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catalyst carrier. The invention further includes a process for preparing vinyl

acetate comprising reacting ethylene, acetic acid, and oxygen or an oxygen-
containing gas in the presence of a palladium-gold catalyst prepared with a
calcined titania extrudate. The invention also includes an oxidation process,
which comprises reacting an organic compound with hydrogen peroxide in the
presence of a calcined transition metal zeolite extrudate. Surbrisingly,
incorporation of a comb-branched polyrher improves the mechanical properties

of inorganic oxide extrudates.

DETAILED DESCRIPTION OF THE INVENTION
In one aspect, the present invention is an extrudate comprising an
inorganic oxide and a comb-branched polymer. The inorganic oxides are metal
oxides, non-metal oxides, mixed oxides, and the like, and mixtures thereof.

They include, e.g., silicas, aluminas, titanias, zirconias, magnesias, silica-
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Zeolites are microporous crystalline solids with well-defined structures.

Generally they contain one or more of Si, Ge, Al, B, P, or the like, in addition to
oxygen. Many zeolites occur naturally as minerals and are extensively mined in
many parts of the world. Others are synthetic and are made commercially for
specific uses. Zeolites have the ability to act as catalysts for chemical reactions
that take place mostly within their internal cavities. Acidic zeolite catalysts are
used in many organic reactions, including cracking, isomerization, and alkylation;

see W. O. Haag, “Catalysis by Zeolites—Science and Technology,” in Zeolites
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structures isomorphous to zeolite beta, mordenite, and ZSM-12 are also suitable

for use. The most preferred is TS-1.

A zeolite is generally prepared in the presence of an organic templating
agent (see, e.g., U.S. Pat. No. 6,849,570). Suitable templating agents include
alkyl amines, quaternary ammonium compounds, etc. When a zeolite is
crystallized, it usually contains the organic templating agent within its crystal
structure. A zeolite containing a templating agent may be used in the present

invention. Preferably, a template-free zeolite is used.
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bond. Preferably, the polyether side-chains are attached to the polymer
backbone through an ester, amide, or imide functionality, as in the comb-
branched polymer prepared by polymerizing acrylic acid and a polyether acrylate
macromonomer (see U.S. Pat. No. 6,034,208) and in the polymer prepared by
grafting a polyether amine to a poly(acrylic acid) (see, e.g., U.S. Pat. No.
5,393,343).

The molar ratio of carboxylic side-chains to polyether side-chains in the
comb-branched polymer is not critical. Typically, the molar ratio is in the range

of 1:1 to 200:1. Preferably, the ratio is in the range of 2:1 to 50:1.
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poly(1,4-butylene glycol) acrylates or methacrylates, poly(ethylene glycol) methyl
ether acrylates or methacrylates, acrylates or methacrylates of an oxyethylene
and oxypropylene block or random copolymer, poly(propylene glycol) allyl
ethers, poly(ethylene glycol) allyl ethers, poly(propylene glycol) monomaleates,
and the like, and mixtures thereof. Preferred polyether macromonomers are
poly(propylene glycol) acrylates or methacrylates, poly(ethylene glycol) acrylates
or methacrylates, and acrylates or methacrylates of an oxyethylene and
oxypropylene copolymer. More preferred are acrylates or methacrylates of an

oxyethylene/oxypropylene copolymer.
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Another suitable method for preparing the comb-branched polymer is to
react a carboxylic polymer with a polyether amine. A carboxylic polymer is a
polymer that comprises carboxylic side-chains, including carboxylic acids,
carboxylate salts, and carboxylic anhydrides. Examples of carboxylic polymers
are homo or copolymers of ethylenic carboxylic monomers, e.g., acrylic,
methacrylic, maleic, fumaric, citraconic, itaconic acids, or dicarboxylic acid
monoesters. Homo or copolymers of acrylic acid or methacrylic acid are
preferred. The carboxylic polymer may contain units derived from other

ethylenic monomers, such as styrene, alpha-methylstyrene, suifonated styrene,
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used. The extrudate usually has a diameter of 0.5 to 10 mm, in particular from 1
to 56 mm. A suitable screw-type extruder is described in “Particle Size

Enlargement,” Handbook of Powder Technology, vol. 1 (1980) pp. 112-22.

The comb-branched polymer serves as an extrusion aid. 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. For example, an extrusion aid
may promote bridging of inorganic particles during the kneading, molding, drying,
and calcination, and/or ensure the mechanical stability of the extrudate during
extrusion and calcination. The extrusion aid can also help disperse solvent more

homogeneously throughout the paste. Extrusion aids are usually removed



disclosed in U S. Pat. Nos. 5,393,343 and 6, 139, 623.
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? 5 mm A suitable screwtype extruder is
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P er_Techn VO 1 (1980) pp. 112-22. The
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operation, and ma |n'prove t.he nmechani cal. and/ or
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Shérab bhsolvehts 6 8., Vb, aIEQﬁcﬁs)Sﬂ‘o?rﬁ thPéxtRidafe. Vﬁ‘\é‘ﬂ?mgﬁ%y be
exampl e, an extrusion aid may pronote bridging

