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| NVENTION S_Field of the Invention The invention relates to new.and
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relatively high levels of productivity, any 15 expedi ent which could
possibly result in even greater productivity or a decrease in byproducts
woul d be very desirable. BACKGROUNDOF EHEANYENIIY be consi dered
material to the invention clained herein. U S. Patents Nos. 3,775, 342

i ssued Novenber 27,1973, and 3,822,308 issued July 2, 1974, both to Kronig
et al., prRidofihéhlvesia a nethod of making vinyl acetate catal ysts
conprising 20_treating a support simultaneously or successively with a
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of ethyl QR a cAMAKSEIR capable of producing vmyl acetate at relatxvely high levels of productivity, any

15 expedient which could possibly result in even greater productivity or a decrease in byproducts
would be very desirable. .
' The following references may be considered material to the invention claimed herein.
U.S. Patents Nos. 3,775,342 issued November 27, 1973, and 3,822,308 issued July 2,
1974, both to Kronig et al., each discloses a method of making vinyl acetate catalysts comprising
20 treating a support simultaneously or successively with a solution A containing dissolved salts of
noble metals such as palladium and gold and a solution B containing compounds able to react on
the support with the noble metal salts to form water-insoluble compounds, treating such water-
insoluble compounds with a reducing agent to convert the water-insoluble noble metal
compounds fo the free metals, waslnng the catalyst to remove water-soluble compounds, and
25 applying an alkali metal compound, e.g., an alkali metal carboxylate before or after treatment
with the reducing agent. Solution A can optionally also contain salts of other metals such as
magnesium, calcium, barium and copper.
U.S. Patent No. 5,322,710, issued July 26, 1994, to Nicolau et al., discloses a method of
preparing a catalyst useful for the production of vinyl acetate by reaction of ethylene, oxygen
30 and acetic acid, comprising impregnating a porons support with water soluble salts of palladium
and gold, fixing the palladium and gold as insoluble compounds on the support by immersing



30 and acetic acid, conprising inpregnating a porous support wth water
soluble salts of palladiumand gold, fixing the palladiumand gold as
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2 and tunbling the inpregnated support in a reactive solution for at | east
V2 hour to precipitate such conpoundsy and subsequently reducing the
conpounds to free netallic form U S. Patent No. 5,347,046, issued
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onetallic Chemstry 2173-119 (1986) is a general article on the
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Pr oceedi sigpport dfaferial. 443- 448 (1994), discuss the preparation and activity of
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anount s | i c palladiumand gold, 25 and optionally, one or nore
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Palladium Particles,” Chemistry of Materials 8, 315-317 (1996) discuss the sonochemical

reduction of Pd (II) in the presence of protective agents such as surfactants to produce ultrafine
Pd particles and state that colloidal dispersion of these particles "exhibit interesting catalytic
activity."
20
BRIEF SUMMARY OF THE INVENTION
In accordance with this invention, a catalyst effective for the production of vinyl acetate
by reaction of ethylene, oxygen and acetic acid, comprising a porous support on the porous
surfaces of which is deposited catalytically effective amounts of metallic palladium and gold,
25 and optionally, one or more additional catalytically active metals, is prepared by steps
~ comprising impregnating the support with one or more aqueous solutions of water-soluble
compounds of the metals, fixing the metals on the support as water-insoluble compounds in one
or more fixing steps by reaction with an appropriate alkaline compound, and reducing the water-
insoluble compounds of the catalytically active metals to their free metallic fdrm in one or more
30 reducing steps, at least one of such reducing steps being carried out in an aqueous medium

containing a reducing agent dissolved therein or through which a gaseous reducing agent is



conpounds of the netals, fixing the netals on the support as
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example, of about 50 to about 2000 angstroms, and a pore volume in the range, for example, of
20 about 0.1 to 2, preferably about 0.4 to about 1.2 ml/g. _

In the preparation of the catalysts of this invention, the support material may be treated to
deposit catalytic amounts of palladium, gold, and any additional catalytically active metal, if
any, on the porous surfaces of the support particles. Any of various methods for accomplishing
this purpose may be used, all of which involve simultaneous or separate impregnations of the

25 support with one or more aqueous solutions of water-soluble compounds-of the catalytically
active metals. Palladium(IT)chloride, sodium palladium(IT)chioride, potassium
palladium(II)chloride, palladium(ID)nitrate or palladium(II)suifate are examples of sﬁitable
water-soluble palladium compounds; and- an alkali metal, e.g., sodium or potassium salt of
auric(I)chloride or tetrachloroauric(IIl)acid can be used as the water-soluble gold compound.

