SUPPORTED PALLADIUM-GOLD CATALYSTS AND PREPARATION OF VINYL ACETATE
THEREWITH FIELD OF THE INVENTION The invention relates to a supported palladium-gold
catalyst.More particularly, the invention relates to a supported palladium-gold catalyst that has
increased catalytic activity and selectivity in acetoxylation. BACKGROUND OF THE INVENTION
Palladium-gold catalysts are known. They are used in acetoxylation. For instance, the oxidation of
ethylene in the presence of a palladium-gold catalyst and acetic acid produces vinyl acetate, which is
a useful monomer for the polymer industry. Acetoxylation is commonly performed by the vapor phase
reaction usingPSIisIREED B4Rt OLEAATFANE RS dNR IRRIDPARMNT QB Qi WihNYold catalysts are
known. In general, the method involvesteppsitt g aarire-Pf palladium and gold compounds onto a
support and then reducing the palladium and gold to metals. Palladium and gold are both precious
metals. Therefore, many efforts have pgemhBadaie INFasRINEe catalytic activity and reduce the
amount of catalyst needed. For example, U.S. Pat. No. 6,022,823 teaches calcining the support
impregnated with di | oyn i r ing t € he cgtalyst shows
improved activity. pm@om@?ﬁﬁe?}%eg g%ﬂﬁc%g%%ﬁéﬁéﬁ%tﬁ%& ﬁ%%t §’§J§§§Y§& palﬁa‘t0 i%]{m-gold
catalyst hasP2TiI2Ye Gt YEHIQR RO IR B RpeHedoRriadiehER/d Lalrdshithatihesf ethylene is
oxidized to dartzassi@zide/tic Rigtyity isrnpasanttyarizestnyringio increase the catalytic activity and
selectivity of the supported palladium-gold catalysts. SUMMARY OF THE INVENTION  The
invention is a catalyst. The catalyshnOwBRMeRpPaRGMRIRYEIPIONT he catalyst is supported on a
support comprising titanium dioxide and tungsten trioxide. Preferably, the support comprises from 75

Wt% to 99 wt% of timaiomierddeatighiérane Jisih 1o PReyigheol duagsteRtiNYIdEo Neipvention
includes a metthod forhgrepgnn th tf;\l st, The method CO{“ rises.impre natlnq the support with a
palladium cOmBoHd &h éﬁ%ﬁ%‘ c?fr%i&&ﬁ&mm’éeimﬁ@ﬁ%t% ARSI 'Qg%ﬂiﬁ@@ YRPREN reduced to
convert the pegiid R aTadysRE conhAnetitiao whtchids Bhasaiu mionaiss ifeclubiespalpethod for
preparing vinglasptakeutiii, iBforatabishRicHIp Jariaeia. By tha'eiRer nsseisssigxidiging ethylene in

the presence of acetic acid. and the catalyst. catalyst of the invention significantly improves the
catalytic actiity %‘?\%ﬁ %%x?&éﬁ%@l%%%&%&to&ﬂegh%%rﬁg iSHPBPUIRS %%}@ﬁfﬁnlgg‘fﬂﬁf y5ts
DESCRIPTRONKOEVITH i | SR7E I | thr methpHdriveleesisienositiogt alysixtiieeaf nallasiworapdses palladium
and gold angbig eoiABOLIRSE PAtd 8URPPECATBRASH G HLRNY &S AR dHRBRan Hoxide. Preferably,

the support comprises from 75 wt% to 99 wt% of titanium dioxide and from 1 wt% to 25 wt% of

tungsten trioxide. ppERinreiaratisIdNRSHOMOSHSABIRTREREOMTADMERS, IR S WG fitaRium dioxide
and from 1 w% to 20 wt%. of tun iien triox’ide. Most preferably, the support comprises from 80 wt% to

