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appl i cabl e. BACKGROUND OF THE INVENTION 1. Field of the Invention This
invention relates to shelled Pd-Au catal yst of particular characteristics,
and nethods for their production, which are effective for catalyzing the
vapor phase reaction of an al kene (such as ethylene) with all al kanoic acid
(such as acetic acid) and oxX}AFPPLICAPTONEORPATENTY! al kanoate (such as
vinyl acetate) at high values for WO 02/0392 2 PCT/USII1/2118.1
space-tine yield, specific activity, and with a high selectivity for
conversion of the alkene to the al kenyl al kanoate (such , o]
-vinyl acetate). 2. Description of the Related Art Vinyl jﬁﬂﬁﬂﬂmnmmmwm) is a
conunodity chem cal in high demand as a nononer for producti opef- pol yvi nyl
acetate). This inportant polymer, and its derivatives, finds extensive uses
as adhesi veINVENTOR: aAlllat RONSAXNTIGKHANMAMEBRQWV Aam nati ng nateri al s.
Many techni qgues have been reported in the prior art for the production of
VA. A chief technique is a catalyzed gas phase reaction of ethylene with
acetic acid and oxygen. Today a type of catalyst wi dely use for this
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PRODUCTION OF VINYL ACETATE

SPECIFICATION

CROSS-REFERENCE TO RELATED APPLICATIONS

Not applicble LT
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STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH

Not applicable.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to shelled Pd-Au catalyst of particular characteristics,
and methods for their production, which are effective for catalyzing the vapor phase
reaction of an alkene (such as ethylene) with an alkanoic acid (such as acetic acid)

and oxygen to produce an alkenyl alkanoate (such as vinyl acetate) at high values for



hour neasured at 150 C and a reaction pressure of 120 psig. The catal yst
consists of: (1) catal yst support particles having a particle dianeter of
from abomwo ®@/t4aw2about 7 mm and a pore vol unme of from abouPCOUSIYII&%bout 1.5
m/g, (2) palladiumand gold distributed2in a surface |ayer of the catal yst

support extendi | ess, t han.about. 0.5 mm. nto .t he su t, the.pal l.adi um
bei ng pr eseﬁPacF%g%?1Y§intfﬁ?°1@? G zf‘BE]L}YH}l?‘gng}bsej?%\ﬁg%bbﬁwa?%&bgk “ter
of catalyst, and the gold being present in an appunt of from about 0.5 to
about 2.25 glksnetpibe alkendrallgmoatgi(snohas cthylpnetayiny efefei®out 5 to about 60
grans per liter of catalyst of an alkali netal acetate. Palladiumis the
active catal yst r2etal Duscriptioa ofohelRekated Axait al yst pronoter. The Bi ssot ' 096
pat ent process for catal yst preparation conprises: (1) inpregnating the

catal yst support WihjlhcefteAUVAOHS aSerkinb@fy Sfentiddleh didphandpa! d adhoraeand
gol d conmpounds, (2) precipitating water-insoluble palladiumand gold

 conpounds W ﬁg gxgﬁcfnl?%é(agﬂg&[/ a"éeéltéa. | i€ :ngof%arf? 8}))?1?81'9 t‘ﬁliﬁsc’?eri%.'tﬁ)@g,r t

surface by contacting rregnated catalyst su W a solution of

conmpounds ( ferably sodiumnpetasilicate) capable of reacting, w.th.the
wat er - sol ub&r’é‘%bﬁx&é’ﬁ% BSEhe’ Ggﬁﬁlvfﬁﬂﬂﬂﬁo%‘dt gﬁ?rof;?ﬁt’%ﬁf’e@??sn% iggpigating

pal | adi um and gol d conmpounds, (3) converting the water-insoluble pall adium
and gol d compyeridls Meng terhnioyes h%neabﬁrngémwe%épahe pior #elor iBe sradusiies ake by
treatment with a reducing agent, (4) washing the catalyst with water, (5)
dryi ng the AbAaldyehief tehniquepisegratelyzeg gab phewmt mhgtion ofiethylens withk a¢dticrasidal
acetate pronoter (e.g., a potassiumpronoter), and (7) drying the catalyst.

The i nprovenriatox¢h&t! V6@ 4 fypdi sFsatalyd Wdelduse tommise@adtionpisiasurfAde Abell
supported catal ysts, involves distributing the catalyst |oading of

pal | adi um agﬁg&%ﬁh?ﬁe&%a?al)%yﬂ'aacﬁ?k A)elesQibddf 0. dla¥estk r@d!@@iﬁ,gﬁ?;hf s |ess

t han about Inmeter into"the support fromits surface.
i mpregnati n%&st gp is carried out with an agueous solution of palladi umand

gol d compou S%%nd the total volume of the solution is firomabout 95 to

or aci pi Lati ng st HRS B SGHE. Ne Lab-Dufoitloses, ST HgVERE TetifE AeuYipe,

support with a solution of an alkali netal silicate, the anmount of alkali
silicate beiofgt astabonh83 geamseof vingl apeteid perrasem|of preciuatraetab( Be+4m ) P85 been
in contact wwth the catal yst support for about 12 to 24 hours, the pH of
sai d sol uti dut mehsuwed atd50t CGnd atreactivaytesSurs.of [1R0 pdig. dheacplabst ofnsBisssot t he
reduction of the precipitated conmpounds to Pd and Au netals is acconplished

by reaction (y &dﬂalﬁlst_fsﬁgpcaﬂf)a}ﬁcléphaﬁh%a parfislel Gard@peseiidm hbaut 3atorabagi Tenof t he
Bi ssot patent, a major concern in this art of vinyl acetate (VA) production

hasal vays DeaN, bord DBLMNC! BEmSRRRA 0.2 T bl 1Ls(STLRANSLIRkAG Lhe deci fi ¢

activity (S e catalysts. Since the description of this shell type of

catal yst by Bi.ssot .ot hers h att.e to I . I J spect
to its spac e-lﬁtflﬁlg‘e‘}/ iu;efl gﬁ%csgééfé{ Pgtﬂgg%)altta@?sttﬁ, P I%aondﬁltkgér/n%lﬂgéﬁ %Sg@é@ta ?‘@%‘tdyﬁ 1'0
02/ (1392 4 PCT/ 3801/211 -4 kn U.S. .Patent Nos. S, 179,&56; é{-ﬁz QOAI% nd

5, 342, 987 bylif/tae sgRRorts thej Rallpdiumebeipg presen Ap an awgupt of; FP;S‘F&B% 4y "él?ysts
of the Bisoot type is inproved in respect to its STY if it is essentially

free of sodiu@gramscperdiserof cpialyst, apdrthelzold deingrnyeseat Bransaneymt of from about

0.5 to about 2.25 grams per liter of catalyst, and (3) from about 5 to about 60 grams
per liter of catalyst of an alkali metal acetate. Palladium is the active catalyst metal
and the gold is a catalyst promoter.

The Bissot '096 patent process for catalyst preparation comprises: (1)
impregnating the catalyst support with an aqueous solution of water-soluble palladium

and gold compounds, (2) precipitating water-insoluble palladium and gold compounds



are essentially free of sodiumas per the '056 patent, or if its sodium
content is renoved by washing with water or an aqueous solution of a

pot assi um@oxEer as in the '004 patent, or by washing tRETHaIEIIYSE at an
i nternedi ate stage of its production with an ion exchange solution as in
the '987 patent. In all of the above patents the ex |ified catal st are
reduced i ¢ FoHpaFHRY R eBPT e Y peltaadhc REreea b s vl mihaar o
shel | inpregnated catal ysts of the Bissot type which are pade_ fromreagents
that are al Isobtion$tcompeunds Eefprablyospdinm mstasgicaie)srpablel of Eapiéng withthele
selectivity. In this patent all exanple catal yst are reduced with ethyl ene
at a t enper avateresobifbld palladinBan{l @pldcompounds tafor whtt-ensplubile p8ladingg asd
reports that a shell inpregnated catal ysts of the Bissot type is inproved
in respect tgld Edmsohdsf (y'gtcohﬁerﬁﬁgemr Retet-tsBRVR: palladiunPdnd @aldl egnsunds 591 L
(0.33wm % to 6.1g/L (1.05 wm %, a weight ratio of Au to Pd in the range

*of 0.6 to 1%&;@%%;11%5@& %gfg] &ééFBhQEe %ﬁpﬁo'?f SurBRE S (RN tORHE GeBcing

reaction wt razi ne ution. Pat ent No. S, 567,839 reports that

a shell inpregnated catal ysts. of the Bissof.,tyvpe i,s Inproved .in respect to
Ca STy |1 e (R M v i HeBEcis) AERe (et ARV (8 bt anRe
precipitate the Pd and Au conpounds into the shell. All catal yst exanpl es
of this pat ¢he caiplastvathapalkal metal @estals nEPHAten (98 g RYPFTER HFAMOED.
selectivity of a palladiumgold catalyst in vinyl acetate synthesis also is
i nfl uenced Wdryingdhecatadyst. and unifornmity of the palladiumnetal and gold
nmetal distribution on the exterior and/or interior surfaces of a porous

cat al yst support TheWhprbefedt38Rclosad WS(Bissot 2098- ds Lomphetr @t prios PdhARS
carbon di oxi de selectivity and oxygen conversion in an ethylene, acetic

acid and _OXygﬁ?oﬂe@%falﬁﬁ;%di@e@%étﬁﬁhﬁ@tth@Eﬁhlivsttleacﬁﬁgﬁ'f ?ﬁlaﬁimﬁkﬂhﬁc@é&ﬂ as
distribution of the palladiumand gold netal s"on the catal yst support has

nvol ved man) Bishal 90 O o\t Syt BLERY AU 8 3L5RY ARHIR IR0,

support sub aving various eci por € di nensions. Particularl
usef ul i rovenents in preparing highly active catal ysts for
on [iStkce; othebigipr

