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30 epoxidation of higher olefins. Therefore, much current research has focused on
the direct epoxidation of higher olefins with oxygen and hydrogen in the
presence of a catalyst. In this process, it is believed that oxygen and hydrogen
react in situ to form an oxidizing agent. Thus, development of an efficient
process (and catalyst) promises less expensive technology compared to the

35 commercial technologies that employ pre-formed oxidizing agents.
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30 containing titanium zeolite catalyst that has been employed in the epoxidation of
olefins in the presence of hydrogen and oxygen, where the olefin epoxidation is
performed in a reaction solvent that contains a buffer. The regeneration method
comprises heating the used catalyst at a temperature of at least 250°C in the

presence of an oxygen-containing gas stream, followed by reducing the heated
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30 Obviously, there is no need to utilize the regeneration process of this
invention until the epoxidation activity of the catalyst has diminished to an
unacceptable level. Typically, however, it will be economically desirable to
reactivate the catalyst when its activity is between 0.1 and 50 percent of its

activity when freshly prepared, as measured by the rate at which epoxide and



reactivate the catal yst when its activity is between
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regeneration procedure. Suitable wash solvents include water, alcohols,
ketones, ethers, furans, nitriles, esters, aromatic hydrocarbons, and mixtures

thereof to remove substances adhering to the catalyst prior regeneration.
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30  experimentation.

In yet another variation of the process, the spent catalyst may be first
heated to 250°C or higher in the absence of oxygen to convert the organic
impurities on the catalyst to carbon, then exposed to oxygen to burn off the

carbon.



In yet another variation of the process, the spent
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The following examples merely illustrate the invention. Those skilled in
30 the art will recognize many variations that are within the spirit of the invention

and scope of the claims.



30 the art will recognize many variations that are

within the spirit of the invention and scope of the
w@eb@sns2529 WO 2005/ 082529 PCT/ US2005/ 001162 BXAVEE103/001162
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10°C/min and holding at 110°C for 4 hours, then heating to 150°C at 2°C/min
and holding at 150°C for 4 hours.

30 A solution of hydrogen tetrachloroaurate is formed by heating deionized
water (1575 g) to 70°C and adding hydrogen tetrachloroaurate (0.1 g), then
adjusting the pH from 2.8 to 7.3 with a 5 wt.% solution of cesium hydroxide. The
Pd/TS-1 solid formed above (100 g) is added to the entire hydrogen

tetrachloroaurate solution and the pH is then adjusted from 3.9 to 7.0 using a 5

10



adjusting the pHfrom2.8 to 7.3 with a 5 w.%
sol ution of cesium hydroxide. The Pd/TS-1 solid
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tetrachl oroaurate solution and the pHis then adjusted

peil Rsbshfbbidies e dot T rer A & hep e afgoec for

r eatd honrsnunderra nltmgeheatmﬂslaweat T80 Gofids ar@mlaﬁent by pressure
undfﬁtrrat?onrhstqugoﬁ%ggﬁ gpgg&ﬁr@rpslﬂgnég é ﬁi\%nac{rgg n’?%l %ﬁgm oven at

at’'i on usl
psi 5;1,3 &rfdr 48 dotitse T hdrdried nnaieraal\caotaum @vemwtdh Pd50(02fwtr% Au, and
518 gggmo/ ir]e dried material contains 0.13 w. % Pd,
.0 ] and 5 1.69wt.%Mi. The dried solids are
transf erTrheddme:d aolmsaarteztramskier,redwerataeduetrtz hbe, amedted to 50°C and

h
¢ oy egtea Hith"'s 3ol % nyardyets SRR laoin b bl ! s Hos, Mrter the
is IMS@gmhl : trbattrwhc dhlh@gsmlls qbssielf tﬁk?h@fltqé)gf)ﬁnfgfor 1 hour before
| 0 recove n a S .
cotcady e i Gt S Y so0e e 1. sili ca

1dg| nder, (?jatﬁyw1®6 Spray dzelaﬂcnsneech az 955@%)T$s, sliiga birkr i N6 wt.%
e| ni ze

