EP°0 558 346 Bl on the anpbunt of the perfected catal yst, and subjecting the
| npregnated carrier to thernmal reduction or thernmal deconposition. Japanese
Pat ent Lai d- Open No. 57-107,241( 198EP 0i$5834689s a silver catalyst for the
production of ethylene oxide which contains at |east sodium (Na) as a

cationic co onent and chl gri ne as an _anionic one

silver in a rPSffe"f"Hecagly rr?'lf' uGpqtigo Bip "ﬂ”f?ﬂé‘e& §£{'F q\eﬁ'aaﬁ

Pat ent No. .% %zjﬁ# far the qgctuaon ocft'
s X 41 s a silver r roduction of

ethyl ene OX ? § gﬁ&éﬁ E?éast 41 (l@ ati 9!5'0 ols) §Ae&r9n9§§&ﬁ£g ?s%n amor}lc

the i1 ver %@W kil

the silver. "Eyg 4 &Is%fo% s‘aa i xa%ysgﬁ} ¥|%&uc idhof Lt enQ oRGAGHidh Wt

et hyl€ne Oxmsas%udfan. bS5 SioricEbrbonbhts 3AFLHIHhe ROLRES b Tan dn .hqlb.wwnem in

and/ or cesi Yikids oGk digdpl C conponents In addition to silver as a catal ytic

conmponent and gs @4744 GRE6deE a MR Shtdijdt A thePbrBdutionlof AlhPBri- Sddeinith camelnd@Védsg

a surfaceoe aessun, PotaddRm| AB@RMD bndidr @83k Gs tliorlc lchigchérls inddadiddhS1OINek @8 al catalyfic

i n the rangeonsondnt &t udés 4 earred Bonsidting inainiy @f SigHataMinaiafid hdvifg & aiitace Qba ih tRITarige of

to 12% by wesrgbB,to 2 méi) dnGasogtiont et in it révige of femg2® 10 50% 1 z0siilcd) odmtentOin 118 range of from

preferably 0.56am2% bhyowsight, & \siicagodtertdn| tae ratge@f frome0.5 fLi2f mreferaldly fam 1 frl (veightodimiig)

content in pérsuraasgrea, @fid § sodiumEoBdt indheXbge wf from QPR to 2%y weightNuner ous

perti nentss r e pdiumeropsmpadingnd ¢aporta Have bole published esxsmorstrated abovehand enoalrnfi thap ste diypcted

them are di foeanhanding thecaatabrtircqualifies llea gilyeregatplyptcbycfhe Rdditipr of aifali spetals| felling ie atlipfteds t

by the addi faremtodhe slve sppivsietharal theyeatalyisty displosed therpin exibit idey dnitiaboataitic glopertise.
catal yst. THeY ﬂd?'ﬁB"td’aieﬁ’l'X%W"Eﬁ'@cl osed therejn exhibit ideal ini t i al

cat akytic prog8? o “ﬁeﬁ 8 pier vet? aﬁfhe J‘é"P'?rﬁ %lrv'eg%mec*@vq e s not
carriers ﬁsé‘ﬂ q"f‘f' e cQt%ﬂ qige %ft?g‘ d te
have many piFHE {fm.o o it e L e
oroves. ng}j%,@fp iy ,5,@@&% el g@@aggpfﬁ%ze 5% A

pore di angt € Anl%%& {héff vg‘.lm'aa rtﬁetwré % &gﬁga@em caa;;sm proiobd Slofylene
di anet er, 'hlapgele st,p&%t,,;ees (0} ch carrier

material s as %ah@ oalaam i .nvah.h.s fsqaprsaa KRl siver daffyst 16166 SeruGﬁbH loPethyRI¥B biide
yet to be i FRésRNs bPénhadbd $hica liite@ing ©Xhe use of dh diRb-BlGrhin®EameN héving B \6Ed3kit Qitface
therefore, biah@hearideiofifonPo. 750 €lm2giahd/ & appaténd potssity fnQlie it oPfiditlaEcih i70%. Of

et hyl ene soXxi derhy\biesdnt nwntdistage tied Pursiigardtidy icbntemify @8 cardpdsiibr of corfipttlerts and the

| asti ng ser spetific surfhe. ardarud tid itibal 0lrfied ad beddised I Ssilven catatyst @ the prddactipy ahsthglienenoxide.
novel sil veAs disdiaabd int EPFAS380295q(UBASATI2SE),aleydavecdiragdyaieesiapad @ eilveindatalystewhjioh yissabien
enhanced sefoexigiit hight selectivitynand trintaingthis bigh edectivity fof p kvag tiheiby veing@a riphasgiunficadanigr a
speci fi ¢ suhdving dheagquten sirfacq therepfzand ¢hecduridee ofihe poigs therelp] coated with ampibhavs wliop fiftent
por osi t'y 3 nfurthrs condipuing tsf stidy dhevAmve founpiig a sityer catalygtiysing) pnealpharaluming eafties havingdhee
been pur sui perausiace gt carion awsk e Afagenel PergRigein qogipd With eoamste Wicerpuming, @ixture
speci fi c supfibitehighepgelegtvity pnd ins thig highet sejegtiviswafora lopger imeythan the, gilver catplygt ysing

f or dhe prolh @F’P’BFP”&P""@t%?!"% ﬁ%‘haﬂ‘tﬁfes"’f?ﬁg oficagter %Pé‘é'é? ﬁ“ﬁa"EPf 55?“??8@?2@5 This invention

