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A PROCESS FOR THE PRODUCTI ON OF AN CLEFIN OXI DE, A
1,2-DICOL, A 1l,2- DDOL ETHER, OR AN ALKANOLAM NE FI ELD

WO &¥06/DbiESE NVENTI ON The present invention rel at BET/S2085/021233
process for the production of an olefin oxide, a
1,2-diol, a 1,2-diol ether, or an al kanol ani ne.
BACKGROUND OF THE I NVENTION I n ol efi n epoxi dation, a
A @ROCKESS EORi THE RBRODEBECTIONOF AN OKFBERGOXIDECA 1,3-DIOL, A 1,2-
cont act ed w t hDEOL BT BR ORI A ALEPONOUAMINE
conditions. The feed may contain other conponents. The
olefin is reacted wth oxygen to forman ol efi n oxi de.

FIELB'GEYAE MVENERINt S that contains ol efin oxide and

Typical Ty unreacted feed and conbustion products.
Car He prisentiinieentien seldtys forageiacdss for thdprodpaionddtan ofefin oxide, a

rocess, ,and.may be present in the feed. The carbon
128?‘8&@2‘62'9@6@9’&%‘é%lﬁ?mﬁﬂmtnﬁe feed as a result of
BAGK 08 014D\ BHE INVENTIONT oduct mi x together with
unconverted ol efin and/or oxygen and recycl ed. Carbon
di oXn dlefipgporidatinnoy fegd gontginimgart eletin prd an ereigenaeHTes is.contacted
-The I RLESe ' r j e or
witg e B PR RlighS e AT el SAG, Bipponents.

The alefin€i§ reatteg waehl dxygemtoafofin an aldfifi oxadeC aX product mix&results that
ol efin oxide may he reacted with water to forma
contaips glefin oxjderand Aypicallydseacted fegsh apndcombustigngrogygiear | or

Wi t ' . .ami .
5 Caftn il fs By i IOk M dMproddiiand may be present in
theplieed! uTlpxicarporadioxide imaybe presentar sle fieed 89 atasylt oHbging sicogered

olefin oxi dation and then e .conversion of the
frop ket FREA ORI phe R AT A Giei e Smdigeyeled. Carbon
dicxideYRay J&1sroPRIEd @3 e 76 iRfotHeP thafihéryer cont ai ni ng

catal yst may be assessed on the basis of selectivity,
act Mg cgtalyarepmpriges sijvey; ustallypeitheneorr meretapditiohalfelaments

' ion. Th Wi St lar.fr i of .

aeff A Rttty o AEadieh Skl ah digne IRl Al 2 KRn Yhide may
be eetcttd witlswiteetodfaim b \ist-diaf) @dth dnhatcdhohed foerfi adlf 2-divd ether, or with an

ol efin reac]i?ed normal |y decr_egses Qva\n th time. To .
amyng (Rifarharnakiargliemec SRS drdiosy b2-Qel Sheat-iand glkapelamines may
be ARG inQfinulMier) SEDSS BtIR; Ol ihg AEL LARIdeRon and then the
conveesiared fetbe iforiney odbffint dxede wrle waten, anailddhel, dean amtheol ef i n

oXi t o .decr eas In addition he equi.pnent used, i .

he e B RnEE e piv S biai: call BB Er el St Basis of
selbdivity, ativy] AdRtabai g bf _oﬂ—é?bztﬁ)n ihth SR e 1®atidAC ThE 8¢l¥ctivity is

to termnate the reacti on when the reaction

thetraplgefragtioneof thesronuerted alefippielding e dasifsdrodgfin Quide. £ 4% the catalyst
agéshﬁle "R PbE tthgmé%'m rﬁ:ﬂl?ed r?q%gfl%i 8%1%%%84 with kX! yl‘oclﬁging?n a desired
a hig evel "an e

nmal ntained a
constant level of olefin oxide production, the temperature of the reaction is increased.

However, increasing the temperature causes the selectivity of the reaction to the desired
olefin oxide to decrease. In addition, the equipment used in the reactor typically can
tolerate temperatures only up to a certain level. Thus, it may become necessary to
terminate the reaction when the reaction temperature reaches a temperature inappropriate
for the reactor. Thus, the longer the selectivity can be maintained at a high level and the
epoxidation can be performed at an acceptably low reaction temperature while maintaining

an acceptable level of olefin oxide production, the longer the catalyst charge can be kept in
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epoxi dation can be perforned at an acceptably | ow
reaction tenperature while nmaintaining an acceptabl e
wo enebowse ol ef i n oxi de production, the | onger pdEUS2005/021233
catal yst charge can be kept inthe reactor and the nore
product is obtained. Stability refers to how the
selectivity and/or activity of the process changes
the réalﬂdrrhgd tHeembiefroduct basbisingll Stabiikdyysfers 16 How thg sele(ﬁdl,lty and/or
as nore olefin oxjde is rodu ed. I\/bd%
actlvsﬁYIO&ébe nyacsst changss f@th%ymééﬁ;g?ﬁ%@ catalygldg being ysedy i-e- as
moresblkﬁﬁBxldQ'i‘seprBHu&Hre hi gh-sel ectivity dopants, such as
nponents ‘conpri sing rhenium tungsten, chromum or
nDMokidm’uulwer-bhsgdh catelysts mayicoynpciat, ah y@dmomtoesmﬂes ohegexntore
in US-A-4,76 1,394 .and US-A-4
hightsQlea M DrRP IS SR a® CRIBOIG ST PIRRE LB auhgah Sromium, or

molytAEMink MHIEH sdPetiO P L ANKSts afe (ﬁscfléﬁ'eﬂ NRF e£RPIENANIS- AD4 1618394
si | ver containing catalyst with the effect that the

and UBiA-#S166, 1|9éa S AH4846,105 gndeS-ﬁth@l 394 disdlpencthatarhprpmirgay be
nc eas endl n I
employed as: ]F]Oéleg él#fl?ensﬂé/eg ().e(ongaafn% ¥:§tta og ggg?ﬁb ffelgfthat the

1n1t12[lel§Békrs@l@cti@tykﬂ'&l@d‘bl%ﬁﬂepdidlddtlah is meﬁkse‘de| ectivity, that
is the highest selectivity reached in the i n|t| al

st Qggenghng mnﬁh@@aéglgst uﬁgg,aqyié}l? parpgietegsefips elefip iggoxidation
procle¥ ik ?1Im ‘qaliﬁ‘edsts @a%h ey 1§1¥f1a9f edk B4y, tH?tyis }E}Fe lﬂglﬁé's?éé tivity
art or 2 0

er ays o eration o I eve

" reaclkddtia ltheamltmh stagasf thé processampy garyl Fop nxdmpzlé tbp emmh lmak

Wor Ki exanpl es gi |ntheeUS sso
seleqivit o1 § BRI i e e BRECITY | 65 2 Bosigieratoh anabe
achlév%ﬁ aler 4nbich 3, FOFRkSnplB! eﬂhﬂéﬂfh&ﬁ d}béltaﬁbﬂ SWorEﬂﬁ% x&aples Biven in

having a surface area of EP- A- 850 al so
thes¢ B8 atsntstshaw attmdtth‘éardﬁ edug}lerj@mn@ﬁb ét ki ghegirhenigm levels up to

np e URROK C ?

s B SRR R ettt o AR ARG Bl CR e B
35285 0\6fotedthadthaethe ‘tilidn\ﬁet’v)l’y déVetopeil titalysdiongprisire silver supported

i nprovenents al read K achieved, there is a desire to
on ahugiphearTiFtyprogvaied Weh glkah gicial fed ranivp sTRGRSNEYRave a very high
Selecgg,gtgl ysts containing silver and a high-selectivity

in particular, to increase the initial, peak
S eNel:Wntha';tagdimg tltehmpmvemms abreatlytdohiesed ithdre isya dsfsire hefurther

sel Vv, att | ne ENTI
PR ARG BB PDCERD R GPTHEPS HIet B Dig G gyt
dopaﬁ’llt ¢h bArtieQRR td ﬁicfh@isé e isitifD ekl seleBiViBLdf thg procEReMd the stability
onprising an olefin and oxygen with a catal yst

Oftll@(sdpﬁitl\sﬂ}’rﬁgtamed{ | ver conponent and a high-selectivity
S _ 'INQ’%I\?H fluoride-m neralized carrier;
t mx conprising an ol efin

oX THe invehtsreprovidesa prices Tor tht epokiddtionaifanblainaontgeising the

the feed is |ower than 2 nole-%
steps of contacting a feed comprising an olefin and oxygen with a catalyst comprising a
silver component and a high-selectivity dopant deposited on a fluoride-mineralized carrier;
and producing a product mix comprising an olefin oxide, wherein the concentration of
carbon dioxide in the feed is lower than 2 mole-%.

