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WD 2007/ 094903 PCT/ US2007/ 000600 PREPARATI ON OF

PALLADI UM GOLD CATALYSTS FI ELD OF THE I NVENTI ON 5 The
wOonvEbios rel ates to supported pal |l adi um gol dPCT/US2007/000600

catal ysts. More particularly, the invention rel ates

to supported palladiumgold catal ysts that have

i ncreased catalytic activity and activity stability in

acet oxyl ati on. BACKGROUND CF THE | NVENTI ON 10

Pal | adi um gol d catal ysts are known. They are used in

acet oxyl alggip [ i

et hyl ene ?jn th%ﬁgﬂ-le%lg@eégﬁeéﬁgﬁ'§§%ﬁg%q§g§al yst

and acetic acid produces vinyl acetate, which is a

useful nononer for yma% [

Acet oxyI ation is coFtn?rglr:])r?‘: er g\rl\(r%@*%&t He vapor phase
reaction using 15 sup?ort ed pal | adi um gol d catal yst.

Met h nyentiQihpisiates g DaPYRRAMAR gRaladimn-gpigsteatalysls.  More

pakitQlaily, lthe Qﬁ\%ﬁt@h relél@s ﬁ@tsh oH@M Odéﬂ%aluﬂ?eeﬁj' Eétagls% that have
adi um a salts onto"a supp

mc&t?ﬁfsetd{] llyggael tgqfﬂécﬂ‘.!\'ltl{ %&PUHA BrRFeipviption- et al s.

Pal | adi um and gold are both precious netals.

the cat alyt o JBACOUE PeitEE RENGGR "ot

cat al?/ 20 needed. For exanple, U S. Pat. No.
6, oPallatigmracld edalysts cirai kipwrhe Theyparet usexpiregoatoedation. For

lnswﬂéé ﬁh"’é bﬁi@'a%‘i‘l %F‘@trﬁ@n‘é |ﬁ%é‘°pr8§ér%r d(S Fgﬁéﬁurﬂgﬂc@%atalyst and

ac%thaIaF%Qéo‘%{quI V'ﬂﬂc@?ﬁja@hé’mlﬁm us,ta yuseﬁil trheunomlae for the polymer
indedfport ed pall adiumgold catal ysts are often

deactivated in acetoxylation. Thus, it is inportant to

t he

t. 25 t crease the ac ty stability of
 RALARHb I B3, BB 15 el Vta Sk el v
summirtﬂwls?llammfgdlrhvatalyscr mue@bldsamrls;apbartmg pailadiuéi-guidt Oétalysts

NG.ur r ed cos
are i o oo el AR ESs, SRRl PoP el meligeiym and
gold nafis ontala sabpeadiandhtipen teduaing thetpalladibm amd hold to metals.
conprises sulfating a titanium di oxide support. The

sul PAlRAUMERPESIdI Sre both precious metals. Therefore, many efforts have
been made to increase the catalytic activity and reduce the amount of catalyst
needed. For example, U.S. Pat. No. 6,022,823 teaches calcining the support
impregnated with palladium and gold salts prior to reducing the metals. The catalyst
shows improved activity.

One challenge still facing the industry is that the supported palladium-gold
catalysts are often deactivated in acetoxylation. Thus, it is important to the industry
to increase the activity stability of the supported palladium-gold catalysts. Ideally,
the catalyst would have increased activity or productivity but would not incur
increased cost.

SUMMARY OF THE INVENTION

The invention is @ method for preparing a supported palladium-gold catalyst.
The method comprises sulfating a titanium dioxide support. The sulfated support is
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1 WD 2007/ 094903 PCT/ US2007/ 000600 cal ci ned. The
cal ci ned support is then treated with a solution
woanmi7aveong a pal l adium salt, a gold salt, an#Cams2007/000600
al kali nmetal or ammoni um conpound. The al kali netal or
amoni um conpound reacts with the palladi um and gold
salts during inpregnation of the support. The
i mpregnat ed support is calcined to cause parti al
calginednpldsi ¢adlgined suppermis thehlteditechwith e gpdlbttbreedritaininhe palladium

st Rl HBHSHOBPy BFHEHLAT A onl il s or
ammeniyal canependgisiagtscwith tys pajiadiparart! geldaattsrdyring itdpeegnation
f . ] i N 20t i.nel s
o FELAHR R el L AR 238 b B mpostion,
of e alindigmy iang| gﬁdeﬁdgse are ghlcjnedapesdaick unGengrmese ceduation to

redueg dfadithl At g&ﬁgglnqe@%t_ alysts known in the art, the

catal ysts prepared according to the nethod of the

S R REEIS St S b g o

© methdERT ItRB ifentiont hTHedhvérdtion BMeNtIDBeS QRBTUSEEST the catalyst in

lfating a titani um dioxide suppor 15 By
2o RiaT To™ Probdiiich Wi SR ng R T Mk RESHRiEy (GOmAPIR © the
paltidiwindmld cptatysts kBowhahi thg arnthebmtalgste mephed adcdréing to the
' j Al 0Xi Q (e} ess. ar .0OSt .
e Bt R AUerbbf SrBh AoV b SRR BhiBE) apetopviaton.
sul fate titani um di oxi de process, one may control the
amount of s i i
sul fating SI?EEQLL%? E’?%ﬁ%’ﬁgy{)!}?aﬁﬁg‘y:ﬁ”& Igllni um
dioxide with a sulfating agent. The sul fate-containing
{1 t B dRRiper of 8Re dRventgh cTaRTIsea wilTelng WAN T RicRisle Support.
By?ﬁﬂ?ﬁiﬁg,"‘l’rn?e’ﬁitlingbbgéintg%grfét%ﬁnll‘&?ﬁttanigh BiBXidte' Ypp o}gt.e OISulfating can
urther sulfated.. Suifable s ating agents include
be e e {1 aaiuat PP REH O APCERE OF Dy 4SS Fesimnt after

thel titeejurandioxidia tisirraadé.hemnetfe siffbeitabiuh didkde Wréddsk@ne may
coffi tas,pirglof 8 fyfe BR00% cARSIBNENPE TilalRG ercarie cone
by reating e tit@rﬁummiyxidéeyitrea sulfaiiey dgers. T_FPreeitﬂchyntatdlj]mg titanium
e/ SO oA WEUSH 808 RO T3S S80Ben D or may

not; he fanthgrsuiatedi t ani um di oxi de cont ai ns

Suitable sulfating agents include sulfuric acid, persulfuric acid, and their salts,
the like, and mixtures thereof. Preferably, the suifating agent is a salt of sulfuric acid
or persulfuric acid. The salts are more convenient to handle than the acid because
they are less hazardous.

