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CATALYST WO4192venti on was made with United States Gover ROwnisossger t
under s Award Nunber 70NANB5HL 143 awarfd®d by the National Institute of

St andards a I . ni ted States Governnent has certain rights
in the i nve%??%%g%w&%%gggg TIONRF A Y RE-OCdDATHOMCATALESTI on
clainms the benefit of US Provisional Application Serial No. 10 60/169, 862,

filed Decenber 9, - und, of . the.lnyentiqn This invention pertains
to a process of actjli% \9/521{1 i\/%g%é%?seragdﬁe‘?”ﬂ Fﬁ‘&%gﬁ’;&%@wm&mﬁt FUpRORatndey st |,

pr ef e3 ablAwadMuaiter AONANBEH DI43SiwWay®id, byahe RARBLAAHLG fas di spersed
15 on a tjtaniumcontaining support. Hyygr%- oXli ga?&&nﬂc&aéiﬁqé@@édsﬁ utility

i n hydr o16X1"@iREYe Thsrlonitedseates Wovemnmennivaslcepainhishx irddkiigvengibn O gani ¢
conpounds by oxygen in the presence of hydrogen. As one inportant use,
ol efins, such as propylene, can be hydro-oxidized directly with oxygen to

ol efi n oXirele Ref&bfde @ RePAOPUHSNENRKI de, in the presence of hydrogen and a

hydr o- oxi dation 20 catalyst, preferably containing gold, or silver, or

conbi nati ons t her edhis IOMeralqniqlaimsmhmb@eﬁtaﬁInismjoﬁium@rleapﬂa@i%h@eﬂﬁi gs,
o

such, as L0xi-de r inter cilia to al koxylate alco s to
for rr%o’gol gg@ﬁ%‘rbg%gflﬁ%%’?é?ﬁ?ﬁ’gé&gol ypr opyl ene pol yet her polyols, which find

significant utility in the manufacture of polyurethanes and synthetic
el astoners. Another hydro-oxidation process involves the formation of
useful o f) jon such as 25 acetone and t-butanol, from al kanes
in the presence of hydrogen, oxygen, and a hydro- oxidation catalyst. The

hydr o- oxi dati on of TaisghiéRionGetth@E ida Bﬁcgﬁ%frﬁeﬁv%ﬁfé"ordr%g%feir&er\%%‘%ﬁnt ly in
or exa e,

several international patent publications. See, %4692
and t he PHLMIRA GHRLYStnRreferzhly epribinngtgaid, opsbivércat ¢amnisinafiold Bl difperEegal
Company : oD B84 0045 Reaind 35928/ 00414, WO 98/ 00415, which describe the use
of catal ysts containing %o‘l‘pc?o&'eposi ted on a titaniumcontaining support

for such® processesHytidkexidsgon ¢anigidfhd Rl iRALERY. ioE .99/ 00188
~and US pr OvlirYSi onal application 60%12, 429, yfli I gggﬁgg%%'?wfgggg%%@h

cor r espolfiPivg theroxidatgnpfiqraanis coapeinds pyloky geat inahe WRsOZe3FGdrogah S A s@hne The
Dow Chemn?ﬁ;rtahtlus%lérl%glgrg‘jsgl&%%s plarlolpill%nlcl,%%nl %é:L %}} r%-lolx%criLizclecll ldircclztll}j \Evith oxygen to
| olefin oxides, such as propylene oxide, in the presence of hydrogen and a hydro-oxidation
20 catalyst, preferably containing gold, or silver, or combinations thereof, on a titanium-
containing support. Olefin oxides, such as propylene oxide, are used inter alia to alkoxylate
alcohols to form polyether polyols, such as polypropylene polyether polyols, which find
significant utiiity in the manufacture of polyurethanes and synthetic elastomers. Another
hydro-oxidation process involves the formation of useful oxygenated products. such as
25  acetone and t-butanol, from alkanes in the presence of hydrogen, oxygen, and a hydro-
oxidation catalyst.

The hydro-oxidation of olefins to olefin oxides has been described recently in
several international patent publications. See, for example, WO 97/34692 and the following
international patent publications of The Dow Chemical Company: WO 98/00413, WO

30 98/00414, WO 98/00415, which describe the use of catalysts containing gold’deposited on a
. “_‘t_itanium—containing support for such proce_ssés_. Likewise, international patént publication -
WO 99/00188 and US provisional application 60/112,429, filed December 16,1998,

corresponding to international patent publication WO 00/35 893, also of The Dow Chemical
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cat al yst wegiaiigvgng silver or mxtures of silver and gold deﬁosi ted on a
titani umcontaining support for the hydro-oxidation of ol effCRIS0Y38B%f i n
oxi des. CGrPrEPany: describeie hatalys\ON@6AZ3A3er ofi mKioResf Alveahd YSh d@‘:g{ﬁi@idni ng a
. . ; 1]
pl ati num[ﬂgﬁt‘iglm_il_on at. |l east t bond energy states deposited on'ti afi"dm or
vanadi um si 11 car 1 PR EPUPRGuiCd BB mxedatian 9 @leding toslefiatoxotes. Oz onal
art, suchuab ¥ 862343 qidiRel yst. containing.a |anthanide
metal deposited on titani um or vgﬁgl i h%&g%%@ﬁ Ii%f“ém’fr%F“eltﬁdﬁPHleﬁﬁéyé bohéf i n

hydro- oXindegyi sates dePobitdd ant thenivar or, vdnadivex aimphige B 1AuidpifA2 orG; rgﬂd scl oses
the hydro-o itdatigﬂdo.f al kanes, such ashé?ropane, in the presence of
hydr ogen ARt 6%y geAdRNAal A yerTaAsoRIQIATR8H 3, datcidsys catalytaromaisiagul  oxi di zed

product s, i kew.se, i sobutane.can be io hydro-oxidized to
P but anoi SHENIE AR BEARe bh SRUITG o ISR AR Rty OS obdghesruele in bearon
cat al yst oxidgpions.eslildbihgohitl fonezdm sieHURY Qﬁ%@kéﬂ,%cﬁo‘g?g%@h d

e

for .. .
hydro-oxi dation. A variety of catalytic supports are taught snHgatoneof
af or enenty ‘Gi1E% Susfedepreptissin the presgasmdichydrdpentant anygem Gant [Rydib R4 BHBROr T S

‘are tau I { iu di oxide, titanosilicates, titanium
di sper sgghgﬁﬁé E%bgq}?&f}f!aéﬁ?ﬁe?ﬁéocl"'icfsaﬁ‘i“iﬂﬁse%@@f@- hikeyissisgbsiongami bed
phase), duydrd-bkigiaes e t-bith@)iaHagiiShe ﬁ@giti%ﬂ?lcﬁ{.tsaé 158 §[9r%§;§§9?(§[5§r?ﬁcsis

;
well as conbinations and m xtures of the af or éenenti one

Opt i onal IF§al¥sscqmapriee of goldiant zravaturomahtapah e nippouboraaii@ex Qg9 00414, the
catal yst can corrpri&gar(i){ge prnor.e oronoter netal s selected, for exanple,
from Group 1, Group® 22 ¢h8T tUNYHS AHRROTISAre laught amongsthe pforemnntiared act i ni de

net al s ofefefencRerfiopdksmiabthe ¢; 0 iR nthesis of .the =
af or ement i oned hydr o- oxlleati gﬁ@%ﬁal@&%‘%%ﬂ%&q %r?'ngaugg&tgl WF‘E’%B?’HPE‘ and

opt i onal i tiganopibicatky, sifanaue digeosidtadsiiat @ Hebdn eRtiBhNilihfe,s ppeyt, the
conppsi t(a-sio a%?ztei vgt _e? ,b?; .?(al cini.ng under air, or reducing under hydrogen,
or by heatd e PARSE) 8P IRg WS s HBHED dipersed emsenain mretalbdicmennaawens 250C

and abouto®B{fatib® ard rhi t 0_about. 24 hours. Standard
activati Q(r)1 condi t i%nsrh’ggg?%{)iﬁga@g§hpéa%§%h5%rl?§r %@EIHB?”% 33 {yghly i vat ed

cat al yst guerparienat optant pubtibaicnavad 984004 CONDE LKL @A lc@mpSist ¥&E or RAlore

conbi nat | reof,.on.a titani umcontaini ng support, exhibit good olefin
conver si gﬁ{@%gpﬁee%gs‘eﬁelegﬁgﬁgéFé%rf’P\?'r {rpm Graupe! . Sirepp R, bxilatshamdararayarexhi bi t

dependi ngwecmgranahﬁe@mfa%nﬂ@mwo?zr%fperm‘?c%gﬁ]@' yst, long lifetime. Over tine,
however, these catal ysts may | ose sone activity, and occasionally, may

becotfe sufficient! yn &épital vaiteehisof ths afaremenieiedtlyBroodtidhySi czit{g?&?,cszie?al to

30 use. this. stage of partial or full deactivation, the catafyst nust be
r egener a(htg(fdglll)ﬁ},ce tftggélad oBuonal promoter metal(s) are deposited onto the catalytic support,

the composite is activated by calcining under air. or reducing under hydrogen, or by heating
In an inert atmosphere, at a temperature between about 250°C and about 800°C for a time
from about 1 hour to about 24 hours. Standard activation conditions operate at about 400°C
25 for 6 hours. The activated catalysts, particularly the catalysts comprising gold, silver, or
combinations thereof, on a titanium—cbntaining support, exhibit good olefin conversion and
~ excellent selectivity to the olefin oxide, and may exhibit, depending upon the exact nature of
the catalyst, long lifetime. Over time, however, these catalysts may lose some activity, and
occasionally, may become sufficiently deactivated so as to render the catalyst impractical to
30 use. At this stage of partial or full deactivation, the catalyst must be regenerated or repiaced.

As disclosed in WO 98/00414, for example, regeneration is taught to involve heating the

deactivated catalyst for several hours under oxygen or hydrogen, optionally mixed with an
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As disclosed in. WD 98/00414, for exanple, regeneration is taugh s RPh r%lﬂl ve
heati ng t»bSo Hf‘ﬁgti vated catal yst for several hours under oxygen or
hydrogen, optionally mixed with an -2 1 5 APR 2004 WO 01/P£T31500/33385

PCTI US00/338@fudnfenth d, Iniesgen o UehumSat ¥t iibR88M e ¥; ' al. g tepgperature
preferably between about 200C and about 480C. I%%é%fgﬁl&),s rtgﬁ%r] %’é)uf C

at m)spheral‘@ a?@‘é‘@@e@aﬂ’ﬁ@émérainemtgafmrbetmeﬂnhhﬁg/&dsup@skzttﬁxbﬁ;ﬂtein\é%'ab{ bet he

deactiva alyst can be regenerated in the presence of water, or a
conbi nat %gﬁl%hmpﬁgﬂ %CW’ME?{W&FC Lyt &an bafesgnpiategrintterpresaicaés and 5
pr essur esvaekNér 20EMBMABSSE b W& A6thiLkd generation methods have
drawbacks, first, in the IengI'E h of ?F%ﬁg&r%ﬁe@d?{nﬁwl ALETRGErES apd ¢ he
hi gh ¥ emp&asétrgs.e required to effect the process. A high pressure may al so

be necessary. Typically, the activation or regeneration period consunes
three to six hour s?ﬁlﬁ %bé’de‘gﬁﬁcé’g%ﬁ%q‘ﬁ“oﬂHﬂét&weltatlphin@tmd@awdtdv&)acks,

hydr o- oxifigat inQRe B, i l. t.he activation and
regeneration tem%ﬁﬁt;@éé%%#%?,ﬁ@%F Fy E’Zé}ééh shltgﬁéerﬂ%?IBI%S?ﬂﬂﬁ?q Wreffacbeess
t enper at treeproedss.c A high pquspﬂlrea:hdywlgﬂ@&aﬁ&lésdaﬂaﬁr@:h@my, G ARG eSS than about
225C. Accordi nal , the catalyst nust be heated up'to the activation or

r egener af585ACE H%BF%‘P FRISUBRY gfele SimBowrst Disadveniageoushye drosgiut Ois iige

conpi@teheq-gg ) rating.tenperature of the hydro-oxidation
is pr 0cess, Th?gngeawng%%g%ctﬁggs g@gld?’k}d'c %@Hﬁe@e\?‘éﬁ"ﬁ’éﬁpén IFREENeEtienng whi ch

the hydr tempexatdat sigmifiparabeseedds MR REdrbMRRAIBhiptSces&enditrAdiled i sadvant age,
t he hi gher@tivation and regeneration tenperature requires an iﬁput f
heat and @AY Brea oy about {RE pedilesprhamabout 295°Consicputingly, the civalydsinagd

t he high j - er re and to permt cycling between the
nydr o ox a0 ey BTG e RefRiodhand hiiseros agtvahon or

{ enper at wgenera@éh Mosimdéts pcborsal agaoishy opsaRREIGHENEH Nt I BYIN;L0E

hi gher activatign and regeneration tenperature y damage e stYiftlre of
t he that aPiPsEsss Jﬁwfnmwym ¢ansuings Valuglslmsigree, toring haridrethalhgdro-

i ncor por gf;aki W Ih.each reggneration cycle a percentage of the

cat al yst lggl{(?[{]/ﬁogggr%éjc/mé}gbi"r%rp é arulvgvgbsl‘".ﬂ? dgsd dﬁﬁgyz}ntﬁc, dsfeehss aativasiongwdden

or accungeteatidrategipetate, redlifs af bl hesist At eR) N yiew of
the above, it would be desirable to@Jdi scover an rggti vgrt%?ger{’ g’%dw‘mr must

r egener a5 SANSHEERS 4o Withstang thedrighesiregenesatian compérasineand o persiasytliper i od of
tinme at r ; ressure which are clqosely simlar to the

oper at i ngctg%%g?’? |l-§)rt1“sg §12'“%? ﬁ%’PW&‘F% (CTRRFIGHET Bﬁ‘fﬁ}ed’t!%‘?é TESSHERRLARA teBPeretard.on
and oegeMesadisaivamagbadiyeetetcl @&y thicuJAaat h&h€r activation and regeneration

temperature may damage the structure of the catalyst support and/or may result in damage to

the metals incorporated thereon. With each regeneration cycle a percentage of the catalyst
activity may be irretrievably lost until at some point of sudden or accumulated large loss, the
catalyst must be replaced.

