PREPARATION OF PALLADIUM-GOLD CATALYST FIELD OF THE INVENTION The invention
relates to a method of preparing a palladium-gold catalyst containing a titania extrudate.
BACKGROUND OF THE INVENTION Palladium-gold catalysts are useful in the oxidation of
ethylene or propylene in the presence of acetic acid to produce vinyl acetate or allyl acetate.
Acetoxylation is commonly conducted in the vapor phase using a supported palladium-gold catalyst.
Palladium-gold catalysts containing titania carriers are known (U.S. Pat. No. 6,022,823; U.S. Pat. Appl.
Pub. Nos. 2008/01467 1R kel2033 /03D - IB&IE#S@MEM#S@PJSSXHM May. 11, 2007, now
U.S. Pat. No. 7,811,968). Acetoxylation is rfe‘f'e onducted in a fixed-bed reactor.

Commercially, titania is produce ne sts suitable for fixed-bed
reactions, it is necessary to form ti P%ooqéwﬁr_?{r]o:‘plz\rg{ée gﬁ%%ﬁ spheres, tablets, extrudates,
and the like. Des%@ﬁ@&e‘?ﬁ%ﬁ'P&St’&é%%ﬂ?@tﬁ%%é‘}&ﬁf&qﬂ?t@%g Ig exigugdgtes in the past,

many are not syitalle. fpt,eoumespial RradyclionhRcause PhingiLpoor processrbllrty Therefore, there
is a continued need to develop new processes for making titania extrudates that can be used as

carriers for palladium-goldisataliisisi(R€a] Bxgl >cO pendirig Apphdandn, IS2N No. PCT/US 10/57365
filed on Dec. 16, 2009 which corresponds to U.S. Pat. Appl. Pub. No. 2011/0143927). SUMMARY OF
THE INVENTION Pathadiventiar ¢ aantihpatoraie paaadd pelathmmapsidetiayse The method
comprises (a) RkandaaniararczrboRyaIRy i tetlaf s enring hyeifoxyslitp eslidlose ’yform a dough; (b)
extruding the deugif 1o produas atreruael iy t) arinlsy e exatiidm e prétuee @ calcined
extrudate; (d) |Hﬂ§?é‘é¥i&fﬁﬂg%6‘éﬂ:lﬁed@ﬂ’tﬂﬁt’é’ nh?ae%qrraaarﬁ Eb‘ﬁ%ﬁ&iﬁ‘a“aﬁ’d‘lgﬁold compound
to produce an fFipreYistdd eslghietand %Qtdrﬁtg)g@fh ent’dlﬁroduce the
palladium- goldtéEﬁ‘at Cﬁ‘ﬁ%‘%t?e‘?ﬁfo Ry MAbbey 6?0&595 Blate comprising

reacting ether % e g%géﬁeﬁrﬁﬂge%?gif |trn12 ojg’Par C?t DETAILED

DESCRIPTIO Véntion i& mfeth or’(prergf:\nn 8paﬂad|um gold
CcclO 1011 IS relera

catalyst contar % tarcria carrl r the mefh compris &3 mrxrng ania, a car oxya)rkyl cellulose, and

a hydroxyalkyl ceﬁ%u ose toelocrp ou%h Surtable litanias can be rujile _anatas Kite, or a mixture

of them. Prefergbly e tiaia el b analass. Manas manhe praduced Ry tha.chig L process. tne
sulfate procesg the ther rocess or the me h ro srs of tg nrumtetjfachlonde Examples
e—t B ok :Q Bt

of suitable trtanl 40 and D1 Villlgnnium Inorganic

Chemicals. % u sé lS an or icco oun a(C 5" a ﬁ ccharlde
consisting of e gfq}l Iflr? rln(gés a n%t%c%emeﬁ3 WﬂEreE- (f s 000 Cellulose

mear c‘ﬁal
is the structur corh onen o{] rrmar ce wall of gre CO er lﬂ 108 can(f)e converted into
many derlvatlves . o usg 8)% %ﬁl%lﬁ:ell%lose & ar%ox atl i cellltﬂose is a cellulose
derivative with ca?b%y@ﬁ[n %1 s boutrﬁ o%ogte of’ tlho Igrou e g uc yramase
e ce f”ose back% 858 o n |n Sc T;w
and m-50 to 2 3} ? n s&i |t§°s ca’rbo Kyl he functional
properties of 0 ee o su 1é’f?u on (%ﬁhe ee aIOSC structure
(i.e., how many oJf tr‘wxeph%dro groups are su s well as the chain lengoli of the cellulose
backbone and the degree ofgm%@eé@%ugﬁq{hﬁwﬁnumber of substituted
hydroxyl groups per glucose unit in cellulose derivatives is referred to as the degree of substitution
(0S). Complete substitiriioanviosid 3revide-aHoS aicd: Prejemhlygaacptioxyimethybealtiloses is used.
Preferred carboxymigtiaylideduiostbddveadegreesofasubstiutigntofdhsa00G i d8yBraun and NI. R.
Rosen, Rheol%&?ﬂlé’@lﬂét&ﬁrd@éél@ bred i adi>dreyibp h@&ﬁbﬁ%ﬁ?ﬂ@@?\ﬁmmﬁ%ndrew
Publishing, pp. 20§ %?51 @%Ibce‘ﬂd% ?Hcﬁ?ht dsibﬁﬁ Sils IS Pat. Nos.
5,884,138 ancf](fal iﬁ?é%ﬁr&}g Cﬁu%c ol fe it E y ;trox!..skyl
ec.:1"1:e, zag m & ol USRS 19 lulpss. Alhdioxya i spiulose is a
derivative of C%Ql@ﬁﬁmgwﬂéhmg}ﬂmédﬂygiﬁ QHOEPEIN Hhe drReating-lHeoRe units are
hydroxyalkylatgou Sope ki thethydsaxyl Beoupsdnabydioxyalkid sellalosepnay afsota-alkylated. _A
typical structupg-8tabydoxyakyl ¢ elilose issshipisihachemer thovbers 12n calkyshydroxyalkyl,
and m.-50 to 20:000andPseferablyattirihydronyallgyl-gratpcis selecieg frumdhergraspleonsisting of
2-hydroxyethy¢a2<Hydrbxypropyl, and rainLin, therco F. ?Vlore preferably the hydro ‘cyan: yl
cc:Ala-lose is alkylated. Most preferably, the hydroxyalkyl cellulose is selected from the group
consisting of methyl 2-hydroxyethyl cellulose, methyl 2-hydroxypropyl cellulose, and _mixtures thereof
Preferably, the degree or methyl substitution is from 1 to 2, more preferably from 1_5 to | .8; ancl the
2-hydroxyethyl or 2-hydroxypropyl molar substitution is from 0_ I to 0.3. METIIOCEISTm '<AM
cellulose derivative, a product of flow Chemical Company and having a tnethyl substitution of 1.4 and
a hydroxypropyl molar substitution of 0.21, is preferably used Flydroxyalkyl celluttOSCS are kncn.vn
as extrusion aids (ILLS. Pat. Pos. 5,884,138, 6,316,383, and 6,709,570).  The weight ratio of the
carboxya 'icy' cellulose to the titania is preferably from 0.2:100 to 5:100, more preferably from 0.5:100
to 4:100, most preferably Worn 1:100 to 3:100. "Ibe weight ratio of the hydroxyalkyl cellulose to the

