*;e3e'anL"6THn} X28 July 2003 WO 00/ 00/ 02455 Catal ysts for the
gas- phase oxidation of ethylene an ‘“ ‘ to vinyl acggaglel azo%ocess
e

for produciRg dhem@sy their use 5 resent inventpep,/ Ephay §§4}g hi'ghly

sel ective catal ysts for the synthesis ¢ nyI acetate from et hyl ene and
acetic acid, g rodu0| ng the gndtft hej r .10 The

preparation ; AR acetic
acid and oxy@e@tbt axygenoomayml aqegases aSpkoowas fbe pupﬂocueq catal ysts
used for this synthesis corrprl!sheenF% Ef !ggtl e JIet al and an al kali netal as
pronoter, preferably Kin the tate. Further additives
used are Cd, Au or Ba. According to US-A-4 902 823, US-A-3 939 199, US-A-4
668 819 therkfé”‘t :;}Q’ééé?ﬁ{' yl%éhféf%ﬁonPQPSE'é§ atg aHPﬂP Rhidegliy,di vi ded

formto t he cat al yst support y i npregnati on, vapor

deposi ti on,catidistee orf pF el t avirghesmse @rfocé’dﬁwé d@§@rgt|al§@d irpas

catal ysts létwgfué;tbteﬂdac‘édé/@l@oges)asantt% havgﬁw&tsr atefl rddir iGRy e of the
support. 25 However, catalysts not penetrated to nore or l[ess thick i.e.
the shel | JERN FBeEY50 USRy EP-A-0 634 208). in which the active
conponents have the core but are present only in a outer part of the

support part.i cl es the su t r{i 0. EP-A-0 634 214,
EP-A-0O 38 ]:IEFFé (?f Kfﬁi r%%%%e?\é%z ar'EQ'Wré ﬁﬁrl ?eas

support, ttfe:dmovmtlnylbemesup@mtlmt@cnél sagdchoaygenl i oa, axygiemim oxi de,

al um nosi | 'Cﬁﬂ;&?%y 3 2L ES, 1 3SxhbEANI Uﬂéoéhggorﬁbh' egeaci?eleisd%s%fad car bon

and are produ j ecting the i npregnat catal yst precursors to a
reduction, foy. thist I‘iém(}éi@sﬂﬁascém&%r% alfr éstgver smagb@ndoanexanpl e
gs: ngzet hyleneor £Zeadr aish ﬁﬂt@ndﬁé}ql %mﬁé@amytamw alje esoph of 28
uly

100C, e. . usi razine. her reduction tenperatures
are de?gber'ﬁieel%f:ed%‘i%e %‘gﬁ%?%va?oﬁ él%f? S ff oY IRF bl e et al

particles to form|arger aggl onerates having a | ower catalytic activity

occurs 5 at Ad EIPerat ur s%> ﬁgog_ HovgeovzerI |8|2t3 IS @gsg 5!’10% ha he
t

supports |rrpr SFegnated wi e catal ytical 'y acti Ve ‘Component s ca
exposed toUﬁ-g”;1e4 G@rp%l%lt the rcatgdytdgeildy taméﬂc\(mrsemmn@h'951@rpr oducti on

of the i niheth 621 V5 e 1t 1HS0At5A0G. S0nangalB) s L6pRLE descri be

t he treatrre adi um “and gol d-cont ai ni ng cat al single and
nul ti pk sé@heﬁt‘ﬁ”ﬁ‘?gféﬁ&b@‘h oPP BRI T e deRt i BﬂP§Fe5§PO§5 EPDA- @18’99“?93

relates to @& pr @ﬁ@sﬁp‘lctratgroeparl PHeVi NYtoos@in e |de§d1any@squee@f a
pal | adi um cont a]|Sn| n%Jmcat al ysli,l rin vvhose roduction the | g\%nat ed

catal yst pretutshr M ha¥ 6§§n t P8t e WY a SERSHRA YR € is

subj ect ed treretaided i onathesioder 0y Steepwipartt enper at ur e |n t he range
from500 to 1000C.

25 However, catalysts in which the active components have
not penetrated to the core but are present only in a
more or less thick outer part of the support particles,
i.e. the shell of the support particles, are also known
(EP-A-0 565 952, EP-A-0 634 214, EP-A-0 634 209,

30 EP-A-0 634 208).

The catalysts known from the prior art comprise, as
support, the known inert support materials such as
silica, aluminum oxide, aluminosilicates, silicates,
35 titanium oxide, silicon carbide and carbon and are
produced by subjecting the impregnated catalyst
precursors to a reduction, e.g. in the gas phase at
temperatures of 150-170°C, for example using ethylene

or H;, or in the 1ligquid phase at temperatures of <

WL T
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WD 98/ 18553 di scl oses cal c containing catalyst after 25 tenperature of from
100 at nosphere and only then step. The cal ci nation can oxyges ainpsphsre.
fining a palladium and gol dthe inpregpation step at a to 600C in a

nonr educi ng carrying out the reduction also be carried out in an 30 In the
processes djsclosed in EP-A-0.839 793 and WO 98/ 185533, the eparation of

vi nyl acet ai@gi Sral s6-8arri 8810% u yﬁ%%‘ﬁorted{’c‘g{e&"l ystrsé)‘i]%fg%’oorbn i nert
support nateempésasuebsaarei deddbealateilyumavediidde] silngd nosptd ciadleke
silicates, titanium oxi ilLigon r i a carbon. In view of the
fact that c%%% §§?ggafgdﬁ¥g% Pﬂgg?ogggalggégﬁ%éyl%u%oo%ogﬁi%ﬁﬁﬁﬁ?ial
scal e, for agahpherahespriepurat i an loWeyi ngdtaktet it eactheityi socc®@s July
2003 - ¥ gy a&eﬁgggégﬁgegn>iggb@g[ng the catal ysts, particularly in
respect of thelrr activity and selectivity. It is therefore an object of the
present invention to 5 provide catal ysts for the synthesis of vinyl

acetate, whjjgPeGatpl Yot $shaueoa ki GHadr lohiGipRAtd & itnp reflREd vity and
operating life, Agfurther Objeﬁ; of the present invention'is to provide 10
catal ysts WHtER REGeCqtRAVELCAIAYI PORiyR SCIPONENFS [GRMpd& iCR%ATed t he
catal ysts sheuhdgher nsenseidterd orangak vempegatiHe &bucssabifonsheand hot
spots Rp al so.to quctuaHgonsthg th%?°x¥§FQiC°nCSE%iat on dgéﬁp t he

reacti o i nPFRGUSHAPResi €of viA§I addtHie Shd t 5 wechani ress.
These obj ecvs-arb adhi 808d byra cat@$yat5 cbfr47 ng pekktadbem athd east one
al kali neta d d, .t pre n _ t or ous
support, Zokﬁg?gﬁgggta ysFa?gag ?QingﬁFﬁ gggﬁoggﬁﬁagﬁggapg%gﬁgggﬁﬁgort in
which at | e¥t cdededucaPfe ARHALPAR deS§Gugitestht @kidabioneasincne
palIadiun1cgggggagonsgggﬁguently carrying out a reduction at a tenperature
of > 20QC and additionally applying at |east one 25 al kali netal conpound
and, if -desired, one or nore pronoters before or after the reduction. The

i nventi on aEBPerdOngBy PBBViddatascabvahypirocespr ifoirn @ rfepalrdthgumingtl | east

one al kal i 0 ¢onmpound and,_ _if desired, one .or,.nore pronot.ers on a
por ous supp%?%@%ﬁg ogﬁaiggg b nggafﬁg Fﬁ; ﬁbr5&?%ﬁﬂﬁﬂﬁtcibﬁ%ﬁ?¥%%mrises
Ti 02 producedtbdyyshe fdwmmnchydwbbysi s ppfodriatliidonn t hhat |igwstegmadgshl | adi um

conmpound, s tl Lhg : r cti at rature of
5007 500C and aaar tronbl Lo aaa vi A ch | B e e P pound and.

i f desi4fed, TBARC3BI0RIRPLe IFr cHIREFRL A5k BF e2Br 28PH&donRd mddFemic 28
July 2003 _sflep dbeai bempeiatuterihethdr pyhgesrtaonr 96€ssof DooEroeduci ng
catal ysts, which conprises | oading the porous support which conprises a
Ti 02 produced through the flanme hydrolysis of TiCl4 with at |east one
pal | adi um cBOpPBANUBS8Bbslegadntskey calcining a palladium- and gold-

containing catalyst after the impregnation step at a
25 temperature of from 100 to 600°C in a nonreducing
atmosphere and only then carrying out the reduction
step. The calcination can also be carried out in an

oxygen atmosphere.

30 In the processes disclosed in EP-A-0 839 793 and
WO 98/18553, the preparation of vinyl acetate is also
carried out using supported catalysts based on inert
support materials such as silica, aluminum oxide,
aluminosilicates, silicates, titanium oxide, silicon

35 carbide and carbon.

