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L PRep o BHRPLE St IoBer 8P (PRt AL Banp 54,
PHBLEc candhd:9%58%r opyl ene epoxi dation. U.S. Pat. No.

o, 0Re28fy ST hARS Bl M 3b, SRLE GBI BPRcher ol
vatﬂuq)xyggn @nkdyhydecgsine sk erhexanphes thiRel rezation endyniss ppddradieelin the
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e.g., US. Pat. Nos 5,623,090, 6,362,349, and 6,646,142), or a catalyst
containing palladium on a titanium zeolite (see, e.g., JP 4-352771).

Mixed catalyst systems 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, but additionally teaches that the Pd can be
incorporated into a support before mixing with the.zeolite. The catalyst supports

disclosed include silica, alumina, and activated carbon. U.S. Pat. No. 6,498,259
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The process of the invention employs an oxidation catalyst comprising a

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 transition
metal (e.g., titanium zeolites, vanadium zeolites). A transition metal is an
element 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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The oxidation catalyst may be a powder 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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wonb@/osemsi cl es of various shapes and sizes.
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-reduce
catalytlc 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 Company, Inc. (1962), pp. 26-71.
Preferably the ion-exchange resin is crosslinked. lon-exchange resins are

categorized according to functionality as either strong or weak acids or bases.
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r6ghal ¥& SumnitUBReld PRRLHASR Rak ﬂ%at X 9anbss) Elgeléi%r?or&ﬁst)gene
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The capacity of the ion-exchange resin is not critical. The capacity is a

measure of the concentration of the functional groups (e.g., sulfonic acid or
carboxylic acid, amine, ammonium, substituted ammonium) in the resin.
Suitable ion-exchange resins may contain 0.01-20 equivalents per kilogram
(ea/kg) of functional groups. Preferred resins contain 0.1-15 eq/kg; particularly
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.and/ or r.box cid groups entrappéd with
RSy P';i“‘g‘i%s‘kye? @&HO PElBREuPesaRe 'ﬂﬂﬁxcmngee&ealnswe depically
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i nvention. A pol yner-encapsul ate
noble, sueteli Gatalyet FANeRiSNg arit;amttnoonmeay ahdmmruémhedgé resin
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surrounded ayer o Ceanse o
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p%lﬁﬁén g. fromabout 10 nmto about 2 nm, the

obl e net aP catal yst conprising a transition netal and
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S ULl P SHARRE o bt B hgnctoms
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thereof.  Preferred are polystyrenics, polyolefins, and mixtures thereof.
Particularly preferred is polystyrene. 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 halogens:,
hydroxyl, amine, phosphine, phosphine oxide, arsine, sulfur, sulfur oxides,

alkoxy, silane, siloxy, carboxy, or the like.
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nononers. Exanpl es include polystyrenics, polyolefins,
pol yet hers, polyureas, polyacrylics, polyurethanes,

woabyastwss, pol yanm des, pol ysil oxanes, PCT/US2006/034393

pol ysacchari des, polypeptldes pol y- nucleotldes and
t he” | Theegrdermia whish Uhee'mbﬂmmeéajfaddlﬂoetceﬂmdn-axdwnge resin and

%art Icu %re%c)g/ﬁ%urleﬁ err eS’r Irrg]édp% glréﬁlé P%ﬁé&%ﬁik@wsthe ion-
exafiabge (rsireard the nobldnletal sse lessemuy emqummi within arthin layer

I b .
GEHbE, L8R e g BRME 5o B 1o an ton
gxahapge sesih tadoimalzogeble, meted roatalyst pmsr ne,itsplsplu@gon. In

h | f | f i ,
ARHREI LR, 4 iaPERRoe Sobhs: eridpbilael WilTR a povmsr to
prndwta erpaiymerrmmbpsmmeal iondsicharye ftesint Iaadlw&aﬁgiﬁb\amal is

| adth}e rrerle sulalonarecrrleéio is
R 78 AV G e R BB RAE Bl s Al oic ot e noble
ma’ahl tdoenpoahdie (mgt apalmmmmaés a{bélhadﬁﬂ\/%ic@w&@) ot tBhipleXes

hin | ayer,. of. po n on erre
¢?t9b1 e 'PQ'P”W(%)Daa%ESa‘E‘B“% EWQ%&‘Frand@tr?l‘é%(frfPhFBWPB??Hhﬂ‘e)
pablatientte)) aliffueembugm thy p@ymeIaVél’SarﬁﬂGé}ﬂ%iﬂoﬁxtth@ fon-bXchange
an i on-exchan resin is encapsul at ed

