7196- PCT 1 VI NYL ACETATE CATALYST COWPRI SING 0 4 MAR 2004 METALLIC
PALLADI UM AND GOLD AND PREPARED UTI LI ZI NG SONI CATI ON BACKGROUND OF THE

| NVENTI ONIB6#(Cdi d of the Invention The invention relates to new anf 4 MAR 2004
I nproved catal ysts conprising netallic palladiumand gold, which are

-useful for the production of vinyl acetate by reaction of ethylene, oxygen
and acetic acid. Description of the Related Art Including Information

Di scl osed Under 37 CFR 1.97 and 1.98 It is known to produce vinyl acetate

by reaction of ethyl eneafl?f?@i't@flﬂ"rﬁ e%*r&ﬁ%ﬁc‘dﬁh‘i‘%s%éat al yst

conprising palladium an ort ona carrier. I'l e the process
utilizi ngmmnmcqa&ﬁumum ALP@]D{GIDEDOANUI@HEPAMD’UB{LIZPI_QGBS@NQCATION
relatively high levels of productivity, any is expedi ent which could
possibly result in even greater productivity or a decrease in byproducts
woul d be very desirable. The f e consi dered
material to the invention E‘IA@.{E dﬁé&& 9% F@Q&%#’ Nos. 3,775, 342

i ssued Novenber 27, 1973, and 3,822,308 issued July 2, 1974, both to
Kronig et al., each discloses a nethod of naking vinyl acetate catal ysts
conpri si RI26f the @Rlehfign @ support simul taneously or successively with a
solution A contal ning dissolved salts of noble netals such as pall adi um
and gol d and abebiveniignreBiteontngivAnd gmpoIved gtk sm@bmpn@mgmﬂhomalladmm and

support wit.h the nobl ts to.f.ormwater-insolu npounds

Cr ot ngEelowih et vseF Bt BBt eSS IReER ey BN A8 ST ARE. O BEB A
the wat efsdiRspiqubl € nobl e metal conpounds to the free netals, washing the
catal yst to renove water-sol ubl e conpounds, and 25 applying an al kali netal
conmpound, e.g., an alkali netal carboxylate before or after treatnent wth
t he reduglng agent SoHutlon A can optlonall also cogtaHn Ealts OE oéQer

5,322, 710, 1 S3e(halth to R8uck W1 oSl 9L St Bhylend) ATLEE 5 TELEA e

a catalyst comprising palladium and gold, supported on a carrier. While the process utilizing
such a catalyst is capable of producing vinyl acetate at relatively 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 to the free metals, washing 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 porous support with water soluble salts of palladium

and gold, fixing the palladium and gold as insoluble compounds on the support by immersing



preparing a catal yst useful for the production of vinyl acetate by reaction
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Proceedi ngs, 351, 443-448 (1994), discuss the preparatlon an ivity of
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anounts af3.ang aldouy dahbadt wrepantosehdlactivity of Fe-Co catalysts generated with

ultrasound waves.
15 Okitsu, K.; Bandow, H.; and Maeda, Y.; "Sonochemical Preparation of Ultrafine

Palladium Particles," Chemistrv 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 particies "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 form 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
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titanates, spinel, silicon carbide, or carbon and the like.

The support material may have a surface area within the range, for example, of about 10
to about 350, preferably about 100 to about 200 m?/g, an average pore size in the range, for
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(II)chioride, sodium palladium(Il)chloride, potassium
palladium(II)chloride, patladium(II)nitrate or palladium(II)sulfate are examples of suitable
water-soluble palladium compounds; and an alkali metal, e.g., sodium or potassium salt of
auric(IIl)chloride or tetrachloroauric(Ill}acid can be used as the water-soluble gold compound.

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

salts for impregnation of gold and palladium respectively because of their good water solubility.
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soluble salt of a catalytically active metal, the metal is "fixed," i.e., precipitated, as a water-
insoluble compound such as the hydroxide, by reaction with an appropriate alkaline compound,
e.g., an alkali metal hydroxide, silicate, borate, carbonate or bicarbonate, in aqueous solution.

