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A METHOD OF PREPARI NG A VI NYL ACETATE CATALYST

EMPLOYI NG AN ALKALI METAL BORATE BACKGROUND OF
THE I NVENTION 5 The present invention relates to a novel nethod
of pr ooehsgr® cat al yst useful for produci ng unsat ur RCEFSTMEAS

by gas phase reaction. In particular, the present invention S
directed to a novel nmethod of producing a catal yst useful in the gas
phase formation of vinyl acetate fromthe reaction 10 of ethyl ene,
oxygen and acetic acmérHoD OF PREPARING ASviawacEmatrhecmrirygy produce vinyl
acetate by reacting et hyl ene, oxygen and acetic acid in a gaseous
phase and in the pEaSeild AN, ALKRLL \MBTALSBEORATE ng pal | adi um gol d
and an al kali netal acetate supported on certain carrier 15 materi al s
such as silica. Such catalyst systens can exhibit a high activity.

Unfortunately, results uti| BACKGRQUND OF THE INWENBEONm and gol d catal ysts
have.Rheen inconsjstent. . Jhi : JGRBST & eNGYvRRPRAL o.pe based
sonemﬁ%t on the e ﬂpése is??ygﬁ %n Sggtern or prggﬁle o?oéﬁ%pcatalyst
conponent s pzZéducimhixlvazmdydepeseivd fomr prdducine [umsasnraved heswsri er .
For exanpl e, when use.iLs e of .kno vinyl _acetate.catal.yst
systens conp¥i ggﬁg‘”é?speorrg’ﬁg%éaﬁbg?fn \ﬁatrﬁlgg ;ol'di% %&ség groveREEeR i he
nmetal conmporgnisréenasided abvel mdrhdd fepeaduding a catalystitwsdfrls or
~central regions,do not alma%s contribute, ' to .reaction

2? sig 'flcaﬂtl
mechani sms, 18 BB R RREFEs ToFmahgn of viny eaa?weaﬁr@mt 5 ﬁi%/?i&telqnnt o the

centrfﬂ or Egngghyfggéuubgyben and acdti pergus network of the catal yst.
More 1nportantly,” products of catal yst synthesis forned in the
cat al yst It nierknawimist tHef x5 PERALAR YHIW! iaGetatievlY d, again

fﬁ? NG 30 LeackBhy SONASHe, VoldgbhCatfldobeibNasa iih NgaQubiE pifgieon of

and in the presence of a catalyst comprising palladium, gold
and an alkali metal acetate supported on certain carrier

15 materials such as silica. Such catalyst systemé can exhibit
a high activity. Unfortunately, results utilizing such
palladium and gold catalysﬁs have been inconsistent. This
inconsistency appears to be based somewhat on the
distribution pattern or profile of the catalyst components

20 which are deposited on and in relation to the carrier. For
example, when use is made of known vinyl acetate catalyst
systems comprising a porous support with palladium and gold,
the metal componénts deposited at or about the carrier
interiors or central regions do not always contribute

25 significantly to reaétion mechanisms, since reactants are not
readily able to diffuse into the central or inner regions of
the porous network of the catalyst. More importantly,
products of catalyst synthesis formed in the catalyst
interior must diffuse from the interior outward, again coming

30 Ento contact with the active phase in the outer region ¢Z the

catalyst. Consequently, these interior-formed products



catal yst. Consequently, these |nter|or formed products WO
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undergo further reaction and are often converted to:unuseful

by- products. The nost effective reactions occur when the catal ytic
metal is forwed7ass?® thin shell on the surface reglog@ﬂmbﬁm§4

catal yst as diffusion of reactants and 5 products can be readily

achi eved to provide good product yi el ds and reduced by-product
formul ati on. Vari ous patents have been ‘granted based on the

desire to nmore evenly distribute and _anchor the gpld and pal | adi um
catal ytic COPARFENEQTRPLE FRACHT WD AKE BRtEmeenyentef 1o unusefink ace to

provide a vihylrohekale enbanyst &BrddvRl BBactions d@d%&dw gRoghsel ectivity

and long lifee. Exanples of such patents include U 'S Patent Nos.

4,087, 622; eatpdyuygemetal is3fguued@s a3thip suellmn Bmetsghfm ent

1,521, 652 zhg Pasi & R Qg r t nyjgqacetate
h

cat al yst 15regl°ncsor?tfa|tn| ngapa:F’ram umtzg'n(ii=g {”8 %T%e;r)k(%sal t %(’j‘\%ngg cat al yst

carri Br prodtmnsplcasebe(tgaadn?m @gﬂatemw theprewideegomdt braduebus

sol utions bl e | | nd, gol d compounds, (2)
preC|p|tat|¥&F%&ﬁeﬁnq ﬁ?gPﬁﬁg ﬂ% J%% gﬁﬂug%FﬂgEbnpounds on t he
cat al yst carri ervdniot@nbaethtly hdvee |quregmaheédd@és§@/$:h 2le desiwgrdicer with
a solution of co ound bl e of acting. Wt wat er - sol ubl e
pal | adi um a’ﬁ%lr%cﬁ n%& ggb\“b f?ﬂc{n?’ﬁ’é‘“ the g%ﬂ énd R?&ﬁﬁﬂF‘é‘“prem ous
netal conpoydElsl yrdle WempbREntHewithin a hal2bRUb&M IdrEchel LRrYaELr to renove
ani ons which are freed fromthe initially |npregnated pal | adi um and

gol d18onpousiitae to pAGVAAg Bretipt aaatdsecarttiste favéngi hggkne
wat er - i nsol ypl g, good sRabLas 40y Al AUnd §9EROUNES 4 dshE ef kGen Mt al by

treat nent th a reduci ng agent. final treatnent usually involves
(5) inpregreatents H@Grl@éecﬁdseal’%ﬂ%rsﬁ Ngist-h4af8agtidbusd .HBalP6; met al

acetate sol 4t 42y, 7 Gehd! ¥hBabdditith $aLELYSE, 540 5. PrOduCt.

The bésic method of forming the vinyl acetate catalyst
15 | containing palladium and gold deposited on a catalyst carrier
comprises (1) impregnating the carrier with aqueous solutions
of water-soluble palladium and gold compounds, (2)
precipitating water-insoluble palladium and gold compounds on
- the catalyst carrier by contacting the impregnated catalyst
20 carrier with a solution of compounds capable of reacting with
the water-soluble palladium and gold compounds to form the
water-insoluble preciocus metal compounds (3) washing the
treated carrier with water to remove anions which are freed
from the initially impregnated palladium and gold compounds
25 during precipitation and (4) converting the water-inscluble
palladium and gold compounds to the free metal by treatment
with a reducing agent. A final treatment usually involves
(5) impregnating the reduced catalyst with an aqueous alkali
metal aceﬁate solution and (6) drying the final catalyst
30 product. -
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Attenpts to provide a uniformdistribution of the pal I adi um and
gold netals on the carrier has invol ved mani pul ati on of the above
nmenti oned steps and/or by using carrier materials having various
speci fi ed por VQIIH668i ons. 5 Particul arly useful inpreoznsmmsisn
preparing highly active catalysts for preparing vinyl acetate are
described in commonly assigned U . S. Patent Nos. 5,314,858 and
5,332,710 both of which are herein incorporated by reference. These

two patents descrl Qgeﬂﬁg e%se&oqu | opy, i’f (%al I adhlg%arpdof ]t%e gol d

distribution on a carr pulatlng pre step (2),
the "fixing" peflliadéumated gmjﬂdjlnie&aplseonotnse rmstxater has invgIREaUNds to the
carrier as water,-i tisol ubl e ctg{'g)o 5,314,858, fixing
preci ous net G phtoR 7% ove mentl%&erﬁ é\‘/"@BSUFPW oF Ry t‘\ﬁéngepar ate
preci pit ati oRaytr-ageSmi ety dl hl:&mg vl &g Is?f f@éaeééﬁé Pimedsibhii ng”
conmpound. U.S. 5,332,710 descri bes fixing the precious netals by
rotatiny i npragtacedarly usefula APyeYeReRts dis BRRPRELRG N ighIve geaive
carriers are da¥aB58ed for prepdring (r?é%i'&ﬁbt%@euhkgndé%&% jguring the
initial preci pitation period rot o-i nersion procedure has
been 20 fcomendy wazn%ﬂ!m%ﬁgtentmm 5t,ﬁé4p8§&|§nd &H.S32c310i er
netals are eyen S | carrier
surface. Dottt J"':MJCI‘%eér‘r]'ré q‘létr%q%‘ Q{l&{%rﬁa%\vggb %gt aTgP?%%ncaect [ \?th have

i nvol ved usi regroc phaibyss desoxidres pm'bcpases cﬁﬁxanmbelsgzpanradaim and
particyl ar shapes st carriers_useful for i nyl
ester sfﬁare t OH fiﬁf/gg%)l?r‘f)%%ed D BSFRFERSE aﬁyur‘ﬂaﬁ‘épgiatmg g’fﬁ%‘ﬁlﬁﬁﬁim
silicates or stpnpnem, Ghe | Thixingt"hefptRé avdt’d soluble precious metal

compounds to the carrier as water-insoluble compounds. In

U.S. 5,314,858, fixing precious metals on the carrier is
achieved utilizing two separate precipitation stages to avoid
15 using large excesses of a "fixing" compound. U.S. 5,332,710
describes fixing the precious metals by rotating impregnated
catalyst carriers while the impregnated carriers are immersed
in a reaction solution at least during the initial
precipitation period. Such roto-immersion procedure has been
20 found to yield catalysts in which the precipitated carrier
metals are more evenly distributed in a narrow band on the
carrier surface.
Other attempts to improve catalytic activity have
involved using catalyst carriers of particular pore size or
25 particular shapes. Catalyst carriers useful for producing
vinyl esters are typically composed of silica, alumina,
aluminum silicates or spinels. Silica is the preferred
carrier material because silica is porous and is a neutral
_carrier for precious metal deposition. The carriers are

30 usually shaped as spheres, tablets or cylinders. Spherical



cafrier material because silica is porous and is a neutral carrier
f or preci ous netal deposition. The carriers are 30 usual |y shaped as
spheres, tablets or cylinders. Spherical

