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PREPARATI ON OF PALLADI UM GOLD CATALYSTS FIELD OF THE
I NVENTION 5 The invention relates to supported

pal | adi um gol d catal ysts. More particularly, the
invention relates to supported palladi umgold

catal ysts that have increased catalytic activity and
activity stability in acetoxylation. BACKGROUND OF THE
I NVENTI ON 10 Pal | adi um gol d catal ysts are known. They
are used in acetoxylation. For instance, the

oxi dation of ethylene in the presence of a

pal | adi um @R%PA&MIQH@%RALMUNEGQHMCMMN@G’S
vinyl acetate, which is a useful nononer for the

pol ynmer industry. Acetoxylation is commonly perforned
by the vapor. phase riRE&EED GF THE HRYVENTIGNpport ed

pal | adi um gol d catal yst. Methods for supporting

pal | arhgimrgehtibrf afethtest $o Qﬁﬁp&f&’mpal'a@itﬂﬁ{q%fcﬁ! cat!aigﬁtg. More

mét h?d I nvol.ves deposi ti ng a m xture of palladium

PgBicHerly; dae JAventienisales (S pPoRed Paladiingoicheatalysts that have
inrbhsati catantc agNiy dr ARIVAY Stab inaéﬁéﬂ%yﬁl old are

bot h preciggs rretg,ls. The%for??}rmny e fo‘rd)tng have

been nmade to increase the catalytic activity and

reduce the anounBATKGROANS OF THENRRENFIONT exanpl e,

U.S Pat. No. 6,022,823 teaches cal cining the support

inpr %ﬂé&iﬁﬁl-&@lhr‘%ﬁ@%@%r‘é@ g?h%g;gllet asﬁ%ij%\r?gtg%xylaﬁon. For

_reducing the net he catalys OWs |
ingtance: the oxjdatien Sf ethdrneasin the gresente ofha paliadisegold catalyst and
P?é{ﬂﬂférst p | igR!; Y
?ggg%:taitcejae\ ed In a?gwo%/ tgﬁ' t)% d h'gsa,‘ q%:eﬂ%lsﬁlbrﬁr%@rléf gﬁ{ tﬂt?% polymer
indyetyndustry 25 to increase the activity stability of
t he supported pall adiumgold catal ysts. ldeally, the
cat aAgetoxylatibn ibaseminonlye peornaed ibyi the Qapdr pAHSS irdhéton using

S M T SO T ool S i o
awbpwnedn [genesali the gethbdcmvalves tdepoditiag retridddre of palladium and
gg@:g%ﬁt%%ﬁo %Lgufgﬁ)HFaglCﬁIi\Eﬁ ?@JUCH{B {i’m'eoﬁ%lugﬁiu%lg% rgtold tghrre\etals.

fat ed supp

Palladium and gold are 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 acilivity 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 a method for preparing a supported palladium-gold catalyst.
The method comprises sulfating a titanium dioxide support. The sulfated support is
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cal cined. The cal cined support is then treated with a
sol ution containing a palladium salt, a gold salt,
and an al kali netal or ammoni um conpound. The al kal
metal or amoni um conpound reacts with the pall adi um
and gold salts during inpregnation of the support.
The inpregnated support is calcined to cause parti al
deconposition s of the palladi um and gold salts. The

cﬂ@in@:ﬁn%e%@éﬁ"}&& sHﬁ‘H&{&O@é Féy#%e | nvent| cﬁpb&ﬁ?m&gsa palladium

pal | adi um and gol d to net a on Inc
S@'hea gald sailt. @mdgan a"@atraegaépr grypanivo mpcmmg Tthe alkali metal or

aﬁﬂcﬁl‘ﬁ%@orﬁﬁtﬁ:ddﬁ‘é@ﬁ@ ﬁﬂh tHE BallANGRAL 4 ﬁsoc}lfsrkﬁ}rﬂ\%eiﬁ'\pregnatxon

he use- of_the cat al in acetoxyla
f) thesRPeg- vThﬁqu%r@SBa w% i walcinask f@t@usemqimlsieqomposmon

