| MPROVED PROCESS FOR THE PRODUCTI ON OF SUPPORTED PALLADI UM GOLD CATALYSTS

FI ELD- OF THE I NVENTI. ON The present invention relates to an inproved process .

“for the preﬁ'é’r’sz FoH of ‘suppor t ed:pal l'adi um gol d cat al ysts usBETASH7/19996
vapor phase reaction of ethylene, acetic acid and oxygen to produce vinyl
acetate. Mre specifically, the process entails inpregnating an inert
support  with pall adi um and gol d salts and cal ci ni ng-the i npregnat-ed support
- before the palladi um and -gol.d are reduced to their netallic states.
BACKGROUND OF THE | NVENTI ON Processes for produci ng vinyl- acetate by the
vapor phase reaction of ethylene, acetic acid and oxygen using supported
catal ysts containing netallic palladlun1 metallic gold and an al kal'i net al
acetate are known and disclosed in U S. Patent Nos. 3,743,607 and -
3,775,342, Various pr EMRROVEDPROCESS FORTBEERRODUECTHONOR ed

pal | adi um gol d cat al yst SUPPORTED PAULADRI-GOLECATALYS$TS of the
procedures generally include a reduction step. Since the netals are
typically deposited on the support fron1aqueous metal salt sol utions,
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PCT/ US97/ 19996 t hey nust. subsequently be reduced to the correspondi ng

nmetalli & state by treatiGROS mmwcmmmmanmzameau‘romepom ted

th th d t I I
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FIELD OF THE INVENTION

10  The present invention relates to an improved process for the preparation of
supported palladium-gold catalysts used for the vapor phase reaction of ethylene, acetic
acid and oxygen to produce vinyl acetate. More specifically, the process entails
impregnating an inert support with palladium and gold salts and calcining the,impregnat:e'd

support before the palladium and gold are reduced to their metallic states.

15 |  BACKGROUND OF THE INVENTION

Processes for producing vinyl acetate by the vapor phase reaction of ethylene,

acetrc acxd and oxygen usmg supported catalysts containing metallxc palladmm metallic

_ gold and an alkali metal _acetate are _l_cn_own.and dlsc!_o_sed in U,S. lPat"en_t_ No_s. 3,743,607
and3,775342. |

20 ' Various procedures are used to prepare the suppor’ted palladium-gold catalysts
employed for these procesSes All of the procedures generally mclude a reductlon step
Since the metals are typ:cally deposxted on the support from aqueous metal salt solutlons
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nmetal acetate, such as sodium or potassium acetate. In several instances,
an oxi dation step is also included in the catal yst preparatign procedure.
In U S. Pavmes/nesss 5,194, 417, for exanple, after substanti aPCYUSPTI9896 t he
pal | adi um and gol d have been reduced to the netal, the "virgin catalyst" is
oxi di zed or at 10 - least partially oxidized by contacting with an
oxi di zi-ng  agesy, mst afibseqbdnly e redymdntocmatcaimespogding Imetallic statee by afeating the
renmoval of the oxidizing agent contacted wi-.th a reduci ng agent. By th :
treatment of ‘suppogihevingithe pstal salts depesitedehereon; with areducing jaggntosighyas éﬁH af.e
achi eved. Another, pro P ; ogj , el -QXdsdatd on
and reduction pi@ylege’ ﬁg‘i@%{)}% ?‘er ge’gfﬁ@ﬁ')%gg’[ ﬂ'lgﬁﬁg b §6’g’§|‘#§gﬁul§%‘gﬁ’ éféd éHd

- supported cat ghStand Sheliike! oAger ithe thdlctidtatthetsupsort hatify ,soBantially talli of the
process, prior to deposition of the major proportion of the palladiumand
gol d, asSsnal | patasiium anst goldpeeisent in theirgetallip fosmtis actiyated iy imprsgeating vathancalkaly
to the correspon inq rrtata]%l oxi,de and then subsequently reduced to the
netal . This s ASSIALE. YRR AOHE A RPIASSHIATBIF of netal salts to achi eve

- predeposition of small 20 - amounts of netal on the support before
deposition of the major portion of palladium-and gold is distinguished from
t he present invent ii®sevetutimtantds, ad okidetionestep issalsdt incledeteinabe catdlystpreparhtéon

support and the inpregnated support. heated_in a non:reduci at.npsphete

bef ore reduci gocednrs, Hat st Prgsnt 3{091571,967‘37d|r11%"c1”@§¥9£5> ﬁgF"l aﬂa%@m*%aﬁp of the
catal ysts for the,.r ' vl emeand: | e RENY "
oxygen to proﬁ@%ﬂlgﬁﬁﬁ @gthg{eegépﬁe%uﬁgq-g%djf' %h%@ 'g*rgi g?“é@é@?? tg f]gqrfwgip r '?'the _
netal sgl ts anghsdr pirtidly toxilizeal bgdicontatired with aby soxitizingi mgenedprieferably @t

250[err]C for 5 hours and then subjected to hydrogen reduction at ZdOQJiE”] C
for 5 hours. 2DXygen-containing gas, aqd then after removal "of the oxidizing agent contacte th a

reducing agent. By such treatment of "virgin catalysf," improvements in selectivity and

yield are achieved.

Another process which, in one embodiment, includes both oxidation and reduction
15 . steps in the preparation of a palladium-gold supported catalyst is disclosed in U.S. Patent -

No. 4,087,622. ' In this process, prior to deposition of the major proportion of the
palladium and gold, a small amount of metal salt is deposited on the support, converted to
the corresponding metal oxide de then subsequently reduced to the metal. This
sequential oxidation and reduction of mefa} salts to achieve predeposition of small
20 ahounts of metal on the support before deposition of the major portion of palladium and
gold is distinguished_f'rom the present invention where all of the metal salt is deposited

 onto the support and the ifr\preghéted support hea;téd in a non-reducing atmosphere before -

reducing:

U.S. Patent No. 3,917,676 discloses palladium-lead éatélysts for the reaction of ~ -
25 ' propylene and acetic acid with oxygen to produce allylacetate. In one embodiment, after
deposition of the metal salts and drying, the palladium-lead catalyst is sintered in air at

250°C for 5 hours and then subjected to hydrogen reduction at 200°C for 5 hours.
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| nternational Patent Application No. W94/08714 di scl oses the preparaton of .
a pal | adi um gwiixespeksd supported catal yst for the production of _vinyl acetate.
A porous support is inpregnated with water soluble salts of pgﬂrgép'(#”%d
gol d. Then this inpregnated support is inrersed in a fixing solution of
an al kaline conmpound to preci phUaMB AR E ENVEXAIP™Ms wat er insol ubl e
conpounds on the support. Washi ng and dryinng at 150[err] C under-a
conti nuous nitrogen fl.ow follows. . Thereafter the dried catalysts are
reduced with ethylene at 150[err] C. 2a AVENDED SHEET 3 .SUMWARY OF THE
| NVENTI ON I naccor dafia® nat beep ndisqoversd nhay h@éniqﬁ’GHY“X ref hiBl aetigyy Supposted

Vapour phase MRURPRGR ertyfs, fred bRRSELS IRA, SPTHRC bR TpoPlali 1d®

acetic acid angpRpxAeNsuphbie isaRiRE befoPERidusihg thel aAIS ThE itdlysl prédtickd by the
support- wi-th paFI adium and gold salts, calcining the inpregnated support by

heating sl n a rmocessofitbe inyeatiomasphisafid fan thesprodustior of vinyt acttate by tho mgppaphiaseof
pal I adi um and gol.d }fg t he co.rreéxglohdi ng net al s,, char actrffr_i]se i n that fthe
cal ci nation i JE4#i0R 1R 31l afHaflYleas 338 xY8FR n MRE sRacHcATintngnBroget Lttt s |
deposited ther; : [ t4h L aat | .S t reef
150[err]C to ég‘%@'% Ssg}(r:%&gs t(% oﬁ’m9 ?Jgg(%%gegg%égs iﬁ'?'it (%ﬁe oﬁégiﬁ% _eﬁs‘?f fgﬂm rte_d
percent of thepalladium-gold catalysts wherein an inert support is impregnated with palladium and gold

salts and, prior to the reduction, the impregnated support is calcined by l;eati}lg in a

10 - non-reducing atmosphere at a temperature from about 100°C to about 600°C to-bn’ng
| about at least partial decomposition of the palladium and gold salts. Catalyéts produced
by the improved process of the invention contain from 0.1 to 3 weight percent palladium,

0.1 to 3 weight percent gold and have a weight ratio of palladium to gold from 5:1 to 1:3.

Inert supports used in the process have pore volumes from 0.1 to 0.75 cc/g and surface

15 areas from 0.5 to 500 m?/g and preferably are alumina, silica, silica-alumina and titania.

The calcination is conducted in a non-reducing atmosphere which typically is an
inert or oxidizing gas such as helium, nitrogen, argon, neon, nitrogeq oxides, oxygen or
air. Atmospheres of nitrogen, oxygen, air or mixtures thereof are most commonly used
for the caléining step. Reduction can be accomplished utilizing conventional procedures

20 - and reducing agents which can include ammonia, carbon monoxide, hydrogen,
' hydrocarbons, olefins, alc_i_ehydes. alcohols, hydrazine, pn'mériw amines, carboxylic acids,
carboxylic _acid salts and carboxylic acid esters. While the reduction can be carried out at

, tefnpératurés from ambient hp to 550°C, it is preferred to reduce the palladiuni andjgold at

a t_emperatﬁre from 100 to 550°C. Highly useful reducing agents include hydrogen,

25 ethylene, propylene, alkaline -hydraz'ine and alkaline formaldehyde with’ ethylené and
_hydrogen being preferred. | _ .
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pal | adi um and gol d salts before reducing the palladiumand gold to the
metallic state, with the proviso that the claimdoes not extend to a
process cornpoPsissssi npregnating alumina balls of 2 to 4 mm SCERPEINEi ng
a specific surface of 70 nferr]/g, a total pore volunme of 0.6 cc/g and an
average pore dianeter of 200 x 10[err]Jmwith a m xed aqueous sol ution of
‘pal | adi.umni trate Usingthe pracéss of thaumveotien; itds possibbmtoctailor catalysts covering thadult he

final content of the atal st | 0.2 b ht of ..pal | adi. um.and .0. 02% b
wei ght of ‘gol 8Pectiing FﬂF‘ﬁé‘ sacﬂt“"ttlf 2&% Yﬁﬂ%rﬁ"%’ ‘OW? & FfipRHe, &

for 8 hours t I; &mé@

the solid forpéﬁmhour sﬂf?\%gmg?rgefgpé@g’g@ en}é@l[gg {rlljlégﬁ?g tgg) l-l d fg?g}gﬁr;%grgg at
- 150[err] C in gathlysts,08ie ipregrated \sapgurtis tdakinelt mi laedorsu:lducing\n aMOsphemmbm a
solution until no nore chlorine ions aré detected in the washj hg.sol

drying §he wagemraetunelfaomrab@lmSﬁgCtllné0§bwtc609i’Cm9{3?F L@gﬂﬁ:l’rﬁ 13

lid 150C f 2
ﬁgsl nO\Z/ivt been 8?‘%%6\?@?3‘5‘@H‘X?mﬁ%ﬁ"iéggg?rﬁé{reg/ re.f h| gh a I\fg\%'l;\“ ty gfb’%%%ﬁ)rét

pal | adi um gol ? FahBIk ¥ lcdndce the GekiaEien w250 t¢1950°0arddvededat 42! ay feinperature from
preparation, e I npregnat ed support is calcined before reducing the

metal s. The céS&ItqsﬁOQ°©r d@imﬁlebyughl}eus?ﬁﬂ embodpmmeﬁgchofavm@rpdwwm ofnhigh e

useful for the roduc n,of. v cetate b t

acetic acid, éF"E 3§ dﬂ’(?)?ﬂ?aéeﬁxatﬁfgf“ﬁ’pgﬁé%F%I‘f'ﬁefleart?%g?' %rgt!%r?%g rrs@%gftbgﬁo‘ﬁ
inventijgn is Qh& eabRd tte&r@dﬁ' '1HRH@Y§|§e A50°e%S 2797C bEredrednang tthe Palidium and
supported pal I'adi um g% I'd catal ysts wherein an inert sdpport IS |rrpregnat ed

with pal | adi urgoblndPgsﬂardb]saht thmpnbcedure d¢he reductiven isechoded out, using: hydregery while d

support is calcined by heating in a non-r nosphere at a
t enperature frgéq‘ﬁ“é fregsing @F?‘]"@P%“%MJP aé%f’ﬁ?’?]oggtf g??d%
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about at |east -partial deconposition of the palladiumand gold salts.
Cat al ysts produced by the inproved process of the invention contain from
0.1 to 3 wewQiesng§sedcent palladium 0.1 to 3 weight percent REHUSHIAIMNEve a
wei ght ratio of palladiumto gold from5:1 to 1:3. Inert supports used in
" the process have pore volunmes fromO0.1 to Q.75 cc/g and surface 15

areas fromO0.5 to ‘500 n[er&llo and preferably are alum ﬂV §iIiCa,
silica-al umina and.titani a. BREF BESCRIREION OF THERRAMINGS, non-reduci ng
at nosphere which typically is an inert or oxidizing:-gas such as helium
nitrogen, argon, neon, nitrogen oxides, oxgen or air. Atnospheres of '

ni trogen, oxygen, g’lij%;rerl 3 the UX 88y idiffae@dn Ef(ﬂi]lmtths_(mgmﬁﬁle(:tiuiiﬁq;aﬂaﬁum-lgeld
calcining step. Re tion can be "acconplished utilizing conventional

