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rej uvenat ed epoxi dation catalyst. The application al so
relates to a process for epoxidation of one or nore
ol efins using the rejuvenated epoxidation catal yst.
The application also relates to a process of using
ol ef i n oxi de produced by the epoxidation to produce a
1, 2-dj 2-diol _ether, or an al kanol amn
ndx SROREE Fof FReRApERE, brrebiniferet cRroR T Cot FapasysT
ol efin oxides are inportant industrial chem cals used
as, a feedstock for maki ng such chem cals as ethyl ene
ol, ethylene glycol ethers,
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One net ho manuf acturing an olefin oxide is
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olefin oxide. In olefin epoxidation, a feed containing
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certain reaction conditions. The ‘ep oxi dation ca
g%?ﬁéjfealﬂr?deléﬁtiaphstlt%@P@aﬂéﬁ‘y%@catM Wr@cﬂtulceeasbeb@yl a
typicaldy can&-oup- L1 netal (i fparticular silver) and
pronoter conponents, on a shaped carrier materi al
(A3 omel @ﬁo&h@é&hﬁﬁﬁlphe catal yst is subject to a
perfo&g% egl | € t elf b
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tJHéﬂﬂE%isogsagEh% 1d¥e di9%0§995£ ggior%th lene
tenperature ma e 1 ncreased su e pfod ctio

r B veE ogf aﬁﬁ@rg}eethykggedgarbonate, ethanol amines and
detergents. One method for manufacturing an olefin oxide is

by olefin epoxidation, that is the catalyzed partial
oxidation of the olefin with oxygen yielding the olefin
oxide.

In olefin epoxidation, a feed containing the olefin and
oxygen is passed over a bed of catalyst contained within a
reaction zone that is maintained at certain reaction
conditions. The epoxidation catalyst generally contains the
catalytically active species, typically a Group 11 metal (in
particular silver) and promoter components, on a ehaped
carrier material.

During the epoxidation, the catalyst is subject to a
performance decline, which represents itself by a loss in
activity of the catalyst and selectivity in the formation of
the desired olefin oxide. 1In response to the loss of
activity, the epoxidation reaction temperature may be
increased such that the production rate of the olefin oxide

is maintained. The operation of commercial reactors is
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isnormally limted with respect to the reaction
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been reached, either the production rate of the olefin
oxi de is reduced or the production of the ol efin oxide
has to be interrupted for an exchange of the existing
charge of epoxidation catalyst for a fresh charge.

U S. Patent No. 4,529,714 (the "'714 patent")

descri.hes .a process for regenerating silver containing
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catal yst was regenerated after approxi mately four
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agdt W tefestl cBargsel ectivity) dimnished froman

initial 81.5 percent (at 218 0C ) to 76.7 percent (at
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reflected in that Table at any tenperature is on?y
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eterm nes whet her an epoxi dation process is
et ORI WalCOPrat 6 Agt 3 WROLaE6/ uBx arphediwm,one pestentcompound

| oA QveRicihg Lhensel ecli vhiypQ mﬁﬂa%ﬁp%%gapbgﬁ atent, an
process can produce a substantial Treduction in f hie

yeEyereperdtengakakistotas Faggecera® adttieyl enproximsely

pféﬁg-ye%r@e%@ §é£§$ééj(Hﬁr9580§§§§§_g¢g 485%%%?%98 activity”
rejuvenat ed epoxi dation catalyst with greate

sel eoti Fetlpcapilby) gtiesiindshadt Fypmyan iSurmialy 8bf 5 tibes-cent
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ptoduce 1&-18; see also Table spanning col. 3-4. The maximum
increase in “S %" reflected in that Table at any temperature
is only 3.2% (an increase from 76.7 to 79.9).

To a large extent, the selectivity of an epoxidation
catalyst determines whether an epoxidation process is
economically attractive. For example, a one percent
improvement in the selectivity of an epoxidation process can
produce a substantial reduction in the yearly operating cost
of a large scale ethylene oxide plant.

A need exists for processes for producing rejuvenated
epoxidation catalyst with greater selectivity and/or greater
activity.

Summary of the Invention

The present application provides a process of
rejuvenating a spent epoxidation catalyst to produce a
rejuvenated epoxidation catalyst having greater selectivity

and/or greater activity than the spent epoxidation catalyst.
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rej uvenat ed epoxi dati on catal yst having greater
selectivity and/or greater activity than the spent

wepwiodabd on catal yst. I n one enbodi mnent, the |PUBI$10061062391

provi des a process for preparing a rejuvenated

epoxi dation catal yst, the process conpri sing:
providing a quantity of spent epoxidation catal yst
having a cunul ati ve al kyl ene oxi de production of 0.16
kilotons ("kT")/m 3 of the spent epoxidation catal yst

or nore; and, depositing additional silver on the
spent "Bp8RF dER T I%ﬁFal3§? Vet Lt BFCvéflen. 2 papasss for

neparbaged o8 i mRiglboefdihrsRerh16ReXi dal i ';%bcess
catal yst. In one enbodi nent, the invention provid a
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(Mb/ft3) versus selectivity ( our runs
fiesRtéakal yst and for the rejuvenated catal yst in
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of the catalyst . Fig. Is a
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fresh catal yst and
oxide into the 1,2- lel, the 1,2-diol ether, or the alkanol

amine wherein the olefin oxide has been obtained by a process
for the epoxidation of one or more olefins in the presence of

a rejuvenated epoxidation catalyst prepared according to this

invention.

Brief Description of the Drawings

Fig. 1 is a graph of cumulative ethylene oxide
production (Mlb/ft3) versus selectivity (%) for four runs of
the fresh catalyst and for the rejuvenated catalyst in
Example 13. 100 Ml1b/ft® of the catalyst = 1.6 kT/m® of the
catalyst.

Fig. 2 is a graph of cumulative ethylene oxide
production (Mlb/ft® of the catalyst) versus catalyst
temperature (°C) for four runs of the fresh catalyst and for

the rejuvenated catalyst in Example 13.
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the rejuvenated catal yst in Exanple 13. Detail ed
Description of the Invention The present application

wWEe@voTB30 a process for rejuvenating spent epoRCTES10061062391

catal yst to produce rejuvenated epoxidation catal yst
whi ch exhibits increased selectivity. In one

enbodi nent, the application provides a process for
rejuvenati ng spent epoxidation catalyst to produce
rej uvenat ed epoxidation catalyst which exhibits

[ d act|V|t . Ino e enbodi nent, the

rej DRSS ] 'l-nated epoxi dati on
cat al y[slte pheséme@pﬂmltc&tb@hhpw@ircﬁassseldp%@l:@%If/dmty and
|ncreaseg activity. The rejuvenation process
AANEAGESTS | SPTHN SFOFICETEAR FRIGHSS dPsBBR@uet used
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di sposal ,and environnmental costs. The rejuvenation

véHVantageously can increase the profitability

of an repexk dakhOLk RI®G esse bypp et kG bbsw&&g ;Iq-!ro%%@s
the cost of obtaining fresh carrier materi al
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the spent epoxidation catal yst. Rejuvenation of Spent

iVd&¥i-on Catal yst After an epoxidation reaction has

been ﬁ%noﬁ@reﬁbd&ﬂﬂé%ﬁgGQthféfﬁbéHéﬂibﬁeprégéé produces
epoxi dati on catal yst becones spent. s used %ereln a

"ISHRITEN 28 BO x PRI B 108t aﬁyg%w@fv@r@m exhhbepoXpatdt i on

Cl%@%%bdhgélélgzlaflocﬁﬂ‘éh@t ke & dad %@%l%{#e producti on
of 0.16 kT/m 3 of catal yst or nore e activity

and/ orrP8eF REETSARLO8f PaACEPDXaHEATItGIeeEsaY ygan reduce the
gRRRN abl ¥i 8664 LaFes W B2AP: d NGLRRS] 2h N, oL %dpa%t
al kyl ene oxi de production. In one enbodi nent, a spe
théreby reducing disposal and environmental costs

The rejuvenation process advantageously can increase the
profitability of an epoxidation process by reducing the need
for and the cost of obtaining fresh carrier material.

Another advantage of the rejuvenation process is that it
is not necessary to incur the cost to recover silver from the

spent epoxidation catalyst.

Rejuvenation of Spent Epoxidation Catalyst

After an epoxidation reaction has been run for a
prolonged period of time, the epoxidation catalyst becomes
spent.

As used herein, a “spent” epoxidation catalyst refers to
an epoxidation catalyst having a cumulative alkylene oxide
production of 0.16 kT/m’ of the catalyst or more.

The activity and/or selectivity of an epoxidation
catalyst generally decreases with an increase in cumulative
alkylene oxide production. In one embodiment, a spent
epoxidation catalyst has a cumulative alkylene oxide

production of 0.2 kT/m® of catalyst or more. In one
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curmul ati ve al kyl ene oxi de production of 0.3 kT/nB8 of
catal yst or nore. In one enbodi nent, the spent

epoxi dation catal yst has a cunul ative al kyl ene oxi de
production of 0.45 kT/nB8 of catalyst or nore. In one
enbodi nent, the spent epoxidation catalyst has a

cumul ative al kyl ene oxide production of 0.7 KT/ n8B of,
c%r{ﬁ%? eror ﬁo%‘/@?nq r?pﬁﬁ%dé‘ﬁﬁ%iﬁ%‘fﬂl,ystqw@a§p@n?umulatlve
epriv dald origat ptysicthas arcomulatieoal kyt £nas0%rdore.
production of 1 kT/n8 of catalyst or nore. In sone

e TEPe 1o R e fthee FERPEatPORL St 1Ty SELRSYHE has a

Cadral Yt veh bRy 1 A ro:fiies Br o 8% BE DL S uBi ki Ak® of
activity and an initial selectivity under initial

CONGH I TNST BABS t hel s P&t SBRBRi Batt orf eafRPYEt epoxidation

exdidifsy 088 Or ciRi Rkl Al RPNESe dscldngr-sahecisd J gmy
the group consisting of (a) a 2% or norée reduction in

Sef8Et PYi E9t2bHFaredmPEet he $thidnealenbeferedtyi thpeysgent

tégostiidtiiah egpgi $4:0n%s aNduhR) 2@ NG 1M AR xide
reduction in activity conpared to the initial activity
Ui EHen AEt 1 AFTAbnaft FFRLY It Ehiméreont ext ,

pr ol onged o eehSoditertthe ANkYefeask My bheccalal st s 4
may becone "spent." For exanple, a "spent" catalyst
NER-hahrE HeéAD poTRhdd ek, obhlet i s afedettriat edct dvitan and

aly ainlia9 80U S e 8ADOL) BN ingb P e n SPEM " iRl ¥SE, NA%y the
reduced activity and/or selectivity because of a
rEtt FERFIPaFyen ciEhdlaety exbikit e rrneorirdaope aekictdmance
| deDahld Gehab eMOdTRALS o LS SHaNsGakabySta £XNIA 5
a 5%or greater reduction’in selectivity conpared to
g fedivglcisr| Brtiadiecy iyatiEr cemeaiad tioakhe ohaittians .
| b anatiRek ephedi mept ; the s p?&dlﬁ:al'to%&sgngx%)blé SRR or
8% or greater reduction in selectivity conpared to the
iRRES gledgeréeri i tactiivdery cherired ital tbendniiowms.adtivity
antdernemedi tento i€ ions. 1n this context, prolonged use
is not the only reason why the catalyst may become “spent.”
For example, a “spent” catalyst may have been poisoned or
otherwise deactivated. 1In an advantageous embodiment, the
“spent” catalyst has reduced activity and/or selectivity
because of a relatively large cumulative alkylene oxide
production.

In particular embodiments, the spent catalyst exhibits a
5% or greater reduction in selectivity compared to the
initial selectivity under the initial conditions. In another
embodiment, the spent catalyst exhibits an 8% or greater
reduction in selectivity compared to the initial selectivity
under the initial conditions. In another embodiment, the
spent catalyst exhibits a 10% or greater reduction in
selectivity compared to the initial selectivity under the

initial conditions.
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spent catal yst exhibits a 10% or greater reduction in
selectivity conpared to the initial selectivity under

wao b@7/mi3pé al conditions . Once an epoxi dati on CRCHUYED6/062391

beconmes spent, the spent epoxidation catalyst nmay be
subjected to the rejuvenati on process of the present
application. The conposition of the epoxidation

catal yst is discussed belowin nore detail. At a basic
| evel , the rejuvenation process conprises providing a

quantity of spent. epoxi dation catal yst, and depositing
an anouit of 8%¥%$g%ﬁﬂn §FF@%¥S§HP?%%?Q§p§ﬁFnt' the spent

egwdidation catalysd nag Peosusfedts Q) ¥YeNat ¢@venation

e OX|dat|%n catal yst. In one enbodinent, the =
rﬁgﬁWéﬁaP' pﬁhﬁr%%%%%‘_ % GPPhEFEEOMDY | &€ GEPBPLEIRY Gfe the
QdpdRIe tiehU¥eRal {910 iR QRBEERESe@bdiNG: SRERbre detail.
epoxi dation catal yst. In one enbodi nent, the

at al 'y . . .
rej uvéhati BASHF otBELL /f GRENERICHRRAT I8s PHEBBEF t FIPIGFE S

Qfr JWI0E nEeRUMEARE 119 FORHEAP! 85 S< AN/ 10 QREA P #TDIR 4
gg{uvenatlng further el enents on the spent epoxidation

RAYSENT SOpRROE RasHAAFtPRAY B ltveirs oRothe spent

NQeBssakY oni ba @Yy f1e t@efkea@&@ ¢ wash the spent
epoxi dation catal yst before depositing one or nore

"IFORAROS T eGn PPl &P EpbRIRE i onl Tt NGl gaPodimentys dde

helfRivenathent fé@éé¥3Q%BE£efeé§m§%f§é§I@%p@@ﬁ%iﬁé”ﬁﬂe or more
Goup 11 netal, and to an¥§other rej uvenati ng

COPURERTS EepBINET SoRNat BP vErPRUIEROFAFer 1vastatRg vot - In
tdie sheBhiepex] datd o eatakysin ganaraldl quEﬁ%ltﬁ @F@Q%es

conditions effective to renove nost of the s
LIS LA 28| @F MfTer Falsverdm theapenptepoxdnthidrogne or

Gairdl ¥ehuabdat Prpraduee Washed, spent t%@oé.bgﬁ{ L%{bexidation

catal yst. The washi ng reagent may be, for exa
viettérl Yy S&queous sol utions conprising additives, such as

saldiSonf. RRsRAueous organic diluent. Suitable salts
or I ncl usi I N an aqueous

Although it is not necessary, it may be desirable to
wash the spent epoxidation catalyst before depositing one or
more “dopants” on the spent epoxidation catalyst. As used
herein, the term “dopant” refers to the additional Group 11
metal, and to any other rejuvenating components deposited on
a given substrate.

Washing of the spent epoxidation catalyst generally
occurs under conditions effective to remove most of the
soluble and/or ionizable materials from the spent epoxidation
catalyst and to produce washed spent epoxidation catalyst.

The washing reagent may be, for example water, aqueous
solutions comprising additives, such as salts, or an aqueous
organic diluent. Suitable salts for inclusion in an aqueous
solution include, for example, ammonium salts. Suitable
ammonium salts include, for example, ammonium nitrates,
ammonium acetates, ammonium carboxylates, ammonium oxalates,

ammonium citrates, ammonium fluorides, and combinations
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amoni um oxal ates, ammpnium citrates, ammoni um
fluorides, and conbi nati onsthereof. Suitable salts
al so include other types of nitrates, for exanple,
alkali netal nitrates, such as lithiumnitrate
Sui tabl e organic diluents for inclusion in aqueous

sol ution includ for. exanpl e, one _or nore of

SOpbEear | ARG e ST AR s RS o L® (Fbes of

t ei tednady, offerraBraebhy) ensagliygetal ehiodane glvedl as 1ithium
di net h et her, diethylene glycol dinethyl ether,

d

|
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opeletimndiifentdel heoadiens ol i gHé dot Snvat & phPhanol,
anot her. enbodi nent,  the aqueous |iquid is aqueous
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calpdyst denywasbediydde BasRniRYet ke, Qii%c*‘c@lyqten@n%lycol
sui tabl e tenperature. I n one enbodi nent, thé spen

ePORT dath Glhear afyRethEl ipFeRBddar LI aEdmethyl ethyl
t pERSIAL UITR, oher cRXAI At Bt SHRESRS Ui filoMs 30280,  1n
100 OC . In one enbodinent, the_ el evated tenperature

i 8NP RAR $FLEFIYENHC Lherfeugashi Ay comaiesss ammonium
cantaptd ng1t,heogpent epoxi dation catalyst with the
aqueous liquid for a period of tinme. The contact tine

i s not"ifdtce P&l SBSNT oTRP>ASAhEN coRtakEst e washed, the wash
sihy | Gh@nbiteer 8E0YL, SQluble.depant Ssand/ or rophzabl e

materials fromthe spent epoxidation catalyst. In one
efiBRRAHGRT, £he ebmtfaciPaiifetiay ereraly sfodss vesheéssy: an

| 81008 eMbedbBeRt urd herGontagh 1 Li e ATBc_yer@%_réQ Pg%éon%o to
| ess._In one enbodi nent, the contact ti i's 5 holr s

ot0P e§s. I o wHssdiweht , thheloomtadt tenperisize Houfron

085 Y &5 kA, Ong, £NRQG; FENha té@nﬁq%tea‘&%ntcgggiljl HeRpent
hours or nore. In one enbod¥nent, t he contact %lne s
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comy i sithg mBheLtal s ddat B_@‘éemﬁ’@&f‘iahe%%h%ngr om fhe

spent epoxidation catalyst iIs

contact time is sufficient to remove soluble dopants and/or
ionizable materials from the spent epoxidation catalyst. 1In
one embodiment, the contact time may be 24 hours or less. In
one embodiment, the contact time may be 10 hours or less. In
one embodiment, the contact time is 5 hours or less. In one
embodiment, the contact time is 1 hour or more. In one
embodiment, the contact time is 0.25 hours or more. In one
embodiment, the contact time is 0.05 hours or more.

After the contact time, the liquid comprising materials
that have been leached from the spent epoxidation catalyst is
removed. The washing may be repeated, for example two or
three times, until there is no change in the composition of
the effluent. If the spent epoxidation catalyst is washed,
then the washed spent epoxidation catalyst may be dried

before further treatment by heating at a temperature and for
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catal yst is washed, then the washed spent epoxi dation
catal yst may be dried before further treatnent by
heating at a tenperature and fora tine sufficient to
renove the renai ni ng wash sol ution. Drying of the
mashed spent epoxidation catalyst i S not necessary.
wever, t ypi cal | curs at tenperature from

1?)0 361%5%6 for & re| ae ?e‘?arjrfbmgTWé‘SBeP%‘dtJocfn
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tine is 10 hours or less. I n one enbodi ment, the
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enbodlnent a quantkﬁﬁ_of spent epoxi da |on cat al yst
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sol utions have an amoni um nitrate Concentratlon of
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ansTORtinkFeBi § 5 ah e S 14ld-0Byve SULA 8Bl KridiymaRLUM nitrate
sol uti ons have an ammoni um nitrate concentrati on of 85

% or eS8 PRPUMRRIVantageslst emnfdispent, epheidation

agamiyem Bei &t e Soldddeancha iU
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mai ntai ned for a period of tinme. A suit
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In one enbodi nent, the pellets are to a
XSS UEf N aRRe ANTentaesisol of | Bn sandrhéased agaiam

ad o -8R &t S Llndiom. 80 %&ﬁu%onqgratghgolutlon has an
tenperature is agai n maintained
ammonium nitrate concentration of 0.03 %w.