. € L P
95 wt% of titgRIum dHExIqe KHEREMS R YES Y AMAHSSATE tRsiam skl a1 Slitable
supports areedded whigh exeneriemntbfidNgtaNalable22 823 DFaskasnaiainiadrone Milpurtum Inorganic
Chemicals, ingregraietatin maatayaheldhe Bavﬁmmwmi%%m&tﬂé%%aﬁe 3% of
palladium an fﬁ})ms .%vglltng/ort%S vgt %.0f gold and has a weight ratio of palladium to gold within the
range of 5. 1% S§ ore pr%f%rggly?tfﬁ'éybatalyst comprises 0.5 wt % to 1.5 wt % of palladium and 0.25
wt % to 0.75 wt % of gold and hag a weight ratio of palladium to gold within the range of 2.5:11 to
1:1.5.  The supPBf alcneg LGRS Lo dNdurteh SRl heSPaRte RalRlig:9id an optional
alkali me_talQaliaimh’rmsimnl@ampmtiwyAinymMIaﬁmpr@gaaﬁnmmmhosledmti\b@,uaeldrg'éhe support
can be siMURNGRUSHYCR,RMRoeS Shirly JaRELaAEA WilkidePaladiumcRMppsAEnt goiflgompound,

and an optional alkali metal or ammonium compound. Preferably, the impregnation is performed in
solutions. SORYENY FaINGRATE B SBIRMIS Retivile3d seiemivinchte §W8ﬁ%€rﬁ8}j@ﬁ&lfﬁﬁite, palladium
nitrate, pallgdideatalyise, the like, and mixtures thereof. Suitable gold compounds include auric
chloride, tetrachloroauric acid, sodium tetrachloroaurate, the like, and mixtures thereof. Sodium
tetrachloroaurate and palladium chlogiiivinARY IR THBIBRMENMTIGNare most commonly used. Suitable
alkali metal or ammonium compounds include alkali metal or ammonium hydroxides, alkali metal or

ammonium carboTiéciavedfiok el alatdl s MHE WatdeR dawRsHESs dlRlHRiahar gyaMaRIM

metasilicat lj ixiures ther hod to impregnate the support involves first
treating the%gaér%%rlg \%}{ﬂgg é?)ﬁj%g% Syél%%&gwmcegfggﬁt]%grwr??oér{ﬂfrrlﬁgc§%dp%ﬂﬁa%?#§%b%port is then
impregnateQr GRS IRNRIGYRRATGAMBrSaRSERIN arittGola 88mpbuptittaniuntirsida@ntbd, the
impregnation with the palladium and gold solutions is carried out before treatment with the solution of
the, alkali metal or ammonium compound. In this procedure the pores of the support is essentially
completely filled with the solution of palladium ang gold compounds. Typically, this is accomplished by
dropping the solution onto the support until incipient wetness is achieved. The support impregnated
with the palladium and gold compounds is then contacted with the alkali metal or ammonium
compound. A third method involves mixing the alkali or ammonium compound and palladium and gold
compounds prior to contacting with the support. The contact with the support can be done by dropping
or spraying the mixture onto the support until incipient wetness or by making a slurry of the support in
the solution.



