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mmm mmmn This invention relates to new and
i mproved catalysts for the production of vinyl acetate by reaction of
et hyl ene, oxygen and acetic aC| d. Backgyound I nformation | ncluding
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production of undesirabl e by-products, particularly carbon di oxi de. Thus,
any expedi ent capable of achievin roduction of by-products such
as carbon di oxi de, expresdUCES &WID QEﬁéé‘ﬁ%N@TT%@Necu Vi tymwmmm
desirable. The foregoing catalysts conprising netallic pallad lmmml
are conventionally 25 prepared by a process including the steps g

i npr egrEAtidng tile RREMEG support with a single aqueous solution or separate
sol utions of water-soluble salts of palladiumand gold, reacting the
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conpourfigeagion o ﬁ%Y ﬂ%fd?’&ﬁﬁeaéqg %ﬁ%& %%duci ng the water insol ubl e conpounds,
e.g., wth ethylene or hydrazine, to convert the palladiumand gold to free
nmetallic form This type of process has the di sadvant age of requiring
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a gold 5 compound such as potassiumcurate. U. S. Patent 5,700, 753 discl oses

vithyl a@@rmléteé\»@tercwﬂw%alts p’flépfawmrqwlamikaigﬂe@pgmm@ &b wcbw@dwdwmde
conpl exes..t.0 uce adi um caft.a

or oanongr T PElRGH BRI AT RS0 R T orBRtERT £, E RIMERERS B e ey
OF THE thNWERF h@b'ldb[b aﬁﬁwuela@ @8 vwlTﬂhethmeﬁe bﬂlY)Qﬁ&ix@él to SorfRftahey/SdlladfunPhyi ded
useful for the production of vinyl acetate (VA) by reacti on of ethyl ene,
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bei ng prepared.b LSi.n regnating a porous support, the
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KAuQ2 and reducing the potassiumcurate to a catalytically effective anount
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British Patent No. 1,188,777, published April 22, 1970 discloses a process for the




of Au on the support. Utimtely, a shell catalyst of Pd and Au was forned
wher ei N7E7%PETNg step for the Au was not necessary. The Pd and Au “?%eNUVQMZ
» distributed as a thin nmetal. shell on the support structure. As an
alternative enbodi nent, the catal yst may be prepared by first contacting
the 30 support with KAuO2, followed by contact with Na2PdCl 4. The Pd
conpound may then be fixed with a precipitating solution such as NaCH, and

the Au and, Pd redp%ed.mjgh a reduc%gg ageﬁt..Alternatiyel¥% the. Au may be
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havi ng any of various regular or irregular shapes, such as spheres,
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about FHYPY" 'gﬁﬁ@ ?uHHQP%G'a di aneter of about 4 to about 8 M ~. are
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substance, e.g., silica, alumna, silica-alumna, titania, zirconia,
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and the |iKke. %Be sMggort %erial naﬁ h?ye a surface area within the
range, TEBIOBERBF 8015OMPOYNY 4955 1oL TYHBEE I3 PRFET abl y about 100 to about
200 nR/g, an average pore size in the range; for exanple, of about 50 to
abiut 2000 angstrons, and a pore volune in the range, for exanple, of about
0.1 to about 2, preferably SOMMARYVOFSTHBONVENTION /g. I n the preparation
of the catalyst used in the process of this invention, .the support 15,
material is PiaesIrdppceanButhionuees; ¢ catlystiapipyided aseihior e e \F%@M#vawlt he
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its good water solubility. The inpregnation can be acconplished by the
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concentzatmpryed. the 25 solution is such that the anount of elenmenta

pal |l adiumin the solution absorbed on the support is equal to a desired
predet er mi ned anmount. The inpregnation is such as to provide, for exanple,

about 1 to about 10 gr, f I i it.er of finished
catalyst. After the i%g?i@ﬁ&??tﬁﬁgﬁaﬁhgﬂg&g?ﬁhﬁj&ﬁﬁﬂﬁtﬁhgqugous sol ution of
wat er - sol ubligisgiaddd 1RteiR® 4 fdkstdto bRBakRdhiafMl ¥AlISY tHel ﬁih@&b;otioh 0B VA.

