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1 VAM shell catalyst, method for. its production and use thereof The

present invention relates to a shell catalyst for the production of vinyl

acetate monomer (VAM), comprising a porous 5 catalyst support based

on a natural phyllosilicate, in particular based on an acid-treated calcined

VAM hadAite;ssid weitalystestippd rifieeing toadedoditie Picandand anskbeihgreof

designed as a shaped body. 10 VAM is an important monomer building

block in the synthesis of plastic polymers. The main fields of use of VAM
The rareskitér aliastheproductiontefspolyviayldretadte cpolsvinglaléokiolt aad

proaf@lyvinylacetaland alsa copalymerisation WﬂMﬁe,rp@¥@§P§§§%%Wét%orous

other monomerssuch as, for example, 15 ethylene, vinyl chloride,

catalgtiylatel maleinate famaratesarich Viriy lavratel VM Is pidduicedn
part Rimarlyin the.gas phase from geetic-acid and.ethyleneby reaction with,
oxygen, wherein the catalysts used 20 for this synthesis preferably contain
catalpand BiPas hctivel Tietals sidlalsotdn alkafi fietdlcoriiporréntas designed
as = Premoter, preferably potassium in the form of the acetate. In the Pd/Au
system of these catalysts, the active metals Pd and Au are assumed to
exist not in the form of metal particles of the 25 respective pure metal but

vayM father in theformof Rd/Aualloynpartiglesofipossibly varying compesition, o
. although the presence of unalloyed particles cannat be ruled out. As an
plashitermativE o Au, use mas siso bé rﬁg‘d for BX&miple SfdbrBa Hifie
alia Secpndactive metakcompenant;30 At preset-YAMis produced araily o1
4 E?lc]%/érmeans of so-called shell catalysts, in which the catalytically active
an

fals ' the CAtafl 5t A8hot tompiétely pétictratée the Batal/st support
terpdegighetsas ashaped body et ratherare-eondairiedn A more ekample,

ethylene, vinyl chloride, acrylate, maleinate, fumarate and

vinyl laurate.

VAM 1is produced primarily in the gas phase from acetic acid and
ethylene by reaction with oxygen, wherein the catalyvsis used
for this synthesis preferably conteain Pd and Au as active
metals and also an alkali metal component as promoter,
preferably potassium in the form of the acetate. In the Pd/Ru
system of these catalysts, the active metals Pd and Ru are
assumed to exist ncot in the form of metal particles of the
respective pure metal but rather in the form of Pd/Au alloy
particles of possibly varving composition, although the
presence of unalloyved particles cannot be ruled cut. As an
alternative to Au, use may also be made for example of Cd or Ba

ag the second active metal component.

At present, VAM is produced mainly by means of so-called shell
catalysts, in which the catalytically active metais cof the
catalyst do not completely penetrate the catalyst support
designad as a shaped body but rather are contained in a more or

less broad outer region (shell} of the catalyst support shaped
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35 less broad outer region (shell) of the catalyst support shaped 2 body
(cf. in this regard EP 565 952 Al, EP, 634 214 Al, EP 634 209 Al and EP
634 208 Al), whereas the more inward-lying regions of the support are
almost free of noble metal. Using shell catalysts, it is possible in many
body cases fenthereactien 546 precesth mpre setectively dan with catalysts ig34
no Which the Dsuég?pgrts are imIEre nated with the active components rjght into
292 Khe HUPpbit coré (thoroughly ifipréghated™ S THE sReft catalysts knbwn in
regidhe ptior art=for thepprodustien.z 18ef WV AMaray: e for-example xatalysting
- Su§§9rtf based qntsiticon oxid; f\luminium oxideé alumi o§iIg::3%te, ction
she Liitamiam oxida ‘or “Zirconitin oxide fgcf.LlH tﬁ%nrgggrdsﬁlg 9793 Al, WO
to prA998A 8553:AkL WO20004058008:Al and WO 2005/061707rAljkhich the
suppdiquever, calalyst supports based on ftanium, oxide gr Zireonium, 16 0xide
PPGré hardly used at preésent since these catalyst SUPports are not dU?aHIy
the stalyle withcrespedt tohaceticcld andare aretdtively) expensive. Most of the
catalysts used at present for the production of VAM 20 are shell catalysts
comprising a Pd/Au shell on a porous, amorphous, spherical
The shgrhinosilicaley stippdttbased on Watural phyllesilicates, it particitgiict ion
o vARsgd.onpatural acid-reated  calcined bentgpites, which.arg thoroughly. .,
impregnated with potassium acetaté as promoter. 25 Such VAM shell
oxideatalysts dré Wsualbi produeedVid thelsé-ealfed chermicdl ¥Buteirfwhich

21 rcdig Catalyst suppatt is mpr@gggtepe%\gg_hds%@iicg@of@@tag@ mgtal

) precursor compounds, for example by dipping the support into the

1998 5Bhitiphs ot by Migars 86 of & iitidientwetnéss atéthod foore filling -

Howe¥Rethod), in which ihe suppart isloaded withia yplume ofselution: zirconium
correspondin% to its pore volume. The Pd/Au shell of the catalyst is

oxid%nﬁﬂﬁéaard v used at present since these catalvst suppoerts

are not durably stable with respect to acetic acid and are

relatively expensive.

Most of the catalysts used at present for the producticon of VAM
are shell catalysts comprising a Pd/Au shell on a porous,
amorphous, spherical aluminosilicate support based on natural
phyllosilicates, in particular based on natural acid-treated
calcined bentonites which are thoroughly impregnated with

potassium acetate gs promoter.

Such VAM shell catalysts are usually produced via the so-called
chemical route, in which the catalyst support is impregnated
with solutions of suitable metal precursor compounds, Lor
example by dipping the support into the sclutions or by means
of the incipient wetness method (pore filling method), in which
the support is loaded with a volume of solution corresponding
to its pore volume. The Pd/Au shell of the catalyst 1s produced
for example by firstly impregnating the catalyst support shaped
body in a first step with an Na,PdCl, solution and then, in a

second step, using NaOH sclution to fix the Pd component on the
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for example by Firstly impregnating the catalyst support shaped body in a

first step with an Na2PdCl4 solutionzand then, in a 35 second step, using

NaOH solution to fix the Pd component on the Z catalyst support in the

form of a Pd hydroxide compound. In a subsequent, separate third step,
catalifacatapECSipport isthen Gribrégnatet withar RaALE-14°8itb and ©
subsdbgrealter sae Atk component. 43 ikgwisadixed by means:abNa©H. Afterhen
, fixing the 5 poble metal components in an outer sg?(jall of the catalyst
IMP TGO thid foad®d CRANSTSuSort is then Washed Unti it i Hargely frée
compoefahtoride anatdNaiionsftheadried andfinallys retumed withcethylenelaty the

. 150C. The Pd/Au shell produced usually has.a thickness of approximately

nobLe) Gris 506 Kiti 10 Ater the fiking %%r Té %%%‘"sté%f t%ecafglygsgtﬁéﬁ%bort

redu
suppdeaded nwith theirableametalssis usuatly toaded witlepotassivariacetate, it is
herein the loading with potassium acetate does not.take place, oply in,
larg% o%]tweer”shoeﬁl Iggdéﬁ %v?t% 0 ?eu%etalllgrbsdt réqt%(ezpth%rff %Pa%?ycjst ‘éﬁxpﬂ)&%r%y
reduds ¢completely-thpotaughly impregnatediwith e’ Jpromioter L As thel gatady st

support, use is predominantly made of , a spherical support ring the
a5ua L Horie SnKALTGOATEm SO P EREIE AL Idects O TRRdr P

acid-treated bentonites as the natural phyllosilicate, which has a BET
surface area of 20 ap roxirrgatel 160 m2/g. The VAM _selectivities .
£ ; i s - o +al Y +
Arten chisved By the ﬁfellﬁceac%é}lcfl t%qgho%\}:n I"fr’or%C e prioran Based oR Pd-and >4
with Alhas active metalsland KA« 160 supparts ds catalyst suppeds are: acetate,
. approximately 90 mol% 25 relative to the amount of ethylene suppli%d
: the 17 T il L Tare T ‘ol
wher Wlf[:f)] th% rZ{n"?a%ﬁl}]ag 18 1riolok S the Teaction Srba(jbctsdge%ﬁg ‘substan |§II)? aee
only CO2,vkickhuisdarnséc by totakoxidatiart bf theldrgamic redgentsiprodudtsr the
cataf”s@cfg%%s§@'Etth§§/ ’*F“c")n?glee‘%'ée’wst%‘%f%%'% orderto. 30 reduce ey, wne
Sts for raw material lossés and to make it easier
promoter. As the catalyst support, use is predominantly made of
a2 spherical support bearing the reference “KE-160” from SUD-
Chemie AG based on natural acid-treated bentonites as the
natural phyllesilicate, which has a BET surface arsa of

approximately 160 m“/q.

The VAM selectivities achieved by the shell catalysts known
from the prior art based on Pd and Au as active metals and KA-
160 supports as catalyst supports are approximately 90 molf%
relative to the amcunt of ethylene supplied, with the remaining
10 mol% of the reaction products being substantially CO;, which

is formed by total oxidation of the crganic reagents/products.

An increase 1n the VAM selectivity 1s desirable in order to
reduce the costs for raw material losses and to make it easier
and therefore less expensive to prepare the reaction product

VAM.

The object of the present invention is therefore to provide a

shell catalyst for the production of VAM, which is
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and therefore less expensive to prepare the reaction product VAM. The

object of the present invention is therefore to provide a 35 shell catalyst

for the production of VAM, which is 4 characterised by a relatively high

VAM selectivity and also a_high activity. Starting from a shell catalyst of
charafedehefie type, thisobiéct’5 18/ abhigfed Wh%?ﬂ%ééiﬁ&/%ysﬁﬁﬁﬁrﬁﬁﬁé) a
high &surface-grea of less than 130 m2/g. The invention therefore relates to a

shell catalyst comprising a natural phyllosilicate, in particular to a catalyst

support 10 shaped body comprising an acid-treated calcined bentonite,

startiaving aspuiershell whigh containsPd and A inemetaldora, the.is object
, catalyst support shaped body having a BET surface area of less than 130 _
1S a5H2/y7 98 Sheli-Catalystcdriprisifig a sSUPPOYwith'af cutérshel Jhito™ 7= ©F
less Whigh thesactive gpecies has penetrated are also referred to in the prior

art as "egg shell" shell catalysts. It has surprisingly been found that the

shell catalyst 20 according to the invention is characterised by a VAM
The iselectivitywhith: issatdeastmot%higherdhatithat ot-thes corresponging sing

catalxsts,kpp}[vnsigjthe rior art for the péo%uggyog of VAM.thei crease in

“ rl‘.’ktsl’qé"f(éac iv%f/1 Lan essentia ch be lal%tri%ﬁferd‘toua Feduction ir the an esirse-ltlzlppo*j:#C

shapdataboxidation2b:6f iacetie mcid; ethylere: and VAM ¢a faroh R Fhe te,

. catalyst according to the invention has an actjvity that is af least as.hi
e B o eborAine ARG n e phch st e Zost,
the production cflvAN: Fusthemmare;ithiasi30 been fouitlthat thesaetivityof ©f
less t@_%&ata_%% a}ggpﬁgqﬁng to the invention can be.considere}bly increased by

increasing the thickness of the Pd/Au shell, without having to accept

Shell catalysts comprising a support with an ocuter shell into
which the active species has penetrated are alsc referred to in

the priocr art as “egy shell” shell catalysts.

It has surprisingly been found that the shell catalyst
according to the invention 1s characterised by a VAM
selectivity which is at least 1 mol% higher that that of the
corresponding catalysts known in the prior art for the
production of VAM. The increase in selectiviiy can essentlally
be attributed to a reducticon in the undesired total oxidation

of acetic acid, ethylene and VAM to form COs.

The catalyst accerding to the inventiocon has an activity that is
at least as high as that of the corresponding catalysts known
in the prior art for the production of VAM. Furthermore, 1T has
been found that the activity of the catalyst according to the
invention can be considerably increased by increasing the
thickness of the Pd/Au shell, without having to accept
appreciable losses in VAM selectivity. In the correspending

catalysts known in the prior art, an increase 1in shell
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appreciable losses in VAM selectivity. In the corresponding catalysts
known in the prior art, an increase i shell 5 thickness is associated with a
considerably reduced VAM selectivity. Furthermore, despite its relatively
~_small surface area, i.e. 5 despite its relatively large pore volume, the
ChickERayst AcEitiig fo-fifé iHveRtich Rasaxceteab mechaficarstabiiity and
selec@Xhihits high chemical resistance against the reagents and products to be
used and also high thermal resistance against the temperatures used in
VAM synthesis. 10 If the reaction conditions for industrial use of the
Furtreatalyst aceerding to thednyention arelleft tinghanged camparadto,a i e,
.corresponding shell catalyst of the prior art, it is thus_possible to produce
9 SPihGre VAM péfreatioriotdmheank e u?ﬁ@i%“ﬁme?%ic?ﬁé&dé{éé to an
accordBEreasedn eapacityyand alse additionalaxpendittire: frarthernore; dmisi 1ty
easijer to work the resulting crude vinyl acetate since the VAM content
219 G Pradietns RATGHEH wWhich 1ShAS £ af Bherdy shving HGARG VAN ™
produnark-um Suitabiewosk-apanethods are disclosed forexample20 ingdSnst
fhe a%?&%@?%ﬁ;%@d DSEe 9{%5 %ii,iAl. '%quethﬁ other hand, the VAM
- ‘prodiuction capac]“ljty of an installation 1oaded with the catalyst according to
the invention is kept constant at the level of a corresponding 25 known
- .,shell catalyst, then the reaction.temperature can-be lowered when using _.
"% e catalyst atoorting 6 e invention, 25 & ToSult SFhich a rther - 7"
acconndérease in VAM selectiviyccarmbe dbtainedratong with theracvantageous
-~ EffECtS menti above._ In this case,.the amount of w2 which results as
“Orr“a%ﬁ%crigg?u%t %%%gnmd vg\/%ité%itﬁg]r&efg)ﬁé %ééﬂo%% rogng\%e“d is\%éwgf{ aLstIll{s*Sthe
possibss of enfrairddsthylene assdciated with thisremovale and per unit

Time, which egquates f{o an increase in capacity and aiso

additicnal expenditure. Furthermore, it 1is easier to work up

the resulting crude vinyl acetate since the VAM content in the
product gas is higher, which leads to an energy saving during
VAM work-up. Suitable work-up methods are disclosed Zor exampls

in US 5,066,365 A and DE 29 45 913 Al.

If, on the other hand, the VAM production capacity of an
installation loaded with the catalyst according to the
invention is kept constant at the level ¢of a corresponding
known shell catalyst, then the reaction temperature can be
lowered when using the catalyst according to tThe inveniion, as
a result of which a further increase in VAM selectivity can be
obtained along with the advantagecus effects mentioned above.
In this case, The amount of CC; which results as a by-product
and which therefore has to be removed 1s lower, as 1s the loss
of entrained ethylene associated with this removal.
Furthermore, such a way of carrying cut the method on a
corresponding installation leads to an extended life of the

catalyst due To lower Tempéeratures.
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Furthermore, such a way of carrying out the method on a corresponding
installation leads to an extended lifesof the catalyst due to lower
temperatures. 35 6 The expression "based on a natural phyllosilicate" is
understood here to mean that the catalyst support shaped body

The ecomiprisesd nafiarshylfosticate: WheteiRthe hafiiral phyfosificate may

unde €& confaineddnthe gatalystisupporLither 21in ap untreated ok ua treatad
form. Typical treatments to which a natural phyllosilicate may be

comp g itéctéd PribHG belnly used as Hstiphortinatetial indifdé for example

phy 1 treatment withracidsandier-caleinatian, Inthe cantextetthepresent cither

. invention, the term "natural phyllosilicate" is understood to 10 mean

in arsiiate frateffal Origitating from T Tatural §6urcB¥Rimdhin whith-84+s ©©

wh 1 cretrahedra,: which-fermdhe structurakbasie enit of “all-siicates,iare +c being

1 crosslinked to one athher in layers of general formula [SiZ(%S%Z-. These, -

USEC |3erd of teatedrAaieinate with taljers of So-CAEY ottahedra i whith ©

acidsa aation 15-especiadly AlrandiMgr isssutrounded byfOHrand/ee8 4mthe

, shape of an octahedron. A distinction is made for example between .

