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(57) Abstract

A catalyst, as for example, one useful for the manufacture of vinyl acetate from acetic acid, ethylene, and oxygen consisting of the
metale palladium, gold, and a metal of the group consisting of zirconium and rhenium on a porous support. The catalyst is manufactured
by adsorbing water-soluble salts of the metals onto the support, precipitating the metal as a water-insoluble salt, and reducing the salt to
the metal.




addi ng the support and evaporating the solvent. The noble netal is

dizstributed unifornmly 30 t hr oughout the support. According to the
patent, the activity of the catalyst can be pronoted by .t he
addition of a nmetal halide pronoter. WO 96/ 37294

PCT/ US96/ 06848 wa 96737294 U S. Pat. No. 3,275,680 Gicaalsoseesas®
pal | adi um cat al yst on al um num oxi de support whi ch when pronot ed

with al kali acetate has been found suitable for the production of
organi c acetates, especially vinyl acetate. The palladiumcatalyst is

deposi ted throughout the catal yst support. There is no specific
di scl osure in the patent of conbl nations of two nobI e 5 netal s or of
the use of alloys. The cat 4k PO MINYL, I D Bl ANURAL YURSE suppor t

with an '~ aqueous sol utlon of the noble rret aI salt and
precipjtating the noble nmetal on the support by reducti on.

U S Pat. No. 3,743,607 discloses a catal yst containing palladium gold,
and an al kal i nmet al aCMWﬁMW ared by

i mpregnating a carrier such as s H um oxi de, or
silicate, gl um num phosphate, etc. wth an aqueous solution of a

pal l adium salt and of a gold salt and evaporating the resulting mxture to

dryness. The  Eield ofthelgyentien um and gol d salts are reduced to their

netallic state by a 1&%&% d
w th water, |rrpregnat'ﬂ%'15 Q’E a so urtel;ﬁc%gt%?{'@ggféhm g:}tfn uponeﬂ@ylﬁg
is r e ankygém) andzvetic dcid in the vapor phase tof&mﬁnylhcaab. Irl\pnmmla%,aﬁepn&nt

of i myl - acel at daveHoRf ripseCiot v pLailysC il e snicdormprion of B Rgemipin”

resul ts igothe which said ca bﬁﬂéﬁé@%ﬁ&hﬂlépﬁﬁ&ﬂﬂg Q&H%ﬂt:ﬁ%&ﬁé&‘dﬂl@&%néﬂ&alof

catal yst support. The catalyst is prepared I npregnati ng
the catal yst supthegroupiconsisting 6f thenium and zxmnmmienm!taé en amtabbaaomwupport
acet o-aurate and potassium acetate in acetic acid and
subsequently drying it. The catalyst is disclosed to 20 be a pal | adi um
salt and ot her daekciiptionf the Rrior 2 gold gold salts, alkaline earth netal
salts,. and al i ne S _suppor ed carrier

S 2 epanese I BABR BEkEHeR %@%M%W&?@&%&
for | 1|5 prﬂﬁmcﬁuﬁﬂﬂwoﬁ@pwl lﬂidﬁdtl&w&ide@ﬂautﬂyhf |
catalyst. In a pr nary step, a sna amunt 0 uce ne a
(such” as gol d) .&9?4;@3% el ATt SUPRATed OB CEtAIn Camiy, Sraperiaig g uch

catalyst systems exhibit an acceptable activity and, generally, low selectivity to by-products,
such as carbon dioxide, ethyl acetate, and heavy t;.nds..
Generally, patents describing the manufacture of catalysts for the commercial
20 manufacture of vinyl acetate from acetic acid, ethylene, and oxygen describe and claim
various methods for the deposition of the metallic components , i. e., palladium, gold,

- cadmium, and the fike, to form a narrow band of metal at the surface of the catalyst
support. Several of the more pertinent vinyl acetate catalysts and their methods of
manufacture are discussed below.

25 U.S. Pat. No. 3,190,912 discloses the preparation of catalyst for preparing
unsaturated organic esters wherein the catalyst consists of unsupported or supported metals
‘ of the platinum or palladium group or oxides or salts thereof, either organic or inorganic.
Supported catalyst is prepared by dissolving the metal salt or salts in, for éxample, water,
adding the support and evaporating the solvent. The noble metal is distributed uniformly
30 throughout the support. According to the patent, the activity of the catalyst can be ﬁromoted
by the addition of a metal halide promoter.



25 + followed by inpregnation of the required anmount of pall adi um

cat al yst which then is deposited on the surface around the
preformed nmetal particles. The palladium catal yst is deposited as
a surface |layer which has a thickness of about 15% or |ess of the particle
ratios. woddidsse of alkali netal acetate salts as a CQuqisBénegRls | S
recomended. British Patent Specification 1,283, 737

di scl oses a nmethod of preparing a. supported 30 netal catal yst by
contacting the support with a solution of a conpound of a nmetal such as

pl ati num palladium etc. and converting the deposited conpound to the
nmetallic state, the

2 ’ WS- Pt No> 3,275,680 discloses a palladium catalyst on aluminum oxide support
PCT/ US96/ 06848  which when promote@muwa@eiawﬁaswmﬁd wlafbr aRastodutleRenat ed
w th an al kal i ne sol ution and saturated with from25 to go%of

water or an al c@ﬁ%ﬂmc applateg egpeasiall wnﬂéﬁmatl‘henalbdmmtﬂysmﬁepw qn;t, e
support pel| et W&W&F%&eﬂ%% éﬁ&d‘i’&fé‘&ﬁh{}:‘ﬂ@ %o&.ﬁi

of a mnor anoun an ac vator, suc SR aSSI
acetate, i85 recaonewlsowestthe Gse of alloys. Thecatalysthbﬁrepﬁ‘adbyﬁ@reg%aﬁ}%%é%pdnmaaes

the use of a catal yst erel n pal]adiumis depqQsit.e
catal yst suppor t39YfAuE fo th lwﬂﬁe‘teﬁm%mmn&ﬂwolﬂe@emov e SypRort by

wherein | ess t hggguetion. 10%of the total pore volune is attributable to

m cropores having a dianeter of |ess than 30 Angstrom The usual
i nert substances sucW¥.-8PatiNa. (3;763&@76130194%#9&%‘&500% iiim, igold; and an alkali

Sui tabl . Suppor (Rl SO X bl koA e dRnER o gl ORAMEE | 0°

from et hyl@&ne ambhndnyny exnde,toh sihme,aluymnum phosphate, etcswitivau squesus smmneg of4 ed

vmthasolutlono aII tate cadm et a an ot assi u
acetate in acetl Hnt g&ﬂ%’?ﬂd r#ﬁ‘gaﬂ(‘: & resu t‘ﬂgmxg’rgt ‘ﬁy'ﬁs’ g“‘

Patent 3,822, 30 1d &ufts BRTeduRed Wtﬂm@ﬁeﬁlh&bﬁt@by%&&i@ ?ﬁtaﬂ}iﬁbatalyst
cont ai ni ng 0. 6- gra i ter of palladiumand O grans/liter of gold
on a silica suppvihen W‘ WM’%@"-‘&W@FB@B“mféPd@&IﬂF%taW‘é“Pm dryms is
precipitated on,g%? gl yst support by use of an aqueous
solution of sodiunih

OXIde in a quantity equal to 1-110% of the
absor pti v&5 itishBatt Uodf,3:t3m9§awpgcsta palladmm-gold catalyst suitable for the

preparation of vinyl acetate. It can be established that the process of this patent results in the
palladium salts being deposited throughout the catalyst support. The catalyst is prepared by
impregnating the catalyst support with a solution of palladium acetate, barium aceto-aurate
and potassium acetate in acetic acid and subsequently drying it. The catalyst is disclosed to

20 be a palladium éalt and other additives, such as gold, gold salts, alkaline earth metal salts, and
alkaline metal salts supported on a carrier.

Published Japanese Patent Application No. 48-10135/1973 describes a process for
preparing surface impregnated supported vinyl acetate catalyst. In a preliminary step a small
amount of reduced metal (such as gold) is deposited throughout the porous support. This is

25 followed by impregnation of the required amount of palladium catalyst which thenis -
deposited on the surface around the preformed metal particles. The palladium catalyst is
deposited as a surface Iayer which has a thickness of about 15% or less of the particle ratios.
The use of alkali metal acetate salts as a co-catalyst is recommended.

