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

tumbling the impregnated support in a reactive solution to precipitate such compounds, and

subsequently reducing the compounds to free metallic form.

U.S. Patent No. 5,347,046, issued September 13, 1994 to White et al., discloses catalysts

for the production of vinyl acetate by reaction of ethylene, oxygen, and acetic acid, comprising a
25 palladium group metal and/or a compound thereof, gold and/or a compound thereof, and copper,

nickel, cobalt, iron, manganese, lead or silver, or a compound thereof, preferably deposited on a

support material.

SUMMARY OF THE INVENTION
30 In accordance with this invention, a catalyst is provided useful for the production of vinyl
acetate by reaction of ethylene, oxygen and acetic acid with low carbon dioxide selectivity,
comprising a porous support on the porous surfaces of which is deposited metallic copperin a

zone sutrounded by catalytically effective amounts of metallic palladium and gold, neither of
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near the surface of the catalyst particles. In this connection, it is noted that while the carbon
dioxide selectivity of a vinyl acetate process utilizing any supported palladium-gold catalyst

25 tends to rise during the life of the catalyst, i.e., from the time fresh catalyst is charged to the
reactor to the time the reactor is shut down for the purpose of replacing or regenerating the
catalyst, such carbon dioxide selectivity is generally lower during any point in the life of the
catalyst when the catalyst contains a certain amount of copper in addition to palladium and gold
than when no copper or less copper is present. Thus, the loss of a smaller amount of copper

30 during the life of a catalyst under this invention results in higher overall vinyl acetate
productivity than when employing a platinum-gold-copper catalyst in which the copper is
intermingled with one or both of the noble metals at or near the surface of the catalyst particles.

In the preparation of the catalyst of this invention, a suitable porous catalyst support is



In the preparation of the catalyst of this invention, a suitable porous
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copper 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. Sodium and potassium hydroxides are preferred
alkaline fixing compounds. The alkali metal in the alkaline compound should be in an amount,
25 for example, about 1 to about 2, preferably about 1.1 to about 1.6 moles per mole of anion
present in the soluble copper salt. The fixing of the copper may be done by techniques known in
the art. Preferably, however, fixing of the copper is accomplished by the incipient wetness
method wherein the impregnated support is dried, e.g., at a temperature of 150°C for one hour,
contacted with an amount of solution of the alkaline material equal to about 95-100% of the pore
30 volume of the support, and allowed to stand for a period of about 1/2 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 copper compound is formed at or near the
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simultaneous or separate impregnations of the support with one or more aqueous solutions of

water-soluble compounds of palladium and/or gold. Palladium (IT) chloride, sodium palladium
(II) chloride, potassium palladium (II) chloride, palladium (XI)nitrate or palladium (II) sulfate are

25 examples of suitable water-soluble palladium compounds, while alkali metal, e.g., sodium or
potassium salts of auric (IIT) chloride or tetrachloroauric (IIT) acid can be used as the water-
soluble gold compounds. An alkali metal salt of tetrachloroauric (III) acid and sodium palladium
(II) chloride are preferred because of their good water solubility. The quantity of these
compounds employed is such as to provide, for example, about 1 to about 10 grams of

30 palladium, and, for example, about 0.5 to about 10 grams of gold per liter of finished catalyst,
with the amount of gold being from about 10 to about 125 wt.% based on the weight of
palladium. The palladium and gold are then fixed to the copper-containing support material by

treatment with an aqueous solution of an appropriate alkaline compound to precipitate the
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the art. The reduction of the fixed nmetal conpound mainly results in the
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Wit h2 g" acl:%%x%%%nés%) lfﬁe' §Sirable free metallic form. In this method, using the specific procedures
described previously, the copper containing support is first impregnated with an aqueous solution
of water-soluble compounds of palladium and any other catalytically active metal except gold
which is employed in the catalyst, by incipient wetness, and the palladium and other metals of
present are then fixed by treatment with an alkaline fixing solution by incipient wetness or roto-
25 immersion, preferably roto immersion. The catalyst is then dried and separately impregnated
with a solution of a soluble gold compound having the amount of elemental gold desired in the
catalyst, and the gold is fixed by treatment with an alkaline fixing solution by incipient wetness
or roto immersion, preferably incip\ient wetness. 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
30 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, e.g., auric hydroxide. If a hydrocarbon such as ethylene or hydrogen is to be used in

the vapor phase as reducing agent, the catalyst containing the fixed metal compounds is washed
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cont ai ni ngpd,Bgichi ke dixBPindtal sARRANAEe Fludddaa tirdresirhdtalare. fowitioethylend oif i on of
excess hydrazi ne hydrate before washi ngmind drying to reduce the netal

conmieundshydratiteehydrate, with washingzand drtieg denedefpse an ethyene redyctian gpafer@ and
dried 1 bed. A th f ' h ' " .f.i ed
ot on i e RGNS TERRFo0 T GHAEH 1o ey F g Vb St SEine iictp fftp, ©
the pall a@{ﬁéﬂl&% SvhRdr sBRbRIgSI doknpetsd fahd"_th% chialyst is pai eginadd, o, withe netal s

are fixed reaction with an al kal'ine fixing compound by roto- inmmersion,
t he fi xedethplent oxinydoarines sftaxoe befortuwashing and teyirfg; exdasenited proeveongly, wi t h