titania ic nrafearabhlvy from O 1100 t0 2 5100 more nrefarablvy from O 2100 t0 2-100 mo<t nreferahlv
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monomers that ma e rboxyIaIkyI



described in "Particle Size Enlargement,"” Handbook of-Powder Technology, vol. 1 (1980) pp. 112-22.
The carboxyalkyl cellulose and the hydroxyalkyl cellulose are used as extrusion aids. An extrusion aid
helps the mixing, mulling, and extruding operation and may improve the mechanical and/or physical
properties of the extrudate such as crushing strength, surface area, pore size, or pore volume. The
extrudate comprising titania, the carboxyalkyl cellulose and the hydroxyalkyl cellulose has a smooth
outer surface. They do not tend to stick to each other while bein formed drred and calcined, which is
suitable for large séﬁe%u@t@nqﬁ%ﬁéﬁ) ﬂ%é@%%@)ﬁﬁ cellulose and the
hydroxyalkyl cellulose minimizes "feathering."” The term "feathering" means that an extrudate, instead
of having a smocoitheuienstiifdoe exhibiiscalacks ibitpsupacenhargsihat flakesgsldeathers” of the
extrudate are sapalrgtaddmmdhaisiFfaceitradihennrgiciot Dhly causemldssoehypiisble material but
also tends to imprintfaerhiysioalsitentit of alkextrodital o 2thenaxirdsiofraids a&ye used to form
the dough. Otbel Ruitakie extrision aidsiinakide alkyliamwieesicaibaxyliaacls, alkylammonium
compounds, anincaalcohats pdtarehopalyaciyaies, polimeihabuddias; pbly(oyliedaoiol)s, poly
(vinylpyrrolidoise}a poly(emino Baia)s 4polyeikelss polpdeicahy dsgfutan sshiatad egslboxylates, and the
like, and mixturessheieof sRidtarse pppobytakydne txycieisthra-pohl (pthyleresoxide i goly(propylene
oxide)s, or copbiyimeisyofl Bt ylere @kidésandipropyieneltaded Orfaxiceriasiod ads are usually
removed by calcimatitmanikise ertrddate islopidhaliipdried aftér it 9 tomaxd. IPHe 8iing operation
removes at leh3tla40stivnch i he-2éheiitdvind be thae ki ddureeTina @ ihg opeation may be performed
at 30 to 200 C. ataimosphericiprespure SEARUET vagthipouiing it maycoCeyH-Hdinor an inert
atmosphere. $ometlimes, i is proterabledoaisel the spdigriemperaiurmeawlylseithe,extrudate will not
be cracked orpvagkenatika dde, metlod-wairipriseheaisininovihe-extivda®e to @oduoea calcined
extrudate. Praefasahijothe Baltieatiomstoasleskouipio asoxydameqriamiagygasibwudn off the organic
materials (e.gofeatdaal pdlvant ane: Hxitusiercaidd) e antainedtidhiawximalate dErécalcination may be
carried out at #il®@to 10000 C., more preferably from 450 to 800 C., most preferably from 650 to 750 C.
Sometimes, it is beneficial to initially calcine the extrudate in an inert atmosphere (e.g., nitrogen,
helium) to thermally decompose the organic compdtinds contained in the extrudate, and then burn off
the organic materlals in an oxygen-ca ntalnlng gas. Generally a calcrned extrudate after the calcination
contains less than 0.5 wt % cgybon Rref rabl)ﬁ dt (?ontarps less than Q. . The method

corn pri ses impreg in ?flurﬁlo orri ajd §6 id compound
to produce an jmpy jed lutg. \pQ erpalladium chloride
sodium cIanropuucIute alladium n , the Tike, &nd mixtures thereof. Suitable

gold compounds fnclude’auric chlorrqet tetra€ hloroanric actbl sodium tetfaclaloroanrate, the 1 lice,
and nitre sth erent.  The impregnated extrudate may conigrise from 0.1 wt 'AD to 3 wt ":zo of
palladium and from 0.1 wt AD to 3wt 370 of old and_ has eight ratio LA-palla to gold_ within
the range 01-5:1 % ]Hrgl?[ R eTerqﬁlg ﬁie %ﬁ'reﬁfr?é leet ﬁ??\lﬁllj 3g te corq&;ﬁsffe?syoa rtrl "Al, to 1.5 wt