In view of the fact that catalysts are wused in
processes carried out on an industrial scale, for

example the preparation of vinyl acetate, there 1is



"5 carrying out a reduction at a tenperature of 300 - 600C and additionally
applying at |east one alkali metal conpound and, if desired2s anayor00®re
pronoters before or after the reductiop._ 10 The invention further provides
a process for preparing vinyl acetate 1 n the gas phase from et hyl ene,
acetic acid and gxygen or oxygen-containing gases in the presence of a
catal yst cHFBREsERGSpESTtadifuny™RECY bt tfec FR%Y?tﬁetHPrgbﬁﬁééﬁ&Yand,if
desired, ona eespece &% phedvt ackienty RGOS 1[Eariityand obt ai nabl e by

| oadi ng the porous support in which at |east one reducible netal oxide is
present with at |east one pall adi um conpound, subsequently carrying out a
reducti on at ad erlperafere ah »ZEME amfl addi pressinty appdytign ato20 | east
one al kal i c de ILf Si or o] before or
after the ngﬁgbfogﬂngﬁggﬁ%pfg?#oﬁ?ﬁb,éfﬁ%hggfucfﬁgﬁkb:yihggégégﬁé support
in whi ch awhiiehst cohalyetiaci bh¥enetal paxtdeulsrpyesbhgh25aahdvihiyeh is
l'aden wi th pallLadi,ye,cQRROUpds 1@t nd hgmRerature of > 200C is referred to as
t he hi ghtenperature feduction and abbreviated as HTR. An essential aspect
of the catalysts of the invention 30 is the use of a support material in

V\ﬂi ChI at | gagtireRerr Qﬂljléic:Q' @fmﬁ \%@65\%3})& Siferi?'@Ign_i%_rt6X giabﬁdf@Xi ﬂes of
the elements o roups . , \ of .the .Periodic, Table of the
oot | SRERAKACS: HEA CPed(ftioh & BRLGLSORAGAN FHER (HALH Grke ufB and al so
m xt ures opadbithéae,r ethei btetatyaksoxsHealdFubéheinpersitheem ked oxi des
derived fr e i ngi_on i e _al i . Pref ce is
given to T?gﬁggnc}%%%ﬁél\ﬁenggﬁ]?é?gngg?g ea'?gsﬁll%ﬁ éggggf iacncgu%gge ar eas
.as support taattdricgiuatiops Jul yt2908xygsn Koweeatraitiians dlsingpotséble to
use inert suppeibnMBigri@ls SUhass &l if, valydi ndEeeXide, aghuniyum
silicates, silicates, silicon carbide or carbon as long as these Inert

mat erilal s BPEPRPLSRLCBATBESW th the 5 abovenmentioned reduci bl e net al

oxi des. Such support materials are known from EP-A-723 810. The reducible
nmet al oxid? content.is fron10.1ﬁko 25@65¥ wei ght Zasgd on the total

support nmatBFFEI .CRIFTES i &1 kBGMEEVHTssthl & t 52h8E YRt TP HF 1 0%e
reduci bl e peilabhdoxmdestn tdndtheseei rdikalintreet @l scampsupgdorarsi,f ot £t he

catal ysts - i nv i QO. v oL rQRoriion o in erials can
be up to 7@%?%pgaéidﬁ?% ggsp 6% FﬁgﬁF§f§% sé% g}t?ﬁgpgfiafﬁﬁg'e 15
propordd onwbichheca bt yShatid | 31N ahtlef elabl yoaging 5bBebyPoeryht , based
on the totgaghppdPPOohih MALRH &t PHETrbnaBLEBLRLES1EN matia0h Btideass one
reduci bl e ne?al oxide,is present. are herelnafteL rgferred to as %g
reduci bl e BGERSPE nat iR al €t sul5asdi ngPPe noRPLLaCiBle sUPPT " Pateri al s
known fronstheequentlar tartgingxant ea srédoatbonaktimanurengxe tket wre m Xt ur es
t hereof, a SW e f r i t .alys 0 i ntion.

Oxi des mhi% ggn (gﬁ?%dﬁggg Eg%g#goﬁ%géﬁéu%gg§§§ﬂg p%gdu£?%%ﬁ é%*%itions
enpl oyed agébrdingneteat heompeamd oangdre 1 kel Serathsuiongbl eragneimpor t
materi al s. p38mdberseguebbbeosunpeEtl €aB beausedonither in powder formor as
shaped bodi es. The support material is preferably used as shaped bodi es and
isin the formof pellets, spheres, tablets, rings, extrudates, ribbed

ext rudat esThst ar iaxentudahes, agtcarslinklyd owpxdivrididat es «or atdterl B

i ndustrial _shaped.bodies., T jameter qr _the | ength .hi ckne of the
support na?é??g gl? géﬁ%ﬁﬁ?ﬁ&gLronég tgeﬁsgnl % s&??géé af&%x% t he
suppor30 neaswpedndy ande BET deshoedis gehepal Impri)-sooneR¢éys pnefar ably

15-250 2/ Gorohl GupR:f a@! dtiind S bPQB&TiAL e pofou support which comprises
TiO; produced by the flame hydrolysis of TiCly with at least one palladium

compound, subsequently carrying out a reduction at a temperature of 300-500°C

and additionally applying at least one alkali metal compound and, if desired, one
35
or more promoters before or after the reduction.



28 July 2003 from0.2 to 1.2 m/g. The pore volune is determ ned by neans
of mercury porosinmetry. The support nmaterials enployed accozglingy aobhe 5
i nvention can be produced by any nethgod known to those skilled in the art.
They are generally commercially avail able. Loading a reducible support with

at | east one palladium 10 conpound and subsequently carrying out a high
t enper at ur 8nEediMadi At fehbRPhat BEEY1EES> D MKIORRFE alioFt PERAMCY MEppl vi ng

gtfl east Oﬁfat&my&Els ne%@icmomewid sad, 1<bédi:l:e<§| lta@h ;@csueoh W enppo@toln})t ers
efore or after the reduc n c st i C 1 el | ent
activity aW&“‘gWeIC%‘PF‘\?‘?Stﬁ iﬁgz 8? C«SQ %\r?'ééh tﬁ%l\#e] nhy%“’ %Prié to the
support. Théthovalt mdaasgte ohet hpaB:lIRdcntzmpor:omponedum bhbseqppntﬁg | aden

Wi th pgéb' ALIEOMBALNGS r8aGaloh! ede oW Al garawzp%?t Ugs of gndQ0C,

pref er Si re one or nore pronoters are subsequent |y
appl i ed toanhle sdppvronahligh depl Yern lRéadédabh tone \wdyka 1pr emekahce i s

gi ven to UgbRdodhdl GARt, one dUsiBea?Sofle OF GRIMOUILLAGL S, 81 KbYbEeOl these

conpounds. However, he addition of pronoters Is preferably carried out
bef or e theOHTRfﬁﬁéaFﬁﬁnFed@FFH@P -in adnixture with the palladi um conpound
or conpounds or 30 separately therefrom The order plays no role; the

por ous redum bl e supporterrcan be | oaded first with the cFal | adi um conpound
and tHdh wibf Ry SRy ost Jeni REOVEREE. 239 ARE tar 5y sPEEBRIHAE
i nvention Whlytneradmtrmre senattﬂeeagtasomaﬁaafrometewhﬂmmundcepief erably

at | east one. al ug%ggg}:gougg 8&39%%994}% 8 gg%rget al ton éhe por ous

reduci bl e sﬁ can carrred prior to eatnment, éither
separ at el ypoesencadrﬁﬁ(ter gataly syl oooBsing t Ralhedéuner iy oh@@e?—s and/ or

Wth the pahlea%'ﬁ%qomd &5m§&mugﬁ§ 9% @fetsqrret&e dAER &£ egbre
either separately or in adm xture wth e other pronoters..5 FlnaIIy, t he
catal yist s EFOt“ﬁéeFﬁv@ﬁt |aorPQ¥é>rﬁlsoe9‘-mRﬂrsthéH‘q PRt P 1PafhI prior art

and used ighendustshal qUEsHRsesn foniexanpt e Md@aétheo&)éntfl@évbéll@iew nyl
acet at e. 10A ording to the invention,, the reducible sug‘g {jiéraerlal is
EBfpotda 7t

first | oad®8C@it P& PR1 18 BheeSRToulid thThat ¢ 255t
critical hepmpoasdl ongulasedueyint Ty spelrs'wengofomthe arrercadiuc‘amrbe adchaeved.

Sol ubl e 15 ]q[ le?ﬁ\:H%C oundspgre suhdakl g for r ;, pﬁgggg g Naparticul ar

wat er - sol u% e sa erence is given to, Iad| um

conmpofitds 4epekt eaef naéﬂﬁatlﬁe"@rt@&p cFpsIud rﬂj’%f pral%mfaﬁﬁrl 9N CRE at e,
pal I adi un(hbreCBkembeersspdiruiet ekl aghker epal kadakeibh). [ Na2PdC14] and

In the following, the reduction of the porous support
in which at least one reducible metal oxide is present
25 and which 1is 1laden with palladium compounds at a
temperature of > 200°C is referred to as the high-
temperature reduction and abbreviated as HTR.

An essential aspect of the catalysts of the invention
300 is the use of a support material in which at least one
reducible metal oxide is present, for example oxides of
the elements of groups IIIb, 1IVb, Vb, VIb of the
Periodic Table of the Elements, Zn0O and other reducible
oxides known from the literature and also mixtures of
35 these reducible metal oxides. Furthermore, the mixed
oxides derived from the abovementioned oxides are also
suitable. Preference is given to TiO; and 2ZrO; having
intermediate to high specific surface areas as support

material.



20 palladiun(ll) nitrate. Besides palladiumll) acetate, further

car boxyl ates of palladiumcan be used, preferably the salts2efnaly poati c
nmonocat boxylic acids having from3 to 5 carbon atons, for exanple the

propi onate or butyrate. 25 However, ir the case of the chlorides, it has to
be ensured that the chloride ions are renoved to | eave a tol erabl e residua
anount befor ft cat al 1S, PYrpo tk ta pport

i s washed mﬁgﬁwggéaéte$gaf?%rE¥%§ﬁlﬁ§kﬁﬁgﬂ§aaﬁfgdﬁgﬁlcgﬁ%ggndéugﬁﬁ§gjth t he
promot ers anBaierépleheSHER  Fhi sSiL16Rhi eFeWBYURashXhget he2 SWRPBRR, e. g,

with water, gitecaPdsandilitaused, sAUikave aenidd xad dorddie $sIPPORG by
reduction to the netals. 35 The panggiun1co ounds nentioned, can be

prepared by afy MREFOd Whin PatERdELSskiFFed 1Pt h&EA Y FokBvetl® most of
t hem ar e sal sabcosmenciahky avadhabbite metgl 28idasy 2908h Prauppers used

are compounds, plethe el enEnts At BRORANG sk RAT ! cubar sohblg salts of
ese el enents.” "Sultabl e gol'd conpounds 1 ncClude, Tor exanple,
t et rachl or oametell bkidacicantEaaCis] frgo @11 1Yo 2bst dre jougqlGAc) 3 sed

potassiunlauggtgth@Hggh.ﬁFep%§tagg£égpgg_yo prepare the gold acetate or
res

t he potassium aurate y precipitation of the oxide/hydroxide from
solutions of tetrachloroauric acid, washing and 10 isolating the

prefci pi Lli’#e @efl_ tigki rlgt;éﬁtwi% i rp@@@t b‘tb%l(é acit;ﬁ orﬁ_s!sﬁﬂtm.ixmgegol dafcodrmwt nds are
preferably applied to the suppor ef or i gh-t enperature reduction.