t hyl 10 hydrazine hydrate, with i i ng_d f
ethyl ene. reducARSHIbFaBEERTERERAIIHE P SR e A KPBRARIE BER TS
| mpryggnat .%%fﬁeé% %%t%}ﬂ%\g E%mﬂﬁéﬁms ;{{Wﬁn&%mﬁ%&@éiﬁg Sﬁeﬂﬁ)d&g{ tion of

wat ér~ solu and the catalyst is again reduced, e.g., with
et hyl ene advinpdeanlynfarthafimpregoatedwith r soltisthofan akedi retyli asgtateaprettaahly i bed
previously. After the catalyst contaifpi al | adi um an old in free..
metal | i c POlssiwE 9594wy agriats, apd most Eﬁgﬁgg’ &W@ﬂﬁcﬁﬁ%s &6’%8?‘?15’?}&? g}eflglnefis

d 2 f : Y i i
prepar e g%ch\?\tnﬁ%? il ﬁfn@?ed &t g@%@f&@g Snplk labbt 1Y APEATO AL ehtalyBe

| mpr egnat h a solutio an a I ‘netal acetate, preferably
pot assi umpesferaisigtiabont20ad abent 6@ grimswd aikpli efetal atetate pertlberoif finishedeatalyst. The
I's then dried such that the, fi d cat al yst %Qntai n

cat al yst i sh
ex an%f{ e, about Whenvinyl getiite preparsdusi e?’éﬁ}ﬁﬁ"g&ﬁ"?m&g to

stream of gas, which contains ethylene, oxygen or air, acetic acid, and desirably an alkali metal

e presen? ihvc];n?{on, a

acetate, is passed over the catalyst. The composition of the gas stream can be varied within wide
limits, taking into account explosive limits. For example, the molar ratio of ethylene to oxygen
can be about 80:20 to about 98:2, the molar ratio of acetic acid to ethylene can be about 100:1 to
25 about 1:100, and the content of gaseous alkali metal acetate can be about 2-200 ppm, relative to
the acetic acid employed. The gas stream also can contain other inert gases, such as nitrogen,
carbon dioxide and/or saturated hydrocarbons. Reaction temperatures which can be used are
elevated temperatures, preferably those in the range of about 150-220°C. The pressure employed
can be at somewhat reduced pressure, normal pressure or elevated pressure, preferably a pressure

30 of up to about 20 atmospheres gauge.

The following non-limiting examples further illustrate the invention.

_ EXAMPLE 1
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preferably about 20 to about 60 grams of alkali nmetal acetate per liter of
finished cqioidssiazs 2 O When vinyl acetate is prepai;@flmgmzd,(;%wt he
catal ysts according to the present inventifon, a stream of gas, I C

cont ai ns ethyl ene. oxygen or air, acetic acid, and desirably an al kal i

metal acetate, Al gappas fr@fbri@yaﬁl_sﬁsm% Sl Otieinie KAC1 600 TRASPhéreshAing fordinal
streamcan be varied within wide limts, taking into account expl osive

limts. Fdiansterflaboutfimempeisurfaccardaof sbousilH toelvd rpz ,@%¢§ g porecuptirhe obahout

oo 100 AR 2 Sl Sl B el

acetate CM@&& Qtdte sarf@bht Rplg%vfdéhﬁtéa&?ys% Qith 36018 & drém@fited o?@i@x‘n@ﬂﬁﬂ%ogﬁéﬁ
(0] car

gas stream also €an contain other inert ‘gases, such as nitrogen
di oxisle arWitiout deting, dteanbpbgrovas dixedamthe sBppoet byoneating ersapportlsy wi-ohmemionbe

used are el evated tenper,atufes, ef er.abl y those, ] e range of about
150- 220] ewlﬁxan aﬁﬂé"‘ﬁgg’é‘&% of @MMO%&% 2 2ok mmgtc%ﬁsosmsur e,
nor mal pr : I : up to
nbout 20 Labifle Heofay bR MEDYG Y o FRIe, TRPIRSd Uitic ol 7
exanpl es feofitainiig suppors tvaathen waer ivasteduntinfredofAMohard driedit A tangpattute of 100
materi al consisting of Sud Chem e KA-160[err] silica sepheres having a
normal di 8fwrdhourinafbud bed dier. a surface area of about 160 to 175

meryd/g, and a por @i oGy PholA WM s Bficlld fhe culfBon) BB FOR B YA

I ncipl ent wetness ne an aqueous solu cupric nirtrareée
trihydrat eyyshd Teepdram tfixt (SHmpsthstewlidiéin ¢t sibyert waé filt iiReinafed Dydh 1 WitéssOf
el emental copper. 5 W thout drying, the copper was fixed on the support
by treat i rgth ameagueppseptutipy of pdim m%’@g@mﬁl)whtqmdaﬁufﬁqmﬁeyr@@dmhoam grams of
sodi um hydr oxi taini 1209% pof e a nt of .sodi_um hydroxi de needed
o conver st affieh s Birdfiert 4l IR SRR o v e e et e

cont ai ni NGaRsRRANT £iBEBy Wedtiak bkt I'dtl>~'ﬁ1ﬁ1%§§'dﬁfwi@[‘éx9ﬂ§x' Sikkodfuned at
a tenperagﬁre pf(f%gﬁ?g#r] or 1ghourﬁﬁﬁ a?flufd bea drier. 8 ‘