3: WD 97/ 36678

PCT/ US97/ 043%b 97136678 shaped carriers having di amet er spéfpddehspnge of
4-8 mm often are enpl oyed. As the catalytic activity
increases it is preferable, for the purpose of producing an
unsaturated ester on an 5 i ndustrial scale, to increase the raw

mat eri al gas vol une conprised of olefin, organic carboxylic acid and
oxygen shaneds IRy raerss Savihed citanslsrs dat alll?tlf@%ctqfvﬁw mg eftesd |y
eval uated by, pﬁq&g e yield (STY). One reason to increase raw

mat eri al gas vol une "passing across a catalyst is to 10 prevent formation
of hot spots on Ame:mactca\télyaial FstivitSi dogreases iy a:srmnre@aralehe:tlons of
unsaturated estgrs are e m’&uc;n unsa£ clease | rcatal tic activity
can excessi ve’fy e &t Iﬁ) rt ons D% e ? sI vef PI'c™@nt heat

di st rsbut i opndrstaricd alopdle, to 1nctﬁ!ﬁkﬁ§ltﬂﬁblrywlmztﬂ glagdevobmaé i ons such

as formation of 15 car hon di oxi de whi sults, jn |leqgs select|V|ty for
formation o?°”f‘?1‘émtﬁ?sa’tfuf’jfganes?’é?a’é’tfcﬁa§ °W Va1 %ﬁ:‘éit Sy

Anot her pr oph ei i Godlse dhwl t:atargeéteasmgaaﬁtwlatatlehty is ustaétﬂ i nyl
ester cat alysts is the production of heavy ends during vinyl ester

synthesi s. FEalMNAtaPYaSR26E- biBaucteld ( Y’res‘i”%ﬁle%eaﬁﬂncﬁ%bﬂ‘b??%*"ee hi gh

mol ecul ar V‘féx@*lﬁaé&xﬂtaa[l Gas volumeogsqgmgﬁ aEQBE’EdadéHda”!SrétEniét goated ester
synt hesi s. Such heavy ends i1nclude, but are not limted to,

et hyll0dene prevent dicymatdon of hoyi spatioep shayrehire qadadygt. Since
trans-di acekgﬁ{a%on rea%ttmgtasnsf SV ENG 4 xggtr aﬂ:c?etégtto%hraﬂnﬂ | an

acet oxyacet ate acet oxyaceti c acl ene glyco
nonoacet at e;namlase in cabpd-hr@pcopamm tw@nybxgew‘celwrhs@ttupartadomt er

synt hesi s, L?a Vi ﬂ' fg{?aﬁte syt ggg}% of %en gggg#lg&%a
heavy en S Se et|V|ty o 0 out hé reac
et hyl ene. Thndé@r@bhnds:a(&n tbesiéadn'éacmrﬁavsdclamb 3ﬁ:rmatlsapaf ated from
t he sired rodu % ’é,ﬁ%el Sti, tolat Lon,, & r\:tLdn t1ess select:W]_torps cont ai ni ng the
heavyends € f}?%%t of FPes8sEEED
4 formation of the unsaturated ester such as vinyl acetate.
Another problem associated with increasing activity of
the vinyl ester catalysts is the production of heavy ends
during vinyl ester synthesis. Heavy ends are by-product
20 residues which comprise high molecular weight organic
compounds formed during unsaturated ester synthesis. Such
heavy ends include, but are not limited to, ethylidene
diacetate; 1,1-diacetoxy ethylene; cis and trans-diacetoxy
ethylene; ethylene glycol diacetate; vinyl acetoxyacetate;
25 vinyl acetoxyacetic acid; ethylene glycol monoacetate; and
cyclopropane carboxylic acid. Unsaturated ester synthesis,
such as vinyl acetate synthesis, can often produce a heavy
ends selectivity of up to about 2% based on the reactant
_ethylene. The heavy ends can be readily removed and .
30 separated from the desired product by distillation, and the

bottoms containing the heavy ends collected and disposed of

4
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by waste site dunping or burning. However, disposal of the heavy
ends by such nmethods is not -practical. The heavy ends are consi dered
toxic or the burning thereof can cause formati on and rel ease of

t oxi ¢ productwoiomses7® he envi ronnent . 5 Pol | uti on | awspermisagusdel i nes

i n many areas of the world strictly limt the ability to dunp toxic
solid waste or to * burn sane. Thus, any reduction in heavy ends
formation during unsaturated ester synthesis is very desirable in
or der to reduce wast LsSp I S. S d, therefore, 10
for a net hodb%fw%sftfpasﬁtﬁga‘égnpgéfio\c/)rtsa%élé%’g'?l%s't %%g%&ecrdn 139’323‘1 oPet'iahrrepl oyed
in the synt hepea®y Gindéndet snehatetisidy dsandtt prictical. TheSHeayiendseduced

heavy. ends fornmation. , Accordingly, it is an object of the
present i nveRtForPRidered toxie Qx &g‘ea%ﬁ‘ﬁ nbe Yre &Pn§24SCat al yst whi ch

has reduced g&rmatiftin\WhceResedss s toxlyY p@oHEELSYIHIE The environment.
further object of the present invention is to provide a net hod of

prepar fng a Bathpsiane fgws; prdsgpidalipessyn Rary areas of the ypRid acetate.

Anot her obj egtpic e jRH@SERE ABVEIYY &) dnbOrtok Y il i wilte ofBEdIOd Of
preparing a catal yst which has high activity for vinyl acetate

synthesis. burn same. TBug||apstreduyahicmedinoheavy efdst ferpatiemt i nvention
. | . : ; : t whi
IS Og; :rcfr\{g'; g.g—xs%trﬁ%@gg %&%@?@&%ﬁzg%ts\ﬁnﬂ &%‘{?g;‘]ﬂfe%%‘%wé i L L4L

has a long ITT¢€ CtsS and a ages o e present
i nvention to reduwes weattef dishbosal tdustadescThete ois whingled, othenstfare, wi | |

becomg jappar gnt Q408 $2"plpsKild i det§vd fatP¥he that can be
employed in the synthesis of unsaturated esters and that
results in reduced heavy ends formationm.

Accordingly, it is an object of the present invention to
provide a method of preparing a catalyst which has reduced

15 heavy ends during vinyl ester synthesis.

A further object of the present invention is to provide
a method of preparing a catalyst for the selective synthesis
of vinyl acetate.

Another object of the present invention is to provide a

20 method of preparing a catalyst which has high activity for
vinyl acetate synthesis.

Still yet a further object of the present invention is
to provide a method of making a vinyl ester catalyst which
has a long life.

25 Other objects and advantages of the present invention
are set forth in the description which follows and will
become apparent to a person of skill in the art upon

practicing the present invention.

30
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PCT/ US97/ 04324 SUVMARY OF THE | NVENTI ON

A nmet hod has now been found that produces a catal yst cont ai ni ng

pal | adi um and gol d useful for the production of vinyl esters from
et hyl ene, | eweereemboxylic acids with 2-4 5 car bon atyfrusefdaaxygen in
the gas phase at el evated tenperature and at normal or el evated
pressure that provides for reduced heavy ends formation during
vinyl ester synthesis and accordingly alleviates the need for heavy

ends di sposal . Di sposal of such heavy ends presents environnental
pol lution 10 pr obl ens. w&@mp the preparation of

vinyl ester catal yetfiod has now Wied £oahabiigadHroadicud angadolykiconpounds
are fixed to a carrier with an excess of an al kaline conmpound such

as sodi um containipgdpakiadiwt st gedpunselih BSardéheorradueieiathastt al | of
the 15 A er.- b r el me O§B9“9$§‘ r |l 6d as
wat er - i nsolml\bgﬁ}el cegﬁp%(%%n gmgn %he caet'aI&;SIJ'sv?Pcarrl er. 1$h§c§)iﬁ§§bdﬂﬁ§%

preci ®us neizatbozoRonndandr exygtuded thet fas plediec iatg edgeated such as
et hyl ene or_hydrazine to.formthe preci met al s. The resylting

cat al yst ca'i’F‘%’éer FSy 88% %E SALL&AL siofee\g/lg‘?ﬁ'/ & Hyessurg Pt PrEiSSor epar ed
catal ysts, ®d heduleli gbhyy astds/eformation dwf ien winglldesteessyrmitesilsevel s
of heavy ends;

_ 2 ) To reduce.the gguc\tmi on_of Qea ends during
vingl " and aecerdipAlKeatLouRF e, thechroRiiaE ATt RBOR, SRR vent | on,

Disposal of such heavy ends presents environmental pollution’

10 problems. _

Typically in the preparation of vinyl ester catalysts,

water-soluble palladium and gold compounds are fixed to a
carrier with an excess of an alkaline compound such as sodium
hydroxide or potassium hydroxide to insure that all of the

15 water-soluble precious metal compounds are precipitated as
water-insoluble compounds on the catalyst carrier. The fixed
precious metal compounds are reduced with a reducing agent
such as ethylene or hydrazine to form the precious metals.
The resulting catalyst can be employed to synthesize vinyl

20 esters. Such prepared catalysts, although highly active,
often yield undesirable levels of heavy ends;

To reduce the production of heavy ends during vinyl

ester synthesis and in accordance with the present invention,
a useful catalyst is formed by (1) simultaneously or

25 successively impregnating a catalyst carrier with aqueous
solutions of water-soluble palladium and gold compounds such
as sodium-palladium chloride and auric chloride, (2) fixing
the precious metals on the carrier by treatment of the
Aimpregnated carrier with an alkali metal borate to

30 precipitate palladium and gold compounds, i.e., hydroxides,

on the carrier surface, (3) reducing the precious metal

6



a_useful catalyst is formed by (1) simultaneously or 25 successi vely

i fipregnating a catal yst carrier wth aqueous sol utions of

wat er - sol ubl e pal | adi um and gol d conpounds such as sodi um pal | adi um
chloride and auric chloride, (2) fixing t he precious netals on the
carrier by tr¥afmsatd of the i npregnated carrier w tRPCEASIHN4EA |

netal borate to 30 preci pitate palladi umand gold conpounds, i.e.,

hydr oxi des, on the carrier surface, (3) reducing the precious netal

6 WD 97/ 36678

PCT/ US9/ 04324ompounds to erQnﬁ§Eﬂﬂaiuﬁpahﬁe§oPéJ|éHH.%Q5a?gsﬂgﬁﬁ widdd (4)
washing with wat er ‘'to renove the Chloride ion er anion). By

repl aci ng trmﬁﬁgqnuﬂareapkalthﬁmﬂhﬂOﬂHﬂﬁfgpndéot|0¢hﬂrthnapn) By al kali
roduced durf RIS SRS PPETeRf Wkl hebdf AR £48 gt S, 1"
acetate, by aliealprme&aﬂ bbraeactlmg 1&1 hyalsebeen found thlaowehecaﬁdmttyldfc acid
and oxygen i, the st activity is
i nprovad. FUPTRE %%%eg ?afﬁ‘itéumg %h(?apﬁlgarr”e%ﬂé\;"rIQM eB*Wiitout | oss

of CatalytICs&ﬁHIas wﬁny10acetate, by the procesPRIAlraltDESCERE IR, CF THE
| NVENTI ON nproved net hod of preparing a catal yst

enpl oyed lowex r'Fat"]kPéxé’%F h%%’r% B FRYIehr AR cthe gasr phapgl iadreducesd gol d
15 CONMPOAMMI S 1Y %aﬁ:hlﬁgtthEi\QitﬁﬁtJ.%l Xﬁiﬁr&@écﬁ ' erFu‘Q‘thQrantﬁé keddaiys
y

metal borate. The support materi al for the cat st anOI’dI ng
to the camyhes @erdihy e RENSRA dEiFhstitoflogayoflicatadytdconetivitat. shape.
For exgnple, the support can be shaped as spheres, tablets or 20

cylinders. The geonetrical dinensions of t he support mat eri al can,
in general, be in the r REPAISED]DRSCRA PTTON NTTONb| e geonetri cal
shape is, in particular, the spherical shape, for exanpl e, spheres
with diameters in the range of 4- - 8 mMm

In an improved method of preparing a catalyst employed
“in the synthesis of unsaturated esters, palladium and. gold

15 compounds are fixed to the catalyst carrier with an alkali
metal borate. .