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 volume 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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sonication, e.g., protective agents such as surfactants, including anionic surfactants, e.g., alkali
metal salts of sulfated C,,-C,; primary or secondary monohydric alcohols such as sodium
dodecyl sulfate (SDS) and nonionic surfactants such as esters of an oxyethylated polyhydric

20 alcohol or polyethylene glycol with a C4-C,q carboxylic acid, containing about 5 to about 50

oxyethylene groups, e.g. poly(oxyethylene (20) sorbitan monolaurate) (commonly referred to as
Tween 20) and poly(ethylene (40) glycol monostearate) (PEG40-MS); and water-solubie
polymers such as poly(vinylpyrrolidone).

In catalyst preparations including more than one reducing step, one or all of the reducing

25 steps may be carried out utilizing sonication. However, if less than all of the reducing steps

employ sonication, then the reducing steps other than those employing sonication may be done,
for example, in the vapor phase wi?_th ethylene, e.g., about 5% in nitrogen at about 150°C for
about 5 hours after first washing the catalyst containing the fixed metal compounds, unti] it is
free of anions such as halide, and drying, e.g., at about 150°C for about 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 range, for example, of about 8:1
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As another example of the foregoing general procedure, a "separate fix" method may be
used to fix the catalytically active metallic elements on the support and reduce the water-
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 goid is to be fixed by the incipient wetness
method, such fixing may be combined with the impregnation step by using a single agueous
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, e.g., auric

30 hydroxide. The fixed water-insoluble compounds of the catalytically active metals are then

reduced utilizing sonication, as described previously.
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reduci ng steps as descri bed previously, sonication may al so be upi [ 'ﬂ
one or nore fixing steps, e.g., by applying the sonication to water
containing i nmersed therein the catal yst support 0 containing the

| mpregnat ed ( - - I u ' - - i ng
out ¢ he 1 or egurEs s et fon bR raARRRL BB a b RAGU A TR R BB "0,

t he suppgietal W ik, Wk Blee SiRKAINE BoriRbbfosBEEbn b BaiporRate AW RGREILEH BHRPROs the

contains the palladiumand gold desired in the final catalyst, a single
fixing sfeegediyg nathogs,eénis adeamegssusly figther immeesitechwith asohitioatof en abkali metal

descri bed previo sk) , and. a single reducing ste vf\,he eby the 15 fixe,fih
pal | adi UTRCLEHE FEUFROL) ROPSUNTE BL TR AEA e PG P el PRI U e Ethg! he
sonicat | Eftaids: I8R6 0 R8 LucPhEVh e Ynlhed O 1@3%9@5 SSXRTRAApR! atlche 16 {5 2GRtk PO,
genéral pro edure, a 'separate fix mat%o rrayrlbe used to fix the

catal yti ﬁx@fdrﬂbl?@b&ﬁt@m&faﬁblﬁtim @hagenilkalometah perslitppef finisted cartisce t he wat er -
i nsol ubl e netal conpounds to the desirable free netallic form In this
met hod, usi ngWhea vepa @retiie 19Drepried SalnE esalbst aqcpeingiodhe BIESER], INYGREOB P por t

is fi ] with lution of a. -. bl d
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then fixed by treatnent w th an al kal1ne fixing solution using incipient
wet pness, limits dakingdnts iaccount exxdoiivabmon. Fairexampls, fleyrsolar mtivhd gthgldnedo anggen
separately inpre dwith a solution of sal ubl.e | d co und 25 havi ng
t he anouff® W%ng@&uggl XY'@@; 8?&(&@'19 raRjar Tatie ﬂga‘i?HF afijde ?@%&efﬁgg‘ggﬁ%ﬂ 331 ¥ xed
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gol d compound and al kal i ne fi xing conpound in an anmount in excess of_that
necessar §onvgnicaty addedp the fead sirmag asp somey elanaqueersisgluion;of such stta bl e g8l d

ComRou S L4 SR BEE: b MG B LG, oo
descri begyb@yboHiS [Reactiohl@RpBiatures which can be used are elevated temperatures, preferably
those in the range of about 150-220°C. The pressure employed can be a somewhat reduced
pressure, normal pressure or elevated pressure, preferably a pressure of up to about 20
atmospheres gauge.
20 The following non-limiting examples further iliustrate the invention. In each example,
the sonication was carried out in a 250-ml round bottom sonication flask (Misonix) with three
24/40 side necks using an XL2020 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 3

mm., a surface area of about 160 to 175 m?*/g, and a pore volume of about 0.68 ml/g.