Pal | %8li umbydrbxiglsisdlufien sudhtthat thaiNe/f1 molar matiocugsrabeuthly2iit .o Xheleatalpstiveds thengiried

support by .S rate fix" E t hod rein the support. was first
oy egnat 240G PRl fisfnet Bty BTowiRB T Yo bR g ndiBRph s
pal | adi umyity arCduebisdslutivh bF Sddam tebracib@ihnde iR BP bthount 36 FRFenio RbAE Heal
pal | adium per liter of catalyst. The palladiumwas then fixed to the

support agapist with drgrgony/litetsyed elsnietital pyldtand soding hyeoxidetsutly that thy Na/Cl mole
e R SRS SRR o P D ™

20 water washed until chloride free (about 5 hours) and dried for one hour in nitrogen flow. The

o

copper, palladium and auric hydroxides were then reduced to the free metals by contacting the

catalyst with ethylene (5% in nitrogen) in the vapor phase at 150°C or 5 hours. Finally the

catalyst was impregnated by incipient wetness with an aqueous solution of potassium acetate in

an amount sufficient to provide 40 grams of potassium acetate per liter of catalyst, and dried in a
25 fluid bed drier at 100-150°C or 1 hour.

EXAMPLE 2
The procedure of Example 1 was followed except that after drying, the support containing
fixed cupric hydroxide and before impregnation with pailadium salt solution, was calcined by

30 heating in air at 200 °C or 18 hours.

) EXAMPLE 3
The procedure of Example 2 was followed except that immediately. after the cupric
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at 100 [err]Cor 1 hour in a fluid bed drier follow ng which it was
| npregnat e Lncl pi ent wetness with an aqueous sol ution of sodium
t et rachl or&ﬁ%y%%% n an anount sufficientgto provide the caPSFSPsHth 4
grans/liters of elenental gold, and sodi um hydroxide such that the Na/C

v ox de. PARHEIRed tbtor ot bl el e furtsiafi Pt bufit ifsermon
(about 5 hﬁ&é@ﬁc%@droﬁfde%s&&fucw@ rhéallic Edpplt ﬁlg&elg@?oxf pHAke byl Ent£0 v lethylene

pal | adi um and auric hydroxi des were then redu o the free nmetals by
cont act i ngS¥is nitengah)yattt SORE or Ehows.ene (5% in nitrogen) in the vapor phase
at 150[err]C or 5 hours. Finally the catal yst was inpregnated by incipient
wet ness with an aqueous sol ution of potassium acetate in an anount
suffigient to provide 40 grans of potpgampippgetate per liter of catalyst,
and dried in a 25 fluid bed drier at 100-150[err]C or 1 hour. EXAMPLE 2
The procedure dfhefpremyitre of Exasple G vwas fisllbwed ergept thhtin thxf impreghatiomaof the baalyst

support contai ning fixed cupric hydroxide and_hefore. i npregnation wth

o o um Bk RaReBRR AOhEHoR o A (SHPUSRoBF s oRciens PR RS SHeR erogd8 Tor 1] C
or 18 hour EW?ﬁn;’k gﬁg}s 2 was followed except that

I mredi atelr)altha ter e c&l?%%n%%&(fg%&%%c}%&ﬁe ofr?]t ai ni ng support was cal ci ned

and before inpregnation with palladiumsalt solution, the cupric hydroxide
was reduced to netallic copper in the_vapor phase by contact with ethyl ene
(5% 1% nitrogen) at 150[err]C or 5 ho%Xé.Rm}EDs

EXANPLE 4 The pf}{%ﬁa%’ééﬁx‘?rgﬁggw 1Syl f&?o%vé%k{:e@r‘lﬁiotn &%@&é}{é %ﬁ%}hs Sdlutidifor

i mpregnati on of e ca h ‘aqueous so

t et r achl oraptic afteate BitiydiaeiveR us@ich thd igitialgregmaton 6f the Sipbae to/prowids ¢ [39traher 4
grans of elenental gold per liter of catalyst. 10

EXAMPLE S tharel Bresaeciefredenesmtataenpst per litenag catddystoned except that suffi ci ent
aqueous solution of cupric nitrate trihydrate was used in the initial

I npregnati on of the support to provide 1.39 rather than 1.9 grans of

el engpt al copper per liter of catal ySEXAMPLE 6

EXAMPLE 6 The procedure of Exanple 4 was foll owed except that after the
reduction of cuBirsocedure of Example 4 was followed except that after the reduction of cupric
hydroxide to metallic copper, the impregnation and fixing of the catalyst with palladium and
gold was accomplished by a "modified roto-immersion" (MRI) method. In this method the
copper containing support was first impregnated by the incipient wetness method with a solution
20 of palladium and gold salts sufficient to provide 7 grams of elemental palladium and 4 grams of
elemental gold and the metals were fixed by roto-immersion in an aqueous sodium hydroxide
solution. The catalyst was then washed until chioride free, dried at 150°C or S hoursin a
nitrogen stream and reduced in the vapor phase with ethylene 5% in nitrogen at 150°C or §
hours. The catalyst was then impregnated by incipient wetness with an aqueous solution of gold
25 salt sufficient to provide the catalyst with 3 additional grams per liter of elemental gold (for a
total of 7) and sodium hydroxide such that the Na/Cl mole ratio was about 1.8:1 to fix the
additional gold, and the catalyst was washed, dried, reduced with ethylene and impregnated with

potassium acetate as described in Example 1.