Preferably, the above sulfated titanium dioxide contains greater than or equal
to 0.01 wt % of sulfur (S). More preferably, the sulfated titanium dioxide contains
from 0.01 wt % to about 5 wt % of S. Most preferably, the sulfated titanium dioxide
contains from 0.1 wt% to about 1.0 wt % of S.
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from0.01 wt %to about 5wt %of S. Mst preferably,

the sulfated titaniumdioxide contains fromO0.1 w%
woaoamwown3l. 0 wt % of S. 2 WD 2007/ 094903 PCT/US2007/000600

PCT/ US2007/ 000600 Preferably, the titani um di oxide

for use in the post treatnent is produced by

hydrol ysis of titaniumoxychloride or titanyl sulfate,

is nano-structured and is crystalline anatase. The

sul Preferabty, ttiae |t|tannd11cdtm>ddae for ddeehn thal ;ﬁd)snetﬁbatﬂﬁbﬁt |s produced by

h he t t
RSt Mok ASEEABIEE O iR, 1 febkisthihee anc i
crysipllpe@patase. 900C, nore preferably 600C to 800C, and
nmost preferably 650C to 750C. Preferably, the calcined

titpie §@l\‘é1é@>ﬂté1ﬁujﬁ%>@(% R tHeh ¢aRMal. tl'ﬂbrbaic!ﬁat{?ﬂqgﬁﬁﬂgrmed by

aq 75 cnB/ g and surface areas Wt
hee}tgﬁgglgedlft r@ugl qlf@(@etaé aggmpﬁﬁqtgre pr[qfﬁr@byr\@m-em #i sangetaf 500°C to
90050, enorelpisRsality 80Btc B Bodoke ahanﬁsstqa‘reﬁral& BBOL Id37§b°§5

cnB/g; 10 the surface areas are within the range o

' Peltod i cdlontg Hashf s fve bofygmeR i R rance o

0.1cah %y o AF S b /sLdrfdaﬁsLerﬁacemrﬁas withirgthief iatgatdf 0.5 AEIERSHEI0 m?/

ol SRR et [ AR AL 005

thec%lrﬁacm argas raee svithirathedrange aofi um?ty xR0 nsippddst beeferably, the
sur%hc%ta%é ”er@f?\dz i’r@éd‘ﬁdé(f %Y the support surface and

makes It tter fr't for the palladiumand gold

met al s t hat orted thereu The cal ci ned
surRrprisiacly Tonad Mtemicining tae stiBles suRpoRovignTiganty increases
therwctd;@d&az tldiﬁéchﬁtyuéfﬁtﬂie ;{E&lradm’iﬁig@ltpt%atat@hs@ pré&jsdred I\ii?:lerefrom One
eaches how nate . the su
pos3iilé &itkah o R O TR ST Clote SuHaL s, sintering and
modlifyéag ¢lde wuppod spiefabe dindnthus ahakesait go bdtteraditt for amél panadium and

aodhiALis 115t 4 ApoBIEBRySarPound. Preferably. the

npregnati on N aqueous sol uti ons.
concentraplon of thQ solutions and the anount of each
sol Ubeotrlieiaed suppgeyvisrimpIegatede Anynewigbleaimpiegoation methods

carPsé b@édi UFor #atked, ) dephf . 1670321823 tdithe Mo tSinpregnate the

sunBoRaUt

The support can be simultaneously or successively treated with a palladium
salt, a gold salt, and an alkali metal or ammonium compound. Preferably, the
impregnation is performed in aqueous solutions. The concentration of the solutions
and the amount of each solution used is governed by the concentration of palladium
and gold desired in the final catalyst product.

Suitable palladium salts include palladium chloride, sodium chioropalladite,
palladium nitrate, palladium sulfate, the like, and mixtures thereof. Suitable gold
salts include auric chloride, tetrachloroauric acid, sodium tetrachloroaurate, the like,
and mixtures thereof. Sodium tetrachloroaurate and palladium chloride or sodium
chloropalladite are most commonly used.
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chl oride, sodiumchioropalladite, palladiumnitrate,
woabd7adsgosn sul fate, the |ike, and m xtures thePeofus2007/000600

