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- RECLAMATI ON OF A TI TANGCSI LI CATE, AND RECONSTI TUTI ON
OF AN ACTI VE OXI DATI ON CATALYST This application-~
clainms the benefit of US provisional patent -
application 5 Serial No. 60/644,391, filed Jan Mll””lll”l"
14. 2005. BAQ(@QQW%Q@&AW}}P F Tgne aspe
this invention pertains to the rec lon” of - a—— "1019T_
ti t afiddl RECNSTITU BN Ol e tA O BIVEIONXD ABION G ATHI A YIS t
conprising a titanosilicate having deposited thereon
10 one or nore catalytic netals and, optionally, one
or nor e ThivappliedtioRlaghSthe bBndM A N praviR6Ld pa tEllﬂ'ag lication
SB‘L] f{/%ﬂf@ éa ins to the reconstltutlono LT Ve
erR N Y i feg danuarigrh 300deact i vat ed oxi dat i on
catal yst conprising a titanosilicate having deposited
t hereon one or nore catalytic netals and, optionally,
BAGR&RHUNBY@F EP@ithVéNTﬁ@t\al s. Titanosilicates find
ut|I|ty n.cata ytsfo atlo rocesses. As an_15
exanpl e, hoﬂcgs E r?‘éé%"&ﬁ %ge'? Gﬁlf“inﬁtl‘Pnd)ff agitanopijicate
from)alddaslvbty&d bhtdatlimﬁram{}m(d:dﬂx@irl Qﬁtaﬁ&lhc@{c%fa{qﬂo Wi Rited thereon
oxygen in the presence of hydrogen and in the presence
O THTE R W%’Pe'e[ﬁr%ﬁ f-ioptpRplly 4084 Qramers Pramuerendtaly i iInginother
aspe@ ARR iR 6
P kew se, %hg&%?{g tg?%é%ﬁ%{e@ortpﬁé&p%%{' oxtngz’&“Jn gytalyst from a
deaﬁ‘l“@@ﬁﬁi(ﬂ@daﬂﬁ'@i C%@lwr@empbyng hstdmysjhcm@bm\@l@tdepmtecﬂ ti@Feon one or
I Ty t he presence of h drogen and in
moft c‘é@!}%é‘é\ﬂééﬁ%se #Xg&m m(°87 CCAPE NePOtbmSRSsi ng a 20
t I t anosiTitapadikcara fint gtileO ShtaBos fHH@RNPRBcQbes "N
caial tic metals, Catalytic netals for such oxidation
XA aflij(sa{tsreﬁ:qgevﬁa@e g{ﬂdam%l.q \Psin quides by heibydmor agidasion of an
olefi®ivth Sxydedtn R, SEdNaRi;
t her eoné g% pzest%g{etr?g%l Yc%e exanpfj%pr%grgcgr arca%e{fl:%ﬁtn‘ﬁo?’éjgsmg

a tltan@lllqgkdmmgm@ppsﬁﬁd Blewbi pnosi es dotaiytib enceatd. dakedvape, @e art
rOXI presence of a
e e B BB BB o B i
oxygemunhcﬂ'pxtemn,ce bij/}wde@eh ¥ndih tR@pledetictl BT 2 iRfar catalyst compnsmg a
tJO Ff&g ion catalysts may al so Hav
tlta.acés 6:& ying ch& oRypne qfdpge@aqag/pyme@lqg rQ;:m_},yte:rmetals for
suciBkidhon SHedhtARcibifeodl, %mt ak p%‘hﬁl]n%r@g QLS o tfi,]lﬂlc:(:"arth

al kali, alkaline earth, and fant fare ear
lm@ﬁ@ﬁ@nﬁ@ maReresihgieof: ks anttemafive txahqalem&tart(rado@hijtsi the

| dat i st perate until
pmm%ﬁ‘%“‘%%é afieks B B o8GR °é§aPigt ar*%iagmaﬁrp@ﬁe in the
preseemjd:rascatd’hﬂt opeEprisingCatittysliRagehd @ pRIBA T Gy i%Hllv
palcahat of deacti ngtl on is reached, repFacerre

glblgln tafq;ﬁmstfuop LopGaalysts mpéz@ésggvgvg/deposned thereon one or
moReERNEIk FrdAGteOhedls AR8IE hd AL R AN ﬂ@ltajs%p 1o%§g1ath¥ fkah alkaline

typically effected by calcination under oxy
earthj gnd lgathanidetarssrarth efetentexearhisfurésthah 198/ 00414 and VO

Like most catalysts, the above-identified oxidation catalysts operate until
totally spent or until the degree of deactivation renders the operation no longer economical.
When that level of deactivation is reached, replacement or regeneration of the catalyst is
necessary. Regeneration of a deactivated oxidation catalyst is typically effected by

calcination under oxygen or air, as disclosed, for example, in WO 98/00414 and WO
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99/ 00188. Di sadvant ageously, the cal cination may not
restore sufficient catalytic activity. Mreover, at
some point the deactivated catal yst may not be capabl e
of regeneration, at which tine the catal yst nust be
repl aced with fresh catalyst. Accordingly, a need

99/8Qi88t Disadvarttipeoanly, thearal cutioRPRAMRE redtdek SERAGTICE@ytic activity.

MOrrn%tvhod of reg&r&ger ting qQr reconstituting a 5
deact P RMEPOBL FLcprdiyated cataist map Agsrbe saprpleof regeneration, at
which tigt2ahé Edisl 3t Sndiond fepladeRAS IEOR Q890 , more . .
catal ytic rrg% al s, ang aopﬁﬁgmgﬁﬁy%aﬁgvﬁg g?C%rrrchéy’parWF’é‘Fts n
the ggifey & imprryed and ecpsomicehptthbi efiregan BB 8283ituting a

deadi; . neration of a. spent at.al yst cont ai ni ng
o P o 4R BRsk » S e B fositeciorcon on or
motouatayticintdgalt,ed Spedtally Gtk ak Wivhe Yohlbtd i€ aci d, such
as sul fu]fi c acid, followed b%g dréi?n% and cal cining the
acid 10 thedgh ayexemphfigdin WEh9/3787| declesenrrgbmiatnes a spent
catdl st cbiRaifiihg o8 HEpBE 8 dh Alt¥dn Gm FEh S he . Support,
and the ti tggni urn di oxi de | é&ﬁot rec ué#o%gggr C‘ﬁ!\%csimg © spent
catalpst avithilutej agidy pach as sulfnic apid; folloeed &g tdryifiwaridiQicining the acid-
resence of acid.

reddldict Yl b1 62 &f‘eg{?id‘ggésf%tk;”afﬁ s giFgnetls from the

her art, eXenpil i NG
supghps,cind sledtitarsigranis:add i@ AonkclaimelP ek réfeieaf0s hish gﬁfg@ with respect
S, Yy

at al.yst,. .absepnt catalytic or pronoter netal
0 t@%ﬁf‘at%{&yi“rﬁé“%“ﬂ%‘ﬂ%%ﬁﬂ‘ therpresepesrfdicid cat e with an acid,

such as hty drp exéﬁ(ﬂff&g iyl ‘US.-Q’I fﬂgp?@g\%{?l’}g{/&%@ogshs Wée?r}eraetlion of a

pH l ess than or equal to 3,
spegt yrpnngilicats gaehist pbsenigratahiic ax ipcbroterahaals Ot odh6ling theSpent
. 3 q is silent wth regard to catalytic netals
o R s ag s G Rl o S ctchal P less thas or
equal o Giobied ay evastig; dpying Bn@EAlciHR RS Qe EUSRETA +HO
(9xi dat i.on %ﬁial sts do not address the 20 ’
refeXenge SRS {fg%ﬁdd% Fp¥tiometalsReingrdeppsiigd an onbsihysmoved from

the CigM¥PEili&dtd1g a titanosilicate having deposited thereon
one or nore catalytic netals and, optionally, one or
nor e pr orAStREIor afratestiods offtegenieresin lok idytiaf capysOy doAdok address the
eacti vat ed oxidation catal ysts

r

o P e S B S Lo B ForBaed g o bt
depokiteduberemf orut maatadiyisd el a8d YIRS Sle 03 SR8 promote

@ cqrdin II' , need exists to find an | nproved fret hod
me fs &ré‘S bfﬁ‘gt ¥¥ aﬁm ag mgthads tyregensrate deactivagdeakidation astikysts to a
suffi@itdligne! ofCQMticTeitydnhi kd & |.ng, deposite

t her eon onemgl:t nor eﬁ gglib gﬁgltg |§l(§:é @E'F%g%x%?&o%%‘?o%‘ﬁgﬂ scale.
Aceoriingly, aRsee cpisE o find amismbed rShdRYensTitng AWeNTdrON

g is inventi.on provides for a nethod of
deabvafRH Loy N PR AYRF h RRaSh i e eesied frsgbon one or
momxatgiic oretd atd, ystonabylht 8t Meredprbinb@PReiald cat e havi ng

deposited thereon one or nore catalytic netals and,
optionally, one or nore pronoter netals. The

SUMBARNEYF PRERNOENoN this i nvention conprises: 2

In one aspect, this invention provides for a method of reclaiming a
titanosilicate from a deactivated oxidation catalyst comprising a titanosilicate having
deposited thereon one or more catalytic metals and, optionally, one or more promoter

metals. The reclamation method of this invention comprises:
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(a) treating the deactivated oxi dation catal yst

conprising a titanosilicate having deposited thereon

one or nore catalytic nmetals and, optionally, one or

nore promoter nmetals, with an oxidant; (b) contacting

t he oxi dqagt treaheed oxi dati on cat al yst with acid under

5 condi t' POHERNREfI depciiypted xiigtian patalys comprésing ¢ tanesilicate

subst ant hadgydepsfed Bfer

netal s and, %dpg)l onal | yebht% ﬁgggﬁg&ocra%rﬁgq %%lghn%[{’ ]Stlonalh one or

nmet al s; HmAT Pr@nf)telvm@hlisn‘glth amoxidamnosi | i cate from step

(b) unde 1lan fficie ve resi dual

aci d and(rb g ﬁ&k,%?ﬁ Oxf RS ?41?’8‘25{“8“ 319 Vﬁ*h‘%’ﬂ}%t‘%?ﬁeéf

this i nvemtitions fuffisierdes obt@ih o @ehATRA Qhbsntidlly free of the one or

titanosilicate from a deactivated oxidation catalyst

conpr i si REreLtabig me&ls adaprsianally.ribe @@m@iqf@mommr@mnals and

one or 0

more pr ooggggsfkﬁ%tettﬁ g“?&gﬁéﬁr&n§ﬁ%bﬁﬁﬁ& Jbﬁh%l B g cieit to

t hi s i nvismoveresidad|agidmed rdetaimi thanvsaddiiaat e in an

essentially fresh form that is, ina form

essentially indistinguishable froma fresh

titanosi Tha:xatthod a'ﬂ’thlstuaremlorf p@siiies foe t&lfnation bh£ tithRosilicate from
ada&gvr{o‘g cate B’ IS recovered fromits synthesis

ST RX‘Qﬂ&’“ﬁf‘ﬁa St ogpgisie itappsilicate haying depopitesdherson one or
mobdéaal siRaaEIs 6ad, lopriordaN§, dne 6k FoBFrotot @ ARSI | EALEGial

ssesses a silicon to titanium atomc ratio §§ })Tﬂ.)l

meﬁw& of thig inyentign seclaims thedianopidicate ymarpéseentially fresh form, that is, in a

I
for S P RSB WOl oo ool I o st setpo e

ntanesx]uartmsdt fsmemérbcefromntsamﬁedm SoddtRniafd BE&EDtukddnl My LEEBric
ronoter netals that are hot

P“’ﬁaﬁst %‘Fe thfﬁg‘?‘)sﬁlﬁdsﬁﬂffﬁ tifagogijigate passesiesasilidoptty Htanieh
atoRl OEb €81/ T hidt asstﬂlﬁﬁlrélm&& fd?%karﬁﬁg mﬂﬁgﬁﬁhlg%ﬁhgmro that are

deposited onto the titanosilicate in
655§Iit@HY 14@9%t‘%§’éﬁmﬁlt§€ erShéltamsﬂhamnehl itstre¢lgimed fdrinciht e i S
I n ted at al
R e BRI e o R BRI s Bl e o e o
thersem@nsnl lattirei rSgckeaataljarctanu @rmmekahetalﬁ afeah@deyﬁdt hhd BdBhPreviously
OS CL vahed oxXi gatl pn cat al yst con'prl si ng
denoS{iE QP e iigiosibaa VA dRgo TR SPR oA YBEEBK vothe restaimod o
titaBOdiRdAY s GeddD e rcyBR Gnto Qohidel Yatal9ft€ OF 1MOT € prondt er
metals.- In this second aspect, the’invention
conpr i sel:2 eagndiaspast, ﬂﬁglftvﬁélqmaa@‘tldqﬁafbedmebhodi af teodnstituting an

e aldiatn CRIE el 0L BB R0, B SR

ha\omgdqpoandﬂheeqmm&‘mir eroremaiﬂh& etk afd) opRbEEAR! 6ne 3P nide promoter
me gnt QE}H % e oxi dant-treated oxidation catalyst with
d OnQ AR PHHY AN CORPESTS t 0 obtain a

titanosi al &édtﬁlﬁmﬁét%te@okiﬂaﬁé@@aténst E&ﬁp{?&?g éjﬁtan&ﬂfcgte

cat al ytlc metals and, optionally, the one or” nor
pr onot er hayinegjegositgd thereon one or more catalytic metals and, optlonally, one or

more promoter metals with an oxidant;
(b) contacting the oxidant-treated oxidation catalyst with acid under
conditions sufficient to obtain a titanosilicate substantially free of the one or

more catalytic metals and, optionally, the one or more promoter metals;
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(c) washing the titanosilicate fromstep (b) under

conditions sufficient to renove residual acid and

reclaimthe titanosilicate; (d) optionally, drying the

reclainmed titanosilicate; (e) optionally, calcining

the reclained titanosilicate obtained fromstep (c) or

5 tst ep (@) wadhvirg the )lraldepkmid frog SWPQb)QIndHMo@ltdﬁi@haéﬁtfﬁ%iGnt to

nmetal s a one .or_nmpre pronoter netals

ont o th??‘é’(‘:’?gﬁ%iﬁg% ‘ld%/dé‘%%cﬁ?‘fnctﬁ?gmﬂ?ﬁd t$ondi ti ons

suf fi ci efd opticnalgcieniag ink WcaitlR idGbiNEOXi dat i on

catal yst, The thod of this invention provides for

reconsti er?ri’t&ﬁ‘g@f’ calfinpe the eeclgmesiitasilvatesvbtagteyisitont stepc) or

a deactiya @¢ i dation catalyst conprising a

titanosilicate have deposited thereon one or nore

cat al yt i @ #rPPSiting emechr nogst catalatit yetalin@d OSptidhAIR), BAOSTHLGE

netal s. Leiakly, the nethod of this invention

pr ovi desﬁ ? gl?{eégls%ﬁ éllngl fhff r?cg?elf‘wg@@ﬂ%]ﬁ‘iﬁteo*“def graditions sufficient

pr oduct i teiregpnetftute hie: et abyiastica@KRi bited in its

ori gi nal fre%F J/O{twé_v\hi l.e mai ntaining acceptable

product 5 BEPPS,PhtusdnveRtion piguides foe resbhsyitutionef aebdiivel
oxi@htidnYatelystiteRtal dRBct; | he.active sites of

t he cat a): ytic net a%(gtggiégﬁgﬁ%dp%ai&%}%gfém T ot BY ARG bpve
deRgpitdethereermhens G gnase caldptiemstaligqnd, aptienaly, edttbr more promoter

me%E?stS?Re%ﬁ%)f%éli%w, églrﬁkﬁﬁq \ rﬁrﬁva&l{}l(%lspl{‘g\'é %ffpbgg;éilahg Pull recovery of

thetpoochicrivief afities catdiyss ad exhitited Qﬂit@dit?lﬁaﬂj &esH fm! S AMRhlaffhg

acc%ft @ 2% tti tanosi.licate froma deactivated oxidation *
AP AP P&y “‘&oﬁfi%ﬁ“@ﬁl?fg ore pensiisially thamethha of this inderiosi t ed

recbiBEIELBENHO AR ve kitd¥QIF eheC@taR ik b and. optionally, ..
one or nore_pronoter ﬁeﬂ{tgﬁﬁalgﬁ%ﬁ#%ﬁlﬁﬁgﬂﬁﬁ%ﬁ ﬂ%tgl(%so?'mle

IemQYg G deersasing interad axid catal viilly macivie dmdtil @fustead, al yst
fromthe deactivated oxidation catalyst. In the first
aspect pertaining to reclamation, the nethod

DEG i D SEESCRIBTIGN OFrBiE INgENTEONIeact | vat ed oxi dat i on

catal yst, ¢ rising.the titanosilicate having
deposi t e ?%E?%%r?e%ﬁé’e e, {5 enventton| pyevides fer ratlgmanieh, of a

titand licarakdry 2 dONBvAEd oRRARNRY ehals M th an, .
oxi dant ; (g) cont act ) ngt t“héag’ff‘3’%“@?@‘??33?%“85@%%88?‘1‘% -

depogies) hereonprepr ararelcaialiier metglsradd.topGorsalls i o ingidd profroter

{ a ' id.i tantially free. of the one
me@ BhTnnt i 3VIB b1 HEIEoRIRRIARE AT hae BRI cotahest Goie the

deagyivanwt exigationostelystmit ehe Sirst agyskc( Fettai@®ib RE1dnbRion, the method
titanosilicate fromstep (b) under conditions

com t. A . .
ficient to renove residual acid and reclaimthe
titanosicj ectifg 1t deactivated oxidation catalyst comprising the titanosilicate

