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METHOD BAGKERAIID OF THE | NVENTION 5 Rel ationship to Prior Applications 2 5
'J UL 2002 This application is a continuation in part of USSN 08/ 823 J8b2)0?
f| I ed 3/25/97, now to abandoned, which is a continuation of USSN 08/ 489, 541

ed 6/12/95, abandoned, which is a confinuation in part of USSN
08/ Zoﬂu“mﬁmummlmmﬂw on 2/22/94, abandoned. Field of the Invention The present
| nven t oy Ay PpYetE TRTEA% PAI PSOGUGORATEI A ehdtsel ul in the
15 reacti mwo@et et hylene, oxygen a(r%!dxace 'cC acld I n i3 Holﬁha e to form

vinyl acetate. In particular, the present invention is directed to a novel
nmet hod of form ng a catal yst useful I n the catal tic formati on of vinyl
acetate in which said catal B&ERSR OF, aMadi um and gol d
deposited on a suitable porous support Descrl pt|on of the Prior Art It is
known in the art that vinyl acetate can be produced by reacting ethyl ene,

oxygen, BRBPladén ] ica@ésd i n the gaseous phase and in the presence
of a catalyst conprising pallTadium gold and an alkali netal acetate

support ed on cdhisdpplicatraniien coptinuatian i parcof ESSN08/823,59%ckled 812597, sawh

stch pal FoAR oo g0r  ceaumion o Havh dhuand i RdRLR sbapucd whien 15 "0
| NCONSi S{GHEaAAPRAIR dUSSN B3200 159 MRUNE: 20201 ofllghed buti on pat tern or

profil e of yst component’s which are deposited on and in relation
to the support. For exanple, when use is nade of the known vinyl acetate

catal yst _systens_conpri sing a porous support wth palladiumand gold, the

met &l coﬁﬁéq%&l%l’é@gggﬁlted at or about the support interiors or central

regi ons do not ace
ﬁ‘xg'p}éshﬁq}ﬁ%ﬁiog@él 1::9?6‘5 J'xé/ve? ?huese | r{??&cﬁ{]e g 'u%ﬁxl n'hé

the reactants are'not rea e to di ra or I’ nner

regi ons ghctidicofxaliylen, ogygmrdﬁdot;ettd‘wd:mtthé yagor phieseae forimheinyletetatedInoccur s
substantially only at the outernpst or surface regl ons of the catalyst. The
cat al yst p@oﬁ\p}eraél‘rﬂ@rerqm inyention is dirgpted étﬁ 691‘5?1 aretftqﬁi@ fSorppne & cerelyrsbuseﬁdﬁg éhey

orTi ci ontyeiktls FimaHSAST it SRMT R whiFE ik s ?tﬁlﬁtfﬂmar Bl o‘ir,se
of18 hi gh@pbsae“dwssﬁiﬂa@w&ﬁous suppor’ - 2pDD - _

Description of the Prior Art
It is known in the art that vinyl acetate can be produced by reacting ethylene, oxygen,

and acetic acid in the gaseous phase and in the presence of a catalyst comprising palladium, gold

20 and an alkali metal acetate supported on certain carrier materials such as silica. Generally, such
catalyst system exhibits a high activity. Unfortunately, results utilizing such palladium and gold

’ catalysts have been inconsistent. This inconsistency appears to be based somewhat on the

distribution pattern or profile of the catalyst components which are deposited on and in relation
to the support. For example, when use is made of the known vinyl acetate catalyst systems

25 comprising a porous support with palladium and gold, the metal components deposited at or
about the support interiors or central regions do not contribute significantly to the reaction
mechanism, since the reactants are not readily able to diffuse into the central or inner regions of
the porous network of the catalyst. Hence, the reaction occurs substantially only at the
outermost or surface regions of the catalyst. The catalyst components in the interior regions of

30 the support do not largely contribute to the reaction scheme, resulting in a reduction in catalytic

efficiency per unit weight of the catalyst components. Furthermore, the use of a highly active
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140C—PCT’~ ALt 25 J UL 2002 2 catalyst at tines gives rise to side
reactions and, therefore, leads to a reduced selectivity to vinyl et at e,
Vari ous patents have been granted based on the desire to nore even?§ JUL 2002
distribute end s anchor the gold and pall adi um catal yti c components within
a narrow band on the support surface to provide a vinyl acetate catalyst
havi ng higlysyatsimes givesdisedd side reactignsaand, ﬂgméort,i leadds teg sedviced seléctivity o paykent s
include U.S. Patent Nos. 5,274,181; 4, 487,622; 4,048,096; 3,822, 3D8;

