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A PROCESS FOR THE PRODUCTI ON OF AN CLEFIN OXIDE, A
1,2-DICOL, A 1l.2- DIOL ETHER, OR AN ALKANOLAM NE FI ELD
WOR00GHESI4NVENTI ON The present invention rel at eBCTWS2005/021356
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 BSGEESSTGH ) 19613@1 IbﬂI @pM@ngmr&q J-BIOL, A 1.2-
contacted w
condi ti ons. |n I'S red&¥ed mn¥ oxygen to form
an ol efin oxi de. A product mx results that contains
ol efin_oxide and typically unreacted feed and
s. The catal yst conprises silver,
us t [
Y G, A0S L KRB BUIRAL? SRR G5 o
12d1@1[aﬂQFdloIFétherpbednaﬂ<moilmhanemy be reacted with water to

for - | cohol to f 1, 2-di ol
Mg&@ﬁbﬁl\é} 6F ﬁﬁwuhg&g ggr?n anoal E;nmolaam ne. | '(I)'hus
1, Br b8 Spoxldatiofl] £lec@bhRARingMbIAK ARPIPEE Y8R stBYe ﬁ%ontacted

produced in a multi-step process initiall conpri si n%
with @lcefalyst episx eplertidasionaodditines: Theeoleltmisgeanteshwish oxyigen to form an

f d | ef id |
e R B P S S o S By e e

andm{[ﬂjsﬁ&{ ﬂ'&ﬁctbe assessed on the basis of selectivity,
acti vi ty, and stability of operation in the olefin

epBhe eritlygeonprisessiiiver; Bpually pithsoners mgse additippaliclements
depo0 SEE s P} Rt b MR R 0L i ovice may

be reatted mithrvegtert te domo b MeD-diyl, ddthr madeathoia formhiantg2-diad ether, or with an
mai ntai n a, desired constan e of ol efi Xi de .

aming e iFeY %ﬁka&%ﬂm@ﬂﬁ Satlérél i§f Y?r@éolreé‘aeefuaaﬁ ﬂ@ﬂolammes may

be pﬂoﬁﬁéfeﬂq 8yt Y\é;)v;ﬁ?ces% Hﬁt‘ieﬁgﬁdt Iﬁg) J1EP cﬁ{ﬁd&il@n%ﬂ&‘ﬁﬁﬁ the

e selectivit ere to the eS|red olefin
conversiabeofithe fhemed atedin dxudasmmln wan, antall@helq ©r pareminedsed i n

th reator t Ioler eratur
Tl S fardiancs & fiesier Staln e Bty MG ety fasis of
selech%t? efchiv A taBd shiBillte 8E bppMion 1B thd $1€ﬁ1|i Eﬁ&xhdleﬁibn The selectivity is
enper at ure reaches a tenperature inappropriate for

the nncHer frassion of theTtongertadmdefimyiglding the desred lehin exide afis B catalyst

B PRSI o O 0 PR PR

constit le@elraiondfai Mld@p@ﬂuamﬁﬂk a@hperbt&wabf thé reabﬁcﬁn i3 inoteaded.
production, the |longer the catal yst charge can be

Howeyer; Ferepgains thsr temperaiifie canspethp selacibtty of thptegstio the lred
olefitro@flle!th b¥crERKELTR aHBitBRhE BuiSAERUsEY I the B UR 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
the reactor and the more product is obtained. Stability refers to how the selectivity and/or
activity of the process changes during the time a charge of catalyst is being used, i.e., as

more olefin oxide is produced.



10

15

20

25

30

activity of the process changes during the tine a
charge of catalyst is being used, i.e., as nore olefin
woxi@®2834 pr oduced. At any given tine, the sel eBCTAISRONS/021356

of a process is also dependent on the |evel of olefin

oxi de production. As the |evel of olefin oxide

production, which is conveniently nmeasured by the

ol f|n OXI [ess ure in I

m)‘iE % g et ‘fr%sg glrléo %e?écltlg*ty of 4 process i Q{gﬂe }geqlld l}C&tH the ?é%/el of
olefif bxife prodiictidhe Ak @RCle0d]l dPwldfei oxidd frodeamaswhichés convemently

sel ectivity of the process decreases. Because of this,
measpiegibydhe eléﬁ?n@?ﬂélie Rertisl Bresyire Boibe #ERdus By fdBele percgpiage of
olef 7 in 8 PRI (8L aCHE KM RRGELEL (X RISHART of the
procd&’bdmreasesi | Bevandeasfehis cigpiehlnsmeraial okeﬁp repexd¢atian processes are

Ive one or nore
rum aaﬁgaé bfrlowé K1 %%Bﬂ&?%?u@snﬁﬁﬂ% ﬂﬁ?%@fﬁ%‘?ﬂ“\@ plant
prodddiRggt en, chromum or nolybdenum Hi gh-selectivity
catal ysts are discl osed, for exanmple, in
UsMiadetn Eﬁ\lqra‘medamhlm may cOBPTisn 0 addition W s7iger, p0Gommdre

high ST Pl bR SPTUGE DT i G Rt g, o

molyBldrhind. rﬁlgﬁfsEﬁﬁﬁvﬁ aly§t& ateniddicded, fﬁﬁa’lﬁnﬁﬂé a6 USvAt4,761,394
the ol efi n epoxi on is increased. pendi ng upan

and Yprd-¢.46@l Y5t ﬁs‘b&%ﬁd 06 taad BEr-Anbi el %9‘b¢15<t1?r°@ tbiltéhﬁrﬁum may be
empllgg I%ﬁs%af{lhgge} ac%n%%ﬁ%izttm E/ﬂ}t ﬁlgk{io&rta%%gé { %tgly%%{g g{%%ffe'efethat the

initia$ @ledic ﬁélédtltlity bﬁﬂl@ lodxetin dpolkitatibnid inedeasetiage of t he
process, ary, For exanp]e, the ini t

S dperenliperipon he.caisit ased ApAfhe peramRio RIdhe Spleah < eBWleatPn
procér%gj écﬁ g@¥ ?g@ﬁre@ )@cﬁs%%ﬁ e 1ﬂﬁ1aﬂ?¥alp$el%‘§2irtg ;‘tlﬁ% ﬁ@ﬁfe%%(lﬁﬁtg selectivity
reaches amfledsitigh stege dfithd presessiSap sty For @tampla th¢ tial, peak

selocfi Y of SpiRgor e ety i snenry Lo+ 28R STCRPRHih of v B
achic¥e® Hﬂéraaﬁ, mRhes fef e)pan{‘fﬁe nlﬂl/nGnthE)rf ra6r SR ridhs exdfFied 8ien in

that the then new y devel oped ca al ysts, conprising
thesesw $ petents shyor trend tnwasduarhighercselactivity aidtighes reenivimdevels up to

3 mofuf Bepiv PG corRBR. b F Rt BB PRE R AR PRy,

352886 his6 Y&dhesttha ke then aewBadeveloped tathliykts, rcommfsmgfsﬂtfélesupported
performance of ol efin epoxidation catalysts,
on alpming cerney promgteadrydiiealkali metal pad ghengym Gplpeshisaye 2 very high
selechbipduct ion without sacrificing the selectivities
evable with the use of the catal ysts. SUMVARY QF
THEotl wittkstdhld{ald the improvements already achieved, there is a desire to further

improve the performance of olefin epoxidation catalysts, in particular, to increase the level
of olefin oxide production without sacrificing the selectivities achievable with the use of
the catalysts.

SUMMARY OF THE INVENTION

The invention provides a process for the epoxidation of an olefin comprising the

steps of contacting a feed comprising an olefin and oxygen with a catalyst comprising a
silver component deposited on a fluoride-mineralized carrier; and producing a product mix

comprising an olefin oxide, wherein the partial pressure of olefin oxide in the product mix
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The invention provides a process for the epoxidation
of an olefin conprising the steps of contacting a feed
woanpriegi4mg an ol efin and oxygen with a catal yBCT/US2005/021356

conprising a silver conponent deposited on a

fluoride-mneralized carrier; and producing a product

m x conprising an ol efin oxide, wherein the parti al
B . B R S o SRR lonally
comyirises g hightsglectivitiddepaohal |y conprises a high-selectivity

d nt. The invent.i.on al so oyi des I o sslf r the
e U TR G PR It e R H Gy ap Sl cohifFising
the sfé@ﬁ‘ bA&dntAteing a @Rt oaPiRIgHn e Mar Bfyigbn Wﬁltﬂ 20R¥IEN copising a
a catalyst conprising a silver conponent and a
silvep¢aynpanshieand; atigh-seleg ity d@ﬁp@siep@ﬂted @nz fluoride-mineralized carrier;
d
and bR T BRSO ) 1 A el o

oleﬁﬁ)bﬁﬁlélﬂﬂiﬂleqfrocﬁicemhmls@td:aﬂﬁthih 2(0eP4r oduct rri X is greater
than 20 kPa. The invention al so provides Erocess for

t hEhgingertian ase Rspvidesia progessifor the prostugiie ok hardiols 1griol

etheral){(ﬁp:%lkﬁm:{ﬁgin ﬁhﬁhgg ﬁ%?t‘i/% 1 (ﬁgﬁlﬁgxﬁle &b 'E}hegl)fﬁ-qﬁ)l, the 1,2-

diol ethdﬂanr)iha raikaeolaminm; wihareihthe olefin GKidb(ha:!;é)ehmsbﬁamedl by a process for

ed rocess. for the dat.jon of an ol f|n
the <BBHGHI q#bg’lnrozei& q%gﬂqséﬂg TR B P S5 e hecordanct with
this ia6&RIcdance with this invention. DETAI LED DESCRI PTI ON
OF THE IN\/ENFI ON The | nventl on provides a process for
' b QR ich an olefin and

‘ d h
AR SR L R S RSP S i

and 5)@@891 e cehRiticd iPePReseMLST Actpi @Gapsorfedicataliit and under
oxi dation of an olefin is conducted using a catal yst

ncanditions te forpean elsfiponidit deposited on a
C o el tqz)a ?? fo? ltﬁezeggxﬁﬁ{l{n'l &F S&gﬁn g{&%ﬁ&&e({@%ng § catalyst

