- e3ekh: rX6TGP= i m—~ 11 9 JUN 1002 SILVI OR PRODUCTION oF /¢
ETHYHENE OXI DE, METHOD FOR PRODUCTI ON Tﬁmmmmm THOD FOR ﬁwmuz
ETHYLENE OXI DE BACKGROUND OF THE | NVENTI ON 5, &l d of the Invé t :
invention relates to a catalyst for the production of ethylene oxide, a

met hod for the production of the catal ymm thod for the production
of ethylene oxide. It relates nore part rm’mmﬂ WWS silver catal yst which
excels in 10 catalytic activity sel ectivity*moa)?* service life and permts
production of ethylene oxide at high selectivitfy for a long tine, a method
for tyre production thereof, and a nethdd for the production of ethylene
oxi de by the use of this silver catalyst. 15 Description o the Rel ated
Art: The product ioVERf CATALYEhef GXiFROPHGTIAY eht BFRALENE/A¥dPEphase

oxi dation of ethylene mygtdbra FERl BRUDGET LW G&IRGEBIFAI AkPJ gas in the
presence of a silver catalyst is w deliﬁggracti ced on a commercial scale.

Concerning tire silvetMEX§ORaFaR yBROQYS uSBAETRYLENe IPH yti c vapor phase
oxi dation, numerous inventi gRESREMAND G GBEr rRVENTUN t he catal yst, net hods
for depositing the catal yst on such carriers, and reaction pronoters used
therein have gé@hddbfplqh@d IngenpaPent . vs A-5, 477, z56, for exanple,

di scl oses an idea §f; UshPGnRoRrredktéLtobabal pst eomBthdYrs4PEERYSI Ng a
coating | ayer of anorphous silica on an a-alumha carrier. JP-A-02-363, 139

di scl oses an PEeibgiensprngda, ématited L4 the PEOdRtaianeal bhesddiadysto an

a-al um na a coppaUE el Qe RERDeANSE idOr Ak hFBER: BRABEL S Helertad fromthe
class 30 consisting of the elenents falling in the fourth, fifth, and sixth

peri ods and tHRer¢|Partiqlad land 13 bsilsAF FdY & YHEhericthiscain t abl e of
the elemerds (sueh as: £6fiexanpl gelecd fvid W JUNiRD02e2vibt anijym 4ipn, and
haf ni um and cal ci ni ng t he superposed | ayers, Th%lugg the silver catal ysts
proposed to dBEE*HTT BAQY-D 88 FHYAIrY “aut e dl el B T WerEctivi ty, the
5 desirability 1ehgigear,td Rgthof ttherciaproyesk sel ecéisbd yaho athe@sesi | ver
catal ysts has_been finding recognition because the scal e of production of
et hyl ene oxi d&°7 §h§d>r|og|u§g PRAT SV T ?’flb‘#l%g%é:h@f“so%% S - H
selectivity nayc&esd.t in copiously saving ethylene as a raw material and
10 conseql;gentlg bring a large econom c effect. In the existing

ci r cunst ances® TW‘H’%\?@I Spment F & MéF catal yst possessing a better
catal ytic effici enme basdposed: aflasyilagetddne botireseanyharsvdpo:t he

rel evant techpical fi e(lid. The sil V% cat alglsg ) \thngo Aare discl osed in the
patent 15 pubPitSii SASIHEHTT oféd BEOVE Choever & AFe SR T ent in
selectivity anohtaticimatgsathsfiachoeyende béransibieseavatest iibeviddlyi s,

therefore, an oblect, of, this Lavention is to pEOide, &S ler, cajal yst

whi ch possess%s an excell ént“ B CarAl Stl C Capacity an%‘q;er m t's production
of ethyl éffe oxitdelatt fo hieghs s@lfect tlve tptibyt & IveRgr tihse ax itthioth .f or t he
manuf act ure LRGLERl: AR TER0ORolaE hDecREPIS! T A Oln Pt B AR 0¥ de By

methods for depositing the catalyst on such carriers, and

reaction promoters used therein have been applied for patent.