The impregnated support is preferably washed with water to remove alkali metal compounds such as
chlorides formed during the impregnation and dried prior to calcination. The impregnated support is
calcined, i.e., heated at an elevated temperature in a non-reducing atmosphere. Preferably, the
calcination is performed under such a condition that a portion of the palladium and gold compounds
are decomposed. More preferably, at least 10% of the palladium and gold compounds are
decomposedeMrihytieteACingiio R tiaastapIyiakdeal Eimimyediandiphisiey fateetheb it is carried
out at a tempespdring Whthitataysandgehef mbindd]l 66apitsad ambrsYpatindonsepsafpyabiwithextemperature
is within the ?&qﬁ. : , the te| r is. withi nge,of 150C to
250C. Suitaée non@e&(?ﬁgr?%ggz%%% us (gégatjﬁac%lé’ma |ce)nernr$cFﬁ%§eg {lﬁde%%b %)%égz?r%g% g%ges such as
helium, nitrdh Gy sRdvREShionfrsyeR gde!asigeandigoih aPaIdacdotfRelis, ahtemixtures
thereof. Prefevabiipntbeaicioaéion s emodtbopidpatin UROSatasteOlitii ibgaratalyoenther air, or
mixtures th . r inati hed 2 IS tQ.C rt the palladium
and gold coqrh%%ﬂljm's gﬁg@ﬁggﬁp iEgsrﬁwﬁgygﬁﬁ{ﬁowiﬁggéﬁ%e% é;%l%a%%g in the
presence of ¥l ciAtpSknt T8eiEAY L & ifyiRRERN sig0eaahniBRR vearhencatahiikide,
hydrogen, hgctiataahonise oleiyes, stidetyiden nlstdraiatiby dfaipbaduiatary amines, carboxylic acids,
carboxylic acid salts, carboxylic acid esters, the like, and mixtures thereof. Hydrogen, ethylene,
propylene, alkaline hydrazinprmndiatiaihres oriraidshole Bie NeteNedrgducing agents and ethylene

and hydrogen are patrticularly preferred. Temperatures employed for the reduction can range from

ambient up to abop SPQEntBFRECEAbMYaIRE reHE CUAAVIRTBRARFIEE FaIuihif s gheenk RO0C to 600C.
More preferabé)é,o the, reduction temgﬁrature JS. within the ragg?% _ﬁf 450C to 550C. The reduction results

in the suppditRRAEhIVR of th RRAZhtEAMPISing, Jteriums ifRSht B E MR YEes. It can be
used, for exBrafsiabiy, tie sarkdrbgimMbtees jiro genainiocaBowt iyl afi ditarinmmdiokidsy atite sis, selective

hydrogenatigamar ko 81 . Catalnie eAnHIARIION MbROPrENE LR IFRIIONL JBFESowBK ccatalysis, NOx

removal, methanal sypthesis, hydro eroxjde. synthesis, hydraformylatiop, alkylation and alkyl
transfer, ox?cﬁ%{t"i‘\r/]é)d c\éxr °§r?y5% i%vr%\égcgﬁg ?néucrﬂ |8¥|’§§ W ﬁé?gh){aﬁgg g)né@hvg 6’r8£<§q‘3%tﬁ'bf methyl
isobutyl ketdirxigomMesiteieterably, dhgapurrsrtisemisesdrors Banvtt 4 Pavdtaldblitanduproductions of

vinyl acetat@igndeaiicreintes V@ious proarsses iRntResRratisdiens aaimdiasptataayi allyl acetate
are known. For ingtance U.S. Pglté Nos. 3,743,607 ﬁmd 342 te e vinyl acetate

3.7 Yy to prepar
using pallacﬁﬁ_%ﬁ’-og&da (r:%tg]% §.W ftgﬁhgﬂfpsfg%c' 4 ﬁr\ééd%e?%n%%f ?/[?r?ypgcet%“ﬁ:g' %'ﬂ&/' acetate, the
catalyst is pMilerabirieareanisiti-agsveaisiultccorfparabiudhespetysisiomtae drventibhe potassium
treatment casrisrisenRdAy 0NXNGEhe Satalgiipiiauinatase wonaoetaie Babitam filteriggdand drying

the treated st. In general..vinyl acetate can be magde by the oxidatian of ethylene in the presence
of acetic ac%ﬁg%?hé g%{éb?/s?%l)%ggg%ﬁg rga% k?é)?ﬁwz\;@%'gy%f JiAnar (?}tnagn?l%? b{u 'us%?)ropylene