Suitable gold salts include auric chloride,

tetrachl oroauric acid, sodiumtetrachl oroaurate, the

like, and m xtures-thereof. Sodiumtetrachl oroaurate

and pal | adium chl oride or sodium chloropalladite are

nosSuitabheroaikali usetl G0 aBrrehiRAD LRGBS include alkali metal or

L T e

ammqmnm iearbonatesaraikali matalaob @ananhesiumalnetbsilicatea) thoy like, and

m,ﬂumggqﬂ, _ pl car bonat es, al kal i et al or anmoni um
rretasni cates, the I|ke and mnmixtures thereof. 5 One

od to inpregnate the support involves first

t r e be mpthed ta UBB'&QPaW the supRordnvRives Gist trerbing die swpport with

an ah&@éus SELfdn 8f af ARHN rHEE BFBRIMGhiUr O MpERRY tTh%lfp%Oﬂ: which
s been treatfz‘d with the a%eous sol ution contain

ha
has fieers Fraler! ik the fueamsRIliNn coBtRiBondne 3lkeanetal or ammonium

cormpmirRCis alemicbRtagtedafitie aH agBiebus s@mt.@@abmam»ﬁ% palladlum and gold
{)al | adium and gold salts. 10 In another t he

rrpregnati on with the palladiumand gold soluti ons S
carried out before treatnent with the aqueous sol ution
of Inranothecanithest e ipnpregnation with dherpeladiuml and bole solutions is

carREQC&HY B?f ord) etré”egﬁiérn@t\lvl‘ﬂf tﬁ?pgﬁuﬁ&h OfsglUﬂSn SUPRL talksii metal or

essentl a y Cco e aqueous
amgwinism d}ﬁ?mﬁo%\ﬁt |lradlnl§rﬁraﬁ@mgg| tbes@sp@tlvemnaquf the Isiugport is

esdehtiafceombletd ¢ dinBy AP RR BquddiR sAlitdd of ﬁar‘é&%hhsnd gold salts.
Ty@g@&ort until” 15 i nci |ent wet ness I's achi eve

thisi ﬁp?@@?fﬁ?'éﬂ‘eﬂl by €neria ieiisoMtigRdogie he sappart until
incibfent Rehesans achrYed tﬂhdd&@péhkﬂbkedﬂ%‘téﬂ with tREPRIMAAI and gold
r‘rggfﬁund Ata tguth qﬁ% 8Ives m xing the alkali or
salts NFRANERFHEE W RS r'BE‘ia ASAMBICNIUR SRFRAIE: pri or
to contacting with the support. The contact with the
supfdhird crauetl'tmi doredvetsy nuixiog ptheg atikali spr @yamgniulire compound and
t t :
pre@oﬁ%%&a Forflp a&t?c,ssb‘rﬁkﬂ%tcoH{étchmerﬂ &hQ%bg%&@. iTﬁSﬁc}g?‘a%t with the

urry of sup
sup@@rﬁJpar@rlpe done by dropping or spraylng the mixture onto the support until

incipient wetness or by making a slurry of a powdered support in the solution.

The impregnated catalyst is preferably washed with water to remove alkali
metal salts such as chlorides formed during the impregnation and dried prior to
calcination.

The impregnated support is calcined, i.g., heated at an elevated temperature
in a non-reducing atmosphere. Preferably, the calcination is performed under such
a condition that a portion of the palladium and gold salts are decomposed. More
preferably, at least 10% of the palladium and gold salts are decomposed during the
calcination.
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The inpregnated catalyst is preferably washed with

water to renove al kali netal salts such as chlorides
woanimwd4adsir i ng the i npregnati on and dried pri oPCTMWS2007/000600

cal cination. The inpregnated support is cal cined,

i.e., heated at an elevated tenperature 25 in a

non-reduci ng atnosphere. Preferably, the calcination

is perfornmed under such a condition that a portion of

t he Ppeierakdy, uﬂ?ﬁa‘ﬁﬁjmgaﬂ% il the impregmtodpmppdrt Mbearried out at a

terﬁﬁ&faﬁfr@bll/%m Me lro 2 f?o@l.ﬁﬁ O'bgg tBaA oﬁg 55{93 Rﬂ%g\%eferably, the

salts are deco bogt 83
terﬂmf?ﬂﬁ@@%h‘!’@? g290 e ) G 3q0r°§f desiipysfetatdy, the temperature

,sWm,ﬁltﬁ@péﬁyé&fwbh@tbggbqgnat ed support is carried out
at a tenperature within the range of about 100C to

o AR opifRiteibs Sebprurd! Widbs chBHIEpn AdraRINEr ereidizing

ga$£‘rped:tataarrmlluh"$ (;Wrdd‘dm dréén, rr?éiﬂﬁd r?fogb%Dt h@(ltﬂ@? 2&%ten5a.r carbon
non-reduci n ase e or cal ci nati on
dioRile it fce 8 MIRCERA el il Shetsalcination | gamed out in an
atrmegphege of nitnogem,, oxygen or airtm@@gfmr@(théeéof_ oxygen, air,
carbon dioxide, the |like, and m xtures thereof.

Prefgg %be@e éf*@ec%ﬁ{ sﬂ%' &rihéi)aﬂé&bhegn@ Hgld' {élt‘%r}iepends on the

at nosphere of nitrogen
te"@?ﬁé’?%‘? Useethgedprasitgd S@ﬂc@ﬁﬁdbe tengih of tlmﬂe“‘pﬁaﬁémﬁlt&m sulfate-

corﬁaﬁnrgﬂlfén'ﬁﬁhtcﬁoﬂ@@%‘%lc@ﬁéé BRd cHp B@'ﬂ?lﬁfv?édJBﬁ HS8ithring volatile

t he osited salt d the length of
decRIppRS i RIpHYGIS-o- Fearmrrmlﬁg WenafieUFUEPRA i§oimpregnated with

paltRiivrhned god casordted, dhé anwRfinb¥r Hé’r'?obh%d))ﬂ@e Yebsy é\bcﬁved can be
deconp05|t|on products For exanpl e, when the Support

MEASUESTpr egnat ed with pal | adi um and gol d car bonat es,
t he anobunt of carbon di oxi de (C02) evolved can be
nmeakollaydng e Fajtinetivm gteph éhe edswiltimat ;i)mdusmepedmdmi to convert the

palfa%ﬁ%%ngig%oq{! QdiCio t’h% (‘!O?I%lépglqdlhﬁ n‘?&gféeﬁ'betrggu %I %%rfgrmed by

ts to the corfrespo
heatémm ihsh presepee f&fr argediging mt ng Surtabhaerqmsm egemtt include

amfhdrfdl U rBsn WX:deSWyHﬁﬁe% gé%“ch%rﬁygr&ﬁs %I@IeH%aes alcohols,

ammoni a, car bon nonoxi d rogen rocar
hYngnpngrlmnd@nya@g cagb@@ﬂlm%clds carboxylic acid salts, carboxylic acid

esters, the like, and mixtures thereof. Hydrogen, ethylene, propylene, alkaline
hydrazine and alkaline formaldehyde are preferred reducing agents and ethylene
and hydrogen are particularly preferred.

