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A METHOD FOR REUSI NG RHENI UM FROM A DONOR SPENT

EPOXI DATI ON CATALYST Field of the Invention The
w@e@sen3appl i cation relates to a nethod of rePSI/NY2006/062398

rhenium froma donor spent epoxidation catal yst

Background of the Invention Rheniumis a precious

nmetal which is extrenely costly. Rhenium has a w de

variety of uses. One use for rheniumis as a pronoter

on an epoxidation catalyst. U S. Patent No. 5,739, 075

(the '07 ) ' ess for the
prepar at ?%)ﬁ&grgg%&%%-gd %’;ﬁ\ég %Tt%ﬁggt% BONPRabl e
for the preparation of oxr e SThe process

deposits a nunber of materials, including silver and a

[ Onot | amount . of rhenium on a porous refractory
Eg%ﬂ%%fﬁi—ﬁi&gy—?@%%atem al so describes rheni um
conpthids-dshat apylbeatsiolinikiclbzed f(?ra dmhs)ult b@Nr&Ks Bng
upport. See col. 13 1. 2- 32, Unfortunately,
ré%‘g%l% ati%h g?ﬂ??s?%ergﬁ EPSHBFBELCT - YPerfor mance
Bdekdtoend Wi Cher eppveaseids itself by a loss in activity
of the epoxi,dation catalyst and a |oss in selectivit
i n t%‘ée%‘i“hdﬁ BroETCtdHe dBSPLelbaPRITH GRirgES Encostly.
Rhespandmd @ wheecl 0ssiafy act ukeky, ohe eROdatheRium is
reaction tenperature may he increased such that the
2B r DT DT Er R e B SRKE TAEPPN 8IS s mai nt ai ned. The
oper@ats orPaafent ONROET E,i 79, 108aCt @hs P@m@a@nl\% lilethiﬁﬁes a
wth respe to the reactiqgn t erature. When the
PRBTT S bl e FPENBETELA G o (At S e bueH bt Ca6r L Fishs
shheaprodimet icns pﬁépaﬁtﬂdﬁf oal @Ehgl@ﬁé dskilge .1 edue t@cEess
the production of the olefin oxide js interrupte 0
IERCHE PHEDER O 1T Triarge of CLpRATA ISR CAPal Fst
ptonowidd estouabasgerhdhifungsbnChapgeod atraleysty support.

co ising rheniumis very expensive.
Thenp6+§;pa ent aiso descriﬂ%s rgenium compounds that may be

solubilized for deposition on a support. See col. 13, 11. 2-
32,

Unfortunately, epoxidation catalysts are subject to a
performance decline, which represents itself by a loss in
activity of the epoxidation\catalyst and a loss in
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 normally limited with respect to the reaction
temperature. When the applicable temperature limit has been
reached, either the production rate of the olefin oxide is
reduced or the production of the olefin oxide is interrupted
to exchange the existing charge of epoxidation catalyst for a
fresh charge. A fresh charge of catalyst comprising rhenium
is very expensive.

Some efforts have been made to regenerate epoxidation

catalysts. For example, U.S. Patent No. 4,529,714 describes
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Sone efforts have been nade to regenerate epoxidation
catal ysts. For exanple, U S. Patent No. 4,529,714
walemanidsesa process for regenerating silver-coPtBURL0G062398
carrier catalysts used in the preparation of ethylene
oxi de which conprises treating a deactivated catal yst
Wi th a solution conprising a potassium rubidium or
cesi um conponent and a reduci ng agent. A need exists
for methods which reduce the cost of using rhenium as
c a unmary
R R e S e S Ko eP,
cagthpet f orsecedsi hige riveranatficonPd eomprersowpriisi wylch
oSREDE s EP VARG LR, CAL A YRy B PLEPENL, L AV ENLL 0B 2,50
provi des & et hod  f or prepari ng an epoxli dation
cempal sty ompitiesshgns herliighiumecov ecestiyn grangodenprand a
pent epoxidation catalyst. The present
r%ﬁ%fé?o%%pﬁtow des a nethod for reusing rheniumfroma
donok myehtexgpoxi fat iretheaisakpsth rédueetthed cost of using
r n r_¢o I Sk ng.
e A
Shlamarm @t dlhwllamreve:um kyl ene oxi de production of 0.16
k' Loronsg, (o Khy) ngé?{##gyr%%ﬁ%seg%é%éd ¥, C %&Lﬁ%
nor e;> cont St onof W th an aqueous [ qui
rhenpmrmdfimn rahelmnum dem Etsdadgdepent aﬂldoaiqiﬁmjm eAtalyst.
conp. r r he [ agueous
R g T
pe&paam’u@chrr legoixgneasom cmnarlcfstof:omhemsum |rrh1ea11um
ré&? §r “o?”érd%{ A &3Ro3 J‘rf 1S%S§”E '”%’eé‘é 31 39 catalyst.
process for th dat | oné or
oI elems m‘qantsungenem |mg>vadéeed metﬂmd siarg renelng
for e ol ef i ns t he sence. . an e atlon
e e e ek i
cEEinprpsBsgentpﬁmemhgom ca:brm mom‘pncdefsn@ qspemrewoﬁ:dndathm

catalyst comprising rhenium, the donor having a cumulative

alkylene oxide production of 0.16 kilotons (“kT”)/m’® of the
spent epoxidation catalyst or more; contacting the donor with
an aqueous liquid to produce rhenium-depleted donor and
aqueous extract comprising extracted rhenium; separating the
aqueous extract and the rhenium-depleted donor; and, using
the extracted rhenium as a source of rhenium in a subsequent
process.

The present invention also provides a process for the
epoxidation of one or more olefins comprising reacting a feed
comprising one or more olefins in the presence of an
epoxidation catalyst prepared according to the present
invention.

The present invention also provides a process for the
production of a 1,2-diol, a 1,2-diol ether, a 1,2-carbonate,
or an alkanol amine, the process comprising converting an

olefin oxide into the 1,2-diol, the 1,2-diol ether, the 1,2-



production of a 1,2-diol, a 1,2-diol ether, al
, 2-carbonate, or an al kanol am ne, the process

wa@eopnradbng converting an ol efin oxide into theCT/US2006/062398

1,2-diol, the 1,2-diol ether, the 1,2-carbonate, 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 an epoxi dation

catal yst prepared according to the present invention.

cQ?L?ﬁéé%i Q%SQEEpB%QQnSE gﬂ%ﬁé %%g@EEQ”EQZU%ﬂE' %egkide has

application provides a process tor reducing the cost

beknughingl rdveiivum asoaeps oifot ehecoppoh@dtion of one or more
| dat i C I : 0 L en p

R Ao FrRatibE of BB RTRIE IR Kar R pREE SR

agonodispent téporrdabhbnicedrdliyst.. | n one enbodi ment, a

5 D‘é%l Bﬁ%&iﬁ’&éﬁié‘t%% §2NPLd SifIGR0 gqueous extract from
ed to deposit the
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ext r et etk adeerti appréncat donaeovibdast Ai srerdodifrentedbuhieng
n fre i [ 0 t

o o earatysroon & shaesShr iy on

eprkidat Brh rdeerilysitiss separated from the aqueous

extract oduc in he r [ ve et hod.,
The gﬁﬁ%&%f%%”%ﬁ%%ﬁ%ﬁ]9?%ﬁ%?¥%§gt%ggégfgﬁ%%%gﬁ%%eggvers
anbdengusds nienibe dsed & odorsow apeetyepdxplatpigsesathhyst.

one erbooll MERLyg:fidg! €59y, egoesqﬁ&%%nwmée & %@%ﬁ%ﬂ%ogﬁ
product. T1n one e odlneﬁ?, the “recovered Theni um rs
agsiedus cexprmodiuc € rand epesriemgnumeetcorery opdeposi tis used to

de ‘§89¥€r€r9e re&%pria m.gn ., . donee; 'a”dgnse‘?”bﬂ?iﬁfﬁ%t' the
donee may be fresh carrier mat ér i al - of spen
egporidat i ortheattanest mafhee precds sahaset heataahisnit agespent

qu%% the need to di spose of an aqueous

that .it. can. re
ﬁpféaﬁatﬂ¥§ EF@‘%hsh spent epoxi dation catal yst,

t her ebyomedudiotgneinsposiad @itk semedr ohaehtml i espsrated
I8 PROCSSRAS 228 NG QAN ad2.9E £80USLNS LM Secovery
method. The separated rhenium, referred to as “recovered
rhenium”, may be used for a variety of purposes. In one
embodiment, the recovered rhenium is a stand alone product.
In one embodiment, the recovered rhenium is used to produce a
deposition mixture to deposit recovered rhenium on a donee.
In one embodiment, the donee may be fresh carrier material or
spent epoxidation catalyst.

The process has the advantage that it can reduce the
need to dispose of an aqueous liquid used to wash spent
epoxidation catalyst, thereby reducing disposal and
environmental costs.

The process also has the advantage of reducing the cost
of obtaining fresh rhenium or fresh catalyst comprising

rhenium.
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of obtaining fresh rheniumor fresh catal yst
conprising rhenium The Spent Epoxidation Catal yst The

WO b@niowspz ecovery met hod of the present appli cRCT/OR2006§62398

be used to recover rheniumfroma variety of spent
epoxi dation catal ysts conprising rhenium In one
enbodi nent, the spent epoxidation catalyst conprises a
carrier material conprising a base anount of one or
nore Goup 11 netals . In an advantageous enbodi nent,

TBQeSGerIQCu% %11 E%Hi X éﬂ ver. I'n one enmbodi nent, the
—epen?——epﬁ%—éﬁatalgm—caiaiys’i—conprl ses one or nore of

r henThemrhenéninunecopeonoteaTd afidtbe wreseant mppéication
mgggﬁgﬁé%éﬂ.%geggéb g? §%§%¥wnp%%ogelO&érﬂ%F§\M%rgﬁePg

pa sonmetinmes collectively used-herei
epekidatior hanalppt onecwr imdmg Ghenpull et @ine, ephedinent,

tg‘”epé end %@i&ggﬁgﬁ"é&{& sat”%okgri‘ge\.’sfé”%é}%eﬁ' GUBOL a1
RatPate eposited on a donee carrier material or on a
cdapeks Spent bepexadatnonoTairad yst moFy pecald Y1 tkeeals. In
epoxidation cata t is saqlid.under.the conditi f
Fhet e et or P ERier I, A orHR b oS G n o2iveft an
oneaehbahinwas , bebn spent crpaxipiationgedt peydtodooprisae, one

t he epoxidation catalyst beco nt. u

AR A S S N e IS D e RS
fepokedadlicoentcat abystie havilegl dedomul ati ve al kyl ene

oxi d roduct,ion_of .16 kil ot.on "kT")./nB..of th .
Spent EiG At BALEA A ST v TR ¢ neretn
tandf6er sed edieindiutny ofie arr epond dabupnltatetlaist, one or more

eneral |y decreases wi.th an i rease in cumul ive
Ry PRSI EP oaBT] Oh 1 Sohe SRLbH N Y =
deppulatd ven al kiphenecaxt ter praocurdtilonr i sn (8 dakenBpeht

t he.spent_ epoxi.dation catal yst or nore. In one
e@%&%igﬁb%rf ,coat%r?elyélél’ml ative al kyl ene oxi de production

i s OrgpkialiyB ahet bpospesnti@padtdaysonicata@lipstunder the
éggﬁgtiégg(%¥3t%gbgggggggtiégnzeaction. 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 kilotons (“kT”)/m® of the spent epoxidation 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, the cumulative
alkylene oxide production is 0.2 kT/m®> of the spent
epoxidaticn catalyst or more. In one embodiment, the
cumulative alkylene oxide production is 0.3 kT/m> of the
spent epoxidation catalyst or more. In one embodiment, the
cumulative alkylene oxide production is 0.45 kT/m®> of the
spent epoxidation catalyst or more. In one embodiment, the

cumulative alkylene oxide production is 0.7 kT/m® of the
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cumul ati ve al kyl ene oxi de production is 0.45 kT/m 3 of

t he spent epoxidation catalyst or nore. In one
wendoaresent , the cunul ati ve al kyl ene oxi de pr OBOT/AUBTNG/062398

is 0.7 kt /nB of thespent epoxidation catal yst or

nore. In one enbodi nent, the cunul ative al kyl ene oxi de

production is 1 kT/m 3 of the spent epoxidation

catalyst or nore . In some enbodi nents, a spent

epoxi dation catalyst is a catal yst which, when fresh,

exhibits.an initial activity and initi .
SRet ceﬁo\ﬁla?th%%ecfa e alC T c BREF t i %ns,ongng%k S
cepoxitdatd ankgaded ywstidex pirbdustboe 0r Inrémperf dheaspent

dec] ne selected fromthe group consisting of (a) a 2%
R IE%°Pe835?f¥ﬁFiq{ S&8"Ectivity conpared to the
i ni timlscael eaboddinientmder speeti apdtialatdondcttahgst am a

b). a 10C.0 re reduction.in.activity.c £
CHRLTH TP actroh (o e PHEL TRl 11 A1 SoRm B oG oY 71
at hisitciont ext ecptal ongediatseniisiabdt cédib tdohyg, r ead orhavhy

t he catal.yst ,may beco "spent," For exanple, a."s
R %%3?98%&?8nc%%¥ﬁggéﬁxﬁ&§lﬁ3v%n%é§hHﬁgﬁsgﬁggoﬁﬁgnce
dethefav sg cdeaat Fvat ethe Igroap aduahiagepus dabodi ends

the " t" i dation catalyst h d.actjvit
ey B G GRL 01 15 BHCd GPVRCF B ot valy T APgR

seuaut Bitve vabky| ene oxitdelproddctions, landpabdi eul@rC or
enbodi rent,s, the_spent epoxi dation catal.yst .exhibits..a
R T M congal s R S s Bkl a S el
uh@kt i @he seliechl vidydimidears .t hani ahis atoraexdi, t ponsondged use
~anot her. enbodi nent, the ent xi dation catal yst "
PR D! $E AR BoR Broo aller R GaLRTARE IS e R, L Fhent
reonpaimsl d,0 at Hepent 1 | @ oxsielagdibny b ya yxte matyheaivai beéah
condi tions. gn anotﬂgr enbo igpnt the s en%
PRHBRT At T o LCAFEE VS t I HI Bt S 109 B Frearapeous

chBduche D), itheSekpeht Vidpostiorgranadchbal iMaist rabuced
under the jnitial condition

ase[eptivi%ﬁ? ] L _.Chie an__
EhOXT bt 3BH OCaP aF St HECoMESEFENPT T e ity o9
cumulative alkylene oxide production.

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

Once an epoxidation catalyst becomes spent, the spent
epoxidation catalyst may be subjected to the rhenium recovery

method of the present application.



