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: The catalysts regenerable by practice of the present invention are
titanium-containing' silicon oxide catalysts. Titanium-containing silicon oxide
catalysts are well known in the art and are described, for example, in U.S.

30 Patent Nos. 4,367,342, 5,759,945, 6,011,162, 6114,552, 6,187,934, 6,323,147,

- European Patent Publication Nos. 03_45856 and 0492697 and Castillo et al., _J.
" Catalysis 161, pp. 524-529 (1996). '

Such titanium-containing silicon oxide catalysts typically compnse an

inorganic oxygen compound of silicon in chemical combination with an inorganic
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The t:tanium-containing silicon oxide catalysts' are- typically utilized in
‘oxidation reac_tioris and are particularly useful for catalyzing the epoXidation of
30 olefins using organic hydroperoxides. Olefin epoxidations of this type are well-

~ known in the art and are described, for example, in U.S. Pat. No. 4,367,342,
7 _Suitable olefins useful in epoxidation reactions include ény olefin having
at least one carbon-carbon double bond, and generally from 2 fo 60 carbon -
atorh_s. Preferably the olefin is an acyclic alkene of from 3 to 10 carbon atoms
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the presence of an insoluble catalyst. Continuous as well as batch procedures



25 preferably from 25C to 150C. The reaction is
preferably conducted at or above atnospheric

pressure. -The precise pressure is not critical, Eﬁ 2007
reaction mixture may, for exanple, be maintai n% '
substantially in a non-gaseous phase or as a two

phase (gas/|jquid stem The catal yst co i tion
oF EBEsed s%%é@ﬂglseﬁé&a?'ﬁ e BRI ST (T pa fxee
pr esedtor afursy wRh |p€bvi§‘tﬁ1%ebsirwg m&@etfbﬁre'ﬁ%vapeﬁhéﬁtgaﬁérated as a

process of this invention e ar
FoR ot STg TG BPTRSHEN EE oo o Ao Bl CafiGy Shctor
be BEABADIBESH (eIt ta@pre@énttm@ce@:e R/ Gachilosthih HFemaﬂa
known 1 n the art _for_.reactin

f
Snd o oo BIe: yiubcsh B HHERPEEH o o0ebs of tis

I NS glvehlich @aﬁla{h\éSépoﬁaanbm rHEEViEy asmaebiata@st had¢ eiminished to an
procedur es For

Fhe CBRIGEPYbe 5! b TaA oy EWorRT: ety BF 13eBRoe ok DB rele to
bed reyctighterihy catdifst Whewi it astivithed bgtweade. f camdrmrpmbnt of its
result o

f heat t
poft O GRS dEery GHoBHoR BRI GR R BL B Y BLips @ aven
1ad amya’fgbeddde éela&sz \é\ntl’h b divee qb&fas ditie |@vgiie ebiime between the start of
in ey,
Co° GPPrAgter Aad a8 ol &, oD GIBL HshV O fiBob o 8 1B inere
unt irégenieeatiop dx tockat initiated atill be dgpe:nﬁenhmooame_a'lyyeactlbasaarameters
o Sy e o S REDREL S B REBLSRs dh sovent. e
r eacspamveodntms giathalrystanih dhe reastiat tampergtures abe e pature and,
I
%r e 6@?33'8? ofp @%? g d']db)%ﬁ.{eﬁ:&%a é§ yl \/\%%n %tra P a%somaltgd wnth
hydrdepe!makorde reacts with a given oI efin. The | ength
ft i i
O P B L i, SO 8 e i o
' wherferm frogeagy dmwdrcorrwonentbe)futhe tFB%{Itl@ﬂ mixiure fiye which it may be
- depepdent- 4pen, gﬁ%ﬂé’l?]érﬁ?ciﬁe ! Hor R Shiere %Qcéalﬂzg%/élghas been

the Irdentities i'n, organi'c hydroperoxid
%nd deployeditip tReforspelce Senncit tmay bef reandy celirateshty, fittration,

_t he & ﬁﬁﬁ‘#da‘ﬁant HIRE B Cor atﬂﬁert t%%cﬁ‘aHéEi‘?arﬁ’d'é@ méans and then

anoun uritres and o hanges i n the catal yst
| assdfﬁnafeér@dmmtqqa \esaRlt whigh ﬂ?oﬁmtanﬁﬁaf%’p@ﬁwng out the regéneration.

tit %} lf'l?’t %@t Wh@fen%ec@ﬁ@yﬁﬁﬁwaé SeRhehigabl ¥ %%@'b@ﬂ ethe liquid -
in so orm from an qui d conponents of the

