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A CATALYST, A PROCESS FOR PREPARI NG THE CATALYST, AM
A PROCESS FOR THE PRODUCTI ON OF AN CLEFIN OXIDE, A

wa 2@6Db3R3 A 1, 2-Dl OL ETHER, OR AN ALKANOLAM NeCFHUEL0D6/021903
OF THE | NVENTI ON The present invention relates to a
catalyst, a process for preparing the catalyst, and a
process for the production of an olefin oxide, a
1,2-diol, a 1, 2-diol ether or an alkanolan1ne
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alkamoleatind. an nes may be produced in a multi-step process

|.II sing ol efin epoxidation and then the
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t tor
O o RS MRES o R ool R By pgpsgod feed
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form py &, 2cdipl dtlear, CEUMlﬂll E&l&lﬁﬂﬂ%ﬁlfﬂ)mﬁa‘iﬂdlmno&hﬁﬁé I THRis, 8138-8131s, 1,2-diol
can have a benefi ¢ial

il
cthel pl S A ke o UG Poressrsniiaieepumising
Olefml”ﬂpoimﬂgirt&ranﬂhlﬁbnshb’ donv@&siah 88the Forhde8 ofefin ok Rk intthhﬁter an
H reater the area available for deposition of 't
alco lr%ar“aé’?fa ‘therefore the nore effective the silver
d e mﬁlri @RdxidResERMlysERSRYAe 2 §1Rf\elscdng)t a?rﬁ afsl }ywlfﬂ?&{edor more

be the case and in nodern c
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, or even less than
been found to correlate with better performance. It has also been found for example that

the presence of minor amounts of impurities in the carrier such as alkali and/or alkaline
earth metals and some forms of silica can have a beneficial effect.

Intuitively it might also be considered that the higher the surface area of the carrier,
the greater the area available for deposition of the silver and therefore the more effective
the silver deposited thereon. However, this is generally found not to be the case and in
moderm catalysts the tendency is to use a carrier with a relatively low surface area, for
example a surface area of less than 1.3 m®/g, or even less than 1 m? /g.

US 2003/0162984 A1 discloses carriers which have a surface area of at least
1 m%*g. The working examples given show improved initial selectivity and activity of
epoxidation catalysts based on carriers having at least 70 % of the total pore volume

represented by pores with diameters in the range of from 0.2 to 10 pm.
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surface area of at least 1m/g. The working exanpl es
w@roen3aBdw i nproved initial selectivity and ar€T/VUb1096/021903

of epoxidation catal ysts based on carriers having at

| east 70 % of the total pore volune represented by

pores with dianmeters in the range of from0.2 to 10

mm Thec AhMedmi n..the. .

P e e R e T B ARSI iV Ativity ang
stabir oftoperationt hhegseleelstityvs thy fiagticnive tercaotarted obdfintylding the
de - 101 ef. i j ' h esired olefin oxjde.

LR BFieR, Kot el e BT b iR spfared fornally
decsenagsaithetime anditalmantdia arcenstas lawel df oldfilxlethréduchiay | ai n

|. of ol efi i de. productign th
trfheRRe B BN lerdi, Hiw e B e lte Mo itectviveot

thezdwesrsel tp tiaf desitedoltieoxded. ehit dddition, 1B eqUiOn&R DY ah Rerkt®
In addition, the equi pnent

esired ol efin oxide.
g SR Bt R EP sbasrS e temmarebe fatpion when
thelreaeedén smptiadie Would Seadl & &S SBRAPpEriaRI 57 t‘ﬂ@h%ctgp. CThus F[]he longer
reach a

the§2 tion en the reaction tenperature woul
€ |S§$‘%1"“V ﬁ%ﬁ%raﬁmaaxeé 2t phich lcyclapd ghegpoxitiption cap be pafogmed at an
acctpigbl Rivekinp¥iatiye, G loRRr ﬂﬁ'c%@k%%;@tca@b&%tﬂ inlt tﬁ?\;%lact \nd g

t ptably Tow

hthe epoxi dati on can _be perforned an acce

f eP@ﬁ%@ i sebianrd. (g arodesh imerayamspst in dhamgeicoame be

selde@ity dvlr fong Féﬁ‘&ﬁty%lds%ﬁge ERRARE 120 g?élloce'sg’ oL A ed.
| the nal ntenance of

i te nodes rovenments i1 n [ 0
S ' E peri ods yields huge dividends in
| ON

t eriR pRfseR iR 114G £ MVARY OF THE | NV
The oF essgntl_ i %@‘Z‘h i gquggpar‘{oél\?/a?{y 6 &IEH comyises ¢ cifiep gpd silver
deppwitep oh gescamierayhithecarierdiasa surface srepositliest OR/Ed a pore size
disth ' j gJ as, a surface area qof at | east
SRS bR U S InePB e o B S abbRdied mporessidy
diarggersgothe range b frain (Dlﬂrod Ovied aimfaft lefastcx@mé ag e %of'legboﬁﬁ{e%%gtained
: i.aneters i.n.the rapge rom0,1 to 10 nmm and
- ﬂggt‘;":‘]eég‘él?‘r%ﬂ“%}%ﬁn th &anss PEfom 0,iie 1061 isicnaiainphingivess with
diarpesere én the kdhge bR OSt0i10 yhie range of from0.1 to 10 mMm
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dianjgtgrfyin the range of from 0.3 to 10 pum, and

b) depositing silver on the carrier.

The invention also provides a process for the preparation of a catalyst which
process comprises depositing silver on a carrier, wherein the carrier has been obtained by a
method which comprises forming a mixture comprising:

a) from 50 to 95 weight percent of a first particulate a-alumina having a median
particle size (dso) of from 5 to 100 pm;

b) from 5 to 50 weight percent of a second particulate a-alumina having a dsy which is
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diameters in the range of fromO0.3 to 10 nm and b)

depositing silver on the carrier. The invention al so
w@e@eilsas3 a process for the preparation of a CBCHU§HENNG6/021903

whi ch process conprises depositing silver on a

carrier, wherein the carrier has been obtained by a
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por.e vol unme contained in the pores ers
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carg | been obt ai ned by a thod whi ch conprises
) F om0 B3R R eSS R T F Sroh s Fothrion beyims e 5
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less tiemshd haof hb arsdpati@fiatt hanfhins %ndoﬁﬁikﬁ {‘sgh %%@'e%% "o 10

_angl which is in the range-of from1l
pm; an

c) an alkaline earth metal silicate bond material;
weight percent being based on the total weight of o-alumina in the mixture; and firing the
mixture to form the carrier.

The invention also provides a process for preparing a 1,2-diol, a 1,2-diol ether or an
alkanolamine comprising converting the olefin oxide into the 1,2-diol, the 1,2-diol ether or
the alkanolamine wherein the olefin oxide has been obtained by a process for the
epoxidation of an olefin in accordance with this invention.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the teaching of this invention, by maximizing for certain high-

surface area carriers the number of pores having a diameter in the range 0f 0.3 to 10 pum, in

particular by minimizing the pore volume in pores having diameters less than 0.3 pum, the
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mmn and c) an alkaline earth netal silicate bond

mat eri al ; wei ght percent being based on the total
woweioghs31ed a-alumina in the mxture; and firi nBCT/N82006/021903

m xture to formthe carrier. The invention al so

provi des a process for preparing a 1,2-diol, a

1,2-diol ether or an al kanol am ne conpri si ng

cat'&jiyﬂﬂ%ﬂ bf %édﬁ&e@lseaﬁ{/z{ﬁta%ét ey Bl slts tr‘}\%j ére%la{eﬁ from th :af”]'l?{s

-di ol ether or the anol am
Wh1619< P’ﬂfé Frabsttishrespvelime Mye@apmm:setém fes¢ fhen 0.3 pm. In

i ce Wit h th|
par@ROX, AR byl o RrBhl I LA RE Al ety g
selea@@m andhihey @netbhllwhtétotma\u&e signifitartt irhprovenvedis ih @fabiliBYunder

a hsurface .area c riers the
Con&% Sre%rﬁg '}&%ér}‘réls %rg{llonn hés gPﬁ’f‘r@E’ BPU 1R e rg gt 0.3
ackmqwlg_dgemiuprembeb&r tUS:IDOGYOle@S?ﬂ A {¥hcten ﬁnﬁrb@d@féff@rrf{a%é‘&e

havi ng di a han 0.3
cata s o B BTl L n ke Seasyivingaticessad % of
the ol ablyss/bmrmmmaﬁfe& iFoRP HitB diakic@i mAhS 1a8ESoHULE b, 2H@F@ .
The§ub 1tnan§bﬁ1%08$/ F é% unme in pores having dianeters ebs
{F75Ring o A 6& 1s(§mhat1hat acskil gdy)g]tsgn b(p@lgaltll;@b carriers with,
in paticwat b AgninfizddRiubr b Btck ARviRE &%@?&&%&ﬁ&%ﬁ%‘ @Cflll) "¥he

fand ‘ielectlwty and they are believed to provi
TeleEnghi9ss Eﬁtrﬁonf%%f@@&éﬁﬁ‘éant w the pore isize distribdton wihidithd rans: of

poreQfiarB @BIEF o &b tOPELAL %t do coﬁtaﬂlocﬁaéz&?% Iré:lg aﬁg{c]) tl\"{e sﬁvi’)lhty

of the prior art ’knovvl e here|
of ﬂ?(?@%‘b@TB@QSW e tué%?é h@rghtucmg DﬁV@'dlnpterai opengivae of
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with REATICSB0, Rl S orin S b ss i o it OB e et thgean be
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10 mm and It does not contain

ters. from0.2 to
igepcﬁa SR p’é{;@ﬂtﬂor’t g brameasuysd Ibb’tay’o@‘fentl‘f’ml mtcaryylsmlon
poroﬁlﬁfetr?)da{?f@é ﬁhw}ﬁﬂﬂlﬁful@ﬁ&@hﬁyl ie fb?céaflnt‘a gs' o% ?191%{' a(;}rea ef

face area" as used hérein is understood
presscufie ]ls Resded e feee the werowmy infetts smallstipdsgs alidéhermneasogmenBET

ressued | c s d
pressul¥ BRAHRhts gﬂ@ﬁﬁ&ﬁd %‘%I&ﬁ%@%&gﬁt gOCI POTes pg% (aheg hgﬁe to

Jour nal of the Anerican
the sgggf thegoreadn tlpg@r@rqm@n@ﬂ Folumat érs uadsisiwrgin, ItthdrSmd@@ﬁlﬁﬁuﬁdh

the nitA%R JRRERNERRYhELe l})@re%ﬁl%e% ACK measured by mercury intrusion

porosimetry to a pressure of 2.1 x 10° Pa using a Micromeretics Autopore 9200 model

(130° contact angle, mercury with a surface tension of 0.480 N/m, and correction for
mercury compression applied). As used hercin, the median pore diameter is the pore
diameter at which half of the total pore volume is contained in pores having a larger pore
diameter and half of the total pore volume is contained in pores having a smaller pore
diameter.

The median particle size, referred to herein as "dse", is as measured by a Horiba

LA900 particle size analyzer and represents a particle diameter at which there are equal
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wi th ASTM C393, and water absorption is expressed as
the wei ght of the water that can be absorbed into the
w@oered3nB3 the carrier, relative to the wei ght PET/URM06/021903
carrier. The pore size distribution my be neasured by
a conventional mercury intrusion porosinetry device in
which liquid nmercury is forced into the pores of a
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t ion treatment is continued
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thannt jen r@b&@ﬁtﬂéﬂs @n(10/28))in BarBcdRidt ARG § & ablig Bﬂcﬁlﬁreat most
6% tgﬁf the carrier, unless stated of her [

°a%tlctg 9 pere ol hi s i nvention, a carrier is used

V\h Fﬁdﬂlu&ﬁ@, the POresiAR! d?s@rﬂﬂfh%ﬁ £ ﬁyﬁ e 81%5 &fg.ﬁlﬁlameters 1§?he
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fanamf O %@t W m raprasprt losa fhge 989 %.rmoere Grequendly 163s tmm oo
arediRASY 1e&0n R o4 o cant ai edln
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0
o P e TP 0 Pt P e e tamon
rm appeoackingaf wit réacking Orefo fencedOofitig total pore volume.

Typically, the pore size distribution is such that the pores with diameters in the

range of from 0.3 to 10 pm represent at least 85 %, in particular at least 90 %, more in
particular at least 95 % of the pore volume contained in the pores with diameters in the
range of from 0.1 to 10 pm.

Typically, the pore size distribution is such that pores with diameters less than
0.3 pm represent less than 15 %, more typically at most 10 %, in particular at most 5 %,

more in particular at most 3 % of the total pore volume. Frequently, the pore size
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represent at least 85 % in particular at |least 90 %
nore preferably at |east 95 % of the total pore

wQ odoa318yypi cal |y, the pore size distributi onP¢BUS2006/021903
that pores with dianeters |less than 0.1 nmmrepresent
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particular at nost 5 % nore in particular at nost 1%
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* ‘B@P’%ﬁ‘w it Dysbreihs more vahens mmg@nedﬁn theqmre@ v8thtdianddersm
randi@PFEE ®Nttoad uhe fﬁtan&ﬁe é}nb'oﬂlng;gf 3}{ gq?)rfi %zeacfls g&tsi)tgll%%f{%hat

geore in particular at |east
© RIFY Wit dlgmptarstim thepange of \fwtrhS di 18met mpesén att legst 1 A0Q ehors
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di stribution 1s such por es
from R4 o 0 B represent | ess than 15 % nore typ| cal ly

at | cul ar,. at . no nor e
Ty eyt Py bR g Epop b (B pmmerstrably a
leastFQ. $Huenmnpry ,prdfdereblp at leass Dqdh, sryplmm_t/l 08 me8ial B613 diddder is at

ters less than O mmre resent nore
mosp iy i Yy e R iy ot 6 4 okl
medtaotpafe diamieerdoinih@rangdofish 085 (b o AR prefepﬁlyp?t tfe range

offr dIS ribution is such that the pores wt
elr Mn the range of from0.4 to 10 nm represent

at Theeta&all B vBumiod £ BRI duirfel! of ore
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Bt o N R e Bty e e T B e et e
is at piepted /g eP]@fegatbﬂy, thetsucfacd Beasis dhtht hage bHRorR 21388 3MhY more
preferably from 1.4 to 2.5 m%*/g, most preferably from 1.5 to 2.2 m%/g, for example from 1.5
to 2 m*/g.

