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HYDRO- OXI DATI ON OF HYDROCARBONS USI NG CATALYST
PREPARED BY M CROWAVE HEATI NG Cross Ref erence

wo SvmEtierent Thi s application clains the benefi PCOUS205007528

Provi sional Application No. 60/558,649, filed April 1,
2004. Background of the Invention This invention
pertains to C

hydr o- oxi da@j‘dﬁégfgg %ﬁm@ﬁ%‘%ﬂé@ n,
by oxygen i egég‘é‘{gp BY MICHRAWAYV E BIEAEING
partiallyoxrdlzed hydrocarbon such as an olefin

C(r)xsls eferggcret tgt XI di zed hydrocarbons, for exanple,
carboxyllc

T o Bl 1SS Rior 08 AR Alicton
Neye¢(> %%6‘[59 difsd Apel bd0dd, are used to al koxyl ate

al cohols to form pol yet her polyols, such as

BREH Y QRIVA BORIVBRI LT her pol yol s, whi ch find uti ity in
t he manuf Iure af E %uret hanes and synt het i

el ast onmer 15@1@#1{%“ RtogrREocess g Rty st den the hydro-oxidation of a
hydrbearbadisattes dnrol¢fivg byeryfendh tiecprodenad sfhyeinczeglty €sthba partially-

OQIHQQd% dll%r%r;g,!l &lé, %C?%?n g)élg al kanol am nes, such as

ano Gitili ty as solvents and
s ur f act anPartialdy- @mdmed haidgcarborm éoy ekpmgleuolefin oyidgs, alcohols,

k&@ﬁééeéﬂdscéi‘&g(y'he a@iﬁg 3G &Mﬁltnl&ﬁ%?% 1l1§9§ BoRe¥th 'o%idRE st as propylene
util e manuf act ure o esters an

O’b‘%cﬂﬁ% tlr%irro a%kogsrlégetalegwls tRNTHR XS tREROBYP1SH Serheasodypropylene
pafyetﬁﬁepdly'ﬂ 10 t;)lllﬁch.l gﬁdﬂ uhﬁmyen the rﬁzﬁfu‘f@tﬁre 0 pblbﬁreﬂiéhé@iﬂdoﬂnthenc

(0] [ a on | re W
ool P g BB R el R i P FRGE  alkylene
glytols, sughlpppropikiae glyeolcatdadimpolaniihes, puachchsdsaprafanvlaesee, which find
umr@%e%&r%emg Qﬁ@gdrﬁl%tan%ar&l%:&{dlyam&drég ﬂn@éﬂﬁ%ﬁ [sBRASes and in

for the urposes of this invention co
Orcgai“ﬁéﬁnthﬁifér bgeixyhsrpidadngerilitoinetoe rrsanufa@ruresz%wrﬁr@ and production
ofplastles. hydro-oxi di zed wi th oxygen |n t he presence of

e e N S T P R b BT e
oxillatoimodidhydkeadioes dirently widr trqigph ircthaiadsnce of a material amount of
hmg%nt | Ollg "ﬂ]ie' ﬁ@so%@&feéﬁﬁﬁo Iagl\ﬁgtl&?&%lxﬁd The B?dcﬁlg{s%k?ltl?ese processes

1N

cwmﬁeampgﬁwaxweﬂ%edl I}dee@pgsaowhtqhégeths myEeseeef thisénvention
cérﬁﬁrﬁ@@af%nhhﬁoge@ﬂ ecd d))W by Offieh,) for &xentifS cah BE hydro oxidized with

O O e R EREA O ytﬁg%ﬁa A B g 2B Py olefin oxides.
ApraneRicanshe lerdmomﬁlzedrd)ﬁxnmrmﬂuhmlsdbetamm adlr daevoxglioxtide,

are usual (%Ig%hfoo&ﬁ&ohg)rg’degs% hh g E%I:évyed ok erefsaﬁi gttehtn% I [recent

Hydr o- oxi SSes provi

yesvse beefusethe miaéllathmzqsirrzr@étﬁ%@f theremeoasssen arsl fofrned 1n§ngh
se@é@tn@it? e &id §Gadsy fd’r\”ekﬁl}lgl)é}é%%rbe'dﬁltélﬁk% ift %?ef%glérir@lg(hf 90amole percent
eria no
St br@e%ﬂeﬁﬁ e SYSpeeh BRrekS Sich af cagiom 183 q 2 carbon
diokglk] are ﬁnxma:IE'Sfoﬁn&i 1fn(3igﬁﬁhalnﬂy boveelselettivityt Hydko-oRidytion processes
%Q%lét cﬁ&nc@ ﬁ&(gm%gg %V%e rect oxelﬁ)atl%% I?E)c:%rSsl,e\s/ S18lein an olefin is oxidized

i'scCl
directly w1th oxygen in the absence of a matenal amount of hydrogen, typically, for

example, in air, to form an olefin oxide. In direct oxidation, olefin oxides are formed in a
selectivity of only about 60-70 mole percent. Representative art disclosing hydro-oxidation
processes can be found in the following patent publications: EP-A1-0,709,360, WO-A1-
96/02323, WO 98/00413, WO 98/00414, WO 98/00415, WO 99/00188, WO 00/35893, WO

$3/59632, D=-A1-19600709, and WO 97/25143.
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processes can be found in the foll ow ng patent

publications: EP-Al-0,709, 360, WO-Al - 96/02323, WO
wO028500223, WO 98/ 00414, WO 98/ 00415, WO 99/ 00288/ USYD5/007528

00/ 35893, WD CO 59632, D -Al- 19600709, and WO

97/ 25143. i Hydro-oxidation processes enploy catal ysts

conprising one or nore catalytic netals, typically,

sel ect ed Hydwrqgadation prooesses empbymhatystuongiicing dietbahire catalytic

t
m%ﬁ?s g@)?gangggegegterd% og@lrd %]f‘{ggﬁg% ll‘atu"i\ﬂ'? g%!fé §t§lr§,atgfr lanthaimde rare
earienpims, gd rwzq_ur§$ thsteall) dsgesaisHion aditangsiligate, pl@&m@trlm dfyhe MFI or
M-Elﬁcr Gahiddorhphic SRICALS. GeferdPPAR ey mEAR are deposited on the

B?Sgg‘%%lsll’yl %?ﬁrﬁv%eﬁgﬁrﬁ?%%teé?@w@ﬁ&)égé Ehor BS degsippipitation,

as destiB®ed,iBRE 8279,32HardI T8 4937,22 99 Typiyplilyg aid tytandsilécate is synthesized

%@Jﬁ%}#&%ﬁflfmb ol AEHOAE D U RIYER788h and
a1/4¢> d1 / Bapggtiro- mwnhlysornthefeeh eeqvate Csxstﬂllrmtlee tineeg winggng from
oy $ thbdut atdh%ﬁlbﬂgﬁ thad gh@@ntﬂegmo@ﬁfa%a&oshfaaé%%de% efficient

h h
LT AT AR S U ——
hydr o- oxi dati¢wof tetabbyes tit wndd e ﬂsmb&rtb |paépafamnyarr@40aidauon
{
cat%%t\ékﬁcxentfwthl\é{ g%ﬂﬂoﬁtgﬁ gé%ﬁ\fef i cé\l?slﬁn%l?g cgﬂﬁqvma

fon ca
Crvﬁaldllﬂt@ns\mf thedtt@nqsnecatee duwpad blelenen woresdasirage if the microwave-

pr@?&f%&’ hfrch'@fdi@datl‘éﬁ Y&t Bkt éo%ﬂﬁ é)@ﬁ\ﬁt &fmﬁa@@okt: bf GRS pliifG@iafice, such as

even nore |
bf‘rﬁee F‘%}Wé%if’:f“éb‘éﬂ%&lyﬁgfiﬂ% eé@ﬁ“‘d’é‘tiﬁl 36‘FV06 é}fe&% in Byslyprpxidation
plexfh;s@; s compasdvith pedseiataly @ dipedddutishReRlysSeEpad&d by hydro-

ivity, selectivity, hydrogen efficiency,
thggl(%?l fpet c{‘s'eti me, in hydro-oxidation processes, as

conpar ed The prigragtstearhesithy efyadend poopathéivh of titabsiliyaesby microwave
hé%ﬁﬁgaefs(?ﬁus}?%te‘a)l?yrtﬁé ﬁﬁfom f@?érg&g§ V\;r;&e Aﬁﬁ.’h'e‘?ﬁl eﬁ‘t&dzes in Surface

ration of titanos

SRS A DA B e G phjuliese of g Ghinrigal Socieny
off Rip8.EIQR800)VE605- 26880 KEK . &lang etSHl U duRBysid ) <Perf, 39€1999), 45-49;

P S ERESRERLAL Y5het Pbo ad0t Prny T SR, 5817,

M. ROBEIsad 2605 C26087s Komikunikamgsed (2002), 394484y Slestain of these

SR A8 S AR e

oxpgationof -allgnes a argmaiy W@ﬂs with hydregen perpxide as an 0x1dant None
ofRe de)'ﬂélﬁéﬁtioﬁ@& refé’reﬁc%@ QAL losS2R- sﬁQéests@ﬁétta&itﬁhdé‘,fhcﬁﬁgﬁgpared by
ref erenc f e%gg f?i?eOf m Crowave- s déqt
MYqrp AR R e b S Y SRRIPY LR BLDPAA Lgtrp-axidgpion catalyst for an
oxatiamesitloox@eo imthepresengeoafiigdroged.n hydr ogen per oxi de
as an oxi dant. None of the aforementi oned references

di scl oses or suggests that a titanosilicate prepared
f ing coul d be suitably enployed to

prepar e ammﬁe ra@péél( 'tl‘i’i@‘iﬂ\ﬁéﬁtl&@fnf%k/hﬁ%% £dr@noR8l rg»&k(dahugﬁbn process
0 rogen.

CUHS L TICHHRE P GBEARe O, X BU T  GRFST6rORpdfacand in the
presynca oNopdrokkittation xatdBisi umleppme@s gonditiprs suiffixgent to produce a
parﬁgwg)%lgﬁg% %gﬂégarggr? it oannowef aspgéyt%g rL]quﬁe %g{glygt gl g%ployed in
the process of this invention comprises one or more catalytic metals selected from gold,
silver, the platinum group metals, the lanthanide rare earth metals, and mixtures thereof,
deposited on a titanosilicate, characterized in that the titanosilicate is prepared by

microwave heating.
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presence of a hydro-oxidation catal yst under process
conditions sufficient to produce a partially-oxidized

wohyudriorsas bon. I n a novel aspect, the uni que CRCBIUgSI05/007528

that is enployed in the process of this invention

conprises one or nore catalytic netals selected from

gold, silver, the platinumgroup netals, the

| ant hani déhe¢ poel parceds afehis irs/ent@ordis mseftiLifoe pradoeing phrtially-oxidized
h?cﬁ@&ﬁb&%ds&ﬂ a8 oIe'ftn%?(?@e'sl él&ﬂo% kgtg%sagﬁoeédrgﬁg'hb gcﬁ:ip 6H;lrectly from a

tanosil i cat 'S pre
hydraearbep qrhieows%m the @@é@@e@lf hych‘pgern ries e papesss gf tiiginvention,

p&ﬁallpb@fméurhgdmaﬂbbﬁd édtnﬁi@b@hﬁ)@ﬂ Hy)d dg@ﬁ %GQJ%% erS UBHR @¥el process
Xi des, a ket ones, car boxy %

| coh
oL et P SEH T BHVGT hyBPBEE B ADHNERSGoR Hisosilisete prepared
bpmegenaec dating.d Adgartagdeosly { herpurvpdsatingdxpedites the formation of the
tliamfﬁﬁ&{t@ Omgﬁlaa[ fe'\ﬂllcllﬂs Ol c@h&&‘{] tﬁ%g EQ&R r1 bt8 rﬂﬁmﬁ%% ?F longer are
rogen, and ox g/
regHired FOrRréPﬁrP afaneﬁbmsssswa émcbmlsiﬁ bzz éﬁ@fengowé hy@@ -therenal methods.

Usexfrenant theehydtd-axiastidn cedlest Bf BRAIneEhtRY, ShploPie \éﬁltanosﬂlcate
m.cr owave eatln edite

heat i Advant ousl e
PR H B8 ETCIV PTG YO GHPr T 4 Pe QTR i feoncdation
plooexsss, ak norapartd avith hyﬂroemﬂzhmmtcafhl)tsts Il digta thag@yisca® prepared by
repare titanosilicates with
c&Rﬁgﬁﬁmﬁﬁ§h5§ﬁHh%ﬁg§%%anal hydr o-thermal mnet hods.
Un expect el a,notheh aspeyld Hus @wm@tm i A ubigua kcgtglysigfompeisigion comprising

ohdW&fbleQAtal RIFRh&NIs Rledted ﬁ’bﬁﬂéb?dl st ﬁle@izﬁﬁﬁﬁﬁgogﬁl metals, the
m.cr owave he ti

I P Be SE GATT 815 56 ggé*'éﬁ’esé etk %ﬁ%ﬁw i tanoslicate
clysiterized i diat the tﬁ@io&ili)t%ﬁs jsnapare@ bantitroaavshdatiaat e

prepared ngion dr o-.t her na

anot her ag%%eg’t%&‘ﬁs' htlths %I ﬁ?/le N %(Ii‘OOOnXI%lals%log § {'ﬁl Ygﬁ%ﬁg‘&wi}%‘fm can be
prepangd i @ commemaghyi ascepjalde émemeriod ef wiat afeyt haprsrelnehis regard, the
cagtﬁ!y?c‘btf s {veAk &Plshdvaith ﬁrowext ﬁﬁ)r qﬁrﬁw&lgét%pca%s@g Svhich

hé anthanlde rare ear nmet al m Xt ur es

.retquf, BBy dawpioE Preagration g t[hF t“éaﬁ’(%‘ iFate gerBpPoneRhr Mereaves S catalyst of

tli1sn1nt/blﬁtonl; héoid titalmﬂidate!:@liﬁohsmﬂi pRpared beYmngaO&VﬁMﬁmg, achieves
at

Benef | I
1rré% ve ygetrf%’f%g{?%e gl t% fg Hlpé%\\ﬁe%k?ép %?ye% %h ﬁ]'ecglwty, as compared
weth pior aiit Ay dnp- ca@dﬁépnasblaéfsmvdmsp gtanosllicdte fersporent wyprepared by

cMﬁt%nal HydrB'tﬁerﬁﬁgﬁ{efiwodg he catal yst of this invention
I's advant aged over prior_art hydro-oxjdation

cat al yst sIN Yehreatheregpsct.dhisdpyention rovisies firaovat method pf preparing
a hp&otdxﬁmeﬁ ichtaB8t @nSis iR @Nkeatilyh lb? MEowal &d@@foalaﬁshthems

bl by 0l PO FARBERbelb s o
tepepldtoy), _andlweter iundéhenfltions suifﬁcwprto\pecpa&ca titanosilicate] (b) ghovering
thﬁqgﬁﬁ)ts 1i¢th %X‘ron@ﬁlecsg ?srl? 901}5‘4 ald Eeﬁ 1nﬂlr tthcf titan?silicate to remove the

ro-oxidation c sts dse t1
stwws ﬁéﬁ@tmgsagsme(smeew H9); é@@@mmmwﬁytm wetaheptadhe calcined

titBbAREke, tﬁ@ca‘tﬁ&tuﬁﬁ@tah@émﬁw&%d frbkigdld, BN@R! b br more platinum
ﬁvOVId s for a no

d of
B PRt aag o BioTe e e s it BieFRs pad it thpregy: to form a
metat-ticmayidicita doapogte; andsgptioneldy &l) hiedtitgi theymetalqpitdanekitigata composite
u@&?égt%f(g%snt dohﬁagﬁ %fg}gasaoﬁﬂllﬂéﬁae e8I101§% Lﬂr&o%gheré‘orsgﬁd%?‘a}ﬂﬁ%n gas, under
cQiwifernsise gnesmtq Pr@p@mthqleydm-epléﬁteoracaﬁalmnos| licate; (b)

recoveri Nghd MBrdmdnABASH Mbhol 8f {)Feﬁmﬁ%"b?h WY ORRALSN catalyst

ol ution gd caIC|n|n the titano cate to remove
(f\ﬁt@tageously reduces preparatlo time as compare w1th prior art methods. Moreover,
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structure directing agent (or tenplate); (c)
depositing a catalytic netal onto the cal cined
woteszme®s| i cate, the catalytic netal bei ng selpextsdoos/ 007528
fromgold, silver, one or nore platinumgroup netals,
one or nore |lanthanide rare earth netals, and m xtures
thereof, to forma netal-titanosilicate conposite; and
the patiakyﬁablbgiuc(ed)exhﬂaétt improvéeperfiiraandd ihdiydsi-dxidaion processes for
Q?IQ ont ai ni ng gas or under a
pﬁggu%i%ﬁa&{ o%/ uno?gr an inert gas, under
condi tions suffl CI ent to prepare the hydro-oxidation
Deadiagyst . The af orementioned nmethod of preparing a
s hydr o- oxi at| qn cat al%/y advant.ageousl y. reduces
prepar at i nqaepggs & Sde3GHPR PRCE Y oL PiePaRlig ptitenosilicate
wivhpmmﬁtzatlhmbyanabwaw pdodioned exhi bits i nproved
per f or mang; [ r [
Dar ol |y By A bRt (560 bidbeR PG fhe o
titgeqsiliqate Y!lt§9W§ﬁESﬁa§01? bﬁ@‘wr@wamr@é@g@nfor preparing a
titanosilicate with crystallization by m crowave
DL i ation. .Fi Le 2 depicts a continuous synthesis
10 ! L DUPBharing a titanosilicate with
cryst al | i P&t inoentiop descibetherein mdiides, imondepadt] f8 a novel hydro-