Temperatures employed for the reduction can range from ambient up to
about 600°C. Preferably, the reduction temperature is within the range of 300°C to
600°C. Most preferably, the reduction temperature is within the range of 450°C to
550°C. The reduction results in a supported palladium-gold catalyst.

The invention includes the supported palladium-gold catalyst made according
to the method of the invention. Preferably, the supported palladium-gold catalyst
comprises 0.1 wt % to 3 wt % of palladium and 0.1 wt % to 3 wt % of gold, and the
weight ratio of palladium to gold is within the range of 5/1 to 1/3. More preferably,
the supported palladium-gold catalyst comprises 0.5 wt % to 1.5 wt % of palladium
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hydrazi ne, primary am nes, carboxylic acids,
carboxylic acid salts, carboxylic acid 20 esters, the
woibeE/09e08 mi xtures thereof. Hydrogen, ethyl eneCT/US2007/000600
propyl ene, al kaline hydrazine and al kaline
formal dehyde are preferred reduci ng agents and
et hyl ene and hydrogen are particularly preferred.
Tenper at ures enpl oyed for the reduction can range from
and 9%t Yuo 055 vaitbudf gol) Ghe Riekie rath E péllwldrﬁ(wgBIUQQ within the

rf%l‘%}%gh%r elé?)?)yvmthl n the range of 300C to

prefer the reduction tenperature is within
the_range of 450C to 550C. The reduction results in a
suppo® sEEPAed Raliadivgwold eatelysissmadgiascordirmtd e invention have

manPChsEdes 1t &h %@p@égcf qur @ﬁ‘érhﬁ@ WHE ﬁrﬁﬁtﬁlcﬁtfop gg o>9enat|on

ccording to the met hod the invention

cay H@Y'§H%cﬁ'f‘6‘d’“ﬁ?a§¥’ﬁh¢%$n3§!ﬁ<@v@ @varqwnan@@rqmtsdwanon. catalytic
combu%drp of Wmdfef oRmlatienl tHieé@WayP - c!at% As/" N@)x?’ ré!ﬂ'\?\é/élo methanol

rﬁp zil_tﬂthe 30\NEI ht ratio of” palladiumto
SYRINESiPn NYAEPGER, Rerey de; yntfesis. 3 hysirpfempratiasy ael|kylatlom hend alkyl

trassfeR O bikidatipal b@rdbblwaﬁl&ﬁ d c@@ﬁl%y% Og%}gi lggfgﬁ QromdMcs¥and the

preﬁé’#@ﬁd’??%&ég tg’@fﬁimﬂ)eﬁgn\/@c%'i‘% 0.75 wt % of gol d;

the weight ratio of palladiumto gold is within the
r anblee stipporad pabadiurm-dgold Thtalysip pradeedcgatinadbthe golahtion are

par‘ﬁ@&l@l’ly Sds%ﬁﬂaﬂg tﬁ&??égu%ﬂ%ng %oft \nﬁ}/l' Qélqufe %rqd hazlyfﬁg%a ) various

It can
pr%%ﬁm fqnthehymd@gm PbNiny! ace@t@@mﬁl allyl mc,et&temarm kmown. For

insferiebNapss paelsd i ¥ 94@)6@'709&?‘35 795,34 Cferaléhoﬁ%\katto' B\F%Jyare vinyl

catal yti c conmbustion or et'e oXi atl on ree
ac‘itéfledi'w 83"Wr%9ﬁia'ysﬁet hanol synthesis, hydrogen

peroxi de synt hesis, hydrofornylation, alKkyl ati on and

al kijor thensedh eie pmdudﬁzbns@’ iyl heeidtatihg rallylCaddthte NtheQupported

paifiofltbre ey % Punfelanl el il £ Wiyt cpmeoind such s

po@a&haﬂaqﬁa@l d heapratlaysmm ineaim st wandberglohe Hyhmixing the catalyst
with QIS i ot SEAEH) fbg 26 By et it %?%ivsk?Si
for roduct| ons of vinyl acetate and allyl acetate
OGRS, BV Satiie SADS Mheds bpdes oKG3lomot ity 0s iafe

pr&eﬂ&éoﬁé&tk%@ah@%é SupgporiednaMbiiM-gold catalyst. Allyl acetate can
be made by a similar manner but using propylene rather than ethylene.

I surprisingly found that the catalysts made according to the invention give not
only high 'catalytic activity but also high activity stability. One problem in the existing
palladium-gold catalysts is that the catalysts lose activity with time. This invention
provides a solution to the problem.