I ncreasing | eve
comprishti£ silven conphramt dépositakpes flacrideomineralizeé barcier, the process may

The decrease .in sele V|ty hat . woul d expecte S .
be cqcied gnciRsing Vel ob gl edycgionvd Q\OHU#@%%%??%%SS m

selech$it@dt The aééreﬁg@ firk é@écltﬁélt?fﬂ{a% %uﬁybé&@gé{% hg‘@letla%l Bf SIefif Bxide

usihg a catalyst conprising a silver conponent
produkﬁf@mss iredeaset may beietrleakt paitially affsdcéad' conduatimg the process using a
uoride-m nﬁra i zed c

iers.are ined by the .
cataly 3 QB PG OB P e Op A e Paeriggd Carir.
p UFH@ﬁﬁéinﬁﬁerﬁl%d REAFENMre 0B By the incorporation of fluorine into the
fluoride-mneralized carriers are obtai ned by,

carrier err murp@sgsl qfiiee present iy eniom ffynedenmingralived cagiorsye @bl)alned by
co o 5157 BREA S PR ARG B BB Guosic
that Wpabldef Isppdtingahiogide, typically as hydrogen fluoride, when the combination
is calcined, and calcining the combination. Prior to calcining, the combination may be
formed into formed bodies, for example by extrusion or spraying. Preferably, calcination
is conducted at less than 1200 °C, more preferably less than 1100 °C. Preferably,
calcination is conducted at greater than 900 °C, more preferably greater than 1000 °C. If
the temperature is sufficiently in excess of 1200 °C, the amount of fluoride liberated may

be excessive and the morphology of the carrier may be detrimentally affected.
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is calcined, and calcining the conbination. Prior to
cal cining, the conbination may be forned into forned
woadicazss4ior exanpl e by extrusi on or sprayi ng. PCT/US2005/021356
Preferably, calcination is conducted at |ess than 1200
C, nore preferably less than 1100 C. Preferably,
calcination is conducted at greater than 900 C, nore
pr t :
FRERRR b AR e (18R OB aing cpeas isHRIRAICR) S teSarrier
is not linmtr:d wdlthd!nemh@ﬂsrkabeen theoutsfor mozprmdatn'igei fimpripgeionigyning

the carrier etr.i .affecte
specfis HiBR BRI PTG RS LS AT D G560 Feagn) may be
usedifBi t'h@ 9&@@& lhrgn@rohhﬁoperafﬂpw USSAD950, 507 ;hﬁldjsiiﬁ[ld 3t7base
net hods known in the art for |ncorporat|n%
dlsclmqmﬁfrhnes foo making fupridpweinerslivest esrrers and pisrherehndneorparated by
Iuorlde m neralized carriers obtained therefrom may
“used for the present invention. For exanple,

UShreestafibénBdiiimans, thiSfldorddeditheltdired catieastayBivepals] groferably
meki ng fluoride-m neralized carrjers and are her eby

do hveed ppéicalateomayixieyisg arearpholagy eparagterizahisowi papiias or p}?éelet-
type, xjvllﬁgfg'te%“ls %J@e? ullté]]%g%ﬂg%l;l CIA sﬂﬁy ngﬁ]\éfes i gxﬁgglgﬁs@ghé/

refers

a par matri X n
direction mczteegreazahhm 6.8 nhiarveddteas have qmllmedmmbﬂentlaﬂyiftdnmajor
ter are used i nt erchangeabl As su rticles
surfagg, PR ReRticles Ia% Spveie A dabmaier §rr§‘ae°ear aliernalig

emb&dithefls OF MBSt R ¥ grridts rh%aﬁé uded %V}ﬁé}pﬁév%@ﬁid%ﬂﬁ%lef bk structure

maj or surface. Such particles may have two or nore
and Whizh haeg bgenguefaaailsy a inathat toghen hanmthe Endridt-mineralizetion methods
ch:F |nvent|on carriers may be used which have said
B @t ype structure and which have been prepared

by AgsuffEs18 pebcelii@ ot iAdstpbfeing h YRbHAE coitfiaimd spéeitd M a carrier
met hods described herein. A suitable procedure for

involvee addieg afluagnerconteipingrecderioalimiarriumpecr as ajphewlynina
prec@r@&{ﬁ e Kl“he %}’&waﬁn&%&&%@r@&&{on@& h&RIM ﬁla 'Elio'%@ slie%f‘e% 'C%Zaeble of

um na or “an um na precursor

belng b@’ﬁ&rtadl tnalpha-pluatod snhscalchmitionn &te bkphmahmne ptdensers include
peci es capabl e of_ being converted t al u
hydrafsé alusines, sugh asrpochpite peiobashipiis an‘g s@b&ﬁ% 8% &Vem?& frepdtion

alunm(agr i E% A, rl?a %Fﬂ'rﬂiaaﬁelpaoﬂ{ém LRd etﬁ%ﬁﬂﬁiﬂQ@ehm te,

bsite, as transition alum nas, such as
t hEf aityd;ratkchp]pmmgmmaul adlibting-coiteinng spnciesemay anitablynbsadded

o o B b P B AE E

extnryrdnrbrtsbfsayﬁ@bméq{yd%d ﬂﬁlﬁlﬂmgiﬁlehrébﬁve’r@arr@dl Redivesina by
such as by ‘extrusion or spraying. The hydrated alunrna

calcmmgtthefommd\bedlteedPtetﬁerdﬂphhe adtldmaimal is\conductddrat ess thee 1200 °C.
Dungg h&e}g%cg&dljgg,sﬂ\ég‘ideetlﬁ L{ﬁ r_a@ééo la%?l g u%}lhg goﬁtalmng species may
suitably be added to a transition alumina, such as gamma alumina, or to a combination of
transition alumina and hydrated alumina. The combination is made into formed bodies and
calcined, as before.

In another suitable method, a fluorine-containing species may be added to formed
bodies of alpha-alumina or an alpha-alumina precursor(s) or mixtures thereof. The formed
bodies are then subjected to calcination. In another suitable method, the fluorine-

containing species may be added to the carrier after calcination, i.e., after formation of
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During the calcination, fluoride is |iberated.
Simlarly, a fluorine-containing species may suitably
woeomdded4t 0 a transition alum na, such as ganmpar/US2005/021356
alum na, or to a conbination of transition alumna and
hydrated al um na. The conbi nation is nmade into forned
bodi es and cal ci ned, as before. |In another suitable
u
oo Boii: 1B ot Pl R b Ok il 8B TR AR
incorpor@tadris d’re(ssjneanamiex hgmibver drdeotbafprofiberd, ergt‘;&:dr inpeigastion,
are then subjected to calcination. In another suitable

typically VRsgumiRRr¢anaieR-necont ai ni ng speci es maybe added to
th C | )
0 AL S BSMIRS fels oll  lon

The fresent inventmNhew evengis &ﬁiepem&mmfyh@mmib@nﬁhmh balcination is

[ orated in the sane. nanner _as sil d ot her
condgfrt%cﬁo lypssvargatigns lrb%alqlmas kpovR toihe aftyfich 2 chiap aﬂ%’e
tempbﬁﬁ{r@ﬁﬂ%tc'eﬁgm r@ﬁ ?ﬁhﬁ‘éﬁhl’he%’%@i'sﬁ'gﬁﬁ@ten@%&a‘iﬁr@% bhQ8kohd

pre

er abl [ ess than 1200 The present
tempemtoee bv&mhe tromsevaia, secend pediegd of tiees amfconhmpﬂmmb}' theypresent
whi ch calcination is conducted. Thus, variations in
IVerlonci ni ng known in the art, such as holding at one

t eméearcﬁitibh%ﬁtﬁé ﬂ@orﬁﬁ:téo%'tdi'mﬁg EpcRibs Phayt By @fyckroR@nethod. In

raisin he tenperature to a second tenperature over

one suplesw Iegeetbf’d & @dpbztralup@na oiplpha-alpmina preeursor(s) is treated with a
cont enpl. [ n t] d

solut{o'q cofita mg %glug%m 8‘?’}%%) mn gn% Bgécéése\s‘ﬁ% coﬁ‘@)ma%- Bﬁ macgo {}ﬁﬂlg&] aﬁH

conv&‘ﬁécﬁﬁfb fohﬂed)&ﬁhéSJ CSinBMatll; afbhﬁedﬂﬁid‘ilésdnay h@suﬂj eﬁ:lmﬂ- talvaciuna
or al pha-alum na precursor(s) is treated with a

impregnatipn wﬁh@@ﬁhﬁmﬁwﬁg‘caaumg Y ORI QOBHRIBING SPRFIESy &XYesombipation of

\V/ t
ot 8 AR e S SRRy ROTNRE R O o
solutichamiaynbe wged agamb’rdmowmith saclsoingthiodn cont ai ni ng a
fluorine-containin eci es, conbi

at
L O D s P e B RE b gl Spplings, Gt dhs jpegtion are

thosd srbe&@@thﬁf RBE&RRoRbradiddtd HSarti@Na abdbréflce it thiEMvdiion are
used 1 n accordance with such a net hod.

capalple wbliberetingfiveride, hpicapydn e fomaof hydyogen flnosidei when calcined,

accor danc i on are those specje
prefeg o ISRl S0 Pt e s Fort A BB RS AR biF oF
11ber£tm§5ﬂd Yﬁ@ Binleh @ﬁl@{ﬂ?n%:ﬁ%muctéﬁfat Ia't@ﬁ;?é?’ﬁﬂuf@otf iR @0@ €¢C to 1200
y in of m of hydrogen f1luori de,
°C. Swhdluoeice- cbﬁt@frﬁlﬁ@@eylealmémm thban 30 Sed Br afcerdaecb with this
fl uori ne-cant ai ni n% speci es are capabl e of | i berating
inveritiogo SpiablaBARGF ARG SPCieyAiude eiganic ARd iRaTBANG SRFCISS-

sma%i ifldo(}me%ggtaﬂﬁ}l%&%e%?eggnc%e jold *ekofvmgf 199&@@%99

pecl es known e art use ccor ance
compﬂuh&s t$iible fluorine-containing spec1es include F,, alummum trifluoride,

ammonium fluoride, hydrofluoric acid, and dichlorodifluoromethane.