British Patent Specification 1,283,737 discloses a method of preparing a sﬁpported

30 metal catalyst by contacting the support with a solution of a compound of a metal such as
platinum, palladium, etc. and converting the deposited compound to the metallic sﬁte, the
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U S. 4,048,096 describes the manufacture of a vinyl acetate catal yst
wherein the di ssol ved netal salts were absorbed on the support
froma solution equal to the pore volunme 20 of the support by
mechani cally tunbling the supports in a rotating vessel. The salts were
then fixed wt wi t hout drying the salt-|oaded support

U -S. 4,087,622 g’é@%@es a pall adi umgold catal yst manuf actur%%"%sfagﬁm

t wo- st ep i mpr.egnati on and precipitation process.

U S. 3,775,342 describes a nmethod of catal yst preparation generally called
pore 25 vol une i npregnation. The patent discloses a vinyl acetate
catal yst which provides an interior band of palladiumgold all oy

deposi ted on t hporoas cdtalyst s:mpppdnving Heee hnmgta;&twiﬂmmﬂhﬁhmﬁdion and saturated with

gﬁcgeggﬁ\r/g?ybymh a’tt?l n%lo‘t{“n% paterbr ¥t ﬁﬁpfﬁ*gps' (B¢ Pgﬂt‘g{%yyéfmﬁfltlppéhecatalyst
sol ution of pal bpbttpeliends dslolednl Heupad 80% of tepeil@Padidhi. CThexws bfi fdnor amount

conpounds that are ahle to react_on cat al yst support with the
pal | adi um gol d 9Esnactiygior; guch ‘ss"q“HFHﬁ“Cﬂﬁ umy eeptepis gecgmmendidum and gol d

conpounds gand t hen tﬁ@?ﬁpm 5939, f@di@d&éstheuseofacatal yRSierddh falladiiindsldeponiaad

gol d conpounds into the noble netal’s by treatnent vmth reduci n

3 on a cagystanpporiowthich has a pore volume of from 0.4 to 1.0 ml./g. and wherein less than
PCT/ US96/ 06848 t h

conpounds by wa%?r/ r?é the1 t?ta} gor? g@%‘%&r@%ﬁ"ﬁaﬁw pore% é‘ﬁ%{‘% dx‘é&et%ﬂzﬁfss tl?"et
carboxyl ate, e. dngstfonk dihe ushdl ddertanbstaices suﬁlnastsilibxmidahﬁ&tes,salmhnmhaﬂlcﬂéi er

drying the cat aI st .contains fr to, 30 percent ht _al k”bli nmet al
car boxyl at e. myfxid e,mcomumtm&e E‘!@a‘f?ﬂp %‘iﬁ’@g@@ﬁﬁ‘aﬂ SURSHpor t
was treat suc eI dﬁ?};’p"?‘ a&&z old
-corrpoundsfd;nd t&gﬁgﬂe‘m plrplet [ ﬁut [ I%Qgﬁgégg@e]m sqtnewas %gmbet s

each of the sucmq:part\lﬂmprmaMMthasbhhqmoﬁpaﬂaﬂimnmeta@m@mmmetammdmm
of solution cont ai sal t of the precious netal is

appr oxi mat el y eBEFsate inpceyr e“ﬁﬂ‘?’@%@ porous support. In
that patent OIt herﬁ l;Udsseﬂme;gzz,ﬂlnfmﬁmﬂkmuﬁeﬁ;ﬁda'amybmcamwsco-
precipitated with the and pa | cOo ere

however, no i ndFRRERMEE foéj B“’(%H’]é‘@l ggrtiéj @gﬂgﬁﬁi@{ tﬁg%ﬁst'mﬁ‘tpam

meke a Cai!.ﬁ' yst v&:@i&h&h@h&&&ﬂé@%&lsﬁv&r&ﬁkﬁﬂﬁi@%‘&e catalyst suppoﬁB?ﬁéeQ&‘aﬁr
that the presence of copper is advantageous, either to the ke-rate of

vi nyl aqusous:solution of sodivme hysispxide in aiqugntityeguatto leUW% O%émwﬂv%ar bon
di oxi de or ot hehﬂa@i}“&f‘tﬁé Ex?spmlt.t

U. S. 4,048,096 describes the manufacture of a vinyl acetate catalyst wherein the
dissolved metal salts were absorbed on the support from a solution equal to the pore volume
20 of the support by mechanically tumbling the supports in a rotating vessel. The salts were
then fixed with alkali without drying the salt-loaded support.
U. S. 4,087,622 discloses a palladium-gold catalyst manufactured by a two-step
impregnation and precipitation process. |
U. S. 3,775,342 describes a method of catalyst preparation generally called pore
25 - volume impregnation. The patent discloses a vinyl acetate catalyst which provides an interior
band of palladium-gold alloy deposited on the catalyst support. The catalyst is disclosed to
' be prepared by treating the catalyst support simultaneously or successively, with or without
intermediate drying, with a solution of palladium and gold salts and a solution which contains
compounds that are able to react on the catalyst support with the palladium-gold salts to
30 form water insoluble palladium and gold compounds and then transforming the water
insoluble palladium and gold compounds into the noble metals by treatment with reducing
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appears that the inventors were nerely speculating that any of the sixteen
ot nore netals di scl osed in any concentration could exist in the
final catalyst. 15 Q her patents and publications of which
the inventors are aware descri be catal ysts for t he vapor phase

reaction of acegigossed. ethylene, and oxygen to form vinyl ac?ﬁ\hg%?daﬁs
whi ch contaln copper as a reduced netal conponent. These

catal ysts, however, do not contain any gol d conmponent. These
include U. S. 3,759,839; U S. 3,641,121; U S. 3,671,576; French

Patents 1,566,972 and 1, 583, 899; Japanese Patent Application (Kokoku)
54-8638; Japan 20 . 46033013 (Chem cal Abstracts 76(8):34719a; Japan
46032644 (Cheni @gnts\gad removing the water solublegcompounds by washing, Irdsyecommendedine i e

Vol . 26, No. 9, éa};&,l@b : ‘éﬁfaﬂkt SiMhRedeRpt S
e@?‘g’g%éﬁ?ﬁnﬁg{/ed t eba.g.,glrllc etal gectate onﬁﬁi ng -

have issued dire to the résult
product. Exanpl deying the catalyss sontainsfromd to30 Percintdy weighoalkaliimetalartioxgiate, Soall of

oot o am and g, in Bl 05 o i S bt BSahRaRd°
useful catgl yst phifadfusd m%owmmtah@ﬂaecﬁre&ﬁmﬁndg solution thevatdRat %2 dried béRvedd 2

wherein the netals as salts thereof are conbined and are adsorbed into
the pores of theachnfshesccessivetrratmantse Inpaserolume imngegnationtheampet of salution
si mul t aneously Qg aenin | ' gg@ﬁ,i Iwwmt
wi th aqueous sol utlongao t?)%tﬁ?g |u§ng an lég%&s ﬁgﬂ%‘ég\%ﬁr"g}%ﬁé as
sodi um pal | adi uporons suppde. Imthatpatent thetd is disclesed @2ist dfiotlien metatsewhickemaybesco-

nmetals on 30 the su t recipitati.ng water-inhsol.ubl e pal | adi.u
and gol d corrpouﬁfﬂ”p%“? P@@M‘Yﬂﬁ palladium, ncl COPRY ﬁ‘&ﬂ%g“’!’ﬁ%&dﬂ’ é‘ﬁﬂqn‘f’ﬂ
?1 reacti vep basi ¢n ﬁ@ldlsblbﬁig% ?%&;x%gﬁﬂé@ﬂm\wo MAlEY a4 itdsticontdinly copper as a third metal

PCT/ US96/ 06848 species or that the presence of eopperds adyaptggeou, sithertp thedmake-ratgiof imlim
the onlor de | onoiar8tin /b owthedy ) Rstatp, cabon diphtc ot Mt pirtel P10 €
hydr oxi des to f eppeaysthatshs inyentorsiwens|merelyspaculating thas anyrpf the sirtess ormagmatals
94011091107, i ke sl e b e R, 7219 100 1 s
15 Other patents and publications of which the inventors are aware describe catalysts for
the vapor phase reaction of acetic acid, ethylene, and oxygen to form vinyl acetate and which
contain copper as a reduced metal component. These catalysts, however, do not contain any
gold component. These include U. S. 3,759,839; U. 8. 3,641,121; U. 8. 3,671,576; French
Patents 1,566,972 and 1,583,899; Japanese Patent Application (Kokoku) 54-8638; Japan
20 46033013 (Chemical Abstracts 76(8):347192; Japan 46032644 (Chemical Abstracts
76(8):34718z; and Revista de Chemie Vol. 26, No. 9, pages 719-723 (1975).