anot h r e e
e hi }éB{mntE? {B-¥Hange &?Sgu ??Fbrth@nct'l?ﬁ@lﬁpat &eptal are
erwapemalban Frefesbly, atﬂ@ﬁstaa bbﬁlﬁﬁ'dfltﬁé‘ noBledhelaf llﬁq{éer%shmng
ner - encdeng)o ated i on-exchange resin afterward
Ay Pt R the ol SN 0S LS (Siar PAUIIY AR t8aus in the
praceésadi Ihnye’il%@ibme?)exﬁﬁmpf@'mé AoBR rﬁ@tag and ﬁﬁé ||&Qé*’d’f§ahbé resin
rom de, tetrakls(trlp enyl phosphi ne

n
$g|e|ng%ﬁm1]?(t@j within e AN RjAG! Mol yrer | ayer and
depOSﬂhbreOEré RfaryOsuif a8 theshdbpsliBs abﬁﬁsmetlﬂ@tal catalyst

Mexchan ge resin and the tranS|t| on net
Vé' poelvaeEy Suballedeeimiquesdnclugador exasaple; srrayintng spray-

sﬁ?ﬁyaéoa'tlﬁgtﬁ}%s’éesséﬂ Fétﬁ‘)ﬂ é}%‘ ?%ﬁaervbﬁorpr ﬁjeﬁﬁwﬁ'ggtment

to t 1e el enental stat
Gogtingy dluit bed seating, cgnepnaiﬁmcnefnngembegrusum vapbt deposition,

u'ﬁf%tt@'poﬁ)ﬁ%rizgﬁod QHCIG&EBQH%’(F lﬁt%b%c@r ?R@H]%?i%ﬁg a%% the like.

wi thin poymarlnaS|n
Tmﬁa@né RS ﬂbcr@rﬂmgswlamcm atenhmmesmearal dmcwqutm the

n\gf(%drygrb éh%:p gf l\ﬁﬁ*&c@@glﬂeé eﬁé‘!l ﬁ%ﬁahf&ﬁasu%e %il%lae and

Rliiessacy; da ambr@w &9d pdstérant reﬁerenceq eitad therein, and in G.

ntl b O n
SRR el S R ) £ otse
lems degl( 19§9), H. Sdher, iEd. . @dl-&df See also U.S.
deqlmg%r 5763545on and the |i ke. These and ot her

m cr 0- encapsul ati on techni ques are described in the
i nt r busittt polynmehiagtiar ioforld cprefeae@ubematm The noble metal

W?s%ds%hﬁéed A g/?géc%on mec!1 ium containing monomer(s), an initiator,

and other components (e.g., a crosslinking reagent), and polymerization

proceeds to give the polymer—ehcapsulated noble metal catalyst. The monomers
can be hydrophilic (e.g., N,N-dimethylacryl-amide), hydrophobic (e.g., styrene),
or a combination of these. Suitable techniques include bulk, . emulsion,
suspension, and interfacial polymerizations. The polymer-encapsulated catalyst
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wohoBakso3 Parti cl es,

Pharmacy , M Donbrow, Ed., pp. 1-14, and references

cited therein, and i n G Beestman, "M croencapsul ation

in Controll ed- Rel ease DePCY&ISY006/034393

Systens for Pesticides (1999), H Scher, Ed.

AN ba preparedic GuUth 8. MRaner. Né's &) B58MPKS styrenes ot @ mlxture of
e c e naobl

RO A=A Bpior bt eIE I GO hal R ROl Rzl i =Gueous

uspeasian nfja noblermeetalsdatalyst. i ni ti ator, and ot her

Con'pm & %ﬁCQDSUIa%OﬁrBYQ'SAHaQQ gqa}ggtloq’\?c tza?st:ervatlon is another

pol y zation 'proceeds’ to grv
Rrefeyregr t@hmapeul At euitatpbd |appnaztchl withit polystyrend s the polymer

SRRPEMa i Hushercosl RBBLESRL 6431, Ghem. Gommun, (2003 440

and Eefer@nbemalted)manémi Aegew. smeha,blne E@caml(ms) 3489| ydam.

d t
s SO 12 rooBBBRE) O A" Brisaly E0uShisnt egascenyation
dpproackp daght i bvy SKmﬂayashﬁalfmerencé‘ﬁsuwllngxaﬁ'@bl%dwﬁ%)/b@rﬁ@ound
rene and other eth | eni c_nonaoner, (S)

t t ‘
p%r%s%ghéoﬁ%e ‘??sz i n'Min W&k o GXCIRGBRs on TEiralisEimeny!-
presphinejpadadish(0)Roldjsselvedns aps whirtuke2 N UBYNn BRAS @ooling to 0°C,
cerv t|on i.s anot her preferred

BB R h 0o 280 TERSS " mAtEn Aou « HOB/S een do Aerdendhe

rpiatocapsules) Oalieh lage tharSisblakats tiadhed, Byd ﬁﬁwymilarﬁl @hoble
449 and references cited