1 eacoIPNATRL MR bR rﬁlw%/rdha'n@d RRPUBEEd GEYFRM (e Spentatalyst
segg'ﬁﬁlr r@bél%?atld:rpéon@ﬁéig@li:ﬁhe%ﬁ{eeve%ﬁﬁ a@éllﬁ@bé’sﬁlﬁrta&]@‘éc@@enlf this
ep

a slurry, it _my be rea

- form of
'~ col |%@@éﬂ9§¢ pf Iﬂﬂer &egeRTatiog e‘?fP?ﬁSISu@aPraSVFedd@@%[ﬁY%ﬁ .“a% Nressel
or - AthQbysShbulte 68 2Bh&AlcteetRatBAsls tcB_ﬁéble of withstanding the high

temperatures encountered during the regeneration. Of course, a fixed bed '
catalyst could also be transferred to a q1fferent vessel for regeneration purposes.
30 M is not, however, necessary to completely dry the recovered catalyst prior to
regeneration since any minor amounts of epoxidation reaction solvent,
reactanfs, and the like adsorbed on the catalyst can be readily removed and
disposed of during such regenerafion. If so deéired, the spent catalyst may be
subjected' to an initial drying step at a relatively low temperature in order to



transferred into a vessel which is-suitable for

carrying out the regeneration. Alternatively, where

the catal yst has been used as a fixed bed, t he? 13 §ERA2007
conponent s -may be sinply drained or punped away from

th i _
e S oBEL BN LRt UGS LR YR e Tomrooc
errb(mcﬂlowmm ah |m¢rtegasegwrm§raamlxt1me theveefsvay be passeditarongh a fixed

WZJre S hesg\éﬁf éae%lys eﬁp%?%flgﬂjeéiﬁﬂ%ulnhthggaﬁg@ﬁg‘é’% 880®. The

t enpataitshiney @ac darexposed f@mﬂbﬁ‘@nqspbemce gr@ﬁwatm i orfler @y facilitate

x0u :@? reIJ'I?O\%l'I XF%&Q%%@%%@%&%’ 3&5089#%%@4 8 cBlyst,

erent vessel for regeneration
pur posesTh8@pent caalysitmayhprateraly be mﬁg@mythta)solvent prior to the

?ggg’lﬁgérgeltrgtmw érocggur{eecgﬁl?sfb?éj sSQEfﬁgyiﬁElu eyt icohols ketones,.

anmount epox! dat'1 on
r eactthers, sitlles msters, raeanamthroranlabnSh en¢l mrwuméber@eat%rﬁmove

the s%%gt%hc% aﬁﬁgru&e t{ ch?ég)fs? %ﬂéreqe@éﬁgrabgwpﬂ?éf&rég solvents

duri'ng su regen e spent
wat dngisde magtehe C1smbj eitphehic tacaols, nCr-Cad aialyvln@if@h@ﬁ C3-Cao

Zoogﬂfd%c%mo%gl Yr! tRéN Ilk?npﬁﬁ)?tcﬁﬁ\?en‘ttenéqrzﬁéig O\Na&:r?g procE&ure is

onponent s
exarpitablea Spes fcg‘ tep(emmec brfpRat.dio. S91 6@8@6@ eThe \yﬁsheﬁéqata[yst may

d th h
07> optbfialY ostlail & HORLRAPrBN phietigiocd LI ouon 2
"~ the rangdhgsspard ﬂ@mam—cvn@mu@tcata}a@t iprdyeaiads én lae presence of

' fi'f:lg ﬂﬁ&]@cl%|9r a%ﬁ@%o{éﬁ{ﬂefatﬁrree N&adt MoB*El8dut tpPeferably less than

e renova ati| e substances
assoti@ted Thettlampreatya fangesef, from 803 ek 0 Edp pepediply suitable.

- pr eflﬁroﬁgléhﬁ?ﬁllﬁ’i@rﬁ%%e%&éht@n Stﬁé }j@@&trﬁnﬁ eénthifin P*b&ygen is passed

regeneration pr ocedure. Suitabl & solvents inc

‘wat epver dhe o$fising  cafaisbdile | thecieRpesaturs; {Wfi"Fl’laé“‘t'Bigt'@?lé be at a

ar OMBfaiGe DY ?év‘rﬁﬁé?%?e PR éfédé&é%ﬁtotﬁﬁﬁﬁ@éméé?afum\@(cess of
subst ances adherin to the cataly riQ