- procedur es 20 catalyst ofifitample i slpveipg rthe paakisceenteaed ahabard S8a3tand 40.0¢ 3rBsia
nonoxi de, hydrogen, hydrocarbons, ol efips, al dehydes, alcohols,..hydrazine,
‘primary arri neoresgongng e E&d?fé{“éf?;d aa m@%&wm-@“aa*g o4 e%ﬁ?fpﬁﬁfvﬁéxyl ic

acid esters. - The reduction is carried out at a tenperature from 150[err]C

to 550[err] C. Hi ghly useful reducing agents include hydrogen, 25 '

et hyl eng, propyl enegiggtloa tHeex-hiydiffizactien profilabkikeihiph dotivitppaliadintregoid tchtalyst

et hyl ené and ‘hydrogen being preferred. Usi ng the process_o

f the. _
invention, it ofsEpamplé BEeshawingithe peaks senered aioabout 3§-3 ne $BT Zs'ﬁ%%% Metstb
| ecti vit d activity b i ng..condi Lj iag.g he cal cinati¢ d
Ceducti on. 1 o erespaiip e SR aRT R ABRS Akt 1T 0% o' b bduce i gh

selectivity catal ysts, the inpregnated support is calcined in a

~non-reduci ng atnosphere at a 5 __tenperature from about 350[erT]C up to
about 600[ err] C priFigured is ¢htwctayodiffvaction profilp o therhigh sctivity prlladiusmrgold siatadyst

hyd d f. 350 52 C Lt i

ot cf orabl o 1o SoaaEPIe 4Ac TN Wan etk SN B boiabPYy CBaafd e 2iThese
t f 3 O ' | enbodi t
mﬁ{“gﬁr ?if%res L‘?@fﬁgﬁdﬁa’% %2%%%11& pdlﬁd%@ér%ﬁllﬂs%&ﬁécﬁ&&iu enmbodi men |




activity catalysts, the inpregnated support is calcined at a t'errperature .
from150[err]c to 350[err]C 10 and, nore preferably, in the range
150[err] C t @ 98{8553 | C bef ore reducing t he pal'l adi um and gol @'CTRJ’S ly,
in this procedure the reduction is carried out using hydrogen whi ?”ﬁkﬁp

gradual |y increasing the terrperature up .to a maxi mum of .about 525C. WO
98/ 18553 i . PCT/ US97/ 19996
BRI EF DESCRRI PTI ON OF THE2ERANWE NIION act i on

profile of the high selectivity pall ad| um gol d cat al yst of Exanpl e 1A
showi ng the peaks centered at about 38.3 and 40.0 2-Theta corresponding to .

gol d-enriched and ﬂmptcmdd suppemted biroetalic patalusts bsefial for deppreparetadnyof Bnyl-esters,
Figure.2 is the x

fracti ile of the high agtivjt
pal | adi um gol d!aetsylara’y%ny F’C%n(%qyli&s wanri&‘af%éeaﬁ‘g%ka et #&%éﬂe‘é&a%m

38.3 3
crystall1tes, SRboe o TR, The GG Ot e ink o> bl HmBRMEE Sty and
the highly acti \éu%emvngldowris lﬂﬂdﬂxnﬁﬂ’?'a&‘lﬂtgo!ﬂ (ARarpregnited ahavwnlg sUpdPEBKS

centered at about 38.3 to 39.8[err Theta 10 corresponding to the
gol'd and pal | adothen @sgast aifl thpemvenneaptéeneu iseprpvided a npweloprorediss for preparing

PCT/ US97/ 19996 DETAI PTI.ON.OF THE | NVENTI ON d
bi metal |1 c. carMPRAStEd REGARGRASE VRRECID thaspRer HRPIGEA P PR db pplBah and ol
~particul arly Vaaﬁs\/xk cAEREALS healh) iPY nBH?ed\GaﬂgramFH}ﬁﬁ&ert@ﬂEédn?B%s@ﬁll@Ff‘ﬁ/&rﬁ&?of

acetic acid
the palladium and gold salts before reducing to the corresponding metals In one hxghly

10 useful embodiment the palladium and gold salts are reduced by heating the xmpregnated

support in the presence of hydrogen.

The improved catalysts of the invention will have substantially higher selectivity
and/or increased activity depending on the conditions employed for the calcining and
reduction. In one procedure designed to produce catalysts having optimal selectivity, the

15 calcination is carried out at relatively high temperatures, i.e., greater than about 350°C.
-The sﬁpported Pd-Au catalysts produced in this manner exhibit high .selectivity and are
usef\ﬂ in processes for the production of vinyl acetate where oxygen conversion is pushed
to nearly complete consumption. In.another -embodiment, high activity catalysts, ie,
having high space-time-yields, are produced. Such catalysts are useful iﬁ processes where

20 the oxygen conversion is not a limiting factor but rather the process is concerned: with

| | optimal productivity of VA. To obtain high activity catalysté, the temperature employed

during the calcination step should generally not exceed about 350°C.

Ah'y of the convehtio_nal inert support materials heretofore used for the pfeparatiqn :
of palladium-gold catalysts for processes of this type can be used for the present invention.
25 - These can -include for example, alumiria, silica, 'sili'czi-.alumina, silica gel, silicic acid,

- silicates, titania, pumice, diatomaceous earth, silicon carbide and the like. In general, the
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oxygen, are provided. The catal ysts of the invention havi ng irrprovéd'
activi'ty andygognssss€l ectivity conprise palladium (Pd) and gold (Au

i npr egnat ed on e her t support. In another aspect of the inv%ﬁ:m(-’ 1199961 e
is provided a novel procedure, for preparing supported Pd-Au catal ysts,

p | ,
wherei n the supipem tSUpPRstse §oMmetiees alsonrefareedpi) asahe (ritaliivd CABETHOL BPTOYS fcartier, will

cal cined by heating in an edyci n t pher - ahle Of,.
portion of t hea{bﬁ’lelgpﬁf Jﬁ%“gﬁgﬁlggﬁ gﬁs%& go g.'g?oc:lgg ?‘é‘%g"cﬁggﬁg?‘ﬁ’@ b.S m/g"%o 5_00 .
correspondi ng ng/al ModtrprefeRbRi pre Wokines will (dAgS fibme0Tp e TBL6S E@% RAd ls@icdm
and gold salts are reduced by heatlng t he inpregnated support in the

presence of hydaregewill rihge fromil avid tQ:&QQimygI dn afughlyausefol embddimentiof theliaveation,

SOl ¢ o el ol b o o S o oo S e
designed to pro havi P} TANRY : . .

calcination is gﬂé&@?%gfp%hﬁ%?d :Agll %E%gs]oéfe %%’a‘?}éﬁﬁedfé%%{“ébs‘mﬁ?@f ttglger gg?né'ro n
t han about 350[ g&d [iGs eMeR nsorp peeféreed iPdhe ulufivitiaadaySérshap raOidgle elgha-aluiriiaScdmbenber

exhi bit high selectivity and are useful in processes for the production of
vinyl acetate whypicallygyepser thasrRiepestenh In anpthehkighly usefelambpdimenbivbere the support
consunption. |n, another .enbodi.nent, hi.gh actiyity cat al S, whn €.2 L n

i oh Shace i moisy G SREGITIRS Srrd e af ey upBod 23 B abp Ftg. VA He
processegy Wher e ' [ ' : i Ndahd RO

rat her tﬁoe pr ogagtg‘g“i P 8%:?\%@@%%?%0@@\3%{ ?ntg? %ﬁ%ggg%@%}t‘;& Fg)#r@%gf ﬁErl?)e‘?%th?fél:frn
hi gh activity celiapkysuch,astrhés orecyliedeas and leosplpagldng donfigngtiolse e@gl stars ahd oings,
step should generally not exceed about 350[err]C. Any of the conventional
inert support nEERG ¥ed: heretof ore used for the prepar ation of

pal | adium gol d catal ysts for processes of this type can be used for the
present invention; 25 These can include for exanple, alumna, silica,
silica-alunmna, siliProcgédlres tdiilpragtatachaiinedishppoas &8 gederiligrinawn prdicemventional.

di at omaceous earth, silicon carbide and the |ike. In general, the 6
Typically the porous support material is simultaneously “or, as is more often the case,

15 | successively treated with an aqueous solution of palladium and gold salts and an aqueous
| solution of an alkali metal compound which react on the support to form palladium and
"gold salts. The concentration of the solutions and the amount of each solution use-ri is
governed by the concentration of palladium and gold desired in the final catalyst product.
Water is then removed leaving the palladium and gold salts.deposited on the support. The
20 dried support haVing the ﬁalladium and gold salts deposited thereon is then subjected to
calcination and reduction in accordance with the process of the invention and as will be

described in more detail to follow.

In the practiéé of the invéntidn,..depos-ition of the noble_m,etal"sa_lts onto alumina or
titania is generally accomplished by first treating the sﬁppon,with an aqueous solution of
25 'an'élkali metal compound such as an alkali metal hydroxide, alkali metal carbonate, alkali
| metal bicarbonate, alkali metal metasilicate and .the like. The -Qolume of aqueous alkali
~ solution 'empIOyed is sufficient to fill .t.'rom about 25 to 95 percent of the absorptive

capacity of the support. More .typicallly, 50 to 90 percént of the support bore volume is .

7



WD 98/ 18553
.PCT/ US97/ 19996 i nert supports, sonetines also referred to as the cat al yst
“carrier or W&’éﬂgsséarrl er, will have pore vol unes from 0.1 W@%HW”S

por & vol umas et I Bshly ABrmberbap s 0B Su@nton o th ryeat o B BeEile
range from 1 rgaﬁicft} tl’iepsuﬁpgn'ﬂ ffled] J/ﬁ? ar# E%u%o@é sdthior 8L {ddiurk ERBgHAE NForohe t hE

i nventi on, e surface area o support 1s from2 to 50 nferr]/g
and the s UDpor;iuqsd%e af thi§ ifvention, the pone aolurk ofithe auspoptis corsideRett talbe dtaabsossive
are a particularly useful enbodi nent of the invention and, it is even nore
preferred if tdapacdtyum na carrier. has a high al pha-al um na content -
typically, greater than 95 percent. In another highly useful enbodi nent
where the support is silica or silica-alunina, the surface area of the

support s 30 to 20fhedhidina ¥PtitaRial ABp élr@whrch has Bédnodradiéd GAtANRE hguetisesoliidh -
comonly in the formof particles, Spheres or pellets, other shapes such as

rods or cyl i ndenmirdgithecalicl rpaelkaon@oonﬂﬁsngm caritantesd with. secendhagueauscsolutiag s,
can be used. Procedur e t he,i ort ar ner,al nown-
“and convent i onggntal g ésfﬂﬁ Sﬁnpﬁedg ﬁ@fﬁ ‘Qﬁtﬁ %Bfagve Pgl?agﬁ% L%?Pitf

or, as is nore ft%ﬁ? seéd3n Ghe égﬂ aratio & GEcon Vﬁfﬁ\%ﬁsr ﬁﬂﬁtfo‘ﬁl ey ;ﬁﬂadl m
agqueous sol utl‘gﬁ ‘6?“}) ﬁ gl Um ahar fdn ts ang agueous so uti‘on an

al kali et al C&ﬂmméndoMmc&nmpﬂtadxw ,sam@d@upmm tpallddhirm @Mhdeﬁdumﬁoddgol d
salts. The concentration of the solutions and the anount of each solution

used i sl@over nistradhjorosusicagidcandiumateirachlerpaysate @éltml‘éﬁno&ﬁ‘éﬂ%s QEstrachiproayric he

final catalyst uc at s t he

gol d sart s, detBLRHRIAIT gt gt Rt ARERaEE ool SR ARba T BRCE |
pal | adi um and i ngab}aqé} s818BME/ dnBFeddp avmatilitys t hen subj ect ed to cal cination
and reduction I n accordance with the process of the invention and as w |

be described in nore detail to follow In the practice of the invention,
oD o o1t 2R ol B BV o AT BT
sthca-alumma, impregnation with the palladium and gold solutions is carried out before
15 treatment with the aqueous solution of the alkali metal compound In this procedure the
absorptive capacity of the support is essentially completely filled with the aqueous solutlon
of palladium and gold salts. Typically, this is accomplished by dropping the solution onto
the support until incipient wetrress is achieved. The support impregnated with the
palladium and 'gold salts is then contacted with a molar excess,_based on the reactiorn
20 stoichiometry, of the alkali metal compound. This is conveniently accomplished by
‘immersing the rmpregnated support in the aqueous solution of the alkali metal compound
When - silica or snhca-alumma supports are treated in thxs manner, the alkah metal

: compound is preferably an alkali metal carbonate.

_Whereés preparations of 'th_e catalysts of the invention to this point in the p,roces_s_ '
25 are coriducted in accordance Wit_h'conventional procedures, in a deviation from the prior
art processes, the impregnated supports are calcined, ie., heated at an elevated

temperature but below the'melting point in a non-reducing atmosphere, before proceeding



25 an al kali netal conpound such as an al kali netal hydroxi de, alkali
nmet al- carbonate, alkali netal bicarbonate, alkali nmetal netasilicate

and
the |ike. TWOBASHAe of aqueous al kali sol ution enployed is BGTUSLHIAMG + o

fill from about 25 to 95, percent .aof the absorptive. the suRport.
More typical |y Yithgh Qﬁdgﬁ‘%efrg%htc"d?g ??Féa‘wdf)aﬁtessﬁm’ag%%\“ﬁr% tﬁ% PEPCESS. \Adyring

98/ 18553 ted th n d d
PCT/ US97/ 19996°3tieg the palagium and gold salts impreghated on the Support are (eromPosss
to 85 percent endrfy @bﬁmbpbt‘me peltaﬁﬁlm dnd goild sl veill pp decompostd by eids tetmean-
aqueous sol ution of 'sodium carbonate. For the purpose of this inyention,

the pore vol umtheahoddiand exteulr of desompasisioncdepandiog 98 the §a'ﬁ!5‘§5?\?)tcpﬂ}@“@'§pagi"ﬂy

he al which. has b
'he aquebus soltUBbiHIE CARRHYHS RECLPRA =svareotkitt aarpere, ROl Mot dee

with a second ?ﬂtﬁ?@l&%pagkw?aﬁ Qs ggde%dﬂgﬁ&egbﬁml dt8 4o SReiF @heﬂ{ncﬂ &e"i\ﬂhlu NS iRl

gol d. Representa adli um an salts which can be used in the
preparati on of phifdcedacis decacsieensyiralthé canination iscearmes betdatuthedoiver ieod of the
sodi um chl oropal l adite, palladium nitrate, palladium sulfate, auric
chloride, 10 temperatureden8®or oauri c aci-d, sodiumtetrachl oroaurate, and the
i ke. Solutions of tetrachloroauric acid and pal |l adi um chl oride or sodi um
chl oropal | adite are nobst commonly used in view of their high water

sol ubility and readyrnavdicinatibd ist darriedOsut 240 Qf fefipenat dn thel rangeost! abdnt 100°C ke
i nvention where the support is silica or silica-alumna, inpregnation with

t he pal l@di um aboutgl03Cs ONon-redneing gasemnsedefar the cabeinasioa are inert or pxidigingegases

with the agueous sol.ut.ion .of the al kal i t al ound. l.n t ed

t he .absorptive Séﬁ‘bhsc}lei’k}mo?'“?ﬁ’é‘ e HF™ f°§§%8ﬁ3?‘§r’mgego Icé{ké’lnfp d;e %@ the

with the aqueoyg asofvﬂit\lﬂe@ ﬁ'f tHEaifbx@ﬁthmn@d‘(ka%| ﬁtaﬁaallsbsbe Léed.Calnl ¥, highly Suskful
e

acconpl i shed by dropping t solution onto
embodiment of the invention, the calcination is carried out in an atmosphere of nitrogen,
oxygen or air or mixtures thereof. Calcination times will vary but most generally are

15 .between about 1 and 5 hours.