The resulting slurry is heated at an elevated
temperature of from 80°C to 90°C. In one embodiment, the
elevated temperature is maintained for a period of time. A
suitable period of time is, for example, 1 hour or more. In
one embodiment, the pellets are dried before proceeding. In
one embodiment, the pellets are added to a fresh excess of
ammonium nitrate solution and heated again at a temperature
of from 80°C to 90°C. The temperature is again maintained
for a period of time. Thereafter, the ammonium nitrate
solution is decanted and the catalyst pellets are soaked in
another excess of ammonium nitrate solution at room
temperature (typically from 15 °C to 25°C). In one

embodiment, the room temperature treatment is repeated.
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for a period of time . Thereafter, the amoni um
nitrate solution is decanted and the catal yst pellets

wae@®7o03ked i n anot her excess of anmoni um ni t rBCEUS2006/062391

solution at roomtenperature (typically from1l5 0Cto
25 0C ) . In one enbodi nent, the roomtenperature
treatnent is repeated.It is not necessary to dry the
catal yst before performng the rejuvenation process.
In one enbodi nent, the catalyst is dried, as described
reviqusl.y. -Rejuvenation process The spent
gpoxi giF%nn8£;éﬁ%ﬁﬁsafpr8aPF¥ %@?Icﬁﬁaﬁgéﬂyb%ﬁﬁﬁﬁﬁ se a
beser Aamugt thé SNR@hafebe §Feedssll Mt 8hs. efbbd Mk dthe the
rejuvenation process, additjonal one or nore G oup 11
n%é%ﬂ%¥%§résd@gi%ﬁ¢eﬁf Gfi SEREP_P RS ERRLHat | on
catwshatPhRbEI G A total anount of one or nore
Goup I1 netals on the rejuvenated epoxidation

cat al yS€. SPRBC r¥fUVERALPENCRFLEYS bRy cBélper bk rdgeady

| tsripe @ a0BL §é dencRfntaB rePRYI SAti Ak e8Gh0I1 ddie1s.

rej uvenati on process conprises contacting the spent
PUXidatEnT B A G AT i PROBABS oradfbitd ogeposne i o more Group
M XtAdteS sf aF e d@RQH it cANENOT s SN E HRRABLS A L1 yst,
deposition conditions effective to deposit the one or
IS UIPANEstOFe | e spEnPT epbXi Gatiians €apBapyst metals on
Suid aklievdapesd tdgyximmthedscinglyde, for exanpl e,

i npregnation, ion exchange, and the |ike. Suitable

i npr egh&t FEANHRIHOES PREFaER, NwrbeparpPened abtife or

| S 8GRI OAn a8Yh B8 1 XAl WO+ P! egiatl Lol b oNg, process

enbodi nent, the deposition nethod is inpfegnation.
JIRREHS6 i ARREACHHY déposPebrerretivedirs gakulwst with one

Qﬂp&%&@aHEQQSiSMﬁu%ﬁ&%ﬁ?@gtfgp<ﬂﬁ§ﬁﬁ§§nga8nggx?ngg%9h
or a continuous process . -Depositing Additional oup
CORMYS| UTHeT rd§RARFAON0AOPRDEEYS cdifprises e pbyidsingthe
gl 1Jron8l o 0BS Al JTRLE £ GE OUPe il dBREALS £ 06, 204 44 Anal
(ggiég£lgoégposition methods include, for example,
impregnation, ion exchange, and the like. Suitable
impregnation methods include, for example, vacuum
impregnation and pore volume impregnation. In one
embodiment, the deposition method is impregnation. In one
embodiment, the deposition method is vacuum impregnation.

The rejuvenation process can be a batch or a continuous
process.

—Depositing Additional Group 11 Metal

The rejuvenation process comprises depositing additional
one or more Group 11 metals or additional one or more
cationic Group 11 metal components on the spent epoxidation
catalyst. 1In an advantageous embodiment, the rejuvenation
process further comprises depositing one or more rejuvenating
promoter components on the spent epoxidation catalyst
together with or subsequent to the deposition of the

additional Group 11 metal(s) or the additional cationic Group



cationic Goup 11 netal conponents on the spent
epoxi dation catal yst. In an advant ageous enbodi nent,
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one or nore rejuvenating pronoter conponents on the

spent epoxi dation catalyst together with or subsequent
to the deposition of the additional G oup 11 netal (s)
or the additional cationic Goupll netal conponent (s)
, and, if additional cationic C}oup 11 netal conponent

ited, redu |ng | eas ortlon of the
TR oRRPPERE (2 oy Gap 158 net i Do Rent op L Group 11
Atk i @fbﬁipo@éﬁﬂplé]ddﬁisalteHﬁYr@@uéjﬁ@%dtt 8da8h $heortion of
ent gxldatlon cataI% st by contacting the spent
%&& adjé’tnll ORNEAt SRV G CROHR” SH 1Y n&0MePBapt flf.’L net al
deposizddan i Bhxl UGJ&)L%DVIF?J et BY Ray WL LRRLEINGA%Ghe spent
dIS ersed G-ou or exanple a Group 11 netal

metal , f
X%lﬁ’@wﬁ@gﬁb&fﬁ@m COFACT oY fés@ar%@e@tbypomdatlon

Q%ﬁﬁﬂ@%ﬁlQﬁthmﬁh|£ﬁdfﬁibhﬁg theugddi tienal 9oy ddh mixture
metal on the spent epoxidation catalyst. In an

SRR SgEGu e éhﬁ%&ﬁrﬁﬂﬂ?alﬁhggd%b%EﬁR%QQnGﬁP%Pu%% qjefeg, for

SOlditd1en 206 6QPPOUNEE 207 s60NPALX SSernt TR $hBU1 IR€iq, for
addi tional one or nore Goup 11 netal In an

SFuEVERPER st Whihe heryinoridle efdipianaimiirgup 11

et VoI thandpd e HeRQshiion ML i g2 aﬁ'é&%ﬁntageous
deposition m xture. In this enbodiment, the silver

RIFSSHETeEH - nf Re LFRPYETEPAI P F8ra isolausPdnt tomprd siawpounds
ane dUmp'I@E{%ssbbﬁfﬁflscl‘?@@ﬂ@d§d@{t§drla\ﬁ.e oneORP! Iﬁeﬁfeé GrteN 11

deposition nmay be carried out nore than once
‘e two tinmes or three tinmes, to acconplish the

depositti @R Q&vénﬁ%ﬁ%dﬁ%deﬁgggfﬁeﬁg 4§QJ%589§LOS%f“&}5HL 11

metal . The additional Group 11 netal deposi tion
ek éSmay- L ¥ehprikek tAgdiepoett igudh xasirdi $per saintver

amgao%tl%%w %@g«éuree‘v‘»ucftna@ﬂa&,'g@% odEBerle LaEOYed, af ter

removal of th uid, by heating'for exanple at a
t@ﬁ?@l’létl@ﬁeméﬁtw%rgel@@atléYSJD@ PGolutiopartierd sind room or

IRt d 31298 0Compdih @ okcNEE | v&F MDSNRERs . f or

Such deposition may be carried out more than once, for
example two times or three times, to accomplish the
deposition of a desired amount of additional Group 11 metal.
The additional Group 11 metal deposition mixture may comprise
additives, such as dispersants and stabilizers. Such
additives may be removed after the removal of the liquid, by
heating for example at a temperature of from 100 to 300 °C,
in particular from 150 to 250 °C, in an inert atmosphere, for
example in nitrogen or argon, or in an oxygen containing
atmospheré, for example air or a mixture comprising oxygen
and argon.

Additional one or more cationic Group 11 metal
components may be deposited on the spent epoxidation catalyst
using the procedures described above for the one or more

additional Group 11 metals. A reducing agent may be applied
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exanple in nitrogen or argon, or in an oxygen
contai ni ng at nosphere, for exanple air or a m xture
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cationic Goup 11 netal conponents nmay be deposited on
the spent epoxidation catal yst using the procedures
descri bed above for the one or nore additional G oup
11 netals. A reduci ng agent may be appliedprior to,
together with or after the additional cationic Goup

11 de Slt xture Typically, the additiona
SiEn s o SARThAT dHS I 6RERF Y Goray LEDRpr FeEianie
aclebidg Qmaheﬁagwmn: n@a@upell metal conponent and a
redumggﬁﬁ in whjich case renpving the |iquid and

per f or }éﬂuc??%n?49ité9nﬁéa%§t%PW%%W@KSHPoilt?ﬁPOSltlon

agidithirenahy Cabiye e @reUpddic IBtal GRNREAGNE-HBY P metal
acconpl i shed sinul taneously. Such deposition may be

OGS URD DT ef SHH TGN @8N E or L xdiipile CEWE FPR@SLins the
t A dt bBSpet HoARGRAIRIHSRLLHE SepasidQr Qf p@rgféd r8d the

anpunt. of _additional cationic Goup 11 netal

RRAIOREL Eé?%%ﬁﬁ?:QEQE@p1ilm%&ﬁ%ﬂCQﬂﬂﬂ&§ﬁénFaYn%@udes
f Qfcpanphead as RN R 6d ogu&@raﬂp%%ql%%gylée carried

nmetal salt, in particular, a cationic Goup 1
RHRIMOERI HBAR oPPFRX . LR EERTPHR WquHléle@oﬁﬁoﬁ@ﬁ@e Hzignes, to

beaibripg Y edne t fpd JYiegnated sheteLRA%LARt bPMNgditional
catal yst may be heated at a tenperature of from 100 to

ot-igeic FrOpartt datEl f r dhe 158 it BEE getionhe dproup 11

imerdy abRpsSRbsF emélq;de%xa@fgkeeié}a@et fO%H QBmI?I&QéH el
in an oxygen contal nin at m)sphere for exanple alr or

LHNCHEE EBAPP i 51 TP toxy Geht anth a3yor.cuthe, heatdrgpnic

Whidup hA QePsiadmi &f feel1bhe reduction of at least a
portlon of the additional cationic Goup 11

met al AafPRetRonpl@xid Beapphest giadtdeonicencredp e
r@rt@legm@a gg@@p& EXRS ia %leatageudl G <& Qup d ABLAlg ta

| exed wit nmonoam ne or a difam ne; in particu
d*TW@IQF%VPeﬁﬁ B i 8. tExanpl Es of Q@Ft%@ﬂkﬁr from 150 to

300 °C, in an inert atmosphere, for example in nitrogen or
argon, or in an oxygen containing atmosphere, for example air
or a mixture comprising oxygen and argon. The heating will,
in general, effect the reduction of at least a portion of the
additional cationic Group 11 metal-amine complex. Examples
of cationic Group 1l metal-amine complexes are cationic Group
11 metal complexed with a monoamine or a diamine, in
particular a 1,2-alkylene diamine. Examples of suitable
amines are ethylene diamine, 1,2-propylene diamine, 2,3-
butylene diamine, and ethanol amine. Higher amines may be
used, such as, for example, triamines, tetraamines, and
pentaamines. Examples of reducing agents are oxalates,
lactates and formaldehyde.

For further particulars of cationic Group 11 deposition
mixtures comprising cationic Group 11 metal-amine complex and

a reducing agent, reference may be made to US-A-5380697, US-
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tetraam nes, and pentaam nes. Exanpl es of reducing
agents are oxal ates, lactates and formal dehyde. For
further particulars of cationic Goup 11 deposition

m xtures conprising cationic Goup 11 netal -am ne
conpl ex and a reducing agent, reference nay be nade to

57 23080087 P ER Lo T I507 006 Tibr aitriopy are
r ehes e tedAnpaei h by ard Acrag¢ant ageous addi ti onal
silver d%gpsition m xture includes, for exanple, a

sol ut ibPTGAFHIEF hY AYHRTGAGFINS cATF bt adli Syéer deposition

Rt 2t uddife 16688 eXor Theapieparatsd Ok Qfn @dmprising
advant agequs cationic silver netal -am ne conpl ex
sBRt 5 als CaELEPT Betf + FRERSBl s2Ri Ne THRIPAGN -t | Bhal

SphygsirHapRASblEl B8R Sh¥d M LdonsCeat 86t £d Witk t RersPeMine
epoxi dation catalyst . The contact tinme may vary.

StPPRHe SOGHEAEE 15 neRSFHASdén FHrmRdardl e, 1 ninute

Of NDI'the lBIQRECREDOS TRIN cbB8 1 €OMM it td® kS cdftacted
hours or | ess. The tenperature and pressure may vary.

| Hi6h e RentFBEP e APOX iR e TheR L8 ok - | The Herdpeki Bame orRY

reasy Or itaut sl denPict haRROXLABLAON FRaCklkp1tNe ninute
spent epoxidation catalyst is evacuated for a period

oPT t T -befdr 818 offRed 1Ry  hEhg pepr taPoXiiagt ilen24 hours or

Cabad yStrnal £BmBBLaOhrdY R deRASLHEL Gy Yr €S
descri bed herein. In one enbodi nent, the Spent
epoxi d&t 99 ERParyRents BigBUBPEACE@ Y dds tHsaaP?BDdam on

Hoe 4@t JPOSRNBLES 1 BE ESBWIR) epokRa9PEs£MRdigeNt 1t h%)_%nt
spent epoxidation catalyst Is evacuated to 250 mm

ofPPEsEtiopncahalenholl M atRd Spem resdwddafi bhme before
C@éﬁ@éﬁﬂiﬂgstﬁgagﬂéﬁéﬁkﬂd&faggigHWEﬁkéﬁ&%t?%ﬁthlBn@ngr more

enbodi ment’, the Spent ‘epoxidation catalyst iIs
edaRUBTE@t Birthpe HlotCHied. hepebme enbodi ment, the

SPent 1 one embodiment, the spent epoxidation catalyst is
evacuated to less than 760 mm Hg (atmospheric pressure). In
one embodiment, the spent epoxidation catalyst is evacuated
to 250 mm Hg or less. In one embodiment, the spent
epoxidation catalyst is evacuated to 200 mm Hg or less. 1In
one embodiment, the spent epoxidation catalyst is evacuated
to 1 mm Hg or more. In one embodiment, the spent
epoxidation catalyst is evacuated to 5 mm Hg or more. In
one embodiment, the spent epoxidation catalyst is evacuated
to 10 mm Hg or more. Advantageously, the spent epoxidation
catalyst is evacuated to 20 mm Hg or more.

In this embodiment, the deposition mixture is contacted
with the carrier material after the spent epoxidation
catalyst is evacuated. The vacuum may be released before
contacting the spent epoxidation catalyst with the deposition

mixture. In one embodiment, the vacuum is maintained while

12
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I n one enbodi nent, the spent epoxidation catalyst is
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spent epoxidation catalyst is evacuated to 20 nmm Hg or
nore. In this enbodi nent, the deposition mxture is
contacted with the carrier material after the spent
epoxi dation catal yst is evacuated. The vacuum rmay be
rel eased before contacting the spent epoxidation

catalyst with the deposition mxture. In one

P8 i b PR S A S LA nt & G ARHEAOTRER SR

epepd diatiodnneat @ty st 1rs +¢08t aebedinddt) theedepestddiohg tne
mxture. In this enbodi nent, after contacting the

SR &pokiaation et Wik nthh Sargsdsipronixture, the
xdwine,ist heryasaum i s rel eased. The spent epoxi dation
catal yst may be maintained in contact with the
depositiCoRPRI &t SRR 190c AT ALY SherroPes BRENER EIRA tigy

| ppiegiate thhend UG iR ibRemsRente eRxidabhen:£ %%liyo%f
Wi th the deposition m xture, producing an internedl ate

sPEhti @Fo%i Bat 1B LHeHy $1e RS S pigtitiiec SBBRE agpoxidation

pedi 00, sgenet Bl { e iRl ciBhehi & uid theqpPrgIRat i on.
A typical contact period is 30 seconds or nofe. As a
pIEEIEA ahat RN 1aROxddataer prrdlottgendhal Ppe¢siione

NESUHLt0HePREE - gdrib RNe veRROHL Bl v o 1ihe EgnEﬂgtiﬁﬁgééﬁgtion.
is 3 mnutes or nore . The internmedi ate spent
HIRIZeLoROR R A et Livly 1Be38 epreanicsd ofr BATexcekS a
Cg%&ﬁﬂﬂdaQnm§Q$éﬂ)(HhéJ§bﬂga§EyP§¥§8M1d@%%?gglyF?% one minute
exanpl e, excess deposition mXxture sinply nay be

dECAMEEd of N dPRf REPOPESRPE het kot @mteditaperspénts 3 minutes
epoxigdati on catal yst. For nore rapid separation,

excess deposition mxture may be renoved by nechani cal
means.ThSui-papreediedifaniceal apantddticinudetshaki npy be

Qﬁﬁk&ﬁ&@giEganng%@edEbggitE$f dternedi gl € %%ggtnown
epoxi dation catalyst may be allowed to dry or kbe
3Foed t BodrsFaPlcongikteepsdeposition mixture simply may be

decanted or drained from the intermediate spent epoxidation
catalyst. For more rapid separation, excess deposition
mixture may be removed by mechanical means. Suitable
mechanical means include shaking, centrifuging, and the like.
The intermediate spent epoxidation catalyst may be allowed to
dry or may be exposed to drying conditions.

As an alternative, or in addition, additional Group 11
metal may be deposited on the spent epoxidation catalyst by
vapor deposition techniques known in the art.

Where the additional Group 11 metal deposited during the
rejuvenation process is silver, the amount of additional
silver deposited on the spent epoxidation catalyst generally
is 0.2 %w or more, based on the total weight of the spent
epoxidation catalyst. In one embodiment, the amount of
additional silver may be 0.5 %w or more, based on the weight

of the spent epoxidation catalyst. In one embodiment, the
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A s an alternative, or in addition, additional G oup
11 nmetal nay be deposited on the spent epoxidation

W@ a00al0ysP0 by vapor deposition techni ques knownPCTUs19e6/062391

art. Where the additional Goup 11 netal deposited

during the rejuvenation process is silver, the anount

of additional silver deposited on the spent

epoxi dation catal yst generally is 0.2 %w or nore,

based on the total weight of the spent epoxidation

catal yst. | n one enbodinment, the anmount of additiona
TR iy B8 OR ORTGR RorEeE B HeCReTgtt, droed on
tire speRhtrepoxt@atig@htcabakysitidd e 1erbodi MeNdne

th aqpunt of the additional silver may be_ 1 %wv or .
rﬁdﬁéo Hedéd bRt HPRAST Gt TBf *ESLEIIRL spoxpadtdbPe 5 Bw

cat alofsl, babBaose ©EbediERAt of the AP e@bxidf: ion

addi tional silver may be 5 %v or nore, based on the

WA 'GHY S t A SPRTREIORPREL | BRC caltnfsef pRdbeonal silver
o H BNy bRenaDUMasel additd apalgrsl byetndvy,hig 8

%w or. nore, based on the weight of_f%e spent

PREFRGOR catatysk-. FR BRe HbHitRTY, thReBRihtoTof
addhtdionah skhver By vhe180sMPdIY, e pabagedh dhd R ignt
ME|35{ of the spent epoxidation catalyst. In one

b ddignBReRtt AROBRHAATHO oF2R8HY §F onadln $ineyerbegyimandt 1 Zhe

VAN tTRIFE a B B8 L6h AN tihgeWehghtLof1 4 RE SPeRbre, based on
epoxi dation catalyst. -Depositing rejuvenating rhenium

THE reiePenati b piRseEs SParsdAhEsP (BiiglivsE - deposi ti ng
rhepidsmn: iWaergjhRanitumy snhdgpP@gi ted during the ,
rejuvenation process, the anount of additional rhenium
deposifiéd *PEUF et PFECREP et hSagnathe ompel paivigrasing ng
rhRHWm." TherdepesiitinOR s0fief8: LVENRLINY T PROT M R st ion
be effected prior to, together wth or subsequent to

i s ithF oA O ladtli BAGRBICGbuRert uretlgPopfted is
CaldQNicE @aog&éﬂn B! ke COPOREIN 4+ iRE) %gﬁ%ﬂg

rheni um may be deposited using the procedures
descr ilbed dapevet far cdepedivengt bre denfomendy dep effffected

rggﬁgrsto, together with or subsequent to the deposition of
additional Group 11 metal or cationic Group 11 metal
component. Rejuvenating rhenium may be deposited using the
procedures described above for depositing one or more Group
11 metals.