30 EXAMPLE 7
The procedure of Example 6 was followed except that the support was initially
impregnated with an amount of aqueous solution of copper salt to provide the catalyst with 1.39
rather than 1.9 grams/liter of elemental copper, the impregnation with the solution of palladium



hydroxide to netallic copper, the inpregnation and fixing of the catal yst
w th pal | agpognsarsl gol d was acconplished by a "nodified roteTiuseeosssn”
(MRI) method. In this method the copper9containing support was first

i npregnated by the incipient wetness nethod with a solution 20 of

pal | adi ugalead thefirst mtdnsens of gald saprovided? taghaghan 4grams/liter ofb¢lementalsgold, the

pal | adi um and 4, gra of el epent al | d,and th tal s.were fixed by

r ot o- i MMAPBICERAtIoR Vﬂglstgﬁ 6@’88&’@%}3%&%934 'Hﬁ%‘ngﬁﬁ% thagpadditionaly <i \as

t hen was | | f ' Al W

it rogen e of e PO AFRrordof £t L Bl b By IBONE BB of - gen
at 150[ epailddigh ahd thedirst incraraent af golyl das desse inhbeliquip phasn asiag adbyqueons milwtivn

wet ness Wi th an aqueous solution ,of gold 2 5  salt sﬁzf%i cient to gtgovi de
t he Tat alofbydrazinmhysirate at an exeess vl of hydragine tor mgtals,of 424 giredpeion,

17871 oo i Pl 45 dSHE ) o ok Pl Sy R i Btiginpent

reduced wishir et hybwse and inpregnated with potassium acetate as described
in Exanple 1. 30 o EXAMPLE 7 The
procedure of Ghanptalysts prepsreflas Hesarbeddn Expmplendt? were tested fon theinaetivityiin the | y

i d. wi.th f | ut i f | i d
the. car aPyauctipn pf Vi gor A he o Hamonotey ey Rt S0 SR 1, ok dosb BB, 1
| mp{ &9 “ata'b&?t eggﬁbﬁeﬁ& 5Pt bt éa@ﬂy@%reﬁﬁ"eh ffkhe Bkampl&s Ware pladadintsBarkte gﬁfome-

I norement o d salt "provi ded rather than 4 grans/ [err] gol
i npr egnatnickel stedl bagkiets. The tamperatere ofreach baskeyphsimsasureddhyathersweouplaatimth t han

o i | 1 285 togiang Bptiem o gach batket | A araciSh basknis ared i Perpe bR hont o
gol d was sqﬁgg tn rdddor bF ﬁféir&ﬂﬁﬁﬁ% gﬁ% BSH #Es RAEHE o8 8 kekipePiture which (Rbvided

hydr azi ne rate at an excess we rati o of hydrazine to netals of 12:1,
and the rabductsivhoxyekn tbrevessiorowith amelearieh¢atiof nypotlel Aagss thixtareiof abdud S0apumal

hase with ethylene (5%ijn nitrogen) at 150[err]C or 5 hours.,.The catal ysts
P ehar el IHE (OEuTBHN: hP SoLHBY B8, Shont AR PO ST v B bt 42 FOVREL IR ¢ e
producti g | taﬁ)eéxﬁ | f ; ke aci d.
To acconp‘{ringinogt\éh’lr%lmio Bg?)ou% %%%gg?ﬁgggﬁgﬁ}pe gl}@ﬁ%’égt@tgtle% °§§3§g§fed in
t he exanqtavel weleepressaren aboutd 2 ptmapkerehthmugh eadhdiastet s Theteatsmlvets sermihated

and bot { HiSG ROk LR DeTe ARl A BHoF BRE 5 oY ACREPLIRR IR 2es HoRaoppebd”
N . | |
cont i nuo tsﬁté:b{n%ﬁx@d m%ff.ﬁmﬁﬁd gﬁrog@‘%%g%ﬂ?ﬁé by LorRibAdRh thy BRIAADIARS at

ok

mai nt ai ne enperature
20 about 10°C o obtain optimum analysis of the end products.