30 An alkali metal salt of tetrachloroauric(IIl)acid and sodium palladium(Il)chloride are preferred

salts for impregnation of gold and palladium respectively because of their good water solubility.
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20 Sodium and potassium hydroxides are preferred alkaline fixing compounds. The alkaline

compound should be in an amount of, for example, about 1 to about 2, preferably about 1.1. to
about 1.8 times the amount necessary to completely precipitate the cations of the catalytically
active metals present in the water-soluble salts. The fixing of the metals may be done by the
incipient wetness method wherein the impregnated support is dried, e.g., at a temperature of

25 about 150°C for one hour, contacted with an amount of solution of the alkaline material equal to
about 95-100% of the pore '}olmne of the support, and allowed to stand for a period of about %2
hour to about 16 hours; or the roto-immersion method wherein the impregnated support without
drying is immersed in a solution of the alkaline material and is rotated and/or tumbled during at
least the initial period of precipitation such that a thin band of the precipitated water-soluble

30 compound is formed at or near the surface of the support particles. In carrying out the fixing of
metals by roto-immersion, the rotation and tumbling may be carried out, for example, at about 1

to about 10 rpm for a period of, for example, at least about 0.5 hour, preferably about 0.5 to
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e.g., pro ective agent s such as surfactant S, Includling anionic sur fact ants,
20 g., akohellor polyethylene glycol with a C;-C, carboxylic acid, containing about 5 to about 50

oxyethylene groups, e.g. poly(oxyethylene (20) sorbitan monolauraté) (commonly referred to as
Tween 20) and poly(ethylene (40) glycol monostearate) (PEG40-MS); and water-soluble
polymers such as poly(vinylpyrrolidone). '
In catalyst preparations including more than one réducing step, one or all of the reducing
25 steps may be carried out utilizing sonication. However, if less than éll of the reducing steps
employ sonication, then the reducing steps other than those emplojing sonication may be done,
for example, in the vapor phase with ethylene, e.é., about 5% in ni"_trogen at about 150°C for
about 5 hours after first washing the catalyst containing the fixed metal compounds, until it is
free of anions such as halide, and drying, e.g., at about 150°C for ébbut 1 hour, or such reduction
30 may be accomplished before washing and drying in the liquid phase at room temperature with an
aqueous solution of hydrazine hydrate wherein the excess of hydrazine over that required to

reduce all the metal compounds present on the support is in the rahge, for example, of about 8:1
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insoluble metal compounds to the desirable free metallic form. In this method, using the specific
20 procedures described previously, the support is first impregnated with an aqueous solution of a
water-soluble compound of palladium and of any additional catalytically active metal, if any,
other than gold, and the palladium, and additional metal, if present, are then fixed by treatment
with an alkaline fixing solution using incipient wetness, roto-immersion or sonication. The
catalyst is then dried and separately impregnated with a solution of a soluble gold compound
25 having the amount of elemental gold desired in the catalyst, and the gold is fixed by treatment
with an alkaline fixing solution as described. If the gold is to be fixed by the incipient wetness
method, such fixing may be combined with the impregnation step by using a single aqueous
solution of soluble gold compound and alkaline fixing compound in an amount in excess of that
necessary to convert all the gold in the solution to a fixed insoluble gold compound, ¢.g., auric
30 hydroxide. The fixed water-insoluble compounds of the catalytically active metals are then

reduced utilizing sonication, as described previously.



the pal | adium and gold desired in the final catalyst, a single fixing step
by i ncipient wetness, roto-iimrersion or sonication as described

previ ousl"y?mﬂfa”a singl e reducing step whereby the 15 fiRcIGS0¢BBéHi um and
gold are reduced to their free netallic formutilizing sonication as
descri bed previously. As ariother ex@nple of the foregoing general )
procedure, a "separate fix" nethod may be used to fix the catalytically
active met dfier theshtalpshtantaining padladiupp goltl andiahyr lditionaltcarlytieildy activeisol ubl e

nmetal ¢ Qunds t%the&ﬂes'ragee free netallic form In this nmethod, using

the s gRRHIF Y abgn p fisk BStAMIESoR depostiefiont SHPPRR Sierial iprermpRsnt ey ofthr 5t

i pr eghRpGidg Wetbds)it i8 a@RataEecuSly IR i regnateaaﬁiﬁfamdtm'o?aﬁmmmfhof .
al, 1t any, other