i
precipitated, as a water-insoluble conpound such as the 30 hydroxide, by
react i dhergiluded&id capbyso preraprepabd by khea mpoegpeiiordof asuppert avithedquadis sobttiin of
hydr oxi.de,, .si |l icate  borate, carhgonate or .bicarbonate, .i queous sol ution.
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shoul d be in’an anpbunt of, fox exanple, about 1 to about 2, preferably
about bfAua thbeuppadlt. 8Tkinmedy t fisheHrmtahyist ofdibasiaohy wae foramdtwivrdéih atfixéng step
catalytiq&lly active cations_present in the watersoluble salt. The fixing
of t he IIDE 40 WS PREyCERESHYnd hH Y d BRG Aunesrp dstibuied srestbipeibeheliarBe n t he
i npreg rt is dried, e.g., at a tenperature of 150C for one hour,
contac?g%&&}éﬂﬂﬁﬁgannunt of solution of the alkaline nmaterial equal to

about 95-1 0% &f altcheative tbsAinbiE, the cdtdl@st Shsy frepaedibplitdeettaétthgshand for a
period of about 1 /2 to about 16 hours; or the roto-inmersion nethod

vifer ei ruppst with Kot &lloyiadduraoniaet wihiNagRdGln gThesPd parapaind may ten be Gixedn of

the al kal.i ne material ;and is,ro and/or tu ed duri at . | east the
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particles. The ' rotation and tunbling may be carried out, for exanple, at
about 1 to about 10 rpmfor a period, e.g., of at |east about 0.5 hour,
preferably about 0.5 to about 4 hours. The contenpl ated roto-inmersion
method is disclosed in U S. Patent No. 5,332,710, the entire disclosure of
which is incorporated herein by reference. The fixed, i.e., precipitated
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25 After the catalyst contarning palladiumin free netallic form deposited
on a sufjptt-PCimterial is prepared by any of the foregoing nethods, ig8iNIV 2002
“inmpregnated with an aqueous-sol ution of potassiumcurate, preferably by

i nci pi ent wetness. The catalyst is then dried such that the catal yst
contains potassiumcurate in an anount ?uffi cient to provide, for exanple,
about 0.5 to about 10 granms of elenental gold per liter of finished

(0.5t ab | el enent al 125 wt. %
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based on the Weig adi um presen ssiumcurate

r educedyehgerii®lsati hcdgeoliskduaiing. Payntd 643te86t echni ques descri bed previously
for the reduction of palladiumfromthe "fixed", i.e., water insoluble,
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produci ng VA catal ysts has been | ow noble netal retention on the catalyst
support. TheThesuppbrikmeteal ppachave grsusfaest grea withimethe age dopexsale ofabeuttllee,

hi ghly di spe talli icle ¢ lysts, with no fixing step i.nvol ved
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catal yst duri'ng the fixing/washing step under prior art techniques and

i ncr easa@wun(/IRd abauti2o praferabky abattal.4 sa abons1 Amkpugh t he catal ysts of this

i nvention haﬁe been descri b]ed rimari I.P\g f’ln connecti.on W th %hose contai ni ng
onl'y pal | adi thiPSREFPGEIAN £ TefalalYAt Masd i JPSRIOPSSS ORE SNV eDqPe EABPYE L nay

ah§0 copbaiig @@?ﬂgfefaféﬁrtg depskitd &E@%ﬁe&eﬁﬁé\hﬂbf @ﬁlaldmlﬁg]g itafeepd;sﬁsaélukfaeesedﬁﬂaent s