The invention also provides a process for the production of a 1,2-diol, a 1,2-diol

ether, or an alkanolamine comprising converting an olefin oxide into the 1,2-diol, the 1,2-

diol ether, or the alkanolamine, wherein the olefin oxide has been obtained by a process for
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The invention al so provides a process for the
production of a 1,2-diol, a 1,2-diol ether, or an
woedok@eoobssnm ne conpri sing converting an ol ef i n PCAVER2005/021233
into the 1,2-diol, the 1,2- diol ether, or the
al kanol am ne, wherein the ol efin oxide has been
obt ai ned by a process forthe epoxidation of an ol efin
the epoxidation ofginradefin samprising reactmeihepleAn Ysithqapegemin accordance with
this &S rdance with this invention. DETAILED DESCRI PTI ON
G192 | NVENTI ON The i nventi on provi des a process for
DETATE EBDESCRIFTION OFTHE EVENTI@Nwhi ch an ol efin and
oxygen are contacted in the rese ce of rier .
{Qg@mveemf!a&rawgﬁ 2 progessrferthe gpaiaion;of an b ol ip M nolefin
f nder
and 5%?@1 3 olblcn inH g“ﬁ*ﬁ%ﬁ%&??@é‘eﬁ;ﬁ%a%“a‘sg‘l }st
epoxidutionicenditjoms teifbmean obﬁp@m@nt and a hi gh-sel ecti vi ty

n SV TGS B S T 4eBS BF L B SO ooy b ¢ st
comﬁﬁﬁﬁ‘g b $ilVe? W6inpbiif ard ARigB-sUectiVify dUpasedepositedion 4 Sudidgh
Initial, peak selectivity. Mreover, the Sroces

mmmltrzeld.camer At wherginstha bpndentyation) af sarbea digxids i the fegd is lower
thanczatpgfe rg?ocgps e@(h&agtg hg%l 1{1{?‘?11 g@ﬁ?ée?%ﬁ@ #' gﬂ/leo‘r?]éovf& YR 5rdBess

ethﬂyﬁﬁmbﬁwﬁﬂﬂﬁm@rlde n1neraI|zed carrlers are obt ai ned
by conblnlng al pha- alunln

Elioridgniggralizadicagiars EFG eéigwpg }ﬂ°H"g”°§1%’&°é {luprigg into the
u | i
e? d?%g;ggéogfﬁéfr tlil!a EFJS% 1Mn{1$ry‘ff bf§e-nliXhG2R4! Mrrit$s are obtained by

e conbination is calcined,
comhnnhg:&lpha adummat dralpherabimig |pmurSPr(is1th @ flyating- nolﬁgmmgiﬁ@%les

thatgg%gglﬁtr ﬁ eéga(te gutg eod-{,g%r {ryggzﬁ éi?oggp uoft g x%hen RS combination

is ca@éiﬁ&i B be%inin% tﬁ@&ﬂﬂlﬁhﬂd)natPrioﬁ sscdldining 1HAQ Qoﬁi&natf&i fiay be
pr ef érably at less than 1100 OC. Preferab

|
formed|iniorfermnaskbadicscfon gxamplg by exGusen & sPI4Re- d%/ref%@ly,r?alcélaﬂon

ULt P R8s
calcfda’d@ﬁ {sd8ndd RSt A leechtdFaNanDR0SXS Biopd %«1 y Rfaasly bhgrenter paelogy°C. If

of the carrier may be detri ment al affected. The
the tempaturdis snfficgéntlyrie ekéasoof h?é)00°63n thei amavgt ohHBedrids libsrated may

i nt r.oduc into, the carrier. ose

be ciERHOGE N HPPI PRESEIE ST PALOF B@Pgleﬂﬁagyg%g‘ea
f1 u@eindEn&sY @hf@h Rk PR ontaltint $he6idk Id iftfrodd iritb Gfeccarrier
fluoride-mneralized carriers obtained therefrom

is ndﬁélnuwdaﬁ@hoimetbﬁéﬂs@wn invlesnart ton 1nqog?or@tmﬂléonne-con¥ammg
Specﬁ%ﬂ%fl o3 AR Cﬁinbde ose M?o ’%e i 71%11%g’cid'cagﬁ§r§| Qﬁ(énf Ry be

nera I'zed carriers an are

used fo8 ﬂ{eﬁﬁé@hﬁﬂv&mdhef’@f eanple, US-A4,950,507emd dB-AeHB 29, 134’1¢sclose

fluoride-mneralized carriers nmay have, and preferably
methods for making fluoride-mineralized carriers and are hereby incorporated by

reference.

In certain embodiments, the fluoride-mineralized carriers may have, and preferably
do have, a particulate matrix having a morphology characterizable as lamellar or platelet-
type, which terms are used interchangeably. As such, particles having in at least one
direction a size greater than 0.1 micrometers have at least one substantially flat major
surface. Such particles may have two or more flat major surfaces. In alternative

embodiments of this invention, carriers may be used which have said platelet-type structure
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do have, a particulate matrix having a norphol ogy
characterizable as |anellar or platelettype, which
wo ecoimoEse used i nterchangeably. As such, partPct/es2005/021233
having in at |east one direction a size greater than
0.1 microneters have at |east one substantially flat
maj or surface. Such particles nmay have two or nore
and fwihixth e beersprepaedby a hietlaldt eherahinbe Bobrds-mieralizafion methods
this invention, carriers may be used which have said
de“&bﬁgéfx@’cﬂ type structureand which have been prepared by
a 'Tﬂ?&ﬁfﬁgle%&%ﬁufer}@f‘mkmofénﬂg ra'fﬁl%nﬂb E@ﬁtﬁﬂnir?g%pb&@s mto a carrier
net hods descri bed herein. A suitable procedure f
qulm@d@mg atﬂmgn&cbmtammgwe@gmtoaalphmﬁumpemr@a alplmafﬁhamna
carr ves adding a fluorinescontai
precfoi(s A< Aeha i Paft et O dni et G e s HeS chpable of
beu@lc@hmu YohpBa-RIuSEHA GFSScalidtion Glie APheialinding prdeafibrs include
peci es capabl e of being converted to al pha- aFum na

hyd@msirﬁhéwnéwsmh arpoetmite psprriebaelmita ang g@b@iﬁ% 8% wellges trgasition
ehmte,
alunBE], S the the B Wibpa, Wil B RO R, blfa ASGAAROC TE 1€,
t haf xhydraﬂedpkmmlngﬂmmi adhiohae cbitaining specieeinay alitablybsadded
drated alum na |s use afluorlnec talnln
to tlgeﬁafg{aé%i Fuina wyiththe gom. ingfiefh thep grads ant fyrFsdhedies e as by
extrﬂ‘éx&ﬂ‘ort Jﬂ)?aﬁﬁg' bj My’d?zﬁe& Demidad ﬁle'nrét)gvécr&ﬁ'?@glghﬁ’ ‘Ahffﬁna by
such as By ‘extrusion or spraying. The hydrated al um na
calcirgng the lﬁommd\bedteedPtaﬁerablphthe ahloimation 13ycondiotednit gss tlima 1200 °C.
Durﬁ%&ﬂ%&léﬁg iﬂ%sﬂlé e etlﬁ bl é’gotsh e.lé:rg{ac Ifﬂlg}’llfl% gorlltglnmg specws may

sulteﬁﬁ‘}} 6 BRicli 9 a trhhd064 ABminD, SidASk 3hBtha aRifinkadd 1 3 c%mbmatlon of
[‘uor i ne- cont ai ni ng speC|es may suitably be added to a

translhamsllummmardl hydrated algmita. dhegambrinatibuiis made ioto fpcm@d bodies and
calc! egbl % | on of transition alum na and hydrated

A5 °"The conbination is made into formed bodies

anql_n adthdriaiabl@meRtOd Auoride-cnedihiag spdéidsahdyehamidB@ tb fodmed

fluorine-containing species may be added to forned
bodigs af haluminaer- ama?nharﬁéuremaaﬁw&rﬁgr{a)@msﬁmas thereof The formed -
bodf@g gl%l‘i G%ub tell'to B3 él‘il%(ﬁls I‘hhclﬁ{)ﬁlglf sult-gFl% héh

en subj ecte to calcination n anot er swtable

contamiltgmbsclbhmay beiaddedec tret ainiiradies pdanapnig, dfter doiedioh of

alphafa Clg{al ;knz fpgerthq(ﬁt o atnjélg nﬁ;@pﬁgﬂng .m%glteg {nafy convenlennly be

incotporfbd Ethe Q4thenahiG aS BRvr ARd BBYr FRMORS /1.1 by mpregnamn
incorporated in the sane manner as si | ver and ot her

typigallyrvgceyms impregnatiopy | rrpregnatl on, typl cally vacuum

SR e RSP A DE S L TR B -

The bfeéaﬁtm\%non HORNREr, is| ifiddpRAGRE BABR mdhert BYewRRARSIcidaMon is
whi ch cal ci nati on | s conducted. Thus, variations in

condygtedi dibugy viariatigmsiim calpiaingrknowsig theeast, hmlnﬁsa@@ng airane

temperature for a certain period of time and then raising the temperature to a second

temperature over the course of a second period of time, are contemplated by the present
invention.

The addition of the fluorine-containing species may be by any known method. In
one such suitable method, the alpha-alumina or alpha-alumina precursor(s) is treated with a
solution containing a fluorine-containing species. The combination is co-mulled and

converted into formed bodies. Similarly, formed bodies may be subjected to vacuum
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tenperature for a certain period of tinme and then
raising the tenperature to a second tenperature over
wo bwsoaasee of a second period of tinme, are  PCT/US2005/021233
contenpl ated by the present invention. The addition of
the fluorine-containing species may be by any known
nmet hod hi one such suitable nethod, the al pha-al um na
impegnatiopheittad sotutidh qnexining arffus)ine-sortaiamigesgesied. hAmy combination of

sol ution .contai.njng a.fl or| ai ni cies. The
solvendppf Elypripgiconiainpe speqiess %ﬁasugfa ﬂﬁpé%fep%%tp ffl{s’m‘eaons mn

solulOH hE$ be Rl thaktordardceABLUBR dnfshdBY be subjected to
vacuufmi npregnation with a solution containing a

fl d?d;rdrme-conuanmgqsmgles Fh@t;mgg be psad io @pdsirdance withghis invention are
ont ai ni.n results

t hat
thosg ﬁp%creFEt%a?@@*sﬂ RGBS BB RS B e Vo are

capabiest liberating FrOAAE eypitdlly if ltlfehfoﬂn'&h?d}d%en fluoride, when calcined,
FI uori ne-cont ai ning species that may be used in

preferablyrati s thanil 200 26 qufmﬁeirﬂuome@petatmngs@egpe@ﬁe@@palﬂgof
ier in accor

libeip i ﬂ'}l%‘?ﬁr g et a0 mpaBfire of RagRolfClo 1200
°C. tS%PfE: fitio dﬁ/ -édﬁt%@?g %@s%o&)ﬂ% 9%% l’fllliuﬁ)é‘ 1448 in WO Pdance with this

pre at less than 1200 OC. Preferred
invehtioror Suizbledthtoninaicogtamperspesienineluda pagdne: i ihorgemiatspevies.