070 of palladiyg a0d 9&5%9%@&&%%@9@911 {3y, prejerally be added to
the extrudate,whileJhis-beipgAmpiegnated- drHxing-agawls @JQ&RQHSI dhe,palladiwm ¢gampound and
the gold compaundiadhe. extrudataz Suitabledbtingagantsyinchide alkalk onetal alkalioe earth metal, or

ammonium clonip erfiighsfordxample, thelitidrexide sssdibonates;Bicaylbdkates; eclmeta silicates,
and the like, dndanitufdstheresfti oy uiabie impregmaidrtiethdcardd tdsesdto produce the
impregnated EKRTRAtEOTHE Eattized &xRuTURS At Hé“sfﬁﬁﬁ%&&d% R BF SUTERESER impregnated
with the pallagﬁtﬁ:ﬂ c%ﬁ@ﬁﬁa‘n if}gf’ §0T]d‘% ]ﬁ?’g‘iﬁ ﬁé’]%r%f %@@5@2 aﬁ@fﬁj@q‘eﬁfi b{ﬁt%rably |t |s
impregnated wafg@@@eguélﬁ &F}é!tlfﬂp@%a fing SONVRILS Tay DiWsed
impregnated eﬂmﬂaﬁiﬁﬁ@;ﬁe@urwaghegmﬁpyat&mgwwwlmﬁtﬁ in resoMecy halide (e g.
chloride) torrithe-extivelatés reTde-methodieptionallyeomprisesubsngthedimpregiiated extinct:Ate.
"lypic ally theﬁ?ﬁﬁ?@gt@‘t@éﬁi@t?ﬁﬂ&ﬂé%ﬂﬂ’b@%@&?sme 3590¢C &t étrﬁ’d’sﬁteﬁ@é}es%ure or under
vacuum., prlrﬁé‘q ‘16‘ q_lv]é‘%& Rdg\ﬁ;@ﬁﬁﬁ)r}oﬂ@‘é%oﬁéﬁ I??él ? ﬁ’éh air or an inert

ave ion o

gas at atmos@ﬁi’&&r%%?&r%f tip aeum %JE%UEE[S WA&‘&@Q@“ 9 gig8.hedrying
temperature sowlytQ-prevent the exisckate from: |@§tﬂ©(ﬂ§3 wachapical sitergthrubLhe method
comprises ¢ aleihinggtheimpreghated extcogeke;psaiecably kel luibdiad dirst ko produce the

palladium-gokascatal S@H@W&Icﬁ@troN@ﬁhérrﬁ reptidte dexdridaiedctdfty: at an elevated
temperature it a hoh#ed(idiR] phite 2S1RfRMABI ARe La-Ic ination of the impregnated extrudate
is carried outat a temperature of 150 to 600 C. Suitable non-reducing gases used for the calcination
include inert or oxiclinag- gases such as helium, nitrogen, argon, neon, oxygen, air, ¢ arbon dioxide,
the like, and mixtures thereof. Preferably the calcination is carried out in an atmosphere of nitrogen,
oxygen, or air, or mixtures thereof = The palladium-gold catalyst obtained fi-onn the calcination step
is preferably ¢ hemically reduced to generate a reduced pulludiuna-gold catalyst. The reduction is
usually performed by contacting the palladium-gold catalyst with u reducing agent. Suitable reducing

agents include hydrogen, carbon monoxide, hydrocarbons, olefins. n Id ehyd es, a Icoho Is,
hvdraz-ine the like and mivtiirec therenf T-Tvdrooen ethvliene nronviene alkal ine hvdravine and



Ihe extruclutes are piled 1 inch deep on a collection tray and dried in air at 80 C. for 12 It. Then they
are calcined in air. The ca Ic ination temperature is raised From room temperature to 500 C. at a rate
raised from 500 C. to 700 C. at a rate of C./min, held at 700 C. for
re.  Some physical properties of the calcined titan ia extrudate
are listed in Table 1. The crush strength of the calcined titartia extruclate is measured with a Chatillon
crush strength analyzer (Model OPP 50). The Force necessary For Failure in 25 measurements is
averaged to give the reported value. Bulk densit{#*{&teasured by placing 40 g ofthe calcined

I|nder (1" nom inal outer [diameter). The graduated cylinder is

of 2 C./min, held at 500 C. for 2 _b.,
3b, then lowered to room tem peratu
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the initial 40 g of extrudates divided by the density or P{va[ter is taken as the measure or the pore
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the: m@ﬁedwe of Example 1 is repeated. with the

formulation shown in "llible 1. The extrudates are droopy as they exit the die face of the extruder and
tend to stick to eachtotherabhiheylay orstheccolisttiontralyCOMPARAF IVEHERXIAMPELE3  The

procedure of E%}gﬁ@%“%ﬂﬁ m@@’@@g@ﬁﬁgﬁé@@@@ﬁﬁg ;Lﬁ@%wa lg%ﬁtes are droopy

as they exit the asecef

rider and teRdiiesick n-eaghsoihenan:

& collection

tray. TATST-1778 (EWAIApIE 1L &7 o Fomtatian s 136 SE M (033002596

allkyl, hydroxyalkyl, and m=—50 to 20,000.

