TI TANI UM ZEQLT TE CATALYSTS FI ELD OF THE TNVENTI ON 5
The invention - relates to catal ysts useful -for

oxi dation reactions, particularly the epoxidation of
propyl ene to propyl ene oxide (PO . BACKGROUND OF THE
I NVENTI ON Ti tanium zeolites, i.e., synthetic nol ecul ar
sieves that incorp lhg&e titanium atons in a silicate

franmework, catalyz WMalthé <5641 B $AJALYRTSabl e

oxi dative to organic reactions. The versatility of

titanium zeolites, particul arI\é TS-1, for arene
hydr oxyl ati on, al kan&lbki ¥t 70k, INYEMTI@Nepoxi dat i on,

5 oot oo OHueRldrhoIaRAEYE! catdijets SFefl B b8t gepctions
k nB@iticulag thesepaxidadion of pepleniuoaropytenal oxjdeSPd)et t .

(1995) 289. Titanj i1.es

epoxi dati on of pr%pg}(ﬁgé%ﬁhoﬁﬁ%mt&&i de. The

Eydr ogeﬁtanﬂjrpsezﬁtisié.eqa;ypmtie wrgnéc'nm s(i@vee,tré@t;igeorpbﬁafq titanium

yeainly 8 PGt dudiotke e3P Adar ot st of valuabls. oxidative
10 }\{) algahié:i rea%tiggfsalT,Se \%ﬁis{:mgiyﬁiﬂtil{arﬁ@h'zt@dﬁtém ;%aﬁﬁ&lléhylsl' SH?Eor arene

, .__Unwant e ir ogenati on of propylene to

A A L TN AR e

prvifligee 0Ridufion GedBiSn9 98 oY GRBortait trahskrtibhs % well known,

nmetal - 20, contai nij n% titanium zeolite. N trogen

conolntyiew cseand. Af @inahy d2\lett (1895} @R8N Titanium zeolites

br g4t i : | OR,, .

(e N B DReRGH R I PR 0GR WaFat . T Farogen
15 poPS/RNAS Gy denspPiiad see.celg., WDt Rat No.de,08&48k) an it san be

C " jn ' ' o rogen_per oxi de:
zeéo% | t%tgagr girg?de rin g%éwﬁﬂ%eégf}té$wg¥ grf[?g’g?oég \A??rﬁnmﬁon metal,
wegsheckally paliadiliodses U.25PxdNo e81088,888)gi ve gl ycol s and
gl ycol ) |l e, when PO.is nmade from, .
pr opy!| el'ﬁie\vaﬁgléﬂg@%@g?@gg% °@a‘%r8P9§E‘e it R{gRRKy complicates the "in
mesitud repbxidationy 06 peopiytener estieg hga®gehy®iyg@hl ¥nd iairandilh metal-
20 F’C%OP%niémL)}J ar ratiaq of rog%l ene oxide to propyl ene )
0X g @'?'ngz-e&ﬁ@m?{@% GAEPSURYmBUdeRs FEIMROTMAYpiroxide
t coredrarionfibokRbmkRChaveSBEaS bHYEd Yo b SIeES TRb S formation (see
telpf%gr%g re |$cr§ se&j In addition to sacrificing 30
vat trabl Li‘é%& R %?)o regen-corjalbenohgneratwase o6 suggested.
| mpur i t4rshd idPei do & » s wi
6, 037, 484 te,rg%ﬁeégg ?%“"Z‘S'é SR to,lefih eptkidabitne with hycrogen
- sUBEeYdeZe@liisypromaied Hoarppemiag 16 thenepaxider wife watsrramdiat @lcohol
f [ ' yr i di . suc
25 e BB EfjRole s BT BT, PO U ERY heh P55 i HEde fom
c dnepylene §sipgdde4 sasfa catalyki ingacueoap meticknol Rirlgyolsitng reactions

SOTBED, PRGEHE B THGRE 58 3 BBl S9BR) 6 sepvien oxe

~ tiphamiring-amanting guodudts that derive from PO) to about 91% at 50°C.
Selectivity deteriorates as temperature increases. In addition to sacrificing