’}qﬁtéfe‘iautﬁy%nb?e\ﬁ"x%ﬁwé@(’ﬁaoosrﬁo lutieg, of 2 (pelymer 4209; Polysirene,
pangsobuitene) 12@ £W8) Udibeoolihg 18 & Rfwek Q&hﬁéﬂaﬁge or/aﬁd the

R IHER R ERoUER SPNGL e sl ke poVper it ecsalvsnt

roikEse)]| PRELd ReP@aidE YekGRe %Al polymer- lat bl tal
Te rak?s(t ri p?]ﬁéyl phosphi ne) parfolymer encos)suaeg g%o Vrgga

t
Rfalyshis ohtaipgd-e. Upon sl ow cooling to QOC, phase

Sepa(ﬁfe' igferRbEl ARERY B il rmdd 8) ? 9\‘%%! @@é?tﬁrﬁ SCommun.

d to harden the m crocapsu

(i?%%% at'sd, angat 4 ana&hm&a_wﬂm(m&a)ﬁmhlmm@l rrepanatibn of
p@%‘u?é#éﬁcdp%ulméﬁeﬁaﬂglﬁcfh ;Fﬂe?é?é uthqp f %ygﬁ éfnug phase

pol ystyrene, polyisobutylene) In
C@B@'n'm@ P?'&imﬁﬂili%h}ﬁé PONeMSES atumth-;e tnarﬁsatm matal mwrce isodtispdrsed

\Aﬁﬂﬁﬁ’\t heh 28l F%SEGQH&G ddMairi®! Emuisﬁ efs oEn{l/B? stabilizers.
e S0

Ppoyrrerlnt ent m xture,
Sbegrization oscyis &) the interéagestal fatredmnr@bamut@tzvalls c @t polysrea-

ehéf@ﬁé@%?le%&néﬁé%%clsa Qﬁ%@% 'pﬁ Lo gf%gtu?xg a
nahl¢ raptehrcatatyshion thg tzalﬂﬂyorﬁmlal |snutdee Iimeqmtm mampfe of in-
sﬁl? gg)‘:}{n‘?é’hz%ﬁ&?@é eﬁ%r%g%géig%%éﬁs'u%s see A&v I!’owéfery Téchnol. 13

A(zooz) 265.

The oxidation catalyst and the noble 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



10

15

20

25

30

woamizase®3enmul si fiers and/ or stabilizers.

cont ai ni ng pol ynmeri zabl e nononers and the transition
nmetal source is dispersed within an aqueous phase that

Pol ynmeri zation occurs at the interface to form
pRIYPECaNS is rrinaily gistrisutast yitihie daepelpmer hodydsuroiinginges abble

rﬁ%fa@bé!t%t S{ ﬁarﬂ@l@' ogously prepared by substituting a
I e catalyst for the transition metal source.

For Mm@re@a@ﬁqﬂa@omfof |th§| m@lpmymroataty?.toand dhe oxidation

a nttrﬁf\:ﬁfea Techn
&gélgét E%% %%H!éatl TR SEPal g?,@ %g&tvﬁg ﬁa%lyét :}E?)aland
fd@rahllgﬁmann‘eq}sdaehm &pﬂmbahedbamtrigl of thbaoblenmeetzb intoreeaction
Rfuréxanpl e, a suspension of an oxidation catalyst in
a polymer nelt or a solution of a polyner in a solvent

may B’é\emmereermapamiatebatogld ﬂme‘;)atl cbtadysﬁﬁtaalbesfatthéryﬁéatéd by
I t T
(B0Hifled e R M oS AR BRI and it e Shns g use
ie éineaeg@udam ocessi datr iexampk atatlsétalywh?ﬁy‘t‘ b8 rédfed under an
t . is e sul ate e
BBl AP Bl RS i pHE e

reay uodlerdorpg\yalcabdnt ehemtitall chaayed wsta mult lotl E@ch treatment. For

encapsul n of, t he bl e rre cata st and
GFX%e o><|a al{rrsgﬁur t&?étoygiefésﬁ H‘ﬁg\g’ ieng pydrpgenated by
hydtagens eeathténti Wisile tiaé alobsd metéﬁ)m@ﬂ%é lrédufééabw ith¥ same

tf'eﬁ? al 80 shoul d reduce the | eaching of the noble netal
gl eactl on m xtures. The pol yner-encapsul ated nobl e

met aﬂ'heaﬁlabbﬂsﬁatlm dxwiatioh tdaﬁaﬂysit b@%ﬁ-ﬁ'—eﬁ&aﬁ%@d %HBI% metal

h t, t duct
BB B bR Frkdnt o HBRPURR e G GSB1-18{orams of

oxiiatiph ecatdle sart grajs bf ﬁEg/n’Q# _nBapiRsted NHiBle %tal catalyst) is
a%m)ﬁahere cont a| ni ng rogen. The encapsul ant

