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WD 2004/ 101144 PCT/ US2004/ 014088 SI LVER- CONTAI NI NG
CATALYSTS, THE MANUFACTURE OF SUCH SI LVER CONTAI NI NG

W@E2AMYSTS, AND THE USE THERECF 5 Thi s i nvent i POT/US2004/014088

relates to silver-containing catalyst conpositions
that are particularly suitable for use in the

Kt e o R e e

gl ycol ethers, al kanol am nes and detergents. e

met hod of manufacturing ethyl ene oxide is by the

cat al Byl ipernt Hpn oke Hateont f S bl FHT efrenvf dhivgygehalyst

JNSs AL Lon gAML OULDG SILOILS1 L1 dovel oD, 2! fbYSSe in the
can inprove thé operating efficiency of suc

ety ssrneuoxi e ety @ed uoxide 15 processes. Sone of the

desirahl e properties, of an ethyl ene , oxi de catal yst
i ncl d%fg“}g]o%bes%% iV t3) YEUE R Vit Ehe |%ﬁ@mlca1 used

Latalesdadid@c #dy iakiYSsudh OBbELEaDE 481 Sthylene glycol,
invention to provide a <catalyst that has certain

desi et ot} yetleeps opetkiesl témineptandkéetergents. One
S AP SHL A S CLaE LD SREaTOM 861 E Blr gy

ene oxi de. no j €C his nv ron

g {pr0V i el dat ot hofl of hyibdnegritlc abafyst . t Mahere are

exhibits at | east sone_of _the aforenentioned _

UG AT AR HPT CPropeErtPRsCabBl XRES et heFaBbiBRTOVE the
| C .

BT e 1D T At n Er iy e ragt e

nnadessay. a Sanal gSttimviesi carlaipraesitbdd eof an ethylene

catal ytic properties. O her aspects,,objects. and the
SV 152 Rl Ageel 61 (3200 3t | TehtT O Vi becbigi by, and
1MHE @ppareid inFd i ght of the follow ng disclosure.
According to one aspect of the invention, a catalyst

is provitled Wi clreoipiecesoSitlviy defrriierd op Brovide a
S 08 s ULl N DL O 1L b perticn s
(R US28t ilcABBrly suitable for use in the manufacture of
ethylene oxide.

It is another object of this invention to provide a
method of making a catalyst that exhibits at least some of
the aforementioned desirable catalytic properties.

Yet another object of this invention is to provide an
economically efficient process for manufacturing ethylene
oxide by utilizing a catalyst having certain desirable
catalytic properties.

Other aspects, objects and the several advantages of the
invention will become more apparent in light of the following
disclosure.

According to one aspect of the invention, a catalyst is

provided which comprises silver deposited on a shaped support

material having a hollow cylinder geometric configuration
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such that the length-to-outside dianeter ratio of said
shaped support material is in the range of fromO0.3

W0 0002/16m1d4 t he internal diameter is in the ranBer/us2004/014088
upwardly to 30 percent of the outside dianeter of

=S é}%%p%qiles Li%‘}gtth—%~%dt%i:dé Huifabdy rdhe ¢t alysd shaped
has a high silver concentration and at | east one
spregrntte magenpeund,s dmd thwe wirgerofandrpr chot éro 2 and the

.compound are preferahl upported on a support

LR CRIATTE 4 igh Sk GRS SRS e ct @iFReent of
the NAHte FEReRiaf dhedivaeHdmmy fugiithothatldrisl .

provi ded for nmaking the catalyst of this invention.

Sgditedpiyy, tire GSHO®h MAS e isto A TR £¥dgration and at
1%%1%9; .o;ﬂe ﬁ:hi{{&é:aérsiac{bsn JR£INAld ng,d %1&@%&%%%

0
eri r-contai ni ng solution suc
ot canmll tr e0 fp s flawerb 1 ymetugdpa it ddheors lapetbrsuppandterial

mat.eri al _exceeds 15 wei ght 15 percent of the wei ght of
hepd neh &p & ﬁ’ﬁiﬁr%ivﬁ%wﬁ‘% particul ar exceeds 15

vei ghic Rarcery +of dde el ghipit tde cixatalwstc1dNe a method
silver inpregnated shaped support material is then
ifse grravidsce d aro npevidddhehecada@larsistof fidri exiamsntion a

{ enper.at ure ran of .fr 10 00, r I

Sﬁ‘lg r%%fé’() % t%1 (?%gt%{ dn%? cC oersgiér%cgmflocpﬁlrl %nsg{%e?&a%ﬁ)&?rt
neft drieli Rvehtingreghatpackethe adtadpesd dashdsc prameshed. with a
which is formed fromcatal yst _ particles conprising .
sdilMegi- S FdMied v la Sithetr Fuppstt  Pheuntaitatel ytlver

n%eﬁ%lhai apd Ig pé@%qgﬂﬂarocf edLast Laldkd 25 weight
Sl

ver/ nB catal yst bed.” According to yet another
respectt off tthe iwaigitt of, thee shahmd slegmritbethterial, in
catal yst, a cat t_ made t he above- describ
SR e G dBoa DAt y8 o0 14-dlet the
dalt a8 yRfroceshd @i IRRfagitidig & MHAane] addioRy material is
contacting 30 the catal yst, under suitable epoxidation

these dwdte drrgiatioshs.o RUAH 4 fidrl Rbamt hafocomizls in a
FHLASANL U b LR 4R T o 10
oyl ywoal ,°can et hyl ene glycol 2 WD 2004/101144
PCT/%%%%%%&%;%%?yet another aspect of the invention, a
packed catalyst bed is provided which is formed from catalyst
particles comprising silver supported on a shaped support,
which catalyst bed has a silver loading of at least 150 kg
silver/m’ catalyst bed.

According to yet another aspect of the invention, the
above described catalyst, a catalyst made by the above-
described method, or the above described catalyst bed is used
in a process for manufacturing ethylene oxide by contacting
the catalyst, under suitable epoxidation process conditions,
with a feed stream that comprises ethylene and oxygen.

Further, the invention provides a method of using

ethylene oxide for making ethylene glycol, an ethylene glycol
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et her or an 1, 2-al kanol am ne conpri sing converting
ethyl ene oxide into ethylene glycol, the ethylene

w@byosabiiet her, or the 1, 2-al kanol anm ne, wher ePOT/URE04/014088

et hyl ene oxide has been obtained by the process for

eRheRaldN G et eNe 0018 in 2 eeigh i 1P ddHverting ethylene
i nvention. FIG 1 depicts certain aspects of a reactor

oidlde tlhﬂé}lto atﬂw;h@d@; d vigsdke & Natsdipshe e @ty iRy, or the
I
1, p2ad B dle, WO Qi fide Do Al Wity

support Tor use invention an
othﬁsxlalelaiollﬂyownéylpmﬂ&msgeimetpne@ammg‘ iguindteron @ndid he
physi cal di nensions that, characterize the shaped

ASEOBEROG e iS EEHIER 3 depi cts drawi ngs of the
Crosgrgechi QR Qi & hertUtsideRard mat &f ssafcd® i that

shaped support material being 15 an ideal cylinder,
ied ules @ @reoded erttiadysf heve shapaics Supgdre qritaiy el of
d eing_a d%ylatlon froman ideal cylinder. The

al ofpusiti on of the present inventionis a

novelFI@Othzl R it Ot leatlapid . apmonenar antk sippotd
mat eri al . The support material has specific physical

T2y SBdiseY FTES AR S5 ef BRI (O P Sitaged
c@)?ﬂgfl %gg Ettl%n & h:%es Cé’iatd:ﬂ-rnllé’ﬂSlWé h& r@{al:pé%terl ze

geonetrlc n |gurat|on or structure wth a
thed athiapeldy sspaddrt rnrtaerenalal dizameter. "Rel atively

smal I." s he ein to under st meani s

o g endea s, ASsrel B The s SR 'S cne

o%!t%q,dea@é&%t@@ldﬁ the ey Ehaed rdi@fpo@tnaterial being
"support"” have the sane neanlng and have been used

amerléie@l iatldmeirangeaist y(b)Am it sirctdspieqt dihe hpped
nt| e t nt i
(r%ovemsn esﬁ:claidnhL t?ree ocrg%g% r%ieegpllanglgg% a%%?b%%%éﬁ cylinder.
perfaﬁﬁﬁmm&ahyyﬂﬂtdmpdsmhﬁbﬂtufiuﬁéipﬂeqﬁﬂﬁcﬁnmﬁnmidn1is a
act|V|ty and selectivity and also the activi

W%l%%ﬁa\mlﬁs&%mfﬁ%ﬁewf& %ﬁéﬁ%ﬁﬁém%
nts‘a{}@lqalg the,d ati éﬂacﬂc_ft e M Nals Ui de di F%ﬂalto

e nom nal insidé dianmeter 3 WO 2004/10114
RCHeUS2@064 /014088 preferably formed into a shaped agglomerate
of the support material having a hollow cylinder geometric
configuration or structure with a relatively small internal
diameter. “Relatively small” is herein to be understood as
meaning smaller than conventionally applied in such
catalysts. Also, as used herein, the terms “carrier” and
“support” have the same meaning and have been used herein
interchangeably.

An important aspect of this invention is the recognition
that a substantial improvement can be obtained in catalyst
performance, which includes the initial performance in
activity and selectivity and also the activity stability and
selectivity stability, for example, by changing the ratio of

the nominal outside diameter to the nominal inside diameter
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of the hollow cylinder geonmetric configuration. This
is truly unexpected because catal ysts based on hol | ow

wa@ylounaians support materials have been enpl oyeBCT/NS2004/014088

processes for the manufacture of ethyl ene oxide

Al £eRANAALWTRIYL YRANS AthdBIGHE %&fﬁlgarattaﬁorbeenrhls is

devoted to inproving the performance of such
teailal memmﬂerbecmqséﬂm@qldfﬂﬁﬁprhﬁﬁee@ e ger¥ ovwerickeinder
S%%Ipl he%neatc %]}/SS havbey HE%‘H fe\fﬁrgp.%g;el?f :Lgle ! ré’s%) { t% the
er geonmetric co urati 0 Nnot seem
rrfa@uhf@‘tﬂ:uﬁ:%c QifVQﬁ:hyaIdrﬁzntdﬂ’de mrﬂm}smormaﬂmtﬁam and much

of the_ catal yst conposition can be a por ous
etdPrke gy Heare deyotgthttq o et g AL GmengR Of such

&3 ?@cﬁe Ol RidWd,eNne, (e datd an, s %vé)r&@%érmance of

reaction conditions; provided, such support material
th@@ethataﬂmﬁﬂsxﬁy;maﬂﬂﬁﬁungsUhﬁngaﬂméﬁrYtdﬁauhﬂmhwllaw

st 15 c 05|t|o Ci n used to
TR ereEar S B S oran S ne TRy iare received
dayaw@ydﬂ on. Generally, the support material

corrprl ses an i nor ganl c nmateri aI in partl cul ar an
oxi dEneWsUEIP A MatEide, Forthek ANy wAtResition can be

a?iyJ p% f%ar:c@ﬂ%ct%%_r %te%:ljjdlcachazt:' rl@%@ia%%?'ﬁlert in

| iFca alum na I'i'ca-nagnesia, silica
tﬁwmm&%@ammeamMmmwmmmmmﬂﬂm&mq&mmwmmmd
thoria, silica-titani a- zi conl ﬁnd vari ous cl ays

TRRE THOSr &P TSt TRt FERRCG Rty ial has the
ry%l%raqblp\fogelaclméﬂﬁe%&rﬂéd’ f_QJr alhd easte A0 Wei a1y st

pércent “25 alumi na and, nore preferably, at |east 98
omeipgist tgerc e el i lna. wk@rreqweaﬁ 3o sumP®EUppgdre catalytic
naterlal caompri,ses. ht p

Aehishteey 2 iSe el ot al . B W ne
su@@o\mr i@t re\edl |c6tbcl1;ﬁc1fs&fsl’fbhr0flncﬂ}gﬂ’ﬂm ned that=l urima
is the nost preferred. 30 A partlcular aspect of the ,
PRAFARILAE gt A%iste s NS UGt supperie, alumina,

%ﬁl%r&nalca%l] ecta)ﬂ:rﬂ llsy a_LCAWI %ﬁ@{]rlﬁg%awrpééﬁ‘ gilica-

al'ue generally excee iI'ng 40% 'Thi wate
adlwdmpt,i e Malauensgdriemis f orl i {toddimigh ofalaxdinaD titania,
%ggﬁéép%%g%é?gg}ggﬁgéﬁggigﬁ%onla, thoria, gilica-titania-
zirconia and various clays.

The preferred support material compriges alumina
preferably of a high purity of at least 90 weight percent
alumina and, more preferably, at least 98 weight percent
alumina. Frequently, the support material comprises at most
99.9 weight pexcent, more frequently at most 99.5 weight
percent alumina. Among the various available forms of
alumina alpha-alumina is the most preferred.

