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I NVENTI ON The invention relates to a process for
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The hydrogen peroxide is produced by reacting hydrogen
and oxygen. BACKGROUND OF THE | NVENTI ON Hydr ogen
peroxide is an inportant internedi ate chem cal useful

in such applijcati a ter tre and

paper bl cabRAnES SRR PRl RN G A EATRE boafaPaEs:

the conmercial process for producing hydrogen peroxide

i nvol ves ant hraqui none aut ooxi dat i onﬁ(&see .g., US

Pat. Nos. 4,428, 923 FiRD OFPHEANYENTIGN process

requir eRe ﬂ%@ﬁﬁ&“?elét@@%' 0;?&\92%@% i%\"rogfdizﬁ@ b%@nﬁe&nﬁdﬁ‘\ds with

uses a | arge vol une rovi
| &ydrogaRMeraKids. Jhe |hord e RArOgEn lqoer:oduc@a by wgaletingdrydrogen

Pehe¥skdscan al so be made by a direct reaction of
hygrogggge and oxygen in the presence of a suitable

catal yst. Known nethods of maki ng hydrogen peroxide

from hydr ogen an?A@WHEﬁ?WM‘I‘ sition

netals (Group 3 to el enen especl al'l'y pl ati num
gr oup Hydrapen pgroxideeis ear inq:tqytaof interoregl@e chamnebabugeml in such

S .t ve identifie ncl udi ng ,act,i.vat ‘

c APRR P B° RS (GRS Sl AT SEEE BEMNE SR organi

GSﬁﬂBe%dg)’\t gfelsamr ltlris:¢a¢mdmemiél(mmc(eseéor pro@mmdhﬁiroﬁ’é’ﬁ peroxide
4 sul f.on unct i car

( Bvgiveg SgnhifinoniayBoialtys (ies! 32 0% ek HoS o5 4320 and

(§£5Q4 54.7Y). Thdb&ceﬁat’eqdhbs rﬁm%&usggéb%)lon pad YowrifichtidPesections,

» 8§e%a ‘fasrag Volgm& of 9| v§n{\b @&prowg%s a% -thayy: eggxlggi%eny%rogen

Hpdioa@gien per oxi de is an attractive oxi d| zi ng agent in

the ch cal i ndustry be e water is the onl

bypr odﬁ@rog%PeW%‘i‘\'/@ a%ﬂg’%madiét DY%oA %’P%W@&H@@ of hydrogen

aneesygel B thepraddniebrdr oaemIeaEaNsd eKhé\Nﬁ etRb®S Sﬂﬁﬁkmg

DEYfg'Pt I tani um zeol ite has been denonstrated ésee New

BYhRRtXIdeTatR | hyEEqaze and eaigeBrtse uppednd itragatior metals
T{Gloup B toEthk eldﬂient§3e§§é0|alvyﬂétﬁﬂﬁp gRﬁl’b%e@% Sﬂl \MHle c?/@n?‘iety of

prepared fromthe reaction gen and

bNO[RasE ?@%grgaglcgsuppg’tg hapglbeelmgentl ecggqcllqugg @ﬁ‘g{vated %arbon
6¢<288 e}l 3u.3). F%t N%Q' 6,188L775Nend %Mﬂb?%%a%%gﬂ (see,

a techni'que called "m croencapsufatl was used
p?@pa'#eg at. No. 5846 ,898), sulfonic aCId-functlonallzed carbon (see e.g.

U.S. Pat. No. 6,284,213), silica, alumina (see, e.g., U.S. Pat. No. 5,961,948),
polymer fiber (see, e.g., U.S. Pat. No. 6,375,920), and ion-exchange resin (see,
e.g., U.S. Appl. Pub. No. 2003/0215383).

Hydrogen peroxide is an attractive oxidizing agent in the chemical
industry because water is the only byproduct. For example, the oxidation of
alkanes, arenes, olefins with hydrogen peroxide in the presence of a titanium
zeolite has been demonstrated (see New Developments in Selective Oxidation,

G. Centi and F. Trifiro, Ed., pp. 33-38). Hydrogen peroxide solutions prepared
from the reaction of hydrogen and oxygen may be used (see, e.g., U.S. Pat.
Nos. 6,284,213 and 6,888,013; U.S. Appl. Pub. No. 2004/0151658).



catalysts with inproved properties, as reviewed in
recent publications (Chem Comun. (2003) 449 and

woebwresaes cited therein; Angew. Chem, Int. EdT/II«$®l)06/0409ss
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2001 469 J . Ch 120 2985;
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Ir a% g\‘thﬁsblOé@% Qnsdl\rc'en? Qﬁgctﬁés e%gﬁBbi gélpﬁ)ém is used to

_ rogen and oxy a 'sol
pﬂrﬁs@gt‘)@teoﬂ‘leacmlei-qmrﬂ)d ucatadgstc atT aleysatallyst @buséfal én producing

h SR [an he. H2q. -
VPSR oRERAN R fbadand SRuedtlinds BFHisPhant gaptaining
oha@gaoﬁbéanﬂioalamdmﬂomntamn exchange resin. The
rocess al so conpr c compound
\I?vith t he hydroggﬁ %@'ﬁg’kﬁ%?oﬂ%ﬂw’%ﬂme presence of
an oxi Gl imveninmtl nalaylsrocess cmhmsmgamaomggleyc&b@@h Qnﬁ@dwzjen ina
P capsul ati o in at al yst
BT THEC Bitstlte oA e hcmao i BRBIE 6 cptia @ avarogen
npbaix:deomludlbm ngThuse HZDEBMd@ngE:S@Ws?TbQNp%eSTFE polymer-
NVEN'I'I@I?The ro ess co rises F\ F% Frodum ng step
afAcapsu ddg?m ?’éﬁ?f arR blpg’ae? BPO&ic OHQexgh@Ege resin. The
C prqueks esisd Qﬁﬁftpn@és hjédém@e@naﬁfbaﬁ%ygsrﬁpb?ndi WitH 881 thyldfbgen
st conprising a

-th duci ng cat al
B HIRS SBBYI e U5 GSREATOE: PbrETu{oMSaion| eAbBGIo apidlaln an

aBxygenaiC pRAgEL. I edlymér0 eRARURAL8n Wdﬂh@gﬂm?Sh@&bIﬂs catalyst
solution, The oxidation step conprises reac

ol BRIRYES tsRradusityithapg is Heripdrts g%dvcsén@tﬁl lgss %mrw MY
in the presepesARfERBHESCRIPTION OF THE INVENTION

The process comprises a Hzog-producing step and an oxidation step.
The H20,-producing step comprises reacting hydrogen and oxygen in a solvent
in the presence of a H.Oz-producing catalyst comprising a polymer-
encapsulated combination of a noble metal and an ion-exchange resin to obtain
a hydrogen peroxide solution. The oxidation step comprises reacting an organic
compound with the hydrogen peroxide solution in the presence of an oxidation
catalyst to obtain an oxygenated product.



