10

15

20

25

30

35

WO 2005/ 097315 PCT/ US2005/ 010697 A PROCESS FOR
PREPARI NG A SI LVER CATALYST, THE CATALYSTS, AND A USE
WOR00F0E731 CATALYST FOR COLEFI N OXI DATI ON 5 FI ELCP@FUTHES/010697
I NVENTI ON The invention relates to a process for
preparing a catalyst sui table for the epoxidation of
N Pmﬂp the cata ¥§%e er_se and aAErocess for th

N TR Wi T2 e Cat £ P%E OF THE
CATALuseé"L&%/éég i HE | NVENTION In ol efin atys

epoxi dation an olefin is reacted with oxygen to form
an ol efin epoxide, using a silver-based catalyst. The

ol efin oxide T% be reacted with water, an al cohol or
FIELEnOY5 THH ANVEYTESNM a 1, 2- dioI a 1l,2-diol ether or an

a&éanq @ghggonTQ%iat%szt ro%e%sdTQr LRS- 8hdda

nol am nes may be pro uce mul tl-step process
catadgwpr ssiingbdleeffiom ep@xm@@m1dataw@ odnwer oled ithe the
ol efin . oxide with

catalfPhoP=50 “Cofint] SRACSH Jor. bRSoPCAARErY habe™n

olefRhOVinde@ ithe thel ekitR1g¢tda sneiseri.ously in a | ow
select|V|tél Al so, the catalysts are subject to an

BACKﬁﬁpﬁﬁDr@Fa &8 §@W55Wﬁﬁﬁbe decl i ne durlng nor ma
o] r |f tsel f r t
CREL oSl DRIy BTk B redeiRg LAEH bR0oen
to feetuehi ofefdnaepioxiide , ohsuh@ eamaﬂwgmlbaaaﬂmiasalyst
react.ion tenperature is |n rea ed in o%ﬂer ﬁgl or an

The @Erﬁﬁéﬁs S oYt RE FERTEE oM " Sty

amln%e%%tE%Eﬂi%nﬁeQaEHkﬁ_nQN]bQ dh@qr%%ﬁﬁilaﬂ|an|t
becones undeS|rany hi gh, at which point in tine the

alkagatlamjse . |sT@@@ned,t2od;@1@t, tthé @ﬂ@lofehheéfss@mdf etime
d.t : t h
alkagf)ﬂg\f@%ﬁas rr%gferk])eo td%({;:%{@q_gle mgi%r sltl, gy % ocdus

rovi ng ati1on

con@@akﬁbgsbaeEﬁnte@dXﬂ&aﬁmmﬂa@ﬁecohmenmmmgﬂuheriormed
respect. of their initial act|V|ty and sel ectivity, and
olef.lﬁ— OFeSFedt T VPRET STRBGRP Ipért GrmEtteS that i s

ke 1831S ts@ﬂ% AN e 1 %@t@ HR)BLBG~ided the

ormance decline. 1 WO 2005/097315
olefﬁCﬁb@Sﬂ@Oﬁk@;@a@ﬁsly in a low selectivity. Also, the
catalysts are subject to an aging-related performance decline
during normal operation. The aging manifests itself by a
reduction in the activity of the catalyst. Usually, when a
reduction in activity of the catalyst is manifest , the
reaction temperature is increased in order to compensate for
the reduction in activity. The reaction temperature may be
increased until it becomes undesirably high, at which point
in time the catalyst is deemed to be at the end of its
lifetime and would need to be exchanged.

Over the years much effort has been devoted to improving
epoxidation catalysts in their performance, for example in
regspect of their initial activity and selectivity , and in
respect of their stability performance, that is their

resistance against the aging-related performance decline.
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Sol uti ons have been found in inproved conpositions of

the catalysts, and, in other instances, solutions
whaons/osen found in inproved processes of prepaEr/uszyos/010697

the catal ysts. For exanple, the silver-based catal ysts

are customarily 5 made by depositing silver on the

r I-Ng | r k2l
o1 A LK VRISl 8 a9t KRR e of

catadgﬁtaunang |apregm@mlonsgamQEﬁonswﬂwthxmﬁsh@Mm dleem Fgund

han_caonventional , for exagp %y g%§ sured pH of
in 1T§rfve P2CE5567 Olie PEFESERCT thsr &Hltlona
bage kratmdeelO ther miokchytaeeddeatadds & e eatalgtsinmrily
whi ch have inproved initial performance properties.

made8yBIePESISE e SERFSTL Ipat Lh GHPREIT ohdlspmg an
1mpr%éb Qﬁlge%e%%%ﬁ GEN $RER_ %%6%@@%es§ngghﬁ§ﬁt(ghétﬁ%e of a

regnatlon sol tlon Creatlng manu acturlng
811v@mftb®mbum&&g hnmUﬁgBaﬁS@&gg&lmhaD@Iwhumhihaﬂﬂﬁlhjgher pH

relatln e catal stabilit er f or manc
ChanORKRTEOTE (TRVERTPARLEn T2 RS A SRS EN OF 132
or 13MBNIsL, etRerSeddiRePieserlin 0TV eHdi®N H=AViias an the

process for preparing a catalyst conprising silver on

formg ofu ez, c B gadec ss cedmpiisses wig ch deptssiiminygpved
i_lver u t dep
1n1t§ 1 gerﬁgg%%%c% %&%&e?tqg% %?g%ﬁ%@é%ké%%}egpggﬁ&
hlghv\@rd@rltabn%So(ﬁ hiyid rexq dasat Ihtayreoﬁaeaatn desastt Samad eslpeiging
of the support, S|nultaneousl with g | ater than

of t@@p%ﬁpﬁeﬁ&aéﬁll%rso&hlttlﬁélls E@rttl S“aIIW Y

di £ rarRadiiReNt , 1hherd menldsen 8prt@1fe@creakilsy nPrRYASHAR relating
process for preparing the catalyst which process

o thenpeitedysitmdr efrrdtililig vt perdgpemices th a sol ution
ri_si ' conpound and a base having a pKb
SUMN%%EEPFﬁE@% g%%&%héﬁﬁqneasured in water at 25 Cin a
quanti iy refe aimdRAsien®() IR st3QHIRIrkg e thisent

support. In a second enbodi nent, the present |nvention
1nveé¥té\ﬂnd@§oéfldﬁrso@eﬁop@fssprf@§a@r@@?adﬂéﬁ & ﬁﬂta yst

comEE R, o A SRR T R AR st e tbrises

- defegmistiitrignas idiMereomrt Hiédnes upp@art ,arkdd

- depositing on the support a base having a pKy of at
most 3.5 when measured in water at 25 °C, in a quantity of at
least 50 mmole per kg of the support, simultaneously with or
later than depositing silver on the support.

In the first embodiment, the invention preferably
provides a process for preparing the catalyst which process
comprises impregnating the support with a solution comprising‘
a silver compound and a base having a pKy of at most 3.5 when'
measured in water at 25 °C in a quantity of at least 50 mmole
per kg of the support.

In a second embodiment, the present invention provides a
process for preparing a catalyst comprising silver on a

support, which process comprises
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- depositing on the support a conponent conpri sing
l[ithium in a quantity conprising at |east 50 nmol e of

wo paokioemsuper kg of the support, sinultaneous!RCTMISIN08010697
| ater than depositing 5 silver on the support. In the
second enbodi nent, the invention preferably provides

E%Qﬁﬁﬁﬁjkf siARRRAI NG o/Styhi ch process

rises Inpregnating t port’ MAt a solution
- c@m@rdsmmgug mrsldheersmmwmd cangbemeraiposgiti sing lithium
conprising lithiumin a 10 antlt f at_I|east, 50
in ameye@ bty iaWh S 1Bg cl}fe"’t ﬁ%’ﬁﬁﬁ Ol it mer kg
of thidveniiial %Qnﬁl%\érfe%s%yc%;ﬁdlyﬁr 1ol nabl.e d%}bésfheclng

process for preparing a catalyst in accordance with
silvieh on rhentsupports The present i nvention al so provides

ss for R dn | ef.in x| i.de b act.i-n
AFBI AT GRTGEH T 1 HeDroNeie Gt B Cata
provalled raakpjxeadassi Fopraeess-ifrey tHY epald ngta v@@.icéﬂ ystoddes
accordance with this _invention. The present invention
Compél%%rﬂé%ﬂ%l%lﬁ’& H&® STuRRGGig Wtk ED %ﬂjéﬁ#%ﬁq}@rlsmg

a Sl Sﬁgi K any dﬂenﬁiébﬁ? dﬂil
r -a ano am ne conpri sing onver ng t olefin
quarﬁmt@e qﬁwtacc tleast, BGalnkemiediad] |1 itdel uly et Ida_:nemﬁ dihe

ether, or the 1, 2-al kanol am ne, wherein the olefin
SUPPRYitde has been obtained by a process for preparing an

olteld praddn acsiHiRG 2A%d PAdHHd e id dnyETAI LED

DESCRI PTI ON OF THE | NVENTI ON When a catal yst is
obtaemeé&reem ﬁ%m A% prenay intheeatonl f#e in

acc f ély% aiihg, catalyst during its use is
un anent ange conpared with a conventionally

3@&@5epanﬂﬂﬂzamfuqnﬂloﬁﬂaiéauptnnmdeﬂ L hageeds for
advant ageous _because it resides in a postponenent
PreRRFereh S R & PFemod It T ﬁfettjﬁ% el T yPXYgen

in t@ﬁee'b:\:reeééﬁdé/%ﬁ’ d apithded idg adidhisel fgcééke for
catalyst. During the period of 3 WO 20 5/097

PrepRCINgS20 05067 ipostquordemed  wittherdis wvmta;llc»ry- no
Z%gﬁggigh% #ﬁ%ﬂ%%ﬂm;gh %fg%5%¥é¥¥&égt§/ﬁg%ﬁéén%fsh§¥ng an
olefin oxide for making a 1,2-alkanediol, a 1,2-alkanediol

ether or a 1,2-alkanolamine comprising converting the olefin

‘oxide into the 1,2-alkanediol, the 1,2-alkanediol ether, or

the 1,2-alkanolamine, wherein the olefin oxide has been
obtained by a process for preparing an olefin oxide according
to this invention.
DETAILED DESCRIPTION OF THE INVENTION