I &R éﬁé@aﬁ %)“(rie ”@ demngg |Wg§al lag(gi@gg'[ﬁtra ammine

de| pHliadigth Weh©fide hﬁ)noﬂg&ﬁfﬂe W3 §, drioiveg iRYerg %mm%&ﬁrater) is
at 20C, and the round tom flask cont ai n| ng

s| @99 Wit FidRg QveRBOuMInges h PH G S0 i BHnBehattom fiask

f Orco%té'll‘i’iHQFthe %I@rryh@td?hé’d ét‘/abo%t %O'rbﬁ\rlﬁqa @U"@ Wher bhint®F 2 hours.
cake washed four "tines reslurrying dei oni zed

Inat Be shuy i§) filkered ot @PI fH@faf@éPdNasméi %’Flt'@%esapé reslgrying in
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for 6 hours to |veaconstan dri ed
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*Transterte uar
t r esrtdelnloldimg tat 150%(E>Ifor% hgasoddwe ¢atcimed smjgierare 11 transferred to a
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ni ttogén 'S passe roug
befcm/raln() 614 inwrlsoAﬁaC’mah;ddnogemVeahm@t Rdirdgenlis pakset thedugh the

The S-.1 soli 15 i s then combi ned w th
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30 used, the Pd/TS-1 solid is washed four times with 527 g (in place of 400 g) of
deionized water, and 0.3 g of_ hydrogen tetrachloroaurate is used. Catalyst 1D
contains 0.3 wt.% Pd, 0.08 wt.% Au, and 1.8 wt.% Ti.



dei oni zed water, and 0.3 g of hydrogen

tetrachl oroaurate is used. Catalyst 1D contains 0.3
wWowednsad29 0. 08 wt. % Au, and 1.8 w.% Ti. 11 WPCT/US2005/001162
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el i rElsEne R Ry srrdiavas: The Teacpeaistin s Maintained
COFHHSdO M@ub\/\ﬁa alb&ck S@@é@é r‘egulstdrfarr@idhqi\ﬁd EEQ/QI rsoﬂéntFBn@d with a
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60CSaystiRdn Erast e the ot 9358 are demaveshawehead The reaction
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After several weeks of operation the used catalyst is

r ecﬁﬁé)fzéd yrasneniine gap shtantatogiaaBhEsCii t h dei oni zed
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recover ' d...Cat t _ .
uses Ca?ghn;%{\ %%é{%?amsﬁg’ ‘8”%% ?%nﬂ%%‘ﬁ@s%? ﬁﬁe solution, 9
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The recovered catalyst is wused Catalyst
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r eamedrCatalysm.ged with Catalyst 1C (15 g
Run 2D uses Catalyst 1D, with a 6 pH ammonium phosphate solution, 3.5

% propylene, and combined gas flow rate of 460 L/hr. The recovered catalyst is
30 used Catalyst 2D.
Run 2C: A 1-liter stainless steel reactor is charged with Catalyst 1C (15 g
of fresh Pd/TS-1; 25 g of TS-1). An ammonium phosphate solution is prepared
by adding ammonium hydroxide to an aqueous solution of ammonium

dihydrogen phosphate to a pH of 6 and then combining with methanol (three



of fresh Pd/TS-1; 25 g of TS-1). An anmoni um phosphate
solution is prepared by addi ng ammoni um hydroxide to

w@oagseseus sol uti on of ammoni um di hydrogen pPOBpRRDE001162
to a pH of 6 and then conbining with nethanol (three
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head., .The re ion is he 60C an
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r eagacion, wiksiadvi Héiodige® Waterd anatvatuurdifiedaftLBOTCbI itk used
at f%?g to%%i ve used 1s Catalyst 2C. EXAMPLE 3:

st REGENERATI ON BY. CALCI NATI ON AND  REDUCTI ON
Regener at ERAMPAE 3ISTAT Al St REGEMERATHIN 8) ¢ ACDINAMORAAND
is placed in a nuffle furnaceypura ed with dry air at 1
L/ mn. The used catal yst i REREEGTdENF rom 20 22C to
110C at R@Géﬁér%tléﬁ‘@Ah@Jsgdf@talgstrm $48 g;‘%nhﬁﬁﬁ% &'d¥Bed in a
110C to~ 350C at Z2U nm n and hours before
cozﬂ"#fﬂg furppee pHrasgnvidbArYeHE ab?L/wmeTbgé@e@&ﬁbalxséts heated from