.?.cegeﬁm ¢ 1 B e Stec oy 5e JeRt St gy Eagaergion or may be
:o@[Lda at b&ntﬁihﬁ&%’l‘ﬁln%mﬁggd Qﬂae&ééééﬁyés ad6eholThe molecular

ydr ocar bons convention

Cat a@gygﬁn\m@hpﬁg:ombg@gd@mveomgr Q%Ef.?lst %[Yleas gRgery gy l[he like; the
exanpleof & B eégp@ballwdvaﬁta%éﬁussg@ toﬁh@ 1W%B§tcbrrdad\ﬁiigmltty of this

may optionally be dried prior to the reg‘snera

pr oceRHige of PREIeEpetite RSTERRIMRIR U YT h gtggpfgpam should be
5? at g&edtBd ﬁftiﬁét%;ﬁ;‘é%v@ 206 Oﬂé%og@blﬁbld @&omm}lm}v_e mratnod hprod uced.
enperature of at | east ut ef er SS, t
10008YpIg, themgar HERS WSS ﬁ’@ﬂm%‘?ﬁb‘g o é@ jelyrae percent
espegiehy T‘ﬁﬁ' probdss. may beOftndasle ugRthatod dasestream compnsmg
i nvention, the gas streamco ainin enls S
over mﬁ@u%mg%ﬂ%n@ﬁew\ﬁr t ﬁ%aw@ﬂﬁe?f °i“§ﬁ Sforder to
- i ni tbRLly 2¥BY aRe valhtil@ products evolved from the catalyst. Gas flow rates of 1
30 - to 25 liters per kilogram of catalyst per minute have proven satisfactory.
Alternatively, the regeneration may be performed in a static manner. The
catalyst could also be agitated or stirred while being contacted with the oxygen-
containing gas. '
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cyclic), CsCiz aromatic hydrocarbons (including alkyl-substituted aromatic
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' bis(diethylamino)titanium dichloride, and the like. Preferably, all the substituents
attached to titanium are halide. Most preferably, the titanium- halide is titanium
tetrachloride. While the ‘concentration of titanium halide in the hydrocarbon.
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30 vary dép’ending upon a number of factors including the oxygen concentration in
the calcination atmosphere and the identity of the reducing gas, but reducing

gas Ievels' of from 0.1 to 10 mole % in the calcination atmosphere are typically

- sufficient. In 6ne embodiment of the invention, calcination is performed in an

atmosphere comprised of oxygen, a reducing gas (preferably carbon monoxide)
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30 'Organodisi!azanés are represented by the formula RaSi-NH-SIR, wherein
the R groups are independently hydrocarbyl groups (preferably, C4-C4 alkyl) or
hydrogen. Especially preferred for use are the hexaalkyl substituted disilazanes

such as, for example, hexamethyldisilazane. '
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30 The regenerated catalyst which has been reactivated in accordance with
_ _the process of the invention may be admixed with freshly prepared catalyst prior
to reuse, if so desired, or used directly.
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out in a u

onner . a[ﬂétfﬁiibwr?g;@xaffﬁé%s ﬁ%?eel Blkﬁ?t'r‘%e ft@é rf)%f:erﬁdsrlpl ‘?q'r‘ﬁse skilled in
agerthe tapt wrﬂaecogrwaehmame varfatiohathat afe witbindhe apylépf the lnventlon
depeerh%sschge 81211'{}1{9 C%ghe tenperature and agent enpl oyed.

Lower te ures generally require | onger reaction
- tinmes. General | \EXANRPES 1:0fRESH 6MDOUSERCARNMYSTr s ar e

: t abl =% €d
Sin' vary Tl hers v R fippdea dechf! OERAAL BIRL USorat No
can §,ahyesa.r Catalysbih contpios Zehwi. Bytitawiurgand(ib aerppossd of granular
h I ;
;bg ng‘g% gf%??%r?ﬂ&ﬁgrﬁ% e ? ﬁtm@m ettero r?at%ﬁet 1A rs used
50 petieeroxnatior ofpropylens wih EﬁHBeqxrf,@tq)m@ ‘@ﬁdd@d remrpéor untrl the
S' l yéa‘i’él{rﬁ@ragqgﬂtapﬁﬂ)@(mpﬁel RRY &4 (Sq?r{b? abRid: %‘lovﬁr%tﬁ%pylene

one reat nent or a S res t reat
tihe epeisationsthe cpentrretalm@wtanmved tilgen Hsereactonend yiwiripd. The

cont s a fixed bed and
. subj %c?ggat%!gﬂqs?%g%ﬁﬂq% %Sazté?%ﬁ/gan% silylation in the
same vessel. For eXfMRLE ZHATALSSH REGENERATIGNat ed
to ate 3 500C or higher while passi ng an
oxygen- (r:rgtearfliﬁi oty through the fixed. bed. 25 Once
a sati sf doedispd atplysé 16f (22ede mixadi with 18 rale l9f @aipnol, and the
{eeckiafy LRaRIBIRE, £RRNIDBIRY BN STl REAYLIN4PH washed by

