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Zi rconi um oxi de- doped catal yst support, nethod for
produci ng the sane and catal yst containing a

zi rconi um oxi de- doped cat al yst support 5 The present
invention relates to a porousicatal yst support
consisting of a materi al conprising a natural sheet
silicate. VAMis_ an inporta nononer I bl oc

H e L e CoB P PG SPTRET: SATbofaF A (it ing
of ﬁH&esQﬁe\ﬁﬁ$iﬂd%aﬂyat &&Htéﬂﬂmﬂ@e@aiiﬂddhﬁuﬁfox1de -doped
pol yvi nyl acetate, pol V|n | al cohol  and pol yvi nyl

acetal and co- and tefpb? iSYEPPBh with ot her

nmonomer s such as for exanpl e ethyl ene, vinyl
chloride, acrylate, maleinate, fumarate and viny

TRARERTES LIS VRAN 1 reddbeadt priedoRPHANED YA 4vs b ﬁ@P@%&t
cBhass: flpwragehd € A6 caRgred 1 enaaby-deatide@nsM idhte.
oxygen, wherein the catal ysts used for this synthesis

preferably contain Pd and Au as active netals and

Vﬁﬁsﬁsﬂﬁ1%hb@ktaﬁ@%@kmﬁ@@pgﬁﬁﬂiuﬁﬁb@B@HQhE&me SynthESlS of
Ereferabl potassiumin the formof the acetate,
P

ﬁ%tJPH/PRl}YQ‘G%ysT}@nH@ﬂnt hésedt tfaryet T YHE aZét Fv% the

PEL Bl 5 76 @@d;t)ﬂ&@r%lngt:e&&@@erﬁol'yﬂlﬁ e {10lomoef apgt al
partlcles of the respective pure neta but rather ih

pe hevFrmase Lo/ :a &9 o?“BaF‘HRﬂJé@eéf—zﬁbjs%} Biijh other
ndhdhEr LN, §ONPOSL f iQAmpakt bopgiAhevphes enne r9fie,
unal | oyed particles cannot be ruled out. As an
aglry Ertfat ingéeipa s A@W“ﬂIéFee%%ﬁnﬂ%@yédl%WIQ§? can al so
be used as second active netal conponent. Currently,
VAN i s predoninantly produced by neans of so-called :
Valheld ro@dargdtrredenificeRly hen ddtealdyei ehara ifvemnesatss acid
afll é%ﬁ?f@%@cﬁ§a£é§gtf$ﬁ Betnf ok enpeﬂﬁ&féﬁﬁfﬂﬂ%ecatalysts
cat st support forned as a shaped body, but rather
ugee@ Ecahttéulﬁeéimwesﬁmn raffottery #@éa{%h@l |andofiu as active

sser hn Sis ‘
e ody (ol on Chi & Ep saacono s BRSRES

'pmfe@maogwm amd tHP 637m 208 tAR) aceiiice thethf ily/Au

s LS SURPOL Lol a0, LHE LDV deNRLERL AR BLAPRE are not

ree of e netal’s hel p of shel
prataitysns tha howve oferetel veareedeisont com rnﬂspﬁgtlve pure

n ssi Bl & L0 ABAY; £ a3es ehRANo W ddyacal &l §e s, e Bk Che

e supports are I npregnated w th the active
p@@mdnfe@ﬂﬁem@t tdrrosiEion, thehougporte (Prassregnaf ed

uﬂ£ﬁf§¥@a %arélcles cannot be ruled out. As an alternative to

Au, for example'Cd or Ba can also be used as second active

metal compohent.

Currently, VAM is predominantly produced by meahs of éo—called
shell catalysts in which the catalytic active metals of the
catalyst do not fully penetrate the catalyst support formed as
a shaped body, but rather are contained only in an outer area
kshell) of greater or lesser width of thé catalyst support
shaped body (cf. on this EP 565 952 Al, EP 634 214 Al, EP 634
209 Al and EP 634 208 Al), while the areas of the support

lying further inside are almost free of noble metals. With the



The shell catalysts known in the state of the art for
t he production of VAM can be for exanple catal yst
. supports based on silicon oxide, alum nium oxide,
alum nosilicate, titani um oxide-or zirconium oxi de
(cf. on this EP 839 793 A, W. 1998/ 018553 10 AI WO
2000/ 058008 Al and WO 2005/ 061107 Al ). Cataly
heppot td BaseqtohvEitai M BxFate T2 F@@ﬁFh‘i’ﬁ &8“&%01 is

p@5§1§ﬂiGﬁphhﬁy58§5@§hﬁuﬂﬁ%gthh@ﬂ@ﬁﬁ¥9tsa§ntﬁﬁiﬁh the supports
catal yst sUpports do not display Ion%term stability
Tera

aEBNPErE e ‘ay‘el@.*ehea@i%laﬁ&%m@ t i-Qepythe core” of the

gXpensi 1o, Jhe-graat prity of the catalysts
Sc%]?r ent(lvymgse%l fo? t he Oplrla%{juctl on of VAM are shell

catalysts with a Pd/ Au shell on a porous anorphous

Ak UGSk A e SuRRAlt horRBds 8 A 3PRBE e Pased QRe
natural sheet silicates in the formof natural acid-

pProdu¢tdgred fcBhEi prvtl dserftodn PERBPvth| G adr 8Tt epRsUgisl pased on

swpé&%@;&ag Mi&nﬂ%@é%ﬂ%mﬂ@ﬁﬁo@al@&%@t eJlta%liQR oxide
M shel T “catalysts are usually roduced

by t
'OSozplaiqﬂé@mchémi%a[Cﬁomne thaswhf che? t7Ré Bt aW‘?/s]t998 /018353
§UDW5"§OOb§OE@@@§dhf“JﬂH K0 §§O§P@%%%$7'ﬁ1§0|@5ﬁé¥¥%t0%upports

correspondlng net al precur sor conpoun s, for exanp
‘bhyediqpitagarhen sepisbT ©7] At SCPRBIS S14iR0ASS Frrptly

sgg@cgaap fsthe hdelplent, wetpess.iehhed (3{99%&@ Idd agt

in Which the support is Ioaded h or soaked
dmsplaawdlouget@fms@ﬁqhmlaﬁycépmp@p@hmw £6°F18 Jgideand are

yplune, I(;léﬁpeshell of the catalyst 30 is
pro uce exarrp] e by first .soaking the catal yst

support shaped body in a first step in an Na2PdCl4

P

rRORI PRI LR R SRR SR i R e

psefporitn pft WM faransdfeld Pdtayvistoxivdéhcanpdliiid shealaon a
e e thi

A U e T o G e R

betashee:l Aull cetponknthdest |Sikewkses f ixddicbformpans r@ﬁftuma@—lamd—

Ll t F{LM# f%@éonﬁ%sngmsh @Eea'theszgngp éJr@gﬁQted

er s e catalyst support
wcut atlo)tsltsssuxpwettatse Esepromoter.

Such VAMrshell catalysts are usually produced by the so-called
chemical route in ﬁhicp the catalyst support is ioaded-With or
soaked in solutions of corresponding metal precursor‘compounds,
for éxample by dipping the support into the solutions, or by means
lof the incipient wetﬁess method (pore-filling method) in which the
support is loaded withror soaked in a volume of solution
corresponding to its pore volume. The Pd/Au shell of the catalyst
is produced for example by first soaking the catalyst support
shaped body in a first step in an NayPdCl, solution and then in a
second step fixing tﬁe PG component with NaOH'Solupion onto the
catalyst support in the form of a Pd-hydroxide compound. In a
subseguent, separate third step, the catalyst support is then

soaked in an NzAull,
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very | argely washed free of chloride and Na ions,
then dried, 5 calcined and finally reduced wth

et hyl ene at 150C. The thus-produced Pd/ Au shell is

usual |y approximately 100 to_500 Jimthick. Usually,

the catal yst support | oaded with the noble netals is

| oaded with potassium acetate after the fixing or
FERFEPAQEND Lhereshewheremponeathed tikewichelierdlilygmeans of

- W R@E@?%Mf@‘z‘z%@t&t% %Qb%%@caqn'c‘émb!@néﬁ‘@s Q4 8L suter

shell | oaded with noble netals, the catalyst support
gheldompl el gatiadys e gaatred twi ﬂ:hEth@aC%ﬁdoﬁﬁttéitystA support is then

: ,basegggeéﬁ%@,@l L gald ed 81%? JHOWS- Chani 8, AG; eq,

onh natural acid-treate ci ned bentonites as
@Ii@enegsalsd lficatéy whiwtechadth, 8B Ismef aceld? éa She thus-

d |
RREAR A P PE  Th G el BEC T TR Y o svod oBysn Ehick.

neans of the VAN shell catal ysts knomn in the state

e art base on- Pd and Au as_ 20  ac tals
K108 cimrre et cat e Tadterteh bhE ISR A0S 1
1@|aaéaxw1nm elor 28010l adétitlabitver tihd hflaxsu@PM etkducing
10 mol - % o

t hyl wh th i ni
SEERe O oaUet Sk GBS SBR LATHY 008 AP erT  Fopfge e

thkihetpladaxicdati on ofe theeer gasic eddetistptOditttls. ndbals,
To increase the actjvity of these catalysts,, the

tREt F%Ea%ﬁtalsPPBBrEa{Sal%Pg‘Pl%BbBrJtm%ﬁgﬁé g s HEsed
peBmbatds al sphbircatessupicetf besidy surfigce- depedimi-thenie

~zirconium oxi de before deposition of the noble netal

BEoPaRE ©N PErUER AP E 23658 TR SHEG b RAR O e asegheet

sshapee: bagy chagak Npregnatedavb toray 30! Uhhbodkofat 1y 160
i rconi um oxi de precursor conmpound and the precursor -

%
mcdﬁpd&nﬁrﬁeﬂ@%ﬁ%Q£}y HEBIt F Qﬂﬁﬁ%¥§ﬁoﬁ%ﬁﬁﬂf xi de by
cal ci ning of the shaped body. Although, conpared with

the corresponding catalysts with a Pd/ Au shell known
Thy Y& %q¥%q§1v1tles, achieved by means c¢f the VAM shell

catalysts known in the state of the art_based on Pd and Au as
active metals énd'KA—16O sqpporté as catalyst supports, are
approximately 90 mol-3% relative to the supplied ethylene,
wherein the remaining 10 mol-% 6f the reaction prbducts are
essentially COz‘which is forméd by total oxidation of the

organic educts/products.

To increase the activity of these catalysts, the active-metal-

free catalyst support shaped bodies based on natural silicates

were firstly surface-doped with zirconium oxide before

deposition ¢f the noble metal. For this, for example, a
finished bentonite-based shaped body was impregnated with a
solution of a zirconium cxide precurscr compound and the

precursor compound converted into the corresponding oxide by

- calcining of the shaped body. Although, compared with the

corresponding catalysts with a Pd/Au shell known in the state



4 of the art, such catalysts are characterized by an
i ncreased activity in respect of VAN production, the
activity can be increased to only a limted extent,
as the Zr02 coats pores in which Pd and Au of
oxi dation stage O are also to be deposited. If the
support is overloaded with Zr02, a decrease in the
activity of the catal yst cah be observed. The object
fOfthEh%rEr e%EQB l:gségﬂﬁ‘e@@ (J:u’_s t@ﬁé@i@ﬂeﬁ‘rﬂz@dpﬁ}v'aﬁe iAcreased
atal yst “support ans of whi ch VAN cat al ysts can
aCbethy)dunedrewhech @rfe Thar aeedrdtied, byche rettatiiel ycan be
1ng!f9£]s Cﬂ Ily tay 11H‘c<§d og)lite&t I %sa%'ﬂ e%?@ kB(t)a\z’}sf b%}?&s in
por ous cata t “support, consisting of a naterial
wh¢ onpPd simly Pal @ét oratia sheets tsidei dabee ahe?ein Fr QRppgited.
caqnt ai e er. al ur i-ngl y:
I :J&l\/\/asg?pgD ggggl%%%%#]pgr a%ll nZgI%Z'r O% |(£ri(:'tréo&algg n the
acnwety alf wnppaSah:gse arat eablsheetdsilicate of which -
the matrix of the porous support is _fornmed, catalyst
supports can be obtai ned by neans of which VAN
Theathf gst SOEatrhEbe,Dlmw@[ucelthhttm ar®e Tdtmrea?@trer itzegprbyide a

ti I VAN_activity, ti.an, | b
Ca@aa’??l érgdg%edmg?g%rean% o lkﬁe first cgt géggst can e_
prsdppsmtt wanehcraeatleacteaIIaz@zcérb)zed riel ati vied \pthivgh yVANgh  VAM
ac13_e| ect ivity and tend only slightly towards thernal

agi ngY over -relatively long service |ives.
‘Accordingly, in a first aspect, there IS provided a
ora talyst. r consi stin a /mteri
ThcE:orrp}Ir%st&F?:g a natur a?g %get r%Sl:lscifatpg) Sercé%fr?ﬁ% gzsugport
congnt aimed s td thutied |cnmphesmagea|aehtura41a dheed silicate,
mrlqerg:?{]dZt %Sépetho ttlﬂlaelrneedI lQE utsﬁdd %np%?}guf%ag J{J‘Aly.St
suppor forned as a's ap &d” an outer
shel |, wher ei n the cat al yst support, at | east |n t he
ar ea_of the Lout er hel i s forme m tr
Sur%rlsrllnsqlﬁg a nat urg S ee}?‘a%l ??%a?mo?%o%at??ﬁ S (-
matmriajx conprisimg an mtd:atlr esltetk calitined benft ozmnf:@ the
| h Z|rcon|umOX|de (ZrO atlcl S A€
ma%é |J?1eaheevpe°nﬁoy di*SPPPBLt &d. %?)n acrl‘th iTd siSte Gypports can
bet beltelHSd provindeds acretvhadhf gaMt imetelps’osiucanoheobraduced
t al yst pSuR rtlcl cat
Whlah ¥ Eoveize&] r|a5|rr€fé ‘égi%ﬁl&?\} ?&@%\8{3@)
m xing a puI verul ent natural sheet si licate with

puI ver ul ent m met al_o pul ver ul ent

I GG cc%u%} rccfcgﬂcr?& the SGEATnsg the first
catth X§sH esuppsma: f ok t hhasqocemetmztehier}:@ i S pematdfeeeﬂzt heigh VaAM
se ?%%Juvcjttiao%%t g%t asuﬁg Elaﬁtg\ér gm?ag cﬁsbotﬁle Itm%lt aglng over
- réps othuelty apnof sarshed |1icatsal yst. In a fifth aspect,

there is provided a shell catalyst for the production

of vinyl acetate nononer (VAM, conprising a-catalyst
AcStppiidlyas def ianefdrabom,pe\dwse:r@wteﬂlsshetévn:lmi ad nporous
7 rre%s%lic. Pd ag Au. _Ln a sixth aspect re |

CaRP YT ded WPERSN | CREHYSF ot hé pf oaucjtl on gf“pwlﬁf??g @
na@aed at ehamn otEri AYAN) wheespni Sirhg Bs posotsireat alipstributed
. _support shaped body with an outer shell which
mc%ﬁﬁ‘géﬁlar% r}é’{ial lic Pd and Au, wherein the catal yst

support shaped body, at least in the area of the

outer shell, is formed of a matrix conprising a

natural sheet silicate, in particular a matrix

conprising an acid-treated, calcined bentonite, in.

whi ch matri xzi rconi um oxi de (Zr02) particles are

cont ai ned evenly distribut ed.



4b In a seventh aspect, there is a nmethod for the
production of a shell catalyst, in particular a shel
catal yst as defined above, conprising the steps a)
produci ng a catal yst support as defined above; b)
depositing a solution of a Pd precursor conpound onto
the catal yst support; c) depositing a solution of an
- Au precursor conmpound onto %me catal yst support; d)
TrCOoQVerdd c?'h%l tQ%t;{@'t CO[ER%F af Lhe P Pr 8CURSPLLs  catalyst
conpound into e met al orn1 and e) converting
suphre Au ﬁ@npﬁh@ﬁtaoﬁhahedﬁmpmyeouﬁsoﬁncgwp@undmﬂﬁpowhereln
h L : R@spect.of hell,
TR o RS 1 5 Pt bran el BEEh oL e qker sne
Jﬁcéhawystfrpm_panﬁwsukapoapstﬁﬂﬂg catz ygalashdefi medicate,
00N LOMRT S ABCEDe SaRs 8P O A0 Breared caloined
verul ent porous suppor , conprising a
bemﬁmnut@,oﬁxpawhncheszzﬁCQ£ummtupatdshe@hisiIimﬁnu;clbﬁ are
I d cal ci ned bentonite, and
CO@?%&%%#L%E%%% g g%? 6grt|cles wherei n the support
material is Ioaded with a Pd and an Au precursor
) COQDQ%QSKPF %gth éﬂg¥ 1Bau%%ééfﬁ%d bg dﬁé%ﬁ%&' %%r the
t he support erfal ont o a:s ort structure in th
prbdnqtmn aoshel ¢gta)ystalsopppny. ofn tivericaded slﬁppomtalyst
ructure t
suBhEEE L CREAT St B AP R IS MBS B
mighte eheuteeahléxt f vatwral nhedt aspecktet here ipsiiverulent
1BE8Y1 480 N2, use O, 2 GAVRLYELNES AGLLATH APRBARA" (b
cahydin ogenatd obtdehydrogenads.on catalyst as a catal yst
in the hydrogenating desul phurization, as a
hydr odeoxygenati on catal yst, as a
Inhydriggdenit risbecat | hecat abystrovidas shecatat ysf knckhelyst
SuS Qtﬂegésdg%ln@& ovI kanoq§es roducgg E 8%|grcitaﬁ gt in
gén esis’o V|ny ACetat e horoms , 1N artlcuﬁ i
pathecghssahaseeoprdam¢unnobfeahyhehhcaﬂdlasetlc acid
to vinyl acetate nmononmer. 4c The first catal yst
support according to the invention is also
Inchaﬁacthrazpmbﬂn/uhdneghscbenvm@¢dr@sshﬁkﬂunauaﬂyshefor the
VAN synt he . Ie the Zr02 |ncorpor d into th ,
proﬁ €¥5|I|cate "hRtri X |s'Wargé1 reési fgﬁﬁ to ace glng 2
caaglyst andbdre supprfiineienbboe o wh@ﬁﬁznﬂiarImh@hercontalns

sta |I|ty and accordingly a corresponding
HE%%? }?§%§7 hlgh activity over long service |lives,

W th supports of the state of the art the

IDZSTSE% gg (gpaégg Zr02 is cony rteq“ﬁhlatléogxt f?r the

L7 EoRyP VAT 3"no
pr&dﬁcﬂﬁnﬁ(ﬁﬂﬁmmyerabﬁtitmembNMm@ynﬂhEB]S,Cdﬂﬁiﬁﬁﬁ&bed porous

CaggEYSt support shaped body with an outer shell which
contains metallic Pd and Au, wherein the catalyst support
shaped body, at least 1In the area of_ the outer shell, is
formed of a matrix comprising a natural sheet gilicate, in
pérticular a - matrix comprising an ‘acid-treated, calcined
bentonite, in which matrixzirconium- oxide (Zr0;) particles are

contained evenly distributed.



In addition, the catal yst support according to the
invention is 5 particularly cost-favourable. The
production of the catal yst support according to the
i-nvention includes only one calcining step in which
for exanple a mxture of a pulverulent sheet silicate
and a pul verul ent zirconi um oxi de precursor conpound
is calcined, and is thus inf®his respect nore
gsge€QX€M égyé%tlo E?Q gsSyr£é¥ﬁ%dd%ekngh9fpfbductlon of a
previously c C|ne support wth zirconi umoxid
- shphécurgerl yeonpoundeakblfolwd by sheddcorritTldl < nﬁﬁgd@ﬁlned
'abggg,aggééngln t%f é%g Q”AP fgﬂdginergcggﬁgfyst support as
conpoun uspenS|o s to previousl cined
d6§mpp@rE@O@W@2695065@Qa$tanﬂ @h@pﬁusu@@e@@eﬁt bPd precursor
L Qi N el NGESS.)ac dix;alksaq
Coﬁgég#geggg%mggélF?B%D*é% %#5 usualf%%%%ﬁbéngl solution
of‘auetaue$mknu@sdercﬂm@@bﬂduﬁﬂé@ adeguateasrstengthroft; d)
cokggrgfﬁ l%ﬁ% ?&pggﬁ AU \%%AEﬁgaﬁaséﬁﬁﬁﬁgﬂﬁggxgﬁound into
neans ol the first Tatal yst support according to
theheeicavént i 6mrms ahdract evivzedt iy dhgafti cwnechynhi gh the
Vi e [ i's contained
Au gen?&§%ﬁstrfﬁgg8§,k%?%f%%% etaﬁ%gggé%%%usly, in the
material . The 1r02 can be contained in the materi al
h i nd val, _Zr i t.s [ r.e
ooy Tk R A BET, iRt S Y oSt P e of FRAnEa® for the
erpdbetial . oﬁmﬁ amﬁlﬂscpteiﬁ$tedUthattﬂhelzroa $lg2ll catalyst
present _in art|culate f.qr. r corp ratl -
2P hE20bst | nORRY e S Par ol kbt RHIER By matti8ing -
punesrslammepwmbwgu$wppﬁruim&ﬂaﬂywét ppmgumedn®yanﬂaﬂsure of
e first catalys part cco 3
PR HIENTT ot THE 2D pATERered R For Sl b Tava g an acid
trayeedgecdiaimtdr béntlomimd,0 180 pnziprefiemabloxiale  (Zr0:)
e di anmet.er o 2 -6 |
pafraﬁé%orkwo?m%ﬁ% resen?glﬁ%en §é§£al lS i%§$EJ]$£¥£ a Ppd
anacahamysprsupp@mt shmpsduboﬂyﬁyuﬂnathkystZSUquﬁubles, b)

depoQJ‘f‘E’fxgg body” .and, - SURRPLLI . AT §ntised SYRANYMOUS Y eture in
the form of a shell; c¢) calcining, of the loaded support
structure from step b); and d) converting the Pd and the Au
component of the Pd or Au precursor bompound onto the metallic

form.

In a ninth aspect, thefe is provided the use of a catalyst as
defined above as an oxidation catalyst, as a
hydrogenaticn/dehydrogenation catalyst, as a catalyst in the
hydrogenating desulphurization, 7 as a hydrodecxygenation
catalyst, as a hydrodenitrification catalyst or as a catalyst
in the synthesis of alkenylalkanoates, 1in particular in the
synthesis of vinyl acetate monomer, in particular in the gas-—
phase oxidation of ethylene and acetic acid to vinyl acetate

monomer.