Sui tablo cadRPEHELBIBomRIEY nEREHES PO T SREPE, e TndMrbAT ABetalts

Cd( OAc) 2 andsoppertsaitbexyhat esatofl westdim eifn ther iexamtlient héleyegpitteat e or
butyrate. Th Lum.c ds. b L | t SUPPOLt -giot bef ore
or after theShoBRe FERRORE B TLAAL PBaRREYRES, Edn ISP, 73 1

i ncl ude, forwexghple, bbaedunracethee Bet@Ac) Burmardr WatQuhadar bdbA at es

such as jtshe prepLePabe @ by ahéranfagksqalar iium pydfoxhdey BapOH)2. The
bari um conpounds can b l1ed to the support either before or after the

¢ be app
hi gh-t enper aPiFeP¥svWeddhtt | BASeFhenchbal Stadf STRROF hvBAtEBR2 L ur t her
conprises at |least one alkali netal conpound, preferably at |east one

pot assi um or _rubi dj um conpound.and. particul.arly 30 preferably at .|east one
pot assi um oA 8o E‘”Efﬁe’spwa&?ﬁ mginﬁsg s cgtgi: ,C;%&re mﬁéﬁ% ‘.

pot assi um acekade C, s&sgi uramar &n , P sedm r aggen

car bonatg, K u@gglgoggéé%gg1%%gépfggg'KCH, and al so all potassium

conpounds which are conv Into the acetate under the reaction
conditions. The potassi um conpounds can be applied to the support either

before or aftetptNeiRbuh;t aBREEALYIBlECEUPHDRR. mat@riadd® Kulown2GGdm
Pr ef erence ighglven to using the acetates.ior | oadi e orOﬁ% r educi bl e
n

oadi the p
support si ncEPthBEACEaflty st Tc ST RAST o 1 %QTeOEhFEgFﬁgu@oﬁfé ati on.

mixtures thereof, are unsuitable for producing the
25 catalysts of the invention. Oxides which can be
reduced to the metal under the production conditions
employed acéording to the invention are likewise

unsuitable as support materials.

30 The reducible support can be used either in powder form
or as shaped bodies. The support material is preferably
used as shaped bodies and is in the form of pellets,
spheres, tablets, rings, extrudates, ribbed extrudates,
star extrudates, stars, hollow extrudates or other

35 industrial shaped bodies. The diameter or the 1length
and thickness of the support materials is generally
from 3 to 9 mm. The surface area of the support
measured by the BET method is generally 10-500 m?/g,
preferably 15-250 m?/g. The pore volume is generally



5 The netal conpounds are usually used in concentrations of fromabout 0.1
to 100 g per liter, preferably froml to 50 g per liter, bagedsen, thes
solvent. Suitable solvents are all congpounds in which the 10 conpounds or
salts chosen are sol uble and which can be easily renoved again by drying

after the inpre i on. anpl es sui tabl e solvents for the acetates are,
in parti culfz?rjo,m %ﬂ:%bg?i }E?ela £dr b% | iFO i l,sur%espb%i g?gﬁrﬁ(‘:a?ac%ﬂci d,
whil e the aldaors defs et Wi gpimetarydy 15 in water or dilute
hydrochloric acid. If the salts are not sufficiently soluble in acetic acid

or in water, the additional use of a further solvent i_n addition to water
or acetic &bed, 9hbPphrhrermadealigd susegmpbovedi xawcordiag bet@advaheageous.

Possi bl & addj\fdAnaln SOAY &Pt SpRbBuLBRAS KNGy HE AL kndRd FbSehBke Wi th
acetic acid or water. Exanples of addifions to acetic acid are ketones such
as acet one SX3 1diRf adst yIhRettdite, AP8Y erFer DR Y t 6OPBRYEEBLGYan or

di oxane, acgtg@nidyid.e, di nethylfornmam de and al so hydrocarbons such as
benzene. The application of the active conponent Pd and the 30 further
pronoters and al so the al kali netal conpound can be carried out by the

met hods knawadimaymd heequaidslardupddet fwihtished tasatyshs paliadients,

expressed in finished t al X i um the fo]l ow ng,netal gram of
nmet al f)@r foflp(ﬂ‘ungégne?gﬁl y %%?%(f‘g#?ﬂ(n SSL}?&& (_Qr EIUJ: 2% g/ 91§E_ 15 g/1 5
- 10 g/1 tenf@radlukss | radvatienntant tegpaspbhkgspraf ePatﬂ%mGﬂ padt i cul ar
28 July 20038 i 3h10h! 19519508/ 10 14650/ 15l T dhefd ni ghed;catal yst

further conprises one or nbre pronoters, the pronoter content IS In each
case gener SAmpd A gt i, dgEérefabloper-oms HP e apECTAtpaFt Pefirae 3- 10

g/ 1. 10 Indheasysthagies péavtnybn acaivalse, cPf£f PELNCGhEShIINGFe t @nusi ng the
cat al ygﬁ syste based on Pd/ Cd/ K, Pd/Ba/ K or Pd/ u/K_L. Parti cgiar

pr ef erence FEYi t 95Vt b¥s A0GhpT T AT R Pt hu 2R 1319 §HCESLERE al
aspect of tddheriesendf imobdet imEtdlhato dthd eagipd?d .and possibly Au are 15
subjected to the HTR, while the other pronoters such as the potassium

conpounds and further additives can be added either before or after the
HTR. The novel measure of the HTR of porous reducible

supports laden with palladium compounds is carried out
20 at temperatures of > 200°C, preferably > 300°C.

I1f desired, one or more promoters are subsequently
applied to the support which has been loaded in this
way. Preference is given to using at least one Au, Ba

25 or Cd compound or a mixture of these compounds.

However, the addition of promoters is preferably
carried out before the HTR treatment, either 1in
admixture with the palladium compound or compounds or
30 separately therefrom. The order plays no role; the
porous reducible support can be loaded first with the
palladium compound and then with the promoters or vice

versa.

35 The catalysts of the invention further comprise at
least one alkali metal compound, preferably at least
one potassium compound. The addition of alkali metal to
the porous reducible support can be carried out prior

to the HTR treatment, either separately or in admixture



It is found that the catalysts of the invention are 20 superior to the
catal ysts known fromthe prior art in respect of activity ang BaL |%ﬂkprly
in respect of the selectivity in industrial processes. An exanple o

i nportant industrial process of this type is the synthesis of vinyl
acetate. 25 The use of the catal ysts oef 7t he invention in the synthesis of
vinyl acetate has, in particular, the foll ow ng advant ages: 30

Sur pri si ngl yy; @nSetREt | Yikdr | RARRRR %wotrhanléﬁ | sh&chiavedy i ch is
measurabl e by a drastic reduction_in the undesirapble total "oxidation to

CR. At the SaRBO¥NHe, ChBn GRARAMNGS i nQreaddtsF nbhe tHEh Jo®adde&Ympared to

catal ysts knephéronmstparptiedl abk i $nachidmdedturthe wiatel vmRAswthaf the
HTR i nduces a_very strong interaction between the noble netal particles and
the - 11 §§°ﬁﬁ¥§r§003 reduci bl e support and this interaction effects an
advant agéous change in the properties of the noble netal particles for

catal ysi s an?hhgl 9spggglgggaﬁggtgxgglkggt %%%%%Qb%a'a%n%ﬁpwfﬁléﬂééfm

support and merati on -resi stance.
hi gh-t enper at or écp@adéééecatléhy§h§ B ipke aitty @énd (Weﬁ’a\}él anskystird@lar | y

uni form Pd/ AYrgebk¥es et abrdl gkbhpubi oRnandn2 hisghtpegrae @ff dispgnsi on of
the 10 noble nmetals. The high degree of dispersion is largely naintained

even in IongaFéFﬁFﬁperatlon owi ng to reduced aggl oneration of the noble
nmetal pargicles, as a result 15 of which the deactivation of the catalysts

of the invention_ is_slowed I ratin ives ar hi
addi tion, é 88f9f9gts%§f ?ﬁg i%@gﬁ ?gn%havghfo gfgglﬁgﬁg %u% ﬁrgal
stabilities paberial hés dhiast chdddedreidt Avea¥leddun Wospsuppolhs tyge efisily be

shaped to pragygg,AEchall caldy hart shapedibad) esagndibhe HIR ahoh
t enper at ures Rer increases the hardness of the sh aped bodies. 25 The
catal ysts ofd#ﬁﬁerﬁvéﬂtlgﬁ afBei nBehailt i $80t oPRot ashdeyeind srdyble

fl uct uations hmlgagu@xm@m@@erﬁf@t sﬁﬂtdblé anotrhetlflEB’iCthﬁoQé the vinyl

acetate nt he nt e ot 30 grea | y reduced
owi ng tos¥hep8§%§88?8FnHF % ﬁPSHBiéI §£§|t? 5?2&9?8'?gdg& EI% theu
strongly exofbher negatplal opadbddiumt occﬁmpcmmw)aelas:taed esﬁ:dotn otthehi ch

regul ati on a?ﬁogéoggﬁglgem@%{Sﬁflsﬁé;?fﬁr“fﬂméé’etsd@l 'dd19Gasdm (Frjce an

increase in pace-ti me acconpani es t1Vity increase,
part|cuIarIychﬂgﬁlﬂﬁroﬁgﬁmestéﬁﬁaﬁblPéapﬁ%éﬂd?HeKéFbe PeafifiGla] andg?

20 palladium(II) nitrate. Besides palladium(II) acetate,
further carboxylates of palladium can Dbe used,
preferably the salts of aliphatic monocarboxylic acids
having from 3 to 5 carbon atoms, for example the
propionate or butyrate.

25
However, in the case of the chlorides, it has to be
ensured that the chloride ions are removed to leave a
tolerable residual amount before use of the catalyst.
For this purpose, the catalyst support is washed with

30 water after loading with palladium compounds and with
the promoters and after the HTR. This is achieved by
washing the support, e.g, with water, after Pd and, if
used, Au have been fixed to the support by reduction to
the metals.

35
The palladium compounds mentioned can be prepared by
any method known to those skilled in the art. However,
most of them are also commercially available.



