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A METHOD OF PREPARI NG A SHAPED CATALYST, THE CATALYST,
AND USE OF THE CATALYST Field of the Invention The

w0 poogfozi7zan rel ates to a nethod of preparing a BEEPS06/031029
catal yst, and a shaped catal yst which is obtainable by
the nethod. The invention also relates to a process

28&&.“&99% 8 ?9% BrEEeD q%@%f § Fin and
oxygen w ape’d %%Tﬁg ‘? al so

. relates to a rrethod of using the olefin oxide so
Mﬁl&b&m&{g a1l 2-diol, a 1,2- diol ether or
an_al kanol am ne . Background of the Invention In

ol B¥% nineprext il%ﬁwladhesoﬂé@ i3 m%th%&%@wnwmg@nsmaped
t
et B ke T TP ot LR (Y e

methmder Tlran jaim‘rmﬂororalam ametdo foran@rdoesdi by t@he

%adl ol her Qr.an alvg?ﬂoo%am ne. Thus, 1,2-diols,

epoxt TR RS iy PP hE SR ceeh e ng

a fé’@cﬁtdo@&[‘szﬁw)% ST Sd g &b?érﬂ RO 1 O 30l
converting the forned ol efi n oxi with water, an

catalyshol Bre dnvaition @hwents iz sit vemefdyed of using
C t I ot or{ ou I

the FGIEEHT S SO IAAMARLA NE OB T6 DULL P21 o

dioX omvtent imnain (‘aé]t}air;ﬁs]tamim seI ectivity towards

B ethlee i.de, ex ressed as a fraction of the

ac not reach val ues above the

6/ o5 1 SbL.ry éﬂﬂ}&daféldﬂn dn Jdhersfore, rddised itn I’E’f@ygen

| ong been considered to be the theoretically maxi mal
in g eetesANGE off tohi sl Fesethared bzaasfeajlm the form the

olePfr?'%r% ryz’ﬁ%ozﬁe%ﬁﬁz% ek% c?é_&l w1t6n %ater,

n d&noyled opedian cﬂrnﬁtem@aﬁoffedlnb,lz}gjﬂ,oBrCh 1,2 lel ether

or an alkanolamine. Thus, 1,2-diols, 1,2-diol ethers and

alkanolamines may be produced in a multi-step process
comprising olefin epoxidation and converting the formed
olefin oxide with water, an alcohol or an amine.

Conventional silver-based catalysts have provided the
olefin oxide notoriously in a low selectivity. For example, -
when using a conventional catalyst, the selectivity towards
ethylene oxide, expressed as a fraction of the ethylene
converted, does not reach values above the 6/7 or 85.7 mole-
% limit. Therefore, this limit has long been considered to

be the theoretically maximal selectivity of this reaction,

based on the stoichiometry of the reaction equation
7 CHg + 6 02 => 6 CyH O + 2 CO; + 2 H0,

cf. Kirk-Othmer’s Encyclopedia of Chemical Technology, 3"
ed., Vol. 9, 1980, p. 445.



10

15

20

25

30

ed., Vol. 9, 1980, p . 445.The catal ysts are al so

subj ect to an aging-rel ated performance decline during
woosomabi7eper at i on. The agi ng manifests itsel f bgT/EsS2006/031029

reduction in the activity of the catalyst. Usually,

when a reduction in activity of the catalyst is

est he reactlo e rature i s increased.in
o Eht CBhtabiSEheart' letrHRE) Bl Erorni RoRBE T Er LG e fhe
perf€a64hes Héﬂp@ﬁ@t@ﬁ@lﬁgynbgmhmcbpé§§€18ﬂt'|Thé Q@Qﬁ&e
undesirably at which point in tinme the catal yst
man%éeﬁgénéHS@ébeYa@ tREUEhyoBf 1Pt §Dpj petiwdtandTwobid
cat2£d: 10 @gugffpangﬁg Gepepaliyont g geﬁﬁs;ﬁggékythe

applred o I N~ epoxi dafion cata ysts are’s
catehyatysssmahithstonpneseesctven teppsirtedronia increased

., Su The are, prepar b t hod, whi ch, invol ves
in FHEBR L, PRGPORERER: Fhg Fhe LROpER-Cuppbr rChivhiy. Tne
reas0l ohi 08mEOARE L SE NGa R §é|¥ﬁér§§HE@n§HE11TD€ BsURPREL 1S
comonl y ared by noul ding a dough conprising the
und%%bﬁ%?%yng graﬁtow hc%rE@EﬁEOEnthém@othEn@@téhﬁﬁbdls
tigl d y e, par t
oo e ot ar 2 of e eRd o haPE LLFEEEng afygh¥ita need to be
exch@mge@us pat ent publlcatlons di scl ose exanpl es of such
cat al reparation. Over ears nmuch effort has
é %E%d ?% ﬁ%?%%?ﬁ@a%#%f? PLpBRi datfoh eapaiyetion
catan éﬁ@lér@eéﬁ@ﬁéanéﬁtaifét§X@HPE§ EBnpespecti phetheir
initial activity and selectivity, and in respect of
depepbfedsPabd| FUHPPEEf or HaREe2rE€hBtreParetehdy 2 esebhadcehich

i GRSk DB o oo PUTRORE BCLLRE, v -

solmhbonatamysisin@nﬂ sihvet heompostancesThsobubpons have
found in.i oveg%froces es of preparing the

bee
comBSE Y yRESEA BT B U DRasedotah aP Ut oL a9 bfe Support
mat 8Ll &L b¥€a precursor thereof into shaped particles and

drying the particles at a high temperature of, for example,
at least 1000 °C. Numerous patent publications disclose
examples of such catalyst preparation.

Over the years much effort has been devoted to
improving olefin epoxidation catalysts in their performance,
for example in respect of their initial activity and
selectivity, and in respect of their stability performance,
that is their resistance against the aging-related
performance decline. Solutions have been found in improved
compositions of the catalysts, and, in other instances,
solutions have been found in improved processes of preparing
the catalysts.

Modern silver-based catalysts are more selective
towards olefin oxide production. When using the modern
catalysts in the epoxidation of ethylene the selectivity

towards ethylene oxide can reach values above the 6/7 or
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towards ol efin oxide production. Wen using the nodern

catal ysts in the epoxidation of ethylene the
waedeorintty towards et hyl ene oxi de can reach pel/us®06/031029

above the 6/7 or85.7 mole-%limt referred to

her ei nbefore. Such highselectivity catal ysts may

conprise as their_active c onents_sil ver nd..one or
95 . TS g T b A APt S RAE S © orpib S
sel MRS} Noh I8 tMma RGN s &€ P HEM Ora dilwbdenum

H gh-selectivity catal ysts are disclosed, for exanple,
CompnaUS-A-HZ6EID4 g WS AU TEEr0 iohreelagectitof dopants,

i Qv . dor. g -t he : :
sucrl, T MG BAGE 1ol SR R RIS e ndom o
molyrdepamed 1A gh-dalgc-iatihy e tpertsttd esreMdids @l esidd,caror

caonpound, _an o i c bin an al or d
exai ot 4o 4 T G oue: 115 4idt 1981 t he Peri odi ¢

T tisnd @afs torcatad st FeSdh have

. i %p%grvé;ggfn?ﬁmﬂgll%ﬂer ];;?sr r%\i%e&‘gggzs;rﬁ ggﬁvﬁ L&i?e,
catzoo/ 030813 estrsmizl & hatS+ ' sy parhatel Yo% a
ast [ Si N, - ' t
i e T

siliamr axespdlred mechanigeal i propetdd esarod 4 heetrals wd | amgupound
support. In sone instances, ﬁg[ xi dation catal ysts atak%le

selqrarbd- FIBNTE IR T ortpri’sd i erts F i tion e of

eledtdi SURPALY tBtEIH Al ysdd RardH G ivptdvdeshecti 40
such epoxi dation catalysts, it may be desirable to

perfigmpraves tprecretties on resi stance of the catal ysts.

Wb o e o )
B e
a p&:ﬁbag! c;/@ﬁplaﬂdileﬂlhrp(rjﬁ‘-ﬂﬂ:talsimé ;’ﬁzast}; 'Eima’(Safi rc‘t?tbc_mram support
rupnl ng nmay ogccur uri ng ca YSI manuracturi ,
mateuhat &1 shi ot HE %@}ig%t% T % t URPF Qe n%?e or
mectPdeda 1 68£40& - P DL €SS B8he ThesE f DESESyHR-€ause the

catal yst” to breakdown into smaller particles called
f i ressoiffhi Enstances, epoxidation catalysts are formed

from a dough comprising silver in addition to the support
material. In particular, with respect to such epoxidation
catalysts, it may be desirable to improve the attrition
resistance of the catalysts. Within commercial processes,
friction or rubbing occurs between the catalysts themselves
or between the catalyst and equipment surfaces. This
friction or rubbing may occur during catalyst manufacturing,
catalyst shipping, epoxidation reactor loading, or other
reactor processes. These forces can cause the catalyst to
breakdown into smaller particles called fines. This
physical breakdown of the catalyst is known as attrition.

Attrition occurring during the loading of the catalyst
into the epoxidation reactor can cause dusfing problems
which results in a loss of valuable catalyst. The

difficulty associated with attrition with respect to the
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physi cal breakdown of the catalyst is known as
attrition. Attrition occurring during the I oading of

w0 b@7oat7at yst into the epoxidation reactor canPCBUSB®06/031029
dusting problens which results in a | oss of val uable
catalyst. The difficulty associated with attrition

: . t i dati on. ' hat th
oo B EERH LSS, M

from eshd tigrgrctiod Jowxressswer deyelOpnendscofsihe
reaction in_the separators or other |locations within
deve lPRRh it T ont pR oERRST IR 1 )the PR pPED| @At e he

locdBEAVENY: Sy St effe JResdo8sh Cﬁ%&@é% Yshq reAucesa L gy

productivity of the catal yst” bed fecting overa
prolpreseesin eftf¢ crereyeandsysimmeasi Mhoperat | of cosdbyst

Thus,, it woul d be hi ghl esirable to .inpro t he
redyg Sriiihl‘eorprr%slil%J%Ja‘ﬁjc%\go?ycﬁ?eaﬁfs EREL ]%ﬁgrcgoeég%%tlng
ovend th@Hosays ngtfhatendesdid 6 ddies I8y | S8 PyeiPt Sost s .
al ready seen- it remains hi %%Ify desjrable to inprove
Thug el T bt 19l ¥ edgreigtalie dire giprayre die attrition

resBHdNEd Yor Selesidyidy and stability, of olefin
epoxi dation catal ysts forned froma dough conpri sing

silverldon gmizh twbrheowt tdweyisuppdrat redespite Susmedryy of
. the inventi.on The inventjion provides, a nethod of
lmprporveeﬁnae_rnltnsg 3 HE o’ EHtalYstt Wﬁrﬁ%%ﬂéﬁﬁdﬁ _arkéjéas to
improond ditg e dbmighandd 0 shapadqar tdldse and giyd ng t he

shaped particles, wherein the dough conprises a
actisiigpor SRS Bty and shadddddor tderadetf immbarisidhien

t LQFRANEY 1y BN Oe LT L e rd. hater Qr 1 .

e precursormt1 her eof, faasbdad]id% At oS legé% l%{ﬂaéﬁn%tajton
to Hheastupk® 3 Wetadiat. nost 80 %W of the support

Syt erifalt,h or, t‘pe E.r ecur sor. thereof, has a particle
- The invention also provides a
shaped roadrad kst p¥UEldsS 2 method of preparing a shaped
catalyst, which method comprises moulding a dough into
shaped particles and drying the shaped particles, wherein
the dough comprises a support material, or a precursor
thereof, and a silver component, aqd wherein the support
material, or the precursor thereof, has a dgy of at most 12.5
um and at least 10.5 %v and at most 80 %v of the support
material, or the precursor thereof, has a particle size less
than 2 um.
The invention also provides a shaped catalyst which is
obtainable by the method in accordance with this invention.
The invention also provides a process for the
epoxidation of an olefin, which process comprises contacting
a feed comprising the olefin and oxygen with a shaped
catalyst which is obtainable by the method in accordance

with this invention.
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obt ai nabl e by the nethod in accordance with this
i nvention. The invention also provides a process for
wo b@7epoxt dati on of an ol efin, which process cPOPUSB®8&031029
contacting a feed conprising the olefin and oxygen
mﬁth a shaped catal yst which is obtainable by the
hod, i n accordance with, %hls |nvent|on The.i nventi

aI S pHRVFRIESCR PP ACHTOYIUST ng BREBPE1 PR BRiDE FBrOfefin

oxidBKERE Malidgdhol,2a9i02; dhol  eLhes] OkrRBrabkapal am ne
rising converting an ol efin oxide into the

alkqng?@mbme ¢PrRPYi iy ofoRrY BEEinGran helaf kaneokagenénto the
1, zw@fsf'nt¢geli%eéialoégﬁgfhaérbgﬁg gfkgﬁgfngMe srein

process e epoxi bn of "an © A in actor dance
thewbléfihi sxidwends doeeDetiathenedesgrappronest fhe the

In entlon t al repared in accordance with this
SO e PO E e CALF B EheRpect Gahos aht hpf ByBdinvention.
Detali&dt hOS-FBSESEANSE BRE PRy EéQEEAce in olefin
~_epoxidation. The inmproved performance of the catalysts

prepba sty REeRHaAcEN WEROTHRERCE nwehl i bhissiapparéon
f I 1
can LM one Qﬁeg?éﬁtgé%gc?ﬁn9%§¥ggeané%%rltfgnl¥%sxstance

nproved ini | iproved—ac
andspebfbrman@mdlmn@l@ﬁfﬂ sebetdavidy. stability. Initia

selectjvit apt to be the naxinun1se|ectivity i
whi & +@p%%ﬁ?§v%%rfﬂrwﬂ%0?n?fi5@epﬁ%2% pFLehergRar8f in

accbhakadt al ysh M@féeiﬂvéﬂﬁlgﬁt§£y§%p§£QM£nyHﬁ sheagdt! Yore

exhibits an increasing selectivity until
of ge| teprovey bppkbathestaviexi nimpsevedtivityalwhich is

selég ?t% 1ﬁﬁfé%géagﬁkf§%%%héya J?e Inéﬁaakaa?ved

S usSu a cunu rve
sel@tEiVﬂt@X$ﬂ£prDﬁthlDnlbyﬁl theccaial ygtibedehnas to be
anounted to, for exanple, 0,2 kTopn/nB of catalyst bed

the JRaFIHEn | 5o h? R Bt L ¥t AL GRt 1 HedChI v edr iR chibar 1pigial

phaggOBfn%§e0&8§a$§|V§é bgda1 e |RVEOLH O Pr oY H85sBSs BBy 1y
advant age that |ess process steps are

but steadily exhibits an increasing selectivity until the
selectivity approaches a maximum selectivity, which is
termed the initial selectivity. The initial selectivity is
usually reached before a cumulative olefin oxide production
over the catalyst bed has amounted to, for example, 0.2
kTon/m> of catalyst bed or 0.15 kTon/m> of catalyst bed, in
particular 0.1 kTon/m® of catalyst bed. The invention
provides as an advantage that less process steps are
involved in preparing a shaped catalyst starting from a
particulate support material than in the case where a
particulate support material is first shaped and the shaped
support particles are provided with catalytically active
materials.