5 The object according to the invention is further
achi eved by a second porous catal yst support, forned

as a shaped body, with an outer shell; wherein the
catal yst support, at least in the area of the outer
shell, is formed froma matrix conprising a natura

sheet silicate, in particular a matrix conprising an

10 acid-treated cal cined bémtonite, in which

&l u ( p e nt;

E e b e et
chseeonﬂrcaﬂhlpst suppcmm acooridieag residfearnasventi ofhe VAM
syn#:ﬁ&gl a S W"E15‘L h%h%a'ir?o tr@g?gt@é Ll;}_% fﬂHeStsh(‘e%tca|S¥§S_cate

por accord ing to the invention. is preferred
mattlkhesmﬁ@k€e$fcmﬁdlﬁ%a@ﬂy%@ sggbn¢ta¢sdio@m@dth¢oﬁvaport
| x, conprising a nat heet te
thiﬁe§°¥%on|u § 9 firO%}agggtlccéglargﬁcoﬁ%g%ne&%g =nd
acevediquyfﬁl@dﬁ;@6@0nmh892$@ﬁﬁ¥ﬁﬂﬂIhﬂse§rﬁﬂ@ﬁeﬁ@ﬁﬂylty over

have_an. aver.age di t t.q 1
lon?e?%?g yegﬁggverggg gﬁgﬁeféﬁrgﬁ %% SQQﬁ?gLOEOtBﬁ1a5% the
sufhecgﬁxmgmﬁgnaneenszn fur cheremrel rellatdgets quihked into

porous catal yst support conprising a natural sheet

silicate, wherein the catal yst support conprises at

| east 3 mass-% zirconi um oxi de, preferably in

particul ate form wherein the zr02 particles

preferably have a dianeter of 1 nmto 100 pm 30

preferably a diameter of 0.5 pmto 20 pm The.

preferred enbodi nents below relate both to the first

and second and also to the third catal yst support

according to the invention. It is preferred that the

zirconi um oxi de particles are contained in the

catal yst support at a proportion of from1l ito 25

mass-% preferably at a proportion of from3 to 20

mass- % and by preference at a proportion of from5 to

20 mass-%rel ative to the mass of the catal yst

support. If the zirconiumoxide is represented in the

catal yst support at a proportion of less than 1

mass-% the activity-increasing properties of the

zi rconi um oxi de have only a slight effect, while

above a proportion of 25 nass-%the increase in

activity of the 10 catal yst can be acconpani ed by a

cl ear decrease in VAM selectivity. According to a

preferred enbodinent of the catal yst support

according to the invention; its solubility in acetic

atid is 15 less than 8 w.-% preferably less than 4

wt.-%and particularly preferably less than 2 wt.-%

To determ ne acetic acid solubility, 5 g of the

catal yst support are ground to powder and treated in

125 M 96-% acetic acid (p.a.) for 1 h under refl ux

conditions. The catal yst support is separated off
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-erao?%g acF&F?y calcu a ion corre

20 over a filter. The eluate is evaporated to dryness
and the mass m (residue) of the solid residue
determ ned and the acetic acid solubility cal cul ated
as follows: acetic acid-solubidity =
(m(residue)/5g)*100% 25 Low solubility values of the
catal yst support according to the invention can be
obtaniedaeyt Ateeathaght frec asl §8E SUPPOFOYGFER Heide VAM
gygﬁﬁﬁhgs P PYuchi.an,Accordingly, according to a

flurther preferred enmbodi nent, the catalyst support is

a support treated wth an aC|d 30 It is further -

i fo.th 0 I t

B SfEE Lotk ghe.sRtalyshaueRortcdiaplays e aeli o 1o
plawlguéaﬂg{ qwﬁltréam@t@ﬂ@bl yhpepyrbirtionand 1o catalyst
§Qﬁ} fg 5%5%%?15 %ngﬁé ﬂvQ%EEBQbiﬂEf%aégegﬂl} ﬁg“%é§%1nlng
g The aci di Ity o cat al yst Support
TR adv@m@gé@@rsleyammw temdatohe @ictd winlyesfletie sheet
s%%tl%g¥ét gllgg v%,%ﬁt?%lrggﬁm clﬂ{l%lér b?gcﬁp %]Qac%mpound

ase syn romacetic aci d and et

.ﬁhe:aéc;mct,y aofi thetlkas alry $higupparact gofedecstniavegirable

1 I \
a8 L el L s B P B S
doextmavﬂﬂ@npwscuaw¢reﬁm@Qunﬁ@rﬂﬁEOWEdubEsa Second

arEtPay oerd Eé (ﬁlﬁéi{éé‘@lo Hcc?cﬂi \tkk%‘ @E{i!iga}%}ecgﬂsor

ution erein
dpﬂppandxnas $ueaenEE@h$nHo|pme1®0@ﬂlag@@lC1nﬁﬁ ofpidie s

rstl 0
@@%hi @%éﬁ? rop%sec%ﬁﬁﬂéﬁb%g%ﬁgn{k#%?@lig5& &ﬁ%&eln i
gwbeepkiactuaiag aaséuwdquﬂreﬁ ah QM 1dd édb drdpn S@ually
& & Al.ank Vﬂluoer theog@glerg %Sgge ﬁaggtsegxlrgn%%% of
&t é 5

cordin

theecétdatti enpporve (m 0. 01 NaOH agai nst pH) is then
plotted and the intersection point of the titration

curve determ ned at pH 7. The nol e equival ents which
AY§SM|¢aﬁamymtthOﬁhﬁkﬁdnms@ﬂpbi@ﬁ]ﬁhm’fﬂheticﬂtﬁkﬁﬂﬂﬂs@pport
RSB Beheti R A RARANA%Y O fescmany
high VAM act1v1ty anad select1v1ty if the ZrOz is contalned

evenly distributéd, preferably homogeneously, in the material.

The Zr0; can be gontained in the material in the form of
individual %rO, units which are integrated into the skeleton
structure of the méferial. But it is preferred that the Zr0, is
present in particulate form. A firm incorporation of the Zro,
in the material and thus a high thermal resistance to aging of
a catalyst produced by means of the first catalyst support
according to the invention. The Zr0; particles preferably have
an average diameter of 1 nm to 100 pm, preferably an average

diameter of 0'.57um to 20 pm.
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| support In addition, it is preferred that the

_catal yst support has .an 25 average pore di aneter of

from8 to 30nm frompreferably 9 to - 20 nm and

byl oreference from10 to 15 nm -1t was found that,
the _snaller the surface of the catalyst_ support
according' to the invention, the higher the VAN 30
Wisheért g t%ra@"rﬁws)ﬁé et S SIeACRbr RFRPLLEDY hehe terms
"cQ¥§f§é19rEhu Sgﬁgﬁ&?ub&fy“t he g8l B} HStusHRPOF I Yshaped
meant t {he framewor K of the present invention
bphg" BET] sladracetir @ae dﬁset%éynél}ﬂb@#tly -which is

determ ned by nmeans of adsorption of nitrogen
according to DIN 66132. 5 Therefore it can be

‘Theebeiewd adardihe t@tizﬂeysmvwbp@? tis fasthepErhieved by a
?HBB&I ]_Q{u%a cla%‘g@ Pa&{ E‘fgngre@ 5@2/39 sh%@tﬁ go@?' Ywith

ess than/ equal 142 np g, by preference 1ess
athant equdie le ?merﬁ‘-izm oshef wathéysprefeeabl yat espst 1n the
3 , e I
tran Eaih A8edsE R g T o o prel 2t abty B T8l °
nehiamleqimalett gil38ane/ glramri@afﬂtlil@mlaamaﬁlrpﬁeﬁ@ﬁfwsyﬂg an
ak88S: OAL /£9URL 109 1AM BL1Ge | Ll LHEEoPIES ekiiad
he Tnvention that the catal

accor yst support

(has:z) aplE’Elslle$ ates arcedadhefiremey . t predsradg, 15

refe d 140 nR/ g, preferably
ge?%velgea&) yéngﬁggl%e% further preferably between
70 and 120 nQ/g, nor e preferably bet ween 70 and 110
/g and s refe a 1 G 49501
Enz geco 156 pre e?r eogé)qr%tt g?%}é@gg?%%fs?ggugg%% as a rooY?
tharmadgraeahgest@anﬁmqlfalrst:ocaoawstprseﬁe@a*blay:cordlng to
reater t.han/equal to 25 N, further preferably

' tg‘?ear% ttjhan/ equal to 35 N and nost preferably

great er than/ equal to 40 N. The hardness (i ndentation

hardness) is to_be determn b B
T bt il srﬁfggt =y ica"th’le F%Qoxﬁ g%t ?Lrgﬁy%%gtse}formed
ermad s titsed cbmptheidg teemature] $Iseerteanﬂlwt¢1|m twhéch

amewor k " of thﬁr%f?n I_Lc?renay OHQ%&?@& eeq,egﬁy

ZH S ed S P8al 8 om natural Sources.
At it biec@ Tekr ahedmpartihieh. pﬁmﬁﬂrahéyslﬁ)a@t mlmctiueadtge

d?grgeeteurmotf qf al Losi(gd cat e%re§£§ak91r§psa§1 5@%59@. Vgita_ﬁeter of

0.5 pm to 20 pm.

The present invention furthermore relates to a third porous
catalyst supportfcomprising a natural sheet silicate, wherein
the catalyst support comprises at least 3 mass-% zirconium
oxide,‘preferébly in particulate form, wherein the ZrO;
particles preferably have a diameter of 1 nm to 100 pm,

preferably a diameter of 0.5 pm to 20 pm.

The-preferred embodiments below relate both te the first and

second and zlso to the third catalyst support according to the

invention.
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R A

each other in layers of the general fornula [Si205]2

These tetrahedron | ayers alternate with so-called
.octahedron | ayers in which a cation, principally Al
and My, is octahedrally surroynded by OH or 0. A
-distinction is drawn for exanple 35 between two-I|ayer
phyllosilicates and three-layer phyllosilicates.
ISheethsaﬂar@atieSh@t effer rzégopnt Wi otife pargpcles are

0 h t I r

B P bR PSR g RSN O, BBt Bol et 1 1o
@ap@ﬂﬁe prefieranly e3t @ pacroekidtwifi foomnd to 20 mass-—3

a%g'ﬂﬁ&%r Sfer\e’ﬁ LeLp asgggﬁpo&e oen(sif . @aet rsué@ mass—%

Ion| e -are icu y preferred

rBekiivd itonshef mishest il r:ea@e}ss‘t @rﬂ@p’petbelf oﬂrﬁj Zfle“rlonium

o%?npjl_se J}e%\]]»\'?ESH{Q&CJ}I &l %QQQE@Q&Z%&%Q{%@{” fforo_})ortlon of

emann erdg, e uyt er

_ l@ISSBI.\hEQVEl- Bags~- 5@,1Wﬁ)all)tlantyﬂlﬂ@@mpngemrmtles of the

em e"  10th [ er
BT BT AR B 1 Bedr ot Lt rents Co A e 2
pmapcurrrazlors b¢et5 l@assﬂ dake ihsraadi dot edtbef oy eoludéeas
bt mat rial _inclu r t th
R oo B A AP Ra e A ohar oo T Mar e
spaemxmltarrly preferred within the framework of the
present invention is a bentonite. Admttedly,
bentonites are not really natural sheet silicates,

' Aﬁﬁ@ﬁdmgﬁmt'arlerefeﬂ:&qomdomm lof G:haycntmEyEai support |

cont r ni gzgngpeet Si Itll%at es, . Thus,i.n.the rgge %%?5 is

Tr &1V Sheet  si FI cate ' 1's aybent
lleSstt'hahE sunderst qmleﬂdrablﬁzhkemttma@l dsheets sazid cat e

t the f f |
epe BEEBaY: Phsht: of a JBHR BTTEE T Te. par tTEUTAPFy octic

-aprefﬁrmﬁdﬁeyt hatg tdfe thentehalesti $u@ppdtt asatecbuadd to

cal ci ned eferre al the.proportion
PREYT aﬂndsﬁeg#%‘? %gtezrg ' '%Ee cacf% ystaBsup afq for i h
ugﬂ@ﬁtﬁflﬁﬂs{aﬁbﬁcﬁ{uﬁioﬁe{) 50enmassaystprebepabl is gsregm:rertéd off

. than/e to._60 % preferal reater 25
°fRarf efg‘tﬁrert o 7 %:Jgusaz:eo/o qu?%orabc re? er%BYI&esgsr Elifefhe mass
mt hﬁé\%ﬁﬂiﬂﬂl ofOtiBe smisist Ypstone qwt@‘renabblyagd etateeracetlc acid

equ 0 - % drmst referal great
Sf”ﬂ%ﬁ]e%d ﬁ% g‘% %E Oﬂ%?’%t iVE T0 f"ﬁegmass D He
(Bated yBie)38ppoOI103 30 It was found that the VAM
selectivity of. a VAM catal yst depends on the integral .
pore vol ume of the -catal yst support according to the

LbﬁvﬁfﬂtdkﬂﬂltytvaBuésl’leffGFr,ﬁéec@tﬁf}ETtr etdpbhat ztdit&)rdlng to the

- t al t t h
BT GobePar P Py L ErR T BRE Al O aRRRg with

201 &% 1e/rg i 8 dp Byd i tafoer. eneeo&&[hga@ tacBobdmd g.o aTlierther
ore volunme of the. catal ort |

te |
DBt S DR e o OF he e a%ms%“@% heiosE treated
whtit raag%r&ladsor ption.

It is further preferred if ‘the catalyst support displays an

E acidity of between 1 and 15C pval/g, preferably between 5 and

130 uval/g, quite preferably between 10 and 100 pval/g and

particularly preferably between 10 and 60 pval/g.
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The surface of the catal yst support and its integral
pore vol une are determ ned according to the BET or

~according to the BJHmethod. The BET surface area is

determ ned according to the BET_nmet hod according to

DIN 66131; a publication of the BET nethod is also
found in'J. Am Chem Soc. 60, 309 (1938). In order
The deteihy net tife sathaeet anwbrelié £ egivahtpeeeisdsl une

f V. 0 t I , £
U S b DR o i i e
mivenbgen ¢oriosi rieepgaf rmimam cryobkesid of, VAYperoagsARetic
2010, by S p t;i.on
FeBpaletiEans Shoohel ) AOSALILI N AUC HoRsr
delterponedidsy fofl loke : ch@@lnyﬂswa;ﬂppmzttha@cpﬁdbh@k oatthe) is

BPRCRTo Y fho 48 oy B R PR 2SR ek

exasat ements datraiedi ogt tive BSHuet tesd a(:EOEI@paIB'aa*d ey,

.G . Joiner, .P.P,
Sﬁ&fgg39}%)3Patépfleg|?sggﬁ%€§’%l Pﬁm;y co%ensa%l on a“zg\DrHe
Sallsbixtnak@:riljotwlso abeoaint thlrenigsangp Hiss caethadl.cuRore

es; f specifi i.ze 2 N ar

AT T ot B EoralT oG O A Chent o SOy baf thopuise to
thviai ekt srar o(kit dirnedsécont,héodiabehttivon 8fnihee Walt the

dsortl n i othlrrsac n IH Thel tegr
pﬁ or e go cffms zccgrﬁl ng 1 ‘?\{a%h %(j hed T el aetnces tTge blank
vpﬁ)ﬂéSoleﬁH‘eE avadieamated iof dbtérmbnaﬂ:)(hnrdrnth%actidmts/

?c ﬁrred accg:rgjltgg to a furtlher pref-erred enbodi nent

trhe-cat aysECstppdre” L8 ng to the invention if

at least 80% preferably at |east 85%.and by

o SR b T e T 0o bR e B Bl PO Sk BlRrrea

: aﬁﬂCtl@@(ﬁrrﬂ&rseEhb_Sncmﬂrttero&Ctﬁeat:[tefblit(led aﬂtva/ldeyt,ermlned at

ffec by diffusi f the t
oficbor dingns. FRETROBH G Bt Carse CO Aeth
cbﬁk@ﬁpmeiny fbli?rl che Pﬂn&mmhbs pdﬁynt" pitcpBpOras' calculated
Y pores", and %ropores are meant in this case '
”p‘gf(z‘a %?%W%f\}lé’pgr 12 - dianeter of less than 2
nm a dianeter of 2 to 50 nmandadlaneter of
greater than 50 nm respectlvel y. It is also

B Tg{gjec[gl%g if.the c S=ayubyl ks density

nore than 0.3 g/m 1 m@gﬁ@uﬂably nore than 0. 35
g/m and particularly preferably a bul k density-of
between 0..35 and 0.6 ,g/ni. :
In addition, it is preferred that the catalyst support has an

average pore diameter of frem 8 to 30.nm, from preferably.9 to -

20 nm and by preference from 10 to 15 mm.

It was found that, the smallef the surface of the cataiysti
support according’ to the invention, the higher the VAM

selectivity of the catalyst abcording to the invention. Ry
“surface™ of the catalyst support is meant within the framework

of the present invention the BET surface area of the
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It is further preferred if the natural sheet silicate
contai ned 10 in the support has an Si 02 content of at
| east 65 nass-% preferably at |east 80 nass-% and by -
preference 95 to 99.5 nass-% An adequate chem ca
resi stance of the catal yst support according to the
invention is thereby ensured. 15 In the gas- phase
synthesis of VAN fromacetic acid and et hene,
SBLBH VEI hows%éfér@%deeg hBahhe, natura ﬁ&?%
sificate 1's scarce I sadvant ageous, mher as wt
rHitghgdh 203 ccdanent s QﬂNnﬁﬂ&@é-reduction in indentation
har dness nust be expected. According to-a preferred
enbodi nent of the catal yst support 20 according to
ﬂhheefwvedﬂiean bherrrafarald sheettly |datatest hewmfarte has a
%9”1594: g‘égt Eggslt% 21 é%Alcgol?’QS ﬁ%e;ﬁ%i‘ﬁérgb%yt Pess :
ferenc

mass- y pre
thehé@quai ﬁ@ W2 muss bf phef¢%ﬁnﬂeaﬂesheehéﬁéﬁqwadate 140

i c rthe referr
o rnE ST G "  LOP PUT8 idle
pmaﬁermbkywhehatthamnguaﬂ yetlgﬁppdgt 531Ilnmny¢ asederably
hap b f
1S8Er BBty PRET TS, Sl PARIEN S B W1y e
tSBnﬂaﬂyﬂpﬁeféB@bﬁygas ri bbed strand or star shaped
strand, 30 preferably as sphere. In addition, it is
preferred that the catal yst support is fotned as a

:,Ispherfutheh baethearet erccgirdahertd Ndre 2nmmamt prrefEablcyie

di anet er. grea t 3 mm and .b referen 2, .
m%ag&% Supﬁlaﬁe?%? g%%gtgr ?ﬁ Z Tm ot ¥r€% £$ 195 m/9
padtitardry, betwésn péiefaera adot in%vtg it @eerﬁaxamm}:aweenf 70 and -

e cat al.yst su or.t Il er t n_2
P aY Banry i PR ERARLY COHHEoS 1D 250 W8 fe more
ppeeéeatrigd pbetweat dBY anol ﬂﬂOrmﬁSeamhemastrpmdﬁerabla MANrcen
8ata ys; pat t he catal yst support according to the
ﬂign i‘s?'doped with at |east one oxide of a
metal, selected fromthe group consisting of Hf, Ti,

it bt S pai i S PRt 02 o

gtéﬁﬁeﬁIthaﬁﬂ@@@ﬁliunrszNdopkagerabxyeQraathe tatraleysihl to 25

LTRSS T 0P BREE DY P FBraRbe Bt 5 Betass. o5 THEHBHrHG

pﬁaﬂezmakre gptacer forarexanpl etbys G W.f abe depdmgss as i s

f th t at f th t tal, - .
(S AR bt oat bR PROBTISHIPE 18 THY helov-
matrix of the catalyst support, |ike the Zr02 of the

cafalyst support ordkn Lo the inven

B R er LSBT (5 e ara T e THEN NERE O et "Ss a1s0
uZéd CGONEWE DXtgtepardd, | ckescane prefier abkyrpimesentc b the
the .form of 20 nrcroc%éstallites

pﬁ%ﬁ% )Jfgf’%ﬁl?}qréé'lnt\ﬁ’?r@ Plnoirh-,reate hsé?gcate material from

natural sources, in which 810, tetrahedra, which form the
structural base unit of all silicates, are cross—linked with
each other in iayers of the general formula {Si205]27. These’
tetrzhedron layers alternate w1th so-called octahedron layers
in which a cation, principally Al and Mg, 1s octahedrally
surrounded by OH or C. A dlstlnctlon is drawn for example
between two-layer phyllosilicates and three—laYer

phylliosilicates. Sheet silicates preferred within the
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'preterably gre

zirconiumoxide is not necessarily present therein as
pure Zr02, as it can also be present in the formof a
m xed oxide. It can be preferred that the Zr02
particles thensel ves are 25_dgped with Y203 or Hf02.
It can be provided according to a further preferred
enbodi ment that the water absorbency of the catal yst
fsarp@mitk of 4be tpr SNt prEreEEY PI50CERY FORSCALEul St ed
Kgﬁla\ée'kgg&llll'ﬂl?é €338 3391 due R MBLefe AhsRIREEEN.
absor bency s ‘deternined by soaking 10-g of the
nsnrtp:pm:ttes ampte, | veuEiconilzedanghitErectdFe30 ek euft frectites .
2§25, D4R 88, 00: | RN 236800 d T bHhg: supRent, sagnl erea.
cess water 1s then decanted and the soaked -
peaipl e dplsobf etis kbt th sidicetedh atoweP Po Fasygor example in
~BANSNI R0 I0 SL LS, {1 mLLNE: ST € oThendie! afipbadenie

suppor I's't gheg the absor bency cal cul at ed

Gasytfat,| Re™ efanbomt &Qii7ghé§B6u?78(‘d’)‘11 arbuHt- MePghed

“f%o\}gn)LeXJ. ﬁ ter %%&O%Q§Egé’n (J@eo-EBeTQ{eQn'?@%rlag under

t17on eatestoarrethod
“prpductiildravé™ a Tatialals t re@ppaoris, tPnWIBh@}tlac@laérlf%l sheet |

C ta”%?&elguéig§%g& 5%%§9gdﬁ£& Jé)gdBEO£PW£HHéf§@l Iﬁ@ﬂude
tatat yst st accor to the T nvention can
f@roe}tmr@def er tee(atrrmre oy £ r ﬁmmg’md/sal Gk Ginamg - A “natural
shacal '”e% aticy) gd PepLONd 61 88:5NGRI [SLEERRLE o
Wth B parvert Zircont compound and wat er
ta@obﬁdwmtmmveugtidfror@ghbynmﬂrﬂe héfpgekebus, bentonites

-sha e resul tin x%y%%/ t%%COHB@Q'%e% Qgiéure of

ajé%rﬁ)actl Stl Yi Wi o 5 shape freans of ~devices
pfcamrtarraamttlg al persorrsikisl bedtdimingeshett siddlsagsst ofhus in

xtruders_or t bl a t '
tl&%l%}) A t:ﬁgeUn‘%}aerrc?en% g%“#%ﬁ%“ %Ptlo(ﬂlfet %r e
behadl eeshapeds bodyhe Hmelecateqmmtri@tl $hea¢ﬂ1@t§ilo€rtleet

eratures at_which.a r t ai,ped
Séﬁjg%otpﬁl Sn&FFythe zPCrhcoh%lgt?nP% Sﬁ%ﬁgff?si%ot%\%er%gﬁ of or
ak M ocaistdaneom oki adebeZ:rt@ﬁlt&heIts|1§epertt¢retas:rjefcpffe§erred

t]&%{& e}:)gg?1 aﬁ£$ET25 of therggt?a%ya ?HEQQﬂéd depends in

GEt untreat'ed)
bentonite used, the acr d-treat nent nmet hod of the

bent bni t '. h : )
Iaﬁjge]t;fn]{e};eergggat]lﬁ% Or ex Jghloifggag déjfesh%%q Ehflcate

“igoncentatatiiven S)lﬁpﬂichlﬂ: moggamtﬂ adiad/aged. tche0 mass-—%,

d treatnegtedurﬁgﬂ/%quaﬂdto 60 mass-%, preferably greater

than/equal to 70 mass-%, further preferably greater than/equal
to 80 mass-%, more preferably greater than/equal toc 90 mass-%
and most preferably greater than/equal to 93 mass—-%, relative

to the mass of the catalyst support.

It was found that the VAM selectivity of a VAM catalyst depends

" on the integral pore volume of the catalyst support according

to the invention. It is therefore preferred that the catalyst
support has an integral BJH pore volume of between 0.25 and 0.7
ml/g, preferably between 0.3 and C.55 mi/g and by preference
0.35 to 0.5 ml/qg. | '
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tenperature, on the noul ding pressure and on the

cal cining 30 duration and tenperature and the _
cal ci ni ng atnosphere. Acid-treated bentonites can be
obt ai ned by treating bentonitges with strong acids

such as for exanple sul phuric acid, phosphoric acid

or hydrochloric acid. A definition, also valid 35

et hitheq el ocagewor kidfok Wéleplcé§éhrst‘r rARERPPIENLS Fleterained
A2l g 13, rRenptpniiends bq; w@angnommmgegxa&mpmn

Cheme, 10th edition, - Georg Thiene Verl ag.