'thVi n)‘/ll acetate
product i on aBPRF LR dEsys aling SgR 18068 oY §ithpy aqygpus
5,332, 710. These references describe process enbodi ments for inproving
pal | adi um arf@lyionidpalladiusy and gokhcempennds and dhe fefal pelkme; ofgthe welution 1S
precipitation step in which the water
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
solution of an alkali metal silicate, the amount of alkali silicate being such that, after
the alkali metal silicate solution has been in contact with the catalyst support for about
12 to 24 hours, the pH of said solution is from about 6.5 to about 9.5. In all examples
of Bissot the reduction of the precipitated compounds to Pd and Au metals is
accomplished by reaction with a hydrazine solution.
As is apparent from a reading of the Bissot patent, a major concern in this art
of vinyl acetate (VA) production has always been to improve the space-time yield
(STY) and also the specific activity (SA) of the catalysts. Since the description of this

- shell type of catalyst by Bissot others have attempted to improve the catalyst in

respect to its space-time yield, specific activity, and/or its selectivity



sol ubl e precious netal conpounds are fixed to the support surface as
wat er -i nsol ubl e conpounds. In U S Pat. No. 5,314,858, fixing precious
net al s owa éxo4swpport is achieved utilizing two separate PEBRUSHIZIAZ4 on
stages to avoid using | arge excesses of 4ixing agent. U S. Pat. No.

5,332, 710 descri hes. fixing . the_preciou S hy jcal rotati.ng an

i npregnat ed cat aﬁ’g}z{gs‘%ﬁgrﬁomﬁ@i’?ﬁeiﬂﬁ%b@‘gﬁgﬁe%?%%ﬁ W%‘ g‘?‘?&érlg in a
reaction solution at least during the initial precipitation period. The
rotation i mienosied ihgsacheld impregnaipdieatelysta of theBipset fredh improvakinaiespect to
precipitated on the carrier are said to be nore evenly distributed in a
thin shell @ STeifkitppesdntally feeof séditme atdh assif itprapgyee froof ingledsmtspthtent s
-are reduced with ethylene at a tenperature of 150 C. Despite such

| mpr ovement $;A8sBANAIYOR8H JTBHRivnk & ek Sh 'CIENpatEIY, Y if Hseiollfifm icBnfehe is
devel opment of catal yst conpositions that exhibit an even further inproved

- conbi nati on | r i - Vi @yl t Y OF
ThE | NVENT! CRRFRERT R RS btk okt B AEE ool o poBEEhAl omDhh IR,
Pd- Au, and nget s for their production, which are effective.for catalyzing
the. vapor . piois 08 2ateth i b wasbigs 5 ealabisnl a' pedihseiiy Shan5F i RndGRleh. {1
acetic acid and oxygen to produce vinyl acetate at high values for

space-ti me Y8t an igpexchange spdwtian asyin the P87 patend. Hnghl ofcthe @bpyg pafenty the
conversion of ethylene to vinyl acetate. The shell inpregnated catal yst of
Pd- Au ar e preeempifiedentalystiare cedusadpwith hydrazihaselutioild UGadategt N6. 168,586 about
7.2 g/L of catalyst and a Au to Pd weight ratio of 0.3 to 2.0 by

i mpregnat i ngepdis thePR QAN Wnplegastde Qutlyeal off ieBissdt §p¢ vadéi eanddg@loth sal t s
or acids, which preferably are high purity potassiumtetrachl orpall adate

(99.99% and, ﬂ{sc’tﬂ%&@te{lﬁgﬁﬂg%ﬁlﬁﬂ%ﬁﬁ cﬁ%o?g Are %nﬁl ﬁrﬁﬁr"o@ t&bon dioxide

precipitating ter 1nso conpounds 0 d and Au oh the support surface

by reaction of the inpregnated, support W th.sol utions. usip | i t al
net asi | i cat éSISS?Vlg'kgBi ﬁ'&(%tpg enh)?glr g’f(a]n&pé% cc?PabFﬁ?x urreegu?eﬁe&@gf &ggl%né al 4
precipitating agents, 1or eferably a sodiumnetasilicate solution is used as
a precipi tatt?rﬁaefaﬁ'é"n?f Y g'quanti ty that exceeds the theoretical anmount
required to neutralize the Pd and Au salts. The excess of fixing agent
depends on vol umBasteyfdtxdlnin Sel.uRdtent ModS,.3H. B yepsttsshpposhell Iapregnated

i npregnated support is then washed with deionized water until the final
decant is negaiysteoftthe Bissot type ininhprates] inasdpectatbtitsr STiith id prepaedita kabef or
wat er renoval . The dried support with its surface precipitated conpounds of

Pd and Au i%thwloa@ia%tom.sm 10.88 Mt 19%6® R /D}(qlmg\ﬁﬂ%?,taﬁfeigﬁhmfo@dﬂﬁﬁto
greater than 150 C and for ethylene up to 310 C and for hydrogen up to 299

C, preferabl t n t ; Cto
5957C tor oty fioihe i bR, 00 ANy xBmbRARS! s fiaferk lare FARAY

reaction with a hydrazine solution.

U.S. Patent No. 5,567,839 reports that a shell impregnated catalysts of the
Bissot type is improved in respect to its STY if a barium salt rather than a sodium
silicate is use to precipitate the Pd and Au compounds into the shell. All catalyst
examples of this patent are reduced by reaction with a hydrazine solution.

The selectivity of a palladium-gold catalyst in vinyl acetate synthesis also is
influenced by the extent and uniformity of the palladium metal and gold metal

distribution on the exterior and/or interior surfaces of a porous catalyst support



hydrogen, until substantially all of its content of Pd and Au are reduced
to their free netal state, after which the support is inpregnated with

pot assi uw@erdade to an extent of 6 to 7 weight percent ofcrhsotntsd

catal yst weight on a dry basis. Thereaftgr the catal yst is dried. WO
02/0-43'12 PCI/LISI11/2118-1 7 A catal yst as descri bed ahove has a
space-time yHBHIG S¢h a5 Garbop <liowi ¢ sele ity apd axxEen GOSN 3o SIVAEEr t han
an otherw se identical catal yst conposition that is reduced with ethylene
or hydr ogen agetic®id @d oxyegn vapgrahasaseactioagnge of 140 C to 160 C at a gas
hourly space velocity of 4500/ hr the catalyst wll exhibit a vinyl acetate
selectivity of 9ftemmptyne proidehanifone distdblitionddithe paldddimn andrghild inmeteds t hat
result in a STY of at |east 600 gVA/L catal yst/hr. Further, such catal ysts

have a. | ONg P AR subbdr® haPFh/AHeDnBE BB T bOM Eark WVENEL T iseps

i nvention conprises a catalyst for the pronotion of a gas phase reaction of

-an al kene, | k [ I n - conk aj.ning. . e .an

al kenyl al k%%gjg) e;@}p%sgnggs'%l g? %/rgt &ﬁbggaﬁg%@gﬁﬁa?%&geéﬁ é%?dz p%gequlﬁgh%(gns& phase
reaction of n,&i{} Ienle11i .an acetic .acid, .and. oxygen- cont ai nj n (%?s to
broduce vi ny ATt WSehil imprayemeis ip Pieparias highlisaeive Selts (BF Siaabactiare

et hyl ene reacts exothermcally with acetic_acid and oxygen in the vapor
phase over Praductipnendiglosediimi).Sh8et SNp.ch? K85k and §1-94 Ry Wony:33ReH0at e
and water: CH2=GH2 + CH3CO2H + 1/202 -~ CH3C02CH=CH2 + 120, OH = -178

kJ/ nmol . The Theny refarcatast descabe pravesspembedimentyfot ympredngy palteelivt eandtgoldi0- 180
C, 5-10 atnospheres (atm, and a gas hourly space velocity (GHSV) of 4500

h* 1. Tlus widikrightich 8n hQUppsre by esmipietidd it Ofedsiition 36 th GRIHEhS iveifer-

Oxygen conversion can be up to 90% and the yields are up to 99% and 94%

D250, OSSP Y E5RRE B XpReER0  SHBERNS T

Ir:,%-rll-?ﬁl '38 1}ggci)§1ﬁ0§n&sgohg (Y\%t pat:.l'%\?d 15?9 14?8&?%?{%@”81%&0% Vr\r%ta]sizénl _c-':ls%%%ort is
achieved utilizing two separate precipitation stages to avoid using large excesses of
fixing agent. U.S. Pat. No. 5,332,710 describes fixing the precious metals by
physically rotating an impregnated catalyst support while the impregnated support is
immersed in a reaction solution at least during the initial precipitation period. The
rotation immersion procedure yields catalysts in which the metals precipitated on the
carrier are said to be more evenly distributed in a thin shell on the support surface.
All catalyst examples of these patents are reduced with ethylene at a temperature of
150°C.