The support material for the catalyst according to the
present invention can be of any diverse geometrical shape.
For example, the support can be shaped as spheres, tablets or

20 cylinders. The geometrical dimensions of the support
material can, in general, be in the range of 1-8 mm. A most
suitable geometrical shape is, in particular, the spherical
shape, for example, spheres with diameters in the range of 4-
8 mm.

25 The specific surface area of the support material can
vary within wide limits. For example, support materials
which have an inner surface area of 50-300 m?/g and especially
100-200 m’*/g (measured according to BET) are suitable.

. Examples of support materials which can be used include

30 silica, aluminum oxide, aluminum silicates or spinels.

Silica is the preferred support material.

7



25 The specific surface area of the support material can

vary wthin wwde limts. For exanple, support materials whi ch have
an inner surface area of 50-300 nierr]/g and especially 100- 200
nferr]/g (measured according to BET) are suitable. Exanpl es of
support mat svo sw3sss7hi ch can be used include 30 si |'i caroaiuspgasan oxi de,
al um num silicates or Spl nel s. Silicais the preferred support

mat eri al . 7
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The catalyst carrier is first i nafed w,t gueous sol ution
cont ai ni ng wat eFPeofdtA Y faI93%dR ﬁl ) Slmpregna&ﬁg Watfa"éransol ubl e gol d
conpounds. 3gR3hH8t Bot@t il Uthtefining watd@ldAUIR BATLER] W CUxpRURES al so
can be used successively, 5 but It is |less convenient to proceed in such

a fashi on. and watexntsabkis (qql)d ERMBPRRES - s&ﬁP&ﬁﬁﬁSI sadrtdRRs 19F chl ori de,
pOtaSS!un] %F?ngﬁg]%ﬁé) oﬁ%%unagléfgu bg)ugéﬁréﬁfb 51ve1y,
sulta e exanpl

pal | adi um es of suitable water-s
pal | &&li um Ganpdunds. 1&be cudienhept potpswiesd sal SQbeaatn$1@1010 (rrn)

chl oride or trachl ) ' ﬁﬁﬁ e { he
wat er - sol ulﬂaéﬁ gllamcg%gg afor("fjlet’rggﬁﬁ"%'r‘ aurlg%l q}il? Ch:Lm:lde'd and sodi um
pal | adi um (;Jdt)as@hhmrpdmmmpr(eﬁer bhﬂlobb@ewsgﬁalladlum ¢1I} heitrageodrnat er

| ubi | Th i
o ovi de. abRRLipaliakbh] Sifels ore gramRel arrAREIRe LA B8 o

about 10 grHMA A@fi uflOL&m oun . P@he sbaiumfof igtalkedumasal ystof Gafrdlyst s
cont ai ni ng "even Ii?l or |ower anpunts of the precious tal s

rel atfve t ofIII) ChlPﬁé\@ﬂ‘é‘él‘%%%ﬁé%\‘%’& cET e 2548r GR0j PR (45°8% &Smat i on
of iy Ma%eﬁtewuﬁye S icompslings hyln.@éte:acmweauﬁﬂg geetyi ¢ acid 20

I n the vapor phase as long as the catalyst is fornmed by the novel
met hod set dajit landesefihum Tprllastivre (31) serlryisle ayegpreferreq jecause

| mpr egnat | g téﬁ%ﬁugeeatwe&ép ddYLANEELOUSTB Iqilahtlity of theddlPOrtant. For
effective deposition, the volume of regnating sol ution

shoul d be feouncsindst e@ﬁlometébxﬁlts\‘mowzso pro‘oﬁdet ogtylabs aprutydOcapacity

of t cata _ eke Ya | § 02BQRL, 9990@ Such
[ nprggnat o‘#%%“sch g’gﬁag% azllqs % og{taét fé?‘?éed&%ug S'Lh BQIHI’I%I pl ent wet ness”
met hod. per llutpn:egtﬁafini\smd tdae:adansm erCagalystise ogatainsng dsen pal | adi um

and gol d cqnpaunds oGGULS Q¥SIndk RY kRY BLeBPQM whthds2BQYLeZve to

that recited above also can be useful in the formation of
vinyl acetate by reaction of ethylene, oxygen and acetic acid

20 in the vapor phase as long as the catalyst is formed by the
novel method set forth herein. 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 about 95 to about 100%

25 of the dry absorptive capacity of the catalyst support and
preferably it is about 98-99%. Such impregnation technique
is characterized as the "incipient wetness" method.
Impregnation of the carrier with the water-soluble palladium

and gold compounds occurs over a period of about 1 to about 2

- 30 hours.
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After inpregnating the carrier with the water-sol uble pal | adi um and
t he wat er-sol ubl e gol d conmpounds, the water- sol ubl e precious neta
conpounds t hewoe86678 xed to t he carrier as water-insptriobeogeci ous
nmetal conpounds. The 5 fixing solution conprises an aqueous sol ution
of an al kal i netal borate. Any suitable alkali nmetal borate can be
enpl oyed to practice the present invention. Such al kali nmet al

bor at es i ncl ude, t are not limted to, _sedium borates ch as
sodi um t et r abor atigé,kesromlﬁe%?#ﬁﬁ%r%fee < gﬁt"ﬁﬁy‘ﬁf’g‘i et?}’el@'ater'ﬁﬂg‘ﬁg'ﬂedi um

t etrabor at e gerbdyilimftatid thepwabées+stlulilieayeidsedibounds, thée wWEt&SSI um
tetraborate, potassiumtetraborate decahydrate . and pot assi um
tetraborat e PehiR dracdous; mpEap ePmRquEis; shen are fiixed;408e88Q sol utions

of sodi um t efpAROLAlL RAMRIYHESI @b preciousSRELAIM dRidoRRAL AL Brhe
decahydrate. Treatnment with the aqueous 15 borate solution converts the

“wat er - Sol ubl Eiptrgisintiengronprises g aguesufaseiutiiesolofbre adkali
hydr oxi des. metal borate .Thgnwgﬁigiﬁa#QIﬁaﬁﬁeﬁégyﬁ H@a@e ggg‘pggnds can be

fixed to the carrier Wt kal1 netal orate as water-insol uble
preci ous net enpleygdivdpriggting the tRidsenti thngnpiacesSuezb alkakipl oyed in
the art. Duri t.he fixin eriod _the pH o he. fixing solution can
drop from ab%ﬁ?gllf?)ra}tc? sas}g’lcg%dﬁsd%‘b%ﬁl% 3t L’Bﬁf%letp?én&oﬁé nb?lﬁ"'g:es
duration of shehfaxiswipar itetiraborate, RcefiemabeyrabidyateHpehthhedfate Ng

sol uti,gn ranges from ahout .5 to about 8.0 by conpletion of fixing
to as&??re op‘g"l"aﬂr?ﬁ n tetrARPRRCR ATFYTSE S TRE %‘?Fd%ﬁl“ﬁ‘f L&FRE‘F? |

borate used &§ potassium t@teab6rate A podadsibastetffbdratle BegHhy&Fhtd I eact
with all of the inpregnated water-sol uble preci,ous netal conpounds.

Thus, the nof3f PAEISFI AekapPoRREQIP grate palftadisurrghgrred to gol d

gan range fr@geahaudouk Bolut@oabost fodivh tRELEBSAY ped@ahyardb@Wy 20 1.
sodium tetraborate decahydrate. Treatment with the aqueous

15 borate solution converts the water-soluble precious metal
salts to water-insoluble metal hydroxides.

The water-soluble precious metal compounds can be fixed
to the carrier with an alkali metal borate as water-insoluble
precious metal compounds by any suitable fixing process

20 employed in the art. During the fixing period the pH of the:
fixing solution can drop from about 12.0 to as low as about
6.0 depending on the duration of the fixing period.
Preferably, the pH of the fixing solution ranges from about
6.5 to about 8.0 by completion of fixing to assure optimum

25 fixing conditions. The amount of alkali metal borate used is
in excess on a molar basis of that required to react with all
of the impregnated water-soluble pfecious metal compounds.
Thus, the molar ratio of alkali metal borate to palladium and
gold can range from about 1.5:1 to about 2.5:1, preferably,

30 about 2:1.
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One nethod of fixing the precious netals onto the carrier is the
"incipient wetness" method whereby as above descri bed, a specified
vel une of the fixing solution, e.g., aqueous al kali metal borate,
equal to thwodpseabsorbtivity of 5 the carrier is popcprhsitifist Ne
porous supports which have been i npregnated with the precious netal
salts. The treated : carriers are allowed to stand until precipitation
S ' conplete. Mdlar ratios of borate salt to the palladi um and

gold netal are those as expressed above. Wen fixing is 10 performed by
t he i nci pi ent i &eEhRe: REJTIFING ithsr BFRSLeyws metals ongor tBes are air

dried priogatfidd XNdEne binkhs: @MSUGess” meteé&%ﬂeﬂ&ﬁ,ahsb%a&@
Preferably, fixing is done by a process designated rotation

|nner5|on"d$$¢2#b5d9 seeppeifhed (wvalue pft she fbxing $olutign3z3e.g10 i ssued

July 26, 1%3%0r 'ﬂum&af'boéate LULSE to the cgef %%gggégitmxfh s

her eby inc erelnin entirety
pr océss, thﬁe|¢arnxprausdpoured onmmuuheepOISusnmmppnxts|whanhahkaé| netal

b te f | uti nmal ed t at d th t | t
boret o X0 SRhtidBlcen wip B0 SR QhedPLgg hoke BodleLees

wat er - i nsotabtHexy eﬁ:ie)ualowed to rmiaaid emtpauptscigimtiematison or tunbling
of the carriers in e alk net al orate fixing solution

pr ef er abl yCPRtRisRts Molar rFB?’°%t° eﬁ’ﬁat&béﬁ Eote TP 1Reandi t i al

treat ment %82’61 metal areTRBbser&f e altlabseobbate| eaiernFawing. $shours. The
rotation 2 i nmersion treatpent can |ast as |long as up to about 4

hour$. performed tyvedbed ingipient satnsssarebhed: ttdssdamprepnata’d fixing
solution tggiPpLke atzl@tal‘i-oﬁﬂéé oPLEC I Faking @fth hRlfikbous

sol ubl e precious netal conpounds to water-insoluble conpounds
alkali metal borate.