)ﬁgaﬁﬁ)_rn Hﬂ&éegytoggrelgeﬂg a &)QH %ﬁg o%&l%eﬁ%gd{b‘é%%h OT“Pg srso%er:slsbcggnprl ses

ComAgHBY R Ea@nop@rhow de@gygqrunph%ms@caobhydro@nl apd @xiydiozexidation

calﬂél?sft Qe ERast C-Bt}ﬁ)rﬁfn%%é r ﬁméd@?ﬁc fRepiLeidcRa fiom gold silver, the
ence of hydrogen

b t
15 pl 3 rng%%{}lg%getgfﬁ,l tggfqn\éﬁngigltrgqefgfet g{ S, @R g]uyrélfes thereof, deposited on
a manmheaiteq gvhergn dfe dnsnfaetm@isabyduocedrmidai ﬁroS@;ls echidiflods sfficient to

PP o e bRV R AR Sohr ok W avngon. e
titgeqralidateeid characterizadas bsingintertaesd yhmicedwavetheatdngnt act i ng
' S C onduchgdytRASH eRHOGRRAL GARRIHY RSN StHé fxﬁlcﬁb@ﬂfaor{ 3 be oxidized

e the partiall OXI d| zed hydrocarbon, I'n a novel
20 ISégﬁ 10, Brorg preterablyérfei e flefing dn an pysngupieiegfemed gmbodiment, the

olef@isacCef dl2a, aad ibieicogvepice KXﬂﬂﬁ @obyspash&hg\&%.\g ®ldfadNidy - In a most
nvent i

| h .
ook BPR TS GEORE B DanThac dhd 5 R o CBtene oxide.

pr ef er abl The moveBeatatyss vafiéinis emplayad @vtarn hydoeoxidatioarpreatss of this
infERRA 1'se51(§1ﬁ; Rt hebals %lged%&% %Bidn ?ﬂ\?e? dpd hla’tiﬁﬁlm group

convert € correspon n ‘oxi

25 megly the KBTI A TRERE, ndiRixBires hArep depesigyd ene, titanosilicate,
tha mhnbmhbae cRaY@EtiRd ih @na@ nowﬂepmed ®¥ nferowhbeh&eme! In a preferred

t t . wh t d dat
erifinb g eRbaleTnaa: PF wrfprC e BHESionge R qpg or more
plstiuee grcipfmeiats goledr ngiré iaathantdeealpleatth nemlg o s miretathsreof.

P&ﬁ?aﬂl?QBQgﬁhgﬁhéa% & cﬁfs@lpné@g %t &fbﬁ’&%&‘ Bftftaction (XRD). More

ted o a tlt’anos
30 preferabhndhg ﬁl@a@%hc‘@ntﬁaus Ad0Eus £exstaling mfa@osnltcates chareqierized by network

of"Bo%s%@lﬁ%ﬂé%%r'oﬁgmeé Wltﬁlrﬂfs@rﬁsﬁilﬁﬂe ﬁ'ﬁ%@&bl‘@ﬁﬁlctu&& €A most preferred
fcat tic IS g il onah? i.n conmbi nat 8
Cfifoh 0 e Giseecitiags n SR LeSaHpGrolls Siturosuc fe tipnium
silicalige-1 §hi8Hani de rare earth netals, or a mxture
t her eof .
Lo | S Sl DS SRR L gt i
35 Myﬁ‘@-omdatlon catalyst compnsmg (a) heatmg by mlcrowave radlatlon a synthesis

solution comprising a source of titanium, a source of silica, a structure directing agent (or
template), preferably in the form of an amine or a quaternary ammonium compound, and

water, under conditions sufficient to prepare a titanosilicate; (b) recovering the titanosilicate
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preferably, the titanosilicate is a porous crystalline
titanosilicate, characterized by a network of pores or
wockesmes2s or cavities within its crystalline fecansaesko7s2s
structure. A nost preferred formof the titanosilicate
conprises an Ml crystall ographic structure, such as,
titaniumsilicalite-1 (TS-1). In yet another aspect,
frarhitlse synthesits isokutipn,cmnid deksinfing tha tinsviermerketitanakiladate to remove the
sterEﬁlP@&'r&gin@ n_?%’xg é& t@?ﬁbpﬁ% (g? d%fgsﬁinésatc ﬁa "héth rlgltté e titanosilicate,

heat I nNg rowave ra SIS SO
the gatalyfi s 1 heing seleeted frop) gale siliver, an%mm@@ Rigtingn gr@ap mgtals, one

orShdrd Garithi il fafCdaltAGn@gle tnd (nPik - & RERD LD, foRA ﬁfnee&ﬁhltxndsnlcate
anmoni

the formof .an a ternar
copst AR oRHa IR oot B GG R i RoraeRi pndep an oxyeen-
coptagpag gasortundenosidiciog henosphgre ecmdee an igrt das, under conditions

su?ﬁ‘flé{i% E}ebg%ttﬁé ﬁﬁm) tOQFdamd{,l[ﬂt | tzgts sol ution, and

cl ni forne nOS|I|cateto renove the

structur 311 dinrefgrpdhemberiment ofithe eatlygtpsgparation, the synthesis solution
is dempasdd df@etﬂaeﬁ@"lcﬁh%ﬁllh@atgﬂﬁbSp Rihid Qeth(ﬁ-@U@%ideb cate,
tet%qt‘pgoma ] t@iu(é? f;ha gtlg%gls—lﬁ@se %thlgctlgtrﬁ ?r&?tl%q,@rsl’é lar\{(? water. In
anbthet heefierche emahoehmatti the Ryithesés sohnibnroripris@sort ehmbmbashﬂ a
{)Mgera%tlﬁlkl%ehﬂaﬁ%ﬁbt){ltcﬂoeabf)ﬁ Ot ea rat%] gf §{€$ez tu S cté{re directing

t anosi Mposi
aggmf lailyfg@n%ﬁf aiont hd tgakous 8.3y n@rb@ S@zﬂézﬁ mtwgn éhqmggm@fra@out
0. GUS ﬂé%@ﬁt @40, e foftAsrefetttd 8ﬁ1b&ﬂﬁfc‘hf 'tliér’s%nﬁfésls LGB cdrRprises, on a

ro-, oxi dati on referr
hﬁaﬁ‘&? atia 1 'glﬁgmge ﬁ?a‘p%é? %ﬁbovtt ae %w@%gﬁd glica to
stmoﬂunﬁ-dmfbtlng agextfin iteadngf oﬂaéblﬁtae(bﬂ‘njbl abbtii®33,land at0,/H,0 ratio in

thé Ie}';lg})f algdultt 6W7H % gl?tl.{] 68)5 'Thg ﬁ%ﬂg'boned synthesis solution is in a

preferrgd pmbgdlmm‘ebqatq@}a@mwavaﬁ iagereundef ﬂ1egfnkqu\|vpe\g conditions:
en@fg%flﬁﬁdteﬁoﬁ@mér%ﬁ aboh{" BOPHNER]R Sk Rl @b@@@aﬁé’ﬁarﬂt&e@mhesm

asi s: ratio in the range

Bisil @tﬁ?]&t aspiget gt‘;at?a ganébw&tq %Céfnnspdwtﬂaansabpurc%%nln toa
prdddtcﬁ'ﬁtlmdmﬁm mﬁpdrz{h(l)lteh énd thsg ﬁea@id ahefinal . t?npégatafﬁ%ﬂgr%aéer than
i r in.the range of about O. .
oty L4 i 1636 o 850 ADIC S BTt B e aBO 5 minutes
to depn thresibeus i uirp n"Usdanthd afesmentioredrohditiobsisn 8 mast preferred
en?ﬂo%gﬂt%e 'h@z{riogl#l'c P%uﬁ@cf‘&ﬁnﬁfse?? Mty ds?fﬁcﬁfé s another

a ratio o Ica to structure- |rect|ng age
préRred émbaﬁifg@nbfthea%wwzmefa depoBifRsLAn e oligiis capppses gold.
H20 rati orhemtytimafgaﬁg@n bé m@ﬂ@d&?&i&ﬁ@af)&)labpp&ngp&?xf’g in such a
af.orenenti one S S SOl utl,0
hy S R bt ot AF Bk Sratee! S, Byl Atk comprise from
1 toredbent 2thearbal dtomis rgpd oefeliablydinem 1e¢oebayt 12repibon afonem Typical
ol&{fsac{oﬁ{tpéfsg ) %W&boﬁp%? Eé}bé)r?ﬁﬁﬁlts ;}?Qfg%%“ tfro@n ?Qcpal%ﬁﬁ Y% carbon

eslis s uti1 on
at‘gﬂéa{%éwng ﬁlzﬁqolaﬁwmoaﬁosleﬁm srepeefprmed buh@ﬁﬁmtalmo@w Ar more

dohaleaoomafs @a&faiﬂlm édtlmdo Be%ﬁﬂﬁéy’réfdu rI@lte #@%c%ﬂl&@ﬂ cae&n@n only
I.na e erature r r apbou

caffiop LT TR SERB 0t Siebe 6 B TRl ARDOF th ftoon atoms
wight e@irert substituatohe Berm ‘et sastised h&smi; Fegniredihia tsulisbituent to be
sugﬂﬂééallly%g%n%&%g nﬂh?%?%gg %ﬂp%qn\%ﬂpg ftiﬁ} ftable félgrt %glggi}%ents

anosi
m@@ﬂ@ tius are ngt Nmited tq hale.pther;Tester. alcqhel, anémématlsrrmlemqse dreferably,

tht@ H%l@ @hﬁﬁft‘ﬁem H‘@ll&@t @kéféﬂaﬁlynﬁg @Jch_quj %@lﬁﬁ ::ajlh@ ﬂlc@lgoltlﬁ&etlesbcompnse

| ano | cO S he rocarpoon can

£y U2 D S S DB Hcho SRR rom about

6 to about 12 carbon atoms. Non-limiting examples of olefins suitable fcr the orocess of
5
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hydr o- oxi dati on process, preferably, an al kane or an
ol efin. Typical alkanes conprise from1 to about 20
wocearsoes2at ons, and preferably from 1 to about ptZ/usasoson7s2s
atons. Typical olefins conprise from2 to about 20
carbon atons, preferably, from2 to about 12 carbon
atons. Anong the ol efins, nonoolefins are preferred,
thisunveitiehiipdudsogihd e, pg)ptyime ol-butenes 2ehpidiec?-pmtitidpropereh 1-pentene,

2-88ntdhe Qerﬁethﬁaf‘ bﬁﬂeﬁ@ 2b§1e@1 b Ykde, ITh&RY.I 9&@5@ %nh&ﬁ@ﬁe and

cont al.n car. on ang t)f]@;ro en atons,” or tl on i-/h
analagopdyd %gﬁrﬂwﬂwqﬁ obmgthyepisae, cHpMBHens: b@?ée% msthythexene,

ethylpérttel&u bﬁfpnytbuwme thabeteh@[ Mcludiey freferady UoE@né)@NE bther higher

anﬁg% cg:sb;:eassu ? {)llgg(gs% gycg?peln?ﬂ ietrﬁghé}g%ql?%ﬂtadlene styrene,
a-@}lﬁth)dtib'@nﬁ rttévmyl@glm@ne,tahlerhdﬂomdm hlideycobat, ablyleetirens allyl ethyl ether,
allyll Bl taﬁg‘zﬁle%te Qfllﬁed'en el zﬁ[y'l pﬂél‘@gt@tlﬂt&u gﬂfﬂr@&f’ﬁﬁé v &nd allyl

noi et | es ref er b e ha
ANfosg- el?rs@rr ly,tth%oléﬁﬁé%an wsptitutgeh gr sbsamind Geop etef@smore
prefergbly, $a uhﬁmlﬁnédaorasluauttut&a G5 3bRain, mbgrmefe&bgf 9f(§491ey1e

E: g(rebgrn oat qua tq\f Wg{e?fb?’@;@%{ﬂy&l%ﬁubw&) idhtion process can

vayibvertl widt sangehdypicaldg slse @fanhitysofihydeosibon id gredtemdthan about 1, more
pr@fepéﬂlyﬁ !%?eat&rtﬂaqyzib%ﬁ?lo Ind H{og{]]%efe‘?a'l}w :%?&?eé‘ than 'cﬁ)orlt 20 mole percent,

ropene
bagedypp QWéotalzmﬁtqsw hy owb@h @xyaenhby@ﬁ%en 21141@»’6‘?1%10“31 diluent that

may Be¥&aeas el w&h@ﬁ&w ypicall {1 @he/ @lanBtiSofl lﬁ/@f&ﬁl&)oﬁﬁs less than about

o ST S 805, ek o B vt 20

pqna:eaat drasdal on the eatblaneles afinlydoddaeonh bxypen, lanladgequasl aftional diluent.

t hese; e,

di cycl op en@g}l é%%ﬁ?%?fg% Er{e?:%ro%é: %) Fsrl[‘-zgftﬁﬂ Any source of oxygen is
acsf:mabiy,| wéb]zlé aed esspmtial ymrq)mp&éulaaq)wpn piog prsiferred. | The quantlty of
0:81be Empﬁﬂyéd’ j:mﬁilﬁy{far?bb&* 2 W@E |réﬂ eb Wéfé@t)l%‘/; th@|q|u¥1|1t1ty of oxygen is

acet al |yl benzen
grszltt t@pn gl?%p Olamreaprp%r bi g{é%t% thaparaé)pg? @pg} mqsﬁéreferably greater
thah edun Sinsolapercasiubstd bhtiedott el hydtbeaib&i ‘ydrogen, oxygen, and

opq §£1' Fp gﬁ‘fﬁk%fl}g lrtl"f'efb(!’uyantlﬁgo Qg;? erler 5 ag(r)%t 3)9', more preferably,
leashtbalqm 20, andfmapy mqﬁgralplm dass @}nap| abgetd 5 mol{erpgrcent based on the total
mbied BthHirb&ﬁ‘depﬁ y@BoR&E %%yéé@xnaﬁ@@ﬁhoﬁéﬂqm@nﬁ’\" de range.
Typi ca ua t| rocarbon I.s. greater than
about 1, Iﬁﬁregwé@ p sl e 59 £ BIOCESI b tlawmentm, agy,spurce of
whioh tmagrbefs&ftﬂﬂy ¥mpliyeat Bhe In’ﬁallihta)b hytlroé’éh d¢mpieyqeda@Rtany material

e N e T T ——

is @Seamtﬂ@dl dbenil. ﬁhfnreﬁerabisy pieater than abos (gl atnd intoye pfeferably, greater
thHﬁ/ 915&{% qrnp(g@ Bbx%eﬁteﬁa?se& Bﬁ'ﬁleatg{%%lo&%er : Bchb&i q{y@ﬁJgkén oxygen, and

l ess than a nost pre I'es
oRftoaak dl*f@ﬂho%tab’@r%léweﬂeswé%%rosw HRO WA A lessShasibgpt 50, preferably,
lekwytEl® 8lsyup 80, anaxmge rpref&fﬁdryoge@nhaﬂ Abud P ngl@perdédtUigREd on the total