30 valuable epoxide product, ring opening introduces impurities' that must be
removed. U.S. Pat. No. 6,037,484 teaches to add 2,4-lutidine or another
substituted pyridine compound to the hydrogen peroxide feed fo suppress ring
opening. Soluble pyridines such as these must be continually replenished in



val uabl e oxi dation catal ysts (see, e.g., copending
Appl. Ser. No. 104796,842, 5 filed March 9, .2004);
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Th&l$ead%8 s can include a transition 2 netal. If

so, they are useful SWMRWOFWN\@NT@NS i n which
hydrogen peroxide is generated "in situ" from

hydr ogedhentiverijajerds a reasalyptt Hesful fote oxidalian ireactions, especially
~ epoxidations. The catalyst comprises a vinylpyridine polymer and a titanium

zeolite. Preferably, the vinylpyridine polymer encapsulates the titanium zeolite,
but a simple admixture of the vinylpyridine polymer and titanium zeolite can also

be used. In epoxidations with hydrogen peroxide, the catalysts provide
exceptional epoxide selectivity over a wide temperature range while minimizing
ring-opening side reactions. Thus, the invention includes olefin epoxidation
processes performed with the catalysts, The catalysts can include a fransition
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i ncl udes a process in which hydrogen and oxygen react
in the presence of a vinylpyridine
pol ymer - encapsul ated transition nmetal to produce
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pol ymer, In this case, it is convenient to just mx

titani Uhe iigniumezeolites are preferably encapsulated within a vinylpyridine
polymer. By "encapsulated," we mean that the zeolite particies are contained

within and are surrounded by a thin layer.of the polymer. Thus, encapsulation

invoives entrapping the zeolite particle within a polymeric coating. To interact
with the titanium atoms, reactants must penetrate the vinytpyridine polymer
coating.



powder with the finely ground vinyl pyridine pol yner,
preferably a crosstinked vinylpyridine polynmer. 5
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30 included in the polymerization reaction to achieve the desired level of
crosslinking (see, e.g., J. Polym. Sci., C 26 (1988) 347). Crosslinking can also
be achieved by quaternizing the pyridine nitrogens with a difunctional crosslinker
such as 1,4-dibromobutane, 1,6-dibromohexane, p-xylylene dichloride, or the
like (see, e.g., Makromol. Chem. 177 (1976) 2295 and J. Polym. Sci. A2 7
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commercially available from Al drich. The vinyl pyridine
pol ymers preferably incorporate an antioxidant. The
antl OXI dant can be an additive, such as a hindered
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organic polymers such as crossiinked polystyrene, or any other conventional
support prior to being encapsulated within or combined with a vinylpyridine .
polymer. Other examples .of transition metal sources suitable for use include
Pd/C, VPt/C, Pd/silica, Pd/alumina, Pd/silicalite, Pd/Y-zeolite, Pd/kaolin, Pd/ZSM-
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pol ymer lrea papiulady edniesidnt(coascavatioreagyreactd aanddifed version of

e SPE kBaeR o b ke SRl RS T issoived in
addgebhydrstuead, Tithhifan Sedlitd RvakpeAded RPRAKRINS! Pkaine is added

fromthe m xture, which allows phase separation and
cap@ YPe SUSRANSIAN, ferfntﬂléca)empitaﬂ% of @shplynagencapsulated TS-1 (see

30?}(?)@?%%'3%@@%&!5‘@? ReanctRé&/htiBRYhE JcBfite dRBBnsion in THF
1sngrepared the same way, but hexane is not added. Instead, THF is allowed to

evaporate slowly from the mixture, which allows phase separation and capsule
- formation to occur. The resulting microcapsuies can then be isolated and dried
(see Example A).
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6 In-situ polynerization is another preferred
technique. The titanium zeolite 1is suspended in a
reacti on nedi um contai ning a vinyl pyridine, optional
conmononer (s), an initiator, and other conponents, and

