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and oxygen to produce an al kenyl al kanoate (such as vinyl acetate) %Mg!ﬂ]
val ues for space-tine yield, specific activity, and with a high se tﬁy

for conversi onvab 2dolier112l kene to the al kenyl al kanoat e (suckcmss:6izhydgne to
vinyl acetate). 2. Description of the Related Art 10 Vinyl acetate (VA) is a

comodity chemical in high demand as a nononer for production of polyvinyl

acetate).. Thi sBkmﬁaﬁgDQ?#mrmmbﬂs derivatives, finds extensive uses
paint's and ot her coatli ngs,

as adhesi ves, films and am nating materials.

Many techni ques have beex [ Ln the prior art for the production of
VA. A chief techni qﬁe i 1‘%&8}; 8ﬁr§I§nn l]lgas phase reaction of ethylene with

acetic acid 15 and Qxygen.. Tod a type atal yst widely use for, this
reaction is a surfa’@'@/ gﬁ%‘i’q‘m Ie é@ﬁgﬁl@ﬁq{%}g‘%? stof %?“t"s‘r%aé ngm‘ét@’g%ﬂcf'bed in
U S. Patent No. 4,048,096 by T.C. A Bissot. Bissot's U S. Pat. No. 4,048, 096
di scl oses a catnd Hethodsdor their pradyetion, whichcare eifecive &ir catalyzingsthe ABRATPHAY gr ans
of vinyl acetate per gram of precious netal (Pd+Au) per 20 hour measured at
150C and a ¥ earcadtion qfrap sitkene (uch a9 ethylene). witthaen abkhadiy scid dsuvhi astasetisf acid)1)
catal yst support particles having a particle dianmeter of fromabout 3 to

about 7 nm arghdeoxpgencto\ppbduoe am flkényd alkaduatet (sikhzs tvinyh Beutdte)lat highl vatpes far)
pal | adium and gold distributed in a surface |ayer of the catal yst support

extending |es %?bm@malgmﬂ, sPecdfidTHatRity, #hdMikh 2 MRcARBA R kbavkfsion of the
PCT/ US20031023734 into the support, the palladiumbeing present in an anount

of 1 om about gheche ko AkéhyI A i BetPRleulyidnt to AhyiGRLaEYS! . and the gol d

bei ng present in an anmount” of from about °0.5 to about 25 grams per liter

of catalyst, and (3) fr%%gg%ﬁﬁﬁggeﬁgg 60 grans per liter of catalyst
al ["adi

of an alkali netal "acetate. umis e active catalyst netal 5 and
the gol d i a catalyisl REaONAlyis FiEnBlody onelB B3 berbb o8 nbing?t 2 YS!
for production of poly(vinyl acetate). This important polymer, and its derivatives,
finds extensive uses as adhesives, paints and other coatings, films and laminating
materials. Many techniques have been reported in the prior art for the production of
VA. A chief technique is a catalyzed gas phase reaction of ethylene with apetic acid
15 and oxygen. Today a type of catalyst widely use for this reaction is a surface shell
~ impregnated catalyst of a type as described in U.S. Patent No. 4,048,096 by T.C.
Bissot.
Bissot’s U.S. Pat. No. 4,048,096 discloses a catalyst having a specific activity
of at least about 83 grams of vinyl acetate per gram of precious metal (Pd+Au) per
20  hour measured at 150°C and a reaction pressure of 120 psig. The catalyst consists of:
(1) catalyst support particles having a particle diameter of from about 3 to about 7 mm

and a pore volume of from abouf 0.2 to about 1.5 ml/g, (2) palladium and gold

distributed in a surface layer of the catalyst support extending less than about 0.5 mm
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i npregnating the catal yst support with an aqueous sol ution of water zﬁmm
pal I adi um and gol d conpounds, (2) precipitating water-insoluble pall

and gol d conpouwg@3ova@iyibhe catal yst support surface by cont peti88odidsrs

i npregnated catal yst support with a 10 sol ution of conpounds (pre?era 'y
sodium net asi li cate) capable of reacting with the water-soluble palladium

and 9ol d_comud &9pf0 N NahERH Biag) #@%ﬁaﬁﬁhﬁ&%ﬁ%@ounéﬁ%ﬁ%‘“

pal | adi um and | d rret u rt f.ace L reat nen edum ng
Dgent . (4) vashy oS Re e o ?@?YS%ﬂ?ﬁ% i#‘ﬁe"e%yl i 5 e, o Yo o )

i npregnating 15 th cat yst with an aI | acetate prono er (e g., a
pot assi um pr o @r"“i’ou% grams P&F@tﬁﬁgf‘eﬂ yita (%Tomﬂl?éuﬁiﬁ’r Fhoutehgramsscl osed
in Bissot '096, as conpared to prior Pd-Au ported catal ysts, involves

di stributing mﬁ@h@ap’éc%rsthiamaﬂgﬂhdnetplaaqeaéﬁ Eﬁﬁ@w ifothel agive eatalyst fmetad | ayer
on the catal yst support which is less than about 0.5 mllineter into the 20
support frBm iahd tiegoldis e catdlyst projotegnat i ng step is carried out with an
aqueous solution of palladiumand gold conmpounds and the total volune of
the solution is fThen Bisswt 096 jatentbsodesd GoPocatalyish repasadiont totprizapaahty of
the catal yst support The precipitating step in Bissot is carried out by

soaki ng the wWehpe ﬁiec‘éthll}g%ﬂppwmhaﬁa%ue%uélsdlﬁN%n%)@%tem}%QﬁyaM?
PCTI US200310237 4 soI ut| on of an alkali netal sil |cate t he ampbunt of al kal i

silicate bei ”Qﬁégﬁﬁ‘ cb @Wndé‘f& re&fi‘i?atiﬂF %‘tér-n&’&%fu%ie &g&ﬁﬁg%gbhpﬂéﬁé‘s been

in contact wit e catal yst support about pH of

sai.d ol ut | on ch3nd LA ILSuh gkgc{n%g e lﬁﬁﬁg@e PRI Sippolnfll 3501 the

redugti on of {he prec

acconplis i on wi razi.ne s a ar ent froma
readi ng o? t héglg{' %fi ‘is (plécf?%ﬁg 0 BWCIB?C’)tﬁSIf ‘ﬁm:S fipRA A%}fr?sf re éhl J"%c etate
(VA) producti Qvgterr]-%slugl asdu?lg and togldl €0 rp%\l{:?dsttg Gfomip \%gtgr—}nls&‘s ble paJladJum and

gold compounds, (3) converting the water-insoluble palladium and gold compounds

/.

into pailadium and gold metal on the support surface by treatment with a reducing
agent, (4) washing the catalyst with water, (5) drying the catalyst, (6) impregnating
15  the catalyst with an alkali metal acetate promoter (e.g., a potassium prormoter), and (7)
drying the catalyst. | .
The improvement disclosed in Bissot 096, as compared to prior Pd-Au
; supported catalysts, involves distributing the catalyst loading of pai]adiun} and gold as
a surface layer on the catalyst support which is less than about (.5 millimeter into the
20  support from its surface. The impregnating step is carried out with an aqueous
solution of palladiom and gold compounds and the total volume of the solution is
from about 95 to about 100% of the absorptive capacity of the catalyst support. The

precipitating step in Bissot is carried out by soaking the wet catalyst support with a
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(STY) and also the specific activity (SA) of the catalysts. Since thf g
description of this shell type of catalyst by Bissot others have at é#ﬁ@gﬂcg
to inprove the wabelaysitizin 10 respect to its space-tine yigls:63R89784 C
activity, and/or its selectivity In U S. Patent Nos. 5,179, 056; 5,189, 004;
and 5,342,987 by WJ. Barley it is reported that a shell inpregnated

catal ysts of tgpuRin%tah allkéRGnd sili&feoﬂ’@%oﬁntfcﬁ%ﬁéﬁfsﬂfc&e bking swchYthhd, aftdr 1 S

essentially free of sodium such as i1f ~t prepared fromingredi enfs that

are essential '%efaﬂcﬁﬁg:%E al SHgt Eglﬂﬁonqﬁ%bééﬁehgézﬁa&%tﬁ%eca Biyst & (ﬁ:&nﬁf&qﬁb m

content is 15 renove Yy vvas wat er or an aque Ion O

pot assi um pro S 4 t ent tal yst at an
i nternedi ate rsTPZ?t;\ 4g]fmfst g’e}??le Oélfglg'SSﬁgowstﬁp“éﬁbougﬂgg&&%ﬂ%é g‘bﬁﬁ?’ﬁ?ﬁ s in
the 987 patent In all of the a %e patents the exerrpllfled catal yst are
reduced with HhQfdBisetnibe SBHRAIPR, ©). Bseciptafed, porpgpunds fn Pdoand APe’BS’iaés‘St hat a
shel | inpregnated catal ysts of t_he Bi ssot type which are nade from 20
reagents tHat accemplished %@Q?ngwhydém%égﬂ-are of an inproved carbon
dioxide selectivity. In this patent all exanple catalyst are reduced with
ethyl ene at a tenpsviatppaensfrotbd @adisg 2f theNFiFoR fOent\AOMA O do-elia Zhis art

PCT/ US2003/ 023734 Barley et al. in U S. Patent No. 5,274,181 reports that a
shel | i npr egnadfednyiciétateydts) mbdickion Bas slotays e toSimprave Qe Spdce-tinesyieldt to .
its STY if it is prepared to have, at a Pd |loading of 2.5g/L (0.33 W % to

6.1g/L, (1.05 nd Asdfhk ghdcificadcti Pino(S Aef iR calYsisN SinbB&1he ABGBpAEN 6F thist O
1.25. Al catalyst exanples of this patent are reduced by 5 reaction with a

hydrazi ne sol uptpny e%ﬁcatﬂﬁ&t%}l BbGot Rher® hafS Auddrhtod Eéuh%{ze ﬁ)esgh%]%st in

i npregnated catal ysts of t Bi ssot type is inproved Ih respect to its STY

f b ipitate the Pd
1T a bariup Sﬂg%e?tﬁ%g?%%gé‘-gﬁxgﬂz e?&’%ﬁb%cca%'g ??%&oh?séé ‘Sm‘ilg/f precipitate the

and Au conpou exanpl e this patent are

reduced by Teact | Ot (& XL o7 DRBOLYAG A0 B0 TEEOBFLPGS ity s

pal | adi um gol d cat vinyl“’acétrat € sy esi 8

reported that a shell impregnated catalysts of the Bissot type is improved in respect to
its STY if it is essentially free of sodium; such as if it prepared from ingredients that
are essentially free of sodium as per the 056 patent, or if its sodium content is
15 removed by washing with water or an aqueous solution of a potassium promoter as in
the 004 patent, or by washing the catalyst at an intermediate stage of its production
with an jon exchange solution as in the 987 patent. In all of the above patents the
exemplified catalyst are reduced with bydrazine solutions. U.S. Patent No. 5,693,586
reports that a shell impregnated catalysts of the Bissot type which are made from
20 reagents that are all potassium salt compounds are of an improved carbon dioxide
selectivity. In this patent all example catalyst are reduced with ethylene at a

temperature of 150°C.



i nfluenced by the extent and uniformty of the palladiumnetal and gq'loﬁi 2006
nmetal distribution on the exterior and/or interior surfaces of a poér L&R
cat al yst suppomo 2matmdiazat e, such as carbon di oxi de sel ect ipgiThigzoeseksoygen
conversion in an ethylene, acetic acid and oxygen vapor phase reaction. 15
Attenpts to provide a uniformdistribution of the palladiumand gold netals
on the catalyst SupagLt eNAS il OVQ! bkt WRDIsPIUARI HboRf didlG G ted
preparation steps an(;; gr by us:?)ng suppor subs?fbat es fg’v{ﬁngqﬁ%ﬁg

speci fied por ! i : | i NRPNEEN i aring

hi ghly acti ve%gg%)gﬁy%ng r#ﬁg)sro ‘ &??\?ﬁ ﬁ@(@{eg%{%%%cg%u%st [ onﬁzﬁg P %F?’gfgﬁct)&s)fe’%%i n US.
Pat ent No. 5, 314 8 .and .\l S.. Paten . 9,332, 710. 20 These references
descri be proc@ggpgﬁ%@mgrfgﬁté@é@ﬁ%f%’%? Ragaaﬁr%% ’én‘ﬁeléﬁlrﬁfm ?ﬁe‘é? f9 but i on
on a support hy manipul at i ng theﬁreci pitation step in which the water-

sol ubl e preci &Gsintpst Bnee ehBB R ds2oar Al cptayat $xampks of ths patent ane fesdueedaly

wat er -insol uble conpounds. In U S Patent No. 5,314,858, fixing precious
metal s on §hereagpgowith a bydyazineisalgtien2006 WO 2004/ 011137 PCT/ US2003/ 023734
achieved utilizing two separate precipitation stages to avoid using |arge
excesses of fixi nff.Sadatemnt Ng. $,56PA8% m¢poie .thds, a3812)] 1thPregeated caialysts iofitheg t he
precious netals by physically rotating an inpregnated catal yst support

whi | e the i npBigontypelisSitippoietl ih Sesped® s TY {f. abarigaCialtGathe0thdh iaGodiiin | east
during the initial precipitation period. The 5 rotation imersion procedure

yi el ds catal ysfligatk s Wi @ prédigitaiee ! B ﬂfdeﬁhmolﬁ@bﬁms Gito e sheflar AN @htaRke sai d

to be nore evenly distributed in a thin shell on the support surface. All

catal yst exa f esiceth W ‘ at a
tenperature ngJ( ﬁﬁp%%éfhﬁsé&’%f‘n@?&ﬁ%wgﬁzo, 308%{/&&%&¥iuﬁﬂl§nnarredova

bi soot 0001 he cat S SIRUR G b Rl AP gBBTAP nl b R Spdldd bitSte 11

Bi ssot' 096 t he cat rre Ion

Kanmedove’ SRS 5208 ok SRR SRR oy Bt
distribution on the exterior and/or interior surfaces of a porous catalyst support
substrate, such as carbon dioxide selectivity and oxygen conversion in an ethylene,
acetic acid and oxygen vapor phase reaction.

15 Attempts to provide a uniform distribution of the palladium and gold metals
on the catalyst support has involved manipulation of the catalyst preparation steps
and/or by using support substrates having various specified pore dimensions.
Particularly useful improvements in preparing highly active catalysts for vinyl acet.ate
production are disclosed in U.S. Patent No. 5,314,858 and U.S. Patent No. 5,332,‘210.

20  These references describe process émbodiments for improving palladium and gold
distribution on a support by manipulating the precipitation step in which the water-

soluble precious metal compounds are fixed to the support surface as water-insoluble

compounds. In U.S. Patent No. 5,314,858, fixing precicus metals on the support is
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Despite such inprovenents as have been nmade there is a continuing ini ﬁmﬁﬂﬁﬁ
in the devel opnment of catalyst conpositions that exhibit an even fur

i nproved 15 convbp mmi/enmssof properties for the production ofecriusydeseneisat e.
SUMVARY OF THE | NVENTI ON This invention relates to a shell inpregnated

catal yst of Pd-Au, and nethods for their production, which are effective for

catal yzing the ¥apged Bﬁﬁ%@eﬁﬁgﬁ%&kﬁ}gﬁw&ﬁfﬁtsagéseceeavw lﬂn%flﬁf‘ge%xg!fsgé! @nd

oxygen to produce viny val ues for space

speci fic activi h%n%aag M ltJ@ aghtgﬂo.s g,'.’i?%ﬁid 'dre%ri{)t%r ﬁﬁgg\{fer ﬁll'egr(])ug) fmetﬁé.h I ene
to vinyl acetate. Thrs invention uses € Sane sequentce of Steps as
Khanmanedova but, ad certain.inprovenents: 6 2 4 2006 WO 2004/ 011137
PCT/ US2003/ 023785 %ﬁ%%ﬂaiﬂa M‘Pr%%?dg“ewg}’% ﬁ'fPPPﬁt"f*tl\Bﬁﬁﬁe %ﬂ@&ﬁééﬂ?ﬁ%z; 8 to
8:2, 2) precipitating palladjumand go]d conpounds to 70 to, 100% of _the
total pore vol HRBeIEd ip3reastiop splutipn At Jeast dunng yhe nitiah pregipiation perigd. dhgess of
precipitating agent, 5 4) contact tine with the precipitating agent for

t hree hours p Toatioadmmession\poodsdure yieldszptalysistin oxhichi thé metals preaipitadéd en thag
agent in light protected environnent, 6) using a powdered precipitating
agent, 7) washi cayri¢rheee prid o pé mateceleslyppeributed itha tidd ehelladn the tsepguer surface of
from50 to 80C, 8) reducing the catalyst precursor in nitrogen, 10 9)

i mpregnat i ng wi Al carlysis&iatples ok GlRgapateritnare rediced with effyldae h2a WmPéramrkQf fi nal
drying of the catalyst in -nitrogen at 95C to 150C for one hour to twenty-
four hours. Thejsgpel | i npregnated catal yst of Pd-Au are produced on a silica
support to have a Pd loading of 1.8 to about 7.2 g/L of catalyst and a

Pd: Au wei ght rati o af s8pgentlnb lepiodiafs By AR SeHibb i AALERANI0 W S0E)

aqueous sol utions of palladiumand go salts
10  showed that the sequence of steps is critical. In Bissot'096 the catalyst' was washed
after reduction whereas in Khanmamedova'308 the catalyst was washed before
reduction and obtained higher space time yield and higher vinyl acetate selectivity.
Despite such irr'lprovements as have been made there is a conﬁnuing interest in

the development of catalyst compositions that exhibit an even further improved

15  combination of properties for the production of vinyl acetate.

SUMMARY OF THE INVENTION
This invention relates to a shell impregnated catalyst of Pd-Au, and methods
for their production, which are effective for catalyzing the vapor phase reaction of .
20  ethylene with acetic acid and oxygen to produce vinyl acetate at high values for
space-time yield, specific activity, and with a high selectivity for conversion of
ethylene to vinyl acetate. This iﬂvention uses the same sequence of steps as in

Khanmamedova but adds certain improvements:
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or acids, which preferably are high purity potassium tetrachlorpal | adajgns 1508

(99,999 and hydrogentetrachloraurate trihydrate (99.998%, and therearter

precipitating owo 28dsjoxinsg”, preferably in a |ight protected@ams00nman ,

wat er insol ubl e conpounds of Pd and Au on the support surface by reaction

for three to seventy-two hours of the 20 inpregnated support with solutions

o powders of 3 kilelinfih Bbua e oGRSl Atk Blgio gt al hydroxides or
recrpitaten ' [ ’

m xtures theredfas precrp g or I'XIng " agents,” preferably with a

sodi um nmet asi | j.cat e.sol.uti on bei ng,us as a precppitajing agent, to a

vol ure corres@orﬂi?"mjm%g? g fgﬁ%ogfcqwuf‘&ﬁ’l J"E&? ZBQ/‘%I‘H € Jptak R¥esupport
particle ina 7.2 4 fJ\/AR 2006 WD 2004/ 011137 PCT/ 1JS2003/ 023734 quantity that
exceeds the thedymae pldhs supREtRYUF Ui red to neutralize the Pd and Au salts
toal.1to 2.2 nolar excess. The excess of fixing agent also depends on

vol ume of  fix3nyldde 2L imsdargnepssef precipitating 8gaport . The i npregnat ed support
is then washed with deionized water at a tenperature 5 of 50C to 80C until
the final decahtcantacntigawith ¢hetppecpitating agenhfor thatechdnesstp, to adviesty-twoibotrsj t i s
dried for water renoval. The dried support with its surface precipitated

conpounds  of Fdcoard: vith {h pideRitatifbaieadin Wehtpretdivd @vironfédty ogen or hydrogen
at a tenperature greater than 150C and for ethylene up to 310C, for

ni trogen up t 0558z ARAdbRE préd el 10 299C, preferably for 10 m nutes
to one hour at )a t enper aturéJ oﬁ?ﬁ%renﬁlo 250C to 325C for ethylene, nore

preferably 25 ; . ] OCto
299C for hydrgge%%hﬁl%?ﬁpréﬁggtﬁpgﬁéﬁgﬁa{eg?ﬁt’?}gb%gﬁﬁgbgﬁg%%% and Au are
reduced to their C ; ich the support is inpregnated

W t h pot assi uen§ argeécz%eﬁ%ﬁ%%&é%tcgﬁ?ﬁé%% 12 wei ght percent of the weight
of the reguced catalyst. .Thereafter the catalyst i ri inair or in
nitrogen aﬂPQgﬂl%EgF%l}ng‘T %oﬁ%ss?gl%@ﬂ?lf/"f%iﬂlyq’?&?fgjl m:t ferably in nitrogen

(STv) and spocioi i e o b o o e S840 B B e IROE R R vi oo

i dentical catalyst conposition-
fotir hours,

The shell impregnated catalyst of Pd-Au are produced on a silica support to

have a Pd loading of 1.8 to about 7.2 g/L of catalyst and a Pd:Au weight ratio of 8:2

15  to 2:8 by impregnating the support with aqueous solutions of palladium and gold salts
or acids, which preferably are high purity potassium tetrachlorpalladate (99.99%) and
hydrogentetrachloraurate trihydrate (99.998%), and thereafter precipitating or
"fixing", preferably in a light protected environment, water insoluble compounds of

Pd and Au on the support surface by reaction.for three to seventy-two hours of the

20  impregnated support with solutions or powders of aikali metal metasilicates or alkali
metal hydroxides or mixtures thereof as precipitating or "fixing" agents, preferably

with a sodium metasilicate solution being used as a precipitating agent, to a volume

corresponding to 70% to 100% of the total pore volume of the support pasticie in a
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that is reduced with ethylene or hydrogen at 150C. In a tenper ature Q’W%@f
NOT to 160C at a'gas hourly space velocity of 4500/ hr the catal yst “w
exhibit a vinyl 20 acetate selectivity of 90% or greater ﬁﬁ&, fg under
reacti on condi tY8AYWHAY result in a STY of at |east 600 g yst/hr.
Further, such catalysts have a long operational life. 8 2 4 I\/AR 2006 WO
20041011137 PCT/ US2003/ 023734 DETAI LED DESCRI PTI ON OF | NVENMON Thi s

i nventi on conpAastty thatezecgds the “?"BFB':‘FHQIDGW‘P&# @peugraljzesthe Bd apd Augells on  of
an al kene, an al kanoi c acid, and an oxygen-containing gas to produce an

al kenyl al kantaa &1 tgR& malaabisosss i Bherxeess ofi faing)egam salsoadsipendsm Youmeyes phase
reaction of an 5 ethylene, an acetic acid, and an oxygen-containing gas to
produce vinyl #fxiagadletion mdtabiditg af sipparéd gas phase reaction process, ethyl ene
reacts exothermically wth acetic acid and oxygen in the vapor phase over a

het er ogeneous Pd- AuTiligtiptegtlated Aippbit ¢ then Ghshed &ithidBivhize® vhrf & ABpaabRY |
CH2=CH2 + CH3CRH + 11202 - CH3CQRCH=CH2 + H2O, 10 dH = -178 kJ/nol. The

vinyl acet gé e 6@%3619904@ aﬁﬁﬁﬁe ﬁ%!décmh@aé aﬁv?&% élfv‘ér%gg 4&1%}@

at nosphere and a gas hourly space velocit -4500 h" 1.

Thi i1

conver si o 25%%925&&9 SRR t%%d‘% B s %‘ﬂ‘a? it 2%%903%%223 on
t d 15 R t t

ﬁéfm}eéna‘ihocazvfdﬁés%@u@mr %a?ecfﬁﬁﬁ @L%&w&%‘éqn'e% BHRE ahpdF SRR ange

is 140C to 180C with 140-160 g nost Br eferred. At t enper at ures bel ow

140C, the reac®iedpr thag 4576 °‘<'51F'|@]l epe MR tQPE9°Ce fprinitregeniinety 309EC apdderc aci d

in the vapor phase. Above 180C, for a given catalyst, nore and 20 nore of
the ethyl ene ahyliregeatpco 299°Q, prefesisblpfop 10 atimeéd ©dné Bolryat plratpeedttre of fom
princi pal

10 ~ 250°C to 325°C for ethylene, more preferably 250°C to 310°C, from 300° to 450°C fﬁr '
nitrogen and from 250°C to 299°C for hydrogen, until substantially all of its content of
Pd and Au are reduced to their free metal state, after which the support is impregnated
with potassium acetate to an extent of 5 to 12 weight percent of the weight of the
reduced catalyst. Thereafter the catalyst is dried in air or in nitrogen at 90-150°C for
15  one to twenty four hours, preferably in nitrogen at 120°C for one hour.

A catalyst as described above has a space-time yield (STY) and specific
activity (SA) about-20-30% greater than an otherwise identical catalyst composition-
that is reduced with ethylene or hydrogen at 150°C. In a temperature range of 140°C
to 160°C at a"gas hourly space velocity of 4500/hr the catalyst will exhibit a vinyl

20  acetate selectivity of 90% or greater when operated under reaction conditions that
result in a STY of at least 600 gVA/L catalyst/hr. Further, such catalysts have a long

operational life.



by product is carbon dioxide. Cenerally, the other by-products,

acet al dehyde, and ethyl acetate are formed at about 1%or |ess. 9 27 4MWR&E00
2006 WO 2004/011137 PCTI US20031023734 Reaction pressures are between 70-200
psig. Typical | YWOH¥¥I¥ssure used in conmercial plants i FCROH280233Y; g.

H gher pressures make it difficult to keep the acetic acid in the vapor
phase whereas pressures |ower than 70 psig too greatly reduce the STY of
the reaction. ALERDESCRIPTIRAN OF ON gases as a gas hourly space
velocity (GHSV) is about 3000-5000 STP liter/liter of catalyst per hour.

Hi gher GHSV val ues Thisinvéntion colmipgéesra cSklysofod tis/prombti@sofd gdsqpbhsesiegmiofi cant | y
| onering the selective values for production of vinyl acetate. Therefore,
hi gher GHSV vajfumsalkeéndCih ARLMdic Rid; andaklofygeRctbonthiiinC RRNO Prddued ad hikedie
reaction gases in volune %is in the range of 10 ethylene, 27-60% inerts

15550 acet i Cupiofte 1 2rik’ i 19 pHsiRiRafly Heirablacror BRE hoPhast SeRAGH Bt 4l W N

| ar ge excess of ethyl ene and acetic acid. The main réason for doing so is

to avoid f i 0 yJaney t i 1 %t U Oxygen
ovel o abave Ui REBERI AR Iy (o RRNTECH R, BodkS okl Wbl BBme Y PTT o
The preferred ranges, respectively are ethylene 50-60% inerts 20-230%
acetic acid 12-15% a{hﬂci@%%%np%%%“%r#fﬂ?eﬁ’aq Xjene %ﬁx‘?@“ﬁ h used
in place of air,_and the percentage  of ethylene in the feed_is rajsed. The
support part i cVighacede geidpnd (pEYgRDIR dassvaper phase qYarighaterpgengaus KAy ghelled
invention are solid particulate materials that are capabl e of being

i npregnat ed wicatalyspagiviagivimil aeptatelangWeter: pot assi um pronoter and that are
inert under the conditions used 20 to produce al kenyl al kanoates, such as
vinyl acetate. | CHrsCHat CiaCOtH $Ué0s9 fFbOOCHakft, ¢, are particul ate
silica, alumna, and silica-alumnas. Silica is the preferred support. The
support prg¥erabhy Ha38 &l/migl.f ace area from 100 to 800 square neters per
gram Silica beads of an average dianeter of 5 to 6 nm a surface area of

150 to 200 The vinyl acetate reaction process may typically operate at 140-180°C, 5-10
atmospheres' (atm), and a gas hourly space velocity (GHSV) of ~4500 k™. This will
give 8-10% ethylene and 15-40% acetic acid conversion. 6xygen conversion can be
up to 90%, and the yields are up to 99% and 94% based on acetic acid and ethylene,

15  respectively.

Reaction temperatures may be between 140°C and 200°C. Generally the
preferred reaction temperature range is 140°C to 180°C with 140-160°C being most
preferred. At temperatures below 140°C, the reaction rate is low and it is difficult to
keep the acetic acid in the vapor phase. Above 180°C, for a given catalyst, more and

20  more of the ethylene and acetic acid feeds are converted to by products. The principal
by product is carbon dioxide. Generally, the other by-products, acetaldehydc, and

cthyl acetate are formed at about 1% or less.