US- A- 50772 °°"[ d
o exni bt pidie g% ?‘%&mﬁf PSP B Bt a5l ! f”vae"? i
time by usi Qo% com L gcaa;qnleﬁ:; rramn ga%ter St carrgeéJa: 5 f %%F hd
t he surface _agh Ogib , o f' aﬁ%ﬂ # %, : Aler&n e

further CO”L&\& oﬂ&mxﬁﬁa )bnhéu 25‘/6 by%-gﬁraé péﬁéétébg
an al pha-al Eﬁﬂlﬁﬁm%ﬁnﬁd rﬁétal WeF‘Harﬁcib@ afdd. ®b1 ﬁlbr(%%?aﬁw SlivAéH bér RY ofadaﬁe @atalyst of
surface of pQfRSIebdiRddInInCLAINRSh ki) an armor phous silica-alumna m xture
exhi bi ts hi ghehe pebertihentiohorBitls BRbvEL sivon Satdifdt for 1 BOQUCtIoRRE SRidnt iokide Wiidh ifable
| onger ti netoteRRibit Righesobtviteind Griintin/iRd higSacthly Td @ lddBin® BY LsingSan la-alunina @akibr HGvirgy
‘the outer sthefoate siaface af taridf asd) thetsifacs Wf poree thdfeinpeaed with @n amdrpholl i sflica-alumina
I nvent i ome heixtueeehosg@irahd Altcenterdssaceounicfar d rescrkidd ratio anbitepaitingeart the gHelgroina keartbr 5 to
above are a8k iplweighiciohsérl o pesiettedt: catadyst of mintte mefalliic lsiyeppadities Rnd A.0WN te DY lgeme
oxi de whi cheqiyaipntiwgight paikgeof pdriactbcheatalyatof cesiumhavi ng t he outer surface of
carrier and tHe ssalyningcearist exhiitiog atspeqifisi syriace readn et engaref #awrQi¥da$ m¥g and an
“si |i ca- al unpRparent pRIogivdn Hi denge ofi fiom 48 1o 1% pnddjavinghe pyter SHfACR A cariar an dhe surface of

anor ph0u§5 pores therein coated with an amorphous silica, according to the research on ideal carriers for use in silver
catalysts for the production of ethylene oxide, has not found popular acceptance in the commercial-scale
applications on account of lower selectivity in catalysis as compared with the carrier heretofore adopted
generally for the commercial-scale applications of catalysis. Even this carrier of relatively high specific

3



kd

si‘lica-alumna m xture in the range from33 x ]J[err] to 2 x 10-[err]/g of
carrier and a Si/Al ratio in the anorphous m xture in the range of from .
0.05 to 50.0 g/g and 5 to 25% by ERiOfHS8 38&Bad on perfected 45 catal yst of
mnute netallic silver particles and 0.0001 to 0.05 gram equival ent per kg
of perfected catal yst of cesium deposited on the a-alumna carrier. The
present i$Wj#A?8 r‘f”b%?@f"ﬁg'y él“'ﬁ?ﬂ/'é [thecresgrt inventipn, |ihhag beegfound in e prgeaRt inYsAtiont

et hyl ene fB%“&ecaWH 'h is g '@d o5ting P" m migp Pesium; app/p a??ermmwp ﬁsta
hi gh act i B b’?‘i" 3?5'8’? pogfiec arey 2 E{“’H@?@ﬁ"}?
ot e e T ng“ nR e e

h a
or bt bty taa{a ‘%’itﬁi& lete,m,@ acsi'.'a' f"’v %e.n | ght
based on gef, @ﬁﬁh yg%h .ms} g‘.@gt T b Sl 3& 001
Lo 0,05 ghen e hernﬁgaggu rsQlﬁvr e ol Sipo A"

[err] a;ourga{ggstgg,grpbrg.gs d?ahhﬂa frdcfos) etetiilgCi f1 ¢ 'surface area in the range of
from 0. 75 t $nedpdrddE gtanlararBrbc@ry GRIBA! BBIghRAREKS int Mtelaibe! B8 WidORN&S. Thé pRysida t O
70% and haogeligs $UdR a®betific Sudfadeddhién, Pire Gidd AibtABuLIGH) Horé NEuntd) birfidiedisthetdrDand A4S

t herei n odchaeb puséesed by B0EN qahidtsSans ittlel chémical poPdriibis (pgssbssed B «-LIMRE Isiliba, Sicondeal
carri ers daideUsreoria) asd Llaye whictatiral cpmpaneits ffor ichréierp ha@dumdfound efidciscomnipb @uaitiasxafde,
has nots fostalgsts progusbdhwithatesepardence i n t he commerci al - scal e applicati ons on
account of Trewmalitseftwcdarier i \pe selectedting grevesprebiemcionpest paisons offprdinagy skitlin theart.

her et of or@® tederpredigs gethe carfidrythe specifit surfaesnavesr didtaies. closg attentigntiecaiae it deass of the

cat al ysi sorecdjampter [gnd exorlp o asqat influened eft the chiglysh befigviarp Spscifipally, Jrom thestarrlpginlgof 346
Bl\sur f acastiviy and Qughilitycthe pregific supfaq ’Qit“i’ Fatgivstiisprpfarably Iyaeandihe spacilicauriaen arept

has be#¥n qaﬁrﬁﬂmp'h'steﬁ'ése g@em'?ferp Bﬁ “Een%?f"ef Weha&%?é?'%ipeﬁﬁ'ﬁ %ﬁaqesar??bfhal ned

by depOSIn:f%ng csng(;; EH? @}# us o tion
t |

CeTvas | o P:ﬁ%gevggeﬁmﬂs ?‘fﬁt* 'V%,P:'E %8’51% et

and/ f;ag\te%gﬁ AR O of DSsetac .n%?a af.c u,fossr@ Ligat he
BE bt e écégg st 'r'%r'tnn oo mh vaebea .