pal | adi um and_of any additional catalytically active net

t han destate, prpfgrablyepqtassivmgir sedium aeetate.cingd imnstprefersblyl potiskiupragsiatet Thar e t hen
f& xed ' . ' I xI.n | utio si ng. i nci pient
b e SR8 el st i b el LAy il 360 B, A0f oty PP, anc

separ gireftrublyrbowt@0as aisbut50 Brams 9041kl Metabperditez of Aiskeddalatysconpound 25 havi ng
t he anobunt of el enental ,gold desired in the catalyst, and the gold is fixed

by treat menYhenyiny] acgiate isiprenared using 2 catalyst ageqrding se the presentienention, at he gol d i s
to be ki [WaTeygal e LX) be conbi ned
W th ts%ga{?rgr%ér%’gﬁgﬁlon slitqée%ﬂ%ﬁﬂégél!%g gr ésrgtﬁg%&g agxéﬁ%@ud;ehﬁsb (ﬁ}? ?ﬁniﬁgﬂl I8?'-“1§0I ubl e
" gol d acetateLis gasaediover kwlcatalyst. i The cgmpasitiomofdhd gas sttcabn@in be vafle®witkiawigd t hat

B o i g S B douStsrolip Bt ForsrmmpE, b Al afto kel o @3BpbuNdS of

t he cah@by/iboutsd:y0 RCbbDSIE ! old Bt SeRetid K56 thylknk Lhf bdlghodPh ¢at | On,  as
descri bed previously. WD 01/36092 PCT/ US00/ 30360 "7 After the catalyst

~ cont ai2heutd - i9aprefambivabaybld tephoub vy, anddhe ¢optent of gasesiuy aikalaietal acetdteean net al |
i f | f ' . i L ) t terial, i
ot epaz by 100l ik Sime e sBRRARINES PR RBH oo B A B £ v cher -

| Npr egamtenidntly added tethe féck Gtieant asaspedykalah agiitioas sohailcTisoh Re@fCTRL b¥s -
ot assjium glr sodi um acet gte, and stw_grr eferaply potassium acetate. The 5
t al yETam alse FRn Fogtameiher past gases, such &s ittRea, eberdisxige andierseiated £ or

© exanplh9droadbots. RiadtRnadiRtran(is whith @5:?5@1%%&’ aﬁtewatea %nhf;fa"i’tggy }ng?%atﬁg ams_of

alkali netal per liter of finished catalyst. en vi acé pr epar ed
usi ng tese in the yange atahortll 92208C Abe pressuesremploped can bag senevetat mdueedf gas,

whi ch i L n air etic aci ngd desjrably an
al kal ip(fe%e%%n%ﬁg%@%ﬁ’%?gf eslg;;%eg é%fgo&&rei?%gﬁ'caaqfﬁﬁs%toghﬁ“ﬁ’egem‘%dosi ti gn of the
gas statmmphaesgdage.varied within wide

20 _ The following non-limiting examples further illustrate the invention. In each example,
tthe sonication was carried out in a 250-ml round bottom sonication flask (Misonix) with three
24/40 side necks using an XL.2020 Sonicator Programmable Ultrasonic Processor (Misonix)
fitted with a flat-tipped tapped disrupter horn (titanium alloy, 3/4" diameter). The ultrasound
waves emitted by the sonicator had a frequency of 20 kHz. Sonication was carried out for about

25 1 hour to about 20 hours. The sonication may be effected by any of the various types of -
sonicators known in the art, several of which are commercially available. The support material
for the catalyst consisted of Sud Chemie KA-160 silica spheres having a nominal diameter of 5
mm., a surface area of about 160 to 175 I.n"’/g, and a pore volume of about 0.68 ml/g.




10 limts, taking into account explosive limts. For exanple, the nolar
ratio of ethylene to oxygen can be about 80:20 to about 98:2, the nolar
rati o of acswo@/3&eNd to et hyl ene can be about 2:1 to abolRCTIUSDE30360
preferably about 1:1 to about 1:5, and the content of gaseous al kali netal
acetate can be about 1-100 ppm relatige to the acetic acid enployed. The
al kali nmetal acetate may be conveniently added to the feed streamas a
spray of an aqueous sol ution. of sucgxapfiigi¢. The gas 15 stream al so can
contain other inert gases, such as nitrogen, carbon dioxide and/or
saturated r hydrocarbons. Reaction tenperatures which can be used are

el evated te ratures, preferably those in the range of about 150-220C.
The pres%ﬁ&ﬁéﬁpl oyed can be a sonewhat reduced pressure, nornal pressure

or el evated phgpadisfahe Phed Qliduypdit 46 wﬁh@éataw%t ek Iﬁéua%d ?rQohEOO-ml
at nospheres uge 20 The followi ng non-limting exanples further