10

15

20

25

30

epoxi dation catal yst may be subjected to the rheni um
recovery nethod of the present application.-The
wok@niomsvRecovery Method I n the present appli CBCT/O82006/062398

the word "extract,"” or a derivative thereof, is

sonmetines used with reference to the rheniumrecovery

nmet hod. The word "extract" or derivative thereof is

used for convenience only. Unl ess expressly stated,

the use of the word "extract” or derivative thereof

FROULEL NGl BEE0DS) koS | miting the method by
ed. The rheniumrecovery
nethbd'&hﬂnmrbgestpammmiﬁam;oa,dbherngﬂnﬂex§paxtdét¢xnﬁ
gin ity rh C
SR AR et e g ol EPeshoaLETH e
rheuieous ddayeird aetlaod enri@leaWQré éaﬂlrmtéhtolrydhi:ﬁghaiancb
[ i.e 0
bR A Rl ol T e S "Bhr kD, DA dforessly
st@npﬁﬂsﬂKQUSﬁtpactE@ vdmehi“emcrIne” proceirvetiey beereof
peat e for X r {11 on ' .
FEEEE R psaee PR asatadr i Y SpOgrsR By, hhIE one
rhqu@m&:EKEm@NESeﬁron1the rhenlun1recovery process
co IseﬁmnuﬂgJo cgyé &%o&u%n%IEXSég hg a donor
|n|t|§fly presen n-the donor one a
spenb|¢pnxxmaU1bnthata&mﬁUNcqmpmgsaqge@usu&nUMtacbﬁ fmemnum,
h r er [is 9 e
L R e T S Y S it o
adonmw oﬂraqum@ueHEDQunmnﬁu aatemgbraaurensuﬁfu@henohp Iorgh

aIrlrgr]_@OJf ueousiO%Xt l-a tS fr lth_%HEh nl Pg)&uec(:eO\é,erXen um—
pr ocess 56npr ses 5 %4V OF More o uantlf of
debeateindaridd ahuyapr@gﬁﬂﬁusa@xthecdon@mpriﬁmm@aekthC¢®®
onor Wt th%o% eous | i UId g ﬁllyboccu 18t an, ..
efevatl ed eraure e %ev?e emmraurg !
mgeeeaddigaonmismﬁmESLent to faC|I|tate the recovery of
r henj umfromb e doQor cat%J¥§ n_one enbodi nent
the r&luerb% oalimen a compl :Lon O one oOor more aqueous

extracts from the rhenium recovery process comprises a
majority of the quantity of rhenium initially present on the
donor. In one embodiment, a combination of the one or more
aqueous extracts from the rhenium recovery process comprises
75 %w or more of the guantity of rhenium initially present on
the donor. 1In one embodiment, a combination of the one or
more aqueous extracts from the rhenium recovery process
comprises 85 %w or more of the quantity of rhenium initially
present on the donor.

Contacting the donor with the agqueous ligquid generally
occurs at an elevated temperature. The elevated temperature
generally is sufficient to facilitate the recovery of rhenium
from the donor catalyst. In one embodiment, the aqueous
liquid is just water. In one embodiment, the elevated
temperature is 50 °C or more. In one embodiment, the

elevated temperature is 100 °C or less. The mixture is
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liquid is just water. In one enbodi nent, the el evated
tenperature is 50 OC or nore. In one enbodi nent, the
web@vared2t enperature is 100 OC or | ess. The nMPRI/USE06/062398
i sheated for a period of tine effective to recover at
| east a portion of the rheniumfromthe donor and to
produce an aqueous extract conprising extracted
rhenium The heated m xture is allowed to cool.
Sui tabl e cool down tenperatures are sufficiently |ow

gfﬁﬁky Sﬁg?{g&eo%fk %%ggét n% reco%gktgg least a

r S O dep ed donor n onée-'e I ment,
pcnolrﬂord@\ﬂn thenpeeatum efricgn B0e0@onor |EHS$ .td @rodece an
enbod msnt t e _cool - down t e 55 0C or |ess.
a(Illﬁe%unse &84 ?mn?pr%%lngcoo%ngg{\-i\% tehn@pr{el?m} ure is 50 0C
or |'BsshcGhed nhetheatied ahlxtadethasoadool éditable cool

ffi t I th
SR PR rpl LSS B 9°Lof S SROLIL el P e
afinemd kextrrheni ﬁmﬂe@h@tnﬂﬂandmmedepmw\diqn@rupomntdmree
eg?%gundgg %%;er fd thee%%&%ﬁo¥8£¥ Pe dannPE ?ﬁss In

may 412 repea
onei eg;iﬁioobfmeaquenescba)lq-tdcdvru$ed1p150atw0®\ﬂer 5r5hém om isss.

SUbStan{l}) n§: etl%e coo%.séfolav?lnwglﬁ elgéat re 1% ‘%8”% érom

I'§ recovere odirment, It
lbesde5|rable to perforn1nu|t|ple extractlons ThIS

enbo requires re i bor rm.t he
N tht rgg | 8% mﬁ’ﬁeuréanbg i rre %Cl%g\ tat:quclaep
ahﬂww:erextirlaatt tLlar eecdvéred W @xt Daetemmimwntcalthy Z@EROoUS

recover m)st not _su antially all. o r.heni um
FF Tl reant oo R S o adh bimtiopary ot SR
Dep@m@ntg aipeadl ageevusuextoactater| andneherfbodicorrty an

dexces fhtheoagéeousma uel q:| gsgd Sui t abl e anpunt s
ray" ¥ r& FéF osxahpf €'Y nE ExEE8s iy be 2:1 ww or

Nor ermgues whbokdduedt otmlsm\@rlg&penf apoxdudatliignid used to
r%gg%la rhenllrl],lmt I;1]_58sSgbtadrlltr!LE 1y tg\élegar%(tarsagctheogrglght of
the donor from which rhenium is recovered. In this
embodiment, it may be desirable to perform multiple
extractions. This embodiment requires more time and labor to
perform the 1:1 w/w extraction. The embodiment has the
advantage, however, that three 1:1 w/w extractions typically
can recover most, if not substantially all, of the rhenium
initially present on the donor in a relatively concentrated
aqueous extract.

In one embodiment, an excess of the aqueous liquid is
used. Suitable amounts may vary. For example, the excess
may be 2:1 w/w or more aqueous liquid to donor spent
epoxidation catalyst. In this embodiment, fewer extractions
recover larger relative amounts of rhenium, but a more dilute
extract is produced. This embodiment therefore is a less
preferred embodiment since it requires more equipment and

labor to handle more diluent.
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recover larger relative amounts of rhenium but a nore
dilute extract is produced. This enbodi nent therefore

WO g00a/0r@95 preferred enbodi ment since it requi PEFURIING062398
equi pnrent and | abor to handl e nore diluent .Suitable
aqueous liquids include just water. Suitable aqueous
liquids al so may conprise additives . Suitable
addi tives include, for exanple, salts, acids, bases,
per oxi des, organic diluents, and the Iike Sui t abl e

salts .fo nclu3|on|na agueou ti |ncI

for Sé%%&ﬁ%ﬂ% %?ﬁ‘%uns Ets ic)fl aljludq’% darts ofé@ﬁ%k qle
adildAlss 1iqbuds aabisa: amyomomprsaétaaddnrtojvede Smthaerrpl e,

anmmoni um. ni £u anmmoni ;m acet at es, %mmga um

A%yl afe ??lﬁﬁ%§? Fat 83 " Hm@SAGm CrErat es,

P &GN Bkg@ﬂiiad&&,lumaﬁscoabdn*ame dniscet.her eof . Sui t abl e
sal ts al i nc] ude_ ot her .t es of nitrat
exaﬁﬁF%?%EFki?it?nﬁzﬂ TG é suéh%ggeﬁﬁFh£8£Utlon

iRt iudd, e £foBuekatd B halninde isal t;sltoé alkalailinet ahdts of

i ncl ude, for exanple, sodiumchloride, sodium brom de,
2l uMat6dfde, pot assi um chloride, potassium bronmi de,

pot asSitamleoditenikm tdalun ehkboudee, fdd telxiammlbr Oﬂrhmm';ium
[ithiumiodi de, cesium chloride, cesi ym bro

DEEEFHA GOPBBL P Bt N e BT G OB G F B Eiontu
ok@i&tﬂbd;mamdhdﬁm @ﬂd:aﬁﬂﬂi)l raambﬁﬂmtﬁeroe:dﬁes Sanuabl e
anlcdllgnts glon#g ligujd
CP‘H e o g%ﬁ% e, éu&%é% ® ot Sr%-’et ano e other
tepbansd niptapappl foi S@{Hn@p&nolalkam rn&ftyadr (mettll‘:anes, such
eth Iene I col eg? g%%\ hyI e
8 bR Eh G GEaEh AT GETare Tt 1 L6F khnfeete
1@@Eﬁ&§w5fd3reﬁambyé eédqduﬂkemobeldéwlidﬂﬂum.aﬁbd$de, sodlum
i ncl ude, for exarrl'[l)Ja Ju‘{”t“ aci d carbo |c a%'a 512G
IRgE fere SOtEFPERR Ch T IS c & 8)??1111% %%?HHS cPP acl d
ibacté £ AGINdumoxBl b€i@el diithdei Braaids, aﬁdhlum iodide,
cesium chloride, cesium bromide, cesium iodide, rubidium
chloride, rubidium bromide, rubidium iodide, and combinations
thereof.

Suitable organic diluents for inclusion in the aqueous
liquid include, for example, one or more of methanol,
ethanol, propanol, isopropanol, tetrahydrofuran, ethylene
glycol, ethylene glycol dimethyl ether, diethylene glycol
dimethyl ether, dimethylformamide, acetone, or methyl ethyl
ketone.

Suitable acids include, for example, nitric acid,
carbonic acid, acid halides, sulfuric acid, carboxylic acids,
citric acid, lactic acid, oxalic acid, acetic acid, and
combinations thereof. Examples of suitable bases include,
for example, alkali metal hydroxides, ammonium hydroxide,
alkyl ammonium hydroxides, and combinations thereof.

Suitable alkali metal hydroxides include, for example, cesium
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conbi nations thereof. Exanples of suitable bases

i nclude, for exanple, alkali netal hydroxides,
waponorasee hydr oxi de, al kyl anmoni um hydr oxi desPCENS2006/062398

conmbi nations thereof. Suitable alkali netal hydroxides

i ncl ude, for exanple, cesiunmhydroxide, potassium

hydr oxi de, 1ithium hydroxi de, sodi um hydroxi de, and

conmbi nations thereof. In one enbodi nent, the aqueous

quuid IS an aqueous amoniumnitrate solution. In an
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—ggparation of Extracted Rhenium to Produce Recovered Rhenium

In order to produce recovered rhenium, the extracted
rhenium may be separated from the aqueous extract using any
suitable separation method. In one embodiment, the extracted
rhenium 1s separated from the aqueous extract by contacting
the aqueous extract with an ilon exchange resin bed. 1In
another embodiment, the aqueous portion of the agqueous
extract may be removed, for example, by a process selected
from the group consisting of sublimation, distillation,
concentration, and combinations thereof. For purposes of
illustration only, the foregoing methods are described in

more detail below. —-Contacting the Aqueous Extract with an

Ion Exchange Resin Bed

In one embodiment, the agqueous extract is passed through

an ion exchange resin bed and the recovered rhenium is
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illustration only, the foregoing nethods are descri bed
in nore detail below -Contacting the Agueous Extract

WO/ 026392 on Exchange Resin Bed I n one enbodi neot/US100€062398

aqueous extract is passed through an ion exchange
resin bed and the recovered rheniumisseparated by
washing the resin bed with appropriate reagent.
Sui t abl e reagents include, for exanple, aqueous acidic
squtions._Exaanes of suitable acids for use in the
idi 0 c My n
5§ dg:sul u%ﬁ%hggéggh%y F&gthES%lgﬁléﬁﬁ%ﬁglgFi t%%ééht
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Sthe agueous “ex Fract na e conveni en neutralized 1o
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aCl ”'rf@ro%hﬁ%rlg'%&'?éegn W&Fb?ﬁy&é&% de, for
ammoni um pérr’hena 't hi um perrhenat e,
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tion and/or. disti]l. Lon e
X ract{{la Si5e anbod 7 néhﬁCl%%e atﬁé%dglpogﬁggﬁgo?x%?ﬁft
meytmeunonmenmemm&gdnéthaMﬂmematoonbtwmﬂ(neqmvgtedlahénium
of t he. aque ract, ta rh 0X e
1‘gh f}gqu %%elnsle%E(r%%ég?O §rﬂu%r5%e al;]l%%luﬁ? Saits
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obt ned by %ﬁmen% and@ggugva oratlg) %3 xtract is
sol ubt 19 7ed rmpe Fheni ¢ aci P
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d/ or .eva o tion. is.soluhilized with bas
e§gfﬁ%ﬁ e et uﬁgtéhggi%m Ox%&%nce%?ratld% %ul%_BQRHLr,
cEmapséamm&yblﬁpddhe AQUGWHMidEﬂtUaChnbmo@pe4éﬁﬁﬂu|ﬁ@@ﬂ)
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oxide obtained in such a process is very pure and may be used

in a variety of applications.

In one embodiment, the rhenium oxide obtained by
sublimation and/or evaporation is solubilized with water to
form perrhenic acid. In one embodiment, the rhenium oxide
obtained by sublimation and/or evaporation is solubilized
with base to form soluble perrhenate salts.

