p W%Prgoatogd
catalyst. Hehe, auppalirt awbdtint mdtaledsedd nedahitigabd)tos pwehasited on
the porous S%ng)gl:btr.tl Qv}gjf%eﬁge%%%&aﬁal -adP= PURTEAUGAT, | FTPr eghatlon

results in deposition d rn~ a sur e zone having a’thi'ckness 0T about
15% of the p&rtitiesaanisly Uiged, 087r 622hecashevetHesprobadt i basef

coated 3§ C?x@di%i%a@iq@f%@'@cﬁ%ﬁia‘”bd’)‘ﬂd‘/}«(rc%ii’c(%?cﬂ)cﬂjéﬂbﬂmtm nuclei in

a low concentration, by inpregnating the 'porous S102 or "A1203 support with
a Pd/Au salt solution, drying it and then reducing the Pd/Au salt to the
metal . This peenud, eati,ouetdbdsidad ltnedudy 36 depomiti 08, oFet hém,
CatalytlcalI¥mne%§§32gypg%g%g%£§ in Pd/Au systems on SiO, supports
pretreated with alkali metal hydroxide and alkali metal

15 silicate.

Another method of ©producing coated catalysts is
prenucleation with metals and subsequent deposition of
the intended amount of noble metals.
20 _
The published Japanese patent application 48-10135/1973
describes the production of a Pd/Au coated catalyst.
Here, a small amount of reduced metal (gold) 1is
deposited on the porous support in a pretreatment step.
25 Subsequent impregnation results in deposition of Pd in
a surface zone having a thickness of about 15% of the

particle radius.

US-A 4,087,622 teaches the production of coated
30 catalysts by prenucleation with (reduced) Pd/Au metal
nuclei in a low concentration, by impregnating the
porous Si0O, or Al,0; support with a Pd/Au salt solution,
drying it and then reducing the Pd/Au salt to the
metal. This prenucleation step is followed by
35 deposition of the catalytically necessary amount of
noble metal, i.e. the main amount which is then

concentrated in a shell near the surface.



-noble nmetal, i.e. the main anount which is then concentrated in a shell
near the surface. WD 99/08791 PCT/ EP98/ 04819 4 The use of different

variants of "deficiency techniques" |ikew se enables coated catalysts to
. be obtai nedwolhey®d7eal ude, inter alia: 5 > defici ensyr,ofpps eedidants,
e.g. NaOH, in conbi nation with nultiplesaprecipitation; - deficiency of

i npregnation sl uti gy (1egs ”ﬁgfte*}%ntpor%aﬂa%@% of Jgne S"ﬁ%'%qrclti)e;nﬁgt al s

limtation of e contact tine uring absorption 10 of the noble

i nsuf ficient teehirdaustsd] ddkemitseat eoablper coﬁ’peégrmtr@}wstt%p)tqzom ned
wth multipl gpddiegnati on; and - conbi nati ons of the abovenentioned -
variants. 15 EP-A-0 565 952 describes the formation of shell-like

Pd/ K/ Au, Pd/ FPE2SAdBHYe cd @ %lIdst®s by atonizing a sol ution of
appropriase netal dAlits dieyreanst of prddipaseus and d.ken aprlod,ng tik s to

the support 20 part| .es .i.n such.a li d anmoun W thin such a
restricted tine afd d‘rﬂﬁatrftﬁrhd”g:lji/ %?W%s%ﬁfea %/%33 dr[h%ﬁ' the catalytically
active netal »sal tsde(fammcypenfetIrapaeegm)attimceokuoionhélesppmhhnpatrhei cles,

but only into an kness namely 25 the shell.
According to EP-A gﬁt d%ﬁfz[ﬁ coate cat aﬁg}lsttcs are obtained by spraying a

vi scous sol uth on (ifl“&mtdtp?rfl aPé thst afoBBRAES itdMehedfbiRY ofrbgraptdon or

liquid jeps onto 3F tthe HHNY tndafitd cl es, where the solution volune in

each sprayi n% step is 5-80% of the pore voI ume of the support pa(rtl cles
pe

and drying i e i feth at S13P 1 Gf t &1Ftr ayiGRgicentration

impregnation step) combined with multiple
impregnation; and
» combinations of the abovementioned variants.
15
EP-A-0 565 952 describes the formation of shell-like
Pd/K/Au, Pd/K/Ba and Pd/K/Cd catalysts by atomizing a
solution of appropriate metal salts by means of
ultrasound and then applying this to the support
20 particles in such a limited amount and within such a
restricted time and commencing drying in such a way
that the catalytically active metal salts cannot
penetrate to the core of the support particles, but
only into an outer part of varying thickness, namely
25 the shell.

According to EP-A-0 634 214, coated catalysts are
obtained by spraying a viscous solution of appropriate
metal salts in the form of droplets or liquid jets onto
30 the support particles, where the solution wvolume in
each spraying step is 5-80% of the pore volume of the
support particles and drying is commenced immediately

after spraying.

35 EP-A-0 634 209 obtains coated catalysts by impregnating
the support particles with a viscous solution of
appropriate metal salts, where the solution volume in

each impregnation step is 5-80% of the pore volume of



- 35 EP-A-0 634 209 obtains coated catal ysts by inpregnating the support
particles with a viscous solution of appropriate netal salts, where the
solution volunme in each inpregnation step is 5-80% of the pore vol une of
- WD 99/ 08791 ROT/ERIR 819 - 5 the support particl escR/EPIS 04809 S
commenced inmmediately after each inpreghati on step. According to EP-A-0O

634 208, coate calabysty argarBiablal nedlly IRy Egnat g the GumRAl

particles with a ous sorfution o ts o ppropriate ement s
and then dryllr'i‘@e(q?é’ﬁe%@ffé’-qmee%@'! WTRHFEIRALFRN iFEeMe | npregnation is
nore than 80% of the pore volunme of the support part| cles and the duration
of inpregnation an ne_tq commencenent of dryi nfc! gre made so short

that the met ficcsoqulspgspeté?fl E§-Ar8 Bréséff in PH as5Y8B% ofhe pore
vol une of 5t heuiped lpar implregnaafither tiee songpoktdmparigicls Usith5a576, 457

concerns Pd/ te y r op Lip. V\/ner e
t he shell can%'bé&)q{)graod%%:@(gj‘iglll escg\ﬁbe% Pg %&%06%%%£PE%E %if%& t%
0634214. 20 BSAA B89 1d6B88ndetbeinbevyheingi dihcedsdlwt A\ calahgstis t(n‘éAM =

vinyl acet at § {JPRREIRM)On CURR S Neh&3d- By 8@ théapoyg vE8uméNosPRpeCa,  Sr
Sb on silica, alumna or  zirconia, using halide-free precursors. 25 us- A

5, 536, 693 de<SHRRYMY RAF i Gker heRIVAREC L&Iafs“t%n %%rrﬁ)F‘P§Pﬁ§aPé|97!\u angj, Bi,

Cu, M, fe, (E(he Ceimd) ‘th %mﬁégﬁ%@dugad bi/r)fﬂﬂadj hig arlhdcdé(ggog%%o&%t al yst
precur sor nat e t and. conpoundi n Wlt a. bi nde
conpri si ng si %agg tIE URFRE; zqﬁ’lé:ogm%p%cr'lfjr? nf&e ?% Sridutt & éﬁl&nd

stabilizati orthofSH&@l%)spfe tniod| poreetadl e t DEI ehd nssppurtmpaimlp:rllersr art.

Q her custo %&‘ 3{ tions are sols or colloids. A sumary
overvi ew rrayr%e)éf%un ostg n\ﬁsl g

15 US-A 5,576,457 concerns Pd/Cd/K coated catalysts which
are doped with Zr and/or Re, where the shell can be
produced as described in EP 0634208, EP 0634209 or EP
0634214.

20 JS-A 5,591,688 describes fluidized-bed VAM catalysts
(VAM = vinyl acetate (monomer)) comprising Pd-Ba, Au,
La, Nb, Ce, Zn, Pb, Ca, Sr, Sb on silica, alumina or

zirconia, using halide-free precursors.

25 US-A 5,536,693 describes fluidized-bed VAM catalysts
comprising Pd-Au, Cd, Bi, Cu, Mn, Fe, Co, Ce, U which
are produced by milling a fixed-bed catalyst precursor
preimpregnated with Pd-M and compounding with a binder
comprising silica, alumina, zirconia or titania.

30
The production and stabilization of nanosize noble
metal particles in solution is prior art. Other
customary terms for such solutions are sols or
colloids. A summary overview may be found in G. Schmid,

35 Cluster and Colloids, From Theory to Applications, VCH
Weinheim 1994.

Stable sols are produced by reduction of metal salt

solutions with a reducing agent in the presence of a



- 35 Cluster and Col |l oids, From Theory to Applications, VCH Winhei m 1994.
Stabl e sols are produced by reduction of netal salt solutions with a
reduci ng agent in the presence of a WO 99/08791 PCT/ EP98/ 04819 6

. stabilizer wwioclwogmealoaps t he nanosi ze particl es and PG/ BER/O44rg her
aggl oneration of the nanosize particlese 5 Wth a suitable choice of

reduci ng agent ,311d ; ZLAPGLEZRT erdde ] SHpPOHED! ﬁaﬁespégd%trmcg@dahdsol s
having a narrow particle size distribution. The resulting particle sizes

are in the r 8FCYENEE < FUSLRET 102PHE TSI atieregn&Ei on th€chngRestée

appl yi ng t he p3@its c1fels@m aqueous sol ution to supports is |ikew se known.
Thus, for exanple, DE-A 195 00 366 describes the production of Pd coated
cat al ysts for hydrogenations by 15 applying the Pd as a highly dilute sol
to a suppdrt Wiy h i npr egnaitiavler lthsLmeayi 0§ omreawting sheddnt hi ekdess of

ess Lhan © Beceiullg Thisd ogosbebl el Nekpessubs nlnGidddeabolar mny

20 hydrogenatl on reacti'ons, but emin ot reactions, e.g.
t he synt hesi flagfingAM a si Re& TOMe vmlyth:lﬁv nebize medbstebheeion| cadbeto a

reduction inycaghicMingy paltRli®1eSheldes idtd he ange &y rod W0 maghigh  can
accomodate a suffici ently | ar ge anmobunt of noble 25 netal, would be

desirable. The Pd content of VAM catalysts is in the region of 1% by
wei gh}3 anel isrhtehugolvqmpriamtcl@matedhhmqbydrmgenapbcnsrle@t atyst so(6. 05 -
0. 5% by wei ght). In"Cat Pre aratlo Sci enc: Del non,

G ange, Jaco%%‘),o"b&%l et © qI’:"?/tslecin é:réafculpéjr? e Publ :]lsﬁ?ﬁwmé 5@%’% 1987,
pp. 669-687, Mchel and Schvvartz descri be the preparation of bi rret allic
monodi Sper seqy AANosize Pl Aopal ! i ghes NAGNG P d 1 eaeptriBes  che

mcrostructures (al I'oy, a Pd core and vice
production of Pd coated catalysts for hydrogenations by

15 applying the Pd as a highly dilute sol to a support by
impregnation or by spraying on, with a shell thickness

of less than 5 pum resulting.

This low shell thickness is not c¢ritical for many

20 hydrogenation reactions, but can be a problem in other
reactions, e.g. the synthesis of VAM, since the very
low noble metal content 1leads to a reduction in
activity. Here, shells in the range 5 - 1000 um, which
can accommodate a sufficiently large amount of noble

25 metal, would be desirable. The Pd content of VAM
catalysts is in the region of 1% by weight and is thus
very high compared to hydrogenation catalysts (0.05 -
0.5% by weight).

30 In “Catalyst Preparation Science IV” (Eds.: Delmon,
Grange, Jacobs, Poncelet), Elsevier Science Publishers,
New York, 1987, pPpP. 669-687, Michel and Schwartz
describe the preparation of bimetallic monodisperse,
nanosize Pd-Au particles having 3 different
35 microstructures (alloy, Au shell on a Pd core and vice
versa) and their application to a carbon support by

adsorption from the colloidal solution.



-versa) and their application to a carbon support by adsorption fromthe
col |l oi dal solution. WO 99/08791 PCT/ EP98/04819 - 7 Schmd, West, Malm
Bovin, G enthe (Chem Eur. J., 1996, 2, No. 9, 1099) produce Pd/Au

. catal ysts fowot be/oBydnogenati on of hexyne by di p coadTyEreslidaBisupport
in colloidal Pd/Au solutions. 5 DE-A 44 43 705 descri bes the preparation of

surf act ant-m%tczplﬁ.jildi Zefjepnongl al, ang,pj fet q%]r HeOi d@:}fén?.m gl ablye
precursors which are soluble in water to a |g concentration; thede are

|
subsequent | y1996d for NO- adsoritdVe REPRRCAt PEAAHO CadtadiXAls stphoths from
aqueous sol uhARroglEal idh 45F 7RExGAECIHPEs: §0bad ieat &l Y§i 6, WBupBoate

obt ai ned by coati t.he _supports with the catalytically 15 active netals
i n aqueous S&PUFF’E?@lgfﬂnﬁ%&ﬁélt ﬁq\ﬁuc,tl&nsbi metallic colloids of these

netals, wth the colloids being stabilized by strongly hydrophilic

surfactant s, peThe 4501, o BRzenall o dechol 9015, L IWs Based 00 8 hyo 20
step procedure, nanel’y thé preparation of P LoT s y ~means 6f “8"reduct i on
step and, if sippridpriest aamomatalf \anicharinstod at ¢ohl@hds porohi déspilehlst eps,

subsequent HiXiGsb@s? SHARY ! arthi SPHESRSS £ONSy$teng €6 3y ph%%ﬁ' ity of
steps is relatively conplicated per se. 25 It_is therefore an objecCt of the
present i nveREPGRTES2EEPENVi de tRESEND| 8TFr ocE8DSEEMEREdYuci H§eE cafqryst

conpri sing oadseipiake Meiphbiset eched o onthbelgsoup suaisitsd | ngref metal s
enconpassi ng_transitio rroups Ib 30 and VIIIb of the Periodic Table of the
El enents on 2pOF6UE fﬁgﬁfgﬁonparti cles. A further object of the invention is
to provide a process for producing sol -coated supported catalysts 35

whi ch can beD%aﬁrigg Q§t7$ﬁth88éc9£ﬁ§§ Q&&ﬁﬂ&?'catalysts which are
obtained by coating the supports with the catalytically

15 active metals in agqueous solutions of monometallic or
bimetallic colloids of these metals, with the colloids

being stabilized by strongly hydrophilic surfactants.