3, 775,3&5‘1ﬁﬁd British Patent 1,521,652. Certain U S. patents assigned to
Hoechst Cel anese Corporation, U S. N os. 5,314,858 and 5,332,710 and their
PCT and foreign counterparts disclose and claim1 o inprovenents in the
basi ¢ t echnol oggriouspeientsi haye been granted hased pu thaniesire womo®)cvenly Higribits apd

Gopios 1 dackt o o s ol BEENBb RerPhibals bt LBy aR B X WP T3fare ¢
wi t h aqt{@?i-b%i&‘)é Yl ORStafd catidy # huviay Hiphe/idlal doadissietdne 8IshERRED Exatiples 0F)

preci pitating water-insol uble palladium and gold conpounds on the catal yst
suppor t shgh patedtaitcludg U.BePatenpMNasn 5,224 1 81087 62254,06%,096,#,822,30813,725842 i on

of conpounds..capabl e [ I_n 1dh the waters ubl e | | adi.um and gol d
conpoun @H&W’fsg&ﬁ “t lb’géhg? :ﬁﬂ@g‘p&neélpﬁf@gn?f’eﬁm% %‘ﬁ%ﬂ?ﬁb&‘s@%&“&/g&m@% e
treat ed gad alokasz14RiNanibs, 812 V10 HAAME PET 88 Forélin o wite S asts 8fkclosOmRd 418im
initially 1 npregnated pal |l adium and gold co‘r”g)ounds durin reci pitation and

(4)0 convmprévegqentsdn st tasiciteehoblogy cinglafing 1.8, 6HP TV FHBT0hds to the See

oval ey (-7 Rl anRs REHEIRInE OBl ahid Ll oL Al it o
acet at esd‘t?béiich%_aéﬁa&l)(sﬁ Wi daghpibes (g) hegregitiay deisuppstteth aqilidue soRitibas of

at t enpt o provide a uniformdistribution of the palladiumand Bald netals

on the swatgosoluliepalladingn endigeld rempaimds @) presipitaing Watcerinsolublecpailpdinorange e ps

25 U 5. Seueiro RiP B8 e RS oo 15 oot np RS Ry RN IRER o1,
0% 5 SUCGRRiod f YorpRinde @Qﬁ%l&oﬁeﬁbﬁhgw&tthﬁmmmvktpbﬂﬂ@umw& @ utions of
pal | adi um and gol d salts such as sodi um pal | adi um chl ori de and onset

chl or i dezomppynds teiferm thednspluble pissions matal corppquids Q) yrshing e tieated entalygti ng

wat er - i |_adl . A
i mregn%@g%ﬁb@%g%%w&ggc %@g@#@so u l* fggﬂ%ﬁé%@lﬂgc j‘%’bﬂ%d %‘fi’gi uxa
hydr oxi dmmﬁfouﬂds cﬂ:rhgrpwxri;pimtibn aﬁﬁ(@cbmﬁrﬁng’ uﬂemm&-iwldhiﬁ?altddﬁmd@ﬁld on ':1 he
support surfac 3 shing with water, to renove the oride ion (ar other
an!ogn) , WE‘E;S t&é‘%ﬁﬁ?ﬁﬁe BratmeRt Witha reducing Apent; 6\9&“48"%?‘ #di um

angh gol . - . . > ]

o 00 ﬁgvatiwoi &' @) MngeBnat FR U RHRAN cEARRE ‘d“’iﬁ?’ﬁ“*_a*‘fm??z%%ﬁp%ﬂs iglionpnd, -
separ at d6pdrytrigthe fnalsatalyse produtter ei n t he anmounts of the reactive conpound
In contact with.the | t-inpregnat ed.support iL.n each IS _no re than
that ) required 10 iﬁ%ﬁ‘ﬁpﬂ‘g&%w%’g&%ﬁ’@“%ﬁ%aé%ﬂg%ﬂ%ﬂé on

| Mpr egnahesuppbrthafirvdRiRa sbme BiniRitioh e thRBavSMenidnel 3&p® bndI6Ssy Wisgt | On

steps, the support which has been inpregnated with the reactive basic
sol ut i orsupperbmateriglsddving vetiowaspicificd persdimensiond. of tine to al | ow

DN 11 xi ng Grs g Hemt ey bl £R5H. Pectial oF B e Toh 21y SRRSO oF s "actced t o
t he suppptdessivély ifipRgnftigardatyst biipoRvAELifuebid Ritiods of palladiin sl Foldrilnd

of preparing a vinyl acetate | ) )
such as sodium-palladium chloride and auric chloride, (2) fixing the precious metals on the