The support material for use in this invention may be
natural or artificial inorganic particulate materials and

they may include refractory materials, silicon carbide,
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i nvol ved in preparing a shaped catalyst starting from

a particul ate support material than in the case where
wa2@antizenl at e support material is first shaperRCHUS2006831029

shaped support particles are provided with _

catalytically active materials. The support nmateri al

for i hi i entfion.my, be,natural. or artificial
claf@f SaELB LN s Lokent | ananBy be Rt ural oL et cl
carbefabes pr jormadeamal ¢, csléiwancear bhdee ChaYsagresl it es,

charcoal and_ al kaline earth netal carbonates, for

CarReRHHt e claf e T Car bohat @ 67 C e edi et tak bondeeh as
alull®f erifshas £a F ef 1 ACLOL Y Ambes] éa.sg?ﬁeQ§ g&?@%@férred

magnesi a, zirconia and silica. The nost prefer _
matempialihd ¢sakuminmi ndlymypethy) ythe heuspaporhanet e al

conSOIBLLS6e lear &5 W mrs b pally 20 o I

parfi@olentdy up d-RRhhIer o ©VEN 2L 0 HOO I,
ecursor thereof. The a-al um na may be

a-alumna or a prec| U ur . ,
fre%%ﬁ%&%yt%%%%m%t%rﬁmn il i HQ swi tarbtumbina ox
a pRUORsOF LS eF ably e f&%drgﬁqénxﬂ]ae%%é Zé%ﬂa%{h?d By

Fluoride mneralized a-al umna may be of a platel
minetgliczairieon A hroefadrumeicha- =litrdngy iksy %oﬁcgg?bm,l at el et

fi ce i s made to US A . ' .
e R L U Josust Shuni ol e S dbiroh e
o~alheria fyy nef erfenc el ALy oo afusPPoY th Bt SF 4 & -

may be chosen froma w de range. For exanple,
aluﬁ&-@% Ui i ﬁ%r@&f@%%|%%ﬁm edReflandnes isuste to

US-2S AR | &3 hesudahoshmde uand QdRsld e as el L, as
transition al um nas, su::gh as the chi ,%dpﬁ”a,lcg_arﬁ%e,
incgmauatadéteyeiand et fanariqms. The particle size

di I.hutiaon the suypport material or precursor
th%%do%S%yS 6’2{ oI dal™e S i S in%% F1s Sx A @

widebinardad. orrdy igreele, The-SURPOId JYREIAArOlinclude
hydrated aluminas, such as boehmite, pseudoboehmite, and
gibbsite, as well as transition aluminas, such as the chi,
kappa, gamma, delta, theta, and eta aluminas.

The particle size distribution of the‘support material
or precursor thereof may be monomodal, or multimodal, for
example bimodal or trimodal. The support material or
precursor thereof may be formed from a single particulate
material or a mixture of two or more particulate materials
which yield an overall particle size distribution for the
support material. A particulate material contains a
plurality of particulates having various particle sizes.
Typically, the support material or a precursor thereof has a
dsp of at least 0.2 um, more typically at least 0.5 um, in
particular at least 1 um, more in particular at least 2 Bm.
Typically, the support material or a precursor thereof has a

dso of at most 6.5 um, more typically at most 6 Hm, most
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precursor thereof nmay be formed froma single

particulate material or a m xture of two or nore
w@asoiogtthat e materials which yield an overal | perusmoe031029

size distribution for the support material. A

particulate material contains a plurality of

ar j cul ates varjous particle sjzes. Typically,
CYP{%R js%p?)%rIP t% ?gﬁ’m'orlré PRECHTYbRT t AErBOFL hashBr dBdre
in gdrelchBPastaf. Ros 4 RS andyPi LRl hyrBicheRst a0 Ro M 3 . 5
in particular at least 1 mm, nore in particul ar at

-least 2 mMm . Typically, the support material or a

YERLNLEON o5 AL T 88 B S cor

has ,a idwopaft Btullarsat 6nost ﬁoﬂ'ﬁ’l typ'ﬁlbelﬂ_@‘ partteasltaB gh, in
i articular at nost

t. 4 , I
partl'njgcﬁs)lf]caalfln%‘;% %%%SSEqu(go‘? T i Qﬁ‘r%l%?%%{lr%%rl?%‘?eb:f
um. haﬁyg@l@eﬂ@l}@f the | 8838806 qﬁﬁtef@éﬁ Sypically, ALyl eas u%reqof

, In particular at |east mm, nore In partic
haSaa Jogast @t mast T\%pﬁcamymorﬁetsmpp@ﬂtlywatempat ) am,

in E%){/pl caﬁ) :711%9% h?n%‘dq?% pa?rﬁl?r:m Jrc%talfmas}t I'ftoo’gt_m*r]rz 5

um, ,maowr eln rpqnatrid:m:lﬁuara’@tmdmstlﬂalmS mm, nost in
[ nost 12 mm . Typically, the support

ticul at
Prgﬁﬁé‘?t%ﬁlf& ERF eSHIRUTT (her ot haRt 2 PRSI T | idageot

has & l4,.qmbsE HEr§e5¥E|@aﬂ|Mmatmp§@SEyglga ’ahnﬁeast 0.2 um,
particular at least 0.5 nm, nore in pafticula

in H@atsﬂecqlaﬁmat TW%“@IQ)E Hihe Teupport patieidlaprata least 1

acfs%/ %he&?g Iac q‘!laftgcepralr% |t CLEFZ% glte%ﬁdlé%efﬁﬁOf

has a mbeofnapambstuBaB arh, nmaste 2t pPicaTypi 68l hystfBomM/0in
00 %/, in gg{lticul ar 80 to 100 %, of the support
Par"rfa? 3512 MYF e ctr3 ot AT Thae Bt irarkak &k ghost 2

Wi b4 18, | angen ofo fromld 4., %onpaé@lfcdtaer Otﬁ? tvcﬁ'ltt?o
of the partlcle si ze distribut'ion. Mré typica
5V, faforklen Swrnoo- wateripardsd Querugd®t d:lmoac%/ haoa‘ 4 he

particle size within the range of from 10 to 1000 % of the
dso value of the particle size distribution. More typically,
from 60 to 100 %v, in particular 80 to 100 %v, of the
support material or a precursor thereof has a particle size
within the range of from 20 to 600 % of the ds; value of the
particle size distribution.

In an embodiment, the span of the particle size
distribution curve (hereinafter “PSDC”) may be characterized
by the following equation:

PSDC = (dgo — dig) /dsp
The term “particle size”, as used herein, is the equivalent
diameter of a particle as detected by a Micromeritics Saturn
DigiSizer 5200 laser diffraction particle size analyzer.
The equivalent diameter is the diameter of a reference

sphere having known properties and producing the same
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support material or a precursor thereof has a particle
size within the range of from 20 to 600 % of the dso
woada@h2 t he particle size distribution. |n apCT/US2006/031029
enbodi nment, the span of the particle size distribution
curve (hereinafter "PSDC') may be characterized by the
foll ow ng .equation: PSDC = (d 90 - dio) /d50 The term
resndhid o o 57, SvhEluo | TaG Heber ., =7 sChRecabhf vaf e LhG
mea €hh a6®! erTioé e partpehei @se det £st@sbyiBuM ShOMREET 68
Saturn Digi Sizer 5200 |aser diffraction particle size
herghny ysetatapeteqhiearehemel freeieion sof hehei nastérles for
r ; e ayiLn per : ugi
N et gt e S e
Digp3tzéx| B2 0 hyseraduf bdacThen tpam i phetstte shabyzer.
di st.ri i on" herein, relates to _the vol une,

The 91 St u% as_used t \

FPAT OO PHRSPEFET PRECF OIS S1F T el parefe| 41 eapelsHag
the dedeci€le Db @ M EF9EBA1E | €S SBhat®, Dhigh S 3L 5200 up

| aser diffraction particle size analyzer. The nethod

secoRfap RUFT Hol par e epsinary red titesl ¢ spefling t he
i soni thus_breakin
son Ry paeT TaraS PR AT e 4 R JFORHED Hhange
in GYomiddocutilon treabientd, swhonhi hyupdcanliyl raquiivether
._change in the d50 v Is noticed, which typically
mlm?%%ﬁ?réjsﬁlc?ﬁjn%eaggwj(?iviaa?ﬁ)r? % ob° VR dsTand 0. 1%
met £616h SR RS aphers Phad &y whied wisd Rbnd e M STOBEIL | 685151 zer
Saturn Digi Sizer 5200 | aser particle size analyzer.
5200rher 39F Rarotc ke 9hed A ei#RT represents a particle

di tel ats phi.ch_th a al rical equival ent
VoD B PPt [T €S 4 i SRt parF T BaCSrl PaF thar
diandieestat ethingdi @repardiel @ysd Z esphkhel d£1 nedugiges 1 eras

ol P8 PSR eFenLs aparticle dameler here
stated median particle size. ‘

The term “dgo”, as used herein, represents a particle
diameter where ninety percent by volume of the particles are
smaller than the stated value for dgg.

The term “dio”,. as used herein, represents a particle
diameter where ten percent by volume of the particles are
smaller than the stated value for dig.

Typically, the value for the span of the particle size
distribution curve is in the range of from 0.1 to 10, more
typically from 0.2 to 8, in particular 0.4 to 6, more in
particular 0.5 to 2.5.

In an embodiment, the support material or precursor
thereof has a particle size distribution such that at least
0.1 %v, typically at least 0.5 %v, more typically at least 1
v, in particular at least 5 %v, more in particular at least
10 %v, and most in particular at least 15 %v of the support

material or a precursor thereof has a particle size less
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smal l er than the stated value for dgo- The term Ldi 0"
as used herein, represents a particle dianeter where
wo esv7periaent by vol une of the particles are sned1/€62006/031029
than the stated value for dio. Typically, the val ue
for the span of the particle size distribution curve

th f fromo0.1 to 10, t |1y f
ehagy B g IR crare e e 01 o0 TRtV R ok Vet &

suck.5hd® 2 Tmodh AN anpo@ymlhfh@t&w@wr@s ngiyeriql or
precursor thereof has a particle size di stri bution

pariiehlafhaat drogtedsr v 1oﬁ/zyth¢ yPRRO Ty Imtqu@:azsl Or 52 %y,

rreEEENEALLY ot e IR e gy Lt S

pdfypted bry atat MsﬂSl(.%/S ofvt hso:sejptpypsicaifalﬁratal 1@aista 11
oy RrECUrsor. thlﬁley h]r Jcle size |lessthan 1 mMm
R R 12 b SR 1RO 37 stleh e 15

$v, aloF®sin 7;5319/@3@11]}’5{3_* et |]Ye@ét metewd Wa hdsParticul ar
at nost 45 % of the support material or a precur sor

Pariherldr Haslerfardd cie &t Zd¢ eswprndizh nlatrmﬂrlal or a
L cal I t t | east
oreqPyffllbrdis 18013 Purt 10a S AR Il 3 oty
Typleably 1584 pardrieclien qiard Id:ilsl;talflkajtjlcﬁﬁsis 20, %y, tlend at
rtlc | east 25 % of the support
mos‘?mfer? a’l %je‘/czlﬁ'q%d?(’%%e@ otV has? apabﬁdtq F 3zgnost

50 4+essf tihan salﬂﬂ'ﬁrt haiGald Y. o he PAdLAE S SitEreof has a
distribution is such that at nost 80 %, typically at

Par%]te 60l oy, 1956 gdran cﬁJILaTF at nost 50 % of the support

cﬂill‘?f e &r | ca r? J{ea&pﬁqﬁ;&il C% gast

sv, t:ypupzaiﬂz;cxﬂtaﬂ @etstle%st%m |w,partdné:(t)ﬂrarpaait:ﬂcﬁMr %"t
1003 a0 4 S hstlar ol Least, 20 o of Lhe supperl
has l£SSadthian 3 dﬂ”ﬁe 1By aaldy .3 the partd:ddf 1y, the particle
size distribution is such that at most 80 %v, typically at
most 70 %v, in particular at most 60 %v of the support
material or a precursor thereof has a particle size less
than 3 um.