Several new patents have issued directed to improved methods and to the resulting
product. Examples of these patents are U. 8. 5,332,710 and U. S. 5,314,858 directed to new
methods of manufacture of catalysts containing palladium and gold. '

25 In accordance with U. S. 5,314,858, a useful catalyst is formed by the method of U.
S. Patent 3,775,342 wherein the metals as salts thereof are combined and are adsorbed into
the pores of the catalyst by the pore volume impregnation method. (1) simuitaneously or
successively impregnating a catalyst support with aqueous solutions of palladium and gold
salts such as sodium-palladium chloride and auric chloride, (2) fixing the precious metals on

30 the support by precipitating water-insoluble palladium and gold compounds by treatment of
the impregnated supports with a reactive basic solution such as aqueous sodium hydroxide

4 .
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5 ; conmpound in contact with the salt-inpregnated support in each stage
IS no nore than that required to react with the water sol uble
preci ous netal conpounds inpregnated in the support. Between the

separate fixing or precipitation stages, the support which has been

i npregnat ed WiwbobBRe4 eactive basic solution is allowed to st@@gpdeshssas Set
perlod of tinme to allow precipitation of the water insol uble

preci ous netal conpounds before the second fixing 10 stage in which
additional reactive basic compound is added to the support.
U S 5,332,710 discloses (1) simltaneously or succe55|vely i npregnating a

Cal 1 Such as iAIREBLD e iivpenilt GF peladicr st S0 oR e et e D atbeips

fixing the pr e%‘ﬁatéﬁb?én%@@hé&l@%m%i oth& a‘ﬂfoﬁy IaRd [4)récdi@in §the precious metal
wat er i nsol ubl e pal | adi um and g ol d conpounds by Tmmersion o

i mpr egnat ed su ides g fipg pall mnmr\dsa@twbgemahnxmpmmnmumda@gaﬁtu@us
sodi um hydr oxi um and
gold 6n %/he sug&e‘}wmgﬁﬁ?&é&‘%@ %ﬁj&%ﬁ&nt{: mp%%gftﬁﬁlgla&ﬂh“ de
ion (or o§her mmmmmmwmmmmarmmemtsﬁgewmmm '
% G step ( 2FoEhta et it e Ak procions metal BBy GIPREREL I B uhi | o
such i mpregnat gRppdP PBEtWaerfthe sépifild Stk dripréciialiGitid Qhéﬂpﬁ&ﬂt%cﬁ%as?&en

| east during theinitial precipitation period and prior to letting the
treated catal ymmmmammvebwmlmwﬂbwdpew&ofommmd timetoi nue

compounds. . et Blecilifioh ety a8l fof iR el foundy hforsthe Sird i

the virgig cat W&hw&ﬂclﬁdﬁditiaﬁﬂtreactwebasxcco mmﬁé&t&tﬁés@bohease 15
mnutes to inprove sel ect|V| toyd‘of the catal yst toward {he 25

manuf acture of vi nyP: iscloses (1) simultaneously gr 5@“%“’&’5’5‘“3’(95"’6‘!‘&?!‘?%‘”3“
al I adi um gol d | i | tals
L ks i i s

anong ot her de ters. According to e cat al yst
consi sts clﬂond@md@nm ghloryden(2) fixing themaeciguy metals gnthe wmambmgre&lmm cle

raeter o 1 AR A o oo iy BB o
~range 0.89 to & reistive lasicisblutiemisuich as dqnemstsedmndwdrbmﬂe whlch inéacts td formrhydfoxides
catal ySt SUDDOLL . e and aplhtlthS S5oet Sk By L, S Uand 8 e B 8
| |53 T/ USO6/ 06848 ion (or offé} &4fny, 248 44) reducing the precious metal hydrox:des to free palladium and
gold, wherein the improvement comprises during fixing step (2) rotating the impregnated
catalyst supports while such impregnated supports are immersed in the reaction solution at
20 least during the initial precipitation period and prior to letting the treated catalyst stand for an
extended period of time to continue the precipitation of the water-insoluble palladium and
gold compounds.
U. 8. 5,194,417 describes a process for baking the virgin catalyst in an inert
atmosphere for at lease 15 minutes to improve selectivity of the catalyst toward the
25 manufacture of vinyl acetate.
U. 8. 5,185,308 claims a palladium-gold catalyst with a defined ratio of precious
' metals among other defined parameters. According to the disclosure, the catalyst consists
essentially of (1) a catalyst support having a particle diameter of from about 3 to about 7
mm and a pore volume of from 0.2 to about 1.5 ml/g, (2) gold and palladium in a ratio in the
30 range 0.60 to 1.25 distributed in the outermost 1.0 mm thick layer of the catalyst support

particles, and (3) from about 3.5 to about 9.5% by weight of potassium acetate.
5
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As can be appreciated by the above exanples of the prior art, the basic

met hod of formng the vinyl acetate catal yst containing palladium
and gol d deposited on a catal yst * support has evolved to one which
conprises (1) inpregnating the support w th aqueous sol utions of
wat er - sol ubl e pwblogdtaean and gol d conpounds, (2) precipitating pcros9606848

wat er-i nsoluble 5 pal | adi um and gol d conpounds on the catal yst
support by contacting the inpregnated catal yst support with a

sol ution of compounds capable of reacting with the water-sol uble

pal | adi um and gol d conpounds to formthe insoluble netal conmpounds (3)

washi ng t he ] ve I.on i
are freed fromthe |n|%%?3§9ﬁe§%%§gﬁa%%%ﬂ°éﬁﬁ ﬁ@%%céﬁl@d%?
conpounds dur i nfpring ehepiiiyd hietate oatalyst ddntaining palladingh dnd lﬁepﬁstb@ﬁﬂhﬂit@st .
pal | adi um and gol d cgar;pou}ﬁ tg tt}?tf rnee rre?al by trggt ment with a reducing

agent. A final support ta onewhichcomprisesi(h)impiegaating the syppastwith AEHFOBhe

reduced cat al ysgoﬁm L‘h&g
and (6) drying t ?’l nal cat al ysg ro uc(%@ﬂl&‘kompounds,&) f7”§tg}an 0 ect
of the pr&sent paliedivmiandgold cpmpoumleomhmcm}lystauppmtwmtaam@xempre@ated

contains a defin uantlt and ratl of pa i N ad i on,
at | east one me vxg‘f s[ohlgo& p@ﬁﬂéﬁ?ﬂ"%ﬂfﬁ“ﬁﬁm@ﬂﬁ# E’{?nl um
on a porous Supﬁllidmmandgoldco ounds to form the insoluble metal compounds (3} tHem THE
| NVENTI ON lIn? has now been found thatpo pagtsl cularly

active supporte@%%ﬁ%@%ﬁt‘?WW‘h@“‘Z@W ch arg;frend from thy instially impregasteder s

from et hyl ene, W& Qﬁ& inbodat ‘.}#B,}éh £ EQPCU%Q'B?E g
oxygen in the g%ﬂ l(!;llse {) g%t eddlt?n er e{gﬁr% g{rcll at nor hg%eéllrles\?gltblgd
pressurel@an bep mmmmldmpmSMahemtﬂmemwhnngdeAﬁnal

manuf acturing t

the prior art rissndl Bkl mioiare) Wiifralng B foduoed cumym i hdhaleid A e
cont ai ni ng coppeeetatesolutioh andi(6)diyig the final Catalyst potiacidescri bes a cat al yst
containing the thirdq 25 .. al co er., Therre al s ich co rls the
useful catalyst of &H’?‘i M‘ﬁﬁ?%‘p "‘“\g'\lp etagﬁ)qag?ys

| east one of rWa@eﬁﬁé&ﬁﬁﬁﬁ?%ﬁh&oﬂﬁ!ﬁﬁﬁwﬁmQﬂd%a&ﬁ&dt@ﬂl&ﬁ%tﬁ&ﬂ
support is fromabout 2 to aboui 14 grams/llter t'he concentration of gold
on the caPal ystofthe group consistingefrhenium andssicaribenon posousisuppOIts gr ans/ | it er
and, when used, the concentratlon of zirconiumon the catal yst
support is from about 0.5 to about 4 grams/llter and/ or the 30
concentration of rheniumon the GIIMMA Jorgit’ M about 1 to about 8
grans/liter.