Py g

3

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 which
30 reacts to form hydroxides of palladium and gold on the support surface, (3) washing with water
to remove the chloride ion (or other anion), and (4) reducing the precious metal hydroxides to
free palladium and gold, wherein the improvement comprises during fixing step (2) utilizing two

Printed:27-01-2000 AMENDED SHEET of



cat al yst whi ch ntai ns pal |l adium and gold on a porous support in which the
fixing of71t‘%'PM§'Qer | 0 soluble precious metal conpounds as water insol uble
conmpounds on the support can be achi eved by contacting the inpregE t ed
support with sufficient reactive conpound to insure conplete preci gi\ilﬂctm?n
and fixing of the precious netal conmpounds onto the support in nmultiple
fixing steps. 15 SUMVARY OF THE I NVENTION It has now been found that
particul @érﬁayat@faﬁebmaaﬁwﬂ@ﬁst@ﬁereiatt@é HHbEntE O tha réhichife PRhpAAL YT AME1GAtFihe
useful for the production of vinyl esters fromethylene, |ower carboxylic
aci ds w tdit-apregratdrbsupabn s e ahdtepXy ge mara thah ¢hay asuirbd sereatt veitleshatvesder
tenperature and at normal or el evated pressure can be obtained by modifying

steps (15014hg Presjousimetaleogporadssimpeesnaedin iesuaper e Benvegn Migsepapiefixing e ng

t he precipi I: ( ] ] |y en .

| mpr ogna A AT S8AE S ehport WIS BEARNHL SR oS HARALE R0 s
oxi de ( hyitswed Wetandffobotdl pedod atisiael td alldw petipithidreoStheulatea igsoUsbld/predious uch
time as is necessary to conplete precipitatjion of the insoluble precious
net al comstlsepomdsibsipre theysgeadl fpreatepin which additiensl deastve batineompound iar t
we have n(? id%eﬁbt hat the palladiumprecipitates at a faster rate_than 2 5
gol d preﬁ %I tAESUBRY i ncrenmental anount s of unpreci pitated gold can | each

from the catal ysfs afiWBfRRl 6f thE pREert MvehfoP &) FEvide AR thdZSTprBYyarp@CHRY ItAakiaRN
or in a subsequent washing step. This is a cause for the palladiumto gold
rati o tocatalyst whichrcontpine galtadiwn andgpldeni aparens wpporain whigh thet figing 0btiieevater
exists with Qreci.(g{ﬁt antl sol utions equal tlot?lt he Boléﬁ?vol une of the support,
anlBven HIHRC PEFGQSMPISOPIPONESS A HHE IR EPBPOUCS SR RS SUPRPTicaR be Atigyrd
| MTer si ng E&ﬁaétfﬂgrtﬁgﬂﬂﬁr%gna‘ié@%f}bﬁ \Agthqv,uﬁ’ﬁbig'h|rb§cﬁy@5@rﬁfg&inﬁ%9til§sure-r& EleCOMe
this probYem andin accordance with the present invention, a usefu

. cat al yst piesipitatioreshdfixifig df }herppevicusanetsisiongioundngnte theatuppart in mattiple/Sxing
support wi th aqueous 7140C-PCT 2 5 J UL 2002 4 solutions of palladium
and gol dS€B}ts such as sodi um pal | adi um chloride and auric chloride, (2)
non-successi vely fixing each of the precious netals on the support by
preci pitating waterinsol uble palladiumand gold conpounds by treatnent of

t hesi npregnat ed supports w t [SUMMARYIQETHESINVENTIONON such as aqueous
sodi um hydr oxi de which reacts to form hydroxi des of 5 palladiumand gold on
the support suffhasdow beenfeund;thet mmqvlaaétaéﬂve sunpeFed eatalyets eﬂmammeepqllgﬁw(rbr

oL Akl 30 B Rp  B] FEBE rho  oL2
carbon atoms and oxygen in the gas phase at elevated temperature and at normal or elevated
pressure can be obtained by modifying steps (1) and (2) of the process as described above.
20 Typically, during the precipitation step (2), the impregnated catalyst support has been
impregnated with one or more solutions of the reactive compound and the oxide (hydroxide) of
' both is caused to precipitate simultaneously for such time as is necessary to complete
precipitation of the insoluble precious metal compounds. During a typical precipitation
according to the prior art we have noticed that the palladium precipitates at a faster rate than
25 gold precipitates and incremental amounts of unprecipitated gold can leach from the catalyst
support prior to its being immobilized by precipitation or in a subsequent washing step. Thisisa
cause for the palladium to gold ratio to vary from impregnation to precipitation. Although the
problem exists with precipitant solutions equal to the pore volume of the support, an even more
serious problem exists when precipitation is carried out by immersing the impregnated supports
30 in dilute precipitants.
To overcome this problem and in accordance with the present invention, a useful

catalyst is formed by (1) non-successively impregnating a catalyst support with aqueous