In particular embodiments, the rejuvenating rhenium
deposition mixture may be kept in contact with the spent
epoxidation catalyst for a period of time before removing the
diluent. The duration of the contact period is not material.
In one embodiment, the contact period is 24 hours or less.

In one embodiment, the contact period is 5 hours or less. In
one embodiment, the contact period is 0.05 hrs or more. In
one embodiment, the contact period is 0.25 hours or more.

In an advantageous embodiment, the spent epoxidation
catalyst is evacuated as previously described and thereafter

contacted with the rejuvenating rhenium mixture. In this
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In particular enbodi nents, the rejuvenating rheni um
deposition m xture nmay be kept in contact with the
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renovi ng the diluent. The duration of the contact
period is not material. In one enbodi nent, the contact
period is 24 hours or less. In one enbodi nent, the
contact period is 5 hours or less. In one enbodi nent,
the contact period is 0.05 hrs or nore. In one

enmbodj.ment, e contact period is 0.25 hours or nore.
I%géﬁéﬁ$$? htgg%oﬁ§ﬂgﬁﬁb&FW§n??yt?ﬁa%ﬂﬂﬁ%?néﬁoxia%ﬁion
Cednedetsic urs RMacHatedl tas opr &y auskyrdescribet, ad range of

t hereafter ntacted with the rejuvenating rheni um
§%$ﬁ@.%9n%$hﬁ%enbodinent, the contact time may be

shor t ene@dablberd pEpalatinger FBY1 B hikth@ 25t 0Fical My
particular in the range of from10 to 80 OC . Suitable
reJ R4t ThG FREWTTAATIDG GRERIYY FHcqlyedoRpr fserenied in

r&) unpalisngigheai uBudicssobvegnesudisRerisedi hh1ddk, for
aqueous liquid. Suitable aqueous |iquids include, for

SERTBIE, WEFBF OF 3h SFyGeBEsCRIYAT Cidivenént . SSLFakis e

ageQls ofkganie &Hlweitss ihpehdde, rd0le: @3Bl €a Rixture of
m xture of water and one or nore of nethanof, et hanol ,
FHFGRY PEBpPOPEIGT CTadetBReol ore sty erppanol,

keidpiepahbe, f 98t b W Chet Be1 r&lmenationd .1 NeRi up Ry
be deposited is not material to the invention. For
SKHS EPet ReTPEpReidt iFAgRE AB T kfayepgist &byl penot

prdded 28 8Re OxhflhQlondS ABr YA, char (B &1 ng
as a rhenate or a:ferrhenate, in salt or acid form An

RPN E B8 SBHF M HOrPef GFouePdediat My ejideenat #hgn
r8RInin, S £8P @msﬁméamaeearilﬁ&%@e s ut bgerhgng%i,gg@]t salt

epoxi dati on catal yst may or may not conprise a
&R £ OF Reni M adMP@ tageons oL ytejaiy érat Aagoshekiaum

C%Ejd%@%%kxngepﬂéﬁi&ﬁiﬁ%e%ﬁréﬁkahi&ﬁ(kékr%gﬂkﬁékgofﬁtfgﬁle
of the rejuvenated epoxidation catalyst. [n one
errbodiTﬁ?@ntSPeflheemﬂfﬁtl@fl fef aleHatiayg orheay unet scaprise a

ple/kg et BBr enOfi dih® The amount of rejuvenating rhenium
optionally deposited generally is 0.1 mmole/kg or more of the

rejuvenated epoxidation catalyst. In one embodiment, the
amount of rejuvenating rhenium is 2 mmole/kg or more of the
rejuvenated epoxidation catalyst. In one embodiment, the
amount of rejuvenating rhenium is 50 mmole/kg or less of the
rejuvenated epoxidation catalyst. In one embodiment, the
amount of rejuvenating rhenium is 20 mmole/kg or less of the
rejuvenated epoxidation catalyst. Amounts are expressed
herein as mmole/kg and pmol/gm. Since 1 mmole/kg = 1 umol/g,
the numbers will be the same regardless of whether the
content is expressed in terms of pmol/g or mmole/kg.

The deposition may be carried out more than once, for
example two times or three times, to accomplish the

deposition of a desired amount of rejuvenating rhenium.
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rej uvenat ed epoxi dation catalyst. In one enbodi nment,
t he anount of rejuvenating rheniumis 50 mmol e/ kg or
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enbodi nent, the anmount of rejuvenating rheniumis 20
nmol e/ kg or |l ess of the rejuvenated epoxi dation

catal yst. Anounts are expressed herein as mmol e/ kg and
nmmol/gm Since 1 mole/kg = 1 mmol /g, the nunbers wl |
be the sane regardl ess of whether the content is

expressed in terns of mmol/g or mmol e/ kg. The
TR ST 95 dip SR AE B GRRE RS ESS or

exanplend WpehitNepoRLddtHRE chit BBGst I ACEOMRl $Btt BSrprise a
degosition of a desired anmount of rejuvenating _ _

r R AR BEPOSi PPRAGCOTR ST CRBFemPefiRendiisfg Theniun is
Copr&4m} @resthe sRefte edrtdabbRa LBt Yt ATY £ Ok ndBY:

not conprjse a base anmount of one or nore copronoters.
VME?ESﬂﬁﬁﬁWﬁﬁ?F%“ﬁl?%%vabﬂéséﬁPo%%FT%éﬂéﬁéﬁtSpent

epek taition @at:ah%&t, anfll o jWhere: {81 Ynenaldsngaheniym

I's deposited on the spent epoxidation catalyst, the
r%PTRE&ﬁﬁiQ§ﬁ°6FB&%@sa?m%ﬂ@ﬂﬁéenéénﬁﬁ?%ﬁi(ﬂﬁ3§§ﬁtpﬁgméﬁﬁ
addibanali namedahi @h QNS RHot8PE €of ef Y eNAHNG  HReAL B,
copronoters on the spent epoxidation catalyst . In
pﬁ??@kﬁﬂﬁr, when the spent epoxidation catalyst

conpr i §epakReBLYAY, thefatal ¥ptnadyant A08Qus| ¥alBYy st

al so conprise a rejuvenating rheni um copronoter
SEPTRIBE S EPaVer#t | Hef rdrilUAT coPY TN RS Shay mpE also
sebgst 8t far 0@ GOERINENY S-HeRTRh! 89t & eMBAt +ap1e

sel ected fromtungsten, chrom um™ nol ybdenum sul fur
pﬁ%@%%,ngbéhéﬁ%u%nﬁﬁﬁ%loﬁﬁéé ff‘%ér]_%%fs.ellﬂrcéﬁér abby,

t BSmp SldAt@NaLIRY1 § N8N UMLRREARDE & o diS SR efnfLom,
conponents conprising tungsten, chromum nol ybdénum
sOPFUPL UBnAORY REGRES, thelfew! . PRavREeolsinpn, t Aed mixtures
r@h&M&ﬁﬁt!ﬁgeEQEQbPQQQQH§QQBE€EnQEHﬁH'fﬂ%%ih%ngé §8moter is
The deposition of rejuvenating copronoter conponhents
el e ast ffsemedoppeRRn o, compyes hey Windsten,sgbseyiemt

tﬁoi§ﬁaenum, sulfur, and mixtures thereof. Advantageously,

the rejuvenating rhenium copromoter comprises tungsten.

The deposition of rejuvenating copromoter components may
be effected prior to, together with or subsequent to the
deposition of one or more additional Group 11 metals or
additional cationic Group 11 metal components and/or optional
rejuvenating promoter components using the deposition
procedures and liguids described above with respect to
rhenium.

The form in which the rejuvenating copromoter component
may be deposited is not material to the invention. For
example, the rejuvenating copromoter component suitably may
be provided as an oxide or as an oxyanion, in salt or acid
form. For example, the rejuvenating copromoter component may
be provided as a tungstate, a chromate, a molybdate, a

sulfate, or a combination thereof. An advantageous
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the deposition procedures and |iquids described above
with respect to rhenium The formin which the

rej uvenati ng copronoter conponent nmay be deposited is
not material to the invention. For exanple, the
rejuvenating copronoter conponent suitably may be

pr ovi an _oxi de or an_oxyanj on, salt or, |
e S Reo PoRRuii . ReRTertyanaiing Cop OrBoRIting
coupesedi d@&ﬁrb@e@rahﬂahména&matﬁhﬁﬁﬁﬁﬁﬁ‘%ol@tﬁbﬂonate

a nol yhdate, a sulf or a_conbi nati on thereof. An

advant 9§P8fb9%ﬁaﬁiﬁﬁ“&éﬁ?%nﬁ?%@tﬂebéglFPSnrﬁﬂ&YQﬁ%ilng

f@épﬁﬁﬁﬁ%ﬁrthBQOt@DQﬁﬁdﬂéﬂ%§”ﬁElﬁ@ﬁefﬂbé§@@p6huﬂhe weight of
tun%state sol uti on osited, a suitab

(BRI ITGALRE o WEtiat iSRG CBOPE Bhetierhos DgSBY of pore
nﬂﬁ@ﬁ%dﬁhﬂﬁbnﬁefetm@&ﬁﬁgmp@pr@dH%ﬂéH“cd@él&@% In one

rej uvenated cataly cal cul ated on the basis of pore

i| AP XGHE o EBE i‘rf‘fe”étpé}ﬁ °8FBxF BAF YR tdATalrgBE ot 0-1
%ﬁﬂ&@h@@ﬁbx hhee P UHe Qfan@aBhst €] UVEBNRneNGmEORE AEME et he
is 0.1 nmmole/kg or nore on the sane basis. In one
eABOH et SafRer ANBIRTA G Je SERT PBP LR A i4RgMEepe OFdter less
| §n 401 d k) Kds 08 . | 85N kB8 $ALE: PaHeS anblnPNEs each
enbodi ment, the amount of each rej uvenating copronot er

i 5 DOVIRASIEOK §OBFONRUY 6 LRemsake/ isasits LeSsDeposhe | Tre
Cyggig' More Rejuvenating Further Elenents The

reﬁuvenatlon process may al so conprise depositing one
@EQ%#ﬁ%Q&nQH%n@E MgﬁﬁnaegyﬁﬁnaﬁhanEgﬁﬁherrBﬂemeeﬁﬁ| ng

furtheﬂmﬁE%H§9é§aéHbﬁIﬁ%d%@%@tm§§Q§hQ§QkQ@r§§Ea&¥§531t1ng
The spent epoxidation catalyst may or may not conprise
aCPRASE AFEENEOBPORE DIFONEr LABRE Fng tdremoskenehtsenating
Ebi0i ke erlemexemﬂ N d Wibher es&@ml%ﬁr@étg%el echid

fromthe group of nitrogen, fluorine fals
aPRe G mpoxidation catalyst may or may not comprise a base

amount of the one or more further elements.

Eligible rejuvenating further elements may be selected
from the group of nitrogen, fluorine, alkali metals, alkaline
earth metals, titanium, hafnium, zirconium, wvanadium,
thallium, thorium, tantalum, niobium, gallium, germanium, and
mixtures thereof. Preferred rejuvenating alkali metals are
selected from sodium, lithium, potassium, rubidium, cesium,
and mixtures thereof. Most preferred rejuvenating alkali
metals are selected from lithium, potassium, cesium, and
mixtures thereof. Preferred rejuvenating alkaline earth
metals are selected from calcium, magnesium, barium, and
mixtures thereof.

The rejuvenating further elements optionally may be
deposited in any form. For example, salts of rejuvenating
alkali metals and/or rejuvenating alkaline earth metals are

suitable. Suitable liquid rejuvenating further element
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earth netals, titanium hafnium zirconium vanadi um
thallium thorium tantalum niobium gallium

w@eonani3gm and m xtures thereof. Preferred  PCT/US2006/062391

rejuvenating alkali nmetals are selected from sodi um
l'ithium potassium rubidium cesium and m xtures
thereof. Most preferred rejuvenating alkali netals are
selected fromlithium potassium cesium and m xtures
thereof Preferred rejuvenating alkaline earth netals
r e sel ected,.from cal ci UHE nesi um barium and
irGveh

%Rolfﬁe%ot“hwé $ ESTRETPE % i HYRGEOREF ) eF¥RRINt g one

ot in@i@l ey joreyndeideFosiched Eleddt § AiRsoboEd XMl Sersed
salts of re uvenatlng al kali netals and/or

g} WeRSEPRYS at kit ithe f04r BREWRE %I 8 tate OSURR aB@eOUs organic

i hapite lshehi gs rej-uveBabl80a el ihigle elrefBriAepQsidion
m xtures conprise the conponent (S) conprising one or

TS 4] 0¢ERaPPhy FherRér BreR®Mls disoesPrac-br
i pehsee ol fr &R, ?égﬂ?qeeel HayEsh, fé?!hy%%@%@ya@i Q{m%fthyl

an aqueous | uent, such for exarrp

i XS e d&f‘—‘tWé?%?e SHd cOhedReRBY b e‘cﬁheﬁ?et ﬁamethyleﬁqmwmlde,

Rl ori S8PKEPAIG1 k@%éﬁ@ydrﬂ{éﬂd@&ongbMﬁ% be
gl ycal , ethylene l'ycol dinmethyl ether, diethylene

JHaFEaIeSdPHEL ROTe diftfdr OngPnef Py | Forirde d80 htetDRr dhree

e, @bhybckeione. cRBeqadeposiidon By be: £a rd g Qut e
mor e t han once, for exanple two tinmes or three tines,

{118 COBRPPPE R (% heeUERA ST BY oRh o f T &) Wieshtédg afieureof
thiRneoRRONEAt  £:9)2tGRRYL 1 Sknged e %o&hﬁ%ﬂéﬁt@gc&w’rtl@qgg one

el enent s. Alternatlvely, di fferent conponents
OPESi AGLbrecnr nroEeHPE ey et therueéanehy Mawr tdser

lgymntsandy berderesi bedok i dif foi %@t deposition

steps . In an advant ageous enbodi ne t he
r ej uv@RafRng YaiHatsous| ereatinkiPosithicone i xenatE four ther

QQ@Q%%E'89p6§LQM§P%ﬁkEQrQ'§@E d §¥ﬁ§n8ngé venating alkali
rejuvenati ng al kal ine earth mi‘t%f‘Ot are rret?ffrl % C}: )?3

t@ﬂﬁoﬁ§d/04Tﬁ$1ﬁﬂ%&§ﬁ@hgnabkab@hm@mehhsmetWQH|amen@etal
tRRiral H¥eB8at i ithns .

The deposition of components comprising the rejuvenating
further elements may be effected prior to, together with or
subsequent to the deposition of additional Group 11 metal or
additional cationic Group 11 metal component; prior to,
together with or subsequent to the optional deposition of
rejuvenating rhenium; and, prior to, together with or
subsequent to the optional deposition of the rejuvenating
copromoter components. The procedures described above also
apply to the deposition of the one or more rejuvenating
further elements.

The quantities of various rejuvenating further elements
that may be deposited on the spent epoxidation catalyst are
described below. As used herein, unless otherwise specified,
the quantity of alkali metal present in an epoxidation

catalyst is deemed to be the quantity insofar as it can be
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conmponent; prior to, together with or subsequent to

t he optional deposition of rejuvenating rhenium and,
prior to, together with or subsequent to the optiona
deposition of the rejuvenating copronoter conponents.
The procedures descri bed above al so apply to the
ngPSItlon of t e ar e rejuvenating further

R 1 1 Eﬁ%nﬁ%l@téf’nvﬁ? Yej dVENnSEFRRFELON

fguﬁdx@rll@l efedl et hatcompvhagdeposy terd Rratihet Sﬂem‘s g of
@og datol on_catal yst are described below. A s used
her

SuRPEE5TOF hEh G EpERI PT & Ak dqligATI pinGfin the

%}Kﬂdcmh@ rPLESEIE ndtaaB BPOXS Ot | Dk reahah¥shod S for
deened to be the quantity insofar as it can

b%@&%ﬁg&mﬂpom%@@ﬁ&xﬁaswaﬁsmzfal yst. The

ext r agtsi @@e@eH@f@iﬂly dril‘é@lng’éhé&x@i%\ﬁe%ngeé 9 quantity
catal st in 25 wt . % solution of sodium

&fid eaég% rIPﬁtrﬁln §TPRCPhelBat AROXLABTE RN evalRLYSt 1s

rwé@leﬁ Ry, usi BBe agldl@WtyTRLBOEar fOY jexanpl cab @M Loted from
absorption spectroscopy. A s used herein, unless

ot!HerihoFd deheert Poieh L itHe vghant § t 5 ofitalieaprh@ dardqrionized

meier present °d n ameepekkdatian eahahy shvbsddeeBd bRing a
be the quantity insofar as it can be extracted from

t H FEaxiSaEPLBNOE bl \Fetawr bR 10 oadlHingr iiE Wbl @ f.00 ml

deshioinzed Wat o @te. Q0 0Cy. rdhes@XtiAGkison method ;
i nvol ves extracting a 10-gram sanple of the catal yst

b3 bot KPRY PRIAWPRFPE GO It pblR e | ST CH0 coir AP T i e
akd 10 %@tglguﬁfsuéihga%nkno&mE%eé%%h 3 ekPat 8the atomic

determning in the conbi ned extracts the relevant
MR IEPIUSPAGE BOKFRIWN B Rogxafvre exdrphehareriass,

icQnsisp _ of; ;s
S 2401 SPBSLS S, AT LA

i ifgGYipoPat E8TREPREN: by reference. Wth the exception
of |'hﬂh%”khéh§xé€5HHHh of lithium, the amount of

rejuvenating further elements may be 0.1 mmole/kg or more of
the rejuvenated epoxidation catalyst. In one embodiment, the
amount of rejuvenating further elements is 50 mmole/kg or
less of the rejuvenated epoxidation catalyst.