_ having deposited thereon one or more catalytic metals and, optionally, one or
more promoter metals with an oxidant;
(b) contacting the oxidant-treated oxidation catalyst with acid under
conditions sufficient to obtain a titanosilicate substantially free of the one or
more catalytic metals and, optionally, the one or more promoter metals; and

(c) washing the titanosilicate from step (b) under conditions sufficient to

remove residual acid and reclaim the titanosilicate.
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The above-identified nethod reclains the

titanosilicate in an essentially fresh form that is,

a formconparable to fresh, as-synthesized

titanosilicate. In a preferred enbodi nent, this

i nvention provides for reclamation of a

tit anosi Phccaborefidentified methed recktimd thexitabiliofe BadndsyStially fresh
i.n lvtic tal or. netals are 5 selected

Tl B0 fpP SRb RN 45 R nifniled HReietns .t he

pl at i nuningr wrefRriee tabsdimaMothid X sHRS p‘(h@tfe? @ér'reélﬁpﬁiomor %
tit£’]|E>e[iﬁerr d e%odl ment, the catalytic netal | s se ecte
o) Y a depgtivajed %@P“‘H’Cﬁaﬁﬁh’ st avhdrern the catalstid fnetab@f metals are
1kfeBGh B8Td, anet. LEN the invention, the
Se‘ac‘i3 d co%‘pr i se‘?'ggiggtp g[g?é;&ﬁ ytsa’t%%\ﬁlé"tlﬂié‘? SRR MEf3is gnd
mix[ss grereohf ineg motegpefenyd afbdduaentehk am@lyiOmeRl RGERSed frdfh gold,

It Qﬁ!ly t shed titangsilicate may be dried and
N ca’lﬂéi Phed g Ig&g}ggsotﬁge%é 6’%3‘99tﬁ‘?rmr%feﬁr?ﬂ/%‘?ﬁqd§ﬂe%ﬂ6&hﬁ devsntion,
thefagid campesdsaduofegizeconst i tuti ng an active oxi dation

catal yst. from ah deacti vated oxi dati on catal yst

conpri si IRgehanothen p .qrfqd@g{egt, afigntery Chefsbsict kuatidrepre o,
opﬂﬁﬁllﬂ&h&@ﬁsﬁc@ﬁfaﬁbéﬂiéa@eﬂ?}@%ie@lrégnd QRLLonal Iy, one or

more pronoter netals. I'n this second dspect, this

i nvent i o aceppRdi aspert, this invaltidrreatidexfona temel b¥ Rb&Mtituting an

i i t conprising the titanosilicate -~
e R LR TR P8RS % SF e Bpapyenca rapesitiar

haingidepopitcidahartdryoneanendsé catdificmphRERE HorbRiR! heW: Eb@Bromorer
QEI gatt.' Ei(xﬁ% cont a%tbgl_ng the oxidant-treated oxidatio
et P;}ﬁs Gaspestothifriasntion earaptisesns suf fici ent to
obt ai n irtARP S dehGRLRI S kst Yokt 6e of the ane
or 20 fr(élsre catgal_;ti c net algiﬁcg}r%l,t%%??m ﬁgﬂ:ﬁ{’e PRROSYate
or nor e HE¥VBiErtcapsiive tiereon ofe pr masiandytic hestacitd; bERAREBH one or

titanosilj ep..(b) under conditions
%bx%?}&&nf){ep me%}s v%l.hoqfl)aqm f

sufficient to renove res 'd and reclaimthe

titanosi(b) cattesting de axianOReiddoxidhibh E&m&&%ﬁ%lﬂd&%ﬁ
titanosilicate; ). optionally, calcinihg the
recl ai nePEICEHFEHFIERIAP abtgiptaditenagilicate mubstaspal (stiyeeaf the2e or

step (d)mondtalyhik @A i)]ﬁg)ngﬁlxe. B ordERF G588 all-nﬁtglf %egls;

metal s and, optionally, one or more  pronbter
ont ot hel°} washanghe aeittiegatod fitanosili@ualingte step () dintidr@BSditions

suffici : stitute the acti.ve oxidation
cat al ys?ssll %fl-lcﬁérg t(jp;)r%e er ?éé'%ﬁiuélr?ﬁbaqnﬁﬁﬁctlm@fthet Hagosdicatsing

aspect, (dheptiomaBntdrying e eaciaitasd fidhosflica®0 Met hod of
reconstituting an active hydro-oxidation catalyst

conpri si Opémg‘?ﬁ% r‘f%&“mgéhﬁ reclajmad; tignogidipass pbeided fremestap (c) or
one or redpdgakal ytic nmetals and, optionally, one or

nore pronoter netals, wherein the one or nore

cat al yt i® drpesling enccorswirecatavkid mewisgod, dptisially &dne of Rfdre

platinu Bromoter metals onto the reclaimed titanosilicate under conditions sufficient
to reconstitute the active oxidation catalyst.
In a preferred embodiment of this second aspect, the invention provides for a
method of reconstituting an active hydro-oxidation catalyst comprising a titanosilicate
having deposited thereon one or more catalytic metals and, optionally, one or more promoter

metals, wherein the one or more catalytic metals are selected from gold, silver, the platinum

5
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5 group netals, the rare earth |anthani des, and

m xtures thereof. In a nore preferred enbodi nent of
this second aspect, the catalytic netal is selected

fromgold, silver, palladium and m xtures thereof.
I n another preferred enbodi nrent of the above second

grogp peetdls, thehrerezaithl lanthafidsy) ahd e xAREIhdr&T] & a JnGreypﬁEferre d
ct of both inventions

emgo t her ﬁheferr d asp tg
THSES o AhiE sseand apects e Fatalitic aapi iistslectsd &oor gakdyrsiver,
palwdﬁﬁ&taﬁanﬁﬁh@g&e&%kect ed fromGoup 1, Goup 2, the
| ant hani de rare earths, the actini des, and m xt ur es
t her eof , Inghothrrpreferredetnbodimisheofihe atidve seBhGaspdd, HBXcid

hbfangsiligate that is operably enployed in an
c° tx)% 7 arégt al yst can be adapted to the reclamation

and r ecomskt mtheﬂﬁreﬂdi&ﬂaﬁﬁ:eﬁopﬂ;otﬁ tHvﬁntld}W Si 6)Ha]atxon catalyst
uitable titanosilicates exhibit a characteristi

T PTRRIISET PTCY (HOEe PIoFIPEd Mot @lpsep@arifrom dtrpurhle d}‘rau;ajndhe
lanfHAAIdB 24drk Mar-tbr_isofﬁéfactinﬁieg aﬁ@%lﬁturg?tﬁertebit @f‘t‘ﬂg rlo%acﬁ bgan be
a crystalline framework having a périodi ¢ re ij ??y
Elemgatft i fiable by X-ray diffraction (XRD) analysis.
Al t er nat 15t tan ilicate can be anorphous
havi ng aA}r{‘gin o?nsmgzrgt #%ar%- 3?’ Smngl'fC} io@n exidaen gagalyit an be

adamd touttel redmﬁatmdnﬂ(%odsﬁtﬂtfoapﬁrb@eﬁs@%tfHﬁsf RAverd 6§f Shitddh i\;
(it helt ta%@? iicate is, Eorous whi ch means that wthin
PREGAC KOOI BicRYREeILTie [ttice Tuctuse farmed frhmrS0 Extesateden and

noﬂhﬁﬂui TO,OTrettahb&HUTAS HBHSEIREOL [ Ghanne
caviti es, ref erred to ag b(?% cg}zgta'%mganm%lwgg‘ paying a
IE)(?nc‘grS'@ﬁ

l[llarltyh(éenpﬁﬁl@g by atay 5éﬁ‘|astmrﬁf>@d))cmalysxs Alternatively, the

b th
“‘4“9%}@%%’%%%?5}"98’%@%@%“& AR AT Biiodiédanifesogbrewith no

webrdefipsioNRD eliffractiqare®o PedfErablyQthe @b 8 REate F?Ero‘ﬁ? ev¥hx means
be a

s.of this inven a m cropore shall
tha? W‘tﬁ%@-ﬁ téta'b‘lﬂll&aﬁlsgﬁ‘é‘r‘@i la{%? there exigtap reg@llanewsnegmiarawsuem of
potel 6r eatfINTEMRpt) 0Avikds! felddrRl 10 8L RE
Cross-sectjon) r anglsng from aboutg'gjSl &%% 5§ b Bist o dheypores

carpf; is@latgd gpBtReINBecsRg 4and thayean bpone ted amﬁtre:r dlﬁxlénsmnal
Preéféribi g fromgreater.than about 20
"A to&gglé ﬁ&h%g%,&%&%?sg&pr%? E?I%PS/ e emOBRBYhbEreob| Fardhe
puppsed of thl&:lmmmmesa @iteb prBShA e $akef iPkave 8 Do et Qor critical
percent . greater of. the total pore volune, - and nost

ené‘r"&aéﬁ’l %88 T NOCIFME BRPeRficYpisapsETseRsont taaging fratn about 4
A tDQb@ut\EOUH m&ule Ehgesbiraned Hale aﬁagﬁrm#é?er%p LT & % glor‘cl’ ?a?c’ngmg

macr opor es havi n a pore di anet e reater
frogygeatershan gkou It gHout 229 &x Mmt Qs‘femzibl}p oiiecdmbined volume of

I | oye

ik RIEOSSPEE SR Beitd Bl STBLRL S e o

ang mparpw“edablgaabest 8(erausod @yrdrad tiklotal 300§ lunk C@E@ﬁalance of
orous titanosilicates, such

theSIoYs qlllne mcricr)’g
”tp A URT 9IRS PAEOROTESRVINE a pare ﬂlaﬁlﬁ@ﬁpfsgrtatmhma@om 200 A.
(TS 2) titanosili cate beta (Ti-beta), titanosilicate
ZSM 12 (Iﬁm ggmugg?}xamp es of porous titanosilicates that are suitably emploved in

the process of this invention include porous amorphous titanosilicates; porous layered
titanosilicates; crystalline microporous titanosilicates, such as titanium silicalite-1 (T'S-1),
titanium silicalite-2 (TS-2), titanosilicate beta (Ti-beta), titanosilicate ZSM-12 (Ti-ZSM-12)
and titanosilicate ZSM-48 (Ti-ZSM-48); and mesopbrous titanosilicates, such as Ti-MCM-
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and titanosilicate ZSM 48 (Ti-ZSM 48); and nesoporous
titanosilicates, such as Ti-MCM 6 41; as well as
porous titanosilicates containing a plurality of
titani um coordi nation sites or species. The
structural properties and the preparation of various
411 aSt\aafibm for@atiesiosilieatdsepRaingsl a pRirdliRofaftiniurh %Bbédﬂiaﬁ% sites or

exa le, the follow ng references, incorporate
Sp%céergel ¢ ByeRisplayrenseres apdine proparafigs|of vapis mtaemlhm&&re reported
D

5, mﬁmaﬁ, fob €, I
i 1006 e gy Lor %asg’p I%QA&MW BA “%“% ‘ée%rp%’ggfa Keteipby reference:

Zeol i t esyg1993,7ulB; Tuel, . Y. Ben
Taarit and C I\Iélcégeﬁgzﬁ ﬁ%éo? %03)6“7 g’@é G%‘”ﬁ‘ﬁ%“%@@
Zepljtes 19T d6. Hdell 99; by BeTucl amt vt BeM TZeRkd 2&3ites1 P8R, 131457 364 by
and Y. Ben Taarit in ’ ’

8 Tuel
A “8'r§ %F‘b@%a“‘ﬁéfi ér Nageacheygggolings, 1998913 854-45%; Qs A. Tueland Y.
B ﬁadhﬁdqarz Bﬁ@lsdymnm R72164 el
) b 10" Siapannrind ! d’§ Ta‘fﬁgéﬁ &1%9% Taa‘"‘b‘&‘d‘f”ﬁéﬂp"m“
M%f”‘éétlﬁ%slbéw 18001, 130, 440-446; and by A Tuel and
Y. Ben Taarit, Applied Catal. A Ceneral, 1993, 102,
69- 77. TiFS@ethSudi@kmp&tdéman@Bbmmm LZ@&Y:MDIQQ‘IE_/ 42 2955100; by J.

| SuéFl>er egkﬁ’dgrw: eEﬁl’? 0??’?3% o s’slé8&8é3%7440’4ﬁé ayd bg A. Tuel

an®YgBet WaarR,A;ﬁaeeRamerA GeﬂeranM 10k egejer, and H. van
Bekkum Stud. Surf Sci. 1994, 84,  2245-2251. 15

1547105 - Ti- zﬁnﬁéﬁt&ﬁﬁ‘%ﬁﬁ‘g??ﬁ@%@%ﬁ (0B M Ganbly o

Cogna.and | HoRgrsaariante-aleplites, \RY3, \tar&z 8199&1\4 (8. REduitto 503ie Ruiter,
SR A ey
d M E t | 19 4,
295 ka7 ooy SIEheRg @gf’éml %éé{?ﬁsf 19966, 154395
1996, 15 V4 41: Gont d A
Tuel , Zeof 9.:?161 4 (%9&%05@3}}\%% Oé‘fﬁiloéﬁ%lgﬁ/llggéﬂagmmn & Hall,

' Nelsz\u‘amr,k Hia, g.. \SKISDBI OBt refekendeftohe @Bﬁﬂ@lon %ﬁiﬁomﬁ%@ 'of Ti-ZSM-

W th dto tit | t
48 3100 DB, PRk G ARG E. Dot Mo herials,
19962082983 USnPAL B 26 25Berd i 'z;smep%gg i gq%-gaon by

reference. The silicon to titani umato

(ST ohMdMe4h] S2805d bGP TR DR AMhos 23 ERLLDL nd v D

that provides for an active and-
AllpsaZaLyagy, andy. é(émewsidx_JJyPa,dsvé.‘h&r&ge% 106504 T-2pg20m ¢ ratio

is equal to or greater than about 5/1; preferably,

gr eater Wh’énrreﬂbd)mitltérﬁ)/sﬂ.&ates ey 4051 et Rfy R hiYani 85 & &Batlon sites
or & e:alc_ ab ut &i{, %gzg m§ preferably, greater t

2560t T AN her st ?f%‘iﬂ%ﬂi@‘ﬁ@é@% bgirgfeience. om c

ratio is Ia to . or |less than about 20,000/ 1;

pref er abR}~ siliqogdQ tijapim apimistratio( D) of thetisampsilicate can be any

:t/?:tg??rhggdli% for: a@i&iu@é"ﬁﬂ s8RaHE okidAAN éa’tal%'t1 A genet:rally advantageous

1 atomic ratio 1s equal to or greater than about 5/1: ; preferably, greater than about 10/1,
more preferably, greater than about 35/1; and most preferably, greater than about 50/1. A
generally advantageous Si/Ti atomic ratio is equal to or less than about 20,000/1; preferably,

less than about 10,000/1; more preferably, less than about 1,000/ 1; and most preferably, less

~J
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t han about 300/1. The Si/Ti atom c ratio defined

her ei nabove refers to a bulk ratio that includes the

total of the framework titani um and any

extra-framework titanium In one enbodi nent, the

titanosilicate is substantially free of titanium
thetisbaitd6(/1. dnd STediembizeyo derisls haRlraBbINe b AWl o thr
inczurr ?f,haltlti lng an{?t ase phase of titanium dioxide. E‘

TS SI th TR wioRk dragibntandany estrafrasent tifiom,

exanpl e, as e%r a-framework titania or titania added

as a ;arzﬁé‘;é‘Fe . Oglmf’ﬁblﬂte.tlt%‘élnatsp%&;lbsmttxupl)fgeeantitlaﬁium dioxide,
and R e rdndy ce of crystalline

e R IRE Blas® RS B i diovice
Criiadbnedisansynidiiids may ohaent, Griekbmble Sis eRRS-fratBMGR (RAMIRD:
fi gdadﬁdgfasaab%tcr%ﬂ cm The rutile phase of titanium

iCoxI deexhibi 5 SRR RpBaK sPesirosspp ¢anhegiseshio Hetrmiine the

preatyoe bf Gidaliife ftanilhedibxia® kit l;gh psual |y .

i s avgi | abl e onlé as a nat ural a?néﬁngfse;?ﬁt%ﬁﬁ#?xé&a@%‘bma_

chariciFrIsae SFqng, Sharn BaRanpeak pilpout WESE m The riitile phaeiof Graahigh
didRide@khibRs R HNt ensi t han the 147
lcm 1 pegsk %fﬂm%ér?g%/%sag?ﬁt%\g@% oy gm grag?%?érléamgnﬂ'ﬁﬁp’f?éhﬁ phase,
whighsyallyareilalge intva; _amat_ua!smindranéﬂhﬁaits_a&flfxﬁéteﬁéﬁctpgak at about
se : ium.di oxi de are essentially
15ﬁn et Zlc]:?auféea?ﬁwééon%tf Iﬁ’%a)‘f(é g?vfl 3 loyerippensity thapthe dAT el pyak of
anatgse d bt this tpadfbreedoaaltliraént tRugh A ' Snunper s ..
plhen it is est)mat ed tl?hat 1??%3%%%%%62@&0%@”0 te
P& ‘gﬁt‘a‘b‘g}l disp{degre exsentially wndpiectablei Wisenithe ety exiitbied

| esseiitiafly ab leB@ab]E badkls H{rﬂhg ?fg&?rle%ﬁm géfnn@'glgeg%, Irt}gaﬁg? xg lesk%iemated that

obt al ned on any suita aser
lesptian pioat0.02 peighk perpéne of the tatalan eRIsGARA tHeQBrmh 85&YsthIREStanium
f