When a catalyst is prepared in accordance with this
invention the performance decline of the catalyst during its
use 1s fundamentally changed, compared with a conventionally
prepared catalyst. The fundamental change is advantageous
because it resides in a postponement over a substantial
period of time of the normally seen relatively rapid decline

in selectivity of the catalyst. During the period of
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Further, the catalysts of this invention exhibit an
advantage in their initial performance, in particular
WO pooshgidnsinitial 5 activity. The support forP@EES1005/010697
this invention nay be based on a w de range of
materials. Such materials may be natural or
post¥dddrieaial diordan o imiedl B snansk 1heyi vBYy | ded Lbge or
refractory materials, silicon carbide, clays,
the sedldates/ith0 dgvakbwaliamt a kubsearbrzhlyetarer rate.
Furtcflaerrb,o teeS at‘faolr%s:t%( Q nc?% ethf@ l :E:rlh\yéﬁigfchlkf o@}%f"bi’g) raelfl eécﬁ\ggntage
are refractory erial §;7suc as al um na, hagnesi a,
in tHeiconira @il SheétEdrmahes ot pgarefeired imtetiemt 1sSitial
a-alumna. Typically, the support conprises at | east
actightyfy nore typically 90 %w, in particular 15 95 %w

a“ﬂ‘lé"@dﬁpofﬂ e@c’rﬁ?ﬂﬁéé’ Hp El@l@glrgﬂf%\é%ﬁld{?gr?‘e?@e based on a

relativeto the wei ght of the support.
widecompgrem’ wftertiwl @i- al Sndmanastgports megy cdeepraterat opr
.exanple,, silica, alkali tal . ¢ onents, for_exanple
2T 1T i AT bT 46T O > HorBohent ey Gnds BICRIE | ne
refréafddryeiad e £XHRON e Bi cd10r cabb £Xa) TPk Bagdl) Chadl Bnelé or
magnesi um conponents. The surface area of the support
changgpls @Achkdelng skt netal wrgoomrerer abpry afample

cal%ﬁﬁ?ncékﬁ%ﬁggg' “Pféf%%fé&f£$%yr ra$€§?%rga§ef¥%ﬂ?hesuch

in particul ar at Teast 0.6 n2/qg, tive
as aieinghta ofmadree sipporircantk tdied sai ¥ ace. arBae mys25
suitably be at_ npst 10 n2/g, preferably at nost 5
prefigyred RFeripbals | U B HEA nostYRL G/t éyr refat FyePeBt
com‘g¥%égﬂéﬂnlég g hes SUPROLE. %gﬁg%gff%a§§a% ?Siﬂz§grticular
erein Is understood to Trel 0 e surftace ea as

95 sdeterdiunecthdy theqlelly ufBidnages, sEnaesludida,
Tel l er) nmethod as described in the 30 Journal of the
relafnigrgd dan e miehdhiSoet etlye 60uPHoOB8) ppthgoocomaenerf ghot
surface area su&?orts, inrgﬂgarti cuLar when ilhey aie
the S-AIHRIRE sSTUHRTS BPY i SNEPT S TonprT sFHYPhe addi t 197"
alkaSi ifbatt MR20054097 345, PGTLMSP005810697napbkabbt assium
netal and/or "al kaline earth nmetal conponents, provide

companmToved Petfor nehicel tnel stabh | netebf copeeaeion, The
cally in the

exa teerc ng?L; %rgg/g{ r%%g%es uj;)pr(r?rt | Sort'l%%%s. :
ge Y MEEY Y prETer y' in the range

ofTHd aflrface area of the support may suitably be at least
0.1 Hﬁ/g, preferably at least 0.3 HF/g, more preferably at
least 0.5 m?/g, and in particular at least 0.6 m?/g, relative
to the weight of the support; and the surface area may
suitably be at most 10 m?/g, preferably at most 5 m?/g, and
in particular at most 3 m?/g, relative to the weight of the
support. "Surface area" ag 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 the

Journal of the American Chemical Society 60 (1938) pp. 309-

316. High surface area supports, in particular when they are

od-alumina supports optionally comprising in addition silica,
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50.3to 0.7 g/g. A higher water absorption may be

favored in view of a nore efficient deposition of
wa@pdogee73ehd further elenents, if any, on the sEQEpPUS1008§10697

I mpregnati on. However, at a higher water absorption,

the support, or the catalyst nade therefrom may have

alkéfwwﬁe@éySgnéyBfngﬁgaléﬁeuéggtﬁomgﬁégiBom hehts, provide

absorption iIs deenmed to have been neasured In
improost dadcBowmnghcASTMIC20abahd twabér oabsekpbion i s

d t h i ght th ter th .
D5 BRa TR 6oPREP RoRe8 of "Eng BuRRGr 5 FEPRFAYAY 47 the
randdeoefgbh of 2t he suppgry, phersuvppOyt ihSth¥pireabky o from

calcined, i.e. sintered, 15 support, preferably in the
0.3t nd of $6¥redPbBdPBST WRESE 28SeFPLMANCHaysbenfavored in

, ener al er ai-k L i S r t '
R i T
elemesntd punfl ¥Byy onnvbkai snppbotubg papteghesisuch dHswever,

farmed bodies ip the formof powdery particles,
at 4 {RIeT dHR CE6AFBSOTBE L)Y | RHE! SUPBRHAY a6t EpRoFasalyst
mad&lopghnett SomandaiyhBabbkeowdhecrayhi BdeEsgRRY bassakid

or hollow, straight or bent, and they may have their

her¢igngtwated ebasspséeni drabedmaensPohavabbeen measyxed in
0 Th e . t t

aco Rt O ehoad T CeRe SoR°aBEEr EERsPhuenE The pybEbesea

as tdeposéiding oAt ahyswatagr edbentanobe tbeosbppoihtoOihe

t he ot her hand, unmasEed,supgorts may ,al so _be_ used
Poreg cekssiel FYPPAThsef Gl 2V RodCf bREWHERPRY Phe tiGpFuPPOTE -

Cpﬁﬁﬁi§@§p$@§hﬁ§9t?ﬁ§c§%@905tch@c§n%9ntEUEQU%iEE%QEBn
with hot,” dem neralized water, until the el'ecirical 30
supponducpiefeyablyt he ehel emtn wat Eprdedsbndtetur ther size of

, decrease. A suitable te ratu of,.t he dem ner.al i zed
whigELEPE oefibpll ' BLEhEHREN Bl UER0L BB AT NRE £88ccor
in whDEh 9n&y aAkt ebnBEi Webysitha.suppaetaly bewsashedtr is

with base and 5 WO 2005/ 097315 PCT/ US2005/ 010697 ,
found péNierPI Ve ERt WaPe HSCREREE dREBSNEYChe 2fnderiigd bodies

in éﬁ%E%o§§6§§9 ow&@kﬁhg%%tk@i%é?ogééﬁgzB%BQh”bQ&ies,
reference. The washinhg is inténded to renpve soluble
cylimseduessdddhest hepbapper t doughpatsi cahdr thel dbke. The
resi dues whi ch can_be 5 sured _as.njtric ac
oL TR B e CoRpongnet Bpiind, steaidht! of BEnE, ana they
may have their length and cross-sectional dimensions about
the same and from 5 to 15 mm.

The performance of the catalyst may be enhanced if the
support is washed before depositing catalyst ingredients on
the support. On the other hand, unwashed supports may also
be used successfully. A useful method for washing the
support comprises washing the support in a continuous fashion
with hot, demineralized water, until the electrical

conductivity of the effluent water does not further decrease.

A suitable temperature of the demineralized water is in the
range of 80 to 100 °C, for example 90 °C or 95 °C.

Alternatively, the support may be washed with base and



10

15

20

25

30

support. A nmethod of neasuring the content of nitric

acid extractable conponents involves extracting a
waognegmsisanpl e of the support by boiling it BET/HSHW05/010697

100 m portion of 10 %w nitric acid for 30 mnutes (1

atm, i.e. 101.3 kPa) and 10 determ ning in the

subs@am@rﬂﬁ@f exttrRGhstéhe I REe¥aABh-E0MRPNBAL BadBY tdStTAIRA
known met hod, for exanple atoni c absorption

636 8q5¢0t w&sleﬁpyls Refepepetatsdageecin b®B- ne580ERE9; which
Sy %O%rﬁﬁ{sg'@“ ﬁ%e{‘ﬁ&ﬁﬁegytéELS&S%es#{]ﬁlé“?@@&&uggr from

use in nore generally a suppor
the foarpgureparimgodbt selver - basedleatrabydtissf ehivkecen bhe
preparati on of an%Jr(gl efin oxide fromthe olefin gnd

measyRATe RS HusEEypi e yeﬁtré%f‘]@ﬁ? BPURPEFPESaFdthe

supp®dd actahl s 1cPopent Sshasnghenvebght enef cEhgimBt Al acig
or Si02), relative to the weight of the support; in

extrp@rttaéﬂ@rccmmru@mtfé ppnwplassfoktoasting so@lpugramessmple
bly | th 0 /
of o BLEHIAL 66 hhpa50L phReE Br S 8r Abl JOr BEE™ Hanl> ¥

nitrlQ0 fprav fand @rmeatieesm(1l gsm t hane4000ppBWkPa) and
preferably less than 25 300 ppnmw, and/or al um num
deteﬂ@&?%ﬁ%uﬁqjkﬁﬁp%ﬂ%blﬁ?@f@FBBF?tﬁe§§etﬁﬁﬁeVSGG ppRRenents

by BNHPT %{Aév&?trﬁetﬂﬁés EB@”chQHQlng‘é’om%eéﬁéé%hbﬁss

tharm 800 ppmw. If the support s a calcine
specmqanGQYJr1Rﬁi¢reutar1anmadeatunUEaAsE@p@259, whlch 1s

re-cal.ci t sup ternati.ve neth
inodybiiad Tt B BeE B PRty i thacPUPEERE: SerabEs 20
thi=C AR Of ot hBos8PPehtra Uit abkyMppbhe €cWOpreparing

2005/ 097315 PCT/ US2005/ 010697 caIC|nat|on is carried

silvsut- W%&%@%@lﬁsﬁﬁeégrséﬁeo#nt hBe puppsirptapnaof an
1 STRELAN ALl 8 ERReOhol ODLON0, L0o1000 Bty
conthmﬁndﬁtmnﬁﬁhhoacsd artraotebigpcoapbyehtem(28 tbed®elght
ot oG S bLys Lhe oy cal ol nall gy oy, e catricd out
supgﬁﬁﬁtfiln parts per million (ppmw) as follows:

sodium: less than 500 ppmw, preferably less than
400 ppmw, and/or

potassium: less than 150 ppmw, preferably less than
100 ppmw, and/or

calcium: less than 400 ppmw, preferably less than
300 ppmw, and/or

aluminum: less than 1100 ppmw, preferably less than
800 ppmw, and/or

gsilicate: legs than 1000 ppmw, preferably less than
800 ppmw.