INVebdye rtg)h“yl o8 iﬁ%late%aatn‘%fﬁie@%%%f%ﬁi?folscll%ﬁes “Phyilt oés?l featse® =°

mean Whith are preferred in the-contextafithe 20presentinventicrrarecelay and in

wniciMiaeERls, in partiollar kaolinite, heidellite, hectorite, saponite nontronte, -
mica, Vermiculite- and smecﬁes, with particular preférence being given to

all shiectitesand #-particukar to mentmorillonite. Definitionsiin Geyman of £

... the term "phyllosilicates™.can.he _found for example. 25 in_"l ehrbuc M.
g"neraanbrgjgrﬁg{z:uhwean é%éﬁ”@ Holré?ﬁ?a%;#] \g\ﬁgé’rrg? dggGFu?)CtéﬁAI%%h e%jl'ﬁﬁenj’:“ate
with 2007(ISBNO78-314.10E77 70- L poreinr tRbmpp ilexikoneCheérmie10th

espe @détho% Georg, Thieme Verlag ynder. the fefm "Byllosilikat”. One naturalsy e
pT1y osilicate which is
of an octahedron. A distinction 1z made for example beatween

two-layer phyllosilicates and three-lavyer phyllesilicates.

Phyllesilicates which are preferred in the context of the
present invention are clay minerals, in particular kaclinite,
peidellite, hectorite, saponite, nontronite, mica, vermiculite
and smectites, with particular preference being given To
smectites and in particular to montmorillonite. Definitions in
German of the term “phyllosilicates” can be found for example
in “Lehrbuch der ancrganischen Chemie”, Hollemann Wiberg, de
Gruyter, 10Znd edition, 2007 (ISBN $78-3-11-017770~-1) or in
“Rompp Lexikon Chemie”, 10th edition, Georg Thieme Verlag under
the term “Phyllesilikat”. One natural phyllosilicate which is
particulariy preferred in the context of the present invention
is a bentonite. Rentonites are not natural phyllosilicates in
the actual sense of the word but are instead a mixture of
mainly c¢lay minerals containing phyllcsilicates. Therefcre, in
the case where the natural phylilosilicate here 1s a bentonite,

it is to be understoocd that the natural phyllosilicate in the
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particularly preferred in the context of the present invention 30 is a

bentonite. Bentonites are not natural phyllosilicates in the actual sense of

the word but are instead a mixture of mainly clay minerals containing

phyllosilicates. Therefore, in the case where the natural phyllosilicate:
cataliysre i§aiehtonite BiEREbE uhbersiGod that the naturadl Hhylleshicate iy ent

of = Wbecatalystsupport is present in the form of or as a constituent of a
bentonite. It has been found that the smaller the surface area of the 5
catalyst support, the higher the VAM selectivity of the catalyst according

1t hdo the lpvention-Furthermore, the.smaller: the surface-area-af the catalyst
support, the more the thickness of the Pd/Au shell can be selected to be

catalgigatet Rithout any apprétiable 165565 0t ViAMetectivity ensuing®10

catalAeeordingde onepreterred-embediment of the catadystaceording terthe 1er

. invention, the surface area of the catalyst support has a size of less than

the SiyELR6h Greferably 16s AR 120 27y P Rioré préfefally fdss than 100

thicHn2kgs evenmerempieferablydess dhan 80 m2/gand:-particutatly preferably

.., lessthan 65 mZI%.;Inb 5 the context Q[gtr}e rese tinvgnti%n, the term
WG rRde arbdh of the'tatalySEEpport is undersiood 6 eah (e BET? -
Accosittagetareanef the stippordwhichos determined by aittegen gdsorption rding

_accordin%to DIN 66132. ZOéiccordiggggo another pf[%f%[lrédc}ﬁe]t;nd%)%ggﬁokas

to t LAV 1on, o S ce A . The o
Re tatalyst-&tcording to the fivention. it may be provi
a siatalystisuppottrhas 4 strfacémrea of betwéen 13@ and40Em2Ig 0 m* /g,

p;g%epblg@gtweieeré %28,and 3 H12/gymore \%eferab;l)ébetwgn 12(3 and

TS B /aj:eveﬁ moré pré’f%%gbly etween 125 and 50 m /éj,IZ Stifmore ~= "

than préferably between:i20caric 50 m2/geaimmodty pteferably betviderciog. In
the ANEEQMIG A+%aéaé¥%%%%%&9fﬁﬁ1§/%b%@%%§§ at%beap?gr@r?dyg%ﬂﬂfg%%eda%a"

i
natural phyllosilicates, in particular based on an acid-treate
of the catalyst support is understood to mean the BET surface
area of the support, which is determined by nitrogen adscrption

according to DIN 66132,

According to another preferred embodiment of the catalyst
according to the invention, i1t may be provided that the
catalyst support has a surface area of between 130 and 40 m?/g,
preferably between 128 and 350 m*/g, more preferably between 126
and 50 m?/g, even more preferably between 125 and 50 m'/qg,
still more preferably between 120 and 50 m‘/g and most

preferably between 100 and 60 m‘/g.

A catalyst support designed as a shaped bedy and based on
natural phyllosilicates, in particular based on an acid-treated
calcined bentonite, whersin the catalyst support has a surface
area of less than 130 m®/g, preferably a surface area of
between 130 and 40 m’/g, may be produced for example by
moulding a moulding mixture containing an acld-trezated
(uncalcined) hentonite as phyllosilicate and water, by

compression, to form a shaped bpody using devices familiar to



[ 3]

20

25

30

30 calcined bentonite, wherein the catalyst support has a surface area of
'Less than 130 m2/g, preferably a surface area of between 130 and 40
m2/g, may be produced for example by moulding a moulding mixture
containing an acid-treated (uncalcined) bentonite as phyilosilicate and
the praterrbyB5 chrpressidonctoNvim astidpetEbadyiusiAg devices familiaf to

ores<:dhe person.skifled inthe art, suchyas extryders ok fablet, presses far

example, and then the uncured shaped body is calcined to form’a stable
calcighpedhddit Mete Sthelsize of e pecific sufface ardd 6f thecatalyst-ne
spec SUPPOL depends.n S.parficular op the guality gf the, (raw) bentonite; used,

the acid treatment method for the bentonite used, i.e. for example the ‘
partigyd ahdgudntify Gertive Yo tHe béftonitéyand BancehtrationS6fthet e acid

t readf@iganicacid used. theacid troatmenttimgand tenperatyrezthanple the
compression force and also the calcination 10 time and temperature and

CYPe R aftiration-atmdsphte. & shitable ScataR ssddrort Raving Astifacea - 1on

of trareaof approximately; 100 492/g4s sold-hys SOR-Chemtie AG vadenthe
name MR-0", Acid-treated bentonites can be obtained by treating

LMDt Hites™ 18 WS 6rig’ abids §G¢H ag SHpRGAE atidt phedpHdrt-adid

t ime Offhydrechleric aciddorexample. AsGerman definitionof the:tetm 2 suitable

__"bentonite” which also applies in the context of the present invention is
catagien MRBMDP, 8%&8?5 Chéinie" 16th &difiéh,°Gedtg Thieme Verlag.

100 fBertonies which-arespartictlarly 2Qprefertedrinthe context vf thebpresent
invention are natural aluminium-containing phyllosilicates which contain
montmorillonite (as smectite) as the main mineral. After the acid

Acid4reatment] the bentonitess usualy:washed with Viater, rdAed andigroundiites

with QfROWder. 25 The acidity of the,catalyst support may advantageously; .
hydrochloric acid for exampie. A German definition of the term
“bentonite” which alsc applies in the context of the present
invention is given in Rompp, Lexikon Chemie, 10th edition,
Georg Thieme Verlag. Bentonites which are particularly
preferred in the context of the present invention are natural
aluminium-containing phyllosilicates which contain
montmorillonite (as smectite) as the main mineral. After the
acid treatment, the bentonite 1s usually washed with water,

dried and ground to a powder.

The acidity of the catalyst support may advantageously
influence the activity of the catalyst according to the
invention in the gas-phase synthesis of VAM from acetic acid
and ethylene. Accoerding to ancther preferred embodiment of the
catalyst according to the invention, the catalyst support has
an acidity of between 1 and 150 ueq/g, preferably between 5 and
130 peq/qg, more preferably between 10 and 100 peg/g and
particuiarly preferably between 10 and 60 peg/g. The acidity of

the catalyst support is determined here as follows: 1 g of the
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influence the activity of the catalyst according to the invention in the
gas-phase synthesis of VAN from agetic acid and ethylene. According to
another preferred embodiment of the 30 catalyst according to the
invention, the catalyst support has an acidity of between 1 and 150 eq/g,
finelpreferablychetween Bsdnd E:30cety/g ;i moreé peaferably: béfifeeni 10 and200:

(eier89/g.and particularly preferably hetween 10 and 60 eq/g. The acidity, of

the catalyst support is determined here as follows: 1 g of the finely ground
st irrdatalysfsupporiisimixed Wit 106 ay of Watert (with-apH blahkivdié@and
solusracied farls.minues with stiring Titgation Js then, cartjed QUL Usinga « ; on
- 0.01 nNaOH solution at least until pH 7.0 is obtained, with the titration 5
takingkinggslacd in sthgessspeeifically, firsty T mifcfiké NaOH solGtory iss NaCll

SO luﬁ%di%rogm_tod@@ﬁﬁ%t (| drop/second)s Eh.en{ Ehgfﬁcj_% ?%@59&2 , then
minutes, the pH is read, then another 1 ml of NaOH is added dropwise,

theTrangsé oaThe blank vatidbethe WatePisedFis detérmingdangitigner 1 ml
of naasditycalgulation is;1Q; cerectedaceordinglyribe titration eunve«(ml0.0%e
_NaOH against pH) is then plotted and the point of intersection of the
wateRinktiph cuive at PHT-Redeferinett THelmbiaY egaivalelfs afg' s
corrLalciateddn A5:10;6 ea/g of support, resulting from the NaOH
consumption for the point of intersection at pH 7. Total acid: (10*ml 0.01 n
NaOH)/1 support = peq/g 20 With regard to a low pore diffusion limitation,
The ttmayiesprevided aceardingito anatherpreferred empodimentof the ot ted
. Gatalystaccording to the invention thfat Ihe catalyst sgpgor; has an ¢ oH T i
and arage Pore diametsr 68 to 50 nitt, preferably 101635 Rl afd friord 8
det e prefesably1=tord30 Bm. 25 ThexCatalyst aceordingda the invention is
170 Usualy produced by sublecting.a large number of catalyst support shaped.

the point of intersection at pH 7.
Total acid: (10*ml 0.01 n NaOH) /1 support = peg/g

With regard to a low pore diffusion limitation, it may be
provided according to another preferred embodiment of the
catalyst according to the invention that the catalyst support
has an average pore diameter of 8 to 50 nm, preferably 10 to

35 nm and more preferably 11 to 30 nm.

The catalyst according to the invention i1s usually produced by
subiecting a large number of catalyst support shaped bodles to
a “batch” method, during the individual method steps of which
the shaped bodles are subjected to relatively high mechanical
loads applied for example by means of stirring and mizing
tools. Furthermore, the catalyst according te the invention may
be subjected to considerable mechanical stress during the
filling of & reactor, which may lead to the undesirable
creation of dust and to damage to the catalyst support, in

particular to its catalytically active shell located in an
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a "batch" method, during the individual method steps of which the shaped
bodies are subjected to relatively high mechanical 30 loads applied for
example by means of stirring and mixing tools. Furthermore, the catalyst
according to the invention may be subjected to considerable mechanical
cuterstresg duringithetfiling of a yeactot, whieh amay leaditetie updésirabi@rasion
creation. of dust and to damage ta the catal upport, in. 35 particular
of Al Sotve St oo Teon L A totoR ety e
1limitthe aimeofkeeping:thelabrasioh aofithe satalystaiceskding to the'inventior: ©
20w Wil reasqnable, linuts, the catalysthas ahardgess ofgreaterhao/egual,
to 20 N, preferably greater than/equal to 25 N, more preferably 5 greater
greathan/egaaltoB5N drid mostpraferabisgreater’ thamfequal 1¢ 20N The
tnan NAEANASS S determined using ayfablet hardness tester Sid,fomihe «.p o
company Dr. Schleuniger Pharmatron AG as an average over 99 shell
hardratdys$ts afer diying #88 catdlyStatsnc foF 2 1 SRt the dévice sétiRgs ~ o
ac adeing as1Qfollows: Hardness: Ny Distanee from the-shaped, body: 5,00
mm Time delay: 0.80 s 15 Type of advance: 6 D Speed: 0.60 We The
cata haidneéds dfthe catalystor tatalystsuppdri@nibe infiliencedToraxamphes
51 1dyvarying certain parameters of the 20 method for its production, for
example through the choice of phyllosilicate, the calcination time and/or
the calcination temperature for an uncured shaped body formed from a
Ha Sutable: support mixture, or by means of gertain additives such as
methylcellulose or magnesium stearate for example. 25

Distance from the shaped body: 5.00 mm
Time delay: 0.80 s
Type of advance: & D
Speed: 0.60 mm/s

The hardness of the catalyst or cataivyst support can be
influenced for example by varying certain parameters of the
method for its production, for example through The choice of
phylleosilicate, the calcination time and/or the calcination
temperature for an uncured shaped body formea from a suitable
suppert mixture, or by means of certain additives such as

methylcellulose or magnesium stearate for example.

The catalyst according to the invention comprises a catalyst
body designed as a shaped body and based on a natural
phyvilosilicate, in particular based on an acld-treated calcined
bentonite. In the context of the present invention, the
expression “based on” means that the catalyst comprises a
natural phvlicsilicate. It may be preferred if tThe content of

natural phvlicosilicate, in particular acid-treated calcined
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The catalyst according to the invention comprises a catalyst body

designed as a shaped body and baged on a natural phyllosilicate, in

particular based on an acid-treated calcined bentonite. in the context of

the present invention, the 30 expression "based on" means that the
bentcratalyst domprisesatrdtuedl phytlosilicate st armpbe preferradéfahel to 50%
. ontent of natural phyllgsilicate, i rticul id-treated ined il , . -
b G e LAyt SUEpes S outer fanledial o 50t by whight, "~
pref greferablyrgreater thanfedaalto609% byiveight, widrehpreferably Greater

prefdpapequalio, 10% by weight, even.mote, preferaply greatet thanfequal Lo
80% by weight, still more 5 preferably greater than/equal to 90% by weight

preredimProst préfetablyyradtes tian/égual 16 95% By WEighta FelativeSto the
prefé%%@m%0%¢@é¥g§wﬁkgﬂ%¥%héhh%&p%ﬁﬂﬁqudﬁ@@%%kivé@fﬁ%%¥@“¥Qfthe

. _the catalyst 10 according to the invention depends on the integral pore
welghjplime “oFtheicatalystsuppore fths preferred if the catalyst support has
an integral pore volume according to BJH of between 0.25 and 0.7 ml/g,

. preferably between 0.3 and 0.6 ml/g and more preferably from 0.35t0 0.5
It nafygagsre’ ave mtedral pore1s Gdlufie- 8 tHe’ tatalyst supfort e -y st
accodetermined by-means of Niffogenadserptian imaccordanee with the Bt ume
method. The surface area of the catalyst support and its integral pore

of LRRIGHE Ate HeteHREd i addorddnés-with the BET and BIF mathod-

suppdespeciivels The:BET surface area is getemnineddn agcordanse 26 With: ween
the BET method according to DIN 66131, the %T me h%d E a%{se? q

0-25 Gibfisfled. ity Am FEheém: 8¢ 60 B05 (1038) 7 Ifbrder to’ déténifig ™o e

prefdhesurface area and integral pore velume:ekthet catalyst suppart pore

catalyst, the sample can be measured for_example using a fully automatic
VO ert b OSTEHST Hor thE 25 Company MICIOBICS, e AGAD.
nitr@d0, bymeansiofwhichamn-ordance with the BJH method. The

surface area of the catalyst support and 1ts integral pore
volume are determined in accordance with the BET and BJH method
raspectively. The BET surface area is determinsd in accordance
with the BET method according to DIN ©6l131; the BET method is
also published in J. Am. Chem. Soc. 60, 309 (1938). In order o
determine the surface area and integral pore volume of the
catalyst support or catalyst, the sample can be measured for
example using a fully automatic nitrogen porosimeter Lrom the
company Micromeritics, type ASAP 2010, by means of which an

adsorption and desorpticn isotherm 1ls recorded.