catal yst to obtain an oxygenated
product . H2O2- PRODUCI NG STEP A H2Q2- pr oduci ng cat al yst

woo0@Emptayed in the process. The H2Q2- produci RQT/US2006/040988
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cataly e netal. Suitable noble
met.al sﬁ'ﬁ%Pﬁg@%WSﬁ%ﬂer pl ati num palladi um
i ridi uR HpOb-prodiugimg oastalysmis rdngsloyed irartde Nprstedses The HoO--

t her eof . Prf rrednobe tals are,P Pt, Au, Re,

oG T o BRE B ome el S Jtaie phble asipls Telude goid,

mstl‘aérspI@&ﬂur’ﬁepaﬂadlurﬁemdmh trhﬂfenﬁinﬁ)rtfsnﬁm?‘I rIh?nlum and mixtures
i cul arl

GaRRed0) eyl pabMoRoATar . A RoolAS. BR dDikres thereor,

IOWISIIi‘sﬂény Bf tHen6ibahytals ¥ be REliZed, tehtBerl QIBEIS d?flnfcbﬁmmatlon
o 20 wei ght percent 1

%“}'Wﬁear}gaﬁﬂ' ra"ﬁnp'WI‘PLHW'VE ﬁ@SIE%Iﬁ H-;B'graﬁly,ltge amount Of noble
i %@&élpﬁﬁe@éﬁdm' fI‘fe%étQ@sP@vIlIabé{ SIltu thé rae of 'frto'n?‘”t‘)l (?11 EP20 weight

exanp he nobl e may be supported

| @ﬁf@k‘&h’ﬂnéb W@fgrablsbs} 1 tﬁrﬁ whPrat Tlom manoar éb(‘dhlah@b_e noble metal
a%sm&&bb%d pﬁ&me%attagétq@nopérﬁwe Floh 'éﬁarng%e B r?Jb?% RRtal may

particular restrictiohs regar
néBl supaaried eBnfwunen-exchaogg asnm@efdlra@regh@tncmuwoeemange
t u I conpounds i nclude nitrates,
S%ﬁ %r? ﬂ?@(}@&tloﬁ 6rttﬁ9 Ilﬁe orides. brom dos),
car boxI]Ih%l"Be@re( [o goartlcattart @ISHDCIIOIamdeMing the gieiEpbf tige noble
e f b I I
¢ Bfeta g W Cdin Bt 8580 68 16 sofite, GiibH Tebid mejel. Sutabe
pabmaduruds( G))I()IudeS| mltrIamsI ysulfetes, ohalides i (Eng.st ettleridess, t remides),
n ri Pal,l adium _ for ins ,
St TteR ko lof ARl hhd Bfine SFRNGREP T IopbReteR 3" RABE motals
a(@’-QCOn‘_paII’aailum(_rM) of tetrammminedatramide] at esrakis(ristednyphesphine)
tgld(ﬁ?{qd oxi dation state or conbination of .
0 5&% "O/%st ates, the noble netal conmpound after being
i nt r odSieeidrly,nthe oxhiaticaistdty of tHéa‘}beIEn’feJtd\I:cly net critRel. | Pélladium,
e-reduced. Sati sf actor ata tic rf ornance can
i DS ENCEmaY: e 1 Ervciiation Atafe s CTaD ) teried or any
HeéRbipatishiof Sgchcatiddtios stétle§ 0 ToQiRldveahe dRsiENoRYSHA Ehte or
| on- exchan%e resins are synthetic -

oPa@HInefc'%I%Q?@a ioRi #igtesonibBRcHage MA@p&piPpeund after being

Exaoalesd bito e camspla TR M e#a&hde@ | SBtisfact
EXCh&nge F?I edfl cﬁﬁ ﬂﬁ? feri cz GC%IFtl 9 F;I—rI [ stactory
|

Tormance §gn) howgyer, s atf;alrled wthaut gy Iope quie'ct!on

i-on- eXﬂI@H%g—b@)ﬂluﬁlnbsca%I%iﬁlédI&ﬁﬁ nslegrhr??bﬁt@&ﬁgn @ﬁésﬂf‘as a

are cat egorl zed according t unctl onality as ei
SWW or lofesxgh %{agqjge%ps kﬁ;gegynthetlc organic polymers havmg 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.
Acidic resins (cationic resins) generally contain sulfonic acid or carboxylic acid
groups. Basic resins (anionic resins) generally contain amine, substituted
amine, ammonium, or substituted ammonium groups. Particularly preferred
resins include the addition copolymers prepared from vinyl monomers.



Acidic resins (cationic resins) generally contain
sul fonic acid or carboxylic acid groups. Basic resins

woami7ensa4resi ns) generally contain amine, subgCTiUS2@®E/040988
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, [ ubsti t ut ed. ammn roups
oo £ 1 c O HFLER iR ianoR TSP S | aeDe s SHladIASTasaticular fon-
ccmolhanmr seaneparedpfdf@ﬁmn fee FOneErTstich taagah pp.  59-60).
L ul ar n- exchange resins can be used,
FEPTEL '?L@%ﬂ al®Sine ¥R él'srsﬁgé’ fr @golpmesriespraft evaned stadle gelular
F.mitiesplieres.C The WaUE bBh mRPopdfes aﬁ\dﬁﬁ{a@kﬁfo‘réé“ Pihe HESHES pore

con3|st of gl onerates of very small gel
e@g ip aRrefarafin gﬁeet%pfbaes%n@wgstroms (A), more.

n@@éf@%fyﬁ;ﬁeaféh thaVay AQ ThRAtBrrid ﬁj’??éc%ra{9§ of ﬁf‘e rreglﬁ' i@ typfeally in

pre erably greater than 10 angstrons,
pitls EBNg8| 18?%%& sfuarR4nete per arRe (M@ neaferebryﬂadbe range of

ar@ay0of mg/ eniofe 'pﬂefb?abm/lzﬂ n@%l rja}ﬂgé B%Oroatﬂglg (g%‘ﬁe Oﬁlg%nght

square neters erabl
of Basic JUmcipdysy of rﬁﬁtelyps ebe H:albbt}onahzetdw é’qrweg ©rgénis opcamers "

gg%l%s? %p%ﬁ#an@bﬁépgﬁl d CaBElsT1 gé'}&%'éﬂsﬁe%ﬁégmﬁ%temorths

chwblishers, 8pppaR-186}and Supported Catal ysts (1987) A B.
br et or Bigrs iy h BEIEFSS I RUAE TS BBy, Fericiarhpreerred

Pagsins rar byifqnief asid eplolysiynens mwss ul.éo ncmsﬂm'kdd polystyrene

cross
oS4t o8 EHAT A Loy o o
Dihe wbﬂmhmgr@ens Yétremoan y&cMBﬁdn-@Seﬁd@e%@ﬁSé lu@Bd ﬁ& protons

o E0che PRERIT BBfarideh by SRt aoe sbie:Fadane: g alkan

Srietaiplatkating | @nth imetal) dantiakiRlel rrl‘étéla|zmm’1| &Rdrhi0m, eahkdnium,

i P LR RN e P A

and mKieucsacithoF @d ionldxehardafdsiny |soﬁotté?i%cél0”ﬂ?é(65@é'&ﬂ§ is a
reslnls%fn{ilHe critical. The capacity is a neasure of ‘
a