The water absorption of the carrier is typically at least 0.3 g/g, more typically at
least 0.35 g/g. Frequently, the water absorption is at most 0.8 /g, more frequently at most
0.7 g/g, or at most 0.6 g/g, or at most 0.55 g/ g. Preferably, the water absorption of the
carrier is in the range of from 0.3 to 0.7 g/g, in particular from 0.35 to 0.55 g/g. A higher

water absorption and a higher total pore volume are in favor in view of a more efficient
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dianmeters in the range of from2 to 10 nmrepresent at
|l east 20 % nore typically at least 30 % in
w@a0obi1auBar at | east 40 % of the pore vol une cPOI/EBIV06/021903
in the pores with dianmeters ranging fromO0.1 to 10 nm
In anot her enbodi nent, the pore size distribution is
such that the pores with dianeters in the range of

depf)ElﬁEﬁh of §iRerddd 'ﬂﬁlfe{saéﬁélﬁ/@ t1¥ Q‘{yh bERR Carkr i1 }9 %gar%%la’?% Jlqyvever,

pically at | east pore vo

at %lﬁgl%eﬁ waishphsarpipa nddigtes tcéalsporeaw@um@ thErearrisa ot ites catalfRYmade
thel3BY8), @ ter of nore than 0.8 mm
epre erggﬁs}eg%?eas{igﬂég@ mm nore preferably at | east
0. @nl?ﬂﬁtalff?lpb@bmblys Oﬁth}s imeestliian) theavagiedl exHIBits@l nonSplablefTOSt

Aat n_particul ar at
moﬁggsrlto Q‘{‘T 6‘9%%8 higé Br ef er 5 no’f‘%%%@d‘?%%%ﬁye refprg i the marphology
of thmcam@ wien greagefl b s@mBlg 8fctrén hido AT meRiRhIna %00,

offromQ0.9 to 1,8 he total pore

snd B e B F et Fiourt e o ruBeten e eyt

surﬁgqm Bal“lsgbstahm tabveade”ﬁoélﬁ;h\é&hétﬁ%s {t$s Abank 8BBLt nhs % ‘mc!fg]%
Stm rtlculbar ah |east 0.3 m /g, nore in particular a
e agglbsiantiglly Fotsupfage ;By ishastanggliy fla$3 itds modnt et ihe

radiag oﬂ‘tﬁs burQatﬁ’ere ¥ {18 swdd idR1Sst Y Qﬁlgﬁlh% Yenh'qn I theA IR améﬁnélgn

ftn”u% in_particul ar at nost he “sur face
of thyysuftace. (e siresturgsRaving aubstantisily ﬂa®ur@¢eg1ava'yyploahy hryaspect

ratid 6¥at Slokt AL, hPdsPekt fa%o%'f 2 &dura b?i%fg the 15 roe%ﬁfl ""PEQ’ et r{?pansmn to

surface area is in th range o rom
the Wiﬂl Stﬁ@?@m@f@eﬁﬁmﬁn@ Jhe @r@ ‘“Strllllﬁ.irgs” refsitto Qﬁ'l.ﬁ:fc&ﬁ@ﬂhﬁes in

the cfai‘t‘i’é?‘w]hlél daf b€ d&sidHatel 10 %eg 1v1{§1éa:l 1%@,%? cteg'}q% 912133{131

he wat er absor Ion O e carr

ﬁlsefléab‘?nd@dQggﬂlgrtorﬂ@nﬁhequelal I y at least 0.35 g/ g
nis at_npst O,

F
rone P e%%%#l#%aaet g5 rt Emﬁtrenaalf th%er@lsdpﬁy bor
natugal onwéificial 1ﬁ&ggﬂlgmaﬁhelfs e:ﬁ@biey man ﬁkﬁ:lﬁk@tr@fgacﬁﬂ’? eraf?:hhlg NsilRfon
I'n

rr| n.t ge of fromO .7 9/7g,
carbfdlg,r %lg {ef: 1 ﬁ?ﬁc?ﬁl gg(? @%35165:511]@ yngtal g@rlpﬂn@’fq:érfox,\gqample calcium
carbam@ rmefened %%f&cﬁkﬁﬁ@t@nﬁl@tsﬂl}h ROfI@n Q) &{ Sirbdhid SO
ew, of Hore efficientdeposition of silVer an

SlllC? n{l?ehlg?st g{eéeﬁg tngateqaq} is gn%]um@ﬁ pical by thie @arrigycomprises at least
85 wielght pgtet, in@ide tyﬂéﬂ@% wel%ht @er&-hg E’Z arﬁ‘@ﬁa? 95 %\P (ﬁ’%t E%%‘I(é‘e%tt] o-

and _hi gher total pore volune, carri ér,

aluming, feguentlyapito 9c9r9e‘ff@gbtm¢rcen@yalhwa | ower crush
st camigt this in nt|
t he cars:i?ae}’:réegg%wblﬁrga% ﬁon ﬂgﬁ:’%ﬁ:ﬁﬁ © COBPRRBIS 33)9‘1 ,E@ated
tempgeasge Hafildhapartidies singarriogetion- ol shehke firinpmphbé Gcglymué’cﬂfrﬁ![ the
e carrier
parilCs 2 Sofld RISEL i bl UE 0 ioR o beHhor R s ddad bond

matepglyg through sintering, but preferably not beyond the point at which the water

absorption of the carrier is reduced.

Burnout materials may or may not be used in the firing process. Burnout materials
are well known in the art (cf,, for example, FF Y Wang (Ed.), “Treatise on Materials
Science and Technology”, Volume 9, (New York, 197 6), pp. 79-81; or I S Reed,
“Introduction to the Principles of Ceramic Processing”, (New York, 1988), pp. 152 ff)).
The burnout materials may be used to enhance preservation of the structure during a green,

i.e. unfired, phase of the carrier preparation, for example the phase in which formed bodies
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and to the substantial absence in such inmages of
structures having substantially flat surfaces. By
w0 suwbasHB3 i al absence” of such structures it iBCTESIW6/021903
that at nost 25 % of the structures have a
substantially flat surface. By "substantially flat" it
is neant that the radius of the curvature of the
areShdged Cor & eb ién. U] of the ]argest. .
di np;nsi on o th}gﬁgﬁsrn%%cg. iﬁedﬁgfdra {Seg? ltﬁlrg‘éesre 3‘\’/6%6{@‘“5& the firing,
The w5 of Rppw mafeniglpalsosallofva owrdienneploty pintaing yithbutaspeeit a
redi@lo ; ; ct ratio.aof a structure
etondn Satc? B 1 e ok S, O3B BbpefEaufl: o ety s
diviggd poliksargatiiqmntsiign thef vdlsidizs br burh esvingldditilEeitue as possible.

"st res” f .to.structural entities in_the
c arllit Fégrléévaw@gﬁﬁ 0glaen f%déeng Ks4sg ﬁ%f’gé mpsriak b @dpgferial which reduces

the lengthvifaintdringaintd apbléai to bowdihe batickRiogethal. Tre$6sh Ahterial may
the carrier. The carrier may

d togeth to for
alscgfép‘ﬂgsf’é’ S o gt ppd] g e Sk iars hichaneltes fercemienbustace
morvayceptive allerbahd etefiklthdyi i tAbed dHOL GRML OnRHiS! dArd iRy
Cong he%ligmyyl 1cI gdeii’é@f ractory materials, sili con”
FArDRds S&ﬂnléi? on phibripy, gdubitipgthe fumatiertotorystdlinesilizar t h
contmirting capdgdaidad. es, for exanpl e cal ci um carbonate.
Preferred are refractory materials, such as al um na,
magrgsHisa-contpipggicamaeritians iforaige astheondusaterinl efeg corptise an
alkdrerh&hll sflicateofd flakbih . | i [Ld Bk
conprises at | east ngr %gii;ég%%ea\ﬁkcaéﬁr} ,garfrir%fl‘:étafs)l/ “.atc?ah"f‘?
matgrpl L hey endgagteriah may flrtheneanimrist ahy@Btedeluyita perapeoialg-a
titarfthrd EbAPondnt mﬂtzkr)foﬂﬁﬂntz&nﬁo%eg \weight percent
a-alumna. Carriers my ge ZFRT | y be made by firing
padthas been fouebitposuitbly, dtmma catriemsabetke (e MREA ML may be

At ' sinter together. Jn general,
e :%?iar%&ﬂn(gdy‘p@éﬂ léoghrﬁ%}%ﬁsufgc“‘t'fﬁ?ini“g?lﬁeecoﬁr&?r‘ts}nél es are bonded
3) t oduh¥} to 9ividigit playertt bea fint patitie 0fa AR RIS Sd.f 6L 5
to 160 q%%gﬁicg n?ro terjpal or through sinteri ng, but
preter ably Ho %@)}&é Hpoy, mopin pertighlanfrpmi Otey 40 waxt er
b) abgionpt toafd wdiglitperceiof b Sécoh® parBOHAE 8-anBHE MM ing a dsy which is
terials or [y not be used in the =|r|ngg
less g’ara%?ées@? Ofégf? ﬁ%?“ﬁ%& 47 f-2funing andehich jsrinthe ringeohigomrltto 10
pm, (iCparfi@ilarRoRNP S 1uh; dnd Yrdb&iaBly ik dddirion, 17 €ati se on
I\/Bterﬁ( | s Scjence and Technol ogy", Vol ure 9, (New
9 vofk? eprth pistal ibeage hondgpatgria§ Reed, "I ntroduction to
weidhbBerbért BGihPbe3d of VGt oPE SRR tnd New Yor k,
Ry Do 5 B R et AR RE bp PRE  hc o
shapng thnikipts i derared hediesendffiring ¢hesformat hodées dypically aBa
-y i o~phase of the carrier preparation,
temfga?ﬁgggﬁ% eu?ﬁteo %ﬁgs ’tf)?g%ﬁ%(?ﬁarflﬁ med bodi esare

s h&pegteschometbrd fp hevdng aBxitinalsdrOEs is &1 RHEO W produce the
the firing. The use o%

; j.als,are renoved during _
Cm%?ﬁﬁ‘{a‘{ﬁg kP YeRfien. 41 WeW of theareht matcinenfdarge aridsmafli ng
partivliet bithé otai@nifli €dbpodents. The alumina particles are readily commercially

available, or they may readily be made, for example, by subjecting more coarse materials

to grinding and sieving operations. In an embodiment, the smaller particles may be
prepared from the larger particles by grinding, and the ground and un-ground particles are
then combined. In another embodiment, the desired mixture of large and small particles
may be formed by grinding relatively large particles to the extent that the mixture of
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reduction in water absorption of the carrier. The

burnout materials are typically finely divided solid
woe@ansusimterials that volatilize or burn, | ep@T/N§2086021903

little residue as possible. It is also a common

expedient to use a bond nmaterial, i.e. a materi al

whi ch reduces the length of sintering tinme applied to
palioRSihdsHee dBidd KitelaltARRINL gistlifBgnd material may

also forma coating on at |east a part of the carrier

sur FERieallyyfhe Erst perfiewate wealuaing isempayed &ce quantisy of from 60 to
90 k@ j .1.al_~may be based.gn a.. .

R e o T B b o Tt BTG it Typicaly, he
secepd/Rartiqulaty erelugring isiviviplayed in d quahiitytof frgmi 0eo 40 faithi Scea,

' ' nt.ai.ni.ng c ositions. The
relagiirleﬁ:%% !(t:d(g{]i;%v ael§ hllt hg(%%gur%lpl%aslﬁﬂ? orﬁg‘g?n‘gr use as a bond

mat lrong lbmhuymemm?carﬂgl o Iﬂliﬁinkagi'oln!ﬁﬁﬁ B mﬁdiéhﬁsﬁ%t a‘ﬁllrﬁﬁé‘ Howders,
| 0 REEL er AN al Kall ne eart geta
cosfFRl e ol it Birficite Tohe s Racopdparicuiierepaion ¢ her
chavzotepivédse falldwsdThs ikt plriidtilap Stk O 4 Pﬂﬁklglr?acﬁ aIeb%P!i‘h Wye, a
as

omponent. and/ a zlfconi um conponent. | een
dso Sgpﬁﬂ PEfigle sizg 8?{5&5? ?f‘}o{ %P%Wﬁeadlétggvﬁl@r@hemn porsehaving hi s

diameresiiéss eHan WY Qb BETebdly RsiBLA0S WG iﬁ{?t@'@%g’aﬁf?.él cent
e ORI Ng . & m xture conprising: a) from to vvelé’ﬁrt
© téeejf‘%l‘???n%‘fat%wvi’%ﬁ tofalmoreciplure The sdcand peatitidate powder dam
fate &re 06015 hd iaf ] s t Q. 60Q. .
" £ 1640 R R Bl 80, Plgon
am,

nore in particular from
Whefein pges hairgfiemesersdess en i warani prefferaldy fesathandnam,
hibviten&s ' i he Q0 he first
conpar tic S?ﬁ? gq}aé@g%brﬂtﬁeagegﬁg p&ﬁ?@ﬁ{el ROV ¢ {?égl Pgﬁg}’é{uﬁfe- The
firsgang ecpnd povdprytppre sizepbistiibutioheandfpopsmclurhes dn BB me@ekd by