and dur all oy ¢ \Brs%eémaéuhﬁde o% lﬁ&fc‘ém iR b
used in tPRctityQRAGHdsE BF shialld? SEBENENRacdakdd y t e catal yt I c vapor phase

OXi dat §0Nn  Ofve BhvaYhiRiAGd\M sildy FPdeBEH bR way %Véliﬂfhaﬁ%fg&hesdrévhbﬁéks @idhthatSdbove ahll ha@ €S

W t hout saysefi@ntlytadnd riﬁﬁ&hoﬁ},fortnhﬁ%irfgl anll Promoitg ight SEtviR s dukkbig ot & darfiartwith ¥ST S
usi Ng a GpPédific Srfack tardaSof abtSIessURANVETSSAYY Whilerigypsovikdard riol @aceificingi selettivity0 Absitvers ed

I N supporcaeigist 1Sing art alajiming carticd op the Eresent) insentibrawhichdias e tootely suffadeaf icatties .andl the

por ous Qrsatagh at poresftivepatt coated evith an @nasphotsheliigrflursinaixtore, whentatieptedrigdhe @odactiondel y
vari edss Phethyingkide lextiits pigher iselectivity@hd petaing iscsefertivits for 4 loger Bmethan hatrueing the e

di st ri buteraiuminaarrier haying the outensurfaes] of catiieraad thp surkanelofsiores dhoygin asialready disdassdssed
by such dursireFRASARIS HE-AHERRSELTNsacd jscaonspisyous & easdas Gaving achigh sppgifigcsurtace

si hica, 9| of o9t lesarthan P75 g and v a catalnyy inepragyating itherpinadncinerenipsh praqynisof agesium
carri ers SHERRUNd, Mo SIRFSings tp gete ha, Wt%’?ﬂ%ﬂ"ﬂ pigagivantagq fom Jhe standpaint B'E}'ﬁ'&%d

with tﬁesPé°pE i 8Y§°°"’?H%°’?B‘?F‘i“’?¥ béfm?'ﬂ" o g ?We@!ca't%m’ﬁ'@"% |B e Ea"f "dve
e o L £ f;% ‘f%'ﬁ et "°¢ 391§§' e §°§£ o %ﬁugslff
h

e s bl icErcul i 1 gt b s Uk e

behavi gr . %Rofdaﬁc% Sith the pr6Bhe mﬁ qs@m oéfrrfewa.mhmﬁ cQLUf Bibd 4 &rx.n the
speci fi ¢ f3ftkd Caﬁe&irﬁ%aﬁ‘l%tccp%k@r e, The a@ o tho Br&LE déRFbls prsﬂbﬂﬁh
surface ap&ficslaed albd)Bectedsdsiafd gh&:aﬁﬁﬁ&&%&%t oYspBeiff s8Rl bida L»ésaﬁ 0.5MfHg Jnhe
carrier tyacdi¥ BondpibudlidIfR i RRdch lafea SXbbROT5 A2, the alum na particles
sel ect ed asowikgtoths Saludina b@ier @R6UT if@easssiophntCHavify HEBltbr WHABRF Edrrier Bhd the
requi r Matiface eEsS AekdinycobtsP Witteah dmprfph@isislica a6 p@aited usefiof a carnéi Inbvirgi aatnepdieitre
Thi s f actimpractivabie dpecifiecsudacs acha drdead)@OUES intAy. It has been established by the present invention
that a siiver catalyst which uses the a-alumina carrier of the present invention having the outer surface of
carrier and the surface of pures therein coated with an amorphous silica-alumina mixture, when used in
producing ethylene oxide, exhibits better activity and selectivity than that using the a-alumina carrier having
s5 the outer surface of carrier and the surface of pores therein with an amorphous silica.
Though the improvement enjoyed by the catalyst depends more or less on the properties of the carrier
as demonstrated in the working examples to be cited herein below, the incorporation of cesium in the
catalyst makes the distinction in service life stand out to a surprising extent. The mechanism which is
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65 Development and Application of Ulirafine Powder,” April 5, 1989, Science Forum K.K.
The alumina sol can be produced by a method which comprises hydrolyzing an aluminum salt or a
method which comprises neuiralizing an aqueous aluminum salt solution with an alkali thereby forming a gel
provisionally and subsequently deflocculating the gel.
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froml to 5 n2/g, mxing this main raw material with alum na and silica
particles having a dianeter in the range of from1 to 300 nm preferably
from1l to 20 nm and assum ng a col EBiOESB 348Bity t hor oughl y kneadi ng t he
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the pelletization of carrier by the use of a blending device such as a
kneader, extrusion nolding and pelletizing the blend, drying the 50
resultant pellets, and firing themat a tenperature in the range of from
1,000 [err] r referably from1,200 [err] to 1,500 [err] C,
for a peki tibd rg&uc&"o}c U= rom1 to 10 hours, preferably from2 to 10
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si lica-al urgybgy. nﬁhé&a& n Obtaihd¥eds & Iforas? ncsﬁm&mnd P fon 5rRBALEon by

carrier falheudeRfs dnonii@a3Sipidh ahdiyssh [err] g/ g of 10 carrier, preferably from
5 x [err]of carrier. Particularly preferably, the a-alumna carrier has an

anor phous sixbm@étal um na m xture content such that the SI/A ratio is in
the rangs of fromO0.05 to 50.0, preferably fromO0.5 to 10.0. For the
prepar ati on OA slubtg oitaifieal byilentisg aabdapéfasiven oxiztohviitl 208 mt bF viatempas therbughly stired with
i mpr egnat i rmgo inthef etisanclaraine. The telwtarktisoldtiod @sd 100ralchf witenagded thédveta wera dhoeughly stirred.
sol uti on orThe piodenad mixbiraidndarsolgionaf 7% g ofgesium bikrele & 400 e of yeatet werel glirred & prépare ans
exanpl e, arimprggnatingssolvlidnyer nitrate sol uti on, an amoni a conpl ex of the
silver s# t ol tininipregpaemsoution: 3 olithe aalyrgina aariefyhented inadyaneg tagAboyt R0 °& wager
sal t of an 'eft #janding fos imrieanation.ieatad fee eansentrptio.dried. uthert heatadsin anjals hath @120 ¢ for 3