US A-5,077,256, for example, discloses an idea of using

25 a carrier which is formed by superposing a coating layer of

amorphous silica on an w-alumina carrier. JP-A-02-363,139

discloses an idea of using a carrier which is obtained by

adding to an a-alumina a compound

of one member or two or more members selected from the class

30 consisting of the elements falling in the fourth, fifth, and

5ixth periods and the IIIa - VIIa and IIIb - Vb groups of

the periodical table of the elements (such as, for example,



" SUMVARY OF THE | NVENTI ON 25 The obj ect described above is acconplished by a

silver catalyst for the production of ethylene oxide which is for
‘depositing silver on a carrier using a-alumna as a nain conponeArqfhiﬁggmu
whi ch conprises silica and a netal or a conmpound of at |east one el enent
selected fromthe class 30 consisting of the elenents of the groups Ib and
Ilb in the periodical table of the elepgents. The object is further
acconpl i shed by a nmethod for the ri JUN 2002 3 manufacture of a

catal yst for.. .product | o i d aLch .C rises mxing at

| east a- al ur&iltrll:raé?ll% m(s)’i #lcdo’nr]%:rg&npgiﬁ%%&gﬁ %ﬁ%aﬁ?%%b‘cﬁﬁgr ?g%nc?%g)ecrt? i oeuc?ld of

at | east onéagleeent selected fromthe elements of the groups Ib and IIb 5
in the periodic bl e .of .the .el enents, .then cal cining.the resultant m xture
at a tenperatur etri%r?utgﬁ’e tthfnﬁéﬁ(yferl,c %@ly s ,58@6€Pt°ﬁ§%e53? FesFarilfgady
carrier, angosdesequerignlydepasididyt at1éeasd SbEvese0Bcthoied,ri &he The
object is further acconplished gy_a met hod for, the 10 production of

et hyl ene® oxF8& 1T@liidH tooAfr L8@RTEANGc ERAG DeEpPPERISE SRIGSTIINH I t& hyl ene
Wi th a nol eeybat OXYJEP-&ON BY &t HGaaBbR #1161 PhEIRNGR At 1418 pedldloyst for
t he production of ethyl ene oxide nentioned above? W hHave been ascertai ned
that a silvehecaralgseflprefeetipngef rethrylane yoxisie dict isd thargandhsdr vi ce
life can be aine Si argi € [ i.n f _a-al um to
incorporateeggéréﬁnq§?¥F%%%éﬁ gﬁ%gtéf g% 388§§%%§§§l%¥t§tm?@a%%géﬁg

el ement sel ¢at edopiouslipe shasagcoashplemg st he elaanemias eafialhe agydoups 1b
and I1b in the periodic table of 20 the elenents, typically silver, oxide.
Ve havel buefiPBEPAY =BELHeRT BT (i 8T PRRTRIBH-DASERHN t bhe-nBHLEIRT The
catal yst of ot bbamsRu@ekisQn fole t Reveiedwehitonoef gt hgkeperoxideallierefore,
excels in activity, selectivity, and service |ife and perm ts_ethyl ene

oxi de to bePPFEBEEAAIE bALtEhighasEtéeteRd kSienry 2aSopgsed e lapESOA PTI ON
CF THE PREFERRED ENBODLVENTHaoCary hfle LIRS 4R ddhditln isneendion is
formed by using a-alum na as a nmain conponent thereof and I ncorporating in
this carrier a nEhal sblvarcoatpolysiofvhdich aaetdbrel esedrin t3@E palteoted from
t he cl consisting of the, el nt,s of the_ group b_and.lLh..n.

periodﬁt taBngéFaF%8n8|%ﬁ§ﬁ gggﬁeé%%Y?fe§°%§L%4% grgbﬁgﬁﬂ&cg?g%gﬁéggbtained
by m xing in Seleit DOPy4ard alnembnas paisfatesryaisitdmen oforpoutide an
organic binger, and a netal or a conpound of at |east one el enent sel ected
fromthe el efefits of the groups Ib and Ilb in the periodic table of the

el enents, optionatlyshokdicie e ,r eguldctd df Xni€ ifvehesshi bedtshape
and size, and then calcining the nolded mxture at a tenperature_in the
range of 1, DDOVidg0GC, spteeEr SFtplysaoovhich PogEesTRE i r PEFSSLeNfi s

