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time. In particular, the catalyst activity (as
measured by the amount of olefin or
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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.
Patent Nos. 4,367,342, 5,759,945, 6,011,162, 6114,552, 6,187,934, 6,323,147,
European Patent Publication Nos. 0345856 and 0492697 and Castillo et al.,_J.
Catalysis 161, pp. 524-529 (1996).

Such titanium-containing silicon oxide catalysts typically comprise an

inorganic oxygen compound of silicon in chemical combination with an inorganic
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The titanium-containing silicon oxide catalysts' are typically utilized in

oxidation reactions 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,

Suitable olefins useful in epoxidation reactions include any olefin having

at least one carbon-carbon double bond, and generally from 2 to 60 carbon

atoms. 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
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sweep away any volatile products evolved from the catalyst. Gas flow rates of 1
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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encggr@@l@d)wggy atfieg, 269 lighdifl S gmbient temperatures and are cagable of
solubilizing the titanium halide. Generally speaking, it will be desirable to select

hydrocarbon solvents wherein titanium halide concentrations of at least 0.5
percent by weight at 25°C can be achieved. The hydrocarbon solvent should
preferably be relatively volatile so that it may be readily removed from the spent
catalyst following impregnation. Solvents having normal boiling points of from
25°C to 150°C may advantageously be utilized. Particularly preferred classes of
hydrocarbons include Cs-C4; aliphatic hydrocarbons (straight chain, branched, or
cyclic), Ce-Cy2 aromatic hydrocarbons (including alkyl-substituted aromatic



useful for depositing the titanium source on the spent
catalyst is suitable. Particularly preferred nethods
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of titaniumhalide in a solvent, the incipient wetness

I mpregnation of a 20 t i-um hal i de sol uti

| [prednation ol 2 20 LhLan el b de;selut on on tha&agﬁaafed
a ghdrhasy ryﬁréi‘éﬁrb&ﬁs ah@ nﬁﬁ@rd@ﬁﬁér@bf eldlo@ﬁirbfédakﬁﬁ the solvent does

described in U S nI

p&et ePmain @9m§nf§s<3w thgn &afh%aHWﬁg% e OPE ybEa ogen.

T'hQ\ @ mﬂtr@%&@?ﬁt@@w@ MRAHHHes 0l vent and
t hen am{ |rs1e the solution to the spent ﬁg catal

Sui tab tgr@rsv@‘nw -pxygensed *WGF%@&@”&r'@aY gsed, | Y35 desired.
hW&% I)?ot'ﬂé §J\?etnt qee&"%r lrﬁﬁ’r%ﬁéﬁ'bn%ﬁ(r%%‘e@ﬁso%serﬁiéw free of

anbi ent eratures, and are capabl
scwelii@‘ (- & n@’\hyﬁ@uﬁ) t anViile Wg%cor@'ﬁ@ﬂalhwro%@ﬁﬁ nglch as

1 Wb, Qlﬁ'} st alﬁ%ltcg%ssa%ldecﬁé Ilké‘MQﬁIQ%@r&Q&rﬁm ¥@Rh&ure with

wherein'titandi um concentrations of at least 0.5
péhe egquirey mrc@wge@atewmr@aﬁrb@@, Bceicedesirabiphembodiment of the

hydy %%ﬁrtn b&ly éer?aﬁé’dl‘ L@d%&aﬁfcﬁ & gpééénpeasr gl %lVé’rﬁ' during

voI aet SO’ t rea nmoved fromth
spmptegneaom| ﬁsampkemqﬁmt@ole ﬂw@lr@garé)ph selvesis| pelHes n- exane, n-

3’1\@&{}:?1&”“ {)p Ae! n%eﬁt‘ﬂll %%B%fnegr%thﬁﬁ%}k é?&gé M¥methyl

geous e utilized articul ar
clrwaess ofoludmyzdn@keaeéﬁ)on@thyﬂmeudblow O@t_mor@mrphadlpfdoroethanes

58‘%’%%%&6%‘2&'%%% %‘r% e iREanched, or cyclic),

ydrocar bons (1 ncl udi ng
aI kyI Jhbstligtidtppadsar onpregoation \WH 200ird@e4belide is preferably