It has now been found that a particularly active supported catalyst usefiil for the

20 production of vinyl esters from ethylene, lower carboxylic acids with 2-4 carbon atoms, and
oxygen in the gas phase at elevated temperature and at normal or elevated pressure can be
obtained by any of the prior art methods of manufacturing the catalysl: using three or four
metals instead of the prior art recognized two metals or the newly described catalyst
containing copper as a third metal U. S. 5,347,046 describes a catalyst containing the third

25 metal copper. The metals which comprise the useful catalyst of this invention are palladium,
gold, and at least one of thenium or zirconium. The concentration of palladium on the
support is from about 2 to about 14 grams/liter; the concentration of gold on the catalyst
support is from about 1 to about 8 grams/liter, and, when used, the concentration of
zirconium on the catalyst support is from about 0.5 to about 4 grams/liter and/or the

30 concentration of rhenium on the catalyst support is from about 1 to about 8 grams/liter.
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PGT/ US96/ 06848 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The catal yst of the present invention can
be made by any of the prior art nethods for t he manuf acture of

catal ysts usef uyofggisrdelpe manufacture of vinyl acetate by the rpggfibssiesds 5
ethyl ene, acetic acid, and oxygen. O particular value are the nethods

described in U S Patents 3, 775, 342; 5, 314,858; or 5,332, 710.
The support material for the catalyst according to the present invention
can be of any di verse geonetrical shape. For exanple, the support

can be shaped as spheres, tﬁ%
i rregul ar shapes. The geonet ELAILED DES S

material can, in general, be in the range of 1-8 mm A nobst suitable
geonetkical shape is, in particular, the spherical shape, for
exanpl e, spheres wi t Fheitasalyst of the present inventiogsan be made byrany of the prior art mptheds for

supports are gener lod | . T Iy face
area of the sup@gerw éfcq@ﬁ&\?%ﬁﬁl fwt}agp&n%grepfmnyl@%&i@i@tﬁer%ac%%o
exanpl e, ssIppor tethyiehe; mcaticacidandioxhgene Ofpastiouter vahi¢rarethe methods ddscitied WU, S,
nferr]/g and especi al I¥715 &OQ-Egg#;j,err]/g (nmeasured according to
BET) are suit abbatents3, 775,342; 5,314,358; o Ws of support materials which can
be used i ncl ude S |1 QR phly WAMTAIRS! B8 catalyst according  HE pASER: Bivbkion oG008 any

spinels. Silicais the preferred support material-

active netal cauivesssgeametritadshape pEor suample, shs/support pan heishapsd desphetehdabletsitanods

for t he. prepar.at i . | | adi (o] st wherei

zi rconi um and o?ﬁyﬁgﬁ ?‘W&@Fpééﬁ?@%féﬁaw nh%r%g‘gg%é% dﬁenfl\ﬁgs ‘@‘%‘f“@%’ﬁ t

m xture uged f OlmateHal QiR gesttalHe ih iR rirledF Y B mMU ADAGS: suiftbR g@Omeétrical shape is, in
pal | adi um and rhenium and/or zircopiumsalts in an aqueous solution are
adsorbed into t Barticular, the spherica) shapeqfor example, sphsres with digmetersindhe tange of 48 pmyed

in the prior aripas shbvor @ag?iﬂedpﬂls. i npregnati on net hod; the
treated supports are T1xed t Er clpitate the netals into water-

i nsol ubl e conpounds; Thaspetifie areg of the support materisbeaniyprytwithin wishe limits.t Fora
reduci ng agent, . i .

In one net hod f'ggﬁ?é 3 g&%ﬁ&@n@s@é@{%&ﬁ&gﬁ?é 3?@\%’&@8%”%@
appropri ats 100-200 nyg{meastiied acoidingtoBEB)adreifalitebleal t s of pal | adi um gol d,
and rheni um and/ or zjrconi urp are . . ,di ssol ved in, a.sufficient .anmount
of water to .provide Mfﬁqrpéwpg l_“'f‘b“&%?)ﬂfe%gﬁﬁl‘ff(?%a' UMNAUM OXIB% t he
pore volune of llihime Gltes'oPEpiicls. Stk isttle prefertell bugpottidiatial, sodi um

-pal l adium (11) 30 chloride and palladium (Il) nitrate are exanples of
sui t abl e wat er - sol ubFhe gtive sgtal eatalyst can be p @Ayiof thephave-sescaibed methedsfor

| chloride or tet yaohlOLaRNor S philalitnn-gdkf batatide hhbdfn Abkiinh ahFdrthenium metal salts

20 are added to the metal salt mixture used for impregnation of the catalyst support. The gold,
palladium, and rhenium and/or zirconium salts in an aqueous solution are adsorbed into the

i nde iLng regul ar or
RIPTION OF I wigmg_:g; @ﬁ) g reg

pores of the support in what has been described in the prior art as the pore volume -
impregnation method; the treated supports are fixed to precipitate the metals into water-
insoluble compounds; and the metal salts are reduced by treatment with a reducing agent, as
25 for example ethylene or hydrazine.
In one method for the preparation of the catalyst of this invention, the appropriate
» quantities of water soluble salts of palladium, gold, and rhenium and/or zirconium are

dissolved in a sufficient amount of water to provide a solution equivalent to about 90-110%
of the pore volume of the porous support. Palladium (II) chloride, sodium palladium (II)

30 chloride and patladium (II) nitrate are examples of suitable water-soluble palladiom
compounds, whereas auric (III) chloride or tetrachloroauric (III) acid and the alkali metal

7
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PCT/ US96/ 06848 salts thereof can be used as the
wat-er - sol. ubl e gol d conmpounds. The generally avail abl e

tetrachloroauric (111) acid and the sodiumpalladium (1l) chloride are

preferred becaug® dsfsr204 their high water solubility. Zip¢gRRédtigkas
sulfate, zirconiumnitrate, and zirconiumchloride are typi cal

of the salts of zirconiumuseful for the manufacture of the catalyst of
this invention. 5 Sodi um perrhenate is an appropriate salt to use
as a soluble salt for rhenium al t hough rhenium (VI1) hept oxi de,

heni 11| | ori.d | f ul
Typi cally. the TR By e B HAGtito R ani nbPnes e soHErabt SAbMA o
from about 2 towumemmc(mmmma%mmﬁmwﬁmm)ﬂﬁddde efrédPbecaneof 1

t o about 89rams/I|ter of gold, and from about 5 to about 4
grams/|iter of theisdighiwater salybility oZircon w@fmwcsmgmmmm@mmmﬁmﬂem

w11 bo {1 om AbgRcAGe A lobrcbilin S5t or B oo BT AR cptulrt i i

The sol ut ison i sSedismipesrhinate is dncappropriatetsalt tduee as a soluble salt for ghpsinth althoughi ed,
S0l ut i on of sut PeEnEVED bebtori ar Psmiom AL, KElRe are ap viptol e e pisseas Eiveaton.
hours to cause T{ficdli§!t8é quantity of these coiipdufidd éin i&:em&qwh&vwﬂ%mdmm 15
Al ternatively, Lbe fiXi ng steg % be carried out by imersing the treated

supports in fomigbous 1 to ahout msattmfsp!d.m&pmt he
bul k vol une of gm
rotated as for exanp e accorgl ng éo t%g ne%gadﬁbescr Iﬂﬁab& Qﬁxﬁ/gt&o?ﬁmshed

5,332, 7100 whi ccataiymhAdcordmgly,ahepnmateﬂgdiépmhlthem]alysemmmﬁommmmg

R e s e e e R e T

initial stages ﬁfpp@ﬂmmtﬂﬂlmamshmwm&ﬁ$ ls@pbﬁ@ﬁh&@eousalkahne
nmet al corrpoundsso? ch as to the oxides or hydroxi he rotation or

tumbl i ng of t hesolution of sufficient cancsptration for wﬁaﬂﬁlv@woutwgﬂ@twwm

proceed for at L&gfg Qﬂl-,'ﬁnsgl upon initial treatnent and
preferably for at [east one our ot at i on-i mer si on treatnent can

| ast as R8ng as up téltemitiyelysthe fixing step oay tie carieshout bymerﬁegﬁielmd suppods imd
e T, LS8, 28y o s o ST A Y i
the supports to be rotated as for example according to the method described in U. S.
5,332,710, which method is incorporated herewithin by reference. According to that
reference, the impregnaheﬂ supports are immersed in the alkaline solution and tumbled or
20 rotated therein during the initial stages of precipitation of the water insoluble precions
metal compounds such as to the oxides or hydroxides. The rotation or tumbling of the
supports in the alkaline fixing solution should proceed for at least about 0.5 hour upon
initial treatment and preferably for at least one hour. Rotation-immersion treatment can
last as long as up to 4 hours. The treated supports may be allowed to stand in the fixing
.25 solution to ensure that complete precipitation of the water insoluble precious metal
compounds takes place.