25 ' In view of the above, it would be desirable to discover an activation and
regeneration method which is efficiently accomplished in a short period of time at a
temperature and pressure which are closely similar to the o.perating conditions of the hydro-
oxidation process. Such an activation and regeneration method would reduce the heat and
energy demands made on the overall process and would reduce shut-down time on the

30 hydro-oxi@g;ion process. More desirably, since there would be essentially no recycling
through:hi_gpgr temperature zones, the process would minimize damage to the catalytic

support and _darpage to the catalytic metals, thereby proloaging catalyst lifetime. It would be
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energy demands nmade on the overall process and woul d reduce shuti-Sigpn %DWE
on the -30Weyav4a928xi dat i on , process. Mre desirably, since there woul d be
essenti al I?yﬁ no recyclin t hrough: hi gher tenperature zoneé),CTt’Iﬁ%"’@?%éess

woul d ni ffV Eé’fﬂs\?ﬁé@éleﬂgth@w@tiwtowaymircgemmparmenaﬁwc&amg%cé&n%% qat alytic
metal s. LHBRPYniRY: géggiiggig%cggt alr%%t lifetime. It would be -3 61/ 41926
15 APR 2004 PCH-U 3 vEPThrEEHEsIticamIZentsfintorbe matiov.aidcanseans

r egener atréronvates hiqdids atut ERREGRRJ i | i ntrodycing liquid
activatign or regeneration aglgnts intlggrlfé eear[)\%tgggﬁ,theb@(?gﬁge the renoval of
l'i qui ds &éﬂl’fﬂa—%&%ﬁlﬁ_hmmm i ncrease the cost of the nethod. Summary of
the Invention 5 This invention is a novel process of activating or
regenerating a cat alhisinvemkdnCib airpveiSgecdd oY At Q% idatd.Qn processes. The
hydr o- oxi dat.i on process invol ves czlﬁt@acst iong a U%roggéé’reg%rﬁ%ﬁtlﬁaﬁ'&ﬁ@en in
the pres@M! Bfusgﬁi/m*w&é?roaﬁatl@mrqum-m kﬂ;airbmidatti@hgﬂrd&%s Irﬁlomgrm an

oxi di zed : y, a partially oxidized hydrocarbon. The term
"parti al Icflrhg%%taz}é)g{ rﬁ{/agéogg\g%{%c%ygq"dﬁI‘ﬁ“’egreﬁfﬁ’éﬁ of hydieeeniard thedrytied-osidagspon.

hydr ogencatatyst hFom g eRridiR8 RERRS §fefe talni onl arbon and oxygen.
as ill us;‘rat,egy by deep oxi dgi on qg? ogﬁjg rsap%g[ﬁdcl d‘é?’zg%ﬁb(i{ﬁcﬁﬁﬁ@xib@lmd
carbon di BX#ley OXigized pydmearhbn yimpltes thatdhoproduchahtHm &E%ﬁ%gdéo ¥9'a"§5
contgeti 5'9)/%'?1. o ﬁgogeé)tro Cm' fét ulreoof olefins with oxygen in th gr eslfice of
hydrogen ard in tHe pr OseAREBE oblysarRamrand oxivaen.isonusatamdynt degp dRidaBbACESS
condi t i opodactsf duch @Btcattonh G e MRES oxidi ze r oduct for exanple, the
correspondi ng 15 ol efin oxi de or mxtaﬁl%%n 3(;1]9910 'eﬁtll[ eé’{%’é‘z]yﬂ”ﬁ: hysiseher

pr ef er r ePX1EABAIPIPEERS invil kesrrostacdng bneo]dﬂmcb’r%ifilﬂrélioZSQfﬁQu}i'ﬁ]e&é) eRh0guct s,
such as, r@Lech%h%lf% rnd ket o.neﬁ. The novel activation or regen PSS process
of this Pnvention ¥8&HH LD T BiFfeiceiof gheah dreohidariod eamtyisvaiddd process

hydr 0- oxéothalt didH3 sGER At 38 phi -.Gont ai ni stream under process
condi ti ons sufficient topr\g& i_v%tgg?téﬁ@%fe(raégﬁg%éﬁt‘g&fs}‘f’ ¢ (egearessaordinat

| east® i relofin g&ide ortmigtudeatelcfiaveidiesalrahytshier ﬂ?&‘@rrE@@mBHHigxpezma.tsaé a{/ng% 0 Sbe

i nventi .+fresh cafalyst” is defined as an unuse
preferagﬂﬁr&gﬁhdé%egl?é‘t‘efﬁhprlo HCI8.FuICk oy aieobiolsatd Hetanes. For the  pur poses of

this invention, a THeasdd V&t " s defined as a catal yst which
exhibits partial or full I ossogﬁgégé?l%rlaflﬁn Ph°ﬁeﬁ5e°ﬂ98r‘ay%5&i°aaonmﬁlsw ocess,

as -conpdiC8trctiRgarfresh ot fenctived beds-w0dwti dni RSy Wivk; tivity of the
fresh cq{ngley . 25 The. rpLg_ﬁs_s of this inventll/on l@f%%%ﬁtﬁoﬁ{ag%f’ggg?aé% or
regener at es ﬁya?sg_coag{xinagﬁ Ci2At Q198 v ate thy fésdr cibdlyst loy deqenenstedat icadt in

cat abySt;ﬁnQﬂfﬂHeia&ii\Vlﬁecgcglltﬂyst.of:oﬂhle\b%'posgg of this invention, the

defined as an unused catalyst, preferably, a catalyst in jts *

“fresh catalyst™ is
as-synthesized™ form. For the
purposes of this invention, a “deactivated catalyst” is defined as a catalyst which exhibits
partial or full loss of activity in the hydro-oxidation process, as compared under similar

process conditions with the activity of the fresh catalyst.

25 The process of this invention efficiently activates or regenerates hydro-

oxidation catalysts, preferably hydro-oxidation catalysts comprising gold, or silver, or

combinations of gold and silver, and optionally, at least one promoter metal, dispersed on a

titanium-containing support. The activation/regeneration process of this invention can be
accomplished with gas phase reagents, which are easily removed from the reactor. No

30 liquid phase reagents are required, whose removal would complicate the process and

_ increase costs. The activation/regeneration process of this invention can be advantageously

conducted at temperatures and pressures similar to or lower than the temperature of the
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conbi nations of gold and silver, and optionally, at |east one plrprxl;tReﬁum
netal, dispersed on a titaniumcontaining support. The

acti vati oW 0eqezer ati on process of this invention can be wmrwosRiised with
gas phasg reagents, which are easj I% removed fromthe reactor. No 30 liquid
phase r el EIdIUPTRIGEHSS-<ACCORHBEY: 18 ApHMAiORBRIACRHAP IPFesss £Ok this ip¥etivss and
i ncrease ; [ ; [ r . n.can
be. advant S ol Jo R o 4 A ROl P DeRieP ARy Byl ot ARG RP o

| ower t haydtohexitaipepratass ésdf, andenaylevin boSERe28G4neliD. NibrElRREntageously,

PCT/ US00/ 33385 _hydr o-oxi dati on process.. Accordingly, the

activat i O 3&iyaned aiq weepraus@etiod of ffas inygRIMN Bi9StagdalbneYoidy fppersed not
requite LA i f /| . ired for the
nydro: ox T o AL th iR peliRh B IR0 RUAR obelBling B i sg <
advant agéoghet yctivatibe oaeddevieriion teastrate@e Mhtatdadags®d edbuphor BhE dhfX&NG! ON
substantially avoids repeated 5 thermal cycling of the catal yst between a
| over hy AU UiacPBATasEbinateORgre Hapicantlyrredupsd. and therghe lesasteaven then or

regener at | t ratupre. Thus anpge to th upport and d to the
m::tg al's i ﬁ%%?oﬁbm%av%rh@r%ég%wgrrgegiogﬁi iceaﬁﬂcﬁe‘f‘&ﬂ%%mﬁﬁﬁ nggg‘g'oi s less
wear on tox@latibf PedcRks teMpefRYe! no §fRial BAGtALLAERA uﬂfh'sbﬁn@ﬁlgqggﬁrrr‘:'&%‘égtitog

acconmodat e the hydro- oxidation process tenperature, no specia
consflpucti¢perpairesis remugAdidsgnhibghedvantagertbe ptacess dfGhe evveetian carelse i S

requi red._ As another advant age. .process of the invention can b

acconpl i saﬁ%%n@\llsg‘lcg§v%rh%?l}°&ﬂ g%’?’?‘%gﬁ ¢ fRmPaEd WP I ATHAGY A HPR B?Eart

acti vat i QagenBfhtioh ¥GRRGIAITHRhBRENRES atiohh dSBSdHe RitioA Petivat, | 1Ok 1RMvith the
regeneration periods, together with the |ower tenperature and pressure,
resul t i dovenigawetssiralapd praspyret ieswl! inslhogar entatjsthtetimee sipwtdradsn-timagetiodsher
productivity.for the hydro-oxidation. process. 15 Detailed Description of
the | nveﬁlf]f%'rlrghfﬁip?di%ﬁk}g'ﬂ‘f fg)(Sr[lhepmﬁff?'(?é@?‘HmbP@&E%ss of activating or
regenerating a catalyst which is useful in hydro-oxidation processes,
preferably, the hydro-oxidation of olefins to olefin oxides. As noted
her ei nbeflegtailed Deschiptiomobttiedayéndionpr ocess general |y i nvol ves 20 contacting
a hydrocarbon with oxygen in the presence of hydrogen and a hydro-oxi dation
catal yst to form arTldxiithieneidn proddesta prpcess of advivitiingloPREEhahlivg ©¥adiyged
hydr ocar bon., More, pr efc?r abl 'y, the hydro-oxidation process involves

cont act i rgIghISHIsEfd! 0 Brdreraidptiongrogsisies pisferafly. ihekydserpxidationeof plefgsiee of

hydr ogen thgedy =X dat | ) i.ng olefin
S B I R R T e Dt
20  contacting a hydrocarbon with oxygen in the presence of hydrogen and a hydro-oxidation

catalyst to form an oxidized product. preferably, a partially oxidized hydrocarbon. More
preferably, the hydro-oxidation process involves contacting an olefin or mixture of olefins
with oxygen in the presence of hydrogen and the hydro-oxidation catalyst to form the
corresponding olefin oxide or mixture of olefin oxides. The contacting is effected under

25  hydro-oxidation process conditions sufficient to prepare the oxidized product, preferably,
the olefin oxide or mixture thereof.

The hydro-oxidation catalyst can be any catalyst which catalyzes the
oxidation of an organic compound with oxygen in the presence of hydrogen. Preferably, the
hydro-oxidation catalyst comprises one or more metals selected from gold, silver, the

30 pla.t'inum' g.roup metals, tﬁe lénthanide metals, and combinations thereof, deposited on a
support. The term “platinum group metals,” as used herein. includés'mfﬁenium, rhodium,

palladium, osmium, iridium, and platinum. Preferably, the support is a titanium-containing,
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25 hydr o- oxi dati on process conditions sufficient to prepare thesoxpglioggd
product:, Vg‘éeferabl y, the olefin oxide or mxture thereof. The
hydr o- oxi P8R at al yst can be any catal yst which catal yzBE€TfUS@0/33083 dat i on

of an Or GRaiGATBAUNNcE b NG (b i RLESENC RGP YEEBReR;. Trel erabl y.

the hydro-oxidation catalyst conprises of o 8E~f r om

gol d, siéxéntior emal$d cphaptisasuruldgrooyjivereted Sombitatibmot Siavek ded BBl R pe A0S
conbi nations. t hereof, deposited on a support. The term"plati numpgroup
net al s, "°%h8 WRABYHEPEIHNS URPPTid ¥ptioseHirhehydromxddanion capdyst adiydorthasm um

iridium : i rably, . the.s art 1S a titaniumcontaining, -5
1 5 APR %%ggln%tl%%yﬁﬂf é’%@fﬁ%&%o)"%?%é%Hgﬁ{}‘éﬁ%iﬁﬂi}ﬂai%ht aining, or a

zi rconi um cont ai ni Mye fuPN@ttivarlaro? rogRbakiaR bYocekH6F YAhOantH Gt rge,Qs

catal yst conprises gold, or silver, or a conbination of silver and gold,

di sper setPHINgG & frgshr drctigatedinniitegosdpipor catalgyptwitnard bzonetdomtaining stream

hydr o- oxi i I - further. co ise at | east one pronoter netal,
Wt oh s R e ks 8 t‘é%e.”wo“"‘Fﬁ‘é(a}?&ggffe%bf%‘e‘af‘i%ﬁe%ifr“eraé@e%aaattinon
process pdrt.lthé BedcivaBbd tAMyQOMAY ASRES hereABLATL 11RY“Bedhl S8y F | AERGLL 2L ed
hydr o- oxi dation catal yst with an ozone-cont ai ni ng streaTy*n under pr%%ess

condi t i opMalyeifiniagi ansyntkesized’ faame thaes, hreemlysc abaings tfrom its € getAEd & hfx il
st. As noted herei nbefore, the "fresh

least, in .part. .the degcbia/at ed catal . _

cat ai%y st W IOFEIOr §g 8¢ Bydrogrgaiion pricess, CaalgipacHusy savayorith mahat is, a
cat al yst pahinaiede dmfoh ® Ment. ShS YN D &S0 T 1.0\ [1,Qr _use.in the
hydr o- ox?dati_on p?ngcgés. Cat a)l(ht;Pi o a%%é%#éggénsu%w' [\%gtegacr%gﬂvn Ogg}eameters,
anong t hestglytineetatiat and optianol proheterahetal(s)i and theppedific hheroesaahidOpmeads t he
catal ytic tgl Q}s# glnd opt.ipgﬁll pronoter netal (s), and the specific

hydr o- oxi"d8tYe8n ASF LY. 14 5 FFigRId to Hatedp gengirteris what aftrvitycefines thest at e i n
gener al tRfiNBeWnabtedst h Yok ML he:qar I ed,..S e.for a specific
fresh hydrol- ot;(:i dat [ieon caéteal i/st .Shmrig?ﬁdﬁgﬁgﬁxﬁﬁtéq%? Stk\;q\lnﬁffql [ge i) ”g‘ﬁl%é’ to

j udge whaltleee judgpaheihcut partitulas fredat ablysitspspies h@shddAIcHRREY a6F b MASSE, byf OF
exanpl e, t%! .obsgr\éi ng whet her the catal yst treated by the nethod of the

i nvent i of° 5 ' BAYABIET OF CAlBlist EsaehBY Hednethnd of the inventiopds earsbilalef i on
process ¢dhvexind ied AS, ; i ' . wi t hout Dbei ng. pbaund by
such a result ,r%:rn tztl{gg ﬁ&g‘?g?%rgﬁg(éﬁtéﬂr{f I%&égﬁ?% S rgr?d pé?ldﬂlueggsfi’g%?@g“gga?'al yst
t ypi cal | Butexitidsit bsingivoohdby suchanesrisiinthedfydas-ok RRSbn abaMb1edind 3n AR BLRET Cent

and a 20 sel ecti.vi .ol efin oxide of at |east about 60 nole percent. For
the pur p%%@gﬂ(ﬂ' P'f‘"f‘lfgexthﬁ%\?é*ﬁtq]?fﬂ‘, camygrsiefeelcatileast abpus 809 pete'pareentend ned as a
S A U e SRSt b LSRR g R
invention, the “deactivated catalyst™ is defined as a catalyst which exhibits a partial or full
loss of activity on use in the hydro-oxidation process, as compared with the activity of the
fresh catalyst under similar process conditions.
The preferred hydro-oxidation catalyst which is beneficially employed in the
25 process of this invention comprises at least one catalytic metal selected from gold, silver, the
platinum group metals, the lanthanide metals, and combinations thereof, on a support
selected from titanium-containing, vanadium-containing, and zirconium-containing
supports. The more preferred catalyst which is beneficially employed in the process of this
invention comprises gold, or silver, or a combination of gold and silver, dispersed on a
30 titanium-containing support. Optionally, the catalyst can further comprise one or more
.. promoter metals. Preferably, th‘e.promotef metal is selected from Group 1, Group 2, the

platinum group metals, the rare earth lanthanides, and the actinide metals of the Periodic
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fresh catal yst under simlar process conditions. The pref erred1
hydr o- o-xi‘géti on catalyst which is beneficially enployed in the %?Pﬁr #kss
of this imvVaHt8h conprises at |least one catalytic nmetal seCEfISew3nssOM

gol d, silvgle, at e t:h e I he. | ant hani de tals, and
conbi nations i hergg)?é,e%c;}r]l a sgggdg’?’%%?é%@?é%"ﬂ%%’*ﬁ%éﬁfﬁﬁ&ﬁvﬁ%‘ REess,
vanadi um!88ft ¥ pgtinam gratiprmenisuid contailahng maNRROM &t o, Px%n%?ér@ Rreferred

cat al yst whi C@ is benefjcially enployed in the process of this “ihvention
conpri se$*P ;Wif’“ SPPoBrd Vi gold apdPhe vesn Adterngoivel yathe phatiner grodpspasised
on a 30 tyhtan Nk al Nl r tionally, the catal yst can further
conpri se one Ol'ﬁl%fé’x@%%‘ﬁ%l%}%‘rﬁgﬁst%? E%{%F@?Qﬁﬁe“ﬁﬁ@w@%@ﬁl@rwm al is

sel ect ed depasiteoauariumG@roupadumtsigalild. AtTHRWK G BHR rare earth
| ant hani des, aggd the actinide netals ofﬁt he Perilodi ?@éﬁé\h%tg&!&gﬁ%g‘ﬁ’ WO