0 4 MAR 204 7 After the catal yst containing palladium gold and any
additional catalytically active netal. if any, in a free netallic form
deposite&laﬁpgTéupport material, is prepared by any of the foregoi

met hods, it is advantageously further inpregnated with a squtidﬁ#oﬁiRnﬂ%‘
al kali metal acetate, preferably potassiumor sodium acetate, and nost
preferably potassium acetate. The 5 catalgyst is then dried such that the
finished catal yst contains, for exanple, about 10 to about 70, preferably
about 20 to about 60 grans of al kali pREixlpreey liter of finished catalyst.
When vinyl acetate is prepared using a catalyst according to the present

I nvention, a streamof gas, which contains ethylene, oxygen or air, acetic
acid, and desirably an alkali netal acetate, is passed over the catalyst.
The conpb&&piéd of the gas streamcan be varied within wide 0 linits,

king i losive linmts. Fo | he nol i
cthyl ene o olfbinet BAR B LastPet 5805 BB TS e MR d it §efh v
aceti ¢ agd fqtBnshydsRNen £300-88 AlRidled 2y finde®, aq%ll@&!télt]_\}égpa@h ® rgqfdﬁrsﬁpban)abogte

1:1 to about 1:5, and the content of gaseous al kali ‘netal acetate can
about 1- Af@oppMaAcEl,gtigveui supphe) aodtiemneed dvagmycoy atied Th prealukah totatesbaltion
acetate may be conveniently added to the feed streamas a spray of . an
“aqueous ¥olmEicgRalde the okl yelumstae sapperigRyidiapsarby Jdie By Ay-centaingrihsoAvtiprov e r

inert ga - - L QX [
hydrocar%@%gqﬁﬂéggﬁﬁg%s%é ggﬂ%gﬁﬁégﬁ%wﬁgﬁ5%é§?éﬂﬁ%g@éﬁ§g%gkgig@%ﬁgguppon

t enper at Waeshakph EreippRixymatt ROB Riinuled th@nfiaa gempletcadiuiptibh @f Hh2QGlutibhe The
pressure enpl oyed can be a sonewhat reduced pressure, nornal pressure or

el ePat edtrprted suppert wasdher phired mtgpp $8@tme pedr-shppedollask santamang ht4wessofipaneens

gauge. 2 fol Lowi n onz . m tii € | es f N rate the
ovant i on=OFF e ROU AR RE0 AT 0B GOBTBRS Ta A abddsllFd FANE 3B megel
round bobiiam, S AS:08esh | REKNLM $RTmMhedMAitR Flite8Rn2Hd Ao e dRtae ekapdiaiond
an XL2020 Soni cat or Progfammabl e U trasoni c Processor (Msonix) fitted
with a ftiatotdte fipeds happetkppradmptebr S hpn.nThe selaeruwandlamed fBbathediearedt er ) .
The ul trasound vVes eg%tted bé themgoni to; had a. frequenc 0 kHz.

1 ﬁ of
Soni cat i #PPREs2RHDF UE8ISE SEPROBY W 15 2> (ot SEEUARb NS WED AR PR
sonkcat! QR ARoRhLRAL 8P AbNAK LAlE MRS HOUS, TBERAht waORRALALS known
in"the art, several of which are commercially available. The support
mat er i al AgN®, tb detcerah@ biesténce ofishistiges ik fGuchtiChefimsoliBlel8gCK i THeasd i sphevraes
having a nom nal dianeter of 5 i o
drained from the treated support, and the treated support was transferred into a sonication flask
containing 114 cc of deionized H,O. 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 2 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/
support) and deionized water were added to a 100-ml 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

catalyst was transferred to a fluid-bed drver to dry for 1 hour at 100°C.