20dr %@édtgf | fU“t:Za@s%/m% taﬁdﬁ%lél faw 4%ouTJ19[hEH| Hé%'EHoeﬂ%)m 110°C to

UI

nmeasur e . % and sphorus (as

nea’i§@r@cata’p’t CGn104arWt he}si fcnh h@arSCbef@@ @Qﬂ“ﬂ@s Tdreecarpem content of
trapsf Geg?]ttag BhﬁbQ 6 WRatad L&150C, 25n?é1¢>d content
treate rogen in nitrogen (100 n)

f ormelasvord 8t 0. Amté/p anﬂmpa@mﬁus Geéenh%nhatehﬁnea@ged at Q 04 wt.%.
passed I e ' o
o 23C 403 BREIR e henantichlio (B B0 Ntk o s0°c
25Reg®|detr@ted)rwit®5‘5 vokBchyGaegenyist nit&IgR (1P do/mim) Rom4 28uirss  After
e rdi t r re o
STARED B RF AL B ROGeR, BREUAY, Fenoroggopdepour before
catmbyrsz; tooﬁaﬁﬁpmruﬂ dallentir®) réganerétedcCatblydt 3%.. % The Pd

content Iir%"élﬁgr% i6n 3B: Used Catalyst 2B (2 g) from Run 2B is regenerated

according to the procedure of Regeneration 3A. The carbon content of the

30 used catalyst dropped from 3.4 wt.% to <0.1 wt.%. The Pd content measured at

0.1 wt%, the Au content measured at 0.02 wt.%, and phosphorus (as
phosphate) measured at 0.13 wt.%.

The calcined solids are then reduced according to the same procedure

used for Regeneration 3A, giving regenerated Catalyst 3B.



0.1 wt.% the Au content neasured at 0.02 wt.% and

phosphorus (as phosphate) neasured at 0.13 w.% The
wa@ 2006/0825eb sol i ds are then reduced accordi ng t oP€hESHAF®1162
procedure wused for Regeneration 3A, giving
regener qiadnCaligh e e daaNR 3606 GP7E2%un o0 |
PCT/ US20057 0011 egener HaljS 2620 GP R RN, yotS pgenerated
( 7 agpordingniorine mwe@w @@&ﬁ%eemretloraééoememg thaj toeyenuffle furnace
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cat P

corspnkTh pieRBREat 0.8 it dh frbolherds ot oo MHedburea a
phdsphet.e9. neasured at 0.31 wt. % Half of the
cal ci ne 0 I oyer .
conpar a?ila\?;fec!f tﬁ% Sc%ﬂ%tea s)éﬁcgs éﬁt%lg%tagce 1 gﬁe dyet% Sg'efj Qb comparatlve
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medtFated 100196 do,d5GE aha e & BB el ohe Fd conten

MeanedRredbt & 28 .wk W ATYEt 0B vadh Cpr%ﬁh@rlel %p%@hbl’é?mneasured
reduced according to the sane procedure used

7o
15Re & Retoatt- Gn a@%theg?%fp%c?'?é@’étr{’é‘?%’ft%%d aht 81yt %3D,

COVPARATHY . devidPLStigd: ar@&ﬂ&#Y&Ec@E@%’e@%—q\E\khﬁYwme procedure
WASHI NG 20 Conparative Regeneration 4A: Used Catal yst

2A ysgd dor R‘?QﬁﬁeF@}l?”Z'% i98/ing] rggeaerairdCatalyshdDst ai nl ess

steel Parr GORPARATIBEXANAC: 3 GATAOROTIREGERERATION BY
dei oni zed water (40 g), \é})ure nmet hanol (32 g). The
reactor is sealed, pr essur dS8PEessured with pure