_ TBéntS’@nfa@% O(fartbﬁcgéli‘“aitl}jﬁfpr:‘e@@ﬁﬁfédaw tifisn inkegral pore

vfopaﬂg%!& £ e&F&?nQ&eé@éSEL alrel\ge%' PRe 358 RA ULl rding to the

um ni um contal ni ng eet silicates which contain
Bnherodd | diviet BET asusireet iarep as daliqrminger atcomditnar to the

'B%E @%&tarc%g&%ﬁ& 14 e et ﬁ“tgﬁ m&%a%lewgﬁw?@%%

wat er, dried and groun to a po
mﬁéhh@dl%cﬁo%dingndoulhé iAnvefhieon $or. e pPodlttisdn In

o?&e? égck&%&%|Xéttﬁg ﬁacé Qnga£ﬁéQHh%rrglcg$ﬁ%X§hume of
Cco

support accor |ng to the 1 nvention rse
tsgep@ﬁakQSQﬁsmppgra puier Wasat yalt uttel sshepée can be

] _ . JakEL,C u i
sSLEAEA on Saapke ot e 2 ey SRR B PR AL i
pne@squﬂenaﬂmumvHLQWQmﬂrﬂnuogontunﬁdﬁﬁﬁb@ﬁdo byy means of -

whALE so§§t993%@§%@ XLWE S, Eg P gd}_’&ééf’

a catalvys ppor t accord g to accor |ng
Tt od¢ theern imeetheonu t farse [vast @hbyparQﬁﬂny @fcahe|¢atﬁ}yst

step..and is .thus.in.thi t nor.e t-f
Sflﬁ%nrta ST gégg %I% ﬁ’hne B%fr[r gﬁgrgg%f ousT f%‘g% %r%ed %%
aSU@WMHng\Md:@Iml66tﬁﬁ¢uﬂh@xp©eepvebumsom debhpouigs! from the

nb gLl oMed, by, %asecond Gl Gl gy, 0F é(E.h% 2p,2ppl | atJ on”
or zirconi um-di oxXl or Zirconrum oxi'de precursor
Jobmpourd® .asases@ensi.ofs .t Chprevious|Ag dabBl neil’3) )
E%Eggorté% capillary condensation are also taken into account
when using this method. Pore volumes of specific pore size
ranges are determined by totalling incfemental'pore'volumes
which are obtained from the evaluation of the adsorption
isotherms according to BJH. The integral pore volume according

to the BJH method relates to pores with a diameter of 1.7 to
300 rm. o |

the catalyst support accordlng to the 1nventlon if at least

. B0%, preferably at least 85% and by preference at least 90%

of the integral pore volume of the catalyst support is formed
by mesopores and ﬁacropores}‘This éounteracts a reduced
activify, effécted by diffusionllimitation, of the catalyst.
écébrding to the-inventioh, in pérticular with relative}y
thick Pd/Au shells. By "microporeS“, “mescpores™ and

“macropores™ are meant in this case peres which have a
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(W2005065821) and their subsequent cal cining,
wherein this method actually also requires an o
addi t'i onal- bi nder, usually zirconyl acetate, in order
to obtain an adequate strength,of the 30 catal yst
support. The calcining is preferably carried out at a
tenperature of 400C to 800C, preferably at a

diempeeat of elofs 5308C 2on7QOCdiamelgr -of Sghapi hg =n and a

ha?r%‘;:&%rb% ]_fea%‘rt @ﬁaSbﬁ@'rg?:?‘ie%ér{% fa1preferably

e carr out ste e zI “coni um

~conpound, pr OVI ded it-1s not already zirconiumb5

ii%ea erfe%feq:r %gl C%‘eved’att gylsgt .ﬂlﬁbr %thg ngdlrkg density

e ca The a ove- nane esults in:

rccfamlrysth&upipdr g t brefeswihld soreidthene OoB5 - gheletand

Qééel%aagrfndréle%gg% ngqﬁh%?dgﬁgiif bégwgéﬁtﬁﬁﬁgand 0.6“

ogetnher erern Zlrcontum o e particles are

.. @\mdnly distributed in the structure of the-particles.

In the above-naned net hod, zirconium di oxi de,

zi rconi um hydr oxi de, zirconyl acetate or other

T2i iconyttioar poxykated, 145 e nevnrainstaelbonal ecare contained

7l eonkull oxygarbonat &, ZLreoylo kLT ale.. 2y Ganium
PREhERRE o 2 Anfoni tth SPreont uin Ear t e v

ga:reeffeeaabjf yatz|1|eae|n| ain ﬂng/wﬁxiad.d bar;e:qcﬁee‘éecab%/ used.5

as pul v ruI

: D Lrc n| um corrpou £r 02 IS
e N

a&:d@tcain@gtcofthbhenﬁ@ntmtust Uteatsby_)fertslmeetmt rix of the

cat al yst support shaped body to forma stable. .

structure of sheet silicate and optionally zirconium

oXitde Pagigielses systhdereme vguarami emétchecm iy ettbene,
her ref eéﬁed enmbodi rrent f the

e UP b T T 0SB R TR F S ha Shet RO o DRGE =i1icate is

Sﬁ:@lﬁﬂﬁéﬁ.ﬁ&$1ddd®a&lt&@éoﬁ$,ea\theﬂ@atsh91ﬁa|1’mgheﬂlm_gxt®m‘&nts a
o0 1y Lot Sl SOLDLLLLY 1L

rachireveg 30 aAprafcatd@raraiidigchd &f mh]levelatldabﬁtt support

asheguimeomond, coll odal 2108 i n.aceolutiansr @

therefore contains less than 10 mass—-% Al,0s, preferably 0.1 to
3 mass-% and by preference 0.3 to 1.0 mass-%, relative to the

mass of the natural sheet.silicate.

It is preferred according to a further preferred embodiment of

the catalyst support according to the invention that the

catalyst support is formed as a shaped body, for-éxample as a

sphere, cylinder, perforated cylinder, trilcbe, ring, star or

Cas a $tiand, preferably as ribbed strand or star-shaped strand,

preferably as sphere.

- In addition, it is pfeferred that the catalyst support is

formed as a sphere with a diameter greater than 2 mm,
preferably with a diameter greater than 3 mm and by preference

with a diameter greater than 4 mm.
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- 17 - According to a preferred enbodi nent of the
met hod according to the invention, it is provided
that the zirconium conpound is converted into an

oxi de upon cal cining. According to a further
preferred enbodi nent of the nethod according to the
invention, it is preferred that zirconi um oxide
Iandﬁ@ittﬂn;cdmimﬂ1hydfemdqﬂeuhstusbﬂ rgscimumconi@amt the

SRS et roStTAn riah Ry E¥edRto b eler cnan

1prmment invention also relates to a catal yst support

whi ch can be obtained according to the nethod

according to the invention. The present invention
Itucamegladﬂbatgseferréﬁa useo@ﬁethEofuncrbassetMEuhama&lty of

oL PLiCfatalyst  pupnart agcatding, Lo, khe Livents on ifle

tiron-of - a-‘catal arti cu

: lpﬁeﬂmn ars dbpadsheti alatl&laysst on2 bAceondi emgnettcala selected

referred enbodi nent. of t use. a ing. tq, the .
tPRG et ot CPEE RIS Thiat T ondrr Koty Se - § and
Fa, sﬁmﬁﬂena@ﬂglysthfmmog:be pe@ﬁucit(ms @ﬁrﬂh@y|pﬁﬂﬁéhaéé in
icular a she st _whose. s

e e R L E R B RN oS A AR O SNE hr

chuster siebakesis hatwshel 0 aaﬁawsntasfseP theeferably 1.0 to

duct VAM he first d
B by Ve, SoPH: Ao the Th R visingh can take.

pm@@@efo&halxbmmecwtﬁimcﬁeuabim, Rd apdkAvwn Thus the state -

resent invention relates i..a. a .shel | al .yst.
PR R tor BRULDS gHF G VAR LBRE | IS, o dife Thcorporated
i68d alnes inaSupPROG £ ﬁmpﬁ&abgey whpdoan oukertisheldo, of the
which contains netallic gnd Au, wherein the
C%Bﬁ‘ﬁ%ﬁ@ﬁﬁﬁ%r?c%?%é’@ 58d§7 ¢ "4 n the area of
the outer shell, is fornmed of a matri x. conpr|5|ng a
nat.ural sheet S|I|cate |ndgart|cular

BaAI &1 &g Baﬁ?%?ﬁotne P

zWRES Ul 2k 8O ND &AM i0Xide a&érﬁze}fmﬂuycbess@me in the fbrm of
cont ai ned _evenly, ef er abl y honmpgeneous

“m%ﬁgﬁqqyﬁGﬁéaltes anévbr nanoc%ystall tes, whgreln the

zirconium oxide is not necessarlly present therein ‘as pure

Zr0z, as it can also be present in the form of a mixed oxide.

It can be preferred that the 'Zr0, pérticles themselves are

.doped with Y,0; or EfO,.

It can be provided éccording to a further preferred embodiment

that the water absorbency of the catalyst support is 40 to
75%, preferably 50 to 70% calculated as the weight increase
due to water absorption. The absorbency is determlned by soaklng
10. g of the support sample in delonlzed water for 30 min until
gas pbubbles no longer escape from the support sample. The excess

water is then decanted and the soaked
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It was established that the advantages of the shel
catal yst ‘according to the invention, such as.
increased activity and 10 selectivity, are already
obtained if only the outer shell. of the catalyst
support, in which the noble nmetals Pd and Au-are
deposited, is forned of a matri x conprising a natural
shrpde bldtomt evithnawkdithorzitioweni ten xicde £Zn@ping moisture
2L Lcﬁ!eeg A coptained. avenly dhatri Ul efon HVEHER: ana the
rred accor ng to e Invention 1t the
aMmMreenayakystdsMppo¢$ ofllwe :cat al yst accordi ng to
the invention is formed froma matrix conprising a
natural sheet silicate, in which zirconium oxide

- (&0R)r perdlicdd estalg) conmmiunedweigrddy idi S4¥ ) butled= 28ter

According to a preferred enbodi nent of the catal yst
2XECEPEPRY tB the invention, it is provided that the
zirconi um oxi de particles are contained in the

catal yst support at a proportion of 1 to 25 nass-%

HeePEraply A3t propdiria 6716F°3 to 26°RSY- 88 arfd by
Roaher ence At aaPE PN td@poot, bih AR iMBSSr% catalyst
relative 25 to the mass o the cat al yst support.

SAPRBF Hi 6897 6P t s I5EPELPRd enmbodi ment of t he

catal yst according to the invention, it-is provided

that the catal yst support has an aC|d|t¥ of between 1
TRRdCa 5L {RAalSPgPOBE et S PI360 pEk TS5 AR %D Pe produced

Avakk gnp Qlidye gEE_ﬁtﬁfﬁft& Yuhetweeand Oquard 1300V aldigi-treated
and particularly preferably between 10 _and -60

benganite o SHEEE Nt e of Uithe?r DHISTEMLERT eFrbTATEY

Bhpbhgd catphyst raccOMAHMInti @ik euhﬂ%ﬁ@hQQnunﬁil|s
provided that the catalyst. - 19 - support has an

heeFaRRO Hor & haPanet die sRsHLsing rﬂﬂéit@efeur ﬁCC‘ﬁPFéfI’éfeéibW a

‘cfofngmz@l&p %Qte%aa%@a @)ro Pebﬁnﬁ@aﬁsr QN 40vigedSFd@niar tg

Accord %{to a further erred enbodi nent of the
aCQ?ﬁFV%t 4§1&écbﬁd¢¢ﬁ;%ﬁ§ tﬁéchn%%rﬁqﬁoﬁanPl?SEXtIUderS or

t@ﬁ@gt dhat Lhe el ustisupROite hasagastd agRRl boay
| ess than/equal to 145 nP/g, preferably | ess than 142

tﬁgﬁgrmpaéﬁé¢@@|yhg@@%kyﬁ%h Th@ ﬁﬁy%}nlng is carrled out at

temperatures at which a. solid structure is obtalned and
optionally the zirconium com?ound is converted into Zirconium
oxide Zr0,. The size of the specific surface area (BET) of the
catalyst support depends in particular on the quélityrof the
(intreated) bentonite used, the acid-treatment method of the
bentonite used, i.e. for example the nature and the quantlty,
relative to the bentonlte, and the concentration of the

inorganic acid used, the acid-treatment duration and

" temperature, on the moulding pressure and on the calecining

duration and temperature and the calcining atmdsphere.

Acid-treated bentonites can be obtained by treating bentonites

- with strong acids such as for example sulphuric acid,

phosphoric acid or hydrochloric acid. A definition, also valid

within the framework of the present invention, of the term
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further preferably |less than 137 nR2/g, nore
preferably less than 135 n2/g, still nore preferably
| ess than 133 n2/g and-10 particularly preferably

|l ess than 130 nR/g. According,to a preferred

enbodi nent of the catal yst accordlng to the
invention, it is provided that the catal yst support
bhasomi surifsageveh {nomiGe, nﬂéglk@mcpﬂémHEL410$re¢1ﬂxﬁﬂ y

ST PRl AN T bR LT B visoon

tbetﬂﬁﬁﬂhﬁﬁikﬂﬁfgtaadpﬁéﬁbnmzhgyemmnqn mmefaatwﬁga mQMM&enmm—
70. nm2/ g and 110 and S f erably, bet. 0
RBrT g To6ehor oLt o Haeh: oty op e e, (s
satctie:)Catsahysh accardi. ngftertthe|am¢entreammudﬂu mhe
reasonabl.e limts,_ the catal s .a hardness
DERERTHE tRafPoRuSiLE &0 oR MRrbrBIEbr y SO CAriR oround to a
pthant equal to 25 N, further preferably greater ‘
than/equal to 35 N and nost preferably greater
than/equal to 40 N. The hardness is 25 ascertai ned by
Theanseld anc8hiiapl & HM%YdﬁesﬁtidﬁﬂﬂomgtHEC$ﬁdﬁﬁc&EOﬂ1of a
Dr.. Schl euni Phar mat.r o det
B0 FEPORS, shbl 1A GEc s S oy S SRR gy FRgraing to
teatalwsiciah, 18306pfDie2ithewbeees N t he apparatus
settings are as follows: 30Hardness: Distance from
t he shaped body:5.00 mm Tine delay:0.80 s Feed
t ype 6 B ngpaedi:0v60u TaHS natu2l - shéﬂteshaﬁd@e§s ief the
catal yst can be influenced for ex | e va
cer t diaT (g&rafEt 8rBUbFe T HE e fRoY frfo?iatﬁﬂe f&ﬁ?&% off+th
of thaiicaahyst §ﬂ@£&ﬂﬂum'h@taﬁxéﬁﬂﬁ.%mﬂhé@ﬁQ&bﬁiﬁirconlum
sel ection of the natural sheet silicate, the
cal ci¥HGU#dr ati on and/or-the 5 cal ci ni ng tenperat ure
of an unhardened shaped body shaped fromthe
correspondi .ng support n1xture or through specific

addi t53/¢dndfEntas ?Qﬁa%ﬁﬁgnﬁFé fethyl ' cellul ose or

nagne3|un1stearate

The production of a catalyst support according to the method

-accérdiﬁg to the invention thus has only a single calcining step

and is thus in this réspect'more cost-favourable than a surface-
doping of a previoﬁsly calcined support with zirconium oxide
precursor coﬁpounds;followed by -a second calcining, or the
application of zirconium dioxide or zirconium oxide precursor
compounds as suspensions to previously calcined supports
(W0200506582l) and their subsequent calcining, wherein this
méthod actUally also requireslan additional binder, usually
zirconyl- - acetate, in order to obtain an adequate Strength of the

catalyst support.

The calcining is preferably carried out at a temperature of

400°C to 80G°C, preferably at a temperature of 500°C to 700°C.

~According to a preferred embodiment of the method according to the

invention, the latter further comprises the step:
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10 According to a further preferred enbodi ment of the
catal yst according to the invention, it is provided
that t-he proportion of natural sheet silicate, in
particul ar acid-treated cal ci hed bentonite, in the
catal yst support is greater than/equal to 50 mass-%
preferably greater than/equal to 60 nass-%

spepfey ablsnapsdgbeady efrarhahfegbipdines! TOxES, Yreferably
be%t:gera referab% @eﬁe ter t han/ equal to 80

magst o2 oreIpretefa greater than/equal to 90
mass- % and nost preferably greater than/equal to 93

% relative to th 0 e _cat ‘ r -
Tga 6 AES 80 g P8P U t Ié?rv “pr ef%f rlegd né%b%bi}l%%%’f L£ngr%tO hfé“m
ogatial yﬁi raecerdbhg danviehresdnvent izon oxitlel uprray itded '

: _4C\?Eat t he catal yst support has an integral BJH pore

Pt of between 0.25 and 0.7 ni/g, preferably
between 0.3 and 0.55 m /g and by preference between
t.0 .a further

B et s dnRgonr e TS Ra L Sl ad oL bR rs wick

sattorsimgtiweet be - $HBEﬁﬂtSIldlﬁlcatd§ argl prioebdédn tdwbitdeaparticles

l.east 80% efer east_85% and_by preference
AECTERLC WOO bl TRE M dGFar Fore Bnrim® O tHeL s re

eGahaf }tSJIstS:liﬁﬁﬁéﬁ is ’c3£és fsmmretdubsy afesbpopestarics .
macropores. According.-to a further preferred

enbodi mnent of the catal yst according to the
Th Ve tdve —hbmés mawadedlthatlﬁrheilmtabysnmmﬁ@mt
has a bul k density of rmrethnOS% e;Ltg
hydpqxldem AT ERRY (45 3PP T aRl Parti 8%%%‘ rylates,
zPFedenablop rachat & slensirbyn ofm betyweaholaBs, anickdhryl

g/m . According to a further Ereferred embodi nment £ te.
nth’éafceat FFEPEIL ARGt Che™ RIS BhT T % ‘calbonate,
pPEOVEARAG tzRatoh hen Matdoat dshesgte Sdﬂelf@afiblyaliﬁe&l rRed in :
the support has an Si 02 coat e@t ag}gl east

, it can be

'P%E%r%e“ﬁr éfErabt it £°TPeAE

spaef Br-enc a1 thom®R5a40/ &9 H"forjaszs -Dion t2@1 Ag COFf dimg to a
further preferred enbaodi nEn of th taI st- 15 bod
CHREOH A 5t 87t he® PRI Rheett y|S ciitl Font>airked Loy

£bNEFRAS Sr YeAb203st prafiekablysRedt ted 11 cO-oB8sd Wptionally

zirconium oxide particles is thereby guaranteed..

According to a further preferred embodiment of the method
according -to the invention, the method further comprises the
step: treating the calcined mixture with an acid. A low acetic-

acid selubility of the support when used in VAM synthesis is

- thereby achieved

As an alternstive to a pulverulent zirconium compound,
colloidal ZfOz in a solution or a corresponding sol can also be

used.
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: d|a ter ter. th a nntand b Pref r%Hc

it is provided that the natural the support contains
| ess than 10 to 3 nass-% and by preference 0.3
According to a further preferred embodi nent of the
catal yst support according to.the invention, it is
.provi ded that the catalyst support is formed as a
shaped body, preferably as a sphere, cylinder,
AnadhdnagedaGymﬁﬁdemredrémMﬂﬂimemtngf‘@Kammohoaoa@gpnﬁing to
E!%%dén refer a%oéiéé%QEgt k‘gqg_conikgrcamﬁﬂﬁgils
ran pre ‘era Iy 55°a spher e ccofr
ddmmeheedpmmmfEwe@xedbodpwmntﬂ@ﬁnth@ catalyst
according to the invention, it is provided that the
catal yst 25 support is foLnmed as a sphere with a
Hﬁcaﬁﬁﬁﬁg‘@feﬁﬁﬁﬁthhanpfbfnmrqﬁreﬁbod&ﬂ%nﬂmbﬁhthe method

II‘S ?% erCOI’llU.m

aco ean ll’l sge
metef g er tﬁan % SR BHG

qmmaéean@tbﬁ|ﬁﬂrcbheumamydmunrﬂezésoﬁsédﬂ@sS@lmabﬁdgchompound._

support is less than 25 nm preferably less than 10 .

-~ According to a further preferred enbodi nent of the

I¢atahysise heapeordiag tleatt He kheprd) ang; idnd/er HEO; is
rgglded that the catal yst 35 support is doped with -
BHEY DB %6xi de of a metal, selected - 22 - from

the group consisting of Hf Ti, Nb, Ta, W My, Re, Y

d Fe ref er abl, 2. or Fe202. Accordin
B phasel SR PLatanbb ETEF e Caratyat mibor? faich
oaacaéd¢w¢hﬂn@dthecbﬁ&fma|ﬁn1thbtméﬁhqnwabEbmadn@h@d thhlee *

;Eroggrtlon of doping oxide in the catalyst support is

M0 and 20 nmass-% preferably 1.0 to 10 nass-%
and by preference 3 to 8 mass-% 10 In general t he
smal | er the thlckness of the Pd/Au shel

TR R BT SR RECREGNe T EHURP LEF BRIy BPe (i1 the FiTst,

seabal yatd atGendeAgal st fhﬁi};ﬂpﬁ&ten&d:@jhdlAQC@bdtlﬁ@ frve@tion in
referred enbodi nent of the cat al

further
BECBF%QLI-F%%%‘ Phe?i RYEHY on; ipRRaE e Gt 1 téh%h%étrétdygFlon

5Eh@r§ﬁ@m@cﬁaglasthlckness of Iess -

Accordlng to a preferred embodlment of the use accordlng to the
1nventlon, 1t is provided that the shell catalyst is a shell

catalyst for the production of vinyl acetate monomer, in

- particular a shell catalyst whose shell contains metallic Pd

‘and Au.

‘The present invention further relates to a shell catalyét,for

the production of VAM, comprising the first, second or third
catalyst support according to the invention, whose shell
contains metallic Pd and Au. 7

Thus the present invention relates i.a. to a shell catalyst for
the production of VAM, comprising a porous catalyst supporﬁ

shapéd body with an outer shell which contains metallic
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15 than/equal to 300 gm preferably of

| ess' t han/ equal to 200 pm - preferably of |ess

t han/ equal to 150 gra-further preferably of |ess

t han/ equal to 100 gm and nore.preferably of |ess

than/equal to 80 gm 20 The tﬁlckness of the shel

can be neasured visually. by neans of a m croscope.

FEhendr Ba, |whewbnohthehecat@ﬁly@tneuWQrmrSélaéepolsMEd at least
;appears bIa whi | reas_f f _nobl tals
%gara§ﬁ$ tﬁg Oug% %mgﬁ %o ke é% bgtgegﬁgg?gas

c@mmrasmcnga mabheammes: asndlaa‘eas Jfrr @eruﬁcuh@ma eatrix

shar and ca ear | e 2 ni_zed
SR T T 2R L e e R TS B L sy
adeﬁbmﬁdnaﬁddacmardﬂn@bytmole$kaafbynt@tﬂ@ﬁﬂamﬂﬂlg,

sua I e thickness the hel | corresponds to
ef%ﬁd&ﬁégggg?eougﬁ@lfp asugég starting fromthe

outer surface of the catal yst support, which contains
5% of th taI dep sited on the, 30_suppor.t

e 1RaRPERS, DEG RSP R PR LS R Yy

a@&bﬂﬂ$ﬁ§ taccnédnﬁ@pmtldmhesunhem$|Inmﬁehee9déétumﬂuyIand

are $t vel %E'Ckne%§she11 of

G eRrT I NORP A Bt ey P et YIS, o

tivet ot 1 yaftf eoppdagt A notemeht hye rrediet mehabsﬁ Ed]&m‘dAMu are
sel ecti vit, th tal yst .accordi.ng to_the '

B L AR S SR A E i S A eI R

SQﬁl&iﬁb(ZQhahMS&haﬁiiﬂdﬂlﬁg,bﬁld@e Zn@uen@éxnmcueheaséell

f th talyst th f 5. h t hi_ck ' :
BBt ity 200" SRC SO0 T Spr EPeT 4oy ot hakh® 250 dne

218003y by tpe ef er@ngenbetrwers 300 cardt2508: gsmp@l@dt of the.
further preferabl ween 400 and or

cobh bl ARCEEC RS st SOREE YTy S f OB CHEE yororeis
c@ﬁﬁﬁ&éﬁﬂ@gatﬁatﬂﬁalfﬁhﬁﬂﬂ @ﬂll&ﬁ&%JJnﬁthttaniﬁcdﬂiumnox1de

t he cat al is 0.5 to referably 0.6 to
GG et ilen iy Brbfafish Fotav aPhohb iRy
relative to the mass of the catal yst support | oaded
wi th nobl e net al 15 ]t can.al so be ﬁreferredl

AP BeRhr oty STHOLHES S it nCREL 5 pgecording

- t6oeninvehtiohp 20 JQ?/ :b,roﬂﬁ_&é@rﬂbity t2et Qliéorgﬂﬂfﬂ arddby

preference 3 to 10 order. to |i kew se

, |
p@{&&gﬁﬁ@eérﬁncgﬁﬁﬁﬁﬂﬁqa1§CFP9I?ipéﬁﬁft support at a proporiion

of 1 to 25 mass-%, preferably-at a proportion of 3 to 20 mass-%

"~ and by-preferenée at a proportion of 5 to 20 mass-%, relative

to thermaés of the catalyst support.

According .to a further preferred embodiment of'the_;atalyst

according to the invention, it is provided that the catalyst
support has an acidity of between 1 and 150 pval/g, preferably
between 5 and 130 pval/g, quite preferably between 10 and 100

pval/g and pafticula:ly preferably between 10 and 60 pval/g.