in the form of ree netal ; oxi , or mxture of free netal and oxi de.
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barium zirconiumand/ or ceriu VWhen a nmetal in addition to palladi umand
gold i s""é’é‘r Ve the dRaregartign the ﬁwogamﬂﬁ%rt aqvﬁg»uwﬁha}qlv'}@ewatﬁsp%oé@ﬁat ed
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may t hustrbehlsiopail ddane@Ds Ny, Addd) egmassmeh pdllabivnel]g chlsoldelpatiadiami(8) nitrate or
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fixing step as described previously in correction with palladiumas the
only ot#Hepunief Hatersokugls meighcarapaydd goluneny usrdalge hgdmpregnpiéoncigtiepny ahout 95 to
cont ai nj I in free l1ic form 30 _optienal be
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After dryi ngf, the finished catal yst ma?/ contain, for exanple, about 10 to
about 70 eqw &6 e dasited edsternpged anaduT heinpyegimsion i7VEY 2PEIPIGVideofoNou zooz
of al kali ta et at e liter. of fjni d cat al yst ti,m KAuUQ2
mmy b et pplineroRrEEY weiss oF s Prallba st PR e it dP sl o at al yot
Wien vinyl agabede ilbﬁrelgﬁ@cﬂﬁ{@hé@dp%gntvhﬁm SPdRky s soflftichHE wii@seNivbld Syedtt | on,
a stream of gas, which contains ethylene, oxygen or air, acetic acid, and
desi r alpajladiung ltkeapallademals "dxed'qat.e., piesipilapd sasedwareeinsolublecatrglopsd suchhes the
cphposition.of the gas streamcan be varied wthin wide |limts, taking in

a @Eumhygkw & DY dSATIAR P APPSR dieliompoupd. cats @ kalbpipl Byroyige,
oxygen £@ahb UL 100 . 98 ak. fald etic acid to
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t he coryeinixiods aapedersedodkallre MBtdtoryarnhas eTeonkilemabo it the alkaliaboshpdB@ ppm
based on the wei ght of acetic acid enployed. The gas stream al so can
contain other inert gases, such as nitrogen, carbon di oxi de and/ or
saturated hydrocarbons. Reaction tenperatures which can be used are

el evated tenperatures; preferably those in the range of about 150-220C. The
pressure enpl oyed can be a sonewhat reduced pressure, normal pressure or
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25 grans of elenmental palladiumper liter of catalyst. The support was
shaken ppyd.peTsol ution for 5 minutes to ensure conpl ete absorption &8 RN
- solution. The palladiumwas-then fixed to the support as palladiun(ll)
hydr oxi de by contacting the treated support by roto-inmmersion for 2.5 hours
at approximately 5 rpmwith 283 ml of apn aqueous sodi um hydroxi de sol ution
prepared from 50% w w NaOH H20 i n an anbunt of 120% of that needed to
convert the palladiumto its 30 hydroxide. The solution was drained from

the treshosif kamssramapt ef forexamplenahes hde2hgut B. refesshly abouidtleto abats 1-
chloridg fr IS i ni - t ant
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nitrogen) in the vapor phase at 150C for 5 hours, or with, hydrazine_ at

r oom t etipémptagnatefl suppdriie drisd,fecd. | apwaeinpyratwesstii 15§ Gartond doun cortactedweth apor 2
hours and dryi.ng i.n ap oven .at 150C for 5 hour ohtai n a suppor
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heat ed f.0 £ 0 Lhitate sFi ' i.el ded
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and dri&thé su OVIaGitIR O VIETR ratfatiof &nd funéblink Ondye dizriddoowdfoatundsle,aft abge 1r ed
solid of Au( 3. Analysis of the solid indicated a gold content of 79.5%
of gol dowkipethl Gigpnetes agicrind.tehg, efzat deastabent Q-ahaur, pRferablyepawtdds tealiont 4n
amount ,0f 0. ramwas, mxed with O] r.a f KOH,I of ter, ...and
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sol ution of potassiumcurate (KAuQ2). Thi's solution was added to 100 m of
support contBhefixes, he.nprecipithted pollativrofcompgyid why Prearbedededd,Hdr praopde.od as

d i bed [ | ) ' t hyl S dugd t. The | ti
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then reduced by 5% ™"~ ethylene in N2 at 120C for 5 hours to obtain free

met al | idyigg) elgont t HECowpmaght undérmahityntthhepuced, at swh redistionpraydreacesnplyshed

