PALLADI UM D AND PREPARATI ON THEREOF 5 Field of the | nvention
- BACKGROUND TddooNVENTI ON Thi s i nventl on relates to new and i rigr BMeg)?
catal ysts for the production of vinyl Ft ate by reaction of ethyl ene,
oxygen and aceti c acid. 10 Background I ntor mati on Including Description of

Rel ated Art is_known to p i a e,
oxygen and %"@Eéﬁ%géﬁ st e SIS Radbuf Edr R, Blo, Shotl o
" gold and cdﬁ%§$R@ﬁ§ on a carrier. Whlle the process utilizing such a
catal yst is capable of producing vinyl acetate at fair |levels of 15
productivity, any expedi ent capabl e of achieving even greater productivity
‘invol ving use of a catalyst which in sone respects is easier to produce
than those enpl oyed heretofore, is obviously advantageous. The catalysts
conprising netallic palladi rior to this
|n32nt|on are conventlonalIégg$ggggugﬁﬁ9ﬁgﬁgfggggg @Iudlng t he steps  of

i npregnating a porous 20 support with a single aqueous solution or separate
solutions of water-soluble salts of the palladium gold, and copper; "

r eact i ngFiehkofi thphgnaored wat er - sol ubI e sal ts with an appropriate al kal i ne
conpound e.g.,. .sodium hg&rom de, t "fix" the netal lic el enent

.as
wat or - nsol UbTBSERYRIARIRECE togiew 33d wmvss%méystsafwd P EEASUFHER ehdnYlaceate

i nsol ubl e or hydrazine, to convert the
metal | i cﬁyeﬁg%ﬁfﬁkglﬁeggx taﬁ}ﬂfli C oriré\ This type of 25 process has the
di fadvant age of requiring several steps, sometinmes including at |east two

fixing steps The foll ow nlg references may be considered material to the
i nvent i opackegzeungdnfasmation nghshnﬁa?seﬂw%o Related Avt10) i ssued July 26, 1994,
to Nicol au et ‘?sl o nﬁﬁri?&?c% \ﬂngmé&tmgb9freag{181p§fétﬁﬂefx’eé%%fénya§mtd a‘déz id xfés‘i’rfg

t he producti on o acet at reaction o oxygen

acetic aéltidalrﬁt%ﬁﬁllsﬁm@gf rhélﬁllftgmﬂidlﬁtﬂ, @ld)@ﬂd)tﬂé‘pc?‘éﬂmbﬂed\bﬁ hcmkﬁrwm tel e
salts of palladiumand gold, fixi nglﬁt he pal | adi um and gol d as insol uble

corrpound!i'oé‘?ﬁstuﬁléﬂ@e [Speh ¢ cqig/lyﬁ &f producmgznrwl gcataty eo@rdntp $0fnbl i ne t he

d
b S upaaiuatRe b beReh A AR ch Bl oIS, VG TRRER
NO S, 34catdlf& wHisis iesbneapéRelRas eabidr tolF9dudeqhiiiihbse @hpleyed hetetdfdre9e6bviously
catal ysts for the production of vinyl acetate by reaction of ethylene,

oxygen, afdvan@gequsc aci d, conprising a 5 palladiumgroup metal and/or a

conmpound t her gpof and/.or a n

cobalt, iron, %E&%aééﬁgg &OMPEEGE G e?aﬂquxg%leuggigﬁg%\gﬁgaﬁﬁﬁcgﬁgﬁg&or te t:E‘ef erably
deposi t cielventich B4 BewehtibmlI§ prégared®y 4 probesPaichiting\he stepd SBm?ﬂngnaﬁblE laipafRd
April 22, 1970 discloses a process for the sinultaneous production of an

unght ur Monaﬂﬁm(yngl@ agegoys gelutien oreseparaigi selutions of water-salyble sales ofdhe of 10 an

ol efin, 0 aci,d, and o and t rre ndln ar boxyl i c aC|d
o o " dteAnYeafe. BR8 RonrR pte ki Rr e Yo G T RS A kiR

cont ai n'z{lﬂali’ne%lrrlﬁ?sﬁh&'@‘ CQH&%H{"ﬂwdr&u& t@“ﬁ)@%b@ﬁnc&ﬂh@ﬁ xhent!"aé @a&ﬂ%s@fubl@r e
conpounds of any of various netals, e.g. netallic gold or a gold

compounds, e.g. the hydroxides; and reducmg the water insoluble compounds, e.g.. with
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ethylene or hydrazine, to convert the metallic elements to free metallic form. This type of
25 process has the disadvantage of requiring several steps, sometimes including at least two fixing
steps,
The following references may be considered material to the invention claimed herein.
U.S. Patent No. 5,332,710, issued July 26. 1994, to Nicolau et al., discloses a method of
preparing a catalyst useful for the production of vinyl acetate by reaction of ethylene. oxygen
30 and acetic acid. comprising impregnating a porous support with water soluble salts of palladium