According to a further preferred embodiment of the catalyst

aécording to the invention, it is provided that the catalyst
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20 selectivity of the catalyst according to the
invention, the Au/Pd atomc ratio of the catalyst is
preferably between 0 and 1.2, preferably between 0.1
and 1, by preference between 4 3 and 0.2 and
particularly preferably between 0.4 and 0.8. 25 It

can also be .preferred if the catalyst according to
suppom\}rm ponatiasasth oRrec ehtrpte oot fremod yy PV nm,
ppﬁ;@% g,m59t@o 15 %1aﬁﬁdb§3ypﬁrﬁE@ﬁ§@C§rc§n 4@ 20 15 nm.

n or der to ensure a l'argely uniformactivity of

the catal yst 30 according to the.-invention over the
AEQ&f&g%, %oog %H #y‘%He%@§kgd é&ﬁ%&lﬁ@h@ @Ptéﬂe catalyst
concent atlons vary relatively little over the
ash@tcﬂlrtmtokhbssm‘mnﬂl@nb hét et orrqpreper Fled- ithe goBplyst

BB & Ed 99&9@% 4 e shell L clepasseo L, areg, bei ng

AtC % di st ance of 5% of 'l thickness from eac
poéfetmlqmless thad 142 /gnrfé?ef%ébllfllémst thepel40 m*/g,
f19£*%qfu%4 e L0 POpl & 'TEEJaﬂ' 1§90t rl@ﬁgfé)'i)r%ffegfgl?ly less

varies fromthe average nhob

th@rmcfe?ﬁ rnéf @ ore tifl 1t huosea?PE%tfwbéYnﬂ\ﬁﬁnﬁha@f 13p-m2gymnd

ref er.ahbl Anve.and by preference
%)r/tjac adrlrfe{&i ﬁ%e?e %m?g/otguch profiles can be

obt ai ned by the. sprayl ng, described bel ow, of

upports.onto_a, | poi s he a;

C(?lp Y&t 8o et E% %ﬁgofi%%ﬁélogﬁta%d ea&iS o"a e
tdedot |mavtemrhomf Js‘amea phcrvoddi nighato thef gatmlarstlﬁupport has
JPreferred enbodi ntz of t he, 9Ly st 86 ALNg. L0 4]
|?N/en |on rfrbs c or de con%‘c)c%l% I%]ﬁer ef ck))r ?%ss
m%AgaraheqmaD o R50yppire fpreafer dsityebesd tnhé@/@qﬂudﬁotm /9,

BP0 B AL AT 0 8 L6 kb

p BX henlasy butw@en ¥ orfdt eand dt1U eddt @b raiskabie fratadily
py e l.y a,potassium sodi um -caesi um or
bF BNl i Efibcivn Log, B B

ound pref ef abl y a potassi um conpound.
Sui t abl e and partl cularly preferred potassium ,
co ound e aSSI um et.at p
I%a?n%o . aﬁz ]9 ﬁgt assi’im 2 Eh r%&gr%%a? bag%%%ﬁ&}{&“ to the
iMmelphiﬂsmMMonmletmlancaahsﬂﬁmlwas a hardness

ot ass onpounds ch_ch o
Bt (G BUPBE 1V SacPf oL CaHd) ELSRE ST ORI o 29
N s yhihesirs préher gotassicame cohpaumiuedn the3 depesidt Bdson

th taI st su ot h b fo n f ’
PTe S?EYﬁgpﬁé“irfqggnpone%[?Na @l hefaddlE s ,
ascertained by means of an 8M tablet-hardness testing machine

from Dr. Schleuniger Pharmatron AG, determining the average for

99 shell catalysts after drying of the catalyst at 130°C for

2h, wherein the apparatus settings are as follows:

Hardness: N
Distance from the shaped body 5.00 mm
Tlme delay: ' G.80 s
Feed type: 6 D
Speed: 0.60 mm/s
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greater than/equal to 70 mass-%, further preferably greatet

25 into the netals Pd and Au. According to a further

preferred enbodi nent of the catal yst according to the

i nvention, the catal yst conprises an al kali netal

acetate, preferably potassiumacetate. It is

particularly preferred in order to ensure an adequate

‘pronoter activity, if the alkali netal 30 acetate

Tth@nhenctlne:a‘s e tbat akystydts c@nibe olf Iemgedl for example by
gf?%a@él{tﬁqn phfaflePe DYl nbMnllif £32¢. 26 POIARRI UYL of

fadsium acetate content of the
bhatabye&ysﬂ:@upépmg,tfpxrﬂ;amn&entmtnuqhstpeeﬁele&ﬁgpn of the
I mt
R e TR dredle g RatchER B ek ol e
damvemimqntem@heaahkelmfnﬂiamhﬁddemqﬂnahapaﬂlbOdB shaped from

e S R T R S S

aﬁhetsveﬂlsuchthe £urfex&mgieomethzic&ﬂkﬂqﬁsﬁesuppmﬁqqe31um

_he smaller the alkali metal/Pd atomic ratio. The

preseﬁ% invention also relates to a first nethod .for

t he productlon of a catalyst in particular a shel

catal : Q ) t roduci n

AR BRL oo d PR e B PRl BB I e

atherdnuﬁnkxohe 15benumposnt|mg pquﬂdﬂm ohabftbeiﬁroportlon
regyés r §%°e ognf1c£¥‘3 H%e %étahy H:%%Rgot eatgd calcined
e505| I'ng -a solfutron f "anFAl precur sof conp

bentonihke datahystaﬁaqyonSMpﬁérﬂ)1sxgreemErngh$¢Weqaa1 to 50

component. of Lhe Pd. precytsen conpound,into.the o copopy

than/equal to 80 mass~%,'mote preferably greater than/equal to

. 90 mass-% and most preferably greater than/equal to 93 mass-%,

relative to the mass of the catalyst support.-

'According'to a further preferred embodiment of the catalyst

according to the invention, it is provided that the catalyst
support has an integral BJH pore volume of between 0.25 and 0.7
ml/g, preferably between 0.3 and. 0.55 ml/g and by preference
between 0.35 and 0.5 ml/g. -

According to a further preferred embodiment of the catalyst

support according to the .invention, it is provided that at

' least 80%, preferably'at least 85% and by preference at least

30

35

90%, of the 1ntegral pore volume of the catalyst support s

formed by mesopores and macropores.

According to a further preferred embodiment of the catalyst
according to the invention, it is provided that the catalyst

support has a bulk density of more than 0.3 g/ml, preferably
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e) -converting the Au conponent of the Au precursor

conmpound 25into the nmetallic form The outer

Zr 02-doped shell of the catal yst support according to

the invention has a thickness pwhich corresponds at

| east to the thickness of the noble-netal shell to.be

deposited, for exanple 30 a thickness of 500 Km In

I@ﬂbnthpheQiﬁhw/ﬁd end Ave coimpdendy hy-afeanblpfa whildh dansity

degr f dIS ers of the netals can be

%levggncadﬂhe usgdga%ggb and Au precursor conpound.

By "degree of dlsperS|on is 35 neant the ratio of

unber of t he Sur fac -. 26 - of
ACCPrne?%Psafﬁ5§r55?f|%¥eéﬂd' a sud%brfed et caltalyst
acatvallysy tto thke itotaticruntier ief padtidehiethet attheatnan:nral

| / al articles. In neral it
S%F%%e?%e Cﬁggéegr%e OF% p%?%%b% correspdndgmfent of
adl Eehsﬁlﬁﬂﬂmﬁshk@h pre&ynanﬂy uallmastaeosmaﬂs{%uahdcase

n OSSIbLe are freely,
nggggggéﬁ ﬁggrgg ggt%?ff“@ Pekction. This means that
gi ven a relatlvely hlgh degree of dispersion of a
rte t al pe C catalytic
PPPIRS ol S artReh B Senr BV TROR bl G vy iyt
aenai:dilmgjam |th¢ mﬁvemett:a:ln,usiedls Accoridiedgtbot acHE) natural
urt her ferre t of the catal yst
BEEb T e CRECE MR iot PerRider SohBF Ll hsesibRn 10
m@éswamg,alpme&abllesm:s th Bom30%s Hia wal pescaferichen. 3
t g fe of dispersion are deternined by nmeans of CO.
ad §°n *according to the corresponding DN

standard 15 It can be preferred to select the Pd and
hal i des, _i.n

Au ecursor conpounds. from.th
AB‘é‘P%E &P enForrifes Pr&ﬁed&d W&W&& of tiris ggrtalyst
sﬁp%cmt %choﬁﬁbﬁgw@t'tﬁfe :L@gahaiexsp ﬁcetsap,e@vz_clied that the

I OXI des [ 0g onat es exe or
colaliat Sabetlof e 208 e hiS AR 0T
Sﬁl@é’ﬁﬂi e@eleeeapepwm@tteﬂat:emm@ exeslod, 11iese star or
aQEgEgtrand preferably as a ribbed strand or star~shaped

strand, preferably as a sphere

According_fo a further pﬁeferred embodiment of the catalyst
accerding to the invention, it is provided that the catalyst
support is formed as a Sphére with a diameter greater thanr2
mm, preferably with a diameter greater than 3 mm and by

preference with a diameter greater than 4 mm.

In addition, it is preferred that the maximum size of the

catalyst support 1s less than 25 mm, preferably less than 10

©oInIm.

Accdrding to a further preferred embodiment of the catalyst -

~according to the invention, it is provided that the catalyst

support is doped with at least one oxide of a metal, selected
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Exanpl es of preferred Pd precursor conpounds are

‘wat er-soluble Pd salts. According to a, .particularly
preferred enbodi-nent of 25 the nethod according to

the invention, the Pd precursqr conpound is selected
fromthe group consisting of Pd(NH3)4(CH) 2, Pd(NH
3)4(0Ac) 2, H2PdCl4, Pd(NH3)4(HCCB) 2, Pd(NH3)4(HPO),
Pa(tNEBS 4Gk PaCNESY Anoxal dife, TRd MWxallat e ¥, PdgNEB).2,Y and

d 4 2 OA 2, Na2Pd(OAc) 2 2,
BOPHCREB) SCR Tt 1o o 26D 2 P NR) 4

Na2Pd( NOR2) 4, Pd(QAc)2, K2PdCl4, (NH4)2PdCl4, PdCl2
d..of th di
g% %Féﬂj%d eSb%égdéﬁ%p%@ kgg catalyst

X~ sal t's"can a? e used w et hyl'enedi am ne

- agroetihandlcanihneiageht gand.itl Asadde feomdt Ghﬁd(%)ﬁoportibn
_O%t ger. car haoxyl %e ofcapta
-8

Il adi um can al_s e_used,
b SR IIg Ik B 00 RRRAT SR Jed BB Whana 20
mavBotarpeferablacl d3 w ti Bate-% wat honpatdasendors to 8

exanpl e the propionate or butyrate salt. According to

T3°Further preferred enbodi nent of the method

according to the invention, Pd nitrite precursor
gommounds can al.so, be preferred.  Preferred,Pd nitrite . o

pr%cursor -conmpounds areefor_ exan‘p?e hose ich are
cabbayned thy digset vilng VR @Ac2tinitan oMahNo? soialtyisan.

10 Exanpl.es of preferred Au precursor c unds ar
AP B LD [Fib B2 A G ™ ACCSPHING 6 & PAFEICUIR o rred
epped etarad ognbndi aendl oft bheorei hpd-cacter dhtgnt oot hehe

i nvention, -the Au precursor c ou A sel ected from
shALE i I b Yy D e AR B, AT < Fragt ey ipee
£ AHCASu HAE1 490 NadU L4 £ KAV EL 46 £ KALSOAELBI a1 to 200 pm,

15HAN({ NOB) 4, Nag\%rgz, NVe4Au0?2, - RbAu02, CSA%‘%_ : -

- pRafeBAG) SEOH)ss RIAU/@ATE30H, TERUGAE)N80kr preferably of

N4edAu c) 30H and. Au(QAc).3. Ibis reco nded where
13?)&%%%#0“&%%@ PREsTC B ([BEH3 261 KBu0F Fach
thhMB e PLECERI fAL 1 ng the oxide/ hydroxide froma gold
(I'l'1) " hydroxi de sol ution, washing and isolating the -

20 precipitate and taking up same in acetic acid or

}gﬁg—lc - re-s or..S0 u '
"the %gﬁggggdgfprgié/u%?lcgﬁ%o%%%aagrygégoﬁgg?%ﬁ%ycReans ot
awhi ctpscabeer Tle posia iion woarh the redtlal pstabuppor tdeposited

aﬁﬁ%higfaﬁééklywﬁf¥g“%ﬁé %Q@EQ Efé%nof noble metals appear

white. As a rule, the boundary between areas containiﬁg noble

. metals and areas free of them 15 véry sharp and ‘can clearly be

.recognized wvisually. If the above-named boundary is not sharply

defined and accordingly not clearly recognizable visually, the

thickness of the shell corresponds te the thickness of a shell,

measured starting from the outer surface of the catalyst

support, which contains 9295% of the noble metal deposited on the

support.

It was likewise found that in the case of the catalyst
according to the invention the Pd/Au shell can be formed with a

relatively large thickness effecting & high activity of the



10

15

20

25

30

35

25 sane by neans of drying are suitable as sol vents

for the precursor conpounds. Preferred solvents for

net al acetates as precursor compounds are for exanple
acetone or unsubstituted carbgxylic acids, in

particular acetic acid, and for the netal chlorides
above all -water or d|Iute hydrochl oric acid. 30 If

cthel p¥lec wisbput orpbtfidaar enpigtv iy EFdmtliprsefubhe VAN

e e ; ter

e B Ry aF s or 1 er o o cae oy ot
Aothe¢usnkweﬁnstb$rsnk#@ﬁﬁeadﬁﬁ¥¥V€§néaﬁfaﬂsoCﬁéa&§§ﬁ

a@é fﬁhﬁa E%r@ﬁél¥§%é%a%&% 3§h§d§ﬁélloeft9hérE%ﬂ%i@%@ therefore

PVents. Sol vents ich are inert and -

hﬂbS@lﬁHﬂtHﬁbbh at e Gicaai dOOrameZQQOpp@fEﬂnﬂﬁe¢ab¢mebetween
into consideration as other solvents in this ca

2P(@ti’i‘rfésl80@ot‘mexlamﬂ?”@f§6éfl6ﬁeb?ﬁwe§€et3 0F aiut dn&? B and

thernore 18" ghydr of uran or
faf@%ghplaéé oni § ?tJé%é ?E§+$ornan?ge and sol vents
based on hydrocarbons such as for exanple benzene may

TR PRIPY AR RECLELL o8, SaLYents alch, aree Suld alke for

aCI ones or “exanpl e aceton

. a@tofﬂih@ﬁmbsthéOinfﬁﬁﬂmdne Ehhapmﬂporolon ¢$omﬂw;panbe or

TPIYIIG! o 18y P, 5 SO0 S CER s o

?’acetl aci aic acid,
bglﬂsféﬁbxmmcd otart@rz caaeh8, raldtcvackd, tkgt Yyl b€ the
afe rrleo am c acid,

'CﬁF@%$ﬂé 5??55| éQQj ?LI ?1% "SSP0 may be naMed as

preferred solvents or addltlves 15 which are suitable

for adding . to wa or| npounds..are. us
ThsCHt €cii’s 8P Bﬁﬁiﬁﬁﬁ? 1 F£$hﬁﬁ %ﬁgsen%ﬁ?%ﬁﬁﬁﬂﬁaFotﬁge
ish:Origde hiaens aﬁeccrrecdamedfto o tal grabl ereesiatlal 2 te 15
uantity before usi ‘ | yst ‘produced according
ggb e epﬁﬁfﬁﬁﬁnﬁigg 28 %flnventlon ~as chloride
is a catal yst poison. For this, the catalyst support
is as a rule washed wth er gft 8
R SR T L G e bR S A
s PI &EHH-BAty cENpRUNc: LNy tt heceatialgy sb Shmuxnﬁanthnn, the

| |, .th h di |
oS iy 2B hyar ki B G BGlB At Ghof R P ARA" A 279

1CoOpORs-aby y NBatise of O|.)‘leaﬁdi af ter p&héef@diﬂ:&ale@ﬁeeﬁ 0.3
the noble-nmetal co ]onentg h% respe |ve 0.8,

2Rt %7 Aoy HbevErLY &EE ?H‘?‘ 6 -4 ?e erré1

enbodi ment of the nethod

It can also be preferred if the catalyst acoording to the
invention has an Au content of .1 to 20 g/l, preferably 1.5 to

15. g/1 and by preference 2 to 10 g/1.

In order to ensure a largely uniform activity of the catalyst
according to the invention over the thickness of the Pd/Au
shell, the noble-metal concentration should vary relatively
little over thé shell thickness. It.is therefore preferred if,
over an area of 90% of the shell thickness, the area being at a

distance of 5% of the shell thickness from sach of the outer
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30 according to the invention, chloride-free Pd and
Au precursor conpounds are used as well as
chloride-free solvents to keep the chloride content
in the catal yst as | ow as possible and avoid a

| aborious "washing free of chi‘oride' . The
correspondi ng acetate, hydroxi de or nltrite conpounds
aadelph@feﬁabﬂylmmed aSKSQHQﬁedersbrﬂunmmbwadseta§

he catal RPor with _

RRFLRFRRTE B 528 VAR har P ek s erton THE Qbeadd R 1e
mﬁtalh@oﬁﬁbﬁﬂﬁdtéﬂnpéﬁdﬂﬁ&OEr@@ﬁbgumd&nommmhef5+/ﬂ 20%
cat.al yst port in the ar ute heII‘of he
oGBFarRLY URBOPE LB BF adh dveaih bt Grsgirenes by X
npk ORES SES H/ROWDS pesu@mInihﬁsebhea@nemumseﬁne@lmg|mm5

can be de b oaki g p t he, su ort
PR prBet BP0 BPPLBEK REEt SnEb ST
the incipient wetness nethod A base, for exanple 10

[ d | ut he _
BIBENT o En b A S S R BOFE L it By PhEeTtion and

1808k erdret aleaconpanes E‘Dfars%m@r em:m tcgitred tonk of tifteher
ort_ in_the form

DRBEERI TP ACRanDl o (4 ey SR TR B URRGHE i n

ihyenaiwh t her aﬁpbyuddutqwﬂeﬁursertméMﬁﬂmredses@ e /equal to

thus-pretreated 15 support ACCﬁrdI;% to a further
CoPliing to the

inventlon it is therefore provided that the Pd and
precur sor conpound i s deposited on the catahy
T%p‘b%*ratlw E6aRT Y He c’?é?teaﬂ}g?n%’cfﬁbé’vrte FRhe ntalnsf in

aéﬁﬂtﬁddﬂldoElkbgnf@npﬁ@ﬁki&@rfﬁﬁﬂﬂﬁﬂﬁﬁoﬁﬁdetﬂzhhaeast one
solution of the Au_ precursor _conpound or in

2Lt 6T Ah FERO RO e S53ERLY ha. It Sid Uihesgiium, - cacsium

oPl LEAH SR CORPOURE, 2% AceeNdi Agpdirdsienstaisonfd.t Baitable
art, the active netals Pd and Au, starting from

G TTidE A GRPBURERE T AhECAREaL B PTERERAS 1ncltde

potassium acetate KOAc, potassium carbonate Kﬁxh, potassium :
nydrogen carbonate-KHC03.and potassium hydroxide KOH'and also ‘
all'potassium;compounds which change into K-acetate KOAc under
the respective reéctibn conditions of VAM synthesis. The '
potassium compound can be deposited‘on the catalyst suppoert

both before and after the reduction of the metal-compbnents

into the metals Pd and Au. According to a further preferred

embodiment of the catalyst according to the invention, the
catalyst'compriseS'an alkall metal acetate, preferably |
pbtassium acetate. Tt is ﬁarticularly preferred in order to
ensure an adequate promoter activity. if the alkali metal
acetate content of the catalyst is 0.1 to 0.7 mol/l, preferably
.3 to 0.5 mol/l. In the case of potassium acetate, the -
potassium acetate sontent of the catalyst according to the

invention is preferably approximately 40 g/l.
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of the support, are applied to sanme by neans of
soaki ng. However, this technique has reached its

- limts as regards mninmum shell thicknesses and

maxi mum Au | oadi ng. The shell,4 hi ckness of the 30
correspondi ng known VAN catal ysts is at nost approx.

100 umand it is not foreseen that even thinner
Aslrerisng &iv e fobthg har By rredranotigsaki pg. then catalyst
a%@gﬁf&h?g? toh'tgaetn@éhﬂl%d' RES M Lhiy nmghelﬂﬁélart%queh%tlo is

y neans of soaking can be achi eved

b@ltﬁéeeul tand ag, t}heemraml@chrsmercénpééné% 6351 tegdicplarly

Eéyéfo%%%hégﬁ B d 9|n%9efé¥531y209§§ éﬁaﬂﬂ@% thesgurface
talys

t support aped body, which results in
Olfr ohel #Amraglysicl supmleas the ek Ekec dheap hkadkl yetialy pd atomic
£d;, The active netals, or, put another way, their
precursor conpounds, -can al'so be deposited on the
support for exanple by means of so-called physical
TRLOGESAAS ROLaL I é’alglae rBYRPOL e ACCPE ALOGdOokiNgor the
Invention can prefera e sprayed for exanple wth
paogetutdrow fof t:h*eaprsetourisopazctpmjd@ﬁds s Rhlel etartathetf
t p s noved in a coating druminto
c%ﬁéghgﬁgt%ggrgﬁ%P%s bl own, wi-th the result that the
sol vent quickly evaporates. But according to a
fur r di f t or,
o=l e e R ERE SRY FIRRY' TRlbdd MRat®: Rl dk0gr
the Rﬂxpnehmgsoo clompiowedtand; t he sol ution of the Au
precursor 15 conpound are deposited onto the catal yst
support- by spraying the solutions onto a fluidized .
bed) odemfiltind desboftitdne ofat aby gtresuppor tgompound onto the
preferabhxfpy neagstof an aerosol of the sol utions.
The sheld™Ythi ckRess can thereby be continuously
adj usted and optim zed, for exanple up to a thickness
ut _eyv ry I
mnfﬁ éng %Qg%ﬂ%ss (o b 1@2% fgggrgfg?ég%hus Boiia onto
possi te calthlyst psefemted |f the shaped bodi es '
circulate elliptically or toroidally in the fluid
bed. To give an idea of how the shaped 25 bodi es nove .
indstmﬂndénﬁhdgbews Pdthm@ynbetsqﬁuume PHaprequnsoe caspgound
"el l.iptical alion e catal yst support
shape tﬁp %' %%a{fi rm’f?%gd bed in a vertica
pl ane on an eII|pt|caI path, the size of the nmain and

SPEPIMIRLL hS, Ehadl Mpbllet D% £ 318 B pERLAIR! compouna

inte the metallic form. .

The outer ZrO,-doped shell of the catalyst support according to

‘the invention has a thickness which corresponds at least to the

thickness of the noble-metal shell to be deposited, for example

a thickness of 500 pm.

