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EPOXI DATI ON PROCESS COWMPRI SI NG A POLYMER- ENCAPSULATED
NOBLE METAL CATALYST COWVPRI SI NG AN | ON- EXCHANGE RESI N
FIELD OF THE INVENTION 5 This invention relates to a
process for produci ng an epoxi de from hydrogen,

oxygen, and an ol efin. BACKGROUND OF THE | NVENTI ON
Many di fferent nethods for the preparati on of epoxides

shanrer e nrrotfsxd emelropmd. 2 Comaver-cinah i syT A THDOERL B MBTOX CEEALYST

i s produced b%o&ﬂaﬁsfﬁalm%y%bmeer@%%s or
hydr oper oxi dation (see, e.g., US. Pat. Nos. 3,351,635

and 4, 367,342; EP 0 345 856 Unfortunately, both
processes have di sddzblAfg - INVERWTTONI or- ohydrin

D"r%eﬁ\?er%ﬁ fr@é%s tBoéondE@ssofoﬁ)%V&Jdcﬁﬂ £l eﬁo)%%ﬁgﬁ Sdkdgen,
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such- as et hyl benzene hydroperoxi de or tert-butyl

hydr oper oxi de, r rgani c -praoducts such as
t-butyl aIcohoIE§¥ﬂ%ﬁ§$éﬂﬁfﬂﬁﬁﬁgg&aﬂﬁUQWFnust be

capt urieahyi rifichent naetkets phrage. plphydiienecfoxpaieddsShave been

c PRTGRA, CORPIITHER bpudtenk Gk, b BlogPet B B Roronyar

: Unvfmessurmt éb/@rop@bﬁldattrm {weepoyi, dee Reghiips.olR3ebit 985 and
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Recent efforts haveé focused the direct

eawa%r%'% SY¢ A 5}#@&%’4@@? .fwéropaﬁome&E;}@ﬁsﬁ%@dmperoxrde
hyebdogenorgeaic c@x;aam,@s stidhead eaﬁw QoY Bgrdel hassedalue

ot B i BB BTG S ThRo AR Iy com ety o

Nbg . ths, 628;t0090daten36R, dhBeneavdtho oﬁﬂ@nllbmar orsitaer catalyst.
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0 |carﬁqon8)§p@b< Bel aropyienewth oxyogn by e paﬁrﬂﬂengwb@ ﬁllveh aai@iy@tl hege-
b@&l@d db %%dal%s% cgrﬁﬁ"neﬁ%éi RBss BRME 1 PatIRoé- 3855444,

descri bes he use of a m xture of titanosilicate

' ar%rgﬁc@%ﬁ“@&rg@&r?a%r propyl ene epoxidation. U S. Pat.

25

30

No. 6, l@&x%n{%%ﬁor@seﬁﬁxfd RRGsa &atraé arsetct @gmaamwnrw fAgHe M &ins

i B T ikt RRGETENE B T oA b ogpat Bhe
[ rmt&seacesufp@caialybetmnmsmgxgom amd Bhithriiemzeataitigy sdgpert (see,
CUPL LR BUEORELS 5 A5 28%0106) U8 SHl 05, Y By
|cgr¢tla_®s1@s>atlmuré poé idanivo gedite Geeod.ef PR a7y dr ogen
and OXVEER chdnat SRS For olefin epoxidation with hydrogen and oxygen
have also been disclosed. For example, Example 13 of JP 4-352771 describes
the use of a mixture of titanosilicate and Pd-on-carbon for propylene epoxidation.
U.S. Pat. No. 6,008,388 describes a catalyst comprising a noble metal and a
titanium or vanadium zeolite, buf additionally teaches that the Pd can be
incorporated into a support before mixing with the-.-zeolite-.--- The catalyst supports

disciosed include silica, alumina, and activated carbon. U.S. Pat. No. 6,498,259

dized with an organic is hydroperoxide
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containing a buffer in the presence of a catal yst

m xture containing a titanium zeolite and a noble
netal catalyst. It also discloses that organic polyner
resins such as pol ystyrene, styrene-divinyl benzene
copol ynmer, crosslinked 5 polyethyl enei m nes, and

pol ybenzi m dazol e may be used as supports for the -

nqQbl e rref2 é{%l Rec ntI a technique call ed
Rt & 580 c%nmt 3faglef twd@@@wﬂe OX¥gR N & Sglvent
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128 od S LY S P iolon 2 Gl 1208545 280+ BRI
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| t d th .
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reacti ng an ol e
pPeEehc e Bf Anph %4@ dNgt ﬁ@%@h‘-’z@ﬁ?ﬂe&‘»@@ﬁpﬂ eritalgst ponsisting of:

t(fa Bﬁé bl aRrdRltls éfetﬂla'pie@’ nurﬂnﬁo@p Q@Eé’t%rco%%ﬁ&ﬁé"l ®% 8% or
cgzpiq cat a @/ I'e metal catalyst

c‘BH‘i?rF? ST RISt ﬁé?ﬁler aﬁBe QH'VP'&F&“ Bpohge P ésoyentrag

pthe cestiing sbiagort Beispotyimpregdarans vhates thebhielyset al

catal yst gives hl%ﬁ"‘”‘%ﬁﬁﬁéﬁﬁﬁg%g tivity than a

process that uses a no t which is not
encap§ e doettigyy isaap cipprigationDEDALLSERMESTRI RECODN GF ORFAE,

'ngélna_ h)?y Ofﬁeﬁé n% sér{gg &%B&.&&!&ﬁ{%@é{ %ﬂ)rising a

OXI dat| on cata rsing ransi tion
Zegsities, m%@lcﬂepbtésa@%ﬁéaoa/me;rea@msaiatedom@l%membp@tabﬁrst Sthe

GRablAnetdBcatalfot d%m;ﬁfse& Rendplek@etdl Bnd@ @l iidd-8xthERAg O XoLae nThe
Atransitio zeolite 1s a crystalline materi al

nElie 33‘5%3%%300 S ansUisies, dobley Gekr e ay ives higher
capaixalc pironyictvity tiaarsa biceBss thet @des (endble mbtd adtbhsh which is not

z ' j zeolites). Atransition netal is an
e%%%%%“ﬁ&%gggggkﬁ%- 12 of the Periodic Table. The
first row ofPHTAdIE) BESOEIPEION QE Tt VENT@Nt s from Sc

Lo ZngnBredRLs BeeriANibh QoL AnSo:defior catalfst Minprs

transition metal zeolite. Zeolites generally contain one or more of Si, Ge, Al, B,
P, or the like, in addition to oxygen. A transition metal zeolite is a crystalline
material having a porous molecular sieve structure and containing a fransition
metal (e.g., titanium zeolites, vanadium zeolites). A transition metal is an
efement in Groups 3-12 of the Periodic Table. The first row of these elements

includes elements from Sc to Zn. Preferred transition metals are Ti, V, Mn, Fe,
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2 Co, C, Zr, No, Mo, and W Particularly preferred
are Ti, V, Mo, and W Most preferred is TlI. The type
of transition netal zeolite enployed depends upon a
nunber of factors, including the size and shape of the
olefin to be epoxidized. For exanple it is preferred -

t P3G oA Bl AN EREvB el €t it rf oo
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65 NBSe %Peq‘ r%?m pefOﬁ@t di%e Wemfgrapwﬁ%ﬂ@m 0.1

t ot.%0. 12BrefcTive miodndum r aliéate0f wis g&herbily t el at t¢cﬁﬁ3081tlon
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¢ SOTGIBhIR0 1o “F L6Bng SmpPeqi e Ela 0B Y Cormiseirc s

obetmeatq Qﬁéﬁyal'td ﬂéﬁ@leMqre wrefemblyt é% valye af s0s frem 0.01 to
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Eﬁgrelétﬂé@)titérﬂ@Q?l):h 209hes 5?&?%0% Qet,mraB’%eSFeadlél&larWeferred
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7 B0eb BRSBTS o D e S Gl W e e

8BMuttaluGDoSHieatox AT Beh(as abadripst imByighe Pat, pxde01a3s).
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i tl'it m bf‘eofh%% nﬁﬂlﬂﬁ“? Qmeﬂrwk' g l?c?ure:fo f!scﬁ% Et%{% ?’oh?B&ﬁe abrt]ega,

si zes. Suitabl ation ca a par
sipEdgrje, QW@SW@@F%ﬁlsﬁﬁwwlﬂcml to about 3 nm A

f or medrraxhatekib BateBsEhYy be TBYWRE: or it may be formed into particles
of various shapes and sizes. Suitable oxidation catalysts have a particle size in
the range of about 0.0001 to about 3 mm. A formed oxidation catalyst may be

made by pelletization, spray-drying, extrudation, or the like. It may contain other
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made by pelletization, spray-drying, extrudation, or
the like. It may contain other 3 conponents such as
silica, alumna, and titania, and the |ike, and

m xtures thereof (e.g., as binder). The oxidation
catal yst may be encapsul ated within a pol yner.