rather than BIefE@RY. tae sativedgormansem QG Satalyst vtitreahpalamingiged A86omMyihigh catalytic
activity but s 150t SeleChvityandaegiax il ratio JaiadRving granes meraliigiustrate the
invent?on. TE%?‘H %(lIJeFdin the_art will recognize many v_ariations that are within_the_spirit of the
invention and scope of the claims. EXAMPLE 1 Palladium-Gold Catalyst On Titanium
Dioxide-Tungsten Qxide Support A support (30 grams, DT-52111, product of Millennium Inorganic
Chemicals, |?]C., gggrﬁasl’ﬁf)ﬁé) gpsm'/'f%rggﬂ?r%%g‘é" (r"f‘og?’a%%mﬁ' %W%%Q'ﬁ?aﬁ%?nc(?m?ﬂ&% calcine% at
700C for si-ahd @ ophienehRieidnaeishon amphasidrircamority ghayssdidebieitimarbaf@anhich aids in
tumbling thensersier saPPBE! dERY theemelRbBRPTESNAHENsithSRIEBTsHPNER NiNgLAsh 8l Water, 294

mg NaAuCl4 (Alfa),.and 799 mg,Na2PdC14 (Alfg) is placed in a 250 mL beaker with agnetic stir
bar and is sfméé%g%;rt Wi a6 %e?ag%?grﬁ%qﬁﬁaggar%n iHRRE"? ?ﬁ‘éﬂsolution is

minuteS o ensure AIRRE F
added 813 MefdogiurNBieiiibhaeagpdutreferadherthe Ippiegiaiandistipeigivedritnued for 3
minutes unﬁbmér&cemfgﬁiaaﬁeewmh@b&ﬁw@zhsThhﬁcﬁméti%ﬂsdﬁm %@mﬁmé,roegw%usljnﬁl a
pipette to t rt while it rotates .in the glass. dis 5 rpm.. Upon complete itiop of the
solution, 2 r%ﬁ'gg%g%ﬁ%é I‘ g“dv”étﬁ'#ﬁa;%’dél%% (')U{Hesgi%ﬁer 8 }lnSeatrFlge T %usr% 1%%r%%%ker and then
added to th8Y¢Rah§Ydpsemraepisisiciuse qies dbieiisialIorlearidoroturciacid rardites while being
gently heatesirbyhoheiupitd undelare Sednehitacss RepsB0GouRImiQeR4chRidbadnafaciitate
coordination of the Pd and Au to the support. Thereafter the material is removed from the oven and
placed in a filter and rinsed with 2000 mL of 90C DI water to remove sodium chloride. The filtrate is
tested with silver nitrate and rinsing is continued until no trace of precipitate is observed. After
washing, the impregnated support is placed in an,80C oven and dried overnight. After drying, the
catalyst is placed in a quartz tube and the tube is inserted into a three zone electric furnace and
heated to 230C under a 120 mL/min flow of dry air for 3 hours. After 3 hours the quartz tube is purged
with nitrogen for 30 minutes and the temperature is increased to 500C and held for 3 hours under a
120 mlimin flow of 5% hydrogen in helium. After the three hours, nitrogen is introduced and the
temperature is decreased to 25C. After cooling, the supported catalyst is submerged in a beaker filled
with 200 mL of a 5 wt% /0.5 wt% potassium acetate /potassium hydroxide solution for 20 minutes.
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at essentially the same oxygen selectivity. The results indicate that when the sand bath temperature is
kept the same (123C), the reactor internal temperature for the supported catalyst of the invention is
about 13C higher than that for the conventional catalyst. This temperature increase suggests that the
supported catalyst of the invention is an order of magnitude more reactive than that of the
conventional catalyst. TABLE 1 COMPARISON OF CATALYTIC ACTIVITY OF THE SUPPORTED
CATALYST ptatiym |shirirer o e crbiqropaliavitey Ate CROSA IComoni4ta8Rd- SBtRRath Temp

Internal Temyxaly@en sremvieesiRmQuygRiuRlariviy alkanl vestaltyr bhondAili hofroides’) (%) (%) Lbs
cat.) Inventl%ﬂ(g.hz r%etal or ammonium carbonates, alkali metal or ammonium bicarbonates, alkali
metal or ammonium metasilicates, the like, and mixtures thereof.