A particular aspect of the inventive catalyst
composition is for the support material to have typically a

high water absorption value generally exceeding 40%. This

high water absorption value allows for the loading of a
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greater anount of silver onto the support materi al
than can be | oaded onto other inorganic materials

wo bas/1eive a | ower val ue for water absorpti onPCT/USIvaE014088
t hus, been found that for the inventive catalyst

 dludd 8 SIS Ano JUGLIR S fDPREP RN can

of the support material to be greater than
heorlegsest ardly ythpreatrergdaie 4896 einthl soshat have a lower

r-ef erabl reat.er than 46%. Frequent.| t.he waper
‘gabls 5t p%roﬁqﬁ%ﬁta%%ﬁp%@% *nore lfagse’q%%y Rge Jg?und that
fHLHAS iusethiiefei dhtdRest efdhpdattero@bsor pé i 9Re £ &BBas for
the 10 value as determ ned by test procedure ASTM

tdF0 WAl PRSP rR et pof dih’l HEBRATE el bnce. bangesater

tar%g.pr QN | @esjs%gj] S Bge, 4 the i
of the '\/\B/fcabt'ern%trnea? can be }g’bs%ega:gdéﬁeﬁ 0 thée% ‘boarl%@ %F%St
e eomirliver .gnesdtagn vEndo 4dte. Vidaghterdflst heclearwaesr

> Typically, the support naterial has mean pore _
TRRARAEET O (1% T LT pretidh doISEE RS 0t m e 70%
typi oaf hysedl HEFCENt agdee ofe RPN a5 Vi 11 S Sh 858t ehe Phs the
0.03 to 10 mof at_ least 50% by weight, as determ ned
VL Uee Beude Hanmiusi b by - est mrasmiur oA GR008MRech is
USj QEreat Al re 920 0..nodel 30 .
lglzdr?t cot%aa'\ér?;d[ €, rﬁ?r%ﬁby Iv%f eancseu'rfgg:aétﬁrenag?%%é% ien 18,
A By danaand poardettdqy, fiife NRSIINY EOMUHELSH QS that can

applied). The surface area of the support materjal as
%M% HHE Bhe POTRR IR i BFEIHER her g lHgerfto the

WiQRO I8 i ¢ 4Q-:1). n2/g, preferably fromO0.05 n2/g
to™ n2/g and nost preferably 25 fromO0.1 n2/g to 3

2/ g.Ty®dicedlyy, tthee sipdfade matesciasl dtad eastedh ol gliameter
The B.E. T. nmethod of neasuring surface area has been

dederi B ionde PRI BpBrudader L Edfst 28K traiceal i 2

J.. Am,_ _Chem,. Soc. 6 1938)_ 309- 316, ich j

SSSTE0R O TR Py e TEEE o Thn (bbbt otO uhe Of at
liegsentsiose mataliygit ,C P eRltd i dedl I md@iSHPRY Ausion to a
material to be in the formof a shaped agglonerate,
PEisGSEE (He 3sWaped Cag§poreiateaotisypperets c@pAutopore 9200

g
L JER1 BRI D0 LA BIAYE A ceneion o
0.473 N/m, and correction for mercury compression applied).

The surface area of the support material as measured by
the B.E.T. method can be in the range of from 0.03 m?*/g to 10
m’/g, preferably from 0.05 m’/g to 5 m?/g and most preferably
from 0.1 m’/g to 3 m®/g. Suitably, the surface area is at
least 0.5 m’/g. The B.E.T. method of measuring surface area
has been described in detail by Brunauer, Emmet and Teller in
J. Am. Chem. Soc. 60 (1938) 309-316, which is incorporated
herein by reference.

An aspect of the inventive catalyst composition is for

the support material to be in the form of a shaped

agglomerate, and for the shaped agglomerate of support
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with an inner dianeter ("bore dianeter"”, hereinafter),
that is relatively small. Reference is now nade to
WO-R@4/1011whi ch depicts a reactor 5 system 10 cPOPUSH0HQ14088
an el ongated reactor tube 12 and a packed catal yst
mBedri4icent abned Wbhiiwelgngatied bebmetdic Hpaiattion
tube 12 has a tube wall 16 with an inside tube
witihf ape ingeandipnsitee tliberd diemetery .« herederafiferd . that

e Lon n erein is contai ned packed catal yst
l%egg}iglgﬁ gagTﬁwﬁéaction zone di aneter 20. El ongated

t uberdZechanca tigbaow eagich t22Fagd thehjatk edpdattad ystreactor
bed 14 contained within éhe re%gtion zonglhas a bed

SYERER 24, CONP&iiddEhEThED CHEFCR24S2T e &iifgdtednd 2

phHREa12aFBY vERNERLN 12 $eRRRALR D6 tofi iPaNdrglt®d Aurke 12.
non-catal ytic material for the purpose of, for

E¢ragpked t5bkedf &rehangabm tald fléedstdclerandyspde tube
ERgLher saushasshanate  peddian e B R9SE ol £l o reaction

nge Wwtha Treaction produc
zehengahedctube sl2chiatiherd haskad idalel vetubedend 2Gnd a
~into which the feed stream conprising ethylene and
reR¢GERIC ZANEe I AIESETC 2F -andLaRIsteret Ghd ehg g tube

2 hGh c 8l 2aCkIeN R QRIPHILSING MU ERB thin th

1%%%5& 2%ggbgtﬁgfe%%%c§%'€%q% ?%grawn. The pacﬁé H ©

reatalipat zbe¢ héscenbaidnedpnilt Ridn t Peitiseadet itdre moheldpth 24,
sed of d of supported . catal yst 3

b 1
B8 PeoBd oD L 2TRE L Chrcn . SERP A 0% Y ticles

08Na25chhe sunpent mRterial v RHca paepRisal lof haldoWxample,
cylinder geonetric configuration with a |ength 32,
heatsedehanareweich 34 fepdetiond @addorhene tdieghetusth F@parate

The [ d i | reciate t t I
or B SHE gEEREY, Yreo SO RRRIRNE Mitlar MR I
reykicadar pradugeqnetihiec edonbagudativbe conurséeramhas an inlet
exact cylinder. The expression "cylinder” is neant to

tURE| 6B PRSIGHOr MORD Thevi&eoRs TePBmCaPa s ethylene

204 bRYeEn Eah XaMRleodiRe LLeRS arseeiit AhddeRURS from
peri er of the hollow cylinder 6 WO 2004/ 101144

wRCThUS2 @@4.0 1408 §r ogeerre tconp rderifiog etayileme oxide and
e@%&&%%%i%%Ea%et%ikﬂ%fgaﬂ.nder axis Is

The packed catalyst bed 14 contained within the reaction
zone is composed of a bed of supported catalyst 30 as
depicted in FIG. 2. The supported catalyst 30 is based on
the support material having a generally hollow cylinder
geometric configuration with a length 32, outside diameter
34, and inside or bore diameter 36.

The skilled person will appreciate that the expression
“cylinder” does not necessarily mean that the hollow cylinder
geometric configuration comprises an exact cylinder. The
expression “cylinder” is meant to include insignificant
deviations from an exact cylinder. For example, the cross-

section of the outer perimeter of the hollow cylinder
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not necessarily an exact circle 71, as depicted in
FIG 3. Also, the axis of the hollow cylinder
w@ewnarbrikc configuration mnay be approxi mat el yPeI/I820g41014088
and/or the outside dianmeter of 5 the hollow cylinder
GBERRBLNIC CRIHIIMALIRN JBY R i ARRIOEITRIR Yo foNsddtaxis is
al ong the axis.” Thus, insignificant deviations
npfic hgde s sleorl lax amplega dasds alifer’d .t v Glasiced in FIG. 3.
eri r of. th | i nder. [ t] i.n, a ; :
A|Ersn§1)gi té\lr%y axtlusbé’%sﬁ%lﬁeél ogp}ac\)g”g% e |rfr¢ge§fl e%?r\ﬁ%rllr%gc?onnafrlfuratlon
mayadk e@pHodint® <y istderiggf ardAdmaldhe the siale diameter of
di aneters, whereby the dianeter of the |imaginary
thendeldym rydd noE r@aamedr Fogon g a3y R
ag)_ %&iﬁ\%%efllyn c%?‘fstt'a‘ﬂﬁl %.rlo{%)‘.:g |t@%°‘ta>&%% @hué,helnsignificant
aneter of “the 1magi nary outer cylinder, and the
dievegitiamng dyldlnder,s fare efeogee s yetsashatharte tha ioutofide
their 15 di ters.i,s the closest oscs.i ble.to 1. In .
PSHAHCEEEeS T (B GVANGEET Gt RE IR sryr bute/an Tmaginary
teWe-RUSH S e dda kel e tweltielagdiraiBt eix0ft tdeaxial
hol | ow cyl i nder geonetric configuration. FIG 3

cydgineess wla virddsldectihenaiang eamataisn whereby the

[ [ LS . mod nar.y, [ o
S g o BRSSP B (e, 7ox
moal nger cajgdemettr ileasanfaogyr atd gartiteliamgitndreaoutasrs, of

cylinder 73 and .the imaginary inner cylinpder 74
CGERAMCT i S OE PR AT Ppree THA Ahe
1RRGE @yt ngln%de% Gld RARYsHLURY IthAOHHIWAI O their

may not ©~ 25 be necessarily exactly cylindrical, the
daxinstefrst He Bdree dopdasd aumsdleattel \ st rlal ghich tdmses the

bore.dia r._may b approxi mat el-y. const.ant, and{ qr
dtlﬁén e&)?’lrs%%thhee ¥n§ gmr?an 5e i s Ilé%lec‘ﬁr or rfiaeyenéenc{g&ecf be the

ogleat iMented drh@ faxite eloltlkay gyliinider .gddmdthei dore
di amet er changes over the length of 30 the bore, the .
CEe WYIraTECE- | § ifeerfed Y B tife 3 Sitpest- safitdmstar aev,

r . : I T
B T Toor e Ko e griexs 73
a®d on,evére putorids pendEsietiar W off ddse hdild o aretierder

of the .7 WO 2004/1Q1144 PCT/ US2004/ 01408 bor;gi aée 73 g
IECER At W LAt 16 1t S PSR SIS arPastbtcT an

the imaginary inner cylinder 74.

Similarly, the skilled person will appreciate that the
bore of the hollow cylinder geometric configuration may not
be necessarily exactly cylindrical, the axis of the bore may
be approximately straight, the bore diameter may be
approximately constant, and/or the axis of the bore may be
displaced, or may angle, relative to the axis of the
cylinder. If the bore diameter changes over the length of
the bore, the bore diameter is deemed to be the largest
diameter at a bore end. Also, the void space provided by the
bore may be divided over more than one bore, for example 2,

3, or even 4, or 5 bores, in which case the diameters of the
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the bores is equal to the cross-sectional area of a
single bore having a dianmeter, as specified herein.

wo poopnefies r ed enbodi nents, the holl ow cyl i nder PCT/US2004/014088
geonetric 5 configuration is intended to be a

bB¥Ebng§% @%Ehn%h%tbQE% %btaﬁh%fa%%% Qfrddie LU ARN: areas of
he small er, than conventional, bore di aneter hel ps

tpﬁobpdesfos amuaﬁpt@v@h@nprpﬁStﬁ@Cév@m@éea@ﬁ@shf a single
strepgth_of _ t.he aggl ongrat, fsetting the loss in
bgFﬁsﬁggPPgnStﬁlﬁﬁg 0 FestFfs qugfggﬁhggb suppor t
mat erhabrh@erieda cgibedl @lentpQr @dict hollilow cwatielder geometric

absorption). Another benefit fromthe snaller bor e
canaretErtion hgt INCepriedi §8sPror FHERINNGTa Noyiiast ¢ bore at

tﬂEDHQESOE sgggorqughg&lal into the same vol une,
I . e., pac

|ng density, thus, allowing for nore silver
t o b&h#5shadded , |mhanthenyamﬁiw@bdnebdwaIdidmede;'@mlps
ortant aspect of the invention for the
Pagg er-O5f é”?ﬁé?ﬁf&&‘eéléjgll&w&ﬁ EVEGHE rcéu:ﬁ}% vairypnath of
thEBbh 1b e tal 89 bFFeetaihgf ehet hednsimde hene Bfrddfn that
sha g agglonerate to have at |east sone dinension.

rﬁﬁuE§Sp f&PBr HedN20 2t §URRPE tamageilads hagiadend B atea

b , f
PIESH el FieEeClityat BObcofidhy  OLEATRLEI ! Aon o
smaeﬂemabbyetH&ah@merduanEhet iis atrovaadists G mackamd; a

preferably up to 2 nm for exanple 1 mmor 1.5 mm_ 25
Ireahas B@@HnFoﬁﬁdSPEEPth@aGéF&aépéééfﬁé?ﬁhéﬁﬂﬁyVF%@mef

ibare dhanerer dBhaviges chok, 0814RMANBERRL il dilter to be
rranu acturl ng of thée |nvent|ve cat al yst and its

loatiabytinto pheperreeyolviiel.e not mantlng to be bound

to any. artlcular t.heor i s believed, however.,

{hat DR, GG Lenape APOTEAR 365605 FF Boe ‘G aRiigR for the
beket He ahekkewoy khedehagklowsgfl efme rafter @vetheC aldliatlively
inEregnatlon and catalzst dryin The catalytic
SHehdi L6 A§sGLERt SHPRLERNENECK NGOG Ve idat Aoye ofs the shaped

e e S b0 LT 137 PErT CB00d) BLACSE TRY Rol Fawterred

toyhendentgetmderist ocoef egdr affi ahecoriee preferably at both
ends, a bore diameter of at least' 0.1 mm, more preferably at
least O.é mm. Preferably the bore diameter is at least

0.5 mm, and preferably up to 2 mm, for example 1 mm or

1.5 mm.