01/ 41926 PEESTPR0RNIS anE ST siivgh|as anypraredter arete@) tan bdenyGRG ddbondieagk, oOf

Chem str ics., /5 h ed... CRC Press 1994. (The platinum group
net al s a}ﬁSH‘{B ﬂqeaapéﬁk ﬁg‘}?ﬁ%‘g“ ‘L‘r}%&e&I’QCIHﬁvgéﬁfc’vﬁe%FB PRY¥E oxigptionestaplas, when

combi ned deictingdlby raGUH® ki hidse inethds S5 M thM thd %alﬁitaotbiuﬂﬁ%{ zﬁ[eg%‘f’,%%”gt al's

and the | anthanide netals may act as the primary catafytic
“exanpl e, “APADIE of EHYENE e hydre-pKidniiomprcessa pexdérabiysihk iotel ByRird-okffation

oxidatio -+ the cat i.c metals, preferably gold and/or silver, or
any g§0n§ (zcﬁegstrr(getsg{l?% T @gyzg%ﬁ/pWFl&éf’?adrPréﬁ%)t@‘&F Presgpbilimeiabic miticles

oxi dat i onreprateds in ihachiaflisngh i@t | 54 idation. states, as
determ ne(r:I %ry m):zlnern angsyti%gfwn(g{lﬁggg?ﬁgrr)@ﬁ{j‘%ﬁﬁﬁﬁgpet %Lé'q?:r&t”éﬂli}'s‘f‘e

obt ai ned OEPRS EFaBAMG of this apeslien ofactadtes yhel afgretreatibyddr e @ed@hiaffy ﬁ;&%@ss,
prefer abli#olefig% lefi. h¥dr o-oxidation 10 ,gr ocess described herein.
Met al |ic'parti cres R RGeSt Whkoy siandfigantlyredusing oleGn gartersibeand ar e
present bofefinhsxidadeddcyiSity, Andaliehdie si%g%fldtaﬁllg%dr@ﬁir}%gtgsﬁr&i article size.

| 0 c

“Surprisingly, the ozone treatnment "o I nven H T ALY PRdLEt ¢ he
af or ehrenforsréig@npr ef erred catal yst species in ol efin hydro-oxidation
processes w thout ng‘%glkfﬂj fag.t |y redrcj ng olefin conversion and olefin
oxi de sel ectivity, Offt 1oROGE A icgiainticdBefalsynithichdsaoniglatian eatabysdcan be

by- pr oduahy dSankio¥ WBich J. I i At ic netals in the
hydr o- oxi d);%i (;lnlo)(r:at al %'?ldscgﬁa%ge%lgﬁyg gﬁ’%ﬁ‘%’%ﬁﬁ%@%@ %rloﬁgssarﬁaé?&f‘i”\)'ethe

cat al yst 'qt#l loadingiptieasalyhic tatdloon predyess-ox @arion ahtalyst, pherabRtab 128 A Gn P

catal yti ¢, | s on the hydro-oxidation catalyst, preferably the total gold
and sil g‘é‘ﬁﬁ%ﬁ?%‘@ mingaségbquéQs(iE)SaBr(?f&ra’(’.)'}'O@)‘E}Fa%Fl@?‘étoaﬂil, gnd ator¢ peef¢rablyaut

to-hgl% % flgld:a\}ﬁgbgﬁ?ﬂ)g% Q{cﬁ%ﬁ?gﬁ?tﬁ?ﬁe@@hgggﬁﬁi »,vgligﬁgofv\[ﬁ'e gzﬁ%ly@te. r(Seennetrdllyl?%'?eed on

total loading of catalytic metals, preferably the total gold and silver loading, is less than
about 20, preferably, less than about 10. and more preferably, less than about 5.0 weight
_percent, based on the total weight of the catalyst. In another preferred embodiment, the
process is advantageously conducted at a total loading, preferably a total gold and silver

25  loading, of less than about 0.5 weight percent, more preferably, less than about 0.1 weight
percent.The catalytic support may be any material on which the catalytic metal(s) and
optional promoter metal(s) can be incorporated and which resuits in an active hydro-
oxidation catalyst. The preferred support is a titanium-containin g support, which may take a
variety of forms. Typically, the titanium exists essentially as non-metallic titanium. The

30 titanium-comaining supports described hereinafter are illustratiVe of those which can be

used in the process of this invention; however, the examples provided should not be

construed to be limiting of the invention in any manner. Jne skilled in the art may
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total loading of catalytic netals, preferably the total gold anqssj\éﬁ/%{],’
| oadi ng, 'k,a ll%i%«st han about 20, preferably, |ess than about 10. "an re
pre‘ferabl\y, 014 t han about 5.0 weight percent, based on to®/Usoé/sd3savei ght

of the catabos ferred enpbodi nent, the process is
advant ageousﬁiec%h%uct gﬁg?h?‘t% 8? @l b4 ‘%Jsﬁg:g%‘,v alSPHY U} WBPyOGsss ok this igvérdioand

sil ver 25 dreadinply, cofmbiresisnd dmainmadees ofhs sWeh G 4Rk e preferably,
| ess than aqout 0.1 weight percent. The catté\gfl5 ytic sﬁ%gﬁe{c’gn%erﬁgn g?\y

materi al DPAi%Ch the catalytic nmetal (s) and optional pronoter netal (s)
can be incorporated ' results in an active hydro- oxidation

catal yst. The pref ) w&%gcrit’rylsgménet‘i“fl%l'ﬁfrha‘}oébiﬁtaé? neécillysomiqyedhische may

t ake & varamun-afntdiainSsuppypi TR Eystallihe dh iU [.sts .essentially as
non-metal | i.c titani um Thg 30 ti?gﬁi um@ﬁnﬁgfﬁﬁ@%“gﬁ(@ﬁdﬁp"ﬁ? dCqis arpies

her ei naf t"BHI€apRd blopkyer Gompesitss antidsposiiof thesaphies ol 8HotskubPE P RGeS Of

this inventden, % t he exanpl es. provided should not be construed to
be limiti ngagﬁg’“ﬁ @%fh%{edn%‘\"BH’oﬁﬁ‘ ARY AFapsesuitaieemrlayedd in the art may -7 1

5 APR 2004 WO 01/ 4¢826a - i.Z t her su rts which
coul d be used equi va%ntllﬁ?%ng%%rgﬁggggiﬁg?&ﬁ%i §feféﬁ§§m<’aﬁ. ?‘"Fkb?re@?mﬂﬂ e,
conbi nat idhbenshdialysempleysdak thdﬂﬁlp@dppwdnsmdﬁﬁ?’éxﬁ lézeff%bgz?élé ﬁ&ﬁ?” be

i

enpl oyed.,. hous gnd crystalline titaniumdi oxide are beneficrally
enpl gfy/ed tléés{gghfé%ateg ’?ﬁf’j}'t“g%ﬁ"lf CHRPRN A aBeRblpentes: pTeas daygstdalithiaeliqabas gsd Of

titani umceysealigtemidieb&das anabai&ues. Ly Js%it%riiﬂgggégﬁgé}] (%,;SCOrrposj tes and

deposits of these phases on various suppor 1) cB@nium uni nas.

and al undtisaliler26F%2), titamosiicae et (Talbeyn) aivah QY BEhe @gmﬁ@k—tﬂ_@g&?@pﬁ, aor phous
titanosi I[iiuﬁ‘%t_ﬁ:l%m fe{gagl&%WOse whi ch are porous, are bene |cT'aFIn€
enpl oyed as the S%ﬁr‘ . M i94%0t3s e lessanpioperas tiaridsdlches pockus, 140

titanosi MCM-25 MiglyUdRPMREOUS DL, Pho, i t.anosi|icates; porous |ayered
titanosilicates: and crryst al | fﬁgﬂﬁlmg&r pgﬁrrgugn 14 ShEeTiZagorof theuch as

titah? urhEiremertianed-tithngsilBated hre KriohanioUndseSikhiceBihitheae AT e
titanosiljcate beta (Ti I1(sm?t a), titanosil ibc_?at e ZSMtlza‘%T{A-@%%/%Tff!ecﬂ%IOf
titanosi [T &S ES Eéok‘ Jorgamp)e. imintenartionss presopdiiousort I@eMO4I gat s,

such as, intorpd¥kdl felei er-gances. describing the preparation and
characterization of xlct’%%@ %ergﬁ%f eﬁr{e}ﬁgt%i'cooﬂeta(E't[?rf‘%‘d’é?mlcc’éi‘%§fH}Céltkfmw\h?atm

t hose skfar ey broadhe far ¢xamble, €tori aqial $@beeih@P 1R f an be found,
for exanR]I e,é,}\bigllrl}ejr@téier nati onal pat 2?1% publ T cati E)nkva%&&?ggﬁ?[%?al ﬁ? Cr"nr(:lcl?f?’s‘por at ed

her ei n _by_aP The silicon to titaniumatomc ratio of the

L tanosilicate gag}qsneg{o\’qegég@ﬂl{aléé titaRlunPARFBE o S0 SIES pénariotand” €21 €
employed as the titanium-containing support. This support can be obtained commercially or
prepared by the methods described in international patent publication WO 98/00415,
incorporated herein by reference. The titanium loading on the silica can be any which gives
rise to an active catalyst in the hydro-oxidation process. Typically, the titanium loading is

25 greater than about 0.02 weight percent, preferably, greater than about 0.1 weight percent,

based on the weight of the silica. Typically, the titanium loading is less than about 20

weight percent, and preferably less than about 10 weight percent, based on the weight of the

silica. In a preferred embodiment, the titanium ions are dispersed substantially in a

disorganized phase over the surface of the silica. The disarganized titanium phase can be

30, distinguished from bulk crystalline titanium dioxide by one or more modern analytical - -

+jry, Jechniques, including for example, high resolution transmission electron microscopy (HR-- **:

v+, TEM) and Raman spectroscopy. Ultraviolet-visible diffuse reflectance spectroscopy (UV: -
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than‘ about 200/1. 20 As anot her exanple, titaniumdispersed on silica can

. 'be beneficially enployed as the titanium containing support. THiS ARRPIOY t

can be obt™PAE#MBomMmercially or prepared by the nethods deﬁﬁ{-mgm:;%{g
erel n by

internati I t ent . publication WO 98/ 00415, incorporated

ref er ence%%?eﬁ)% Etngﬁitg‘m‘mo}gtﬁdﬁ@xoﬂax hbsaplipr NesmRdgreStamyurel{iXetNBSves  ri se
to an act kyRueddah sy 415 - OXI i.on process. Typically, the
titani um I%adi ngcﬁles 75 grggtssee?ly'?ﬁqa%ne @B%ﬁfﬁcag%ft&kﬁ i fgﬁﬁ?%ma,se-pﬂ"émr ably,

greater t keghnigbeutre@escribet ghtnopedaeiNin intdiRGRH PPt RS MRk {dica.
Typically, the tiagni um |l oading is | ess than gbgztljt 61 W%F%% %23@8%! ,’ and

pr ef er abl VMPEELAER Brrenbytearonege ght percent, based on the weight of the

silicag In a prefernp jment.. the titaniumions are dispersed
substantially in a Lﬁ?%@?ggﬁ%ﬁ'& RIPSEED QD PrERO e IRgtalciligste edebasbdrietiaiallFhe

di sor gani zegidyed anthermitpiiasecsainiie s3fporf SibidAg, ngn{i o F“' k crystalline

titani um di oxi de b%bone or nore nodern anal ytica ecm Odfﬂa‘g',“e el udi ng

for exanpP@MHUFGRCRESHFYES eAn herusad msssh amoeptens mad crisalIARCHBY okdiRae JEM  and
i bl e diffuse reflectance spectroscopy

(R?JJrr?/n °P S%E?%‘S%é&%h{?tﬂr%()%&%éEélc,@@wm/ 138 385 aigs of ORSYP An@rduipt2artieum
K- edge X- RashaAliauitdaath ivaalk, FAGRe &:Lﬂ&é el W?@%b@ﬁgg.@é 3o b Regard al so

be useful in the identification of the disorganiz tre: garding
t echntQueisivee @bsinnopetfenncrois egatetradde tb embgonataeRRbuRLARL WwaP! i cation

WO 98/ 004 | NGOr por at herein by reference. 5 Likew se, titanrum
di sper sedé%/(r%oglg(r%@c Oerl%eﬁgﬂflm BY [4f@'BP%e- can be beneficially enployed as the

titani umcontai ni NOISYRRPE breforbdd &G, ' d .non-staichionetric
pronoter metal silicates cgﬁ3 beéyuﬁﬁgﬁqﬁémégnﬁqg%?’ﬁh%ﬂ‘émam PP §pMPpriges

pronot er #efaairamswpikeertnen -frimedenkriahipmosanded (éBE@posi, |T'H?:a§rtrx§?o{t nGh Uggnt he
silicatesmg | ant hani de rare earth al's, an Xhe