.fluaride when cal cining.is conduct a at ure
Suitg1s AU EnE SPAcRsGE) ke I8aen Caplish and Pelaf CaAh
comﬁmsesuhmwubﬁheté&nﬁﬁlh§ g%éelégenamzl, RMuAfRRh @ﬁﬂ\%de

this invention. Sui | e fluorine-containing

amlmmtun Syoride hydrefloeyaatid, ad didhiwrpdidlvpronstaees .

LB LA B TAAER AP

comf)hsiﬁ% kileer afd highAeRetivipedipast depositid@nttls fladrids-miteralized carrier,
trifluoride, amoni um fl uoride, hydrofluoric acid, and

whepupqd igagpgest i Shagpoxidationrpiar olgti whéteéb%mcmtrpéwn of carbon
dlox‘f’cfé‘%ﬁ'tﬁesfekél IXQEIC@LA b n&ﬁi@% leRhi gﬁf:] lt'ﬁ;ﬂ i %ﬁatg?than a

catal'yst conprising silver an CtIVI opant
comdarpbls|catat}'sodemhleedfdnmotﬂﬁwmené¢micalz aoh ﬂaomdeenunantimed carrier

r. the epo tio efin
thae gt e EBRERR ol e DrpeiorbBlowt okikie Bn e Radiatof
fluotifte-tWRhin %@ﬁ&:lgs dMab@ tothe BxRiebista$ 1@stIR] B&béntiblyYvdifttand fio
greater than a conparabl e catal yst deposited on an

greatsr iHeanyj. @ percens by iwsaght, sadaulated qsrthelwerghhef epmental Ruarineased
relat%ve‘% rt]}g O\ggl cﬁf tﬂ@g&% rllgt?ﬁlll t8 (Nh(?crht tBl: ?ﬁl&ln?et c&r%ﬁglng species is

bemg Imtxmrpdmw OPiefdrablpgths flacties cantdlaigspedidsds asudrih an atrﬁ)uﬁﬂ no
| east 0.1 percent by wei ht and no greater t han 5.

less H@P@%K’erﬁ%ﬂt\'}% V@Lght TRQNE I srlag]d' nodlessd %Qa RErcgat by welght
Pref@xJ Gflf'efl‘l%q{uoﬁhé‘ 1Qb tgﬁlr}é\}ﬁgmﬁsells Abdd/ ?l AnQntddft MEMIRE thQf 310ercent

materi a uor i ne- cont al ni ng
by v&pgxt; rasreipseforblynd mowrthar 216 epdrceﬁirlryf weeight. SFheSehlmounts refer to the

USR0S S Y25y TR Aot e
ultih 8§ bk Padicht iR thePMiGRAcaRer Vi ght .

Other than being fluoride-mineralized as described above, the carriers that may be
used in accordance with this invention are not generally limited. Typically, suitable
carriers comprise at least 85 percent by weight, more typically 90 percent by weight, in
particular 95 percent by weight alpha-alumina, frequently up to 99.9 percent by weight

alpha-alumina, based on the weight of the carrier. The carrier may additionally comprise,
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Preferably, the fluorine-containing species is used in

an anount no nore than 3.0 percent by weight, nore
wopn@&fmesbl y no nore than 2.5 percent by wei ghtCT/Iise®s/021233

anounts refer to the amobunt of the species as

initially added and do not necessarily reflect the

anount that may ultimately be present in the finished

siliczgI gﬁcgp nbeé%}qgg gi\’(/aer}qhg Hocﬁﬁﬁl%dfolr Ee{ahﬁﬁn Niafdralliatigd e@th metal, for

e carrier at may be used in
exaniifl€ edlelamcadir aghbsismi nvention are not general ly

| cRutabscpenz amals e GEEfERT reg Syl grion
or otg%( p[ﬁ‘@b&ﬁés Th@s ok lafed| R theariig ultBMy\belagl‘ehst 0.1 m /g,

um na, requently up to 9, percent by wei %ﬁ’é
prefahtny at ehat 0l /gmsmrgﬁqrabheat\AmsgﬂtS 7S R I e War atfeast

é ;kl%{ly%ﬁo tgad %@ﬁ% OE@ glltl'?‘e Su%ag% %@ﬁ H]ﬁglgn éébly be at most
10 n?}’ K BlrIEb19A dstBindlg, arfddh p&ﬁ&ﬁ‘@i‘ at ma:ttcfil mﬁg,anhitmc to the welght

magnhesi um Suitable carriers are aI$ gaﬁ H]
of theegyrisct "Susfage preates used Aereinais 8pdeBiond it 1 todpe Bt F ated as

hid ¢ fr ! d in Journal of
deteﬁﬁllngtghy )}w eE;IfI %Peas{l& ET?r[ngtaanﬁ [:?Ele él?ﬁﬁgbclfdyé% adte%lifiebaestm Oc?uéna o
the AfkBcanTHetnipdl Soeteabb(y(1888) mﬁ§09-016 Hﬁh@urfam{ax‘pa\ carriers, in
particular at |east 0.6 nR/ rel ative to
partigplar yybew fhey 2k alphpraluping STy eRap 25"?;‘83“%%% %\%‘&E’ silica,
alkaﬁ&n#ﬂi&bﬂ%@ afiBlifk ea?ﬁi%&ﬁlaplloyn&tmﬁ&ﬁkd PeifBimiancaand stability of

ar at nost relative to_the vvelght of
opeﬁah&n CHowewr, whauthé aur&caram is werydaree, qamiess fend go have lower crush

underst ood to relate to the surface area as determ ned
Stre’tﬁ} the B.E. T. (Brunauer, Enmett and Teller) nethod as

ThE WG abSorg@et &fthe edrrithmapsitabbetre Aheasi @;alg/gq,mfataply at
60 (1938) pp. 309-316. High surface ar %a carrlg{h
leaspd e/ uélalivedndie WRg)! %frtbe il iUt et e p L ihe carrier may

A i o rrier.
sultzgﬂﬂ}aggtarg?%ar | ﬁrﬁfe rﬁ?IQ'Ot’?' 88, r%lalt VE® th@lv}%?éﬂt fie@arrie

ear rovi de inproved
A hipfief WatePatserpaion nﬁiyaienh ifavpr of v1e'p@rf amara effiqigns depositignead silver

the surface area is_ very. |ar carrie tend_.t
and sy g, QePiih h e R RuaP pHDak gy o ettt Whter
abscﬁ?{ {ﬁsefhe'@%‘lé ttl?@éa‘t’al?s@ nftide k1RASorR); lﬂay}ﬁa}/e 1pwer c&tlsibdn}ength As

gast O. relative to the vvelght of the
used hesrelnEWateifhbsovmtoerls dérmndgio have benmpraswrsd i cordgoe with ASTM

su t nost 0. I t
Czog PEJA E}/ gl? loln Js pxpee d g%qt?e (\# %%hgf tglg rv?’aitcgrthé'f‘?:% bo agsorbed nto
the W?Bf B T RE, irelati Ve tb@waghf afthe carieni ew of a m)r e
ficient dep05|t| on of silver, and further el S siabl
|f Hmpatacbyst £OTBPIiSES il ap @ C?tﬁbiléé HAAGHYR COIPB\?%“\‘/‘E %‘F 1able
I in aRfandolfit &faaft adaytsno ,
catefy bl BB ORARADSy PRy fin i ST Rt &8
caldW@it&l & thyvivieight abibe leka:tnennreﬂ&tlvd eceﬁedvetlﬂlth)éﬂ@ qatadyst. Preferably,

measured i n accordance W t c2
the GBSOPFEHSHSS BRPLG Rt T im0 ZRE iR Bigtgsebly from
100/ B2bo GA, B RBAPINDY ghidt Br 120 g/kg, or 190 g/kg, or 250 g/kg, or 350 g/kg.

The catalyst comprises, in addition to silver, one or more high-selectivity dopants.