—Concentration or Evaporation of the Agqueous Extract

In one embodiment, the agqueous portion of the aqueous
extract is removed by concentration. For example, the
aqueous portion of the aqueous extract may be removed by
evaporation to produce a desired concentration of rhenium,
perrhenic acid, or soluble perrhenate salts. 1In one
embodiment, the concentrated or evaporated agqueous extract is

analyzed for rhenium and other components.
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aqueous portion of the agueous extract may be renoved
by evaporation to produce a desired concentration of
WO b@niozasp2 perr heni ¢ aci d, or sol ubl e perrhenat BCHEB1086/062398
In one enbodi nent, the concentrated or evaporated
aqueous extract is analyzed for rhenium and ot her
conponents. - Uses for Aqueous Extract and/or Recovered
Rheni um The rheniumthat is recovered using the
rheni umrecovery nethod nay be used in a variety of
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e o B o Rt Sty PRt ey Pheeni Tk
tone sotediiar réver hbratenstd textrgtederizeboi ent-he agqueous
e&@&?&fro‘?ﬁ VWY 2 dPEl, 85 A3 %8‘9%5‘&9%8 ﬂ%rc%%%g? A
s a stand al one product, the recovered rheni um and/ or
rhegblutnian tedepel Sengetheolr doower edExdraniammimaeyudeor
€, . I 0.a iym Ler f [ .
B B R
arédpver exb e prrahdhatre saddlsuti on conprising the
recoyerad, rASAMLIRY bE-HRed ! 9nBlERAr & SRS Al 9VStana
and/or protective coatings for superalloys .
aSuperptddys .an@dsor prateéctliore poatiings flor =peraktioys
RLE; 4R Shd /bt e 8008 LHELLAN 0f nGOPPONENL S, SR E6Ent G
'g enperat ures during use. exanpl € of suc
meghphowe rdxsanarle, vaei easdtypes rbkbntunbsnesliSedorenge, in a
U..S. _Pat ent o 015, entitled
W*ﬁ?g%£%%%ﬁ%f%?ﬁ?€9?g§F§]5%1 conmponent and process for
pr odtmi orge tdwdddiigknt enples atagogeesistast i worgpoiient 2"
incor porat ed .herei n. by reference, -Preparation of
BpeE A o ety Spe e Sh R Sue e A St
peepanet supdrsellfoyseiahbiéor igr dtieetdeposod it omysrisidrur e or
PRErSEfle PIERaLe; 2o 0enaRl 1,00 BLXLULS. Ol A3RRs LN
superalloys are used in the construction of components

subject to high temperatures during use. An example of such
components are various types of turbines. See, e.g., U.S.
Patent No. 7,005,015, entitled *“High-temperature-resistant
component and process for producing the high-temperature-
resistant component,” incorporated herein by reference.

—Preparation of Epoxidation Catalyst

In one embodiment, the agueous extract, itself, either
is the deposition mixture or is used to prepare a deposition
mixture for depositing rhenium on a support. In one
embodiment, the support is spent epoxidation catalyst. In
another embodiment, the support is carrier material for fresh
epoxidation catalyst. In this embodiment, the extracted
rhenium is deposited on the donee, and it is not necessary to
separate the extracted rhenium from the aqueous extract.

This embodiment has the advantage that it is not necessary to
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enbodi nent, the support is spent epoxidation catalyst.
I n anot her enbodi nent, the support is carrier materi al

wo evo7foressh epoxi dation catalyst. In this enbodP@ENE2006/062398
the extracted rheniumis deposited on the donee, and
it 1s not necessary to separate the extracted rheni um
fromthe aqueous extract . This enbodi nent has the
advantage that it is not necessary toprocess or
di spose of the diluent fromthe aqueous extract
because the dilue u tegr t
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ol ctRt7 (5 ST ACE BhoRE St FOF By e BRI b Jengeae
pdepeee spaikh epoxidation €adaalyws!l the deposition of dopants

produces an epoxidation catalyst which is catalytically
effective to catalyze the conversion of olefin and oxygen to
produce alkylene oxide. Where the extracted and/or recovered
rhenium is used to rejuvenate a donee spent epoxidation
catalyst, the deposition of dopants produces a rejuvenated
epoxidation catalyst which exhibits one or more improvements
comprising increased selectivity and increased activity
compared to the donee spent epoxidation catalyst.

The deposition mixtures and the deposition methods are
described in more detail below.

—Deposition Methods

Suitable deposition methods include, for example,
impregnation, ion exchange, and the like. Suitable
impregnation methods include, for example, vacuum

impregnation and pore volume impregnation. In one
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The deposition m xtures and the deposition nethods are

described in nore detail bel ow -Deposition Methods
weuwabdze2 deposi ti on nmet hods i nclude, for exanpCEUS2006/062398

i mpregnation, ion exchange, and the like. Suitable

I mpregnati on nmethods include, for exanple, vacuum

i npregnati on and pore volunme i npregnation. In

oneenbodi nent, the deposition nethod is inpregnation.

I n one enbodinent, the deposition nmethod is vacuum
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cheagest. may be aqueous i qui d I n one enbodi nent, the

In one embodiment, the aqueous extract from washing a

donor spent epoxidation catalyst may be combined with silver
or a silver deposition mixture to produce a combined
deposition mixture. In one embodiment, this combined
deposition mixture is used to deposit extracted rhenium and
silver onto the donor spent epoxidation catalyst, thereby
producing a rejuvenated epoxidation catalyst.

Referring again to the wash procedure, the washing
reagent may be aqueous liquid. In one embodiment, the
aqueous liquid comprises one or more additives, such as
salts. Suitable salts for inclusion in the aqueous liguid
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 thereof.
Suitable salts also include other types of nitrates, for

example, alkali metal nitrates, such as lithium nitrate. In
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aqueous liquid conprises one or nore additives, such
as salts . Suitable salts for inclusion in the aqgueous
wo p@uaiodssdpncl ude, for exanple, ammoni um salts. BUT/USIN&062398
amoni um sal ts include, for exanple, ammonium
nitrates, anmoni um acetates, ammoni um car boxyl at es,
amoni um oxal ates, ammoni um citrates, ammoni um
fluorides, and conbinations thereof. Suitable salts
al so include other types of nitrates, for exanple,
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di ren e aqueous i S aqueous anmoni um
n|trane08©IQMbam1memhereh¢hﬂmdmm@elngumash@dnmﬁhwamﬁsh In

k e at lahl g et at n .
TRAPLERbAGR AL A0 LA S LT BLUE LT 06 son
ntiempeeatole;idmor exanpl e, at a tenperature of from 30

to 1 th

tempingrar st SRR I HTEE Gee SR MR sy mgee =
a@mrpm’sebb@mamamguthe dbneele\membotiheeaquezjus dongai dls
wa%EFQ Q@UE deloefvattlege{:ergrgeracc nract: i og, JP_%lQOtat”%te” al
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tlne |sf5 hours or less. In one enbodi nent, the

ch? tlne is 1 hour or nore. In one enbodinent, t he
contahé tomeadts time is not material as long the contact

time is sufficient to remove soluble dopants and/or ionizable
materials from the donee. In 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 has passed, the liquid comprising
materials that have been leached from the donee is removed.
The washing may be repeated, for example two or three times,
until there is no change in the composition of the effluent.
The effluent may be treated and/or separated and/or purified,
such that any Group 11 metal and rhenium present in the

effluent may be used in subsequent processing. If the donee
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0.25 hours or nore. |In one enbodi nent, the contact
time is 0.05 hours or nore. After the contact tine has

W@awksme39t he |iquid conprising materials that PemeSheen2398

| eached fromthe donee is renoved. The washi ng may be
repeated, for exanple two or three tinmes, until there
is no change in the conposition of the effluent. The
ef fl uent may be treated and/or separated and/ or
purified, such that any G oup 11 netal and rheni um
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solutions have an ammonium nltrate concentratlon of 85 %w or
less on the same basis. In an advantageous embodiment, the
ammonium nitrate solution has an ammonium nitrate
concentration of 0.03 %w on the same basis.

The resulting slurry is heated at an elevated
temperature. Suitable temperatures include, for example,
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 donee pellets are dried before proceeding. In
one embodiment, the donee pellets are added to a fresh excess
of ammonium nitrate solution and heated again at an elevated
temperature of, for example, 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

donee pellets are soaked in another excess of ammonium
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from80 0Cto 90 OC . In one enbodi nent, the el evated
tenperature is maintained for a period of tine. A
wamiowaldzez period of tine is, for exanple, 1 hoPCT/WE2006/062398
nore. In one enbodi nent, the donee pellets are dried
bef ore proceeding. In one enbodi nent, the donee
pellets are added to a fresh excess of anmoni um
nitrate solution and heated again at an el evated
tenperature of, for exanple, from800C to 90 OC . The
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myy obemdeposi teethpetise a base amount of rhenium. Where the

donee is fresh catalyst carrier material, the donee may not
comprise a base amount of rhenium. Where the donee is spent
epoxidation catalyst, the donee may comprise a base amount of
rhenium. Extracted or recovered rhenium may be deposited on
the donee prior to, together with or subsequent to the
deposition of the other dopants. Where the extracted or
recovered rhenium and Group 11 metal are both deposited, an
epoxidation catalyst generally is formed. Where only the
extracted or recovered rhenium is deposited, a catalyst
precursor to an epoxidation catalyst generally is formed.

—General procedures

In one embodiment, the donee is contacted with a
deposition mixture comprising the agqueous extract produced
during the recovery of rhenium from one or more donor spent

epoxidation catalysts or from the donee epoxidation catalyst,
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the donee prior to, together wth or subsequent to the

deposition of the other dopants. Were the extracted
woroweeasyer ed rheni um and Group 11 netal are bpt1US2006/062398

deposi ted, an epoxidation catal yst generally is

formed. Where only the extracted or recovered rheni um

is deposited, a catalyst precursor to an epoxidation

catal yst generally is forned. -General procedures In

one enbodi nent, the donee is contacted with a

deposition m xture conprising.the agueous tr .
itﬁ?gguceﬁn RNATRG Tt ﬁ[&b?(g}gr?)‘vg—‘r’y 5F Sﬁgn?ulrﬁ f?oggr%ag%ggoylth .
re%@fr@r@@nﬂﬁergiﬁﬂﬂﬂeppgxtlﬂat indiktaatabyspsret fxigim rheovered

onee epoxi dation catalyst,ifself. In another
rhepp Yt WRHED Rate PEBReRSR %togiﬁ]{ f&ogldtb\netﬁq%eoruescg\}/%}: &q*
rdcddeBi-Em @mgp_ﬁﬁj. h. Em@ngﬁéﬁimﬁ&@fcﬁmyef ﬁheusbﬁg rftevrered
rheni um whj c as been_separ at, om.t he equ ;
d@@@ﬁé&?nr%@e&sda??ﬁ@ct?%% ‘"P%ghith% ?8%%%2}&% RoPREid
ofAftiek, t BBe deposinki op Diodhid ecdnposentadt edemditdd,t Aeaving
donee for a period of tine, the diluent or |igui
tc et Pos EGvednel BAVIHG SRt TrebetorShes vl lgp on
rH@oaxkracted or recovered rheniumon the donee .

Sui t abl e_deposi tion m xtures fgf(r]O recover eddrrt*ﬁa rl"%;

t ypiSEArPYLe ofRIEE 1PRe ™ BLOVRT e T RENCUR dF ssol ved or
£ 'i%qq§e@?ﬁlﬁr§shel It Chles Qec&éi@@lmdr}i@m dsﬁaa%jfvémmmde,

or exanpl e, the aquequs extract fromthe.do or
djeﬁﬁ?ééegpngﬁtaeﬁd%&l@gt i BHlEaﬁfF sjsjt‘?u@fi f'apl &" ?%%e.'dsfor
o2l dTBY hbNgdiisiess et raxanpten wed eforor an doumoUPent

organic diluent. Suitable iquouthcgsr ni cmgi Iyrgﬁusdear €or
SRIFSEFHER SPbIEYSH t hSPespBRet tot SR Procedire.

o T TOr MaiBrWhi Ghh tRRcbesoverett ¢ heniusmenay shetable
deposited is not. material to the inventi on..tgo]ges cct to
SR ©FIReCT SERIEd oF Refir BT hESP SR80yt he- =22

% Q¥ e e a3scanrOXi decOroan an wxyaninr reepvexadpitesnium
as a rhénate or perrhenate, in salt or acid for

\ An
nademtdRpesEEed ol Ut ¥n "PERT d8potP t Y TEEREPRY rHehi um
ek Snde APRNEURbPEF dNeMRI@ un may suitably be provided as an

oxide or as an oxyanion, for example, as a rhenate or
perrhenate, in salt or acid form. An advantageous solution
for depositing recovered rhenium is an ammonium perrhenate
solution.

In particular embodiments, the recovered rhenium
deposition mixture may be kept in contact with the donee for
a contact time before removing a liquid component. The
duration of the contact time is not material. Suitable
contact times are described above in relation to the wash
procedure.

In one embodiment, the donee is evacuated for a period
of time before contact with one or more deposition mixtures
described herein. In one embodiment, the donee is evacuated
to less than 760 mm Hg (atmospheric pressure). In one

embodiment, the donee is evacuated to 250 mm Hg or less. In
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solution. In particular enbodi ments, the recovered
rheni um deposition m xture nay be kept in contact with
wo b@7dossee for a contact time before renoving BCT/US06062398
conmponent. The duration of the contact tine is not
material. Suitable contact tinmes are described above
inrelation to the wash procedure . In one enbodi nent,
the donee is evacuated for a period of tine before
cont act mﬁth one or nore deposition m xtures descri bed

her ei.n. e_enb dlﬂEﬂt the d vacuated t
of S iaintol) T RENE it SRS LO0E S d 20BVRRUAL OB s
Ilel’d)&dlelmmﬁg.méh’e, ddree elonseey acewd @dhtarl 250 1nmm Hig orr more.

| ess. e egpod men t he donee i

d
iy &b ag§! neoer%ﬁoalsn%‘ﬁ??u%ie&&%ﬁégw % Hbre.
Ilgvmzﬁdehmeﬂlt{rmw domepDlLe. eimcmt&acbrdfmodlorrmmtl;lgtdm
onee acua no e
o es AR B S B TR 90 PA G B0 e v o

ofee 1% “evacual
mdSﬁDé.e Advant ageously, the donee is evacuated to 20 nmm

odi.nent .. the de 0siti.on
i s c%htoé]cet galbﬁ/lgf[ﬁerft}fqu‘ néisng &FOT H }%onee 80Ok
wemauu&iedmebnaﬁﬂeremhndkm%atistheaumﬂuunl|§nnanata|ned
ile the nee i s contacte mnth th 0oSi.t]
eﬁ$§%%ﬁ%9tﬂ hygc%W%&ﬁ;ﬁgﬁpga APTEr i c |ﬁﬁn§% is
cdﬁw&ﬁtamtﬂltmhehde@@pnduummnnmxkunee tlﬂalwauuuambsdlment,
el ease EEpo t oL Recovere niu
e b achr harhr | by v BS-F Bep he R 1 RGP e

vilbene ihedeneedis a carrier material for preparing
fresh epOXId t|o atahyst punNt of exEractgd or

en:l.um

th
yers

M@E@ﬂiéﬂl@oqamoamees Edeﬂdﬂtl@uanhtayy@t rhenlunwof 250

mmol e/ kg of the fresh epOX|dat|on cataly. | ess,
one. Th TP RetT 6t SRS ant REy S0t ot et SreParats

treph eddkgkiafattibbe taeshyst, the amount of extracted or

recovered rhenium deposited on the carrier material generally

produces a total quantity of rhenium of 250 mmole/kg of the
fresh epoxidation catalyst or less. In one embodiment, the
total quantity of rhenium is 50 mmole/kg of the fresh
epoxidation catalyst or less. 1In one embodiment, the total
quantity of rhenium is 25 mmole/kg of the fresh epoxidation
catalyst or less. In one embodiment, the total quantity of
rhenium is 15 mmole/kg of the fresh epoxidation catalyst or
less. In one embodiment, the total quantity of rhenium is 10
mmole/kg of the fresh epoxidation catalyst or less.