The sol impregnation technology is thus based on a two-
20 step procedure, namely the preparation of the sols by
means of a reduction step and, if appropriate after
further isolation and purification steps, subsequent
fixing to a support. This process consisting of a
plurality of steps is relatively complicated pef se.
25
It is therefore an object of the present invention to
provide a simple process for producing a catalyst
comprising one or more metals selected from the group
consisting of metals encompassing transition groups Ib
30 and VIIIb of the Periodic Table of the Elements on

porous support particles.

A further object of the invention 1is to provide a
process for producing sol-coated supported catalysts

35 which can be carried out without great expense.

Another object of the invention 1is to provide an
improved process for producing coated catalysts on

porous, preferably nanoporous, supports, 1in which the



- Anot her object of the invention is to provide an inproved process for
produci ng coated catal ysts on porous, preferably nanoporous, supports, in
whi ch the WD 99/08791 PCT/EP98/04819 8 resulting shell thicknesses are
~sufficient f&0 08 Odparati on of vinyl acetate (VAMGHRASESIGI81A furt her
object of the invention is to produce am 5 active and sel ective, coated

VAM cat al yst Rasad 19 BHeAU quhGlinear@dd nexRenghuyelivienta sl | cpamber of
process steps while gt the sane tine enabld gbgv'the shel | =~ thickness to be

control | ed r PXGPRFati®TTIREs & Wjle AET@TE AV TGS I ect s which are not

listed in nore detail but can be derived or deduced fromthe introductory
di scussi on of the ior art are_ _achjeved by .a process_of the.type
mentioned at “th urgﬁ?getoabajnec&na\ﬂfngp%ﬁe Jfréva%lﬁjec%l ofScl & m%OdAb%Ianﬁggeous
15 nodi fitat eotsvef thd psetestivé, t heoane@ntVAh aragalotsti michsed t ba

subordi nate ¢lgige cﬁ’@P&ngman%” fﬁé&ﬁ%&sivﬂg g.glesé ERR1R" AdURLLg B¢

catal yst conpri sing one nore netals se ed fromthe group consisting
of 20 net al s PERESPFasHiaRf twhhnsd tatort e ospde | bimadenwpPbl bnaf thehshepddi odi ¢

Tabl e of thetH;ie@Rlis: ¢ R QUNUANAE rfRdiiel es, which conprises, in a
first step, applying one or nore precursor(s) 25 selected fromthe group

of conpounds consisting of the conpounds of netals of transition groups Ib
and VI111b0 offhelse Rebbjeodts Badl ealo a fpatdes soippects ihdch nare seoand

step, treati he, porous _support.to ich__3Q at .l east .one precursar has
been appl 1 ed MGt o7 olCr e PSR eho e S o T5F Lo Rante  Fe A
particles pfeducethe nistradiatohy posssissfiarheoSupper tbrigovadesarien a
parti cul arl y ;aduaniR0°8ys IMpheloecd 3P AIRECEYHMN flnt IBAOY S hepknown
processes both in respect of the sinplicity of "carrying out the process
and in terns OO SEi draaig i e feayureswef| cagimhé. Advantageous

15 modifications of the process of the invention are

claimed in the subordinate claims dependent on claim 1.

A process for producing a catalyst comprising one or
more metals selected from the group consisting of
20 metals encompassing transition groups Ib and VIIIb of
the Periodic Table of the Elements on porous support

particles, which comprises,

in a first step, applying one or more precursor(s)
25 selected from the group of compounds consisting of the
compounds of metals of transition groups Ib and VIIIb

of the Periodic Table to a porous support; and,

in a second step, treating the porous support to which
30 at least one precursor has been applied with at 1least
one reducing agent to give nanosize metal particles

produced in situ in the pores of the support;

provides, 1in a particularly advantageous manner, a
35 process which improves the known processes both in
respect of the simplicity of carrying out the process
and in terms of universal applicability as well as the
quality of the resulting process products in a way

which could not readily have been foreseen.



-quality of the resulting process products in a way which could not readily
have been foreseen. WO 99/08791 PCT/EP98/04819 9 |In carrying out the
process of the invention, a series of advantages conpared to the known
_nmethods are fwournd,/0dB781Us, in place of the conplicat eebs(EpIspoegmati on
techni que (conprising the steps: sol preparation, |oading of the support,
fixing), use is made of a very sinple process conprising fewer steps in
which the sol is prepared in sjtu in the pores of 10 the support by

reducti on. Héfe CAHE PrepRiht FBR Brocers 3 Hirl insertiPhg o SERdeSupport

are achi eved o fsiaiaraRRRYS |dbnigared A essl daatdddnire hamime. f ewer
steps or stages than is the case in the processes known fromthe prior

art. 15 The subsequent reduction step, in particular, which is
conventi ohal = requiussd jhequiese afneEtessanylioatbé poacesprefnkltdon

i nvention, since .t f. ti f. shel | structu an h reduction
to the netal s occ&re%glll?nl% amg(gﬁnsﬁ%l%lr}?goggles'tsiﬁp%:’ T%gltg%ﬁ%fagﬁéqg&ordi ng
to the invention Aekeesing ofoske bbepporbbt &iikingn .a usieple madeerf eoated

25 catal ysts whosgeshel lsihil1ekness deaiy e dmhGRetd O FGRaY I gRplsS qor e

readily than is the cCase for known techniques. In particul ar, "greater
shel | thi cknesses YA¥i€h jfhe 390 Hesfr BYSPAFSE Fos SNk ihakhenhBRTESI °d t he

conventipmal sol igFy egiiaidan Beched@sei bn. Waked, the dirbbHshenoafl dfhe sol s

rom e outslde Lo o TSRS, of L1es HRPELL Lo Blee hipdered by fhe
simultaneously in a “single-vessel reaction”
having fewer steps or stages than is the case in
the processes known from the prior art.
15
= The subsequent reduction step, in particular,
which is conventionally required becomes
unnecessary in the process of the invention, since
the formation of the shell structure and the
20 reduction to the metals occur simultaneously in

one step.

= The technique according to the invention makes it
possible to obtain, in a simple manner, coated

25 catalysts whose shell thickness can be matched to
requirements more readily than is the case for

known techniques.

= In particular, greater shell thicknesses are, if
30 desired, also possible than when using the
conventional sol impregnation technique in which
the diffusion of the sols from the outside into
the pores of the support is also hindered by the
mechanical sieve effect.
35
= Shell-like 1loading with metal salts in the
preimpregnation by known techniques and rapid
removal of water during drying, e.g. under reduced

pressure, in addition to the reduction method of



- prei npregnation by known techni ques and rapid renoval of water during
drying, e.g. under reduced pressure, in addition to the reduction nethod
of WD 99/08791 - 10 - PCT/EP98/04819 the invention pronpte the fornmation

. of shells orWOaPPéRBZ%Rurt her reduction in the shel | BAR/EBIESL48L4F this is

desired. 5 Furthernore, the process of tHeinvention nakes possible higher
nobl e netal | oadi ngse admueée icuppoomoteavésr pforessisheps asttbllwe emer gy-

! nt ens! ve treat ma?'&]_%t PAD@ He i L‘gégct??!)#t ii?lnﬁ:hei Ssl"fwﬂ dggic}]ilolel?.e
invention makes it possibleto obtarn catalys particles of "signiffcantly
better uniformtyifathigr iewdesieedenti ally nononodal particle size
distribution and snmaller particle sizes conpared 15 to conventi onal

preparation techniques. It is very advantageously possible, in the case of
a wel | -detingd poFET§PRERCEEe ofDe n@TAGSSS t Oft Cheetinvigdtdem omakspze

exactly via the ppegssbie ofhiZfhdhe SelPPOrt megalt haloamin@@dabn the
distributions of colloids can be produced nore sinply. In the known
techni ques, i npur PEPBE* 1 s&PYSPead ™ I35 S5 gir® r??%%e §PSesSBAEY o

aggl oneration of iRbepaitiec|teseatmenonwidadt , higelypetdidulteussylat éans
apparatus and solygn%§ogh@gge-distiIIed water) required for the
preparation of sols becone conpletely unnecessary in the procedure

enpl oyedt® according to the invention, i.e. in-situ 30 preparation. In the

case of VAM eqt al yabs inkRetibreMdks hias pddei iy apd agse Qi nacht grppdous
time saving (and thus cost s :gkthe#§§p uction procedure 35 conpared
[

vin ]
to industrial proB8%5é§ Fﬁvo?giﬁﬁgﬁﬁ TP e ol LREMAE Yhy dRoxi des

usi ng NaCH narrower, essentially monomodal particle size
distribution and smaller particle sizes compared

15 to conventional preparation techniques.

= It is very advantageously possible, in the case of

a well-defined pore structure of the support, to

set the colloid size exactly via the pore size of

20 the support, so that monomodal distributions of

colloids can be produced more simply.

= In the known techniques, impurities in sols lead

to larger particle sizes and to agglomeration of

25 particles. In contrast, the meticulously clean
apparatus and solvents (twice-distilled water)

required for the preparation of sols become

completely unnecessary in the procedure employed

according to the invention, i.e. in-situ
30 preparation.
= In the case of VAM catalysts, the invention has

the advantage of a tremendous time saving (and
thus cost saving) in the production procedure
35 compared to industrial processes involving
precipitation of noble metal hydroxides using NaOH
followed by a reduction step, since according to

the invention the shell can be produced in a few



~followed by a reduction step, since according to the invention the shell
can be produced in a few WD 99/08791 PCT/EP98/04819 - 11 mnutes while

the NaCOH precjpitation_extends over nore than 20 hours. to the snall
Hh5%d

Owi n
_particle siz i%5’€1 the 5 uniforni ty of the part?ﬂ/@%?%/g)%ﬁ]s%ri buti on

and the great shell thickness possi bl'e,1 coated catal ysts obtainable by

t he process of theinupesntwiohleli shea)alHghprastipdtd Eioandxtsediecbiert i es

and have good | ongiher mstabid iy -sl0 I'n the present invention, the pores
in a surface zone of the support systemare utilized as "m croreactors”

for the in-situ synthesis of stabilized or unstabilized colloids which
are, after fipal drMindg, tbi xatk agnfaiinel partdcdiVi gege NgRAS 28 Par thel es to
t he suppogt. Support, rmaterial s_which can rocess of the

be used in the p
i nvention® are t hePERAGPETHYY pof o G& SR Tt HF L WhiteR C%ﬂar"v%r3:;1b’%"tﬁ‘f%lblﬂé‘d
porosity, i.e. arehei crgpeaous,sROlhanapoirakisesy nNeRERALALS, aBdagked

essentially inert far pu e the i ntended_use and the production
process. The supptc):rat('g‘—’ll tteE%i al é&g%}ﬁ%g%% a%y sh%bee aRd °thE sh%ﬁe)e %gﬁ be
mat ched to the usénveitipran addbspbaeous sibbdi neractofvitieespr oceasdof the

invention, use is ; ey, 0 r ¥ r.Qus, support
s@q@%tgfvﬁqgsp%&d HRAY té%oaotlﬁrg] ?égén%f%i%%t .

conpri si n((); silicon dioxide, alumnum oxide, €, Zirconium

di oxi de,1%oxi de ni xtures of the conpounds mentioned, mi xed oxi des 30 of the
conpounds nenhi aited pREsERt aliurentiosi, | it esot8s the J 05 PA-POVEEES, |
sheets, strips, nenmbranes, rods ein_gl at eszutt.g | ets, wagon wheels, nonoliths,
spheres, chi Es, § ngEPPSbFi FYSET A Bs MEHdHEET €43 r UBACESTeaSEArS” or

ot her shapedfbadité® i35 situ synthesis of stabilized or unstabilized
colloids which are, after final drying, fixed as finely

15 divided nanosize particles to the support.

Support materials which can be used in the process of
the invention are therefore all porous materials which
have a suitable ©porosity, i.e. are microporous,
20 nanoporous or mesoporous, and are essentially inert for
the purposes of the intended use and the production
process. The support materials can have any shape and

the shape can be matched to the use.

25 In an advantageous embodiment of the process of the
invention, use is made of an inert, porous, preferably
nanoporous, support comprising silicon dioxide,
aluminum oxide, titanium dioxide, =zirconium dioxide,
oxide mixtures of the compounds mentioned, mixed oxides

30 of the compounds mentioned and/or aluminum silicates in
the form of powders, sheets, strips, membranes, rods,
plates, tablets, wagon wheels, monoliths, spheres,
chips, rings, solid extrudates, hollow extrudates,
stars or other shaped bodies.

35
It is particularly advantageous to employ Si0O,, Al,0,,
mixed oxides of Si0; and Al,0; or mixtures of these
oxides in the form of spheres, tablets, rings, stars or

other shaped bodies as supports.



It is particularly advantageous to enploy Si2, A1208, mixed oxides of
Si 2 and A1203 or m xtures of these oxides in the form of spheres,
tablets, rings, stars or other shaped bodies as supports. W 99/08791

. PCT/ EP98/ 04878 99/087%he diameter or the | ength and Y&TERRSEBL06819 he
support particles is generally from3 t’# 9 mm The surface area of the
support, neasured by the BET nethod, is 5 generally 10 - 500 n2/ g,

preferably 20, nlﬁlé?t{eres{] %n@°L&nd %”Qﬁd ?h%g‘fi rak! Lef rom Q3 Eﬂ‘%&rln ﬁum

m/g. O parti cuI ar are or era nanopor os'P
oxi de suppor tPATrFigrl e gl Fenera ﬁ.norfloiﬂ rﬁ'—@f 9nmmbr ahes Stltrébllcet firespher es

or powders. Y r@&@pogﬁﬁgo%ppomea@%&%@ alsy, dased | bgflrhepgcasy, prilfe”ed
are known per se, as are he mcr orous or MEeSopor ous supp I’tS g Thus

for exanpPe, SFAKGFOrOUSI Al um5r§’t?m“b)(9de PEGFSEA L Yinetr an@ssoar“b gom®Eeci al | y

avai | abl e: t hyrehang unee i afdnerIBAgRtbmanopPa$s1 hawhngga pore width in
the range fromabout 1 to 500 nmand a depth of up to 2C 500 gm The pore

density is usually in the range from 1.09 to 1012 pores /CM2. Revi ews
descri bi ng t 19 stma:rtujrwlqm oduthieresnd p@reper poesusf, pomlesfeambdiyc oxi de

films are given Sl € I 1969)
and J.P. &ull] vzfg%et&él \%oceedl%)gi% %ﬁjﬁg al égl g%amg(i? gln 317
(1970), 59 ffEorm @f membnsmsasvattan afs) stﬁlefrcﬁmcpzr rp@'d!erf'r:oss et al. J.