. 1. .Goup 2, the | [
actini de ne{egﬁs{,%qgtﬁlah é‘b"r%‘i"ﬁéfl? Bﬁggtxﬁér iBghudinge fRrregismglel Oilichs, sildmppes of

supparst, mefaHbsifieRed, Su@OR NuMBS: ' i .onal patent publication WO
98/ 00414, i ncor por at ed herein bylﬁrcg[feg?g‘%%%%'ﬁc%e?ﬂpg pﬁ?@&@”‘?&"éﬂﬁé&ﬁmnt,

the titanMAthRESSEARINithysiBeppostGooppt hseQ, th@XirrtﬁarfiB@F@é’\@:Srlﬂqsf?ET&‘?{%}&E?@EV‘N k

titani um . a support. The support can be any -nateria
titani uméggrﬁg@g' gﬁ??%%cd&p%“mﬁ’iﬁmaﬁg‘}soferCfé%&'hﬁPequagi-d;riys:tahli,nead)wmﬂ@&ousl5nd

T o B ot SRS RO I Sl 1 anc
2, the | JRtcRepdrefe(posr damarer from abodt & e tAs8dubO &) and/or mesopores (pore diameter
20  from greater than about 20 A to about 500 A). There is no limitation on the manner in
which the titanium is bonded to the support. Any type of bonding ranging from very weak
interactions, like Van der Waals forces. to fully anchored (or grafted) bonds, are acceptable.
Deposited, dispersed. and grafted models are all included in this form of the support.
Exampies of extra-framework or grafted titanium-containing supports include, without
25  limitation, titania (or other discrete titanium-containing compositions) occluded onto a
support material, such as. a silicate framework: titanium deposited as ions or ion clusters
onto a support material, such as a refractory oxide or a metallosilicate: and titanium,
preferably non-metallic titanium, grafted onto a framework structure, such as titanium
grafted onto a silicate framework. The more preferred specie comprises titanium grafted
30 ontoa titanosilicate framework, most preferably, titanium grafted onto a titanosilicate

framework of an MFI crystallographic structure. The titanium loading and the silicon to

titanium atomic ratio of this type of support may be similar to those values presented
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el enents. This type of support may al so be crystalline, quasi -¢r5y§p;?lzbd4ne,
or am)r‘ph‘g S/ @3? may contain a regular or irregular arrangenent o
non- connec |M i nterconnecting mcropores (pore di anet ePCTiuso/ssagyt 4 A

to about HEifboRB SHPY ( dianeter 20 from greater than about
20 A to about SOOWA%.;MT ere {[E%rfotﬂﬁf’@ﬁ”f depgie ?f‘flﬁéa PRAPREr Hos a rogthedhof he

ti t ani umprepapiogdiedexto-frivee Sopordraftdytah B c S ReRdRY ok anei ng. f.r om very
weak interactions, |ike Van der Waals forces, to-f JII%??/ grlr%%lﬁ%%gds fge to

grafted) DOREYISIYALapplcation rial norgdi 528,84 filell dpei Seb999amh<gslpaﬁdiﬂg godel s

are all i i i - ort. EX | es of extra-franework
or graft é::ijkﬁﬁbﬁ gﬁ?l n“tret(‘:](h) Lt%éfcgl{lJr;{agws%?@?ﬁ?ﬁ?’ﬂ&?‘@ﬂ@f“ﬁ?n%ﬁ’&m referencai t at i on,

titanbc (or other dtsichntiid LANASHOGRM ARG GRMRPHeld BRs) QCS! uded ont o
a supporbtsﬂgcat,eri al., such as. a silicate fra \S\Drgz;gpﬂe%déﬁ?ad]) [QEABEISPOE as

ions or i it @rRloysshisshe caalypioruppret dhe promstae mead ritanaekicagher y oxi de
orated oRraiing SRR, arElinie olieiaaintsrndne teafodesonioroay |

si | i cat e Groapreyaidkhe TdhehaRIeinB8fi Bk §Fkr | [l titaniumgrafted 30
onto a titanosilicate fraarrgv\gr I? 1”105?9%?18?2'#61 ‘%%‘, {5 ?gbﬁf'um grafted onto a
titanosilicate frdhelsidgydd teabiot desyriptriah| ngaa}éma%aéibh#@édiéiﬂi%gﬁﬁ orts
titanhuml® \ﬂxgxa%ﬂ(ﬁn éxr}&%gsi":’{lﬁ’%g?‘!}éﬁ% tlat aqrgl umiat(r)m c re_llt.l o of ths Pype of
support may be Simla : fres/apRes@rfienerseg on BliguRR (Z6Mbter Wdtal

01/ 41926 smﬂeumeﬁﬁﬁﬁﬁmchﬁfrﬁbPﬁQP—Yre‘lrﬂchogﬁ)ggr?a%tFi)L'}rg%QWP% ¢ hef[t%é(t ani um

di spersed on silica support. For a netho Of 518 PRR- r amewor k

or graft &éPRATt: aSﬂiBMEMDmUm-C@t&umgosrutppoftefrﬁnﬁila(‘zﬁcbﬁia%é%i&@niu&ﬁg ersed
provi si ogp%raﬁggl Lcation serl ﬁl no. 60/128,394, filed April 8, 19 &
correspondfig t 6 9 htePR%tUGR AP SHtRTta RraBIoter dngtalsiM@Ie0/ 59632,

i ncor por at ed herei Ry ar, Qichi t.ric and non-stoichionetric
promoter netal titanat gggﬁgﬁggﬁf}i %ép%éﬁgrﬁg?%FWO@ﬁﬁpﬁﬁéﬂp%ﬁ‘Ff‘éc'é@ﬁdal yst

Suppbt t . hammappurmayrbersbayzd inid anyaoes saamblbEor Gk AhHicg. eQ%%EhBé‘ésd
Group 1,7 Group 2,

Non-1im ] ex | es of these include the titanates of
btk ShAGE. 5

and t he BEYSRTOR Nt hela8d §iimsh Opreniliyiaoy Tatiese sBpoasah@ay t o

t he abovpe daskdedRtitiBousdiol Lun.cont ai ni ng supports 10 include
vanadi um oxi des, vanadosi i gg%@é)\{)ﬁeggg%%gﬁ%cﬂ Sé‘BB?‘%gﬁr %E PYROSE &f Bidiigonot er

metal  siogPéar ths,camhdt particlas Andioeimprovig theBarh iy 8B YRS IEHY SNA IR Q&@ﬂ%g or
grafted opLo. 2 ort. Suitable zirconiumcontaining supports inc tde

zi rconi a an‘(E)FC?P? Eu ot B’ipé‘i?élﬁ'é_@ﬂ[ Ipfhegirageseancomted et sappir tanistit RS wtable
o e TGk SR Vet L SRR B Y
aluminosilicates: ceramics, including ceramic carbides and nitrides: as well as any metallic
support. Generally, the quantity of second support ranges from about 0 to about 95 weight
percent, based on the combined weight of the catalyst and second support.
The catalytic metals, preferably the gold and silver components, can be
25 deposited on, or supported on, and/or incorporated in the catalytic support by any method
known in the art which provides for an active and selective hydro-oxidation catalyst. Non-
limiting examples of known preparation methods include impregnation, ion-exchange, and
deposition by precipitation. In one method of preparing a gold catalyst, the support is
contacted with an aqueous solution of a soluble gold compound at a temperature and pH
30  sufficient to precipitate the gold compound onto the support. Non-aqueous solutions can
also be employed. For aqueous solutions, any water soluble gold compound can be used,

such as chloroauric acid, sodium chloroaurate, potassium chloroaurate, gold cyanide,
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is hereinabove, may be shaped into any formsuitable for cataly
particles, for exanple, beads, pellets, spheres, honeyconbs, nbﬁoN?R [REp4
and fil mswo@fﬂl%ﬁal |y, any of these supports can be extruﬁ@flmﬁ,ﬁ%g)ound

or s r.t ed as co pport for the purpose of binding togeth
the cat agg S“"quo Fya fg?‘etlgw%"w? Alri¢ ped erghlpride. Bymsealngtehmoiarity of

ttritioth | l ; L
and need ﬁé?“ﬁi?ﬁ‘?ﬁ“t”.’%ggﬁ? RESEo PARRA 000 LR SRt o e ﬁd&g’gcess

carbon, Fenpeidpyefosabliefpmsaboht @805 3 td awuand . L[Fﬂd@ﬁosmﬁé gtﬂhnﬂé' §@t es:
ceram CS, incl udi nguceram c carbjdes and nitrides; as well™ as any Pietal lic

support . TESHEFRALN SPTULHES AhMsES {9 besesralmu Sangmbont | larw@‘srabbo be@lzentabButt O

abouts 956wRi 4B , e f the catalyst and
seconsd supportéUt'Igﬁ?lc ﬂglsylt?ia%grgr% af"}crﬂ FPEPQHPS’/I\ATW%%F %rrﬁ?f%qflatﬁér

corrponenp@fereblry sbeiu2bhytirpage ts@dm@:ﬂcar@énai@%@is%ﬁﬁn elrborid/ @ 1u1’n porated in
t he cat al sup rt by _any nethod known in the art whic g’for an

active afl %f‘érLEEF anydibcé&ﬁlwatquewnmfaum ishgided td mretsomgoﬁ)@rm&ees of

known pr nat i .on, hange, and
deposi ti gﬁ%?‘g?g’éﬁ%{% ?rodﬁgﬁ%:&lq@ e e %ﬁawsﬁfie%ﬁeﬂ cra”‘gfdﬂd“'é:fatlablylsed

t he suppenderiagr at anémpérathre\bdiivedNaifid 20US a8PhbE\| (XD Ef
conmpound at a ter‘rPerature and pH 30 suf?l cl ent[ toég?i%lﬁgﬁeﬁgrt%ngﬁ@”b | d
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compBund®Rst & hoyetasehame P howen Ad theendsofabisetiod sthe aotidsodrs eedereeap! oyed. For
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cﬂl or oau?‘?gﬁgg?% 52%%&%@ rbyﬁgﬁfcifré‘ lyqx meeg G‘ﬁﬂéh?‘érl@ﬁuﬁla\t@h lepid per
cyani de, graflcdmBosAPRTAE Gter R taSSl 0

cyani de, and di %t hyl am neteéur |@é@%%¥%l o%;ﬁlgg{ %‘%ggf"c“g ‘FV“ t“xéalﬁsol ar| ty
of the RGN 2 PH Qeéwmmbaur 2nydebdut din dibettafir. GRELsIWdE end gtb% GritdUiife

oi nt of o ou ra from about 0.005 Mto about 0 5
p I'n de%‘f)gﬁ %ﬁ’lg"%g%ﬁﬁ b"?‘ﬂg%" OB‘réH %d@%@gbw *Solouesysr ths iéd:jvnstteelded! 0
bet visen oyt ©miosiaip ok aslslyntﬁél’sﬁf:@EﬁQiiva mQ?F%ﬁ@m@BQj fierai®

and
with any suitable base, such as Group 1 neta r OXi es or 058? at“éé
pr.ef er abre9u‘§BEPUﬂ99fWGﬁeowcﬂé5 hydrdgermoc Aedned it an xmﬁambpﬁﬂr@%ﬁ&%\sﬂﬁ&og&?m um

hydr oxi dg, ham.car The desired quantity of support added
to the gaglat}%ﬁggmﬁ%? b\gn G “ae §§8 GA P?Wﬁ@@@s@g pRa e densn pbelt lttheddiduirs

agai n adj usted. Themeakdigdd oft g?g%zg? E)Sgﬁtgr %%@#U.E%SJ '%%I(ﬁétth'gé ‘51@,06}\“?'&?1‘]16‘

t enper at ure bet ween about 20
about 1 RERROURE oakvE sglqctn@gmgtyswauppm o aothd fi mamuﬂeemdmntmp%hl ds are

oot 1585 SR RR gl R St Vel s sy copwoona
contain t&l‘fﬁnpibydﬂ)lf@ dXafnphd, Qlith dﬂj‘é&&ls s%ﬂmo?ts, silver nitrate, silver acetate, silver
oxalate, and the like, are suitable. Typically, the molarity of the soluble silver compound
ranges from about 0.001 M to the saturation point of the soluble compound, preferably,
from about 0.005 M to about 0.5 M. The impregnation temperature varies generally from
25 about ambient, taken as 20°C, to about 100°C, at atmospheric pressure. The impregnated
support is optionally washed with water, with preferably no more than about 100 m! wash
liquid per gram composite. The water may optionally contain one or more promoter metal
salts preferably at a pH between about 5 and about 11. Thereafter, the solids may be dried
under air at a temperature between about 80°C and about 120°C to recover the as-
.. 30 synthesized catalyst. Optionally, the as-synthesized catalyst may be calcined under air, or
.~ calcined in a reducing atmosphere, such as hydrogen, or heated in an inert atmosphere, such

S nitrogen, at a temperature between about 250°C and about 800°C for a time from about |
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preferably at a pH between about 5 and about 11. Thereafter, the solids may
be dried under air at a tenperature between about 80C and abodtd 28808k
recover th@&y“@%t hesi zed 15 catalyst. Optionally, the as-gsyy; §3i3§8 d
cat al yst W4Re calgfliengd under air, or calcined in a reducing atnosphere,

such as hydrogen; REYEBENHoPed deporation aethosiplier mid suthivascdl be Q9Q0ceqal @

te
t enper at us&ulket iae) out 800C for a tinme from about ﬁ?o 24
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and the Ii%g,o ar%&lgﬁirltﬁggﬁ'te.wﬁélﬁfn@aqq? ,mat"ﬁ’é RYeRased by irepregiation odsbotleasink ver

conpound demmiges rhethon @bRvibed h&habhd ratl oi nt of the soluble
conpound, ?ég)r ef erably, from about 0. Oegéﬁ}ﬁﬁttgélglboeﬁtcaﬁpygp "rLFI‘FEelPar‘EE# Bynati on

t enper at uf PN Yethat Hieliypragomi@smetindtdeatibeHereih 688, 854A0S 452, about
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metal _salts preferably at g SH bet V\eeﬁé%ofxu%hlgn gont(lj'oéao??ﬁ‘lhoiﬁ@“?ﬁé‘r‘—cbafter,

the 41 i d¥HaPefges. dmpsegnatinnorettzids, whica are€ MR ENGbWnan iRt e :qPo 80C and
about 1206, ta. fecover the as 30 synthesized catalyst. Qot’?rg)h a §r?fef‘ff\§’aﬁy
as-synt hesi zed catal yst may be cal cined under air, or calcined in a

reduci ng at nospher eAs SYGRh&SRRBAT or..heated in an inert atnosphere,
such as nitrogen, at a tenp rat'utggﬂ %rtov\(/gexelgaté%b‘b‘tm]%%@@Yaﬁﬁ’dtaafb@ﬁ}taﬁ(w@ for a

tinme frorfraBelr metalidefined adRRy 2R ioVEa A4 41228 LETSP Y 3R383 i 24
| ef '&’in be