If the support is a calcined support, in particular an
oa-alumina support, re-calcining the support may be an
alternative method of reducing the content of nitric acid

extractable components of the support. Suitably, the
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simlar period of tinme as in the calcination.
Preferably, the conditions of re-calcination are
WGamendts | ess severe than the conditions of PCT/US2005/010697
calcination, for exanple in that the 10 tenperature is
50 C or 100 C lower and/or the time is shorter. The
calcahaBspheres appht eddi But heycakstnayl ANpREch®sor of the
cal cination is not critical. For exanple, an inert
suppgifodpher & ereyehrtappl tedthsushngs Aift Fsgan 18P Oakgon,
Ob~a t-a i er, ie ;
16000 e P Rr BRI 0 PSR el Y AR heriga
of fppef er red Tntioslinent andmoogst tgphenilyafbhasel0o to 40
herei nafter "first base") may,K be deposited on the
hou%uppSHltad@%T - pbsT ???1@138%%:éP?sWagngﬁe&Péﬁt@do RUEhBY
heat3WBPeHe shdADl ¥r Lhgihifsl PagpehasudePKBa0Okoat o
- oSt 3.5, when 20 neasured in water at 25 C
simigeef prablad ehet prk® &8 ar hbet calcinetéopref Erafeyahtly,
most..Ll.. A suitable first base nay be a . hydroxide, for
the R IS K Ry i b HRE i baC e RAPSE ARNEnEGH oo
thanhyteoxidieii t yph€abf ych et i aget byl amaeniesampydr oxi @BatOthe
tetraethyl ammni um hydroxi de, or an al koxi de,

LempeypiEalq 259 i thidm A hoxilg¥esr s Athime time is
shor&%&UEtth%(H%ma_ Qﬂénébﬁiiga ihhentibs cgﬁéﬁiQEYOQere—

to 1000 nmol e/ kg support, for exanple In the range
calcdhatiom 0.5 naot 5601 phodél kgFsuppartplepr ehedablry in

th f. f .to 100 | e/ k f bl
AtmoEpRERG T o SIY oS’ 1 8980 AFoParKGoeFoPToRERgRe o502
oxyngrcéﬁtéﬂhiﬂgfgkﬁa@bEéK@-mi?ebékhbbﬁﬁeﬁeé&@ﬁ wel bir or a

. appreciate that a base may be nultibasic, that is
MiXtHa@ A £ifuland uaktBPIBEsi ¢ functionalities. For

e I . qLpasi / 097

P B3 OToRs 7 e bher E TR BaSe prapert Lee aF a
(hermtihbiflbast ¢ Tongpoubalsatly mbg bpedepbedtesi ng rbee subanrt

one pKb val ue. to be understood that, as us%d

| It |
befoge gEROFH 1 %%‘é%f%?talﬁﬂ?f? bEEFE CBohpGufdPPre

suitBwiber e NPl LS obabasBabayi Pl 3o PKB: agoS: spesi fi.en
i nc udes t he total nugber of "nol es of basic .
measfunect ionatdteesaha®p ng- t ershricalbled prkd P& des athenost 2,

moréf5&%&63%&%@?@¥tb§og§p9$itgdsggtggﬁesggggEtbg%e may be a

hydroxide, for example lithium hydroxide or a quaternary

ammonium hydroxide, typically tetramethylammonium hydroxide
or tetraethylammonium hydroxide, or an alkoxide, typically
lithium methoxide or aluminum trimethoxide. The quantity of
the first base may be up to 1000 mmole/kg support, for
example in the range of from 0.5 to 500 mmole/kg support,
preferably in the range of from 1 to 100 mmole/kg, more
preferably in the range of from 5 to 50 mmole/kg, for example
10, 14, 20 or 30 mmole/kg.

The skilled person will appreciate that a base may be
multibasic, that is having a multitude of basic

functionalities. For example, a base may be dibasic or



I mpregnating the support with a solution containing a
sufficient anount of the first base. After
WO pgesegizes i on, the O support may be dried, typPCHUE2008010697
a tenperature of at nost 300 C, preferably at nost
250 C, nore preferably at nost 200 C, and suitably at
trlb@si@npemta%ss@f pabpkedsts2GC o REef epabi% abnl F%ﬁa may
C, nore preferabe at least 80 C,_ suitably for a
be SIB@@iLﬁéleéf usiipg BPrat theasone mhutvals pr effTéra%ISIOa]Pe
undeL?@é&dztg%Eutgé u%gﬁ %%' %Uy ngrtﬁepﬁéégdogf &hqﬁlggsic
tes, pre era |y "at "nos
comp@nne phef anabky aff mbib515ﬂﬂbuﬁ@Shaﬁhﬁgappnga&$on of
re. severe condltlon up to the caIC|nat|on

Speceéhaﬁit LBAdUdgs thesErr ﬁ%d%%mb%ﬁ ofelefapipgasic

funcE?Bﬁéﬁ?E?@s‘Ba@qgg eR %%eé%ff%&rb@bﬂ%ﬂﬁé' the
condi tions described for the drying. The vol ume of

|"ﬁbee@mastoha§el melyoks depord et henethe mappbetsbyh
ypport is egnat ed unt i int .of
impredBhe A%, EHBPREbeoSE MRe i Srtihen p2eh e ahif,
suffAbientabinvahy, off LALQEL rvel BeEssny RetosedmprdghBion, the
surplus of 5 solution na{ be renoved fromthe wet
SUPPQHppBRY, PRoFréRadmptePEFaldec i 2 | bApprature of at most

h
300 ggphéféfgﬁéﬁfy 2aB\RHgSt 2 8% @és mbi€ gl|ue%%ﬁﬂbl%&'m08t

I ons may conprise an al cohollc
200 wxamphd mihahby af et hampéyragure amyathel agsieors. °C,

Thi des  t xed dilue be used. O The
orefgraBLyL BB 18R B o KE6eE IRy Shrbnet B0 T
suita@blyandrt Repknaowa et hads e applégabl ¢ Wenthe,

preparation of the catalyst in_accordance wth t he

prefergbhyi ah. 1eﬁ’§ﬂ5h8d§‘16¥~1t@ﬁepaﬁmcﬁﬂlg‘sﬁh*éa]@%\lfalfy@t aj peragd of
tlmelgErsgnQBEQQGBh%; ﬁ@@szogg%ggg QIéQ§8g95§%1%§%Ztes,

port wWth a silfver dompoun a|n|ng cafi oni
morespkEEErabdy per mosnd NG aummﬁmaglonrhe éppﬁumatabhlof more
silver particles Refe&@gce may be, made, for exanple,

SEVEYD EB“)&E§%§6‘§97UPU§OA SSo7sI nERl A2 266B 5 1ang . o=

descHBrB6868398paWhireh HayP@etisndl 8eraai NAOLBAHRLEE to, or
herein by reference. The reduction of cationic silver

in pleceepdl | ﬂ:@esppm@lntms Ive sacoppd i Shedtler diryiagst ep
I@thICE &Eeo%aﬁ né%ﬁyleghluf oﬁQaEe%E%lk%%”%

as SUC oes not Irre separ a
may be such that the support is impregnated until a point of

incipient wetness of the support has been reached.
Alternatively, a larger volume may be used and the surplus of
solution may be removed from the wet support, for example by
decantation or centrifugation. Amongst others, the
impregnation solutions may comprise an alcoholic diluent, for
example methanol of ethanol, or it may be aqueous. This
includes that mixed diluents may be used.

The preparation of silver-based catalysts is known in
the art and the known methods axe applicable to the
preparation of the catalyst in accordance with the invention.

Methods of preparing the catalyst include impregnating the



10

15

20

25

30

process step. This may be the case if the silver
containing 10 inpregnation solution conprises a
w0 e@so9 13¢5 agent, for exanple, an oxal ate, as PEFUS100&€10697

in the Exanples hereinafter. Such drying step is

suitably carried out at a reaction tenperature of at
suppBRet w§99 Q s&ﬁ%%%r A Al dSdnt 2801 &y ngoﬂaef giabLY and

at nost C, and sui'table at a 15 reaction
perfpempegaaunfeduttabnl gastf 200 @t@lbier ablyeat pheastles.

210 C referab t 2 fo
RefefEReEITEY BrRESGE: art T aCt BT nur8, UBFar 8P ARy Tar VS A-
5739b@85t E2-ArpRELeS, anth WBimbysfossa weLtnduef pbtgﬁtgf are

at nost 20 mnutes, preferably at nost 15 m nutes,
incoxppgabref BEABLY BY TR eHEICa0 n1nutes Appre0|able

Cafal _Vc[eki‘& LNV Lty ascﬁ% Pjr@é(re 911@ §.Fh¥r§& may

cont ent o t he cat al yst east ative
be abcompéimbb@hﬁumﬁngheiGﬁhﬁ@ysm wﬁiehethblyathhgst is drled,
ri.ses silver ntity of fromb50 t

| yst
S0 3t NG FRGERIRE (i Tabl SPTF o L0BSHb B0 gPREITFEF

proc@XaBkep . 10ghakkeha orbd 2018/ Kfse 0Of £ 18R 9EKUwe® c380aining
g/ kg, or 350 g/kg, relative to the weight of the

impregrakysr. svﬂétgpm@owmmda negupéngnpbeped i£Art he
examgqgre Bakk%ﬂa%‘é' “r%lsogj ﬁé‘&”&#ﬁ%!h Sﬁ%hﬁgggt to
e eposi

'na sin I on Fvera cat al yst
herehavifngra CSIOlbell’lﬁrgflrﬁ_j|smp abs dssttabed beretibd out at a
Alternatlvel¥ mul tjple dg$03|t|oys of silver

reachppn; EGMPSER Y Cordarfte WEth A0 erfbod?rehtr Pl l’h‘%‘/"s most

280 P@Ver%fggpréfgﬁéﬁl aieifafit ers g second PassdaUmy he 5
deposited on the WO 2005/ 097315 PCT/ US2005/ 010697

reac;tupportﬁmpuemtwﬁemfsla}t wiedsor20at &, tmim@blsytamgleast
210 ¢! Vhre PeLPEHPOOLL. 1 TNG SECANG DA%, N353 R of

en“neasuared 11 wat er
peripaebér abhg, dfhatpRledst at mimste 2, pﬁéferﬁb&fyeéabﬂyéaét 2
nost 1. A suitable second base_ 5 nag be a hydroxi de,
minutgs e RARP PELILRORYUA Myt BGEECDr o8 THuigt efnafymost

20 ARBRTERAICRSL . UL 1ot oL pOUELl) LB D oy o
mostallkoxiidettest.ypi cal ly |ithium methoxide or al um num
5%@@;%%&%%&& §§g%&ﬁggﬁytAéylgit§eggngbgg§%ehsb%te%%?oylng
a silver content of the catalyst of at least 10 g/kg,
relative to the weight of the catalyst. Preferably, the
catalyst comprises sgilver in a gquantity of from 50 to
500 g/kg, more preferably from 100 to 400 g/kg, for example
105 g/kg, or 120 g/kg, or 190 g/kg, or 250 g/kg, or 350 g/kg,
relative to the weight of the catalyst. The silver compound
may be employed in the impregnation solution in a quantity
gsufficient to provide in a single deposition of silver a
catalyst having a content of silver as disclosed herein.
Alternatively, multiple depositions of silver may be applied.