-Depositing Extracted or Recovered Rhenium on Donee Spent

Epoxidation Catalyst

Where the donee is spent epoxidation catalyst, the
components deposited to rejuvenate the spent epoxidation
catalyst generally are referred to as either “additional”
components or as “rejuvenating” components. This designation

distinguishes the additional or rejuvenating component from

18



10

15

20

25

30

epoxi dation catalyst or less. In one enbodi nent, the
total quantity of rheniumis 25 mmol e/ kg of the fresh
wep@xiodabt on catal yst or | ess. In one enbodi mePtCT/UB1066/062398
total quantity of rheniumis 15 mmol e/ kg of the fresh
epoxi dation catalyst or less. In one enbodi nent, the
total quantity of rheniumis 10 nmol e/ kg of the fresh
epoxi dation catal yst or |less. -Depositing Extracted or
Recovered Rheni um on Donee Spent Epoxi dati on Catal yst

%Vgeﬁsséhﬁn&g& & 218 PENte &R iomkoegg@m@éy%ltaaely

nponent s p03|te to rejuvenate the spent
pepornUatn drnec apainysepgerdrtaldry carelyeterred to as

either. . ?adc% 'd%%' ) lgogﬁg%oreg%tpgxseaa@%on ﬁéttgv%ac“ BES donee

conponent s *Ti°s S|g I St ngui she
maddpt i mamal nar qogpuvenai i vapec amoonentf f riogminym.bage order

t%”agga Oé } 8RR ggn@%@ r ahat y}@é?e@%é_a Hhium, the

res e Speni “epoxi dati1on cata ere the
d@oaeema$I@pemunapanedaimanndatalysth th@<ﬂﬁnesiaay or

&x¥u9‘e’tf&9r§”c'o%% 23D ex%(?cg‘gst%g i chPeps um, epdx!&_:{n%rtge‘{gn ob&s

éposi't rejuvenatln recover eni u
dihehdo@emeenﬁpdmi E@pntaatmnh|qatedgsacW1vmt¢hqI@epos1tion

mlx%%é“o” ngtlre o, & oMt act dB ELod si défép%'c%%cto
hé?e pore of' the“donee spen epoxi dation
ooatabyspemudd1gdmerdep951$|mntlmaxEmnel Po oduz i ingpragnation.

I %tu?L nﬁfl aéontdao 8 S@%F']T g_n%ggt 8§t J.B I O% typlcal
genera I'S Nno teria I mp regna
cymmaablpexxnuzma 3@eseodnds dx hmwenutesoa pmﬂaxlqal matter,

pical contact periaod 30. second r
b rEafe htre SRS ebiy at BN EE  afrshh S8 ge
embdt @e0t , Noree. cdmaoneperctmﬂumeﬂt mlhheesocmt amrqoerl od

IS 3 nUtggbf”égygheofA£ﬁ§rcé% gc%atlon %Eggalate
perlo ermediat € donee bara ed

ddmeeldapoﬁaongnﬂxﬂsdngramyakmwmndnebmpdneﬁbru&mamphg,

the Iiquid conponent s ecanted or drai ned
qugﬁm?ggh?%terﬁgﬂlg?@p%%hee ng_ ungrg PRpiept simply may
mepacahted, ot hierdiingdi drconpionenit cragdhete edmwed byor more
rapid separation, the ligquid component may be removed by
mechanical means. Suiltable mechanical means include shaking,
centrifuging, and the like. The intermediate donee may be
allowed to dry or may be exposed to drying conditions.

The rhenium deposited on a spent epoxidation catalyst,
from whatever source, is sometimes referred to as
“rejuvenating rhenium.” The amount of rejuvenating rhenium
generally is 0.1 mmole/kg or more, based on the weight of the
rejuvenated epoxidation catalyst. In one embodiment, the
amount of rejuvenating rhenium is 2 mmole/kg or more on the
same basis. In one embodiment, the amount of rejuvenating
rhenium is 50 mmole/kg or less on the same basis. In one
embodiment, the amount of rejuvenating rhenium is 20 mmole/kg

or less on the same basis.
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mechani cal neans. Suitabl e nmechani cal nmeans include
shaki ng, centrifuging, and the like. The internediate
walenem7d¢say be allowed to dry or may be exposedPtDUS2006/062398
drying conditions. The rhenium deposited on a spent
epoxi dation catal yst, from whatever source, is
sonetines referred to as "rejuvenating rhenium" The
anmount of rejuvenating rheniumgenerally is 0.1
nmol e/ kg or nore, based on the weight of the
reju |.dat | cat al.yst odi nent
e BB OHE s e o shats no AR ik 100 GERCFEER, cor
ememplontide iga@seobashsee Iningse evbadeommltisht deanount
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donerotepigaly tbenetahsridther datskeadonee ¢ spelr more
Ggrg)%xi g?ti an [cat al yst, the donee typically does

mne S .
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ThehenenoromoeeGEoopp 111 mettalls may be seledteed fEponthe
t he _group. cansi sti ng.of silwver, I d nd_.conbj natign
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i_ght.of the f i dat i t t d
B R+ e i Bast ohe s agre it coftedt 388 g

or more, based on the weight of the fresh epoxidation

catalyst, as measured by nitric acid digestion and silver
titration. In one embodiment, the Group 11 metal content is
50 g/kg or more on the same basis. In one embodiment, the
Group 11 metal content is 100 g/kg or more on the same basis.
In one embodiment, the Group 11 metal content is 500 g/kg or
less on the same basis. In one embodiment, the Group 11
metal content is 400 g/kg or less on the same basis.

—-Depositing Group 11 Metal on Spent Epoxidation Catalyst

Where the donee is spent epoxidation catalyst, and the
Group 11 metal is silver, the amount of additional silver
deposited on the donee generally is 0.2 %w or more, based on
the weight of the spent epoxidation catalyst. In one
embodiment, the additional silver deposited is 0.5 %w or more
on the same basis. In one embodiment, the additional silver

deposited is 1 %w or more on the same basis. In one
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titration. In one enbodi nent, the Goup 11 netal

content is 50 g/kg or nore on the sane basis. In one
werdnoaresent , the G oup 11 netal content is 100rQgr/kg§2006/062398

nore on the sane basis. In one enbodi nent, the G oup

11 netal content is 500 g/kg or less on the sane

basis. In one enbodi nent, the Goup 11 netal content

is 400 g/ kg or less on the sane basis. -Depositing

Group 11 Metal on Spent Epoxidation Catalyst Were the

onee i s spent xi dation. catal yst_,. d,th
eritrrent - oPig e it 91 Ui Bt oF G bt
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based aon. the wei ght of the ent epoxi.dat i al yst.
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enth @ i@ BRE eadeil ttilb@asaselbasi depdyi tedeienb@dévment more
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enbodi_nent , e addi t.i gnal _si | ver deposited is 8 %w or
— ':3'- “on G R e S “‘.QG.-. L .lO ‘G,‘ a< “iii ment t he
additd onal esbbaierdepasichedni s 19y idrdnonetion ddrese

same basis. I n one enbodi nent,.the itional_silver
idh & SEFSPIUIRt o5 gzlhenglnego%tf%% osfg(rjrce *hasrs>t -Kh:éerneerGéfloup
1 Oy 1k ) Depositt i e Pracegul £smé ta Dereobedt eht , If

rheniumis deposited on the donee with or _s eq t
A THE GEE8: TR CREPBRES oS hrts GeBs T H A et a2
a Of ore@itdroirC t ke oty doh ire Galbugomponetdl (cmponkht ¢al i oni

Group. 11 netal conponent (s) are deposited, at |east a
r%%‘ﬁe? m of the cationic Goup 11 netal component (s)

i s rediced ofheoonesaupmnemeeaup fdy et depombiyedbeon the

deposited on the nee by contacti the dgnee.wth a
deg %pbﬁfoﬁEFSFlﬂ%ggéﬁ tdloé%emwﬁ(%ar%.&%iﬁpi ae'l%l 2 bup 11
a8eposi tdromi kit ¥E&T essarglies €raupi Ui dbmeitdbni nyxtures

di spersed G oup 11 netal, for exanglcje a Grlclugl %1lrre£al
CQBPTisthe Mefhdd COMFiIESY FerBir ig™ T ouP etat, ror

example a Group 11 metal sol. The method comprises removing

the liquid, for example by evaporation, while leaving the one
or more Group 1l metals on the donee. In an advantageous
embodiment, the deposition mixture is a solution of compounds
or complexes comprising the one or more Group 11 metals.

In an advantageous embodiment, the Group 11 metal is
silver, and the deposition mixture is a silver deposition
mixture. In this embodiment, the silver deposition mixture
generally is a solution comprising one or more silver
compounds or silver complexes.

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 the one or more Group 11
metals. The 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
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the liquid, for exanple by evaporation, while |eaving
the one or nore G oup 11 netals on the donee. In an

wa@dwantageous enbodi ment, the deposition m Xt UuPET/US2086/062398

sol uti on of conpounds or conpl exes conprising the one
or nore Goup 11 netals . In an advant ageous
enbodi nent, the Goup 11 netal is silver, and the
deposition mxture is a silver deposition mxture. In
this enbodi ment, the silver deposition mxture
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deposition may be carried out more than once, for example two
times or three times, to accomplish the deposition of a
desired amount of cationic Group 11 metal. The cationic
Group 11 metal component includes, for example, a non-
complexed or complexed Group 11 metal salt, in particular, a
cationic Group 11 metal-amine complex.

After the liquid component has been removed, the
impregnated donee may be heated at a temperature of from 100
to 200 °C, in particular 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 cationic
Group 11 metal-amine complex. Examples of cationic Group 11
metal-amine complexes are cationic Group 11 metal complexed

with a monoamine or a diamine, in particular a 1,2-alkylene
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deposition nmay be carried out nore than once, for

exanple two tines or three tines, to acconplish the
walewanirdsdon of a desired anount of cationic G POPULA06/062398

netal. The cationic Goup 11 netal conponent includes,

for exanple, a nonconplexed or conplexed Goup 11

nmetal salt, in particular, a cationic Goup 11

net al -am ne conplex. After the |iquid conponent has

been renoved, the inpregnated donee may be heated at a
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donee. The contact time may vary. Suitable contact times
include, for example, 1 minute or more. In one embodiment,
the contact time is 24 hours or less. The temperature and
pressure may vary.

In an advantageous embodiment, the donee is evacuated as
previously described and thereafter contacted with the Group
11 deposition mixture. In this embodiment, the contact time
may be shortened. The temperature may be up to 95 °C. In
one embodiment, the temperature is in the range of from 10 to
80 °C.

As an alternative, or in additibn, the one or morenGroup
11 metals may be deposited on the donee by vapor deposition

techniques known in the art.

—-Depositing One or More Rhenium Copromoters

The donee may or may not comprise a base amount of one

or more rhenium copromoters.
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The silver deposition mxture is contacted with the
donee. The contact tinme may vary. Suitable contact

wo 2ove®7d3pzl ude, for exanple, 1 mnute or nore.PCTUSING6/062398

enbodi nent, the contact tinme is 24 hours or less. The
tenperature and pressure may vary. |n an advantageous
enbodi nent, the donee is evacuated as previously
descri bed and thereafter contacted with the Goup 11
deposition m xture. In this enbodi nent, the contact
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0.2 mmole/kg or more on the same basis.

In one embodiment, the amount of rhenium copromoter
deposited on the carrier material produces a total quantity
of rhenium copromoter of 200 mmole/kg or less on the same
basis. In one embodiment, the amount of rhenium copromoter
deposited on the carrier material produces a total quantity
of rhenium copromoter of 50 mmole/kg or less on the same
basis. In an advantageous embodiment, the amount of rhenium
copromoter deposited on the carrier material produces a total
quantity of rhenium copromoter of 25 mmole/kg or less, on the

same basis.

—-Depositing One or More Rejuvenating Rhenium Copromoters on

Spent Epoxidation Catalyst

Where the donee is a spent epoxidation catalyst, the
donee is rejuvenated. In this embodiment, the donee spent
epoxidation catalyst may comprise a base amount of rhenium

copromoter. 1In this embodiment, the rejuvenation process may
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0.2 mvol e/ kg or nore on the sane basis. In one

enbodi nent, the anount of rheni um copronoter deposited
wonroozioes3garri er material produces a total quanPCT/YSmNG6/062398

rheni um copronoter of 200 nmol e/ kg or | ess on the sane

basis. In one enbodi nent, the anmount of rhenium

copronoter deposited on the carrier material produces

a total quantity of rhenium copronoter of 50 nmol e/ kg

or |l ess on the sane basis. In an advant ageous

' g4t u i ed
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0.1 mmole/kg or more on the same basis. In one embodiment,

the amount of each rejuvenating rhenium copromoter deposited
is 40 mmole/kg or less on the same basis. In one embodiment,
the amount of each rejuvenating rhenium copromoter deposited
is 20 mmole/kg or less on the same basis. When the
rejuvenating rhenium copromoter is molybdenum, the amount of
rejuvenating molybdenum deposited may be 10 mmole/kg or less
on the same basis.

—-Depositing One or More Further Elements
One or more further elements alsc may be deposited on

the donee. The donee may or may not comprise a base amount
of the one or more further elements.

Eligible further elements may be selected from the group
of nitrogen, fluorine, alkali metals, alkaline earth metals,.
titanium, hafnium, zirconium, vanadium, thallium, thorium,
tantalum, niobium, gallium, germanium, and mixtures thereof.

Preferably the alkali metals are selected from sodium,
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rej uvenat ed epoxi dation catalyst. In one enbodi nment,

t he anobunt of each rejuvenating rheni um copronoter
walewasirdserl is 0.1 mmol e/ kg or nore on the sanePOBREER06/062398

In one enbodi ment, the anount of each rejuvenating

r heni um copronot er deposited is 40 mmol e/ kg or | ess on

the sane basis. In one enbodi nent, the anmount of each

rejuvenating rheni um copronoter deposited is 20

nmol e/ kg or | ess on the same basis. Wen the
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L EERt B geBuS LG arNBAL Lite Fur ERGE-ErBAbnE OF
sdppoegushondrivdauepbeition of other dopants. The
quantities of various further elements that may be deposited
on the donee 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 recovered from the epoxidation catalyst with de-
ionized water at 100 °C. The extraction method involves
extracting a 10-gram sample of the epoxidation catalyst three
times by heating it in 20 ml portions of de-ionized water for
5 minutes at 100 °C and determining in the combined extracts
the relevant metals by using a known method, for example
atomic absorption spectroscopy.