200 LT Ogeg 5tﬁJe REQE Ao BADVEed ey 2@'%3 ) A€ Run 2A is
br ought ~Up ou pSIg i N nitrogen

st miaqeniglnt he1 25 qui slaislegs rs}eeitPas re@ﬁm cegainingma Tefton stir bar,
reagt Q. d he e -
1l waf (8, Uf bt it 139 9" TRE AU i Sealed
t erppessared/defressured watht purg mtngn sve phesdo rémeve residual arr,

m%ﬂ?@pr&@f@%&%ﬁ%ﬁ%ﬁ'&éﬁg‘m lifrlg %rfgfh}glgss?gpg { Irqu% slurry at

reac m cro
251 | rebedt 860 epml Theresackert i Hbaiterhiaw ¢80@atvbich raEed the pressure to

icﬁt@%%@u;iaﬁgg é(%urg tﬁ'mg 361£§t8 lrocg]rrcr) er?rpgre Eure%e?ore ven@ng to 1

atmosphere. The washed, regenerated catalyst is then rinsed from the reactor

LII

onto a 0.22 micron Millipore filter and rinsed several times with deionized water.

The catalyst is air dried for several hours before placing in a vacuum oven at

30 85°C, and evacuated to 25-30" water for 4 hours. The carbon content of the

regenerated Catalyst 4A dropped from 2.6 wt.% to 0.38 wt.%. The Pd content
measured at 0.1 wt.% and phosphorus (as phosphate) measured at 0.02 wt.%.

Comparative Regeneration 4B: Used Catalyst 2B (2 g) from Run 2B is

regenerated according to the procedure of Comparative Regeneration 4A,
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30 85C, and evacuated to 25-30" water for 4 hours. The
carbon content of the regenerated Catal yst 4A dropped
WO e@s2589 W . % to 0.38 w.% The Pd content ne@Busm®ds/001162

at 0.1 wt.% and phosphorus (as phosphate) neasured at
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anghaletiewh®ahe irodne IbioRsm faskSisi BBk h"datéd)gcerbomugg(esfe) causing
fl owed throu%h t he apparatus, the condenser s

15¢ hiMtBANOIARROF R 4Ty ”B%ﬁsteo‘f‘ﬁ‘ct wash the Uﬁ%ﬁaﬁ‘é’ét éfbltrteoth”“ble

boitHenBxtt£2%6n i§ HNSWBE tdIrURBARAE h¥@RO% da‘? for three days before
refl ux/condense and wash the used catalyst in th

t hishiitieg dorHeaes reraeyinging waghedbaed exBatigd G&Eﬁﬂﬁt grhe washed

hoWhgalgst %wvdfepm tshggee rd@Rrée Hrore theSthtthbib N Gragdu \Aﬂﬂddelonlzed
renoving the washed and extracted catal yst. The washed

catvitgistansbadedriqdi. 3Thy caponeeditentear fheweganerater nbatalyst 4C
zo\mfc[gs = ferdfbg/fW %8d 2 YRHSL ﬁtédpé“c%nféfnt Stbasd Fb% at 0.06 wt.%.

on cont ent the regenerat ed Catal yst 4C
dr dfipeahenugns Botgneaswed.o 2.4 wt. % The Pd content

CovPrT O B = LT O S ERER N R R B¥ Wasrine

V\AS]IC—H NG WTH I—NDROMNI‘PER@@CEEENH&R@XE& yst 2D (1.7
gz)t t (r)?n }Fggk@%a{yat 2@?‘1 }a'ﬂ"b% %oﬂ'l ovved a%ggqntodé 100 mL round

25p erbwttiovreflash| with ersiqe3arn®, fgllowes! dy wthy%dg@@?;)ermdé’ smlutl% (30.5 g;

H2 0 | & )

vt SRRy L7 g T e PR Rl B Vtatsftzg 59)
of A ateravnidbefihocorfdeasér is attdcledsiol tghtop bt thegeang botyem flask
's asn%ta tslhgh(? pogterr]tepufrgea?skse rtpurough eeflerasqxf larltjé( up% rrT(I;]qutxocqumn to

an oil bubbler down stream. The solution is heated to reflux for 3 hours before

30  cooling overnight, followed by 3 more hours of reflux and cooling. The solid is
decanted from solution, washed with deionized water, and dried in a vacuum
oven at 60°C for 3 hours at sub-ambient pressure. Regenerated Catalyst 5
measured for 0.26 wt.% Pd, 0.06 wt.% Au 1.85 wt% carbon, and 0.11 wt%
phosphorus (as phosphate).
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an oi|l bubbler down stream The solution is heated to
reflux for 3 hours before 30 cooling overnight,