It is a highly desirable aspect of the invention that the catalyst characteristics can
be altered by varying the conditio.ns employed in the caicinaﬁon step. Catalysts covering
the full soectium of selectivity and activity can be proddced in this manner. For example,
by calcining the impregnated support at a temperature range from about 100°C up to

20 about 350°C, high activity catalysts are produced On the other hand, when the
| impregnated support is calcined, ie., heated in a non—reducmg atmosphere at a
- temperature above about 350°C, hxgh selectMty catalysts are obtalned Thus, thh the
process of the mventlon, it is ‘possible to produce supported Pd- Au cataiysts havmg

| pnmal activity, optimal selectlvxty or a balance of actmty and selectmty somewhere'

25 between the optlmum values, Thls is 51gruﬁcant since plant desxgns and equxpment vary

- and requlre the use of dxﬁ'erent operatmg condmons and catalysts to achxeve maxunum
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the support until incipient wetness is achieved. The support inpregnated -
with the palladiumand gold salts is then contacted with a nolar excess,
based on t iveop®8ss3 on 20 . stoichionetry, of the al kal i pawnsd7/t999pound.
This is conveniently acconplished by i mersing the inpregnated support in

t he aqueous sol ution of the alkali netal conpound. Wen silica or

si |i ca-al um nroducdpity.tWithtiee res2at prdbcéss, dabilysts@inrterdesighel tol dptitrizenfifotmance
conpound is preferably an alkali_ metal carbonate. \Wereas preparations of

t he cat al yst Sobspechie profustien eanditions:ni s point i n the process 25 Care
conducted in accordance with conventional procedures, in a deviation from
the prior art processes, the inpregnated supports are calcined, i.e.,

heated at an el evatpdidgpeenslr dabothfosititn ¢rehowdtang ATEtdits Wepdads Bh thétefnperature
non-reduci ng at nosphere, before proceedi ng 9 with the reduction. The

cal ci ni ng opessed iapd lengthrof diseee thei imprégnatedr catalyst tih salgined @pd .camibei folfowed by
cal ci ngtsi on the .‘jr%a.l | adi.u 'aad ﬂ10| d.salts i rr'gre_ at ed o&t h suggort are,
deconposed. CROMIOENE, volatily, Hecompapition Prodyqts i BT SRITPISH VRN (8¢ \Jupporfels
deconposed by | - Qﬁ&g)d% 1Y

dependi ng on lmggg?gt%g?ﬁ%ﬁé\ndc%‘%g? ?%ﬁ% &E\%gﬁ% %pﬁca%nt oug &ﬁ%bmved can
cal ci nati on ite measuredd Thetbility ta foilow the decinfsitionasaibeit possibid fo sontral the bype
primarily the gold can, al so undergo autoreduction due to their chem cal
potential. S a@b@b‘t"h’&g&ﬂfﬁ &8curs even when the calcination’is carried
out at the lower end of the tenperature range. The calcination is carried
out at -a tenperature in the range of about 150[err]C to 10 ~abaut

- 600[ err] C. Non-r ediutlomingy theesalairsation fseap, e resaltiag abduet infalucedetd cotvert the

~ oxi di zj ng gase uch gs helium nitrogen, argon, neon, njtrogen oxides,
oxygen® air, Relladiom aeracsakﬁ salts 1 the, eomespending spetslse dnggeneTeb a8y SRewR RIS

gases may al Slﬁir@e cHiRftiordal r@dtﬂ:ﬁr%h Iagen't_'sS SheH as ammonia, carbon monoxide, hydrogen,
hydrocarbons, olefins, aldehydes, alcohols, hydrazine, primary amineé, c;arboxylic acids,

carboxylic acid salts and carboxylic acid esters can be used. Hydrogen, ethylene,

. propylene, alkaline hydrazine and alkaline formaldehyde are highly useful. reducing agents

15 and ethylene and hydrogen are partiéu_larly preferred. * Temperatures employed for the

reduction can range from ambient up to about 550°C.

Since the proceduré— used to reduce the metals influences the characteriétics of the
final catalyst, cond_itibns employed for the reiiuction will be varied depending on whether
high activity, high selectivity or some balance of these properties is desired. In one highly

20 - useful embodiment of the invention, the reduction is carried out at a temperé,t_ure from
-~ about 100‘5C di) 0. about 550°C. 'Even more -preferably, the reductidn at elevated
temperatu're' is carried out 'using- hydrogénf as the reducing agent. While pur_e_hydrogeﬁ |
may be used, it is more common to utilize a mixture of hydrogen and an inert gas such as
nitrogen, helium, argo'n,' neon or 't_he Tike. Tﬁééé mixtures generally contain up to about 50
25 . percent hydrogen and, more typically, are comprised of about 5 to 25 percent -hydrogen-

and 75 to 95 ‘percent inert gas. Reduction times will typically vary from 1 to 5 hours.
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enbodi rent of the invention, the calcination is carried out in an

at nosphere of. nitrogen, oxygen or air or mxtures thereof. Calcination
times wi'll YVEQ3/188%3 nost generally are 15 bet ween aboutPCI/usd/19996 -
hours. It is a highly desirable aspect of the invention that the catalyst
characteristics can be altered by varying the conditions enployed in the
cal cination step. Gallafivhigsldcippofter cithlgsts wWhichsodtir uhiight depedecef saldctivity fst
activity can be produced in this manner.. For exanple, by calcjining the

i mpr egnat ed s theppreductionoftianyb aeetater kased oy @xygennrablaprodaegdehy judicigys selectpn

bout 350 . hi.gh actj i lysts - duced. he .ot her hand,
when the | mpr eERRRiEPhs R for the SRR i TeBulioR, J5%0s priGhalt ¥ Pitremig
atmospher e, alyghorihieh %egr@mmbwua%@ isel{e'é!ce@’in Bin_gh-re?cﬁicﬂf’gtdtfﬁb%ﬁhie_ge ata

catal ysts are obtai ned. us, h the process of .the invention, I

possi bl 8 to prenperausufspmrabeut F0°Guupctat atious 680%ata degooposa@® parcentvort more of
optinmal selectjivity or, a balance of activity angd selectivity sonewhere, 25
ot ven the ofhs Rnd Anets s sebsequeiiy ot i ufhed 1 2 ensctivg, J6om shout
equi pnent var ' [ . ' R '
catalyets o AQRCURRURRESICE Siinin iRl FRIRd 18 APRLHE niid: in
cat al ysts can ebén piord referred proxpss, tHedmppegnited sEppoet it ailciapd frof sbopt 4GHICHipOd

conditions. The dgérgoee of deconposition of the Pd and Au salts depends on.
t he tenper at ubowis5q°@ e deeasppase 8 peraent emyaorengfthe saltscand dhernregdyeed; om about

cal cined and f.ol 51 o auJIORILOL] olatd ] e dec i Lian
pr odu-c'ﬁg. For ggox(gr%gltg, Lt%n\ag(éz??% slhﬁ)spg‘Fe{EDtP’{s)}ﬁ h%?egbe\édk?&i e'l\fm @R '&énz}ﬁ% r%&ﬂﬂ:g
car bonat es, t heodueplisniedadeddnmydrogeh axh demfdestay frbm abvol ¥SIPCoa td ebd FHOTE. -
The ability to follow the deconposition nakes it possjble to control the
type of cat al yide suppastediPe-pHy 5@{9”8& produced in this manner exhibit superior selectivity and are

highly useful in reactions where oxygen is the limiting reagent, ie., where oxygen

‘ conversion is typically 97 percent or greater. In these situations, the inherent activity of
15 the catalyst is not fully utilized since oxygen is limited and it is therefore highly
o ~advantageous to utilize as much of the oxygen as possible.'for the production of the
desired product, i.e., vinyl acetate. Highly selective supported Pd-Au catalysts having
segregated palladium-enriched and go]d-enriched crystallite phases appearing as two
distinct peaks in the x-ray diffraction pattern between the 2-Theta angles of 38° and 41°
20 - can be produced. The palladium-enriched and gold-enriched crystallit'eg. have d-space
separations of the Miller 111 index plane in the range from about 2.246 A to about 2.257

A and about 2.343 A to about 2.355 A, respectively.

“In another embodiment ._of' the invention, ahiminé,, t-iténia,-silica' or silica-alumina .'
" 25 supported Pd-Au catalysts having high aétivity are fjfdduced'. High 'aéfivity catalysts ‘are
o ad_vant'ageous' in processes where most of the 6'§cygen is not consumed but father is present
in excess $o as to optimize spé;ée—tiiﬁe;yield.' Processes of this type are commonly used in

" commercial operations where high productivity of vihj! acetate is desired.

11



Fol l owi ng the calcination step, the resulting product is reduced to convert
t he 10. pal | adi um and gol d salts to the corresponding netals. In =
general , anyO®888#53pr ocedure using conventional reduci ng agePCEUSIR9MES
anmoni a, carbon nonoxi de, hydrogen, hydrocarbons, ol efins, al dehydes,

- al cohol s, hydrazi nEp oltainratalystsrhaviag optimumaacyivity; theimpsegnatedisapyért ¢ clcindd . -
salts and carboxylic acid esters can be used. H%dro en, ethylene, = - S
propyl ene, al thalnongedugingagas s alemparause balewr ahowh 3§87y aed, preferbln my the sange

reduci ng agents. ° ethyl ene and hydr ggen . - | ) '
bref o rod- TohBerde 4755 S ot eciooRin HFH0RS BLiOR HniEH ander ol
up to about %0{7%@3“9“. Sd) Gfork NBMMAAGE Frirg 30SRA60 Qefceftucg theecoielusib of the

i nfl uences the characteristics of the final catalyst, conditions enpl oyed

folr t hes r eductalaning dplerdtion vthei puddetpisnthiengreducedhist laesordangn withi thet previenshh
selectivity or sqnme bal ance of, t.hese properties i,s desifred. |In ope highl

20 usef ufeserlssd PFRSREUTE I‘Mﬁ'pq thee ReqUSHON (TRRY _rbédfﬁffl?‘lt’)rpuitso\ﬁeér_ eega!g{%{dyat
a tenperature [e p ' i LR '
reforabty. ¢ iereayte hee 38 0P, WASIPCIORNE ety 3¢ hiekeleDy Toiing ot 2
hydrogen as t hghpeieifftgn agantlsowhid ebquirsesty.dipgesvenmordedvaageoud ifiderimgor e

- common to utilize a mxture of hydrogen and an inert gas such as nifrogen,
hel i um ar gontherredustion, thedemperaturerisegradyally tingreased; Sioay He| f?"’@é’l‘%‘&]ﬁﬁ-‘sﬂi)wghe

about 25 . percent , hydroegen and re typicall c '

Sbout 30t 2seHERBENP Ry MEUDEIIR(ReeplbEstd R il aneRbf SCRERENE 05 ro
times will tyghsp | yhyahtt dtrORitH theOtempafitire - is incrdeed@ard 88 fom about 0.1°C per
PCT/ US97/ 19996 Pal | adi um gol d supported catal ysts which exhibit a high -

degree of sel etnute p yo fabputt 2H8Cymen chinute dut mlostyBengrally véll é’Féi,‘Ofbéé’@oPQﬁﬂﬁ@k?géh,
R R N T
;S pref erabl y fl Witdid o ndrl-feBiflify gad QAL AWripletRnneN tiecdalbiniy Bpéraichahik al

15 maintaining the temperature and then introducing hydrogen or the hydrogen/inert gas

mixture while increasing the temperature at the desired rate up to lthe maximum

* temperature desired for the reduction. The temperature is then maintained for the

remainder of the reduction period. In a particui.arly useful embodiment of the invention for

~ the production of high activity catalysts, the calcination is.carried out at 175°C to 250°C

20 and the resulting calcined product then reduced while the temperature is “ramped up"

| from the calcination temperature to about 500‘5C at a rate of from 5°C to 15°C per minute.

High activity supported palladium-gold catalysts produced in accordance with the
foregoing calcination and reduction .proceduré have enriched p_'alladium and gold crystallite .

_ phases which appear as tWo distiﬁ& -peaks in the x-ray diffraction patterns between the

025 | _2—Theta- angles of 38° and - 41.°.- The palladiun.l. and 'gold c'rystallités have .d#ﬁa_ce

separations of the Miller 111 I-nde,i pl;ine'in ih_e_ i'arige from about 2.259 A to about 2.273

Aand frbm 2.343 A-to about 2.355 A,-respeqt_ivély. | - o

- Catalysts produced by the: Prq:c_ess of the invention w.herein:- the impregnated .

support is calcined before reducing the metals have palladium contents from about 0;1

12
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5 t enperature from about 35'0[erer up to about 600[err]C to deconpose
70 percent or. nore of the Pd and Au salts and subsequently reduced in

“hydr ogen atW® %df#%ér at ure from about 100[err]C up to about 5BET@SPYE6%
~convert substantially all of the Pd-and-Au to the netals. In an even nore
~preferred process, the inpregnated support is calcined.fromabout 400[err]C
up to about 5R{ght pérCentoupdtr abgmo Sewsighppercantandrgoid centerts tiiom abouts). hrekighien
reduced from about 10 350[err]C up to aboyt 525[err]C. It is 8ven re
preferred if, Percemtupcigy 2bout A Jreight derceaty| Morg, Prrterably: the S2talystsccontain, Oy ter ggen
at a tenperat bout, 41400 Po b t Crnd RbeistitPRAS td
Pd- Au cat al ysw;e%i %%‘Z‘d&ﬂtﬁditﬁﬁll Lsrﬁirngk%eércs %Zﬁl"g‘%?@“s%"g%%& gﬁ;f{gr e%-?l&\} ty and&
are highly usgilladiunitd goié gemerallywarges fioxy gsout 551 fohubolit 1B tandgmoreqgefetably, isdin,
wher e oxygen conversion is typically 97 percent or@great er. In these
situati®ns, t He rangee2.8rt toakil SyiThe weightpercentagesand-rafigs pEPd jand dax arg gpplicable
utilized since.oxygen is.ligmted,and, it .is therefore. highly advant ous,to
utilize as mu & 8'}/9{?5@“{5))‘8/&@1 °at_§1}'g‘o§*§ﬁ’5‘f‘%“5ﬁ‘8§’ 'r%e%’?@&ﬁg% éﬁta@ﬁ Fﬁlgaﬁgsegﬂgped
product, i.e. acﬁvitwﬁigﬁsé&&myo h Bilhnce DFSAEVILS afd!BRRAtyed Pd- Au catal ysts
havi ng segregat ed”pal'l adi umenri ched and gol d-enriched crystallite phases
appearing as two distinct peaks in the x-ray diffraction pattern between
the 2-Theta angles_of 38[err] .and 41[err] 20. ., can b roduced. - The,;
bal 1 o um-onn 1 ched B AGSRATEE Sl CORKoNYLarattior vith FRPEFES Els CORRss 201 Bhs
of the MIler ol | £hidRCf Brhliefe, " 4 {0 Ghd RBYEen? 10 PRodhck Oviffd Ostletat
2.257 A and ag%%q} g}.&gggeAttﬁo abgta%'g%’gd%gi,afcrdgspeg*%eel y.ZbI@?] gnotl_ﬁ}gr . e
enbodi ment of chdalysts wbtairted drom thlepmdaess of the investjonsark activated byi tréating sithranratkali5
supported Pd- Au catal ysts hayin i gh actj vi, are produged. Hi cLivVity
catal ysts are“&féé]éﬁfa&r? Bﬁsa“a%"'p’ﬂ@géggé&%@f" RO tpse; O%W'j‘é‘%?ia@aﬁdrfetal
consuned but r | e L G C A%thiuth B8R salts of C.. aliphati
space-ti nme-yi ec%t} ?%%ggéhegseoe %‘ﬁll“gﬁ’t %gssgfrhé ?o?érlnon .y;use sians'gonﬁéracf)aﬁ lc_
oper ati ons wheabokylighagidsosrecdmployed fob thisrpurpasect Fhe amsunieef activating agent will

typically range from 1 to 15 percent. Sodium and potassium 'aceta_te are most commonly .