30



mm, a surface area of about 160 to 175 nRl g, and a pore volunme of about
0. 68 n1/% %} - PCT 8 EXAMPLES 0 4 MAR 2004 Exanple | 100 cc of the 5 mm,"
silica s 68 material for the catal yst was nmeasured iknto a SOOQNMPUﬁ F
round bottom flask. In a 100-nl graduated cylinder, aqueous Na,PdC 4 (7 g
Pdl | support), aqueous NaAuCl 4 (4 g Au/l support), and deionized water
were added to produce a total solution olunme equal to the total vol une

t he support coul d absorb. The Pd/ Au-contai ning solution was poured into
the sili GragplREort to i npregnate the support by incipient wetness, and the
support was shaken for approximately 5 m nutes to ensure conplete

absor ption ofTbh@“ﬁ@ﬁM?wﬁﬁkmnhbIOW%&éﬁpé@dgﬁ%@bﬁﬁiﬁﬁgﬂﬁﬁénnp@&ﬁéued@vbv
1000- n pear - sh%EF L gﬁgﬁﬁfntalnlng 114 cc of aqueous NaOH (from 50% w w
NaCH/H20 ONSRRRSE 'R OUGf NaOH needed to convert the netal salts to
their hydroxides). The flask was inmedi ately placed on the rotovap (rotary
evaporator) to rotate for 2.5 hours at approximately 5 rpm The sol ution
was sdr ai Eeampledn t he treated support, and the treated support was poured in
a 500-nml graduated cylinder with dip tube to 15 wash with a continuous
flow of dei onilAearassure of Ekampledyvas foliRwcd xsegbRet hgedusyorivagramed AING8 t o
det ect th S es via formation of insoluble Agd. The

ef fl uent %ﬁ@ﬁ% %P&%epfpﬂq h% treated support, and the treated support was
transferred into a sonication flask containing 114 cc of deionized H20.

One of the necks of the flask was plugged with a septum another with a
sept um cBrtmbigidng a sparger hooked to a gas inlet line, and the third with

a glass 20 st ntal a tlet line, ace
indBr *the sur fREErasaph et Spaptt 15e UM Eh e sl brC e eRRRliER e e TR B Re a
a flow rg(grﬁc@mnqt@vgg:hl,rfmougs.hours As the N2 was turned off, the 5% C2H4
in N2 was turned on to a flowrate of 0.5 SCFH. The soni cator was

i mredi ately turned on, and the support-containing water was soni cated at

|l evel 1 for 14 hours. After sonication, the water was drained fromthe
support, support was transferred to a 25 500-nl round bottom fl ask

to dry over ni gt oflcedB0Gr BIURNAONN RIbwAR cRUGORa HOMpAA0cBdineSHPRA Lha

and dei oni zed ma er were a to a mlL gr duated C to uce a
sobst i onthe reduction was carried out via sonication at level 1 for 6.5 hours.

Example 6
The procedure of Example 1 was followed except that the support contained 7g Au/l and

the reduction was carried out via sonication at level 1 for 7.5 hours.
20
Exampie 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, agueous Na,PdCl, (7 g Pd/l support), aqueous NaAuCl, (7
g Au/l support), and deionized water were added to produce a total solution volurne 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 absorption of the solution. 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 hydroxides).
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 wds poured in a



vol une equal to the anobunt of solution the support would absorb. The
treated suggort was inpregnated by incipient wetness with the aqueous KOAc

and let st8&Glr 15 minutes. The catal yst was transferred to a fl uid-bed
dryer to dry for 1 hour at 100C. 30 7196-PCT 9 Q4 2,n Exanple 2 fflieMAR 2004
procedure of Exanple | was foll owed except that the reduction waS carried

out via sonication at level 1 for 23 hoyss. 5 Exant)le 3 The procedure of
Exanple 1 was followed except that the reduction was carried out via

soni cat ' 9@0 g'fl &N Gledlc 19&er %t@%‘l&%b@é%h Svith epc %u@ﬁsoﬁ’&g UF 8e18fuz§(?< %R:lr ? r

was fol ékcept t at the reduction was carried out via sonication

| evel 1 BQfoqu Michigrestludnx anphetdd Wilke ARNQKG edlugtectahe fredit f dhlvagesi\ah F&M@@lon of
except that the s%[) port contained 7g Au/l and 15 the reduction was carried

out via ssalubka Aekl athe efflopntwasraisedirpmihe trezmadsmppertsanitbe freaieé supperiofas