Phys. Chem (1994), 98, 2963-2971 and C. K. Preston et al., J. Phys. Chem

30 (1993), 97, 8495-8503. The nanoporous structures can be generated in
principle arfdSrEPECRRNPYSY SMEHCE toxMBLE IR IS Fasarifed adege as
preferably alprafrutmesirdaeeknovn aRerageousssalret itihe Rbce6pPrbEENGTa

diprotic or 1i‘nrIé%rp(?)tx"o({lsacslucii)ports
15
Thus, for example, nanoporous aluminum oxide support"
membranes are commercially available: they have
regularly arranged nanopores having a pore width in the
range from about 1 to 500 nm and a depth of up to
2C 500 um. The pore density is usually in the range from

10° to 10*? pores/cm?.

Reviews describing the structure, production and

properties of porous anodic oxide films are given by
25 J.W. Diggle et al., Chem. Rev. 69, 365-405 (1969) and

J.P. Gullivan et al., Proceeding of the Royal Society

of London, 317 (1970), 51 ff.; further information may

be found in C.A. Foss et al. J. Phys. Chem. (1994), 98,

2963-2971 and C.K. Preston et al., J. Phys. Chem.
30 (1993), 97, 8495-8503.

The nanoporous structures can be generated in principle
and preferably by anodic oxidation of metal surfaces,
preferably aluminum surfaces, in an aqueous solution

35 comprising a diprotic or triprotic acid.

Acids which are suitable for this purpose are, in
particular, sulfuric acid, oxalic acid, phosphoric acid

and chromic acid. The anodic oxidation of aluminum to



- Acids which are suitable for this purpose are, in particular, sulfuric
acid, oxalic acid, phosphoric acid and chrom c acid. The anodi ¢ oxi dation
of alum numto WO 99/08791 PCT/ EP98/04819 - 13 produce the nenbranes to
. be used accoMf RP4%%tHe invention is usual Iy carri REARP R/ 348 bR
tenperature, for instance fromO to 5C 13and preferably using sulfuric
aci d or oxal ipratiak ashel eoembrpghesbetauske5 tded adowding ckandHeard

por ous, 1™ it 1 ol Jfleval iy BE 95 QUG 0N 0f o 6 it XA o

a sheet of pure al um nu or s e anode if an eletro
cel | . Anodi zdi9%on instea@ad efram W t ko pAEEi se agent pate fefrafdiventisdingand

current. The RO EQ dharet esri oxapeNdaRt onafhe)Rlactdnlod epdditise
tenperature and thel anodi zation voltage, with the_ dianeter increasing with

i ncreasi ng voittiayet Wt et' mnd nh?ﬁ‘é E%E%u%f féEﬂ“ﬁuFPc bgcioptad ned.
el ectrolyte 1Irs the? prodictpiose & dtle pEilM@l tfot apahped, pat ehlcledl ofl5 Use

of oxalic aci,d al,lows thicker fllns to roduced than when .usin
sulfuric aci d*9 if]t Yor W Sano@E™ W at i (%_p Sunogﬁ%(ﬁ ze 95 ndi on%lnne
barri er side ed@attraghemiarwncahhne®ndgs zH tsisol véd @‘afrnue@noatl oviltdt h or
be_ground of oz f Qor@XAP! Be Usofeft 887, 5o, dﬂ{% O RuS

r? Si an on

A1203 nmenbranes havi ng one cl osed “surface (barrier open (=
pore opethnga“Sq}:refracelsGrl AeragdgBin tBe nMEM? anesl §qite e bot tthea

region of thedayeamtdirees did stthenbsapeszhavbng 0BeragRen $iide angeone
hal f-open (= ver small pore 25 o enl“ff?’{) si.de; further %I’I ndi ng down makes

it possible 4§ avi or eTFERTIPE of VAIGRISEqual®  wi dt h
whi ch go thr (glg}de‘lrmm oire shée dasd hef osh@furiAl ta&ﬁrthtiayele)l,edthfdlb_}ghz por es

Can 2150, 5% 9o e s DG D el SRATBL oo KO Kol L1 Lhe
contact ¥Wpt hUd®e datexalic acid allows thicker films to be produced
than when using sulfuric acid. After the anodic
oxidation, unoxidized aluminum on the barrier side can,
in a known manner, be dissolved off in an acid bath or
be ground off (see, for example, US-A 4,687,551),
20 giving nanoporous Al,0; membranes having one closed
surface (barrier side) and one open (= pore openings)
surface. Grinding down the membranes into the bottom
region of the pores gives first membranes having one
open side and one half-open (= very small pore
25 openings) side; further grinding down makes it possible
to obtain membranes having pore openings of about equal
width which go through from one side to the other.
Alternatively, through pores can also be obtained by
etching with, for example, KOH in glycol, with the
30 membrane being placed on the etching bath with the

barrier side in contact with the bath.

In the process of the invention, inter alia, one or
more precursor(s) selected from the group of compounds
35 consisting of the compounds of metals of transition
groups Ib and VIIIb of the Periodic Table is applied to

a porous support.



- In the process of the invention, inter alia, one or nore precursor(s)

sel ected fromthe group of conpounds 35 consisting of the conpounds of
net al s of tran3|t|on roups Ib and VIIIb of the Perlodlc Table is applied
“to a porous"uBSdB 7D 99/ 08791 - 14 - PCT/ EP98/ 04/ ERI&/ A4S cati on
or | oading can be carried out in many~ %éys whi ch are known per se to those
skilled in timisardpplaiscdtorgn asr i vabihgzatnobeofcdhel erbt alt conpoang(s) in

e Jo AT A BT otk AR ULl N SUBPHUAode BAIRD £a THES. [ OF

exanpl e, deposrtion ron1the _ [ qués "known per se is
possi bl e. A pmsf, eraﬂedlqsrgno%%gwmilcmtmn p@ﬁvthesmﬁéalt ﬁ@m@@bmd Shret al

compound(s) 4@, RG, AR ARG A Ocﬁe,hem&?éPuérSHPPQiioyéooHYtﬁée%ﬂb @reSRERYI NG,
di ppi ng, inpregnati.on, hi - coat| ng fluidi zed-bed coati ng,

preferably @?ﬁ%ﬁ%%bna?ﬁ%ﬁ"ﬁﬂ?lﬁéamﬁéeofQQRP%&RﬁRﬁt Lxemh &R F6SI e

netal 15 compewrd(s) cvan thetaldiad vl hanesoriapdsssempential st eps,
with, if desired, drying phases being able to be inserted between

i ndi vidual fixing steps. As active nmetals which can be concentrated on the
20 support, iAf phﬁﬁennhdrpmnc&mﬂImoddfiwedﬂcmbpeowédaSSfotrohﬁtm@bdbtion

groups 1b and Vil b &fl Sli6a FEf T od Cbe £ied NeBAHE I”ﬂgé‘%?&é' %?)%lo?tmat al's

in these groups, Rgive of their ures, are su
pref er r et oIV i (,Séitele(wrn@f: t ISP LEYEESsS G*flpfphélg i NVaPregnatees or SpFRY

conpound(s) ofryiRipl hseleatad éfomubslgéaueeaoezéb%&hgg Ofr cFRRRGN
silver, gold, “iron, cobalt, nickel, ruthenium rhodiuny oSmum irfidium

palIadlun1an@ﬁﬂ%ﬂﬂ?ﬁﬂﬂ59H%He applled to the 30 support. Anpbng these
compounds of Pd, Au, Pt, Ag, Rh, Ru, Cu, Ir, N and/or Cb are preferred.

Parti cul ar praference;; s qiyen ko coupoynds of kY AU Ble1de Radlar
15 compound(s) can be carried out in one or more
sequential steps, with, if desired, drying phases being

able to be inserted between individual fixing steps.

As active metals which can be concentrated on the
20 support, if desired in a shell, all reducible metals
from transition groups Ib and VIIIb of the Periodic
Table, in particular all noble metals in these groups,

inclusive of their mixtures, are suitable.

25 In a preferred modification of the process of the
invention, one or more compound(s) of metals selected
from the group consisting of copper, silver, gold,
iron, cobalt, nickel, ruthenium, rhodium, osmium,
iridium, palladium and platinum is/are applied to the

30 support.

Among these, compounds of Pd, Au, Pt, Ag, Rh, Ru, Cu,
Ir, Ni and/or Co are preferred. Particular preference
is given to compounds of Pd, Au, Pt, Ag and/or Rh.

35
In a further advantageous variant of the process of the
invention, one or more palladium compound(s) alone or
one or more palladium compound(s) together with one or

more compound(s) of metals selected from the group



In a further advantageous variant of the process of the invention, one or
nore pal | adi um conpound(s) alone or one or nore palladi um conpound(s)
together with one or nore conpound(s) of nmetals selected fromthe group WO
1 99/08791 PCTHEP98/088%3 - 15 consisting of copper, BSETAFRI8/FAGLS i ron,
cobalt, nickel, ruthenium rhodium OssPum iridiumand platinumis/are
applied to thensuapdhg DfAN egigeanel ys Hdvent aggol&, vat rans ceabéuses

appl yi ng on%.o 9 k gglug1comglegd&s) to e%her mﬁt@, ne_or
conpound(s) 0 o T He-Support .- An~€sSent 14l neasur é T the pfd ess of
t he inventionla$1nﬂ@ nﬁdatﬁngppﬂee@o¢@u$h§uppmmxnto whi ch at | east one
precursor (precursor conpound of the active netal) has been applied with
at | east one reducing agent to give nanosize netal particles and/or all oy
particles® pPBduBBHTERESYt IREYPRIRIPRLRS X k3T sGOpPrisess Suplyphe

reduci ng ageshe ¥re naeure C?ﬁppﬂﬂﬂﬁm%bﬁ@o@h@(s@a%e&k@r nedusi Bget be et al

conpounds used, prefera y salts articular eferably Pd and Au

salts, to t hEOFEt §PIPOHEY( 6aﬁﬂﬂ&1 éﬁﬁuﬁﬁgﬁgﬁ -of the process, use is
made of one or nore redUC|ng agents selected fromthe group consisting of

clitrates SUChnas OSSNl & SOHIUMELLL e, L BIMRALUALCLLT Qe

hydr azi ne, roxylam ne um hy

borohydrl@estgﬁéhlag sebeunp@n@@ﬁyd$mm@orpoﬂ335wdmuﬂbOEGhydee@e gaseous
reduci ng agept-s csuehras dpudr &aﬁse@l@d rre@%'h%e,aét%;@' ﬂ@@é{ﬁﬁ nh@r mat es,
acetates, oxal ates, SU|tabIe sul faniTates such as sodium 3

hydroxynethaﬁ§§ﬁrﬁﬂﬁﬁ¥?daﬂﬁtﬁnﬁéh}&ﬁﬁﬁcﬁnﬂlH?éPFéngm%ﬂﬁﬁﬂst%USHV&s
et hanol , et hyhaseigkyCohet ATONGANESEl e Pl efpi®NEe | 2110ioyen partakkaki

produced in situ in the pores of the support.

15
Suitable reducing agents are all compounds which are
capable of reducing the metal compounds used,
preferably salts, particularly preferably Pd and Au
salts, to the metals.

20

In a particular embodiment of the process, use is made
of one or more reducing agents selected from the group
consisting of citrates such as potassium citrate,
sodium citrate, ammonium citrate; hydrazine,

25 hydroxylamine, sodium hypophosphite, alkali metal
borohydrides such as sodium borohydride, potassium
borohydride; gaseous reducing agents such as hydrogen,
carbon monoxide; formaldehyde, formates, acetates,
oxalates, suitable sulfanilates such as sodium

30 hydroxymethanesulfinate; and monohydric or dihydric
alcohols such as ethanol, ethylene glycol.

Among these, preference is given to (alkali
metal/alkaline earth metal/ammonium) citrates,
35 formates, acetates, alkali metal borohydrides, oxalates

and suitable sulfanilates.



~metal/al kaline earth netal /amonium citrates, 35 formates, acetates,

al kali netal borohydrides, oxalates and suitable sulfanilates. WO 99/08791
PCT/ EP98/ 04819 16 An advant ageous enbodi nent of the invention uses
~anmoni um ci t P8t 89/88(7&4si um citrate and/or sodi um CciRGRARP Y F4hifei ng
agent. 5 Particular preference is givenlfo-potassiumcitrate. The reducing
agent is genamnal ladwsathgabus Séwbodimertri efanmby bosesnoion heusekal
conmpound(s), a %%tn.i S pre.fteratbl y useg in.a smal.l excess. %/he excess 10 can
be, for exanple- fHlin CH T2 pPRIRFEDED f G ESE (VS ngPETUT
equi val ent s. clitratte pisoceslsicongt lagemntventi on, the in-situ reduction is
preferably carried out at tenperatures fromroom 15 tenperature to 150C
In a particularly advantageous enbodi ment of the invention, a solution of
the netal® coRpEGRGUIRT Preidpplened té CHE PorteuPHARFIITS Ciftgratéanpl e, the
20 supports are inpregnated by steeping in or dipping into a solution.
This solution can basjcally be a solutjion of the tal conpound(s) in an

aqueous or org&ni c TSIV EE . RERNC it 3% poieTRLiY appFSdan ABueods
sol ution, a stbuthdomenrde cagaumt dakedntor themmdidle cahpblinges) ,to the

support. As vents, Lt _lI ssi bl use_al |, caonpounds j.n  which the
salts sel ect %g‘ltarle sBF%%Fggggg \Sk}ﬁec‘ﬁ %gna e%@ﬁ%/ Eé{cregﬁﬁve@eaggf(ﬁeﬁﬁ drying
after thed 3Canmpesgiai exampare,i didtewr prlefer edceprsfgrakhyt brami Aglwat er

as solvent. Heres thgiRaki8@nd Ry ity of the water is of only
subordinate inportance. It is possible to use 35 deionized water, distilled

wat er or tw ce-di sjti |led water. Li k_evm' se, mains water can al so be used as
long as thermmteld Prroduasest ther ainved@ itef, Nave an-3dver $8duction

is preferably carried out at temperatures from zroom

15 temperature to 150°C.