/or a cé@l"&rﬂ“é wmedd%mﬁemc%gb@%& r8 5 a‘l"%tt ori | on the carrier or

n be inc ey cpiplv thus jobtaiped; ?ig gl vessel adapted to

| i ame 3,29 & el ffp ok hEe it o
i'n”?htearc'%?r A, ﬁagSSﬂn'&gﬂ'aﬂg?ra§:§ e te*ﬁmrr% SR & .hawsa%amg i
of silver af q%up UE 34 $ P el L i BR8P o | Sk g
ver e inpreg- nate

whi ch cons N ta, eposi ereon.
carrier pro uc as a consequence Is heated to deconpose or reduce the
deconpos bl wetialiof Bbtedialion? hial BiRiuicBAbHE bt pafiecisicaalgCOMPOSI tion s
deconposed and Tenoved W Th a heated gas. For the preparation of a catalyst
using the a- ahsdhpié) aB6it 120 @ ofGthe peMectid Eftehiat wisHéRAErédOdhd coRfessbd f b Ipkessuressfl2aer
cat al yst t (iglem?)waealtestshéci A sample lcatalst bica nbwredeliyih @orerivstiot avab yimildig réAddadny Lised
vapor - phas eas@ixstahaird.Ohe @dst stisbtywae nested witthMattinoresabre Xtthyaspectioy@pe andatharmbdtiod trestastbe
adopt ed swhivel ecatuapd inssesordeticpwithragralzulating glapmobtained af the @rordsfd dataiofthe standard sample.
As a result, the total cesium content was found to be 0.156% by weight. This value indicates that the total
cesium content of the perfected catalyst was 11 x 102 gram equivalent weight per kg of catalyst.
The perfected catalyst was placed in an externally heated type double-pipe stainless steel reaction
vessel 256 mm in inside diameter and 11,000 mm in length. To the catalyst bed thus formed, a mixed gas
85 consisting of 20% by volume of ethylens, 7% by volume of oxygen, 7% by volume of carbon dioxide, and
the balance of methane, nitrogen, argon, and ethane and further containing 1 ppm of ethylene dichloride
was introduced. The catalyst bed as the site of the reaction was heated at a reaction pressure of 24 kg/cm?
G, a space velocity of 5500 hr~', and a heat medium temperature of 230°C to induce a reaction. The
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i nvention, inpregnating this carrier with a solution of a deconposabl e
silver salt such as an am ne conplex of the silver salt of an organic acid,
heating the inpregnated carrier tEROSEHPEBture in the range of from
100[err] to 300[err]C to ef fect reduction or thermal decorrposition and

I nduce depos ti of sil and cesium and/ or a ce5| u oungd on a porous
i nor gani ¢ ¥ :%0 erﬁzf:are ) nm{'; ‘Ei‘i"i“ﬂaﬂa 8 {?’B op 89| 8 YP $
precursory ca 9 i A (O ner? gas cont ai ni ng oxygen i.n a concentration of
not nore ég?gb o by voI ume at an elevated tenperature in the range of from
400 to5 33{ C, preferably from5000 to 800[err] C. In the silver

catal yst of ANGidafidR el carkidVéR by %wu%hfbe‘fbée\ﬁ@ré oFB&mBﬁ 1d€>&39pi hfafle h&ht trbfimddPr M
of Ut © was pdriofed TindbP th R6hdliBriR&hov £ TheYUiult AT rSxctidnHercrd by s cdnfinudd
anount i n ohétitioh aAtORose bf thd AN 4r ehe Yedd bt MWRENDEH opeidiidhiafy shbr/in fra .5 to 20% by
wei ght, based on the anount of the catalyst. The cesium or cesium conpound

i s added iEmarbgra 3faagdm 35 of an aqueous sol ution or alcoholic solution in an
anount in the range of from 0.0001 to 0.05 gram equi val ent wei ght,

pr ef er abl y i Oxidatinas mareg@rried towicimnioldwing |tiewrocetiureriot Exaimple. 1) @epirthaticarders \sbdwa rid
wei ght andabléhd wenemeed ihstead.t The Fes@lis@Bthe reactior efter {dags of camtinggdtoperation andsthdse ef the
sol uti on #eadtiop aiterd yearof ¢patingedrepsiatienchresshown inJAklwlisly with the sil ver.

QO herwi®e, it may be deposited on the carrier either before or after the
si | ver ha&%@@ﬂ ﬁﬂéﬁo& ted thereon. 40 The reaction conditions to be
adopt ed for oductlon of eth | ene oxi de b t he oxi dation of et hyl ene
with nol ecul (;g yt 'l—? %Wﬁ‘f‘“’? Xaple 4, % ?%ﬂée"t
present i H9% T’Pr E S hedPs g f “E?d?ﬂﬂ"’t"l 9 é‘fEﬂ"B'r"
known i tﬁé ar ?"" '85‘1"?'1/"‘“9{ Me VEE RePainueRRaRIN Gies® &'H‘JB ®Ptor

conmer ci al @g Pl e productlon I.e. araw material gas conposition conprising
0.5to 400% y volunme of ethylene, 3 to 10% by vol une of oxygen, 5 to 30% by

vol ume of  caf PR HinOxdstBrried 3tk wﬂﬁuob,ﬁ\@wm&w%k atpie 1 RxcbBOKEY cotiMetts
such i ngr taydldR AfieNlpldaRI8 By NBAQD, ard Hikridled @hder Brotidt\Edde B y%m@gnm uSbifi .t@s
met hane aRghisbd BRE. THR lréRuhCal SneVoschor &t £ dbys i éoﬁﬁﬁ&d EH%rah&ménG'tﬁdQS of tAdfbaddion

hal i de sUGlherdfe FHaid @bhtihue Bpdrstiosl Gre siowh RPBIeel OCity in the range of from
1,000 to 30,000 hr[err] (STP), preferably from 3,000 to 8,000 hr[err]