i nventi I 5 i iR <C f Leakl y
compos of CBETLVE3oR PHTLEE AT BT BERRRERI g RY EEhy IR Bk ERE Y
u-al um na, 8t-a3bighhysedeaghivity efer abl $o0g- ti@eg By method  fof &herphous

il andiaRe PEoRSEE el S R A RGehof, o) off Maad oK 68 o A
oxide of a étapseheooxtdeaby theAsseesfiethe slidvear ciatlad yditanet er of the
carrier formed SUMMARY OF THE INVENTION
25 The object described above is accomplished by a silver
catalyst for the production of ethylene oxide which is formed
by depositing silver on a carrier using a-alumina as a main
component thereof which comprises silica and a metal or a
compound of at least one element selected from the class
30 consisting of the elements of the groups Ib and IIb in the
periodical table of the elements.

The object is further accomplished by a method for the



mai nly of a-alumna the primary particles of a-alumina measure 0.41 - 100
um preferably 0. 1 - 20 pt, nore preferably 0.5 - 10 um and partj gjmﬁm
preferably 1 - 5 Elm in dianmeter. The Secondary particl es of a- 2002
properly neasure 0.1 ZO - 1000 dun, preferably 1 - 500 um nore pref erably
IO - 200 m and particularly preferably 30 - 100 Vim in diameter. The
silver catalyst of this invention i8 characterized by using a carrier which
is formed by causing a carrier fornmed Aainly of a-alumina to incorporate

Sel et od 11 ofePRBSreREnfE & ArslyRRII I AaaSPilofeSpcrERiTenean ¢

of the el enenksdel nvktinrs dompentseenmikling garreest widd1lheinLef ar sediconas a "

finished carrier. t he compaund of the el enent 30 nentloned above
happens to b%OIgP?\}%? 0‘3‘311 c?erg?rb‘r Te, ARft BrCRPROYRL A et 18R SENPRE
finished cargighett tderaiceatfadmednd blbfeatkdd fithdiddo %S%&eﬂzbhat

nost of silver conpounds "1 9 JUN Z00 5 are fixed 1n the carrier
f1uorescént X riefe pRYR9EC Fablefhitherkements th@ne¢@l@lnlsgcbhs| der ed
to have a st aye LR Ie opart
of the surfa%%g%ﬁin%qﬁzr@n@%g?gnak X égﬁggi%{éggsigc%ﬁe g %Q %tft hi’ ?%é)l l'i ca

| ayer. As the irgBaPEC otheonbgumi&gﬂruﬂm ®| esentiecf, tdred gsobpsqhénabgd |1b
in the periodic t ble of .t e the tals_of copper, silver, gold,
and zi nc, oréj?%%s %%u%%sfgﬁgl?e%% ﬁghoﬁs H%o? a&%afpl'e, the oxi des may be
cited. Anong 1 0 Tidebjeitalis andtmﬁp@w@l@pn@@hear@ﬁ Bpe@odSEbyerhoxi de

and zinc are particul arl¥ t&%lrrab usable. Sil ver oxi de 16 the best choice
The contdnt RFOLFFEAR € i IRy r WRGENOCWPRFL S eS| seHE 85T WRY ght |
preferably Osdpor 1GR4dy V&tg@&u@zﬁld FPr edipy el er@bty la- mofedyiyei ght,
based on the anount of the conplete carrier.” The content of the netal or
conmpound of C@EY‘J%‘&SCEOQ)%J-%}-@%%Ssbﬂle‘éfﬂ%cplfﬁrfeﬁﬁqq?leo'él%% edml B3t nkpof t he
el enent s of HPSE i e he el enents is
generally in k?ﬁe\&%é&inge %(?n 8&%0%£}?y11§n/<)§’69§é Bﬁggr egéygbl y 0.01 - 10 %
by weight, and ndie peefer abep Oaacer’saﬁhéxy vuelaght aassmkvak. dawalyoduction
of the & ni shed rrier. nment.i aned above ? Tﬁié“ cuI.arI |scr| nat ed
by the RPnd TfCHetHSH o6& 1{dagreds ﬂ‘é?é‘fb f%erﬁvslt?eed §r??8r Tan be
easily 25 prasiciatedpynrciusdnat al €astidr gotfaBmnaidlgnodr ganl enbhadsy W th
a silicon cogﬁound as the source for silica and a netal or a co ound of at

| east one el PYA R IR T T HE @ RehAsMEF tth8T g otpRPPHRS tilb in
the periodicdall enef <t BRcakesBIEst 880 iR ek aRisN8ohBe st ey @erﬁhe_m xture
at 30 a tenperature in the range of 1,000 - 1,800C, preferably 1,400 -

1, 700C. As tsAfimaitseednmpihes ggr Upise Ibi ﬁpéoﬁlbomoﬁhﬂ Eh@ﬁ%‘?@)h‘éd:able of
20 the elements, typically silver oxide. We have eventually

perfected this invention based on this knowledge.

