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| NVENTION 5 Field of the Invention This invention
relates to new and i nproved catal ysts for 1t he production of vinyl acetate
by reaction of et hyI ene, oxygen and acet ic acid. 10 Background
to produce ¥:| )

nd._acetic acid
usi ng ' n a

carrier. Wile the process utilizing such a cat al yst is capabl e of
produci ng vinyl acetate at reI ativel I evel s of productivity, any
expedi ent resulting in even ‘%} Tﬂﬁlwwlg)l‘be very desirabl e.

15 5 The foll ow ng references may be considered nmaterial to the

i nvention clained herein. U S. Patents Nos. 3,775,342 issued
Novenber 27 Fieldaf3he baventidn822, 308 issued July 2, 1974, both to

Kronig et al., eagh.disclos d of king vinyl acetate catalysts
conpri sing ﬁxsllr}vgatf §F % gﬂfﬁﬁv ‘%‘PW%‘?%%&%‘JPEI%SW@B@%WWI et h a
sol ution A gprdasiict oTRtHAens Uxyesh shalabdtic@tid, nobl e netal s such as

pal I adi um and gol d and a sol ution B containing conpounds able to react on 2
0 the support with the noble netal salts to formwater insoluble

conpo S t | onpounds with a reducing
agent Litrbg convg%élﬂﬁel%&r&llﬁ%uql%]?esm n%?% t&ﬁ%d% conmpounds to the
free netals, wasItunlgmmeIo pmdawenyliacztatehpmacnmtoeﬁeﬂlshhe;hkgenmﬂ@meﬁdamdaﬁldg

appl ying an _al k netal co und %{5 ali netal oxyl ate hefore

or after t rgg?tﬁ@ coDsIStng °?Pa})*’3ﬁm%ﬂ§%% IAVRPHIEFd Qg & FTick Wﬁ&?g‘ﬁ ,g-ece%wﬁ lizing

optional |y ghéht caeishistagabdlelof pRfducih @iyl REBIeSt fe!lhfﬁbel %1% 18vels o 1§'“!m
calcium bari um and rare earths at ent 5, ‘710

i ssued Jul y espedientuganltingingvengraatergwodyetivitygragid bs‘eesy desirablod of _
preparjgg a cataiys fo]luﬁﬁiglfcfelfeﬂéesmz bR cORE déd%t& al Vo' tﬂé( inv&ﬁﬁ)ﬂl%i bcly }heréeelg.(:t 'on

of ethyl ene, oxygen tic acid,
porous support W PatenteNosd, Tl d2 ssiedNakmper 27ad197[3mnd 3, 822 308&3‘sdecg1m|l)d2

fixi th dj d d a | ubl d th t
rmer oi ng- 3187 BolHGe B oo lsPiREs A o SPBIE HirST et GHDIR somplisng
sol ution f ofresting 2wpport simﬁ]taﬂémly draugvesiiveBi Widh £solution A corftaifilg GREGIINGRs o8N

subsequent |y reducing the compounds to its netallic form
noble metals such as palladium and gold and a solution B containing compounds able to react on

20 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
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

25 magnesium, calcium, barium and rare earths.

U.S. Patent No. 5,332,710, 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
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

30 and tumbling the impregnated support in a reactive solution for at least % hour to precipitate

such compounds, and subsequently reducing the compounds to its metallic form.



2 - U S. Patent No. 5,567,839, issued Cctober 22, 1996, to

Qulliver et al., discloses a nethod “of producing vinyl acetate

catal ysts including the step of using a barium®"salt", such as barium

hydr oxi de, t evgosoesspi t at e wat er -i nsol ubl e pal | adi um and goIP@Tﬁggg;@mds onto
n

a support prior to reduction wth a reduci ng agent. We arium
hydr oxi de is used as precipitant, residual barium 5 remains in the
finished catal yst. SUMVARY OF THE
| NVENTI ON U.S. Patent No. 5,567,839¢ 3618 Defdbiti 22011 998] & GullvRP bl AN disdoksth deihdl 1 S

provi ded useful for the productiaon of vin acetate by reaction of
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group constedudtiog with aredpeingiagent. Bk bariym fyairoxide is used as precipitant,aesidual batitm
ceriu as_its oxhlg% og J@ g?yé{je of oxide and free netal, said catal yst
g]beerﬁ‘mmns n B}S ?)ar"‘1

havi n y either nmethod (A) conprising the steps of
| npregnating a porous support with an aqueous sol ution of
wat er -sol ubl e salts of palladiumand said third netal, fixing said

pal | adi um 15 and third @M&X&I&Wcomounds by reaction

wi th an appropri 0 &is i . . ' . L1 ng
the cat alyot wi R e o tidis pvention, o SRARE S BprRUPRERY R MOpb AREGE D
t he gol d iaretakeebysedction ofetiprlesconygémand hecticatideconipnising g paton® supdsrt an the

wat er - i nsol ubl e N . . act i wi th an appropri ate,. al kal i ne
Coroind. PGPS BHREY ARy idepasied AR M ribe it Bebale solgigi i

metal | i ¢ sgoM,endathifdhgetilisslected Borh the gl cohdsting ST OMpSIuRY, cAlbithUbRugf OXi de
and netal ; or met hod conprising the steps of inpregnating the