[

hours. T nti.oned deposition nethods for gold and silv
conduct e%ﬁh%ﬁec%l%g{r%?rgﬂl{}wt“d o bheFatal yst dm the Rysiro-osidativs iprgebotincgel d and

silves. TohetritudivetslpsedakEsoR j thods are for illustrative
purposes only. In pr act | c‘gr,o %ﬁgﬁgg%éslgﬁ%%f W AR IFJRCsASedIcan Kersignys t

pr epar at i"oAF 4L lKeeh astbe Oét)fmrtrmcee,asemﬁ:l&th&@rtgd@gq}gpﬁrbmégzg{“_arl %{Sstih ﬁ%ﬁeﬁ“ﬁi gi ng
1 0 0

gol d may p by. i npregnati on, as well as the eposl
descri bed Qﬁjgf é?ﬁ%«[g%@g{cy%ﬁ&o?ﬂ@pqup%r Susataslwaser inaine dlefip hedare&ddMon

deposi ti process angldcré@sed Bgajy! t hpn et hod descri bed herei nabove.
Hydr o- oxi dati on cat al ?/st S'ag(E)r[nrrg??@?héq%ﬁelt”glnéngtﬁ’wg}fﬁ?siﬁﬁutﬁ@hl@l peardotsi | ver ,

such as feéalplRartioulanygioot ofefimhsdreroxida b8, | be prepared in
anal Q(QOuﬁ"L@g‘lhi.’? Bt the ptcho e et ho%ids doexslcr {Hggg&éi‘é‘, e fhe HEIS"S? CPFOUSS [

riodic Table, as well as the rare earth lanthanides and actinides,
previously referenced in the CRC Handbook of Chemistry and Physics. Preferably, the
promoter metal is selected from Group 1 metals of the Periodic Table including lithium,
sodium, potassium, rubidium, and cesium; from Group 2 metals, including beryllium,

agnesium, calcium, strontium, and barium: from the platinum group metals, including

5  ruthenium, rhodium, palladium, rhenium, osmium, and iridium; from the lanthanide rare

earth metals, including cerium, praseodymium, neodymium, promethium, samarium
k] k]

europium, gadolinium, terbium, dysprosium, holmium. erbium, thulium, ytterbium, and

lutetium; and the actinide metals, specifically, thorium and uranium. More preferably, the

promoter metal is magnesium. calcium, barium. erbium, lutetium, lithium, sodium
30  potassium, rubidiqm. cesium, or a combination thereof.
The total quantity of promoter metal(s) added to the support typically is

greater than about\O.QOOI, preferably, greater than about 0.10, and more preferably, greater
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| [ [ known in the_ art, may
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i f et i me OtRoHeBRN®f the gatelyaipThase okillsdirt tblae: yil o6 @fize fmt #hén a gﬂgﬁétg}“larzgy

|ncI ude the netal s of
through TPeur R BETRELT B <ragp B B ek Ressonmrseratmeomater metintpen gy and
;2[ ?g?geﬁlghepﬁ‘@r\/&)@“ﬁly ars%flfﬁﬁ%%gt 8(5‘wE§ﬁt crce l-tlandbOOk of Chemistrv andl f
Physics. Preferably, the pronoter é ¥l ected from Goup | netals o

Typédaliglj thg prorhitetietal RodidB@roRPEASSIHON of Kb U
E:le tlj.renrI ??ch Sous ZWQrIrjet gll Sgpl ncl udi ns beryl | i um gnesf’um‘%a@;ﬁ Sglulf
strontium" 3’H81gbaa$9]ﬁWF Pf?rBPr‘\ef H‘é%ﬁ%lt iSHemasg R pupmoer aesal nélmﬂl: Ltdn]lcrk?ggm%?eh or
rut heni UmIidd skt Pahe Bebidu s EORRL UM, eI U, jand, i di um ooy
| ant hani de rare ear tAs, TR Y &Rt PURSIOY ORPigmM

m QiR ol mi um
A umergamm?whﬁuwmgﬂ? ot /L e icEThe MYRRL Bl Regtd &
speci f i cgab]‘fer Séﬂﬂhi# h}ﬁhéri’ EF%FMWSIWF@I‘W@fmamrwlvtxher 2P6@BDAbn Met al i S

I | bi tetiu |ithium sodium 30
ot ass 3frﬁefﬁ?’3b‘?*d%‘5“%"“€’ésf‘ﬂ‘%n‘?%a LB Bl o o bitore oter, aptarinty

tareeml deppsiadoled ltematingly SMB PRI z%}/@ﬁrp@é hdttelyberfdlh BRLST Lfan
ggomgngg:gm mrgfqew 1Iy greater tyhanBabo?Jt 0. 10, ar?g ore %eé‘foé By,
gr eat er ﬁ?’ fé”A( mwOn\A@f@ﬁIﬁhuqmewommuso@/aaaacasyashaa@ i2BPdna?.- dnaf;f

S ot al t of the catalyst. The total
\Sﬁgﬁﬁtsw'{gﬁ 8%?‘%%&‘2‘? 'Qﬂ’ha“l“f“}‘ %%%’88?9 edﬁOWﬁ@fﬂﬁdﬁﬂcﬁm of hequtmdysal | y | ess

t han aboﬁfte@@,rdqnlcelk:emabh)anded@ls@rhéh@,m %Iﬂﬁégaﬂcﬁucxﬂg%t%ﬁ%e%%{ ﬁé&@lﬁg{apégfs

t han about 10 wei percent, based on the total “weig 0 I

Those ski'ffté&a igr?p?ﬁéa’af”t deferibed kareigabove in katnastien vatmmrgagceir}%r}g;?;e? a
te is enployed, the weight percentage o

Enla;aggt ﬁllrjlg?] 5%:“851% for ggarrpl e, as high as about 80 weight percent.

Typical Iy, the profine estivatibalor egestohish broels it (RYYRAMSIORYs Q4daNLG ;9 uti on

n any
20 reactor suitably designed for a liquid or gas phase hydro-oxidation process. Suitable

and

reactors include batch. fixed-bed, transport bed, fluidized bed, moving bed. shell and tube,
and trickle bed reactors. as well as continuous and intermittent flow and swing reactor
designs. In a typical procedure, the fresh catalyst is loaded into the reactor and heated to the

activation temperature under a flow of oXxygen, air, or an inert gas, and then an ozone-

25  containing stream is passed over the catalyst for a time sufficient to effect activation. The
regeneration process involves first shutting down the hydro-oxidation process, then if need
be, adjusting the temperature of the reactor to the desired regeneration temperature, and then
contacting the deactivated catalyst with the ozone-containing stream for a time sufficient to
effect regeneration.

30

In theory, pure ozone can be employed; although in practice, it is preferred to
expose the catalyst to a gaseous stream containing less than about 20 volume percent ozone,

and more preferably, less than about 10 volume percent ozone. Preferably, the ozone stream
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vel | a9 cont nuous Wi iteeimo oo e M0 S e £RBEH Ly 1SS LT k" 2,
Lot FD BoRE 46 e ef Bt e Gnumumieoesses evondt o pgereemble 100Ema0e HRET
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o o SUPT oy e PGP ORI b b S i Giaimar T mpihed ok enis nvol ves

AN o . . i ed.  be, .
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t enper at U731 VAN NIRRT Oorea enchietydraexridtiiome el yaatPad fesdnivil§ in Bthod

i J i Ci tion.
-co T u@id L 98 sufficient to effect regenera
?ﬁo?ﬁegr? mﬁﬂi@%ﬁ%ﬁ%%%ggg?é&n%ﬁa% S€-al though in practice, it is

to
: i ni | ess than
d to exposen hoatlakysde vefochty 3R 8RWDnELLAAM; O RE&I LD :
ngLJteﬁr rzg vol LT Ber ce)tn%mozong,y and rmrye preferably, "1 egs ?aﬁ’éﬁa'g%ut 10

a

vol ume pRFELiciallyAamrioyes: eroxiding the qatadyss zoavel vatedeamegend el STHRRs 38dAy WO

i t
6 , L6on s.greater than about 0.05 vol unme per cen
ozone, antoror ony 8P A H A0t AR SR ecdly e Bromey hagmbapbb dontlibeone.

endlili ' i xture of diluent
he bal aperemgfilitcheatghyst [t he@mhBYanagré@vabl, lHERE: (B85 1§11
-glg-ages whjch. is substg[_nti ally unreact%: ve V\AW[ F ozone " sindh 144 0;{)5&?,5

ni t r ogenYlY SPage Yelacithel theproneme@zinagdteantyene dilgxd des thiyRtaBests] Qo !

generpat i BSH SefRgHI0T e mﬁ-‘l Lboﬁ?gﬁgh"i ncludi ng, for exanple, WV irradiation of
air or oxygen, as Well - s Eor '

The temperature of the activation or regeneration process typically is greater

than ambient temperature (taken as about 20°C), and preferably, is greater than about 70°C.

The activation or regeneration temperature is typically less than about 250°C, and
preferably, less than about 170°C. The activation or regeneration cycle is typically greater
25

than about 5 minutes. and preferably, greater than about 15 minutes. Typically, the
activation or regeneration cycle is less than about 6 hours, and preferably, less than about 3
hours. The duratjon of the regeneration cycle may also depend upon the reactor
configuration, catalyst volume, and hydro-oxidation process conditions. The tota] pressure

of the activation or regeneration process can vary broadly from subatmospheric to

30 superatmospheric pressures; but preferably, the total pressure is greater than about 7 psia (48

kPa) and less than about 100 psia (690 kPa).
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t enpéfat direitation; preipylent yl -besse. Lhane®d Qe BSREopABd] BERLSS %b;}éﬁtcnlce 3 ﬁhhquS
y

about 17q ion or regeneration cycle 1s typical gr é_dt"ée

. The activ
t han aboutc':D Wens: ronedy E%l'rli’HteﬂFe*‘@FWIey?"hQKWt thexéreen ambantiogdnisHy, tHetvaSious

Typi cal | \sorhdie i i ion cycle is |l ess than about 6 .
ot o phsprhele of ARUIhIAR, Ay b BRI B XS e xee, i hsnicon, pppyihesene.

r egener attheoecteyes| mcheiyn gapreferatdp erdidig Othd Sifer 18 5Ok fleQuration
catal yst vol une, and hég_ro- oxi dati on proceses c?)ncfi t?lggﬁs& dItﬂ}é‘l‘!;Stet)?saY‘“!:lbf‘%ssure

of the alPlAfiineotycippeniagisnes dicydopeptasiarsssigane vamyethyl agetny, Cii"vﬁmbenzenet
subat gos UG S rat o eric pressures; but preferably, the total
pr estégferaih Z‘régrﬁ%'g%érgg%’ AleSHoT AT Fé}ni‘fg F@Y'(%Vﬁ epysg)allyh hutyease oflyhacesdawlyll 00

psi a (690ekARng. allyl fhdnyd e ARR B Rel/ S 3385 The preferred
hydr o- oxiggati OP procesyg whi cahgg?}?gg}ﬁty o%@gég%éwb%f?ﬁa%%‘t”he &859&&1 in
the preséddeCBiinnfrardyeisrabdy.arCo defin ddstprefiarsblyeen ol BCik iph@s)idra. t he prior
art. Basic aspect spf,,] Flgtiosl (%foi]e?. hydr o- oxi dation process are sunmmari zed
hereinafter for the sake ~oF 1K Hhéﬁﬂ’@@%?-%ﬂcﬁ’&ﬁdanhﬁp@omﬁdumm the

di scussi bpdroseddationrfeiseraBinean ivatyedvaah B2 anRRt BVided that the corresponding
20  olefin oxide is produced. Typically, the quantity of olefin in the hydro-oxidation feedstream
is greater than about 1, preferably, greater than about 10, and more preferably, greater than
about 20 mole percent, based on the total moles of olefin, oxygen, hydrogen, and optional
diluent. Typically, the quantity of olefin is less than about 99, preferably, less than about
85, and more preferably, less than about 70 mole percent, based on the total moles of olefin,
25  oxygen, hydrogen, and optional diluent. Preferably, the quantity of oxygen in the hydro-
oxidation feedstream is greater than about 0.01, more preferably, greater than about 1, and
most preferably greater than about 5 mole percent, based on the total moles of olefin,
hydrogen, oxygen, and optional diluent. Preferably, the quantity of oxygen in the hydro-
oxidation feedstream is less than about 30, more preferably, less than about 25, and most
30 preferably less than about 20 mole percent, based on the total moles of o]eﬁn,ﬁ h'ydrogen. |
oxygen, and optional diluent. Suitable quantities of hydrogen are typiéally gréétér than

about 0.01, preferably, greater than about 0.1, and more rreferably, greater than about 3
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produced. Exanpl es of ol efins whic Sr}gro(laédshulh?g{())lgfln’eoﬁgalgﬂdioﬁEP@fHé{'luﬁm hout

10 |i mi t abiigable graspiricsné hydropart eneypiiputLngan :ﬂ:dlﬁ@tjb)’ﬂrgfe?ﬂﬁ)r/‘,gc%]thgr?géo%qe,
- nexene,

2- pent enegn 2-net hyl - 1-but ene, 2-met hyl - 2- but ene, 1-hexene,
3- hexene, T ﬁ?ﬂ%‘%é’é%%&‘ﬁ%&’ ?etsﬁg“-\‘?%bP%&s& mplseEsent,dfaserbomyicpent aikes of olefin,

et hyl but emﬁirogapbgpgen,gﬁﬁgy Jﬁﬁf@"ﬂf‘en{.et hyl pent ene, propyl butene, the

t
octenes, including preferably -octene, and ot her higher anal ogues of

these;®> as wel | as Butddiiiems, theybbepenise, @NBay B BYSGi.0RER ' styrene.
a- et hyl '%tr(rt ne, divinyl benzene, 15 a% | yl chlbz)ri de, aaI I ylehﬁ%)gagpfle%{l | yl
y

ether,  al T HyFaREheMe dipenyicap e gruges ordiduyd whcadt dtee noednbidit theeRagNe,
al lyl phegwhbaes al | I her . .and allyl anisole. Preferably, the
olefinis a atCSA:%C%SﬁefS?é ]nt?ﬁérg?éeéoﬁéra@?uee Lopgluds, b aee petdimited topbeliymef er abl vy,

the ol ef i mtrogemmogoyl. emeehant harispiadlbkidk 888, 1AL eQy; en, and
any opti glgﬁlleﬁdi.l uent in the hydr o-lox'i d%tti c?n ?‘télég"sr?‘lf]éeﬁggﬁ%g'a “\Sﬂiﬁg%av@r a

wi de ran FSo0F e atihaticrairehelsr prefapativiChg, Aphatiefaldohoki Slehias aTAeTeITIcI-To
i's

Typi gal | Yip ] gl.efjn in th dro-oxi dati on feedstream
gr eat er thaLIrg a lgﬁﬁ&}},‘&%c} g‘ﬁ@,ﬂg{[—‘)fl ,Oh%lrsé%ff:éfa H&m e@uetinated alkaublsoueh as

pr ef er abl ghlorgpephes!; tﬂi\l@ﬁnat@@@#&ma@i@s,"ﬂ?&%rﬁ?}f%ﬁ{}ﬂgﬁ?@%& ﬁgsalts{‘] gsﬂ]gl qlrjrgln'??t y

of ol efin, oxgg@g, hydr ogen, and opti onal

of ol ef i iff{Qo n¢ pathdighlombengeneppewell abligyid resgethdiapomraits 283, and nore
pr ef er abl t. 70 | e percent, based on the total noles of

ol efin, 2656]#)!53%#1% %3&%8@&5 u%ﬁ?%ﬂf’?%‘ﬁh?%ﬂ‘{eﬁéfﬁtyplnﬁ'é}’ grealsr yhantdbeugoant i ty
of oxygerpreferdbiegieydt eranasbetad. i omdafssd ' er than abaut 0.01,
nmor e greferabl y, greater than about 1,$g%tg&mr¥bg{&%e§g#‘@r%%%laPBQFQFFCPWan

about>5 rhefed PeHedntal melesed otafint heygeot bydrogdre an@®bp @bl dNuentRE Q%8 ﬁf
oxygen, af i Lluent. Preferaply, the quantity of oxygen in the
hydr o- 0?(1? St‘%wg‘élc@ﬁsgﬁ?ﬂ fhouf §é~§f?§5%1)a6%i§tthgoqqu8@. prdehereaittferadigs s