of g tﬁéllﬁéﬂhhﬁ@lha yaal daléat at I'}@t<:‘élétﬁﬂ§?f’vﬁrdd1 ct gﬁo?é%est P&uction to

catal ysts prepared accordl ng to

e
reducefialiadiuatrid oalgitevaetalsat al ytic activity stability
i n acet oxyl ati on. DETAI LED DESCRI PTI ON OF THE

| NVENReGhieritienrintindds tiie pakadimvediiid Qﬁtawpféﬁéiéd according to the

d
i of e FderiBR, . Thit, Aol goB ineLtes Tesuns b dhefetatvst i
acktoxylaliors Upp @reparthg fuirtyl n@cetame ahd dxqmaacmtmer Combhged to the

Rl AR e RGWHTHL RS A RS Gl e & prRRRreq pesring to the
methddeitheiinventiomsbpwyimpeoyadeaislytic antivitysfabilityrin moétokpation.

amount of sulfate residue. Alternatively, the
sul fating steg can be done by treating a titanium

di oxi de wi t (PETAEROEZCRUTHON Ol HigINYERTIOM ai ni ng
titanium 20 dioxide froma sulfate titani um di oxi de

pr o;:vms nﬁ&th?@%of gﬁ@mv?mglhmmes QUIfainYy at ﬂ@huurﬁenoxude support.
r I al e ulta U, agen I NC
By f4ifing® {méAn Burpdlicng uliatitinls bghtint Homdasihport 3yffating can
bé idoae elher ttielﬂl tafﬁll.lh'h ld}[cﬂctde pllardef:wrabi'cwes*s foe tﬁ/lxbcfsl‘tﬂe@gfnent after
t t. o u C ac ers rIC acCl
i) Elrs Fodide i Hhadd b e 20lrdre BRaRES it iiodsy one may
chrdoal dise am@bint bbgulfate résdaeh aAdtedaiivelyPthef sulfating stéghean be done
- | . L t.ani
o84 ke G080, S ) S50kl v
diokidesfiormaa stifatet tianiym dhcmuej pragess arrany éthemsouteswnay) or may

LOpd . of S. Most preferably, the sulfated
nttlotbaﬁwn?rg’luox,}efe contains from0.1 wt%to about 1.0

%uiftab‘?é sulfating agents include sulfuric acid, persulfuric acid, and their salts,
the like, and mixtures thereof. Preferably, the sulfating 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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2 Preferably, the titaniumdioxide for use in the post
treatnment is produced by hydrolysis of titanium
oxychloride or titanyl sulfate, |Is nano-structured and
Is crystalline anatase. The sulfated titani um di oxi de
is then calcined. The calcination is perfornmed by 5
heating the titaniumdi oxide at a tenperature
preferably within the range of 500C to 900C, nore

A bk T L T G
h%ph/s@om,ﬁtgnm Hoxychiogde aog ditaryl @Jlﬂate;rr&i mano-druttured and is

c,?gﬁhg,eaéﬁjatéégface areas within the range of 0.5 n2/g
n2/ g Mor e preferably, the pore vol unes are

n th CcnB/g to 65 cnB/ to the
surf @%sgﬁ@s@'@a UW? ipyide ega@wqﬁ |herﬁglt§n@u9rrz|@(merfonned by

hedtingy thbtRaninfrrediokide!at a tbhrperéturé ?ﬁ%@bﬁﬁiﬁ’éﬁﬁ Ifﬁnrl?ge of 500°C to

oQte st ciretorad 9PTC 1 BOTG BathmostRreteaa 65076 o 750°C.

acetoxylation activity of the palladi umgold catal yst
pr erialrerﬁerd)lye thef calninedritanipasdioxide haé fpecd volliies! within B range of