and gold. fixing the palladium and gold as insoluble compounds on the support by immersing
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conpound such as potassiumcurate. U. S. Patent 5,700,753 discloses vinyl
acetate (VA) catal yst prepared by adding 15 organonetallic gold conpl exes
to prereduced pal |l adium catal yst prepared from Na, PdC 4. The orggrqetagl i c
gol d conmpound does not require a fixing procedure. U S. Patent 5,731,4
describes a VA catal yst prepared with non-hal ogen contai ni ng copper .
compound. 20 SUMVARY OF THE | NVENTI ON | nZaccordance with this invention, a
catal yst is provided useful for the production of vinyl acetate by reaction
of et hyl ené furokiympethe émpregnased suppoit dn ardahtiVeoseletzmbiorprehipititel suchaloapivitvdst gnd
" said catal yst bejng, prepared by ste conpri.siLng i npregnating a porous
support, SP%R?QB@FBJ@%%‘?& ‘gléégmB?uﬂﬂﬁit‘gﬁe%W azﬁ]i“h}o talytically effective
amounts of pregred aliGp i < 2 W ' f
ot ass: um car TS {ARANE; s Bl SEMERR0L £ 1888 fo Wl BT, Bsq el bt
catal yti gad thy peddueté yeviayiideratedy reRitiah lof ethyRing, oxiigbrandtacyd acid.RospAGHEed
netallic gold , via use of potassiumcurate, nmay first be inpregnated onto
t he Ssupppatadifil grovpenicta) andier 4 comnogndthiessef, gald prdyor apempeuhdcthersal. end eappemd

Cu conpl exes, ont'q. the support., The use of such catalyst. offen.results in
Cover baftit GPBRH e E ARy 1s80 AL IR ET Ok Ao TPOREd TElRtPrefeEAbl RHopyed on &
accorrpani.s@%r&ymgteﬁgl_hi gher vinyl acetate productivity, tham when various
conventi on catal ysts conprising netallic palladiumand gold are enpl oyed.
0 2 UtC W01 ASBritishiPateneNoal i 88,AZR, ipublishet & peid 23] V050 discjoses a pragesy fecithe

enpl oyi ng, sodi um free reagents. For exanple, the potassiumsalts of the

r eagent s SHRWEANSQRPTAGEIOR OfaY upBtuEatad cAFRONY IISEFId ¢stan PE-SURY Irereiakg. by-repeyion of
I NTI ' b Sl ' ' r oV :
usdPur ' 1 o et BAEGLARNER, Bhd el o WERrhonding BBl o BIE M BRGeeit
and acet fionaits didehyde. heing & sinplersuppareddetabat esrtaining)s patladiine edrapyisid. e.g. an
conprising a porous support on to which is deposited catalyticall

ef f ect | veXidesusek. with ers erimore cpmppunds ofanyyef varioys esaip seg. mefallig geélt(ma@!d

pr epar edga‘?ﬁ@g@ ?‘}CEI%?\F,@&@&A‘%P‘%%'(D i npregnating the support with

catal yti ect anounts of water sol uble palladiumand 10 copper
sol utions, f ol gvesletys, J0dDdiRNRses Beyicicknt: OAY dieal P pasjdréd by aidiei 1
nmetallic form (2% contacting the prereduced Pd/Cu catalyst with a solution
of 1pot as orgampmetalliegold campledescio pieredused paldadium eatelystiprepangd ropaNaiRdCle dlbey
effective_anount .of tallic | d. Alternativel t.he support may ( 1)
first beo&ﬁqu@%@bc %ﬁq&ﬁ(”&pgwdﬁf"%ﬂm&?q%&%ééﬁnﬁr?}{%ﬁffig’iee, reduci ng t he
pot assi um cur ay 8. pAest 5173168 t7aleYdrivesth WA 4thi9st priared Wit hoffhalted lcbigingp! d.
and (2) contacting with catalytically effective amounts of water sol uble
pal | adi uerpped compperd.sol uti ons, followed by reduction of the Pd and Cu to
their nmetallic form The use of the inventive catalyst often results in
| ower carbon di oxide selectivity, which is usually acconpani ed by a higher
vipgl acetate productivity, tdRANVMRY ORTHRAVEERTEON onal 20 catal ysts
conprising nmetallic palladiumand gold are enployed. The catal yst support
mat eri al is cdnposedanot withrthis dhvestibm\aicatplysnjs mbvided usafsl foe the produstion of vinyl
or

i rregul ar shapes, such _as spheres, taplets, .cylinders, rings,, stars, .
ot hor - sh2PRIaLe DYTRAGHRY Of SP eaPrASNESTLH a5 acid Wit arbon dIREids Selpetiitys Fids
about 1 . r : i

G ot or CapBREUind frefiled I ELEEARISAL Rilredndilg 3 PEDuSRBBOR AE Bl s frogs
may be cofipdiettcontainbatalyticdlytdffective ansurssubfiraredaecedametallicyialladiam aldwoppe,
silica-alumna, titanic, zirconia_silicates, alumnosilicates, titanates,

spiiet , VIt & spluten of Rpsassiugy BEHS (KnQahand reducing the RUPTBER 2WRicOidal nay

h densiLy..i : . , .
on ' abeor SREbiealt) chektiye Al e AR IR  PermARBKY, oyl BAllic foid aUoe
support, of poidséiameutdi€any fii bt ilpregnait@dntd Gl sepFor Ifellowdd B tHétimpRgh@&ichbout

3S0, preferably about 100 to 30 about 200 nR/g, an average pore Size in the
range, f diximgangireducodn ebRdiand3tu canpibxastonz®de support. The use of such catalyst often -

results in lower carbon dioxide and heavy ends selectivities, which are usually accompanied by a

30 higher vinyl acetate productivity, than when various conventional catalysts comprising metallic

palladium and gold are employed.