wo edososeseh by 3 nore hours of reflux and cool i NnBCT/Tk®05/001162
solid is decanted from solution, washed with

dei oni zed waEgRAMFRRG: @Aﬁ@wsﬂr REVANERATIONBYANVASHING,

for 3 hours at sub-anbient pressure. Regenerated

Catal yst 5 nmeasur EALCHNADICN AND RERICDN wt . % Au
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I'Tring ¥ ESSUF &
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M MWaished eCdtalyste6A daroppelt ifredh Bar WZ% mb nuoE vthief oriee Pd content

ng in vac ven at 85C, 0" r for
Lt A Tt YRl & Gyt reesSReat aPB ot b offtcuiposehorus
of (Oy@mﬁa@P@a‘sﬁtedGa%oob’pwp%d from 3 4 Ww.%to 1 09
% The Pd content z%\sure a % .t he

{
15cont ent \ashet (Rialyst 6102 Wh%reaﬁzfr%‘%s%?ﬁew to( éfl:,e procedure
ph%@@&b.e)qergaﬁé@hsﬁi A, @xc@Bt Wat % .sl%emhﬁamcam x§t11o C at

s further regenerated according to the procedu

uséle G/apin REGehRiF der gnhass. et epthe Ralkcined Mi%@é@éﬂen reduced
f r %E&:c?raﬁ:rgtte tﬂelgé}n@tproééa@féwe@m rﬁ@gbﬂeﬂ‘aﬂan 3ahguing: re@ér‘werated

he cal cined solids are then uced accordlng
th@aé%h%%ocedure used for Regeneration 3A giving

regener ate HﬂﬁB

**EPOXI DAT oré\| P%D%?ERQE\(QL%QE? i éfAE'lEﬁ‘zﬁE‘;O'\jzcs o 5
and regéherae® R adtalAs tand (2N, ar@iBeger@rated @lgsts $8A, 3B, 3C-1,
4A C4§ 6C’4A5’4B6A21C agd 6QB)an%r I%fé %jsté@ IH[@?%*‘% epoxidation

epoxi datl on "according to the oW ng
pr acearding. tomawowmggeaerﬂl paxedureel reactor is charged

wi th 0.7 %O’ag@ sf3 nlé:s%ts%glsf%actgiﬁ’ls c%gr%ﬁa\ﬂﬁ‘b? i}aggg%gzatalyst 13

(0.1 M a ueo
25gr @m@fofraebhﬁero{o 1 Meaqweala;st amm@nmmephcrsbaa@eqbl-t e a)o@nd 100

o Bt ofrbFPefoad Bl e Blndralebt B8R vh mregonsuns
of 2 % hydrogen, 4 % oxygen, 5 % propylene, 0.5 % methane and the balance
nitrogen (volume %). The pressure in the reactor is maintained at 300 psig via a
back pressure regulator with the feed gases passed continuously through the

30 reactor at 1600 cc/min (measured at 23°C and one atmosphere pressure). In
order to maintain a constant solvent level in the reactor during the run, the
oxygen, nitrogen and propylene feeds are passed through a two-liter stainless
steel vessel (saturator) preceding the reactor containing 1.5 liters of methanol.

The reactor is stirred at 1500 rpm. The reaction mixture is heated to 60°C and
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nitrogen (volunme % . The pressure in the reactor is
mai ntai ned at 300 psig via a back pressure regul ator

wowrak0s23zo f eed gases passed continuously throurgr/usmos3d 1162

reactor at 1600 cc/mn (measured at 23' C and one

at mésgﬁﬁcﬁlspéﬁﬁéh’(r|§)andlﬁed0ﬂ5ﬁ§h $rilinBBGOt Aidhy %our and the liquid
constant, solvent level in the reactor duri ? he run,

t hanalyzgd bk, offine 1@ et thaEnsh sitieei® hoEk A4 afdopyeng @xide and
t hequighieAtst Whichi ih8lids bdg R Soxidd BPD”Y $P&Hlene gl col (“PG”), and
(saturat or) preceding the reactor cont ainin %