(.S requir or _the cess of. this invention.
mﬁ*ﬁégﬁﬁxdre%aﬂi& b5 FGen™ o ikt R SHRR YR 21 ¢ "and
essent i allhydgiioe tortieedol arcadaytgahmie ba degirabledo eaghloyThdiluent.
Slﬁ%%lp}% e is %32%1?@1%1@ r@&ll%ﬁgb&éﬁcﬁ#ﬁ gro\(/ﬂfex aWahs Bf f’&rﬁi)%mg and

rere the quantit en I's greate

dlﬁfﬁléigmﬁ@@ﬂttpred@fd Iﬁ)?c@ltﬂﬁfbﬁlé fidm} pr@ﬂ%taé expaeid spRsgptration

redime\br WiSdh tBE edaetanllare ﬂdrﬁﬁ&xﬁfnlabféa IThaRduént 2afBE Bny gas or liquid
nol e

ercent sed on the drocarb
RS Rt R e Abos et o PRymports f e spocess BRapac in a gas phase
thtd mlw&rgastqps@ﬁlum getudesbitessndt hiamtegbo belig, nitrogen, argon,
preferably, |ess than about 2@, and nost preferably
| ess than about 15 nole percent, based on the total
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nol es of hydrocarbon, hydrogen, oxygen, and optional
di luent. Hydrogen is also required for the process of

wWa hios/10232ent i on, any source of which may be surdEL$205/007528
enpl oyed. The amount of hydrogen enployed can be any
mat eri al amount capabl e of effecting hydro-oxidation.
%/mncally the anount of hydrogen enployed is greater

mat piopane, Oarban dipxateestedshyandgnigtres thedeaf IiBw@urosd js conducted

in Qni uﬂﬂfh%sé) rt}?écnecfl@mh\/ent gﬁr?l?é §1ry thfk?aﬁoﬁ‘ Qﬁer cjﬂagggérrg’lally stable liquid.

ent he tot al I es of
g> ﬁ“lt%’i‘?/’g‘é‘ﬁd d&H@%ﬁl@Mﬁ it @@ﬁhOISS?IPfea%hlﬁécl 1o aliphatic
alo@ham suchas mihahyﬂamalgemz&foﬁ ch}t@inaﬁﬂ |aMpl|1£ﬁ:Salddhar$ pleeddbly C;_0

ch?orl’n e?:[)li%&g; cg ay § Slilﬂ}oggog)ﬁo géhl%?dée%%rpglgtﬁfs pBeggréBIyé:rt}lormated
benmet st asmblﬂwsb@fzemwmdabmlmhmmydrasgmﬂ as diqygiepnlyedinats,
po%gt’e&n%d }Sidlifélg(mols g u@qdfhte'aﬁﬂ)uhp dftcfl%eﬁtqg d’aﬁg%}%%%an about 0,

Sira uent |nc

prﬁfﬁ@é@s@ew tg%@mt il eandamam nxéﬁ%fabbfe geericE thanjapopy vnglegpercent,
bagedrezathe tddhl Iﬁ@la@uf mgir@daebdﬁl 65 geAt Hydeb e e Adndii REMC Ethehimount of

ad
it hBRah S buat b R bl e bR LA and pupre preferably,
less diranf dbant{binele p‘Elmntjlblamdm thatotidenalesoffydravariongoygen, hydrogen,
an&?ﬁﬁ foes not inhibit the process of this invention.
% process is conducted in a gas phase, then
suitabl e T@agléwé ceflysievhish n%hqneﬂ@allsbwplawi inghe progessed this

1n¢e(ﬁtlbﬁ bd)rblﬁﬂlse@ lohé Qﬂﬁﬂre St AP ﬁ@ﬁaﬁ&l&ﬁosﬂéﬂ QRANRand3AIARNthe metals

t th
oA 9 e RO i
mdsels g roixtufe ﬂlmoﬁtmlthﬁ purglodeh ef thid 1Inyenitoabihe platmuirdgroup metals

) tLab [ ' .
Echégﬁ }%ﬁlu% blnaﬁla& 6>qjatﬁlluhh %Eﬁx n{a :&g{i) ﬁrg(ﬁul% lnpcp%% i§hthanide

maigs Hghsle lémhartmw@w@t pra&q@rlmmtr@gdﬁmuph &rgrgethium, samarium,

euﬁJpﬁﬁH Oéaaolnﬂﬁﬁlf eirBiRhY dfsprdshith HolRaine d:rlﬁhlﬁaﬂﬁl'h%m &BiAS and

hl orlnated aro e
g PR s RO B3 el BTG5, L RTE e anthanide rare
cardh atetad iodebrredfeom asbivwalahd aﬂetliurmul\/ﬂ)r@pﬂe!?@ﬂfl?,rthe catalytlc metal

coglﬂlé'ees o?c[ St 3t g @J}leﬁﬁ%a(&fcgg)ﬂflwﬁh tS]h %ddr n]i pﬁngﬁ gagl]lp metals,

pre
ong pe Ot latlllilahldamgteaml metaém dr arnwetumtéﬂep%bl y, greater

t han abo'@en@éll%h@ tl%Bﬁﬁ@e&e c&ﬁﬁﬁs@s QRr stﬁﬁn{eo&@elm t%ﬁme or

of hydr ocar bon
amapRiNe TameHork e & %ﬁcﬁalt?tiﬂile@éé”}leﬁ‘é‘h agBBsn ajshe silicon atoms
is Ephked allilhyl,tariuﬁﬁ&tdrim @r(ﬁ)ﬁxﬁtjg n&hinalin CorMiog" priehedrabPyeferably, the

tltén%?\?wa ?sn chr? 887%1“8 ?(lPes tﬁzﬁ nlhe' f(ﬁ?’%%g%k gﬁé?’gﬁ“}"ﬁé ﬁqlg_ularity which
is rdhetlfliﬂrhlqbueXelay difﬁgctmmpﬁﬁ)) Priferabty, dhectithyosdirgtedy elio parous,
wﬂx&?m@ﬁr%ctﬁe?ﬁm% H{H tﬁaﬁ&}’lﬁ:ﬁ | i &SRR &He?@éxlﬁg 9 rQéuleWUr ‘?rregular

cat al ytIC p03|te on a tltaHOSI | cate,
sysiem f 80158 PR @haé’@FJéc Pesderpblynhg BPes akg MIFEROTgs S rmsapquﬁw some

coﬂﬂbﬂi&ﬁoﬁ&te@éoﬂ“ Fbhe |pﬁfﬁo@@§bfdﬁls ﬁﬂeﬁtn@ﬁfatrﬂlcf@b&i i8 chaféterized by a
es. t

Ll
poff AP EF (dh HAER stipeiersstan B RRGETS vt anperDgictay cross-
seqgin) saiging froph abduidnd tostmut29 Aanod & nieddporg isadracteeized by a pore
d1el:§&$1rt%f‘ b%aﬁ&%rﬁghﬂqﬂnﬁ\ﬁ% f%cglﬂggﬁﬁp fan28"A HMess than about 200 A.

praseodym um neo Ium _samarium
The &P@ﬁmﬁm&m@ﬁ IH}CEHHOY%W&HEEWPQI?%HF?%?@YrFOfHBmW gFgater than
abGlﬁtb)lOLﬁ&cehhblf the lfﬁtalyﬁdr@{/&hﬂl@] ardiNfeferibBl, gkéater B{aﬁfa@b@tlﬁ()]percent of
| ati num g pup nmet al dpal l.adi um Pr eferabl(}/
thei %l %8{,? C?éurp% Ig & Bal e B the> pore volume comprises macropores havmg a pore
dizmeter of greater than about 200 A. Non-limiting examples of suitable titanosilicates
7
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earth nmetal is selected fromerbiumand lutetium More
preferably, the catalytic nmetal conprises gold or a
waemoiiorars on of gold with silver, one or nore pIBU$20081007528
group netals, one or nore |lanthanide rare earth
nmetals, or a mxture thereof. Generally, the
titanosilicate conprises a crystalline,
inqjudsstiitaginystibddliteré (T ), ditariphou safiteeh@ih? X tifanositicaté bewn(Ti-beta),
tlta?‘logli%afe%sfl\ﬁl% egl@ﬂ% té]lo"é’lhggt%tzsm I?réTf E§Msiic? fiflflosilicate

tons _|Is replac tanium a

Zsr%ﬁﬁr{éﬁ EyM- 6?) wbmespnoeqqséﬁw&watm onely %?dltynostlr?@te MCM-41

(TLMc«masu)l dndafi@wise TIMEMRUR | |aﬂ&3 theVSMAffaﬂnﬂpl i8S sliBét to ti8nium
er 1 O

I t
SRR ABO T RAPEGISA P oo RAe oS earategyp gnd selective
hydllmeO)tldatmmastallysc aA@en&aHd/ sdvaptapews,SiAih atzimm&m_”a)as edpal to or greater
thaff 4635/ hﬁndtﬁrgﬁfh% hlgaqtt(?o{[é @%’EEM{EX algcnﬁa’ 611 Zﬁﬂe?&itrgble greater than

ar or |rre es or ch
abwtgéélr apgl yore ﬁ@ ehlwraart@ thﬁtrt@lwbﬁ@/é dy ganerpdly o eantageous Si/Ti
atosﬂaeatqpﬁ‘@qﬁﬁtw @meksht%ﬁ @bout 20I00ON EpRETANS 88ssFhart dHoSit 10,000/1,

YRR, 5% B B2 e SRS LAl b b chigoor. T

Siffoatoniic catioadefiped pernthnbaleatfeey tositadictationhat fivudgdes ghd toeilof the

fra@ﬁ;ar acﬁteﬁuﬁﬁ) aﬁcgé}w ex%g félm qk A e FFoi? R ?na#rsoe zjp\)lresent

erl ze pore I anet er or cCri
di mensi orfje péﬁpgraﬁgn pf theajeremertione ditan@gilicate gompysesthisating by

mlamt\/e ZaQ@atiQm aTsﬁfﬁth‘éﬂgJ@blﬁﬁgn c\!&ltélﬁﬁlg%fsgﬂi‘c@ o H%ﬁ%n ﬁﬁkﬂa source of
rse rea na

nmesopor es refer
5111[58?’0 fipas F@f?‘ﬁr“%@r CRASE ltafg’ﬁ lcﬁ'fFe 39 the synthesm
solytieatemptistan sabed bf 8Ginpei,aesourceflof tifieos, Qizad:r ﬂﬂi #£template or

strM&lJ}érEﬁrecggge%%% %Qcch O];ngm e} aetetraa l?yrlTE l{yﬁgﬁﬂde Suitable

amst er
syrthesis sozm@nA cmNbﬁ qumﬁhlm th¢guoexqmpn@l§lydfo @xgnmauartem titanosilicates,

refeich@dBShg hfaﬁ& &5thp ?}é}sqfaaubh b@msqnwléu i€ alagchse&m(% 4'4)10 501 and

i1licali tanosilicate
Ué 528 %é?%iﬁ P ORABS heéfafl gy ﬁmesce( N orimitse examples of suitable
sotircépafaithhiimaheudSiy Hdrdl¥dabB3iVanida)conipotiad) @BbdenGaéferably from

tltandulﬁé%%[ga((:%ll(?)éﬁesg,l rpzn’g &ré}d ﬁ%&% 01%0 S L than5odsj lél'};ﬁgl%nﬁs
tetta(lsepopexide); MaMuasteanh-bitexiSiahdtiiahinm Ehrehalides, poefetably,
tltaidlﬁrﬁrt‘éti"dﬁu@h@ﬂbﬁht’éﬁhh?tg(r%l{}&ide Qlfld ﬁﬁﬁmﬁﬂ& Qﬁ&% ' ﬁﬁh%s titanium

can rovi or an active a

oxpshleren HrHEaPb tf&aﬁtoarcwf titanigy jelitgnipgn tawarh%@@ﬁ)s Non-limiting

exsﬁh{al& ofktAbIe sbadckof §l1@ﬂlllﬁdzlu&@te&ﬁalﬁj?leﬁh&iihdat@ Nsudhayt
at er

iyt DR ot o2 Sl PO ot contanimg

so¢inaf ieng blPrgferagrp dbesourdeand sdlvoutis Ecﬁhdthylmlgcmdmaw [Yon-limiting

o PRURILESEENS s AL SRR i o
quqferr@aommowrrecwmﬂﬁb trllal:,kg iesrare pesirrably @0¢Ch s alkyl)

e stiehsds tHE@YRAR, Yri rbﬁﬁ&niﬂéaﬁhcﬂﬁ@fklbu@g%ﬂne Tith@ qhterary

AR R L R TR RN
haliddsasichrs sevch(athyl)amuhodvfrydeonidel tetiaiaopydyantrhatiumdy divxide,
tet?{(l? gﬁgﬁs)a{rﬁg)gltugﬁ ?g&ro%d'e Oeﬂldﬁfle %messérpdlﬁé'ﬁﬂfdeg) nﬁl%ferably, the structure

rises
dlrﬁ@tmgaageaﬁoateg}m@th)el§ |t@ra@mnytmombmﬂwdmxw@ & Pé&}rl): e of

titani Umme%latnfect}ifaﬁﬁn&fof%blhﬂcé @ﬂtltaﬂﬁﬂ?fso&@élgf 5111&ﬁ13 template or
sufficient tongagﬁareth titanosi.licate

strptires GBS PEerD G T vEh e Epending Boreibe SPe S iialsiicate to be
sy@hesizadc éGuafanst carclonfound irethe cameknaioha aptl at prefirred synthesis sclution
8
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structure directing agent, such as, an amne or a
t et raal kyl ammoni um hydr oxi de. Suitabl e synthesis
wonlosie2szss can be found in the conventional PCT/US2005/007528
hydro-thermal art on titanosilicates, reference being
made to the preparation of TS-1, which is described in
US 4, 410,501 and US 6, 255,499 Bl, incorporated herein
colmprisesfthe Eilevingdgenekdl mfbinpngtlmx pogakmsd oh aswolarass®: a Si0,/TiO; ratio

in ﬁ%%ﬁ%es cf%fboﬁ §f%erB{R ér X ??atflﬂyf gl%ﬁﬁ E Oét}{l%ﬁf%é Slréctln%%ggrrlp in the

osen

raltg@tqf ab@#tklo"o’(tmpé@}lt ﬁn&r@ qﬁl@rz/éiszayo i thamarmof about 0.005 to about
0.4LthA(RS R P BRI e&b&ﬁﬁ‘x’eﬂﬂﬂees&ﬁtﬁ@é@ QRPN R ises, on.a molar basis, a

|umte a( n- byt ani um tetrahalid
SR et e B e e e
agtmetin dehhogd deboari0g o abouter O antal SlO@’HzOSrhlt@@uﬂfhe range of about

B T L et
titaneaishte havihg ghifla bromig oﬁwsat@fthsn abcmo RO/l od lizse than about 300/1.

tetraal kyie "rﬁﬁ%%}alvé FRlifton g%Hé‘eroﬁgjower input, and crystallization
cog(?t raet hyl ort hos‘# reC| I tated

at e,
IHPRSEAN VB, PEPAYsy it spch gensrtercand otk aian fPRgtions produce a
titaodilicte ippsthict iﬁraelfaeeqhwe tlmb®eﬁﬁd1rtﬁﬁcﬂfy 1835|thalﬁpszolu5 16 hours. Any
es

cognng rréalelltlyh X\{aolraf)lleo 101lo|v&:a%te o fnetd r ma T’ Fxg OPI?](S (‘ghee}ﬁ, an Ethos 900 Plus

r UC ur e
Mncmay@é)lgwtlan ISyStam Wdag:haﬁﬁtraqmmoerananqblamwgmnmnf variable energy

infhf? Wﬁl‘dﬁgﬁn a-ﬁlaﬁrédrtbﬁbgrﬁhﬁ@bﬁﬁ% Q‘r@fepe[b‘?}t & ﬁwey rg)ut ranging from

trllé) noé))() am ne, such as tri et
aboy, PG®9P%6 Vit ?rrhlglﬁﬁrmwf)r@ﬁfmhesrﬁrﬁelwﬁ@at Wereprglerably,
fro@ﬂﬁ[ﬁlﬁjt U00 EPFHAL NG00 GAfs F@r liteit df%@hﬂhb@l@ﬁm@tﬁbdl Bhd most preferably,

trpy S 20T Sonk 800 SRt AT bR ol rF Ay o syitable

prmohtmmcqwltlbe.t Gal(malﬂw tthd heatmp mteum gngatiershanboun®d°@/men,
pr%?{agf?fs ?x%@fé& A%n ﬁt%eé/mlﬁr zﬁf q‘g'lé‘]g §3¥efe1tal8§' glteﬁtlér {H4h @bout 8°C/min.

