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PALLADI UM GOLD: CATALYST FOR VI NYL ACETATE PRODUCTI ON BACKGROUND OF THE

| NVENTI ON' Thigsy d ion rel'ates to a:novel processifor the pr ' of-
'@Wg{ga vity in viny %Tg)ggé?e

a pal |l adi um lyst 5 with inproved sel ect
production. A well-known commercial process for the:production of vinyl
acetate is by gAyy ABTUMIBGLDCATALYSF FORVIRYE, ACETA TE PR éfALdr gen in
t he presence of a supported catal yst which contai n's"f'pé*%g‘lﬂud;nn' preferred
type of vinyl -acetate catal yst is one having a content of palladi um netal

and 10 gold netal distrilhut n_.the rface of _a support substrate such
as silica or alumina. Pri or%a‘\&gﬁﬁpém&iéﬁ ilyNQﬁi‘éﬁQN be supported

Batont Nonber ¥ BBl kY Gl 6r p3MaHUAR ARyl BGaAL =
4, 087, 62 3yitWindprdvabstleclviRPih Ay acBate fRodikBion5, 179, 057; 5.194, 417

5,314.858; 5,332,710; and references cited therein; incorporated by
ref-erence. 15 A well-known cqminesgigbpracess frdhesproguctionof yinyh gcesate iy thg@as phase

roct un ¢ SHRPE o€ R9IoRE B 40 BREL R BRI of bt MBI PR, o
wat er - solcgfamhsipaliadiinim and gol d conpounds, (2) precipitating and fixing

wat er -i nsol ubl' e pal | adi um and gol d conpounds on the catal yst support by
contacti ng t heA prefereagiispeef daylacstate caiapysbisongiheving A cantgainfpatiadinm metal and

|yt | | le of i ith th -sal uhl | | adi d.
cortd conmsonimenf BRRR R AR Kilnbo iotBlctish & HBeSPP Bbiminas. ()
washi ng the t ek aft refeteRbassvhivh Béscibs ﬁfppbﬁe%ﬁﬁéﬂ}!%nﬁﬂ&lﬁ %ﬁtayslimr g1 hdepnd

fromthe initially inpregnated palladi um an ol a_conpoun during

preci pi t groduatiominglyde)United Beates agent hlumberset, 76 013 G1176,3821 3,822,308:3:28 A%
conpounds taq the f " a I t WM 2 uciJ ent. An
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- reduced %?Bts?'.mt ad feferaiteSGitiRAtEeR) liRbipofRiPby Rtdaneat e sol ution, and
drying thé& final catalyst product. The activity and -selectivity properties

of ¥ support edh stahdasdiprocesydbupreparinigyasting ragetatefcaatysticdnpaining paladinmemidasld: al

form of the pall adi umand gold I&FB'[ al content on the catal yst support
deposited on a catalyst sup%ort medium comprises o

(H imp:é-gnating the support with an aqueous solution of wat_:lf-js'ﬁluble palladium and gold
compoui;nas, (2) precipitating and fixing water-insoluble pall;xdix_x_iﬁj and gold compounds on the
| catalyst support by contacting the impregnated catalyst support \__w_i_t_h an aqueous alkaline solution
20 capable of_ reacting with the water-soluble palladium and gold cééxpounds to form the water-
insolubie brecious metal compounds, (3) washing the treated caté!&st with water to remove
anions which are freed from the initially impregnated palladiunj:_ and gold compounds during

precipitation, and (4) converting the water-insoluble palladium d gold compounds to the free

metal state by treatment with a reducing agent. An optional ﬁn ocedure usually involves (5)
25 impregnat:ing the reduced catalyst with an aqueous alkali metal -E_al__l_;_{ahoate solution, and drying
the final catalyst produ'ct. | -

The activity and selectivity properties of a supported paljlééi:um-gold catalyst are affected
by the physicochemical form of the palladium and gold metalcontent on the catalyst support
substrate, : | L

30 U.S. 4,048,096 describes a catalyst which consists of a pziit_a'dium-gold alloy distributed
as a shell coating on the exterior surface area of a catalyst supporf_t-f §uch as porous silica. The

shell distribution of palladium-gold alloy provides an improved ,s_}';.éce-time—yield activity in a



substrate. 30 U S. 4,048,096 describes a catal yst which consists
of a palladiumgold alloy distributed as a shell coating on the exterior
surface are (iat al yst support such as porous:gilica. The shell '
distributio °o“18’”§%ﬁ | adi um gol d al | oy prgvides an i rrpr oved spBETUSPIROSS el d
activity in a WO 98/ 00232
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di stributfon on a support nlpu tlng the preC|p| ion's fch

t he wat sy prepavingHighlp aetmvecnatalym fat vinghametansiprodndioni axedisélese‘dhﬂ RSN914,858
syrface as _water-insoluble conpounds, In U S 5,314,858, fixing precious
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cat al ystolehlppmeious/mdtﬂ cbh;poumaraegﬂmdad the5uppoit suﬁaderﬁswdwi‘dneiomlﬁe reaction

solution at |east duri ng t he itial, precipitation period. The novel
r ot at i ofPMPAWBHS; U5 sSd6drd fwm Pr§ciols mesaiw the sypRosts @me\@de%mpingamj
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afifect ddseribesdhgig theprevious metals by physically rotating an inlpfegnated catalyst support while

the impregnated support is immersed in a reaction solution at least_'_dﬁ_:_iuring the initial precipitation
period. The novel rotation immersion procedure yields catalysts ih which the precipitated carrier
metals are more evenly distributed in a thin shell on the support surface
The prior art has addressed other physicochemical aspects that affect the properties of
20 palladium gold catalysts which are adapted for vinyl acetate producnon
U.S. 5,179,056 and U.S. 5,179,057 are related references whlch are directed to the
improvement pailadium-gold catalysts for vinyl acetate productmn from ethylene, acetic acid
and oxygen. The described invention catalysts have mcreased_actly;t_y because of a reduced
sodium content.
25 In a preferred catalyst preparation embodiment of the tWo fe'?erences the sodium content
of a supported palladlum-qold is reduced during catalyst preparatxon by washing the palladium
and gold metal-containing support medium with an ion-exchange aqueous solution of a
potassium compound. In the catalyst preparation processes of the ._t__._\__a(_o references, the use of
precious metal sodium salt compounds is permitted, such as sod_iq:%}:‘ﬁalladium tetrachlorate
30 (Na,PdCl,). The added sodium content in the precious metal-ti'e:i\'t_e:'&i";catalyst support substrate
subsequently is removed by washing with an aqueous ion—exchange.:solution.

There is a continuing interest in the development of cataiysi. 60mpositions which exhibit



20 pal | adi-um gol d catal ysts which are adapted for vinyl acetate
production. U.S 5,179,056 and U.S. 5,179,057 are related references which

are directed %gsybgzgznpr_ovenent pal | adi um gol d cat-al;ysts for vi acet at e-
production from ethyl ene, acetic acid andjoxygen. THe descri beh‘%ﬁ%ﬁ?‘q’%
catal ysts have increased activity because of a reduced sodiumcontent. 25

In a pref -' ; ' ' : . t ref erences, the
sodi um coﬁitﬂelﬁ o&;@& g&gﬁ%gﬂgéte ’?S%éf?%dﬂs ﬂ%k@%‘gﬂ’feﬁaﬁeﬁgﬁfﬁi ng catal yst
prepar ati on by Asedrdingy,titis ap abjeerctifuhis sndngon tb providk .aﬁﬁﬁﬁﬂcﬂipﬂgatﬁﬁnﬁ’i@%ﬁ&
medi um wi t h an:i on- exchange aquequs sol ution of a potassi um conpound. In’
t he cat al gatply PheoFHROskton r’f"'g’r Ned carhondinxidesslactivity indayl acetate produaion from

preci ous pRiRhe SRELRS Fhd ounds is permtted, such as sodium palladi um
tetrachl ora?e %0 ! {EI{Ia er?’f}% [err]). The added sodium content in the

precbous net al lttis amdthet objecabfithls isveprion to probRle Fa%hﬁpdi‘f%é@%% @BEth¥ caflyst WRYRds
i Ng

by washing with an_aqueous ion-exchange sol ution. There’is a continu

i nterest ¢sientidlydediunyiine and srcharcteriped by thin paliadiums-gald métabshiellzotting o/Re
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an irrprovec?pgon%ffnafion of properties for the production of vinyl. acetate.