Catalysts comprising a high-selectivity dopant are known from US-A-4,761,394 and US-
A-4,766,105, 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

6
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the pores of the carrier, relative to the weight of
the carrier. The catal yst conprises silver as a
w@alosbyrscal |y active conponent. Appreci abl e cetEUY100£021233
activity is typically obtained by enploying silver in
an amount of at |east 10 g/ kg, calculated as the
wei ght of the elenent relative to the weight of the
total GRkmity oF frofy & B0y mmb etk eS azilalhly&tl as thieplémman (for exanple,n

a quantity of from50 to 500 g nor e ‘?ferﬁﬁl
rhenfung mqémﬂepemwgﬁm gndiop Fhfé%‘ﬁﬁ) & thegotg) ‘%& vy Rhegjum,
mol}gfgt%&fm Phrdntand/of €mgQEn 31%8 ggftehﬁ’y b ro%ﬁgd Q4 K8 oxiliB®r as an

y'st conp flses in addition t l'ver, one or nore
oxydmcgll;‘l fmekmnpleyast ypeﬂﬂwaatesnolgzhdaib,mﬂ $urtgsm lrssaﬂt@racld form. The
h- sel ct|V|t do r.e known from US-
highzHFFOUR. SOpaTEIaR: CP R 18446 TPHEIB G AR eRFieB(
provfd;cfaed'a%?ﬁ@ haviiga Qbﬂ@nt&ff e detdctivityl apunt &s dBMosedMRrdis Of
for exanple, Conponents conprising one or nore of
speciahpreiferancerapt gdselusts that edmprise@rrhenine compgsentpandypere preferably

also alrjlgeﬁ?t?r{el )?ce) %]trcl)r?/(:)ttsﬁ]lgg rﬂ%nstogg\gelb %f%hﬁ%? B4- 8}({‘]“06}%2%:3@4 dselected from
tunghte, Bo19h@Mum( Eomtua gl far, phbsyhotus, boroh ydoseiounds thereof, and

t ungﬁt en, and/or chromunm) on the total catalyst.
MiXtpees Q!i?ﬁf nmol ybdenum chrom um or tungsten may
su I : '
ool RS QK3 O i AR By b
presénl gy 8 edrtity bhatdedst 0.0 mmaclietkgf mom tyimell)h atgbass 8/5gumioleikgy and

eGSRl R Skl At Y Sl HBRSE

quarltitPbf tﬁ@ leRElehViclative @cpﬁﬁtwe@?lt Qif el Bkt "Rh&iim 1ﬂyp1cally present
speci al preference are catal ysts that conprise a

in a qireatityueh artamqsb_ﬁpé mamolsfkg, prsfesably ef mpstisQmataleske, moreprafprebly at

mos@%@ %FB% 1‘n p écugag: ellél?aal $ P%ﬁnél%(/ﬁ% ﬁl’nfhlérf} wh1ch rhenium

is prévidedriouti cﬁ’dbf i$mot mh&ﬁphterthlemvbm@n Fot exqmypla, d‘hemum may

t hereof, and m xtures thereof. Vf%en th cat
suitablnbs provided as HAidePLIABHIARION IRESK AR ‘?nﬁatr ateaﬂrmiffhenate
in saMorRERSERL. i N @ quantity of at least 0.1 nmole/kg,

nmore typically at least 0.5 mmol e/ kg, and preferably

at If present, prefemerbdmaduags ofithe feniunt cd-pronzated asq fromiQ. 5 to 30

mmglg R oot b hea LT OGP EFEY A EPyals: o BRI o ybdenum,

chrohmhcahﬁ]y RoSRALS dnd/oR baﬂﬁnie'laitfy(fe@é tt@twd]g&tofﬁ)e(batalyst The
referably at nmost nor e

fompmeﬂeﬂa&eyﬁmlumgtprgngterrwmr@wﬂéﬁ tojthe ﬁmﬂtni 18 gpmatgtialip dhe
mverpltl%r{/ rﬁgog' giehég @flé?luur}: Qg- o%&‘tef ?@ﬁ FJBP; FﬂoVﬂkﬁ ds an oxide or

r e carrier IS no

as an B¥y@AIONOM salt@r aciddomh.e, rheni um may suitably be
provi ded as an oxi de or as an oxyanion, for exa‘%{) ﬁneGroup

as Suitathsrihe eatalystgaay eacamprise 3 Grgpp 14 metalicgmpgnent
IA &J@%@&@ %ft W&ﬂg%oﬁgﬁe&téle%ﬁ nidr€ of RERIn PofRsiBinO FI¥i&lm, and

are
cesium. Preferably the Group IA metal component is lithium, potassium and/or cesium.

Most preferably, the Group IA metal component comprises cesium or cesium in
combination with lithium. Typically, the Group IA metal component is present in the
catalyst in a quantity of from 0.01 to 100 mmole/kg, more typically from 0.50 to 50
mmole/kg, more typically from 1 to 20 mmole/kg, calculated as the total quantity of the

element relative to the weight of the catalyst. The form in which the Group IA metal is

7
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nmol e/ kg, based on the total anmount of the rel evant
el ements, i.e., tungsten, nolybdenum chrom um
wae pobraey7sghosphorus and/ or boron, rel ative to REEBUS2005/021233
wei ght of the catalyst. The formin which the rhenium
co-pronoter is provided to the carrier is not materi al
to the invention. For exanple, the rhenium co-pronoter
providyd e he apfigt ibaotharetislad tiesin@emtion Her edangpde,alre Group 1A metal
oxyani in salt or acid fo m Suitably, the catalyst
mayr?é‘%a‘gb’ngE‘Uﬁ‘Eﬁdla:?@fﬁf @"éﬁf’p"rls netal conponent. The
O st bnéftnlne ATRRY SR GrovPIACRLLY pfeQdlif AR %afRt Rideemed to
more of |ithium  potassium rubid Um and cesium
be tir @faptitylih yo frers Graan be Iemrmchﬂ'romahqamwmt with de-tohizgdwater at

100 R8P BR AGEh h B LR i 5 S e
timeés Oy heatig i0th 29 fld, JorfidtsWwide-Torzddal dtys fok bemﬁi”l@y@t 106 °C and
metal conponent is present in the catalyst in a

detegroining inyhe¢ombined extaetsithe reryantroetalsiby, usimgracknoys; raethed; for
4 nmore typically from1 to 20
rr%lrﬁeo%&é?& 9?63091 %ﬁé& he total quantity of the

eI e prepasitiah iof ehetcatalyses, eh@lirig méthbiefoe aicatpositing Bileer, high-
ormjn which the Group |A nmetal isprovjded to th
seleetaw dopartsandcGrasaarmeihl, kool i tscit Akt ge EB‘?W%SPQ gare
{
PP CaBlec Mitprehr AT bt U 12 ‘?E‘Z*ﬂqﬁiﬁﬁdﬁﬁ@"ﬁh the
presaltonw:nmn nMeehodp o€ peeparingithe latalyst iatpde impregeatimg dhe cartver with
ant in.so.far ca

a 5118%&08 qpedg)qng}ﬁ azlgguwg{né? N oe @Tl alc%lﬁgartlcles Iier}'erence

mayqaetrﬁﬁiét fd? RxABHIROQ WSWOE 386, 69K USAL S N30, 6751 BPIA DHCO PSS B-
of the catalyst three times by heatin in 20 nL
6363998 B 001 S8, Wi OLGk A eed WH008 Sas mothich e ieepaeted

hereﬂ{‘fy%?érgﬁé@ ning in the conbined extracts the rel evant
y using a known nethod, for exanple atom c
abghe petdu@ﬂon;@b@hbﬁﬁ:&;ﬂp@r to 'ﬁhmlm siper ﬁtay(ble aofomipished during a

catalysts, .incl.udi. nmet hqds |nco atln si.l ver
steppR yhish té%ﬁt%lﬁtysa i® thaaﬂw eélwaan PASRBLAgPS nqtdeqiifsscharate
process &ﬂﬁ Bid ma) Be tEKO TR iR ﬁoﬁﬁ(ﬁu@&%drﬁﬁ@e? a tQutig

preparation of the catalyst that may be used in
agemcoo cmmrde aqulalateh éSush esleying stnp eduitably chtrield it atof reaction

tem eg?et a\/\]ntoﬁt a’ﬁ?y%?&r | nCL %igﬁpb ?%ér%ﬁegﬂgat most 260 °C,
and rslﬁdmry dtQliedctioh @ripdratual dﬂ a€least| 200 Pcpptrefdrsﬂlsz 8t leit@ 2€0 80 GRore
be nmade, for exanple, to US-A-5, 380, 697,

pref@sgl,x a6 leagt 2267, surtably fos 8 parzed afginge ofat é@st boenute, preferably at
leastvpm%{{téss glfﬂgsantﬁg’lyglg Egi%'odd /St aQ%ﬂ%e ) e M%H gﬂ:fég?lﬁy at most

I'ncorp y re erence
20 nuiatites rmna:re prdferablytad must B mirmtes) dlnthhoweﬂemb@cmomk 18 henlutes.

durin ep in which.the catal ried, so that. .
£ hea iR e pRessdt pariiatREoRGH m%(}ﬁ chgied b Bhngpways, it is

preferred to carry it out as a gas phase process, i.€., a process in which the feed is contacted

exar

in the gas phase with the catalyst which is present as a solid material, typically in a fixed
bed under epoxidation conditions. Epoxidation conditions are those combinations of
conditions, notably temperature and pressure, under which epoxidation will occur.
Generally, the process is carried out as a continuous process, such as the typical

commercial process involving fixed-bed, tubular reactors.
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process step. This may be the case if the inpregnation

sol ution conprises a reduci ng agent, for exanple, an
wozx@batese Such a drying step is suitably carripdr/ost08021233

a reaction tenperature of at nost 300 OC, preferably

at nost 280 O0C, nore preferably at nost 260 0C, and

suitably at a reaction tenperature of at |east 200 0C,

pr dhetypiéa) commiessav tred2kd haCa plupalsy pf elbegaitd gpbax typizsakly situated

0 0C f at
parafipbfnegch G 3P hils (e siz® eBS bt Ber iRyl SR iaggy t
reacfo?l a §pRET tuB&lufld ih b TBmA{erdhl 8RB Wi HivEHi&Eth Bétwve&! 4Dy

at nmost_ 20 minutes, nore preferably at nost 15

meters And asintepal dm;mcéermegy@ndm y centimgiers. Boitghlythemternal diameter
is su/f‘h&te‘xﬂlig acéo?rﬁn(p({a?e He Eatgf&gtx 'ﬂ?&h%ulap rt$ eﬁl?es Had\fanqger of the{ tube is

e to car

sufﬁ@ieht m&caorgﬁﬁdah ancfophelsties df the carfierp IRRERRALY,Mn ‘dbmﬁi&rcml
the feed is contacted in the gas phase w,th the
scale aResrtn, therpreqess of the uyeniionmayinyglved quantity;of catalyst which is at

le::lstt Mﬂk i e)ﬁaanleaat da¥esh ltsée g&gﬁlg W &fAForfi QUU g2 R85, more

ation conditi o nati ons o
freqwmlghmtlmmngemﬁfaimhyo temﬁ kgture and pressure, under

oXi dat i 0CC Cener al | t he oces
0 TRl ofRS s Bpisems sbo¥idHsion PP GacmaY e htv.oRGn gk as an
arorﬁa)ﬂ@'o%ﬁn R BABMPIe _IyrEHeO 6L 8i- bl@ﬂ@lwméﬂ&rfcbﬁﬁga@& 8r not, for example
tubul ar reactors. The t ¥p| cal commercial reéactor has a
1,9-grcadigng enl . 3putadisngadadlefingeikturg maydie uged Typicadly, the oleﬁn isa

morB e, R Smp 1 p S dedthiento Prameblr ek dirorbi gl

for exa@gle 1nb@eﬁ@aﬂgﬁ6 Héte. rBRGAGH pMifdried v Eh B ifidieh
bet\%een 4 rr}g}{ers and anpl nternal di aneter between