When the rejuvenating further element comprises one or
more alkali metal, the total amount of rejuvenating alkali
metal with the exception of lithium generally is 0.1 mmole/kg
or more of the rejuvenated epoxidation catalyst. In one
embodiment, the total amount of rejuvenating alkali metal
other than lithium on the rejuvenated epoxidation catalyst is
0.2 mmole/kg or more of the rejuvenated epoxidation catalyst.
In one embodiment, the total amount of rejuvenating alkali
metal other than lithium on the rejuvenated epoxidation
catalyst is 50 mmole/kg or less of the rejuvenated

epoxidation catalyst. In one embodiment, the total amount of
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el enments is 50 mvl e/ kg or |ess of the rejuvenated
epoxi dation catal yst. When the rejuvenating further

el ement conprises one or nore alkali netal, the total
anmount of rejuvenating alkali nmetal with the exception
of lithiumgenerally is 0.1 mmvle/kg or nore of the

Ee Y PR TR CRRES 6T S harT nep o KA &R BRRer

tfmjudelnehwrrep@xichwt:rcej weenay st Bp@J aaiolenkgabal ¥&ds of
nore .of the re% uvenat ed epoxi dati on

is 0.2 molelk

c%tfealﬁpvepﬁéﬁﬁee%%djcﬁt&é’ﬁt CatfeYiotal amount of

rej uvematengiahkah iidmisald ebhgrrémddttlﬂgum@ali h@etal
re uvenat ed epoxi dati on cataly Is 50 mmol e/ kg

S WF-athane ?Ev%fna‘feeﬂlv@ﬁéﬂﬂ%\t}wjdﬁt iy dt mm%eﬁ’r% or

ertmcg:llorferahe thgui ot al et a9t 16 Weanatisg akkabie
nmetal other than |lithiumon the rejuvenated

ePURUELIEn EAE atYst iFG bl &7 RY B2 Hegs LéEhiwe 1s 100

rehsieenat ed epoxi slatin reghabystea WiRkEbRI MRS st .
used as a rejuvenating alkali nmetal, the total anount

of rej'AeERat PAGY TR HiEMGeS 1M ni | WRAS 16 omp RS oRiqyE OF

r e yinenatedgepoxigation qakabystig |dr ereccBbodigent,
the total amount of rejuvenating ?Ithl umis 100

ol B79eg ter PE%%l%EftJt% ‘Péphyehat e EPExicaRPASRENE, the

catSbr YWoereef Lt Lupnaking £§So Lunmleeme%k%ré RE the
amount of rej uvenat i ng cesi um is O nor e

ofe THE P& Ry BRGT PR kX i CaRPLBAT cat%n ydte epRogieent, the

eshadicnert retihee s i LRI YY Nl &8SbYMhbSe b2 the
mmol e/ kg or nore of the rejuvenated epoxidation

CEY AHYPEECefneBAE EHp FefielYFhe anummeopmbodiment, the

r &hdMRNBLET PO GEShAM A kTR £ k@o %di%r/%goertbgss of the
rej uvenat ed epoxi dation catalyst. In one énbodi nent,

t F ipan e doPP PR} (eIt 9§ 28E8F um Is BG erbPeikeplor the
| SasurRf otfheegeaf@e{%ge%%e%l dation, catahystr 180N the

enbodi nment
rejuvenated epoxidation catalyst. In one embodiment, the

amount of rejuvenating cesium is 10 mmole/kg or less of the
rejuvenated epoxidation catalyst.

Where rejuvenating alkaline earth metal is added, an
advantageous amount of rejuvenating alkaline earth metal is 1
mmole/kg or more of the rejuvenated epoxidation catalyst.

In one embodiment, the amount of rejuvenating alkaline earth
metal is 100 mmole/kg or less of the rejuvenated epoxidation
catalyst.

Methods for depositing Group 11 metal, rhenium,
copromoter components, and one or more component comprising a
further element on a carrier material are known in the art
and such methods may be applied in the practice of the
rejuvenation process. For examples of such methods,

reference may be made to US-A-5380697, US-A-5739075, EP-A-
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nol e/ kg or |l ess of the rejuvenated epoxi dation

catal yst. Wiere rejuvenating alkaline earth netal is
added, an advant ageous anount of rejuvenating al kaline
earth metal is 1 mmole/kg or nore of the rejuvenated
epoxi dation catalyst. In one enbodi nent, the anmount of

LB Lo SRR B L TR Bl 00 TR K3 2L

feéf@hemﬁ L Bgithoup, Jshdmtr@lthoaaemdﬂmdecamaghgtlng the
and one or nor onent. co ri,srng a

one
P e BAE TSP AL HALGIS At BHSHHEE o ¢ he

aebmpirtk 194C RaBBOhOE Sc B he apphi eshide theppeacthges of
the rejuvenati on process. For exanples of such

neEARTY A8FBFence may be made to US- A- 5380697,
US- A- 5I7r3 UNES BB AHHO1 aand oS Bs 68368998« jmbﬁgt e

i ncor porated herein by reference. SU|tabI , such

n%fﬁ?&ﬁ@ﬂlﬁﬂduH%JFﬁ?ﬂ%iﬂﬂﬁ Qﬁijﬁeab%rQ?Rﬁﬂ%%?g e8r Fherspent

mabexi@siond thralysgui driMivklier enbOdiid s, NG heabih@Bh€ of
Goup 11 netal-am ne conplex and a redu0|ng agent . In

oﬁ@d%ﬁﬁﬁﬂﬂ%néﬁ%veﬁd%ﬁYéQﬁﬁQGQ%SPVeFS }oj U &Fafierg of the

| b v ateRd epBk W SNBS 4 r&t%q?lsum af € 138R0%hied:ABnt hethe
spent epoxidati on catal n this enbodi nent, the

afBomRt ¢Ft éﬁdw%ﬁ%n%.qwmaavaﬁ%@%ow PPRE 9D BRFQI

meger &drddheckelmyenst asth erapbdahton, GalalySlunt! Bet hi's
enbodi nent, the anmount of rejuvenatlng cesi um produces

3007 PPAT G InER 81 @k t RIS Sc 8P URPIY PTo MO TENBEEF ARFRC

t Bes APUNtIObnE ebvENatd 1Y %%@'HH%QNQQHﬁg%j%anQQQN?cHesium
nore extracted cesium |n one enbodi ment, the anou

OPT PEIGRAPALI REME 6T UHA ST GdrEast8B0CHTAm -or IRe§se

EXhbEELRG G S hdMimd hONS: %@ag%ﬂsaing e i 3P URbafEes 520
reJuvenatlng cesi um produces 5
ppmw or less extracted cesium. In this embodiment, the

amount of rejuvenating lithium is 40 pmole/g of the
rejuvenated epoxidation catalyst.

In another advantageous embodiment, the rejuvenation
process deposits additional silver onto the spent epoxidation
catalyst along with a combination of components comprising
rhenium, tungsten, cesium, and lithium. In one embodiment,
one or more dopants are deposited on the spent epoxidation
catalyst by contacting the spent epoxidation catalyst under
deposition conditions with a cationic silver metal-amine
complex solution and deposition mixtures selected from the
group consisting of ammonium perrhenate solutions, ammonium
tungstate solutions, lithium hydroxide solutions, cesium
hydroxide solutions, and combinations thereof.

In one embodiment, an advantageous amount of additional
silver is 8 %w or more, based on the weight of the spent

epoxidation catalyst. An advantageous amount of rejuvenating
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advant ageous enbodi nent, the rejuvenation process
deposits additional silver onto the spent epoxidation
catal yst along with a conbi nati on of conponents
conprising rhenium tungsten, cesium and lithium In
one enbodi ment, one or nore dopants are deposited on

the spent e OXId tio at al yst ontactin ent
e PR R af et i e Eho Y of S GnitarbRE GRS, 2n
aa@ﬁﬁmﬁﬁgebusibmeﬁntﬁﬁﬁﬂre@mwgﬁﬁemﬁ@|f?@ﬁﬂﬁmthOBraﬂdl

deposi §.i on m_xtures sel ect romthe group cansisting
ofitg i%{ﬁﬁ (R pefPRENE® Yol 6ﬁ§u"%ﬁlﬁﬁﬁﬂ GROEGAGET AR e
S@Jatlél}ﬁdlﬁ,, dallbhwf@@y@r @@r@evsmhﬁdélmege@%wm of the spent
%%roxlde sol utions, and conbi nati ons thereof. |In one

e

S MCD FATARYSNt agAébli’éivéﬁ‘BBﬁ?O%? AURIPET BhaF eJuvenating

Sthn@stdrs i& HWoRr o M Imgno1RI%Gd N5t ko MEikghbrotnkhe
spent epoxi dation catalyst. An advantageous_ anount of

r BF IVEIRR G5y CRSF IHR VY lﬁ?&élﬁ’%m 3BE HtheCo PT0BBT pprRLume
exfp A e 16RS b M nd s RMARLAGEaHS 1 ST Ha19kt .  An

rejuvenating rheniumis from1 mole/kg to 5 mmol e/ kg
of Y FRE 3 WP ARP BT eploxicdatiesat&ae al yidtiunc d8c b af et by

p@xﬁ@lém&glr% l4PRRGIEUR P B Ok nEh e e SREM at@ROXIERE EOP1 on
catal¥ An _advant ageous anount of rejuvenating

t GABILET i SHCEIREES BRKYOLBMS RN RGLeR Phethe spent

r@?@&gﬁggfax epexi¢ation catalyst, calculated by pore
vol ume_i npregnati on of the spent epoxidation catal

An advEhtHyEGUS"ERBRAMHS MRS aeBRat | Hf |FORPGNPE s2 qbdmonal
10; ol e/ K@ ba 40 rﬁ@'@ eldda cf ohhghé el diMRRaL@dthe spent

epoxi dati on catal yst ‘cal cul at ed by pore vol une
i AP BRI BN Catai iRt SRt a8PoRFdati on wemaltysg ceshumn

aﬁ]\/@@&@&e%me@b@dﬁ)ﬁ@n&o 65t0h%pﬁn95<"91§a@gec?@@'sﬁhﬂnaétnd the
silver is 8 %v or nore, based on the weight of fhe

s PR e gk tdat fohleatngd yRterifé s aaptims Gﬂldi’léﬁtl@@na]?élﬁ?fgi on
CERE&UWRight of the rejuvenated epoxidation catalyst,

calculated by pore volume impregnation of the spent
epoxidation catalyst: rejuvenating rhenium, 2 mmole/kg or
more; rejuvenating tungsten, 0.6 mmole/kg or more;
rejuvenating lithium, 15 mmole/g.

The deposition conditions may be generated inside or
outside of the epoxidation reactor. In one embodiment, the
deposition conditions are generated in the epoxidation
reactor.

—-The rejuvenated epoxidation catalyst exhibits increased

selectivity, increased activity, or a combination of both

The rejuvenation process produces rejuvenated
epoxidation catalyst which exhibits increased selectivity,
increased activity, or a combination thereof. As used
herein, the selectivity is the quantity of olefin oxide

formed, relative to the quantity of olefin converted,
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produces from 600 ppmto 650 ppm extracted cesium
and, the anount of the following materials are as

epoxi dation catal yst, cal culated by pore vol une

i npregnation of the spent epoxidation catal yst:
rejuvenating rhenium 2 mmole/ kg or nore; rejuvenating
tungsten, 0.6 mmol e/ kg or nore; rejuvenating lithium
15 mmol e/ g. The deposition conditions may be generated
inside or, outside of the epoxidation reactor. In one
enpodi irent ot hie %ebbsition conditions are generated in
the epoxiadatgosuspactor. reThech£]dty eRaikedaepei catd19R ¢
catal yst exhibits increased selectivity, increased
STy, SBr MK id FORSBY LBt OFhé -Pei-8) cHALIET
pfcegrsedprodusBsc Biityenat ee epaxitdaldoqnasal éh Yedtalyst .
whi ch exhibits increased selectivity, increased

act i ¢8R Gt ontifat FaHY ERR bfePoxidagsed PriravSt
tdhinisakechhvihyrdssd he quastiiviaf & ef hB1eXids more,
formed, relative to the quantity of olefin
CERPETEEd Fex pRERSET 4T RbI BROs SHRRFafPRFé8asI9n ¢atelyst.
rej Weenaheddepexi ,da;tweoeega{rétﬂay@éd ediRiubeion iNcgase
in selectivity of |-nole%or nore, conpared to
SR 8 bPCTtRP S genfebpekidbty &f damal§st.on maske
lRdirdento t8eedejwtonakedheppd datdenigat abystatalyst.

exhibits an increase in selectivity of 5 nole-% or
M€ CIRPLAFEH T D e tbEt FoT tyReRTtaheropefet bppxiatatlive

Al k. ahni A LQdi BBNEcciNa J JUMBNALEL o or more,
epoxi dation catal yst exhibits an’i ncrease in

SEBEERH £9 8Rlctivliévopsr thorwendomparédatbon catalyst.

sRjRChbyet YaPinthe 3R EROXIJALIOR reat 8hYSlaa ML
advant a eousl%%?t e rejuvenat ed epoxi dation catal yst

Sarpves gt hcreade iPArsepectt VAalpcst vioy nef eldmale—3
e, cenpared to s%qle%%wtg,yopftﬂéﬂ%tpéﬂ‘én&p%%ﬁgg on

catal yst. Even nore advantageously, the rejuvenat
PSRt on

In one embodiment, the present application provides a
process for rejuvenating spent epoxidation catalyst which
increases activity of the spent epoxidation catalyst.
Increased activity of the rejuvenated epoxidation catalyst

evidenced by a reduction in the temperature required to

produce a given amount of alkylene oxide (the “production

w0 pad7oad3ewl, based on the wei ght of the rejuvenatBUS2006/062391

or

is

temperature”), compared to the production temperature of the

spent epoxidation catalyst. A 5 °C reduction in the
production temperature is the same as a 5 °C increase in
activity.

In one embodiment, the production temperature of the
rejuvenated epoxidation catalyst is reduced by 2°C or more
compared to the production temperature of the spent
epoxidation catalyst. In one embodiment, the production

temperature of the rejuvenated epoxidation catalyst is

reduced by 3°C or more compared to the production temperature
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application provides a process for rejuvenati ng spent
epoxi dation catal yst which increases activity of the
spent epoxidation catalyst. Increased activity of the
rej uvenat ed epoxi dation catalyst is evidenced by a
reduction in the tenperature required to produce a

given ampunt of al kyl ene oxide (the_"production

t %J%‘l/‘p%}eatsl?r‘eé]&) ,ep%h%%%od’ G %sér odUE 19 SFRRPEFER by &1e
oprddiectspentenpoxbtatd Wt cakakysiverfnteDGpoadustion in

the production tenperature is the sane as a 5 0C )

| CFUHGE i ACEPOFTYEY 14 CORE BABSCTHENRZSY ke the production

Pt aiiotdtaitet BAPERALt sidhtOfepbheds el sty enatad seRoXi faghon
catal yst is reduced by 20C or nore conpared to the

pF SOt ERBePRPUFE o REPSHRHIC @ UK td&t FeAuVenated

capart sitiohn cangel esbodi malicetiNgy PFadust i@Re compared to
tgﬁ%erature of the rejuvenated epoxidation catalyst is
;

CHPPFTI08 BRONBTE WSnPar BAct P¥He ghowddation catalyst.

t enpiatenbeainthe, spentprRRext dah i dhfatAhyet 15! Pe@ed by
enbodi ment, the production tenperature of the
r &) o dEG EPBRAERT i th 1%t RFGSECHLOn dimmed abyra0es dihe

NBHENE AL 8 tE Ont L PIRAUCT EANCA LRI ALiHe Of L hbe
spent epoxidation catalyst. In one enbodinent, the
pPOURAGION CERBRFatufe 6 rfeHECPe) Rivchdt &F 8psRi darpaied to

cahal prsdaulcs 1 badusRTe Py 1RRC8r + BRI S &EAMAELA dbei bheatalyst .
producti on tenperature of the spent epoxidation
cat al y'$t °le| fMgAeBRModitenProdhet b dirsiegature of the

t BONBFAlWee bpokedricsh R8OG0T 1 Ore LA aLedot@ §he oss

production tenperature of the spent epoxidafion
CEPBRYSC tPn LBAePEoHHH IfPnt cPRRa PR AR itdle spent

t epperaiue tacheguced Ry O%Q%%o&@ﬁe%]tqor{g@ 8dobQ:4 N8

production tenperature of the spent epoxidation
chemrsrstture] afohke erpbianaied epexiptajdiset icefalyst is

t LORESRL Wi 20bct B 1ess compared to the production
temperature of the spent epoxidation catalyst. 1In one
embodiment, the production temperature of the rejuvenated
epoxidation catalyst is reduced by 15°C or less compared to
the production temperature of the spent epoxidation catalyst.
In cone embodiment, the production temperature of the
rejuvenated epoxidation catalyst is reduced by 12°C or less
compared to the production temperature of the spent
epoxidation catalyst. In one embodiment, the production
temperature of the rejuvenated epoxidation catalyst is
reduced by 10°C or less compared to the production
temperature of the spent epoxidation catalyst.

The rejuvenation process may be performed successive
times after the epoxidation catalyst has been used again
following an earlier rejuvenation. After completing the

rejuvenation process, a feed comprising the olefin and oxygen
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rej uvenat ed epoxi dation catalyst is reduced by 400C or
| ess conpared to the production tenperature of the

WG p@no7@poxi dati on catal yst. I n one enbodi nent PCT/ki82006/062391

production tenperature of the rejuvenated epoxidation
catalyst is reduced by 200C or I ess conpared to the
production tenperature of the spent epoxidation

catal yst. In one enbodi nent, the production
tenperature of the rejuvenated epoxi dation catalyst is

reduced b 50C or_.l ess conpare o the production ,
(B ERaarE S TheeheneSBhbe taton "E4PAFJEred Sapidgtion
erdiediveentsitdeapr eilichibes hefmer.ature of the

r%luvena ed epoxidation catalyst is reduced by 12 0C
é15Lé§§9£eﬁ%%§§§ﬂﬂéﬁtﬁﬁﬁéiﬁaﬁction tenperature of the
spent TeROXk fhadd it iH Prysbss M Pne erbadtsentjuddiite a
production tenperature of the rejuvenated epoxidation
é%ﬁ%ﬂ?}gtofssP cﬁﬂ?%ﬁ?afeeﬁi%ﬁt§i¥§§sconE§Péﬂa%%V¢tﬁ?e

pil el 08n t @aRerAUrie @bt AeusRant-nepexhdat i of the
catal yst. The rejuvenation process may be perforned

FY8° L FFE St er TPhen e pXi WP chbal Fatahiesss may
beam usedcradived ol @WeNgpaRi @afildek-cbelg¥enati on.
After conpleting the rejuvenation process, a feed
conpr i18i AGSt PPN - a vl oRBfekifey Ohe CREALY B FHRHEeS

RIRSRACRCLE theud eiiuvrraled epoxiakineBacatAt YStnd!eddp 11
any suitable nmethod. The spent epoxidation catal yst

THE S BoEnat | Tt $teee$EoRal DI PYed CPBST e tive el eidver

Vad @l aQf sperdtrLenaXi daki eposatal vetas Iypbealdy sihber.
gﬁgdeatlon catalyst is solid under the conditions of
tHe REFSIFHART orF e d&ctouen 11| Aebhle cOfpsdisrEntilydie in a

CalaaltyshS o fBye frd8a spaskednbed i ghhes eRox: dat iqn s
reactor . In one enbodi nent, the epoxidation catalyst
conpir s EST o L stte lepstip?d 13vretoal 8t LAadhed9.5 %w,

esHedi AeBY, a4 h&@mh%lofegﬁi&exngaétggd%ksgwg e‘bclr QR

the group consisting of silver and g . Preferably,
theadr gapIhe pletidle &owppi sésmeidve@s metal. The

epoxidation catalyst exhibits appreciable catalytic activity
when the Group 11 metal content is at least 10 g/kg, relative
to the weight of the catalyst, as measured by nitric acid
digestion and silver titration. Preferably, the catalyst
comprises the Group 11 metal in a quantity of from 50 to
500 g/kg, more preferably from 100 to 400 g/kg, based on the
total weight of the epoxidation catalyst. As discussed
above, in an advantageous embodiment, the Group 11 metal is
silver. i

The epoxidation catalyst optionally may comprise
rhenium. In some embodiments, the epoxidation catalyst may
comprise a carrier material on which the Group 11 metal,
optional rhenium, and any optional components comprising one
or more copromoter and/or one or more further elements may be
deposited. Rhenium, suitable copromoter components, and

suitable components comprising one or more further elements
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99.5 %wv, calculated as the weight of silver netal
relative to the total weight of the Goup 11 netal, as
nmetal . The epoxidation catal yst exhi bits appreciable
catalytic activity when the G oup 11 netal content is
at Ieast 10 g/kg, relative to the weight of the

cid digestion_and

d
FIE SRR e dh | SoF RSl R SRt BheT et are

tchl@scﬁf:mam beleetal in a quantlty of from50 to 500
g/ kg, referably from 100 _to 400 based on
e ¢

the t PGhEPYF e FpGRFaAY T orf &Pga hgngum, the

diseussed apeveunipkadtradvant ageousx REadnmeat algﬁ}@
Group 11 nmetal is silver . The egom dati on cat al

P 1% TRAgSE o b Tt HBRA G 1§ G OHS B B0 rbptagran of

tbsc epwdtdatisen Cai alnesten®eY i GOAPS | SR %p%ﬁ’iﬁh@ion catalyst
material on which the Goup 11 netal, optional

r AR U Sarkd ©&n) - DT VFR SCorpBReHS R?&nﬁllllggﬁ@mo% tgrtal

MO4 €2 G 0MBL et c @NEH IneON&aQl, BRE CofdiilddRh o8l BRBAL $st may
may be deposited. Rhenium suitable copronoter

cONPRMETR £Xo8nd? st tH1% P@ﬁf%ﬁoﬁién‘t’%l%ﬁ’lf SPRBIBRECDT
nRYL 1 £ thek sebe et s %fh%eeambgi@élggs@ea@pFﬁﬁdy In one
Suitable carrier materials are described bel ow. Were

t HEPYIadat F8A LRI Lo RpF R BT MfEhiCeRPriRe BRYUN7 to
0b3¢ heswim present on the epoxidation catalyst

typically ranges fromO0.1 mvles to 10 nmmol es pe

ki | ogrismBoLeof BF tatt aﬂ%ﬁntpnaéﬁed%@eﬁleﬁﬁrem%efore

epoxh datd %&c@?t;%]ysaf ClQ'H?ﬁhﬁeStﬁé om&hr% BROk6S  £Or 5elements
mmol es ogram of total catalyst . Stated another

\/\BS/eSQrﬁe %béﬂa?dawrem RIS ORmy2 bRt §eYf benpaout ol

13RO PArd DrboNE G s f orrh%ﬂbu%f)ﬂ #B1ldnl0B £PARL Ss ¥t
wei ght of total cat alyst ("ppmw') . In one enbodi nent,

t FROFPH P4t cehatdttal ysin way evhpiiment,r ghe3amepnt of

further elements is about 50 mmol/kg or less on the same
basis. Where lithium is present on the spent epoxidation
catalyst, the total amount of lithium generally is about 1
mmole/kg or more on the same basis. In one embodiment, the
total amount of lithium is about 100 mmole/kg or less on the
same basis. The further elements may be provided in any
form. For example, salts of an alkall metal or an alkaline
earth metal are suitable.