BHERET oy o U GORS R, ARCRED opbriar sl of ot ast aftr
h)ﬂdfp@é;fifaho?sg edrplatexit Ur"é;?bsihatltoéxclumf pgmr éf&alxrcf@btey(jc of this
S onch QG conta i nFew d%% eBrItJ Hiuced or, if
cAPYION R BAGgcRat AT St Lo P
hﬁdliemg@ﬁatel? aajﬁesammtrml;dea $okareoned {amonm qdntreﬁmt@bl gf titanium
chi or| Xxyures o ena [oC n
e Stneudt 3 S8 e BRI V) SERRPBSent at the
usieske BVelb fﬁﬂfrﬁﬂl’y}'aéddocfusﬁﬂﬁmys&mnldan esasiestibsthhoesfwiesn dld on a

00 B8 B el (SRR Meeray, o

kethanepoapeh Wakr (hke grefdrsblpeedy 85€N00 bpmadaertisipesent in the
with the r%gw red non-oxygenat ed hydrocarbon, in one
deRPn-apiaenateddyArRSATPOSf the 10 invention only

gon OXYQﬁﬁ%FeGQItéW%Oﬁard&n uiluﬁudﬁ fetﬁefﬁncagle’@aﬁabstmbd btltamum
uring nat i on. es of suitable car bon
SorvBRees et A ﬁoWe%ﬁqt@ OHL NAjiSi5t %ﬁét'wegﬂéwéb{?@a{ﬁ@amder of
Me{aY LuRSNIAREST B! BYihg CHROANE %A RING uﬂ&'é” Suitable titanium
hexanes, toluene, Xylenés, methylene ch

i de
chhaidssor Iﬁ\plugﬁchqlt@m@@t hgqf;@,ghlorlde titanium tetraﬂuorlde titanium
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halides of Ti(lll) or Ti(lV) titanium halides, diisopropoxytitanium dichloride,
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



chl orobenzene, benzyl chloride, and the like. 15 The
i qui d- phase inpregnation of a titaniumhalide is
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The vapor stream of titaniumtetrachloride is then

paEsskiging\ans, ey %@quggmwgpe when some oxygen (e.g., up to 25,000
ppm mole) is present. The optimum amount of the reducing gas will, of course,

vary depending upon a number of factors including the oxygen concentration in
the calcination atmosphere and the identity of the reducing gas, but reducing
gas levels of from 0.1 to 10 mole % in the calcination atmosphere are typically
sufficient. In one embodiment of the invention, calcination is performed in an

atmosphere comprised of oxygen, a reducing gas (preferably carbon monoxide)
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iodine with the remainder of the substituents being methyl, ethyl, phenyl or a
combination thereof.

30 Organodisilazanes are represented by the formula R3Si-NH-SiR3, wherein
the R groups are independently hydrocarbyl groups (preferably, C4-Cy4 alkyl) or
hydrogen. Especially preferred for use are the hexaalky!l 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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suitabl e. 15 The anmount of silylati ng agent enpl oyed

can varFyesn gelalyst Suptepgres aﬁ%@l‘ﬁﬂstoo X%WW%‘MMJ g&st- No.
ﬁé;om‘ﬁ‘@%t ?H“%sﬁqg\%on%au%eﬁ%%t%l?%ﬁ%%ﬁ i§ B&®, QseQ)nof granular

e entire catal Xst (0] osition
aman’ucla'%wﬁbrstz@manwgmngﬁﬁ towii-4 mm amrémeierof%ﬁatym PAfgpused

yI a%ﬁ&adﬁ%n"éﬁ'p ﬂ]a\l#éHPkBt‘igj% We?ﬁfé’drk?e@ re:c\_&@r until the

1 Ng agent e cat al yst E‘It er
[ maba1¢stth86do$iteanpr@rlmat€i§997%§f iBriginal petiitse owing ppRYylene

CrRRSIATE, 05 HAUGRLIemold (SRETE SRLA U e T
slﬂneattﬂdlysﬁsbiesibnaiaﬂasrﬁhitﬁlm 1@nd silylation in the

sanme vessel. For g%gmgbgg her \AEENfE'ﬁASItIORIeated

to a tenperature © I'T'e pasSing an
oxygen-cmalt/alvvasimngas thr ough the fixed bed. 25 Once a

sati sf ‘Q%%jde%%&gt EL d YOl o3k o‘?\‘]?eq}ﬁ%rfo?egﬁd the

of the s 1'S di scont|I nued
t esmmey at ¢haegedsintaosne nedw IIbglass evip@natTineaused wiatadyst & Washed by

the sil Ialon reactj.on ( .y 100 to

i PRSI M T a0eHE SEPoaUBRAMD 8" Bt b Aol Btowed
Ve@f}@vﬁt@r m@rf(wzmmf x@t@ﬁ%rﬁlnﬂwch%mmEﬂBdolt washﬁafm mL). The
with the catalyst sur ei t.hrg