1 Thy olefintconesniration iBithe fesfl ynaytteeselented within avadastange. | s
Typit%g@ !tﬁ% c@?ﬁ% f:&dc%{it?ﬁ{lﬁ'ﬁ?g g#eefe%ch\% 1?@&6 & r%{S'J% 80 1';151,(:19 ’rél?é&eatro'the
totalofeab m?reféadbey tlhelllflﬂ:rlfmlﬁb faagk esfrerh Otﬂ’ltb Tanole€, in particular from 1

Frequent | in ormer ci al, scal e, operation,, the prqcess
to 6Qmofey%, PR SRME PastEy AP HYRS PR the st i gprlaade@éttafg9 e
comPblittdh thit @ontd@sd witf thbatdi. €xanpl e at 1east 20 kg,

requently In the range of  from 102 to 107 kg, nore

f r dhapresént epomd:tte)nrmo@es oAy be ainbassl arexypéh-kaped, Bae “Kirk-

oG Fnsdepri fChOSe FRERIAEY TS SbioRy SRBE S e e Fas-447.

In the taji 1RI3€d prokess, 41 oxmlleéﬂri&hed/\ﬁﬁh BRYeMAB P RIyEE adthe RBiirce of the
for exanple 1, 9-decadi ene or 1,3-butadiene. An olefin

oxidizing ageat yhije Wethe exygen-bpprdgupeepsestigh-piraty (fypicglly at least 95

molegg 2 %e ?%ﬁ is @mpL ggd ?&@E!}lﬁg@ opfrl% F'(])gf‘déﬁg h?e?ll? uf’l%@&ﬁlg most

epoxlddmhq:ﬂmxtme pxygeyittasal anthhisios prqﬁerr&:‘d&mlﬁmmémfolf thel p&esent
et hyl ene. The olefin concentration in the feed nmay be
inveRliPect ed within a wi de range. Typically, the ol efi n

COfrgRe Bis}g%h'ceﬁ‘ce'nﬁaﬁ&ﬁnftﬁ@ﬁe&‘rﬂ lry bQ%el%EteH%{hn‘?Q w'i'%! Bn g
relative to the total feed. Preferably, 1t eln
Howewer, imeprgeticef oxygemis@eserally Zfplred|ag a Yondentratzont thetidvardsftheom
ﬂamrlnable regime. Typically, the concentration of oxygen applied will be within the range
of 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
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to 60 nole-% on the sanme basis. As used herein, the

feed is considered to be the conposition that is
weonsaorsd W th the catal yst. The present epoxPUEUSNS/021233

process may be air-based or oxygen-based, see "Kirk-

O hmer Encycl opedi a of Chem cal Technol ogy”, 3rd

edition, Volune 9, 1980, pp. 445-447. In the air-based
operptiEriasges dependynloag withrthe fded domposition pgehe reactémmpdongidigns, such

as the source of ég% oxi di zing agent while in the
as the FeACHAD IFRASTAWE R ERICHEh- purity (typical ly at | east

95 ANQIrSm18 haEEGedY BeSpredeRt PUREITRE ab BecaSAbh AR dMfer Fdtncreasing
oxi di zing agent. "Present|y nost epoxidation plants are

the seleptgraty, buppacssimgdhe m@sur@lwpd@f@rqf@éefmmiefw%fo Gapkon
t L i )
dloxf% Sn érnr\é glglF gcihg Sret%h)%%g%o\%xw g%?éﬁnro%& %&c@e{agﬁ or%amc

halid¥s &sdhidefrgaky Bioidess paveganld shlérxes) with igafiic chlorides being more
concentration that avoids the flanmable regine,

preferyqsh dagfeyred m@m@éﬁb@?ﬁqr%lﬁhlewhwroearpa@wr&éwpl@@r%qupona gnd

e Y RO ) S B4, o

dichturidey ethyierleah’amm@utvmyﬂ ehlbhde,for anmmbirethemyf n#he tmet preferred
concentrati ) n.in the feed my be | owered as

Orgaf"r?g] ge??c"éﬁ?‘l?‘éﬂ ae?f‘@/agﬁﬁéh%@me ‘?%éjei ncreased. The
aciryabroanicHaRgdsAirt E&&ﬂf}%&cﬁ@@ﬁ@rea&tdﬁ%o%&ﬁhéﬁused in low

feed conposition, on the reaction conditions, such as

condehigationdn ﬁhmﬁqed,émp@qaamdn wp terft0k melepYeetedaiive to e totalfostlc In

partlr%a]ar *vﬁ%r}nﬁ% 8:?6 11{1)1 @13/ enﬁ {Si?egfglfér?(? Hwtal e yéa%?ccﬁilﬁg 1S ]i)resent in the

feedtah & coREREATRY fat ﬁf@sdarmoﬁ nétfle-94, @ partioilapAtehosh 20xi Ofemblé %,
car bon di oxi de and vvater relative to the desired

moré o praticudar abfnost EhilA™ @mldé/o, rﬂe@%qoﬁoam otal fepsinand praforahdy at least
inglu eoorganl bro d; o |c chl ori de

0 2x3P Ao i BT BARAIE T TP or atE Inppeicai alfess

D1t 8 lli'qfdpéﬂtiv@‘?é t}fértStaFer&’r Ohydr OCar bons or

rocarbons and are preferably selected fromthe
gr dupdditiommetthy blefih) axyigele ané theydrgatit baliddethededuiymayneontain one
di chl ori de, ethylene di brom de, vin chl or.i

or T aRIPaL BB TR PrBEars aid S GR e thogs. Tner
gaseQ! for @)Ea!ﬂ}ﬂle ﬁﬁ‘rlogéﬁ S€argif! n@:fymél }ﬁék%nfjinqmz Rl #€a cdit@ntration of from

organi c alides are genera effective as a reaction
30 torel mfoilee%, typacally Sewan #6itg mmebr%ewﬂatme ite thejtotat feed.f Ehelfeed may

o REPh Pt P SHAEhIS) Bl con

If saffr@t& hy@dcdrbats dré pregéryahbEmbnbe 6ﬁesbrﬁ ip ﬁ q&ﬁnity bfiup te80 mole-
feed at a concentration of at npst O4 nole-% in

%, relativq teuhetotal deqdn it Payidsulan up tadp ol ‘Vwolr‘ r@qvfwtlprahqx 1Bgy BF present
e G AT, Mo PG Wit o, S
hyd@tarbemshaypbdadded 4o thelfeedn onder ¢o incrqase the oulygen fmmaelztity limit.
The epoxidation process may be carried out using epoxidation conditions, including
temperature and pressure, selected from a wide range. Preferably the reaction temperature
is in the range of from 150 to 340 °C, more preferably in the range of from 180 to 325 °C.
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 temperature 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
10
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IXIOnole-% relative to the total feed. In addition
to the olefin, oxygen, and the organic halide, the

W0 medoevays cont ai n one or nore optional conponartBUSH005/021233
exanpl e inert gases and saturated hydrocarbons. Inert
gases, for exanple nitrogen or argon, may be present
in the feed in a concentration of from30 to 90

levelrin the Yangt ypiroal 150 t300€0mbre t§hicslb} oth200eb aBO €, wiken a fresh
the total feed. The feed may contai n saturated

catabyams deed bontevelSpithernge ebfrern 288 do B4 edaensdyrscallydrom 240 to

ne and aturated hydr ocar bons are
325 3 WBAT R Bl Seerense SRR WP HARTRE 00 50"t o 80
m)"I%e ePbxidficlprd®ess R ﬂr@f@rabﬁt @L’néd?{ﬁﬂ at h FeaBRF 16 Présuréfn the
to 75 nole-% Frequently the Hy be present in a
rangqwd o w(wrto éﬁow KBt “GIBS Wi b Ug Hrorle Spacscaloityyis dhe unit
voldtxr? a(f‘ttl%égt | n en ngl%lﬂ? %ﬁ(? ﬁre@%gé 9%% ﬁOP% k@gfjga%smg over

creas e “oxy g

one ihia vombiel dftpyicked Tatalyst e hepn XPré&i'aUDﬂ WHedaks Spdﬁdatlbﬁ process isa
carried out using epoxidation conditiaons, incl

gas phasp BroseIsrBvelHgs ,arf@f§§ gralysshadethe &Y Shindhege paﬁg@ 1500 to
Hm¢5ﬁmﬁ bly the reaction tenperature is in the range of
O to 340 0C, nore preferably in the range of
f r dm dd¥Ontage Gbe ﬁiésenTlmweneam: tsithat whenples priouess 1m13ndbc~1ed at

oSBT 8 0 BB R il lcivit

and fnprotéd skibifity, RIAAING inRRé¥dGibAity §n gbléc‘i’lvﬁy Qfd/or; ﬂx‘?prb%@établhty