Any type of rotation, tumbling, or equivalent equipment which will keep the
support in motion can be used as the exact apparatus utilized is not critical. What may be
critical, however, is the extent of the motion. Thus, the motion should be sufficient so

30 that all surfaces of the impregnated supports are evenly contacted with the alkaline fixing



Any type of rotation, tunbling, or equival ent equi prent which will keep the
support in notion can be used as the exact apparatus utilized is not

critical. Wat may be . critical, however, is the extent of the
notion. Thus, the notion should be sufficient so 30 that all surfaces
of the inpregnatwologsmeorts are evenly contacted with the al kalporashéossssg
8 - WD 96/ 37294

PCT/ US96/ 06848 solution. The notion should not be so harsh
t hat actual abrasion of the insol uble precious met al conpounds

t akes place such that the insolubl'e conpounds are abraded off the

support surface. neral | .the extent of.raqtatjon oul.d be.abo to.10
pr and solS55E . Fhe foubr Fofrtbe o phs Pt Ainknen g Aty arions
utilized and t hgnekiiRbimpotids tfkes place subli fhat GldSnsoRbR/ compolifis @ePMrade@Gffe t he
supports.. The rpmto be used_ is variable and nma al so depend upon

t he apparatus utsppRosicwriaces (Genegallyq the %MWW%&@@MNI #pe1Q spseangs
P et al Lo, . f i PO
oxbr assed above POAMH Ben gy upmiiding U fhe clack sligbtl il oo e EngdiBRe

it is not 50 be precidus nietdl t6 bedéposited onlthe support. The rm pbeiRd iovaiabletand nay
abraded off thelafup ort, surface to an_un c&epl abl degre&. 10
The fixing sol uflsg/depend ipan H¢iapparays Blilized s thg sizg and shape ok the Suppor, thedype of

exanpl e, an ty ' withih e Buidik e dxphsied!

hyd?gxi des, al kasr?poﬁtétl’%ﬁﬂlg@ggl%%ig‘g ang?gﬁrn %é’gﬁn@égﬁﬁia%xp Sicd gpove.

(r:]a(rjbonfa'ées. | t {WWMW%%&,FGOmMH??mm&:Wl um
roxi de or potassiu r oxj de. uent to the precipitation or fixin

Step.“the " P 'camBoldl aiac@aly Sraded e EpponCutice R SRR AeRe. o 0 ao

to renoveyd he ani ons, Tia\Yidhgdsiutibifis dite which corfpises im&lmé’%hﬁﬁnﬁ‘oﬁg%dﬂé,m

contai ned on the support and freed fromthe initial inpregnat

sol ution by t he aguesus silutiomiwhichnootaing slkaliwstal hygraxides, atkali metad bigarbonates| and/of

t he anions are . eq, : I . 1,000
aﬂﬁ“é metal carbSHARY. ¢ ﬁte 1§ Bﬁ'@c&lm@y &%{oy\g? .ati%ﬁs éoﬂﬁi%nsa&%%m&l

ppm of anion sho remarn on ensure
substantial | y cayglrogide or potussiain hyfirokide. Snbssquenttoche precipilition iorl Bxihg step, tiam

the catal yst, the sh_eff nt, can.b ted with silver, nitrate.. T

catalyst 15 i hedoRRPTAgrepmsstsioh S5y BpEE aler Ko SestEantpnidb et e )

under an igert hiordéwhich aréstill SsntdinedVaithe\sippért and freed from the initial impregnating
solution by the precipitation process. Washing is continued until all of the anions are
removed from the support. No more than about 1,000 ppm of anion should remain on the

catalyst. To ensure substantially complete removal of the anions such as chloride ion from
the catalyst, the wash effluent can be tested with silver nitrate. The catalyst is then dried at

20  temperatures not to exceed about 150°C under an inert atmosphere such as a continuous
nitrogen or air flow.

The fixed and washed material is then treated with a reducing agent in order to’
convert the metal salts and compounds which are present into the metallic form. The
reduction can be carried out in the liquid phase, for example, with aqueous hydrazine

25 hydrate, or in the gas phase, for example, with hydrogen. or hydrocarbons, for example,
ethylene, If the reduction is carried out with a solution of hydrazine hydrate, the reaction is
¥ preferably carried out at normal temperature. When the reduction is carried out in the gas
phase, it can be advantageous to carry out the reaction at elevated temperature, for example,
at 100-200°C in the case of reduction with ethylene. The reducing agent is appropriately
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nitroden or air flow The fixed and washed material is
then treated with a reducing agent in order to convert the netal
salts and conpounds which are present intothe netallic form The
reduction can be carried out in the liquid phase, for exanple, w th aqueous

hydrazi ne 25 woldgshed €, or in the gas phase, for exanple, W jdrnbsochcsden.
“hydr ocar bons, for exanple, : ethylene. If the reduction is

carrled out with a solution of hydrazine hydrate, the reaction is
preferably carried out at normal tenperature. Wen the reduction is carried
out in the gas phase, it can be advantageous to carry out the

i | | 0 C
o the Cace of - r NRRYeR B0 i i ler I of of he metal sl aft g&%g BEF Lol y
9 convet%m/tﬁe?ﬂ&ﬂhcform

PCT/ US96/ 06848 | oyed in excess so_that it ertain.that
all of the netal sal 1 anether for the °n°f'@5MPY fithgpresent

metallic form QJ%W aqfu% {
pr epar at. i on of tﬁe | rrpraos\‘/net%iblec%attaé!{é S[pﬁ&? ent hﬂ uslsﬁgtez%:txf%nrt]ammg
suitabl e chtal ysmepMﬂwmlium@mgnmwmmnmmndqhmcwwmn

21 rcont um and ¢ r35eAE bRttt ol T e ofbor ol lf i iinidl bty

gold, and eit hercbﬁlddlﬁﬂtds&ﬁﬁic&ﬁtﬂﬂ bt it isd¢ss UoRVeRiIBM 0 Prbeed in that fashior: OThed
al so be used successiv but I's | ess convenient to prqQceed in that

fashion. The Y°“‘f‘e°3\9 tign @ @@PWZMPP WW%%?#@PQWSEHSWH
with the metal s dfechviiiRp ﬁﬁun,trﬁ%mmeomeugmgﬁa}ﬁ%w«&n%ﬁm @95&9%00%01’

vol unme of the i egnat I'ng sol ution shoul m95 to Yo O
t he absor pPive ggpmmmmmmmmmmmmmpms%om d be

2§I gg;yoe pal | adi um goW ﬁ%&%ﬁ‘?}}lw@%&w%&fﬁé ag!gﬁé? éall%x% g&g %ﬁﬁem um
conpounds, the i arphodgﬂnbmdnmﬂﬂmhm aotpodudseitie fmpregnated supports are driefl iprion® t he
onpounds, e webSTE 4 Bl Be3 SPBORHIGS AR b S5 B ATComRR a4 RS  op | s
divided into at compounds, as water insoluble compounds. on the support. The fixing step is divided into at
15 least two separate stages of treatment with the alkaline fixing solution. In each separate
fixing treatment, the amount of the alkaline reactive compound is no more than that equal to
the molar amount required to react with all of the metal compound which is present on the
support as a water soluble compound. Preferably, the amount of reactive compound used in
each fixing stage is less than the molar amount required to react with all of the water soluble
20 metal compound. The first fixing stage is conducted by impregnating the dried, impregnated
support with the alkaline fixing solution in an amount equal to about the dry absorptivity of
the support. The amount of the alkaline compound contained in solution should be such that
the ratio of alkali metal to anion from the water soluble metal salt be from about 0.7:1 to
about 1:1 molar and the volume should equal the dry support absorptivity. The alkaline
25 fixing solution is simply poured onto the impregnated supports and the treated supports are
allowed to stand for up to 24 hours or more during the precipitation. The second fixing
stage is conducted by adding the undried partially fixed pills to a second portion of aqueous
fixing solution. In this solution the ratio of alkali metal to anion from the metal salt should
be from about 0.2:1 to about 0.9:1 molar. The volume of solution should cover the pills.
30 Preferably, the total amount of alkali metal to anion should range from about 1.1:1 to about
1.6:1 molar for the combined fixing step. Subsequent to treatment in the first fixing stage,