In accordance with an embodiment of this invention, a

base (hereinafter “gecond base”) may be deposited on the
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[O preferably at |east 55 mmol e/ kg, nore preferably at
least 60 nmmole / kg. The quantity of base is
wWo y@sog3ly at nost 1000 mmol e/ kg support, prefRPCHDOB005010697
nost 500 nmol e/ kg, nore preferably at nost 100
mol e/ kg, for exanple 70 or 75 mmole / kg support. [5
suppdte SeaONE PRIRIJIS, RIEfLIAPI 14 Wepasided d@?otsli% iSPRAM e r
simul taneously with depositing silver on the support,
on the swkpeltcas&hehesssushdans diamye [addédat voat 3.5,

WY ont ai_ni i_nmpr. L | uti-on, cri-bed
when oS LA, R hBLsEesP | E ok Bt
most SDl uhbee pFedleda@Aast a0 nkt i pa tdwlbablat seeasid base

14.5. Alternatively, the secand . base may be deposited

may R § h8YEaFpor dittersXiEBuS thitg im RY Aoy ficcat ¥ by
quat SR YYNGABERA 3R IIRRINAL)ONa 1Ty { BE L r38RAAN Bmoni um

I npregnation, the second base may be deposited on the
hydrexigber br ¢ptiveediyyl anogether hydtooider oat alnystlkzside,
. i nhgredients. As ed .herein, "pH' is the pH as.
eyt GIhET 4G o, G S el ey TR R s The
quant 19M bife selddRdP hasdecause Tdastresh wmeflel/ke selotidran
of which the pHis mneasured may not be aqueous. The

prefeaiphy Bisdomdf &° P itthkde 1diee RirfefgsaPhy fity dieast
. T S - Lt e
601m§8%%g§ ’ iﬁggbe en€H§?§ﬁﬂefﬁ%$:%ggﬁg%&?%éq i%%t ngé
1000 imnakpdict ethpport hersuppoaltly THie fostst Sbasemwee gy, more
de ited on the support 10 2005/ 097315
bret S Lo 605 DS PC TRAS o SFRTRLE 3P @8t the

75 mBELOARgbas@dortdeposited on the support. J :n
accordance with anot her enbodi ment of this invention,

Al kvnpeericc SRS sishgusiaviahh wederres HEg6sored hen upport
. r iy t NEVTEE | at e h :
simoEROELs1y ST AR 0 (L bk Sfpgore, in
whiclecompesiesiting |sddundnbese ey flor addadmpte, al istilivem
hydroxide or a lithiumsalt, for exanpl [ithiuym
cont i 3fe 18@@%%%%%&9%%@%15 @?3 Geregbetore.

Pref ELAPRYN t6MH HNGHd thdiBd S @foh st u8d JAMIL/HY 1east
suppoit, 10 preferably at |east 55 mol e/ k nor e

14, praetarabioplar ladasies bl e/ k@l enatamelyy 6fhe recond
base Crr(?a{g')o%réd d%%'gglltselo{]%rlll’él'pé usqlpport after depositing silver,
typically by applying a separate impregnation. In the
geparate impregnation, the second base may be deposited on
the support, optionally together with other catalyst
ingrediemnts. Ag used herein, “pH” is the pH as measured at
20 °C. The measured pH may be different from the true pH,
because the medium of the solution of which the pH is
measured may not be agueous.

The second base may or may not be the same as the first
base. The second base may be deposited on the support

independent of whether or not the first base is deposited on

the support. The first base may be deposited on the support

10
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is typically at npost 1000 mmol e/ kg support, preferably

at nost 500 nmol e/ kg, nore preferably at nost 100
worwbesByy for exanple 75 mmol e/ kg support. I1BCTVE82005/010697

compound conprising lithiumis preferably deposited

on the support sinultaneously with depositing silver

inde?%ﬂcﬁ@nt S&Ppﬁﬁéthéﬁ whi gBrcage LheoraMBAYRd GOMEASENPed on

hi um may be ded to a silver containing
the eupwegnati on solutlon descri bed hereinbefore.

tivel th d i thi
b8 BePaeTTEeOR PRERoOBROPe T aPPBPIaBREs Ping 019 vigrent ion,
a colnyfbead | &orhyrﬂﬁmhgl NgtAiGRPARS Bel ABHBE@AALEDILN I1hd heupport

separate inpregnation, the conmpound conprising lithium
simukinABROUEB oYL FBJOBN L BRETS LBRBY tiepéﬁftutéﬁal ﬁlﬂt‘@%t%rthe

suppwl:r_t’p Ot“ﬁ?é cSﬁ#BhMﬁt cbﬂg%gg&ﬁ t_sth%?uﬁu] q‘%,y fCBJpe

catal yst conprtses It n to one or
exaw@@k@,hlghhsemehydvokyddopanas11€auamysa§t cdhpwieia@pre

. i gh-sel ectivity_dopant ar om US- A-, 476
Lithghn S A AT 0365L CORICH AGTFRor pdPSt GHRE itk B Che
comphei®] ess&epr . B@n@l gheaelRCtEvhty 1daRANED HRY- 1GONRY | s%@pport

for 30 exa2£E?, conmponent s conpri sing one or nore

prefepeatylim at BHeREnTmekpdkBuniane pméﬁfékplyrlﬁt 1east

50 o PR ot b o aiE e e abhen e sBPERRY gy Lichivn
is ty@@@nynat(faestexanpl amolé/\A@ %Q@@b%??@i’eferably at

PCT/ US2005/ 010697 rheni um denum tungste
mosta f) %rm‘BN%Z%‘E m MBRSt HEGFSF QPch éitaim?ﬁt RAEARIp e/ kg, for

exanPBl & beengm,1 ehkgMsypLeLtt ungsten may suitably be
provided as an Oxide or as an oxyanion, for exanple,

aslle p@@mpenadecomtphfybdagel1ttmgg1t aseprefesahlprdeposited
on t%md forg}tThe h h se eg tI%H%% ant.s .my gfiv the
enplo fh The neronYi qu Pf%y 8t ficrent 90
supp@hﬂw denaweatal M&be Bﬁél Bempocaat eEbtan"fls:Lng lithium may be
hi gh-sel ectivity dopant as disclosed herein. O
addedpet ot Bt LYEF cReBLarB1EEL AMPEESTRRIOR E6Apt k¥ a dgpcribed

hereﬁg’%‘éf@}éonpﬂmggknagﬂq ﬁt' Qﬁél Ic)ﬁ ?o'ﬁ_l_gg'cgﬁ\eprlslng lithium

co- pronot er In to sil nium
may benpderosipag Dypthalbyppertpaésemtdbpoalquang|$ylvér,
typlcaifysktayoag%lylnlge/ kg'eprargg%e impregnation. In the
separate impregnation, the compound comprising lithium may be
deposited on the support, optionally together with other
catalyst ingredients.

Preferably, the catalyst comprises, in addition to
silvex, one or more high-selectivity dopants. Catalysts
comprising a high-selectivity dopant are known from US-A-
4761394 and US-A-4766105, which are incorporated herein by
reference. The high-selectivity dopants may comprise, for
example, components comprising one or more of rhenium,
molybdenum, chromium and tungsten. The high-selectivity

dopants may be present in a total quantity of from 0.01 to

500 mmole/kg, calculated as the element (for example,

11
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typically at least 0.1 mol e/ kg, and preferably at
| east 0.5 nmmol e/ kg, cal cul ated as the quantity of
WO b@sioersis el ati ve 15 to the wei ght of the cateCHE82005/010697
The rheni um conponent may be present in a quantity of
at nost 50 mmol e/ kg, preferably at nost 10 mmol e/ kg,
rhenTBRE RbEHASED Y At RSSO0 MRLE/ K9, cRabrYLAl edraS Hd & otal
quantity of rheniumrelative to the weight of the
cataguesl ysiRhahveum hent llpdonpnonoheemiray oui tubpptss 28y
.. Selected from conponents whi.ch conprise gne_or nore of
suit g RGBT LI rAe not y BN S oOr O CRREBARBT oL nd
examplEQNas Ry eferabdyaté hemohegbiistecopangteates sel ecflad or
_from compgnents _ which conprise one or nore of .
acidt fREE: en, TRArHE NS het ybdeRvinfoRAGE SulMplr Pe| el oyed in
the RAVLLEYLA(| ¥y PL ehebiesd Nats ke LHENEUM 25 E PO M1 yot
conpri ses a tungsten conponent. The rheni um co-
havipgoaotemtmmyt tyhi tedhysbeepresehy dapantotal dgusmitassd
hereog at least 0.01 rnnole/kg, nore typically at |east
oM mmol e/ kg, and preferably at |east 0.5 nmol e/ kg,
calEcHbaleth BSsptdEer&hedeate (batglybbe WRiah eomprise a
tungsten, chrom um nol ybdenum 30 sul fur, phosphorus
rheningy 6PMERABHL  randtPRelenat hE derfhnivl cphpromoter, in
. lyst._.T- henj - e e o
aaaif3of ¥R e e o R B L B TR L o SRS DY e
presenst 1H0 anmphat kgt y nof eapr eéesabbyoat mmoit/Egmmola/ekg,
.on_the sa 12 WO 2005/ 097315 PCT/ US2005/ 010697
tYPlBQ%ﬁX. aﬁ??%??n?nl V\W%iue? ke rﬁBﬁEﬁ? 83-”6108%@& iy
0.5 l%olé?n@,! tesh kg1 aeba Mt echal ghanthey Brerhbon.unFHFelative
exanple, it may sui-tably be provided as an oxi de or
to the waigdyambnthe opateakespt e, The zheufifamt eompem@mnt gray be
nol ybdat e, i al i f enj
pres gl Bt AN ERe (FEnfEnfeRt pPOmT e Sy B S ot
mosti N0t el aead | onotrd Huantirbbeyg suf hbstest mnel gyfkayi de
a_catal yst having contents of the rheniun1conpon%Pt
calcyglatpRe@Unt'ed- pronbtbY a5 YPSRiBReHSheFdlVR. Crehe weight

of thRkIRzsaleedd Vi tynhdopadt Suml anﬂ¥omHE¥rpﬁxa§aﬁLﬂQ§akﬁ%/ be

10 deposited on the support together with'the

seledépdsifrion obmpenéwes. whhchheoppepaecabhenosf mpre of
cuncBSSALY 3 SL0R, S elEhbtchy oSS! ALy SaB A ind Foron.
Prefpabbil gyl athé r oeR00mt 6046RogekyisoBellet8ked from components
which comprise one or more of tungsten, chromium, molybdenum
and sulfur. It is particularly preferred that the rhenium
co-promoter comprises a tungsten component. The rhenium co-
promoter may typically be present in a total gquantity of at
least 0.01 mmole/kg, more typically at least 0.1 mmole/kg,
and preferably at least 0.5 mmole/kg, calculated as the
element (i.e. the total of tungsten, chromium, molybdenum,
sulfur, phosphorus and/or boron), relative to the weight of
the catalyst. The rhenium co-promoter may be present in a
total quant ity of at most 50 mmole/kg, preferably at most