©28 July 2003 Achi evenment of the abovenentioned advantages coul d not have
been foreseen fromthe prior art, since the prior art puts beryard ddve

opi nion that reduction terrperatures ofg > 200C are damagi ng and, owing to 5
aggl oneration of the noble netal parti cI es, reduce the activity. Thus, hot
spots of > 190C are avoided if %@?SI b| e bﬁt 1flhe conventi onal reductl on
and | ater FROBRERES FeAFHuUrg ?l% emepts cAkheBat ABduse of
inert suppests isugh ras cuillairC @ ldibae G2 las ©ifl ittersdicbdmeral .uni num oxi de

m xtures, preferably silicon dioxide. 15 Loading of the support with the
desired amounts of the respective conpounds can be carried out in one step
or a plurabButiyabflesequeritd al ctregsyndd t h thylwde st ep§obei ngxabpée, i f
desired t(t).eb.?tac?ﬁ% to%%ﬁ%t(‘ﬁeﬂ ty&anctlawu@iap Stgec?ﬁj 1ﬁ1)'ta!: tQQ si bl e,
for exanpl e one conpound ea enents to
be appli ed f%@(pﬁmshppeptagewmclaegate dKAP@s K/ ALt Pl Rﬁwsebledﬁw Ba.

Hovever, appbiphall t¥Hdf splis ofcong el ed@ntu;’é C§Bt§£§9m9e §99£t§d or
m xed corrpounds of the various nmetals can be used /lry%enera exactly one
t

salt of eaéﬁeéf‘ltyhebi’hrferee%‘lle’n’ﬁﬁ@rl sOfsehe TR idsg ¥ 1€ appPPed to the
support by skanewrio%@dl oadi ngt@Efﬂ@ldEorééhﬁrﬁdam@cﬁt e_ema@g%ﬁgrrpregaatl on, ]
spray on, \apar de osi tion, dipping or precipitation. .The support can be
i npreg%(gt ed SPi Gﬁtm@hr@ﬁ%hp\ﬂetcﬁptlﬁ@%?a%% ogagﬁngs ]S%sngl@ t%cﬁggcall

met hods knawidt @rt KGR, skKhél gdlidn compoamidswhd h pref dbalehypl aypdiéadr

'nthe docafenlE BEPROL ook 1030 D8 Ry ey 2 e a s W5 8. US A 4 098

096, US-A 5 185 308, US-A 5 567 839, - 13 US-A5 314 858, EP-A-0 634
214. 28 Julsy, ;2093 EP- Aa@nB39 208 mdPmArd 634c208e0" Iebit heegang1of the
Pd/ Au/ K catalysts, it has been found 5 tqQ be advant ageous to apply the two

nobl e et ace i Uthe GRS gds(ﬁ)@lq)zona{‘ﬂe SERREr t CAFPRXYLARSRAOLPE netal s

are distribudeduvan! yfop axzaipdecl o€ T;:Q'ot;ﬁ@n%lﬂé ace Witye dthe r'egdaons
further insi the su ort.bod e Vi r\t} ual.l erg of noblte ne{g The
Lhi ckness SPCTHPE SORRUIGN | C4R | DS aBPPUSSEngal 11 epBiTyt of n
many casesbeimrfea@e'- |arfrtJe&grtateed11¢ﬂJt—a;lemxes*arm1k@ peskidiliena nore sel ective
process than is the case for catalysts in which the support particles are

15 |rrpregnated to the core ("fully inpregnated”). 20 25 30 _
Suitable barium compounds include, for example, barium

acetate Ba(OAc),, other barium carboxylates such as the
propionate or Dbutyrate and also barium hydroxide
Ba(OH)>. The barium compounds can be applied to the
support either before or after the high-temperature

25 reduction.

The catalyst of the invention further comprises at
least one alkali metal compound, preferably at least
one potassium or rubidium compound and particularly
30 preferably at least one potassium compound. Suitable
potassium compounds include, for example, potassium
acetate KOAc, potassium carbonate K;CO3, potassium
hydrogen carbonate KHCO3 and potassium hydroxide KOH,
and also all potassium compounds which are converted
35 into the acetate under the reaction conditions. The
potassium compounds can be applied to the support

either before or after the high-temperature reduction.



35 If the reaction conditions when using surfacei npregnated catal ysts are
| eft 'unchanged fromthe reaction conditions when using fullygi ip;egnrtzed
catal ysts, nore vinyl acetate can be-pgoduced per unit reactor vol une and
time, which equates to a capacity increase wthout additional capital
costs. The rk-up of the crude vinyl.acetate obtained is_alsQ de easier,
since the vﬁill\%ﬁeracne eat%ascgcr%f‘lgg't to %{%égérogﬁcta%%‘gatfer%mfﬁﬁe lroggéﬁ!gr IS

hi gher, whitdte alpardusadsednchr lenerspyppsanti ng intet hdhemek - wataSyisttasbl e

wor k- up pr e r , .1n US-A 5 066 365, DE-39 22
575, Db~ A 35 D8 3’3%”36%?%12‘49%09’;1’%6 DE%-HA;E-%Z[E“}AO@JB%S: US-A 3 840 590. If, on
the other hand, the plant capacity is kept constant, the reaction

t enper at ur ereamdieal owsheduald bhe heArdinh €884t RRN ebele ke akaihised out
nore selectively at the same total output, thus saving starting materials.
Thi s al S0 rRfdUcka (3RO EmAint 6 £4P HBnbRF oki HE whPER LFE APg¥mid Ot 1

by- product tandd kerefrore dws, toadml dirs ofted gash wdrk decr eases the | oss of
entrai ned ethyl ene associated with this discharge. - 14 28 ,Tuly 2003
Furthernore, this operating procedure |leads to a | engthening of the
operating ldfigalfld heschtarityst .aecoatl ngcowpbhedsnveént i ghichhe that al yst
has 1019e 3 ipharLhL 0581 bl OBnbEERCEILUIS IAANCTL AR @iigh LaRdhao with at
| east one pal I'adi um conpound. For this purpose, a vaporizabl € or “gaseous
reduci ng ag@ftilaanreeoyedsadain banphrEing eaf ter abbee impgegnag ipnef er abl y
in the ranggdPML00€ Qi Y9 aBd1RBALIsCHAT | dhdr&Eefably hpet hgprange
from 300C to 600C, over the | oaded catal yst. Suitable reducing Sﬂents f or

the HTR ar @31 G aPRSYBShkFERedr SN tld G eRietdS t h€SPRCEadiym
conpounds anthtid ased, @pkUecehpowiistididdear@t absuBlet beihbgh1keduction
t enper gures eg{:%otyed accor.di édro t eoi.nvent.i n. 20 Preference is given to
gaseous~ or J\fhﬁ’ iZabi’e & goecfﬂs Tor Exdmpl e H2, €0, et hyl ene, NH3,

f or mal dehyde, net hanol and hydrocarbons in general and al so m xtures of

t hese reducing e ' r.ag S G rl ed. 2 gaseous
reduci ng agfefrql_t gﬁgan@a;%%%iy%ggdielﬁlﬁ edgq%{ftlhﬁitgr@rlt}yggé?ﬁg%% glxnarrgf:geggr bon

di oxi de, nia%icheRror iAr gémtePr eftdien@ddisigngdn vécustthg aa fedtbemg agent
diluted W tdpingld OaSadM Xiéhesoolvaltydr eaemnvdtit 30c i} r QHeBH Ok rar gon,

pr ef er%)ly t.hose having a hydr ogen content of fromto by volunme to 15% by

vol une?Var @155 e @S thé i G iR LB GERYHE 1y in the range from
1 35 mnute to 24 hours, particularly preferably from30 mnutes to 10
hours. The t, of ducj a i S ._se t o] a east _t he nunber
of equi val epflc{ggslio lere%%%fﬁgbgglent%%rﬂ-enig Az'gec\lgﬁf/gﬁ%‘g%% éré Thert

and miscible with acetic acid or water. Examples of

additions to acetic acid are ketones such as acetone

25 and acetylacetone, also ethers such as tetrahydrofuran
or dioxane, acetonitrile, dimethylformamide and also
hydrocarbons such as benzene.

The application of the active component Pd and the
30 further promoters and also the alkali metal compound
can be carried out by the methods known from the prior

art.

The finished catalysts have the following metal

35 contents, expressed in gram of metal per 1 1 of
finished catalyst:

Palladium: generally 1 - 20 g/1

preferably 3 - 15 g/1

in particular 5 -10 g/1



required for conplete reduction of the noble netals are passed over the
catalyst during the treatnent time. Preference is given to passiung #b3
excess of reducing agent over the catalgyst in order to ensure conplete 5
reduction. The volune flow of reducing gas is calculated fromthe pressure
enpl oyed in.the .reduction, the dilution ang the reactiop tigge. Preference
i's given t%%&ﬁiﬁn%ﬁ}%ﬁncqqﬁ§¢i&huniQﬁP%égéh%nspheric p?ess e?/ .e. at an
absol ute pressure of about 1 bar. Farreferd®lyproducti ohOof Phdagliri al
amounts of the catal yst of the invenili nce i $agLVv using a
rotary tube furnace or a quidized-gghiﬁéégéﬁf%ﬁ orde?oto ggs%?% uni form
reduction of the catalyst. 15 In the reduction according to the invention,
it is firstyrancd or eARShedheaRahl8 tMatalt HMAHKISi sds ConEdoaNthofer exanpl e
Au, which are reduced to the correspondln% nmetals, wth the support
material b&AYPPETT al | Y'e edBESBOLBL g, COH LG FiB+ tont BASNI nCARE Ti 2 20
lattice. | yegaldst tiperedo,20 he/Qt,hepregbabbeonppunsisgpr esai , in. €. the
al kali et al %Sggﬁyndg}gﬂp Bﬂs ot her pronoters apart fromgold, are
general |y w6t Hd.” For ¥ni's reason, the alkali netal conmpounds and the
nonr educi bl e pronoters can be applied to the support 25 either before or
after e hi gh- reduct:i.Qn. ef di . t he
invent?@n,q#?ga&%ppgﬁgégégﬁpggtgag |ﬁ%é%ﬁ%gg% e%%g r%$@%1§gﬁgg¥8&ith
further inét wuippbrihe oratakyeht systems eRaspieosi 8d/addKeor PSGBATHO3,
preferably #s shAREAKDOBL8S 1 RLe RSAL LA Ye | Bst RE JBf MOT sRekkaLS.
spheres, rings, extrudates or tablets, are inpregnated with pall adi um

acet ate anFYHR Hdwt aFe 2aried Ldnd? F e &t B SF R ML FhsESRE Stedeti kG €agent s,
p][ eESBabhﬁgﬁse&%ﬁ“Vi’”@m tairtﬁﬂoo Othcé\H?ati nelalze W&ﬁipoéﬁgblprlma_rawre ragge
0 - r ef er , for.a period rangin rom nute to
hours.lgf d%§£¥%ife ﬁﬁgiggaﬁgﬂ$bW%%l£? ?ﬁ%rggﬂﬁfigﬁoafiﬁrﬁofgg i ifh acet ate
and final dhd ngottsaitsnpaEmptaurelsof and28 uttlhe2088ditigesnotambpbe t han