It has been found that the void space defined by the
bore diameter provides for certain benefits in the
manufacturing of the inventive catalyst and its catalytic
properties. While not wanting to be bound to ény particular
theory, it is believed, however, that the void space provided
by the bore diameter of the hollow cylinder allows for
improved carrier impregnation and catalyst drying. The
catalytic benefits associated with the inventive catalyst is

demonstrated and discussed in more detail elsewhere herein.
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defined by an outside dianeter, a bore dianeter, and a
length. It is understood that these di nensions are

wmeosnedi44 and approxi mate, since, methods of PCT/US2004/014088

manuf acturing the shaped 5 agglonerates are not

necegsar hby 142 ¢h38 ndthe Jaehle@w ey ldddalgurat tomiGal e
have a | ength-to-outside diameter ratio in the range

def ifedmPy. 3nt euZsigeefépaRtEh r mber® (3d-aneteandnd a
1%B§EhPTeE%r%%'%np%&%%bngth%tlt£eg®“dﬂ%%ﬂéf%ﬁqqéﬂé nominal
not Critical "feature of the invention'is Tor € bore

ahl dppiekemate beihelat imeehydsmalfl makorf adtsiranee tHhahaped
ratio of bore dianeter to ouytside dianeter can range
w

2HPNEFEIFEES 68, NOfr EFELEBRY 1 T &IFCTOF t 0 B 258dnE
c§9§hd@EeRggﬁg?§?c%?Q 002 athgg%hr¥¥pU%@§ﬂ6e?d%%ﬂ$ter

out si de di he hollow cylinder 15 1s in the
rpange iof theomatgeo of6 fmem BoBe toyBi, c @lvef efradrhys from 25 to

far exanple I n anat her _enbodi nment,. _the .

100 8P THRANEESECroRE RODTOR Gy Ender 1 s APy drogipnt  1f
nbl thethange fektufdeo®fd the 12vmr el € o W alHey Jorem

5to 10 mm for exanple 8 mm Typically, the bore .
ddpafeesr tPs benaelet ivRdy 3M8lam  FOmdiE teysicoaltihp imgptio of

0 to. far,.e e .

obEe ETaper e TG Pubelie' dritor Sart USRS e B, o 0.3,
peZemabiy, 2 famm 00101lexanpl.@51 ammh, ookt pyafdmably, from 0.02

adgition to the support material that is fornmed into

t8n aaglonerate having a specific geonetric

confirggrabingl, 2pel BERLREEAHEAMLREY U 3PPt ow cylinder
material is at least a catalytically effective anount

ief 1gi Fier rande opt fonal By tooRé mar. more pymrisrdly dmgm 5 to
19p%honégkyex%§§&%r8n%&? 99%r%%%E%%§'gﬁ£%%§ne%E? the outside

inventive ca St “conpri §€s a shaped support

dirametkal pfattat abyllowakly iatkectisv e ypieunt yofinsitheerange of
and, 30 optionally, one or nore pronoters and,

£5pri énkPl 5,2 BRe BPrensyeiesplindtrers> AfotHefm, for example

sPRft1 C8L AL aspeCt Ak LReel BYSRELLS G aluSh oS 1@ 3.5 mm,
the support to"be typically highly loaded with silver.
meOr¥Ocg004A10v144 PEE US2GE40014088 OTIHE ¢conBi mat,i dorofexample

iﬂskﬂ% %agggho@o%%%%F%.iu%%oE% E? e%%elmore typically from
0.2 mm to 2 mm, for example 1 mm or 1.5 mm.

In addition to the support material that is formed into
an agglomefate having a specific geometric configuration,
incorporated into the support material is at least a
catalytically effective amount of silver and, optionally, one
or more promoters and, optionally, one or more copromoters.
Thus, the inventive catalyst comprises a shaped support
material, a catalytically effective amount of silver and,
optionally, one or more promoters and, optionally, one or
more copromoters.

Another particular aspect of the inventive catalyst is

for the support to be typically highly loaded with silver.
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havi ng the shaped configuration, in conbination, helps
provide for a high silver |oading. The silver | oading

WO g004genies al | y such that the amount of silver PET/URE04/014088

catalyst 5 conposition exceeds 15 weight percent
TRasednBinkhechobal yeehght ﬁﬁghhQOQ@EQEWS%U%bo&%eﬁaterial
exceedi ng 16 wei ght percent. Preferably, however, the
heilinegr tbenskaredf coRé igafrakyons 1laxCORWS NEE iws glelps

er cent -and r . abl wei t, ;
o Ry SPer bl od0 uar ke Bereont . T SATG L 25°Fhes e
ganeual 19f sathvehaics the amsunb0odeisghtvepericenhe moitelyst
typically at nost. 45 meight percent, in rticular g&
CRPBPS1EHORePFRESHEr dent'eleaseBSEFelte FReitdr toral

wggéhﬁab§l¥ﬁg'cgﬂaggg%r@E’e&@% cakakuahdof ot R iRRSQRtrcent .
I'nvention 1s prepared by inpregnatingthe shaped
ragfkoabi gt ehovesepporthe $3 lwetecioalt emitt lpfsitheecadmdysts
optianally, one _or nore, pronpoters, suc s, -for :
e§§§ Fe}%rgFéggﬁrPﬁrﬁgFgl?Pgﬁaﬁﬁggi m F%?%lmml%mmflght
plkkaht , mahal sobhki Phici@rag0gi om weabass ipdhcanthi diypically,
and cesiun), or conpounds thereof, and, optionally,
tbaeampunbtr €L edpiveroter &8¢ §GER &Y, VRdOhdx AFIcent, more
. f.UF; y u : g d chrom I
e SO ot ARG B bt o Cormanenre (hal™t
40amwehghicn pet-petat, e thaisreido onhehshapedl agglaherced elef catalyst.

support material, rheniumand the alkali netals, in_ .
par t il"élusgﬁertahre ﬁ#l&hérat%TRfa?lti Oﬁet%é‘les PI§fftag vention is
pRebaseum, Huphdimmand ¢esl lémalg%@e RjgfRdrete MiStsudport

preferred anmong tthe higher alkali metals is cesium
mahiech adayitbe sidegralode optilpngldivxt ¢ne Q@y&dRs DHapters,

for exampl e otassi um_and/qr_. ki thi Ei .h -
A R L L W
apaoBDkanN ibeicha 1Rr §3arth g, akoddkal pareiealivypr,omifeidium and

may be used without a rhenium pronoter 30 heing
CorésENt OF SOFRONINGR FPGFSCdr AR aPPRieRd! lnet gne or more

c$ QIR &an SBeEN al%e, S %@Ltardprl o he gatal Y $lo 148,

€ copronoters for use in conmbination with rheni um
toagsicec] aoe cdhodouinm, nolry bdememnd=sundstent .andmong the
chromum 10 WD 00%&%&}144 CTLU82004/0%?%§8 éﬁleﬁﬂ' haved
PR ESr FOIRCEEH e C?ﬁ)ag’gd BQEECaE ofttC tie shape

agglomerate of support material, rhenium and the alkali
metals, in particular, the higher alkali metals, such as
potassium, rubidium and cesium, are preferred. Most
preferred among the higher alkali metals is cesium, which may
be used alone or in a mixture together with for example
potassium and/or lithium. Either the rhenium promoter may be
used without an alkali metal promoter being present or an
alkali metal promoter may be used without a rhenium promoter
being present or a rhenium promoter and an alkali metal
promoter can both be present in the catalyst system. The
copromoters for use in combination with rhenium can include

sulfur, molybdenum, tungsten, and chromium.
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support material by contacting it with a silver
solution formed by dissolving a silver salt, or
w@rdnaoiigonpound, or silver conplex in a suitpedl/ES2004/014088
solvent. The contacting or 5 inpregnation is
pref grabky daneni-pracshRalbe inkpr egRakhepest aRqgIWiReRE of
the silver is deposited onto the shaped aggl onerate
syprastt mapesiidebyf epnitastande 1 tawitdagt s19 vigai gietlution
rcen LLver, .based e al [ t
ey AR PR R g e o e I erab g o
sslbsiranbinglley hhgbesuit@baepuplvehtsi | Tee icomtepasinedr
.onto the shaped aggl onerate, for instance at |east 20
iRergARApéPBeRE QF?%@F?bB¥s€8n€anhé stggare waRgRorglon step

whBeepat ah¥stk, 15khver oke +aaPesi-ted nien MRy AR omerate

one | hpregnation step, for exanple in two, three or
sboae tpnpreyndei ofost epstapcef, epabllyasio liSnpredgindt iperrcent

steps. 15 The one. or r ro er n al_so-.be
S&@BEEVt§858 PHe h?hggggiaggﬁ ra e%gﬁtﬁ§%ﬁ$%%ﬁ't&P
atBtRerdgpbdkl-yed thbodh mesiths ateent nt @ e aAepe@sialilgn higher
of the silver, but, preferably, the one or nore

2pPoRbt OF s SalEeHepEs FERE SR SCheNsRafEE S§gPEergEd omerate,
f%%'ﬁﬁ%ﬁﬁﬂEé'V toﬁe%%qubba%%qgﬁky @EE% Eh%iiwg%erbaéé& on the

en e catal'yst conprises silver, rheniumand a
teapilowetght bdr theerktel vist , may lberategnbegeepeotited in more
deposit the copronoter riqr to or simyltaneous wth

tPR® GBBOLTPIEATGE 1T FEFP ahl” ESTEPESET tikhi Gmtes o four

i Ek@@n@%ib%a§Ee§SPObEE@%r%El?h%w%iHW@&e@%%tiQ%e%teps.
depoSited. The advantage is this se%uence of ’
depo8hti one2srsiops pEOSOLarszean Alae dshaepegited on the

tabi.lity-of the cat, t_ . rticular. .iqn._r .Qf
P8 b e A o TR et S tor ErRale R Wit or
sibskutuestotoakkal deppetiali chanrbendepasdiviced oty Pragedably,
aggl onerat e support using a suitahle solution.

EREt RBGgRTaIRERI PHOFQLSTEXPSE PEPRSplrd 30 dcaisiped

a%ﬁqgﬁergﬁgyc@&ﬁc?@%n&%&ﬁ b% %Qﬁmﬂggﬂe%déﬁy ﬂf@’,the gilver.

ey are generally use S compoun of the al ka
Whenhakse dessdlyeedcompaisegist @blleoesol vérenifior and a copromoter

s st The s ses e s Be
pPEHUS2084/ 814088 ankbesakkatn tiet depeeirawddcy) silver, and

before, during or after _ _
to deposit rhenium after at least a portion of the silver has

been deposited. The advantage is this sequence of deposition
steps materializes in an enhanced stability of the catalyst
in particular in respect of its activity. J
Promoting amounts of alkali metal or mixtures of alkali
metal can be deposited on a shaped agglomerate support using
a suitable solution. Although alkali metals exist in a pure
metallic state, they are not suitable for use in that form.
They are generally used as compounds of the alkali metals
dissolved in a suitable solvent for impregnation purposes.