Prcferably the hydroxvalkyl group is sclected from the
group consisting of Z-hydroxyethyl., Z2-hydroxypropyl., and
mixtures thereof. More preferably the hydroxyalkyl cellulose
is alkylated. Most preferably., the hydroxyalkyl cellulose is
selected trom the group consisting of methyl 2-hydroxyethyl
cellulose., methyl Z2-hydroxypropyl cellulose, and mixtures
thercof. Preterably, the degree of methy1 substitution is from
1 to 2. more preferably from 1.5 to 1.8; and the 2-hydroxy-
ethyl or Z-hydroxypropyl molar substitution is from 0.1 to
O3 METHOCEL™ K4M cellulose derivative, a product of
IDow Chemical Company and having a methyl substitution of
1.4 and a hydroxypropyl molar substitution of O0.21, is pref-
erably used. Hydroxyalkyl celluloses are known as extrusion
aids (U.S. Pat. Nos. 5,884,138, 6,316,383, and 6,709,.570).

The weight ratio ofthe carboxyalkyl cellulose to the titania
is preferably from 0.2:100 to 5:100, more preferably from
O.5:100 to 4:100, most preferably from 1:100 to 3:100. The
welght ratio of the hydroxyalkyl cellulose to the titania is
prelerably [rom 0.1:100 to 2.5:100, more prelerably [rom
0.2:100 to 2:100, most preferably trom 0.5:100 to 1:100. 1The
welghtratio ofthe carboxyalkyl cellulose to the hydroxyalky1
cellulose i1s preferably from 5:1 to 1:2, more preferably from
3:1 to 1:1.

The method comprises mixing titania, the carboxyalkyl1
cellulose., and the hydroxyalkyl cellulose to form a dough. 1t
necessary, a solvent may be used. Suitable solvents include
water, alcohols., ethers, esters., amides, aromatic compounds,
halogenated compounds, and the like, and mixtures thereof.
Preferred solvents are water and alcohols.

A titania sol may be used as a source of the titania. A titania
sol 1s a colloidal suspension of titania particles in a liquid. A
titania sol can be prepared by hydrolyzing a titania precursor.
Suitable titania precursors include titanium salts, titanium
halides, titanium alkoxides, titanium oxyhalides, and the like.

The method comprises extruding the dough to produce an
extrudate by an operation called extrusion. Extrusion is a
process in which a dough is pushed through a die or an orifice
to create long objects of a fixed cross-section. Extrusion is
commonly used to process plastics or food, and to form
adsorbents, catalysts, or catalyst carriers. Any conventional
extruder may be used. A suitable screw-type extruder is



2300 Water (g) 1005 1250 1005 Poly(ethylene oxide) (g) 35 35 35 W_AI-C)CEL1- -,-,1(.2 cellulose (g)
52.552.5 52.5 Aertxyl alcohol (a) 17.3 17.3 17.5 Aranionium _hydroxide (g) 100 100 100 mErri-TocEn.
Thr KAM cellulose (g) "rs 0 0

described in “‘Particle Size Enlargement,” Handbook of Pow-
der Technology, vol. 1 (1980) pp. 112-22.

The carboxyalkyl cellulose and the hydroxyalkyl cellulose
are used as extrusion aids. An extrusion aid helps the mixing,
mulling, and extruding operation and may improve the
mechanical and/or physical properties of the extrudate such
as crushing strength, surface area, pore size, or pore volume.
The extrudate comprising titania. the carboxyalkyl cellulose
and the hydroxyalkyl cellulose has a smooth outer surface.
They do not tend to stick to each other while being formed,
dried, and calcined, which is suitable for large scale produc-
tion. In addition the combination of the carboxyalkyl cellu-
lose and the hydroxyalkyl cellulose minimizes ‘“feathering.”
The term ““feathering™ means that an extrudate, instead of
having a smooth outer surface, exhibits cracks in its surface
where small flakes or ““feathers” ofthe extrudate are separated
tfrom the surface. “Feathering™ not only causes loss of valu-
able material but also tends to impair the physical strength of
an extrudate.

Other extrusion aids may be used to form the dough. Other
suitable extrusion aids include alkyl amines, carboxylic
acids, alkyl ammonium compounds, amino alcohols, starch,
polvacrylates, polymethacrylates, poly(vinyl alcohol)s, poly
(vinylpyrrolidone)s, poly(amino acid)s. polyethers, poly(tet-
rahydrofuran)s, metal carboxylates, and the like, and mix-
tures thereof. Preferred poly(alkylene oxide)s are poly
(ethylene oxide)s, poly(propylene oxide)s, or copolymers of
ethylene oxide and propylene oxide. Organic extrusion aids
are usually removed by calcination.

The extrudate is optionally dried after it is formed. The
drying operation removes at least a portion of the solvents
from the extrudate. The drying operation may be performed at
30 to 200° C. at atmospheric pressure or under vacuum. The
drying may occur in air or an inert atmosphere. Sometimes, it
is preferable to raise the drying temperature slowly so the
extrudate will not be cracked or weakened.

The method comprises calcining the extrudate to produce a
calcined extrudate. Preferably, the calcination is carried out in
an oxygen-containing gas to burn off the organic matenals
(e.g., residual solvent and extrusion aids) contained in the
extrudate. The calcination may be carried out at 400 to 1000°
C., more preferably from 450 to 800° C., most preferably
from 650 to 750° C. Sometimes, it is beneficial to initially
calcine the extrudate in an inert atmosphere (e.g., nitrogen,
helium) to thermally decompose the organic compounds con-
tained in the extrudate, and then burn off the organic materials
in an oxygen-containing gas. Generally. a calcined extrudate
after the calcination contains less than 0.5 wt % carbon.
Preferably, it contains less than 0.1 wt % carbon.

o 4



I-b.:11-IASI() ri Process' hi lily good poor poor Properties of Calcined Ex_trudate Crushing strength
(11,/man) 1.68 1.37 1.43 Surface area (in-'/g) 27.2 _u/a nut Pore -volume (nal-is) 0.32 0.30 0.30
C'OMPAR_ATIVE EXAMPLE 4  The procedure of Example 1 is repeated, except that the
-formulation is as to follows: LYT-51 (2000 g), TAMOTIrm 1124 dispersant (a hydrophilic
polyelectrolyte copolymer from The Dow Chemical Company, 32.6 g), METTIOCEL,Th K41'./1
cellulose derivative (54_6 @), lactic acid (6 g), water (950 g), aqueous ammonium hydroxidc: (14.8
Pv4, 70 ). COMPARATIVE EXARIENE, 5. TR UREEANE O BAdil XIS TRTEaEd, except that