15 used to activate the catalysts, optionally, with the corresponding alkali metal hydroxide.
Activation is accomplished by applying a solution containing the alkali metai 6arboxylate
to the reduced catalyst and thereafter drying to remove the water. It is also possible to
apply the alkcali metal carboxylate by reacting an alkali metal compound, such as a
hydroxide, carbonate or borate of the alkali metal, with the carboxylic acid in thé presence

20 of the supported Pd-Au catalyst.

In a preferred embodiment of the invention where high selectivity or high activity
Pd-Au' catalysis supported 'o'n'. alﬁmin’a or titéﬁfa.are pi'eparéd, the'catalyst's; are acfivated
by tréatihg with an aqueous ‘solution contairiing 1 to 15 weight percent and, more
preferably, 2.5 to 10 weight percent potassium acetate and up to 5 weight percent
| 25 thassium hydroxide. More 'p'réferably, when potassium hydroxide is 'emplo'ye& in the
. activation step, it is used in an amount from 0.1to03 weightupercen_t.- In another préferréd

embodiment where ‘high activity catalysts’ supported on silica or silica-alumina are

13



12 To obtain catal ysts having optimum activity, the inpregnated support is
calcined in_the non-reducing gas at a tenperature below about 350[err]C
and, preferWQ¥18W3t he range, 150[err]C to 275[err] C. Met al- BGI/USI7/19996. -
deconposition under these conditions typically ranges from10 to 70 percent

and, nore compfipiredf &QIVatidh isCachidv webjil%itinf%vith he aqoedsis dlution Wontaligngdl tn 4
cal cining operation the product is -then reduced in accordance with the

previousl'y desgeicti@opsgiemacetate. Wil e the reduction may be carried out
over the standard tenperature range, i.e., 150[err]C to 550[err]C best
results are achi-eved by reducing at a tenperature from about 150[err]C to

about 525[err] C. |t Cafaly3ieptepRéd inPSaRaREE Rhth the pratehtriavdntiBn 204 Ug¥dnigeodsiye
tenperature is graduall’y increased fromthe tenperature used for the 10

cal ci ni ng up t emplogednfon therproductien af vinyl asaatefhyr the haporephase ireaction @f rethylenk,y

475[err]C to 525[err]C. The rate_ at which the tenperature is ipcreased g¢an
be from &bout @cetcacd @dp@ﬁgﬁ?-nﬁ-thé calysts HEB’\!&P&)'ZE?@F‘P’T E“‘fféra L S?Bl?ﬁ’atfﬁgst

general ly will cgﬁditﬁgngnksl(ﬁafﬁ%ergnﬁ%}l&%s}f disgt[xs%rf ]pagg ggﬁbﬂﬁt g® feTlﬂL@f“? §9‘ﬁ{%ngof

; . ii
the invention 'S conveni en I'she | he®system o

non-reduci Nng gagachvatione Withtheqirodess 6f the ivefRbiLit i ﬂkﬁksiblé&b aiilop tatalyisis thatibg the
mai ntai ning the tenperature and then introduci ng hydrogen or the. :

hydr ogen/ i nert dgsired eharactenstighiiilea selectidtysandcpotivisy, tse riyas meaximuem produstvitieednr bed
rate up to the r?ﬁxi Humte;‘})erat u%fe dez.i red for the reduction. “The -
tenperature is 2FHENIMERHARYREGE A OPEFLNE SRS of the reduction period.
In a particularly useful enbodi nent of the invention for the production of

high activity catalysts, the calcination is carried out at 175[err]Cto
250[ err }C 20 dihd follosvingexaimplas gliustratsi the yapeuscamitodintests ofctie devgntivn nere

the t t [s " d.up" f h | [ t ; t bout
S00[err]C at o Mt e PravideR e chiite those SR Pohe 8 thiritrvice 4 Grediot ey
supported pal | agihedQtedndiahehdiat Sinkin@E 684 ifitAfoR 08 #RCRops tof tllﬁé"ﬁwention as

foregoi ng cal ci nation and reduction procedure have enriched pall adi um and
gol d crystall i tnemptvas esriations wilkhgrepaareatsthenefroni dhitecexamplek sll parts 4ned perceatages

diffraction patterns be en the 2 . . ¢-Theta angles of 38[err] and 41.
The pal | adi um éW%W&‘_%%’LS&FF’FSt% eWé“‘g‘-‘aé?ﬁice o o |

15 ‘Weight percentages of palladium and gbld were determined by inductively coupled
plasma atomic emission'spec_tr'oscopy (ICP). X-ray diffraction data for the suﬁported
Pd-Au catalysts were bollected ﬁ_si'ng a powder diffractometer with a copper source and an
nickel filter. Catalyst samples were ground to an average particle size of less than 120 -
microns and a conventional X-ray sample holder was employed. . The x-ray wavelength
20 used was 1.54056 A which corresponds to the copper K-alpha emission. Data were
collected and profiles’ plotted between the 2-Theta angles of 36° and 50° in  0.02°
incremeﬁts with a c()unfi_ng- period of 3 secoxids at each increment. The resulting -
diffraction pattern-was c_:o'rr'e_cte,d. relative to.known diffraction lines of the iﬁert support
- and tﬁe 2-Theta-diﬁi'action angle data converted to d-spacing of Miller index planes using .
25  Bragg's law. Whensilica is empidyedﬁs the support, g’round-aluﬁxina is added to serve as.

an internal standard.
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separations of the MIller 111 Index plane in the range from about -2. 259 A
to about 2.273 A and from 2.343 A to about 2.355 A respectively. Catalysts
pr oduced bywdes/1888cess of the invention wherein the inpregnRCFASUMIBGt i S
cal cined before reducing the netals have pall adi umcontents from about 0.1
WD 98/ 18553 ) :
PCT/ US97/ 19996 wei ghbe catalgsipellapwers exbloated Sorvainyg acetate peeductiomusing)d packed bed
contents from about 0.1 wejght rcent..up to aboyt 3 wei.ght, percent. e
preferably, theugfew Wé‘t"é" é‘gm%ﬁ‘ gg)-Pogi‘.’-‘gsﬁAﬁF fea 8F-cg‘?ﬁbe§d1°f“é‘b“i ‘U?ﬁ'\@r
0.25 to 0.75 i : ' [ e UiZilo
genoral 1y angoivt BRRLEETS gl dcpiiothpbRRidiEly indlesh B ripiie rbreflt, feed,
the range 2.5:dtdsOanld dpdee vEIRityvavegdvarisdr depehding onawhethert the primfarydocus dvasdon
are applicable without regard to the catal yst characteristics, i.e., _
whet her § he catatslystiseletivityi arsatalyghach¥ity.vi ty, hi gh selectivity or a bal ance
of selectivity and activity. In accordance with conventional practice with
supported Pd-Au catal ysts for the vapor phase reaction of ethylene, acetic
acid and oxygen to FIBQHU?R)ckfés'?ﬁéﬁigﬁéaetb%ﬂuatéﬂigh selectififit citalstss reéfbrred toctrdin am
- the process of the invention are activated by treating with an alkali netal
car boxyl at e anBroeedrlekA] ioxygenais thg dmuthig] eeagentoand: conditéons Goenesplaysdso thalk 8y i
met al carboxyl ates such as tBe sodi um_potassium.|lit Ii‘u u4’n nd cesi 3|m S Ifis
of Jerr] ali pFRAVEESIAMh ih ER§Her ctoa BYas SComRlete FonBiRRiian,r TR §§Bﬁr(5'8§%r. -“fﬁ‘g or
anount of acti pgdeRSea0oRte WtblowsyPi cally range from1 to 15 percent.
Sodi um and potassium acetate are nost commonly 15 used to activate the
~catalysts, optionally, with the correspondi ng al kali netal hydroxide. '
Activatign is acconplished by ing a solution taining the al kali
nmet al cé&boxyl ate to the redu%?}%igét. | yst and theE%@ ter drying to renove
g

the water. It is also possibl f)’ ly the al kal al carboxyl ate by

reacting an al kali nmetal conp M such as a
. Water 0.0202

Nitrogen - 0.0190

15 " Since under conditions of essentially complete oxygen conversion the inherent activity of
the catalyst is not fully utilized, the catalysts of the invention were also evaluated under
conditions to optimize space-time-yield. These processes, referred to herein as Procedure

B, were conducted using the following feed rates (mol/hr):

: . Ethylene 1.37
20 . Acetic Acid : 0.325
Oxygen 0.125
Water 0.0570 " ~

- Nitrogen. - -~ 00532

Catalyst activity was also determined on a micro scale._ These scaled-down

25 reactions pfovide a rapid and reliable means of -det’grmining the rate of reaction using a
small amount of catalyst. Reacﬁon.rate_s, which are an indication of catalyst activity, dre |

reported as micromols of vinyl acetate produced per gram of catalyst per second
(pmoles/g cat.-sec). The micro r‘eaét_or had a 3/8 inch glés_s reactor tube with 2 catalyst

volume of approXimately 0.4 ml. 0.5 grams ground catalyst was used for these reactions

15
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hydr oxi de, carbonate or borate of the alkali nmetal, with the carboxylic
acid in the presence 20 of the supported Pd-Au catalyst. In a.
preferred en¥BE¥HH of the invention where high selectivity pefrnitegivees
activity Pd-Au catal ysts supported on alumna or titania are prepared, the
catal ysts are activated by treating with an aqueous solution containing 1
to 15 wei ght percent and, nmore preferably, 2.5 to 10 wei ght percent

pot assi um acetate and up t9o 5 wei ght percent 25 pot assi um hydr oxi de.
More pref er abl Whickymere seFigd Qubpt Hysimosphees pessurg (W2 psia), af“liel“gg&;i \,Feaegdates

step, it is u A : Laht . not her
preferred enbg(ggrl{ebﬁtaﬂgﬁgrzgw%mywgﬁﬁkt@ﬂggf"% 92%%“2%{)%%?%? u%ﬁg'si lica or
silica-alumna are 13 VO éﬁﬂ@ﬂ%SSﬁ' . 0.225
PCT/ US97/ 19996 prepared, actiAcatic daidi's achi eved 0P18reating with an aqueous
solutiorg containing .1 to 4 paggei potassi um acegdee. Catal ysts prepared in
accordance with the present igpenveigenare advant aggegusly enployed for the
production of vinyl acetate by the vapor phase reaction of ethylene, 5
acetic acid and oxygen. The catalysts are highly effective under a variety
of operating conditions as has been previously discussed and exhibit |long .
life before requiring reactivation. Wth the process of the invention it is
possible to tailor catalysts having the desired characteristics, i.e.,
selectivity and -activity, so that maxi mum productivity can be achieved
under a given set of operating conditions. 10 The foll ow ng
exanples illustrate the various enbodi nents of the invention nore fully and
are provided to enable those skilled in the art to practice the invention.
These examples are not, however, intended as a linmtation on the scope of
the invention as :

-
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nunmerous variations will be apparent therefrom In the exanples all parts
-and percentages are on a wei ght basis unless otherw se indicated. 15

Vi ght per cBRWBESD pal | adium and gol'd were deternined by ipodasorasby
coupl ed pl asma atom c em ssion spectroscopy (ICP). X-ray diffraction data
for the supported Pd-Au catal ysts were coll ected using_a powder
diffractoneter with a copper source anBXAMMPLAEKEl filter. Catalyst sanples
“were ground to an average particle size of less than 120 nicrons and a

conventional X-ray % sendseofifa-Aesupparedonhipste Havig) émproved/ selectieltg Dgkd) pRfared
used was 1.54056 A which corresponds to the copper K-al pha em ssion. ta

were col | ect ednapprganse Wl@sth@fqﬂpm ggesralepracedyee. 2%%%«&@@(@@) afamaaqlumn]a
and 50 in 0.02_ingre o countin of,, 3 _seconds at each
"ncrement . Thefl @Fﬁ?hég e i st Sl £2 Be SR e Bonroartisly 4
known did fract t

angl e diasi a conr\h/zgt d{ﬂ es'ireﬁ&tg p%?jnlgﬁ%%eﬁ%@% I“ﬁggg(bglﬁgﬁggﬁﬁ%?@%g@‘%b%s
Bragg's | aw. \Wekiiosichlcalatedso ﬁﬂpbmadaam@ ‘mé afmlpmmrb volume and-théruwitha sokition
added to serve as an internal_ standa he cat al ystgf)el | ets were

eval uated for Qfl?n9$ gabdwbile 5&30811’6@1097@8|ﬁ‘?§{%0p&8¢<éd2'l8eﬂa iy 16 | malwwateh e ar

(nom nal 2. 54c h)

m whi ch produ?? piete c@t‘% etgé(’fgpt h p(gf};! %p%%ats)xc%%%e ;ng,%ﬁq gg&xﬁé}ﬁ%\(‘?%ﬁg
Pressure, t e”ptﬁfnﬁﬁﬁgﬁw sfuﬁﬁﬁ't frPd &ﬁacangcévwaﬂagvakmcmycumdesmbhe\dasdgm%dIt@g
on whether the primary focus was on catal yst selectivity or

cat al ysi0 act i vitand. for rablohb lplnquea@é clmsélugweda thot @lraguramdileiitembling b ensurg yhat

t al yst f P d A , oX the Limti
aagent and coRER S e R Boas oGt R stol 19 TR ESRERRE SRt 1o

near Corrpl ete fcear%ﬂmtmthe 155?0%&1&&%? tHeTRYenbibA, tHe iflpreSiated support was calcined
in a flowing stream of non-reducing gas (flow rate 200 mi/min; system pressure 70 psig)

to decompose all or substantially all of the palladium and gold carbonates. The
15 | ~ temperature of calcination (T), calcination time (t?) and non-reducing gas were varied and

are specified in Table I for each run.