‘than abou¢ss2Ban abvdt MOSiolSPerbE Rl Blad : ut 20 nol e percent,
based on the total noles g?r ol ef iSn, b%)‘/cf?%g‘%h%&o%gggﬁ?’W&% wAggEn. and

di | uent . 984¢Rtabl e gquantities of hydrogen are typically greater than about
0. 01, preferably, ea%et[ Bh n about 0.1, and nore preferably, greater than
about 3 -15 1 5 APR 2004" "V P9 @rPET? WSo0frgesst  iepirerpercagpicalipased

2, o L mmpnt s, o T O A
oref er abp{ﬁfequgysgrgqﬁwhabgmut 130°C. Usually, the olefin hydro-oxidation process is
conducted at a temperature less than about 250°C, preferably less than about 225°C, more
preferably, less than about 210°C. Preferably, the pressure of the olefin hydro-oxidation
process ranges from about atmospheric to about 400 psig (2758 kPa), more preferably, from
25  about 150 psig (1034 kPa) to about 250 psig (1724 kPa). In flow reactors the gas hourly
space velocity (GHSV) of the olefin is typically greater than about 10 ml olefin per ml
catalyst per hour (h™), preferably greater than about 100 h™', and more preferably, greater
than about 1,000 h™. Typically, the GHSV of the olefin is less than about 50,000 h,
preferably, less than about 35,000 h”', and more preferably, less than about 20,000 h™'.
30 Likewise, for liquid phase continuous processes, the weight hourly space .vel'o-city (WHSVj o
of the olefin component can vary over a wide range, but typically is greater than about 0.01

g olefin per g catalyst per hour (h™), preferably, greater than about 0.05 h™', and more
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30, and nore preferably, |ess than about 20 nol e percent, based on_the

total noles of olefin, hydrogen, oxygen, and optional diluent. 51 PnAPR 2004

addi ti on W t1H&928bove reagents, it may be desirable to enplgdrass ghiigent
qui d whi ch does not

with the ct.ants. The dil uent can_be any gas or Ii

inhibit t rg?er%@%ogfe%%’i ‘Ea‘ﬁ P%%‘@rlo'&es&mgﬂyt‘ gisl WHEN o6 the definants thnchbiig,
but are nogo thi Bréehbly0 lesheld e ar hane, carbon di oxi de,
steam and mi éﬁrj(es t)ﬁeergeof n%éh}ltt%q)llt' e’%ﬁﬁgﬂ‘ﬁrap %?Taagﬁ%ssi”??@l %étwhg.ha"hi?c
al cohol s, gasraafl eveagiityho@ly spacalvieplettels ©f EeCRROES, hyval asn J(}? nd 10

t - but anol ¢ %hl or.i nda&_ed E i phatic al cohol s?gpr efe‘r*%lny (C:{L]a_}'i pé’i’?@?ﬂﬁﬂ&fé&
al kanol s, *STEHMIRS TANGRS Brasp Aalocity ehiheolafin eiirgriormeddcosnt the afl@nalthyiar

chl orishat gobgnizenes, such as chlorobenzene and di chl orobenzene; as well
as liquid polyethers, polyesters, and polyalcohols. If a diluent is used,
the amount of dil uefihe hgdrbyid@ibhYrabe@at Rt RN : referab reater
t han about ﬁ) . 1h dgnd nor.e prefera%jl y,e grea’éter thtgslr%gg %B%re%gg%el Vél[ib\é‘isg‘é‘ﬁt,
i 5 based ‘PIEHENBe-AIddPRIMRY boogasterally appligem othyrirypgest hyaiekadhirs Ul e

di | uent. Tﬁl{}gb,@w; i diluent is typically |ess than about 90,
preferably, 1ess tr(ljarté\) Oébdgh{jygﬁ),cesa?ﬁﬁ %ﬁﬁagesp,férfeeyagml@,‘,may s 1 bstitute dafoo otefiz®

nol e per denlg afbrsethtioned 8&ctiplid oIS oRfdaRbe ygen, hydrogen, and
di luent. The ol efin hydro- ox?lt(ljat i gﬂ} prgcegsb??(&%ﬁ%ﬁbﬁahé?'%éo’i‘ rt ur e

typi ¢4l | kaaZ’GS bipica Iy vieldaaiceltsduer kedriesnt , t aken as 20C, preferably, greater
t han about 70C, rmr.ghc.nglefter abllﬁy gtr elgt er than about 130C. Usually, the

ol ef i n hydr o- oxi dat I 6h" BFOERSE T R Tustgersilanider By agorgdperion of kelfebowingan
about 25@Xampleef whizhlaye Ine@hded Fabe tey@ referably, less than
about 210C. Preferably, the pr essﬁ?g&()? %ﬁgr%{ggp%nuﬁ%yogrﬂb‘?’é‘%ieé&%"i-&‘hebr ocess
ranges f I\GHROSHBENRS af WESpteation wild balappire®(O tpsdegk(IRE5R ha) frofp)

pr ef er abl - out .150.psi 1034 kPa) to about 250 psig (1724 kPa).
In flow féasc‘?%f?@fﬁfeﬁ%asspeﬂi‘a?ﬁ'@v O%ﬁg\@é?e\ﬁ’éI”Ef‘ci“t"(}“"c@—&,qlsdbsetdﬁera:jh.efi nis
typically greater than about 10 ml olefin per mM catalyst per hour (h"),

preferably greater_than about 100 h"', and nore preferably, greater than
about 1,MBSEEEQ_W_1£EB-IG4WENerMthM&Mbd of the $siot Agn about 50, 000
h-', preferably, |ess than about 35,000 h", and nore preferably, |ess than
about 20, 000 hl. 30Ahg+<r‘8‘-"c‘;xsic?m' for liquid lﬁh_ase conti nuous processes, the
wei ght hourly space velocity CNGEHYSUErmPREngiseid diseassgsorremsuppan vary over
a W de r aomerisibgtitdriyPoe &illicy wia$ pBraR _olefin_per g
catal yst per hour i/\g;l), pr.ef.eFat[))I Y, qgﬁggﬁg?ﬂ?g%ﬂrg%%t dgb.cﬁlgciin"“,E #BPiKdr e
-16 1 5 APR'IDEPnANERENYHDPHOBIPCHQSIBAER3 Example | being incorporated herein by

20  reference. One difference, however, is that the catalyst preparation herein did not involve

extensive washing after gold deposition at pH 8.8. In contrast, Example 1 of WO 97/34692
does not specify the quantity of water used in washing. while other examples in WO
97/34692 use extensive washing after the gold deposition.
Titanium (IV) oxide acetylacetonate (1.9651 g) was dissolved in methanol
25 (500 cm?). Silica [Davison Grace 57 silica (> 60 mesh), 60.01 g] was added to the titanium
solution and rotated on a rotary evaporator for 2 h under nitrogen. The methanol was
removed at 30°C in vacuo. The dried materials were heated to 100°C in vacuo. The solids
were then dried at 120°C in air over a weekend. The solids were calcined in air in a muffle
furnace as follows: 110°C to 600°C in 3 h and held at 600°C for 3 hto yield a support
30  comprising titania dispersed on silica.
A gold solution was prepared as follows: Chloroauric acid (HAuClL-3H,0,
0.3487 g) was dissolved in water (500 cm’) and heated to 70°C. An aqueous solution of
-17-~



bref‘erabl y, greater than about 0.1 h-'. Typically, the WHSV of thg ol efin
is less %’ n about 100 h-', preferably, |ess than about 50 h-' , T anAPRr32008
pr ef er abl'y, 1438 t han about 20 h-'. The gas and wei ght hoect/yserasss

vel oci ti asdigh HyBfxa@EN MY QX nd dil yent conponents can be

det er ni ned froﬁr%tr)l(e sg)zcgd)ve o%qjtg@too etg%?gd %‘?Lf%tf‘?rhtc’t%?ﬁéhq P do 8Scdbeat t he
rel ati vetiiaplaagorGainiagisoppate sias @ddedlioeh by dliaofxicdal i7esc P gonditions,
descri bed herej rg’atfove wi th respect tg ol efi r? hydro-'oiﬁgg%%?%w,g §Prf)e
gener al | Y *&ppITelTt o bt has seljsescraetipdr envtadgonsothatmparaeure SHik ahkeyf or

hydr o- ox1 i nes.,~f ori, ex e, may be substituted for
0I>lef i ns T?ﬁ&?l?}ﬂeg %g?‘gﬁﬁ?‘?d@ﬁe‘gﬁaé@gﬁ) it i)g(?{asgg”h)}ﬁ‘?rbgBWG-aif heRolidsoeasses.

The taydr Griakic20f0 fored h bd Mdanesadarplfald mighel faval sahpls, or ket ones, The
n

invention will be further clarified by a consideratio an¢ Beld g

exanpl es‘,”O ifeh3dre i ntended to be purely exenplary of the use of the

i nvention. O her %Hggggagyepgsoof the ipvention wll be apparent to those
skilled in the art fromea’ tofky#elratsbimian 19 Kr Sixepderfdonsinious foow praagii ce

of the iwianlowaofaslidisekpsadn if. rative Experiment | (CE-1).-
Regeneratjon by Method of%ﬁe gﬁ)gémﬁpééi?gﬁﬁr b%)%"‘i‘]glaﬁw Bar’\e ¥at 4p9 s¢/min (or

conpri si H§S961 §0@hs peFessidtream @oswpgidoh wa@qmmei@nnggrg%%?ielelpg&gﬁi blsa, s

prepared, | im | ar nner to that described in

i nt Q?nat ?d(%?p%ﬁ?“é il OPd'E%]e'r Eét" P&H‘WW‘%’ES@E;“%M!W-ePﬂopblehagpxiygapg,ppr at ed
herei n byel2dh wWefeals8AGE pufd§redhds &Y owever .is that the catalyst
preparation herein di afnot ravol eﬁggﬁg%swvg%vﬁgﬁﬁﬁ]&lﬁf? 204830 Heposi ti on
at pH 8. @olyme/Eenmestixtufx afiipd prebsuoé WAOaBbspAEIR chcQ&SteHﬁEra\%/%E%% Q@g
guant i typl%fdu(\:/@t er used i.n washing, while other exanples in /§ 2 use

ext ensi ve Washi TG HH Bed e of-Hiapgas ¢hrematograpan(iChinertipack "8 Poetpiot™ S

acet yl acafiemat 25 fn}. ' lLved in nethanol 25 (500 cnB), Silica
(Davi son Grace 57%???%5&}3“?’%%5 ﬂféﬁrﬁf] \ﬁégl.rB’f %ﬁ’caﬁg‘%@a@aa@ét fteadilyi t ani um
sol ubi ondeaadvatet af lech pho axiditiahypresap anatilt don 1 Jhu%{ﬂﬂzecfff MdfrQgen, The

S

n
met hanol Wﬁ.ﬂ r enoved aéj&? Cin vacuo. The dried materia wer e %%fat ed to

100C i n RFARYIES- PHEELH AR [REFR then dried at 120C in air over a weekend.

The solids were calgd i (A puffle fyrnace as follows: 1 10C to
600C in 3 h and held gtgﬁgggtéafcé‘rﬂ@‘ frag Be%?P%rPE?dg”Ys%%Qj’ratn methednprmalyng

titani a Widspefloedfoxygen (20avol Apgrodr), Smltett (0 FN oNser B RP Ak foll ows:

Chl oroaq{%l%.nagtif@ (&|Au | 43H, O, . 0. 3487 q_) was di ssol vgg ?ﬂel\?\xgpé&le@\ggf%m)

- and heat ed 1'HIAE C AR AR BRE IS Bressyren 16e regengrated catalyst was evaluated in the

20 hydro-oxidation of propylene to propylene oxide at 140°C and atmospheric pressure with the
results shown in Table | (CE-1 ).
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WO 01/41926 1 5 APR 2004 PCT/US00/ 33385 sodi um hydroxide (0. 1
solution to adjust the pHto 8.8. The
to the gold solution at 70C. The resul ti rgistbdi®gs Was
1.5 h. The solids were settled,

‘added to the

| d
support wad ‘Hg‘g%%f

stirred for
then filtered.

cont 1 nuous

titani a

I\/i Vas
- ¢ 3nfBR #Mlig

cooled to room tenperature,

react or

The solids were suspended in water (100 cnB) for 5 mn,
then filtered. The solids were s dried at 120C for

air asS follows: 120C t oT4810G. iRkeendtadbtfofe)doxid 430

(1 g) was loaded into a 10 cc fixed-bed,

6 h and then calcined in
tﬂrms h. The cat al yst

7

with

flows of helium oxygen, hydrogen. %lhﬂdep%ﬁl%_ne_. Total flow rate was 150

cc/mn (or GHSV|1, 800 Fsm Feeagt TroomostHotr—we t

hydr ogen, 10 perﬁent oxyge%l,elo and ° bfcenazq% 8@')] enei(obgec%ol :]:ma, t he
bal ance bei ng hellium Propyl ene, ¢xyge famd &S ek el BREd% hs pure
streans; hydroger Was TEgegswith Iciio'jn +-—g—20-—H--80 b/ vol une)
m xture. The pregsure was at nospheri c"% actjor %ﬁg?eraturé 140C.
Products were andl yzed using an on-| Il;%‘ %as chr ogrlaph27.9

( Chr onpackTM Por gpl ot TM'S  col um,| 2 The pfotéss was3u® fol 1 h
during which tinmg the catal yst stqeadiq 85 deac?i$ated THS-Bydr - oxi dation
process was shut ﬁﬂﬁﬁfﬁ by sl.t;utti Agroff_the fllows of  priopyl ene, oxygen, and
hydr ogen. The degcti vat g& cat al ysf] V\/a%-3r%gerera(9 e#Sby ja pBiBor ar{ nethod,
namel y, under a|flow of oxygen (20 V0148 perfcen®)44watler 6.5 vol.
percent), and hel4 far n_at 49043 and at e6spheric
pressure. The regenreDat@ivadtcataygt rabdger@iéalisiod i N the 20 hydro- oxi dation

of praepylene to.pr

results shown in

T

BT o hilfr

SECAPRSY]

PCT/ US00/ 33385 Tabl08Y&en REFenwatgr (bh%dandyalammedrelidat i on Cat al yst

Au/ Ti 02/ Si 02 Examplyeokime on PP Conv’
CE-1a 0.18 0.75 9541p.0. 35 9.