The shaped agglomerate may be impregnated with a solution of

11
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I mpregnation of the silver in a suitable form has

taken place. An alkali netal pronoter may even be
woleeditied on the shaped aggl onerate after theCEHUB2064/014088

conmponent has been 5 reduced to netallic silver. The
tREOERLLNG ARPUAt ~Bfpalkal(s) Mkabrat i buzedowidd o rdepend

on several variables, such as, for exanple, the
impregoetapeacindhporseé lyerudnupe sand abdef doachdwisc dlaken

roperties he LK LJ.ver _can .. Qf

oPREET0 B ariae Tana rRe Cos ErET SRS SNEYaRs PR cdd on the
shEpEAL agysefleiratecaticeicthen swiltvert hempokahit Meisalbeen

cation. The amount of _al kali netal pronoter deposited
rgpyReenEc BRhpedigg§idNSrate or present on the

cat alyst k%m@%fi‘ﬁga%%uh% Jehg1iange @k ir amiiQ parta i1

per n1IIPon to 3000 parts per 15 mllion, preferably
dbpemdennlSepartd perimbleison sadh 2600 fopaekempdre, the

S Eoh e300 TGSl SRt oL 20 L BTy

pBhak-tik8l aki ¥Bet eatrhe eweiughlld, ot heotzall veat aloystentThE the

shaEed aggl onerate can al so be inpregnated with 20 .

cphehivaim PbAstheabprs)cudampdong( §nd aRgAar amounts used in
.es), s dhi .d t ame tinme that

C?ﬁgeéﬁﬁéﬁﬁ Wég§|§EFg%§ e?l ?%%g dgéEggi"before or

| at erheoamatunthefsafi&atliinmetthdt proamotsird depdsd taddeghon the

or before_or later. Rhenium alkali netal., and silver ,
Shay SHe 2PAPRET8&Re O MBIESRAL 6F LoeuERoR LY Pirols B5neTally in

tREe$ERAGE bR @%fne&@nba%@su?e@nmw'ﬂﬂonprt@vi3@eboslgjat&@ ®er
catal ySts, and in sone instances even inproved
mg¢aidbyst prefEhabpyebetmwegnafdupersls peenimikhlion and 2000

calcul ated.as .t he tal . deposit n qr_.present
p?ﬁgssﬁgﬁeaugégl (Ialmgei?lgt e or cg?aelr%g)tl%r’a%ggglefe%o%oo% rts per
mAlcioRDbas (BDbepapes @Peaimrtia 110n,30ymwesiomy es pee metal
gram, nore preferably fromO0.2 mcronoles per gramto
rslatdvenbPreshperegplim of total catalyst - or,

alte ti S f par r.md A :
T860 ar PLapsr oGfiPrsy=tE SAPALD PR ADs (SRR picn
rhiehliiuon ibos936al2 (WD, 200hbtohid4 ) PCENIZ2G04/ 0488 es) . This

mg%rkg %Re"EE'E%E g%mgeEQQ% %%a&o%%g % &%h%S%bﬁgﬁepromoter

is added, or before or later; or at the same time that the

gsilver is added, or before or later. Rhenium, alkali metal,

and silver may be in the same impregnation solution. Their

presence in different solutions will provide suitable

catalysts, and in some instances even improved catalysts.
The preferred amount of rhenium, calculated as the

metal, deposgited on or present on the shaped agglomerate or

catalyst ranges from 0.1 micromoles (umole) per gram to 10
micromoles per gram, more preferably from 0.2 micromoles per
gram to 5 micromoles per gram of total catalyst, or,
alternatively stated, from 19 parts per million to 1860 parts

per million, preferably from 37 parts per million to 930

12
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references to the anmount of rhenium present on the
catal yst are expressed as the netal, irrespective of

W b@4fiorimd i n which the rheniumis actually prPCENB2005014088

-The rheni um conpound used in the preparation of the

péQEEaBE—:rC ﬁmhx% RChiddes cr BENityagoRewNgs tt. hatriean
sol ubilized in“an appropriate solvent. Preferably,

retﬁeregcbﬁeﬁp K@eaaml@rt e6nEACHILNG. SEIOPERL, ovbrtde catalyst
f bl I
agéSSE%?eF%E %V%% V %a}% HE%e%@%%tﬁ%%V%%tt%%?%&¥% in which

ercand kali™ metal r onot
t Bxarpkas uef 1suababdae15/h@me@rém:orrpounds used i n naki ng
the inventive cataly include the rheniumsalts s%c Lo

as FRENFORNAEM &@glpoelﬁlé MSERT dm SRpn Riedas 2 Hind
lhg%ageeéattaﬁ s tPELIAERALE S SO H u@lra@, tehe tadids be

ni-um 15 preferred conpound use in the
sbﬁpbe@matedonns ehukpprops 1 attlee Spémetménat é’rqileéfaélrla/bl yehe

te.  Ho | t
AP PRENAFoS, “ATRA T RE Pt R omSCa SBhrr neiels o ARy the

sBerehenakesneokhele ReNrReratLecaRd KagRisi® hept exilder and
can al so be suitably utilized. 20 The one or nore
toeproipilér setas PECHOFSSIted on the shaped

agal rate b tabl I :
SoP) PRI b B Ut sB IR o AL P 20 malcing
thlkapeteaggdveneaatad yeict rierclprdeortneo rheoiine derttad Isy;ch as

with, or subsequent t t he depo on of e | v
rHeR IS PElatey, s e ﬁ)&ﬁé%&p &ﬁ?&éﬁe ngtes
pdeRasitbed -on e oga@ré%d arRd &Ih%rr%rcqtd% GF Neicdantnal |y or

si mul t'aneousl y with the silver. A copronoting anount

pok feopednoospougdd dipas iused ion thife igmapadatdgyl cindngtion is

nd [ h f_f t
CBRRER D SRLR L B NS RO L A AL | o,

aQ&b@hy&E%aﬂC@@ﬂﬁﬂémdﬂédluaﬂmdﬁﬂﬂﬁ daﬂﬂﬁﬂmdﬂaﬂuperﬁhenates,
particularly high activity and high selectivity fa
Sétlwywe@@rrés@in@ée&rfomﬁromrﬁh%@ 5 e aRibRetoxide

hyhene Ju th ; J1eleculan sgegen to ethyl ene oxi de. For
c|‘e"trr1lst a%ce t RT3 2004/1101144 PCT/ US2004/ 014088

i nvemhieverneatcal ystrec awhavetars man de selrestiitgd yormofthe
s%%ped agglomerate by any suitable manner known to those
skilled in the art. The copromoter is deposited on the
shaped agglomerate either prior to, coincidentally with, ox
subsequent to the deposition of the silver, but preferably,
the one or more copromoters are deposited on the shaped
agglomerate coincidentally or simultaneously with the silver.
A copromoting amount of copromoter is deposited on the shaped
agglomerate and can generally be in the range of from 0.01 to
25, or more, Hmoles per gram of total catalyst.

The catalysts according to the present invention have a
particularly high activity and high selectivity for ethylene
oxide production in the direct oxidation of ethylene with

molecular oxygen to ethylene oxide. For instance, the
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| east 86.5 nole percent, preferably, at |east 87 nole

percent and, nost preferably, at |east 88.5 nole
w@eooganmtid4 It is a benefit of this invention tPer/Ustvesn014088

packing the inventive 5 catalyst into a catal yst bed
1ﬁ$eﬁ£9¥éd§§tél9§EaE¥§thQ@Q ahavhngialr abativeky thi e at

[ ver | oading, without causing an increased pressure
lda@p 66e5 mhéecaeabyst begefhsabll, udé Laasthé87preéespercent
r|n et hyl e a [ a

a?ﬁpr%%% aﬁggg%y é%k?%ﬁggegglF Hgﬁ%a??gé E% su&ﬁ s a
béﬂe@i§S§ﬂrehdéomnvwhemodeeheaswngntbachmhg dhameheentive

the bal ance of pressure drop/p acklng densit¥ behaves
cabgbyabl yEA aacﬁyﬁﬂﬁﬁF P@QCFErPFBHé GSe@ FAtphyst bed

h£@9g§agtyé§ae§v@&gy 8 s9xide, 1egaeﬁgedWtheut causing an

predrctions on th |s of theoretical nodels, for
iexaapbedt heeErgun @mppebaerohheseetmﬁystBéeﬂ whgnlsn use in
K. MK Mittzall Transport Pheponena", J.. Wl ey and .
LRt OPERE. 675 NABI T ETh DO PRCET B fg T Napr BCRHEY having
ahnYﬁﬁkbOEd bhlbaceashi puakhagt Rahst B9 sklwen vieoadi Bgch
the catalyst may be at |east 150 kg silver/n8

prasalyst dbed; pWéﬁérd@pyeaﬁln@a§helber@gdéam@éﬁﬁnsthe
bed k
bé?%gggség § ?aEB g%g%?g%gangtd%ﬁg§EVa%Qh%g%s %avorably in

ver/ in“particufar at l'eas
a259pkga$lkdabtﬂﬂ cabal ystdbed. tEeemaanEhmtutbeo§|bveylene

| pading is at nost. 800 si,l ver/nB yst bed, . nor
O¥%@aueﬁPmyaaﬁdnngheaéeégC§%P9érPﬁet 5t§?§§§ Bigtheoretical

mS&klk, n?5§ e&éﬁ 9@”&5% ﬂkgﬁﬁsbo§§@lﬁgl§hlv%%é”% J Beek and
cat al yst bed high 257silver |oading pernmts t he

KaMpKLcMutbnaéﬂ,réEaansebytnPhanom@ndﬂbldnsWiﬁeWh@nd Sons
ng $§§Ffor nﬁgﬁfa turlnggethﬁ @%EOXE%%Ent 1Pventlon it 1is

ar Pt eratur & gvenent of 'a giver

a¥RikvaBle, tBhenghw Ehltbe aehbevignett tbk aatbipcevedy be at
selectivity and cata% yst life, in_particular_in terns
1@@sgolaetkglﬁylgﬁaﬁﬂl.@@t%%ﬁsgeb%@t|9¥%§e§%%%Y|@Fyle¢§t

? k§ g%?GeQ?ﬂ@' aMéi s{eé en&sré9§£85e§§$f§tsyl1¥ast

a“catal ys m "sel ectivit SW neans
200! g pelvemﬂnﬁ@ﬁab&lyﬂe U@@;r@@deihyp@neloulde fbr hedst

2%5{2@'%$1§§ﬁ % V[é%%ﬂg/lq%a§4 /U82004/014Q88 i% g,
en Tt The SEFEet 141 t e

loading is at most 800 kg silver/m® catalyst bed, more
frequently at most 600 kg silver/m’ catalyst bed, still more
frequently at most 550 kg silver/m’ catalyst bed. The high
silver loading permits the application of relatively mild
conditions in the process for manufacturing ethylene oxide,
in particular temperature, for the achievement of a given
work rate, along with the achievement of an improved
selectivity and catalyst life, in particular in terms of
activity stability and selectivity stability.

As it is used herein with reference to the selectivity
of a catalyst, the term "selectivity", S,, means the mole

percent (%) of the desired ethylene oxide formed relative to
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specified at a given work rate, w, for a catalyst with
the work rate being defined as the anount of ethyl ene
w@zoodao1ips oduced per unit volume of catal yst (BCTUS20kg014088
per nB) per 5 hour. As it is used herein wth
theT heNge kOt hg180E! ¥bhyeptedd Cahal ¥eledh& it May be
activity”™, T,, means the tenperature needed to reach
spegiiféndwetkar gtiwenTherkondtei ovs ffor eaceyiedys¢utitie the
epoxi datign.reaction .in_t presence of tal
Waggomgﬁg8F8n?h§85r18§gnfasl Efan\?glntufnonogr gg%&)}%?loenpo}%sig%
ptBaseeal peadyndesebilbed bff thealpkitor(eakt., Ky per m’) per
applies, for exanple, to suitable tenperatures, o
hppessufes itr §i H‘éﬁéehﬁfﬁé& waithy &6 eSS &0 thsuartayity of
agkééggggt,cﬁﬁgo@eq oxLde,$E6am Tar 0QBanBethaneeRperature

aturat ed hydrocarbons; to t'he presence of

neededatbngedbhagentivenowoait raltet.he catal ytic acti on,

for exanple, .1,.2- dichl oroethane, vinyl chlor.ide,. .

et hyFhen S PPAE LPeCifer FRAEHd Top B o RS ss rige: Feaction
1horhhepdesichaki bift yhef cemphowicRy adceiyiGhey erenrald @iesent

or applying successive conversions in different _
inwaotoérs beopdévegospEAceyitdiogs Gflrearly Sifecdiikes igp the
and_to_any her i_al di_t whi
Pgéchfﬂgg i n%ﬁgogﬁggggf’o%%%r ggggﬁﬁg’etﬁl%ﬁ%%%e.
tBrpssuteses) thesstarge eksicemcat noseher idl heB4hhterials

kPa gauge (500 prig)_ are _.generally enployed. Hi gher
SHEBs S 84 LIRGREY e C2TELE AGL*1EKc| L%@@%Tﬁé%'e(f‘%@?ne or
oexygen emnleved 3% /RaciRms,Cal ka2 reiaidedd Berating

any suitable source including conventional sources. A
agentablte eopgewlcliiegeatad vitnd g iogl atforelaranmiee 1,2~
Qxygen, or a concen&ratk\%d axygen . st r-eam-conpyi Si :
d&iﬁ&ﬂfoge% i€or Vamsunt Wt h ésseetﬁlyalrmcurﬂn Ogrlo © oon%%(?rlorlnated
pBREBneiilu LSMGE) @ Riter dgen rand 1angonE Gmplitying

ot her oxygen 30 containing stream such as air. The |
Iﬁ@écéﬁ ?@SH@R%%WRCﬂ%éE@%%ﬂﬂgiﬁngﬁﬁﬂ%ﬁﬁBQ9HWﬁ¥Slons in
dri%%%.t.tjeg%s Hed defd A0 t\@jaﬁrﬂ%r@ats%d h i@&és%bﬁfe%%ﬂé Gxide,
conditions among those that are known to e

alf ect vy cEhedD 2eMA/10 Thitl iRCTNISA004I0 Q88 e Frlected in
pPaRoses, o S atl O O Yond NS R ! OB L LARLE i1 the
range of from atmospheric to 3450 kPa gauge (500 psig) are
generally employed. Higher pressures, however, are not
excluded. The molecular oxygen employed as reactant can be
obtained from any suitable source including conventional
sources. A suitable oxygen charge can include relatively
pure oxygen, or a concentrated oxygen stream comprising
oxygen in major amount with lesser amounts of one or more
diluents, such as nitrogen and argon, or any other oxygen-
containing stream, such as air. The use of the present
catalysts in ethylene oxide reactions is in no way limited to

the use of gpecific conditions among those that are known to

be effective.
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10

15

shows the range of conditions that are often used in
current comercial ethyl ene oxide reactor units.