0!y T4t} 878 ot B didss SRR e rho IS % 500 mi
Mpeg peerferabry.ftbqa poree vplumesdirawithinl theyringendst 8l19cti to0.65 cm?/g;
th%%ﬂ%’cteeé’r %Q %{,&ﬁ Lmsur h%fan%@l & ’f‘?ﬁh HPBOS {9,  Most preferably, the

i mpregnat e regn Ion et
strré'a@@arrearrsr'rﬁm%m&tqﬁ%m fmt. No. 6,022,823 teaches
how to i npregnate the support. 20 The support can be

si mul érﬁpﬂ@rhglyonth&H@tC@éihM@ thetsftm'atéﬁdsdbdd?t §ig{uf|cantly increases
met a

al I sal an kal i
B aedioviRton Bctii” o Bl ealadiym e it yrmgreshinerairom. One
pqmilﬂerefﬁai:l tiof mldamgStt&Obuﬂfaté@Srtaﬂ' (i) ﬂmww@omm fntering and
. [ t he nt o ach s
mbtuig e 5P Lo R aIB Bk 19 rBRafit R 4§ ateyedium and
gald snetals that atessuripodied dberalipsn. pr oduct . 25 Sui tabl e
pal | adi um salts include palladium chloride, sodium

cht Oﬂ'ﬁéabéléiﬂbﬁesupd%ﬂ' isaﬁhﬁr@bﬁéfeﬁatﬁﬁny Q@{étﬁé"rMﬁregnatron Ornethods

sul fate, ik res thereof. Suitable
car,be ySFﬁmﬁﬂﬂéﬂS&ﬁ?% léﬁr B?F d‘éo §.022.823 teachasrhaw srumpregnate the
suppdrtym t et rachl oroaurate, the |ike,

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 chioropaliadite,
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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and m xtures thereof. Sodiumtetrachl oroaurate and

pal | adi um chl ori de or sodium chloropalladite are nost
commonly used. 30 3 Suitable alkali netal or amobni um
conmpounds include alkali netal or anmonium
hydr oxi des, al kali netal or ammoni um car bonat es,

al kali netal or ammpni um bi carbonates, alkali neta

or annnniun1netasi|icates, the like, and m xtures

the mathdtoi regnat e the support
v siebler R AP or BB spmeRLTHS - Bl dg,alied metal or
ammbuhmorhyafroﬂﬁesal kikali nitall oo ranadioRitiny netbomatiesd allkbie metal or

' h t ted with the g .

Bl st gt o Sttty s, the tice, and
mixbrpo thetteofs t hen contacted with an aqueous sol ution

cont ai ni ng pal I adi um and gold salts. 10 In another

t

ol Lt istid WEIrghAE G SuBpbit fyhRbes el P # Shpor with
anpganenys sabition ofha plkal énefakern ammgnium eompaunsa The support which
heS R éatel il the RfiRe6E %ﬁmbh %oﬁgag{agh;é/ﬂkggn@éi@t& hmonium

the support essent | al conp

COMPAHGSS é‘%ﬁmf’?'@iﬁc@ﬂ with araanuwwﬁplgmruc%awg palladium and gold
sak¥pically, this is acconplished by dropping the

sol ution onto the support until 15 incipient wetness

5 R o Lo AR i Bl ot goutons i
cagmiiét:hlout nbef_arg dreaammh:uam _dbamnumbusAsdaIbtmrd ofethoodilkali metal or
. i Um conpo .

arMEBIlF o, I s, i8eds 75 AT SRAGHIBE XIS of U support is
essepliaiyt corpletaly filled withi the adqueousuggiutian ob paltadigonandgold salts.
T)’?Jﬁc%mp' [ﬁgﬁoiﬁ é%ﬂ%I%ehhﬁ)éra%éyﬁg fHét EoUﬁSnS&mBOHe s%.lpport until

I NCI wet n
lnrplmtewem@a@aﬁhlewﬁdt Haewpgpmnpremetedrwrtbmp@l dium and gold

saqeﬁ@ﬁé%tcdn%a&é&m%hémmsn&a Y érhg*ggﬁﬁ chfhgotraye

nmetal salts such asclorl durlng

thel 1§ aLi on an dried cal ci nat.i on.
b ORE ekt siehes s B8 ahSu o RENPaNUST cgfbund anc
prebleuah&ﬂalt comeswrids wrior to contacting with the support. The contact with the
support can be done by dropping or spraying the mixture onto the support until