10 2 4 MAR 2006 WD 2004/011137 PCT/ US2003/ 023734 square mneters per gii Aﬁri@]ii
a pore volune of 0.6 to 0.7 nug, such as "KA-160" sold by Sud Chem e 8 i

an exanpl e of referred support material. The aqueous _sol utions of
wat er - sol ubl e Sﬁ@@%ﬁ’ﬁ?ﬁand gol d conpounds used in the prddddes2BPogiits

i nvention may include aqueous solutions of any suitable 5 palladiumor gold
conpound such as palladium (I1) chloride, alkali earth netal )

t et rachl or opal | adi Ukpagtiam pressuses jagechetyraeq 705208 psigat Bypieslly) didiptassyre Myedsigl f at e,
gold (Il'l') <chloride or auric (Il11) acid (HAuC 4). However, conpounds

cont ai ni ng sodiommexciel plams gs PO HE pspgl Agher ipeespuref ke d dicpl uodsemthe
potassium tetrachl orpal | adate and hydrogentetrachl oraurate. Then, for

obt ai ni ng a higbiyaidia thevagoh phaspab&edsipressyteslotved tha S0 higastdgrenBoiedice
activity (SA) of the catalyst it is preferred to utilize these preferred

conpounds i n theRTYRr ek Patkibhy form neaning 99. 9+%urity, preferably
99.99% Hence, it is preferred to use a potassiumtetrachl oropal | adi um of

99.99% puristy and ' 1R{45QORALEL bPLBURH RS aYas 18y AP YEbLiky (GHfARant i LY

of Pd and Au conpounds to be enpl oye S sucifas t oVvi e final
catal yst a Pd i t L bgut, 7 L .and Au

| oadi ng that alﬁg‘g‘géé@ 8396? %‘[‘?Lﬂé&@%}g %is"?]y?(np eﬁ”&e"‘?gﬁ@%ﬁ?ﬁé% ‘6““'1!9& rFsﬁ'lttlﬂe Pd: Au
range from8:2.t0 -8, ferably. .7:3 .to_4:6 nore preferahl :4 o 5:5.
Preferably t hé”%&ﬁ ?ncggg%al“qso‘éﬂ’é’ﬂt f‘ﬁmfﬁﬁ@%é'alf’a'feﬁgé) thegs Eﬁ‘}'lt"g‘“ﬁr %9\% de the
catalyst with a specific activity of greater than 200 g VA/g Pd/ hr when

oper at ed underProdighon &ff ViBYldatetadhs Grelefors, highgr LHESY ovalpesnisweha 40&hpEe at ur e
range of about 140C to about 160C that provide a STY of at |east about 600

gVAI L cat/ hr. priferredondhe icompesitiqndof| theya¢astjon Eeses dmrvolvaneu%eid inchopange wf t he
requi site STY values the higher will be the selectivity of conversion to VA
hence Pd I0oacdthydmej 27-60%dneps 16F558h ecaticRcld 18/17% andhdmongen 6-8%. gTHe reaction
preferred. 11 2 4 MAR 2606

is operated with a large excess of ethylene and acetic acid. The main reason for doing

so is to avoid formation of potentially flammable/explosive mixtures. Oxygen levels

above about 9% are not used in order to avoid explosive mixtures, The preferred

ranges, respectively are ethylene 50-60%, inerts 20-50%, acetic acid 12-15%, and

15  oxygen 6-7%. Commercially, oxygen is often used in place of air and the percentage

of ethylene in the feed is raised.

The support particles used in the process of producing catalyst of this
invention are solid particulate materials that are capable of being impregnated with
palladium, gold and a potassium promoter and that are inert under the conditions used

20 to produce alkenyl alkanoates, such as vinyl acetate. Illustrative of such support
particles are particulate silica, alumina, and silica-aluminas. Silica is the preferred

support. The support preferably has a surface area from 100 to 800 square meters per

gram. Silica beads of an average diameter of 5 to 6 mm, a surface area of 150 to 200

10



WD 20041011137 PCTI US20031023734 The support is inpregnated in a pr O‘[\?—E@R 2008
designated as "rotation imersion to a point of incipient wetness."

vol une of the i j.on solution preferably correspond to
BEGHA PR

100% (nore prefer rom85 to 95% nost preferably about
pore volune of the support. In this process, the catal yst support is 5

imrersed in the Pd-Au inpregnation soluytion and t ed or rotat t.herein
during the i nPIUREmEErs peicETam apda W%Y‘E‘%&%&moq%gﬁ)é %Bﬁ‘ér @ﬁ selfe

sol ubl e precious netal conmpounds. The rotation or tunbling of the supports
in the sol uti oby SbGhemnipAdt iscan example 1of amostgrefened suppert mawrials absor bed whi ch:
w Il depend on the volune of Pd-Au inpregnating solution. Typically, for

| abor at ory quant i t i Be, agneduatsolutionssoff waterssolubleapailadiumOendi gold esmpoudds used
preferably, for 3-15 mnutes and nore preferably 3-5 m nutes. Excessive

rotation can chuge geesedlofithisninvémtiss miy wRlveE oeoudr $ClutidnyVof CdhyCaitalesul t in
non-uni formdi stribution of palladiumand gold, especially when the vol une

of the inPregnaim@imSel YoldOfonsdhd SRMN &S phidRRYMY chRfide, Odikdiih @arflP rietay Ol U
of the support. Any type of rotation or Funbl i ng equi pnent can be used as

t he exact appay, Ef;ai ahh! e a2t mid 4t Alail EF%WE r i of the
rotating noti oﬁé&ndg&r e %ani (CIQI (B The r(%[gtnli on 'Z‘Loﬁ bgsf %‘hsftai?eé?gug o that
all surfaces of,,the inpr. t ﬁﬂﬁﬁrt nl y .cont.acted with the
i npregnati on s%)}ﬁl(h ‘lﬁooﬁrsgggg@@na%faas pOsSs )bﬁo%ﬁﬁrég%{l%{;%%fl%ﬁmt?ﬁﬁl38&\{' 6t¥Be so
harsh that actual aprasi on of the support particles takes place. Generally,
the extent of ¥¥tBFfeTH ?ﬁgdﬁ‘a PH e’?ﬁo‘%{;ﬂ?fu?cg 4B W&ﬁ?‘%d‘eﬁﬁ@&%ﬁﬁdﬁﬁéﬁghi gher
20 especially in the beginning of ratatian dependi ng upon the exact support
utilized, the MSrBgReTIRloEARsHE, (e dog phiaining gty valps forithe, spasedtime wiedd pe
impregnated into the support. The rfpm to be used is variable and may al so
depend upo? t HETXppart specific ativityi(SAYOf theeatalys i ipprafesnd proutidize these prafspedt , t he
type of support, and netal |oading. 12 2 4 MAR 2006 WO 2004/ 011137
PCTI US2003/ 023pgwottds ipribeir gighapumy) fatpenmeaninge 89.0+%purisy ppisteesidy §0.90%e
present invention catal ysts
Hence, it is preferred to use a potassium tetrachloropailadium of 99.99% purity and
hydrogentetrachloraurate of 99.998% purity.
The quantity of Pd and Au compounds to be employed is such as to provide in
15  the final catalyst a Pd loading of from about 1.8 g/L to about 7.2 g/L. and a Au loading
that places Au in the catalyst in a weight ratio to Pd in the Pd:Au range from 8:2 to
2:8, preferably 7:3 to 4:6, more preferably 6:4 to 5:5. Preferably the quantity of Pd
loaded in the catalyst is such to proQide the catalyst with a specific activity of greater
than 200 g VA/g Pd/hr when operated under reaction conditions of 120 psig and
- 20 within a temperature range of about 140°C to about 160°C that provide a STY of at
least about 600 gVA/L cathr. The lower is the Pd loading that can be used to obtain
the requisite STY values the higher Will be the selectivity of conversion to VA, hence

Pd Ioadings in a range of about 3.0 g/L o about 5.4 g/L are preferred.

11



i ncl ude sodium |ithiumand potassiumsilicates, hydroxides and chlgihﬂﬁim%
It is preferred to use potassiumchloride, sodiumnetasilicate, so

hydr oxi de or potassi um hydroxi de as the precipitating agent. The
precipitating aYERMOEI¥ 5 preferably enployed in the for mSfT/ERHEGHYHM
solutions containing a 1.1 to 2.2 nolar excess of the precipitating agents
dependi ng on support acidity and volunme of used solution, preferably a 1.2

to 2.1 nol ar excessTheRuyportis hyregdaley ima frobessdbsignared a Sdtatiod dmesionnga of such
solutions used is preferably just sufficient to cover the support

particl es. ThepdikiPsfetipleft wetBROT t THeSvdlith® bf @k inregrabien kbhatio® phedérbiily on and.
allowed 10 to renmain conpletely covered for three hours up to about days

ot el | . . i
(approxi mat e éco)z/l%?pohgsufosﬁ'om ﬁbﬁéqgg‘ﬁ (ﬁiof‘é érga f‘dgi]};ﬂ 35140 9%‘75!%5&& P@%@% 3

preferably | day (‘approxi mate our ays, nost’ pre

days) at room t yr L f kpal v 29,0 1S | hed.
The exact quanatoﬁgwg% ogl eali’{)?%' %lluﬁg o%@@ i |F1tg%z]in s? |°ﬁea8?’ ‘ﬁﬁgﬁ“g‘yhﬁﬁ‘é‘%@ént on
the alkali type, the . acidj of the support, d uantities, of precious
15 et al's dsodEeRd Sy dpieePn Goahh e ChroRidabendte | on. 1
may al so be a powder used in_a "dry fixing" technique to precipitate
conpounds of ph¢ imea! stagemef the dmpregnstion of thepyapart wmqtla&@.mbm@rqs&m&et%y be
added to the inpregnated support beads or the inpregnated support beads may
he added to t empovmfisr ThFhetatien ergrmblingdof2be stippons @ theyolbon shoaidoptoesed
agitated to uniformy mx the powder and the inpregnated support beads in
order to ensunmti hRtoftthe splugen s tbsoibad vegemwill siepandughthel ndlome aftBkEAu wit h

t he wat er-sol ubl e pal | adi um and gol d conpounds so that water-insoluble

pal | adi um and igpkemaimznolINds. Myicaky, irelabahtbat QnoRdsprddtRISHIGOIteRrs t i Cl es.
The 13 2 4 MAR 2006 WO 2004/ 011137 PCT/ US2003/ 023734 contact tine may be the

sane as fofg t hfina@yepds pr&kdblyOlfor 3-8 mihlle£QnBOMbR PRefé@blgbolY misuekays (-72
hours), but preferably will bé 12 to 36 hours, nore preferably about 24
hours. Excessive rotation can cause evaporation, loss of water and drying which can result in
non-uniform distribution of palladium and gold, especially when the volume of the
impregnation solution corresponds to 90% or less of the pore volume of the support.
Any type of rotation or tumbling equipment can be used as the exact apparatus
15  utilized is not critical. However the extent of the rotating motion may be critical. The
rotation should be fast enough so that all surfaces of the impregnated supports are
evenly contacted with the impregnation solution as soon as possible. The rotation
should not be so harsh that actual abrasion of the support particles takes place.
Generally, the extent of rotation should be about 1 to 30 rpm and possibly even higher
20 especially in the beginning of rotation depending upon the exact support utilized, the
amount of support and the amount of precious metal to be impregnated into the

support. The rpm to be used is variable and may also depend upon the apparatus

utilized, the size and shape of the support, the type of support, and metal loading.

12



The reaction during the fixing step may be photosensitive. The sour;ﬁ % 008
gold, 5 e.g., hydrogen tetrachloroaurate trihydrate, used in the c Rsz
synthesis may he sensitive to |ight and deconpose with fornmati on of separate
phases. While tH82XPMNUEALion is not to be limted or restriB¢EHSNP/RHdbry,
it is believed that the gold and palladi um conpounds are transforned to
hydr oxi des of gold and palladiumduring the fixing step which, when
reduced, result in Pb¢ prcipitatingoigents wseskindhé processvof the possent ihvention cdtilysys
formati on. Gol d hydroxi des and pal | adi um hydr oxi des separated on the surface
of a support Wwirdcludaesotiveh)dettlivni tid fpotassiirh Gilicades,| MQAEdxidks| Adnatll@tdeandt iess
active palladiumnetal. Exposure to |ight nmay deconpose the gold and/or

pal I adi um conpRERHY &N Usd Bbtasfibf’ EfeRieM sbiufah fefaofibRE, aidh HYaXSsbe or
hydr oxi des. After fixation'is conpleted the inpregnated support beads are

t hen renoved d ¥l | ft i and: ' i-Qnt wat er
at a tenperat u%@a%#@oﬁ){dgdﬁ 0%9 %IF eé}g?g%%f/]%?g %pﬁbﬁﬁ%@egﬁéﬁ nla}gc may

t hen done ip a_bat or ont.i nuous.node. Furt her washi ng, at ta $0C,
preferably QO P‘E&%&gye g’@ff’ﬁ‘“bﬁ%ﬁﬁgaﬂ‘fﬁﬁ s W“ﬂégmh?\x%ggrm@%tent
of chlorine ions is around 50 ppm Wwherejn the final decant gives a
negative resul £xqess of bp Wéfplﬁrlflf ag60ts; deppudingsQm sypgort;apidity apg ¥ elumg;of ysed

t enperature above room tenperature is believed not only to remove chlorine
i ons and sodi upelitinms praferallly o 1200 elripplar grensh reure pseferably aphf thadireexcessom t he
pores. 14 2 4 MAR 2006 WD 20041011137 PCT/ US20031023734 After washing is
conpl et e the i e eginmead sucip pantion aseth isaprefedblydgdst suffefena® ctved e lBPWri N a
forced air oven. The reducing agent used in the process of this invention is
et hyl.ene, nit r payticles.oThdimpregmredtsoppdri is limtdassed inte chei fighigeghaioading upwed ar e
exposed while at a 5 tenperature greater than 150C and up to 310C for

ethyl ene, wp t& ReRG édfiplétely @yered dndhiee HolrsAHAE aboit NSk QagroxiBhefyeTAbl y of
or greater than 200C and nore -

hours), preferably fifteen hours to 3 days, more preferably 1 day (approximately 24

hours) to 3 days, most preferably 3 days) at room temperatore until a final pH value of

6.5-9.0 is attained. The exact quantity of alkali, time of fixing and final pH is

dependent on the alkali type, the acidity of the support, and the quantities of precious
15 metals used.

While the precipitating agent may be an aqueous solution, it may also be a
powder used in a "dry fixing" technigue to precipitate compounds of palladium and
gold on the support surface. The powder may be added to the impregnated support
beads or the impregnated support beads may be added to the powder. The solid-solid

20  mixture may be rotated or agitated to uniformly mix the powder and the impregnated
support beads in order to ensure that the precipitating agent is brought into contact
with the water-soluble palladium and gold compounds so that water-insoluble

palladium and gold compounds may be precipitated onto the support particles. The

13



preferably to a tenperature greater than 250C such as a range of 272 gmﬁ@ﬁ)&
for ethylene, 300 to 450C for nitrogen and 275C to 299C for hydrogen, a
nost preferably at 300C for ethylene, 450C for nitrogen and 299C for
hydrogen, for aWP@F{0kH3%Bufficient to conplete the reducti ofCHPSBP/ANG Au to
their free netal state. Generally, the reduction is carried out for no

| onger than five hours, and preferably reduction in ethylene for |ess than
one hour, pr ef ecabétytimeguayche the same a5 for g equebus solitivnt i.e.,chree houns up 4mabout
preferably reduction in hydrogen for about 10 to 30 m nutes. For purposes of
their reducti ord ddye (+72oagsatiug greferplplp witill the ddso Baholis| mbrelysrefeddblyhetmue?d i n a
fl ow of gas, such as a nitrogen flow, fromroomtenperature to 150C. The

i npregnated supegikt mMay then be held in the gas flow at 150C for 0.5 - 1
hour. Adsorbed water evolves during this heating period. The tenperature

may then be rai sed}0,.23%:3R8 ﬂ{éﬁﬁfr@éﬁéﬂ%ﬂ)}ﬁ%ﬁéﬁﬂgﬁv@f Tﬁ@éo%pée%gglgooc for

Optionally, the inpregnated support e mal ntal ned at

gas. 1 {her edtiengoRetoFaRdbah shfdie, S s SRBR G B A5 bE 1 o or

hydr ogen (1-5% by.vol upe, ferably). be introduged intq the gas flow
to forma reducf &“’Qé‘é%tﬂﬁﬁ@"mﬁﬁe‘%&%ﬁg@%f’q%éﬁafeﬂ%@?ﬁﬁcm}i Hri ed

i npregnat ed beads nmay be directly 15 2 4 MAR 2006 WO 2004/ 011137

PCT/ US2003/ 023 Faventigriis aef tp ke bm&e%@ramcta@ bytheeryvit istbelipvedithaf thergoldind ogen gas
flow m xture or at 299C w th a hydrogen-nitrogen gas flow m xture or at
450C with a ni tpalageym gempdundswre tMrsferded snhisiredides ofigeld andpalbdivosduting the

noi sture before reduction. The reducing gas flow has to be sufficient to
provi de conpl etfxingescpothicin whén trdnced rahly it paltediainsgobdiniterayion, Svitkepoggibleed i n
contact tine range. After about 10-15 m nutes to about 5 hours of reduction
in the redug ngligpforbition! GoMddiya®xifias adi patiadiem hiyexideadparaRy oh e subfecec 00l ed
back to roomtenperature in nitrogen. Shorter reduction tines yield

catal ysts of higgh&ipper ¥ilt 8¢ HRBcedWAMCRmSANRA P nert gold metal and less active

palladivm metal. Exposure to light may decompose the gold and/or palladium
compounds and may interfere with the formation of mixed hydroxides.
After fixation is completed the impregnated support beads are then removed
15  from fixing solution and washed with deionized (D.1.) water at a temperature of 50 to
80°C, preferably 50 to 60°C. Further washing may then done in a batch or a
continuous mode. Further washing at 50 to 80°C, preferably 50 to 60°C, should
continue until the decant wash water content of chlorine ions is around 50 ppm,
wherein the final decant gives a negative result to a silver nitrate test. Washing in
20  water at a temperature above room temperature is believed not only to remove
chlorine ions and sodium ions but also to remove amorphous silica particles from the

pores.
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reduction tinmes of from about 15 minutes to about 0.5 hour are pref r ﬁg”{]él?
The potassium pronpters used in the process of this invention for

the catal ysts may i nclude potassi um al kanoates and any potassi um corrpound
that is conver‘Féd”‘l“@"d”pot assi um al kanoat e during the al keffyl/US2003/023734

al kanoate-formng reaction (i.e., the reaction of ethylene, an al kanoic
acid and an oxygen-containing gas in the presence of the .catalyst to
produce an al kenyl affteewashing)is cBmpleeshe impregnaed suppert beadsrapé dried; duchsastahe
pronoter and is preferably added to the extent of about 5-12 w. % of the
wei ght of the Led$0€tinadbrkd sik over.eferably 6-10 wt. % nore preferably 6-8
w. % The pronoter is preferably applied in the form of aqueous sol utions.

It is preferred tom&aaah%a P LSSHRRY protesd DEMRY iAVERLSH i08hy1Be, hﬁﬂ!.g&f—'d
i npregnated support beads by the "rotation immersion to a point of

ot prent et ngg Siyak@E0 L fich e idl SHbOURIY d536F Replln SRR TS

finally dried t inarr rogen, “prerera rogen.

Durlngthls dr t he cat be .h f roo ure to a
t enper at ur e>of ¥§’Eﬁ’i"§fﬁ: ﬁ%@%ﬁé@%’ﬂw t%gﬁ’t’(‘zeg% ErP‘ ?B%Wf‘i’ém%’ﬁﬁbr ature
16 2 4 MAR 2006 2#)4%0 1 PCTI US /0 3734 increase fromroom
tenperature to?® é‘Pf'io &’Frlﬂ?' il Iosrseeitiag: €00 hand morey) yst-
is dried for at | east one hour and up to 24 hours at the final dr
t enperature. Ppefesaiptaa temperatyre greater thap 3H0Ce suchrps ) rengsgef2 737 IQQU%,CffGTr one
hour. EXAMPLES Catalyst Preparation Unless otherwi se indicated, in all of
t he exanpl es t ethjlehd, RO he 45CHH fratmiwogeh snd 238°C t002995€(fduhydrogﬂnofan¢a10m yst
are as follows: Support: KA-160; Gold: Hydrogen tetrachl oroaurate (1Q
trihydrate, 1preRaitlypdi 306°C ot etbyglenend50°C foditopei atd 2999Cdoo hpdrbgeabafa 4 11) ,
99.99% Fi xi ng

10 tme sufficient to complete the reduction of Pd and Au to their free metal state.

Generally, the reduction is carried out for no longer than five hours, and preferably
reduction in ethylene for less than one hour, preferably reduction in nitrogen for about
one hour, and preferably reduction in hydrogen for about 10 to 30 minutes.
For purposes of their reduction the impregnated support beads may first be
15 heated in a flow of gas, such as a nitrogen flow, from room temperature to 150°C.
The impregnated support may then be held in the gas flow at 150°C for 0.5 - 1 hour.
Adsorbed water evolves duriqg t_his heating period. The temperatre may then be
raised to 299-300"(3, preferably increasing at 20-30°min.  Optonally, the
impregnated support beads may be maintained at 299-300°C for 10-30 minutes. “Then
20 the catalyst beads may be exposed to the reducing gas. If the reducing gas is ethylene
or hydrogen, a volume of ethylene or hydrogen (1-5% by volume, preferably) may be
introduced into the gas flow to form a reducing gas mixture.

For purpose of their reduction, dried impregnated beads may be directly

15



agent: Sodium netasilicate anhydrous; Pronoter: Potassium acetate; Water:

Dei oni zed water (D.1.), -18 nmegohmcmresistance; Reduci ng Agent: 504 4 MAR 2006
ethylene in nitrogen or 5% hydrogen in nitrogen, as indicated. Cenerally,
the synt hesi s bYQ)g’@ﬂ BTt or preparation of the catal ysts ofPGIHS2092883H: 15
i nvention follows the procedure disclosed in copending U S. application
serial no. 09/612,159. Certain inprovenents and variations in the procedure
di scl osed i n tplated istpal lieatat atFO0XT avith|ab ethylemt-axdirdgyn pascflox axiptiressor lae RYORC

Cat al yst Reactions Unl ess otherwise indicated, in all of - the exanples to

foll ow the reawitibia lpdtbgerGitepbmigys flowCmixeirt iopas 45¢°Cewhl af gilttbgawsgasRt@et or. A
mcro reactor unit built by Zeton Altamra was used for screening catal ysts

and was desi gngel hQis MdukNARD bl 16 Rfoistted Meford\RE8cfoRd Tﬂyl‘é&\ﬂ:ﬁhgagﬁr OQkS_
mass flow 17 2 4 MAR 2006 WO 20041011137 PCTI US2003/ 023734 neters and acetic

id fed I 4 | d. Th
i s i nt eriaLbs GFREHe0S VTR co it Aot of uRRAUPL b BB ST o or

was used s th?e cat‘g{nyst ellets could be inserted. Catalyst |oading was
typical ly 2 5gtafBearsRga The 8985 grans of 5-nm 5 gl ass beads as a

diluent. Al catalysts consist of a conmerciat siljca type support; KA-160
mar ket ed by Sud Ch ?‘bel‘ﬁibéét‘?’\'?%‘e%@rﬁ%ﬁ‘?eﬁﬁowfﬁ ucan %‘rfﬂpe @ﬁé?%ﬁﬁpr

anot her netal, gold, and a pronoter, potassium acetate are added to the

catal yst. The reguging gastmixgire Ge bepds Bajkethentbpprooled bagk ¢ rease tepapezaturetine

| ocated within the outer 0.10 - 0.15 nmof the 5-mmdi ameter, spheres. 10

Tenper at ur es: Heegeni Shertergediction fineslyigidtcatalystsiof bigheli T velues: henrpshertarr es

rangi ng bet ween
; reduction times of from about 15 minutes to about 0.5 hour are preferred.

- 10 The potassium promoters used in the process of this invention for producing
the catalysts may include potassium alkanoates and any potassium compound that is
converted to a potassium alkanoate during the alkenyl alkanocate-forming reaction
(i.e., the reaction of ethylene, an alkanoic acid and an oxygen-containing gas in the
presence of the catalyst to produce an alkenyl alkanoate). Potassium acetate is

15  preferred as the promoter and is preferably added to the extent of about 5-12 wt. %,
of the weight of the reduced catalyst, preferably 6-10 wt. %, more preferably 6-8 wt.
%. The promoter is preferably applied in the form of aqueous solutions. It is
preferred to accomplish placement of the promoter on the reduced impregnated
support beads by the “rotation immersion to a point of incipient wetness” technique

20 as previously described.
The catalyst is finally dried to remove water in air or nitrogen, preferably

| nitrogen. During this drying, the caiaiyst may be heated from room temperature to a

temperature of 90-150°C, more preferably 95-120°C. Preferably, the temperature
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135 and 170C. For sone of the STY values herein reported a.l east squzr?
Arrhenius curve was cal cul ated based upon the data points and the 1 6 ,AR 1006
150C, and 160C val ues for STY were deternmned and are reported in the table
of results bel o¥P24M0i1¥e\ni se the sel ectivity of conversi orPGIUSPIHIRIT3C et at e
(VA) were neasured at the three tenperatures and a pol ynom al curve was

cal cul ated and the selectivity values at 140C, 150C, and 160C were

determ ned and iatrease fpmIto6d témpdriteretiathedmabdrying senipefturd 1 20v80° Ghigte WIBe, t he
actual tenperature, conversion and space tine yield are reported. The

principal by pragwst isVased 360N 16ks0shed BorCRRE LR th Y24 hbifs G RE Ml dAfn

products, acetal dehyde and ethyl acetate, were fornmed at about 1% or 1ess.
Pressures: Re 'é}gh,{gr it Ay ° i reported
in the table o?%]?esu t??%ée{'ﬁgl% HE})E/%?J?%}] y,e%]rgglsug érngeht(gﬁsoeg'(ﬁoﬁédcegln%ﬁér ci al
plants is 100-150 psig. Sone 18 2 4 MAR 2006 WO 2004/011137

PCT/ US2003/ 023734 runs with the catalyst of this invention were conducted at
a reaction %ressure of 120 psig. Hi g?“—%@@’%ﬁ] ng catal ysts are better
conpared in~the lab at 50 psig. due t ransport problens at 120 psig.
Pressure was maintained at 50 psig for a |latter series of runs. The STY of
a catalyst at 50 psig of pressure wdAtHPpYREPHBIYE about one half 5 the

val ue of that catal yst when run at 120 psig. Flow Rates: The total vol une
(GHSV) of reaction §misssotherwvisedndicai¢ds ualbef the SEMmpETR follow e/Rwimaterisls

catal yst per hour. Initial volume % used in these exanples are 55% C2H4,

26. 0% He, 12. 5%satfet prodadtiod oficatal@stabb a8 Follddsygen i n t hese exanples is

i ntroduced 10 as a 20% oxygen-80% hel i um bl end. For the eval uation of

2. 5grams of whol e beads, . the f)ow.r ) e: eth ne 179 standatd cubic
centinmeters (sccn), 20% Me%ﬁ%@uﬁ%@ﬁ“&%& ToRYTarS (ﬂtcﬁlﬂy@%@ f1 ow
rates were %ontroll and neasured by _Brooks mass flow controllers w.th
ranges of d9500 sccFplledium: Potassium or-sodium tetrachioropalladate (II), 99.99%; Fixing

agent: Sodium metasiliéate anhydrous; Promoter: Potassium acetate; Water:
Deionized water (D.L), ~18 megohm-cm resistance; Reducing Agent: 5%
ethylene in nitrogen or 5% hydrogen in nitrogen, as indicated.
Generally, the synthesis proéedure for preparation of the catalysts of the present
15 invention follows the procedure disclosed in copending U.S. application serial no.
09/612,159. Certain improvements and variations in the procedure disclosed in that
apptication are illustrated by the examples below. .
Catalyst Reactions
Unless otherwise indicated, in all of'the examples to follow the reactor and
20  catalysts conditions were as follows:
Reactor:
A micro reactor unit built by Zetén Altamira was used for screening catalysts and
was designed for attended operations. Gases were fed through a Brooks mass flow

17



Acetic acid was fed as a liquid and flow rate was controlled by an IE%)@U”@
that 15 can give a mnimumflow rate of 0.1 |I/mn (liquid). The acett df
liquid was va i introducing it into a mxing tee at 150C al ong with
the ethyl ene a%’@%ﬂg% The acetic acid (vapor) and ot her ¥§d&&8003823334 hen
mxed in a static in.line mxer before entering the reactor. Flamuability:
20 Flammability limts of the ethyl ene and oxygen m xture depend on

t enperat ure, Ipeters and acetigadidcwesfed by ian 1SCOisyrisgespinip. eQoigsolnsere manvally
conmponents, such as acetic acid, and helium In general, the oxygen
concentrat i on operatede The tniy whointefacedosidi avonilime &Q@ vol . % based on acetic
acid free mxture. A PLC conputer utilizing electrical output from19 2 4

MAR 2006 WO 2004A0rkddet/taBE b WhR G IddaretetdwdsN e s Sthé |caplydehalets ¥oudd yeed to
prevent the formation of flanmabl e ethyl ene oxygen m xt dres. PALLADI UM GOLD

sol ut on of Oo.iﬁ%d4%‘p§*a%¥ﬁ%§é%%vﬂgﬁﬂ58?-€ﬁf§lﬁ% Hong il M 05 B Agf

DI [ 5 KA- 16 ; PT.

an “‘ZBE{ ncipi AAE &é%da'gfg”?@%%ﬁ?ﬁ%g?ﬂgﬁé Cﬁz?e%@g a?éoé%?ré‘e‘gtﬁﬁ%ﬁ@e%?@vh i lei ky
: : ' [ - 160 '

wes- connect ed K& 180 mrisia bE S bhdalsy ToretYs SSMORE it REFPBPaEERDY 1 10

m nutes until all'the solution was adsorbed by the support. 2. Fixing step.