; [ havi I
aiokfRe, FoR st ARt BBl | bt eciamotérer

equiprefl gor echnpid) odihmanigontifieladdr haRO S Ik & sesses .a
£ 20 titanium coordinati oza'gr?%ﬁ?noenarrr’éﬁ?‘g%alaser

| ur.al i 0
po\E')eerso lﬁ???“&]éo [N 9 B UmsIshieg aighe samplai um speci es, as
di scl osed i H US 6, 255, 499, incorporated herein by
r ef er encB 2GHY RIEfSFER erRRAdBRENSITh¢ Vienosiitaterreberss b plurdift@of

ti taR Ao r o @ﬂ’ﬂ%rﬁﬁ’enﬁf reEﬂ&ﬁ@%ﬁﬁur%@ty%ﬂfﬁ%{%ﬁpeégs, as disclosed

_ agpli_edtQtitanoschates, C
In & 0427 DA ircoRomated hastin te referamendhk coutdinB@Sir ok BHRMGN Kefers 1o

the b ' rk titaniumrefers to titanium
?‘H@g%pag?]éf% &W? ﬁ"é‘df fota}ﬁ?fagffli S aPRlicdtg Staapsilieptespthe ¢
coopdination eotitmenentsxdah andide Hame Wbkt dnhid ‘ﬁﬁ}r{ ! fialiQ

i tani um.that, although attacrhed tght eesfrog\rr@\z}\%‘rulg'

tit . .
Frapmewprifiamium gefisga tinitm incespereted jingo thettitamosidicge eBk@lographic
strucftird) ExRR-frdrh RRE kitd ; ; | agraphi ¢ fr anewor k.
Geomet r i es, such lgd;ﬁ?tjielt%%eé gﬁﬁ%anl ,m?r%t’gagtﬁ%‘fghﬁf‘ﬁwgi;ﬁ SE
fra‘gm&ik &Pigeily Brperdl 2 TieR baire drmk incamdrattidsh1thestano silicate

IR of._are.all acceptabl e coordination
cry 4R e 0L 5o i 5P b7 BB ieonshbipypsiatraguare
pyrahidal, baateatal sihi eithtdried Vaniiogs theRoPhre 30 a BpEbid BB ol

of the nme coQrdi nation, for exanple, ren
CIVIOBBY, ?’atteé’r“r“é‘d%%f SPOrdi@giEmdyRea magisoAe patisfied behaving two or

moteivaAgtmb bf $ak&nd 8)drHigafbnPloH Ea § aleitani um
coordi nation envi rrqnarrter?ﬁg (E:%Bn%?%{é‘ggdg%erem types of tetrahedral
COORMRAIPD ¢ Aypsefanred Wianeadlicateihavingt pMrdlite 6f/ahmlin Q6 RAIS,

env§$xﬁH&1tt§Jcro%1pri§§s a quasi-crystalline material of MF] crystallographic structure, as
8
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8 determned by XRD, the plurality of titanium species

bei ng determ ned, for exanple, by X- ray photoel ectron

spectroscopy (XPS) and/or ultraviolet-visible diffuse

refl ectance spectroscopy (UV-VIS DRS). In this

preferred enbodi nent, at |east one titaniumspecies is
detbredih@MAXRD, the phurdlich FENRAiknt ddedBl b, | gasgt one

different titanium species i sﬁebel i evge%?%n}q%edbergxmpqe’ by X-
ray O WRICHFNGPSF TRSEPRYH KB S) /i masanieteyisiblet diffusg he fldaiagice
spech&@Rbyy NawiId DraY). b st Lnvention in any manner. =

The pl?epa!r ation a)l_nol{' @3@6‘%%?%%’??% r.nslft’ qtyjgast orte titanium species is
beligved torheratfrapmerebrk titahamno ahd itdadse oRaHEBGnAiRhiWmAbidid iOfclieved

o P D bt Som i o

inventicarinany inamet. EAPprEYLkidnAnH h&&ﬁh@%ﬁ,ﬂt&f‘&{é a?%gmg WrLoer
.. conprise one or 10 nore el enents bound w thrn e
ttagesiiifate faying|2plyrbie of Kgsriun erardingiensitrptanse GbuwEIUs S 6,255,499,
ref&beB RESinbefdel ude, for exanple, alum num boron,

chromum gallium germani um niobium tungsten,

vanadi Unjhezi ' ! res thereof. If one or
rore of & hana g BT bRE hirger sy one o

mopepiernatabound ma it tha siramuralflatide sHoeligmmt éca.ingleg bEakf Elements
| ess than about 10 percent

. ut. 0 percent and _
‘"°E§%8‘?§h .p1°1%‘F‘)’KH&‘}"%;*{D&W'E‘FemHB?’aaa“tur{agemrﬁnemiqu,amgsten,

vanatiiuh, tideoniunh, AA0 $ikiued tiRrddk OV e S: f ISt
hegapabl e of oxidizing an organic éo%%eoﬁr%&?rtﬁ@"%%ts are present,
B eéay}lé'dt F iPTRifen¢fngaansof dese Rlements iy/gmaterthan about O percent and

lesdNAR it 10 B cEXB of suitable catalytic netals
i ncl ude go?ﬁg? Si veer&?t'the | ant hani de rare earths, the

pl at | num o7 oy bt A6 ML LE €S, f fereof . The

[ ant hani de Tare Garths e ﬁ.&lfaga%licate provides for a
catdlpsh chpablerof ogElidingan paseattyitutdimal 88 eMBlova] in the process of this

. promethi um. .20 samari ym. europi um gadol i ni um
mv?rétlr i E\Jr%nﬂ%gﬁg Bﬁrﬁ?s q% 6P1fﬁ%lﬁﬁataéyt5! rmﬁﬂs tiielide godd, silver, the
lanyhhide Rire/@arthaNHe pldtifinh Woup T80 bal D ﬁ%%g(fj inﬁﬁrﬁqlansthgr{i e rare

meant to include ruthenium rhodium pa
earihs AFEURGANE 1oi 18 ugR lanthenupt. serivmumraseodsinmbhepdyritien, promethium.

s i c : ises . gold, silver, |l adi um or
oy S R RATRE R o g gl Rt ¢
et e o st
rhotfiRl O it e, rchnigras, Biampti i
cormferised gaid, silver} platiivh® 808 bdnttsiddiRPnGRded2e ]\/ﬂﬂ? pief lf'%ﬁ]);, ke catalytic

Et?[/]at produces an operable oxidation cata
metpy eRmpaises gold preeqlé cembineshvitingi vsf, a lewbanidetrae eamt, alpisnusn

robpBetal RARSktRLE,F S greater than about 0.001,
| :

preferably, greater than about 0.01, and nore

pref er abhX.+oQf €268 about, 0. 1 wei ght. percent,

based on the V\lglé%ﬁ“f °§3‘%§‘1{‘}?‘.°t“ﬁe a‘@if’%i‘*ﬁt“i‘%“’ﬁl@?ﬁé‘r ¢agbeny
quantityahey rdducestap. opSahleroaldayon ddbyst OF AHicali9 Al Rkl YMadine of
catq}q}carln Al isﬁ 0rrEt atlgtgxi%l i s.less than about 20, prefer ab| Y,

gt neplist onhs, LICAIG ShET PRSI Y bout QP ly prefesahdy, ghearer than
aboab®01, and more preferably, greater than about 0.1 weight percent, based on the weight
of the catalytic metal(s) and titanosilicate. Generally, the total loading of catalytic metal(s)

is less than about 20, preferably, less than about 10, even more preferably, less than about
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9 5, and nost preferably, |less than about 1 wei ght
percent, based on the weight of the catalytic
netal (s) and titanosilicate. Optionally, the catal yst
may further conprise one or nore pronoter netals. Any
nmetal ion having a val ence between +1 and +7 that

> 2dinaast peferdbdy, peso thas bbotit tl ywedbhit feecehr, Bak@by Ble vid) %ﬂtla?the catalytic

oxi dation process can be enployed as t
mega‘?@w%nt%qltamﬁ" &%rs contributing to increased

pr OdUCtlél t f the catal yst include increased
conver si SAGEILY e caglyshmag Terghas sompriseonper meiediramater metals,

Anly Rt aschv R/ h
L AV ealhte Pl I d PP SRR buprii g the

catg\]aq,tép the@qarqqud@mprog@s adny B¢ emploedd a3ehe plomotet.i Factdr10

I ters include the metal s of
cof Rl &5 ireatd LT IR SR euti anotcistdiasmerping of the

orgehie rempsyndas buvetitiized 1ﬁdﬂé‘asécﬁ§eﬂe(ﬁﬁh B thant n@@bﬂﬁﬁ
referenced in the %ZRC Handbo &%OdUCt

dec&%#@?&gﬁtlgﬂ gf W“&‘é suolk at) water, an@:R@ran‘@SJStalYEQ@ﬁtlme Non-
limRiref exambley of $uREhIP pRITRIES m@&%@@%@ﬂ o 6P p& Qh.\ﬁ]ugh 12 of the

nmetal s of the Periodic Table inc I ng
Peré‘?ﬁd? Lanle plopaBlements. asutsiligisting raamehrbomithumidet aiadGaligg o2

st um gal c
e B PR e TR PR B presnciome
Pref@abipith¢ sromotk istielegted AotihGrum | xﬁaalts @fhe PERASBOPYBIE Wiluding

n r onet rium_ europium
hthu%goﬁ\él Al E}??tgfsé%lr@?‘# %‘b‘{r‘g’s‘ﬂﬂ’i‘n %ﬁfﬁ"tﬂﬁ]m@iﬂ@n@mdln*’
beriyhmhi ipneAfuing Blbi, stammml Hh@bhrt; fRROmME NG RGeS
mem=ft al s, ganI ficall y, thoriumand ‘uranium an

Ellf'lg'§b thapm, ogfiBme RasROC M, mb@rmuml\mbmethlum samarium,

0 lecte rmllthlu
eutggﬁlfnﬁfznﬁ@h)élgtn{a%z?ﬁmm mhgféﬁl}nu rfrll%?clél B, kﬁtﬁrpum and

lut@aqm;mgqhhebaMmdmmetelsbsplamﬁcdlL}L elicrium a.na Iﬂxﬁan[ﬂniéta.HH Sixt&fLs of the
t hanj be considered to function
afog}x%ng 8ncd Qi%yt rwf%gra%@h g% RjBmaer 1s$pleqied from dighigm, sodium,

pof@bsblh ekl UgRie ndgnaicin oS, deiufl erphtl Mie QI Yohet mixtures
consi dered to funcétlon

ITtant hani.des may be
thefﬁog bl mlgqsgnqmﬁog%@eded i flupetion as fi/camiytic meml wmamgold
silk, QB a PRkiRlm drSupRh &SR al!anStg%g pOHA\{a oF ygla'}]eeh hr.%amges may be

quantity of pronoter neta
considerpdde Funicien & rrymoteninkials vieni goldysibat, ahd/bha PlaB@@ broup metal
f/ﬁaﬁ{P y, greater than about O0.01, and nor e

lSersgg reﬁbIAy gre it er than about 0.10 wei ght per cent,
based onpt qet ot al. t of the catg%iy The total
quantity atﬂ‘@ﬂiﬁ? Oé?rgnifglﬁsgﬁ% Grihe Hignosilicate typically
is grtdtﬁnmldbb@tal(ﬁ)ll SrefeyddiG @ldade kr%%.b&dﬂ@
aﬁr eferably, less t han a % bout 15, Q)rlmaér?lg%org&efer%tflif greater

abquit 0} 9 yveigly percens, ‘%é‘?‘b‘m the ém:levmght bfithe dataigstt ﬂ”ee tdtzﬂtqalannty
of ;%fngt& nffaid &so&@& h Yk&ﬁua.r?b%hc&e { gpmalpvggsts %&qa% gdoygrtererabl),

- metal (s) and pronoter neta
lesyrihgn abosip 1 Z.and aiore waferabiy, fos thaPpBeml 0 RGigBNPedt, based on the

mdl%éﬁg LP8e catolrystexarrpl e, halide, carbonate,

- In addition to catalytic metal(s) and promoter metals, the oxidation catalyst

may also contain one or more promoting anions including, for example, halide, carbonate
* H

10
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10 phosphate, and carboxylic acid anions, e.g.,

acetate, nmmleate, and | actate. Such pronoting anions

are known in the art, as described in WO 00/ 59632,

i ncorporated herein by reference. In the preparation

of the fresh oxidation catalyst, the catal ytic
phosphate( @) carbdxylippiridaniing R adetke, FRlcale( S1d G&RebSuch romoting
de?osited onto the titanosilicate by any netho %n%mm
anjofs aig knim 1 e argy 43 descriped RgWEKHPA63E, ineorkeraten herein by reference.

depositigﬂ met hods i ncl ude inpregnation, ion exchange,

deposi t i ShihpPEprptanatitmiresbprugation gatalyst, thepaalytic metal(s) and
opHERP $idnidRd}. | e g jon. o AL .
P oneE AT M) S e B ed oh B3 L Asieis by amgpregiod known o
theragty yerlimifinglexamplas of knoio llepassitin, méhodsieélade idipreghation, jon-

ra..Preparation of H.ghly D spersed Gold on

ex% %?‘S Sé{‘rﬁ’a‘m%é"dﬁé%fk GRAAOR Y BE-vapor depesifing ericeligfsolid reaction.
A @etositips-peecipitaiidn aR&E @iscloRed By S JBGORS MPHaFH279 i
uand E ﬁ#{ n, “Igds. , . El sevi er&lSci ence Publis aé?'sﬁ%'?aégs,hl’ A.

Rt 1P reparatipgef Highly Risnersed SolstorhBitasium byd
MARERLRATTEde, An 8844 5/ td Lhod, i

dglEil sclosed | nnWr)%'; OO/Oglgoggg?J l’?%{:]g’r%g{rbg?eg%" E'e‘Ar"e]isaﬁObﬁyP - Grange,
and B BelmpecdsT fidscriat Migrst Pebijhosdi Vi, mridiirdarh IMEN] . @D5£aN
: . truded with.a subsidiary support or
‘“‘%?%‘8%?”?%‘8 b z%\"rf?’;é’,‘cet ePTS%\fAHSE ErEgnaligp Msthodds disglpsed in WD
0069638 B e rocardbhergipbomertdte. attriti on resi stance or the

strength of the catalyst. Suitable subsidiary supports

i ncl ude Fheiwdrdigs emBlokeCiaghis GhvaNon h bk $8a@ W B&Suded with a
m nosilicates, titanias, zirconia, magnesi a, and

al. ! .
S“‘Eﬁ“ﬁé?/ SPPH_?& 9r fndsic tB’PV?’Cb’eiﬂéf‘e%leiWUaPW bsbiddeaig/employed to
imPHRE el attkifiof FRIsAUG&Dr thd strdR¥h of ﬂteéﬁgg’ﬁtgﬁug%la subsidiary supports

concentration ranging fronigrea

- inghedecadyrninasp piditast ellysysiligraamerns, alimsinosAlxas, hafigd ¢REYniz, t O

ut 90 percent,..and preferably, |ess than

gt 0B e ek i = BlaSgGnomvobére scomlayec.  may
bewsédgihta coficehtarichanmingsirorn Rebatet Biah dbétf ¥ p%}é@f&ogxrefcrm Breajer
thaltnl%en&on is not limted in any manner to fnhe szhap ot

OBoLRFECeBh S 558 29Ut Ut Rergest, andueferabdy, less yhanfabout 70

FRADES weightS b i.rapl e, as.noted ,
.peher_ 'eisi_rﬁbel'ot\)v_, és%gg}éﬁﬁsuhmtvﬂ%gm? Sﬁ%%?%a&gp %n?i SB@%‘H&W&HE%% okhis
nyeRtien $ral ieitedoiarany miaemer by theshdpe of thelbeumér sagpdrkRE catalyst. Any
vali&6| | econstitution processes of this
o b e R B R R Fsinvoo geh the

suprarted ot Baind Satalystdiid Rali€fpakiRlEl Grief toSMBRAMh ;
crush-sieved through a si zg N VRS ﬁ%"e@ﬁ}&l%&m“ and
1

are.
TeCPRStEREON Progesses piihisiyentiqn, dinfong grefereed smpedimenty tis larger particles
or PEREbESbuné 8NRIphskdALadlysi 1raBRSA LGl &gy 0 .

deposi t ed therggn one or m?lgé}ggltegﬁ%fﬁﬁog&nﬁflg?é‘f":;OU'S'meSh
(1.3 + 8Aamigponshne or nore pronoter netals, and

opti onal lK one or nore pronoting anions, finds utility
i n the oXhufesheatabyst, thug_arebﬂe&,&ompﬁﬁﬁglBd&noﬁﬁéat@havinﬁ
S

s pitgb Ry, e 1S 0

- andJSptfyna Bpo AR mosb Bro@iofin® kb sN En@ Rili<indhZ&daMoh B organic

compounds. For a preferred oxidation process, reference is made to US 6,031,116, US

5,965,754, WO 98/00414, US 6,323,351, US 6,255,499, wherein olefins are oxidized with
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11 oxygen in the presence of hydrogen to formolefin
oxi des. For another preferred oxidation process,
refer to EP-A2-0230949, EP-A1-0712852, and

| T-B-1290847, wherein olefins are oxidized with
hydr ogen peroxide to formolefin oxides. Wth

oxygonin theectsanse of hydoodetl ad forh olEfiNE88SE e V] of .
ol he oxi daéﬁ 9\2 G [t)?lgyst st eadi | g decrzggéib%ez%{#%ﬁe?)éé'damn
PrORSIF oiFlyS {0 15 Aa- (3P P49 PP sA o K25 F.yand G5 -1 V0BET wiimmémbipfins arc
oxifize® Wath hidrB i Yero ke, tRis Jnvention can .

be inpl Zdr.re%[gfj to&lftgg?lgf(?nétﬁﬁéx@rﬂ% aﬂ"é@i"f’{“&%'?é“%a oxidation
Profgssenteiactiniey af ies axidatian oty stateabiifs iedr@isese 658 Md @labpér is

- kvity. The processes of this invention to
pertibl or Wb cpe ) A o Bt s v piepses o trseiv @yt an be
impteyerhed woedaini thel titRos kM an8 recRaGhic AL g)gdﬁ%'ﬁ %Lt%l?}"gt ok
essanﬁlggﬁéécgl form such as 10 powders, chunks,

B4 odugliM%&t s, and beads. It may be desirable to

crush | a]b%er-si zed @l?r_ti cles of catalyst, either in

unsuppor tEPTHESES BHBIIBYETOR 1A replatmo aphretomstime taé timnosilicate

caﬁ?agiihﬂa@ be %Br&ﬁxcteﬁ %nfsﬁérjt H &e@&tﬁaﬁﬁca&a@%&%{gﬁg@% rrlxggs)pgltl as

s Invention. Crushing can
PORsiY ehirikaparticast pedldts, Sidebeadsy Inmyy bed@imbleYestudtOarger-sized

i ' jred partjcle size.. _Preferably, a size
parffBeh el SR i nsgBported BE IR o, Wiq BRI 2 amaller size
to facitiiagf the teokaynafibn frtHod BBLHiQAvaHQE € 8Sushldd | i anv

to rec| ai migqel titanosil isca; e 1and réscoﬁs?twt%%ée‘:&?lt&léﬁg&g} any

conyentpnal et 8Y\pg may pp emplesed joveaintdincadesiradgtarticte size.