20 ! B
support wi FfFORURANG CEHmLGF ltﬁl(é’flé“r orgpixy of oXide and freesietals said cagalyst haningibeegol d
d said thi g . ) ihth
"ot ter sol By B Ahee K100 LR piRG BE b oL Canatifit bRt By o
rotating aagieeus solution of waterrsplublegaltsnd palindivaymsitseid thicdhmetal, fiwiniglsaid iphllddium
' di SOl utj . ' |_kal i . d
(ot 83 PR mete] &l ROBRRLABbR By R on Pl amampropin SRR o1

netal | i c sdonipouid subsequentdy inipeegniiigathareatAyst iwith a Goliviien ofta WhtertsolubleQloldossitde or
nmet al . I.s believed that vinyl acetate catalysts under

. Lt
the i nventiine thggeldin Fq?§°]€h?‘h?rfl§eflf:’é’ltlf‘i}aﬁer impregriafipn 254 Vafer-igFrluhi¢ compyound
pal | adi um byaehdtion WHhAR SpRbpridiealaia tihRfind, Ahd ebdiBh@Ihe fREEPARERMAAd TBIdROd

(A) or (B) performw th nore consistently higher activity and/or a’lower
sel ect i vi t¥cir getpdlipsfate and the fixed fojrd metpldn its grigeeraaixiyre of axideang setalioot

cont %_” in gm%&h(@ cggbﬁgné@xt: Qéeps mﬂregﬁatnﬂé Ml%tsﬁpp%h%ﬁlr aeghﬂi\/)n of water-soluble
salts of palladium, gold and said third metal, fixing the palladium, gold, and third metal in the
latter solution as water-insoluble compounds by means including the step of rotating and/or
tumbling the impregnated support while it is immersed in a solution of an appropriate alkaline
compound (roto-immersion), and reducing the fixed palladium and gold to their metallic state
25 and the third metal its oxide or mixture of oxide or metal.
It is believed that vinyl acetate catalysts under the invention containing catalytically
effective amounts of palladium, gold and any of the specified third metals prepared by method
(A) or (B) perform with more consistently higher activity and/or a lower selectivity to heavy
ends, when compared with catalysts not containing such a third metal, than catalysts prepared by
30 various other methods and therefore not under the invention, because the catalysts under the
invention have a more consistent and predictable composition with a greater degree of

homogeneity than catalysts prepared by other methods. Such higher activity and/or lower heavy

e Step of-



3 0 various other nethods and therefore not under the invention, because

t.he catal ysts under the I nvention have a nore consistent and

predi ctabl e conposition with a greater degree of honogenei ty than
catal ysts prel¥2o&a&883 ot her net hods. Such higher activity arR€TaiSos/2ss -
heavy 3

ends selectivity often results in greater3vinyl acetate productivity than
if nothird nmetal is enpl oyed.

DETAI LED DEsGRsciertighy cffenteimlts i\geearér@inyl Beetate productivity thamifinodhiad mel ishe
catal ysts uend L ehhi s invention using nmethod (A) or (B), the catalyst
support mat AR s conposed of particles having any of various regular or
i rregul ar shapes, such as spheres, tablets, cylinders, rings,

Cength, Cor wi dth-of - abour DETAL S BESCRETROR OF THEANSENTON 3 to o
Sph A i : d.
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The support material n _conposed of any sui por ous
subst ance, suppert meferiplgaconposed ofpartisles havingdnyrmf various régmbar ar iregulanshiapes, such

silicates, alumnosilic titanate I nel . silicon carbide, or carbon
and the i kag'sgf;@res, tablels, BYifiers "R S%gg?tﬁ&ﬁﬁ@gﬁ,iagp% AYELmensiang spehas or eq
within the diafger, léngth, 6258 of ab@it 1adabdiut 10 Bm, preferably 4Kdued &9 maP Bpheres
preferably about 100 to about 200 Egerr]/g, an average pore size'in the