. i 0 htion C | kal i ne.earth netal
merBls R bl om0 ek Rfing kA1 S50 B i arerd el Ba
us1qghé\4pmumretm Myiit] QﬂQOf’i’dﬂiW?ﬁ ve(1 g oP bdogﬁcﬂﬁnékgﬁlf%écu@%tﬂ %e n

ture into. forne odi es an iring the
suctf S o TN oo rmreng ap apisPePB e TED S0

alurhioa pGE@rOElected FErafsdir MEiRDS Edrbr-cal Bpdlf §S ggﬁdl?t hod
alum na carriers is well "adapt to produce

f ar . paki : T
°harfa%‘ré“sg1§% IF‘ir‘]%‘raé ppisisizgdastribytion prd fofa) Bereivelyme; of the eawriof t he
Redudifigtht berd@itadai o theXirst A0 98 oA HuSiTR)! ﬂowﬁ@fst LGk GSuQks the

a- al na conponents. The alumna particles are
Contflgléteéj F%,P Qf‘é%ﬁ@r@%@ﬁ Vmaw hﬂleaﬁl @,reiljf[ im h@@"riﬂlHWiﬂn emmy_mbe

quartREI6f itsftota] ¥ S cOMrSHA @fggitla{ﬁg)ﬁg%r e coarse materials

to_grindi ng and sieving op I n an enbodi nent,

t héhg#kaling ,ealghmpqabq;iﬁgatmd eterial may comprise an alkaline earth
metal silicate, for example calcium silicate or, preferably, magnesium silicate.
Alternatively to or in additign to the alkaline earth metal silicate, the alkaline carth metal
silicate bond material may comprise a combination of an alkaline earth metal compound
and a silica compound. In such combination the atomic ratio of the alkaline earth metal to
silicon is typically in the range of from 0.5 to 2, more typicaily 0.8 to 1.4 and most
typically 0.9 to 1.2. Suitable alkaline earth metal compounds are alkaline earth metal salts,
for example nitrates or sulfates, in particular magnesium nitrate or magnesium sulfate.
Suitable silica compounds are silica sol, precipitated silica, amorphous silica, amorphous

alkali metal silica, or amorphous alkali metal aluminosilicate. Amorphous silica
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prepared fromthe |arger particles by grinding, and
the ground and un-ground particles are then conbi ned.
wo pocansgiBer enbodi ment, the desired m xture of PCHU§®06/021903
and smal | particles may be fornmed by grinding
relatively large particles to the extent that the
m xture of particles has the desired binodal particle
co ohﬁdsdelr§ fe I | t | at e
iy et e o lttnd B oh 7 PR bt ey may

smkﬂghy@ﬁen the Fange ppgm 0& tovl@ wemght bercm,tmre \smtabm frérh 0.2 to
2 vRighl ﬁ%eﬂ? irl hrfidi®or Holt 855 2 -@érghg%e&ce%h cg‘lcglatgﬁ gq? {}]19 tgal weight
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of dllsabine gaythtmeta] @xideiagh silipare, e 810,, robitias iole tdbaltv&?%ﬁ of @hlumina
(0]

in tehgteof a-alumna in the mxture. In one di ment,
a carrier of this invention can be nmade using al um na

p ovﬂ@mﬁgahnte&artg et diliahie bendmateRE mdyl or $layRBF &dnﬁiﬂsé‘tag
that are characterlze

‘J“I‘lig‘hn’gf‘loﬁ0 nBV\%F“ ?’ﬁ@d‘g? ﬁ%‘h‘%ﬁ? : gé@F?&%@YﬂWﬁﬂ‘ealurwag isp fopEYample,
giblssite ﬂ:‘aymtamecﬁas@f)re4 Apraforidd hdre @ alﬂﬁﬂ{aquMEﬁﬂec e gﬁaﬁﬁty of

thﬁ%]t apor sjze distribution ereln por

o R Pt POAkE e FribpapEgonmmta 1ni ek bbyedhe Som

0.2 toANw&ghR peident C ot HYLE kﬁg‘i Of"‘ﬁ#%
first g‘g;tl cnul ate powée? t%é}ﬁ&t é?jg&\a}% ai Fof

UIREgh A Qe UR ke t9dhritetal eighbofoualfmie imtheaniafurd . 4
nﬂ/me afatie JIRERO! AREAS Sorft it iy 3 AL NSRS R0 hE e,

size distribution whereln pores
addifiqug] compongpy, 2 gifePnpme tempdyient, haswlit hérnpdheﬁt o1k 2 liquid

Sk i Gent .of. t s
Com%artléﬁ#%§%&§§aﬁhga§n%ﬂgﬁ ezP@“&@W@#@ gZFVF§Fnand
compeingh hishwemvey' to pmcroenmn dEXEﬂb sipdr frikid. BuSh BiRGNRAN Eompounds

I cury intrusion
may\p{)%rsoggl’e ﬁrrlé:%i ?521%%“ nnﬁt?‘#& Zé?m}éﬁ n‘gf }e emonyl qrehasatsedhe o

quarmtﬂosahe_@fcommmmnm Mha TsOHEDIEbd lﬁahé\{laﬂg‘é of a0 ﬁPfd)\Q&%ﬁt
pﬂBéY]é&% %%W éqg g§rcury Wi th surface tensio

TR O It R o tPSWelfto?aIW@FeélLﬂS yhecurightes gsirenium
dioxajepXiCpdielatidud thd tatsl %1@98“?51%%'1&%%4 )y use in

carrier can inmpact the physica
ch@f‘a’g’ﬁﬁ ctalsiiigateong sraoris] may ofi ey ids woinpriseamchn

addlﬁ(ﬁiaabormlh&t VaDt'xthIﬁﬁm c@fanﬂ%t Cifab R H&'n n(%lent\mlée tgamum

%grcenta e of the first and secon
diox

rHaphp F%&stl@@r‘hqxabm é@nﬂ;chmﬂesargaae sltanhm; aﬁd 3them i s
compiphieTich b EE Wikt oS Gif i Bl B sy

quant i t
somgygpigaces @né@mkmt%‘@lﬂeatmhmmnmousdsl and attes bendcsBtRs | al
; S earth netal silicate, for
it conBR  Phe ol B WG S Rbaigiey suiapbe it ranee

of frap |0|t@ aweighiperenn atdry alitablydrodi 0 t ReightdedRnd, @vdaBore
sultaﬁlél‘fﬁ):lﬂ 061 %Z%H welgﬁtpaelrcen lng ga%ttlgﬂartﬁr(])% 6& I1 it(oa(l) I3 rsvilg%?{)érgent
calculated as the weight of titanium dioxide, TiO,, relative to the total weight of o-alumina
in the mixture.

In an embodiment, the alkali metal silicate bond material may comprise an alkali
metal silicate, for example amorphous sodium or lithium silicate.

Burnout materials may be selected from the group of polypropylenes,
polyethylenes, carbohydrates, gums, flours, proteins, lignins, resins, waxes, alcohols, and
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silicate bond material nmay conprise a conbi nation of
an al kaline earth netal conpound and a silica

w@oivp0s383 | n such conbination the atoni c ratiPCDUS100€021903
al kaline earth nmetal to siliconis typically in the
range of from0.5 to 2, nore typically 0.8 to 1.4 and
nost typically 0.9 to 1.2. Suitable alkaline earth
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573¥4008 uid co(n;ljgonegﬁ?y Sui t abl e zirconi um

CoOMpOl n T prRgAiet by defeiencse Tedacilifatesoeh meiding
prodemp@mpﬂﬁcml &Rugie) WRrhixhe fhy Qﬁﬁb e@bﬁ?&%ﬁe&’&ﬂﬂ ap to, o
abo 3r| tSuch zi rconi um conpounds R

% Pd E?g%h PHPeY adpreerablpigm 24 25 meghbmerms based ion dwwé1ght of
the 1&HEE T ERtrusIoASI B UaH b} &ﬂéalﬁé Pltn (6 ZE% S'i]Oln%lé s\%gln:gﬁ S téTW
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the tgn CR:FH‘EGSS%?I@S 3 e erisanc * bingars @rednown 6 the kg (., ﬁeremﬂple

“KirkathmbAk: ciB ed‘iMéM% n%&i TQ{]hfléfo&gQ"gg{ihP Jﬂ%ﬁ? 5, 9D. Ko ).
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[ not i se, n, addjti onal
oS Bl e o SOROR il Sl et saae
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quanttlw (?ﬂ%lclnm §; )6?toa(s § ’welgIhE perXent %ase(c)iroln ﬂ’?e wgrgl%%??hetnl’utxt?l?g t’]?ehse effect

of the presence of boric acid may be a reduced content of leachable alkali metal ions in the

carrier after firing. Enough water may be added to the mixture to make the mixture
extrudable (by the term “the weight of the mixture”, as used hereinbefore, is meant the
weight of the total mixture, but excluding the wei ght of any added water).

The formed bodies may be dried and fired at a temperature high enough to ensure

that the alumina particles are joined together by a sintering action and/or by the formation

11



10

15

20

25

30

conpounds whi ch convert to titanium di oxi de upon
firing. Hydrated alum nas nmay in sone instances be
w@omwbasdieat ed with titani um conpounds and act BST/ES2006/021903
source of the titanium conponent. The quantity of the
titani um conponent may suitably be in the range of
fromO to 5 weight percent, nore suitably fromO to 1

of b&Idgdkts RRed Rbom BY ﬁ(ﬁhdrﬁ?;ft& Uk ﬁl?%gra d ﬁrth% nax@r%(?eaﬁrlally,

wei ght percent, in parti c
drying agiieke plagecheiwaeadOasd ﬂ(l?ﬂe°G/\mdgiﬂéfemﬁlytbetv@a&h Bogd 300 de,

tot a-alunina in the
typ}aa% T a%leﬁéd Xfeup t?rt%gg Hors W%&grag{;'kféﬂr? > Fripuges t9i5P hewse
Typicaily, dmlngrw mrfommyd mahqaeme trantha |n:ﬁﬂ¢uﬁe creataﬁ{sl 16 ltl%aﬁ 3lyight
rphous sodium or |ithium si icate
pergth of e ‘?%"F@Vp W%%gfen Herabd termnsrAte ef Fensipl 269 °C,
prefepdb)pbcdPydnel?s6 and 03 ST HRABSbet&EMPRRY Ak a1 %%)”Cgfﬁ]%gaﬁicular

flours protelns lignins, resins, waxes, alcoh

betwriarc$PR aud 1\ARSK:- pivwply fong pemode faipuioribuaut 8 Atk and préRebly

fro¥apki 0 LII tab be in the
o g ol Dt At b oot plers dhsteasiiy i
nitrp gqgm)@egumoo@nmgﬁherpﬁr @mﬁrably,ah @Euftiéﬁlaf Rhée FRhad bodies
he .m xture. The sel ection of

conffel S0 et WD 3 1025 o Py cargied gntgn amppnjdizing

aﬁnemhﬂecmma;ymtan dxlygeni-covaitingamodihe, i N the practice of
tthch [ nwent i in 1an a- gl unmi na carrier, no burnout
matervar nay. %HE% Yshmap 8e priwpesddt fhe Gatger ISW@ShEd to

remoge solubile reklﬂuessbéfbt‘é@ewsﬁfoﬁrof&ﬁﬁelt Jﬁ?&ﬁystt é&%{ camer On

rticles b re aredlnthe or mof orrre
the Ber fepd, inyashel caersangyis Isgciaied sugessefity. nédnserfyl inieod for

wasﬁjng‘ﬁ[bSdaﬁ&S c&thpiddes %Qﬁﬁfﬂﬁ@ bé?ﬂelr if %Q:Bﬁ’tfnuoﬂs FX%H18A1 gy, are
o O eposi ted, Ceneral |y however d Versy
’é Whier vptil fhgelpaireal ewgctgumofa@ dffbllamEWatbn@beeﬁotl firther

decrehiR. A
o ec o gdgﬁh&ggg?)ggﬁfrg 85 %1 ﬁﬁrtﬁlglélqﬁg gQ’?aher inﬁéé/ range. otf 80'to 100
C, &y ravere 80 HRpr 9°G oRéfekenve iyl Hoawadess MaD-QDL 5953 HENIS.B.

ei.r .l ength and cross-sectiona
636 nﬁ%@ﬁ%ﬁg%%ogﬁgg?%grgghﬁ ggﬁmﬁron15 to 10 mm The
f oGerctallyo fhef&&tad}&ﬂoﬁlﬁsﬁtﬁkﬁ% d‘oﬁ@ﬁbés@ﬁvé’? a8 ta%‘t@lyﬁé’al ?Q}f‘uve
onveni.e o) rocess, such as spraying,
met"‘g b re"laﬁa §f"‘8@§? AqtivaR taipeddyi smplosing a f;r X Gt «yftheh ey
catahzsta)ffaolem d0 bk getpathiRNatQfast fh)egﬂ@é )i'&lh'ﬁ\ee to A (fi‘@‘ﬂ lof ﬁlgbl e
tﬂF ﬁ% refer ce may be made to, for exanp
catalyst. ADgpicgarstion Pibacaiaysssis nowsinghe g8 4BDRe kS mBhaBa5o
applivasle tﬁh&preﬁ@ﬁ&fl@f th%ﬂtﬁlj'bt af tﬁﬁhﬁ&eﬁg&l I pl%%%gsogf%treepgnr? the

reference. To facilitate suc
catalyst include impregnating the carrier with a silver compound and performing a

reduction to form metallic silver particles. Catalysts having relatively high silver content
may be prepared by multiple impregnation, for example double or triple impregnation.
Reference may be made, for example, to US-A-53 80697, US-A-5739075, US-B-6368998,
US-2002/0010094 A1, EP-A-266015, WO-00/15333, WO-00/15334 and WO-00/ 15335,
which are incorporated herein by reference.