One method to impregnate the support involves first treating the support with
a solution of an alkali metal or ammonium compound. The support is then
impregnated with a solution containing palladium and gold compounds. !n another
method, the impregnation with the palladium and gold solutions is carried out before
treatment with the solution of the. alkali metal or ammonium compound. In this
procedure the pores of the support is essentially completely filled with the solution of
palladium and gold compounds. Typically, this is accomplished by dropping the
solution onto the support until incipient wetness is achieved. The support
impregnated with the palladium and gold compounds is then contacted with the
alkali metal or ammonium compound. A third method involves mixing the alkali or
ammonium compound and palladium and gold compounds prior to contacting with
the support. The contact with the support can be done by dropping or spraying the
mixture onto the support until incipient wetness or by making a slurry of the support
in the solution.

The impregnated support is preferably washed with water to remove alkali
metal compounds such as chlorides formed during the impregnation and dried prior
to calcination. The impregnated support is calcined, i.e., heated at an elevated
temperature in a non-reducing atmosphere. Preferably, the calcination is performed
under such a condition that a portion of the palladium and gold compounds are
decomposed. More preferably, at least 10% of the palladium and gold compounds
are decomposed during the calcination. Preferably, the calcination of the
impregnated support is carried out at a temperature within the range of about 100°C
to about 600°C. More preferably, the temperature is within the range of 100°C to
300°C. Most preferably, the temperature is within the range of 150°C to 250°C.
Suitable non-reducing gases used for the calcination include inert or oxidizing gases
such as helium, nitrogen, argon, neon, nitrogen oxides, oxygen, air, carbon dioxide,
the like, and mixtures thereof. Preferably, the calcination is carried out in an

atmosphere of nitrogen, oxygen, or air, or mixtures thereof.



137.8 55.5% 79.0% 37.4 (Ex.1)  Conventional 123 124.3 38.4% 80.7% 26.5 (C.2)

After calcination, the impregnated support is reduced to convert the palladium
and gold compounds to the corresponding metals. The reduction is performed by
heating in the presence of a reducing agent. Suitable reducing agents include
amrhonia, carbon monoxide, hydrogen, hydrocarbons, olefins, aldehydes, alcohols,
hydrazine, primary amines, carboxylic acids, carboxylic acid salts, carboxylic acid
esters, the like, and mixtures thereof. Hydrogen, ethylene, propylene, alkaline
hydrazine and alkaline formaldehyde are preferred reducing agents and ethylene
and hydrogen are particularly preferred. Temperatures employed for the reduction
can range from ambient up to about 600°C. Preferably, the reduction temperature
is within the range of 300°C to 600°C. More preferably, the reduction temperature
is within the range of 450°C to 550°C. The reduction results in the supported

catalyst of the invention.

The catalyst of the invention has many uses. It can be used, for example, in
the partial oxidation, hydrogenation, carbonylation, ammonia synthesis, selective
hydrogenation, acetyloxylation, catalytic combustion or complete oxidation, three
way catalysis, NOx removal, methanol synthesis, hydrogen peroxide synthesis,
hydroformylation, alkylation and alkyl transfer, oxidative carbonylation, coupling of
olefins with aromatics, and the preparation of methyl isobutyl ketone from acetone.
The catalyst of the invention is particularly useful for the productions of vinyl acetate
and allyl acetate. Various processes for the productions of vinyl acetate and allyl
acetate are known. For instance, U.S. Pat. Nos. 3,743,607 and 3,775,342 teach
how to prepare vinyl acetate using palladium-gold catalysts.