The catalyst of this invention for the production of
ethylene oxide, therefore, excels in activity, selectivity,
and service life and permits ethylene oxide to be produced

25 at a high selectivity for a long time.
DESCRIPTION OF THE PREFERRED EMBODIMENT

The carrier to be used in this invention is formed by
using a-alumina as a main component thereof and incorporating
in this carrier a metal or a compound of at least one element

30 selected from the class consisting of the elements of the
groups Ib and IIb in the periodic table of the elements

The carrier of this construction is obtained by mixing



1 9 JUN 200T 6 above coval ent bond conpounds such as silicon oxide, silicon
nitride, silicon carbide, silane, and silicon sulfate; silicates such as

< sodiumsilicate, amoniumsilicate, sodiun1a|unino-si|icate,1dMﬁUN

al um nosilicate, sodiumb5 phosphosilicate, and annnoni uat phosphosilicate;
conmplex salts ol silica containing such silicon as feldspar and clay; and
silica mxtures nmay be cited. As typical exanples of the organic binder,

met hyl cel lul ose, ethyl cellul ose, hydroxyethyl cellul ose, 10 carboxynet hyl
cellul ose, corn starch and alkali netals thereof may be cited. As typica
exanpl es of the conpounds of the elenents of the groups Ib ,end IIb in the
periodic table of the elenents ,such netals as copper, silver, gold, and

zinc, 15 preferab)y silver_and zinc d the oxj , .organi ¢ acjd salts, and
i nor gani ¢ sal t%’%Jf'Y“éld@hpﬁE‘fé‘F Hay %‘gﬂc(iqtnea.om%!r’fgﬁd;’ SPh‘%rga@&ﬁp Rs

ment i oned abovedd taheenelabs ofccmigoves afichtzilmesa&ncne deoxindese (estdd ver
oxide ) , orgapic | t su el QF d e i horganic salts
;such as, for &%gﬁ%ee, ék m%?ﬁ%e&scth o F?j‘? ggﬁdgpﬁefﬁ iiten 3?’8 %%1“ Uf ar | y
suitabl e. Use tibki |afertioxi ekeprmhses quaripnadlsr mpldangr i erefihktamount  of

t he conpou of . e I e t fr A f. the
groups Ib %d Tf’ﬁé%llr? ?ﬁé%&%%&%ﬁ%ﬁ?}b%ggg?qteﬁeggq g%ﬁggﬁtggﬂ%égat&ed IS
only required ®2hldei Maxtucke @at teepeoatwers f thee nasgal o6x1codpound (as
oxi de may fall, id,d.pe DB aned .6 ange Rased t teqf the f
finished carrile’rébot?‘he%ggﬁe ar%aln'tq‘%c?f tﬁlg’ S iei ?@gnggg?fpp%}]un%df (r)\ca{%lato be
such that the tordranton whighl has weylumdnk RA & heeial grapeneitonskreafge based
on the amunt of t'}@ﬁchég'r@éu? G P EET. obN8 - W@iﬁgtpo%&d be used

o,
; efera Hy
for the formatTon rie aving a-al'umna as a I'h ‘conponen

requires 101 BQUUN 200% bpurpighdf abdtutebsnidian 000$,30prieftor altaghiot | ess

than 95% mor ﬂfefr%mrp]w.n% L 855 . Lhai 99% A8 R Lewhakd v opLed gr ably
not 126s than 99.5% The primary particles of the a-alumna neasure 0. D1 -