The fluorine-containing species is typically used in an amount such that a catalyst
comprising silver deposited on the fluoride-mineralized carrier, when used in a process for
the epoxidation of an olefin as defined in connection with this invention, exhibits a
selectivity that is greater than a comparable catalyst deposited on an otherwise identical,
non-fluoride-mineralized carrier that does not have a lamellar or platelet-type morphology,

when used in an otherwise identical process. Typically, the amount of fluorine-containing
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i nvention. Suitable fluorine-containing species
i ncl ude organic and i norganic species. Suitable
woOlomwrozgsa4 cont ai ni ng speci es i nclude ionic, coraraskens/021356
and pol ar coval ent conmpounds. Suitable
fl uorine-containing species include F2, alum num
trifluoride, ammonium fluoride, hydrofluoric acid, and
ogli. f :
specifl SRR IO cplf3k RITIQRNG pdidnrth BB Rrater than
5.0 peratm by steignpglduditedassthe weight e elsirentd] finorirteensed relative to the
fluori de-m neral.i ze(il]b(;fl grl er,, when .used in a process
weight i therarigianateraalite Whigh the lapeng-roidinggsperes 15 feing
1ncor§ fR8C bt Era {hetfﬁioﬁné Q&ﬁtﬁﬁﬁ@bpeﬁé@ismséé inParSEh&it nY ds¥ than
is greatér than a conparable catalyst deposi t ed
0.2 pcmem ﬂvyotdmgrtymsne preferably ad lesmthan 01 25qreratet by W@l@t i El@ﬂerably, the

carrier.that doe have a_ |l anel | | at el et - t.
Morfi G BB sl HELE PrATpPRarF L e regry Wil nore
prefefb.‘b%ﬁﬁ)sﬁlore-rﬂﬂ% 9 3lgeYoent B walBRH MThé&dk amounts refer to the amount of the

f1 dori ne-cont ai ni ngspeci es added to the carrier is at

specipseassinitielly agdadoad donpt wetestarilaredleetthe amprst thas mepyeitimately be

ercent by weight, calculated as the weight
prese{}?mqpeﬁ%lﬁﬁqr ¥Yorine used relative to the wei ght of

t h@thedthtnh BingBued@mitiaraliveidel dedebéd stwveNthe cartiesd thatgay be
species is being incorporated. Preferabl

used 1} apgPTdARCECWIR mlsﬂnﬁsntscye%ﬁ aet gegeiglly élmlwdaﬁ‘yawaﬁm suf{gple

oS53 (5 PRSI e S DBELCAR Y .

partidull ar@Sipeeceatinyt weighthgpspelninsa, |ﬁ$qumﬂly tiprto 88.9arencemt by wveight

oSG eg o cBSh SR oo BB TRl i SR s,
silica! Qlkﬁlli‘ﬁle?ﬂ%f‘éxa% 1¢ Elﬁht‘irﬁeaﬁﬂl%? pE@sdith ! dndldr ¥liAUHe darBiishefd® for
necessari |y refI ect the amount that may ultinately

examblﬁqﬁioemarandflonmagleeﬁuml shed carrier. Qther than being

orjde- mneral zed |bed

el s B R it Riecd i i Bighgtion
or otmﬁmgféﬁea% ame/sdrfam s of TheRafrddr Inyay sﬁithlil;l bk at Rastro. Emé/g,

nprise at |east 85 percent by we npre typically

prefegxbhp@rleaéh@ 3y /svenerRprefpigblyzat dsasi - & % apb pRaRHCHy at least
0.6 m&@ Q%m%' B RR @% didhe LE A &hd | s'dﬁ"aéeoarﬁagm%?l Rt be Mnost

pha- a ased on he wel
10 mirg,rpre&rably'rhtenmmm@g, ameyin gaidculamtfmcbsy 3 m«ﬁ/\g; relaBye to the weight
silica, alkali netal

or, exa
of theeArHETs " S a%%rasawsﬁdafwrﬁ@ 134 qﬁstﬂ%f Qirelafs d@&%}ﬁf?ﬁ% area as
deterr@hddi Y The e o @ﬂ%%lﬁim@%& gﬂleer) R0k 95 %e@h%e@hﬁbumal of

not Irmte espect to surface area, water
the AatrsmamChamcabSomtyéo (P9 ept 36953 16THEIgH sniffacseared esariess, in

particylE RSy aF AlPLa Glurains CBers OntoRa DB 1 addition slice

alkalPmeta"%{dor MEink @a@l@ﬁfe’taﬁ Lﬁr@%dé‘lmﬂn@@&l p&ffmiARédand stability of
relative to the weight of the carrier; and the surface

operagioga Homveven mhab the syefage angp &t very large, carriers tend to have lower crush
strength.

The water absorption of the carrier may suitably be at least 0.2 g/g, preferably at
least 0.3 g/g, relative to the weight of the carrier. The water absorption of the carrier may
suitably be at most 0.8 g/g, preferably at most 0.7 g/g, relative to the weight of the carrier.

A higher water absorption may be in favor in view of a more efficient deposition of silver
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10 n2/ g, preferably at nost 5 nR/g, and in particul ar
at nost 3 n2/g, relative to the weight of the carrier.
wO3wefagda4 ar ea” as used herein is understood tBCTRISA106/021356
to the surface area as determined by the B.E T.
(Brunauer, Emett and Teller) nmethod as described in
Journal of the Anerican Chem cal Society 60 (1938) pp.
er%ﬂeﬁnenﬂ ﬁ{'hn§ U @6 %aﬁi’e? By Gprebfitfon. HowRAEE, hEHighér water
ey are al pha-alumna carriers Optlonally
absonptnmpx thei carrieryordbielcatalyst nsadei therefreink alaly haves lpwenpisly ptrength. As

ine e roved perf or
used By PRfes Shiorlistia Arned BRER biT R R e Syt ™
C20, lafid WateY abﬁ)_&r'%ﬁm i§ @X}frb@é@ a$ #RAvdight AV WatéEthalCdande absorbed into
stren e water absorption of the carrier may

the psnas of ;camer, elatieatortho weight of thecamierabl y at | east 0.3
[ hq,
ab r%if l%sﬁ‘ﬁ chgp{l °s tsiggerr\réilg g?:la{al cal{ij{r1 ?ctgl% %?n-[no S?@%ﬁ%)le
catalﬁlcgactlpftﬁset&plbbl]{y btaified by mplayirg silvet ﬁxtan\/e&ndxmt ofat least 10 g/kg,
(?t of the carrier. A_hjgher vvatgé afbso t onmafgr@
calculpged 35 thewisieht i (e slgmsnt Elafiyedo o Weigail oo ifg%lﬁtl SreirRbly,
the cgthg\éte&m usgoﬁg.lfvlgi_gfn aeitﬁsﬂﬁg{ c§ffhflrdr{1I 589y 506 g/kgbs o&g{réfeﬁibl;bﬁom

er wate tions
100 tb heo @itg; ferexamapletl0s gday, at Y20 g/lkgmr 19Mey/led, 00250 g&g o358 g/kg.

r crush stren used re| n, water
¥ mywaw%s%éﬂma% Fo AR ol ob it piBRREplvis”
T kESHEFomsUS e 4,761,394
dopa'@l/e% gﬂﬁ%f the water ?ﬂgt%ﬁ%@gugp g%tg%f)bed |n? o the

and (p®Ae4,766,10heviuel aiedncorpeshist ihexsin by referengsi. ghe high-selectivity

dopa siaFomatiory SRS SRR Codpi B oS dnarg ol s,
molyB8éru, l¥irdnSiufny RhERinkyter bl“l@é Bﬁgﬂ—sbhéctﬂﬁy dvplafitg nfdyl begsredent in a

an anmpbunt of at |east 10 3 cal cul ated as the
gu

total gaangiiy oﬁﬁomr%obioé%ﬁnmpm Fileulpisd ap theghergent (for exaraple,
¢ . ! .

it e PSR AEL Ko O3 RO Lt

molyfbﬂéﬁﬁni,@ﬂrdrmuﬂﬂ Or twhkgen fmay s&iXaiﬂpbepﬁa@ﬁieg/ak gn ogide b2@s an

or 190 g/ kg, ~or 250 k 350 .. The .
oxyawpaf%iww? a%@rﬁgﬁrﬁhgéateu Iﬁolg((a%qq?nagﬁ tyngstafe, v%alt QB agidfprm. The
%ﬁlﬁ%&%gglgé\s/ ?ﬁy‘bﬁopc 1&5%61&&1% m%ﬁtﬁ,lnxﬁ ags ﬁ?&,ﬁﬁicreat oy

ant” are known from 61, 394
provmlad caBlyst hav'iﬁ@a ﬂ:ﬁﬁent\ﬂfihlgh -gelestivity dommnt as éldClh@délel’ﬁlby Of

specCpeETEIRg e U En SRR T NG O oBP B G PIterably

also & Hﬁaﬁhh'x'irbo-ﬁmrﬂ&gxe 'Iﬂléﬁdlt‘f&f RIFiIVER. Raiiny 6g-ptotertage selected from
hi gh-sel ectivity dopants may be present in a total

tungsjeramalyydepims ehyamiuro,isul fyr,phosphesisebargn, compounds beregs and
the el enent (for exanple, rhenium nolybdenum