T and the noble nmetal may undergo physical or
Chenﬂﬁ%leﬁh@“@b‘%@r@é I@tﬁeeﬁtﬂcbsé)f %Bletél@ﬁrfsnﬁ%m Fé?{ﬁ/e lefin

exanp an unsaturated polyne .

hﬁwgb%t kgl epe rarkan- wbm@pu@leanncbaarwiemnwm fomha to 60
cafjdneatomsal PrERYathe tﬁ@ @té‘ﬁﬁqls BY dcPBicSEhe! s3I 30 'ffbon

wei ght ratio of oxidation

alolbs Ve Pirsesset therdrvepton is rartieidanyesuitabiel forepaxidizing iCs—Ce

t
o(l)éﬂai p%d(l)’é ‘(’Et‘é’etrrgénié’%&jﬂcl)%( IbS W o?%‘@?r@%enst?n Itol*%r<5I8flrt)ﬁnoh=:fcule as in

aﬁgqarg)q@rr tr@ﬁgaa'gmc&e;fwnﬁbba@ Inw:trgq:arbm arytsndy centain functional
gFSt{JLf?{sZS{)JCEdaS ﬁ%hd%l Eéﬂbei&l Sh);cﬁ'&g})l o‘%q?ll Q:attﬂn%yto 9555, Shitro groups,
or the like. The process of the invention is especially useful for converting
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
H2:02 =1:100 to 5:1 and is especially favorable at 1:5 to 2:1. The molar ratio of
oxygen to 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.

PCT/US2006/034393



10

15

20

25

30

havi ng at | east one carbon-carbon doubl e bond, and
generally from2 to 60 carbon atons. Preferably, the

wobhed7i050193 an acyclic al kene of from2 to 30 cacbhms2006/034393

atons. The process of the invention is particularly
sui t dBIagditign tegbRictRfin AYYoER. ams hydrvgensan inerecartiangasmmay
9@U§éd§ RenAe @Ei’hel?%agr&flgﬁ&‘ésﬁeﬂ |ﬁé}‘?§a§ %%hrben%egcué&t ?eslnert

in a diene or tri €ne rocC a
grsestinglyde Beliunaiaigen rﬂuifqg@naancgcarbpe dgmx:le asd Ik ticks, thereof

SRLRRSY 'hg}dﬂ%é%é&f%kwnﬂr 187 esS&idl @/m(fﬁ' tai%aﬁpefer%t)ﬁlr ﬁ:—4i garbon

gr oups, e proces NVent ro
@Qiﬁ'ém%g » ymethenel dtoane; opropane, ngngr obytsmes dre also suitable.

Iﬁirtr@ﬁ&j\ eaﬁﬁ %Lr%ged X ¥9e ﬁ&o@ggarggrgsr g%e 3% g%ciﬁnoei{ 8arr|er gases.

Ur ces ‘of’ oxygen an
Mlﬁltra%IOé thm”bsbted uhet camyzggas&ncbmafsednd asedwyﬂfhagmiararmo of
S8 A8 bt LA €1 B o (162950 4800 o

HMm@ is especially favorable at 1:5 to 2:1. The rml ar

orof arSeroRfiBr b Buba) cRalist Toad yan on Uslygined B the

lsisist mfrthemhdar IIaHbIOﬁSShE( eargsitionImétat coritaidgd ﬁ’atheb&ldatlon catalyst

for rtain ol ef Ltion to
B ORR S T PR bR i G Tbleal il Brish o Sttt i
mesmetd présidehe teansitive Imetaolefin ped @8UF @dblamf¥etl @86 dfafom
dOn1 Sui tabl e inert gases include helium argon,
"3 and carbon di oxi de, and m xtures thereof.

Sat ur‘l‘ataeéabtycdf amauf@omcmuhb the %xudaﬁ@ﬁ@aedw ah?ﬁtheq:!&iymer—
ne, e ane

f
BB ehic\ i 3R TEeL e o, Mkl SuhgrensgL lider o
gealliguialt rakiuEe GUndehtrérreseiopnudndiibRs. PPRdferabsd at R85 a portion of
M xtures of the |listed inert carrier