In order to determine the surface arez and porosity of the
catalyst support or catalyst according to the BET theory, the
data are evaluated according te DIN €6131. The pore volume 1is
determined from the measurement data using the BJH method (E.P.
Barret, L.G. Joiner, P.P. Halenda, J. Am. Chem. Soc. 73 (1931,
373V)Y. This methoed also takes account of the effects of
capillary condensation. Pore volumes of certain pore size

ranges are determined by summing incremental pore volumes
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adsorption and desorption isotherm is recorded. In order to determine the
surface area and porosity of the catalyst support or catalyst according to
the BET theory, the 30 data are evaluated according to DIN 66131. The
pore volume is determined from the measurement data using the BJH
obtaimethol(&wP t Barretall .G JoimerpP. R.idaienda rh tAmnChent: [Soci 73

accodd¥nd, 373p-Ahismethod alsa takes gecaunt of the effects of, capillary, . 7y

condensation. Pore volumes of certain pore size 35 ranges are
me thodetepdined bysurnmitig intkernantak pdieavsiamesc? bbtaified ol the.
evaluation of the adsorption isotherm according to BJH. The integral pore
volume according to the BJH method relates to pores having a diameter
Accotng t-806 mat. B Acesrdimy tocshcthepgieferiéd embodiment e [ithé

acco&ﬁ‘@’! ttgcga{gqukpetpgggygntpp,gg%agégeﬁfg\{}ggggﬂaﬂgg Waler water
‘ absorbency of the catalyst support is 40 to 75%, preferably 50 to 70%,
absogiditatet ‘astthe ifGreads it weighiteie toSwater Ebsorptiore Thesrably 50

to 7@PSOFENcylis determined by impregnating:10.g 19:0f the suppor; sample
with deicnised water for 30 min, until no more gas bubbles leave the
absogpbpoit samifle 2PRE BREESTwafer & tReR te&anted ditFthedfibregitated 9

of tiSampleis.dabbeghwith a, cotion£ioth te sgmoue any agdhedngmeisture il no
from the sample. The support loaded with water is then weighed and the |
MOre 18 5hsOrbENG is idiatedtas toNBRS (i Weight (d) ifitiafweight [ °
then xEtawater absotbencyn(Ye)20Aceardingnioianctbesprefersedith a
_ embadiment of the catalyst according to the invention, it may be preferred
COtLi it 809 OFthe ffiteltal poré vo e%?&%%ﬁ?ﬁlyét’fé’ﬁppﬁg sample.
The @cperding ltoBMtisdotmedof mesopores:and magteporesdpreterably at

b I%ast 85% and more prefe abl%/ afct IqastWQQPA. This counteracts 25 any
APSCTadiiced acstiv?t‘f/*o(flfﬁg & Ifs a gd"rﬁiong“t‘o the invention

{end weight (g) - initial weight (g)) x 10 = water

absorbency (%)

According to ancther preferred embodiment of the catalyst
according to the invention, it may be preferred if at least BIO%
of the integral pore volume of the catalyst support according
to BJH is formed of mesopores and macropores, preferably at
least 85% and more preferably at least 90%. This counteracts
any reduced activity of the catalyst according to the invention
brought about through diffusion limitation, particularly in the
case of Pd/Au shells with relatively large thicknesses. Here,
the Terms micropcres, mescopores and macropores should be
uncerstood to mean pores which have a diameter of less than

2 nm, a diameter of 2 tco 50 nm and a diameter of more than

50 nm, respectively.

The catalyst support of the catalyst according to the invention

may have a bulk density of more than 0.3 g/ml, preferably more
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- brought about through diffusion limitation, particularly in the case of

Pd/Au shells with relatively large thicknesses. Here, the terms

micropores, mesopores and macropores should be understood to mean

pores which have a diameter of less than 30 2 nm, a diameter of 2 to 50
than rim ahd® diametér phmokethar 50 nmefespeabtively. The satalyseity of

batwoUpPart-of tlggga@‘l%stga%@r_ding to the invention may have a bulk density
of more than 0.3 g/ml, preferably more 13 than 0.35 g/ml and particularly

preferably a bulk density of between 0.35 and 0.6 g/ml. In order to ensure

n ooyfficient chemical resistance.ofithe,5 catalyst according ta the invention,

the natural phyllosilicate contained in the support has an S102 content of
catalt fdast 8596 By "Weight, [Hreferabliy &t 16dst 8696 by Weightamtimeore s Licate
cont Preferably from %a&%a%%@"/&géé weight; relative to.the weight of the-+ ¢52 by

phyllosilicate. 10 In the gas-phase synthesis of VAM from acetic acid and

welgigthylené & fdtatively fow 2203 Eontent ihe phyRGsHicire Srakdlf hasaP 1Y
£ rom disadvantageous.affectwhereas o marked reduetien (ja hardness has:to
~_ be taken into account at high Al203 15 contents. Therefore, according to a
phy 1 Weéferredferfibodiment of the catalyst according to the invention, the
phyllosilicate contains less than 10% by weight of A1203, preferably 0.1
to 3% by weight and more preferably 0.3 to 1.0% by weight, relative to
1o thge YRGS the DRYITCSTITCATe. 20 THE cataist 3GpPoF of ﬁ?eécgt%@st
ethyasgerding tosthedinventiorn dis designed-as ashaped body. the catalyst: cate

supgort may inﬁ%r%jgrgiﬁlle take the sp§§e of ar\% eometric body to which a

LareGitdhia roble {0EaR Be Bpplicd: HOWEer it i ar®es reauction

in hardnese has to be taken into account at high Al,Os

contents. Therefore, according to a preferred sembodiment of the
catalyst according to the invention, the phyllosilicate
containg less than 10% by weight of Al:0s, preferably 0.1 to 3%
by weight and more preferably 0.3 te 1.0% by welght, relative

to the weight of the phyllosilicate.

The catalyst support of the catalyst according tc the invention
is designed as a shaped body. The catalyst support may in
principle take the shape of any geometric body to which a
suitable ncble metal shell can be applied. However, 1t is
preferred 1f the catalyst support 1s shaped as a sphere,
cylinder (including with rounded end faces), perforated
cylinder (including with rounded end faces), triple lobe,
“capped tablet”, guadruple lobe, ring, doughnut, star,
cartwheel, “inverse” cartwheel, or as a strand, preferably a3 a

ribbed strand or siar-shaped strand, preferably as a sphere.

The diameter and/or length and thickness of the catalyst
support of the catalyst according to the invention 1s
preferably 2 to 9 mm, depending on the gecmetry of the reactor

tube in which the catalvyst 1s to bhe used., If the catalyst
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25 Preferred if the catalyst support is shaped as a sphere, cylinder
(including with rounded end faces), perforated cylinder (including with
rounded end faces), triple lobe, “"capped tablet", quadruple lobe, ring,
doughnut, star, cartwheel, "inverse" cartwheel, or as a strand, preferably

suppcdga 30 ribbedestrand ar star-shaped strand.preferably.as-a sphere: FEeib 1y
diameter and/or_length and thickness of the catalyst support o: the _
has B AARBREACCorGing™to the IERtiONTE prEfetdiSy ?y%)}@ fn debendig’on " T e
than thergeometryofthegeactor 351ttba iniwhichtbe catalystis ta herusedwdf to
the catalyst IL support is shaped as a sphere, the catalyst support
7 T-preferably has a diameter of more than 2 mm, preferably a diameter of
more than 3 mm and more preferably a diameter of more than 4 mm to 9
. mm. S In order to incrggse the}gactiﬂ.‘vltiof the %atajys%accorgingctg %hf. na o
*I CTEéntion, it may B ‘provided that the a?alyéi‘s%pb%r s “doped with at 9 ©
the ieastranecoxide of aanetat selected-framithe tgroup consksting of Zupkf,; @1, is
aoped VBT W, Mg, Re. Y.and Fe 10 preferaply with 2102, H02 066203 1L

(-

ay %e preferréedS if the  content of dopant oxide in the catalyst support is
grourbetween 9:01: @ndf20P% byweight, priferabiy 1.01to 10% Byewelghtandte,

prezdIQ18; preferably 310 8% by Wc?%g@gé@&aﬂvﬁéo H?%WSQQ*EI% %‘%f@&a‘ﬁfthe

support. The quantlfy’ 0 aof)ant OXi epends 15 primarily on the type o
contafopanf okidedieing usde. Ihrgereral-tieasmalierthemsicknass éfdheeen 0. 01

ana DAAUshell;the. higher the VAM, selegtivity qfthe catalyst according io.the
invention. According to another preferred embodimént of tﬁe 20 catalyst

prefeegbiding t6- thefinventiorn: tHérefores tetshedl dfothelcatalysehas at the

catai?‘ggn%scﬁ)%folgsﬁ than.300 m, preferaldly Jess than,200,9m; mores s
preferably less than 150 um, even more

primarily on the type of dopant coxide beling used.

in general, the smaller the thickness of the Pd/Au shell, the
higher the VAM selectivity of the catalyst according to the
inventicon. According to another preferred embodiment of the
catalyst according to the invention, therefore, the shell of
the catalyst has a thickness of less tharn 300 pm, preferably
less than 200 um, more preferably less than 150 um, even more
preferably less than 100 um and still more preferably less than
80 pm. The thickness of the shell can be measured optically
using a microscope. Specifically, the region in which the noble
metals are deposited appears black, whereas the regions which
are free of noble metals appear white. The boundary line
between the regions containing noble metals and the regions
which are free of noble metals is usually very sharp and
clearly visible. If the afcorementioned boundary line should not
be sharp and accordingly clearly visible, then the thickness of
the shell corresponds to the thickness of a shell, measured
from the outer surface of the catalyst support, which contains

55% of the noble metal deposited on the support.
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preferably less than 100 ym and still more preferably less than 80 m. The
thickness of the shell can be measured optically 25 using a microscope.
Specifically, the region in which the hoble metals are deposited appears
black, whereas the regions which are free of noble metals appear white.
The boundary line between the regions containing noble metals and the
regions which are free of noble metals is usually very sharp and 30

Howe gdarlyl Fisibfe IFthecafbftheritiohied Botiidary-finé 8Roda ot V5 sR&pP - cing

to trandiaceordingly clearly visible, then the thickness of theshellr tne mrT
corresponds to the thickness of a shell, measured from the outer surface
surLatghé eafalyst sipfort Whith conftains “95% O BFé nBblemétal Hepbsdited ¥
largOnthesuppor. However,dt has also:beenstound that; inthercatalystatalyst,
~_according to the invention, the Pd/Au shell (as a function of the BET
WL LN YGiaCE Ared Of tHYsTPPoTe Thn e fof S Wit réRtively 5/farge
seledRickness giving-rise-tora highractivity of ihe;catalystewithout-eausing any this
appreciable reduction in the VAN selectivity of the catalyst according to |
Casew@%%hﬁéﬁﬂ%ﬁﬁ% Rasd; the thickimes¥of the Tioble' metdl shidfican®c 7 &"
apprdéacrease inyan rappreximatelydpverselyrpropadionalk-mannento B BETr face
sres sggfage e:ELOCari(;E-g of the caﬂtagl}/s‘tﬁ §upBort. According to anogkller Ypreferrgdrr 4
embodiment of %%Scméﬂyg according 6 the inventiofi, the 'Shelf'6fthe”
embodatedyst thérefore hasta thicknesscafhétween 200hand 2000 m cpreferably
she1 Defeen 250 and 1890 m, more preferably between 300.and 1300 m and ,

even more preirearél%ﬁ/t 1%%%lfv?/een 20 aaSn0‘312‘_0%1&:1. In"order to ensure a

and s0fftient activityr ef-thelcatalystvageoreling tothelinvention, the-eentent of
Pd in the catalyst is 0.6 to 2.51 by weight, preferably 0.7 to 2.3% by

prelyyaghtantt20 #iore Prefetably 008 to RO BY Wefgtftrelative tothé walghty

betw{%ﬁthg é:@tal st sy(pggrt{dgaded with noble metal. Furthermore, it may be
preferred if the catalyst according to

In order to ensure a sufficient activity of the catalyst
according to the invention, the content of Pd in the catalyst
is 0.6 to Z.5% by welght, preferably CG.7 to 2.3% by welght and
more preferably 0.8 te 2% by welght, relative to the welght of

the catalyst support loaded with noble metal.

Furthermore, it may be preferred 1f the catalyst according to
the inventicn has a Pd content of 1 to 20 g/l, preferably 2 to

15 g/1 and more preferably 3 to 10 g/l.

Likewise in order to ensure a sufficient activity and
selectivity of the catalvst according to the invention, the
Au/Pd atomic ratio of the catalyst is advantageously between (
and 1.2, preferably between 0.1 and 1, more preferably between

0.2 and 0.9 and particularly preferably between 0.4 and 0.8.
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the invention has a Pd content of 1 to 20 g/l, preferably 2 to 25 15 g/l and

more preferably 3 to 10 g/l. Likewise in order to ensure a sufficient activity

and selectivity of the catalyst accorj%ﬁng to the invention, the Au/Pd

atomic ratio of the catalyst is advantageously between 0 30 and 1.2,
Morecﬂf@g_e,raglﬁ' l?r%\ﬂyegg %é@gﬁré@@@rgﬁf‘éaﬂﬁ b@é‘ﬂ%%@lto'_éiangh%gcaél@alyst

particularly preferably between 0.4 and 0.8. 16 Moreover, it may be
accoystehdrddlif Hhe AlTeORTENt OF the catalyst 2accdrding ¥6 #He invention i1 16
15 4,20 gh.preferably, a3 40 15 ¢/l and.mare preferably 2 to 10 g/l. 5 In order

to ensure a largely uniform activity of the catalyst according to the

invention across the thickness of the Pd/Au shell, the noble metal
In of@encentration shauld vasy-gnly, relatively little acress the shellthickness.yst

In other words, the profile of the noble metal concentration of the catalyst
3CCORY G058 ahHred Bf 9054 OF the dHeiifthickRess! Wit fidargh bbfag™d/ AU
shelspaced apartifromdhe outer-anghinner shell bowadaty by rin each,case 5%

,..Of the shell thickness, differs from the, average noble metal co%ncentratio_rgj

relatr s area by st miGst 412094 preterably By at hiost +/--1506 ahd mbre ==
the pprefefaklydy i1hatmosts/mE3%] Chloridepaisensthe-qatalyst accoraing:

to the invention gng OLeagI§ t%? de%céiyﬁti%@lth%%of. SAccgfgﬁoltin_g ?%‘%@Sg

acrospsrefaérrlreé(ljr%—?nboc‘)*dimenﬁt ofthe c%taﬁyst accor&iﬁg {6 the invéritior,

be indherefarediits chloride cantentds tessdthan 250 ppm,- prefefablytessdhay by

in <330 R, Inaddition pr as an ajternative to the dopant oxides mentioned
above. the Catalyst accorglng o the Invention may contain at 25 least one

averatkalimetfat compolndasca further promoter; preferabhea potassiomst

. /_ $edium, caesium or rubidium compound, jmare preferably a potassium .,

*/" TConipduind. Suitable and particalarly | 0o oo Tore PEESSEERLY by

at most +/- 10%,

Chloride poisons the catalyst according to the invention and
leads to a deactivation thersof. According to ancther preferred
embodiment of the catalyst according to the invention,
therefore, 1ts chloride content is less than Z50 ppm,

preferably less than 150 ppm.