MixtpreR we@ﬁe and/ or chromum) on the total catalyst.
RN@/HeH e daRdlyd dSﬂﬁpﬁkes@hh@ﬂhhh@on@fonémnﬂ&hﬁm nmy typically be

sui tably be provided as an oxide or
present in a quantity of at least 0.1 mmole/kg, more typlcally at least 0.5 mmole/kg, and

preferably at least 1.0 mmole/kg, in particular at least 1.5 mmole/kg, calculated as the
quantity of the element relative to the weight of the catalyst. Rhenium is typically present
in a quantity of at most 5.0 mmole/kg, preferably at most 3.0 mmole/kg, more preferably at
most 2.0 mmole/kg, in particular at most 1.5 mmole/kg. Again, the form in which rhenium

is provided to the carrier is not material to the invention. For example, rhenium may
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oxyani on, for exanple, as a perrhenate, nolybdate, and
tungstate, in salt or acid form The high-selectivity
wdapwress4may be enpl oyed in the invention in aPqQUAS2i05H21356
sufficient to provide a catal yst having a content of
hi gh-sel ectivity dopant as disclosed herein. O
speci al preference are catalysts that conprise a
I
st B O s B B B L AL b iRk B OF  ifhenaie,
1nsa1t01=zpn®fmtrers are sel ected fromtungsten, nolybdenum

HEPEBHIE ralirieingPeS O R b ARG OB R A7) &L 030

mmofe%@) bhSADNAhE RN HBURCSTRRO RIS vant 16MEME) 1fBiytuﬁﬁfé£Hn9ﬂiol}bbdenum,
be present in a quantity of at | east 0.

chromivrs sulfi, phésphomis andeshoron, el @/tiag weigh %W@fcéiag}@t ylhe

0. mmol e/ k r t
form m:hg:%abe 9*@3}%?%?%’ ter 1? %@gctegﬁﬁ lfe aﬁ%er 1§ﬁ'§t Jetﬁlgahl tto the
inverfti®h Aoy Exdnth1é,Be Mﬁhﬁhi cdbﬁrohfwerﬁﬂi}&iémbly vehpeovided assan oxide or
typically present in a quantity of at nost 5.0

as anpryIEPRgn splf of *AGEIR. at nost 3.0 nmol e/ kg, nore

r&f: £
B e
IA mptabvdrAgshehdtyplvallg ansmpmres ioRe opmoreddithiaim, potasdiem, rubidium, and
_invention. For exa rheni um sui tably. be .
cesiup. o releigblyhe e amgel Camaapetidy S bi: DAERSIES anprcesium.
Mostgﬁeﬁraﬁ)n? i 81;0‘:31?) jﬁétWﬁneﬁth%@rfse@éesﬁﬁi &k deSfuf in! f

esent’, prefe anount's of thé rhenium co-pronoter
combanaiohrvoith Githinmh.o Tggicatiy e/ Ggup BAgeetalnompenentds preseptiuthe

of .the r J ev t ng
catal gy i fapaaee oy om0 ST aoR st ke POy e 636 8550 |
moﬁé?ﬁg W8 Bfpiofilytidin €36 26 Yrﬁﬁole/]i@ecdi&ﬂz{fbd Bs thaitethl qdaﬁuty of the
rheni um co-pronmoter is provided to the carrier is

elementurelativg torthe wieight alacrlyst Foe feraipPdichithe rm%w\etal 1s
prov@ﬁd gc;(tglgg:%%{?r is ﬁ/not I a't LAPLY thQ 881’1 de ue?(?mgfky euf? A Bvetal

or aC| orm
may Sitadl prdwided las @ hodroRide oesat. G oup | A net al corrponent :

i X AR A
be the gﬁ&‘ﬁ{t?m o fap?o@c%@e LArA R FHonk RITRS! Pﬁ%‘t with de'-lbﬁl'zé’cmvatle/ra\ at

assi um and/ or cesium Most prefera up
100 "rﬁst”ﬂte enpiioremtthod ip/ol ws sx tasing l@rgramsaampﬂe of the catalyst three

t i1 hi T €} 1. Ao
times S AYOB B ACHEL Pertiis bEqe a7 R fpt  Fuptefy R 06 C and
detex?l‘Hﬁ'lﬂ%'lﬁ YheQUonfthi i@ thrQélts 12 rdROaritHd 8IS b usiB a&mnbWRingéthdd/ for
0.50 to 50 mmol e/ kg, nore typically from1l to 20

exampl@ateirkgabsoaitmlsacmsww he total quantity of the
fﬂqeprﬁpem 1(§rthl) gcga]érﬁts 1f1§5\u ot éﬁéthcg&efog ﬂfc@p%?atting-gﬁ%r, high-

select1v1ty dopant, and Group IA metal is known in the art and the known methods are

applicable to the preparation of the catalyst that may be used in accordance with the
present invention. Methods of preparing the catalyst include impregnating the carrier with
a silver compound and performing a reduction to form metallic silver particles. Reference
may be made, for example, to US-A-5,380,697, US-A-5,739,075, EP-A-266015, US-B-
6,368,998, WO-00/15333, WO-00/15334 and WO-00/15335, which are incorporated

herein by reference.
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provided to the carrier is not material to the
i nvention. For exanple, the Goup |A netal may
weuidsabsss4 be provi ded as a hydroxi de or salt. AsTWS2®S/021356

herein, the quantity of Goup I A netal present in the

catalyst is deened to be the quantity in so far as it

can be extracted fromthe catalyst with de-ionized

ol refthortibe Biontd nRE I AL RITE! AaP 0} BhnfRShed during o

step inl wikish the damayst [B;ﬁrletl santh2Gthertedpctidn amsich tloebenat m'q'Uile(a separate

wat er r m n esa 100 0C and determning in th
Procia S AR SERE DS CRseat [HE DD IR AL SR POt es Sredn
agenﬂ%ﬁb%mgfeo bn B¥A5R! Sudd meﬁq%a&apfs @hitam sheel bﬁ@ﬁ%}éactlon

aration of the catalysts, inc udln met hods .
tempemture n€aipoest 30D AG, wrefovably athn@eh 280 &G+ mvretnreﬁtﬂbamt meshd60 "C,

metal , i s known.i 3 0
and spiEH{S ok ceREh i et Of bt 20 PRy g SRha10 °C. more
preféeafiphdiedst RhaeC Wﬁﬁkl/b&edjpdrﬁdaﬁ' el Roadd 1 i€ preferably at
present invention t hods of preparing the catal yst

least |2nnmut¢e, andrw@gtrimﬂprmgpemé of Hejod at mostrﬁ%mmumepreferably at most
oun i
20 mén 'Eé\j oge ege&'%t)g n%tgr% él%lgéf%%;ﬁh n?&n% deffe&pg) :H%o% (? fhinutes.
t OAltﬁaulgh&hé %derfd Qﬁomﬂﬁtoﬁ-&o&ﬁ@nﬁ? be cﬁlﬁeé\oﬁﬁﬁl(}ﬁ@y \b@sBrt is
6, 368, 998, V\D 00/ 15333, WO 0Q/ 15334 and Vg 00/ 153
prefaiH éhCaFeitioHE R HBISDAI ITRTCES i ohy FeAcss Brikich fe fee R'contacted
I
in thé g&jﬁxta Htﬁ gheg%{tzlh ! '\xguc;tf 1& Ef‘erseﬁt Iq‘;éhﬁétl h‘la@eg%% at?@lf:alfﬁﬁ a¥ed
bed ldfdbﬁﬁboxﬂiatlbh abnditiens; dHpoxidation endstinyis adeo‘dasscrmnnbmanuns of
separ pr ocess s t he .case i

condfigg GG BHPREGHLt Bt PESFHF DUET YD SOET AG TgE M ocep,

Gen@ X8R Eproddds B@rddBout abl§ Boirkhbs Pibc8dsEhch S B thibhly
carried out at a reaction tenperature of at npoSt 300

commeICIqprfceéFSabVqleg fméibeésobldal repgdpws. pref erably at nost

" bt isal Gesttptety el p s PRGN S FBREA RS EBleatl situated

paralﬂ)dl &d edchRileratWhigaht sizé andhumbatiof @by niagrvady fomi r@ﬁbt@f to
time of at least 1 mnute, preferably at |east

react, miyigal tabrussdiin aBeymessial gegstarivgl have g ﬂ%lbbet‘dﬁe%stﬁ
mete?so l‘léﬁ%?nagpfaﬁ{eﬁ{r%%v eefttl PEintinlt ééPs NYLfsbly, TRE gjbﬁmal djameter

era m nut es, nore prefer
is suffil:idnt ﬂnﬂadifbmhﬁcﬁtﬂte thé tdtalygh In ba'tlpnlals et 1neqmal|datanetcn”of the tube is
process e carried .out

sutfjegiia presupatis ey oI tog o 4t Fosghdt g gommercia
scale o{f‘ératﬁ%)ﬁ ﬂBE% ice t%ehé\‘iﬂv&khdnr}ﬁa}f ﬁﬁglv'e% q%ﬁﬁ‘t‘it@@f%gtaly@t WHhigh is at

ase catal yst which is presént as .
leastslﬁlkgdfmxanphla,t lepstiOcky, Krpquemtls i tbcerangmf feoma @° to 10 kg, more

Xl dation caqndit S oxi dation conditions are
frequ(eﬁ é’?%ﬁ%ﬁ@l Od8nke-t i ons, notably tenperature
amﬂh@él@ﬁﬁ WE& inHREIBresaMd b5dki @RoN ipdetickPmaybb knP6IeHh, such as an

aromatic olefin, for example styrene, or a di-olefin, whether conjugated or not, for example

1,9-decadiene or 1,3-butadiene. An olefin mixture may be used. Typically, the olefin is a
mono-olefin, for example 2-butene or isobutene. Preferably, the olefin is a mono-c-olefin,
for example 1-butene or propylene. The most preferred olefin is ethylene.

The olefin concentration in the feed may be selected within a wide range.