Af the end of the-calcination period, the‘cataly.st was reduced in a mixture of 20%

H, and 80% N,. If oxygen or air were employed as the noln-reducing' gés' in the calcining

step, the system was purged with N, to eliminate all traces of oxygen before introducing

20 - the H/N, mixture. In those instances where the temperatures of calcination and reduction
are different, the catalyst was maintained in a nitrogen atmosphere until the temperature to

be used for reduction was reached. The flow rate of the H/N, mixture was 500 ml/min

a.nd' the system pressure was 70. psig. 'The. temperature of reduction (T,) and time of

reduction (t;) were varied in the runs and are set forth in Table I When the reduction was

25 complete, i.e., essentially all of the Pd and Au reduced to the metallic state, the catalyst
was cooled under a N, stream and washed overnight with warm deionized water. The

catalyst was dried and then  activated by immersing: for about 2 hours in an aqueous

solution containing 5 wt.% potassium acetate and 0.5 wt.% potassium hydroxide. After

17
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10 Et hyl ene 0.403 ‘Acetic Acid -,
0. 115 Oxygen | : 0. 0444 Water ' 0. 0202
“Nitrogen  WO98/18553 0.0 190 15 Si nce under condi PCOMUSITH9996
essentially conpl ete oxygen conversion the inherent activity of the
catalyst is not fully utilized, the catalysts of the invention were also
eval uat ed undegryippnéhie ctalysts Owétdt dvaluvadSRACieir | dbRity 16! ﬂ‘odﬂ'&é%ﬁrpﬁ&ﬁﬁﬁ Sf3fng
referred to herein as ProCedure B, were conducted using the follow ng feéed
rates (nol/ hr)Progkdugé énat a pressure of 35 psig, aite@perature of 132°C and space velocity of
Acetic Acid — 0.325 ' 0. 125 Water
0.0570 Nitrogetp>/r. The resultsare setf°%%‘g§§°‘&t alyst activity was al so

determ ned on a mcro scale. These scal ed-down 25 reactions provide a
rapid and reliable neans. of determning the rate of reaction using a snall
amount of cat al yst . AlRexfctheoPd-Aat eatalysthi prépasede imnaccordancat withn thé abaveafssstibed
activity, are reported as, micronols of 'vinyl acetaje produced per, gram of
cat al yst5 per sHOBIMID WE‘S’S REATPerates g / lgmperaturg ecetcmaaﬂ% RHOE (19 F"é'é!g‘l‘%‘r Withq

0.953cm (3/8 § | W th . : . |
20, 9536m (315 RgSlel 950, SEpskile | IERRAN B S i

reactions C- 96fpearing/dRit0 digtinet paks inqhe Rudy diffradtion pRAtdmi BetOee®th@P{Theta angles
x10ferr] N erﬁfrfjpggt grgis 2’?°e.r éFoP rtfes ggrrp?)se( (jifA'f ih7is Fi)rlsvierél‘t)i(gn(jlr:‘.f?e %ﬁn%gegaqll:%&miiggherda;nas_
gold-enriched are understoéd to be based on the metal stoichiometry. Figure 1 is the
10 x-ray diffraction profile obtained for the Pd-Au catélyst of Example ‘1A ;md is
representative of the x-ray diffraction patterns obtained for all of fhe catalysts obtained
when the hydrogen reduction is conducted above about 350°C and which typically exhibit
improved selectivity. The peaks centered at about 38.3° and 39.9° 2-Theta correspond to
the palladium-enriched and gold-enriched crystallites with d-space sei)arations of the

15 Miller 111 index plane of 2.354 A and 2.258 A, respectively.
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(nmol / hr). and space velocity (/hr) used for the nmicro reactions were as
follows: FEt h%(?gﬁlssss

Oxygen
C- 9606

0.225 Acetic Acid

- 0.025 Space Vel ocity
17 EXAMPLE 1 A series of Pd-Au supported catal ysts having

'0.018 5
1, 6GkHOs97/19996 -

i mproved selectivity were prepared in accordance wth the fol | owi ng general

pr ocedure.

mMerr]/g; crush str

Na; CO, aqueous sol ut

vol ume and then wit

0. 75g NaHCJ err] ang

pores. Spraying was
support in a rotati
stand for about 1 h
ensure that ‘essenti
correspondi ng carbo
I nvention, the inpr
non-reduci ng gas (

f
psig)) to de~conpos$lg_l

carbonates. The te
non-reduci ng gas we

TABLE 1
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H
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&1
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0.55

m ¢
[O'f

c)

©
c |-
QD D

oS

976 P 992

676 b 8926 o

CEISERE

=

66.0 E ]

1D*

air
500

500

1.17
0.53

97.7
70.7
- 69.0

bssyre. 482. 63 Pa (70

adgum and gold 5

atlgrtzti-rre .(tc) and
£GQ each run.

0s
1.

1C*

air

500

500

N.D.

N.D.

97.9
69.4

68.0

1B*

air
s00

500

122
0.55

98.0
70.1

68.7

1A
air’
500

500

1.19
0.53

98.2
70.4
69.2

Non-reducing gas

T, (°C)

t. (hrs)

Ty (°C)

ty (hrs)

% Pd

%Au

applications. 1.75 N Na,CO, solution was used for B, E, F, Hand I.

* Two applications of Na,CO, solution were made with metal salts' deposi
used for D. 1.5 N Na,CO, solution was used for G.

Okygen Conversion (%)
Percent Selectivity
Percent Yield
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At the end of the calcination period, the catal yst was reduced in a mxture
.of 20% H[errJv-and 80% N err]. If oxygen or air were enployed as the -
‘non-reduci ng"g2&185B3t he cal cining step, the systemwas purgedbenrirgdrAGogk O
elimnate all traces of oxygen before introducing io the Herr]/Nerr]
mxture. In those instances where the HdMEEERes of cal cination and
reduction are different, the catal yst was naintained in a nitrogen

at nrosphere until the tenperature to be used for reduction was reached. The
flow rate of the HTy Bémdisthtel theiviishtilRy WEIhe MprahvédPa- AN athlySts Sobtifdd luMee
pressure 482.63 Pa (70 psig). The tenperature of reduction (TR) and ti'ne of
reducti on (t R)proeesgofthe rovention, & basalysiipsoducdd in accemandeowitinthierpracedure dof Exvthpla
the 25° reducti on was, conplete, [.e., .essentially all of the Pd gnd Au
reduced to thelAns@aeyalated gggﬁe P??guit&“aq’f)/@f’)ﬁ\ﬁéétaw&g"ﬁjﬁ@@‘r regciign %Q"ﬁé‘&?ﬁ-
and washed ovegni ght W [Nl The 2 drise d
‘t hen ac[gi vat e?%eqwgse?n%\gé gir‘éjgéong@u% }S&hgﬁoﬁcg&frﬁ }gn lg%l&@é)'yug&%agﬁu Si Jcglqu &Uﬁg _
containi ng 5 VhtHnddoira pravidedds dlabled], aPercBntSseldctidieyatidasield Wre basdd @xidtpgenAhd er
drying, the catalysts were evaluated for their ability to produce vinyl .
acetate usi ng speceetinderyisldis aepartegiasggrams ©f vinyk aeftate produced p8e lites jof catalyst per

t enper at ure of 13aﬁrr]c g{ﬁd space velocity of 455/ hr. The results are set
forth in Tabl 9Ur IMCFF“' e Pd-Au catal ysts prepared in accordance with

t he above-described 5 : procedure, which incorporates high-tenaperature
calcination prior to reduction wth hydrogen, -had segregated

pal | adi um enri ched and gol d-enriched crDAB&E iIE phases appearing as two

di stinct peaks in the x-ray diffraction pattern between the 2-Theta angles

of 38[err j=—andAllacclrtoc_the purpoc p—of_thicinvantign_th
pal | adi unffenri ched and gol d-enriched are |uddersit Bl tp H& bas3D on ke
metal sto et f I's the 10 X1 i ctl 0
obt ai ned fgg a?{.f@ t%npﬁgétg{éﬁ(gaj-%t —af—Exanpd éuiz/\; lqu'ﬁ J.je‘{gf%;e%@efimvgbd& the
x-ray dif{ rReaciignPressurelpsig) obt ai ned for 4l 13Hf |t ¥ c,a& akyst§ dBt aifnedd
Space Velocity (/hr) ' 455 641 641 850 1,000
Oxygen Conversion (%) 97.1 88.1 89.2 | 836 { 852
Percent Selectivity 70.2 70.6 71.1 67.1 60.4
Percent Yield : 68.2 62.3 63.4 56.1 516
Space-Time-Yield : 174 | 235 | 239 | 280 | 303

10
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when the hydrogen reduction is conducted above about 350[err]C and which
typically exhibit inproved selectivity. The peaks centered at about
38.3[err] aM@ WU8SPerr] 2- Theta correspond to the pall adi um eoriusoetsead
gold-enriched crystallites with d-space separations of the 15 MIler
111 index plane of 2.354 A and 2.25 8 A, respectively. 18 '

C- 9606 WO 98/ 18553 PCT/ US97/ 19996 [EXAMPLEBXAMPLE 2 To denpnstrate t he
versatility of the inproved Pd-Au catal ysts obtained by the process of the

' tion, t t duced . th th d
1A was oval bat ed ‘Yﬁ%gi#'gt?d‘li‘fq%%%ggrﬂ?ipﬁgﬁe"“\%’;{m’aé{“étg@ SR grenr s U fhe

e e st gf R VSN Byl St

Procedure A act on con |t|on are*pro

I'I. Percent sehe¢hd \ulﬁMna.ndAysoelaﬁeartaeahaaﬂdw&n méyapreoamomaﬁecdmamnglt@é d
is reported as grams of vinyl acetate produced per ter of catal yst per

hour (g VA/ | pabadiumand pald slts pndpartial drying the impregnated suppprt was Q@tﬂechpm
Tenperature

Reaction Pr eg‘é’lﬁ@'} E D3N 3augousa50s before ary '{’33‘549*." °th%‘%égatmems xere 'dem'%g%

45 that of Example 14, including the calcining and reduction steps. The palladium and gold
weight loadings, loading ratios as well as the weight percentages of palladium and gold in

the final catalyst are given in Table IIl. The catalysts were evaluated for vinyl acetate

10 productivity using Procedure A and reaction conditions and results are reported in Table
| L |
TABLE III
t | 34 |38 [3C |3D
| Pd Loading (wt.%) - 12 |06 |06 |o09
| AuLoading (wt. %) 03 |06 |03 | o045
P[ Wt. Loading Ratio (Pd:Au) e |1 2:1 2:1
' . . ] i
| Pd Wt. % (actual) - 128 | 06 | 073 | 089
| AuWt. % (actual) | 03 | 055 | 033 {039
“ Reaction Temperature (°C) 132 132 132 132
ﬂReaction Pressure (psig) 35 35 35 35
| Space Velocity (/hr) | ass | ass -}-as5 | 455
%erxygen Conversion (%) o ) 199.2 | 90.7 874 | 97.1
|| Percent Selectivity R | 643 | 677 | 687 | 642 |
|] Percent Yield ' _| 638 | 614 | 608 | 623 ]]

THIS SHEET HAS BEEN
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Space Vel ocity (/hr) 455 641 641 850

1,000 Oxygen Conversion (% : : 97.1 88.1 89.2 83.6
"85, 2 PercentW®a$/t8563 vity ' - 70.2 - 70.6 PCInkeineedy:-1
60.4 Percent Yield - ' 68. 2 62.3 63. 4 56. 1
51.6 Space-Tine-Yield 174 235 239 280
303 10 20 EXAMPBEds  EXAMPLE 3 Catal ysts

havi ng varying | evel s of. paI | adi um and gol d were prepared follow ng the
general procedure of Exanple 1 except that 0.81 N aqueous NaCJerr] was
enpl oyed to treat t e damanstrate.the #bikity to afydhe baseasadﬁ‘nmthe\mmegﬂaaoa.cﬁrenma 1A

| ut t th d | d tial
fNE?:é 'ggf]eé‘ﬁé g'gri'gﬂ%sapﬁ emgtwtelaf%?ébgﬁ" aribRHEd orthe wanm fhepsieed aer
Eeanpl e 1A, 1 neptii R i, M gelidiih shd SR SoNELR 4 %‘S@’“ ﬁ*ﬁ“‘%f‘%‘ﬁ" 1% N

gol d weight | ogglicags Nabeﬁdmgau‘eaweé: thé calbihing aémpeittureaig Izoo"f@afdemeae&&neﬁ
‘pal | adi um and gold in the final cat al yst are given in Table IIl. The
cat al ysts wer eway stmigd ottt #3503 n Ml ctlestpaecedurgs were asiessibed fo iBxamplei by The

_I?Lgf(édrlrf A a”gdf SLehi9l (ggw Bd: %j%'f‘ %I)_B%g:gﬁéﬁ t%[ Fq; proctiucii:onn £ VA Boetdre

1.2 0.6 3 5 ] ;
0 3 0 45 W ugngga?c:ﬁghrggféfbonkﬁ?ﬁ( dhﬂéq @v¢.. prdésure 3 psxgispace ve ocxty 459/!@ Ox)%exfi3

conversion was 95.1% and percent selectmty and percent yield (based on oxygen) were -

10 66.9 and 63.6, respectively.
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Pd W. % (actual) . .1.28 0.6 0.73 0.89 Au W. %

(act ual ) 0.3 0.55 0. 33 0.39 Reaction _
Terper at ur e WQ 1858 132 132 132 132 Rea®CIAISITIY86 Ur e
(psig) x6.8947 Pa 35 5 Space VeI oci ty (/hr.)