Accordingly, iltissfithepbbjeqiof &fis intsid hi QY per 1 ed

pal | adi um gol d‘cat al yst é‘onp(_)si ti onﬁmﬁlﬁﬁn%%%%@c%%fﬁ%@%%&ggpi gupported
sel ecti vi na?laﬂwgvgwylcaabét for &inyl acetate productiamirar lethiytane, acetiehiid ang oflyg@éidlin
oxyggn. PR | her opject of. this invention to provide a.
supggr t eng\l/lFIrllyf?cgﬁse%lg‘{’féiligzgzﬁ%yé}ﬁs PPRERT-URPIPERAREE Eoictanis|are exsentipyrsediam-fige i 's
char act ergot&givkysak dompoduRdd. | adi um gol d metal shell coating on the support
surface. It is'a further object of this invention to provide a process for
prepar ati on ofOthesobipass andiaqyantagesi af Wreypresknt bvehnjont shhlb besonie/dppacei &osh the
productigon from et hxl ene,. acgt ic acid and oxygen, in 10 whi ch process
all of tﬁgcgrgmyg}gq S l‘?f‘ta-“ r?fﬁ %ting reactants are essentially

sodiumfree

15 DESCRIPTION OF THE INV-ENTION
(jne or more objects of the present invention are accomplished by the provision of a
process for the preparation of a catalyét for production of vinyl ;iéetate from ethylene, acetic acid
and oxyg_"cn, which process comprises _
¢)) imprégnating a porous catalyst support medium with an aqueous solution of water-soluble

20 potassiué-palladium compound and water-soluble potassium-gol-d compound; (2) precipitating
water-ins_’Pluble palladium and gold compounds onto the catalyst support surface with an
aqueous-.éolution of basic potassium salt fixing agent; and (3) reducing the water-insoluble
palladiu'n':i and gold compounds to palladium metal and gold meé#l to form a catalyst with
improved carbon dioxide selectivity.

25 The catalyst support medium is selected from porous sulisi;rates such as silica. alumina,
silica/alumina, or titah’ia, in the form of spheres, tablets, Raschig_,{;,{:}ings. and the like. For
purposes of the present invention, it is preferred that the suppor'; ;ﬁedium has little or no content
of sodium, i.e.. a sodium content less than about 0.1 weight percent of the support medium.

A-typical catalyst support medium is illustrated by poroﬁé_ silica spheres which have a

30 radius of-'_-;l_ -8 mm, a pore volume of 0.1-2 cc/g, and an internal suffacc area of 10-350 m%g.
Commeféial catalyst support media are widely available, such as__'.p'orous 5 mm silica spheres -
sold und_q_xf the tradename KA-160 by Sud-Chemie.



pot assi um salt conpounds. O her objects and advantages of the present
I nvention shall becone apparent from the acconpanyi ng description and _
exanpl es. % s 2 i DESCRI PTHON OF THE_| NVENTI ON One
or nore ob) L% t he present i nventign are acconpl i shed by THSOEPEES si on
of a process for the preparation of a catalyst for ‘production of vinyl
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pot assi um go conmpound; ) precipitating water-insoluble pa um and
gol d cqafladinnicompound had patessium-gokt qupipound uBditable watehsaluble galtaiiom a6l gbidon

of basic potassiumsalt . fixing.agent;.and (3). redygi ng the water-insoluble
OB | acicGmPARGS A5t DSBS bk etaEiouh el i ftaehlorots GFORL SRd Patessimnt or m o
cad al yshiraihicPoddidis QCE r bon di oxi de sel ectivity. "25 The .

cat al yst support lumTs selected from porous substrates such as silica
al umi na, si |Theatohimeofithe agueons impregnating solation preforabily spbeawesn abocabd el 80%
Raschi g rings, and the_ | |{_<% For ﬁ{)ur poses .of the present invention, it is
pr ef er € &he dosPrPUING CaRAGILL AL theg FipRoIt; Whirk isghargeterzed asan "dncipieet um i . e. .

d . i o Qfaskile: di
A typi RS EPnia el SRt pfhokalt EheRF SR sabastliE-BRRRIR he: o
whi ch Rampoandhd the pamidiom @bldlconpbiind fespedtivelyQat B8 ifipre@nated off Melupptel an

internal surface area of 10-350 nferr]/g. Commerci al catal yst support nedia
akl wi sueepssively insaparate:agueoussoBiiodss 5 nm sili ca spheres sol d under the

t radenane - P ) . L
PCT/ US97/ 09 éég ( noﬁéejm%ﬁpél ?rg?esﬁﬁgs‘%%%gggﬁ‘et b iarﬁ)ar_ngf‘/rgd“?ﬂ‘ﬂ?/ 'fh_eac etate
cat al y inpfegnitbé catalysesupporisardatedivitli Hicadqueba sohitiod Wfa Masic pbiaSsininSalt, such
I npregnated with_an aqueous sol ution of water-sol uble potassium
as potassium silicate, potassium carbonate or potassium hydroxide.. The treatment with basic
potassium salt solution fixes }t’he palladium and gold compounds o__r;;.__the catalyst support, i.c.,
15 palladium hydroxide and gold hydroxide are precipitated and are ifxi?_orporated onto the catalyst
support surface. | L
The amount of basic potassium salt fixing agent employed m step (2) of the invention
process is such that the ratio of potassium metal to anions from the -_@ater—soluble precious metal
compounds is from about 1:1 to about 2:1, preferably from about -I,-_Z:l to about 1.8:1. By
20 treatment with the basic potassium salt solution, the precious metz__l_'_:_l,'f‘\:_{g/ater-soluble compounds are
converted to water-insoluble 'compounds which mainly appear to hgif;bydroxides and/or oxides.

Another method of palladium and gold fixing agents as insglﬁxble compounds on the

impregnated support in stép (2) of the invention process is disdo;é m U.S. 5,332,710

(incorporated herein by reference), and is described as a "rotation immersion" process.

25 In this alternative fixing procedure, the impregnated suppbs' rom step (1) is immersed in

the basic potassium salt solution and rotated or tumbled therein dur ing the initial stages of the
precipitation of the water-insoluble precious metal compounds. Th 'got_ation or tumbling of the

support in the alkaline fixing solution preferably proceeds for at !jt__:= -about 0.5 hour upon the

initial treatment and most preferably for at least about 2.5 hours. | otation immersion

30 treatment can be conducted up to about 4 hours before the treated support medium is allowed to
' stand in the fixing solution to insure that precipitation of the preciqg,é!__{;metal compounds is

complete.



pal | adi um conpound and pot assi um gol d conpound. Suitable water-soluble

pal I adi um and gol d conpounds are illustrated by potassium pall adi um
tetrachl or at gy hegasd PACl [err]) and potassium5 ... tetrachl orp@HP% 26
(KAuCl[err]). The volune of the aqueous igmpregnating sol ution prefer alg?y i's
bet ween about 95-100% of the absorptive capacity of the catal yst support,
which i s char aghphink & rdthticHor tafi6link EflipEATLaR Be uBAESILE prddtadd rotation

al ternative procedure, the water-sol ubl'e potassium pall adi Bm conpound an

t he pot assctiomthgo isceffestipofon dontestprall ofahy supportiserfacep ceantnwdth the bisiepatagsim t
10 successj vel y_jin separat.e aguyeous .sol utions. 1n ste 2) of the

nvent | orfalheBluion: Throlaliay Aetif BrHeraR 45 SiIFEAIETRUE NS BrevR nempmun ks ol
cat al yst ). ' i 110] ' lLum
ol 1, SucRHERREbE rallEfLE kgl CRyRRNEPROmIA: HANSE s%bpdt ARREE b RbAASD:
hydr®xi de. TheTligretitior hihmstsion inathod ipeffaetise fonaskieving althihishell Eoatimg ofhe

pal | adi um and gol d conpounds on the catal yst support, i.e., 15 pal | adi um

hydr oxi depaliadiugoand gejdimstaisn the catplysicsuppers surdpcs withes contuolled degrae efthivknesst he

catal yst suppgr yrf e t4Qf .basic patassiumsalt fixing agent
enpl oyed 5&r @@g{l} tﬁ:ﬂm%%%{a ng ':.?ﬁ\s;léa{}rglt’d irlo(r)fgﬁ!r“@?é tgrs.l gggﬁ%rﬁofeﬁé) the, present ﬂ'ﬁfe on,
pot assi urg i shell lcBatdip sPpalAdiGN g0l meBll£on & CAtltipbiauppRt s fize EBAtEbue IP@ENdS
is fromabout 1:1 to about 2:1, preferably fromabout 1.2:1 to about 1.8:1.