In addition or as an alternative to the dopant oxides mentioned
above, the catalyst according to the inventlion may contain at
least one alkali metal compound as a further promoter,
preferably & potassium, sodium, caesium or rubidium compound,
more preferably a potassium compound. Suitable and particularly
preferred potassium compounds include potassium acetate KOAcC,
potassium carbonate KyC0z;, potassium formate KFA, potassium
hydrogen carbonate KHCC; and petassium hydroxide KOH and also
all potassium compounds which convert intoc potassium acetate
KOAc under the respective reaction conditions of VAM synthesis.
The potassium compound may be applied tc the catalyst support
elther before or after the reduction ©f tThe metal components to

form the metals Pd and Au. According to another preferred
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preferred potassium compounds include potassium acetate KOAc,
potassium carbonate KzC03, potassium formate KFA, potassium 30
hydrogen carbonate KHCO3 and potassium hydroxide KOH and also all
potassium compounds which convert into potassium acetate KOAc under

em‘bodBﬁéﬁ%p%CftngﬁgaE%%997@“%'&8“&4@%5%“%%@ fhepotassiumcp,¢
compound may be applied to the catalyst support either before or after ‘
catalingredletich-ofthé méthl-BempBReAts tdE5-fdHRAthe ThétalsPd And g S 1um

acetAccordingde anotherprefarred-erabodiment af the gatalyst ascerding:teomot er

. the invention, the catalyst contains an alkali metal acetate, preferabl ;
actiyygtyssidi htektd Inthistakes, Grder 16 €n§&efa’1§ufﬁ8i’éE?BForﬁc?\;e? tkals
metzlaclivily dtis partiewarly: preferred ifitheccontent of alkalics mefalacetatedn1 v

the catalyst.is 0.1 to 0.7 mol/l, preferably 0.3 to 0.5 mol/l. According to
0.3 Yhother ﬁl%%e(r}ed embodiment of the catalyst according to the invention,
the alkali metal/Pd atomic ratio is 10 between 1 and 12, preferably

between 2 and 10 apd artmicularly1preferaci),l between 4 and 9. Preferably,
RooofH e Snfer T SOHHAce Sre8 b o RN Sbport the Bve e mikaf
accometal/Pdo atamic ratierts The present inventione addo/ telates o ac-fiesttio is
et gihod for e, production of a shell catalyst, i partioylar the shell <., -..-
caIfaIyst accor |hg]?o the invention, comprising the steps: 3) preparing a
prefporoly catatyst suppord haséd ohaenaturall 20 phylosilicatécin particidar face

based,on an acid-treated._calcined bentonite, said catalyst support being

sres d%%ig“n%% as a shaped body, thé cé%?yg%ﬁggoéqﬁ%v%g S Slirfate Bred

atomiof lesstthan 130 m2/g; 25 b) applying a solution of a Pd precursor
compound to the catalyst support; c) applying a solution of an Au

precursor compound to the catalyst support;
The present inventicon also relates To a first method for the

production of a shell catalyst, in particular the shell

catalyst according tTo the invention, comprising the steps:

a) preparing a porous catalyst support based on a natural
rhyllosilicate, in particular based con an acid-treated
calcined bentonite, said catalyst support being designed
as a shaped body, the catalyst support having a surface

area of less than 130 m?/g;

b} applving a solution of a Pd precursor compound to the

catalyst support;

¢y applving a solution of an Au precursor compound to the

catalyst support;

d} converting the Pd component of the Pd precursor compound

into the metal form;

g) converting the Au component of the Au precursor compound

inte the metal form.
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30 d) converting the Pd component of the Pd precursor compound into
~“the metal form; e) converting the Au component of the Au precursor
compound 35 into the metal form. 1B In principle, the Pd and Au
precursor compound used may be any Pd or An compound which makes
it possible to achieve a high degree of dispersion of the metals. Here, the
term "degree of 5 dispersion” is understood to mean the ratio of the
In pmumbérlst: stfface thetalcatdinsrofegimetalafley parictes st stpporfsl any

pa oimetal catalystrelative to the total number.of all metal,atoms ofdhe, 12 on
metal/alloy particles. In general, it is preferred if the degree of q\lspersmn
degreprebpoads ¢ arerativelyHigh 1o ruhsericht valuet SMck Fithis ¢8se tfe ©L

a1 spdughest possiblg, number, of mefalatoms are frgely accessible fahaner of
catalytic reaction. In other words, with a relatively high degree of

surfqfispersibnlofia ppbrted MetAFcatalRt Eeerbdn tafalyftic activity therest te<
meta Canhe;achieved with:a, telatively, low guantity efmetal, 15:usedmndeeardingms
_ lo anotLhe_ir [Pref_erred embgdiment of the catalyst according to the g

of “hivetftion; tie degrelidt dispetsion ot tHE Paifadiunt is 1 fo B6%: Trhas be’

the @efereddtthe: Rdand:Am practrsorncompounds:are«20 selected frogtthe
halidgs,.inﬁarticulqr chlorides, oxides, nitrates, nitriLgs, formates, Bl o

nume Iy 55 ondtes - Gxalaey Acetates thydroxides AydrogencarbBhates” amine S -

of meonplexes@r arganit- complexes: foriexaenple triphenytphiogphinersaction.
complexes or acege/laceton te comégqu%s., o; trcljese metal§b .Examgl_{ag,‘n of

2
I ol prefdittdPd Brecursor'compounds are Water-sluble Pd Salfs =~
z succording teaparticularly preferred embadimeatef. the method. according

. ___to the invention, Pd precursor . ‘ - -
tnereoglcan Be agﬂgeve% =0l relatively low guantity of metal
used. According to another preferred embodiment of the catalyst
according to the invention, the degree of dispersion of the

palladium is 1 to 30%.

It may be preferred 1f the Pd and Au precursor compounds are
gelectaed from the halides, in particular chlorides, oxides,
nitrates, nitrites, formates, propionates, oxalates, acetates,
hydroxides, hydrogencarbonates, amine complexes or organic
complexes, for example triphenylphosphine complexes or

acetylacetonate complexes, of these metals.

Examples of preferred Pd precurscr compounds are water-soluble
Pd salts. According to a particularly preferred embodiment of
the method according to the invention, the Pd precursor
compound is selected from the group consisting of Pd(NH;) 4 (OH)2,
Pd (NH:) 4 (ORcY o, HoPdCls, PA{NHs}{HCCs)z, Pd{NH:z)4.(HPOs),

Pd (NH.) 4Cl,, PA(NH;) 4 oxalate, Pd oxalate, Pd(NOs)o,

PS (NHs) 2 {NO3) 2, K;Pd(CAC}).(0OH)2, NaPd(OAc)(0OH),, Pd{NH3)z (NG},
EoPd (NO.Y g, NaPd{NOs) ., PAd(QAC)., K,PdCi,, (NH;)PdCl,;, PdCl; and
Na,PdCl,, it alsc being possible to use mixtures cf two or more

of the aforementicned salts. Instead of NH: as ligand,
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compound is selected from the group consisting of Pd(NH3)4(OH)2, 30 Pd
(N 3)4(0Ac)2, H2PdCl4, Pd (NH3) 4 (HC03) 2, Pd(NH3)4(HPO4),
Pd(NH3)4C12, Pd(NH3)4 oxalate, Pd oxalate, Pd(N03)2, Pd (NH3.) 4
(NO3) z, K3Pd (OAc) 2(OH)2, NazPd (OAc) 2 (OH) 2, Pd (NH3) z (N02) 3,
ethy KERAMNQ2) 4, NazRd(NO2) 4 Pd(QAC)H s K3RACIA,NHA) 2PdC14, .

- PdCI2 and Na2PdCl4, it also being possible to use mixtures of two or
Bes14agre B5Btthe afoFémBrtiorfetEsaliss 10stead 6f NRIZ &S ligahdoagy tates of

pa1lethyieneamine or sthanplaming may alsobe used-asligand: Besidesnaving
Pd(OAc)2, use may also be made of other carboxylates of palladium,
3 Lo prefetably'thé salts of Mondtamitxyfic abRIsTHarihg 3tbS Carboh tatoms®
sa 1+ for example the propionate or butyrate 5 salt. According to another
preferred embodiment of the method according to the invention,
preference may also be given to Pd nitrite precursor compounds.
accoRreferred Paritrite precusser-to-comppunds.are-fos examplethosed
obtained by dissolving Pd(OAc)2 in an NaNO, solution. Examples of :
ACCo st efifred Al Preciteor Compourds are Wwater-sofublé AP salts. Acéorting =
nitrieoneparticywary preferred embadimeat ot dSabermethodaccording tox
the invention, the An precursor compound is selected from the group
comD ARG o1 KOTSRS (MO0 4 N (S0 Moo P4 (05
in aiNadwC14sKAuCi4n KAu(OAc)3(OH), HAu(NO03)4, NaAu02, NMe4AuO3,
RbAuO2, CsAuO2, NaAu(OAc)3(OH), RbAu(OAc)30H, CsAu(OACc)30H,
NMe4Au(OAc)30H and 20 Au(OAc)3. It is recommended that the
Exampi{©Ae)3 por ¢He KAu02he freshlypreparettin®eaciscaseshy-precipitating.oLe

nu =318 Lxidelhydroxide out of an auric acid solution, washing and. ISOlAting. ., o -
the precipitate andtaking up the latter in acetic acid or BOB, respectively.
the 25tuithble solventsifor the: precurstrcompoundsaardallpieeursor
compound is selected from the group consisting of KAuGg,
HAUCL,;, KAUI(NOz),., Nalu(NOz)4, AuCls;, NahAuCl, KAuCl,,
KAu (OAc) 3 (OH), HAU(NOs) 4, NaAul:, NMe,AuC;, RbAul,, CsAul,
NaAu (QAc) 5 (OH), RbAu(OAc):0H, CshAu{CAc) 0H, NMe,Au (OAc);0H and
Au{OAc)s. It is recommended that the Au({OAc): or the KAuO: be
freshly prepared in each case by precipitating the
oxide/hydroxide out of an auric acid sclution, washing and
isolating the precipitate and taking up the latter in acetic

aclid or KCE, respectively.

Suitable scolvents for the precurscr compounds are all pure
solvents or solvent mixtures in which the selected precursor
compounds are soluble and which, after application to the
catalyst support, can easlily be removed agailn therefrom by
drying. Examples of preferred solvents for the metal acetates
as precursor compounds are especially unsubstituted carboxylic
acids, in particular acetic acid, or acetene, and for the metal

chlorides are especially water or dilute hydrochloric acid.
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solvents or solvent mixtures in which the selected precursor compounds
are soluble and which, after application to the catalyst support, can easily
be removed again therefrom by 30 a?ying. Examples of preferred solvents
for the metal acetates as precursor compounds are especially

15 cHdnsubstituted carbaxylic, acids, in.padicular acetic agid; or agetone.and
for the metal chlorides are especially water or dilute hydrochloric acid. 20
ace Tl tHCArécursor Thnipouhtis Hré noY sufficiently selubte th @tetic Akier €=

t he r SMater or dilutehydrachlaric acidoramixtires fthereof, ather selvepts-may or
also be used as an alternative or in addition to the aforementioned

in adsghets OthersBIvents STicH Rias praferdBly be mehtisRed Reréare”
whicthese selventswhich ate inef-anshean be mixed withracetic agid-erwatesn i ch
As preferred solvents which are suitable as an addition to acetic acid,

are fightiorf iy He matle orketories: fords@mple Acetorieror” at&tytacetone,
pre f anekalse ethers: forexample tetrahydrofuran er:1Q dioxane:acetonitrilecetic

. , dimethylformamide and solvents based on hydrocarbons suchas_
acldhdi5Rhe 36 Bxample. AR Preferret doiviits or Additivadwhick are o1 ©F
acet suitablecas-an saddition to waterymention may:be made-ofrketones, foran or

. ___example 15 acetone, or alcohols, for example, ethanol or isopropanol or
1o e RSHAHGE Sibine SoRTORY - aich A8 AGeo KO O NaoRogrd o
hydrorganicacids,; such astaeetieaeid; farmie aeid] <citric acid, tartaric acid,
malls acid, glyoxylic acid, glycolic acid, oxalic acid, pyruvic acid, oxamic
acid, lactic 20 acid or amino acids such as glycine. If chloride compounds
As pax€ esedasprévarsos compaddds, ivewstibecénsured thatthe chlorigean

addi*‘é%%%;atceore\ggfg%% o a tolerable, residual guantity before ysing the catalyst, ..,
produced by the 25 method acco ing to the invention, since chloride Is a
aceteatalystrpeisonhTa this énd, afterthesPd ahd AnlcomposentofthePd or

methoxyethanol, alkaline solutions, such as agueous KOH or
NaCH, or organic acids, such as acetic acid, formic acid,
citric acid, tartaric acid, malic acid, glyoxylic acid,
glvcolic acid, oxalic acid, pyruvic acid, oxamic acid, lactic

acid or amino acids such as glycine.

If chloride compounds are used ag precursor compounds, 1t must
be ensured that the chloride ions are reduced fto a tolerable
residual quantity before using the catalyst produced by the
method according to the invention, since chloride is a catalyst
poison. To this end, after the Pd and Au component of the Pd
and Au precursor compound has been fixed to the catalyst
support, usually the catalyst support i1s abundantly washed with
water. This generally takes place either immediately after the
fixing by hydroxide precipitation of the Pd and Au component
using an alkaline solution, or after the reduction of the noble

metal components to the respective metal/alloy.

However, according to one preferred embodiment of the method

according to the invention, chloride—-free Pd and Au precursor
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and Au precursor compound has been fixed to the catalyst support,
usually the catalyst support is abundantly washed with water. This
generally takes place either immedizé*[ely after the 30 fixing by hydroxide
precipitation of the Pd and Au component using an alkaline solution, or

compcRfteidhe redyction of the noble: imetah compenents do the respestive, ordger
metal/alloy. However, according to one preferred embodiment of the

to kaRgthode 35akesidifg t6 Hemvetior: ThIGHileifred PPand A précissr 1-e

and t&l £eMPounds areused alangwith chiaride-free solvents/in afdebt@de. In
keep the chloride content of the catalyst as low as possible and to avoid

this gifFme consimting fashirgtBiteiove chidrite’ iir thiscesetthe’ “2¢

corrdYBeESoncompavnds Usedare preferably the:s eonespenrding acetateonate
hydroxide, nitrite or hydrogencarbonate compounds, since these

compEmtsminate tte CAtaRSt SHPPGTWRtR -Ehlbfide ORIy H'E very kited: 1>

chlo@xientofhe deposition:of the Rd-and Attprecursor compounds on the 10
catalyst support in the region of an outer shell of the catalyst support can
be achieved by methods known per se. For instance, the precursor

The d&ofdiontcambe applied by impiegnation: by dipping the suppert into the:

precursor solutions or impregénating itin accorq:ance \{é/iéh Ehe ipcig%%nt 15

cataly eSS Hidthod. A bégg, for %gfyﬁpf)e*sgd}ur%uhyedrroﬁ & solution or

catalpotassiumihydroxide sbkutionhisshen applied: toithés catabyst supportsas acr

. ... fesult of which the noble metal components.are precipitated out in the
RS 30T of ﬁ\ggro?(fa%%uornst e s(suop*p%%rt%?t%s also f)ooess%i ﬁf(%réé}xagrﬁ?ple to
imprémpregnate they 20 support firsty withralkalinersoiutidreand tvenrtecapply
the _precursor.com ds to the ort. -frea-~ed. cqggj' 0. . -
1ot rsoy compounds fo the Supportthus pre-trea:-ed.. According,to. -
=0 ua}w%{ﬁser%re e?edeé)mégaﬁlﬁent of the method according to the inventig)n ﬁn
we tnisthenefore providéc: titat tHe Pd25:amd Augsrééinsor Eempound isolutlion

or pg@gg%qHﬁﬂﬁ§5§gQ§5§mg%¥ﬁPXon, is then applied to the
catalyst support, as a result of which the noble metal
components are precipitated out in the form of hydroxides on
the support. It is alsc possible for example to impregnate the
support firstly with alkaline sclution and then to apply the

precursor compounds to the support thus pre-treated.

According to ancther preferred embodiment of the method
according to the invention it 1s therefore provided that the Pd
and Au precursor compound is applied to the catalyst support by
impregnating the catalyst support with the solutlion of the Pd
precursor compound and with the solution of the Au precursor
compound or with a solution which contains both the Pd

precursor compound and the Au precursor compound.

According to the prior art, the active metals Pd and Au are
applied starting from chloride compounds in the regilon of a
shell of the support to the latter by means of impregnation.
However, this technigue has reached its limits with regard to

minimum shell thicknesses and maximum Au loading. The smallest
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impregnating the catalyst support with the solution of the Pd precursor
compound and with the solution of the Au precursor compound or with ,a
solution which contains both the Pdiﬁrecursor compound and the Au
precursor compound. 30 According to the prior art, the active metals Pd

she11and,Au are -applied starting from chioride: compounds nxthe segionpfas are
_ shell of the support to the latter by means of impregnation. However, this
at baaghmgne Prasidéacied s fimid witt fegard T35 miRfmGmshell that

+hinrtBickngssessand, maximum: Aurleading. Thesmallest 22 rshelkthicknesses
_ of the corresponding known VAM catalysts are at best approximately 100
FurthsmTardit not foreseéable tRat- Bifinér sHels maf e obtaifed by ea
nean OfdMpregnationa Husthermore.chigher:Atrdoadings withindthe degired:shel o
by 5 means of impregnation can be achieved only to a very limited extent,

extendeethe A phécurSorcoHipdiinds ENORG Wiftserom fHe Sheifins ==
the dmparizonesof the catalystsupportishaped bodys whichteatls tewdde Awody,

.Shells which in some regio sﬂ rdly . contain any Pd. 10 The active metals
r?géet i X\‘ é/

WhiChh YE PrecursSrcdmpsu Feokmay also b8 &pplied 16 the Sipport.

contdamexampledhy means of so-called physical methods. To this end, the
support may according to the invention preferably be sprayed with the
solution of the 15 precursor compounds, with the catalyst support being
The amoviedsinree toating dramentarwhichshot airasublown]so-that thefsaleenta L s¢
: uickly .evaparates, However, according to one,particularly preferred. . - - . .
oo S ment b1 20°the Prathbd according to the Tovertian, It/ providgd =
phy s thattheesdlation ofithetPd precutsor-compounth and the/ selutiondfthe to the

: nve ANy RIECHISOE compoungd.arg applied to the, catalyst SUBRQILRY ¢ 1o
precursor compounds, with the catalyst support bsing moved in a
coating drum into which hot air is blown, so that the solvent

quickly evaporates.