wqa aisaoi14¥ GHSV 1500- 10, 000 Inlet Pressure 103BCRUSB04/014088
kPa gauge (150-400 psig) Inlet Feed Ethyl ene 1-50%
or 1r40%uOsyeer 3fl2%ukarhedodi exige @hi5%cEkateg table
0-3% Argon and/or nethane and/or Bal ance nitrogen

SEPWEehbecﬁﬁﬁgéhyér68&@56&0653t§6tp6ﬁ§ PéF&P-Uﬁﬁﬁbﬂ§t€Prrent
e e 3 t tenperature
§@@gg§géﬁ ggﬁggﬁéérg%g%eléégCt%g gg%?%thyrgne Cﬁlde
(EOQ Production 32 - 320 k@aECE(ﬁB (Vbrk Rate)

cat al \/cf hnllr\ l 220 | htL =Y et

hyr

I E
*GHYbi ¢ neters of gas at standard t%ﬁﬁg g?upgband ’

TRIEESHLEsA@eSI Ng over one cubiC ME{gE4057BACKEH gauge
catal yst per hour (cubic feet of pgas at standard

tenperature and pressure passing oVéEOOﬁQOCBBig)foot

nae lr\

T Fag catal ‘jSt per homm"j\*‘lu f—a—pt efer+red
8%3 on, ethylene oxide is produced when an

oxmggyigggtalnlng gas is contacted wtbset Byl engokn
the presence of the inventive catalysts under suitable

ep@xvdanlon reactlon condltlons such d3%at a

")")f\Q

tepperatdr i —15 LIICIaII‘g‘C of—f g0
angf‘ir%%f SF%F;‘}‘% 200C to 16 WD 200@/ 1'81144

PCEE SR04/ 014088 0-3%
Argon and/or methane and/or Balance
nitrogen
Diluent chlorohydrocarbon 0.3-20 ppmv total
moderator
Coolant temperature 180-315°C
Catalyst temperature 180-325°C
0, convergion level 10-60%
Ethylene Oxide (EO) Production 32 - 320 kg EO/ (m’
(Work Rate) catalyst.hour)

(2-20 lbs. EO/cu. ft.

catalyst/hr.)

* Cubic meters of gas at standard temperature and pressure
passing over one cubic meter of packed catalyst per hour
(cubic feet of gas at standard temperature and pressure
passing over one cubic foot of packed catalyst per hour).

In a preferred application, ethylene oxide is produced
when an oxygen-containing gas is contacted with ethylene in
the presence of the inventive catalysts under suitable

epoxidation reaction conditions such as at a temperature in

the range of from 180°C to 330°C, and, preferably, 200°C to
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325C, and a pressure in the range of from atnospheric
to 3450 kPa gauge (500 psig) and, preferably, from

waodd/ kR to 2758 kPa gauge (150 psig to 400 PSI/g$2004/6014088

the normal practice of the process for manufacturing

| e oxi 5. st I ghsiS Led. «
3%%?%’t%ﬁ?d%ﬂ%ﬁ? %Qﬁe ﬁﬁmﬁg éﬁ np??sesoetﬁgﬁg%gﬁandc ©
30%Y0RRa gaﬂgéi$690|pséddlhndn @rb@wrabdwcemhkatﬂ@B4okPa to
car bon di oxi de, because carbon dIQXIde is a béﬁf°d%Ft

24p8t kB2ppBEass (2R8 REpEarS, PR BEAE) -i n hébre

agraches Qk sl e6¥ChhAgfablulrS nddeankaeeeuestide, th
pﬁéﬁgggﬁcéflghg Blr%gefgsstreamtheaco#cen%datltg)/% of wees he

feadbehrdamxwdecht@saCbOwabéeélWl&@ thies owitlall vistin t lsed which
enhance th erfornance in ter

“REPFVPEY, © ggVZ?Fl FP? Adocat afySP e W%I%ddltlon a low
cbhetetradibhabrt harguantibyidk, caebamsedi exiren ditkéde is a
feed is at nost 4 nole-% nore preferred at nost 2

bysredugs of tHSpREPFEGEar St 2RESATE méfe oy trei&t ithe feed

shPebiieabobatesl8doerieayentby { Ne ayantide Al eaihono
I oxli de w | | east 0.1 nole-% nore g%equently
ratiubeasth @hB Mekd- ¥-repel dhieveohoenheattdtoal offeedrbbme dioxide

ethy ene OXI rod ced covered fromthe
EPedctPEnifVE ur%sb§ aSi g ﬁe?HEE e%n@%%%ﬁ?%l? tg}YSt

pEQEorﬁéﬁ@Blﬁnbie@§§on|ﬁ@thh@t?th%bﬁ%%tgﬁh@@‘%&@mdéﬂélyst
reactor outlet streamin water and optionally

1ﬁ§@oveﬁtngstﬁéeéﬁﬁyﬁénéhaéxﬁaé fivemtiky sduesydon dioxide in
131°|? Lan; By g Bkl atian, Theg%&'%ylpgf'%%e%egie i %%lé%e% mole-

Re“epoxidat6n process & ‘Conver ted
/ethmlpaetgbmaak aanmebhyuemelgl%cokelathwe ao &me total

al kanol am ne. The conversion into the ethyl ene glycal
f@?dt heFéﬁﬁypéﬁéY Ghgc HaBEREY Ry © E’Eﬂ é% wiid be at
18X8fphes [eaetikngobhe %&@)ﬁh@ﬂ%ly%ttdqe\éastth ow@t Glole-3%

suitabl'y using an acidic or a basic 30 catalyst. For
reXahple, tbothmakiotiglpfegdni nantly the ethylene glyco

and Less hEAR" FLXe0L 2ty e S E0E OUASTY wne
rkhatidn pPhasareeagt i@l ngh mpitBseRC &nofmal e art for
catalyst, e.g. 0.5 17 WD 2004/101144 PCT/ US2004/ 014088
example by absorbing the ethylene oxide from the reactor
outlet stream in water and optionally recovering the ethylene
oxide from the aqueous solution by distillation.

The ethylene oxide produced in the epoxidation process
may be converted into ethylene glycol, an ethylene glycol
ether or an alkanolamine.

The conversion into the ethylene glycol or the ethylene
glycol ether may comprise, for example, reacting the ethylene
oxide with water, suitably using an acidic or a basic
catalyst. For example, for making predominantly the ethylene
glycol and less ethylene glycol ether, the ethylene 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-
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1.0 %wv sulfuric acid, based on the total reaction
m xture, at 50-70 C at 100 kPa absolute, or in a gas
w@b@gaorieacti on at  130-240 C and 2000- 4000 KkPeCT/US2004/014088
absol ute, preferably in the absence of a catalyst. If
1 theprapofiton ofi datesséd dovened:Stdherpaoposhi @ixodlire, at
et hyl ene glycol ethers in the reaction mxture is
504160 €ased. 1Tie kdshdbend Wfleycolr dirher gashshage oitrogdion at
may be a di-ether, tri-ether, tetra-ether_ or a

1 UEnBet REOO-ARG Fitd PO SMACen & TRERTGID 6t Het s-he
akgTsaé/mFee i ea{)acgae@aff%s€pnvleftt}ﬁ‘@ the,sthylen £ ok ErM LN oyered
an al Cco 0|, I N partlcu alr a I mry al conol , such

tlas pmihanol oorotdianwl endyglyepl acingrat ihealsé meaction
portion of the water by the alcohol._The cogﬁersion

MIRRH] HeS ol KA ST ne NaS ComprTRe J1¥sRti aghetRyeng

P8 W Yy Akl BT L. o SWEH, aSr AIEDNEA, @8tral KiheaNbhey
or a dial Kyl am ne. Anhydrous or aqueous amoni a 15 nay

s\esapezht Arthyelr ousAhipeoniialve ey teie ygligedl t ethayermay be
t he producti on of, monoal kanol am ne. Fo d .
DL TG TN ThHe Rroat of OR BTGt BT ener bitiaa® Atgonel, in

ylTeéne oXxidé in

pdrei abkanal api Neary r&f esleste @myh bes madehsnolfor ethancl, by
exanpl e US- A-4845296, which is incorporated herejn by

rerfas it et 2beFthyd apet iyl g obt ahle etdyPendy gFheoplcohol.
St Nefige N PE-4IPEH 1 4% 3 ha! GPNAL] By Of mepdUShpLake
applications, for exanple in the fields of”food,

rdmvet agest hy bivae coxidesweth can anbee nophakt £ ammonia, an

= PRl Fetie et aei of iy TaftSol SARRELTHES Bo' BEBgoUP gprmonia
mAp BXame, iAnhf@rdieadhnen{asneet gpiagl)yofiseat tbakavor

gas. The follow ng exanples are intended to _
the | pisedhet el e eof Javape Hgaso bt e . prEgentet Roeat peRl1cable

..an r ' nded ul y. ki m h c
T W
ré herpiepatiay ilon wdda sbépckor sekaepl e nPselynagibnos, which is
_solution used for inpregnating vari ous support

IRER PP Bt kAR tR | PEdr ¢ He¥ #8CF ol | owi ng exanpl es. 18

WO 2004 1.01d 441 FCT1 USRQO04L Q14088 4Dyv@oD-btheFs may be used
stai nl ess steel” beaker 415 grans of reagent
in a large variety of industrial applications, for example in
the fields of food, beverages, tobacco, cosmetics,
thermoplastic polymers, curable resin systems, detergents,
heat transfer systems, etc. Alkanolamines may be used, for
example, in the treating (“sweetening”) of natural gas.

The following examples are intended to illustrate the
advantages of the present invention and are not intended to
unduly limit the scope of the invention.

Example I
This Example I describes the preparation of a stock

silver impregnation solution used for impregnating various

support materials as described in the following examples.
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grade sodi um hydroxi de was di ssolved in 2340 m of

dei oni zed water. The tenperature of the solution was
waadjwgbaads to 50C. In a 4-liter stainless steePCheses/014088

1699 grans of silver 5 nitrate was di ssolved in 2100

m ofindei 6nilzédrwaternl®se stespebeatites 6fl5t krams of reagent

ti ted to 50C__The sod d
SOt PO Hs 4T By 88 (o °PRAVEHT VT L dile Of deionized
wéeéyt'oﬁhéﬂtgmﬁék%EhQ% W@'kﬁetg%lh%FB%r%%%r%d. Sted to 50°C.

mai nt ai ned OC. The resulting slurry was stirred
Ihoa 451mtemte$a1ﬁmeﬁhespéedfbehkesonagﬁogvmms of silver

n g E R RS e danved. 1R A0h: AL Bioteqars zemagtesy The
t§g%gy?gpg%aggdg§spggnu@lkhq%5@ Q&apggﬁaS%OOSOag lkhgeaodlum

erep acenent e renove
hyilrbxadeeqail vat ent weel siewadf; ddﬁeaizedth@tgnlvﬁﬁiﬁltrate

Shln 15 procedure was repeated until the
SEoRGbEL: F5 BF 1ERATHI I'Piafe tPGr 5PRETBE SR YOS malntalned

a@ gPOC mﬂgﬁ%@rﬁﬂ#’gz&ié hgl&%‘ml % os?t:?nf*ré de%ll af% mlnutes

onit ze er was a

Tﬁé|bﬂm©ﬁ biet beladdbhi @Bs0mab30aghads aef aB¥aki 6 0aghyd the
dehgdrate (4.997 noles) in increnents of 100 grans
agfiiFecnoost NePHngoaHE 1RBI APaFRFHdTERe B! Werdangt pagcedure

5 T. S i t.ar duri.n
“Eh o P eR AL LBEAS L HEL TANES B! LY BleiEtr =
fﬂlhgdrwaedtﬁOéheweé bigathiet rdpdaceotndr of bhboweﬁo&ed liquid
an extend eri od of Wat er. mag renné
wi OB R EESPaEPoh kP TS PEI BE: oA AL ERe TRy aghing
pYB8e8@PE eflat OrkgesthainB9C. tBkownbyaaddedity bR€the filtrate
solution was 732 grams_of 92% et hyl enedi am ne (EDA).

dHﬁEP?@n%@l@WuP@ njgsonshat anedAbsRsWBOCdupilagiohi of the
12801 14 f&ﬁ@atykeﬁ ﬁ@soysaglgglanuag%xgsagg LA8cq andg

n1xture uf énou urd was “preésen
f@bbhm@dcbylyhetaddlihenfoﬂab3so§uhm9noﬂasxa$ed a&laO a
0 |npre$na$|on sol ution for preBarlng th

stock sil
G PaYEFgEE s bf SBAAHPLES! | 17 15CVEND0A/ 961148 Grats while
SPCILLS20041 034008 . Exanple I LoThi 5 Exappl gudl presents