The deopants may be deposited on a carrier material using
methods known in the art. See, for example, US-A-5380697,
US-A-5739075, EP-A-266015, and US-B-6368998, which are
incorporated herein by reference. Suitably, the methods
include impregnating the particulate carrier materials with a
liquid mixture comprising cationic Group 11 metal-amine

complex and a reducing agent.
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epoxi dation catal yst may be about 1 nmol e/ kg or nore,
based on the total weight of the spent epoxidation
catal yst. In one enbodi nent, the anount of further
el enents i s about 50 mmol /kg or |ess on the sane
basis. Were lithiumis present on the spent
epoxidation catalyst. the total anmount of [|ithium
rie erigl
mmol e/ kg or nore on the sane
basi s.THen e@ra;&laabo@ki: nedalyshe conpad sedmountarefiek i hdtermal .

i 8. about 100 r le on the sane bha . The
(P A e iy WY BPOVPUBHEE o g Fof ot vnLe

exargt £51 ,S alnlis mal :arﬁblaid@|rleflﬂ‘§babr@rma’;ﬁ’érﬂ|a|1@| | B@l@@csrt h
netal are suitable. The dopants may be deposited on

cEP TR Ee mitévPal 28t g Srretcl}?&%o%o i - Pr ?ar@eé“etal

f esriexalqss, FUS- AxHABR6LA1 WonAch B9iAR . ERnAR66015,
and US-B-6368998, which are incorporated herein by

r BFERRIREEOUS, PRRBRY e RSt ﬁ88§l?3ﬁcq‘% H%F@’Qﬂﬁﬁ% one

t6e merd iradrakeoearhddr imaker i aksopidd & Ishgubble
m xture conprising cationic Goup 11 netal -am ne
cHPT XS " EREAEET nif gk  TOThexTm9 e ALVREBR} gragnesia,

TQﬁr@&% dald en1gabal ysi £0BBKEELSgSoEAIdiREIRBhES | e
The carrier material may be natur ? or artificial

| pergan craterdpilals Grrd-umimy i néhu*d@m e?frrrk@@ti@eyt the
i.l.Leco , har c

oL B e R AR oY Bes 7 4-T, a8 B e

caj;pimamnaramonataet I B adlth:age@llasr etbadiasends then—

carrier material conprises one or nore refractor

nat eri et s fre@é&ﬁﬁﬂfés%ft%@i% abfkE feplEEinery rAABEEVEIBO Che

;Q%iéﬁk 311 an a vaLeagggﬁgggﬁgogP ne%h?fhe cgrglglg%hna may
nadvestiade | Soa- akampha, dinitchi, s aerbodinmerdl, coheonents, for
example sodium and/or potassium components, and/or alkaline
earth metal components, for example calcium and/or magnesium
components.

The surface area of the carrier material may suitably be
at least 0.1 m®/g, preferably at least 0.3 m?/g, more
preferably at least 0.5 nF/g, and in particular at least
0.6 m*/g, relative to the weight of the carrier; and the
surface area may suitably be at most 10 m®/g, preferably at
most 5 m?/g, and in particular at most 3 m?/g, relative to
the weight of the carrier. "Surface area" as used herein is
understood to relate to the surface area as determined by the
B.E.T. (Brunauer, Emmett and Teller) method as described in
Journal of the American Chemical Society 60 (1938) pp. 309-
316. High surface area carrler materials, in particular when
they are an O-alumina optionally comprising in addition
silica, alkali metal and/or alkaline earth metal components,

provide improved performance and stability of operation.
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relative to the weight of the carrier. Oher
conponents of the a-alum na may conprise, for exanple,
silica, alkali nmetal conponents, for exanple sodi um
and/ or potassi um conponents, and/or al kaline earth

net al conponents for exanple cal cium and/ or nmagnesi um
conponent s surface ar.eg of the carrier materi al

may sui tag@eﬁe FOUIRASY BT 1Mo rsrerabryiat tast

O:y'i):u’dﬁ/lgy ﬁmreh@rﬁrejeab)lfyfabml@a@ttco ® g/ g, ﬁfléiféﬂhbly in
rtlcular t 6 n2/g, relative to the weig
et FE 85" P? FIO%n%l 3t & SQurface: arpeélﬁwrsHPF%bl%P%%Ptlon

Eﬁayﬂw%tlﬁofﬂﬁbg iprefer alel ¥ abrdmsts 2k ddepPsid ibn of one
parti cul Sr at nmost 3 n2/g, relative to the weight of

tHe MOXFr 8Pant§urfz%ﬁ:élsﬁrdeber%%nus‘?é?ot%ra@lsﬁrPElon is as

UG staodnt @cé@i@dr&:et witheasw fanes, %rn%awaﬁegegﬁgdy&%n is
a%xthe B_.E. (Brunauer, Emmett ‘and Tel | r)y nmeth

R¥ESSErhad Flae TR O6f Che AR ithRt eﬁénio%a@bsorbed

0L tNe680£3938) e 3081e3lbee HIGN SYLS 868 RELPL of the
carrier materials, in partlcul ar when they are an

LA dfna opti onal | y conprising in addition silica,

al kal irheebat+ apel He alkalbpenadtiy Mgty h§95p9n§3E5531ze
provi de i nproved performance and stability of

SPSTE PRI PReS YRR rh b $6F pEi Bhtbfdianeteaer ior tiratwariog) of

| & dny I.2akby1b nmﬁ neeﬂz%@%towi@a@to B 50,0 §h8/190tal pore
preferably in the rarggg of from0.3 to 0.7 g/g

R YHER -waPBFP abRBA PN RBY-Be RIFS #ige riﬁswewwowfona can

ey rebliel €8t ofleRAsinid@noef r1oh e, ari JiRKe g@@@@ﬁﬁflt’@s and
used herein, water absorption is as neasured

AEGETATEeOR ERe ASTILEE0, ahenVRitiery alssoPpt iL@nre?saoect of
aRMRsS 8dngSthhe-nelght gétw&wa&r%f/otrhﬁglﬁ@&&%g{ the

absorbed into the pores of the carrier, relative
t¥fd RELgREYof Aheisas hicgpin, THee mamd cdkat éistritiwrion and

nBleoak FBYuhaY e RQS Gesldfeq by mercury intrusion to a
pressure of 3.0 x 10° Pa using a Micrometrics Autopore 9200
model (130° contact angle, mercury with a surface tension of
0.473 N/m, and correction for mercury compression applied).

In an advantageous embodiment, the pore size
distribution is such that the pores with diameters in the
range of from 0.2 to 10 um represent more than 75 %, in
particular more than 80 %, more preferably more than 85 %,
most preferably more than 90 % of the total pore volume.
Frequently, the pore size distribution is such that the pores
with diameters in the range of from 0.2 to 10 um represent
less than 99.9 %, more frequently less than 99 % of the total
pore volume.

In an advantageous embodiment, the pore size
distribution is such that the pores with diameters in the

range of from 0.3 to 10 um represent more than 75 %, in
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size distribution can contribute to one or nore of the
activity, selectivity and |longevity of the catal yst.
Longevity may be in respect of maintaining the

catal yst activity and/or naintaining the selectivity.

A s used herein, the pore size distribution and the

pore volumes are as neasured by nercury intrusion to a
DPUSETE a1 197D IThe (R UEPRG B MGt FPES A BT &
92EKx nmedebrihBP werd atianangl , fergAnty oMbl apsts fage s, of
tensi on of 9.473 N m.  and correction far _mercur '
cONprRESS SR UPDI FIHAIE 4R Bﬁ%a?ﬂ%%d’%he%éﬁ?%%?ﬁ An the
thengeolog $kde O stud bt ipgn is such that the pores with

di aneters in_the range of fromO0.2 to 10 mmrepresent

nore tHEAC?5LYs | The QRS SEEFaft HorHHER 46 64Chngias pores

piefrerabhygt 885 €ot hedk S U, 0MPSin Ffisablky 1808 ecidiano s,
90 % of the total pore volune. Frequently, the pore

st PHFECPEBOL 1O i & Uch St hat tife PR gpvolume.

i SRR S vi, Nthdepdagerieh hEame s 11510 cHBW! P2 65eNt
less than 99.9 %, nore frequently less than 99 %of
t FPTEA pere Vel P BATadVERusgedys MerBobiRdReM- > % of

t fige RYLR1SpELe HrSidddbUtion is such that the pores with
dianmeters 1n the range of fromO0.3 to 10 nmm represent

nore tHWERACES1E,  ThR0ue Sdrar dhdrel RHdpnsd sopuchprmt pores
phefrerabhyc 8PE egt bt B2 ¥, 1008h RISlalakl Yeiprendhan o,

90 %, in Eartlcular up to 100 %, of the pore vol unme
chtRATeFULAT t hRSporied Wit R diraretiel PathiEHeaF akrs dfhan

from Qr2the d0ciMpory Ricgahkby, #H&ROAAySI Z28e pores with
distribution is such that pores with dianeters of |ess

t HeHFeF SnfF pebrlesiditn [1&s it Aaprasr e Morg phsRi Cul & in
L%%&itcﬁ@@rsmg@e Ofad e ot @t 8k PRL & MQhURR-FLEauRNT LY,

u
pores with dianeters | ess than 0.2 ma represent
mor e tIYRACOLIY A6 theyRar ofsr wgbbndlgnatnre tihahhe. sangeofof from

0.2 to 10 pum provide a pore volume of at least 0.25 ml/g, in
particular at least 0.3 ml/g, more in particular at least
0.35 ml/g. Typically, the pores with diameters in the range
of from 0.2 to 10 um provide a pore volume of at most 0.8
ml/g, more typically at most 0.7 ml/g, in particular at most
0.6 ml/g.

The epoxidation process

The rejuvenated epoxidation catalyst may be used to
catalyze an epoxidation process. The epoxidation process may
be carried out in many ways. In one embodiment, the
epoxidation process is a gas phase process, i.e., a process
in which the feed is contacted in the gas phase with the
epoxidation catalyst which is present as a solid material,
typically in a packed bed. Generally the epoxidation process

is a continuous process.
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| ess than 10 %, nore in particular less than 5 %, of

the total pore volune. Frequently, the pores with

di anmeters greater than 10 mmrepresent nore than 0.1 %

, in particular nmore than 0.5 % of the total pore

vol ume. Typically, the pores with dianeters in the

range .of 0 0 rovide, ore volunme of at
st Tos BT fot, Sa o bR, chexi BB oro PEORF PG, bk any
| oL@t i cyataBle | @astinG 3nchhbg. adypitcal byerihe, peses
wth dianeters in the ran%e of fromO0.2 to 10 mm

PPERRIE & (YEPBE Y oPUIfE G SAt MrosTRRE B iGey JuRgked or not,

ty@r Ceddnplrat 1MDsdedhdidid @r LN3pBEtdLidrRY, atypRsi1dy b the
B%% The epoxi dati on process The rejuvenated
e

iatiton BAPSPYREL oy e SHEEHLE oo CHICANG7 67 ahsobutene
RO AAdORAPRORES S ncl 10 BRAX: 0L T ALRICISS; ARV B cxampre

carried out In rrany ways I n one enbodi nent
ebo&m@@ta on preeebsnd.s drgas pHusetgrossssmbpdémenty, the

9&e§§ dde %ﬂgggnéhe feed is contacted in the gas
t

ase Wit h epoxi dation catal yst which is present
as a sdld dlritercatcentypitdal yni pha feckéed bbd. epoxidation

CﬁP@é@éé Ypﬁgh gé’i(écs?érd Qﬂtﬁ’ﬁ%o?sxﬁl&é A %m | ?%g“éau%, the

pT OCess. use in the epoxi atlon roce
naye bin acrwlcehetamorSmrt diblee fokéf wnsl iec|8@decaednat i ess,

OLSI&%E%e rtﬁéaggleL%ﬁyreneFeo§ne eéﬁég %t m@ﬁe giefln

conjugate For exanp eca ené or
, Goerradiagrien. wjyblmﬂuﬂqgm Ohé obef@rmqleza nemeoieelup the

f 2=hu od
Lo AL, TS Al gt <08, L0 ERRR PRy iy
obe pfuopyllene. 60nm@haaduaﬂaageeUSOemmmdxnmntfeehe As used

oﬁ&%é%n Yt H%tQXES”%F é@H%f%ereh”tSOQCe!Hé'%%%883£910n which is
€ epoxidati
contacted with the epox1dation catalyst.

The epoxidation process may be air-based or oxygen-
based, see “Kirk-Othmer Encyclopedia of Chemical Technology”,
3*® edition, Volume 9, 1980, pp. 445-447. TIn an air-based
process, air or air enriched with oxygen is employed as the
source of the oxidizing agent while in an oxygen-based
processes, high-purity (95 mole% or more) oxygen is employed
as the source of the oxidizing agent.

The oxygen concentration in the feed may be selected
within a wide range. However, in practice, oxygen is
generally applied at a concentration which avoids the
flammable regime. Typically, the concentration of oxygen
applied will be from 1 to 15 mole%, more typically from 2 to
12 mole% of the total feed.

In order to remain outside the flammable regime, the
concentration of oxygen in the feed may be lowered as the

concentration of the olefin is increased. The actual safe

30



process may be selected within a w de range.
Typically, the olefin concentration in the feed wl|l

wheo08076¢300 €% or | ess, relative to the total fercT/US2006/062391

10

15

20

25

30

one enbodi nent, the olefin concentration will be from
0.5to 70 nole% relative to the total feed. In one
enbodi nent, the olefin concentration will be from1l to
60 nole% relative to the total feed. As used herein,
the feed is considered to be the conposition which is

contacted with th e0|da Qn, a

e%%%ad:&tnlgoﬁaﬁ%ges eon&; eaée é Coa/mg 8ehbaaré%oalso on
Seige "ﬂ@ardt-l@hhfreﬁdﬁrmrsl cpedi as ofhamacctalonTeehp@Mlgyf"e and
3rd editiaon, Volunme 9 , 1980, pp. 445-447. In an

ar e HEasF PoRESESUSG r or air enriched with oxygen is

enpl oyed-casttibe ﬁ@lﬂﬁ%roﬁnayhﬁeofﬁt&édﬂmg.nagﬁﬁt fadd | 4 n

an oxygen-based processes, urlt 5 | e% g
mb? €y d xRy Fer HPsS g%ﬁfftd;)’@&yasstl 8‘-’ ‘b%té“le ngeSlrable

Odﬂ(miﬂlﬁg‘i ageblerine0x@EAnCcoRERA fAldOMonNdt BLrideethd
may be sel ected W|th|n a w de range. Howeve

in _
OFRETE (00 C oy 38N TP SC D SEPAFPY SRPTG BPTatog OLEEIN Oxide.

COAEE B Rinien cvhb&lh @y, 0icdpethal 1 asradl i@ hagiaes and
Typically, the concentration of oxygen applied will be
f PoPRAL e 5 ORBI eRTRRBNIE S y PREQPE R NS 85 §B° notapion

Ohod N€i 410t alviteBden |dki¥Er ob-gah €8BIt XHHeS], dBylibgzine,
fl ammabl e regi me, the concentration of oxygen in the

RS P A Do WBFBRR 1y (e COBREBAE 3RS &?%Foffh]@aiﬁll%?l n

| sSmp N6y RBRdweThe apittrlutsafifopengting dppngest depeid a
on the feed conposition, and also on the reaction

CHREPEYond difc AT 8S 9 He 3 éé?éltsnléﬁr?% Pt atiierahie t ReTating

I 88641 Qb Y @FSUl B i dRAGW@AADERE | &t RY nbeoRE £SOy
in the feed for increasing the selectijvely,

SEPPF Es MPRES RIS PASICET6RF BaP T Ol 0T tSiePE R bErites,

ohefi N dde bossagbondiraxi-desangd: Watelicel-ebahing to
the desired formation of ol efin oxide. Many organic

coRpRRiiS @fpeti @l | 5P drgaricc 2Ral Ve Hivd 900, which are

incorporated herein by reference).

In an advantageous embodiment, the reaction modifiers
are organic halides. Suitable organic halides include, for
example, organic bromides and organic chlorides. In an
advantageous embodiment, the organic halides are
chlorohydrocarbons or bromohydrocarbons. In a particularly
advantageocus embodiment, the reaction modifiers are selected
from the group of methyl chloride, ethyl chloride, ethylene
dichloride, ethylene dibromide, vinyl chloride, and mixtures
thereof. In a particularly advantageous embodiment, the
reaction modifiers are ethyl chloride and ethylene
dichloride.

Suitable nitrogen oxides are of the general formula NOy
wherein x is in the range of from 1 to 2, and include for
example NO, N,03 and NyO,. Suitable organic nitrogen

compounds are nitro compounds, nitroso compounds, amines,
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organi ¢ nitrogen conpounds, may be enpl oyed as the
reaction nodifier. N trogen oxides, organic nitrates,

whydrazidse, hydroxyl am ne, ammoni a, or conbi naPCDIS2006/062391
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t hereof may be enployed as well. Wthout Iimting the
application to a theory, it is frequently consi dered
that under the operating conditions of olefin

epoxi dation the nitrogen containing reaction nodifiers
are precursors of nitrates or nitrites, i.e., they are
so-called nitrate-.or nitrite-form conpounds,_.(cf .