‘Sui'table. - polyners and the nethods of encapsul ation

descri bed below for the 5 encapsulation of the noble
nEBPOEAPafyrSt amaljch lupipRi eud fiRnim| 3ndeheekicapo| raixkies

neRleRf (Bd.0ds Kiadar] yst is enployed in the process. The
st of the present invention

nobl eqmet al cat a%[y

conpri SeoXidaieih calabel MRy beﬁﬁ”P?%f’b’Feéeqw%'l“é grelyner. Suitable
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eeﬁﬂtiaémaﬁmet dreinn@phindiisn "Eél%ﬁluﬂﬁﬁﬁn@%ofﬂugﬁoﬁérﬁ&lé}r} 4G able.
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aﬁ%” @% MBI &F PRkt e Preeﬁﬂ&lﬂ@q Gyt piErendreiange of
plearh |0cm| ar20nesthy ﬂ)rételrégmso Heganging mneenmetr ﬁﬁwmf:h tienoble
upd or_.C ex used as the
tnrﬁgia? tsgﬁkajﬁgra‘t:ednﬂ% F\ aé%Y gn€ Qfﬁ( cntgﬁlﬁ 8[ EXABAS o }ed%o%q
i metalidehiber atppsrted ulnf e don-rahbogs rédn by, ifregnatides ion
2 RERIE, dBShotich néﬂeegxe&tfaheér ey, - acetat e) and am ne

or phosphine co es of netals (e.g.
pal | aJihﬁrr?(EFP)‘0Pé't“ﬁ‘darnﬁ?ﬁf{ﬁ'ét'%\sdﬁ@aiémgt”lﬁ ghaidest thei psthsnyibtal

phesRivhaex daaipteadjsléaté%)t)qe souPae! & th, ndbhened %EHeOEbtaiyst

is not critical. Palladium

' f th bl
f%‘f%{aﬁ?gt?mpgug eﬂg&? n"iAESxi HElsn BiidPe Emgwnehlerides,

fromid@s, @aﬂb@xmateamgg %e@m)banérﬂtamge of pmqshmemd@texe@ of
S ie sired ox on, state, or .
SoF B, D o F PRl o Sl B P D rhfice FlgRlionons
d&tﬁ?ﬁ@}mh@) rfladivm@el ng i ntroduced into the catal yst may
be f ulshyir=pr, ﬂﬂ@rogddéi cl,eretheeofrt QHG@Q me?%tié ?‘\Eta&rﬁi%ly Palladium,

catal yti c perfornmance can, omever

viPt HSERANCEN 3y B8 frémctméﬁmmétenéwqaet@m @atcaws@r any

ommf 86 oRBudhOGiRNEN 8RAS. I BRShéhid% Re TEBRY bxidatidR state or
| on-ex hanﬁfe restjll re S theéLec or ganl c polyners

Cé’\??bﬁg‘ 100 oL XIYR tﬁ? o3&t th° I@(tgnﬁoggow after bemg
iininedexed angehe estalyst IGan bbe‘uﬁyoumdartnﬁllw or8-rEXedaan g8atisfactory

cataiylic performance can, however, be attained without any pre-reduction.

The noble metal catalyst comprises an ion-exchange resin as a support.
lon-exchange resins are synthetic organic polymers having ion-exchange
properties. Examples of ion-exchange resins can be found in lon Exchange,
Friedrich Helfferich, McGraw-Hill Book Cempa_ny, Inc. (1962), pp. 26-71.
Preferably the ifon-exchange resin is crosslinked. lon-exchange resins are

categorized according to functionality as either strong or weak acids or bases.
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Friedrich Helfferich, McGawHi || Book Conmpany, Inc.

(1962), pp. 26-71. Preferably the ion-exchange resin
is crosslinked. |on-exchange resins are categorized
according to functionality as either strong or weak _

acids or bases. 4 Acidic resins (cationic resi ns)

PR i PUPlheR| ARl Eoel] niPrgaritt o sefbonyic ecd

comuas.n &asineresipy b(‘.Eithhlﬂ:t mﬁrns}ar@enaalharmnm!nu Binir® substituted
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preferre supr a.
VBT GPee i &'ﬁlr@r wesiprrieeshsisee b ﬁqﬁemrm afp. vE9-$0).
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surfeall,c 3{\ E@ |n|st%%acall in the range
ofefe i %Bg%r L %‘\er © haPgrSeER I of ff&féﬁ*@ﬁ%’dpya'lmn
t the fﬁag@@f 61 OO(IIQqQ@@ fﬁ&é@, pd’rl‘[gr@ﬂ Qﬁéﬁg@rlﬂbﬂewblyﬁntth@ range of

Pl B ool 8% Mmoo whap? 2l (oo g Abront
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C@tat%lr §§§ H8hh Ly éﬁ%g) ABHL ERLWRLL rb%tter%\r%rths