i m'fcgmeid@t garte QQD&amimqsghenfeprﬁﬁ@ad O gndwa@un@ The drying
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s{nég%? ur%‘g%r%?h réb)?(’{ rtﬂgyaf) uring extrusion and

cal ci n'%ttel cﬁxtrua‘ate ey e galciied danpmdsce hal galdnegpeexdridate.
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1000°C, more preferably from 450 to 700°C. Sometimes, it is beneficial to
initially calcine the extrudate in an inert atmosphere (e.g., nitrogen, helium) to
thermally decompose the organic compounds contained in the extrudate, and
then burn off the organic materials in an oxygen-containing atmosphere.
Generally, a calcined extrudate after the calcination contains <0.5 wt.% carbon.
Preferably, it contains <0.1 wt.% carbon.

The invention includes a process for preparing vinyl acetate. The process
comprises reacting ethylene, acetic acid, and oxygen or an oxygen-containing
gas in the presence of a palladium-gold catalyst comprising palladium-gold
supported on a calcined titania extrudate of the invention.
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Following the calcination step, the resulting product is chemically reduced
to convert at least a portion of the palladium and gold salts to the corresponding
metals. In general, any known procedure using conventional reducing agents
such as ammonia, carbon monoxide, hydrogen, hydrocarbons, olefins,
aldehydes, alcohols, hydrazine, primary amines, carboxylic acids, carboxylic acid
salts, and carboxylic acid esters can be used. Hydrogen, ethylene, propylene,
alkaline hydrazine, and alkaline formaldehyde are highly useful reducing agents;
and ethylene and hydrogen are particularly preferred. While pure hydrogen may
be used, it is more common to utilize a mixture of hydrogen and an inert gas
such as nitrogen, helium, argon, or the like. These mixtures generally contain up

to about 50 volume percent (vol.%) hydrogen and, more typically, are comprised



The invention includes a process for preparing vinyl
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A A

gmﬁafﬂtlbu raéthobeiveeassdl m &fedp@vlbusl'—séchm ﬁgﬂl*yhﬁ the present
cal cination step, the resulting product is chemcally

rR@G8¥Y to convert at least a portion of the palladium
and gopdv#rty of loPgdri® ceRMpbBsdO AtlyNSe oxidized. Examples include

olefins, alkanes, arenes, alcohols, aldehydes, ketones, thioethers, and the like.

In one preferred oxidation process, the organic compound is an olefin,
and the oxidation product is an epoxide. Suitable olefins include any olefin
having at least one carbon-carbon double bond and generally from 2 to 60
carbon atoms. Preferably, the olefin is an acyclic alkene containing 2 to 30
carbon atoms. In a particularly preferred process, the olefin is propylene and the
epoxide is propylene oxide.

Alkane oxidation to alcohols, ketones, or other oxygenated products is
another preferred oxidation process of the invention. The process is valuable
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metals. In general, any known procedure using
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It may be advantageous to use a buffer in the oxidation step. The buffer
may typically be added to the solvent to form a buffer solution, or to the
hydrogen peroxide solution. The buffer may also be added directly to the
oxidation reaction mixture. The buffer is employed in the reaction to improve the
reaction rate and/or selectivities. Buffers useful in this invention include any
suitable salts of oxyacids, the nature and proportions of which in the mixture are
such that the pH of their solutions may preferably range from 3 to 10, more
preferably from 4 to 9, and most preferably from 5 to 8. Suitable salts of

oxyacids contain an anion and cation. The anion may include phosphate,
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transition netal zeolite extrudate of the invention.
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The reaction is carried out in a 1-L reaction kettle equipped with a stirrer,
a temperature controller, a heating device, a nitrogen purge device and a
product outlet. The outlet tube is set so that the reactor holds about 320 mL of
material. There are three inlet addition pumps, one for the mixture of monomers
in water, one for the initiator, and one for the chain-transfer agent. The product
outlet tube leads into a second reactor which is equipped with a stirrer, a
temperature controller, a heating d‘evice and a nitrogen purge device. The
second reactor is sized to collect all product produced after the reaction has
reached steady state. The first reactor is charged with 50 mL of water to cover
the stirrer and the reactor is then purged with nitrogen for about 20 min. A
mixture of a methacrylate of an oxyethylene/oxypropylene random copolymer
having an oxyethylene/oxypropylene ratio of 70:30 by weight and Mn of about
5,000 (2,070 g, 0.414 mol), methacrylic acid (99.9 g, 1.16 mol) and water (1719
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The oxi dation process may use a solvent. Suitable

solvents are liquid under the reaction conditions.
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t he
A sample of Polymer B is titrated with an aqueous ammonium hydroxide
solution to obtain a sample designated as Polymer B-1 with pH = 2.8. Polymer
B-1 contains 43 wt.% solid.