| | oeel ethergeieatiafuceddhuingdbe fenctips, in @rditieq %PFOPQOG formed by

srp ' ' I1%eh 6
* 260 BRIBEHAIAREUNG, [Ts RUE ol TR Atlyecpised to
anafigulate the sgiectvitieneha@o evi@ble hour and the liquid
anal yze I
o SN BB (5 20 ed Dol ol a ues
pr c@ts,aly@héhaixha% t(eePOa)pOSpdo}@ybeﬁ@ glvge osigriifica@tly , lowed propane
u i.0

0 SRR a8 o RLBANEE RS (808} il metnoo

10 pr apyy €480 a'lfheSIQBEBqdmtlsl more hselmvanmays ﬁmsar egesedchteéd with a

?Zbgﬂogé efpg ethFe%Heémél? gogggvﬁé]%} égeg}c% ]olﬁurngf" of Molecular

r e Gareysid |A0aném@aL|sle?J 1@9?)a|3§${356hla5t Tindede beteal. eXpesiatbroved

sePRiteS! sty deebER, fy AR RSN ress mogperates

by catawaledwprrmguoetstmdmantw Figagr a&mleaeammsgamd leqaivtaleyits (“POE")
sel.ective than those regenerated w

15 poPEIRFLY: IRt LSRG ROTea i dne IS Tt J¥6r Heaenarted by

Molvaehihgr Catalysis A. Chem cal 117 (1997) 351-356 by

Thiele et al. The inproved propane selectivity

denonstrates that the cal ci ned and reduced regenerated

catal ysts produce significantly higher propyl ene oxide

and equivalents ("PCE") 15 selectivity from propyl ene

conpared to catalysts that. are regenerated by

washi ng. 17 WO 2005/ 082529 PCT/ US2005/ 001162 TABLE 1:

COVPARI SON OF CATALYST ACTI VITY FOLLON NG REGENERATI ON

Cat al yst Treatnent Productivity PQ POE Propane

Selectivity Selectivity (92 (%93 2A * Recovered and

0.18 93 18 dried 3A Calcined and 0.23 92 13



reduced

4A *

Washed and 0.22 93 38

reduced 213 *

Recovered and 0.16 94 51 dried 3B Cal cined and 0. 22

w@2002/825eeeduced 4B * Washed and 0.26 93 64
* Washed 0.26 93 77 6B Washed, 0.3 93 19

I ePtIesk087001162
cal ci ned,

and r edupBlE 2COMRARIBONCOF WAITALYIST A8 TMTY O IADBING
C-2 Calcined and 0.25 92 4

* Calcined only 0.16 94 7

reduced 4C * Washed 0. 14 BYERHDHIONRecover ed and
0. 14 92[28ataight | Ed Bleatke@htCl NEdroadttvil) T 24 Edu/beé [ € isRARE
5 * H202 treat,| and 0.17 94 42 redudedsetec ar aelecmety
Exanpl el 1 Productivity = grians PCE pr ndu("/p)(i/ gram dte)
cat al ysf p%'? hou Rec@erP@JFOE Select i vi ty es 18
PO (nol es—RE—+To obs—+—mtes—ighye eters),
100. 3|Propane S bﬁegﬂzﬁ?ty = nol es propaér?e*low(rmf'es
POE + npl esa pr opanekshedadd 20022082529 93 38
PCT/ US2005/ 001162 reéced aim 1. A netlhod of
regenerating a used nobhle netal-contgining titanium
zeol i te| catBl yst Fi?ﬁ?mffﬁ%g the Gt eps of : % a) heat Phg
t he used b%%ai Yot catings SgPetatgse ofr—at ézeaat 250\’2?7
reduced
4B * Washed and 0.26 93 64
reduced
6A * Washed 0.26 93 77
6B Washed, 0.3 93 19
calcined, and
reduced
2C* Recovered and 0.12 93 10
dried
3C-1* Calcined only 0.16 94 7
3C-2 Calcined and 0.25 92 4
reduced
4C * Washed 0.14 94 26
2D~ Recovered and 0.14 92 23
dried
3D Calcined and 0.24 91 15
reduced
5* H202 treat, and 0.17 94 42
reduced

* Comparative Example

Productwlty grams POE produced/gram of catalyst per hour.