In the preparation of the inproved catal yst of the present invention, a

sui t abl e‘@é*tog‘}f/g? 1 o support is first inpregnated with an aqueous sol ution
containing either a water-soluble palladi umconpound or a water so}gﬁ&g

gol d conmpound. Palladium (l11) chloride, sodiumpalladium (I1) chlor Aq%
palladium (11) nitrate are exanples of suitable water-soluble palladium
conpounds, whereas auric (I11) chloride or tetrachloroauric (1I11) acid and
the al kalgolyiRhabf paladfunt A&l €08 sAaUBR ad SRR palliBuMRh RIS ahd Rlre dbSde. (2)
conpounds. The general ly avail able tetrachloroauric (111) acid 15 and the
sodi um paioheiccassifelly)fixahg each dé therpeeowsineetaks dnbibe suppert b prévapitating glatesat er
solubility. Typically, the gquantit f these c aunds enpl oyed is such as
to provi dgsoiutﬁgp&@ﬁg&aﬁed gpId s ampapds Ry AFrABe of BleamipreRrale SUBRATS B2 | | ¢ or
of finis : : : ' . of '

cat al yst iy epay g SRR, fidbus KEATRHRR R a0 RS S bl of

Pr egar at i patladitimcaidadofd dn flersuppat stafacé,q8) washimd with mysker ae sinadve the clitvgddpheme,
oxygen, and acetic 2 o acid according to the nethod of this invention can
provi de Ptheiaaiopstandi(fhreducing s precroupretaidiydrqadese figerpalindivm andgeld. 12 wt %
nore gold than by the use of the method of U S. Patent No. 5,332,7/0. The
met hod of this invention can provide a catalyst with at | east an equival ent
anount or greater of golpETAREDPESCRIPFTEONOIISE IRGENTION. 5, 314, 858.
Conpar ati ve exanples were performed on catalysts prepared by the method of
this 2 5 i nventlnghe peppratian of the xmproyhd cajalayt ofshejpresant bwenties, @isnitatriel cathlyst

doubl fi t echni d..i d ith. US 5,314, 858. Tabl .
OIS ¢ ar PR bt e SRR L SRS SRR toninh sk vistiso e Sl
of LNi'S IB4eRuhdBr Pl deidoRaRt Qimystehd Pt A1) chlipRle! BRI HACMIGH (15

"858. The volume of solution used for inpregnating the support with the

preci ous chiralesind palladyamt(Hhhitrafecare exdmples ofcsuitale svatdrenlubtemlladiuomeonyountds

i mpregnating sol yti oul d be from 95 t.Q 100% of .1 he absorptive
capacity ‘merw@ueaﬁﬁﬁfiror@aﬁbzﬁﬁﬁcléﬂwab%aggaﬁaﬁng thealka rcisbsals tpson cene
support | . OFfl] : ' ' n be
of oy dioef L B sl ol Y Bho e THE Bty ABIRNIE RARLIbRAGHL uf) 1671 O
sphey es, dndhhesglingh palladivil QIPChloRdebard phéférretiitaise of theircte pls watkh eolgbidingt r i cal
di rensions of the support material can, in general, be in_the range of 1-8

mm A noskypisally athe quaBief thessgonpoapds smployed isspeh astoprovide & ta; i eramsaf
oo, T _ , . . . _
Sboper ST EAAIRLG § B LR el et 8 Robled D072, Blld i iRS?

support rgldpiesdnt Griithe\sataly syivilhbéframddolt 10 foboltdT0%6 ofthe Aoant Sfyjapiadium.
material s which have an inner surface area of 50-300 n2/g and especially
100 200 rReeRprdtinned patadysh for dheymarpfaciunsmof vingl acelqie frop @hylene pxyeen, and agetisor t
materi al s ' C i pGl. bl ca, L] ' )

o 14t e oM e Rt Pt eilon Gt ol SRR . B Ty 3 mare
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conpound, the inpregnated support may be dried prior to fixing the
pal | adi urd.232, fid). drhe method of this invention can provide a catalyst with at least an equivalent

amount or greater of gold than by the use of U.S. Patent No. 5,314,858.
Comparative examples were performed on catalysts prepared by the method of this
25 invention (separate fix technique) as described herein and the double fix technique prepared in
accordance with US 5,314,858. Table 2 illustrates the results of these examples. It can be seen
that the method of this invention provided greater gold retention than the method of US ‘858.
The volume of solution used for impregnating the support with the precious metals is
important. For effective deposition, the volume of the impregnating solution should be from 95
30 to 100% of the absorptive capacity of the catalyst support and preferably it should be 98-99%.
The support material for the catalyst according to the present invention can be of ar&