EXAMPLE 3: COMB-BRANCHED POLYMER C
The reaction is carried out as described in Example 1. A mixture of a
methacrylate of an oxyethylene/oxypropylene random copolymer having an
oxyethylene/oxypropylene ratio of 70:30 by weight and a number average
molecular weight of about 3,000 (1,800 g, 0.6 mol), methacrylic acid (146 g, 1.7
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concentration of buffer in the solvent is from0.0001

Mto 1 M preferably from0.0005 Mto 0.3 M The
whedoBess4esef ul in this invention may incl ude aP@DOB2007/024221

hydr oxi de which can be fornmed by adding ammonia gas to

t mel)r and waten (5485 @hns ¢hargechtst tha cegnoorer feed/tanke Wapad (50 mL)
é%h (5 {8 el ré’:Ict@r”mPHé ;%aaxg |0 éé{Sd ﬁé&?&:%xﬁ% J%H‘eed

reaction sy érre ers in
aplraps amestarteﬁhotklp:hﬁetee rammmghﬁboﬁmhabmmemtéed 41.8 mL/h
exa

IO eI e G a0 e OB AR R Atn{TRS . pe reaction

V\Aérﬁpdr@tﬂﬂsgrsl rAgintaed M865°@tarwn$\etrb§¢toﬁfs&m&et lBbmtiriudEas nitrogen

E&,&“ t t he ¥ %b%g@and d?(Nﬁﬁzep\g %%:?l%@i@%lrsﬁcheg a steady

C3tGld S5 Héh the p?odhchsr &hektedrin Ifreé §éRnBGEARBES Wbt #2 h. At
stirrer, a tenperature controlle a heating device, a

n‘hﬁr%@f ﬁfuﬁtg@erw@vn de %ﬁ'éﬁdaf%rammr Bt inethe seeongutgastor to
p aI ﬁ%}TBer Sftibhat 'ﬁﬁée gFon?zEf 261 %P% f’rggféﬁ \%&Q cm:xteot:austlc

e are t e Inlet addition
fSﬂlUfldfet(mJlxe Yoewigho sabide@pdsa piH ofak efhe final wroduathe deS|gnated
|pr3 i, , and one for the chain-transfer agent. The
pr odu outlet tube |leads into a second reactor which
is equipped with a stirrer, a tenperature controller,

a heatin Vi

2 et noe ERypER AR ORI SPreBA T Wit
produced after the react IROLYMEReached steady state.

The fi react or th 50 nL _of water to
cover W@'astl PP\é(Fe &Sﬁ% wea'%'@?”'k‘%‘ t heRePirdfed w3  9).
nEdrbegeiethPtelRisdel( saogﬁpelym‘érm EfrfeHél%de'\ @(am%ﬂ@m:ﬁl F&ids),
of an ox%et hyl ene/ oxypr opyl ene random copol %@78\/\M avin

anaek i hydle rrdido K9Hied Weé'namfrm%n Jtydrexidsp ( gift 9) are
f I

naepafed TREdbspriig g viiislen Theliaske Thpng 3000

amixeg KGdSgedl internaholvore) apd kneaded usikg sigmanghapedsblades for 30

SR B, BESYBI ) adf 5 Mnfortoffindfedfioh 3y S03fRldns per

nmimm)t(mm)ow anfleeraw Haske theonor@230DpNUn% uni$. cTiae gede unit

echlntransfer age ervoir. The. . .
- Beprip€ B r e Hegbs BB 1o roieih "DARE Foly Flfduis yalue s
Sintggratdd sistahfuactiaref tiné & déterhine ghd tdtalrerieh® consaned over 30
feed, 29 mM /h for the initiator feed, and 19 ni/h for
tH& chai n-transfer agent feed. The reacti on

t enperielp#sté § removed from the mixing bowl and aged in a sealed plastic
bag for 24 h. The paste is then extruded into 1/8” cylinders using a Thermo
Haake Rheomex 202p motorized with a Rheocord 300p drive unit. The
extrudates are dried in air at room temperature for 24 h, then at 105°C for 16 h.
Then the extrudates are calcined in air. The calciner temperature is raised from
room temperature to 500°C at a ramp rate of 1°C/min, held at 500°C for 1 h, then
ramped from 500°C to 700°C at 10°C/min rate, and finally held at 700°C for 6 h
before cooling down.

Some physical properties of the calcined titania extrudates are listed in
Table 1. The crush strength of the calcined titania extrudates is measured with a
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mai nt ai ned at 650C and the reactor is under continuous
nitrogen purge. The reactor effluent is diverted until
w0 b@sgsast i on has reached a steady state and tPEernuUsive7/024221

product is collected in the second reactor for about
@haﬁllwn Jueh ieneth, andiwes dbtodel PEACH0) iThehtoseeenesensay for

g5 R 0B LA T NEspEGHED, ook ety

ogvaemmamlmg/m@ Bf §kteJdm1n| a)riODsmlcaradLembcbaylmder (1"