1 50C, prefefaly SAH0Gad d Qirpaarggecym{e : 150C. However, it is also
possi ble to use support materials 5 1n Ich the inert support constituents
have firstly been coated with Ti02 or Zr02 or with a m xture of these

oxi des. Thixx i ssfaduwedehytt hed MBEEENGELEN St epnand dhenHldn The
propor%bon of Ti02 or Zr02 is fronlo.#g%o 259 b% i ght,. based on the
suppor £ matBHHI Lo ot RuFPReFalPdYSEst et dr TRPPeFDEr iRt 25 ep8 whi ch
are known tredgeese sKi dteitivinyt hedaphredrediarrilysent ecksgdeseot nehade, inter
alia, washing. qryjng, £3¢hHAALLRY 1°§%ﬁdoaéés°§‘e andj or e&%%gﬁte' ofe 1n The
catal ysts of the i nvention are preFer y ised T or préparing Vinyl acetate.
This i s genermintardar rirsthgunidly pasxiers acef i ctlats d, tepdyl eae &hd oxygen
or oxygencaifrAiHd 3G ggaise,qr;é{tl et ures of from 100 to 220C, 20
preferably from 120 to 200C, and pressures of from1l to 25 bar, preferably
from 12P0 20 bar, over the finished catal yst, with unreacted conponents
EEi ngbalbl e 1?@ bgls@i rle)tﬂl atleg. Jﬁmwyﬁgn epnagy raﬁiv@mﬂim?d\éant ageously
ept below | o Vol u as on 2 as mixture excluding,_acetic
acid). Hovves\yen(r)c,héc/ﬁ St iogﬁ &\H‘H?i nae??'g%g%eg]agsdch s ﬁlatrrt&ﬁélr%a&’ cgﬁson

di oxi de i s fsdnsvimes advem tadieatt ageous. Carbon dioxide is particularly
suitable for dilution, since it is fornmed in small anmounts during the
reaction. The vinyl acetate 30 forned is isolated by neans of suitable

met hod30as Sa@ idesdydbed, 2 Rl estdipitey ItrsRse P HEBOBS5LhPE- A3 34522 575,
DE- A- 39 08 2233 .evdfie, A3 4D %l JnedFuruiZle 10y 624dr &St - 3r880c698n 3R The

foll owi ng exampl es ser t xplain and illustrate the invention w thout
restrictingqq éﬁ@&ﬁe %8%41 ox1dgllon to COs.

At the same time, an activity increase of more than 20%
35 compared to catalysts known from the prior art is

achieved.

The novel measure of the HTR induces a very strong

interaction between the noble metal particles and the



28 July 2003 - 17 Exanple 1 2.11 g of palladium acetate (224.99 g/ nol) and
1.32 g of gold acetate (374.10 g/nol) were dissolved in 30 pb S,0f Boaci al

acetic acid. The preparation of gold acetate is described, for exanple, in
US 4,933,204. 100 m of Ti02 supports (P25 pellets, DEGUSSA) were added to

this solution. Supsequentl the maj or .part. of the glacial_acetic_acid was
firstly di SF?PP‘éﬁgi?f ﬁflp?éétonagrgﬁo Warfr&faat&)crta]t , ?ég??ﬁj%s 3P sol vent
wer e then redosptdageo66C vhahge heirai dhef @ropertpjwsy afd theaal hgbla a
vacuum dryin en fQqr. ri o] ur s, i kew t 1 .15.The
reducti on w‘ggt%)é/tr &aera:rlocﬁtéasﬁs::f%g aéagt;aglytr%)lx u?acra]dofl O%%§?°€%’ﬁ§%§ o)fcglgz in N2.
Here, the gesceaiephssedhanigatiemrarhatnimg ofo abbat s®pPOrthrandgghthhe pellets

for one qouy. ,The Ledushib?at\Bs caLkikedneut under atnospheric pressure at a
fl ow of 90 1/% gf as% xture g/? | o0 by 28 volune of H2 in nitrogen. To | oad

themw th potassiumions, the pellets were treated with a solution of 4 g

of potassi upnacgt ghetehpd@afliref reatieed TAitS 1HistsUIEE Wase al hovedié® act on

the pellets at roomtenperat yre for 15, pi nut esPJ% m xer.. The sol vent was

subsequent | Y298 r éhovBF Lo CRLAGEr y WVRHOF Bt or p8CIrévE wetetdtied for

14 hours atdidf€ibutaodryimd avemighhelegakal ysf chigpedseibn 7o¢/ 1the; 16 g/ 1
K, <1 qfﬂl] Cl'ob{“g) ]%% fd. 30 The production of the catal yst was repeated

tw ce. e testing of “these catal ysts in the synthesis of vinyl acetate is

reported as Exanples [Ato 1Cin Table 1 below. 35 Exanple 2 2.11 g of

al | adi um a ate: (1224, : : f t : / mol
ot e di seoloig g et BE) Bpor S U5 STpLaREy! MaHEdIndd 9100 M
of Ti 02 supPBels (XF253¥8ngefeehs, RRPEDRIONer eCBHUBd tB t hFRdeePdti on.

gubselqregt | fx?gwﬂ?g%mbnpa&t ok hgmgl acitall eatticiad,d é’%saffé&ﬁiﬁ/

istilled of f at on a rotary 5 evaporator, residues of solvent were

t hen rér?oveﬂfatw%b@wi'ﬂhetﬁgaaﬁ%v@ft 0|°I% pihE aﬁagf’?ﬁﬁf:fsy ‘i’lr[u a%%cuum
dryi ng ovenihoenaipari a@ ofslbdedournd | ilkews semra80Qg 10 ifhes r eghteet | on was
carried out _usi ng.g gas m xture consisting of oo by volune of H2 in N2.

Here, the ggg was passed at a tenperature of about 500C through the pellets
for 1 hour. The reduction was carried out under atnospheric pressure at a

flow of 40 3/h gfsacHbktur @nd5 ehthagshy VO  Hajdhiidd 0984ye To | oad
themw th potassiumions, the pellets were treated with a solution of 9 g

e p e € \
of pot &X%i ufikgeétaPt IMPARMCHr FaeRL11Fh8SpeI IS WhecHCmL
i npr egnat edrkeBcthive ayduweieldn xeghpoait sl0cahnudesi By meonmshappar ateire. The

I T T R R A ot e LY S
g/l Au; 16 ghighKtempetaghte25fQithe® ghtrRPdseBxams dn3keds of the
shaped bodies.
25
The catalysts of the invention are insensitive to hot
spots and also to fluctuations in the oxygen
concentration during the reaction of the vinyl acetate
synthesis, and the intensity of the hot spots is
30 greatly reduced owing to the extraordinarily high
selectivity (drastic reduction in the strongly
exothermic total oxidation to CO or CO;), as a result
of which regulation and process control are
significantly simplified.
35
Since an increase in the space-time yield (STY)
accompanies a selectivity increase, particularly high

throughputs can be realized in large plants.



"2.11 g of palladiumacetate (224.49 g/nol), 1.32 g of 30 gold acetate
(374./110 g/nol) and 9.0 g of potassium acetate were dissol vedgi f,130 Jly30f
glacial acetic acid. 100 m of Ti 02 supparts (P25 pellets, DEGUSSA) were
added to this solution. Subsequently, the major part of the glacial acetic

acid was fifstly distilled off at 35 60C on [Qtary_evaparataqr and

resi dues ofiélbjr%‘é%r{‘e%rg?t g‘ﬁ raZt%\(/eem nggl i%ggggg%%%?n 5?9#%9“ en over a
peri od of 4hdroeirbeen 28réskpn2(@®m tie piheohatrh, wasndevittied prmitaxr t hr ee
parts whic re | ect i ff nt dustion iti :

Bat chTi rreTgarrill)\gr at%‘?gﬁeduggﬁggggent ggh408%1g§%toby v%?%cr%e o?‘r‘l’ﬁ}’ﬁtﬁ%tsg
h450C oo bytempensteresz dfn R2CA0AS00CHIR, Bpme6iage andHz QWimg S 0The

reducti @n Wagqg Eahé i+ £6i OGNt o¥SikRG h AT MhedAl epsPPSESEL N rahLE@%he Vol ume
of H2 in N2. %iere, the gas was passed at _a tengegature of about 400C (batch

A), 450C (SR BYY or THSC (BRE cKPOESt iPbugh 11 peldr& saYetdednddrs in
each case. JhesiBkICboBR Was €hér icofveut i bhaundesdwdtmspheniic 1pressure at a
flow of 40 1/h. The catal yst conprised: 7 g/1 Au; 16 g/1; <1.5 g/1 C1; 10
g/1 Pd. 15 EXaMFEC® 06 g of pal | adi um acetate (224.99 g/nol), 0.66 g of
gold acetate (374.10 g/nol) and 2.0 g of potassium acetate were di ssol ved

in 15 of ..gl aci eti,g _acjid. 20 LO p ts. £P2 I lets,
DEGUSSA) m?%rgfg%grho’ta%’ e s%?h?? or_??‘?‘gﬂh%%éﬁ%ﬁt fty}?éjt ﬁggna?ér_%ﬁ_ae?ft of the
gl aci al acesuppertsl wasuthrstf§ di SElEFed of f1aK1686C oRra r Gtiadgodvapor at or

and resi dueg; 9fi§0) ¥ERhiNGhe bREBer enpyedrat, 606rbet rih1hoULS 1R Vacuum
25 drying oven. The reduction was carried out at 500C fof 1 hour using a

gas m xt ur edtoREFLt i ng of 10 o by volune of Hz in N2, using a nethod
simlar to Exanple 1. 30 The catal yst contained: 7 g/1 Au; 16 g/1 K; <1 g/1

Cl; 10.g9/1 Pd. .Exanple - 20_.28 July 2003 |.06,9_of | I adi acetate
(220 03%) AF3aTREGRE g the GFROAtotid (47 To° b To FRANRCS. Bg te
pot assi um acetp¢ et wee ecdinpsovhdsdcen 3@ marofiegl apital imcebécsaepdoat 60C.
100 m of TiO rds (25 RelLkakS a1 £) 3, e tQ IS
sol ution. Subé)e%&%f the I’SYB.]EQI’ parat Dgﬁjgée?gl aﬁl Ogtgétl C acgite “was
firstly disteined adflffe,at i60Ceniredot &y Efapbratbiedndateadueshsf sol vent
were then renevedsghl 69CHhor 4 hours using an oil punp. 10
20
It is possible, for example, to apply one compound,
e.g. a salt, of each of the elements to be applied to
the support particles, e.qg. Pd/K/Au, Pd/K/Cd or
Pd/K/Ba. However, a plurality of salts of one element
25 can also be applied or mixed compounds of the wvarious
metals can be used. In general, exactly one salt of

each of the three elements is used.