Preferably, fixing is done by a process designated
“rotation immersion" which is set forth in U.S. Patent No.

15 5,332,710 issued July 26, 1994 to Nicolau et al. the entire
disclosure of which is hereby incorporated herein in its
entirety by reference. 1In this process, the impregnated
carrier is immersed in an alkali metal borate fixing solution
and tumbled or rotated therein at least during the initial

20 stages of the precipitation of the water-insoluble precious
metal compounds. The rotation or tumbling of the carriers in
the alkali metal borate fixing solution preferably proceeds
for at least about 0.5 hour upon the initial treatment and,
most preferably, for at least about 2.5 hours. The rotation

25 immersion treatment can last as long as up to about 4 hours.
The treated carrier can be allowed to stand in the fixing
solution to insure that complete precipitation of the watexr-
soluble precious metal compounds to water-insoluble compounds
_takes place.

30 Any type of rotation or tumbling eguipment can be used

as the exact apparatus utilized is not critical. What is

10



t akes place. 30 Any type of rotation or tunbling equipnment can be

used as the exact apparatus utilized is not critical. Wat is
10 WD 97/ 36678

PCT/ US97/ 04324 critical, however, is the extent of the rotating
not i on. WOR4%  the rotation preferably is sufficientcrustvodsaat all
surfaces of the inpregnated carriers are evenly contacted with the
al kali netal borate fixing solution. The rotation 5 preferably is not
harsh enough such that actual abrasion of t he wat er-insol ubl e

reci ous met ou es; dlage Ier-lnsoluble
(F:)orrpounds ar?%%?ﬂaggedﬂgﬁf{’ték it e§g§{rhr:|%fr t:shuer tgtt:%h%g T?’ue Bther hand,

it has been Thighd the rotation|ptqfmraiplyhis swifbdicienlt! sexbetihafalabr asi on of
t he wat er - $0 I tal _co ounds ctually works to
a5 Dot RS ERLR o B “RPedY oterAnt

nor e iStr Wat &F - 1
conmpounds orwitte td'@r Alealsunétak bobatecfieivg (B‘olrtmtiahl. ONThe rotatilogf erably

is aboyt 1 to out .10.rpm SSi bI eve hi gher dependi ng upon
t he ex3ct ca?‘??a%x%’tlyl F?eﬁ"g:}'ba’%)sﬁ’e BFtBch?BE%SJr%‘t&l to be
deposi t ed oncHé avat@irr- bﬁfsoluﬂ?ﬂ@ precious ﬁ\EET&I Chounad ’c§ké!§rﬁla§2'!ees Pﬂ al so
can depend u&)on t he paratus utilized, the size and shape of the

carrier, the-hat the wafsg- b’F %%anﬁﬁk“&qis |arsdiekhgadedteff the preferably
falls cardildH @u&hﬁcgu'Qﬁihﬂﬁ§o%ﬁgfeﬁ§£ﬂ quﬁﬁgtﬁéénv¥gdﬁa€% smal | 20

anount of abrasion can be beneficial, it is not that the
wat er - i nsol (RRldeveshsbatssare smallaekyentrefi@drasion of the water-

10 insoluble precious metal compounds actually works to more
evenly distribute the water-insoluble precious metal
compounds on the carrier surface. The extent of rotation
preferably is about 1 to about 10 rpm and possibly even
higher depending upon the exact carrier utilized and the

15 amount of precious metal to be deposited on the carrier. The
rpm to be used is variable and also can depend upon the
apparatus utilized, the size and shape of the carrier, the
type of carrier, metal loadings, etc., but preferably falls
within the guidelines expressed above that while a small

20 amount of abrasion can be beneficial, it is not to be such
that the water-insoluble compounds are actually abraded off
the carrier surface.

The fixing step also can be divided into at least two
separate stages of treatment with the alkali metal borate

25 fixing solution. Such a fixing step is disclosed in U.S.
Patent No. 5,314,858, issued May 24, 1994 to Colling the
entire disclosure of which is hereby incorporated herein in
its entirety by reference. 1In each separate fixing
.treatment, the amount of the alkali metal borate compound is

30 no more than that equal to the molar amount required to react

with all of the precious metal compound which is present on

11



the carrier surface. The fixing step also can be divided into

at | east two separate stages of treatnent with the al kali netal
borate 25 fixing solution. Such a fixing step is disclosed in U.S.
Patent No. 5,314,858, issued May 24, 1994 to Colling the entire

di scl osure @fowivee/s | S hereby incorporated herein in pCTdshioSit i rety
by reference. In each separate fixing treat nent, the anount of the
al kali metal borate conmpound is 30 no nore than that equal to the
nol ar anount required to react with all of the precious netal

conpound which is present on o1
WO 97/3667§he carrier as a water-soluble compound. Blg/exeess)sfofixing

the Carr'eEoﬁﬁo@ndwéé”uéﬁd ublreCoPRRtRCht Mo @hee8scoha fipding stage
conpound is used. The treatnent in the second fixing stage can be
equi val ent cen pazequivalent tosthatagk Wrefdmstt Abage whereineghed and
partially tikgded aéﬂd%afﬁal 290ah oo id} 1A impregndded ALLROLHE! ON At
the desire orate concentration and 1n a ?
equi&hlentfuxln@eseﬁqmlon at absonSLned3bqnat@heouaentxatldﬁuandannler_also
can be nat e nd f|x o] Xi stage by the
rotation |ﬁﬁ§?gn§%EgPocess di°Sc s ?éé§§lé% @g Lh ég&"The fi xed precious
met al conpavedsbeieitant tmmatcadrmerh The caraleedaa:smg:aagemt in order to
convert the preci |tated eci ous conpounds, ., hydroxi des,
on the car ifgregnated ?’Fﬂof’ﬁ‘ﬁdall Eh?o??ﬁmé]?lﬁéﬂﬂcﬂ:iﬁle éﬁ’n carried out:
in the rotatighi Spdasion fPoce¥anpl scusddd) adaueous hydra2|ne and the 15
hydrates thereof, or in_the gas phase, for exanple, w hydr ogen or

hydr¥ar bons, fgFeeibﬁiﬁe?r%ﬁﬁﬂﬂseﬁﬁtaiw%ﬁ%ﬁ?ﬁﬂ@f are thent?ﬁ?ﬁﬁ&@uUfFBn step

is carried OWeghBihfCabdditith RIaee Wbt Bonvert thalpeedspivdbaxi ne. Wien the
reduction is carried out in the preferred I'iquid phase with a
sol ution ommnydpuzuneta¥rﬁpmsayndsn Pedet | BFAGELEEaDPY tRE CATEISY out at
nor mal t emperat HeEa1lic fork: e TheQllicR0er? Yl BeCoatbfed W iilthd Of

Iu

hydrazi ne to gold netal ranges fromabout 8:1 to about-
15:1, liquid phase, for example, with aqueous hydrazine and the

15 hydrates thereof, or in the gas phase, for example, with
hydrogen or hydrocarbons, for example, ethylene. Preferably,
the reduction step is carried out in the liquid phase with
aqueous hydrazine. When the reduction is carried out in the
preferred liguid phase with a solution of hydrazine, the

20 reaction preferably is carried out at normal temperature,
i.e., about 20-25°C. The molar ratio of hydrazine to
palladium and gold metal ranges from about 8:1 to about 15:1,
preferably, about 12:1.

The aqueous hydrazine solution can be applied to the

25 carriers by any known method including the incipient wetness
and rotation immersion methods described above for the fixing
solution. A particularly useful method is to add the aqueous
hydrazine solution to the fixed carriers during the later
_stages of the rotation immersion fixing process. Thus, after

30 rotating the impregnated carriers for about 0.5 to 4 hours in

'the alkali metal borate solution, the agueous hydrazine

12

vol une sol ution agaln .



preferably, about 12:1. The aqueous hydrazi ne sol uti on can be

applied to the 25 carriers by any known nethod including the incipient
wet ness and rotation i mersion methods descri bed above for the
fiLxing solution. A particularly useful method is to add the aqueous
hydrazi ne sol WMO%3A667® the fixed carriers during the later pecrusoRiges of
the rotation inmmersion fixing process. Thus, after 30 rotating the

i npregnated carriers for ‘about 0.5 to 4 hours in the al kali netal
borate sol ution, the aqueous hydrazine

12 678

. \\D 97
PCT/ US97/ 043531 ution 18 allad of Y e if XS ISATEHEF S RIA I EQtREPY £9% agai n
rotated for about 0.5 a&woGt hBubstat S heiths oit £2or adkoudf 1f keMaBbeEt1d to

about 10 [om The.,rotation is stopped and the carriers are all owed
to TPT- f oS OR3P o 18 R RPRe S 6] st]E‘% ATTHRTEo APl bR Bhe 5
reduction prgfesfor about 2 to abdiers HaRrkedyCil il Hompleti6A’ 6 aGhPUt in

t he gas phase with ethylene, it is advantageous to carry out the
reacti én reductiomy Precefht ed tenperature, for exanple, at about :
100-200[err] C.  ynen tHel R¥hGBRi RSl &Q Qﬂi{ﬁ it i ABPELPI ML te' y

enpl oyed in 10 excess to be certain e water-i bl e

pal | adi um andl ol echydepeunds éﬁeaﬁxﬁnﬁﬂ999d8|h@ocannxﬂommcthe reactxnﬂl adi um
d ld. Pa t | t 95%
ond 906 Pl B LB ORI 5 e LABEES SO,

t o about 100% by wei ght an PoH Han "'85%to
about 95% byEtzx‘m'ZgEme.ofast he thé hydraminginab mmnrmfterlgl empl ovedinich gol d
inpregaated on th r-insol uble

preci 6us net%fce% ouﬁﬁ%cgfgaf% that all B& FQEhﬂﬁﬁfqﬁ}nﬁPiaPiﬁs netal s by

gas phase reﬁmbladﬂhmﬂﬁmﬂggold compounds are converted into metallic
palladium and gold. Palladium retention on the catalyst
ranges from about 95% to about 100% by weight and gold
retention ranges from about 85% to about 95% by weight of the
15 original amount of palladium and gold impregnated on the .
carrier.