Typically, the olefin concentration in the feed will be at most 80 mole-%, relative to the
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Generally, the process is carried out as a continuous

process, such as the typical conmercial process
wonvwloessag fi xed-bed, tubular reactors. The typCTAlS2005/021356

commercial reactor has a plurality of elongated tubes

typically situated parallel to each other. Wile the

si ze and nunber of tubes may vary fromreactor to

t .
totall {EAE 19 ferdbly, Xpslzvﬁ?\h %%H@raﬂ%@%f find. 5?%61@4/ frﬁ?a?ﬁ&flar from 1

have a 'l eng et wee _ met ers an
to 60 miokr-$habn theeaameéxasﬂset%\mq:d Herein,rthe égedi lmrslckre(ﬂolheam Y,
erna uffl cient to accommodate the

ComB%(?%‘?]}/ti'? lsFﬂmﬁ%{‘F‘??”&tg‘lt ?cat K% internal di ameter of the
t ulpge best fehbLidSin frocas GRYHR datiséder cﬁ:@rgeﬁ-@amdse@smﬁ(

the carrier. Frequently, in conmercial scale

Othragringytlonedia hﬁCbcmweEEeQbﬂolpE , Bheditione W olramge 9,rhI80amp. 445-447.
In tha %%alsé&/ %rggesgg%f” % Emm‘tl]éhf%] g)ltﬁ o) &géneﬁ%h}pi greﬁ%s tﬁeogo]urce of the

exa uen
ox1dizﬁ1(ig’ragl°ﬁ€whﬂe iRe bﬁygdﬁiﬁia@e(f pxeqaseéstﬂlgh pﬂntyf(ey;ﬁw]]@@c Odast 95

from103 to 106 kg. The olefin used In the_present
moles ) orpgdn is Ampeyed 28 thegpurse of e axIdizing agenic Rresgnthyymost

f

epor TR Shdb e o Bl B il S KA oo b OH 1L
inventiorl, 3- but adl ene. An ol ef| n m xt ure may be used.

Typically, the olefin is_a . nonqg-o Qr

2 BhE Brudei conespianioh h trpfe dwasreleclsd voiiSh avife Fagee.

[ I It

o R Byeefls ff%@f@épﬁﬁéa‘éé%%ﬁﬁﬂ%ﬁﬁﬂ?ﬁf%“ e
flampehteene gimzet mquathlyt ﬂne cﬁmdtram;n dfeoxyetreanndi¢d wiill e within the range

of ¥ Gror Sl Y RoFb R Rem e G 2R SRR el "

f eqdordeF @fremaki dhtsﬂié thé! ﬂahm%lé Rgith€ thod@Resttatioh@TMoRyden in the
to 70 mole-% in particular from1l to 60 nole-% on

feedmiay bpdawersdgis she mmcenseation of Bielefithis inaeased s Thoadnalspfed
oper&@xgéxl%né%edeﬁgﬁ'ﬁ) (BtfongI 91 {hg ?éed cfg %gﬁhgﬁtoqldth%éa%n&g Eonditions, such

e present epoxl datron process e
as t}ﬁlréachaﬁ&ﬂnpﬁratﬁﬁemﬁﬁhé)pﬁ@mire see "Kirk- O hner

Encyclopedl of Chenlcal Te ol.ogy", 3rd edjtion,. )
AdrEganc 11%6’(9 m@b e prgsenyipthe rF] sediRe f%*ilcrtloﬁé%@l&f %rfjé’b’é’%‘?asmg
the s%le'étlﬁ'f §?§prﬁ§gfﬂ§q & fnd¥sirib1@ 6%&313&111 ?fecﬁ?ﬂri:ﬁ 8Y8181iR8x1dB%o carbon

sour c& di zi ng agent
dioxodeyayd rwdws@htmecb«z geglesirdd Phmpion Qﬁoltfﬁlymlda| Ayceptableerganic

hali g iR g Mo T F Lo B AT oS biing more

prefEeM0 TReRASE Qr%%ﬂii ﬁalnués 4r8 cRloRhSiRCEBEnESNB TR Pdro8drbéiiend
present inven he oxygen concentration in the

are ffreferhbiteseldstedsieonn éheegroup phinathal olileade, ghyéchlpride @d?ylenen
dlchg 5@Ct I ﬁﬁgli}e %ﬁ&%ﬁg %gln g@%lfilﬁ,eoraaprﬁlxlnﬁ'g tf¥redt. The most preferred

organic halides are ethyl chloride and ethylene dichloride.

The organic halides are generally effective as a reaction modifier when used in low
concentration in the feed, for example up to 0.01 mole-%, relative to the total feed. In
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 15x10™* mole-%, relative to the total feed, and preferably at least

10
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flammabl e regime. Typically, the concentration of

oxygen applied will be within the range of from1 to
wa30mskes4% nore typically from2 to 12 nol e- ¥Pof/uSkms/021356

total feed. hi order to remain outside the flammabl e

regime, the concentration of oxygen in the feed may be

| onered as the concentration of the olefinis

0.2} FRER i o s 01 PRAORYE WoleAR BERIIRP B st

conposi tion,

1x10c4qulleI%%§d,tW§y&{heq&aMagdreact| on tenperature and the
pressure. An organic halide may be present in the feed

asheaddisint th dire olefii.fxyger;, end theorgands hajideribe feqdaney ¢antain one

orm BB DR NG L BB ot By

hydrb&€bshes ICagsbnf @b £18é istib rodhafnh the@porlidatiAicpropéssdrel may be
organi c halides inclu organi ¢ brom des and organi ¢

presea Ibthe diess] aswiresn bqfdmgcremebﬁdifwg theRTAgIGHHE toge er with

r
e S o1 S B0 SO IR, 2 o crvon
d1oxidééxf1 &rea‘bd:d/mﬁbmtoé a5 fodex?a, lpeefgmblypn (ﬁkcambf]y(b n‘ml.fl i, redatjve to
chl ori de, et hyl ene di chl ori de,

t et h
the i it oKy BT BRUCE A iogP Rt OTe g bon igide
lowe?‘ﬁ%hlﬂﬁglf ﬁ;ror | n '1\@?]1]3 akdrdes ﬁra%oﬁEé?Nﬂatl&lﬂ bPEdrEéh ﬁBQlde

ene e organi c hal i des are genera }/
loweeﬂfaadtmvb—%saml erveaa:rtoropretﬁmhdfls e condeairaticyeef qarbdnalAlede ower

tr on f eed
than 0BRGN o FippG Sheh BCtic e e R v Ridhy ¢ gpogptiafion of
carb&ﬂ‘@ioi?id@fié a lba%t 011 1ib18198, anlitmdrs fiRGEIENtREcdeahtrdtidd of carbon
organic h de is &esent in the feed at a

dioxigle ns:@tdtsasaﬁﬂdnolcf%a aspptefesEd 192 gonpshisatign qficaphopidiexidear

beth%r}ﬁga o%e- /%%13}1 6 g?llc{fl-%e XP&( E)r\;}é‘!}}n@%{tfdtl;‘oﬂloggax%&a Hﬁﬁﬁde the
procéys @frcﬁiuabd the ®leﬂrﬁ@ﬁd&at%>ﬂ1@eﬁ seteétﬁm%than’latmaﬁgh Cchﬂcantraﬁon of

| east  0.5x1 O 4 noJe-% npre in particul ar ea
carbwi@menM@co;sewheat PTG o h Y BAERF e Ol cArtRg dheds the

proc sg egfﬁ%rcg Qed %‘Mﬁ VincARngd ﬁgprg{léﬁasrt‘élﬁhtgqh %Q@ctlvtlt@reand/or

may contain on ’or nore optional nponent s,
1mprexahmlnhtyankao1mv1dy oxi de, inert gases, and saturat ed

hydr ocar bons on dioxide is a - product, i he
o BefEe oo ot s SRR SERY o dzonempy BERRESTAR PrSed B as
conc@nt'fﬁﬁyﬂl Jf ffm D@t ARELYS g@ﬂ:aﬁ? PSnt BE PSRBT Y% eXative to the
toget her with unconverted ol efin and/or oxygen and

totalrfessly Thedfeedrppy comthip, sa@raicd]bﬂﬂocraaqun Suitalde parated hydraserbons

e R0 P53 By B B0 Bt n

quan@i¥Pbligrto S6aholel?s, RIAE BS the w&ntee@rim patieGREamtd Y inore %f
carbon di oxi de | ower than 2 nmole-%1s preferred.

Freqperékyethﬂemaybe aresewde aantity af afleash PO i0le o MYe fqeemwﬂy at least
40 motfea-% ]§ %’ydfo%grbgéseﬂla £ gdcgardec{n B fégd {Porler to increase the

conceén £1%6n7or carbon
oxygen ﬂammablhty 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

11
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than 0.75 nole-% Frequently, when practicing the

present invention, the concentration of carbon dioxide
wo0wt028@ast 0.1 nol e-% and nore frequently tRET/US2005/021356

concentration of carbon dioxide is at least 0.3

nol e-% Most preferred is a concentration of carbon

di oxi de between 0.50 nole-%and 0.75 nole-% At a | ow

(oo} tion..of I QX e r G
o SRS B850 GBS BII d PR BB P mor
typicdail FrofPIERNEF0EC. OTheGtadtioh banpdtitard sy bdcesdal typibaRi from a

operating at a | ow concentration of carbon di oxi de,
leveltih ¢hgmangestienHiSBite 300 Hpmoare dyrdealbi from 200 it;28QUYT.rvghen a fresh

i nproved stability in selectiyi or i npr.oye
catalystasnsedy §p 3 lgveldp ths regee of feqmp %‘2@%@@1 %éorm%rﬁ %?ﬁydﬁom 24010

| ; ' e feed in a

325 84 IR gl pe Bk RAERTMbe W'ygel P21 1Y From

40Th®eptXidabiot processis ptdfstably@atrivd dudtiod rehetorlinlekipeeskwredn the

, ma%g contain saturated hydrocarhbaons. gui tabl e saturated
rangn 9008 12 3E0GK e r IRV aficOR Havy Spaced AR the ut
, rs [ :
volu R Pl AR e B R B pi ke (X, TR RE R0l 3 Pafpassing over
one tirgevhlume op padkied ehtalystyer hour7 Prefotabl gowlendriepoxidativh pyocess is a
y be present. in uantity .o ast 30 nol e.?