- 455 455 455 455 O<ygen COnverEWF . 799.2 "90.7
87.4  97.1 Percentrpgghffibihy ! 'eI(rYenment was, conduct%d to d@rﬂ% trat@t?;e%bxhty (‘Rbsperuce:Fi4 2

Percent Yield

C- 9606 EXAMRtaE(sﬁ hiving canhared aictvityhby alahfingt yhet prepmynoﬁ fpeoébﬂ&fe uramdy,f the
- the inpregnation, anpl e 1A was repeated except that 1.25N NaOH was -
substit uted fmondlnen%@ahplmctafawrrat ealeipations angr redyation: t | Pajadiumn apdgold were

D ous Snar EBosteR B st S dsShosf itEafNE £ORER kpbierdboobut s fusinet
the reduction ey RO a0 3 He 200 Ifmif) %st%ﬁrﬁéssﬁfeo@gé%gxu) r SRBuAR

descri bed for Au catalyst ( % Pd; was

eval uat ed for 2008C po deoniposerapfroximately 4068 0fthe Pdiand, Au cptbéndtes: 'il'l@dsykteﬁr wedb
usi ng Procedure A (tenperature 132[err]C %aage ressure 241. 3Pa (n
- psi g): space vehetpirgediwishmitjogeniq giminateal) apygem 5A MxMARI0H20% Bydrogen

ggl gct Ir\éls:)g c? P%g%@%c egggé/n \?iesdm gcﬁrsé g(tﬂ)w l%)t(é/ %nr}\]lr\r'\\f?rr ?ysgeo m-PrSssyEe %Spsrg)"%m&j the
10 temperature increased to 500°C at a rate of about 10°C per-minute and mamtamed for one
~ hour to complete the reduction. The catalyst was recovered and activated following the
same procedure as employed in Example 1 and evaluated using Procedure B. The catalyst
contained 1.16% palladium and 0.49% gold and exhibited significantly 1mproved activity

compared to the catalyst of Example 1. Reaction conditions employed for the catalyst

15 ~ evaluation and results obtained are provided in Table IV.
TABLE IV .
_ ~ SA 5B 5C. 5D
Reaction Temperature (°C) 130 135 140 150
Reaction Pressure {psig) 35 35 - 35 | 110
Space Velocity (/hr) 3800* | 3800*. | 3800* 3800%
Oxygen Conversion (%) -36.8 423 | 496 735
Percent Selectivity 75.3 73.2 - 708 64.4 .
Percent Yield 27.7 . 310 ] 351 | 473
; Space-Time-Yield . 597 671 754 . | 1072

* To obtain this space velocity, 10 mi catalyst was dxluted to 33 ml total volume
with inert alumina. . o _

The above data demonstrate the ability to vary prodhetivity (space-time-yeild) by varying
20 - reaction conditions. It is particularly noteworthy that for 5D it was possible to achieve

space-time-yields greater than 1000 gVA/ cat-hr under the reported conditions.
23
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23 EXAMPLE 5 The foll owi ng experinent was conducted to denonstrate the
ability to produce a .catalyst having enhanced activity by varying the
preparation ‘BP(?%W?E, nanely, the conditions enployed for thTo®rasgegti on
and reduction. Palladiumand gold were 5 deposited on alunina as -
described in Exanple 1 and the inpregnB&ddBLEfort was calcined in a
flowing streamof air (flowrate 200 .m/mn; system guage pressure 482.6 Pa
(70 psig)) for one hour at 200[err]C to deconpose:-approxi mately 40% of the
Pd and Au carbonateg.iliJdiftes it Giffeas chiraBteRsticsest vithiPstdi dbtABaN uking eliffBienat e
all traces of oxygen. A m xture of 20% hydrogen and 80% ni trogen was o
i ntroduced (flcalvinatioe @dOredugtion ncondiiens neagalpsye poepesedufatiosdng the pa@2ddrePef
(70 psi'g)) and_the tenperature incregsed to 500[err]C at a rate of apout.
10[err] C per nE¥ARAEsanen MR HLEed g?"g?uéf%laﬁﬁf’"t‘?{‘%'%ﬁ?"éﬁ‘é under qonditiens ef.

The -cat t v at | ' S '

The ot o) VSt Y6 DR L0 (RN A SR, S ProBfE R o e
cont ai ned 1. 16f&4nalaredbulmedrdraBleA®% gol d and exhibited significantly :

i nproved activity conpared to the catal yst of Exanple 1. Reaction .

conditions enpl oyed for the catal yst evaluation and results obtained are
provided in Table IV. 15 TABLE |V 5A - TABLE'\;B 5C - 5D
Reaction Tenperature ([err] Q) 130 135 140 . 150

Reaction Pr esfmgé ~ (241, 3Pa) (I24L. 3Pa)] &24L. §Pq  ( /bo<4Pa) 35
35 35 | CefilystqfExample .GCH",L%}"‘ﬁ[ S :rsuo*( IS ;%0*
3800* 3800{} Pacgdusa Usedhtodzvaluate (%) A 3d & B42.3] B . 49,6
73.5 Percent lFeI ectivity 5.3 13. 2 70.8 . 34. 4

“ Reaction Temperature (°C) 132 132 150 | 150

ﬂ Reaction Pressure (psig) 35 35 35 1 35

| Space Velocity (r) | ass - | 455 1,350 | 1,350

Oxygen Conversion (%) ' 97.3 100 71.9 83.1

| Percent Selectivity . | 708 646 | 679 69.7

| Percent Yield | es9 646 | 488 | 579

| Space-Time-Yield L 164 [373 | a42

-~ T7HiS SHEET HAS BEEN.
. . REPLACED_ .
This Sheet Has Been Replaced
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Percent Yield 27. 7 31.0 35.-1 47. 3

Space- Ti me-Yi el d 597 , 671 754 - 1072 * To
obtai n thi sSWEhWAB5Pel ocity, 10 nl catal yst was diluted to 33 por/dsot/adess
volume with inert alum na. The above d &Wwate the ability to vary
~productivity (space-tine-yeild) by varying reaction conditions. It
is particularly noteworthy that for 5D it was possible to achieve

space-ti me-yi el dsAdtdeAn eatalystamasi frefared/followingtthé: gemdeprot&darer efBxanaple 5 using
condi ti ons. EXANMPLE 6 To il Iustrate the differept chare% qu stics of
catal ysts obt alitaea (Ti6.hs the supgpent!he Hiadiaised bad axmwiface atratd dm eoaeretvobwse of

t al t { I
cvaruated For ThEs B sEH Bt oP 528 L DBbs (oA P ESnae A8 i sy ves
oxygen cenver sjQhmpiRhes alowingAhe fh%ﬁu%%e&’&h@*a%’plé PAQ&@&BHtEathOW
the results are tabulated in Table TABLE V Cat al yst of Exanple

1 5 the suppolt was used :«Blthh@(yehimee ofseagents wevelcamespondingly reducad. The
A - B B Reacti T t
150 150 RBPEeENaLs %ﬁ@%\fl@e% Re )al% rZSO‘(C[ glro%'ggrgglow rate S0 r%lzpun atmosgéenc

‘1’5350 :Ziléggag%%gpeﬁ f&h@egpésll}fog/ P(}ge completion of the cag;?;}%g operatlclrbgﬁe systen} ks

83.1 Percent Sglrged withthelium for 30 mmutes and 2QniRture of 564 H8/95% O . iftroduced. Bthe?
Percent Yield 9 64.6 48.8 ° ~ 57.9
Space Tilfre- Yi elethperature was then raised to 5(10?@ at a rate afgabout 10°Gpgnute andgrintained at

500°C for one hour to complete the reduction. Atmospheric pressure was maintained
during the purging and reduction operations. The catalyst was washed and activated per
the standard procedure and evaluated for production of vinyl acetate using the same

conditions as in Example 2. The catalyst contained 1.03 wt% Pd and 0.43% Au. Results

IS ‘obtained are set forth in Table VI. Percent selectivity and yield are based on oxygen.
TABLE VI
| 74 |78 |1 | |7 |
| Reaction Temperature (C) 132 | 140 | 140 | 150 | 160
“ Reaction Pressure (psig) 35 35 45 45 45
| space Velocity (/i) 4ss | 641 | 641 | 850 | 1,000
1 | 1 | ]
“ Oxygen Convers:on (%) 98.2 | 86.8 84.6 80 | 822
Il Percent Selectivity 1613 | 705 |67 | 705 | 678
| Percent Yield | 661 | 612 | 589 | 564 | 557
1| Space-Time-Yield 168 | 230 | 222 | o282 330

i

T
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24 - | C 9606 25 EXAVPLE 7 A Pd-Au catal yst
was prepared follow ng the general procedure of Exanple 5 using fitania -
(Tiderr]) aopdamsssupport. The titania used had a surface ar ;
4nferr]/g, pore volume of 24 m /g and crush strength of 6.8’0§-e§m83751912%16
(15-20 I bs). Deposition of the pal | adgNAMPLES 'gold salts was
acconplished foll ow ng the sane-procedure as used for Exanple 1A except

that 100 g of .t hgafmaP&ip boff@ﬁl’&l%%dca'ﬁl?st.& ek QrepiRed Qbing Qﬁ&&&ﬁtscé&@ﬁﬁmn and
correspondi ngly reduced. "The inpregnated support was calcined at 200[err]C
in oxygen (flreductiat ecobditions/ toi shpwatheefiottcon ccapi)esswm\epy f All afnthe matalystsAwetehe

| et f th I t th te d with hel
For 30, m nut cysbgd FoRB ARG HERO el P RPOSIE AR P i oLodBY adbatproguston Wal
t t
erper g ur e tebiEh 'ChaRfioh IndIRLENSH Coffiidhs et befRbRtierOF Skl k! ©

and mai'ntain or one our to.cohpl

At nospheri c % Sauaeatwsmﬁdnah forreach ofithergtalysss, identfieascB k] £rd et fobth in the
oper ati ons. e catal yst was washed and activated per the standard -
procedur e andlableaVlat ed for production of vi nyl acetate using the sane
conditions as in Exanple 2. The catal yst contained 1.03 wt % Pd and 0. 43%
Au. Results 15 obtained are set forth in Table VI. Percent selectivi ty
and yield areb Y -

React i on Tenpera &ngar%gmg%m&ﬁ% Y%_y %&f‘ractton ahid Fxgure 2 s the xSrOa.??xﬁ'factlog )
Reacti on Pr esgrdfile fbpsheg)atadysﬁ S%Ypdahs c&&ered atSﬁout 39. 8°4iﬁd about 38.3° 2-Theth,
Space Vel ocity (/hr) 850 . 1,000
Oxygenl®onveresrsatiyely correspond to the paﬂadg@ gnd g@g cg(stalhtggfwgh d-spgee separanon.ggf 2

the Miller 111 index plane 0f 2.265 A and 2.348 A, respectwely



Percent Selectivity 67.3 70.5 69.7 70.5  67.8

Percent Yield. _ 66. 1 61.2 58.9 56. 4 55.7
Space- Ti me- YW& 98/18553 . 168 230 222 28e1rus: 0
VIO 98/ 18553 T/US971199§6?
PCT/ US97/ 19996 EXAMPLE 8 Al um na supported Pd- Au cat al ysts wer e- prepar ed
using different cal ¢ci-pratioen sotiop—condi-tions.t o show the effect on
catalyst activity. All o,,fdhe cata yStys Ne-reoEvqu@eLd using the mcro
scal e procedure, and=h@|Ste |of |H Nyl afEtlgdie drodugtion was 5
determ ned. Cal cinatfi oh 4ndj rgdugtipn coﬁditi DI‘IS, Vi ght per cent ages of
pal | adi um and gol d, npg—Tares [of reacyrop fjorjegcir o the catal ysts,
i dentified as 8A-J, |afk dei|fdrthd p the Salghe VI .XH ratal yst 8E was
exani ned by x-ray. di{f® Q4R pn {ang=H Gur e| 2 {is| t-He >g ay diffraction-profile
for the catalyst. THe hedksicentered 4t bbqut!39 8 amd about 38.3 2-Theta,
10 respectivel y, correrond' tol the pal Iogdi_u and gold crystallites
with d-space separ at i':’g)pé‘(ﬁ the M3 |en 10E|i9Hex pl@me of 2.265 A and 2.348
A respectively. 26 VW DB/ 118555 —-|° S
PCT/ US97/ 19996 [err] '
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WO 98/ 18553 PCT/ US97/ 19996 EXAMPLE 9 A supported pal |l adi um gol d catal yst
was prepared follow ng the procedure of Exanple 5 except that the

cal.ci nat i onweagngssaduct ed usi ng a hel i um at mesphere and 5% H@GtePdisgeg] f or
the reduction. After reaching 500[err] C thelrégrrperature was nai ntai ned for
15 hour. Catalyst activity was cFéFéMH using the mcro scale
procedure and the rate of reaction was 0.60L% [err].nol/g cat.-sec. 28 wO
98/ 18553 PCT/ US97/ 19996 EXAMPLES 10 AND 11 COVPARATI VE EXAI\/PIEhES A- CdTQ &
denonstrate the j r s htaRdt yasC afeparednpliowingr ther pcheedurg othe .
pal | adi um and goAIgRI§§¥ﬁ§d p??é/ﬂé&@agtgg% $st§gmre grdgpar ed and corrpa\; ed f&)éothe
mcro scal e Syample S Rkespuetiat ehie calcinatiog wascenducsed psing ameliumeaEgsaneys A8 Led

Exanpl o 1. Tiie)ose N, lnbarsdetAbpreschos L reieremi AR U

t he invention cal ¢ci ning.the ingnr J d theorayg oh

and e recusig GeasBorar bt BRESHRL g i Bla Bl BRI g MO

second cat al ystct&g%'gog%%fyggﬁtpgeepar ed in accordance with the invention
err

by cal ci ni ng & C before reducing with alkaline
formal dehyde - a conventional reduction procedure used in the prior art.