2Ry CentieaonsnERlan o flam d4ncHped! gL Go. gHifonic acid or

scérboxync acild Mhineardrnyhiuf, aghidtinAsd r&nnﬁm@rﬂ' Hthe resin.
S%H‘ tltuted ammoni un) in the resin.. Suitabl

B FANGECNABER NS iRy May BN 0701 2906@41!@'9@15 eperskilogram
PRIG/HE) |oﬁﬂ!r%ﬂbr€zﬂgjr&§ﬁs Oﬁ’réféWé“é Feial Ccﬂnlrté?HFbs1 1B (/el% ggpﬂcularly

resins contain pre

. t
r Rsfeqeed d@ﬁpa.centfumaﬂé)qeq?lgq E@f%@@qﬁmbmwﬁm a@@lc resin
(é‘ﬂanléﬁleqﬂoﬁ\ RSﬁu'nr& fikak @&?{téjné 5%@@"&%&3 |r§B%§a)c

of sul fonic’ acl rou |ng
c at al %’le%ﬂ&k'ﬁf eflucing catehst m@M r@pn’mﬁhot:her emgppn@ntis amgatltanla

Z}ir ARl amol'ﬁbo%l%a Shilini, Qi'léﬂgglﬂﬁma?' TR g“é“g,n Dfeonia-silica,

titania-silica, zlrconia-si
niobia-silica, and the like, and mixtures thereof. A composite of an ion-

exchange resin and any of the above components may also be used as a
support for the catalyst. For instance, U.S. Pat. No. 5,824,622 discloses porous
microcomposites comprising a perfluorinated ion-exchange polymer containing
pendant sulfonic and/or carboxylic acid groups entrapped within and highly
dispersed throughout a network of metal oxide. Similar microcomposites can be
used in the present invention.



ni obia-silica, and the like, and m xtures thereof. A
conposite of an ionexchange resin and any of the above

WOoanNuagnts may aI so be used as a support for PG’E/US2006/040988
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i sol o308 JRRAHRENE Gt | comptiis 1 & rgpner-encapsulated
peofribiration af @chobtymetat kad g u@ﬁie)(aﬂ?dngeqag.au mh@gbd’,}ﬁﬂﬁamn of a

suI ni c nd/ or .carboxylic acid groups enty .

RRERER] B i X ko Sert I oTRuFRGLD o5  SORR el catalyst.
mﬁyabnoaqosd@tecﬁf We Infgarthet SeyuRe e rﬁ)%léﬁ‘a@tépﬁné‘%‘%’mh[bxchange
t he tlE)resent j nvention. The H2Q2- pr oduci ng cat al

c SRR 28R sonfaing yykin @%afﬁﬁwa@%@eéd%? Iexer @h%‘f/m@r Because
NGdH-Exddhgé ré’éﬁrﬁ’s ar ﬂy@n’&aWQuWG@ a5 als oTbﬁr:&@Qk?@ié.@.g from

of a noble nmetal and an’ion-exchange resinis re _
t @bayt 30 'uAb kR abewitZmrakitae yoble' mplal ‘catatysh Hicalighas awparticle

mge E#}ﬂiar tigerRptd %%el&og{cﬂaﬂg arles@ngsédje Thus, the polymer-

i on-exchange resin are con hrn~and
s @ncapsutidion iyvalvdsagrdrappingoibleymable nizdalcarskethiedinnexciharitgeresin

r y supplied as beads of various
%W‘ @&gmteygbgéungbout 10 mmto about.- 2 mm), the

nobI e Hellyaiers:aﬂ%tystfot )qsiecml makings HaOpprdducing satalgst include
resin use

h
¢ HEUA of bl KioblE oG (RERNDFepels TawShabace by
rretidlltlorandr tdfceldemtlenc lpaiygmr:czeﬁcbrﬁs W U?alnléraﬂyPQhé”%blyﬁ)ers are
or use in
SRR oicts ShBaro et Prodocsy i feas dical, ionic,
ocg@rldinatloml wﬂﬁbﬁdéris@ﬂbﬂl ;SUI)VT@e@z’altlbﬂrbfab@éT&* MBELS H%Wmerlzable
addi ti on or. condens | on &@ty merizations. Gener

(Y
t O8I re FEEPES HY s Pakxa’@ﬂ%mb@twﬁ, polyureas
Cﬁ@@bMWS$ pfp@ﬂfdfétﬁ‘au’ﬁéé fr%lye%fié@a' » pbIP&thRles,  polysiloxanes,
coord , or condensati on merization of one or
gt R A R A Ry A
PHey&dry " eF’l’éférredJOér)éOW%WSQﬁem@@' Y)%FyBFe’ﬁﬁs %‘Hby%lﬁﬁes thereof.
gpéacryl ics, polyurethanes, polyésters, polyam des,
p

@P'ladmﬁ‘@‘srr%& palystyFene; dEke PpyMpse pen Besgenerated by bulk,
p@d)lMtld]‘U%t%b%hﬁSﬁ ofNéhtig®n! bgl?ml o??th l"I’fh%s 8hﬂl]ﬁ{e$§’fcan be

Preferred are ystyreni cs tures

t Rdreearbomsyr @n E@D’a‘ﬁary Il}ﬁOétmaieeﬂJncgorpﬁilgrgum sHeh ashbalogens,
p S b at u S

CRYCHERN el BABARES prosphing 'otie,>Blsie, S sulfur gxides,
calionk stignes stauybearboxywer thﬁd&kecan i ncor por at e

Lﬁgg:)'h'ﬁ{ne:é d@{] Wﬁcﬁ%@hwo%ﬁeen\%gér?%ﬁﬁizion tcyﬁfecf&){ exdﬁqlgg?esm and
omed%ﬁ.ym%lfmwuleﬁdrmre cagri¢coayt, is oat triicgl, asrorighas botkethe ion-
exchange resin and the noble metal are essentially enveloped within a thin layer
of polymer. In one preferred approach, a noble metal is added to an ion-
exchange resin to form a noble metal catalyst prior to its encapsulation. In
another approach, an ion-exchange resin is encapsulated within a polymer to
produce a polymer-encapsulated ion-exchange resin, and a transition metal is
added to the polymer-encapsulated ion-exchange resin afterward. In this case,
the noble metal eompounds (e.g., palladium halides, palladium acetate) or

complexes (e.g., palladium(ll) tetraammine bromide, tetrakis(triphenyi-



The order in which the noble netal addition to the
i on-exchange resin and the pol yner-encapsul ation are

woanerioeskiout is not critical, as |long as both PG’E/US2006/040988
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| Delived Sy§temsasaPBitRides R1900)dHY 585kr, 88! BYCH-bhi Rle also U S.
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NHd QOtREC ARFPRENRN (&, gChQ' 8M§§I|rﬁ<f ac'gglén'é)b €4hd "bdifHierization

i ntroductory chapter M crocap s
NelREpRAS ite| steu rﬁhwemlmereermmswamdnawle mvetaDocebalpst, The

BdonomBrs leaht be2 M dfdphfiteE6S N-biffpdrisha I\fﬂgdlmetheiacryl

amide), hydrophobic (e.g., styrene), or a combination of these. Suitable

techniques include bulk, emulsion, suspension, and interfacial ponmerizationé.
The H;Oz-producing catalyst can be prepared in such a manner. As an
example, styrene or a mixture of styrene and other ethylenic monomer(s) may
be polymerized in an aqueous suspension of a noble metal catalyst.