angstrons, and a pore volune in the range, for exanple, of about 0.1 to
about 2, preferably about 0.4 to about 1.2 m/qg. OZDECIUUL 4 1In the
~preparation of the catalyst used in the process of this inventngmttg
support material is first treated to deposit catalytic anounts of palladi um
and copper on the porous surfaces of the support panicles. Any of vari-.ous
nmet hods for acconplishing this purpose nay be used, all of which involve

he i [ f ' | ut i fi bl
- compounds. o oo adrelel SRR ngtlelaef R B RN y iR I seheBRl ' ©
sodi um pajrdaghmBle, the gotdsefubfialt bf fie reapefts B¥tlosdd Re&h MR drigloyeu( 1 1) ,
Na, PdC 4), potaSsiumpalladiunm(ll) chloride, palladiun(ll) nitrate or

pal l adium(l1) sulfate are exanples of suitable water-soluble palladi um
conmpounds, while, for exanple, cupric chloride (anhydrous or dihydrate).
ET 81D SESETION O FHEQRS BN T -BN ony r at )

cupric nitrate trihydrat’e!
.cuprg c sul fate,, i .G j : i : .
wat ejr - sol ubl eelé’oagg%%@gg%n\%ggﬂg. n%%’é‘ljcghﬁhg%l&ggﬁk%r%%ﬁgl : aéﬁb‘ﬁﬁﬁgﬁ"?‘%ﬁ‘gggﬂw‘ ?,lc
chl ori de #@kfatd herdactdres i othlylesd. bsygdearand agetie goidtwiehlobesabimadiokide Belkdtivire osdid
water solubility. The inpregnation can be acconplished by the "incipient
wet ness" GAE!YD GOMBEFIER 1§ PRFOUSRYBIRAT oFF tohiel isdispesited catalysiralboehfestine anepnis pon

used for the.i egnation Ls,fromabout 95 to abput..100 percent. of the
absor pt | VESGMSHAESUEY ep 21 0B SHEPapv S Prere B MR SIRREROTRITBA of 't he
sol ution (15 irpreBnitiidithé RS papoMbt caddlylaBiefit@lveRaiduatiof Watd do BRI adilm A8
sol ution absorbed on the Support is equal to a desired predeterm ned
anolfht .  Teppemsolwipmat folnwed by fizingasd ralupiaveitibe P and Exdorpied, matebigtfodm;t o

about 10 ams of el enent al | | adi an for. e | e, about 0.3 t,0.about
50" gr ansD FrBrensine Papsee Py BoettLith hgo Biian el oRashanaln MLbHRHTE por
liter of ¢hi Bbﬁgﬁ&n%@é ¥4 catglgtiéﬁlgl%ffeétm an{BRLEeSNAL a1 g%fd.t he support wth

an aqueous sol ution of water-5ol uble conpounds of palladi um and copper. the -
conpounds ar e AftemetVely.ithesyppprtegdypi t at ed, as wat eri nsol ubl e conpounds such
as the hyqraxides, by reaction with an appropriate al kaline conpound, e.g.,
o alkal JChBrPE Fyatisd Hah aoidniol pOBETER autais, redbre SROtE LN B a2
aquepus Skl i BPhRRAIcWRIAg oxi des are preferred al kaline

fi xi ng conpoun gyﬁgﬁgﬁal a |t2§&ne?§ﬁﬂ?n t%e al kal i ne conmpound shoul d be in
an anount(2dtonthaingewithnpdtalytiedily ffedti vecanadumtst of Ayatgrrsefubteal dminoarid doppert o

about 1.8 times éohe anpunt necessaré to, react with the catalytically active
cations pradions. foowad byzsductianeh1ne Bd and t-u tartheirmstallig Im- he” pal | adi um and
copper may be bR Yedn %%? 8iidd\ele aded
support is drigg,&gagfﬁ&gféxgwtegh%g}rsgtur(ra}g%?tsrlﬁgi) Swgéleloﬁéu%ﬁéggﬁtﬁgcte

wi th an asosuwdllycfccampattiedby ahighbreviayllaattategrodicdvity lthanowidn Yavioab oorveional
95-100% of the pore volunme of the suppor and allowed to stand for a
pertod ofSaialyiit camprisipg mstalic H%laE’HH‘r@,d &95‘1 FREMPAYSY mrer si on met hod wher ei n
t he i npregnat 1 1o (O] 1S4l . i i

al kal i ne mat e?ﬁﬁ&ggﬁggtitsgl\%r%?gltu %Hglégg%?é%go edéﬁgpi*ﬂnléﬁgﬁ%fé&adé@ﬂs Fggu&ipﬁl r
t, c~U2 tikegulat §hapks, sech ackphérennalepicyihdeds) ritigs,stdré) @k othet khiapeland nidy Habe
precipitated water-sol uble conmpounds is formed at_or near the surface of

t he suppchinepsipns suchas dipmeterolengthen widih of abat il dg abeiy 1B entaaprafergdblyabout; Lio 9

| e, t bout 10 f iod, e. f | t t
0.5 hour Ay SEHss e B ipae ot AR Ll Ao Pl arineefo b iR mASRA
r otZ5 | MEhay BO coMpbRd of Siny sltable! R3GQM substddc®, e £abiBEE, aNenina; sBda alhmiBa, {itdfia,