Despite such improvements as have been made there is a continuing interest in
the development of catalyst compositions that exhibit an even further improved
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



preferred. At tenperatures below 140 C, the reaction rate is lowand it is
difficult to keep the acetic acid in the vapor phase. Above 180 C, for a

gi ven cama §xa4392nore and nore of the ethylene and acetic BET/HSOHAS ar e
converted to by products. The principal §y product is carbon dioxide.
General ly, the other. by-prodycts, acetal dehyde, .and ethyl acetate are
Formed ar | abUsleneorbh Al Aok pRieeh nottue el pltolban 196t Jo8epary.
Typically, the pressure used in comercial plants is 100-1 SO psig. Higher
pressures makaseitime)iyigld.c spacifico aibafy, tmd withta sighc pelestiyitynfor\copyersionaghe
whereas pressures |lower than 70 psig too greatly reduce the STY of the
reacti on. Thethylentd&b vinyl acetatef reacti on gases as a gas hourly space velocity
(GHSV) is about 3000-S000 STP liter/liter of catalyst per hour. H gher GHSV
val ues result inTheghell impregamdd Dhtakat BEPdVAL BRUsrodhddi dri & 3ltich supsuretd Ng
the sel ective values for production of vinyl acetate. Therefore, higher

(GHSV val ues a5 B flthe G £8 B IcEE 7.9, EEaBOLRREIAGR P welkfr fB G0N

gases in volune e range of ethy 7-60% 1nerts 1 S-SS%
acetic acid, 12-17% and o n 6-8% The reaction. i te A | ar ge
excess of ethgPARRtERBE e Sppert witehEf soBhions of BRlR 51 hNadalif " O
avoid formation of potentially flapmabl e/ expl osive m xtuyres. %é&;nﬁ@evel S
above about 909gids.eVieh pPreferably e A Purisy amm@wéhomﬂﬁﬁ%ﬁ&? YYo)r

preferred ranges, respectively are ethylene SO-60% inerts 20-SO% acetic
aci d 12-1 SHydmgentetrgepdoragatd 4990y cindl khereadiey geracipiiatirfg evaters depolublgl ace
of air and the percentage of ethylene in the feed is raised. The support
particl es ugssipbindshef PdogrRISAuddn Heosiippbrigswefatcalbysicacion bf shd mpregnaed ar e
solid particulate materials that are capable of being inpregnated with

pal | adi um Qﬁﬂé;g)r@%hasoﬁﬁfo% st MRl nRBGIIIARS oRlafkaliN@blal HAHBLIdES Br

condi ti ons us to produce al kenyl al kanoates, such as vinyl acetate.

| i S WA - . .18~ 4G
ar e par i curdere) il 88 Bleinih shaich itdenl, KA blashilz Bfbh s o
preferred Str#gg rt. The,support prefer ableﬁahas é;\dg\siﬁrface ar.ea frgm 100,to

800 square 352 PReFIPHAlRg agenf N, dPRifstngt eXeR ¢ thsaretiral pmount sabked g
mm a surface area of 150 to 200 square neters per gram and a pore vol unme
of 0.6 to 0.tg naytrajizedhe Rdpnd Amsalso  Thegixgessyofdirdngpasnt depnds jog vohiag afp| e
of a nost preferred support material. The aqueous sol utions of
wat er - sol ublfxipssdlatibnandavidityodfduppmorpounds used in the process of this
i nvention may include aqueous sol utions of any suitable
The impregnated support is then washed with deionized water until the final
decant is negative to a silver nitrate test, after which it is dried for water removal. The
dried support with its surface precipitated compounds of Pd and Au is then reacted

with ethylene or hydrogen at a temperature greater than 150° C and for ethylene up to

310° C and for hydrogen up to 299° C, preferably for 10 minutes to one hour at a

temperature of from 250° C to 325° C for ethylene 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 6 to 7 weight percent of the total catalyst weight on a dry basis. Thereafter the

catalyst is dried.



pal | adi um or gold conpound such as palladium (1l) chloride, alkali earth
netal tetrachloropalladium (ll), palladium (1l) nitrate, palladium (I1I)

sul fat e, wypbxh4392 1) chloride or auric (l111) acid (HAuC 4) PCHoWeNHN§4
conpounds contai ni ng sodi um are | ess preferred and the preferred conpounds
are pot assi umtetrac r pal ent et.rachl.ar Then, . for
obt ai ni ng a hi gh“v [?L.y 5 & ‘% agl?ap f’% R @?YW‘:@ @@be'?ﬂdf FRECHfiG i vity
(SA) of the catal it is preferred to utlllze t hese preferred conpounds
in their hi gatiytr (SA/) Hnin20rA0dn regten thagagpiherwise frleatieal #Btalyso gompositioRence,
it is preferred to use a potassiumtetrachl oropal | adium of 99.99% purity
and hydr ogenhattis mdhé¢enl with ethylend or Bgdogouati 150° CTHe aderaperatuye mhgdPaf B3 Au

- conmpounds to be enployed is such as to provide in the final catalyst a Pd

| oadi ng of fi5 QBDBLUIta dasBhdifrly dpacaREbEity’ oR4SH0/MAIE dAtafyst lvsﬁnfélxlmlttzhaﬁxyp' aces

Au in the catalyst in a weight ratio to Pd in the range 0.3 to

cat Lre;?g i E;E&a‘%‘s’%?é.h i Y o pofer 'g‘?%%fl"?’r&‘afrgh@éb*&‘% '3°‘E>°3rr}‘5° i
ange of andutiting ¥ &r bR BBNAL aRhR By HiRberch sl B ol o

600 gVA/L cat/hr. The lower is the Pd | oading that can be used to obtain

t he requi si opesstionaldifees t he hi gher will be the selectivity of conversion
to VA, hence Pd |loadings in a range of about 3.0 g/L to about 5.4 g/L are
preferred. WO 112/ U. 1392 10 PCT/ USQOLl/ 2118~ The support is inpregnated in
a process designated as "rotation imersion to a point of incipient

wet ness. " TIBEPAILER DESCRPTION @R NIVENTION uti on preferably corresponds to
from95 to 100% {nore preferably from98 to 99% of the pore volune of the

support. In this }EOGRIF0A Banagége'ayararys%we rofoti oSS 5 84k ]%Hasé RéacRsk Au

i npregnation solution and t rotated therein during the |n|t|a

stages of th of 1 S t al
conpounds. ‘f‘ﬁe F@%é‘g 8‘% ﬁ?%?lcr%iheﬁﬁg%g gﬁs%%%% é)gsl{? 2‘“@% |on oul d
proceed for t | east % utes and 14? aﬁ for at ]east ut es
until all of? ‘W@a@ola ?c?ﬁt St i, pattist sirable Aoy e gam phage;re 1°F‘o s up
to 2 hours after which the support nmay be |eft without rotation inside the
seal ed cont #ithidene; an aegtic asid, mrgmhmnﬁen@w gasdopreduee Byl #6tase: t he

i npregnation solution inside the support pores. Any type of rotation or
tunbl i ng equi prerin tharcatedyzed eghs gehasd ecagtiarc tpraveps redliyisneuteattis zxdthesmically
critical. However the extent of the rotating notion may be critical. The

rotation shaoyid abicfRsd agdexrgtinSe tﬁéraapoalphamreaaeﬁetaﬁ%édaeué PpAegsiriled
supports are evenly contacted with the inpregnation solution as soon as

possi bl e. Trtgt ?nge, FB&tdi‘@&ndj@ratEP harsh that actual abrasion of the

support parti c akes p ace Generally, the extent of rotation should be

about 1 to 30 1l n the begi nning of

rotation depen??{ngé&hgd'ﬁeﬁ I%a’g‘ﬁ@ Qp%geéof ]IEir zc%la I?’r% anount of support

and the anount of precious netal to be inpregnated into the support. The

rpmto be used A= vbi8 Land may al so depend upon the apparatus utilized,

the size and shape of the support, the type of support, and netal | oading.
The viny! acetate reaction process may typically operate at 140-180° C, 5-10

atmospheres (atm), and a gas hourly space velocity (GHSV) of ~4500 h!, This will
give 8-10% ethylene and 15-40% acetic acid cenversion. Oxygen conversion can be
up to 90%, and the yields are up to 99% and 94% based on acetic acid and ethylene,
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



The precipitating agents used in the process of the present invention
catal ysts include sodium |ithiumand potassiumsilicates and hydroxi des.
It is pr¥@eyEdI2 o use sodiumnetasilicate as the precipipa@riusgr/Aagent. The
precipitating agents are preferably enpl8yed in the form of aqueous

sol utions cg .c.%élHI N{¢ n}pe}zt this hedw IR T, ?ﬁcx%ﬁgm%fra{eq? lOW\c[IPdét]lg{i f}ié@?t

PCT/ USOl/211_ pr eci pi atr ng agents epen acl

vol unme of u ol ut i on. vol u i,ons used is prefe

Vst surt | oKe BeaCEiad i e SapiREsh RbTva LU Lﬁrﬁ@‘i%?‘b@ﬂ%@@d"’é’%ﬂff s

i mrersed | nto the fixing solution and aI I owed to remain conpletely covered
(for 1 day uprre ef iscthylenappdaceticrarihfgdsare canvertsdip b ppedugtsurlde panripak
-final pH value of 6.5-8.8 is attained. The exact quantity of alkali, tine
of fixing abg grodadt ipldartendiipeidele ienorallyhtheabthat by-{pypimctss h@tédﬂd’ﬂeyamﬁ t he
support, and the quantities of precious nmetals used. After fixation is