In a particularly advantageous embodiment of the
invention, a solution of the metal compound(s) is
applied to the porous supports; for example, the
20 supports are impregnated by steeping in or dipping into
a solution. This solution can basically be a solution
of the metal compound(s) in an agqueous or organic
solvent. Thus, it 1is possible to apply an aqueous
solution, a solution in an organic solvent or a mixture

25 thereof to the support.

As solvents, it 1is possible to use all compounds in
which the salts selected are soluble and which can
easily be removed again by drying after the

30 impregnation.

Particular preference 1is given to wusing water as
solvent. Here, the nature and purity of the water is of
only subordinate importance. It 1is possible to use
35 deionized water, distilled water or twice-distilled
water. Likewise, mains water can also be used as long
as the materials present therein do not have an adverse
effect on the process of the invention for producing

the catalysts.



-effect on the process of the invention for producing the catalysts. WO
99/ 08791 PCT/EP98/ 04819 - 17 The nature of organic solvents can vary
depending on_ _the /nature of the metal conpound(s) to be dissolved. 5 For
exanpl e, uns§BtAY¥ A& Pcarboxylic acids, in particul BFTAERI§AO4RIY, are
especially suitable for salts such as dcdetates. Water is especially
suitable for chlorides. 10 The additional use of a further solvent is

advant ageous e he_saldts_ar t icien lLubl e i cetic_acid
or in water. Tks\gnalg%}t'ltl?%n%lft s%%%%?‘g, Sﬁifvifelél(&spoéséséi{bﬁ%r% %’s% THhose Which are
inert and ar éhe s@thine aff ttheadmatial asimpamndietlerto Bbarplssolfeddditives to
15 acetic acid are ketones such as acetone and acetyl acetone, also ethers
such as tetrahydrofuran_or di oxane, acetonitrile, dinethylfornmam de as
wel | as PydFSEar b6X8™RLEN asUBeRPehetubed GootR Fety + 5C carfr®@ldo be 18bt ai ned

usi Rgl as olrgﬁm't(icmﬂédrveaﬁelt;mt haan, e&f@ncéhsg?e&imgﬂg &l i d/Le Nfor

nmet hyl pyrrol i ne, dinet or 1 de, _dinet acet am and/ qr
tetrahydrofwsiﬂ o AYHxt eaS?g?aH%Ee gf?otsﬁrangés CIMIH It er SUIEaPhE
conpounds of fiore aldlre dwet.al s serve as precursor, i.e. a conpound of the
nmetal s which can be converted to the netal by reduction. These can be

ionic and nonionic conmpounds. 30 Salts are by far the nost preferred netal
conpoundks0t o Thee agsdd 1onadr el <of s2 Barthagreseivestaie advasskegsons t he

metal s whi chae? % sghubke ard £oNt aLRrARieARSL tdenls i gh @R 1pOI son
t he catal yst, e.dg. sul fur. Preference is gl_ ven t0 the, acetates and the
chl ori des’ aci or 1n water. As additional solvents, it 1is
possible to use those which are inert and are miscible
with acetic acid or water. Examples of additives to
15 acetic acid are ketones such as acetone and
acetylacetone, also ethers such as tetrahydrofuran or
dioxane, acetonitrile, dimethylformamide as well as

hydrocarbons such as benzene.

20 Good results can also be obtained using, as organic
solvent, methanol, ethanol, ethylene glycol, N-
methylpyrrolidone, dimethylformamide, dimethylacetamide
and/or tetrahydrofuran or a mixture of these substances

with water.

25
The compounds of the noble metals serve as precursor,
i.e. a compound of the metals which can be converted to
the metal by reduction. These can be ionic and nonionic
compounds.

30

Salts are by far the most preferred metal compounds to

be used as precursors.

Suitable salts are all salts of the metals which are
35 soluble and contain no constituents which can poison
the catalyst, e.g. sulfur. Preference is given to the

acetates and the chlorides.




- WD 99/08791 18 - PCT/ EP98/ 04819 | f pall adi um precursor compounds are
used, preference is given to soluble palladiumconpounds, in particular
wat er-sol ubl e salts sel ected from the group consisting of palladiun(ll)
_acetate, pal WiA®AA8%%1chl oride, 5 palladiun(l1) nitr2E®/ BnYe A48 Ltn
tetrachl oropal | adate (1 1) [Na2PdC14] -. 48 the case of the chlorides, PdCl12
and Na2PdCl4 1 epapmadimml Qfﬂacwszj‘xert@dp@ﬁﬂ@yr S . us’L@dFu@xﬁefrer%@idébl e

met al comnpou |c e rabI used, in art cul ar wat

salts, are ?Le rgrgélurslgf‘:LFD |lc‘flcfS u(fﬁlT (I%%I(Illp) pﬁ‘&% 2‘ [Au
(QAc) 3] , po\taé;mmlamla es{im@plecmsdhémhlmeapgaoupl @(om\‘z)lsamng
hydrat e, hewhl 5@&55%91( achdepydrat e, Iuthenidii 4y 1) rakyar

rut henium(111). trate an /L[\l% rhod?u RED) P ]ﬁjlorl %ydratc fg‘q

case of the é’rﬂldﬁ (3% general | V2% be ens@ ¥ t hat th@O@HIU@‘rl de
ions are rem\éi(igd}g@ﬂdjﬁllﬁﬁélﬁl e, eadsg] . This is achi eved by

washi ng. the doped support, e.g. with water, after the metals have been
fixed to the support by reduction to the nanosize 25 netallic particles.
The nmetal corpounds araseusddl Ihhaisedlbridescered@ld oasd ®fa,Pdom, abaet 0. 1
to 100 g per r r 0 0.9 per liter, based on the
sol vent . /éat%%c%l%]ﬁaﬁlpqpe IIa yé;]térec%ur%psrsl sslqng nanosi ze particles on a
support h@e obt ai nabl e without further additives, the application of the
precursor(s) -t PREQUBIe PhEE LT a@dhﬁ&ﬁﬂﬁﬁor%% hSUPROT 1, 30N Q1 tne
reduction of 35 the supporteto whi.ch thé precur sorcs has/%’ ave beentyh
applied in t ¥Sshoceskiof PRELIFVEATI on WY ngJﬁ%kék%rabF?lEarrl e@T6ut in

the presence t¥ftradldr@ahric (ITII) acid [HAuCl,], gold(III) acetate

[Au(OAc) 1], potassium aurate [KAUO,],
15 hexachloroplatinic (IV) acid hydrate,
hexachloroiridic (IV) acid hydrate, ruthenium(III)

chloride, ruthenium(III) nitrate and/or rhodium(III)

chloride hydrate.

20 In the case of the chlorides, it generally has to be
ensured that the chloride ions are removed from the
catalyst before use. This 1is achieved by washing the
doped support, e.g. with water, after the metals have
been fixed to the support by reduction to the nanosize

25 metallic particles.

The metal compounds are usually used in concentrations
of from about 0.1 to 100 g per liter, preferably from 1
to 50 g per liter, based on the solvent.
30
Although stable catalysts comprising nanosize particles
on a support are obtainable without further additives,
the application of the precursor(s) to the porous,
preferably nanoporous, support and/or the reduction of
35 the support to which the precursor(s) has/have been
applied in the ©process of the invention are/is
preferably carried out in the presence of a colloid

stabilizer or a plurality of colloid stabilizers.



-stabilizer or a plurality of colloid stabilizers. WO 99/08791

PCT/ EP98/ 04819 - 19 Suitable stabilizers are all corrpounds whi ch are able
to conpl ex the nanosi ze particles obtained by reductio envel opi ng them
~and are thus "aPH08 7L prevent i ng further growth arRFT/r%g ation of
the nanosize 5 particles. Stabilizers Wf ch can be used for t he purposes
of the inVelHlle'faHllE|$l'd£bllﬂi@fsalalr& ab]e]tal:ﬁﬁﬁouﬁdéf atiiadd sarepalbyeer s

such as poly |ny rroI| one PVP ol yvin cohql . (PVA

pol yacryl am l% poﬁ yeI % %y? e%a]\'{t%c%/r% bgasu%étl g’ut ee)ﬁmcﬁ&sﬁ’hl nes,

subst it ut ed byuléra‘m:lwmlml dhemcranﬁrldee tamsncaads oot mprewmeas ingher eof

It is also pgggl al u i r it up of
1%9%\9Eh drﬂi tfe Saeq%f&%t r§ % Clh‘l@ 2P b e

monormer s contalnln etai ne groups monomer s such as acrylic
acid, acryli ®agstigrles acryl ani des, vi nyI car boxyl at es, vinyl alkyl ethers,
N-vi nyl pyridine, N-vinylpyrroli done or N-vi nyl car boxam des. 20 In a

favorabl e enhodi nent of t rocess one 0 ound Ie ed from
the group corgicdt @%%%‘n@@,n eFFE) gDFneéle I{If%‘?%%g Bkalt

f or mat es, acemaztee&,icsul fanilhdees,if\é aadhEAA best @i ees ,add;edrfas:tca@ltlsol d
stabilizer. f e IS0V citr

substituted éﬁ%’ %.rﬁs[as%g;%béﬁ £t %ga}l%ﬁspéﬁgﬁ%ﬁsldam ds E\Zﬁ‘d/ 0|p01§’&'§?1|y&es. 30
Parti cul & praéic@ﬂmice P%Abl v e lyeqrotlagsidem (PAR AL e polyedesitnalyitiesat e, PVP
K 30, di et hylidqdeed anmongypkeprgeage suldnatigindd, the eh%%%%uefedt he

i nvention, the stabl I'izers are 35 usually used in an _anount of fromb5 t
1000% by wei gitlfanidd<d 8Rlffe nEREPT bt ALNOThACAEE tPHn TGKUFES

stabilizer camdrs pl age iis alllso possible, inter alia, to use
copolymers which are built up of monomers containing

15 Dbetaine groups plus further monomers such as acrylic

acid, acrylic esters, acrylamides, vinyl carboxylates,

vinyl alkyl ethers, N-vinylpyridine, N-vinylpyrrolidone

or N-vinylcarboxamides.

20 In a favorable embodiment of the process, one or more
compound (s) selected from the group consisting of
betaines, PVP, phosphines, citrates, oxalates,
formates, acetates, sulfanilates, PVA and PAA is/are
added as colloid stabilizer.

25
Preference is given to betaines, PVP, PVA, citrates,
substituted phosphines, substituted sulfanilic acids

and/or chlorides.

30 Particular preference is given to potassium citrate,
ammonium citrate, PVP K 30, dimethyldodecylammonium

propane sulfonate.

In the process of the invention, the stabilizers are
35 usually used in an amount of from 5 to 1000% by weight,

based on the metal or metals.

The addition of the stabilizer can take place in any
order. The stabilizer can be added to the metal



~order. The stabilizer can be added to the netal WO 99/08791 - 20 -
PCT/ EP98/ 04819 conpound with which the support is inpregnated. The

‘ support can first be _inpregnated with the colloid st e The
.1 npregnat ed Qpﬁ&/tosc?a?rjr be brought into, contact wtﬁ#eég i{/ %19
stabilizer. The colloid 5 stabilizer or 2Stabilizers can al so be enBI oyed
toget her wi chompesindedwithg viyerh . thebsegppartst bdi limpudanatgaf t dhe

reduction) ig@39-tPogsipl %%@@erb%on%mp@e@aﬁ%ean%%h 1@nkn 2c18byd
particul ar varrant of the inventi on, use i$ nmade of one or nore conpounds

whi ch si mul t &édidiiyesot Thes TRTINPLIALTIPDRFL AFAR aker BAGEPRY AFERt. This

means that rReGIcty ageih apHest abillliczer carumsiozde. lvnetleallloIhtus for
exanpl e, potassium.citrate ak;:ts 15 both_as rfduc' ng agent tabilizer

NSRRI ol S Uit el e rbe 2T JEs b che MR S BT S
i nvention, twitd ngclaemoredoripgt asganh .anddubbssgdenim 20 abiitlisbs ias

reducing agent, qand colLald gLahi 1281 LLASSIMBLISTAL e dmdispeebly

advant ageous stabiTrzer n remai n on the nanosi ze particles

t hey have beeirfdumsdameeshe support or may be renoved if the presence of
the stabilizer should interfere with the catal ytic function. The conplete
or partial renoval of the stahilizer can, required, be carried out,
for exanpPe, Myt oV §FY c &AL 1G3HLRF a7l &t v@ﬁt tl"lehe‘rri‘?éefrl‘%/l%‘? oXFlatiSvel y,

e.g. by burnima@eofdf éfieabk @orler Bmidds mfchesnhentbﬁéanelynsml | ati on
of the catalyst |r}a11the reactor. or_else in si 35 _The

&u in_t gea&h
appl i cation A ndfr e 38?]189 ﬁefl *8uBI567° can be

carried out t‘marcesse@ed:yngn agenst ependr shakilsizayl e-amsseblspeadts on”.
WO 99/ 08791 Hd%kticEgI/E%g§é948§é& example, potassium citrate acts

15 both as reducing agent and as stabilizer in the case of
Pd/Au.

Preference 1is therefore given, according to the
invention, to using ammonium, potassium and/or sodium

20 citrate as reducing agent and colloid stabilizer.
Potassium citrate is especially advantageous.

The stabilizer can remain on the nanosize particles
25 after they have been fixed on the support or may be
removed 1f the presence of the stabilizer should
interfere with the catalytic function. The complete or
partial removal of the stabilizer can, if required, be
carried out, for example, hydrolytically using a
30 solvent, thermally or oxidatively, e.g. by burning off
in air at from 300 to 500°C, either before installation
of the catalyst in the reactor or else in situ in the

reactor.

35 The application of metal compound (s) and their
reduction to the support can be carried out
successively in two steps or in a ‘“single-vessel

reaction”.