entire disclosure of which is incorporated herein by reference. The fixed
pal | adi urdiepediac sibipates, abminasitieaterniitaniien spisel silicoreenrbidorcathoampndtbeiliket he
vapor phase with ethylene, .e.g., 5% i,n nitrqgen at _.150C for ho . after
{TTot aahing THeStmmbmAStris] gy ieNs hgohse it Fedaneo it SumaRsysfanent 03 e S
of anions i i J r
Conat ant K o B e e, o o BamreR
phase at suwface breapdtian theaangd, foranample eaflabostol (utbiabout 50 hyrdfeazhly ebdiy d O te
wheyein the excesg of hydrazine over that required to redyce %I)I t he net al
comfbundsaboub 3@ m(gnan Averageoss sizg i therange fPreigmple, of akaus abteabyt 280yt 8: 1
t o about ; ol |,oned i dedryi ng. I nd
nmeans for&%eséarg:;hégndt e'F ?élggﬁég:ﬂf%l mfogﬁ%%glﬁpgﬁggtn%gﬁ%&%rzggrgﬂ#%l t he
support 1fhouey.4De 286w 10¥l/gas conventional in the art. The reduction of the
fixed conpounds results mainly in the formation of the free netals,

al though a m nor anount of netal oxides nay al so be present. Wile the

i npregnation, fixing and reduction of the palladium and copper have been
described as being carried out sinultaneously, these three steps can in
fact be carried out for the 20 palladium and copper separately. After the
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may optionally be inpregnated with a solution of an alkali netal acetate,
preferably potassiumor sodium acetate, and nost preferably potassium
acetate (KOAc). After drying, the finished catalyst nay contain. éﬁ{s ,
exanpl e. about 10 to about 70, preferably about 20 to about 60 d]r oy
al kali metal acetate per liter of finished catalyst. 30 Optionally. KAuO:
may be added together with KOAc in one stép to the prereduced Pd/ Cu

catal yst. O _7 DE CO002 Wen ~~in~~| acetate is _prepared using the
catal ~~st of thehpprepartion al/dacatalyst used in Bigaresesy aEthisymventiang the ghpprort

" et hyl ene, _oxygen.or . ai aget i i.d._and desirabl. | kal i t al
acet ate. MASHEGE o falen f st eyt R ST pRBR AR PoPR o B Brpttam can
be vari edyphtdd JF oy h'p t algh 9 vhRoRCREUBEs foFRETMMBhldgthis Surgoss may b
exanpl e. @%E%Ddl?gg! %tp})grpg?§ieﬁsh%z%vt o0 oxygen S(':an be 5mabougt 83% tg]ay :
about 98:Red,tdbleofrwtiall imahiecahofmmegtation af tht suppet wjthemegoesusizelwilon of wate@0: 1

to about 1;100, preferably about ;1 to, 1:10, and nost. preferably about
1:1 Y0 ap8inrble cgnpoyngsi i saléhobpallaghumyandenppes| R%%fqd“%éﬁl"i‘g’é\éifai"éx’éhn be

about 1t t .ha ' : CRtI [RePy=Tac sl Mo :

qas. st rod A SHoBRFILASSEM AN ARIHER AR G A RbBCES, PouBERh el E)
di oxi de ajhtlride, paladivh@D nityale ocsul ladinm(IIRevifdie are dxafmphysaif yhiezblovivarehsalabie be
used are el evated 10 tenperatures, preferably those in the range of about
150- 220C.pailpdiupy eospauadarmilsy fod eémlw@rls@hémd&t(amwmwrIsmwésam)equmr mal
pressure Qr elevated pressure, preferably a pressure of t o_about, 20.

Dt mospherbEa g, SrFS PE e AP EE Be b PaPFRR N Fp apltheb r G brbmhice

| NVANT | ONind XA NRY, Baylbd Bed Bs the W SBIBXEBYpRS cdrhpsiidl Fogidie preparation of
catal ysts under this invention containing varying anmounts of palladi um and
gol d in fteteachberppdlladurh@h mnd\ceprispmbilariderare thegirefemed slts foyimpregration ddcause of

pal | adi um net al ,was prepared._as. follows: The support terigl in an anmoynt
of 250 miEEREPd AR SCROEH EHMPECBRAIGERPY RcR TRy ey Istplest REMER
di anmet er ; ' J i Foththey; )
20 0.583 'S&ﬁf-‘%wé‘“’s%’gsﬂ???h’é‘“’é’ et BabicIneaPecinfund BUARAILEL fot °.V‘F§fr RN
por e vol usfroaf aEdnoOf t®alkt A0 percenvafthieiabsorpiinp campoity efithe\suppart matenial. \iBteness

with 82.5 m of an ?gueo s. sQlutjon of sodium.tetrachl or%gal | agi um gl I%
(NalPda APngsirasigp of thecialusion dssuciiat Seameunt of slemegtah palladium 2ne, 6oPPeT it Bes
of el ene : i : er i of
cat ol yar Sofichsafld B AMBAM s chusl 9B WE A pRUAFRRLA afBBRC THR Hhpteghlon
conpl et e igbsdr pttb provifie, tftreexamiplet atsout 126 abidne 19agrhund iofi elemedtat pdiadiumuené, fohen
fixed to the supgort as palladium11) and c%pri c hydroxides by contactijng

the treatS¥amplf3aeut Gsy 1a-ehout 1-Fgeanss: Breferably abguld 19 abgut 3 {herawss phelemensl  pm
wth 283 : i hydr oxi de sol ution prepared from 50% w w
NaOH H~0 %pg{’]pgﬂg%@#@@%&aﬁ't hat needed to convert the palladi um and
copper to thei Aftbytie deniprbgaatiohhed tiseodupporo witkeean atjuebnesbldticnnoftwatert sohdled

support which was then washed with deionized water until 30 chloride free
(about 5 9EmRoypdaeipaliedien soRPethe sompopnds a1gefixednke-aPEcCimtBledFs VaRIT ge.