i ncrease in'the reactlonterrperature may be in
in agtiyitye Asfsuelr, dire process ofi thg posentrinyention iy prafarably r:@rdugt@dmoder

concfiggrlmsgg‘]il%g ﬁ?src%gge krgp or? M8 a?lg %tdj Bﬁdm th? %ef*edom %%%?I?an 81e-%

romal eve P Pan
Preflited R &nt@tﬂaﬁaﬂl bﬁlcafrtﬁdifﬂlaﬂﬁe fowet &EthGnolM%narﬁi é\/feﬁ' $1’(bre
cataly is used, to a |level in the range of fr

pref%edsu@ ceecenﬁa&*@l of gartom digxide lowes gy’ 53m8ledc: Fm%lﬁntbh &hen
pracﬁ@ﬁlg lt%i;%re%? i Bficre #eLohlen a argi)f éérl%ﬁedlg)gd@ fr‘sfdt gf%stad_ Phole-%,

epo lon proces$ Is pre y carrie
and meac frequently éte qonessnatien pfcartm diexide iscdt 1¢asohd HB0O %. dVIost

prefgiitt s 9 ispssavaponelation ot betwrBRl S0 e Th ina 0 2 iibfesve. 1tis

contéﬁfﬁﬁd tﬁat&héﬁ)robes@ of #eIprésekifay e ThAltbd6RHuGBE® attdintinal
ume of packed catalyst per hour. Preferably, when

conqeREatégns v a@rbpr@) dioidsc e scangeniratjass appseashipgdfrasseaching zero

ol IR P38 b AiPrea ISRt Rl e scove

of thetpeesphieigesrtionnvent i on is that when the process is
conducted at | ower levels of carbaon.dioxide. in

t he
f eéhﬁhentqpér%mseb@gsee&mlbp carhangHoxXide in e feqdethe Slefin cpoxidation
proc3&! Rfifel dakity WBmbARREY Rffvet cBfipbhdnt and Bl TG MPERRE

stabifty in sel Ctl |ty and | mprove stab| ity 'in
preferebliy\comprisiag aghatiymichmppnant aieposfedione ﬂuoesienmnerahzed carrier
i nvent.i o

achigyRS PR LSRR BAr I S570. LIF O sPEese Ao R il peak
seledtiviti@WegatdriiRdh @%thﬁ)rg/iareferably, the process achieves peak selectivities
greater than 89% and even greater than 90%. Frequently, the process achieves peak
selectivities of at most 92%.

Additionally, when operating at these levels of carbon dioxide in the feed, the

olefin epoxidation process using a catalyst comprising a silver component and a rhenium

component deposited on a fluoride-mineralized carrier achieves improved stability. Thus,

11
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Preferred is a concentration of carbon dioxide | ower
than 1 nole-% and even nore preferred is a

waoneeors@at i on of carbon di oxi de | ower than 0.#F5&1/US2005/021233
nol e-% Frequently, when practicing the present
i nvention, the concentration of carbon dioxide is at
least 0.1 nole-% and nore frequently the

for xprocess thahtchevesfinitial peak seleotxvitles greatet thhe 98%, the process can be

exp GRS A BB 1 Oet! STt DGl Gs HiST e fipayion ofolefi
oxideT0RMBIRSRBI T dXid JF 06KIE Srelr of BRaBEESeAKT/MPENARGM

may be conducted at nomi nal congcentrations of carbon
cumgiapixe geodugtian of clefirceide af (-8 KS/map ppersess that achiees initial, peak

[ hi ng.zero | e-% | . ed in o
soief {3 886 308 Tk Fathe HISERT 1o BuRbPRRRRRE Y B Ghorfon 9%

t ha@hplb&SmItxideptodiided May\Wedscoverddiont thegdrodute &fix bevisihg

of carbon dioxide in the feed, the ol efin epoxidation .
methgdsdagyn LIJ%Flﬁgjmaf%&F&P?@tbyc?é?ﬁfbi%it%"lﬁﬁg Prife Aoy ApEadesk mix in

0 - . q | . .

A B A ST it e 1R (o B LRI SRIRE o i Brion
At leat 2 petion ofithe\agsequs atlutieh emftaivingitksolgfie akrle madydre Hphied in a

Preferably,. the process .achi eves .ini.t,] peak.
subsgapeat ProgPe ok X BERE 10 NP 875 D Ad-oioh & apipl et or an
alkaRSRRBRS BRIMANESE dfAsyATbesich tbhveBsiost 6 hst lihAdd) afPMose
and even greater thanm 90% Frequently, the process
methgdsikagwn ipthglartyatyele ¢mployeds e tarm fpredud 29ix” as used herein is
Addi tional | whe rati t.th evel s.of. carbon
una R0 EHE s PR PRER LT Bofrink RERT oL B o icEifbeth
USiThg cnvedien in%d theanpdios bine a,25dibV&heranapesigprisepfod eRample,
r-heni um conponent deposited on a fluoride-nineralized
reacting fhegilefpearids with Wi ovalably s an agidicrer asbasisrcatalyst. For
L1QC : iak, ) .
exa 52k ARG hEL0.0h1arB9BK ISEURELA, fShtn i
mayebehedmited witls e teacfoldmblar excesy efavaer, ihahq@i0 phadetreactian in presence

of o O BhE o AT AR L b Sl o datioh 0Re, o
50-70kE §18)bar AbdoBlie, dr T FYh A Ha¥EreRE A 1180240 P CUn8 R 0%bek A6solute,
of 0.8 kT/nB, a process that achieves initial, peak

preferablyan thei dbsawe gf @ attelyst Hathegddpartion bewatepis doweted the proportion
xhi bit a.sel ecti,vi f ..greater, than, 89% The alefin,.
of 150 etherd s erfety ThE 1 2B s e DR Byr i a 2 Rl -
ctheBYetbiSéthér drRlsnBskRuiit@Mer. Altbiativdly, 1,3-aiol etherith®y Bprepared by
absorbing the olefin oxide froma product m x in water
convgrinsothe plehial oxiderveigip gipalcohpliin @agicalar A poRlagealeehnh sugl as

[ i18td ' { i on
metBABER AL, 8 cEllacthy 1AL kBRI d y B 2 aRB00L, 2
maChbeomepdiorenito thealkhnblamineanay ommeseIedoting darvlefin oxide with
the olefin oxide into a 1,2-diol 1,2-diol ether, or
an agine, SYCh s AEIRGR, aRIKYhRHISoQr ‘bﬁ%ﬁ‘kd@gﬂn?- ppus or aqueous
amnfddiy/ by b&lsed? Uénhgﬁf‘ouk b iRtk is %gﬁcatll?‘?éﬁd L QdRe rdi€tion of
In the art may bé enployed. The tefm "product X" as
monoslkandianimen Fosmethods applicable in the conversion of the olefin oxide into the

alkanolamine, reference may be made to, for example US-A-4,845,296, which is
incorporated herein by reference.
The 1,2-diol and the 1,2-diol ether may be used in a large variety of industrial

applications, for example in the fields of food, beverages, tobacco, cosmetics,
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understood to refer to the product recovered fromthe
outl et of an epoxidation reactor. The conversion into
W0 twe/dg92sali ol or the 1,2-diol ether may conpriBeEr/U$™05/021233
exanpl e, reacting the olefin oxide with water,
suitably using an acidic or a basic catal yst. For
exanpl e, for nmaking predomnantly the 1,2-diol and
therineplastik, golyihers, @irdbde resinrsystomsf detergerits) éxemtyanb&r pyséaunspetc. The

aikaforiis® oo il (P bt o D R L Rl eetsflind gt Pabi gas.

0. @nies@sﬁ@éﬁfﬁzﬁ'cfthgrbv?sea&%@r% RSRehpiind@ehtiindd hé&ﬁpmmmpm
m xture, at 50-70 C at 1 bar absolute, or in a

the @n@wl,ﬂsh@@ o digl etiers, 2lkenadamings.20d sogania haélldgfe lhavfetyplcally at
ab
mosgé@ %ﬁm&%&&%ﬁ@zﬁ&aﬁ%& Z@C%ﬁ&‘f"litr%%tsblrnt ?afr at most 10
carbdn Etoehspinoﬁi iR @aidutar at@bstascatbonldiemd., As dbﬁxheddiehﬁﬁ &aﬁgvd gor
umgr oduced may be a di-ether, triether, tetra-ether or
65 96 srkoR at@frﬁélr ., 9qrbu ppmbeplingludg the nymfersypeeified ﬁ%whe limits
ofﬂ{gem%epar ed by converting the olefin oxide with an
in particular a primary al cohol, such as
e Hasinglgeoeraly Hesenbed thy m\eptlem iarfgrther undanstandmg @y berobtained
of the ter. b thealcoh The co rsion into the..
by rEerelioiod FUIORASE OB B AL Prag e S GRoske ilifation
only¥nl Rrébt AfeitRd 16 BE NnAtnSidIBRiotherkiye 8pdc¥fie®m ne, or a
di al kyl am ne. Anhydr oUS_ Or aqueous anmoni a nmay be
EXAMBHEE 1AdtJIORIIE MINERALIZED ¢ ﬁFdHER\PRﬂM&QELéEV or the

rqducti o k .
Pr QQUEL! .61 CRNGR! ANRLAY NssoRhe TELRONT . ARRIGA MSride
in 3@0 Kandikiitsdneater. efter@instat aeatmbemnﬁdmxdrmi.e vaslderxaitiel ®y:
US- A- 4, 845, 296, which is incorporated herein by
reference. The 1,2-diol and the 1,2-diol ether may be
used in a Iarge varl ty Q us}jrl al applications,

for exanple imcgh bever ages, tobacco,

cosneti cs, t her nopl™a """a 1|06-pv1%1ﬁé11§ curabl e resin

syst ens, deter ents, heat transfer systens, etc. The
wherd K isrofester thet wwy laggt 1S eThe Fropuns phwptes was deteraingd byt i ng