By 20  impeosemsent ofgarbpn diexige selectivisy an vinyhaostate proguationdrom ethylepe saceticiacid
met wat er,- sol ubl e conpounds are converted to water-insol ubl e conpounds.
whi naiaﬂf‘fx&ﬁ?ear to be hydroxi des and/ or oxi des. Another nethod of

pal | adi um and gtkkrifixihg Srod&Rng i stp (2N60Ihe MvRnETPIRYEISs Byak hiﬁcig{mf Gﬂgﬁ&s@d
support in step (2) of the invention process is disclosed in U S 5,332,710
(i ncor pomasthetl. hiarthistedbpiques aspeeifie)volumeiof agueeusdasib dtassium salt solatiomrequal to

i mver si on” ﬁr?gcess. ' ure, the

. Ln thi | t ive fixi,
| or eqna RueRUSOROY of fis pisdriss seiaY SehRrEPRBl Hont Rep (P Epliseds & vprent
sol ut i on RaEhOtRAE $helVe Admirhee islaNBwel fo Stikd ﬁkﬁiltpi’&liﬂiﬁiibﬁafﬂﬁti Ggplof the

precipitation of the water-insoluble precious nmetal” conpounds. The rotation
or t&nbl ipabadibmtand goldmmnpouinds isicempleteaal i ne fi xi ng sol ution preferably

proceeds for at |east . about 0.5 hour upaon the initial treatngnt and nost
brof or ably f orAnather duxisk PIBGRAPEIORSteR (01 the Bvemionproess Hmdesaribs imo

tnre S?E ﬁ?é"'ﬁ?f‘% 3‘,555%3 gﬁeﬁ&&e&l Reref @ Hrerte BtithEs REHhO4,qne Bep (3)FRLRE pRYRRRL s
divided into at least two separate stages of support treatment with aqueous basic potassium salt
solution.

20 Subsequent to the invention process step(2), the fixing 's_t_ége by any of the methods
described above, step (3) is performed. In step (3) the fixed supp_§rt medium is washed
repeatedly with deionized water to remove anions (e.g.. chloride jons) which have been
introduced by the impregnating solution in step (1) of the invention process. After the catalyst
support medium is washed completely free of the anions, the catalyst is dried at a temperature up

25 to about 150°C under an inert atmosphere. _ | _

After the step (3) treatment is completed, in step (4) the catalyst support is contacted with
a reducing agent to convert the fixed palladium and gold compo_ﬁnds into a shell coating of
palladium and gold metal particles on the catalyst support surfacé. Illustrative of reducing
agents are hydrazine, formaldehyde, ethylene, hydrogen, and the like.

30 If the reduction is performed with a solution of hydrazine hydrate, the reaction normally

is conducted at ambient temperature. When the reduction is conducted in the gas phase with

ethylene or hydrogen, it is advantageous to perform the reaction at an elevated temperature



stand in the fixing solution to insure that precipitation of the precious

nmetal conpounds is conpl ete. WO 98/ 00232
PCT/ US97/ 09828 g5y type of rotation or tunbling -equi pment can be utilized
whi ch provides a rotation action that is effective for contadATigsoands2ef

t he support surfaces evenly with the basic potassiumsalt solution. The
rotatio ' Taby dcientl entl.e to prevent permanent | oss
o wat oMo R0 ¢, rhe RULLLE BEEN RiEsEHARY if roRlcbrEinaceye assrmpor
sur f ace com criversioriof th -insolUbfe ' ' L S is effective
pldie io e water-inso palladiubshd ﬁﬂi@ahﬁéhﬁfhgﬁ? },{&g ﬂ}se fg?? Tﬁl@f:

for achieving a thin shell coating of palladiu d=go nme
cat al ystfoapPden hydrazineds emplayed. Sieweight ratio dEhydeazing totpréciduranéalsQakes 2

. For. purposes of the

;? g!s Ie n: ?%0?1'\5 ent | (%Qstt\é%? ﬁ'i't?ll%g":‘: te‘?geré%‘ég'ﬁ%ﬁ%lf’lulﬁge ﬁﬂiraam 2\ g9ldeampanunds have

catsal ysbeaieraedd, Giercaniyst SQRbHOMESntaR ibdteatBBHRYENGRbyOfsr@r DO di Oxi de
selectivity in vinyl acetate production from ethylene, acgtoi *acid 10

and oxygen. Ansionally, thepragenpinventimrprocess foreptaly2) preparktivh dafl \iBalhdL4L Pr 0cess
is by an ".l.nci pi ent, wet neﬁﬁ" rresvhod. In this technique, a specific volune
of aquedfditignal procsdyre (step [3)) g gnhange the Hiectixify af the gatalyst iabsuylptetaiet y of t he
ai r-dri gebdacdic. YBie | ) _ ). Js.applied to the support
medi um 9The react | V@Egﬁlﬁ{;}%ﬂﬁghﬁgﬂ;ﬁ?ﬁh&ﬁfggg %‘{Fadﬁﬁl??qd RPEES 151 treatqdomitiyf

t he i nsah apieous Hlution plydtasivomalkambapphr thewped) dbhd fotSiR] zﬁkﬁoaég%gﬁk%
filgi ng rotc):e.dgge for ste é@ Sf t he invention process is describedin US.
5,'814, 858 bS1dDT 108s betyvern AU 210 welghtmerreat, based onitke weightof the Feishedp ( 2)
fixing gdalead ' b ' ar.ate stages of support
et nonr ot unablE pela eIl be inciuR e doMRsFRPr R S8 aceric i

Subs equprepionic adid; butprizrecidyandthedikes step(2), the fixing stage by any of the
met hods descti hed, above, step (3) is perfornmed. In step_ (3) the fixed
support nedi GHRIF Iy,@,BIs8%pt invention catalyst is employed in a vinyl acetate process by

contacting ethylene, acetic acid and oxygen or air with a catalyst h_t}.@mperatures between about

15 100°-200°C and a pressure between about 1-10 atmospheres. Thclx.'_éaction usually is conducted

with an excess of ethylene. |

A present invention catalyst is characterized by a high lcv_e-_llpf palladium metal and gold
n_letal retention, and exhibits improved selectivity in vinyl acetate ;_':__"r_éduction from ethylene,
acetic acid and oxygen.