I sher $ an acidi'c res
(EH?’ISBﬁrsepFPe n‘)8605 used. Parti cul arIy preferred

resi n@r@fe@a!ﬁ;ﬂ'é‘noéﬁr&@ rédirl Ealioy fdai) @é"@séoespérﬁculérlys})referred
crosslinked rene cont ai ni ng sul foni ¢ aci

f (e¥i &hal S L&‘%B'ﬁp@% DPOYFRICHE N XSHE: | 1< ¢ ShPRsinipdu sdlystyene
t bentaining shilforke Bgd agenbdnal Weeps. aD:v&@ltﬁﬂnQerﬁe}B C@?ﬁﬁ‘l&»ﬂwg@ed as

20
eIy E Rom JuBEE BERE LR e M Bekbarks wptors
eﬁ@lriahﬁg@aﬁﬁvy e campihay excimartged bhyantper aktiths1 00 hm)éxié}’ut of
P@ﬁfh%ﬁ@@%yebte érﬁ/@vﬁa elln 2l é%%ff Op1r0%trggls’/ al efgé%@}t ast 1

ot her cations; resu resin
agwhﬁ:- ¥AtPigRs é‘?&:%ﬁgfeﬁﬁd trveather. CG&IQM abe eesg:ﬁmg O is referred

i ﬁﬁée«léleceﬂio'ﬁaalxbhér%%a’l res@l k@litaPR caB8hd MciBL Alkeli metal, alkaline
I a hani d zinc, cadm um anmoni um

PRyl deighni arﬂ%e ANE9h eSS PSR BN Ui Ak Ham R,
aa[dy!phoqpubmamt loas,eqfd therixkke bRE thigaidsOfsreot. nqﬂréfa@ed cations

a taI ine th netal ions,
rr!")ié‘iaﬁ‘? egﬁ? her?‘% l?and F’%é‘?"néu? '] YRl fAS, egd‘dcﬁwit‘c?ﬁ% thereof.

r ﬁertlguierissodnefﬂnedpmaaerm ungludeal sodim, apdassirgnesiciim, and
| RRSnesAM idHsX LAY SR OeMERly, The capacity of the

I on-exchange resin 1s no?e Critical. The capacity is a
The capacity of the ion-exchange resin is not critical. The capacity is a

measure of the concentration of the functional groups (e.g., suifonic acid or

carboxylic acid, amine, ammonium, substituted ammonium) in the resin.

Suitable ion-exchange resins may contain 0.01-20 equivalents per Kilogram

(ed/kg) of functional groups. Preferred resins contain 0.1-15 eqg/kg; particularly
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30 neasure of the concentration of the functiona
groups (e.g., sulfonic acid or carboxylic acid,

am ne, annnnlun1 substituted amoniun) in the resin.
Sui t abl e i on-exchange resins may contain 0.01-20
equi val ents per kilogram (eq/kg) of functional o
groups.--Preferred resins contain 0.1-15 eq/kg: -
particul a erred resins cont 10 eq/ kg
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t DoRlrefha PR ARy FEERRG  (ARa B RR B8 D8 ypiay
f pernligh eabeads of \tamoa?o@lles . mn@“omtaheut ‘Hojrhdo HEtbtaI2 mm) the
Cﬁ&ﬁéyﬁétasc%?étsdo%riérn r@ﬂ?hgf cﬁwnmg% § @hd aa'ﬁdloﬁ%x hange resin
i on- exchange fresin m | ar FEicre
sitvﬂ,ﬁ@'*saga‘t%m”@rnp%&@ﬁéﬁ@é asdbp ﬂpru@@aangmwrt waed Thus the

PebIyBr-eRReaRsinalveRed %Mﬂlapyl:ﬁﬁ; Y HAPRI Mt fb@tan@bkn@chm a
net al cataI%st within a polyneric coating. 20

PBPYREPSCEi'¥abl e for use in making
poIynﬁ%ﬂﬁmﬁapsuémééd-mnbhanaﬁh@boWﬁﬁ&@h&ﬁkﬁb&ﬁchﬂﬁememl

n@été@@ﬂs i uo‘%{rﬂﬁgl r%%r?thgtggdrgarp C pgl}/nr%%% rgéonqnt lt%lg 8ﬁrb%” atoms)

i Oh" 0
p ey by |321§'¢'PF® As COT@@n%?ﬂ@h Ipplymtehigativob y Bensratiy,ghe polymers are

h 9&9 QQ&IW@E Sr %nd’oﬂf‘%ﬁ%l@&gccxﬂogﬁ%rg ORALYIERE S rRE-RIHCE %nlc

y free-radical i oni c coor atron, or condensat'i
p B‘PCV fiaaticratqr oFPrEENTHEn o@@'%ﬁ?r@aw )Pﬁéﬂez gblneore aaoiymerlzab!e

rrmaaméﬁ; @eafmwé@mnua@pug lyfé@nlc&éSFM{rcﬂéﬁr%S Pol@@thb!l@' Bty dias,
po“ ers, @ &F acr% iCcS ureth? ?