Beest man, "M croencapsul ation of Solid Particles,” in
Control | ed-Rel ease Delivery Systens for Pesticides .

wozmyszm Scher, Ed., pp. 31-54. See al so U. BCT/R&2006/040988
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o St tAnis TRERSR T Radhvasi 5t P 30¢ ey Comitiun. (2003) 449

Ap@nwrerefempatddameb.nonh@emwémcaﬁtalaestcm %@1? 3469 J_ Am.

Ng&onem rlﬂégﬁcsﬂgé)f(gg dr og%)i ! ﬁyfﬁ? mg IQj’KII( g(@e);\rlét?w@sgqrvatlon
OfapErdé@ﬁbteﬂL@ht By Kobehsst foﬁuéﬁc%%@laﬁr?é; hpi ;f’éﬂ%ﬁluhpcéoﬁﬂ)%und

emul si_on, ‘suspensi on, i nter
p@IOVﬁQ’fEFr‘zeat ionglissphyed -piop- wamwm@h@mm yst Tetrakistriphenyl-
e

b@hﬁm ymratz@uam cams%mtmmahors QQQOEné'Iemneﬁs addemblocharden the

WI%CMS\/ %h.é?pgp@?{enqg& aﬁlé/?%ﬁe%n em(i m Similarly, a noble

separ at'i on/ coascervati on er 'preferred
t duali gatalysh isuhtxesl avithpar salotiomi ofh ap plolystiarr émg., asolydigrene,

PO GRER I LT, Dol GP R bhy et e

t laddigom of angtber s@emhtp rédice thd.sollbiliy260ihe @haRer id.théBvblvent

c Atk dresBoRetaP O oBRTR nc . Rob At cngrudletymblg meta

foataéystlapmtmaed ng a pal | adi um conpound, pol ystyrene is

di | d | .ah

Tory i B8 i BrARR B BE TR T ieg byaliev. ot &) (e GhemoCommun.

i (20.029! 18X tant el 134dpand Thew. Cuphin0g. 4200@@7|_8|e)ﬂh 3R€ preparation of
xane is

;
S BREl bt aPtan s EHEton JeatisuI Bk Doy amaie merganic phass
i s@htéh&@ pol@f BethblmdnoinbRandShBitlaREiYn n?eltél%u?c%'d@persed

t t m xed th a solution of a polyner (e
;g’ftsgglfﬁﬁbhéq”e&é?yl%ﬁl@ﬁ%t anepntems, ypyisiEiges. anster Habilizers.

C Polyhiéizaibraot e &t HRBRIREERE fGHRf (Tﬁlfro&eﬁ%u%d\%ﬁé OR Rlyurea-
anot her solvent to reduce the solubility of

pENsARSHIae Pﬁ@'esm%rﬂata%ttlar@alw% @r@pawedt bbﬁUbStltUtmg a
Oﬁ%léﬁ’nélaﬂca‘-lal & B Be W%%@&?ﬁoﬁ@?' %o F]@lhef:@}égﬁ%étof in-

|sota|ne e interfacial S i ustrat

L& |p y@ne”Z%%%t%ﬁemratgom*ﬁmcap@gba@z)seqmﬂgﬂﬂi@m 13
(g@ogw%g Commun. (2003) 678) in the preparation of

pol yur ea- encapsul ated transition netals. In Ley's

exanp| Rolyraar-encppsHietiohefethe noble metal catalyst can improve the

performance (e.g., rate, selectivity, catalyst life) and filterability and also should

reduce the leaching of the noble metal into reaction mixtures. Particularly where
the cost of the metal is high (e.g., Pd), reducing metal loss can result in
significant financial advantages.

The H20;-producing catalyst may be further treated by techniques such
as heat treatment, oxidation, reduction, and the like prior to use in hydrogen
peroxide production. For example, the catalyst may be reduced under an
atmosphere containing hydrogen. The encapsulant polymer and the noble



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

woant7arrsea4enmul si fiers and/ or stabilizers. PCT/US2006/040988
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gﬁseﬁwér@xmaqc@@@v@gjl es, see Adv. PO\deEL Teclglnol 3 I
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ucti on
pE&PRiRINNG lwdmmbtbrmwsuqhoas @rehmi, eethetrh,eeaiansakgtshesmgnduee like,

d e
[ SH B hoRBr 2| PRAGRE DuiaDided A iRAER: wits:, lower
phijphiatial Cos caiewhaialswhaatgemethand reskh;a:jﬂdl llsbﬁemp@ahol and tert-
nsat urat.e r
& BEBHGPBhd Tl S ROREE. FRR RS AHORE CaRBR YRR ot e
by hydﬂmng&-rpwdumrg stelpi Lsed bgygmbb&d ﬂ%%germy A¥@ough any
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amléc:ulw|hgidmgéar(H§)8aetprefErr§dﬂdlf Hdbmﬁf‘ar ré'ﬁtﬁw hydr lbg'éhﬁgol gxygen
car.bops such as al co
%n%%) e g%gprg kﬁ}éf"f'tgﬁ‘stggvéfﬂesc’@u 02090l uene and

hexaneln addition ito akggeredrydrégat) dnahéP §as hfa NESH SThe inert
such as CE)I r oben ene and net hyl ene chlori nitril es

S5 o3 PP lRoEaH MeoxRNIASN RHCBagar evalidn e apaction mixture

Soiiiitiabl the @xpRevat Iﬁ‘ﬁitstG obVviRABIE megf: g%l%%bg%; hgtmgd' eggbﬁ* Enitrogen,
ncontal ni n r

e cchat e aDarien Carbon Gagdmand Tk Rod pikresdhereo.

m xt urefe HHI- Eﬂfducﬁbeit%rrﬁgy %ys&mh%ﬁ g8l eemcﬁn’urwous; flow,

i ncl ude vvat er, lower aliphatic G C 4 al coh%l S suc

ne8TRiZRAEN, QEhRigtomodes obtenriAlyst may detusednnttaadorm ahslurry or

rﬂ'l)?éfdt&féiﬁ ft r@b@@érred: tepdrat & ﬁitﬁgﬁ‘@ésﬁré’ W}gmethg‘?gqge of 1to
he I—|202_ﬁ1€/) uci ng step uses oxX

A@Q%B@F@h

desired amount of hydrogen peromde, preferably at temperatures within the
range of 0°C to 120°C, more preferably from 20°C to 80°C.