i nci pi ent tness with an aqueous sql ution of 4 of tassium acetate in
33 nt PBOISERPIAPREY o ool e tEd O Hera R 1o p gl B g by oy gherein
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this invention 1s specific to the catalysts o 2 and 3 which
c”dpt ai rsuppat rsamtiatangerdomndempls of alsout Sclotorabsptoltdl, fglléwed byewedtgenid atyingns
and amc:;lt?t_s 8f the i regnatir}g S Iuti%[r;s gf ]i ranms of ?Pfg and 4 grans of
Au per YPEEF B‘fm%ég"d’lrgj)%‘%d, MR 1T redpiRh heixepdalafdum OmPaULPITSE A with
et hyl e : - : oG {: N
i 11 er onpPEBRY B splrl 3 20K nfof TR, ShhelehRubl o ek B3R, e
concentcoatpoond atairdpoesnits Of the fienadPd Cllv fesedh€al, KAwdghiampineganadbumnef aadtait i on

is changed to obtain the desired nom nal anmounts of Pd and/or Au 30 on the
suppor toX1dgfgay plso beatsseiton of Pd and Au is each acconplished with ethyl ene

[ or hydr agi evi ok A [ in the
P parat ) on it BRaPE PR Y pRR ARl IBUEABUR ARGREIL {38
cor r espeaetidlgs prphie@ b9 ARG @N thedbiepdihganethedDUNS Snégnatedviith BHCIqikods SoliNida V

2002 inpregnating solutions (Nom Ant., g/1), and actual amunts of Pd and
Au on toR@OEatBMATae.grelEsehiipbecipieny wektess. mi reeptalyst antdiey dried gl thetithe al

retenti are shown in.Table |. In Example 7. . the entry in the I f
Nora, CORR EoaRt Rels iR Ao iR BB EaL babo Ao IE AbOEE Bhe A
was redye@d o %aﬁlﬁ%f_@léhﬁ%ﬁdl BHMdaIF Bic® oNVBRish@HUEAFsWVIR 1Rt yd BN ef pyiBibkigt he
entry "C2H4, N2HA" in Exanpl e 10 indicates that the Pd was prereduced wth
etthy| edmnankbutHe tdabouittlBS wtde hasedenabe premhi ofisdlladides prebdne.d Thd hetassial yst s

of the exanples re tested for their activity and selectivity t ar.i ous
by proaaf?ﬁ%ngitﬁem uﬁd&awﬁeﬁ ggid twlwnyaocféleea‘@énﬁwéiﬁﬁ‘?ﬂ 6% Pb@f‘@éﬁyﬁéémg,
oxygen.. : [ AWe IS G |t sh I u ; ha gl yst

pr epar é%dlggagggkglgﬁgdg%}gthgl gg%ﬁ??\ ‘gta{s%% E}Sﬁﬁllg%éhaslfa g(la"fmlgglgﬁzét vﬁﬁ ﬁl% t he

t enper ature capabl e of being neasured by a thernocouple at both the top and
bottom of the basket. The basket was placed in a Benty continuously stirred
tank reactor of the recirculating type and was nmai ntained at a tenperature
whi ch provided about 45% oxygen conversion with an electric heating mantle.
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-7179- PCT 9 Table | Z 8 NOV 2002 Ex. Red. Metal Content of Catal ystActivity%
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of the pall adium sol ution the support.
water-soluble salts of palladium and the additional metal which are then simultaneously fixed

and reduced in the same manner as described previously for palladium alone. The catalyst

25 containing the palladium as the free metal and an additional metal as the oxide and/or free metal
is then impregnated with potassium aurate which is then reduced to gold as free metal without an
intermediate fixing step as described previously in connection with palladium as the only other
metal in addition to gold.

Advantageously, the catalyst containing palladium and gold in free metallic form may

30 optionally be impregnated with a solution of an alkali metal acetate, preferably potassium or

sodium acetate, and most preferably potassium acetate (KOAc). After drying, the finished