diverse geometrical shape. For example, the support can be shaped as spheres, tablets or



conpound as a water insoluble conpound on the support. The fixing solution
IS one \Ah?l(ﬂﬁC“P(é-Srrpri ses an al kaline solution, for exanple, an aqueous

sol ution which contains al kali netal hydroxides, alkali netal bica§don#0es
and/or alkali netal carbonates. It is particularly preferred to use aqueous
sol utions of sodi um hydroxi de or potassi ym hydroxide. By treatnment with the
15 al kaline solution, the precious netal salts are converted to water

o axain ! ' : V¢ ‘ .
i nsol ubl &6EIROUNES  REkdrsMe dirhéhsRis Bf’fl‘l‘é@ﬁf)ﬂﬁlﬁmﬁt@ﬂéﬂ{ 9@1)@3?%%,% é)r. 8RS eéegorf

the case where the alkaline solution is a 'solution o oXi
pot assi urh-$iyrohi.0Ai rdest shicahde ghongettical slepe s, i paracilar, theesphblial siegpef foxexgnple.
sol ution was dispersed onto the inpregnated supports and the treated
Support s SRRgTEs wtﬁ&m&#t@r@ i the fengedt 4cdomimy bhese supperts aregsneraly gabed pilg t he

LA S S e e

absorptivity of suppor unto e conpoun

excess ORxampR! Alppbashaedls Whrth haeslen inaer ivfateaeh oMs0-B0@ kb/Odndtdiecially 100-
i mpregnat ed precious netal salts. For the nethod of the present 1nvention,

in each f20Rimf¢g @neasyured aecaading e BEH) atgsuiiaidel i ne conpound contained in the

fixing solution.shouyld be such that the ratio of.alkali.nmetal .to anion 2 5
fromthe water W?%O%P%qrgﬁlg}eﬁﬁ ar hl%%iﬁn b[?euchﬁ Hﬁ‘ﬁ%&t}tcaﬂ‘f“e%%ﬂf’ 1.8:1
mol ar.  TheNRLhEliQkes3RIsPhbRN Siitaeetl phdfiirdtDsubb6R nfAdidpe equi val ent to the
pore vol une of the support or the inpregnated support can be fully imersed

in the fixing sAftetdaochimpregmstiontolichetsmppdrt withuhewster salhibit ipeltadismanfgbidci ent
to cover the vo%ume, of the supgort. Al t.ernat.i vel

| nplegnat-8BIPPARG ke BIPTBERAHFISHPRHEMEY BS ABE P'fl?&tmféfirﬁ @Eyﬁﬁ{’fﬂ%é‘é‘&sﬁ ) |
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cat al yst cotppesstan sikdlineBokeidn,i for éxaenpdd, kalaijoeuk isalutign shidhtdoatzimsulkdlimbiaed or
rotated therein at | east during the initial steps of the precipitation of
t he wat efydroxidegcalkadirmetal bicarbonates and/or alkali metal carbonates. It is particularly preferred
to use aqueous solutions of sodium hydroxide or potassium hydroxide. By treatment with the
15 alkaline solution, the precious metal salts are converted to water insoluble compounds believed
to be hydroxides and/or oxides, at least in the case where the alkaline solution is a solution of
sodium hydroxide or potassium hydroxide.
According to the prior art, the alkaline fixing solution was dispersed onto the
impregnated supports and the treated supports were allowed to stand for u.p to 24 hours or more
20 during the precipitation. The volume of fixing solution was that equal to the dry absorptivity of
the support and the amount of alkaline compound used was in excess on a molar basis of that
required to react with all of the impregnated precious metal salts.

For the method of the present invention, in each fixing step, the amount of the alkaline
compound contained in the fixing solution should be such that the ratio of alkali metal to anion
25 from the water soluble precious metal salt be from about 1:1 to about 1.8:1 molar.