range, for bavinga diamsterafiapout 4o shoyt$ muparg grefastsds Thosppent seterishmay bimd a pore
vol Umgoi Nt fign oS anf NitaB% PBIE subfancede.g., sili ifh: ditibLaldmidd i
abou'En'EL 8. 4 t%ﬁg{?out ]a_m g rﬁa/ gi’ = > €8 81 1@%?%&&%%% %‘}‘%agalg’b‘%‘ﬁt%%’%l"gma’
i npr egnat i osilietest deminagijicates, titanatesi spinehisilisomearbide, oo carbérearsiahe Bkeof t he
contenpl at ed cat.gl vt ] | tal alladiuym (11).chloride, sodjum
pal | adi um (11) cﬁ?%%’p%? Aj&m@aﬂﬁay%a{geg Sélgfé?eua[r) R e ners fpr E’f?ﬂ?:l‘i’ fabout lo
pal | adi um (tolabowti350 Aireferablypbbitd 00 toabiohd D003 g, ah Sveddge pereaiili®the @dnge, for

sui tabl e wat er - Olﬁqqxlge fal I g\di %na conpounds, . whil e al Eal i nmetal, e.g.,

sodi um or pBRIPL phteyy $0to sbept 2004 zng and 4 poye yalymge infhe gnge, for example, of
tet raghl or ogdyit 61 ¢d 3 Jpréterably absut ©4a0RbAS 1 9fmnat er - sol ubl e gol d conpounds
whi ch can be used. pendi hg on which third netal is desired in the

catal yst, the f dinicamyingout the impregnofigneof thectuppsirematatial vithrveatensalubleesltsadf the
compeunce gty eyt Lake s FRLSRREH ol SHE e it st
(anhydrous potassium palladiuimyily chiceid}, pattadime €il) ivrad bogallddiuhaIlh yidf204 ke Sfamples of
R T TN T MG G TN -,
ﬁ% <r: :a ;zre@d ;1 I t gfraetugigm E]Mléﬁ@él& tefachisebafiedl) aciddfd dinBRE bW Ael MDY Sorfifounds
which can be used. Depending on which third meta] is desired in the catalyst, the following
water-soluble salts are examples of compounds which can be used for the impregnation of such
third metal: magnesium sulfate (anhydrous or hydrated), magnesium acetate (anhydrous or
hydrated), magnesium chloride (anhydrous or hydrated), or magnesium nitrate (hydrated);

25 calcium chloride (anhydrous or hydrated), calcium acetate (anhydrous or monohydrate), or
calcium nitrate (anhydrous or hydrated); barium acetate (anhydrous or hydrated), or barium
nitrate (anhydrous); zirconium sulfate tetrahydrate, zirconium chloride, or zirconium nitrate
(anhydrous or pentahydrate); or cerous nitrate (hydrated); cerous chloride (anhydrous), cerous
sulfate (anhydrous or hydrated), or cerous acetate (anhydrous or hydrated).

30 In preparing the catalyst by method (A) or (B), the impregnations of the support material
with solutions of water-soluble salts of the catalytically active metals may be effected by any

method known to those skilled in the art. Preferably, however, such impregnations are



nitrate (anhydrous); zirconiumsulfate tetrahydrate, zirconiumchloride, or

zirconiumnitrate (anhydrous or pehtahydrate); or cerous nitrate
(hydrated); cerous chloride (anhydrous), cerous sul fat e (anhydrous
or hydrat ed)y, ous acetate (anhydrous or hydrated) 3p _In
preparing the ca’?aﬁ/st by nethod (A) or (B), the |rrpregnat|‘g]ﬁnsjsgglrll54f1 ‘
support materi al with solutions, of water-soluble salts of the
catalytically active rret als may be effected by any met hod known to

;hose skil 'ceofén li@hn{ B .%?ﬁaﬁf @-»%etﬁbawﬁeanmsmtmag& mgebe@a are

I'nci prent wet ness rein an anmount
of water- $Glutlblh eseﬂddmthe 1mpregnatmnk fromahowt §8 ¢b dbont 0@epercagtrof hreabsaptives fr om

bout 95 to ab 100 he abs f
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and the  third metal muiﬁleﬂ%aﬂle eﬂw att‘@uﬁﬁbfﬂm@setrh&al@ﬁimé finigkeaRial/sQhay tres €

nmetals in the finished cataly may be present in the first

i mpr egnat insesertdn rheé‘astompmgwuﬁepm quAjn @F‘h?‘B§A) o (B} § iprfieandwniageaaderdbs f or
t he g I tion
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gold salt i&éttmprdghﬂmhicnmugmgsgohlesalt aftdydick ﬁlﬁlgﬁsrﬂaéqnbcd hﬂrexmﬂet aﬂ)aﬂadxmmdnd