20 A present invention catalyst can provide efficient prbducti_bﬁ of vinyl acetate, with a
lower yield of carbon dioxide than conventional commercial-type vxnyl acetate catalysts. The
beneficial selectivity properties of the invention catalyst are attribut,_’%ble to the unique features of
the present invention process for catalyst preparation, i.c., the exclijéive use of sodium-free
potassium salt derivatives in all the catalyst support impregnation steps

25 The following gxamples are further illustrative of the _prese;ii Envention. The components
and specific ingredients are presented as being typical, and various r;_lbdiﬁcations can be derived

in view of the foregoing disclosure within the scope of the inventi_(m.;

The Vinyl Acetate Stirred Tank (VAST) Reactor in the EX@n;i)les is a Berty reactor, or 2

continuous: stirred tank reactor of the recirculating type that is run tioc
30 (about 45%). The catalyst (62 cc) is loaded in a basket in the reactor, a measured amount of
acetic acid, ethylene, and oxygen is added in a nitrogen diluent, andf-_';t_be reactor is brought up to

temperature by means of a heating mantle, and the temperature is ihféﬁsured above and below the



repeatedly with deionized water to renove anions (e.g., chloride ions)
whi ch hayve been introduced by the inpregnating solution in step (1) of the

i nvention progResepetst er the catal yst support nediumis washed --
free of the anions, the catalyst is dried-at a tenpérature up 5&%@9%@2{

about 150[err] C under an inert atnosphere. After the step (3) treatnent is

conpl et ed cafalystt Bl fedotion'16 termimteiSifted HpPBkimately P RbS hes te%ﬁepatﬁrefag l@fﬁ?éhnﬂs%

agent to convert the fixed palladiumand gold conpounds I nt'o a sh
coating ofoxpgen cosivensionrisimaintaineds t Rrodycas sriemheasurediby pas-plaise thromasoppmshyt
surface. Illustrative of reducing agents are hydrazi ne, fornaldehyde,

et hyl ene, hydrogen, and the |ike. 30 -1 f -the reduction is

per formed i AfypREsel ution of hydrazine hydrate, the-reaction normally is
conducted at anbient tenperature. Wien the reducti-oan is conducted in the

gas phase wit h Thisixame dlustyds tgerepardtionf agrseritigRation Pa-DEEHa R bye

reaction at an el evated tenperature WO 98/ 002324 ]
PCT/ Us97/ 8¥ndasd meathecysing patassivgm Py sajts andpetpssiumhiydroxide s thy fixjeagent, and

pref erabl % i ' _ sbet e_conversiop of the
vat er - i nsgfgﬂgi e péasﬁ?fggﬁohﬁfg%gie%glc@ggﬁ rri%gltrﬂg sagcﬁ%gryfﬁgﬁf ?%egaqﬁg‘f’ﬁ} e‘BQSlFPﬁ’ When
hydr azi neataicelid mdaskygédin A8 Tiredctdrisgstem. hydrazi ne to precious netal s
ranges from about 10:1 to about 15:1. After the water-insol uble palladium

and gol d conpoénf ¢rcanantity of 5 maeilicaspheresi(KA 60,cidaThemie s wapimpregramtely with)

[ [ t h t b 50¢C. ti | t at i ti .
or odbss "t 8728 pOaTieSSloufaR (5 1 3aKer et andd s kAT B s ensse. T8 ep
(5)) to eﬂﬂﬁ_?_ﬁ@téd‘ﬁxp?@h%idﬁ% Yan@ fthednhfeatediviitly §1.29 ﬂxLVderheﬁﬁygf’aéﬁum hydroxide

production. The pal I'adi um gol d catal st obtained by.{he abo escri
process i solutiam2eGR 8KIOH)aandide dwgated sidica suppartofaspiowed iaustaral foaabaitd 6 Hones.

then drie The potassium al kangat e content 10 can be in fhe range
between ol tiiee SRR A vLRE S waiet GBI Epeeptee AeNBhiesb et gliamer; shod
catal yst. Suit7ht gliefhippohwas@riedROMPE o oud fs hdifs Bﬁdéa%éﬁsg]eﬁﬂ& & The
formc acid, acetic acid, J)rp ionic acid, butyric acid, and the | Ke.
Typiléal | ydredyupporitvas neduced with 5o ethylene insnitrogenay &50°iChfoa S\ionys. Theatdiced
process bglupport was impregnated with 10 g of KOAc in 87.29 mL of water, and the resultant catalyst

was dried in a fluid bed drier at 100°C for one hour. '

The Pd-Au catalyst as prepared had a weight content of 0.9% Pd, 0.32% Au, 8.2%
KOAc, and 945 ppm Cl. '

20 The properties of the invention Pd-Au catalyst for viny_}; acetate production were

determined in a VAST reactor, as summarized in Table A (Cafaiglét .

EXAMPLEII
This Example illustrates the preparation of a present inv;én;tion Pd—Au catalyst by a
25 standard method using potassium Pd-Au salts and potassium hydroxnde fixing agent, and
demonstrates the prdpérties of the catal'yét in the production ofvmyl acetate from ethylene,
acetic acid and oxygen in a VAST reacfor system. |
Following the standard procedure of Example 1, szdc_i;;(fs.13 g). KAuCl, (1.45 g),
KOH (2.86 g) and KOAc (10 g) were employed. : :
30 After reduction with ethylene, the Pd-Au catalyst as pr;:j_aéged had a weight content of
1.0% Pd, 0.41% Au, 7.5% KOAc, and 1000 ppm Cl. h

The properties of the invention Pd-Au catalyst for vinyl ._é;cetate production were



contacting ethylene, acetic acid and oxygen or air with a catal yst at

t enper at ur es -bet ween about 15 1 00[err]-200[err]C and a pressure, .
bet ween ab%;ﬂmﬂﬁzat nmospheres. Thereaction usually is conducted wth an-
excess of efhylene. A present inventiongcatalyst i§ characteFFZUEHYY high
| evel of palladiumnetal and gold netal retention, and exhibits inproved

sel ecti i 4 N Vi Nyl -1 on en acetic acid and
oxygen. &é%&mned in QvA%%%%éﬁﬁ&%%‘%eﬁgﬁﬁ%ggﬁ {/@%‘Alt_vgﬁ!)pr ovi de efficient
production ofa phg YérmadpRirgitest (39 inbnfhs) inuRAtel iigh @ [petfsemﬁmmoﬂ el dpt han
conventional commercial -type vinyl acetate catalysts. The benefici al

sel ect i pplagsiyn splelyst mainggingdpchigh getinitydavel candlexhibited a low langhermbarbots 0 t he

uni que f.eatures of. the.pr.e tin tion process for catal. reparation,
"1, HEMEbeftie) HaRYRRER e EP Mo ERd vl ot - Bu kit
thg catal yst support inpregnation steps. 25 . The follow ng
exanples are further illustrative of the present invention. The conponents
and speBXAMPLEdHedi ents are presented as being typi.cal, and various
modi fi cati onﬁ.c be d%rl ved in view.of thgﬂf oréga?; ng di sclosure within the
tsﬁopéx of the PR @pé?: USRS IR PTePAEPR PEa StiAY ?__K;gﬂé@?%b@fsﬁﬂz P

€ aPP(Iaf's?uﬁx ddawsdlistand Sédibm hyditixidt friihg hEdh® bf ©
the recircu at_-'.l_i_,ng type tnﬁat Els ryunxét %gn%t%ﬁl’t Lbé?(?gﬂgrﬁﬁcoﬁé\?g!r}s"{gggﬁ of
(about disptalyShin thepaidpstion @vinyd acétatel fvanl edylene, actticsdoid andoxygen iLaVAST a
mi sured amount of acetic acid, ethylene, and oxygen is added in a nitrogen
difPuent T2 SX$Rr eact or is brought up to tenperature by means of a heating
mantl e, and rmowﬂgwmﬁd brocRASH BAnpIO) K, o 8/ 00232
PCT/ US97/ 095267 CRral yst e reaction I's t’&%@é@ﬁf%ﬁcé‘p%%g@nm ely
18 hour Bla@H @.04a)ad ROKe (1 g)wrre employedixygen conversion i s maint ai ned.
Products are measured by, gas-phase romat ogr aphy. EXAMPLE | 5
Thi s Exanpl eA%‘F?T {?év?t&%"e‘él ﬁEY@P%ﬁ%Fr PorFalysh agprepared had waighb eorpent af

catal ysi 19¥p& 0.46% Au, 7.7% KOAc, and 725 ppm Cl.
15 The properties of the Pd-Au catalyst for viny! acetate production were determined in a
VAST reactor as summarized in Table A (Catalyst I1I).

EXAMPLE IV
_ - Thls Example illustrates the preparation of a Pd-Au catalyst by a standard method using
20 sodium Pd-Au salts and sodium hydroxide fixing agent, and demonétrates the properties of the
catalyst in the production of viny} acetate from ethylene, acetic acid and oxygen in a VAST
reactor systém. ,
Folidwing the standard procedure of Example I, Na,PdCl, (1 ;_65 g Pd), NaAuCl, (0.75 g
Au), NaOH (1.766 g), and KOAc (10 g) were employed.
25 After.reduction with ethylene, the Pd-Au catalyst as prepared had a weight content of
0.92% Pd, 0.38% Au, 7.98% KOAc, and 750 ppm CI. B
The properties of the Pd-Au catalyst for vinyl acetate produ?_:t_ion were determined ina

VAST reactor, as summarized in Table A (Catalyst [V).