The impregnation may include impregnation with a solution of which the pH has a

value above 12, for example 13 or 13.2 or above. This may be accomplished by the
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processes, in particular extrusion, the m xture may

sui tably be conpounded with up to about 30 wei ght
w@eseasiisand preferably from2 to 25 wei ght pePCENB2006/021903

based on the weight of the m xture, of extrusion aids

and/ or organic binders. Extrusion aids (also referred

to by the term "processing aids") and organi c binders

ddfiéh KD th Bhd i i | e ik her
““En cycl opedi a 01?1% Eet:gg?r%lcc(:rgﬁd%g{éhf%%ﬁ% ht@f@ﬁ‘ hélgf‘lxi“%ﬁ?eswm
hydygxiderer afctragicylagmmponifim hyshoixidalrueh axtaigrh@bylamybsium hydroxide
Reldmham.d el ! rogepat ed oj l. nt hetic al cohol ,
o sy ntt@éﬁwgbﬂé?tﬂ é‘% f1r°g?é§t‘g%?&§°‘{eﬁr%“ﬁ?‘*‘téso %Bﬁngf?tr?%&?i cgEpgition of
thegpieenatiph eetatiq, y quintitBaf tiase maherangyorat @208 AARNS
. ' f.Qr.£x le ip a quantify .up to 0.5
cariB E e a0, 8. s Fhoololie ey i mteiey torebiavarn
sufficiedtiythogtOps wei ght percent, based on the wei ght of the
m x.gl%r e, The tEf ]ﬁect .?f the presence of boric acid may
be erEHgEEetGHeER sV 1 mefalisBiver may &P Rocesmiished dneng m
steft newldelr the edtalgdt iLdridd] §d ek th&SROMIR 0
the m xﬁgre t rﬁake t.he m xture g\fﬁnﬁgggﬁgeﬁfﬁ%ﬁ@%&
Propesp FFp. ¢ Hus m@yﬁm ¢ Gpsetifthe mpregration selutiansaethprises a reducing
ageh® R icRdIR16 a8 oxhibte RAHbcribBL YRS BR mfﬁ%S HePGndef &
but excluding the wel ght 'of any added water).

m XL ure,
Th 2“16 SRiAlEt msefgrably qemprises slvereandarfurthdreletheat oraompound
therleGMEH A HuRth &Y hat the .al um n
epart ‘Cles are %‘il%e %%%%ﬁg@&g@%gh% r?P%PlFWEO%%It flﬁ?fr’
phosphersy basgn. finerine; Grewn WnmétalsoBicbup Bist methisy treduih] @Ol bdGum,

d j 1 f ] Be rated in fhe m xture. )
tun R A S, Blanin, 800 DREAES PG Bereatestr ety oc
thotigm, tgrt@fufg; riphiymbgsiliwe and Qermﬁt(ijiuﬁl(hﬁ? ﬁﬁxtgfey ﬂ%e@ei)'f.' Prefe@dblPihe

i t 0 urs and .preferably from5
GroBF A Bt ant Ridefes i BT, 2o B Biofep ¥od smor Mest o
preﬁn_blyﬁhet @rotip Maﬁete]g helitwed, pggssﬁ@m lﬁzlﬁi'/&%feﬁﬁés PtI&5b1 thke Group

t r of water. nerally, firing nmay take

A g egagsear% e?%&?‘glFPﬁ%F%‘leléPal&tm-| Whste sz%@epﬁgq fusfherfedqragnt yay
suititey berovidebdd aarstyddied) fxathyiR] £3) shbfat@%%\i%% %e%ﬁ’&lgte,a nd

1@%? C .in ari%i cul.ar. between 1300 an
molybdafear njtipte; Bysali opasid &Rt up to about 8 hours and
pr efieprihitd td @Rp1dy HR is TG and £1ri.n .
car rli gd out iﬁﬂ%\ngl/ at?%gp%@g,l%%% gesmel %re%z}r"}tfog O%%lg%?y
selegliviecaighypt. The highlyi selactivg silvehasedentalysts maf confriaé,én adiliton to

ilvérNoddadk Hd di cant ai.n organi c
Sl, V_ﬁat eri aloféﬁfﬁfée#@?’?ﬁggiﬁ%&%ﬁag%sg% L % yta e?ﬂ‘?"’r@r?te' or
nitrigeafopmigg ceyppoving, valricloriag eadhrbg padsemt Siph quafitysdfatonas.0i b an
50 : LA nmosphere. The .perfornmance of the

O BN PO L IcRRBNRS o P i Mo Grovpaa
metal eppirega buithiegotnlbmialyse STheefrae-cor d@aRsiothial c&hpahAEsnd

. ingredjents on th ier, Ont h
part B e onk dPBSleEP Pl orjreoaipotulsge etoekieuntiey

The Aitutze brditritefotméhgf Dnpound is in particular a Group IA metal nitrate or a

Group IA metal nitrite. Rhenium, molybdenum, tungsten or the nitrate- or nitrite-forming

compound may suitably be provided as an oxyanion, for example as a perthenate,
molybdate, tungstate or nitrate, in salt or acid form.
Of special preference are the highly selective catalysts which comprise thenium in

addition to silver. Such catalysts are known from EP-A-266015, US-A-4761394 and US-
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washi ng the carrier conprises washing the carrier in a

conti nuous fashion with hot, dem neralised water,
wanioel1331Be el ectrical conductivity of the efflRPEnUs2006/021903

wat er does not further decrease. A suitable

tenperature of the demneralised water is in the range

of 80 to 100 OC, for exanple 90 OC or 95 0OC. Reference

A-AT%1 0L whed6rd 19cc¥p$r9tgé ixéx%{éy g e%regt?e %rogééﬁ gyg‘fof%’\?@ls? %bver

are |ncorporated her ei n erence
theggpperrempendsthsreof; the étntheoﬂlememas Mﬁe&hdr&iﬂbef@ﬁ ia partlcular

tungﬁér?lrﬂéﬁlbﬁéﬁdrﬁ/ e ne% g@h@ a‘i\pﬁ) gr? gua[ lﬁ]\jllc at ag/:/qf gesjunyyother

act|V|ty IS O
thap Hrengnt erl oympomfd theredfoarst oph@nglylcghemﬁm marlpfdrﬁdtéla ITh8 khenium

ative to th the catal yst.
cohREbter 3y B Mo b ot ol oo o Phesedimsrtoremancs,
Conmwndsm,\erkmfom net hods are appl icable to the
on of t e cat al this invention. Methods

of pr eBS‘? PR sgonmmen nt? Pﬁ%ﬁly%ﬂég‘ﬂmucn@ulmé as the
clemartrnehﬂv&/\ﬂottlib ‘&elglhﬂdfﬁ{e dafmpeund and performng a
ctllg)g (%{)) %/grm netallic silver particles. Catalysts
Vae\l} PP &8y high silver content may be prepared
rlb:yllumlfrbmﬂ)l(ﬂ tb FRARAMILE Hpredept, €xanpl e double or triple
regnation. Reference maybé made, for exanple, to

wrihies slsmgnyor elgments 5 peds, eathsian §368 998 mmole/kg, and,
theshe%%@é& L4 15333,
WO 00/ 153%4 and ﬁé‘%%%?l%@% f;ﬁpargﬁe{j i ncor por at ed
her'¥ith raspect tofsilyerntbis mathlds prepane prefrabdyrinnmyanionsd dfde to
5001 pH _has
I, SerghRhnl oo 0g D1l Bilugt S b Bk Dlgs GRmete o
105 1gdse, prel Acerlespt 145heskes, blelhg’th,dxrlZO@Q’kgforaS(bg&g dr@9b B&g, or

310 R e Rl b s T B0 oot o vty aoles /s
for ml@%mmtes/agﬁir Bmmﬁgam h&‘lﬂﬂ@éﬂkgj €THeMurther element or

nmon n_ sufficient antit
et A G B ertal Bnmbtlred BROwE Of e i g avhcanie. Lor
exaraplejtihgen nfaydisiodllythé padselas Gn hidokdd ﬂh@ e of fr«%‘ﬁ té 0

to 70 mmol e/ rrier for exanpl e 3
20 mmgle stg‘%%ﬁfﬁ%aw? ohb 5 sunglesdig ot 5 moé@m oves mmole/kg,

molghifefuing ine) F’&Mca'ﬂ?lgg pféﬁbnt H‘% M@fﬂ] tﬂé]%aﬁ%e cgtad'&n&) g 40S | l ole g,

to nmetallic si be acconp

such 3 24 mmole/lge or- 12 Iﬁmyﬁ gi, ar r magle/kgpandihe alkhlemletaﬂmay eam
typlﬁaﬂy%ﬁ phosle ﬁlsalﬁ(ﬁﬁh\%‘bf fFor 536 RAY A1 L %%,%Sblg’ t&% 5 Eoé ithéug{

case i f the |npregnat|on S 1 on
are fP"e%P%}pﬂﬁgS ageike, pol0 mwetedte or 202 oxalleke or G mdesgkd, bed

40nhﬂolE/ﬁ1 de5d e fter he cat al refer abl
npr P ?}l}l (gg/lr{g glﬁ%&% aitml?}l Pﬁg ' Er e %/E’BF iplerie,
or 5. 3 mmole/kg, or 5.4 mmole/kg, or 6.1 mmole/kg, or 6.2 mmole/kg, or 6 4 mmole/kg, or

7.2 mmole/kg, or 7.5 mmole/kg, or 10 mmole/kg, or 15 mmole/kg, or 33 mmole/kg, or
47 mmole/kg.

Although the present epoxidation process may be carried out in many ways, it is
preferred to carry it out as a gas phase process, i.e. a process in which the feed is contacted
in the gas phase with the catalyst which is present as a solid material, typically in a packed
bed. Generally the process is carried out as a continuous process.

The olefin for use in the present epoxidation process may be any olefin, such as an
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thereof. Eligible further el ements may be sel ected
fromthe group of nitrogen, sulfur, phosphorus, boron,

wo bawwondies Goup |A nmetals, Goup Il A netals, PEENB20$/021903
nol ybdenum tungsten, chrom um titanium hafnium
zi rconium vanadi um manganese, thallium thorium
tantal um niobium galliumand germani um and m xtures

arnt¥eit 8Rfin, 8F S{BADIYretd) 61 ﬁl-tﬁ@f Jl SIRLf con{eugltggns elwgst{or example

from.lithium pot assi um um and ¢

L9%testddengion . 3rmadaneu Mixtaremef alefinsmby behmsadin TRdalg sthelBlefin is a
t he _Gr.ou tals are

m o]
L TR NITN, L

sel ecte
forfegarnpie a-bateaaenpmpgaynes uiht aldlsyprbRriBd 6MEA RL TN

0X for S asulfate bor at’e,

pe¥ r eoﬁ%f{l%co %Vﬁg;g hesteedimay Be selected wighin a wideaengt.
Ty[ﬁlca’lm thE bldfia cpﬁ&ﬁﬁitfoﬁdn e mlﬁ%etahﬁlogt% rn‘lcﬁé ?é?geni Iilélgtive to
the 13“@53’53’@611 g{ prlepar ation of a high

&%\? ?’H‘B Yntt gl e dherangsef fom O érto 6@9@&,& reateat, ynst s
partiefarGRPI kS mbR p@l‘i@lﬁtt diPfe Eaﬂnesﬁdsfée [As ugéblel}f%m f%e(gﬁ d a

fa%enl um nol ybdenum tungsten,
congydpredfcbe the composition Miatss ﬁ‘glt@mdpmdnﬂhp cwhllysih may each

be TH85&BL 0Ol to g,
caI X L?I%zt edt éggmﬁat%?&éﬁ%sﬁ?ﬂf b éﬁmﬁgd Oro BYEHa E%qﬁffmgge %5(
hiner Faevslopedip of @ampal |TAclmelcgbf’ @ aditionpyelnine omstzdo;epﬁ ahsl47,
In tH@&lf’lt)é/s%(tl pro Fbg aﬁ'o} chgci will to%}llgteg é{ %lrllgpwe% as the sourcéj of the

and particul ar se IOﬂS o

oxigizing iagqgi whilerinrthe ngpmhamdd; pm&saﬁhlglefmrﬁt? gat I268I5NARG1E BErcent)
isin

oxyg«lélﬁs @fnh Ec? as t&é éerok e I oc[mﬂg ?g oéjeggy @og%mp@tmn

plan’imra IOXygetHblalied an&?thms apreferpddydacaiient bEHRE SlcSdht ﬁfveﬁtﬂa
ng conpound may suitab e

ni te-_ or ite-f
o B uSe] oyl i oot raShesmispied athia el st o
HOWWEIS! hdlaﬁﬁlcel mgeﬂ @lgenePdllyiphb il £ o cbﬁbeﬁ@é‘[fon erhlcqlce{vgldfs Hem
fla bZﬁDeCI al \&%P rence are the high sel ect
i SrFopeatratins it @?Wgem aaubhdtwﬂirbemthm the range

of fidid VBILS5 rSsI6 @@Itqha(@ft A f r Sﬁle
US- A- 47613926 o AUS PIAUT SERPID TN b GRSk e
hefePifetp reragip puiside thelﬂﬂméﬁbie regiey the sogmehtsaion of v8fgen in the

feedﬁﬂéi%mellmv%d Qé)ﬂi@ Q&Rgnt}a{ﬁ%fl 8Pfhe oiel%% 1£ ﬁ%%egsre?é & b%erlrc%g]a sa(fe

defi ned herei nbefore, in particul
operFina sagss daparddilens wiitlghe tgzd lcdmpesitidn, alse ot tréaetidbridonditions

su Hdtﬂlggﬂég@tlgﬁqg her than rheni um or conpound
ct Ser eof gﬁ%ﬁgnaﬂh %¥es FHh&ni um co- pronoter. The

r hérfeantion ewprftmrmae be pmyenbm thefeed E‘(ﬁ’dncfréd@iﬁg@ﬁbeseféfztl
npounds thereof

r L
oA o L S b
relatme@c,) thatdesireddbienstiah eflolen é:1€e. 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).