If the water-insoluble precious metal compounds ére to
be reduced to precious metals by gas phase reduction using
ethylene, subsequent to the fixing step, the carrier is

20 washed with distilled water to remove any anions, such as
chloride ions, which are still contained on the carrier and
freed from the impregnating solution. Washing is continued
until all of the anions are removed from the carrier,
approximately about 5 hours. To ensure substantially

25 complete removal of the anions from the catalyst, the wash
effluent is tested with silver nitrate after each washing
until the silver nitrate test is negative, i.e., no
conversion to silver chloride. The catalyst then is dried at
temperatures not to exceed about 150°C under an inert

30 atmosphere such as a continuous nitrogen flow.

13



et hyl ene, subsequent to the fixing step, the carrier is 20 washed with

distilled water to renove any anions, such as chl oride ions, which
are still contained on the carrier and freed fromthe inpregnating
sol.ution. Washing is continued until all of the anions are renoved
from t he car wos 36678 approxi mately about 5 hours. To gpg$ 04324
substantially 25 conpl ete renoval of the anions fromthe catalyst, the
wash effluent is tested with silver nitrate after each washing
until the silver nitrate test is negative, i.e., no conversion to
silver chloride._The catalyst_then is dried tenperatures not to
“exceed about 15§[fe,r,eéuﬁﬁa@¥ ah FkPF’er‘“fate§0mS°1‘&?]rﬁ)§5}?€|18“§HEPﬁtaa]s

~continuous thddRFRIE kbO¥ree metal is achieved with hydrazine washlng13
WD 97/ 36678 T OETT 04532

1f reducti o¥e ofemdve waderirnseewine Yakesi placeetlisequent teonpounds to free
metal s acﬁéﬁt‘;&qow t hTﬂ¥d£é§ﬁf€1n *E'a!igst i washféq’ %Eﬁedf%‘éﬂ‘ie%sloec' es
. takes pl ace subsequent reduction. e resulting cata

" washel8l wi t hwakiest |ﬂdzedb§ut Swhaters faxr ualtddt the holfluieat droil thdﬂs«rmlfl uent

. fromthe St og¢ |Iver ni trat Il ver
“chloride \NateStS 61 tfi% é’l egcia‘%/efrl erltgggr%e dri%ed ar ?1 SFa‘chfon of from

- about 100[ efédrtatiion. enmhéat:uresemtazteodﬂededt a&mﬁerhﬁﬁﬁresréﬁ farvder an

i nert atnosphere of ,a continuous ni tro Dependi ng on
the use for2RPHCHANE EQt EPIRETHMESS t "eb exce«féc@?’&?ﬁgl?%qwé‘dﬁﬁtﬁ d
the presentmékvceraﬁnmm&renbend%ntmuous hberégdalfish.al so can be provided

Wi th customary additiyves. exanpl e, additigons of al kali netal

acet &Pes are DePe“é&FHnP&gEB%s“%efr?rt H’E‘leﬁt'éll‘?/s‘iaqaéyﬁﬁ BESRR®RAfor the 15

prepar ati ong@borisRt oatRe REERES Jf AROLeELES: BXMIRNoANYs intenadd,ganic
acids. In such a case, for exanple, the catal g/st can be i npregnated

with an aqu‘é@%uscas‘?ﬂlmsltoﬁlép Bé@d&%lﬁ}?ﬂ"&ééﬁlat"b h customazydaddi bieamt e,
lithi um acegaf xedngfiiedi Y i‘E%ﬁ‘é S Pra198 ! Uik tal acet%%%EaE§ea”d then dried

in an inert at nosp ere (0} a cont i nuous
advantageous when the catalyst is to be used for the

15 ‘preparation of unsaturated esters from olefins, oxygen and
organic acids. In such a case, for example, the catalyst can
be impregnated with an agueous solution of potassium acetate,
sodium acetate, lithium acetate, rubidium acetate or cesium
acetate and then dried in an inert atmosphere of a continuous

20 nitrogen flow.

The catalysts according to the present invention can be
used with particular advantage in the preparation of vinyl
acetate from ethylene, oxygen and acetic acid in the gas
phase. Such catalysts according to the present invention

25 which contain silica as the carrier material and additives of
alkalil metal acetates are particularly suitable. In the
preparation of vinyl acetate, such catalysts are
distinguished by high activity and selectivity. Moreover,
catalysts of the present invention produce fewer heavy ends

30 than catalysts prepared without an alkali metal borate fixing

14



20 nitrogen flow. The catal ysts according to the present

i nvention can be used with particul ar advantage in the preparation
of vinyl acetate from et hyl ene, oxygen and acetic acid in the gas
phase. Such catal ysts according to the present invention 25 whi ch
contain silid¥e366Me carrier material and additives of PCT/USBI443d4 et al
acetates are particularly suitable. In the preparation of vinyl
acetate, such catalysts are di stingui shed by high activity and
selectivity. Moreover, catal ysts of the present invention produce

borate fixi

WD 97/ 36678 the present invention have heavy end sel®&&HiviSS7 /0¥ Bedow
solution. Catal ysts made in accordance with the nethod of t he

pr esent i nv@Rer nlh‘_}ﬁ/e heavy end selectivity of bel ow about 1.4%
When vinyl acet ajpgeh SvyAPAREals! DY Vﬁlﬁébéi@dah}éihé tie catad¥gekding to the
present invention, a stream of gas, which contai ns ethyl ene, oxygen
or air5and aceprdingitp heprseant inventipm. aAheteeam|distgasthwhéghposition
of the gas SLpeameauifiene, oxydBhi S Ji b Whdeit MM 1o PhbDgal Nt O
account explosive ltmts. "For exanple, the nolar ratio of ethyl ene
to oxygen 1@ver thancakalssiut Fbe20ompesijuign 98: thanglas REneamacanabéo of
acetic acid_to. be ; t ; 1 b -,10 nd . t he
content of é’&%égégng‘ﬁl‘;‘? S"?i?éet alﬁgggfa e lcgtl%ggaggé ‘}'}é eqcpalo‘llv%o ppm
rel ative tolihdtacet¥For aoiathpdep| bhiedmolde mpado of ethylersamoabgpgenn

contajpn other ipert S uch as njt en, .1 ar bon .di oxi de and/ or
sat u?:,a d hydPo ﬁr%%%éa‘? easqiezz)c%f’oﬁ ot 5&% e?Bﬁﬂ‘%’gam °c8h be used are
el evat ed t egpecatusaebd to ethylpnef eanliby dHvake100: 1 heo rasege af: 10b0ahd
150-220[err%}01ﬁﬁThe ressure errfl oyed _can be a sonewhat reduced
pressure, n pontent of, Mg gikaliyigtad pretate camhs @bsbky2a

pressure of 200 ppmZOrelatidROlto 2Heah8BEIUAS 6APUSyed. The gas Ihe
foll owi ng exanples are intended ,to further illustrate the present

i nvention bFtr&RR AbTO |GARFPOFaiB other inerny gages. sIefe aff nikEcgeRsent

i nvenis on. ca?Bon dioxide and/or saturated bESohs TORYdction |
Silica KA-160 catal yst carriers were provided by Sud Chem e. The

carriers us&GUPRTEXARPT edhich say be wver Pranglevated temperaguxes. had a
spherical shapeepRdif HNBLS tBE 2RAW of Qbout 150-220°C. The

pressure employed can be a somewhat reduced pressure, normal

fever heavy 0008:30.  caddihei?hablSLs MLERAEL N nd RAbiE bt

pressure or elevated pressure, preferably a pressure of up to
20 about 20 atmospheres gauge.
The following examples are intended to further
illustrate the present invention but are not intended to

limit the scope of the present invention.

25 ' EXAMPLES I TO XII
Silica KA-160 catalyst carriers were provided by Sud
Chemie. The carriers used in Examples I to VIII and Examples
X to XII had a spherical shape and a diameter of about 7.0
‘ mm. The carrier employed in Example IX also had a spherical
30 shape but a diameter of about 5 mm. The carriers were

divided into 12 (Examples I to XII) sets of 250 ml each.

15



mm The carrier enployed in Exanple I X also had a spherical 30 shape

but a dianeter of about 5 mm The carriers were divided into 12
(Exanples | to XIl) sets of 250 m each.

15 WD 97/ 36678

PCT/ US97/ 0438 97136678 Table 1 bel ow sets forth t']ﬁbxﬁ?ésﬁ Jum and
gold salts utilized to inpregnate each catal yst, the |x’?£r;1%g4u

sol ution and t he agent, either.hydrazine or ethylene used to reduce
t he fi xed pal | adi um and gol d conmpounds to free netal. Al of the

5 catal ysts except for that of Exanple XI were inpregnated with

pal | adi um and g&la®leaflt bsbewit s fl?éf@hnﬁh%d?ﬁ:@mqlatﬂl and gold saldgffici ent

to prOVIdEE&%§¥§Z%@ @ ér&ﬁné%ﬂléﬁghughég the flleQ”%$1&¥” the

carrier eparate i‘cat i ons” 0 e pa um and
gold salts ther agmd aﬁtheﬁ hydrazigeeecori eehylmme nisedt n:onsedmcqsruhe de 7.0

Tt al Yats: iU Fondediom, g gt oofgeledd ST RRBL, a1 of gpe T
utiliging acdwilatstenekospt sfan that bg Bicap le t)tI were impgéd@ttedifviahkal i
nmet al borate .aor al kali tg\% %Q/drom de. 15 sol utjon The

. fixin
catal ysts d@Bagiyreapf go by &9dntdons havmgof°f‘%§“l‘ﬁ%?b‘?‘?=ﬁlt wet ness

met hod bot Hﬁldlr&rtegaabrwlﬁ duRt 6.6 /gwﬂpandaaaunagwm salts as
wel |l as for the sodium hédr oxi de XI ngﬁaol ution. Exanple Xl also

utilized i i sieldnepnEle carrier . dnsExapete %al F§RREAFENd gol d
| npr egnat i %ﬁ;%%‘h%ﬂ@ %Othe pml%eaﬁa)%&gi HaARe WeEE Hiid ized as will

be nore fully | ai ned bel ow.
10 respective concentratlons to provide 7.0 gm/1 palladium and
4.0 gm/1l gold on the catalyst.