third t al th t t t
oo rea 1 dbirhery i e U, o Sortp iy Bo Pt the RRireneRleclq ot BRI (' i ng
as descri hggerRichRdrictie, &er i FHxingak HesefibddRredbieh dfthat bﬁ’t 6f thépold th the first

| npregnation wth a solution of water-soluble gold salt, a further

i npr 2gnat i iowrdgnatisarwitheaisobition of water-solyljle goldsalion firtheximpreenwion isearticdawti val ent
to the re n A s, yst. The
 mpr ognat | HLE Saft drg03R) EnfARA! Gd biorl Mo esd ig e Sl Y1) T
grans of catalyst. Tlghmpmgnaionpa‘e sacdiias oy prayide, fmrrexenplmbe\;t latb gbaut 00 gramns ofibout
10 grams of ele lit f talyst .. W t.h
e oot R PR g Fos Rl 6005 4o gt 10 i pE e eplalfer et ok
based on tﬂﬁsﬂ%bﬂﬁl‘ys@%@ﬁiﬂaﬁﬂhﬁtrﬂg&&p&ﬁgﬁrﬁ@ dBﬁutVl{blt@libcithZSClweﬁﬂit@Ercexﬁ desi red
in the catal yst and assunm ng such.t F %ﬁg nmet al cIhe only one
presadht, thmeednnibereight ofialiadivn. Renending op Whigh third agta]is desired i th ysf ey of

cat al yst pgsmﬂnﬂggucﬁaxm}meeﬁp&e%@tdne BreS&Y, thenuniRf oiegfaﬁao&eelerﬂuntammcitrﬁeal

follo magnesi um_  about 0.1 to about
2.0, pr ef epeakitey oﬁmst promdpebuatbeemprzgl@ﬂorzmey be, for example,avighin the followx@gaout 0.2
to about 4.0: preferably about 0.5 to about 1.5; bari um

about 0.2 rtaﬁgeeibout 5.0, preferably about 0.6 to about 3.0;
zi rconi um ahfaginedurd: abmmtoumaboﬁtzanpedfaaubhlymmbﬁueamumOo about 3.0;

cerium about (0.5 to abo refer o about 5.0.
Aft eROeach i mpredlfi®ii on 6‘?0‘4 %1935‘}'{)) R’A?f? g‘é’%ﬁ%&&"? tion of
wat er - sol ubl e sgkiimof about 0.2 to about 5.0, preferably about 0.6 to about 3.0;
zirconium:  about 0.4 about to 7.0, preferably about 1.0 to about 3.0;
cerium: about 0.5 to about 10.0, preferably about 1.8 to about 5.0.
After each impregnation of the support with an aqueous solution of water-soluble salt of
25 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, ¢.g., an alkali metal
hydroxide, silicate, borate, carbonate or bicarbonate, in aqueous solution. 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
30 amount necessary to completely precipitate the cations of the catalytically active metals present.
In method (A) of catalyst preparation, each fixing of the metal may be done by the .

incipient wetness method wherein the impregnated support is dried, e.g., at a temperature of



2 5 a catalytically active .netal, the netal is "fixed", i.e.,

preci pitated, as a water-insol uble conpound such as the hydrOX| de,
by reaction with an appropriate al kali ne conpound, e.g., an alkali netal
hydr oxi de, si WQ®{22863bor at e, carbonate or bi carbonate, in aoperusys/sEhditi on-
Sodi um and pot assi um hydroxi des are preferred al kaline fixing
conpounds. The al kal i ne conpound should 5 be in an amount of, for
exanpl e, about 1 to about 2, preferably about 1.1 to about 1.8 times the 3.
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10 rpmfor a period of, for exanple, at |east about 0.5 hour,

preferably Bpwirenses to about 4 hours. The contenpl ated roto-inmersion
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reduci ng t heorﬁpdﬁﬁds presdeat on the support may be employed as conventional in the art. The reduction of

the fixed palladium and gold compounds mainly results in the formation of the free metal,

25 although a minor amount of metal oxide may also be present, while the reduction of the fixed
third metal generally results in the formation of an oxide or a mixture of oxide and free metal,
depending on reduction conditions and which third metal is prescnt. In preparations using more
than one impregnation and fixing steps, the reduction may be carried out after each fixing step or
after the total of the metallic elements have been fixed on the support.

30 In a preferred embodiment of method (A), using the specific procedures described
previously, the support is first impregnated with an aqueous solution of water-soluble

compounds of palladium and third metal by incipient wetness, and the palladium and third metal



conpounds present on the support may be enpl oyed as conventional in the
art. The reduction of the fixed pall adium and gol d conmpounds
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previously. Preferably the impregnation and fixing are accomplished in a single step by

incipient wetness using a single solution of a water-soluble gold compound and an appropriate

alkaline compound. The added, fixed gold is then reduced, c.g., with ethylene or hydrazine,
25 after or before washing and drying, as described previously.