i |1 Ust r areundhotipmflask.i lore. 100mmlezadhated eiprer, aquepuseNaslitilo@te Rl swpporbar ri ed out
250- 0 d
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fitted lebhmﬁ qlisito themﬁlcbohﬁ:mﬁd supb6it bail@ibsbdl IThé Pitsariontinthd @jution/whs
dianeter). The ultrasound waves emtted by the sonicator had a frequency

of 20 kHPouresjnte theisHica SERPOR 40 insegnatg thersypPaHip iCipsntwetenss, apd theisupRort o
hours. The EM£H%'a8§}ﬁﬁﬁ>ateﬁﬁs iRt ﬁ?gmspﬁé mﬁﬂ%]ﬁ%fabg aﬁanh%LL«% %Re?hé)f

soni cators known 1 n e art’, severa are onner0|a y aval | abl e.
Thet s upp aehtedrmippoit atas teo potrhdinted HIOPah] peanshapddefthsio tonBimingh bheoofléducbid

il hayi ' ' f f b
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material for the Catal yst was neasured into round bottom fl ask.

In a 1ooxmmtzg¢ ﬁmj d&thoursay npm@ematebzcﬁmm sThNaolm ﬁas(draxgedemm theurepiedt ) |

agqueous NaAu ort and
o bauce Mt tndfs S oS fobiea B s0iEiD Bafibd Bhler W ERANEER )
coulxd abswEbwitih @oﬂdﬁé&kﬂ&ﬂbﬁdﬁn%d Svalet!for oM@ The effluent was tested with

AgNO; to detect the presence of chlorides via formation of insoluble AgCl. The effluent was

drained from the treated support, and the treated support was transferred into a sonication flask
containing 114 cc of deionized H,0. One of the necks of the flask was plugged with a septum,
another with a septum containing a sparger hooked to a gas inlet line, and the third with a glass

20 stopper containing a gas outlet line. The sparger was placed under the surface of the water, and
N, was bubbled through the sparger at a flow rate of 0.5 SCFH for 2 hours. As the N, was
turned off, the 5% C,H, in N, was turned on to a flow rate of 0.5 SCFH. The sonicator was
immediately turned on, and the support-containing water was sonicated at level 1 for 14 hours.
After sonication, the water was drained from the support. and the support was transferred to a

25 500-ml round bottom flask to dry overnight at 150°C under constant N, purge. KOAc (40 g/l
support) and deionized water were added to a 100-m! graduated cylinder to produce a solution
volume equal to the amount of solution the support would absorb. The treated support was
impregnated by incipient wetness with the agueous KOAc and let stand for 15 minutes. The
cataltyst was transferfed to a fluid-bed dryer to dry for 1 hour at 100°C.

30



poured into the silica support to inpregnate the support by incipient
wet ness, and the support was shaken for approximately 5 mnutes to ensure
conpl et e ¥BIYP3 on of the solution. The 10 treated supRFWUSRBEI36then pour ed
into a 1000-nl pear-shaped flask containing 114 cc of aqueous NaOH (from
50% w w NaOH H20, 120% of t he anpbunt & NaOH needed to convert the netal .
salts to their hydroxides). The flask was i mmedi ately placed on the rotovap
(rotarkxampmerator) to rotate for 2.5 hours at approximately 5 rpm The
sol ution dr ai ned omthe tr ed support, and the treated supportwas
pour ed inmﬁﬁ‘fdﬁg “rﬁloggﬁ%f?ga?é”?ﬁ?‘%’&edﬁ‘gﬁt@Fﬁhiﬁﬂ@tl"aWa’sfgﬂﬂélglllf%th a =
cont i ngateatidd Avevef 1 e9i20mbagd water for 5 hours. The effluent was tested
with AgNO3 to detect the presence of chlorides via formation of insoluble
AgCl. The effluent was drained fromthe treated support, and the treated
sgpporg. ransferred into a sonication flask containing 114 cc of
dei oni . One of the necks of the flask was plugged with a septum
anot her Wi tTheproceihire of Eaihyile Miwag fellowed egept thaakeRdidiod v Sarkith 64t vid Ne. and
the third with a glass 20 stopper containing a gas outlet Iine. The sparger
was p|sa>e@athnﬂé<’rve?h@r§&hmée of the water, and ‘N2 was bubbl ed through the
sparger at a flowrate of 0.5 SCFH for 2 hours. ‘As the N, was turned off,
the 50 C,H4 in N, was turned on to a flowrate of 0.5 SCFH. The soni cator
was iExapghlesd el y turned on, and the support-containing water. was soni cat ed
l evel | for 14.houps. After ication, the water was drained fromthe
g pport, a etpﬁ‘é:eg‘ﬂﬁﬁgé’famgﬁ Wﬁ?@?’(‘-ﬁe gxpepigha thereduntionvas sarried etvisom f | ask
t 0 dr ysopitatidh 4 vePt fot 9Qurdnder constant N, purge. KOAc (40 g/l support)
and dei oni zed water were added to a 100-ml graduated cylinder to produce a
solution volune equal to the amount of solution the support woul d absorb.