For the use in the productions of vinyl acetate and allyl acetate, the catalyst is
preferably treated with a potassium compound such as potassium acetate. The
potassium treatment can be done by mixing the catalyst with a potassium acetate
solution, filtering, and drying the treated catalyst.  In general, vinyl acetate can be
made by the oxidation of ethylene in the presence of acetic acid and the catalyst.
Allyl acetate can be made by a similar manner but using propylene rather than
ethylene. | surprisingly found that the catalyst of the invention gives not only high
catalytic activity but also high selectivity in acetoxylation.



* The data presented in this Table is a ten hour average after a thirty-hour catalyst break-in. At this
point, the reactor internal temperature remains essentially constant. Table 2 compares the oxygen
selectivity of the supported catalyst of the invention with the conventional catalyst at essentially the
same catalytic activity. The same catalytic activity is achieved by rising the sand bath temperature for
the conventional catalyst to an extent that the conventional catalyst shows the same catalytic activity
as the catalyst of theeifolawion. expenpias meratidiatipia: thie iBuppited Imesy skidedhie #h¢ention has
significantly dmminvesbgnigaansrlostistiyns Tthdt ake 2vitR MBARHS6INhE nentiCdHY kb¥pe - THE
SUPPORTE@%:@J&BZST OF THE INVENTION AND CONVENTIONAL CATALYST Reaction time
(hr) Oxygen Selectivity Invention Catalyst (Ex.1) Oxygen Selectivity Conventional Catalyst (C.2) 1 77%

0 0 0
66% 2 78% 64% EXAMPLE 1

Paliadium-Gold Catalyst On Titanium Dioxide-Tungsten
Oxide Support

A support (30 grams, DT-52™, product of Millennium Inorganic Chemicals,
Inc., containing 10 wt% of tungsten trioxide and 90 wit% of titanium dioxide) is
calcined at 700°C for six hours. The calcined support is placed in a rotating glass
dish with a baffle which aids in tumbling the carrier support during the metal
impregnation. A solution containing 10.4 mL water, 294 mg NaAuCl, (Alfa), and
799 mg Na,PdCl, (Alfa) is placed in a 250 mL beaker with a magnetic stir bar and is
stirred for 2 minutes to ensure all the metal compounds are dissolved. To the
solution is added 813 mg sodium bicarbonate (a product of Fisher) in 3 portions and
stirring is continued for 3 minutes until no trace of gas evolution is observed. The
solution is then added dropwise using a pipette to the support while it rotates in the
glass dish at 35 rpm. Upon complete addition of the solution, 2 mL of deionized (Dl)
water is added to the beaker to rinse the sides of the beaker and then added to the
rotating support dropwise. The glass dish is allowed to rotate for 15 minutes while
being gently heated by a hot air gun before being placed in an 80°C oven for 24
hours to facilitate coordination of the Pd and Au to the support. Thereafter the
material is removed from the oven and placed in a filter and rinsed with 2000 mL of
90°C DI water to remove sodium chloride. The filtrate is tested with silver nitrate and‘
rinsing is continued until no trace of precipitate is observed. After washing, the
impregnated support is placed in an 80°C oven and dried overnight. After drying,
the catalyst is placed in a quartz tube and the tube is inserted into a three zone
electric furnace and heated to 230°C under a 120 mL/min flow of dry air for 3 hours.
After 3 hours the quartz tube is purged with nitrogen for 30 minutes and the
temperature is increased to 500°C and held for 3 hours under a 120 mL/min flow of
5% hydrogen in helium. After the three hours, nitrogen is introduced and the
temperature is decreased to 25°C. After cooling, the supported catalyst is
submerged in a beaker filled with 200 mL of a 5 wt% /0.5 wt% potassium acetate
/potassium hydroxide solution for 20 minutes. After 20 minutes, the solution is
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decanted and the beaker placed in an 80°C oven for 24 hours to dry. After drying,
the supported catalyst is placed in a plastic bottle for storage.