After the catalyst containing palladium and gold in metallic form and third metal as oxide
or mixture of oxide and metal deposited on a support material is prepared by any of the
foregoing methods, it is advantageously further impregnated with a solution of an alkali metal
acetate, preferably potassium or sodium acetate, and most preferably potassium acetate. The

30 catalyst is then dried such that the finished catalyst contains, for example, about 10 to about 70,
preferably about 20 to about 60 grams of alkali metal acetate per liter of finished catalyst.



2 0- ethyl ene reduction or after a hydrazine reduction. The catalyst is
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150-220[ err] C. T’er éx%?n%&les s %%gep%ra IE{on of catalysts under the invention by method (A)

@ 5r ange of about

and the advantages of such catalysts in the production of viny] acetate in terms of higher activity

25 and/or lower heavy ends selectivity.
In Comparative Example A which served as a control, a support material consisting of

Sud Chemie KA-160 silica spheres having a nominal diameter of 5 mm, a surface area of about

160 to 175 m?/g, and a pore volume of about 0.68 ml/g, was first impregnated by incipient

wetness with an aqueous solution of sodium palladium (II) chloride sufficient to provide about 7
30 grams of elemental palladium per liter of catalyst. The palladium was then fixed to the support

as palladium (IT) hydroxide by treating the catalyst by roto-immersion with an aqueous sodium

hydroxide solution such that the Na/Cl molar ratio was about 1.2:1. The catalyst was then dried



somewhat reduced pressure, normal pressure or elevated pressure, preferably

a pressure of upto 2 0 about 20 at nbosphéres gauge. The ’
following non-limting exanples further illustrate the invention.
Conmpar ative Exanple A and Exanples 1 to 5 These exanples _

illustrate tWORMEhrati on of catal ysts under the inventi oPCHYSHBINGd (A)
and the advantages of such catalysts in the production of vinyl acetate in
terms of higher activity 2 5 and/ or I®&wer heavy ends selectivity.
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20 about 60 ml of each type of catalyst prepared in the examples were placed in separate stainless

liter

steel wire baskets. The temperature of each basket was measured by a thermocouple at both the
top and bottom of each basket. Each reaction baskef was placed in a Berty continuously stirred
tank reactor of the recirculating type and was maintained at a temperature which provided about
45% oxygen conversion with an electric heating mantle. A gas mixture of about 130 /hr
25 (measured at N.T.P.) of ethylene, about 26 Vhr of oxygen, about 128 I/hr of nitrogen, about
131 g/hr of acetic acid, and about 2 mg/hr of potassium acetate, was caused to travel under
pressure at about 12 atmospheres through each basket. The reaction was terminated after about
18 hours. Analysis of the products was accomplished by on-line gas chromatographic analysis
combined with off-line liquid product analysis by condensing the product stream at about 10°C
30 to obtain optimum analysis of the end products.
Table I shows for each example the identity and amount in grams per liter of catalyst of
the elemental third metal in the catalyst (3rd Met., g/L) in addition to the 7 g/L of palladium and



respectively, magnesium sulfate (Exanple 1), calciumchloride (Exanple 2),
barium chl ori de (Exanmple 3), zirconiumsulfate (Exanple 4), and
cerous nitrate (Exanple 5). The catal ysts prepared as
described in &xagp 1-5 were tested for their activity in

production of Vi ny+ acetate by reaction of ethylene, oxygen Pt&ﬂﬁ"sa%zelﬁ%
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Table I 10 5 Ce, 3.1 90.%7d Met, 1.13 D02, 2.45 HE,

As shown in Table ], the catalysts of Examples 1 to 5 each prepared by method (A) and
20 containing one of the specified-third metals in addition to constant amounts of palladium and
gold, resulted in reactions having a higher activity factor than the catalyst of Comparative
Example A containing the same amounts of palladium and gold but no third metal. Furthermore
the catalysts of Examples 1, 3 and 5 containing magnesium, barium, and cerium respectively as a
third metal, also resulted in a reaction having a significantly lower heavy ends selectivity than
25 the reaction of Comparative Example A wherein the catalyst had no third metal.
Examples 6. 7 and 8
These examples illustrate the preparation of catalysts under the invention by method (B)
and the results of the use of such catalysts in vinyl acetate production, in the same terms as those
shown for the catalysts of Examples 1-5.
30 The same support as used in Comparative Example A and Examples 1-5 was first
impregnated by the incipient wetness method with a solution of palladium, gold and third metal
salts sufficient to provide 7 grams of elemental palladium, 4 grams of elemental gold, and



Exampl e g/ L % Sel . % Sel . Act .