10 mmole/kg, more preferably at most 5 mmole/kg, on the same

12
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catalyst, it may be advantageous to apply nultiple 15
depositions of silver. Silver may be deposited in

WO kose9BI5 nore portions, and preferably in tweCT/US2005/010697
portions, which depositions may be together with or
separate fromthe deposition of high-selectivity

basidOPaRt3. @ 1 emk WR @H@pPﬂéﬂiuﬁng? EEB%BE%@'mﬁgy e,

co-pronoter are present, a portion of 20 silver
depqﬁﬂﬂﬁdt@ﬂrmmgewh@wnmlrt®hehdepnsent@nnof fbe exhepilem it

and her ortlo na be deposited
may ESGEARAY it FLEHE CHepoeT 11 on B AEhE T Aenr UoeSRBGREL FoF
exanflld)ouls %hhllrf&tteq l@ﬁ)nb@tl@do£Ymbm§Bﬂ}Atel t ihs sheki evedcid

that in enbodinments in which dopants (for exanple the
forny.he fngmPs nd 8 SRERL 20t 07 n¢ hehe hEREDAIB0CPr BFFMOLET may

be éﬁﬁfﬂ%ﬁquﬁ% %ﬂ@&f@ggﬁufﬁy%&EEEaEQgsdEBQ§ Eh%ﬂtoEo

vVer, as oppose eposi tion separate
prowmdmnalmat@éwﬁ$lmmmnrqj sohvents afnbhe traeoduablkemponent
diistr.i bution of ort wll be

and ZHGREEY COSRE 6dl %%sﬁigs? eﬁ@ ‘preferred, 30

asrHehey gM-Ide 1\l i ef t @spsat 8l Y$ESans, | mag BBY B¢ not be
di vi ded over the various dep05|t|ons such that in

deposddied@posing GHPROTS | vegeshent Wohhot hehdepamd taiohy off
s11v%&“09%kf%%. I%%h?gg!oedef étcéﬁaﬁgggcﬁ gggpog$§%§atlvely

nploy 1 n-a oSition a
hlghP@Eﬂw§20@5mﬁb®ﬁ97fdmIe&mmpbéuinOﬂhbavangeaoﬁlghem 150 to

ver .concentration than in a previous deposition.
500 §9ba9§I§§F‘ﬂF@ﬁéFéb%?O%o%%?lE@s4opn92§avt98nt98a

catafi'yls\(:er i taREyA Yl @@v%eﬂl@%éauéytgoaﬁgﬁy hﬁl%&‘%&lea
onponent conprising 5 a further elenent. Eligible
depdﬂﬂﬁﬂqas @ﬁe@@ﬁW@rnayEbelgeremaEdbErdﬂpphetgdoap three or

mord) ddtd%he, | MR G ALBY TR s pBrtaonas yRach”

depddialildnsmmalyh @ wget-aid Al wmhnbgbsémrgabl fdBimaRtie
germani um _and m xtures thereof. Preferably the alkal

depagdttaicst sfe hf@hséeéé*—tceialwm %@Pé@E?um IfuBi ghemisAd

com ﬂﬁnaan%trh%&ﬁLﬁ{qgg @EEa kenﬁkégehﬁ pat %%tﬂ@h of
and/ or cesium Preferab? ine earth mefals

SllV&ﬂEH§Q1éﬁié@%ﬁﬁﬂﬂﬁdcaﬁ@g@hhandwbahlUhE fgpoealcipn tife the

rhed Y IRL SLeEnt. |5 reset ol Lhe; 6t ALYShl B b2t
together with the deposition of the rhenium component.
Without wishing to be bound by theory, it is believed that in
embodiments in which dopants (for examplé the rhenium
component and/or the rhenium co-promoter) are deposited
simultaneously with the deposition of a portion of silver, as
opposed to deposition separate from the deposition of silver,
a more favourable distribution of the dopant over the support
will be achieved. Such embodiments are therefore preferred,
as they will yield bettexr catalysts. Silver may be divided
over the various depogit ions, such that in each deposition a
silver solution of the same silver concentration is employed.

It is preferred, however, to employ in a later deposition a

13



10

15

20

25

30

15 500 mmol e/ kg, nore typically from0.05 to 100
mmol e/ kg, calculated as the elenent on the catal yst.
wOb@seIpessi bl e, the further el ement may sui tBdi/YS1965/010697
provi ded as an oxide or as an oxyanion, for exanple,
as a sulfate, nitrate, nitrite, borate or nolybdate,
silvidr $RtAlorAGA il B 198bhs 0ok al/kal bodCet®talS @ than in
al kaline earth netals are suitable. The conponent
a PrEyiHPLSs Aepasid it her el enent may be enpl oyed in the
[ ntj i, a i uf fici to.prowide.a .
ot e e T R St LR COPBERESFur ther EieigR: By Stver
and @i $dlovsed lkertdivicyThBosanppnedt aagnpei sompohke tf wokperising
el enment g&{ be depasited 25 on the support prior to,
3 LUESESTh&L SR -or BafeetPt et UlEBESI £l 6Bl SsPVee selected
frorARHOGHRIIP ot Qi thRgeiNer eMibP1 AL aBtRE1ithRrals, alkaline
deposition of the high-selectivity dopant, if any. The
eartomedrtl sof taltiealiumpretad febuponehrsoofiutthe veapdiyst,
eneral ly i.nfluences fhe performance .the catal yst .
ena 1 S e i  E AR E R LG PR OB B S db ABR] Bpttantum
and alieftiutreanad haegdn. Pronerabpecthet hekpehl aerance ary
relate to the ability to  operate _the catal yst out
selegitgd THRE EORGISSORY ofWaldinavaypd Fegétion, MRSE is
feQbah yoxygen 1ganversi o and Laeaklyua Y8HY o4 WQium.
P R R O T %!sg%ucat Sy St otBtun
Pre flegapdryattlnee alkaldact aearehbodt atat sreekaflengedt drom

catal ysts which dg_not c ri a_rheni um conponent or
cal i 200 SR of TXEPHERT T cORBORBAEIGE FASEePhart 1. 5
pres@® erkghd Rapantiseul an 4esscthhaguinktAf® e/fkGrom 0.01 to

calculated 5 as the quantity of rheniumrelative to

500 meledikght mefret ypiczablysfrom €e8PuliPcaRBorent ey be
lied_in q [ I g gquantity that.

cx1 BIBLLEE 1 A AR, DLobgE LIPE,LE SUMLLLY kit

the tfenmheaf edetrevitt ynagndsseteblivbeyprifatdeaxasphbe, okQde or

nmw, i nstead of 500 mv, as the_weight of 10 cesium,
as a%gFﬁyﬁﬁéOPg ﬁg'ﬁéﬁﬂﬁgﬂﬁf ?ﬁeac§P$ﬁ9§%) WrthafRe nitrite,

pora@kf 86t rid1dteeRrdi 1inoNSa 0f 8l HRaWAY ok-RACT kAN taf BFMBAGa1
easily avoided. As used herein, the quantity of

metagdisk g afkedlingr esertrimetehe sutabystapdedeefbe tompenent
can, 15 be extract

comet 1 3 A Rt ook mil e gpBTofel 36 BT OT
invention in a quantity sufficient to provide a catalyst
having a content of the further element as disclosed herein.
The component comprising the further element may be deposited
on the support prior to, together with or after the
deposition of silver; and/or prior to, together with or after
the deposition of the high-selectivity dopant, if any.

The content of alkali metal components of the catalyst
generally influences the performance of the catalyst in the
preparation of an olefim oxide from the olefin and oxygen.

In one aspect, the performance may relate to the ability to

operate the catalyst outside the conditions of a runaway

reaction, that is total oxygen conversion and locally a very
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100 C. The extraction nethod involves extracting a
10-gram sanple of the catalyst three tines by heating

WO 2005009305 Ml portions of de-ionized water forPGI/US2005/010697

m nutes at 100 C and determning in the comnbined

extracts the relevant netals by 20 using a known

(¥§ﬂﬂtéﬁﬁgﬂg & oMmirG, %Q%QkﬁkiQﬁnbéﬁfﬁé£9§09giatlng
As used herein, the quantity of alkaline earth netal
Cﬁrt@élé'iﬁtﬂ witied et algfs comprdesemed the beumheogpanenty or
far it can .be extracte fr he tal yst

have at Of(ij%v é% i trﬁeéllélgi IR GEN |on|f(z)2%évvatg$ 24t " 100

1.5 @momaﬁ']@gt rHac tgaaft 1 omtaiod doav alhees 1exim@TéfRY, acalculated
10- gram sanpl e of the catalyst by boiling it with a

as thsp qﬂarﬁdftty G dtherg wiwhsletiideadicn trlee wSH9Rtnafesher

catalyBy, la &eshih %&Pp@neé\ﬁd n%S/I %rema@}priglé@ they %egm_&%@
extracts the relevant nmetals by using a known

higheet hdehn ftdre exemslie vattdeite m&ys@repme@des@eﬁorospbpmal

renc .S made .t o US- A-5801259, .whi

catalya SERRT G At e s S VLY VIR S0B8) 65Tty

(fofoéHald@a%OS/ﬁbO@%w Alitrhe el UEWoewrhwsep@zél gati Qeadght of
process may be carried out in many ys, it is

ces iy frgrladd e t@arW iweight &f §h§a§atﬂﬂa1§%tbrwé§§sthe

effdct®t IR MY C %%aﬁﬂ%%ﬂ fe%c@f&ﬁcgfg mb?et ggsily
gas phase wt t e catal yst whi'ch 1's present as

avoigigld.d materi al , typically in a packed bed GEneraIIy

the s i,s carried out, nt i npous ocess.
A ot s e e GRS S o Sl Ui ppogeset in
the 'E%&taﬂ%;&n)&sp'd%fénféd w%ea%h@n q@ramttl phekbneatols it can
exanple styrene, or a di-olefin, whether conjugated

be egithgstted drromD tdcamsite 1ys3- dicdd idend ceml 1e3- watedi ehe.
Typical Ly | ef ol ef i for exahpl e

100 JUBLERHEY 5t Pecgabel hachaat IORLS' ALl SR f-gvan

sampien@fa toieefdamajfycgt el eﬂnesbwiyemﬁa)tfmgopyl EﬁGZOTth
nmost preferred olefin is ethylene. The olefin

PortdShde At A8 RN h&atEdd Lty S I4RItR? edt 150 Qi 1hi 304

detewn%lrr@% th@lc%!ﬂmedt %@;tqla%ftlsn t@l%ncle@ié@&henméeals by
feed will be at nbst 80 nole-% relative to
uSlDEbﬁakncméedetﬁK@heﬁablwxaMthIdtdm;qrabﬂerpamge of

f.rom Q0. 5to
spectroscopy

higHT®!