CO

alumina (L)ISRER Aid £hR2ravaitablesfrom SasohR0 g) SwBed:1Ehe etiddates are-droopy as they

exit the die facB O theextit fﬁnﬂeté‘rﬂffdlgﬂcﬁh{ﬁ’ré@ﬁ; omer asRY ey R e Tay. The
itrn nitrate, palladidrm su <3 iké mixtures
calcined extruéja@%ﬁamﬁ&mlﬁg Agtifagia.auric chloride, tet-
rachloroauric acid, sodlum tetrachloroaurate the like, and
mixtures thereof.

The impregnated extrudate may comprise from 0.1 wt 26 to
3 wt 26 of palladium and from 0.1 wt 26 to 3 wt 26 of gold and
has a weight ratio of palladium to gold within the range of 5:1
to 1:3. More preferably, the impregnated extrudate comprises
0.5 wt 2o to 1.5 wt 26 of palladium and O0.25 wt 26 to 0.75 wt
26 of gold.

A fixing agent may preferably be added to the extrudate
while it is being impregnated. Fixing agents help to bind the
palladium compound and the gold compound to the extru-
date. Suitable fixing agents include alkali metal, alkaline
cearth metal, or ammonium compounds, for example, their
hydroxides, carbonates, bicarbonates, metasilicates, and the
like. and mixtures thercof.

Any suitable impregnation method can be used to produce
the impregnated extrudate. The calcined extrudate may be
simultaneously or successively impregnated with the palla-
dium compound. the gold compound, and optionally a fixing
agent. Preferably it is impregnated with aqueous solutions
although other impregnating solvents may be used.

The impregnated extrudate is preferably washed -~with
water or other solvents to remove any halide (e.g., chloride)
from the extrudate.

The method optionally comprises drying the impregnated
extrudate. Typically the impregnated extrudate can be dried at
50 to 150° C. at atmospheric pressure or under vacuum,
primarily to remove at least a portion of the solvents. The
drying may occurin air or an inert gas at atmospheric pressure
or under vacuum. Sometimes, it is important to raise the
drying temperature slowly to prevent the extrudate from los-
ing its mechanical strength.

The method comprises calcining the impregnated extru-
date, preferably after it is dried first, to produce the palladium-
gold catalvyst. Generally, the calcination of the impregnated
extrudate occurs at an elevated temperature in a non-reducing
atmosphere. Preferably, the calcination of the impregnated
extrudate is carried out at a temperature of 150 to 600° C.
Suitable non-reducing gases used for the calcination include
inert or oxidizing gases such as helium, nitrogen, argon, neon.
oxvyvgen, air, carbon dioxide, the like, and mixtures thereof.
Preferably the calcination is carried out in an atmosphere of
nitrogen., oxXxygen, or air, or mixtures thereof.

The palladium-gold cataly st obtained from the calcination
step is preferably chemically reduced to generate a reduced
palladiuvm-gold catalyst. The reduction is usually performed
by contacting the palladium-gold catalyst with a reducing
agent. Suitable reducing agents include hydrogen., carbon
monoxide, hyvdrocarbons, olefins, aldehvdes., alcohols,
hyvdrazine, the like, and mixtures thereof. Hydrogen., ethyl-
ene, propyvlene, alkaline hyvdrazine and alkaline formalde-
hyde are preferred reducing agents and ethylene and hydro-
gen are particularly preferred. Temperatures emploved for the
reduction can range from 20 to 700° C. If hydrogen is the
reducing agent, a gas mixture containing hvdrogen and
another gas such as argon. helium. nitrogen, or the like. is
usually used. The reduction temperature with hyvdrogen is
preferably in the range of 300 to 700° C., more preferably in
the range of 450 to 550° C.

The palladium-gold catalyst prepared according to the
invention can be used for the acetoxylation of an olefin. such
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TART ,F; 2 E,canaple Fornyulation LYP-51 titaana (a) .N.LE:rilociti__, im1C4Pv1 cellulose (g) 2000
54.6 2000 54.6 MAN,TOT, "nv, 1124 dispersant (a) 32.6 32.6 Water (g) 950 950 Ammonium hydroxide
solution (g) 70 70 TA13LE, 2-c ontimied P;sarrrple Formulation C.4

as ethyvlene or propyvlene, to produce an acetoxylated olefin
such as vinyl acetate or allyl acetate. Preferably, a promoted
palladium-gold catalyst, which can be produced by adding an
activator to the reduced palladium-gold catalyst, is used in the
acetoxylation reaction. An activator is an alkali or alkaline
earth metal compound., examples of which are hydroxides,
acetates, nitrates, carbonates, and bicarbonates of potassium,
sodium. cesium., magnesium, barium. and the like. Potassium
salts are preferred activators. The activator content may be in
the range of O to 15 wt 206, prefterably 1.5 to 10 wt 26 of the
catalyst.

The invention also include a process for preparing vinyl
acetate, comprising reacting a feed comprising ethylene, oxy-
gen, and acetic acid in the presence of the palladium-gold
catalyst, preferably in the presence of the reduced palladium-
gold catalyst, morce precferably in the prescnce of the promoted
palladium-gold catalyst.

The feed typically comprise 20 to 70 mol 26 ethylene, 2 to
| mol 26 oxygen, and 2 to 20 mol 26 acetic acid. The feed may
comprise a diluent. Examples of suitable diluents include
propane, nitrogen, helium, argon, carbon dioxide, the like,
and mixtures thereof.