Aq

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.e., 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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25 in a non-reduci ng atnosphere. Preferably, the
calcination is performed under such a condition that
a portion of the palladiumand gold salts are
deconposed. More preferably, at |east 10% of the

pal | adi um and gol d salts are deconposed during the
calcination. 4 Preferably, the calcination of the

i mpregnated support is carried out at a tenperature

Wi t hppaibRly, "’iﬂgecé?&né‘f?cwtof 1RQ Gl ‘Pe?rﬁa%& ﬁ?@:%grt &{bé%rped out at a

preferably emperature is W range
tepopgrajuse 3'0@'@ t%anqgr@‘fwnpo @H@ abetrb60@%Gr Mores)referably, the

téMééfhfhré RewithiRGBe 95nde'59ﬂ(569c Rt li’éf%rabl tlae temperature

non-r educi ng %aseg used for the calci nat| on 1 nc
is; Within the range AT A5QC t9288<C.such as helium nitrogen,

argon, neon, nitrogen oxides, oxygen, air, carbon

di ox8ditablé lmenl-rbaeclnglgds& ubed a5t thé %é%iﬁatloRrﬁélﬁtﬂ@meYt or oxidizing
%ecalcm on is carried out in an atm)sg ere of
9%y 338/ s

T 8Y Y& "GFoggn, aEgony; naany AUrqgREy @¥fes. giygen, air, carbon
dideigiee theolfke; @nd niigtirés thierest, tmefa@amyadbwﬂmmmb @arried out in an

sl € P RPoSH iSeni Rpraare RShe deposi t od

sul fate- containing titaniumdioxide is calcined and

can bee depresueicespmassitionr ofithe walladiumeandi goldngsaiisi deépends on the
té?:'i&qﬁﬁiré usggr t@é@%ﬁe?%&ﬁar [;8 &S YERRA lofititnd THY 88;?%@8 sulfate-

I um and onat es,” t he anmount
cer&atsm &lta@)&fﬂ ed"emg)'s oalsingdy apd eapebe rf@’é@ftlﬁféby menitoring volatile

dE&ith&‘élﬂSh td8dG@E Cl PRk | %nﬁfl@,p wHeRE tHee %Ulbbblrlglspfn"?ﬁﬂéﬁﬁated with

educed to convert the al | adi um and
olfad 5, SFEL SRR APTRPNAKSA 186 STIRBInt SHERRODHIpRdp ¢F P} frived can be

mdasuRRRting in the presence of a reduci ng agent.
Sui tabl e reduci ng agents include ammoni a, car bon

m”"ﬁ&lﬂ:&iné‘%& ggl‘éﬂ]\'atxgé( gfe%ﬁg'rﬁ%j ?%%ﬂtmi&foggp%lg gﬁg&d f°convert the

al coho
paligdiem am!rsn;ddyalt%tca&leobcgeaspsndmgnbmgsl Theaeddctm is performed by

héét?{ﬁ §1n éﬁé‘ gréééﬁl%gn@ng r@EﬁfiHé eac'g%? g: ?}{ltﬁ&‘%ﬂémﬁpents include
amgIoRia.dearhee 'ﬁ?@’ﬁﬂ%f@ﬂf@?m éwdtqqagocme eiefingnaldehydes, alcohols,
gd@!ﬂnén SrinRiy dWiFES IS Bk RicPAGES, Céﬁrﬁ&k%cpé&& elHigd c?rboxyhc acid

enperatures enpl o ‘ed for the reduction can range
ealght-cihe lie.t 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 resulis 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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about 600C. Preferably, the reduction tenperature is
within the range of 300C to 25 600C. Most preferably,
the reduction tenperature is within the range of 450C
to 550C. The reduction results in a supported

pal | adium gol d catal yst. The invention includes the
supported pall adiumgold catal yst nade according to
the nethod of the invention. Preferably, the supported