A 8. 87 C 1,47 2. 34

1 My, O.53 9.35 1. 39 2. 45 2
Ca, 0.88 9.28 1.88 2.50 15 3 :

Ba, 1.07 WO 99123563 1.32 2.4 PCT/U898/21546

Zr, 2.0 8. 89 1. 45 2.61 5

Ce, 3.1 9.35 1.13 10 2. 45 As

shown in Table I, the catal ysts of Exangb to 5 each prepared by nethod
(A) and 2 Wrying emennis ofitheclemental thirdraetal epall@dmmﬁndcgoldsalsa used werdlg saimen t o
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gold and third net salts sufficient to provide 7 grans of
el enent al paleiratin wanabautdSyhdo 8x thejadditionahgoldoThe additignal gold was then reduced in
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gold salts us evli ous e ahd t he
third net adriedpandsmpeegaaterbgitiepotassiusidcttate @s d&sczlﬂ;ednm Cemg@arative ExampleQ@.I Theum

Chen 11 xed st Wt on Rieq B ot uichfl 62 phodu b BIRV o horeie B dhedit B 006

of the anoptioefexamgleum hydroxi de 5 necessary to precipitate the
pal | adium gold th| rd metal, and the | metal s were reduced

in the liquid ﬁ?&?ﬂ dl gpsihe identity aad aronghet thir efa\[ ingRefatelyshis addigentathe? an

excess vel gfteadiAdripAliiium and gold, and also the results of the reaction in terms of percent selectivity

of ethylene to CO, and heavy ends, and the activity factor.

20 Table II
3rd Met, CO, HE,
Example g/L % Sel. % Sel. Act.

6 Mg, 0.53 9.98 1.33 2.10 |
!
7 Ca, 0.88 10.20 1.40 2.44 §
25 8 Ba,3 9.91 1.34 2.44
*9 - 9.90 1.58 2.34

*reduced with ethylene; the 3rd metal catalysts 6 through 8 are reduced with hydrazine,
30 .
The results of Table ]I indicate that the third metal containing catalysts of Examples 6, 7,
and 8 functioned in the production of vinyl acetate from ethylene, acetic acid, and oxygen with

relatively high activity factors and/or low heavy ends selectivities.



hydrazine to-netals of 12:1. After the reduction the catalyst was washed
until chloride free (about 5 hours), dried at 100[err]C for 1 hour
ina fluid drier, and then inpregnated by incipient wet ness with an
adqueous sol utwonemiseol d salt sufficient to provide the cat abygiosdildg 3
addi tional 10 granms per liter of elenental gold (for a total of 7), and
sodi um hydr oxi de such that the Na/C 11 nole ratio was about 1.8:1, to
fix the additional gold. The additional gold was then r '

the liquid phase with hydrazine hydrat ggagmiescri bed priﬂ'@ﬂ’!&"‘ﬁﬂ&liﬂﬂ
catal yst was washed, dried, and inpregnated with» te
as descri bdaldim: Conpar ati ve Exanple A The catal ysts were then” :
tested for their, fungti ' . pr. ' f winyl acetate .descri bed
nthe 15 plevi ofeebgBriptRing's FOHib kot on b Mores SO HER et 1 ¢
and anount dqepodited cdalpidatlly effectivh emoditodfitdtallitpalidiuid md goldl, hdiBa third metal g/L
each of pall adium and gold, and also the results of the reaction in terns
of peréent ssleried from the roup consisting ofapagpesiyg, cplsiuntparivg, Ziseriymand serivgh @s ithe
activity fagk : ; ; : ;

Table 11 AGE R or mixtaft of oxide and metal, said cat%l?sé hﬂ}/é?;,; been preparégﬁy either method (ﬁé
Exanpl e comprisigg impregnating a pe18us$ support with agadqebus solution of watet-soluble salts of

e p“égggi%a?agg said third pReta] fixing said pallAqid pnd third metal'ss Siser-jngoluble
8 confpdund3 by reaction with 8n 8propriate alkalindlcoddbound, subsequedtlfHinpregnating the
* 9 9.9 34

. . 0 . 1.58 . . ]
*r edud8d wi tatalest with @ selutionef asvaierrsotuble sold saft, fxing Ge galddn s selutiprpreseatingbe
Wi th hydr azi,ng.imaflena ter-insolubld R6pb &R Y Seafion Rl hat
theth 14 afi impflgnation g catalysts of bt by Feabtion ‘Q@J‘ 5 dpbrdgiite Wafing,
functioned ¢ompolad, gndredutingtpe fiked patipdiuncad gold 16 theinmetailid sate andshe fikel thivd d,
223 s O)s(glgg(r:]t %’{a{] to étg _oxide or mﬁx%rgtof gﬁhé’ anlalig rrlne?ﬁ} Ar\ﬁllettyodf(g? E:é)nrlpsris?n% & srteplos%\f/ heavy
11 impregnating the support with a solution of water-soluble salts of palladium, gold and said third