The recaction is gencrally performed at a temperature in the
range ot 100 to 250° C.| preferably 125 to 200° C. and under
a pressurc of 15 to 500 psig.

EXAMPLE 1

ID-T51 titania (2500 g), a high-purity WAT OCEL ™ (C
sodium carboxymethyl cellulose (The IDow Chemical Com-
pany., 5S2.5 g), poly(ethylene oxide) (MW =100,000, 35 g), and
a cellulose derivative (METHOCEL ™ K4NM, 25 g) are mixed
in an Firich mixer for 5 min. Water (1005 g), an aqueous
ammonium hyvdroxide (14.8 M, 100 g), and benzyvl alcohol
(17.5 g) are added into the mixer. They are mixed for S min at
the ““low’ speed setting, then for 10 min at the ““high’ speed
setting. The dough produced is placed in the hopper of a
Bonnot 2-inch extruder (The Bonnot Company) equipped
with a die face of 25 holes with a diameter of L35 inch. The
extrusionis performed at a rate of approximately 0.25 kg/min.
The extrudates produced have smooth outer surface and there
is minimal sticking each other occurring. Almost no feather-
ing is observed.

The extrudates are piled 1 inch deep on a collection tray
and dried in airat 80° C. for 12 h. Then they are calcined in air.
The calcination temperature is raised from room temperature
to S00° C. at a rate of 2° C./min. held at 500° C. for 2 h, raised
from 500° C. to 700° C. at a rate of 10° C./min, held at 700°
C. for 3 h, then lowered to room temperature.

Some physical properties of the calcined titania extrudate
are listed in Table 1. The crush strength of the calcined titania
extrudate is measured with a Chatillon crush strength ana-
lvzer (Model DPP 50). The force necessary for failure in 25
measurements is averaged to give the reported value. Bulk
density is measured by placing 40 g of the calcined extrudates
in a 100-mlI. graduated cylinder (1" nominal outer diameter).
The graduated cylinder is tapped until the apparent volume no
longer changes., and then this value is divided into the mass to
calculate the bulk density. Voidage is determined by adding
the pellets to 50 ml. water in a second graduated cylinder and
then tapping until all voids are filled. The resulting water level
is subtracted from the total volume of the water and the pellets
taken separately to determine the void volume occupied by
water. Total pore volume is determined by pouring the mix-
ture through a sieve basket, shaking to remove excess water
and then weighing the wet extrudates. The increase in mass
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C.5E)1S.1'E-12_,VL, Os) P2 alumina Kg) 0 20 _Lactic acid (g) 60 60 m Si on -Process i ii its-poorpoor
E,C.AMPLE, 6 The procedure of Example 1 is repeated, except that the Formulation is as Follows:
0'151 (300 g), TAMOL im 1124 dispersant (5 g), WA1,0CP,I12M C2 cellulose (6 g), METTIOCEL
1<-41\4. cellulose derivative (6 g), lactic acid (4.5 g), water (155 g), and aqueous ammonium hydro -x
ide (14_8 M, 11 g). The extruclates have smooth outer surface. Minimal Feathering is observed_
Almost no extrwdate Is observed to stick tg others. COMPAI2_. ATIVE EXAMPLE 7 The procedure
of Example 6 istoneated  excepLiiai e L ORNIEI0N S SRR Tabie's, ThE &¥fulates slump
upon exiting the die. Th.-pi stick to each other on the collection tray. COMPARATIVE EXAMPLE 8
The procedure of Example 6 is repeatér eRcaepitRatthe>Formurdtidn s shown in Table 3_ The
extrudates do not tend to stick to each other alter la mg the on the collection tray. However they

appear to be feq G T AIILE S~ BAlDIL, EUaNG Moopy he they exit

the die face of the extruder and tend to stick to each other as
they lay on the collection tray.

COMPARATIVE EXAMPLE 3

The procedure of Example 1 is repeated with the formula-
tion shown in Table 1. The extrudates are droopy as they exit
the die face of the extruder and tend to stick to each other as
theyv lay on the collection tray.

TABIL.E 1
Example

1 C. 2 C. 3
Formulation
IDT-51 Titania (g) 2500 2500 2500
Water () 1005 1250 1005
Polyv(ethylene oxide) (g) 35 35 35
WAT.OCEL ™ C cellulose (g) 52.5 52.5 52.5
Renzyl alcohol (g) 17.5 17.5 17.5
Ammonium hydroxide (g) 100 100 100
MIETHOCIEL ™ K4MN cellulose (g) 25 O O
Extrusion Processibility good poor poor
Properties of Calcined Extrudate
Crushing strength (1b/mmum) 1.68 1.37 1.43
Surface area (m2/g) 27.2 n/a n/a
Pore volume (mlL./g) 0.32 0.30 0.30

COMPARATIVE EXAMPLE 4

The procedure of Example 1 is repeated. except that the
formulation is as to follows: IDT-51 (2000 g), TANMOIL TV
1124 dispersant (a hydrophilic polyelectrolyte copolyvmer
from The Dow Chemical Company, 32.6 g), METHOCEL T™M
K4M cellulose derivative (54.6 g), lactic acid (6 g), water
(950 g)., aqueous ammonium hydroxide (14.8 M, 70 ).

COMPARATIVE EXAMPLE 5

The procedure of Example 4 is repeated. except that alu-
mina (DISPERAT ® P2, available from Sasol, 20 g) is used.
The extrudates are droopy as they exit the die face of the
extruder and tend to stick to each other as they lay on a metal
tray. The calcined extrudate contains 1 wt 26 alumina and 99
wt 20 titania.