. pol yrTElh@@ﬁde&’M@‘lz@G@@&ﬁandﬂ@e@r\éﬁerﬁe‘ﬂ&emm@d@Wheﬂiﬁamum zeolite

pol yne apsul ated. titaniumzeolite. Suitable
t@crﬁ"’n’?&?fégedl A1 BdEPASUPR, MERIH; swta@u@p@nswtfpv"&m optional

| BhRbhEREAL), BAlINORDE, Zati RS- c:on'nﬁb@ﬂx@g AR ;iol}rn‘%rizutlon proceeds
pol yneri zation exanple, a vinylpyridine or a mx

ofo give,ithe| wpylipwidiae a!PRJV'B?h@FC%%SHW%ﬂEaW’dWoﬁéPW@) .%wtable
pf?—:'c?‘wﬁ@[xéé fhilde Hl, AMIFIYS, sLSPERESS! H1d iAeFaEEl ﬁkﬂyﬁ'@nzations
nown technlques In the presence O a sSusp ended
titani prancduwrin-eitu paigmeszalian expmige yardnylpidine or & mixture of a
| t d,ar
LDFPERASAL 5887 LalelclhEABRUT. | pERplR Car deons
vsmﬂqwmnohacerqmg ioneell-krrown fenbnjooes frethequrasenocegpfunmsuspended

or 1 na noner,. P I [ _

© B 298110 o S e RO mG T beads Rt bt shifspued tranium
alzﬁmh@ kad mébbuumﬁ/ﬂor csead eg opddation scatadyst These and
ot her suita uo nat ed .nonone
descri 'é%l I{SWLE’QH"E)‘UEW VP%%&%HEH‘P""%?P””‘%Q t"i'g?o%f)a%%”“am
Tﬁidr@hﬁﬂr OPaEﬁul@aﬁcﬁﬂtaB@SQre uarindted trﬁétﬁ)rﬂefé&@@@é 39 8sacting
Pal y ? . St ab. 67 (2000) 461; an% Hm.l
(ﬂg@r@)at%cgg\gohpgr wg;zaqﬁgy@ estgagyﬁ%qrggrgt i Heﬁﬁ and ot suitable

A ﬂhé&ﬁé@écg’%&wm& méyt&@érﬁdééér%unﬁb%awl @¥é Hner CH/mun,

and trifl uoroethanol ene

" 300yt Latraedion 56 (PUUR) A% Dtce dekiers2r (2008 pghe P,
eﬁf‘eﬁﬂaﬁy's%boe‘r gzg@pgﬁe?fajrfhcbﬁgme'd 16 lurH 't%abg)usﬁ ) | ¥ample,

ase 20°s t1ron/ coascerva
cpd;ymesiza’g:m afi ridinpresihybrotthaerviatel (érom n'pet]bgmnymyhs:hlorlde and

*PHUBRR8, V8 SR 58 CORAFAD o8R0 Mgy o

20

25

30

t Pabendreeatapsufataai dab ybeTbﬁeﬁpdxedﬂa&n dmsiof qr cbqigzt gne phase

wWi_t h_hydrogen oxide and TS-1 is exenplary. 25 The

[ ﬁ@%?f??%'?‘(og B’ fpugn, process conprising epoxidizing an

ol ef i nCEfalyfdf@ co@ﬁ:ﬁ@ﬂ@@ﬂﬁi‘nuﬁn Cz;@‘o?ﬂeyélﬁd \ahwmylppm ipSEner are
mer and. a titani

r| dj ne_ pol
S AP BBIELIE SRl rBRoREE raasticsionPARICHIREY RSs est dra insiared by

hgges RRAIS of KR Gthe(SRRida8 |§ £ prRlene Gathdlydrdyetderoxide and
(2001) 63 %nd SCi . '?ee?% re e 0 %eﬂ 31) acf?d are

otTiFet & Eram. known to those Skl lled in the art.
Sui t abirge Ghinkigs n?t(ibdé%cé B%es%‘?fon?ﬁf%ﬁ%' SoxRliAg %H%ie’r" in in the

propyl ene, but enes, hexene, octene, styrene,
t Ipeedanie, ofawdataiys&wbtcaqurmﬁ@@fa VIPVI@MWiéﬁ@OIyﬁHEf and a ’ﬂtanlum

D 2BpEE o i5Blen 8l 18 GRENE) bRANPERRESHOS havg been
sotporiEd (gekl e apaDu, GatieA\PAE00 ;63 amel Seil fiach, h@atal. (1994)

31) and are otherwise weli known to those skilied in the art. Suitable olefins

include, for example, ethylene, propylene, butenes, 1-hexene, 1-octene, styrene,
and the like, and mixtures thereof. Propylene is preferred.