The following table shows the results obtained with the catalyst of each example in terms
of percent selectivity of CO, (CO,, % sel.) and heavy ends, (HE, % sel.) and relative activity of
the reaction (Act.). In addition, the table shows the palladium, gold and copper content of each
catalyst in terms of grams per liter of catalyst (Pd/Au/Cu, g/L), whether the catalyst was prepared

25 by the separate fix (SF) or modified roto-immersion (MRI) method (Meth. Cat. Prep.), and
whether the palladium and gold were reduced to their metallic state with ethylene (C,H,) or
hydrazine (N,H,) or both (C,H+N,H4) (Red Agent)

This Sheet Has Been: Replaced

THIS SHEET HAS BEEN
REPLACED




about 45% oxygen conver sion with an electric heating mantle. A gas m xture
of about 50 nornal liters (measured at N.T.P.) of etﬁ&@% %put 10
nor mal | i t%P 387532 %xygen about 49 normalqgiters of nitroge u? 0 gm of
acetic acid, and about 40 ng of potassium acetate was caused to travel

under pressure at about 12 at onspheres ’I(i .e. 12.2 bar) through each basket.
The reaction was terninated after aboutT@® nours. Anal ysis of the products
was acconplished by on-line gas chromatographic analysis conbined with

e v e b e D 1o e e
TW=1

tabl e showsEXampls o uIt Fhbt ai t hel ety o chl o nE

et CGSMM% 54848 § c;% ell) an@sgevay £0s| 20E, %

shows the pal hadi un—;/‘gpbd and} coppgg contentczgj “ehach cgsel st mst e 99 of

granms per —t+ter—ofteataryst—(pPdrAn-Cor—urt)—whetier the cgraryst pas
prepared 25 .3 by|t7/l#l.8eparaje fi SF( SF) or GyHgli fj ed r&8b- rmeié.ﬁoﬁlmR_)
met hod ( METHh. Cat. Preg.), anfi whet her the pall adr um an g gpl d ng uced
to their netadlic $7&FEIwith pthyl 8He (LlerPleert]) of-3RAylrazd é ) or

tégih (qlefr] Herr] WW{@ H14 (Red A%%nt) “mab e PdéxI\E/Cu, 142 f@ﬁ

=
Agent % el | el ACthu CzH} §/3é/ 1.9 1.12 205 SF
C[eer]H[err} 832 S—OtF 4419
Clerr]Herr] 7 7/41.34 1 MRI 1.9 62H4 7/ 4/ 8.98 1.25 2.29SF
Cerr]Herr] 8.31 1.16 1.9P 4 H, 7/7/1.9 SF
Jerr]Herr] 9.37 1.26 2.16 5 7/ 4/ 1. 3b SF
Cerr]Herr] 8.12 1.42 2.03 10 6 7/7/1.9
MRI Clerr] h[err]8.33 1.12 2.05 7 7/ 4/ 1. 39
MR C2Hihe tesults shownSn 8 table indicteZfmt, tBe 2alit ef thisineention Bereralbsyields

shown in the table indicate that, the catalyst_of this invention generally
yi el 15 ahlghealmnajwmyl peetats pROdyGtiNiy dwetadwerp@w&epwm @a&&éﬂa@ g F‘Hﬁg

pal adt umeaniaisH dpiad P iR loid el iy B8, KR HAYAR, el e
copper in cbﬂﬁbr @@ﬂﬁ'ck(ﬁlysﬂff thiB irfvehtivnd piesent bs thersasfaset obthe sigmpostibelcwcie of t he
support bilalcl)\,\clintn:rr]xind gold, the rate of loss of copper due to volatilization under the conditions of
reaction is lower than is the case when the copper is intermingled with the palladium and gold,
20 due to the simultaneous fixing or co-precipitation in the form of water-insoluble compounds such

as hydroxides of intermingled water-soluble salts of copper and palladium and/or gold.



pal | adi um and gol d, t'FhfsSh@tIﬁsBéeanedof copper due to volatilization under
t he -condi twgrgg;s@jzsreac than s the case when tPgI/cSH8Ne9391 S

i ntermngl ed V\nththeH gold due to the sinultaneous
fixing or co-precipita rm of vvat er-insol ubl e conpounds such as
hydr oxi des of interm ngled water-sol ulfleaAmgg ts of copper and pal | adi um

and/or gold. ~ CLAIMS What is claimed is: 1. A catalyst for the production
of vinyl Whetistchimediseacti on of et hvl ene, oxygen and acetic acid conprising

&BSL?“?SE"ES o At AR B Rish &7 Pl ool i opchol BPORMERS Gk anle” 0,
of netall ﬁélh%gﬂng iAg4 pSRlislsuy f@@ﬂt bhefe }f&odérﬁhﬁi’bes 8f ﬁhﬁﬁﬁ@dﬁpbﬁtdd)metalhc

i nterm ngle W|th I d Copper. The catalyst of Caiml prepared by,

i rrlp { &g Pat comemchdzmp poraunded by dﬂpoatftﬁmtslyggall}mfﬁm‘@fa@“mtﬁ matallie paliadigpper
sa I Xi I d,cop oI ub und reaction with an
appr opri a@-@g&ﬁ&d}e}%"gﬁ’m& °ﬁ%‘3ﬂ8ﬁ "the catalyst with

one 10 or 9, erﬁJe /
gol d, the armug?s o?gtlaﬁrgmant%11?‘I ﬁﬁ&g?gfn dﬁbagﬁ%hi%n ?’R@Q%ﬁ%’ oféﬁtﬁﬁeor
| att Flr | rrme@rrml gt ﬂdkgat&géoﬂﬂb:lcgag:phaahgﬁmg:md tappthas apmgtetn&lublnednamxsirmrs of
nmetal lic palladi umand gol esjred in the_catal fixj tal yst
t he paI | atRactienawiih a7 appePRpatsalkalme sempeynsyb F"é&‘@f‘ﬁ/y Wr?g?énﬁé ‘;}/
each o mpr g%ﬁ}e Liltdfs 5%&{ Wul{l%&rltg of Eiﬁiaaﬁl% Oﬁiogﬁ%uﬁﬁléf el.eﬂzeﬁw?h