~conpl et ed t Behyl BRt£E AR REMSUBNDOLt DBadsesar € then renmoved from fixing
solution and rinsed with deionized (D.L) water. Further washing nmay then

done in a batch gf 1&9&}&%%;% rﬂ\%ﬂﬂﬁen%idlﬁgs%’aﬁmiﬁgpﬁttm% @ré&&rg e &t ur e

shoul d conti nue unt wat er Ineions is

bel ow 100 pp wher deca ves a negative .t .to SI | ver
nitrate testcn}”ﬂﬁr P]eﬂgg gloon@((’) ?—%gl?q{eprpweédﬂ% ’&%@%Bg P 5eRdle ar e
dried, such as at /90-150 Cin a forced air or nitrogen oven. The reducing
agent used ReHIRSIGIbIbE yapYTPhass ‘é’h?fﬁ‘%ﬁeﬁ’f?ﬁsmsllgw‘@’tth% &0 sig foguaridgrsduee

whi ch the dried inpregnated support are exposed while at a tenperature

gr eat er t hathd SOYOfdheireagtiano 310 C for et hylene and up to 299C for
hydrogen, preferably of or greater than 200 C and nore preferably to a
tenperat ure greatfie totadRolbi: &F ehcionaguses dngas MdurB7 §pake valboiC(GHRVRtisy| ene
and 275 C to 299C for hydrogen, and nost preferably at 300 C for ethylene

and 299G f olapBydsR@esboof OTP ﬁtér)h'@ o‘flbfafa'lfst %@E hb&. q@f@ﬂé@@ﬁsﬂ"@mﬁ&%&&u ap of

Pd and Au to their free netal state. Generally, the reduction i1s carried
out for no | f r r
preferably 5%%1% ? Sljf)ﬁp'%gd# %ap Vs"th"apgl%gh gﬁﬁ@%%ﬁxjn‘?g ﬁlr%@%&? gﬁaish%gp%h at
t hese hi gh tenper.atures, has been faund.to nif| i ncreas he
activity of HPRUCHIR 9L yiny acé@FFpar@&“?@reca B tdI$ v ues, Suck 4300, e

preferred. The composition of the reaction gases in volume % is in the range of
ethylene, 27-60%; inerts 15-55%; acetic acid 12-17% and oxygen 6-8%. The reaction
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
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

to produce alkenyl alkanoates, such as vinyl acetate. Illustrative of such support



WO 02/ (1-1392 PCT/L1S111/2118~ 12 synthesi zed from i npregnated support that
are reduced at | ower tenperatures such as 150 C as has typically heretofore
been usewigw2z3®et hyl ene or hydrogen reduction step. The hPGHESIWAEICti on
tenperatures increase the STY of the catal yst by about 20-30% conpared to

one formed fromi npregnat S ort reduced.at 150 C. us,. f.or catalyst
conpos ' onBEles Bt SaaiH e EE Hminac 4R S afisingty SiHkis dRPREGEDS by

| oadi ng and a cal cul ated 0.5% wt. Au | oading and operated to provide a STY
of 600 g VAsupRot /Hie suppert peefespbly thas ¢ surface areaiiromolP0; ta$PR avaAre metarp perr t
reduced at 300 C can be operated at a 8-10 C | ower reaction tenperature
wher ei n t he geah eBilicaibeydsf afrancwerage dianreterof\f toyd mar atsatfecd aedaf PFsor20her
-than the 90% range of one reduced at 150 C. For purposes of their reduction

the inpregng§@fe fieRRObbr HEAHAMBYOré vbRimde 1168 89 ralig,auth @y KA - BGD"isBRY t
gas, such as a nitrogen flow, fromroomtenperature to 150 C. The

i ted | ' t 150 C f 0.5
) hour . ARESPRTHenPAG B0 Rt Bob eSS bR oy 20 © T

t t b ised t0.299-30 : the,i t fl b
i ht a1 nad and’ a NERGHEPS:oBERgE B ke i maharh d g byifthns W™ D€

preferably) may be introduced into the inert gas flow to formthe reducing
gas m xt ur ein gheviressss 1l this vgntion aays inpludecagisers solubions, of e syiablenei r
reduction dried inpregnated beads may be directly placed into heater at 300
C with an etphithdime- oneotd comp@MdCswoht &s gpaladinogdh- chieride, galkali leawth mvstalur e.
Reduci ng gas flow has to be sufficient to provide conplete reduction of the
cat al yst net@tfhRichalladivhe (NRrpatiddiuth (INtagite! paltadiano@l) Affaey, gdéUIIL0- 15
m nutes to about 5 hours of reduction in the gas m xture, the 1-5% ethyl ene

or hydrogen 4. t Pas b } jert
ydr og cg.[btr B & auggsal ya@lﬁ gﬁAﬁ@ng.oglicgvgé\%g,gcﬁ?éﬂouhéﬂlérﬂﬂnfd@esoﬂﬁﬁﬁ atd

gas flow, an e bea then be 0 roomtenperature.
Short VI' O 02J0-439 CT/ US01/42118 . ~ I ' ' | yst
of i gher SPEFGRES e P bR sadt o PHELLE ot Bu Tt VSt S

m nutes to abqut 1 hoyr are preferred. Hydrogen is.th eferred reduci ng
gas. The po?‘él gERtCRO R ﬁ‘@’& fqli O(%I_%Bg(?cg‘gg V(ﬂuetﬁfgf;‘f ﬁ%ﬁ"?ﬁ%yﬁﬁ ‘
produci ng the catal ysts may include potassium al kanoates_and any potassium
conpound t h4BTY3 andpresificcagtivity @Pp)mfetgg ratalyall ikisrmsefewed ta wiHlizerthrse rofemed

al kanoate-form ng reaction (i.e., the reaction of ethylene, an al kanoic
acid and an compgendsc ontlEimhigh maty iforrhhexepning Ice-%6purithie predtrablys99.990.
produce a allcenyl al kanoate). Potassium acetate is preferred as the

pronot er angidngePit & prefdtted 8@ fRassiten GotfaCbrophlladiomt of59.9%0 pikity dad of
the total catalyst weight on a dry basis. The pronoter is preferably

P MRS bang. |15 peter o Lo docorn] ot
“rotation imer Si’ﬂlré c}u%n&typocfiPIatanngu compounds to be employed is such as to provide in

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 range 0.3 to 2.0. Preferably

the quantity of Pd loaded in the catalyst is such to provide the catalyst with a specific

activity of greater than 200 g VA/g Pd/hr when operated under reaction conditions of

120 psig and within a temperature range of about 140° C to about 160° C that provide

a STY of at least about 600 gVA/L cat/hr. 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 loadings in a range of about 3.0 g/L to about 5.4 g/L are preferred.



i nci pi ent wetness" technique as previously described. The catalyst is dried
to renove water. EXAMPLES Catal yst Preparation Unless otherw se indicated,
in all owa mxodaxanpl es to follow the raw materi al s used f e€T/pSoUEs4 on of
catal yst are as follows: Support: KA-160Q;0 Col d: Hydr ogen tetrachl oroaurate

9. 989 ' Fi xi n- agdHE SRt B APAEEIGR FLAPBCeS AT UPHELE: COM ORTRDTaY e

pot assi um hydr oxi de;  Pronoter: Potassi um acet at e V\at er: Deionized wat er
(D.L), ~18 Poinbafingipient watsrs.isGheowoleme. ofsthadigiprsanation selusion mreferaitiuci n;
~ AAgent: 5% ethylene in nitrogen or 5% hydrogen in nitrogen, as indicated.
Unl ess ot hercairespondslite dtoml 95 to 400%ofmdrh eprefecably dont 98f ol Oh) tofighe ypordesi s

- procedure for preparation of 1 L of catalyst is given below Wen palladium

sources ot haphinkAdt the k@sport Thits bR tiRlAtdpaadpport if inkhdigediaahé Pdober
than sodium netasilicate were used, the quantities of the palladiumsalt or

~the f xing

| mpregnat i 0291 %n&%&? ‘ﬁ%&%{%‘?g’%&é&gg%&%@mﬁ%ﬁfg rOYEH %%gtlélagt%%g ijt
K2PdGl4 in 360 rri of sed i mpr egnat e 600 160
at room tenﬁ'é’PEf’th?tém{gﬂFe fuﬁ?;?ﬂ% P’%’ﬁ? P‘{%BPH% %’HR?‘%&% Lﬂ?ﬁ tﬁﬁAﬁ
was placed in a two-liter round bottomflask After pouring, the solutjon
over the KA-r&gmblingofthe swonexs i therrolution sheuld pregesd foray kst b wynutesand; | a5k
was then rotated for 5-10 minutes until all the solution was adsorbed by

t he suppor t .préfetably, tfon &, least B@tmiontesamtib albppdae sodetianhis abagrbedindhe dotetipmor t
was |left undisturbed for at least 1 hour. During that time the flask with

i npr egnat ed catiEobé lokgSasSipopRehicas hfterowhich filie SPipuitintey les/RftowAlkidud Bothtionn
t he. surface of support. 2. Fixing step. For preparation of a 0.125 M

Na2Si 03 fi Xijpgdes ‘i’lllé”séé?éﬂ cbBaid@r $o0bndNes W3ndas 161 oaive dibtAbdddD ofl thef

D.1. water (pH-13.0). The I npregnated support fromstep | was reacted with

e %100 SRR PR Pl ,10 30,0 o ol - bests

\6,1 ;: 3\é\egf ! g br gcgetg@]: c;'\rmgmq%mgk(éégmgi)n he S%UIPmCII;tOC%n ¢ Gsed ars%chg Ea:?actt gpgargltlug al pH
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
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.