("sweetening") of natural gas. Unless specified

ot herwi se, the organic conpounds nentioned herein, for

exanpl e the gt efi nshx]w,&B@ ols, 1,2-diol ethers,

al kanol am nes, and"or gani ¢ halides, have typically at
wher@af,fDisthe ﬂnass e tthemgansitiomez atrynpd- alahinya sdrting state2al, cabANILF is

atons, in rticul ar_at. nost 1 re in
the WeightRerAest Smmempmehyosids &ﬁedaﬁ%ﬁﬂﬁg e gty = WRiiqn (g
H20‘7g'i£1 Ofiha) BF th@ lﬂﬂﬁﬁf@n Shunfifd. DA BLBPE (i is l§rge eﬂ(ﬁngQS prov1de an
nunber) " i nclude the nunbers specified for the |im

exces§ of impregnatiers soliéori that ajlomsitid dlymitedto belsenipietaly Submerged

G o AR R 050 B Do

bodiR$ W4 GRd. 190 gﬁ sﬂﬂ&l@&trﬁfsmdnlamhﬁlawa@ Rvavihted 3120 aine HpGbr 1
intended to be Iimting unless otherw se specified.
minute and the final impregnating solutlon was added to the transition alumina while under

vacuum. The vacuum was released and the transition alumina was allowed to contact the
liquid for 3 minutes. The impregnated transition alumina was then centrifuged at 500 rpm
for 2 minutes to remove excess liquid. Impregnated transition alumina pellets were dried
in flowing nitrogen at 120 °C for 16 hours.

The dried impregnated transition alumina was placed in a first high temperature

alumina crucible. Approximately 50 g of calcium oxide was placed in a second high
13
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EXAVPLE 1 - FLUORI DE M NERALI ZED CARRI ER PREPARATI ON

An i npregnation solution was nmade by dissolving 12.24
w@2mb/0eatsoni um fl uoride in 300 g of distilled pet/e82005/021233

The armount of anmmoni um fl uori de was determ ned by: |

wt Y90NHAF alumna | _ 100-wt ..n % NttH 4 tF - where F

is a factor that is at least 1.5. The anmount of water
tempastuckedl@ninarcacitly.: The high tmp%ﬂﬁr%mnmarmmqibib tizat centdined the

. mass of the transition na startin .
impRgRapd KES RToAUe "1 PSS HEP D1 eI IPeEAES e
cruciylé Q{'Hﬂ?c&ﬁﬁﬁied e Qal%ﬁﬁoyhﬁe tah& wWR ifh Abered Wlihocﬂhfrg high

H2d' g alum na) of the transition al um na. The factor
temperatuesaliming srusiide ghsmallep dipnteter than thr seposd gtucible, such that the

atlo ol ution,that.a e al n
impieBRAFE BRI g el 10k o by T b it Rt Sl oxice.
This 38dmBb1 & a6 pRIdeE iito & BdA) fintmdte/ | THeabmpyratunelof tha lfurhadewesb

bodi es was used. 150 granms of the _transition alum na
incregsed Eomagemaemperataoe s 00g Craver 2 perief @le3 Oamntnuiese The gegembly
was t rlﬁﬂf@t BgCngJ' %ﬁ fn%té@aﬁldqgé%ﬁg‘te"r RedtBftd fﬁ@s’btdv%pa Henod of 1

um na |Ie under vacuum e vacuum was r el ease
houxa rhet d3seniblp was theamekl at 206G °Gés lahduwwwdte fionaentvachert dbwed to
: Iigwd for 3 mn(té The [ regnated transition

coolangd the ajurpina remaked o th ‘T%?ﬁ%‘ﬂ t 500 rpmfor 2 minutes

t O ThE BYfRr ﬁ?ﬁg B6irell §Ciier AWﬁ@@x@%‘rﬁférﬁé’sQﬁ%ﬂHe@ T Table 1. The

alumna pellets were dried in flowing nitrogen at 120
carri€r hagt a ptingatesnatith baving e tharphslegynciiaegterizabls as lagrellar or platelet-
¢ al um na was placed. in a first high tenperature alum na
YP%r uci bl e. Approxi mately 50 g of cal ci um oxi de was

placed in a second hightemaskat ure al um na crucible.

The high tenperature alum na cruci ble that contained

the i npregnat ed t r Bieppxtics af GRIHST SUPREAS pl aced into the

second hi gh tenperature alum na crucible, which

contai ned the calciumoxide, and was then covered with

a third high tenperature alum na ctumble of small er
di anreter than the second cfuci bl e, ‘Aihat t he
Properties
Water Absorption (g/g) 0.59
Surface Area (mz/g) 0.71

EXAMPLE 2 — CATALYST PREPARATION

This describes the preparation of a stock silver impregnation solution used for
impregnating carrier materials as described in the following examples.

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

while the temperature was maintained at 50 °C. The resulting slurry was stirred for 15

14



10

15

20

25

30

i npregnated transition alum na was | ocked in by the

third crucible and the cal cium oxide. This assenbly
wowemepbased i nto a cool furnace. The tenperat urEr/0$20031€21233

furnace was increased fromroomtenperature to 800 C

over a period of 30 mnutes. The assenbly was then

held at 800 OC for 30 mnutes and thereafter heated to
mindt2Q0Tke ol ef the sphation svasinainthined at aboee 48 by thel additen df INa®OH

held at 1200, C far 1 hour. The fur e then. .. .
solufipp gy BAUF o BfeStHRe PEREcusE urie Hsrd WhiGY e 1deg KFipf g liquid by
the RS A1HIKr wanEfoHdWel 8y thd Yeplab&théit BE the(rEAbYdEiquid witRthn

the properties described in Table 1. The carrier had a

equiyalent volume ef desemized wiztet. nthisweashingprooednre was repeated uathl| the

N I ._.labl P ' f..
cond L5t 425l BeRh R0 Y0 bbb EBE DY Sl e
last dasiceychs 3500 LT epdhived Matedfwas ag8ardndSollyeéd by the addition of

i npregnation _solution used for .impregnating carrier
630 gramsy qroxaligaciddibydiatadd- 994 mojes)ip incerments efx @gs whije gtirring
Sl . |
and Bl iflng ot ii 30GE ST Tre Pl U Bhulty LS Mored

durifig thenidditidn vatierlast The giaisdloxhlid &cid HihlyBRtestol enbire thavisdid not
adjusted to 50 C. In a 4-liter _stainless steel beaker,

dropiighay d3-fkE amextended peripd of time. Wedergyassemoesyl fromshgeplyon with

y oni ter. tHfo i :
a fifH 50 A FE IR By otled 1 EIRERUCE, SlotBa8a {8 hEBotution
was133 ghindf\o2eistBflch@lidrife S Thy &mperdtitveas Heditthined belotw30 °C

stirring while the tenperature was maintained at 50 =
duriggthispditians A spatiga siag psed taarangally stedhe mixtasHngl eroyigh liquid

H | W i 0t v, by
was el e e ety PR M0 RS 8003 4 HORKSUER,
impfegnatiasoRition $oryseshringicafalyssc! uded rermoving |iquid by

the use of a filter wand foll owed by the repl acenent

of ThBenprRERMRE sbiutih forirépariag CREHIVS(A Wi my@d byiidhg 95.2
dei oni zed water. This washi ng, fr ocedure was repeated
gramgefisilvenftock sabtion of pregifistgravity §-p4Q g/se withragepuignd 0dR17 g of

o SRR 7% L U L 480 T T i

metdtongdstaredissopvedie ~agaiftli bamobonBB¥agr and0.026Sy Hithiematirate

. di hydrate (4,997 | es) in, increnents of 0 gr.ans
dissilypd 8 P (AdTORIAET ﬁ?aﬁ?éeﬁéoe stthf st gviPighe (
solufloPf0) 1.50Ngc@HIRS ddpe ssialish Wadmie WD 196 g%_fgw.rswgce%ﬁﬁl

addition of the last 130 grans of oxalic aci
hydrgkidgdelatien.t Shie finak inpreguating salitdomwes ehed to prsparw Catayst dy. 30

an t ended peri od i me. el _was remy romth
rar o TARARA WaR Eldeiftef o 20 B R T mifle RRTDY $hal ffThdrifine
solutién was sddel a0 CaRicd & whillowdér astaiach, tintthev&ahmivareldased and

732 grans_ of 92% et hyl enedi ani ne. The tenperature was
the cagigrapwed tayemiagt the ligaid for 3 minutes. The impregnated Carrier A was

then centrifuged at 500 rpm for 2 minutes to remove excess liquid. Impregnated Carrier A

pellets were placed in a vibrating shaker and dried in flowing air at 250 °C for § 1/2
minutes. The final Catalyst A composition was 18.3% Ag, 400 ppm Cs/g catalyst, 1.5
umole Re/g catalyst, 0.75 pmole W/g catalyst, and 12 pmole Li/g catalyst.
EXAMPLE 3 - CATALYST TESTING

Catalyst A was used to produce ethylene oxide from ethylene and oxygen. To do

this, 3.9 g of crushed catalyst was loaded into a stainless steel U-shaped tube. The tube
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during this addition. A spatula was used to manual ly
stir the mxture until enough liquid was present to
worembhaersal |y stir. The final solution was useRCEHESH05/021233
stock silver inpregnation solution for preparing
catal ysts. The inpregnation solution for preparing
Catal yst A was nmade by m xing 95.2 grans of silver
was $ihfeksed dn airiobten afetad pethi (heat ngdaun X and thodialsgvere coviretredito a gas
sol utiqn of 0. 0617 of a i ym perrhenate in ~2 of .
flow;sygtegy: ee‘ﬁ%&’u"%ﬂ%%*é%%ﬁﬁé%ﬁ@(}?‘gggﬁ i pRRe A usted to give
FRbHaes Miscifl) by &1, acatou@ited fol uABRTRHAR/atalRE ETh
a gaShoy (#J%GS A cllﬁltcﬁtf?ﬁ R/(1.1), asca! e uf atal\ e gas

m n_|trafe di ssol ved I n water.
flowAslal 4djusteal tol@t9eNl/naTheudit gas pressiferwas 37 kjaeci fi

grayity of the solutio o 1.507 cc., The dopeq .