(STP), andosropsessure in the range of from2 to 40 kg/[err]G preferably
from 1>eto 40 kg/[err] G can be advantageously used. 50 Now, the
present i nveimt eperatian Wds daried stchy fokglingUiecpraqedwe foi Exaniple 1h@kaept thattahcomaieesialiic e
t 0. wor ki npilableagapieeprodungd by Notao| Qo. anfiinearketed minder dreducbéode 0 BArSd9aTwasrvded in its
sel ect i vi wneltegad form.akthe repuits of drecrdaction aflae 10wayk phepniuechprerationaand thos ofrthe waclipr
nurreri cal aisslenfyparsf cerfaued gpasgiipmerp shewn #¥ Tapl@. f ol | owi ng fornul as. Conversi on
(9% [¥Nunmber of m)l s of ethylene consuned in reaction/Nunber of nols of
et hyI ene |CH"W°§V'\§5‘5 gas)] x 100

- Sel ect|V|ty Nurrber of Is of eth Iene nverted into eth Iene
OXi /Nu er o s't@z)@ﬂ’v %‘E‘P E} ? %a"'_51 \”8"558

346 Bl ox] al |C§P§f£a;€lf

n elmre erorconoen a gag
of a cdims ft %hhiﬁ g6 8 iy e w.m
di et er Qf e t o Bk v s sl
di anet er atrﬁgﬂ ta9 @a&ﬂﬁr ’shcﬁfr\ FhE fds HsCofw 2tion Qﬁeﬁ"QOQIa coﬁ'!ﬁ}lu
[err]g) apgbratiohaiditRosdr théfesbiibn rcﬁe@ y%g%htﬁluﬁ JpEvafite aRCHR nlﬁ"%tﬁ’eé or OUQ
m xed. 4ghe resultant m xture in the kneader and 4 parts by weight (as [err]
content) @bnt@hz al umina sol io having a particle dianeter in the range of
from2 to 20 nm 3 parts by weight (as [err] content) of a coll oidal
An operation was carried out by following the procedure of Example 1, except that a carrier produced
by Norton Co. and marketed under product code of SA-5102 was used in its unaltered form , the cesium
s0 content was as shown in Table 2, and the heat treatment was omitted. The results of the reaction after 10
days of continued operation and those of the reaction after one year of continued operation are shown in
Table 2.

Control 8
85
An operation was carried out by following the procedure of Example 1, except that the cesium content
was as shown in Table 2 and the heat treatment was omitted. The results of the reaction after 10 days of
continued operation and those of the reaction after one year of continued operation are shown in Tabie 2.
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sil'ica havi ng a particle diameter in the range of from2 to 20 nm and 40
parts by weight of water added thereto were thoroughly nmixed. The resultant
al um na m xture was extrusion nol de@P%mMﬁﬁbd and then dried at 1,450
[err] Cfor 2 hours to obtain a carrier. The product was an a-al um na
carrier possessing a BET specific surface area of 1.26 [err]/g, an apparent
porosity of 5. 7% an§ a or e vol ung of 0. 40 E£7 g hayng 15 the outgr
surface therdof and the sunfade @lbeece er Fﬁn oatgd with an anorefjous
silica-alunmfa niktVre¢, BB su&nyaﬂg‘? Pl ¥f fighBy meaBRihg § @i n
outside d¢ amgter,} 3 in insijde dléhﬁt‘ér anf~7 in Ienﬁ'th I 't™ was
desi gnated ag Carffrer [A— By t@e ati gn 1 ndi cated bergw,
the STlica cqnte and t Faoy i | m&a éﬁﬁibrﬁ amorlphous sid i ca- abymi na
‘m xture depo§i te + &vijvel yQtR ghe 3 23«
[err] g/g of jc&rlier and 1.0 10 2°gf“g'°of cafRieft® the SiPA rat®o bdging
1.2 g/g. @0 Trat o pf SsTrcEam—atgntra—contents—of
amor phous si lfi ga- naNrEL& reode@g bQQ onjdut ¢r surface of, a-al ugijna

carrier A and on [surface—qE Poreg t Bepexn- \wlDg sagpbd of ghe fargices (was
pul verised td a slei ze{of 2.38fmto ﬁ&ﬁm 881 ‘Drresh) %mrerseel 251 in

20 mM of an aque b—wt-Y0-hyfregen_fuorfe—potutomjat—rerrar—f-oofr
tenmperatdf e flor . g&nd gl tered Sihe, $ol u%i:t obtfai ned ag, a filgrlate
was tested for Si} i coﬁoglﬁratﬁonm&d'{(‘m i':_‘aonxco e:eﬁtratlgrb% t—h g qe of
an atom c abgor ptfi on @nal yser | Examgjgg 30 A sl ul ey dbt ai fed endi ng
830; g of sil \er—exatate—w-t-h—200——of .A.a-tfﬁ—'o.as f-horgughly °flrred-w-th
700%A of, et hanol am ne. The ré¢sul tant sol ufion ang 100 m of water added
thereto wergjthoroughly stirred. The produ¢ m xfure land a solution gf 7.5
g of cesiumepitrate ip 200 m jof V\&ter wer e irred td prepare an