opyEEre BOrydireaes, FOMSHDxamelAot * padicancs
ppd)iymcl@dﬂailes destypaaidgpe pblydﬁsieom&sy -aﬂldCfHEOtllKEd esnd aitlures

{h%rédf ke, Pr%%(?reg' )éltré‘lr ;? %3{3‘(}%@%5 eof 80%0]9 ns {Ij h@P@g?s thereof.

ystyrenics, ures
Parttcular[y preferred is poiystyrene The polymers can be generated by bulk,

solution, suspension, or emulsion polymerizations. The polymers can be
hydrocarbons, or they can incorporate functional groups such as ha]ogens‘,
hydroxyl, amine, phosphine, phosphine oxide, arsine, sulfur, sulfur oxides,
alkoxy, silane, siloxy, carboxy, or the like.
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Particularly preferred is pol ystyrene. The polyners

can be generated by bul k, 30 solution, suspension, or

enul si on pol yneri zati ons. The pol yners can be

hydr ocar bons, or they can incorporate functiona

groups such as hal ogens, hydroxyl, amine, phosphine,
sul fur sulfur oxi des,
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proceeds to give the polymer—ehcapsulated nobie metal catalyst. The monomers
can be hydrophilic (e.g., N,N-dimethylacryl-amide), hydrophobic (e.g., styrene),
of a combination of these. Suitable techniques include bulk, . emulsion,

suspension, and interfacial polymerizations. The polymer-encapsulated catalyst
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In-situ polynerization is one preferred technique. The
nobl e netal catalyst is suspended in a reaction
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Pr epa'll"heedogé{at%lrja k%:%%alyslfltalng %‘ueanoble metal catalyst may be encapsulated
within the same polymer. For example, a suspension of an oxidation catalyst in
a polymer melt or a solution of a polymer in a solvent may be used to
encapsulate the noble metal catalyst by any of the methods described above.
The resulting product obtained in such a way comprises a noble metal catalyst

and an oxidation catalyst, wherein the oxidation catalyst is encapsulated by the
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nobl e nmetal catalyst for the transition netal source.
For another exanple of in- situ polynerization to
generate mcrocapsul es, see Adv. Powder Technol. 13
(2002) 265. The oxi dation catal yst and the nobl e net aI
catal yst may be encapsulated 30 within the same
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propylene to propylene oxide.

Oxygen and hydrogen are required. Although any sources of oxygen and
hydrogen are suitable, molecular oxygen and molecular hydrogen are preferred.
The molar ratio of hydrogen to oxygen can usually be varied in the range of
Hz:02 =1:100 to 5:1 and is especially favorable at 1:5 to 2:1. The molar ratio of
oxygen 1o olefin is usually 1:1 to 1:20, and preferably 1:1.5 to 1:10. Relatively

high oxygen to olefin molar ratios (e.g., 1:1 to 1:3) may be advantageous for
certain olefins. '



a diene or triene. The olefin may be a hydrocarbon, or
it may contain functional 25 groups such as hali de,
car boxyl, hydroxyl, ‘ether, carbonyl, cyano, nitro
groups, or the like. The process of the invention is
especially useful for converting propylene to

propyl ene oxi de. Oxygen and hydrogen are required.

Al t hough any sources of oxygen and hydrogen are
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and hexane, chlorinated aromatic and aliphatic solvents such as chiorobenzene
and methylene chloride, nitriles such as acetonitrile, carbon dioxide, and water,

30 and mixtures thereof. Suitable oxygenated solvents include alcohols, ethers,
esters, ketones, carbon dioxide, water, and the like, and mixtures thereof.
Preferred oxygenated solvents include water and lower aliphatic C4-C4 aicohols
such as methanol, ethanol, isopropanol, and tert-butanol, and mixtures thereof.
Fluorinated alcohols can be used.
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work at a pressure of 1-200 bars. Epoxidation

according to the invention is carried out at a

tenperature effective to achieve the desired olefin

epoxi dation, preferably at tenperatures in the range

of 0- 200C nor e preferably 20- 150C 25 The process-
nts are
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To a suspension containing the above washed A-36 and 100 g of methanol, a
solution made of 1.71 g of palladium acetate and 70 g of acetone is added with
mixing at room temperature. After 30 min, the solid is filtered and washed with
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20 from0.0005 Mto 0.3 M The buffer may include
anmoni um hydr oxi de which can be fornmed by addi ng-
amoni a gas to the reaction system For instance, one
may use a pH = 12-14 solution of ammoni um hydroxide to
bal ance the pH of the reaction system More preferred