I Nt or tron concerning-t properties an ﬂE
pEoof i ghe agbbut: dnt hesf @ohiearededsring the addltlon of the
last 130 grams of oxalic acid dihydrate to ensure that it did
not drop below 7.8 for an extended period of time. Water was
removed from the solution with a filter wand and the slurry

was cooled to less than 30°C. Slowly added to the solution
was 732 grams of 92% ethylenediamine (EDA). The temperature
was maintained below 30°C during this addition. A spatula
was used to manually stir the mixture until enough liquid was
present to mechanically stir. The final solution was used as
a stock silver impregnation solution for preparing the

catalysts of Example III.
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(i.e., Carrier A Carrier B, Carrier C, and Carrier D)
used 5 in the preparation of the catal ysts as
waoelemagnitied in Exanple 111. Presented in the fpCT/O82004014088
Table Il are certain properties of each of the
Es@aiglierst 20 WO 2004/ 101144 PCT/ US2004/ 014088 Q N d
Tdi OO 00r, "oNO -r]l d{ . cI1 NOO1 O LUco
| L oFanp e B prese 9 mﬁoztm%l% TRCern N Eie

o G O N % Qe Rl 4 O DB

(ice Ln cdrmzied M drCddrilet) Byl G130 KD candn @arflﬂej:nDN used
.44 Urn O , F~ P4 ~4 ON O COc Ln

i 5%, TYRPER S ¥ s -FRIYED B b @Feqineq in Exmle
III. Presented in the following Table II are certain

properties of each of the carriers.
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Each carrier presented in the above Table Il had a

nom nal size of 8 mmand a hollow cylinder geonetric
wa@eovitiigunat i on. The bore di aneter of both CarrPer/useoasai4oss

Carrier Bwas 3.8 nm while the bore di aneter of

Carr iEath GarandrDpteseatled Inmihelh®oval @alfley €1 had a

volunes of Carriers B, =~ C, _and D were significantly
ngpaaedr Sikgn othé Wit endhar &0 LQMurY 6fMOCH Geamek r Thi s
cBERLBLE3 LG [ ANCHLOR o) Jleh o IR A NAGKIE

ensirty o rrier relative to Carrier A, however,
Cafrtrh etrh®. wedust.iSommof whhiéd ebohe dicaretdermmeft exCarf iGenri@rs C

aad Drelative.to both.Carrier A and rrier ? t he
20ALEN EFr ERYYh TaRl - packith §2dETs B Sare i 5iSoved ESidh xS B
ct hahg bheseepLaperitriesnitave gralaies tthain exeeashtsiChore

values for Carrier A_Carrier Dis an exanple of
vhdimgeefi fpraverent Wdr eFtrligdnsCthf tiedusdrieasddr crush
s?%%%g%ﬁl%ﬁ% %Ekﬁg 3 Eht & SR %‘ﬁ@%%é%y W carrier

I'sTallows for significantly higher silver 1oadings

agnhbhevkirni sheth cakakpshictdspecifaltihy Mer dhintdtdre of

i mpregnati on techniqgues are enployed i.n the catal yst,
Coreparst FoRPIERarSLE tRVE £ E%ﬁa&x%ﬁﬁ Adégﬁ icl%srler B,
rhide RLERALALOR Rl ahhie paCRIRRS I5eM 168t At @bIRE such that

I nventive catalysts and certain of their physical
tpespeptriopsrtdasabhpye Aaliues coapacxseed sHw values for

i_npr.egnation,_sol.uti an.for._preparin tal yst A .was

ARGty i nERCTIES G Aife 25T S SrodR o (i rgyvement
ovpecichire-ieqt @i tW th 36EFTe@lodd Wdre arciaind ifar afhe small bore
0.1235 g of NH4ReO4 in 2 g of 1:1 EDA/H20, 0.057

) , 0.0574 g
dépmgheEnityREnSPaTdRgst atleidi $4d10Med fiar Bigngffipaptly higher

I g/ d 3%74 . [ Lssol ' I
bR R e DS R S
mpgiaviply dfnptlegnsalivn dechoifndss aglenremBO®ygdans: dfhe catalyst
such doped solution was m xed with 0.1016 g of 50%
PESEATASoPIi on. This final inpregnation solution was
edseg1korprepare Catal yst A 30 granms of Carrier A was

evacuated to 22 WD 2004/101144 PCT/ US2004/ 014088
Thig Example III describes the preparation of the

comparison catalyst and the inventive catalysts and pertain
of theilr physical properties.
Catalyst A (for comparison):

The impregnation solution for preparing Catalyst A was
made by mixing 153 grams of silver stock solution of specific
gravity 1.5673 g/ml with a solution of 0.1235 g of NH;ReO, in
2 g of 1:1 EDA/H,0, 0.0574 g of ammonium metatungstate
dissolved in 2 g of 1:1 ammonia/ water and 0.3174 g LiNO,
dissolved in water. Additional water was added to adjust the
specific gravity of the solution to 1.465 g/ml. 50 grams of
such doped solution was mixed with 0.1016 g of 50% CsOH
gsolution. This final impregnation solution was used to

prepare Catalyst A. 30 grams of Carrier A was evacuated to
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20 mmHg for 1 mnute and the final inpregnation
solution was added to Carrier A while under vacuum

wWo bepa/101e4 vacuum was rel eased and the carri erPet/Used014088
to contact the liquid for 3 mnutes. The inpregnated

i " ent ki e 2 :
26 o8 T RN (HOTF LRk, PRECOM fhn aolution was
addmpt egn ataad: Car ri ewh Al dasnféncedcutma vhdnathagvsbaker was

nd dried.in flowing air.at 250C for 5 1/2 ni nutes,
r QI RP I R SR SR (b BLY S8 o v 530y g Lkgid for 3
mPRRLS/ 9 B Al WStegnde 23 BALrRef On CRb Al ¥BEn BedbriPBli§ed at
Wg catalyst, and 15 nole Li/g catalyst. Catalyst B

5q¢ orewe obpiars sout Shet ¢ mpeegrat ¢oresd| bidehdf or Subsequently,

. i | ) by mj, X
iR AN £ W8S RIS DY MY 090 BB ana
aMdd & spldden ofr 0050w o NHREA rihured, Oftrke ¥Final

EDA/ H20, 0.0488 g of anmoni um netatungstate dissol ved
Carely st df donpesatpivm/wavat £3 - 2hdAQ, 2960 gopNG8/g catalyst,
di ssol ved ,i)ﬁ water. Additional water was added to
%

1 RijHIRL & Hee/ SRt STyr a¥i 13 WFot 491 cRFahY s 1988815
/.5 r of. such doped solution was m xed with

“T%?](ngol}ég ST SO TS OH sol ution. This final

CATHRIRONAE | OfbS U dthp Ot y&g) used to prepare Catal yst B.

30 grams of Carrier B was evacuated to 20 mmHg for 1
m nukke aHrreEdt el seopietpat fon RBERRT OO waatabddedd was

rier. ile r.ya t h S e
ngds LS h) ok PPhh R | Bk o B 88 epecific
gfaritdy ImFad es/miThel thps egoatetorCasf | @r 1 B Was dHeNH,ReQ, in

centrif_u ed a 500 rpmfor 2 minutes to renbve excess

219 i ot dtrént 1% 04 58me &gn ATERPTEANT (MEC B URgState

SRLACBEA MR Vidrad i NG ShAKSH 1 &Ndya 81 €5hd N fﬂz@wsggLﬂh@
at 250C for 571/2 mnutes. The final Catalyst

dizampbsid i on welsen7. AL, 1 GO0l ppatSs/pearddydtto ddbust the
nol e. Re/ g cat.al yS 0.75

, le W d
SRﬁﬁ%Fiﬁ/ %%ﬁ%yys .tqiu%ﬁéﬁkf§p(§ Cﬁtgégéé ik %é grams of

accordin 0 the

sudl efdpead) s o Thitei dvpiag nat xed wotiut § onod ©rg psLPasE NGsOH

Catal yst C was 23 WD 2004/101144 PCT/ US2004/ 014088
golution. This final impregnation solution was used to
prepare Catalyst B. 30 grams of Carrier B was evacuated to
20 mm Hg for 1 minute and the final impregnation solution was
added to Carrier B while under vacuum, then the vacuum was
released and the carrier allowed to contact the liguid for 3
minutes. The impregnated Carrier B was then centrifuged at
500 rpm for 2 minutes to remove excess liquid. Subseguently,

impregnated Carrier B was placed in a vibrating shaker and
dried in flowing air at 250°C for 5 1/2 minutes. The final
Catalyst B composition was 17.5% Ag, 500 ppm Cs/g catalyst,
1.5 umole Re/g catalyst, 0.75 pumole W/g catalyst, and 15
pmole Li/g catalyst.

Catalyst C (according to the invention) :

The impregnation solution for preparing Catalyst C was
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made by m xing 204 grans' of silver stock solution of

specific gravity 1.573 g/m with a solution of 0.1378
W@ 2o/ 10M#4ReO4 in 2 g of 1:1 EDA/ H20, 0.064 g BET/US2004/014088

anmoni um net at ungstate dissolved in 2 g of 1:1

oD VRS 900 0S80 LADER, LERCLISI By e sic

gaaytyy10573hg/&mlw&tnnateoluESSngbﬁio 5@7gr@nbfoNHgReo4 in
such doped_sol uti on was m xed with 0.0850 gEof 50%

2cgcpﬁ %o#uEPaAchh.% 9¢ha¥ PhpiBEEAL PBNNSHE HERSRtRES
avsedi -84 Eﬁeﬁageoﬁa&ahya&mgmép ghags ghgCarkisek § Wako,

evacuat ed for 1 mnute and the fina
dlapoégﬁétnnnwsbbutloﬁdda§1oadaedaterCaa5|@ddedwhplédjust the

SBaCTFAF STPOUEH OB CORL Aot ULREM FAura>Por AT nabegrane of

subB ﬁﬁpéﬂggalﬁdl6ﬁrwa§rmgk%ﬁswﬁhﬁnOCGBBbl@u@&dS@P a0
g5mfor 2 mnutes to renove excess |iquid.
BEseghent Tis fipréghBPERICAELPBr SELHhdOp ¥@8d UeRda to

pgé§§9é'egta¢g§€fcandzocgta sl Bef bawi-ng air Ak %%ggua% ed to

nut es. e final yst C conposition was 17
2Agym4B9 ﬁpn1IsmgnuaEabmdtthelenHﬁlemﬁ@égnaaHQMygbiutlon was

St e Jor Cor paetorarhy tEoliHeE, HoBHETon] HiesEhRy Ve cHum was

r¥8s,pEEPAhAdthR tWerh BRI agnaliantst epsiathe thld NSuid for 3
step involving inpregnation with silver, wthout

myppanes, The swpsransted Cavsieirn§ Wﬁﬁrééﬁ@tp@@bnlﬁwged at
b! dt
5§ar¥§érf§£mﬂsgﬁ Irsg”&% ARRY Xé§§%§ﬁ %éé S G Ay Of o quent 1y,

I'npregnate grams O
isbk¥ghasebuteenibavingas pipeedfin gr avbirtdhgl shdker and
g/m according to the procedure for catalyst C,

dexcép@ntﬁépwmngd@pana§ @épecaﬁ@ed7tmlm%be%+|vﬁhe final

Th I |
CEBRLEPRcE “RERPER Rrelg Ly ed, aorvar o TRE" fif gy catalyet,
19§tgh¥§& Ek?EeEHEéQ&st“ﬁé beenmbmerﬁggahs@awygﬁ dand 15

second sol ution wh was de by mXing 19 gr ans

H@&1§|Ly¢% sheekysel.ution of specific gravity 1.53
/m with a solution of 0.2915 g of NFHMReO»4 in 2 g of
CitilEEM/PQGaCGOGé¥Bg gtef tARndAVERLABRAt ungstate 24 WO

20046$9$}§étPET@9§289é@9}é98§n two impregnation steps: the

first step involving impregnation with silver, without
dopants, the second step involving impregnation with silver
and the dopants. Approximately 120 gramg of Carrier C was
first impregnated with 204 grams of silver solution having a
specific gravity of 1.53 g/ml according to the procedure for
catalyst C, except that no dopants were added to the silver
solution. The resulting dried catalyst precursor contained
approximately 17 wt% gilver. The aried Catalyst D Precursor
was then impregnated with a second solution which was made by
mixing 191.0 grams of gilver stock solution of specific
gravity 1.53 g/ml with a solution of 0.2915 g of NH ;ReO, in 2
g of 1:1 EDA/H,0, 0.0678 g of ammonium metatungstate
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di ssolved in 2 g of 1:1 ammoni a/ water and 0. 3747 g
LING3 dissolved in water. Additional water was added

wo oooadpugs the specific gravity of the sol utiPeT/US2004/014088
1.48 g/m . 50 granms of such doped solution was mn xed