15 metal, fixing the palladium, gold, and third metal in the latter solution as a water-insoluble
compounds by means including the step of rotating and/or tumbling the impregnated support
while it is immersed in a solution of an appropriate alkaline compound, and reducing the fixed

palladium and gold to their metallic state, and the third metal to its oxide or mixture of oxide and

its metal.
20 2. The catalyst of claim 1 wherein said third metal is magnesium.
3 The catalyst of claim 1 wherein said third metal is calcium.
4. The catalyst of claim 1 wherein said third metal is barium.
5. The catalyst of claim 1 wherein said third metal is zirconium.
6. The catalyst of claim 1 wherein said third metal is cerium.
25 7. The catalyst of claim 1 prepared by method (A).
8. The catalyst of claim 1 prepared by method (B).

9. The catalyst of claim 8 wherein said step in method (B) of rotating and/or
tumbling the impregnated support immersed in a solution of an appropriate alkaline compound,

to fix the palladium, gold, and third metal, is continued for at least about 0.5 hour.



CLAI M5 | claim 2. A catal yst conprising a porous

support on the porous surfaces of which is deposited catalytically °
ef fective amounts of netallic palladiu third netal 5
selected fromthe %soup consi sting of wﬂﬂm”@ Lﬁm barium zirconium
and cerium oxide or mxture &f exi d nCATUSIR2IF4$ :
cat al yst having been prepared by either nethod (A) conpri si ng

i npregnating a porous support with an aglfeous sol ution of water-sol uble
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The ¢ eg(ial yst of Cla{dpﬁll wherein said third nmetal is nagnesium
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The catal yst of claim1 wherein said IS zirconi um
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al kal i ne c8 E Fand it ECP’F‘F@ st%‘eg E‘Pﬁné@? IRYP SATPiSHnE Ot uagps s, calewm, | g
(]3- (23 ntinued fb&ﬁun@tmrb&ﬂﬁh aﬂ@éﬁ#ﬁmﬁ aitstxXille or mixture of oxide and metal, said catalyst having

Noohkon

been prepared by either method (A) comprising impregnating a porous support with an aqueous
solution of water-soluble salts of palladium and said third metal, fixing said palladium and third

20 metal as water-insoluble compounds by reaction with an appropriate alkaline compound,
subsequently impregnating the catalyst with a solution of a water-soluble gold salt, fixing the
gold in the solution present in the latter impregnation as a water-insoluble compound by reaction
with an appropriate alkaline compound, and reducing the fixed palladium and gold to their
metallic state and the third metal as its oxide or mixture of oxide and metal; or method (B)

25 comprising the steps of impregnating the support with a solution of water-soluble salts of
palladium, gold and said third metal, fixing the palladium, gold, and third metal in the latter
solution as water-insoluble compounds by means including the step of rotating and/or tumbling
the impregnated support while it is immersed in a solution of an appropriate alkaline compound,
and reducing the fixed palladium and gold to their metallic state and the third metal to its oxide

30 or mixture of oxide and its metal.

14.  The process of claim 13 wherein said third metal is magnesium.

15.  The process of claim 13 wherein said third metal is calcium.



10. + The catalyst- of claim8.wherejn said nethod (B) is carried out such

that said i npregnating solution.contains all of the el enental
pal | adium and third netal but only part of the el enental gold
desired in the finished catalyst; after jM\ “Humm ducti on of said -
catal ytical | yY9UF3P& netals in said inpr PRIUSHZPPst i s

i npregnated with another 5 sol uti on cbnti ri ng dr ssol ved therein the
remai ning el emental gold desired in the cgkal yst in the formof a
di ssol ved gol d salt d an a f an appr.oprj ate al kal i ne conpound
sufficient to hFlprcFﬁg’?ﬁlg%& }ffg ramégl é‘BWa‘P%‘F“F A¥BI%bl e conpound; and
said fixed addedngol Ohe HrdcBstii 8Klink 93 Wwheérein said third ﬁ&taﬁk LirGonfilnd! €.