~In one variant, it can be preferred for the first and second steps to be
carried out successively. This advantageously allows the porous,
preferably nanoporous, support to which at |east one nefal 5, conpound has

been appli ed ™o 95 %&({5i%ect ed to a drying. step prior R/ on. This
3

all ows, for exanple, various "shells™ metal conpounds to be applied to
t he support Iy mie i phriaepet iti aamofbe nprefeaaredn fand thdr yfhgst 1@nd

Al ternati vel yeddnd S 1kaa peef epcedcbon;the it afdes3e6and stapssto be

carried out in si ngl e-vesse process w thout isolation, parification or
dryi ng of tREVEELEISOUSHAT er abily OWSnopotd§s, sBEPFOHE t o wRreherRelY1s5

precursor (s) nhasphawrideensadied. tbn anpkef erdied rdhodi nBAE Ohethe
invention, a support. is fﬁrst pr ei.npr.egnat ed mn%h essggtlally aqueous salt

sol ut i ons® of SPEENG &'3% t PHEM nBPRILS S & hP90 SHPAEMEEEy T | Dn Sd¥éE8Snot
have to | eadstepa ghiedd ,to. ehe tredustijpor.t Tis,s wdbswsSpNMEoei ecanpilances

"fully inpregnated".. I, S a coat c n al so
be 25 produc‘:’%&.lof%i S %_iss;@gié ie?gd,lﬁ$%%l e%%r?%ﬁ%gl?ldﬁsy tg(%egl%fi%gﬁ%%%n%%ete

i npregnat i on tdfe tshpuppory mrdtoplby reg@trifiian ot theregdatioonand an
appropriate &l . | mpregnati on and subsequent, if desired after a drying
30 step, treatnent” with a reduci ng agent under such conditions
(concent¥@tion, tenmperature, time, etc.) and in the presence or absence of

stabilizers matérnadivelte fet ke JRIA| SrdeéhgededveedtHo thestehalgs in
the oxidation state 0, so Ehat thqg can %e concentrated.as_.35 nanosi ze

particles inS&S | S5FPEhe “QupBBr t° o Ot odite ®a EAPEIFSV S5 he egg
shel | or eggpatoidesst ypeétholhusi sdleer &pp) | eatriidn ceft itdne  precimsiorg spfand/ or

the reducti %glearp‘%!xio%sp,r AL AN M AT AL RS OHE LSO blBhotPe YOLRICRBLRL 22

PCT/ EP98/ 048
15 precursor(s) has/have been applied.

In a preferred embodiment of the invention, a support
is first preimpregnated with essentially agueocus salt
solutions of reducible active metals, which
20 preimpregnation does not have to lead to a shell, i.e.
the support 1s, under some circumstances, “fully

impregnated”.

However, a shell and thus a coated catalyst can also be
25 produced. This is achieved, for example, by specific
incomplete impregnation of the support and/or by

carrying out the reduction in an appropriate manner.

Impregnation and subsequent, if desired aftér a drying
30 step, treatment with a reducing agent under such
conditions (concentration, temperature, time, etc.) and
in the presence or absence of stabilizers results in
the active metals being reduced to the metals in the
oxidation state 0, so that they can be concentrated as
35 nanosize particles in a shell of the support body to

produce a catalyst of the egg shell or egg white type.

Thus, the application of the precursor(s) and/or the

reduction are/is preferably carried out so that the



- - metal conpounds are reduced in the pores of the support in a shell-like
surface zone to generate the corresponding netals or alloys in the form of
stabilized or unstablllzed nanosi ze particles so as to /5 a coated
catal yst. Ga¥80d€/P8dddi ng agents such: gs H2 or CO 0P t%f%égr@ &h only be
used when a shell structure has already““béen produced on inpregnation with
the netal sammksall@oApoungsr deret hedmrdthnirsnilod sbees 6Or bhei enpparthe
production of noble nyialy qg&gd %%&%5%%ts gg nBOT QUS, 3 d ceragic
supports, it may be assumsd1 out thereby restricti'ng the S nvention to
a mechani sm cERaESPONA4HAd r@%i%ﬁonotrake%lb%i%e d{nth§hﬁnteﬁ<ﬁ-‘am i Aferface
bet ween acti weapRhalzedaldr angst HHUT] 283 2a88Abst QedipEdt iR shawshdeto
particles, the particles are i bilized in the outer shell because of
their siz® (Bﬁé’Fuél REARE S ¥S§be of stabilizer) and further active netal
salt 20 diffuses fromthe inner regions of the shaped body toward the

surface so t it is_| kewsered ced thi.n .t he_shell aft hlngthe
slow y i nwar %—asﬁg\’?}l ng r% um%g WI% andl%s Oepgél t%d 8(—_11%;;%%

support. 25 Aagi gy céet @@I@@nm&@@ oa tstli@hlnvenrugnurs liag enlrghidy, that
particularl yﬁ)%teﬁbkﬁoﬁl&%l s o 4 %@r%%;'n‘é‘%'%n Qe Hu %@1%‘315 LA be produced.

A shell thickness in the range from5 mto 5000 mis preferably obtained.
30 Coat ellcatal ysts which have nanosize particles having a nean particle

diameter in ke fé@gedér othd triecHhiuR | B t BRe DI eﬁoﬁﬁlii:iéh”]@l shakl are

advant ageousl bt ai.ned Thi s_means that th art f th hel|l d t
S T ooy P oBRCRaBr ot ADEBRR Jar Al L ePRbSdh e ayie cah DoEPare,

duri ng and/ oshabker t&eamfhe supports, it may be assumed, without
thereby restricting the invention to a mechanism, that

15 rapid reduction takes place at the internal interface
between active metal salt and reducing agent to give

the nanosize particles, the particles are immobilized

in the outer shell because of their size (including the

envelope of stabilizer) and further active metal salt

20 diffuses from the inner regions of the shaped body

toward the surface so that it 1is 1likewise reduced

within the shell after reaching the slowly inward-

moving reducing agent front and is deposited on the

support.
25
A significant advantage of the invention 1is, inter
alia, that particularly stable shells of relatively
great thickness can be produced. A shell thickness in
the range from 5 um to 5000 pum is preferably obtained.
30

Coated catalysts which have nanosize particles having a
mean particle diameter in the range from 1 to 100 nm in
the pores and in the shell are advantageously obtained.
This means that the particles of the shell do not

35 agglomerate or agglomerate only a little.

The support can, before, during and/or after the in-
gitu generation of the nanosize particles, be loaded

with further activators, in particular alkali metal



~situ generation of the nanosize particles, be loaded wth further
activators, in particular alkali netal WO 99/08791 PCT/ EP98/ 04819 - 23

~ acetates, an i f ired, pronoters, for exanple Zr, Tj. Cd, Cu, Ba
. and/or Re co%ﬁoaﬁdg%%ﬂlparti cularly int Séesti ng nodi fplcé"aztﬁpc?r‘?’/&‘letlhge process
5 therefore includes application of one“dor nore activators and/or

pronot ers af eeetabesor earst, ddfi paired apptovat¢os, off orheexpagele s@r(s)

and/ or the reduckigoncy SEIE RS rR%dc%;p%lu?tﬁts_systens whi ch can be
produced 10 accor di'ngut'o the idzventi on, preferably coated catalysts,

conprise, for exanple, not only palladium and gold but also potassium .
acetate as agt ipettarc ARG/ 16 iﬁ@dﬁégmﬁ hobLiEAcee BaURIS @ise PHOBBESES. 15
e

The net al conh?ntaQS of partiﬁu!iarlypgé erred catalysts are as follows: The
Pd contem of “ERELRIFK/ CiPEnHSt e BLhPRl ysts  i¥enéfal | FoFFom 0. 6
to 3.5% by weccghtvatpref enalor porfatemn).£dar 3.1096dye wer gltirihg paeti cul ar
from1l.0 to % el ght h t t P4/ Ay cat.alysts is
general ly fﬁgﬁ?écgsétl\é@b% %t[})j} %eljig%ﬁ%%%%ﬁ%f)e%&gl/%% rtg{r% (}{%Utcgtlf % 25 by
wei ght. The K content of all three types of catalyst is generally fromO0.5

to 4.0% by webglt ,pre&derabl MaEEQ{}btl-sli/ét%ln% %P&’hv@iaglhtbe gBrEBGcQEi

content of the Pd/ K/ Cd catalysts is generally romO0.1 to 2.5% by wei ght,

preferamty fR6APEIATE0 250 i Swi ghitvemsiathe BaPERREERPLYf t REaPEAK/ Ba

catal ysts iscgea@yakky &omprosd, t €k 0%xhypwei, ghtot Prefler aphy16690m0. 2 to
0, i -
1.0% Dby wei %mi g\cla\?dg%/u(%87a ]'sop%lgt%esgs%/tpn?%'cgetatezllas activator and/or

cadmium or barium compounds as promoters.

15 The metal contents of particularly preferred catalysts

are as follows:

The Pd content of the Pd/K/Cd and the Pd/K/Ba catalysts
is generally from 0.6 to 3.5% by weight, preferably

20 from 0.8 to 3.0% by weight, in particular from 1.0 to
2.5% by weight.

The Pd content of the Pd/Au/K catalysts is generally
from 0.5 to 2.0% by weight, preferably from 0.6 to 1.5%
25 by weight.

The K content of all three types of catalyst is
generally from 0.5 to 4.0% by weight, preferably from
1.5 to 3.0% by weight.

30
The Cd content of the Pd/K/Cd catalysts is generally
from 0.1 to 2.5% by weight, preferably from 0.4 to 2.0%
by weight.

35 The Ba content of the Pd/K/Ba catalysts is generally
from 0.1 to 2.0% by weight, preferably from 0.2 to 1.0%
by weight.



- The Au content of the Pd/K/ Au catalysts is generally fromO0.2 to 1.0% by
wei ght , preferably from0.3 to 0.8% by weight. 5 At | east one salt of each

~ of the elene to pplied to the support particle

. Pd/ K/ Au, Pd/ ‘%37/‘% Ba) has to be applied. It is %"g‘s";ﬁt*%%? %ply a
pl urallty of salts of one elenent, but i1 is usual to apply exactly one
salt of each Tfe the taandend] epbnttdie 1BdTKéAne cedsdivis tanpunt gesfenald ysal t s

can be appl i &d-du o ozﬁ%tfpo@rbpngyéﬁtpl srw@gsgmgt e@Bm g 23] s gean be
applied to the suppart by known net hods such as eepi ng, spraying on,

vapor dep05| thiYorY"eJ(ﬂprpl ng or precipitation. 15 In the nmethod of the
i nventi on, is naturally only the noble netal salts, i.e. Pd and Au,

whi ch are uced to the carresponding pappsi ze noble netal rt| es and
not the "Easzdt gberﬁsﬁ t%%t%oi& ?ﬁ e%‘éﬁ 98 Q’ﬁ i?f“gp Eaﬁobg’ Cafhl C;to t he
support togettrerthae tduppdeet nodteickeal (Sakt sxampébs@dbﬁf/ﬂmehadj’m’rc‘d

af t erwar ds. Y, cor.di { nmet hod _of t v shel |
of Pd/Au is fi ré%palr od%%%deé I(?%g ate&ﬂfbedort&p qu RNen }#ll:értﬁ%rgpﬁ%gegnat ed
Wi th pot assi lrhuEdtidte oEoFalksen OfWIQIhe t fbeReDk| I’l@u@l sittr | beit sguani ftor n y

over the crogpisecéioncpy bhe pfalltetoflteaéhpldfr a&lﬁé YeRteBORhG Rl s are

to be fixed tg the 30 su port and Au aiToys or structured

nanost r utP ur &€ | NECEFBRE oﬁ“}?é’lg'ﬂtéqdl‘afn SR 13 e uRABN PgoPBPLE8A difso be
produced by tdie rnetdwdonf byhmulmﬁpe@tum@reaﬁlamrcoam@l salakyshs meoduced

catal'yzod T oRHEIGHS VKO 607087 IBRAT Erol 04518 25 S TRES | AIHe S nt er
al i a, am natistrespingir ogewatyiiengs, on, vapor deposition, dipping or
precipitation.
15
In the method of the invention, it is naturally only
the noble metal salts, i.e. Pd and Au, which are
reduced to the corresponding nanosize noble metal
particles and not the “base” constituents K, Cd, Ba.
20 The latter can be applied to the support together with

the noble metal salts or else beforehand or afterwards.

Normally, according to the method of the invention, a
shell of Pd/Au is first produced and the support is

25 then further impregnated with  potassium acetate
solution, with the K being distributed uniformly over
the cross section of the pellet.

If a plurality of noble metals are to be fixed to the
30 support (e.g. Pd and Au), alloys or structured
nanostructures, i.e. gold on palladium or palladium on
gold, can also be produced by the method of the

invention.

35 The coated catalysts produced by the process of the
invention can be used for many heterogeneocusly

catalyzed reactions.