“buff ers include al kali netal phosphates, ammoni-um

D Srab L) B TR R g AR S5 . o

Sdifrield|s©ﬁ|d (Cutale A)#48.5 ¢h bdntaiec OgRIt2EPERNY vari ati ons

of 1 Bl PR vE ok T B A U

Anber lintsta 36z cesinncapAlsie esntaigingliacsotdisn f dbmfmaderferm

1o o cesjeaetanai Railiel TR0 E el BFOABE ol
| @cetodrin cresterr(t 2@ 9), Fing 3989 ﬁé@etalyahé\ﬁrmwg Egeraplej sare charged.
r R@&'Qﬁ@ goﬁé Xs Eurggé w1tia FQro%e&S{ Y 9%\%@%9 %Jlé"lbd'iﬁ’e Ish&pped

above was hano sol ution

neffe ther suspehsien @plymnf:%fmnu@ﬁ‘e&éf@t B @néﬁde‘"ﬂﬂdg agjfation of the

gt oM h@at@dﬂgeslatwat hooomoxemgfoﬁ&wé@mﬁ&mef ratau@cec After
After 30 mn, the solidis filJtered and vvashag\(? fgltpred

‘Pe"i%éocée%?o rﬁgwﬁgwapratqrﬁ,etﬁe@pﬁy@&r— peapsyigEg it
%@ﬁeﬁomwsjtﬂamtemmeg htaterTh@d dhedeid sohtwing Gatialay SU°A)o

oL el el R e A i o 4.7

cr own  CAMBIRATIVEFOMMPIF Ay EROXIPATIOONOBPRIZ Y- BHE

styrene and 5 0.15 TRfPo?A $fisobutyronitrile)
(AIBN), a solution o 15%% %ﬁnyl al cohol) in

wat er Pmﬁrontgv)ﬁluwaﬁaomatf @#ffec@pb.l 95 {0.A My Bibh Béamperared as
Afofod) aﬂ@\‘ﬁfbmunﬁﬁﬁ*@ﬂm@&? pﬁ&gphla@ ( ’13 5R} Q&8s M ddinrdob repgrere-

to elimnate ox tle is

SGEGENSREn RSB TIAPTOH PSR B TENHQ0 b sEi o the

agplbrtadni Lmtll tblfa drheadbetvid e pHnnatehe"alﬁeedolmhb ob &itehs cluttio @Ghen

b%\cre%sed to, ex ctS/V\ﬁf(i)O WQQ adg f cgna? de:onlﬁ cpwatefo‘f ter to

pol ynﬁntaelnmmllfatbﬁ Sc'b)t e@lnyms drs pfédarest edfolloviag eebedures

t%agsé’éf ihiy. depaniged Mts%ﬁ ’ana%sérda d in a vacuum oven
const ant wei ght product (Pd/ A36/ PS,

Cat al y%?O(BWL@&Wa‘%%eq FEAGHRT '%?WQGCUG’WPQ( P YE kP 60
39 oEREM PV el %FBR@PYda%d MISELPPH AB61ECATAYSRd: ddhution

57 BB VP o Folhl o RRRBRPUTH dF Ry Gratdh THHL iAo D0
( fisig Wih)a feddjessmingieting of D Q0lugreqferctant (YabM)zedragetied vol.%
PR TR rdNET DG, hidthat, AN Barlc? ARA. tRe
pressure in the reactor is maintained at 300 psig via a back pressure regulator
with the feed gases passed continuously through the reactor at 1600 mL/min
(measured at 23°C and 1 atmosphere pressure). in order to maintain a constant
solvent level in the reactor during the run, the oxygen, nitrogen and propylene
feeds are passed through a 2-L stainless steel vessel (safurator) preceding the
reactor containing 1.5 L of methanol. The reactor is siirred at 1500 rpm. The |
reaction mixture is heated to 60°C and the gaseous effluent is analyzed by an

online gas chromatograph (GC) every hour and the liquid analyzed by offline GC
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15

solution until the pHreads 6 via a pH neter. The
volunme of the solution is then increased to exactly
1000 nL with additional deionized water. 20 Titanium
silicalite-1 (TS-1) sanples are prepared by follow ng
procedures disclosed in U S Pat. Nos. 4,410,501 and-