For the al kaline formal dehyde treatnment, 200 grams catal yst were
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saturated with about 65 m of a solution conpri sed of 24 m of 37 percent
f or mal dehyde sol ution and 56 ml of 0.81 N sodi um hydroxi de. After standing
at room t enW1§FB for 15 minutes, the sanple was heated topeGfuserisseand .

held for 30 minutes. The m xture w - led to roomtenperature
and washed by decantation with 5 &W%éﬁé@rﬁﬁﬁﬁtiqaci d followed by a

conti nuous overni ght wash w t hg -ﬂgxrg 1¢~ drying at 105[err] C,
in air. The third catal yst (Coﬁpwawg%\ﬁe aﬁpgr‘\émg?ﬁgﬂﬁ ed the cal ci ning

step and the reduction was identical to that enployed for the catal yst.of -
Exanpl e 10. The fourth catal yst  (Conparative Exanple B) was not cal cined
before reduci ng Thedemansirateathe simpspveg mesults obtaingd [by| calining r befergeteguring thee

fifth | i np! _ d,by oxidizi d

Feduci ng & poPRRERTLRG e GaF YR cReliby e Breaitard Horsistph R Bifo,scre
or d " : f AW, <198 idtd %o

Five oot aryet BRghORrARTaRns! A oFthe Rty Mol 1 st iaregndPd Ny Whth

described in {miagpamed felloshing the padeeduseroftByampiect:. ol lrcfirstecatalpst ((ERampie 10) was
determ ne catal yst activity. Reaction rates were as follow 25

CATALYST OF Epwpme in gccordance with the invention by calcining the impregnagedssipppa at J05€/ g
cat.-sec CATALYST OF

[err]mol /g cal® @F&E" %%é%@g%&%ﬁl@gi%wﬂﬁegure of Example 5. AOSE?O%-Q

0.456 [err] nolgacat (Exafiple CANWVES brédared ONPAREMNE iVl EnvBntion bE calcining at
- 0.309 [erf]nbl /g cat.-sec TALYST OF COVPARATI VE EXAMPLE C
- 1@. 270 pee°C befbregreduding wish ajlaline fosyaldgliyig553conventional reduction procedure

PCT/ US97/19996 It. i f fa that t tio tes
ot o o8 e sadiniie SROCRE Dol B AN B heRins 560, 50 s B
i ncl udes a Cakﬁmeagwﬁﬁ %hd?%%%eofra?ﬁyﬁﬁfdn%mgggéﬁ S AN SERNblkedt BAGIdehyIRN

obtai ned with e respective identically prepared catal yst except

solution and 56 m! of 0.81 N sodium hydroxide. After standing at room temperature for
15 minutes, fhe sample was heated to 66°C and held for 30 minutes. The mixture was
15 cooled to room temperature and washed by decantation with.5 weight percent acetic acidl
followed by a continuous ov’émight wash with warm deionized water and drying at 105°C
in air. The third catalyst I(Com'parative Example A) omitted the calcining stép and the
reduction was identical to that employed for the catalyst of Exafnple 10. The fourth
catalyst (Comparativé Example B) was not calcined before reducing the metal salts using -
20 alkaline formaldehyde. The fifth catalyst (Comparative Example C) was prépared by
oxidizing and reducing a portion of the virgin catalyst of Comparative Example B in
accordance with the procedure of U.S. Patent No. 5,194,4'17.-'Each of the five catalysts
was activated by treating with potassium acetate as described in Example 1 and evaluated

in the micro scale reaction to determine catalyst acti'vi"ty. Reaction rates were as follow:

25 CATALYST OF EXAMPLE 10 o - 0.647 pmol/g cat.-sec

CATALYST OF EXAMPLE 11 - 0.396 pmol/g cat.-sec
CATALYST OF COMPARATIVE EXAMPLE A - - 0.456 pmol/g cat.-sec
CATALYST OF COMPARATIVE EXAMPLEB - 0.309 pumol/g cat.-sec
CATALYST OF COMPARATIVE EXAMPLEC - 0.270 pmol/g cat -sec

29



for om ssion of the calcining step (Conparative -Exanples A and B). Al so,
the data shows that when a sinmlar treatnent is used after reduction, such
as for the wetoghgss of - Conparative Exanple C, inproved reactpcigsodiifsmear €
not obtai ned. 30 31 EXAMPLE 12 To denonstrate the ability to vary the
met hod by which the supports are inpregnated with the palladium and gold,
the follow ng EXed é;iHé.Pént oM (he ABbVeldath thithe Pé&bﬁox??&?é?%&me@%t}gtté'cﬂfﬂy@@of
(7.94 mm (5/16") pellet; 98%al pha al um na; pore vol une O. /g; surface
area 5- ° athpinventiert &Wlea{leram]i/lg) whciemslpdesyas@blmmgn st's':@ bnfore)fedactlm;] @EeousS

sol ution cont ai 6,5 3 Pd err 288 NaCl and
0.752 g NchqlsPﬁ‘]agf &‘QME& ned Sith E?’1‘?&*’-‘?1’!6 2ive eqx%el Ya}”eB%sé st SFFEPY or

e e M S EATA y  al

Na[ err]40 er rghat avhén g lsﬁﬂlarﬁk’&memrnegmd echfier ppduction, hsichomt forntid vaslyst of
cal cined at 200[err]C in oxygen for hour. After purging.to renove
oxygen, the CQOEPVS@VW@?MMECWYWQTQ@F@@I[Péf'&"?ge90‘57%11 edent hydrogen/ 95
percent nitrogen mxture and increasing the tenperature to 500[err]C over a
peri od of about 1 hour and then maintaining at 500[err] C and atnospheric
pressure for an additional hour. Wen activated in the usual manner and
evaluated in the mcro reactor for the production of vinyl acetate, the
catal yst gave a reaction rate of 0.599 [err]nol/g 15 cat.-sec. -

L)
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WO 98/ 18553 PCT/ US97/ 19996 EXAMPLE 13 To denonstrate the ability to
i.npregnate the support using sodiumnetasilicate, the procedure of Exanple
1 was r"epeat%(agﬂ t that the sodi um carbonate sol uti on was rCIpseeaghgi t h
a 2.33 N sodiumnetasilicate solution._ The inpregnated support was cal ci ned
and reduced as described in Exanpl e leX‘UW?rlEF_%Ie a Pd-Au supported

catal yst which, after activation with potassium acetate and pot assi um

hydr oxi de, had a-reaction rate of 0.559 [err]npl/g cat.-sec for the

production of vi fyl deﬁﬁ:ﬁh?al@thk@bili@%ma{?’ e nRATdHy- wieh the sM@o?‘?s/ ajfgﬁﬁﬁ'e%nated
PCT/ US97/ 19996 EXAMPLE 14 AND COVPARATI VE EXAMPLES D and Three hig

activity Pd- Awithahapalatimmsandgoid, ¢he followirlgi experithentivaa candiicteddf eFaratistemample,

14A, 14B and 14C were, prepaf ed oa_I st 14A was prepared by inpregnating’

100 g silica- 3P ﬂa{ngngrféﬁg{ pe%%ﬁ?éép%i@?aeépmaﬁpper% S Q-EMEEW‘%F&F a5 e

uol U 8. 92 LStk e A ShRGE A5 S0 kT Sk S oS 5 B9

‘g NaHCO err] pgd1, 13488 ¢ NAGCL] 8.202 g"NaGRlard 0.7506g NAPICO,! inWﬁSothﬁ@%T disAeTied
a

in approximately “100 nl of 1.05 N aqueous sodi um carbonate and | oned to
stand for abomixti® wasallowedta sandrfondQ imigutes, anditheavatérnthereremoved by heatingavith

Fi Ve grams. of SR By e PR M BFLUSHAS S Ve T8 AEFoURepltion & Na.CO,
(Tl ow rat o 50 54 AR ToeipteRidtodsubfor Iniiaild e bl de 200 EE R e 19250,

of the ypal | adihgi. ardtegPueging to remove oxygen, the catalyst was reduced by introducing a $

| percent hydrogen/95 percent nitrogen mixture and increasing the temperaturé to 500°C

over a period of about 1 hour and then maintaining at 500°C and atmospheric pressure for

an additional hour. When activated in the usual manner and evaluated in the micro reactor

for the production of vinyl acetate, the catalyst gave a reaction rate of 0.599 pmol/g

15 cat.-sec.

. This Sheet Has Been eﬁlaced

[T
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carbonates. The systemwas then purged with heliumto renove all traces of
oxygen and a mixture of 5% hydrogen and 95% nitrogen introduced at the sane
flow rate aftP B yre. 15 The tenperature was rai sed tpCORRIPI%0eC at
a rate of 10[err]C per m nute and nai ?}}’ﬂﬂﬁgiﬁ 500[err]C for 1 hour. After
washing with deionized water and dryi ng, _ al yst was activated by

i mersing for approximately 40 minutes i'n an aqueous sol ution contai ni ng
2.5 W . % potassi um acetate and drying. The catal yst contained 1.16 wt. % Pd
and 0.39 wt. % ATo déhonstrate the abilily & ifprégnateRh@ BOppotCusing Sodiirt Madtasilicate, the
identically except that the palladiumand gold |oadings were varied b
changi ng the poocedure raftExamplef | meas aepeatediexcept thakthei sasdiura fadhonate solution omas
used to treat the sil.i,ca- } na,.suppart. Catal yst B contained 1.17 w. %
i and 0. 75 weenead Wik B A SRaii R iticaieniidsry F GipRtaltd ‘whnat afis,
‘Au. Additi onal |y [ A 00; : I ' Iyl as
Conparafli ve Zgﬁl){mécpﬁndéa@gg gsat?»gﬂ%gngﬁﬁéln?a@%g zti‘%‘\?ffgw&ga?glay@gsugpg\gga 'Bétlg'gar ed
identical ly tevheh aftsrsictivatibnewitie potassivmi adetdle lnd qpoeassiamsipdironide; hialh @nmhetionas
enpl oyed during the deposition, the 33. WD 98/ 18553 | L .

PCT/ US97/ 1999 8ate af 8552 umakg catosecden the production of ivinyl eestai¢ iInghe giare reastor.

~ hydrazine. Conparative Catalyst E was al so prepared identically to Catal yst
14A except that 1.0 N aqueous Na[err]SiJerr] was used in place of the

aqueous sodi um carbonate and the catal yst was not cal ci ned before-reduci ng
wi th hydrazine: The hydrazine reductions were acconplished by covering the

5 catal yst pellets with a 35% aqueous sol ution of hydrazine and .
allowing to stand for 6 hours under anbient conditions. Al of the above .
catal ysts, i.e., 14A, B and C, and conparative catalysts D and E
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were evaluated using the mcro scale reaction to determne the rate of _
vinyl acetate formation. Al of the catalysts were activated w th potassium

acetate as WOIBM$BREd for 14A 10 -  before being eval uat ed. PRETEINISer e
as follow Catalyst 14A _ 0.848 [err]mol/g cat.-sec Catal yst 14B
1.06 [err]nol/g cat.-sec Catal yst 14C" -' 0.943 pnmol /g cat.-sec

Conpar ative Catal yst DEXAMRUE 13 ANDGOMPARATIVEEXSMPLES D and E
Conparative Catalyst E 0.592 [err]nol/g cat.-sec Catal yst 14A was

exam ned by x-ray diffraction and Figure 3 is the x-ray diffraction. :
profile for the patahyst,ciThe pee #d 8P QUkka ARntnARSH FlEd ¢
38.2[err] 2-Thet'gﬂ%%rhy S%cgg@?t]a’g ﬁza%%fsg%lﬁﬂ% and gold crystallites \M.Q[ ?15
d- space separpfA, 0B afd 14@ vidre Ipespadct]l Cadiyst piAuvesqirepr@loby impregna2ing 5904
respectively. 34 REPLACEMENT SHEET 35 CLAI 1,, . A process. for e..
prepar at i on cﬁﬂlcé-abuwp@)PYM“&N“&GPW%GPH%&’E%S&é% Jlygning;,poOTE yolime %ﬁggﬂ/&
productj on of vinyl _ac Ch i : k&8 Cl
oxygen,g t he pspglé%%gre oﬁ%@@*ﬂ%#’@%ﬁa@?ﬁ}’ 12:];1 ‘?ﬁ@ﬁt %slg%%'g??ﬁg\}\sﬁl n %tgh@g um
and gol d sal tgauCR! Zi DigFHC be.ZiS@NEH(I@FQdd $ 4P RONACIdly 6D e twater. i Thessupport was
non-reduci ng at nospher e, and subsequent [y reduci ng conpounds of pall adi um
and gol d to tthen tumersehinrappraximasely| 190 mlinfrl 5 Naqaeaysispdivmsarhanatecand afigwed on

Lner con and 118 SHE o RORGT & P ey Serking e RAEYY, Aebefaifh. e IRBREMEE

support was dried in a convection oven at-105°C.

10 - FiQe grams of the support impregnated in the above manner v'vere- then calcined by
heating at 230°C for 1 hour in a flowing stream of oxygen (flow rate 50 ml/min;

_ atmospheric pressure) to decompose approximately 45% of the palladium and gold
carbonates. The system was then purged With helium to remove all traces of oxygen and a
mixture of 5% hydrogen and 95% nitrogen introduced at the samé flow rate and pressure.

15 The temperature was raised to 500°C at a rate of 10°C per minute and madintained at
500°C for 1 hour. After washing with deionized water and drying, the catalyst was
activated by immersing for .approximatel).l'40 minutes in an aqueous solution containing
2.5 wt.% potassium acetate and drying. The catalyst contained 1.16 wt.% Pd and 0.39 _
wt. % Au, | '

20 Catalysts 14B and 14C were prepared identically except that the pal{adium and gold
loadings were varied by changing the -cbhcentrétidn of metal salts in the first ‘aqueous -
- solution used to treat the silica-alumina support. Cétalyst’ 14B contained 1.17 wt.% Pd
and 0.75 wt.% Au and Catalyst 14C contained 2.21 wt.% Pd and 0.75 wt.% Au.

Additionally for comparison, iv_vo catalysts were prepared, identified as Comparative
25 =~ Catalysts D and E. Comparative Catalyst D was prepared identically to Catalyst 14A
- except that 1.0 N aqueous sodium- carbonate was employed during-the deposition, the
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150[err]C to 600[err}]C and such as to effect deconposition of at |east 10
percent of the palladium and gold says before reducing the palladi um and
gold to theWRRIISS state, with the proviso that the clai m gegasopioosgxt end
to a process conprising i'npregnating alumna balls of 2 to 4 nm_dianeter
havi ng a spect4talystsvastnot salsiney andhihe reducigg aa atowag hysisazine; oCampargtive Catalysy &

261 ution of - ptek 8 aifPRreR iEnECan e Ladiva A ploal el LB T adEoud A0  wes
such’that the; P’éﬁ% og’?tﬂg%he&fs _ ﬁm?%_&:%bb{a'i% ‘and (he2cdtly¥eWad tnoP cakitlel %rdﬁg'

f

and 0.02%by'§/r\}e fgol'd, maintalning the solution™in contact wth t

al um na bal | srddacing withuhydrazineyi Tihe hydeaziie mdoetibrsolveérd atcothglished by covéringr the
roasting the solid for 2 hours in dry air at 300[err]C, reducing the solid
for 2 hburs atatalgs]palletsovith 2331y aaengesn selutiemf hydeazinggandnalloving i stand dori 6
wth an ammonja solytion.until,.no nore chlorine ions are detected in the
washi ng sol ut ?)'ff,suﬂ‘#l i%&'?‘ﬂ@%&?ﬁ%d solid, roasting the solid at 300C and
reducing the solid at 150[err]C for 2 hours in a hydrogen stream 36 2.
A process as clainmned in Caim 1 wherein the supported palladi umgold
cat al yst cont ai nallf ofothe(above catdlysteiight 149erB end Ghadndachmparativeosatalysts Poand E
wei ght percent gold. and,the weight ratjo of.palladiumto,gold is from5:1"
to 1:3. 3, wereseyahupied ysing dhe isroteale; seactidnafqndessipine, Werate b viosl Apee

contains 0.5 ‘ [ adi : e et :
percent gol d g%%‘ﬁ%%?’g q@gﬁ{%{éﬁ%@%ﬁ%ﬁ%%m&&o dE‘l&éﬂf' gggngggb%alfo{ %4A
1:1.5. 10 before being evaluated. Results were as follow: S .
Catalyst 14A 0.848 umol/g cat.-sec
Catalyst 14B "~ 1.06 pmol/g cat.-sec
Catalyst 14C - - 0.943 umol/g cat.-sec
_ - Comparative Catalyst D 0.464 pmol/g cat.-sec
15 - Comparative Catalyst E 0.592 umol/g cat.-sec

Catalyst 14A was examined by x-ray diffraction and Figure 3 is the x-ray diffraction-
profile for the catalyst. The peaks centered at about 39.8° and about 38.2° 2-Theta
correspond to the palladium and gold crystallites with d-spaée separations of the Miller
111 index plane of 2.265 A and 2.353 A, respectively..
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4. - A process as clained in any preceding cl ai m wher ei n the inert
support has a pore volune fromO0.1 to 0.75 cc/g and surface area is from
0.5 to 500 Waeearisssp 5. - A process as clained in C ai m4pararsdmsbde

inert support has a pore V’M&;ﬁf% cc/.g and surface area from
1 to 200 nferr]/g. 6. A process as rrred in any preceding claim
wherein the inert support Hmmm he group consisting of alum na,
silica,. silica-alumna and mmu CEMENT SHEET 37 7. A

process as clained in any précedirg @l alsm erein the inert support is
al um na having a surface area from2 to 50 nferr]/g and al pha-al uni na

content greater than 95 percent. 8. A process as clainmed in any one of
Clains 1 to 6 wherein-the inert. support is silica or silica-alum na having
a surface area from30 to 200 n2/g. 9. A process as clained in any

g)r(:ag:ag: Eg cl ai&gwgg{l ein the non-reduci ng atnosphere is an inert or
g gas ed from t he group consisting of helium nitrogen,
argon,  nheon, nIItn a Process ort € prepargtg on of aaslu;r)porterd paﬁadnum—go?d atag'st wherein an
. inert support is impregnated with palladium and gold salts and the salts subsequently
reduced to the corresponding metals, to produce catalysts having mcrease_d selectmty and
activity for the vapor phase production of vinyl acetate by the reaction of etliifléne, acetic
acid and oxygen, the improvement comprising calcining the impregnated support having
the palladium and gold salts deposited thereon by heating in a non-reducing atmosphere at
a temperature from about 100°C to about 600°C to effect decomposition of at least 10
. percent of the palladium and gold salts before reducing the palladium and gold to the

metallic state.