Optionally, the epoxidation process is performed in the presence of a

- solvent. The choice of solvent will depend on many factors, including the

solubilities of the reactants and products, the reaction conditions, the type of



solubilities of the reactants and products, the
reaction conditions, the type of 7 'equipnent, and

ot her factors. Suitable solvents include, for exanple,
wat er, al cohols, water/al cohol m xtures, oxygenated

hytéfo%ﬁé}ﬂnﬁnc{ %ﬁ{e‘%fﬁctokft bl @6i0§rﬁt§ mau%é hor ldxifbte, water,

al i c and aromatl c rocar bons
su@éth&\OiSt; |V¢aer/algmdrbdnl>¢ures<,l dEygezmdabct hgddqckn@pnar(@sters ketones,

m S r d
B0 1S, R PPt B sperrca
Aq lm?mm aileksﬂl@,ranid ths lik@artd mixtares %he?feielf ??rémlredlsml\mnts are water,
ref er. epox 1 ion process, the olefinis pro
P IR R oidR, DAY Rty 4%ereot 1 aiituB00E” nElanol is
pr(paettbuna&r? prefdrreg@act i on condi tions for making

propyl ene oxi c*e frompropylene with titanium zeolites
and hydodemT® %"%%r%ﬁaxéﬁé'tlﬁavﬁmﬁ@% thes elafipe's propylene. and the

Pr @oRide! ¥ pré@fiene oflide. Ustitahiat $, 48fon @BRditions f
6, 194, 591 plfﬁgesn Pede the’%ydr%g%&pg%rg%adpe canrl ions for

gerﬁ@@la%dmwer@ pxjde froranprgatieneswikty diasiem mtasxgqérhydrogen

g0l N ge"r’&a@é ﬁﬁg@ﬁgeﬁ ggégql%é)?i”ﬁﬁ/gﬂggg% %a?lbgﬁlg 8, P PatINos. 6,037,484

pr @ner & P¢,5pér f1pdesieditthe hydeogssr penmxidevsarhbe gehferated "in situ"

¢ 306 Qe ARRY IO & BRMer' Rffe IREHR! K PHARLNO Rretal (sce,

‘ abcmg S0E Pat. Noo8K03816). Fhepspoxidagbys atdﬂﬁremrablgrpmfouﬁed at a

aoitPip Pl eCkiti R £F555, ERRREt R sy hBUb A e preferably

1spr drorh @beupdstCHI0E ounMSOPC aamd mmbreﬁé@bqw froranatiut 50°C to about
8pen|ng products such as propyl ene glycol and 20
3%& ene gl ycol ethers (see Exanples 1-10,

Oonpar a@uvpﬁlsﬁ?wpihés fekehde 8MG vﬁhiyﬁdﬂme BSiyﬁH& ehﬁhnces the

partl ul ar, V\/nen he tltanl um zeoli'te is encapsu at ed

Wi AV 2biffyio S@}%CK!V@IV PredugearpREENg Pxigeiioss propylene and HyO;

sel
SoAR K PR R RP ucoe Ep  ol and
20PORrepYis® glqmlxaan%m(see Emmsieaﬂ ~1RCeyparative kxamples 11-12, and

'Iea%le)‘)fl lFéPow herpea%c% ) g E?E%%olgé%:é‘(glgﬁé 5 %&gca%lsﬁl%%d within a

et hers
r e dbinilayes odittes peiynmeB(E)amrmeaetl ) yseleqtjvite & ECD' improves dramatically