ga ent or tenp fb g, amoni um
Gepgratlyxthe Beatingaate)s eﬁh@aa ébcatt A mimpreferably, less thep abeut

258F/niih {AAinkdFe pEderabl§, REs Ginh bR 1 54O af fl&ﬂly, the temperature of the

ey L LA SIS At el o L Vol for a fina

hokl/mhb.awpitivealy, Githdee detenueiide stop anal fitst tenfyeratorevens fionabld time.
Affe'} t‘di\e fAhaﬁ) Iilgfdetfrflg qﬂmes% &?ﬁr@ JSSQJ) rgtq]l?r%'m{) 'rg‘oqﬁ t eglrlre for

W ng gener tion, presented on
reqeyeryf paodsacmlﬁalsre@n ithis is@ﬁem i 1rstetﬁ@eer@mr%@mph5yedothen the first

terAp@hture2iQ t1}A6hllyaréatdri tRarPdbost §8Ct &e%rﬁ&?t%ﬂéﬁe&hﬁrﬁﬁduﬂgyc and

@ BB, B T b TRLL i G BB 8essn i fes than abour
150°Ch Preftmably, lees thapabdienstC, aﬁdbﬁdxrmfe,raﬁlhéessyhﬁrh&musllwc The

ﬁr?t(%%rﬁgérg&r{ ﬁ ) ?fgﬁee P us?(j] a%taﬁﬁl g?%t%ié %ﬁgﬂ {%b(?t&@z/ TI Preferably,

gregfer Shappabogt K4 mifst Dlneeﬁlzst feaweiahiye Agdrime is tymallrydn@eth@f about
128BQHtnd Q@exﬁ ty@&@ lt'ﬁane‘ab3§t 6(331%11 @r&e%i}@@ &ﬁﬁﬁabﬁtdré‘ i dhiply

ra qQut .
rarhpet toarfg? %f@gﬁw&% %dmﬁfm%atﬁ sigBibe by hting emperature.
Génktallpothe finalote @xpbravtire & @ee&:r/ tlan goatr 40°Caprieferghi @ air@dter than about

ISBJ@ and moré egélra l? gé,j{ezlxtgrst arl OFH ?g(g\%e (?engraﬁ?f tEe %&al temperature is

m CI‘OV\BVG enera rrn
lesg ithyast adjons %iﬂf’@quﬁcoerbcbbr leboihen abont 2403, Irmr@me&@@blmass than about

208%€ AnGRNRS R‘fralﬁ? qes%rtbfaﬁlt &olt PRPEOTHE ?iﬁgl' tEin BB RE R&H‘iﬁne is
a tjtanosi roduct in ap acceptab per i od

tYRIGAL Y PAtSF @s w&gﬁlla%ﬂtprqferahkyug@atemwn éB‘PH’fgséPlar mgre
prefvigblya pleatenttzn abaw: e 0grme £1al mbstipafetablye piehey 8an aboi@tl1 20 min. The
as, an Ethos 900 Plus M crowaye Di gestion System
whi ch of fers a programmabl e program of variabl e energy
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input to maintain a desired tenperature profile.
Preferably, a power input ranging fromabout 100 to
webost02625000 watts, or higher, per liter of syries06s/007528
solution; nore preferably, from about 100 to about
1,500 watts per liter of synthesis solution; and nost
preferably, from about 200 to about 600 watts per
finll teppepfurs nltdtase s tspikcaltyi loss, thpr ahaud 860 fnom (16 lgiandIptederably, less

thdd SR #8 Ath @apsli tion. CGenerally, the heating rate is
greater than abgut 0.5C/mn, preferably, greater than

about 5CRFEAVery Aftheditanopilisate ;palsiuyt may baefictenrnysagthod known
in 8fe/ ﬁiclu@fgﬁb@ ﬂoy linfite td) Edrativg, E@itﬁ‘fugﬁudne Sﬁﬂbdfb%[htléb @ollowed by

ha
ey Rl D68 e Gibiat 25 4t fler B Sou
0.QSempeerst ot ese fhan hbowyafOleis |bsnefmllaJ|ly| employedrtanplésit the product.

Algeﬁﬁ{ﬂv@ﬁp% gymﬂsg@fn%ﬁretrﬁ?m mﬂa'ceﬁtﬁ@%h Yle %gcgitdgwmch may be

I ona

ringgchpndggried, fqrre§@mpl@n€5@er251du@é tp @btaip the rtléamﬁiéipae Product. In a third
ree‘bfvb@r méthed fth@@}ntﬁk@isdnf&(hﬂ‘@may Be céepeabid thellRust SMhded from the

AEh e LS S 8L o e over oL i
ridahp ligyadhf volatite ¢dn@dumd$tsu¢leﬁspé¢(ﬂmhmeammet Théreaftdry the pH of the
sy&%@ﬁg ?(g%tﬁ)c%ﬁ'g a%ﬁlgll&l vﬁﬁ’p&g fagpl%%ﬁﬁé tfllléfg ¢ Sla{nﬁﬁnl& Iagl'a OF base to a

nor e

valug @meatertiast ahant §, anfihi)éﬂfﬁliab]é’t glteéwb@aatab@té 7, Buf lessgharngheut 10,
prébavly, a&en apsigfoe ﬁlﬂphﬁére ﬂr@ﬁ:ﬁab‘l)h adys aAtbodtdP9 Go oBfath a

P g R AR et R PG00 10 o Pk st Tn
a folnaln rezboety nethid) theasyathpsie fentdn (;a,n lgrteatedrwithimorgabieuicid to adjust

thfi]jgl-l % P%tgv-r%g? lgduq §t Eg GORk r9a513{ &etl% ag‘{e%rf t?ea'i%’cﬁa%&‘ur p be

a out n a ou

filgedmrsentrfieged tappiect thﬁ;élt@r@ﬁﬁ@atatpm@ct sAéiﬁhptwweasnlpeﬂjlod involves
ceht@ifideihd NRlsyhBERSMtthfeo Wbl Htcr}jsﬁﬂlﬂerkbﬁﬂ ”@ﬁbﬁfsech&reﬁ’@er washed

m%ﬁ%f S 10 ST AL 08 T g o

begéatedrantt lnﬁgembﬂ)lytcoﬂxﬁ% at amﬂnpﬁjﬁtﬁreweeﬁf&m&tﬂout 239Ceatiabout 90°C.
than abo%e Jsglé?grfg%?i%{lgértl*éc? téx off t41 ngflor nPgn%f r%{r:c?velrf methods is

| ess t han abo oS g
typgatiyCriedst @ tmmau@mwedn@bgutt amdnerabtalsl@n 200@, 2@adand about

1 lfmf:’t TR:EfR: ahé Mned ﬁ%ﬁu&hé&l@lﬁ&y{o r@ﬁ@&hegﬂﬁctﬁferkﬁ}ectm% agent (or

erature hol time 1S téflca reater han ab
terep & {foBkthe ;S‘F*’é‘Péﬁha%iF Prodyfie Jhercat %ﬂoaw@@eﬁlﬁmw% fpan
atrﬁdi@ﬁqeli’eaﬁ‘ Inytrog@h @ aht@inind iemabeatto tﬁ(ﬁbﬁhﬁBO @ﬁ&nﬂ@ﬁﬁgen and preferably,

L el A0 o dlbra Peica e B daly | e el ot
bendfreifllyas igrepter dira aboeatf 450G grf;:fetabgs gtdamm tlmb@bbumw(ﬁn and more
preg?l}ag{?% g Héﬁ‘?ﬁlyou?g%g ge ”Itﬂcftcaﬁﬁlsd'tlHrl1 %ﬁﬁrﬁﬁx‘é%ﬁ%ﬁﬁﬁ)& E?ess than

known in
o900 G reldrably, 5% frap abpe] 5045 e PHQsg ke sAbly ess than about 600°C.

Thﬂh@?ﬁﬁé atd f@&nfr@édl @Mﬁ%rﬂ%ﬁﬁftb |tI{1€f @um@am@rtexﬁgalbﬂtwé isgﬂilta?ry greater

| |on en C | er realt e

than kb, 3 mah e g bty B 8 SPonsd Roistis. S GoBTreerably,
gréngarahancabmlut . S%Er‘pilmy@hle beatiog rdte front toempremgerature to the calcination
terﬁ#ér%%{s't%ﬁé%ﬂ’y IE%Qhactyziﬂonfﬁﬁ/rmr?‘f)%?&mg?ﬁﬁgqhan %bout 15°C/min, and

tra-cen a Sso

merp peeferablyglessy ﬁhéal abqus 103G/ mip| At the calsinatign re@tper%reo@@ &pll time is
tyﬁlbtﬁlyt gréaﬂflchtﬁhﬂ hsort e, Iﬁéfé@ldlbq?}: greht@r thah Eb(hﬁ st &fcpfﬁt 8fe)preferably, greater
e S | m X e. ce ri
oRf 8 DS BN B goR s koY RS | o eRdfrably, fess

meaHmeatZehlom a tenperature betvveen about 500C and
about 1100C to 10
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rid the liquor of volatile conpounds, such as al cohol

or am ne. Thereafter, the pH of the synthesis solution
WO ®os0pRsst ed Wit h any appropriate inorgani c orrCaviglamsmo7s2s

acid or base to a value greater than about 5, and

preferably, greater than about 7, but |ess than about

10, preferably, less than about 9, and nore

pr ef er abl'khe ttassilich@prahotisoBted, fran thetbav e syathesis typically is

chs'iﬁHhep ok Q@ ast guls‘?rc })éﬂ'llﬁﬂ: ];ﬁci ng'-e?e'iéb(?? p%gsegs%gtarMF%tll on

fecte f anos ourth

Crbeéaéwg}plenSé&UﬁBﬁe ag H@tegylﬁ% bx KsRawdiffractionc Snyshal size dlgpengs upon

thd\bﬁyhltallfi@ﬁ@ﬂébrﬁhtﬂﬁlls dFbothast dsdtalliBftidddohitiBeS MeBorRA Meteinabove, -
7and abo eafter, .t he éildtreae

P st 17 PiceEleF e Gt atipt o B horan i reteraphe lrger than
abt)utt(hh os¢loncatmneray dorodriticAl drosfstslecmcambqulsmtfbmcbn -spherical

paktﬂ:\f&l) V?ﬁ? ?\‘?&i{]ﬁée' cfr#sgég @gzetl@fé'ﬁ ﬁll& t tdhEs hﬁ(g&% ltaﬁ& breferably,

a crysta ereafter was
smpdlpgithar aboudamisrans. 0. 01 Mto 5.0 Mnitric acid or

hydr ochl owitg réfeteflee th@z¥@ 34 E‘)&tl‘i@ﬂ rBR:tibR B?(ﬁ:‘é%cis dRlsiofed for

ener al | nduct.ed at. a te era ebetvvenao
i oS B G5nE mGPRAY S ter ChetAFangh fayhe illustrated
enﬁmyhrnénttaheacﬁrmees@ (ng oneditn g sdvated wigi Hohshdst reaction mixture

I'%ELS %lwéf?ldégﬁﬂgé’;&% tﬁﬂg&@.ﬁr% ﬁ%ggéo\g{g?ﬁ]ﬁﬁgtg%&ure directing agent or
tenlrnl@feealfheéwnthﬁﬁ@rqapﬁl@umpﬁ@r@us:ﬂrqtéat@bb@w;:@vtlm@eac@mwsel (Fig. 1,
unkthg afill b WEbWRIvE k6 BEE hmif( T%emtmi& 8§ viapiRipAg) (Fid. qmlﬁlh? and

BHCT AL Wt e e N U A
crsadtnjs;ta Mriien aftthelbyridiespanixant 1m<wgﬁmedahd>ugh hts re&ﬂlahger (Fig. 1,
un§|1h3§ %P&gﬂhg %Q@%Qﬁsa?rpdﬁle %éolgc? e g g#e rtecl? Yo 3 seoé#lg Irecovery unit

erature
(Fighdnuibbup same:anqb raspeqrdhg vtanwle@taecrrystaia rﬁroabth@thquld phase of the

syéﬁgggmﬂnfé MHeSoREEIE AR ¥niOhEGLt6hp h&a(;heqm%n%%%on of

The cal ci.nati.on tenperature benef|C|a y I's less than
filpion copbEation o Qllzggblseyparqt‘@§§e‘(1ﬁ%tn about 7500C, and

nmore pr efWi‘thfyrend:eﬂS)§ igiran, @bﬁiﬂﬁesﬁ@@flﬁon -'p_hftefbaéiilﬂdﬁ&ated for
erature cal Cl na

m:%n%tf eCtlTII’E 2 89a§10§1ﬁgg%% g?r}tlnualgsé%PSérrlg pPHAgWaYe) 136_011 &yymahhzatmn. In
th%mh{lsmted emébdhmenga watter vesselr(Fh3uuniol SCtovitimuoasiyl laadedwith a
syRthedifablidn mﬂ&&x%tcgfng?lgﬁg »@al?&ueﬁ &q{ﬂté}nuﬁqhg S(;{ﬁ'@é &f¥licon, and a

rate fromroomte attre to e cal ci nat
strpeliradisgeting agant oy Eﬁn&i@tp yTh%@ctﬂmmlwé us mm@teﬁ fyom the reactor

vefeefoed mlilir&wa\l'ee@ﬁrdehﬁm (E@Ogturﬁﬁg b rieang Bf cﬁmﬂzﬁmg pump (Fig. 1, unit

fe t
2)AReF Tt S AR e SR R P bt LT jppmpqd fhrough hea
exghanger(rig. RanniaBpwtcod] the mekergahy thpnethe @pole arixmboisttrabsported to

a s%ﬂgs E&F@erg ﬁﬁ{t 201 gbi Xxnltglg%?ge‘f% ggégﬁﬁh@p&étth% tﬁ%g)rsﬁlcafg&ys?als from

an a
theliguid rph@ﬂew e aihehia miswe T he senmeripd Liqwid phase 1 transported into

sp&ﬂttl ibtahlk glagez %ﬁ@ Cdnd'o%ﬁbﬁdl@dhﬁﬁl@ 'ﬂihﬁsléqi ﬁfé?c‘ﬂ@ctl via conduit (Fig. 2,
SIS i.ca ine, or at |eas
lmﬁ?ﬁi@ troys§f1 §17 %C%ﬁﬁ@gg’i‘flgﬁé(bl y, possesses a MF
TS-1 crysAdlahtageaphy, thesitanosilicate obtsneddtyanieravenye khyatmg provides

fo?(a Bg&fa %&Ha%%ﬁ ‘i:btg gﬁtyﬁgcﬂlcesc‘ stg gcgrggggblg Pet%ﬂ .% dro ox1dat10n

I'Tizat1 on I ons Crys
pf@@ﬁ%ﬁstaﬁ 6PRPFHER W@ar?éavwloé@lﬁwémr@ud@tm C@teéysa?g@mﬁ aymaapsﬂlcate

prépatd H))Sh)tch‘@it}fe@llnhb’mlz@f)% rBetrJéﬁlEhaﬁia Qhd tlﬁngslhéﬂt@ﬁx@ﬁare@ B§ microwave

referabl an abo cron in
neRli S PRy e GO LRR R s o 1 v S e o
conmparcslphiér & calvepaortallgieejeredihdraveidage catalgital size i s
typically smaller than about 5 m crons, and

preferably,
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20

25

smal l er than about 2 microns. Wth reference to Figure

1, a synthesis reaction process is envisioned for
worresafoa2sur i ng the titanosilicate using m cror@TAIS2005/007528

radi ation crystallization. In the illustrated

enbodi nent a reactor vessel (Fig. 1, unit 1) is |oaded

Wth a synthesis reaction m xture conprising water, a

sour ce ofTlid lbading of catalgticimealodnts thei titarusilRa’ can vary, provided that

thgtrésﬂft g %ta%s'i % tchot,gmaeg% 8{(1dé§%9{)t%£§ss Eﬁgeraﬁnt Felsotasl loading of

reils et ween
ca\pq:}gtg@met@ﬁ iy gre_@ter ljmntabglyt (hQQj weightgrenseat dasaolonctbe tmaltweight of

catdti S mltal(bbnalrfd tﬁhdéllﬁaﬁu PRefbfibly, {He::'tgtslr lilagctllgg :1ste nI%AtelaﬁllQn about 0.003,

conne cond h
mf)fereeff?mbﬂ? ErRH 361 ﬁ&PE @5@5 Y ieBherssdn.cad gnest 9@(%9@% gfeater than
atpat 0.00webfht pheesty Gdnesily, tie xdtalrladisg Ises 3oy 4badt 20 weight percent.