catalyst may contain, for example, about 10 to about 70, preferably about 20 to about 60 grams
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solid indicated a gold content of 79.5% of gold which agrees with the calculated value.
Auric hydroxide in an amount of 0.5 gram was mixed with 0.12 gram of KOH in 35 ml
of water, and the resulting orange suspension was heated to 82 to 85°C and stirred at this
15 temperature until all solids were dissolved to yield a clear yellow solution of potassium aurate
(KAuQ,). This solution was added to 100 ml of support containing a nominal amount of 7 g/l of
prereduced Pd prepared as described previously using ethylene as reducing agent. The
impregnation was conducted for about 25-30 min. The catalyst was dried in an oven at 100°C
for 5 hours in a flow of N, purge. The gold in the treated catalyst was then reduced by 5%
”’} ethylene in N, at 120°C for 5 hours to obtain free metallic gold on the support.
Finally the catalyst was impregnated by incipient wetness with an aqueous solution of 4
g of potassium acetate in 33 ml H,O and dried in a fluid bed drier at 100°C for 1.5 hour.
The foregoing description of the preparation of a catalyst in accordance with this
invention is specific to the catalysts of Examples 1, 2 and 3 which contain the nominal amounts,
25 i.e., corresponding to the concentrations and amounts of the impregnating solutions, of 7 grams
of Pd and 4 grams of Au per liter of catalyst, and in which the Pd and Au are both reduced with
ethylene. However, the catalysts of Examples 4 to 10 which contain a different amount of Pd
and/or Au are similarly prepared except that the concentration or amount of the Na,PdCl, and/or
KAuO, impregnating solution is changed to obtain the desired nominal amounts of Pd and/or Au
30 on the support, and the reduction of Pd and Au is each accomplished with ethylene and/or
hydrazine, as previously described. The reducing agent used in the preparation (C,H, and/or

N,H,), the nominal amounts of Pd and Au corresponding to the concentrations and amounts of
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FOd0% & ()- FY0% & ()- F9%0% & (1) - WHW WWKWLWY?t Z: C 10
F94.0% &MPpyegsaling\peluiEORsHPOYL INY.,)s/ ) Fngeoiual gpounts of Pd and Au on the catalysts of

O 8 FOG0 A b SHT  he
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FY%d.0% &‘hé )AU\AWAWW K1 e potassium aurate was reduced with ethylene, while the entry "C,H,,
5 N,H," in Example 10 indicates that the Pd was prereduced with ethylene and the Au with
hydrazine as previously described.

The catalysts of the examples were tested for their activity and selectivity to various by-
products in the production of vinyl acetate by reaction of ethylene, oxygen and acetic acid. To
accomplish this, about 60 ml of the catalyst prepared as described were placed in a stainless steel

) basket with the temperature capable of being measured by a thermocouple at both the top and
bottom of the basket. The basket 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 50 normal liters (measured at
N.T.P.) of ethylene, about 10 normal liters of oxygen, about 49 normal liters of nitrogen, about

15 50 g of acetic acid, and about 4 mg of potassium acetate, was caused to travel under pressure at

about 12 atmospheres through the basket, and the catalyst was aged under these reaction
conditions for at least 16 hours prior to a two hour run, after which the reaction was terminated.
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 to obtain

=9 optimum analysis of the end products vinyl acetate (VA), carbon dioxide (CQ,), vinyl acetate
(VA), heavy ends (HE) and ethyl acetate (ETOAc), the results of which were used to calculate
the selectivities of these materials based on ethylene for each example as shown in Table I. The
relative activity of the reaction expressed as an activity factor (Activity) is also shown in Table I
and is computer calculated. The computer program uses a series of equations that correlates the

25 activity factor with the catalyst temperature (during the reaction), oxygen conversion, and a
series of kinetic parameters for the reactions that take place during VA synthesis. More

generally, the activity factor is inversely related to the temperature required to achieve constant

oxygen conversion.
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Ex. | Red. Metal Content of Catalyst Activity % Selectivity
Agent Nom.Amt Actual Amt Pd/ Au Co, HE | ETOAc
g/l g/l % metal
retention
Pd Au Pd Au Pd Au
1 C,H, 7 4 6.23 | 3.44 | 89 86 1.96 8.3 1.407 | 0.058
2 C,H, 7 4 6.93 | 400 | 99 100 2.13 9.10 | 1.436 | 0.049
3 C,H, 7 4 6.65 | 444 | 95 112 2.1 8.6 1.256 | 0.059
\ 4 N,H, 7 4 5251348 | 75 87 1.89 8.68 | 1.005 | 0.082
) 5 C,H, 7 5 7.00 | 4.00 | 100 80 2.18 9.00 | 1.459 | 0.078
6 N,H, 7 5 6.30 | 4.75 | 90 95 2.08 8.8 | 0.997 | 0.105
7 N,H, 7 5 6.65 | 5.00 | 95 100 1.78 11.57 | 0.636 | 0.151
C,H,
8 C,H, 8 4,57 | 8.00 | 434 | 100 | 95 2.37 9.45 | 1.549 { 0.061
9 N,H, 8 457 | 7.60 [ 425 | 95 93 2.09 8.95 | 1.229 | 0.108
10 C,H, 8 557 | 7.84 | 5.18 | 98 93 2.51 9.54 | 1.462 | 0.082
N,H,