In principle, any Pd or Au compound by means of which a high
degree of dispersion of the metals can be achieved can be used
as Pd and Au precursor compound. By “degree of dispersion® is

meaﬁt the ratio of the number of all the surface metal atoms
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30 support shaped bodies nmove in the fluid bed in the
vertical plane on an elliptical path, the size of the
mai n ‘and secondary axi s changing, and in the
hori zontal plane on an orbit,,sthe size of the radius
changing On average, the shaped bodi es nove in t-he
case of . "elliptical circulation" in - 31 - th
of/exltli bakapl ahko 0Pt iSfFF et calSUFRPRECT Argird Eagelbb?t to
QR Qah%x%élc%@ta!ﬂn 't @& 3 0TQidal o Pty det@i/aBloy
apeg bo covers the surface of a torus helically
pwumsleertmm;ermqlpmtcars rEeiqGird SETHe: ghoveenahed
d thRod AcCl dicNg £k hamiddvent i e, as
dl%pre ye c%?ﬁggd out by nleang ofga fluid bed in
ira thligi- dabedai’unmétny metiad paeTEs Gl RPP§iprefadiar éd4fiVe he 7
Ist5189LQt ﬁ&)‘.ﬂs a 2y l Icege @t{]ltcfrpl lI‘ﬁgs alhéargé 't@t@tl ayffen a
or one thing, 10 the catal yst support shaped bodi es
realraezltvh@yougm yde veed oy di flee o0y 6| oS ERAUGREAdEStal ,
cgtaayl%rst e%ﬁ J‘{)lh,e a‘ctl Llénﬁpé“ﬁﬁ%yrekaéﬁu@%ﬁt pb Neddieved E
ere re dried evenl %q%
wnprhoezeselatxvelﬁorSI@idt Iqeﬁntd% qfomehel - ¢ ed*&@ﬁt—"dlng to a
furt%l I"ra %’Sf@c?te ﬁn‘éh@dopytﬂéﬂ'%a€99§§@|alceéljordlng to. the
ayer, of t shaped bodi es the catal yst
1rswpnp.xapn, shla@edjbm o passerwm@ﬁ the Bprady particles is 1
cprpsedine (2RRLL Cat okl BLoLde Jf G6UpSOL: GOTROUADE) e
rtuar | y constant - fereq%ency [argely. unifo
b;slmelalnst hi ckdesss ofptd otr eateriyat can ohe SWP@GQF@% DIN
St|as th%r eby achieved. A further result is that the
fo5F& et al 20 concentration varies onl y slightly
over a Iarge area of the shell thickness, i.e. such L
that the no tal con t e ]_tbe% ds -
T S@PaRgul &y ru]nec i%on Sggegggﬁ %egrﬂgggggeggoé Shel T"F7HHe®
£ fcmi a:heeessllddme,r eby perunichbam cotdniidey, ofxides, nitrates,
res [tin cat aI I t A gkness
ﬁg Pg? Ipm%ég%g{?a‘bl ggcl%\gtg F’nggcgerthrrs
hjdnmmddéed lbpzﬂircug‘mt s:aaltpdnéteﬁsd PEgeunprsl$:075 Car pYPIRLC
out: the net hod ac-or in t rdi.ng.
P srerer Fon Srbdemre e sre bR L AR AN
actdte;lar:Etanaitsotcdnpelegaesbyoﬂetmﬂsa:Imellaﬂ,lb:ks GrbH
(Al feld, 30 GeLnany), ERWEK GrbH (Heusenst amm
CGel rrany) St echel (Gernmany), DRI AM Anl agenbau GrbH
E}(dﬁpll&lm b€ hpr&smeny )Pd Grattir GmbHofiBonzes, aGe MRy ysoluble

PR IEAET o BUULE (ST Al mwcsment. o
tHeemerhp), atcoBiiBphlce thasthverenion, Vehé abd grre@uipblor -
co %%Qllnggggl soglec%émxyo)m’ the g:j)’i?‘odp consisting of -

A4 (NHs) 4 (OH) 5, Pd(NHs)e(OAC)2, HoPACl,, Pd(NHs)e(HCOs)z,

Pd (NHs) 4 (HPO4) , PG(NH3)4Cly, Pd{NH3;)4 oxalate, Pd oxalate,
d(NOs),, Pd(NH;)s(NOs)z, KoPA(OAC);(OH)s, HNazPd(OAc);(OH)s,

Pd (NHj3) 2 (NO2) 2, KoPd (NO;)s, NapPd(NOz)s, Pd(CAC)z, KpPdACly,

(NH4) 2PdCl,, PdACl, and -Na.deClq. Instead.of NH; the corresponding

complex salts can also be used with ethylenediamine or

ethanolamine as ligand. In addition to Pd{OAc), other

carboxylates of palladium can also be used, preferably the



10

i5

20

25

30

35

Lodi ge Maschi nenbau GrbH (Pader born, Germany),

Manesty (Merseyside, United Kingdom, Vector

Corporation (Marion, | A USA), AeromaticFielder AG
(Bubendorf, Swtzerland), GEA,Process Engi neering
(Hampshire, “United Kingdom), Fluid Air Inc. (Aurora,
I1linois, 5 USA), Heinen Systens GrbH (Varel,
E@rtﬁaﬂij')thel-latltiphﬁt@THHI(OStaébﬁéhlic(Sé\Qiﬁﬁy)’it]wIﬁaﬁ@ 5 carbon

| t%ﬁf ma%&cr xhp}ﬁ%ﬁoq_tge ;%4&%5%@5@@ ht %utk@g»c@) sand

nnoj’e gl es rach Particularly
preferred f|UId bed equipnen; issold under t he nane
et i Lus, :
R e R e s
qmcefremed:oembednnmtm‘n,t ke nEthidd aceordspy t@chads can
Jinveptio ca URRO [
3ol TS obF ihe St onen For Senfar Eps ipogpas ore
ﬂmeahsatngﬂreoaesseawmlchTmr@r pbhginéd bypeédsolvime PA{OAc), in
Bo§btegl&§lc§ol utions of the noble-netal precursor '
oinds ¢an be detethined via the degree of
heatl ng of the catal yst supports. At relatively | ow

Exagg rat pFo Qgrg %h{%m%%&rgﬁfqgﬁ%%u&ﬁ%hgégqﬂ%gnﬁsdluble

| ve resu

' Amosaksqoomducngdqn@mcb teatoave ideposit irorfegredterbaliseht of

' t hj.cknesses can Je | t .because of .th
g ?u%kimon 35O RE™Y przcgﬁrégre%oh%duﬁgte gﬁgéjg%]%urcséaﬁsed
doypbtred preeseneetod Sy eht. gt\cbup elcatsitg el yg he QIKALO;,

B R N I A S TR

mhemw@pmmozpaﬂmand§, a:mmmg, IhmOgoMt=et (OA hiae

e O O

r@&ﬁﬁ@éncﬁs@h@héﬁé eapiem@ﬂlrate thqn:’ta:tah:er Frésh ril @riciel cyr
hi gh tenperatuyres such. e at | v ‘
}PHPE RHGORBE LA B S B Sbi S MR D RigH ide from a
gball ermmt ah/dl:@:afkﬂmgaoJEmnoﬁxamr&dghendatabyattnsppxpinert

b t 30 t t f 40 8 |
oE R P RSt e e SERE. Bp sretar £rbt St N the

producti on of VAN shell catal ysts based on Pd and Au,
Eg%ﬁ%{%&? lv n‘ggaé:g asboll%eggl rlf{ﬂcgtg]rses()flnt hglgh ) Ssoerlected
precursor compounds are solublerand which, after depcsition
ontb the catalyst support, can be easily removed again from
same by means of drying are suitable as solvents for the
precursor compounds. Preferred solvents for metal acetates as
precursor compounds are for example acetone or unsubstituted
carboxylic acids, in particular acetic acid, and for the metal
chlorides above all water or dilute hydrochloric acid.

If the é;ecursor compounds are not sufficiently soluble in pure
solvenfs such as acetone, acetic acid, water or dilute

hydrochloric acid or mixtures thereof, other solvents or

solvent additives can also be used as an alternative or in

- addition to the named solvents. Solvents which are inert and
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- 33 - such as Na2PdCl4, NaAuCl4 or HAuCl4 sol utions
are customarily used. In the nore recent literature,
~as already stated previously, chloride-free Pd or Au
precursor conpounds such as fgar_exanpl.e
. PA(NH3) 4(OH) 2, Pd(NH3) 2(NA2) 2 and KAuO2 are al so
used. These precursor conpounds react base in
m$ad:utlen withhatet t heasitdapdardt ehlaneifigdeabhy t¢atee 1ahd
AESIA LS PORE 8L LORAYALE, T FACK,;3CKEsL N RAIMEL ONror
76 precursor conpounds onto the catal yst
esatpmbsr ta,cei@nprefeacaetﬂﬂaa;queoels Na2Pd Ordr e ret g Au CIL3r
SO QNS AL e CUSLOMAIL) Y. el Hheseapial -sal t
ot ons "ar&“hor nat | y applied to the support at room
dimq:r@rlaiourmemaael 4ihe svBivahteonpomerns hyflescdiboed with as
a3 InEO|Ub£§1§9 I égm?§q%§§ﬁgggfree%ﬂggggts which

f?%éﬁ%ﬁlsuppor%els cG%tgnaH

acdl oritdelei torwadeing lue particuladd.the AU fixing has

_di sadvant ages, such as long action tinmes of the base
in order to induce the precipitation of the stable Au

.Kémmﬁ;hIfom%zamplemcetmenpbetelqm@dspl fat isgrampihg ethanol |

t ant d t t
o TSR PROSEUPLS AL el i, 80, AESLALDAL o o

Nawieorad pgokoit hec idw,emticbnas t dee et hodd cofpmiisescidie

. fi t I t f Pd
oBh RS Ecifl: AP ael B ek B A gRiorblanagtad F

g SREsIid: setiuf | o9a Dic acd, andé@icannﬁm glﬁﬁu&sopyruv1c acid
co ound, - erelnlfthe first sol l.on ef{ec '

€

Ehé“aﬁlggl & et ercﬁz:c(?rrponenef Or fagfkrives
w}Sﬂﬂ{ eglar 3Qﬁt§]@1@0ﬂnd(aﬁ)jlﬁﬁ thevseeond sol ut| on and

vice versa; c) depositing the first sol ution and the

second sol ution onto the catal yst support. - 34 -
1f hitgl gitbedtaepbueds the methods goeondsog d¢outdiads, it must

invention
be eé%die% tgggsthe chioride ions are reduced to a tolerable
residual gquantity before using the catalyst produced according
to the method according to invention, as chloride is a catalyst’
poison. For this, the catalyst support is as a rule washed with
plenty of water after the fixing of the Pd and Au components of
the Pd or Au precursor compound onto the catalyst support. In
general, this happens either imﬁédiately after the fixing by
hydroxide precipitation of the Pd and Au component by means of
lye br after the reduction of the noble-metal components to the

respective metal/alloy.

However, according to a preferred embodiment of the method
according to the invention, chloride“ffee Pd and Al precursor
compounds are used as well as chloride-free sqlvénts to keep
the chloride content in the catalyst as low as possible and
avoid a labérious "washing free of chloride™. The corresponding
acetate, hydroxide or nitrite éompounds are‘preferably'used as

precursor compounds, as they contaminate
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two different precursor solutions, of which for

exanpl e one contains a Pd and the other an Au

- precursor conpound. Generally, one of the solutions

preferably has a basic, and _the_ 5 other an' ‘acid pH

General ly, 'the solutions are deposited onto the

catal yst supports-by firstly inpregnating the support

thet batdlesfti ssppand wilvén chhcal deibseguent asvepy wimald 1t he

sgcond solution as described previously, for exanple
soaklng Upon deposition of the second sol ution

the two solutions are then 10 conbi ned on the

fl ortéoltvlwﬂ]er ePytheheP angf %h}? é&lr%tol oegm%&ﬁﬂgse%na@ge

r AU conpone of the respective precursor
cﬁ@ﬂpﬁunéup@opteompﬂ&abedaonfoamrmutﬂxppbﬁil wﬁtﬂm@upaaﬁlyst

[ { t I
R, S T A B DS B L o e

TEUPpd pribuTher nanied ienb odamer dﬁPOBheedebiuﬁﬁaklng, by
accordln to the invention is S
dFﬂ%?%%ﬂ%ilSHP%?IEﬁﬁl%%tap§%?ur§&y5¥ﬁﬁﬁﬁgﬁgt eQ¥PF§?g it
asoebrdiren tof the Pthaind/eart ﬁﬂtpee@umsmmdcoﬁpbmﬁd diod ehemple

d |ut f Pd
SREr o1 1190 PREVT 251 HPLONS WV - Nohhaat Poi e Wi C e

cedshyal heppott g. whéﬂabyfthstnsmﬂeﬁmamaleﬁﬁEQQEEHts are

reC|p|tat|on of __t he nobl C onen t he .
E?%&Rﬁ%ﬁﬁ? c8ﬁﬁ%'HH?ffngr?hénsg%%néﬁnggtﬁ é?%ﬁ% *Gicat 1°

aVes Sehs B EbE ¢-esiyplle thaflrmtlymsoa&ntaetsmtoﬁn lye

the two solutions both the ﬁ%@ gn§1§%ngéed§§%5@é%t%éated

seospenent (s) precipitate al nost sinultaneously and
thus lead to an intimate thorough m xi ng of Pd/Au.
Dryi ng can_optlonally take place between the two

ALBPFEGRALILOR St epssr IPeBuirtabl enagieeus sol tid arshofi
Pd precursor coppounds for_ the j.npregnation
APERIGHISE ITB1 EPS ot it BriE "ar &° S Ui hay e Bidrer oo
piNard@lle ptecursSb compabha 1s &Sspsdirtedr coompoututalyst
Character of the solutloE PdCl 2 aci d,
support by socaking the cata yst support in the solution of the
Pd precursor compound and in the sclution of the Au precursor-
compound or in a solution which contains both the Pd and the Au

precursor compound.

Accordlng to the state of the art, the active metals Pd and

Au, starting from chloride compounds in the area of a shell

of the‘support, are applied to same by means of soaking. However,

this technique has reached its limits as regards minimum shell
thioknessés and maximum Au loading. The shell thickness of the
corresponding known VAM catalysts is at most approx. 100 pm and
it is not foreseen that even thinner shells can be obtained by
means of ooéking. In addition, higher Au loadings within the
desired shell by means of soaking can be achieved only with
difficulty, as the Au precursor compounds

tend to diffuse from the shell into inner zones of the
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PAd(NH3 ) 2(NC2) 2 basi c Na2PdCl14 neutral Pd(NH3)4(0OH) 2
basic Pd(NO3) 2 acid K2Pd(OAc)2(OH) 2 basi c through

di ssol ution- of palladiumacetate in KOH [|f, with

regard to a premature Au reduggion, NH3 were to have

5 too strong a reductive effect, the correspondlng

di am ne conpl exes can al so be used W th

@ty ehedlirarrinte saspkil gearty omhi ple mvrlé§p@ﬁdblﬁgad Au shells,
Skhangt amge LoppLEXes.| nakead of the palladium
am ne conp exes abl'e aqueous sol utions of Au
precursor conpounds for the inpregnation wth

l.nc r y l.e
R O e
compounds, can alsc be deposited on the support for example by

means of so-called physiéal processes. For this, the suppert

according to the invention can pféferably be sprayed for

.example with a solution of the precursor compounds, wherein the

catalyst support is moved in a coating drum into which hot air

is blown, with the result that the solvent quiékly evaporates.

Butlaccofding to a further preferred embodiment of the method
according to the'invention, it ié prbvided that the solution of
therPd precurscr compound and the solution of the Au precursor
CompOund,are deposited onto the catalystlsupﬁo;t by spraving
the solufions onto a fluidized bed o©r 'a fluid bed of the
catalyst support, preferabiy by means of an aerosol'of the‘
solutions. The shell thickness can thereby be continuously
adjusted and optimized, for example up to a thickness of 2 mm.

But even very thin noble-metal shells with a thickness of less

than 100 pm are' thus possible.

It is preferred if the shaped bodies circulate elliptically or

toroidally in the fluid bed. To give an idea of how the shaped
bodies move in such fluid beds, it may be stated that in the
case of "elliptical circulation” the catalyst support shaped
bodies move in the fluid_bed in a vertical plane on an
elliptical path, the .size of the main and secondary axis
changing. In the case of "toroidal circulation" the catalyst

support shaped bodies move in the fluid bed in the vertical

- plane on an elliptical path, the size of the main and secondary

axis changing, and in the horizontal plane <n an orbit, the
size of the radius changing. On average, the shaped bodies move

in the case of "elliptical circulaticen™ in
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Character of the solution AuCl3 acid KAuO2 basic
through di ssolution of Au(OH)3 in KOH NaAuCl4 neutr al
HAuUCl14- acid KAu(OAc) 3(COH) basic through dissol ution
of Au(OAc)3 in KOH HAu(NG3)4 acid (stable in

sem -concentrated HNGB) - 36 - Suitable conbinations
of inconpatible solutions for the base-free

tlpﬁ eciniitali pamf arherneblérivetal PeshpoRent’s® iFeef 6F

eGP e B RTaTor) oy i s e oy

'c¢¢%u@1¢hsobwrfaﬂp of a torus helically with vertical

elliptical section.

The above—named enbodiment of the method according to the
invention is preferably carried out by means of a fluid bed in
a fluid bed wunit. It is particularly preferred if tﬁe unit
contains a so-called controlled air-glide layer. For one thing,
the&catalyst~support shaped bodies are thoroughly mixedrby the
controlled- air—-glide layer, wherein they simultaneously‘rofate—
about their own axis, whereby they'are dried evenly by the

process air. For another, due to the conseguent orbital

‘movement, effected by the controlled air—-glide layer, of the

shaped bodies the catalyst support shaped bodies pass through

the spray procedure (application of the precursor cémpoundsj at

a virtually constant frequency. A largely uniform shell

thickness of a treated batch of shaped bodies is thereby
achieved. A further result is that the noble-metal
concentration variés only slightly over a large area of the

shell thickneSs,-i-é. such that the noble-metal concéntrétion

describes a rectangular function over a large area of the shell

thickness, whereby a uniform activity of the resulting catalyst

is guaranteed over the thickness of the Pd/Au shell.

Suitable coatlng drums, fluidized bed units and fluid bed

units for carrying out the method accordlng to the 1nventlon

according to preferred embodiments are known in the state of
the art and sold e.g. by Heinrich Brucks GmbH (Alfeld, '
Germany), ERWEK GmbI (Héusenstamm, Germany), Stechel
(Germany), DRIAM Anlagenbau GmbH (Eriskirch, Germany), Glatt
GmbH (Binzen, Germany), G.S. Divisione Verniciatura {Osteria,
Italy), HOFER-Pharma Maschinen GmbH "(Weil am Rhein, Germany),
L. B. Rohle Maschinen + Verfahren GmbH (Enningerloh,-GermaHY},
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5 According to a further preferred enbodi nent of the

‘met hod according to the invention, Pd can al so be

precipitated with inconpatible Pd sol utions and

anal ogously Au with inconpatihlLe Au solutions, e.g.
by bringing a PdCl2 solution into contact 10 with a
Pd(NH3) 4(011)2 solution or a HAuCl4 with a KAu02

kodigs das chmetdiﬁasn GagH hi Ejdtﬁd?@oand/ @erm!émyd onMeme sticaMerseyside,

recipitate the she Qut hb?w N i g ~
@%lﬁtceé‘*‘ﬁ ra e s’ol l?th8ﬁS!: cocréar PAg T o he{rfs}b) r}%e%omatlc
Eﬂﬂﬂﬂérﬁﬁﬂt{Bﬁbdﬂﬂerﬁeth@IEZHmmamdﬂngGEH)Ekﬁcéhe Engineering

venti.on, qu |ons onpatib one.
g prﬁ FERhi TH S are |F%To co:h]facnt WI jrgra, Iilinois,

&)yt Hemnemczqmmetmsblsﬂbm t\raxtelle gk xech 90l Htik©hin GatbH (Steinen,
f%%nbz ?ed f %8%H§B$ bh%ﬁ”?é%g PQ%%%PItaﬁkra, f%&ia) and
Mlgétcm@ctmwo@gesol Lbrosh,t lte rneby e- metral cedaplonentSerred

PRI T CTT T

Bolodtit@nyertia usobl etned pd ¢ cerpaneniisof whi ch can be
precipitated with a Pd012- and HAuCl4-cont ai ni ng

solution. A further exanple of a mxed solutionis

Ache rHfuE1 andulkudZ patd fdiged2 bnidie reffpr egneitd ot thictih

the i ncor%atl ble solutions wll ‘gjr' ef er abI take l ace

FyOreaRe ot S6ak R ot by TEafst Y%pﬁéwp 1s Heated

dutphggaatdQintionheretie tdra utneaspatdblegaspl ith Phsadiseor

for exarr(gl e sprayed si rrultaneous%ﬁ/&f1 Qne or nore

D RBR e A LSS © 36 0r TR PAh TR Oby o atRPGH Hflo

smazllelss Qff B2z hebgéewa;salo@reeﬂﬂm icbbyulys eangeof -
ne. or nore nozzle %ﬁj} Because of _the rapid

dieﬁﬁﬁ‘ﬁ%’il?‘}é’ﬁaoﬁh?f??(‘? gt PEREL RS tE‘Srrﬁ%E%lrﬁ%t gipports.

Hthee P ECHISON oGOIRONNES e st BBe SiB}ilngaBdft figedb is for
concomtant shortened Pd and Au diffusion, the

SFABPLYNER i VoL Y 3oW it £he FRcdipafrbl &dbluti ons

coapebgadtiiny thhaneradayeepbhaniddie geenventianal use
of sol utions coggatl ble with gne anaqther, By neans of

SPREFRATTIART LI 85 Sbt EBHSE Af gHPhoBra- AbtSHsi@nréntas

-ph:ectli%csk shebbends My aed rahabd e} enki PhesdiiE draRbdvent .

and nore conpl ete precipitation of the noble

Aﬁef%u]r%tl‘ﬁ%é/ PedRctBIT TG UERE BrrAptngeCfesTRARY 1RafoT
eg@p eNtrOfatt Re1 6 UPRAT L witthet bk M dareedst fd XdN&tebnPdr the

~and Au in only one fixing step, and al so the absence

PEECRETIF CSEPSUARY JIMChAREPi NPTt HhlRyVdiiateees bady

alie BaninGla i weake ni M Ol rirhews UpPort whipr nghlult%n deposited
contact with excess NaOH can be achi eved. means of

ORhEF rfistiedwat | BHPRETh SERESRPRET T E Lo BER o“rf‘sto heatafter.

ARORL BsiBi-Al, ROHE et eGARuRESs PSS Rlshat 860N dnfd@1 shell
cat al yst sup por t throu%h a single fixing step, which
t%ﬁﬁfﬂﬁ%ﬁ%@ can thus be tained w1th a high noble—metal

loading. For example the catalyst support. can be heated to a

temperature of 40 to 80°C.

In the method described in the state of the art for the
production of VAM shell catalysts based on Pd and Au,

commercially available solutions of the precursor compounds
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.~ nmeans. of a
hUGR i g TBOT SR LT D PPPRT be
- oSi thXatiRle WRtPakdtet) am pAractdidr aafeedn( @@&ﬁigﬂeﬁsor

15 just the deposition of two inconpatible sol utions,
than is possible with standard base (NaOH) fixing. In
particul ar, high Au contents with an Au/Pd atom c
ratio of 0.6 and nore, which_i,s very desirable with

"regard to the increase in VANﬁseIectivity, can be

easily achi eved by nmeans of 20 the principle of
éwmhoHpamiﬂﬂdelﬁﬁﬂNﬂﬁu@ﬂs O#Mﬂﬁmﬁdkrgpﬂunlanéuatéuﬂustomarily

L%%%fe§|on enbodinent t.he thod acggrdlng &ye

e ore recen ure
I'mveén "t 7s Tprovi &%31 bnEe
puhezéuspyeeﬂﬂsmﬁdeeﬁp@@nﬂihasﬂhap9e¢mﬂamrdepmﬁmmmﬂb such as

ABoPaRRt I S BRBLAIE (ool DRb B aotI b ar Rh s ce) Seod-

_mhabe pf&nunﬁm&l¢smpsup@mrﬁaadtheasatahy&ﬂu&upperhnrb the

ubj.ec flx ste The f xing ste
TR T e Preal hErR S 2 B b R e ROF y o unds
raetd, adﬁpemdﬁbguﬁmomhether t he precursor conpound is

30 acid or basic, or a calcining of the support for
converting the noble-nmetal conponent(s) into a
Thy depxd ide thenpedadts)r afonpaiadancons ddel $apsDyddethpport,

e e A e el i Ao S BN Agk

clib eatdEity Wskh. aT@@sepﬁasﬁ:mnuh soedueki ¥ee atdinen,ly

e_.%.L %5 et hyl ene, etc. i ncreased tenﬁgrgﬁures of

2§D S0GES SUPRETL it Ii"é’ml FRBRF5E- P 61'BI B¢ gretal

cphpsuge & hacaafakystwiact madingst onddiabiaveatsoOmby
ul verul ent  porous supfort mat erj al

DICUL ARG LY "Gsbed free

5 uncal ci ned) bentonite, and Z|rcon|un1OX|de (ZrQ2)

b%ﬁ‘il‘facqt@ges\ﬂh%‘ﬁ%?naft HETSURREH P et &F F8° |RfRfed? order

twi idPd hangradi M rieeUbSothe ofpord aar it tdrRdrand
Au particles. The pre-treated s (gort materi al can
CHRE e CGAFRHCHR QE?%%H%&@BﬁB%r?E dﬁﬁﬁPFlEa2F|%¥a@ﬁ€uate Au

réesmmiefn.a washcoat on a suitable primary support, 10
for exanple a sphere of steatite or a KA-160 support
from SCDCheni e AG and then processed further into a
Ac@d @iyt tbYaCah it NG atd rredusih@iment AECEHdIRGhYA
the invention relates tO a further nethod for the 15
ANFYRICE 6 be 1%Nﬁﬂqlq§atﬁp9s?et99?'ﬁQPPF&%ﬁ%th? ShEPF:
catal yst according to the invention, conpr|5|ng t he

steps a) .providing a pulverul ent porous support _
rnﬁeuﬂ%ﬂVldéaﬁp?|§%¥ﬁfE¥Q%@%ﬂ8Pe°6ﬁaﬁﬁ¥@P9V%§ Yt A Precursor-

nat uranpshest -

b)‘providiﬁg a second solution of a Pd and/or an Au
‘precur301 compound, wherein the first Solutioh effects a
precipitation of the noble-metal component(s) of the

precursor compound(s) of the second solution and vice

versa;

c) depositing the first solution and the second solution

onto the catalyst support.
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20silicate, in particular an acid-treated cal ci ned

bentonite, and zirconium oxide (Zr02) particles,

wherein the support material is |oaded with a Pd and

an Au precursor conpound orAM%}h Pd and Au particles;

25b) depositing the support material fromstep a)

onto a primary support in the foLmO -a shell

)i scahicoaineg tt bé Eoadedhedpportrdtnaidoukbef iomrgtiop uses
b optlonall rtin P he Al

8%n86%€% eﬁ% PrRE“PA" 0 :yAM r§cUr§%ﬁhEgm'%aﬁdg%%ﬁé§%

avetalhé ca frar and théQotheN aarhatpm&ﬂqxabhecnam@uhdvethod
an_al so be car.r d first positing the

G%&SF%!L%%‘I al™~ Peelcgupp(L)iruttl%nFePre#é/r@%ﬁ glaguagoasw’ and the

qihewcémnﬁuan@ﬂonbynéfnﬂiyappheCa¢1un1amﬁ the dmﬂﬂaited onto

|s..5 Aft
BF PP A REoF e RGeSt ol RO p s HLEHRE witn

thuppoDrét cata beenaiﬂlauaﬁbsequemwesﬁegImathobh@ seetcald

C onents jnto.the corr.espondi oxide CaIC| i.n
SPBPETS O deaeasbif S LEBIROL IS BaEBTr FE MR- voon
db@oiﬂ&ﬁnlnﬁrtneubacmyimbeﬁenablymbemmeenlaﬂﬂnésaee then
acco ni ed i on, of a|r gh ti.ne

CGBBEN Qﬂwtﬁﬁeseﬁf?ﬁ W SEehpelt die %4 dtions
cﬁéﬁ@@ﬁahkytmbosenorrﬂd|m&mpaﬁgﬁtfdﬁﬂﬁﬂé 5e6p$mnmve pAtcarsor

| t t f
BIHEIT T GFEPABE v a2 SRR EAC A el ol NG 187 ook Hiary

phespetsddifaeyoi napps w¢tat300€, tideasl @,Iuﬂhhgs tNamel io$ KOH,
preferably u urs. The nobl e-netal conponents

to 6
ﬁyén$LHQI9§'aggabﬁ%dxbépﬁréuPﬁ%r%se of the catalyst,

.mhereln the reduction can be carried out in 205|tu

t he DYOCESS reactorth%é al so ex sjtu,

in e
The GHRRAISTEEHIBE brP T GREt BT PR AT IR e S 1 igvention
1Bl e allspdCanr hedinpegntt lortdiy|wRe cobavpst g;@pplomt with

tﬁét£f¥§?1;§iuglon of a Pd and/or Au precursor compound and the
second solution -of a Pd and/or Au precursor -compound, wherein
the two solutions are incompatible with each other, i.e., the -
first solution effects a precipitation of the noble-metal
component (s) of the precursor'compound(s) of the second
sclution and vice versa, with the result that in the cbntact
zone of the ﬁwo,solutidns“both the.pre*impregnated Bd’ /Au
component (s) and the post-impregnated Pd /Au component (s)
precipitate almost simultaneously and thus lead to an intimate
thofough mixing of Pd/Au. Drying can optionaliy take place

between the two impregnation steps.