The following examples merely illustrate the invention. Those skilled in the
art will recognize many variations that are within the spirit of the invention and scope
of the claims.
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acetate using palladiumgold catal ysts. 15 For the use

in the productions of vinyl acetate and allyl acetate,
woheo7mappsrt ed pal | adi um gol d catal yst is prePeraiskop7/000600

treated with a potassi um conmpound such as potassi um

acetate. The potassiumtreatnent can be done by m xing

the catalyst wth a potassium acetate sol ution

filtering, and drying the treated catalyst. In

general, vinyl acetate cEXAMPIEde by the oxidation of

ethylene in the 20 presence of acetic acid and the
SuSHIRPT kAdulabibfidieum gol d catal yst. Allyl acetate can

be made by a S|ntlar manner but using propyl ene rather

t ha r|S|n t the atal ysts

B GeQUrERRstds i Bl da¥p5 i MoariEn Ehe R, prepared

frooahydrylysis oi@i aquepublsbmba of htegtthﬁbb(yMtled tuamlkéd With 50 ml of

o 05 AN bl SRt AP ack P % fo5R fsro wir

tlnrlngémt atdaastz:a/oplnanvsd §$\easlu$w istfiltened cartdwthemdnbhs nmear hér at least

16 %E)Jtée)lw %Q?féf‘g:gl.p %0\‘ H{){S‘%E gl ¢ he It?gﬁg ti anlum dioxide.

var| ations that are vv|th| n the spirit of t he i nvention
igining SyHated kitanium dligxidg. 30 6 WD 2007/ 094903
PCT/ US2007/ 000600 EXAI\/PLE 1 Sulfating Titanium
Di oXhesulfatedttidamium dibmmedse célﬂ&egrailm0°0?8561xfﬁd@)% It has a final

I d yd
ol S 1 RSP Ser R 5 SR B K G o 0.2

wt $6.t Th&8ulfidr cointerd is rrme@Eremdacmbrdlag tmttussfoﬂmh/lm@l raethed.
anmoni um persul fate at roomtenperature with stirring
for safitahRA$ Hidide QQH{)F% (O-@"'ﬁraﬂ)% i xétﬁ with! ﬂﬁr&‘mori@%td (5 ml)in
t he SO|Id is dried f ours’in an ove

a spalable JnicEPWaYRRIe o‘feS%BCth‘G Piduee s depted ander mzﬁsm in the

mt@fb@/él/é’ @ntil i ohititin) gAfReY cﬁcﬂﬂlﬁg lﬂst amm@sewdmﬂhs-omzed water.
atedtltaglumdlom e s | cined at 700C for six

qﬁau@"entt #&s 9QNPI HAM9 20 'ﬁﬁfl&%@p&’r dh "&HUOB'Z@'S feYRjed plasma
emiich spotidnetér Snd fepdrfed asaistcentssuliflinr  content of 0. 23

Impregnation

NaAuCl, (0.194 gram), Na,PdCl, (0.496 gram), and NaHCO; (0.510 grams)
are dissolved in water (20 ml). The solution is mixed with the above caicined
titanium dioxide (10 grams) to form a slurry. The slurry is kept overnight to allow the
metal compounds to deposit onto the surface of titanium dioxide. The mixture is
filtered. The solid is washed by mixing with water (20 ml) and filtering again. It is
then dried in an oven at 105°C for at ieast 16 hours.

Calcining Impregnated Support

The above impregnated titanium dioxide is calcined in a reactor at 200°C in
flowing air for three hours to affect a partial decomposition in excess of 10% of the
deposited precious metal salts.



10

15

20

25

30

w % The sulfur content is neasured according to the

follow ng nmethod. A titanium di oxide sanple (0.5 gram
woOoemored3w t h hydrofluoric acid (5 n) in a sealuaiog000600

m crowavabl e vessel. The m xture is heated under

pressure in the mcrowave until in solution. After

cooling, it is diluted to 50 mM w th deionized water.

15 Measurenments are done using an IRIS Intrepid Il
Redugtiont i vel y coupl ed pl asma  emni ssi on spectrometer and

reported as percent sulfur. Inpregnation NaAuCl4

(0 /ﬂf%" tﬁéaé'ﬂove’\l?éfg ﬂ&ﬁéjn (tﬁe“‘ggcl% WW&E%‘{W -atPthen a

are di ssol ved |n wat er on

m'xgge af >’ée/a hygiogen i niiesea i mtréadhéad g@o the wesae dheterdperature is

rarr(ob@ t@ram?h: &tQa A6 1BF 30%C Wi - THE %‘erﬁbéfa&dre is hgﬁpét this reading for
to all ow the netal conpounds

thregn bgUish ot hey FEaRter STPUTged NIlIITPERT @B tmnereﬁwf@rurc@talsst is then
coofdd foabeeh teMiferariré th fiGwing PRASGERY Uor G&bﬁggt the'irfiple (€ Qashed

RRNCTR Ay SR

solufioppent tizén dhed aboes°C iRpInagvert ed titani um di oxide is
calcined in a reactor at 200Cin flowng air for

Pothd¥i&% ﬁg#{@%é;o affect a partial deconposition in
oof the deposited precious netal salts.
%9{2)007/ 094903 PCT/ US2007/ 000600 Reduction After
t hd NEpRRAYE: s tanf GalRly st (feorpEid i coNacas Wil ani exeess (>10 ml)

of alwv/awueoaedsélb@éh @fdmtétgsiu?h%efa‘{@ hé{tdF&Qﬁntérﬁberature for 10
en 1.s Intr Into e ve o
minglsihof ok APEUIS 1S iGN Poberstinm tiamtpd catahet iperiphah 105°C in
an dven foeapkeaat 4theurss held at this reading for 5 three
hours. The reactor is purged with nitrogen and the

Vinyl 9k A8 Brebal@byst 1S then cooled to roomtenperature
—‘ih_ﬁ—cvm'ﬁgﬁm en. Upon cooling, the sanple is
si_hed to renpve any renmining chloride as detern ned

NesPPIAgSIM Heated fatabvshis, ixed Wbl in Pofatiogefd1 ttaeH an inert
alurdrnb%hp@brﬂtﬁflﬁnirﬁlzaléf@bﬁ%fbf thefraaigradientse alrAB Mhixture (0.5 gram) is

placed in a quartz glass reactor. The temperature is raised to 110°C and then the
material is exposed to a gas feed composition of 77% ethylene, 11% helium, 9%
oxygen and 3% acetic acid at atmospheric pressure and a gas-hourly space velocity
of 13,200. The reactor effluent is analyzed using a mass spectrometer. The
temperature is then ramped from 110°C to 160°C and cooled again to 110°C
repeatedly at a rate of 2°C/min.