As used herein, unless otherwise specified, the quantity
of alkaline earth metal present in an epoxidation catalyst is
deemed to be the quantity insofar as it can be extracted from

the epoxidation catalyst with 10 %w nitric acid in de-ionized
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depositing one or nore alkali netals and/or one or
nore al kaline earth netals are netal hydroxide
waelawrens. The deposition of conmponents conprPET/NG2006r@62398
further elenents nay be effected prior to, together
wi th or subsequent to the deposition of other dopants
The quantities of various further elenents that may
be deposited on the donee are described bel ow. As used
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al ka al_. present n, epoxi _dat.i
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-Depositing the One or More Rejuvenating Further Elements on

Spent Epoxidation Catalyst

Where the donee is spent epoxidation catalyst, with the
exception of lithium, the amount of rejuvenating further
elements may be 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 on the
same basis.

When the rejuvenating further element comprises one or
more alkali metals, the total amount of rejuvenating alkali
metal, with the exception of lithium, generally is 0.1
mmole/kg or more on the same basis. In one embodiment, the
total amount of rejuvenating alkali metal other than lithium
is 0.2 mmole/kg or more on the same basis. In one

embodiment, the total amount of rejuvenating alkali metal
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typically are deposited to produce a total quantity of
0.25 mmol e/ kg or nore, based on the weight of the
wo e@sl7@poxi dati on catal yst. I n one enbodi nent PCT/hi820061@62398

or nore further elenents are deposited to produce a

total quantity of 100 mmol e/ kg or | ess on the sane

basis. The further elenents may be provided in any

form -Depositing the One or Mdre Rejuvenating Further

El ements on Spent Epoxi dation Catal yst Were the donee

I.S spent I dati on cata wi t.h the except] .
OW%WPCE‘%n ? Eg%%ilﬁ@uln %gf m%“é)}%z‘té%a‘%ﬁ nl% ° u(r%tn héﬁge%%ﬁ%nﬁsm'
Imeyhdbenbodmpéet Kty eé  ehotie ofejneyeraneding alkali

epaxi dation, catal yst. I.n e_enbodi ment ., _the t
m?'g"]e'u\?ﬁlgtri Eaa? uJ?Jt%helrumellesngﬁt%m? segﬁg HroleP ﬁgogwgsssa%e
basid he sane basis . Wien the rejuvenating further

el enent conprises, one or _nore_al kal i_,met al e al

am)[}ﬁtergf ggg%h\l/nén% img alkali r%%‘f\g%n,atvj\ﬁntgh a? ﬁgm nd €4
tiex ceptdloamofint i dhiteduwgenelaly| yitsiun smivhebkg/log on the

nore on the_sane basis.. | n _ong enbadi.nent he_.t ot al
S%%ﬁ?ﬂSlgf' r%Pu@%%a?@?? HoKEr 1%rlr%ttacfoc"’lo r?énPutntﬁaﬁfl i thi um
réSudkrtimgl 2ikgian poridiomubhe/sane: Hasiss onl hhengame
benbodi ment, the total amount of rejuvenating al kali

fietA ot her than lithiumis 50 nmole/kg or | ess on the

sanaitha’l $ejhfensieienhodiinent s dé@odioteal, ammeuatooht of

re'uveﬁl}atin al kal j t.al th than lithiumis_ 30
Ebl Ehkg 6 CPRSRor® (e ARASTAS] € LS TEERFANE i <
pasesl. asim ohej embodimaerg: althal anoetial of tregjuvehak iagowedium
iof r§j Uy gz%l ng Irint hi um it%[el am’mel}:()e/skigS on Itnh% sane

Balts. ™ g Bhobat frent " th&315t A1 aivount” of
ehBpdesrat,i rgel ahbunim o LG vemat enkgoridress anminbke/kg
sane basi Sy \é\here rej uven%ti ng cemiéj%.{ i sntde%%si gr%glunt of
OF NECLHOUN{16f SPEF LRRWET 1 ng “Ce8TGnT ol erkg or
rBhhee Rt iirke ce@8Bm is 50 mmole/kg or less on the same basis.
In one embodiment, the amount of rejuvenating cesium is 30
mmole/kg or less on the same basis. In one embodiment, the
amount of rejuvenating cesium is 10 mmole/kg or less on the
same basis.

Where rejuvenating alkaline earth metal is added, an
advantageous amount of rejuvenating alkaline earth metal is 1
mmole/kg or more on the same basis. In one embodiment, the
amount of rejuvenating alkaline earth metal is 100 mmole/kg
or less on the same basis.

Methods for depositing the dopants on a carrier material
are known in the art and such methods may be applied in the
practice of the present process. Reference may be made to
US-A-5380697, US-A-5739075, EP-A-266015, and US-B-6368998,
which are incorporated herein by reference. Suitably, such
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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basis. In one enbodi nent, the amount of rejuvenating

cesiumis 0.2 mmol e/ kg or nore on the sane basis. In
wonr@7endsezii nent, the anount of rejuvenating CeBCT/IB2086/162398

nmol e/ kg or nore on the sane basis. In one enbodi nent,

the amount of rejuvenating cesiumis 50 mmol e/ kg or

| ess on the sane basis. In one enbodi nent, the anount

of rejuvenating cesiumis 30 mol e/ kg or |ess on the

same basis. In one enbodi ment, the anount of

_felavenating gesiumd s, 10006l ¢l kg a1 | thg sane
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sBhEEtivity of 10 mole-% or more on the same basis. Even

more advantageously, the rejuvenated epoxidation catalyst
exhibits an increase in selectivity of 12 mole-% or more on
the same basis.

In one embodiment, the rejuvenated epoxidation catalyst
exhibits an increase in activity compared to the donee spent
epoxidation catalyst. Increased activity of the rejuvenated
epoxidation catalyst i1s evidenced by a reduction in the
temperature required to produce a given amount of alkylene
oxide (the “production temperature”), compared to the
production temperature of the donee 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 donee spent
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conpared to selectivity of the donee spent epoxidation
catal yst. In one enbodi nent, the rejuvenated
wep@xiodabt on cat al yst exhi bits an i ncrease i n PCT/US2006/062398
selectivity of 5 nole-%or nore on the sane basis. In
one enbodi nent, the rejuvenated epoxi dation catal yst
exhibits an increase in selectivity of 7 nole-% or
nore on the sane basis. Mre advantageously, the
rej uvenat ed epoxi dation catalyst exhibits an increase
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bggggdlantone embodiment, the production temperature of the
rejuvenated epoxidation catalyst is reduced by 12°C or less
on the same basis. In one embodiment, the production
temperature of the rejuvenated epoxidation catalyst is
reduced by 10°C or less on the same basis.

A spent epoxidation catalyst may be rejuvenated
successive times after the epoxidation catalyst has been used
again following an earlier rejuvenation. After completing a
rejuvenation process, a feed comprising the olefin and oxygen
may be reacted in the presence of the rejuvenated epoxidation
catalyst using any suitable method.

—The Carrier Material

Whether the donee is fresh carrier material or spent
epoxidation catalyst, the epoxidation catalyst comprises a

carrier material. The carrier material may be natural or
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the production tenperature is reduced by 90C or nore
on the sane basis . In one enbodi nent, the production
wo eowperadur e of the rejuvenated epoxi dati on carel/ys1006/862398
reduced by 40C or | ess on the sane basis. In one
enbodi nent, the production tenperature of the
rej uvenat ed epoxi dation catalyst is reduced by 200C or
| ess on the sane basis. In one enbodi nent, the
production tenperature of the rejuvenated epoxidation
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fexangle q%ﬁ% Hgng§ a, Z|rcon|amand silica. In an
R e L S

a- al uhe neurface 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 m?/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 n@/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 carrier materials, in particular when

they are an 0-alumina optionally comprising in addition
silica, alkali metal and/or alkaline earth metal components,
provide improved performance and stability of operation.

The water absorption of the carrier material is
typically in the range of from 0.2 to 0.8 g/g, preferably in
the range of from 0.3 to 0.7 g/g. A highef water absorption
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In this enbodinent, the carrier material typically
conprises at |east 85 %wv, nore typically at |east 90
woRno7iome3parti cul ar at | east 95 %w a-al um na, fPETIUSINNG/Y62398
up to 99.9 %v a- alumina, relative to the wei ght of
the carrier. O her conponents of the a-alum na may
conprise, for exanple, silica, alkali netal
conmponents, for exanple sodi um and/ or potassium
conponents and/or al kaline earth metal conponents,
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A s used herein, water abs tion is as r]trgaasur edtén
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pexpsesset as ot kelvkimghtusahgt Aeniat@retiriat eanomre 9200
absorbed into the pores of the carrier
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omaveriah, ey kaveecar PO € ZRrcury 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 pm 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 pm 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
particular more than 80 %, more preferably more than 85 %,

most preferably more than 90 %, in particular up to 100 %, of
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di stribution such that pores with dianmeters in the
range of fromO0.2 to 10 mmrepresent at |east 70 % of
wWo b@7adzat pore vol ume. Such rel atively narr oww@DUS2006/062398
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

ol u are.as neasur QEer cur 0
}%‘é?ﬁ?r gogem% P8 Pa gg%gg crlgi(rle ?lg%s uspé%lortzle
r 820 orodebm (A 3D tcortlagin.angl e, nercury with a surface
tension o and c rrecthcnfor
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the pores wth dlaneters | ess than O. nn1re rgs
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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 fresh or 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, i1.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.

The olefin for use in the epoxidation process may be any
olefin. Suitable olefins include aromatic olefins, for

example styrene, or di-olefins, whether conjugated or not,
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the total pore volune. Typically, the pore size
distribution is such that pores with dianeters greater

WO b@n/016392rm r epr esent | ess than 20 %, in partPCTNU82006/062398
| 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 ums . Typically, the pores with dianeters in the
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In one enbodi nent, the olefinis a nono- a-olefin, for

exarfie CROBIEaRECDIPINCESY| BAE. PP na ki RARPSn PAgRBYES ™
bEQQQd'JEE“%Klkﬂeoéﬁﬁgf'Ed cBbpyleneor TRnalafli flechnology”,

concentration in the feed to the epoxidation
374 gdition, Volume 9, 1980, pp. 445-447. In 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 scurce 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
operating ranges depend on the feed composition, and alsc on
the reaction conditions such as the reaction temperature and

the reaction pressure.
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process may be selected within a w de range.
Typically, the olefin concentration in the feed wl|l
wheos07d30t e% or | ess, relative to the total ferdr/UB1006/062398
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

ConHQCt%%t@%%hmggffﬁgpﬁi aggpgréggﬁé¥ﬁ¥ﬁjlb%ee% for
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the fee comgosi.%i on,_and.al sg _on the r(ecafcti on

cggﬁﬁg nitrate— ﬁ nitrit ormlnﬁ Fom QI . 8'? EP-A-—
tTons such as e reactro enperature an he
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in the feed for increasing the selectively,
r§gﬁﬁ?%%es)| ng the undesirable oxidation of olefin or

ol ef in aXidderangagablhsnechaxindetandhwat gt el abdyei¢os

AL SeshLod. Lt onof, ohel - don, DA, LQTLE, cor
example, organic bromides and organic chlorides. In an
advantageous embodiment, the organic halides are
chlorohydrocarbons or bromohydrocarbons. In a particularly
advantageous 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 NO4
wherein x is in the range of from 1 to 2, and include for
example NO, N;O3; and Ny;O,. Suitable organic nitrogen
compounds are nitro compounds, nitroso compounds, amines,
nitrates, and nitrites. Examples include nitromethane, 1-
nitropropane or 2-nitropropane. In an advantageous

embodiment, nitrate—- or nitrite-forming compounds, e.g.
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organi ¢ nitrogen conpounds, may be enpl oyed as the
reaction nodifier. N trogen oxides, hydrazine,
whyaroxebanm ne, anmoni a, or conbi nati ons ther eBET/IE300&@62398
enpl oyed as well. Wthout limting the application to
a theory, it is frequently considered that under the
operating conditions of ol efin epoxidation the
nitrogen containing reaction nodifiers are precursors
of nitrates or nitrites, i.e., they are socalled
nitrate- or nitrite-formng conmpounds f. : - A
st gDl A A S506 - SR en o e o ceer ap e e
tdyetRire @R edn . odgrrde advadtageoysarenivodameat , otdmnic
reactjon nodifiers are organic halides. Suitable
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of the general fornul a wherein x is in the range

58¥19ﬁoméﬁﬁi13 én,aaﬂah?ﬁ2%%&ﬁ?tF8F°8§aﬁ?ﬁ%ﬁ%@ﬁntmz ®and

rBRE i orSWidabli er 0f gagi £sdtitt HAgERe COEPDUNIS abacBhtration
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i L1 APIORARGAT 18 Dhe TORIARANSxyoLA, AlhAdYRNLaEEOUS:
enbodi ment, nitrate- or nitrite-form ng conpounds,

medgf et r dgen Logildesy asrtiinoganPE ML Gdi °&8Apounds,
BhBoHSACL L QUBLNEL YAL M A IORRI €l dfolile, inore

pa Piculdr "an organi c chloride. The reaction nodifiers
ggener aldy sartareffechydeoadrdongsedCarbon 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
saturated hydrocarbons are present, they may be present in a
quantity of 80 mole% or less, relative to the total feed. In

an advantageous embodiment, saturated hydrocarbons are
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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@mio@3et xI O 4 to 0.01 nole% |In an advant agePOBFUS2006/062398

enbodi nent, where the olefin is ethylene, the reaction
nodifier is present in the feed at a concentration of
fromOIxIO4 to 50XIO 4 nole% In another

advant ageous enbodi nent, the reaction nodifier is
present in the feed at a concentration of from 0.3X10
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HSPCEEATLIH (HREPPERHUF R P COriCb ROt RBRE ot 157G 360t o 300
80 nole% typically from40 to 80 nole% Suitable
saturated hydrocarbons which nmay be present in the

f eedAfivieh RS OVSAY » ekBRAPEROX I aRePande 88 Hignearfied out

saturated,hydneea i@g@&g@ giorprt%l%e%ng&hsy B B®0p to 3500

present In a quan y o nol e% or | ess, relative to
kiPlae t 0EB$V'T ead GapnHanr bvlvira ey dedeceébots eyt unit volume

Saturat ed (p %rlo ar bo]rgs arepresent inra a,%tiiy of 7,5.
ToP85 or TULE ! PR VELTD THe LEGPAPTT ebl. CFr qBsht iy, S:
19at.ar abed gusdriogabbensond enpre S@nimeNoA tataddd ptaf y8o
p%?'%%%9f r%H&%nt%%&Suéi?ﬂ”ﬁggg)éﬁioegggfggtion 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. 1In one embodiment, the process is 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 gquantity of the olefin oxide formed relative to the
molar quantity of the olefin converted.