The pal | ad] nd._cQq r e . . zontacting
the SupparteiiPRRCTPRIRE St Aok AT rebelin \Gich B prPehities ML 5% 19
hours, orcompdund/ /gl ag kIkeli aletdl BPARoxide, sili€dt&; Hordd Ochrbeateadrati¢hrBorfad), irfagiesuiss
fol l owed by washing with deionized water for 2 hours and drying in an oven

at 150C fsotutPrhdiedsum and pbrassivin Aydrapides arequefened ahgline fixinglcompountiss Toe ajkali
gr [liter, pf prereduced Pd agn i rans/liter. of prereduce 0 In
Phetbr oauBriebin B SERHE Sroradsasda e AEBOLL Y, B sBHEPE HEF LIORERE 20 1
gol d. aurprefepatly 46601 19L10 ML R AmeR theldnidiint BEQRSAr9do RictWith Mt ABMytitalY active
sodiumtetrachlorogold(I11), NaAud 4, containing 0.20 g Au/g solution with
73.6 g ofcatiohf preaényidNaoHviterSodiitdes slty éthei fiki 2 0f tHe midladinhvad coppermayibe donedys

of NaCH ggs,add,ed to bring the pHto about 8 and the Qlétion was stirred
and heat épfz t€e2- 7t Riterperamyre of

p
¢ {RFipignt Weness mehedwherendheimpreanaled SURROES
yi el ded o | id i S i .dei oni . i
Entort de. PEE PGP e R SRR o i OSBRI FE¥PR i plf p abou
obt 30 n ang a0 teip e vo Finfef ofAhe $dphert, Avdadl e tTstahll €orsedpéribd ofdbewartléiton
gold content of 79.5 wt.% which agrees with the cal cul ated val ue. Auric,
hydr oxi deatiout 46 hawnsuert thefoto-immgrsien mathodiwhegeinithingpregnaigdsuppert RaHoptArgmen

of water,, and the re tin range. ensi on. was heated to t enper re
of B2 ¢ 0 BT A PLORDS i LT BR BRI LS e LA GPRE wCc

dissolved to yield a clear yellow solution of 15 potassium aurate, KAuQ ,
in an anount containing about 0.4 gram of elenmental gold. This solution was
added to 100 ml of support containing nomnal anounts of 7 grams/liter of
prereduced Pd and 1.9 grans/liter of prereduced Cu prepared as descri bed
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factor (Act.) is also shown in Table | and is conputer calculated in the
foll owi ng way: The conputer program uses a series of equations that
correlates the activity factox with the catalyst tenperature (dugiyngthg
reaction), oxygen conversion. and a series of kinetic paraneters for t%e
reactions that take place during VA synt@esis. More generally, the activity
factor is inversely 30 related to the terperature required to achieve

constant oxygen conversiaon. . Ex.Red. Meta nt of .
Ooa S0t AR AR oER0Y B Bk RetmeRet AL E Al 4e BreCipitaiefpyalgr-soluble
Retentio A4ELLLSF : : :
H741. 96. %%% gg‘? S%g(grg%%&g%%g% 3E TGN SRPRR RETSeS , F5e SRR B S NS,
~7.320. 84y, BAQG L. Br GBS, 2645016094 ABGA 1 D8FR. 1684 pEA) eRI LA least about

H741. 96. 303. 721. 990931001. 71 7. 450. 9480. 1085N i _ )
741 05, Ssshegapmiesaiy e 8590 phetshyis. oEesontemplated roto-immersion method is

P RN I ———"

H73. 41. 96ef8R3cd 31. 849592971. 887. 441. 2800. 0509C
H741 6. 093. 280. 948782942. 138. 16l . 5520. 06410C H84. 571. 97. 604. 431. 799597942. 1
| 8. 21. 5950. 04 6lhtNixad pabiadiumg and eepren ¢cormpanygs oury thgpbergduces) for trample; in the

H84. 572.27. 76.,4. 392. 29796100I . 837. S91. 0360 --~.r ' . 0QNCTN,CON
0ZDE c%ozhaw*%ﬁu e’s%ﬁzan Pﬁmﬁsmabl%ﬁaﬁ Thpws iy 91{%&ﬁ&*5?%}*gfst s of
this inv i L 5: i : S o i Vi efate
by T ency e cdrdipiihd ARGAAERBUARALMA it 8 bPadiors mich 88 haRc/Adidr ARCL AL

JI e~~~ ae S Csmleemightuinti¢resnstast N vargo ws sedureduntion mady terettamplishedngr thie diquid

catal ysts_conprising palladi.ymand gold, whil i ptai ni ng satjsfactory

| evel 5 ofPhaRetqt GO ICORRAaTRGI frnsawgvse%ﬂ@w ofihlesaie i e yﬁﬁaantt{w exesmRfe