The precipitating agents used in the process of the present invention catalysts

include sodium, lithium and potassium silicates and hydroxides. It is preferred to use
sodium metasilicate as the precipitating agent. The precipitating agents are preferably

employed in the form of aqueous solutions containing a 1.1 to 2.5 molar excess of the



VNO U21(1392 PCT/USU. 1/ 2118.1 15 The beads were then renoved fromfi xing
solution and rinsed with about 4L of D.I. water. Further washing was then
done i n wartwegbv2node. For further washing, a total of at PEERES0I20084 of D.I.
wat er were used. The inpregnated supportllwere i mersed into 40L of water at

233?12? SIPeT Brdifranll Sadifd ﬂé%é“aﬁ‘gian?%%%mg‘?%ﬂ?gﬁ% g 9%%‘? %@%ﬁi e"’%
40 L i ed
o i o Bt oF Sudh, sifiiths mdaf i el RER Sl B s T Py o o

the final decant gives a negative result to a silver nitrate test

Dryi ng st epPattifesi nifiedmpsagaated spppatt 13\/\)@1@@?%%“21'?11%@%&'é@lﬁtlglhﬁnchﬁuwdloo C
-in a forced air oven. 5. Reduction step. The reduction procedure was
carried out to memaigl @apletelyogroveted (fobt dagatpeth abouh 3addya{e70 donsy)eat Hom

i npregnated support heated in a nitrogen flow (rate 300-330 m/mn) from

- room t enper aérhpdatufe dilil aGimil EH VaticCo0h.58. Ss! dtfathed T e RRAATuARELS of ARAlhel d
in the nitrogen flow at 150 for 1 hour. Adsorbed water evol ved during

this heatin dey G’mn
o 3000 for ERrel e ﬁfﬁéﬁﬁﬁﬁfeﬁﬁ*‘%%;‘@ﬁ@kﬁéﬁﬁ R T e T PhR e

mai nt ai ned an 5% vol u red as (either ethylene or hydrogen,

et hyl ene fo@g%aﬁguf @r%?ﬁ%}lsﬂg’%{%dlgﬁpfor exanpl e 13) in nitrogen mxture
was introduced at a flow of 300-330 ml/mn. After 5 hours of reduction
(varied times for After fiwgtian igpomplstedsihs dmpiaeasied SBPPAR beadg aie thenasmapsd 13)
in nitrogen mxture was turned off |eaving the pure nltrogen flow The
beads were tftoem fxong sadutian awd ninseshpithateiorezedndal.) miatarodénthed waphioguonahg

st ep. WO 02/ 0-13A2 PCT/L1S111/2118-1 16 Reduced i npregnated support was
pronot ed W tiherbdohevin. a Yatoh el esfinubuaaRdal FurlkePehshidg 20 rodh aémpdrature
39.2-45.8 g of KOAc in 360 m of D. I, water was used to inpregnate the

beads by thens@halohRfud mrtﬁk%cﬁrﬁ \@asﬁodvmar Bbntbit AR neRInE €5 BelRd oo Beads
were placed into a flask. 7. Final drying step.

..J

ppm, wherein the final decant gives a negative result to a silver nitrate test.

After washing is complete the impregnated support beads are dried, such as at
90-150° C in a forced air or nitrogen oven.

The reducing agent used in the process of this invention is ethylene or
hydrogen to which the dried impregnated support are exposed while at a temperature
greater than 150° C and up to 310° C for ethylene and up to 299°C for hydrogen,
preferably of or greater than 200° C and more preferably to a temperature greater than
250° C such as a range of 275° to 310° C for ethylene and 275° C to 299°C for
hydrogen, and most preferably at 300° C for ethylene and 299°C for hydrogen, for a
time 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
less than one hour, preferably about 10 to 60 minutes.

Reduction of the impregnated support at these high temperatures has been

found to significantly increase the activity of the catalyst as compared to catalyst



The catal yst was dried at 90-100 C overnight in a forced air oven. Catalyst
Reacti ons Unl ess otherw se indicated, in all of the exanples to follow the
react or sQox®Be! ysts conditions were as foll ows: V1~ CPQI/RAQ/ABDR 17
Reactor: PCT/USOL/2118.1 A micro reactorl2unit built by Zeton Altamra was

df ' l; i j |
Gases wer o (AP A Ey Foaa sUB Rl ARaald Rl ATAG BRSNS o by
| SCO [ . 0 | | ted. TIh Bt
"t or facod vePhCaN Mo PRALY e B e G haken et iR s
2 Sgr ams. ol M WA TSRCEOR eI S 44 SBGdha g Pugmnt 2ho0 ¥

-catal ysts consist of a comrercial silica type support; KA-160 narketed by
Sud Cheni e. cbinparedttoveneclonmmed efitm i imppegnhtadi supporGaeducad lay 1800 ECheThwetial |
gold, and a pronoter, potassium acetate are added to the catal yst. The

*catal ysts arqtadfst th@psdigdds thupard sthekisdidehficdlaindl 6f arcalchiaedt @6 wi%Pd t he
first 0.30 0.35mm of the S-nm spheres. Tenperatures: Reactions were

carried out Blaihfure, SILARAES Blssh SAPRL Madihuk et B3U688a 3T snsholy0 C

Thereafter for the STY values herein repo east ‘squares Arrhenius
curve was cal,¢ul at ed pas on,.t he ta.noi I and
760" C val uee” F BEG BEFEARRmeRE BhA R s Mt siitg 2P L G
results belqw. Likewi se the selectivity of conversion to yinyl acetate
(VA.,) were GreaRsiried 32 Spld tﬁr loaver dRIsEiPR IGMPEratiNg ‘Qﬂﬁiﬁlinyﬁ’ﬁn%ng&m ?@r was
calcul ated and the selectivity values at 140 C, 150 C, and 160 C were

det er mi ned aouversion te yonyl egetate isHE-93o|rather thanghe 08%bengw.of Phe redicediapal by
product was carbon dioxide. Cenerally, the other by products, acetal dehyde
and et hyl acewaCe were fornmed at about 1 % or |less. Pressures: Reaction
pressures were either 120 psig or 50 psig as reported in the table of

resul t ; bel ow. Ty GRkpokes BF T+ FAubERH tHeNinGRegmld Sppbitathds by KR 850
psi g. Sone

heated in a flow of an inert gas, such as a nitrogen flow, from room temperature to
150° C. The impregnated support may then be held in the inert gas flow at 150° C for
0.5 - 1 hour. Adsorbed water evolves during this heating period. The temperature
may then be raised to 299-300° C. Then the inert gas flow may be maintained and a
volume of ethylene or hydrogen (1-5% by volume, preferably) may be introduced into
the inert gas flow to form the reducing gas mixture to which the catalyst beads are
exposed.

For purpose of their reduction dried impregnated beads may be directly placed
into heater at 300° C with an ethylene-inert or 299° C with a hydrogen-inert gas flow
mixture. Reducing gas flow has to be sufficient to provide complete reduction of the
catalyst metals and may be varied in contact time range.

After about 10-15 minutes to about 5 hours of reduction in the gas mixture, the
1-5% ethylene or hydrogen in inert gas mixture may be turned off leaving the pure

inert gas flow, and the beads may then be cooled back to room temperature. Shorter



WO 112/11-1392 PCT/US(11/2118-t 18 runs with the catalyst of this invention
were conducted at a reaction pressure of 120 psig. Hi gh performng

cat al yst waexibet t er conpared in the ab at 50 psig due tPCHHSEI/ZI&BNSpOrt
probl ens at 120 psig. Pressure was naintjgined at 50 psig for a latter

series of runs.  The STY, a catalys 0 psig of pressure was.fou to
be about onée‘ﬁlﬁﬁl?n tlmpﬁ@e&;ngglygg Ofﬁlgberi%?;@ S;a}‘?é‘ﬁe &Wﬁteﬁfwﬁtﬁmpté‘?lﬁs. gfgl ow
Rates: The total volune (GHSV) of reaction gases was nuintai ned at 4,500
STP |iter/| ffoay abgutckl miputes e ebeiul honn prej prefeprsdy nElydsogerds ithe preéeyeed
exanpl es are 55% CZH4, 26.0% He, 12.5% acetic acid and 6.5% 02. Oxygen in
t hese exanphe&icing gast roduced as a 20% oxygen-80% hel i um bl end. For the

- evaluation of 2.5granms of whole beads, the flow rates were: ethylene 179

standard cubic cepbigfeissiuth pefoRrs uddnOfie Hoboes$ 6F Mis BVEnHEE for rédiicthgd0. 75
sccm Gas flow rates were control |l ed and neasured by Brooks mass flaw

control 1 ers i Ll aoasy d%‘g% BORSG RceBRES find G 8}9@%%%@1@0&1& gl and

flow rate was contrto punp can give a mnrmumftlow rate
of 0.1 ~,I/mn (Jiquid). The acetic acid |i.qui s .vaporized. b .

i nt roduci ng CP‘PV‘ig"ﬁflg‘oaa moKSHYY éga‘hqatel Ying g}%o e’\ﬁlt ﬂﬁ?ﬁ’g{eé °ﬁ’§ﬂ@‘éea8th‘a‘: ,