The trﬁgﬁ &g $upport was i npregnated by incipient wetness with the aqueous
KQAc stand for 15 mnutes. The catalyst was transferred to a -

f I ui d- bed diy@rockdurel bFEfamipld 1 hasifolidived Bept B4 MRuPr8ERAnddGTY AFDH430360 9
Exarrp!%g 2 The procedure of Exan'{)l e | wgs fol | owned except that the reduction
hWas cdff Fedbetonvasicarried gt via, sqmifation atlexgh| for 6:3h0uss3 hours. 5 Exanple 3 The -
procedure of Exanple 1 was foll owed except that the reduction was carried
out via E '

Example 6

The procedure of Example 1 Was followed except that the ;_sﬁpport contained 7g Auw/l and
the reduction was carried out via sonication at level 1 for 7.5 hours..
20
Example 7
-125 cc of the 5 mm silica catalyst support material was measured into a 500-ml bottom
flask. In a 100-ml graduated cylinder, aqueous Na,PdCl, (7 g Pd/i support), aqueous NaAuCl, (7
g Awl support), and deionized water were added to prodube a total solution volume equal to the
25 total volume the support could absorb. The Pd/Au-containing solution was poured into the silica
support to impregnate the support by incipient wetness, and the support was shaken for
approximately 5 minutes to ensure complete absérption of the solﬁt_ion. The treated support was
then poured into a 1000-ml pear-shaped flask containing 142 cc of aqueous NaOH (from 50%
w/w NaOH/H,0, 120% of the amount needed to convert the metal salts to their hydroxidés).
30 The flask was immediately placed on the rotovap to rotate for 2.5 hours at approximately 5 rpm.

The solution was drained from the treated support, and the treated support was poured in a

5




sonication at level |I for 11 hours. Exanple 4 10 The procedure of Exanple |
was foll owed except that the. reduction was carried out via sonication at
| evel | for woéwsser.. Exanple 5 The procedure of Exanpl e Irawassodsdsbowed
except that the support contained 7g Au/1 and 15 the reduction was carried
out. via sonication at level 1 for 6.5 hgurs. Exanple 6 The procedure of
Exanple | was foll owed except that the:support contained 7g Au/l and the
reductio ' Mda, ' ' sl A2 |

Eampl o P30 SALERAE B ViR SORER WA Gl A Qb Bl of dmoOM Sty
into a 50Dhoris. iietefiilnent wasstksted witlaAgNODtoniktegirtheiprasence afichlorides via foymetiarsof

Na, PdCl 4 (7 Pd/ t NaAuCl 4 (7 Au/ t), d
Nl oni s odnialis AgG) cHHRMeht v MR oo e Gresied Sippht a8 e Heag SHREH o 1t he
25 total wpktded in!ftlfra Mfgﬁd 4R ebil2iaig 07 ST Boldiisaegnhaiaty) P19 Wi on was

poured into the silica upport to inpregnate the support by 1ncipient
wet nBss, deimhizeti #1,0u Blve of thaaecks kfithe flaskoras plyggedwitha septym, Snptheuwitlsa saptems ur e

conpl ete absorption of,the.sol uti . The,.t.reat ed. . support was then poured
hro o 1 oomR SRl ok Ptk o A s AV B pbtonietin £ 8o
50% W w diaeHidd, @he 3203%r Vas placeduiBe e SAEREAST ROVAGDHAIN, WASubBEddhrsught S t O
their hydroxides). 30 The flask was imedi ately placed on the rotovap to

rotate fdhe spasgenatf flovaratedfih o3¢kt Ehgsopicatorivas Mrmeediptily firned oneanddheri ned from

the treat t edh 36092
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contpti | i sghiof wavained ot the vehtadashpport, ad thotrbaed sipporh@agiduteddnt S0 mlt est ed

with AgNOG3 to detect type gr esence of, chlorjdes via forn_at&aon O{q i nsol ubl e
thy gyt aitet Qe S