e tenperature ovvere erature sSuit

“for Rassingimsthanql &ﬁm a@btnnnbwo( lel-)gove o & %e@eytaiyah aollowed
the g hybaki ResRIH mL'ﬁété@dWQndtﬁé@meﬂﬁnsMaQr (4oh@L). The

vessel in the formof a gas and permtted to react

Wit hwﬁlil@dc,f@(faﬂ%ﬁsﬁt theptfaasterranity @ hregdidiask sod @irer @b 1gHC under
the i tlvat %%Jéredrrﬁ&emr@ae%rbn%daasv@staw@rzeh has

been re n accordance wth the process of
£he i nvem HCIgtioR freshly prepared

cat al yst - | - )

dire C%/l y Ap{irirﬂﬁr}, gg@'éﬁ!g%%%/m rteﬁgzafug?? g\{/{-nﬁn gf(ea[ﬁp Umace at 550 C
mer efoy 4 hburst r dve hehiedi mefenah i® rtherrhmer@geatem ygadding gesolution
art %rltélpl{'l?q&mm%letep?%ﬁfoﬁﬁ@r nﬁl ﬁpé{)tﬁﬁé QSWntILI:]ItB th@%eated

'Spi rl he i nven pe 0 [ ai ms.
EXAMPErial (TFRREgHIIRDdUSEeTt GAS’AMP“%TGHB%W@%WSI'%@!XE%NB” by

BE ©P&KAfgAC &REL Sk Gs FXAIPEE i nédling: e Rk iMNan oil batch at

temperature of 125°C under nitrogen flow for 1.5 hours. _ The impregnated

4

material is calcined at 850°C under nitrogen flow, steamed at 400°C, then
| silylated with hexamethyldisilazane in a procedure similar to that described in
Example 8A of U.S. Pat. No. 6,011,162. The regenerated catalyst is designated '
30 as Catalyst 2B. _ ' '
EXAMPLE 3: EFFECT OF ADDED TITANIUM TO FRESH CATALYST

Catalyst 3A: Silica (Grace Davison DAVICAT P-732, particle size 0.6 1.4
mm, surface area 300 m?/g) is dried at 400°C in air for 4 hours and cooled to
room temperature. The dried silica (39.62 g) is charged into a 500-mL 3-neck
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6,011,162. Catalyst 1A contains 2.6 w. % titani um and

i s.conposed of granular particles with size ranging .

from0.6 to 1.4 nmin.dianeter. Cat al yst 1A is '
LEFfR A

in the epoxidation of propylene with EBHP oxid
- fixed bed reactor until the catalyst has | ost
approxi mately 97%of its original activity. Follow ng
pr opydusddotiomdiaek edaipperhwith Bl insplegas idlak alops ouile, and a scrubber
r em}f&%?“ng@gg Sud %ﬁ%ﬁ@@gd@%m%d ed Sol-lﬁhgn céﬁ%ﬂﬁg of 84.21 g

cata gnate
CATAn-‘hSTIFtaIRECEHE%AWE(tN <5§étp@m) sanck/\é@au %dltarﬁiéﬂ l)é)ef@trachioﬂde is

cat a %égd %’?hé %,%ca%ndle? d?hl gé‘é Bt'i’qo‘égh&% Fhe ﬁ%ﬁt&%ﬁf’hnxed well by

and urr oalinc
c6! uawirlinghe Tdr@eelo!wttaby@moivsd vieys heafingy thepiaski wgan oil batch at

ot aryterofhs foizel: B chftaeR ok G £5 nhdE, Pl D, yoo

and anot hemportehhefribe alvaym nMaA@ia(3% gl kechargeshisip a tubular quartz
2! lekBlor(3 (KB, B3RS BROCEbAER o SRl bBak 88 mi nec
mat erduakd- bostodeﬁa@haa dikading Ga@raileysan ert pes Helat i agl aTiscrubber

ﬁ L&gﬂ%ﬁmﬁg Q’Eﬂéﬂud@sm&% i o, %gtaﬁg%g%&’ R I?e?a‘c%d ® 850°C

ereina urnace a
hour sndérhary hneta:ged 9&9@%}aﬂlow &00heminhpAteriae dad hg/malntamed at