- dehydr ogenati ons, dehydrocyclizations, hydroxylations, oxidations,
_epoxidations, skeletal isonerizations and also conbinations of these types
of reaction for the 5 targeted conversion of organic no|ecul es. The

i npregnat ed ¥9d 99488783 shaped bodi es c%n be used, iff eﬂ??%ﬁh%ﬁl%fter
activation, as coated catalysts for hy Pogenation, oxi dation and

i someri zat i ofhesactimmbydd ) patercwlad,y anpfierabhy, f bydsebeoiatviens,

hydr ogenati o j - partst.i ]Q%ﬁgg-i RS, anpl i ncl ude:
sel ective hyg¥%%ena Fgﬁﬁﬁgﬂgﬁtogé% é selec%f%é ﬁggﬁoge g?Po%l%Pq%%fédiene,
15 sel ecti ve jidedgdemai oaPekidatipnene, sisel ekt ve siio@ aiowh and

butynol , sel eatldovecbyEi RIENGhE O Of t hOSE adtivRRe tOf 06lare ictel £6+1 oe

hydr ogenati on of benzene to cyclo exene,_hydrogeqﬁtlon of carbon nonoxi de,
hydr ogena? i or‘f%ﬁ%&?”&’i%ﬁld’é% RISFERA i CTHRF mal ei ¢ anhydri de,
hydrogenati on of NO, to NH3 or NH2OH, carboxam des fromnitriles, am nes
from carboxylic .acids m nation_of. argmatics,. i.n particular the reaction
of benzene mfkﬁ éﬁ%ﬁﬁ%?%%?%i%%gaﬁf e, %ﬁ%ﬂﬁ%i?ﬁé%ﬁﬁn% ?o%eo %§QK#wdes
and ket ones tim @gaEntasiul2ly tdftaMbcketrieynitmsi 83 acatafidebydé ybremierhyl ene,
oxi dation of o 1B, ©1 6x380Y dohdCanaXi iy £y 5 2T oA SRR, de,

oxi dation of alcohols to al dehydes,. ketones or carboxylic acids,

oxi dat i oh® ofPadtiavda iy eﬂ%ﬁfm%l?lzu dEPy deseaRAt k¥EoNEYATOGERAtiiONs of 30
al dehydes and-ckeitares @ yRBEI xaddtsiondydr oxyl ation of aromati cs,

e.g. oxidation of benzene to phenol or toluene to cresol, oxidation of
propylene to acrolein or acrylic acid, ammonoxidation of, for exanple,

tol uene to benxzomltes | ef orthefsepr tpylede: t seldecadvg dnydrogenaeponi ads can
be converted|£3§2§§3 hggfgéggggnesHya}o ‘%rti g{ogggatlggegyyg&gcww

| de
into alcoholéi . 'styrene oxi de derlvatgeks to ve “thecorrésporidi ng
phenyl ackb al dehyeddsivier urtiedrodsmhiogemat i 9§ copdetidaset o plsedgicstivenol s.

hydrogenation of butynol, selective hydrogenation of
octadiene to octene, selective hydrogenation of benzene
to cyclohexene, hydrogenation of carbon monoxide,
hydrogenation of carbon dioxide, hydrogenation of
20 maleic anhydride, hydrogenation of NOy to NH; or NH,OH,
carboxamides from nitriles, amines from carboxylic
acids,. amination of aromatics, in particular the
reaction of benzene with ammonia to give aniline,
reductive amination of aldehydes and ketones to amines,
25 the Wacker synthesis, acetaldehyde from ethylene,
oxidation of butane to maleic anhydride, oxidation of
carbon monoxide, oxidation of alcohols to aldehydes,
ketones or carboxylic acids, oxidations of alkanes to
alcohols, aldehydes and ketones, oxidations of
30 aldehydes and ketones to carboxylic acids,
hydroxylation of aromatics, e.g. oxidation of benzene
to phenol or toluene to cresol, oxidation of propylene
to acrolein or acrylic acid, ammonoxidation of, for
example, toluene to benzonitrile or of propylene to
35 acrylonitrile, epoxides can be converted into
aldehydes/ketones and under hydrogenating conditions
into alcohols, e.g. styrene oxide derivatives to give
the corresponding phenylacetaldehydes or under

hydrogenating conditions to phenylethanols.



“WD 99/ 08791 - 26 - PCT/EP98/ 04819 Pd/Au coated catal ysts produced
according to the invention can be advantageously used in the vinyl

acetate synthesis to prepare vinyl acetate in the gas 5 phase from

_ethyl ene, ac qg%&‘i%%a{]nd oxygen or oxygen- contai ni ng-aER28/ Ghglo
preparation of vinyl acetate is general %}ﬁ carried out by passing acetic
acid, ethylene and oxygen or 10 oxygen-contai ning gases at tenperatures of
from 100 to 220 preferably 2Q t n S fram1l to
25 bar, prefer a/l?fuy froml toc%gggré, ov rr%tqﬁ"e%ecfli g?(g%(?dé%%fal ?/Is?t tVI\‘IIl%[ h

unreact ed corfpBifEHtiPheiGRf ablee adyapdagaquifilat edisethe ioxy e corgentrati on

is 15 advant ageausley &epthdel oWeb0%iupaned Upen{basedaret hen gaS ot ure
W t hout acetic¢ aci d% . Ho V(ﬁr, under sone cjircunstances, dilution with
HRAFesT TS ¢ £ DY

i nert gas®s €8P’ cAFFGACHIAKIUARE FHYIRE a§E0PXYSICarbon

di oxi de i s pardrit@ilrairy gsddsaabl e for dilution since it 20 is forned in
smal | amounts during the reaction. In the synthesis of vinyl acetate (VAM,
it has been found that the supported catalysts used for the synthesis
from et hyl en&heacereépanat doandfoxyigunl 26cpteter adld ygenapalse Pdrarieddan

al kali netal g ei)?r %émé’si%g As-dwrd h%rci?&j,d' %H‘x?égngd’a U ol &

successfully used. e netal salts can be a to the sua%ert by 30

st eepi ngl 0 spPIWIFG GPRLASENHePEEE | BR, tEMPSTRGUsEes mrlecfpPRalPBntaA n the
case of Pd/ AW gt apystsrably hasoheern d ognd 2o oche Adyaptagsaysst @ rapply
the two noblef net al s |%§(I}Pe}_r 35 foEm%gla hel |l _on the Eugport, |.%. t he
nobl e netal s T & pr e Y iRt 20w ¥ 6587t b FRe28uPREce X/ &het he
regi ons furtHemiisisidedtwel wpporitibodyrasetedi conpbhynt sepedhgnablle
netals. The | ckness qf cat iC tive shells..s about 0.1 -
2 mm \/\099/%@7919’-% 278£r{3>g$§gﬁ§78/ 02@% Bty il farorf "4

15 advantageously kept below 10% by volume (based on the

gas mixture without acetic acid). However, under some
circumstances, dilution with inert gases such as
nitrogen or carbon dioxide is advantageous. Carbon

dioxide is particularly suitable for dilution since it

20 is formed in small amounts during the reaction.

In the synthesis of wvinyl acetate (VAM), it has been
found that the supported catalysts wused for the
synthesis from ethylene, acetic acid and oxygen
25 preferably comprise Pd and an alkali metal, preferably
K. As further additives, Cd, Au or Ba are successfully

used.

The metal salts can be applied to the‘ support by
30 steeping, spraying on, vapor deposition, dipping or

precipitation.

In the case of Pd/Au/K catalysts, it has been found to
be advantageous to apply the two noble metals in the
35 form of a shell on the support, i.e. the noble metals
are present only in a zone close to the surface while
the regions further inside the support body are
virtually free of noble metals. The thickness of these

catalytically active shells is about 0.1 - 2 mm.




The process can be carried out nore selectively using coated catalysts

t han when using cat al ysts in which the support particles are inpregnated
right into the core ("ful'ly inpregnated”), or the capacity can be
increased. 114 h9e94°£—{9e]r case, it is possible to keepP¢REEPR&LP4BHRO

condi tions unchanged conpared to the fulq7y dinpregnated 10 catalysts and to
produce nore vinyl acetate per reactor volune and unit tinme. This makes t he
wor k- up of t C n et a i ned easjer ince the vin

acetate conten e_%ﬂgﬁegg %apegﬁ/% n&gf%?gfae%c mis Rrg E ?’cﬁlsé
to an ener gy WQYQ ¢art4hest1$ W@am ulpesensmg csuaﬂabte \mrlwm arhe

descri bed, 6, 5,

26 a5 913, b PGS ERArciRLIS, Redoimreaideed S2antb il ghg eéi’%ant
capacity Ps k%ﬁu%st&ﬁlpreﬂ?@teﬂedotl oRTt enpBRat LFRPR@HCBe | GHier edJeand as
a result the izdrreeardd on can be carried out nore selectively at the sane
total throughput, thus saving starting materials. |In this case, the anount
of carbon di oxide which is formed as by-product and therefore has to be
removed as Vel lthes tdtetdwossand, entr asnpdsetithykene aeepcithieedasidtia?b thi s
renmoval are Jedyae (IS r d Iea to a

| engt heni ng géf&%et%operg%ﬁlﬁlg&lg??&ng &pa#e%dcatogl tgfg% EE ?regac t|e(5]1n
i nvent i ohOpr GAtdy Esianfl e£o Iredage PPoeevInyor ape@d@el @@rsmeva@(taired

supported cajdalygt Sahy gﬁmeaathmg then 591 fakkdsSi the | Roklie orge t%f the
support by reduction, i ‘%ﬁ?aratl on of the sol and fixi

gt
support are GEHA%dvenyl sq CHheBBSPYIEA dRRSkR%p. Sllll?clehl'éh@\/aﬁlnt}’ﬁe shel |
35 t hi ckness aat e Naioe teedi I1y1 mahehedab0 T&4NH NGMRINS, rddbdesy tiigul ar
greater shell cknesges arelsp ibl.e than_ is the case with the sol

i npr egnat i on X eqc%m 'quéth RE9Fi f¥UsPEn TICTHE S8V ontButs ede into
the por&s oqurhfetsgjppectlos.aIS&atmhridervedrhyuphe amchdascaibed, for

example, in US 5 066 365, DE 34 22 575, DE 34 08 239,
DE 29 45 913, DE 26 10 624, US 3 840 590. If, on the
other hand, the plant capacity is kept constant, the

| eads

t he

reaction temperature can be lowered and as a result the
20 reaction can be carried out more selectively at the
same total throughput, thus saving starting materials.
In this case, the amount of carbon dioxide which is
formed as by-product and therefore has to be removed as
well as the loss of entrained ethylene associated with
25 this removal are also reduced. Furthermore, this
procedure leads to a lengthening of the operating life

of the catalyst.

For this reaction, the invention provides a single-
30 stage process for producing sol-coated supported
catalysts by generating the sols in situ in the pofes
of the support by reduction, i.e. preparation of the
sol and fixing to the support are carried out
simultaneously in one step. In this way, the shell
35 thickness can be more readily matched to requirements,
in particular greater shell thicknesses are possible
than is the case with the sol impregnation technique in
which the diffusion of the sol from outside into the

pores of .the support is also hindered by the mechanical



- WD 99/08791 - 28 - PCT/ EP98/ 04819 sieve effect. Furthernore, higher noble
nmetal | oadings on the support are possible, process steps are saved and

the energy-intensive treatnent with highly dilute solutions is avoided. I|f
desired, in e 9{87F wel| 5 defined pore structur ECTERMY Whkdre, the

colloid size can be set exactly via fh@gpdre size of the support, so that
nmononodal di stieveute fesctof Eortbedsorean highedht aiolsle moeeasi dphydingee
meticul ously ¢le ratus d I s (twice-distilled ter) required
10 for the pfgbagg?i%ﬁgﬁ¥&§bL%§%e %%ggggﬁﬁléé%+§gé%n%%§ §%a?§@i%a%ﬁg
in-situ prepdnstiohe eme¥eVtiasensivep| sreéabment Watderhimhly cdélycees and

to aggl omer aldsane iR Pard | Sh&Saed5 Shekbshika | aadivie Wi b TBEalesalts in
the preinpregnati on by nmeans of known techniques and rapid renoval_ of
wat er dur? ng FYiNGG BOFS Fideich R ed ! pFB&suFERPPRE addifs ofOtd OtRe

reduction netshed otahhebei nsent i dy1gNOLA at hehkorpatd ons0fe Sk | sner al | ow
a 20 further reduction in thqishell t hi ck if this is des;red. The

ness
catal ysts obAPREd TaccBP diHif T o "PRE™PRGENt FORFADRET3RE| gHi f COARPEIShor e
uni form act i vemebal abtAInddit more 25impdyhi ghtee meldiculetedlydi spersi on
than do VAM CRi¥ahs RRIUGsd it & eapyentap0el 1 1BANGE N Byl req
di spersion is also largely maintained in | ong-termoperation Wi to the
reduced BQgl &F8r at £8R of P¥RRardbiennet@f eks cl bscoxe a cegoleteflywhi ch

the deacti vatinge @fsdais 30n catal yﬁﬁsspmab&@%a%@ib@ﬂ.ngm theidgveption is

sl owed and IoggV per tingilives are obtained. The _production prqcess of
the inventi off% 3ﬁF§€é6h 9T G 25%8Rt RBRI §OnBAgACASF 25A@ v er y
narrow parti ofe pgirte cldisstri buti on. 35 Furthernore, the nmean nobl e netal
particle diameters are significantly smaller than in the case of
15 Shell-like loading with metal salts in the
preimpregnation by means of known techniques and rapid
removal of water during drying, e.g. under reduced
pressure, 1in addition to the reduction method of the
invention promote the formation of shells or allow a
20 further reduction in the shell thickness, if this is

desired.

The catalysts obtained according to the invention have
a significantly more uniform active metal distribution

25 and higher noble metal dispersion than do VAM catalysts
produced in a conventional manner. The high dispersion
is also largely maintained in long-term operation owing
to the reduced agglomeration of the noble metal
particles, as a result of which the deactivation of the

30 catalysts obtained according to the invention is slowed
and long operating lives are obtained. The production
process of the invention advantageously leads to an
essentially monomodal and very narrow particle size
distribution.

35
Furthermore, the mean noble metal particle diameters
are significantly smaller than in the case of
conventional catalysts. This results in a high active

metal surface area and thus a high catalytic activity.



-conventional catalysts. This results in a high active netal surface area
and thus a high catalytic activity. WO 99/08791 - 29 - PCT/EP98/ 04819 The
foll ow ng exanpl es serve to explain and illustrate the jinvention wthout

it being rest® &%4@8781t hese. 5 Exanple_1 200 g of SFGX/ERAFNIEYSi|i per|
AF125, Engel hard) having a BET surface?dréa of 300 nk2/ g were sprayed

di scontinuously at a tenperature of 30-32C with a 10 hydrochloric acid

solution of 31d3 @10k GdMBkdmofes PaLLAA! Ul A0 4p 204 11880, Lde? !

of auric aci I over a peri ) coating
unit. The suppériNyeREALER wWditdosthdéqlpeimioy regtird¢tadd tsptdyese with 20 g of
tripotassiumcitrate 15 hydrate dissolved in 200 mM of water over a period
of 25 mnutes. At a_drumrotation speed of 10 rpm spraying was carried
out disc ti%ﬁf&ﬂ‘? dt 1 bar. The inlet tenperature (warmair tenperature)
was 60C and the product tenperature was 32-30C. This gave a 20

honogeneousl y, .i.npr egnat ed .coat ed _cat al yst,. having a Il thickness,of 400
m The di ame 8r0n§f gr%e %alr(l)ésiilép%%}f Fel 3%13/%;\8@8% e?‘ﬁ?ggd EQgﬁig?@a&f TEM
The mean par havtiegdi aneBET is1dkamm a2&abxalipl 202 @Yq ekrehespaagesuppor t
30 chiordo SAqTEsInuclRIgInaLe e ehfepRite Thb | HPAZTE abifR AL
support MWas higreghdcadcn erid. 530hut¥Pnt r9Bodi A @ t rdBe Bdimmpdnat efi n 19. 6

n of water aadiadaliercHieiridd effate.stagd G&or Wag hoursual-63kigwas
dried. 35 After %ttl ng through a re resentatlge r}unber of pellets, the
shel | thickné8s Hs Wealhr PURF nBYRE & PBPLPLalim 7 088 &nd- KPS | i ne

scans. The skehkting unit. The support spheres were subsequently
dried and sprayed with 20 g of tripotassium citrate
15 hydrate dissolved in 200 ml of water over a period of
25 minutes. At a drum rotation speed of 10 rpm,
spraying was carried out discontinuously at 1 bar. The
inlet temperature (warm air temperature) was 60°C and
the product temperature was 32-30°C. This gave a
20 homogeneously impregnated coated catalyst having a
shell thickness of 400 pm.