reaction is performed at a emperature effectlve to produce the

It may be advantageous to use a hydrogen peroxide stabilizer in
hydrogen peroxide production to minimize hydrogen peroxide decomposition.
Suitable stabilizers include inorganic and organic acids and their salts, chelating
agents, and the like, and mixtures thereof. Examples of hydrogen peroxide
stablizers are nitric acid, sulfuric acid, phosphoric acid, hydrochloric acid,
hydrobromic acid, pyrophosphoric acid, aminotri(methylenephosphonic acid), 1-



sources of hydrogen and oxygen can be used, nol ecul ar
oxygen (Q2) and nol ecul ar hydrogen (H2) are preferred.
wOheo7rosas rati o of hydrogen to oxygen (H2: Q2) PASAIS2006/040988
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ar gon, Anhfldrﬁg&ﬂ pefiideaBElutiet N RBtaifkdCRARR I-E@%_ﬁ%ﬁucmg step.
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b kB P NS PSR Yioa BB S prpoen
15 aoxy(cjgenptwslphentlgasasl id, remottedc Hhagonte asseb it sy ebradsireble to
gfﬁlrﬂg\f$ ﬁgﬁ? Pozﬂéﬁiﬁ?ivaqgﬁp é;eé\grqj? a more concentrated hydrogen
1phmdfd@>g0ﬁ1tbyil i dene- 1, 1- di phosphoni ¢ aci d, and

et hyl e i Apn a( met hyl enephosphoni ¢ acid). The

st abi Iggﬂ#‘éﬂ?hf%ﬁé%al |y added within the range of 0.1
ppm t.oTH® prbecks 4f Medim@atop ellexiivtBudl! dhi &datdn step which
obtained in the H2O2- grodum ng step. \Were the

20 GIPPHISY reé‘“ﬁ@r?rbi’rﬁéﬂ i GPmPayNg vith g dwtgen pgeoxide solution in

HHShrps@fbecdi a8 oxfadby Shtalyst. Pr ef erably renmoved fromthe
r eact Iﬁlfhm xture using techni ques wel | known in the

art, oxgdatipnceaialyst s eny catalysticagakle o, cafa'mnsathemxndatlon
" a

e S SO A oot

t elydep @ tfﬁr@aleetmefa&@wt@big ransioropatels are Grovp 3 for t metals.

25 Cahakidss tow bhﬂh%sé‘ﬂ@télé ﬁﬁﬁ]de§%ga"l'?‘t\/’ e Mﬂeﬁé‘td@gﬁl ,ﬁncpeb The

necessary. Preferably the hydrogen perokide 3
chARSiians metad nayh b pmse\m lm/@nyrgu@atm okidatitn gtateeas lonmas it is

St of HApah ) cBald VLo BORPHLIED bt
transition metal salts (e g., FeCls, Cry(S04)3), transition metal complexes (e.g.,
titanium(lV) tetra(isopropoxide), titanium bls(lsopropomde) acetylacetonate,
30 methylrhenium(VIl) trioxide), transition metal oxides (e.g., titania, tungsten(Vl)
oxide, niobium oxide), supported transition metal oxides (e.g., titanium oxide
supported on silica, alumina, or other supports), mixed metal oxides (e.g.,
titania/silica, vanadia/silica), transition metal zeolites (e.g., titanium silicates,
vanadium silicates), heteropolyacids (see, e.g., the catalyst described in Applied



hydrogen and oxygen, and the like. It may be desirable
that at |east a portion of gases fromthe hydrogen

weoenwi7ska4 pr oducti on step, such as hydrogen, oxygﬂlls2006/0409ss
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é@%ﬁyi ) ﬁon&Ielnl) t@{)qm de), transition netal oxides
(e § V5 PUlgSYERlS1 ) oxi de, ni obi um oxi de),
sup porTltmhulm asilicatiesn (itenadilicardsyie ard es@tablel l é)@dﬁtid)m catalysts.
e Bl e SRt ploBieny Bl 14 t5piuTh Hlepa; sac gxvaen in
v thealditiek Srarmewdrk (tsé@IRSISzbﬁlékaﬁﬂ?{—aIZlﬁmﬁd)QI%éte( Rocular Sieves,”

lole ; 3 deation, £1P39), Van
ANbJstreﬁdﬂaémhMﬁl Bp &Omr Slmall a?ﬁ&(n'%é of %gﬂﬁl}le@?egé b%ﬁ iron,

e like, and m xtures thereof. The oxi dation cat

ng'y"WB"E’oPU‘B?rpé‘or%’ér crepery agg) the| like, gpd sgidnes énrerryof may be
| preebidihené mtfidee THRAGhL @R dﬂmbwit%s%‘ Bﬁe’fer‘ahﬁy 1E&HEh A wt.%,

conditiaons. Preferably, the oxidation cata
CORFR PEierakly leghdfan Qﬁ we¥al Prefeired éltanzamalltcees will generally

glﬁé\)%alr é:(domrfb@ﬁbﬁ'c%rrﬁgﬁorﬂfnd%rtﬂqullo%l/m n‘%a*l f(ﬁmuf XFi0,+(1-

in addition to ox t1ion

708192 évfie&e 3 IS beiwesniQAR0 eand DS000.aMate prefewdly e valge of x
Gis Qo 0201 1. 138! kS ndiraflg &t 41 Hiind RLREUABOR'S the

structure and contalnlng a transition erre
t7a0htg isiagiantegedushyairem Bi.5:1 Y0 984, (st p@feraldly fromr 9.5Mbto 60:1).

'Vphe @QQ oWreIE?r\Velil gfgnﬂfrﬁ_-}’icﬁ BHRES %)ﬁéﬁo He adbiralii: Bglqicularly

erre
preferred tltanlum zeolites include the class of molecular sieves commonly

known as titanium silicalites (see Catal. Rev.-Sci. Eng., 39(3) (1997) 209).
Examples of these include TS-1 (titanium silicalite-1, a titanium silicalite having
an MFI topology analogous to that of the ZSM-5 aluminosilicate), TS-2 (having
an MEL topology analogous to that of the ZSM-11 aluminosilicate), and TS-3 (as
described in Belgian Pat. No. 1,001,038). Titanium zeolites having framework

10



The type of transition netal zeolite enpl oyed depends
upon a nunber of factors, including the size and shape

wofod7iwesnugani ¢ conpound to be oxidized. For eRramiSz06/040988
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ey o REuR shosifebie; Toidecna zoNel Srmrmesitable
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oPrEE8,

ty from9.5:1 to 60:1). The use of relatively
t i t ani lumayi had\epkddeoss @ Ms& b Lufferind@ei dxaldtien step. The buffer

S0 bl BLEE5 ok B 5% b ol e o
Shj/drogén tp%ﬁo%ic&ﬁ%o@ﬁbﬁ' TS \buffSE imayFBo. b8 URkd(diR) to the

%’ rrB these include TS-1 (titanium
PR gt tor BireaPaHGET s CaIRXEHRI® Epagfiona improve the
t ARRRlierD Yata " dPsI0sSletiivitledBat BOffert NRefp'Yh Jhis IPvention include any
alu osilicate), TS-2 (having an MEL topol ogy

%Beo?ﬁl {siqh %Y?&%d%ﬁhq H@Umnﬁp@paﬂlem ﬁbWthharatf@)mlxmﬁeL are
T§Jo'ﬁ {has e per b el SolBRIngi By PRbrerdMy r L?%Oﬂ'mqs@)to 10, more