ROBRbE Bt &85 r T Bl B B EFhER S Ak adoren

owembyrh@rr@igamnggé emj tradn thmfvalﬁ@ QOdIbMedan@ahtheamiss to

ecul ar i ght of a t300
ccalglIaer i Vol [ Voage & oeleiedtby 30E yhe Rrlehde 0 mL
(@éférgﬁ al second@ lgefliated tﬁﬁdgpémmfenfﬁﬁﬁlngdmﬁl alf R6ids are filled.
reactor is heated to 650C under a continuous nitrog

plipg Eesuiting waleidlepel i sublractad fsom die tqtalyolumeselthe é“aéeroqnd the
15811 {ékfeﬁrsebgr%télp ﬂ?H@t@rrﬁﬁSQhe Z&d%mfﬁél ot&@pidd'8y water Total

initiator for the chain transfer
apeIBt VCP'E@G lSTﬁ%terréla@d d@y epﬂmrwerthe inyxigre, daroedh (e tsigvet basket,

AP Péo @%é% Viatsf ﬁ&Whéﬂ h htehﬁ t ERfdates.  The
LS Aeforfiaf et Bdfyates. |

1S co ecte I'n t e seco or a
anmasehe reass overtthe ipidali é@i g: hfeegamm dwaietidry the denS|ty of

ol kkn B2ie epsdu® oL MsGRIRuFbBel v a5 000y A
sanple of Polymer B is tltrated wi th an aqueous
desi gnat deAPBG i AMA EXTRGRTES BrEPAl e, 1
contains 43 wt.%solid PHOYMERE COVB- BRANCHED

POLYMER C The reaction is carried out as described in
Exarrplg‘elproﬁ\eqﬁrﬁtou Fgagplef WPH%P?I cepithagRolymer B prepared

OpSEmI&D iABYis @/38d §risfekRy f%g% r having an
oxyetalt%d engggggpv l ene rati or%f é?crz)ﬁby wei ght and

a nunber average nol ecul ar wei ght of about 3,000

(1,800 g, E%A@ng 56 ;l"i‘ﬁwﬁ &Wﬁ@?ﬁéfﬁ%é‘éD %ljﬁo')

and wat er I's charge e nononer feed
tank. Water (50 nl.) is cHleYg\éERth the reactor. The

St ar t ospRER B ERppE S, B ot PUER, 2! AL RUTER CrbrBpares

f iaetkanpld 385181 g ¢dlids) is used instead of Polymer A.

COMPARATIVE EXAMPLE 7. TITANIA EXTRUDATES PREPARED
WITH POLY(ETHYLENE OXIDE)
The procedure of Example 4 is repeated, except that poly(ethylene oxide)
(Alpha Aesar, M\W. = 100,000, 5.5 g) is used instead of Polymer A.
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for the initiator feed, and 36 nL/h for the chain
transfer agent feed. The reaction tenperature is

woredoanss4srd at 650C and the reactor i s under cPCE/Uso0T624221

nitrogen purge. The reactor effluent is diverted until
t he rebahledn a&arammewﬁ@awTﬁama&xﬁndatﬁﬁen the

p L Ib bUI I Cbl cu I' l IS bgCOll(

12E'W%F the end jof that period if

apether—3—h—na—H Mconu Feactor

reg)&“fsb?p al“'I[he pr odu { S| éFFcQF i $

Cllcflf‘ colution t o AVZ=Y 4.0‘ _0 $

ThEOW! MiNgRNsaRe | | Hafsi hnatel Pol yif

T N A EXTRUDATES PREPARED W TH PO YMER A Titania
ppBish stremgt, M | | edhi88m ChRi%Bal 5, 3869 o), 36.88
caldxynet hyl cel llul ose (8/2 qg). Polymer A prepared ih
ExBulpldendity 5.5 g |sol1.03), | wa@.88 (2170.96, land 1.1
cpfweht r at ed ammojni um hydroxide (14.8 M [16 g) are
cpovibidagel. The | oojse 8A.Xt ufe TR4transf®E0red t 06A9Ther o
Ha@ke Rheom x 3000 m xer [625 nlL internal| vol une) ang
khe@dadlunse ng si gma Jhape bgades|forg. @0 [m n. 2d81se

bl aslgg) are turned in a copnter-rotating fashion at 5p

rotations per mnute (rpm by a Therno Haake Rneocord
300 drive unit. The drive unit measures the torque

necessary t EXAMPLEI & AWRdONIAT AN GATALXST B i's
i nt egr QL RACAS( 039§7u9zt NQ{Pd?flégQ %QSt daGHdeng&) (2760 g) are

total ener gy consu over he paste 1 %
r dissolwed frr\watet (4 mi-xi Hiee mmorua@pawoutmama exialdades prepared

MB350 Bl SR AR MR LS LA Gt
Nt arrotadidg wishhurstil laexd dbe cvaitiBie extradatepote vdlbme is filled. The
SRR oot 5 AR o Runb BT SRS e sl

cat 8088eC ifér aibr usidda WAl f@l. TRENRKrabiates ars flirfHes &ffied in an
fromroomte erature to 5000C at. a ra rate of

L o¥Himalr 2 1Bl 18036, flasn exaustiveln viashee vty Wais sisispized

t WaYé?%Fagad séﬁﬁ&/éﬁractbm&renﬂm chiorak! y hel d at 7000C
bef ore cool i ng down.
The above extrudates are heated in a 1.5” nominal O.D. tube reactor at

210°C in flowing air (flow rate, 200 mL/min) at 70 psig for 3 h. After the reactor
is purged with nitrogen, a gas mixture (20 vol.% hydrogen in nitrogen) is
introduced into the reactor (500 mL/min) at 70 psig. The temperature is ramped
to 500°C at a rate of 10°C/min, and held at 500°C for 3 h. The reactor is purged
with nitrogen and the resultant catalyst is cooled to room temperature under
nitrogen flow.