P %

ot S5 B S:  peRBIGE e FOMDE L B wiE retinf PO to
As FEXmDIValEn&* nidedePG thalvglents” FONBIeE A &3 +Ydles of PO-based
TR T e, P e et Rl
polalmBst a@ﬁ?@@yl s(lé&ess?éala@éfer&ﬁf/o ﬂﬁ@' PO¥PEE afif)is greater than

Interestin benefits of includin

Vi r%ﬁ/pympm W@fqi@blyn%ne RRURGE ratp isr @féétﬁfgh%ﬂ 88%e| &¢ Famples 8-
t enReihbhGratd, e RfRY nfotRAPFLOGRINAe #RRldde ih STREEGH FRults from

using a simple admixture of a crosslinked vinylpyridine polymer and TS-1 (to
30  about 96% PO/POE at 50°C).

Interestingly, the benefits of including a vinylpyridine polymer extend to
reactions at elevated temperature, thereby expanding the useful temperature
range for the process. With TS-1 alone, ring opening becomes debilitating at
70°C; the molar PO/POE is only about 82% (see Comparative Example 12).
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range for the process. Wth TS-1 al one, ring openi ng
beconmes debilitating at 70C, the nolar PO PCE is only
about 82% (see Conpar ative Exanple 12). s Admi xing
the TS-1 with a crosslinked vinyl pyridine pol yner

(Axianiping fhe) TSLNRLigV es c*rché%ltﬁl@icﬁﬁﬁﬁwpyﬁ‘i}dtnbopél?@:@? &nple 10)
Resul ts Sh%a’i?\s(en better when the “viny

pyr
pdlPrRves ﬁmé@t#@%@ffo(sé?es%m eeyes lfretter when the
PQ’r@@na‘ma@bly%%@enc@pslm&tegstﬁe qfsﬁ é@i&dgﬁﬁlég"\inﬁ PO/POE 96-
yrrer provides a way t pyri noi ety 1n
tﬁ’@ Yeactor, even if the process i s operated

conti ntl*ﬂé‘sds)é ofgpgigngipgréd&é‘ rdog)r@cﬁsgro\/fdeg %nﬁvﬁﬂ $4 kggﬁ%he pyridine

U S. Pat. be r epleni she

-C(ﬂmleibrulﬁutbepfea@tesseved mythep)yxrodessels operated continuously. Soluble

AT SR FAED € BTb B3ROl 8 BT o

mekpinuduseassess.o recover the titanium zeolites. \hen

used | rfor titaniu eolites. can blin .

fil teryr@&mﬁsa?at YJH%%“%&QB% PR Pf 3%’{ BN Z:,E;?gteém provides

Waidtiigiohdli admatageaeommﬂ ymearewealﬁsm;ohhmkéé Rddio recover
gﬁnlltetoa el | y ray drying it to increase

p&iq HEgnem geolies.q Heﬂé@ﬁﬁ. E@%w%ﬁrefoeastmaplunpaeeﬂm can blind

efitaRsor Migrae WrRleafabipeantd Féaanamsiyaeﬁﬁowm% BRS¥% fehedied by

recover b}/h ordinary filtration nethods. Moreover,

r ERBVRIHRY evtltﬂwayzﬁom%f@ peeligher byspeaysiiyiag Edo inareaneparticle
Z8pki 1sBeh Gethn utegnargecdlﬁlgdl nclﬁ/ﬂ%gtencggédlﬁﬁ)rn mfelkes the titanium

processi ng. The i nventi o S a process
nﬂﬁplﬁg eARr i9gEagopRY b){lQfélnaﬂ&hdlfl’q@mdeswodanpkﬂpmer recovered

or g\gyxﬂg ofyp%r %rﬁ::agslﬁéﬁcégientg?blgpﬁzé&,té/se ?III gfénl.ésed without
p&irhespresessipgul at ed transiti on net al to produce

hyd Sui t ab] I

T o Bt oo kB AP BB B e
apreedy cbmenzehtemecﬁrh%edydmgm and Suygablh&*: SNt ﬁgﬂn&hmeﬁbnce of
react,i on, conditions oge xj de _have

b errialEk MBI Fovndhuigie EWRSTRTaPHIS R pransgen metal t
Nﬁprodl%ﬂ%rcﬁgla@ pdrokigd. NsUiRBIOvinyRPRdhe p’é%é‘r@'ﬁéﬁ%tl&l metals,
exaa‘pl es ‘P% illustrate the I nvention.