.10
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15 : | east two separate stages of treatnment with the al kaline fixing
solution. In each separate fixing treatnent, the anpunt of the
al kal i ne reactive conmpound is no nore than that equal to t he
nol ar anount required to react with all of the netal conmpound which is

present on the wooes7294 sSupport as a water sol uble conmpound. pFREERBEY
thé anount of reactive conpound used in each fixing stage is |less

than the nolar anpunt required to react with all of the water soluble 20
metal compound. The first fixing stage irs conducted by inpregnating the
dried, inpregnated support with the alkaline fixing solution in

an anount equal fo about the dry absorptivity of . ] . the support, The
amount of the a|%wmwavm F sufficient pericghefiine 1o allost precipiiation

the ratio of al la 3 | 0 : I Wit

from about 0. 7: ?@cﬁ’lﬁi&ke&aﬂ%@gg‘%ﬁ%z ?ﬁé’?@gn e?ﬁyggﬁﬁaﬁ%ﬁﬁg‘ egual
the dry support typieally mili range/fromiabous 2ktal abput Sipurs before theisnpposics agaimirested with
sinply poured onio the inpre ted support.s and the treated supports are
all owed to st angﬁ?qugmﬁ%es 8% qur | ng the precipitation. The
second fixsng Subs&juagiao treatmemdn cieadeonyl firing istage, tiectraardrsuppbrisard dliowed

fixed pills to a second_ portion of fixing, solutjon. In

ueaqus

this sol ution t Hestend agpinfor gf lgast an %@Pﬂt%%ﬁi%fwyﬂﬂlw Qurs MR 1P g

be from about 0'@3‘*&@9@%?9“%?"6‘“@* 16 K vol ume of solution should
referab

cover the pills. ] y, the total amount of alkali metal to
ani on shoul d range f Thetretoent in the:secangd fixingstage can be equivalant €o thatwflthe firsbstagehe

combi ned 11X N0 o2 (029 S50 arkd paltafi4E8 Mopgorts aftimpegnated vith i £Ring 9
PCT/ US96/ 96848  solution at the desirbd'flkiling eéiRentfdtidR.0 Thétofdl Solamb ofWiution isdufitibnf & 2

sufficient period of tine to allow precipitation of the insoluble
met al conpounds.covefdheealpmeiofthe supperts or this first fixing step will vary

support i's agal h tr coiehiaiye, kinhdrt labo Fproguald) B Wl dkedia Bphig agr P frobls
fixing sol uti on designated rotation immersion Sbish &csetforthin U. SeBatent:5332,710.hdn thispracess,
at | enst an adcithe DFSER plPR i bl b2 hune ring sphuigh nRiba B Rifled

to 15 condreih duthigothe Riitiad stages of the pretipitatiaisfuhe atetinsohible metal compounds.

fe et ont e ! Py totaiion or tumbling of he supports i the alkalig fixng sofotion shoul proceed kot t
least 0.5 hour upon the initial treatment and, preferably, for at least 1 hour. The rotation
immersion treatment can last as long as up to 4 hours before the treated supports are allowed
to stand in the fixing solution to insure that complete precipitation of the water soluble metal

20 compounds take place.

As described above, any type of rotation or tumbling equipment can be used as the
exact apparatus utilized is not critical. What may be critical, however, is the extent of the
rotating motion. Thus, the rotation should be sufficient so that all surfaces of the
impregnated supports are evenly contacted with the alkaline fixing solution. The rotation

25 should not be so harsh that actual abrasion of the insoluble metal compounds takes place
such that the insoluble compounds are abraded off the support surface. Generally, the extent
- of rotation should be about 1 to 10 rpm and possibly even higher depending upon the exact .
- support utilized and the amount of metal to be deposited on the support. The rpm to be
used is variable and may also depend upon the apparatus utilized, the size and shape of the
30 support, the type of suppost, metal loadings, etc., but should fall within the guidelines
expressed above that while a small amount of abrasion may take place, it is not to be such

11



wherein the treated dried and partially fixed supports are inpregnated with

the fixing 10 solution at the desired al kaline concentration. The
total volume of solution is sufficient to cover the volune of the
support Al ternatively, the support can be inpregnated in
the second fi Xigglegpdyall€ by a process desi gnat ed r ot gj

Ifmrersion which 1s set forth in U S Patent 5,332,710. In this process,
the once-fixed catalysts are inmersed in the alkaline fixing solution and
tunbl ed or rotated 15 therein during the initial stages of the
precipitation of the water insoluble nmetal conpounds. The
rotation or tunbling of the supports in the al kaline fixing solution should .

proceed for at thattheinsoluble compounds:areaspally abrded it the suppart surfacs te ar uragepptable

preferably, forg.gles! €@st 1 hour. The rotation i mrer si on treatnent
can last as long~as up to 4 hours before the treated supports are all owed
to stand in the fixiThefisal pills ave thien rédosedrie astredm ofeiipiene gapordn agolution ¢ of t he

wat er sol ubl e al, 2 . conpoun t ake pl ace. As
descri bed abovg’g'&@ﬁﬂeg%@’lﬁaﬁ“ggﬁ{vg‘ik?ﬂwmﬂ Fhg equi pnent can be used as
the 5 exact maaﬁmtdmuﬁselﬂfﬂ?ﬁcu fhe RRbly&t prépared|in thi¥\ody i Hendd, the

e

critical, however, is the extent o . rotating notion. Thus,
the rotation sHuterganlsosherprovided withenstomery additivesr Fiws.cfor exampleeadditions of alkali

| mpr egnat ed sug,pégﬂ Ytk ] . ' | | '#ﬂ“
solution. The ro a{alé%%&ggg gﬁ(g'gl %g@&gﬁg@é@%@ﬁ;&g?ﬁé{:ﬁg al??asi on
of the insol ublunsatwratad estersjfimemalefiris doygemdnd oeganic acids. In thisicade, fon akaniphe the

i nsol ubl e conpoupgds, are, aht aded of.f .t he s art surface., Generally, the
ext ent eahfye T RIS s BB A HLATpes ST s o
hi gher degendi gd theadribdie exact support utilized and the anount
of nmetal to be deposited on the support. The rpmto be used is

vari abl e and may al vaceprding tp dheipyention ¢an beuped withpartionlar grivantage in the
h f the 3 . s s [ t but

houl d fal | v Spereiod R apeed ok ek, YRR o8B i i B0 lifand Foruk

smal | anount ofpugiose; shase catalysts adcordirigto¢he inventien which tontiin sificecds the support

WO 96/ 37294

PCT/ US96/ Op84¢ Material and additives of alkalt metal postates arg partiuiarly spitable, Xa the abavs | |/
alﬁra]ged ?f ltlhenehtiﬁmd[grepawu‘gﬂemhﬂ’ ateétats) rb&dﬁﬁﬁl?tﬁﬁ%allsodisﬁnguishéﬁ&@ﬂﬁglacﬁvity
The fixed pills are then r ced,jn a streamof ethylene gas or in a

sol uti on of drate in a manner well known in the art.
EXAMPLE |

20 Silica catalyst support, 250 g, provided by Sud Chemie having a spherical shape and
a diameter of 7.3 mm is impregnated with 85 ml. of an aqueous solution containing 9.24g of
an ‘aqueous solution of sodium palladium chloride containing 18.95% palladium ions, 1.33g
thenium heptoxide, and 5.01g of an aqueous solution of sodium tetrachloroaurate containing
20.02% gold ions. The impregnated support is dried in hot air at a temperature not

25 exceeding 100°C. The treated and dried support is impregnated with 85 ml an aqueous
solution containing 1.76 g sodium hydroxide by soaking the pills in the solution. The volume
of the sodium hydroxide solution is equal to the dry support absorptivity in the first fixing
stage. After the first stage, the base-treated pills are allowed to stand for 4 hours and then
subsequently poured into a second sodium hydroxide solution (250 ml of an aqueous

30 solution containing 1.54 g NaOH). Subsequent to the second treatment, the base treated
material is allowed to stand for an additional about 16 hours. After fixing, the base treated

12
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5 Dependi ng on the use for which the catalyst prepared in
this way is intended, the | atter can al so be provided with
customary additives. Thus, for exanple, additions of alkali nmet al
acet ates are advant ageous when the catalyst is to be used for the
preparation ofwe esz7204 unsaturated esters fromolefins, oXygeRu&edsss

organic acids. In this case, for exanple, the ‘catal yst can, ?or
this purpose, be inpregnated with an aqueous sol ution of potassium acetate
10 and then dri ed. The catal ysts according to the

i nvention can be used with particul ar advant age in the

preparation of vinyl acetate from ethyl ene, gen and acet ic acid in the
gas phase. Forfi?z*’%ﬁﬂél'-"*ﬂ'm"’“i;hly“’ﬁﬂh@dﬁﬁ'&‘é‘¥ ?éteé r&mygqtéle dedonstoEs t he

i nvention whi cPﬁ&?m, [
addi thves of alkarll %%Sﬁ%%@%@ﬁ’?’?gﬁ@%ﬁ? y Sul twﬁwl?hb@ﬁgo%bo ve
15 ment i ondmimfoemprmnmuelycﬂhoumyThm)Btmdnalmtdenmcmnmm nitrogen flow at