The extrudates (25 g) are contacted with an aqueous solution containing
5 wt.% potassium acetate and 0.5 wt.% potassium hydroxide (50 mL) at room
temperature for 10 min. The mixture is decanted, and the treated catalyst is

dried at 105°C in an oven in air for 4 h. Catalyst D is obtained.
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Some physical properties of the calcined titania

extrudates are listed in Table 1. The crush strength
w@Rooskgs46ml ci ned titania extrudates i s measur eRCTHS1907/024221

aChatillon crush strength anal yzer (Mddel DPP 50). The

force ndoeMBERSIDHEH. fé'iJ/IP@rQNTTd ANIACGATALES E. FsG)

aver a t

measar 1 BIPARLR LIEGARE E° [@icfed, HobpL BT h¥, Srudates

gpeeparadsd Eopivipteste, 6, 7 areosedal outer di aneter). The

graduated cylinder is tapped until the apparent vol une

no | onger changes, and then this value is divided into

t he mass t o cal cuEXARMPLESK 2¢04 LOERTAMBS TRAGSTING

Seton e aehaRp A Btk hice PAS] ook yDaestarg ol ionfh & fixed-

VQééﬂfﬁeétﬁ@r (fstehrhl%b stEBB noffindlt1 m@hvmﬁ)" Wﬁdfbbdl\fblume |s 3o mL,
subtracted fromthe total vol ume he water and

pand dhe catalyst i apixedvethy ineg %FBF%rar‘h"ﬂ'@atWé“@’dﬁab R‘Fﬁ?tén‘é/s' in
OgfaHfit&d s@ﬂae@éreé 4 MY Eaborequomnv@b@%w?(ﬁkes Wel’@h'ﬂ%hobdf 2.5:1

pourlng he m xture throu a Sl eve salng
r alypira toxeatalystyaliherfeas aorﬂtn@ﬁ 8fich WhYmethylgae.R9 wt.% acetic aCId

?tSr\Hld?t enl ) 1”@0\/Fa)’sﬁtrbﬁer§m?ﬁe Fé\é%forﬁ)rbpssh@ it 189! pstiart the
extrud es di vided b y the densit er i s taken
aspadeevetecityureiativé to rc@tqjymd)eaimISLmQOO/EmmrEasd termnmexatuee and

SRR B e SR S Pl ARt b o
:A whEhasmEEEat? QQ?F_SFA%wespﬂod $§) sggng sgﬁwaly;gg eaqogasfchgminmmgraphy
QL BraseER T EoTs SR NG Vel EX G R EL e ernigD  on

PelryamRrare edlenatea@diro hsacl fessité Sarkl ﬂsté@hh dRablé . USBRYgen
i nstead of Pol rrer A.  COVPARATI VE EXAMPLE 7. TI TA

ESQMROIAQTESS DY Wviding the\a Ry OEREY 48R I9EFUTRE bythe total

péﬁ‘\%@ﬁtuéfeo Her B tfe ?edcﬁ)rr Qﬁ@@éﬁ%le@ﬁﬂ/&?ﬁ’éth@@ﬁount of oxygen
pol y( thél ene oxi de ha Aésar, MW = 000, 5.

g¥onstimeseld Making ainy, ﬁCfFi@ Wﬂeqt\bvatmaéomanmumeﬂorpxygen

SO SRR 9o TR R0 SNGRT Bony

Na2PdCThe (esuBid 8n d)aplead dshasHbeseffert 76 aheg)extiugion aid on catalyst
performance.

Table 2. Catalyst Performance in Vinyl Acetate Formation

Example 12 13 14
Catalyst D E F
Extrusion aid Polymer A Polymer B | Polymer C
Oxygen conversion (%) 44.5 33.4 39.5
Oxygen selectivity (%) 77.4 76.6 74.6
Oxygen vyield (%) 34.4 25.6 29.5

EXAMPLES 15-17. TITANIA EXTRUDATES AND CATALYSTS
Extrudates are prepared using three different concentrations of Polymer A
(prepared in Example 1) according to the procedure described in Example 4
except that sodium carboxymethylcellulose and benzyl alcohol are used instead

of carboxymethylcellulose as extrusion aids (Table 3). Catalysts G, H, and | are
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di ssolved in water (24 nL). The solution is applied to
titania extrudates prepared in Exanple 4 (100 g) using
W@ 2@B/8ISAEbl e pi pette while the extrudates arerPeTOkioen024221

in arotating dish until all of the available
eRtapatRst witth dreccaleinegrextrudates aeagrdimgéo theppregeriire @f Example 8.