e TRc Bk 1 307 e e bt A Cetr SAPaRASR AURFCH TgeC under
begros&RféN Y Fhe Wa‘sﬁe@ﬁ%@ér@ﬁ@%%sl@nbhsd dsheataryecess of

the invention_nay be adm xed with freshly prepared

cat al ydiediinggli Addifignagag Cajginaign jesi red, “or used
directly Bo&lﬁn\é@C%@cQﬂt Qgﬁgfﬁ@atgﬂr‘ 515%9934;)@1%%5ﬁ% fuffie at 550°C

foll ow ng exanples herely lustrate the invention.
Thf§>$e4 $kiits. edhepheated mater\mw thest dgpiegeatednyy adding a solution

@%@%@Sm{aﬂi@h} f’é'tﬁcWoHHé EXRI\/E%)SH - h%%t‘éféle_' t(?_\% DrhI%Vt%aneolﬁ‘eated

CAf‘mtef@T (595 e shderadrlivast gassatpaspheisd BrecBbdirags fuxed well by
Exgm?l‘n% 8A1'He sHv§nt %agemé\ms*d by heating the flask in an oil batch at

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

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
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 wt.%titani um and
is conposed of granular particles with size ranging

WO e@a02d66 to 1.4 mmin dianmeter. Catal yst 1A PGI/USEA3/025565
in the epoxidation of propylene with EBHP oxidate in a
fixed bed reactor until the_ catalyst has |lo
apprscPaBeralfiasly payigpeq wih gpilgrhgas Kt W%%zoufff& R mgrubber

prd&ﬁ)ﬁnﬁﬁ? aﬁge&féoéﬁdﬂﬁﬁ 'h98roxfd@%o&ﬁ@ﬁt N@él@ﬁdfﬁéoris&tmg of 84.21 g
renoved fromthe reactor and air-dried

cdrBentane | (§9tés el s80 &Pnuagad ys92 o gtanmmge‘gachlonde is
Haed 3 t i%Egﬂ(%\éEuFfﬁg r G m@ﬁ“g@éléﬁﬁoé%%m ”GweTH@(tur‘é%ﬁ’nxed well by

catal yst 1B (22 is mxéd wth nmet hanol
5 arswidihg. Isessqlvergi issregaeg ey .h@ﬁbﬂ@ tmeufie@h lﬂDa@I%fs§atCh at

cal assin
Q‘F ﬁg@ ra}tJ% Ofu@ t€I ﬁ%%a’?f%l%gsﬂomgjg} t epbed ofg used
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78 B0E1 LRIk R AP b D . v

drioend-abttd@0 Gasiydar heating r mgette, f howneﬂfhgawmabdand a scrubber

material is designated as t.al 2A, atin oC
10 pgriegind el SRLereiss Suithar e Chmvachdl Ruidihe 1 sso-c
heg{rd dl_Pﬂ niiohe A (INSPITRY Row 1460 Ee/MGC eAfadr the06d id Qfamﬂlalned at
hours. The heated material is then |

ad®i0ig far dominytes the pAYS Withg e QHNEQ OF I B3 Paglyst bed
(ysgzéog)j doqmn(oh@@t@ne (50 m.) to the heated materi al

under i nert gas atnosphere. The m xture
is m erateel (3.0tgy Iszsdcm intoj theg .3-ravk reandrbeitormn dlasleapd B flask is

s byh%%m&sm%aﬁ ﬁkanhet m# thé ge%ahg tm@ﬂﬁ%eh%ﬁv at 400

under ni t ogen f
[ nq;xr/mgnatTdf@ \Naterelmchsttllled; tbra)lugh rtbe catalgdg@dupdesr @ period of 30

ni H %g?%y ldﬁ) hﬁ@”@g‘d % héQ:Otﬁe rBLWbot‘fdr+ ¥I|a§% gp%\é(g% I%ure that

heXd [Fazane In a procedure sim
desmy |réusadbaln/vat5xaandheer8@ubfof Uhe. flaBltthrongh BeOded. 167he bed is

T

20 O%‘esthﬁéFmpé}athé Y sthe3hon- §Iy|lait@di cafalyat ¢s Basigisaiod BAVCEATst 3. A

rticle size 0.6

moPaion St Fefsacs dosetinr dbiaad e, AbuRG e boRs oragyst A
tgAnémgﬂpérSHﬁﬁf gfggﬁ@ntﬁng Ihe usksd ﬁdn% (2383143(389862 g) is
charged 1nto a
o) DeohdRmERaocH B fst o RIMBeRD Y aicendegser. @
| N@fdrmeARtdrnbAY .andingR a@uhieet Thanlhsi 1§®hdk§éﬁrwnh 39 g heptane
cont ai ni ng agueqQus sQ FI oxi de. é) l,l