(I;IX,SA:I[\/IIDE%wlShed b¥ hlega%ac% I"“"é‘i}‘f“bﬁs‘)'%-t ‘VE’? sel CtIVI %anﬂur%g ong I |fe
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| npregnated with 85 . of an aqueous sol ution containin
an aqueous sol GY?TG“PWB@F ér’r\"B@laF&'moaPheEﬁPGFﬁ“ﬁe %rﬁw Wln%xsggpgegnated

pal | adi um i oNSs 4ith-ar luth é)ﬁ,gt H(Qwﬁe&%a%o geous
solution of sodiumt tepg%ﬁ%roggarate cortt al ba&u& 8’%9?00 I ons.
The i npr egnat eedqualitatbe dryiabsatptivity of theisopposi. rTiatcatalystemhmdat artenpwamtz‘@f 150°C.
exceeding 100[err]C. The treated and dried support is inpregnated with 85

m an aqueous . solution containing 1.76 g sodi um hydroxi de by
soaki ng gighe pills in the solution. The pRAMPLE?2 of the sodium
hydr oxi de solution is equal to the dry support absorptivity in the first
fixing st age. After the first stage, the base-treated pills are
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- containing 1. 5theghési@hlhepttxide.c fueach of thei fixingsstepsrar atjuenas solotion 6f %249 N2OH is

treated . material is allowed to stand for an additional about. 16
hours. After fP¥8ng, the base treated
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EXAMPLE 3

The catalyst is prepared on the same support as used in Example 1. The support is

impregnated with 85 ml of an aqueous solution containing 9.24 g of an aqueous solution

20 of sodium palladium chloride containing 18.95% palladium ions, 1.59 g. zirconium
sulfate, and 5.01 g of an aqueous solution of sodium tetrachloroaurate containing 20.02%
gold jons. Precipitation is accomplished by adding 283 ml aqueous sodium hydroxide
solution equivalent to 120% of the stoichiometric equivalent needed to convert the metal
salts to their hydroxides. The flask is immediately rotated in a roto-evaporator (without

25 vacuum) at approximately S rpm and rotation continued for 2.5 howrs. After 2.5 hours,
the rotation is stopped and the alkaline treated supports allowed to stand for an additional
16 hours to insure maximum precipitation of the metal salts as the insoluble hydroxides.
The flask is drained and the alkaline treated material is washed with distilled water to
remove the chloride jons. A water flow rate of about 200 cc per minute is used for

30 approximately 5 hours. The catalyst is reduced with an aqueous solution of hydrazine
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material is thoroughly washed with distilled water to renove the chloride
ions to an acceptabl e level which is at nost 1,000 ppm chl ori de.
The-water flow rate is about 200 cc/mn for approximately 5 hours.
The catalyst is dried under a continuous nitrogen flow at a
tenperature of RepBHFAe4 han 150[err] C. The dried catal yst is regGaEeisid 2
reducing gas 5 containing 5% ethylene in nitrogen at a tenperature
of 150[err]C. The reducing gas is passed over the catalyst for 5
hours at atnospheric pressure. The reduced catal yst is inpregnated

w th an aqueous sol ution containing 10 grans of potassium acetate at a

sol ution vol une equal to the dry absorptj vi of the_support. Th
catal yst is dri e@d@a&l#%gﬁ;sﬁ%%b@t Tpep tepperet foxr@%urs. Pﬂf""-"gwasthedmde
EXAMPLE 2 : cﬁ%ﬁﬁﬁ &ﬁuﬁﬁ@@ﬁ- i - 59
g of zirconium s%?%daﬁoglihggﬁaéta{' of'ng?ﬁé%g“&ti t he rkﬁrgétle%m ep o%g@éﬁ‘m&eac
of the fixing steomtaining 4@ gramsof potassiim aceldte At £solgtidiaohimesequal to the dry suppost

15 . s < g EXAMPLE 3

The catal yst is Jheeahtivityand the rtalystisdded, ¢ as used in Exanple 1. The
support iss i npregnated with 85 nml of an aqueous sol ution
containing 9.24 g of an aqueous sol ution 20 of sodi um pal | adi um

chl oride containing 18.95% pal |l adiumions, 1.59 g. zirconium

sulfate, and 5.01 g of an aqueous solution of sodiumtetrachl oroaurate
cont ai ni ng 20.02% gold ions. Precipitation is acconplished by
addi ng 283 m aqueous sodi um hydr oxi de sol ution equivalent to
120% of the stoichionetric equival ent needed to convert the netal

salts to their hydroxides. The flask is inrediately rotated in a

rot o-evaporator (wthout 25 vacuum) at approximately 5 rpm and
rotation continued for 2.5 hours. After 2.5 hours, the rotation is
stopped and the al kaline treated supports allowed to stand for an

addi ti onal 16 hours to insure maxi mum precipitation of the neta
salts as the insol uble hydroxides. The flask is drained and the

al kaline treated material is washed with distilled water to renmove
the chloride ions. A water flow raté of about 200 cc per mnute is used for
30 approximately 5 hours. The catalyst is reduced with an aqueous

sol ution of hydrazine
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hours.

cat al yst

Emm ,u,’ Em (12/1 excess) at anbient roomtenperature for 4
d and dried for 1 hour at 100[err]C. The reduced

S |rrpregnated With an ont ai ning 10 gramns of

pot assi um acet atypga§zmass0l Uti on qumeHEE]IJHAStBEEN dry support 60684
absorbtivity and the %t al yst isjdri ec_prL_ACED PCT0S9 8
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WHAT IS CLAIMED IS:
1. A catalyst useful for the vapor-phase manufacture of vinyl acetate from acetic

- acid, ethylene, and oxygen which consists of a porous support containing deposited

thereupon metals comprising from about 2 to about 14 g/l of palladium, from about 1 to
about 8 g/l of gold and at least one metal of the group consisting of about 0.5 to about 4 g/l
of zirconium and from about 1 to about 8 g/l of rhenium.

2. A catalyst of claim 1 wherein the catalyst consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of palladium,
from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/l of zirconium.

3. A catalyst of claim 1 wherein the catalyst consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of pailadium,
from about 1 to about 8 g/l of gold and from about 1 to about 8 g/l of rhenium.

4. A catalyst of claim 1 wherein the catalyst consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of palladium,
from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/l of zirconium and from
about 1 to about 8 g/ of rhenium.

5. A method of preparing the catalyst of Claim 1 comprising; impregnating said
support with water soluble compounds of said metals, converting said water soluble metal
compounds to water insoluble metal compounds by immersing said impregnated support
in a fixing solution containing a compound reactive with said water soluble compounds to
precipitate on sa1d support said water insoluble metal compounds and while said
impregnated support is immersed in said fixing solution tumbling said xmpregnawd
support therein for at least 0.5 hour, completing precipitation of said water insoluble
compounds, washing said support and reducing said water insolible metal compounds to
form free metals on said support.

6. A catalyst of claim § wherein the catalyst consists of a porous support
containing deposited thereupon metals comiprising from about 2 to about 14 g/l of palladium,
from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/l of zirconium.
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14 : S CLAI MED | S: 1 A nethod of
preparing a ,IH" J for t he vapor - phase manuf acture of
vi nyl acet ate forh ase et hyl ene, and oxygen whi ch consists of a

por ous support conta|n| g—ce gyron metal s conpri sing
from about ? toyabednod 9/ 1 of g% from abo os@&put
8 g/l of gold ar?gtpat east one metanﬁof R 8& D rn si sting Herhushél
about 0.5 to about 4 g/l of zirconiO0mand fromabout | to about 8 g/l of

rhenium said

7. A catalyst of claim 5 wherein the catalyst consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of palladium,
from about 1 to about 8 g/l of gold and from about 1 to about 8 g/1 of rhenium.