R P, S I e 9
thr@raa'ﬁie awbd @ivaicks aff pﬁiﬁa@ﬁne ﬁx@d} gl)cfoé@pr@pyl?éneb%l dof rpropylene
an of ne
TRUL RnohRnhl ERALS iR Bns o Yslony e, Gvsp! ety
g&hesdnhetasulls are showofruTabloer @"ﬁaﬂbatéwsﬂ pr@@uch\yitﬂrr@ Q@Thed 4s
oo GrarfiX K9P0 BEd (HRBY LB Sbsga il e L P aeh o0
i SlefAive nRsdram doBtahesityy (R8-4 aad k3 rasigst) @er hour. POE
" g@UleALOholcick bd h%éa@@%gg»ﬁ@snﬁsfﬁeego%}v RIS Yok =

roug he reactor msasu
angoies of ﬁ@éfﬁfﬁ@'ﬁ% ohPOEI 4r18P. Prepyerteto POE seientvity 1+ (anoles of

C GG o3 Qf §.@ba;$@tordn@aelmd|& S g@@oor during the

run, the oxy rogen._an ne feeds are
passed thr ougﬁ&‘y%—l{d’ Egpﬁf%Tégﬁ't(g%PR@é’é’éENE
(sat ur atvgiH meme@NEmCﬁmmEm@m% giargidsp L of

nmet ha rea rre t 1500 rpm The
react P@Iﬁ Pr;gg%uurr% Ol?tg%ﬁ@gf e:g % rc‘?p%%%?&ﬁﬁe@ ﬁ@@%é’é&ﬁ‘?’yﬂ Bis
etpedivptea of @ndloyr Catdyst An Reoultsi :ne sgéen @T=dret ogr aph

(50, o Wl AR

| AEPRHERRO A Eee ericgets(®A)d anpTEpands Tabik 1 shows, higher

depw@é ipY&RicHityPisOBYLSRE -
@l H@RcalilyDEoBY ycolwifrﬂo ﬁo néﬂdﬁ,@ y?’e%ef?lern%Qe{éu?d?Sd Pd/A-36
%ﬁa S/I ene glycol, and dipropylene gI ycoI met hyl

et hers. The results are shown in Table 1. The catal yst.
productivity is dleflnﬁd as c%@the rans of PO forned

(i.ncl udi ng PO sub<&ii nEPSIPRlER PEFOPEeT%Hr m PO
privati ves) pExarg;niam of cat al yst s (T& 1 arjd Pd4A36

= rm!os nf D('\-l- nrnlp

d

cht d.l ybl) [JUI ! \IIUI C} )

of PO units i nHt E al der| vatives. PIBHE E‘Hﬂ%@ of
P

P

O/ (ol es of F’dE)ft% 100. Propyl ene t’09P$ selegfivity

+ ml ac

(m)l esof es—of propane for-red

)%_100 R éL% 4. _EPOXI DATI OR 'O _ProPYPRE il
W TH PeiahstmentvERe PSEIATED Pd/ A36 0C&TALYST Tbe
pE ocedur @@[P@(%Tph&emq repeat ed—exgept—G-20-gof

lLyst Bis used |nst ad of 010 g of Cdtalyst A.

Rropyienafod Qf SelectivityT#dmeleimo®hé r ea®t i on |mi xtasr es |i n
Conparative Exanple. 3 and Exanptre 4 —contaim—15
approximately the same anmounts of Pd and TS-1. As
Tabl e 1 shows, higher
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epoxi de productivity is obtained with the

pol ystyrene-encapsul ated Pd/ A-36 catalyst. Table 1.
Epoxi dati on of Propylene Exanple C3 4 Pd Catal yst
Catalyst A Catalyst B Pd, wt.% 1.9 1.0 Pd Catal yst, ¢
0.10 0.20 Catalyst Product|V|ty, g POE/g cat/h 0.28

"0.37 "POQPCE, % (nole/nole) 11 84 Propyl ene to PCE-

Sel ec&gwty, % (nmole/nole) 91 86 13 W claim 1. An
epoxi d%& P8 process conprising reacting an ol efin,

hydr ogen, Ar@@;ﬁbxzc@ﬁMG@ﬁcéﬂé doh@n@lhgsf@ma ah orfin cnyuﬁb@teh Qihd

SOOI S RStR SO ﬂé%e%?ys&’ipgwg«%@? ot e

nodolie, ahd rmbaﬂyma:n@hcaﬂsuiamd ewbleamgel rcasilyst c&npr‘lérr@ a noble

prgi:?ssdo ! m 1l wherein the transition netal

7861 TE T 3 ?’?apgﬁﬁﬂﬂ zeolite. 3. The process of

cl ai m21 wher pionegshef tlieiandi tvhemimitteatrazwigini tnetal ged®: s a
r:mﬁ,‘] Zgg@gess of claim1l wherein the noble netal is
ect e romthe 10 group consisting of palladium

pI at i Bum Thyotrasess weeipion] wheteirethe traneltion welal zeplite is TS-1.