Organic halides are the preferred reaction modifiers, in particular organic bromides,
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elenent, relative to the weight of the catalyst: -
silver from10 to 500 g/ kg, - rheniumfrom0.01 to 50

worabasgs if present, - the further el enent oPCT/US2006/021903
elements, if present, each fromO0.1 to 500 mmvol e/ kg,
and, - the rheniumco-pronoter fromO0.1 to 30

mol e/ kg, if present. Wth respect to silver t:]is500
n 0
i b 085y ARGy A O 0 TP
or ‘?femg'@@‘r ns. fMPTeeD( bky tll@?ﬁrgﬁdl@:teddi‘oniﬂﬁ ggddpg),frr@ 8,145
ohl&ﬁ&gethﬁrchﬁgae %ﬂ&@e fen 2 Yk r 25’%5%9 k% é’hl(é;'léégrrﬁ

ent um
mvi%# %wre@ﬁoMﬁst m¢fefrchmaﬂloil nncmhﬂe@s ifﬁBﬂh@BdHI@'xdefaﬁﬂ cBYRAP! €
dicklofq®! es/ kg, or 3 mmol es/ kg, or 5 mmol es/kg. The
further elenent or elenments may each be present in a

pr fuétable ditmpenionidafard sfahe fnbrat ﬂ)ﬂ%gﬁ Nm%&irclﬁlﬂﬁ id38%he range of
e presen

[
TR A N
congeuddsnralied k@np@fndﬁ, nﬁrdﬁH@&rﬁﬁc{ulﬁgs affines, M&Lsee{n‘&%m%r f%r

mml e/ k bdenum may typi cal'l y be present
exathle o “%i’ihaﬂlﬁelyingﬁe@l’%}ﬁ W?dm@r@mnaohmmﬂeeizd@nb@mmﬁs
mtréte—&)rm’tﬂie&bhﬁng QbmpAmAYR! geﬁl{&g?erpcfxbe Sr esll cg/g!a(rgc ni nd the

%# may each typicall en
°°mé’f’m$ gféwrmﬁb%megmc smcteam pertan b at srghae chlonde

|'i trie hHibtﬁfrﬁn&ﬁﬁe@ éﬁ?&h@ra@r %}}9 16 ‘%ﬂewswqg%nc%g?g[% in

2, 2 nmol e/ kg,
the fzgeh| @/e%ynplswﬁ%ﬂen@lmum rélemvedesheumaafeed ffor ex@xpléFden

0.01%1 ml (ﬁd 1k1g016 %Ercgnt %&ulaﬁ’ g%he%léﬁw%%h&%ﬁe dt 18 }r7re§err6d that
the WMﬂoBbiogJ:ﬁeD fs p?edénﬂ‘iﬁﬂieeféé@t a QBncl-Qtr:mEﬁlo?%gr %P{ 1043 20%10°

kg or. 33 mmol e/ kg, or 47 mol e/ kg. houg
mﬂgm%%em %%S{‘F‘Haartff% 08¢ Hb e 30k’ hele parcentadlatué to th]e Ry
feednays, it is preferred to carry it out as a gas phase
process, i. rocess in which the feed is contacted
i nh’t aditigado @ﬁ@b@glwxygem el th@tead:tmhndﬂgﬁ%‘rhtgb geeﬂ gﬁgﬁ%ﬁ;
a. packe e n
one 0% bB AL Kb Pnen kXU G seoban TR st bt

hydrquébqys e€athori dioxideds 2 bly pﬂo&uqm iethe Bpoxeqish Flﬁc?f n Hracve&e‘%s S

h tic o
cut P ¥io e B Red Mt Rte S B M combmrangrioe owpm@d or
concpgtaion ofcammmmdamahaﬁscaﬁl RB&s 6f 25lmreutcast : fifergbly

b d. Typically,
excel’ St BT et felaic0 Bkdipl o nAriules arc%nmmomcarbon
dioxide e$ lewads |1ynolt Percert ®F 10Wek $e1divERH Bicdo] 1%@&, Thay be employed. A

suitable concentration of carbon monoxide may be in the range of from 0.2 to 0.8 mole

percent, for example 0.5 mole percent, relative to the total feed. Inert gases, for example
nitrogen or argon, may be present in the feed in a concentration of from 30 to 90 mole
percent, typically from 40 to 80 mole percent. Suitable saturated hydrocarbons are
methane and ethane. If saturated hydrocarbons are present, they may be present in a
quantity of up to 80 mole percent, relative to the total feed, in particular up to 75 mole
percent. Frequently they are present in a quantity of at least 30 mole percent, more

frequently at least 40 mole percent. Saturated hydrocarbons may be added to the feed in
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for exanple 1-butene or propylene. The nost preferred
olefin is ethylene. The olefin concentration in the

wo e@d/ 18093 be sel ected within a wi de range. TypPCHEIUB3006/021903
the olefin concentration in the feed wll be at nost
80 nole percent, relative to the total feed.
Preferably, it will be in the range of from0.5 to 70

ord¥PloBndr84s6 afat ah AL IS roml to 60 nole percent,
on the Sane(%ggls Hgghhéreln the feed is

consherpoEidation Hi@ceﬁﬁ@a)t berprogéd dub nsmg] raa&hdnsﬁerﬁpﬂirhtafeh 8élected
froYM 4 \k’ld& 'Pﬁlgg' ap Cf%ke}‘e?otly thyi]gacggne R rf)terg eol?é IR}d I M ﬂ gr%SlSSO to 325

be air-base or ox
°C5n@y@tecﬁqwdyanherzﬁgeuffmh 13eedB0l°Qgy ", 3rd edi tion,

Vol 980, 447. |In the air-based process
ai rﬁéerepgﬁdjté%rﬂr%%gsd‘ eg‘f'{a}&%i@'@ﬁd PY appisiagfpristlon pressuee in the
rang@blfftc&n OO0k tH S 5OXKRH. ZiTHE VRUR Has Mol i§ g&et%?oclty the unit
ocesses high-purity ? o5 FrblE

based
vol ¥8§$ﬁ§)at wégqqmpgra@mr@y@@smg (R lsxlmrlcre 16¥.3 kh@ passing
oveheltd UAOG Yook HIABRAL L HIRS b RS B0 BLATLS 21 @

oxygen- based an
Progise San £ 2Ry RIesR Proeess Mvelvingyayenkadantbyst ed] the GHIV she the range

of £ Vs5gmRY I%Oﬁ@l/(ﬁﬁ)t %qefé\%a%{r}afhﬁyrogﬁ%ﬁf, céagrq out, I;%oa\tl\gork rate '11? the

praCtlce oxyge 1S gene
rangeypfdeom 9.4te &hmMﬁ@IBfm\tmdéS)rddileecf peR i BbL a1y R 9 our, in

concentra gen applied wi'll be
partm@‘hw t{’ é{mrogenoleeﬁ) HPES B ‘ice? 58 Ghspigl Iyistgies bowr, forgrample
5 kgl |0&ﬁhloy1dfe prmlué’edt}mr 2 ofedtyRpEaRNt. A udel BerbRl @le vﬁoﬁﬁ{jate is
1he&ﬂm%ﬁgf& % = in outsjde the ammabl e regi fre,
concent raf gﬂ © g1RAyess nep upihgolpae af Cr@é%}}’sbéerlmmm@dhcas
selettinatydothe emdldraju@ily of tht BRAA lb@idk forhnsd Eeﬂ'ﬁ{v% @é&lg ciqﬁ} qllqlantlty of

ual fe operating ranges depend
1hc$%ﬁﬁc%g' @sition also on the reaction condltlons such

as Thbelefif dgide fbdh@émﬁ‘é!ﬁ;é&%&véﬁg ﬁrolﬁlethg ﬁe%g't olillrngmf%? by using

ion npditier may "‘be present
met*;(ﬁjg ﬁ(@%\glp ppgthq b fgreqxg@ple\m apsorking preedafinneyidelfeom a reactor outlet
streath §2SAtbral %pl%ﬂaﬁ?%cg{f]e ﬂ% ﬁ{zt’i noxq(i 1? | e{t}i?glqgé@g E%lhtlon by

car bon di oxi de and mate re
distiflafiqpa tAtdensto pestiest ofithoadudens shiuriyn congaiihg tHe QIR may be

I hal i des and.organic nitro
R e AR o P S g B B s 1o Pt 2o
etheNi t r ogen oxi des, hydra2|ne hydroxylanlne or anmoni a
ed.as .well. frequently consi dered
t hg%‘pﬁlﬁ% ’h?%%m%ceefié?* QP%?P&]PP PENTESs gray e eppverted into a 1,2-
lel,eiobX—dnbhethanoﬁ delitinb LOGRN /AR mv@{lﬁtglt IERRE & %M%Qécfub@ rs
nitrites, |

ecurs f n ates or
pI'OCQSS%%lp[Fl? %ra 191:1 g? ‘gle oiﬁﬁaarﬂxtqe' it éochnfrmtlgéeagl@ tqmmsqttsatt(ayhve
process@vhidhRoAp a6 Hradink s L1848 24985n 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-dio] 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 weight percent sulfuric acid, based on the total reaction
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whi ch are incorporated herein by reference). Oganic

hal i des are the preferred reaction nodifiers, in
W@a00bi1831Bar or gani ¢ brom des, and nore in partiPRCi/a82006/021903

organi c chlorides. Preferred organic halides are

chl or ohydr ocarbons or bronohydrocarbons. Mre

preferably they are sel ected fron1the group of nethyl

044l I I d I ene dichlorjde, .
mlﬁﬂﬂeyﬁt gggﬁod?e{t]g rlr)IaIC ’s&gflehgrl’ in § o]?lfaa%reg?tlog aﬂ %9(%*,0 C and 20-
40 bayesbendiite, nvbfstabkynaﬂarabmhca emramym nEehe drefosticH 6F vl

l,ene.di chloride. Suitable nitro
lowfetHahd HEp Ay 8 [ 4] fs R eeefion rapirauiprsede T8 1.ordiol
etherk ghus @rcglacefalfmfiyr I&m dh etifer, dri-cBRE tetRChE@r h QibsEqtRRIRIIRr NO
Alt@%qs n% Nﬁ%ﬁ abl e organl Cc nitrogen conpounds are
TS Teofiobehers may; b prspger FERYSEES herlefimoxid ilasescohol,
Iﬁftd: Iak b biitn@s; alddhbl, QAP s
Bt O

nj
Oftg?wﬁ'ief Y 8218k ng conpounds, e. g ni trogen OXI des

andft@rcoftVeda fmidnt Eﬂlﬁﬁﬁmﬁﬁgﬁﬂ &r for He le rugae{m Pthe
th_ an organlc halide, 1n patlc 1At aR-o
013%‘”}1?’811? With ampeniae Ashydsausaydiidons smmomagxmyéxeanlsédy although

anh! (ﬂl%ﬁ§51hr¥1§n1‘é“fbei9p1h‘§lﬁ'q1sécﬂo t?%x r &R C{lgli cléf rg?rio\g ¢ htﬁaﬂllﬁlg For

or exa‘ggl e up per Cen
methedsappkicable in fh@rcoemm & the dafiDoCixin® the bkkaﬁhlzﬁﬂm&&bﬂrence

| ef I t
ma)p% lﬁgcg%tg ri’;)g Jﬁﬁﬁﬁé Iﬁ? a£8r4\§gc ngﬁc i Bﬁ\eC?l%pg]Eal &eﬁ}%@@ﬁ{e 3 eerq:nlfg:e
é[Phﬁée?ddlat and ﬂmhzdrui ethti gy b used 08 B deXhi@td of RdBENH0

a ar from0.3xI0 ~4 to
app%%ﬁif%” 35 RAFE R e FRIOE Bhnd ReRlroeds Clbice eammetsad hi
theradlasticgolymers, I%erable&émlﬂsys&mg&ﬂﬁergﬁﬂs héeR nﬁ@&&tsyﬁans etc The
alkaﬁgld' fi er theﬁéﬁ contain one or nore o i onal

conponen °r§§a1’é‘ I%laﬁhed‘ir%%%é SWEiRIHRg 2; uralrgds.
s aﬁhﬂ@h Qdaciﬁéd OORBVIES) B lov%ﬁchéﬁ'ﬂllaq hg@rgiug oumi@ duct
on

e p xi dation process. However oxI d
n&gﬁ EI"E agpledhr Qplins, bRdials, 1e?nd19hféhqr$ita&a§r@ammes and
reacl6i nebifigrs, TR itfAaday at ﬁoﬁ Qg %%B{i AHohQ ok tt}%?gaﬁo 0 gl %@d €

|n the feed in excess of e percen
carb PR at@%elgspagyculmatmsél(b@qm@rﬂtom& ahca m\mrttcolat IiltﬁndssDB ahrbon

atonhs® & defifeddRdifl Gohn eeb i ANGS o?!ﬁargon @ rg bcialg) H’&%’S’S |

low as 1 nol e percent of | ower,
inclydedle nurelierispeefipl byt hnAtssxﬁltheabrhgs concent ration of

h f 0.2t .8
CaHQQBg :é%ge? %c:i%éc)l( gm% 11Fven%or§ aﬁ?%r bréie ! lrrrllgﬁlg}ygie?qlpgtmed

by r@fgrencrﬁeto thot J‘bl]OVfllﬁg dxanipiﬂ[ whighagsprofiodd BXFEPsSs Hf i8N
in the feed in a

Only%(%l% & éaq}%?intteqlggd %’f eﬁ ﬁfgg%ﬂ?sg o%rvy.hgq gpecified.
EXAMPLES

EXAMPLE 1 - Preparation of Carriers

A carrier (designated hereinafter as “Carrier A”) was made by mixing the following
ingredients:
1. 75.8 parts by weight (pbw) of an o-alumina with dsy of 21 pm;
2 20 pbw of an a-alumina with dsg of 3 pm;
3. 3 pbw of boehmite, calculated as Al,Os;
4 0.2 pbw of magnesium silicate, calculated as MgSiOs; and
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percent, typically from40 to 80 nole percent.