?gm el W@%ﬁﬁ@%@%&&ﬁ% bk W RUTACNAGRL S8alyst bed

(7. 9&@)olet¢miﬁvntdr4ya0?mert gas atnosphere. The mi xture

Ib)S/ hr.n.e)a(lte Idnéf 6(9%5 gi%(gﬁ?da{'ﬁmgh? hef% ﬁ)lu\éﬁ boft%lﬁgléelg?r\{c? ﬁi‘ue ﬂask is

of 1PBStednder a Heatiagarmniié covréfx vihi Heeping.thd mérogen flow at 400

i Lr GBI 1 D Vbt e Rttt el koS paEPR guneoa of 20

hexamtitys.disshdap Zranés Lisecatopinent ditkurcendibotidrarflasioto make sure that -

seccou Rl SHRERL o e e i M B o

2B. mmeiBRInEd 3it 4551@:_@ AFaddiRiFR! 7| Ao, UThd @QuteRESELor is cooled to

CATALYST . Cat I
F2073200rB at??‘Pﬁ’% §| 7 eon%‘I-SIIXI%%d( a]yéi 1??%3‘@9%?9%\4 %A_Iyst 3. A
nQ/ g)portBJndbi e)itafigtstlmﬁkcmrﬂnealsnlylﬁmd 4s lolowingated mede| @atalyst 3A.

char RS POV el S Pl hoff © '

r ound- bot Aomcf Inhskneciuiqupe-dotibm hflesh it reapippedsvithnd epndepser, a

0 B RIS T D0 S S

25 (water <50 ppm), 3.10 g hexamethyldisilazane and 11 8 g of the nonsilylated

cataiyst. The system is heated with oil bath o reflux (98°C) under inert
atmosphere and kept refluxing for 2 hours. The system is cooled down under
inert gés atmosphére and the catalyst is filtered and washed with heptane (100
mL). The material is then dried in a flask under inert gas flow at 180-200°C for 2

30 hours. Catalyst 3A is obtained, and analyzes for 3.5 wt.% Ti and 1.97 wt.% C. |
Catalyst 3B: A portion of non-silylated Catalyst 3 is impregnated again

with TiCl, according to the procedure above for Catalyé.t 3A. Catéiyst 3(27qg)is
used in place of silica. The impregnation of TiCls is performed uéing a solution’
consisting of 60 g n-heptane (99+%, water <50ippm) and 3.46 g titanium (1V)
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n- heptane (99+% water <50 ppm) and 5.02 g titanium

(I'V) tetrachloride is added to the silica under dry

inert gas atnosphere. The mixture is mxed wed EEIBSZHU?
swi-rlliing. The solvent is renoved by heating the fI ask

in an oil erature of 125C und ni e

1 oltreghlogde ﬁ&er@lcm?lggﬂnﬁawdaﬂo'a SRR 59 GoHBT R BFEoraing to

(354 absve Bﬂfcﬂ@ﬁ#‘el Nt Re i}k QtTepQIU%érﬂnrmécﬁQ@hgf 5€{ b heptane

inch ID, 16 inch n ath
500 (W8iS5.HBCRAh ciih i BSKE BRSNS, s 6 Cheift ingsiviated
an icBRlst. If%e feBlighg Canf/sass awpmrforl@wﬁemmm DOwt.% C

S0 L ISP HEEh ol o re

cc/ mmggecAfter the bed is maintained at 850C for 30
mnutes, the power to the furnace |s turned off and

the cat aT9§b’alB%t8 the gedermiange @hile ¢aialyed erepaicin femples 1, 2
- 9) iahdasidedc @b&(iddﬁ@né%'oﬂ‘eICdfctériéUGﬁn@@lﬁyﬂiéhfér%shycﬁﬁiﬁ’erbhae are

flask is 15 heated with a eatln% mantl e to refl ux
whi ICém@é‘e%’l n§he Flowing PEFEAUEIDHMBOYED0 cc/nin. The

ater i SA%&I sdmtﬁm i& bfe%géa 5m|xﬁ@tzﬁoygst-ob@ﬁe Beg EBHP oxidate

peri od un i s used to heat
r ours@prﬁwmarﬁ#/q 5@12"’& @waweg @9? & ﬂ@?mabﬂﬁmé dfgaaomon of the

wat eged SollfidveB . QUé tahsfeRed LUhasikiné %ﬂﬁ@phéf&tob@d«nefheoo mk.
bed is . mai ntﬁu ne a 400Cfor an addi tiona