Tho
< £PH ] eecapstia "ﬁ?t{m%Inavﬁeélé@ﬁlﬁh@eﬁ%rﬁﬁs%‘?@datheﬁg Suitable

t Bafvedtse ald tr’éhﬁ]dnh%oﬁ&hé:ﬁé f@tf rhdlnd rh‘{/@FHg'eﬁnpel%Qld@nHave been
scope_of the clains. E A Preéparation

PEESETRSG RIpVIgySY d$¢ﬁe0@@ﬁf§ﬂ@9 éne) -Saichips u0159§@1¢8fii@d March 9,

S@Mb@{]e (10 g) and 4-vinylpyridine (10 g) are
di ssol ved in tetrahydrofuran
The following examples merely illustrate the invention. Those skilled in

the art will recognize many variations that are within the s.plrlt of the invention
and scope of the claims. |
EXAMPLE A

Preparation of Poly(4—vinylpyrjdine-co—styrene)QEncapsuiated T8-1

Styrene (10 g) and 4-vinylpyridine (10 g} are dissolved in tetrahydrofuran
(THF, 200 mL) in a glass reactor. 2,2-Azobisisobutyronitrile (AIBN, 0.2 g) is
added, and the stirred mixture is degassed with nitrogen and is heated to 80°C
and held there for about 6 h. The reactor is cooled and the contents are



(THF, 200 nL) in a glass reactor.

2,2'-Azobi si sobutyronitrile (AIBN, 0.2 g) is 25 added,
and the stirred mxture is degassed with nitrogen and
is heated to 80C and held there for about 6 h. The

r eactamovesl. c dtdxade a8 dadder &0 BFEHbiIRAT . .
Hexane is ded reC| | taPe FSI fﬁ? D%lsfl'ﬁé\}D Id of light pink

li ght® ‘fffl?{k v S200; MwMOd av Th@@d@mer contams about

M / M52 mdle %ofibihy@?h&ﬁ@ﬁnﬁ@nt ai ns about 62 nole % of
4-vi nyl pyridi ne uni A sampl e of the copolymer (2.5

g) is di SSSPREE ioh theeopalymey (36 gloisndisolveshineTHFUS. ) at room
TS licmberatite. | STSdP'Xg’ ngqstg‘ﬁ %/H )éé pgpétslgé&dr%gd sfited at room

room tenperature
m xt PR ehs THiffesiowlyceveporatiest titee mibduter thisieRs ) eThe viscous

t 1les ar
ooy KRRl o PSRRI e ARl e Vplgtipsraragemoved at
yel | 8Gp dlinkeresidBXAPIsE ol R £ fiAe gblicwp&ider,

Pol y(4-vinyl pyridi ne-co-styr capsul at ed TS— 1A
sanpl e of pol y(4-vinyl pyri dlé‘?gxiﬂgEEt§rene) prepared in

Exanpl e API(ebaEhtlog)of IP@!M—%&@Ipyﬁdiné%oﬂ'fﬁeﬁé)—@néﬁpsui ted TS-1
Spray-driged TS-1 (8@_' cont ai ns 15- . 6\
as a bi ndeF§mpPLE %dB‘?—:M"‘f Wipyristing- §‘P‘§Wfﬁjﬂe IREW@CII[@ Exampie A(1.0

addeg) wussmwe@ein THRE3 Did)at s %Fneghr% H’Qhwleeé CoHﬂ 1520 wt.%

resul.t g nmer - encapsul at uct i's
by 3 [anr Fl% INGRT) é‘dﬂﬁ'ﬁ@értovﬂwauan%tﬂrr}b‘od'bm graddebl to induce