gos DRGHPTPPES R pE AENPLELR SicPesofte S B3 i e e ST fom 1500 10
10000¢y@gqr bons may be added to the feed in order to

i ncrease the oxygen flammbility [imt. The

epAxiaduatitage @fitbe pesentinyehidorcisthatdae precess smayde conducted at

. . epoxi.dati.op condi t i i ngl udi J . .
e BCU LS8 SO LB on T PR AERES B B AR ppppmin
redubt@ACihiseRcli@NP&patidd &/ithSndrBased elofiangedeyiroductioh 1 38 stch, the

340 OC, nore preferably in the range of from 180 to

procg®f the, preyeat vaptioros Preferply sonductedyndse higher gl gride

pod AR, PRl bkl 505 ey ARt uner

conditior® whergthetolefitl anidOpdrtialpréssii€.in Thegirodadt mirés graster than 20 kPa.
the reaction tenperature may. be in the range of fr

Morg prefigaifopletin AKle P3| RSP i B PRghpigmipgp Beeater g 30 Pa

| i ' Juk O @
£ S554 e BB/ UGN Uy S oAt s

produgtphicak fiqhentiyia 0®st W) EBOOre fthguently fat mobl adebal g eviey more
5T e Bl H5 b S o A S5He b g m

prodd&SmBAEREEES £Imuieh &C60 WP, Fregiktatly Qs aGRhAY 70 kL. The term “product
epoxi dation process is preferably carried out at a

mix’t gsased heteinl isungerstoad torefes te the pr respvere ompibe optdet of an
S%QO kP%,[ "GHSV' or Gas Hourly Space Velocity is the
POXIRFH B e of gas at nornmal tenperature and pressure
( OWXen opedttif at these dlefin 3xidPpodpatici legelovhe olfia epoitiation
vol une of packed catal yst per hour. Pr %fg%r at])I ¥_,,w|aen
processaisEigaqatrly st 6AMpFisag 8 Silye cgmponent and a high-selectivity dopant,

preferably comprising a rhenium component, deposited on a fluoride-mineralized carrier

achieves initial, peak selectivities greater than 85%. Preferably, such a process achieves
selectivities greater than 87%. More preferably, such a process achieves selectivities
greater than 89%. Frequently, such a process achieves selectivities of greater than 90% and
at most 92%. Without being limited, it is believed that the advantages of the present

invention may be due, at least in part, to a decrease in the occurrence of indirect
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gas phase process involving a fixed catal yst bed, the
GHSV is in the range of from 1500 to 10000Ny(Lh). An
wadvwrnegge of the present invention is that thecprse®ss21356

may be conducted at higher |evels of olefin oxide

production while at |least partially offsetting the

concomtant reduction in selectivity expect ed with

ease Qgﬂﬁa; :

combulstg%%?% gf ‘{ bugnééﬁéﬁ? ihvent g gﬁ]fostﬁ% rd g#er a %fgheomde followed
by the eatibadtide of Iﬂﬁeﬁdleﬁn Qphde wuxhe{xyglemnol cdeboprdieiidée amlwater

d f
Dl o ofide praLELTE bRV PT B etaber B, Helsing
methQASEddw tﬂ@a@gﬁiéﬁ}np@é W%ﬁﬁnh@tﬂe%fﬁ{ &QH& frof a?<prb§uct mix in

greater than Mor'e preferably, olefin oxid
watemrdt dpgiongli eesovezing the ¢ieﬁ1p pxida cﬁtomrﬂw agseas @altuécm b]ﬁ éﬁtlﬂalon

Atle t 0a?d eV n nor e r1 ferab a é t ha ) ea 11e|?ima

ot inoRiung b pateprs OB onAnifts fpleiy o & iy g

subséq‘is@ﬁ’t‘iﬁ@éésy f(?i'tcoﬂ?&%:?ﬁn%7 e loRfin dﬁ’déﬁnfd £upedibl ¥ 12-didP&therfOr an
even nore frequently at nost 50 kPa. |n sone

alkaneirpoite rrEhc siethode ewployeh fqmudeccmﬁtsms apy rofdigrited; #nd; these

m as 60 kPa, frequently as
meth Olg“ "’i‘dﬁ'ﬁﬁ)&&ﬁ’g ??Xe product nix" as used herein
| SThEEHRR EisRRdntotthe EPaTiolle? thd B 2pTielkiitdr niayCoowerize, for example,

the outl et of an epoxidation reactaor, Wen oper
reacting theeleBinepidel withowpige spitadyiBtipg AR peidis o 2 bagis Cé‘iagﬂ ﬁgor
exam??e? )ﬂ)rdrﬁglhﬁ‘g gférdgmmt yﬁ{enlg2 Qididhahesst, ZC&inéthéﬂ ﬂlg ofefin oxide
I'’ver co hi'gh-sel ecti vity dopaht
may bén &faegelabhﬁl z::jﬁ:ﬁpfb]ldsncﬂfg' acedsexf iwrtercnreploqued phase emﬂom gupresence
a fluoride-minerali .carrier achje i ni.t
o angRidkoasB Bt Py b QY SHLBIC AHhhatsdonn tbs KA gtiion Hiiure a
I V o
S ks e e
prefegatdnirethetabsonc86a cd%ﬁlys‘,tu éﬁﬂhb yropeouttdn &f atecie devercd tm\pe@portlon

o LS o SR e S S BBl S
ether2BY ARG D a@ﬁbstetiﬁen@ Eﬁ%le nAltérﬁé(th‘ly qu ARY ethersGh; bs’ﬂﬁrepared by

I’east I N part to decrease in e occurrence of
convennhlgrth@b]cﬁnbusielvam an aleohol,tm eamnbuepnmarmlc@noéfsuﬁh and

en_to si.re f| n..o
methRgio SOt BF R Ao BRpEn of fie G ar e dteohotso .
di PHd SshvangonatEthe alkbfol el rﬁa;oemﬂkmserracbuﬁg dlemiyﬁlbemde with
recovered fromthe product m x u3| .ng nmet hods known

an arpinet $ush as pmnfopia, ex akgyl anipg, %Ib%‘éiﬁ lagring eABOYS Q5 apROUS
T AT Bl 0 SR B SR o
mon6&iIBirdldmaik O For Mtthbéssiplieatie i the conferditie o il ebafim oxide into the
ok Di5S S P DRI, K8 YEPER RO o1 81 HSH He
incotpdtfefetein vy Blerene 1 2- di ol ether, or an

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,
thermoplastic polymers, curable resin systems, detergents, heat transfer systems, etc. The
alkanolamine may be used, for example, in the treating (“sweetening”) of natural gas.

Unless specified otherwise, the organic compounds mentioned herein, for example

the olefins, 1,2-diols, 1,2-diol ethers, alkanolamines, and organic halides, have typically at
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al kanol am ne. The net hods enpl oyed for such
conversions are not limted, and those nethods known
wonodelessast nay be enpl oyed. The conversi on i nPOTAHIS2005/021356
1,2-diol or the 1,2-diol ether nmay conprise, for
exanpl e, reacting the olefin oxide with water,
suitably using an acidic or a basic catalyst. For
most R S, pIFR s af RGN Uetdont i 8 pfRLISE Bingst 10
carboni dtbms, rheéxe ifi phrticutat airmcesmeaﬂaonfatomﬁ ehs défmed hIequfu irghges for

phase reaction .in pr esenc t al
numhyrsseflca@b%atgraf i BTORE PTG e B b i e B e timits
ofﬂéﬁ?ﬂg e, at 50-70 C at 1 bar absolute, or in a gas
er

eaction at 130-240 OC and 20-40 bar absol ute,
prEfeng gbrgerally daseriteidseminwentions a dathedr poderstpading ay be ‘obtained

S A R e
only RROSHGREIIBHICR & Bo HinitRleh@less bﬂieﬁﬁi@@ kpecifiddr a- et her or a

subsequent ether. Alternativel 1, 2-di ol _ethers may
b p FLAHORIDE NHNERATIZEDHG R&R@M an

0 I f :
é‘ﬂ éIHBTegga:}logltanglﬁfgﬁ v@ab n?ad@ bblé'ﬁgsrs}élv@ﬁaé: t0§ gﬁ%gng;@m fluoride

in 300fg dfftlstitiet &vatdty Thb @nﬁhﬁﬂﬂf@lrnm&i’[i&mm stas defenhimed bg:

al kanol am ne may conprise reacting the ol efin oxide

with an am ne, such as ammoni a, an al kyl amine, or a

di al kyl am ne. Anhydrous o S ammoni a may be

used. Anhydr gusm mﬂm_c Ily used to favor the

production of rmnoal’llﬁ@lelm%lﬁé FCEor nmet hods appl i cabl e

in the conversion of the olefin oxide into the
wheralFdandhetor thet, is atleast drfc Theegmayat phiweter ¥/as fleferneinedipy-e

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 | apgem VarlﬁwAm i ndustrial applications,

for exanple in TRE™ 1 el ds_ of f ood, beverages, t obacco,

where @8.NEL] 16 $he thIoTHHY tmtsitmnrg@hm@ﬂammmahhg mmiau wWt%NH/F is
systens, detergents,_ heat transfer Sé t:ﬁﬁ g The

tho vl gt meTCARS Qf@mmvn%@ flyoige useh apd HAPL is BT
HZO%[ agﬁgﬁ%tazgf Y tl)anﬁf‘lorpﬁhfﬁﬁlﬁl! Tﬁ@?act&'m}:e §51a8RE&1ohbIER provide an

he organi ¢ conpounds nentioned herein, for
exce@(c&hﬁipﬁeglbﬁomioérﬁtldmsthathllﬁwd ithod alyminaZe de cbmptetedy submerged

al kanol am and._ or, i des, . hay

o ABSR i ghhiEa ol pT by it divishB Etppgtical formed
bodi&AWROAeA! P56 grahi o?ﬁ{etthﬁl@itﬁh aAIm AR SWas LPactidfel 40 2@ A BIg for 1

nore i n partlcu ar at nost 6 carbon atons. As defined

mimteas] the fimahiggsegnotingsntiiéorswas adsied mtheetta@ﬁiﬁol(l alugmina while under

car hgn nunber cl e.n er s cif
vacufify; G B o Kleised o 0% S GRRA PUBRGE ot Bl o[t the
liquill FE i ffles. aI‘Heliﬁlbfb%hat@@ densti@nsiuntndwys then oditafuged 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 50g of calcium oxide was placed in a second high
temperature alumina crucible. The high temperature alumina crucible that contained the
impregnated transition alumina was placed into the second high temperature alumina

crucible, which contained the calcium oxide, and was then covered with a third high
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by reference to the follow ng exanples, which are

provi ded for purposes of illustration only and are not
wonvwrnded4t o be [imting unl ess ot herw se specPCTa82005/021356

EXAVPLE 1 - FLUORI DE M NERALI ZED CARRI ER PREPARATI ON

An i npregnation solution was nmade by dissolving 12. 24

g of ammonium fluoride in 300 g of distilled water.

tempg{yfurg gﬁﬁ’lﬁka Qlfuc% | f iidRfeted halafe Q&Bﬁ& t@ﬁ)?e., g?(éh Tti}%t the

umna where Fi1s a factor that is at [eas
impregrmated tramkitioa tabmina svasl ftckedrimizdthb yhirdomrihleandribe sAMIB& oxide.