Ex | d t hat the t ned 7 d t
Codut | ol AIRETTEie BEEREY, %s?ntaamgﬁ’f'ﬁ%ﬁ%@e&“ SR a5k o
Exagpl e feibABe061,0f GiitrIndRckt bi 62 Gt alayﬁ B4PRRE 5?‘. ; deeéth&%tﬁ@@a&éﬁﬁd

into a 500-n bottom flask. In aqueous

Na, PdC14 céitaigirddd Spasgep lhoolte)d 10 acgaemla lhhAuﬁl the (bird withe/glass Bltpppd.‘rtc))ma&ﬁdg a gas
dei oni zed water were added to produce_a total solution volune eq;i to the
25 t ot al OViRtliRe- tTihe SBUBFOYES R!@ﬁ?ﬂdm%*stb? Burfapref e vrere apd Bb Miap §uk Ffiuthl'@ll*f%h/vas

pour ed | giQgklier 311 B8 B UPRSIChS. HIPLEANRLS.ANFuRHRREY bulila bRACLR! A"

wet ness,
treated support- contalmng SDS was sonicated at a level 1 for 7 hours. After sonication, the

C solution was drained from the treated support, and the treated support was poured in a 500-m]
graduated cylinder with dip tube to wash with a continuous flow of deionized water for 5 hours.
The catalyst was transferred to a 500-ml round bottom flask to dry overnight at 150°C under
constant N, purge. Impregnation with KOAc was carried out following the procedure of
Example 1.
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 Exampie 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
stee] 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 continuously 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 1/hr {(measured at N.T.P) of ethyienc, 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



approximately 5 mnutes to ensure conplete absorption of the solution. The
treated %19@? was then poured into a 1000-m pear-shaped fl ask

cont ai ni ng cc of aqueous NaOH (from 50% w w NaOH H2O, 120% 06 tm &
amount needed to convert the netal salts to their hydroxides). 'I'h Ré’gﬁ
was i medi ately placed on the rotovap to rotate for 2.5 hours at
approxinmately 5 rpm The solution was dtlained fromthe treated support,
and the treated support was poured in a 7196-PCT 10 94 MAR 24 500 m

gr aduat egotayinrn degtate) ths caudedtotitdve] hralenwazhsine httabaucnitimouphesesf thawghfeach

dei oni zed water for 5 hours. The effluent was tested with AgQNO3 to detect
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pl ugged wth a septum another with a septum containinhg a sparger hooked
to a gasprodues. | ine, and the third with a glass stopper containing a gas
outlet Iine. The sparger was placed _under. the surface of the water, and N2
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reduction was carried out via sonication at level 1 for 7.5 hours. 20
Exanpl e exaiiydesaod deueduciig &geanfResl. Agwats used| fboibe dedctiemtantl [dataiig gf tife frovesn
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heavy ends (HE), and ethyl acetate (EtOAc). The relative activity of the reaction expressed as an
15 activity factor (Activity) is also shown in Table I and is computer calculated. The computer
program uses a series of equations that correlates the activity factor with the 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 fo achieve constant oxygen conversion.



The catal ysts of the exanples were tested for their selectivity to various
byproducts in the 25 production of vinyl acetate by reaction of thﬁrke
oxygen antl9%a8iTc acid. To acconplish this, about 60 m of each tjd) 2004
catal yst prepared in the exanples were placed in separate stainless steel
baskets. The tenperature of each basket was neasured by a thernocouple at
both the top and bottom of each basket. 1Each reacti on basket was placed in
a Berty continuously stirred tank reactof of the recirculating type (al so
termed the "VAST," i.e., vinyl acetate gbyéﬁd tank reactor) 30 and was