The reYISERFHRRL HR5K PICTEDE D %%*Blea?&ftlgﬁ Bifjgnd 2

NON-s&hipk hg?b@t@ TAé ﬂjuﬂvtﬁﬂ'e ik $1e§l€§ It® B@'t@@vrﬁ#& sﬁ@;ﬁ@'(\)ﬁm a3tir Par) at a -
portio urther si ﬁla ed

ol '8 ﬂg@wmdﬂe@éﬂwﬁ@ 29\ theR gefied tobe fpen e thegixure
mat 6 hahteh %r%ﬂmb%s'ﬁ%@"@aﬁ\%m@kt SEmplé (3L rﬂ—taﬁeuﬁl 80 ninutes

round-bottom flask is equi pped with a condenser,
© therafsreetlyst additien | Roth tedednsampleans heaRlediel Sampie are

charggg ﬁ&\‘ll g@ &9 & EEHP% e;?o'ﬁcyéé‘@r‘i@%oﬁégtrﬁm @aﬂxﬁeré]on and'

hexanet | azane and 11.8 9 he nonsj |yl a
 cat eﬁp%'sie sﬂﬁ@%ﬁ%ﬁ@nﬁ:@i@ulw@atr@@ g ti‘h Wﬁﬁopﬁwﬂet %P”FE‘F‘PGX First
' 1098%&%%@ (Rﬁé Ealc@b@&ﬂﬁﬁé @q@ﬁ@n lk&lﬂl[ln(f19-f‘316é;t:31'1v§tblcfr@I 2

hours. The systemIs cool under ner

at nospherge o, tfé‘olé’at“&frﬁglte 1 Show [that Tl eﬁﬁ'&erﬁfé%h fgtores about

- Wt haivedttAd @chiid) f ﬂﬁ@—bngﬂﬁlﬂ:a@}ﬁf lVﬂehshlﬁg FeBﬁiﬁesdfidar?d ttienactivity.
a flask under inert gas flow at ﬁﬁgﬁ?for

hour%om?ﬁ?‘&‘f%@”@ﬁsl Bt 3P H%’H‘O"ﬁFﬂﬁe i'é‘“sreﬁﬁd %Cﬂﬁ'ty by the

%Jﬂ'kegi%ﬂgrallo@%u{‘é is /ﬁcﬁ: dueGottied W3teadBy ’ut%n@m’f tdadi’mgofAs seen in
non-si |l yl ated Cat al yst ai.n

| re
% owm@weu%mpt@s@ﬁea %@eﬂﬂ%@’@gﬁ%%ﬁt? méﬁ%déﬂa/é?s no sifect
3A. Srptabst adivitg 9) s used in place of silica. The
i npregnation of TiCl4 is perfor med using a solution
consi sting of 60 g n-heptane (99+% water <50 ppm and
3.46 g titanium (IV) - 13 _ :
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2 3 FEB 2007 tetrachloride. The cal cination and
hydrati.on steps are performed according to the above
L pr ocedure The silylation step is perforned '23.’? rFEQS%[H
heptane (water <50 ppn), 6.1 g hexanet hyl di Si T azdne
- and 25 g of the nonsilylated catalyst. The resulti ng
“Catal yst 3B an zed for 5.4 w.%Ti_and_2.
EXAVPLE 4: BAféﬁ{EﬁO%W@QQN:O’I_ %PEN'@TVQ‘GTT-[IVEgHP
OXI DATE AT 50C To eval uate the performance of the
catal ysts_prepared in Exanples 1 2 __and 3 __batch-

epoxi dat | GAEYR 158eR%ne |usiThg ¢t hW'ﬂJDenzer?@"x'de
hydr oper pxi de & rsnrraceamhe diositig. | Tosvetsinl jogdlagvity

5

k

procedure is er tio
by m xin
(contain
st andard

N 220 @

P,

b

_BHg%

xid

nis,.preg
at e(%

par ed'

nglA359

0 EBF!P?h ar

d 26 ¢

nonghe (|i

i nt & nal

0.69

18 P

O] o)

hezjf e

o sgi Ut

o028

T olcs

bre to ald-neck 1
er, -

 cofidens a

I a 2sanp| | ng2 por
stirring (wth ¢
ne catalyst (0.2
i s%eat

00
0.04

t 0.32hé
st i r

g).

ed- 7f‘or.

K131

er _jnert..d

as Waéf‘?daer
st Iputier

ek

Fed__ung
t 6 fl
INE:
S heat
15 rat

t ransf er
round bot
t her noco
m xture
bar) at

t hen added3fd the Fealsk 4
30 m nut

55 3A%F J0C: F,,g.slproc
m-nut es

Lafter ics
and t HEMPRGEYR EX analyzed by G{:for
and epoxyoctane concentrations. Conversion and'
epoxi de selectivity are calculated relative to
hydr oper oxi'de consuned. First 20 order activity (k)
" is calculated by the equation k -[In(1l -
%onversion)]. The results, shown in Table 1, show-
that full regeneration restores about half of the
activity of the original catalyst. Washing restores
~very little activity. Conparative exanples 3A and 3B
denonstrate that the increased activity by the full -
regeneration route is not due to the increased '
titaniumloading. As seen in 25 conparative exanples
3A and 3B, an increase in titaniumloading has no
effect on catalyst activity. 14 2 3 FEB 2007 TABLE
1: COWPARI SON OF CATALYST ACTIVITY Catal yst Support Ti
EBHP Epoxide k Surface Area | oadi ng Conversion
Selectivity (n2/g) (Wt.%9 (99 (9 ‘

fwncphf
ed?flo
Rar 5.0aNn(

whil e

174

m'_xﬁhre

-
[e

EBHP
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- 1A Fresh 2.6 50 91 0.69 1B Used 2.1 2 - 0.02 2A *