The performance of the catalyst is compared by calculating the rate as
interpolated at 135°C at specified times on stream and is calculated from the data
taken between 110°C and 160°C. Calibrations are made by injecting known
amounts of vinyl acetate. The resuits are listed in Table 1, which show that the
catalyst exhibits high activity. Table 1 also lists the catalyst activities measured at
the 1* hour and the 6™ hour on stream. The results show that the catalyst activity
increases with increased exposure t6 reaction conditions.



10

15

20

10 The above resultant catalyst (5 grans) is contacted

with an excess (>10 ml) of 5 web aqueous sol ution of
WwWoQb@Ed9o4908n acetate at roomtenperature for 10 PATMISE@®S/000600

The m xture '"is filtered; the potassiumtreated

catalyst is dried at 105C in an oven for at |east 4

hours. Vinyl Acetate Preparation 15 The 'potassi um

treated catalyst is mxed with, inaratio of 1to 9,

an inert alumna supportTabie i ni m ze effects of

i W e A P tﬁ#ﬁ{ﬁwﬁ Arpiebe Pwident o/ cod

tp_110C and then the rraterl |s exposed to a gas
Ex.t bEipridimdeioxideon Sé befre et hy fidty at1% éctivity at9%
No.okpPHRRPANd 3% af BPegaatien af tfm hoblower | thep'Bstour e | and
gas-=hourly space velocity famolfs)13, 200umavsd reagt or
f LI s ana d Using @ nmass _ spec{ronmet er, The
eé@&%{l' His ﬁé% Wottped { AEHIPOC t h4EEXI03Nd

anaun 'l'r\ 110C rﬂpea_‘_edl v_at...a ate (')f 2(:/-nn

L

O = - g

S Lo 2 ol 2 o,

afarl frnm

ciftredtinesfonr—streamahd—is—calcu he

poafatéd DTHEN PEHURGT,110CH andyiG8C.  [3ldhipts ons are

w

pde Dy 1 nj ecti Ng KNnowm anmopnts of ~vinyt —acetate— The
eBodtisulfater! | i S| ed4iva %abl el 3.67v10eh SW@Wzm@ta th

11°)

o*:go_cro—u)'-*m

aDabyst exhibifs high actiyity. Table{1l also lists

the catalyst activities neasured at tne 1Ist nhour and

the 6th hour on st SQE Tgﬁ Ejiﬂts show t hat the

catal yst activity M ased exposure

to reaction conditions. 30 8 WO 2007/ 094903
PCThesaeTal0noeedureTefExampleat il wlea!m:t with ttiye @xdeption that the

Gpiﬁfd fithhium Skde! |E'r¥o‘f tr'eEte\{i' Nl\i{fll Ct o r%n% a;?ér%glrgtgl ORs sFéwan Table

Ti tani um Di oxi de S% bef or e

1, thg GREIKSt @sHYIBGissigaificantly Ipwet thantthat of fxaette Flo@nd the activity
declind¥rdrh)ihé YFHduP o the 6™ hour.

EXAMPLE 3

The general procedure of Example 1 is repeated with the exceptions that the
titanium dioxide (DT51, from Millennium Chemicals) is made using sulfate
precursors and that the titanium dioxide is not treated with ammonium persulfate.
The titanium dioxide contains 0.47 wt % of sulfur. After the titanium dioxide is
calcined at 700°C, its sulfur content reduces to 0.14 wt %. As shown in Table 1, the
catalyst shows imbroved activity stability compared to the catalyst of Comparative
Example 2.

EXAMPLE 4

The general procedure of Example 3 is repeated with the exception that the
titanium dioxide is treated with 0.05 molar ammonium persulfate. As shown in Table
1, the catalyst shows improved activity compared to the catalyst of Example 3 and
improved activity stability compared with the catalyst of Comparative Example 2.
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1 Post sulfated 0.23 w % 4. 23X10"3 4.63X10"3 GP350
C2 Non-sulfated 0 3.40X10"3 2.96X10"3 @GP350 3
weubd7abed3 DT51 0.14 wt % 3. 02X10-3 3. 39X10"3 2CP@$SR007/000600
sul fated 0.14 Wt % 3. 67X10"3 4.42X10"3 DT51
COVPARATI VE EXAMPLE 2 5 The general procedure of
Exanple 1 is repeated with the exception that the
GP350 titaniumoxide is not treated wi th anmoni um
persul fate. As shown in Takdbde21, the catal yst

activity ict bBBald kAR verhUBL L08R dhal LhcExamPl e

and the acti vl ecl1nes
61 hour. 10 EXAMPLE 3 The eneral procedure of
Ex. ¢ ghppert Saldnatigneninepreanatediiwpertc ept iGatalysthitivithet
No., PSR de ﬁa@maﬂpnﬁmqrﬂ@m @m Hartuowl/s) i s
5am gl)(e8 u%i .ngdsulfate precursors and that_the titanium
d 1S not treated with ammoni um 6&33‘pr ate. The
t{tani um di oxi de contains 0.47 Wi % ¢f sulftuoar. After
5b t hé08IG ani um di oxj t80°%Cs 1s cal ci ned aB8.76A6° its
sutfur—content—reduces—to—6—H4—wm—%As—shown+n-Tablle
5c 1| g cat al yst sifgtr@ i mproved acti ability
compared to the clatalyst of ComJaratl xaéanpl e 2.
E 4 The gene rocedure of Exanpl e S
5er€ﬁ§JCEd W th the L%:QBU on that the 32n}1j7xt1pt ani um
djoxide 1s treatgd wth 0.05 nolar apmoni am
Se pp7@ANG ate. As sha@@0°Cn Table 1, the3g@xabyst shows
Fproved—acti-vityconparet—to—the—eatabyst—of Exanplg
5f 3| 8ogPc | nproved acy y stability co Wi th the
catalyst of Conp raéfqﬁvbtp Exanple 2. 9 3%%8@7/ 094903
P 007/ 000600 le 2
5g Cdod%? QB 2.24x10°°

EXAMPLE 5

The general procedure of Example 3 is repeated with exceptions that the
titanium dioxide DT51 is calcined at various temperatures (no calcination, 760, 800,
or 900°C) and that the impregnated support is also calcined at various temperatures
(190°C or 220°C). The results are shown in Table 2, which indicate that the
calcinations of the titanium dioxide prior to and after impregnation are both important
to achieve high catalyst activity and stability.