6%&‘%3'& Bﬁﬁ%ziﬁgeo'sﬁe"qy \ndefiie regplian GoRditionst ol efin to

carr irpe ogmatnbﬁ cu@uwt biid ke ;Sdl;ﬁnéﬁé\%peﬁlaﬂ&%oklé helal Htalyst
and es |aI to 1:10. The anobunt
36%96%{?? §m QfsaeausrP&?S'BB QﬂeftX@ﬂrheﬁedeam ptqvéswsaysbe

peffofriéd 04 &Bntfr@bb@ fleW, $h@- Ha"té?f‘ of Baﬁ‘éﬂ ﬂﬁfﬁ)‘éallt i§ Qg\gaﬂtaﬁnéé)us to

in the oxidation catalyst to

wWails At i areseHrauAf {1 %Q%afSTyEP@aqiat@n aerording émthe invention is
cAriedadutan éﬁin%éf%ré §ff&?ti@§ Q@%Cﬁl é"ﬂﬂ%’ﬂgﬁ Y 6I5ﬁ}?%b%§%mn

net al /ol efin per hour nol ar raloo fro
Prefersbly attampeesines dmtheirange of Q-8RQC, tharg preferabki, 88+1567C.

cat akuébr@é@s%e%'lgy%ei‘%&%ﬂl @ﬁﬁgblg‘%%[v%n ér?lnﬂu'g under

cat al yst supercritical
the rpaghar | %nﬂltwrm xt dhey uingkidet Hier r esarnplen @cygeniconiaining

hy8RESFRRL Yuchlas! f@hois2 awatfc%doahphatlc solvents such as toluene

and hexane, chlorinated aromatic and aliphatic solvents such as chlorobenzene
and methylene chloride, nitriles such as acetonitrile, carbon dioxide, and water,
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-C, alcohols
such as methanol, ethanol, isopropanol, and tert-butanol, and mixtures thereof.
Fluorinated alcohols can be used.
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woabysetvencapsul at ed nobl e net al

the reaction mxture is a |liquid under the reaction

condi tions. The oxidation catalyst and the
cat al yst ar ePCT/US2006/034393

preferably in the formof a suspension or fixed-bed.
The pt Be¥Pe agyantrogausftorused buifer. ctim bufierus drhlayed in the

@%Hﬂlorpfg ﬁl'ﬂlbltofhebﬁ%hﬁg%cgp EP Pl%/&)l%' oF JVEERRHRIEQ cgilptg ot?p\é?(patlon

pressure of 1 A icon
@ﬂﬂs 'ﬁWelmnF@Yﬁ‘ ithe C%Q’tloedawuanmsekﬂcll\emser dher leuffer is typically

SIEOE SbRoACH) 1 A B BB, 5] 61 DR E3ht Blrr re
aisied saparaielybl YWselO-bLFBRCincllide qmyoswamleplsalt@roabixyacuéﬁsthe

| b ; [ i i d th .
T T LM s P 1 o v
whtigon poefaltaalwange@\jrdmw tﬂ)mﬁor‘etméfemlyifr@mm{osm and most

j nts suc t ol uene and
HERERY oS e RABELE sl PESRaRcophle B Chva & cation
Bhechnion mayllmlodb@phas‘mam]d:ambw blb%rtidﬂa&! isdffaten bérlbbk Stes

cetonitrile,.,carbon di oxid and vvater
(B BBt R Vet BB, Sy BiiiesTigaten by i e; Feygation
radascomrbll&;de etananeniuest ezruwlarhmbﬁms (égf bo’fcétr‘égﬂkﬂ é*fﬁmoglums
eo referre

n Like X
yge stej glkgféﬁg%qnogﬁqrﬁcg hgbmﬁgﬁle?“‘iﬁﬁ(qhﬁwﬂﬁl mgtehions, or
tﬁb (ikefl Bkampples tnchuddhNHS, NEBUNRVRY,, LiekBaRoCs Mé%@@é%ﬁhons
ut.anol ., and m xtures thereof. Fluorinated
%’ﬁ "sedh%Hf &olnpriges @“r?efgprbée's@%rﬁf%@mgrqw enBisting of
ﬂbné;ﬁl&rte chiisorizité, fiicarbonRe e hidrokie ér?diééét ; BRd a cation

| bit _the formati on of glycols or g1yco et hers
h‘i’g BBk &}ﬁl SFeUPangoNYistingn PhpaBVROMIYE, r @lytanemonium,

dll@/l;ﬁloambrﬁlﬂh eaikalli s - aﬁd“%ll&“ﬁé eerarmsn{e’!é?' lﬁﬁél yB@@?%ay

toth&solvent to forma buffer sol uti on,

PLRSEAR Coltinth eorphinplien 8F Bosel e e avitable 9alt U§'e'f>rma"y the
deHEdritaSion I el UEBY irS tHet @c%&t §ﬁlfrbﬁ1 QfOOB)rfnyl\ﬁ“tbd'ls M tpn'gferably

nature and pro ortions of
fomt R-00RaM tta 0. gM ofThenkyfter mmmpblﬁg qmr@benuabhydma:dgemuch

chh ¥® Brhéd b9 add aﬁ{n%rf?é 99 ftﬁé) F%efl’:tlbﬁ S&Qten?n‘fi'opﬂwssttance

greferably rom5 to l'e sa oxyaci d
8 May ypempH b%%rsalwaoe af ammonmhmlmude rmpaiance theepH of

b |
RSt o Ay L 4T st
ag)Meniwh @hosphaie.ranst ammaniem ydrotide. i ke. The cation may
|
i nc F'&%\Afﬂﬂ@?éﬁ‘l s%gﬁébﬁ”U%FHté'%é ﬁw%h ‘?Pyl Jll?8§%l’?5'|q?qjm the

t etraal kyl™ I N uns
agt| W Ir @ng@tZ@I maamaaamuthat &erwithimtebpirib ok theoihvérton and