Typically, the particle size distribution is such that
at least 50 %v, typically at least 53 %v, more typically at
least 55 %v, in particular at least 60 $v of the support
material or a precursor thereof has a particle size less
than 5 um. Typically, the particle size distribution is
such that at most 95 %v, typically at most 90 %v, more
typically at most 85 %v, in partiéular at most 80 %v of the
support material or a precursor thereof has a particle size
of less than 5 um.

Typically, the particle size distribution is such that
more than 75 %v, typically at least 80 %v, more typically at

least 85 %v, in particular at least 90 %v of the support
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size distribution is such that at nost 80 %,
typically at nost 70 %, in particular at nost 60 %
weboorher7szpport material or a precursor ther eoPChas2086/031029
particle size less than 3 mm. Typically, the particle
size distri buti on is such t hat at Iealst 50 0/{ls/ -
ically as 53 re typica t | east
mat%f?é?n$%a??$ arg% %%1% n% 03 %fp?ﬁgxgﬁﬁpﬁﬁe less
thamm&@rmml OTy@1@ﬁBDyIS@m?}ﬁﬁif%?l@a§1§eF@i&tﬁi@u@i@ﬁ is
ess_than 5 nm _  Typically, t e particle size
Suc}a éﬁ“?? b%‘flIB‘PISJFs-g%ut‘ﬁr thericrl hostt gsosly, 9% ypv candye at
typi@éﬂl@oa%wmo§9r§3t%@'QQQéU f@éil 5y ?&mo%@ 92,%%; in
particul ar at nost 80 W of e suppor erial
Parfp#@élﬁ%o@ttlhw@o?l hets, anmtlmlfeastzeubérlas&nctﬁar@@ $v

[ article size dlstrlbutlon i's such
of %ts}l}n—%ﬁ%f?h%%t %/poﬁ ViR TV 30T | BaRTERD B8RS Fore
par‘di;cple:aéig/eacbflm @80 iipn particul ar at |east 90 %W

e supportmaterial or a precursor thereof has a
péWF?Jc“F%ng'ze thegpitgnl e iR A ISipE daution the such that

100F%ﬁt'6%E%ﬁ%z§héﬂégf'ﬂ§géf¥51 of“gﬁbf%g%véér E% %ﬁ%(%fs a

typically at nost 95 %, nore typica
partgske ts}/qu%aldiq/s aithams‘ltOCQZm%/ mane paygicallay adsdmstarPloo

arti cuI st 90 % of the support
o rr/l&é} eri aﬁe éc}?l%r preturs tqwdrﬁjérbf TS a“bd?i'ifll’tc]icéﬂsa}rzelﬁﬁs
thar €85 jtnhamd$x nm pa-liYCQLcﬁ@_dﬂ 1de wad i9d Sl ze
distribution is such that 100 %, of the support

materdthl SEROH B oumsre tHeredtS Has d:mrqaldue & deast
30 9essird 409, mp 'atmi %stty@SCaJvl %ot 5% t%?ﬁ) t’seglal

partlcul ar |less than nm, nore’in par
Or & MeCrE gah throstof maparat |pcaﬂtarclleeaﬁztd1anm 5ﬂ1emﬁa.nden of
fro rbetrgo inment, nore than 25 %, typically at |east 30
in p&lrn%l cular at |east 35 W of the support

nHIrErarﬁleanocaLHWTthura&O'leta@Qr eofyNag piRaMtielR Sizgd
t he range of
%V, more té%lcally at least 6 %v, in particular at least 8

3V, and more in particular at least 10 %v of the support
material or a precursor thereof has a particle size in the
range of from 10 to 20 um.

In an embodiment, the support material or precursor
thereof may be a mixture of particulate materials of
different particle sizes. 1In particular, the support
material may be a mixture containing (1) one or more finer

particulate materials comprising particulates having a dsy of

at most 3 pm, typically at most 1 um in a quantity of at

© least 1 %w, typically at least 5 %w, and more typically in

the range of from 10 to 30 %w, relative to the total weilght
of the support material or precursor thereof; and (2) one or
more coarser particulate matérials comprising particulates
having a dso of more than 3 um, typically at least 5 um in a
quantity of at most 99 sw, typically at most 95 %w, and more
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from2 to 5 nm. In an enbodi nent, at |east 3 %,
typically at least 4 %, nore typically at |east 6 W,

wo poopaet7wzul ar at | east 8 %, and nore in partPCDUSZ006031029
| east 10 % of the support material or a precursor
t hereof has a particle size in the range of from10 to

20 I n an enbodi nent, the support material or
typb?%m st EhRerEdRIReyt b%r%nrﬁ’%we%f SYar FPéaFhve to the

totdBtRLighs OF ehifen ﬁ&rPQﬁéﬁéffaf'gfs ré8u9§5£'EH%€§

the support material nmay be a mixture containing
onth@reppret f phehapiny i the aparbebe | aisesoaprdssscnglbed

' ' d f |
o BE S SRoPL B BRTTE) 2 e ok Tl TSR 1

attetti@asteSidhnaadandrect ypitcal oF tihet BRapangeaoil fsom
10 to 30 %v, relative to the total weight of the
Thig B¢t nedRrPal 201 BFet LFRMPePeeRBT © et r oree or

shap®¥ o £08] SBEs PAFLT Pl &4 e el e dpb sy eunpélﬁéfgw 1000 °c,

particul ates having a d50 of nore t
or ayplRAld|Catr|aasres rrmln a quantlty of at most 99

|caII at. nps %, and nor iC in the
r/zm%e orP ro%n}?)t?lél% Yo, PP AL T Ve ﬁ%gfﬁ%gt%%%ltyplcally
haveved ghlirBfcé h&réalpp@rthémﬁeﬁﬁq@ o DI £ PHRCOI S0fo t HefRf,. more
The effect of having the particle sizes as described

CYPLERkY i - ehel stiphort Heter ilal Haéftdr?qll?d? Frierft- 5 At he
1.58k/d.t onsyesiat ance and add i O aﬁhﬁe”%%
ependent of

catalyst. This effect can be achi eved i
refehetherhe h@usﬁ@p@da:p@attasclcé@t@rmmdéuyatha BET
er at.ure bel ow, 100 100
(Br éc;ER:Zé,TI[JppPHo STt & at® Jg]re ﬁr er%(%r}%%é the %% 22 §/§‘ £ ournal

of tlypimedtychavehansesl agecvsep 60 thesgange. ofod+m 0. 1
to 5 nk/g, nore typically from0.2 to 2 n2/g, in
pah th R AR e BhR b BAY PN ARG DR aFaked ainto the

doudtsed P&t 8h smy@éiﬂéi 099 4 Wd&L 121 ot NG, SEL L ALE. Area

as determ ned by the
bonding the particles of the support material or precursor

thereof together. The bond material also may form a coating
on at least a part of the support surface, which makes the
support surface more receptive.

In particular when the support material is o-alumina,
the bond material may typically be based on a silica-
containing composition, fof example, a silica sol, a |
precipitated silica, an amorphous silica, or an amorphous
alkali metal silicate, alkaline earth metal silicate or
aluminosilicate. Typically, the silica-containing
compositions for use as a bond material may also comprise
hydrated alumina and/or an alkali metal salt, such as a
carbonate, bicarbonate, formate, acetate, nitrate, or
sulfate. Typically, the alkali metal is lithium, sodium, or

potassium, or a combination thereof.

11



10

15

20

25

30

(Brunauer, Emett and Teller) nmethod as described in
Journal of the American Chem cal Society 60 (1938) pp.

w@0@781642 A bond material may or may not be  PCT/US2006/031029
i ncorporated into the dough. The bond material is a
materi al whi ch facilitates bonding the particles of

the_s urs t her eof toget her
e AR Reh L dRLED | BBt RS EY L P RPPRE  oReEE P BAsPT
preaupaot bﬁet@efSM@pOhhv§Ubééﬁetréﬁtéb nmekesat-BecgYRPOL

as %ace gmr receptive. In particul ar when t he support
or ﬁﬁt Pi RPATSe - LFunihal LEhetBoral paser satlinayieypi cat by to
red@@ebﬁ§§d39@1ﬁm5é$l€@£995§£Qbﬂgrgggpogftf?ndeéggase its
exanple, a silica sol, a precipitated si
conbeE phb u‘sa§¢r i ealulote aﬂlhnoapdasyus al kal talkeatreatment

t I|n earhmst silic eor
comgjf%%n&%o‘g? T ca vpi'e %ﬂ:y ?‘Fﬁé SFRTREE cohlf @i APAgOrt
matenn@bsmiIpWébﬁfwoﬂSEhéﬁe@fb@ pEtREsREG MY &l 8Ontinuous

nﬁgg drated alum na and/or an alkali netal salt,
or ]%?:f% %\h A DohER 20hi cRehbraralised nm’@eracé@atexample,

unt Mt eelé’étﬂ’c‘:if‘t@on&y&fﬂn‘%’ of h@hglg ?nr%t: avlva‘lcesr does

[ithium sodium or potassiu or a co
not t heriged: | de aagr ageousnieiboth nent seffheerswpta@étcontent

Cof dmyerd aé)ro S Pregur sor t.,hereof nm ave been treated,

i partl CUTar Th-ortet YCPRUUERY tKO0%hi 14 t3htRble

tempeteasee soflithe idAgindr£1ided NRdUCe 14 SiS0hdMange of 80
" %gé upll ization rate, or_to decrease its content o
° erCrscf Ul BRI RLs°C AT AT alff e thlzmmenitively, the

SUpPEORP I SESy Mas hi N g, ﬂgéJk%gg e FQr 8X§ %agg &Mﬂ? uppart

mat eri al or precursor t may be
basggnd mjm@werﬁahchnfmmadmm t mftoty vt iney aldlsed

op e P TR e AR WO (Y ey el

driaditi IRéfeddiveihfd ey ddee contents fsggoidmM@ich 15

silicate has become very low. A suitable tenperature
incoppqind e hafsidl ised skarandss | i atted wsdimgerhofct8have been

prepared by using the support material or precursor material
that has been so treated have an improved performance in
terms of an improved initial activity, initial activity
and/or selectivity stability.

The dough comprises a silver component. The silver
component may be dispersed metallic silver, or alternatively
the silver component may comprise a compound of cationic
silver. Cationic silver may be reduced to metallic silver
at any stage of the catalyst preparation, for example during
the drying of the shaped particles or in a subsequent step.
Reducing agents may be included in the dough, which effect
reduction of cationic silver during the drying of the shaped
particles. Reduction during the step of drying or during a
subsequent step may advantageously be effected by using a

gaseous reducing agent. The gaseous reducing agent may be,
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to 100 0OC, for exanple 90 OC or 95 C. Alternatively,

the support material or precursor thereof may be
woerehieti™Me t h base and subsequently wi th wat er.P&f/U82006/031029

washi ng, the support material or precursor thereof may

typically be dried. Reference may be made to

98 whi ch ted h by
cor RNy T UL S e o

prop e AMPPOR U RS HhaPlbPrELHESOEd NB 1kl at NaL: hAs]
been so treated have an inproved perfornmance in terns

stagt @b ImpRlrkln isnaiidatdaan wigcesivhen et ishaged
catégfll, Or5 §eé&%éé/ﬂé&/fbﬁftﬂ’p.4ﬂé yfeeT cgrggg h Co rl hES1&Ein.

ver conponent . e ’silver conpon
di Spersete nettaldriic sé:llmsxr mmpbmr&ﬂmaére/,el ﬁ/o:t heex i Mgy

onent co [ corrpound of cationic silver.
“lt“ii(\}&r%p%'mac %}f ced tR R al PFRLat e erlagtates
of @chﬁ{_ﬁgesﬂfvéﬂ"'%éwéuﬁi}}’%r R eRat a0l dHpBXAMPI K table
durlng the drying of the shaped particles or In a

uehtamings 1Rt s i s ms Freorbe-dmicleldent n

f Lot eduction of catio ilver
ciur & gﬂé §>l\l?clylcéqngb%o I{ a(%lednlp%er’t ich et qﬁe‘ﬂ%c
vicihel nijidrinenest epbm‘m;dqus n:gf QuoTEbH Ariigh &8s %War&il@nine
and rzy advanta eousl y be effected by using a gaseous

NS Th&E RIS HedlidMg e ente ny? 1t okene
dlaﬁ&%W'F,,Zibﬂfgg&%eordlad?le{@f 1N, 3%9%&/1%@%@’5&&% or a
ction may be effecte

ropyl ene during an 1nitial
Prefgqra}”g%d d?a@rpf@l%fﬁhiv@pbﬁmqm P D e s ey It He- estiaplethe

: I d tht f.eed co r|S|ngt
dlang] Cy}gléw ta%@r%) g i o\mhc $i9 e\‘?Ce‘_’lrtecsdmcalou & Hive, CJfLo]?Eltes
and exaiHEss metrrtaloe&d deettaties coaadanaiehl £idt AREt a

oxal atfis | act at es of cationic silver as such or as an

5 &8 H 18 et ks duaaheh Hap Baie
dry:@@f%ﬂf Ghe& m&@@a&%la@s pr gﬂk@@&nﬁ&@%’e@%%cb%%%r

onadlamne I n partlcu ar a vi cinal I am ne
Con@é%ﬁ‘ﬁp?ftestcbﬂnefhﬂid-lamaﬁég% @r® dirranmol farmaIS-A-4761394,

and US-A-4766105, which are incorporated herein by
reference.