25 soKVMﬁt%ﬁ58d?rPé“ )s B 9 chexsmeﬁ/ llazane and

catalyst. The system is heated with oil bath to reflux (98°C) under inert

of tﬁ‘e nonsilylated

atmosphere and kept refluxing for 2 hours. The system is cooled down under
inert gas atmosphere 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 Catalyst 3A. Catalyst 3 (27 g) is
used in place of silica. The impregnation of TiCl, is performed using a solution

consisting of 60 g n-heptane (99+%, water <50 ppm) and 3.46 g titanium (V)
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n- hept ane (99+% water <50 ppn) and 5.02 g titanium
(I'V) tetrachloride is added to the silica under dry
WO p@no2@es at nosphere. The mixture is mxed wePCT/D§2083/025565
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1A Fresh 2.6 50 91 0.69 1 B Used 2.1 2 - 0.02 2A*
Washed 2.1 4 - 0.04 2B Full 5.0 28 92 0.32

wRemenaies i on 3A * Fresh 3.5 51 92 0.71 3B * FCEBR2083/425565
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~ hydr ocqsr bon

20
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51 92 0.71 * Conparative Exanple 15 WD 2004/ 026466
PCT/ US2003/ 025565 We claim 1. A nethod of
r Y8t i ng a used titani umcontaining silicon oxide

catal y§t CORRhémbASF tleratfiRg Plised ﬂt@hluhﬁé’dﬁtﬂgmbf@hcon oxide
used catal yst at a tenperature of at |east 400C 5 in

t atylysi sermpesiog the §ars 8t ream conpri sed of oxygen to
obtain a hega{)ed HY. ‘ﬂ%’%e uéé@)cdtﬂ?iﬁ%@%bhb&dﬂh}@ diedtledt 400°C

product of With a titanium source to obtain
an i npregnat ed pﬂd gdresensd qfcd ggal disaMhgomREsed of oxygen to

i npregnated pro £|n%fhe%\tt@cppr()m|0tto forma 10
reactivated catalyst. 2. The method of claim

conpri sing tte ad@mqr@ﬁa@ t@ﬁt Beated prirtiiet ﬁbStePHé) wib@ titanium
titani um contal Nidag.cS dt?éiﬂ ag)fﬁngﬁeégﬁgfealp\‘%uc‘f“ drfy @

solvent prior to step ( hod of claim1
wher ei n t he(aQ)sedcateining ytse imprégnatest paadugt of exiprer(Bl de dorm a

greater than aborlég1 %@eﬁ%a]tééélt The nethod of claim1

wherein air is use as stream 5. The net hod
of cl ai2n 1 Whemesthod loé clair dncemprsing te a@lwaééte@dOf washmg

gﬁ{sgﬁpﬁaﬁ%’ ggtﬁt%ﬁ'\gn%%ln%gxoxlde al%t r LS a:l:ﬁ(?%rlarto step (a
soI vent3. andh&0ngthdd aaf\zmjmm snthe@mntl_mé uBeQI &aialyst is heated at a
{1 EAREH R EeE TENPEUE PR tet r achl or i de. 7. The
nmet hod Hf clTae mdhohef @im t bereimaioisyggedatsébe gas stream.

The method of claim 1 wherein the titanium source is selected
from the group consisting of:
(a) a solution of a titanium halide in a non-oxygenated hydrocarbon
solvent; and
(b) a vapor stream of titanium tetrachloride.

6. The method of ciairh 5 wherein the titanium halide is fitanium
tetrachloride.

7. The method of claim 5 wherein the non-oxygenated hydrocarbon
solvent is selected from the group consisting of Cs-C+2 aliphatic hydrocarbons,
Cs-C1o aromatic hydrocarbons, C4-C1o halogenated aliphatic hydrocarbons, Ce-
C1o 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.