10

15

20

PO Selc Stream (nol
c%?al}?sz 're?gencrated for2h

at 140°C and atmospheric pressure in a stream of
ozone (0.4%), oxygen (20%), water (0.5%), balance

helium, by voiume.

c. Hydro-oxidation process conditions: 10% hydrogen,
10% oxygen, 22% propylene, balance helium, by volume: GHSV, 1,800 h™";

T, 140°C; atmospheric

pressure.

% (nol

C and at nospheric pressure with the
of\wo 01/ 41926

% (h)

“PP Conv” is the mole percentage of propylene feed converted to products.
“PO Sel” is the mole percentage of converted propylene which forms

propylene oxide.

It was found that the propylene conversion at 0.18 h after regeneration was 0.75 mole

percent with a propylene oxide selectivity of 95.1 mole percent, the activity being close to

the initial activity of the fresh catalyst. The percentage of propylene oxide in the effluent

stream was 0.35 mole percent. At 0.68 h on stream after regeneration, the conversion was

0.43 mole percent with a selectivity of 98.0 mole percent. The catalyst was run for

25

approximately 1 h, at which time the percentage of propylene oxide in the effluent stream

had dropped to 0.10 mole percent, a reduction of 70 percent from the initial value after

regeneration
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0.52 0.47 97.8 0.68 0.43 98.0 E-1 0.32 0.45 88.3 0. 48 0.44 QSASéCQPFﬁc?}W
‘0. 43 96. 2vod %gctivat ed catal yst regenerated for 45 mn 5Cat ] mg 0 e
at m)spherig pressure in a streamof oxygen (20%, water (@CHEHSHIAIsdHal an

[ ' d for 2 h at 140C and
hel i u ¢ UME- 1) b RebBREIINMMEH GV QL YEL o fLIENer at e
at rmsg]heri C pressure | r? a s roeam 0 e (0.49%, oxygen (20%, water

' ' ' ditions:
0.5%, balance h J ... G. Hydrq-oxidatiagn process con
(10% r?ydr ogen, 10% ikjifééﬁeg%?’gﬁaé%%op%ﬁ éﬁ%‘,‘ B%‘Eﬁa?ﬂ@éyshef f-ampagyive Sixpemme@HSV,

' i y .he | e
1,800 h"'GE-1Tyasld@eratDSRORI iifiePHeSEME By 110 meBRIANe idvindle - a
percentace f propylene feed converted to”products. ePB. %55 |§196Fﬁ|é3 Hﬁﬂg
per cent ag%e 8‘?“@&5‘?‘{ FRlalystr Spggensmtehiinder hanssous oy lcen@imxg ggqne%@_ 4o e

[ . 18 h after regeneration was 0.75
oo ® poreisefi, B AT o RS itk b o cnessary. b s el mon.eTher cent the
i Vi inBghti i Bidd Vi fresh.catal yst. The
tivit Behtioh 8€arh Yas blded Bidri il VAt %ok Ab 0 o
Sgrl:ent géi@gf glplr oEeyI ene ao?i de in thece?#‘vkuent sfp e%‘mmﬁefdf BSSH eor 1 h,

hgg t ; agaiped. aThe fegehf@re@QAMEY) | 153
per cent . AE" DG 1 macrmmrpradasoras ggjprml e percgent . The %ak&?ﬁﬁ@ﬁﬁtﬁgw un

ith. a.sel ectivi of 98 , ' _
;ncj)lr ezge;gﬁ%&%ﬁ éq%ﬁ}gﬁ pﬁof:ceslétmbx%@ gﬁ”tq ?%E“Otsﬁ@ftfeﬁféwr@@@omapnap%dsa?gggng 19670
porcont rom the | nriar ol e art e, AdGaTR o R e prioviere wogn . o
ercent fromthe initial va - :
01/ 44026 SFesy US00AsRRB Hokemprne afla pfophJene cBea@mon A HA3 %&@%ﬁc&wﬁ' ,ngres?ﬁg,ne
The regener. ted .nd th?n deacti vated catal yst of Conparative peri
ons

CE-1 wasORs 8.'ngtgf BIPrylene oxidla sglegtavity wias 9% Ormoleypetdeet aret frogdylefie téRersion
i nventi oBf 0ARaRbIEPERENY At 0.67 h on stream. the propylene oxide selectivity was 96.2 mole

percent at a propylene conversion of 0.43 mole percent. The percentage of propylene oxide

in the effluent stream was 0.26 mole percent.

15 When CE-1 was compared with E-1, it was found that the two regeneration
methods produced regenerated catalysté with comparablé activity and selectivity. |
Advantageously, the regeneration method of the invention, exemplified by E-1, which used
ozone in addition to oxygen and water, was conducted at a lower temperature, as compared
with the prior art regeneration method, CE-1, which used only oxygen and water.

20 Accordingly, regeneration under ozone does not require high temperature cycling of the

reactor.

Example 2 - Regeneration of a Hvdro-Oxidation Catalyst

Comparison of a Prior Art Method with the Method of the Invention

A hydro-oxidation catalyst comprising gold, sodium, and magnesium on a
25 support comprising titanium dispersed on silica was prepared in a similar manner to that

described in Example 9 of international patent publication WO 98/004135, incorporated
herein by reference.

Titanium isopropoxide (28.2 g) is dissolved in isopropanol (315 g)in a
glovebox. The solution is placed into an addition funnel. Silica (PQ MS-1030) is wetted,
30  dried at 110°C, and calcined at 500°C. A flask containing the silica (150 g) is attached to a
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the'deacti vated catal yst was regener?t Sd ulnder a gﬁts)eoua,ats;e?(r)n gogzﬁ@hnkoﬁg
- ‘0. | . 5 percent), oxygen (20 vol. perce , . .
Bé(r‘)ggn'gg) &B\ﬁ’é}?@é hgl ium The regeneration stream was passedrma/%isbg

cat al yst’at 140C and at nospheric pressure for 1 h, aft_er whi ch t he -
regener at | OHY 5 BRBLLT R cagleshipddi C Witk an éapclrael. aT el ti matuah yobromside%ldiahed |
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ffluent stream was 0 Bhgord
i i i n:the e uent strea ;
nggm ?gﬁ)ﬁv&ﬂ%ﬁéﬁ’m@%@%&ﬁﬁ %/]i,ith E- 1, it was found that the two

regeneration met ho@sB¥ MHB@diSrT@Q}@r@r(ﬁswdviogthldy&nmc\ﬂcm&Sﬂ@%%b\Lﬁ

. r
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[ ' ; LSing: agl i and magnesi umon a 25
Sy A S B o R e ot o
mamngr5 to'?‘ﬁig’i’e"' O EdS F‘H’@(_@ﬁﬁlfeﬂsdmdlumtcarbtamemmltxdmkgﬂé%dowmi:rhga(28 ,
D) 15 di S3oiar L T Sope pAnol (DL ol ek ENEE ol NARhTL R A ERSEh cmy’ >

gl) aichd: f\d?gh\éb%qg%éc?ﬂit ?‘gdﬁé ?Lﬁlﬁ?r%d.‘g%%g?‘géml(qg@meﬂoi@y spidavgt been dridDadr i ed at
0 oC, and0tafeiiRdd Bhe SORCaretedldinskinCORtraiMioBg) z%h%ﬁnd&?@lﬁé@mg%o fin,

0170 AR, 0 1 PCT1 US 33385 rotary .
cvapgraiop ot co €0 ¢4 AL A O BB, el amasoroporscs
Pon O

| -
3 di ' atiles are
n 3 gefalysk commising galdesodivmandonagneditm Goh viediuBRSnwaliaL | |
?glrrltj)vegnaltls:ﬁﬁ%i n vacuo. The residue is heated to roomtenperature in vacuo

and rotated at roonHe@ARGY A W VR 1038 d Wil o fixed-bed, continuous flow reactor with
flows of helium, oxygen, hydrogen, and propylene. Total flow rate was 2000 cm*/min (or
GHSV 6,000 h™'). Feedstream composition was 7 percent hydrogen, 7 percent oxygen, and

25 20 percent propyiene. by volume, the balance being helium. Propylene. oxygen and helium

were used as pure streams: hydrogen was mixed with helium in a 20 H,/80 He

(volume/volume) mixture. The pressure was 200 psig (1,379 kPa); reactor temperature Was
160°C. Products were analyzed using an on-line mass spectrometer. The process was run
for 1 h, at which time the mole percentage of propylene oxide in the effluent stream had

30 decreased to about 50 percent of its initial value. The hydro-oxidation process was shut

down by shutting off the flows of propylene, oxygen, and hydrogen.

The deactivated catalyst was regenerated by a prior art method,
namely, under a flow of oxygen (20 vol. percent), water (0.5 vol. percent), and helium
o (balance) for 6 h at 375°C and a total pressure of 200 psig (1,379 kPa). The regenerated' .
3‘5 ..‘gatalyst was evaluated in the hydro-oxidation of propylene to propylene oxide at 160°C and
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_'i'he residue is heated to 50C in vacuo and rotated at 50C for 30 mn, then
heated to 80C 5 in vacuo and rotated at 80C for 30 min. Finally, 1th&PR 2004
resi due WO OH4¥2€d to 100C in vacuo and rotated at 100C f ®CT@Bo0aixss and
then cahgh f in.air yielding a support _conprising

titani um dirﬂ’g%éﬁtsvevggg"%“gﬁ{‘?‘g%g.]m&x%% Pi?ﬂyﬁﬁ“%??"v%fs deasphy8meteapercang with
chl or oaurirapyeicoxiBe 8cdyity 0F 89WahSle pek AP0 TGHR)2 antlahepti ng_to 70C wi th
agitation. The pH of the solution is adjusted slowy to 10 7.5 by addi ng
dropw se an aqueous sodi um carbonate solution (10 wt. percent). Magnesium
nitrate (7.11 g) iYhapdedegeneraied exsplysticahibiietiledugkd attidry ianke hjtRopH i S
readj ust,@ i W ' onate to 7.5. The solution is cooled to 30C
qui ckly. A WSIP QE‘%%%'E’q%aﬁ‘%g%ayiag6%§e§e“%ﬁguc%%wdﬁ? mol&pergenyyes @f pidpidene

qui ckl y owidefinshd effiuag strEh@ aldoirpareBamiigam ko i .@djYm, ,car bonat e
solution. The m xture is maint laTtiﬁ)ned at 30C ]f“orreéséerﬁmﬁb\xlﬁlﬁﬁ%‘egh%@ﬂfoﬁg t he pH
at 15 705idatipeprocepewas gair shuit dowhi Tihe defoivadieataysd waie dé deft @asdopopat &y

solution is ed \when ee to maintain the pHat 7.5. The solids are
filter eﬁr‘{&ngﬂg\g‘s’ﬂ%’e" ‘\ﬁf Pﬁ%?é‘?‘gﬂh? Eygniomyamsty, ypiyet gasepnsAtgan ®n(aadhgst ed

Wi th sodions @4 b@nﬁé@&nt),ﬂiﬁgé{)@b%l, e?ceeﬂ eQaflr :g(?gtv%f%i%% | %{%%&}lﬁpﬂ The

solids are calcined in air fromroo erature’to , from
1 10C t &Papwe).i Fherdgendretiah sitca0OB passedlOven thetdaly e 160 SeH Athd: PN
a.catal yst conprising gold, sodium ané magnesi um

te rature t tain y

onngoeti %’%ﬁ?‘ﬂﬁ?%’oﬁga‘ﬁb'fr\*d“c%waﬁé'?ﬂcf.egfrfrf-‘éatt,oauapyfms WasGtappedadht beided i nto a
fixed- begheneamdd da wiak @VAILERE §PThe Wil - o s, of helium, oxygen, hydrogen,
and propé ene. Total flowrate V\F/g{she%g% %’F%ﬂ?‘ﬁﬂnpr%?s“é@‘g?%g%%mg.
Feedst r €af’¥ kHpogith therewds sFopenc@ableRy@-pgen, 7 percent oxygen, and 25 20
percent propylene, by volune, the bal ance being helium Propyl ene, oxygen

and helium were %d glls ure strea‘g}s, hydrogen was mxed with heliumin a
20 H2/ 80 He (vol umBrVBIFIME THgsieit .C“Fﬂé“ﬁ\“%é@%rség’\)\fa@nzwlvwﬁgtl(eﬂmaﬂ‘@-
kPa) ; 1 egidaGbn pRIFESK! BilkEh 8s ¥8% mok r : | yzed. usi ng. an
on-1ine mass r;Eect roneter. The p?gggglg r\%g%s&:oﬁr?%?ﬁprﬁ?n%h%'%m\kﬁ?Eﬁ]‘ief‘he t he
mol ¥ pepEedm.dhederctiyaopyitelyet was mgeneanattdia tieitd titenisirst the aBbAe Qe lESGT €ased
to abothCSIO percent o J’Ots in'gﬁ]i a%_ val ue. The hydro-oxi dati on process was
shut  down by' %Qﬂuﬁslcﬂée aoven & he e regensrasgs Faplyst wasayaiatedrid thy bydargen.
The deaskid¥@éegroeddsalivist - YiES B rt method, nanely,

under a flow of oxygen (20 vol. percen gfo-oy peesind

hel i um Wepairawsdxhd oralgstshawe 87EGImadl deat0t @londbeaRHARe@by 260 59%& dge (1,379
kPa). Th d 35 catalyst was evaluated in the hydro-o0x gati on of

t .
propy! e u%tg e&%@?@ﬁ%ﬁ ‘8)’535‘6!5‘ the eifurnt siepm.- 21

20 The regeneration and hydro-oxidation processes were repeated a fourth time

- using the aforementioned regeneration conditions of the prior art with the results shown

Table 2 (CE-2-B). Again, the hydro-oxidation process was run until the catalyst lost about

50 percent of its initial regenerated activity.

The regeneration process and hydro-oxidation process were repeated a fifth,

25 sixth, and seventh time using the regeneration conditions of this invention. See Table 2 (E-
2-C, D, E).

An eighth cycle was repeated using the regeneration conditions of the prior

art, with the exception that the regeneration time was only 0.5 h. See Table 2 (CE-2-C).