The supported catalyst prepared above is tested in a continuous bench-scale
vinyl acetate unit.  Ethylene, acetic acid vapor, and oxygen are reacted over the
supported catalyst to produce vinyl acetate. Reaction is run at a pressure range of
35 to 110 psig and a temperature range of 110 to 180°C. The reactants are fed
downward through the catalyst bed. All feed gases are monitored by mass flow
controllers. Acetic acid is fed by a metering pump. Ethylene, oxygen, nitrogen, and
helium are premixed through a heat traced tube and fed to the reactor. Oxygen is
supplied from a blended cylinder consisting of 20% oxygen, 10% nitrogen, and 70%
helium. Acetic acid is fed separately through a heated line, to ensure complete
vaporization, and combined with the gas feed at the top of the reactor. The pressure
of the effluent is reduced and the effluent is sent to an analysis system (Gas
Chromatography) via heat traced lines. After the gas stream had been analyzed it is
sent to a knock out drum and collected as organic waste. Non-condensables are
sent directly to the vent stack of the fume hood. The reactor is immersed in and
heated by an air fluidized sand bath. Pressure is sensed by an electronic transmitter
at the reactor inlet. The conversion, selectivity, and recovery data are obtained
from known amounts of metered feeds and the GC analysis of the reactor effluent.
Nitrogen from the oxygen/nitrogen/helium blend serves as an internal standard. The
results are listed in Table 1 and Table 2. The oxygen selectivity is the ratio of
oxygen converted to vinyl acetate/total oxygen consumed.

COMPARATIVE EXAMPLE 2
CONVENTIONAL PALLADIUM-GOLD CATALYST SUPPORTED ON TITANIUM
DIOXIDE

The general procedure of Example 1 is followed but a titanium dioxide (DT-
51™, product of Millennium Inorganic Chemicals, Inc.) is used. The supported
catalyst is used for preparing vinyl acetate following the procedure in Example 1.
The results are listed in Table 1 and Table 2.

Table 1 compares the catalytic activity of the supported palladium-gold
catalyst of the invention with the conventional catalyst supported on titanium dioxide
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at essentially the same oxygen selectivity. The results indicate that when the sand
bath temperature is kept the same (123°C), the reactor internal temperature for the
supported catalyst of the invention is about 13°C higher than that for the
conventional catalyst. This temperature increase suggests that the supported
catalyst of the invention is an order of magnitude more reactive than that of the

conventional catalyst.

TABLE 1

COMPARISON OF CATALYTIC ACTIVITY OF THE SUPPORTED CATALYST OF
THE INVENTION AND CONVENTIONAL CATALYST*

Sand Bath

Catalyst Internal Oxygen Oxygen Productivity
Temp Temp Conversion | Selectivity (Lbs VA/hr/100
(°C) (°C) (%) (%) Lbs cat.)

Invention 123 137.8 55.5% 79.0% 374

{Ex.1)

Conventional | 123 124.3 38.4% 80.7% 26.5

{C.2)

* The data presented in this Table is a ten-hour average after a thirty-hour catalyst break-in. At this
point, the reactor internal temperature remains essentially constant.

Table 2 compares the oxygen selectivity of the supporied catalyst of the
invention with the conventional catalyst at essentially the same catalytic activity. The
same catalytic activity is achieved by rising the sand bath temperature for the
conventional catalyst to an extent that the conventional catalyst shows the same
catalytic activity as the catalyst of the invention. The results indicate that the

supported catalyst of the invention has significantly improved oxygen selectivity.
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TABLE 2

COMPARISON OF SELECTIVITY OF THE SUPPORTED CATALYST OF THE
INVENTION AND CONVENTIONAL CATALYST

Reaction time | Oxygen Selectivity Oxygen Selectivity
(hr) Invention Catalyst (Ex.1) Conventional Catalyst (C.2)
' 77% 66%
2 78% 64%
3 79% 64%
4 79% 65%
5 79% 66%
’ 79% 66%
8 80% 66%
o 79% 67%
10 80% 67%
1 79% 67%
12 80% 68%
3 79% 68%
14 79% 68%
15 79% 68%
16 80% 67%
17 80% 68%
18 79% 68%
19 79% 68%
20 80% 68%
21 80% 638%
22 80% 69%
23 80% 69%
24 78% 69%