The salts can be applied to the support by known
30 loading methods, for example steeping, impregnation,
spraying on, vapor deposition, dipping or
precipitation. The support can be impregnated right
through with the salts or it is possible to use all
methods known to those skilled in the art which are
35 employed for producing surface-impregnated catalysts.
These are disclosed, for example, 1in the documents
DE-A-1 668 088, US-A 3 775 342, US-A 3 822 308,
US-A 4 048 09e, US-A 5 185 308, US-A 5 567 839,



"The reduction was carried out at 500C for 1 hour using a gas m xture

consi sting of 10% by volune of HZ in Nz, using a nethod sinpgag, it ogganpl e
1. 15 The catal yst contained: 3.5 g/4 181;-16 g/1 K, <0.5 g/1 C1; 5 g/1 Pd.
Conpar ative exanple 1 20 |.82 g of Na2Pdd q (299 19 g/nol) and 0.64 g of
NaAuCl q (363578 /g?h)gg\@re dipps@al yedsign 233, M efp_dery neraligzed er. This
sol ution was g ?I ed conpf et er to 100 m of SiOZ supports (%16\(,)@{)@ | ets,
Sud- Chemi e)ERirdn0geaf| 2ldgitation. To forma noble metal shell, the 25
pretreated support was placed in a solution of 0.85 g of sodi um hydr oxi de,
NaOH, in 32_m of dem neral|zed ter. The .reactiqn m xt was |left to

st and overn*@hfh%nﬂaFﬁeOSeF}“@t 5%%‘& [rér- At Sih&d flltee’a(ﬁ rbr"?:}e“%si ng
dem ner a8l | zed wat edvadadgbeusatal ;pplwashtehemmr edided mdtidlsann the

hyl / ni % of, I | 50C f h
35 To | oad TRETBI @ SHILh ROt 508 SHIRS 't hes” wEbe FRbAfcdiit e

sol ution ofaﬁeg dﬁsqcroibanfadm@atet atre an RBMhen cobseatter dhd therfags shed
cat al yst ed ko hotu s a i 2 |y, 03 The
catal ot corpi)Seqnes g iebbeRel YpS g S sypidpe SBol tar®

Conpar at i veVeREmrplleYZ fB‘ef OTBf gn@bl‘ﬁarnleé%éllﬁm %!ﬁ atlélfelzlzesagoél mgds 0.7 ¢
of gol (ioaceéétégl{,ézgaiﬁ OBl YyeasHe$10i9 QEuRDI@SE] P agRt ate were

di ssolved in 30 of g},am al acetic acid at 60 | 00 M of Ti02 supports
(P25 pellets, DEGUSSA) 10 were added to this sol ut| on. Subsequently, the
mej or part oh thangcetdaseas,i d masféi:esi:hyrd@ﬁétédiedc@ﬁ:ﬁl&%t@OCnter’:l rotary
evapor at or and regl dues O(])_,fe ssoel ve re (;tcheesns rghmved agthOC Qver_ a period
of 4 hours RePRYCAR 6i " punp. lf§ T on Was & rf8d8at “Gsih argas

m xture consasalmgtef 1096 bywlvndzlmrre ’ohie H2 surb@x o lpantolaless of A% in each
case based 1 f ok u L{C pressure, gas
flow éa‘l% 1/ﬁr§?p£§§ %E%Hgg?a y%tzggﬁpgl géé'ﬂ93£%§g§§9§g&§1% g/1 K, <0.5 ¢g/1
Cl; 5 g/1 Pd. Conparative exanple 3 25 0.53 g of palladium acetate (224.49

g/ mol), 0.38rg afhgol Qeaee&ahe (&7:4@:1@1&4@' Wwhafd 2u8i §gof smt@%%'um
acetate were dissolveq in 30 Iamg acetic_acid. 50 of Ti02

supports (XBBI8"pEFfet gatﬂleVFBﬁ) §fhdddachaPeRs §6I°m| drhe
Subsequent | yeatbeonsj aronetrticofs t hehghaciwedinacet folagi d J.\Nq:&e‘grfa&ielcy

distilled o o] r oty r Vv to S ent juere then
renove % %%E‘Q\A}’ggg hgogled 0 Qaineao ptﬁenpéaar}ldgé ﬁ%?ﬁu%d éacuuvmgedr yi ng
oven for a peatbdrofvolan@s dudr $imei ke seh ateqaeceSTrteO r edwadagn twas
carried out;fhergall yiwhbheuts JEAUCA g@agpn(taé"f OL&QLSt | @RL. dé%ﬁ@euﬁ”“ trogen

as flushing gas was passed through the pellets for 1 hour
the <crude vinyl acetate obtained is also made

easier, since the vinyl acetate content of the product

25 gas from the reactor is higher, which also leads to an

energy saving in the work-up. Suitable work-up
processes are described, for example, in
US-A 5 066 365, DE-34 22 575, DE-A-34 08 239,

DE-A-29 45 913, DE-A-26 10 624, US-A 3 840 590.
30
If, on the other hand, the plant capacity 1is kept
constant, the reaction temperature can be lowered and
the reaction can therefore be carried out more
selectively at the same total output, thus saving
35 starting materials. This also reduces the amount of
carbon dioxide which 1is formed as by-product and
therefore has to be discharged and decreases the loss

of entrained ethylene associated with this discharge.



- 22 28 July 2003 at a tenperature of about 500C (atnospheric pressure, 40
1/ h) . The catalyst conprised: 3.5 g/1 Au; 16 g/1 K, <0.5 gbd SuiGl;209309/1
Pd. Conparative exanple 4 1.06 g of $ald adi um acetate (229.99 g/nol), 0.7 ¢
of 10 gold acetate (374.10 g/nol) and 4.0 g of potassium acetate were

di ssol ved %@gﬁqgtmeie%%%%k) acld 1 BiGld abr806aulf0 Thagt Sid2 sypports

(Aerosil 200 p ets, were added to this solution. Subsequently,
the ' maj orlpRgthepingeof| hBraPPaEatitJatifenas £hescpyalsslistilled off at
60C on a rotary evaporator and residues of solvent were then renoved at 60C

over a period of 9 hours ing.an oil punmp,.. The reduction was, carried out
usi ng a gasPRERIEIRI2 %oﬁz\estilﬂfjef#l?go b ?/olctﬁFéﬁd‘fStI%Zp‘Iaﬁ NE°f &€ 1 hour

at 500Cp5 ussugjactetihod si hmilghr-teopexanplre rediux icat a fitstr cloygadirsed: 3.5

g/1 Au; 16 ‘géﬁhKé‘tfg‘ig_s%&a%%??}gé_}‘}ﬁgc?ﬁagagﬁ parative exanple 5 1.06 g of

pal | adi um acetat e acetate (379.10 g/nol) and
9.0 g of potassium 30 acetate were dissolved in 80 m of glacial acetic

acid at 60 00 i & 0f,, 982 S UPROI S d HALAD delet §asSydChemd mer e added
to this so%?%o%mss;ub?gc?gentel'y, the§pnaj or part oof ?ﬁ% gﬁaci alﬁfci\gﬁc acid
was firstlyadeBtilqay BEf RASHUL 6% atemRaryteraporcdt orPand 3P4 &si dues of

sol veny ower2 réggﬁgbifim\z/ggsa_lt_héocrﬁﬁgé_ a fReml 0@0@f°_c4dft@” S104SIANG 2y Oi |

punp. - e reduct.ion s carried_out a gas

M xture conRRSELABLBFI 0B BRI ot 5T KBhPEr ITRBUrSY B00@ using a
met hod sim é6ao°tp &xanpthellobddliecanbdyyyst conprised: 3.5 g/1 Au; 16 g/1
K; <0.5 g/1 Cl; 5 g/1 Pd. Reactor tests for the gas-phase oxidation of

et hyl ene and acetic acid to vinyl acetate:
Suitable reducing agents for the HTR are all materials

15 which are able to reduce the palladium compounds and,
if wused, gold compounds to the metals at the high
reduction temperatures employed according to the

invention.

20 Preference is given to gaseous or vaporizable reducing
agents for example H;, CO, ethylene, NH;, formaldehyde,
methanol and hydrocarbons in general and also mixtures
of these reducing agents. Hydrogen 1is particularly
preferred.

25
The gaseous reducing agents can also be diluted with
inert gas, for example carbon dioxide, nitrogen or
argon. Preference is given to using a reducing agent
diluted with inert gas. Mixtures of hydrogen with

30 nitrogen or argon, preferably those having a hydrogen
content of from 1% by volume to 15% by volume, are

preferred.

The reduction times are generally in the range from 1
35 minute to 24 hours, particularly preferably from 30

minutes to 10 hours.