-22-



WO 01/41926 1 5 APR 2004 PCT/US00/ 33385 200 psig. It was found §hpRr bioe
maxi mum progﬁl ene conversion was 1.82 nole percent with a propyl ene oxide
selecti vi‘Y? #1989 4 ol e percent. (Table 2, CE-2-A). Wen PEBURSE388s at ed
cat al yst exhi bi t ed A ggue § Vd HR - i dation prgcess.
measured by a 67 per cent@%laﬁﬁlg% %/é nxﬁcﬁIﬁts{glg?%%ggrgeé?[ggéln(goggé“od’is Of)F I€3E: 5
oxi de i nUtiRg ther § hgegenewstipr imeasSeedigbéey 2dCRI2L D).t he initial regenerated

val ue, the hydro oxidation process was agai n shut down. The deacti vated
catal yst was regener at ghd a]second time, this time by the nethod of the

i nvention, nanely, ‘undercYs ' QXeeReast vEgmtheseanerating condisivas eOtht vol .

per cent) inveXN&EWwilleBe RbeptiRQ" o ' . rcent), and_helium
(bal ance). The regenerat ipgﬁ)ﬁst%rﬁgg%nrc\ﬁa\é@érgg%rgg’f%‘%ﬁ“@#%ﬁ?%iﬁa&sﬁf“ gt 1 is0C and
at nosphepPeeTae gr(EskE.e for | h, after which tine the regeneration process

was stopped. The twice _ _ regenerated catal yst was evaluated-in the
hydr o- o- xi datro-n proces a%} ,;L 0"C and 200 psig - (1,379 kPa) with the
results shown in Table ZSIE 102 Al eBsRrER Nt Hydre- & xidagondCaalgst cat al yst had

| ost significant activity fjﬁ%rm?wmoo\?%%m%hﬁ’%f oiggéssﬁont aken as a 37
e e

nol e per cept—reduction. of rnpyl PnF“ oxjgde | n.t |‘'uen 15 stream t he
deact i vatled T4 al yst was brﬁ?g%ﬁ@médoa Mathddti me usijn@st eneZoNepdHT Gay Feht
of the invention |dE€@3 bed abdVe{°The tHhripeileganerjat @sbla Al Y SEmdVBSs )

eval uat eq CB-Rha hydy0H,0Xi Hat 3gs procesgpowm th the result s showT 1T Tgbre] 2
— + MG K 11 unt: ! the catal y'§ S%g\/‘gd

(E-2-B). [T YO 0= OXdat Tonmprocess—was—-th

substanti Irke'dﬂ‘g—d%ti\%?f) 2 mé&dur ed b4 ab 50| perkent| rédddti oh ol4.o
propyl eng @mdxes i nctpe, atfd veny gt ream | 20, The regengrar L or amd

hydr o- oxifdaton—pecesses—y .ediﬁ_?n thiind U&AG the 82.4
af or errentiSﬁéa‘PeJer%I/éftzPonl coAdiSti ops 800t he| prior art wi.bb the regulsts

shown Tablge 2.d CEp2;8) 4 I N, ghe Ny ay p- oXT Oat T o Pr oTesSs _Was—-tH—tHit-
t he cat alfyst—-ost a%cu% 2%\ pergtgr\f hf dléj'cé)i n T_i c’-)ll I aenngtsed aCt i9\9i-t3y.
The rege#nerEa“t%‘% hPot@xdAngd hyéPo- oki det i ®n process |were tepealt edga Hift],

25 sixth| ang.sevept ol R USI T he[ T egengrar T o cordrtions—of—+his
i nvent i oi.—&ee#&% 2 f‘?g —E e‘gﬂgg bgigxhl htyclle was>fepelat e§%8i ng
the regepefBr?of fokii/He@ns| of 37Re pfiorooart] with tlhe exggptipn vhag tn
regenerafi@a_sL 0.5 SEE Tante 2 (CE2-9)— 22—4—6—ARR 2004
helenen s rggﬁp%r?ﬁqmégggz 39s 200" 4 VTTY T 155 93.4
E~2~F [ 03/0,/H,0 160 14.6 3 1.94 92.7

a. Feed containing no ozone: oxygen (20%), water (0.5%), balance helium, by volume.

b. Feed containing ozone: ozone (0.4%), oxygen (20%), water (0.5%), balance helium by
10  volume. '

¢. Hydro-oxidation process conditions: 7% hydrogen, 7% oxygen, 20% propylene, balance

helium, by volume: GHSV, 6,000 h''; T, 160°C: P, 200 psig. “PP Conv” is the mole

percentage of propylene feed converted to products. “PO Sel” is the mole percentage of

converted propylene which forms propylene oxide.

1%

15 Itcan be seen from Table 2 that a catalyst regenerated by the method of the invention, which
used ozone, produced a regenerated catalyst with comparable activity and selectivity to the
catalyst regenerated by prior art methods, which did not use ozone, More advantageously,
the regeneration method of the invention achieved the same results at a lower temperature

and over a shorter time, as compared with the prior art method.
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A ninth cycle was repeated using the regeneration conditions of the prior
‘art, using the 6 h regeneration tinme. See Table 2 (CE-2-D). A qesnu\hR%?le
was repeated using the regeneration conditions of the invention, wth the
exception that the regeneration was conducted for 3 h, instead of I h. 5
See Table 2 (E-2-F). Table 2. Regeneration of Hydro-Oxidation Catal yst
Prior Art %@Amg: versus Method of the Invention Run Regeneration Method PP
Convc PO Sei eed a.b T (C P-(psi) h (cool % (nol % CE-2:A 02/H20 375
" 200 6 1.82 89.4 E—21 -A 03/ 02/ H20 1@0 14.6 1 1.4%@84.0 E-2 .-B 03/ 02/ H20 .
160 14.6 1 1.46 82.4  CE-2FEG3) P 98 BY0 6 ntrag8 g hygro-exidaony 3, 02/ Hoo

160 14. 6 Lafhiskr 803 in End - O ARKIRLE b Oottorlorily @ cionlprsck 03/ 02/ 120
160 14.6 1 1.54 89.0 CE-2-C 02/H20 3757200 0.5 1.64 91.8 -2-D 02/ H20

375 200 6 con@9isBR. contacting a freh Ey&ofox@BtioR chialy st 6hichiwss Bt yebdse82nd . a. Feed
cont ai nin ng ozone: oxygen (20%, water (0.59 bal ance _helium by vol une.

0 :
b. Feed ¢ AXIAGLiey Biveessoolgheearcvaled hydseweily ipp oafglystaathioh W 5%l 1n bal ance

hel ium by vol .. C. dreo-oxidation process condit.i.ons: £% hydrogen,
706 oxy gen = 5008 SRiHIRL Rioce MR AR SR8 1P BeCRR a8 Sordli b T
160C. P, 208vas tip fredRRydRNYxidaGod &b@alzalo@to ROERQRE 34 %eRf infoPMleene feed
converted to products. ""PO Sel" is the nol e percentage off converted

pr opyl ene dshétotateddrvdso-prisiatibe paalyst fdeuselis alltydoaoxidaticgsncdss.om Tabl e 2 t hat
a catal yst regenerated by the nethod of the invention, which used ozone,
produced a regeneratz2d calht potessiof ICldonpahedeircthaokons shgamndnielsest i vity to
the catalyst rege ;irat ed by prior art nmethods, which did not use ozone.
Mor e advarﬂ%é’é&l@?@} UeRthe regeneration nmethod of the invention achieved the

same results at a lower tenperature and over a shorter time, as conpared
with the prior art nethodlhe pmcessof Claim 2 wherein the diluent is selected from the

group consisting of oxygen, nitrogen, water, carbon dioxide, air, helium, argon, and

mixtures thereof,

4. The process of Claim 2 wherein ozone comprises from greater

than about 0.05 to less than about 20 volume percent of the ozone stream.

5. The process of Claim 1 wherein the gas hourly space velocity

of the ozone stream is greater than about 0.1 h™' and less than about 1,000 h".

6. The process of Claim 1 wherein the temperature is greater than
about 20°C and less than about 250°C.

7. The process of Claim 1 wherein the pressure is greater than

about 7 psia (48 kPa) and less than about 100 psié (690 kPa).

8. The process of Claim 1 wherein the activation or regeneration
process is effected for a time greater than about 15 minutes and less than abouti- 6

hours.

9. The process of Claim 1 wherein the hydro-oxidation cata.lyst'
comprises one or more catalytic metals selected from gold, silver, the platinum group
f

metals, the lanthanide metals, and combinations thereof, on a catalytic support:
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1 5 APR 2004 CLAIMs: 1. A process of activating or regenerati ng %R 2004
hydr o- oxi dation catalyst for use in a hydro-oxidation process, ?

activation or regeneration proc . GONPri-si tacti fresh

hydr o- oxi dati on cat'at @?,prﬂ’/ﬁ%?%#eéggnﬁor%ﬁlfl ﬂg%qté’%woﬁﬁglé %&%M&Cﬁxi dati on
process, i@ odRRCLH é)@f't%jgﬂaéﬁgf BraR%bORL0.OUF Hllads)Edn abdt e weamtused in  a
hydr o- oxi dat1 on pr ocp ss, Wth an ozone stream under process conditions

suf fi ci empetdeot, basddi orethe tdtdlevdiglstf thychtdysxi dati on catal yst or o
regenerate, at least in part, they deactivated hydro-oxidation catal yst
for use in a hydro-axiTetgerspsOCRER 9 wherdihehgpeatdpssupbotliaselededvher ei n t he
ozone stream conprises one or nore diluents. 3. The process of daim?2
wher ei n tfn Hianientcopiginiey BPPEHS.MABATEReCONEHIAR SBRARES AN 8R Usky gen,

: nitr.ogen,C ter l(X:arobon di oxide, air, helium argon, and m xtures thereof.
4. The protBUEtgfuRHCE>m 2 wherein ozone conprises fromgreater: than about
0.05 to |l ess than about 20 volume percent of the ozone stream 5. The
process of Claim1 wherein the gas hourly space velocity of the ozone
streamis greater than about 0.1 h-' and | ess than about 1,000 h''. 6. The
process of Claim'1l wherein the tenperature is greater than about 20C and
| ess than about 250C. 7. The process of Claim1 wherein the pressure is
greater than about 7 psia (48 kPa) and | ess than about 100 psia (690 kPa).
8. The process of Caim1 wherein the activation or regeneration process
is effected for a tinme greater than about 15 m nutes and | ess than about 6
hours. 9. The process of C aim 1 wherein the hydro-oxidation- catal yst
conprises one or nore catalytic netals selected fromgold, silver, the
platinurri group netals, the |anthanide netals, and conbi nations thereof,
on a catalytic support: -24- AVMENDED SHEET AMENDED SHEET 15APR2004 10.
The process of Caim9 wherein the total |oading of catalytic nmetals on the
support is greater than about 0.005 and | ess than about 20 wei ght]
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percent, based on the total weight of the catalyst. 11. The prqﬁfi@ gqo
Caim9 wWe§bHig,4 he catalytic support is sele ted fromtitaniu ﬁt ‘hl ng
supports, vanadi um contai ning supports, and zirconi um cort@/HING3BWSpports.
-24A- AMEND. D SHEHD. TAYEN¥R SHEEIm

PCT/ USOQ 33385 12. The process of O glﬁ??ﬁgﬁ tégg?dmyg 9% Ogrctgtag&ﬁtﬂﬁ‘?‘i’ﬁﬁes

cat al yst & Fpidwes, OrfOMPinayiens pf gadd andsileombi aatirons- c@ﬁta@rﬂhg sapyshrei | ver, on
a titani um cont ai ni ng support. 13. The process of Caim 12 wherein t he
total |oading of gdl d Hﬁwr@lesw@rmarm 12hehdreihand wﬁlQ@iﬁxﬁg Bf FAdSHARAYE, dnS
greater than aﬁﬁx m 5 and | ess than about 20 wei ght percent, based o
the total werght of héngcséfPEﬁ’ ystereaior th?ﬁéb?}ﬂ&@%ssar@ﬂeﬂthnmﬂiﬁlt@bev@gm t he

titank umpemahalbmeagmau@m;ﬂtwéngm o?%ee&ﬁng (¢ romthe group consisting of
titani um di oxide, titanosilicates, pro Yer metal ti tanates, titanium

di spersed on silicay titgpi ter netal S|I|cates and
supports contai ning ext rggf#ggﬁg%/\grg a“ﬂon‘-‘fVP%ﬁ’E\T\‘BF KI2NHHA-coREMniag seppoamisum

and i xt gelested 11Ot therge@fp. cohBistidgher tﬁlﬁ@ﬁx%é QfdeTia L&L the at al yst
further mc—t)orrprlses a pronmoter netal . 16. T eeprlogggslégaot&%farpm ig‘ erein

the pro ’ttaé‘lateﬁetftél”“deléléqf%f@t(@cblfﬂqﬂomamme dimpersed oamsembieRehedf] QIR Jhg G oup
hani de rare 15 earth metals, and the

2, the pl | an
actini de ﬁ%;%dﬁi& ?ﬂ?'ﬁe%];eaﬁr?) ewor aB?'étfragi‘deor‘f}l‘x"c”Grgééﬂﬁt%PEw abd miXhaes
process der€dfai m 15 wherein the pronoter netal is selected from [lithium
sodi um potassium rubidium cesium magnesium calcium barium erbium

lutetium and conbilpati ame priiRE€s cl T of Claim12 wherein the
catal yst conprises gold but not 202@1ﬁ l\%evrt')ﬁer%él%ggéalﬁtotb'gggr GIMRYSES fh 12

wher ei n PFRENUERBEMEt conprises silver but not gold. 20. The process of
Claim 12 wherein the catal yst conprises silver and gold. 25 21. The

process of C ai m 11@her diha ptdvessozfaniairs tiS8aBEiaTRS | bRPOIE4REG! is selected from
the group consisting of Group 1, Group 2, the platinum group metals, the lanthanide rare

15 earth metals, and the actinide metals of the Periodic Tablie, and mixtures thereof.

17. The process of Claim 15 wherein the promoter metal is selected from
lithium, sodium, potassium, rubidium, cesium, magnesium, calcium, barium, erbium

lutetium, and combinations thereof.

18. The process of Claim 12 wherein the catalyst comprises gold but not
20  silver.
19. The process of Claim 12 wherein the catalyst comprises silver but not
gold.
20. The process of Claim 12 wherein the catalyst comprises silver and
gold.
25 21. The process of Claim 1 wherein the ozone stream comprises ozone
and oxygen.
22. The process of Claim 21 wherein the ozone stream further comprises
water.
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nd [ [ he ozone strea)' urther
n. 22. The process of Caim 21 wherein t A !
comr svounons 25 175 AR 2004 "o ol 41525 et U s5ang
rocess of Claiml wherein the hydro-oxidati ogen to
Br ocess of oxidizing3.an mhef{_);cﬁtew 61"@2?{glg{;lhérgaliin%ngEp(\gl\rﬁgorexnﬁgﬁiogkég C'isrrgfsqueds .
.0l efin oxide, 24. e _process : _ )
C3 1 ot dRprods58t OFidirins st eleshofitobmign L2 thehme cine ohe, o Qshelation
catal yst digritisgdei N @ process of oxidizing a _Cg_lZzgl efl_lhg \F/JMF ocessygf daim
RS e esence O}el ﬁ'yd_rog_en or fOIr mngn (2)|76f I‘I'Re g;(:)cg-ss of Claim1 wherein the
yar o oxi dat f on_cat 4yst TEAUEEs T 1aim 20 whebtnst otios dCzingern al kane
Yoo ' hydrogen to forman al cohol or a ketone.
W'ztéh oxygen in the fg.%ee%(rzgcegg ofélaim 2 wherein the hydro-oxidation catalyst is used in a

process of oxidizing a Cs.;2 olefin with oxygen in the presence of hydrogen to form
oxide.

an olefin

26. The process of Claim 25 wherein the olefin is propylene.

27. The process of Claim 1 wherein the hydro-oxidation catalyst is used in a

10 process of oxidizing an alkane with oxygen in the presence of hydrogen to form an alcoho]

or a ketone.
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