The diameter of the nanosize particles was determined
by means of TEM. The mean particle diameter is 30 nm.

25
Example 2

20 g of the same support as in Example 1 were
impregnated with a solution of 335 mg of palladium
30 chloride and 186 mg of auric acid by steeping and
dried. At 65°C, the support was impregnated with 1.52 g
of trisodium citrate dihydrate in 19.6 ml of water and,
after being left to stand for three hours at 65°C, was
dried.
35
After cutting through a representative number of
pellets, the shell thickness was measured by means of
optical microscopy and XPS 1line scans. The shell

thickness is 1 mm.



~thickness is 1 nm WD 99/08791 30 - PCT/EP98/ 04819 The dianeter of the
nanosi ze particles was determned by neans of TEM The nean particle
dianeter is 40 nm 5 Exanple 3 20 g of Si Q2 supports (Aerosil 200, Degussa)
~were inpregit® &PAR&HPIa solution (19.6 nl) of 325 npPCYAER®S M8l 9 of

pal | adi um chl oride and 189 ng 10 (0.473 3wl ) of auric acid by steeping and
dried. The supports were wetted with 19 ml of water by steeping and

i mpregnat ed wi,th fotri assi .citrate . 10, m. of .water d
dried. 15 Af el c%%?‘?%ge hroE)fugﬁ%% RaBOELge: A Teheraer dessrmirned' pe
shel | t hi cknéxs measreds FEML. Bhergegsan gfartSEMe Thicandieet idhi4kmass is 140
m 20 The di aneter of the nanosize particles was determ ned by neans of
TEM The nean particle size is 60 nm Exanple 4 25 Pall adi um chloride (335
ng) and abri EXAMRIE P36 ny) were dissolved in water (19.6 m) and applied
by steeping to Siliperl AF 125 Si Q2 supports (10.0 g) . The supports were

dried and i npregnat 1.th an aqueous 30 sol ytion of potassiumformate (0.5
g) and sodi urh® %.H foﬁi }gdtoe? (699 (j’)rtind?ia‘ﬁré’ﬁlggaizﬂo'Th@elgdllsﬁl?)rat“ietfq s

Pd: Au=8: 2. BExanplegratedb 186thy &f asvletaond warse eappl)i edofo Si2ls perl AF
125 by steepin ggﬁ UppoLEsS s [ at 0 dre ed neans of
citrate sol ut(:lo%g( .615)n1 ) .S;fte 'a‘iigﬁéﬁﬂ\& %ﬁleogdlg grgggbea&ls@év@rge dried
and substguentd ¢ AOE10870f PCTAEPIS/iGUSHY steeping and dried. The

supports were wetted with 19 ml of water by steeping
and impregnated with 1.68 g of tripotassium citrate in

10 ml of water and dried.

15 After cutting through a representative number of
pellets, the shell thickness was measured by means of
SEM.

The shell thickness is 140 um.
20
The diameter of the nanosize particles was determined

by means of TEM. The mean particle size is 60 nm.

Example 4
25
Palladium chloride (335 mg) and auric acid (186 mg)
were dissolved in water (19.6 ml) and applied by
steeping to Siliperl AF 125 SiO, supports (10.0 g). The
supports were dried and impregnated with an aqueous
30 solution of potassium formate (0.5 g) and sodium
sulfanilate (0.2 g) and dried again. The Pd/Au ratio is
Pd:Au=8:2.

Example 5

35
186 mg of auric acid were applied to Siliperl AF 125 by
steeping, the supports were dried at 120°C and reduced
by means of citrate solution (19.6 ml). After 12 hours,

the dark gray beads were dried and subsequently



31 inpregnated with 16 nl of an acetic acid solution of palladium acetate
(424 ng, 1.89 mml) at 60C. Drying was carried out in a vacuumdryi ng oven
where the Pd salt was thermally reduced at 120C. 5 The particle dianeter

. of the nanos™®e 9941087@les was deternined by means ofP P9BveD hiEleth
dianeter is 20 nm Exanple 6: 10 325-nglof pall adi umchloride and 186 ny
of auric aci dmpiecgaticsSohver 16 Wit ebf 20 Gad®dt Belppeids ¢®ibt poril of AF 125)

were placed in raund-bottom f |l 250 and, { npr.eg d with auric
ho1 4 and. pal PAITGRLN orreests <ot e (Tote AR TRESREHGH  Brded
subsequent | y wagy | el f ped 4ohburisn aé  ¥2@Cum tdwyesng nprvegnathet-an the aPdvi scous

potassiun1ci%%ng“%géQ%%Qggﬁﬁgéﬁ%iP§§%fgﬁﬂ;ﬂ;ﬂdc and dried again. 20 The

shel | has a thickne Exanple 7: Auric acid (189 ny,
0.473 mvo?) and palladiumchloride 25 (325 ng, 1.89 nmmol) were dissol ved

in water. Thend Barsupperta{zfefesd; JfyPeh | ndfos BASF)parasi d1ay egaat ed
with the sol bsequent | dried for 5 hours at 120C._ After

tion and s
cool i ng, wat giret(aﬁmlmféi Y msans; QLN Ihe fRAR (H A SRri DAL dbports in
order to finally allow 30 a tripotassiumcitrate solution (1.68 g in 10 m)
to diffuseiq%a4§fg g the addition of water, the color of the support
changed frombelgé to white. The support was dried for 5 hours at 120C. 35
React or t@ests: The catal ysts produced in the exanpl es and conparative

exanpl es are ;bested i Baihxaduhed il Mer 9B8agkoror haying acgapaci ty
of 36 mM. The gas€s are_netered in WO 99/08791 PCT/ EP98/ 04819 - 32
were dissolved in water. 20 g of supports (Siliperl
AF 125) were placed in a round-bottom flask (250 ml)
and impregnated with auric acid and palladium chloride
15 solution (19.6 ml). The supports were subsequently
dried for 4 hours at 120°C. It was impregnated with a
viscous potassium citrate solution (10 ml), shaken well

and dried again.
20 The shell has a thickness of 75 pum and is black.
Example 7:

Auric acid (189 mg, 0.473 mmol) and palladium chloride
25 (325 mg, 1.89 mmol) were dissolved in water. The SiO;
support (20.0 g; type D11-10, BASF) was impregnated
with the solution and subsequently dried for 5 hours at
120°C. After cooling, water (A = 16 ml, D = 19 ml) was
added to the various supports in order to finally allow
30 a tripotassium citrate solution (1.68 g in 10 ml) to
diffuse in. During the addition of water, the color of
the support changed from beige to white. The support

was dried for 5 hours at 120°C.
35 Reactor tests:
The catalysts produced in the examples and comparative

examples are tested in a fixed-bed tubular microreactor

having a capacity of 36 ml. The gases are metered in



-via MFCs, the acetic acid is netered in using an LFC (Bronkhorst) . The
gases and the acetic acid are mxed in a gas m xing tube charged with
packi ng el enents. The output fromthe reactor is let down to atnospheric 5
_pressure and Wass/Patlough a gl ass condenser. The RFBERELOEDIY ected is
anal yzed off-line using GC. The uncondé®sabl e gases are determ ned
quantitativelyidymros; | the GAzetli: Batode itshemebased eabntus e gaAt aFgst i s
activated in ,the reacttﬁlr) a,ﬁ fol | ows: Thcg cat al stt.is heat ed_from about 25C
'Sp 2 :

to 155C under'BaEMaO% i §2FFEs % . 1% APCrAE S tFhE, TREgas
tenperat ure iin imng@Easeking HG0E€ andrgdd gashnpackgngeespemantise The
increased to ' copfLti ] Nt aikne r e
Subsequently,OLlétg%% e-r%%lms ?fg% ilﬁé%%%&?hg% rggks:ur(go‘{”g ﬁg%é:g{ge hte(%qfo bar .
After a hdl d rHeRsSunfceind abrgsed FBEEHER id ahthIhe AnSNs dhe

mai ntai ned f oRRMsatd M1 Za-Ald ef s aghhVpbé@norEbeigat akyal & .rdmeup and
nmeasured as follows: a(C}T_);;Lygen i s added downstream of the %gas ,m%)&]g t ube and
the oxygen cOMEMISRIBNG s IPTESeaed TRLTHEREED AWREERLY umy (1st

measurenent) and i ecto 5. 2% by vol une (2d neasurenent). Care al ways has
to be taken to ensure that the explosion limts of the ignitable
ethylene/02 mxture are not exceeded. At the sane tine, the reactor

t enper at UPe iBefiows eabed nensiGmerds, Thber exxtabyst s isonacoieatedntinnual |y
using the gaspLhy SH9rabhe WR,29/ 08791 PCT/ EP98/ 04819 33 Wen the
reaction is proceeding in a steady state, i.e. wth a constant reactor

t enmperature and const ant

The catalyst is heated from about 25°C to 155°C under
N, at atmospheric pressure.

15
At the same time, the gas temperature is increased to
150°C and the gas mixing temperature is increased to

160°C. The conditions are maintained for some time.

20 Subsequently, ethylene is fed in and the pressure is
increased to 10 bar. After a hold time, acetic acid is
metered in and the conditions are maintained for some

time.

25 After activation, the catalyst is run up and measured

as follows:

Oxygen is added downstream of the gas mixing tube and
the oxygen concentration is increased stepwise to 4.8%
30 by volume (1°° measurement) and later to 5.2% by volume
(2™ measurement). Care always has to be taken to ensure
that the explosion limits of the ignitable ethylene/O,
mixture are not exceeded. At the same time, the reactor
temperature is increased to 170°C.
35
The reaction is monitored continually using the gas

chromatograph.



- concentrations of vinyl

acetate and CO2 in the product gas stream
sanpling is commenced. 5 Over a period of about 1 hour, one liquid sanple
and a nunber of gas sanples are taken. The product gas flow is determ ned
using a gas W& &5/0B0%fter testing is conplete, the RSE/(RRPEOHER rati on
is first decreased stepw se. The conpositi-ons of the catalysts used are
shown in Talhenl thEhedRAGIdH TLphdSeoding ned ar stehaynstatel5iTabl e 2.
Table 1 Cat aléit dat a Ex%éCogp Pre%ursors Reduci ng Stabilizer Shell

agent thicknddE [ 2CPRIBIC SodPRMEOT100C ™ HEATCIH Ti t P28 SOBFERST

Pot assi um - béhhcedAuGtA onist raft evinPllCaZzetRokassidimGodinint B80 prHauct4 _
formate sul fanil r ;P i - Pd(OAc) 2 citrate 6 PdCl2,
Pot assi um - S %f&%&% ’cilétggn tleln%{/ﬁzs(s:ous e dCl12, Potassium- 150 HAuCl14
citrate VD 99/08791 PCT/ EP98/ 04819 34 Table 2 Catal yst performance in the
m croreact or oy 0QMBr UPROF L afdut e8d nRAL, I ReheSel £G1i PTYamEPIPanROSI L1 ON

conc. nethod tivit [ 1*h 9 9
numberyo%ggas]saéﬁﬁeé gre taken.

The product gas flow is determined using a gas meter.

10 After testing is complete, the oxygen concentration is
first decreased stepwise.
The compositions of the catalysts used are shown in
Table 1. The reactor results obtained are shown in
15 Table 2.
Table 1
Catalyst data
Ex./Comp. Precursors Reducing Stabilizer Shell
agent thickness
{um]
2 PdCl,, Sodium - 1000
HAuCl, citrate
3 PdcCl,, Potassium - 140
HAuC1, citrate
4 PACl,, Potassium Sodium 250
HAuC1, formate sulfanilate
5 HAuCl,, Potassium - 200
Pd (OAc), citrate
6 PdCl,, Potassium - 75
HAuCl, citrate
(viscous)
7 PdcCl,, Potassium - 150
HAuCl, citrate




-2 Pd/Au = S

inpreg- 90.7 110 4:1 200 nation 4 Pd/ Au
4.8 inpreg- 92.0 147 4:1 nation
_Siliperl 4.8WOAYP8BIL7 110 4:1 nation 7 Pd/Au
5 Further advantages and4%nbodi nents of the invention can

nati on

70 4:1 nati

5 Pd/ Au
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%ﬁﬁ%ﬁégé%¥ng transition groups

Periodi c Table of the Elenents on porous support

particles, whpch cpnprises, [ig a firsft_step, [yl ng _one orf note
precur sor (s) érécted&?Ton1 tH%P%ﬁEﬁu)Eh qaﬁﬁpd§%§§¥§bk§F BFngl of °the
conpounds 1Q @fmpef absiofor fansiti on |groups | |bmandod (| ichvotyt hég/Perli pdi c
Table to a porous support; and, in a sec&ﬂd st ep, treatiﬂ& t he porous
support to fwhirch rt Feast—gneprecursor—as—peen—apptet—wnth—at—epst
one reduci ng adgent| tR/giwe naiddpeells nettal |pamrred-es PPoduced A sifu in
the pores off the puppanrt. 2. The process as (chai@gd in claim1l, wherkin an
inert, poroys, preferapy nmanoporous, sggpor[ —20 COonprisTyg sriTcom
di oxi de, al Uni fum pXEHBY i { afPEPsidi oxi de,8 zi | tErEa®m [di 8Ri-de, | oxd e
m xtures of |the conpounds ngntipeed, |mM xed oX|i ¢@$ion
4 Pd/Au = | Siliperl 4.8 impreg- 86.3 49
4:1 nation
5 Pd/Au = | Siliperl 4.8 impreg- 92.0 147
4:1 nation
6 Pd/Au = | Siliperl 4.8 impreg- 89.7 110
4:1 nation
7 Pd/Au = D11-10 4.8 impreg- 88.9 70
4:1 nation