mai nt ai ned at a tenperature which provT out 45% oxygen conversion with

an electric heating OE‘ME fi f I3 asured at
N. T. P) of ethylene, ag%{}:ﬂ@%%ﬁ%qﬁf 0 O;L%e%é’[gﬁgg? C}%g;q'ﬁhsrﬁsg? ni t rogen,
about 130 g/ hr of a®MEREASREDGOTIGRN@ONDUAYED WITH/ $OSHCATION 04MAR2GL4
pot assi um acetate, was caused to travel under pressure at about 12
at nospheres through each basket. The reaction was term nated after about
18 hours. y
chr omat ogr aphi|c lALS] ' ' _okf-line | i quid product apalysis
condensi fig th%@g%ﬂ@ﬁfé@%@?pz\%hﬁ 10 C to obtain optinum anal ysis of
the end |5 produgéminalabl e | yshowy datibneacRegxanpl e Skpdcaivicg, @f t hp net hod
the|catalyst and its ngke-up,{in tergms of the nom nal pnounts,
i .e., toflal of Ameuntag/hl|ytRetentiop dctilve [meh2d™ Pd and Au. i npreghdtcéigityn
Cont entP of | Cat 4l yst, |Nom nal t [ ent age o
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retainedfin the final, catal,ys (et al |Content '1tpa}% , ~Y.Ref ent jon)
t he peri 'i f ti’;rre of‘dr Sq niaSJ at|o appﬁi‘?ed tg:2 ‘ach%f‘ﬁe:;i c 5?/531 gfdsthe 219%7'& S
on the cgtaly$t (Sonication, t., hr.), :,t an ingensify level of 1fin all
exanpl es j—andrt-heteducting—agent—(Red: gent)—used—for—therreductyon—and|
details @f 2h¢ process |of93syptisesi z2hg [VACEHom| thE7 ¢angsmnend.87bf | t he79
gaseous fleed iin tenfns off the pelegtivityl to C02| heavy engds (HE)} and
ethyl acg@tatej(EtOMc). The relatiVve activity of [the feactibn expressed as|

an 15 acflivjty factor, (Acty.vity) ils Z.Lso sg i bl 21 IS O er
cal cul at d.j The 7";orrpu‘qf e gSrogr%im us as ?%fgs (r%‘a%q&g?dllongéj‘%ét nip%

correlat@s the¢ actijvity|factof wi tjh the [catal ys§ tenperature (dufing the
react i onj—oxygen gonvensrom, anda sertes of ket pararetersfor—the

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

5 7 7 81 87 6.5 C.H, 9.25 | 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 &3 66 6 SDS 10.1 | 0.82 | 0.063 1.69

8 7 7 &3 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 2 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 i-5

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



take place during VA synthesis. Mire generally, the activity factor is
i nver sel ﬁ}éé’el?% ed to the tenperature required to achieve constant oxygen

conver si 6- PCT 12 TABLE | VAST UNI T PERFORVANCE DATA FOR TALE@'&? N4
VWHEREI N REDUCTI ON CONDUCTED W TH SONI CATION 0 4 MAR 2004 Met al t’*e 2
Cat al yst Soni - Nom nal % cation Red. Selectivity, %Activity Anount

g/l Retentiont, hr.Agent 11 Ex. PdAuPdAuCQ3HEEt QAc

174916814C21- 148. 670. 8550. 051. 97 274937323C2H49. 170. 9860. 0711. 79

37483--1 : ; :

57751876 SIBIAY FE1 Sauty b 85 S0 e heat e gty For
7778366 6&hHle, Bhy82U ACfSly 490 B81d 83h2iésabiodin GR11,286,01 DB, AD,753; incorporated
97786317. 5Tween 9. 631. 2410. 0801. 95 20 The results shown in Table |

est abl i sbY faferenderherguphopt amitmgrianpang dagfenBaysgaehshrgstoand i Byared by a
nmet hod utilizj} ni cation i he reduction step are effective in the
roduction of b Sl gkl on 1§44 P

5 %HE Selectivity - 0.89
%EtOAc Selectivity : 0.06
Catalyst Activity . : 1.37.