Propane Selectivity = moles propane*100/(moles POE + moles propane).

18

PO/POE Selectivity = moles PO/(moles PO + moles glycols + moles glycol ethers) * 100.




5 in the presence of a gas stream conprised of oxygen

to obtain a heated product; and (b) reducing the
wheasoskspy oduct at a tenperature of at |east PRPORCUSW05/001162

the presence of a gas stream conprised of hydrogen to

f o glafrgact i vated catal yst; 10 wherein the noble

met al -containing titanium zeolite catal yst was used to

cat al yzé t he® SPIRPY &f regensrating »Used Aol et argiemg titanium

anée@mws Jsﬂcérﬂﬁnﬁrﬁ@&%@@pséﬁ at | east one reaction
sol vent an | east one buffer. 2. The net hod of

claim 1 whi B comsplirgthesed sy Het adempaEire of at least 250°C

smet al - cont ai ni ng j4 'tt‘%@%‘ré’é@né@cﬂf'é %agaén%law%owphébcﬁo%§ en to
solvent prior to step (a). The nethod of claim

wherei n the wash obiivameates Fy’éﬂ'@ét@tﬂfrom t he group
consi sting O(T?]Watr&ﬁlf]ccl)rgj gﬁét‘édaﬁrﬁmﬂﬁl & a 286 g?a?fﬁrgr@ﬁat least

t her eof . e met ho almT wherein the
cat al yst |s heat €8°@t ina thQ eprgeenaeurcd gr g2 estreamrcomprised of

about 300C. 5. Ttﬁg?%%qgf&%geglcmalte%%%%ﬂet he gas

stream conpri sed enis alr nmet hod
100f cl ai whéreiththeenoble @mleltccxmrtalsmgmta(rm)mu&obErcfaaalmstm used to

a § t SN S5 ) a
T sRETRENTe KB on AR Bt oroieh A B8l b Bsence
z eof atleastairel rgattioncagivens esd at keasti ana lwiffercal it e and
pal | adi ym 25 8 h im1 wherej
used nobl e eaf“-el'gbﬁdt g?%'?%& ‘9’“'?“&%001%”%% |at5 'ng tF%ILﬁgg noble
c ommtalsmmtdiningititamions zéolita katatyst with hamﬁsumoh@ndpmeo etep (a).
nor e taI sel ected from con

gol d an EY ﬁ\ T%%'%étvﬁ}?ge #H%lwglsﬁ]si) gPe?%eCted from
t héheugedp raobénetlrrgactfamate:o:altnmdamlcram:ohblst and uiixtaes|théreof.
catal yst conmpri se adi,um contagining tit
Cooli tctana T S5t BA et PRGN TenvEs Sehet & haged at 2
Theéernpéraade gfeatéraham dbyvitiaon° conpri ses heat | ng t he used
catalyst at_a tenperature of at |east 250C in the

absence®of oFg@FHed & tamstlephen 119 9aS stRRI oaYBRitsed of
20 PCOkY4e#0024r001162 11. The nethod of claim1 wherein

the reaction_solvent is selected fromthe group

consi st Png ofha@etiod aftlaim Tavbeygik r§du§t!9@e‘-i*%9 Ktthl%aﬁrformed ata

COZemgé}gturgbxgHé§§ dobpereof . 12. The nmethod of claim1l
wher el n t he buffer corrgrl ses an anion and 5 a cati on,
8

wher ei n’t he Hif Biethad serlaie dawhesin thie ugebnpble metal-containing
CORBInAlh 280IRE cRRARIPEGFrises titanium silicalite and palladium.

25 8. The method of claim 1 wherein the used noble metal-containing
titanium zeolite catalyst comprises titanium silicalite, palladium, and one or more
metals selected from the group Consisting of gold and platinum.

9. The method of claim 1 wherein the used noble metal-containing
titanium zeolite catalyst comprises a palladium-containing titanium zeolite and a

30 palladium-free titanium zeolite.