30 EXAMPLE YV
This:'_.;"Example illustrates the p_r,eparation of a Pd-Au catalyst by a standard method using

sodium Pd-Au salts and sodium hydrbxide fixing agent, and demonstrates the properties of the



standard met hod using potassium Pd-Au salts and potassi um hydroxi de as the
fixing agent, and denonstrates the properties of the catalyst in the

producti on ofwgiggkxd}ggcet ate fromethyl ene, acetic acid and oxyggﬂu'?l,gﬁsz\(AST
160, Su

reactor system cc quantity of 5 mmsilica spheres (KA-
Chem e) was inpregnated with 10 87.29 nmL of aqueous solution (5.13 g

Klerr] Pd ]: ' WcTeI o)l GRTY=N,
I mpr egna%%ﬁg%}ﬁgg%?p ré%@g 9 ioglg*,lll ga%%‘#%gﬂh% rtlll eﬂﬁgﬂﬁ%ﬁw@ﬁgﬁﬁ%@ aa\éﬁggus
- pot assi unicamdr systetie sol ution (2.62 g KOH), and the treated silica support

was all owed to_stand for about 16 hours. The-silica support was washed wth
water until ‘a ﬁ@&mme&%anéﬁ@rﬁrpch@mofmuw& hNaiClatleo5e Pab NaAnSHof0. 75815

~dried at @W , : ' gen purge. The 15 dried

support V\égﬁﬁe%%ggemﬁ&@&e @Pﬁg&eﬂaﬂnﬁ)&%ﬁen at 150[err]C for 5 hours.
The seduced supperedu@ion with efyiehs thePd-Aulddtalysohs prePdred Radd weihborbnt Wit er
ahd the resultant catalyst was dried in a fluid bed drier at 100[err]C for

‘one ‘hour . 0.88% Ry 046% Aual §¥ KQAcoadod0aprhel a wei ght content of 0.9% Pd,

0. 32% Au, 8. 29% . KOA d . . Th ' f th
0 32% M. . 2B P P, St v e R SR Y A e,
VAST [ eaoyaisT @i B Rirhtoltn TAbe A (Eadigieayst 1) EXAMPLE 11 Thi s

Exanple illustrates the preparation of a present invention Pd-Au catal yst
by a 25 standard met hod using potassium Pd-Au salts and potassi um

hydr, oxi d?ﬁw ent, and denonstrates the properties of the catalyst .in
thelgrod I nyl acetate fromethylene, acetic acid and oxygen in a

VAST t 5 ' :
] s ey P S ottt eSSy

wer e enpl siymekird ®ethod using potasshimdid-Aw daltstand potaissibmesilivpteciivang agemt,Rokd Au
catal yst as pre-parﬁg had a w?i ht content of 1.0% Pd, 0.41% % KOAC,

. 7.
and 1000 fsgpanetratesthe PRoRsHSSl i cafalysh in the peothuction efgvinyl acgiaty 19*5@ e nyl
acetate pfRMYadil R ¥&Jgen in a VAST reactor system.

15 Following the standard procedure of Example I, K,PdCl.,'( 1.65 g Pd), KAuCl, (0.75 g
Au), K,Si0; (2.0 g of K), and KOAc (10 g) were employed.
After reduction with ethylene, the invention Pd-Au catalyst as prepared had a weight
content of 1.0% Pd, 0.44% Au, 7.6% KOAc, and 665 ppm Cl.
| The properties of the invention Pd-Au catatyst for viny! acetate production were

20 determined in a VAST reactor, as summarized in Table A (Catalyst VI).

EXAMPLE VII
This Example illustrates the preparation of a Pd-Au cata_iys‘t by a standard method using
sodium Pd-Au salts and potassium silicate fixing agent, and dexﬁo’nstrates the properties of the
25 catalyst in the production of vinyl acetate from ethylene, acetic acid and oxygen in a VAST
reactor system. -
Fdllowing the standard procedure of Example I, NadeC_ig*(l .65 g Pd), NaAuCl, (0.75 ¢
Au), K,SiO, (2.0 g of K), and KOAc (10 g) were employed. -
After reduction with ethylene, the Pd-Au catalyst as préﬁéréd had a weight content of
30 0.98% Pd, 0.42% Au, 7.2% KoAc, and 910 ppm Cl. ' .
The properties of the Pd-Au catalyst for vinyl acetate production were determined in a -

VAST reactor, as summarized in Table A (Catalyst VII).
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determ ned in a VAST reactor, as sumarized in Table A (Catalyst I1). A

|l ong term aglei r&g}ﬂ%est (23 nonths) indicated that a.present invention type
of all- pot 2P Rat al yst nai nt ai ned al{}i gh activity |evel , PARYSEHMSH t ed
a low long termcarbon dioxide selectivity in vinyl acetate production in

conpari ] rcial Pd-Au catalysts. 5 EXAMPLE II1 This Exanple

iIIustrmlﬁgﬁgﬁgg:r ation of a Pd-Au catalyst by a standard nethod using

pot assi um Pd-Fis Bakrnble MMébued i Brepelieionl 6% Fd-KhRekaBREKY a (Rl sfio®S
yI acetate

the properties of the catalyst inthe production ot vin rGme
et hyl enspdisgeld-Auesaltsl andhsbdasny gidinate dixing\ogsiit, a6d demonsaates thegyspeetizs dfahé OWi Ng -

the standard proceduy e, .of anple 1,. Klerr] Pdd [err](5.13 g), KAud [err]
(1.45 g)“?‘ah(ébﬁr tgﬁ P6’5{“§5‘° @w@ee‘?‘f@‘ﬁg‘ etixfene.AspicRcandexygen ingl VASTon wi t h
et hyl en AU catal yst as prepared had a wei ght content of 1.1% Pd,
0. Ab06 ATV,

Yo Au, c, and 725 ppmd . 15 The properties of the

Pd- Au cat al yRollbesing/ihe giandard pescedure of Exérnple IyN&#dQﬁt(ﬁBB‘EW, rh&aciéx/eé‘ﬁs
reactor as summarized in T A (Catalyst 111). EXAWPLE IV This a Fe

|
i | ust rd’t‘@sNPﬁéopWé@aB)a?‘? @%(&0 phwers empleyedst by ‘a standard method using
20 di - . [ ' fi1X] t, -.and
demonstr at as Al eafoh B, tEPAAR Sl o5 b TRRR e Gonenrof

acet at e 1{0% Pde0.ugvene, 7.46HOAc,and F6apemBlygen in a VAST reactor system

Fol | owi ng the standard procedure of Exanple t, Na[err|PdC[err] (1.65 g-
Pal0  NaAuC [ dheproperties of the §d-Ancesalyst for gyl peetate gradaption were gtemained in a

enpl oyeq,. fer.r Chi | ot hyl ene, the Pd-Au catal yst as
pr epar eﬂl%%gnaac%ia&ﬁf’mcon edﬁin.gq%&leo}.\ég&)aw&?{}mB% Au, 7.98% KOAc, and 750

ppm C . The properties of the Pd-Au catalyst for vinyl acetate production

were determned in a
EXAMPLE IX

This Example illustrates the preparation of a present invention Pd-Au catalyst by a

15 rotation immersion method using potassium Pd-Au salts and potassium silicate fixing agent, and
demonstrates the properties of the catalyst in the production of vinyl acetate from ethylene,
* acetic acid and oxygen in a VAST reactor system. |
The procedure of Example 1 was followed to impregnate 5 mm silica spheres with 87.29
an of aqueous solution (5.13 g K,PdCl, and 1.46 g of KAuCl,) to _incipiém wetness.