11. The catalyst of claim1 containing an al kali netal acetate deposited
on the 10 calklal yskhegracess of pleim dHwberriprsaidfthizd metehis cgimt.adi um and gol d in

the catalyst to féﬂ eir h@%’i’ eés o?c ?1 n?rlfglherem &ald c?t%{}gt Ha§ gge%tﬂre%ra{re(afbytn?e%lﬂpx) The

nmetal to its oxi

catal yst of claizo.l Il'he/rpecrcessmfshimlmbvha’ein saidicatalysies déen pré‘pafHdterSﬁdthtm B).
acet ate. ss, for, the production of vi ny
or

acetate by react?lon o?heéf?fﬁ?sé%féﬁlrE%@&'gﬁeléﬁa’d step in me é@) of refating and
reactants comiihg HAmpRBhAE! hpford ﬁﬁrﬂerécﬁfiﬁh%lhﬁod%ﬁaﬁ agée Mﬁéun% Qg?%bxﬁldng a

porous 15 support on the porous surfaces of
cat al yti cal tqﬁ:etﬂntecliadm &Qbhmdsthmnw@t & dongnued for at leaqsiabdna@lihmand gol d and

a third netal nsisti esiu

barium zirconi 5#13 gﬂl r umg}g!saﬂf‘?g%ggﬁ% esa%rm&goﬂﬂal)gasq?e n%d%‘ﬁ

sai d qat al ysdid epreggting solution contains pil efthe eldlnbmajqjankt&ﬁmrmdilmd niefyl bgﬂ;ﬂw pﬁt ng
i mpregnatin por ous. s ort . w ueous sol ution, o

wat er - sol u bggt%g glemenigh 803‘28‘?8584 l’hﬂg %E%ﬂa]tyﬁr afer spid Hxing g refyctionjof said

pal | adi um aggaiifialiyl adfve metals R sald ifpre gﬁfhﬁ@ shI0EA, H@cﬁtaﬁﬁﬁ?ﬁ}‘iﬁl‘q al?e)ﬁ WiRfloteP
wi th an appropiiaté al kaline conpoun subsequent npregnat i ng
t he cat al yssolwiiancoatainingdipsohved thegeisthe m@mnmdme@dl goldsdessired lhlthﬂ qatpltshin the
gold in the |yt i t I n as a

wat er - i nsol u°o eolf‘%od?s@ol%fg(gﬁnsarﬂe%&an%mo@ﬁt ofbn dgff Jp? %{é a?{cagﬁep?omq Efiientte e
conpoursd, affie tliiﬂﬂllded gald hhswﬁﬂerémdol’pbié taniponid;eand sgo fisled sided1gdld is reduced to its
netallic state and the third netal as its oxide or m xture of oxide and
metal ; or mH S(“’é? 25 conprising the steps of inpregnating the

support with a sgi, utlpma;%cemaumﬁqb%bﬁuﬁﬁido%ta%fstcommnsanauaﬁ'xﬁe@d'a&mtegol d
and said third nmetal, fixing the palladium hird metal 1 n the

| atter depositesyn the gatalyss afienthe revption afﬁlbthe oardingd soldyand tardanétaldh thei ng
the step of pofating and/or tunbling t he i npregnated support while
it is imersed’in a solution of an appropriate al kali ne conpound,

and reztuci ng t he24.i xeThepmbieasiofichaimd veteth dail dlkedi metatecethte icpdssium xadict he
third netal toié; 0X f oxide and.its. netal

14.  The proces$§™of tﬁgea?rﬂ?ef%o%aéwglmrﬁ%ﬁ’bpot AR Aol fegt‘fﬁﬁf‘ﬁ?ﬁ?wgeﬂm
15. The praGasR redctamtsal m 13 wherein said third nmetal is calcium
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13 » . - 16. The, process of claim 13 wherein said “iiJa@JJF'?IFl.'
IS barium 17. The process of claim 13 wheggan said t ir3d
metal is zirconium 18. The process of cl £WARB wherein
said third met PO ceri UmworLp INTELLECTUAL PROPERTY bRGANIZATIRE Pr OCesEggy cl ai m 13 -
wherein said catalyst has been prepAFB# by Het hod (A). 5 20.
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(54) Title: A PROCESS FOR PREPARING VINYL ACETATE UTILIZING A CATALYST COMPRISING PALLADIUM, GOLD, AND
ANY OF CERTAIN THIRD METALS

(57) Abstract

A catalyst for the production of vinyl acetate by reaction of ethylene, oxygen and acetic acid as reactants comprising a porous support
on the porous surfaces of which is deposited catalytically effective amounts of metallic palladium and gold and a third metal selected from
the group consisting of magnesium calcium, barium, zirconium and cerium, as its oxide or mixture of oxide and metal, said catalyst having
been prepared by either of two specified methods (A) or (B). Use of the catalyst results in a reaction of relatively high activity and/or low
heavy ends selectivity.