Ld f £s i ncl ude NH NBu4, Nwe4, Li, Na, K, Cs,

® d%eo ﬂ%(%agméatl ons. The pref erred buffer conprises an
anl on sel COMPARATVEHEXAMBLIE 1cBd&i3stCATALYSPhosphat e,
ggg?ﬁrﬂgéﬁsﬁ?ﬁ%&ﬁrﬁé ansgcl;ufil%trgynhé/bqélg)e(d qrdm €?'\[]oqlm & Haas)

(50.5 g) is washed with methanol (100 g) in a beaker under gentle agitation. The

methanol is then decanted. The methanol washing step is repeated six times.
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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sel ected fromthe group consisting of anmoni um
al kyl ammoni um al kyl phosphoni um al kali netal, and

wabhb@iosomsearth netal ions. Buffers may prefer aotgs2006/034393

contain a conbination of nore than one suitable salt.
108 odmsghanchdhem ddethir avaamnpovearnat 6HI€fte constanthgeight. The

bly f
Gy SRl R R 3 obhbs At B S0 20 e
hy dr BXANE Lishi: d:I‘Olc\é%]T‘ﬂ%ENEFEN@ABQUhAaIEBgD@{ABG AT ALXSTE o
h H =
150 1450 220 S o bdtie CBRCANESs sBUEMRY IF oPeidngand
0115t peofr @éﬂb-BZQinS(WbUB'mnlﬂmﬁ) e(A{bBN)‘ ea rsa:diltbuf 6k 10s15% cpalgleinyl

Qllcgﬁlé)l l % gg%%be\?qg 'F]Egarf rfgl rQ Eé P&«? ‘F are charged.

Afte:}J@ertwttbe lsrmlrgesd/mth Imirngeﬂiho%rr?dté brygen) thébotdetis capped
' t t t
440 nd SERBUNGES, TROREA G RS 5 AR Behdlon of e
mwmmylédm gt 10°CPibr B36 fé%mu:jb&‘fTan@m;rshN 8t 96, After
CI ic resjn obtained from Rohm
b&Bb Sogipte Fitn REP RIS LR T 5aPY e A idres
washﬂfd glgné tvt:m agotnaéd anater] Nghdretididla v&duhﬁ?vgn at 60°C to
nt e repeat ed six
R Weionl " ShE piGebi A3t EEn PR B) saphes ikl et P
Af 36 lzflrtoi\gﬂ?ﬂRAg'l\w% E{)@H\MH[EJ? E@@gbntrictom maderfj\gLJadr\Yé_ 9
of pal |l adi um acet a cetone is added w
m xlong at roomtenp i‘g%rdé&‘g\p?@rb‘ﬁﬁng n, the solid is
filt eﬁmdnﬁﬁ%lmsﬁlﬂép%kh&ﬂﬂer%oﬂftloﬁ%ﬁaﬂmpH @?Qé‘ p@%{ﬁﬁgd as
he dri

é_?ﬂ cuum.ove C to constant weid
?‘f"%‘

R AInroaR) Ehgpha he) '8 Cishplvedip®00 g of do-
ioXaPMater. AJe¥Sd ¥RmGH ENGHERMRTED i, fi\ﬁ%cﬁﬁTé'aMéJd d 1o the

Qz crown cap, bottle contal ning a sol’ution

gﬁut&)noqntg{“ﬁ@ﬂéew yia1 ply rpeter. The volume of the solution is then
iAcrBaséd Rﬁé)é@tly‘i Qb@@ WILORik Bddifonal %lgﬁ&ed @\/a)%?l ution of

0. 15% pol yvi nyl al cohol) 1n water (12 , and 30 g of
Cat aﬂi}@ﬂ'um Fll*%ﬁﬂ%k 4hptle semples IyRarrerared Ry tfellowing procedures

@9&5&& ih¥.BUpPSEfioW 4 th@gb*i 9HENM d33 Aol M nate oxygen,

the bottle 1s capped and t he sUspénsion pol ymeri zati on
ef f edh 8Q0- mL séwale§$ stesbrractajiis @harmad woith O B ot CatalyishAa0.60