Pltepé}é’olfg I'{h@&)%l ﬁ%&%ﬂé‘&ﬁ% is d@s ]Hbo {‘i d (3 ?f)xore I%ef?rélgfyt ggsathan about

8 mXxture |1 s 'Urans
5.9 ovaight pﬁ@@@v and/mostipreferably, less thaniabout)l.Q weigbpparedng, tasell on total

wélgﬁpa/feaatatlﬁe xﬁétﬁ@ §hd hﬁﬁ&s@n&d&é/st als fromthe |iquid
ase of the S%f)gtg eS| m xt ur The solids recovery

unit may ‘Bﬁté SHRONERHDiCARPE Bepasted pntp the ‘ilté?PSﬂlcate by
anyansthod kugatzm ﬁﬂhe aft tipdt |pﬁfv1c$& [Haur @t dotife aiRy seletiv¥\tatblyst. Non-limiting
ure 2 esi s reacti.on process is
e SR e R B S R A
dqp@ﬁtlpmmlgatlgg,| s;pgiyndrgmgy\mpgr depisiditonoand solid-solid reaction.

AQEYSS @bd- bl%@ﬁait%‘on IIthhBH & dhgélb’s%ﬁ rb§t5e s At nﬁﬁﬁltaaT Kgbagfashl

react or  vessel “g E)lﬁll s.cont | nuousf\l\ﬁ][t
Anredp and VnNﬁJé%hagaa r %;@fﬂiaaﬁn ﬁf RighheDisaersed Spklpnbitanium gnd
Maghbsiien Ofkidel’ tlamrldmraﬁoﬁ opC & Bfs IQIG lPﬁﬁcfhletaPldAaJacobs P. Grange,

dy t t
R SO S S0 SRR PO STRIR! &y [BEh SREY S hostr
inpdrppiEierg o by a:éemncd A praferr] 1mpmegnaﬁgm bry:thmdam disdbsed in
Wed 6695843 ko ec{ F&®m b&refé?éntce 2)ihehfit s1tlo?16r}{étﬁcgdst e alao

m Cr owave So unit, the syntheésis mxture is
d‘ﬁ%?%ﬁdghﬂ}?@ﬂ exchanger (Fig. 2, unit 3) to cool the

m xture; @pwbdalgnhe thiglygQFigd inVeXfidd &nl b%n&ﬁ@ﬂgpwnﬁ&@,e one or

recover nit nit 4) to se
i SRRy B PP FiolnSeits onBaeeputlics mFbessiasnes Ehown in the ar,
as|degeritetd poa searpple t ineV ©yI8Y (s #sinoorpbnated. heiidiie by eqfereadee Preferably,

th% P%&Sm@éﬁls sgl)elzﬂéﬁ‘@%ﬁpf}}oq% i 1?‘1 t%lssqq(?ﬁbt Pe!é o‘&ﬁé flabtléaﬂlléludmg lithium,

soﬂg@g, dqoéqgsmph r%@gm, gnc( Fgsgim; 'LGropp ﬁénezg s yg:@dmggberylhum magnesium,

ca$dlih h@fdnSiuhe agd BAridnk] lﬁlnth@mdélfb!ré earth- mAINENY RURE Ykhanum, cerium,
the .titanosilicate obtajned m cr owave heat

PO RLE AP RS POTRR R ST LA R o Epﬁleb isggium,

dyaprosmasg Iholmnmrpﬁ eetilire, thelurh} gitdrifiufy diidhcetiudgtahd the actinides,

pﬁ&?gﬁ on 1 g{u%ﬁ\y Vﬁrgfera%?}p Yﬁeglgrlf)glt%?elr metzfllls selected from lithium,

OXI st's usi anosli cate
soerle@azo@émw ryhddipm, esiural ma@nehl@ms calgane bpgua) ¢rhium, hetetium, and

mutﬁ@@%féo&fcehillagfﬁagfﬁegla Be %ﬁ%@ fﬁﬁf’ﬁgﬂn% ﬂ:?é n(%\r(%gtzcsmetal when
g%@ F"P%?‘E‘éﬁ St G10h SXBP waltaﬁﬁ%) TSRV ?%hhfumtlm pre in the
ca@a@ﬁyl dﬁacbrOmmequ ehtd] Gvhei @bfﬂ otsilvditie ptegadi(fog edmplaf AM{;" c

netals o the titanosjlicate can |

the resul e Ocata r()ltnojlteg maeg lsl 7& uls%&l g“%‘ ﬂ&g{é’?% %g%%%t?' oﬁp romoter
mphatﬂs:)ﬁsera@z nwegrazhtblytham hleout §t0AI, profecibhy g@ﬁfaten: shaal apoin0.010, and

mHi%t;ﬁEférdbﬁl %fe%?etr%{antzﬁﬁ@ﬁt AP gH? pOldni Vs bn eﬁ:&sﬁmel ht of the
e total weil ght of> catal ytic netal (s)

ase
Cafwsan&g? fqtelguantitipof peymgiprmetpley) ip gengral \yda%m%‘ fﬁsout 20, preferably,
legy thad efoutt haundlinett pLefS@Bly, less than about 10 weight percent, based on the

12
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nore preferably, greater than about 0.005 wei ght

percent, and nost preferably, greater than about 0.01
womogini2syper cent. CGeneral ly, the total | oadi ng RGI/UE965/007528

t han about 20 wei ght percent. Preferably, the total

nmetal loading is | ess than about 10.0, nore

preferably, |ess than about 5.0 wei ght percent, and
totabwtigpr eff tbe afthlyst. | e prioh ar addsmatelyldelcnileds g depesitiontof promoter
mgéﬁ ot h%@émwﬁhgﬁéfe% % %/@564191 %Bﬁ%)%té& ?%Ql% by reference.

£1tanosi i cat e catal gy ¢an

be deposilk addigan ép Elﬁ@%qrmﬁ%&,.th@ @mlést@f tlaﬁywmmay also contain

pré&Aetidy aflods) ﬁlcﬁlding fb@%xeﬁﬁ;ﬂb‘lfﬁﬁae fc@fboﬂﬂteaﬂ{dsﬂlﬁat@rﬂzﬂd carboxylic acid
sel ect exanpl es .of

C
AR FEACTE et ot Iaairs + D AR BRE Syt 50 R i the art, as
desleibed iin i\?\dh()ﬁﬁ@énmnmmmtﬁd bpreaybydiefdrerge. vapor
deposi ti I
dopost ¢ 1 aensPlld, BCCbiipate; iRy 8 or ore sapaltic etals and
optiguAbt ane a1 mpr@rmvlaoterrme%wgdé@mrommmmws @nqsm:d on the
titdidAftateds su'b?éc@&ﬂb%tdrﬁﬂ Qhdddivablom b ﬁlﬁ&& §§ Gt SinthePhlure between

208 e bk - 838 ﬁ‘m%%ewﬂg?ra&ﬁ SnBloy ey witge air rpveen.
or Bnddpel mdmmngaimo,splElr@ aucleds lﬁdr@en,eorﬁ’mﬁbn ahiaes afhdéphere, such as

'A@Beﬁtqﬁg}npﬁ%e Fﬁﬁc@ﬁ%f ?ﬂg&n a% @%@Ete ﬁgrir?\ielﬂtigx If a final
ca@i@@pmﬁe@nplﬁymtmm@mosnﬂ@cﬂabmealt@deh@tregm optionally
coh@fBhEseen. @f@érasi@{)m@ u:sﬂnﬁalsn@e& mgﬁe@fnearpdt&esﬂieﬁé:mﬁ&sigen

in the_ art e catalyst of thls I nventi o
copiaiipg R aé’iobcﬂ 32’8%?9 BRECTH @X NPT TEARY, dronkont go to about
25Reeovnt exygerttal \sohﬁme hydcabelﬂauodlaémpaam@mﬁeﬁllﬁﬁsagreater than

abé@?dggzq}réﬁ%b grea ?ﬂgﬁher etltgﬁ)%‘t’)c a?xre 10 Qﬁpeferably grev\%r than about

I NC Oora
526t Ehasilsinationeemperatire benshicially u%legeth@mkmlt OB, Prefargbly, less

thah d%hﬁ?ﬁ)"@f aﬁd‘&ﬁo@?}fr&i@fﬂbg Tablan 'aﬂ%t%@b@ 'glé lﬁ@aﬂgﬁ rate from room

sodi um gi assi| u r ubi um and cesium o
terRRrafuEe forfee %Flﬁ@tl%tremp?ﬁam‘f? ISFRIARST GiRqtercthpe Aot 0.1°C/min, and
prﬁ’élfabfy‘; preater g abauit mm/ﬂqﬁﬂmﬁtﬂmloﬂﬁpré&h&)lﬁ @Eéa&rﬁﬁn&ib@ut 1.5°C/min.

THe heatlﬂ?g;qrrglge tlrglgxtga%?l l{%ﬁ)e%et{d}re;{mtheﬁ%a? #mﬁwg%‘ha u{eelrs%mﬁemy less than
abdb}’ts%h"@@mmnpremtﬂy Uess tmnbabom 15t°6uhunumd mbtegurbletaly, dasel than about
10bCHh] smheamlmlgpq&mgﬁaﬂﬁé the%?cﬂufn'e 9@1yb>eau§ gﬁ%ﬁfepmgﬂrégout

uranium Prefera gr onot er net
2 hqusmprsts %Pmareaé%dhwbors}bé Qus.ard mers Perfenably gaedterthan about

8 Hongd) dilethe KU Gimés t)tp@d'allly MRss aliabbut JOK R, Praferdbld, less than about
The |.ant hani may be consi defed to

h
15T PR maR bR b A6 rA BT gor o and oi1 ver

ar e abserfptiohally, ehearapdlest of tiNayersioncande drtrettdtvaith, bound to, or
lof é@%’?d é@g&l’t‘ %u‘él?Q?&l #a)/ aRimifla Bfmgxﬁ id??%’i‘;{gfn\é‘ﬁg Nitania,

or sil n:E esent exa
n@frrélxmréﬁﬁmof beasesong @mgré anaytiiegiiontie improa the physical

Spéatids! dg}th@éatﬂyﬂ 'RE bs ?ﬁ}tsﬁkal(gﬁl) oﬂﬁﬁﬁ{cﬁ' &%ﬁﬁthﬁceg bERLIHIAA the catalyst
n.a ef er eat er an
paﬁl%fdog%ﬁed iperhy BhERSHAY Ut BERELSEork AR SR OMhgut o abou
95wedigiittpeprent; dated dna‘hecbm\nnemwetght afl cavebyst)nd sefcohdhsupport
catal yst hl-gg’? Jegilﬂndgﬁﬂgifdrg% ﬁ)}ter PQQBE?IE pl%%és%lo(f?l%]ls i¥ention are

generall an a

kngysue ﬂzpart Mcw@d@ﬁéft@namﬂwbed ﬂgghrteﬁdwdab@wg bed, rickle bed,
an&@hélhéncﬂ@b@ ﬁ%ﬁ&borsb&@ QH’ s@i'fhblé"'ﬁhabﬁﬂesifg%‘s Rt astddBtinuous and

int%%%%l@%f (bvﬁ (? \8}\1@ ?re?e%ﬁ etll%/ pr%%gs%rlé ct:)(?nsducteg in a gas phase

and the reacter s desigred with heaf trensfer features for the removal of the heat produced.
13
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netals onto the titanosilicate. Refer to WD 98/ 00414,
i ncorporated herein by reference. In addition to
w@roswi2srs met al s, the catal yst of this inventimrm/osos/007528
al so contain pronoting anions, including for exanpl e,
hal i de, carbonate, phosphate, and carboxylic acid
ani ons, such as acetate, naleate, and |actate. Such
Prefieryad tdanigrsadesignsd forahik povposé imctude fixed-bedishelésnd iubedhiidized bed,

anm%%'sl%@%gactbrg CRNA[ %tﬁqn%f‘eragﬂofk Msth?cft&f ﬁ&ﬁ%d)lurahty of catalyst

Gener d nposi t rising one or
eé%?%nﬁ‘ftle lmr%lieé a&ﬁi] gseddp@n @H@]natylg fepiomr nore pronoter

{TEE al s arnh %?dl@t&lfwdtidﬁ@rf’déEQ{é3M%Q%Oh@&t&ﬂdattah6mperature greater
| nOSI Ca e Su e 0] er vacuu
g G b oa0°F BTk ir SuBed it JeG i PRGaRY ereater
thah2bo I(IQBCL ambinbst, prefefablya grehteatlian gbowtyl 20%C . etiphablyetthe process is
coH(ﬂQ:?é'd eﬁ” rterg?%raﬁi‘é’&%?@raﬂ?§ le%‘fiﬁfl afi‘ot{t %65% %rﬁé%@x@gﬁ'ﬁ%s than

SUC or under an I ner

abgua Qﬁiot@@éﬁno preferablivplepsehan éb%ﬂ??éﬁ é?mqaljy,pth@p@ﬁ@re is greater
thdﬁ%oﬁﬁétﬂioﬁ!}ﬂ{en@f pr%ﬂirzibly rg\‘@?érltﬂa[h ablolit B5 {)ﬁl@ @iOSCk'i"a§ I8 hhRe

orlFeBp LS pehaRar S cSRe o oyt e

ﬁlfy, %}ee]:rrgq,s&m i) less than about
600 Ipsi gc(é 3olsh ) epreferatdy, de:seeldanl aboat0atpyis(268 RPOf amd ibrgeeferably,

1es§glgﬁlagbgperab¢$@?g9% to about 30 percent oxygen,

pre rom out 10 to about 25 percent
oxygen, By flowireastors hearegidence hime ¢frihe eaplentatand the molar ratio of

reeﬁﬁiﬂl@; tb@aﬁl}}sywilﬁbegﬂ&&tnﬂﬁed bidhe 3pRMtverbefeh Crold 4s§Ihakl process the
?h er t ha m ﬁﬁg nor e re erably greaterd

oy R -ipatR sy b Pliesaren Erggat e ey Over a wide range,

bubgypihlly isadrtater than atsmit § B arl habhodirb8 6&Gnl @ltzﬁf/ﬁ pabhotr (hr'),

e R
Typivellpdhe CHEXV efrthe bhgroearbon eeattent iy frise ﬁiahytbgmteS@t(m hrhameferably,

les@@%tabgutlﬁ M0 hr 2l RORIBERRILK, 1635 ﬁﬁh%ﬁo&t%m@%’“t Likewise, for a
nor e &goefer ably,” greater than ab

m n,
oo FrocSn R Do Srspade skt OIS hid i bicbogagbon reactant
is typallaprhratianabberger @hyﬂrecarbort p’@lg(h’aidlyé‘,t b&Iwut hﬁﬁ) preferably,

gre%k?eg%an a%g{l% pS hPr %Bg L %?é éfe{eﬁ%b v, a%% gr t%g)éﬁ% ﬁg ?Air Y "ﬁgplcally, the

nore préererabl’y
WHaMcofrihe hmﬂroctaebmeneacttames leshithah abait t| Drbr |, prefomablyalesythan about