15 0.32087 g cnoRermetelzoldsandiaguemgiey ppidssium acciate are agdqd to\thg eatalystn dhe

| npregnat ed support fromstep | was reacted with the fixing solution by
pouring the  catalysts are of the shell type in which the metals are located within the outer 0.10 -

0.15 mm of the 5-mm diameter spheres.
10 Temperatures:
Reactions were carried out at three different temperatures ranging between
135 and 170°C. For some of the STY values herein reported a least squares Arrhenius
curve was calculated based upon the data points and the 140°C, 150°C, and 160°C
values for STY were determined and are reported in the table of results below.
15 Likewise the selectivity of conversion to vinyl acetate (VA) were measured at the
three temperatures and a polynomial curve was calculated and the selectivity values at
140°C, 150°C, and 160°C were determined and are reported in the tables of results
below, Otherwise, the actual temperature, conversion and space time yield are
reported. The principal by product was carbon dioxide. Generally, the other by
20  products, acetaldehyde and ethyl acetate, were formed at about 1% or less.
Pressures:
Reaction pressures were either 120 psig or 50 psig as reported in the table of

results below. Typically, pressure used in commercial plants is 100-150 psig. Some
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fixing solution over the beads in a flask. The flask was rotated for I}
m nutes and the sanple was then transferred into a cabinet w thout 2 3\%2”05
The fixing reaction was allowed to proceed for overnight (15-18) hours at
room t enper at uMQ 20§013137\\ashi ng st ep. The beads were then FPEFBFEHPPEH
fixing solution and separately imersed into | L of water at 50C. A
magnetic stirrer was applied during the wash. The wash water was decanted

t he next day anuksmwedthl the eatalysttdf this ddvestiod wereponducted abh reaction prefivee 80120 4 MAR
2006 WO 2004/ 011137 PCTI US2003/ 023734 washi ng/ decanti ng procedure was
carried out a pag.aHigipefohning @Bialyste aftcetteadmpandtie e laloht S0sipFduseo imags t o
around 50 ppm wherein the final decant gives a negative result to a silver

nitrate test. ﬂfansgﬂl’ipﬂﬂle?ﬁseﬂ-12@p£?.?ﬂe%@ﬁﬂﬁﬁﬁﬂta§dbﬂ&@50%si@@éxed faB&@sedléd €d for
fifteen hours at 95C in a forced air oven. 5. Reduction step. The reduction

procedure was GaghL eghdstyigp a@atgjggtaeg rsgﬁzﬁfgalb?@g&?&né’% Riadli el tfég\tN @?erlgat&ige

furnace. The i npregnated support a nitrogen

300-330 10, m /fm n) f r t r to 150C for one hour. The beads
were furthel h@sﬁﬁePﬁ%?%Wﬁ‘?ﬁ%%w “for 0.5 hour. Adsorbed water
evol ved during this_ heating period. Then the nitrogen flow was mai ntai ned
and a 5% vol une of BPWId&e in nitrogen m xture was introduced at a fl ow of

300-330 m/mn. After 5 hours of reduction at 300C, the _ethylene in the
nitrogen mi xt ur e Thgstotalolume, (EHBYA \0f nigagtiopygases ps neiptined & 6300 T® beads
were then cooled to roomtenperature under nitrogen. .6. Pronoting step.
Reduced i npr eghtar/bur el gatpdyst pesdoup rlpivel walnmg Pornsgd it thestrepimples ars §5 @rfHeet at e

by incipient wetness techni que. Beads were placed into a flask.
: 26.0% He, 12.5% acetic acid and 6.5% O,. Oxygen in these examples is introduced

10  as a 20% oxygen-80% helium blend. For the evaluation of 2.5grams of whole beads,
- the flow rates were: ethylene 179 standard cubic centimeters (scem), 20% O, 106
sccm, angd acetic acid 40,75 sccm. Gas flow rates were controlled and measured by
Brooks mass flow controliers with ranges of 0-500 sccm.
Acetic acid was fed as a liquid and flow rate was controlled by an ISCO pump that
15 can give a minimum flow rate of 0.1 pul/min (liguid). The acetic acid liquid was
vaporized by introducing it into a mixing tee at 150°C along with the ethylene and
~ Oy/He. The acetic acid (vapor) and other gases were then mixed in a static in line
mixer before entering the reactor.
Flammability:
20 Flaxmnabilityllimits of the ethylene and oxygen mixture depend on tefnperature,
pressure, and composition. It is shifted by additional components, ‘such as acetic acid, |
and helium. In general, the oxygen (.:oncentration at the entry to the reactor is £ 9 vol.

%, based on acetic acid free mixture. A PLC computer utilizing electrical output from
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7. Final dryin

g step. 20 The catal yst was placed in an oven at room

tenperature. The tenperature was increased to 120C. The catal yst
e hour in a nitrogen flow .21 2 4 MAR 2006 WO 2004/ 011137

at 120C for on
Exampl e | Pd

1. Inpregnation

MAR 1260¢

Itﬁ m'é}pe procedure of the Exanple 1A was petloneHaexsent :
step 0. 064807 g of HAud 4' 3H2O 0.460843 g of -K2PdC 4 2.

Fi xi ng step. 0.31869 g of Na2Si 3 Exanple 2 10 Pd: Au=7:3 The procedure of

Wallv<Ye N Hh@fbnS ambaBR 7, of
HAUCL4- 3H20 0. 40322% PR SeRiNsed. ol prof¥l oS ol nebe B Ql(%)f e 8

the Exanple 1

Exampl e 3 Pd
| npregnation s

10

15

Q%E procedure of Exanple 1A was foll owed except
(0 g of HAuC14' 3H20 0.3456 g of K2Pdd 4

PALLADIUM-GOLD WEIGHT RATIO
Comparative Example 1A

Pd:Au=9:1

1. Impregnation step.

A solution of 0.03240 g of HAuClLy3H;0 and 0.51845 g of K;PdCl, in 7.83 mi
of DI water was used to impregnate 15 g of KA-160 at room temperature (R.T.) by an
incipient wetnéss technique. The KA-160 was placed in a 0.5 liter round bottom
flask. After pouring the solution over the KA-160, the flask was connected to a rotary
evaporator. The flask was then rotated for 1-10 minutes until all the solution was
adsorbed by the support.

2. Fixing step.

0.32087 g of NasSi0; was dissolved in 13.5 ml of D.I. water. The

impregnated support from step 1 was reacted with the fixing solution by pouring the

fixing solution over the beads in a flask. The flask was rotated for 10 minutes and the

sample was then transferred into a cabinet without light. The fixing reaction was

20

allow_ed to proceed for overnight (15-18) hours at room temperature.
3. Washing step.

The beads were then removed from fixing solution and separately immersed
into 1 L of water at 50°C. A magneﬁc stirrer was applied during the wash. The wash

water was decanted the next day and replaced with ..not..cr ! L portion of water. The

20

20 1.



7.56 g H20 PCT11TS2003/ 023734 22 2 4 MAR 2006 WD 2004/011137 2006
PCT/ US20031023734 15gKA-160 2. Fixing step. 0.31425 g of Na2Si 03 ?Lé%\g nq_
H20 5 Exarrple 4 Pd: Au=5.5:4.5 The procedure of Exanple 1A was followe
except: 1. |n¥PEeMA@I118h step. 0.1713 g of HAud 4' 3H20 10P6T’§§"§83"&3Hf
K2PdCl 4 7.57 g H2O 14.9785 g KA-160 2. Fixing step. 0.33675 g of Na2Si O3
15 13.03 nL H20 Exarrpl e 5 Pd: Au=5:5 The procedure of the Exanple 1A was
fol l oned excepheshing/decentingannenduis wascamied pyt o totad 1 25 Bmes4o decrrassigootent) 2830 g

of K2Pdd 4 2. Fixing step. 0.3121 g of Na2Si 03
- of chlorine ions to around 50 ppm, wherein the final decant gives a neganve result to

a silver nitrate test.
4. Drying step.
5 The impregnated supports were then dried for fifteen hours at 95°C in a forced air
oven.
. 5. Reduction step.
The reduction procedure was carried out in a glass or quartz tube heated with a
‘tube furnace. The impregnated supports were heated in a nitrogen flow (rate 300-330
10 ml/min) from room temperature to 150°C for one hour. The beads were further
heated in nitrogen flow to 3_00°C for 0.5 hour. Adsorbed water evolved during this
heating period. Then the nitrogen flow was maintained and a 5% volume of ethyiene
in nitrogen mixture was introduced at a flow of 300-330 mUmin. After 5 hours of
reduction at 300°C, the ethylene in the nitrogen mixture was turned off leaving a pure
15  nitrogen flow. The beads were then cooled to room temperature under nitrogen.
6. Promoting step.
Reduced impregnated support was promoted with 7 wt. % of potassiu_m acetate by
! incipient wetness technique. Beads were placed into a flask.
7. Final drying step.
20 The catalyst was placed in an oven at room temperature. The temperature was

increased to 120°C. The catalyst was dried at 120°C for one hour in a nitrogen flow.
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23 2 4 MAR 2006 WD 2004/011137 PCT/ 1352003/ 023734 Exanple 6 Pd: Au=4: 64 H]?UUE
procedure of the Exanple 1A was foll owed except: 1. Inpregnation step;z. g“
0.19442 g of HA§,(817<2 3H20Q 0.23042 g of K2PdC 4 2. Fixing steg. 0. 309957 g of
Na2Si 3 Exanpl 137 Au=2: 8 The procedure of the Exanpl BCUESIA@023%34 | oned
except: 1. Inpregnation step. 0.259228 g of HAuCL 3H20 0.115210 g of
K2PdCl 4 15 2. It 1Step. Table 1: Effect of Palladiumto Gold Wight Ratio
on VA Selectivity and Space Tine Yield Exanpl eReacti onVASpace

#Tenp. Sel ect i vﬁ,@y'l;i___ C(9°0)Yield 50 si Conparativel38.092.2241.5 Exanpl e
1A138. 092. 3237. A( 9:1) 138. 092. 5231. 0 148.089. 8302. 7

The procedure of the Example 1A was followed except:
1. Imprégnation step.
5 0.064807 g of HAuCL3H,0
0.460843 g of K,PdCLy
2. Fixing step.
0.31869 g of Na,SiOs
Example 2
10 Pd:Au=7:3
The procedure of the Example 1A was followed except:
1. Impregnation step.
0.09721 g of HAuCLy3H,0
0.40322 g of KPdCL
15 2. Fixing step.
0.3165 g of NagSiog
Example 3
Pd:Au=6:4
The procedure of Example 1A was followed except:
20 1. Impregnation step
0.1296 g of HAuCly3H,0
0.3456 g of K2PdCl4

7.56 g Hzo
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148. 090. 1292. 6 147.590.4276.9 0. 305599 g of Na2Si G3 24 2 4 MAR 2006 }/\PM R 2008
2004/ 011137 158.086.0364.0 " 159.086.0359.5 159. 086. 3351. 8 Exanpl e A

1138. 094. 1267. - 094. 3275. 8 139. 094. 2279. 5 149. 092. 4
149. 092. 3401. ss‘fg?g‘?‘é)é’%ﬁgﬁoz. 1 163.088.1541. 1 164. 088. 0546. f@%@?’g‘é’?’?ﬂé‘h& 3
164. 088. 2542. 0 163. 088. 4542. 8 Exanpl e 2139. 094. 1315. 1 (7: 3) 140. 094. 2332. 7

140.094.3344. 7 149. 482 43809 149.092. 4455.8 149. 092. 7455. 3 161. 589. 2581. 4
161. 589. 0589. 2 ~

2. Fixing step.
0.31425 g of Na;SiOs
13.03 mL H20
5  Example 4
Pd:Au=5.5:4.5
The procedure of Example 1A was followed except:
1. Impregnation step.
0.1713 g of HAuCL3H:0
10 0.3156 g of K,PdCls
7.57 g Ha0
14.9785 g KA-160
2, Fixing step.
0.33675 g of Nay8iO;
15 13.03 mL H:0
Example 5
Pd:Au=5:5
The jaroccdure of the Example lA wa§ féﬁowéd except:
1. Impregnation step.
20 0.1620 g of HAuCly3H:0
0.2880 g of K,PdCLy
2. Fixing step.

0.3121 g of Na;SiOs
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162. 089. 1587. 8 Exanpl e 3140. 094. 7305.1 (6:4)140.094.6342. 0 141. 594. 5223@9 0
148. 093. 2437. 5 150. 093. 0450. 5 151. 092. 9465. 7 151. 093. 1452. 8 159. 090. . é 0B

160. 090. 4544. 8 83@%39'
(5.5:4.5)139.0é%. -
149. 093. 4425. 7 158. 091. 2523. 1 158. 091. 0524. 9 158. 091. 1528. 8 Exanpl e

5138. 095. 0266.

MAR 2006 WO 20

10

15

Pd:Au=4:6

The procedure of the Example 1A was followed except:

1. Impregnation step.

;,;44. 4 Exanpl e 4138.094.8319. 2
139. 094. 7326. 6 148. 093.4423.7 149.0

0.19442 g of HAuCL3H,0

0.23042 g of K,PdCly

2, Fixing step.

0.309957 g of Na»Si0s

Example 7

Pd:Au=2:8

The procedure of the Example 1A was followed except:

1. Impregnation step.

0.259228 g of HAuCly3H,0

0.115210 g of KzPdCl,

2. Fixing step.

0.305599 g of Na;SiOs

Table 1: Effect of Palladium fo Gold Weight
"Ratio on VA Selectivity and Space Time Yield

Example Reaction | VA Space
# Temp. Selectivity | Time
°C (%) Yield
(50 psig)
Comparative | 138.0 92.2 241.5
Example 1A | 138.0 92.3 237.3
9:1) 138.0 92.5 231.0
148.0 89.8 302.7
148.0 90.1 292.6
1475 90.4 276.9

24
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&%5%139. 095.0274.7 139.095.0277.1 PCT/ US2003/ 023734 25 2 4
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148. 094. 0373. 8 148. 093.9373. 8 158. 091. 8480. 5 159. 091. 7485. 3 159. 091g83l‘41173%ﬁ05
Exanpl e 6138. 095. 4226.1 (4:6)138.095.4234. 0 138. 095.4238.0 147.594. M

147.594. 6311. 1 147. 094, 6312. 1 158.092. 5401. 6 158. 092. 4406. Q ﬁg 8%& 4
Exanpl e 7138. 030 1994811337 5. gy 138 094. 9130. 0 138. 095. 0132. 6  TA7 BG4 21
147.594. 0165. 1 147.094. 1164. 3

The catal ysts
above. The r
Table 1. The
better select
Exanpl es 1-2
preparing a c

were eval

uated in

Rt

03.6
0.5

158. 092. 4208. 4 158. 092. 6209. 2 158. 092.4209.1
t hereacgtor

he conditions as descri bed

esul ts for| WBOsel ef86Gity dﬁéﬁgpace time yield are shown in
cat al y5ts {d69.0Exanpb®€ 3-7 |84, 5|5:4.5 5:5 4:6, 2:8) had
vity thar 15686 cat p8&3ts ofl 35kBnparati ve Exanple | A and
Bxdmpl$l 2,| 1388) . Thbsldat a |26T.8strdtes the advantages of
atgad)yst hguine® a PHo#B wei gB7S.8atiq in the range from
139.0 04.2 279.5
149.0 92.4 396.5
149.0 923 401.8
149.5 024 402.1
163.0 88.1 541.1
164.0 88.0 546.7
163.0 87.8 548.3
164.0 88.2 542.0
163.0 88.4 542.8
Example2 |139.0 94.1 315.1
(7:3) 140.0- 94.2 332.7
140.0 94.3 344.7
149.0 92.6 4539
149.0 - 924 455.8
149.0 92.7 455.3
161.5 89.2 5814
161.5 89.0 589.2
162.0 89.1 587.8
Exarmple 3 140.0 094.7 305.1
(6:4) 140.0 04.6 342.0
141.5 94.5 350.0
148.0 93.2 437.5
150.0 93.0 450.5
151.0 92.9 465.7
151.0 93.1 452.8
159.0 90.6 540.5
160.0 90.4 544.8
. 160.0 90.3 5444
Example 4 138.0 94.8 319.2
(5.5:4.5) 139.0 04,9 323.5
139.0 94.7 326.6
148.0 93.4 423.7
149.0 93.4 4248
149.0 03.4 425.7
158.0 91.2 523.1
158.0 91.0 5249
158.0 91.1 528.8
Example 5 138.0 95.0 266.0
(5:5) 139.0 95.0 274.7
139.0 95.0 277.1
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about 6:4 to about 2:8. The catalysts of Exanples 1-5 (8:2, 7:3, 6:
5.5:4.5, 5:5 ) had better space tine yield than the catal ysts of

6-7 (9:1, 4:6, 2:8).
R4 es of preparing a catalyst having d TPBHREHei ght

Conpar ati ve EX
illustrates th

>

le | A and Exanpl es

424
Thi s data

MAR 2006

ratio in the r wge fromabout 8:2 to about 5:5. A catalyst having a Pd:Au

wei ght ratio i bout—8—2taaboett 2:8,, preferably 7:3 to
about 26 2 4 VAR 2006 §§7 PCT/%%OOSI 023734 4:6, nore preferably
6:4 to 5:5 whilch appearp e optji performance of both selectivity
and space tinme yield. L B&9 ON -] EXAVPLE| 9 AND COVPARATI VE EXAMPLE
9A 5 1. Inpregnation step A solution gf 0 .2284fg of HAuCl 4' 3H20 and 0. 4208
g of K2PdCla ifn 9.28 | 8.0 DI WAiér was 4898d to|inpregnate 20 g of KA-160
at roomtenpenfature (R [T130.0by ah9linci pijelb.3wet npss techni que., The KA-160
was placed inja 0.5 |itels%ound| Bd8t om ([f47a8k. After pouring the solution
over the KA- 16@xarhple 6f | ppig.onvas ¢opmected 2@.1a rofary 10 evaporator. The
flask was then4.gtated fogol0 nfogies untaishpal | fhe solution was +adsorbed
by the supporf. After tjhjsg, rot absan wag x3gepped( and the inpregnated
support was | ¢f T UndrstU{Aad 1O ogls 1 €aqizidsnour| During that tinme the flask
with inpregnated suppof 47WS S g@gered 53 Rr event sol ution evaporation from
the surface ¢f support.]fg%az - Xlirjg steﬁz'lExarrpl e 9: 0.44832 g of Na2Si B
was di ssol ved f-—20~m = et %'”I4r —of—tne i npregnated support from
step | was reacted with *m o "xingsﬂtion by pouring the fixing
sol ution over |the beads O £ ag 4coveré@®Bi th ki uminumfoil. The fixi ng
sol ution barelly—covered 18 beaid24tne J& | ask was rotated for 10 20
minutes and t hExaEiele WEBS-Q hen| P-ansf erd@37i nt o| a beaker covered with
al uni num f oi | [(?éﬁd seal |e#8.0The b&8%Rer we\swﬁloaced in a cabinet wthout |ight.
The fixing re i s 138.0 95.0 132.6

147.5 94.2 170.5

147.5 94.0 165.1

147.0 94.1 164.3

158.0 924 208.4

158.0 92.6 209.2

158.0 92.4 209.1

10

The catalysts were evaluated in the reactor in the conditions as described above. The

results for VA selectivity and space time yield are shown in Table 1. The catalysts of

Examples 3-7 (6:4, 5.5:4.5, 5:5, 4:6, 2:8) had better selectivity than the catalysts of

Comparative Example 1A and Examples 1-2 (9:1, 8:2, 7:3). This data illustrates the

advantages of preparing a catalyst having a Pd: Au weight ratio in the range from

about 6:4 to about 2:8. The catalysts of Examples 1-5 (8:2, 7:3, 6:4, 5.5:4.5, 5:5) had

better space time yield than the catalysts of Comparative Example 1A and Examples

6-7 (9:1, 4:6, 2:8). This data illustrates the advantages of preparing a catalyst having a

Pd: Au weight ratio in the range from about 8:2 to about 5:5. A catalyst having a

Pd:Au weight ratio in the range from about 8:2 to about 2:8,, preferably 7:3 to about
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allowed to proceed for f day (-24 hours) at roomtenperature. 27 2 Azt%/@& 2008

2006 WO 2004/ 011137 PCT/ US2003/ 023734 Exanple 9A: The ot her hal f of

i mpr egnat ed su%rt fromstep 1 was reacted with 10 m of fixing solution

by pouring the I ¥PHYIESI uti on over the beads. The fixing sPSITﬂﬁz‘g‘ﬁmﬁa}‘el y

covered the beads. In roomlrght the flask was rotated for 10 m nutes and .

t he sarrplevva hentr e nto a _beaker co d with _gl ass The5

cover ed beake ‘é@@@ lﬁ‘l% k'ﬂLlr‘f'Y)e ﬁ'ﬂémlufrﬁ &F@ﬂﬁ"’t?on was

allowed to ro&eed for | day 24_ urs) at roomtenperature. 3. Washing

step. The beadShsFlesiyity apd spage & y’a‘rlFﬁ Exanpl e 9A were then renmoved from

fixing solution and separately imersed into 0.5 L of water at 45-50C. A

magnetic stirrer 10 was applied during the wash. The wash water was

decant ed t he next day and repl aced vvrth anot her 0. 5 L portr on of wat er. The
@ A A AR A

time using 1 L of vvater) for bothExarrpI e 9 and Exarrpl e 9A to decrease

content of schiipri nnnp;egiﬁuémstqr ound 50 ppm wherein the final decant gives a
negative result to a silver nitrate test. 15 4. Drying step. The inpregnated

supports of both EA%aﬁhsnaf@m W19 )P4R 014208 ¢ @F KepudiPin 0.84 fh 6en hour s
at 95C in a forced air oven. educti on step. The reduction procedure was
ceparatel'y foP dieas AR ‘%ﬂﬁrk*@gém%ﬁgﬁr"ﬁ%%%néﬁl@%sup Sy,
heated in a ni 3 N)...§ £.omar ot eto
150C for one #cf &?%&f?f“leg 1 %3 %WS‘Q o [“%}Ot"’?ggeﬁg‘ﬁ%eﬂ 0 300C

L?{ r 8 ggn P Fg\rmﬂﬁ%cdsﬂ{er %&junvr\{agttﬁe so?uuodnvo%gr tg EAnﬂi B:I ask ev%atrsl crf]> ctecf tgqa rot-la_pyen the
10  evaporator. The flask was then rotated for 10 minutes until all the_ solution was
+adsorbed by the support. After this, rotation was stopped and the impregnated
support was left undisturbed for at least 1 hour. During that time the flask with
impregnated support was stoppered to prevent solution evaporation from the surface
of support.
15 2 Fixing step.

Example 9: 0.44832 g of Na;SiO; was dissolved in 20 ml of D.I. water. Half
of the impregpated support from step 1 was reacted with 10 ml of fixing solution by
pouring the fixing solution over the beads in a flask covered with aluminrnﬁ foil. The
fixing solution barely covered the beads. The covered flask was rotated for 10

20  minutes and the sample was then wransferred into a beaker covered with aluminum foil

and sealed. The beaker was placed in a cabinet without light. The fixing reaction was

allowed to proceed for 1 day (~24 hours) at room temperature.
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2 4 MAR 2006 WO 20041011137 PCT/ US2003/ 023734 was mai ntai ned and a Sf/qu e
of ethylene in nitrogen m xture was introduced at a flow of 300-330 /'mn

After 5 hours of reduction at 300C, the ethylene in the nitrogen m Xt ure was
turned of f | eaWR@'4Bd#% nitrogen flow. The beads were t hETEBMEP30 room
tenperature under nitrogen. 5 6. Pronoting step. Reduced inpregnated

supports of Exampl e.9 and anpl e .9A r eparate [ O ed w th w. %
of IoEot assi um acg}[:) at E’“{‘R&ﬁ b;ﬁ%? r?giebihﬁt&v@ ns%rggqa{géhsﬁﬁﬁ?fg%%%%é re ’
|l aced into a flask. 7. Final _drying.step. 10>The catal ysts of e 9 and
B ool e On wer sl U o oF seiokhilgRn BY pise e Geme Eliien aver e oaits

tenperature was_increased to 120C. The cat al ﬁ)ts were dried at 120C for one
hour in a nitrdgefxmgsalutionbiraly zoverehihg bieadsn I room light.-the Bask syasdotated for ght
Exposed Catal ysts Exanpl e #Reacti onVASpace TenperatureSel ectivityTine

(O (% Yiel d 50 1§imifixesanidahesprpleivas2bim tdnsfgtred BOO2beaRAGovered with glass. The
Prot ection) 16090. 4' 475 Conpar ati vel4093. 8220 Exanpl e 9A15092. 6320
(Li ght 160905 44 2bveratpimeakereyas paced under a 100 watt bulb. The fixing reaction was allowed to
proceed for 1 day (~24 hours) at room temperature.
3. Washing step.
The beads of both Example 9 and Example 9A were then removed from fixing
solution and separately immersed into 0.5 L of water at 45-50°C. A magnetic stirrer
10 was applied during the wash. The wash water was decanted the next day and replaced
with another 0.5 L portion of water. The washing/decanting procedure was cﬁrried
out a total of 5 times (the last time using 1 L of water) for both Example 9 and
Example 9A to decrease content of chlorine ions to around 50 ppm, wherein the final
decant gives a negative result to a silver nitrate test.
15 4. Drying step.
The impregnated supports of both Example 9 and Example SA were then dried for
fifteen hours at 95°C in a forced air oven.
) 5. Reduction step. |
The reduction procedure was carried out in a glass or quartz tube heated with a
20  tube furnace separately for Ex;xmple 9 and Example 9A. The impregnated supports
were heated in a nitrogen flow (rate 300-330 ml/min) from room temperature to
150°C for one hour. The beads were further heated in nitrogen flow to 300°C for 0.5 |

sl o

hour. Adsorbed water evolved during this heating period. Then the nitrogen flow
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29 2 4 MAR 2006 WO 2004/011137 PCTI US20031023734 The catal ysts of EX?WA‘? ﬁﬂﬁ
(with I'ight protection) and Conparative Exanple 9a (exposed to |ight) were
eval uated in tsﬁﬁ@ﬁl? in the conditions as descri bed abqve The results
for VA selecti Y Sspace tine yield are shown in Tabl ePme?ﬁO@y&“éF’é
illustrates the advant ages of preparing a catalyst in an environment

br ot ect ed f r OMiygy bokinedthnd 4'9%Vobisllor s T Rirbniihiire Ol AR oPy 20 a5

good or better VA selectivity a onsi'stently tter space tinme vyi eI d as

Bami ca 104 %ﬁ@“ﬁdﬁ%@?@%ﬁ iy R a%@“"*’élﬁ'% t@%?%aé g 1

| npregnati on A sol ution of 0. Cl 4 d 3156 of
KoPa i o7 Hitoash mirtutk, xBE g ot baving 3 HA% o Pl besd 1160 at
roomterrperatureh’By an 15 inci pi ent wetness technl que The KA- 160 was pl aced
in a round bot%o8l¢fite Hem terpperature YdEr RINBEElne sl uti on over the KA-160, the
flask was connect ed to a rotary evaporator. The flask was rotated for 5

m nutes. AfX erb.t he FrepdtingstéPwas st opped, the inpregnated support was | et
stand for one hour. 2. Fixing step 20 The fixing solution of Na2Si G3
(0.4035 g in 30 Rbduwtd iepregnatedasipparts eidExample 9 laed Bxemple. SATwerd bapstatalps
rotated for 10 m nutes. The solution was allowed to stand for 24 hours at
r ooLn t enper at Wremotdd wth 4 WwiAR S0fifasiDn40tcqKONRT biPGloipila? Oidtiess Beiidqus.

Washi ng step

Beads were placed into a flask.
7. Final drying step.

10 The catalysts of Example S and Example 9A were separately bléce in an chr at
room temperature. The temperature was increased to 120°C. The catalysts were

dried at 120°C for one hour in a nitrogen flow.