The dough may comprise, as an additional component, at
least one further element or compound thereof which acts as
a promoter when the shaped catalyst is used as an
epoxidation catalyst. Eligible further elements may be
selected from the group of nitrogen, sulfur, phosphorus,
boron, fluorine, Group IA metals, Group IIA metals, rhenium,
molybdenum, tungsten, chromium, titanium, hafnium,
zirconium, vanadium, thallium, thorium, tantalum, niobium,
gallium and germanium and mixtures thereof. Preferably the
Group IA metals are selected from lithium, potassium,
rubidium and cesium. Most preferably the Group IA metal is
lithium, potassium and/or cesium. Preferably the Group IIA

metals are selected from calcium and barium. Where
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and 2-propanol am ne . Exanples of diamnnes are
1,2-ethylene dianmne, 1 ,2-propylene diam ne,

wa@2®@7bet7yt ene diamine. A preferred cationic siP@PUS2006/031029
compound is a silver/1, 2-ethylene diam ne oxalate
conpl ex. The acetates, |actates, citrates and oxal ates

' [ ' bl { least a portion of
pos RSI4 S But Bl SOLSKL: SHAY SuPloh Picbe PSHASE oF o

oxyareorshaped @eatpld esas Suchu o £Xesrand, thelfhenate
onversion to nmetallic silver are known from US-A-47'_
mol %@tf USSR W76 L08R L e R ek @ $oemr por at ed her ei n

berefarance, die doualmy GO | 68 o ap AL ALY onal

conponent, at |east one further elenment or conpound
rhenijgt e dio Wi den et scur st qur,oretdra vierug hea shapeld, which

' as an_epqgxidation_catalyst. Eligible
nay %ﬂé@é é%%en%%?g quflaya b%uagne T eodtofJT'Jf)‘?ﬁ1 %@br%p of
500 mintoleye, stdfarlatpbspharts e o fHuarine, G oup

ls, & H A netals, rhenium nolybdenum
mOly:bér?nEt x Stué}ﬁ i TWiRT tGheafinade Haf matml)ziare dhicurshaped
giadi u ' ri .80t | Qhi u .
cata\g’}LaI i umm;n%&gie%énﬂa%al?%@nﬁ xtur ekfsa‘c’ll]tdhrgelré_}etlbegq_.b(J F}:Eefré]re%%?"
in PR iGU@s YR aRdthas wirtd seleectrethdreorad ithigeaen,

j u i.dju cesium Most preferably the
mOly%ggglﬁ'A@r?eI{ogﬁ ulqus’ Ilut%hr%?lﬁm PO REG T a0 P ogESi umnd in
partRreflerallogetie Guduh H Arteialrs afd el e%%%ofu&ﬁ@ of

cal cium and barium Werepossible, the further el enent

niEIQASTs RrvathlSy B 1567 @éd n&§r&ﬁeo>@@é?mliém oo ogxaivp| ehich
. or
may &% predlhat en QQ@%%%tl??ngfgﬁkﬁﬁCWQHYQ%gg%Ohng&F(#gV

nitrate, in salt or ac ef'erably,” t
calcglafresl aiss ndéiregead ofr Giver bbaper cetlajlydenumrhe nitrate-

or rAVIEStED, Al s SRR TR AL ME R SR B o
nitregkeubat ed tad teh€ogthe ABNEofbBERALEM: HED L¥bdeRY ML 4
here&%g%%%%? o%h%h%iggg%g—léingggggtggfgggiigagggpound is in
particular a Group IA metal nitrate or a Group IA metal
nitrite. Again, rhenium, molybdenum, tungsten or the
nitrate- or nitrite—forming compound may suitably be
provided as an oxyanion, for example as a perrhenate,
molybdate, tungstate or nitrate, in salt or acid form.
Preferred amounts of catalytic components of the dough
are, when calculated as the element, relative to the weight
of the shaped catalyst:
- silver from 10 to 500 g/kg, more preferably from 50 to
500 g/kg, most preferably from 50 to 400 g/kg, in particular
from 50 to 250 g/kg,
- rhenium from 0.01 to 50 mmole/kg, if present,
- the rhenium co-promoter (that is a promoter comprising
tungsten, molybdenum, chromium, sulfur, phosphorus, boron,

as mentioned hereinbefore) each from 0.1 to 30 mmole/kg, if
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catalyst. Mre preferably, the further elenent is
rhenium in particular together with one or nore of
wo povgst e nol ybdenum chrom um  sul fur, phosphOT/US2006/031029
and boron, and in particular together with a Goup IA
nmetal . Conpounds of nitrogen may be nitrate- or
(trite-formng conmpounds, which may be present in a
pre%%%gr{tia&/é of fromO0.01 to 500 mol e/ kg, cal cul ated as

- tiid raagep aIR et shapesh et Yot dhes g b B9 kg, if
: nitrite-form ng conpounds and particul ar sel ections of
Pregfifitate- or nitrite-fornmi ng conmpounds are as defi ned

heyeinaf T i -+0f Ni trite-form ng compound
. isin pgr ?ifecruellgf' ;Hﬁé %garit%tﬁ& aﬁ %?lrpat]([,g 5&65"’%(} ent
in ghe msttallystt dis elestpsd Mo deeriemquenl yabdenum sd ungsten 1+
t itrate- or nitrite-form ng conpound may
can He (i e Pt e P SR oo BFL e At oreisas
wateperathamat €c. noirybdakeratungst akenel Qh@?@?@s %Qt§§k£ing a
ytic

or acid form_ Preferred anounts of cata | )
10-E5Hp SREmls 6F the dwnfechrcatalhet daimad dtietadit heating
i+ 6l ement, Jehatd . i of_the shaped
T atal yst 2 Osi@?@?f%rﬁ%"ﬁz%g{) "S5, ?OBF&U&%JW
100 fEoan80debeB0Onghlgginnbhe pombenabl ¥xtram50the 409cvant

IKkg, in.particular from50 to 250 g/ kg, - rhenium
metafg“rso%yo.u&fntgo aS%nﬁ%]l @P&&,Odi’f Lore S&FP len @ tomessi um
absorptpoomebectiidalodys a pronoter conprising tungsten,

mpl ybdenum chrom um sul fur, phosphorus, boron, as
nert GREEThERY FPEPSHER Sadh duiem @hicho w30 Inmuilve/ ke

dougif Br esent «+apd : A nmetal each.from0.1 to 500
ou(jjﬂm*ml e/ kg,l’si f p?}éls%gr%?’a%li% lgoﬁgglgﬁ%éirlgign,ltt Héltéfu}rﬁﬁ ty
desigkdGsbapel Ahwet alsipoesest lentthemeatlal st tie&h@lﬁgﬁéd to

.the quantity.in so far as it can be extracted from
Depe?‘ énghggegﬁgaﬁéllﬁgfte\ﬁ Prudgipgnitsegnique, the gquantity

of liquid may be for example in the range of from 1 to 70
%w, and typically in the range of from 5 to 60 3w, relative
to the total weight of the dough. More typically, the
quantity of liquid may be in the range of from 7 to 40 %w;
in particular from 10 to 35 %$w, relative to the total weilght
of the dough. Suitable liquids are aqueous liquids, and
non-aqueous liquids. Aqueous liquids are suitably water, or
a mixture of water and an organic compound, such as, for
example, methanol, ethanol, acetone, amine, formaldehyde, or
a carbohydrate.

. In advantageous embodiments the dough may comprise a
carboxylic acid having in its molecular structure at least 2
carbon atoms and typically having at most 8 carbon atoms, in
particular at most 6 carbon atoms, more in particular at
most 4 carbon atoms. The carboxylic acid may or may not
partly or wholly be present in the dough in ionized form,

that is in carboxylate form. The carboxylic acid may
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water at 100 OC . The extraction nethod invol ves
extracting a 10-gram sanple of the shaped catal yst

wWo booe@21t7uzres by heating it in 20 m portions 0OPCT/US2006/031029
de-ionized water for 5 mnutes at 100 OC and
determining in the conbined extracts the rel evant

s, by. usin known thod, for exanple atomc
Comg_%%%!r!p ?O%F%p%%e?%%g%ﬁyéggﬁ%tﬁﬁﬁgﬂ ﬁh’?{g%%n’ﬁ?%@%xél group
or &igliiohl iy Chft Vedtb@kyE §HeusoNdbr ai €0RS, SEEREYhydroxy
suitable for moulding it into the desired shape when
JTORRT ngt ¥WPEEH BbY (P $rouf &P net t Beree quedr cepbnai @igoon the

daselested smul di ngtec t ntity of .11gujd
My be for exanpl e]g(i'gng%]}ﬁe F%ihg f% 'roni’)i{ ?%r%g%\fr’ the
carkeyiipiacid ynan edreorangeinfifs awbedwl £ Wtucture two

lative to the, tot wei ght of the dough. Mre
carh ot T e HUAITY OF FHOLAl e DK Hhenpigeare
acetofcfiom,” 1ot Weid N P iéﬂééﬁdfréﬁﬂﬁ£%t§b§§,o leic

,relative to the total weight of the dough. Suitable
aclqj qigRn i e dghesid JyeriRisC amitd nord ayuedrsred quadsoxyl
; Aqueails, 14 gui dsy ar i ter, or. a mxture of .
?Cl water and an or ganieTcﬁéé nliiiegélJé/nr(lj‘)fl@séli](tr:hSIfelcsk,l FT° BiAnpf 2cids

in ‘pee hdodh det Rehointapstwnen armae, i mgpd sedy dehe or a

r bohydrat e. . | n.advant ageous, enbodj nents the dough
o n%ﬁ/n%o(%/r%rtf}lsee OUH} i%“aa&e?%l B fg s S i RRr el R

by atrtiedibre atrHeeqste sbriad hom ﬂ&ﬂscmgm&aaléjydma\ﬁib&g
%t nost 8 carbon atons, in particular at nost 6 carbon
tenag difs, I e Apamadiammange mistthe catisdy st onsyp kel ly
he Ca{hoxyl i ' or. t rtly or ol | e .
the pfi{%lse)r%%tL |sﬁ1‘elt%ﬁ£§1 ougH ilnﬂrﬁ%an@ec&ﬁfadortr nv%ﬁetrhatvthhei scaf/%kiys"t 18
opexwdrdshat atcedidrimnsThet cardedbat ive 1acilbwraycO My Se igbace

i t.s .no ar structure si ngl e carboxyl group or a
Velopﬁlicryal (:Clq?y&f' Car k?%)f}[ﬂne& g‘l?d’se,l S/T P h &rETidY dhaper
thargrmges N1ARILeal.l Y ToRE UM 1@y Y @ DAL 19IOURS 4

in addition to one or nore carboxyl groups. In
Pregpdylt jldultdye, dowgh may be more than 1 %w, for example more

than 5 %w, typically at least 8 %w, preferably at least 10
%w, relative to the weight of the support material or
precursor thereof. The quantity of the carboxylic acid
present in the dough may be at most 25 $%w, typically at most
20 3w, preferably at most 15 $w, relative to the weight of
the support material or precursor thereof.

In an embodiment, amongst others, a solution comprising
a silver diamine complex and a reducing acid may be
prepared, for example as taught in US-4766105, and
additional promoter components, if any, and further silver
component, i1f any, may be added to the solution, and the
mixture so obtained is mixed with the support material or a
precursor thereof, to form the dough. 1In another

embodiment, a dry mixture of the solid components of the

dough, amongst which the support material or a precursor
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carboxylic acid may conprise in its nol ecul ar

structure two carboxyl groups. Exanples of suitable
w@asosoxyht c acids are acetic acid, |lactic aci dpPCBHUSNE031029

acid, citric acid, maleic acid, malonic acid and

succinic acid. A preferred carboxyl acid is oxalic

acid. The presence of such carboxylic acids in the
thegaogh @gyag%aig%b%% sw+ﬁhtﬂa??i?tiﬁﬁrﬁﬁegaFﬁ%YﬁBulding
comPbnéhes dobghsbnhorsbapedyRart gl 8SpriRePRELT EHDAGI R¥NL ,

extrusion. The presence of such carboxylic acids also
amopgpfsotperfprohe sheveerforpaneet ofndhereneatyst

ically.the initial, se LViLty, LN rticul ar. when .
combYBLRL LIS LRI LT ST EEL LY, o noPAEL PUL O HOET s
at leasgas pootignspéicehyel dgity {6HSVhen asmeefiédedith the

hereinafter,_ for exanple Iomgr than 7000 NI/ (I.h). The

SUPROLHtPEYCBF2 1 hRE RFBOXGFPE BPHepE eskht TPHT Hee s -

In PBYsberaPEerihatndo It or 2 €XAPRY sgoé§ntll3@np§%gg\ied
typically at |least 8 %v, preferably at |east 10 %w,

whigk|provedes amelmprerred aperfrersapperttymiealhy on terms

h . tit f th b [ | d
of BhecHpel.t neteale The duagt ity oL Ae GRERO gl e
is apendsetd228t Weondptefetabdy atrovsti bl owetmivyeato

t he i ght of the support material or precursor
def%%%?gg?ge+%a356%nbodinent, amongst others, a solution

COPRE | Shalfe@ 54+¥EE1 LU 4tk PeLEORPLAX  ARALR £RAUSLAG: by
acid may be prepared, for” exanple as taught In _
any Uaveslost neidl ikl thomed s pr ofotkrasospeneng s, spfaying,

a t silv opponent, i f an y. be
or S By BTy et LS hed i s
extnixeon W &gl diee sappet torBdeEs i n@l  aFPr egpis BOEable
reof, to formthe dough. In another enbodi nent, a

th h
metlaﬁs i XeLFECHFC tPRY SOt iBREBNponeh?s dFRieS ddUyth=

514 89PNISts Wi 6 40 SUPPOLL s FBU €63 8l yOLA 85100859 and .US-A-
precursorthereof, my be adm xed wth a sol ution of

57333t al yshichnponemssin ol fiornpohet edugh. réfecepref erred

€ §§%§?@§’of agglomeration include, but are not limited
to, tabletting, briquetting, pelleting, rolling, and
tumbling. Methods of pressing include single-action
pressing, double-action pressing, roll pressing, multiple
pressing, isostatic pressing, hot pressing, as well as other
pressing methods known to one skilled in the art. Reference
may be made to Size Enlargement by Agglomeration, by
Wolfgang Pietsch (John Wiley and Sons, 1991), pages 12-18
and 118.