of J%'?ﬁ)at%mgfg}% glhﬁﬁeé#co%s y'%SH'E@ EQD%EB% %ﬁa@ I%%doproduct is

2-vin

ﬁy Yirationndried usdsreceym(di80°Coand MouhdQo @Gfthe powder.
2 0 Odéssol ved 20 in THE (10 g). Spray-dried
TS—l (2 07 g) is added to give a slurry. Hexane is
added to induce precipitati MPLE@ pol ymer. The

| t - | at e Il ected
by T ¢ r aregareagh oL BORRAEH Butlinfodthtes Pararsgiis-1
to a fin®ofyiRaiewlpyEXAbRokstiReRs) FXiema, '-QBO@fJOAQVB é)eﬁ dissolved
%gnp%a@% a P5¢! ﬁg:égfddéggil 1?%-41 I)On lg)p%géﬁdl,@ggévgyma slurry Hexane is
cr osaldieok &gl lnﬂad:e’(#ﬁlpﬁdflﬂ;éﬂ;'tﬁ@)n%&lgngg 'ughrhe2 \APgsultmg polymer-

crossllnk to
L\/% E)@&‘Rﬂi[%)'aacm@gtqdr@pﬂffawmrdf@ﬂ Unseavacuum at 60°C, and

ground to a fine powder.
EXAMPLE D
25 Preparation of Admixed TS-1 and Crosslinked Poly(4-vinylpyridine)

TS-1 from Comparative Example E (150 mg) is admixed with crosslinked
poly(4-vinylpyridine) (Aldrich, 2% crosslinked, 300 mg) fo give a homogeneous
powder.

, COMPARATIVE EXAMPLE E
30 ' Preparation of TS-1
A sample of TS-1 obtained from Chemical National Labs of fndia, a

powder of -about 0.2 microns, is calcined at 550°C to remove the template, It
contains 2.2 wt. % Ti.

10



A sanpl e of TS-1 obtained from Chem cal National Labs
of India, a powder of about 0.2 mcrons, is calcined
at 550C to renove the tenplate. It <contains 2.2 wt. %
Ti. 10 PROPYLENE EPOXI DATI ONS EXAMPLES 1-10 and
COVPARATI VE EXANMPLESPROPYRENEIDPOMIDAHONS eactor is

ot hanol | wedIoES Jth i FoMARA Il S e 512
Cat al'ysis 180l Bx@ieastor s loHPge® wifRtaarpels 8= wt % solution of

npar ative Exanples 11 and 12) as shown_in

(Th Ao BaRR AP EeIPERAIOE HAP G 2P B QBWS@tFeAeD ](Examples
051?@) &) Ga%ﬁ@ﬁ%@ﬁ?éﬁ@é’e géctéfrngré'seﬂl LAQCH) QR éHoWnUFneTable 1.

eated at t nte erature (50,
or TheoEpciopis s¢rled iand dhatdedavigh prcmyfmsl @0 123(@) STH%mgoetlcally

h) 'stifted réﬁ’ctfo“q'ﬁlxﬁf?% |§He£t8d1a99‘\e dadiRed Heg %ﬂgﬁgﬁﬁre 50, 60 or

phases are ana as ‘chroma ograp ]
appac) fon tikatitme indxcé'tlaé upﬂ'ab:ledll (65 txaf) sanchisdhereaonled to 10°C.

|
Ohhendait 4R GRS ke B, anfliget by e ORIl Resuis
10E abp@aﬂnaabim(o LOtO (O r N OOOOOOOWOO) W
3) 00 00 O N 00.C
o (N NTee s Sxenstet afe Repnt o ae Pubkitgns TThe U
0 foﬂ:_ow@g cRimdd&ife Behverf®n' | T LO O N LO 0o to M W

- 11
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NDWOarL CL'O Cf)