Prefdr@y, i 1413 0am SOk tsas WS b any compaund
rewirflfmn’t‘oxi1 di zi ng ga%lgbi W ?\é\g.t”g %‘&ﬁ-%?{?)%ﬁ??% TRYHHACKEY of

reclapiatignhpiecessi dant s i ncl ude gas phase oxidants, such as
oxygen, ozone, and nitrogen oxides, and liquid phase
oxi dant gh thafuht sep R0ecmjmeipustatystiitcagend PRI the oxidation

f.er abl th idant is. as. phase_ oxi dant, nore
carfitE il Broacd Gl ARt Bis o GxidBon vbichapey gemmmeorembund

witivokidizing dapsbilitigaNonS usilin@s afpldsQF Ritabid R
.hel ium Under gas phase condip?isons, athe(g{?&fhggasﬁfr‘l%% = P}ﬁas“

oxidanty Swh a8 GRYREN SRRONEGHE ARIORFTHONides, anddlamid pabeckidatsabuts ts
Wbt 98§ o8has I1ila t erature typically

“ gr‘eatyteﬂl?ﬁte hgﬁoaboutpre?eg% c%é’%g“agf‘é 2 ﬁ?e o’élfi@g’t’%‘i‘re?ﬁéﬁably,

ess@gly Pas OEYEeR PP K deh ynixednaticaniner ghe) Sudh@RBRFo2b k@ oh Sor

helited | bout. .850 ref erably, |ess than about
0P A A O e af it Bilbioa™ Byprisapimacing
cagii\estdeatat ysawita beias phast Bt ansich@ssn-Dan;

250t;@ur . §uc@ gas phase oxi dant te%rniggt néngggglg}p%?gat&qmn about
a ’cﬁ?ﬁ'ﬁf‘i TR aTeAleE thay abayt 33EC oxh el prthpeontesse empetnie is

lessahirBdbolihgs 0e@tiRbisbin - | d ternatively, =
the t reat mentﬁc an Béﬁgsctg%en%%lmsz@géi Ehéglrgaérﬁg}tﬁ?’gmmg tme 1s

tyPicglicgTeRter thanboyh] pinuthaddea dtanvabwed 6aatal Baéh %g%%@%dam

redhAR SRPEL 24 h{g&t | Lguid phase. conditions, the 30

O dant 1 E3PRERE. ASHDY LS CRERUTPSHGS rEbtRte e vaieloe has
deactitageldy stltemiatibels, the gedttleliask: LxbiiaMhed A 2 @pSQlYWd-20 into
wh.cggtgad:?g ng éhe oxi dant. Preferably, the [i aw d pahase

it tdeadtivate ﬁ?)tfx]iygté'gs been transported. Under liquid phase conditions, the
oxidant treatment comprises contacting the deactivated catalyst with a liquid phase oxidant
or a solution containing the oxidant. Preferably, the liquid phase treatment comprises

washing the deactivated catalyst with an aqueous solution of hydrogen peroxide, more
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washi ng the deactivated catal yst with an aqueous

sol ution of hydrogen peroxide, nore 12 preferably, an
aqueous sol ution conprising fromabout 5 to about 70
wei ght percent hydrogen peroxide. The tenperature for
the liquid phase treatnent is limted by the boiling

preﬁemMy)r‘and@mﬁpﬂﬂuﬁanﬂ kil £m &
onent s. Typl call;d,%tlh% |nau tkhaégggtﬂ\ggg?mnﬁfcef“s

h)’dg:'?ﬁi? PExORHie T b3 tqraperasiErs fertee hamg |ph@eftneaurneab1® UiniR Bl e boiling
dV&'HE ess_t han about

e T P P B a BB cofpOhen DRUarbhcuid phase

tre%@mta-‘t‘t@dum@ ht Eatcmderumdi’e(ﬁnomg @i A6 0Sanbibd: ! 't&hﬁe%tuliaotaken as

abo%m@i:y%oﬁg :‘[é ?)lgtl) Zggée substantially free o

cata opti onal pronoter rret al (s).

The aci treaci ment t%q pically involves agitating the
oxi dant - ' RerRqankreale %Stmh%re@feﬂrmmmecbmm aod gﬁxfurc

conditiofls sulYieht O BRAMN £1itdkdsflicHBY:
pose, provided that the gupgmﬁgﬁ% g%ggﬁ ca%:i)’fm InShal(s) and

°Pt§>8P1LP5?IPPtfr m§tal (e Thatagidyreptoenn typaptly mva]vespéfgglﬁtﬁﬁg?ﬂhe oxidant-
ta Ieachln titani um or
e By Qoo RN ANICA Vo BAiRef e e b amploved for i
purmaehmtndddaﬁugthn geitl Imaabaﬂ]aﬁltbﬁjhhblﬁﬂﬁgthle RhthlyE€ad Pdptional promoter
met%[syst@ J 0\9?152%% lﬁws ructure). Non-limting exanples o
e S Eachinedlani vy o5 @then (pice areials from the midsilicate

andSwiktout ddmag@itthp S BHMakClariBE { HSry
combi nat.i ogir?msﬂ her eof , al ngllu :(ngrz;gaﬁlomérhc gmcmre) Non-limiting

examplas Oof sfable ipprganie Aeidy 1§°1Hdﬂjbydl6chi<ﬁ@l aitric] bielfupicd, ﬁi’dlqahosphorlc
0 ution may, v wi del'y and
acidORCHAL 55340&1@"% a1|0n§ ﬂﬂ%e&@ m%}ul%on £ 4 rogia (})frﬂfa ﬁél

are not cri ya@pamd is aqua
regigo[The pHrand sohcestrattdnauﬁ t}a-hmalt sohﬁl,on m@ngMHm ah@ss n‘bh &Ehcal

the concentrati on of "acid
Typa‘\%au(ﬂ?j 10g Pﬁtqu%parcéfﬁi?be‘émf‘ﬁ%ﬁséb%ﬁb%bﬂ ereferably, 115{30ha.n about +3.

Tymeaigefié chtel@tloRRT b&d th the
ap ?om rcrat gl y t4 5to 45%%e bé;}aﬁ@?gﬁ“ gaﬁgééenergholm géi"ﬁ‘é’om 100

per¢rat Birkolume Jeigd fergiqu regiv. thiscid apmpxigragaty 46 actjoy ay edight).

I 20 abou
Ot 2 pln GBS R et 8 B3 Yoty il esrgrthan
abogt] ml/gozlmgitprciﬁarabbe greatpethagatam §laaet iThaekme %ﬁ‘ adiy §<fluf10°h used
ertg;g})ng alteKgss t rt1an ab utl 100 m /g, and preferab
Per BT AR Ry ?dy‘ﬁﬁj y %?ﬁ&h%b@“tdpgfféfgamdwreﬂe@@b less than

abohhimmabmmti n2dte Blef@abiy N&ss Aahdbse!2d
progl ovi ded as an aqueo%-s gol ution otrdll S Tgi%aé‘ﬁEOﬁ?gn}gt}’Plcaﬂv

gedies %‘r?ql:‘%?ﬂséPWFlﬁlgoraaSMta@#eosasqjm@l comagmgj ecwsteﬂ-mme
orgi}ﬁ@&ﬁ%‘?&blﬂfefeﬂbgo{i eglarss%k%ﬁtntM%rg PI§ Exp %161 ffic ﬁ*g‘grt orgetmr,]f solvent is an

pol ar organic 'S an
alcq:lslpbmmsatsz&,rammmmbl Treeenhefeabd figiedn %D%bl@regﬂ‘metnpﬁxay
th

| [ eat al so vary, Generally
alsoa\pa deér}a gEF t?j?%eé%uérr' 1} ﬁ%eralb‘@h‘iboﬂbwoc mfé&@bbb prgater than

abogmacec héra tideberdfife a
oée%g thgn alg}out 10%% prléf%gg%éb#é{fég@@t%ggpa%bos §fhah Boour
0

e 8¢4¢ rgaiment is BHIGRHH gorjdycteg pt] agmatli¢ny prossutkl (ﬂr@ﬁraﬂt; the contact

tim@FYr &R R 3 tine i
i e U i Ble ety el PRGN 2 mutiies Seansrtly.
the W UE@ m@g OXﬁB@netrﬁitddyiea&ﬁrateh eatﬁk?ﬁttaﬂ@ ﬁcx& IS&EIIOH 18 less

t he o nt treated deactivated catal yst and
thalg%IOgF T:rg P',elgg tl?an a%out 10 hours, and more preferably less than

about 3 hours. The ac1d treatment is generally facilitated by agitating the mixture containing
1=}
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t han about 24 hours, preferably, |ess than about 10
hours, and nore preferably | ess than about 3 hours.
The acid treatnent is generally facilitated by
agitating the m xture containing 13 the aqueous
solution and the oxidant-treated catal yst, such

theaaguetcms sautidneind gheed i &:et-edatbd caflyst, KRRYERTiLR Baho QH&E any
shaki n rolllng, with or wt 1tn

stir
convtem?%aL’QgW@ {“d‘nsﬁl'}ﬁ"‘&ssh b Todlingh Wik es withelit stifringinngins,
suchak $mpdller blages gl bt Bar@edrqge %Faﬁ&li ggnpgffec?e%%gtlFsa gonventional

conventl onal means, such frasom ¢ a
MRSy PUSH A6 Wirasewit deitationt @emnr':dbnadnﬂatrehnﬂmtfcm bslﬁ@fetfslr stBrier

[ spent acid and repeatin
et gPime B renldy ﬁb%ﬁﬂtfafle R3RPGINE 967 BB Biroh a6F.
t he aci d n03| licate is_obtained that
i s subst%\ér{t% ?ﬁ%ﬂo? tge 8?’1 SRR A titapgpilitate ppbtained that is
Suhs];amla:l}ya’rd Wi cpalgtidinetal st adptionBYy, pRwtyed: dnkdia!l ﬁy “s fbgtgﬁlall}

t he tltanoschate contains less t

I, neant. t
frec, 5 e Ialjﬁlmts’é}‘le@ﬁ £OTHRING jiss Bhan ghawa b Wetgbnpemm af therongma
REntfeeh oPRICR metddS y
- per cent of the' orqafégi?%gg ) %‘%ﬁ%‘é ?g"te‘gg‘?p%?e”émﬁhg original
congghtggtion Af]?lchﬁteiﬂl SARhp nwtai@foanlrw%elget@lal masrof tif1aftiBestructure of

e R SRR o PSP PBE 8y Bt leaen. T

txtanoselmmsulnn@feom thetaafmseahnmﬁ@sebﬁﬁtub hbﬁqué 5&&%%[?@0@&1 Shy
nt 1S segaglrsat ed fromthe acid solution by an

°°“V8‘Pﬁt\f’ ?EB?{Q‘I‘O”SIB aUFHAS BEERiON, degatiaties, cehirifugaion.cor,a

corfiiB@tinahdredT, IFCREid fdgadll nati 0 Lher eof .
I f des; réd the recover ed&gglagﬁ giluﬁ?m%%rlr‘ ey “pb

COWIWGUBWW msllIdmg\nemralmMn peipdaison, d:\m@bxlzldbllﬂg:lectrolvtlc

d ation, evaporation

TR e P by Bk h b it epd optiona

prom@tdranttalgsp recover the catalytic nmetal (s) and opti onal
pronoter netal (s). Thereafter, the recovered

t i t anosi Theeafter, ife re@sbed tlmlbﬁh@ate?'@'wé%gd HEPAQ)
enovi ngﬁg gual acid fromthe titanosilicat e&x\/\éﬁpable of

renbovmm,ﬁgsx omdhg Higposiiqate. SNYrtes @reany prganic 26lvent will suffice, but

. prefiraiig rt%dvé’s&untvﬁglv\éﬁﬁpwgﬁr S}ﬁgr%\?agﬁ tflesw

the washing solvent is used ina qu%\gﬁi ?/lvﬁ?té%P%eﬁ‘Tﬁ&Ham‘t}
gregishiian abowy %mﬂlhﬂltee fm{)ndnd, prefeblyy gﬁae:abixyabogf 28l 9£r gman
; gt 5 r.Qr. ttanS|I|ate Per wash,
e VL RS b PR iR dopisdcss i aoeiB o0 mi,
andipro@tibiyl, jess thadatpiue 5@ mbper grdn@ fitand M2 DM QQQHE%E Nedferably
conga}% anosi|icate. Again, washing is pref era

SHEUETB ASNAUOR SHET Rtaemto 1B¢juge %’gﬁlmgaﬁhadsmgt wliinge knih@trasonic
agigtib, lak Réted BAISIRbEHre. MOk Waﬁgg%%r}?p &Hlj%h%% tﬁ ga“filé’m of the

agitation, as noted herelin
rec@\FId-wsh Jiqpid pe sitbedntiailyiacidareal ymfe;am vtzdSEmo RE@P¥RIdaGht] the

tiall Pr ef bl
wa%ﬁﬁﬂuci fnglldbtgsé%Hgff%? ’fi’ﬁ] | 2o l{tyi-éa mlgﬂ[)f{eraxalgéeeaitq%a}? Bt 2410

lespblrgateat BY whdhasiara lﬂﬁiptové‘(ﬁ preb¥abio Sedny greﬁt@P@mg El%%tt 8o fe%an
2to n about 10 washes are enpl oye

ab°BP§%”éFf§BFV e“?p?‘l?'ﬁ‘il DE5hias Siimislasontucad as fegwsrapira greater than
abobDC, ]@'emneére@feﬁt}ﬁﬂ'ﬁtéw o6k, Wasdl r&?ﬁ%ﬁxc&l}{}p n%uctgd ata

conducted at a tenperature greater
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30 about 10C, preferably, greater than about 20C

Washing is typically conducted at a 14 tenperature

| ess than about 100C, and preferably, |ess than about

50C. The titanosilicate recovered after washing

conprises the reclained titanosilicate. Optionally,
tentyiveature ddsq ihee dbdui 1 @0YGSard efembiR)esd@ag bbdRe 5609/ B titanosilicate
rec rlor to stg The drél ng may be effectively

83%8‘#\%% Singgomntises Berelamed dtapesilicaiene suitable for

5 rermwﬁg ﬁh sol vent wi thout unacceptabl e danmage to

the titaHBnpily dhearerlgimaddgangsilisaty snayibe dyjediwar calcined prior to

useSt may B¢ effdlfiv !
& TH&W?% j;': BE effdif Qg Qécgéllbgghg%? anglce)m¥§rgtu{e %’ggé}r%et Syjtgble for

wat er dryi ng nma
remeuing wtshyokyem avithout urancepbblietda2BE: wahelipneskaakice or

7 ly. | h b
e i B 0 Bl 0B A SE kS50 ey
be salduetad att nhmpertaduemymaﬁle,r grédferth@thbobifBAC G ps*éf&’aﬂlg greater than

ture be adj usted appropriately
ab%‘i%%%r BU§ PiETa e Ehan sy dRa1a, gnd Pwéermlyulwgthmwbmmmc Ifa

solo€H @it BEn WakETs uded Afet WP &r91ng?é}xg$eﬂtﬂte?%é/ gbuﬁ%ii g%%;a-xatelv

process. The optional calcin
by gpe giqq@cdtlg ﬁp@natmegndhdt}fedrymg]may be candacted afdee a V&uum to

acgepe;g%y{hggk;lﬁ |, dual solvent, such as water, and/or
dual anics, provi ded that no unaccept abl e
damaget t i\tanosi.licat Iattlc tructure occurs.
The 15 ca ccllbglg{lal cglc‘r?g%mrb'@ay ﬁﬁpTCS%B %‘ﬁ%é‘raﬂé{ﬁmm@egﬁ%fm any
tlmptnta:himfolr yamdvmtrasldudn goladnt, sQEh HWANand/dr reG@laf bl%%l!:&o n
aﬁp &ﬁ @Pgnthe catal yst is preferably cal’ci néd
prqvl’fie lofamaee fole Htanesiieas laitieg structure abot The
caltiaiddOHiy &Qnﬂﬁé\fég Rhdd? ) SRR a?rb‘gngﬁa?lf\ ; ably hg_ﬂré 8m>x%29n“tlf