The values shown in Table I indicate that the catalysts of this invention in many
instances can be used to synthesize vinyl acetate by reaction of ethylene, oxygen, and acetic acid
with lower CO, and heavy ends selectivities than various conventional and/or commercial

5 catalysts comprising palladium and gold, while maintaining equivalent levels of activity.
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F94.0% & ( ) S 4sN ™! EetiXXsKpfepbrifyd 0 HH1RYahe drad ity Yan%! egetife by
Fa0% & ( )rcachon of ethylene, oxygen and acetic acid comprising impregnating a porous support,
the porous surfaces of which contain a catalytically effective amount of prereduced
palladium with & solution of potassium aurate, and reducing the potassium aurate to a
catalytically effective amount of metallic gold.

2. The method of Claim 1 wherein said support containing prereduced
palladium is prepared by steps comprising impregnating a porous support with zm
agueous solution of a water-soluble palladium salt, fixing said palladium as a water-
msoluble compound by reaction with an appropriate alkaline compound, and reducing to
its frec metallic state the water-insoluble compound of palladium present on the support.

3.  The method of Claim 2 wherein said water-soluble palladium salt is sodium
tetrachloropalladium(Il), Na,PdCl,.

4.  The method of Claim 1 wherein said porous support contains about 1 to
about 10 grams of palladiurm, and about 0.5 to about 10 grams of gold per kiter of catalyst,
with the amount of gold being from about 10 to about 125 wt.% based on the weight of

palladium.
5. The method of Claim 1 wherein said catalyst is impregnated with a solution
of an alkali metal acetate.

) 6.  The method of Claim 5 wherein said alkali metal acetate is potassinm acetate
which is deposited on the catalyst in an amount of about 10 to about 70 grams/liter of
catalyst.

7. The method of Claim 5 wherein the acetate and aurate are added in one step.

8.  The method of Claim 1 prepared with sodium-free reagents.

9.  The method of Claim 1 wherein the Pd and Au forms a shell at or near the
surface of the support.
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FYL0% & ( )compound and reducing the gold and palladium to their metaliic form.

11. The method of Claim 10 wherein the gold may be reduced before the
addition of the palladium solution the support. _

12. A process for the production of vinyl acetate by reaction of ethylene, oxygen
and acetic acid as Teactants comprising contacting said reactants with a catalyst
comprising a porous support on the porous surfaces of which is deposited catalyhically
effective amounts of metallic palladium and gold, said catalyst having been prepared by
steps comprising impregnating a porous support, the porous surfaces of which contain a
catalytically effective amount of a prereduced metallic palladinm, with a solution of
potassium aurate, and reducing the potassium aurate to a catalytically effective amount of
metallic gold.

13. The process of Claim 12 wherein said support containing prereduced
palladium is prepared by steps comprising impregnating a porous support with an
aqueous solution of a water-soluble palladinm salt, fixing said palladium as 2 water-
insoluble compound by reaction with an appropriate alkaline compound, and reducing to
its free metallic state the water-insoluble comapound of palladium present on the support.

14, The process of Claim 13 wherein said water-soluble palladium salt is sodium
) tetrachloropaliadium(I), Na,PdCl,.

15. The process of Claim 12 wherein said catalyst contains about 1 to about 10
grams of palladium, and about 0.5 1o 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.

16. The process of Claim 12 wherein said catalyst also contains a deposit of an
alkali metal acetate,

17. The process Claim 16 wherein said alkali metal acetate is potassium acetate
which is deposited on the catalyst in an amount of about 10 to about 70 grams/liter of
catalyst.

18. The process of Claim12 wherein the acetate and aurate are added in one step.
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