%%ﬁﬁ'gm £6\Jvd Aft1 %%7@%1 Wed%t%‘.so&@ b QQ‘)eq3gg¥ fﬁ%&e{%&lon

el ng coo to room
ﬁﬁopﬂeﬁ@iﬁdeﬁhﬂdps@mchﬂ@@ gaitragthamoli Jheircadoeis, thmshexged to 300

[ ARORRRRS Bl A (10 B MUY S0
Qza/gam y@onB’/o rropitlena 0.9 vol %tm%hade, @@I\mmﬂwh@ EXAlEN.E The
&eséztf) Q)ﬂ %Trlegé'tog:s ﬁ%%:g lngg““%t 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 (saturator) preceding the
reactor containing 1.5 L of methanol. The reactor is stirred 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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W TH Pd/ A36 CATALYST An ammoni um phosphate buffer
solution (0.1 M pH 6) is prepared as foll ows.

woémarisenys di hydr ogen phosphate (1 1.5 g) is dpPesmiSym®e/034393

in 900 g of deionized water. Agueous anmmpni um
al/hecsnddef thed 8t rum NHarORodustsaidrheed troludeeprepylené oxide (PO)

Hiobae i EhRBRE bR BOEEIR as ARBYERRENGRL Rrovifone

alaeelt nonamethwi ethierss ddipeapytene Tglyeol, amd dipropglené eglycol methyl

LI TPl R 1L R SR e

the0 gramss tofii ADefosmed e@icludiag tRO swsehaémlgldreﬁctdd @olfarrﬂ PO

S ET G S eyt (1S58 hag patansl e fshracPOE

(um@.lphFerdolabaW@O anmlolb8 (ofePOfunitetin ane PO Fbevatvast POPDE =

G5 BOYE8 o BOEDS, o WhoBehTh B8R SOk g o

-~ ROE)Kmples pf bepene foriedol mbel®if PO, x O0d t he bal ance

300 par g vi AR Eggﬁﬂb*é\%é@fﬁa?ép%%‘idﬁ”hi“ foed "
gases wgsmbbwTYRENEsEucnpswgrrEUﬂled/me@mrALatsﬁ600
(nmeasur C and 1 atnosphere pressure).

m./ m
In ord&rPPEe ﬂf %txﬁ @3St ﬁl?ﬁat%‘é)le?f@?ﬂt Q.24 @ ofi Gatalyst B is

usegidhsteadiof 0.nQ gtdi€atalyst A, hReQ){t)éG#é‘ shéwﬁ [rPBfdle and
propyl ene feeds. f%sed t hr ou -L stainless

st eel r\?é?@%tlon(@ﬁ‘?%ﬁ%\ bEPMpRERtiNg; ”t%3rﬁ§@cE>@fnple 4 contain

axmmt»amatengthb Sarhe AimdiRtd BN Py anU“?SrﬁaQ\"sofaBlé 1S§i%%sequgher
c{Seg nﬁ}Tereactlon m xture i s heated

%H?a“ 8%@‘9 Wsiseppiaings: With Hieapglysiyrene-encapaulpied HdéA-36

eddlgstat ograph (GC) every hour and the |iquid anal yzed

by offline GCat the end of the 18 h run. The products
formed include propyl ene oxide (PO 1 propane, and

derivatives of prayheEBoRULGh StiBpAsner OPY! ene

glycol propyl ene glycaol nononet hyl et herS

d| pr opyl ene gEW’ﬁP'e and di propyl ¢ne oC¥col et hy

r\l\"l\

ethers. The pgwe?? e showm—n Iéglta‘ﬂfs*fgb f?a@ gt gt

productivity I's ned as the g

(i ncl udi ng PCP@,u/ds%quent ly react ed tol.bormPO 1.0

nITC1

dertTvatives a oT—CataryS ot
cat al yst) pgr%'yé Q’OE(m)Ie) :m)lg Of RO + es

of F@talysttl%rodmctwhﬁ gﬂEDEGg catat i ves. POIABCE I (npl®Es of

PC) II(IIUI Propvl ene - to PCE Isel ecti Vi fy
( nol e@?b&ﬁ’ﬁ\% c:l.je’)of oropahe fo¥hed 4 nol 8 of

PeDylenc o POERANEIF VA% GRS DN CFo PROPYLENEGHY TH

POLYSTYRENE--ENCAPSUI ATED. Pd/ A3 CATALYST
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The procedure of Exanple 3 is repeated except 0.20 g
of Catalyst B is used instead of 0.10 g of Catal yst A

weasarlosei9ar e shown in Table 1. The reacti on m RPCUAUS3006/034393

Conpar ati ve Exanple 3 and Exanple 4 contain

appr oferfidiel y t he same amounts of Pd and TS-1. Qs .
Tabl eq 1 0 . a(? I . ct.ivity, i.s ai ne

i th e boryciE) BogBRe B Fnth RiEhd shbrern PYEPLES ane
®gigen in. thepwrs$eisei afrerobxifatipy catab)de comprising la trAnsition metal