13, .. tJ i | l,p~ed
yeRals /dvgpthga‘ redffireddb aLd(st aft¥nd mafg@t?ﬁdbugaf ﬁ%sént %n)thé%&ig?rt Esq% 1§>e

by (2) Pd-or Preparation of V.4 cata regnati on
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28. The process of ,C aim 27 wherein said auppart containing prcrcducX
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Auric hydroxide in an amount of 0.5 gram was mixed with 0.12 gram of KOH in 35 ml
of water, and the resulting orange suspension was heated to a temperature of 82 to 85°C and
stirred at this temperature until all solids were dissolved to yield a clear yellow solution of
15 potassium aurate, KAuO,, in an amount containing about 0.4 gram of elemental gold. This
solution was added to 100 ml of support containing nominal amounts of 7 grams/liter of
prereduced Pd and 1.9 grams/liter of prereduced Cu prepared as described previously using
ethylene as reducing agent. The impregnation was conducted for about 25-30 min. The catalyst
was dried in an oven at 100°C for 5 hours in a flow of N, purge. The gdld in the treated catalyst
20 was then reduced by 5% ethylene in N, at 120°C for 5 hours to obtain free metallic gold on the
support.
Finally the catalyst was impregnated by incipient wetness with an aqueous solution of 4
g of potassium acetate in 33 ml H,O and dried in a fluid bed drier at 100°C for 1 hour.
The foregoing description of the preparation of a catalyst in accordance with this
25 invention is specific to the catalysts of Examples 1 to 3 which contain nominal amounts, i.e.,
corresponding to the concentrations and amounts of the impregnating solutions, of 7 grams of
Pd, 1.9 grams of Cu, and 4 grams of Au per liter of catalyst, and in which the Pd, Cu and Au are
all reduced with ethylene. In Example 4. the procedures of Examples 1 - 3 were followed except
that the amounts of materials and reagents were increased proportionately so as to obtain a batch
30 of 6 liters of catalyst containing the same nominal amounts of copper, palladium and gold as the
catalyst of Examples 1 - 3. The catalysts of Examples 5 to 12 which may contain amounts of Pd,

Cu and/or Au different from those of Examples 1 - 3, are similarly prepared except that the
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/ 100’ () - @/ 10PH& da)aly@s of the examples were tested for their activity and selectivity to various by-

products in the production of vinyl acetate by reaction of ethylene, oxygen and acetic acid. To
accomplish this, about 60 m! of the catalyst prepared as described were placed in a stainless steel
basket with the temperature capable of being measured by a thermocouple at both the top and
bottom of the basket. The basket was placed in a Berty continuously stirred tank reactor of the

15 recirculating type and was maintained at a temperature which provided about 45% oxygen
conversion with an electric heating mantle. A gas mixture of about 50 normal liters (measured at
N.T.P.) of ethylene, about 10 normal liters of oxygen, about 49 normal liters of nitrogen, about
50 g of acetic acid, and about 4 mg of potassium acetate, was caused to travel under pressure at
about 12 atmospheres through the basket, and the catalyst was aged under these reaction

20 conditions for at least 16 hours prior to a two hour run, after which the reaction was terminated.
Analysis of the products was accomplished by on-line gas chromatographic analysis combined
with off-line liquid product analysis by condensing the product stream at about 10°C to obtain
optimum analysis of the end products carbon dioxide (CO,), heavy ends (HE) and ethyl acetate
(ETOALC), the results of which were used to calculate the selectivities of these materials for each

25 example (Ex.) as shown in Table I. The relative activity of the reaction expressed as an activity
factor (Act.) is also shown in Table I and is computer calculated in the following way: The
computer program uses a series of equations that correlates the activity factor with the catalyst
temperature (during the reaction), oxygen conversion. and a series of kinetic parameters for the
reactions that take place during VA synthesis. More generally, the activity factor is inversely

30 related to the temperature required to achieve constant oxygen conversion.
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instances can be used 1o synthesize vinyl acetate by reaction of ethylene. oxygen. and acetic acid
with lower CO, and heavy ends selectivities than various conventional and/or commercial
catalysts comprising palladium and gold, while maintaining satisfactory levels of activity.

5 Following is my revised vision for this part:

Example 13 ‘ -
Preparation of VA catalvst by impregnation of (1) KAuO, followed by (2) Pd or Pd/Cu

Preparation of VA catalyst by impregnation of (1) KAuO. followed by (2) Pd/Cu.

10 The support material in an amount of 100 m! consisting of Sud Chemie KA-160 silica spheres
having a nominal diameter of 7 mm, a density of about 0.562 g/ml. in absorptivity of about
0.583 g H,0/g support. a surface area of about 160 to 175 m2/g. and a pore volume of about
0.68 ml/g, was first impregnated by incipient wetness with 35 ml aqueous solution of KAuO,
(prepared as example 1 to 12) sufficient to provide about 4 grams of elemental gold per liter of

15 catalyst. The support was shaken in the solution for 5 minutes to ensure complete absorption of
the solution. The treated support was placed in an oven and was dried 5 hours at 100°C under
constant N, purge. The reduction was carried out with 5% C,H, in N, at 120°C for 5 hours. To
this prereduced gold catalyst. was then impregnated by incipient wetness with 35 ml of aqueous
solution of sodium tetrachloropalladium (II) (Na,PdCl,) and cupric chloride (CuCl,) sufficient