02/ He. The acetic acid (vapor) and other gases were then m xed in a static
in |ine m xére.pbpgeection ef ¢thyjeng, an adignpisr acid-padan oy genycontRiBing 95 1R {ke
limts of the ethylene and oxygen m xture depend on tenperature, pressure,
and conposi tpresancel vf ithe statdlyst do byrodutei & | adkady! cdkgroateht sPotessium aacetatre s ¢
acid, and helium In general, the oxygen concentration at the entry to the

reactor i s srefSrrdPhs th¥prOasRe atisarefelablyosiddd i g exitenlt of Bbovh SRLID eormut er
utilizing electrical output fromthe mass flow neters was used to prevent

the formati e ' :

R S %%ﬁ%@%%u%@pﬁﬁ%%ﬁﬁ%%} DA f%rlrlf
CReact i onReacti opVASpaceNo. Cal ¢..Cal ¢. Pressur e . cll v j al) (A
ctual ) (PSI G%Caaﬁﬂ?%e us ggll.?%)gty t 1é§5:(ﬁg§qde o a%or;l_gﬁg?l p%gée?neu gt &XEHH?&&%&J
S012014094. 7220NazPdCl , s( 0. S9) (0. 26) 15092. 4322( SVG) | 6089. 54702. 99 .,

%. 630. 5215611%%69& .lﬁzm@aérlm?%?b%iﬂ@ ét?) %&6%%’? ADEERY 1% FopPiBYL 653, 99.
99 %0. 630. 52|

S012014094. ia@piknt wekaess!' (Ghsijpe o3 Boyipssgdesibed.SVE) 16091. 2S304. 99. 99

%0. 630. 521501201 4094. 2288KzPdCl 4( 0. S4) (0. 36) 1S092. 2394( KO ~16090. 2S005. 99. 9
9 %0. 630. S21S0! 20eatal B TOKidddCremove water.

(0.54)(0.28)15093. 3378(NaO ~16091. 2528Sa. 99. 99

%9. 630. S23001201409S. 2320KzPdd a( 0. S4) (0. 28) 15093. 8420( NaO ~16091. 3SSS6. 98%
0. 630. 52(S012014094. 71 93NazPdd , (0. 63) (0. 25) 1S092. 8309( SMB) 16090. 942S7. 9890
. 630. 5230012014094. 7265NazPdCi , ( NA) ( PPES9391( SMB) 16089. 15167a. 98%0. 630
. S2S50012014000NazPdC 4( NA) (NA) 1 SO000( SMb) | 60008. 99. 99

%0. 632. 41S01 2014092. 64SSKsPdd a( 0. 71) (0. 86) 1S092. 3500( SMS) 16090. 95608a. 99. 9
9

%9. 632. 4150S014094. 6216KzPdd a( 0. 7 )go. 15093. 3270( SMS) 16091. 73409. 99. 99
%. 630. 5215012014094. 4300KzPddl . , (63 %’5’1( ?E%ﬁ‘ti@b%. 4430( SMS) 1 6090. 06109a. 99
.99 9%9.630. 521505014094, S150KzPdd s( 0. S8) (0. 36) 1S093. 4220( SMS5) 16090, 2~~~
310 1 In the firsYnlesyatherwiseHaditatrd,ig algéthe exgmplasdo fllast g raw maigsiala o,

or KOH and represents sodium netasilicate, sodium hydroxi de, and potassium
hydr oxi de, nespémtprodicyion of catalyst are as follows: -

Support: KA-160; Gold: Hydrogen tetrachloroaurate (III) trihydrate,
Palladium: Potassium or sodium tetrachloropalladate (II), 99.99%; Fixing
agent: Sodium metasilicate, anhydrous: sodium hydroxide; potassium

hydroxide; Promoter: Potassium acetate; Water: Deionized water (D.L.), ~18




2 In the third and fourth colum the targeted palladiumand gold | evel are
given while the nunbers in parentheses are neasured palladi um and gol d by
| CP anal W &/04392W0 02/ 11392 20 TABLE OF CATALYST RESULTS PET/US01/21184
PCT/USI | 1 /2118-t Exanpl eSour cePdAuTenp. 14

CReact i onReacti onVASpaceNo. Cal c. c, PressureTenp. Sel.ectivityTi me(Acsual) (A
ctual ) (PSI § C( % HeEP "H‘gg%éﬂ%mg%%%ﬁ? i in’ nitfogen &54
85K2Pdd , (0. 63) (0. 42) 15093. 1252( SMS) 16091. 334310a. 99. 99

%. 630. 52300S014b¥droges oy WL péndicateds3) (0. 42) 15092. 632116090. 041 310b. 99.
99 9%9. 630. 523505014093. 649( SMS) KzPdCl , (0. 63) (0. 42) 1S092. 99816091. 01761
|.99.99 Unless otherwise indicated, in all of the examples to follow the synthesis

%9. 630. 521505014095. 2165( SMs) KzPdCl , (0. S8) (0. 39) 15093. 923016091. 432011a. 99.

i@g' 9. 630. 537,L58H 496 frefaallie BIFL. of el b 93 6. OPEAH PABAGO9MEa55L

9. 630. 523005014094 hAASKART RhraciiBroT AR LERHR 3404 YR G080 <0

| c. 99. 99

%9. 630. 523255014094. 4120KzRdCl a( 0. 58) ( 9)15092. 9184 16090. 427812. 99. 9
9 9. 960. 76§l’5’8®§&°&@9‘i’%“2‘15fﬁzg86(“?{‘ (‘%&ﬁi%%@%ﬁ%ﬁ?%@é% %E?éﬁ@?“gg. 99
%9. G30. 52299 C Hx50KzPdCl, (0. S8) (0.34)10 m nutesl S(2. 3430( SM5) 15

mi nut es15092djpgted bpobiain fhe sames modggatiosour 15091. 44205 hour 15090. 9420 1 In
ttte tll'st colum, the tl Xng agent used is (lerieC as SM5, NaOH, or KOCH
and represent sodi um reipsegnhiiomstey. sodi um hydr oxi de, and pot assi um
hydr oxi de, respectively. 2 In the third and fourth colum the targeted

pal | adi um and golAdsdletéeh of6.90 giofeTAwEl, BH,O had N0I706) 6f KsPdQ wrBchenkest BI e
measur ed pal | adi um and gold by I CP anal ysis. Exanples 1-5 show that good VA
catal yst cag,

| ke 6D STRIDE KIAAEE at DOH KMpBAAIEOIR G
pot assi um hyc??%ﬁg‘%gg%ﬁg)@ x:teng a%gn?. The so&rce of mtphe gopgq?s danwas
ACS grade hydrogen tetrachhl.oroatdr I [ te f ] nd it
tes sed | nisir R BT EARNAE T R A0Sk blaoly U B oaRerhnd o
vari ed. Exanples,3-5 show that high ri 9.99% . K2PdC 4 gives hi gher
space tine %é‘fd“‘%ﬁ%‘“{tﬁ’@ t#’%ﬂ?“‘ﬂfg‘?‘fega’e(@%%%@oésh wéaﬁgaﬂnqcﬂedég 44PPE 2 and
hi gh purity Na2PdCl4 shown in Exanple 1. WO 112/0-4392 21 .
PCTI US01/ 21 e8aporggandibesfiask atias then sefatrdtiae Spdhennytes wntilrallthei spdutionewas
catal yst at 300 C conpared to 150 C when sodi um hydroxide is used as the
fi xi ng agentdsorbed ©OtHeMUppdLR PATEr-thissrotatimn veas stéppep ahd Hei impregnaied suppart t-hese
exanpl es one batch of inpregnated support was made and split into two

portions fokrydsaefdahiidturbdd fonat feast I BsliiC helhet thaPehathy sk Wileimprleghated i n
Exanple Sa with the 300 C reduction shows increased space tine yield. At

160 C react isﬁgp&r@w&%egf?&r@a tol BV VR P& abSraBBR HonPife sHENR\ R sugort, Ne | over
operating tenperature 140 'C, the advantage is over 18% Exanples 6, 7

and 7a were identi'ncal Ilylxm cége Wi th lower purity (98% Na2PdC 4 using sodi um
netasilicate as the fixing agéent. The difference was the inpregnated

support was reduged with ethyl t 150, 30Q, and .50Q_.G. resphectively.
These exanpl es S&e&wpfefpg{at@p a&ﬁ%ﬂgh}%ggg’ %ﬂ?gﬁéug%ﬂgrﬁos%ﬁéﬁ@%l 3 VAY ge
i nprovenent in space tinme yield is obtained by reducing at 300 C conpared

to 150 C. Hewsobed inh2e0 mhpf Bdnwetet®ldddPt was reduced at 500 C, activity

was
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. The fixing reaction was allowed to proceed for 3 days (~70 hours)
at room temperature to a final pH value of 8.0-8.5.