.where nmalumna .is the ss of the transition
This GS5eFRPLAN amp ASESn R A 70 (HTRe%S: | T IomPorRiNer O B FHASaY
increR§ICEsth r&6m RHIRRALHD 15 1800 PC IR etid 5&tiodPsTB O¥RRtes S ThB @ssembly

wat er absorption (g H2O'g alum na) of the transition,
was then hieldat 8G%&C fercOominufes and thezgadier beaterto 1260 fE@vetiepenind of 1

hourgﬁ%ﬁ;‘%g%&i’ %Esr @gﬂﬁ%ﬂgﬁagﬂgéﬂsttg kPg:lgl{;OE‘?'t "}&ﬁel: }ei%x\’\a’fcgévga then allowed to

cool hAd i ahirfiha MieVeddrdnl ee dgdnlgen cut into individual
cylindrical fornmed bodies was used. 150 grans of

th
{1 Bheparrionihag eiined (ieTien Al bt Be Praperiis dascmhed g Table 1. The
iUt e ar i i i me
carr 8 48 Ep Esf i i BRI ot e A PupBP platetr

typevacuum was rel eased and the transition alum na was
all owed to contact the liquid for 3 m nutes. The
i mpregnated transition alum na was then centrifuged at
500 rpmfor 2 minutes to fgppyve excess |iquid.
| npregnated transition alumna pellets were dried in
fl owi ng nitrogen afrop@fiecf CariefBuppour s. The dried
i npregnated transition alumna was placed in a first
hi gh tenperature alum na cruci ble. Approxi mtely 50g
of cal[cium oxi de was placefl in a second hi gh
tenperlat ure al umina cruci bl e. The 4#8# Aenper ature
alum na cruci bl e that contgained the inpregnated
transiltion alum na was placed into the second hjgh
t enper -al um na cruci bl e, which contained the
cal ci Lqimr‘%&—%%‘, and was thep covered with a thirgd
hi ght gnEatet Absorptiamtigr® cr lici bl e of 09%al | er di apet er
t han tlhe, second crucible, such that e | npregnat ed
transi ti%gﬁf%%?‘glfﬁaggl )\:%215 | ocked in byome third crucible
and the cal cium oxide. This assenbly was placedfinto a
cool flurnace—Fheterperatbre—of—thefurnace—was
i ncreased fromroomtenperature to 800 C over a period

EXAMPBE oM QUras ysierBPARKITPNGS then held at 800 0C
tor 30 mnutes and thereafter heated to 1200 C over a
peThisdesfribes theprepafdtionas sstdsk pilverdmpregnatien sblationised fa@

impr]; gr{ati%lg QCarrier Elg?er{aijsrarsl A irtl Rl% r}oﬁévbi%\é%gar}igles.

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
minutes. The pH of the solution was maintained at above 10 by the addition of NaOH

solution as required. A washing procedure was used which included removing liquid by
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cool and the alum na renoved fromthe assenbly. The

carrier thus obtained (Carrier A) had the properties
wdeswrnéad in Table 1. The carrier had a parti eqirasen05/021356

matri x havi ng a norphol ogy characterizable as |anellar

or platelettype. Table 1 Properties of Carrier Support

EXAMPLE 2 - CATALYST PREPARATI ON This describes the

the uB gﬂgfﬁﬁ‘éﬂv?&d%llﬁv%f @%e%ﬁu@ehénmfﬁg S 18Rkt B

_ regna carrier materials as descri
equivalerit kelufiel df Ql\ﬁiongzeé mrml &his washangprbeedare Wasalem@@kuntxl the

condhgEra I e aRBrLEiPY 10 S5 HEo - U1 RS APRlgiag of the

last \ﬂ%ﬁ c&ﬂ@fﬁ‘fo@txﬁ'ﬂ Bf Qéloltn%‘d FaleH 1W'a@ Rl S 1L RICh Y Ble §@d1§on of

ter stainless steel beaker, 1699 %r anms of
630 gaim(ef oxvlicraatdadiygdratdi(4 987 wedes) m mmmem_s offL08 @rams whie stirring

and mgnaiing e o BORAR AT O deCoT it Pt ko Tishi A T
dum{gothé h&difibd Y€khe 'IHS{ {59 ?raﬁ@lolfbkéﬁb é’c‘!'l& @ih &I‘afer tb RAsu tHaeitidi€not

enperature was nai ntai ned at 50 he resulting
drop :blelnxw Y8 lersansdxitendedipérad dfFime.nWabe waﬁm@npwdcfrom Itlee solutlon with

e T DA
was grawg 0% 8208 %)ffgfeq daETEHPV'EHtheH gfﬁ‘tlﬂe 3 K Fﬁ‘éﬁw&’%el@w 30 °C

er wand f e replacenent e renoved
durlﬂg thiisi ad ditioh Aadpaﬁﬂwwuﬁh@ﬂtto vizinuatty sifr tikeinixtinzeatihvadoagh liquid

Thi s washi ng, pyocedure ted until the .
Was PSP &Q Wha%wg’rly Siife e tmaL el E&xﬁwgw%ﬁ & sfos sitver
lmprE%rPﬁhQng&g &{Tfor%g%pg%‘e% b&afRRP! etion of the last wash

oni zed wat er was added and _
LEIHaBEy DS L o R g i
gramse/fdié ;sﬂv@rﬁtdbk E'dsﬂg]’gla:m gf mbﬂicagrm\nt}gl 54feg/sc)wmllacsnlmion4ﬁ 0®617 g of
e of t t t th
AR PGRHeBte a2 A 1 %‘5}/%3%@? %'5{ ) éﬁgz antnonitim
meta%¥ﬁfea&1§8§%d SDSH LRl PRiminbnl FaRRPhnd0.9P6PE itk 1trdtOT

an ext en eriod of tine. Water was renoved fromthe
dlsscﬂmetdm\rm*uemAddltwnfal water waaadilcdriol adjet the specifiogiavieoef thel

L N M

hydrfRdB kaunss PEk anadthpreghdfihdgolttidrowasiehet k®prepAreTudlidtar. 30

was used to manually stir the m xture unt|I enpugh
gramslﬁlﬂad’lmwm evsentted & hemuHiedar ] ypiryte and thgding] eregnatmg

o b AReFF TR AT B by Bt S Y GABAN s o
the cafiedilowed frcoptaepie liggidJat alnylﬁﬁtesA Tiasinpremated Qarkieng was
then cgn’u%fuged 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 5 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 umole Li/g catalyst.

EXAMPLE 3 - CATALYST TESTING

Catalyst A may be used to produce ethylene oxide from ethylene and oxygen. To

do this, 3.9 g of crushed catalyst would be loaded into a stainless steel U-shaped tube. The
tube is then immersed in a molten metal bath (heat medium) and the ends are connected to

a gas flow system. The weight of catalyst used and the inlet gas flow rate are adjusted to
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grans of silver stock solution of specific gravity

1.546 g/cc with a solution of 0.0617 g of anmoni um
woeontslessate in ~2 g of 1:1 ethyl enedi am ne/ waPeT/US2005/021356

0. 0287 g of ammoni um net atungstate dissolved in ~2 g

of 1:1 ammoni a/ water and 0.1268 g lithiumnitrate

di ssolved in water. Additi onal vvater was added to

give gg%%ﬁ%ﬁﬁgegﬂcflﬂgﬁ)g t@?% N\‘%gs x: Xe u?’ﬁécﬁfdr gﬁcﬂlgheli c?g\szt The

gas ﬂfb4v watkd be adjusiet yol 1 6.2iNIéh. SHielinleb gas p‘fhsssrefwmid be 1370 kPa.
regnat.ing sol ution s, used.to Cat,al yst A. .,
a0k by SaranisRirerppidde DRsyid oyt (hsccalf b oo i SREriBOUEh
operamoﬂutthﬁ'l fle Elt&?re ftﬁ:s'f‘ﬁin ihBRARGTRS dth-u Eo\l’vbhﬁlﬁ% 302%v 8dyRAe, 8 %v