The olefin oxide produced may be recovered from the

reaction mixture by using methods known in the art, for
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or nore, relative to the total feed. Saturated
hydr ocarbons may be added to the feed in order to
WO p@rease2t he oxygen flammability limt . The PCT/US2006/062398
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
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fptlonally recovering the ol efin oxide
water, in a liquid Pphase 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 of 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-diol ethers may be prepared by converting the
olefin oxide with an alcohol, in particular a primary
alcohol, such as methanol or ethanol, by replacing at least a

portion of the water by the alcohol.
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fromthe aqueous solution by distillation. At |east a
portion of the aqueous solution containing the olefin
woz200de76¢38y be applied in a subsequent process POT/US2006/062398
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 arui ne The
ol ef in oxi de produced in the epoxidation process nay
be converted by conventional nethods into a 1,2-diol,
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2000- 4000 kPa absolute, prefera 0
bR VRIS o IHE* BPoLBhe b dRR TR i AL AR E DA, oo
emamplenﬁytﬂawdneﬂbe sﬁk@nkiv@eﬁera@¢$xntqﬁacboz dbehetics,

unction_as _a sin for the re ctlon
e R PR f SnbakOrehis Srarl BERLOSKM,
hpaﬁp@tdmxﬂenﬂbywaéms |st¢omam@dl,2hea¢wmnnnea ofioof example
her in the reactjon m xt |s i ncreas
ThEL S, et rer BoY s B Ao EhHigad 2 A BERRRE G ox
akr b- emrmﬁntteEMﬁmﬁbheamrne&imagbbequeaﬂ emhemmample, in

oBb EPR P, bR e U BB PR el oY
partissy soduiifietyoceheohae, shehoagamst ha:mplouods

g L A B TREE oP ST ortre SHBY B CoVAFtEa Thes
dibescor yespoldigtgers, 1,2-carbonates, ethanol 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
specified for the limits of the ranges.

—-Suitable reactors

The epoxidation process, the rhenium recovery process,
and the dopant deposition process may be performed in any
suitable reactor. Suitable reactors include, for example,
one or more microchannel reactors, shell-and-tube heat
exchanger reactors, stirred tank reactors, bubble columns or
condensation apparatus. The present invention encompasses

the use of such reactors or condensation apparatus, or the
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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@airesg2t he 1 , 2-carbonate with water or an BCTORING/062398
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 glycol ethers may be
ed.i I var:i u ; | .
Rk S bt R e S A e
tbesaeprassssEelser nopl asti c pol yners, curable resin
syst e t. t fer. sy . etc. 1.
RN < G S T g T g e e
thsefloas @&f dilaedénbpdi-nupartdagulexchasgar s dnemicrechanodél
j ma u : I [ ti
BALEEEs Cn o SRS sttt B Bt OSd (80
rerhermgdein tthhe oregabiion conpourds amenel breed-Hers heator
e the olefin 0 . - o ol - di_ol
SRS P nonn B WSS FAS SrerusiRif o
reafpdes] drave teppiddbtyortrgrmgtor40 chidporsmanslinbnates
pi |y .at t. 20 robon . i ri.i cul
HSEPEdY o s e cHAL PR R TB, LR BV SR B
epakhoat mromeachos, dehilnelde herteilystr aagestdworimpibepsafter
f L t.0 i.e..car u r r ot her
e, SRR ek Bre Rk 2 BEbhe P r e it
plrbrihpsim ¢m¢Treange§in-®xli¢am®m ehet oksffheand oxygen.
epongé@%@&ﬁﬁg%@m{abgs rJ‘ree”'i%@e%g&&V% Y; PfOGESS, 2nd
t he dopan eposi tion process nay be performed in
agnystagedl e rdectorselui tabirg iv@aenhdr gré nobtudeyteinded to
exanpl ne.or nore m.crochannel .reactor . .
TRETY. St (06 RSP eREnanger Faserhr T st rYedTARRY BY
theacteiss. bubbl e col utms or condensati on appar at us.
The present invention engo ses the use of such
reactors or condensationﬁﬁgﬁgé%EUs, or theuse of a
plurality of rea¢tashsingrof Spkerts &htehysabparatus in

The following procedure was used to wash spent

epoxidation catalyst to produce washed spent epoxidation
catalyst. Where the spent epoxidation catalyst comprises
rhenium, the wash may be used as an aqueous extract
comprising rhenium. The unwashed or the washed spent
epoxidation catalyst also is suitable for use as a donee for
deposition of rhenium recovered from a donor spent
epoxidation catalyst.

140 g of spent epoxidation catalyst was added to 202
grams of 0.03 w% ammonium nitrate solution. The temperature
was brought up to 85°C and held at 85+-5°C for 1 hour. The
pellets of donee spent epoxidation catalyst were decanted and
dried at 250°C in flowing air for 15 minutes. The pellets
were added to a fresh portion of 200 grams of 0.03 w%

ammonium nitrate and heated for 1 hour at 87.5°C (+-5°C). The
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t hese processes. Advantageous reactors include, for
exanple, reactors in the formof shell-and-tube heat
wez@hanger s and m crochannel reactors. | n an OPET/US2006/062398
enbodi ment, the process (es) are perfornmed in the
reaction tubes of a shell-and-tube heat exchanger
reactor. In one enbodi nent, the process (es) are
performed in an epoxidation reactor. This aspect
elimnates the need for renoving the epoxidation

g A EOrL I8 AR (aL! 80126t Gy 2RO bOPrets mere

Stay in place a € rejuvenation
s@Ek@dddhlﬁQOagfmﬁtGuﬂB merammomiumwnnhmateoﬁOb@ti¢naat room

ol efin oxid fron1t ol ef d. e
CARSHEE © argh?ﬁ?gﬁbe eraFPﬁ%?t %?ﬁ%% %ga%%é%%§¥%ggm
mdﬁ&?ﬂﬂm&seﬂtnankfunﬁhHWp@ﬂdeaBGWQKE dmiteended 19 mimludgs at

he scope.of the e n iC
%$e cl ﬁﬁsp_oéggurﬁ(§§qugéhﬁé%905fgﬁgn?° ﬁbﬁ y§%£$H§y
ffdmlﬁhm mgspeotfmhn&pemasepseddatuwmﬁdabapgﬁt ep@xpmhﬂuQﬂd
yst roduce wash d nt epoxidation catalyst.

epoxfhéilon catal yst conpri ses
rhenlun1 the wash may b&xagpdleaZ an aqueous extract

conpri sing 4 Nenl il o fNGe UMBRNed 1L - 86 esfied spent
epOX|dat|on—e5%aéys?—aESﬁ—rs—surtaéﬁe—ﬁor—use as a
doneesﬁmmkdepmsétiimpny@nmhenhuamrmmnvemed prepamedonom a
ent epoxi atlon cat 4 of e
%ﬁﬁr CoR gg?aﬁy‘gL%E%&aadeélgo %&aﬁéag?ng.%ﬁﬁ%&%
séwﬂmmnhyam@kﬁdat@ascdiﬁsqmwedThe 2 2hperlatafr denasibed ugditer .

up to 85 C and held at 85+-5C for 1 hour. The pellets
T%‘F RIIRSE 24 FERL OB PR R OBataf y3 ¢ veeE d8cafted Bhd 4

1Q£éﬁﬂéﬁglﬁa%@§ bhed] o NG railobogrdds Mimutieser Thetrate was

pellets were added to a fresh portion of 200 grans of
dpsemlyeh 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 maintained at 50°C. The
resulting slurry was stirred for 15 minutes. The pH of the
solution was maintained at above 10 by the addition of NaOH
solution as regquired. A liquid removal procedure was used
which included removing liquid by the use of a filter wand
followed by the replacement of the removed liquid with an
equivalent volume of deionized water. This liquid removal
procedure was repeated until the conductivity of the filtrate
dropped below 90 micro-mho/cm. After the completion of the
last liquid removal cycle, 1500 ml of deionized water was
added and followed by the addition of 630 grams of oxalic
acid dihydrate (4.997 moles) in increments of 100 grams while
stirring and maintaining the solution at 40°C (+ 5°C). The
pH of the solution was monitored during the addition of the
last 130 grams of oxalic acid dihydrate to ensure that the pH

did not drop below 7.8 for an extended period of time. Water
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ammoniumnitrate and heated for 1 hour at 87.5C (+-5C)
Theanmmoni um nitrate soluti on was decanted and t he

w@elerasIsner e soaked in 200 g of 0.03 Wb amMmDNPOTIIS2006/062398

nitrate solution at roomtenperature . The room
tenperature treatnent was repeated one nore tine.
Finally, the pellets were dried for 15 m nutes at 250
OC . This procedure renoved nost of the soluble
dopants fromthe respective spent epoxidation catal yst
«GR0 B 6 Nashed SRENROKE IR L O SALBLYSLAg tne
reparation o St Ock S| ver Sol Gt on st ock

sﬁmhﬂrﬁ/}erwamo@g@at toOnN & wWhHaen3ves. prapanigdaddédd aco the
5-liter stainless steel beaker, 415 granms of reagent
SYFREFPTs FHRSUMSRY BF 3RF RF wits Wi eSbYverrdiriggo (RPADf The

o Of
grgﬁk Ol et VAo Thes damenaluss-Olathn sehil| auMaRn.

o 500C. In a 4- ter stainléss steel
Abekarlal 683 glﬁadst@fmasnuaﬂé-w ﬁrcttraiﬂ@e wWals<tdires ghvédl ¢mough

12%?8%W%ﬁ9 I%%I Lé?e&¥9{§§68%&9 %ﬁe Y0) |3ﬂ%ﬁg rggsde
sol ution mas sIomAy add&kamplehd silver nitrate
sol uIBér%}: pe@tsggé{d&%w lc%tH.ﬂ?rrs] & eﬁaléf $e¥dSin

mai nt ai ne 5 e resu urry was stlrred
seoyidS fmmyves. oTaeypH ofast W@eéohutﬁwm Faentlat nedfhe

dé‘ho@b egqtl%p%&lhggl@rgdéatﬂ Q/S‘Ef hglgqf' &%ﬂa{tqgga\%}lk¥%ene

requi re reana proce ure was use
oxn@eb Lmleceﬁuceqmu a§ 0ibuiki/by ohespee cboxifiptien emradyst

o£o$$8¥edg$¥h&%%. ﬁBuﬁ§%ﬂ?Q%eohoB§§mé$er.%%hkﬁggkgowﬂth

an equi val ent une of "dei oni ze I'qui d
creabyat rodediee wash refeatddaunnnt eheradendaoti vhey

ﬁ%niﬁﬁ dd{dcAe B 0PRRLH RRIN QM £LR- IO/ %eoﬁ‘fst er

e Co etlon 0 st I|qU| renova 1500
extraétdelihﬁ zextiraat ervaves aaddgdednand otteoviexh by t he

BhPR A SP0 B PR BB I W Rl
g and
readneéaedi riertilve sol thé crottl é@@@ht &) rherive pHibfalhe
oL ELL Of), A% TRALEOLES, Auring the addition of the
In a first procedure, 100 g of the donor spent
epoxidation catalyst was boiled in 100 g-aliquots of water.
100 g of catalyst (containing 27.9 mg of Re) was placed in a
beaker and 100 g of deionized water was added. The water was
brought to a boil and the boiling was continued for 5
minutes. The beaker was then allowed to cool down to 50-60°C
and the ligquid was decanted from the catalyst pellets. This
process was repeated for a total of 3 times. The data is

presented in the following Table:

Extract No. Re (mg Combined Re Combined Extract
recovered) recovery (%) | extract recovered,
concentration | grams
(mg/cc)
1 17.4 62.3 0.28 58
2 7.82 90.3 85
extr. 1 + 2) | 0.155
3 2.47 99.1 0.104 85
(extr.
1+2+43)
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| ast 130 grans of oxalic acid dihydrate to ensure that
the pH did not drop below 7 .8 for an extended peri od
woboiones92 Wat erwas renoved fromthe sol uti on PET/HSH06/062398
filter wand and the slurry was cooled to | ess than
300C . Slowy added to the solution was 732 grans of
92 w % et hyl enedi am ne (EDA) . The tenperature was
mai nt ai ned bel ow 300C during this addition. A spatul a
was used to manually stir the m xture until enough
ThEQ! S5 DIRRCR hOIBENBICALLY ShiLrdNETIXLHT 6o
Exanpl e 3 Donor spent epoxidation catalyst th
rpeevieyn ferificahfoiugver one year was used in Exanpl es
3 and 4 . The donor sper§ %l gation catalyst had a
cunul ative al kyl ene oxi d'exjgr'%gd'umi on of 0.16 kT/m 3 of
spenin eposd@dad emocadarg,stlodr gnofethe Acdtiadetstamsufkample
3t NEHONOL: RPeit. sepgXbfadd on catal, . h
|x%d am)lrﬁi) of ?er anof the ?%e%?%my\@e Iq%taé{%qd%%g@o g
O\f\/a@e bembaed e tieromns haddrfueoTheexeract wasﬂmcoengmtato sa
pWel e, ahal,y. nd,r heni Nt at gﬂq recoyer
wer e cal cueizat eg ad aggaﬁngcio?%?egégeé eﬁl eni um(f%ég %{%‘Séker
wapt Bhermmulmvwest tohendLimdwn tticabPypP &6 emtd dmet Regspenyas
agpoxi datd al LSt PrRge 1
tﬁe donorlcgs?npgﬁltte ec%g%(%ydg%p%nllggctéal y@?& Q ﬁ %%tgagﬁf)o
vwgral gt zedbfangatreenidroCaqreehtcat aby sand comticaiemyngere
21c S Ofade) as,Phacad i agb L
L e s s’ St e uE Y Hl Reey
apeiht aeid nhven ilyoi nnmglm coesentedn f ope SSgﬂntuEQSmd'@elon
cgggfi%t was then allowed to cool down to 50-60C and the
I quld was decanted fromthe catal yst pellets. This
The odeiss Jvﬁ&@neéﬁélat?édlrﬁ othea fiodflalving Bakliees. The data

Bk PU WRCNTRE g the—Treblowi g Tabba Thiee—exiractions
Wi th wat el se@sdkdgd i Redheat qE) | BaE-80% I ecOVELY. ol
the rheni um Exanple|4 In a secOréndehocedded pgrah®0 g oOf

the catalyst of Exanple (mg/cc)
1 20.27 72.6 0.137 148

[0001] Using a larger amount of water for the extraction
resulted in a higher recovery, but a more dilute extract
solution.

PROPHETIC EXAMPLES

Prophetic Example 5

Preparation of Combined Deposition Mixture Compriging the

Aqueous Extract from Example 3

The aqueous extract from Example 3 is evaporated and
treated with an ammonium hydroxide solution to produce a
rhenium deposition mixture comprising 0.02 g of NH4ReO; in 2
g of 25% ammonium hydroxide.