5 Ogﬁe an@mdB %beélagl'ﬂft leds fhQH 5§out RO e r "f‘ asgi'hﬁ @\teﬁé;?t tht]@rny space

a out hours and nore Ere era ater t
velgcHigs p§ the\gprygen, hydroge. and pponakd lﬂ% %aaubewweéggnqdﬁmm the space

veRbRYbf 21@ hig@rdesrbol be ki @binyo adc6s® tﬁd’h@[htl&@ aidllarkBtidsbkBed.
| ess t.han about

and nore. prefer ab%%/ i Eﬁur.s. )

ot i onal 19 Somisa f BEFSst oo 2 Hoesis bt iersion can vary
depsadingigdnuhe $pecifisymocesogonalitics pppldyed, iocluding eloospdcific
hyéll(‘)@ﬁﬂ%ﬁ teﬁ?&gtuﬂ? g?ésgﬁr‘é amol%lrhlt%sngnd R4t éaltdlfs@t %ﬁ used herein,

carbon M xtures thereo

magn
thesféeenaorwﬁw tis ﬁﬁf‘weﬂ@ﬁ dhg @ﬁlemrqeﬁﬁggm%hxdmcwsth@tapacts to form

pr(ﬁfu@ﬁe MypRalIRfa Hyﬁ%c@ﬂioﬂ'c)éﬁ%rs@hl eh gl%ﬁter ihbad aBdut @rmltnbleq:[ercent is
or to

acfiited. Arerab By D rocasti AR TSIo0 Fetipic e Joaut | deelpAereent

mae ppderhbly agrgatsr thanabat dut0 ole pembmut 95 wei ght

per cent . 1ARSAL, Bk L GRIR! DRRINEL M Al FREAoRYn 388

second su IocC S ‘condrti ons
de P@mlprtglm@ind $R§ﬁlf1§rm@“é‘§%0(lﬂdlttqiil|s smipiyeskt A6 msed kerginotha t9rm

“sdlb@ivatyt is dB@En6das the xese F&denti cTTOREdd AfbcafboH itklit #6hs a particular
pa.Rlaﬂy 0x1c¥ zergiqu%rocarbtogll }g:re

produces partially-oxidized hydrocarbons, preferably olefin oxides, in unexpectedly high
14

erablfy, an olefin oxide. The process of this invention
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and shell and tube reactors are all suitable reactor
designs, as well as continuous and intermttent flow
weanos/svseEy reactors. Preferably, the process iBCT/US2005/007528
conducted in a gas phase and the reactor is designed
with heat transfer features for the renoval of the
heat produced. Preferred reactors designed for this
selpctiptys d yipmallpdbe félxaivitly éalparsibléy-bxidivdd hydhecarbbm isdirzzeel than about
b
70, BELrBllE BB O FR AL Srordanlmca 8P By 20 molg gercent,
ané sosepretegably, gregter than abontousel pfmcth al ternating

fas 2 i o tn éﬁr he ;Jw&@@optmscia&énqenmaee@ ?%ﬂnfedta\é R rban%ct lc(>f the
ra ST St PR, A Gl RSt it 5o
wmeﬁéﬁxalbihtyglgnemdemrablmm mlhﬁlee ﬂ{é(lﬁrma[tﬂh dfogdter as much as possible.
In Bleth@iABhbr o bERHGE oh BRAnARAR N 1 ent @gérag%tfsxgagﬁn oxide

process 1s con erature
malpraatia dypicalbogeatepihen pbaft dfla uylewetben @m 1%o@nd preferably, less

thahr BB 4/ANshdR6le R8BI RLY thah es&utzhﬁn about 1750C.
Typi cal | ress

t he r ea t han apout
at nos phen)‘lrl'hﬁ InvgH ‘P‘é?"’é‘g[’?ﬁ"@?g lPPé‘ﬁ C%ﬁ? atipg of thefollowing
exgiaples kiAdlh amnidtenadadeo e @h&ﬂ)&é)lemplzgy @dtierust bﬁﬂleabﬁlmhoﬂ OOther

enﬁ%ﬁ%?e(n%%%fqhg Ef% tﬁ%‘% lﬁ@ %ﬂf)arehp tH{)sDSsﬁﬂfeﬁ dn gh ertz%o ;Egz t

com@ﬁrptsﬂrgof(t rﬁeee«ﬁeﬁytlon@n @rafmeeofghefrwatmryas digedesed hengin. Unless
ot RPRILE N3k, APpGcdidstd akeFRen dia Whidht dﬁ&@&ft Bhgs.t he

resi dence’ time of he reactants and the nolar ratio of
reactants to catalyst will be determ ned by the space
Exdmipteci ty. For a gas phase process the gas hourly space

| oci h
veLoct Ly N b L1y SR8 B3Pl 58 P} i
tetmthﬁorﬂ@dldle@ta KEBﬂSp@FO mi), Ganiahystra@ebuttrade) (( hi6 ),

ni mn h m
%&;gép:ygagi%}ng g&?gg?%x#&{ﬁ@ ﬁ%%%{, %?a?er ﬁ4%ml)aﬁﬁjd wQ{e?gsom ). The

TeCHBLSY © ?rgt:chgltm arlﬁeaa%swd@éaééfeaﬁtor equippadith aperhiad stiring

an@b@ﬁ&ulﬁ@m@&ﬁlléﬁ Ffblloﬁrhfgftﬁé a@ilﬁon bEhS THOS) t}ﬁhauﬁluﬁﬁeta&@ -butoxide)
prefe ess thacg bout .20, 000
S

was ae&ékd 1ncreglen{agly OYer 3 é\(ﬁ I&YrBlﬁ téxge P etrﬂg(t%gl tstlrred %or
5 rhmutelsy Thp tarapevashsaifitye ONHBW)at dfe dndef Idyed(ﬁ‘(manbldmpenod fell between

0°C8agtexet t)ap?fatlléphf@l Tie fr A%g ?ﬂ)ﬂuﬂ;&x ri 1dQ In@water were added
r

hydrocar cata hour
sirpiylEaneuhy yver@roes pr ftﬂﬁ\aﬁe uthegeitsglagpr was tamgd gffaad the synthesis

solptieh emahﬂﬂi/ed 4 &&ﬂh @dmﬁdﬂﬁﬁre&ﬁ@ﬂﬁgl@ 118 'hoﬂ-rs? WitRisGR gy ;The
"ﬁ'ﬁ}; Vc\f-l% 1 1 carb act ant is |ess than
o 'ﬁ%wﬁscﬁ% PABFY Iee§s than about 50 hr 1,
and nor e Appedxamatelyy70 xlnéeﬁsyhﬂmsls ablotidbn 8@s placdd 1n'Ehﬁlog(asave Teflon
reaﬁﬂg v\%nsjeg hfhch’P Jnyreéd?w%ﬁ 51%519& %édoﬁﬁngto %Qﬁlf%&%&?’g ’r?commendation

t1onal uen term ne
a&ea@epr@matvsf owIn. tA Eotphed nBtegranors MYere krileryinithis gnanner.
Tll@@l@&ﬂﬁtoﬁﬂﬁ@wﬁﬁ értdHEindRIof e feffoRSid] £fbr teH‘?'%rature control. In
d onvﬂt{j& on of h dr ocarg ‘g t he rocess of .
AdgRF Bﬂ“%‘aeﬁ“’f\? WS Biksar }%Be BES re Hansdyetifes RresspEeuitoring.
The aindfowaon svae mspj goyrenied kaledat thenrepctdre fispeoob temperature to 160°C over
a 1?%@%1%3?}5&?%'& Jh t x a%ﬁ?ﬁ H@res? g§§ E’x&?létf)tﬁ?[%bﬁ)é)&?ﬁfp%%hts éﬂﬁj)erature and
presgapéats p monjter. dbife tampergirg was mgingaiped atd @0 Hgorgf hours. Upon
coMpHios AhB clordlvefc@d61ed té RoonPleMpRish Ghd renl ARUGRIN Yhe Fen.

hydr ocarbon conversion of greater than about 0.5 nole
percent is achieved. Preferably, the hydrocarbon
conversion is greater than about 1 nole percent,

15
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nore preferably, greater than about 1.40 nol e percent.

Li kewi se, the selectivity to partially-oxidized
wonyso@arbon can vary dependi ng upon the speciFdDUS2005/007528

process conditions enployed. As used herein, the term

"selectivity" is defined as the nol e percentage of

reacted hydrocarbon that forns a particul ar

parti al | yb)oxri stcaeikehyfinioe erabiors wir lehdadakikly theapnthbs$ alution and

I 0,

cr}%ﬁll‘ijz%d L‘H;& gﬁé %‘}fez%r EJcaf glz:lgers %\égtla}s H&;\?rgxgegg?&gireld at 160°C for

W&Jé@n Cpﬁledﬁéiﬁfé%‘?‘@élfwnht@ménect ivity. Typl cal | y

the sel eqmmlt;ﬁwaoe adduicad érystgpé Iwcék@@eomwpﬁﬁ@mﬁeéds

ater than.abou b rea t han abou
celfiabn e biGrasy %ndgi@a?ef”r@h% gt liggorgpemoved and the
crpaiceathed anctaheSfoupti@tewithldyionized ataet. ThaWaﬂ{Bdlﬁ'ys%s were dried
at %HC;E sfé@&’f’gxﬂ{ calélﬁecf f&? 18 '1181?1% %f ﬂ?ct 1H'arﬁta:t1§ r%amgﬁaés c%f the
calﬁwd @wf%bﬁﬁneml@nﬁpesmp&h) wyr@rlmgqunaﬁagf bpi encmmte*ebtness technique

usthiza8féthindl QLA MHIRIAIM aAFRE B REtr¥gen! tEtréGﬁldi'@zﬁirﬁt@ BITB trihydrate
to. m mgi%e the for

on of water a
colaiEh 82 pIiTati Rt WD ACUR dhEUHIPERDY frshinginpigald loading

of 0&0@pphn this i nvent| on, the water/ol efin oxide nolar

ratio is ab ut 1 but

(BT L URLGRL B8 R0 LR AREHo A BBy e
(“zdneh dre lbrr@he@r)ébw cm @ssx 301&81c13b6mteva21u31011 inPHeydro-oxidation of
pré &Et\inﬁﬂo%yghll up@le p%sﬁﬁh%rof hly@obid Rl ﬁ)p%f%% 'OQEfegt"I‘hQn

the foll ow ng a1 whi ¢h arelnten ed
peﬁamrve SX%H‘E}!%WO@FO tlﬁ@za%% 28T CmROsition Ok £ prrceri yapylene, 10
peehoshygem tagd fpetdeat hytvegehi Byvoluink, h1a fRppakest 1800 AT standard
Killed i n the.art f}{om a_consi der at

i tAlsS. .

cu 16 ecg??m%te 1S, per mélgute K actc% PICFSUTe Was Wgﬁ?l{lﬁ({]at gg)'() psig (2,068 kPa).
Theireastayderdpdretued was 1gniped slovtihérm BO°Gde ¢80°Cal The initial performance
423380 SHOAARRARTS gel%xﬁ‘gt £Ivo@) ¥RisHEWn RETARAT h@ﬁ?db%low

Exanple 1 (a) synt hesi's sol utton (1500 m vol une)
was prepared containing tetraethylorthosilicate (TECS,
540 m), titaniumtetra(n-bribixi:de) ( 11.6 m),
tetrapropyl a ni-um hydr ¢xi d 40 percent | At er,
122 ) ERAPREG er (506, 4 m Ferooe T chEERISYRHIGY | Ha0/PO
charged into a 2 liter Jclckébnmbrgbmss r eacttolPCequi pped

rhe tihnring and a ul at ng ch Ier
M&&X ﬁéebé/ghhon of IheCLI‘{:jC e tltg?ﬂ um 2.16

D

f-'(g} R/?éreyvlg% Paiedou HNaf_ adc_edt ' Q%@mnt al Iy gg?ﬁ a,:fi Ve 221
(nEnL(t@ﬁ/entTdmlﬂe(WpHrMagfse of tHeSisol ut)jon at99lee end pf 1.93
the—fivenmnuteperirod—{eHt—between—0€and—6€

typically -4C. The tetrapropyl amoni um hydr oxi de and

vat er WelgoRddsr 1Sit E@He&@ﬂﬁ@&'@étﬁlyﬁ\b%ﬁxfp%sﬁl %bﬁpéﬂ a litaiBsilicate,
@WI od. . The.circul ator was turnéd

P FRESitanesyicgts 18 Rrats Ay misepvare Ps%mgt ‘@Fsa%%Flé‘Ct‘V‘ty and

exelnnseddttivity inlthe hgdiros)xisdtion of prapyleng to glopylenaibsidé. ed

solution was clear and particulate free. Approximtely

70 M of synthesis solution was placed in a mcrowave
Coregparaitveriaxperiment/b&sll) The Tefl on reactor was seal ed

accor di nmxta& pTBNWh Rl HAEd w%hrtﬁ&%e&mhmﬁe abelodinade dynthesis

nto a vvave oven. A to c% rg%ctors Wer e
so‘uggag@s iD Cf: pgstﬁglﬁﬁ%§teel cyhn er an eate at 160°C in aconvent1ona1 oven

for 4 days. Titanosilicate crystals were recovered in the same manner as described in

Example 1. A gold on titanosilicate catalyst was prepared and evaluated in the manner
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The thernocouple was inserted into one of the reactor
vessels for tenperature control. In addition, the sane
WO Bast@s23vas attached to the pressure transducErT/is2005/007528
pressure nonitoring. The m crowave was progranmmed to
heat the reactors fromroomtenperature to 160C over a
15-m nute period. The reaction progress was nonitored
defyibed seExampjetlhevith elpercaptiorethatrttle fitaasslicae plhaopreparad by

coﬁ@é?lln{)gz{l ttﬁ?gcltaﬂ{gp g{aﬁtgﬁrn%c%@\%?/eace{iﬁ]gs 'ﬁ(\%glrllgst ar&iﬁ?%ﬁ 1?1 Ta%le 1.
r oom t em%h%n CPBparv BrRsviewnt | Gracmar it Exymple 1, it is seen that
th&ﬁﬁl@'ﬁ? o$ file c@falﬁ't ﬁ&pﬁl@é%lﬁé %m\ﬁ%%ra{/@ﬁéi@lﬂ W il hérhﬁy a factor of about

e and_.cr lized n
togy dbaeaen. Hrades #oxl oF Be¥bhistefs e e B
Méreovet, the prapyldnh @mde(seleemiwamf themvredafadaatal jyeisawoaiparable to the

e
sel-ga?w ogg nét/\@o\{?/ c?lqggaq% c?[fl Qélgct}gft?féeg ageg ﬁ%}{’[ r[@% gg%vegb.?n
cata ét mfih@d spmwbat lﬂfesswzttérnhmera aidbut itlee Quaps tyatfovaierstbeained with
thmi@bwhvedfcafa®W istdcBBtatie.t h dei oni zed water. The washed
crystals were dried at 80C, sieved and cal cined for 10
hours at 550C in air atnosphere. Sanples of the
Examiptd hed crystals (finer than 30 mesh) were

I Mpr egnat,e L NG hni. gqu |n a

nen{)hagol A %CQ%(d %;%{e?is f&.ttlum acelfila)l Was 1e %ﬁeddr & ¢.§qne manner as
descaibed shExaroplarlavigh heifplowing neagraat @mlmmtmnn |tﬁqle§ly2@tm>sﬂlcate
(TE@ISaQBQ Al) AtaBfuns %@ﬂa{%@@%ﬁ@} (9 34l 8@|trgprob?l§frﬁmﬁlum ¥drox1de (40

resultin oa pPpm he resul
Pe{?&f“a‘lny‘éﬁtg"( E?a@ %a% walg: aﬁ‘gzéd‘fg ranﬁh o‘\z@lrs&hs.emué%@eds%oé@wn affer 16 hours
at gaa;huteafpefaelaetv@rs c{e;dz amd’\p?diitlldllﬂe fogel2 | nﬁhgs) (1. 37 cm
ia. x 3 or.evaluati,on.in.a r o- oxi,.dati on )
o1 * pr opu e o et Y Rt By ok FuSalEE G R ERIER previousty
desapibed i pamnoply |le rlde oxicrbavavd mas pergtammedh toeheay theuedcitaym from room
terHﬁé?BtgFé)tlo b hg&th B Qﬁ’ﬁn@ﬁémﬂs'ﬁ g%‘ac‘ﬁt)n gig)r%?@srﬁ ngﬂtmomtored by

opyl ene, 10 percent oxygen, rogen

Obwvw&ﬂemmpatauge AR prepBrePiors qﬂgeemsttcmhe SBRRIRIE Waipn@intained
folCER6UrEEURLS cfplefibmUbEieactBBatdro todle€ fS1obm téMPerature and removed
& ta| ned at 300 psig (2,068 kPa). The reactor

Olnéhjﬁ Yure was ranped slowmy from 14Q0C to 150C. The

initi aI gée titanoaihicae daistaly[36parddbyimmro esvedmatiag were ratovered and
waRAO AR ULty TRk fndie hemmgm\%fmp @fagegoﬂq thg™

I't IS seen

migropjay g tanpyibigate wanmepaicn apd évalw%mstm hydgpexidation of propylene

to PFOpPRNE dxid¥, md:fnqn@mnh@aksdmed ﬂi(Ekéihﬁlé 199%d isehl perfoymance

el | ent se ctlv d idatio
o dp g Rl sbeilrb Al Erbie Bwp ki Laie £ hetinselnne 1
(CE-1) Exanple 1 was repeated W|th t he exceptlon t hat
t he t| tanosili cat e synt he&&biseoi ut| on was placed in
bl. d.l III CS3 Dl. UUI byl I IIUUI ajtu IICd.I. cu A J.U@b 1T A
convent i orf&jammNen for 4 days. Picerinos| |HeeeeneSdegtbtital $H,0/PO
were recovered in the sane| ngpnREsigs flescripaehin
Exanpte I A gold on tTitanpsiiicate catat yst vvas

or e %Cf@f'}@"%@'ﬁ"%ﬁe‘ﬁ in I he dM®nerdescri b&8:3; 1.91

0 Comentiond] 160 IESE L0428 g L TGS T

m crowave heating. Results are shown in Table 1.