TABLE 2

Example
Formulation . 4 C. 5
DT-51 titania (g) 2000 2000
METHOCEL ™ K4M cellulose (g) 54.6 54.6
TAMOI. ™ 1124 dispersant (g) 32.6 32.6
Water (g) 950 950
Ammonium hydroxide solution (g) 7O FO
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C.7 C.8 E/1-51 titania (g) 300 300 300 Water (g) 155 145 145 11-,AN101_, -Ls. 1124 dispersant (g) 5
55 WA.T,C)CF, T, ITha C c,cl11llose (g) 6 0 6 Lactic acid (g) 4.5 4.5 4.5 _Aarmacmitma hydroasidc
(9) 1111

TABLE Z-continued

Example
Formulation .4 . 5
DISPERATL. ® P2 alumina (g) @] 20
I.actic acid (&) [s1e] [s1e
Extrusion Proccossibility poor poor

EXAMPILE 6

The procedure of Example 1 is repeated, except that the
formulation is as follows: IDT51 (300 g)., TAMOLT™ 1124
dispersant (5 g), WAL . OCEL™ C cellulose (6 g), METHO-
CEL ™ KA4NM cellulose derivative (6 g)., lactic acid (4.5 g),
water (155 g), and aqueous ammonium hydroxide (14.8 M,
11 g). The extrudates have smooth outer surface. Minimal
feathering is observed. Almost no extrudate is observed to
stick to others.

COMPARATIVE EXAMPLE 7

The procedure of Ixample 6 is repeated, except that the
formulation is shown in lable 3. T he extrudates slump upon
exiting the die. They stick to each other on the collection tray.

COMPARATIIVE EXANMPLLE 8

The procedure ol Example 6 is repeated, exceptl that the
formulation is shown in Table 3. The extrudates do not tend to
stick to each other after laying the on the collection tray.
However, they appear to be feathering.

TABLE 3

Example
Formulation [s] C. 7 C. 8
DT-51 titania (g) 300 300 300
Water () 155 145 145
TANOIL. ™ 1124 dispersant (g) = s =
WVWAT OCEL ™ C cellulose (g) S O S
I .actic acid (g) 4.5 4.5 4.5
Avrnrnoniurn hydroxide (g) 11 11 11
METHOCEL ™ K4N cellulose (g) o 53 O
Extrusion Processibility good poor poor

EXAMPLE 9

NaHCO,; powder (27 g) is slowly added to an agqueous
solution containing Na,PdC1,.3H,,O (31.4 ),
NaAuCl,.2H, O (11.3 g)., and water (235 .4 g). The mixture is
stirred at room temperature for 10 min. The solution is
sprayed with a pipette on calcined titania extrudates prepared
in Example 1 (1000 g) while they are being tumbled in a
rotating flask. Once the impregnation is finished, the rotating
flask is heated to about 100° C. with a heat gun. The impreg-
nated extrudates are tumbled for another 30 min at 100° C.,
then placed in an oven at 80° C. for 2 h before they are cooled
to room temperature.

The dried extrudates are washed with warm water (50-80°
C.) until no chloride can be detected by mixing the wash
filtrate solution with a 1 wt 2o silver nitrate solution to observe
precipitation. After washing is finished, the catalyst is dried at
80 to 100° C. to remove water. Then they are heated at 230° C.
for 3 h in air, and at 230 C. for 30 min under a nitrogen flow.
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11 N112:11-10C12,1_, -Ls. KA-Tvl cellulose (g) 6 6 0 Extrusion _Processibility good poor poor
EX.A.MPLE, 9 TV-al-I-CO, powder (27 g) is slowly added to an aqueous solution containing
1?Ta.,PdC14.31-L,0 (31.4 g), IN.la.A.uC14.21-L,0 (11.3 g), and water (235.4 g). The mixture is stirred
at room temperature For 10 min The solution is sprayed with a pipette on calcined titan ia extrudates
prepared in Example 1 (1000 g) while they are being tumbled in a rotating flask. Once the
impregnation is finished, the rotating flask is heated to about 100 C. with a heat gun The impregnated

extrudates are%?&%%&ﬁ%ﬂ%ﬁ%ﬁﬁ t?O@ @m@% T f:gr 2 h betbre
they are coole(ﬁ1 o;ggﬁ@ﬁ g:tgrt%en e dHad exirada les are washed with Warn water (50-80C.)
until no chloride C%Qe&e&aggglt by mpdng thahwash fitirate.salytiedwith,a 1L wt@y L-silyer nitrate so
lution to observepreaipithtiory After washing isfinisheththesoathlystvist dtiedat 86 +ai@0 C. to
_remove waterhS’Fﬁé??ﬁ drethdated Beg3gvasher exinaitabmel. ar238tetor8dein under a
nitrogen How. ™ %%@é%li% r%sqﬁ%&}s%d‘g @g@%@mﬁ%@l ggfjllﬁil?@%n in nitrogen
gas, and held fo efore it 1S cooled to room temperaiure Yhe extrudates are washed with an

agueous solutlon contalnlng 10 wt A potassium acetate and 1 wt A potassium hydroxide (10 E). The
washed extrudates are dried under nitrogei-3t22F ELibr 2P, A palladium-gold catalyst is obtained_ it

contains 0_93 wt 'f'ﬁpd 0,524 d‘ﬁéﬁ%‘oﬁﬁ?d c]a§a\ﬁg,gg @MP];&JZQ @(%q{llqgligrrbgqlg catalyst
prepared in Exasmplai9 f%ies&@ﬂﬁf aw{@f@t@;edag@u;am m adixasbedseactas {stasless steel, 1
inch 0.1D.). Théstedotarsis cshaﬁgedlthhcalrmx@@ofﬁheoaialysbtlibg?hammwma alumina