AgCl . Therafupted épindge Predo Paghwvithe cqntisugus dlowy pf detopizedy fPWEL ed
suppor t fa{)@(’@ A b At L+ oM 3 S
(sodi um do e%ly Su{ﬁ@g@ﬁ&%ﬁo@@%ﬁﬁg g@??ﬁ%ﬁ@éﬁh %39%53) tz: ﬁgld%a)cks of
t he fl askeonstant N, pgged Impregnations wigh KIQA camstchered wirttt follawvisg fegmocedwra bfii ni ng a
spar ger |t_)F?j"okege to agas inlet line, and the third with a gl ass stopper
cont ai ni iFeRPaks

"15

Example 8
The procedure of Example 7 was followed except that the reduction was carried out via

sonication at level 1 for 7.5 hours.

20 Example 9
The procedure of Example 7 was followed except that 2g of Tween 20 was added in

place of the 3.7g of SDS and the reduction was carried out via sonication at level 1 for 7.5 hours.

The catalysts of the examples were tested for their selectivity to various byproducts in the
25 production of vinyl acetate by reaction of ethylene, oxygen and acetic acid. To accomplish this,
about 60 ml of each type of catalyst prepared in the examples were placed in separate stainless
steel baskets. The temperature of each basket was measured by a thermocouple at both the top
and bottom of each basket. Each reaction basket was placed in a Berty contin_uously stirred tank
reactor of the recirculating type (also termed the "VAST," i.e., vinyl acetate stirred tank reactor)
30 and was maintained at a temperature which provided about 45% oxygen conversion with an
electric heating mantle. A gas mixture of about 130 I/hr (measured at N.T.P) of ethylene, about
26 V/hr of oxygen, about 128 l/hr of nitrogen, about 130 g/hr of acetic acid. and about 2 mg/hr of



outlet Iine. The sparger was placed under the surface of the water, and N,
was bubbl ed through the sparger .at a flowrate of 0.5 SCFH. ‘The soni cat or
was i mredY@P¥92% urned on, and the treated support-cont XCATUSH/IBH® was

sonicated at a level | for 7 hours. After sonication, the 10 solution was
drained fromthe treated support, angjthe treated support was poured in a.
500-m graduated cylinder with dip tube to wash with a conti nuous fl ow of

dei oni gasksitai setate) wadcdbged 15 travel RAdér prAs S it 2BBS 10 raﬁﬂis%ﬁér@@ﬂr&u%h Qacp00-

round bottom flask to dry overnight at 150C under nstant N, purge.
| npr egbaikstoAhereaptiouoygs topninated afiep aboytii 8 hayrs. odmalygistdf¢heprodietiwas of  Exanpl €

1. '"15 s. foll d.except,that the
" educt MSRRIEd By SRR EARSHLo o BN bR Wit pRIEE HENE Rt 50
Exanpl gnaysibtby cpndensidg the roéducxsemhat ZbosBE) 0 lobloptintaPinatyiatoras &fi Tween

20 was aqded in place of the 3.7g of SDS and the reduction was carried out
vPa soffP®%fS-on at level | for 7.5 hours. The catalysts of the exanples

e e oI shbk for Skl iali QoL it BYRARHL B Sohill 48 167

production of vinyl acetate by reaction o oxXygen and acetic
aci d. makesus dnietsof théyeminalavwunts 5. thtalodf teambalgticpldy aftive atetllyBd addr &Rared in

th | | aced. i t ai nl ess, | kets. Th |
{ enpor Birieaaey ont e 580 MeBCOG R Br Carflugh Nominal AB0mmp tee bercshenct he t op
and botht emo@it of 8sh s kitiallyEdipleghfeg bitd el ABHd! antiasaRbafffle hﬂ?‘%l"‘s LY

continuously stirred tanok reactor of the recirculating type termed
Lhe " (Mgfal Conteat of Gatalyst, %dRetentian)s the pededl ofdime of sonication agpliedrio eavhs mai nt ai ned

i h . . £ 450 on. viih
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N. T. P)exainples.lunH eearedcip HgentRed./Apent) usedfighe redadtion] aniZRalls BF thefprddieds’ 00€N,
about géso%lg/ br. 0& etic acid. and about 2 rrg/, hr of WO 01/ 3609