P e, Jeo L s a hohBieS iR Rastedsls, 1o
i micoropaiopbad ber2+mitinoprepenenceln dm saaRaadwgad@geous
emhodj.ment, the reaction.pnodjfiers are organ

R HUEE Ry BabT 80T G CRAFT G T GABECRBRS, -9
exaqloen okgassCafd i degaand O gadddh Ck@budes, dde anred
advant ageous. enbodi nent, %Ee organi c halides are ,
CHGT SRy P ahr BOnS Gt BAORYSr oPhrtRR G CulpR gn organic

paitdrGulear | y advant ageous enbodi nent, the reaction
nodi fi ers are selected fromthe group of net

hy|
chl or (8, EFRYFORRIGH1TdEr SoPRYT AL I GFFREL Ve when used

eithyd e cdnbeanide, ividhgl reblosf desoantkampXbungSto
thereof. In a_particularly advant ageous enbodi nent,

t%éLWEQEﬁVoﬁe E?Y?é?ét&@etQFﬂ§lf%ﬁ#oﬁ?ﬂéeéﬁﬂp%?hyVﬂhe
% cihaiha. o3vh! Bl es N LEOGRN 0% eS8 UnbBement,
general fornmula NOx whereéin x 1S in t%e range o ?rom
Iwher e theapdeif hnl Udectfhylcaganphe NG CNOB maAd £ N2O4Ls

Sui tabl e . [ It d It 4
UGS AFEr 655" COmpodAbSS &b e it 1468 - it~ £

Ng 4561 0@ Sno E%ANPh @S ah A @ b E QBB RNGabckriment, the
ni tropropane or 2-nitropropane . |In an advantageous

et Enodiafieht BS e SEPEr ik etiorffaty atompeaneentration
€ - £ Ut 109N (oxi desoandh of . 0r0ani.G PELLOGEN po toral feed.
conpounds, "are used gogether w't i an organlcthallae,
i n parln adldarian os gar oleliliofi deygemhendeanki svaction
nr?cglffleerrs, %%gef‘fglecliyméayr eco%ftfaggt ci)Pllee g@%}or%s%%tional
components, such as one or more of carbon dioxide, inert
gases, and saturated hydrocarbons. Carbon dioxide is a by-
product in the epoxidation process. However, carbon dioxide
generally has an adverse effect on the catalyst activity.
Typically, a concentration of carbon dioxide in the feed in
excess of 25 mole%, relative to the total feed, is avoided.
In an advantageous embodiment, a concentration of carbon
dioxide in the. feed in excess of 10 mole%, relative to the
total feed, is avoided. A concentration of carbon dioxide as
low as 1 mole% or lower, relative to the total feed, may be
employed.

Inert gases, for example nitrogen or argon, may be
present in the feed in a concentration of from 30 to
90 mole%, typically from 40 to 80 mole%.

Suitable saturated hydrocarbons which may be present in

the feed include, for example, methane and ethane. If
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at a concentration in the feed of, for exanple up to
0.1 nole% relative to the total feed, for exanple

WO e@m@3® x1 O 4 to 0.01 nole% I n an advant agePCBUS2006/062391
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enbodi nent, where the olefin is ethylene, the reaction

nodifier is present in the feed at a concentration of

fromOIxIO4 to 50X O 4 nole% |n another

advant ageous enbodi nent, the reaction nodifier is

present in the feed at a concentration of from 0.3X10
total feed.

4 t.o 30XL0Y mol e% relative to t In
SetreRoRt, bvorElafidnd, 28 bEgatfhr Hhavd Py bEs Gresehe in
napghirfdier, ofheofeetk$ayr CeBtal feDNEI VY UDERcOPbtONAtced. In
component s, such as one or nore of carbon di oxide,

HorA GRS AT OHR TS AP R GRERD NS OearBaRS Are
dbdadhe is a Quprnottietod st helepadt daldsQnN rpleEess . to the
However, carbon di oxi de enerallg has an adverse

eFFETH 670t hef ERTAHFYSYY alPIUFE55C TflFoARrpona are present

concenfubatien 6f sararediceXheee) mdhe freedehhl XEETH 1%
of 25 nole%i relative to the total feed, is avol ded

|9 S 5dv Rt agLBastRriiditRERt , £ Eon Gt PEnhEfrocarbons

Cad P didasiideoi fhd heodeed bhaeXcassi mifrel@emehe%xygen
relative to the total feed, is avoided. A
oMYt FEnt dF 1 ar bon di oxide as | ow as 1 mol e% or

| ower ,Tniekabk¥@at ot he-dekal mbgesk dmytike eup! oyed; -
Inert gases, for exanple nitrogen or argon, may be

T RPN FEPRBIFBREPT P4 CChRE et Patd o 96f “APEfT 30 to
v teYeoh¥pieabt Yok r Qat@r80 4 6% +Bdi LakL® of from

saturated hydrocarbons ich may be present in the
f 22 onRades - f dm exaapkesuhetlvarelvandagehamnesmbodiment,

I tur, h t,. the e
P Rt HEEBEAIR0S 58 B SR argls b B el g 300
tfee total feed. In an advant ageous enbodi nment,

sat ur at ed hédrocarbons are present in a quantit% of 75
mol e% 6 3PE8ESCPRAL i WE CEOFRER T IRMIPIEESS EF efiientqdy out
sat W ateadtbydi atar honssare phesedtrdiyea oguanbint Yo@d 203500

mol e% or. nore, nore frequently 40 nol e% | ,
kPa. GHSV” or Gas Hourly SpalCe Velocity is the unit volume

of gas at normal temperature and pressure (0 °C, 1 atm, i.e.
101.3 kPa) passing over one unit volume of packed catalyst
per hour. Advantageously, when the epoxidation process is as
a gas phase process involving a packed catalyst bed, the GHSV
is in the range of from 1500 to 10000 N1/(1.h).
Advantageously, the process is carried out at a work rate of
from 0.5 to 10 kmole olefin oxide produced per m> of catalyst
per hour. In one embodiment, the process 1s carried out at a
work rate of from 0.7 to 8 kmole olefin oxide produced per m®
of catalyst per hour. In one embodiment, the process is
carried out at a work rate of, for example, 5 kmole olefin
oxide produced per m’ of catalyst per hour. As used herein,
the work rate is the amount of the olefin oxide produced per
unit volume of catalyst per hour and the selectivity is the

molar quantity of the olefin oxide formed relative to the
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or nore, relative to the total feed. Saturated
hydr ocarbons may be added to the feed in order to
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epoxi dation process may be carried out using reaction

tenperatures selected froma w de range. Advantageous

reaction tenperatures are in the range of from 150 to

325 0C . In a particularly advant ageous enbodi nent,

the reaction tenperatures are in the range of from 180
OO 0C dvant ageousl t he eRc dation process is

cé? uanF §¥ PH%%%t fghlg? p?esétre in the range

of fr d]’h]el@(]')@fim @R kraduteHSWy dre (B@&olvbhéhyfﬁﬁlﬁaﬁ)e

Vel oci t nit vol une of s at nor

e ras e desuling o0 Fodinm % Be 385, gfor

k&aémm@ssayngb@&ﬁwlr@e:nmouemhumdza‘ packedreatady dut let

per hour. Advant ageously, en ]POXIdatlon Froces

| SELRAM, 18, ¥a hRE WD I BTSLS, %F%‘F%"ge dFatkBdOtat 4t y3ttde

bﬁﬁom thhe GHOYous ddLdtien apgei ofi framohi00at01d980G%:

Nl /(l.h). Advantageously, the process is carried out

O ¥ I05r hPe %%uef%ﬁns(?lslttlenmoww& EPPnO b H oxide
Prof use dppel cfiBi ©fa calleysbnpeprb@ils fot @B8verting the
enbodj nent, the grocess is_ carried out, at a work rate
oPL4 g idet 0B Kol e GHef AT oki bt PreduéReher n8 of
catadwestsipar ohonrefim gnecermhedi Aenta-ntike , PhOCLSSDiSL
r é@dcﬁytnaklﬁam9&¥15%}e of, for exanple, 5 knole
n8 of catal yst per hour. A's
used Héreeicae fiheoxigtk nracdaced ithethmreperidhtine pfefdss may
d@cijrﬂ;eqqgaegyp@ém}g}{glo\ﬁ%lluﬂFtﬂéd§aitrﬂloy st 1p§rﬁ{‘<9i” al,2-
e selectivity is ar quantity of
ml retdirdeaf br?recdarrlmr@ttuevert an tdlgragiodr agdanatity of
the olfd ReGoDersedncthe 0l efbnaoxd de REQIYCEd,IBY Dgie:
recovered fromthe reaction i xture by using nethods
kniwecdupribe, afer $:ommEeanpeecbynabyer lsithylehe okiedd nwith
O%éﬁg}f %Nnaatﬁgéﬁéfnp s%to§t£§aﬁgﬂd§'@a%gEa§99t, which may

optionalTy recover e olef
be an acidic catalyst or a basic catalyst. For example, for

making predominantly the 1,2-diol and less 1,2-diol ether,
the olefin oxide may be reacted with a ten fold molar excess
of water, in a liquid phase reaction in the presence of an
acid catalyst, e.g. 0.5-1.0 %w sulfuric acid, based on the

total reaction mixture, at 50-70 °C at 100 kPa absolute, or

in a gas phase reaction at 130-240 °C and 2000-4000 kPa
absolute, preferably in the absence of a catalyst. The
presence cf such a large quantity of water may favor the
selective formation of 1,2-diol and may function as a sink
for the reaction exotherm, helping control the reaction
temperature. If the proportion of water is lowered, the
proportion of 1,2-diol ethers in the reaction mixture is
increased. The 1,2-diol ethers thus produced may be a di-
ether, tri-ether, tetra-ether or a subsequent ether.

Alternative 1,2-diocl ethers may be prepared by converting the
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fromthe aqueous solution by distillation. At |east a
portion of the aqueous solution containing the olefin
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converting the olefin oxide into a 1,2-diol or a

1,2-diol ether. -Conversion of AQefin Oxide into a
1,2-Diol, a 1,2-Diol Ether, or an Al kanol am ne The

ol ef in oxi de produced in the epoxidation process nay

be converted by conventional nethods into a 1,2-diol,

a - diol, ether, a , 2-carbonat e or_.an al kano

Sofein Bidoeoiveh wb AhosPe Tt BotH G ag, &t KelRary
laPedtical, etberasayetdoimpl e, et bane@xamyl eepleathd nax tlhast a
et hyl ene oxide with water, in a thernmal process or by

R G- 4 @gtﬁgﬁsv?t%ﬁﬂ9¥wtﬁ§yaggogﬁ acidic catalyst or a
basi ¢ wat algstin &oldexarRphbe, cbaventki NGitpr edenttatddpbnding
the 1,2-diol and less 1,2-diol ether, the olefin oxide
mhy” BTG &P 197 H 1 Lol ¢t iof 3P B Ce8%16F - water

| dle fi dduUiad 1phageoT @G 2N pi-Bpkhgd P e SRMEe qabnaly akdLbting
cataJyst, e.g. 0.5-1.0 %y sul furic acid, based on the

t 8% T rEECEPBRARE X e WAk T5 0 781 0 GthCto§ ok PRr ! the 1, 2-
als®l Ut &0rOkpbNi dalgias ntltase s eastévdhcadt 1130ad40c8Gand
2000- 4000 kPa_absolute, preferably in the absence of a
cSPET 85t VPREDpr R SEHF RS S GEN - $5 ¥ GGARFPRGS of

wat er 1Ry 1f, avai ot henseligct qve1f ern@td 0FRf ekadplé Odthylene
and may function as a sink for the reacti on exot herm

hel YNy ot PEPPYHRNG &HetG8n 2Penpeiutaice IV FOt nathers may

PhOPREdd am af 1¥BGEervd S digverednat fier H10RLY K 8AL Oéns, for
1,2-diol ethers in the reaction mxture is increased.
TR LR ditolthet AP Mifs HorGdubeucTREr e FaPaFEP heFosmetics,

tfﬁeﬁﬁJﬁﬂastﬁ%tgé%fﬁéﬁg,‘Hﬁr@b§€b§§ﬂﬂ@r5y§ﬂéﬁ§§-detergents,
Alternative 1,2-diol ethers may be prepared b
corertiiy fere Y ¢S 0itfe WTRR Al dteRLepn for example

PEE kY LAl AT LBRhA RS Ynd) GRhQlseqSHEN, asi MRLRANGL Bhirticular
et hanol, by replacing at |east a portion of the water

bys thes @ EaNol  BtHHEOldHing SoRkpednBls e CoRvereeRle, in
| 0t0 AR G0k @8PRBidiing”) of natural gas.

The conversion into the alkanolamine may comprise, for
example, reacting the olefin oxide with ammonia. Anhydrous
or agqueous ammonia may be used, although anhydrous ammonia is
typically used to favour the production of monoalkanolamine.
For methods applicable in the conversion of the olefin oxide
into the alkanolamine, reference may be made, for example, to
US—-A-4845296, which is incorporated herein by reference.

Unless specified otherwise, the organic compounds
mentioned herein, for example the olefins, alcohols, 1,2-
diols, 1,2~diol ethers, 1,2-carbonates, alkanol amines and
organic halides, have typically at most 40 carbon atoms, more
typically at most 20 carbon atoms, in particular at most 10
carbon atoms, more in particular at most 6 carbon atoms. As
defined herein, ranges for numbers of carbon atoms (i.e.

carbon number) or for other parameters include the numbers
{
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1 ,2-carbonate by reacting it with carbon dioxide. If
desired, a 1,2-diol may be prepared by subsequently

WO e@chialgo the 1 , 2-carbonate with water or an BETURNG6/062391
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to formthe 1,2- diol. For applicable nethods,
reference is made to US-A- 6080897, which is
i ncorporated herein by reference. The 1, 2-diols and
1,2 diol ethers, for exanple ethylene glycol, 1

, 2-propyl ene glycol and ethylene gl ycol ethers may be
used l.ar ge, varj et dustrial applications,
f%‘?ee]xfgﬁ%l éol‘-’ng{‘%?ﬂ‘lﬁyd o%ﬂ?oﬁ%in 9%ever ages, tobacco,
cosnetlines .1, thai obphastihe pebyaess, etidrakllag beswed 1n a
syst ens, de erg nts, heat transfer systens, etc.

2 B6af éf, oF "3Ehire BPRYT et CHirb it Exa‘ﬂ%]f H‘é] the

USESh RS oF @bbdenbevéﬂhq%%ft itelhato AScabn&elivent th&tmaeistic
am nes nay be used, for ggg in the treating

(PShEBteni ﬁ&ra?l%fr?%ltrhrséﬂ“ TR Her sPBAt i it ster

t s edreaneiani nendByLICePENSBe h8Y 1BXAMRE, rheastdde, in
the ol efin oxide with ammnia. Anhydrous or aqueous

arfo i ety Ind  BEeceHMhdugh BARY R b Sammoni a i s

t ypicaldne weedcbosfavour the production of
nmonoal kanol am ne . For_nethods applicable in the

converi%RrorefReC bl B iUTeoR 4B At CRHKE IR RoFAMG et may
ref exgnceamy Recnedes dRkieXanphegatD AdS- Prd84529%h any

which is |ncorEorated herei n by reference. Unl ess
sSPRRTITePIIRELRI §@° Ghife SBPFAAREL R Mo ATdS IRERE ot table

h@é@éﬂbrsf anc@ﬁﬁégpl @oﬁ h§< &l nsne ab£ahles mlérgchgﬂlr@ls
2-di ol ethers, nates al kanol am nes and

o? %;%?ﬁ%r %alslhﬁéé aﬁ%v"eukt%/ ﬁﬁeéél P?C%?n?ﬁi%tr SAGTEFF boptirred

at OB, r SR sy PheBblY Al1uiBst 020c6 N BLANMBpphfatus. The
particular at nost 10 carbon atons, nore in particular
a?r?ﬁﬁﬁt»Gﬂﬁﬁpﬁéﬁna%%ﬁﬁﬂpéﬁ%@Sdéhﬁn%%?tﬂﬁ%ﬁq$h FARge’r T Gir
NUGRELSs Afi 022 hBERr ALYITE dd t8e G@ébQ@eD%ﬂQ&%hleg $Prreactors
ot her paraneters i ncl ude the nunbersspecified for the

| P¥i ¢RI AR OPafBRAT A thfe 1T, Qheﬁelp%ﬁﬁﬁqﬂﬂe -1, 2-di ol

et her Amy.Redegd fébé%dﬁ%’Q%c!é&éetﬁbﬂﬁeﬁdM§Q%trféﬁctors in

applications, for exanple in
the form of shell-and-tube heat exchangers and microchannel

reactors. It is an advantageous aspect of the invention that
during the rejuvenation process, the epoxidation catalyst may
be present in the epoxidation reactor. In an advantageous
embodiment, the rejuvenation process is performed in the
reaction tubes of a shell-and-tube heat exchanger reactor.
This aspect eliminates the need for removing the epoxidation
catalyst from the epoxidation reactor, and the catalyst may
stay in place after the rejuvenation for use during a further
period of production of the olefin oxide from the olefin and
oxygen.

The following examples are intended to illustrate the
advantages of the present invention and are not intended to

unduly limit the scope of the invention.
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fields of food, beverages, tobacco, cosnetics,
t hernopl astic polyners, curable resin systens,
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al kanol am ne may be used, for exanple, in the treating
("sweetening") of natural gas. -Suitable Reactors The
process of rejuvenating an epoxi dation catal yst nay be
applicable with the epoxidation catal yst present in
any reactor suitable for the epoxidation of an ol efin.
Sui tabl e reactors include, for.exanple, one or nore

m cr ochannel reactors, shgf-(-&'?-'g-lﬁ%—gube heat exchanger
reactors, sti rred Wastinog act 9pentbmdutﬂ§[ stol umms or

conde appar at us r esent vent

encon‘grs ?ﬁggﬂ‘gjen%fe?ﬂ}?ﬁ gea@i‘%r%“&r”&&ﬁd@ﬁgﬁ?‘?% was
apped aidJSJasﬁr thbespse: Qfatatlpbtlé atd tp'rdﬁudeea:@%aéa &bent
condensati o ar at us Olqn t hese process

AR e ol lPE EEOr$S§hefugde ¥ ?l%‘ksar?ﬁﬁt@mPFéaE?ors

| Pe $iera@emeat 58@@&@% tspbath@@tta@@bangers and

m crochannel reactors . .S an advant ageous aspect

of t he"4heRti BHetfﬁ?ntdlﬁ%tﬁéyfﬁew?%J t5or U pr PeEs OF

t heo e pexiagabneimcal ef s srmyltb@npr eﬂ@é’ltténﬁbeﬁrﬁeure was
ﬁOXl dation reactor. In an advant ageous enbodi ment,

Y N &L A Sr%?:%%e%ds ahef Por n%dfc?nn %t ReUF eaction

t pbesetdf wvarshablbaangd tae dreatl exchsggerid gaeki9hg di¥ Sor
as gect elimnates the need for renovi Cg t he
XHdatiesn daeafystt¥ oMt hetepbIF daAdHe Feaét bFestand

tp@r@lairalosfstzoﬁagréﬁ@tyoﬂ M .pkage ahhefiddaiftelhu¥enadihted
use during a her erlod of production of the

oF%lan heerdétf ?8m‘5t%e B € i-n TRRAJBRyRyeHn nifgate solution

fphd QG te¥aBRbesnhar @ad leRABA1 180 & Idhdisd Is@bRelhen 200 ¢ of
advant ages of the present invention and are not

i it Shdtd SFEopAYT HLFFHIG SHetéeppet gfodthgemperature. The
| pySNtdBboEsanpbet de YaRH NG a0f rSpeRte LR YStel PihbE

foll ow ng_exanples, the foll ow ng procedure was
Finally The spent catalyst was drled for 15 minutes at 250°C.