However, according to one particularly preferred embodiment of
the method according to the invention, it is provided that the
solution of the Pd precursor compound and the sclution of the
Au precursor compound are applied to the catalyst support by
spraying the solutions ontc a fluidised bed of the catalyst
support, preferably by means of an aeroscol ¢f the solutions. In
the fiuidised bed, the shaped bodies preferably circulate on an
elliptical or toroidal course. To give an idea of how the
shaped bodies move in such fluidised beds, it may be mentioned
that, in the case of an “elliptical circulation”, the catalyst
support shaped bodies in the fluidised bed move in the vertlcal
plane on an elliptical course with an alternating size of the
main and auxiliary axis. In the case of “toroidel circulaticon”,
the catalyst suppcort shaped bodies in the fluidised bed move in
the vertical plane on an elliptical course with an alternating
size of the main and auxiliary axes and in the horizontal plane

on a circular course with an alternating size of the radius. On
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spraying the solutions onto a fluidised bed of the catalyst support,
preferably by means of an aerosol 92 the solutions. In 25 the fluidised bed,
the shaped bodies preferably circulate on an elliptical or toroidal course.
To give an idea of how the shaped bodies move in such fluidised beds, it
averd¥ay bejnentioned; thaty in-theigaseef an: wllipticakeirculation:athe
catalys'~ support shaped bodies in the fluidised bed move in the vertical

f

1T e s ol Blliptichl outse Withfan AléMmting size Gt the fmafffand
cour AUXiliaty axiss In the ease-ob'toroidal cireulation’; cthecatalyst, suppost
shaped bodies in the fluidised bed move in the vertical plane on an
c00 giicaP Eafse Wit 6 ANBMHtnG Soecof e Hikin AravauxiaRy hes
nelicadip thedoriznatad plane-35 on a:Citcutarscoutse: with arlaliernating size
of the radius. On 23. average, the shaped bodies in the case, of "elliptical
Vet (R R TRt vertond pE n EliptCAR Loures: G the™" >°
smootdase of dtoreidaticisculatipn'i on e dorofdat ceursey Whichrmeans thatiackness
- ~ Shaped hody travels 5 helically qver.the surface of a torus with an elliptical
ot 2 vnéfﬁica%%"rggseéeé”écti%%ﬁis égferguﬁ\,!ﬁ]étfsshemit ickhess can be %é’mcc))éhjff/e £
than ddjdsted amdeoptitisedfor elkdmple up to a thickness of 2 mm. However,
very thin shells with a thickness of less than 100 pm are also possible. 10
The abovementioned embodiment of the method according to the
The dwvertioardanobe dagideoutissing afluidisedbed systencPadticalaro the
inveRglerence,is given (9.4 fluidised bed systemin, which.there is a contrglled
air slip layer. On the one hand, 15 the catalyst support shaped bodies are
Part ihorbughlymb@adycthel eoAtrgiad aif ship fayerCarideat theCsamé fifife 11
wnicifofate about, theirgyn,axs,as a resultigfwhich they are evenly.dded by,
the process air. On the other hand, on account of the resulting
the catalyst support shaped bodies are thoroughly mixed by the

contrclled air slip layer, and at the same tTime rctate about
their own axis, as a result of which they are evenly dried by
the process air. On the other hand, on account of the resulting
orpital movement of the shaped bodies which 1s brought about by

the controlled alr slip layer, the catalys

o

support shaped

1cat

—

on of the

==

bodies pass through the spraying process |

A1)

PP

recursor compounds) at an almest constant rate. This results
in a largely uniform shell thickness across a treated batch of
shaped bodies. This also means that the noble meta
concentration varies only very slightly across a relatively
large area of the shell thickness, 1.e. that the nokle metal
concentration across a large area of the shell thickness
describes approximately a distorted sguare-wave function with a
high metal concentration on the outside and a somewhat lower
metal concentration on the inside, as a result of which a
largely uniform activity of the resulting catalyst across the

thickness of the Pd/Au shell is ensured.

Suitable ceoating drumes and fluidised bed systems for carrving

out the method according to the invention in accordance with
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orbital movement of the shaped bodies which is brought about by 20 the
controlled air slip layer, the catalyst support shaped bodies pass through
the spraying process (application of the precursor compounds) at an
almost constant rate. This results in a largely uniform shell thickness

prefA0ress atreated batch of . shapedhodies. Thisalso,means thatthe noble,; ¢
metal 25 concentration varies only very slightly across a relatively large
for sreBiof the $helPthickiBss & thatthendble Fiétal Bohtehtratiohdcross

cermanlarge area of theshellthickness describes appreximately-a distortedmany ) ,
square-wave function with a_high metal concentration on the outside and
DRIAE g

R foWEHTST metd Loncehtratiditon e inside. a5 a fd%ult of =2 12e1
Germavhich a; largely:uniformractivity of thewresultingceatalyst:acrossithe , HorER-
thickness of the Pd/Au shell is ensured. Suitable coating drums_ and.

Pharmfidiesd bed Sy stEhhs ol Karryiny" 35 6ut'the ﬁ?&ﬁ&&%ﬁmﬁdrnggto fha"+e
Masclinvention meactardanceawitin 24 cprefersed eatbpdiraentsrare knowmiindhe
" Fp_rior art and are sold ?rgxam. le by the pompaﬂLes H%ir;ri h Brucks g
Ma sl B (Al GermaRyy ERWEK GMBH (Héusehatamm, Gerniany), ©<
Unit<SteehelGenmanyy cDRIANbAplagenbaw Ginbht (Eriskifch, GErfiany),

___Glatt Gmb inzen, 5,Germany), .S, Divisione Verniciatura (QOsteria
ool AR P WG SribH (W o7 Ahein: Cergp Lo
Engim:<Bahig Maschinen Merfahmert G (Enningerldoh,.Germanmy)] hodige

Maschinenbau. GmbH. (Raderborn, Germany), Manesty (Merseysi
e TR VActor Carporaton (Veem oI . 1 o Sermaay)
Hit t Nerofaitid-Figlder AG (Bubbendorfy Switzetand ), GEAPrecdssP vt . Ltd.
(marENAINGRNING (Hampshire, United Kingdom), Fluidh AL Inc, (Aurora, linos,
USA), Heinen Systems GmbH (Varel, Germany), Huttlin GmbH (Steinen,
Gern@ermarks tUmangeRharnatecs PVE Lig. (Vaarashtiad, uadiay aAdeed

devidanojet Technglogies (Lojrach, 15:Germany); Rarticularpreierence.is.
given to fluidised bed
Aircoater and Innojet® Ventilus.

According to another preferred embodiment cf the method
according to the inventiocn, the catalyst support is heated
during the application of the sclilutions, for example by means
of heated process air. The drying rate of the applied soluticns
of the noble metal precurscr compounds can be determined via
the degree of heating of the catalyst support. At relatively
low temperatures for exampie, the drying rate 1s relatively
low, so that, if a suitable guantity is applied, relatively
large shell thicknesses can be formed due to the high diffusion
of the precursor compounds brougnt about by the presence of
solvents. At relatively high temperatures for example, the
drying rate is relatively high, so that any scluticn of the
precursor compounds coming into contact with the shaped bodies
dries almocst immedlately, and therefore sclution appliied to the
catalyst support cannot penetrate deeply into the latter. At
relatively high temperatures, therefore, relatively small shell

thicknesses with & high noble metal loading can be chbtained.
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devices from the company Innojet bearing the name Innojet(r) Aircoater
and Innojet(r) Ventilus. According to another preferred embodiment of the
method 20 according to the invention, the catalyst support is heated
during the application of the solutions, for example by means of heated
process air. The drying rate of the applied solutions of the noble metal
precursor compounds can be determined via the degree of heating of the
In thepthlysEeGspotE At relativey 25w tehipsiatufés forlexaftle the diying™ ©f
vaM dJiRleis r@?éﬁ’ﬂﬁs@’"&%@@tdﬁa syitable quantitysis applied. relativel de of
large shell thicknesses can be formed due to the high diffusion of the

commegraedrsoY cBHipobifbs brédght abiolt by the Predenice of SSdivéertsrabnas

such relatively high, temperaturgsfor example +be 3G drying rateds relativelynt
. high, so that any solution of the precursor compounds coming into .
Literg ‘fé&wiﬂ?th:e@fﬁ%ﬂ SodiES Tifes ARfEEmmatiately “ant tHereforé ©

ch1oSofdtion-applied tethecalalyst:supporteannralpenetatedeeply into the
. latter. At relatively high temperatures, therefore, relative%/ smagshell 35

P (Vi dGsses with &Ihigh Roble HGtal Foaditig CaA D& SBiAEe. 25 hthe

precunethodsdescribed in-the-qriorast for the pteduction of MAMShellezs the
catalysts_based on Pd and An, yse is usuall de of _commerciall A

COnveé'\l/%ﬁéﬁlaééo%ﬁoonrsl&ethe%“‘r“é:é:uarLJch?r g&rﬁp&% s‘%%u%ﬁ%(s: ésﬁdéé{npounds

all NaAuCi4é o HAUCIE sotutionsulinimore recent literature, as already
discussed above, use is also made of chloride-free Pd or Au precursor
compounds such as Pd(NH3)4(OH)2, Pd(NH3)2(NO2)2 and KAuO2 for

In omxample. Eheses précursercompoundsreactbasically insolatior; 1 yst

suppé’Y:'%ere%%éh%%%&Qﬁﬂ%@”&%&?'&’%‘g 1_[2}”%'%‘ &,and acetale PIeCUiSoby, ang
= conlpounds™ all react acidically in solution. In order to apply the précursor

NaAu@bmpeunds.toithe citalyst sapport, usktisuslaly preferably maideldfy
applﬂﬂyeggsﬁmgﬂg%%éqg at room temperature and Then the metal
components are fixed with NaOH as inscoluble Pd or Au
hydroxides. The lcaded support is then usually washed with
water until it is chloride~free. The Au Iixing in particular
has disadvantages such as long action times of the base to
induce the precipitation of the stable Au tetrachlorc complex,
incomplete precipitation and the associated lack cf Au

retehtion.

According to another preferred embodiment of the method

accerding te the invention, the method comprises the steps:

a) preparing a first soluticn of a Pd and/or Au precurscr
compound;

b} preparing a second solution of a Pd and/or Au precursor
compound, the first solution causing a precipitation of
the noble metal component(z) of The precurscr compound(s)
of the second scluticon, and vice versa;

¢} applying the first and the second sclution to the

catalyst support.
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15 NaAuCl3 solutions. These metal salt solutions are usually applied to

the support at room temperature and then the metal componénts are

fixed with NaOH as insoluble Pd orAn hydroxides. The loaded support is

then usually washed with water until it is chloride-free. The An fixing in

particular 20 has disadvantages such as long action times of the base to

induce the precipitation of the stable An tetrachloro complex, incomplete
This grEeiitatien andthé MRsBEatEtiatk of Ah' Tétentlort: 5 ABGHInGto 1Se®

two d@natherpreferred embodiment.efithe methodyageardingdodba invention, pd
the method comprises the steps: a) preparing a first solution of a Pd

PreCUgifier ARTHEEIRof EONTEBuridE 36 ) PrEpanny a Becoid Bofution Bt a Pd

compANHOr AUprecursor; compound, the,first solutien causinganprecipitationasic
of the noble metal component(s) of the precursor, compound(s). of the 11

pH arghdoi@l Sofiition, ARdl vice Férsd:-€) abplying thé firstand' the Second * =+ ¥

appl isolution terthec35 catalystsupporic 26 vTHis embiodimeptefthetmethodne

N ajpcord{iggtg the invention uses two different %Eecur%orasol%gosngﬁgf which.
SUPPYile &oritains & PA precursor Compound and the’ other containg an Au~ — -/
imprpfeeursot Sicompoatind: Prefesablydusually oherofihe delutions hdsapove by
basic pH and the other has an acidic pH. The solutions are usually ., . ;
meansap%’rieé)?g e %ata%@ls?%ugﬁ&t %ia/?i?gtfg i?’r{];pl)-lrlelgjr%gt?nglt%eagt?pport with t etwo
soluffitstrsolution ahe themprin arsubsequéntesstep,cimpregnating itwithithe oL

wni o SER00 sgulionas descyined ghove by L eans afsoaking,ihap.the
SecondSolution is appﬁeéf the two so uti

ons are then combined on the
compsupPortpds aresukt sp whicly theopEof the solutiors ehangés and tiePECor ™

orec AGAL component of e, respeglive, PIECULIArGOMPOUNGLOR. the. SURPaIt,
auxiliary base, such as NaOH or KOH, as 1s customary in the

wrior art.

gaid embodiment of the method according to the invention 1s
therefore based on impregnating the catalyst support with the
first solution of a Pd and/or Au precursor compound and the
second sclution of a Pd and/or Au precursor compound, with the
two soclutions being incompatible with one another, that 1s to
say that the first solution causes precipitation of the noble
metal component{s) of the precursor compound{s) of the sescond
solution and vice versa, so that, in the contact zone of the
two scolutions, both the pre-impregnated Pd/Au component({s) and
the post-impregnated Pd/Au component (s) precipltate out almost
simultaneously and thus lead to an intimate Pd/Au mixing.
Drying may optionally be carried out between the two

impregnation steps.

Suitable agueous solutions of Pd precursor compounds for
impregnation with incompatible solutions are shown by way of

examplile in Table 1.



precipitates out, without having to apply to the support an 15 auxiliary
base, such as NaOH or KOH, as is customary in the prior art. Said
embodiment of the method accordirﬁj to the invention is therefore based
on impregnating the catalyst support with the 20 first solution of a Pd
and/or An precursor compound and the second solution of a Pd and/or Au
precursor compound, with the two solutions being incompatible with one
another, that is to say that the first solution causes precipitation of the
Tap1d10ble metal component(s) of the precursor compound(s) of the second 25
solution and vice versa, so that, in the contact zone of the two solutions,
both the pre-impregnated Pd/Au component(s) and the post-impregnated

| PreRALLEOTBRARRIIES Precipiiate Out pifHeslir&indflafie@usty1aiki ks lead

to an intimate Pd/Au mixing. Drying may.optionally be carried out between
PdGhe two 30 impregnation steps. SuitaBFéléi&Lfeous solutions of Pd

P4 (IECHIsRpcOmpounds for impregnatign Witk incompatible solutions are
shown by way of example in Table 1. 35 27 Tahle 1: (Precursor

Na:g6impound Nature of the solution PAGEXhéc 1Pd(NH3)2(NO2)2 jbasic

rqd ghNazPas4 neatral Pa (NH3),(OH)Zbasic-Pd (NO3) Z acidic
K2Pd(OAc)2(0OH)?2 basic by dissolving. palladium acetate in KOH Should

?d (A3 have an excessively reducing dctionwith regard to premature An

KZP@\Q@‘Q@Q{;;E@ Also possibie 10 USe; BEQ0O0Ny dissolving

palladium acetate 1in KOH

Should NH; have an excessively reducing action with regard to
premature Au reduction, it is also possible to use, instead of
the palladium amine complexes, the corresponding diamine
complexes with ethylenediamine as ligand or else the

corresponding ethanclamine complexes.

Suitable aquecus solutions of Au precursor compounds for
impregnation with incompatible sclutions are shown by way of

example in Table Z.

Table Z:

Precursor compound Nature of the sclution

AuCli, acidic

KAuC; bazic by dissclving Au(OH) s
in KOH

NahAuCl, neutral

HAuCL, acidic

KAu (QAc) 5 (OH) basic by dissolving Au(CAc);
in KOH

HAUG (NO3) 4 acldic {stable in semi-
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the palladium amine complexes, the corresponding diamine complexes
with ethylenediamine as ligand or else the 10 corresponding ethanolamine
complexes. Suitable aqueous solutions of Au precursor compounds for
impregnation with incompatible solutions are shown by way of example in
rable 215 Table 2 Precursor compeund-Naturg-of thersellion ATU0O 3 |
acidic KAu02 basic hy dissolving Au(OH)3. in KOH NaAuCl4 neutral |
HAuC14 acidic KAu(OAc)3(OH) basic by dissolving Au(OAc)3 in KOH
suicdHTAWNOR), acidic (stabledn semiZ8.concentrated HNO3) Suitabigsce-rree
combinations of incompatible solutions for base-free precipitation of the

PTrecipbidmetal ompdierits até fdidxample™® Pae12Ssotdtont 8rd &kAGOS @
pdc1 Salution; a-RAINGB)2 solution and a5 KAUQ2 selution; a RANNHI)S(ORNZ =

solution and an AuC13 solution or HAuC14 solution. According to another
KRuOpraferred embotiment'oftie iethod ®accorting o thé invention, Ba'can on
or Hmlso bequrecipitated with 10 incompatible Pd solutions and similarly Au

can be precipitated with incompatible Au solutions, for example by

bringing a PdCI2 solution into contact with a Pd(NH3)4(OH)2 solution or
Acco byihenging anckHAYC I4rsofetioreintepontactwith adKAu@®2 setutiond In

this way, high Pd and/or An contents can be deposited in the. 15 shell . .
aceogt it R o LETIGNT vontenTABA R ar, Tr Fo Er 2 oed with
incompatible Pd solutions and similarly Au can be precipitated

with incompatible Au solutions, for example by bringing a PdClL:
solution 1nto contact with a PAd(NH3) 4. (OHY, solution or by

bringing an HAuCl, =solution into contact with a KAuO, solution.
In this way, high Pd and/cr Au contents can be depcsited in the

shell without having to use highly concentrated sclutions.