Table 2: Comparison of Light-Protected and Light
Exposed Catalysts
Example # | Reaction VA . | Space
Temperature | Selectivity | Time
{ (°C) (%) - | Yield
(30 psig)

Example 9 | 140 94.4 250
(Light 150 RN.6 370
Protection) | 160 90.4 475
Comparative | 140 93.8 220
Example 9A | 150 92.6 320
(Light 160 90.4 425
Exposure)

15
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The beads were washed by imrersing themin 1 L of D.I. water at 50C W@\R 2006
wat er |ayer above the bead was gently stirred for approxi mately 24 %ours

The wash wat er nted and replaced with another 1 L e er.
Thi s procedur ewwaa siﬂaggﬁg%eat ed for a total of three washes. P%%&ﬁ%‘?%“on
step Reduction was carried out in a glass or quartz tube heated with a tube
furnace. The t i . . f .ong_hour .and t hen
heat ed furtherliﬁtf/l a wfﬁt%%fg’g"g“rﬁ\g?E‘?&W“"tg’g’%}g{%aﬂ?ﬁ%&"%“%ﬁ@@%ﬁ‘aﬁé educed at
o1 oom { emper SREPE R G efeuaia i Beghastor  ercapions 5 OEaEe DaHo o was
pronmoted with 7wt. % potassium acetate by _incjpient. wetness. 6. Final drying
l

15 The sanpl e WAsTeRlRdeGY A selastiviy and spacs e yiekiase shaviyia Tabhied. (Tbaderat ur e was
increased to 120C. The catal yst was dried with nitrogen at 120C for one-
hour. The VA Blstmies the advastages o preparingraccatalyst it anregvisonamunt protetteldifeon8. Exanpl e
11 - 95% Pore Filling The procedure of Exanple 10 was foll owed except: 20
0. 2104 g K2PdQight@t the fiRing sicapu ThelGitidyat obEfinple 9 had 43. good webeter VA 989 of KA- 160
31 2 4 MAR 2006 WD 2004/ 011137 PCTI US2003/ 023734 The i npregnated support was

not al | owed t Osetdctivitly ARl Rhgstérdtly bettarispatedin@yield ad the c2@ B sCofTWonlpariveéB8 in 30 ni

of water
Example 9A.

Examples 10-14 and Comparative Examples 10A and 10B

10 PORE. VOLUME FILL
Example 10 - 100% Pore Filling
1.. Impregnation step
A solution of 0.1713 g of HAuCL3H20 and 0.3156 g of K;PdCl,in 8.7 mL of DI
water was used to impregnate 14,9978 g of KA-160 at room temperature by an

15 incipient wetness technique. The KA-160 was placed in a round bottom flask. After
pouring the solution over the KA-160, the flask was connected Eo a rotary evaporator.
The flask was rotated for 5 minutes, After the rotation was stopped, the impregnated
support was let stand for one hour.
2. Fixing step

20  The fixing solution of Na;Si0O; (0.4035 g in 30 mL of water) was poured over the
beads. The flask was rotated for 10 minutes. The solution was allowed to stand for

24 hours at room temperature.
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After washing the beads were dried in air for fifteen hours at 95C 22’8@8\{@5
selectivity and space tine yield are shown in Table 3. 5 Exanple 12 = Y0
Pore Filling (Al-2-26-2N2) The procedure of Exanple 10 was fol| owed except:
0.4205 g K2PdCMP PM%YH7y" HAUCI 43H20  10. 672 nl of D. 1. wat&r/US{ty3R23rd
20gof KA- 160 The VA selectivity and space tine yield are shown in Table 3.
Exanple 13 - %Lore Filling The procedure of Exanple 10 was foll owed
except: 0.210% g RIBECIP 15 0.1142 g HAUCL43H20 4.93 L of D.I. water

9.96 g of kA-160 0.269 g of Na2Si 3 in 20 nplL of ter After shing the
beads were dri])g?ftfeﬁdsa‘i"?rgf"@?hepibﬂ’t"élgﬁmmg ?"é’tIEB ."?ﬂ%é&@ﬁvﬁlﬁl"@é ivity and
space tine yield are shown in Table 3. Exanple 14 - 80% Pore Filling The
procedure of BRygrgbevertbe beed wasgeuslystires fos gpproximately ¢t hpupsy Fhewesipwater 4 VAR -

2006 WD 2004/ 011137 PCTI US2003/ 023734 0. 1142 g HAud 43H2O 4.64 nL of D.I.
wat er 9. 99 g wis détamdiDand replaced with another 1 L of D.IL water. This procedure was

5  repeated for a total of three washes.
4. Reduction step
-Reduction was carried out in a glass or quartz tube heated with a tube furnace. The
beads were heated in nitrogen at 150°C for one hour and then heated further by a
nitrogen flow for 30-40 minutes at 300°C and reduced at that temperature for one hour
10  in an ethylene flow. The beads were cooled to room temperature in nitrogen.
5. Promoting step
The reduced sami:lc was promoted with 7wt.% potassium acetate by incipient
wetness.
6. Final drying
15  The sample was placed in an oven at room temperature. The temperature was
increased to 120°C. The catalyst was dried with nitrogen at 120°C for one hour.
The VA selectivity and space time yield are shown in Table 3.
ﬁxample 11 - 95% Pore Filling
The procedure of Example 10 was followed except:
20 0.2104 g K;PdCl,
0.1142 g HAuCl,3H20
5.51 mL of D.L water

5.98 g of KA-160
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0.269 g of Na2Si33 in 20 nL of water 5 After washing the beads were dried in
air for fifteen hours at 95C. The VA selectivity and space tine yiEgIl'(MﬁQrmﬁ
shown in Table 3. Exanple 15 - 70% Pore Filling The procedure of

was fol | owed e 2104 g K2PdC4 10 0.1142 g HAud 43H

D.l1. water @%4{011%};1 KA- 160 20 nL of a solution prepar égrp? (129}525 g of
Na2Si 3 in 100 n1 of water The beads were washed with D. 1. Water at

45-50C. 15 Aft th Qsdn%t wed i ;é teen hours at
95C. The VA se elm Lgiguﬁgprg‘gace %‘#Hrre 3?% lIélér?%rgs eﬁﬂﬁ%n Tabl e 3.

Conparative E%I 609 l'ing “The procedure of Exanple 10 was
fol | oed except” %"fli‘%sdo@ ﬁ%?ﬁﬁ’gf’? %J 0.1142 g HAUC143H20 3.48 niL of D.I.
wat er 10gof 2T, O tian ared fr .345 g of Na2Si B in
100 mL of wat eggv ﬁgﬂ?ﬁﬁe dvére\%g 8’??%% "‘ngl were washed with D
. Water at 4 ({g‘\ Af t er vvashl ng t he beads were dried in air for fifteen

hours at 95C. Sedectiytp and, spp IQMO‘E’P% 3pled-d are shown in Table 3.

PCT/ US2003/ 023734 Table 3 - Variation in support pore volunme trainwith Pd-Au
solution 5 Example 12 -90% Pore Filling (A1-2-26-2N3)

The procedure of Example 10 was followed except:
0.4205 g K,PdCL
0.2290 g HAuCl:3H20
10.672 mL of D.1. water
10 20 g of KA-160
The VA selectivity and $pace time yield are shown in Table 3.
Example 13 - 85% Pore Filling
The procedure of Ex_ample 10 was followed except:
0.2104 g K,PdCl4
15  0.1142 g HAuCL3H20
4.93 mL of D.I. water
9.96 g 0fKA-160 '
} 0.269 g of Nazslogﬁ 20 mL of water
_ After washing the beads were dried in air for fifteen hours at 95°C.
20 The VA selectivity and space time yield are shown in Table 3.
Example 14 - 80% Pore Filling
The procedure of Examble 10 was followed except:

0.2104 g KoPdCl
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Exanpl ePdAuReact i onVASpaceExpected #W . %N . %denp. Sel ecti vi tyTi neSpace
Cal cul at edCal cul at edC( %) Yi el dTi me (Actual) (Actual ) (50 psig)Yield @ 3204psiog
Exanpl e 100. 630. 5214093. 0230460 (100% (0. 65) (0. 26) 15091. 0325650

16088. 2410820 woumel1is40. 630. 5214093, 8265530 (95@@(nm)(nm%%§@$%%§§%g 40
16089. 1480960 Exanpl e 120.630. 5214093. 0290580 (90% (0. 63) (0. 5400800

16088. 25051010 Exanpl e 130. 630. 5214094. 1260520 (85% ( NA) ( NA) 15092. 4380760

16089. 6490980 g54a5RIrfa 0.5214093. 6235470 (80% (0. 63) (0. 23) 15091. 8340680
16089. 24509Q0 Exaggle %é%#§%0.5214093.8260520 (70% ( NA) ( NA) 15091. 6360720

16088. 4460920 rakiveQ 630. 5214093, 2170340 ' Exanpl e
10A(o.67)*(0.5@?5§§88§46§%6%20 (609 16088. 8360720 5 The catal ysts were

eval uated in tgrb%grgfﬂ_qgoi n the conditions as descri bed above. The

0.269 g of Na,Si0s in 20 mL of water

5  After washing the beads were dried in air for fifteen hours at 95°C.
The VA selectivity and space time yield are shown in Table 3.
Example 15 - 70% Pore Filiing
The procedure of Example 10 was followed except:
0.2104 g K,PdCl,

10 0.1142 g HAuCL3H20
4.06 mL of D.1. water
10.0252 g of KA-160
20 mL of a solution prepared from 1.345 g of Na;SiO;in 100 mL of water
The beads were washed with D. I. Water at 45-50°C.

15  After washing the beads were dried in air for fifteen hours at 95°C.
The VA selectivity and space time yield are shown in Table 3.
Comparative Example 10A - 60% Pore Filling

E | The procedure of Example 10 was followed except:
0.2104 g K;PdCl,

20 0.1142 g HAuClL3H20
3.48 mL of D.1. water
10 g of KA-160

20 mL of a solution prepared from 1.345 g of Na,5i03 in 100 mi. of water
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results for VA selectivity and space tinme yield are shown in Table 3. The
data illustrates the advantages of a catal yst having 70 to 100% of l‘hﬁ%g)ﬂrﬂ%

volune filled ] | mpregnation solution. The catal yst of Exanples

10- 15 have as d}(})\%g&é@ni{f better VA selectivity and consi sté’ﬁtmiﬁz'l?é@ngé?“ space
time yield as the catalysts of 34 2 4 MAR 2006 WO 2004/011137

PCTI US2003/ 0237 e Rere akiyed withA ! Watefht 45-e00r e preferred range of pore

volune is 85 to 95% and nost preferred Is a pore volunme of about 90, %

Exanpl es 16-18 ?HEB%E ﬁ;i NI FI XI NG AGENT Exam | e
1 1. Irrpregnatf%%qg ep. Seg%fs&%ﬁﬁ%ﬁa&&éﬁﬁfgee@%@gHzo and 1.051 g of
K2Pdd 4 in 29. of, DI .wat er S us tq 1 npr ate 50 g of KA- 160 at
room t enper at u?%er?ﬁ.sﬁl.e&”ﬁ?’ aﬁ‘ﬁsﬂaﬁ%ﬁ?}?gﬁﬁdﬁg’%lﬂﬁ@e echni que. The KA-160
was poured over the Pd-Au solution in a half-liter.round bottom flask. After
pouring the solution over the KA-160, the flask was connected to a rotary

evaporator. The flask was then rotated very slowy for . one hour. After
this, rotatiopTakle3sVayjatidn inwppbet fongydume fillingswith BdAwwadutier ¢ undi st yr bed
for 1 hour. DuExangpld hat |tin@l thg flAsk viRdactiompl€4nat ed| Spgeor t | Beysected
stoppered to p#event solutWefe eyap®itd i qrTdmpom I Sedectivity aTemef sUppweet. Then
sanple was dj vided in pCarlaled ) @alculatedr| €y nt heisigs) W t h| didlé er enTinhd Xi ng
steps. 2. Fixjng step. 0.2%4hy Of (A @8 was di ssol ved| (90 phigd Mriedd @D. ||
water. The inpregnated |support |[fromstgp | was| reacted|w t'h theifgpsigd
sol ution by regifllfe RPUT pBF t NE|DIs8I NT [ZJ0SOl Utdap OVEl 3d1€ bepglgy (ne
fixing soluti DA 5rp| et <ato_/65<§over E@i Qhe be@;gs. TI*gaL I Xi ng §§acti DEsAS
allowed to prpceed for 1 day (-2 %ours) &b roongd-enper afiy e. N 820
-’ Example 11 | 0.63 0.52 140 93.8 265 530
(95%) (NA) (NA) 150 91.9 370 740
160 89.1 480 960
Example 12 | 0.63 0.52 140 93.0 290 580
(90%) (0.63) (0.28) 150 91.3 400 800
160 88.2 505 1010
Example 13 | 0.63 0.52 140 94.1 260 520
(85%) (NA) NA) 150 1924 380 - | 760
160 89.6 490 980
Example 14 | 0.63 0.52 140 93.6 235 470
(80%) (0.63) {0.23) 150 91.8 340 680
160 89.2 450 900
Example 15 | 0.63 0.52 140 93.8 260 520
(70%) (NA) (NA) 150 91.6 360 720
160 88.4 460 920
Comparative | 0.63 0.52 140 93.2 170 340
‘Example 10A | (0.67)* (0.25)* 150 - 01.6 260 520
(60%) 160 88.8 360 720

The catalysts were evaluated in the reactor in the conditions as described above. The
results for VA selectivity and space time yield are shown in Table 3. The data
illustrates the advantages of a catalyst having 70 to 100% of the polre volume filled
with the impregnation solution. The catalyst of Examples 10-15 have as good or

10 better VA selectivity and consistently better space time yield as the catalysts of
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35 2 4 MAR 2006 WO 2004/011137 PCTI US2003/ 023734 3. Washing step. TZ% P&ﬁalﬂ{l%
were then renoved fromfixing solution and imersed into 1L of

50C. The water Wwa¥shofipve the beads was gently stirred ovey wash
wat er was decant eé the next day and replaced wi th anot her {H por ﬁ“gﬁnﬁof
water. 5 The washing/decanting procedure was carried out a total of 3 tines

t o decrease égfngg}% \%fEﬁm %r Irl?ﬁ i }E)Bﬁrct v%% 50? gg{%repglu%ig %B‘%/? final

decant gives a ne Ive fo a SI step.
The i npr egnat ed S then ried.f.or hours at 95C in air. 10 5.
Reducti on st ep®™ ﬁ'ﬂgg? 3PP SelEE 5k i ed out in a glass or quartz
tube heated with a tube furnace. The inpregnated support was heated in a
nitrogen flow (rate 300-330 ml/mn) fromroomtenperature to 150C for one
hour. The beads were then further heated in a nitrogen flowto 300C

mai nt ai ned at Exemplescifpksand GiomparativeExeairle Hoir . 15 Adsor bed wat er evol ved
during this heating period. Then the nitrogen flow was naintained and a 5%

vol ume of et hyAMGQUNT OR FIXINEAGENT ure was i ntroduced at a flow of 300-330
mlmn., After 1 hour of reduction in nitrogen m xture at 300C, the ethylene
was turned of fEXxm@Nd 1@ the pure nitrogen flow. The beads were then cool ed
to roomtenperature under nitrogen. 20 6. Pronoting step. Reduced

i npr egnat ed SUPPOT mpRSmd ed with 7 wt. % of potassium acetate (KOAc)
by incipient wetness té&chnique. Beads were placed into a flask. 7. Final

drying step 364 gotudF 0291% of HACL3H,0 and 1.051 g of KyPACL in 29.6 ml of DI water

was used to impregnate 50 g of KA-160 at room temperature (R.T.) by an incipient

10 wetness technique. The KA-160 was poured over the Pd-Au solution in a half-liter
round bottom ﬂask. After pouring the solution over the KA-160, the flask was
connected to a rotary evaporator. The flask was then rotated very slowly for.one
hour. After this, rotation was stopped and the impregnated support was left
undisturbed for 1 hour. During that time the flask with impregnated support was

15  stoppered to prevent solution evaporation from the surface of support. Then sample
was divided in 5 equal parts for synthesis with different fixing steps.
2. Fixing step

0.2241g of Na;SiO, was dissolved in 7.5 ml of D.I. water. The impregnated

support from step 1 was reacted with the fixing solution by rapidly pouring the fixing

20 solution over the beads. The fixing solution completely covered the beads. The

fixing reaction was allowed to proceed for 1 day (~24 hours) at room temperature.
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WO 20041011137 PCTI US2003/ 023734 The catal yst was dried overni ght at [ﬁERn}
tenperature and then placed in an oven |IN at roomtenperature. The 2 008
tenperature was increased to 120C. The catalyst was dried _at 120C for one
hour in a nitr3HM¥MF Exanpl es 17 and 18 and Conpar at i v&CELSAPIFESIH8A 5
The sane procedure for Exanple 16 was foll owed except for the fixing step in
which the follow ng were used: Na2Si 03: 0.1943 g.D.I. water: 7.5 n

Na2Si O3: 0.1643. gVashingsteprer: 7.5 nml Na2Si O8: 0.1195 g D.1. water: 7.5 niL
Tabl e 4: AnmQunt of Fixing Agent (0.8-1.5-Mblar Excess)

Exanpl eReact i onVASpEhebéhlle WersSthee edmoviet] ibmfixiag ¥9hdicd shd(infinetsed) infoxHrpd e
1614093. 3310 (1.5 XS)15091. 0400 16088. 0490 Exanpl e 1714094.4250 (1.3

XS) 15093. 2370 860 I 1248141094 16240 16991, 2440
OOrfparativel4Oé‘?.g:gqlu50 R ey aslgefly SERSS oveitiighd OHR

wash water was decanted the next day and replaced with another 1 L portion of water.
5 The washing/decanting procedure was carried out a total of 3 times to decrease
content of chlorine ions to around 50 ppm,.wherein the final decant gives a negative
result to a silver nitrate test.
4. Drying siep.
The impregnated support was then dried for 24 hours at 95°C in air.
10 5. Reduction step.
The reduction procedure was carried out in a glass or quartz tube heated with a
tube furpace. The impregnated support was heated in a nitrogen flow (rate 300-330
ml/min) from room temperature to 150°C_ for one hour. The beads were then further
heated in a nitrogen flow to 300°C maintained at that temperature for a haif hour.
15  Adsorbed water evolved duning this heating period. Then the nitrogen flow was
maintained and a 5% volume of ethylene in nitrogen mixture was introduced at a flow
of 300-330 ml/min. After 1 hour of reduction in nitrogen mixture at 300°C, the
i ethylene was turned off leaving the pure nitrogen flow. The beads were then cooled
to room temperature under nitrogen.
20 6. Promoting step.
Reduced impregnated support was promoted with 7 wt. % of potassium acetate
(KOAc) by incipient wetness technique. Beads were placed into a flask.
7. Final drying step
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Exanp! e 16A15093. 3210 (0.8 XS160 191. 0300 10 The catal ysts were eval\tghgéjzdﬂéw
the reactor in the conditions as described above. The results for
selectivity and space tine yield are shown in Table 4. The data illustrates
t he advant ages Y9 2¥48Hd¥ yst havi ng been synthesi zed with PGHISAN03E3FYss of
37 2 4 MAR 20D6 WO 2004/ 011137 PCTI US2003/ 023734 precipitating or fixing
agent of at least 1.1. The catal ysts of Exanples 16-18 had consistently
better space ti @?F@W‘t%@?ﬁ@vwm 3t gporp fempgrapie and then plageghincanigyen

Exanpl es 19 and 20 and Conparative Exanples 19A-19C 5 1. Inpregnation step.
A sol ution of @0.160m tempsratiity CTheteRPeratnge Wag SRregsadf tokt208C.Cl'hei cat?@t 35 nl  of -
DI water was used to inpregnate 50 g of KA-160 at roomtenperature (R T.) by
an incipient dietdnet2°C dertunk fower.in Thitrogén iGO. was poured over the Pd-Au
solution in a half-liter round bottomflask. After pouring the solution

over the KA- 1@@mh@ 1ﬁ|a§@k3&m@@ﬁ2&ma@§hﬁﬂetleAa rotary evaporator.. The
flask was then rotate one hour. ter this, rotation was stopped and
the inpregrated su ' ring
that t1me the flask wi "ﬂéﬁf&%%é%fg?gﬁi@ﬁd%%?& v exck 35 i 1

sol ution evaporatl%ff ’ m t he sudface of support .2. Fixing step. 15
0.30398 g of N4I¢ %ﬁ%’%r& %4 in 8.325 of D.I. water. One-fifth of

the inpregnated sugport. step 1 react th the fixing solution by
rapidly pouring tﬁ\gélb%i ﬁgmé’oﬁ ut i on rwafel’resgé‘\gld The fixing solution
conpletely covered__the beads. Final pH was 8.62. The fixing reaction was

al | owed to proceed NaotiOp Qg4 g - 24 hOlPE)WE‘E?F o9&k t enperature. This
procedure was repeat ed for the follow nlg 20Na2Si 3: 0.32944 gD.1. water:

8. 325 nLFi nal RlagiONAHO0R: 0. 35931 gdter:. 78mler : 8. 325 niFinal pH: 9.04
Table 4: Amount of Fixing Agent (0.8-1.5 Molar
Excess)
Example Reaction | VA Space
# Temp. Selectivity | Time
°C (%) Yield
(50 psig)
Example 16 | 140 93.3 310
(1.5X8) 150 91.0 400
160 88.0 490
Example 17 | 140 04.4 250
(1.3XS) 150 93.2 370
160 91.0 440
Example 18 | 140 94.6 240
(1.1X8) 150 93.3 340
\ 160 91.2 449
' Comparative | 140 94.6 150
Example 16A | 150 93.3 210
(0.8 X8) 160 91.0 300

10 The catalysts were evaluated in the reactor in the conditions as described above. The
results for VA selectivity and space time yield are shown in Table 4. The data

illustrates the advantages of a catalyst having been synthesized with a molar excess of
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Na2Si O3: Q 38933 gD. 1. water: 8.325 nL.Final pH 9.32 Na2Si G3: O. 41%%9}%%% ;
water: 8.325 niLFinal pH 9.45 38 2 4 MAR 2006 WO 2004/ 011137

PCTI US2003/ 023734 3. Washing step. For Exanples 19 and 20, wer e
then renoved fWSh%4%H3 sol ution and i mrersed into 0.5 L 8&’5@&@@?@1 room
tenperature. The water Iayer above the beads was gently stirred overnight.

The wash wat er eca ted th her 0.5 L
portion of vva[’rg"f:1 ﬁﬁ’é‘ﬁl ﬁﬁfﬁd)z@g%ﬁgﬁé 3?88“2‘8&‘?5% @%ﬁ?’@(@]‘%ut a total
of three times and hen repeat.ed t th. IL wat er decr ease
content of ch?@?‘?‘ﬁﬁ'ﬁx Prfter s3ce Hine ﬁﬁméga’b%nﬁfamPg&Wﬁéuﬁaéﬁ@Pge%t gi ves a
negative result to a silver nitrate test. For Conparative Exanple 19A the
beads were then renoved fromfixing 10 solution and imersed into 225 nlL of
wat er at room tenper ature The vvat er Iayer above t he beads was gently
stirred over nExd and/ 26 hnd\g et 9AIHG next day and repl aced
w th anot her 225 nL port| on of vvater Th| S vvashl ng/ decanti ng procedure was
carried oud alt ot dmpefgnittonetepl i nes, repeated with 1 L of water at room
tenperature, repeated vvith 2 L of water at 50C to decrease content of

chlorine ions to 1%sqnsetut 052 NHAMTAL3H,0 4109 .05 B KIPRARNin . ¥Bmipfnegat i ve
result to a silver nitrate test For Conparative Exanples 19B and 19C, the

beads were thﬁi‘wﬁt@%‘i@ﬁseﬁrﬂ?ﬁgﬁ ggéu?@o B A gbbﬁrfgoﬂn%%e;r%ggé %S. giinm- of

wat er at room t enperat ure ter “layer “above the ntly

i th anot o o *&%ﬁ“’?%cr?mﬁ?% L3S %5‘8&50"%%%%%‘?2%4 oD TR r o
0
emporatur o, THeE U A JIny e o e offonares i ekl Rk poat e

twice with | L of water at 50C to decrease content of chlorine ions to
around 501(pnyas spRRSCisA o £ ARy SYAPOTHEL abe sk @as tem sjated {r ong vy Aflry si | ver

nitrate test. ] ,
this, rotation was stopped and the impregnated support was left undisturbed for at

least 1 hour. During that time the flask with impregnated support was stoppered to
prevent solution evaporation from the surface of support.
2. Fixing step.

15 0.30398 g of Na;Si0s was dissolved in 8.325 ml of D.I. water. One-fifth of
the impregnated support from step 1 was reacted with the fixing solution by rapidly
pouring the fixing solution over the beads. The fixing solution completely covered
the beads. Final pH was 8.62. The fixing reaction was allowed to proceed for 1 day

(~24 hours) at room temperature. This procedure was repeated for the following:

20 Na,Si0s. 0.32944 g D.IL water: 8.325 mL Final pH: 8.99
Na,8i0a. 0.35939 g D.I water: 8.325 mL Final pH: 9.04
Na,Si0s. 0.38933 g D.I water: 8.325mL Final pH: 9.32

Na,Si0s. 0.41929 g DI water: 8325 mL Final pH: 9.45
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39 2 4 MAR 2006 WD 2004/011137 PCTI US2003/ 023734 4. Drying step. For 2008
Exanpl es 19 and 20 and Conparative Exanple 19A, the inpregnated supzpé)m%
were then drie urs in air at 95C. For Conparative I B and
19C, the inpr eglrga fé"c’fﬂ%@gports were then .5 dried for 16 hggﬁ(@glpoﬂﬁgzlyz:‘%at
95C. 5. Reduction step. The reduction procedure was carried out in a glass
or quartz tube 3heat ShsMin Biep. tube furnace. The inpregnated supports were
heated in a nitrogen flow (rate 300-330 m/mn) fromroomtenperatuge to

150C for a hal f houﬁgl gﬂﬁnoégf‘saf%aﬂség%@ the"Bhal Wel 1B nxée%u&j@@h%ﬂ: ﬁ)?iﬁ?g uliéPgen

flowto 300C for a bed water evolv uring eating

period. Then t ' i ' 9 tayl ene
in nitrogen m X %;ﬂgﬁl\%\ﬁ%? llrté r|0§ u\é’g?ag? ag&ﬁ:g\%ﬂ:g?ﬂgﬁg_ ig%%cf%ﬁ?gﬁv?eﬁyl _
hour of reduction,in nitrogen .m xtur 300C, the ethyl ene was turned off
eaving |t he. iRt dstbh RETevpvOERE, dhn el vatet e IR A B GBh
tenperature_under 15 nitrogen. 6. Pronoting step. Reduced inpregnated
supports wefe [oRieed withapetherd).y L gortio, ofrwalgs: ddis washingide¢anting p ifis
i nci pi ent wetness technique. Beads were placed into a flask. 7. Final drying
step. 20 For Examisd eutiectotehaf borepimestand shepxepnoted $wice Bvithnid. afowateratc®C it al yst
was separately placed in an oven at roomtenperature. The tenperature was
i ncreased to @&easd banteratodichistineniass tir arexhdaf0 Sinf; wWhereis thet fermh dérantr givésra ai r .
40 2 4 MAR 2006 WD 2004/011137

negative result to a silver nitrate test.

For Comparative Example 19A, the beads were then removed from fixing
10  solution and immersed into 225 mL of water at room temperature. The water layer_
above the beads was gently stirred overnight. The wash water was decanted the next
day and replaced with another 225 mL portion of water. This washing/decanting
procedure was carried out a total of three times, repeated with 1 L of water at room
temperature, repeated with 2 L of water at 50°C to decrease content of chlorine ions to
15  around 50 ppm, wherein the final decant gives a negative result to a silver nitrate test.
For Comparative Examples 19B and 19C, the beads were then removed from
ﬁxjng solution and immersed into 225 mL of water at room temperature. The water
layer above the béads wﬁs gently stirred overnig”hl.‘ Thé wash water was decanted the
next day and replaced with another 225 mL portion of water. This washing/decanting
20  procedure was carried out a total of three times, repeated with 0.5 L of water at room
temperature, repeated three times with 500 mL of water at 50°C and repeated twice
with 1 L of water at 50°C to decrease content of chlorine ions to around 50 ppm,

wherein the final decant gives a negative result to a silver nitrate test.
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PCTJUS2003J023734 For Exanple 20 and Conparative Exanple 19A, each catal yst
was separately placed in an, oven at roomtenperature. The terrperatzumq R\I\@ﬁﬁ
increased to 75C. The catalyst was dried at 75C for sixteen hours i'n air

Tabl e 5: AmountyghodzloXfp0 Agent (2.0-2.8 Ml ar Excess)
Exanpl ePdAuReactl on\},ggpaceExpect ed #W . 9N . %0 enp. Sel ecti vi tﬁ{“ﬁ%&‘gﬂ%ﬁ“

Cal cul at edCal cul atedC(%) Yi el dTi ne (Actual ) (Actual )(50 p'sig)Yield @120 si
0. 630. 5214092. 426053}y @@gl e 19(0.59)(0.28)15090. 5340680 (2.0
XS) 16087. 1430860 Exarrpl e 0. 630.5214092. 3260520 (2.2

0,0 215050 it 02 can Eompatal sl g20g i O ShR Al

Conpar ati ve0. 6 58) (0. 26) 15089. 8280560 (2.6
XS) 16086, 3205 790PRBMIAI PR S HIME SN HIT L 30 Ll o

19C( 0. 59) (0. 25) 15089,,4280560 8. XS) 160 50700 5 Th catal ysts

eval uated in the FEaCgpar ?Wetéw&ﬁigh 8}?51933 @‘éé‘@?’f'ﬁ@ﬁ? aBBPUES YHE t\{‘\E’bsul ts
for VA sel ect|V|té and space ti ield are shown in Table 5. The data

i || ustrat es=t helngdiordodg %%‘F’I%F%a%al yst havi ng been synthesized with a

nol ar excess of
Reduction step.