This procedure removed most of the soluble dopants from the
respective spent catalyst and produced a washed spent
catalyst.

Example 2
Preparation of Stock Silver Solution

This Example describes the preparation of a stock silver
impregnation solution used for impregnating various support
materials as described in the following Examples.

In a 5-liter stainless steel beaker, 415 grams of
reagent grade sodium hydroxide was dissolved in 2340 ml of
deionized water. The temperature of the solution was
adjusted to 50°C. In a 4-liter stainless steel beaker 1699
grams of silver nitrate was dissolved in 2100 ml of deionized
water. The temperature of the solution was adjusted to 50°C.
The sodium hydroxide solution was slowly added to the silver

nitrate solution with stirring while the temperature was
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used to wash the spent catal ysts to produce washed
spent catalyst, which was used in the various attenpts
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the spent catal yst was added to 202 grans of 0.03 W%
amoni um nitrate solution. The tenperature was brought
up to 85C and held at 855C for 1 hour. The pellets
were decanted and dried at 250 OCin flowing air for
15 mnutes. The catalyst pellets were added to a fresh

portion of 200 granms of 0.03 we ammoniumnitrate and
M EF G 3EhUC-at PE7- ST BT SHHETEnHidhi tirtaHacy 408 15

SR Hfe@n V\@ﬁedﬁ@ﬂﬁt adcandi hheosatal wst nRah helSaMelifve 10
soaked in 200 g 0. 03 W ammoni um nitrate sol ution

Ry rtéwﬁéhﬁé@ratwr &la0fh ok Bb PR et etesiitiredt r eAt hmid
VB dRRCREE 0 NS, I deBPyn LA AN it $8RBY SATAIYSY by

was dried for 15 mnutes at 250 OC . This procedure
r'efoved ﬁés@ Bt Lt die waldusPé lavpdints theorephacenent of the

r@é&%@ \ﬁ%)ﬁ(@&%&@tﬂ %311 809 RY %Qﬁ% %fw@éhsglé&?%ter

cat al e 2 Preparation of Stock Sil
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t ffperAhyseavastdi diairedhat BROGH dilke noesdbbbngelow 7.8
s| urra‘yrbvvas stirred for 15 m nutes. The pH of the

S L3 S AR R PR e @ tat 1BB oy N afr Was removed from the

solution with a filter wand and the slurry was cooled to less
than 30°C. Slowly added to the solution was 732 grams of 92
w% ethylenediamine (EDA). The temperature was maintained
below 30°C during this addition. A spatula was used to
manually mix the mixture until enough ligquid was present to

mechanically stir the mixture.

Example 3
COMPARATIVE EXAMPLE

In this comparative example, an attempt was made to
rejuvenate a spent epoxidation catalyst (the “comparative
catalyst’”) comprising an a-alumina carrier doped with silver,
rhenium, cesium, and tungsten. The spent epoxidation
catalyst had a cumulative alkylene oxide production of 2.4
kT/m® of catalyst. The silver content of the spent
comparative catalyst was 23 %w, based on the total weight of
the spent comparative catalyst. The silver content was

determined by nitric acid digestion and silver titration.
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by the addition of NaOH solution as required. A liquid
renmoval procedure was used which included renoving

wO p@aith3by t he use of a filter wand fol | owed bRCT/E82006/062391
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repl acenent of the renoved liquid with an equi val ent
vol ume of deionized water. This liquid renoval
procedure was repeated until the conductivity of the
filtrate dropped bel ow 90 m cro-nmho/cm After the
conpl etion of the last liquid renoval cycle, 1500 n

of deioni.zed ter dded _and f ol
a1 S 630 G ar GeaP ALl A Rydeh 513 pped
ndias) the ppotedird $1eiriBadgl ansxarylee lStbrpr@@uc&md\rashed
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B PR hbTS (H G T | 1 P L FEEGn CBP R he e cLve
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pH did not drop below 7.8 for an extended perlod of
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fiidigruyandaanss {he. sindr Bepwast Lo®| LA e ochessrt fiddbaring
300C SIOMA%%added to the solution was 732 grans, of
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mai nt airkedebek ovt FDAG 18U oAGwh B Srasidickl @9 dAs§@:a&iLHga
was used to manual ly m x the m xture_un enou

|@qmj1 G5y BE SRR e st 651 L CEPH thite T Q88 e of

lQmB nCONPARNH M EXANPHECE N1 thismeerBakaté¥e and
exa an atte t was made to rejuvenate a sp ent

i SROBkED ) J8t MELRE - " b ATP e et Al YA ided to a

C&E&Hdﬁ% RE 8Rcar&diHiNRy GALGLEESnHoRe kR 8hbVeEiution
rhenium cesium and tungsten. The spent epoxi dation

cut H s tthadd0adeaymin atiffe TEFRYF &M@ %%mﬂeﬂﬁrUﬂﬁcW+%ﬁi@Fth
20 4adcld 9 3r060CRd At st solheishl vern conimpt nef & 51tlon

spent conparative catal yst was 23 %w, based on t
t@&%ﬂuﬁﬂﬂ%jﬁtUé?dt?ﬁaRﬁﬁﬂﬂ?ec6ﬁ9a@%ﬁ%ﬁkyﬁﬁﬁeap9§Parq¢k¥e
skhverygontent was determined by nitric acid digestion

and S|Iver titration.Pellets of the spent conEaratlve
Cataly%} gKepe QBsHey washed comparatlve catalyst pellets were

evacuated to 20 mm Hg for 1 minute and the combined
deposition mixture was added to the washed comparative
catalyst pellets while under vacuum. The vacuum was released
and the resulting evacuated comparative catalyst pellets were
allowed to contact the combined deposition mixture for 3
minutes, producing intermediate comparative catalyst pellets.
The intermediate comparative catalyst pellets were
centrifuged at 500 rpm for 2 minutes to remove excess liquid,
producing centrifuged intermediate comparative catalyst
pellets. The centrifuged intermediate comparative catalyst
pellets were placed in a vibrating shaker and dried in
flowing air at 250°C for 5 1/2 minutes, producing additivated
comparative catalyst pellets.

The silver content was 23 w% Ag and the cesium content
was 650 ppm Cs/g, based on the total weight of the

additivated comparative catalyst pellets. The silver and
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using the procedure described in Exanple 1 to produce
washed spent conparative catal yst. An additivated

WG p@nn7aempar at i ve catal yst was prepared by depopU$i00062391
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the followi ng on the washed spent conparative

catal yst: rhenium tungsten; lithium and cesium The

deposition solution for preparing the additivated

conparative catal yst contained no silver. The

deposition solution mas prepared by dissolving 0 1731
ReO 4 g g
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depesitd QmoTeXtuve/ yanaddedtte thppnashed campayatli ve
catal yst pellets mhrle under vacuum The vacuunrmas

rel eased and t hetEkshs ' 2 :
catal yst pellets were aII@mgﬁ gg @ontact the conblned
deposition m xture for 3 ﬁTﬁUFE§_" roduci ng
|nter#§dﬁéﬁ@¥%éﬁpér%W1¢b é@ﬂé?9§t0 effetspenthepoxidation
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centr ed at 500 rpm for mnutes to renobve excess
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C@&@éﬂﬁ&xPQbﬁ%%§¥ng9 e kuged i e dioaks with silver,

conparative catalyst pellets were placed in"a
vibEtimg asakesiand difiee@titgrf Faw hiptai (Cagel25b BC

f easm;]?zfﬂ—ée?d ra_%%r%§na P&%&P 'wrighaggi@élyat&%n&%ﬁpa{féﬁ&éﬁ@en,
catal yst pellets. The silver content’ was 23 W% Ag

t ResSEwsi (AN dAteAEM was 65 G @Z@@gldfﬁ%ﬂééd C@ﬁaﬁhets had a
teﬁﬁﬁlﬂﬁiégw lQ&lEHQ oxide production of 0.16 kT/m®> of

catalyst or more.

The silver content of spent catalysts A and B was
determined. The cesium content of spent catalysts A and B
was determined both before and after washing using the
procedures described in Example 1. The results are given in

the following Table:

Dopants Ag w% Cs, ppm Cs, ppn
present on before after
spent washing washing
catalyst
Spent Ag, Cs, Li 14.5 326 72
Catalyst A
Spent Ag, Cs, Li, 13.65 394 45
Catalyst B Re, W

A combined deposition solution for preparing rejuvenated
catalyst A was made by mixing: 153 grams of silver stock

solution of specific gravity 1.553 g/cc; a solution of 0.1978
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addi ti vated conparative catalyst pellets . The silver
andextracted cesium content of the additivated

w@owparavo ve catal yst pellets were detern ned BSI/US2006/062391
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descri bed above. The additivated conparative catal yst
pell ets al so conprised the follow ng, calculated on
the basis of pore volune inpregnation: 2.0 nmmole Rel/g
addi ti vated conparative catalyst; 0.60 mople Wg

addi ti vat ed conparative catal yst; and, 15 nnDIe LiOH g
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and the resulting evacuated pe%éets of spent catalyst A were
allowed to contact the combined deposition mixture for 3
minutes, producing an intermediate catalyst A. The pellets
of intermediate catalyst A were then centrifuged at 500 rpm
for 2 minutes to remove excess liquid. The resulting
centrifuged pellets of intermediate catalyst A were placed in
a vibrating shaker and dried in flowing air at 250°C for 5
1/2 minutes, producing rejuvenated catalyst A.

The final composition of the rejuvenated catalyst A
pellets was determined. The rejuvenated catalyst A pellets
comprised 23.5 w% Ag, based on the total weight of
rejuvenated catalyst A and 639 ppm of extracted Cs/g of
rejuvenated catalyst. The silver and extracted cesium
content of the rejuvenated catalyst A pellets were determined
as described above. The rejuvenated catalyst A pellets also

comprised the following, calculated on the basis of pore
volume impregnation: 2.0 Pmole Re/g of rejuvenated catalyst

A; 0.60 pumole W/g of rejuvenated catalyst A; and, 15 pmole
LiOH/g of rejuvenated catalyst A.
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A conbi ned deposition solution for preparing
rej uvenated catal yst A was nmade by m xi ng: 153 grans

w®@Roogioteser stock sol ution of specific gravity BCBEBS2006/062391
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g/cc; a solution of 0.1978g of NHAReO 4 in 2 g of 1:1
EDA/H 20 ; 0.0552 g of anmoni um net at ungst at e
dissolved in 2 g of 1.1 ammoni a/water; and, 0.231 g
Li OHxH 20 di ssolved in water. Additional water was
added to adjust the specific gravity of the solution

to 1.454 g/cc. 50 grans of, the.resulting solution was
m xed with 0.1616 g of SOgﬁﬁgééﬁfésolution, pr oduci ng
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rejuvenat ed cat al yst
The resulting pellets of intermediate catalyst B were then
centrifuged at 500 rpm for 2 minutes to remove excess liquid.
The centrifuged intermediate catalyst B pellets were placed
in a vibrating shaker and dried in flowing air at 250°C for 5
1/2 minutes.

The final composition of the rejuvenated catalyst B
pellets was determined. The rejuvenated catalyst B pellets
comprised 21.9 w% Ag, based on the total weight of
rejuvenated catalyst B and 674 ppm of extracted Cs/g of
rejuvenated catalyst. The silver and extracted cesium
content of the rejuvenated catalyst B pellets were determined
as described above. The rejuvenated catalyst B pellets also
comprised the following, calculated on the basis of pore

volume impregnation of the spent catalyst B: 2.0 pmole Re/g

of rejuvenated catalyst B; 0.60 Umole W/g of rejuvenated
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0. 60 Umle Wg of
mmol e Li OH g of

rejuvenated catal yst A ;
rejuvenated catal yst A .Exanple 5 The

and, 15
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B was made by m xi ng:
solution of specific gravity 1.553 g/cc;
0.2037 g of NHAReO4 in 2 g of 1:1 EDA/H 20 ;

153 grans of silver stock
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The extracted cesium from Rejuvenated Catalyst A increased by

567 ppm and the extracted cesium from Rejuvenated Catalyst B

increased by 629 ppm, both based on the extraction of spent

Catalyst A after washing. Based on the cesium content of the

respective spent catalysts before washing, the extracted

cesium from Rejuvenated Catalyst A increased by 313 ppm and

the extracted cesium from Rejuvenated Catalyst B increased by

280 ppm.

Performance Testing

Test P

rocedure

The various catalysts were tested to determine their

catalytic properties,

such as,

selectivity and activity.

The following test procedure was used in the following

Examples.

The catalyst was crushed to 14 to 20 mesh size.

3

to 5g of the crushed catalyst was loaded into a 1/4 inch

stainless steel U-shaped tube.

molten met

al bath
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conprised the follow ng, calculated on the basis of
pore vol une inpregnation of the spent catalyst B: 2.0
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of rejuvenatedcatal yst B ; and, 15 nmole extracted

Li OH/ g of rejuvenated catalyst B . The results are

given in the follow ng Table, along with the

conmposition of the Additivated Conparative Catal yst of

Exanple 3 : Ag W Re ,mol /g nnDI/g Li, nnDI/g Cs, ppm
ditivat 23..0.2 .0 6 15 |ve
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R’Etj]l)é/d%@fsedl&l r 86 Zrer@® Qd;6s15d 674 ﬁaztealtylst s&d’s&fz&ﬁt{%@as
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t @olaa%@a@@éi by 28appm Ped fpraanes Festing
Test rocedure
N1/1/h The inlet gas pressure was 1550 kPa. The results are
given in the summary Table found in Example 11.
Example 7

Testing of Spent Catalyst A

In this Example, the testing gas mixture passed through
the catalyst bed consisted of 30 %v ethylene, v oxygen, 5
%v carbon dioxide, 57 %v nitrogen and 2.5 parts by million by
volume (ppmv) ethyl chloride. Temperature was kept constant
at 245°C for 4 hours and then adjusted for the catalyst to
stabilize and achieve 3.09 vol.% ethylene oxide (EO)
production, based on the total volume of the testing gas.
The catalyst loading was 3.93 grams. The gas flow was 16.9
N1/1/h. The inlet gas pressure was 1550 kPa. The results
are given in the summary Table found in Example 11.

Example 8
Testing of Spent Catalyst B

Prior to startup the catalyst was pre-treated for 3
hours with nitrogen at 260 °C. Then the testing gas mixture
was introduced. The testing gas mixture passed through the
catalyst bed consisted of 30 %v ethylene, 8 %v oxygen, 5 %v

carbon dioxide, 57 %v nitrogen and 2.5 to 7.0 parts by
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The various catalysts were tested to determne their
catal ytic properties, such as, selectivity and
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foll owi ng Exanpl es. The catal yst was crushed to 14 to
20 nesh size. 3 to 5g of the crushed catal yst was
| oaded into a 1/4 inch stainless steel U shaped tube.
The tube was inmmersed in a nolten netal bath (heat
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results
concentration was varied to obtain maximum selectivity. The

catalyst loading was 4.90 grams. The gas flow was 16.9
N1/1/h. The inlet gas pressure was 1550 kPa. The results
are given in the summary Table found in Example 11.

Example 10
Testing of Rejuvenated Catalyst A

Prior to startup, rejuvenated catalyst A was pre~treated
for 3 hours with a gas mixture of 11.4% oxygen, 7% carbon
dioxide and 81.6% nitrogen at 280 °C. Then the reactor was
cooled down to 240°C and testing gas mixture was introduced.
The testing gas mixture passed through the catalyst bed
consisted of 30 %v ethylene, 8 %v oxygen, 5 %v carbon
dioxide, 57 %v nitrogen, and 2.5 to 7.0 parts by million by
volume (ppmv) ethyl chloride. Temperature was adjusted for
the catalyst to stabilize and achileve 3.09 vol.% EO
production. Ethyl chloride concentration was varied to obtain

maximum selectivity. The catalyst loading was 4.48 g. The
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are given in the summary Table found in Exanple 11.
Exanpl e 8 Testing of Spent Catalyst B Prior to startup

wWo b@7oa3ad yst was pre-treated for 3 hours w t hPCI/USTHOE062391
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at 260 0OC . Then the testing gas m xture was

i ntroduced. The testing gas m xture passed through the
catal yst bed consisted of 30 % ethyl ene, 8 % oxygen,
5 % carbon dioxide, 57 % nitrogen and 2.5 to 7.0
parts bym | lion by volume (ppnv) ethyl chloride The

ature e caonstant at. 260 C for 4 hou

L oh Erbepen thor TheCHRy aitpe ThHEC A izs Sang wes Tbo
azha evernd @8svots. e EQipraaduat tha. sdimea st Impblehkenhdein
concentration was varied to obtain maxi mum
sBF¥RI%ity. The catal yst loading was 4.20 g . The gas
flowwas 16.9 N/I/h. The i mxatn gaslpr essure was 1550
kPa. The results ar e g| ven |n t Tabl e found
in Exanple 11. 2EXarps

Conparm@tiigee tgatsahysﬁp,T hend e;sttbmgsga:sagn p&téﬂt%e\éﬁﬂb@hf&@%
passed through the catal yst bed consisted of 30 %

e_Pﬂ‘;}JF 118, th8 20GagxPHENIC S Yy WdafBor* W ki de c5Fboy dioxide
Nhhé ogiers sand t20§ehOat! B8Y tog bynahl th&N-detw?! WaB cooled
(ppnv) et%%lo chloride. Tenperature was kept constant
aflovRaL® f f RBbrteoby {5 PLKBUFS i PHEedpgpdy The
heuts i dndidshan <adiuspesk o nrbaghat gé Ysdc 416 5%t a8kl t@®sistea
and achi eve 3.09 vol. % EO production. Ethyl chloride
CBACENt TALTON LRAS  var PeP Tt &i AV 83T RRImdioxide, 57 %v

sghecddatl taha BNE Qét al ¥ Start@adiyngi Waso 4 1920 ans. (Jhev)
gas flow was 16.9 /1/h. The inlet gas pressure was

1559YkP§QlOFH§ePesEPWEe%%K§i vef PAIEReeS ififarpeTaprRly st to

foupgs 1 1 Exapphenldve Examphe11@ Feshisgu@fidRe) eyapat ed
Catalyst A Prior to startup, rejuvenated catalyst A

WEBLPF Ele [ORCEATEBEL SN HERR SARIER BO galkt #AIX CIAa TG
1lc4%0xy0a8N, HeCaRLPON st loading was 4.80 g. The gas flow

was 16.9 N1/1/h. The inlet gas pressure was 1550 kPa.