i npregnat i solutionfj 35 n thPs i npregy ingjsoldytion, 3,000 g of] the
a-alumina gafrier A heated infadvagce to ab . 10bg.§rr]vaas | eft stdnding
for inpregnati on, heajed for once‘ﬁtratlon ied{ Jurither heated in gn air
bath at 120[érr]C for{3 hours{ and@then ac{igvpted|izn 4 current of air |at
280 [err] C for 48 holrs. The|preclrsory calka) yst |tthug obt ai ned was pljaced
inatightly|closed sjainless{stee§ vessel | &d iiﬂé’tg introdege &g gqrt
gas froman e¢xternal gource._In angelectri ¢ :§.§/r| ch vvas*-s\/\ept’Wth

ni trogen3ygas} the 40 gatal ysm bed En Bhe VeSS -E'_?g\léi& Jéeat t Eeat ed ‘at a
tenperature ¢f 530[erf ]Ci"forw 3 houZs Tlospr b&ucE @ | gijshedgcat al y§t The
perfected cafal yst wap fgi@d{o ha¥e. ig@ IS Es_ti”uélgdntent of 1lox 1Q- 3
gram equi val ¢nt wei ghf per Kg|of cht@byge? | 45 Sk igof (f or get er mi@ati dn of
total cesiumcontent pf perfetted Fdt ol Bt | & sl ¢ Lqbout "23),3; 35 Bile
perfect e cafal yst vvasogjgvxdeg pd ang ;g@:@r_gath l=(pt 2aZgressd r»’% 2pf @mg
kg/ferr]) info a test $:haeq_-1:-raA sanpis>Scata §s goi | @ grovvn '8 |gpm" > 9
coricentratiofh was sim L?jagl'gﬁ eaf. @5@@? 2] 2% %t.gr e§ edheet
was™fested with a fluage‘gcgrg. % ¥ay spectrpsc e m;d;;t gfesu t(ﬁls
test 50 val uat edf Enaaeep @né@ with a| cal B aigt Bd gdph obEal ned jof

t he recorded|data of | Sszemjzﬁ:g" anpl e. A*gf ‘g'r suzlje,. totaf cesiym
content was {ound to p& P 852 18- Tégl ght. Ths| g L€, £ &t es tgat t he
total cesiumcontent p& HhE PeS écded cat af Fsft < \ERHHE % 3 grgm

equi val ent wel ght per Kg of catalyst. The perrected ctatatyst—was ptraced in

an extersal |y heated type doubl e-pi pe stainless steel reaction vessel 25 mm
in inside diameter and 11,000 mmin length. To the catal yst bed thus
formed, a m xed gas 55 consisting of 20% by vol une of ethylene, 7% by

vol unme of oxygen, 7% by vol unme of carbon dioxide, and the bal ance of

nmet hane, nitrogen, argon, and ethane and further containing 1 ppm of

- et hyl ene®di chl ori de was introduced. The catal yst bed as the site of the
reaction was heated at a reaction pressure of 24 kg/cnR
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G~ a space velocity of 5,500 hr[err],
[err] Cto induce a reaction.
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1. A catalyst for the production of ethylene oxide, comprising 5 to 25% by weight based on the final
catalyst of minute metallic silver particles; and 0.0001 to 0.05 gram equivalent weight per kg of the final
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An operation was carried out by follow ng the procedure.of
produced by Norton Co. and narket eduum

iy lm .

except that a carrier

code of SA-5102 was used in itsERQH5884881f orm ,
as shown in Table 2, and the heat treatnent was omtted. The results of the

reaction after

t he cesi

10 days of continued operation and those of- the reaction

after one yeat—of—c Lnued—operati-on— —ShowR—-r—Fabt-e-2—eqntrol 8 55 An
operation was| cafri el &Py kol Blaerg| t 1% pfocelure ofe Exar’rE e 1, except
that the cesijum qomt ¢nt S| a8l sﬁcﬁvﬁ'ﬂﬁ al b2 hnd §BEL hﬁaihtreat ment was
onmtged. The resdltsjof thelreacti-®f alt P 1b da d operation
and those of [thefreag¢tigon after r'gry ar of ¢ont|nued o erati(n are shown
in Table 2. ER P§5§$46331§ 9; 28 346] Bl g o Gotol. M S*
[err] 10 P 0}558 346 Bl c& amg of ™ I pm depci"ilted“on an a-al um na
carrier charact efseg——thpt—theotter—gur-fpee—pf—the—Tartrel, and the
surfrace of pores}in {h&@&&[iar a&écoat e& wth gn am)gohousml i ca-al um na
m xture having a|tBtal <S8 <hd&A XBXig BAY X nt 8| ra@8 =of FF & [err]g/ g of
carrier and an S/ Allratio n thesd¥nge of ffomD 05 to 50.0 ¢/g. 5 2. A
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In the range of> io o oqoozaacg.oéﬁgr Am egui V@Eent Wwei ght per kg of
perfected catfal ygt “ahd/oP Tt hest oﬁ_zﬁ_?.é_r?et% Kic|8M er =@nt ent ii in the range
of from5 to |209%by Wej perfected catalyst. 4. A
cat:ff’yst accdr di g tp any.-p ecedn:;aq*(} i fp, cparacteriged in tﬁuat t he
coating of anor phoas sigge& a>l u ;p‘i h({ [ir e das) a tg)gal Si afnd Al content
i n the range jof [ferr{/g of carrlerwﬁnda,':.‘lS“’ Si/AE ratio ifn the range
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1.