8. A catalyst of claim 5 wherein the catalyst consists of a porous support

5 containing deposited thereupon metals comprising from about 2 to about 14 g/l of palladium,
from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/l of zirconium and from
about 1 to about 8 g/l of rhenium.,

9. A method of preparing the catalyst of Claim 1 comprising; contacting said
support with at least one of said water soluble compounds of said metal to impregnate the

10 water soluble compound on the support, converting said water soluble metal compound(s) to
water insoluble metal compound(s) by contacting said impregnated supportina ﬁrst'ﬁxing
step with a solution containing a compound reactive with said water soluble compound to
precipitate on said support said water insoluble metal compound, contacting said first
impregnated and fixed support with at least one other of said water soluble compounds of

15 said metals to impregnate the water soluble compound(s) on the support, converting said

' second water soluble compound(s) of said metals to a water insoluble metal compound(s) by
contacting said impregnated support in a second fixing step with a second solution
containing a compound reactive with said second water soluble compound to precipitate on
said support said second water insoluble metal compound, and thereafter reducing said water

20 insoluble metal compounds with a reducing gas to form free precious metals on said
support. .

10. A catalyst of claim 9 wherein the catalyst consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/1 of palladium,
from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/l of zirconium.

25 "11. A catalyst of claim 9 wherein the catalyst consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of palladium,
from about 1 to about 8 g/l of gold and from about 1 to about 8 g/l of rhenium.

12. A catalyst of claim 9 wherein the catalyst consists of 2 porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of paliadium,

30 from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/l of zirconium and from
about 1 to about 8 g/l of thenium.
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met hod coW@’s?%E: | npregnating said support wth water sofubte—conpounds

of said metal s, converting said water ounds
to' wat er insoluble netal conmpounds by i M“]ﬁﬂﬂgﬁgjﬂmﬁ)egnat ed
support irwﬂe{jrggl' Qg,AqM_g;]gi[%n containing a 10 * COITRO ive with
sai d wat er soluble conpounds to precipitate on said support said

wat er insol ubl €. et Almethodelpreparag catlys usefubifor tipr eposphake sugnadicture of

imersed in said . fixing solution tunbling said inpregnated
support t Héndiagetpts from agetigscic etvigsgy and oxygen whichiongisstof apopussuppartit i on

of said er.i.nsol ubl nds shing said su rt .an

r educi ng\_,\géft&l% g;;)%?xﬁgdoﬁl%ﬁﬂggmegls ocfﬂ%rbﬂ% OWOa%ng%tcf ?%Oé‘grir%?gl% on said
SUpROr t.  phftadium, from about 1 %o abouf'8 QALGHRRS arkdf at Geadt Sie mBRAEHEMP ot LALMiNS!
consi sts of a porous support cont al ni ng deposited thereupon

met al s cowpebait O forabouad gl tof 2ircanianant fibdn abdut dfto about 8 g/l of thehiuagsaid from
about | to about 8 g/I of gold and fromabout 0.5 to about 4 g/l of

zi r coni ummethod comprising: 1mpregnatingsaihSuppoEWigh watezispiublegrmpaunds pbsaidt al yst

comr si nieromonRiee SAREvRE Rty i Ghibolnd s VRRE S md BERY T dhout
s " A carap@inds Dy filhetsHESald MUPreGAIE hobf 394 thafk Sbdh o SERIngR

support  compound reactivei withh gaid eyaer dohublé bemponls topteipitat® 6P kaidisigpdrt o4
about 2 to about 14 g/l of pal I adi um from about 1 to about 8 g/l
of gol d awatef irseiwttie meta) compgurdsynd whilg saidimpregnated sypporbisiimmensed inrsaid

b b /1. 0of rheni . . hod of
or apar | ngt 8 gp pertupbBee el b Tisansd supoos hesein ok At 00 btk °
vinyl aceidietind fiebfiftation BF s#ld vl ingdiinle AMpBUNAC WaAthing VoAb 3T @

por ous suppor cont ai ni ng deposited therelpon nBtal's tonprising

f r om abouted@cihg saidomiterl ihsolubleahetal compoundpad fardi free nfetadsronkaidtsuppdre. about 8

g/l of gold and at |east. one netal of the group consisting 30 of

abbut 0.5 to about Asaiplyst ef claim d granein daricatalyshcansiets of aperaws suppast g/ | of

;2?3' :/Jvzr;t ecrongaérlxiug Idg&g%%%glﬁfﬁgépog%ettgﬁtcbﬂx%ggﬁlg ro%'lljgl?oourtt?, t\émahguialh gl/legis t one of
palladium, from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/ of

zirconium.
3. A catalyst of claim 1 wherein the catalyst consists of a porous support
20 containing deposited thereupon metals comprising from about 2 to about 14 g/l of
pailadium, from about 1 to about 8 g/l of gold and from about 1 to about 8 g/l of rhenium.
4. A catalyst of claim 1 wherein the catalyst cdnsists of a porous support
containing deposited thereupon metals cbmprising from about 2 to about 14 g/l of
palladium, from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/1 of
25 zirconium and from about 1 to about 8 g/l of rhenium.
| 5. A method of preparing a catalyst useful for the vapor-phase manufacture of
vinyl acetate from acetic acid. ethylene, and oxygen which consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of |
palladium. from about 1 to about 8 g/l of gold and. at least one metal of the group consisting
30 of about 0.5 to about 4 g/l of zirconium and from about 1 to about 8 g/l of rhenium

comprising: contacting said support with at least one of said water soluble compounds of
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sai d rret 5‘148t0 I'npregnate the vvater”“mmm"“u(ummnb on the support,

converting said water l'etneeals conpound(s) to water

i nsol ubl e metal conpound(s) by contacting said i mpr egnat ed
support lsmdanétalrtstmﬂpregmatg th¢ eptensoluble waipoundon dersupport rapnsertingsaid rvhter
reactive th said water sol ubl e conpound to precipitate on said
suppor t §@1Phl°\m@fé3r cqm@,%mdfﬁ)éo wetez insoluple metal corpprymd(sd by contagiing said sai d

5o o ver SPPERRHER sORROR B S rsCHPRE Hen Miba Rl PR R BBineBhdaneei v o1 b
conpound (xﬁgh sa d wate: soluble @oh?@uﬁ@%@élpltﬁt@ BH @.ﬁxﬁ'sﬁﬁpoﬁ'ﬁéﬂd Hatd '?ﬁ’som@heﬁa? | ubl e

conpound(s sald netals to a water I nsol ubl e net al

cogpound (:smpbzynd; cottacinignegidArsdimpregeagedetiimdmoppért withat deasoort dthetiafg st ep
with a second sol ution containiing_a conpound reactive with said second

wat er sofaiMatergoluble compaiings ohsfld Jrefaleto impregnateghe S‘@FQ! sgmblfcﬁommné(% econd

l.ubl |
wator 1 nOBEEei iR 1?}8 SHidGree i et soluhle poPRERD o salt A fls a0 a Skt
preci OusltﬁS&fgleSm@ﬁl Séthpb @‘B?tcontactmn said 1mpre%nated spport lﬁ‘a%@écﬁ'&&ﬁ&npétcg' ai m

5 wherein t cat al yst con a porous stpport cont ai ni

deposi t edithlaeseeombsoluridnadontaining bicompguhd reactineowith 8aitl gecdnduvatérisoliitie of 15
pal l adium from about 1 to about 8 g/l of gold and fromabout 0.5 to about

41¢/| of compound to prq:pm@gm)m said support said second watey insoluhle-metai mp@fndcargl m5

wh t al,yst t f t
dopost | clrerRBRLALna St et R var A BB vish ageduring sfe Ry e

|1 adi it t8/|f Id and f bout 1 to about 8
01 of rRsechEmgYeth shid' QuipRget B9 0 O 0 G lai ms wherein the

cat al yst consést s Aodatalyspof olaim Suplneein the catalyst conﬁ@t@bﬁhlpbr@sdanmﬁi ted
t her eupon netal s conprising fromabout 2 tao about 14 g/
pal | adi mﬁntmnmmdag@medi areupepdnetaly cgmprising Jenng abow 2ftp@hwibl&lg/l of 5 to about

qu/ | of palladium, from af)ou(icmo a@o&%’g/ﬁ of golgbohl tfro b%u?Bg% agogtu g/? b " heni um

zirconium.
7. A catalyst of claim 5 whérein the catalyst consists of a porous support

containing deposited thereupon metals comprising from about 2 to about 14 g/l of
palladium, from about 1 to about 8 g/l of gold and from about 1 to about 8 g/l of rhenium.

20 8. A catalyst of claim 5 wherein the catalyst consists of a porous support
containing deposited thereupon metals comprising from about 2 to about 14 g/l of
palladium, from about 1 to about 8 g/l of gold and from about 0.5 to about 4 g/l of

zirconium and from about 1 to about 8 g/l of rhenium.