I % to L% ..
2R ORI G0-25R 7 ot ol SREREIGHE Pl o et igjod i Wit the
rasmewéﬂgfi{ﬂtaaﬁ'é of pal l adiumto gold is within the

range of 5/1 to 1/3. Mirre preferably, the supported

pal | Pk sapsed ﬁé!la%lnt)fﬁ o@éﬁlély&%sm.gdé a%oré]ﬁoq)to]th? d;YWen%n have

of palladlum %to

magy Ueesghtt 930 P8 ‘Eﬁ’edpéP’ sxampier &1 dog gartial \mdﬂttﬁnt hidrogenation,
cairaagyﬂatitﬁn ZrfwhbnizosyHitedrs, s’él&hﬁé‘ Rp&idgRHatieh, |a¥é’t)}k5§r¥;mioﬂ catalytic

sts made ,accor ag%f the I nvention have

c(ﬂ*gégstolnt O Soipletes 86‘ Y, calelysie NEX rea'noval methanol
sy, derdgﬁdr @@&mdie wynthéils;ahib&ﬁfdrﬂ{ylélmn, aﬂﬂ%‘lﬂﬁéh and alkyl
y|

e sel ectiv dr oge atlo on
tr%i{}é ﬁx@ag o%bctﬁ{%’ Bﬁ %%l cB 'é‘Pe gx?'&ﬁ'f"’f‘ oW't t Afomatiggy and the
pr@aamtrpsld meibyl isebatylctetomefrmraadetorsg/nt hesi s, hydr ogen
peroxi de synthesis, hydrofornylation, alKkyl ati on and

al kyfhe gﬁeﬂﬁ{éﬁ paﬂ’éﬂ:%%o‘gﬁ gﬁé#%%%a%‘e’ Q&%or&%pc{g the ; e | )c;lnﬂon are

olefins w aromat1 cs reparati on~o
pardigatly (usrE4l JAe the qrpdiationn ef \awlmtet@ppm tedigl acetate. Various

preeksstd for el Sroeabbnss st vﬁ‘ﬁpl Scét‘é(lﬁ) ra?kH nSII)II %c‘ekbq% _known. For

. inventi Og ar e gartl cul ar | usef he pro i ons

ingiangen Y-Sa deatafNosa 74860 %F&‘bt:*a?'és 3%r'i€'§€r§ hcmlot@eg@@gre vinyl

adetdteldthgdpAfdNIrhQoid eatalisty| acetate and allyl acetate
are known. For instance, U S. Pat. Nos. 3,743,607 and

ol 1 B P oIy oo 6 S oo e supportc
Pqiladdmplmgatalysv|l$1)drefaeaéll)atreataddwahl 3y potassiun esonpgoaind such as

pSte Gt S&ta%al hRdi pmhegls ﬁ@étﬂe\ﬁ?%ahs%@ HSES"@PH(W the catalyst

treated wt pot'assi um co

- wifltatpafassium @cstﬁt%glmmﬁ*@aﬂgeand dmngo@ectmée@yamyst ng

the catalyst wth a potassium acetate sol ution,
fi | tinigengral avidyldogtatd cbh Qbetrh@@é 99I tt@@bﬁhﬁﬁén of é‘thylene in the

ener al |nI cetate can
prg%r)nﬁe ?]f aq y éoa ané fhe supportecel pnﬂaglun'}/ golg catéyst Allypacetate can
be made by a similar manner but using propylene rather than ethylene.

| 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.




10

20 presence of acetic acid and the supported

pal | adium gold catalyst. Allyl acetate can be nade by
a simlar manner but using propyl ene rather than
ethylene | surprisingly found that the catal ysts nmade
according to the invention give not only high

catal ytic activity but also high activity stability.
One problemin the existing palladiumgold catalysts
is that the catalysts | oseyaqipMEy Wth tine. This
Invention 25 provides a Sofutton to the problem The

é%k'gﬁﬁg ﬁlfﬁé merely illustrate the invention.
e art will recognize many

variations that are within the spirit of the invention
and #clitpeiunvdiaxide (2Qignams, %PBSWMIIénmSm Catmiigals, prepared