e I f.an

e S afd 2 e Bl AR Bin BRlcklce Y eRaples 12
Thé. drstrrasutssareshewnin Tale 3dried in an oven in air at
1050C for 16 h, then exhaustively washed with warm

dei oni zed water using a Soxhlet extractor to renove

chl ori de. Tdlble 3atExirdatet Pregaration and Caesyst tPerformarice”
neghal—O-Bb—tube reactorat—21OC+R—Fl-owhg a'r
( I —200 M/ mn) at 70 iEsfrr 126’h A}fpr t he
reactor is purged with nltrogew, a ggs m xtjure (20
viaExtodaeipregartioR nitrogen) islintroduced ilnto the
rieact or (500 ni/nin) Téeniaowpki g. 618e |t 6iderlabde |i s
rianped to 5000C at a Wates (wt%)0° 831t i, 32r7d |h8Rd at
5000C for 3 h. Thelolgaet Akwi.%) pur®g@d (W2.6 ni t3.@gen and
t

u

c

p

he rGasbbityardthyedlialogef sodiumealt €d t o rloom t enperature
nder nitrogen flow. The extyydates (|1251.9) |are2
ontact ed W th BehAnsleshs (WY1 @5 cadnt@sniing $ W . %

ot assi um gafiorlun Ajdtodde \)M%YC pof@sSi tyighydrogi de (50

) at roomtenperature for mn. e mYture i|s
eéétﬁ%fjperﬂi?ﬁnaw@ treat ed cata yst ig dried at 1050C
IIdIIUVl:‘IIIIIdII for Ct &ﬂyet B
b git con ,wo 2% (S5 5P (St TSTS
exeet Xygen selaetvity | Y 25abld (aTRA L8 ¢ g
A 0 B AN E S WAL 5 (R

D, E, and F are evaluated for vinyl acetate production

in a fixedbed re%mpgéﬁgl@&ﬁﬁ@ygfepggﬂm@m nal. 1 inch
O D.). The bed volunme is 30 nL, and the catq% is

mi xed Gatalysi Rds tesmmfoao\wng e @mceweud%cn indtxe@mples 12-
|1 @eo 0
(1B o S o3 i Solh AR B, Teo

um na
ceeasalty ste shown indabllecdnt ai ns 84.7 wt. % et hyl ene, 9.9
W . % acetic acid, 3.8 wt.% oxygen, and 1.6 wt.%
nitrogen. The reactor pressure is 80 psig and the

space vel oQMPABRAIIVE EXAMRLAE 89.\GATAIS®T SESTBIB/ h at
St andaéga 3 er ?eslfeéaby rflcﬂlowmg the procedure described in Example 18.
Test results are shown in Table 4.

Comparison of Examples 18 and 19 indicates that Catalyst D (prepared
from extrudates produced with Polymer A as an extrusion aid) gives better
performance than Catalyst G (produced with poly(ethylene oxide) as an
extrusion aid).
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pressure. The reactor is cooled using a fluidized sand
bath, the tenperature of which is set at 1300C. The

wWee@dostdsstream i s anal yzed by gas chromat ogr aptiyuseC)/024221
Oxygen conversion, selectivity, and yield for vinyl

acetate aT@léﬁ 41(5@"@!)’%%1’%’@ l@aﬂﬁ?%l\ne\/ inyAcgtade Egrmatm t he

G Xanl n i s
CeEsl e d
OEXL t i din
ERRYAENGORVErSIond el o i vi dB4: 1 consyned
an\ﬁdﬂqlv'ﬁk(%%p ol oduct/ 43k oxylgen ca & sion
Xygeni¥ield %) oxygen del ecBBity. IThe red8i& s in Table

2 show the effect of the extrusion aid on catal yst

per f ormance. g I t 'i;ﬁ[ -0 Wi nyl

Acet at e For rrat)-(réglﬁ?' E%&\/&%Egbl@h . {'ﬁ)%e‘(% DATES

AND CATliteni(&T SiliEadtte-1datet amsplqm mparreplared iblygolldwiege procedures
different trati d i.n
SisHBrE S S BT oI, 4230 e PP ATE D B Stnde bl catines
Eedipbtesssd°€xcept t hat sodi um car boxyrret hyI ceI | ul ose

nst e

db | I h
o o (61 S o b DB R e ma Al (PiemarAldgh, 2.72 g),
Céﬁ@'pﬁ%&yféne"bxnd@(PEOPb@Wﬂ@rp@ng)ﬂ’aﬁeh rhiRed Wla%lé‘ﬁﬁ: beaker.

extrudat es according to the procedure of

Chbig| pixduse ds added; i3 B@Penwaﬁr@at“é'aehwaerdi%g ) wite Sigma
pb@@@g% & 8f E%?ﬁ'ﬂﬂa?%o ff’gruréifon Tak mbmdt i5Sméfo gzé@‘w’na C.W.

in Ta udat e Preparation an
CBrabepder ?r@pf%mgmMetOEMth {Fode/ Db Y ithEES FiPNBotor).  After

o AR OEEEH R 0TI g e
batixedt fondemirt. uvﬁeLwdessahcaaSOI BS540, | Aldricha dlOof8 GBis0Atided to the