A combined deposition mixture for rejuvenating a spent
epoxidation catalyst is made by mixing the rhenium deposition
mixture with: 150 grams of silver stock solution of specific

gravity 1.6 g/cc; 0.06 g of ammonium metatungstate dissolved
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3 (containing 27.9 ng of Re) was placed in a beaker
and 200 g of deionized water was added. The water was
wheaaghizor o a boil and the boiling was conti nuedr/isr00&§062398

m nutes . The beaker was then allowed to cool down to
50-60 OC and the liquid was decanted fromthe catal yst
pel l ets. The aqueous extracts were anal yzed and

rheni um concentrati on and recovery were cal cul ated as

a ratio of recovered rheniumto the total anDunt of

i niu |n|t|aII resent. qn th p

Ea?a?yg% LilrREm 8a%§/| S pr’esaélrctit’e § S%e&t&qﬂ’ Sonlved in
waabt e: Z{dﬂl@;l]onblil ngtar | & @eitdearmunadmﬁstv\/aﬂ@r s&xemfhe
extract esu d |n a hi_g recoyer but nor e
STFTERE iz e ubEion ord IPRearET C RIS PEshner i ¢
rExanpley Esd?;nﬁﬁahattsomzoed wGahbionedg Depasd tw«.om:sMth ure
Ogngrinsi n tdhe Agueous k[)Exrt rda t frg lcl)%(a[{rplte 3 The
S3QUELUY SAFHEE Er St B PP& evaporat eq and

treated W|th an annenopmﬂmpjmmﬂéesﬁl ution to pr oduce

Rargnltu d%t%ogl t| nE xtéjreoggp __ ni_g 6)02 % - cé\lrm:ined
Dégpsstiarommtmrer effExam;enaJ\Eenatl ng a spent

epoxidation cataly i s made b ther eni_um
ookl e el aipeR . e Rbamedel el ISR e
ssbhatten tof aSﬁfégMﬁrleﬁagi@Nlﬁ::}oc]asﬁ g/ me cﬁbr&ﬁe g;p@fnt

anmoni um net at %gt a%e di ssol ve

RRADAT o Ul G- 2 d L”ﬁ% i‘é%l Js]%% evneed fae

pwatiect idddift ioanal kWAt rofi shaddeent ceadjidst-ibhecatalyst or

s?gcifi c gravity of the solution to 1.5 g/cc. 50 grans
the resulting solution is mxed with 0.2 g of 50 W%

CsObsel aut itom s@@ﬁduepogicmtd@mmmedlﬁemsid:altmlyst A)

m xture. phetic Exanple 6 Rej ventlon of S

BRI T 6T EHLgry SPPOR |t o LBhD bRLe, s Sesium.

The other spent epoxidation catalyst (Catalyst B) comprises

a—alumina doped with silver, rhenium, tungsten, cesium, and
lithium. The silver content of spent catalyst A is 15% w% or
less, as determined by nitric acid digestion and silver
titration. The extracted cesium content of spent catalyst A,
after washing, is 70.

30 grams of pellets of washed spent catalyst A are
evacuated to 20 mm Hg for 1 minute and the combined
deposition mixture of Example 5 is added to the pellets while
under vacuum. The vacuum is released and the resulting
evacuated pellets of spent catalyst A are allowed to contact
the combined deposition mixture for 3 minutes, producing an
intermediate catalyst A. The pellets of intermediate
catalyst A are then centrifuged at 500 rpm for 2 minutes to
remove excess ligquid. The resulting centrifuged pellets of
intermediate catalyst A are placed in a vibrating shaker and

dried in flowing air, producing rejuvenated catalyst A.
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Deposition M xture of Exanple 5 Pellets of two donee
spent epoxi dation catalysts are subjected to a
WO egoawessat i on process. The donee spent epoxi daPCDOS2006/062398
catal ysts have a cunul ati ve al kyl ene oxi de production
of 0.16 kT/m 3 of the spent epoxidation catalyst or
nore . One of the spent epoxidation catal ysts
(Catal yst A ) conprises a-alunm na doped with silver,
lithium and cesium The other spent epoxidation
cat a}ggt 3%1 talyst B . cor}pri ses a-alum na doped with
si [ verS g TRIPehgke Pt b8 GRYUSRAISY KRGMLY The?
peilees Omicentndhesdpenthd dediyshatod Scatays Ar pb &St s
cas det erm n$d bé nitric acid digestion and silver
PIRT AT SHEoTRE EXTT ot F &8zi BT ederthenfto§pénteight of

regtradrystedAcatalyof MAHNGrebsefOrhad Gl 3k 8F cxtracted
c IIe%st of washed spent catalyst A are evacuated to 20
BTG TGP To ROt e ShPARavesD FeRl Teiyes BPonsHF e

ce$itxanpltend bs askdet fhierdiecpebhes s, il @cundes are
uum The vacuumis rel eased and the resulting

vVAaC
d%@%rcrﬂfd}eéjd A5eFFatstd GRVE caf B yse T Wi o8l Fahetvi 2
pebné e talishe conpbi fedi iepeskell oo ¥ We HhehidmM P &Shen,

gro]g%g%an i nternedi ate catalyst A . The pellets of
it et £8MRAT & Y& SReZte CphahY¥erftri fuged at 500

rpmfor 2 minutes tmerfyriancexesssidd qui d. The

resulting centri fuged}lgg_l ets of rnternedi ate catal yst

A are placed in a vib ! and dried in

f | oviitteg vaicti oupr @akiCiyig o ejr8v eBat &4 ARl kS hi Ae - TS -

fi nfl conposition of the rejuvenated catal yst A
“PETHELS PESOHBE BT nETCTRE 1 EptREratidy eafapgsivity.

pel I'Btes reQuphise iRARockRaRe 205 WARD i nbasgdr OTh &Gy

total weight of rejuvenated catalyst A, and greater
E’f?{%ﬁl%soo ggﬁw Ot adte 4rEs e o0 thfe trepvenak edfize. 3

teBRlStthe THEUShdY IatdNG 58X E £ AL £bb £ 8% CONE et 1pf
the rejuvenated catal yst A pellets are determ ned as

SRSt Bed L aBbVe StARST &iifenateel calipsimpersed in a

molten metal bath (heat medium) and the ends are connected to

a gas flow system. The weight of catalyst that is used and
the inlet gas flow rate are adjusted to give the specified
gas hourly space velocity in normal liter/liter/hour
(N1/1/h), as calculated for uncrushed catalyst. As the
catalyst packing density and silver loading change, the
amount of catalyst loaded in the test reactor is changed.

Prophetic Example 7

Testing of Spent Catalyst A

The spent epoxidation catalyst that is rejuvenated to
pbroduce rejuvenated Catalyst A is tested for its ability to
produce ethylene oxide from a feed containing ethylene and
oxygen using the Test Procedure described above. The gas
hourly space velocity is 3300 normal liter/liter/hour
(N1/1/h), as calculated for uncrushed catalyst. The catalyst
loading is under 5 grams. The gas flow is 17 N1/1/h. The
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pellets al so conprise increased anounts of rhenium
tungsten, and lithium conpared to spent catal yst A .
w@eoo7oresance Testing Test Procedure The vari OUBCT/US2006/062398
catal ysts are tested to determne their catalytic
properties, such as, selectivity and activity. The
follow ng test procedure is used in the foll ow ng
Exanpl es. The catalyst is crushed to 14 to 20 nesh
size. 3 to 5g of the crushed catalyst is |oaded into a
.;%%élnch st ai nl ess s%eel U- shaped tube. The tube is
1 e reEd PrRS &% 1 % i 5Faba¥lﬁe (S tRe 8Ny &Y itthe
PesitsetdAre sgampested to a gas flow system The wei ght of
catalyst that is used and the inlet gas flowrate are
adjusted to give the |y space
vel ocity in wnestilg loft gehlirérat&oWathhisk/ ). as

cal cul ated for uncrushed catalyst. A s the cataly
o aCHT T SHGRE: 957 A OrPvir Postich a0 it Hes siloiit bed

uiﬂng:&h@lyébt|pﬁﬁkﬂﬁdr@ tbect esda reasiar Tﬁecb gas
rophet.i c Ex le 7 Testlng of Spent Catalyst A The
%ﬁﬁﬁ% efoxP daY i FREEEsr y8t *Y hatY e r & GVeRarker tH-oxide,
5prﬁduﬁerbgpuv&mat26¢ cat-akyst x&liﬁldne%g;e%i%e' Isomv)
roduce et hyl ene oxide froma feed
t?%%’r?‘t éiﬁlﬁf) thﬂ%&%ﬁ&ra&y@%nﬁsﬁ% CRestagg at 245°C
£d¥ cnceh@uﬁ:@ Qﬁ@&fﬂd&ﬁ@d@b@t‘@d fhe gas NeWRlLY: SPAC& abil1ize
liter/liter/hour (N /I , as

3300 |
‘P:accfi’: ¥’8d Brv it rﬁgﬁﬁﬁe]&%t%%% E@Hepéﬁé‘aﬁﬂs@f based

ol aa@d MGtk WATefe %fgtﬁﬁsteg_@ﬁd%aﬁasﬂ OWnbScdda N 4d /l%adlng
Thelnlet gas pressure is 1550 kPa. The results are

15V ST A - PrODHERS ELB¥akpl &7 891/ Priophdbrci Betnias 8

pf&ﬁﬂﬂr@gléflﬁﬁﬂlk@%nat@ﬂeca@ﬁﬁﬁﬁﬂy/*OA1%3§EbQQa§EE%l g the
mxture is gassed t hrough the catal yst bed using

SqEs O SRBTLr P FEYEEi BedPAbE . reﬂﬂgepé§€@n%ﬁ%ﬁﬁ¥8t A,

The selectivity of rejuvenated Catalyst A is 12% higher than

that of spent Catalyst A.
Prophetic Example 9

Preparation of a Combined Deposition Mixture for

Preparing Fresh Epoxidation Catalyst

Comprising Extracted Rhenium

The aqueous extract from Example 3 is evaporated and
treated with an ammonium hydroxide solution to produce a
rhenium deposition mixture comprising just under 0.05 g of
NH4ReOy in 2 g of 25% ammonium hydroxide.

A combined deposition mixture for making a fresh
epoxidation catalyst is made by mixing the rhenium deposition
mixture with: 50.0 grams of silver stock solution of
specific gravity 1.6 g/cc; 0.01 g of ammonium metatungstate
dissolved in 1 g of 1:1 ammonia/water; and, 0.05 g Li10OHxH,0
dissolved in water. Additional water is added to adjust the
specific gravity of the solution to 1.5 g/cc. 50.0 grams of
the resulting solution is mixed with 0.1 g of 50 w% CsOH
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mxture is 30 % ethylene, 8 % oxygen, 5 % carbon
di oxi de, 57 % nitrogen and 2.5 parts by mllion by

wo oboanmes3pppmy) et hyl chloride. The tenperat ur ePCBHURBOE/062398

constant at 245 C for 4 hours and then adjusted for
the catalyst to stabilize and achieve 3.1 vol.%

et hyl ene oxide (EOQ production, based on the total
vol une of the testing gas. The catalyst loading is 4
grans. The gas flowis 17 NI/I/h. The inlet gas

e The act QC i s substantially
SQ{]_SI%E_%%E chr)&jgg)per#< SCSPRPYT &Aéeé)no(fyjft&lonr BiRvermatedr
p@@tpahrygg AresHhepcsdldetioni ¢yt adfy stej uvenat ei Catal yst A
is 12% hi gher than Eﬁ f. _spent ﬁtﬁ! yst A.

Propheti c Exanpl e flbnet o B 2 nbi ned
Deposi tRxepavaktg peof Frelhe Bpokiigati &b ledtpxisdait oy the
S{l: ?Ia)étst f Egr@ gxtcr)gféfocn §1%ri1__|1‘1%maTEeE$c ueous9 o
an aﬁhenfummyccmmmedeusm st annIso e&é&%ﬂié eréa?sOVSAT%Pt}éH‘NH
n ri ust under g o
PR LS a7 AN T RS dos abe oipiida peliets
aet@p@sratu@hednbd LZIOemanHg niedsd g Hﬂnflhlﬂ:@S angdp% Qa{mbgged
mde b the rheni um deposition
d%?%?t@ E%/g&%vl Ug(? 8¥gg‘}é nJo %iliSvE8F98HoER e MeleARtHfWhile
uggemvacu@uawm &aﬁu@ﬁc@s tﬁle&lr@l@ﬁiéﬂlm UdH/e rtesultlng
te.d 0 amoni a/ wat er
SRR A B Koy B P At i FanERet the
Cmbeneqisdmmaed:mo aﬂ;dtmtte tooe: SDQ@hPtéﬁ,gr}ﬁﬁﬁ&ul)étl% Lhe
of the resulting
lﬁe%ﬁ%"ﬁ%ﬁa%es tﬂrf]efélge%o’t‘h‘?%ﬂfn 6f-2885two CERHSGHAEF§not
lptequix@ta foeshi dexﬂﬁ‘ﬂﬁﬁnt icaRamy¥t us€e frdferPBRBF] AGeq
st. Prophetic Exanple 10
Xl da;?l on_cat aI p np 0
E’r eparrgé%‘?on of Eresh ¥y r&ﬁ‘? VEnSESE AP yskIWISE- ng Thde
réonbi ey depodiftiea @ébﬂdﬁ%eo@flﬁﬁéﬂﬁé§hé%e fresh

epoxidation catalyst are placed in a vibrating shaker and

dried in flowing air, producing fresh epoxidation catalyst.

The final composition of the fresh epoxidation catalyst
is determined. The fresh epoxidation catalyst comprises 18
w% Ag, based on the total weight of the fresh epoxidation
catalyst. The fresh epoxidation catalyst also produces over
500 ppm of extracted Cs/g of fresh epoxidation catalyst. The
silver and extracted cesium content of the fresh epoxidation
catalyst are determined as described above. The fresh
epoxidation catalyst also comprises effective amounts of
rhenium, tungsten, and lithium.