From Table 2 it is seen that a catalyst comprising gold on a titanosilicate,
wherein the titanosilicate is prepared by microwave heating, exhibits good activity and
excellent selectivity in the hydro-oxidation of propylene to propylene oxide.
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When Conparative Experinment 1 is conpared wth Exanple

1, it is seen that the activity of the catal yst
wEr®epasses usi ng m crowave heating i s higher, bBCEUS2005/007528

factor of about 10 to 20 percent, than the activity of

the catal yst prepared by conventional heating.

Mor eover, the propyl ene oxide selectivity of the

m crowaved catalyst is conparable to the selectivity
C&gmﬁggwqgﬁgﬁg&hgp@hgg talyst; both selectivities are

rhe conventlona cat al yst produced sonmewhat | ess
vvat er by Aplasgekatch of fitanosdicais shrthesjs splutigay wis Ryppasechesing the same

formulitidnhe EﬂaﬁfpﬂH\@Vﬂfﬂls Gadteral SWas bﬁys@gﬂz@m@b h@veﬁﬁ&[ﬁpbﬁ gzuon

NS SELR BERLE IO K T 5 R e overd e

calcolel o gtgjd oB almmhcato ptelyst wasmrepared and evaluated in the same manner
as E@%g@tjwmﬁhb%%'smzmﬁg JESS, 238 m), titanium
but oxi tetrapropylannonlum
hydr oxi déV I(AM?;@P%W E’FPW@F 2 isgrpiipayed vaide Evgrnple 2, it is seen that

the( eflnzlzlt'ﬁ oﬂtatalyﬁq;amrémuﬁgmlcscb\bmdmeﬁmgms |h@gheﬁfb51%rfa&6r of about

d
o Ranbe Rt RE VRt Bndie TRy aitonPar e hGndyercover, e
prapyyseaixidezsatecovityast the amrowaireyi @mxzst iswethparablectarthé seldctivity of the

t

cof AR UL LR arE L RT thd i Rhl 4ol S s 1Bt Lss

Waﬁ@é’dmf@@ﬂ%r ogress was nonitored by observing the
tenperature and pressure plots on nonitor. The
tenperature was mai ntai ned for 2 hours. Upon
conpl etion, the reactors were cooled to room
tenperature and renoved fromthe oven. The
titanosilicate crystals prepared by m crowave heating
were recovered and washed in the manner described in
Exanple 1. A catalyst conprising gold on the
m crowaved titanosilicate was prepared and eval uat ed
in the hydro-oxidation of propylene to propyl ene
oxide, also in the manner described in Exanple 1. The
initial performance data (30 10 m nutes operation at
150C) are shown in Table 2 herei nbel ow. Table 2: From
Table 2 it is seen that a catal yst conprising gold on
a titanosilicate, wherein the titanosilicate is
prepared by m crowave heating, exhibits good activity
and excellent selectivity In the hydro-oxidation of
propyl ene to propyl ene oxi de. Conparative Experinent 2
(CE-2) Alarge batch of titanosilicate synthesis
sol ution was prepared using the sane fornul ati on as
Exanple 2. This material was crystallized in a
conventional 30 gallon stainless steel reactor heated
at 1600C for 4 days. Titanosilicate crystals were
recovered and cal cined. A gold on titanosilicate
catal yst was prepared and evaluated in the sane manner
as Exanple 2. Results are shown in Table 2. Wen
Conparative Experinent 2 is conpared with Exanple 2,
it is seen that

18
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the activity of catal yst prepared using mcrowave
heating is higher, by a factor of about 16 percent,
w0 has1a252s5 activity of the catal yst prepared byPCT/US2005/007528
conventional heating. Moreover, the propyl ene oxide
selectivity of the m crowaved catal yst is conparable
to the selectivity of the conventional catalyst; both
ery high. The m crowaved catal yst produces

somewhat | exshywRk&LidRIn oS E Jhtach
Ox%ﬂ{o oxi dat i on Irlxrolcesan{:ron'pr I%ﬁ]ﬂ I?:%cnt a%t Inﬁahgdrocarbon with

15l DS PR EYIEgRREPTR IO BFASEMCe St REaPtjas one or more

caﬁt}dlcanehyld rsélea&ll ftain glﬂ!d Q;ﬂt/éﬂ% Hﬁtplzﬁﬁlﬁidﬁi $r5Up e tlﬁflaﬂﬂhﬁﬁde rare
cofffl g FOAR b € et 00 Rl S faing condidons
it &) prgpate mpmtmﬂlg@xuquddqfd,rocaﬂrposﬂm gidanosiligate being characterized
lngkﬁﬁg@&kbh§§%9nn5gq%peﬁgﬁ&%ct|ng condi tions sufficient
to prepare a partially-oxidized hydrocarbon; the
titanosilicate being characterized in that it is
pr epar ed hyThE srooda\ve Cetli Whereid. thd hRIrpER6SS adf | ,Chikhse or a
C mg ein the hydrocarbon is a C -20 al kaneor a
2@5? Eﬂiefln 3. The process of Claim 1 wherein the
catalytic netal is gold or gold in conbinati on one or
nore netals selected fromthe group consisting of
silver, the platlnu roup netals, the | anthanide rare
earth methl 5he RAEESs @ﬁ%ﬂ%}th whereintibe easalytiogmetph is goldersyd in

cofbirfakigh Bhd omafe&h&alsﬁéleﬁtéﬂ &owd ﬂh@ FRIpJonkiStifkd &%ﬂ%r tHé platinum

an anpun reat er than nd | es n about
St RERbn e Juioide ffSed Tosies r?é‘g corhiagerferst

cat al yti d. ¢ plotsss ofilidhitn t wheasin the astelytid meldh és presme fisan amount

c

gr@after%ﬁf JBFS)?% @\n@?feglﬁ@leE% (ﬁt %tﬁgfgg#& gg%é}t Qa{ggq bﬁ gb t0fAF weight of
Cm@bmFW@ﬁﬂéﬁ@ﬂ@ﬁﬁﬂéﬁhﬁﬁ@ earths, and the actlnlde netals

of the Periodic Table, and nixtures t hereof; and

optional | one or ni on elected f.rom

the gr oupy c DHSPIOESsH g gfa”ﬁa}l W em&ﬁ éﬁtg“rt D 5SPRKSSS one or
maapbongttt meabsi sdleated drsn Gang NiGebuws 23hé taat}ﬁﬁfd;e raﬁ(éarths and the

y@ﬁi r are
ac{ulﬁﬁé H‘ﬁ:’ial g ﬁ)Qn&pg Tgﬁ‘l@ zgld m%&%sol?‘lglggw%%ﬁ ggr orafly. one or more
pr%m@tat argomflqctﬁdﬁm thmﬁummwtlmoﬂmlglm capimr@tenphosphate
caﬁ?gcgc in"c(l) ?ﬁl@ni Qﬁ@{nlﬂv\%ee? Zﬁerﬁa{fh&edaeﬂc altgtg%ﬁblzle?%m tfe ond¥ more promoter
SS ! [

fg%}ﬁﬁﬁ @%@%ﬂéﬁ% ?ati]*?ﬁ%tén ﬁﬁ%ﬂbft%?uratrgfeategt aﬁeméboqlrte fiss than
abbdbine0gweplx peeseat, bhsadPpnahe tatdl Mdight of e catalyspot assi um

rubi di um cesium nmagnesium cal cium barium erbium

lutetium and m xtures thereof. 7. The process of

d ai m 1 wheFld proedse of Claamdswhéreiatthe ¢atalgs|fenthesdofmpuisas one or

m&E sdradtks ﬁ@tals%@éﬂed@foylf»% JTbeoonae@n PIDERRAYS odium, potassium,
anOS|I|cates haV|n atom<c ratio rangi n 8

rubrlfiwm SBUUH, BRGNeSHINy 58 un:a_» aaetw grotyn, lieumy mgst thereof.
Claim1l wherein the titanosilicate is selected from

t _he gr ou%c SI St | ”gge T%Mﬁr tl%é tlta.nosﬂe ca?é is selegte(lyl' from

Ti - ZSM
crystalline, quasi- crystalhne and amorphous titanosilicates having a Si/Ti atomic ratio

ranging from about 5/1 to about 20,000/1.

8. The process of Claim 1 wherein the titanosilicate is selected from the
group consisting of TS-1, TS-2, Ti-beta, Ti-ZSM-5, Ti-ZSM-12, Ti-ZSM-48, Ti-MCM-41,

Ti-MCM-48, and titanosilicates of the SMA family.
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Ti-MCM 48, and titanosilicates of the SMA famly. 9.

The process of CQaim1l wherein the catalyst is
wereepanszs by (a) heating by m crowave radi ati arCEUS2005/007528

synthesis solution conprising a source of titanium a

source of silicon, a structure directing agent (or

tenpl ate), and water, under conditions sufficient to

prepare the titanosilicate; (b) recovering the

titanosiloi %te%rcgcremft(ﬁﬁm*?'l' WHeRSh ﬁlesc‘ala%tsi Brbreﬁ% by %1) heating by

calcining the titanosilicate under oxygen or alr
MIFWAYE radriiana fyathgria S@PP%??‘H@“%@%NOI{Y% oftiagipas ayource of
silicon, zdﬁﬁﬁﬁiré ditectimgegent (mmptaaé)gm w&emh@ér%oﬁdlh@ni figficient to

[ e R S

calgindieg tho t§genilicae vodetexyger @duciongnagetht stroctutentiectismagent (or
terhﬁl@fef) y(gﬁ@epoylﬁngn& 8ndlbie éamytﬁ;gl&hg' g{bt V# %%ﬁﬁgét@ di®ptionally,

rocess of

(satee thsiresalingfayiomeal gt aepstlicgie QOFRPOGHIR WRsler oxygen, or under a
rediQfifgl #pbhtD Or Gidet b BiRrtpas etedoabitions d@Fitient tolRéiavdlihe catalyst.

tetra(halides), titanium oxyhalides, and m xtures

thereof. 11. The process of Claim9 wherein the source

of titanilOmThs peekssatfédaifir Dmhtiea e coywce ofistasiuimig selected from
thd érBQS %bﬁ'@isttﬁ? o@(@a,tn b by alk&)dlciér%? IRy tetE)aL(]I%aéi)?ie%}éSi‘Eanium

I SO- trtaniumitetra(n-

OXYlil%héiﬁ$ @ﬁf‘ﬂét‘?la?sltb‘%fﬁ?fae titaniumtetrachl oride,

titani umoxychloride, and m xtures thereof. 12. The

ggloggts 2 d(ﬁ EH?%)%@%@;%@B%&%@EE@?@ Eggurgcf: ofS tlltahl%?nnls selected from
thet gbupadrisytiog tof G ganivine atreéetianddd) iremiuor tepa(@otpop@tidd), titanium
tetlsa!élll Jofi@ide} itartd (DARRHIC, gg%nﬂﬁa'tg&%m&sg; e SidnilBoxychloride, and
mlt‘W%ﬂhWﬁfn nes, tetraal kyl anmoni um hydr oxi des,

tetraal kyl ammoni um hal i des and m xtures thereof. 14.

The proc f daim9 whe n the titano icate is

prepgred(??r 3¢ RrasgiRafddpia (L © SO Pfi?lhgonglﬁ Sefeced from the
granpl cdnsibidisd of teadBk yIRAldsIR atea bindfuntedt digrécipigeedadiliagout 5

to about 20,000; a ratio of SiQ2 to structure

directi n% agent in the range of about 1.7 to about

8. 3; andla Sheprdeeo af4ilei; 9 whetein thameyeplete oslbwuttuiR-digsting agent
is §e‘1)ec@&loﬂf'(§r{1%mélﬁylaﬁ%gttet%@alk;;ﬁlﬁm@ﬁﬁﬁ?@ﬁdr@%dg ?e'tﬁhlﬁylammomum

er ei e mcro hedting is provided by
Cr KUYEHEEESr having an energy i nput from about

100 watts to about 6,000 watts per liter of synt hesi s

SOt 1342 BRSES, A TGRS RAMER frepara rom
syghegy mlmlmmmwgtmemmabo b@smwuﬁazﬁr@@ ratiphie tipy mogssf about 5 to
ab&t 26! o, Saried @'S@O?tot HRICAESHPNRUE a ?@'ﬁ‘ﬁﬂ g rér?gecb‘?'ag&ﬁtleﬂto about

ta first te erature greater t han
8%@8@% TG wiia sBe FMiER LA .9BOBAIGF 040¢ 1 r 5t
t enper at ubguthol d ti ne greater than about 0 min and
| ess than about 120 mn, and at a final tenperature
greater than about 1400C and | ess than about 25Q0C for
a final tléngéeatasess didilaint 9 mbegirethe anictomane heasimg igprovided by a
mlgi'o%'ifg Seisto mtgaﬁzzﬁl%ﬁ}f‘ﬂg?%ﬁ%m]fﬁ)rﬁ Qb 108 zvattﬂ@alﬁ)‘h@@ @@6 watts per

Caim9 € ] owave eatlng I's conduct
htqrﬁ)f synthesis solution, and wherein the microwave heating is conducted at a heatmg rate

greater than about 0.5°C/min and less than about 40°C/min.
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one stage at a final tenperature greater than about

1400C and | ess than about 2500C for a fi nal
wo sopeezature hold time greater than about 3 mrun/es20esia)7528

| ess than about 16 hours. 18. The process of Caiml

wherein the titanosilicate product prepared by

m crowave heating has an average crystal size |arger

t han abod6. Ghe prasessradiClaimt® swpatdirethe miarovave beathg is conducted in
twlls@bON St & Arsd 't&fﬂ%?eﬁﬁre(g?éat&rthe{ﬂ eﬁﬁlut %ﬁf OSHd I&5 ttl‘laﬁﬁh%lout 150°C for a

di mensi on for non- spherical part.