A catalyst for the production of ethylene oxide, comprising 5 to 25% by weight based on the final

catalyst of minute metallic silver particles; and 0.0001 to 0.05 gram equivalent weight per kg of the final
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secondary a-alum na particles 20 to 200 [err] in diameter formed of pr
a-alumina particles 0.1 to 10 [err] in diameter. 20 6. Ac ﬂm“tmllm Hum”m
cllainmed in any preceding daim chaFB®5SBi34&B1in that the c

particle size of an average equr val ent dianeter in the range "of from3 fo

Chat the SpecFRalet gLRee, %ﬂ‘g‘iﬁn ag; rmeacc‘%?r”‘ g;gﬁgé RiSuds g“%f’)f’

0.1 to 0.8cm (¥ a'?°’p " s"'° ne
that the speCL?w%:mghs' ande rr er 31(13 Q{( ’?’% l‘?r ééda
0.5 [errl/g g’o nt ans r Kat al ysator zur Herstel I ung von

Et hyl enOXI Op, AULMRESS Qﬂmﬁdl?d élar%5l @ﬁaV‘écfer(Qed tﬁ?ﬁ&gmp@éﬁc Sifdto BRRE It thb | bam& & the

Kat atysat or’, {&héé HoRmlodshd Setandil iR Gpgarnt pofcBhy is kb Brdd $PonbisSto GoRd
G ammf qui vaI entgewi chte pro kg des endgU tigen Katal ysators an Casr um das

auf ei nen as, AlaliaRstaEeKidl irfCIan 1904 CHAD2,a6ithcteisddde thatdfe cesium@disleht Bhin the range of

gekennzekoc hnetrom bt & ®o3gHER bquivalaat weight bt kil 8B pelfe@gPdatalysisitd/di e (Okse mblakic Siver

der Poren in deiwniisa&gas rafgetof &onm 6 to 20M0yPAREght based on the amount of perfected catalyst.

Si i ciunoxi d- Al um ni unoxi dm schung Qoberzogen sind, die einen Gesantgehalt

an Sili ci und.uAdcatalystnacoording tonanBarespding Qlaim, gharactbsed iihgt e toatiGy df aiorphdyszaijior-

und ei n Si/ Al aveinhlbturé hasi avioBESicind A1 gentenDin(0 renge of 110~ oo Jx WY 9@ iokearriergnd ap

Kat al ysatior n&éA raliedpiha cange of figadwrte lO.Q@ennzel chnet, daB die spezifische

Qoerfl ~che des Tr~gers imBereich von 0,75 bis 5 er/ und/ oder die

schei nbar e PoAdlalslas claimed inany fprageding [aim; charaglerised in @B? the garrigg hps;3 Z‘E'EPUPP%%[E-h

Anspr uch 1 odé?“?jawo“aﬂﬂ?'%p%!?é AR 2290 i diameter tpamedcyt eimpny aTrlymina prigles &t oh
, 001 bis'H¥ fdn damele 1qU| val ent gew chten pro kg des fertigen

rfnt al ysafborg srnd ger Er AR %earna,GesaJ.H %gn scrbiCh oo L1 oo SHHER % b5

Kat al ysat or s, ysa g LEE‘ & nem der vor hergehenden

Anspr ache, fiawaenstgawﬁ?% %m%ﬁreceaﬂla%m rchQQasnsedzmqhﬂ o s'warc 4 \votume o the
Si i ci ungxi d- Alrkdridih offom@YUp @ aghmen Gesantgehal't an Si Al Tm
Bereich so von bis 1 * 10-1 g/g Trager und ein SVAI -Verhaltnis
von 0,5 bi Salﬁ,éatagétgs%rafmwluscraum&, cherdcRlisea & Mat tAPBcIRI JARYVORIMG oV Mé bt MR REden
Ansprtche, dagiagest ngploenbpslcabget, daB der Trager als Haupt konponente
sekundar e a- Al um ni unoxi dparti kel mt 20 bis 200 Um Durchnmesser aufwei st,

di e aus priPasneansprivdhelm nl unoxi dpartikeln-mt 0,1 bis 10 i m Durchnesser

gebi | det werden. 55 6. Katal ysator nach ei nem der vorhergehenden AnsprCche,
dadur ch gek®nKatalyssion edr, Hophteung evon TEthpleroxid.ciufweiséndrs bik 8% Gewi3e bekager ayidan endgliti-
mttleren Aquwal(mam {oinemotaliischp SillBmantiked,rung 8,003 bisi 05 Fyamméquivalentgeyichte prp kg
EP 0 568 346 BHgs endgliltigen Katalysators an Gisium,]dasjapfi ¢ingn y-AIujnrnymgxlqgr_ggeq guigpbracht wurde,
Kat al ysatfor ndedure) aekeperelohnes, dné dipciiéere (999'%?&?) F‘Q&:T{ﬁge"so‘dﬂlﬂ'ecﬂbemﬁ"he der Poren in
gekennzel chnefem qafgey it glp%rzr'rqrphegé}reum 2paen  sindpdiecoingy

on 0,1 bis 0%8sanyEe P’e' (‘S‘H' And ru'?!"r@?a'oda%%?'@ﬁer und ein
\éeléerinzel Lfme?"“'a{a' gﬁé”%ﬁ%ﬂ‘ﬁ"%%%ﬁ% ifen deg 5 Tragers im

o ot H0,” ol ok AR« i SRk B0 oo RS A e A2
product i §n 8" R EUE b gr,a,e;n‘z,gqm;vr" ’ﬂ L e Qe gt

3. Katalysator nach Anspruch 1 oder 2, dadurch gekennzelchnet, daB der Csiumgehalt im Bereich von

0,001 bis 0,03 Graméquivalentgewichten pro kg des fertigen Katalysators und/oder da8 der Gesamtge-

45 halt an metallischem Silber im Bereich von 5 bis 20 Gew.-%, bezogen auf die Menge des fertigen
Katalysators, betrégt.