The catalysts of Examples I-VII, IX, X and XII were
prepared by utilizing a rotation immersion fixing step with
either an alkali metal borate or alkali metal hydroxide

15 fixing solution. The catalysts of Example VIII were prepared
: by the incipient wetness method both for impregnation of the
gold and palladium salts as well as for the sodium hydroxide
fixing solution. Example XI also utilized incipient wetness
but separate palladium and gold impregnation steps and
20 separate fixing steps were utilized as will be more fully .
explained below.

All of the catalysts which were prepared using a fixing
step of roto immersion either in acueous alkali metal borate
or alkali metal hydroxide solution and were reduced with

25 hydrazine, i.e., Examples I, III-V, VII, IX-X and XII were
prepared as follows:

The silica carriers were impregnated with the specified
palladium and gold salts as set forth in Table 1 by the
_incipient wetness method. Subseqguent to impregnation with

30 the specified palladium and gold salts, 250 ml of the

impregnated supports were placed in a round bottom flask with

16



Al'l of the catal ysts which were prepared using a fixing step of

roto i nmersion either in agueous alkali netal borate or al kali netal
hydr oxi de sol ution . and were reduced with 25 hydrazine, i.e., Exanples
[, 111-V, VII, IX-X and XI| were prepared as foll ows:

The silica cawoiseses’&ere | npregnated with the specified PCT/USYYAKR&dI um
and gold salts as set forth in Table 1 by the I nci pi ent wet ness

met hod. Subsequent to inpregnation with 30 t he specified pall adi um and
gold salts, 250 m of the | npregnat ed supports were placed in a

Qéfgg/gg%;gngLL&§k3g%t£E of the fixing solution whegkﬁydggvﬁeﬁ§%i6metal

about 300 M pekatéeos i Xiwea iSaletthil ORyAFGEITRY alshepatkpléd N alable 1. borate
or alkali nmetal hydroxide as specified in Table 1. The respective

vol unes of t FBe FRFReFEER] Ve ulessPE clie jimpregnated catplysl,CaXTI8TEi xi ng

sol ution equgpgs r£ihdhgOs8iuticn QL3 ot ® MYRG QueiBebal s of
about 2:1 an%hﬁyﬁé%(?%ﬂég 1éihg Brelclzi%)us er%{aal S o(f3 about 1. 2: i' The fl asks

were rdt at edbbuate to prgmiqus2mesald tblakoudt 251r padilydraxdde- &vapor at or
(w t hout LE6HE Nor AP IRIUBRLEY s 41 £ O chuCkaZ)die HURARKAT 8be VT e

added to thePFF&s and Sks agaln rotate hour s.
After rotati abputh2 %droimsy sondr epml invwedrdtw-svandrator (wifthougbout 4 hours

to conplete the reductjan process. Jh LEiLer n hed
Wb arsti 11 ARl e RlY 10F oy of shyl‘}%?r"#%h“z°’¥m§{§’ﬁdrt€?§| wék
t est ed negat iaddedi t& sheé VEYasks and thérflaskslhgaiat eotdtedy fioat € .6as about

200 cc/mn. for each %5 washi ng. .. After ,preci ous aleccg%gﬂpogndg wer e
reducet to Bours.; BArrengidfidligRd TRESRFTHHE MFEESI 2T HY TSR F5BB%er e
dried fordgbott t 4 QgRirAtcod chRpPEtat the retiut0fod XM iadsC. The dried
catal ysts were then inpregnated with anp aqueoys.sql uti cont ai ni ng

on
about 10 gns SEFTHBERSER%RN yashefl with | dustadled watexn far abgukl Sto the

carrier absomBLirki hiXtil the wash efflGef@ledltela REGREIVE iwith fsanvBxanpl es |11
and VI which both utilized a rotation imersion fixing step are the

sane a®igEratei bethapmterefdep: reratwag pbeuthd0? reeimin . r Soat pash
| mer sjon i nyheihiXi ngrsdl Yol oukMRe €& Aohpiotn¥E fetd & duced to
their metals and washed, the resulting catalysts were dried
under nitrogen at a temperature of 100-150°C. The dried
catalysts were then impregnated with an aqueous solution
containing about 10 gms of potassium acetate at a solution
20 volume equal to the carrier absorbtivity.

The catalyst preparations for Examples II and VI which
both utilized a rotation immersion fixing step are the same
as described above except that after the initial rotation
immersion in the fixing solution, the catalysts were then

25 washed with distilled water to remove the anionic species,
air dried, and reduced with ethylene at a temperature of
150°C. The catalysts were then treated with potassium
acetate as above described.

_ The catalysts of Example VIII were prepared according to
30 the incipient wetness method wherein the impregnating

solutions are poured over the catalysts and have a solution

17



25 washed with distilled water to renobve the anionic species, air

dried, and reduced with ethylene at a tenperature of 150[ err C. The
catal ysts were then treated with potassium acetate as above
descri bed. The catal ysts of Exanple VIII were prepared

accordi ng towd®9mse6r8t he inci pi ent wet ness nmet hod wherei n t hrh@ieaat i ng
~solutions are poured over the catal ysts and have a sol ution

17 WD 97/ 36678

PCT/ US97/ 04324 vol une about equal to the dry absorbtivity of the

carrier. The carriers were first inpregnated with a sufficient

anmount volyie phouspeandi cte Jhe SrvuAPERERYHI Y At §P8sC3EXi9rth in

Table 1 to phovide.tikesdgatLes; Ft qmgn/égngea_élm alhRfficient | ABANAL ed
~carriers were then air dried followed by fixing t he wat er-sol ubl e

precious netef Benppecddfied mathrdiumendopeld salts aw setofsrketin

- conmpounds byt 1,NGI_Pi . Wet S LSy ap priate

- vol une of anT%%rfl;ee(}us%ogg)?g%’f‘% gﬁés%éﬁh‘%(&dpd and AFIU;/}I’ o%lggg\?vasﬁrﬁ%ured onto
- the i npr egnaimsk exaratiest sarfhers Mere thenariradibedffdljidwedi by fixine
precious netal s was about 1. 2.1 The_fixed.

" wat er-i nsol ug’i"% “ﬁﬂt&ﬁ'gﬁguﬁé?a}ar%%’fﬁp‘bsurﬁst 3¢ gprpounds &g waren tasP Yl o

- netal s with gRe€¥@ss netfalhyempaumds by theminobyikret evétmeagumetisodol ution

- agai n poured over the fixed,15 cat al The nol ar ratio_of hydrazi ne

. st.
to precious TRESY F@pPropriatg yelume fg?ﬂeag‘é??‘f%@ F8RaPF FRHEWY st and
- for about 4 pydaroxiadQuisS pblrbassto iRl imbeesrated i Y Hie@ees STNGS
conpl et e. Fol | ow ng_reduction, the resulting catal ysts were washed
with 10 e 53¥ | yadd e Py AsPxife fto ShroRrecipis metad sepsyahtut est ed 20
negative wit{ gi{ver nitrate. The catalysts were dried at about
100-150[ err] C under an inert atnosphere of nitrogen. The
catal ysts t hen wethe ifiFedgwaten-iRsnlubleapyesygus metal semperpds cCeRfMi ni ng

about 10 gi Sw%f:e pf&d%’i:%édé@o%ﬁkﬂ%%afs witpyans&éf@ésorbf"?xgﬁ%zfﬂé'a' to the

carrier absorbtivity. e catalysts of Exanp wer e prepared
as foll ows. monohydrafiee iparanepys welutionsegpipreeuratdvier thei pixed

el ness W t hca%%h{st a fef kng?.ggt &Py e %&d%ggnaget% f[;xee%igﬁ ! fi {:Qinﬁfg t as
set f or n ‘Tabl'e 0 provi de ‘abou .0 gm I” of "pal’l adi um net al
about 12:1. The carriers were allowed to stand for about 4
" hours to insure that the reduction process was complete.
Following reduction, the resulting catalysts were washed with
distilled water for about 5 hours until the effluent tested
20 negative with silver nitrate. The catalysts were dried at
about 100-150°C under an inert atmosphere of nitrogen.
The catalysts then were impregnated with an aqueous
solution containing about 10 gms of potassium acetate at a
solution volume equal to the carrier absbrbtivity.
25 The catalysts of Example XI were prepared as follows.
The carriers were first impregnated by incipient wetness with
a sufficient amount of the specified palladium salt as set
forth in Table 1 to provide about 7.0 gm/1l of palladium metal
_on the support. A water-insoluble palladium compound was
30 precipitated on the carriers by adding 250 cc of the

impregnated carriers to a round bottom flask containing about

18



on the support. A water-insoluble palladi umconpound was 30

precipitated on the carriers by adding 250 cc of the | mpr egnat ed
carriers to a round bottom fl ask contai ni ng about

18 WD 97/ 36678

PCT/ US97/ 0432¥0 9736678 283 m of an aqueous sol ution of FEEUSEME, bor at e
such that the nolar ratio of borate to palladium netal was about

2: 1. The m xture then was rotated in a roto-evaporator (w thout
vacuum for about 2.5 hours at a rate of about 5 rpm 5 The

wat er - i nsol da?uﬁaueaghuga&mmufﬁ&ﬁ%prbatfa%sium bor&®é I&1s tias then
reduced by addition of an aqueous sol ution cont ai ni ng about 4.94 gns

of hydrazi necheomoipdr saeie oof thorate to pabladiamimesadt Vagy abithididure for
about 0.5 MOl denre chofl bR X Udtd-QyabBpdedol (litiiact hour s
to conplete PRE Féduction of the water.insoltble pal [ adi um conpound
to paldadim)mfret abown 2 He hoawrsi eksa Mk odr pbent He¥rmi hen

dried Ln air at out 100[ e . T i cqnt.gjni ng the
pal | adr um net al ewta%s% lﬂégﬁbllenﬁraééﬁ%%% %Agn‘iﬁoﬁgppf%gﬁédmﬁn@sﬁ with an
aqueous sol Wdefieks was chahareduted by agéertidedfgahdagatdug Eaddlukibn in an
anount sufficient to ro4vi de aho td4. 0, gm | og golg rrtg_et aIh on the
catal yst anFpvEdedprgnBerhiee:2¢ B A5 B¥YFRIE GPPROYETR_R S ° *P gold in

sol ution wasgpiiuland fotdbendi ttd mldxtageakdbO\VMbut0 0.5 hour Sdrad over ni ght,
i.e., about 16 hours, to assure conpletion 20Q of the precipitation of
the gol d aciallawimg: fhenpixbpes -to stand forAkmite 4gBPHr§oE‘bo‘iH1'§’.lete

The fihyed golyh GUIERNRYAENOBE! Be Gt LB s¥BSbTE PHedatuiNcompouna 333 M of

an aqueous solution containing 2.2 gns of hydrazine, nonohydrate to
form gol d nepadlasiuphmetalrperiherargigrss The iGarrdsrsnwere Wiheth t he

cat al ysts wegge: Pt 64, f ?F_ Dedut0Wosken t he aqueous hydrazi ne

sol ution an en were allowed to stand in the solution for about 4

hours to assure Ghepkerviers contadgicgi the dpakladinm petahswersh|thegol d

d | d l5. R L NQ: I d with
G STi1led et eRy by ingiptdif: MERNELEARAFIR Kahaal] SlAEE 0| 0

wash t8st ed containimggahevspecifiei lovdd aalt atFablehd)cahady sAmoumsr e t hen
dried

sufficient to provide about 4.0 gm;f)of gold metal on the
catalyst and potassium borate. The molar ratio of borate to
gold in solution was about 2:1. The mixture was allowed to
stand over night, i.e., about 16 hours, to assure completion

20 of the precipitation of the gold acid salt to the water-
insoluble gold compound.