2. The process of Claim 1 wherein the supported palladium-gold catalyst contains from
0.1 to 3 weight percent palladium, from 0.1 to 3 weight percent gold and the weight ratio
of palladium to gold is from 5:1 to 1:3.

3. The process of Claim 2 wherein the inert support has a pore volume from 0.1 to 0.75

cc/g and surface area is from 0.5 to 500 m%g.

4, The process of Clalm 3 wherem the mert support is selected from the group
consisting of alumina, s1hca, snhca-alumma and titania, the catalyst contams 0 5to 1.5
weight percent palladium and 0.25 to 0.75 wexght percent gold and the weight ratio of
palladmm to gold is from 2.5:1to 1l 5
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10. A process as clai rre claim V\,herel n the palladium
and gold are reduced at a te mlﬁmml E |ent to 550[err]C and the
reduci ng ag®otesissssel ected f si-sti'ng of "anMmudTRussga§deeN
nonoxi de, hydrogen, hydrocarbons, ol efins, al dehydes, al cohol' s, hydrazine,
primary amnes, carboxylic. acids, car boxyl Ic acid salts and carboxylic
acid esters. 511 The prod&;poﬁehs's%mecé:mthmnhrt supgbeihas 3 Pomhentenafromd.2 td®65ng

agent is hydrogen or a m xture of rLpgen with an inert gas and the
t enper at ure SCgaduTReArFATamd ‘P@%gﬁ%err]c. 12. A process as clainmed

in Claim1ll wherein the tenperature of reduction is 350 to 525[err]C. 13.
A process as clained in any preceding clai mwherein the inpregnated support
is calcined & aTleeproeesstofiClaitds twhetdd tier m]:r@ sappbrﬂ.& ilomif@ haeing endurfaée aioe

pal I adi um and gol d salts are decorrposed rocess as clained in
d ai m 13 wherfeom 2itg 80 mefgrnd sipha éwnamattstﬁatqréhaﬂ Reseeb5[ err] C. 38
15. A process as clained in either aim13 or Caim1l4 wherein the

i npregnat ed support is calcined at 150 to 275[err]C and reduced while

increasing the ﬁ@?‘o@éﬁ 1o? dl4iANS WarelrCthe TiResuppbrtuP silica 4r7 Silidacalinding amixgtaat
arate of 0.1 to 25[err]C per -

surface area from 30 to 200 m%/g.
8. The process of Claim 1 whereir th_é non-reducing atmosphere is an inert or oxidizing
gas selected from the group consisting of helium, nitrogen, argon, neon, nitrogen oxides,

oxygen, air and carbon dioxide.

9. The process-of Claim 8 wherein the palladium and gold are reduced at a temperature
- from ambient to 550°C and the reducing agent is selected from the group consisting of

ammonia, carbon monoxide, hydrogen hydrocarbons olefins, aldehydes alcohols,

hydrazine, primary amines, carboxylic acids, carboxylic acid salts and carboxylic acid

esters.

10. The process of Claim 9 wherein the impregnated support is calcined at a temperature
from 350 to 600°C and 70 percent or more of the palladium and gold salts are

decomposed.

11. The procéss of Claim 10 wherein the reducing agent is hydrogen or a mixture of -

hydrogen with an inert gas and the temperature of reduction is 100 to 550°C.

" 12. The process of Claimfi 11 wherein the impregnated support is calcined at 400 to
550°C.

13. The process of Claim 12 wherein fha temperature of reduction is 350 to 525°C. .
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m nute. 16. A process as clal med i-n a ﬁ!’ﬁmof Clains 13 to 15 wherein

the inert support is alunmina OM“‘“H“‘ a pore volume fromO0.1 to
--0.75 cc/ g amdosusssace ar ea fro ]/ g and wherEdTUSYITA9%er t

support is inpregnated by contacti ng the support with an aqueous sol ution -
of an alkali netal hydroxide, alkali netal carbonate, alkali ngtal
bi car bonat e or 141l Thé pravessaif Glaima® whereatthe inpregnateds MW@@ ‘tal?“!%‘ Rarte@perayre

the absorptive capaci, f th upport,. and .t ereafte a ueo 'S

sol uti on of te‘t‘?@c?ﬁ%b@&g lpé°§9 Hpg'ﬁﬁfﬁ}éﬁ?agﬁél\i%a@ﬂl% ‘HF §‘6

chloropal ladite to effect essentially conplete preci pi tat i on of. the

pal | adi um and gol d salts. 17. A process as clainmed in any one of O ains

13 to .15 wherei$ fTHe pro®sd of TAr L4 Wherinl theaediciy hgennisshydrogen and riaturaof
pore volunme fromO0.1to 0.75 cc/g and surface area from0.5 to 500 nferr]/g

and wherei n t hiydrogent andianmert gasand thertemperature ofreduntionds 10830t538°Gupport with
an aqueous solution of tetrachloroauric acid and pall adi um chloride or
sodi um chl oropal | adite to essentially conpletely fill the absorptive

capaci ty of thegSqREpFdcessst Qliler Bakheein thd temperatuiel oPreduction ig 1 $01tc052580. _
al kali metal carbonate to effect essentially conplete precipitation of the

pal | adi um and gol d salts. 18. A process as clained in any one of C ains

1 to 12 wherei g, g prodi GUIRMES whHBAME imprégnated!sehgdrds céltinedat 150 to 275°C
' and reduced while increasing the temperature from 150 to 275°C up to 475to 525°Cata

rate of 0.1 to 25°C per minute.

18. A process for the pro'_duc_:tion of a supported palladium-gold catalyst containing from
0.1 to 3 weight percent palladium, 0.1 to 3 weight percent gold and having a _weight ratio
of palladium to gold from 5:1 to 1:3 comprising:

~ (1) impregnating an inert support selected from the group consisting of alumina and
titania and having a pore volume from 0.1 to 0.75 cc/g and surface area from 0.5 to- -500

m?/g with palladium and gold salts by contacting said support with an aqueous solutton of

an alkali metal hydroxide, alkali metal carbonate, alkali metal bicarbonate or alkali metal
metasilicate, to fill from 25 to 95 percent"of the absorptive capacity of the support and
thereafter with an aqueous solution of tetrachloroauric acid and palladium chloride or
sodium chloropalladite to effect essentially complete pre_ctpi_tation of the palladium and
gold salts; _ _

(2) drying to remove water;

(3) calcining by heatmg in an mert or oxldxzmg gas selected from the group consxstnng -

~ of helium, nitrogen, argon, neo_n, m_trog_eu_oxxd_es, ooxygen, air and carbon d_tomd_e.at_ a -

- temperature from 100 to'35'0°.C to decompose from 10 to 70 percent of the palledium and
. gold salts; and | o
(4) reducing in hydrogen ora mixture of hydrogen and an inert gas at a temperature _

- from 100 to 550°C to c_onver_t the palladxum and gold to the met_alh_c state. .
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tenperature from 350 to 600[err] C and ent- or nore of the palladium
and gold salts are deconposed. 19. uﬁﬂ r Ems as clainmed in Caim18

wher ein t havo pgrssshat ed suppommm 400 t o 550[ elpchi®rse7/1999¢€ -20.
A process as clained in dai «1 Mpregnat ed support is.
reduced at a tenperature from350 to L52§'[err] C. 21. A process as

claimed in any one of Clains 18 to 20 wherein the inert support is alumna,
silica, silica- alumna or titania and has a pore volupe fromO0.1 to

0. 75cc/ g and sif-f Abepweess of Siamol Swherenigberalpination inrendusiedat @ temperaiyey from
support is inpregn d~b ont acting the support wth.an ,aqueous, soluti

of "an al kal | LIS $1pdr e 5 Tedngia s caiel oBE P Meredsifi & ¥RRHAL O o 138
bi car bonat e or (}4¢ak o RE T B3P8I GREGE A thdbbe hirGifhee, L0 95 percent of -
t he absorptive capamPy of the support and thereafter wth an aqueous
solution of tetrachloroauric acid and pall adi um chl oride or sodium

chloropalladite to effect essentially conplete precipitation of the :
pal | adi um and @9| Jhe aracess gf2Claim 18 avhearejn dkes catalyss|is petivated ibyatisatisg avith 1 &9 dbns

13 Lo 211 ncl ugh i bieed soigd of b Al Wi HRASHAR. S HORPEarbRad SFRiGure
thereof. : _—
21. The process of Claim 20 wherein the catalyst is activated by treating with an aqueous
solution containing 1 to 15 weight ﬁercent potassium acetate and up to 5 w'éight percent

_potassium hydroxide.

22. The process for the production of a supported palladium-goid catalyst containi_hg
from 0.1 to 3 weight percent palladium and 0.1 to 3 weight percent gold and having a
weight ratio of palladium to gold from 5:1to 1:3 comprising:. . _ ,
(1) impregnating an inert support selected from the group consisting of silica and
silica-alumina and having a pore volume from 0.1 to 0.75 cc/g and surface area from 0.5
to 500 m’/g with palladium and gold salts by contacting said support with an aqueous
solution of tetrachloroauric acid and ‘palladium chioride or sodium chloropatladite to
essentially 6ompletely fill the absorptiﬂ'e capacity of the support and thereafter with an
aqueous solution of an alkali metal carbonate to effect essentially-complete precipitation of
the palladium and gold salts; |
 (2) dryingto remove'-wa_te_r;l_ ) .
3) ca_lciﬁing By heating in an inert or oXidiiing gas selected from the group consﬁisi_ing |
of helium, nitrogen, argon, neon, nitrogen oxides, oxygen, air and cé.rb_on_ dioxide at a .
temperaiure from 100 to 350°C to decompose from 10 to. 70 percent of the palladium and
gold salts;‘and | _
| | (4)_rédu'cirig- in hydrogen or a mixture of hydrogen and an inert gas at a temperature
from 100 to 550°C to convert the palladium and gold to the metallic state.
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cal ci ning the. support. 23' A process as clained in any one of Cains 13
to 22 wherein.the cataly |s actlvated by treating with 1 to 15 weight -
percent sol HQ W8S an aI kaI i Em ﬂﬂ mmwn ﬂl, al kal i net alpdTyussen9sde or
m xture thereof. 24. A proci Cl ai m 23 when dependent on
.Claim16 wherein the catalyst is actlvated by t'reati ng_wi th an aqueous
solution containing 1 to 15 wei ght percent pot assi um acetate and- up to 5°
wei ght percent_potassi um hyerX| de. rocess as clained in d

23 when depend%;ﬁt Thsprocsssif ﬁalw?@r%hqsem e eaéﬁla#tm's .cenﬁefqd\ﬁa@ésmssratwgpmng

ncetate. oo 215 el AR f el alCHRE nfaRi BB B By 1

process of anyto%°@fuptt9 Q7PELSBAE AP FEbIB 1 to 25°C per minute.

24. The process of Claim 22 wherein the catalyst is activated by tréating with 1 to 15

weight percent solution of an alkali metal carboxylate.

25. The process of Claim 24 wherein the catalyst is activated by treating with an aqueous

solution containing 1 to 4 weight percent potassium acetate.

26. A process for the production of a supported palladium-gold catalyst containing from
- 0.1 to 3 weight percent palladium, 0.1 to 3 weight percent gold and haw)ing a weight ratio-
of palladium to gold from 5:1 to 1:3 comprising;: . | |
| (1) impregnating aﬁ ineft support selected from the group coﬁsisting of alumina,
silica, silica-alumina and titania and having a pore volume from 0.1 to 0.75 cc/g and
surface area from 0.5 to 500 m¥g with palladium and gold salts By contacting said support
with an aqueous solution of an alkali metal hydroxide, alkali metal carbonate, alicali metal
bxcarbonate or alkali metal metasilicate to fill from 25 to 95 percent of the absorptive
capacxty of the support and thereafter w1th an aqueous solutxon of tetrachloroauric acid
and palladium chloride or sodium chloropalladite to effect essentially complete
precipitation of the palladium and gold salts; _
- (2) drying' to remove substantially all associated water; |
. (3) calcining by heatihg in an inéft or oxidizing gas selected from the group consisting
of helium, nitrogen, argon,' neon, -niti'ogeﬁ oxides, oxygen, air and carbon dioxide at a
temperatufe from 350 to 600°.C .to decomposé 70_pef¢ént or.r'nore of the palladium and
gbl_d salts; and | | _ |
" (4) reducing in hydrogen or a mixﬁ:ré of hydrogen and an inert gasata teméeratﬁre

* from 100 to 550°C to convert the ﬁa’_lladium_ and gold to the metallic state.
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27. The process of Claim 26 wherein the impregnated support is calcined at a

temperature from 400 to 550°C and reduced at a temperature from 350 to 525°C.

28. The process of Claim 26 wherein the catalyst is activated by treating with 1 to 15
weight percent solution of an alkali metal carboxylate, alkali metal hydroxide or mixture
‘thereof. '

29. A supported palladium-gold catalyst obtained by the process of ‘any one of the

preceding claims.
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