10 to about 5 percent ox

Calé’ﬂméqm&?meh}’@de thee thet aatadysbie lpedferabla Ichlymbds uw'n%h&fghér'a ® nitrogen
0] t th bout 300
coff ity SR Soull & BB Bt B Ra roRpBout 10 o about
25 (parlcexltmaygeﬂnb\tmhtpﬁer al“thﬁl aneh tegipatakite bénehiSafy
b?{g?gé 900g}r refera , cI ess t r?gr‘? a(:Lf:)oute 1%% Iswcfr than

a e BE ﬁreaieé ?P%3Q%Su¥ﬂd69@@m€fﬂeblm geeajen than about
450"@1 eflfercﬂmnﬁﬁﬁ%mb&m% %Qﬁ&aﬂ As Hg? gﬁgg ?9{}6 g are@aflhl\ less

enperature is typically greater t
thaar@aoutﬂﬁ@ﬁce arthingre pgcrfelablefr legstthan ablooUG000C. 5mmeranngafacb fAdHh Goom

[ n_about 5C/ m n heat i ng
LSS ST Ry BELT B i 10
prefferalpgreadater ehanabbyt 0L L8/ thiyt, dnd SSort Gbﬁtﬁaraﬁ) 8@?&%& tl?aggogﬂtri :5°C/min.
Th Fef.e[rabl , less than about 15
g %aln.&, 5%? éompgcgg tqIEperAtung 10 the cqlgx@ptpﬁmemp@ramtees typlcall\ less than
ab&AR I, Eﬁfetrﬁf@ @és@ﬂ%%bo& hechgld a.l% L mg ﬁ p%ef{e gf?}tt Ig5s %ﬂh out

reater than about 0.5 hours, pre
1036 A thoeaignatign @meaiurprte¢ holdlime 1gty@a:hh33v gxéiitarnthﬂbﬁhd)ht 0.5

cal ci.n tl on ten‘perat ure
ST T S
The bald tiriean tielzai¢inafién fempeRtural AypieAlIQ 1daE ﬁ'faﬁ L& lﬁ‘l hl)lﬁ?j,ﬁ)referably
SIS, e reclal ne

1.12 h 30 On I
‘eSfﬁ*ﬁaﬁﬁ%ﬁW? hifFe 100 s MLl o ey S6s bt o, Lo 1 esh,

On analysis, the reclaimed titanosilicate appears essentially identical to fresh,

2

as-synthesized titanosilicate. Specifically, the reclaimed titanosilicate exhibits a lattice
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as-synt hesi zed titanosilicate. Specifically, the

reclaimed titanosilicate exhibits a lattice 15

structure essentially identical to that of the

as-synt hesi zed titanosilicate. In the case of a

crystalline titanosilicate, the X-ray diffraction
strycaie essentERRenGeal thibatrof tecispaydthesizainnaidsilicat eln HPPABLEA

L R T T

apnehle esseaﬂlaiivn'dadmbaltt@ﬂﬁﬁd)ﬂ th€ L §mitesiOsbERbdsAl ¥ W&Q&Jei? e ST
hat _of as-synthesized 5 nmaterial. These

a‘OF’éCa&aH? gfthe ?féalmsé tli%sxlscmeu&pw@wélmddetnneal % ﬂﬁn ofals-@mtl‘i=-51zed

tgment d
T Ot Al ek b obd SRS hoRen Mediege o

the geid tecatmeembdads abt gnbsiamrallpteach Stalnﬁﬁrt fr61ﬁ thdtithhdiBicate lbbe
e the fres

O&
subb SR Tl b AGR, AR ine resfmed ispiiv Hge e desions-
symhuazcxhﬂltahgstilloatenBtsalbs(taﬁl)lalwlﬁﬂeepéﬂlﬁ@&a?zﬂvnd"iﬁ&ﬁﬂd)%)mtl ﬁxloﬂloiiaﬁ' S

%t the term"sybstantially free" nmeans
mc}a]&f aﬁ’&%ﬁ‘? FLRRE r"(:feotlﬁffr%ll fibstagigliydecet meansahas e tianwsilightt contains
lesP@AE SHut 5’fweiéﬂgp§5én9 bﬂﬂ!ﬁ o&%@&]ﬁ%%&)%m? qfé}“%b‘faiflwlcégg promoter

catal ytic an pr onot er
meal gn Pigkrsehly. |169~R/éhaglabmp érveeght pefcetthd therdrigimadtoncentration of such

h For clarit
e o bR R SRR ur e e atperef e enmostica

lattice e ] nan@ed e titdniink areans bfHEE (@ mdARIin ds eﬁqﬁmmmsturbed
b @% $¥%¥other | atti ce metal remai n essentla
Y 1 BB &TOHS {Gracralky, fhsAmpush Olbtpt@@;lg@gn tiga cﬁéznaieﬂ Yianosilicate

is ebRBti ARt to Flat ALY th@ﬁgﬁﬁltﬁﬁc& 1? d titanosilicate
15 is essentially identical tot ound |n the fresh

tit anOS'@ﬁ&Qﬁeﬁum@}ﬁﬁa&[‘ﬁe&?&ﬁ%%% nP eﬁ erﬁ:ma ve t c%narﬁestep in

as not ed herei nabove
reconstbisge an attive @xalatltacctalta%et m)(/bblzat regdi:pfsﬂfl@ﬂ yfschtal yi¥ %e‘(ﬂ@) and

optfo%alﬂ%?rg&e%%l‘g{;a}(%fc)n?o t%xf: S ctahtgc %sﬁlﬁ.)é@atnf%g &%Qltg;xg {1]12{&{(@
prefeeblycatnarist gy ofthede G&htlodwﬁe%iﬂék&e ﬁf%mafd«v%‘gldagi}’vepfthe

e nentlo d herei nbefore including g6l I'Ver
lan{hﬂlgﬁﬁf?f? %ﬁﬂhﬁ 7 Blatipup group mefals, at“h@lymoatbm'cmm teeof Likewise,

he FRIn?d 18, ma Al i 0 S
t argfﬁnét e b P pre el Mg Blatine

f-dhlapthpgide rareeanthkdhs acsinides lakd bomeinatems tegeof t he
| ant hani de rare earths, the actinides, and
conbi natﬁe@hmqmdsémgt;bos:t‘frgcdamlxqmeﬁetil(y) aﬂﬁl@pﬁdrﬁa]]ﬁ $romoter

mefBtAbFe B RO R R Baar ok e e
docaineeted irethe bnbefefirsbl ANkE ALyl H&als 22 Qﬂ&ug%érﬁ&e ﬁ§ e

art. Preferably, the catalytic netals and optio
‘mpﬁ?ﬁ-’&ﬁ‘ﬁ? &8 P@ég’e KflaimedRanogiigata froprens or here wbtalsmedrgamc solutions

contdidiA 9 8d1hb16 atetal E41P5P ega{sdegii cg%r(aqh ?(olz § lao&/ o op SEE'H c

sol uti ons contalnlng a So
progeter(se Casalyiad «yrtprc:mmet mbigisspltandth adeq@pieiseiBility in the selected

ter ter metal salts with
sol&ggé%)xabt% ee‘n?(?vegapcelfl orteﬁ%rpxggngxs DBHtes halidesn garbepategborates,
ande:aqh:lomylettds, fowmdam@len@;etafe@ I ox§ ¥ ¥ atatel RtrAtdst &Qite?n?s cinn ates,

dhalldesh Q%nates borates, 30 and car boxyl ates,
and MX BT Sdhereio tAters ths,pyaf %{ff‘é@mﬁr%@@m@@lvem, butargaic solvents

suchii £edtRE, efdrlNRMALE And aliphatic and aromatic hydrocarbons, are also suitable.
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and m xtures thereof. Water is the preferred

i npregnation solvent, but organic solvents, such as
al cohol s, esters, ketones, and aliphatic and aromatic
hydrocarbons, are also suitable. 16 Typically, the
nol arity of the soluble salt in the i npregnati on

Typicallyt, thermolaniny @ thesolbia B@IUIn the QmQxQ%mMoB Qoihfiéh ﬁﬁééé rf%ﬁ?\/faobout

OO&%E hgreferabl&: from about 0.005 Mto about
- I5} th fRjpeatio %w&%eracbﬂ»sfmemuap@eram@ow: ®habne or

maE ﬂfﬁﬂiétﬁfatlﬂiﬁstcﬁ|cﬁt§%1gﬁi/d (gﬁoﬁeﬂﬂg ﬁp geSI \ma %%%ﬁgl{qt%{]

. in any sequence, “provi
SIEBipRajsly or & lytsequenct, proSideR it e desirdduxidat6® B&hlidr 4 Elained
catal yst conprising one or nore catalytic netals,

opt i onal Gpregatht the revebainfte) catalyst/@mMpREARBAd Stndo 'c&iﬁ!l%rnc metals,
op{?&.@pég %“%gb etz}&g ngl ai mstd titanosilicate is typically
SUB) BRSO AR oL marepting, Rriems dsposiisd en ﬂmrﬁclspmeér to

tltansmlcaTd‘le typieayily BEb;é RIS AALIAY Endek O5cuBRT
and about 120C. Opti onal Ilglg arflt er élr y.drl‘:gl’ﬁ&r%g%&’l%h% usSe. The

dryt"@n‘ﬁ’é‘P%&’W“e R Weﬁ@] by 2E W@Y@@Oﬁl@d@lﬁlmaﬂy afyer drylng a
hlgﬁwgﬁﬁera@&e Mﬂﬁg méy b& Q'Hﬁb%gl Jﬂgelaélp%r 8 2}%&2 08 Hn a reducmo

hydrogen, or under” an inert atnospher

atmyisplesey ehch asthydrofgrg eeundet anipertatmosphiteatg fifogen. If a higher
preferably caIC|ned in

th
ngr’%?rﬁgmg% It 0%e e ﬁa‘@b’ﬁiﬁupfﬁfﬁ@blf' Fpnebin a(cm@ftvhere of

mtwbcmmrmmng mmﬁbo@twaaoutao IR & b
about 25 )gyer cent OXy q);{ Vol algrr‘%l &%%E%F%bgl %g{m Qut 10

0 39 H‘pe’r%ﬁf%ﬁnéo @rRfoy cYPlé‘P}e Thg caisatier tempraturalEnaficid 50€ greater
thaR B8 UBHICY preldr S t . .and nore

prﬁl ef erabl y gr eat %%Fiaﬁegﬁﬁix%f}%g&é Qggg%noﬁe}’f’ée%‘?}’]& gheAtsrghan
abqué PpEFatlie calpianiédni teinpdrhtyre tenk faiallyt i &3s B Mo OOEC, preferably,

lesg{ g_{? (QJEP%(?“CT !éngizrg?rﬁ gre?er%bg e%dg@ b?HreGdOHé%lt Thegheptingrate from
roohy Bmperagoend teerpaiadish @erﬁ;ﬂ:re{tbl% i§ ﬁ)‘g@aﬂﬁéﬂe&@r ﬁlﬁp&g)ﬁ% llw(ﬁmm,

S %é&%gal I Y &égat er than about
Ang T b BlFateq fhan gqut P Rrmim g mpremeferably, aredtenthar about
1.5pC/efigr TR Noatifid B Bm ﬁfm{‘teﬂﬁgfﬁurﬁe R m%gd{ ine heati ng

rate fromroomtenperature to t Ondgmperature 1
typicalip esnithan abqus 207G/ mippprefekdbyy, less thah Iaannn abuhin? Qfd FibFe.

r s 50 mn
P rrglg r@%l%ﬁn allbglg[:l Ot(zg'rl}n 2B H? c%@‘&?‘fﬁ%emmratflﬁethe bold time is
typeally greater than tigp? hedrspeeferably i@t thanMoiS howsphr&iﬁrh
re9e6eb3¥ erat h@l a}?outh hours pr eferably greater an
PIEEEE0Y S5O 300 & howys e Thedradd mgist e ghleiaetenn temperatateoiat
typiaiolegsSthar Asdub o4 Hourd, fé} t er at ur
is typicall ;/1 less t n gbl% Dtg Ssgﬁinh ® H{?ts1 ﬁour@f aBPT preferably,

lesg @%%atic’hléhz BpBEt 15 hours, and nore preferably, 25 |ess
than about 12 hours. The reconstituted oxidation
cat al yst Thereennpédtefl peidatidnecasbysy ebthidediroth it@thboPé- Qﬁﬁﬁﬁed

€ d kno oxi dation process
o RN W 0N Ao gl RS morsmvaves
hvdnq—dmdambmfm hyﬂrdcmmprnaseﬁ@@eneé opa%yg&n hydP¥EUnOSeMhe A8nstituted

cattgﬁ? constituted . catalyst to forma
R gﬂﬂw Ry P Ua5¢ &Y G B eabram suchis lan alsolmh, ketomeathoxylic
acik @t 612€in oﬁﬁfeb%bﬂe(ﬁrefened hydro-oxidation process involves contacting an

olefin with oxygen in the presence of hydrogen and the reconstituted catalyst to form an
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30 acid, or olefin oxide. A nore preferred

hydr o- oxi dati on process involves contacting an olefin

wi th oxygen in the presence of hydrogen and the

reconstituted catalyst to forman 17 olefin oxide, as

referenced in US 6,031, 116, US 5, 965, 754, WO 98/ 00414,
olefiS08id8 28 refEtnced USUS, 2BR - ABOUSBIEs 5784 rwzﬁmma@s @%23 351,

USHW %grocar bon capabl e of participating in such
’—8'3 Xi dat i 0” process, preferably, an al kane or an

oI efin. ﬁ%ﬁ%’g Ikanes conprise from 5 1 to about 20

carbon a TOSH, O?JFaé’ffc?raé‘bIh}’d‘loﬁiﬁh@mcm)@blabﬁpm‘tldxﬁatugnb@un:ha

hydé-@RFlatidnib&ad, pRIf&hbIY SarCAl] .o, apout 20

car bon 1atﬂgms brefer gban;afh ?,re 0§%§£|te abGt? fg(aﬂﬁﬁ%‘ﬁnse from
1 1yahens20 mgitqrh% and pfefenably ﬁ'omolotloeboms 28R hRIR! NSFical

nt i doubl e bonds, such
oleHHst c(f% Efg@é H§r(r:12gtoa mﬂ 2@%&@% Iamd pre %}f’iﬂnb% g\,@gﬁt Eagarbon
atoms NnAaiang el ql'eﬁrﬁambﬁm)lémﬁ aRtySHeREEN bal QBBns &HQJH‘PJ W d 8 more
f this invention can also include

dmﬁ) 0(5@%”‘55 dP6S £t s e drpleyesh el h@lhvﬁ@ﬁ@b@mmtcomam only
carBdHhﬁfdlﬁvﬂx%Eérﬁatoxﬁb @infl $6r'The HiBS %S of lﬂ e% on eﬁ{ﬁso ihclude

requires the substituent to be su
hydr‘i‘éﬁ‘%rtioéaélthsvféteﬂMltmemrmmeofsubshmmsj maer&mdmen . as used
.ncl ude, .but are not

heréH'mlteta@ CF% J‘Sﬁf){tlt&éﬁ?fﬂq eté'tll%ﬁ éaillv HO%—FEC?S%\Eﬁ In t%o%s%ﬁ%t{qsc
mvmnoet iSegabldinedt Gﬁlﬂhwntstlﬂflﬁud&ab@ a%#hﬁhhﬁt@@m hdl$ eﬁl%l- QL

rabln%/ t he gfﬁ ?st er, and al cohol noieti'es
E-SP g, FHOPUFB Gxbly, shehalgygbstatentds chitvref Bredirhily, the
thésteDarl Qb 1hoibld { 6 to,a

) 1r2 éar borﬁ1 at oms01 @%ﬁp&@{?ﬁh%éﬁgﬁ W?%@g%# 1 APEp e ?ergb]y the
aromyii¢ BISIeE $oBPriseriTom oba § t@ﬁqu’q i3 carhmeatbm@ NNbAibdigher examples
of cﬁ{:imél sﬁﬁ?{yle fof B2 r(?d%g of]t lf&v%ﬂfgdrblgﬂflgenggﬂene propylene, 1-butene, 2-

propen ene

but@;q‘ré{drqﬂlly-l}brebnmt&ehﬁt:ntarenﬁ-tpblytbnaz bnding .budene MRXRAGI-2- butene, 1-

, the various

hexene, I ogously
hexene (r?éf é(erg:f Ik}ﬁzfm,lzwgﬁpgﬁgous eg]gqywémerh@fpnghﬁpemene

th tnhml hepteRemetly ek aRNLR he
) ?ﬁcl udi % 20 pref er abiyt ﬂs%né%;)@% @Mlé ot H‘e Ocrﬁ“es %‘F{‘]ﬁmg

pretegahly) Y9eisns Ang prietchiches appoguen of theste aati veaikas butadxene
R T S EERIRTR TR N
chieriidey hll\élakcolmij allyabthytl akeyi f&ﬂ!ﬂll. Ttﬂér: aalgl Bithidle, Sl %Eetat@' '1¥ i bepzene
ate a yy enzene, ‘allyl "phe ’
a”szﬁ%‘.’?etg‘?fr 31‘]&\4 Blié@ FS‘@% eq allyhapisele | refearhils hesalefin is an
unsPhRIRERE Mbstihted 0. Sfdléﬁd ﬁ'lo?é"prefé%ub &4 {n%ﬁugsqq%ﬁcg or substituted

substituted C3_12 olefin, nore prefer

Cs-q plefimanast prefeerbly. papienet ut ed 25 cs 8 ol efl n, nost
preferably, propylene. For the react ant feed the art
cites t\ior dhaireastrat fecefthe mecﬁtasomﬂhhmﬂirbfaﬂsci &fncentranons of

| dil
IR 00R0 pOINEE and SHoRE R0 L Bl the cgpmsia o
hydlrdstarboa liogttatdr, thaDabupT ah & @k&f&ablﬁfg?ﬁe? khah f&ﬁ@ut%%td Ao

referably, greater than about
pre%&% e ﬁf"'atebg’%a"%ﬁ 2P Feols prrgant, fpaged on dfe tthbanbbwdrocarbon

oxygen, hydrogen, and any optional diluent that may be used, as noted hereinafter.