3. Washing step.



reduced to 0. Exanples 8, 8a, 9, 9a show the results of catal ysts eval uated
at two reaction pressures, 120 and 50 psig. In exanples 8 and 9 at 120
psig, thwomaseszine yield is about twi ce that of exanpl eBCBasawmri®a run at
50 psig and a reaction tenperature of 14@ or 150 C. Exanple 8 with high
gold loading is e, where nmass tr er, lLim atlons at 20. ri d 160
C reaction temeaéFE’F%dspWﬁ?ltH%“ Eﬁ‘FP‘V’egrEFH? dixing sq Wt':%%&de“{’ (8‘[52 e time
yield. In the remaining exarrpl es, reaction pressure was mai nt ai ned at 50
psig to cirefiveneterhFurthersashingveasdhen danstin e baich mod. IFap further ashiag, 7o

10a, 10b show the results using catal yst prepared with sodium netasili cate
as the fixi ngalag€nt least 2005 hofpDili twatéroeBO uped<2 AthE] #nmsgrael palpoedivarn
-source. Et hyI ene reduction at 300 Cresults in a catalyst producing VA at

20-40% WO ifidiethed 30 RETOHINAME dldshm LetnpbriR) ThRaAGAtet ll?ér vib&ledkhe tepdy ed to
catal yst reduced at 150 C. Exanple 10b shows that with 0C reductl on with

~ethylene th di C
show t he regvl?? %Hl%#g %d;?\&é@ Q!i*njdgrn |\gaasplv§/£§?‘g%§}% ggxgége x‘f g(r:léedl
reduction tenperatur aried f oml 25 e best erfor

caralyst s o ichisEpsof b b, B e e B e %&’ﬁ%&%“ﬁ‘ga}“ 300
C Exanple 12 is a cataly in which both the pal |l adi um and gol d | gadj ng
wer e rai sed 5tidmestqdewaasgaganiant of chlogmesinas do ?’GI%W 168 peey iwhsrsin dhel finple

et hyl ene reduction tenperature was 300 C. Space tinme yields were good but
sel ecti vi t y decanVgivies amegaitveaesiido edilver mixatapdse 11b. Exanpl e 13 shows
performance of a catalyst fornmed frominpregnated support reduced in
hydrogen (5% |~2 4 n niprageddp.at 299 C for different time. Al though
particul ar enbodi nents of the invention have been described in detail for
pur poses of il N t

departing fro Jmie g& Hzﬂed gﬂ? oggg%lgqgéﬁ ?ﬁg& Pgﬁlg?@g%b%éogg§llwgdﬁgﬂ$6taﬁ%
appended cl alvgs V\D 02/0 1392 PCT/US111/2118-1 23 CLAI Ms:

5. Reduction step.

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

The impregnated support heated in a nitrogen flow (rate 300-330 ml/min) from
room temperature to 150° C at a rate of 5° C/min. The beads were then held in the
nitrogen flow at 150° C for 1 hour. Adsorbed water evolved during this heating
period. The temperature was then raised at a rate of 1.5° C/min to 300°C for ethylene
or to 299°C for hydrogen. Then the nitrogen flow was maintained and a 5% volume
of reducing gas (either ethylene or hydrogen, ethylene for examples 1-12 and
hydrogen for example 13) in nitrogen mixture was introduced at a flow of 300-330
ml/min. After 5 hours of reduction (varied times for example 13), the 5% ethylene (or
hydrogen in example 13) in nitrogen mixture was turned off leaving the pure nitrogen
flow. The beads were then cooled to room temperature under nitrogen.

6. Promoting step.



1. A process for producing a catalyst, which catal yzes a reaction of an

al kene, an al kanoic acid and an oxygen-contai ning gas to produce an al kenyl
al kanoat &0 eaByxonpri ses support particles inpregnated weChvused/21agh um
gold and a potassium al kanoate, said prqggess conprising the steps of (a)

i npregnating the support particles wth aqueous utions. of water-soluble
pal | adi um and gﬁ%eggﬁmﬁﬁﬂé SURRPILVARTR Wﬁhﬁ @%‘-‘%r?zé’ﬂ?ﬁ?lﬁmﬁﬁa i um
and gol d conpounds onto the support particles fromsolutions using al kal i
netal silicdK@ADr Apdlugen 96925408 & eE KR A 30P aY oftD.L(watenvwan vyl the
precipitated support with water until a decant of said wash water is

negati ve t oimpsighaterthebdadabe theemtationdnnkryibndo b Ipeintas hedbientevdtymss atoeld.
-support; (e) converting the precipitated water-insoluble palladiumand gold

conpounds t @Beaad Wakd pladed Mfto@dlagk.on the support particles using ethylene as
a reducing agent-at ‘a tenperature of greater than 150 Cup to 310 C or

hydr ogen as a reduci ng;: . tenperature of greater than 150 Cup to
299 C (f) furthgit'J irr%‘rngag?g}{l?ggte?'he support particles with said potassium

al kanoate to a.point, of incipie ess of the.support particles; and (g)
drying the cat gﬁ?%qq"?‘ly%'.waf egﬁb@ﬁe’éé\ﬁ% oygrafeht in a fofepdalk Qveine cat al yst
carries from1l.0 to 4.5 w. % pot assj um WO 02/ 0-L392 24 PCT/US01/2118-t
3. The process of claim2 , wherei ﬁ:aﬁallﬂ@tgﬁﬂcél(’?%t is reduced ethylene at a
tenperature of 200 Cto 310 C. 4. The process of claim2 , wherein the
catal yst is reliuess otherwishyiddiogted, it all ofetipeexamples of folddv Ghe geRSS @d 5. A
process for producing a catal yst, which catalyzes a reaction of an

et hyl ene, aratd®td sondtiofls d8ft AFoldosygen- cont ai ni ng gas to produce vinyl
acetate, that conprises support particles inpregnated with palladium gold
and potassium acetate, said process conprising the steps of:



(a) inpregnating the support particles wth aqueous sol utions of palladi um
and gold salts and acids; (b) precipitating water-insoluble palladi umand
gol d conpsutisi3ght o t he support particles from such sol ut PER3SOE2ING al kal
metal metasilicates or alkali metal hydrigxi des or m xtures thereof as a
precipitating ag%§%' Qc) washi ng the precipitated support with water until
a decant of said gﬁ'mater is negative to a silver nitrate test; (d)
dryi ng the washed, preci pitated,_ support; (e), converting the_ precipitated
wat er - i nsol ubl & 1B XariQninh gw&&mge@ﬁﬁé{mg& Vo5 West fargscrsrnineicatalyds 8 ¢ he
support particles using ethylene as a reducing agent at a tenperature of
great er t hanvdssiesigneg forat@ndedoparatignsr dgasas swrafaddbrmichg Byenks neass dlow
“tenperature of greater than |50 Cup to 299 C, (f) further inpregnating the
support par tneter andidcsiadid s fod beehdiSEO syrthgeuntdy. y Cogirdleavezahainysity 6.
The process of claim5 , wherein the potassiumtetrachl orpalladate is of

©99. 99 %purio?&ated. e Qniddlddi3Rdaddd Wit 234 Bad 8. 25 7. The process of claim
6 , wherein the hydrogent etrachfloraurate is of 99.998% purity. 8. The

process of claiim7? erei n, the c | L tg. 1.2 . %% Pd.
9. The proces sAoF"El @5%68& 5‘%1@?1&@5:?%%15 &Vgg S\S% t(g 8 é&é %:aq‘gg's?rpgﬁ?tb _cgu]‘[ﬁ;bez_ 4
wt. % Au. 10., The ,process of .claim9 , rein the cat.al carries from1l.0
to 4.5 wt.%psrEdsiGailyy foading V@ﬁ&z@g%&&a&?—w 98 ,Wl&hé‘?éi gramp ot 3-mm
i npregnated support is reduced with ethylene at a tenperature of 250 Cto
310 C. 12. Ewsspeadeasadiluentai Ml rotalystreewisist ohe eommagpist silivartiprusunpor t h
hydrogen at a tenperature of 200 Cto 299 C WO U210. 1392
PCT/ USI | | / 2 KL&8-1602farksted AypSak €hanicoxThe activet componéntvis ipalladiasi aGenaallya
space tinme yield val ue of
another metal, gold, and a promoter, potassium acetate are added to the catalyst. The
catalysts are of the shell type in which the metals are located within the first 0.30 -
0.35mm of the 5-mm spheres.
Temperatures:
Reactions were carried out at three different temperatures ranging between
135 and 170° C. Thereafter for 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. 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 table of
results below. The principal by product was carbon dioxide. Generally, the other by
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



at least 300 g VA./L cat/ hr at 50 psig and 600 g VA/L cat/ hr at 120 psig
by a ' catalyzed gas phase reaction of a reactive gas conposition

conpri si NP et/éwgdene, an acetic acid and an oxygen, conpri BCHysotim18t eps of
(a) passing the reactive gas conpositionlinto contact with a catal yst

produced by o i i i HEQH i of
pal | adi um anrg&s g%)qdc]i QE%%@?%tnd(}qg% ﬁggéﬁt%?%% ég#‘gf%ttégt flstnrhgpe\(/gvat erﬁﬁeﬁsg%#jhg%ﬁ;
pal I adi um and, gal.d, conpounds onto th upport particl]es fpom such sol utions
Cai g al ke oisoieh peTRaTRE cafebisture BefeioRipardih ml-B e 5 SFantifia it
thereof as a precipitating agent; (3) washing the precipitated support with
wat er unti| teanspestproblemssaildlwnaign Rigtsure was maduainedoat; ) psig iforadlattey; serigs e
-test; (4) drying the washed precipitated support; {5) converting the

pr eci pi t at ebfwadse rFherSDY wif laccapdydt atl 5& psigod pgeskule cmsfoumti®o boalpat baelhalfn and
gold on the support particles using ethylene as a reducing agent at a

* tenper at ur e tpé valheat Bat dafast WHenG@uniBt 120 pgid) C or hydrogen as a reducing
agent at a tenperature of greater than 150 C up to 299 C, and (6) further

i npregnati nge 5‘? sddpport particles with potassiumacetate; ° (7) drying the
catal yst; and b) mai ntaining the reactive gas conposition at a tenperature
of or less than, 160 C. WO t392 PCT/USOL/ 2118~ .27. 14. T r ss of
claim 13, wher ipﬁ%ﬁg V;S’éﬁ‘ﬂ’%oﬁh}ﬁ@" Iiegc%& 8P U™ é?z})l&témeﬁr%aﬁl’sgga of
99.99 % purity. 15. The process of, .claim14, wherein thagggol d acid.is

hydr ogent et rlgemliter of satalyst ger lymiro diytish volime vo used In fhege prasyiesarg PO« Galw 15,
wherein the catalyst carries fromO0.5to 1.2 w.%Pd. 17. The process of
claim16, w6 He, 12.50anedticsacidand 68% Op.oxygen imthesetexamplesis intt@lucgthe
process of claim17, wherein the catalyst carries from1l.0to 4.5 w.%

potassi um 1d3.a 2096 oRy 2836 bbliahdlend] &Forwheswiluation @f Qaigeds bf whole ddadd
with ethylene at tenperature of 250 Cto 310 C. 20. The process of claim

tlg Zggeg_ei N hBFo%R Y Serd: TtHyISHECERD Whabdhrd ¥ebRIGRARleteds (RVREG! 20%' @, b6 200C
scem, and acetic acid 40.75 sccm. Gas flow rates were controlled and measured by
Brooks mass flow controllers with ranges of 0—506 sccm.