The results for Examples 6 - 11 are given in the

following Table:

Sel % Act°C

Spent Comparative Catalyst 71.9 298
Spent Catalyst A 75.0 254
Spent Catalyst B 77.0 291

Additivated Comparative Catalyst 48.2 290%

Rejuvenated Catalyst A 87.9 255

Rejuvenated Catalyst B 87.3 261

* EBO concentration of 1.81l% was achieved before the catalyst went
into runaway

The foregoing results indicate that depositing a
combination of components comprising rhenium, tungsten,
lithium, and cesium onto a spent comparative catalyst was not
effective to rejuvenate the comparative catalyst. However,
depositing additional silver together with rhenium, tungsten,

lithium, and cesium was very effective in rejuvenating both
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di oxi de and 81.6% nitrogen at 280 OC . Then the
reactor was cool ed down to 240 OC and testing gas

wOorRoorMareaImas i ntroduced. The testing gas m xt UPET/psRseth2391
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through the catal yst bed consisted of 30 % ethyl ene,
8 % oxygen, 5 % carbon dioxide, 57 % nitrogen, and
2.5t0 7.0 parts by mllion by volune (ppnv) ethyl

chl oride. Tenperature was adjusted for the catalyst to
stabilize and achieve 3.09 vol.% EO production. Ethyl

chl or.ide conceniratjon s varied to obtain maxi num
SR AT il AR B RR R vis 4. 48 g Thegas
flow was 16.9 N /I/h. The i Bkehppasipressure was 1550
kPa. The results are given in éhe summary Tabl e found

in ExdmpleEPTIi e M PREEPERER NP &5 SReSubBRat BRRCE Of the
Gad plysta tBobr s cd s drantdpact heigatcd wst ewBsnsively aged
pre-treated for 3 hours with_a gas mxture of 11.4%
0B, oG- ¥ S bONRA ‘okide “aAYUBANB AR YgEhR att B0 ocC

- 1ilheiid, henkeass Dim WasrHeogbedt dox 1y 240406 aRdulative
testing gas m xture was introduced. The_testing gas

P RE TR RELEE PHIBITH et t 4f st/ et constsfaid oof more -

30 JbmRidykene, £ 8 mieeN tube We HAIRERN cOhPXE 8eng Srom 190
% nitrogen and 2.5 to 7.0 parts SX mllion_by volune
(PphR ) % Ry PEchr bRt e "ReRpePabine \ids ddPGieedtenreS

t ienedAltpsthbLosdiab) Inize tardcachi e 3 82 vab. ofsite
production. Ethyl chloride concentration was varied to

oWt i FRSReR FRR sl Bk it §.- 8ThénEatadl ot “Codabfg heis °

4088 J to TBRoPASWA ON MATLIE. obdddrts . Thenknl,gEn&as
pressure was 1550 kPa. The results for Exanples 6 - 11

k
af &R iete WASt et gH1iRM i F4B1 &C: for EOhedHEent rat i on

of 1. 8&Las aehiryed jef %ﬁpggft@a;@ev%p%ghak@acwith 4.0
runaway The foreg0|ng results indicate that depositing

a"eonbithats oAr o} 2 cOIporfdri’erc ohpFeSdi WYy thige Rl Pt of the
tHRYSdLBomposite. The samples were impregnated using the

stock silver solution of Example 2 and the procedure
described in Example 4. Each of the impregnating solutions
also comprised cesium in varying amounts and lithium in an
amount of 40 pmol/g, both based on the weight of the
rejuvenated catalyst, calculated based on pore volume
impregnation of the spent epoxidation catalyst. The varying
ceslium levels are indicated in the Table, below.

The rejuvenated epoxidation catalysts and the spent
epoxidation catalyst (as received from the customer) were
subjected to a test procedure. The testing gas mixture
consisted of 30 %v ethylene, 8 %v oxygen, %v carbon
dioxide, 57 %v nitrogen, and 2.5 parts by million by volume
(ppmv) ethyl chloride. The gas hourly space velocity (GHSV)
was 3300 hr™'. The workrate was 200 kg/m3/hr (12.5
1lbs/ft*/hr). The unit “kg/m®/hr” refers to kilograms of
ethylene oxide produced per cubic meter of epoxidation

catalyst per hour, as calculated for uncrushed catalyst.
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lithium and cesiumonto a spent conparative catal yst
was not effective to rejuvenate the conparative

W@ 200alysbae  However ,

together with rhen

deposi ting additi onal

ium tungsten,

was very effective in rejuvenating bot hspent catal yst

A and spent cataly

st B .

Exanpl e 12 An experinment was

performed to assess the inpact of the rejuvenation
process on the activity of an extensively aged spent

| a
i ihd e

v e Epnt (Al Y8 Rl EoLS)

The

ctnd latgase fabkyd eneraaxizde pepducs | ameofefpdBakdf dnwdOf

EAi%Re Forprrsicn Tt 1o

te of, four

0SEPh b5 o

m d-top tube
Qof CHuterihil vol-*

wes epretkicaed. and tunbl ed for 25 mnutes to thoroughly

m x the cuts. 450

of the conposite

was _washed with a

flow of 0.80%/ TGS §5°081NRE et fidie 5 oHdaFEY ol FMove

wat er - sol ubl e conp

onents. The washed

conposite was

then dried at 120

JEelebt A IRATE) San

Pl@perhthbe @&d)ed

chi a1/ OPEHACE he

COFaNSida@WpEE | Mpregnatedggvd n 4.0 v, 8.0 Vhz or
Igph eV @2l YBE, baged onm Tt nei ght gf—the wagdied
CW%&e 3 siﬂ@e??{_ esS YV(:‘L(:‘ IﬂPl eglral l::u‘ EJbI g TL]E
é:ULKA-‘ El{ﬂ Ul T O1T Ol E%QMUT'U Z dlI u L11e [Jg ESUUI?

pbliaiﬁ% an 4 Each—of—thejrpregn 2 g
T8 = IR S R L TN M s = [ -
DE}! ULSMID %th}sbullm I STU b-? T mmrirv 1 _yl Ilg allg S aru
iRt B~ arR Rt —of—40 PpH-g—bgth- based<op—the
Fro970 C 7 2 b
inl ol fa wg i/ anat and ~AtYYal ot adal cnl.at Za acod
\i .l Ul \Va| tllTlUJ ayoeriAt ovag §.L MI]\JL, AT G Ul AT U \". e pwpw )

- 2 P Apieghrati-on ofthe sgent epoxidation-
cht o/ PPRRACS or i ng cesi(find evels dre indicsided in |

g e yi-hg—cesi-Um-tevels—ar :
- The rejuvenated epgxidation

ot 04294 PPRBAES he

i D

p

spent Qﬁﬂ%ﬂhatinn g
cust oner§0sfere subj

at al yst ?(29%
ected t #4 test

1% @PmyTh@st es

ing gasSi&ture ¢

nsi sted 9f0 30 %

et hy| Eite PPEWOYS oxygen, 5 %0 carbon diloxi de, 5B %
M ¥ ;psied gadvors parts by nmillion by vol une

M: 370 ppmw Cs 79.7 230
N: 420 ppmw Cs 79.7 231
O: 470 ppmw Cs 79.9 231
P: 520 ppmw Cs 78.6 237

The selectivity and temperature shown for #“fresh

catalyst” are averages for fresh catalyst production. The

rejuvenated epoxidation catalysts comprising 12 w% additional

Ag and containing from 370 ppmw to 520 ppnw rejuvenating Cs

performed as well as fresh catalyst.

Rejuvenated catalyst comprising 12 w% additional Ag and

370 ppmw rejuvenating Cs

Example 13

(Catalyst “I”

in Example 12) was

subjected to a high severity microreactor (HSM) test to

beyond 100 Mlbs/ft® of catalyst cumulative production.

The

testing gas mixture passed through the reactor consisted of

30 %v ethylene,

nitrogen,

8 %v oxygen,

and 5.6 parts by million by volume

48

%$v carbon dioxide,

57 %v

(ppmv) ethyl

Si | VRET/US2006/062391
lithium and cesium



(ppmv) ethyl chloride. The gas hourly space velocity
(GHSV) was 3300 hr 1 . The workrate was 200 kg/ m 3/ hr

W@ 1@787d3p0's/ ft 3/ hr) . The unit "kg/m 3/ hr" rePE&r/5S1006/062391
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kil ograns of ethyl ene oxide produced per cubic neter
of epoxidation catal yst per hour, as calculated for
uncrushed catal yst. The pressure was nai ntained at 14.7
barg (210 psig) . The total gas flowate was 281
cc/mn. The tenperature mas adjusted for t he catal yst

tab I|z and acl % tion...T

PR, TpRUERS IO EIS Befrbarere iy NORTHE 48 250 ne-
séleahEkaygémuhdnyEWSEahuwassi&av1dhabh ﬁées@uiﬁﬁﬂdnysto
are averages for fresh cat roductlo

e S bR B e e oy S a Ao PG K8 mpr (50
addé Adonak) Adbadell eentakniagl fdpmehE0 tppsw &1&)15;2%@@'1%1;

uvenatln% JCB}q}gerformed as mell as fresh catal

e

© 19 Pat et Fgeafgst %%pr.@%grfésw Sids

aflgh id 0l Ag and7 37h-ppmwor ppuyenating Cs (Catal yst
“I'" in Exanpl.e 12) was sughected to a _high severity
nlcroﬁ@ébt&rlFH% iRy oh FUBByIhHY RFMLSSET P8¢

Cat el ydi U 8y Eve opr edustyon. vEieusestiBg Ay (%) for
m_xt ure passed through the _reactor consisted of 30 %
et PYT erit's @fodrhEx B oy YERr BH Hitoxinge regyvegated high

Nh&E o RARA19s6. parritgs by 181 bl Efp®YoV Qi af PREVAthylene
et hyl chloride. The ggs hourly space velocity

WRE P U It OTh M Ot orR/et-siSon Wr&§82§%§my\§)ﬁ is

egithyad B qoel hYéﬁ%xﬁXI"Qaeﬁ’éQQe&lﬁILQIhSOfof the fresh
approxi mately 800 kg/ m 3/ hr (50 Ibs/ft 3/hr), based on

tﬁ%t%saﬁrnc}%sﬁsmfe G0 \HRGE2ERPRI Y5 tERFeinERE PR a

coef Hiialalr @act 8hilHhe.orTREPEESSLESE YiRTclRi-Bt alMetor the
at 14.7 barg (210 psig) . Fig. 1 is a graph of

comaitEnafeethghenet b%itde cpedueti on (M b/ft3 of

cat al ypion Vc%rs?‘éétsﬁg 8¢dny 'stsﬁ(e(:%vi@}['? deuri neUB8gOhct NB ty
fresh cat al for the rejuvenated high activity

caealirg raﬁe@r zhﬁsrantgfrealﬁﬁeéf hédwcatﬂiwywﬁyﬁéﬁ%t

performed the same as fresh high activity catalyst within the
experimental scatter of the data.

Persons of ordinary skill in the art will recognize that
many modifications may be made to the embodiments described
herein. The embodiments described hereln are meant to be
illustrative only and should not be taken as limiting the

invention, which will be defined in the claims.
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oxi de production (Mb/ft3 of catalyst) versus catal yst
tenperature (0C ) for four "identical" runs of the

wo e@3h7aa al yst, to provide an indication of tPEI/US2006/062391
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i nherent statistical variability of the testing
procedure, and for the rejuvenated high activity
catalyst. Wth respect to both selectivity decline and
activity decline rates, the rejuvenated high activity
catal yst perfornmed the sane as fresh high activity

catalyst within the experiqgﬂtg sEagter of the data.
Persons of ordinary skill i w || recognize
that many nodifications may be made to the enbodi nents

descri bed herein. af enbodi nents descri be g herei n are
meant %o b& PFPERTT a9V @ ERAYIRAF SHOVEPAGEbEP? +on

agatd1Rist, nghéhﬁrbw@tdd&@rlwﬂh@h wi Il be defined in
the clains.C L Al rocess for prepar

|
Fof v GREVEASBEOR | BT oH I AEAPSRE I Ir0cata yst

conpri si NghaPheyi 8i Agna guast bl yydnspRaNbceposidat i of
cat al yst havi ng a ynulatlve al kyl ene oxi de production

of 0.16 kTPmt8 BF/ Thé&TspBht QﬁRBUQﬂQFFGﬁt&%?a?@%ﬂlﬂﬁt or

nmore; and, ndepositding additional silver on the spent
epoxi dati on Catal%@ in an apopunt of 0.2 %w or nore,
1

based ROSHE LREI G- oo e SEPERT pPUAERSH ERPRIRLOD

2 . The progessysf £ alimakoliHttHEro CONGY icsi RBre, based on
depositing additional silver in an anmpunt of 0.5 %v or

nore, in paPfi FaFaRt 1°047h6r SRBPE, SBPRA5r ORpFBt a1 DS oy
or nore, or 12 %w or nnre based on the weight of the
spent epOX|dat|on cat al . 3 . The process of claim
1 or Z-wheféPnPEAgeHU ﬁ%ﬁém §i Fwerhgs coadr e bRal

Calp NG gl bMal « 89gh1 he REeeCesSah Wddslt ¢2MBLESES or more,
reducing the additional cationic silver,

in particular 1 %w or more, 5 %w oOr more, 10 %w or more, Or
12 %w or more, based on the weight of the spent epoxidation

catalyst.

3. The process of claim 1 or 2 wherein the additional
silver is additional cationic silver and the process further

comprises reducing the additional cationic silver.

4. The process of claims 1-2 or 3 further comprising
depositing a quantity of rejuvenating rhenium on the spent

epoxidation catalyst.

5. The process of claims 1-3 or 4 further comprising
depositing on the spent epoxidation catalyst a quantity of
one or more rejuvenating copromoter components comprising an
element selected from the group consisting of tungsten,
chromium, molybdenum, sulfur, phosphorus, boron, and mixtures

thereof.
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4 . The process of clains 1-2 or 3 further conprising
depositing a quantity of rejuvenating rheniumon the

WG p@nin7apoxi dati on catalyst . 5 . The process PET/UEB06rE62391
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1-3 or 4 further conprising depositing on the spent
epoxi dation catalyst a quantity of one or nore
rejuvenati ng copronoter conponents conprising an

el enent selected fromthe group consisting of
tungsten, chrom um nolybdenum sulfur, phosphorus,

boron,_ and_m xtures thereqf ..6 The e of cl ai s,
1o4 0155 1 APENEF OCEHDrTsing Hepbsf tIhg o CRE s PaRer Loing
epexd shadiinan caatnk ysperee GaRtibhyiof @@ lgflstmar Quantity of
re%uvenating further elenen%i selected fromthe grogﬁ
cBASi Ut iTRg Cof CAFY TR fGsFPheS tHIRMS STefafgd from the
afkahp vreakt ingesal st dddeani amioradd)i Wnkaziir geohus)
vanadi um thallium_thorium, tantalum niqbium,

gatFitif® gérmantahd -t Smd i3kt uPes HHerBbf 217 COnTHE,
precessu0f tebal MuB, whesivh,t Rent &] ev,ematduagnf, UGh Nl un,

el ement, conpri ses one or nore rejuvenating al kal

nE AP B e EPEI™MFOMT §F tHISFHPEpot assi um  cesium  and

m xtures thereof. 8 . The process of claim7

conprising depositing the rejuvenating cesiumin an
amount’ of fiPENPHOIEED FO ThidMel kY oFethd hreravanat &king
epaxt gt iQRmeat akysbrishs ohREopr A6ES S OfuvehndicABgla ki

8 further conprising washing the spent epoxidation
cREEIStSPErsPE HePBsttiHG™ hechadst tWhn&leSsfyepngnmixtures
t hgesfent epoxi dation catal yst. 10. The process of

claims 4-8 or 9 conprising depositing the rejuvenating
rheniumin an amount of fromO0.1 to 20 mvol e/ kg of the

rej uvenat ednepgxbeas s Ak CAkahy St corddri sy RILREESE1RE the
claims 5-9 or 10 conprising depositing the copronoter
i AeaURRARINOY CBP1TR o (A1 AEV20 Afrof &k @ -3f toh&0 mmole/kg

r gk uvehatedvepaxkdatl pom Latidhy shralyst.

9. The process of claims 1-7 or 8 further comprising
washing the spent epoxidation catalyst before depositing the

additional silver on the spent epoxidation catalyst.

10. The process of claims 4-8 or 9 comprising
depositing the rejuvenating rhenium in an amount of from 0.1

to 20 mmole/kg of the rejuvenated epoxidation catalyst.

11. The process of claims 5-9 or 10 comprising
depositing the copromoter in a quantity of from 0.1 to 20

mmole/kg of the rejuvenated epoxidation catalyst.
12. The process of claims 7-10 or 11 comprising

depositing rejuvenating lithium in an amount of from 1 to 100

mmole/kg of the rejuvenated epoxidation catalyst.
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12. The process of clains 7-10 or 11 conprising
depositing rejuvenating lithiumin an anmount of from1l

wo 20020030l e/ kg of the rejuvenated epoxi dati OPCT/US2006/062391
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catal yst. 13. The process of clains 1-11 or 12 wherein
the spent epoxidation catal yst has a cunul ative

al kyl ene oxi de production of 0.2 kT/m 3 of the spent
epoxi dation catalyst or nore, in particular 0.3 kT/m 3
or nore, 0.45 KT/m 3 or nore, 0.7 KT/n8 or nore, or 1

KT/ m . 14. A gess f oxi dat i on_.of

Sne or o G261 B PR o PRy Pekb i a o vpEaai S spent

C@gmficﬁsl‘dl@go eat@]:;am rr@solaefcu:ﬂﬁlamxt@ @my&seacexgﬁe a

uvenat ed epoxj datijan catal yst are accor di to

RHAUHE ST OEatne D BF e ST RGO BEpae G i o

ldomhieriel pathecengr ar. memél@é int:eGOOPEb SieT athyk-enere,

16. The process of cIa|n1 4,0r 15 further conprising

rRaltk TG t RE BYRS $To%i §6/W ©OF WREEr . an al coho

carbon di oxide, or an anmine to forn11 2-diol, 1,2-dio|

ether, 1,2- carbonate, or al kanol amne. 17. A process
for the ep@xPHﬁF?%% T dhE 6POKDLRE A S PNOF HRCTe

PEESENCE Rfnp2 1k ehdlentadathgepoxbdat taibcatiabyshe éPanore
nmet hod conprising: providing a quantity of spent

ePbXi it i'0h tEEt BF §3t"Harng AScunemaits @PSIXRQPEﬁ%n catalyst

OX} &lea IO dehir@n®f L &.a46; lhend efaide 1spentr 13.
epoxi dation catal yst or nore; depositing additiona

silver on the spent epoxidation catalyst in an anount

of 0.2 2w Qﬁe”ﬁf@ce@@&ﬁﬁcﬁﬁ;hh@4mﬁh&ﬁhjthbh8nép@ﬁtmore
epoxi dation catal yst; and reacting a feed conprising

t Ao BHE SomREE &S P @Y ¥R %and oxygen in the presence of
the rejuvenat ed epoxi dati on catal yst obtained by the
process of clains 1-12 or 13 to produce olefin

oxi de.Y®. The proeess WF deamml $70wher divrthRe 6ABPBHYS1ing

nPéébtlng the olefin oxide with water, an alcohol,: carbon
dioxide, or an amine to form 1,2-diol, 1,2-diol ether, 1,2-

carbonate, or alkanol amine.

17. A process for the epoxidation of one or more
olefins in the presence of a rejuvenated epoxidation
catalyst, the method comprising:

providing a quantity of spent epoxidation catalyst

having a cumulative alkylene oxide production of
0.16 kT/m> of the spent epoxidation catalyst or
more;

depositing additional silver on the spent epoxidation

catalyst in an amount of 0.2 %w or more, based on
the weight of the spent epoxidation catalyst; and
reacting a feed comprising the one or more olefins and
oxygen in the presence of the rejuvenated
epoxidation catalyst obtained by the process of

claims 1-12 or 13 to produce olefin oxide.
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ol efins conprise ethylene. 19. A process for the
production of a 1,2-diol, a 1,2- diol ether, or an

wa@bdanod39mm ne, the process conprising conver tPEIYUSIV06/062391

olefin oxide into the 1,2-diol, the 1,2-diol ether, or
the al kanol am ne wherein the ol efin oxide has been
obt ai ned by a process for the epoxidation of one or
nore olefins in the presence of a rejuvenated

epoxi dation catalyst as clainmed in clainms 14 or 15.

18. The process of claim 17 wherein the one or more

olefins comprise ethylene.

19. A process for the production of a 1,2-diol, a 1,2-
diol ether, or an alkanol amine, the process comprising
converting an olefin oxide into the 1,2-diol, the 1,2-diol
ether, or the alkanol amine wherein the olefin oxide has been
obtained by a process for the epoxidation of one or more

olefins in the presence of a rejuvenated epoxidation catalyst

as claimed in claims 14 or 15.
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