firg} tepperatug heddl 4im ereaiprdhan fhouhd nﬁpa% leé%F}HataP%‘ﬁ {2 min, and at a
ﬁn@Dfedip@faﬁd'e ateater tiMR®OAE L0EC ghé RsSthah ABsUut 280 fo? @FaaPeehperature

hol e LB BRf hat Y Bl B s Bl BB U o

optionally, in the presence of a diluent selected from

the groug7cans b?ﬂcb&%f@lalﬂ?b Wﬁ'g}en{‘ihte rrﬁgl%rxlvavp ﬁ%ﬂl%qs conducted in
nmet hane, car bon di oxi de t eam and

ong fi@geaka fi %%’ “TH’F‘éatB?eo%%gf tgan @oalf M(ic«mérl%ﬁs ghaniabout 250°C for a
finay@rpeanie holdtimOigehref than abhe 3ahiiutdd a8 M€ tHah @BowtS] 6 hours.
greater than about 0.5 nole percent, and the
selectivity to olefin oxide is greater than about 70
nmol e percent; and optionally, wherein hydrogen is used
in an effiikc I
molar r atllgollgl?I f)f/oecg% t ha{%%ag}cé)vlﬁlt@r eY‘@{/h % tlt&n%sml:ﬁ%'h%&%%&@gared by
migfowava nEtnE pe RYErpgespYtelfeze; larep hpm alout 802 é@wm and smaller
tha £doMl £ hfcroNd BeliarAdter (o eriti¢dl 3RRskddieAdlRlimenIMLRANEAL sPerical
rocess conprising: (a) "heating by m crowave
pa& Eﬁigtl on a synthesis solution conprising
tetraethylorthosilicate, titaniumtetra(n-butoxide),

tetrapropyl aﬁﬁpwcm Jpengxi %ereﬁpgle\ﬁg oo xulljeﬂgﬁ nisg conducted ata

condi ti ons m Cr owave
terapreptyye grapen tham abaus gD Yr and leys thﬁaﬁlboalb 6QR°C1@mi mnr@ﬁsm greater

tha{nea?o‘éuf f@ﬁ‘s@ﬁ&ﬂks@bh%@bdi@%b@ pﬂgraﬂ& dpBibnAlly, fYiRb ?e%é&e of a diluent
& and t he mcr?ﬁ’}%}/ heat i nrg IS condug at a

selp et iAGT (s e O aE S e FLAT S0 OB & RO ARG b5 8 SpRegrbon

dicadida) stedMCAmd mixtwreptheresifage at a final tenperature

greater than about 1400C and | ess than about 2500C for

a final tenperature hold tinme greater than about 3
m nut es gAdTheprecash ahClavadt whaeindlg Bydreearhnndp an eledin; the olefin

coﬁ‘l'etrﬁﬂﬁ’% érbaﬁé&t tﬁanT abdut 0B)méIe @@x\e@ﬁﬂ 51&1 tthB @a&éﬁ@@% bldfinaix&de is
nt hesi s aol ut i ration,

fvr??éfﬁtﬂi’ar“f% 4t (bﬁw ReTGnE AR CRHY fw?{ffrsméa dpngen i ysedin 3h
efmnertc@nﬁerasﬁmg by aoviteran dlefm)oxdd olat Rgototfitess ama\wB6wd 0/1.
titanosilicate to renove tetrapropyl amoni um
hydr oxi de. 22. A hydro-oxi dation catal yst conposition
conpri si Bd- dhe pocessmiélaiat hwpeiein propglene sdiydoteddizedn

(ﬂﬂ)léi're o?ddev 81d the lﬁ?an@hﬁ%zﬁt@ Mr@ﬁﬁ&pl&y bﬁJcéss c'bﬂl%rlsln

['ant hani de rare eart m xtures theréof,
deposi t e&a)awafan& by @%@WW%@@UO%M@S&%%@H CAMPHINS
tetfd&ﬁlyﬂdrﬂﬁ)ﬁﬂ)l&htb t@tadhiQm tetra(maﬂm@die)p&trapr@pﬂmammmahydrgxlde and

W‘%eét %1’1“{}]’{ %n‘f‘r@?fgfl W}?e§e‘8 8|“?1‘°E§’Wﬁ§ 8 |g8n‘ir *h“’ %%1‘18%?‘? Gt ‘tnR“t of from
gregitdritiean abone] @ watty te 1gss dhdnrabouih, 0Q(pwatt pdr diterori eyrdhesmogodution;

and the microwave heating is conducted at a heating rate greater than about 0.5°C/min and
less than about 40°C/min in one stage at a final temperature greater than about 140°C and
less than about 250°C for a final temperature hold time greater than about 3 minutes and less

than about 16 hours, to prepare a titanosilicate TS-1;
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| ant hani de rare earth netals, or m xtures thereof; and

wherein optionally, the catalytic netal is present in
wamosnedzs greater than about 0.001 and | ess tIEmUSdo0RI407528

20 wei ght percent, based on the total weight of

catalytic netal (s) and titanosilicate. 24. The

catal yst conposition of Caim22 wherein the catal yst

further (ﬁk»)mpcd\&e'sg dteentanos'ﬁra:ae TH-0 iohethespithbsss sdhitdat lgdfiltration,

cop BB AR frrp T aftofoy Py FAPLRAM bR aR R0 ) o

and m q lﬁe)é@lqim@g é@frecoazﬁ@dépmmlameyo reRpasiedptFRpE pRRylammonium
hy@Rik@leyst further conprises one or nore pronoter anions

sel ected fromthe group consisting of halide,

car bonat e, phosphate, carboxylic acid anions, and

m Xt ur es 22hey kyk¢-oaildtibrucdtdiest catn@osition t:dsnapmmg olie ¢Mhere catalytic

metdl "Jél%&éd HE{@%&% %ﬁ@erpgl%ﬁeﬂf&uhgq%{}&gm%gﬁsalt% gm‘h[a}uﬁ% Ea?é &lrth

anoun

mqﬁ@s,@@dtmmbaé%@e@ﬁf tdpiosited an aditdnghilicae, chawmctezized ylsthat the
(itRsiliER@ 1§ HephsE by SRERAGLS halingf O ai m 24 wherein the

one or nore pronbter netals are selected fromthe

group consisting of lithium sodium potassium

rubi di um23c @i ganlysegngskition of &lldmlap whk&éﬂnuhe cz&dilbiimmetal is gold

eli t T

or gHEd h CH{%m%HQ W&ﬁ s&i(u?r Qﬁ%{e rﬁééfe m%h $§ a;r?]os' slé’ , dhe gr more
largbam@ft e ¢arthnn@tﬂlys<nramxnﬁes thepgat iand mhsrean pptimmallgribie catalytic metal

is ﬁi‘éﬁ’én‘? RPN athbid %‘P@a‘tér 'tlﬁ%ﬁ‘it Bout W0 NghBlesd thdrd atﬁ)tu@’m) Qvel’g@ltt b&cent,
ngi ng from out

bag A i §tt°télo‘?’r‘i:}g}ét| Ctl% Cé‘ﬁ Y&P r@tgfmt%@ll&%@ the
titanosilicate is selected fromthe group consi sting
.?.T i ggl\/ll 2 glsg%g cartalytﬁ)%}‘t\fn}gﬁguﬂls% 13'1812 W eaem%he catalyst further
comipriagsomie| or enrire propfoterroctaiviclectnd fpnPGrouphe Geaura? e lanthanide rare
eaﬁﬁ’ m%@aclé tah@ thectifddRine éﬁg oMiE rP%thlE hepeaha 1¥1§xttu1‘e§ thereof; and
port'ed on a secon port selected fromthe group
OPE%%!WS pihgrginphe §aqalYéta@rtha1 C@mmlaés ong| QF TS TG @Hons selected

frdiiﬁﬂfé%&b@ﬁcodsishﬂ@ bfBalide adablﬂfm,ateélﬁl@osﬁhaﬁ waaﬁ)xyh@ﬁ@@amoaﬁ and

osition,of
mif e Beiep T i EOTRT Bt 08 ong of e e e b A gl in the
cawiyst imesiosal smloutf gmatcmtrrm almiung.081 soabome20fveight percenty baged on the
totﬁ%&fgﬁt 6’1ft b:jlt;ﬂggn, a tenplate or structure directing
ter; and (b) recovering the
titanosi I [ cate fromthe synthesis solution, and

cal ci ni n@st e rc@tﬁ%ﬁé&%dsiti‘oﬁ@@@lélhm \{Qhéf@i?ﬁﬁe one or more promoter
e Strucuoure

nditi ns sufficient to reno
G G THR 4G ORI SHES O HepLsaa i Fppasium, rubidium,
cegionp omghéstum,afalofiraj arizéh, wibéurej lntetioes, sodimixaues thdarécetni um
is selected fromthe group consisting of titanium

tetra(al koxides), titaniumtetrahalides, titanium
oxyhal i d@§; Theeaialyst epmnosttieaos Slaimaddwhreindhe titanesilicate is

seROH FRNPEryStalling OduiakiSc ﬁlﬁﬁé %ﬂd meHOS tighe4 Beates having a Si/Ti
consi sting. of, tetraal g)i)edqq(;at es and fumed or

AYPPIE IR FARERE frgm phopt S/ tﬁ khe tenplate or
structure-directing agent is selected from

] (2 by e kL GRRIOH ok TIRDI AR 0 4511061

tetra(al Kyl

seloorpgm fhorgrotp EmainBet s 5. Thoele: TabSdLa, T3 ZSMA1
Ti-ZSM-48, and Ti-MCM-41, Ti-MCM-48, and titanosilicates of the SMA family.

28}
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prepared by m crowave heating a synthesis solution
conprising a source of silicon, a source of titanium
wemsmeestaur e directing agent (or tenplate), aneCTE$®05/007528
on a nolar basis: a SSQR/TiO 2 ratio in the range of
about 5 to about 20,000; a ratio of SIQ2 to
structure-directing agent in the range of about 1.7 to
about 8. 28. dhd catalst@dhROsitiah iod Cilmmtﬂewheiengeh@éat@lbn u:t supported
. {
on} SQQ&dﬁpmg%eﬁefﬁ%mﬁnﬁ% Bl c&?s%seﬂnésbtf sﬁ%&)g@gg}hg
alumipps Healesy Brageesiasatileniapparhey, and rén@rrggzthmp t of fr om
about 100 watts to about 6,000 watts per liter of
synthesi g _sqlutio and mherel t.he crowave  heat j
2 onduc?ed M ED RS PR OE A B e A g e i
prépabed/ iy (la) midoWassheatiaga ajaﬂhﬁsm%(ﬂmmmonﬁ)ﬁsmila%oﬁmh af yighium, a
so&r%@B? g’l d 04 é@rﬁgl%eadr g{rﬁgtuw{eg{uq% %#gt %8 e a rteIC(r)]\germg the
tltatr@mbléatatfmﬂgrsé&the&is Matmrabmiwal@@mg tw@co@sgi Maawhcate under
coAdlQBhs shPEUENt(tO Ferfovel the btrd iR A8t BR (B fehiPRary, €at er
than about O min and | ess than about 120 mn, and then
ranping to a final tenperature greater than about
14Q0C ang@ol g&s chthiyst @hmmhtﬁﬁ@f)Cleﬁer%vlﬁérémlthe source of titanium is

sel%:gtgg ?1{0 { tlﬁr BJL& C%T%Etﬁfﬁj&r tﬁﬁ%ﬁﬁl t%.tﬁ gg%(g)tﬂg usbsgtarrﬁ]u&uttegg}%a%gﬁs
tltz@nurmoavhﬂlzizs,wné nakiyrasitheraole pradvabereingthe sorgcd of stlageauis sadected from
thé)%roﬁ emmng Qf %aﬁaﬁ(yﬁ%oﬁlﬁsa%@srm%ﬁe@ Bﬁﬁﬁe@ibnat@@ QilRROYhd

ess t han” about 2500C for a final tepperature
Wbﬁfﬁva qtﬁ@p A BHCRIFEARIreabE AL i SriRcked feaim tr(akyDamues,
tetedpaly]) akbmbRiufthy dddxidebh end@iradapkst) am@pash halaiesof C ai m
22 wherein the titanosilicate product prepared by
m crowave heating has an average crystal size |arger
t han aboui. Thodtalyst compesidors ol laan 29 wdnereab thettitanosilicate is

pré(P odglsrgic?o\gé\@%h%{ 4 anﬂ?ersfs sbfaﬁbn %1‘3.?&31ﬁ%9%61ﬁ'@@5f silicon, a source

n for nons erlca part
of HEHING. STRUSHIER éir%qnag aé?nt@ratrs%phlze vt aater, ppa molar basis: a

SiO/Tramostib icthk@arge dPaBHarsad abyut@omooc:@&moczﬁlsm ®l S@cture-directing

et iR ebol (1 BRLE bR Sty AP T g rpngsi afapont

0.Q0stto aboutilt®xi de), tetrapropyl ammoni um hydr oxi de, and
wat er under conditions wherein a m crowave generator
has an ener i nput of from about 100 watts to about
6, 000 watts %@ﬁatpiyworrm@sg%pﬁ&q@ ovhareigrhe mirgowpee heating is

rmlaécpwwﬁu&@ahwgenbﬁt&mdiﬁgtaﬁ@na% y apheat frofl 2bBHE 00 watts to about

eater t t han aboyt
T frper 18 Bty sBoRh bl St g heating i conducted
at & heatinghetetgrdadéliireabdut @S/ hivaandalesruthar? SE40%/man. f i nal
tenperature hold tinme greater than about 3 m nutes and
| ess than about 16 hours, to prepare a titanosilicate =
TS| 5 (B8P rldesvtelysirpmussitionod fdaim 32cwhesemshe miqroypyeeating is
coﬁd’ﬁ&é@%‘tﬁlo%ﬁﬂg% Ib @arﬁygln itd % Figdt 'té?ﬁberéiﬁl‘étgrrézfté%gﬂe{% £Hdut 80°C and less
%%%I l ?Ot botnr a grst ?evnvleperat e hlolcf trlrfalg Ig?ere]lte(r) {ha%ea E)lgtl 0 rlfll%at Idoless than
about 120 min, and then ramping to a final temperature greater than about 140°C and less
than about 250°C for a final temperature hold time greater than about 3 minutes and less

than about 16 hours.

34. The catalyst composition of Claim 22 wherein the microwave heating is

conducted by ramping to one final temperature greater than about 140°C and less than about
23
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(c) calcining the titanosilicate thus recovered to

renove the structure directing agent (or tenplate).
wW@2005/480232% hod of preparing a hydro-oxi dati on cEEU®05/007528

conposition conprising: (a) heating by mcrowave _

radi ati on a synthesis solution conprising a source of

titanium a source of silicon, a structure directing
256%efur a(foral teemptantre holdande geehter thanabewt 3comiitdsiand $ess than about
16511il<15f1fsi.0i ent to prepare a titanosilicate; (b) recovering

the titanosilicate fromthe synthesis solution, and

calcining the titanosilicate under conditions

suffici ent. Me cQABNENPRsTBE DM T WEB&GEINRBe AG8MKilid® product
a cat al c netal, o

tenpl.ate): (c) ,depositin i. nto th .
et Rkl IREREE ey S 6o o Bbpw g 1 micron
anfl smailerahah atwiut ¥ ericroone diamater @r plittal crovs-gedinpalnditn@hdon for non-

PLELP A _Ianthani de rare eart_h _rretals, and _rrixtures
Spt‘%erae}g}, t% forma netal -titanosilicate conposite; and

(d) optionally, heating the netal-titanosilicate

ConMposi t 86UMTHE tatdysQeoY BRI bR OMiMD20RBerbih tHEERhodlicate is
prredg_ i ng at m)sgher.e or under an inert gas, under

o CSArPTEI'¥A8: to prepare the hydro-oxidation
cat al yst (a) heating by microwave radiation a synthesis solution comprising

tetraethylorthosilicate, titanium tetra(n-butoxide), tetrapropylammonium hydroxide, and
water under conditions wherein a microwave generator has an energy input of from about
100 watts to about 6,000 watts per liter of synthesis solution; and the microwave heating is
conducted at a heating rate greater than about 0.5°C/min and less than about 40°C/min in
one stage at a final temperature greater than about 140°C and less than about 250°C for a
final temperature hold time greater than about 3 minutes and less than about 16 hours, to
prepare a titanosilicate TS-1;

(b) recovering the titanosilicate TS-1 from the synthesis solution by filtration,
centrifugation, or flocculation followed by filtration or centrifugation; and

(c) calcining the titanosilicate thus recovered to remove the structure

directing agent (or template).

37. A method of preparing a hydro-oxidation catalyst composition
comprising:

(a) heating by microwave radiation a synthesis solution comprising a source
of titanium, a source of silicon, a structure directing agent (or template), and water, under
conditions sufficient to prepare a titanosilicate;

(b) recovering the titanosilicate from the synthesis solution, and calcining the
titanosilicate under conditions sufficient to remove the structure directing agent (or
template);

(c) depositing a catalytic metal onto the titanosilicate, the catalytic metal
being selected from gold, silver, one or more platinum group metals, one or more lanthanide
rare earth metals, and mixtures thereof, to form a metal-titanosilicate composite; and

(d) optionally, heating the metal-titanosilicate composite under an oxygen-
containing gas or under a reducing atmosphere or under an inert gas, under conditions

sufficient to prepare the hydro-oxidation catalyst.