AwiskEB 198394 @ of A5.14 WHNCHAE /wedleut iz Ol B 71 ighaliNo,
i npregnation solution was used to prepare Catal yst D.
dAsEeddRC dit Hakiery 3BOGHEARONGH MRE srcateR ypsidgyl to adjust the

sEr %‘:‘L#EL%O rgr%sit VAU ?Eth%d stogu%gotﬂnt'@ 1f%[_§3 é} .ln.Ut %o ms of
fe final I'mpregnation sol ution was adde I 1 e under
sviatu diop eidh e 1tulte ora easmmiasdr elidds @d 18mY theo fpréec.ur 30rs CsOH

LI ovwed t tact the liquid. for 3 nminutes. Th
SPhEagRat ed Pt GotPdor RIS B AT GEN e S iR
p&cg?a%emd&lﬂag%sttonr end\ra HKCeehlaiguird; 3ukseguesd the

alyst Dwas placed in a vibrating shaker and dried
Cafradiystf PoWneguascx wate syP.c2BreN /oe 2 ) 480 FSCRigr af minute

250C. f or.. ' . i nal al a1

$R G Tla] MG mnrasry Rhen Tl S, PR thaer

veaiahy Sthed. Ghenwlaeubhg weat alejsiaseannt? thwlwerddugsor

catalyst. Catalyst E (according to the inventign):,

A LRI (£ OF SRS 3fite ke d T WG i JYREtSs stTss iireanated

plirelcSlr =S e RNV Rl R JLTRIREGRRA 10N SWdt Rpid [ Anghfites to

tungsten dopant, the second step involving

rempregeaciess Withisi.| véubsaanhieriid yot et adgpeintls was placed in
ni_ym net at ungst at Q. 0639 Q). f.irst dissolved

o R R Ao g e UL T Sb P M E RS T e oF

21R snyaliw 1 QR oragragdeq _t2%02@0f85ﬁa'73m9£u§e§'.| Vehe final

sol ution prepared according to the procedure in

CExalplse D, coapdsHianiony wass @ocixfé dogr &EQ yoof ds/AR3Fatalyst,

9/m. Carrier Cwas inpregnated with this silver

254l Wedr, Reren cedrtmisttugdd S8ndmodis 8 SaCedradivify t 3richéd 2

rocedure for catalyst C. The resulting dried
“%53§I$§/9EC§F@g¥F or contai ned approxi mately 16.6 wt %

citlaveisr Fi (@ didred rieptd) ¥sle BErRiRUSOr: Was then
i mprégnated with a second sol ution which was nmade by
m xi §gta2@®tgEamssoforsidared stodivos dmpriagmadfigpedidds: the

STV AU T TICIOR A
dBRENES2@04 GE4Q83 step involving impregnation with silver
and the other dopants. Ammonium metatungstate (0.0639 g) was
first dissolved in 1 gram of 33 wt% ethylenediammine/water
mixture. This solution was added to 200 grams of a silver
solution prepared according to the procedure in Example 1,
and having a specific gravity of 1.523 g/ml. Carrier C was
impregnated with this silver solution, then centrifuged and
dried according to the procedure for catalyst C. The
resulting dried Catalyst E Precursor contained approximately
16.6 wt% gilver. This dried Catalyst E Precursor was then
impregnated with a second solution which was made by mixing
200 grams of silver stock solution of specific gravity 1.523

g/ml with a solution of 0.2906 g of NH4;ReO, in 1 g of 1:1
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EDA/ H20, and 0.3735 g Li NO3 dissolved in 1 gram water.
Addi ti onal water was added to adjust the specific
w@eanitom4of the solution to 1.49 g/ m. 50 grapeT/082004/014088
such doped solution was mxed with 0.1416 g of 44.6
EMAYHES OHhisd| uit 2 oRs  FhisNOf idisdsoInpedegiratd ayrao| wi i an.
was used_to prepare talyst E.. A flask containing 30
A& OBR 1t Heteat &’Ia)?stg%éegr 3&@9&&{%@%\?&55&%& gLy of
chm Hga1fen ol bhdt @ capduhihe fignah-a@ g0 RRldOMoped solution
solution was added to the Catalyst E Precursor while
wardeixedawdbim Ot REA 6t e ofaddum was Celldased Uaidrt-he This
Precursor all owed t ontact the liquid for 3
ERPRGL S TREF M e R T CHe JoF et GEGRSSE \Gacalyst E.
Al Feaskeabhichigedgat: 0560@ amemofforth? Cacalles E0 meyMSor was
excess |iquid, and subsequently placed in a  vibrating .
egﬁSHéFeﬁnBOdPPe&miﬁgaﬁprfﬂoﬁﬁﬁﬁtﬁtaédrép§ dfinggo impaegration
s88ue30G {8 ZaRRULes cnIheakinalCat 3 %sl,Eor while under
conposition was 27.3% Ag, 560 ppm Cs/g catal yst, 2.4
vaplen, Rehgnc &hel ysicuufl 6@snwied edbgdc anal yéte, PardukZor

le Li/ catal ys Presented in_Table ll]l are the
207p0eP FagPrgacts “hechLa0nc fe od: DyEes -1 The dgmapenated
chhat ykhersbhveureempoaentheh ckhe difveeld we catalyst For 2
B and C was incorporated_into the support material by

MiNHEEE FRApFEHRNE 6 CAEEhSdSuiCat alngs FuRSeSahENtdds pdaced in a

ignitica [ r nt._of. .sj | : dqe
vikiaryhh® RhakeR SRE AR D BiR, ik A gty of 460
swatiekt abses ptbpny ohifaceker BhasreaapPacgdal psEaprier
A. As for Catalyst C, while it contains close to the

ceapesieight waperdent: &gl ver oapptho€s /GataltydtysB,, &@.4 pmole
greater total amount of silver is able to be | oaded
Rerdgocatgilveh  r 8aélormpdeuifé anicelhalgstal ped Cagmole Li/g
c%gggsg to Catal yst A or Catalyst B due to the

Y P&d geonetry. Catalysts D and E illustrate the

| oadprgsenaehi eviabtbelw tth imabti phe isApkegnalda@ings of each
nmet hods on_Carrier C. These exanpl es represent double

of nfhegRatPoMSEEsul €8, 18ndoted chagndbeseddderharmperent of
o EDSPORR 9B bl ILGRELCSHART s e
sRPPSri0hid4rPET/ US20045084088regnation methods. Catalyst B
includes a significantly higher amount of gilver than does
Catalyst A. This is thought to be due to the higher water
absorption of Carrier B as compared to Carrier A. Ag for
Catalyst C, while it containg close to the same weight
percent silver as does Catalyst B, a greater total amount of
silver is able to be loaded into a given reactor volume with
Catalyst C as opposed to Catalyst A or Catalyst B due to the
modified geometry. Catalysts D and E illustrate the loadings
achievable with multiple impregnation methods on Carrier C.
These examples represent double impregnation results, and it
is undergtood that more impregnations would result in yet

higher silver levels. It is also understood that employing a

26



carrier such as Carrier Dwould result in yet higher
silver levels. Table Ill. Silver Content of Catalyst
woyanama44 Wei ght % Si |l ver Sil ver Loadi ng i n i PICT/US2004/014088
Cat al yst 39 nm Packed Bed, n8 Cataly A *) 13.2
Cﬁ{éleéaﬁgppsPSBCayr}¢I5I&N@UI%aFgﬁy§F Gn*ﬁﬁtlﬁ%yhf¢BSllver
169kakyst D **) 27.3 300 Catalyst E **) 27.3 300 *)
for conparison **) according to the invention Table
I1l also presents the silver |oadings of packed
cat al ysTralbeslsT whi chs tanebeCacte ey edf whena ppski 8gstbas
Catalysts A, B, C Dand Ein a 39-mmtubul ar reactor,
which "1s a typigakgdktze EQNvHEe [ NgE0RLWNEHEEA W GR
catal ysts on aj support naterlal of this size. It can
be seen that, | advant 8§68d¥EY, the 8P| Wby PRekgiongeidn
t he packed catpl yst bed (and |n a commer ¢l gglgreactor
t he amounts of| silver packed per | unit reactor vol umne)
cmtbuybe hi gher| as the =3 Jwver contlent of thescatal yst
the packing density of the catalyst is higher
CE?QHﬁﬁ@ BV*Thi b Exanpl® 15 descrilbes the pﬁééedure for
cCREar m o ThE cataryt T plupcl stch—as;
FékFEVIty gnU actiJ%ty, of the catalysts aescrlbed
CanaEyaﬂpDe*kbl. Catalysts3 A, B, ¢, D, and Bogere

__tested for i abili ty to produce et hyl ene_oxide

o

CFF@HYﬁtfgea éoptalnlndr7é%hylene and oxygeR%0To do

* 5 of crushed catatyst—wastoaded—into-
4 wm (14 I'nch) stainless steel U shaped reactor

*tbbecc@hélnngOWahelamaeaedonn a nolten 27 WO

medi um) _and _the_ends were connected to a gas
Table III also presents the silver loadings of packed

catalyst beds which can be achieved when packing the
Catalysts A, B, C, D and E in a 39-mm tubular reactor, which
is a typical size for use in conjunction with catalysts on a
support material of this size. It can be seen that,
advantageously, the silver loading in the packed catalyst bed
(and in a commercial reactor the amounts of silver packed per
unit reactor volume) will be higher as the silver content of
the catalyst and the packing density of the catalyst is
higher.

Example IV

This Example IV describes the procedure for testing
certain of the catalytic properties, such as, selectivity and
activity, of the catalysts described in Example III.

Catalysts A, B, C, D, and E were tested for their
ability to produce ethylene oxide from a feed containing
ethylene and oxygen. To do this, 4 to 5.3 g of crushed
catalyst was loaded into a 6.4 mm (1/4 inch) stainless steel

U-shaped reactor tube. The tube was immersed in a molten
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fl ow system The wei ght of catalyst used and the inlet
gas flowrate were adjusted to give a gas hourly
wa@pasaomMed ocity of 3300 NI/ (1.h), as cal cul at BdI//82004/014088
uncrushed catalyst. As for the uncrushed catal ysts
meithd dattdd yStegraciadigiersid yclandends |were | cadhagted to a gas

changes, the anount, of crushed .cat.al yst_| oade in the
Floas %S or ik P S W F ttd%pﬂ[ﬁi%t gas
£10fw SHdreerydiackat RediNid JBACIPIGIO| RBEB- WIS A4St Neelocity

the wuncrushed catalysts in a commercial reactor. The
ofc a3 L/ (loddi ngs W tfasl | i et esyed gatalyst. As

c arative al Y :
2P YRR %o e A B LOURBLAL YRty an
silivatentdaaind . ErggesndtheCainadutsd & (dmvendd ot HL 2k loaded
. 0. The gas flowwas 16.9 N/h, The inlet Ggfs pressure
irhdde E5F KPR CRBIGESEr 15eHhEd dWtfFrent amounts

ofNidiNQREN (A 01%4P G d oM W d¥d QfoTitind &PtdNAssidd e he

testing gas m xture passed through the catal yst
urigedshenl aat'soince-g hiro g eonopercitd lorgeaainsy st ethefc@alyst

%. et hyl 8 9 509 di oxj d 7
LG he F SR SR A | TRy v e 2
RV )oRidiws € ofdshgarhel vd )enperatdly ecawsl g ust ed

such that the ethyl ene oxide concentration in the
(imwsartdromiutd €16 was Etelitite Do (IEtFEAtiin ori4fe 9. and
tr. t'qgchyy?csj | ust 0 [ i
Cag%{lgct i v?t dyl e |C%?}Jt i%a'lze%e#'f orol?r{aé;:c%g?g(iec.gwsr?é?sec]f? 'v? tl\;/l/h'
Trend rdett \gdey , prafsudee w=at dl5st kbas. r eflos tegtahy Jtablweere

V. The initial performance reflects the performance
tyeareld ofi the iddiedsstata®25C Erfed SeUrgumi@n e testing.

ini.tial. two- test] tivit ,.
Thsepetcel -l rgea}%a?‘ét%(stq{%ee eérréﬂ% attﬂl}soeu%}? t%/%% c%a‘?%leYSt bed, in a
" goRceMralgion gfeitidreneeandidetdad dhe3 o eactathwldhet 8 v
is 3.1 nole-% A lower tenperature is indicative o

Q,

oitgiier 5 40t (SAAEER I CHE o] g of CRETYSIE A T LD 60
D one et Goor e o VSl Sh0 toraay e e

t eREH1IS200 M3 688 usTed reastll tshadbt ek if 1ere goxide
céﬁﬁgﬂﬁ¥£€§%ﬁ”f§“¥ﬁé‘¥Eé§tor outlet was 3.1 mole-%. Ethyl
chloride concentration was adjusted to obtain maximum
gselectivity.