Typically, the quantity of hydrocarbon is less than about 99, more preferably, less than about

83, and most preferably, less than about 70 mole percent, based on the total moles of
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30 oxygen, hydrogen, and any optional diluent that may

be used, as noted hereinafter. Typically, the

quantity of hydrocarbon is | ess than about 99, nore

preferably, |ess than about 85, and nost preferably,

| ess than about 70 nol e percent, based on the total
h)’fﬁmta‘eorobX)ﬂgﬁn hydlrogérﬁﬁbd)ﬂptloﬂéﬁb/(ﬁﬁﬁnt W%ﬁg ntheﬁpgnmv of ox gen 1s

ea Lona dllﬁent Preferably, the quanti'ty o y
er *8?8 U -0 7Rpre ppderebly. Iaaterthanabonef.amdinog prgfeahh@’reater
(s Barabgb plroer TR nPlBl S of nOBRBLEL, 1L BARABOML, o1

5 nol e percent, based e total
opYgnat Sidugnb dﬁefeﬁwf by enamwgfgmgerm@ tkss ephiabaal30 b %Fgferabl)

uant oxygen is | ess than about
‘CS%’B“?L ﬁ%‘rﬁgl’%r"‘é‘ Josbr *[‘1”% >y‘85§§h ublygmele pgrceninbrsabhen the total

maseff dayth'bd:a}‘bdneﬁﬁinbefmnm@@éw hnd-5ptmﬁ|aled1ﬁ%ﬁtc %103&?&%&1}1 of
drocar on, hydrogen, ygen, and

h % . 611 | es of h)()
Y ng Oq% oA F%mte eﬁqq Pqu@aldmgxmterdhan dpgdrlog@nd more
PreffiiQ)@ehidr $hl 28§ rmdID 0 refe
r ea?er ttr:an a?bouttei m(?l ?&C%%r%?ogon et elr a%ﬁ/&]%prgﬁﬁ‘rg?n
hyqdragan. eprsen, and ﬁm@ab@MemtSmtaas qniamnest bfehydfigah Bl fess

hatl e and optional diluent:

e b LB oy Y 35 e et o e Lo

Peltch'arbaaﬁbmn th& @ral proddsedf abdrycarb®s ydrbad, 80REL. 2380 op@Rd! dituent
nore preferably, |ess than about 15 nol€ per cg '

based onintddéitib®tcathe Bﬁl(ﬁﬁe@éorﬁb@&ﬁ’@ 8f P&Qﬂmcam()qr&grg& and
h‘%é and .0 onal diluent. In addition to
Yg4 Cltflgg&egf)%ﬁ &N EBPISY aHQH?%caamb@d in theyfepdreompndtions
hefd¥EBAEERinck th di.l uent, as
“hoted in the ég&?g%géép f&ooﬁge%h g@“\’]é‘ﬁgr}?m ﬁh?@"%ﬁ%ﬁ

mepRsRf degoving Qxylpjmmatwo ksapproduazi € In @idetidnuBdiluent pr0v1des an
nmeans. of renpvi ng

o RFRSTLELRNEALISE BB L LTI 216 e

carplyecaniy (gesorarqumhamdedm AIEENTHE ?Idc@é@ of &g} Iﬁ%ex%ﬁr 1 ng%cnss is
COt hgter eaé:t a%s atF]e non-f | ammab The diluent can

UG 5T B PRSGUER $able aweUsBluenia dbide, bihereprooimizsd of
heltd’thltk £ Heg A methfind 0 nducted in a

phasé dg}éhené sui tabl ebg)g%go%gﬁo} + g’é‘%%s Che ‘xnﬁfﬁtg%ﬂe%f If
thepggcess isensyctedin %bquldmhasn |thqnageduuear @@rbe 2R bKARRN stable and

ig ures thereof.

thepx{lﬁgiasﬁlﬁyfl]eeﬁ%ﬁcg %kggrlp?gé of 8tﬁt gleglé]g}q cﬁﬂgmtw dg a éalc?}mlﬁ‘!
prefdneblyl Ch. M(alhbhmaIalcbbolamycfoaslnﬁh’iﬁdneﬂarﬁitta&’ﬂtﬁm@'Eﬁilorl['l A@hﬁﬁfc
alcshzi\ble | i.quid n‘g gs of suitable Iiqui'd dil'uent

PhCL BEFderal Vﬁl‘réﬁ’t EBAGIY]S, syahes shlapiryorgneloctabrimatet | c
aroftlat o) pleferatfyl elord it ddBleh e

al i hgtl c gl cc())holts pz}g%! efgg%k%?%%%%hm Aﬁéﬁé}} genzene’ as
well pg Ligiyd golyetherp pgl;'esths(ﬁmﬁfppb'p}aqlmlsd Ig fedt the aimednt orf] diluent is
typRh aPERLES %%rgrﬁﬁlg Igpe% L8 bOLg ggne p:lse:l';)ggerggly greater

chloro%enzene and
thap ﬂbﬂ,nt d> p@llq/}m'dmt basep oh y}eﬂbtﬁhﬁoleﬁﬂﬂh)ﬂﬂicﬁ@oﬁ Qb&ke% h\'/'dtr gen, and
dﬂu t he anou s typically gréater t fian

hecf‘mob‘P‘e? éjll 3%‘}%55 ‘@’P‘éé@gFSSﬁWbﬁM piGTerably fiess then ebout 85,
anfhﬁﬁrfeépﬁéfékbwy idsQRredbout 0018 B e Jb%séH)An P elba gased
on the total noles of hydrocarbon, oor1 ol
hydzgorgrbog; exyeen. hydraeenapasidituenst di | uent | s typ| cal ly | ess
t han about 95, preferably, |ess than about 85,
Typically, the hydro-oxidation process is conducted at a temperature greater

than ambient, taken as 20°C, preferably, greater than about 70°C, more preferably greater
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and nore preferably, |ess than about 50 nol e percent,

based on the total noles of 30 hydrocarbon, oxygen,

hydrogen, and diluent. Typically, the hydro-oxidation

process is conducted at a tenperature greater than

anbi ent, taken as 20C, preferably, greater than about
thap@lput 189°€, pnfestaint fraby ,@ea&er thiDatidna te OO0 Wkuali Oe pAKRESs is

ef erab an abo 20C. Usual ly, the
collR e B Bt p R B s b aiar MO P emprearababy s v
abddﬁamqﬁbmﬂ 3aQ¢zferaBIl & s@rtleatneab@m yrsh€S$
hyc%oc and ﬁos? p? efzrgbl y, less th(gn %ﬁﬁou? tﬁ?éilg%gstmeo“he

oXIdaTpn is eregier Hhan eBem atresgspherec, pwmtdy,@xaammamabm 15 psig
R Sty T M A bl o

pregsuaisdess thrambali 606 pﬂ@@ﬁl 1;33 ka), iaﬁ:_f&aﬁﬂ?a):ss tH_a)‘th'bGﬁWOU psic €758

r ur e | 0 t 600 137 kPa)
%ra[ferpﬁrﬁl ?ferﬁ@éseisﬁgw %B‘H&l":’ﬁ@ 8“}%32758 kPa) and
nore pre bl ss t.han about. 325 ps 2241 kPa
In fl gw élzfg 6’%‘%}0"{52 Fﬁg‘?nﬁ%ﬂg’éuotflt%e%fgmlfsg?@( rtllfgaplama%;o of

read s tdeatd1Pdt &ﬁll béﬂét@mﬁﬁcd nyfﬁé:hﬁ@é 5615&\'0 ﬁ))aé éa% hﬂ" Drocess the
det er m ned \Pace vel oci t

gaghoyely sRace Hé‘OCIDO(Qj‘&% é el lvdlmaxben \mlctanu otay vé@IdSM)a \Ofde range,
ut tYfic d €
b @tli}? emﬂdlg Ofedfe P&Iﬂg hiE L G hfcﬁgca\{gr%% rriﬁa é’%‘wygli)%@ Bn

typi ca y greater than a
prqﬁgablyﬁgreaat thiayy sboup éﬁO hro uand(rhire )ore fprabify eeradibrith G BBLEN 400 hr'.

bl BRGS0 bear BN ogEit s ot o ety

1eshwdh asait B0 BAC hidYhole Hrdf@EBIy L 1'3@@@%& ﬁbo‘égﬁ}‘ hilkewme for a
pr eferably, |ess than about ,

@Péﬁeaﬂmsfiss the wsighhhzrly seage vzl@cmso@NHsV) Oﬂ_thkhvdrmrbofneéactam
. 0 ht hour | age
is t?gx@%g{ %rgdﬂé G §§tf@(§1h%ﬁﬁ§%f%h§§%o% catal gtpgrr#/our ﬁg ), preferably,
graatep thlzaalabgut G106 atr ' Srand nare Iab@tﬂblyo gf&teg thhﬂ dssue an peh h'pﬁflczﬂl} the
a { our reater than
WHRY R B RRac0n Foafifb s Ui o hreiatobl than about

S0abQubd fhofe xhéfeﬂablme@s B out 2R S @;ndt ,
rocarbon reactant is | ess than a\bégut J%ghhhpm} space

ydr oc
VelBF‘é‘F%?‘iB‘F §xyerRdYdioRh arthentionalshlugt can hﬂdbtﬂmmd from the space
veRERS S tADhYbrodafia by I?ﬁ&hoqgﬁlﬁ:ccﬁ&% Exe relatlve glﬁ‘ﬁtgﬁ? giﬁwe'dg ht

hourly space 20 veI00|t|es 0

and opti e t from t he space
vel oci tyw}? ﬂdlu r ocar rQﬁe‘g{% &of“ﬁif‘téor%i?%?ﬁ?ﬂa cpiRlyst
remmtmtﬁd/m agodrdance amhms dﬁsmti’cﬁnCEthISB peddatiiad a8d hcnechbﬁles
process, a catal yst

t .
el B R (LR VS LR ARG AT tI=g chbB e gres a slecivit

to el¢tin bkits oBgrpdtedtat dbehi 60 Mé1e %Eﬁcéﬂeféﬁbbﬁ great(e\} B5Eh86ut 70 mole
simlar to fresh catal yst. nera

Percent gReteiPreferablly cereairyhan aeb@hr @msleapesemtemﬁmwst yreRbablyg greater

ol AR .0 A R AR B LS B s

thepnelf pembrityge of cemteard bﬂgamo adropdun80prefataBiyRBETE Vhich 36¥ehs a
refera reat.er out . 90 npl e percent.
sp R e BB oo S refetabh ol Oridslrobe preraryd artation

pradedsiwteekimslefin is ox1dlzed to olefin oxide with the formation of by-product water,

the reconstituted catalyst achieves a water to propylene oxide molar ratio typically less than
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the nol e percentage of converted organi ¢ conpound,
preferably olefin, which forns a specific
partial | y-oxi di zed conpound, preferably, olefin oxide.
In the preferred oxidation 30 process wherein olefin
Is oxidized to olefin oxide with the formation of

abqul Wi qdcfctabi/}ateex t,han abvet §/¢C At ik Wit 60%aH Yk v’éﬁ!@h&vﬁg
rec gﬁltee% ag)bgg | ene oxide nolar ratio typl cal
?rhs Briorgp gomparallp tfpsp catabyss t han about 5/ 1.

Thus, n}_res pect of such achi evenents, the
r econst i THFtIBEEEGR Hil), bg fugher Qiﬁllfi@?d@’rmnabd:rytldrmffth@ﬁ)ﬂlowmg

@I her clarified b
e B e b RD bt Pl emfors b oF Wi antiap cOther

embqstimprie gf the nb@ntpmr\elll)b epparphtab Yhodt skl M9 £f rdha

[ ' . X her 5 enbodi nents of the invention wll
con{g@ggg%ﬂﬁ@ms *f %Clﬁ??élgﬁog??F?tlcg I}ﬂf? ipyratign gs dipchpped herein. Unless
otherwiis iberdasli percaitagehins g5REGhH Al Ht Brc@t pRGact i ce of the

i nvention as disclosed herein. ess otherw se
RefeehedExmtimeper gqastinges are gi'ven on a wei ght percent

basis. Reference Experinment | (Ref 1) A fresh

hydr o- oxa éatH Mr&éixaitibitcaﬂaﬁfspfs%ﬁ%ﬁl%g bp?m%r]pcnaﬁg tléeﬂ'ngsi?cate

titanosilicate 10 support to t oin
Suppest il Pt ﬁflamm@tlh‘aﬁmss %thuat mcthanobmhaldm dogtahlyxﬁg’ i9giedken

tetr&&ﬂ&raﬁmugt Wik dnk! sém n ta% e and sodi um acetate

at a conce rat| on to ver B CHFIEAtiop &¢ delivier | A9 parts
Per(anWP (mrﬂhlﬁd ard 222:1 moidr aatior ANAD A Aﬁ‘lamlﬂﬁhlegé{gﬁ&l 1s conducted
under

duct ed a appr oxi mat el'y
ot R D0 s SPBiE T Eer 1Tag Pk e gyt addadrarm
tempeaire iRIFPeidtl The BESSMARGLGHT I pce of. the
gﬁt al yst |s eval uat gd in a hydr%&%gyso% gglt{'gg%mpar}&rcdé%
OXIGHIOP PTQECTS By B ﬁ@PD’@ﬂ?)bﬁlodldzm letdxng eife présehitteof hydrogen to

foriR rp?(ﬁﬁ/%@ ofifde MY fi)}gi%] okiBatidnQk IE:rc]) tgng {nge}n%ugélgsdsgqeégqbular reactor

dr 6- oxi dati on 1I's conduct ed

[12’{ Gicam lenglot oF (1[3121) diBRBerd lﬂadécE@Eﬂ thtziivst 12 of Frid cEfldyst is

i [ oade th, cat aI e catal yst I's
congict)%g&{ fi%o%gaurfsgr g@%é‘ﬂ?i’ néffo @@Wdﬁg@rreaﬁi(trr dgereattoow i n
tempbraturerdévoered TRIOPE BEHI0OH initi SITAIFaL o

40C 1%§? ﬂr to initi gtl on of the |elrjlf§;1n(?il as ngg,gg'n %Omopr{lsm

40 % BrBYices 10 otrvaens i faﬁwgéﬁ@alamwmmgagew vcsamaymme getRre is

fed batAMEESIP I
) co nt tinu oﬂ s?lt t§@%§a{) %glértgtg{:%ﬁ i J;]f}alsgto {))n &Jaf‘f 8‘69“? %FPE“’G‘ferS per

minggg§CEMirrard rdeastiisipresaenof 106t Bioy 21069 kP4yi Tyt %n{ﬁ?g% i&fathped

ur e 0 Si 069 kPa)
o GERS, BLAIGo0 bR 00 T TS
resubf shoBO G Takle &, Refa. CTokd xaipld @tngﬁreE&PééEaﬁvét s Rlofhs syﬂga BAL 1ine
result shown in Table 1, 1

aaaﬁxgrl v:%xckﬁ ;légﬂ[cfor&sgpgch@fal){sg@eegéqﬁ@@e@ haélgmlvntnepr@&lemg @bdﬁiﬁt
seledfivigh aﬁd %at@%%&iy’lénubﬁfae %ﬁ% ré’tﬁ)t %ﬂ 8{31’?)' )\r?}eeif: %Eﬁg%%gxﬁ%f: Elative

Productivity, propyl ene oxi
valye 9t d {9 Relaive slnercereattrahanr ladQ woul R RE) tha e BaGhred property

h ue_of Rel ative val ues
s RS PArRe Bale Uty tincn o PP LRy e ey and
selepl]l‘cpe however, this is undesirable for H,0/PO.
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is higher than the base line reference. This is
particularly desirable for productivity and
selectivity; however, this is undesirable for H20/ PO
21 Table | Sanple Relative Relative Relative
Productivity Selectivi H2ZO PO Ref | Fresh Catal yst
1.00 1.00 1.00 Ref 2 Spertatiat al yst 0.13 0.93 3.9 1
Ref, 3 Cal ci nedafpiddl 1. 02 1. 0% RERH: CORG At Ret=s
0.19 1.02 0.72 Ex 1 Calci nedp;&d&évo.eg éelygilv -ig?}gféll
Ref.1Q Frebh Z3talyex 2 Cal ci ned & Cpnc Pmua Hegiao :
RdfYl gb@ﬁ@g{a@\)sto 96 1.0l I. T qmu cin 'gal&
Réf%f'(ﬂlcm‘éa T o - r2\ “@_ﬂT !gi ;‘q‘gpg 30 104
UU III LI ) \>4 .
g@t“‘%ﬂﬁ%@hg Baor 2y A catal bet 0d8mpr) seh0at dol d.and
x 1 dCaleined & Conc, éﬁ%kfsglamp slippdrf bound!.06 wilt h 1.23