To facilitate such moulding processes, in particular
extrusion, the dough may suitably comprise up to about 30 %w
and preferably from 2 to 25 %w, based on the Qeight of the
dough, of extrusion aids. Suitable extrusion aids may be

for example petroleum jelly, hydrogenated oil, synthetic
alcohol, synthetic ester, glycol, polyolefin oxide,
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anongst others, the silver conponent and pronoter
conponents, if any, may be dissolved or otherw se
wooemmt h at | east a portion of the |liquid apdr/ub®ne/031029
conmbined with the support material or precursor
thereof, to formthe dough. In this preferred
nbodi nent cat al yst can_be prepared which vi.de
POLERCAKPFBVCALEEPFor RENBesSEYEREER §i HOPEFE26FTt FECCY
aClanhéwthﬁb%et tMbhys bBrBaht hedhal When the catal yst
is operated at conditions of a relatively | ow GHSV, as
defhaedhpeedi natrtérlesheaghhpedrpadt pEl éstﬁ@pebéture

belfn%rﬁgofsé’ c%Peefs&gé‘rQi\}{ by, ai‘yté}@‘ ven ent @%@&H&st 1000

r OCess, ng, Of spray
°c, %r@rﬁ@f@mmiw n%@c e ded hy, @eritUhARr at most
aggl oneration or pressing. For applicable nethods,
550r &f ermsoice tmypdet hadea t gt fross exB0pl &, USyvAi 3145824 rying
US- A- 5512530, US- A-5384302, US- A-5100859 and US- A-
may573gg4plaghi eh ar éehpeephuracefparatedsbySPef@r amges

Exanmpl es of aggl tion include,_ but are not |n1ted
tYPf-SarlTEé{bPEt {Lﬁﬁg% %"Eqﬁ%« t%l?]gpalb‘é}%%%gat rJo‘fF‘i“T'i’ngg

Typ &HH@hynaryN%ghQQScQErEé&SéhegbeC5U9§r§b895§ éﬁtten
pressi ng, “doubl e-action pressing, roll pressing,

IOOnbbumplenpreggfﬁgabﬂso§oatfcomrés@nngtehotOpﬁésbpngs
Drv@s gs 8tge5 ressing net gsokn to Qne s skille alr
Yi gti%‘ art. “Réferente nay be’made s 'Size EnFarg%mth ’
n1tb¢gé@9|eﬁEhéﬂth by Méktgasg Phetsef. (Johplﬂﬁlﬁayaadso
Sons, 1991% pages 12-18 and 118. To facilitate such
be ﬁﬁHFé?ﬁgOB oé€s§e§edPﬁlB§rFF@G?EPeéﬁtr§§P€ﬁln9hé68695ﬁon
of HQMl%HhEaQEXv%QWHE'é@sHE;E@daHQHélﬁQe%%&@nd preteraphy,
from2 to 25 %v, based on the weight of the dough, of
in Exttmsuénrawusn SbetabhpeéxanSnoﬁealdsnhaynberg@nlc

mat8X300! e petreleum i gl Ly, shydrogenated gil . sYRLRetLS, vicq

out in an oxidizing atmosphere, such as for example in air
or in another oxygen containing atmosphere.

'In particular when the drying is performed at a
temperature of at least 50 °C, more typically at least
250 °C, in particular at least 300 °C, and at a temperature
of at most 600 °C, more typically at most 550 °C, in

particular at most 500 °C, a mechanically stronger shaped
catalyst i1s obtained, as can be found by attrition and/or
crush strength tests. Also, when using the catalyst so
obtained in an epoxidation process, a more rapid start-up of
the epoxidation process may be accomplished, which means
that the initial selectivity may be reached at a lower
cumulative olefin oxide production, and substantially
without detriment to other performance properties, for
example initial activity, initial selectivity, activity

stability and selectivity stability.
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al cohol, synthetic ester, glycol, polyolefin

oxi de, pol yet hyl ene glycol, or a saturated or
wope@aner7at ed fatty acid having nore than 8 carbOTUS2006r831029

. The shaped particles may be dried at a tenperature

bel ow 1400 OC , preferably at a tenperature of at nost

1000 OC , nore preferably at nost 600 C, in particular

at Thset55htben nbeet | #s pae ¢ ELEAr tat hABSinsHe DE .

accgf@éﬁ@élwltHrKSfﬁ PRYs 4 ake p&ﬁ@?eﬁﬁ éhée98§£a5%ﬁ§lgfls

[east 50 C, nore typically least 250 C
tes@@ﬂtaeusachaafteasitSO@rﬁpaﬂpr@althdtylagwnshcarrled

out _for_a pe f, u 100 h urs n preferably for
SEE TR T R i S e A ST
a sté&pady atppsghene, tésehsaspls. alThenattﬁgEﬂonoheasured
helium or m xtures thereof. g al so be
forchhei edapad CﬁhaéYFEdh%u%@C%%ﬁ%@ﬁﬁeF@ %ﬁaanﬁ@tlon is

typ%@gﬂfgbgﬁoﬂgsEakboﬂwc §£é¥§£aﬁﬁ d§§cﬁ69€ By in

erei Pr ef er ab In pa ticu
parshepbdrpattmobés3@ohWalmooegan|panhneulat athmodtyﬁﬁggw

| ea or entire carrjegd out in
FregipRt 1Y ngt HEnBERREF O s hel Fof Ceklngle 1R BRECAFUFAC
at avgthersoxygen contai ni ng atnosphere. In particul ar
antmamyumls erformed a t a tenperature of at
| eB8¢ Ssouel stasrethypfcapfyraed| baseinspscasjpeasured in

accgﬁﬁghggl@%FﬁtAb@ﬂsb6§99 ﬁé a@ﬁe?élﬁ %ggpgégEuggmBEeais

nore typi cal at nost
tespadtasubachaafnest16®Opﬁéparatnenhahhaalhy sitbnger

shaped cat i as .can, be found by
115  RRELPBCRNAFGP dr GoRC stRBngEnds BeFBOdn ERLcligrpresents
a sHepngrt heyeayakyst tsorobk@pned imMnancensxi gakeAfth of the
process, a nore rapid start-up of the epoxidation

shape@ceasakythenade6rpERBARBAYIWAI ERSneARENERAR, t hB
partﬂkﬁ;ék %ﬁkﬁch%¥éh¥e83¥sb@h%GQEBSH QErg é?@eéf hollow
cunu S Py

ative ol efin oxide uct1ron tantia
cylmhdhmualdphrtmemeStofoBhérmmeekbennaﬁedpampéetiesd Bob mm

internal diameter, is typically at least 2 N/mm, preferably
at least 4 N/mm, in particular at least 6 N/mm, and more in
particular 8 N/mm. The crush strength, in particular when
measured as the crush strength of hollow cylindrical
particles of 8.8 mm external diameter and 3.5 mm internal
diameter, is frequently at most 25 N/mm, in particular at
most 20 N/mm, and more in particular at most 15 N/mm. When
the shaped catalyst is present as shaped particles of a
certain shape other than the particular hollow cylinders as
defined; the crush strength of the shaped catalyst being
present as the particular hollow cylinders is measured by
repeating the preparation of the catalyst with the
difference that the dough is moulded into shaped particles
which are the particular hollﬁw cylinders, instead of

moulding into the shaped particles of the certain shape, and
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exanple initial activity, initial selectivity,

activity stability and selectivity stability. The
wa@tdoziorizan test as referred to herein is in acROT/USI00€031029

wi th ASTM D4058-96, wherein the test sanple is tested

as such after its preparation, that is wth

elimnation of Ste of the sajd nethod, which

6. . .
the &3 etit 5°R0S S Y HeY tERfeEanPea inge is
meaéﬁfé&!'OnTN@aé&%éi&éﬁ”péf@ﬁ@ﬁ@@Q@a&ﬁﬁ?lUﬁé $hape %% the

accordance to the invention is typically at nost
parvacuprefleehbdy cylindar 40294y a i ey pbrdited brbate nodef Boed

%, re in particular . st 25 %wv. . Frequentl t he
oy off (R PG AT e Barvhidl A st 0

extdmaThey Tinsdr st rangt hcasaYederpetdc heres n wise@sthey have
measured in accordance with ASTM D6175-98, wherein the
a lenghh sahpieotts § dWiePER SRIISREEY TESCpreparatdidn,

“nohfidl1 16 Mht firﬁcf%f‘@’t,' Wy Of 5S4 8a et 23 offlmtgflﬁ?ﬁéjrs” )
nmet hod, which represents a step of drying The test
sdhip eshdhe andishizt rehgtie ofhahed shapetctat al ysinin
achxsjr(?ance Wi t kghe i nveené'son fi n particul ar when
ISNGRAL (PR HE P FE &Y UK S EHGt AT o hor PO Yt PhdeT R%TSS
and pété | €1:86n 61 08s So fmaexdwsnadiath aet&siceded Bn Sviikh they
internal dianeter, is typically at least 2 N nm .
are preflRe abPRORt teRastCHM N Y i nlpatti ERrRT BRrY eaRpvenient

to Mé“%h@%@d@é&ié‘l@@rﬂ cuhare SN o fhe craishy e,

strength, in particular when neasured as the crush
traptzendeh bédhes | cwwindeds i cahdpbesi csplsends 8. Balmhets,

o= FELEERSH S ARELs 00y o R PP b S0 hap S0
havdV aMl a Bds BOE € e N PRfidn CUbariat tn®stadde NbFMFrdthen the

shaped catal yst is present as shaped particles of a
15 mar tRFALSRAPEY ot FER T hah the™par t TREY aPeYidPe ofplid or

oL 50 NOEE 55 Ly T KIS0t SO nglpd e
solt@l®ného$l®w/%&;$ut@@ybyay havg a length typically from 3
to 15 mm, more typically from 5 to 10 mm, and they may have
a cross-sectional, outer diameter typically from 3 to 15 mm,
more typically from 5 to 10 mm. The ratio of the length to
the cross-sectional diameter of the cylinders may typically
be in the range of from 0.5 to 2, more typically from 0.8 to
1.25. The shaped particles, in particular the cylinders,
may be hollow, having a bore typically having a diameter in
the range of from 0.1 to 5 mm, preferably from 0.2 to 2 mm.
The presence of a relatively small bore in the shaped
particles increases their crush strength and the achievable
packing density, relative to the situation where the
particles have a relatively large bore. The presence of a

relatively small bore in the shaped particles is beneficial

in the drying of the shaped catalyst, relative to the
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repeating the preparation of the catalyst with the

di fference that the dough is noul ded i nto shaped
w@aoswioeci7as whi ch are the particul ar hol | ow cyl POD®s®06/031029

i nstead of noulding into the shaped particles of the

certain shape, andthe crush strength of the holl ow

cylinders obtained is neasured. The catal yst partl cl es

situsdiony Wwesﬁéﬁepéfrttlﬁée&araﬁecﬂ%l%dﬁr&ﬁcéﬁ nddpat is

h & P fdd ndrical bore, defined by the internal
aVl(rﬂ]]%yrreter which is co-axial with the external

c;ﬂ]ﬁ M1re$14crfwm1r@|1y$rtatpfa:rltalcﬁ 65y Weenldpe) teaorgo the

shapqu a%olf bo%&g}?lmn grebfa{e gqegﬁﬁﬁ; referre%y CO%sClng,

in dHdihdes sturthhe shapeand @@ﬁoﬁm&lapedamdn clasis
is in general determ ned by the needs of an

is regawddat it fr ereferned (WO WA MR oS dft gipnders the
preffN A8 | O SRAGDID ML S SR bR AROS 11

und very “conveni ent to use shaped
preﬂmﬂted:ltdmt retlhesdadr muofthdomaxeandles drapersiwidd in

che PP RS DO, s 300 S Spd Sy
t wpi&?éd%n have dbd:argastord us@5c 4k Sransy Qke i dhdtieed aige in

of from3 to 15 mm preferably from5 to 10 nm They
manyyrgiA e sbl i 8 RTHATIRE thataisy tHeyHay hav a8 kﬂﬂaese

prodddd nders @Zﬁ% %?éomqéq{%f%'% Pé@dti?yccgfg%’lé‘@é’c? B

ength typic mm nore typi y from
the 5get$) difa sen wiairtd ’dktssysh'eeged]mtalm’@sxshjs@ctisarmiesm ers a

aneter, typically from3 to 15 '
SOL4S M EST A 10 S oL okt & QR HEN | g Gy the
pro@é§§3i§e@étﬁ@i slianes &f @nﬁim@yélpwﬂ@@@smy
typically be in the range of fromO0.5 to 2 , nore

t yPheatl§Lin ofen.85q ol P AFesSehapRPhtat e resess
t C I a
may?@%i%ﬁfg{%ﬁg?n é/dél&gdagsr?nater AT ggré\%\%lrgf j;cgkgrr%g%;fe
stytond, noy ep)r@iedsmfzyn,frvdmﬂ:ért@oﬂjmtérdheonprmlencﬁozof
exaékiglaflvelgégqg%é ggre érbé{ﬁhfgﬁged Mixtures of olefins
may be used. Typically, the olefin is a monoolefin, for

example 2-butene or isobutene. Preferably, the olefin is a
mono—-a—olefin, for example l-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 total
feed. Preferably, it will be in the range of from 0.5 to
70 mole%, in particular from 1 to 60 mole%, on the same
basis. As used herein, the feed is considered to be the
composition which is contacted with the shaped catalyst.