The volume of solution in each fixing step can be equivalent to the pore volume of the
support or the impregnated support can be fully immersed in the fixing solution wherein the total
volume of solution is sufficient to cover the volume of the support. Alternatively, the support
can be impregnated in one or both of the separate fixing steps by a process designated "rotation

30 immersion" which is set forth in commonly assigned application U. S. Patent No. 5,332,710. In

this process, the impregnated catalyst support is immersed in the alkaline fixing solution and

tumbled or rotated therein at least during the initial steps of the precipitation of the water



6 25 ~ UL 2002 insoluble precious netal conpounds. The rotation or

t unbl i ng BHOCHRCEupports in the al kaline fixing solution should proceed for
at least 0.5 how upon the initial treatment and, preferably, for a#9J8hdill
2.5 how. The rotation imrersion treatnment can last as long as up to 4 bows
and the treated supports may be allowed tgo stand in the fixing solution to
insure that conplete 5 precipitation of the water sol uble precious netal
conmpound f i i i e
ised as. TRS SgE pRCAES meAlNoR DR, Therhualobmp T AGAEIEETF I SOMnC)
however, fixing fdutdont diotildofroteded forodt ddaisn@ S hotr wron tHinsjal tresnteat aid, prefehbly| for be
sufficient so that all surfaces of the inpregnated supports are evenly

cont act edt{§aste.$ heura| 1hs rpigton imumgrsiadgreatmens camlqst asdong asowp wblguas arst thee so

har sh t hat t ual i O f it ] 81e] reciou al ¢ ounds

t akes pl degﬁ(éuscﬁp cfr%;}b %fh%ﬁ}oggegltggfaégé%@%gi&#p&&éﬁléﬁg%?% ee(rzlrt‘?l % Jfon?q(iée@support
surfsace. predigitaionlof thehwarexdobible plecions alet0Bompoutidd thes pheyt 1 to 50 rpm and
possi bly even hi gher dependi ng upon the exact support utilized and the

amount of pr eciAny typetod kotetaorher tumbling equipmenticae be uggdmsithe Paet apparates Widized ed
is variable and may..al so depend on t he. aratus ,utili.zed, the_size and
shape. of 1% i SUisEbr Vhatihey beicah PeUyEris el of (kdpaljas mavion, THIS, s
shoul d f 0 i i i ex%Ph i ‘ml ANt
of abr as?gdgtl%yt?{'g?(g@%ffggig?@io{m??“not %Esﬁglﬁﬁg)ﬁ@gtnﬁ%tatsg mﬂr%sﬁaégfubl eéo
conpoundsvidr the atkaliaé Fixinglzobdied. dhé ratagonsunopldritot beisd harsh that agtual nbraswptodithee
degree. Prior, to each fixing step the [npregnated catal yst support nmay be
driléd to mwép@swﬁs@@ﬁw@wd@ftﬂwdaﬁg sycd thatrths @aolabkye B POoHRAs 7S¢ abiaded, e
met hod, Q4 i I Rl i t inafull
cont act o R gufort (EELEREEARANS hecafert GPRRIon! BpHAHN abG 118 bl dha

preci pi t gokgibly everhighabdepending tpen theteaidt eupponmnmilized andndie hambuhhef pregioegmeted
support is not dried ' prior to fixing. AIt_erna,tiveIé/ the inpregnatin

sol ut i on '@ Sadepasitad or Hie YBPt-c bheBImie besed HevaraRieagd sy alsogtererthupn the xed

i g i o pptuns 8 NENAMR M e BBl B TSR i Tohed, BF; 1

anmbisent  rsREEYfEIREhT e QuidSlifsefprREdedlabotddal whild\@smilh embsuRabisidhenayas hed
such as with distilled water so as to renove the anions, such as the

chl or i degakenaehitas votge ibe suchahatheingolyhle: qompoupgroare agtuallyf absedpdrafbihe shpport

initial ig@.reeg[nati ng SOJ@BE n. Washing is continued until all of the anions
are r emovVEHA¢ 8rﬁn§§m ‘¢R ed%%eﬁ_ | deal 'y no nore than about 1,000 ppm of
ani on shoul d r epBdrio @acH g sfep theSinpr galaeascgfaﬁyswmbawyadé dﬁc@?ﬁ?&rﬁé\%

e

removal of the anions such as chloride ion fromthe catalyst, tt

7140C- PCRrbgorpedwatey If fiximpiswemiedout by thetposeivrlbae methasid dnyfingiokthe opreghatedit e.
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ensure substantially complete removal of the anions such as chloride ion from the catalyst, the