PCT/ USUFY50%%808 fl}a}%lﬂ thesomppuratsiof the saggous feg sdgrmpspfithesplectivipiorCQs essur e -
at  aboithvylends (HES BREESRS] arc&ae_teﬁib@.cme R&%ﬁ@&mﬁ?%ﬁﬁ%&ﬁ%ﬁﬁ@%@ é:ea%%};”at ed

after about 18 hours. Analysis of the products Was acco y on-line
4as cHcHvitt BetonpAativityHa plse skovavintiabled avd istcomphtet ¢ateuldtédy (The cpmputer t
anal ysj Q%g %qgg i tr .at about.10C to. obtain optinmm
anal y?}ré a u% X eﬁgé &%qwﬁngfh%fj&%elﬁes tﬁeaa%}mtty FeRr W1tl]1' (t-}le catalyst temperature

(during the reaction), oxygen conversion, and a series of kinetic parameters for the reactions that

take place during VA synthesis. More generally, the activity factor is inversely related to the

temperature required to achieve constant oxygen conversion.




5 products. Table I shows for each exanple details of the nethod of naking
the catalyst and its make-up, in terns of the nomnal anmounts, i.e., total
of the cat alwoéisabsey active nmetals Pd and Au, i npregnat edP@IS00/80360 suppor t
(Metal Content of Catalyst, Nom nal Anmount), the percentage of the anount
of ,each netal initially inpregnated ont9 the support and retained in the
final catalyst 10 (Metal Content of Catal yst, % Retention), the period of
time of sonication applied to each gﬁr‘%tll on of the netals on the catalyst
(Sonication, t., hr.), at an intensity T'evel of 1 in all exanples, and the
reduci ng agent (Red. VAGERINITRERFORMANGE DATARORCGATALYSASt ai | s of the
process of synthesj.zi e c ents the gaseous feed in
terms of the sel ecﬁ?wfkyw%bﬂ'&@g@ﬁﬁg(@%w&m acetate
(EtOAc). The relative activity of the reaction expressed as an 15 activity
factor (Activity) is also shown in Table |I and is conputer calculated. The
conput er f"propram uses a fél’l es pf_equations fhalt correlates ffjhe actifity
factor wifth t njent of Goipl¥stat BB | duringl the reaction), dxygen
conversi ¢n, and\a,a6fii 5 Of ki nef bgicnal aggierp f ogathfiug
pl ace dufli ng VA synthedi s. re penerally, the activity factor is invgrsely
rel ated fo t he Anampgi 4t Reeenti@gu| rtclat. tjo Agent eye const ant oxygé nActbityef Ssi on.
WO 01/ 36¢9Z PCTT U007/ 34360 ~ 17 TABLE 1§ VAST R 'ﬁ'ﬁi_ﬁ‘"w DATA FOR
CATALYSTH Expred N geniicHdon aonNDUCTED W TH SO Hp | EEDA ant ent i of

epct igns thatl take

Cat al yst [Sani [ Noni b cat i pn.Red... Sal ectivi by, % Amnuht .qll [Ret entipn t,
hr. Agen{ Act|vity Ex. 5 A %Bd altcq Et AQ7 110954 99‘%%8 14E'§?-H1 8. 67
0.855 0.45 1.p7 27 4|93 7323 [, H4 9 17 0.986 0.Jo71 1|79 3|7 4 83 |- 11
C2H4 9. 00 SpT 07106 7o @ T B9 7 CoH g6 0-9Pp6 0 0§0—t—765 7 7
81 87 6.# G H4 9.25 4.34430.098 1. 92 |6 @ 79930 |0.986C MO, 40 1.7945) 0. 074
1.97

317 | 4|8 |{~] 11| cH |902]0991]| 0068 | 176

4 7 4 95 52 7 C,H, 8.66 { 0.906 | 0.080 1.76

5 7 | 7 81 87 6.5 CH, | 925 | 1.244 | 0.056 1.92

6 7 7 79 50 7.5 C,H, 9.50 | 1.045 | 0.074 1.97

7 7 7 83 | 66 6 SDS 10.1 | 0.82 | 0.063 1.69

8 | 7 7 83 52 7.5 SDS 9.64 | 1.297 } 0.060 2.11

9 7 7 86 31 7.5 Tween | 9.63 | 1.241 | 0.080 1.95
20

The results shown in Table I establish that the supported Pd and Au containing catalysts
prepared by a method utilizing sonication in the reduction step are effective in the production of
VA by reaction of ethylene, oxygen and acetic acid. In particular, the results of Examples 1-5

show that the catalyst made by the method of this invention is capable of catalyzing the reaction