Exy || Calgined St Regiaa manner anal odous to tHat

deq€¥iteanidn experinent Ref [l. T96 datal.gst i|s 1.16
Exot dfalcingd y65%mpgegRegiavg him | he 18l nt| of1.p&icl [l e.62
Expbt] Geleined & 30 wnopialReght 60 @pPOr 4 ooW (N ay_pEt ngnot, 7

A e il |

sol uti on contai ni ng hydrogen tTetracnl oroaurate—(+H+)

R rih drate and sodium acetate at a concentration to
cigran and a 22:1 nolar ratio of

NaOAc: Ay t el Sy t he effec ive end of
its usef%lcgl;g@?t%&?@ l%eﬁto%gltd #‘G SY éalum‘f*ﬁ‘é”1 tﬂ%‘]"ﬁ icAts SeRpogfbound

with gilich is pg‘ptarﬂd ig atrahyatanalsgc&mab dat esderitedtif Bx ARSI Ref 1. The

n .experinment Ref and the results are
catﬂ@&\%ﬁ er elci B lglp%onﬁg\g B theﬂ?é“‘@éf’&@@l‘ WsHEshActitandsilicate support

with @ cfietiameiSsoldion Bbmalﬂﬁlonﬁﬂﬁeéﬁ ﬁ.g H’I i Vi
fresh reference catal H C J}gaurBE ?ﬂt): ?rﬁthrat‘ya“% sodium

ACTHECH @LLBENURIORGP delfypr %/WQ R éiulapd @@2/ i emémxmd ef NEbA¢: Au.
Thé @hdift ik t ues. opyl ene

oxi dgst SseI g????/flf %c;t} V%F 8@@0@%%2%%?%? G F)anbfi pgiforgance of
the spepheatalysitisevalvated memaurmnw debirfbe@ GraxpLAme® Re?\ &he the rdsdlts

aregﬁgﬁgnﬁagleﬁx eg; ﬁ%}%ﬁl Ref 3). A blend (equal amounts

ree spen ?tl"étiy AeFrepsFroomlyal 3 percent of the

protiudt@itp s freshaéﬁreﬁmwl t ngl Wk Ly ,
gg ner at ed by cal ci njz;ast P?rf gnder %gi‘ﬁ&é% §%r&fflh ﬂb

WalEBPIQBYIFRE OXMe TRplakseHe incrgaaes da Iueacnmﬂabﬁmaéwasarrhe @ropylene oxide

seldcBvity R CHRAE bhiCeenbAID Y 1oL rfll]tﬁ gh EI ent ness Wt h

a met hanol sol ution cohtal ning wthin acceptable levels.

1
59 2¥la

.Re&%émegmw%g:ﬂ(l [1) tri hydrat e and

A blend (equal amounts) of three spent catalysts comprising gold on a
titanosilicate support bound with silica is regenerated by calcination under oxygen at 550°C
for 10 hours. Afterwards, the calcined material is re-impregnated to the point of incipient
wetness with a methanol solution containing hydrogen tetrachloroaurate (I1I) trihydrate and
sodium acetate at a concentration to deliver 1600 ppm Au and a 22:1 molar ratio of
NaOAc:Au in the manner described in experiment Ref 1 hereinabove. No acid treatment is
employed. The regenerated catalyst is evaluated in the hydro-oxidation of propylene in the
manner described in experiment Ref 1, with the results s.hown in Table 1, Ref 3. While the
propylene oxide selectivity and water/propylene oxide molar ratio resume values

comparable to fresh catalyst (Ref 1), only about 41 percent of the productivity of fresh
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20 sodi um acetate at a concentration to deliver 1600
ppm Au and a 22:1 nolar ratio of NaQAc:Au in the
manner described in experinment Ref 1 herei nabove. No
acid treatnent is enployed. The regenerated catal yst
Is evaluated in the hydro-oxidation of propylene in

reférbree cmalysreﬁ regesditbd ealcdoRiix p &lal diRfbn R ]
resul t@@&@gwn in Table 1, l@g{gf a3 ?Bﬁ) %%enoy\%%%gglfntﬁe

eHiosfiveme TSREAY3H8Nnd wat er / propyl ene oxi de nol ar

RefeathtOEX @8R ¥ aldi@s 25 conparable to fresh catal yst
(Re onl'y about 41 percent of the productivity of
fresh 22spest estelpg eomptishysoldiasd RN Oh AtaBsilicate sug)Fort bound

I ff
N L S T e R @?@%ﬁ@er&;&%&omrmw

aquk régRe (3 phts éox&ﬁﬁﬁdtecﬁﬂid%dﬁﬁinc%%’dsl' pag cgﬂéegfrgtgﬁj m?rlc acdﬁ] by

Lt anosi | i cate support bound W th si
SW’&‘E‘%&:‘ f BREA! Gafal é&ﬁb%quﬁma @ mlzcidj 591l¥(leg eerer gt’amd:aia}&'st) at ambient

tenpe @Al 8RR L0 Wihite £ ONEENLE ALi8 golu éle%a% f{"”};g eéﬁfx?tgrtlzgdand

concentrated hydrochloric aC|
therﬁ’i‘ﬂ*errlablsd@shgd wily agit@ipr with g/atdn@(SmEnrhteEﬁdral of&h chiiy 9l UBhe

sol ution ram cat al yst) at
Aol oty pRBS PO ep e ot daferrig el bt
ringal gmatenhms-hﬂemanmeﬂaﬂidrﬂﬁbéﬁ@aiea%na%%id%}eam?e?g Th?gmd-

t%‘;‘{ ‘i d with agitation with wate

re IB?terﬁaé s “‘ga ‘St rsrimpre g t!l?@hmmfatclmnt amzhess with a
WRRY sPAGE e AL

met ho SH of fgﬁgﬁﬁlggh%f?ifeﬁggaﬁg}m(?%g{te fl\ﬁi %‘3}% dn mum acetate

at aeneaniaiqnga dekiver d AU dxupnd ar22t1cmalar Atib E)BH&ORE“Au il iR

d at 80C and
LT TR o S

the drydnoexivation oﬁmbphtle@nast:@@ctrﬁieﬂ hB@ina¥&VeOGRA the results sh
1 %&’?4 chI oroayrate (11| %‘%Ht” hydrate and sodi um %éé)twéltm Table

¢ SHCE ALY JCAEIEDE BIthRY PUay calemniopghe mgereredacayst
el ol 9 Sbr&@fnt Mok et descri bed
recexperolnrr}::nt}QSRefnt Eredaggls\g ??ﬁaéfreefgg%s B Ysédﬂe}%f‘t %ﬁ‘%t

tregtment\ywy thout petpr paicn.nalm;l ihpotracsufixdietsityieffactdde npgtigyaydt ¢PRnerdiFon.
ExffScyi bed hereinabove, with the results shown in Table
f 4. By using acid treatnent wi thout prior

cal ci natA spent thalydt egapedial @ild Sﬁlhﬁlhb!ﬁﬁcater s%ﬁ Sild Wndsitica
asdlé rgq%r c:eent of ”btﬁf productivity of fresh erence
CAT Y L SxPrmgnt RRLP ds regpnerterhyt fisg qalrining §r5|5@‘lC for 10 hours in
air.Colhed] hatalOined Sathl Gdt 1ﬁreikgdfb’[y GWaRh Yo ShEGER! r% ed ?q%a ortﬁgx??gq jadua

regeneration. 20" Exa A’spént cafa
reegdrrue eatalysty afmerbigni t,@atp@ragmpﬁm 150 niuouta:d 'Dhchhhs hdid S@utiaSis

e rated by first
dec%it@%lﬁlr)]@ﬁ}ge xlgtﬁltegélo%[d'f aci% R F]egacf maf eHal i %eq-%tﬁ wates 627 ml acid
solx@wlnqqeng)dmdaagﬂay&t Ti® decawdtiod ahy wa ﬁrbééﬂ%e'ape repeated, typically at
lealsggncent %ﬁ regia (10 ml aqua regia F

P of B Rttt bodinsei arene tar-s50 e reciirEden
titahd¥@icaei Thé %c%ﬁx@@tdaﬁosﬁﬁ:a@lqg@%deaq 8b9cO Ege-%zlgp?eﬁtte%q %F pfnfn?of

and the acid-treated material 1s was
incipfenpwetgess with a methanol solution containing hydrogen tetrachloroaurate (1)
trihydrate and sodium acetate at a concentration to deliver 1600 ppm Au and a 22:1 molar
ratio of NaOAc:Au in the manner described in experiment Ref 1. The resulting

reconstituted catalyst is evaluated in the hydro-oxidation of propylene in the manner noted

N
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solution per g) with agitation. The decantati on and
wash procedure are repeated, typically at |least 4
times, until the pH of the wash rinse is greater than
+5 to obtain a reclained titanosilicate. The
reclaimed titanosilicate is dried at 80C,

her[cl@alpcwprveg:nhe sshiltsahowein Dbt 1. 1| 1) RbAminRLASRS W th
ontalnlng hydr ogen

|
rec?résttxpg%ﬁ] olfswgf[@u?’? ?OI“PWSQ)bY BF1H yigrtmeat. axldbiteoidi productivity
corBf@itlé B fRdsh RefErRRGRAMaly3 ltcl\lgggc ol'}geelje!:yn?%tu 1999 I'ﬁlg&'%mphuhe% “C,jhl]e

a 22:1 nolar ratio of
mayggaiping Becgptable @xqpyienerexitie Rédctitity Iﬂcﬁwﬁteﬁl}btbpylﬁ@ oxide molar ratio.

Exkfgesstituted catalyst is evaluated in the
“%ggrv-oxidation of propylene in the manner noted 23
her ei nabBxaenpi¢ Ed 1 ESthd’a%ﬂlals H8scPiBed\Rerkifabbd L&@g:l:he &=k rP]t[on that
reconstituted catal reconstituted

th“@é‘l%&?eﬁ%“bﬁ PRIyt thy) Tt hyyirasenis agitatianrather, th@xﬁhwbmge tha
regPie@ated tdtali gt Ys evaRBRAIAHRL Bydr9-okiB5Hn Bﬁ% ﬁﬁeﬂm%gm Vﬁttli?e ndmons

(Ref_1). The reconstitution Is acco
desﬁﬁ?ﬁ‘ﬁ’tla@mﬁﬁ@lt‘a&%@fdt ilth the pcrsghyktmvm inXiatlie 1Bk eatuysew ik €ully

06 PSR LPFRIMEE a0 ol iR rbuRrbuBeibr SRRbO: i plsined

first hted @m&gﬁtamxm tmtenttated aged egfar eﬂl’emﬁstﬂtﬁxoﬁ%é@%&ﬁﬂshed
“m$A élHgltrasonlc agitation rather than swirlin
eJenitdre BeCERipblF yropylere exjdy spAecaianty pnd wiater/ PTOleene oxide molar
ratidydr o- oxi dati on of propyl ene under the conditions
descrlbed in experinent Ref | with the results shown
Exampledp| e 1, Ex 2. It is seen that fully 10 96 percent

of referg &?5§¥¥§mpﬂﬁod<ﬁé ﬁf‘qx:'i}ls recover.ed when
ata

t he spent W on Hiapprlirate suppast
bowgidtvin thcsplinme st de&tr&ﬂd ag@eriggitRef 2hig réREGRSYH b)tr Hist dnﬁv at
Sﬂﬁé%o |shed . | e nalntalnlng accept abl € propyl eng

el \OUETP Ay dlyem e cRisined FRiRtyByis Epdedlni wdrlinglim65% aqueous

solwitadnl ¢F. ag@ﬁ%%'(ﬁ) Bl ?cﬁxa'%eép)l?e'?"g c%?a'i\% 3£1t°‘ &n?gmgrlflj}?]eéﬁ% 3’9{

and sodiumon a t anosi cate ’s ppor
miRytgs; él'éle agid selaten isidequied ﬁ@)@pﬁap rregertal Belfth? sameSacid treatment

&a I n 550 or 10 hours
rert AOEENE A e, P, BB Shllaf et g, anc
acidweatbd mgterinl i6 St N\&KhU&terSdl‘lxddtdt 80°(DinddeiAsi8Ql 3 &é?nﬁgd in
Ex gl gi-a per af anbient tenperature
Bie £l 10 e RS v abaien s ey aniEnono epyien

- underthercorditigideldibed AR p&héht Re€ A Re L%ng %Qo SI'a%;E 51|:/1°Ex 3.

38 mnutes). Then, the acid solution is eca
It i 5en Fhat e onistinuegratalyseexhibits o prodeat ey someehitabidrshanahdted the

t1t
e L e el e Rl IR Rt b e meimyune
accepalie atopplerelotide stelaetlhyhohmdeow okt GBeHhropy l@;{éydxﬁfé%olar ratio

ondi ti ons described in experlnent Ref
Odgp%ha? g%gggults shown in Table 1, Ex 3. It is seen

Exdnliysié 4r econsti tuted cat al yst exhibits a productivity

sonewhat_better than that of the
Example Ex 3 is repeated as described hereinabove with the exception that

the acid treatment employs two separate treatments using a 30% aqueous solution of aqua
regia for 60 minutes each. Results are shown in Table 1, Ex 4. It is seen that the

reconstituted catalyst exhibits a productivity similar to fresh catalyst Ref 1. The
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is acconplished while maintaining acceptable

propyl ene oxi de selectivity and even | ower

wat er / propyl ene oxide nolar ratio (relative ratio

0.622). Exanple 4 Exanple Ex 3 is repeated as
recessiortiopedadeemplishad omde wiaintihing aexpablipipyldigbxidd Qeibdfity and
evagi d traga rreng engl oys .two separate treatnments using a

B9 ARG (ORI O 15 Telargafie (relalvg ratie 87680 i nut es
Exgagles Results are shown in Table 1, Ex 4. It is seen

that the reconstituted catalyst exhibits a

product i Yhit ¥xrk f Ref 1. The 24

reconstituti opﬁh?ghgeg(gtg?n%lt?iﬁg%%f?h%gﬁ%ﬁa% ar rﬂxh‘g&’“ catalyst
corppruRe Rlpirunpdeppsitadion agitirdeilwate e Bbtassitny hedadhloRIpEAink© EIPIC],,

/R | ene oxi d lLar_ ratio (relative ratio _
00354 B Y RN 4 5 MRt fiiehobiihn Brimoremmaeg recelsined
titapbsiBcptra( S6 €G] far bhhauds wdidad foh BAEADh APl He InPRenated
m eI.agj num de(#)r%? tg(?b on a titanosilicate. POtassiu

SRLS AROPBY AR oh 80" RS ptrc e samme ©388n g3 laseled Fresid
Caialis0” Wt &dmdifing} f ' LHLL QN b S olution ;
aia[r%pr egnat ed og?oangg?gﬁ %Eagy . ?Sf# gﬁg{éi hl?lggt{ tgh%srgﬁl& spigHon i
Prepgrgd §3U grams poncergrategrhyrirasblotix iadids i0ngmarnatacytatateditiic acid). The
j [ [ cuumdried at 60C for 1
rora AN S U ol s Rl S 5 M e ol g o i
swifled ané saksidafpr Qalrrnh@ewamwéa)ﬂdy,&he Acsd %ﬁ‘?ig"%% d&anitBidhf the
.an_aqua r a.solution is 10 prepare grans
m"?‘BWc gﬁ?ﬁﬂa@ ﬁ{g g ARt Pheéc'écfr%}edwtfgrab #Bd ghsrrenmtinganistire is
switlet lah€ sc2 @i for 20 Ehint&T BN IARer SOMPYL Secfite a’@‘}ﬁée-)(,%sthin'[gﬁi? rgpeated
X

poured into the aqua regia solution, and
foyr gnorg times. apd the dpss weshds bl @siflo pvesighti At Gaal wifsh diquidriclecanted

Bop X PP IR RhRY 1§ Ao BALh A bl b i 6T e epmpl

labeled “Redaifrted Agamisiticare & The fresineardiad arieiaRiedafthfBil i@ a0

andll 1 es.utThe wat.i%r [ Vt he ¢ eecan}ted. The washing is
rESERY LEHB BV YR WS thedepylts Howndafablagh is set
asi de overnight. The finaltappsh liquid is decanted

fromM The dapfIBST 11 Gat &; NI CIT T Srfen—dyied e
vVacURRPYRR, AT OUC TI0 ORLAT B S5 RigRog F #OShG8 ) on
RedlRelifREd F§T anosT T Tage ) T 498 €D DG S aIBﬁ_L e
reclameg U FagS A Lat e are anatyzea by—hettot
activat 'ngé _yd%{eéaweth the results shown in Table 2.
Table 2 Sanpl el I, %Ti, %Pt, % Fresh Catalyst 44

2 0.500 Bro#(Debld2 D@seciRenat tht i@ tirdfbsilRa 149 Bsseiaflf9

. NP.' ....0.007 .20 TS = Titanosilicate
identical silicon and titanium concentrations as that of the fresh catalyst (i.e., fresh

titanosilicate). Accordingly, the Si/Ti atomic ratio of the reclaimed titanosilicate is
essentially identical to that of the fresh catalyst. Whereas the fresh catalyst contains 0.1
weight percent catalytic metal (Pt), the reclaimed titanosilicate has no detectable catalytic
metal (Pt) present. Accordingly, the process of this invention removes catalytic metal, but

does not remove the titanium present in the titanosilicate lattice structure.