Ti tani um zeol i t es havi ng franewor kst ruct
i RGRSRIN TRt 19 b1 @k mast Rrefatbiefiore 5 tnd. ZSwitalste salis of

ab)%@cﬁg' SoHRhiR érﬁ’ran‘l’qﬁweanb rbaf'i‘iﬁﬁ' UHRE drforf nhayt "i’r{HleQ phosphate,

zeolite, the oxidation cafa may contain ot
ceAtpoRint Ricakenale: sylfate: @mbwylazes (o 0i, acetste)bbarate, hydroxide,

Sgilidofe, al@HMBsrlﬁates' rLQC%@lll iy n‘i"het élttlgﬂl r%a? elblﬂ{?lﬁ%r monium,

Z|rcon|a si | I Ca, m xtu
aglkylammosfun hée @at atevaalkylmmoemm @yridintunsanianc the  like),

éﬁgﬂg}éfgﬁpgg%ﬁuhﬁ %IQ%I c}éln %f%{)ﬁahﬁ% r{h S?et?l ions, or the like.
c ples inptude NH4,aNBund\éMe,( d.i,gNa, Kj Clsng, and Ca cations. The
~ preferred buffer comprises an anion selected from the group consisting of
phosphate, carbonate, bicarbonate, sulfate, hydroxide, and acetate; and a
cation selected from the group consisting of ammonium, alkylammonium,
alkylphosphonium, alkali metal, and alkaline earth metal ions. Buffers may
preferably contain a combination of more than one suitable salt. Typically, the
concentration of buffer in the solvent is from 0.0001 M to 1 M, preferably from

11



alumna, silica-alumna, titania-silica, and the
i ke). The oxidation step may be perforned using a

woant7insmws fl ow, sem batch, or batch node. |t PCE/US2006/040988
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acet atsﬁﬁ and¥lg gar og@ﬁggﬁ%gﬁﬁé?ﬁrpmgr g;)?g%%ated products is

azbﬁ@th@hmfﬁﬂl@ﬂl Wat@hkﬁbbeé’ée&iaﬂhe lﬁ\ﬂ%tlehkaﬂ' Hd'BroRREd 1 valuable

net al |ons Buffers may preferably contain a
c%‘%P&“ﬁ%\t it 6’P<y9ﬁ5}3ée<% h&FPBsEs safe absuallyal moreTy palpabley , than

t f
tﬁt&g%rﬁllﬂ%ﬁ?gzba h otgegbgr‘rri e?”'%d?’é)é '%\%a%%é ﬁ/ﬁhgégthég%lreo_%ammg
¢

thﬁ RGN, GXUGE 37Yh CTOIRS, ARG dive ik angymixtures dlecrapfroBkamples of
heRkirfesi dRclge,Che, gan Bne0" PREHaRY, aﬁi@h%ean%%hf’angastotll?ene

the reaction sysitem For instance, one mnhy a pH=
1%{hi|ﬁe‘%4ﬂ”8t?%0l5ﬁefﬁnmm um hydroxi de to baI ance t he pH

of t h@th&aﬁldﬁﬁnsﬁééﬁﬁ’dﬂs NBILGe PE &, & RHoRY L GFéhes! pLh Shols, |

al ka
phenols to catechols, ketones to esters or lactones, thioethers to sulfoxide

and/or sulfones, ammoximation of aldehydes or ketones in the presence of
ammonia or an amine to make oximes (e.g., the conversion of cyclohexanone to
cyclohexanone oxime). 4

The following examples merely illustrate the invention. Those skilled in
the art will recognize many variations that are within the spirit of the invention
and scope of the claims.
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nmet al phosphat e, anmoni um phosphat e, and anmoni um
hydr oxi de. A variety of organi c conpounds nmay be

woxbaiizexd4 by the present process. Exanples of Bcg/aJlsz(m6/0409ss

10

d ar enes, ohol s,
P Gohydes, | ReOMEARA TN E AR R e AR CRT AL P5T 0 one
pref er Peshedlysidad iréin QA@@e%acbilﬁrééirQEBﬂame@mﬁ%m% Haas)
3?‘5” efin, and the oxidation (groduc is an epoxid
S

BeiSorahedswi B1<irNAAJ0G 011 & h%ahehgma@r Deals agtation.
OrTheCiieliifol & #eR dtRuhled. DIRE. m&aRgngaRaiid ¥teEr|9% eét@d six

60 carbgn atons. Preferably the olefin iIs™an acycl

alliisse bP o SUSPEDSIOR Csotaéfﬁmga&he weshast At&ﬁereﬁrrb@r@i,mat@nol (100
p@)ta %h@d[um édétét@*éb%u&@ ygﬂ#@ 70, t%ee niegfs added

More than one doub
nyfitcnixing %tsmpm t&meeai@reorAﬁen heain, 'ﬂh@SUIObrSﬁitermiyartdawashed

hmﬁq%e{hfaﬂal ;qmnaqgrea in v&g{l{h%@én g &b%tagﬁf weight.

O en, car car onyl, cya
orT hﬁudﬂﬁd sgh@cﬁb@alyatrA,t% g) dmtamsl 189 wa¥tRaul arl y

Cpoxi B e LY S R eNE e P S AR R ge G voT

oxi di zbndo ta02-oz leegwrprapl bottle ¢amtdinidy reg sellitierhylistgrene (13 g) and

N A Tl T AR

afibovt.%r ¢2@ 1) add Gatalgst Ar(sa ) dems BExbmiphe 1 iy ehbiged. After

15

20

25

30

gpgﬁgcgﬁ?@ 'wﬁghvar:n @gbqlpgrg tigetc%x naantd dthe suspension
npnlﬁ/mwlzatmmajlsld‘ﬁdtehydy euRovashd Syiatio iread bl %ﬁﬁﬁat 70°C for 3
e those c i ni n aryl grou
LR AT T TR
abkl&menﬁaﬂsw(med ealilyst 6 HaeRd, WaRRaH &wicB- With @I@%nlzed water,
i sobut.a tol uene, ethyl benzene, and cumene. Q he

oRNUSHPOA AORE D AYe A 100, toeogstanbwaa&.m%pmuct (Catalyst
aB¥bestaing 1Phene Bd. phenol s to catechol s, _ketones to
esters or Emﬁ:n'-%; t hi oethers to sul fOXI de and/ or

sul f ones, ’%l"bYP%pGﬁ'\&lBﬁﬁ@gDErP%PHQ&ONn t he
presentife st BRDEORIuCleddR RAKOMLL ulRKS e PPsadiS IFive test
th% conversi on of cycl ohexanone to cycl ohexanone