7 7 7 '83 66 6 SDS 10.1 0.82 0.063 1.69 8 7 7 83 52 7.5 SDS 9.64 1.297
0.060 2.11 9 7 7 86 31 7.5 Tween 9.63 1.241 0.080 1.95 20 The results
shown i WPALB@92 establish that the supported Pd and APTCHH0ERhg

catal ysts prepared by a nethod utilizing sonication in the reduction step
are effective in the production of 13/A by reaction of ethylene, oxygen and
acetic acid. In particular, the results of Exanples 1-5 show that the

cat al ¥k a 0O Selbotivit geommaelemm&e%uﬁiﬂ%ﬂemtﬁause%f Brodt @dstCRSAI yzi ng the
reaction V\D 01/ 36092 PCT/ US00/ 30360 13 with a CO2 selectivity somewhat
bel ovwmte Bayan M4 erjalystnef tbwp@:é@cwdpn GB 1,246,015d%5 /99,75 éncorpsxaterd| e,
Bayer, V, t t 5, 700, 753;

i ncor%yor aeg&agh%é re es;reJr;:@ elr?neaﬂﬁ %@?’gu%& cgﬁg%f%aég%%goggt a for Bayer
cat al yst v%eof,Selachvhtg be 9%:02 Sel ectivity : 9 51 5 %E Selectivity : 0.89
%t CAc Sel eﬁgdsi é taI yst Activity : 1.37. 10 WO 01/36092

BcT/ usoa FeHEPelec Y?“CLAI I\E8 claim1. A nethod for the preparation of a
catal yst efEgsAd gge&iqft thg()@roductl on of vinyl acetate by reaction of

et hyl ene, oxygen and acetl c acid, conprising the steps of inpregnating a
por ous sumlystvammtwne ot.3%or e aqueous sol utions, of water-soluble
conpounds of catalytically active netals including palladiumand gold,
fixing said netals on the support as water-insoluble conpounds in one or
nore fixing steps by reaction with an appropriate alkaline conpound, and
reduci ng said water-insol uble conpounds to their free netallic formin one
18r nore reducing steps, at least one of said reducing steps being carried
out in an aqueous medi um containing a reducing agent in which the support
containing said fixed water-insol uble conpounds is




I mmer sed whil e applying sonication to said aqueous nedium 2. The net hod of
claimi wherein said reducing agent is ethylene. 3. The nethod of claim1l
wher ei n sai woredssei ng agent i s sodi um dodecyl sulfate (SBPSF/USIM30360he

met hod of claim 1 wherein said reducing agent is pol y(oxyethyl ene(20)
sofbitan nonol aurate). 5. The nethod ofs claim| wherein said porous support
is initially inpregnated with a si ngI e solution of water-soluble palladium
and gold salts containing all the pgk gm and gold desired in the final
catal yst, the palladiumand gold are fixed as water-insol uble conmpounds on

t He supp®Wecliith a single fixing step by contacting said inpregnated support

vmthasolutlon of said, .al kaline co und, wat et - i.nsol ybl e
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of claim el n sald porous support is initial | npr egna
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pal l adiumi's separately inpregnated with a water-soluble gold salt, the
gol d i s faducing sajd weierinsoluble gpmpouads ta|thell freeanetallic fagmde Apsermaore Frdueing
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of said palladjumand gold jn free nmetallic form 8. The method of claim?7

wher ei n bamersed while applying sogicetogite sgid agpeous medium,
2. - The method of claim 1 wherein said reducing agent is ethylene.

3. The method of claim 1 wherein said reducing agent is sodium dodecyl sulfate
(SDS).

4, ‘The method of claim 1 wherein said reducing agent is poly(oxyethylene(20)
sorbitan monolaurate).

5. The method of claim 1 wherein said porous support is initially impregnated with
a single solution of water-sotuble palladium and gold salts containing all the palladium and gold
desired in the final catalyst, the palladium and gold are fixed as water-insoluble compounds on
the support in a single fixing step by contacting said impregnated support with a solution of said
alkaline compound, and said water-insoluble palladium and gold compounds are reduced in a
single reducing step to their free metallic form while carrying out said sonication.

6. "The method of claim 1 wherein said porous support is initially impregnated with
an aqueous solution of a water-soluble palladium salt, said palladium is fixed on the support by
immersing said impregnated support in a solution of an alkaline compound capable of reacting

" with said palladium salt to form a water-insoluble paladium compound, the support containing
the fixed palladium is separately impregnated with a water-soluble gold salt, the gold is fixed by
reaction with an alkaline fixing compound and the palladium and gold are reduced to their free
metallic form, while carrying out said sonication.

7. The method of claim ! wherein an alkali metal acetate is deposited on the catalyst
after the deposition on the support of said palladium and gold in free metallic form.

8. The method of claim 7 wherein said alkali metal acetate is po
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