20 The impregnated support was treated with 300 mL of aqueohs potassium silicate solution
(2.0 g of K). Following the procedure described in U.S. 5,332,710, the treated silica support was
transferred to a rotation immersion flask, and the flask was rotated _ﬁ_)r 2.5 hours. The silica
support then was washed until a negative AgNO, test was obtained;_ :

The silica support was dried, and then reduced with 5% etthl_ene in nitrogen at 150°C for

25 5 hours. The reduced support was impregnated with 10 g of KOA_é_;_ m 87.29 mL of water, and
the resultant invention r:zitalyst was dried in a fluid-bed drier at 100°C for one hour.

The invention Pd-Au catalyst as prepared had a weight conté:r\t 0f 0.83% Pd. 0.34% Au,
7.8% KOAc, and 430 ppm Cl. '
The properties of the invention Pd-Au catalyst for vinyl acet;iie product were determined

30 in a VAST rcactor, as summarized in Table A (Catalyst IX).



VAST reactor, as summarized in Table A (Catalyst 1V). 30 EXAMPLE V Thi s
Exanple illustrates the preparation of a Pd-Au catal yst by a standard
met’hod usi ng,sodi Pd- Au salts and sodi um hydroxi de fixing nd
denonstr at es“?ﬁ%’ogggperties of the WO, P8/ 00232 = WSW%”M
PCT/ US97/ 09526 9 catal yst in the production of vinyl acetate from ethyl ene,
acetic a?@@ﬁygen in a VAST reactor system Follow ng the standard

pr ocedur anple 1, NaPdC [err] (1.65 g Pd) NaAud[err] (0.75 g Au),
NaOH (2. 04 g) ThiwBxdfipe ilfubfiags thegrepacatioh@fadd-Au catalyst by a roddtic infreélsiohi on
with ethylene, .the Pd-Au catalyst as prepared had a weight content of 0.89%

Pd, 0. 46%ethed wsimpsodiyp PdAwisaits gng petasyium siisats fixieg ageat apd demonstraten the

catal yst for vi:nyl ; r Is ( rained hn _a VAST .reactor, as
S+ 2 FHees B i s 80K g R S5l e Bty e B 35 o e

i 1] wstrates ART RagRaswtenen of a present ‘invention Pd-Au catalyst by a
standard net hod usi ng potassium Pd-Au salts and pot.assiumsilicate fixing

a_ge'n]t , and 'delFfDHewhxsttﬁs qutatqunmﬁipn em_cgdurﬂ lo€ Exarnple Xt Nafl’\clig;?(lrﬁogiﬂd),i on of
vin ac t et ti Cl 0 n-in a react or
sys%/em ool 075 ¢ hl"—% |‘€8@%{g%§ #&Cf@aﬁ'b%?ﬁ%r@ﬁgﬁw& FRPleYed i e 1,

Kl err]PdC [er [.A]ﬂe? %eocﬁétiﬁn Rith etMﬁg,'ytgg pElAY Oardi9stGs Proparedlal alv%igiﬁyt%roslené ﬁ]g 9

of K), and KOAc g) were enp After teduction wth e | ene,
i nvent i 00.98% Rd; 0: 2% |Azs 7.586 KAy and il 6feppra Chei ght content of 1.0% Pd, 0. 44%

Au, 7.6% KOAc,_ and 665 p . The properfies of the inpvention Pd-Au, .
catl yst for Wﬁ?ﬁ%ﬁ?@é’? gﬁ?ﬁoﬁﬂ&?‘?@ﬁt &éyglyggpetatepl PEhan Werg deterpingddya
react or, \agSHANRE, a8 Shintiariz@Phrable( LREAANIX)Y ) -

The comparative data in Table A demonstrate that a Pd-Au catalyst prepared exclusively

with potassium-containing reactants exhibits lower carbon dioxi_d__e‘ selectivity in vinyl acetate
productibn, in comparison with a corresponding Pd-Au catalyst.ﬁ'(hich is prepared with one or
15 more sodium-containing reactants.

The comparative data in Table A also demonstrate that a -.P_.d-Au catalyst with potassium-
containing reactants including potassium silicate fixing agent such as Catalyst IX, exhibits
exceptional carbon dioxide selectivity improvement in the vinyl a’éetate process. The thin Pd-Au
shell coating in Catalyst IX is a contributing factor in the carbon :d'ioxide selectivity

20 improvemént, as compared to the Pd-Au catalyst with a thicker Pd—Au shell on the catalyst
surface, The rotation immersion procedure provides a thinner Pd-Au shell which is beneficial
for improvement of carbon dioxide selectivity. :

Other important advantages derivé from the use of potassxum silicate as a fixing agent, in
comparison with the use of potassium hydroxide. Potassium sxhcate is a mildly basic

25 compound, and does not attack a silica support medium as does a ;frongly basic compound.



EXAMPLE VI1 This Exanple illustrates the preparation of a Pd-Au catal yst by
a standard nethod using sodium Pd-Au salts and potassiumsilicate fixing

agent, and deowgedzxates the properties of the 25  catalyst in the
production of vinyl acetate from ethyleng, acetic &&id and OWHSSWSMGVAST

reactor system Follow ng the standard procedure of Exanple I,

Na[err]PdC [err] (1.65 g Pd), NaAud [ A{é}é .75 g Au), KZSiCB (2.0 g of K),
and KOAc (10 g) were enployed. After re on with ethylene, the Pd-Au
catal yst as prepared had a wei ght content of 30 0.98% Pd, 0.42% Au, 7.2%

KoAc, and 910 ppm O . The pr opert| es of the P(il, cat al ystéf or . vi nyl
acetate t re neg ST or mmari zed in
Eiéﬁﬁblé pmlyve @iﬁ&fcm 8,80 2 3 2§1xYﬁ§ S%a]‘f Sefechvxty Relative

Tabl e A
PCT/ USQ NF’EEJ?Y&&T e i MMst rQ-Qes EQAprHBardtivite . of
a Pd- Au ‘cat al ys Q&A st 088 o od (H ng 96a7un?.£2- A0088 ti506Nd]. #pdi um

sili cat§ fixi ngl%mgent and denonstrates the properties of the catalyst in
the prodliction ERtassiumy Afdtlate Dddm eKBH ene(.382et9.40 ach, gorng %2 ina
VAST 5 reactor system Follow ng the standard procedure of anple I,

(755" by abd Ko (10 0y wer e ounoyouhOl {0490 249 RET B L)

g), an C g) were enpl oye er. reductton : e
e, and 765 pomar do-ere 2038 QNG iae' g2dno e Qfgzsf for
vinyl agetate [ tion, ygre deferm in a VAST reactor, as sunmmarized
in Table A (Ca{&; SEVER ?Ei nfé’gé Q& 0497 1021 0.084 120 205

VI Potassxum 1.2:1 044 K,Si0, 0232 948 0.093 143 216
VI Sodium 121 042  K;8i0, 0216 1145 0087 122 1.97
VI Si)dium 1.2:1 0.44  Na,SiO, 0419 10.60 0.083 1.17  2.11
IX Potassium 1.2:.1 024 K,Si0, 0.129 8;13 0.106 1.13 1.8

X Sodium 1.2:1 0.19 K,Si0, 0.103 967 0087 094 1.12




This Exanple illustrates the preparation of a present invention Pd-Au
catalyst by a 1 5 rotation i mrersion nethod using potassium Pd-Au salts

and pot assi ugpeddiogst € fi xi ng agent, and denonstrates the Pr opeiTitsdsdshe t NE
cat al yst—-n—the production of vinyl acetgBe from ethylene, acetic acid and

oxygen in i VVAST react or system The procedure of Exanple | was followed to

i npr egnat. umwm "ﬂmﬂ freres with 87CRAIMs of aqueous sol ‘;ﬁ-@é’% BT HASIBEEN

Kl err] Pd g of KAuC [err]) to incipient wetr CED
The |rrpregnat ed support *was treated with 300 nL of aqueous ipoias M

silicate U.tIP é(i 0 g of K). Follow ng the procedure described in U.S.
5,332,71 t‘ﬁH‘P Bed silica support was transferred to a rotation

i fmer si on f | ag ﬁ?ce sdfor tedprkp ét\ﬁﬁmrdita%ﬁ%si fr g??d]%cfi&%ﬁvm rhQ:tha'té fr

support then was hed unt|I a negative test wa talned. The

si.l i ca sugisyene, wencctmdeab,d oaxydert, Ivémlrmdcnsedompmécs $Pypinipragnating & porout tagiyst at
1 50[err]C for hour s. gﬁ red ced s ﬁﬁort was |r£]§regnated with 10
R

g of KméUPnorSme umyithran ggpequs s Hmtﬂ fiPotassiumenadadivm eampound and

ot al yst FetIHIEIP BErafiblpo cct il Gy f@ff‘gﬂﬁ%@?ﬁéﬁﬁ’%&é&*ﬁ%"%ﬁ%@%,
and 430 ppempoundsidro feagaealyst sappoft sutfecedswithndn ayuediss-slutiontoflbysié pbassivth Rk

acetate product were determ ned 30 in a VAST reactor, as sunmarized in
Table A (fean&p  angt) | WO 98/ 00232