Wore N thenearlr sBaterige ermeIassPhasee Bachitpeisubahes efrpagnetic
| §rBRG baPand %ﬂ%r@ Kiid 4tefle] é%n?]é‘ Rat8r tredt | dbeg e]cgg%“& 8 are each

nany variations that are wt the Splri

i fharged with eﬁﬁﬂa|¥%t(ﬁ)(e1odngi hEe@Itabemﬁ @@Mmmadm&awwmh 5.6
1mg%#@‘53§|y§'95\r M %E). The catalyst in each test tube contains about 0.1 mg

of Pd. After a mixture of methanol/water (70/30 by weight, 5.6 g) is added to
each test tube, the reactor is closed and flushed with nitrogen. After the reactor
contents are heated to 30°C, the reactor is charged with hydrogen to 100 psig,
and then charged with a mixture of oxygen (4 mol %) in nitrogen to 1400 psig.
The reaction mixture in each test tube is stirred magnetically at 30°C for 1 h
before it is cooled to room temperature. The concentration of hydrogen
peroxide in each solution is determined by liquid chromatography (LC) and listed
in Table 1.
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Amberlyst 36 resin (A36, an acidic resin obtained from
Rohm & Haas) (50.5 g) is washed with nethanol (100 Q)

wono@/osaker under gentle agitation. The net haROT/US2006/040988

10

15

20

25

then d d., The t hanol washing, step is repeated
Six t1 el Tosholt Jhan 850 Rredie apibiyneha elymenercapsulated

r &%i/A3Godtalyst hres IhlghéE)Qle@)s of %y@@gbﬁ‘iie‘rwl&é?%ﬁt§31m|lar process

sol ution acet one)

S QELRITRd il fo.Sate FIBbMHL Sper o i Skdq et mhich is not
tlmcspéulaiedﬁyfaﬂdmﬁ@d and washed wi th net hanol (100 Q)
and dried in a vacuum oven at 6Q0C to constant wei ght.

The dried solid (Catalyst A 46.5 g) contains 1.9 w. %

Pd. EXAMPLE 2: Y| o";‘(wﬁpg
it (e ot t e'l:olageﬂAnlnqa

CATALYST Inta 2-07 rrnwn cao b

vl esti opCatalyst yrGatalysti@omposition Hydrogen Peroxide
2' -azpbi s(isgbutyronitrile) (A BN, 0.15 g),

jueous! pol yvinyl alcohol) solution (0.15 wt. /ﬁ’pﬂo

nd Cathl y& A (’804[1;/) %IPdMCﬁ(Iaﬁm@rr@)ar ¢ char ge4d7

nnnnn \ffln |e ca
=

being;ptit t; +h cappe
nd? he su&sBpens?Fo%lp |{‘}.’?€P‘3z62‘?56?9 mg}efi ect ed El/m
nd-3svef - enPd adit.aimt.on Hdm:wl(m mgpath af 700C e 3 h,

I -gwe v—andther—3 h at 0OC—After tooling to roaom
V Vo Uy A \" a9 tv)
emier at ur &t é%?ﬁﬁt;‘yﬁ&ﬁ%}ﬁ ép%mgét ed catal yst 7{1§

i Tteer ed, \mshedlmmeawmm?m%@g rer,  ayhgried
yum oven at 600C ta constanf weight, The

pr COMPERiEEst st B) contains 1.1 wt.% Pd. EXAMPLE 3
HYDROGEN PEROXI DE PRODUCTI ON The tests are conduct ed
in a 450-nmL multi-tube Parr reactor. Five test tubes

in the react JFXAMELE 4 FEQXHRATHIN FhBROPYEEINE t est
tube hgs a@tdmeéihﬁpp%tdl \KII'EH %%tlg'ar lsaa’% ééi V\mﬁr }roé&érogen

the sanme rate re eac
wPerexidgt 3lytian B Miehang an?ﬂewater WpeepaBed gt rmxmge eaminercially

CHABBR 38 WhioPaludBls HyafdteR! seibidt bRy Sndfdnol o), 751 (150

catalyst 1n each test ai ns
Pang), A'mdeprogylﬁhe((Zﬁr @). ofhenE$-Hanatdlystabetair(s722 30.%Wi. The reactor

t t ub th t
1 Rted B S o KRR 00 G P abenhe RPN (MBI Bargivzed
clntgast ehrametdgraphed é@@) _scmt,anstys.sr ehow® r93l°/§ Hydedg@adperoxide
C ed. W a
V‘ﬁ&r{]u%&{) f %gy%@n&%wsﬁ%%eg#%naqq n e;?r8ag ? QXIfgdk%sp@pylene
Thlgcal ¢RG),i avwl mebhbh&y)péo;?anoﬁa((ﬂhwlﬁge? vat (le?amdSS Stmélslr%%electlvmes
or efore i ool e
r ooﬁ%ﬂvﬁ‘&eré?%w@%%@r % BALYAEYaRS Hilows h'é@%o@@ﬂe) = Total PO

equivalents formed = moles of PO + moles of PO units in PO derivatives such
as PG and PM. PO selectivity = (moles of PO)/(moles of POE) x 100. PG
selectivity = (moles of PG)/(moles of POE) x 100. PM selectivity = (moles of
PMs)/(moles of POE) x 100.

It is expected that repeating the procedure of Example 4 except with a

>mm|\>m

ed

— =~ =D Q

hydrogen peroxide solution produced by the reaction of hydrogen and oxygen in
the presence of a H,Op-producing catalyst (e.g., Catalyst B of Example 2)
should give similar results in the epoxidation of propylene.
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peroxi de in each solution is determned by liquid
chromat ography (LC) and listed in Table 1. Table 1

wehwm7shat t he process enpl oying a PCT/US2006/040988

10

15

ol yner - enca : I i ves hi.aher
5i el>/ds of hygﬁmgiﬁglﬁﬁﬁ%agiﬁdéﬂﬁwgcess
pe{flor mdw\(l]\/i tE theINS"aHE FEREBEml Ctgf%FPEUGFER IF’d/ A36 b
cat a i C n encapsul at e a nmer. Tabl e
L BT bgorTosaduS: oo ‘Ema%?é. 'énrepea@ﬁ'pa@’m B3t agyammonium

Ewep@té bulEBQéJ S E@?E R@ac&iéhQ%é\‘@o 5 h at 50°C

a stlrrer i's char with a
hf}ad\dolg‘gﬁ”%@ﬁmh@ewss%%thysquen n%%%ewmomﬁm PG and PM
( RyeRREvIBss &% 99, %0Ng aﬁefmrn%l %' Hexp&iﬁ%l abl e 30 wt.

aqueous hydrogen peroxi de and net hano TS—

(150 ). and pE&s\MPéﬁea(Qm%ﬂomwgqpmgm yst

cont ai

Cont ety ione L6 AL 4 1884 3D oo

artriogen Peyoxifs (Ghodmaetbgneldhg o), GEP:-1 (_ZOOang) wedprefpanes(s g).
9 \b I &
o ool s SRARb SRR A SULETE, By reabfor S ngdB0p o and ko
( REPO°Cafed 1ndit lhoﬁﬁoofdbameacmo(l Im!kt).lre shavs 0.86 yt. % isbpbopznol and
W{§edggédV|tles respectively. Calculations are
per or ne %cﬂloms PCE (nole) = Total PO
equi valtastexpédediat-repeatiyg the Gcedurelo ExaimpROGUEIcept with a