As used herein, the quantity of alkaline earth metal
present in the catalyst is deemed to be the guantity in so
far as it can be extracted from the catalyst with 10 3w
nitric acid in de-ionized water at 100 °C. The extraction
method involves extracting a 10-gram sample of the catalyst
by boiling it with a 100 ml portion of 10 %w nitric acid for
30 minutes (1 atm., i.e. 101.3 kPa) and determining in the
combined extracts the relevant metals by using a known
method, for example atomic absorption spectroscopy.
Reference is made to US-A-5801259, which is incorporated

herein by reference.

15



10

15

20

25

30

70 nole-% in particular from1l to 60 nole-% on the
sane basis. As used herein, the feed is considered to
wheooshe73120 conposition which is contacted w tPCTES2005/010697

catal yst. The present epoxidation process nay be

ai r-based or oxygen-based, see "Kirk-O hner

Enoyal I+ Ofp ERRMIC Alpox NIy rocdEd REt be@Ncarried

Vol une 9, 1980, pp. 445-447. In the air-based process
out giry meylyaiwavehr ilchds Wminefeosapferrd sc@26renptopud as eheas

ouyr of . t he oxi di z] nt ile L.t .
phasé%x;g)grg%-eb%s’e 'r?r'ogeg?é)s S?”gﬁ-npl‘fr |lt<—§ﬁ(%$el g%{i g5 contacted
in the e praeegen tins térpleeyed vas tiheishui gepokshat as a

.oxi di zing .agent. Presently nobst epoxidation plants
solig @gaFgen-bdsdd cadd vt s 8 PagksdiRefed ERBSdPAeNt the

proddifs RILTRMriidW el @R B3QoHS @ 9EN E£0REERt ration in
the feed may be selected wthin a wi de range.

Hkey exlefiim dicat tisee inoxyge priesergenepakigaapphi pdogess
ma Lancentr .inon which avoi ds thet. fl a{nérﬁblle regi me. 1
YRR 1St ESEeftr 85 61 BF toky genc 1 oo sxample
styr20R5/ Q7 31 % iPCI/ES2009HE0RI7 coapphygdedi bk Betw Fhhn
the range of from1l to 15 nole-% nore typically from

sxampliey Ly PR8N B e 1y ot AUEREEE ¢ n of YBF CR LYermEie
olefQYf S_L'sd%. trrhntqﬁ%lf oo 9' %orre%'){égr%treg% —19199%12@ %?t ﬁggbﬁftene .

oxygen I n may be lowered as t

Pre fG@2¢ARL,I AlHOR1QIf ihe s0laefvichd-% Hdlce eagedfoFhexaaiaal 1-
safe operating ranges depend, along with the feed

but egigmess HGARY Leng -so 1o Mestr dxeficagnredndi efdns isuekhydene.

the s %q%téiqg cdRRALIR and fth%e PLESSHLS AN 20 4aRi.g
hal'1de may be present Tn the feed as a reactron

withnodiaf iverdef ararigecr easipigatiie , selhectoVvefyn soppeessbfdon in
t he undesi rabl e oxi dation of olefin. or. olefin oxidet

the i G e ARG WEe o Tat Rl €1 TRo AL PFedOt ol

feed.Or BB Y01 ,0li@f kA 1aXide 1 FOLPRNI £ HGL 1 desFabg bNs to
particul ar organic bromides, and noré in particular
70 meylgerH c ighirertdesil axs f@oat dr ted 66 gamle- fial Pdeshear same

basi(;.sl'].I o@k@ﬁdgecc)f%{e@%rl% Ok ebrf%%?'%ﬁ%r %8{1%3‘?883@%%% be the
pref erabl’y they aré sélecte rom e group of “methyl
compeldiaricde wieitdhy 11 sC loortiade e e tiythenehe deabhdysde,
et hyl ene di brom de,_ vinyl chloride or a m xture
TlHe present epoxidation process may be air-based or
oxygen-based, see “Kirk-Othmer Encyclopedia of Chemical
Technology”, 3" edition, Volume 9, 1980, pp. 445-447. 1In
the air-based process air or air enriched with oxygen is
employed as the source of the oxidizing agent while in the
oxygen-based processes high-purity (at least 95 mole-%)
oxygen is employed as the source of the oxidizing agent.
Presently most epoxidation plants are oxygen-based and this
is a preferred embodiment of the present invention.
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 comcentration of oxygen
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thereof. Most preferred are ethyl chloride and
et hyl ene 20 dichloride. The organic halides are
w@emwsngilly ef fective as reaction nodifier whePCUBES05/610697
| ow concentration in the feed, for exanple up to 0.01
nol e-% rel ative to the total feed. In particular
appﬂM@ﬁwﬁffi‘y §1Qﬁ£¥&%@% 'Jf' QTGESGQStHBEe more
he organi c hj1 dle is present int e feed at
tYplmide/ntmrl én toof12atmorhﬁs-t/ 50 Ihed tmtlad- OFeed.
tlcu ar .at _nost, 20x nor.e. i n_particul ar
PSS 3 PR S St re S TR ¢ oF BF g e
concaﬁﬁﬂ@rtqfoef A )b}@fgénea_ﬁi t@}e2>f1;.%d4 Bt &0 1bRepant heukae
at | east 0.5x10-4 nole-% nore in particular at 30
Conqeéﬁgqatﬂmpéﬁ r%!ee@%efrla dts vearsases -t ot Bhef agfuailnsafe
lef i t g
operfiiiel Yirke SBpRE 2o MATAENS TR QA BhEeat tion,
alsccanpdriEntrsactiion exadilte coar Borckdisexitdee raectigases
and sat ur at eq: 17 WO 2005/ 097315 PCT/ US2005/ 010697
5o FEaPE&T S 6xi de is a by-product in the

emwnc%targr@ PIZQGRRS makOWRY §re eAtham dilRxi decgengral Iy
has an adverse effect on the catalyst activity.

reachyjsine 1AL figr dencdmanstisomaftheardsde afi 6XiH¥, | Auppessing

f f r I i D excess of
che (8RO B T0020,0 I S LDl S13PLYy | B EEEES Shcvon
dioxc@ic enid atsitet ofredardiore dicoxitde dassideaw ﬁérﬂlaﬂﬁ)bﬁ tor

| ower, for exanple 0.5 nole-% relative to_ the total
oleffige PXIfE, HOTSTIGY SR I ArFadds Par1ienhapl erganic
bronlidd09eM O mAIAn ﬁ%tl%l%&eiﬁﬁr&aﬂl% téﬁlé?@QeFU a 10

concentration of from30 to 90 e-% typically from
Pre 4 neg caj@anmioel%llgma aabdee @ﬁan@ty@drdwmcas boms are

ne _and_eth tur te drocarbons ar

broﬂg%.sencarqggf %Pre %ﬁ' e ﬁFﬁ] QQm%hgﬁf?tﬁeg?cgsgtgrom
the 8oy eYmdtehat lo\rﬁdquehe etigtlalcHlead.dén gentiedkar

up to 75 nole-% Frequently they 15 are present in a

dlch&%mdetry sy nce S8 TINIS e W%@Mﬁﬁ%ﬁﬂ § mixture
therle%e.'r_st ‘%@aé@' e’ er?% raled d o*}%?e MY qberngddad

to the ed5in order to incr s e oxygen
dicHllcammigbi ity |imt. The epoxidati on process may be

¢ Hg %%g%%hcy%aﬂqdes are generally effective as reaction

tem

modifier when used in low concentration in the feed, for
example up to 0.01 mole-%, relative to the total feed. 1In
particular when the olefin is ethylene, it is preferred that

the organic halide is present in the feed at a concentration
of at most 50x10™* mole-%, in particular at most 20x10™* mole-
%, more in particular at most 15x107* mole- %, relative to the
total feed, and preferably at least 0.2x107* mole-%, in
particular at least 0.5x10™* mole-%, more in particular at

least 1x10™* mole-%, relative to the total feed.
In addition to the olefin, oxygen and the organic
halide, the feed may contain one or more optional components,

for example carbon dioxide, inert gases and saturated
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20 reaction tenperatures selected froma w de range.
Preferably the reaction tenperature is in the range
wW@R00b0o131150 to 340 C, nore preferably in the PENys200$/010697
from180 to 325 C. In order to reduce the effects of
deactivation of the catalyst, the reaction
hyarbBIRELALYT e BB di6seRsed of adupllnE? O I8
lurality of steps, for exanple in"steps o rom O.
epoxndaZQOG pm00§aﬁt|c&kaEV@xz W@rbbncdlwmndelgem@niabbYahas
to 5.C. The t I_ncrease t he reacgtiagn
an afuRaeR Roractuay BES ALRATEnGE o om TEReR b ¢, o
concBREeatyphnCalfl YoM BoxidelQd EheTHecHeas! ie@e ss of 25
tenperature may be increased 30 t{plcally froma | evel
moleif§,t PEefangdlof iy GRCESE pé 300 vele-for Ectypilysl | o the
r 00.t.0 when | yst se
tOtag ?g%e l% Pﬁgqugge 0 @ggggqgg ca%gpg'fg %%ﬁde as
low 3@05/@9131% B@TﬂUﬁ%ﬁQ5E@10@QﬁH@ﬂ$pDC5|mpl%F&W124QliDlve to

t he cat al has decrea ed in activit
the Fsﬁaﬁ. oL SRS éﬁH&ﬁfeﬁroc&@r S Sarre. dpr, edample
nitredeh 8¢ awhoal @a es'erﬂtetlnpﬁ:%%Slf%%d' Nt ke range
of from 1000 to 300I< 5 "GHSV' or Gas Hourly

concspage tvenoeitt yrios Bife tlSPn|9t0 mhméf,oitmésraétlm&rm 40 to
80 m'éﬁgper at ar.g t%%q &P ré%_%%lira% e(do dfr:!')c E‘oals Efael %h%:'i I?ar%ep agtnd

over one unit Iune yst

ethaheur IErebem&bhﬁd.W@@ﬂohb&kﬁﬂﬁxad&tp&ﬁs@h@@e$ﬁm§§ méyabe
gas phase process involving a packed catal st: bed,
pre%%ﬁl@ &Ase f09ns ity Ofe UParGe 89F MPAEM®1566 LG 1¥E0 08P NFire

1 ref , e secar
total febh ;iR getrakllar LIS oo MOCRD1ES 0% BuRMc B ey

are @xb@enpr@@u@eQUQ@¢1¢®'@ﬁ cdt dlepstt 3pemcheur, mere

r |cuI ar 0.7.t | ¢ ol fln oxli roduce
erecfigbin SaR 10abt, 20 hETR 4.0, Sararar e G s Se e BE may be
addeaxicde thé Feeduded cpele B Ofi ntatedlsygs theebxyeeh. The
ol efin oxi de produced may be recovered fromthe
flamﬂé&éﬂﬁéﬁ %ﬂ%ﬂ&re by using nethods known in the art,