18T AP vk TR R, oo Puralfialdy muFiEl gt <o

t hpgn piixing dpeed.d @9 mutled fmmrEﬁmnﬂ @il 8Thd ﬁsitenssrahsfarred to a
are shown npari son of Exanples 18 and 19

n Tabl e 4.
R'&FE%?%%"%%?QQ%?VQFWQ&D (prepared from extrudates
producksk whéd pEsteyiBRIxtrAded usingex Bratsdrer dindle SEre®s 3/4”, 10:1

bg}(t}'uecjrer fitted with a 1/16” single die. The paste is added to the feed hopper and
pushed into the screw with a Teflon rod. The extrusion is operated at 10 rpm at
23°C. The pressure in the extruder head is at about 50-150 psig. The
extrudates are collected in a glass tray. After being dried in air for 18 h, the
extrudates are calcined in air in a muffle furnace at 550°C for 8 h (temperature
ramp rate 2-5°C/min). The extrudate catalyst (Catalyst J) contains 1.5 wt.% Ti,
0.17 wt.% Na, and <100 ppm Al. The nitrogen BET surface area is 340 m2/g.
Pellet crush strength is 2.36 Ibs. The crush strength is measured by using
Chatillon-Antek DFS Digital Force Gauge, fitted with flat platens on an MT test
stand using an average of 10 extrudates that ranges in length from 5 to 8 mm.
The DFS gauge is set in the “Break Detect” Mode which stores the maximum
force (in Ibs) exerted before the extrudate breaks. The force exerted for total
extrudate crush is recorded as described in ASTM D 4179-01.
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performance than Catal yst G (produced with
pol y(et hyl ene oxi de) as an extrusion aid). Table 4.

w@2108l08852 Per f ormance in Vi nyl Acetate FornatiPCI/US2007/024221

EXAMPLE 20. TS-1 EXTRUDATE ( CATALYST J) Titani um
silicalite-1EXAMANE 2hrigP@XIDATHOPy @p &R BENBI | owi ng

% 03, D50, PHEEEIEIR Jrbepal e in Ef3pIC 0 Wy W55 b ne

Tllaw{ngprgsedurer lﬁi‘akglyEEtWDoga)llﬁ tpladw incal B8riubalr¢actor (1/2" ID).

(R P iSipoZi e o ) R AoYL0Y b ARG Sovert

(31 uweights raaidyl edntainiag meﬁp:deamﬁfoamnh/l hyefoxiad liseicohtihusly

oS, inaio e walbival bt 51 3 leBh oul spage amjociy of 054
B(g?@r‘ﬁ@‘i#hl'&bggn Géﬂixﬂie d\é?tg(i’ém[&a'té{@stlﬂ)@f ho&r‘)/b?keb r@gctéﬂpressure

P ot or) . he m Xxture is mul

20t 8oyt p30r Rig. monylﬂne nsOfe;sdnw'rth they hydrpgan erqxgieaw@twn to the

X ] | 4 0
Ar%cfarhggcﬂ)qggﬁ Qt’§'é P%roéﬂgrgg%oﬁﬁt Iﬁﬁlds‘ﬂgagf‘sig QP%#] 30 wt.%.
TRempeltasurelof 4, redelopis melotaﬂrmdmwof/@&@r Rropylene gxide selectivity
add O, .1 0 I t Qer, %
s eioaled g BE 855090 0Foalh AFoTbl SRl gioon
aBexpytener nklgbt selé’d:tantagedtl‘qeastodaes of embpyldlaz@l m@dengorzmed as a

Brabender si e SC 3/ 4" extruder f4dtted
WPERENEG . PEl fofE offiordekn netdide BEMUREY qifEmounts of

f prspyleap pycoh miethyl sdtrersi aridd ptdpgleper glycohiard expdetéd a0 form as

rgd. g extrusion is operated at 10 rpmat 230C. The

pP¥YOBYESi n the extruder head is at about 50-150 psig.

The extrudates are collected in a glass tray. After

being dried in air for 18 h, the extrudates are

calcined in air in a nuffle furnace at 5500C for 8 h

(tenperature ranp rate 2-5°C/nin). The extrudate

catal yst (Catalyst J) contains 1.5 w.% Ti, 0.17 wt.%

Na, and <100 ppm Al. The nitrogen BET surface area is

340 n2/g. Pellet crush strength is 2.36 I bs. The crush

strength is neasured by using Chatillon-Antek DFS

Digital Force Gauge, fitted with flat platens on an Ml

test stand using an average of 10 extrudates that

ranges in length from5 to 8 mm The DFS gauge is set

in the "Break Detect" Mde which stores the nmaximum
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force (in | bs) exerted before the extrudate breaks.
The force exerted for total extrudate crush is
WO e@engias2 as described in ASTM D 4179-01 . EXAMRUEUR2007/024221
EPOXI DATI ON OF PROPYLENE TS-1 extrudate (Catal yst J)
pr epar®@ diaimexanpl e 20 nay be tested by the foll ow ng