The reduction procedure was carried out in a glass or quartz tube heated with a
tube furnace. The impregnated supports were heated in a nitrogen flow (rate 300-330
ml/min) from room temperature to 150°C for a half hour. The beads were then further
10  heated in a nitrogen flow to 300°C for a half hour. Adsorbed water evolved during
this heating period. Then the nitrogen flow was maintained and a 5% volume of
ethylene in nitrogen mixture was introduced at a flow of 300-330 ml/min. After 1
hour of reduction in nitrogen mixture at 300°C, the ethylene was turned off leaving
the pure nitrogen flow. The beads were then cooled to room temperature under
15  nitrogen.
6. Promoting step.
Reduced impregnated supports were promoted with 6-7 wt. % of potaséium
acetate (KOAC) by incipient wetness technigue. Beads were placed intd a flask.
7. Final drying step.
20 For Example 19 and Comparative Examples 19B and 19C, each catalyst was
separately placed in an oven at room temperature. The temperature was increased to

95°C. The catalyst was dried at 95°C for sixteen hours in air.

40



precipitating or fixing agent of not nore than 2.2. The catal yst of ﬁ(ﬂﬂm[%
19 and 20 have as good or better VA selectivity and consistently better
space tinme yield as éo t he catal ysts of Conparative Exanples 19A-19C. 41 2 4
VAR 2006 VIO 20059 SBBHHBC | Us20031023734 Exanpl es 21- 25 FCT{URRAGHZM on
step. A solution of 0.571 g of HAuC43H20O and 1.052 g of K2PdCia in 26.1 m
of DI water was Us to,lgpre te B0 of -160 at ro t enper at yre
(RT) by an o FE e RaHe ComPardin momria &8 aith SaRRAL WoF atpeth
one-liter roun@abot.tomflask. After ggr' ngr;[ t he sol uti.on over ttgﬁ KA- 160,
the flask was P8FRidR pRAvERSt FpOILiERPEFa 'a'laﬁ epRsraturpgesipgeased s’ e A6 ot at ed
for 10 mnutes until all the solution was adsorbed by the support. There

was 77.7350 g etalyshwas drindagA3iCdar sxipppdioursimpieh was divided into five equal
parts. Fixing_started within five munputes. 10 2. Fixing step. 0.3143 g of

Na2Si @3 was dj Talslk §=dmaoundof Fixing Apeiit (2Mb2.8 MoldbERddss) of the i npregnat ed
support fromjstep | was reacted with the fixing solution by pouring the
fixing soluti over the beads. The volunme of the solutjon was about halif of
the bead vol ukxamplthe nj xt Bde wis rén at gRedciony Yhnut es| Spadet hepExpestedd [i n a
beaker and 15 #eal ed. The Wi%i ng rWad i qriTemps gl Seteativityt pTimeoceefSpame 1 day
(-24 hours) room tepPdedihted ¢ Calthladpr’Gecedur|g%has r ep¥hddd f pTintehe
fol | owi ng: Na2Si 03: 0. 2pQAcmaly. I . (Awmiay 1| 9 nL |Na2Si 03. | 3032#50pY@ide! .
water: 9 nmL |Na2Si 03t 0j 19457 g|D.|I. watjer: 9 mi. 20 NaPSi 03. O} 13(8ig D. 1.
water: 9 nL . VAShi ng| §E5P. The.speads |VWape (a4 enovESgd r om § kg nNg
sol ution and MBfgpldTET F@S9) Nt 0| (d:28) 150 90.5 340 680
_ (2.0 XS) 160 87.1 430 860
Example 20 | 0.63 0.52 140 92.3 260 520
(2.2 X8) (NA) (NA) 150 20.1 345 690
160 86.6 _| 420 840
Comparative | 0.63 0.52 140 1922 240 480
Example 19A | (0.59) (0.26) 150 89.7 310 620
(2.4 X3) 160 86.2 370 740
Comparative | 0.63 0.52 140 92.0 220 440
Example 19B | (0.58) (0.26) 150 89.8 280 560
(2.6 XS) 160 86.3 395 790
Comparative | 0.63 0.52 140 91.7 215 430
Example 19C | (0.59) (0.25) 150 894 280 560
(2.8 X8) 160 854 350 700

H

5  The catalysts were evaluated in the reactor in the conditions as described above. The
! - results for VA selectivity and space time yield are shown in Table 5. Th.e data
illustrates the advantages of a catalyst having been synthesized with a molar excess of
precipitating or fixing agent of not more than 2.2. The catalyst of Examples 19 and
20 have as good or better VA selectivity and consistently better space time yield as

10 the catalysts of Comparative Examples 19A-19C.
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of water at 50C. The water |ayer above the beads was gently stirred 4 MAR 2008
overnight. The 42 2 4 MAR 2006 WD 2004/011137 PCT/ US20031023734 was \/\g%er
was decanted the next day and replaced with another | L portion of water.
The washi ng/ de®h®PHY W ocedure was carried out a total of PET{{SA033334
decrease content of chlorine ions to around 50 ppm wherein the final
decant gives a negative result to a silver nitrate test. 5 4. Drying step.
The i npregnat eBxamplesodli-285s then dried for fifteen hours at 95C in a forced
air oven. 5. Reduction step. The reduction procedure was carried out in a
gl ass or quarti tublecprepgnamhsiépth a 10 tube furnace. 3.1 g of each catal yst
precursor were heated in a nitrogen flow (rate 300-330 m/mn) fromroom
tenperature to 150QAfsclotiomnef MOl g off HAnORBIH0vmd d.052u8 of KK Pd0hah @6.1imi of
nitrogen flow to 300C for a half hour. Adsorbed water evolved during this
heating peri odp #¥agr Wab GRAGD iinbRENNSS) gBdffKﬂllﬂﬁ(ﬂt Adeh @m?e/paueé gmf.)qir an
ethylene in nitrogen m xture was introduced at a flow of 300-330 nil/ mn.

ALer 1915 abbRep behiepbinahea! TRORE: 100'FacHld ] £O i Bl SBBB™ <1 U1 e

was turned off eavi ng e ni trogen f ads were then cool ed
to room tenpergtur under nitr n. 6. Peonpbi ep. Redu I mpregnat ed
support was pr@ﬁgt 2‘5‘%"%‘1?“65"? S\Rﬁ’% %%og?r ﬂbeo{cg‘gfs@ U‘E‘?Qgg ‘g?seco %%%y

i nci pi ent wetness technique.. Beads were pl.ac i.nto a fl .7, Final drying
Sep” The oot rpBomaiE. T eitish 7 Ben Syand do° 10 SHEH BULALL e, solagan was "
tenperature was, increased to 120C. The catalyst was dried at 117C for one
hour in a nitr¥l§eded bythe support. There was 77.7350 g of the impregnated support which was

divided into five equal parts. Fixing started within five minutes.
10 2. Fixing step.

0.3143 g of Na,SiO; was dissolved in 9 ml of D.I. water. 15.5b g of the
impiregnated support from step 1 was reacted with the ﬁxix;g solution by pouring the
fixing solution over the beads. The volume of the solution was about half of the bead
volume. The mixture was rotated for 5 minutes and then placed in a beaker and

15 sealed. The fixing reaction was allowed to proceed for 1 day (~24 hours) at room

temperature. This procedure was repeated for the following:

Na;Si0s, 0.2694 g D.IL water: 9mL
NazSi04, 0.224505 g D.I. water: 9 mL
Na;8i0s; 0.19457 g D.I water: 9 mL

20 Na,S8i0s. 0.1796 g D.I. water: 9 mL.
3, Washing step.
The beads were then removed from fixing solution and were immersed into 1L

of water at 50°C. The water layer above the beads was gently stirred overnight. The
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2 4 MAR 200B WD 2004/ 011137 PCTI US20031023734 Table 6: Anount of Fi ?WWAR 2006
Agent (1.2-2.1 Mol ar Excess) Exanpl ePdAuReacti onVASpaceExpect ed

#W . N % enp. Sf‘d ez%J/Vi t3 Ti meSpace Cal cul at edCal cul at edC( %
(Act ual ) (Act uaMPBE"BLE) viel d @120 si Exanpl e 210. 630. 52

XS) (0. 67) * (0. 28) *15091. 3415830 16087. 65301060 Exanpl e

220. 630. 5214093..7290580 (1.8 NA). ( NA).15Q91. 7415830 1
230. 63032140 92’.%%‘6%35(%9@ % é”é (‘62‘13‘2@%6 Q’é&‘?&i‘ggzgﬁ
(0-71) * (0. 40) * 16090, 25301060 Exanpl e 240. 630. 5214094. 5260520

E&ﬁbg$§§§6@to (2.1

88. .853?1060 Exampl e

portion o
(1, 3>

water.

XS) (NA) ( NA) 158b8 vpshing/decanting prog 99s AR wt Astetab 1 35 simepda deorgestso (1.2
XS) (0. 65) *(0.43)*15093. 1365730 16091. 0490980 *- |CP anal ysis was done for
not pronoted senigntef chiprine ioas 9 areund SAanpem, exbareimthe dinghdachet gives @nggative t he
conditions as described above. The 5 results for VA selectivity and space
time yield aresslhowsilver fitdte eest5. The data illustrates the advantages of a

cat al yst havi ng been synthesized with a nol ar excess of
3 4 Drying step. :

The impregnated support was then dried for fifteer hours at 95°C in a forced air .

oven.

5. Reduction step.

The reduction procedure was carried out in a glass or quartz tube heated with a

10

15

20

tube furmace. 3.1 g of each catalyst precursor were heated in a nitrogen flow (rate
300-330 ml/min) from room temperature to 150°C for one hour. The beads were
further heated in a nitrogen flow to 300°C for a half hour. Adsorbed water evolved
during this heating pmod The nitrogen flow was maintained and a 5% volume of
ethylene in nitrogen mixture was introduced at a flow of 300-330 ml/min. After 1.5
hours of reduction at 300°C, the 5% ethylene in nitrogen mixture was turned off

leaving the pure nitrogen flow. The beads were then cooled to room temperature

under nitrogen,

6. Promoting step.

Reduced impregnated support was promofe.d with 6-7 wt. % of potassium acetate
(KOACc) by incipient wetness technique. Beads were placed into a flask.
7. Final drying step. '

The catalyst was placed in an oven at room temperature. The temperature was

increased io 120°C. The catalyst was dried at 120°C for one hour in a nitrogen fiow.
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precipitating or fixing agent of 1.5 ( Exanple 23) had the best performance
when considering both VA selectivity and space tine yield. 10 44 2:244 mﬂﬂﬁ
2006 WO 2004/ 011137 PCT/ US2003/ 023734 FI XI NG TI ME Exanpl es 26-29 hrs v.

15 hrs 1. Inpr tep. 5 A solution of 0.9136 g of

1.6830 g of Kzgg%?fghiﬂg]a} m of DI water was used to |np|r_@g%é]§2e0%§gz96%

of KA-160 at roomtenperature (R T.) by an incipient wetness technique. The
KA- 160 was placed in a one-liter round bottom flask. After pouring the

sol ution over the KA-160, the flask was connected to a rotary evaporator.

The flask wasg ot-at s 10
adsor bed by 1%%“%&{)&}??“&,&??*” g fgent (14 £e58 opped and t he

i npregnat ed support was |eft undi sturbed for at least 1 hour. During t|hat

time the flaskxyh lF\ | fipr eggat ef s,yppo ReX@onIVODPETEC § Igcpr ev: i on
evaporation omthe suri@cg o Fil6lL{ag: anp 12392
g of NazSi O3 b d sfsqldag o 7c§1c é’%g V)S%rg‘.:%%gley’éﬁhth he
i mpregnat ed support frjo wifth”the fj
pgﬁri %g the fi Eipng soI ut | onglng(\ﬁ@ﬁ‘af)b( ads. The m xturfe égﬁg’gf)
beaker and pgal-ed: .. d-RgHeact-eh—ras—adr-owed—t-opreceecd-£51 jur s
at room tenpg F?ﬁ‘%ﬂ 'ﬂ'ﬁg’s prgcgézre vvaé‘ﬂ?‘epeatggé for t:ﬁg foll )@3919: Exanpl e
28: Na2Si 03: | 8-B38k g 067 wat 287 5 yil3Go Bgﬂrﬁl es 2721and 29i 8¥he sare
procedure fof_Exanpleq 26 and P8 was f 1I1fJQ)wpd 83-)609{)1‘ 1390 i xi héoﬁqnart ijon
was al | owed |Bxammedkd GG 15 [@82s at | 14bm t ¢8BAr at ur|e290 580
(1.8XS8) (NA) (NA) 150 91.7 1415 830
160 88.8 530 1060
Example 23 | 0.63 0.52 140 94.2 300 | 600
‘ (15 X8) (0.59) (0.34) 150 92.7 410 820
(0.71)* (0.40)* 160 90.2 530 1060
Example 24 | 0.63 0.52 140 94.5 260 520
(1.3XS) (NA) (NA) 150 93.3 375 750
160 091.2 495 990
Example 25 | 0.63 052 140 942 230 460
(1.2XS) (0.65)* {0.43)* 150 93.1 365 730
160 91.0 490 1980

*ICP analysis was done for not promoted samples.
The .catalysts were evaluated in the reactor in the conditions as described above. The
5  results for VA selectivity and space time yield are shown in Tablé 6. Thg data
illustrates the advantages of a catalyst having been synthesized with a molar excess of
precipitating or fixing agent of 1.5 ( Example 23) had the best performance when

considering both VA selectivity and space time yield.
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3. Washing step. 45 2 4 MAR 2006 WO 2004/011137 PCT/ US2003/ 023734 EéaanRemB
26 and 28: The beads were then renoved fromfixing solution and wer

i mersed into g]JV 3@04&/&? at 45-50C. The water |ayer above the beads was
gently stirred Sv&PITYRt. The wash water was decanted the REXPSHAEI23TAY
replaced with another 1L portion of water. The washi ng/ decanti ng procedure

was carried OLFD@\TGLI‘II@E 5 of 4 tines to decrease content of chlorine ions to
around 50 ppm ereln the final decant gives a negative result to a silver

nitrate test. &%ﬁ@ﬂs%@ 37 and 29: The sane procedure for Exanples 26 and 28
was followed ‘except %e washi ng/ decanti ng procedure was carried out a total
of 3 times. 4. RrB i step. 10 The inpregnated supports for each exanple
were then dri e?tj Ve ht at 95C in a forced air oven. 5. Reduction step.
For each exanp] e, the reduction procedure was carried out in a glass or
quartz tube hlkat ed™pregRationStBe f urnace. 4.6 g of each catal yst precursor
were heated in a 15 nitrogen flow (rate 300-330 ml/mn) fromroom
tenperaturé to 150@ salvtiopraed HHI6 5 ofFtAWde3HOnendel -6830t ghefrKiPdElednl 47 mlzf
nitrogen flow to 300C for a half hour. The nitrogen flow was nai ntai ned and
a 5% vol une ofD DEwaipt wasaased tonimpraggatn 8606T75g of KAs 60iantoonthemperamire (R.T)) byv of
300-330 M/mn. After 1 hour of reduction, the 5% ethylene in nitrogen

m xture was t umiaépiehf wttayitstfinighe The KA G0re@alackd @va oddiBebfAgS bvgde t hen
20 cooled to room tenperature under nitrogen. 46 Z 4 MAR 2006 WD
2004/ 011137  fiask. After pouring the solution over the KA-160, the flask was connected to a rotary
evaporator. The flask was then rotated slowly for one ho_ur until all the solution was
10  adsorbed by the support. After this, rotation was stopped and the impregnated support
was left undisturbed for at leastl 1 hour. During that time the flask with impregnated
support was stoppered to prevent solution evaporation from the surface of support.
2. Fixing step.
Example 26: 0.2392 g of Na;SiO; was dissolved in 7.5 ml of D.I. water. One-eighth
15 of the impregnated support from step 1 was reacted with the fixing solution by
pouring the fixing solution over the beads. The mixture was placed in a beaker and
sealed. The fixing reaction was allowed to proceed for 3 hours at room temperature.
This procedure walas repeated for the following:
Example 28: NaySiO,. 0.3288 g D.I water: 7.5 mL
20  Examples 27 and 29: The same procedure for Examples 26 and 28 was followed

except the fixing reaction was allowed to proceed for 15 hours at room temperature.

3. Washing step.
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PC 1 US2403/ 023734 6. Pronoting step. For each exanple, the reduced

| npregnat ed supports were pronoted with 6-7 wt. % of potassium acetdtMAR 2006
(KOQAc) by incipient wetness technique. Beads were placed into a flask. 5 7.
Fi nal drying st®¥P20MAHI¥¢t al ysts of each exanpl e were pl acRECTUS2e03/0278N at
roomtenperature. The tenperature was increased to 120C. The catal yst was

dried at 120C far seve ynyies i,n a nitrogen tlow . Table 7: Fixing Tine
(3 tours v 15 HEsnEmescats i Sl Mleads v s Sen 60R.gRog soludon and ved
W . O . % enp. Sel ecti vi_tEEgi meSpace Cal cul at edCal cul ated(C) (9% Yi el dTi me (50
psi g) Vi el d @ 128nBEse iptoaHppeWwatenateoS 1561 Aho Ivatsy daysn apave they bepdssiapgently 0740
16088. 55001000 Exanpl e 270.630.5214093. 6270540 (15 hrs) 15092. 0380760
16089. 2490980 Estiregl evepdght.c Stheswashowates vag dacanted the apxtSdyOamBrphsal with
16088. 2395790 Exanpl e 290. 630. 5214093. 0240480 (15 hrs) 15090. 5330660
16087. 4420840 1fnother 1L portion of water. The washing/decanting procedure was carried out a total
5 of 4 times to decrease content of chlorine ions to around 50 ppm, wherein the final
decant gives a negative result to a silver nitrate test.
Examples 27 and 29: The same procedure for Examples 26 and 28 was followed
except the washing/decanting procedure was carried out a total of 3 times.
4, Drying step.
10 The impregnated supports for each example were then dried overnight at 95°C in a
forced air oven.
5. Reduction step.
For each example, the reduction procedure was carried out in a giass or quartz
tube heated with a tube furnace. 4.6 g of each catalyst precursor were heated in a
15 nitrogen flow (rate 300-330 ml/min) from room temperature to 150°C for one hour.
The beads were further heated in a nitrogen flow to 300°C for a balf hour. The
nitrogen flow was maintained and a 5% volume of ethylene in nitrogen mixture was
introduced at a flow of 300-330 mi/min. After 1 hour of reduction, the 5% ethylene in

nitrogen mixture was turned off leaving the pure nitrogen flow. The beads were then

20  cooled to room temperature under nitrogen.
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The catal ysts were evaluated in the reactor in the conditions as descri bed

above. The results for VA selectivity and space tine yield are shogn M&i 2006
Table 7. The data illustrates the advantages of a catal yst having Ih ng
time of at lea I urs. it is 47 2 4 MAR 2006 WD 20041011137

PCT/ US2003/ 023%%%%@?%2’? noted that the catal ysts of Exarrp’l‘](*ér et o)

(fifteen hours) have better space N tine yield than the catal ysts of
Exanpl es 26 ar&d 28?@@8'3&§ 30-32 5 1 day v. 2 days v. 3 days 1.

| mpr egnati on step. sol et 1on of 0.6852 g of HAuC a' 3H20 and 1.2622 g of
K2PdCla in 36.3 of, DI er s,used to.inpregnate 60 of, 160 at
Foom t emper at ur & qreaeh s W e Eberefe olBor S b e

M0 was
placed in a one-lLiter round b 10, fl ask. After pouring the solutjon over
t he KA- 160, t%éok P%’%éc%ﬁﬁééggd’& BeIRIepLVENCss teRRRIgYE-o B5ds WHTR PigFstk was
then rotated for ten mnutes until all the solution was adsorbed by the
support. Afteint@Rflask.rotati on was stopped and the inpregnated support was

| eft undi sturbed for at least | hour. During that time the flask with

i npregnat e §uppoFinalvrgingistepper ed to prevent sol ution evaporation fromthe
surface of support. 15 2. Fixing step. Exanple 30: 1.3897 g of Na2Si O3 was
di ssol ved i n 120THel catilysts. df . cavibéamplepiérd pladed in dareves iakidonDempbamrdPTRgNat ed
support fromstep 1 was reacted with one-sixth of the fixing solution by
pouring the fiempeshnge!whsi iBére¥@ o ut@cbems%télrfs@ \ﬁﬂsﬂdéﬂeht"l@?@foﬁ%%n? n a
beaker and seal ed. The fixing reaction was allowed to proceed for 24 hours
at 20 roomt Shyr, 8w22) . This procedure was repeated for the
foll owi ng: Exanple 31: Fixing time: 48 hourspH 7.98 Exanple 32: Fixing
time: 72 hourspH: 7.75

10

Table 7: Fixing Time (3 Hours v. 15 Hours)
Example Pd Au Reaction | VA Space Expected
# Wt.% Wt.% | Temp. | Selectivity | Time Space
Calculated | Calculated | (°C) (%) Yield Time
(50 psig) | Yield @
120 psig
Example 26 { 0.63 0.52 140 93.6 255 510
(3 hrs) 150 92.0 370 740
| 160 88.5 500 1000
Example 27 | 0.63 0.52 140 93.6 270 540
(15 hss) 150 92.0 380 760
‘ 160 89.2 490 980
Example 28 | 0.63 0.52 140 92.8 220 440
(3 hrs) 150 50.9 325 650
_ 160 88.2 395 790
Example 29 | 0.63 0.52 140 93.0 240 430
(15 hrs) 150 90.5 330 660
160 87.4 420 840

The catalysts were evaluated in the reactor in the conditions as described above. The

results for VA selectivity and space time yield are shown in Table 7. The data

illustrates the advantages of a catalyst having a fixing time of at least three hours. Itis
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48 2 4 MAR 2006 WD 2004/011137 PCfUS2003/ 023734 3. Washi ng step. Ex%rrplﬁg ﬁ%
The beads were then renoved fromfixing solution and were i nmersed i MA6 2400

of water at 40 r |ayer above the beads was gently stirre
over ni ght, Themgﬂﬁﬁﬁﬁ was decanted the next day and rep?%ﬂ@%?”\’/&"’lz??“

another 1L 5 portion of water. The washi ng/ decanting procedure was carried

out a total of _.three tinmes to decrease tent of chlorine ions to around
50 ppm wher ei ﬂ’r'ihﬁre”q‘?dré‘lit ‘ﬁ“e%ﬂl’sm ‘bfis‘@@i’ff%ﬂég‘é??mgﬁlirf)%& e Better FRAGS
nitrate test. Exanple 31: The sane_procedtre for Exanple 30 was foll owed
except the walWE Nigidfbamteicagiyss of Examplesafand 381 i ed out once at 40C and
twice at 50C 10 Exanpl e 32: The sane procedure for Exanple 30 was foll owed
except the washing/decanting procedure was carried out twi ce at 50C 4.
Drying step. For each exanple, the inpregnated supports were then dried for
fourteen hour sSExamplés30-32 in a forced air oven. 15 5. Reduction step. Exanple
30: The reduction procedure was carried out in a glass or quartz tube heated
with a tubesfuraace2ddysy.gdafs t he catal yst precursor were heated in a
nitrogen flow (rate 00 330 m/nlin) fromroomtenperature to 150C for a
hal f hour. They beadg,as 4&d her heated in a nitrogen flow to NOT for
twenty m nutes. The r? trogen 0 flow was mai ntai ned and a 5% vol une of

ethyl ene i n nit rodop. ks 43 JLARIORNO il 1 3cbh 91 Rln200s 330 1

After 5 hours of re Ion ené e was .t ur ned
o {62110 L L Lo L FIS 005 81 Aol BBty 8
incipient wetmess technique. The KA-160 was placed in a one-liter round bottom '
10 flask. After pouring the solution over the KA-160, the flask was connebted to a rotary
evaporator. The flask was then rotated for ten minutes until all the solution was
adsorbed by the support. After this, rotation was stopped and the impregnated support
was lef‘t undisturbed for at least 1 hour. During that' time the flask with imprcgnéted
support was stoppered to prevent solution evaporation from the surface of support.
15 2 Fixing step.
Example 30: 1.3897 g of Na;SiO; was dissolved in 120 ml of D.L water (pH=12.9).
One-sixth of the impregnated support from step 1 was reacted with one-sixth of the
fixing solution by pouring the fixing solution over the beads. The mixture was placed
in a beaker and sealed. The fixing reaction was allowed to proceed for 24 hours at
20 room temperature (pH=8.22). This procedure was repeated for the following:
Example 31: Fixing time: 48 hours pH: 7.98

Example 32: Fixing time: 72 hours pH: 7.75
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WO 2004/011137 PCTI US2003/ 023734 Exanpl es 31 and 32: The same procegurvrfmn
Exanpl e 30 was foll owed except the beads were further heated in a nitrogen

flowto 300C fg&o LodBRLYs»f i ve minutes. 6. Pronoting step. F%&rﬁﬁg@yﬁﬁwl e,

t he' reduced-i npregnat eoil supports were promoted with 6-7 w

pot assi um acet at e (KOAC) by incipient wetness technique. Beads were placed
into a flask. 7. FiW rS\@g]g step. Exanple 30: The catal yst was placed in
an oven at room tenperatur The tenperature was increased to 120C. The

cat al yst was g%aﬁ@lé‘io 1’?19e%e38§ wetd %%]Pféﬁﬁo{ré& f(rj;:;ltg fi ﬁm 'stuﬁgE (ﬂﬂ% m@éml es 31

and 32: The c ts weie separate oven room

t enperat ure. ture creas 100 TIh catal ts were drled
at  100C for f’(‘)‘g’r ilg % t4¥1\%§1 fLIﬁFc elﬂ(eroﬁpgﬁe aB?ags8 ”Fgéll’ilyrﬁ‘“??ne (1
day Y. 2 days v. 3 da Exanpl eReacti onVASpace, #Tenp. Sel ecti vityTi ne

C(% Yield (50 yemgght. wag) ¥OER 1y ap decanied e nextiday and Iﬂg Qg9 svithy angther 1L
142.092.7195.5 152.090. 0298. 7 153. 089. 9309. 2 153. 089. 9316. 6 161.097.2392.1
162. 087. 0397. oportipn ¢fgwatera 9Bheswashing/decanting procedure was carried out a total of three

times to decrease content of chlorine ions to around 50 ppm, wherein the final decant
gives a negative result to a silver nitrate test.
Example 31: The same procedure for Example 30 was followed except the
washing/decanting procedure was carried out once at 40°C and twice at 50°C
10  Example 32: The same procedure for Example 30 was foilowed except the
washing/decanting procedure was carried out twice at S0°C.
4, Drying ste;;.
For ca(:h example, the impregnated supports were then dried for fourteen hours at
100° C in a forced air oven.
15 5. Reduction step.
Example 30: The reduction procedure was carried out in a glass or quartz tube heated
with a tube furnace. 3.3 g of the catalyst precursor were heated in a nitrogen flow
(rate 300-330 ml/min) from room temperature to 150°C for a half hour. The beads
were further heated in a nitrogen flow to 300°C for twenty minutes. The nitrogen
20  flow was maintained and a 5% volume of ethylene in nitrogen mixture was introduced
at a flow of 300-330 mi/min. After 5 hours of reduction, the 5% ethylene in'nil:rogcn
mixture was turned off leaving the pure nitrogen flow. The beads were then cooled to

room temperature under nitrogen.
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Exanpl e 31140. 093. 3215. 7 (2 days) 141. 593. 6229. 6 141.593. 6238.0 50 294 WAy
2008 WD 2004/ 011137 PCTI'US20031023734 151.591.8323.9 151.591. 8331. 2

151. 591. 7324. gwé)GZ?%@%S?lB‘}'A'OS' 8 162.588.4439.1 162. 588. 2433. gsﬁ?%%{ég,?“

32139. 093. 3227. ays) 140. 093. 3233. 1 141.093. 4239. 4 149.