. : . . Lo
RO g S EeaRabR R chale SEREL ORER oBmpEEID gy noble
wetahbpd endowpxéhengg resin.r ansi ti on metal zeolite, and a

ol r- t nobl tal catalyst conprising a
Pobl et i Bt SRR iR an, 68 ferkilonreta) e B =
tténiorezevlite. wherein the transiti on netal zeol L\;‘e s a

iml er ej

i ' ite. 3. .Th f ¢l rein
he o andhE Biadess pheiaiy e B @nsticn Mol Eajiee Jss
of cl4ai niThe phetess of tiaien Nokthereiethanobke Melat &t &dedié®om the

oup,..consi Sti of | | adi u | atinum gold,
AR RRFS A e Bt o) aBium, S grebabdures
tbéreof.ai m 1 wherein the ion-exchange resin has a f
capa f from1 to, 10 eq/kg. .6. The process of
cl gi '1y&ﬁ%r%’f’ﬁe§sh8‘t icl?r'lmeicwgg@én 18g; iAnexchanggcafin has a
dapaciexoffesrad to@8igy/kg/. The process of claim 1 wherein

t he ion-sla.h(chan eresipnis a sulfonic acid polystyrene

resi - 8/NGREGEFDO §'I§'r6f1 wherein theyjrerexrhandecresis i msr acidic

ibs-eseharfeadsihr om t he group consisting of

polystyrenics, polyolefins, and m xtures thereof. 9. _

The gr ocgg‘% PEIcess af FRIN dndhieseln thedopexshapgeiresin is a sulfonic

doid paitstyemne redif. The process of claim 1 wherein the

oxi dation catal yst is encapsulated within a polymer.

11. Phe PP oESsHof Qaimni whgieinethe polemenisdaeleeted from the
BURLYistl ol i er. 12.

G e HI b R BRI oot
corrplg'r sekhgprocess of claim 1 wherein the polymer is polystyrene.

10. The process of claim 1 wherein the oxidation catalyst is
encapsulated within a polymer.

11. The process of claim 1 wheljein the oxidation catalyst is
encapsulated within the same polymer.

12. The process of claim 1 wherein the ion-exchange resin éomprises 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, titania-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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cation selected fromthe group consisting of alkali

metal and al kaline earth netal ions, and m xtures
woOher®s619313. The process of claim1l wherein theTnskioe034393

nmetal catal yst further conprises. a conponent sel ected

f r om the Tgequpcessnefi dairmd4oiheretnatiieasolvéntdsrsetgcted from the

[ s a na .
HoPB ProiSling BFeiodidh dhers e SRR, Raran dipgoe g and
mixtyres dserebler eof . 14. The process of claim 1 wherein

Sol vt 158 PrhEesirdr BeEF de Iofy e TRERG R ptormed in the

- preberst ofissbef@Erect ed fromthe group consisting of

| , di
€08 B 607 TR 0 Lo o e
selectbe frehm tHehgroup a:om;l@ﬂ‘ng of nﬂmrsbhame dafbonaiee spIFRs elﬁﬁl@omde

buf f 17.. Th
Sty tobiing Sl RE8RT Sl Salen siediel g ghe aroup
mﬁtmgld‘immommﬁ rﬁwa%nmﬁmubpm?whos?hémmra% alkali énetal and
ur es ereor; an a

%gq nOXI , Iat )3

'l 8‘r? H’nﬁr ﬁén' @r(?ﬁ i sting of ammoni um

al kylmnmneumcééskaﬂ clhias ahaReten td lopdfin BESRA or ddte C,—Cs
a}tkal ine earth netal ions, and the m xtures thereof.
A8'NSThe process of claim1 wherein the olefin is one

or motrge TRe pfeicess of &igim 1 mereTﬂilﬂnémeﬁrefsSpr@é |Edai m 1
wher g\ge olefinis ene. . An epoxi dation
S

proc nPRPqagn r%ﬁ&ﬁsn@'ﬁi’%‘ﬁw éprctingyrrepyene. Ryfrogen,

aney @QVgérﬂ ird 25 8bIVatt inl thel PRSBRES VICE Rfifed Q#chfxﬁfatloﬁrb lyst
oxi dati on catalyst conprising a titani um zeol Ite, da

CONHYIS| R - mﬁﬁgﬁpmﬁeaﬂ%abcrqurﬁ@rt%nca@awataﬂsmo%mﬁtals:a.t@yst
oy ARbBIL rdtEl dhdHdIRRICacdE blyBgteretrgsigne resin.
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