10.  The method of claim 1 which comprises heating the used catalyst
at a temperature of at least 250°C in the absence of oxygen prior to step (a).
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carbonate, bicarbonate, carboxylate, citrate, borate,
hydr oxi de, silicate, alumnosilicate, and m xtures

wo bsegds?9 and the cation is selected fromthe BEDUR2005/001162
consi sting of amonium al kyl anmoni um al kali netal,

al kal i neqeartie mdtRdd ofRfhimM Xﬂiﬂérr&ﬁ thBaegsfon délvdm. |s'°selected
nmet hod of regenerating a used noble netal -containin

ti freA (Re 9redp |Q°é‘5t§8"t’91l(ifswa@6nﬁmcs| Algohele syRGISTitsRl gCOZ, and

(amiveedy thardope used catalyst with a wash sol vent; (b)
heati ng the washed catal yst at a tenperature of at

| east 3B0C The Meehqsr dsdrite’! wheeein e Buffes £oMPHIERS PB&dion and
sof aoé(a\ﬁgﬁnwhé@lﬁ fheOdHisHh & &1q8d %npfh%dgg%p c@ﬁ’éjst(rﬁ;) of phosphate,

reduci ng’ the heated product of st
t egpEIOABLS; e bifarbenate, e parb@QBLE.N Qlth%tepr b@étﬂ:e hyflroxidgas silicate,

sty gﬁﬂ/ﬂq f%é S&f ﬁ%f turBY HQEEN afw& tﬁ@E Gh EEREAPHER the group

cat / ereln t e use nob -cont al ni ng
t i cansistingzefcimmenicat, allvammaelumelhak@metaloakhahrw 9a_r¢h tregal, and

ep%kt@?&stﬂ@re%ff an olefin wth hydrogen and oxygen in
he presence of at |east one reaction solvent and at

10| east ohd buhfresthod 4f ragemeratingoal uséd cbblienmel-obraiging titanium
t h?e&‘fﬂ?'&a%@s¥8 h&négiel Sq%&td from the group

consrsting o ¢ al cohols, and m xtures
t hereof . 15. (aThe washmgcthehsedl aataly&Bwiltha wasb(m‘menSes

heati ng t he d_..25 catal st a t ratur
east ' 300C 1 (7% neeaiE B8 viieKEh Bhaify ich FEbEREy® of st teast
(b). 16. The net [300°©in ttiea)raselﬁeVWQrgajsrstrTebm tempriseatdfeoxygen

nmet al - cont ai ni ng ani ol i cat al yst conpri ses
5titani umsilical |t(t)8b%|lﬂja & e (ﬂrﬂcﬁ'HCt' 34 The method of

claim 13 wherpi n rédeinp e e proziual ofcstap ab)dtngtendderature of
titanium zeolite taI ¥3§I co&;grl ses titanium

silicalite, pall RESehseLf d1@qs pteeam comprised of

sel ected fromthe erdg@a t6 €A & FddeBvatbd gatafsand
platinum 18. The nethod of claim 13 wherein the used

nobl e nWhgTeln dht &ised Mmpble imelarcAnaipipg | ttanium agqlde catalyst was
20CONBEH 36 TathlyRa! thadipeRida et 8f Bh rwefm wwlhymogeﬁldnbeo@@tén in the

a palladiumfree titanium zeolit
presence of at least one reaction solvent and at Ieast one buffer.
14.  The method of claim 13 wherein the wash solvent is selected from
the group consisting of water, aliphatic alcohols, and mixtures thereof.
15.  The method of claim 13 which comprises heating the washed
25 catalyst at a temperature of at least 300°C in the absence of oxygen prior to step
(b).
16.  The method of claim 13 wherein the used noble metal-containing
titanium zeolite catalyst comprises titanium silicalite and palladium.
17.  The method of claim 13 wherein the used noble metal-containing
30 titanium zeolite catalyst comprises titanium silicalite, palladium, and one or more
metals selected from the group consisting of gold and platinum.
18.  The method of claim 13 wherein the used noble metal-containing
titanium zeolite catalyst comprises a palladium-containing titanium zeolite and a

palladium-free titanium zeolite.
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