149. 091. 8321. 2 149.091.7323.8 160.087.6441.9 161.587.3448.5 161.587. 2450. 9
The cat al yst s Exemples§hhehdZd The satheproessioredior Example 36 gradifolloved excemtdhecr i bed
above, The results for VA selectivity and space tine yield are shown in
Tabl e 8. The tedda werd furthérheated int dwitrogba diowalg 860°Cf fontweatyafivesininatesi ng a fi xi ng
time of three days. The catal yst of Exanple 32 has as good or better VA
selectivity apd ponfétgetpl y better space tinme 5 yield as the catal ysts of
Exanpl es 30 and 31. Exanple 33 and Conparative Exanple 33A DRY FI XI NG

For each example, the reduced impregnated supports were promoted with 6-7 wt. %
5  of potassium acetate (KOAc) by incipient wetness technique. Beads were placed into

a flask.

7. Final drying step.

Example 30 The catalyst was placed in an oven at room temperature. The

temperature was increased to 120°C, The catalyst was dried at 120°C for one hour in

10  anitrogen flow. |
Examples 31 and 32: The catalysts were separately placed in an oven at room
temperature. The temperature was increased to 100°C. The catalysts were dried at

100°C for fourteen hours in a forced air oven.

Table 8: Fixing Time (1 day v. 2 days v. 3 days)
Example Reaction |VA Space
# Temp. Selectivity | Time
°C (%) Yield
. (50 psig)
Example 30 | 140.0 92.9 174.7 -
(1 day) 142.0 92.8 188.8
142.0 92.7 195.5
152.0 90.0 298.7
153.0 89.9 309.2
153.0 89.9 316.6
161.0 97.2 392.1
162.0 87.0 3979
162.0 87.0 . 3995
Example 31 | 140.0 03.3 215.7
(2 days) 141.5 93.6 229.6
141. 93.6 238.0
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illustrates the advantages of a catalyst having a fixing time of three days. The catalyst

of Example 32 has as good or better VA selectivity and consistently better space time

yield as the catalysts of Examples 30 and 31.

Example 33 and Comparative Example 33A

DRY FIXING

1.

Impregnation step.

A solution of 0.6852 g of HAuCly3H;O and 1.2622 g of K,PdCls in 35.25 ml

of DI water was used to impregnate 60 g of KA-160 at room temperature (R.T.) by an

incipient wetness technique. The KA-160 was placed in a one-liter round bottom

flask, After pouring the solution over the KA-160, the flask was connected to a rotary

evaporator. The flask was then rotated for fifty minutes until all the solution was

adsorbed by the support. After this, rotation was stopped and the impregnated support
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decant gives a negative result to a silver nitrate test. 4. Drying StEmR A
For each exanple, the inpregnated supports were then dried for seventeen

hours at 95C i air oven. 5. Reduction step. 52 '
2004/ 011137 PC‘I’P?%Q@&%&SZB?M For each exanple, the reduc&%@%&)‘%’@g%e was
carried out in a glass or quartz tube heated wth a tube furnace. 6.5 g of
each catal yst paslefinsdisturted dotha deastl] heura Duning that)éme fheoflask matheinBOéEna8d
m/mn) fromroomtenperature to,150C for one hour. - The beads were further

heated in a nisuppgewad hieppeicd t3Pheedt solutiohevbporiion froml ihe sirfite bf agpport§ | ow was
mai nt ai ned and a 5% voI ume of ethylene in nitrogen m xture was introduced -
at a flow of 3§0-3 tehn. After 1 hour of reduction, the 5% ethylene in
ni t rogen mxture was turned off |eavi ng the pure nitrogen flow. The beads

were then qllg,ﬁaginpﬁﬁsei?ﬁ%@u RN, %ol ivedlid 2@ & B DY: whte "Bhd-Hetnf ep- 10

For each exanple npregnated supports were pronoted wth 6-7
w. % of t & h .Bead
were placed R ém‘*é?e?qc i ouBoret Pl reRt R sRag d;%‘“‘wﬁ“ﬁg’excs!‘?ﬁ%ﬂ G gpugign
exanpl e were r at | aced. i er .at room, 1 erature The.
tenperature wa'gg%ﬁ’d‘ﬂ E‘é‘gnpﬁerlt%gca#hgﬁﬁmﬁ’%‘ R@Fg josgkeg and f%"é)@ for one
hour in a nitrogen flow. Table 9: "Wet" v. "Dry" Fixing

Exanpl ePdAuReakhe fxingaepssion mas allewsd te pyocseffongdrionss %&%FFXPF@?W neSpace

Cal cul at edCal cul at edC( %) Yi el dTi me
Example 33A: 0.2361 g of powdered Na,Si0O; was placed into a round bottom flask.

One-sixth of the impregnated support from step 1 was poured over the powder. The
10  mixture was rotated for 20 minutes. The fixing reaction was allowed to proceed for 24
hours at room temperature
3. Washing step.
For each example, the beads were then removed from fixing media and were
immersed into 1L of water at 50°C. The water layer above the beads was gently
15  stirred overnight. The wash water was decanted the next day and replaced ‘with
another 1L portion of water. The washing/decanting procedure was carried out a total
of 3 times to decrease content of chlorine ions to around 50 ppm, wherein the final
decant gives a negative result to a silver nitrate test.
4, Drying step.
20 For each example, the impregnated supports were then dried for seventeen hours
at 95°C in a forced air oven.

5. Reduction step.

32



(Actual ) (Actual ) (50 psig)Yield @120 psig Conparative0. 630.5214093. gg%ﬁlig@]ﬁ
Exanpl e 33A(0.56) (0. 18) 15092. 0340680 (sol uti on)16089. 2440880 Exanpl

330. 630. 521409 (dry) (0.59) (0. 36) 15092. 6385770 | 66089, 84911980 53 2
4 MAR 2006 V\D%éﬁ%@?%ﬁ? PCTI US20031023734 The cat al ysts Mer S804 ed i n

the reactor in the conditions as described above. The results for VA
sel ectivity and Feraeaeh tekamply,i tht deductions proeeduren wis bdrsed oufTinea ghksior guaktast r at es
t he advantages of a catal yst synthesized with a "dry" or powder of

preci pi tating tote héaredngitingeitic fundab&r 6/5h@bf sdthagtabyat! predasoit were. hedled i€ at al yst
of Exanple 5 33 has as good or better VA selectivity and consistently better

space tine yi glighRs frofaﬁg € 300356 mlAkinCRERYba| MBpEXRREI01 SA%A for MEERBu¥ASH OF
CATALYST PRECURSOR AT 40-100C Exanples 34-39 and Conparative Exanples 34A

and_35A 10 1. A" AedeORyBLORaaSHl 4 hitdBerP Fiol 090 18 o 'Hatt Gl AR and

1.4728 g of t D er was used to Inpregnate /0 g of
s pl acedi n R R s R g p B Mot RBS Rt B AR iR i,
e Sor” TR ol Bl S o RS aRR B S B
| npregnat ed beads were transferred to a flat bottomflask of glass covered
wi th al uni nummiteRgen prxtug s temee off deavingribe pyreiniepeen flaw Jﬂile@paqgem ten( 1. 5691
gin>52.5 cooled to room temperature under nitrogen.
6. Promoting step.
10 For each example, the reduced impregnated supports were promoted with 6-7 wi.
% of potassium acetate (KOAc) by incipient wetness technique. Beads were placed
into a flask.
7. Final drying step.
The catalysts of each example were separately placed in an over at roon;

15 temperature. The temperature was increased to 120°C. The catalysts were dried at

120°C for one hour in a nitrogen flow.

Table 9: "Wet" v. "Dry"” Fixing
Example Pd An Reaction | VA Space Expected
# Wt.% Wt% | Temp. | Selectivity | Time Space
Calculated | Calculated | °C (%) Yield Time
(Actmal) (Actual) (50 psig) | Yield @
120 psig
Comparative | 0.63 0.52 140 93.4 255 510
Example 33A | (0.56) {0.18) 150 92.0 340 680
(solution) 160 89.2 440 880
Example 33 ) 0.63 0.52 140 94.0 280 560
(dry) (0.59) (0.36) 150 92.6 385 770
160 89.8 490 080
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nmL of water) was poured over the beads. The. solution was rotated forj 2[}{]5
m nutes at 20 roomtenperature and then left overnight (15 hours) in a dark
cabinet. 3. V\A@Blzmmﬁlgp Conpar ative Exanple 34A: The beaﬁcf/}%(}mg d by
imersing themin 1 D.I. water at roomtenperature e water layer
above the bead was ntIy stirred. for 54 2 4 MAR 2006 WO 20041011137

PCTI US2003/ 023788 ¢ gﬂdﬁ%k‘ieﬁe&"@l‘l@‘eéw the fractor inthe copdwions gedesraibethpbayeo Hbe
replaced with another | L of 1-1-D.|1. water. This procedure was repeated
for a total of resslisfondheelectivisand spaceimeyild preshewnmeT#ole 9. (Bieslataat i ve

Exanpl e 34A was fol |l owed except at 40C and for a total of three washes. 5
Exanpl e 35: Thallystraes tha mévintageCafraratabyst syathEsizgdpyith 8%ty Vvapovderafwed except at
50C and for a total of three washes. Exanple 36: The procedure for

Conpar ati ve Exgiqiptatdyorfaéng dpehtauther thaCaniquédus s6iifor Mhe catlya df Examplef t hr ee
washes. Exanple 37: The procedure for Conparative Exanple 34A was fol | oned

except at 30 E@@a@{!.d%ofﬁbr?enTePVNseIéf:qu@rﬁﬂdﬁﬁs‘iﬂ gb‘eﬁ@%ﬁﬁé'lﬁ%@ém-ﬂ?&e

procedure for Corrpara i ve Exanpl e 34A was fol |l owed except at "80C and for a
total of threeg ﬁgﬁgﬁ&% procedure for Conparative Exanple
34A was foll owe xcept ]C:S ‘or a total of three washes. 15 4.
Drying step The beads were dried at 95C for fifteen hours in a forced air
oven. 5. Reduction step Reduction for each exanple was carr ied out in a

gl ass or quart 2,1 ihR WESHHE “ATAL 5T PRECURSOR AT 40-100°C

Examples 34-39 and Comparative Examples 34A and 35A

10 1. Impregnation step
A solution of 0.7999 g of HAuC143H20. and 1.4728 g of KdeCh in 36.12 mL of DI
water was used to impregnate 70 g of KA-160 at ro;)m temperature by an incipieni
wetness technique. The KA- 1l60 was placea in a round bottorn flask of glass with
UV-protection. After pouring the solution over the KA-160, the flask was connected
15  to arotary evaporator. The flask was rotated for 5 minutes.
2. Fixing step
The impregnated beads were transferred to a flat bottom flask of glass covered with
q.lum'inum foil for UV-protection. The fixing solution of Na,SiO; (1.5691 g in 525
mL of water) was poured over the beads. The solution was rotated for 10 minutes ;u
20  room temperature and then left overnight (15 hours) in ;1 dark cabinet.
3. Washing step
Comparative Example 34A: The beads was washed by immersing them in 1 L of D.I. -

water at room temperature. The water layer above the bead was gently stirred for
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tube furnace. The beads were heated in nitrogen at 150C for one hogr[' W(Rdlﬂ{lﬁ
then 20 heated further by a nitrogen flow which increased the tenperature to
300C and held t enperature for a half hour in nitrogen and for one
hour in a et hyfvz)r@;’%qhs})gen fl ow. The beads were cool ed thT@&?P%}ﬁﬁér ature
in nitrogen. 55 2 4 MAR 2006 WD 20041011137 PCT1US20031023734 6. . Pronoting
step The reduced sanples were pronoted with 7 wt. % potassi um acetate (a

sol ution of eppre¥imatsln4 hogee The water 33F dedanied aml rEplagest with er hdigfi ent
wetness. 7. Final drying step. 5 The catal ysts were placed rn an oven at
room t enper at ke wattheThie poesdurewas repeatediforcr tombaffodrovdsB&C. The cat al ysts wer.e
dried at 120C for one hour in nitrogen. Table 10: WAsh Tenperature

Exanpl eReact i BriAipade Thel propedoad for Contpdrythie BxakpROgugl vebs followed exc?t at
Conpar at i vel38. 095. 0296. 1 Exanpl e 34A138. 094. 9302. 6 (R139. 094. 8306. 3

149. 093. 3409. o thdl83: Bkl df BrebdsR93. 4410. 6 158. 091. 1497. 4 158. 091. 0495. 8
158. 091. 1494. 8 Exanpl e 34A139. 094. 6299. 9

5 Example 35: The procedure for Comparative Example 34A was followed except at
50°C and for a total of thr'ee washes.
Exampl_c 36: The procedure for Comparative Example 34A was followed except at
60°C and for a total of three washes.
Example 37: The procedure for Comparative Example 34A was follpwed except at
10 70°C and for a total of three washes.
Example 38: The procedure for Comparative Example 34A was followed except at
80°C and for a total of three washes.
Example 35A: The procedure for Comparative Exémple 34A was followed except at
100 °C and for a total of three washes.
15 4. Drying step
The beads were dried at 95°C for fifteen hours in a forced air oven.
3. Reduction step
3 Reduction for each example was carried out in a glass or quartz tube heated with a
tube furnace. The beads were heated in nitrogen at 150°C for one hour and then
20  heated further by a nitrogen flow which increased the temperature to 300°C and held
at that temperature for a half hour in nitrogen and for one hour in a ethylene/nitrogen

flow. The beads were cooled to room temperature in nitrogen.
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(40C Wash) 139. 094. 7306. 6 139. 094. 7309. 5 148. 093. 3385. 6 149. 093. 2401.224 MAR 2006
149. 093. 140. 1. 3 158. 090. 9474. 0 158. 090. 8476. 3 158. 090. 7480. 6 Exanpl e

35140. 094. 8358. § (28 h) 141. 594. 5353. 7 141.594.7353.6 14
148. 093. 4448. 9 14?(8. 8@5@238 5 158. 090. 6538. 7 158. 090. 7542. 4§Eg@§g§§é@g8 5

56 2 4 MAR 2006 WO 2, 004/ 011137 Exanple 36141.594.9349.1 (60C

Wash) 141. 594. 9§6g§06 éAl. §§4. 8354.5 149.593. 7475.5 149.593. 6457.0
149. 593. 6457. 0159, E8%R6. 1 160. 091. 3550. 4

The reduced samples were promoted with 7 wt.% potassium acetate (a solution of
‘ 0..1673 g of KOAc in 1.4337 mL of D.I. wafer) by incipient wetness.
7. Final drying step.
5 The catalysts were placed in an oven at room temperature. The temperature was

increased to 120°C. The catalysts were dried at 120°C for one hour in nitrogen.

Table 10: Wash Temperature
Example Reaction | VA Space
\ # Temp. Selectivity | Time
’ °C (%) Yield
Comparative | 138.0 95.0 296.1
Example 34A | 138.0 94.9 3026
(RT) 138.0 94.8 306.3
149.0 93.3 409.6
149.0 93.3 4145
149.0 93.4 410.6
158.0 |1 91.1 4974
158.0 91.0 495.8
158.0 91.1 494.8
Example 34A | 139.0 94.6 299.9
(40C Wash) | 139.0 94.7 306.6
139.0 94.7 3095
148.0 93.3 385.6
149.0 932 401.2
1490 . [93.1 401.3
H 158.0 %0.9 4740
' 158.0 90.8 476.3
158.0 90.7 480.6
Example 35 | 140.0 94.8 358.8
(50C Wash) | 141.5 94.5 3537
141.5 94.7 353.6
148.0 - 93.4 451.8
148.0 93.4 448.9
148.0 934 438.5
158.0 90.6 538.7
158.0 90.7 5424
158.0 90.8 538.5
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160. 091. 4548. 0 Exanpl e 37140. 094. 9340. 4 (70C Wash) 141.594. 7351.5 74 MAR 7006
141.594. 9348. 4 149. 093. 8427.7 149.093. 7431.5 149. 093. 8425. 8 159, 591. 3530. 8

159, 091. 1523. 4 §%RRM$H23. 0 Exanpl e 38141.094. 9342. 2 (80G,
148. 094, 201 5U5§003/023734

Wash) 141. 595. 0341. 7 141. 595. 0346. 3 148. 094. 0412. 0

148. 094. 2416. 7 159. 091. 7530. 7 159. 591. 6524. 9 159. 591. 6528.7

Conpar ati vel37
148. 093. 1365. 8
159. 590. 1470. 6

—

Al 2,
ALO T .

1

5 (100C Wash137.594. 6269. 1
090. 1469. 7 159. 590. 2470. 8

T
( . 03%3 : 14 )g§. 3. 037 Y .6158'
. 1141.5 94.8 354.5
149.5 93.7 475.5
149.5 93.6 457.0
149.5 93.6 457.0
159.0 91.6 546.1
160.0 91.3 550.4
160.0 91.4 548.0
Example 37 | 140.0 94.9 340.4
(70C Wash) | 141.5 94.7 351.5
141.5 949 348.4
149.0 93.8 427.7
149.0 93.7 431.5
149.0 93.8 425.8
159.5 91.3 530.8
159.0 91.1 5234
159.0 91.3 523.0
Example 383 | 141.0 94.9 3422
(80C Wash) | 141.5 95.0 341.7
141.5 95.0 346.3
148.0 94.0 412.0
148.0 94.2 413.2
148.0 94.2 416.7
159.0 91.7 530.7
159.5 91.6 524.9
159.3 91.6 528.7
Comparative | 137.5 94.5 269.8
Example 35A | 137.5 94.6 270.5
(100C Wash) | 137.5 94.6 269.1
148.0 93.1 365.8
149.0 93.0 381.0
149.0 93.0 372.6
158.0 90.1 469.7
159.5 90.2 4708
90.1 470.6

159.5

The catalysts were evaluated in the reactor in the conditions as described above. The

results for VA selectivity and space time yield are shown in Table 10. The data

illustrates the advantages of a catalyst having a wash at 50-80°C, preferably 50-60°C.
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PCT1U 520031023734 The catal ysts were evaluated in the reactor int % MAR 2008
conditions as described above. The results for VA selectivity and acé :
time yield are ‘%@own in_Table 10. The data illustrates the advantages of a
catal yst havi ng"aq WH&3T 50-80C, preferably 50-60C. 57 2 4PSEESPOVRIMO

2004/ 011137 PCTI US2003/ 023734 The catal yst of Exanples 34-38 has as good or

better VA selectivity and consistently better space tine yield ags the

catal yst of Co %P%%ﬁ?@fg&%‘ﬁg?se?‘%ﬂséﬁ bemMmWMW Y 5
Exanpl e 39-42 1. Inpregnation step. A solution of 0.3426 of HAuCL 3H20 and
0.6312 g of biertgrap%nmsy@bigtbwat@rstﬂﬁflempmve@wme@%gﬂ@mte 30. 044 g
of KA-160 at roomtenperature (R T.) by an incipient wetness technique. The
KA-160 was placed in a 0.5 liter round bottom 10 flask. After pouring the
solution over the KA-160, the flask was connected to a rotary evaporator.

The flask was REDUCTONIIROINTIROGEN m nutes until all the solution was
adsorbed by the support. 2. Fixing step. 0.6735 g of Na2Si 3 was di ssol ved

in 27 m ofsD. Exaﬂgﬁggg.@The inpregnated 15 supports fromstep 1 were
reacted with the fixing solution by pouring the fixing solution over the
beads. The m xfure L, jn a beaker and rotated for ten "mnutes. The-
beaker was placed in"adark cabinet. The fixing reaction was allowed to

Phen removed from 145 pgf SRR HAL, S ool B oF Rord B ST 0 °
The water | ayehr %vta)a C\ll%ag Qseedqg ?rggreg\’\x% e 9695'&4 é/ ots}t(jﬁ.[f&%t foorty {ym%gllamrg &ET.) by
an incipient wetess techniqufa. The KA-160 was placed in a 0.5 liter round bottom
10 flask. After pouring the solution over the KA-160, the flask was connected to a rotary
evaporator. The flask was then rotated for ten minutes until all the solution was
adsorbed by the support.
2. Fixing step.
0.6735 g of Na;SiO; was dissolved in 27 ml of D.L water. The impregnated
15  supports from step 1 were reacted with the fixing solution by pouring the fixing
solﬁ;ion over the beads. The mixture was placed in a beaker and rotated for ten
minutes. The beaker was placed in a dark cabinet. The fixing reaction was allowed to
} proceed for 24 hours at room temperature | |
3. Washing step.
20 The beads were then removed from fixing media and were immersed into 1L
of water at 50°C. The water layer above the beads was gently stirred overnight. The

wash water was decanted the next day and replaced with another 1L portion of water.

The washing/decanting procedure was carried out a total of 4 times to decrease
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wash water was decanted the next day and replaced with another 1L poi:gipﬁg @E
wat er. The washi ng/ decanti ng procedure was carried out a total of 4¢Tt g '
to decrease 58 06 WO 2004101 1137 PCTI US2003/ 0237 nt..of
chlorine ions t%oéP%nﬁdggO ppm wherein the final decant gi 8‘@2’85?%1”2"@%??%
result to a silver nitrate test. 4. Drying step. The inpregnated supports
were then dried for fifteen hours at O5C in.a forc Lr_5.oven. 5,

Reduct i on stepcgm}@l%@ PR Wtﬁ%o??“brmﬁ’g%dm&%ytrg’w &RV a
glass or quartz tube heated w th a tube furnace. One portion of the

catal yst precuFssg} OasverauRaletesty a nitrogen flow (rate 300-330 nmilnin) from
roomtenperature to 150C for one hour. The beads 10 were further heated in a
ni trogen flow fo 300WinEMePone hour. After 1 hour of reduction, the beads
were then cooled to roomtenperature under nitrogen. Exanple 40: The

reduci ng pr ocedurlde dbpregnaalssuppqres axeeslthen driechfor figeeplmurs 195% int hferced adral yst
precursor except it was reduced at 450C. Exanple 41: One portion of the

cat al yst pr®cuownr was heated in a nitrogen flow (rate 15 300-330 m/mn)
fromroomtenperature to 150C for one hour. The beads were further heated
in a nitrogen §l ow gGuefiGdpor @ half hour. The nitrogen flow was

mai nt ai ned and a 5% vol une of hydrogen in nitrogen m xture was introduced at

a_ flow of 32@;@@», @:/ﬁébduﬁfﬁﬁﬁérogccﬁu@ w?ag&ﬁm@m big! fa>%.

( 1 o e
hydr ogen in gen m xture waS turned o eavi ng the pure nitrogen flow.

The beads v I | Ltir- .
The beds et culd 00! B k2P RIS Il RSy,
% of ot assi k. acel, 3l oK OYeknf ok ARl Slkral5h oD 3500 A TRERdR"2" @

placed into a

10  were further heated in a nitrogen flow to 300°C for one hour. After 1 hour of
reduction, the beads were then cooled to room temperature under nitrogen.
Example 40: The reducing procedure above was repeated for another portion of the
catalyst precursor except it was reduced at 450°C.,
Example 41: One portion of the catalyst precursor was heated in a nitrogen flow (rate
15 300-330 ml/min) from room temperature to 150°C for one hour. The beads were
further heated in a nitrogen flow to 300°C for a half hour. The nitrogen flow was
maintained and a 5% yolume of hydrogen in nitrogen mixture was introduced at a_
flow of 300-330 m/min. After 0.5 hour of reduction at 299°C, the 5% hydrogen in
nitrogen mixture was turned off leaving the pure nitrogen flow. The beads were then
20  cooled to room temperature under nitrogen.
6. Promoting step.
The reduced impregnated supports were promoted with 6-7 wt. % of potassium

acetate (KOAc) by incipient wetness technique. Beads were placed into a flask.
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59 2 4 MAR 2006 WD 2004/011137 PCTI US2003/ 023734 7. Final drying stﬁ) M-m%[}ﬁ
catal ysts were separately placed in an oven at roomtenperature. The

t enperature vvas“jd%{;@f}?ﬁgl to 120C. The catal ysts were dr iegcﬁbszjoﬁﬂ 3,;39r one
solu

hour in a nitrogen ow. 5 Exanple 42 1. Inpregnation step. ion of
0.571 g of HAud 4' 3H20 and 1.052 g of K2PdCl4 in 26.1 m of DI water was

used to inpregnate 5Q. f. KA-160 at roomtenperature (R T.) by an
i nci pi ent wet negs tegWﬁ‘%ﬁ‘@.gi%e KA- 160 was placed in a 0.5 liter round

bottom 10 flask. After pouring the solution over the KA-160, the flask was
connected to a rotgeycatalysts Siers sqparaighp placed iin \aRsOMeR et TPOIRCReRFe. ¢ chhe

m nutes until all the solution was adsorbed by the support. 2. Fixing step.
0. 224505 g of NezSeasroass icesssdie d20%¢. gThe catalys, were dredst, 120%efor epe Beiat ed
15 support fromstep 1 was reacted with the fixing solution by pouring the
fixing sol uti onin onogenflowbeads. The m xture was placed in a beaker and
rotated for five mnutes. The beaker was placed in a dark cabinet. The
fixing react§onExaspladpowed to proceed for 24 hours at roomtenperature 3.
Washi ng step. 20 The beads were then renoved fromfixi ng nedia and were

imrersed into 1k of el Mandsteg)C. The water layer above the beads was
gently stirred overni ght. The "wash water was decanted the next day and

(2B!coed i anouhes g oon pb ek g, e YRR T Bl 2 e o
D1 water was used to impregnate 50 g of KA-160 at room temperature (R.T.) by an
incipient wetness technique. The KA-160 was placed in a 0.5 liter round bottom

10  flask. After pouring the solution over the KA-160, the flask was connected to a rotary
evaporator. The flask was then rotated for ten minutes until all the solution was
adsorbed by the support.

2. Fixing step.
0.224505 g of Na;SiOs was dissolved in 9 ml of D.I. water. The impregnated

15  support from step 1 was reacted with the fixing solution by pouring the fixing solution
over the beads. The mixture was placed in a beaker and rotated for five minutes. The
beaker was placed in a dark ;:abinet. The fixing reaction was allowed to proceed for

j 24 hours at room temperature

3. Washing step.

20 The beads were then removed from fixing media and were immcrsé’d into 1L
of water at 50°C. The water layer above the beads Was gently stirred ovemigi]t. The
wash water was decanted the next day and replaced with another 1L portion of water.