W

sol dt% on an appropriate a oun to precipitate

wat er -i ns ?bl@lﬁhﬁn R ﬂd@xeOdtﬂnﬁltﬁeadmaﬁmmmﬂinggoﬂudonMg@;daﬂctbml@ to free
metallic formthe water-insol ubl e conmpounds copper, i um nctg/or

gold pres emdeﬁennmh‘éamawra$ 9@931311119@?11%%}% apd &‘?lﬁ 63%‘13‘1 fibe Fat? §b PO dBEpounds

of pall adi # I
compounds eHAVE 6 BfiffirLandlly fBid g ARulop'vibgeft i eSalafic! Ber YBhapltiion”| ©
wher ei n s @i deRBhPthe dﬁsﬁ&l@&{ Waﬂeﬁscﬂuﬁlb g4lt induéh solution with aﬁapii‘t@na&taﬂtajaae of
Claim 1 containing about 0.3 to about 5 grans_of copper per liter

cat al§/st . campqmi to presipjtate wateransghvhle comrauadyofnslediamendior S?Idc%ﬂﬁéﬁlu% Bbout

cont ai i ndesmeS PE  Ee- S coBb B coplr, Bl BG e pd B
about 10 gkexdmalfh af& edcPBking of WatePinsclablelcysibounds bhpdllagivammd/dr gold, gohftertties ng

fromabout 10 to about 70 wt % based on the weight of_ palladium
total of the latter water-insoluble compounds have been fixed on the catalyst.

3. The catalyst of Claim 1 wherein said porous support is silica.
20 4. The catalyst of Claim 1 containing about 0.3 to about 5 grams of copper per liter of
catalyst.
5. The catalyst of Claim 4 wherein said amount of copper is about 0.5 to about 3.0
grams per liter of catalyst.
6. The catalyst of Claim 4 containing about 1 to about .1 0 grams of palladium, and about

25 0.5 to about 10 grams of gold per liter of catalyst, with the amount of gold being from about 10

to about 70 wt.% based on the weight of palladium.
7. The catalyst of Claim 1 also containing a deposit of an alkali metal acetate.
8. The catalyst of Claim 7 wherein said alkali metal acetate is potassium acetate which
is present in an amount of about 10 to about 70 grams/liter of catalyst.

30 9. A method of preparing a catalyst for the production of vinyl acetate by reaction of
ethylene, oxygen and acetic acid comprising impregnating a porous support with an aqueous
solution of a water-soluble copper salt; fixing said copper as a water-insoluble compound by
reaction with an appropriate alkaline compound, subsequently impregnating the catalyst with one
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7. The catalyst of Claim1l also containing a deposit of an al kali netal
acetate. 8 The catalyst of Claim?7 wherein said alkali netal acetate is
pot assi um F@PHFB2Hhi ch is present in an unt of about 10PCEHUSHHIO3NO
grans/liter of catalyst. 30 9. met hod of preparing a catal yst
as claimed in claim1l for the production of vinyl acetate by reaction of

et hyl ene, asmogesplutinns 9 weice-selubla sdlswppaliadiun andiiragiththe Agounty of damertabpor t

with an aqu ) ' f er-saoluble co . i sai d copper
s a wat cronRdgp Rt EOR B O B R B s L ORG e
conpound, predeseditR knbuntyBf ABRARIC palladiiie 28& 64 Msdirediit the@amlyst, fifing BRI tRe
solutions of water-soluble salts of palladiumand/or gold the anmounts of

el enent al qatalystitse patladium ged/er goid inrthe sodution po¢sentiin thenatadyst afigyeaghimpregpation

201501 15 ok B AR EE AS BBut
and/ or 90! dnipBuid'® ciepiiatParBRSARBLe boinddias of PIKEmIRARE SIRCRd!ERIBANG! | On

5 by reacting the ssol ved water-soluble salt in such solution Wth an
appr opr i atfeceahdtallic fmncibepetenihsolnblercemppunda b copper paliadbmh efsl/er gobdpresentisn of
pal | adi um and/ qr | d, d. reducing to free netal lLic formthe

ot er-i nodhrcrtaveSaianh Exigs SE sl o Bbieicamplma AEPOIAGH thi goidher pierthes
cat al yst ANg! = Bebn al | adi um and/ or
gol d, or g%%g!rsf?ﬁ%%??@%?ﬁﬁwg@%ﬁég%?%ﬁéer-| nsol u eéaé%%%gunds have been
fixetoon the cadibal Tae mefhod of claim 2 or 9 $ereihwitentielrethctibn of the totl palladdumiaad ei n

after the reduction of the total  palladiumand gold on {he catal yst, the
catal yst i ?‘f Py the Gatalvet tricatalyst s dppregrstedovitinm soliton qfaﬁéhﬂl metadpggtle. 11, The