P A e aneigs O et DBl TR o bRt 6 AR ks

pot assi Urhétal tb Fernea Catsiysowab efiproved chri@¥ibgide sélegtivitge properties of the
catalyst in the roduction of vinyl acetate from ethyl ene, acetic acid and

‘oxygen 5 e\prosess Hrascondanseavittnelaime I whereiry theteatalyst surport medvemsdn step
S0y T e O, 20 1] (102 8 70 NAG (671 (075

3. The process in accordance with claim 1 wherein the catalyst support medium in step
(1) is in the form of (a) sphcﬁcal structures, (b) tablets, or (c) Raschig rings.

4. The process in accordance with claim | wherein the potassium-palladium compound -
and the potassium-gold compound in step (1) are applied in the same aqueous solution or
successively in separate aqueous solutions.
| 5. The processin accortiance with claim 1 wherein the potassium-palladium compound
in step (1) is potassium palladium tetrachlorate (K,PdCl,), or potassium tetrachioroaurate
(KAuCly). :

6. The process in accordance with claim 1 wherein the basic potassium salt in step (2) is
selected from the group eonsisting of potassium hydroxide, potassium carbonate, potassium
metasilicate, or the like. B

7. A process in accordance with claim 1 wherein the precipitating and fixing of water-
insoluble palladium and gold compounds in step (2) includes a rotation immersion procedure.

8. A process in accordance with claim 7 wherein the catalyst product is characterized by
a palladium-gold metal shell having a thickness of about 0.1 to 0.5 millimeters on the support
surface. |

9. The process in accordance:wi:th claim 1 wherein the reduction of palladium and gold

compounds in step (3) is with ethylene or hydrazine reducing agent.

Thxs Sheet Has Been Replaced’
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After reduction with 3“ ﬂ “I “ l/ﬁ! Au catal yst as pr eparkéd’H@SHEEﬁ\kMSTBEEN
content of 0.94% Pd, OWN LLLg c, and 1165 ppmd . 10 REPLACEDThe
A : .

properties of the Pd-Au catalyst for vinyl acetate producti 6nwere e
det er mi ned YR 8RS reactor,  as summarjzed in Table A (Cat aPGEUSKY0952ph e
conparative data in Table A denonstrate that a Pd-Au catal yst prepared

i oxi de. el Wit 19p BYPoER i AAr O Wit b R e e sigaduel Bie 4paediam
cor r s pajehl BentEik biiwEed aboks0.4 21y &Qghtspﬂ% R%Gg gtht lﬁetgll‘_ggll?%lt kétg\fegg 985t 0.1-

sodi um contal ni ng reactants.- The conparative ain
denonst i AtweeightgieraenRdaskd anghatatalystwedightpot assi um  cont ai ni ng reactants

i ncludin assiumsil.cate,fixin ent such as Catalyst | X, exhibits
except i o%aPﬂ:aiﬁ% RrOgeEssip gecordance W‘Bi@5@%&5@9@&@%@%8&%@1&% hasa acet at e
pr ocess?agjg?ﬁgﬁ:gbm ﬁggﬁqﬁ@g&{” é’JJuP‘iJ-_lbﬂ.C&t alyst 1 X is a contributing

factor arbon~di oxi de selectivity 20 i nprovenent, as conpared to
the Pd- Au ci2.aThs progessiin acdondankewitRdiabm Iswkdrkindn ah béditioha bysdedsierhace. The
rotation inmersion, procedure provides a thinner Pd-Au shell which is

benef i cvaé#lwtdamt?%b%scfwgw&wwaaews&selu&en 9ER petessiym plkagoate activagwr t ant

c . . aluen oE1 peterii plkagosi on
compar | Son St A RESEIIcErRE it R PIACRER] b BB et ReleiR L 1

mldy &este 25 conpound, and does not attack a silica support nedium as
does a strgggW_ basi ¢ conpound. WO 98/00232 ) .
PCT/ US9710988 6 Thoproagssan acoodange with apy ef thegbgye claims whepsin the suppose  Fi xi ng

Shel | impr%aﬁﬁéwéc{ﬁ%\(xﬂtsare &@lﬁﬂ?é&@ talyst Salts I Pd- Au Ratio

Agent Activity. Pot assi um

0.96:1 01532A cataf¥st composition for the gloduétion 8f Vidyl &efd&front el lene lactdc acid
and oxygen, prepared in accordance with any of the processes of claims 1-14.
16. Vinyl acetate prepared from the reaction of ethylcne, acetic acid, oxygen and a

catal.yst prepared in accordance with any of claims 1-14.
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Sod 0, 03 9 67 O 087 0.94

CLA %‘m“ﬂ‘% AEH'"&‘!“H‘EH“‘T";" 1. MV%?E’&? ‘}@59 TPy K% MX,
f or | pE)aRteidond FRfg DidY|  CE1B358 1957 EEEDY Ienema@@t:ucm ,m,n"’w
whi ¢h process conprises (1) inpregnati a POMOLNL, BRSBI yst support rre um
wi t h_an aqueous sol ution of water | ubl e pot assi um pal | adi um conpound and
wat nP"__o ta_.e(asshé)jmg ﬁsw&pﬁﬁ RiGCi pi tati-ng water-ipsoluble

pal | ad™um an_{-_.-a_jg | d corrpounas onto the Pysw,,;ﬁums,y,mf,ﬁg,e W th an
aquL\ous sol ut{fypn of basic potassium sal t{ #i xi ng agent: and (3) redu0| ng the
wat pEDiAnplisant, | e" B o CHANESE M&?dd]ds to palladiumnetal and gold

met to[ gv%sg M’SPW% ‘;Zﬁ’ﬂrﬂ{/@ 94r bon di oxide selectivity. 2. The

pro
ste
Wi t
for
proge

TX 7RO CES qpée with claim| wherdin theUilassi um-pal | adi um
co pg)und and:the pot assi umtgol d ccc;rrpgtunc nitep (1) are applied in the
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in the catal yst support mediumin
e process in accordance
in step (1) is in the

/Qac) Raschi g rings.

4. The

‘This mve;;ti ’

(54) Title: PALLADIUM-GOLD CATALYST VINYL ACETATE PRODUCTION

(57) Abstract i

pmvxdes a supported palladlum—gold catalyst for vinyl acetate production from ethylens, acetic acid and oxygen. The
reactants employed_ .the catalyst preparation are potassium salt compounds which are essentially sodium-free. A preferred invention
palladxum-gold catalyst provides exceptlonal improvement of carbon dioxide selectivity in vmyl acetate production.