The catal ysts according to the invention can be used with particul ar
advant age’i49G-ReTpreparati on of vinyl acetate from ethyl ene, oxyge eﬁ E
acetic acid in the gas phase. For this purpose, those catal ysts acgérﬁ ﬁ@l
to the invention which contain silica as the support material 2 o and
additives of alkali metal acetates are particularly suitable. In the above
menti oned preparation of vinyl acetate, such catalyst are also

di sti nguished efpYend bAbSGLEY With sBO& MELECThY bdyans ey dte gt fehfptra éﬁh@k&s
1-4 2 5 The catal ysts of Exanples 1-4 were prepared i n accordance wth the
met hod ofextéwa ghoesEYPCi nventi on. The specific exanples are described in
Table 1. For each exanple, silica catal yst supports provided by Sud Chem e

having a spheri &8 ﬁ%?f’_a@_é’ wasgemategiapis dhendreatedgyith g reguging gend i prder sasepnvert
unl ess Ottgg h}’gmsogls ?rfé?eﬂ'sglksea%d cloﬂlp@{ulld t\bﬁcﬁm??ésgﬁt’ in&ﬁge ﬁ'&:ﬁlﬁé fotrl:h? ﬁ%ﬁ@&gcﬁ%n
were i npreghated w th an aqueous soOl ution containing sufficient sodrum
pal ladi urgas bk @piride dudinkh®lighid\phae:, for@RagpleSwhih gqudoup By dragine iy dratel BEin the gas
support. In Table 1 the term"inci ﬁi ent wetness"” is known in the art to
nean a vathase forfexgmiple with hydragen ephydiecaseans, fpsexareplefethienes Jf gerreductiga is

treated su rt \er e en fixed with,a ueous_sol uti of _.sodi u

nyr oxi 08 SERGMUIE 4 54 of ) gt poalh. BUIER R0 SR terdly BiriBBhl Fnogroph
Tabl e 1. JhgerafilsMvieh uf0distioRYFERKedSutYs & dad phil®, f chiSbe fdvahRge&isan casy
defined as the nolar ratio of sodiumcation to chloride anion is 1.2:1.
Vari at i onsit the redmgiohiax eleygated reepermatae afos exaneple.fad i 0O 200rClinlthecabe oAfedactidrhwith
first fixing, t treated material was thoroughly washed with distill
Watdt 1 o SRS Thede it 4R s GRETOPRE Gy B Rt 8 thaLT Sespimibet ) of
cc/mn f i : (Y] raLed. After
washi ng ? ﬁeegl(r:ég{og??{sé?%g%rédg?wpgﬁégﬁ?%?dvgﬁée&ﬁ%@%:ﬁm t%gﬁc. The dri ed

cat al ysts wer e Dbsmdingamethe asecfdr whidh the dlialy§tprépagddiin thisiwhyls ederated athe latter

aqueous sol ution of .sodi um chl oroaurate. The Lreated supports re then
fixed wi tAR a0 bgpeayidedsyith cnsiomep addivesn ﬁ}){?r %&FH@“ g of \éﬁ&ah@%t hod

descri bed ] j [ :

fixing s'(tjd g%tg‘ggggéeﬁvh%etgg%gs t@ﬁgH r%el %Ealflsgggrtgﬁe 213.4 0 Rég%‘?pl}%%ndcrﬁ?fg@? e gér:ﬁq%'ﬁerf S
1. 251, Vérdmbledins, dxygemend drghnig atidstek thiseasd, $or exampleptheltaialysT edil, €orlthisAf t er
the second fixing, the base treated naterial was thoroughly washed with

di sti | | edPupRasesberimpregngied wisearcaqueprsrolytionof petassipmiacetate and then drisdas about
200 cc/mn for roxi mat el v..5 . eS t 1 ed. After washi ng
the catal yst s wareadyTh Eatpin Sk dBlh antie BES WG sdfl ity o e R

pr epar ed ralardtibhtof Wiyl bbdite fideh el glené, oy génhandedetigasd ai the gdSphR8PB6Athty € of
| 50C. The reducing gas contai ned 5% ethylene in nitr ogen and was passed
over t he nemaskytbese qatalysts arsondingto the myeRfisy Which certaig sgicaps she sppew dnaterial

catg] yst S .i.npre d with an aqueo sQl ut.| ont ai.ni ng | .0 anms (40
o B0 or R eUTRE SR el Bl PO AR MR SRS B cns o

absor pt i \gréparationeofeaiyd ayetits, stk eatdrglsﬁﬁe also distifFSHeAHY 18 g ActBigHnA selebdity
150C. The catal ysts of exanples 4-6 were prepared in accordance with the
met hod dewdbyderg ifed in US 5, 314, 858. The catal ysts of exanple 7-11 were
prepared in accordance with the nethod of the present invention. Initial
and final netal |oadings are identified in Table 2. It can be seen that the
average netal retention for Pd undegxAwprLeshngque of US " 858 was 88% and
for Au was 77% while the average netal retention for Pd under the

i nant i ve t echnThpieatalpsts 88B4amepies -6rweke prepared 3accohdancawith\tbe methodef #npl es