20 to provide about 7 grams of elemental palladium and about 1.9 grams of elemental copper per
liter of catalyst. The support was shaken in the solution for 5 minutes to ensure complete
absorption of the solution. The palladium and copper were then fixed to the support as
palladium(II) and cupric hydroxides by contacting the treated support by roto-immersion for
2.5 hours at approximately 5 rpm with 120 ml of an aqueous sodium hydroxide solution

25 prepared from 50% w/w NaOH/H,O in an amount of 120% of that needed to convert the
palladium and copper to their hydroxides. The solution was drained from the treated support
which was then washed with deionized water until chloride free (about 5 hours) and dried
overnight at 150°C under constant nitrogen purge. The palladium and copper were then reduced:
to the free metal by contacting the support with ethylene (5% in nitrogen) in the vapor phase at

30 150°C for 5 hours. or with. hydrazine at room temperature for 4 hours followed by washing with
deionized water for 2 hours and drying in an oven at 150°C for 5 hours, to obtain a catalyst

containing nominal amounts of 4g/liter of Au, 7 grams/liter of Pd and 1.9 grams/liter of Cu.
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1. A catalyst for the production of viny] acetate by reaction of ethylene, oxygen and
acetic acid comprising 2 porous support on the porous surfaces of which is deposited
catalytically effective amounts of mmach palledium, gold, and copper, seid eatalyst having been
prepared by steps comprising impregnating said porous support, the porous surfaces of which
contain catalytically effective emounts of prereduced metallic palladium and copper, with a
solution of potassium aurate, and reducing the potassium surste to a catalytically cffective
amownt of metallio gold.

2. The catalyst of Claim 1 wherein said support containing prereduced pallﬁdmm
and cop;ﬁet is prepared by steps comprising impregnating said support with an agueous solution
of water-soluble palladitm and copper salts, fixing said palladiurs and copper as water-insoluble
compounds by reaction with an sppropriate alkaline compound, and reducing 1o their free
metallic state the water-insaluble compounds of palladivm and copper present on the support.

3. The catalyst of Claim 2 wherein said water-soluble palladium salt is sodium
wtrachloropalladium(), and said water-soluble copper salt is cupric chloride.

4, The catalyst of Claim 1 containing 1 to 10 grams of palladium, 0.5 to 10 grams of

gold, and 0.3 to 5.0 grams of copper per liter of catalyst, with the amount of gold being from 10
to 125 wt.% based on the weight of palladium,

3. The catalyst of Claim 1 also containing a deposit of an alkali meta! acetate,

6. The catalyst of Claira 5 wherein s2id alkali metal scetate is potassium acetate
which is present in an amount of 10 to 70 grams/liter of catalyst.

7. A catalyst for the production of vinyl acetate by reaction of ethylene, oxygen and
acetic acid comprising & porous support on the porous surfaces of which is deposited
catalytically effective amounts of metallic palladium, gold, and copper, sald catalyst having besn
prepared by the steps comiprising impregneting said porous support with 2 solution of potassium
aurate, reducing the atrate to 2 cata!yﬁcal]y effective amount of mctalhc gold, contacting the
gold supported catalyst with water soluble palladium and copper cnmplm, and fixing and
reducing the palladium and copper complexes to their metallic state.

8, The catalyst of Claim 7 whersin the catalyst is prepared with sodivm free
reagents. '
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10,  The catalyst of Claim 7 also containing & deposit of an alkali metal acetste.

11.  The catalyst of Claim | wherein the catalyst is prepared with sodium free
reagents, '

12.  The catalyst of claim ] wherein potassium anrate is added simultaneously with
potassilm acetate, '

13. - A method of preparing 2 catalyst for the production of vinyl scctats by resction of
.ethylene, oxygen and acctic acid comprising impregnating a pocous support, the porous surfaces
of which comtain catalytically effoctive amounts of prereduced palladium and copper, with a
solution of potassium aurate, and reducing the potassium aurate to & catalytically effective
amount of metallic gold.

14,  The method of Claim 13 whersin gaid support canteining prereduced pelladium
and copper is prepared by steps comprising impregnating seid suppont with an aqueous solution
of a water-soluble palladium and copper salts, fixing said palladium and copper as water-
insoluble compounds by reacuon with an approprigte alkaline compound, and reducing to their
frec metallic state the water-insoluble compounds of palladium and copper present on the
support.

15.  The mecthod of Claim 14 wherein said water-soluble palladinm salt is sodium
tetrachloropailadium(1Y) and said water soluble copper salt is cupric chloride,

16. The method of Claim 13 wherein said porous support contains 1 to 10 grams of
palladium, 0.5 to 10 grams of gold, and 0.3 to 5.0 grams of copper per liter of catalyst, with the
amount of gold being from 10 to 125 wt.% based on the weight of palladium.