The epoxidation process may be air-based or oxygen-
based, see “Kirk-Othmer Encyclopedia of Chemical

Technology”, 3% edition, Volume 9, 1980, pp. 445-447. 1In
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particles increases their crush strength and the

achi evabl e packing density, relative to the situation
wohbere2ihe particles have a relatively | arge bpCEUSHI0€031029

presence of a relatively small bore in the shaped

particles is beneficial in the drying of the shaped

cataly relative to thesituation where the particles
heeﬁ%?s%??%dp%F??%$%sal¥h%f 5T hSRFhgR 7D bt oxygen is

empf%?é&egs fnsthen-omteriahs 8§¥d?§1§§p9§é$€dwﬂfig {hetne
shaped catal yst, for exanple by inpregnhation or b

oxy%@@tb@@edlmr@¢@e$e$ohi@mTM@rlbhhéatel$@stp%ifmmheﬁbe

Howe |S|snmnml p fare amo
oxyGRITYE amane deq e pripar S o S5 PHie “LhEpLATR afBLt
Pre@@ﬁ@lyomaétC@@@ﬂldit1¢ﬁ prefesredet baygahtbsseh and this
further materials are included in the dough before it
is 3 orRtPEEEdi AeOSHARE Parthel BESSAE hbughn EHen -

eppxd daki,Qbn PEOCESS: FRY1 bE £Ar£h&dr QMY ﬁQy”@@ys&@¥§ted
it is preferred to carry it out as a gas phase

witlpimcasside. ean@epro&@eeven,mhmcpraheléeedoxsgemniacted
in e gas se, Wth the ha ed c st _which s
genePallf 2881 ROESFT A 1ot PP PAPEEn Cb o v g i
flabegbl&enegahey theoPEOTESS tﬁecabnteﬂt@@tlaﬁ 8f oxygen
conti nuous process. The olefin for use in the present
app%b%@lﬂ%%%oﬁepveE%é% %%? B%n%ﬁyoglé¥9% 1stenlasnahe’, more

typ2EQTRLi £rghebi fy i?rmgféﬂpéf §B¥r€8€?1°fe§dd' ol efin,

whet her conjugated or not, for exanple , decadi ene
orlin QBdbutad|eamalmﬂauu$eseotheléiameahhg b@gumed the
Typicall the olefin,is exa
cong?BL £ 84, OF cofifehoit prr eFmmy Soy e o Ry FROTLaS the
con8®NOradiohedri thefOlexanpkeidcbyt €88. Or TRE OPYLEAE. safe
The nost preferred olefin is ethylene. The olefin
OPCEBRERAL FALEBR FAPERS: fRbendny bl Skfebted wPTRPALEION,

als g Eﬁ?gﬁga§¥ﬁbﬁaé$ﬁd1£§8PQ'Su&H &Q”Eﬁ8t£é£%9905” the

at nost relative to the tota
temperature and the pressure.

A reaction modifier may be present in the feed for
increasing the selectively, suppressing the undesirable
oxidation of olefin or olefin oxide to carbon dioxide and
water, relative to the desired formatiocn of olefin oxide.
Many organic compounds, especially organic halides and
organic nitrogen compounds, may be employed as the reaction
modifier. Nitrogen oxides, hydrazine, hydroxylamine or
ammonia may be employed as well. It is frequently
considered that under the operating conditions of olefin
epoxidation the nitrogen containing reaction modifiers are
precursors of nitrates or nitrites, i.e. they are so-called
nitrate— or nitrite-forming compounds (cf. e.g. EP-A-3642
and US-A-4822900, which are incorporated herein by

reference).

22



10

15

20

25

30

feed. Preferably, it will be in the range of fromO0.5
to 70 nole% in particular from1l to 60 nole% on the
wGeaome/obergt s. As used herein, the feed i s consiBer/@d200€031029
be the conposition which is contacted with the shaped
catal yst. The epoxi dati on process may be air-based or
oxygenbased, . see "Kirk-Q hnmer _Encycl opedi a of Cheni ca
TethOh ooyl HGs Bt bhe NEPEREZ8Y, P398bLoppnoditicrs,
in dbe4dlial nbhgadi & -DaSRIDE 0088 AbEe Olnabls EOELEDE
wi th oxygen is enployed as the source of the oxidizing
Orgyemt CkRPTeden. t herokgyeed basednbe otatsdss hagh- purity

| 9 ' | oyed as_the source
o1 E0y B3k B0 TR S OGRS BB RN Y ARt GsSpRRSSLy
theypl ant ssatecoay gerehasied a@noup hos netiayprehesrede, ethyl

enpodi nent of the present invention. The oxygen
ch1bhdent FRLY bFne ok PELEC naGt Bl eRe cdtREOM €Bi nvENYL

chl1d¥ e F 8P08 . m HOVEVET s hd Pe HF ACL IS Sy 8&‘49@?3:%& g;gswﬁ y
applied at a concentration which avoids the amabl e

‘modigyere. aTypayl ychlideldensedt etk ybenef dbxlyhenidepl i ed

Wi L. .t hj e ran of _from1 to 15 nole% nor

NETTR AR A e T Sten T RN S S
whewstherxt Ds r ematine otsgeleof herdhammed! 2, reed renciti@e for

concentrati on of oxygen in the feed may be | owered as

exaniee e etftGsafPoniets t he iR tf i Jafiedsidd o ore
compB&hH@t $aE en 0Pes kbt h209e S, fePsHd, - &hongh Mg t hot Ne. o

. feed conposition, also on the reaction conditions stch
niteatepeaneaet fohteenperatexanphe therpnessane, »-

. ' ifier, may be present in the feed for,
e R 7t e Er R IR S ubbr et theenoSdinents,
nitrmdesi oabh et oxicatdamniof obmbdines, obefi mOxiEgeh Ooxides
arbon di oxide and water, relative to the desired

N4 At I Of ToF EPIH! oXPRROUINETY dFYantRd clepgmes, with an
org@Eechall de O gan£r AL £l 40005 GRIV Coll S 098N
conmpounds, may be enpl oyed as the reaction
The reaction modifiers are generally effective when
used in low concentration in the feed, for example up to

0.1 mole%, relative to the total feed, for example from

0.01x107* to 0.01 mole%. 1In particular when the olefin is

ethylene, it is preferred that the reaction modifier is
present in the feed at a concentration of from 0.1x107% to

50x107* mole%, in particular from 0.3x107* to 30x107% mole$%,
relative to the total feed.

In addition to the olefin, oxygen and the reaction
modifier, the feed may contain one or more optional
components, such as carbon dioxide, inert gases and
saturated hydrocarbons. Carbon dioxide is a by-product in
the epoxidation process. However, carbon dioxide generally
has an adverse effect on the catalyst activity. Typically,

a concentration of carbon dioxide in the feed in excess of
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nodi fier. N trogen oxides, hydrazine, hydroxylam ne or

ammoni a may be enployed as well. It is frequently
wa@oogiogened t hat under the operating conditi onBCTUS2006/031029

ol efi n epoxi dation the nitrogen containing reaction

nodi fiers are precursors of nitrates or nitrites, i.e.

o5 they,are s -c%g ed, nitrate- or ﬂ'tritegfornin%i

Lo P BUMAES TP LY gl EPEA 5842 all) L% 48295061 e e nthe

tot &l efedgor pOr MSthdier eim bynESher8nes) £ gabhsn hal b9ese
are the preferred reaction nodifiers, in particular

as prgan® cl roketers keieroreciatpaetieuthe ooiyahi feed, may
: r c s_are
e GHESELg0S, TLBLers 8oL 0ROL RMCES g o onson

or broonohy ar bons™ -
may preferabbyt t heytias ef sed ettt edl Eoneetbheagt onupodf frahhyd to

chloride, et chloride, ethylene dichloride
90 BYHYF eneVRit b Ci%OWﬁﬂ@lt%h rieESDr aowii@krke saturated

hydt5es80bns Msd mseffid ethd eachdQn, modifiers - ar&qet hyl
chloride and ethyl ene dichloride. Suitable nitrogen

hydex¢aekons capd RIrRSyehertdiey onayl lae NORe st eim x geannity

gr 0 and incl ude_for exanple NO

o RBCE A NBS" SHTHHE G ane R t7 baErotompounte: arelas
up NHtTH colpbundBredqidiiioby CloaposnEsSyragemesin Mk tahadeisity

and nitri% s, for exanple nitronethane, 1- .
oFf 3t t+TpT opAhdi Ve I Opt PRI LI N P efeRFeh0 moles.
Sat€PRDOsh B SocAWB drdd Gna Prodi 4ddd @8- £ T M H % SOMPOYNISier to
~e.g. nitrogen oxides and/or organic nitrogen
1nceapdunes, oayEeushlhmeget bty wimhitan organi ¢ hal i de,

[ rti ic.chloride. The reaction.
o e B R S R e et 1 T
reacoheent smbé ot ured hee Taetkd f oromxamnpl @& upaige 0. 1
le% relative to the total feed, for exanple from
Preg@e@ﬁb W% FRRYG IR EIPF IR HAFS | £l B Wt aee leffrem

iS. e lene, it i fernred that the reaction
150h%%i#?%rﬁgsnﬁgéégﬁfE%%aiﬁé’gé% %g%rgnggng nF%ﬁFﬁ&ﬁooFO
300 facom O IxIO 4 to

The epoxidation process is preferably carried out at a
reactor inlet pressure in the range of from 1000 to 3500
kPa. Gas hourly space velocity (“GHSV”) is the unit volume
of gas at normal temperature and pressure (0 °C; 1 atm, i.e.
101.3 kPa) passing over one unit volume of packed catalyst
per hour. Preferably, when the epoxidation process is as a
gas phase process involving a packed bed of the shaped
catalyst particles, the GHSV may be in the range of from
1200 to 12000 N1/(1.h), and, more preferably, GSHV is in the
range of from 1500 to less than 10000 N1/(l.h). Preferably,
the process is carried out at a work rate in the range of
from 0.5 to 10 kmole olefin oxide produced per m’ of catalyst
per hour, in particular 0.7 to 8 kmole olefin oxide produced

per m® of catalyst per hour. As used herein, the work rate
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5x1 0O 4 nmole% in particular fromO0.3xI0 4 to 3Ox1 0 4
nole% relative to the total feed. In addition to the
wobefiony74bxygen and the reaction nodifier, thepdEed2000931029
contain one or nore optional conmponents, such as
carbon di oxide, inert gases and saturated
hydr ocar bons. Carbon dioxide is a by-product in the
is e xaHeEhor? brigeesel e Hhetdtde cRF DORCER 07 Helybher @l Fpe

of EQ&GB@& 5¥fﬁﬁ% §Mb§@& E§£91y§{dﬁ§ft¥é1¥s ?%E hour

yplcafly, a concentration of carbon oxide in
andfeled $alextesstofls mm¢e@@l@rquaabiyy|@fewh@ssl©fino
ve.to the total.feed,

oxi B fotme S P S S Borh S Bt ot Qe B Yo e Sapgfin

contv@weed.relative to the total feed, may be enpl oyed.
I nert gases, for exanple nitrogen or argon, may be
prBBenele i HexidR TPl acedneant Pat ¥%ﬁ0’6$r$ﬁi oFﬁf@@ Ebe

reagglgylﬁf%t%%%nggé%o QQHéégo&Q §Qoﬂylfﬁ6t éﬁglefor

saturate are net hane and et hane.
examplerbyembhgﬂbnmarhbasoheélpresede frhmyanagabbor outlet

t t to 80 nol e% | at
strBig To ur P B bt b ok SRV bL e bof cofeELE SRide

froﬁreﬂéeaguaoﬁbeyoﬁm@l@ﬁeﬁﬁnalsﬂlalgﬂ@@ﬁltyA@fléésteast
30 nol e% nore frequent%% at least 40 nol e% .
por%@nr@feahﬁy@%%%%oﬁ@l yoBecapbednipdt heefebafin oxide

may%geéla%&éﬁciﬁaées&l%egé%ﬂﬁn %égggbf&kté‘oﬁ{ré‘ﬁln%h@he

oxidation process na Brried ouf using reaction
olefenperatiar estses et 2ediodnoa i tle2rdnge. ePneferably
he reaction tepperature era
t oFaoeCEe Dl ot Rer B 5eRnt BbPF BB 50 H o HEgotoe
maySQQ EonThe:8Q0xh€at hon, pracess hsipredesabbynearrbedan.
out at a reactor inlet pressure in the range of from
alkapobampsngs00Ak PR GasnheDEL9nspagasvePori RYre " EHovagtive

proh?gég‘ﬁ?g”’f%e‘@Lq&g%%ogééfa‘chg%ﬂékiﬁeQBE&é‘F ufg and
concurrently leads to a more attractive process which
comprises producing the olefin oxide in accordance with the
invention and the subsequent use of the obtained olefin
oxide in the manufacture of the 1,2-diol, 1,2-diol ether,
and/or alkanolamine.