FAT Rk ST R M O RS R A
art. catalyst supports provided by Sud Chemie having a spherical shape and a diameter of about
7.3 mm were utilized unless otherwise specified. In all the examples, 250 cc. of the supports
were impregnated with an aqueous solution containing sufficient sodium palladium chloride to
30 provide 1.65 g (6.6 g/l) palladium on the support. In Table 1 the term "incipient wetness" is
known in the art to mean a volume of solution equal to the pore volume of the support. The .

treated supports were then fixed with an aqueous solution of sodium hydroxide according to the



7140C-PCT 25 J UL 2002 TABLE 1 METHODRun #1Run #2Run #3Run #4Pd

| mpr eg. |'M3#PC-XET nci pi ent | nci pi ent | nci pi ent Dryi ngwet nesswet nesswet nesswet ne
'ss withno dryingno dryingno dryingdrying at100C 1 hrPd 25 JUL 7002

Fi xi ngRot at i onRot at i onl mrer si onl nci pi enti nmer si oni mer si onl6 hrwet ness2.5
hr2.5 hr1.2:1 Na/C 16 hr1.2:1 Na/Cl1.2:1gNa/Cl 1.2:1 Na/ClFirst Washing5 hr5
hr5 hr5 hrFirst Dryingl00C100CL00C100CL hrl hrl1 hrl hrAU

| T npreg. m?ﬂo%'a%@éﬁqm r£998Eqd ﬁ%&%{)b%ﬁl@%g& gﬁg%m\%ﬁé RRS fixl tstggt i ng

sol uti onwet ness w t hwet ness ng atm xe rying atdryi 00

1 hrno dayfim@ld0ké mblddraR0&H sodiukt &wlon to chloride anion is 1.2:1. Variations in the fixing
Fi xi ngl nci pi ent N. A. I nci pi entlnci pi entwetness 16 hrwet ness 16 hrwetness 16

hri.2:1 Naxes:laxp gsalsengortl) in Table Napltprsbe Sy Mungh thegsated mateyia WﬁSShQT@&l"dbnd

1y 0915064 M0G0 NIS0C [0 IASOC o Nesuecr, 1 ueep 1o Digueep
R T
g/ 1Pd g/ Wrefaifdifettifor 867 ho@2at 366:C05 RS D akaly Bs Bei23héh @ipregrafedovifit0.75g 2
3856)(( 3 458 gﬁ)lgolgzge gs8a(.)nga%ﬁ\e/cl>zu§Aso ﬂﬁ%? c?xum c o::"ozil'ulrleexste | %ﬁ?eiitsede u%;ragrttsewgre?’ 3
then fixed with an aqueous solution of sodium hydroxide according to the method described in
Table 1. The amount of sodium hydroxide used in the second fixing step as defined as the molar
10 ratio of sodium to chloride anion is 1.2:1. Variations in the fixing times are also set forth in
Table 1. After the second fixing, the base treated material was thoroughly washed with distilled
water to remove the chloride ions. The water flow rate was about 200 cc/min for approximately
5 hours unless otherwise noted. After washing the catalysts were air dried in a nitrogen
atmosphere at 150°C. Each prepared catalyst was then reduced with ethylene gas at a
15 temperature of 150°C. The reducing gas contained 5% ethylene in nitrogen and was passed over
the catalysts for 5 hours at atmospheric pressure. The reduced catalyst was impregnated with an
aqueous solution containing 10 grams (40 g/l) of potassium acetate at a solution volume equal to
the support absorptivity. The catalysts were dried at a temperature no greater than 150°C.
_ The catalysts of examples 4-6 were prepared in accordance with the method described
20 in US 5,314,858. The catalysts of example 7-11 were prepared in accordance with the meth;)d of
the present invention. Initial and final metal loadings are identified in Table 2. It can be seen
that the average metal retention for Pd under the technique of US ‘858 was 88%, and for Au was
77%, while the average metal retentlon for Pd under the inventive technique was 88%, and for

Au was 85%. The catalysts of Examples 1-11 were utilized to prepare vinyl acetate by the

25 reaction of ethylene, oxygen and acetic acid according to methods well known in the art.
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2. The method of claim 1 wherein the reactive compound in each first and second

fixing step is an alkaline compound.

3. The method of claim 2 wherein said alkaline compound comprises potassium or
sodium hydroxide.

4. The method of claim 1 wherein the volume of said reactive solution contacted
with said impregnated support in the said first fixing step is equal to the dry absorptivity of
said support.
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11. A method of preparing a catalyst comprising
(1) contacting a solution of water soluble Pd with a parous support to impregnate the water
soluble Pd on the support;
(2) converting said water soluble Pd metal compound to water insoluble Pd compound by

contacting the Pd compound and support in a first fixing step with an alkaline compound
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