According to another embodiment of the methed according tce the
invention, use may also be made of mixed solutions which are
compatible with one another and which, for the noble metal
recipitation, can be brought into contact with a solution
which is incompatible with the mixed solution. An example of a
mixed solution is a sclution containing PACl, and AuCls, the
nople metal components of which can be precipitated with a
KauQ, sclution, or a solution containing Pd(NH3)4(OH): and
KAﬁOg, the noble metal components of which can be precipitated
with a solution containing PdCl, and HAuCl,. Another example of

a mixed solution 1g the palr HAuCl: and KAuG,.

Impregnation with the incompatible solutlons 1ls preferably
carried out by means of scaking or by means of spray
impregnaticn, with the incompatible solutions being sprayed on
simultaneously through one {dual substance nozzle) or more dual
nozzle{s) or simultanecusly by means of two nozzles Oor Jgroups

of neozzles or sequentially by means of one or more nozzle(s).
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According to another embodiment of the method according to the
invention, use may also be made of mixed solutions which are compatible
with one another and which, for the Toble metal 20 precipitation, can be
brought into contact with a solution which is _ncompatible with the mixed
solution. An example of a mixed solution is a solution containing PdC1.2
and AuCI3, the noble metal components of which can be precipitated with
Due tg KAFOZ 3bhdioR" 8P A sbittvh contdining PANHI)4{OR) 1ard 25
compdiAUQ2, the noble metal.camponents of wdich; gan he precipitatedwith a

solution containing PdCI2 and HAuUCI4. Another example of a mixed

2550 Gt i§1RE palFHTAGCIS AR RALB2 EinisregRatiof iithgret ton with the

i ncorpeempatible solutions ds preferably; 30-carried eut by means efsaakingsor
by means of spray impregnation, with the incompatible solutions being
COTVtayEfon "SmulthnE6TEI throligh Bre(dudl Substande®noZ 16T Bt thore©
soluttuah Nozzie(skor-sigudtaneously byrmeanrs ofityvo Aozzies OrEgrOUPScaf-ent s
. ..hozzles or sequentially by means_of one or more nozzle(s)r. 29 Due to the
o L%&Bid%ﬁn%&bﬁnsafﬁ%%’ﬁ/‘i%)%?Fh%m‘e?aﬂeél&ﬁﬁélnerﬁé%?ﬁfe precursor®
comp Lempaunds:ip the shelhand the.cassociatedishariened:PdandsMse in the
y ?gifgqsion,xijmpre%na ionqwith the 5£n00£n|%%$ible solutions ma mlea}-l t%eow:s
AL S thinner shélls'than the “conventional Use of conipatibie $olttions. Using ~
fixinnconpdatiblersolations; itis possibie toiachieveshigh nobte netalcontents
o14n {7, Shells, improyed.metal retention. fastat and more, COMPIEte, oot ion
preupﬁaﬁon of the noble metals, a decrease In the 10 distuptive Na
of meesidualacontentdfehe suppdrttsimuitangous: fixingrofcPd and Arrin just-h

one ixg}g step, and also the elimination of the NaOH costs and NaOH
eXxcess .

an ﬁng and prevention of mechanical weakening of the support through
contact with excess NaOH. 15

By means of impregnation with incompatible solutions, it is
possible by Jjust a single fixing step, which includes only the
application of two incompatible sclutions, for larger noble
metal contents to be deposited on the catalyst support than 1s

peossible by means of the conventional bases (NaOH) fixing.

In particular, using the principle of incompatible sclutions,
it is easily possible to achieve high Au contents with an Au/Pd
atomic ratic of 0.5 and more, which is highly desirable with

regard to increasing the VAM selectivity.

According to another preferred embodiment of the method
according to the invention, it is provided that the catalyst
support, once the Pd and/or Au precursor compound(s) has (have)
been applied to the catalyst support, 1s sublected to a fixing

step in order to fix the ncble metal componenti{s) of the

[

precursor compound(s) on the catalyst support. The fixing step
here may include treatment of the support with an alkaline
solution or an acid, depending on whether the precursor

compound is acidic or basic, or calcination of the support in
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By means of impregnation with incompatible solutions, itis possible by
just a single fixing step, which includes only the application of two
incompatible solutions, for larger noble metal contents to be deposited on
the catalyst support than is 20 possible by means of the conventional

orde rbase (NaQB)-fixingInparticularusing theprinciple of ingampatile o - ox i de
solutions, it is easily possible to achieve high Au contents with an Au/Pd
COmP OZBHIe Fatit o B 5%hd mofe, Wiich s Righly désirableRith 25 eghardto 2nd

the rifsreasingthe VAMselestivitymAccerding:te anotheripreferred for example
embodiment of the method according to the invention, it is provided that
by trpicatalyst’ Shppdit, 'Giitethe P @ &Rd /P At preCurSor Eofmpotiit(s) has: =*
incrdbhave) 38heen applied to the catalyst suppott; is sybjestatktoc fixing
, step in order to fix the noble metal component(s) of the_precursor
Inte B in6Id Sy on the catalyst sipport. *fhe fixiAg Stép™ Here Ry icitide
compdteaiment of the suppest-with anralkalirte= selutiar ©r ancacid,depeneding.
on whether the precursor 35 compound is acidic or basic, or calcination of
the support in 30 order to convert the noble metal component(s) into a
It idhydrexideceampound or anoexides Therfixingl stepmay aksekes emittebport
and, the noble metal components may be reduced directly, for exampl -
mat e N Phreatin eant%\ﬁt‘ﬁgﬁi fedt unc<|§:1 g aatsaf)ﬁ 5%% ,("%. g Y etﬁ@%ﬂ%?rel%? at 5%| fc ré%ggg -
with teimperataresef:20CtaR200Cc Bymiednsokart intermediate caltimatipne -

- o SteP, the Pd and/or AU precursor_compounds.can be converted into the. . ~

“eatoex?d sogr?% %u%aﬁke%g??}s ga%soaggsd"sllbﬁ%ot& rﬁrojﬁ%elzg ﬁﬁyl?osilicate- asé:dg =F

to a supportbl0 nsateralds alpowder ahd tdtoroughlyimpregindte the fattey Srom

steatfifLINg.PrEcuizOl gampaUngs of the-actyemetals, TheBtes 1eated coat ing
powder can then be applied in the form of a "washcoat" to a suitable

drum supportisticturefop examplé asphers aratiedrdtil Steatiteér-a KA- 260

reduSUPRATt. preferaply by, meansqf & coating

Accordingly, the invention relates to a second method for the
production of a shell catalyst, in particular a shell catalyst
according to the invention, comprising the steps:
a) preparing a pulverulent porous support material based on
a natural phyllosilicate, in particular based on an acid-
treated calcined bentonite, the support material beling
loaded with a Pd precursor compound and an Au precursor
compound or with Pd and Au particles and having a surface

area of less than 130 m“/g;

by applving the loaded support material to a support

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

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

Pd and Au precursocr compound into the metal form.
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15 drum, and then can be further processed by calcination and reduction
to form the catalyst. Accordingly, the invention relates to a second niethod
for the production of a shell catalys%,iin particular a shell catalyst 20
according to the invention, comprising the steps: a) preparing a
pulverulent porous support material based on a natural phyllosilicate, in
particular based on an acid- treated calcined bentonite, the support

As armaterial being 2% loaded With-a PY pretursof eoffpotind amfard Al oY

£irstPrecyr Emp%ﬂg %wmfﬁmmm@%s Apd having Q§H@a§%aded
~ area of less than 130 m2/g; b) applying the loaded support material to a
with Sippoft BOSHUCIUTE it tHEHRIFMIGE & SREIF €} EBlcirfing! thetoadet Support

applpticturedramisiep B); €3 optionally, converting the Pd and the Au
component of the 35 Pd and Au precursor compound into the metal form.

31 As an alternative, said method may also be carried out by firstly

Dire@pplying the-pulverient suppert-matesial giot deaded with-rekle metabde r
a support structure, and only then 5 applying the noble metals. Directly

P12 Ingier foadifig With the Brécurs6PEdnpotnds or-dfter AXingof tHé Hobfe
calcinetal eemponentst the-sitpport mayden alcinegkin:ordeptoeonmnertthento
noble metal c,omgponent;s into 10 the corresgonding oxides. Thg calcination

Bhe GrEferably HAKEE pite at tempeTatires Tesg Hal 7068 - Fafticatarly™ <5
placdpreferablyphetweens300:450C runderia supply of air i The salcinatioatimalb 1 v

_depends on.the calcination temperature and ig oreferably selected within_,
betw?ﬁégrgngg%e cé)f5 .SE% h(l)*&rc'}fm% csglllglﬁaﬁfonoQSaté?n'pelrgthre“%fLCmat‘o“ Lame
depemr@ppraximately 400€] the: calcination ¢ime-isr preferablys 1 2rkdyrsaAl.a

se1cCRIGINAtON temperature of 300¢, the calgnation time s preferably. yp 19,6
hours. The 7
temperature of approximately 400°C, the calcination time is
preferably 1-2 hours. At a calcination temperature of 300°C,
the calcination time is preferably up to © hours. The
precipitation fixing may also be omitted and the impregnated
salts may be calcined directly in order to convert the metal
component into an oxide. One preferred embodiment consists of
the {intermediate) calcination of the Pd-loaded support (with
or without previous precipitation fixing) at approximately
400°C in order to form Pd0O, followed by an Au application and

reduction, as a result of which Au =sintering can bpe avoided.

The noble metal components are further reduced befcre using the
catalyst, i1t being possibis for the reduction to be carried out
in situ, 1.e. in the process reactor, or ex situ, i1.e. in a
special reduction reactor. Reduction in situ is preferably
carried out with ethyvlene (5% by volume) in nitrcegen at a
temperature of approximately 150°C over a time of 5 hours for

examplie. Reducticon ex siftu may be carried out for example with

. 5% by volume of hydrogen in nitrogen, for example by means of a

forming gas, at temperatures in the range of preferably 150-

500°C over a time of 5 hours.
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precipitation fixing may also be omitted and the impregnated salts may be
calcined directly in order to convert the metal 20 component into an
oxide. One preferred embodiment consists of the (intermediate)
calcination of the Pd-loaded support (with or without previous
precipitation fixing) at approximately 400C in order to form PdO, followed
by an Au application and reduction, as a result of which Au sintering can
GasehSaisiddd P 25 TFelRGbIE PHetal E6mPBREHES ate Firtier reditiEedbetstes:

co, Msing thecatalyst,itbeing passible for the redugtion to,he carriediout, ine
_situ, i.e. in the process reactor, or ex situ, i.e. in a special reduction ~
used reaétof. REJEGITRANSHE I Dictefably 3DTarfed oUWty ettfyieie B9by° ©°

be qivolume) in:nitrogen at astemperature of approximately, 150¢ over atimen or
of 5 hours for example. Reduction ex situ may be carried out for example
ar 90%@?%%%@‘%&%%%98%%% itr GGET: FOr Ex PR by mEahs bf 4 =
inerfoaingigas; at temperates i the: rangeefpreferably 45035 500€ wvesgen
.. atime of 5 hours. 32 Gaseous or vaporisable reducing agents such as,
WATh (B YRR, O RIS formTdldéyde: nthafoFant! Rydrocarbons may ©F
betwadso be used;dtialse being possible ferthergaseous reducing agents to 5
be diluted with inert gas, such as carbon dioxide, nitrogen or argon for
example. Preferably, a reducing agent diluted with inert gas is used.
The Rreferenceiscdiven o mixtleesref-hydrogery witlsnittogenzoraigon,cut in
che Preforablyith a hydrogen content of, between 196 by.yolume and.15% by
- voltime. Hn "V Thé Téddction of thé noble metals may aldo e carried out
hydrarthesliquid phase tpreférablicusing the reducingagents rhaydrazine piic

aciq fornate, Na formate, ammonium formate, formic: o, n,0, or wa

hypophosphite.

The guantity of reducing agent is preferably selected such
that, during the treatment time, at least the eguivalent
required for the complete reducticn of the noble metal
components 1s passed over the catalyst. Preferably, however, an
excess of reducing agent is passed over the catalyst in order

to ensure a rapid and complete reducticn.

Reduction is preferably carried out under no pressure, i.e. at
an absolute pressure of approximately 1 bar. In order to
prepare industrial guantities of catalyst according to the
invention, use is preferably made of a rotary kiln or a
fluidised bed reactor in order to ensure a uniform reduction of

the catalyst.

The invention also relates to the use of the catalyst according
to the invention as an oxidation catalyst, as a
hydrogenation/dehydrogenation catalyst, as & catalyst in
hydrogenating desulphurisaticn, as a hydrodenitrification

catalyst, as a hydrodeoxygenation catalyst cor as a catalyst in
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acid, K hypophosphite, hypophosphoric acid, H20, or Na 15
hypophosphite. The quantity of reducing agent is preferably selected such
that, during the treatment time, at least the equivalent required for the
complete reduction of the noble metal 20 components is passed over the

the s‘%ﬁ%%{éé Preferably; however, annexeess, ofredyeing agent is passed:over
the catalyst in order to ensure a rapid and complete reduction. Rgduction
synthiggiéferably Caried 66t arider iy pretsure: T ePat D5Gh dbsotltet "¢ 9358

phasdPressureefappreximately dnbars: i ofderdo cprepare industriahquantities
N cif catalyst according to the invention, use is preferably made of a rotary
ACEL AR &4 Htiidised bed reactor in order to ensure a uniform reduction of

the catalyst. 30 The invention also relates to the use of the catalyst
according to the invention as an oxidation catalyst, as a

Prefgiiogendtion/detydrdgenation catalgt, a8 a-tatayst 1 hydfogehating® 1o~
the pdesslphurisation, asws hydrodeniteifieation 35 catadystpdsas by passing
. 1,h%/drodeoxyg}_anaél@r% gatgl}xgt or as anc%tglysgq in Bé% _tp:% sygtﬂhe;siﬁ%aof sses at
20T ikéNyt Alkanoates: T particular it the Synthesis of vinyl acetate® © -
tempdpanomes, inparticttanin the gasephaseoxidation s éthylenerandacetic
acid to form,vinyl acetate mopomer. 5 P.re&e?ga% the catalyst according
Tes. Of Lo Srsranly 1= p CYPHE CE e Py st
PEESSERE |novenﬁ02%|s UiS&d fot" the FJ):I%%UXIIOH of V. %/llt Th?gaeneraﬂy%ékes e
accoplacesby passiag Lacetictacid, ethigleneiand:oxygrenterbxygen<containig e
recyJfeg? azidtx??}f%g%%%%% 9&}09%%90% \gg%fﬁr%b&%%%%é)?& Andsat ;Iige%t
pressures of 1- ar, preferably - r, over the catalyst accordingto
belothé riventioncwherein Unreasted reagents canbes, however, dilution
with inert gases such as nitrogen or carbon dioxide 1s also
advantageous. Carbon dioxide is particularly suitable for
dilution purpcses, since it is formed in small guantities 1in
the course of VAM synthesis. The resulting vinyl acetate is
isolated by means of suitable methods, which are described for

example in US 5,060,365 A.

The following examples of embodiments, in conjunction with the

comparative example, serve to explain the invention:
Example 1:

225 g of spherical catalyst support shaped bodies, formed from
an acid-treated calcined bentonite as natural phyllosilicate,
from the company SUD-~Chemie AG (Munich, Germany) bearing the
trade name “KA-0” and having the characteristics shown in Table

3:
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recycled. Advantageously, the oxygen concentration is kept below 10%
by volume. in some circumstances, however, dilution with inert gases
such as nitrogen or carbon dioxide i€ also 15 advantageous. Carbon
dioxide is particularly suitable for dilution purposes, since it is formed in
smalk guantities in the course of VAM synthesis. The resulting vinyl
acetate is isolated by means of suitable methods, which are described for
example in US 5,066,365 A. 20 The following examples of embodiments,

nvention“EXEfple T: 28575 g of spherical catalyst&il5port shaped

odies, formed frgm ran-acid-treated calcined bentonite ag natural

bearing e’ fradé hand #€&%0" and having the chdtactetistics shbwn in
able -3 g1 34 s Takles3: eepfetric shape sphere Diameter 5 our

Aoisture content < 2.0% h\/ \A/pmht Co ‘ﬂnI"DQQI\ID ernnnfh > 40 N--Bulk
density 5287t f W& ! Jab}éorbency 69.5% SpeC|f|8§§rf§cgarea (BET)
06 m g Wa@@Ogm{@j&%Sﬁ% by weigh- A12 3 conteni.95% by

iaht

) 106 m? g™

Specific surface ares

510, content i 95.8% by welght

BAl:0s content 0.95% by welght

.