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

molar excess of water, in a liquid phase reaction in

presence of an acid catalyst, e.g. 0.5-1.0 %w sulfuric acid,
based on the total reaction mixture, at 50-70 °C at 1 bar

absolute, or in a gas phase reaction at 130-240 °C and 20-

40 bar absolute, preferably in the absence of a catalyst.
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101. 3 kPa) passing over one unit volune of packed

catal yst per hour. Preferably, when the epoxidation
wW@r@cesE42 S as a gas phase process invol ving aP@BURBUG6/031029

bed of the shaped catal yst particles, the GASV may be

in the range of from 1200 to 12000 NI/ (I.h), and, nore

referably, GSHV is in the range of from 1500 to | ess
1f thanPieeobthP? (PLhyateF of 8r ABVyTeE hEhprBERRSTFon of 1,2-

diofabfhefs Ol fhe ardREKi At R kP LBe; Lange 0hsEH0M Pha 105
10 knmol e ol efin oxide produced per nB8 of catal yst per
diohogtheirn Ppavsipubdnced 7mepy Bekavté-eteéirn bridether,

d d nB .of h A S, in,
cocPRRSUEEE BT, TO.BLSRLELYSLAPEL MOy piRce e

ethproduggdbpepremwa tedlobymeontretbenpatkedobedinf okh@e with
shaped._ catal yst particles per hour_and the selectivity
an pscehpal ppl BArPYLEREIEFT of PREMBEEf #hCoRPHe FBFReds

meth§h8i1 ¥ LOniN61 Mobar rguantity 9f 188s0! €1 hBrtion of the
converted. The of effn oxi de pfoduced may be recovered

watérohyt beerehcohoh. m xture by using net hods known in
the art, for exanple b absg&bin the olefin oxide £
fr oM aCPBECEBFOOULTED SEFeahlFACABTEPe dMaYopeTBRarFy T
examplteyeréagtihg ohefbhebxhdexitemiibe aauenus.sohdhi/@hous

by distillation. At |least a portion of the aqueous i
or IFGPEPFONEBALAR PRy PReUSPEf | ALBRPUSR Ay erappl rFEEON A2

is BysubsegyentoBroGersvhaL £aBVEELLAg:1he okefin oxi de
into a 1;2-diol or a 1,2-diol ether. The ol efin oxide

monpadacetanine he Epoxidbhpda ppptéssbhayibetbenventedsion
Lnto 2-diol, a 2:diol ;ethe or an_alkanol anmi ne

or LRESFTL: Gbtiie s Ento okt oo taiRbinthe r e rT CRoRE oRRYsPe

madéotof heopr edaepi enuefathesebeb| nwextleisi incorporated
concurrently leads to a nore attractive process which

hergdnpPy¥seetpFe@tei ng the ol efin oxi de in accordance

Sl oL phentsan ond, Lne;suBseest usg of {08 i o
large2vdroetyloR- thdbisethet, 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 low-molecular weight
organic compounds mentioned herein, for example the olefins,
1,2~diols, 1,2-diol ethers, alkanolamines and reaction
modifiers, have typically at most 40 carbon atoms, more
typically at most 20 carbon atoms, in particular at most 10
carbon atoms, more in particular at most 6 carbon atoms. As
defined herein, ranges for numbers of carbon atoms (i.e.
carbon number) include the numbers specified for the limits
of the ranges.

Having generally described the invention, a further

understanding may be obtained by reference to the following
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and/ or al kanol am ne. The conversion into the 1, 2-diol
or the 1,2-diol ether may conprise, for exanple,

wo eacherig2 t he ol efin oxide with water, suitablpcDE82096/031029
an acidic or a basic catalyst. For exanple, for making
predom nantly the 1,2-diol and less 1,2- diol ether,

the olefin oxide may be reacted with a ten fold nolar
exaR{gSs BRLGR(RFS PRORIRPYuF Y pATBOPERCPF oAl LHSTAL 0N

onlprsﬁangﬁeoﬁo@ni@@éﬁdéét@bygé,1§m9ti9g5aﬁigs%M6§H5285%§
acid, based on the total reaction mXture, at 50-7
spegifiedar absolute, or in a gas phase reaction at

EXA&%9E§4O 0C and 20- 40 bar absolute, preferably i'n the

ce of a catalyst.If the proportion of water is
| ofkapddt bet prpporii comptididg U708 B heidven,tBe25 mmole
reactjon mxture is increased. The 1, 2- diol ethers
rhepf§8/ k7 o it cBEO Hay L BeORLaN. E8he?) HRpLet heFhium/kg and 780

mmo 1 8t €8s eLRLK Prb§s§@b§§QH§Qtw§1§§f'oéjEﬁén@££¥f¥ﬁt, was
1,2-diol ethers may be prepared by converting e

preppeefnadxiedblews h an al cohol, in particular a primry
al ch a t hanol _or. et hano replaci ng, at
Iegg %rp§$%$%n?% the V%?é?lﬁﬁdt%%{gl%%h%l?kTﬂe?’z_
ethybarverdianinetwatde alkanctarine vpywetohpyise, for
exanple, reacting the olefin oxide wth ammonia, _
Subiﬁﬂg%?%ﬁ%'o 2d%u%%y%x%%ﬁﬁn?%?ﬂnﬁn%e4@s%d?fa?%h@h@haCld
was aAAYEH oS RaDL Byds LyPh&ah] yrysed t@h£ﬁ¥9P£e£bea
production of nonoal kanol amne . For nethods _
solappPi cabl @nmeniwe ponvkeesion, ofmndel oh efi¢taoxngdet ané cand

: ' ference may be nade . to, fo
Lt L D d R A o L8 ELePE e TEs it orande Hel bevesyoy
addied ex enckut Tdve df 2cak Dhm angdt el de 2:6i wht &t herrRays berry
<o gggg,in a large variet i ndustrial applications,

f
BEpras i #dee ??e{%@ %fo?cﬁﬁﬁl%ﬁw%ﬁd@%@@e{o%ac%Qﬁ
TabLOSAEE £ Sdet eI SBPISSL | @P&ﬂ,%ri? r&ﬁg@(?lﬁ’lrgsrh@ller for

systens, detergents, heat tran
60 minutes to obtain a dough. 14.5 g of a-alumina powder B,

see Table A for detailed description, was added to obtain a
consistency of the dough which was suitable for extrusion..
The dough was extruded into 6 mm solid cylinders and then
dried at 50:°C overnight and subsequently the temperature was
increased to 120, 250 and 400 °C. The temperature was held
at 400 °C for an additional 1 hour, to provide Catalyst A, in
accordance with the invention. The quantities of silver
oxide, ammonium perrhenate, ammonium metatungstate, cesium
hydroxide and lithium hydroxide were such that the shaped
catalyst had a composition as specified above. The solid
cylinders had dimensions as follows: 6 mm outside diameter
and 6 mm height. The resulting shaped catalyst had an
attrition of 35 %w.

For comparison, shaped Catalyst B comprising 20 $%w

silver, 3.25 mmole rhenium/kg, 2 mmole tungsten/kg, 20 mmole
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systens, etc. The al kanol am ne may be used, for

exanple, in the treating ("sweetening") of natural
w@aa7/otthess speci fied otherw se, the | ow nol erol/as2006/031029

wei ght organi ¢ conpounds nentioned herein, for exanple

the olefins, 1,2-diols, 1,2-diol ethers, al kanol am nes

..and reaction difiers, have pically at nost 40
LieBE0RERE arete ) horao 5 oreat i/ kY nospeB0tar bonvat i, of
thel BaPAl § €Ul s apr8Psted0a§aFHONoREONE, NDre in

particular at nost 6 carbon atoms. A s defined herein,
r angese¥ P X HiRbéet3309) cuprboninedneith. 82 gapboa 1,2-

rY: i ified for.the limts
cthQUIETd: LRcluel OF QUIDEES speeLlcdLghe | I
Subsagesniby, BSfuroheoxahdersthndang Saygber obiainedabyd

reference to the follow ngexanples, which are provided
Wasf%ﬁjgﬁ(ﬁrﬁ%s@%@ o?lJrY?ﬁs??%\?l‘?dﬂl% 14 andTaeeeabtet nt @nded

s0140ibe bf Mg Wil SSErRENSEY SEnsPRCHA | e EXNELES. and
. Shaped Catal yst A conprising 17.8 %v silver, 3725
Lithin enydvemridg ki 3 bl of tumgst etk gad@ed mmbdelowed by

i thiu 0} I ' ,. based on the
A G R S et SR i R e T outtie sLurry
so Srtyeredxiae {d2Odgt) G @ o dowh 1Bl godfidér 1a2-see

t hyl ene diam ne/water pmixture (1/1 by wejght) .
Tab@%ﬂ%eﬁ n%%ﬁlgﬁd\ég%?cﬁ(%ﬂ%nac?%d dhtFad Hlot Brtkee for
60 BChetaastAddeeh 10 4 hgogdh VerroXi @eydh Xba €axt ruded into 6

Thereafter, a solution of ammoni um perrhenate,

mm - 3ot G Rt et u st atleermndc 1 ¢4 hatund hyd@r oniedeiight] B |

o [ aﬂgﬁg!, by  addi n S i on. of

=t ce%]%{%{n?h@ roxi de |nr%g%%ér)y\ﬁ%ey%?ﬂ?arsﬁlg%gt%gjt%?’ne%“&aasnd

400 afded The 5@fpg reftuacalwad malpgowder ol °cseerTahl 8ddit0bnal
detai |l ed descripti on: and mxed jn a muller for 60

1 boiiuttes RO (R P totig e 1205 4 CceREdanfhar Powdere

invéhtion. The quantities of silver oxide, ammonium
perrhenate, ammonium metatungstate, cesium hydroxide and
lithium hydroxide were such that the shaped catalyst had a
composition as specified above. The solid cylinders had
dimensions as follows: 6 mm outside diameter and 6 mm
height. The resulting shaped catalyst had an attrition of
46 %w.

An advantage of the present invention is that catalysts
made according to this invention exhibit increased attrition
resistance as compared to catalysts not made according to
the invention.

The catalysts may then be used to produce ethylene
oxide from ethylene and oxygen. To do this, 4 g crushed
samples of Catalysts A and B (14-20 mesh, or 0.84 to 1.4 mm)
are each loaded into separate 4.57 mm inside diameter
stainless steel U-shaped tubes. The tubes are immersed in a

molten metal bath (heat medium) and the ends are connected
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see Table A for detailed description, was added to
obtain a consistency of the dough which was suitable

wo ovo7ext7ausi on. The dough was extruded into 6 POT/E81006/031029
cylinders and then dried at 50 OC overni ght and
subsequently the tenperature was increased to 120, 250

n 0 te rature. was held at 400 OC for an
to gdgﬁéig%gﬁ iygggpf ?@%6r69ﬁ85 @ﬁfa$§gw Aateppare
0.2acmoydanceew t thehenilevegbkopredbarguagt huses kef

sil ver oxide, ammoni um perrhenate, anmoni um
met 3B uAgSt BEELUEBs SnPRYErExFRECRER Ehehralrhydtokede, in
"WeFE-BHEBuLRAL JLhe shaped :aly h 0 ition
é as specif%gd ag%veé T%g'sgﬁ?%ﬂéy?b%dggggﬁédgggﬁeﬁgpons
incigdiny| bias: sbaniropt sadd doaseses afd36 em behghtneThe sv
ul ti ng shaped cgat al. yst d,an attrition of 35 %w.
oxyﬁ%ﬁ'c%nﬁgr?ggﬁ?nsﬁéﬁéaﬁﬁhtg?ng BLEBRBPRsPRE 200ue 6.0
ppmsi évey]l Sh25rfmele rhenium kg, 2 mmol e tungsten/ kg, 20
mol el i thium kg and 780 nmol e cesi unf kg, based on the
weTlhtinttive ratatyst tempsrptepar bd 280f ot lawd.this is
Si | ver oxide (133ag i was mxed with 82 g of a 1, 2-
rampefyRnt of ahf he/ KAt eP TR RAKF QU 1 dhy2AeighEend. then is
g 2spsgasent L yy o 15895 oxal,j ' 0 g of.citric
2 jacid was %%d%% %%g% ges%l%%?Sg§$gegﬁ?¥?%?g.OXl © content
of FJhéreafiertha sotletogasfsanwan) unhpesrbiesaéehyl chloride
ni um net at ungst at nd I'jfhiumhydroxide in 13 m
Cono%?%%o% S_a%l‘éigﬂ?’g?gl PERBAE Y i Ma. 48 bei BROBEde
and Ces1 nia hy di9xogei hiimWak BEct iMer ¢l &I rYhS0r9BhaE DY ¥AS
added to 500 g of -alum na powder A, see Table A for
ethylent | P Fescripefornanne dkadt nthl stdryefsionOlevel

are MOW €6, tO,0b1al p a, dou h, was_extruded_into
6 rrmlse%(i d cylin er%ggn%lh? hae-%@%frjféel% B0 0oV Rt
totahdo§ s etpresit | -2 héayenpeliat ureswasy | NEr easetht@d 120i1e
ad.%ggianqg400 0C . The tenperature was held at 400 0OC
jlfor h iq?mﬁﬁﬁaﬁpﬁ%uv,eQ?V?ﬁcﬂ@%%?%bﬁ%]%%ttq;ma¥ﬁﬁaln

a cofsBecorsangeen tdkif€ content of 3.1 %v in the outlet
gas stream.

Shaped catalysts made in accordance with this invention
can have superior performance in respect of initial

activity, initial selectivity, activity stability and

selectivity stability.
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i nventi on.
perrhenat e,

The quantities of silver oxide,
anmmoni um net at ungst at e,

amoni um
cesi um hydr oxi de

w@pa7/02172 um hydr oxi de were such that the shapedI/us2006/031029

catal yst had a conposition as specified above.