17.  The method of Claim 13 wherein said oatalyst is impregnated with a solution of
an alkali metal acetate, ' .
18, The method-of Claim 17 wherein said alkali metal acctate is potassium acetate
which is deposited on the catalyst in an amount of 10 to 70 grams/liter of catalyst,
19.  The method of claim 17 whersin potassium aurate is added simultaneously with
potassium aéeme. ‘ .
20. The method of Claim 13 wherein the catalyst is prepared with sodium free

jeagents,
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22.  The method of Claim 2] wherein the catalyst is prepared with sodium-free

reagents.
23, .The method of Claim 21 wherein the catalyst forms & thin shell of Pd, Au and Cu
on the surface of the support. '

24,  The method of Claim 21 also containing a deposit of an alkali metal acetate,

25.  The method of Claim 24 wherein potassium aurate {5 added simultansously with
potassium acetete,

| 26.  The method of Claim 13 wherein the catalyst forms a thin shell of Pd, Au and Cu
. on the surface of the support. '

27. A process for the production of vinyl acetate by reaction of ethylene, oxygen and
acetic acid a8 reactants comprising contacting said reactants with a catalyst comprising 2 porous
support on the porous surfaces of which is deposited catalytically effective amounts of metallic
palledium, gold and copper, said catalyst having bean prepared by steps comprising
impregoating said porous suppart, the porous surfaces of which contain a catalytically effective
amounts of prereduced metallic palladium and copper, with a solution of potassium aurate, and
reducing the potassium aurate to a catalytically effective amount of metallic gold.

28.  The process of 'Claim 27 wherein szid suppart containing prereduced palladium
and copper is prepared by steps comprising iinpmgnaﬁng said support with an aqueous solution
of water-soluble palladium and copper selts, fixing said palladium and copper as water-insoluble
compounds by reaction with an appropriate alkaline compound, and reducing to their free
metallic state the water-insoluble compounds of palladium and capper present on the support.

29.  The process of Cleim 28 Wwherein seud water-soluble palladium salt is sodium
tctrachloropalladmm(ll) and said water-soluble copper salt is cupric chloride,

30. The process of Claim 27 wherein said catalyst contains 1 to 10 grams of
palladium, 0.5 to 10 grams of gold, and 0.3 to 5.0 grams of copper per liter of catalyst, with the
amount of gold being from 10 to 125 wt.% based on the weight of palladium. '



*10% = & ()- *10% $, & ()- oooSp#r=rt|[:vU4AE @@'10% & ()-3@
@0%&() @"10% & ()-G @ 10% & ()- @B10% & ()-

@0% & ()-t\ttuuuvy|[:vU4%6 @@ 10% & ()- @ @& 10% & ()- N& 109%°9%? OF¢ 2@
F10% & ()- @10% & ()- @10% & () - vx>§§y@'AyByQ/Ry|obU4%<6

@9mMl0% & ()-310:10:10: @7:10% & ()- @Yy5GI0% & ()- @BI0% & ()- @

on 1%k () 2o g R i g Guim n Sl BB om0 )
Slntasalion ) sians 0, guend0 iy
@t 10% & () - & @s%mﬁﬁ “‘@&wé%m%&%‘bm@@@@ %‘8

@V 10% : @Vhfc}l is & Qs%&d@hﬁkcatal @in afokintof @do ﬁ%s/lﬁer(o}'calﬂyslo [IN[:A410: @ @
10%: & () - @ 10% &() Cl 10%&() T @0%:& ()-F, @, 10% : & ()-
Wl [+ A410: 0B w)offib@w in ppsyinm agpisoiy addeq siculgreahp Mg () - @
10% : &é‘@ (& () 'kgi j kl {~vU410 @10%9¢& () - @' MLO%9& ()- 101010
*Fs3! 10% @'}%S@ 10%: & ()-m @/ 10% : & ()-~8|[:vU4l0 @ @ 109%R9& ()- @
'S 109R9& (34 @ThSpioesef Cluim B winsenhe catalyst @ros@ed with sodium fos
@_MlOO g%ié 4DScr| [ vU410 @ @' MLOYR9& () - @ @ &109%29&' ()- yy!10% 6& ()- @
y! 109 %3 @@y' 109 & ()-@@O0%9& ()- 6|[:vU4I0 @ @* 109%9& ()- @
@10%<°9X& (35 @Pmmgﬁﬁ@w“@@ﬂmﬁﬁh(@bw@ﬁﬂ%&@ %Y@#D‘Q-O‘V@9& ()-

Nor mal " adl 3 0d, g I
"Headi n qup@%&,}’a "g%? %%J‘mﬁﬁmﬁ‘]%@ h’fctpla C@?H %%Sﬂ(fi ng 93] c"A
"Def aul & p&muag@m{bn the porous sur:faccs of which is deposited catelytically effective amounts of
Font H D2< Bv~ k Y#r nyJ \ ) A, F2S5: ?/ RUZX “““ . aaa%al aHaaa
I aaaaaag‘ﬁ%ﬂ%‘ﬁ? l?B %’6@%’&}&‘8’& g BRERPEERRI j kI mopq
Ir S ; ;]J; 2;// gx mﬁrh&mﬁx}' Odmspii;dgv?gdg@wﬂm & Jhégoy bf Siashiow aﬁaB,Q%mEQWAMKMQQC unment
<=2 @Bt RERY e Shetdiagrid. OB RS AT AR RRASISR PR W 24 ~
sojuble palladium and copper complexes, and fixing end reducing the palladium and copper
~complexes to their metallic state.
36, The process of Claim 35 wherein the catalyst is prepared with sodium free
reagents, ‘
37.  The process of Cleim 35 wherein the catalyst forms a thin shell of P4, Au and Cu
on the surface of the support.
38.  The process of Claim 35 also containing & deposit of an alkeli metal acetate.
39.  The process of Claim'3% wherein potassium aurat §s added simultancously with
potassium scetate,
40.  The process of Claim 27 wherein the wherein the catalyst forms a thin shell of Pd,
Au and Cu on the surface of the support.