The washing/decanting procedure was carried out a total of three times to decrease
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2 4 MAR 2006 WD 20041011137 PCT/ US2003/ 023734 content of chlorine igzné M) ‘
around 50 pppm wherein the final decant gives a negative result t MAR' 200

silver nitrate Ww8Shoswfrizy Oryi ng step. The inpregnated supp n
dried for fifteen ﬁours at 95Cin a forced air 5 oven. 5.%@%%@#3@#@%%

The reduction procedure was carried out in a glass or quartz tube heated
with a tube fyrnace. e catal yst or, was .heat i.n,anitrogen flow -
(rate 300-330 L‘J:r('ﬁl ﬁ%rr?ﬁ?f)c ﬁ]lopg&%]artogﬁt{)g(?gﬁur\gh%nfgo%afg?éagh@vFﬁoﬁpt? P beads
were further 10 heated.in a nitrogen flow to 300C for a-half hour. The
nitrogen flow \X&‘%‘itﬁ%i’ﬁ{"éfﬂ’gateteasﬁd a 5% vol une of ethylene in nitrogen

m xture was introduced at a flow of 300-330 nml/mn. After 1.5 hour of

reducti on at 3¢0C, DmEngseRt hyl ene in nitrogen m xture was turned off

| eaving the pure nitrogen flow. The beads were then cooled to room

t enper at ur e underThei impregoated aupports were thenidnigd fur difteeThanrs aRH0E & 2 fscadpiat ed
supports were pronoted with 6-7 wt % of potassium acetate (KQOAc) by

i nci pi ent w8t nesan.t echni que. Beads were placed into a flask. 7. Final drying
step. The catal ysts were separately placed in an oven at roomtenperature.
The 20 tenper gt ur eRp@rtibngéased to 120C. The catal yst was dried at 120C
for one hour in a nitrogen flow. 61 2 4 MAR 2006 WD 2004101 X37

PCTI US2003/ 023734 Tahd Rdvckion PRIGedirt @8 datridd duf BGES)ass B Eﬁdr&rlﬁbe He%AA AGAN
Exanpl eReact i onVASpace
tube furnace. The catalyst precursor was heated in a nitrogen flow (rate 300-330
ml/min) from room temperature to 150°C for one hour. The beads were further
10 _ heated in a nitrogen flow to 300°C for a half hour. The nitrogen flow was maintained
and a 5% volume of ethylene in nitrogen mixture was introduced at a flow of 300-330
ml/min. After 1.5 hour of reduction at 300°C, the 5% ethylene in nitrogen mixture
was turned off leaving the pure nitrogen flow. The beads were then cooled to room
temperature under nitrogen.
15 6. Promoting step.
The reduced impregnated supports were promoted with 6-7 wt. % of potassium
acetate (KOAc) by incipient wetness technique. Beads were placed into a flask.
7. Final drying step.
The catalysts were separately placed in an oven at room temperature. The

20  temperature was increased to 120°C. The catalyst was dried at 120°C for one hour in

a nitrogen flow.
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#Tenp. Sel ectivityTime CYield Exanpl e 39140. 094. 4283. 2 iM
(N2- 300C) 140. 094. 5284. 3 140.094. 6286. 4 151.592.9423.8 150. 093. 3403. 3 AR 2006

150. 093. 3404. 9@5@@9}1. 0510.7 160.090. 8521. 3 160. 090. 8518. 0 Exan(gl e
40142. 094. 1420 MA¥00) 141. 594. 3407. 3 141.594. 3405. 9 14FFEH283057Y

150. 092. 8501. 3 149. 092. 8497.5 159. 090. 1590. 5 161. 589. 6601. 3 162. 089. 5596. 8

162. 089. 6595, p—Exampie 11,40._09-5.-1886%!4%3@0@)—1-40. 095. 0370. 8
140. 095. 1362, pT28l8 14y Reduesionin Nitrogens EthylenesHydrpgend 7458 5 159. 091. 6557. 3

"~ | Example Reaction | VA Space
# Temp. Selectivity | Time
°C (%) | Yield

Example 39 | 140.0 04.4 2832
(N2-300°C) | 140.0 94.5 284.3
140.0 94.6 286.4

151.5 92.9 4238

150.0 93.3 403.2

150.0 93.3 404.9

159.0 01.0 510.7

160.0 90.3 521.3

160.0 90.8 = |518.0

Example 40 142.0 94.1 420.6
(N-450°C) | 141.5 54.3 4073
141.5 94,3 405.9

149.0 92.8 500.9

150.0 9.8 501.3

149.0 92.8 497.5

159.0 90.1 500.5

161.5 80.6 601.3

162.0 89.5 506.8

162.0 89.6 595.5

Example 41 140.0 95.1 386.6
(H,-300°C) | 140.0 95.0 370.8
140.0 95.1 362.6

152.0 93.0 491.5

151.0 93.7 4622

150.0 93.7 458.5

159.0 91.6 5573

1590 . |915 565.1

159.0 91.6 560.5

Example 42 | 1380 = | 94.4 280.7
(C:H-300°C) | 138.0 94.6 284.4
137.5 94.6 266.0

1480 .| 93.0 394.5

149.0 93.0 381.2-

149.5 92.9 407.2

160.0 89.6 536.0

163.0 86.4 555.7

162.0 89.7 552.4

162.5 80.7 556.7

62



159. 091. 5565. 1 159. 091. 6560.5 Exanpl e 42138.0 ..94.4280.7 4 MAR 7006
(C2H4- 300C) 138. 094. 6284. 4 137.594.6266.0 148.0 .93.0394.5 149. 093. 0381. 2-

149. 592. 9407. 2 W& S0dBR18536. 0 163. 089. 4555. 7 162. 089. 7552. chaz20030237m56. 7
62 2 4 MAR 2006 WD 20041011137 PCTNS2003/ 023734 The catal ysts were eval uat ed
in the reactor in the conditions as descri bed above. The results for VA

sel ectivity anghspaAG:d wdfE eVdifldh ialik regﬁce&ﬁ&s%desmﬁemae. The

il lustrates the advantages of a catal yst ced wth nifrogen. The cat al yst
of Exanple 39 Lt ) L il . C ' yield

bet ween t hat SN% ﬁc}ks f?ﬁgﬁggcé%@tag&]gq%%@anﬁgiegg&%}{%%ﬁ jgb%ﬁédﬁg%gﬁ? 300C, and-
et hyl ene, 300 respectjvel v). By i.ngreasipg.the nitragen reduction

t enperature t(%llggﬁ%sptﬁ%%dva tﬁg‘%lo§§¥mw&§<@ﬁ#®ﬂhﬁﬁﬁﬁ?' Vﬁ%géftélg%i@i ty and
space tinme yield c rable to or exceeding that for, the catal yst of

Exanpl e 41 (hy}émaﬁ%?@@emﬂh@@fﬂmﬁ% f@?ﬁcmmﬁﬁmemlm% a43.45 and
Conpar ati ve Exanples 39A and 39B 1. Inpregnation step A solution of 0.5714

)ﬁ‘ﬁ%ﬂ

g of HAuC143H2for heFaplystof Egaraplesdimpd#2 (h 13007C, aaf ethrylengd08FCovas used to

i npregnate 50 g of KA-160 at roomtenperature by an incipient
respectively). By increasing the nitrogen reduction temperature to 450°C, the

catalyst of Example 40 has VA selectivity and space time vield comparable to or

exceeding that for the catalyst of Example 41 (hydrogen, 300°C).

10 AMOUNT OF PROMOTING AGENT
Examples 43-45 and Comparative Examples 39A and 39B
1. Impregnation step
A solution of 0.5714 g of HAuCL3H20 and 01.052 g of K;PACL, in 26.1 mL of DI
water was used to impregnate 50 g of KA-160 at room temperature by an incipient
15 wetness technique. The KA—1§0 was placed in a round bottom flask of glass. After
pouring the solution over the KA-160, the flask was connected to a rotary evaporator.
The flask was rotated for 10 minutes.
2. Fixing step
The impregnated beads were transferred to a flat bottom flask of glass which
20  had a magnetic stirrer. The fixing solution of NapSi0O4 (1.1208 g in 37.5 mL of water)
was poured over the beads. The flask was rotated for 10 minutes and the sample was
then transferred into a dark cabinet. The fixing reaction was allowed to proceed for

15 hours at room temperature,
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15 wetness techni que. The KA-160 was placed in a round bottom flask .0 0%
gl ass. After pouri ng the solution over the KA-160, the flask was cor?nlbmp\e@

to a rotary evaRgaifhsy The flask was rotated for 10 m nut geymeaeodnizytsiy
step The |rrpregnatecf beads were transferred to a flat bottomflask of glass

which 20 had a magnetic stirrer. The fixing solution of Na2Si O3 (1.1208 g
in 37.5 nL of wat @falnin poured over the beads. The flask was rotated for
10 m nutes and the sa was then transferred into a dark cabinet. The

2 4 W E‘Séta'b% 5 A6 %&#&%@%@%ﬁ%‘%‘%‘ﬁ%b%ﬁ?%{@m ThE E‘éﬁ;@? >
Bbove the bead VAR TEhAyedrd et et st ol BBy Rbabiag et TR or v

decanted and replaced with another wat er . Thi s procedure was 5
repeat ed for a Yadsfantsd %HMW&‘“mi&m‘ﬁ’Qﬂn@J@Ié’ﬁ‘thghBMB%ﬂ@sdr| ed at
95C for 15 hours in a forced air oven. 5. Reduction step Reduction was .
carried out 3 n@@&df@@%%?@hﬁ%be heated with a tube furnace. The 10
beads were heated in 150C for one hour by a nitrogen flow and then the
tenperature waks Dndmgsiered t o 300C and held at that tenperature for a half
hour in a nitrogen flow The nitrogen flow was nai ntai ned and a 5% vol une
of et hyl ene i n Thethesdsavererisiédut 65°Chas 13 duroidudeediir avdnl ow of 300- 330 m / mi n.
After one hour of reduction, the 5% ethylene in nitrogen m xture was turned
of f I eaving the, préducion étggen flow. The beads 15 were cooled to room
tenperature in nitrogen. 6. Pronpting step

Reduction was carried out in a glass or quartz tube heated with a tube furnace. The

10  beads were heated in 150°C for one hour by a nitrogen flow and then the temperature

was increased to 300°C and held at that temperature for a half -hour in a nitrogen flow.

The nitrogen flow was maintained and a 5% volume of ethylene in nitrogen mixture

was introduced at a flow of 300-330 ml/min. After one hour of reduction, the 5%

ethylene in nitrogen mixture was turned off leaving the pure nitrogen flow. The beads
15  were cooled to room temperature in nitrogen.

6. Promoting step

Reduced samplc were promoted with potassium acetate by incipient wetness in

y the following amounts:

Example Reduced sample KOQOAc HQ wt.% KOAc*
20 43A 3.4768¢ 0.03476g  2.086g 1
44A 3.5837g 0.1075 g 2.174 ¢ 3
43 33239g '0.166 g 1972 ¢ 5
44  2.7838¢g 0.167 g 1.6517 g 6
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Reduced sanple were pronoted with potassium acetate by incipient wegfgg@ iﬁﬁ
the foll owi ng amounts: Exanpl eReduced sanpl eKOACHQW . % KOAc* 2043A3% & 2006

g0. 03476 g2.08 837 g0. 1075 g2.174 g3 433.323990.
442.783890.167318%%4@9@”24 2 4 MAR 2006 WD 20041011137PCT[d&ﬁ%ﬁ%@%%@gﬁ
452. 7874 g0.195 gl.65 g7 462.8288 g0, 2263 gl.6961 g8 472. 7871 g0. 2508

gl. 6556 g9 482. 7966,40. . 6623 gl 3.35 % 4029 g1.99 gl12 *w.%
based only on wei gh‘%ﬁof %Z.g&?&%éd sanpl e&l%lgqu naﬁ%g ing step Tﬁe cat al yst

was placed in an ov at m t enper at The rature was, increased to
120C. The cat al yst S cﬁ'#@gg n a nitrgggﬁr?%lowagﬁggﬁgoc for ong hour. 10 '

Goh) vield 50 &1 Bl & BkEan. 060, 0632k o) 1380868 062. 5 5
48 2.7966 g 0279 g 1.6623 g 10
5 49  3.3580¢g 0.4029 g 1.99¢g 12
*wt.% based only on weight of reduced sample
7. Final drying step
The catalyst was placed in an oven at room temperature. The temperature was

increased to 120°C. The catalyst was dried in a nitrogen flow at 120°C for one hour.

10

Table 12: Wt.% of KOAc

Example Reaction | VA Space

# Temp. Selectivity | Time
°C (%) Yield

' (50 psig)

Example 43A | 138.0 89.6 62.4

(1%) 138.0 89.0 62.8
138.0 89.2 62.7
149.0 84.5 81.9
149.0 84.2 82.3
158.0 80.2 100.6
158.0 79.5 100.9
158.0 79.6 102.2

Example 44A | 138.0 93.0 114.0

(3%) 138.0 93.0 115.6
139.0 92.9 117.9
151.0 50.9 198.8
149.0 91.2 175.2
157.0 89.7 2159
157.0 89.6 2224
158.0 89.4 228.2

Example 43 140.0 94.3 2174

(5%) 140.0 94.3 226.6
140.0 94.5 228.8
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138. 089. 262. 7 149. 084. 581. 9 149. 084. 282. 3 158. 080. 2100. 6 158. 079. 519 .
158. 079. 6102. 2 Exanpl e 44A138. 093.0114.0 (3% 138. 093.0115.6 139. 092! 81%.2805

151. 090. 9198. 8 175.2 157.089. 7215.9 157.089. 6222. 28. 2
Exanpl e 43140. 6%‘2%’3%%”2 (5% 140. 094. 3226. 6 140. 094. 5228. 8$ééﬁ§2@§lgl\3&éﬁ2006
WD 20041012137 151.592. 7332.0 151.592. 7339. 2 151.592. 7340. 9. 160. 090. 4411.5

160. 090. 4418. 47160670907 34327% Egﬁpll € 241G, P94. 7317.9 (69 139. 094. 8323.0
‘ 151.5 92.7 339.2
151.5 92,7 340.9
160.0 90.4 4115
160.0 90.4 4184
160.0 90.3 422.1
Example 44 139.0 94.7 317.9
(6%) 139.0 948 323.0
: 140.0 04.8 321.5
150.0 03.2 428.3
149.5 93.3 424.2
149.5 93.3 420.2
159.0 90.6 506.2
159.5 90.6 508.7
159.5 90.7 507.7
Example 45 138.0 95.2 .288.7
(7%) 139.0 95.1 3119
. 139.0 95.2 316.3
150.0 93.7 4383
150.0 93.6 438.6
150.0 93.6 440.5
159.0 91.7 5254
155.0 91.8 527.8
159.0 91.7 327.8
Example 46 141.0 95.0 335.0
(8%) 141.5 05.1 341.5
141.5 05.1 343.1
149.0 93.9 429.2
150.0 93.6 478.0
150.0 .| 93.8 436.3
160.0 91.7 537.7
160.0 91.5 541.7
160.0 91.7 534.3
Example 47 - | 140.0 | 95.1 323.6
(9%) - | 140.0 05.1 325.7
141.0 05.2 325.5
149.0 94.6 411.6.
149.0 04.1 409.7
149.0 94.2 409.6
160.0 91.9 518.0
160.0 917 521.8
160.0 91.7 . 518.5
Example 48 138.0 95.1 295.3
(10%) 140.0 85.1 301.7
140.0 85.1 308.3
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140.
159.
139.
159.
141.
160.
141.

094.
590.
095.
091.
595.
091.
095.

8321
6508
2316
8527
1343

5541.
2325.

10

15

.5 150. 093. 2428.
.7 159. 590. 7507.

3

7
'3 438.3 150.093. 6438. 6 150. 093. 6440. 5 159. 091. 7525. 4
.8“%‘38“.“%8’%.‘ 527.8 Exanpl e 46141. 095. 0335. 0 (8%"fﬁ'¥5§?§‘8’}’?§i‘1.5
.1 149.093.9429. 2 150.093. 6478.0 150. 093.8436. 3 160. 091. 7537. 7

149. 593. 3424. 2 149. 593. 3420. 2 159. 0902§§%%.2§05
Exanpl e 45138. 095.2.288.7 (7% 139. 095”1 .

160- ng75§£¥8.8 ‘Q'dﬂi e 47%‘8%._2095. 323.6 (9% 140. 095. 1325. 7
149.0 93.9 389.4
149.0 94.0 384.4
158.0 92.0 473.9
158.0 91.9 470.8
1 158.0 92.0 464.8
Example 49 137.5 95.1 177.8
(12%) 138.0 95.2 180.7
138.0 95.2 185.6
148.0 93.9 257.8
149.0 93.8 260.5
149.0 94.0 262.7
158.0 91.8 3344
158.0 91.7 336.9
158.0 91.8 3434

The catalysts were evaluated in the reactor in the conditions as described above. The
results for VA selectivity and space time yield are shown in Table 1-2. The data
illustrates the advantages of a catalyst promoted with potassium acetate in the rangé
of from about 5 to about 12 wt.%, preferably about 6 to about 10 wt.%, more
preferably abo.ut 7 to about 8 wt.%. The catalysts of Examples 43-49 have better VA

selectivity space time yield than the catalysts of Comparatives Example 43A and 44A.

FINAL DRYING IN N,
Example 50 and Comparative Example 50A

1. Impregnation step

A solution of 0.6852 g of HAuCL3H20 and 01.2622 g of K;PdCl, in 35.25 mL of DI
water was used to impregnate 60 g of KA-160 at room temperature by an incipient
wetness technique. The KA-160 was placed in a round bottom flask of glass with

UV-protection. After pouring the solution over the KA-160, the flask was connected
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149. 094. 6411. 6. 149. 094. 1409. 7 149. 094. 2409. 6 160. 091. 9518. 0 160. 0912.@%@1 @F
160. 091. 7518. 5 Exanpl e 48138. 095. 1295. 3 (109 140. 095. 1301. 7 140. 095.°1 2:9 )
PCT1U S20(QB1023734 66 2 4 MAR 2966 WO 2004/011137 148. 094. 1386. 2

149. 093. 9389. 4 W@3'WHA113B84. 4 158. 092. 0473. 9 158. 091. 9470. SPEHYSOI028Ue4. 8
Exanpl e 49137.595.1177.8 (12% 138. 095. 2180. 7 138. 095. 2185. 6 148. 093. 9257. 8

149. 093. 8260. 5 149. 094. 0262. 7 158. 091. 8334. 4 158. 091. 7336.9 158.091. 8343. 4
to a rotary evaporator. The flask was rotated for 50 minutes. After the rotation was
~

stopped, the impregnated support was let stand for one hour.
2. Fixing step
The fixing solution of Na;8i0s (0.2316 g in 20 mL of water,) was poured over one-
5 sixthof the beads. The solution was left for 24 hours at room temperature.
3. Washing step
The beads were washed by immersing themin1 L 6f D.1. water at 50°C. The
water layer above the bead was gently stirred for approximately 24 hours. The water
was decanted and replaced with another 1 L of D.I. water. This procedure was
10  repeated for a total of three washes.
4. Drying step
The beads were dried at 95°C for 17 hours in a forced air oven.
5. Reduction step
Reduction was carried out in a glass or quartz tube heated with a tube furnace. The
15  beads were heated in 150°C for one hour by a nitrogen flow and then the temperature
was increased to 300°C and held at that temperature for a half hourin a nitrogen flow.
The nitrogen flow was maintained and a 5% volume of ethy}ene in nitrogen mixture
was introduced at a flow §f 300-330 m]!rmn After one hour of reduction, the 5%
ethylene in nitrogen mixture was turned off léaving the pure nitrogen flow. The beads
20  were cooled to room temperature in nitrogen.
6. Promoting step
The reduced sample was promotéd with 7wt.% potassium acetate by incipient

wetness.
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PCTI US20031023734 The catal ysts were evaluated in the reactor in th .
conditions as described above. The results for VA selectivity and gzp%\@éR 100t
time yield are . in.Jable 12. The data illustrates the_advantages of a
catal yst pr omt‘zggw{ohﬂ%t assium acetate in the range 5 of ?6%23??@3{7345 to
about 12 wt.% preferably about 6 to about 10 wt.% nore preferably about 7
to about 8 wt. % The catal ysts of Exanpl es-43-49 have better VA
selectivity spac-e tFWé“WlégﬁePhan the catal ysts of Conparatives Exanple 43A
and 44A. 10 FINAL DRYING IN NI Exanpl e 50 and Conparative Exanple 50A 1.

| npr egnat i on st eplha catalyst wasidividedin®aso eguabpartsAuC143H20 and 01. 2622 g of
K2PdC a in 35.25 nL of DI water was used to inpregnate 60 g of KA-160 at
room t enper at ur e Bxample 50rci pOmnpart Masvpldced S8 dneaveni sfueomT tempéAnir€0 TiRS
placed in a round bottomflask of glass with UV-protection. After pouring
the sol ution ovenehh@atlidwid Facréabe bolgaxK TRScEMNFal 85kdoal 93°cH ilP\RretdQff WO
2004/ 011137 PCT/ US2003/ 023734 to a rotary evaporator. The flask was rotated
for 50 mnugses. AftflariPRodrot ati on was stopped, the inpregnated support was
| et stand for one hour. 2. Fixing step The fixing solution of Na2Si G3

(0.2316 g in 20 O}ﬂe\é\%)( e’i‘hg oﬁi@?ps&?%? Sech a%n&fen%&%%gﬁ%m}t@r% ds.

solution was | eft "hour s at*room grrpera ure. ng step The
beads were washed by imersi.ng them 5., of |, water.at 50C. The water
| ayer above the 835%”%? ‘baérﬂ’&ﬁasg‘?itq ?@d&f (L)xhca'ﬁ%yéki“’ﬁﬁfiﬁf‘{/“‘zﬁ DIEAGFS HO%he

wat er was decantgg ng rei)%)?(c:id with another 1 L of D.I. water. This
procedure was 10 ¢ E'@gl“@d‘t O PEAPof three washes. 4. Drying step

The

Table 13: Drying in Air v, Nitrogen
Example Pd Au Reaction { VA Space Expected
# Wt.% Wt.% | Temp. | Selectivity | Time Space
Calculated | Calculated { (°C) (%) Yield Time
(Actual) (Actual) (50 psig) | Yield @
120 psig
Comparative | 0.63 0.52 140 93.5 245 490
Example 50A | (0.56) (0.18) 150 92.3 310 620
(Air Dry) 160 89.6 380 760
Example 50 | 0.632 0.52 140 934 255 510
(N; Dry) (0.56) (0.18) 150 92.0 340 680
160 89.2 440 880
The catalysts were evaluated in the reactor in the conditions as described above. The
results for VA selectivity and space time yield are shown in Table 13. The data
illustrates the advantages of a catalyst having a drying step in nitrogen rather than air.
15  The catalyst of Example 50 has as good VA selectivity and consistently better space

time yield as that for the catalyst of Comparative Example 50A.
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The beads were dried at 95C for 17 hours in a forced air oven. 5. Reduction
step Reduction was carried out in a glass or quartz tube heated w th?3 Magbggs
furnace. The 15 beads were heated in 150C for one hour by a nitrogen flow
and then the tenperature was increased to 300C and held at that tenperature
for a half hour in a nitrogen flow The nitrogen flow was mai ntai ned and a
5% vol une Cfairag:hyl ene in nitrogen mxture was introduced at a fl ow of
300-330 mM/mn. After one hour of reduction, the 5% ethylene in nitrogen

m xture was turned off |eaving the pure nitrogen flow. The beads 20 were
cooled to roomtenperature in nitrogen. 6. Pronoting step The reduced
sanpl e was pronoted with 7w . % pot assi um acetate by incipient wetness. 68 2
4 MAR 2Q0-\Wopeasfaadegns Fapheispaneadaesyedrtion ¢fiapalkengrap aligpoistagid athe

catal yst was divided into two equal parts. Exanple 50A: One part was pl aced
in an ove® @ysmEowpRibgERr It podice PR ealkepd nlangaie rtBat viREIPTISEE SERe (PaxtigleD5C.  The
catal yst was dried at 95C in a forced air 5 oven for 17 hours. Exanple 50:
The ot her "psetatedadth prlladinn, goid apd 2gossium 2lkapeste, pahprasest wmerisingfbie st9ps fper at ur e
was increased to 120C. The catalyst was dried in a nitrogen flow (35 m mn)
at 120C fBf9N8AR hour. Table 13: Drying in Air v. Nitrogen Exanpl ePdAu

*React i onVASpaceExpect ed #W %N . 99 enp, Sel ecti vit ineSp? e )
Cal cul at edcal ¢ |“are'§$}tte;?%'\w7 e {‘T”R‘Aﬁ?’a"éﬂr" SPUREPL A PriEEY ‘%&Pﬂ}a‘%‘i"wﬂd @
gold compounds so that the weight ratio of palladium to gold is in the range from 2:8 10 8:2;

(b) precipitating water-insoluble palladium and gold compounds onto the support particles
using alkali metal silicates or hydroxides as a precipitating agent;

(c) washing the precipitated support with water until a decant of said wash water is negative
to a silver nitrate test;

(d) drying the washed precipitated support;

(e) heating the dried washed precipitated support in a flow of inert gas from room
temperature to 150°C, holding the temperature at 150°C for 0.5 1o one hour and then increasing the
temperature;

(f) converting the precipitated water-insoluble palladium and gold compounds to palladium
and gold on the support particles using ethylene as a reducing agent at a temperature of greater than
150°C up to 310°C, hydrogen as a reducing agent at a temperature of greater than 150°C up to 299°C
or nitrogen as a reducing agent at a temperature of greater than 150°C up to 500°C;

{g) further impregnating the support particles wifh said potassium alkanoate to a point of
incipient wetness of the support particles; and

(h) drying the catalyst.

2. The process of Claim 1 wherein the weight ratio of palladium to gold is in the range from 6:4 to

2:8.
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120si Conparati ve0. 630. 5214093. 5245490 Exanpl e 50A(0. 56) (0. 18) 15092. 3310620
(Air Dry)16089. 6380760 Exanpl e 500.6320.5214093. 4255510 (N2 Dry) (0. 5@)4(MARLEDE
15092. 0340680 1 16089. 2440880 10 The catal ysts were evaluated in the reactor
in the conditions as described above. The results for VA selectivity and
space tine yield are shown in Table 13. The data illustrates the advantages
of a catalyst having a drying step in nitrogen rather than air. 15 The

catal yst of Exanple 50 has as good VA selectivity and consistently better
space time yield as that for the catal yst of Conparative Exanple 50A. 69 2
4 MAR 2006 Clains: 1. A process for producing a catalyst, which catal yzes a
reaction of an al kene, an al kanoi ¢c_acid and = an oxygen-containing gas to
produce ah Bk peress of dlaun A yhersin teryvpshbghigefipalledivmippld &5 hike rAngg &30 8- #pr egnat ed
wi th palladium gold and a potassi um al kanoate, said process conprising the
steps in % he order of (a) inpregnating the support particles with aqueous
sol utions of water-soluble palladiumand gold conpounds so that the wei ght
ratio of palladiumto gold is in the range from2:8 to 8:2; (b)

precipitagi wat er-j nsol ubl e pal |l adi um gol d nmpounds ont o_} he support
parti cl es‘I' -ﬁ‘gip‘ﬁﬁ“%ﬁfl?éﬂ' ?r’?@frﬁ'f’ iwqgﬁb’?lé%"f%ggﬂ@'ar%%ﬁ Bdn Rg e c’é'b?'%f"t ating
agent ; (CQ_ washi ng the precipitated support with water until a decant of
said wash™Water is negative to a silver nitrate test;

5. The process of Claim 1 wherein the weight ratio of palladium to gold is 6:4 to 5:5.

6. A process for producing a catalyst, which catalyzes a reaction of an alkene, an alkanoic acid and
an oxygen-containing gas to produce an alkenyl alkanoate, that comprises support particles
impregnated with palladium, gold and a potassitum alkanoate, said process comprising the steps in
the order of:

(2) tmpregnating the support particles with aqueous solutions of water-soluble palladium and
gold compounds so that the volume of the impregnation solution corresponds to from 70 to 100% of
the total pore volume of the support particles;

(b) precipitating water-insoluble palladium and gold compounds onto the support particles
using alkali metal silicates or hydroxides as a precipitating agent;

(c) washing the precipitated support with water until a decant of said wash water is negative
to a silver nitrate test;

(d) drying the washed precipitated support;

() heating the drjed washed precipitated support in a flow of inert gas from room
temperature to 150°C, holding the temperature at 150°C for 0.5 to one hour and then increasing the
temperature;

(f) converting the precipitated water-insoluble paltadium and gold compounds to paliadium

and gold on the support particles using ethylene as a reducing agent at a temperature of greater than
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(d) drying the washed precipitated support; (e) heating the dried washed
precipitated support in a flow of inert gas fromroom tenperature tq%g 8%3@5
hol di ng the tenperature at 150C for 0.5 to one hour and then increasi
tenperature; (f) converting the precipitated water-insoluble palladlunland
gol d compounds to palladium and gold on the support particles using

ethyl ene as a reducing agent at a tenperature of greater than 150C up to
310C, hydrogen as a reducing agent at a tenperature of greater than 150C up
to 299C or nitrogen as a reducing agent at a tenperature of greater than
150C up to 500C; (g) further inpregnating t he support particles with said

pot assi um anoate to a poi i nci pi ent wet ness su

particl es! S%Léﬁ P 1 A0 G yArogg™ Tsﬁée@ﬁlf’%ﬂﬁ’éttat ftimpe'ﬁli'ge %68'5‘3’3 9%1 ugit £$9%er ein

t he melght ratio of palladiu old.is | S ange . from6:4 to 2:8. 7Q 2
4 MAR 200%’“’3‘“@?%“6?‘@5’%%“@? n@mﬁe i o{etest ?P ﬁcru\%c?%qucr rat| o of palladium
togoldis ingt rmnefroms 2t I wher ei n
t he wei ght rat(ﬁ) B%i a(ﬂr% %ppﬁolpghgés ‘ﬁth sta‘neP raﬁm’e r%arﬁ aé’onl “%4:6. 5.

The proces f hegwei ght ratlo of palladlumto gold is 6:4
to 5:5. 6. %B\Q"t?vé%:'%gé?t‘f' uch%shagl a catal yst, which catalyzes a reaction of

an al kene, %ﬁ&tqh Q@ d and an oxygen-contai ning gas to produce an
al kenyl al kanoat at  conprises support particles inpregnated wth
pal | adium gold and a potassium al kanoate, said process conprising the steps
in the order of: (a) inpregnating the support particles wth aqueous

sol ut i ons7 Ofhe\WRk&S oS QA wheR#H thewniag 8 im .&m&mﬁesg&d& Raton e vol une
of the inpregnation solution corresponds to from70 to 100% of the total

por e 'vol ugseio 05% bivRe RtaPRuR¢ ol df kiels@port pAMicigdr eci pi t ating wat er-insol ubl e
pal | adi um and gol d conpounds onto the support particles

8. The process of Claim 7 wherein the volume of the impregnation solution corresponds to about

90% of the total pore volume of the support particles.