Sui tabl e saturated hydrocarbons are nethane and
werdanssi1sd f saturated hydrocarbons are presentPCT/H83006/021903
may be present in a quantity of up to 80 nole percent,
relative to the total feed, in particular up to 75

nol e percent. Frequently they are present in a

5. quanpb ¥f Skcodfunt §388. 30 nol e percent, nore frequently
at | east 40 nole percent. Saturated hydrocarbons nay

be bRitégmixgure wereasded | hweigigpetoont] retatioasetht RExtOe%eRdnt, of
th TR L f oxi dati.o rocess_may be
. arri egy g{lﬁ yh)\Jg%g;}mg}g eg%ea;g ? ?lagtﬁ/e? %ﬁlﬁ@lﬁw‘ggg@e?%&r%ﬂ\dr om
0.13veigh ereenigelatiy efty mbityre teizht, 8BricHRid, SWREF Rhsthéh ddiled in

' f from150 to 325 C, nore preferably in
on el 180K Bl BBl 35 iamixinre wah eh GHTICBR 1 form
forpedlowtis in therfet of laltloy oy HidetLElatQws 2t @nﬁxﬁﬁ%&ﬁetéﬂ%&_&
longrf%gu%e [ té}e range of f_rom 1000 to 3500 kPa}. " Vash

T § F—’Eﬁfgflﬁl ted-20d Tiged) 1p a kil af 48P RE, fgnb howrs inaietogkodyas
Carfitr AORERgatR PRI B1IENE RLES B4Hfi6: \}%?%agea%og,rlre%gé&‘@ﬁ%h@ be

01 .3 kPa assi ng over one un
ma‘gﬂéf’gwy éﬁf%é}ué\.l- Preferably, when the epoxidation

Pr oL 88nd SarBS (Berdi hase: ss_inyolving a packed

cat al ys? bed, (t hrgﬂ%ﬁ—iéévé?@e?%%ﬁﬁag n}aéiﬁégtlbefsa%e(g#i B2t o
CarjiesolyPXrapt fhah 3.8 prustisrwdigly (pivef pn oebssing it ALfdres uikas

use@ins@ad\ O te £ 3hBnil r e of fromO0.5 to 10 knol e
ol ef i n ox?ge ugl}lggﬂvgtgg”ﬁg?gf@' of catal yst per hour, in

parfs thirdlcamrieq (lipreimafigr *Cantier () @i Madabybific &duieel (3Bier
A, Qfeptbhal yst per hour, for exanple 5 knole ol efin oxide
’ prcl)oducéd per nB of catal yst per hour. As used herein,

-t haowoedniumd®xide wdhasamount of the ol efin oxide
er _unj nme of catalyst per hour and the

_pr ce vol ( )
s e?g}c?tﬁa&? ?’{/WF?H{ @B‘”Wa&ﬂ-ﬂ%ﬁl&iw@ ds of Kgino es ised nstede of
the d-olumieh wieh af,iof21 1@; 4d¥e nol ar quantity of the olefin
cogiv.erted. The ol efin oxide produced may be recovered
- fr

AR as pased pwnt F1R Gy fr Byowrs) ingjeatstflabtisoleaown i n
t heoRddmpatBik, i ng the. .ol efin, oxide
froma rpeactg? g%%’:ﬁigg?@%g%rmﬁﬁgﬁ?%? g?ﬁﬂle ) s dreppred
accordipg iPethe Prgcesh @s desefiliad for iCerieh i tHeExampReYSUSO! Ut i on
2000y163bgs il 1 ation. At least a portion of the agueous
solution containing the olefin oxide may be applied in

a Eetrosgentive ptlrrpesesa ﬁmlrzcagm F%Edi%mr F%ﬁ@ I|§3f) ]ic\x!'&s Qféhéjgy the
& b dr ._agrltio or a 2-di ol ether. e ol efin oxide
Samp%deuceetlfsl%n %@’gﬁ%?fégﬁ i on process nmay be converted
- i nhobgehhit2 wadugdd; a 1, 2-di ol ether, or an
al ol ani ne.. this invention |eads to a nore
T at %8?2 B%I‘I?S\Tjé/ welglés(pbvs% of'an a-alumina with dsp of 31 pm was used instead of
the a-alumina with dsy of 21 pim;
- 30 parts by weight (pbw) of an ¢-alumina with dso of 3 um was used instead of
20 pbw; and
- firing was carried out at 1450 °C, for 5 hours, instead of at 1480 °C.
The carriers exhibited characteristics as indicated in Table I. The pore size

distribution is specified as the volume fraction (volume percent) of the pores having

diameters in the specified ranges (< 0.1 um, 0.1-10 pm, 0.1-0.3 um, 0.2-0.3 pm, 0.3-10 um
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process for the production of the olefin oxide, it
concurrently leads to a nore attractive process which

w@oipn3Hes produci ng the ol efin oxi de in accorP&Emnts2006/021903
with the invention and the subsequent use of the
obt ai ned ol efin oxide in the manufacture of the
1,2-diol, 1,2-diol ether, and/or al kanol am ne. The

5-10QY. @h&t » et her
conpr i sef‘““‘%’?‘fﬂi%% ol e Db i 5k SIS TR

tOtMP@r"Ol@EFI t B¢ yrerrssenty tmvnachamlpcue dmmatebasi ¢ cat al yst .
For exanple, for making predom nantly the 1,2-diol and
|l ess 1,2-diol ether, the olefin oxide may be reacted
with a ten fold nolar excess of water, in a liquid
phase reaction in presence of an acid catalyst, e.g.
0.5-1 weight percent sulfuric acid, based on the total
reacti onm xture, at 50-70 OC at 1 bar absolute, or in
a gas phase reaction at 130-240 0C and 20- 40 bar
absol ute, preferably in the absence of a catalyst. If
the proportion of water is |owered the proportion of
1,2-diol ethers in the reaction mxture is increased.
The 1, 2-di ol ethers thus produced nay be a di-ether,
tri-ether, tetra-ether or a subsequent ether.
Alternative 1,2-diol ethers may be prepared by
converting the olefin oxide with an al cohol, in
particular a primary al cohol, such as nethanol or
et hanol , by replacing at |east a portion of the water
by the al cohol. The conversion into the al kanol am ne
may conprise, for exanple, reacting the ol efin oxide
wi th anmoni a. Anhydrous or aqueous ammoni a may be
used, al though anhydrous ammonia is typically used to
favor the production of nonoal kanol am ne. For nethods
applicable in the conversion of the olefin oxide into
t he al kanol am ne, reference nay be nmade to, for
exanpl e US- A- 4845296, which is incorporated herein by
reference. The 1,2-diol and the 1,2-diol ether may be
used in a large variety of industrial applications,
for exanple in the fields of food, beverages, tobacco,
cosnetics, thernoplastic polynmers, curable resin
systens, detergents, heat transfer systens, etc. The
al kanol am ne may be used, for exanple, in the treating
("sweetening") of natural gas. Unless specified
ot herwi se, the | ow nol ecul ar wei ght organi ¢ conpounds
nmentioned herein, for exanple the olefins, 1,2-diols,
1,2-diol ethers, al kanolam nes and reaction nodifiers,
have typically at nost 40 carbon atons, nore typically
at nost 20 carbon atons, in particular at nost 10
carbon atons, nore in particular at nost 6 carbon
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atons. As defined herein, ranges for nunbers of carbon
atons (i.e. carbon nunber) include the nunbers
wQpweilgiesl for the limts of the ranges. Havi nBCT/US2006/021903
general ly described the invention, a further
under st andi ng may be obtained by reference to the
foll ow ng exanpl es, which are provided for purposes of
i Frostration un\iy atd—at-e—net—+At ended to be limting
unl e ot her W se gpeci fied; EXANPLES EXAMPLE 1 -
Frepa ati o/ PP |@rild ers|@ carridr (designated
herdisnafter ps ["Carrier|A') was {made by nixing the
flol I[lowngTngredients—it—/5.8 parts by wei ght (pbw)
azalym na wijth dsp of 2 1|/nm 2. 20 pbw of an
i Aal W kD 1T 4SF 3 3. 3|pbw of boehnite,
ulated as Al20 ;. 4. 10 pbw{of magnesium sili cate,
Lgate:l as NgSi|O ; apd5. 1 pbw of zirconi um oxi de.
B's Mt g 0e0e ad?d 10 wei ght percent, relative
u
e

DO
permy
Q)

o~ N N

uy
fle m ¥ ure (Reight, petrolleumjelly and 8 wei ght
ent, reljatilve|to th I xture weight, of starch and
wergh %Elucut, retatHve to{the m xture wei ght, of
g acid. \Watler |[was then added in an anount to make
& xBufce |ext/rudBbl e @Bd this|nixture was then
@ded to |forym formed] badi es iin the form of holl ow
nmdersrthatTare—abot mmin diameter and 6 nm
< The rigd and|fired in a kiln at
[£80C, Efor |5 hours in @rl to pfoduce CarrierA As
‘agaP owdd in this carrier
ey be nade to US 2003/0
rier (hereinafter "Carrier B")
&adure as Carrier A except
ht |(pbw){of an a-alumna with
astiead of the a-alumna with
carrier (hereinafter "Carrier
me procedure as Carrier A,
gni ym di oxi de was used; 76.8
df an a-aJumna with dso of 15

[o2e]
ofN.
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TABLE I
7

o

4

Ry

T

B

b

Pore
volume
(ml/g)
0.50
0.50
0.42
0.41
0.43

Water
absorption
(g2
0.50
0.50
0.43
0.42
0.45

Surface
area
(m’/g)
1.68
1.72
1.55
2.00
1.95

Carrier
A
B
C
D **)
E *'k)

*) volume percent relative to the total pore volume

**) comparative
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the a-alumna with d oof 2 1 mm and firing was

carried out at 1510 OC, for 5 hours, instead of at
wa2@6/18318For conparative purposes, a fourth cap€T/e82006/021903

(hereinafter "Carrier D') was prepared according to

the process as described for "Carrier A" in the

Exanpl es of US 2003/0162984. For conparative purposes,

a fifth carrier (hereinafter "Carrier E') was made by

the sanme procedure as Carrier A, except that: no
A 2 pPigpara Bi§. 8 parts by \NEI ght (pbw) of an

- ‘ mm was use S of the
o 2 R S s e 6 o ot
of A seefatagmitrgradeiso@iuaIYdmbkid3 wae Wewiwd ee2340sheRtofbed
0 Ht%h [ was .carried out at 1450 0C, for 5
Wat%rours ete%g?rgé'&e %?Sgagiu“fﬂé‘bﬂb@ The carriers exhibited
chadioag k@i ghSiuries “SpSctiopie 3 nithtehad d?ssl)lde A 1()? glé ?F—éoﬁlized

size distribution is specified as the vo

water Agfl theepypprar asadivsted to2} ¥ having dianeters in the

S pqql'efsb@lgmrlﬁrﬁl%§§le ﬁugo%w%ggddgd éllov]vlo tg% ﬂ.}(ﬁr mt}:asz %31‘;’(@8 with
stlrrmg, Whée m@tnmmlpg)a eomtmmatﬁperéitﬁ’w of SGGCU MBis thiRRFSH R Wisrell RS 15
gzﬁl ! vol "D50" represents the median pore
mmgt% E % %I‘?P oK t LE 2 - Preparation of
c aWzityﬁi/é?s rémSVdd\'fﬁfm ﬂl@‘pfb%lp@ét%lc?éa?edsiﬁ ﬁfélﬁngfﬁg l&eip % W@S

fd thefollovmng pr ocedur e:
COH(F”@BE@W tB? n. Sesh entaled evdive andnigaigiiesoweededsire2 340

amoitht SIGrek08dié @ s VA& eqid %o rl %m%ﬁlgq ldr\x?as\/\ﬁged% {:}é‘?}ttﬁe silver
to 50 OC. 1699 g hlgh purity ropure
solufipn. - Biessolysion gas stisteddor 15mRuee amo We-Tiemiradess Wwatefeaftd dntil

us ed to e_sodium
the G TR B A B & i oy s s coionized
Watqnmaﬁﬁteeaédﬂdutl on, with stl rr| ng, while maintaining a

f. .50 0C. Thi ture was
=t 033 L8Fb PREh Bl ibmste e 1dbencapiaristsets 100 &
incrdnoatey. elthett@mpkdatie.waabR lat YRS LRIMY ﬁﬁ s Qgtgﬁ(ﬁ? 7.8.

recipitate created in the mxing step
Ig oﬁ‘&% 73§ e Vst fomdhigamisiore tafigayha btghtya:oneaahuamd silvar-and

contiihingdfuery! GRS siWE SxdTRESIHE S Gras E8b1ed to 30 °C.

699 g of 92 weight percent ethylenediamine (8% de-ionized water) was added
while maintaining a temperature no greater than 30 °C. The final solution was used as a
stock silver impregnation solution for preparing the catalysts.

Carriers A, B, C, D, and E, prepared according to Example 1, were used to make
silver catalysts, as follows, to form Catalyst A (according to the invention), Catalyst B
(according to the invention) Catalyst C (according to the invention), Catalyst D (for
comparison), and Catalyst E (for comparison), respectively. Actual silver and cesium
loadings have been specified in Table IL, hereinafter. Catalysts A, B, C, D, and E also
contained 2.8 mmoles thenium/kg catalyst, 12 mmoles lithium/kg catalyst, and 0.6 mmoles
tungsten/kg catalyst.