S oithe e sted sy HibPeh 9 raag b i 1o i8R, operation,
durify tHe@htifee s @i incRIding A Staftiupaivas B@P/agaﬁylm? 890V Uk ygeh, 0.5 %v

was_ used to&prepare Catal yst A. 30 grans of Carrier A
carbpp diaxidee O bb Qo nidrogen and 36 tq P partapyoubioahy vohung (pRE1v) ethyl
chlohﬁ?r egnating solution was added to Carrier A while

under vacuum then the vacuum was rel eased and the

c ﬁlFb'r ea’talghtlﬁqmginﬁtﬁal ccantod tdmpegtutel vaasi BOF°QY, FvBidm;jvmstraﬁped up at

The igpregnated Carrier A was then centrifuged. at 500
afatFﬁErl?o PSTBAUR IR €5 t%mcﬁthﬁwéﬁgssegg%aa togahigye § Apned farsiant
levegﬁf(;é'th r Endolid ﬂgrl‘éﬁﬁct%,r &_n%ﬂe&g, inBas@red Rpakia] greémg 8f ethylene

red 1n owmng air at 250 OC for '5 1/2 m nutes.
oxid€hetheiremxtorCatlef orsnoldr procepbsthylenanowds il the Ppodgt ma00 ppm

Cs/,g cat,alyst,.1.5 l e R lyst., 0.75. le W
ot etiehRpsids ripdiiBot 1o B4 KB et R pdgParfial Prébsure,
CatAT ALpfovidddEad 1niNGal GrdaR lsy18dtivityiRéatérIBsh 8D/ Pin@EHdCGReater than 89%,

et hyl ene oxi de from ethyl ene and oxygen. To do this,

and gs gueh & 919p.udrrompaeabla sptalyshatepresd ik nan Bueridstringradised
carrSh FE) A2 PR B O AR A IRE e BBl fvide
lowdranigialj psakf detvotisiysitahe sahfecetidehdxidé podtietiondevelsed and
the inlet gas flow rate were adjusted to, give, a.gas
hodV#sp Cailde %E%cg%qwegfl CamBlsnKp PP s oxide PEfluctiome eyt
KT/th Califies USheidedh si¥ctivity BRGitdd¥an| 4704/ iﬂ@e%d%%f@rtt% §9%, and as
16.9 NI/ h. The inlet gas pressure was 1370 kPa. The

muchas 9 h¥ox tAicenpasiye datalystquegarechen g nonlflpotiddsmudneralized carrier, not

once-through eratio durin he entire test run
navipB i s of AP AP ola ot 0 bE NGRS i 4 Ber
sele QiGN theGafme Yhylere PR Predicton 1ddlsS % nitrogen and
2.0to 6.OF§arts by mllion by volune (ppnv)

. \ r et hyl
chl oVhereCatplyst £ hadipghigved a qupl 4twr«teﬂaflleneé>a¢qemmduc¥0n of 0.8

kT ORGA G Ao WE ey B R 2 TR ol Bl G md
muchak De%e Aacanpgdratdd catalystpaaiarédcored nod-fladbhyd-miveeralided earrier, not

roduct.j on, conveni entl measur as parti al ressure
havigg a Iﬂ‘i}iaé fEplatelet-type morp};ology, wouelgI be expected to prlelc?e a lower

selectivity at the same ethylene oxide production levels.
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oxide at the reactor outlet or nolar percent ethylene
oxide in the product mx. At an ethyl ene oxide
weroduerson | evel of 4 1 kPa for ethyl ene oxi decpes2ods21233
pressure, Catalyst A provided an initial, peak
selectivity greater than 87% indeed greater than 89%
and as nuch as 91% A conparable catal yst prepared on
a non-fluoride-mneraliedABM$er, not having a
| amel | ar or platel et-type norphol ogy, would be
expected to provide a lower initial, peak selectivity
at ,t | i \When
R L e B e e D
pr ochiadtingra feéd condprisitigyd), ol and/etygeén pith\al citadlysh comprising a
.. Selectivit eater than, 87% indeed greater than 89%
sives sornpancit it SIEB peleoivi B HDAR oo BInE A OF Mre LB N
molbdefiin | dHGthiudte -afl ARigsteh a6sbsiad bih & FluoR@-midralk@d @arrier; and
anel l'ar or platel et’-type norphol ogy, would be )
ex produeitg aprogugtinitecampreiig ansalp e oX1ge,twhegein thecongeriration of

et hyl ene axide, product i eye . t A had
carbg% Hﬁ%é@édn ectg%{galﬁsls\%éanef 94%%’@4'62&)%" e(?foillre oq:%%g{e%%n of 0.8
2. kTAnSrocdsabadiimiedAn Rrainiog edieirsthk eofidemiritjorgsfeatbdn didxdde in the
86% i ndeed greater t han 88% and as quch as QO;A) A
feedé@w%qh% i @Q!@‘t/jall? g:gmﬁp]éblgp%@a@ﬁﬂg mole-%, rellatlve to the total feed.
3. noMlJPH%E h&'&aﬁlé&‘%ﬁ AUairA®d of 8T Wh&GEin tROLorldBMMBnDF carbon dioxide
| a ar or platelet-type norphol ogy, would be
in the fgeelds betwicen 150 niale YaandWEs medd-& rélativeyto she totad fesde
et hyl ene oxide pr.oductjan. levels C L . 1. .
4. pr GoRSEH & el B8 abetRie R Sherenefs biekisrigridfdppant
compfiées $héin @hd tHeQAtaRfst hdtitichal19 RImpASERral rhbdiImad-fibabten selected
and oxygen with a catalyst conprising a silver
froncerrepymaere ofivagsteimplybdanue; phrptryuraowiﬁuc, phesphorusi berobne
Qr r.e of. rheni denum chrom um and tungsten
CWE%‘B@?iﬂ%eé%"fbaﬁ‘%am?‘ruﬂf%sr. é%fn neralized carrier; and
5. Pr aoptetdg adiclpingsduf anyrbRcla@ng-4 swhgeianhotadlyst aditideally
wherein the concentration of carbon dioxide in the
comprgeg 2jG@roppdA metn 2 nole-% relative to the total
fe RS ELi3HniEE 5| MnGEiRI R Sarrith@hiirRed Aifha-
co%‘glgﬁ‘t?ersgt%?g% of @g?%gnélgfl oxXl a’e I n lt he feed Is Iegs Pha
aluntiih@an 1 nole-% in particular |less than 0.75 nole-%

7. of & Hetge af amyiBeny A S EohBRRFSHeES cfupyfH subfene.
8. di axprdeesk forlth@efdr@thtibh ob &t YREN cOmpAsiABtR-stepsg 0. 75
nmole-% relative to the total feed. 4. A process as

cl apnteetingrs fapd camprising ansolefiandyprereen withraecatalyst comprising a
.. hi gh- i Vit ' . ' :
s IS b ARG AR SRR TR
mollef@h echrbmivin, ane hargsen depasited ungsheier hawhy b demicalate matrix
chrom um sul fur, phosphorus, boron, conpounds
havipg a lapgllar ghplaielsityreagomphglogyrand

producing a product mix comprising an olefin oxide, wherein the concentration of

carbon dioxide in the feed is less than 2 mole-%, relative to the total feed.
9. A process as claimed in claim 8, wherein the lamellar or platelet-type morphology
is such that particles having in at least one direction a size greater than 0.1 micrometer

have at least one substantially flat major surface.
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5. A process as clainmed in any of clains 0-4, wherein
the catalyst additionally conprises a Goup | A netal.
woR00A0rsscess as clainmed in any of clains 0-5Pomeneisn21233
the carrier conprises al phaalumna. 7. A process as
claimed in any of clainms 0-6, wherein the olefin
conprises ethylene. 8. A process for the epoxidation
10. of Aproeksffonthe pagiuctomof 4 he-didlen$,2ediol ethertaath iatkgnalamine

feed conprising an ol efi.n and. oxygen with. at al yst
comppiseiceNYting &f olfBn SxiipBAH l’gﬁ%"qathﬁ;lingqig’é’gf’é‘é‘t ey
a1keg.§pﬁﬂhe %H&Efddtﬁé BRAAMRidR a8 dﬁtaiﬁ&ﬁgy H BrocBRY iy e RpSRidation

romum and tungsten deposited on carrier having a
of apaldfincasicitimedrint ariyyofledarined-% | anel | ar or platel et-type
nor phol ogy; and produci ng a product m x conprising an
ol efi n oxi de, wherein the concentration of carbon
dioxide in the feed is less than 2 nole-% relative to
the total feed. 9. A process as clainmed in claimS8,
wherein the lanellar or platelet-type norphology is
such that particles having in at |east one direction a
size greater than 0.1 microneter have at | east one
substantially flat major surface.10. A process for the
production of a 1,2-diol, a 1,2-diol ether or an
al kanol am ne conprising converting an ol efin oxide
into the 1,2-diol, the 1,2-diol ether or the
al kanol am ne wherein the ol efin oxi de has been
obtai ned by a process for the epoxidation of an olefin
as clained in any of clains 1-9.
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