F Qe % %t@én? FYIY v\gﬁb%' ekl 1%’& Aol L 2y

reacto out reamin ter an ptlonally
reactéoaveempgrBMQn@semede@xE@EfZ@nfaomuﬁberamuﬁnus Preferably

cne SERHLER B ASULLSL lon M east,a JRordl gn 0 1hS

340 °C, more preferably in the range of from 180 to 325 °C.
In order to reduce the effects of deactivation of the
catalyst, the reaction temperature may be increased gradually

or in a plurality of steps, for example in steps of from

0.1 to 20 °C, in particular 0.2 to 10 °C, more in particular
0.5 to 5 °C. The total increase in the reaction termperature
may be in the range of from 10 to 140 °C, more typically from
20 to 100 °C. The reaction temperature may be increased
typically from a level in the range of from 150 to 300 °C,
more typically from 200 to 280 °C, when a fresh catalyst is

used, to a level in the range of from 230 to 340°C, more
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may be applied in a subsequent process for converting
the olefin oxide into a 1,2-diol, a 1,2-diol ether or
wa@poosadienol am ne. 25 The ol efin oxi de produceRlCT/NS100&010697
epoxi dation process may be converted into a 1, 2-diol,
into a 1,2-dioL ether or into an aIkanoIanine The
typl%%ﬂ.\ig'r %'r%% '2'3}o° he_%2]5‘ %,d{ﬂﬂ %ﬁ gli:o'hat h&ec eased
for exanpl e, reac Y51%ef TH° oXi

in aWthh1t§0dW@th,agukkﬁbly usi ng an aC|d|c or a baS|c
cat al yst. For exanple, for making predom nantly the
11T9ediPar*dna tiiess Profess dis SrREFTaHy GRFFhedxPHE at a

react®¥ Q.?xilre%ag)%%s\{\frteh i% tt:%ré fr%tl % %‘fl %rro?r?(gl‘f%o of:o"‘@ts%ro' kPa.

in a qui d phase reaction in presence 1
“GHSEUOEKOGEslHoﬂﬁmbiﬁﬁﬁmﬁﬂOﬁﬂﬁﬁltyoﬁsamhaCNM1natabyame of gas
e.g. 0.5-1.0 %w sulfuric acid, based on the total
at npéaetlu SRTREFAGIES anbErersara (P06CkPA afS®l it es- or

kLN a [ 3 4 n 4
0L B eFer bty TN e aCanE O Bcataryst ores
per hberS pP@ﬁdete@ﬂyofmmatemhﬁseb@wededlbhegpropeselms ak a

2-di ol et hers i Lhe reactio m xtyre i s increased,
gas BHESE DTACEFS. dii Bt v s cERer Srsv

is ikl ichet Rehget el &roRt fl%fo Oortoa 1@@*@%8%%& ehher. preferably,
Alternative 1,2-diol ethers may be prepared by

the pzp¢essi g eneréle@f iqutoxitde woh aetal dohothe renpg of
fromp%ﬂgl%gla %mBﬁ f@ C% QHE ?%%ﬁu%%d. %ano£ S o alyst
et'hanol’, by re ac ng at eas ort of "t h&™ Wat er
per hpukhelal@ahﬁhculb&‘@QWV&KSBORmbﬂEOcﬂh&l&hkaﬁﬂﬂaﬁpﬁeduced
reactjng the olefin oxide wth an am ne,

onpr |
per §bcﬂ§ gg ﬁiﬁﬁ?apean hoQry FORnEHRaTBI € a0 dkRNR A detn Oxide

prodﬁ%@ﬁdb@%sn@rO§QH§QH§y§HnEQkahé§rnay be used. Anhydrous
ammonia is typically used to f=avor the production of

nBhealkafidnawixiee @mOdmwﬁbd@yabphnamdwated fhem the
onverS| n_of .t he oleflnt%ﬁ de.into the kano ani ne,

react Pl BAEE RSy e UFddS {15 THGS SeaMht dPUSEAC 4845206°T

exam‘_MlleC Byl 8bsoR®amRO adeed1Rariel @xb_)ﬂer efxe&eacereaetabeoutlet
1,2-diol and the 1,2-diol ether may be used in a

streply 48 Vatest prof oPrdeedilyl TREEVeEAtohES f of eEkanprade
from'@h%hggugbﬁld%o@%t&%&ﬂbyb%&%EﬁgggtlE%pacﬁgt f8§§€tacs

her nopl asti c
portion of the agqueous solution containing the olefin oxide

may be applied in a subsequent process for converting the
olefin oxide into a 1,2-diol, a 1,2-diol ether or an
alkanolamine.

The olefin oxide produced in the epoxidation process may
be converted into a 1,2-diocl, into a 1,2-diol. ether or into
an alkanolamine.

The conversion into the 1,2-diol or the 1,2-diol ether
may comprise, for example, reacting the olefin oxide with
water, suitably using an acidic or a basic catalyst. For
example, for making predominantly the 1,2-dicol and less 1,2-
diol ether, the olefin oxide may be reacted wiith a ten fold

molar excess of water, in a liquid phase reaction in presence
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pol yners, curable resin systens, detergents, heat
transfer systens, etc. The al kanol am ne nay be used,

wo orosexanpl e, in 25 the treating ("sweeteni ng"BCD1S2005/010697
natural gas. Unless specified otherwi se, the organic
conpounds nentioned herein, for exanple the ol efins,

of a% %cgﬁob%taﬁy%t dic0ly efohers,. oaLKﬁ@@I¥Hﬂ¥€5éHEHOﬁﬁﬁgéﬁ on
hal'i des, havé typically at npbst 40 carbon atons, nore

the tmlaaatde)aoaucma&tlxz@xréo Gar Bon 7at sosati mopak@acubaro]aite,
nost 10 carbon atons, nore in particular at nost 6
or igasbgnsapbase AsadéfiomedthdBdi-740r éﬁgesd eépOnAfber kPa
f _carbon carbon nunb e .the
absciiiEar LBEIAIa o N RS St 2t AR J6E vighe
propd@3ch 631 waRCl Wa2Q0%/0H6Yhe Izﬁ*dgaﬁrtgeﬂﬁrcaj ly, 2-Aiol

descri bed the invention, a further understandlng ma
ethepg dBt e d By tere éaE o 1tsr1énﬁ?éle|a@\fadng Tearplesdiol

ethe‘!é‘%' ehar x%rd‘i’l‘ée‘éegx go‘bep‘ér S 'x‘iStert%Iérge cR0Ly.

and are I nten to be n1t|ng unl'ess otherw se 5
ethespeci &i BdlbseWLEtheEr ep@rl&tarmlraibo.fvecal & yEitcsl Btl2ers may

and 3 |npre |on ut|o par by addi n
be DRADEIGE DYaRGTVBRE oo o G Hirs e gk i A 0o,
in paegiuim BYdE0xrdéardnd 1 cEhorat @0 ssamiesRfl &Y ethanol,
si |l ver-am ne-oxal ate stock solution. The amounts of

by ﬂeiptlﬁlcamhxﬁ@r g @n@ocf@%oﬁfymlwé%m ‘e alcohol.
nqgg %%y%?%i%ﬂﬂygﬁy S%ﬁgﬁgféﬁlﬁéhnkgé ﬁ%ls the

wei ht he Support € neasure
reacmﬁmgegh&tbd@ﬂmﬁldMl@@ washl 36 amie, such as ammoraia, an

il ver-am ne-oxal 1 stock Iutlon was prepared as
€ aﬁw 9 prep

2lkydeSBPEed™ 7 RHRS MforisBtest sy Smmonia

may |P>%f QlsRdby hefiiRRRe: a%rr%@f]}%J %@Eﬁld&‘ﬂ'ﬁ'ﬂs@@i SWPROEYor
having a surface area of 0.87 and "a wat er

e ayoduptiion off @om@agk@nwé@mmmr e@mt erdachhs téhpplicable
. npr_e nation_saol hon ¢ drled 0 f . The_ _.
in R R D) s Pl apne
refe&ezl&errmalylg peaeiaas fer, Jfor_ﬂ Rideenrdle ApirentsdsoEr altiieh is
proxi mately 50 g of the i mpregnating sol ution,
incogpegated heraipdivatred sFerEenbef ore, was then

'%%FOQQ%G®1EQ.%Hkﬁ%&é§1hﬁed;ol ether may be used in a

large variety of industrial applications, for example in the
fields of food, beverages, tobacco, cosmetics, thermoplastic
polymers, curable resin systems, detergents, heat tramsfer
systems, etc. The alkanolamine may be used, for example, in
the treating (“sweetening”) of natural gas.

Unless specified otherwise, the organic compoundss
mentioned herein, for example the olefins, 1,2-diols, 1,2-
diol ethers, alkanolamines and organic halides, have
typically at most 40 carbon atoms, more typically at most 20
carbon atomg, in particular at most 10 carbon atoms, more in
particular at most 6 carbon atomsg. As defined herein, ranges
for numbers of carbon atoms (i.e. carbon number) incluade the

numbers specified for the limits of the ranges.
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support, and the vacuum was mai ntained at 25 nm Hg for
an 25 additional 3 mnutes. The vacuum was then
WO 2dosasBws and t he excess inpregnating sol uti oPCTHES2005/010697
renmoved fromthe catal yst pre-cursor by
centrifugation at 500 rpmfor two m nutes. The
c KS0r ei
e g o ey e
undecrwttalnxﬂsm%nap'aﬂo@d o3 adowtdaibye deffererige gid \ére f4:0.low1ng

oxa I e/ kg |hoh| u r@;}fgﬁzﬁﬁs Or I e/ k eS| r%!sail:trla eiotno
onlyC%E@a%k%O&bt %%r@@d%@pﬁkpﬁ%s15ﬂB@Ik@§29Q§kQJQﬁ&érw&se

second catal yst was prepared in the sanme way as
specgdigidyst 1, except that 70 mole of |ithium
<AMPY xi de/ kg support was used, instead of 47
E—mﬂg—gikg The measured pH (20 C) of the inpregnation
Prepsamiauttuo@noxﬁasraj:é_lﬁrstﬁwa cat alngstsa 5 prepared contai ned

14.5 %w sil ver, e/k [1thium an%34mle/kg

c &) &mprre&“é’ttulx?él 136’ @ﬁt PHERATE L dValdpting aqueou s
solu&@%&%l%%&@%usa%@onqkmguhph&@%dxwaaﬂIdaplumAﬂyaﬂa%lde, and

catal yst was prépared in the sanme way as Catalyst 1,
wateéx@@ptsamétesmfmml @@deﬁammﬁmmw@/wk Eplution.

or.t I nst f 471mmIe/k and t.hat the
The H%%cr)lrttsﬁzl\kzcslu i dﬁ: ter F6 oevTQ/ierérgt éﬁﬁroéigdmege
47 nﬁldillel/lk@d ainal usﬂﬂroa&as@as,rew@jeat e liyhe qul@rtatv@l e reien
. b reference. The neasured pH (20 C) of
Welgil"%proégﬁé]ﬁ SHPRSFItYt | drawdSaErsd Bk Gt aFQ/stpFEBar ed
mpx%%ta@l%%d b4 1 9N %%ssubvear 69, D 18/ Q. At R 130
l'e/kg cesium relative to the weight of the

stocrkatsavllyasmO(nCaitaasl mp:&,r@ai:@@r diemgprited e US4 TEE)L05,

. st testln The cat al sts repared were tested in
whic éspﬁ&&ﬁap%”ﬁ %Id lﬂ’?ﬁ fp St om et hyl ene and

01y @eltp 1 8O0 #0 athins a11unfi& 120 s@pﬂ&&ﬁﬁﬁr@@'s\(ﬂfa\&s area
| oaded into a stainless steel U shaped tube. The tube

of Owsg Mmeraed Rnwatasl pEAOKBEAPNDLAENO - ¢RedY InaFun) and
{ f
1mp11ef§;%aet%‘é5 Wi +HRN G g%% nad i %hng dt‘i"éﬁ I 2 g%llbé% 9%%

as m xture pass rou the cat al
fol1@w90nc€ﬂehmmrmwn@1heodap’ﬂx@mml}of3ch alwasat place 4d

under a 25 mm Hg vacuum for 1 minute at ambient temperature .