Washed 2.1 4 - 0.04 2B Full 5.0 28 92 0. 32.

Regeneration 3A * Fresh 3.5 51 92 0.71 3B * §rp§ERS2E7

51 92 O 71 * Conparative Exanple 15 2 3 FEB 200T W

cl a% A method of regenerating a used

tit Efﬁlr"'bont aining silicon oxide catalyst conprising

the steps of ‘A methodhe atgergrdting aussed titaniahnyentaitingsilicon oxide
f re of . att IeestD 00C 5 in the presence of a

gas PYSLRTRING e §°8P Obxygen to obtain a heated

product; (b) (apr keatiayitmy usddecdhaéwt@dd aperopkreture b aitleqst 400°C

a) with a titaniy sour [

{")roduct and (c) ’5‘3’1&?{8% fahe %%?esgrﬁgﬁleé rogggt%fe%?/gen to
step (b) to formabtaibaammertpmdu@d catal yst. 2. The .

met hod of clgjm1,co [ Yo\
washi ng theqhsedmﬁr? atﬁ%%oh?%?%ﬁﬂd&u ?‘?ég%p;tag&@ea Hanium
catal yst with a ssdwresto cphtanmanhmp@t;egtedayoductsand' he

met hod of cl gl t heat.e
at a terrperg?)ure %ﬂ etﬂe“ dfﬁéogigéésﬁf El%g &ﬁ ®%orm a
- 1wethod of claiml rammmdwcaia!ystl S used as the gas :
stream 5. i :

source | & FIZ‘& %ﬁgaromﬁﬁjﬂq Egrhp%ﬁg}asajtdﬁ%nél %t@;? ’f‘;ﬂashlng
a smlhejtzsam:tarﬂlum dontadningisitidoal que qatﬁi;gst mih awyggfrm step (a).

P 00, Y S G P AL S

ti-tani umtetr chlori
whet@nperahee preateithan diwiui 8@0°Cs titani um

J]t?et rachl gri defdwhme(ejtmg oF@Ba'ﬂPg whkref & B RelE bR dheldh@am.

on- oxygenat e
B. The method of claim 1 wherein the tifanium source lS selected
from the group consisting of:

(a) a solution of a titanium halide in a non-oxygenated hydracarbon

solver'lt;v and
20 (b)r'a vapor stream of fitanium tetrachloride.
| 6. The method of claii'n,'ﬁ wherein the titanium halide is titanium
tetrachloride. | '
T The method of claim 5 wherein the non-oxygenated hydrocarbon

solvent is selected from the group consisting of Cs-Cqg aliphatic hydrocarbons,
25  Cg-Cyo aromatic hydrocarbons, C4-Cqo halogenafed aliphatic hydrocarbons, Ce-
*Cyo halogenated aromatic hydrocarbons, and mixtures thereof..
8. The method of claim 1 wherein calcination step (c) is performed at
a temperature of at least 500°C.
Q. The method of elaim 1 wherein calcination step (c) is performed in
30  a substantially oxygen-free atmosphere. -
' 10.  The method of claim 1 comprising at least one additional step (d)
or (e) following step {(c): '
(d) heating the reactivated catalyst in the presence of water; or
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solvent is selected fromthe group consisting of

C5-C12 aliphatic hydrocarbons, 25 C5-Cl2 aromatic .

hydr ogar bons, Cl-Cl0 hal ogenat ed al i phatic 2 3 FEB 2007
_hydrocarbons;,” C6- Clo hal ogenated aromatic

hydr ocar bons, and m xtures thereof.. 8. The net hod of
claiml V\hereln cal cination ste c)..hs.perforne

a t enper at ur e(®f af?arljtlé'ﬂstl!"e5r56@vg5§j %aﬁaéysitre\rfl ok c?fga&'c S'Matmg
1 , wherein cal ci naigedttoSb@pa cityiates agtivafedrcatzdyst.n 30 a
subst ant| I Iy