The

solid cylinders had dinensions as follows: 6 nmm
out si de dianeter and 6 mm

catal yst had a

n attrition

OFo8

he resul ti ng shaped

An advant age of

ventron 1s that gag@tﬁghg made accordi ng

the present 1n
to this inventjon exhibit increased attrition
PROPERTY esj st ance as coﬂ@@d@@ Am)<ﬂﬂwﬂe¢sﬁ% neeswhﬂbn@c%bx@mm@
to the inventip qg cat al ys yith éF
produce ethylene ox¥ e frome Iene an oxygen 0
this, 4 g crushed sanples|{of Catalysts A andyb)(14- 20
_—_______meshr_oL_0r84_Lo_ifA_nn@_fu£;4ﬁu#L44 j
dio 4.57 nminsi del di afet’er stainfess steel LLsh%p%d
dso tubes. The TUbgS ang g Melsed, T/ a ot ten megag path
(heat nedium @and the ends are connéctedto a gas flow
dag system The in|et Has5flow raées are 0.28 NI/Imi3nut e.
The i nlet—gas—pressure 51450 kPa-—The gas Q¥¥1H%€ s
Cumulatiyes Yo UMe Sugh| t he &t al ybt béd2, ih a "oncet hr ough”
Less th&Perafyd on, durjng the entire test ryn including the
start-up, and consists of |30 % ethylene, 8 % oxygen
Cumulat irepavdawisors di pxi ded-57 % nidlr.-dgeniand 2. 0106 86. 0
ethyl chlpride. The initial reactor tenperature
Less th$£q%éﬁlc and this is ranped up at alrate of 10 C per
Cumulatif@uvdiem®?® 0C andsbhen 1§ adiust edJ so as t@oaehli eve a
constant ethyl ene oxide content of 3.1 % in the

particle sizes from

2 to 5 um

Less thagytl ¢t gas stream while {he ethyl ¢hloride
Cumulath;gT 01T [ S adggsted|fT et tTIE g@s
rovide and ma| ntain an opti mum sel ectivity of the
Less th$®ﬁhhnm0n of et hyl ene oxipe. Perforwance data at this
convarcinon -l on :
Volume $ of . | 39.5 50.7 39.8
particulates with
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are usual ly obtained when the catalyst is on stream

for a total of at |east 1-2 days. The testing is
weoeowionrerl whi |l e adj usting the tenperature whePew/®s2006/031029

needed so as to maintain a constant ethyl ene oxide

content of 3.1 % in the outlet gas stream Shaped

catal ysts nade in accordance wth this invention can
have superior perfor rrance&'c!aﬁm%ct of initial
activity, initial selectivity, activity stability and
1. SN OF Srananityy PABIEERE AaVE 1St A Wetdodisghod
comptirl%%%r iRG 13 :shARe G fafalivslo Sy PRiRod s %ﬁfylng

ding a dough into shaped particl'es and drying
the §ﬂnar@ed1 partiiciles, whansim tthe dough mmw & support

ort materlal or precur sqr here and a sil
mate(%%gdnent FE S n eeos%{jpr‘i’1 %t driter Al cog}potnﬁé]

and pihecwisorheheiegpforthamtardga, Ofoxatth'@%,trelﬁir%d'ﬁntalré(ie@f,
| east 10.5 % and at nost 80 % of the sugport
has gaideriaff ,2rmete bt et utB iR el ebfashakl a2 paiy tdd eat most

80 /§7' & |t?1%s B4 MBrerd a1 AdRiHIRD A% &Jr@cﬂeqlﬁe'}e%lfa' Mas

, wherein at least 11 9%, in particular at |east
a pa%t,lqi@r elize darts dllaar 2atun1 east 15 %, and nost in
particular at |east 20 % of the support material, or
2. tmmepnh@djrassorclldierreebfin hdsim (dar whelmeeisi z& |lesstt Han $%7,

A net.hod a clalrredln cl ai 1
in quREiahlag AtdC s o S BER dat B R HIGE 56 dpest 15
sv, QL sidpporh mRieridllaohtt heRreow sar dhengofsursta
parti.cle size less than 2 nm. 4 . A nethod as cl ai ned

mateirriraényoéf thleaipme LB O itidegiafat Nogast T5OTAClendige less
thanmés % of the support material, or the precursor
eof has a particle S|zelessthan5nm 5 A

I 3y 4, .wher.ei n at
3- %%%bogis @lr‘?lgﬂaer i"Cul aLrala I east ]260 “%/ereflnt ﬁ’lt most 60

3V, &mp@ﬁﬁﬁlcular at most 50 %v of the support material, or

the precursor thereof, has a particle size less than 2 um.

4. A method as claimed in any of claims 1-3, wherein at
least 50 %v and at most 95 %v of the support material, or

the precursor thereof, has a particle size less than 5 um.

5. A method as claimed in any of claims 1-4, wherein at
least 55 %v, in particular at least 60 %v of the support
material, or the precursor thereof, has a particle size less

than 5 pm.

6. A method as claimed in any of claims 1-5, wherein more
than 25 %v, in particular at least 30 %v, and more in
particular at least 35 %v of the support material, or the
precursor thereof, has a particle size in the range of from

2 to 5 pm.
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material, or the precursor thereof, has a particle
size less than 5 nm. 6 . A nethod as clained in any
wobowclai7as 1-5, wherein nore than 25 %, in pap¢T/O82086/031029
at least 30 %, and nore in particular at |east 35 %
of the support material, or the precursor thereof, has
a particle size in the range of from2 to 5 mm.7 . A
7. retheihes a8 @ eined nyany of arhwins 6l-gherkereinethe

teri t S e S 0
supi PR s Y, B oL Pl T e 12505, B
mosttl @i Frsud- 7, wherein the support material, or the
precursor thereof, has a d50 of at nbst 6 nm, in

8. MAmMdthbd@radtcI®stied. bn Ny @NCcI®I®s i D-PArdherd Bl e
nmost 4 nmm,. 9 . A nethod as clainmed in_any of clains
supgt %@@Ehlm HeE sEhDOPFCHAEERT afherpos 'heh?ﬁ e ufwopPt at

mosﬁhgr f.1:03% %%Ei?%.ﬁ% AOSt 425 %ﬁ 3 Avrethed as

cl alned In any ims 1-9, mhereln e support
pariateranalat orosthed perecur sor thereof, is a m xture of
particul ate nmaterials conprising - one or nore
9. pzarmét:’mbcatas nel eimadl sihayhyngod cbaind m8mmeﬁemm the

articul at most 1 mm ua at le st
SupBOTR I HE AL COF e PFERR S8 shp St S & oo ©
mosPattighl ar in the range of from10 to 30 %w, reI ative
to the weight of the support material, or the

10. PreCHESOSq thereod i naindi n ohe OFf E'Péﬁnspaﬂ@ C%ﬁéﬁeln the
materials having a d50 of nore than mm ,

SUPmrtlmm@rleaL |@asths precurpon uu@mwy b @tmmisur@%f
art iat anrlatl%ecyla at I{ImEt 95 %wv, and nore in
P Pt e raAgRT 6F T ¥%om 70 to 90 %w, relative
to the MEIQ moég éQEtEggfg{é ggégéigﬂé hav1ng a dsg of at
most 3 pm, in particular at most 1 um, in a quantity of
at least 1 %w, in particular at least 5 %$w, and more in
particular in the range of from 10 to 30 %w, relative
to the weight of the support material, or the precursor

thereof; and

-~ one or more particulate materials having a dsy of
more than 3 um, in particular at least 5 uym, in a
quantity of at most 99 %w, in particular at most 95 %w,
and more in particular in the range of from 70 to 90

$w, relative to the weight of the support material, or

the precursor thereof.

11. A method as claimed in any of claims 1-10, wherein the
drying of at least a portion of the shaped particles is

carried out at a temperature below 1000 °C.

12. A method as claimed in any of claims 1-11, wherein the

drying of at least a portion of the shaped particles is
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the precursor thereof. 11. A nethod as clained in any

of clains 1-10, wherein the drying of at |east a
w@oowioori4bf the shaped particles is carried ouPCBUSE06/031029

tenperature bel ow 1000 OC . 12. A nethod as clained in

any of clainms 1-11, wherein the drying of at |east a

portion of the shaped particles iscarried out at a

cariiiferat it 3 nFYIRETAGES of £t 2BBIR P50 YT 250 ko
550 PR LIsgU 'p%rrtfirc%magocfr%ﬁ 200 QS -5083ocA method as

clained’in any of clainms 1-12, wherein the dough

fug t i ses. . 9 tjve,t .
15. LU0 SORL | SSSIBE S 0B M LoLgl L bl
doudthefeofheof canwar drx yhadce adhah havémg @l at sveaotectihar

. Structure at least 2 carpon atons. 14. A nethod as
wel%vfag%édt% TREM Y FHertn Thet RArBORGHT eoRctpreot, of
a cABVbHE Bt JeastnA GRf o AtOMBoLOPPIisestifcidSe at least

nol ecul ar structure a plurality of carboxyl groups or,

2 cayperidiEPm- to one or nore carboxyl groups, one or
nmore hydroxyl groups. 15. A nethod as clained in
14. clZaimstidd oxs 1dlainmet eimn ¢heimolgh woapeiseshe hearboxylic

.é:g{box Lic afidtjrba Li??ntit in the range of ftrom8
2CIq P08, O T et ATV e (T INE VT gt Of R e StppdrttS
mold@iEdt abt rectiie PrEoursDIit§ hef eodrbdByl AgP@ihOd s in
clainmed in any of clainms 1-15, wherein the nethod
add¥iFeherO coPPros diO%T ez TRRE Y hed ERIFPDr t Ot &F i BPLE or

hydide, Preeynsor thereof, to reduce its sodium
solubiTization rate or to decrease its content of

- b il 7. h l.al i
15. 1% S ORE SLAURRLES ol TR 100 B UL e
dougtongemsess sw\sthe god Hsosspippordc it & i @&l quattitye in the

recursor t ereg 18. A thod as cl ai ned .in apy of
ram%? a‘?ﬁns?]igni?, i %iﬂ”’a l_f?ﬁtrjdv%o%r‘?l%? NI 74 Ve
supFOPPORSntris1 copbined Wddutder thereof.
16. A method as claimed in any of claims 1-15, wherein the
method further comprises treating the support material, or
the precursor thereof, to reduce its sodium solubilizaticn

rate or to decrease its content of water-soluble silicates.

17. A method as claimed in any of claims 1-16, wherein the
method further comprises washing the support material, or

the precursor thereof.

18. A method as claimed in any of claims 1-17, wherein a
liquid comprising the silver component is combined with the
support material, or the precursor thereof, to form the

dough.

19. A method as claimed in any of claims 1-18, wherein the

support material is an a—alumina, or a precursor thereof.
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support material, or the precursor thereof, to form

the dough. 19. A nethod as clainmed in any of clains
wa28/02vhEr ei n the support material is an a-al POT/DS200€031029

a precursor thereof.20. A nethod as clained in claim

19, wherein the a-alumna is of a platelet structure.

21. A nethod as clainmed in any of clains 1-20, wherein

20. t He TURERAA 12 t e LRRApHE St } RasthenReln (ithey-alumina
t he group of nitrogen, sulfur,
is % sghoariisgi o%tgrnﬁé%%rl ne, Goup |IA netals, Goup H
21. A;g"%@ﬁﬁ o DEnd i n el ybdsiying £ L NGBt e - %@r%é%ln the
anium hafnium zirconi vanadi um ~thal |

doudthofurivhet andap tihgesi obi L sigadhe ufinr gee mesl emeand
' net hod as clained in cla|n121

m s t her eof
selqpt Eo o ok R BT L e ea S BIRE s H RGeS,

borSe! eetes-from @f‘@&grmﬁné’éai@er@%p oty beerwm, rhenium,
tungsten G ou metals, nitrate- or nltrlteformng

molm?mmdstu@mtmxtmﬂé@qu dottanBumA kngpbencat al yst

21r¥gh}gnlsng§§i ?ﬁ qﬂHEt %@% htgﬁ di%ﬁesnlo?%%p,

hg a doug aped par les an Ying
galkhapedgeanin thesandhel et urd h et idovght conpri ses a
support material, or a precursor thereof, and a silver

22. CONpadEndd andcvhefed nid helsuppor | watesial thorfiheher
precursor thereof, has a dgo of at nost 12.5 nmm and at
elem%%%tOﬁoc@np/@u%‘?idt%%r%%%tl%os%/e%e@h%r%p%‘?tgroup of

rheﬁ?ﬁﬁr'ﬁ$lyﬂaeﬁ@§ pﬁﬁﬁégﬁéﬁ té@%ﬁﬁfIAhﬁét?l@arﬁi@iﬁke— or

size |l ess than . process for

nitepoxt+ fathnbng o¢ozam0@mCé$A rﬁnd\m:czhtlpm@e‘s]sec@@@l ses
contacting a feed conprising the olefin and oxygen

23. W th shaspapedatal pblyswhivin chs | sbobiaapabdl ley by metieddod

ons S SOTRLL 263 T A1 19,5, J0U L, aBbel paciL e £,
dryf@@pfﬁée§h§p§&D@Q£ﬁl@?&§[|ﬁ%er@ﬁnatﬁée@@ﬁ@@rcéﬁ§$£§%s a
supgggtamaterial, or a precursor thereof, and a silver
component, and wherein the support material, or the
precursor thereof, has a dgo of at most 12.5 pm and at least
10.5 %v and at most 80 %v of the support material, or the

precursor thereof, has a particle size less than 2 um.

24. A process for the epoxidation of an olefin, which
process comprises contacting a feed comprising the olefin
and oxygen with a shaped catalyst which is obtainable by a
method which comprises moulding a dough into shaped
particles and drying the shaped particles, wherein the dough
comprises a support material, or a precursor thereof, and a
silver component, and wherein the support material, or the
precursor thereof, has a dgy of at most 12.5 ym and at least
10.5 %v and at most 80 %v of the support material, or the

precursor thereof, has a particle size less than 2 um.
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silver component, and wherein the support material, or

the precursor thereof, has a dgo of at nost 12.5 mm
wapah7ariheast 10.5 % and at nost 80 % of t hePeTPRING/031029

material, or the precursor thereof, has a particle

size less than 2 nmm . 25. A nethod of using ethylene

oxi de for making a 1,2-diol, a 1,2-diol ether or an

25. al RaRBF AT neL cBRbRY sPRRYEBRY ePEiIFAg AAToMekiAToRi He2-diol,
a 1'@1@15fee%hgrd69lanthk%nnghQEeeEBﬁg ﬁin&hgonvertlng an

al kanol am ne, wherein the ol efin oxi
olebbmaonedebynaoptbee$52+dL01hetbpoi»aadnoh ethan, obef the
alk&Ro 5%5889 %He%é?ﬁnkgé'olefin oxide has been obtained by
a process for the epoxidation of an olefin as claimed in

claim 24.
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