met hod of cl ai 42 | | - | ric
it rate tri hydr oftyeine ARt MR SR it Sofi ARGy BERRHAM i Bufitd?
pal | adi um mitrate ailndrits opmblia dhloridd dihydratl)| saidi veer-sohubl e palipdiltnadipoutdd is)

chl oride, potassium palladium (1]) chloride, 15 palladium (1l1) nitrate

or pal | adiRavadium (13 ghlprde, sodigm paliadium (Inhigsids, prsassivanaliadiem (03 chlaride.kal |
nmet al -sal t AUl | e | 3] said
al ka:l;sne c%azlpfa%iﬁiriil gﬁd aH %fiprgigi sal gﬂ’c%%%‘ré”r gﬁ%ﬁ%ﬁ%ﬁ% gﬂg %%’#%fmlagé g%zc‘iliﬁg%
hydr oxi de. méfal saklof atid (Iipchidride] o temadiflorolmio([l) soid, dndibdidhlkaliretcainpansd fre i s
pot assi umﬁ)?et ate. 13. The nethod of claim9 wherein after said fixing of
copper as @Xingfaid conpsh paliadium and gold isspdinmdydrgrides upport is in sequence

| npregnated w t4) a | : = URbLg | Lot he
absence of any fg}()l gﬁ%ggn%gﬁ%&&ﬁled%ﬁ%giagm [ J&?%Eé%%@%ﬁ%%?ﬂ?&as a
wat er - i nsol ubl el3¢c oThometiobyf claiacd whereiniaftar said fixing ofcoppéraasal eadriinshtidepound,
the catalyst is inpregnated with a solution of a water-sol ubl ?old .
conpéfind, qqqgao&g@, § SUPPOTL 154N SGHVERRS @W@d with a solution of a water-soluble palladium

compound in the absence of any gold compound, the palladium is fixed on the support as a

water-insoluble compound by reaction with an appropriate alkaline compound, the catalyst is
impregnated with a solution of a water-soluble gold compound, the gold is fixed on the support
as a water-insoluble compound by reaction with an appropriate alkaline compound, the copper,
25 palladium and gold in their fixed water-insoluble compounds are reduced to their free metallic
form, and the catalyst is optionally impregnated with a solution of alkali metal acetate and dried.
14. The method of claim 9 wherein after said fixing of copper as a water-insoluble
compound, the support is in sequence impregnated with a solution of an amount water-soluble
palladium compound containing all of the elemental palladium desired on the finished catalyst
30 and an amount of water-soluble gold compound containing only part of the elemental gold
desired on the finished catalyst, the palladium and gold in the latter solution is fixed on the
support as water-insoluble compounds by rotating and/or tumbling the impregnated support

while it is immersed in a solution of an appropriate alkaline compound, the fixed copper,
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as a water-insol uble conmpound by reaction with an appropriate al kaline
conpound, wg9gsemper, 2 5 pal I adium and gold in their fipcadisos/09939
wat er - i nsol ubl e conpounds are reduced toldheir free metallic form and the
catalyst is optionally inpregnated with a solution of alkali netal acetate

and dri ed all%ﬂmg? B %@H BRte@ices trth el RedvastaBicritatd, HR catulystlisfilnpteggated withpper as
a vvater-iﬂso ubl e conpound, the support is in se%nce | npregnated with a

sol ution edlutien afam amountofwatersoliblecgoltheonndund i thas thedotabameyn phglementab

th | t al Il adi desi.red . T hy i pi.shed | :

amount - of Saie e B Rd0 e ol BT atli il P i sF S
gol d desi L&Q?jlgg,gtdﬁ%#{dtuﬂte éﬂsﬁa@gmgﬂ&@ bitGfine dobfpoad hiFiientteid tieoldded goldfagal at t er

solution IS port as water-insolubl e conpounds by rotating
and/ o t usdatdrsigsohible compongdthefixesl adget goldsirbduced to its freermetalliel state, andsbeut i on

of an appropriate al kal i ne conpound, the fixed.copper .l adi um and

gol d are ratalystdg optionafiyimpregpate ?Fqlﬁu%%x@&ah@éﬁeﬁ%ﬁ%f&? "i npr egnat ed

with a sol utiopgof r s t he
?5.6 | %ﬁ&ﬁ%ﬁ gltald}ri]@'{oﬁ of §fﬁb{a et {daGRARE BiFleRs! Q}Q}éﬁéhaind

total anmount o e catalyst I's equal to that desired in

the fini shggiccaidlonsirisirpaiofitabtiisithe latted redctamits witls @ catalystaiompriging A parous SUppoft
appropriate al kaline conpound sufficient tg fix the added gol d, as