Approximately 50 g of the impregnating solution, prepared as
indicated hereinbefore, was then introduced to submerse the
support, and the vacuum was maintained at 25 mm Hg for an
additional 3 minutes. The vacuum was then released and the
excess ilmpregnating solution was removed from the catalyst
pre-cursor by centrifugation at 500 rpm for two minutes. The
catalyst pre-cursor was then dried while being shaken at 25 0
°C for 5.5 minutes in a stream of air. The catalyst prepared
contained 14.5 %w silver, 40 mmole/kg lithium, and

3.4 mmole/kg cesium, relative to the weight of the catalyst

(Catalyst 1, for comparison).
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used and the inlet gas flow rate were adjusted to give
a gas hourly space velocity of 6800 NmM of gas per ni
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Catalyst testing

The catalysts prepared were tested in the production of
ethylene oxide from ethylene and oxygen. To do this, 1.68 g
of crushed catalyst was loaded into a stainless steel U-
shaped tube. The tube was immersed in a molten metal bath
(heat medium) and the ends were connected to a gas flow
system. A gas or gas mixture passed through the catalyst
bed, in a "once-through" operation. The weight of catalyst
used and the inlet gas flow rate were adjusted to give a gas
hourly space velocity of 6800 Nml of gas per ml catalyst per
hour, as calculated for uncrushed catalyst. The inlet gas
pressure was 1450 kPa.

The gas mixture contained 30 %v ethylene, 8 %v oxygen,
5 %v carbon dioxide, 2.5 ppmv ethyl chloride, and nitrogen

balance.
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The tube was immersed in a nolten netal bath (heat
medi um) and the ends were connected to a gas flow
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The stability of the catalysts was evaluated as follows.
Samples of the crushed catalysts (0.808 g) were each loaded
in a 3.6 mm inside diameter stainless steel U-shaped tube.
The tube was immersed in a molten metal bath (heat medium)
and the ends were connected to a gas flow system. A gas or
gas mixture passed through the catalyst bed, in a "once-
through" operation. The weight of catalyst used and the

inlet gas flow rate were adjusted to give a gas hourly space
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vel®De$0oM £H008)Nml of gas per ml catalyst per hour, as
calculated for uncrushed catalyst. The inlet gas pressure
was 1450 kPa.

The gas mixture contained 30 %v ethylene, 8 %v oxygen,

5 %v carbon dioxide, 5.6 ppmv ethyl chloride, and nitrogen
balance.

The reacfor temperature was ramped up at a rate of 10 °C
per hour to 245 °C and then the temperature was adjusted so
as to achieve an oxygen conversion level of 25%.

After reaching the initial performance level of the
catalysts, the temperature was slowly increased to compensate
for a decline in catalyst performance as a result of aging,
i.e. such that a constant oxygen conversion was maintained.
There was a decline in catalyst performance in two stages.

In the first stage the rate of decline in catalyst
prerformance was substantially lower than in the second stage.
In the first stage, virtually no catalyst selectivity decline
was observed, while in the second stage, catalyst selectivity
decline followed a substantially linear fashion, at a rate of
about 1.56% per kton/m®> catalyst for all three catalysts.
However, the starting point of the second stage, expressed in
a cumulative ethylene oxide (EO) production, was
significantly different for the three catalysts, as specified
in Table II. Advantageously, the second stage decline
started at a much higher cumulative EO production for
inventive Catalysts 2 and 3, than for comparative Catalysts
1. Also, Catalyst 3 was significantly better than Catalyst
2.
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process conprises inpregnating the support with a

solution conprising a silver conpound and a base
whawsngr3es pKb of at  nost 3.5 when neasured i NPGEUS2008010697

25 Cin a quantity of at |east 50 mmol e per kg of the

support. 3. A process as clainmed in claim2, wherein

the inpregnation sol ugi gnahasyagpH of at | east 14

when nmeasured at a tenperature of 20C. 4. A process

as clainmed in any of clains 1-3, wherein the base has

a pKb o £ in_particular a st 1 when
negéure% $ﬁ0§%$%r%%¥ %EQE?r%?gA‘p?%%%ggsésC8W8FﬁSan9
siledai om la dsupbere] nwhbehbaseceéss @ofiydigxkde or an
al koxi de, in particular |ithiumhydroxide. 6. A
- préfRRS bing| ai FEEri anctae nFUrPoFer epndt he base is

deposited.in a quantity in the range of from55 to 500
“BrErkGE R artRe P ReP Rt (Rect anga ot Py BnPo 1b Jogrost
3.5 mide/ gastetdt inewhOet het Vet g, ofn they POty .off . ath

process as clainmed in any of clainms 1-6, wherein .
leagh | RRrmrQl Yepdsi F8dobnt kP esepppbEt FhmalEaaAPHEYYi With or

e ek oner 100 1000 R ptalat v 0 (e

wei ght yst. proce as clained in

any. of &Elproseds 7aswhezdnad imnnchaltint L pnwhersihveheand

the base, one or nore hjigh- selectivity dopants ,
PTOCERDr T QTIEL TG OPPRGHE bFY hoht (TP BeT W' 2b05R 0893151 0n
comAETE 1452 09 54 01068 7c b iyhe et a Chs 881 HE-8hd 5u?g§t&@ at

are deposited on the support in a gquantity sufficient
mosk o3 p? oviele BERULEEYsinhERtely 2l 2ot A gor efawiity of at

leadt % qﬁ%gfé%&ykgg%%% fs%é%%?: 01 to 500 nmol e/ kg,

cal cul at ed f he S the total of
rheni um mtydsenums chrlenimed addl ocltadrgsten, wherthe the

., __total . catalyst. 9. A process as clained in any of
lmp%?%ﬁ?ﬁﬁ%ﬂ7?OaHEF8PnPaSiﬁ'éﬁai?foﬁtt &9t et afdef h@easured

at das@mparihendt Upr cogpenent and a rheni um co- pronot er
sel ected from conponents which conprise one or nore

of4 t ungstRFoCced® ot upd 2 ey beamy <fil ¢Lleimsphosphwehesein
the %‘QSQ%QQ gr&(bdec&osa{tt (?n%sq:n zt,h%ns%oéorocritcdlnara at most 1,
when measured in water at 25 °C.

5. A process as claimed claim 1-4, wherein the base is
a hydroxide or an alkoxide, in particular lithium hydroxide.

6. A process as claimed in claim 1, wherein the base
is deposited in a quantity in the range of from 55 to 500
mmole/kg, in particular in the range of from 60 to 100
mmole/kg, relative to the weight of the support.

7. A process as claimed in any of claims 1-6, wherein
silver is deposited on the support in a quantity in the range
of from 100 to 400 g/kg, relative to the weight of the
catalyst.

8. A process as claimed in any of claims 1-7, wherein,
in addition to silver and the base, one or more high-

selectivity dopants comprising one or more of rhenium,
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quantity sufficient to provide a catalyst having a
content of the rhenium conponent in the range of from
wW@2®3/09713150 mol e/ kg, in particular fromO0.1 tBCWL0S2005/010697

nol e/ kg, calculated as the quantity of rhenium
relative to the weight of the catalyst, and having a

mo 1yl un® 0 8 m Ofm td1es rmﬁh%(éif@n COrPropbercn thecgange
of fromO0.01 to 50 mml e/kg, in particular fromO0.1
suppagtl Clmnrep | @ day; 1 el suf Bieenls theorevedent , cabalysls having

the total aof t st.en hr.onm | yvbden sul fur,
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for preparing a catalyst as clainmed in any of clains
rhenfug, OLlOGRRHEEs CHEUPHR PRI A RFSF R, oRP dehpytotal
catd18agting an olefin with oxygen in the presence of a

catal yst obtainable by the process for preparing a

c#tal yA ootz negl clanieey of ahaiod d1®imd21-'A wherein,

in R S VS A G-t et THoR N Sofpdient and &
rherliidn A& aNRIRIENE s &0 S| NEOTE CPMBS ST & heh Ok B Edhpri se

oxide into the 1,2- al kanediol, the 1, 2-al kanedi ol
one §héororot Hengsheny keetahihe, "Hdp@eruT hesel 82F n

oo R O AL o 855551 B p0LLTY r
quantity sufficient to provide a catalyst having a content of
the rhenium component in the range of from 0.01 to

50 mmole/kg, in particular from 0.1 to 10 mmole/kg,
calculated as the quantity of rhenium relative to the weight
of the catalyst, and having a total content of the rhenium
co-promoter in the range of from 0.01 to 50 mmole/kg, in
particular from 0.1 to 10 mmole/kg, calculated as the
element, that is the total of tungsten, chromium, molybdenum,
sulfur, phosphorus and/or boron, relative to the weight of
the catalyst.

10. A catalyst obtainable by a process for preparing a
catalyst as claimed in any of claims 1-9.

11. A process for preparing an olefin oxide by reacting
an olefin with oxygen in the presence of a catalyst
obtainable by the process for preparing a catalyst as claimed
in any of claims 1-9.

12. A method of using an olefin oxide for making a 1,2-
alkanediol, a 1,2-alkanediol ether or a 1,2-alkanoclamine
comprising converting the olefin oxide into the 1,2-
alkanediol, the 1,2-alkanediol ether, or the 1,2-
alkanolamine, wherein the olefin oxide has been obtained by a

process for preparing an olefin oxide as claimed in claim 11.
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