A Y
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A-ﬂsuccesm vdl y it separate aqueous solution. The process in accordance wth
claiml. wherein the potassi um pal |l adi unm corrpound instep- (‘I) —| s potasm um
“palladiumtetrachlorate (KPdC [err]). or potassiu _
s (KauC [err]). 6. The process in accor danp3e ‘wWith cm'mﬂ Dxlm baS| C
“potassiumsalt in step (2) is sel ectedifitomthe gr Qup cconsi st'l
.. pot aSSI um hydrOX| de potassi um car bonat@. apgtassi im netasilicate. or the
‘like. 7. A process in accordance with claiml wherein the precipitating and
fixing of\mWétSeﬂrlﬂlmqtiss)l ubl e pal I'adisam and gol d conmpounds in step (2)
includes a rotatjon |rmer |on%t§lroced ure. process for the preparation

of a catal yst “f oP PRYGHUCT FISrPrerarafional agaiatvst @rPFQSh‘F%?fh‘}q Wp acetgstiram aci d

and oxy gethylewbl deBiPAOE 856 o8RRI WIRES plokd SOt «ROhYs catal
~support medi umw th an aquecus ‘sol uf f‘%nssogm &aﬂggﬁlﬂfg Xpa?ln_aporous ca aPVSt

pot assi usHppaltmetiium witnpoaqueowsso lutish et wacersblublenagtasiint palgat %l'ﬁ'ﬁ&lﬂl'dchnd( 2)
_precipi tatl n er-insol ubI e pal | adi um and gol d conpounds onto
~catal yst §Gbg%l¥$ ehPtasmL el Fﬂma?fl@qu&dh%“@&tlﬂglwfdfmdd_dﬁc paljrdins sidigoldal t

fixin a rotation imyersion procedure;
“and (g) re cllnggb?ﬁ? th& %F@%ﬁ@%ﬂr?ﬁ&“%aﬂﬂégﬁ‘ ﬂ‘iﬁeﬁHﬁ*‘CﬂB‘l‘Qj‘ ‘ctchﬁ’p‘blﬁ’ﬁ@s“t"@ salt
pal | adi utixifetaéntangd goI d 14 netal to forma catal yst characterized by a
pal | adi um gol d metal shell having a thickness ot about 0. 1 to 0.5 nmon
t he supper rediiginughe wagr- lﬂlshhlbpir pdledigm zmda,,mrbcbc@apmmdwtd polbiinmeahbier gla t he

d || adi d th ethylene or
hsdlrjgtz: h)rl;a{m(raet u@l rhlgl I&S’éﬁ?““&* %Pwvggg@gggg%r&p*rfgbgté i olnso:‘NI a cat al>lyst for
producti.on -of 2 viThgl r&%@i @la@cdri AP QLY ISRET WRERS e%ﬁfaﬂ ﬁa@’f’%){’%g“mﬁn‘wfh an

_process conprises i npregnating a porous catalyst supp
aqueous (doisut fiben mfalwatrmrbulsmatdal e potassi um pal | adi um corrpound and water-

sol ubl e pot assi ol d conmpound: (22 precipitating water-insoluble
- pal | adi um and’ g'jrhna rocess in accor ance with claim 1 wherein the catalyst support medmm in step

(D) is in the form of (a) spherical structures. (b) tablets. or (¢) Raschig rings.

4. The process in accordance with claim [ wherein the potassiu_m-palladium compound
" and the potassium-gold compound in step ( 1) are applied in the same aqueous solution or -
suceessively in separate aqueous solution. . | _

5. The process in accordance with claim 1 whe're_in the potass_iunl-palladiun1 compound
in step (1) is potassium palladium tetrachlorate (K,PdCl,). or potassium tetrachlorouurate _
(KauCl,). | | | |

6. The process in accordance with claim [ wherein the basic potassium salt in step (“) is
selected from the group consrsnno of potassrum h\ droxide. potassium carbonate. potassium o
metasrhcate or the like. ' ' _

7. A process in accordance with clarm I wherein the precrprtannU and fixing ot water-
insoluble palladium and oold compounds in step (2) includes a rotation immersion procedure

| 8. A process for the preparatton of a catalyst for production of vinyl acetate from
ethylene acetic acid and oxygen, which process comprises (1) impregnating a porous catalvst
support medium with an aqueous solution of water-soluble potassium-palladium compound and
water-soluble potassium-gold' compound; (2) precipitating water-insoluble palladiurn and gold |
compounds onto the catalyst support surfaces withan ¢ '1queous solution of basic potassium salt
tmng agent; smd fixing agent applied via a rotation immersion procedure and -

(3) reducmg the water-insoluble palladium and gold compounds to palladium metal and gold -
This ts the replacement sheet . .
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‘conpounds:6nt’6 Tt he catal yst support surfaces with sol ution -of
basi ¢ potassiumsalt fixing agent: and (3) reduci niﬂ!ﬁ@"ﬂé‘ﬂ“ﬂtﬁﬂﬂubl e
pal | adi um and gol d conpounds to pall adi um netal - and's ' ¥rm-a

catal yst with i nproved carbon di oxi de sejgectivity and-havi.ng_a.palladi um

metal content between about 0.4-2.5 weight percent. and a gold netal

content PRSP Pst clarke @il BN zl?ﬁ[lﬁtﬁ?};%ldg‘g%ﬂ%hgl? h%»ggg %ﬁ%@%g Un of

weight. 11. A process ftor the preparation o al'ys

vinyl acsatat 6. lf od einhyh ersupeet sitfaaei d and oxygen. which process conprises
(1) inpregnati ngl_a porous catal yst support mediumw th an aqueous sol ution

of wat er - sol ubi elhisatracess imacsendnagsi with elaimp b uritreim theradustios of pailogium and gold

pot assi u ' g recipitatin t er-insql ubl e pall adi um and
gol d con&%ﬁ%@dg%%@ lg’c%ﬁglegls‘fengbe%%rfmgﬁ}%&&‘@% Wt an aqueous sol ution
of basic potasgi Wpseds thi prepaRGRsHa cadiMhi (cd)prb@RHUEH Bgvigbﬁac\é@{tee{rérln%ﬁful%l €
pal | adi um and _80I d conpounds to palladiumnetal and gold netal to forma
cat al ystaogfi¢ heidrapd owpgenc whishrprotiesx¢aeprises El0timpregnatingh persuguayst support

pal I adi um gol d wEi ht ratiagn.between aoi&ﬂt 1-1Q. 1. 12. The process in
accor danT&INM W AH ACPURARFEOTHOS WalghsARIF PP@RArMmaladigm compound andaivgist-

product J-$uHI1EB: @t e & - SPLULL AN . of t Lum al kanoat e
~activat O%affuﬂ{%ﬁ&%@%@&%édg‘%nﬁp%@ggr Egﬁg@‘%ﬁi‘%%‘ﬁgi“%@% %@g@%a@ﬁgl ctivator
addi ti vecanspquatiassioule atdi atsappoldsurfibe WitlPseSucb 1€ sAGEH Stasasie pdlakdiuani: of

t he above clains wherein the support- inpregnating reactants are
essent i allYHS deRALMY ree. 15. A catal yst conposition for the production of

R L T e A T e e

bet ween fetdt @ orri@ cand sewifli@bfved 8864 Uidkidé wlecbin! HRBlavRPa palladium metal
coﬁtent between about 0.4-2.3 weight percent. and a gold metal content between about 0.1-1.0
weight.pcrcent. based on the catal_vsf weight.

11. A process for the preparation of a catalyst for production.of vinyl acetate from
ethylene. aceti¢ acid and oxvgen. which process comprises (1) i_n{pregnating a porous catalvst
support medium with an aqueous solution of water-soluble potassium-palladium compound and
water-soluble potassium-gbld_compound: (2) precipitating water-insoluble pzﬂladiu’m and gold
compounds onto the catalyst support sﬁrfaces with an aqueous solution of basic potassium salt
ﬁking agent: and | |
(3) reducing the \\{ater-'i'hsoluble palladium and gdld compounds to palladium metal and gold
metal to form a catalyst with improved carbon dioxide selectivity and having a palladium:gold

.- weight'ra.ltion'between about 1-10.1. _ |

12. The process in accordance with claim 1 whgrein in an additional procedure the
catalyst product is impregnated with an aqueous: solut-_ion of potassium alkanoate activator.

13: A process in accordance with claims 12 wherein the activator additive is potassium
acetaté.

14: The process inc accofdance with any of thé above claims wherein the support-

| impregnatiﬁg reactants are essentially'sddium-free. _ _

15. A catalyst composition for the production of vihyl acetate from ethylene. acetic acid

and oxygen. prepared in accordance with any of the processes of claims 1-14 llaving 'a-s'_hel_l'

thickness of between 0.1-0.5 mm and a CQ, selectivity of at least 9%.
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