The fixed gold compound on the carriers was reduced with

283 ml of an agueous solution containing 2.2 gms of hydrazine
monohydrate to form gold metal on the carriers by roto

25 immersion in which the catalysts were rotated for 0.5 hour in
the agueous hydrazine solution and then were allowed to stand
in the solution for about 4 hours to assure complete
reduction of the water-insoluble gold compound to gold metal.
The resulting catalysts were washed with distilled water for

30 ;bout 5 hours or until the effluent from the wash tested

negative with silver nitrate. The catalysts were then dried

1s
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at "a tenperature not exceeding 150[err]C under an inert at nosphere
of a continuous nitrogen flow. The catal ysts were then

i npregnated with a sol ution cont ai ni ng about 10 gns of potassium
acetate at aweomBesTHN. 5. vol ume equal to the carrier absechuseioasga The
catal ysts were again dried at a tenperature not to exceed .
100- 150[ err] C under an - i nert atnosphere.

SYNTHESI S OF VI NYL ACETATE 10 W TH CATALYSTS FROM
EXAMPLES | - X] | The catal ysts.prepared in_the precedi ng exanpl es
wer e a‘én?ﬂ%?}‘&friaﬁ“frﬁeng'@n?’ﬁcé%?%m& 1$0n | U &% MR&hbut 60 M of

each type oOhtmedplers of apasRdihdoid airegedi Byowxanpl es were pl aced
in separate chronme-ni ckel steel baskets. The 15 . tenperature of each

basket was measufRfl GRFadYEker NBESUIGR dimpregnated Gyl (fe SEPtARY bot t om of

each basket oo fasih f1RAGHAR RISKRL of potasWdtmPhaseskd htaaBeblyutigact or and
was nai ntai ned at a t enperature whi ch provi ded about 45% oxygen

convesi on wpleme equal %o &hecepreielealsegbianire: Ahmsarlygre Wrabout
S0 normal 20,55 dlie S geﬂéﬂégfja?&ré\l'n-gtpf)) e&c@é@yimg,soaeoeﬁdézg &1 el

liters of oXxygen, about 49 nor Iters of nitrogen an about 50 gm
of acetic atnerwestrgmmdedet.0 travel under pressure at about 12

at nospheres through each basket. Anal ysi s of the products was
acconplished by on-line gas 25 chr omat ogr aphi ¢ anal ysi s conbi ned with
off-line liquid prodg AESITESOE WMINYIoRAOETATBQ t he product stream at

about “10[err] C to_qbt aj onil ana ' L end products.
Tabl % bel ow shows t he ng O w40 ynthesis wth

cat al ysts preparese usitigv@tsapkabare@til t3e prebedbi® d:xanpilest Wergal | adi um
and gol d water-sol ubl e conmpounds on _the catal yst carrierf I D
contrast to<BRLAYSAtiR Fhss¥olheyis of vinyl acetate.” About 60 ml o 20

WD 97/36678each type of catalyst prepared in the prE&Eéﬁﬁ?E&Q&@Zés were
fixing the palladiumand gold water-soluble conmpounds wth
placed in separate chrome-nickel steel baskets. The

15 temperature of each basket was measured by a thermocouple at
both the top and bottom of each basket. Each reaction basket
was placed in a Berty reactor and was maintained at a

 temperature which provided about 45% oxygen conversion with

an electric heating mantle. A gas mixture of about 50 normal

20 liters {measured at N.T.P.) of ethylene, about 10 normal
liters of oxygen, about 49 normal liters of nitrogen and
about 50 gm of acetic acid was caused to travel under
pressure at about 12 atmospheres through each basket.
Analysis of the products was accomplished by on-line gas

25 chromatographic analysis combined with off-line liguid
product analysis by condensing the product stream at about
10°C to obtain optimum analysis of the end products.

Table 2 below shows the results of vinyl acetate

synthesis with catalysts prepared using an alkali metal

30 -borate to fix the palladium and gold water-soluble compounds

on the catalyst carriers in contrast to catalysts prepared by

20



sodi um hydroxi de. Catal ysts prepared with a fixing solution of

atkali netal borate and, in particular, catalysts also reduced with
hydr azi ne nonohydrate in accordance with the 5 nmet hod of the present

i nvention (Exanples I, V, VIl, Xl and XI'l1) showed reduced heavy
ehds, 0.88, OWQP73478/5 (0.844 and 0.788, and hi gh acPGT/USsJ43M 20
2.01, 1.99, 2.08 and 2. 37, respectively, in contrast to catal ysts
prepared using sodium - hydr oxi de as the fixing agent or reducing the
precious netals 10 with ethylene (see Table 1, Exanples Il to IV and
Exanpl es I e (5 gaggﬂg I nd X

pr epar ed mﬁtﬁlgyé %%%n%#%ﬁox?ﬁgg??xgiﬁilJM% régﬁgﬁ% heav;%&dg JN'L“-'lgn ds, the

activities olotiieschydtatids.s Wetalysbstprepazelywith a fixingwsphutiof t he
gitaLyst fOr%%dawkgf1t£gié¥nﬁ§f3tgland in particular, catalysts also
reduced with hydrazine monohydrate in accordance with the
5 method of the present invention (Examples I, V, VII, XI and
XII) showed reduced heavy ends, 0.88, 0.77, 0.75, 0.844 and
0.788, and high activity, 2.22, 2.01, 1.99, 2.08 and 2.37,
respectively, in contrast to catalysts prepared using sodium
hydroxide as the fixing agent or reducing the precious metals
10 with ethylene (see Table 1, Examples II to IV and Examples
VI, VIII to X). While catalysts from Examples VIII and X
prepared with a sodium hydroxide fix yielded reduced heavy
ends, the activities of these catalysts were substantially

below that of the catalyst formed with the borate fix.
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TABLE 1 Cat al yst Preparation Conditions
Cat al yst' Pd/ Au Fi xi ng Reduci ng
salts[err] Agent Agent 5 Exampl e |
K[ err] PdCl [ av©P7/36678 Na Borate Hydr azi ne PCT/US97/04324
KAuCl [err] Exanpl e 11 Kl err] Pdd 4/ Na Borate Et hyl ene
10 KAudl [err : Exanmple 111
Na[err]PdCl [err]/ NaCOH Hydr azi ne

- NaAuCl [err] 15 Example 1V err]PdCI[err]/ NaCOH
Hydr azi ne Nﬁé@(—rerr] : Exanpl e V
Na[err]PdCl [err]/ Na Boataiest dhstbapaiies conditions

- NaAud [err] 1 Bagrle VI . err] P 1/ NaOH
Et hyl ene cbalyst saltl_:’ N@é@’ﬁ%?{err Af:?:k%é Exanmpl e VI |
Na[ er g] Pdd / Na Bor at e Hydr azi ne 25
NaAuCI[ err] Exanpl e VI 1| Na2Pdd [ err] NaCOH Hydr azi ne
NaAuCl[ er r | Exaggple I Exan'gfgdql[-érr] NaPl& Beratp  Hydygeipe Hydr azi ne
NaAUd [err] Exaffe1ix K2PdCl[ err] KQH Hydr azi ne
HAud [err] 35 Exa nPécel Céerr%pdCléherlr [[err] K Borate
I—Iydr?l i ne Example II R,pdCl,/ HAB c[ré‘l’: yiene Evanple Xl |
K[ er ?Pdd [err]/ - KPSt e Hydr azi ne 40

SHQgg 1[?3;-{1] Example III 1. l@},&ccla carri §LSe conpri s!;y mzn§€pheres unl ess

NaAuCl
15 Example IV Na,PdClJ NaOH Hydrazine
NaauCl, -
~ Example V Na,pdcl,/ Na Borate Hydrazine
NaAuCl,
20 .
Example VI Na,PdCl,/ NaOH Ethylene
NaAuCl,
Example VII Na,PdCl,/ Na Borate Hydrazine
25 NaAucCl,
Example VIII Na,PdcCl,/ NaOH Hydrazine
NaAuCl,
30 Example IX? Na,PdCl,/ NaOH Hydrazine
NaAuCl,
Example X K,Pdcl,/ KOH Hydrazine
HAuCl,
35
Example XI K,pdcl,/* K Borate Hydrazine
HAuCl,
Example XII K,pdcl,/ K Borate Hydrazine
40 HauCl,
1. Silica carriers comprise 7mm spheres unless specified
2. Silica carrier comprise S5mm spheres

3. Salt solutions applied to provide 6.6 g/l Pd and
45 3.0 g/1 Au on catalyst unless specified
4., Salt solutions applied to provide 7.0 g/l Pd and
4.0 g/1 Au on catalyst
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2. Silica carrier conprise 5mm spheres 3. Salt solutions applied

to provide 6.6 g/| Pd and 45 3.0 g/l Au on catalyst unless
speci fied 4. Salt solutions applied to provide 7.0 g/l Pd and
4.0 g/l Au on cat al%st
VID 97/ 3667. WO97/366 PCT/ US97 FEFASYI04324
TABLE 2 Vi nyl Acetate Production
Cat al yst % Sel ectivity[err] Activity
Car bon Heavy Ethyl 5 Di oxi de Ends
Acet at e Exampl e | taplE @ 0. 88 0. 16 2.22 10
Exanpl e || 10. 6 1.27 0.17 2. 44 . Exanple |11
9.2 0.91 0.13 1.82 ¥inyl Acetate Pxedugtdomy 9.1 0.95
0.12. 1.79 Exanmpl e V 38 it 0.77 ivPed8 2.01
Catalyst i ivit Activit
Exanpl e VI 88 ¥ 1.35 garbﬁ%%’_y_rin g eyl el o
10. 8 0.75 0.17 1.99. . Exa Al 13.9 0.51
0.09° °1.04 Exanpla ok ERfs)s Rty 4 0.103 1.76
Exanpl e X Q0% QS0 AR AT AR Il S =V TS= <Y =T 4
11.6 0. 844 0.096 2.08 20 Exanpl e Xl | 11.1 0. 788
0.144 2.37
Example I 10.6 0.88 0.16 2.22
10 Example II 10.6 1.27 0.11  2.44
Example IIT 9.2 0_.91 0.13 1.82
Example IV 9.1 0.95 0.12 1.79
Example V 10.8 0.77 0.18 2.01
Example VI 8.6 ~1.35 0.11 1.95
15 Example VII 10.8 0.75 0.17 1.99
Example VIII 13.9 0.51 0.09 1.04
Example IX 9.05 1.03 0.103 1.76
Example X 9.96 0.769 0.096 1.37
Example XI 11.6 0.844 0.096 2.08
20 Example XII 11.1 0.788 0.144 2.37

l. Based on ethylene
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L oo g
1. A nmethod wof s =