Catalyst A (according to the invention):

Catalyst A was prepared in two impregnation steps.
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amount of fresh deionized water equal to the anmount
renoved was added back to the silver solution. The
w@ododt33ae3 was stirred for 15 m nutes at 40 OC. pAdhES2006/021903

process was repeated until the conductivity of the
wat er renoved was | ess than 90 mrho/cm 1500 m fresh

dei oni zed water was then added. 630 g of high- purity

To ¥ Bbiafs 3¢ 'btgckgﬁl%}%ggnaﬁ&q ot Sn3AdRd sl %5%?[9 égﬁgg? %ﬁéged 13.0

g I ncrenents he te era ur e ‘Was
grapg of PRichaesultingtin ab«dv‘reon?\vl& a Metidic gnity 0€ B9 g/nilr andetddi S

h| hi n
corflbhi 90 fs SRy RP YarlBOg R e fosd avawigand s
impregylatich sodptgm V@s aﬁ@ﬁoﬂ/? tg CalfneBA vwglegﬁiﬂerﬁ/)@élﬁﬁxﬂ ttheél C]ched vzi\xﬁurfl was
n e-i ed. wat er) was adde e
rel g B "rﬁ‘fg“ ﬁ%‘%%j b & g 1944/aE 2FIiRHeEn e ippregptad
Calﬁrem Iwas dieutcbﬂtﬁﬁ)ga& alBedpra For® Bl tSiehbeE eI IRQNAL | ON
Imso forA re arln the catalysts. Carriers A B,
Lod tHE; Igﬁnégéﬂeé"dp aced ot 8V igting simkangndelried i mmr ﬂowmg at
a rateserd 612(1\11[’!{34&@5@"’('1 Y25 G ileY STiRy re%t{glocye?% t 6ﬂrecufsorB

Catal yst A (according to the inven
°°nfa§@ééPEFPW§1 By L he wej mrremhyﬂveat al yst C (accor d| ng to

t herye Qﬁﬁ@c‘i‘ bh@ﬂ)st Aﬁécﬂfsx%asqy ni ré)s%gg%{il \Wétﬁ %‘lﬂ@? gglption which

Catal y f'or conparison
Wasgrlw&b' namgdeé Dmmwdumg stoblasceuthmerf sﬁ@ﬁm grm&@ 1.548 g/ml

T. Cat a and E al so
Wlﬂé%%glﬁmln 4 %?930 %TID il Fher eﬂﬁﬂ? Bgrtga‘?%/]s{ (v 12 nmol es
Gth}f1¢lleﬁlramm6/ogatcta0@5%g gf a(imldoﬁurg nmtﬁmh@@ttaiﬁlm&@@{ni@g ())f 1:1

according to the invention
m“?:‘g{] % %ﬁ% B’EP‘é’dtf‘i‘tﬁ d‘F%ngidﬁ’b MatshabigHonsd waler was
addgdxd adjusine Gp‘ecﬂk(g@dwty pihe gotatiori 15960 @O%arﬁ@@iﬁs'ugﬂ oped
1ugir avi t 4 ﬁﬁ@é@}o WS added 13.0 grans
SO 1Pt f{’h’ij i"H &9 SR Odiverghhperprag pesivan @ychvmda/sodsﬁmn
Tmslﬁﬂﬁnlgég‘latloﬂ\sdl@t&ﬁl%as%@éﬁ t@?FEpQIQ Cetfly Aa%vr%gef% g&ﬁtﬁln{‘:ﬁg 30

cuated to 20 mMm 1 m nute

& a%?fﬂéf‘gﬁ%fﬁ%n“ Efﬂcartsrrdrﬁswa@,cuata@ &2 G wmg ford gnmutgﬁand:] the final
imy n a e 10 L
péBhteion e HMad RRIBd LAS Nrﬂﬁpﬁgﬁ@%g %rg 3 euugla\?rz:?sr{alfz%gd and

carrier _allowed to contact
the prprsor Al ep santazs the lerrmdﬂfom&mlmm@n The mnpneglmbbradm@&as

then'deRfibRed 2t $H0 excess |i regnat ed

rrliﬁieélre A peqﬁltéltqér%\glrrgl?%ﬁacén VE RS qgs‘fdat?%}n@ ts were

placedhiat agibreting shakérrand Hoed ingirdlowang ateatobr 162 Kihat B5RE for 5.5
mingeP0C for 5.5 mnutes. The resulting dried catalyst

precursor contai ned approximately 17.2 wei ght percent

Catadyst B €according to the invention):

Catalyst B was prepared in the same manner as Catalyst A, using 120 grams carrier

B. The specific gravity of the impregnation solution in the first impregnation was 1.563.
The dried Catalyst B Precursor was then impregnated with a second solution which was
made by mixing 194.0 grams of silver stock solution of specific gravity 1.563 g/ml with a
solution of 0.3160 g of ammonium perrhenate in 2 g of 1:1 (w/w) ethylenediamine/water,
0.0629 g of ammonium metatungstate dissolved in 2 gof 1:1 ammonia/water and 0.3481 g
lithium nitrate dissolved in water. Additional water was added to adjust the specific
gravity of the solution to 1.521 g/ml. The total water added was 10.0 grams. 50 grams of
such doped solution was mixed with 0.1827 g of 46.07 weight percent cesium hydroxide
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The dried Catalyst A Precursor was then inpregnated

with a second sol ution which was nade by m xing 191.0
w@r@aa3383 si |l ver stock sol ution of specific greeT/U$2006/021903

1.548 g/m with a solution of 0.2980 g of ammoni um

perrhenate in 2 g of 1:1 (w w) ethyl enedi am ne/ wat er,

0. 0594 g of ammoni um netatungstate dissolved in 2 g of

1&tich. MMM BNRE I l e
Sodllssol ved al r%ﬂ%a gtrlémg)l fot%%%ﬁagedtb%gp g@(ﬂt géd to
Ca a ity of the solutlontol496

i iC
g/ ed so m xed wth
2‘%%%‘?9 TR e‘ﬁ%‘ﬁ% R S MR
C. g(l}p specisis. gra]vmyg)f fhenmbregngioagolatioomn thofitst ﬂlﬁjﬂegfﬁﬁoﬂlﬁ%?l 59
A A.vessel tainin rans o
Th@%g&aéa%al yst AUBCL PP ng‘“@&géﬂ@t?’eﬁ soBtiowikishiveas
made by mixines 'wcgrmfrsumm stdcRB618@sAd spéblﬁ@grwltpps m@dgﬁq
soh\t(%n O?O @dx; J%Iacuum t hen the vacuum was r €l eased
(F 8 8T HPPURE P Benetsip 4 oftl He(W/ WY eihplepeshiangne/water,
0.08r Zgld)m&hﬁn hﬁtﬁhﬁ@@t@ie@ﬁbs@l"vﬁpﬁirﬁé)&f MRS 3G water and 0. 4491 g
hthcentF”elé%éci %{} pmfor 2 mnutes to renbve excess
f i ate deass &twai?rpéﬂﬁlélpgalm@feé wias addisd to arjust ebpetifing
sihadfalic eifdiodtd €911 I B NIh
gra e io 11 gl Thd !o%%@r Q&degvf(agtl £ 9%;03111}] D gramps of

ﬁwﬁooc for 5.5 mnutes. cco
such foReflSPIHon Wesipixed yithi. 2584 gpfé@@? G’dlghtrpdrchaat SRIVEn ARSI ETe
solutidn Carthig st aton specific
ravity of l?ﬁeg}%mrgglrﬁgt?%@g%?ﬁot 'S a?ecgﬁwgh(fel rst
Qﬁ%ﬁ%ﬂe@ﬂ@lﬂé@%s 1.563. The dried Catal yst B Precursor
ich was

WafCaH‘ﬁPD' v@ qugth\éﬁ shille B85 9 nv%tﬁlc})lgtr%a%{ryg ( 2ragis cagrier

made m x| rans O
D. §B@sppqnﬁg Sy of tgae mnﬁeﬁlagbmolwmhn meSD!;tljmpﬂJgn&fonQvag 160

1. S%t e a}rlln @nféﬁr\,s\g l? Ire%%%o%%@séh% mpr%ﬁ?ﬁtﬁ 'wgﬁlha second solution

whldewmmméiyammnglws Olgyatk oﬂsﬂv?ergto@ﬁ sclﬂlutiod e PN g’i@%ﬁi 1.548
nitrate dissolved in wat

Pl £l clorard seloBpabimismimn et lshoomd] c

ethyganadaamyle@\fatdrlmom@ﬂﬂ aﬁﬁndnﬂuﬁ-m'ét%&m@étﬁ[je dls:gl@e dﬁt’zgfgl oot er

add d vvas \:bﬂ R g . grans of such dope Ut on
/13 § 1i lzn?ngraéq digrglvg ¢ invpshtgh tAslitiane htvateresasum

addehlycd a@mmwﬁe oivicTbi ho bt b TROPINA A0 SGL Sy

s used to pre are Cat al yst AC
wasftd gropes-i Yhasphs @memsvlgtlorovmmxpd Bf[tthédBiS gofm@oasaeight

BRRBRIm ASdrGAHAL arrier G
Pere peci f i c§gr avi t%/{%%lﬁt]iwhyssﬁ&gmé%?%%|1§nn80§1§108t‘738 5§ OPF?BaIe
Catafyst By i mpregnation was 1.552. The dried Catal yst C

Catals€E WoRPhr¥8S). t hen inpregnated with a second sol ution

whi ch Was
Catalyst E was prepared in the same manner as Catalyst A, using 120 grams carrier

E. The specific gravity of the impregnation solution in the first impregnation was

1.527 g/ml. The dried Catalyst E Precursor was then impregnated with a second solution
which was made by mixing 199.0 grams of silver stock solution of specific gravity 1.548
g/ml with a solution of 0.3218 g of ammonium perrhenate in 2 g of 1:1 (w/w)
ethylenediamine/water, 0.0641 g of ammonium metatungstate dissolved in 2 g of 1:1
ammonia/water and 0.3545 g lithium nitrate dissolved in water. Additional water was

added to adjust the specific gravity of the solution to 1.527 g/ml. The total water added
24
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made by m xing 232 grans of silver stock solution of
specific gravity 1.552 g/m with a solution of 0.4077

W@ 2@h/13318DNi um perrhenate in 2 g of 1:1 (ww) PCT/US2006/021903
et hyl enedi am ne/ water, 0.0812 g of ammoni um
met atungstate dissolved in 2 g of 1:1 anmmoni a/ wat er
and 0.4491 g lithium nitrate di ssolved in vvater

wa$ldighdndN I WahESF sﬁ@lsd n ot &hud R v?a%lnﬂ%ﬂ thrR 28?% fq,\% weight

gravity of the sol ut|
Pef%]a &¢fiina Bydraxide splugien. T fg:ahmmmghammbhﬁop eds emldu;@ bi@pare
g xed with 0.2534 g of 46.07 wei ght percent cesium
hydr oxi de solution. This final inpregnation solution
was used to prepare Cat al ys'll“a‘tmeIICat alyst D

(“Tor rve—Gataty ed-in the sane
rmnnet?ﬁéaggtCat al yst A, ggﬁ”ﬁﬁ g?@ﬁgr ams| carri er SiyerThe
specific gravity |of the(mhapkegnati on sol uti odypy,

first inpregnation was 1.529 g/m. The dried Catafyst
D Precursor was tjhen inpregnated with a second%w

sol utigm whi ch was made Dyg@i XI Ng 1993 grans gf;
silver cfnr‘l( solution of specific gravity 1.5 g/m

C>2L | LA

with @blution df 0.3370 @20f ammoni{um perrhe&oate in

O NA71 o nf

2 g OTCi)J. (\N/\N) et nyl Ence et \VFEvaAE |
ammoni um net at ungstate di sSolved in 2 g of 1:

amonPalhat er and 0.37 13 g5lithiumitrate dlzg_sgol ved

T Wt &l Additgnal wai—er—gﬁe—addedq—g_adlncf the
specific’gravity |of the soffition to 1.529 g/ n28.0The

*) ihwangibon wat er added was 4.7 grans. 50 grans of Such
**)9&’ ed soI ution was mxed with 0.2435 g of 46.07 wei ght

pEre E#t®cesi um hydroxi de sol ution. This final

i npregnati on solution was uUsed to prepare Catatyst—Db:

E fﬁﬁ' yst E_(corrparative): Catal yst E was prepared in
ca talyst A using 120 grams carri er

E. ThB Satﬁpﬁgwgﬂe(ﬁs&f t@ Hd?ﬁcé)gt&glgl?e éxgrgeﬁﬁgg %I'ﬁi lor?ﬁino 'g%ln

in the first inp alon
do tigtczyshed carlyy @/@@rlg@ﬁd s 2 Stamiess stpel E5stabeTtubé.t Theaube was

) 199. 0
1mm%1%@@ ﬁfja{/ lzxrgitéé‘ltrgﬁa b\é‘@] (ﬁ?at meﬁ%]f% gﬂ% B?éfep X\%ﬁ(‘t g?wctfd g)zrggrgg flow
systegm nitheweighteof sathlystivead o tRe DRt §& fg)v@fat b 'NlHﬁ'ihl/lte) were

t
o 0E Gttty istob i S Ll P e onumreghed

catalyst] Tamrrﬂetl gad pradsere vaasd 560 BBAGL&IE) hi um nitrate
di ﬁol ved n vvat tional vvater was added to
adj us%astnﬂé yoicieahe t}Eon'atb? fafalyst bedhdn g (nge-thypughy operstiah,
dun@tm entikh et 1ah @icl astdagva Lane
cludgigthe 9 §s1§e@oﬁogd£o§urﬁé’ g%c%é e?}?}]ene

sch Cped solution was mixed with O
\Rﬁ'ﬁﬁﬂ ent oxygen, 5.0 volume percent carbon dioxide, 57 Volume percent

nitrogen and 1.0 to 6.0 parts per million by volume (ppmv) ethyl chloride.