Suitable agueous solutions of Pd precurscr compounds for the

impregnation with incompatible solutions are listed by way of

example in Table 1.



tenperature of approx. 150C over a period of for
exanpl e 5 hours. Reduction ex situ can be carried out
for exanple with- 5 25 vol.-% hydrogen, for exanple by
means of formng gas, at tenp ratures in the range of
preferably 150-500C, over a per| od of 5 hours. :
Gaseous or vaporabl e reduci ng agents such as for
Tekaaple CO;- 30 NH3, fornal dehyde, nethanol and

hydr ocar bons can |i kew se be used, wherein the
gaseous reduci ng agents can also be diluted with

Pracitsqmsompyahdas for exanpglaharachen 6lf ceHedd@olution

nltrnnnn or argoh— An ihnert gas dil-uted reduclng

Pdgent is preferably used. MXdfes of hydrogen with

PA(NE 00609y, argon, preferablyyasic40 - wih a hydrogen

content hetween 1 vol . -% and 15 vol -0% are

NepFefdrred. The reduction of {t1'tdébl e metal s can al so

chenpfdestaken in the 5 TTquijdyahase, preferably by
neans.of the reducing agentg hydrazine, K-formate

PHAGR) 2 Na- hypophosphi te, Na-flaste, ammoni um formate,

RERT ﬁE ) B, KTy popiospiT te Ol Iy PRPOSP IS 1 861 8y of
21 e quantlty of reducing|agent is preferably
chosen such that - during tr@atlﬁ@é@ﬁ@nftcep’@rﬁeodﬂaKOH

i cast lIIB BL]UI le ent— BL]UI I bu I U1 LUIIpI ete euuuti OT11
of the nobl e-nmetal conponents is passed over the
IEatwltpstregPréf ee abliyerhtwevely mrwstdess Wi medacknghave
e a V. at S
P L e T b onir e P Ralbind ppine
Cfvlmﬁuazétasonansapss@fm atsleyl pnelssejtl“eﬁes&dmmene ats dngand or
tﬁQSOHH%% BES?§$r§U9ﬁmﬁpgm % %Xes 1ngF§ d of the
pr o uctio ndustria quan 715 es “of "¢a
paticglidimngnt et benpleserst.i on a rotary tube 20 oven or
fluidized-bed reactor is preferably used in order to
guarantee an even reduction of the catalyst. The
Suihedritsi equabse selutiesst oft he wsewfsorheogpdaldesstfor the
C n e a oxi_dation, cat al yst
T PR o S A AL BT SR gy o
exai@leysh rabide2 hydr ogenat| ng desul phuri zat| on, as a
hydrodeni tri-fication catalyst, as a
- hydrodeoxygenation catalyst or as a catalyst in the
Tyt lesi s of al kenyl al kanoates, in particular in the

Precursor compound - Character of the solution
AuCl; - lacid
Kau0; - ‘basic through dissclution of

Au(OH)3 in KOH

NaAulCl, neutral
HAUCL, - _ acid
KAu (OAc) 3 (OH) basic through dissolution of

Au{OAc)sz in KCH

| HAU (NO3) 4 acid (stable in semi-

concentrated HNQO3)
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synthesis of vinyl acetate nononer (VAM, in
particular in the 30 gas-phase oxidation of ethylene
and acetic acid to vinyl acetate nonomer. The :
catal yst according to the invugntion is preferably
used for the production of VAN. Cenerally this takes
pl ace by passing acetic 35 acid, ethylene and oxygen
Swirabtygeoriconttaiomisng f gasesnpatiple- spvetliehe feat ahgshase-
according.to the inyentj it tegperat yr &s. Of £
f?ﬁﬁopfﬁﬁtgl%gﬁ%g}égl¥8§2%@55%%F%and a?ﬁpressufgﬁ of -
exbnB ebar Papr.eberabl §ric.280batr i owher éidiNAen- pedce ethul:
ducts ca cycl.ed Fxge L et 1y, LNe0Xygen : on.
a@&#&@ﬁfr%?%%ﬁ“%§4%%%f be om1?%£€6I¥%95X5 Cnder
certain circunstances, however, a dilution with inert
ases _such as.nitrogen Loxide fsal $@ihoa
}Xa&ﬁgﬁngg%Jiﬁlﬁgwﬁgnpa?gér%%{Qﬂ%ogl S T

oXIl is particularly suitable

“ada@irddhbuté orheas rivienitgofpr Pedcdam asial be gquregt irtiitedednwith

. th VAM t.hesj ' . .
i BTpeGT AT et TH R Rel B ST SO CSn & bt hods “nrehoioe
A?rsﬁlh@}dﬁsp re hed kfyobreugn@g:; e iFiads @-D&&cgﬁsnp\pdqfch@tact

] oW n men X S ) \4 solution.
wlttgxg&_ \rengr(lg%%tqﬁ&g} QCOSOE_u%lngO]_g a ﬁr%‘hg% #MP& kﬁ% lut

npari son exa , to explain the

| Id rveRt wap: hildh Examplgot: Au50prefs dphfereptpitate in the

aci.d-treated dr.ied pulverul ent b ' j r
Edet EEPTEats BEs el SRonLITral BoRCan: fa wi T o
nmontnorillonite as main constituent were ground into

an 20 inti mat i.xture. by. means .of ' it
A5 80 g ?r%ﬁﬂgﬁﬁ‘f?bagﬁ%?%yfﬁgéﬁﬁuﬁggéogbg%gﬁgégg ko
thd itkentiade.mibhel rsesuktant ingairieleasitiakere wnobheh

wat er and processed. b ans of a m .Lnto
e ERoSor T CPRAeT et aarel Thapl huiodRLe
wildemephessars by irmansaof aasd alsl etsepr €ss. tiprmoble-metal
har deni n

' , th h | ci
CLErGeL0g,. (g, SEheLSe ko2 SAlel e oL g LETParAY

9 _ e ‘thus-obtar nabl e
asliapednbodies; havattibe, cttar achéei-setad ¢tdmgtemenitn of which
cggﬂgeep%écipitated with a Kaul, solution{ﬁor a Pd(NHﬂf(OH)g—
and KAqu—containing solution, the noble-metal components of
which can be precipitated with a PdClg— and HAuCl,-containing
solution. A further example of a mixed sclution is the HAuC1,

and KAul; paliring.

The imprégnation with the incompatible solutions will -
praeferably take place by means of soaking or by means of spray
impregnation, wherein the incompatible solutions are fecr
examble sprayed simultaneously by one or more double nozzle(s)
oi-simultaneously by means of two nozzles or nozzle groups or

sequentially by means of one or more nozzle(s).

Because of the rapid immobilization {(fixing) of the metal
components of the precursor compounds in the shell and the

concomitant shortened Pd and Au diffusion, the impregnation
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30 - 42 - Table 3: Ceonetric form Sphere' D aneter 5
mm Moi sture content <2.0 nmass-% Conpressive strength
>35 N Bul k density 550 - 600 g LI' Water absorbency 55
- 70%

_37_
with the incompatible solutions can lead to thinner layers than
the conventional use of solutions,cdmpatible with one another.
By means of the incompatible soluticns, high noble-metal
contents in thin shells, improved metal retention, more rapid

and more complete pracipitation of the noble metals, the

. reduction of the disruptive residual Na content cf the support,

the simultaneous fixing of Pd and Au in only cone fixing step,
and alsc the absence of NaOH costs and NaCH handling and an
avoidance of a mechanical weakening of the support through

contact with excess NaOE can be achieved.

By means of the impregnation with incompatible solutions,
greater noble metal contents can be precipitated on the
catalyst support through a single fixing step, which comprises
just the deposition of two incompatible solutions, than is
possible with standard base (NaOH) fixing. 7

In particular, high Au contents with an Au/Pd atomic ratio of
0.6 and more, which is very desirable with regard to the
increase in VAM selectivity, can be easily achieved by means of

the principle of incompatiblersolutions.

According tora further preferred embodiment of the method
according to the inventioen, it is provided that, once the Pd
énd/o: the Au precursor compound has/have been deposited onto
the catalyst supports for the fixing cf the noble-metal .
component (s) of the precursor dompound(s) onto the catalyst
support, the catalyst support is subjected to a fixing step.
The fixing step can comprise the treatment of the support with
lye or acid, depending on whether the precursor compound is
acid or basic¢, or a calcining of the support for converting the
noble-metal component (s) into a hydroxide compound(s) or into
an oxide is prdvided for. The fixing step can also be omitted
and the noble-metal components directly reduced, e.¢g. by
treatment with a gas phase with a reductivé action, é.g.

ethylene, etc., at increased temperatures of 20°C to 200°C.
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~-Specific surface area(BET) 120-160 n2 gi Si 02 content
80 to 90 mass-% Zr02 content 3.7 t09.5 nmass-% O her
oxi des Residual nass in mass-% Loss on ignition 1000C
<0.4 mass-% Acidity 10 to 10Q Rval /g BJH pore vol une
N2 0.3 -0.45cnRgri 225 g of fhe spheres prepared as
above were packed in an I nnojet Technol ogi es

1t( Ler Lagsyi Sepmasyb1t] ub dohethadevhe eca\ialtyszn acirertiiageto

name | nnojet(r) Airco te d te b f
thCopreREE gﬁ(y 8" 6al fetaliteiotahets ysug)%%n%sgc

madtRtr@aa, f&dﬂgiﬂyﬂﬁgsbahextmthnggLEECSQQDE@Ehmﬂiesal sheet
sfﬁlggggétfgipartlcular an acid-treated (calcined or
gncalc1ned) bentonite, and-zirconium oxide (ZrOz) particles,
wherein the support material is loaded with a Pd and an Au
precursor compound or with Pd and Au particles. The pre-treated
support material can also be coated on as a secondary support
e.g. in the form of a washcoat on a suitable primary support,
for example a sphere of steatite or a KA-160 support from SUD-
Chemie AG, and then processed further into a catalyst by

calcining and reduction.

Accordingly the invention relates to a further method for the
préduction of a shéll catalyst, in particular a shell catalyst

according to the “dnvention, comprising the steps

a) providing a pulverulent porous support material,
comprising a mixture of particles of a natural sheet
silicate, in particular an,acithreated calcined
bentonite, and zirconium OXidé'(ZIQg) particles, wherein
the support material is loaded with a Pd and an Au

precursor compound or with Pd and Au particles;

b) depositing the support material from step a) onto a

primary support in the form of a shell;
c) calcining the loaded support structure from step b},
and

d) optionally converting the Pd and the Au component of the

Pd or Au precursor compound into the metallic form.
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toroidally, i.e. noved along a vertically aligned

el lipsoid path and- a horizontal circular path aligned

per pendi cul ar to 25this. Once the shaped. bodies were

tenperature-controll ed at appy,ox. 75C, 300 m of an

aqueous nobl e-netal m xed solutlon containing 7.5 ¢

Na2PdCl4 (sodiumtetrachl oropal | adate) 30 customary
alterrheitveadecianthahed geMNadiChh @dodi bencarried out by

tetrachl or oaur at cus r n_the trade we
B A i R R e
subReftl edroft k: Mndl. only48hen Afpper chhion mpr edueatibbhe of
t he catal yst support with the nobl e-netal m xed

‘ion the support spheres were sprayed with a 0.05

nol ar NaCOH solution in the fluid-bed state under the

above caonditions over period of 30 E{ rNgl L q the

AES aPPOwRY "PothacFPes%ﬁC%%o%hC&ﬁ“é’auB Sd|%rs S Tl e

ndrald-awiLagy @amyﬁﬂaﬂtsLOthéesﬁgﬁdﬁmwc@h bhecékﬁﬂﬂedthe convert
supports were washed wt @ wat er hede‘

thY gio4+6e8e TRV | Qﬁ?ponﬁnaﬁd%? ?(f e 9rF%?% ?%fq' fovETT he

Céid@ﬂlhgnﬁféfeﬁﬁﬂijjtbﬁbBdﬁlaiﬁIé&dmeﬁﬁeﬂékmfﬁa)dfh&ess than

T 8l DR LR SOOI DAl oy

m

Vtﬁélﬂdﬁlbﬁsnd@ﬂiéii ata&chﬁﬁ@@ﬁ&h&¥ﬁepén9@ dm)thb06a1&5n1ng

After the shaped bodi es_ were dried Q wer e reduchS_6
t%rweararbafﬁua%%eﬁ PEEEEFGRLY witH A g8s H%‘/xﬁﬂgee g o

h&iyl @Iaea(éay@mm‘%@ teRp8EsFOgen fatparb e NPEIEIYr ehe
of 150C in the flui d-bed_device. 20 The reSLj!tingH
d

cagligiingat #p st @dﬁ%rfﬁr‘fﬁsayabp?r $UTE DA e PG

gl an oA/ Pd A5E:C BabFPo, ofhappnexnify Scimetier pragdrably
by nmeans of TOP (inductively coupled plasma)), a

UH& 16 PREERNess of approx. 180 pm and a hardness of

33 N 25 The nobl e-netal concentrati on of the

t hus- produced Pd/ Au shell catalyst varied er an,
Thit S9PEF HOLE bICHHOTEREF| 2F i CRifess, TEHRCAY &5 6 n§ gt =se

o HisSt-angeyof, Shaf-ihhens hﬁécﬁudtlllo@lkﬁéﬁsbé regpraachout in
situ, i.e. in the process reactor, or also ex situ, i.e. in a
special reduction reactor. Reduction in situ is preferably
carried out’ﬁith ethylene (5 vol.-%) in nitrogen at a
temperature of approx. 150°C over a period of for example.5
hours. Reduction ex situ can be carried out for exémple with 5

vol.-% hydrogéﬁ; for example by means of forming gas, at

. temperatures in the range of preferably 150-500°C, over a

period of 5 hours.

Gaseous or vaporable reducing agents such as for example CO,
NH;, formaldehyde, methanol and hydrocarbons can likewise be

used, wherein the gaseous reducing agents can also be diluted

~with inert gas, such as for example carbeon dioxide, nitrogen or

argon. An inert gas—-diluted reducing agent is preferably used.

Mixtures of hydrogen with nitrogen or argon, preferably
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of the outer and inner shell Iimt, fromthe average
nobl e-netal concentration of this area by a maxi num
of +/- 10% The 30 nobl e-netal distribution was -
determi ned on a LEO 430VP scanni ng el ectron
m croscope, equi pped with an ¥nergy-di spersive
spectroneter from Bruker AXS. To neasure the
wiobl £1iRt-ahe € OGENtTALORoN el e shehh thiekness, aze
catalyst sphere was cut in half, stuck to an
PEFRAHLGFUmM sanpl e holder - 44 - and then
vapour -deposited with carbon. A nitrogen-free silicon
drift detector (XFlashO 410) with an energy
TheasActoAn o f 125 @¢Pf6r MEhe! frefijardse bga?%@ﬁfﬁ%%%& in the
1988 Jsedsas gelectay ByExaapt &2 theb9e8usURPAdant s

pr epared accordlng to Exanple 1 with downstream acid
hyfeatiment Knf et e éﬂh%wra@@ePVgPP]&%SthstteedN?nf@r%ﬁﬁeer4

artRBREE FArmat SeoMtfiicC sEQEM BPNY R HDBRBEEI 06 MM
Mbi sture content <2.0 mass- 96C0npre33|ve strength
hypophosphoric acid.

The quantity of reducing agent is preferably chosen such that

during the treatment periocd at least the equivalent required

for complete reduction of the noble-metal components is passed
over the catalyst. Preferably, however, an excess of reducing
agent is passed over the catalyst in order to guarantee a rapid

and complete reduction.

The reduction is preferably pressureless, l1.e. at an absolute
pressure of approx. 1 bar. For the production of industrial
guantities of catalyst according to the invention a rotary tube
oven or fluidized-bed reactor is preferably used in order to

guarantee an even reducticn of the catalyst.

The invention also relates to the use ¢f the catalyst accerding
to the invention as an oxidaticn catalyst, as a
hydrogenaiion/dehydrogenation catalyst, as a catalyst in the
hydrogenating desulphurization,\as a hydrodenitrification
catalyst, as a hydrodeoxygenation catalyst or as a catalyst in
the synthesis of alkenylalkanocates, in particular in the
synthesis of vinyl acetate monomer (VAM}, in particular in the
gas-phase oxidation of ethylene and acetic acid to vinyl

acetate monomer.

The catalyst according to the invention is preferably used for the

production of VAM. Generally this takes place by passing acetic

acid, ethylene and oxygen or oxygen-containing gases
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50 N Bulk density 585 g 1-1 Water absorbency 61.3%

Specific surface area(BET) 158 nR g Si 02 content 83.3

mass- % Zr 02 content 5.2 mass-% Ot her oxides Resi dual

mass in mass-% Loss on ignition 1000C 3.6 mass- %

Acidity 30 Rval/g ‘ o
over the catalyst according to the invention at temperatures of
100-200°C, preferably 120-200°C, and at pressures of 1-25 bar,
preferably 1-2C bar, wherein ncn-reacted educts can be recycled.
Expediently, the oxygen concentration is kept below 10 vol.-%.
Under certain circumstances, however, a dilution with inert gases
such as nitrogen or carbon dioxide is also advantageous. Carbon
dioxide is particularly suitable for dilution as it is formed in
small quantities in the. course of VAM synthesis. The formed vinyl

acetate is isolated with the help of suitable methods, which are

described for example in US 5,066,365 A.

The following embodiment examples serve, when viewed together

with a comparison example, to explain the invention:
Example 1:

500 g of different acid-treated dried pulveruleﬁt bentonite
mixtures as sheet silicate based on natural bentonites with
mentmorillonite as main constituent were ground into an
intimate mixture by means of a bail mill with up to 50 g ZrO;

and 12 g methyl cellulose custcomary in the trade.

The resultant mixture was taken up with water and processed by
means'of a mixer intc a doﬁgh from which spherical shaped
bodies were prepared under pfessure by means of a tablet press.
For hardening, the spheres wére calcined at a temperature of
600°C over a period of 5 h. The thus-cbtainable shaped bodies

have the characteristics listed in Table 3:
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BJH pore volune N2 0.389 ens was inpregnated,

usi ng

the pore-filling nethod (incipient wetness nethod),

in

whi ch a support

is inmpregnated with a vol unme of

sol ution corresponding to its_pore volune, with 38.6
30 m of an aqueous solution containing 1.568 ¢
Na2PdCl4 and 0. 357 g HAuCl4. After the inpregnation

TaB9«14: g of a 0.35 nol ar

NaOH sol ution was applied to

the catal yst support and left to stand overni ght at
roomtenperature for 21 h. After decanting of the
fixing solution the thus-prepared catal yst precursor

was
sol
sol
f or

a

8h—at ‘Ettg N
conist ant | %O%éé%‘ aeceéﬁ??t

= 45z edUceRd fW I h 73,65
ution for 2 h. After draini

g of a MHFhNaHZ2P02

ng the reduction

ution the Ramgtyst was wash

ed with disff | ed water

Eure, T
r oughf |

he~wateh Behhgds-3
ow =.140_ rpm to renove

r esi duesresihierd istrakngdhue ¢

h o

f the conduidtMvity of

t het

dri
dri
10

dry
bed
Pd

| oadimMg WasSoPnd8 Miw% Pd and

(deternined by nmeans of | CP). The shell thicknesswas
239| pr&gst ati sEPEALCRVETHYE) . 20 6 m<Coft BPERatge of
cat piyst—sphenesffom Exanpl € 2" Wekg Lopasd ed-hnga
fixed-bed tubular reactor at a tenperature of 1580. at
10 par byua beed gasurst meam of | 55@.Nnt/ i AS compased
of 15% HOAe—6%02, 39%C2H4+n—N2—and—-thereactot

out

Y _KOAc—sol-ut
st antPIGriif REGE25¢

1 A o
WasHa—S LI. 4 O.

[ FET S-SR T Y
GOl _vwwa .
ed in th%ﬁ‘]f]T uc}e |Szl§3f bed at

The T at ¥Sh It hen
90C for 70 m ngﬂThe ;

ed sphesesr ij’ﬂal!b@adgd Wt h

cnl 1t

a m xtur®e of/C27. 30 g 2

n
LILJ

plar 13-
#h ¢ Bpe

[l ) p=~i [l a¥al -~ | £ n
oI g ey apgr FET T 10
raturé. To conclude,

ng takesipl aggikar 70 mn

The t heoreticalloadi

at 930 itn Ehemésk&'ﬁ%! zed

t LaB-AOY

s 0.8 WErP9,oPtaRE 0.3 wt.

a_of hao oy + o
g—o0i Ae—SUPPOrLs *VM_,t_h_
206 A t%ﬁegégp%arslsne"nt al

Orgxf aMal- YaAH in mass—%

put anal yzed by neans of

as chromat ogr aphy.. 25
225 g of the Spheres prepared aé’é%ove were gaéfé&’ln an

Innojet Technologies

(Lorrach, Germany)

fluid-bed device with

the trade name Inno’jet® Aircoater and converted, by means of

compressed air (6 bar) temperature-controlled at g0°c, into a

fluid-bed state in which the shaped bodies circulated

toroidally, i.e. moved along a vertically aligned ellipsoid

path and a horizontal circular path aligned perpendicular to

this.

Once the shaped bodies were temperature-controlled at approx.