B APABR odckBERF )05 AT g7 b 0 o

a0f-Ofrmealgll casiusosis| selution of amiTiomilina messyifete @tirdei fetnperature with

smr?ﬁ%q‘o%f RasCwd hﬂgrs THE Qun%g |snF{ﬂe%A % u%?ﬂ@ alYhieg Tor at least

amoni um persul Tat e at {
1§thqulf $ ingary @Yefh{it d terpenafielod 1P8°C tﬁwebll aisulfated titanium dioxide.
filtered, and the solid is dried for at | east 16

dmmiﬁgiSﬂxlthédUMﬁhi@h Diokiggper ature of 105C to yield a

sul fated titani um di oxide. Calcining Sulfated

Tit | O0Xi T f

cal o nuEpRYBENIAF Bl Sicheh 248°C B Hfithofs, 1 has a fina
sytiate8eeaa0icd2.6fmYQ, & puké yplumepoi @.20ahligearef aGsulr Bbhtgnt of 0.23
wABE. 38 Shifs cd?ﬂé‘ﬁt | ngé%{supc%cﬁg’c%o\‘ﬁ pé‘\’g\? El%%ﬁ{!w @rm &nt ent

i's neasure accor ng ne
md|OX|des is mxed with

hyir ob PBfing Sleide SamRie (018 oraih)Ja kmiked it ISrcbofifris asid (5 mi) in

avgszsalble mowawiméa/essehean@ mbadey 1@"\%&&5& finder td?&ssure in the
mi.crowave

-+ bR it ptdh Bhat g s ndsd to 28 mluth Briomized water.

15

20

Mezsucknents sareg danel Bbifigl ak r KNS dintrepidhduchductivilyc evppied plasma
esu %@sp?%@é&on S E&EJ r&eéseéerceqsu%orted as percent

Impregnation

NaAuCl, (0.194 gram), NasPdCls (0.496 gram), and NaHCO; (0.510 grams)
are dissolved in water (20 ml). The solution is mixed with the above calcined
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. ‘
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NaAuCl 4 (0.194 gram), Na2PdCl 4 (0.496 granm), and
NaHCO3 (0.510 grans) are dissolved in water (20 m).
The solution is mxed with the above cal ci ned 20
titani um dioxide (10 grans) to forma slurry. The
slurry is kept overnight to allow the netal conpounds
to deposit onto the surface of titani um dioxide. The
mxture is filtered. The solid Is washed by m xi ng

Redudiowat er (20 m) and filtering again. It is then
dried in an oven at 105C for at |east 16 hours.

Cal gjni npregnat.ed. Support 25 The above, i npregnat ed
¢ 2 A R B HaRlion, Rhe rerdion s Buies vith MhRien, and then a
miktuoeiofi §%ahydrbgen irmnitregbn iy mitroduedd itd tie Vdsel. aThe temperature is

BSETBEIA I B BETOS: gL TS il Bk i remding o

threel lnourat T redotorrisgurged ivdthmitrggeh wntithaires@eRN cabdlgst is then

] 5% [ nln nitrogen, is L
cobl¥EotaBhryelisRbre iR g Aithesh, Siasky g e sarapig g washeo
to trenBB@Cany remairting chldtitle asideterfined eoyp tesaingr with sa evér nitrate

1 hj i 0B : e ours. The reactor is
s°%'?5‘ééﬁ%iﬁ’d%. r%){:;){eorg> én'ég%\ hog'e?'ésul tant catalyst is
then cooled to roomtenperature in flow ng nitrogen.
U 30t; he sanple is washed to renpbve any
remai ni ng chloride as determ ned by testing with a
si | e atidveatesultart asitalgst, (Sagranis) 49 cOniagtbivitd GCetdess8>10 mi)

o P Lum,Txeatgent, 10 The apove .resultant
of 34, &h B85 S T RipSRlvmy SRPEIF oot B sEmpepture for 10
minuites. oFheés miktuejisdfiiesed; dhe tpotasshim frtadsd icatalyat é4 dtied at 105°C in
rRRA or 10 mnutes. The m xture is
anfl I tef?[;%?ﬁ?ﬁgjég?%ési umtreated catalyst is dried at
.105C in an oven for at least 4 hours. Vinyl Acetate
! 13 tign o potassiumtreated catal yst is m xed
with, inaratioof I to 9, an inert alum na support
t o Thei potassieff trediedodatalypst AR iItANTS a Hie 6f 1tter® an inert