EXAMPLE 6

The catalyst prepared in Example 3 is used to prepare allyl acetate, which
follows the same manner as the vinyl acetate preparation in Example 1 with the
exception that the gas composition is 29% propylene, 60% helium, 7.7% oxygen and
3.3% acetic acid and the gas-hourly space velocity is 12,400(ml/ml)hr. The catalyst
has an average rate of 4.48x10™ micromoles/s measured at the 6™ hour on stream.

10



Ef fect of Calcination Tenperatures on catal yst

Activity Ex. Support Cal cination |npregnated Support
wQav@logsw3Acti vity at  No. Tenperature Cal ci naPCoMWS2007/000600

Tenperature 6th Hour (unol/s) 5a Not cal cined -

1.53x10"3 5b 700C 190C 3. 27x10"3 5c 800C 190C

3.30x10-3 5d 900C 190C 3.57x10"3 5e 700C 220C

3.76x10"3 5f 800C 220C 3. 24x10"3 5g 900C 220C

2.24x10-3 EXAMPLE 5 5 EXAMBhEr&Al procedure of

Exanple 3 is repeated with exceptions that the

t ﬂ'héngéﬂérgﬂ %c@ﬁu@TéflEﬁmBﬁJ Q'lg(afgpééstgﬁ%&@%e gx%sptlon that the

eratures (no calcinatlon

amf{‘ﬁa m persyiiste sraceralioppsryaries EPmn0da) @ mglastin 0.025 molar
incréfiein®)s Tmtﬂﬁsué@shé\&@Q@ ‘FHbl@@Q/hlcﬂ_hﬁdlbﬁﬁeumai &H ©ptimum

rfshovvn in Tabl e whi ch i ndi cate that
PeriognaneR My $Xist attHEe AMANIYM aesuifgte 6?”@nt'ta<ﬁoaﬁd>etween 0.05
andal.b®b midgl@. egnation are both inportant 1o to achieve
hi gh catal yst activity and stability EXAVMPLE 6 The
catal yst prepared in@%{?l e 3 is used to prepare
allyl acetate, which ows the sane manner as the
Effewt 10§ Amaroetisinne Ppr%ﬁfatea@omentnatuén mmm:aawsv\mmmuyrmabm&

L;C[Jll UTI lllal llll: YaS L UITPUST oS L‘J/u plwpyl €fie;

E .60%rhﬁl|ohmﬁm Plrd iR Y 82faiid ARid anglyt be
N)é.gfl%&ﬁiéhtrﬁtiérﬁ’?grﬁélllVd Qg|H§}|(l§migs%&OO(rg§|q§§ A N’%ﬁ

cqtal yst Nas an ave¢rage rate ol 4. 4oX10" 3

N 2007/.004002 PCT/IIS20072..000600 EXAMPLE 7 The
A A A Aw LI~ Iy | IO U T O U U OO —7 T T T

7a m'drmcomufas/u@atmaswred.cmbdoﬁe 6t h hourz.emxmr¥eam 10

procedure of 3%%-% 4 1is rep_f :with t he
erceo ion_that the |anmdni um persul flaté concentrati on

i4 varied fromO to{0.1 moLar in 0.325 nol ay
7¢ 0.50 3.94x10 4,42x10°

7d |0.75 ' 4.94x10° 4.36x107°

7e {0.10 3.10x10°2 3.04x10°3
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increnments. The results are shown in Table 3, which
indicate that an opti mum5 perfornmance nay exist at
woOheo7aa¥osi um persul fate concentrati ons bet weeRCO/US2007/000600
and 0.075 nolar. Table 3 Effect of Ammoni um Persul fate
Concentration on Catalyst Activity Stability Ex.
Ammoni um Persul fate Catal yst Activity at Catal yst
Activity at No. Concentration, nol/l 1St Hour
I cleinmol /s) 6th Hour (unol/s) 7a No sulfate treatnent
3.02x10-3 3.31x10-3 7b 0.25 3.70x10"3 3.32x10"3 7c
e

0 Rrauh 1Y Aghats .8 dosthed Gl I P et
corpgTINS2007/ 000600 | claim 1. A nethod for preparing
a(ﬁépporéﬁﬂ: @5 iR digkide sabgoySt . sai d et hod

risin ating a titani'um di oxi de support;
Pb) cat "h'ﬂﬁéh‘# sulfatgd sapeertsupport; (c) inpregnating

t fte% cal Qh*n‘i’o‘?é’gr%{ﬂ%ofh% w&,hea d%bbﬁ%%masaéﬁad.@n%ﬂm f g gold satt

sal and an or ammoni um conpound
cal ci ni rﬁj“i%a|kﬁﬂr@¢§}ﬁb@r@!ﬂ§‘ebb@? gomgAEnd;e) r educi ng

t hg) cal Cddltﬁﬁ’ingttﬁ@%brebhﬁfédséﬁaﬁoﬁd%néo form the
su(ggorted 10 pal I'adi um gol d catal yst. 2. The meth

| ai rhe!‘luc'ﬂﬂe &i FRIPIRED SSHAPRLY HEM §t§5’e|(¢bF9ré‘éF”whe SUPPOFted

reacti ng)dnaa.urﬁ_gbmaiawgiu oxi de and a sul fating agent
sel ected fromthe group consisting of sulfuric aC| d,

p ul C t h r

2. BRI i 1 SheriR e BRI RS AS 5 leppano e
titapisina gioxideuang ar sulfating egent selected from the group consnstlng of sulfuric
acid, persulfuric acid, their salts, and mixtures thereof.