thereaf. Bne Jrla@esero@e:sﬁ 1QfherdiRiHB Aom@ﬁre%l B ddiied from the
i on- exchan resin has a capacity of from1l to 10

QPR . copsis oh PRIEELE. gtlaug). ngdldwWHBP &M §iKe. and mixtures
i pBre@kchange resin is an acidi c 1s ion- exchange

resin.. 7. _The proce s]of ? er ei ﬁ h

i on- exchahife pF &§Fh @ spaémsul‘fv%?fﬂ? ctd" GB‘S Yy Faifeh2s @
r esgienity of froBn 1 Tt gapkacess of claim 1 wherein the

pol y | e

bol yotyr oo g 0Bt ot e h Qi BRAShGE BB P'an pic
QOHW@W%QQG%%TS of cI aim1 wherein the polyner is

- pol ystyr engs prbless W11k Q%elﬁfthéllcﬁﬁLéﬁcharY&é%ths & Reifonic

oxi.dation catalyst is encapsulated wthin a polyner.
acid polystyrene resiri.

8. The process of claim 1 wherein the polymer is selected from the
group consisting of polystyrenics, polyolefins, and-mixtures thereof.

9. The process of claim 1 wherein the polymer is polystyrene.

10. The process of claim 1 wherein the oxidation cafalyst is
encapsuiated within a polymer.

11. The process of claim 1 wherein the oxidation catalyst is
encapsulated within the same polymer. | _ _

12. The process of claim 1 wherein the ion-exchange resin comprises a
cation selected from the group consisting of alkali metal and alkaline earth metal
ions, and mixtures thereof. |

13. The process of claim 1 wherein the noble metal catalyst further
comprises a component selected from the group consisting of titania, zirconia,
niobia, silica, alumina, silica-alumina, fitania-silica, zirconia-silica, niobia-silica,
and mixtures thereof.

14. The process of claim 1 wherein the reaction is performed in the
presence of a solvent, ‘ |
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11. The process of claim1 wherein the oxidation
catalyst is encapsulated within the sane pol yner. 25
12. The process of claim 1 wherein the ion-exchange
resin conprises a cation selected fromthe group
consi sting of alkali netal and alkaline earth-metal

wher ei ot AOeABEES SLAH R wither He BGRCR qi%qi%i&gm the
cgrqmrmm!sttm efcal edhofsy eirfn*entshestgreoiaetonemsambm ngaxmlé water, and

,ﬁ[],tgt &kLconia, 30 niobia, silica, alumna,
I ca- alljum na, titania-silica, zirconia-silica,

n| obi al&i Mheaprocesa df raim itewhelslr thof readtion iT erfpreeinsthe

Obrddefbdhily WiiRrein the reaction is perforned in the

presence of a solvent. 14 15. The grocess of claim1l14
wher ei -t A8 yPeRsht ofi daigie (@ ovleatein im huffer compiiss an anion

cesististiffgn efe @b@p@@%%’tm&bh%ﬁéﬂzphﬁ&t %ér%omh@ts%%l% hydroxide,
car bo%sd%lﬁl de, water nd mxtures thereof. 16.° The

pFGeia i s WSS SPheA (GEhoh S61RCio8 B@fi”f Bemsepup
i I&onﬁshﬁmg%fmmeﬂﬂam alkylambidniuds, . ailylpholPeorRih0 Caes Méial, and |

n the huffe ri ses an anion
8%'8“ '¥\h ’ﬂ@s Gg hg ﬁr'lréﬁeé) -of phosphate,
car bon#d.e Thsulrbatse, ofhyadmoxwdmrein apetosdfie,is @and drhv@ore Co~Cq
Mg es thereof; and a cation selected fromthe group
conS| sting of anmonium al kyl anmoni um
al kyl ph%s%h@rqumﬁs ofl diaiini 1 wingrain, ihepigfin ispredyvieaki ne earth
netal »@N%n 85Kkidalisn 'E;r&tegé %n‘FpHQ Flgqgactﬁhé %Jpgﬁeé%f %g&%ﬁen

of claim1l wherein the olefin’is

oPBf i RYen 9" aTREVYJBehs REsIcE] ¢h a Rufer einn oxipatiop) edtplst
| soMpAgNg @ﬁ&am@ﬁ zediRe, &d?@ixé gal@h”@ﬂeﬁéd?ﬁ,@@@d GRBRI hakN&atalyst
reacthg % ﬁ% ene H gg and oxygen in a
sGPVBRY™Y rﬁ?@§@ e '“Saﬁﬂﬁpgﬁwﬁﬁﬁ f-dat i on
catalyst conprising a titanium zeolite, and a

pol ymer - encapsul at ed nobl e netal catalyst conprising

a noble netal and a sulfonic acid pol ystyrene resin.
15
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