75°C, 300 ml of an aqueous noble-metal mixed solution

containing 7.5 g Na;PdCl, (scdium tetrachloropalladate)

customary in the trade and 4.6 g NaAuCl, (sodium

tetrachloroaurate) customary in the trade were sprayed onto the

fluid bed of the shaped bodies over a period of 40 min.
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The selectivity (of ethylene to VAM is cal cul ated
according to - the foimula-S(02H4) = nole VAN / (nole
.VAM + nol e 002/2). The resultant space-tine yieldis
given in g VAM1 catalyst/h. The rate of oxygen
conversion is cal cul ated accotding to (nmole 02 30 in
- nole 02 out)/nole 02 in. The catalyst according to
rExame %mﬁ?&&ﬁé%i&htd% the b£®§ﬂy§t0@upp09tQﬁﬂﬂﬁdﬁ@ynoble—
nmeans of the Catal yst support according to the
ne vl AtixeA PSPEHYS e SMBEOT Vi IRFSSEE2HRT C oF P RY Aokl 2
05 RRE&r Naoﬁ6solﬁﬂﬂ§1Xhetge(ﬂﬁiﬁﬁﬁkﬁegtgyeWﬁﬁﬂ%‘QEe above
gas chromat ography) of 840 g VAM/ 1 catalyst /- h at
e igidpgen OEBRVRIRT P &fe3BfT Y. i E3Rpardsch-lowed to act
ngg{g)lselapeg 109; & of,-a 1gent oni t e- cont ai ni ng support
from SOD- Chem e AG (Munich, Germany) with the trade
name "KA-160" with the characteristics listed in

Fgrgnpéﬁn%r k0Jable & trGeapelsh G f QD RABE! ekl AMRLtE were

washed with plenty of water in the fluid-bed device, in order

to very largely remove the alkali metal and Chloride introduced

into the support via the ncble-metal compounds and NaOH.

After washing, the shaped bodies were dried in the fluid-bed

device at a temperature of 90 to 110°C.

After the shaped bodles were dried they were reduced to a Pd/Au
shell catalyst with a gas mixture of ethylene (5 vol.-%) in
nitrogen at a temperature of approx. 150°C in the fluid-bed

device.

The resulting shell catalyst contained approx. 1.2 mass-% Pd
and had an Au/Pd atomic ratio of approx. 0.5 (determined by

means cf ICP (inductively coupled plasma)}, a shell thickness

of approx. 180 pm and a hardness of 33 N.

The noble-metal concentration of the thus-produced Pd/Au shell
catalyst varied over an area of 90% of the shell thickness, the
area being at a distance of 5% of the .shell thickness from each
of the outer and inner shell 1limit, from the average noble-
metal concentration of this area by a maximum of +/- 10%. The

ncbhle-metal distribution was determined on a LEO 430VP scanning

"electron microscope, equipped with an energy-dispersive

- spectrometer from Bruker AXS. To measure the noble-metal

concentration over the shell thickness, a catalyst sphere was

cut in half, stuck to an aluminium sample holder
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Mbi sture content <2.0 mass-% Conpressive strength > -
60 N Bul k density -J. 554 g 1 Water absorbency 62%
Speci-fic surface area(BET) 158 nRg-i Si 02 content
93. 2 mass-% Al 203 content 2.2 mass- % Fe203 cont ent
0.35 nmass- % -4

and then vapour—deposited with carbon. A nitrogen-free silicon
drift detector (XFlash® 410) with an energy resolution of 125

eV for the manganese K, line was used as detector.

Example 2:

65 g support, prepared according to Example 1 with downstream

acid treatment with the characteristics listed in Table 4:

Table 4:
Geometric form Sphere
Diameter _ 5 mm
Moisture content - <2.0 mass-%
Compressive strength | 50 N
Bulk density _ 585 g 17"
Water absorbency 61.3%
Specific surface area (BET) 158 m? c_;f1
3i0; content - 83.3 mass-%
Zr0Q, content S 5.2 mass-%
Other oxides Residual mass in méss—%,
Loss on ignition 1000°C ' 3.6 mass-—%
Acidity 30 pval/g
BJH pore volume Ny 0.389 cm® g

was impregnated, using the pore-filling -method (incipient

wetness method), in which a support is impregnated with a-

volume of solution Qorresponding te its pore volume, with 38.6
ml of an agueous solution containing 1.568 g Na,PdCl,; and 0.357
g HAuCl,. After the impregnation 89.14 g of a 0.35 molar NaOH
solution was applied to the éatalyst éupport and left to stand
overnight at'room,temperature for 21 h. After decanting of the

fixing solution the thus-prepared catalyst precursor was
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Ti 2 content (total)< 1.5 mass-% MJO content Ca0

content K20 content Na20 content Loss on ignition
1000C <0. 3 nass-% Acidity 53 fwal/g BIN pore vol une
N2 0.38cm g-i ' '

~ 45 -
reduced with 73.65 g of a 10% NaH,PO; soluticn for Z h. After
draining the reduqtion solution the catalyst was washed with
distilled water for 8 h at room temperature, the water being
'constantly replaced (throughflow = 140 rpm) to remove Cl
residues. The final value of the conductivity df the wash

solution was 1.4 us.

_ The catalyst was then dried in the fluidized bed at 90°C for 70

min. The dried spheres were loaded with a mixture of 27.30 g 2
molar KOAc solution and 13.59 g Hx0 and left to stand for 1
hour at room temperature. To conclude, drying takes place for

70 min at 9%0°C in the fluidized bed.

The theoretical lcading of the supports with Pd is 0.8 wt.-%

and 0.3 wt.-% Au} the experimental loading was 0.78 wt.-% Pd

and 0.27 wt.-% Au (determined by means of ICP).
The shell thickness was 239 um (statistical average).
6 ml of a charge of catalyst spheres from Example 2 were

impacted in a fixed-bed tubular reactor at a temperature of

150°C at 10 bar by a feed gas stream of 550 Nml/min composed of

" 15% HOAc, 6% Cp, 39% C,Hy in Ny and the reactor output analyzed

by means of gas chromatography.

The selectivity (of ethylene to VAM) is calculated according to
the formﬁla-S(Cﬁh) = mole V&AM / {(mole VAM + mole C0:/2). The
resultant space-time yield is given in g VAM/. catalyst/h. The
rate of Qxygen'conversion is calculated according to (mole Oy

in - mole 0O, out)/mole 0O, in.

The catalyst according to Example 2 according to the invention

" produced by means of the catalyst support according to the

invention displays a selectivity S$S(C:Hs) of 92.4% and a space-



was i npregnated with 62 ml of a 9.1% (relative to Zr)
aqueous zirconyl nitrate solution according to the
pore-filling method (incipient wetness nethod). The
support was then dried at 35 120C over a period of 5

- h and then cal cined at 450C7i"i air - 47 - for 2 h.
In this way a KA 160 support surface-doped with 5.2

tMe fééZBOZdéﬁékMQHéﬂlB?dmeans ofUgjaBg ch hensiddraceydoped 10 g

O support, a catalyst was produced 5 anal Qgqus
VA /EXaRpl 62T The Expery e BGF Yo T e ALY,

supports wth Pd was 0.77 wt.- % that with Au 0.27
@6(detern1ned by neans of -1CP). 10 The shel
_Eﬂﬁﬁé&ﬁé§s_ﬁﬁ§1230 pm (statistical average). The

performance of the catal yst of the conparison exanpl e
was determ ned anal ogously to and shows a
1@Qﬂ996ﬁ|9|?9H@RQ%P%¢FOBFa9@lH@6%Hﬁ?oﬁtsBﬁ@% e mar ¢
(M Haler nb@ﬁﬁaﬁy) gashloneht on@d agraphy)-ofo418tg VAM /
1 catalyst / h with an oxgg%n conversion rate of
clpraggeristigs ligtgdmdn TabPyryus catal yst support,

consi sting of a material conprising a natural sheet

silicate, wherein Zr02 is contai ned
Table 5:

Geometric form Sphere -

Diameter 5 mm

Moisture content

15

20

25

30

<2.0 mass-—-%

Compressive strength

> 60 N
Rulk density 554 g 1°°
Water absorbency 62%
Specific surface area (BET) 158 m? g

$i0,; content

93.2 mass-%

Al,0; content

2.2 mass—%

Fe,03 content

0.35 mass—%

TiO; content

MgO content

Cal content

(total) < 1.5 mass—%

K20 content

Na,0Q content

Loss on ignition 1000°C

<0.3 mass—-%

Acidity

53 uwval/g

BJH pore volume Np

0.38 cm?® g "

was impregnated with 62 ml of a 9.1% (relative Lo Zr)

agueous
zirconyl nitrate solution according to the pore-filling method

{incipient wetness method). The support was then dried at

120°C over a period of 5‘h and then calcined at 450°C in air
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5distributed in the material. 2. Catal yst support
according to claiml1, characterized in that the Zr02

is contained evenly distributed in the material. JO

3. Catalyst support according to claim1 or 2,
characterized in that the zZr0? is present in
particulate form 4. Porous catal yst support, forned
£@s A shapednbody,, W th aBooyt.8fcshellrrawhessbdy then 5.2
cat al yst support, at least in the 15 area of the
Wouteri¥heFrs a¥-afgefed froma matrix conprising a
natural sheet silicate, in particular a matrix

conprising an acid-treated cal cined bentonite, in
URHIEH1 esht trndFicde KpZE69) Spaittitel @s CaF el tontdsnegoduced

AU di,SthiButgd.c 20 5. Catal yst support according
to claim3 or 4, characterized in that the zirconium
oxi de particles are contained in the catal yst support

TR B QReALEOM Hfaihot 8r2Bn8BSSs It 6f €habh YA B 77 wt.-
proportion of 3 to 20 nmass-% and bypreference at a

5 prgpor tilsh B8 & 4o WO ~Faddete el V& Te2Ehe’25iSs

of the catal yst support. 6. Catalyst support

according to one of claims 1 to 5, characterized in
ThhathetHe tor kiR 19 tpsof SPhem c &t e y'st- 1 §dppadFerags -

acetic acid is less than 8 w.-% preferably Iess

than 4 30w .-% and particularly preferably | ess than
Thpe e -fgyrmancataf e sapporet a%%d?fkﬁ KETPHT ohe girample was
aSl AIE Y LQa PoqifARAGLEELZGH1IA T thRY shBGsNAtMMAlctivity

sheet silicate conprises an acid-treated, calcined
Sbefit b @215 29d-2 GregealtyBe guppor tdedcesrapAglY gas
Pt fog‘ilaﬂhms cht-@LO?g GRar act e(EétZaq_q/sLtn/t hali then ox gen

catal yst support has an acidity of "between 1 and 15
covedysgonpreterabldf -bétween 5 and 130 pval /g, by

pref erence between 10 and 100 pval /g and

S5particularly preferably between 10 and 60 pval/g.
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1

2

3

L4
*.characterlﬁﬁd i n-that gro ortlon of natug%gs%heet

5.

6.

7.

9. Catal yst support according to one of clains 1 to 8,
characterized in that the catal yst support has an.
aver age : pore diameter of from8 to 30 run
preferably from9 to 20 nm 10and by preference froth
10 to 15 run. 10. Catal yst support according to one of
clains 1 to 9, characterized in that the catal yst
support has a surface | essC}#®¥ equal to 145 n2/g,
preferably | ess than 142 nR/g, 15by preference |ess
than 140 nR/g, further preferably | ess than 137 n2/g,
ntceromsetatalitst |sepporhancd8siaiihg, oktd [Matgpiel comprising
pr ef I t I '
e Erany pEEEe RER B e elh AT G AP S o
acgbsdiigted onetind wi@mwll. to 101 Characterized in
that the catal yst support has a surface of from 145

to 60 n2/g, preferably between, 140 and 65 nR/g, by
pmeﬁeﬂeates&gﬂqm&eact@5dan@ 70 aifiyg, 1f iwhadrecterized in that

prefer . bet ween Pprefe :

be meé%f mﬁ7ﬁiééh§?ggl%di%%é?b #eragﬁE %%?%%gﬁ“
100 and 70 nQ/g 12. Catalyst support accordlng to one
of 1, ch eriz n, t hat, t
S&E%g?ynﬁa.ugfq$% ﬁgggdggé 5 é%g ﬁ éﬂﬁa Ega %&{%Q@%ed in
pr efaer aldley Zgogaatse@ﬁelsantequabantacaﬂ)«%e Nforfnurt her
preferably greater than/equal to 35 N and nost

preferably greater than/equal to 40 N. 13. Catal yst

S popous aﬁtamyﬁtnguppomne fdrmﬂdmaﬁsalsnapeﬁzbody, with an

It the

si P 76 pg??chTar aCTactY 2atedrearci

be&&éﬂﬂdﬂathbnohh@rC&Haﬂlwshssﬁp;mﬂd ﬁrsmgaemaum1x comprising

than/ e % pr.ef er abl reate

raaaat $8eg0. ThhRE hf B nalatte? By, comorising

tham/&umﬂahré@téﬁ ¢ﬁ&ﬁiﬂ%ﬂ.bunthﬁwtqarahewhb¢w greahénn oxide

t han/ equal 5 to 80 _mass a eat er
hgﬁ¢@gu8 rE%Fl%ﬁ)%ﬁﬁsgo@t%ﬁﬁenoggn? é%ﬁ%ﬁgEggeater

than/equal to 93 mass-% relative to the mass of the

¢ §§§f§§% %Hggort accordlng to claim 3 or 4, characterlzed in
that the zlrconlum oxide partlcles are contalned in the
catalyst support at a proportion of 1 to 25 mass-%,
preferably at a proportion of 3 to 20 mass—s and by

‘preference at a proportion of 5 to 20 mass-% relative to the

mass of the catalyst support.

Catalyst support according to one of claims 1 to 5,
characterized in that the solubility of the catalyst support
in acetic acid is less than 8 wt.-%, preferably less than 4

wt.-% and particularly preferably less than 2 wt.—%.

Catalyst support according to one of claims 1 to 6,
chardcterized in that the natural sheet Silicate-comprises

an acid-treated, calcined bentonite.
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14. Cat al yst support according to one of clains 1 to

13, 10characterized in that the catal yst support has

an integral BJH pore vol uMe of between 0.25 and 0.7

m /g, preferably , between 0. % and 0.55 m /g and by

preference 0.35 to 0.5 m/g- 515, Cat al yst support

according to one of clains 1 to 14, characterized in

&. Itraltaa;trsﬂ mbo&}ﬁ%c@dneﬁefgahbyoaé deadti85% ano b,y

preference at |eas nte ral ore Vol

of © ﬁéa%Eﬁ%ﬂ3§§tl§uE%%?t€qe CF% ﬁpnﬁsop res anéilty of

mateopeses. a2Q 160 Gatal Ast psapaﬁasm}amwdengﬂmd)mezo

of clainms 1 to 15, characterlz t cata yst

SuBRBTIInaY. KBtk o 1B Tt e (M bey G

pr efiet hlna 1er erthan:10l. 3 beghebn and Hpar tzsocp{ral}/g/ :

preferably a bulk density of between 250.35 and 0.6

g/m. 17.Catal yst support according to one of clains

slchealfst Ghppaetestzediing tbabné hef ratumnal 1steet,

silicate cqontained in the su rt. has an 02 content
of ChET 1S 769 hskioy tHGprererkl v RPOFbadts g0 Bverage

nH@SrgﬁdMM%ebﬁrpbffﬁf@mGﬁtﬁ5300m99;ﬂmﬁ&&&b@@ from 9 to-20 nm

18. Cat al yst support accordlng o one of clainms 1 to
17202 Har RECEFFZBE° i FTha tRelndftral sheet silicate

cont ai ned 35in the support cont a| ns | ess than 10

mass- % Al 203, - 51 -
10.Catalyst support according to one of claims 1 to 9,

Qharacterlzed in that the catalyst support has a surface
less than/equal to 145 m?/g, preferably less than 142 n?/g,
by preference less than.140 ﬁ?/g, further preferab;y less
than 137 m?/g, more preferably less than 135 m?/g, still
more preferably less than 133 HF/Q and particularly
preferably less than 130 m*/q.

11.Catalyst support according to one of claiﬁé 1" te 10,
characterized in that the catalyst support has a surface of
 from 145 to 60 m’/g, preferably between 140 and 65 m?/g, by
preference between 135 and 70 m/g, further preferably
between 120 and 70 m?/g, more preferably between 110 and 70
m?/g and most preferably between 100 and 70 m?/g.

12.Catalyst Support according to one of cléims 1 to 11,
characterized in that the cataiyst support has a hardness
'greater than/equal to 20 N, preferably greatefﬁthan/equal to
25 N, further preferably greafer than/equal to 35 N énd most
preferably greater.than/equal to 40 N.

13.Catalyst support according to one of claims 1 to 12,

characterized in that the proportion cof natural sheet
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preferably 0.1 to 3 mass-% and by preference 0.3 to

1.0 mass-% 19. Catal yst support according to one of -
claims 1-to 18, characterized in that the catal yst

support is formed as a shaped_body, for exanple as a
sphere, cylinder, perforated cylinder, trilobe, ring,

star or as a strand, preferably as a ribbed strand or
gﬂhabashapem‘ganﬁandlapr&ﬂxﬂ%ﬂﬁeytas eﬁkqahedebeﬂibnlte, in the

t st sypport _acco’ of claln& 1
3= T0h5 eniDBg profties e RSl Vel berhBbT T grareranty
db@hedraShéhﬁﬂﬁmaﬂetMAG¢1mnsbﬁ&nebgrpgﬁﬁﬂTEEbet@mﬂaﬁénnn
referably th a_di ameter .greate an 3.mm and.b
BB ERBRL o TS B Gek P EE P b S R A, b equal
ﬁ%ls@amaés%% $idpRObEe BECONIDI RFetbeDNthaol/ cqhal NE DOt pass-3%
characterized in that the catalyst support,
BopRa° b b G PlsE e o AE B ot &° Do Bcvegelative
thr Rt hes graupn20eansi it rgpebrif , T|, Nb, Ta, W My,
Re, Y and Fe, preferably with H 02 or Fe202.

22. Cat al yst support according to.claim21,

1ehaeasl gst zaghportt Ba&oztdhﬁlg)l‘tQ:DOhéi ©n «afidepi ng axai de

in the catalyst su gort 25i s Etmeen 0 and 20 mas 1
pr EPEFaBIS 456 €8 10° nddE FPARGYDY PEEPEFelice 3 tléltﬁgra
massH%pord ddikileod s fpstddian pr.odustid an 7okl ag catmdpstibly
support, in [ st_su

ScEBRUFHY 1of GRE b1 7411 280 PE 0 2 E0hRr Vi e’

folkhowyi ng steps: a)mixing a pulverul ent natural sheet

silicate with pulverulent zirconiumnetal or 'a
pul verul ent “zi rconi um conpound; - 52 -
15. Catalyst support according to one of claims 1 to 14

‘characterized in that at least '80%, preferably at least 85%
‘and by preference at least 90%, of the integral pore volume
of the catalyst support is formed from mesopores and

macropores.

16.Catalyst support according to one of claims 1 to 15,
characterized in that the catalyst support has a bulk
density of more than 0.3 g/ml, preferably more than O 35

‘ g/ml and particularly preferably a bulk density of between
~ 0.35 and 0.6 g/ml. o

17.Catalyst support according to one of claims 1 to 16,
characterizéd in that the naturél_sheet silicate contained
in the support has an S5i0, content of at least &5 mass—%f
preferably at least 80 mass—-% and by preference 95 to 995.5

mass—%.

18.Catalyst support according tc one of claims 1 to 17,

characterized in that the natural sheet silicate contained

o

in the support contains less than 10 mass-% Al,Cs,
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24. Method according te claim 23, characterized in
that the nmethod al so conprises the step:

shapi ng a shaped body fromthe obtained m xture,
preferably 5Sbefore carrying_oyt_step b). 25. Method
according to claim23 or 24, characterized in that

zi rconi um di oxi de, zirconium hydroxi de, zirconyl
aceteaftesaoiyol hertzi¥ cumytt candoxy lpacésrenée dord dm 1.0
car bona,t e or 10zirconi um oxycar bonate, zirconyl

ni f4+4t € zi rconi um napht henate or amoni um zi rconi um

car bonate is used as pul verul ent zirconi um conpound.

.26, Method ding. t f_clai
18 SIVER 5559 T PR et ioq o Lo Romprisee”  he

st @pirddteat kag irhercal chredata tsir eupptht avs doirted as a

Met hod ;accordi n one of i s 6
ch%ﬁaé’cetdqgo%d f T t%}%f“pqﬁe AR ﬁlleﬁrr%’co §%%é;ed2 i pertorated
- comyierriced , | ot Of dre ommh@ Zeummrcaalscansnzgandz.s prl\aﬁteh@bll_y_ as
according to on 23.t cierli LN

]%bregoﬁFﬁ‘?'ﬁ )8 dg% nﬁa =e} socrandm ﬁ]@ ];% Sg <l:1

t hat*

or ZI rcom-u OXI

us@sheas .zi rconi um corrpound 25 29. Met hod accor di ng
to one of clains 23 to 28, characterized in that in
step a) Y203 and/or H 02 is furthernore. used. - 30.

2thseatofl yvatcatgbyst ssuppaihgaceord pg tbaome oftoclldi ms

1to 30 22 in the d?xg‘(:u“%% oxfstagﬁgﬁt?ﬁ?ry o1 forimed gs a

paFtI AT EF 1P tHE

al'ys

US@I@Q@OmdtmgathLaﬁﬂeaddﬁ JR@ecatharacieri aed pirefdabliyheith a

21

22,

23.

2Pejl\ﬁ]qu,?§|%tralc_; eatérs tahasnh%l | Cat(?] 2 fgerégcee RIY uc“ o0

V¥ pre diameter

greater than 4 mm.

Catalyst support according to one of claims 1 to 20,
characterized in that the catalyst support is doped w1th at
least one oxide of a metal selected from the group
consisting of HEf, Ti, ﬁb, Ta, W, Mg, Re, Y and Fe,

preferably with Hf0O, or Fe.0s.

Catalyst'Support according to claim 21, characterized in
that the proportion of doping cxide in the catalyst support
is between 0 and 20 mass-%, preferably 1.0 to 10 mass-% and

by preference 3 to 8 mass-%.

Method for the production of a catalyst support, in
particular of a catalyst support according to one of claims

1 te 22, compriéing the following steps:

‘a)mixing a pulverulent natural sheet silicate with pulverulent

zirconium metal or a pulverulent zirconium compound;

b)calcining the cbtained mixture.
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. the area of the outer shell, is_fo

- 53 - acetate nononer, in particular a shel

cat al yst whose shell contains netallic Pd and Au.

32. Shel | catal yst for the production of vinyl acetate

nmononer (VAN), conprising a cq}alyst support

‘according to one of claims I t0 22, whose outer shel

contains netallic Pd and Au. 33. Shell catalyst for

ihe peogsicticeprafinyi fylclacet age conoreer106VAN) that the

conprising a porouys catal yst support shaped body with

am'gicer agﬁ%lcfo%ﬁﬁl@ﬁscaﬁ?aﬁﬁ?@‘rret allic Pd and Au,

wherein the catal yst support shaped body, at least in
rnq$ of a matrix

cOtFEEPng SPaRalPaCyshedt 69 CRATL ST MFAPE Peubar t e abLly

mMadd ik eCORPFSiNGudN s@sp do) 15t reat ed, cal ci ned '

bentonite, in which matrixzirconi um oxi de (Zr02)

particles are contained evenly distributed.

284. Gatad yBtackeeal A e L aGhabm 32 2, 3Baracterized in that

characterized in that the zirconi umoxide particles
are FCORE AR ndtPHinicy hé 1 Eap Bt s Yo o8 Lot TaP YL acetate or
prapit LoR-Syf r@mbbxly 0228 MBS schni @ efetabbyeabr a
proportion of from3 to 20 mass-% and by preference
at?d PROPBr LFBIRIEPAEE M 50 Rass2 %% r AP0

t he JmResnofe tdie Labal ust z SHRRAKE: c2BhddhtCatial ¥séd as
according to one of clains 32 to 34, characterized in

t PR veRBI Rk Ay SOrdPpePTPHEE -an aci dity of between 1
and 150 pval/g, preferably between 5 and 130 pval/g,

" by preference between 10 and 100‘pvallg and -
- ZBar t et [BFcpreiey aift Y efheth® T #7d8

15

02?),\/ aﬂl‘yaé_acgerl zed
36.:Cahat Yshe SIRPQH 2266 0F AN sk ORE Afert! ALBBEBZy tide

35, characterized in that the catal yst support has an
averagaeporctudicamdt8r2»fadm 8 to 30 nm preferably.
from9 to 20 nm and by preference from 10 to 15 run

27. Method according to one of claims 23 to 26, characterized
in that the zirconium compound is converted into an oxide

ypon calcining.. -

28. Method according to one of claims 23 to 27, characterized
in that zirconium oxide and/or zirconium hydroxide is used

as zirconium compound.