The amount of reducing agent is selected so that at

least the number of equivalents of reducing agent



10 The catal ysts produced in the exanples and conparative exanples are
tested in a fixed-bed tube reactor having a tube dianeter of;g2;6{
reactor is heated externally by neamrsief -oil jacket heating. The Teactor 15
is typically charged with 15 m of the shaped catal yst bodies. The reactor
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spheres to Iﬁeecg'{l}fcrzélfhgg%w;%%&€g€%%eé§ﬁ%€g%§eé§a;cggmgto Z)& ©i nlme\?%%\@n;agseg flow
regul at or s Hassefhseyern hehgcetdteabicstd dyirmmgdedtha usrerteenta rde® f | ow

regul at or / vapord Z&{cdiNit. JitRergases it aRetdcad dofl @ @u8dd N a
packed gas m xi ng tube. The test apparatus |s operated continuqusly. The
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a steady- stddudeant i onThas besumehi €led, iof. tleiucdaet orgdenpdrsature is
constant and th%oncgeftrat'gns of vi ngl ac;t atg and 2 iglthe product 30
gas stream A EEHEANTE O hE ¥ REFAFRES oF"HALE s B0 MiENEEFUC TFRE -

experi nment stheerdi barioredandt thisi ngaatieactina.t émpéeaktuce is ghieenange
150-170C and. a L on Les . 8-9_ba TROS L f the
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col um’ ar r afyeaRtoN anBrBASFERES| RS T Hat ¥SWe%e UsEALRBYcAMOR ate the
vinyl acetatierim&el 8et lavitlesdizda—ved péavAdE(iwl ofdedAMs @nShreol of

- -8 . a .
© Shons ¢ N EET & STTHST i T APER ment & i n whi ch € he cat Al ysts
prepared in Exanples 1 to 5 were tested. 10 Table 1: Testing of the
‘(325 g' gg@ ig]?rhi *ﬁ%ﬁ%g&?ggkioﬂf YLoytaAtet 3 BRaPL £y iR foh O B b3y OZ conc.
first and foremost the noble metal compounds, i.e. Pd
and for example Au, which are reduced to the
corresponding metals, with the support material being
partially reduced, e.g. to form Ti®' centers in the TiO,

20 lattice. In contrast thereto, the other metal compounds
present, i.e. the alkali metal compounds and the other
promoters apart from gold, are generally not reduced.

For this reason, the alkali metal compounds and the
nonreducible promoters can be applied to the support

25 either before or after the high-temperature reduction.

In a preferred embodiment of the invention, TiO; or ZrO,
supports or mixtures thereof or mixtures with further
inert support constituents, for example SiO; and/or
30 Al;03, preferably as shaped bodies, more preferably in
the form of pellets, spheres, rings, extrudates or
tablets, are impregnated with palladium acetate and
gold acetate, dried and reacted with gaseous reducing
agents, preferably H;, ethylene and/or NH3, in the HTR
35 in the temperature range of 200-700°C, preferably 300-
600°C, for a period ranging from 1 minute to 10 hours.
If desired, this 1is followed by impregnation with
potassium acetate and final drying at a temperature of
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which a reducible support naterial is present significantly inproves the
sel ecti vi t yamicubgr J199-5993C. 25 yield in the vinyl acetate synthesis
conpared to the catal ysts known fromthe prior art.

However, it is also possible to use support materials

5 in which the inert support constituents have firstly
been coated with TiO; or Zr0O, or with a mixture of these
oxides. This 1is followed by the impregnation step and
the HTR. The proportion of TiO, or Zr0O,; is from 0.1 to
25% by weight, based on the support material.

10
Further pretreatment or after-treatment steps which are
known to those skilled in the art can be inserted.
These include, inter alia, washing, drying,
calcination, oxidation and/or reduction.

15

The catalysts of the invention are preferably used for
preparing vinyl acetate. This is generally carried out
by passing acetic acid, ethylene and oxygen or oxygen-
containing gases at temperatures of from 100 to 220°C,

20 preferably from 120 to 200°C, and pressures of from 1
to 25 bar, preferably from 1 to 20 bar, over the
finished catalyst, with unreacted components being able
to be circulated. The oxygen concentration is
advantageously kept below 10% by volume (based on the

25 gas mixture excluding acetic acid). However, dilution
with inert gases such as nitrogen or carbon dioxide is
sometimes also advantageous. Carbon dioxide is
particularly suitable for dilution, since it is formed
in small amounts during the reaction. The vinyl acetate

30 formed is isolated by means of suitable methods as are
described, for example, in US-A 5 066 365,
DE-A-34 22 575, DE-A-34 08 239, DE-A-29 45 913,
DE-A-26 10 624, US-A 3 840 590.

35 The following examples serve to explain and illustrate

the invention without restricting it thereto.



28 July 2003 - 26 CLAIMS: 1. A catal yst conprising palladium at |east one
al kali metal conpound and, if desired, one or nore pronoterggofyB, PYHAUS
support, obtained by |oading the porous/ support, which conprises a TiQz
produced t hrough the flame hydrolysis of Tid4, with at | east one pall adi um
conmpound, s yenily carrying out a reduction at a tenperature of
300-500C and additionally applying at |east one alkali nmetal conpound and,
if desired, one or nore pronoters before or after the reduction. 2. A

cat al ysgI asz s:iABi qsd;lﬂ' n[tasi_aémdmwab@!ﬁa@@rpmﬁ.sq At %yn\a,ﬁﬂ h@ﬂgdplf._tﬁ@sc_% i
conpound. 3. catal ys s c inclaiml or ich additjonally
conpri ses Af %ailgn&/c(?rt%& aéﬁgilqgﬁq} h%é'?ogon’ﬁﬁﬁﬁdgl§§°ﬁ?8f?otlé’r 54.0 ol A

cat al yst5 asofl gl aeilal naoaeior anbde Thecpaieparhttion3,ofWegrlel raddtaatteduct i on
is carried out faor tijre in t e fro ' e 2 ours. 5. A

cat al yst asl%:ll gie%éﬁ%lbr?ddneféc])rr %%?ésgg’ cl'al %glﬂégy%cz%érgpﬁ fn%e 0rtgducti on
is carried Di®: BIPRPYaSebRISS ope Vhpbsi zBEFESEANupENg ageleds.tcG.thi at al yst
as clal med Lo 0aLoRl BhbReshebhalT® thd Omajolhegin dhepedyping Aent for

the reduction I's selected fromt group consisting o . yl ene,
NH3, for mal @edlyde, afsichaldP, hikTokar K5sidd@d heff Mt dPe€ a®@ r xt ures

of thea%freﬂéﬁ@égg ageabafafrbb{i nQ’fets_igiﬁa%%S- of I ggllJéliat{ ZQrt@%e- Zher/- A
process for producin sts, ich conprises _loadin €_por.ous
support, V\hF%’HOE%grp?Eség § %‘?65 Bﬁgdﬁégdo hABuGh 1t R MW%I s of
Ti CL~, withimt d egatuane ¢guyingli wweeompounda sdrsiequent! yl¢aiotryy out a

reduction at.a tenperature.of 300-600C and additionally applying at |east
one al kal i %le]?%‘f'lg%n%guﬁg %hd, if desired, one or nore pronoters before or

after the reduction. 8. . The process as claimed in claim?7, wherein the
cat al yts COpp&i $e8dl ilfaSta ONEa PP BSSIHP COIPRYNY. s TRExPPEESY as
claimed in claim7 or 8 wherein the catalyst additionally conprises Au, Ba
and/ or Cd ah®ff oPYtetrmeofpotindd db -pHSFsretde p@s Mas ads &l ai ned

in one or nB&Rp®fa€hdeMBf7aboul, SMIEICei thideyl edhist ben1kssCabli @heout for a
time in the range froml1l mnute to 24 hours. rocess clainmed in

11. Th S
one or nor "L cl aAs LU LR WRF eCATEAES ikt PBae?s ng@rdtﬁ usi ng
gaseous or peposurzablae redfitbwg cdgeh®sl/A2o0fThe piacese ast clabmd, i n one

or nor g ~of i tq, 11, i henre i ng.far t ction is
sel ect 28 fr\génf?rﬁ% érfofjh é@nﬁkﬁﬁeﬁ%%f Elé q&%‘,?g‘f}ﬁ%ﬁeﬁéww&? gﬁgrla dehyde,
met hanol , hyer®catbenPedd@tsheierer kraatedamd thi @ usebubionhede 4 educi ng

agents wi t_hofn?'ottag%sl% déetdte yse 3 w1 cakalysdeObt 9 ped astdl,@ ned in
any of clainms 7-12 for, the égclf'eparatlon of vinyl acetate in the gas phase

from et hyl e¥@sS &ddPredadiod H7t oRYg&horP -¥onf PR fgeseLnre
A AL AFUS. ABf@ 15 minutes in a mixer. The solvent was subsequently

S AU A Mofed B8 Prodhsly AURAWE AL AUVSRAGY. @S o

for 14 hours at 110°C in a drying oven.

The catalyst comprised: 7 g/l Au; 16 g/l K; <1 g/l Cl;

10 g/1 Pd.

30
The production of the catalyst was repeated twice. The
testing of these catalysts in the synthesis of wvinyl
acetate is reported as Examples 1A to 1C in Table 1
below.

35
Example 2

2.11 g of palladium acetate (224.49 g/mol) and 1.32 g
of gold acetate (374.10 g/mol) were dissolved in 45 ml
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'L 10%& () -The catalyst comprised: 7 g/l Au; 16 g/l K; <1.1 g/1

25 Cl1l; 10 g/1 Pd.
Examples 3A-C

2.11 g of palladium acetate (224.49 g/mol), 1.32 g of
30 gold acetate (374.10 g/mol) and 4.0 g of potassium
acetate were dissolved in 30 ml of glacial acetic acid.
100 ml of TiO, supports (P25 pellets, DEGUSSA) were
added to this solution. Subsequently, the major part of
the glacial acetic acid was firstly distilled off at
35 60°C on a rotary evaporator and residues of solvent
were then removed at 60°C in a vacuum drying oven over

a period of 4 hours.
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h& ()-!x$! 10%h& () -s! $! 10%h& ()-s!'} s$L0%&R ()-2Z!  s$109%& ()-Z! s$10%& () - Z}

cdef syl r SII's T TOYGFX; g JT - 7R () - _1Ignh, 10nn
10hh!y&-!10@ﬁﬁ@\g-lT ne 1 @gg%p?fapure Reducing agent
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5 The reduction was carried out using a gas mixture
consisting of 10% by volume of H, in N,. Here, the gas
was passed at a temperature of about 400°C (batch Aa),
450°C (batch B) or 500°C (batch C) through the pellets
for 4 hours in each case. The reduction was carried out

10 under atmospheric pressure at a flow of 40 1/h.