) a 5.
wat er - i nsohdhs porousstanes of hichiis depesiteddasiallie coPRES M aZINE SYTQided By deposits of

netallic staje, and.the catalvyst 1S | | P, A <M on
o atkal i SHabBraRered - SRAR biiBPhl AR it oo TP EAELF it ebsil
vinyl acef Eﬁnﬁ%leaqﬁﬁ,tg eret hyl ene, oxygen and acetic acid conprising
contacting the Tatter reactants with a catal yst conprising a por.ous support

on the porous S fHuemoesss oftlaim ISsvhregin siid cafalysiiaprepared b perregnatias 3¥Re

surrounded by depposits of 10 . catal yti cal | f ,

netal lic ﬁ&?ﬁ@iﬁ?’ﬁﬁ\alﬁﬁ@ue&gf %P?utwgiqfﬁévra?%%o%l%ccﬁg‘? eg sislggiéméﬁsta@ arqa Pégr?ﬁtg fé’%ar%’?rﬁgl ed
Wi th sai d G QRME cortBound B9 redcASEHEh B aprspritel Akahecoinponid] shbsajuehtiyst i s
prepared by 1 npregnating said support  with an aqueous sol utiaon of a

wat e15s0l inpesgnatingsthe sathlyst withaa org os mate salptians ofwatsr-veluble salisof gallagivm and/or

ot ognat 1A EHCA AR SAeriihi BRSO 1 oy o ot Py E TR i ORERTDT Y 0
sal ts of nghiaadl it @Biiapio ebilactiiindr B TimeRliRePiladiunpaid ol dssireaih el d

in the tota atter inpregnating solutions being equal to the
pr edet er ni qatedystrfocimg en the catalyal the palladiuimeand{omzalddn ghs solugien present i theigatalyst

t al t, fixi . t he.cat al yst he,. I ' ' ti
reaent | o es imarsbed nepadine MR RplE R tte Sl ikt IhddiGuRan | O
wat eppSol ;’%b?olng_{é alkdlind ‘éGxBF&Qid% pRBipitt vati-idsofible corfpiotadsrdf phktadiirk ahd/oe

conpound p I pitate water-insoluble conpounds of palladi um and/ or
gold, and reducing to free metallic form the water-insoluble compounds of copper, palladium

and/or gold present in the catalyst after each fixing of water-insoluble compounds of palladium
and/or gold, or after the total of the latter water-insoluble compounds have been fixed on the
catalyst.

25 17. The process of claim 15 wherein said porous support is silica.

18. The process of claim 15 wherein said catalyst contains about 0.3 to about 5.0 grams
of copper per liter of catalyst.

19. The process of claim 18 wherein said amount of copper is about 0.5 to about 3.0
grams per liter of catalyst.

30 20. The process of claim 18 wherein said catalyst contains about 1 to about 10 grams of
palladium, and about 0.5 to about 10 grams of gold per liter of catalyst, with the amount of gold
being from about 10 to about 125 wt.% based on the weight of palladium.

21. The process of claim 15 wherein said catalyst also contains a deposit of an alkali

_

N



gold, and reducing to free netallic formthe water-insol ubl e conpounds of
copper, palladiumand/or gold present in the catalyst after L %Lng of
wat er - i nsowgrﬂsgsizénpounds of pall adi um ayg/ or gold, or afteq&?(ﬁggs;og%ggl of
the latter water-insoluble conpounds have been fixed on the catalyst. 25
17. The process of clai . Wher ein sai.d porous su rt i ilica, . _The
process ofe %ﬁ%ﬁ@@ﬂ%@é‘%ﬂﬁ' ’E%fg]t?cﬁtétlcésf 3159 gr(?fb‘?i‘?ﬂ’i [ﬁ% Pegg(?hfa‘%?%c%g 8%18%‘{ .0
grans of 9&?@9@51 er liter of catalyst. 19. The process of claim 18 wherein
0

sai d anmoun opper is about 0.5 to about 3.0 grans per liter of i
catal yst. 30 22. The proc2@ of ¢himn Pmwhereissaid alkdltinetall @etabecis potassium doetate vhiokt

contains about 1 to about .10 grans of palladium_.and ut . 0. o about 10
grans o armm Fiboi alafilo Pkl By ety o
abou 0 aboyl Aemouh ffids Yok R8bh 8 2dxygbhand

pr ocesss of cl a?‘?ﬁ wﬁég%geln al&gmgg?gfﬁg aﬁg%bggﬁt ains a de?)osi){g of an

al kal i abaticakidaosipeting anmactiag,dmdedsaitablerdaetionmaditives, ithe latteroeqotaatsevith 2 n
the feed of said reactants_contacting said catalyst. 22. The process of

cl ai m 7 weatakystprepares inarerdanpewik claB@Pat e i s potassium acetate which is

present on.theaga el sl bl L ARARA iRl AR aRO b bR e o

catalyst. 5 r . on o acetate by
reaction qfetRtlpidl @BRrisiY ¥aRacting\thdacsithble fatorcempitions, g latsrtreatantovithimder

suitable reaction conditions, the latter reactants with a catal yst prepared
i n acror daatalystprepared injapgopdanpewithcliaddss for the production of vinyl

acetate by reacgtiqQn of ethyl ene, 0ox N, i [.G::ACH ris)

cont acti ng, ungg'r %stP?eﬁ%foéﬁ’reé’é%q‘ﬁc%?fy%g‘ﬂwl@? %%‘@%‘%?@‘?“aé@%&’@éﬁ’g@% th a
10 CatygdtkSkidoRRAsRE chitading Olrdar fiftale réhchbrpddiditidns, 2Be lafleritet@iswitlos t he
production of vinyl acetate by reaction of ethylene, oxygen, and acetic

aci d conpraslystpreparechintacengdangnwith chimldbl e reaction conditions, the latter
reactants with a catal yst prepared in accordance with claim 14.
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