10

20

25

2ND = Non-detectable From Table 2 it is seen that the
reclainmed titanosilicate has essentially identical
silicon and titaniumconcentrations as that of the
fresh catalyst (i.e., fresh titanosilicate).
Accordingly, the Si/Ti atomc ratio of the reclained

WHATABOSIAIMERIS:i s 25 essentially identical to that of
the fresh catal yst. Whereas the fresh catal yst

cont al nsl.0. 1 Apeicgfitof pRbEBAkEHn AN &ﬁﬁbﬁllcatgg%t) ank 3 he
fitanosilicate has no detectabl e cat

dea}%ﬂi’%? ?bgﬁ“oaﬁé@efﬁftcom@é@ga|tﬁ§1091hc4thba\pmgn@@ssxtadﬂheremsone or

mordWeNtiAeth | e S
r em)v%:zt t he lﬁ:g?dé%?ﬂﬁrwﬁgl?e%ﬁgrgtp H{E% ?J OmoFcr éaﬁagsﬁf |Q:r8‘ieés comprising;
| at tice @ pr@trcajme theZ@é\MMfEdlo&cﬁh&l dtdlyst SomprisiAy PiRARESScate
reconlftv ngE n.active oxi dation catalyst froma
deact i vat ed Soxr Jart O LRPEF 95 MO SIS mialnand, optionally, one or
tit anosi mbeatreémbavmegisdamasi d-g4hnt.Ner eon one or nore
cat al ytlﬁrret als and, optionally, one or nore pronoter

met al s EoniRiRg Od‘éﬂ%ﬂ?"ir%ﬁt?ﬁg@m@meaFatplwswlémcudmndbhe
deact i vaisadirand Qﬁﬁ&&n t& éﬁrﬁhyﬁhmg)?{@&e gub@‘g’gﬁ%“}bﬁm of the one or

titanosilicate having deposite er eon
cat al yt i ®oipeaglysic aretals apitaptngdl loye onere@romberf Getals;

pr onot er ontacting the
oxi dant - ?Ta’at ergg t‘g%(?lgn |lcl)cr?%%cfd |S§78§‘B\M“fc‘?f cQpflifonsydicient to

condi ti onemosufa%ndoalemid and r2Rii tRe Beahdsiipa@si | i cate
subst ant @;e of the one or 10 nore catalytic
metal s a Sryipnibe slaipedtipresiivat: netal s (c)

washi ng Ge;‘@pttdnﬁ]%n Qﬁbﬂnhﬁvefﬁ@re& A Ay tﬁl%sgllggt ug@]m&d from step (c)

condi tions sufficient renove resi
recl ai memHé):end anosi | i cat e; (d) optionally, drying the

recl ai ng i cate onal |l y, cal cining

the recl g) 4 EQFS%S JzJaIAnCOS| qr%%atg%%b%‘?“étiaﬁ &hd prtinally ers qramore

15 or ( d[)rpmata:d miefa)s alepos kaclaa@e@ﬂ@n&ﬁh&Rfﬁd&%ﬁh,}{,kh&sufﬁmm
nmetal s at one or nore pronoter netal

@Ftl onal |

onto t hePRBILIhFEeFopftindedheiidatogcatalyfider condit i ons
sufficie ?t to obtain the reconstituted oxidation

cat al yst 2h€ pfﬂ%“i)?%@ég% 1 yhereingherprie querecatalyie metaks ave

seleaEfrea Rl gf&hpﬁcoﬁﬁtsﬂosof%ﬁﬁ ggfea %ﬁelg.é]tﬁ%g o Irxggt]af,?eﬁgagumfrﬁ group

consi sting of gold, “silver

mekﬂlsaﬁlil%@mf@%@preoﬁet als, and mixtures thereof. 3. The
process of Caim?2 wherein the catal ytic netal
conpri ses b miocess df/Saim 2 p/hhﬂ»ﬂﬁhﬂﬁﬁta]yt@fm&afﬂdﬁtpﬂs@s gold, silver,

paﬁalaﬁﬁ'[? %ﬁ' a mixture thereof.

4. The process of Claim 2 wherein the catalytic metal comprises gold or gold

in combination with silver, a platinum group metal, a lanthanide metal, or a mixture thereof.

5. The process of Claim | wherein the one or more catalytic metals are
present in the deactivated catalyst in a concentration greater than about 0.001 and less than

about 20 weight percent, based on the weight of the catalytic metal(s) and the titanosilicate.
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4. The process of Caim2 wherein the catalytic netal
conprises gold or gold 25 in conbination with silver,
a platinumgroup netal, a |lanthanide netal, or a

m xture thereof. 5. The process of Caim1l wherein
the one or nore catalytic netals are present in the

deact | vt eithe padcadsySIClaim owh@REARE Eahiva FurtH-Pal
0.001 and | ess than about 20 \%IVGI ghte pﬁ:rés%b%or

bout
mof UHOGHIERS SGlesErhiromthe sraup sensisying of Grauall( Syouprdtiehe

lanthbd @0 Bk LG RES; andafixRres tGeHF OCESS Oof Caim | wherein
the catal yst further conpri ses one or nore pronoter

met al s s;el—[qlg 3 onS| sting of Group 1,
Group 2, thetp (?:egs ?rﬁlg'% ‘% c?n%?rd’é‘ggp%ﬂwt%’@&‘ﬂfé@
selqced rfeanf lithium, Ehdiupy wasmnnfutﬁlimnﬂbésmh & &inBsivird &aRNEn Warium,
rormt r .metal,s are 5 selected fromlithium
erbm{}%ht% p 8 qe h\;{ﬂ??dl um cesium rragne5| um

cal cium I utetium and m xtures

t her eof > gﬁ‘e?ﬁ%ceﬁr g&ﬁ%@ loWheseigi the pgWeRese Aropieter oretal pare

presear @ the dadi ekedBatadlsSinalBnceRHr88 &N Ereh®r hLE
abocﬁ%O al ySt in a concentration grea gr Ii: anabg ?(9{)61 %88&55 than

Velgh! rerrsnl calpiaied sEomgieli ayudtbapreranetht totett aleiphit oftthelcaslyst.
nmetal and based on the total weight of the catal yst. -
10 9. THe Thedeessss o Clabmali whn qreumm: wlanodiivate is a crystalline porous

S TSP 15 el BV S g TMEEAT e

titaffsilR@Ivk #8/ingla pINGElkAdE titaign cbdrimaasi silegat es havi ng a
plurality of titaniumcoordination sites. 10. The

process 16f TG atateds oflTeiigil rwlidiéin € @kt isibgulog g e%tﬂ:d%? with
ase&ng{uded with a second support. 15 11. The process o

HPRTher ei n the oxi dant is selected fromthe group
conS|st|ng f oxy ozone, nitrogen oxides, and

hydr oger péi SRTO&%SS OiglalﬂFHé"lﬁﬂr %ja dapsoxadanOis aéleatdd fabretied group
consiSfind 61RARNL ot e Such dRAAL, g hoflpel et ln @ gas

phase Wi th a gaseous oxi dant “H5EF ur e greater
than abqyt TR20f bout  850C
~alternati vel y,9 |c§gggggg§nﬁtl dku: %1? PR AR OF’r‘?aﬂ“ igeqrglucted
in 198 phasg with axBseosnpedatt ar Eetegipeﬂh&é gltebtaﬂtharbﬂid)ht 240t andliess
ocess of Claiml
thal B B P, B0 1 s foBteeler WA B oeerg ot phase &
temperagirs greater thin Bodt D0 1a8d iess thlh bdue 126kl furi c,
phosphoric acid, and m xtures thereof; and the acid

I's provildedhagroatssd8TRNHT vAdrdn $ 4
process of C g_l m 13 wherein thre1 acl %jd l?%l%céea&aﬁoyﬁego%

°°ni‘8“ngﬂfé‘viéﬁ°6@8§%> ngFic.culing, peosphetieiad, rhémpitired thefeef aad the

ac1d5f§|p¥6\h&'aa§?.n %ust&?(f' llﬁll?)gl'”: +5; and the vol ume (m)
acid sof utton used per gram deactivated catal yst is

greater j4 Tpe process of Claim 13 wherein the acid is aqua regia.

15. The process of Claim 13 wherein the pH of the acid solution is less than
about +5; and the volume (ml) of acid solution used per gram deactivated catalyst is greater

than about 1 ml/g and less than about 100 ml/g.
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than about | m/g and | ess than about 100 m/g. 27 r
16. The process of Claim 13 wherein the tenperature of
the acid treatnment is greater than about 10C and | ess
t han about 100C; and optionally, wherein the contact
time is greater than about 1 mnute and | ess than

about 241 aqdmhespmcws of Uempi3os@&inthe fhipertutdothe ?a& eatment is
titanosilicate is 5 separated from

gr e%tﬁblethg‘g d(')% igﬁ 8 lesy tha pbopt 190 ;e PDWHI&F Iy whersiothe centact time

is gPEER Ohish 286U Bt est Lo recover
catal ytic netal (s) anosl og?:gg%bﬁegpﬂrbgrnoter nmetal (s). 18.

The processripréded ar ang Ilcate from
step (b) is m;heeé dpv%]ralﬁha %ﬁveﬁﬁe Adid: trgat%ft {ATqSiliFatssis

sepagtederam theagueous adidsolatimytnd optiddally, Irécﬁtﬂ‘vex&@ qleBSSacidéution is
at a

m titanosilicate,
WO&QQ g ﬂe u?‘ge)egéé% cme%k%r?“&b’cﬂﬁ‘?ni@@%?ﬂ ngalés)t han 10
about 1 n optionally, the wash is

wher

repeat e q;ur?{h CIPTERE 5@%?’ lr‘é’é‘S’i?éI‘é%I“Wﬁ%%hcaFelefm gtep €b) is washed
witly i @altvert, inhiafuadit® df sotlent d@ater HAnRbAS eﬁ‘ﬁ‘lllﬁf er%&lié% than about

i‘\@erelnthe reclaimed titanosilicate érle
1.0pQm) esrHayp dtagpalicats: at hismpatasue eroEr thadl abees $0°Chaxt Ia@m
boliP P66°C 26hd Wi r ecl ai med
: titanosili c}%t?%l%g %glgﬁ}c ?t?]ee‘dg‘& I@rﬁgwgu%{l E@fgﬁ%’{rscqyﬁred wash
liqud tsraaepaer tharrbaiining from about O to about 30 percent

oxygen, by volunme, at a tenperature greater than

about 150C BreprdcesfCam labhericird80&cladied thEMOSIHCRE §SSried at a

f erein e taI tic netal (s) deposited on
tenp ra%c eﬁtgr%@amu{ %\éw%ﬁ“ﬁ Cat uisls0&et ed from gol d,
Si I ver I ant hantses, the platinumgroup netals,
and co ‘FBW%CSPH lagr 1 “éﬁ?dmﬂﬁtffré@lﬁnleﬁétaopslimmls calcined in

an ﬂfrﬂﬁiﬂfe&fofﬂ‘ﬁﬁ' f Sdni@E e SRMEARY
2, the |ant h‘?ﬁ. dens t Re acﬁ ni 8(5%830&{] rrelrcefly&%?én %VOPum"
at 3 tpEp@aiure g_rgaterAhmqb@@tslgﬁOEﬁ ancdeleenthta shetut 9A9°@N acti ve
oxi dation catal yst conprising titanosilicate TS-1
havi ng ddpodictrearesstnd Claom lgwhdemrtde adtal{i@anétal(y) eposited on the
I m. | | t h| sodi u
recﬁfﬂé@ﬁ&ﬂosﬁﬁgt@ are as%le@t%&%r rlrﬁg) z{jnman Ess éhrgm@tmum group

pot assi um rubidium Cesi &

metfasy; andhgonerifptions thedeot: @iid Whgre@nte Hi)t)ﬂnﬂ gﬁ&nh@%&xgt?fr aat&?%lected

ans n ess conprising: 2
fm%qf ﬁ“%iy‘%@ﬁp & ‘&E 2?&@1&919?% thegetindes. and miturky dereof.
conpri Si a titanosilicate TS-1 having deposited
t her eon %o |24PRQREFS 4t recengitutipgan Bﬁwmtlomwst s@hperisie

titahdsPiiBatel T91H Hmmé Qéyokif@d tﬂé?&ﬂlsgc‘dlﬁl glﬁd A Sc%ng E}-c{ﬁﬁecgréﬂﬂal selected

rragneSI um calcium baritum~er
fromlithiymespdiuremetsssiumt rubidivne psinat Uﬁﬁ’leglﬁlﬁlatiﬂéluﬁlh@ﬁll@b @iium,

Iute%ﬁ%caﬁpglﬁfrés:’ thteregp th%brggotnsntggcc):n process comprising:

(a) pretreating with oxygen a deactivated oxidation catalyst comprising a
titanosilicate TS-1 having deposited thereon gold and at least one promoter
metal selected from lithium, sodium, potassium, rubidium, cesium,
magnesium, calcium, barium, erbium, lutetium, and mixtures thereof, at a

temperature greater than about 250°C and less than about 850°C;
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28 (b) contacting the oxygen-treated deactivated

catal yst wth aqua regia under conditions sufficient
to renove the gold and optional pronoter netal (s); (c)
washi ng the titanosilicate obtained fromstep (b) with
water to renove residual acid; 5 (d) optionally,
drying t(®@comsinag theiok &telaltéaaieﬁc

greater than ab%ut Zgigﬂand | ess t?&?ﬁcgggﬁﬁbl%%grige’?under
opt i onal $3pditiess ithicieny 1 fmove éh%qiria@hdtqptlami promaotat @etal(s);
obt ai ned n at posphere o

nitr ogen(czgg{%ﬁtlﬁﬁg&ﬁ%%l}ﬁg ¢ &Qﬁm %p g@ Vﬁgh‘fvatebt)?)fﬁ‘@ﬂ"e
by vol umgsidegl agidt enper ature gr eater t han about 150C

and | ess ?h n 0 .abou C to obtain a reclained
titanosi 19 ZBiogaly dgy “(3"’}‘ i 18008iligRsF @ aifemperature greater than
opt i onal dbput I0€ 208 1639 han Qtsdimwfc netal s selected from
the group consisting of lithium sodium potassium

r ubi di un(yl[é ) ertimaky, calping diag rgajaines tammhcmpbumedém)m mp (c)
| utetiungr @ rec

titanosil |(02? éﬂ‘ %gﬁ&?ﬁﬁ%ggﬁ{rgg&cf °f on l?fo iRP %?Ht é’ercem
f or m t heoxyBern cuené. abia edipexitdaicakr thaﬁ abots § 50¢3andAess than

process Qf a titanosilicate froma

deact i va%é)atr oxi ga‘f %n aé%ﬁladwgf“@%h‘fai‘%?ﬁ‘b (a)

reat i ng(fpdeposian ocd e, Opidiali. Qe 6RidlRbmSRPRlelA ARy
ti tanos%5 rﬁ@{ e having _deposited thereon one or

catal yti eaﬁr%“pa‘i?&smtﬁ}ﬁtqféﬁlapmy%dm pgtasmnerubﬁmxm cesium,
pr onot er mpgeahs, Widilm: ! Ont act

oxi dant - t r eat ed oxfda?lgh{)lﬁﬁlcgm")}slg‘@ g & h’ﬁ%&é eof, onto
condi t i oths restaimhediitamsilicate T&Tbwadéttendiiensai fABNE to form the
catalytig &\% ﬁ%f’% Oxnd%l{nﬂ%t%#tl onal one or nore

pr onot er anosilicate; (c) washing
the tit a2fosiprocas 6f elomind £RabdNilidaRIRIm § Bl il]tgé]émdatlon
s,ufflm ent to 25 renove residual acid from

CalplyY SABEI$PEat e; (d) optional |y, dryi ng the washed
titanosi(, o cal cinin
tit anosA ?gg{tlg ggt@ %Ingg%d QH%%R&% ep T ey rls‘(’é)aq“ané’@h&%te having
to obt ai ¢epasited heagomendte bi mareosialytcatetals &4, ofiany, @66 $Smore

of d ai nf"é%‘ ?a'lsththe ca(ial ytic metal is gold or

gold in |nat|o aW’sHver a pl ati num group
net al : a(bl) m&mngdemﬁiaad-ueam oacldﬁhliﬁ é{aﬁzﬁy&bﬁﬁleagfd' una@nd
wherein o Jonal | y,. the catal yst al so conprises one or
more pro flent daeEy e Hie one or more catalytic metals and the

optlonal one or more promoter metals from the titanosilicate;

(c) washing the titanosilicate from step (b) under conditions sufficient to

remove residual acid from the titanosilicate:

(d) optionally, drying the washed titanosilicate; and

(e) optionally, calcining the titanosilicate obtained from step (c) or (d);

SO as 10 obtain a reclaimed titanosilicate.

24. The process of Claim 23 wherein the catalytic metal is gold or gold in
combination with silver, a platinum group meral, a lanthanide metal, or a mixture thereof;

and wherein optionally, the catalyst also comprises one or more promoter metals selected
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29 fromthe group consisting of lithium sodium
pot assi um rubidium cesium magnesium cal cium
barium erbium lutetium and m xtures thereof. 30

from the group consisting of lithium, sodium, potassium, rubidium, cesium, magnesium,

calcium, barium, erbium, lutetium, and mixtures thereof,

30