The initial reactor temperature was 180 °C, and this was ramped up at a rate of 10
°C per hour to 225 °C and then adjusted so as to achieve a constant ethylene oxide content
of 3.1 volume percent in the outlet gas stream at an ethyl chloride concentration of 1.3
ppmv. Performance data at this conversion level are usually obtained for initial peak
selectivity. Depending upon the catalyst used and the parameters of the olefin epoxidation

process, the time required to reach the initial, peak selectivity, that is the highest selectivity
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percent cesium hydroxi de solution. This fina
i npregnation solution was used to prepare Catal yst E
wa awba3iiB3 EXAMPLE 3 Testing of catal ysts The CBCHU§ENE021903
were used to produce ethyl ene oxide from ethyl ene and
oxygen. To do this, crushed catal yst were | oaded into
a stainless steel U shaped tube. The t ube was i mer sed
reatHtdan R di an he ds wer e
conneg?é%ﬁ?gﬁgggg?p?#%ﬁ#gégié%? r ﬁ%?%ﬁ% 8?“ dF%#yst
selesdigily afhmipropess nay be adésyed hitawoniyt IEOI(ZJda&B of\bplerditiot be;)nay\leé e

st IR A AL o A RS b o
A, BT, agd &, pheels‘smtyand/adeclﬁﬁﬁvdéi%ﬁhls(oa’ﬁédéhﬂé& ﬁﬁon cmﬁm&as

u throough the catal yst bed, 1n
opefiith rfe RATRCb O v i mep ottt exide pfin
0.5 kool rotimdg. kthiems bﬁcrataijzispare aRB $éppited ifabROm0 Vol ume
pe(%ﬁﬁé eth%ﬁfﬂ 0. vol une %ercent oxygen, 5.0
vol UhEEBPEE ?:EFP%FB‘W“&?‘EB@P&@ atptalysisamse pegording to this

invetitioh @giEBit 8tebadedQnitial selebtivRR At

Al éﬂég et hyl chlori de. T‘ﬁ?l Elle{g %Eale %2%%9%%1@%%3%&%16%18
SQect8S RISEPIH EVention cxhibis ippsoved misbiditup at a rate of 10 OC
per hour to 225 C and then adjusted so as to achieve a
constant ethyl ene oxide content of 3.1 volune percent
in the outlet gas streamat an ethyl chloride
concentration of 1.3 ppnv. Performance data at this
conversion | evel are usually obtained for initial peak
sel ectivity. Dependi ng upon the catal yst used and the
paranmeters of the ol efin epoxidation process, the tine
required to reach the initial, peak selectivity, that
is the highest selectivityreached in the initial stage
of the process, may vary. For exanple, the initial,
peak selectivity of a process may be achi eved after
only 1 or 2 days of operation or may be achieved after
as much as, for exanple, 1 nonth of operation. In the
testing of Catalysts A, B, C, D, and E, the activity
and selectivity were al so nmeasured upon conti nued
operation. The results obtained after a cunul ative
production of ethylene oxide of 0.5 kton/n8 and 1
kton/ nB of catalyst are also reported in Table II1l. An
advant age of the present invention is that catal ysts
made according to this invention exhibit increased
initial selectivity at the sane ethyl ene oxide
production levels. Al so, the present invention
exhibits inproved stability. TABLE 11 C LAIM S
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absorption of at nost 0.6 g/g.8. A catalyst as clained
in any of clains 1-7 wherein silver is deposited on

wWo b@eaddiB3 er in a quantity of from 10 to 500 gP&DUS1006/021903
particular 50 to 400 g/kg, nore in particular 50 to
350 g/ kg, relative to the weight of the catalyst. 9. A
catalyst as clained in any of clains 1-8 wherein the
carrier conprises alumna and a bond material. 10. A
catalyst as clained in claim9 wherein the carrier has
an a-alum na content of at |east 95 wei ght percent,
and wherein the bond ma q{ nprises an al kal i ne
earth nmetal silicate bond material. 11. A catal yst as
clainmed in claim10 wherein the bond material further

conpr re.addi ti naI S selected
From A oy BBl BB 0 PP L Ol e A aror
haSta mfﬁctqmaoqupbm At3, nﬂg a rﬂech:eﬁi;ﬁhé/&tamét&r 6t raéra®ehni 08 @AYand a
deposited on the
por e PR ot O e RO wihe it goisrohgrecs pentingtin pores
wit Idmtdrssmslaﬂ mn:geejf o0 R0 G QHP aasDBS TATRR, posill Silihe
Corjl%?e% S s @ﬁ{t ftluorlne Goup A nmetals, Goup
|P§ PTI98 troge Af rem Q<o dA peis conthined in
poresd Wﬂ]ﬂdluﬂibteﬁaﬁ tHeliRge i ORI 31 10@hadi um manganese,
th thorium_tantalum niobium galliumand

ger F%}W%{ At caimadup gleim | avbersin the garripr lpa @byessizeatistribution
sucB It}ﬁt sraehst 90 BRY t1ftoe] FHrdFollmd cﬁgﬂtaﬁgd “PHp étnis 2SR ith djameters in

h posited on the carrier I1n a onto
the Fﬂf‘ﬁ%o o1R R rip d st lpast 80 Yo thepnges velnme @)Iﬂalped iA the pores

withBlamb&rs iR R rﬁﬂgte lo@Sm Pf 1o rl,[th t&oh {nryd? ori%fheﬂeters n

A catalyst as clained in a of C
the ppge Pl &@8 0310 rM) um; ﬁepmastveﬂt dlmnetté’re gteafef thesi 10 nnﬁéﬁbiehﬂess

hart [ I a_rheni um co
kB 2t OB R e s i P B i G, o rpresent
leﬁﬂﬁmd@96aﬁ@e@ﬁdnmuﬂﬂﬂmhhereof 15 A catalyst as
cl ai ny._.of .cl |ns 1 erein the Goup IA
e o B afied i BaliEg e diorpor s deumiery Gevas
10 tamdepmssnt ahmost 8.% Af thati@hlpdie vIukd; ahdB pofes 3t d@e[% &Ll 0B
ri

5 wherein . the @ rier has a pore S|ze di st ution
than;%% nltrﬁlgf’sc’ﬁ{atln@ég W‘E‘th)ﬁtotahpﬁﬁW?]i“WI ar at least 80 %

of 4t I?Pecalﬂaﬂ)fseas)/@iuﬂﬁﬂ 1rpé}g/[cﬁ|cﬁﬁﬁis 18 WHRf RSt Al ol gg%e%lan pore

eraneof from lto mm i s contal ne

dmb%?r é’E a'i/&l?% # % Adttalorg YPhtIh%mrthh@ieg@@f ffano A26 tal0.8 aal/k0ind a

surfild¥larea of at most 5 m*/g, in particular the carrier has a median pore diameter in the
range of from 0.85 to 1.9 pum, a total pore volume in the range of from 0.3 to 0.7 ml/g and a
surface area in the range of from 1.3 to 3 m?*/g.

5. A catalyst as claimed in any of claims 1-4 wherein the carrier has a total
pore volume of at most 0.6 ml/g.

6. A catalyst as claimed in any of claims 1-5 wherein the carrier comprises at least
95 weight percent a-alumina and the carrier has a median pore diameter in the range of
from 0.9 to 1.8 um, a water absorption in the range of from 0.3 to 0.7 g/g and a surface
area in the range of from 1.4 m%/g to 2.5 m*/g.

7. A catalyst as claimed in any of claims 1-6 wherein the carrier has a water

absorption of at most 0.6 g/g.
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17. A catalyst as clained in any of clains 1-16
wherein the carrier has a pore size distribution such
W0 b@b/183183 pores with dianeters in the range of PET/0R2006/121903
to 10 mmrepresent nore than 90 % of the total pore
vol une and at |east 15 % of the pore vol une contai ned
in pores wwth dianeters in the range of from0.1 to 10

of PrARAbRAER b HAES Rr i (1 PRELR o i deben g

carcik@inrsudntity of frdre d @ tnSAthgk g, ani pardcularS0itt 4001gk §,afiére @f particular

fo bodi es fired. tenperature of at |east 1250
Sogéﬁ&g’ﬁq%gféq gwehggl_&n‘ﬁ’?ﬁhgf%yﬁ' carrier and silver
deposteatdlystns ch@nebihrang of clifisahs GBéreinghe € bR BiseA alumina
C?o d material, and has a surface area of at | east
an rtjl,maé?rﬁ‘édi an pore dianmeter of nore than 0.8 nm and
a Pou.eA satdi9st@b Shinhdalih cMiin WRALRIN A barkieASts 28 9-A@Fink Patent

total pore volunme is contained in pores with dianeters
of gtdeashd Weighj@ersents angdriylran ths bend metesipltomprisesastali@ingsanh

metdl SRR BordhddFp cont ai ned in the pores with dianmeters
in the range of from0.1 to 10 nmis contained in
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; [.S] rie ilver
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1250, O . a.surface.are f .at. | east 1npP/g, a
FTEdI&é nlggaotfﬂgEq & ? g?rle dpn gy cr’r%r1 B ﬁélﬁ U SAPTISFR H%’O%Bﬁdém the
carg érzie addigarr to lsiktarcome wh atoes furthér dl@wsits BRcRd 6bri the glo@p af

.. pore | u LS cantai ned.in_por wth diangters Iin.
nittBRen sl PP o Py, Rogom, Migringy Gl A metals) (gt LiAgmofglsfrhenium,
molybéerpat, Qmgebr) SBrogiith Aithe tn| Faflif), ARLAHMM ifhdfid KRhSSse,
h'n the range of fromO0.1 to 10 mMmis contained in
thaljiien, g il £is i, gallie 304 ggenagrum fushrhuges thereef.

MM 1R1A cAalfRbANRIedGR IR b11d38hs R 19 A HidHElonfRidesS Hép\’)ﬁfed on the

deposited on_the carrier, which carrier has a
carpigD B e silYRsrqaRoF B9Ys ofahenivm.deelybieaamotmgsten, Gamp 1A
methlE2 A niatSRA bR BBnEing fs,0f nore than 0.8 nm and

a pore size distribution wherein at |east 80 % of the

t ot B pat eatalyst andlaimed do ryadfiedaims 1P ovhéch onirtphisebirheniirer S

[ 1 ta rm and .at. | east 80, % of
depp i A er B odd D sy hnd Bp BB L oo pdoetea
frofurpne hemergrod eul B, fhosphofisibdron, 26d compemdathsr@bmed i n

por W [ ers in the.ra of fro .3 to 10

o (2 ekl pATBI R b By D204 i B Gy Baptes are
onctemast dfithiom, pdtessivat, rutddipmvidat eésigar ri er has a surface

areg of at least 1n2/ g, a water absorption of at nost

0. 61669/ g A %atﬂ%sgﬁsaﬂalwf‘gﬂ attatans bS phemit the Fargerhagmpore
sizeédistributfp@arsgelsthaiet Bagt7siohuh baficvies &a 58ty | Fast pBOvatuat

contained in pores with diameters in the range of from 0.1 to 10 pum is contained in pores

with diameters in the range of from 0.4 to 10 pm.

17. A catalyst as claimed in any of claims 1-16 wherein the carrier has a pore
size distribution such that the pores with diameters in the range of from 0.1 to 10 pm
represent more than 90 % of the total pore volume and at least 15 % of the pore volume
contained in pores with diameters in the range of from 0.1 to 10 um is contained in pores

with diameters in the range of from 5 to 10 pm.
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the total pore volune is contained in pores wth
dianeters in the range of fromo0.1 to 10 nm and at

WO e@st13883 % of the pore volume contained in theCPUSHES6/021903
with dianeters in the range of fromO0.1 to 10 mmis
contained in pores with dianeters in the range of from
0.3 to 10 mm 23. A catalyst as clained in any of
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rocess for t e preparfation o
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and at least 80 % of the pore volume contained in the pores with diameters in the range of
from 0.1 to 10 pm is contained in pores with diameters in the range of from 0.3 to 10 pm.

22. A catalyst comprising a carrier and silver deposited on the carrier, which
carrier has a surface area of at least 1 m%/g, a water absorption of at most 0.6 g/g, a median
pore diameter of more than 0.8 pum, and a pore size distribution wherein at least 80 % of
the total pore volume is contained in pores with diameters in the range of from 0.1 to
10 pum and at least 80 % of the pore volume contained in the pores with diameters in the
range of from 0.1 to 10 pm is contained in pores with diameters in the range of from 0.3 to
10 pm.

23. A catalyst as claimed in any of claims 19-22, wherein the surface area is at
least 1.3 m%/g.

24. A process for the preparation of a catalyst, which process comprises:
a) selecting a carrier which has a surface area of at least 1.3 m?/g, a median pore

diameter of more than 0.8 pum, and a pore size distribution wherein at least 80 % of the
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b) from 10 to 40 weight percent, relative to the total weight of a-alumina in the
mixture, of a second particulate o-alumina having a median particle size (dsp) of from 2 to
8 um;

c) from 0.2 to 2 weight percent, calculated as the total weight of alkaline earth metal
oxide and silicate, as SiO,, relative to the total weight of a-alumina in the mixture, of an
alkaline earth metal silicate bond material; and

d) from 0.5 to 5 weight percent of an alumina hydrate, calculated as Al Os, relative to
the total weight of ¢-alumina in the mixture, and

- the process comprises shaping the mixture into formed bodies and firing the formed
bodies at a temperature of from 1250 to 1550°C.

27.  Aprocess as claimed in claim 25 or 26 wherein the alkaline earth metal
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29. A process for the epoxidation of an olefin, which process comprises reacting a
feed comprising an olefin and oxygen in the presence of a catalyst as claimed in any of
claims 1-23, or in the presence of a catalyst which has been obtained by a process as
claimed in any of claims 24-28.

30. A process as claimed in claim 29, wherein the olefin is ethylene.

31. A process as claimed in claim 29 or 30, wherein the feed further comprises a
reaction modifier selected from organic halides, organic nitrogen compounds, nitrogen
oxides, hydrazine, hydroxylamine and ammonia.

32. A process as claimed in any of claims 29-31, wherein the feed additionally
comprises carbon dioxide in a concentration of above 1 mole percent, relative to the total
feed.

33. A process as claimed in any of claims 29-31, wherein the feed additionally
comprises carbon dioxide in a concentration of 1 mole percent or lower, relative to the total
feed.

34. A process as claimed in any of claims 29-33, wherein an olefin oxide is formed
at a work rate in the range of from 0.5 to 10 kmole olefin oxide per m’ of catalyst per hour.

35. A process for preparing a 1,2-diol, a 1,2-diol ether or an alkanolamine
comprising converting an olefin oxide into the 1,2-diol, the 1,2-diol ether or the
alkanolamine wherein the olefin oxide has been obtained by a process for the epoxidation

of an olefin as claimed in any of claims 29-34.
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