PCT/ US97/ 04324 VWHAT IS CLAIMED | S

prepari ng an unsaturated ester catal yst conprising inpregnating a

cat al yst carwoev3ésre h a wat er - sol ubl e pal | adi um conpeeandssne@26
~water-soluble gold 5 conpound; fixing the water-sol uble palladium

conmpound and the wat er - sol ubl e gol d conmpound to the carrier by

formng a wat er -i nsol ubl e pal | adi um conpound and a wat er-i nsol ubl e

gol d compound with a fixing conposition conprising an al kali netal
borate sol u@%ﬁ——l%a%ﬁ% the water-insol uble palladium 10 conpound
and the water-insol ubje golhttREPEENErésatitld agi URkaturata@siehkd netal to
forma catal yst. o 2. The pethod of _claim1, further
conpri si ng catalyst comprising impregnating a catalyst carrier with a
water-soluble palladium compound and a water-soluble gold
5 compound; fixing the water-soluble palladium compound and the
water-soluble gold compound to the carrier by forming a
water-insoluble palladium compound and a water-insoluble gold
compound with a fixing composition comprising an alkali metal
borate solution; and reducing the water-insoluble palladium
10 compound and the water-insoluble gold compound to palladium
and gold metal to form a catalyst.

2. The method of claim 1, further comprising _
tumbling the impregnated carrier in the alkali metal borate
solution by rotation to precipitate the water-soluble

15 palladium compound to a water-insoluble palladium compound
and to complete precipitation of the water-soluble gold
compound to the water-insoluble gold compound.

3. .The method of claim 2, wherein the impregnated
carrier in the alkali metal borate solution is rotated from

20 about 1 to about 10 rpm for about 0.5 hours to about 4 hours.

4. The method of claim 1, wherein the water-
insoluble palladium compound and the water- insoluble gold
compound are reduced to palladium metal and to gold metal
with a reducing agent comprising ethylene or hydrazine.

25 5. The method of claim 4, wherein the reducing
agent i1s hydrazine and a molar ratio of the hydrazine to the
palladium and the gold metals is about 10:1 to about 15:1.

6. The method of claim 5, wherein the molar ratio

_pf hydrazine to the palladium and the gold metals is about
30 12:1.
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tunbling the inpregnated carrier in the alkali metal borate [
by rotation to precipitate the water-soluble 15 palladiun1c$umunﬂﬂ| "H“I"""

wat er - i nsol ubl e pal | adi um conpound and to conplete precipitatibn of s »
the water-soluble gold conmpound to the water-insoluble gold conmpound.

3. The net hod Y91%7 m 2, wherein the inpregnated car recerushinaszae

al kali nmetal borate solution is rotated from 20 about 1 to about 10 rpm
for about 0.5 hours to about 4 hours. 4. The met hod of
claim1l1, wherein the water- i nsol ubl e pal | adi um conpound and t he

water- insoluble goldy — ThéomMHEE & e168HUSEd e e LagbriaiRf al and to
gol d net al with a reduci ng agent conprising ethylene or hydrazine.

25 ~ waslging ¥he devhed die daamies, afber oleduciagr thecvaker-  agent
s hydrazi ne anch iX0bdi 148t hR fla " LARGELAR dP phTadium aRPlddAd UM and

the gold netals 1's about 1 to abo e met hod

of claim5, mémxlein the molar ratio of hydrazine to the pall adi um and
éze gol% WEEgLf]IS abggt Tﬁg meéﬁ%é;bf claim 7, wherein the drying is at

PCT/ US97/ 04324 emperature of about 7A00PReineimacheaft akmbspherd uwirndaer a
conpri si ng washi ng and dryjng the carrier after reducing the water-

i nsol ubl e pa??réﬁfiwugnﬂgljﬁ?%e’é fBmd to pal I adium and gol d metal. 5
8. The nethod of claigm 7ghyhréEnda We cdhyhng, ivhetlein the water-

soluble palladium compound and the water-soluble gold

10 .compound impregnated on the carrier are fixed to the carrier
as the water-ipsoluble palladium compound and the water-
insoluble gold compound by pouring the alkali metal borate
solution over the carrier at a volume equal to the dry
absorbtivity of the carrier.

15 10. The method of claim 1, further comprising
impregnating the carrier with an alkali metal acétate.

11. The method of claim 10, wherein the alkali
metal acetate comprises potassium acetate, sodium acetate,
lithium acetate, rubidium acetate or cesium acetate.

20 12. The method of claim 9, further comprising air
drying the carrier after fixing the water-soluble palladium
and gold compounds.

13. The method of claim 1, wherein the water-
soluble palladium compounds comprise palladium chloride,

25 sodium palladium chloride, potassium palladium chloride,
palladium sulfate or palladium nitrate.

14. The method of claim 1, wherein the water-
soluble gold compound comprises sodium or potassium salts of

_auric chloride or tetrachloroauric acid.
30 15. The method of claim 1, wherein the alkali

metal borate comprises sodium tetraborate, sodium tetraborate
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ot i huous ni trogen flow oo g The method of o IR

t he wat er - sol ubl e pal | adi um conmpound and t he wat er-sol abl & dol
conmpound i npregnated on the carrier are fixed to the carrier as the
wat er - i nsol uMNa9736678adi um conpound and t he wat er - | NPoirwsmanal d
conpound by pouring the alkali netal borate sol ution over the carrier
at a volume equal to the dry absorbtivity of the carrier. 15

10. The nethod of claim1, further conprising I npregnating the

carrier with a | kal i _me .acetate 11. The jret hod of
cl ai m 10, W%q;&aﬁxyt Skgl’ k%‘?‘l’&lm q:e%rr?gf’ AP R Y TS i BREAFRAWE si um
acetate, sodigfBadeahdbe, potassiun teittrabaget &tsen tahlyideade) 8 gbdssGunCesi um

acetate. 20 12. _The nethod of claim9, further conprising air
drying the ctaertr’?wr&r‘?eﬁe?%ﬁ%arﬁe wat er - sol ubl e pal | adi um and gold
conpounds. 16. #e mthd®LR0e18{mCl AivRekeinheRe] Andlie Wt er -

sol ubl e pal | adi_um conpounds conpri se_pal | adi um chl ori de, 25 sodi um
pal | adi 8m crRadliaddumpBesadi 20 Scadhenfrerr 9y emprisespa| | adi um sul fate or

pal | adi um niéJ:'ﬁ:IeS:g:ratioPdof about 1‘%4gm'y!petge§g(}§ftu%fodrgl %48?%1, wherein the

wat er - sol ubl e go conpound conprises s ssiumsalts of
auric chloride or tetidachl Bhoagthodacifdcladn 1, wherein thel&mounfhefnet hod

e i
[err] Vi@V /2388E80.5 gm/1l to about PCT/ US97/ 04324

10 10 gm/1.

18. The method of claim 1, wherein the amount of
gold metal added to the carrier comprises about 3.0 gm/1l and
the amount of palladium metal comprises about 6.6 gm/1.

19. The method of claim 1, wherein the amount of

15 gold metal added to the carrier comprises about 4.0 gm/l1 and
the amount of palladium metal comprises about 7.0 gm/l.

20. The method of claim 1, wherein the carrier is
silica.

21. The method of claim 1, wherein the water-

20 soluble palladium compound is impregnated on the carrier and
fixed on the carrier as the water-insoluble palladium
compound then reduced to palladium metal prior to
impregnating the carrier with the water-soluble gold

© compound.

25 22. The method of claim 21, further comprising the
step of impregnating the carrier with a solution of the
alkali metal borate and the water-soluble gold compound to
fix the water-soluble gold compound on the carrier as the

water-insoluble gold compound.

26



pent ahydrate, sodiumtetraborate decahydrate, potassium
potassi um tetraborate pentahydrate or potassium t et raboraﬁ“["m“ﬂ"ﬂ"mmm
decahydr at e. 16. The method of claim 1, wherei e amoumt s

of 5 pal | adi ym rret al added to the carrier conprises a concentration

of about 1.0 gM9*8"8pbout 10.0 gni . 17. The roetobemwhsni
claim1, wherein the anount of gold netal added to the carrier

conprises a concentration of fromabout 0.5 gm| to about 10 10

gm|. 18. The method of claim 1, wherein the anount of

gold netal added to tf@scarqrﬂeeheeas@raﬁeélaahpgb 3f@r&§’gﬂ Rdmbrad8¥ng the the
anount of palladiumnetal conprises about 6.6 gni 19. The

met hod of cl step1of weduding Faeawstiet- isolsbleggpid ramgowmddse et he

carrier conp biﬁsmg{’é’i‘t 4.0 gm[err] and t he amount of pall adi um net al
conpri ses ab ut 7 20. The nethod of claim 1, wherein
the carrier 24 i c&he method of clainpl, Wheredst md\oa’arctatml
wherei n the t sal bIe adlu conpoynd. i s | ate n, t he
carrier % W% g{‘?&gﬁa]b g hﬁeepa e‘rg%l nso pgfgﬁ
conpound thelahéedaﬁefl-smlmﬂlel &dmpauﬁatais [Abomit 1L05:1 to |anmmgaastng the
carrier with the water-soluble gold conpound. 25 22. The
met hod of claim 21, further conprising the step of inpregnating the
carrier with a solution of the al kali metal borate and the

wat er - sol ubl e gol d conpound to fix the water-soluble gold conpound on -
the carrier as the wat er -i nsol ubl e gol d conpound.

26 [err] WD 97/ 36678 PCT/ US97/ 04324

23. The nmethod of claim 22, further conprising the step of reducing the
wat er -i nsol ubl e gold conmpound to the gold netal. 24. The net hod of

claim1, wherein a nolar ratio of the alkali metal borate to the palladium
and gold netal in ' o

27
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