atrms here. 10.. The nethod - .. '
of clai mH" coﬁg‘? %%%Wé{ %}"@as\?'h‘%ﬁ ﬂéed‘éﬁel%'tl(smtllmécpgtﬁmr@)s'hcon
or (eildé Qatalyst hgs Stiezp I(ISE)ZI to{ datalyeatebodddtioe ofearc tolefiat wdhg an
ca taI i.n.the pr.gsence of water; or 16 2 3 FEB 2007
(®) P@ﬁ'E'ﬁhHamPﬁr \dgactlvat ed catalyst with an organi c
silyl ati mg. ag@&hé rmaihcﬁdmfmlamsnlqohmneidg aotinitigit steb prior o step (a)
cata

e ot Wl et bR T3 e v

usedabsencab@bymenepoxi dati on of an olefin using an 5

organic I OREL OXi 2 d,.of .
conpri si % an'?ﬁ%i ?{gﬁd egalﬁ]lelor Féﬂ‘u %I% tlf(é @n%é]ntammﬁ silicon
tthe uside catalyal gpstudies chtelyssdaginga leelﬁpamatSUueturﬁ at -

| east 400% in tHg’tho hs %e%ftln &R titehRim-LORTRIg AR on oxide
O P egg

of claim V\,here ani u con alning si
oxi deatakysiatto}nwwgdlheudteas ohtal ysts having a

zeol ite-type shry lé%ﬁhgﬁre Js%rd cAt Egpgﬁﬁpérﬁgfﬁqﬁfﬁtléﬁgtﬁo Cin

used titani um ont n oXI

conprising the éb@pseseﬂce (Jfaa) gh@amamg Clvrhbﬂ&@sled QxEgenl lpgibtain a
gt -a tenperatur & fnedtord t 4OOC in. the presence of
a“gas stream conpr sedj en to obtain a 15 o
cal ci ned pr odt@@tlmp(etmﬁailﬁmﬂ‘@g gingth productcefl emde) with a titanium

product - of step éoﬂ)cevge&te%fdrﬁ?@)dfmpﬁﬂg’%ﬁ?g s¢! ect ed

fromthe group consistin solution of a
titani um halide i n(’iéan@@im&ﬂyg‘er@aﬂ@ﬂlu”h)lﬂéhf&:m [Fo Ron-oxygenated

sol vent; and 20 (2) ByyBRAboSERMEAME titanium
tetrachloride; to o Yal n an | npregnat ed product;
20 (2) a vapor stream of titamum tetrachloride;
to obtain an impregnated product,
(c) calcining the impregnated product of step (b) to form a
reactivated catalys’é' and.
(d) reacting the reactivated catalyst with an organic s:ly!atlng agent
25 ~ toform a silylated activated catalyst.

15. The method of claim 14 comprising an additional step of washing
the used catalyst with a solvent selected from the group consisting of water and
aliphatic alcohols prior to step (a). |

16. The method of claim 14 wherein the organic silylating agent is

30 selected from the group consisting of organohalosilanes, organosilylamines,
organodisifazanes, and mixtures thereof. '
' 17. The method of claim 16 wherein the organic Silylaﬁng agent is an

-organodisilazane.
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(c) -calcining the inpregnated product of step (b) to
forma reactivated catalyst; and (d) reacting the
reactivated cafalyst with an organic silylati@d FFen et
25'to'forma silylated activated catal yst. 15. The

hod m e catal) ‘
vasii ng 1% haPe e 4B S b PRAFLER e wsed 0
f r obathlyee gpoiigationns pspylege asingat ergaaicchydadriephdes.c

al cohol s, pripr tq s : - f) y '
wher ei n 1{92(9%@.? é‘%\eﬁ?%& §FF‘%@P?#§""§§§'§? %s'ﬂﬁgb&%gl%é@t g%d‘]ﬂ%p @
f r omhelein theousedceatslysitic mgatel adraytenyteaditoes bhaleleast 400°C in the
?r gagosi I ¥%gm nes, organodisilazanes, .and m xtures

he PEBT = P7O%¥BRE: net hod of claim 16 wherein the _
or gani ¢ Zi.| yTatimethagehtlains 1awheosigaalsitietion atear(e) isyrriprmed
3 FEB 2007 .18, f._claim1l4 wherein the
useff 23Y Z%'?ﬁ%%’g)agg"gﬁggggo thgl%c':at al yze epoxi dati on of
propyl ene using an organi ¢ hydroperoxide. 19. The -
met hod of claim 14 conprising an.initial step prior to
step (a) wherein the used catalyst is heated at a
tenperature of at |least 400C in the 5 absence of
oxygen. 20. The nethod of claim 14 wherein calcination
- step (c) is performed ‘in a substantially oxygen-free

- ‘atnosphere. 18-
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