.S Dl. i yart.z gl.ass reactor, T :
i B s PhiBE et AU ralERS, | 59 hcurd 1.5 aram)
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 results 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 to reaction conditions.
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DT51 COMPARATIVE 'YAI\/DI E. 2 5lThe genera

-y [ =P AN

procedure of Exanple 1 is repeated with the exception
that the COMPARATIVE EXAMPLE 2

The general procedure of Example 1 is repeated with the exception that the
GP350 titanium oxide is not treated with ammonium persulfate. As shown in Table
1, the catalyst activity is significantly lower than that of Example 1, and the activity

~ declines from the 1% hour to 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 ftitanium 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 improved 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.




10

15

GP350 titaniumoxide is not treated with amoni um
persul fate. As shown in Table 1, the catalyst
activity is significantly |lower than that of Exanple
1, and the activity declines fromthe 1st hour to the
6t' hour. 10 EXAMPLE 3 The general procedure of
Exanple 1 is repeated with the exceptions that the
titani um di oxi de (DT51, from M Il ennium Chenicals) is
made using sulfate precursgffgnd that the titanium
di oxide is_ not treated wi_th amoni um persul fate. The
titani um & t8et gECalgnationd emperaturespo CatalystActivig t er

e HaWal

the titani umdioxige 15 s carcined—ar—7066—i+ts

Exsu| Suppart CaiinatiordUibgsiehnated Blipport”  ASathoundt qu le
Nd., | Temperatt@ yst s mmgaﬁvn %ﬁﬁ:\gg@mréﬂ va i%%/ a
e

cohpared to the cajtalyst of Conparati Exanpre 2.
SZEXNPt @aldindtie genef-al procedure of ExanBax183i s

4 =l
I epcatTTu—yv

sl Proghe i s treated yidop 0. 05 nol ar aﬂg%’%@gt <hows

persulfate. As shown in Table 1, th

i mproved activity [conpared to the cat &l yst of Exanple
5¢c3 aﬁﬁg"% mproved act19Cy stability cohBa0xa0Rith t he

caf al yst of Conparjati ve Exanpl € 2 9 Tapbtre—2—Effect—of

5dCa) 200f& i on Tenper|atap®es on Cat al yst Agiga1bdy EX.
Stppor-t—Cat-ethat t Catalyst
No. T gature Cal ci nat erature

5&°Cl Fo/d at T
Bi I—%%oplurmlls 5 t calcined - 1.533%@’@8@99 00C

190¢ 3 27x10"3 00G 199C 3.30x10-3 00F 19000, 3. 57x104
5f5el 8NE 220C 3. 7612R03C 5¢ 800C 220C B324x10°3 5g

C 220C Z.24x7T0-|3

5g |900°C 220°C 2.24x107

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
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7e 0.10 3. 10x103 3.04x10-3 Il I claim 1. A nethod
for preparing 'a supported palladi umgold catalyst
having increased catalytic activity and stability in
an acetoxylation, said nethod conprising (a) sulfating
a titanium di oxi de support and introducing fromOoO.1
W:l?/f’rﬁo 1.0 5 w%of sulfur to the support; (b)
calcining the sul fated support at a terrperature Wit hin

the range of 600C to 900C;, (c) regnat i
tal A mahed, iRreraing aaswaprtsa |Pémr$%t9°’% C@%ﬂ'!@t daving increased

aadiyhe aé’ﬁdﬁ?'dnd@éﬁhty@ﬁ af BBBOky|MdH0 BRidhethod Qoﬁﬁ)\lsnng
cal ¢inin regnated support at a tenperature

wi t Hah t hesu#famgq;a é'fan'lifDG’@xtQ? Ippert anddnireguangfiem Ryt wi% to 1.0