Carrl er e under vacuum t he vacuum was
oxygem,l (leﬁ%ﬁzcbaﬂjw ditvdide,@r5 B mirogsnadd 26) o parts hyhaillipyby d

for 3 minutes. .The inpregnated Carrier A was then
VOIH@EWW‘FS‘&&@@ gll‘mgﬁo romfor 2 minutes to renpve excess

|1 68 ralysiRL BRNA%AMreeabF 1eﬁ{peﬁt1ﬁ€ W oRl bV E° () vaiettwbildde

vibrating shak er and dried Iovmn(g air at 250 C for

rampsd up 2t maﬁm%lso °Crper Houn g Zﬂéacaawaéhema wtpshq asiteachigye a desired

% 0p A%
conséa{é § th@?epg ﬁ%lpéo gg%,gcto ?émef'n]d ﬁ%ﬁ aggéﬁla}_?rlessure of
ethylead a;hm bt th&2eAMBE buflet-or %Tﬁtl.p\éﬁﬂénfr E@lhﬂ&ﬁd& al the prd&unﬂ)mx
be used to produce ethyl ene oxide from %t hyl ene an

oxfgahethylsnejexidp pgodustl@l lgvelrof 27 &Ea dor ¢hylenssds eritigf nygssure,
Catalygfe‘zgﬁ\g)rl]lllclpfr)rér)% Segt%ﬁ:t ﬁ%?desatrﬁﬁftla Pé?@%‘?&tﬁ/ﬂggea@ ﬁlatn%%,

a nolten mé t medi um
indeehgleittrethem 88%aams] asanueicasR%. oAaaxgahylfeh@mxldy praginctiathisvel of 43

.kPa gi@%&iﬁngfgﬁégtpg% b@lél%?ga@a?ﬂx% p}evlogiﬁlj)t@ oa t%(ﬁj %ggitpg an initial,

peak%éggtl\pills)/ érEatE‘I) thal%s%ahﬁeé@g@&ef n 88%, w@ﬁmaa{ 2 919k,

he ga [ ow woul eadjustedto 16.9 N /h. The inlet
g ammmwe@fmmsmlmrx@ommhat Threexgaeiedioss of eelegbivity
thrﬁ1 h the catal

assomatﬁg %Hfé § &Qgic}ed%maé 1;65?]113% ]ﬁ g{ %ﬁ Ipralétlatllg offset when the

procbs@,(ii étﬂidﬁ&e& hﬁng h%ﬁﬁalyxépdepbﬁllﬂécrbrb@ﬂﬁ&ic%/mﬁiewize@ eaer 0/Ei)hus at
gen, 0.5 % carbon dioxid %Yy nltrogen

an eth %n@ gx1ée prqdam@ lsyeliafiSbikBa fwth/sdﬁwvét‘pm )PTESSHEF 8atalyst A
oo e S s A 5l SO U b SBL B s e

thandt/ %’;l aﬁ@ﬁﬁnﬁéh 40M46: yAean bthiytent oxid2 @r@mc‘aond letvbleof 70 kPa for
adjusted so as to %Ealt % @a\spl red st ant. .| evel. q ak

ethY@PﬁWléﬁéal@% RESHF O GRALYS A Weglh Pesre s topacitds anmigal pe

sele&ﬂr tﬁr é?éatéi’rt 4o 18&669}#&’:4‘{&Qﬁar98%0)@ enlas hRhA8 894D A comparable

or nD ar perce et hyl ene oxi de in the product
cata]lysbprepthtredaan hbryfleosdoemintzalined darricr, st haweg a fmeliar prplatelet-

f t hyl d
typeiBlRERE AP PREP AR o ed P ar clssii e Hae P faftene
oxid8 pRRuBfiord 183&1s,88%would also be expected to have a less favorable ageing

performance than the catalyst used in the present invention.
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i ndeed greater than 89% and as nuch as 92% At an
et hyl ene oxi de production |evel of 48 kPa for ethyl ene
woxpa@2grant i al pressure, Catalyst A would be erpeaiSe®s/021356
to provide an initial, peak selectivity greater than
85% indeed greater than 88% and as nmuch as 91% An
advant age of the present invention is that the
expected | oss of selectiy tyr@sgoci ated with higher
et hyl ene oxide partial pressures is at |least partially
1. of Aggbdceshfon thehepopidatiers sf arsolefim deropesing therstepa ofat al yst
deposited on a fluoride-mneralized carrier. Thus, at
contaEHnG BHSAS BRSNS Y EPBYAR Aseaist gpaprighe & siver
comfridM RPEsifd ita RridedhinBffo s ERrieBAdl ySt A would Dbe
expected to provide an initial, peak selectivity
prodyeirg b produbiamixgdiprisingsalgiicaxide, wiraein gropartialpressuieed lplefin

.,as 90% At an ethyl ene oxi production | evel of 70
Odeﬁ%t%FBFO@PW}’@ﬁéT%ﬁrgl@np@r%al pressure, Catalyst A
2. WoulHokes frRecsRAlidaloR bPMi SlefidBomphitih@the sagRlof:

selectivity greater than 84% indeed greater than 86%
anebrdasting etfeetscopgmising anoripfin 2l exyear #itict cafplis sPBRrIgAS a

._a non-fluyuoride-mneral.ized. ' '
s11ver coi ?I)E?Py (gerpol%]I %({%é} %%a?ggreha%bn%p%ﬁéi}?tg\%ﬁnalﬁ)gﬁg\gﬁ%g6aércl:?lléla or
plateﬂé@—t%imb@ﬁology@indsel ectivities at the sane ethyl ene

oxi de production |evels, and would al so be eﬁgect,ed to
hapedBCing 3 Sradi bR, FRNRRENE A R SXidanEaereiRdhe PHHal prossure of

olefi %&F&éﬁrﬁh&iﬁ&&c‘t thik %S%Qétg%ﬁ&’i 60 I&?&n“ on.CLAI MS 1
process ‘tor the epoxidation of an olefin conprising
3. t hA mbo&ps anflaindrih akims § oa2f ekaeindhpcatslystpdditionhly ¢omprises a
.. and ox n wth a. catal yst conprising a.silver .
high OB S EIeT IS P AR SRl ARG, sy, and
tung&@xg. produci ng a product m x conprising an ol efin

oxi de, wherein the partial pressure of olefin oxide in
4. t hd moods b the spoxédaion af an olefingowprikipg thesteps ofy ocess

for the. epaoxigdation.of a lefin i S,

of conhgenrarremPRatE aflsf B4 SoaaH Atk CoRhigRe -
silvetcbRpenenbhdl ¥ BighGeI¥pivis} dipant HnptRingl@FXe METE of rhenium,

deposited on a carrier having a particulate patrix,

molybaonymg, hromivan(aad tyigstsn é@@rsétgd oy pdlupHderneglzedgagrier; and

0 AP s GO BB R St s

olefiplogili¢dh tie prodict grir & @eateithan BOkR®Pa. 3. A process as
clained in clains O or 2, wherein the catal yst o
5. addiRTpesEaRs glagRsiipclin Liban G patt piee T Bpalsin oxide i
greafeﬁ[fﬁﬁb@'k@& i gﬁrﬂulﬁ%&n 26 kPHRIG0 kP, MOl ybdenum
chrom um and tungsten.
6. A process for the epoxidation of an olefin comprising the steps of:

-

contacting a feed comprising an olefin and oxygen with a catalyst comprising a
silver component and a high-selectivity dopant comprising one or more of thenium,
molybdenum, chromium, and tungsten deposited on a carrier having a particulate matrix
having a lamellar or platelet-type morphology; and

producing a product mix comprising an olefin oxide, wherein the partial pressure of
olefin oxide in the product mix is greater than 20 kPa.

7. A process as claimed in claims 2 or 6, 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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4. A process for the epoxidation of an olefin

conprising the steps of: contacting a feed conprising
wanowlesism and oxygen with a catal yst conpri si RQTAS2005/021356

silver conmponent and a hi gh-sel ectivity dopant

conprising one or nore of rhenium nolybdenum

chrom um and tungsten deposited on a

fl d .
5. i B P RICART B STRRRED 7, AGRAt BEMER APl i

comp&%&&ﬁékﬁ@m@nd@h@ Eatatysoaiddigionallyt doenppisesia dlenirinx cb-@mgn@alt gelected
than 20 kPa. 5. A process as clainme

| a
from paeprsnprefdungstan, BIOLHIEREL B BRIUB) SHY Bﬁqsa °fu§ 'boron,
t articular from40 kPa to 60
comn%’g&tg&egpaﬂogfgglsﬁf g}ér%bhfg epoxi dation of an olefin
9. CQNPpfocsssng cldmaed; ey affclaime h8a wthierein thefoatadyst additionallig

an olefin nd_ﬁfygen with a catal yst conprising a
COMPEISES B “E@&%dﬁ@ and a high-selectivity dopant

10. COABFdcRisS c@cﬁﬁle@ fin Y & RimE 08)) inhreiEeydadi et eBin Ignse_:s alpha-
chrom um™ and tungsten deposited on a carrier having a
ﬂmnuartlculate matrix having a lanellar or platelet-type

nmoy phol o and .prod
ARSNGB 1 PN SETBL s e
12. OXA ffockst fob thelprodlié€ibn 6T X 1 |2Sd1@I @atﬁdlol btihBr (ﬁ(hnkdﬂaano]?amm«a
process as clainmed in cl al ms

comprsing coryering ph aleBnaride e el garblie Fod e fae

kiRl el S bt e BBk, Al b ks Oick ik eporidaron

oﬂan&‘dlléiﬁi A&rdlaialet ¥n bohydf dlmijsI0- Blur face.8. A process as

“ claimed in any of claims 3-7, wherein the high

selectivity dopant conprises rhenium and the catal yst
additionally conprises a rhenium co-pronoter selected
fromone or nore of tungsten, nolybdenum chrom um
sul fur, phosphorus, boron, conpounds thereof, and
m xtures thereof. 9. A process as clained in any of
clains 1-8, wherein the catal yst additionally
conprises a Goup IA netal. 10. A process as cl ai ned
in any of clains 0-9, wherein the carrier conprises
al phaal um na. 11. A process as clainmed in any of
clains 0-10, wherein the olefin conprises ethyl ene.
12. A process for the production of a 1,2-diol, a
1,2-diol ether or an al kanol am ne conpri si ng
converting an olefin oxide into the 1,2-diol, the
1,2-diol ether or the al kanol am ne wherein the olefin
oxi de has been obtained by a process for the
epoxi dation of an olefin as clained in any of clains
0-11.
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