Fe,0; content G.11% by weight

Ti0, content

MgO content

Ca0 content | {total) < 1.5% by welght

E-0 content

Na,0O content

Logs on ignition 1000°C < 0.2% by welght

Acidity 50 neg/g

-1

BJH pore volume Nj 0.43 cm?® g

were filled into a fluldised bed device from the company

innojet Technoleogiles (Lérrach, Germany) bearing the trade name

Innojet® Aircoater and, by means of compressed alr {6 bar)
heated to 80°C, were brought into a fluidised bed state in
which the shaped bodies circulated on a toroidal course, 1.e.
moved on a vertically oriented ellipsoidal path and on a

horizontal circular path oriented perpendicular thereto.

Once the shaped bodies had been brought to a temperature of
approximately 75°C, 300 ml of an agueous mixed noble metal
solution containing 7.5 g of commercially aveilable NaypPdCL,

(sodium tetrachloropalladate; and 4.6 g of commercially
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(n
[9)]

TiO2 content MgO content 15 _ CaO content (total) < 1.5% by weight
K90 content Na20 content Loss on ignition 1000C < 0.2% by weight 20
Acidity 50 peqg/g BOY. pore volume'N2 0.43 cm were filled into a fluidised
bed device from the company Innojet Technologies (Lbr_rach, Germany)

avaiﬂ%ﬁﬂ@gﬁgﬁJﬁ%¥fQQHEEQQ'@@@EQEM%@%BE%&%%%wbXﬁQP@”% za a2d onto

compressed air (6 bar) heated to 80C, were brought into a fluidised bed
the IgatihseRichethe shapeditisdiesciictfated oh & torBidal course, i.e.
moved on a vertically oriented ellipsoidal path and on a horizontal circular
path oriented perpendicular thereto. 30 Once the shaped bodies had been
Once Krbeghetba ehperakilite o &istoXifrdte i Boo- M of'an Aquesud L #&4
nob1dnixedpble metal, solugion containing 7. xg0f commercially available
Na2PdCl4 (sodium tetrachloropallqda’%ng4.668 of commercially 35
temperAfipe NaAGC 1% (E8diufFretriBRlofHitate) vere 'Spraystrome -
shapdhuidised bed of shaped hodiesmver 49 i Oncedbe catalystsupport hagd
been impregnated with the mixed 5 noble metal solution, a 0.05 molar
dePONAGA dohition at-d Tefperature’of 86¢ Was-<prayed dhto the filidised
compdesrofs shaped badiestover 3pmint Dueng dhis xmostaf the NaQHds ively
deposited within the shell and fixes the Pd and Au me'-al components,
withdut fﬁ@gﬁﬁﬁ&?géﬁﬁséxposed to excessively 10 high NaOH
concentrations. After the NaOH has acted, the supports were abundantly

high

Aft@gwggngaOH has acted, the supports were abundantly washed
with water in the fluidised bed device in order to remove from
the supports most of the alkall metal and chloride that had
been introduced into the support via the noble metal compounds

and NaOH.

After washing, the shaped bodies were dried in the fluidised

bed device by moving them in hot process air (100°C).

Once the shaped bodies had been dried, they were reduced with a
gas mixture of ethylene (5% by volume) in nitrogen at a
temperature of approximately 150°C in the fluidised bed device

to form a Pd/RAu shell catalyst.

The resulting shell catalyst contained approximately 1.2% by
welght of Pd and had an Au/Pd atomic ratic of approximately
0.5, a shell thickness of approximately 160 um and a hardness

of 38 N.

Across an area of 90% of the shell thickness, with the area
being spaced apart from the outer and inner shell boundary by
in each case 5% of the shell thickness, the noble metal
concentration of the Pd/Au shell catalyst thus produced,

differed from the average noble metal concentration of this
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with water in the fluidised bed device in order to remove from the
supports most of the alkali metal and chloride that had i5 been introduced
into the support via the noble metal%ompounds and NaOH. After
washing, the shaped bodies were dried in the fluidised bed device by

arez HOVDG themiinna, processair (100C). 29 Once the shaped:bodies,had

been dried, they were reduced with a gas mixture of ethylene (5% b
det ergolpe) Eafrogan St al tehiferattre CTapproximatélg A5 0esm the "V F -

equidiidised beddevice. to form aRd/Au-shell catalyst2s Theresulting shell
catalyst contained approximately 1.2% by weight of Pd and had an Au/Pd
compagigmid Fatorof approxiatély©6.5- a SHElTHERnESE of Approxitiately 160

concdRangd-g bardnessaf 38 N. 30-Across, anatea of 90%-eftheshellsphere was
thickness, with the area being spaced apart from the outer and inner shell

cut WoundaRy b inachcase 59b B the- Shelf tHitkne s CtheTiolie tetar™

vapo:coneentration et thecPd/Aushellaatalyst-thus produceds 3biditfergerframee
... the average noble metal conc;entratior]r}% this 36_area by at most */- 10%..
s L15Mp fidhle mEfal distibution was' tetermined usihga sCarning efectron. ™
of 1anicsescope LEE 430VE; nequipped.with an<«energy dispersive
spectrometer from the company Bruker AXS. In order to measure the
noble metal 5 concentration across the shell thickness, a catalyst sphere
Exampiuas Zut through, glued to an aluminium sample holder and then
vaporised with carbon. The detector used was a nitrogen-free silicon drift
detector (XFlash(r) 410) with an energy resolution of 125 eV for the
65 . Cdnanganesetkdlpba linepport shaped bodies “KA-0” as defined in

Example 1 ars impregnated with 43.8 ml of an agueous soclution
containing 1.568 g of Na,PdCl, and 0.367 g of HARuCl. according
£o the pore filling method (incipient wetness method), in which
a support 1s impregnated with a voilume of sclution
corresponding to its pore volume. After the impregnation,

89.17 g of a 0.35 molar NaOH solution are added to the catalyst
support shaped bodies and the latter are left to stand
overnight at RT for 22 hours. After decanting off the fixing
solution, the catalyst precursor thus produced 1s reduced with
73.68 g of a 10% Nal;P0O; solution (Fluka) for 2 hours. After
draining off the reducing solution, the catalysts are washed
with distilled water for 8 hours at RT with continuous
replacement of the water (throughflow = 140 rpm) in order to
remove Cl residues. The final value for the conductivity of the

washing solution is 1.2 uS.

Thereafter, the catalyst is dried in the fluidised bed at 90°C
for 50 min. The dried spheres are loaded with a mixture of
27.29 g of 2 molar KOAc solution and 18.55 g of H:0 and are
left to stand for one hour at room temperature. Finally, drylng

is carried ocut for 40 min at SC°C in the fluldised bed.
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10 Example 2 65.02 g of catalyst support shaped bodies "KA-0" as

defined in Example | are impregnated with 43.8 ml of an aqueous solution
15 containing 1.568 g of Na2PdCl4-and 0.367 g of HAuC14 according to

the pore filling method (incipient wetness method), in which a support is

The tMRSegRated with.a volume of salution (careesponding fo.itsgorg yolyme

After the impregnation, 89.17 g of a 0.35 molar NaOH solution are added

oy weapdhé cafalyst’ 20 sappont shaped bodies gt thetater aretleft g skahd

0.3%

elencQMernight at BT far 22 hours: After teganting off the fixing. solytigethe yeore

catalyst precursor thus produced is reduced with 73.68 g of a 10%

0. 7T N&M2POREIution (Flukd)FoF 2-hourS Aftsr - drainifg offthe reducing
solution, the catalysts are washed 25 with distilled water for 8 hours at R
with continuous replacement of the water (throughflow = 140 rpm) in

The Higditotfdmbue & rédiduds “Thé final value for the conductivity of the

washing solution is 1.2 uS. 30 Thereafter, the catalyst is dried in the

fluidised bed at 90C for 50 min. The dried spheres are loaded with a

f S3758- molar KOAc solution and 18.55 g of H,0 and are
left to stand for one hour at room temperature. Finally, drying is carried

i m;'[ for 40 min at 90C inéhe fluidised bed. 35 'Si The the eticalﬂmetfll
“28ading i<'689% by~idig "

Comp

T

ith a

t 6f PA ARd T3% By Weight'dt At the values
suppdeterfmined expermentaily byl elermentakanalysis using;|OP: énduetively ame
used as the catalyst support shaped bodies:

Table 4:
Geometric shape % sphere
Diameter 5 mm
Melsture content < 2.0% by welight
Compressive strength > 60 N
Bulk density 554 g 17
Water absorbency 62%
Specific surface area (BET) 158 m? g -
S5iC, content 93.2% by weight
Al-,0: content 2.2% by weight
Fe,0s content 0.35% by welght
TiQ, content
MgQO content
Cal content (total) < 1.5% by weight
K,0 content
Na-0 content
Loss on ignition 1000°C < 0.3% by weight
Acidity 53 weq/g
BJH pore volume N 0.38 cm® g -
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10 A catalyst was prepared in the same way as in Example 2, with a
support from the company SUD-Chemie AG bearing the trade name
"KA-160" and having the characteridtics shown in Table 4 being used as
the catalyst support shaped bodies: 15 Table 4: Geometric shape sphere
Diameter 5 mm Moisture content < 2.0% by weight 20 Compressive
strength > 60 N Bulk density 554 g Water absorbency 62% Specific

By codiirferstarea (BET)RE8 M2 gl Si03Eontert 031295 byaksight' 255°A1903

35,1 GONteNt 2,2%by, weight £ea03 content 0.35% by weight; TIC2 coptentic 1,
MgO content CaO content (total) < 1.5% by weight 30 K20 content Na20

and Ocogh@éntq_déé oH fghition 1000C < 0.3% by weight Acidity 53 eq/g 35 BJH
pore volume N2 0.38 cm3 g 38 By contrast to Example 2, impregnation
was carried out with 39.1 ml of an aqueous solution contalnlng 1.568 g of

¢ NP ECHCAndTBEAET g of HAUCly I Thé theorBtical e?rlré’tl%ﬂFIo%u':hrTg‘IlsCEPS‘O/ O 3%

by w&ygwmg@toﬁed and:0.3% by-weight efAu=theaalues detetmined by
experimentally by elemental analysis u5|ng7 1CP were 0. 78% b¥ welght of
eLemqﬂ}andanatys¢s using ICP were 8% by weight ot nc

0.27% by weight of Au.
The shell thickness was Z80 pm.
Example 3

Reactor test

6 ml of a £ill cof catalyst spheres of Example 2 and of
Comparative Example 1 were in each case acted upcn by a feed
gas stream of 550 Nml/min composed of 15% HOAc, 6% O, 39% CoHe

°C at

UW
[

1t

Hh

in Nz in a fixed bed fTube reactor at a temperature ©
10 bar, and the reactor discharge was analysed by means of gas

chromatography.

The selectivity (from ethylene to VAM) is calculated according
to the formula S{CH;) = mole VAM / (mole VAM + mcle C0;/2). The
space/time yield is obtained as g VAM/1l catalyst/h. The oxygen

conversion is calculated by {(mole O in - mole O, out)/mole O,

in.

The catalyst of Example Z according to the invention exhibits a
selectivity S{C.Hy) of 92.3% and a space/time yield {(determined
by gas chromatography) of €15 g VAM / 1 catalyst / h for an

oxygen conversion of 36.5%.



0.27% by weight of Au. 10 The shell thickness was 280 pm. Example 3
15 Reactor test 6 ml of a fill of catalyst spheres of Example 2 and of
Comparative Example 1 were in each case acted upon by a feed gas
stream of 550 Nml/min composed of 15% HOAc, 6% 02, 39% C2H= 20 in
The d¥4 i adixed bedfube reactor at:a temperature0fii50Cat 10:parandthe y s
reactor discharge was analysed by means of gas chromatography. The
(C2Hasefettivity ﬁ%orﬁ%%ﬁeﬁ@?&?%ﬂ)“l% calcitéted aREGrdNG: forthgas
chr oY= H(G2H-F =maleVAdh{ (male VAN +aele CQ,/2L-The oxygen
space/time yield is obtained as g VAM/I catalyst/h. The oxygen
CONVEhHvErsiGh is°Calcilated by (mole 02 in - mole 09 out)/mole 02 in. 30 The
catalyst of Example 2 according to the invention exhibits a selectivity
S(C2H4) of 92.3% and a space/time yield (determined by gas .
The  ChrGmatographyy sre15Ty VAW F 1 Cataiystrh for an %yder eonvetsion- - °
both of 36:2%< 1CsHie-catalyst of EomparativesExampleyl exhibited @ynthesis

selectivity S (C2Ha) of 91.0% and a space/time yield (determined by gas
Comp%ﬁ%fmgf)ogaraéﬁ%aoig’ﬁ % Wi s

0" GVANMT FEdtalystf i f6ramoxygen conversion

Compaf 36:114. Thergatadyst of Example 2 according to the invention exhibits
both a higher selectivity and also activity in VAM synthesis compared to a
catalyst of the prior art according to Comparative Example 1. 40 Claims
1. Shell catalyst for the production of vinyl acetate monomer,
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comprising a porous catalyst support based on a natural 5 phyllosilicate,

in particular based on an acid-treat 8' calcined bentonite, said catalyst

support being loaded with Pd and Au and being designed as a shaped

body, the catalyst support having a surface area of less than 130 m2/g.

10 2. Catalyst according to claincizGhasacterised in that the catalyst

support has a surface area of less than "125 m2/g, preferably less than

120 m2/g, more preferably less than 100 m2/g, even more preferably less
sHban 8:M21/gand: particutary-preferably-less thany6s m2/g.ck5 3. monomer,

Catalyst according to one of the preceding claims, characterised in tha
A ICETAYS STEOTEHS & SHITALS araoF BBwbET 130 Ahd 40T,
ohpreferablyiketween128-and 502y, macrepreferably between 426:ahd

0 m2/g, even more 20 preferably between 125 and 50 m2/q, still more . .

oAty P DARHER £20 SO S0TAST SR R rrerdh) Blme A<
paanch 6Am24n 4. atalystacconding te one ofithe prededing claims, 25 alyst

characterised in that the catalyst support has an acidity of., petween 1 and
S%é&/gﬁ%‘féﬁé%bﬁy ﬁlé‘f\"/vreae%% %ﬁgali%%%eq% = ?n(g:(r:i(-%ap%/efLeBraBbI%Ei t? ween

10 and 100 eq/g and particularly preferably between 10 and 60 eg/g. 30

c-Gaalyst according to one of the nf,eC%%gga%aé@ﬁ £haragtetised in that

tﬁ(&e1 c%l%aiyst support has an average pore diameter of 8 to 50 nm, ,
cagreferably s10cte35: nheand: mioke Tpreferablyzl ot 3G:Am. 4128, Catalyst 9.

o %@8&‘%@@ 0 ope of the preceding: glaims, characterised in that the. catalyst

as a hardness of greater than/equal to 20 N, preferably greater
1 GRanfequal 1780 NIoHRre preferadly gréerthanfstual tarddN and most

particularly preferably less than 65 m'/g.

Catalyst according to one of the preceding claims,
characterised in that the catalyst support has a surface
area of between 130 and 40 m®/g, preferably between 128 and
50 m?/g, more preferably between 126 and 50 m®/g, even more
preferably between 125 and 50 K@/g, still more preferably
between 120 and 50 m?*/g and most preferably between 100 and

60 m/q.

Catalyst according to one of the preceding claims,
characterised in that the catalyst support has an acidity of
between 1 and 150 peg/g, preferably between 5 and 130 ueq/qg,
more preferably between 10 and 100 peg/g and particuiarly

preferably between 10 and 60 upeg/qg.

Catalyst according to one of the preceding claims,
characterised in That the catalyst support hag an average
pore diameter of 8 to 50 nm, preferably 10 to 35 nm and more

preferably 11 to 30 nm.



10

15

20

25

30

35

10.

5 preferably greater than/equal to 50 N. 7. Catalyst according to one of the
preceding claims, characterised in that the content of natural
phyllosilicate, in particular acid-treated calcined bentonite, in the 10
catalyst support is greater than/equal to 50% by weight, preferably

cagreaterthan/egual to.60% hynweight, mere; peeferably, greaternthan/equal

to 700/3 by weight, even more prefer*abnlly greater than/eqyal to 80% by .
ChRERJRE Still Fidre” Prefefably greatér tharifequarto 0947 by wefght and ™ a8 +e*
t HRAskLh: preferably greaterthantegual ta;95% ey -weight, retasive tocthes N,

weight of the catalyst support. 8. Catalyst according to one of the
MO CBARG TAMS, e ALEHsad i thal tie catdly et shpgtrinas &

prptegral: 20 ppre yolkkime ageofdingto BiH of batween 0.25 and 0.7 ml/g,
preferably between 0.3 and 0.6 ml/g and more preferably from 0.35to 0.5
m'/g. 9. Catalyst according to one of the preceding claims, 25

Cahargcterised: in-that andeast:80% of thresintegrakpares voluatersf, the
catalyst support is forme o}E)meso ores and. macropores, preferably at .