Feactof ( IYoRUHGERS dpiod onl RaRBREHAE oo 2P cppfBbranchee

hpdymge whereioxXhe éhargarac peitib @nostituias at least V@ meighs pércent, and

ight ratio) containing 10 m,apmoni um hydr oxi de, i
Bt Rhmbrpientl Reitiy ol Ralry <t Vi BigeRt ' ne
wektgdatdour |y space velocity of 0.54/h (granms of
hydr ogen roxi de per gram catal yst per hour). At a
r eact gf pﬁ—g‘?sﬁ?‘t@‘@?e a\cﬁoﬁlla"@o ‘?aﬂ}%‘%/'ﬁ',” q)@pmpﬁ%rapghqdecpolymer
Wedhplists PeudinRte inRe 'oPXétAfesie! eHrb&yliE ImbREMEECAREOE polyether
such that the propylene in the liquid phase is about
30agtongnoMiper at ure of the reactor is maintained at
60- 6504. [ i i i
5. 0000 at e Wl Y IS REERBE g e Incifomer
PisEsya@YiiE oenefeersel ectivity is the noles of propyl ene
oxi de for . | es. 0 .
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nist bglected hicors thrdgnoup pgdnsiséing | of cadrylar acidx pesthactylico acid, and
for astb grpducts.v\é claim 1. An extrudate
c Vriegi'ﬁ% % i nor gani ¢ oxi de and a conb- branched
pol ymeg., Whelexiraddtb@f claim gavhicteinXhe motdamsd dxidé BSsefdcted from
| east 10 vvei,%ht ercent, and the conb-branched Polsymer
c B greyR, cosisting, éijs'Fasla\'/b@i"@ﬂFt’ tlm%seﬁ?olggs,tqﬁ\g mixtures thereof.

ext r udgit e Tha.extri@ate st Eldfat SyHereif tifd Modganitesdddlistd ania.
conb- br anched mer conprises recurring units of

oly ( ] . 1T :
et hyl ehi ¢ Tesreesgs&}@tp@f Rigi hehesein the ipergpiareside is a zeolite.
MACT OM®NORRE - extruddiRCorChiit 4 akSertin theahSRgdnitBid B énﬁanium
et hyl eni ¢ carboxylic nononer is an acrylic nononmer. 4.
Teroligekt rudat e of claim 2 wherein the ethylenic
car boxyl i i £ Lol Jn
consi gi nghggqgg%}ﬁoic%ﬁ g%h%g?'hgg%nyhtbt%nac% 'asmT 1.
m xt urds Ahealendd extrudate of claim 1.

11. The calcined extrudate of claim 10 wherein the calcination is

performed in the presence of an oxygen-containing gas.

12. The calcined extrudate of claim 10 wherein the calcination is
performed at a temperature of 450 to 700°C.

13. The calcined extrudate of claim 10 wherein the inorganic oxide is a
titania.

14. The calcined extrudate of claim 10 wherein the inorganic oxide is a
transition metal zeolite.

15. The calcined extrudate of claim 10 wherein the inorganic oxide is
TS-1.

16. A vinyl acetate preparation process comprising reacting ethylene,
acetic acid, and oxygen in the presence of a palladium-gold catalyst prepared
with a calcined extrudate of claim 13.

21



5. The extrudate of claim 1l wherein the inorganic
oxide is selected fromthe group consisting of

wa@R0Bos®s2 al unmi nas, titanias, zeolites, and m RCT/IUSR07/024221
thereof. 6. The extrudate of claim 1l wherein the
i nor gahd.c Thei geodess aoft idaimi 46 Whefdie thet padadiemedold catalyst
cl.aim. e inorganic oxide is a zeolite. 8.
Tﬁ@hgﬁé%%gwéﬁégqénfaln1l wherei n the inorganic oxide
i s a t18.aminuoridatiohidrecesS.cofipeisiagtreactgearobrgahiei gonipound and

n the inorgani c oxid al cj ned

o BFrGh bEGHARTA T Aresqibe i sicBin ol el
cl ai m 14) Vﬂh@&ﬁb@as@hﬁcl@ﬁh a8 RHerdIn théorgeh‘c@bmp@uh@nst Br8pylene.
presence an oxy%gn cont ai ni n cal ci ned

extrud%\Qe REPGHSH G'a!méﬁé‘fr\ﬁ”‘%'%éh%‘é?’&'t%m%‘ﬁ' zeplite is TS-1.
perfornmed at a tenperature of 450 to 7000C. 13. The
cal ci ned extrudate of claim 10 wherein the inorganic
oxide is a titania. 14. The cal ci ned extrudate of
claim 10 wherein the inorganic oxide is a transition
nmetal zeolite. 15. The cal ci ned extrudate of claim 10
wherein the inorganic oxide is TS-1 . 16. A vinyl
acetate preparation process conprising reacting

et hyl ene, acetic acid, and oxygen in the presence of a
pal | adi um gol d catal yst prepared with a cal ci ned
extrudate of claim13.17. The process of claim 16
wherein the pall adiumgol d catal yst conprises an

al kali metal. 18. An oxidation process conprising
reacting an organi ¢ conpound and hydrogen peroxide in
the presence of a calcined extrudate of claim14. 19.
The process of claim 18 wherein the organi c conpound
I's propylene. 20. The process of claim 18 wherein the
transition netal zeolite is TS-1
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