M%o@%hlﬁjrrts%éﬁ i, fromstep (d) to formthe
supported adi umgol d catal yst. 2. The nethod of
qgﬁ:gm

clail@ 1. ag rihe Hulfatecs sUpRAE AL aptempsrate wyithin the range of
B65°¢t {o Ob@e 15 titanium di oxi de and a sul fating

agent sel ected fromthe ro%) consi sti.ng of sulfuric
aci d€) per dmpfegnatingdhe, cal%mg supplortswithy & paliadiymesalt, a gold salt,

thereof. 3JnqtheaiBh hath o aﬁ{nﬁ’drmrﬁco}‘iﬁﬁﬁhﬁhn the
sul fating agent 1's an ammoni um persulfate sol ution.
4 1(:1)9 ‘nmetdalpining the impregnates @nmqﬂ ahe temperaturenwithin the range of
.ﬁ?e cagigous solution 20 has a concentration :
h|n e range of 0.05 nol/1 to 0.075 nol/I. 5. The

: mst Hed of redwmm 4he vdadgirgch support depestapu(d) te fum Ithe, supported

t he range ol (IQEQ] &gca?%g{; 6. The nethod. of claiml,

wherein t met a anmoni um conpound s

sel ect ed from t he group consisting of hydroxides,
2ar Fhwameshodhof plajen: aderein shensulfating isapegomagd by reactmg the

f?ﬂ?ﬁfuﬂf Ear(fd%ea{rﬁp suﬁatl g}ggémtsgﬁétéaf fréth th‘g}@ud‘@&ﬂé?étﬂlg of sulfuric

et a ni um conpound

~ acid, persulfunc acid, thelr salts and mixtures thereof

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

4. The method of claim 3, wherein the ammonium persulfate aqueous solution

"has a concentration within the range of 0.05 mol/i to 0.075 molA.

5. The method of claim 4, wherem the temperature 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 compourid is a

carbonate or bicarbonate.

8. The method of claim 1, wherein the palladium and gold salts are selected from
the group consfsting of palladium chloride, sodium chloropaliadite, palladiurh nitrate,

12
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carbonate or bicarbonate. 8. The nethod of claiml1,
wherein the palladiumand gold salts are selected from
the group consisting of palladiumchloride, sodium
chloropal l adite, palladiumnitrate, 12 palladium
sulfate, auric chloride, tetrachloroauric acid, sodium

B ELA e, SR A B oAt an

mixtgpresftosreefd in a non-reduci ng at nosphere. 5 10. The

met hod of claim9, the non-reducing atnosphere is

el egt ed- o Of ONSL SL : i ; i

Tt riipofeticRut Bim 3, U 6o TalcHbygh I8 T s performed in 2

nom-bextucihgatmoephened m xtures thereof.. 11. The net hod

of claim9, wherein the non-reduci ng atnosphere is . .

o -ThLZmeTﬁ}gj EFldi ﬁ‘ 8f 1% HoMrdduchif LfhSspHiRe i8 Mfddiad from the

IS perforned in rogen or a 1o m xture of hydrogen .

grodpagorisisting efabeliurg, nifrpgeneargen. 6o AitrAgen, oxides.epyygen, ar,
[ ] at a tenperature wthin

%oﬁ%@bgngﬁgﬁ%&g\%@"m. The met hod of claim 12,

wherein the reduction is perfornmed at a. tenperature

i ¢ hThe mabodatslain:q, whesein rron-tedysing atmesphpre s, air.

met hod of claim11; which further conprises treating

§he THERRtHRNof sirh adivierain!tBe ¢adutiva tis fpesfdrméd in hydrogen or a

w th a potassiumsalt. 16. A supported pall adi um gold :

pbptuneaf hygragenaed af)inefdaset hod of claim1. 17. A

nmet hod for preparing vinyl acetate conprising .

$3. dfhe methridngt elaien i12, whereipthesredaetionf isquarformedctd temperature

lfin TR B BB GIRBRGG oy doetate comrising

oxi di zing propylene in the presence of acetic acid

_ a4d THeemethmoboft clainp 4R witecein thel reduetianl igpertoimedatra tepnperature
within the temperature of 450°C to 550°C.

15. The method of claim 1, which further comprises treaﬁng 'the supported

A palladium-gold catalyst from step (e) with a potassium salt.

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

17. A method for preparing vinyl acetate comprising oxidizing ethylene in the
presence of acetic acid and the supported pailadium-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.
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