23 80% 69% 24 78% 69% CLAIMS 1. A method for preparing a catalyst, said method comprising: (a)
impregnating a support comprising titanium dioxide and tungsten trioxide with a palladium compound, a
gold compound, and an optional alkali metal or ammonium compound; (b) calcining the impregnated
support; and (c)reducing the palladium and gold compounds to metals. 2. The method of claim 1 wherein
the palladium compound is selected from the group consisting of palladium chloride, sodium
chloropalladite, palladium nitrate, palladium sulfa&q,gm gixtures thereof, and the gold compound is
selected from the group consisting of auric chloride;, hloroauric acid, sodium tetrachloroaurate, and

mixtures thereof 3. Them (%1 (()j 01; cIaILinm 1 Cvgtgesrteigajw%%ogpo% (rzlompri eS fr(I}m %5 V\Q[OQJ toor?S wt% of
titanium dioxide and f'erm Wb 10 15 Witdh o t)(mgsten roxide. 4. The tethod of dlaim Lt wherein the

calcination is pEMBHTEL B 4IRS HESRRNTPIE YAR § B USEPRS 6 GHHE B PIRE dfAod of claim 1
wherein the redaéeerriipeed enaeman entermpenstirecadmig tieemppacd fP00b e ddche0e® itethe presence
of hydrogen. 6pahathetaathéercprepatiag med. acetate comprising oxidizing ethylene in the presence of
acetic acid and a catalyst which comprises palladium, gold and a support comprising titanium dioxide and
tungsten trioxide. 7. Themuaedhadiefcaina &n\wib eaed diheosipppors etntpnisesHHegrouy omitiodof 99 wt% of

titanium dioxicle, s QS 25 %41 2F L PISIRR oK 8a i Fhe methech Bl giainuGonherein the
support compriges, ffom 80 w194 10,99 w156 of tranjurp disle ANdTOm ot 9fR0I26,05 tungsten

trioxide. 9. The method 0|f @{Falm 6 wherein the support comprises from 80 wt% to 95 wt% of titanium
dioxide and froﬁdg%@%a%%%%a&%ﬁﬁgﬁ?ﬁwide. 10. The method of claim 6 wherein the catalyst

comprises from 0.1 t% to 3 wt% of palladium and from 0.1 wt% to 3 wt% of gold. o
3. The method of clam 1 wherein the support comprises from 85 wt% to™95 wt% of titanium

dioxide and from 5 wt% to 15 wt% of tungsten trioxide.

4, The method of claim 1 wherein the calcination is performed at a temperature within the range of
1000C to 6000C.
5. The method of claim 1 wherein the reduction is performed at a temperature within the range of

3000C to 6000C in the presence of hydrogen.

6. A method for preparing vinyl acetate comprising oxidizing ethylene in the presence of acetic
acid and a catalyst which comprises palladium, gold and a support comprising titanium dioxide and

tungsten trioxide.

7. The method of claim 6 wherein the support comprises from 75 wt% to 99 wt% of titanium

dioxide and from 1 wt% to 25 wt% of tungsten trioxide.

8. The method of claim 6 wherein the support comprises from 80 wt% to 99 wt% of titanium
dioxide and from 1 wt% of 20 wt% of tungsten trioxide.

9. The method of claim 6 wherein the support comprises from 80 wt% to 95 wt% of titanium
dioxide and from 5 wt% to 20 wt% of tungsten trioxide.

10. The method of claim 6 wherein the catalyst comprises from 0.1 wt% to 3 wt% of palladium and
from 0.1 wt% to 3 wt% of gold.