cylindrical pelléf%llt‘fA“’fﬁ(gjg‘gﬁ‘r hré réWo ra}ﬁéto%’ﬁm 1 *The feed

contains 46.1 G PEFHAT laﬁ §f@9§c é?@t%%ﬁ{;sagjén 4 2B % oxygen, and
4.2 rnol % nitragenuthe E@@Ohﬂfﬁss‘cl_uéehgz gsig angdherspaes vrleeity mriativestethe volume of

the catalyst is 3@50I’/&Q@Y&t@ndanddeﬂn@euamré/amitp%smeiﬁﬁen@aetmrmc@@mdraang a fluidized

sand bt tre SRR TSI e o 200 R T A

chromatograpmé §369§81%Q{‘¥&fﬁ&(§‘ aoﬁm%ﬁé@ A 195%‘199 ﬁqu |*fclate, and
ethylene selectbwtyvtaMhyia@&tat&beﬂmem?ﬁﬁdﬂ@&mmts&aahaﬁeleadﬁwageﬁefmm}the CC results

and listed in Tabte 4 cOxygeacorversion |§6%ﬂ"ém{a iding thecariount ob B consumed by

the total amouﬁF&FS&‘@éﬁﬁﬂ’?ﬁ@é&é’é‘a ' %ﬁﬁﬁ@(ﬁ\iﬁfﬁé’é@g@ B amount of
OXygen consurpg dﬁfB G: iy aset Vothe tﬁa@nquﬂtaqi@m@@%%imed Oxygen
yield to vinyl a@eia:teerssthelprﬂdux;tlccftﬂmygehbgrtdevsmmgumml@dhymnygelﬁ setaativity. Ethylene

selectivity to vif Ia‘é;'éfﬂéqs‘?h'eté?ﬁoﬁmadf athyRHY cohstmgasn rﬁ%ﬁuﬁ 1 seaeierdivided by the

total amount of ¢TYETE COISTHEAL At b{%ﬁffﬂoﬁé@\é&@a}éﬁ% ﬁ'ﬂ Aenigth produced per
liter o f the cat@lysbpgvé@ﬁr c QxygeR sonversian (o) &3 }@Xélg%{la'i@elgl\fﬁéto vinyl acetate
(%) 86.3 Oxygmq@iﬁ:ﬂoq;fnyka(g&tate:@ﬁyer31on multiplied by oxygen selectiv-

ity. Fthylene selectivity to vinyl acetate is the amount of

ethvlene consumed in making vinyl acetate divided by the

total amount of ethylene consumed. Catalyst productivity is

the grams of vinyl acetate produced per liter ofthe catalyst per

hour.

TABLE 4
Oxygen conversion (%) 63.7
Oxygen selectivity to vinyl acetate (%) 86.3
Oxygen yield to vinyl acetate (%) 54.9
FEthylene selectivity to vinyl acetate (%6) 97.4
Catalyst productivity (g- L' -h™1) 492.2




54.9 Ethylene selectivity to vinyl acetate (%) 97.4 Catalyst productivity (gL-1 1-1-1) 492.2 Iclaim 1.
A method for preparing a palladium-gold catalyst comprising (a) mixing titania, a carboxyalkyl
cellulose, and a hydroxyalkyl cellulose to form a dough; (b) extruding the dough to produce an
extrudate; and (c) calcining, the extru date to produce a calcined extrudate; (d) impregnating the
calcined extrudate with a palladium compound and a gold compound to produce an impregnated
extrudate; and (e) calcining the impregnated extrudate to produce the palladlum gold catalyst; wherein
the weight ratio o tﬁ 86&%(%%{&% cellulose fo the fitanja is from 1.10 2. The method of

claim 1furtherf[99{gﬁ;| [ @&%@ﬁé @&gg@gﬁ(ﬁ)rg mggﬁéu&gﬁgtalyst 3.

The method o @r@m tb@l@aﬂa@@mcgq@ﬁaaévsﬁ&fgﬁuc Py-hydreger: 1 The method
of claim 3 furthateamprisingariiding an ectivatdn tothe tedured katalyss ttheresitea d-promoted

palladium-goldteataipstuc<sa Thdanetrd dof clalat ¢:WHarenpire giteianis thetesdc ingdThe method of
claim 1 whereuﬁ)ﬂﬁ@v@é}gﬁt\m@@ m%lh@éﬂm mméta@ﬁb%tam&ﬂuwwwdo to 1:100.
7. The methodtﬁ’f 85 'f‘?ﬁh H‘ﬁ’rﬁ’gz leu e j:)elﬁﬂ ‘§én{ Be'fivtiroxyalkyl

111 - - .
cellulose is fron g m h egﬁj e is selected

from the grouptﬁ@gsgﬁgepﬁgnﬁtgﬂlzflhnctﬁ@(ygrgpyl@gllulose me yl 2- hydroxethyl cellulose, and
mixtures thereof 2 9The methosoiaaiminyherirdhe cxtrutple is calciaathal adernperature of 650
to 750 C. palliadium-gold catalyst to produce a reduced catalyst.

3. The method of claim 2 wherein the palladium-gold cata-
lyst is reduced by hydrogen.

4. The method of claim 3 further comprising adding an
activator to the reduced catalyst to produce a promoted pal-
ladium-gold catalyst.

5. The method of claim 1 wherein the titania is anatase.

6. The method of claim 1 wherein the weight ratio of the
hydroxyalkyl cellulose to the titania is from 0.5:100 to 1:100.

7. The method of claim 1 wherein the weight ratio of the
carboxyallkkyl cellulose to the hydroxyalkyl cellulose 1s from
3:1 to 1:1.

8. The method of claim 1 wherein the hydroxyalkyl cellu-
lose is selected from the group consisting of methyl 2-hydrox-
vpropyl cellulose, methyl 2-hydroxethyl cellulose, and mix-
tures thereof.

9. The method of claim 1 wherein the extrudate is calcined
at a temperature of 650 to 750° C.