9. The method of claim 1 wherein calcination step (c) is performed in
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-Cl12 aliphatic hydrocarbons, 25 C6-Cl2 aronatic

whyanoasbons, Cl- Cl0 hal ogenated aliphatic  PCT/US2003/025565
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hydr ocar bons, C6- Cl O hal ogenated aromati c

hydrocarbons, and nixtures t f. 8. The nmethod .of . .
claim 1 whefi n '€aFNhEE FRC ‘faé‘f)C?(C@ a§¥3§ "Yﬂg‘r AR ENIGsilylating
a tenmperature ofagntleReh a%?l?@teogactﬁélt@d@atdw of ¢l aim

1 wherein calcination step (

subst ant'i al e HEfghot ¢lag! émﬁ?ﬂhm‘i&%ﬂdltanﬁw@ %@{%ag silicon

Ofoﬁé@'cmalys@@ﬁ@rb&m%é’d 16 @A%dlyZenep@adlitiohosrabn di€fh (ehg an
or (e) followng step (c): (d) heatlng the reactivated

c a@raplisthyHioPerXids: esence of water; or 16 WO

2004/ 02’@466Tﬁ%é’f§8@%/c%51650m6ﬁ§mg @ﬁ%lhé‘lgstéﬁ%rlor to step (a)
reactivated catalyst with an organic silylating
3 AeBfodn the

t owhegiein thesigegl eatalistaisthepiiceat @ ?@P@@fureﬁ at et
?&eﬂb@oﬂ.o%@hel n the used titani um containing
Si e

I con cat al yst has been used to catal yze . .
epoxi dalt3. on Toe methedepf §lairsi hgvhaieinsthgr §ianijun-containing silicon

hy&i@@?étgf(bfj&cl&i%s cg%s@ﬁ% Qte v\ﬁt@iﬂb%tr@l@f@é' sing an

rior to ste erein the used
cat al yst4.i sAh@atr@d cftregenssaiyr angee titBniugg-cpaigiingieiicon oxide

in %ﬁzﬁ . 13. The nmethod of claiml
Cétg@s’[ {é%?a;tﬁléu{rﬁ%ont aining silicon 10 oxide
cat aI yst exéda)duba@ngmaum sathbxs/h aip emneskivteeot gipgeast 400°C in

structure. 14., A pel tﬁgg v %gh@&d &rlls%duéfe& en ta otétam a

titani um cont a| Ai ng yst co
t he steps of: c(mmehabm)dng the used catal yst at a

ettt oo 05 45 5B, 8.8 55605 Bl B

stream conp n
product; (b) |sqmrtmgmmta@frbimethegrcmprt@dsqshmgjui:t of step

(a) with a ti tanw @Fr cereI tﬁc’; % éﬁég t"I;] QU chyﬁenated

consi sting of n-o Ul hal
a non- oxygenat ed Wdraaamobcmlv&oi wedt ; and 20 (2) a

vapor streamof titaniumtetra Iorlde Q.ohtain an
0; mpr egnat ed pr od & vapor stream o‘f:ptamum tetrachlorlé)

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 silylating agent
to form 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
selected from the group consisting of organohalosilanes, organosilylamines,
organodisilazanes, and mixtures thereof.

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

organodisilazane.
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(c) calcining the inpregnated product of step (b) to
forma reactivated catalyst; and (d) reacting the

WO e@en2esed ed catal yst with an organic silyl ati POI/E§®N$/025565
25 to forma silylated activated catal yst. 15. The

met hod of claim 14 conprisin ddltlon%iy ?é{) 4t
hashi ngb. (The BSBICHERPSE: e Mg Gbu Ap abst B Ben used to
f rc%quﬁ%eerﬁ)&@léﬁoﬁ eﬂﬁﬁoﬁylbﬂ@ usih g ¢RloRya arfdydrapérphiag] c

al cohol s 'prior to step e nmethod of claim ]{4
wher ei A9t h@“%ﬁ@ﬁ?ﬁdco%?'ﬁw éﬁl‘ﬁ’@“%’@@ﬂtaﬁ Hitizh Gleps Pt SteP
f rv@r@réuh%fn@&%@& &5t S§ inBgteal atod Eanedialues ok @b @sast 400°C in the
organosi | yl am nes,” organodi sil azanes, and m xtures
5 t lRbsende oflaxygae met hod of claim 16 wherein the
or gani gpSi | I formed
V0 2004026356 "FeT LEE08Y) 33 aLsEAn SR RAGIEh ST b
cliniaraubgtanti@lyedxygemées SEHOTAEER yst has been used to
cat al yze epoxi dation of propyl ene using an organic
hydr oper oxi de. 19. The nethod of claim 14 conprising
an initial step prior to step (a) wherein the used
catalyst is heated at a tenperature of at |east 400C
in the 5 absence of oxygen. 20. The nmethod of claim
14 wherein calcination step (c) is performed in a
substantially oxygen-free atnosphere. 18
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