Acetic acid was fed as a liquid and flow rate was controlled by an ISCO pump that
can give a minimum flow rate of 0.1 pl/min (liquid). The acetic acid liquid was
vaporized by introducing it into a mixing tee at 150° C along with the ethylene and:
O,/He. The acetic acid (vapor) and other gases were then mixed in a static in line
mixer before entering the reactor.

Flammability:

Flammability limits of the ethylene and oxygen mixture depend on temperature,
pressure, and composition. It is shifted by additional components, such as acetic acid,
and helium. In general, the oxygen concentration at the entry to the reactor is < 9 vol.
%, based on acetic acid free mixture. A PLC computer utilizing electrical output from

the mass flow meters was used to prevent the formation of flammable ethylene

oxygen mixtures.
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10yL9 10%& ()- y37 10%&' ()- @10%& ()- fL* 109& ()-S' 109 ()-YS 10%: ()-q
r  <uv7/ 10, 109& ()-f3109& ()-S 109& ()-S 109%& ()-S 109%& ()-! & ! 109%& () -
10<=: dE7TWQ069920%: () -y! 10% ()-y 10%& ()-ff 10%& ()-f 9CTOBRI/INBS

109& () -: HIE7/ 10, SO109%& ()-y. 109& ()-yS0 109& ()-9* 109& ()-y( 109%& ()-y%

e el L RN

109 ()- +}5dEbC OS 109 QZ;&(L @Aloo&_(_g_-__@
1 e ourc ) * e cC
109 () - 11 ¢ ng"ﬁio S 0dg - | L ng& f "Sé;% | 1@;& () 5808 1loggfin ) | Sthhes
109 ()-S! |109%& ()-1 8dYN &Oyat) 10 AQuaid OF 37 109&'|( Jesichd |1 Qé M - (‘1@10%@&i(@ -
fO109%& ()-fl. 109&'|() - SO 10p& () - 109%&' ()-1S109%&|() - SY
- 10% () - S! 4409 : D0 £ 20U L1090 S
10%&' ()-S 109 () - Sk,pd lda) " HEYNC 150 93.1 252
(SMS) 160 91.3 343
10a. 99.99 % 0.63 0.52 300 50 140 94.3 260
(SMS) K,PdCl, (0.63) (0.42) 150 92.6 321
160 90.0 413
10b., 99.99 % 0.63 0.52 350 50 140 93.6 T49
(SMS) K,PdCl, (0.63) (0.42) 150 92.9 98
160 91.0 176
1. 99.99 % 0.63 0.52 150 50 140 95.2 165
(SMS) K,PdCl, (0.58) 0.39) 150 93.9 230
160 91.4 320
Ila, 99.99 % 0.63 0.52 275 50 140 94.6 220
K,PdCl, (0.58) (0.39) 150 93.0 280
(SMS) 160 90.6 365
ITb. 5999 % 0.63 0.52 300 50 140 941 235
K,PdCl, (0.58) (0.39) 150 92.9 310
(SMS) 160 90.4 405
llc. 99.99 % 0.63 0.52 325 50 140 94.4 120
K,PdCl, (0.58) 0.39) 150 929 184
(SMS) 160 90.4 278
12. 99.99 % 0.96 0.76 300 50 140 91.6 21
K,PdCl, (NA) (NA) 150 89.5 319
(SMS) 160 834 | 420
13. 99.99 % 0.63 0.52 299°C H, 50 '
K:PdCl, (0.58) (0.34) 10 minutes 150 92.3 430
(SMS) 15 minutes 150 91.7 412
30 minutes 150 91.5 394
1 hour 150 91.4 420
5 hour 150 90.9 420
1 In the first column, the fixing agent used is denoted as

SMS, NaOH, or KOH and represent sodium metasilicate, sodium
hydroxide, and potassium hydroxide, respectively.

2 In the third and fourth column the targeted palladium
and gold level are given while the numbers in parentheses are
measured palladium and gold by ICP analysis.

Examples 1-5 show that good VA catalyst can be made using sodium
metasilicate, sodium hydroxide or potassium hydroxide as the fixing agent. The
source of the gold used was ACS grade hydrogen tetrachhloroaurate (III) trihydrate
form Aldrich and it was used in all the examples (1-13). The source of the palladium
was varied. Examples 3-5 show that high purity (99.99%) K>PdCl, gives higher space
time yield than the lower purity (99%) K,PdCls shown in example 2 and high purity

NayPdCl, shown in Example 1.
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space time yield. At 160° C reaction temperature, the advantage is about 5%.
However at the lower operating temperature of 140° C, the advantage is over 18%.

Examples 6, 7 and 7a were identically made with lower purity (98%)
NayPdCly using sodium metasilicate as the fixing agent. The difference was the
impregnated support was reduced with ethylene at 150°, 300°% and 500° C,
respectively. These examples show that even with a lower purity sodium source, a
large improvement in space time yield is obtained by reducing at 300° C compared to
150° C. However, when impregnated support was reduced at 500° C, activity was
reduced to 0.

Examples 8, 8a, 9, 9a show the results of catalysts evaluated at two reaction
pressures, 120 and 50 psig. In ekamples 8 and 9 at 120 psig, the space time yield is
about twice that of examples 8a and 9a run at 50 psig and a reaction temperature of
140° or 150° C. Example 8 with high gold loading is a case where mass transfer
limitations at 120 psig and 160° C reaction temperature provide only a marginal
increase (12%) in space time yield. In the remaining examples, reaction pressure was
maintained at 50 psig to circumvent this mass transport problem in the lab.

Examples 10, 10a, 10b show the results using catalyst prepared with sodium
metasilicate as the fixing agent and high purity (99.99%) K,PdCls as the palladium

source. Ethylene reduction at 300° C results in a catalyst producing VA at 20-40%
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Example 12 is a catalyst in which both the palladium and gold loading were
raised to targeted values of 0.96 and 0.76%, respectively and the ethylene reduction
temperature was 300° C. Space time yields were good but selectivity to VA is lower
compared to example 11b.

Example 13 shows performance of a catalyst formed from impregnated
support reduced in hydrogen (5% H, in nitrogen) at 299° C for different time.

Although particular embodiments of the invention have been described in
detail for purposes of illustration, various modifications may be made without
departing from the spirit and scope of the invention as defined by the appended

claims.
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_xnmb@ 10! D 9&}1%311(3%} fhat l:bm}:ﬂses support particles impregnated with palladium, gold and a
potassium alkanoate, said process comprising the steps 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 from solutions 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) 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 or hydrogen as a reducing agent at a
temperature of greater than 150° C up to 299° C;

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

(g) drying the catalyst.

2. The process of claim 1 , wherein the catalyst carries from 1.0 to 4.5

wt.% potassium. -
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5. A process for producing a catalyst, which catalyzes a reaction of an

ethylene, an acetic acid and an oxygen-containing gas to produce vinyl acetate, that
comprises support particles impregnated with palladium, gold and potassium acetate,

said process comprising the steps of:

(a) impregnating the support particles with aqueous solutions of palladium and
gold salts and acids;

(b) precipitating water-insoluble palladium and gold compounds onto the
support particles from such solutions using alkali metal metasilicates or alkali metal
hydroxides or mixtures thereof 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) 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 or hydrogen as a reducing agent at a
temperature of greater than 150° C up to 299° C;

(f) further impregnating the support particles with potassium acetate; and

(g) drying the catalyst.

6. The process of claim 5 , wherein the potassium tetrachlorpalladate is of

99.99 % purity.
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hydrogentetrachloraurate of 99.998 % purity.

16.  The process of claim 15, wherein the catalyst carries from 0.5 to 1.2
wt.% Pd.

17.  The process of claim 16, wherein the catalyst carries from 0.3 to 2.4
wt.% Au.

18.  The process of claim 17, wherein the catalyst carries from 1.0 to 4.5
wt.% potassium.

19.  The process of claim 18, wherein the catalyst is reduced with ethylene
at temperature of 250° C to 310° C.

20.  The process of claim 19, wherein the catalyst is reduced with hydrogen

at a temperature of 200°C to 299° C.