The initial performance, i.e. selectivity and activity,
of the catalysts is reported in Table IV. The initial
performance reflects the performance level of the catalyst as
it lined out during the initial two-weeks of testing. The
activity as specified reflects the temperature at which the
concentration of ethylene oxide in the reactor outlet is 3.1
mole-%. A lower temperature is indicative of a higher
activity.

In the testing of Catalysts A, C, D and E the activity

and selectivity were also measured upon continued operation.
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et hyl ene oxide of 0.6 kton/nB and 1.4 kton/n8 of

catalyst are also reported in Table IV. Table IV.
w@adoaliytise Performance of Catal ysts Sel ecti viPQT/US2004/014088

Activity Percent (% Tenp (C Catalyst A *), initiall y

T8S. Pegﬁgtsaéb@a§ngﬁoafﬁgr8§ eudiidatatelpfokiionind 3.0

300 Catalyst B *), initially 89.1 263 ]8an st C **
egloyhengioxiade0o6 Rt 6nkhBREM. (RIPFOL - %tkqou/Mtcmﬁrﬁﬁ 5t are

Lnifially 89.0 246 at 0.6 kton/n8
a§§$0£§%§r¥§§ %@ EPon/& 81.0 278 Catal yst E **),
initially 87.5 248 at 0.6 kton/nB 87.0 254 at 1.4

kKt on/ n8B b1 268. 3t d0ft comparfSofaride & costhhgst ©
the invention As can be seen fromthe catal yst
performance data present gd gglé@g&@it%\/ Catal ysti Eicy
denonstrates a substantia I nprovenent in initial
selectivity relative to CataPgsteAtand) Qlt al yetpB(°C )
Catalyst C also denonstrates a substantiallly greater

Cahalyat Act vi @ylthahllﬂot h Cat al8&+t0 A and |Cat al y9628

AV AIS e

CoRbolat UFERAG: “gives a| 61 gm Fkant 1y cneater 27°

seggcgl_gl kYonV&3Ts believed thatz the i nprioved i nigl al
performance of Catalyst Claover that of bath Catalyst

CﬂtaihﬁSCaBaM/st iBii‘-éaéiivri but abl 689L01 the greater 263

oo it naao

COG Y50 folLha PCTI US2004] 014088 due Lo Jne b gh>®

sthvep . EordbAgmachl evabl el w th tgwe catal ygt  haviorg a
hi_gher "wat er absorption. The jnproved actJvity s

behteved kbonémilt fromthe use ©f-% suppart nat &8sl

hAavii e

catalydt D **), initially 89.0 246
at 0.6 kton/m’ 88.0 264
at 1.4 kton/m’ 81.0 278

Catalyst E **), initially 87.5 248
at 0.6 kton/m’ 87.0 254
at 1.4 kton/m’ " 79.5 268

*) for comparison

*%) according to the invention

As can be seen from the catalyst pexrformance data
presented in Table IV, Catalyst C demonstrates a substantial
improvement in initial selectivity relative to Catalyst A and
Catalyst B. Catalyst C also demonstrates a substantially
greater initial activity than both Catalyst A and Catalyst B
by requiring a significantly lower reaction temperature that
gives a significantly greater selectivity. It is believed
that the improved initial performance of Catalyst C over that
of both Catalyst A and Catalyst B is attributable to the

greater amount of silver that can be packed into a reactor
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a holl ow cylinder geonetric configuration with a smal |
bore dianeter in the manufacture of the catalyst. It
w0 gooaotier shown that the concept of higher sPCT/ER20041014088
the specific support geonetries can be_extended to
dnaltoptbe hnphegnéwean1@@ﬂhéﬁsa§hl@aﬁéﬂﬁswlth the catalyst

BRRELE baBueE YA YR aBegRbRaEt) | TSR Boriviey 4o

béa&ébéatté r@@dlanfa©MJvhbyuaévaﬁtageu@pewt G@E@rﬂﬂlShav1ng

A, B, and C. Also, Catalyst E has a narkedl¥ rov%q
ai hptial sYLivPey G¢emeEALsl FOPS LAUTBLigRd W hRGt a1
dﬂﬁh&teke h”EE%g%%hh?ﬁc%ﬁégpb%St%EOWaQ%ﬁ?%%U|af|y vel |

per for mance | nprovenent as a resul

addi Ttonal feickher shoa@imgatnt@ﬁ eqn&bpﬁea@t@nghﬂnnailver in

Catal ys ustrates w.t he adv nta [ tivit .
cERn B AT A SPRBG i BFOTPee 68 Sare L8e FACATIy HhdiRLt iple
itpecdananbnaddichican b$ sagueneedprbpbwe@n kW0 Catalyst D

i npregnation steps. The performance data obtained for
clipartHt alyyesratee, the aﬁétEa&péﬁlééﬁthﬁGéfd agise PRGIOH LY

vi.de e a

e S
chﬁanpsegent Bn amﬁlaltyASbablbatyly&te@ﬂ@emta'hmmmddﬂy

data i |l e this invention has_been

i@€§€VF anﬁﬁlﬁg ﬁEtéﬁlFHéovﬁFegéﬁﬁlys Feflar Fagand C. Both

mBTRogh BBAL, e %%Q@%El%x&% uégl%ﬁ%wa@@rtq@@ﬂaﬂyylwara the
are possi ble by those ski in the art. Such

preafpampons am@r@w@mEm@aasoﬁsr@sglwlpﬁuﬁhﬁh@d§@¢p@n@ﬂ silver

the. described invention and the <appen cl. ai
LoEaBRar S0 e d Y CeaabaRoTRoEe  FeRe v e e rates
h@atah¢sadvuht@@ecahabwshvﬁ@gpba@e@eshbm@made@ﬁsmneﬂlon

a shaged support material having a hoIIOM/cyllnder
rgeBRetAPEe é@ﬁﬁpgawaﬁwowh§@cﬁhﬁhéppﬁﬁé addition is sequenced

pLERNgLER- EQoloik@%ngkégﬁtﬁEeb%t'0 of said shaped

support materfal “is in the range of from0.3 to 2 and
t he Theepealf odivameeedaics Dbtahaedaﬁqe twaCdlog tyst30A, C, D

JRSrgent of Lheoutside diameter of said,saped SURRYrty

provides a further advantage with respect to stability over

bore

Catalyst D. The improvement in activity stability is evident
from the data in Table IV.

While this invention has been described in terms of the
presently preferred embodiment, feasonable variations and
modifications are possible by those skilled in the art. Such
variations and modifications are within the scope of the

described invention and the appended claims.
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2. Acatalyst as clained in claim1l, wherein silver is

present in a quantity in the range exceedi ng 15 wei ght
w@esoganti4pf the total weight of the catal yst. BCT/BS2004/014088

catalyst as clained in claim2, wherein silver is

present in a quantity in the;range,ofy exceeding 20
wei ght percent to and at ﬁﬁsfjgégvmwght percent, of
11 he A atadawedtghtwhindh tde: by =it y&bmpxilseﬁs cat Avrgstdasosited on
clained in any of clajns 1-3, wherein, t upport .
3 FaRG A SHEOEE iR e T b rpY T EH %x%%ﬂ%‘?‘ﬁgc%%%}qg%r geometric
céﬁﬁfﬁd@ﬁtfﬁhréﬁ%ﬁfﬁhéﬂ]@H@'Igné%ﬁuﬂ@ éuﬂsl&geﬁféﬁeﬁ@ﬁ ratio
support material has a surface area in the range of

off rmd). §BpeR/preao mRYYrisl ¥e cheathstrasgeeef tfygom 0.3

t“%gg%gx%g{ Clalng?&%lon |n1$%2 ﬁgﬁgesgggfro §§g€£§ly to 30

p39%nansk atwrdm@% efidretde sBngeidf shapad OshppaRt g
to 5 nk2/g. 7. A catalyst as clainmed in any of clains
maftestiagher ei n t he | engt h-to-outside dianeter ratio is

oI n the, E%Eé%ﬂﬁaéréﬁgfﬁéﬁ dg A1 Hiangd, tﬁﬁefé{ﬁOSiner is

%4 nt éf na ter to outsi diameter is in the range
prdsdntom0. Hlgtan i 2. i18. the c:aawd;eysetexase@ilasﬂ nked waight

claim?7, erein the |l e t outsi de dianeter ratio
PEICI t%v\g& teg%? fFohd 6t tkie 1C%?1%if Y?he ratio of
3 nt%r@étailmt@é élhﬁh}édilﬂr@ diamt el WBet®ihheilvanges
of fromO0.02 to 0.2. 31 WD 2004/ 101144

pwmiszmw CIFOBBi LY. 1A g aFgide ot ceBraeding Anyweight
clal er ks ;

LU 5 Bl L UL R AL ok L0 et

ofsnﬁahé ecfattemaﬁsts 5 nm 10. A catalyst as clained in any

of clains 1-9, erelnrm# outsndg Jrarreter is in
4y ande GALITGH T ChBL HhPEheCT bot 2187 a?'re%er‘”#l%r?hn the
sﬁ¢§bféﬂﬁﬁié§1£IQW%Q é-%&k@rnﬁ%séﬂptfbﬁaé§é¥§&1§§ 40%.

in any of clains 1-10, wherein the bore
5di areteatabysh anereaiged ofnfawyn of 2chaim® 2-ém wherein the

Cazgoaj!”élsr%ataesrletfllqaeg zlanSL%.D ac(:)é é:nlfeaénfnltljfé' rcy\‘h&éeéf‘ JL_JIE]SITI 0.03
m?/g to 10 m?*/g.
6. A catalyst as recited in any of claims 1-5, wherein the
support material has a water absorption in the range of from
42.5% to 80%, and a surface area in the range of from.O.S
m?/g to 5 m?/g.
7. A catalyst as claimed in any of claims 1-6, wherein the
length-to-outside diameter ratio is in the range of from 0.5
to 1.6 and the ratio of internal diameter to outside diameter
ig in the range of from 0.01 to 0.25.
8. A catalyst as claimed in claim 7, wherein the length-to-
outside diameter ratio is in the range of from 0.9 to 1.1 and
the ratio of internal diameter to outside diameter is in the

range of from 0.02 to 0.2.
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catal yst further conprises a pronoter conponent

conprising a rare earth netal, magnesium rhenium or
wa@eooalibahd netal . 13. A catal yst as cl ai med i nP@nySn4/014088

clainms 1-12, wherein the catalyst further conprises a

9.pr aMetaela 1GRAPGRE R GHHRT 1151 Rehy IdFeri1WimAN & KalHerein the
metal selected fromlithium potassium rubidium and
ougesidgmc igmg e igddint itdie w@naremiuhtdpréofst &6 mm, and the

bo%%nﬁﬁiaﬁie@gzrs Ylef lérmal@rybt%%u@ .4 ypgsten or chrom um
. A nmethod,

conprising: providing a shaped support
10mat ér icalt alawitngsa cjedmetd i acgnfdfgurlatingn 1such wheatein the

he | engt h-to-outsi.de dianmeter ratio is in the range
UL ARG s 3 S (RS A& (i Certy &2 it fd the

boir@Nge atiwar-dly e 3R herert Af dhgn eutisiide diget er
of said shaped catal yst support; and depositing silver
1lon heashaped sgppseetimers inA amet ledd A isisailmdd i 'wherein the
|ai onpr i;si d |t on the support, in
bo%&did?}agn%tte % glg I \}glr Eglae %%g%c?t éjrl}gcfgr?ﬁnorﬁ)é%t m”go A §T|lmn'g
12r.heni veadpdta asheniadmeto Ao meive o fe @pring NG 1 1SulWHérein the

nol g/bdenumt tungsten or chrom um wherein the rhenium,
CatBhY ot dr tRETIERFBI S5 Gr MOt MAMPREHrs GAMF 1sing a
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depositing silver on the shaped support.
15. A method as claimed in claim 14, comprising depositing
on the support, in addition to silver, a promoter component
comprising rhenium, and a rhenium copromoter comprising
sulfur, molybdenum, tungsten or chromium, wherein the rhenium
copromoter is deposit prior to or simultaneous with the
deposition of silver, and rhenium is deposited after at least
a portion of the silver has been deposited.

16. A packed catalyst bed, which packed catalyst bed is

formed from catalyst particles comprising silver supported on

32



contacting, under suitable epoxidation process
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19. A process for manufacturing ethylene oxide, which
process comprises:
contacting, under suitable epoxidation process conditions, a
feed stream, comprising ethylene and oxygen, with the
catalyst of any of claims 1-13, or with the catalyst bed of
any of claims 16-18.
20. A process as claimed in claim 19, wherein the feed
stream which is contacted with the catalyst, and which
comprises ethylene and oxygen, has a concentration of carbon
dioxide of at most 4 mole-%, in particular at most 2 mole-%,
more in particular at most 1 mole-%, relative to the total
feed.
21. A method of using ethylene oxide for making ethylene
glycol, an ethylene glycol ether or an 1,2-alkanolamine
comprising converting ethylene oxide into ethylene glycol,
the ethylene glycol ether, or the 1,2-alkanolamine, wherein
the ethylene oxide has been obtained by the process for

preparing ethylene oxide as claimed in claim 19 or 20.
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