PR S B bR P en
( tid ppeseEhc@@f/ & nlﬁi%pmﬂué?ﬁ@)ea*alﬂﬁ(xe gPMC&QAlﬁt B Voft Example 2)

{ AP sl 1y DRGSR g aivaogrolEiaRAgee 4 cxoept wi i h

a hydrogen peroxide sol ution produced by the reaction
of hydrogen and oxygen in the presence of a

H2Q2- produci ng catal yst (e.g., Catalyst B of Exanple
2) should give simlar results in the epoxidation of
propyl ene. EXAMPLE 5: EPOXI DATI ON OF PROPYLENE | N THE
PRESENCE OF BUFFER The procedure of Exanple 4 is
repeat ed except that an amoni um phosphate buffer is
added (540 ppnri, pH = 6). Reaction tine is 0.5 h at
500C and LC anal ysis shows 38% hydrogen per oxi de
conversion. PO PG and PMselectivities are 99, <0.1
and 0.3 nol. % respectively.
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EXAMPLE 6: OXI DATI ON OF PROPANE The autocl ave equi pped
Wth a stirrer is charged wwth 30 wt. % aqueous

waoyadragsn4 per oxi de (0.4 g), methanol (18 g), TBELUS206/040988

10

15

20

25

30

my), and propane (8 g). The TS-1 catal yst contains 2.2
wt. % TiVYe PR8Nt eactor is heated to 600C and kept at

6Q0C far 1A prodess Whichfcomiisegacti on m xture shows 0. 36
wt. % i sopropanol and 0.1 wt.% acetone. It is expected

that reped@ ngeadiBg hyeoean Pad shyexaifs soleendit s prasemce of a
a hydrogen pe N t inBYat B& 1

of %ydrggen amégg&%ﬁln?nbtgﬁl E%ﬁgggeo?_g yl[n%f"%b%u'lated
H2CR- pr oduci n§omanalgR of (& ngble metahlapdt alBlQﬂ-eEMn?e gesin, to
2) should giv e i poxl dation o

p)r opane. V\egcl glb%:ir{‘%n h?arﬁbg'?g%@?eﬁﬁdﬁ“t%“nﬁri ses: (a)
reacting Hpdr sepstingirah oxgaa dompousd| wigmtthe nhydregen peroxide

presence of astPal i LISl AR Drpgyce
an i on- exchangeygessted,produabt ai n a hydrogen peroxi de

the hyaroga Hebess X Rt AR hebS FEEE e elgbted from the
oxirelit iconsistintgabfy palladiumr etatinamangoik ydeniahe dsilvendasd -mixtures

2 Bg; process of claim1 wherein the noble netal is
sel ec?féd fromthe group consisting of palladium

pl at i n@m Te mrocassaficlaim 1sivherein, thangblﬁimétlurie@ayékiﬁumof :

3. The,progess of claim1 erein the noble netal is

pal | adﬁUmoﬁ]f. pr?ﬁ%ssp‘?fg(&@gk1 J eé‘l"ﬁiqh? PraREnange e is an acidic

| ogsixchange resin is an acidic resin. 5. The process
wherein t xchange, resin is a

of ¢l a%_m ]Tae y f?;::f i O’P_ in the i c ingis a sulfonic
sul fonPc actPBETPRAAMe! Wagren e iomexchangedesingp
C haidrpolysrerieeiarint he pol yner is sel ected fromthe group
Cher e TheTBoREELEETRr BRIaH IheRebEien 1§ relasis frem the
| raupl opbBTRNE: pdlystyrBRiceUhRATinal afd Ailtires WGESi N the
H2C2- p%.OdUI‘%ienp oge%ts %lf )cl:lsé%m f1 uv(ll'gehrgi?l the polymer is polystyrene.
8. The process of claim 1 wherein the H2O2-producing catalyst further
comprises a component selected from the group consisting of carbon, titania,
zirconia, niobia, silica, alumina, silica-alumina, titania-silica, zirconia-silica,
niobia-silica, and mixtures thereof.

9. The process of claim 1 wherein step (a) is performed in the
presence of a hydrogen peroxide stabilizer.

10. The process of claim 1 wherein the solvent is an oxygenated
solvent.

11. The process of claim 1 wherein the solvent is selected from the
group consisting of alcohols, ethers, esters, ketones, carbon dioxide, water, and
mixtures thereof. '

12. The process of claim 1 wherein step (b) is performed in the
presence of a buffer.

13.  The process of claim 1 wherein the organic compound is an olefin.
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conprises a conponent selected fromthe group
consi sting of carbon, titania, zirconia, niobia,

woi2bd7omas2ial um na, silica-alum na, titania-sili eaT/us2006/040988

10

15

zirconig-sjplica, niopia-sjlica, and m xtures thereof.

9. The1gr oJE*é%em&PS%‘P%' 4WB?r@lrhthgtOéquoaprqpylene

per f or med THe gmegg oF CRRR 10\l7vhé‘reh")/ﬂ'|'e°8>@ mﬁﬂ@d&él?& is a titanium

stabjlizer. The process of cl al m 1 ereln

s@CQURt is an oxygenated sol vent. . The process of

clai m 16\mﬂ’€eebr%cé§!seof%¢élr\ﬁef§wh§reﬁlethsCﬁfa‘?u%r{lEQ&ﬂt& Rergroup

conS|st|n of al cohols, ethers, esters

car bon16i okieterocess eficlaimrgwhersin the organie erhpourel is Thalkane.

procesggoftid

the preSence eI AR 77 Jheteln e bROBRI SHEFE i By tanium
Pn the organic conpound is an olefin.14. The

pr ocesggof [ ; l.n.i.he olefin is propyl ene.

15. Thegpr%ﬁéogég%gvﬁgﬁgﬁm%bge ierei n the oxidation

cat al yst i(8) a reacting hydrogem andoxygén |ﬁ'laasqjvem¢$me:)ﬁ)resence of

cl aim 15 wher ej h i L.aniu alite is TS-
The process ofé EF%?'QO?%\@Qrcgﬁjysﬁﬁgmgpﬁ'ﬁﬂ|acp94¥mf) %ﬁﬁﬁ’p?‘s','ated
an al kane. 18. coﬁhtenqﬁoomé;aallan‘lumlmjm dulfoneedord polydigrene resin,

oxi dati on cat gl ds,a,titaniu eollte

process whi ch%%’ﬁ‘iﬁ" éggdroggy pp ?%“tlﬂ'?d?'b‘gen and

oxygen i n (b) scrbaﬁm@ propylése Wtﬁ&ﬁ@mdﬂfgeﬂ peroxide solution in the
ht aCVpr oduci ng_cataly

onpr
pol yner - encap&f?ﬁn@a °i8rrr‘§? |289|ntgft° BrAduSE PIRRYIERE oxide.
sul f on2@ dtiechrpcdspsif wrafn @ Oneréin thetihiut Feditdisdigen
peroxi de solution; and (b) reacting propylene with the
hydr ogen peroxi de solution in the presence of a
titanium zeolite to produce propyl ene oxide. 20. The
process of claim19 wherein the titanium zeolite i s
TS-1 .
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