3. The method of claim 2, wherein the sulfating agent is ammonium persulfate.

4. The method of claim 1, wherein the calcining in step (b) is performed at a
temperature within the range of 600°C to 900°C.

5. The method of claim 4, wherein the femperature is within the range of 650°C to
750°C. '

6. The method of claim 1, wherein the alkali metal or ammonium compound is
selected from the group consisting of hydroxides, carbonates, bicarbonates,
metasilicates, and mixtures thereof.

7. The method of claim 1, wherein the alkali metal or ammonium compound is a
carbonate or bicarbonate.

8. The method of claim 1, wherein the palladium and gold salts are selected from
the group consisting of palladium chloride, sodium chloropalladite, pailadium nitrate,
palladium sulfate, auric chloride, tetrachloroauric acid, sodium tetrachloroaurate, and
mixtures thereof.

12
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15 4. The nethod of claim1l, wherein the calcining in
step (b) is perfornmed at a tenperature within the
woamg®eh3 600C to 900C. 5. The nethod of cl ai nP@T/US2007/000600

wherein the tenperature is within the range of 650C to
750C. 6. The nethod of claim1, wherein the al kal
nmetal or ammoni um conpound is 20 selected fromthe
group consi sting of hydroxi des, carbonates,

9. biTbermetimidest, claimetiasiHdreiat e, caltidation b eeesp (d)e.rsqsérfor%ed in a

ror AR Mgt lp 3B b B Rep SRl o TEE, Bgorc.

The nmethod of claim 1, wherein the palladiumand gold
10. sdhesmgthods of elaimd9 themnopgedheing rtmaspberesiss selegtasf from the

groW'do%@ls‘tiﬁbcé?l ﬁélmﬁ nﬁ%’eHma‘?&r‘E’rR@&JI | ﬁl%%gg %é@déwen air,

trate, | adi um sul auric ch

Cart?‘?é’t ?'Qéﬁleo?%m"ﬁér%h@re@odl um t et rachl or oaurate, and
m xtures thereof. 12 WO 2007/ 094903 PCT/ US2007/ 000600
11. 9Theéheetiret uddladh & vaherelh thehe@hatidrengadraiundid @ithiafthe range

[ performed in a non-reduci ng at nosphere at
of @b Qﬁ‘égpgtéjre within the range of 100C to 600C. 10.

The nethod of claim9, the non-reducing atnmosphere is
12. s@heonethodr ongleine 1, gvfmnpmctbnmegucm isf pérédrimead in hydrogen or a

mlxglré'b?’gg&‘mgéﬁ ggg,anqﬁgg,gagl trogen -oxi des, oxygen, air,

car I OXi m xtures thereof. 11. The net hod
of claim9, wherein the calcination te erature is
13, PRI Telg G 15 WG (o Saibieton IS PRTe AR Bb3 mperature
withixh &iermahge\dneoe?mtd 6e80%Rduction is perfornmed in
hydr ogen or m xture of hydrogen and an inert gas.

14.1 Qhégfn fﬁ%@ cgeélémp 18| f wﬁlalaellrmtﬂ@ re&M@ﬁEﬁ iiQ P%H@rn{\g&j ¢ ta' &t perature

i's per or ne tenpéerat ure e range
withiothe teomsatare o450 Reton®fidi6d of cl ai m 12, wher ei n t he
reduction is performed at a tenperature wthin the

15. 1 FABEhdthe® off cRC1l onvBBR Gurther comprises treating the supported
palladium-gold catalyst from step (e) with a potassium salt.

16. A supported palladium-gold catalyst prepared by the method of claim 1.

17. A method for preparing vinyl acetate comprising oxidizing ethylene in the
presence of acetic acid and the supported palladium-gold catalyst of claim 16.

18. A method for preparing allyl acetate comprising oxidizing propylene in the
presence of acetic acid and the supported palladium-gold catalyst of claim 16.

19. A method for preparing a supported palladium-gold catalyst, said method

comprising
(a) calcining a sulfate-containing titanium dioxide support;
(b) impregnating the calcined support with a palladium salt, a gold salt,
and an alkali metal or ammonium compound;
(c) calcining the impregnated support; and
(d) reducing the calcined support from step (c) to form the supported

palladium-gold catalyst.

13



15. The nmethod of claim 1, which further conprises
treating the supported 15 pall adium gold catal yst
wonommwiep (e) with a potassiumsalt. 16. A suppomusem7/000600
pal | adi um gol d catal yst prepared by the nethod of
claim1. 17. A nmethod for preparing vinyl acetate
conprising oxidizing ethylene in the presence of
acetic acid and the supported pall adi um gol d cat al yst
20. ofhe nagtiodef daim A9nfurthed coorprisirepreatirgy e SlpReRldasRladium-
YRk Sy [+ QL & ene in the 20 presence of
goloé%é?{y%?%@l?g%ﬁﬁ%ésﬁ%@%gﬁ{ g’g'?[' ed pal |l adi um gol d cat al yst
of claim16. 19. A nethod for preparing a supported
pal | adi um gol d catal yst, said nmethod conprising (a)
calcining a sulfate-containing titani um di oxi de
support; (b) inpregnating the calcined support with a
palladiumsalt, a gold salt, 25 and an alkali netal
or ammoni um conpound; (c) calcining the inpregnated
support; and (d) reducing the cal cined support from
step (c) to formthe supported pall adi um gold
catal yst. 13 WD 2007/ 094903 PCT/ US2007/ 000600 20. The
met hod of claim 19, further conprising treating the
supported palladium gold catal yst with a potassi um
conpound. 14
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