9. A process for producing a catalyst, which catalyzes a reaction of an alkene, an alkanoic acid
and an oxygen-containing gas to produce an alkenyl alkanoate, that comprises support particles
impregnated with palladium, gold and a potassium alkanoate, said process comprising the steps in
the order of:

(2) impregnating the support particles with aqueous solutions of water-soluble palladium and
gold compounds;

(b) precipitating water-insoluble palladium and gold compounds onto the support particles
from solutions using alkali metal silicates or hydroxides as a precipitating agent containing in 1.1 to
2.5 molar excess;

(c) washing the precipitated support with water until a decant of said wash water is negative
to a siiver nitrate test;

{d) drying the washed precipitated support;
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using al kali metal silicates or hydroxides as a precipitating agent; (c)
washing the precipitated support with water until a decant of said WP§MAR2%E
water is negative to a silver nitrate test; (d) drying the washed
precipitated support; (e) heating the dried washed precipitated support in a
flow of inert gas fromroom tenperature to 150C, hol ding the tenperature at
150C for 0.5 to one hour and then increasing the tenperature; (f)
converting the precipitated water-insoluble palladiumand gold conpounds to
pal | adium and gold on the support particles using ethylene as a reducing
agent at a tenperature of greater than 71 2 4 MAR 2006 150C up to 310C,

hydr ogen as a reducing agent at a tenperature of greater than 150C up to
299C or nitrogeN h&snd ihe GEE ivaghed QR&Ipitatd SuphRITPEE oW & Wén giselderodapan 150C
up to 500C, (g) further inpregnating the support particles with said

pot assi um glsaRed e VT, foliind Mé whfperatRGl 0 Hor 0\RI0AS FouPind!the iEHARR e
particles; and (h) drying the catalyst 7. The process of Caim®6 wherein the
vol ume of thgedhider egnation sol ution corresponds to from85 to 95% of the
total pore volune of the support particles. S. The process of Caim7

wherei n the vol @y@nwhing e pretipitA@iaidr- 3otk pallidiimh £a1gbR SHAFUEds tdOpaiitust 90% of
the total pore volune of the support particles. 9. A process for producing a
cat al yst, whiigold o @ealkppae particlds @6ing étipMend s Araduaihk e at Alempérit@aof Geaketheh and an
oxygen-contai ning gas to produce an al kenyl al kanoate, that conprises
support palitrcbes 3100 hydrogea hedrethicing ageal dt attmpenyturg off gleagntdiaml 5Pt wps©1991Q

al kanoat e, said process conprising the steps in the order of: (a)

i npr egnat i pipitidgen & B ElewrE agat 4t b tdoperanvetohgreatrn o 5 0%lpue $AME of wat er - sol ubl e
pal | adi um and gol d conpounds; (b) precipitating water-insoluble palladium
and gol d conpoutahifirtmn impregnating WkspWPROIYTATICIeT Withs saidf potsssiusodlangatate apoinhef al kal |

metal silicates or hydroxides as a precipitating agent containing in 1.1 to
mcipient wetness of the support particles; and ‘

(h) drying the catalyst.

" 10. The process of Claim 9 wherein the precipitating agent in 1.2 to 2.1 molar excess.

1. The process of Clatm 10 wherein precipitating agent in about 1.5 molar excess.

12. A process for producing a catalyst, which catalyzes a reaction of an alkene, an alkanoic acid and
an oxygen-containing gas 1o produce an alkeny! alkanoate, that comprises support particles
impregnated with palladium, gold and a potassium alkanoate, said process comprising the steps in
the order of:

(a) impregnating the support particles with aqueous solutions of water-sohble palladium and
gold compounds;

(b) precipitating water-insoluble palladium and gold compounds onto the support particles
using alkali metal silicates or hydroxides as a precipitating agent wherein the impregnated support is
contacted with the precipitating agent for three hours up to seventy-two hours;

(c) washing the precipitated support with water until a decant of said wash water is negative

to a silver nitrate test;



2.5 nol ar excess; (c) washing the precipitated support with water until a
decant of said wash water is negative to a silver nitrate test; (d)7¢MARNES
t he washed precipitated support; 72 2 4 MAR 2606 (e) heating the dried
washed precipitated support in a flow of inert gas fromroomtenperature to
150C, holding the tenperature at 150C for 0.5 to one hour and then
increasing the tenperature; (f) converting the precipitated water-insoluble
pal | adi um and gol d conpounds to palladiumand gold on the support particles
usi ng ethylene as a reducing agent at a tenperature of greater than 150C up
- to 310C, hydrogen as a reducing agent at a tenperature of greater than 150C
up to 299C or nitrogen as a reducing agent at a tenperature of greater than
150C up to 500€dnpngthe washed@recipigRoSIRSTi ng t he support particles with said
pot assi um al kanoate to a point i ncipient metgess of thecfupport

. . f

particles; and®(bring B fged WéShE‘gtP’ﬁfF‘ﬁ‘é"f?d pportTie? HPY L SRS IW 9D wher ei n
10" wher of FBFBET 1580, PP TERJBH Emproeah BT 18 (o 4P BB pssskeghocess for |

erei | t : : ] ocess for
producing a catal yst, which catalyzes a reaction of an al kene, an al kanoi c
acid and teQH"“?S‘JIE!gen-co_ntaining gas to produce an al kenyl al kanoate, that
ot 51 um al kARG ERn 0 g g SE e B - rHE STEUoHs (L of ()
pot assi um a , c ‘ r of (a
i mpregnat | he.suppor t rti.cles, wth ueous .sol utions o ter-sol uble
pal | adi gm““g%&‘t" ki aff’g%’[n%“&g’%a%%‘“g(‘“'g‘byle‘b“’raesé‘i’“;ﬂ?%‘“a%1gﬁ“g‘; N TRrTRE |%\Q@‘égﬁ“a! adi um
and go ilicates
or hydr oxi es&g‘[’;g@o(%rlﬂ %?%?%5?%%9%} gﬁ?{%@é&g&% éi‘%}eegﬁgrn%nég%tugg&%&gort is

cont act ede il P88 bithd 4 lARerBBIEHurdalf kY538 DAUHoBcUP Lo Seventy- two

. C .
hours; (c) washing the precipitated support with water until a decant of
sai d wash wat gy fulheP §RlRdehMMg the support particles with said potassium alkanoate to a point of

incipient wetness of the support particles; and

(h) drying the catalyst.

13. The process of Claim 12 wherein the impregnated support is contacted with the precipitating

agent for fifteen hours up to seventy-two hours.

14. The process of Claim 12 wherein the impregnated support is contacted with the precipitating

agent for twenty-four hours up to seventy-two hours.

15. The process of Claim 12 wherein the impregnated support is contacted with the precipitating

agent for up to seventy-two hours.

16. A process for producing a catalyst, which catalyzes a reaction of 2n alkene, an alkanoic acid and
an oxygen-containing gas to produce an alkenyl alkanoate, that comprises support particles
impregnated with palladium, gold and a potassium alkanoate, said process comprising the steps in

the order of:
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to a silver nitrate test; 73 2 4 MAR 2006 (d) drying the washed precipitated
support; (e) heating the dried washed precipitated support in a flow?dfMAR 7006
inert gas fromroom tenperature to 150C, holding the tenperature at 150C
for 0.5 to one hour and then increasing the tenperature; (f) converting the
preci pitated water-insol uble palladiumand gold conpounds to palladium and
gold on the support particles using ethylene as a reducing agent at a
tenperature of greater than 150C up to 310C, hydrogen as a reduci ng agent
at a tenperature of greater than 150C up to 299C or nitrogen as a reducing
agent at a tenperature of greater than 150C up to 500C;, (g) further

i npregnating the support particle h said ota Si um fe t a point
of incipient @dPpE@tingd etsweamﬁﬁst“%&?‘if?‘w‘a fron cﬁrd"a'(mh 0?“(!?F’>PP R cat al yst .
13. The process of Claim 12 wherein the |npregnated support is contacted
with the BFEOPBWSting agent for fifteen hours up to seventy-two hours. 14.
The process of Caim12 nat ed su I s _cont ed with

t he preci pi tat(P)l*Rjec Y F'm?%e et%?ﬁ (l)ulr'}F %%ﬁﬁscoﬂgouf]&poé’ é’vﬂéﬁuyp({ﬂvﬁ)a%ﬁ}eﬁ rs. 15.
The proceﬁﬁﬁ dﬂﬁgg e%?ﬂ$Qﬁm§SO{ ﬁ%gﬁ%% ngrt is contacted with

t he preci B seven > 16. A process for
produci ng a cat.al | kanoi c
acid and an o yg‘%‘ﬁ“li al m‘%‘g;“ t@%ﬁ% éhégﬂr’tgf eny@@%ggnng eéa t hat

conpri ses, sy pﬁ&apgﬁtlcles |npregnated mnth pal l adium gold and a
potaSS|un1aIE§n5afe sai d process conprising the steps in the order of. 74

2 4 MAR 2006 (@ EQRMIIpRGipkdAR s ﬁﬁggort particles w th aqueous sol utions
of mater-solubl e pa Iadlun1and gol'd conpounds;

(e) heating the dried washed precipitated support in a flow of inert gas from room
temperature to 150°C, holding the temperature at 150°C for 0.5 to one hour and then increasing the
lemperanure;

(f) converting the precipitated water-insoluble palladium and gold compounds to pailadium
and gold on the support particles using ethylene as a reducing agent at a temperature of greater than
150°C up to 310°C, hydrogen as a reducing agent at a temperature of greater than 150°C up to 299°C
or nitrogen as a reducing agent at a temperature of greater than 150°C up to 500°C,

(g) further impregnating the support particles with said potassium alkanoate to a point of
incipient wemess of the support particles; and

(h) drying the catalyst.

17. The process of Claim 16 wherein the impregnated support is contacted with the precipitating

agent for three hours to seventy-two hours.

18. The process of Claim 16 wherein the impregnated support is contacted with the precipitating

agent for twelve to thirty-six hours.

19. The process of Claim 16 wherein the impregnated support is contacted with the precipitating

agent for about twenty-four hours.
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(b) precipitating water-insoluble palladiumand gold conpounds onto the
support particles wth powders of alkali netal silicates or hydrOX|gzs as
precipitating agent; (c) washing the precipitated support with water AR ﬂmﬁ
decant of said wash water is negative to a silver nitrate test; (d) drying
t he washed precipitated support; (e) heating the dried washed precipitated
support in a flow of inert gas fromroom tenperature to 150C, hol ding the
tenperature at 150C for 0.5 to one hour and then increasing the
tenperature; (f) converting the precipitated water-insoluble palladium and
gol d conmpounds to palladium and gold on the support particles using
ethyl ene as a reducing agent at a tenperature of greater than 150C up to
310C, hydrogen as a reducing agent at a tenperature of greater than 150C up
to 299C or nitrogen as a reducing agent at a tenperature of greater than
150C up t &0- 300 @ess (q proflupinghentaly sipyhechratelyzeg a tebrtion efpp ofkane,pa plkinelcasidwidt h sai'd
pot assi um al kanoate to a point of incipient wetness of the support
parti cl esan axyexdopaiving ieay ta meodecst 2l gilkseny! plimnmiee it Gomprisen FUREPTAipATtigles wher ei n
the inpregnated support is contacted with-the precipitating agent for three
hours to Seprere-vifupalipdiymsgold gnd amogssipmalisgateg faidpragerh COBPRRIE RS FiEPs He
i npregnated support is contacted with the precipitating agent for twelve to
thirty- si PeAEHPE. 19. The process of Claim 16 wherein the inpregnated

ours, 75 2" 4 RRPSBORE SRop PR i B sfer G HecRbF pUl AL

catal yzes @.react on of an alkene an al kanoi c acid and an

oxygen- cof 450 gas to produce an aIkenyI al kanoate, that conprises
support parti % . regpat e al | ‘% ot.ass.i,um
al kanoat e, said Bf c?cm “%{c%rr'ﬁl?ous npaﬁ?dﬁ Hnl)m&’ émggh SHPROt Pactigles

| npr egnat un% Jh&@mmm&ss cpﬂ;&e,,&desg a%r&kblﬁggqgeuaﬁe uu,srsmt SRty SOl ubl e

pal | adi um
light;

(c) washing the precipitated support with water until a decant of said wash water is negative
to a silver nitrate test;

{d) drying the washed precipitated support;

(¢) heating the dried washed precipitated support in a flow of inert gas from room
temperature to 150°C, holding the temperature at 150°C for 0.5 to one hour and then increasing the
temperature;

{f) converting the precipitated water-insoluble palladium and gold compounds to palladium
and gold on the support particies using ethylene as a reducing agent at a temperature of greater than
150°C up to 310°C, hydrogen as a reducing agent at a temperature of greater than 150°C up to 299°C
or nitrogen as a reducing agent at a temperature of greater than 150°C up to 500°C;

(g) further impregnating the support particles with said potassium alkancate to a point of

incipient wetness of the support particles; and

{(h) drying the catalyst.

21. A process for producing a catalyst, which catalyzes a reaction of an alkene, an alkanoic acid and

an oxygen-containing gas to produce an alkenyl alkanoate, that comprises support particles
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gol d compounds; (b) precipitating water-insoluble palladiumand gold
conpounds onto the support particles wusing alkali netal silicates ar MAR 2006
hydr oxi des as a precipitating agent in an environnment protected from |ight;
(c) washing the precipitated support with water until a decant of said wash
water is negative to a silver nitrate test; (d) drying the washed

preci pitated support; (e) heating the dried washed precipitated support in.a
flow of inert gas fromroom tenperature to 150C, hol ding the tenperature at
150C for 0.5 to one hour and then increasing the tenperature; (f)
converting the precipitated water-insoluble palladiumand gold conmpounds to
pal | adi UMy, 20d.gokith Rledhe oSiHRRPE horR&ilh hkkidse, Usil P& BV F0R: &8 silps'wduci ng
agent at a tenperature of greater than 150C up to 310C hydrogen as a
reduci ng ggeptrat a tenperature of greater-than 150C up to 299C or nitrogen
as a reducing agent at a tenperature of greater than 150C up to 500C;, (Q)
further i npregagidpRgna ﬁg&h&pﬁb&rphmaag&iihﬁh&sus%mﬁbﬁ@v@teﬂ@&i@e%?aum\ﬁi F@noate to
a point of incipient wetness of the support particles; and (h) drying the
cat al yst. galdconfpoipgcess for producing a catalyst, which catalyzes a reaction
of an al kene, an al kanoic acid and an oxygen-contai ning gas to produce an
al kenyl al kanog@} precigitatiry v pisolSEsS pAlafipn aid gl domPbutds ofito the duppiNpartidiRd

i npregnated with palladium gold and a potassi um al kanoate, said process
conpri si ngsitgaikali meplsilicates ot Iydrosideos a pfecipifatidg agenur egnat i ng t he support
particles with aqueous sol utions of water-soluble palladiumand gold
conpounds; ( b) (cpraslingibe predipigtediatppert Wit witeriat eteppdrinael piUfamafitko §6fl Guntibarpounds
onto the support particles wusing alkali nmetal silicates or hydroxides as a
preci pi t adécany ofsgid mash Wate) is pegstiNeriep Silver npeEddshi t at ed support with water at a

tenperature of from50 to 80 Cuntil a
(d) drying the washed precipitated support;

(e) heating the dried washed precipitated support in a flow of inert gas from room
temperature to 15¢°C, hoiding the temperafure at 130°C for 0.5 to one hour and then increasing the
temperature;

(f) converting the precipitated water-insoluble palladium and gold compounds to palladium
and gold on the support particles using ethylene as a reducing agent at a temperature of greater than
150°C wp to 310°C, hydrogen as a reducing agent at a temperature of greater than 150°C up to 299°C
or nitrogen as a reducing agent at a temperature of greater than 150°C up to 500°C;

(g) further impregnating the support particles with said potassium alkanoate to a point of
incipient wetness of the support particles; and

(h) drying the catalyst.

22. The process of Claim 21 wherein the precipitated support is washed with water at a temperature

of from 50 to 60°C.

23. The process of Claim 21 wherein the precipitated support is washed with water at a temperature

of about 50°C.
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decant of said wash water is negative to a silver nitrate test; (d) drying
the washed precipitated support; (e) heating the dried washed preci pi,{MAR @85
support in a flow of inert gas fromroomtenperature to 150C, hol ding the
tenperature at 150C for 0.5 to one hour and then increasing the tenperature;
(0 converting the precipitated water-insoluble palladiumand gold conpounds
to palladiumand gold on the support particles using ethylene as a reducing
agent at a tenperature of greater than 150C up to 310C, hydrogen as a
reduci ng agent at a tenperature of greater than 150C up to 299C or nitrogen
as a reducing agent at a tenperature of greater than 150C up to 500C;, (Q)
further bhpregbRtkdr g&a&chfg a%&lﬁ?s@r#hicl?ﬁ{tﬁlyﬁk £ Radtloh Qfaﬁgikgle,%tag(%gﬁc%gﬁi %A}:anoat eto

a point of ‘inciplent wetness of the Support particles; (h) ying the

catal yst pn @2ypenllfaRingC&S So Phodfide BdnMiikehyVARLRAE mecom&s&i; Rk efdnisepport is

washed with water at a tenperature of from50 to 60 23." The process of

G ai m 21 i@ hRédrwithH RIS bali bl S5brusdiiPkdnodts sMB SRS Wbhsithetedln a

t enper at ure of aboS?ISOC. 77 2 4 MAR 2006 24. A process for producing a

cat al yst theWer@h cat al yzes a reaction of an al kene, an al kanoic acid and an
oxygen-contai ning gas to produce an al kenyl al kanoate, that conprises

support part i(@)igpregratiiy tGopHon fartidlds With afeadiselifongafiwatepsothbi ppikitamehdim
al kanoat e, said process conprising the steps in the order of (a)
i mpr egnagsidepmipbendgupport particles with aqueous sol utions of water-sol uble
pal | adi um and gol d conpounds; (b) precipitating water-insoluble palladi um
and gol d conp®uprespitatirigovateh@sdubpryailidiyaandi goldesmpersdsmytocthdk alpportpettiaks si | | cat es
or hydroxides as a precipitating agent; (c) washing the precipitated support
Wi t h' wat bsingaikeli metal stlieatesior hydfoxidesiagia mestititabgtagenti s negative to a silver
nitrate test;
(¢) washing the precipitated support with water until a decant of said wash water is negative
to a silver nitrate test;
(d) drying the washed precipitated support;
(e) heating the dried washed precipitated support in a flow of inert gas from room
temperature to 150°C, holding the temperature at 150°C for 0.5 to one hour and then increasing the
temperature,
(f) converting the precipitated water-insoluble palladium and gold compounds to palladium
and gold on the support particles using nitrogen as a reducing agent at a temperature of greater than
150°C up to 500°C ;
(g) further impregnating the support particles with said potassium alkanoate to a point of

incipient wetness of the support particles; and

{h) drying the catalyst.

25. The process of Claim 24 wherein the reduction temperature is from 300 to 45(°PC.
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(d) drying the washed precipitated support; (e) heating the dried washed
preci pitated support in a flow of inert gas fromroom tenperature tq%éﬁ&ﬁﬂ%
hol di ng the tenperature at 150C for 0.5 to one hour and then increasi %
tenperature; (f) converting the precipitated water-insoluble palladium and
gol d compounds to palladium and gold on the support particles using
nitrogen as a reducing agent at a tenperature of greater than 150C up to
500C ; (g) further inpregnating the support particles with said potassium

al kanoate to a point of incipient wetness of the support particles; and

(I't) drying the catalyst. 25. The process of C aim 24 wherein the reduction

t enper at Pﬁé?ghéﬁ&%%é% ﬁ%érrgif] fersup i %ﬁi%@ﬁ&%@a@oﬁwiﬁg@m@{ Bl daim

24 wherein e support particles a npregnated w t h agqueous sol uti ons of
wat er - sol Yol &Rt hAsHiH iiIkHid e sbu® g@@lm;sw@i?xttnﬂi@tof P toHdla it lehe Of _
palladiumto gold is in the range from2:8 to 8:2. 27. The process of Claim
24 mhereigm%mgmgggpggt particles are inpregnated wi th aqueous sol utions of
wat er - sol ubl e pal | adi um and gol d conpounds so that the vol une of the

i npregnation solution corresponds to from70 to 100'/0 of the total pore
vol une of the support particles. 28. The process of C aim 24 wherein

wat er - i nsi. T Boded lof @aim PIWaEEin G sihpSrOpaRRles a8 fgr@matfil vithiaheb@lseldticdnso t he
support particles fromsolutions using alkali netal silicates or hydroxides
as a prewei@isbiallé pgdladigenbd gad teahpoumy sorthd . tle vaunk, & to imgreghativaSslutichd  The
process of Cl aim 24 wherein water-insoluble palladiumand gold conpounds are
preci pi t atoeebpamnit @ fitoing0 s1i6 ok thepiatat pocs!| velsme of thgsuppoktphrticleset al sil i cates or

hydr oxi des as a precipitating agent wherein the inpregnated support is
contacted with the precipitating agent for three hours up to seventy-two
hours. 30. The process of C aim 24 wherein water-insoluble palladi umand
gol d conp¥undhe aroeess pf £aimy 20 avheerin prater-nspdubley padlatiym sagd 2pld| @apoindh asowder s of

al kali metal silicates or hydroxides as a, . . )
precipitated onto the support particles from solutions using alkali metal silicates or hydroxides as a

precipitating agent containing in 1.1 to 2.5 molar excess.

29. The process of Claim 24 wherein water-insoluble palladium and gold compounds are
precipitated onto the support particles using alkali metal silicates or hydroxides as a precipitating
agent wherein the impregnated support is contacted with the precipitating agent for three hours up to

seventy-two hours.

30. The process of Claim 24 wherein water-insoluble paliadium and gold compounds are
precipitated onto the support particles with powders of alkali metal silicates or hydroxides as a

precipitating agent.

31. The process of Claim 24 wherein water-insoluble palladivm and gold compounds are
precipitated onto the support particles using alkali metal silicates or hydroxides as a precipitating

agent in an environment protected from light.

79



precipitating agent. 31. The process of Caim 24 wherein water-insoluble

pal | adi um and gol d conpounds are precipitated onto the support partggmﬁﬁzmﬁ
using al kali metal silicates or hydroxides as a precipitating agent
environment protected fromlight. 79 2 4 MAR 2006 32. The process of Clalm
24 wherein the precipitated support is washed with water at a tenperature of
from50 to 80C until a decant of said wash water is negative to a silver
nitrate test. 33. The process of C aim 24 wherein the support particles are
further inpregnated with said potassium alkanoate in a solution of 5-12 w
%to a point of incipient wetness of the support particles. 34. The process
of O ai m 23. ThgrRishofld1fimativhbryia theipfecipitdt@idupport il viakieg enth water at Atgtipaass f or
produci ng a catal yst, which catalyzes a reaction of an al kene, an al kanoi c
acid and offiond 301G 80TE aniil b décarit nfsaigjaash voatgd isocigac e 1amsibvedaatriyd tesal kanoat e, t hat
conprises support particles inpregnated with palladium gold and a

pot assi um al kanoate, said process conprising the steps in the order of. (a)
i npregnating the support particles with aqueous sol utions of water-sol uble
pal | adi um3andbe gokas ob Glaou ¢ wbergip )thep suppdrpparticies e therimpragroted inith spidl | adi um
and gol d conpounds onto the support particles using alkali nmetal silicates
or hydr oxipetessinmsalianqatecip i2pphraan #ig- Bgwhnte, tq @ pomaefhinsigient hvempss of ithgiserpered  suppor t
with water until a decant of said wash water is negative to a silver
nitrate t®¥tclesd) drying the washed precipitated support; (e) heating the
dried washed precipitated support in a flow of inert gas fromroom
tenperature to 150C, holding the tenperature at 150C for 0.5 to one hour and

t hen i ncreasjng the tur ertln t he precipitated
mateﬂ-insgﬁu °g“ﬁ§??§§1nﬁ$3 gfﬁ&%%ﬁﬁgﬁﬁdngﬁ al | adium and gold on the
support particles using ethylene as a reducing agent at a tenperature of
greater than

35. A process for producing a catalyst, which catalyzes a reaction of an alkene, an alkanoic acid and
an oxygen-containing gas to produce an alkenyl alkanoate, that comprises support particles
impregnated with palladium, gold and a potassium alkanoate, said process comprising the steps in
the order of:

(a) impregnating the support particles with aqueous solutions of water-soluble palladium and
gold compounds;

(b) precipitating water-insoluble palladium and gold compounds onto the support particles
using alkali metal silicates or hydroxides as a precipitating agent;

(c) washing the precipitated support with water until a decant of said wash water is negative
to a silver nitrate test;

(d) drying the washed precipitated support;

(e) heating the dried washed precipitated support m a flow of inert gas from room
temperature to 150°C, holding the temperature at 150°C for 0.5 to one hour and then increasing the
temperature;

(f) converting the precipitated water-insoluble palladium and gold compounds to palladium

and gold on the support particles using ethylene as a reducing agent at a temperature of greater than
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$0 2 4 MAR 2006 150C up to 310C, hydrogen as a reducing agent at a
tenperature of greater than 150C up to 299C or nitrogen as a reducingﬁﬁ mﬁ
at a tenperature of greater than 150C up to 500C, (g) further i npreghat 3 '
t he support particles with said potassium al kanoate in a solution of 5-12
w. %to a point of incipient wetness of the support particles; and (h)
drying the catalyst. 36. The process of C aim 35 wherein said potassium

al kanoate is in a solution of 6-10 wt. % 37. The process of Caim 35
wherei n sai d potassium al kanoate is in a solution of 6-8 wt. % 38. A
process for producing a catalyst, which catalyzes a reaction of an al kene,
an al kanoi GGy, AR, hiibehad d G Hodth B oSG ARurd & RAGARAE 548 Bl !

al kanoate, that conpri'ses support particles inpregnated wth palladi um

gol d and a,R@bas s 418duahk Anal AemedinGe FoRERSHaCIOIRp & 0GCt he steps in the
order of: (a) Tnpregnating the support particles wth aqueous sol utions of

wat er - Sol ubl ¢ R\ ifiedRths 1BOhoR PO sok phaBhAGlkiohB Hbiuion of

wat er -i nsol ubl e pal | adi um and gol d conpounds onto the support particles

usi ng al kad-iz wietab a pdiktofiadigient @Emay shigsuspen paticld; 48 eci pi t ati ng agent; (c)
washi ng the precipitated support with water until a decant of said wash

wat er i s negat i(Mdryidgdhezasiydtver nitrate test; (d) drying the washed

preci pitated support; (e) heating the dried washed precipitated support in a
now of inert gas fromroom tenperature to 150C, hol ding the tenperature at
150C for 0.5 to one hour and then increasing the tenperature; (f)

convert i ncp6t Miae gorcess pidTlaimt36 vheein eaid porrsim Adkanoaeas in a deletion affd 10yl W. conpounds t o
pal | adium and gold on the support particles using ethylene as a reducing
agent: at a tenperature of greater than 81 2 4 MAR 2006 150C up to 310C,

hydrogen as a reduciqg_a%ent at a tenperature of greater than 150C up to
200C 37. The process of Claim 35 wherein said potassium alkanoate is in a solution of 6-8 wt. %. _

38. A process for producing a catalyst, which catalyzes a reaction of an alkene, an alkanoic acid and
an oxygen-containing gas to produce an alkenyl alkanoate, that comprises support particles
impregnated with palladium, gold and a potassium alkanoate, said process comprising the steps in
the order of:

(a) impregnating the support particles with aqueous solutions of water-soluble palladium and
gold compounds;

(b) precipitating water-insoluble palladium and gold compounds onto the support particles
using alkali meta silicates or hydroxides as a precipitating agent;

{c) washing the precipitated support with water until a decant of said wash water is negative
10 a silver nitrate test;

(d} drying the washed precipitated support;

(¢) heating the dried washed precipitated support in a flow of inert gas from room
temperzture to 150°C, holding the temperature at 150°C for 0.5 to one hour and then increasing the
temperature;

(f) converting the precipitated water-insoluble palladium and gold compounds to palladium

and gold on the support particles using ethylene as a reducing agent at a temperature of greater than
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or nitrogen as a reducing agent at a tenperature of greater than 150C up to
500C, (g) further inpregnating the support particles with said pot a%s“ﬂ@\

al kanoate to a point of incipient wetness of the support particles;” a Z(U%
drying the catalyst in nitrogen. 39. The process of Caim38 wherein the
catalyst is dried for one hour to twenty-four hours. 40. The process of
Claim 38 wherein the catalyst is dried at 95C to 150C. 41 _ The process of
Claim 38 wherein the catalyst is dried at 95C to 120C. 42. The process of
Claim 38 wherein the catalyst is dried at 120' C for one hour. 82

150°C up to 310°C, hydrogen as a reducing agent at a temperature of greater than 150°C up to 299°C
or nitrogen as a reducing agent at a temperature of greater than 150°C up to 500°C;

(g) further impregnating the support particles with said potassium alkanoate to a point of
incipient wetness of the support particles; and

(h) drying the catalyst in nitrogen.
39. The process of Claim 38 wherein the catalyst is dried for one hour to twenty-four hours.
40. The process of Claim 38 wherein the catalyst is dried at 95°C to 150°C.

41. The process of Claim 38 wherein the catalyst is dried at 95°C to 120°C.

42. The process of Claim 38 wherein the catalyst is dried at 120°C for one hour.
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