Further advantages and embodiments of the

be derived from the following claims.

invention can



of the conpounds nentioned and/or alum num silicates in the form of
powders, sheets, strips, 25 nenbranes, rods, plates, tablets, wagon wheels,
nonol it hs, spheres, chips, rings, solid extrudates, hollow extrudates,
stars or othdO ¥HAREPhodies is used. 30 3. The procRSE/BEBO&[@4&RY in
claiml1l or 2, wherein the netal corrpdur?t:?(s‘) is/are applied to the porous
support by st@epiney, spraying, dipping, inpregnation, spray drying,

hi -coating or fluidized-bed coating, preferably by inpregnation. 35 4.
The process as clained in one or nore of the preceding clains, wherein one
or nore conpdund(s) PoHPceRsafors@redusd N i cakalysupcoopsistngg asfe _
copper, silver, gold, nbEONmet@hal toe N okal . £ YO OYRBTSL, RCTLEPYR/04819 -

36 ruthenium rhodium osmum iridium palladiumand el atinumis/are
applied to the sufPiAPESsSTke praRessieR SraiRediPnabhe Vel Ikord dhahe 5
precedi ng cl ai ms, phelr®iic ONebDE HF ecipal Eadment sCupopsdoss & @ one
or nore palladium cq_rrrpolund(s) together with one or mor e .compoun téa? of
metal s sel ected frSH tHe Ut oup” 2 bH3i sTPAGEOFES coppBr, 3si HESE %P i r on,
cobal t, nickel, 1Gpnityiend uener hodi mmreospiramursprdisim seteptad i firam i s/ are
applied to the por g%#@_gr o] .as ¢l ai i_n re of
tﬁg precedi ng cl a%, re{)% g?\%g%.rgn%rggggﬁ?géﬁémogﬁghgorcr%gl r?g{nségo

t oget her1@i t h one & WRiral Lorpounasitien gopdprar ébappli ¥dIdd ©fe tiwr ous

support. 7. The prcessias tdpidmd il heo@s sphsopf; the preceding clains,
wherein one or nore reducing 20 Sgents sel ected fromthe group consisting
of citrates such &%otHdss? UATCPEFafeSPsolFGAF1ng the porous support

to which at least one precursor has been applied
with at least one reducing agent to give nanosize
15 metal particles produced in situ in the pores of

the support.

2. The process as claimed in c¢laim 1, wherein an
inert, porous, preferably nanoporous, support

20 comprising silicon dioxide, aluminum oxide,
titanium dioxide, zirconium dioxide, oxide

mixtures of the compounds mentioned, mixed oxides
of the compounds mentioned and/or aluminum

silicates in the form of powders, sheets, strips,

25 membranes, rods, plates, tablets, wagon wheels,
monoliths, spheres, chips, rings, solid
extrudates, hollow extrudates, stars or other

shaped bodies is used.

30 3. The process as claimed in claim 1 or 2, wherein
the metal compound(s) is/are applied to the porous
support by steeping, spraying, dipping,
impregnation, spray drying, hi-coating or
fluidized-bed coating, preferably by impregnation.

35

4. The process as claimed in one or more of the
preceding claims, wherein one or more compound (s)
of metals selected from the group consisting of

copper, silver, gold, iron, cobalt, nickel,



. formal dehyde,

“citrate, ammoniumcitrate; hydrazine, hydroxylam ne, sodi um hypophosphite,

al kali nmetal borohydrides such as sodi um borohydri de, potassium 25
bor ohydri de; v?aseous reduci ng agents such as hydrogen, carbon nonoxi de;

G FMEREL acetates, oxal ates, sul fani | BEBAEB2@A048180di um
hydr oxynet hanesul fi nate; and nonohydritc 3 - di hydric al cohols such as
et hanol , et hyl ene ratheap o) ;rmmﬁimedosﬁiuﬂ{heima@e&s @%mlaagrmd driy one or
nore of the preceding claimns erein. the reduci ng agent use is
pot assi um ci t rat e,pdlsao T 3RS aapn%;]lo? 5 g%o%’ig%%‘?’é?t rate. 9. The
process as claimed in one or nore of the preceding clains, wherein a
sol ution of the mekal \é%%%ls%wgé POTLERE/ 081 e 3L @gPBOU@P(Sc)héS
applied to the porous, "preferably nanoporous, support. . The process as
clainmed if claim Qr%%fﬂeﬂ% &haimsaquebesespl ANHNOra B @t ke liadiam
organi ¢ solvent Qompdlnd e t hepael isr apghked 30 tR8reUPRRAI adklim The
process as clained in clrﬁgg)lo, V\/ne{lel n water is used as solvent. 10 12.

The process as cl &P ai TPIBDRhe it R NAhoMOTEL IFATRCURE 1§l ene
gl ycol, N-nethyl - qfyr metadenese hamddy ffrommeatihele grdiupet byhacet angdef and/ or

t et rahydrof uran or jxture. ne oQ re 15 of these substances with
wat er i s used as ocrogjégr;gl% s% 3&%%" 13('!.}0 e prloéjélSS a%og?];'ffred 347 She or
more of ife precatitdprciwisrbofoun?, aereiwhn solighlue 20d palaadinum
cormpounds, in partiCal.al WEfes A U ig SAbtSus SEh f@.froma group of Pd
precursors consisting of palladiun(ll )S%%:et ate, Ig%c% adiun(11)
6. The process as claimed in one or more of the
preceding claims, wherein one or more palladium
15 compound (s) together with one or more compound(s)

of gold are applied to the porous support.

7. The process as claimed in one or more of the

preceding claims, wherein one or more reducing

20 agents selected from the group consisting of
citrates such as ' potassium citrate, sodium
citrate, ammonium citrate; hydrazine,

hydroxylamine, sodium hypophosphite, alkali metal
borohydrides such as sodium borohydride, potassium
25 borohydride; gaseous reducing agents such as
hydrogen, carbon monoxide; formaldehyde, formates,

acetates, oxalates, sulfanilates such as sodium

hydroxymethanesulfinate; and monohydric or
dihydric alcohols such as ethanol, ethylene

30 glycol; are used.
8. The process as claimed in one or more of the

preceding claims, wherein the reducing agent used

is potassium citrate, sodium citrate and/or
35 ammonium citrate.
9. The process as claimed in one or more of the

preceding claims, wherein a solution of the metal



-chloride, palladiun(ll) nitrate and sodium tetrachl oropalladate(ll)
[ Na2PdCl 4] are used. 25 14. The process as clained in one or nore of the
preceding clains 9 to 13, wherein soluble netal conpounds, in particular
. wat er - sol ubl 8 HX/P87%le|l ected froma group of netal PFBCERIDf G409
consisting of tetrachloroauric(lll) acid? gold(l11) acetate [Au(OAc)3],
pot assium aurate ddedRd (dexashlapaplet | pbcnd pereudydidieFerably
hexachl oroi ridi c(! acid hydrate, ruthenium(l11) chloride, rutheniunm(lll)
nitrate and rhodi JFAGHGORE HHRHI e hydrate are used. 15. The process as
clainmed in one or nore of the preceding clains, wherein the application of
the precursagrys) t r.QuUS, .pr y snan L QUS 9
bet Eog) baoag ) 4B ESS%%F% SasPielElAtY ANaRan AL, h\e/\qgﬁ%é)oqu-z & i ch
the precuPsor(s) FEslamife feldi tppl i @dsobneiPr tar pheg@raaniicn sciogntesence
of a colloid stabifize @ RInkAldL Y OfaGol 10k d Stah | §8885Srt 5 16. The
process as clainmed in claim15, wherein one or nore conpound(s) sel ected
fromthe group consisting of betaines, PVP, citrates, oxalates, fornates,
acetates, sulffiani IeesprédsandsPAAaiked simrel attledo aswhekkond waltalyi | i zer .
17. The process as cl ai r&ed in cllai rpulS or 16, wherein use is nmade of one
or nore conpounds Shi G e SSHhuitanedusl y act as colloid stabilizer and as
15 reduclfag agent. 18. The process as clained in claim17, wherein
pot assi um ci tyr-at e, di itrate,an agmonju Ltrate islar ed as
reduci ng agenltﬁangk%gl I%%Bd&ést’z% s%sébi ?iigierp ThUMe185h 348 ! SAle 13!
methanol, ethanol, ethylene glycol, N-methyl-

pyrrolidone, dimethylformamide, dimethylacetamide

and/or tetrahydrofuran or a mixture of one or more

15 of these substances with water is used as organic
solvent.

13. The process as claimed 1in one or more of the

preceding claims 9 to 12, wherein soluble

20 palladium compounds, in particular water-soluble

salts, selected from a group of Pd precursors
consisting of palladium(II) acetate, palladium(II)
chloride, palladium(II) nitrate and sodium
tetrachloropalladate(II) [Na,PdCl,] are used.
25
14. The process as claimed in one or more of the
preceding claims 9 to 13, wherein soluble metal
compounds, in particular water-soluble salts,
selected from a group of metal precursors
30 consisting of tetrachlorocauric(III) acid,
gold(III) acetate [Au(OAc)3], potassium aurate
[KAUO,] , hexachloroplatinic (IV) acid hydrate,
hexachloroiridic(IV) acid hydrate, ruthenium(III)
chloride, ruthenium(III) nitrate and rhodium(III)

35 chloride hydrate are used.

15. The process as claimed in one or more of the
preceding claims, wherein the application of the

precursor (s) to the porous, preferably nanoporous,



+19. The process as clainmed in one or nore of the preceding clains, wherein
the first and second steps are carried out successively. 25 20. The
process as clainmed in claim19, wherein the porous, preferably nanoporous,
support to wifi®P4087%%ast one netal conpound has bed?CBFRIBH048&19
subjected to-a drying step prior to the3%duction. 30 21. The process as
claimed in one or supporafl &hé/opr eckedi nedldiion 1ofo 48e vhassdrt t ke first

and second steps ar.e,carried out in_a_single-vessel process w thout
i sol ation, purificatih of Gr yP%{SngSSF%F oarstfj'éafvepr e]rP%?ﬁbl PR, ﬁ&glor ous,
support to whi ch ared iy ecarsoedsoutasihavdehepresgpteedf 22. cBid oidocess

as clainmed in one (. ne A 4.he Preced H By o4 [0 plication
of the WD 99/08791 IgCT ElP98/ 04819&1- 39 %ge%urs%%g@%%%lﬁee@éducti on
are/is caPried out in such a way that the netal conpounds are reduced in

the pores of tehe FURPYProddsr shedlaihddeiZ0fLachos8, t gnbhaiguphace Lo give
the 5 corresponding netals or al4g¥5|nt e formof stabilized or
unst abi | i zed nano¥¥& pardTEHB/EEF) pr ecteoat BHORat aFP§t . IFOUPhe

process as cl ai nedonsidtding 238f Wereinmes, 2pOPsShatititdieknesxailatkle range
from5 pmto 5000 ' t ai 4, Th ocess_as claj,ped_in one or nore
ﬁgrﬂé%ég) égg%aégﬁ § f%agff t%%Ve EYgEnﬁpgl %

of the preceding claims, ‘wherein catal Iysltls WhT C icles
and/ or al®oy partiis/esemsiddechase coltmid perabiiclieal ameter in the range
froml to 100 nmin the pores and/or the shell are obtained. 25. The

process as clained in one or nore of the 20 precedi ng clains, wherein one
or nore actiVdt-or£he process as claimed in claim 15 or 16, wherein

use 1is made of one or more compounds which
simultaneously act as colloid stabilizer and as

15 reducing agent.

18. The process as claimed in claim 17, wherein
potassium citrate, sodium citrate and/or ammonium
citrate is/are used as reducing agent and colloid

20 stabilizer.

19. The process as claimed in one or more of the
preceding claims, wherein the first and second
steps are carried out successively.

25

20. The process as claimed in claim 19, wherein the
porous, preferably nanoporous, support to which at
least one metal compound has been applied is
subjected to a drying step prior to the reduction.

30

21. The process as claimed in one or more of the
preceding claims 1 to 18, wherein the first and
second steps are carried out in a single-vessel
process without isolation, purification or drying

35 of the porous, preferably nanoporous, support to

which the precursor(s) has/have been applied.

22. The process as claimed in one or more of the

preceding claims, wherein the application of the



-and/ or pronoters is/are applied after, before or during the application of
the precursor(s) and/or the reduction. 25 26. The process as clained in
one or nore of the receding clains, wherein the in-situ reduction is

carried out &t Zlures fromroom tenperature toP9BOEPOB00LFLO The use
of the catal yst obtainable as clainedir® one or nore of the preceding
clainms 22-26 for mrepardowy(a)i nghddeet atiee i retihetdas phaseisr varstdy! ene,
acetic acid and XY FeN; 3 Afn9el- m(rzé)yr']t %hgltngt easrense'tal compounds are
reduced in the pores of the support in a shell-
like zone <close to the surface to give the
5 corresponding metals or alloys in the form of
stabilized or unstabilized nanosize particles to

produce a coated catalyst.

23. The process as claimed in claim 22, wherein a
10 shell thickness in the range from 5 pum to 5000 um

is obtained.

24. The process as claimed in one or more of the
preceding claims, wherein catalysts which have

15 metal particles and/or alloy particles which have
a mean particle diameter in the range from 1 to

100 nm in the pores and/or the shell are obtained.

25. The process as claimed in one or more of the

20 preceding claims, wherein one or more activators
and/or promoters is/are applied after, before or

during the application of the precursor(s) and/or

the reduction.

25 26. The process as claimed in one or more of the
preceding claims, wherein the in-situ reduction is
carried out at temperatures from room temperature
to 150°C.

30 27. The use of the catalyst obtainable as claimed in
one or more of the preceding claims 22-26 for
preparing vinyl acetate in the gas phase from
ethylene, acetic acid and oxygen or oxygen-

containing gases.