VA by reaction of ethylene, oxygen and acetic acid. In particular, the

results of Exanples 1-5 show that the catal yst nade by the nethod of this

“invention is capable of catalyzing the reaction 7196-PCT 0 4 NAR50284MéB il
f

with a CO selectivity somewhat below that resulting fromthe us | OF
art catalyst. For exanple, Bayer VA calhlysts of the type described in GB
1,246,015 US 5, 700. 753; incorporated by reference herein. VAST unit

per f or man dat a, for , Bayer catalyst was found to be: % CO2 Selectivity :9.51
UHE Sel ect VPREY clagmedisofr oac Sel ectivity :0.06 Catal yst Activityl.37. 0 0 4
MAR 2J 1% 14 What is clainmed is: 1. A nethod for the preparation of a

catal yst effective for the production of vinyl acetate by reaction of

et hyl ene, oxygeh andAamethbd farahe prepavarion sf mgathllyst effcefpse o the prpd@gidatdfng a
por ous sur{port w th one or Oggre aqueous sol utions, of water-sol uble

conpounds 'SFYl@5Pateyi TEattop of Ethylanenivers anchadetiaipig, pamprisna e atfas bl d,
fixing Sa'iﬂlpréﬁﬁﬁﬁ%e;/ BBroll SuppdRREAITH ﬂﬁesor"iﬁ&%raghm Ise gﬁﬁ%ﬁmfé@qglu\)ﬁ one or

nore fixing steps react'on with an appropri at I ne conpound, and
reduci ng sampoundsesf-catadyically ectiveangtalsimtduding phleidiurh aedgoid] fiking gaiior m i n one
or nore reducingéﬁte s, at | east ? of said .reducing steps being carried
out in anBJHSE Hﬁlaéb‘ﬁf%‘?ﬁ“ﬁ‘aa &8 R CfiseRitmers fixing Htepsthye support

cont ai ni nqea%ﬁbﬂﬁ'm%daﬁg% atd A1RA1 MR QA Fsind iagafw i appl ying
sonication to saild aqu oulgr rrezglﬁ‘ﬂm 5. p‘%’&ga)’rret g%ﬂélb(ﬁ)lg Sc al %?ﬁjm gir)%i n said
reduci ng agmpbunds tetthgit Feemedllicoemnebhoor mbreakducinglstepseatdiesst oa¢ df gaddiuci ng
agent is sodium (godeocyl suIJ ate SDSJ. . .. . .

reducing steps being carried out in an aqueous medium containing a reducing agent in

which the support containing said fixed water-insoluble compounds is immersed while

applying sonication to said aqueous 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-soluble 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



4. The nmethod of claim 1l wherein said reducing agent is

pol y(oxyet hyl ene(20) sorbitan nonolaurate). 5. The nethod of claiml

* wherein said porous support is initially inpregnated with a single

sol ution of water-soluble palladiumand gold salts containing afjl{ MAR 2004
pal | adi um and gol d desired in the finallxatal yst, the palladiumand gol d
are fixed as water-insoluble conpounds on the support in a single fixing
step by contacting said inpregnated support with a sol ution of said

al kal i ne cﬂd;kqé@er@dmpamﬂ wﬂe\n&r@ﬁunmy@h@m@dlp@mnaﬁ@ltmfm yelet-imsodinds

are reduced i r netallig formwhile
carrying (R?P @gplaco&(%mig,ttﬁgg ppgﬁ Hgge%fl pa l%ff%nfs Wierk é?q?ﬁ sai d porous
support i Smipfddnheed!with 4 Wﬁfeﬁ-@ﬁl@bl@%o‘m m e gIURTIRd B9 Iredction vath @ alkaline

wat er - sol ubl e pall adium salt, said aIIadlun1 is fixed on the support by

i mrer si ng gangicq»mmtmgrvaflé@ Eﬁlbém aﬁd“g(ﬂdgt@l 1gdnasd te theirfrepsnetallivdmme01 4
al kal i ne cqﬁgqynd C%FE 9 eactlng wth said palladiumsalt to forma
wat er -i nso ﬁ(?IW%% 8Fuﬁ1%§ ound, the support containing the fixed
pall adiumis separately |npregnated with a water-soluble gold salt, the

gold is fixed by reaction with an al kaline f|X|n% conmpound and t he
pal | adi um and gol d aFhe method eficlein 1 pdierein pe alkal mgtaliagetptsrinfleposiied en ter ryi ng

acetate i S EnRe dopobin SR pE R Rbr e BT R Bl B AR eBED e

of said p&bhﬂdlun1and gold in free netallic form 8. The nmethod of claim?7
wherein said alkali nmetal acetate is potassium acetate.

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

acetate.