The catalyst comprised: 7 g/1 Au; 16 g/1; <1.5 g/l Cl;
10 g/1 Pd.

15 Example 4

1.06 g of palladium acetate (224.49 g/mol), 0.66 g of
gold acetate (374.10 g/mol) and 2.0 g of potassium
acetate were dissolved in 15 ml of glacial acetic acid.
20 50 ml of TiO; supports (P25 pellets, DEGUSSA) were
added to this solution. Subsequently, the major part of
the glacial acetic acid was firstly distilled off at
60°C on a rotary evaporator and residues of solvent
were then removed at 60°C for 14 hours in a vacuum

25 drying oven.

The reduction was carried out at 500°C for 1 hour using
a gas mixture consisting of 10% by volume of H, in N,
using a method similar to Example 1.

30
The catalyst contained: 7 g/1 Au; 16 g/1 K; <1 g/l Cl;
10 g/1 Pd.
Example 5
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The reduction was carried out at 500°C for 1 hour using
a gas mixture consisting of 10% by volume of Hz in N,

using a method similar to Example 1.

15 The catalyst contained: 3.5 g/1 Au; 16 g/l K; <0.5 g/1
Cl; 5 g/1 Pd.

Comparative example 1

20 1.82 g of NayPdCls; (294.19 g/mol) and 0.64 g of NaAuCl,
(361.76 g/mol) were dissolved in 32 ml of demineralized
water. This solution was applied completely to 100 ml
of Si0; supports (KA160 pellets, Siud-Chemie) with
gentle agitation. To form a noble metal shell, the

25 pretreated support was placed in a solution of 0.85 g
of sodium hydroxide, NaOH, in 32 ml of demineralized
water. The reaction mixture was left to stand overnight
and the pellets were then washed free of chloride using
demineralized water.

30
The catalyst was then reduced with an ethylene/nitrogen
mixture (5% of ethylene in nitrogen) at 150°C for 5

hours.

35 To 1load the pellets with potassium ions, they were
treated with a solution of 4 g of potassium acetate in
30 ml of water and the finished catalyst was dried for

2 hours in a rapid drier.
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5
1.06 g of palladium acetate (224.49 g/mol), 0.7 g of
gold acetate (374.10 g/mol) and 4.0 g of potassium
acetate were dissolved in 30 ml of glacial acetic acid
at 60°C. 100 ml of TiO, supports (P25 pellets, DEGUSSA)
10 were added to this solution. Subsequently, the major
part of the acetic acid was firstly distilled off at
60°C on a rotary evaporator and residues of solvent
were then removed at 60°C over a period of 4 hours

using an o0il pump.

15
Reduction was <carried out using a gas mixture
consisting of 10% by volume of H; and 90% by volume of
N,, in each case based on the volume, at 170°C for 1
hour (atmospheric pressure, gas flow: 40 1/h).

20
The catalyst comprised: 3.5 g/1 Au; 16 g/l K; <0.5 g/1
Cl; 5 g/1 Pd.
Comparative example 3

25

0.53 g of palladium acetate (224.49 g/mol), 0.33 g of
gold acetate (374.10 g/mol) and 2.0 g of potassium
acetate were dissolved in 30 ml of glacial acetic acid.
50 ml of TiO, supports (XT25376 pellets, Norton) were
30 added to this solution. Subsequently, the major part of
the glacial acetic acid was firstly distilled off at
70°C on a rotary evaporator, residues of solvent were
then removed at 60°C with the aid of an oil pump and
finally in a vacuum drying oven for a period of 14
35 hours, likewise at 60°C.

The reduction was carried out thermally without
reducing gas (autoreduction) . Here, nitrogen as

flushing gas was passed through the pellets for 1 hour
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Comparative example 4

1.06 g of palladium acetate (224.49 g/mol), 0.7 g of
10 gold acetate (374.10 g/mo}) and 4.0 g of potassium
acetate were dissolved in 80 ml of glacial acetic acid
at 60°C. 100 ml of SiO, supports (Aerosil 200 pellets,
DEGUSSA) were added to this solution. Subsequently, the
major part of the glacial acetic acid was firstly
15 distilled off at 60°C on a rotary evaporator and
residues of solvent were then removed at 60°C over a

period of 4 hours using an oil pump.

The reduction was carried out wusing a gas mixture
20 consisting of 10% by volume of H, in N; for 1 hour at
500°C, using a method similar to Example 1.

The catalyst comprised: 3.5 g/1 Au; 16 g/l K; <0.5 g/l
Ccl; 5 g/1 Pd.

25
Comparative example 5

1.06 g of palladium acetate (224.49 g/mol), 0.7 g of
gold acetate (374.10 g/mol) and 4.0 g of potassium
30 acetate were dissolved in 80 ml of glacial acetic acid
at 60°C. 100 ml of SiO, supports (KA160 pellets, Sud-
Chemie) were added to this solution. Subsequently, the
major part of the glacial acetic acid was firstly
distilled off at 60°C on a rotary evaporator and
35 residues of solvent were then removed at 60°C over a

period of 4 hours using an oil pump.
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5 The catalyst comprised: 3.5 g/l Au; 16 g/l K; <0.5 g/1

Cl; 5 g/1 Ppd.

Reactor tests for the gas-phase oxidation of ethylene
and acetic acid to vinyl acetate:

10
The catalysts produced in the examples and comparative
examples are tested in a fixed-bed tube reactor having
a tube diameter of 2 cm. The reactor 1is heated
externally by means of oil jacket heating. The reactor

15 is typically charged with 15 ml of the shaped catalyst
bodies. The reactor volume upstream and downstream of
the catalyst bed is filled with glass spheres to reduce
the dead volume. The gases are meted in via mass flow
regulators for gases; the acetic acid is meted in using

20 a mass flow regulator/vaporizer unit. The gases and the
acetic acid are mixed in a packed gas mixing tube. The

test apparatus is operated continuously.

The reaction is monitored continually by means of a gas

25 chromatograph.

When a steady-state reaction has been achieved, 1i.e.
the reactor temperature is constant and the
concentrations of vinyl acetate and CO; in the product
30 gas stream are constant, the recording of data 1is

commenced.

The experiments were carried out using a reaction
temperature in the range 150-170°C and a reaction
35 pressure of 8-9 bar. The composition of the starting
material stream was typically 60-80% by volume of
ethylene, 10-20% by volume of N;, 10-20% by volume of
acetic acid and 2-10% by volume of O0;. A complete

analysis of the output from the reactor was carried out
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in Examples 1 to 5 were test

10
Table 1: Testing of the catalysts in the synthesis of

vinyl acetate

Example T P 02 conc. S STY
No. (°C) (bar) (%) % g/1l*h
1A 170 9 5.2 96 1000

160 9 5.2 98 1050
155 9 5.2 98 1000
1B 170 9 5.2 97 700
160 9 5.2 98 1150
1C 170 9 5.2 98 1300
2 170 9 5.2 96 1200
3A 160 9 5.2 89 1400
150 9 5.2 98 1400
3B 160 9 5.2 95 1260
3C 160 9 5.2 96 1210
4 150 9 5.2 96 1100
5 160 9 5.2 95 940

Comp.1 170 9 5.1 88 850

Comp.2 160 9 5.2 80 870

Comp. 3 170 9 5.2 77 <50

Comp. 4 167 9 5.2 89 190

Comp.5 170 9 5.2 83 340

15 It can be seen from the table that the HTR treatment of
catalysts in which a reducible support material is

present significantly improves the selectivity and
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1. A catalyst comprising palladium, at least one alkali
metal compound and, if desired, one or more promoters
on a porous support, obtained by loading the porous
support, which comprises a TiO, produced through the
flame hydrolysis of TiCl,, with at least one palladium
compound, subsequently carrying out a reduction at a
temperature of 300-500°C and additionally applying at
least one alkali metal compound and, if desired, one or

more promoters before or after the reduction.

2. A catalyst as claimed in claim 1 which comprises at

least one potassium compound.

3. A catalyst as claimed in claim 1 or 2 which
additionally comprises Au, Ba and/or Cd and/or their

compounds as promoters.

4, A catalyst as claimed in one or more of claims 1 to 3,
wherein the reduction is carried out for a time in the

range from 1 minute to 24 hours.

5. A catalyst as claimed in one or more of claims 1 to 4,
wherein the reduction is carried out using gaseous or

vaporizable reducing agents.

6. A catalyst as claimed in one or more of claims 1 to 5,
wherein the reducing agent for the reduction is
selected from the group consisting of H,, CO, ethylene,
NH;, formaldehyde, methanol, hydrocarbons and their
mixtures and mixtures of these reducing agents with

inert gases.
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7. A process for producing catalysts, which comprises
loading the porous support, which comprises a TiO,
produced through the flame hydrolysis of TiCL,, with at
least one palladium compound, subsequently carrying out
a reduction at a temperature of 300-600°C and
additionally applying at least one alkali metal
compound and, if desired, one or more promoters before

or after the reduction.

8. . The process as claimed in claim 7, wherein the catalyst

comprises at least one potassium compound.

9. The process as claimed in claim 7 or 8 wherein the
catalyst additionally comprises Au, Ba and/or Cd and/or

their compounds as promoters.

10. The process as claimed in one or more of claims 7 to 9,
wherein the reduction is carried out for a time in the

range from 1 minute to 24 hours.

11. The process as claimed in one or more of claims 7 to
10, wherein the reduction is carried out using gaseous

or vaporizable reducing agents.

12. The process as claimed in one or more of claims 7 to
11, wherein the reducing agent for the reduction is
selected from the group consisting of H,, CO, ethylene,
NH,, formaldehyde, methanol, hydrocarbons and their
mixtures and mixtures of these reducing agents with

inert gases.

13. The use of a catalyst obtained as claimed in any of
claims 7-12 for the preparation of vinyl acetate in the
gas phase from ethylene, acetic acid or oxygen or

oxygen-containing gases.