289. Method according to one of claims 23 to 28, characterized

in that in step a) Y203 and/or HfOz.is furthermore used.

30. Use of a catalyst support according to one of claims 1 to
22 in the production of a catalyst, in particular in the

production of a shell catalyst.

31. Use according to claim 30, characterized in that the shell

catalyst is a shell catalyst for the production of vinyl
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- 54 - 37.Catal yst according to one of clains 32 to

36, characterized in that the catalyst support has a
surface of less than/equal to 145 n2/g, preferably

| ess than 142 nR/g, by prefgrgpge | ess than 140 n2/g,
further preferably | ess than 5137-nR2/g, nore

preferably |less than 135 n2/g, still nore preferably-

| essetdran mb33maR/ girapchrpartiienl ardhelpr ebez ity whess shell
than 130 nﬂlg g g%%aléf%_accordlng to one of

cl SRR S22 "EH3 57 ér'i zed 10in that the

catal yst Support has a surface of from 60 er/g to 145

e/ f bl bet 6 140 er
STPhfiy RS eheEl Y BeLueen 03,1210, A0 140: DL B e

pr efarngbloymbet ween a7&al&ﬁﬂgsanmﬁzﬁﬁtnﬁbggarmcge to one of
-preferablylsetmeen 70 and 11 and

pr&fE5bily tBet e dhoFE ﬁﬁf% %b R ?ﬁf 5l Pd and
acgording to one of clains 32 to 38, characterlzed |n
that the catal yst has a hardness' greater than/equa

to 20 N, preferably greater than/equal to 25 N

3£ ust dver déFt@ngéﬁbfcM: 20gr eabatct han/c:efq urahyl cxaé%ﬁal‘tleamdnomer

m)st refera greater than/eq
Jal Wﬂpﬁtiwﬁau%gﬂ%%ngaﬁf talsﬁ'gpgﬁtt af{j’d body with

'Ch&{ aairerd zgd11 nuitihat dolﬁeapﬁeméﬁaldﬂco@dnmmrpaj sheetin

silicate, in 25particul ar gc%d treated c\gl ci q:qle Ares of

behtDmatelYER FHPTAL aPFEECsHppor 25 5GP eat’er

t had eqial- tReDD, mﬁﬁib%heﬂrBEEiathngreampilslng a natural
t han/ equal_to 60 mass- %, i ?reference greate a-
e EaliFBE Y0 TSty FRE nermiirefe PABr Y Yrdafer 3¢

-th@fgéﬂﬂéalcE@cﬁﬁbdnﬁﬁhf%hlﬁerelﬂrﬁﬁiﬂhﬁbbyrgﬁﬁiﬁdﬂhlum oxide
t han/ equal 30to 90 mass-.% and. nost ferl,-}%g% greater
t heFrequar -t o3 ﬁﬁ@sC%lt?JefF%ﬂ ﬁ)’@ntl f the

catal yst support.
34.Catalyst according to claim 32 or 33, characterized in that
the zirconium oxide particles are contaihéd in the catalyst
support at a.proportion of from 1 to 25 mass-%, preferably
- at a proportion of from 3 to 20 mass—-% and by preference at-
a proportion of from 5 to 20 mass-% relative to the mass of

the catalyst support.

35.Catalyst acéording'to one of claims 32 to 34, characferized
in that the catalyst-support has an acidity of between 1 and
150 pval/g, preferably between 5 and 130 uwval/g, by
preference between 10 and 100 uval/g and particularly
preferably between 10 and 60 pval/qg.

36.Catalyst support acéording to one of claims 32 to 35,
characterized in that the catalyst suppert has an average
pore ‘diameter of from 8 to 30 nm, preferably from 9 to 20 nm

~and by preference from 1C to 15 nm.
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41. Cat al yst according to one of clains 32 to 40,
. Characterized in that the catalyst support has an

i ntegral 35 . BJH pore vol unme of between 0.25 and 0.7

m/g, preferably - 55 - betwgen 0.3 and 0.55 nug and

by preference 0.35 to 0.5 nml/g. 42. Catal yst according

to one of - clainms 32 to 41, characteri.zed in that at
37 e@sta188% efcohdiiqttegrat pOrelBws| BRetdf3qheharacterized

caIaI st gggg&gtaly 'f%r§?g¥{rggg ge SOPPLES Hdess

era east Yo and by preference
atthaﬂ/@@f&thﬂ% 143 néagal B/Jsafea?@bévdqu@s t‘@@né‘-’e%fm /9. by

clal 32 to. 42, 10ch
: elre.nﬁgsl%s u]}kcdgﬁgﬁwﬁ/" Z%%t%% @eftelrgbfg?tféé/sgtthan

B{ﬁﬁfﬁgw mm{)eelptrhger@bs;s gl chd i idal o) more
a a. bu en
g /Qﬁe efglbi}i %%?%hs)ﬁséin sil3t3y g%&vfgf]tloc%%rﬁg}dﬁgeﬁerably

accor to one
431 hanaet esd z€dgi.n t hat the natural sheet silicate
contained in the support has an Si 02 content of at
| east 65 nass-% preferably at | east 80 nmass-% and by

prefeneneeateom by tto 88ebofiaskaifts 20 16, That ahpgucterized
acfr?r %Iancgt%g gg‘?af;stds%pggrgzhattso a4é’urface of from 60 m /g
to 145 m./g,'preferably between 65 m?/g and 140 m?/g, by
preference between 70 m?/g and 130 m?/g, further preferably
between 70 m*/g and 120 m?/g, morerpreferably&beﬁween 70 m*/g
and 110 m?/g and,mestrpreferably between 70 m?/g and 100

n?/g.

39.Catalyst aecording to one of claims 32 to 38, characterized
in that the catalyst has a hardness greater than/equal to 20
N, preferably greater than/equal to 25 N, further preferably
greater than/equal to 35 N and most preferably greater

than/equal to 40 N.

4D.Catalyst'according to one of claims 32 to 39, characterized
in that the proportlon of natural sheet silicate, in -
partlcular acid-treated calcined bentonite, in the catalyst
support is greater than/equal to 50 mass-%, preferably
greater than/egual to 60 mass;%,'by preference greeter
than/equal to 70 mass-%, further preferably greater
than/equel to 80 mass—%, more preferably greater than/equal
to 90 mass-% and most preferably greater than/equal to 93

massF%, relative to the mass of the catalyst support.

41.Catalyst according to one of claims 32 to 40,

characterized in that the catalyst support has an integral

BJH pore volume of between 0.25 and 0.7 ml/g, preferably
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characterized in that the natural sheet silicate
contained in the support contains |ess than 10 mass-%
Al 203, preferably 0.1 to 3 nass-% and by preference
0.3 to 1.0 25mass-% 46. Cat al st according to one of
clains 32 to 45, characterized in that the catal yst
support is forned as a shaped body, preferably as

vspheer, 0 oy lanader 55 peY foraakded y3peytd meder, 0t 85 | @he,.5 ml/qg.

ring, star or as a strand, preferably as ribbed
strand or star-shaped strand, preferably as sphere.

42 . Bbtal ¢ Galakyshgacsr@d g toaone 30f tel aips 32 to

46, characterized 1.n that _the cg@ghy t su?gort S

f oFHBHAGLE 5 26HhaP et it I JPATET ST Ut GRPerNEHERR 12 PRFF

pr ebefabl o Whthcaral ghankiporgr eaterrmelan-3n masapdrby and
preference with a dianeter.Sgreatqr'than 4 mm : '
A8TERF W YRS aPEBFATHY * GLonE26F Claidls 53 poeigrence at
chatast esgezed in that the catal yst support is doped
wth at | east one oxide of a netal selected fromthe
group 10consisting of Hf, Ti, Nb, Ta; W My, Re, Y

13ndaFe v ef-ebablygWd ol 02 erafe?02. to492Cat al yst

~according to claim48, characterized in that the
characterized in that the catalyst support has a bulk

density of more than 0.3 g/ml, preferably more than 0.35
g/ml and particularly preferably a bulk density of between
0.35 and 0.6 g/ml. V

44 Catalyst according to one of claims 32 .to 43,

characterized in that the natural sheet silicate contained
in the support has an Si0O; content of at least 65 mass-$,
preferably at least 80 mass-% and by preference from 95 to

99.5 mass=~%.

45.Catalyst according to one of claims 32 to 44,

characterized in that the natural sheet silicate contained
"in the support centains less than 10 mass-—-% Alﬁh,
preferably O;l to 3 mass—-% and by preference O.3.tQ'1.0

mass—~%.

46.Catalyst according'to one of claims 32 to 45,.ﬁ

characterized in that the catalyst support is formed as a
shaped body, preferably as sphere, cylinder, perforated
cylinder, trilobe, ring, star or as a strand, preferably as

ribbed strand or star-shaped strand, preferably as sphere.
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proportion of doping oxide in the catal yst support is
15between 0 and 20 nass-% preferably 1.0 to 10 :
mass- % and -by preference 3 to 8 mass-% 50. Cat al yst
according to one of clains 32 to 49, characterized in

that the catal yst shell has a % hi ckness of 20l ess

than 300 gm preferably of |less than 200 gm by
ar.ebesepee Rbolrassyt harnkb0 rgatafmy tiheropeef erably of

| ess than 100 pm and nore pref qpl of less than 80
pERSIACAISFS! LR atest iy P67 ORG: GPEBPAF mes 32 15488 2
25¢has B LEinz addi amd et drkateat alyst shgl brd@sradbly with a
t hi ckness of between 200 and 2000 greferab

betheBHE IS G raREC 18R hm mﬁyaﬁ?e]?%rpgtﬁgg B%?%%ht%@odlametef
angrgéggfgmbgnd particularly preferably between 400

and 1200 pm 30 52. Cat al yst accordlng to one of

claims 32 to 51, characterized in that the proportion
@fCE@a1{$ﬂ|@%06@&§$§Sﬂo|dieoo5 tOaidnh 3M0E8- 44,

preferably 0.6 2.3 mass- % and by preference

D FRSEAhIEAR VB (it HeenGebabY=t e RaF &) Jy%tdog:lﬁ?pmh at

| oadesh Widh oRobk 6o B! dletal- sBYect B fGahat¥styroup
according to one of claims 32.to 52, characterized in

t haPnsHEIRg PA Bforfe MRYi 820f "t AW cEfal ¥s1nd i

betweehy £,13n¢ 1 Ln 27 :@r ekerajy,y between 0.1 and 1, by
preference between 0.3 and 0.9 and particularly

preferably between 0.4 and 0.8. 54.Catal yst according

: 4§0C99£Lyosft GLabigi 32 P ARinChas agtkic-zed: bay thatenbhethe

nobl e- rfet.al concentration of the
proportion of doping oxide in the catalyst support is

between 0 and 20 mass-%, preferably 1 0 to 10 mass-% and by

preference 3 to 8 mass-—

50.Cataiyst according to one of claims 32 to 49,
characterlzed in that the catalyst shell has a thickness of
less than 300 pm, preferably of less than 200 um, by
preference of less than 150 gm, further preferably of lees
than 100 pm end more preferably of less than 80 um.

- 51.Cetalyst"according to one of claims 32 to 49,-

characterized in that the catalyst shell has a thickness of
between 200 and 2000 pm, preferably between 250 and 1800 pm,
by prefefence between 300 an& 1500 pm and particularly
preferably between 400 and 1200 pm.

52.Catalyst according to one of claims 32 to 51,

characterized in that the preportion*qf Pd in the catalyst
is 0.5 to 2.5 mass-%, preferaﬁly 0.6 to 2.3 mass—-% and by
preference 0.7 to 2 mass-% relative to the mass of the

catalyst suppoert loaded with noble metal.
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catal yst varies over an area of 90% of the shell

t hi ckness, 10the area being at a distance of 5% of

the shell-thickness from each of the outer and inner
shell limt, fromthe average_hobl e-netal
concentration of this area by57a maxi mum of +/ - 20%
preferably by a maxi numof +/- 15% and by preference
Bchat%Ey%ﬂﬂﬂ@caggiﬁg 0 %nelb £551 Laitsalapstoabeording to
one_of clains to 54, erized in that_the
cafaPyRttataged ER Oh i Eontors B s & than® 250 AT Ys*
pr ef €s ablid=8s8 &ﬂ@m;lziopmpﬂéra@lﬁﬁae(ﬁaéahystl and 1 by
according to_one of cl.ains %har cterlze%

t hRESEHENCat BRY YRR ohpt ﬁ%lés ?1 %Iﬂcgézla]r ?fla\@é{rgt gr_«gbly

preferahl y.pokasspum acetate. 57. Cat al yst accordi ng
to claimb56, characterized in that the 25al kali neta

acetate content of the catalyst is 0.1 to 0.7 nol/1,

5Bl @&@ﬂé}%lty a@c%raﬂn@ B b dr 58afGat alzyst agcording to
claimb56 characterized i.n that the .al kal.i

netﬂawweeﬁl&ﬁficuﬁa?%t 1Be30BRL G oL SREOTR Farion Of the

pr ef e ARty JRetusepy2r ad a18aand @f-Qﬁetﬁéeﬂ&ﬁjb&MWEEﬂess,
4 and 59. Met hod for the production_ of J;r
Cat:}&qey%qea |bﬁlﬁgrf;¢ C%|c}31'stance of 5% %fhépp g]éi-: y‘:gjllckness

afﬁ@érglenﬂcﬂ Q£0Bf=0bud A8 $2nép ﬁ&llﬁ@ﬁﬂ’prlﬁﬁdﬁg thbe

steps

aggrage noble metal concentration of this area by a maximum
- of +/- 20%, preferably by a maximum of +/- 15% and by

preferencé by a maximum of +/- 10%.

55.Catalyst accordlng to one of claims 32 to 54,

characterized in that the catalyst has a chloride content of
less than 230 ppm, preferably less than 150 ppm.

e

56.Catalyst accordlng to one of claims 32 to 55
characterized in. that the catalyst comprlses an alkali metal

‘acetate, preferably potassium acetate.

57.Catalyst according to claim 56, characterized in that the
alkali metal acetate content of the catalyst is 0.1 to 0.7

mol/l, preferably 0.3 to 0.5 mol/1.

58.Catalyst according to claim 56 or 57,

characterized in that the alkali metal/Pd atomic ratio is
between 1 and 12, preferably between 2 and 10 and by

preference between 4 and 9.

59,.Method for the production of a shell catalyst, in particular
a shell catalyst according to one of claims 32 to 58,

comprising the steps
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- 58 - a) producing a catal yst support according to

one of clains 1 to 22; - b) depositing a '
solution of a'Pd precursor conpound onto the .

5cat al yst support; c) depositing a solution of an Au
precursor conpound onto the catalyst support; 10d)
converting the Pd conmponent of the Pd precursor
copgpoghskii it thea et @i istiphokal a@rtkdibg) t6onverdti RQaims 1

- the Au conponent of the Au precursor compound into

the mePaf4ic form 60. Method according to clai m 59,
characterized in that the Pd and Au precursor
conpounds are selected fromthe halides, in :

' 20Bar BRI dri EhP 0P P HES O R8s P ETRIEST RPIRTITEs onto the

for matesa1 . pORLEPaLEes, oxal ates, acetates,
hydr oxi des, hydrogen carbonates, am ne conpl exes or
organi ¢ conpl exes, for exanple triphenyl phosphi ne

coppl 846510 ngCet Y AcEl ANl 26 ONP| RSrs8F EHGSRING onto
metals: 25 61. Method according to claim59 or 60,

char ath®ristédyPh tWat°%tHe Pd precursor conpound is

sel ected fromthe group consisting of Pd(NH3)4(CH)2,

Pd( NH3) 4( 0Ac) 2, H2PdC14,. Pd( NH3) 4( HO03) 2, '

PAE NP HPORY, tire (NHDIEr2enPde NHEY A FoxBF &Fe; sor3gompound

Pd(NGB) 2, RA(NKBY H NOB) 2w K2Pd( QAc) 2(OH) 2,
Na2Pd( OAc) 2( OH) 2, Pd( NH3) 2( NCR) 2, K2Pd( NCR) 4,
Na2Pd( NO2) 4, Pd( OCAc)2, PdCl2 and Na2PdCl4.

and

e) converting the Au component of the Au precursor compound

- into the metallic form.

60.Method according to claim 59, characterized in that the Pd
and 2Au pIQCursor compounds are selected from the hélideé, in
parficular chlorides,”oxides,‘nitrates, nitrites, formates,
propionates, oxalates, acetates, hydroxides, hydrogen
éarbonates,-amine compléxes or'organié complexes, for:
example triphenylphosphine complexes or écetYlacetonate

complexes, of these metals.

‘6l.Method according to claim 5% or 60, chardcterized in that

the Pd precursor coﬁpound is selected fr5M‘the group . .
consisting of Pd(NHs),(OH)s, Pd(NHs)s(OAC),, H,PACl,,

Pd (NHs) 4 (HCO3) 5, Bd (NHa) 4 (HPO,) , - P (NHs) 1Cls, Pd (NHs) 4 oxalate,
Pdl (NO3) 2, Pd (NHs)a(NO3)z, X,Pd(OAC),(OH)z, NaPd(OAc),(OH)s,
Pd (NHs) ; (NOy) 2, KoPd (NO,)s, NasPd(NOz)s, Pd(OAc)>, PdCl, and

NadeClq -
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- 59 - 62. Method according to one of clains 59 to 61,
characterized in that the Au precursor conpound is
selected fromthe group consisting of KAu02; HAuCl4,
KAu(NO2) 4, AuCl3, NaAuCl4.' KAuCl4, KAu(QAc)3(0H),

HAu( NOB) 4, NaAu02, NVe4Au02,” RbAu02, CsAu02,
NaAu( QAc) 3(OH), RbAu(OAc) 30H, Cs4u( QAc) 30H,

ehVe4 Aug OAG)30H1apdt AU{RAR) 3 c163udvEtched accotimngti@ized in
one of clainms 59 to 62, characterized in that the Pd
and™the kU A5 BEGFEBFOT GiPBaHET §° Si-Ped oot - Fofhg™P
catahysdtisdpper kaby, seakcng the (vahal ysic syppextci,n

the solution of the Pd precursor_conpound and in_the

sofbition R Peem OFF ecfis 00 bonPatinte o ez, ROAUO:z,

sobyii®n whighoLont@uns mathohbe,d?d asdutbec Ao, _
precursor conpound. 15 64. Met hod according to one of -

cl Wigedug02e B archar 4R @i zed in that the Pd

precursor conpound and the Au precursor conpound is
deposited onto the catal yst support by spraying the - ,
63 olleishst coREE1AIf FRIi M2 Ed BEE bt & Foubd: beiF o teRbzed in

catdy StheS WRAPARY, tRE ef e rablbyr byr F&ﬂ%&uﬁfﬂ a8 @gjesekd onto

of -the 20sol utions. 65. Method according to one of,
cl Brgrcadg Ly 6L 62 UPRPRY dt SPPEERT | 1 KATALHET c3PRayét 1n the

suppardi dns oReahedpdus ing :d8p0ship AMOEntNen Selditdcasion of
of the precursor conmpounds. 25 66. Method according to
onEhDAL PARRET SO t GOIBBUNChAF att et iSFdd L RNt Wateh contains
a)pdci i¢hst pROLHYI PR Ofy 3 -Bd ARG Qon@BuAl. Precur sor

conpound 30i s provided; b) a second solution of a Pd
and/ or an Au precursor conpound is provided, wherein

6k N8 fHd Pl B0 HE LGN STSRCLS 81 PIRCIP kAt bON AaddRerized in
nobl e-metal "conponent(s) of the - 60 - :
that the Pd precursor compound and the Au precursor compound
is deposited onto the catalyst support by spraying the
solutions onto a fluidized bed or a fluid bed of the
Catalyst support, preferably by means of an ae:osol of the

solutions.

65.Method according to one of claims 59 to 64, characterized in
that the catalyst support is heated during deposition of the

solutions of the precursor compounds.

66.Method according to one of claims 59 to €5, characterized in

that

a) a first solution of a Pd and/or an Au precursor compound -

Kis provided;

b) a second solution of a Pd and/or an Au precursor compound
is pfovided,'wherein the first solution effects a

precipitation of the noble-metal component(s) o0f the



precursor conpound(s) of the second solution and vice

versa; c¢) the first and-the second solution are

deposited onto the catal yst support. 67.Method

according to claim66, characterized in that the

precursor conpound of the first solution is acid and

that of the second sol-ution is basic. 10 68. Met hod

accor dragutspromemnpbucd & e HheosEHn ek acier i el vilge

that the catalyst support is subjected to a fixing

step 6hte"the Pd and/or the Au precursor conpound

has/ have been deposited onto the catalyst support. 15

thod. for th roducti gn_o hel |

paFP@%ﬁ?S?IEtsﬁgg atAYys g%cor %hg toagﬁtgM o oo e
5 cl ai nBaBAts@ 58ppeonpri sing the steps 20a) providing
a pul verul ent porous support material, conprising a
m xture of particles of a natural sheet silicate, in
cparéiigad avccapdasd d=d reatiedcéal cianedtbentonitre, thatdthe
zirconium oxide (Z articles mhereln the suppo
eSS CPBRANA Y R Bl Emaod HEAGT 255 et S0P that of
COﬁp@Uﬂﬂxﬁﬁ.ﬁblﬁtﬂﬁtandbéulpartlcles. b) depositing
the support material onto a support structure in the
formof a shell; 30c) calcining of the | oaded support
681 meteh dH Qicfcb@mﬁ@etpo bjne affdclaims 59 tod)ﬂpocnmeratqmglzed in
the Pd and the_Au co nt of the Pg or Au, -
35ptec drSor2EBMPBLNTHATM: g t Re>Wetit ?or ixing step once

- the Pd and/or the Au precursor compound has/have been

10

déposited onto tﬁe;catalyst subpért.
15 , ' o _ |
6%.Method for tﬁe production'of’a shell catalyat, in particular

a shell catalyst aécording to one of claims 32 to 58, '

comprising the steps

20 ra) providing a pulverulentupgrous‘aupport material,
comprising a mixture of partiéles of a natural sheet
silicate, in particular an acid-treated calcined
bentonite, and zirconium oxide (ZrO,) particles, wherein
the support material is loaded with a Pd and an Au

25 - precursor compound or with Pd and Au particles.

. b) dépositing the support material onto a support structure

in-the form of a shell;

30 c) calcining of the loaded support structure from step b);

and

d} converting the Pd and the Au component of the P4 or RAu

35 ' " precurscr compound into the metallic form.
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- 61 - 70.Use of a catal yst according to one of

clains 32 to 58 as an oxidation catalyst, as a

hydr ogenat i on/ dehydr ogenati on catal yst, as a catal yst

in the hydrogenating desul phurjzation, as a

hydr odeoxygenati on .catal yst, as a

Shydrodenitrification catalyst or as a catalyst in
Tohessyat hesiss aoksal kenytairkaneates,of mlpamsi 8ul@r Hsnas an

the synthesis of vinyl acetate mononer,. in particular

| nOERESHHET SRASLYBRT GRE 1 DrIor OE Y Bk el KRk LoD
acicdthoy¥yt N\Ws acehakeysdbnomhe Aldregem@ tindbst r act

The present invention relates to a r.ous c€£§§%§tas N

SuPBBFtEP RSP ngR Bf 2 & HHCEFPRYY Pi's PR

- nahyHabasteet rstht cat ezath wher eknaZr02aics 1 gont & nee

distributed in the naterial. The,gresent gnventi n

al S¥PFRE ATt 1 EACREL HUP G P he D gt onT of ™ t

, cag?hyﬁésﬁywwﬁnggcgwﬁa}g@ tonbher| nvephironcang: ti;m ane
. shel'l

cat al yst containiQ%H}he cat al yst supgor% .
acHBP O OXEHRE AYeNt | TYARECafshd A HFE1Gsebt fhetavt
catakyste ageRndi-rng to the 10 invention in particul ar
for the production of vinyl acetate nononer (VAM.
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- 62 -

Abstract

The present invention relates to a porcus catalyst support,
consisting of a material comprising a natural sheet silicate,
wherein Zr0, is contained distributed in the material. The
present inventicn alsc relates to a method for the production
of the catalyst support according to the invention and to a
shell catalyst containing the catalyst suppdrt acceording to ‘the
inventicn and also the use of the catalyst according to the
inventicn in particular for the production of vinyl acetate

moncmer  (VAM) .