Chgggté%%o jé%%ldméﬁe 5% %ra R/eatc e%‘ét"g%%? OnfO.BCEéa‘taglygtﬁ ggc]gor%lgtltga “e

ironeacftthe preceding etdimsa ichdractérised:in thattherdatalyst.suppott has

2yl density.ofmore.thap 0.3 g/ml. preferably mare taan 9,35a/m) and
Cap‘égrﬁguﬁérly P &e%%ly} a b%ﬁ?génséllgfo? E(iv%glen—o.% and 0.6%/m 35 43
prEf ©zalyst gerording tolone/cfahe précediny: claimy e thlractétised in
oiBatbe phyilasiicate containod.ithe supnort has ap.Si0R content of gl -

least 65% by ‘weight, preferably at least 80% by weight and more
piéferably fromeater than/equal to 80% by weight, still more
preferably greater than/egual to 20% by weight and most
preferably greater than/equal to 95% by weight, relative to

the welght of The catalyst support.

Catalyst according to one cof the preceding claims,
characterised in that the catalyst support has an integral
pore volume according to BJH of between 0.25 and 0.7 ml/g,
preferably between 0.3 and 0.6 ml/g and more preferably from

0.35 to 0.5 ml/g.

Catalyst accerding to one of the preceding claims,
characterised in that at least 80% of the integral pore
volume of the catalyst support 1s formed of mesopores and
macropores, preferably at least 85% and mcre preferably at

least 20%.

Catalyst according to one of the preceding claims,
characterised 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.
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5 95 to 99.5% by weight. 12. Catalyst according to one of the preceding
claims, characterised in that the phé/ilosilicate contained in the support
contains less than 10% by weight of A1203, 10 preferably 0.1 to 3% by
weight and more preferably 0.3 to 1.0% by weight. 13. Catalyst according

to:one efthe reeeding ¢laimse charactersedindbatithescatalyst:sypport

is shaped as a 15 sphere, cylinder, perforated cylinder, triple lobe, ring, .
“hGaPGrE aifand” preferably' Ss B hibbed stran drestgﬁns‘h%b%ﬁ%tﬁdﬁd}?ne
supreterablyzas asphere, k4 Gatalystaccordingde one=of the precesting

claims, 20 characterised én that the catalyst support is shaped as B £r
Pr&heté havinga ﬁi%?r?e’“te df miove Hian®s mi preferably” having e Y = o
o diametey .af more thangymm and more preferably having a diameter of

more than 4 mm. 25 15. Catalyst according to one of the preceding

claims, characterised in that the catalyst support is doped with at least

aheceXige of acmetal Setected from thé groap rconsisfingaof Zr zHf;STi, Nb,

Ta, W, Mg, Re, Y.and Fe,_ preferably with Zr02, HfQ2 or Fe203. 30 16. .
Tact Igi .1y That 1 . &) L I the
Rl St S to G TE oRArAnSed At (o8 Contar of fopi
swxiderin thercatadlyst Supporttis oetwéén 0.0¥ and 20% by neight,

Rreferably 1.9,to 10% %O"Vr?\i]g'l&,@l‘ghmoé%cﬁ’r%?%b' 310 8% by wejght. .

"354317. &ata]yst according to oné of the preceaing%éc gims, Y °

1 dhardcterisediintthat the shell of the catalyst has a thickness of less than
300 m, preferably less than 200 m, more preferably less than 150 m,

even more preferably less
Catalyst according to one of the preceding claims,

characterised in that the catalyst support i1s shaped as a
sphere, cylinder, perforated cylinder, triple lcbe, ring,
star or as a strand, preferably as a ribbed strand cr star-

shaped strand, preferably as a sphere.

Catalyst according to one of the preceding claims,
characterised in that the catalyst support is shaped as a
sphere having a diameter of more Than 2 mm, preferably
having & diameter of more than 3 mm and more preferably

having a diameter of more than 4 mm.

Catalyst according tc one of the preceding claims,
characterised in that the catalyst support is doped with at
least one oxide of a metal selected from the group
consisting of Zr, Hf, Ti, Nb, Ta, W, Mg, Re, Y and Fe,
preferably with 4r0,, HfO; or Fe:0;.

Catalyst according to claim 15, characterised in that the
content of dopant oxide in the catalyst support is betwesen
6.01 and 20% by weight, preferably 1.0 to 10% by weight and

more preferably 3 to 8% by welght.



10

20

25

30

19.

20.

21.

5 than 100 um and still more preferably less than 80 m. 18. Catalyst
according to one of claims 1 to 16, characterised in that the shell of the
catalyst has a thickness of between 200 and 2000 um, preferably
between 250 and 1800 um, more 10 preferably between 300 and 1500 um

and even mare preferably -between400:-ard 4200 #1190y Catalyst,
according to one of the preceding claims, characterised.in that the

crorténtot Bt the cataiystia®15 0% to 2 59% B wighit- prefersbiy 6.7 to
£ a-3%, Ry weight and.more, preferably, 0.8.t0.2% byweight Jelative 10 the)

weight of the catalyst support loaded with noble metal. 20. Catalyst
mcaceording ¢ ané of tke preteding claims,, 2G:chkaravterisedin thatthe v less
1_,Au/Pd atomic ratio of the catalyst is between 10 and 1.2, @refer %Iy
“Hotwedn 0 afl <L, Tiore’ pretEranhy Befiedn'd.3 aHu 0.9 4l partictiarly
preferably between 0.4 and O.B. 25 21. Catalyst according to one of the
preceding claims, characterised in that the noble 1metal g%ncentra?'gion,of P
the “Eatdlyst AEross A Srea’of"gu%s Of the SHditthickndss, Wit thé area = ===
irbeing spaced apart front theneutes and ynerrshellzbatrnidary dy<neachetween
case 5% of the shell thickness, differs 30 from the average noble metal

2 YoneBatrafisit ofthis BrSEE By St oStS77569%, preterdbly b Y midkt #°1e
- 5% and-moie, preferably by at mast +/- 10%. 44 22, Catalyst.according .y, 1

" to one of the preceding claims, characterised in that the catalyst has a

pechleride dantentaf [E58than 250 ppm, preferably less than 150 ppm. 5
23. Catalyst according to one of the preceding claims, characterised in
that the catalyst comprises an alkali metal acetate, preferably potassium
dcetaté y24. Gatatyst ascordingrtoeclaiin 28echaracterised in latitise

characterised in that the content of Pd in the catalyst is
0.6 to 2.5% by weight, preferably 0.7 to 2.3% by weight and
more preferably 0.8 to 2% by weight, relative to the weight

of the catalyst support icaded with noble metal.

Catalyst according to one of the preceding clains,
characterised in that the Au/Pd atomic ratio of the catalyst
is between 0 and 1.2, preferably between 0.1 and 1, more
preferably between (.3 and 0.9 and particularly preferably

between 0.4 and 0.8.

Catalyst according to cne of the preceding claims,
characterised in that the noble metal concentration ol the
catalyst across an area of 90% of the shell thickness, with
the area being spaced apart from the outer and inner shell
boundary by in each case 5% of the shell thickness, differs
from the average noble metal concentration of this area by
at most +/- 20%, preferably by at most +/- 15% and more

preferably by at most +/- 10%.
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22,

23.

24,

Z6.

10 content of alkali metal acetate in the catalyst is 0.1 to 0.7 mot/I,
preferably 0.3 to 0.5 mot/I. 25. Cataéllyst according to one of claims 23 to
24, characterised in that the alkali metal/Pd atomic ratio is 15 between 1
and 12, preferably between 2 and 10 and more preferably between 4 and
9::26, Method fer.the: predustion, of a shell catalyst-ini partisular gsshell

_catalyst according to one of the 20 preceding claims, comprising the
CIGBBS T préBaring agbtous Catdiyst Stpport based ona RatPgl centent of
1 phyllosilieates in pasticular basedonyan acid-treated 1caiciped: bentonite,

said catalyst support being designed 25 as a shaped body, the catalyst
support having a surface area of less than 130 m2/g; b) applying a
solution ef-a Rdjreatrsor compoundtothe gatalystisupport 30nc),

.applying a solution of an Au precursor compound to the catalyst support; .
CF@‘%&) 1?/%irtilr'nsget e'Pd Eompohaht gfathc‘e%/dg]pg))re%ﬁ?ﬂ orcompsund” EB%%"LO fetas
adbe ametal tormf 45a8) gomverting then Ancomponent of the Au precursor

compound into the metal form. 5 27. Method according to claim 26,

characterised in that the Pd and An Precursor compounds are selected

from 4he balides; dr Qarticular chloiides Soxides; nitrates imitrites,fothates he
-Joeionales, oxgiates. acelates, uiioxdes, ydogenaprhanates. aminec.

complexes or organic complexes, 10 for example triphenylphosphine
0 compléxes oraeetylagkianate “complexés,of iliése metals. 28. Method

according to one of the preceding claims,

Catalyst according to one of claims 23 to 24,
characterised in that the alkall metal/Pd atomic ratio 1is
between 1 and 12, preferably between 2 and 10 and more

preferably between 4 and 9.
Method for the production of a shell catalyst, in
particular a shell catalyst according to one of the

preceding claims, comprising the steps:

aj

e

reparing a porous catalyst support based on a natural

Eo)

hylliosilicate, in particular based on an acid-treated
calcined bentonite, said catalyst support being designed
as a shaped body, the catalyst support having a surface

area of less than 130 m’/g;

b) applying a solution of a Pd precursor compound to the

catalyst supporz;

c) applying a solution of an Au precurscor compound to the

catalyst support;

d) converting the Pd component of the Pd precursor compound

into the metal form;
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27.

28.

29.

30.

characterised in that the Pd precursor compound is selected 15 from the

group consisting of Pd(NH3)4(OH)gBPd(NH3)4(OAc)2, H2PdC14,
Pd(NH3)4(HCO3)2, Pd(NH3)4(HPd4), Pd(NH3)4C12, Pd(NH3)4 oxalate,
Pd(N03)2, Pd (NH5) 4 (NO3) 2, K2Pd (OAc) 2 (OH) 2, Pd (NH3) 2 (NO2)
2, K2Pd (NO2) 4, Na2Pd (NO2) 4, Pd (OAc) 2, PdCI2 and Na2PdCl4. 20

29. Method according to one of the preceding claims, characterised in

& thaP I Ah Prectirasr EompBUREG e Seletied - ftEnT the 5GP toRsisiAGRP U
KAHO2, HAUGI4 - KAUANGR)4, AuC13, NaAuCl4, KAu(OAc)3(OH),
HAuU(NO3)4, NaAuO2, NMe4AuO2, RbAuO2, 25 CsAuO2,

NaAu(OAc)3(OH), RbAu(OAc)30H, CsAu(OAc)30H, NMe4Au(OAc)30H
and AufOAE)3: 39: Methed ateordingto eneehtbheqreeeding claims: the Pd

characterised in thgt the Pd and Au precursor compaund is 30 applied to .
sy S SR 6 TROIAGTA0R) Tre AR oF SubpOR Wit mirsetichy

the’Ca 3@%? ‘Support withthé“sotu
paafithe Pdhprecuisor coayoundiaizd: withi thessclutiondfitheé Paspretursortes,
compound or with a sg%iongng%ggggtains both th% Pd precursor

prcooorﬁ“ﬁgﬁﬁ“c? and “the Au precursor co‘?npdunl'%iyagozf< 3T "Wéthod according

nytdonesofcclaims 26 4o 29 acharacterised endhatthesofutioncofthePd e s,
yrecursor compound and.the _solution of the A CUrsor.compo '
R R et S ir ity oy Toe Eorchons s B e te
ccoedlefthe catdlystsupports: peeferably by means of an aerosol of the
solutions. 32. Method according to one of the preceding claims,
characterised in that the catalyst support is heated during 10 the
application of thecsalations. 33¢ Methad acesrdirrtorohecdfthe preceding

cﬁgyggﬁerised in that the Pd precursor compound 1s selected
from the group consisting of Pd(NH;)4,(OH)., Pd(NH;3)4{0AC):,
H:PdCl,, Pd(NHz),(HCOz)z, Pd(NH;){HFO,), Pd(NH3),Cl;, Pd(NHz):
oxalate, PA(NO3Ys, PA(NHz),(NO3)z, E:Pd(QRc), (0OH) 2,

Pd (NH3) 5 (NC») 2, EKoPd(NOs)4, Na:Pd(NO.)4, Pd(OAc),, PdCl; and
Na,PdCl,.

Method according to one of the preceding claims,
characterised in that the Au precurscr compound 1is selected
from the group consisting of KAuO,, HAUCIL,;, KAu(NC.)4, AulCls,
NaRAuCly, KAu(OAc)3(CQH), HAU(NO:),, NahAuO;, NMe,AuC;, RbAuL;,
CsAuC,, NalAu (OAc):(0OH), RbAu(OAc);0H, CshAu{OAc)i0H,

NMe Au (OAC)2CH and Au{OAC),.

Method according to one of the preceding claims,
characterised in that the Pd and Au precursor compound 1s
applied to the catalyst support by impregnating the catalyst
support with the solution of the Pd precurscr compound and
with the solution of the Au precursocr compound or with a
solution which contains both the Pd precursor compound and

the Au precursor compound.
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31.

3Z.

33.

characterised in that 15 a) a first solution of a Pd and/or Au precursor
compound is prepared; b) a secongesolution of a Pd and/or Au precursor
compound is prepared, the first solution causing a precipitation of 20 the
noble metal component(s) of the precursor compound(s) of the second

selutiony and-vice versa; §) thesfirst and fhesecand-solutigns-aterappliee sed
. _to the catalyst support. 25 34. Method according to claim 33,
“eHaracteriséd TP that e técdrddr Compbants of oné& SBRitioh aré didié
scand thaseof the-other gelytion are -basien3038. Methegacearding torane

of the preceding claims, characterised in that the catalyst support, once, . 4
CAhERd arHEAG bresurSa ComBOun(S) A five) beeh apphed 13 tHé>®
neeatalystsupport; 43 subjestegioafixing stfep: 471 36 -Methoadfor dhie an

produitionfof a shell rT‘atgjyst, in particular a shell catalyst according to one
= ofthe pr%ceafﬁ% daims; tgrﬁﬁ)'rising the steps: 5 a) preparing a

pulverulent porous support material based on a natural phyllosilicate, in

rticular based gn an acid- treated calcined bentonite, the support

e beng, Shiod vt & B Srecrabr chRbunA andtan

clpreewgrser icompound-orwith Pe ard: Alyparticlesand having '@ stfdcel10ing

thaere%}:g)g; i@gé{]g@&?@gﬂ%{g{é bg ?EBM tshg Ioadeql §upport material to a
support” stracture in the form of a shell; 15 ¢) calcining the loaded support
structure from step b); d) optionally, converting the Pd and the An

Gomponent of the, Fd.and Ay pregyrsog compound into the metal form.

characterised in that

a) a first sclution of a Pd and/cr Au precursor compound is

prepared;

b) a second sclution of a Pd and/or Au precursor compound is
prepared, the first solution causing a precipitation of
the noble metal component(s) of the precursor compound(s)

of the second solution, and vice versa;

c) the first and the second sclutions are appiied to the

catalyst support.

Method according to claim 33, characterised in that the
precurscer compounds of one solution are acidlic and those of

the other solution are basic.

Method according to one of the preceding claims,
characterised in that the catalyst support, once the Pd
and/or Au precurscor compound(s) has (have) been applied to

the catalyst support, is subjected tc a fixing step.
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36.

37.

20 37. Use of a catalyst according to one of the preceding claims as an
oxidation catalyst, as a hydrogenatigp/dehydrogenation catalyst, as a
catalyst in hydrogenating desulphurisation, as a hydrodeoxygenation
catalyst, as a hydrodenitrification catalyst or as a catalyst in the synthesis

ofalkenyl 25ralkaroates,dn particulardndhesynthesis-ef vyl acetate
monomer, in particular in the gas _phase oxidation of ethylene and acetic

4

Pacid fE° 1t ingl Acetatemngmer 2 CCOTO1Ng =0 OnS ol The

preceding claims, comprising the steps:

a) preparing a pulverulent porous suppcrt material based on
a natural phyllosilicate, in particular based on an acid-
treated calcined bentonite, the support material being
loaded with a Pd precurscr compound and an Au precurscr
compound or with Pd and Au particles and having a surface

area of less than 130 m/g;

b) applying the loaded support material tTo a support

structure in the form of a shell;
c) calcining the lcoaded suppcert structure from step b);

d) opticnally, converting the Pd and the Au component of the

Pd and Au precursor compound into the metal form.

Use of a catalyst according to one of the preceding claims
as an oxidation catalyst, as a hydrogenation/dehydrogeration
catalyst, as a catalyst in hydrogenating desulphurisation,
as a hydrodeoxygenation catalyst, as a hydrodenitrification
catalyst or as a catalyst in the synthesis of alkenyl
alkanoates, in particular in the synthesis of vinyl acetate
monomer, in particular in the gas phase oxidation of

ethylens and acetic acid to form vinyl acetate monocmer.