.. a. >a) n>"'>>xYo o]
VEmMEEMNI QCLO~(ON vONOU O OU>aa?
aE OUN+ apNO UQQQQQO UOOOWWMO
N-_  mncoO) r UU" | claim 1. A catalyst

cohpleirgi ng a vinyl pyridi ne polyner and a titanium

zeolite. . Th atal yst of clai.m| wherein t . ,

¥ ani i 2 GoFTest Sl i ogridhe eV pBe o fanium zeolts.
vi'nyl pyrd. diTie geblystest. cl@in31 wikeeif aha hivium ize6kitaiideRcapsulated
vvher.tﬁi r‘b#he [ t_a,nl um zeolite is TS-1. 4. The catal yst

of WL i"”l)dpéfi iR POWENSFi nyl pyri di ne pol yner is a

scopol ynmey  offhedoathipat g ididl ionenatath e XERM8n z8olitd RETS-1.

catalyst of_claim 1l further conprising a transition

Cnetal . & THie eataisysaf elping| i whareihdiceivinvinygdine polymer is a

t hitd ; LS ' 10 7. The catal yst of
" 8BBbiknaRofF LA |ﬁgﬁdlnéhh§n§%eé

claim ris an a of the vinylpyridine
pol ymer Sand hereatalystaiiclaim 2duithercongprisitigea transitigrs metsl.

claiml rﬁ{("g ?r%g&tﬂp% of it %yv%i:]%]ﬁfﬁethg ?lla%g@én igf)e&li i8 pgiagism.

crossli rrocess conpri

10an ol ef iln ilhe tedalystesfesiain diconibisingearcadmbgst obfihe Viaylpyridine

15
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L el IR ESEaRTELghe ™, P vherern the olefin s
cat al yst8. cory ics¢alyst of claim 1 wherein the vinylpyridine polymer is
crosslinked. | | _ _

9. A process which comprises epoxidizing an ofefin in the presence of
the catalyst of claim 1.

10. The process of claim 9 wherein the olefin is propylene.

“11. The process of claim 10 wherein the catalyst comprises a
vinylpyridine polymer-encapsulated TS-1.

12. The process of claim 10 wherein the catalyst comprises an
admixture of a vinylpyridine polymer and TS-1.

13. The process of claim 9 performed in the presence of a solvent
selected from the group consisting of water, alcohols, carbon dioxide, and
mixtures thereof. , |

14. A process which comprises epoxidizing an olefin in the presence of
hydrogen, axygen, and the catalyst of claim 5.

15. The process of claim 14 wherein the olefin is propylene and the
fransition meial is palladium.

16. A process which comprises'époxidizing propylene in the presence of
hydrogen peroxide and a vinyipyridine polymer-encapsulated titanium zeolite in
the presence of aqueous methanol at a temperature within the range of about
40°C to about 80°C.

17. The process of claim 16 wherein the molar ratio of propylene oxide
“to propylene oxide equivalent products is greater than 95%.

13



vi nyl pyri di ne pol ynmer-encapsul ated TS-1. 12. The

process of claim 10 wherein the catal yst conprises an

20 adni xture of a vinyl pyridine polymer and TS-1. 13. '
The process of claim9 perfornmed in the presence of a

sol vent 48l eTheeprdcesdmot Baing M FUPh&BRSHS : :
aICo@8b§ arbonﬁdfOKggf, gnd njX?ﬁf@gI?QEFE%PﬂﬁyﬁﬁpggneOXMe
proces que@ﬁ e Rquivalent prdusts iseeatar tasf98%.i n t he
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claiﬂmgi 15. The process of claim
ol ef MEPFeRRGHMIdhand Al admixture ahsictoashinieet dhylpgwidine polymer and
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propyl ene in the presence of Hydrogen peroxi de and an

adm xture of a crosslinked vinylpyridine polyner and

5 a titaniumzeolite in the presence of aqueous

met hanol at a tenperature within the range of about

40C to about 80C. 20. The process of claim 19 wherein

the nolar ratio of propylene oxide to propylene oxide

equi val ent products is greater than 95% 21. A process

whi ch conprises reacting hydrogen and oxygen in a to

solvent in the presence of a catalyst conprising a

vi nyl pyri di ne polymer- encapsul ated transition netal

to produce hydrogen peroxide. 14
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