Prophetic Example 11

Testing of Fresh Epoxidation Catalyst

[0002] The fresh epoxidation catalyst prepared in Prophetic
Example 10 is tested for its ability to produce ethylene
oxide from a feed containing ethylene and oxygen using the

test procedure described above. The fresh epoxidation
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The fresh carrier used in this exanple has a water
absorption of 50 cc/100g. 30 grans of al pha alum na
w@ed7etaIar e evacuated to 20 nm Hg for 1 m nut eCEDS2006/€62398
conbi ned deposition m xture of Exanple 9 is added to
the pellets while under vacuum The vacuumis then
rel eased and the resulting evacuated pellets of al pha
alum na are allowed to contact the comnbi ned deposition
m xture for 3 mnutes, producing an internediate fresh
ation catalyst. The pellets of internediate
S e SORHAED o Saleny 01 Bhr 6F 1 Fah GelPPPr Bhed at 500
témpﬁﬁaﬂuﬁé gENRE@se¢ 0 renove excess liquid. The
sulting centrifuged pellets of internediate fresh
["8 XEFECNEN Ot aP B YarE L pl adR ot hh ar tviMBA AL FRgOSHacerthat
maxigl nﬂfdlﬁqc'a&_&ﬁ@%é&g k@ hadBl 4 u@lﬁ@%éﬂe%%lﬂnﬁpgé(égﬁtﬂﬂ%n

catal yst. The final osition of the freSh
%@pcﬁm%l%ﬁtéa@%frwqus §EEEF nFFR dIeaTe tPr Bghillustrative
oRPPXALNON163h S YiSd GREBN h§e$1dB Wh A 9%&&9& t %mh
total weight of the fresh epoxidation catalyst.
iredif Sgdrraat Fontatcey8e -al so produces over 500 ppm
of extracted Cs/g of fresh epoxidation catal yst. The
silver and extracted cesiumcontent of the fresh
epoxi dation catal yst are determ ned as descri bed
above. The fresh epoxidation catalyst also conprises
effective amounts of rhenium tungsten, and lithium
Prophetic Exanple 11 Testing of Fresh Epoxidation
Catal yst [0002] The fresh epoxidation catal yst
prepared in Prophetic Exanple 10 is tested for its
ability to produce ethylene oxide froma feed
cont ai ni ng et hyl ene and oxygen using the test
procedure descri bed above. The fresh
epoxi dati oncatal yst exhibits a selectivity of 85% or
nore at a tenperature of 250 0 C . [0003] Persons of
ordinary skill in the art will recognize that many
nodi fi cati ons may be nade to the foregoing
descri ption.
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The enbodi nents descri bed herein are neant to be

illustrative only and should not be taken as |imting
wo b@7iomssent i on, which will be defined in the cbPel/s208/062398

Al MS 1. Anmethod for reusing rheniumfroma donor

spent epoxi dation catalyst, the nethod conprising:

provi di ng a donor conprising spent epoxidation

catal yst conprising rhenium the donor having a

cumul ati ve al kyl ene oxi de production of 0.16 KT/ n8 of

the spent epoxidation ci,e_né a: y§t OE nore; contacting the
donor with an aqueous | roduce

rheni um depl et ed donor and aqueous extract conpri sing
extract e%ur heﬁi#g}i separ at i ng}ﬁt he agueous extract and
t he ThenfufEa8PT e1%d “GBREPY BRFIUlsTFRYt t5h°BRE r 3rRaed
epdEiRiatAbAS ca SOLGethé dieRiUBbhEr B iSRS equent
process.. 2 . The method of claim 1 further conprising
sepalal iy ehd CFaEP®RF T HEFi GRPRT FRYRE2RYRGIR a1y St
extract touprosuee rheaowues athe ABAbHMawW ng EheunEthade

f clai i Si, ing diluent fromthe
gqugoﬁlsm&iﬂ(g’ggger Ikﬂsfglgl p{)g{ﬁmw 4 Nsef ekt ]?Tr/g‘}mqfh@h@r oopRt

consi st i rgorfidstidd mathopst dirstblbati on,
concen raglon, and conbi nations thereof . 4 . The

met KOG 6F FEPAi T SOBRPrTsih G pagesany tiHavadud irroduce

extract theaugh-dcegiesed dadbrandacobhestd rarthec
recovered rhepiumfromthe resin bed. 5 . The nethod

of cl ai m“P"PatEHE SEERPTTSY FG8#4PBsi ting the extract ed

r heniegeraniag dareeqheoliHrdRtabcePoxd dald Refal@ldtsh cQka
an epoxi %%Eﬁiaon catal yst precursor .6 . The method of

claim5s Fi ¥y contacting the donee with a
depasiihigoBh8l etz teQ@MpHdrShiRdat he fqURAUSreXtd/AGk in a

subsequent process.

2. The method of claim 1 further comprising separating
the extracted rhenium from the aqueous extract to produce

recovered rhenium.

3. The method of claim 2 comprising removing diluent
from the aqueous extract by a procedure selected from the
group consisting of sublimation, distillation, concentration,

and combinations thereof.

4, The method of claim 2 comprising passing the
aqueous extract through a resin bed and collecting the

recovered rhenium from the resin bed.
5. The method of claim 1 further comprising depositing

the extracted rhenium on a donee to form an epoxidation

catalyst or an epoxidation catalyst precursor.
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7 . The nethod of claim2 or 3 conprising depositing
the recovered rheniumon a donee to form an
wepagiodasb: on cat al yst or an epoxi dati on cat al yBCT/US2006/062398
precursor . 8 . The nethod of clainms 5-6 or 7 wherein
t he donee conpri ses spent epoxidation catal yst for
preparing a rejuvenated epoxidation catalyst. 9 . The
met hod of clains 1-7 or 8 wherein the donor has a
curmul ati ve al kyl ene oxi de production of 0.2 kT/nB8 of
the pent, .epoxi dati o at.al yst or pore, in particular,
iT/nfgl 61Eg ﬁT?#L%; ﬁoFSmpﬁl%1@ﬂ79ﬁ?§%0tﬁﬁﬁeth%r
ddnké’/wﬂ’tﬁq of ddpestonot mipenircepoxbdadien ! alysbusr
or 10. The nmethod of clains 1-8 or 9 wherein the
aqd@%ﬁs liquidis selected fromthe group consisting
of : water ; an aqueous liquid conprising one or nore

additi ves..sel e sal aci ds, bases, and
peroildeéﬂl gﬁagdﬁé<§?ﬁgh?c Ofi f USTHET 1Y ARRPEtelng
thbereofverkh fﬁbelmﬁhhodx@kn@batﬁBfér@ A MRaE bR
ueous %UId conS|stsP8f water. 12. The net hod

{
C%ga%X s §n15 8F T4k CREA ¥ ShpPT ST W Weposi t i ng
silver in an anmobunt of 0.2 %w or nore, based on the
t of__the nee spent, epOX|dat|on cat al yst
|np%$t|cdvﬁﬁnﬁgg g&?%‘ﬂﬁﬁF@ STS0fF of 'RSIEEING thgy @pnee
cnmpfnséi)éﬁunareﬁBﬁfﬂaﬂﬂbnl%a%®Q9§tni%ﬁfpf@%ath@ get hod
wherein the donee conprises a

r%%F ?%?“%%f@??éﬁa?ﬁﬁl6@%ﬁ&??ﬁg a fresh epoxi dation
catalyst . 14. The method of claim13 further
conpli sing depo silver_on the donee in
quanél ty 1%?& T% é?‘é(go “1RorE, 1hased %ﬁ”qq?él\ﬂeiﬂaﬁtd@for has
at&mmdlﬁSMMEBﬂkyﬂ@ﬁéQﬁu@@t@kM&hctﬂ@n Jdihe mekho ofor tne
%{ 1-13 or 14 conprisin . _
spen epoxidation catalyst or more, in particular, 0.3 kT/m?,
0.45 kT/m’> or more, 0.7 kT/m® or more, or 1 kT/m> of the donor

spent epoxidation catalyst or more.

10. The method of claims 1-8 or 9 wherein the aqueous
liquid is selected from the group consisting of:
water;
an aqueous liquid comprising one or more additives
selected from salts, acids, bases, and peroxides;
an aqueous organic diluent; and,

mixtures thereof.

11. The method of claims 1-9 or 10 wherein the agqueous

liquid consists of water.
12.  The method of claims 8-10 or 11 further comprising

depositing silver in an amount of 0.2 $w or more, based on

the weight of the donee spent epoxidation catalyst, in
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contacting a weight of the donor with a first aliquot
of the aqueous liquid under first extraction

wa@oodiotézens whi ch extract a first portion of rPenUSING062398
fromthe donor, producing a first extracted donor and
a first aqueous extract conprising a first anmount of
extracted rhenium and, contacting the first extracted
donor with one or nore aliquots of the aqueous |iquid
under further extraction conditions whi ch produce one

?d tJ onal ue extracts GO ri sing one or

part gu[ataal 4l Oﬁnﬁ% ’s of'we%r%%lfeed r RENPTIMOTEs. Lehew

oﬂnmdm@d of T2 ahimolbSmwderein the first aliquot and the
one or nore aliquots conprise substantially the sane
wei ght of the aqueous liquid as the weight of the

donQB The fﬁaehmetdfodlaﬁmgl 8lgrsorl-1ehekelf VhErRidRe
ot al anmount of extr ed rheniumis 75 %w or

C?nﬁ5§s 5n3pSPE T dPTE5 19w oF” M9 %t RetF oAl
emgpdnrtzittiynotatheydtum initially present on the donor. 18.
The method of clainms 5-12, 15-16 or 17 further
conprising depositing a quantity of one or nore
r ej uvenatrhagmehighti WH COREANDS Ef 1 OEI0RS %§1§§r‘1§0t ed
fromthe %fgg conS|st|n of tungsten, romu

A5 dEHu BShEepRor s, akﬁﬂﬁﬂFlténafn%&tQﬁ%%sor

ndfgr @rfsed18n HM@vﬂﬁbﬂ@do@ftﬁé&hﬂﬁﬂﬂ%@%@l@étﬂghfé&&ﬁ@%t
conprising depositing a quantity of one or nore

rheni um copronot er conponents sel ected fromthe group
congisst i mgeoﬁeﬁmweala@hﬁ omLHnomlély@QﬁﬁHﬁ&l | fur,

pho%p % us, bor on, m xtures thereof

04 -6f &P%l?ﬁ¥§§gf§ °}i5th9 QﬁnQFBWFGPtﬁe?l%ﬁﬁnﬂ%%ﬂuﬁﬁ of
deposi ti ageoAiqlidwnsdongaia amddy i 4 8f cQhe,efidwre
rejuvenatlng*further el ements selected fromthe group

consi sti AGROHEHINS §GeRD FRUBRTinet SHREl PoRRteN ©f rhenium

al kal i nefrom the donor, producing a first extracted donor
and a first agqueous extract comprising a first
amount of extracted rhenium; and,
contacting the first extracted donor with one or more
aliquots of the aqueous liquid under further
extraction conditions which produce one or more
additional aqueous extracts comprising one or more
additional amounts of extracted rhenium.
16. The method of claim 15 wherein the first aliquot
and the one or more aliquots comprise substantially the same

weight of the aqueous liquid as the weight of the donor.

17. The method of claims 1-15 or 16 wherein the total
amount of extracted rhenium is 75 %w or more, in particular
85 %w or more, of the total gquantity of rhenium initially

present on the donor.
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earth netals, titanium hafnium zirconium vanadi um

thallium thorium tantalum niobium gallium
w@eosomanizam and m xtures thereof. 21. The net hpdr/052006/062398

claims 13-17 or 19 further conprising depositing on

the donee a quantity of one or nore further elenents

sel ected fromthe group consisting of nitrogen,

fluorine, alkali netals, alkaline earth netals,

titanium hafnium zirconium vanadiun1 thal | i um

t hori_um antalu glo ium _gallium_germani um and

m xtdres T ﬁé?eet&’fo et hod b1~ QFns’ sEUWEEhefs. 1g

ccmprz@lﬁg rddiysienpri shrgitdepost tdig o@nméhe AReenaring
unt of one or nore re uvenating al kali metal s

rERR Ry Saplf%efha%ww SoRSHSEFFG oM ithRI GRYUP

cqIliassingnb s ce@mggﬁenan&hﬂbmium,esndlfﬁfde%m?3suirm et hod
Qr . 21 further conprising

pQﬁ%ﬁﬁ?FP?ng%8ﬁ°?¢u?qyoﬁéetﬁﬁe%n%ﬁﬁﬁ €Y one or nore
al kali nmetals selected fromthe group consisting of
[ithium gota33|un1 cesium _and m xtures thereof. 24.

The et h88S JIe19G; RE GLai9so 32386 1oF tilef UEBRAPT iR 1sing

depashicggthendeneey bef e depostd in@nt Be SRt ¥, Of
rheni um on the donee. 25. A process for the

CHBHERPALE | FH ST SGnEEB: Mk egliﬂu@f CRESEBRPIY SThFuneaEeing

ctirdre@éh, CRAPYH&I Mg, 0B 1804 TOF Lo Y IRIHRS bBArbhe HELHERESres
of an epOX|dat|on cat al yst prepared accordlng to any

ER§TECST claims 5-23 or 24. 26. The process of claim25
wherein the one or nore olefins conprlse ethylene 27.

A prgcess for the production of a 2- di ol 2~di ol
et héP: alhe b erateain? an % klénéﬁ a%n%% f‘%rﬁéler

cqarpeeesslgcaew$ﬁlmg; canyaet adgedn Queht D PXbHe At Lhee
- diol, the 1,2-diol ether, the 1 ,2-carbonate, or

r?ﬂ%¥egﬁﬁéﬂglf%ﬁﬁqﬁ¥\ﬁH@P@PESt?ﬁ9ﬁﬂ§ﬂq ATERi Hee HEOWeen

coahtialned by @dvREessSciesrihe, epedidahiben of Aanalieki n
as_clained in claim25 or 26

earth metals, titanium, hafnium, zirconium, vanadium,

thallium, thorium, tantalum, niobium, gallium, germanium, and

mixtures thereof.

21. The method of claims 13-17 or 19 further comprising
depositing on the donee a quantity of one or more further
elements selected from the group consisting of nitrogen,
fluorine, alkali metals, alkaline earth metals, titanium,
hafnium, zirconium, vanadium, thallium, thorium, tantalum,

niobium, gallium, germanium, and mixtures thereof.

22. The method of claims 5-12, 15-18 or 20 further
comprising depositing on the donee an amount of one or more
rejuvenating alkali metals selected from the group consisting

of lithium, potassium, cesium, and mixtures thereof.
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23. The method of claims 13-17, 19, or 21 further
comprising depositing on the donee an amount of one or more
alkali metals selected from the group consisting of lithium,

potassium, cesium, and mixtures thereof.

24. The method of claims 5-22 or 23 further comprising
washing the donee before depositing the quantity of rhenium

on the donee.

25. A process for the epoxidation of one or more
olefins comprising reacting a feed comprising one or more
olefins in the presence of an epoxidation catalyst prepared

according toc any one of claims 5-23 or 24.

26. The process of claim 25 wherein the one or more

olefins comprise ethylene.

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

for the epoxidation of an olefin as claimed in claim 25 or 26.
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