4. Katalysator gem#8 einem der vorhergehenden Anspriiche, dadurch gekennzeichnet, da der Uber-
zug der amorphen Siliciumoxid-Aluminiumoxid-Mischung einen Gesamigehait an Si und Al im Bereich
50 von 5 « 107 bis 1 » 10~ g/g Tréger und ein Si/Al-Verhilinis von 0,5 bis 10,0 g/g aufweist.

5. Katalysator nach einem der vorhergehenden Ansprliche, dadurch gekennzeichnet, daB der Triger
als Hauptkomponente sekundére a-Aluminiumoxidpartikel mit 20 bis 200 wm Durchmesser aufweist, die
aus priméren a-Aluminiumoxidpartikeln mit 0,1 bis 10 wm Durchmesser gebildst werden.

65 .

6. Katalysator nach einem der vorhergshenden Anspriiche, dadurch gekennzeichnet, da8 der Triger

eine Partikelgr&Be mit einem mittieren Aquivalenzdurchmesser im Bereich von 3 bis 20 mm aufweist.
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10 catal yseur final de particules mnuscules d' argent
0,0001 a 0,05 g equivalent en poids par kg du catal yseur fraEmi mmm ml
d6pos6 sur un support en a-al uni nEP 0:RE84881i se en ce que -l s
ext6rieure du support et la surface des pores dans | e support sont endw tes

d un m-l aﬂg%a‘ago dphe de s7 |§e a ene A péjfé e te$gurza{$gé%l ?d?sgscltezlﬁt Al
Siiuce, dafs e iariolneh °ﬁ$e?q?fw et D SDORE SRR o oy o D?E >
Cat al yseug gy an) nlaE‘n Aﬁs\é}%&? ¢ ﬁé%.f\éh &;keﬁ eithhet! ha?a“da%”spgﬁﬁs%ep@va%é

speC|f|que GI'Hi NP BLrbict fon D!2 d,geb ervalle de 0 et/ ou
grrosm te a parentre'csen5| tue dans I intervalle de 45 a 70% 20 &

ySeUgevahditaidhs | @ revendication 1 ou 2, caracterise en ce que |a teneur

en cesiumse situe dans |'intervalle de 0,001 a 0,03 g equival ent en poids

par kg deq.CcTalydf Pour IE PRYRL d'Gkjdé a'éhPER} EonipPdnadt Qo812 R5BEHH pdidt sil basdur se
Situe @ans lcathljdet inallde Paticuled minugddiss aargpRintésalliGus; otRDDOCIEH 0,66 Fétivhlbrt en pbids
cat al yseur aahigvdy. catilyseud findCaé adsiumne déposd)suy an tsugportl Be «gluming,Coataierisd @f ce que la
revendi cat i emace eldéridore rduessippoetaat deC suelacasdes quores @atpule shigport sure teaduiteeed'tn chélange
nmel ange anorpbrehealds silice-aloreine layam we teneurrielalé emSilat Al sittée| densdiinteBralleede 3% 1057 & 2ee
dans | ' i nt erQ3dlglper gide Siprortied unjragpott SiAl sBuéidans lﬁrmfvaged@@ﬁpmqpaeu un rapport
Sl/AI %tue dans |'intervalle de 0,5 a 10,0 g 5. Catal yseur suivant

'une quet-c Sagiyteugaivantdy emendisatiop én@raméwmnéﬁtqes Ia segaca@eeslfﬂ%dl'eﬁwp@é sggitue| e
support 30 dans Tinsanale. AR 0.7 2 SRR SrVOLPa PRIGSIYE: APPagale Sp situej daps Watenalle dadB Rr es
d' a-al um ne 706 20 a 200 am de d| anbtre forrrBes de particul es pr| mal res

e de O

d'gvé q seur SU|va
quel COﬁ lyﬂ#(/d% Iﬁl@ﬁ? %ge waeri ar:sga | se I ache oul ?ﬁ;lfport
? :JE'?ef' \a/la: : %rgéﬁw%%ﬁ%ﬁia%&% seur S \?van?r{lq Vg ue con ue ?s es

revendlcatlons precedentes caracterlse en ce que le volune speC|f|que des

pores gu gUpR@bdeusSSivaktlrtf &iﬁﬂ&qbe hddtr&VeNddatichs @%o&eﬂteég‘cga@érﬁm BP4ueds relste-
Cat al yseur %htvrﬁr}ﬁéldnée £rROf5HE U GifideLdilitinG: a Und tdhbir Totdicoéh %1 Bt Al Situdb' Bark PindsRLIEIR 5
sp~ci fique dag+ROr£fo~ gpﬁgnﬁ%ﬁﬁpoﬁ@t un rappSr@Si&ll 5itd@ d&hR Mtehvallelt @15\42 ol 108y ;Si?g 0,2 a
0,5 cnB par g. 45 50
6. Catalyseur suivant I'une quelconque des revendications précédentss, caractérisé en ce que le support
30 comprend un composant principal, des particules secondaires d'a-alumine de 20 & 200 um de
diamétre, formées de particules primaires d'a-alumine de 0,1 2 10 Um de diamétre.

6. Catalyseur suivant I'une quelconque des revendications précédentes, caractérisé en ce que le support
a une taille des particules d'un diamétre équivalent moyen situé dans l'intervalle de 3 & 20 mm.
35
7. Catalyseur sujvant I'une quelconque des revendications précédentes, caractérisé en ce que le volume
spécifique des pores du support se situe dans l'intervalle de 0,1 4 0,8 cm?® par g.

8. Catalyseur suivant la revendication 7, caractérisé en ce que le volume spécifique des pores du support
40 se situe dans lintervalle de 0,2 & 0,5 cm® par g.

50
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