t

10 um pref er aty Weight. BraRfr#P Ly di -diferef. ¥ The “ddbfdar §s pride) oF of
a-al um na propg | kABASULLa 1o -~ 30Q Flldoigiiel grabéyady o~ 070-t3 Wipy N
diameter. The carrier which has the aforenentioned cx-al um na powdér as a
mai n conponent¥&iEyteof fr Ry PRED? pof &-& HARELELAN R xi de ~t al uni narn,
particul arlsy anor phguse fldiidNane Pddraaieldiandltlercer £ eairRder B dridde, and
zeolite (which will be referred to Collec'~ively as "anorphous al um nas");
alkali netal d%diddy ah. “-al ¥BtPhe EH PALBREYI PO FdSesOEN a8 1 BBEAR S| um

oxi de, sod Lumene@e, o and-cesy (M exbderdvhy oth Wod hmbaokefgrdmd oty
collcct. ve 'y as "alkalis"); and transLtion netal oxides mss~:t~"as
__.~: oxide dhct-tPudni nf BRIFGeCH! ATheaF e 8RRy LircehR, 18 digmeder -c~n;

i 0" ed above. fHesetbidat@alritRi-3B8: € aisd Rimia~Nhramad yaheye, PO9sq, , seS 3
3~T specif_is surface area in the range of D. n 3 - 1~~ m~/§ pref erably
0.1 - 5 &Py, add%or® REaiamahly 6.5 2P L% ApEe AFefERaPLBetd 11 @%urf ace
area is undul y,sngld Pastm§@1&BE¥Cﬁéﬁ@ab1§ gener abd Yur§i Aheaegnexsessi vely,
it will fall to acquire a su f I cient watelL abso‘%xgt,i on ratio and wl|
carry the catal yti &Peopldrfdnfafrtns HicHs FREF ty VB rEFRAT d - eri& eEpeci fi ¢
surface area iy Whd ¥ dedirG&r YRECICAE MoRineW Hy c 28 Brfalicaer PeF €5 rakdan
unduly smal |l di aneter and_the--ethyl ene oxi de hei ngpg{gduced wi |l succunb to

an accel er at ed"&edyedt raf LFBARR it NIHPRATE - MTEIP fth R @ & 4)r oper | y

in the range ofr 120 cof@¥unBr &ffelaabl1a2@ one0%U enbgt N kedted§ erall ¥hd30 - 50%
30 If the water, absorption ratio is_unduly low, the carrier wll support

the catal ytic ERFERENST Vi Tonmisc&Pr3nd ddky &R sHHS pPerioghe takler of
absorption ratifs i3 emBdbsy high,

In this invention, this carrier will be referred to as
4 " finished carrier." When the compound of the element
30 mentioned above happens to be silver oxide, for example,
after the treatment of this finished carrier with concentrated

nitric acid, it will be observed that most of silver compounds



1 9 JUN 2002 8 the carrier swill not acquire practically sufficient crush
strength. Properly, the averdge pore dianeter is in the range of 0.1 ,5

+ (.un, preferably 0.2 ~ 3 arm and nore preferably 0.3 5 - 0.9 Eyg jJuN gm
average pare dianeter is unduly small, the fornmed gas will stagnate an
consequently the ethyl ene oxide being produced will succunb to an

accel erated sequential reaction. "fhe conplete carrier is not particularly
di scrim@nated 10 on account. of its shape. It is allowed to select its
~hapca st:i.tabl 5~ from spheres, pPlII Pt~ and rings, for cr:anple.
Properly, it has an average dianeter in the range of 0.1 3U mm preferably
1 - 15 mm The catalyst of this invention for the production of 15 nyl ene
oxide is generally formed by supporting on the fir:is:~ed carrier a
reaction: accePg? dtipd afa thh&PTF s eruSed 1487 2P CRnt gt FAY HRdésks~t ati on
auxiliary in adaztion il . =7S ' e : f . she _reaction
accel erator, aﬁaé‘?i (rgrértllasl%éa,ﬁ g\égéllﬁ(’:aﬁ%lpép%}qjaes's:igmn@éﬁb#cﬁegm%ocgg}’%n% and
m xtures 20 theteodtumey ipewbickos layemgobthivkicd 4l formadilon abntéasted
above, cesium |g { 2¢0r AbLY used, (TS AW S0 Ph 14 ber BickiUe!ys SERRIION

accel erator, d*I'd reaction acceleration auxiliary to be carrie 0 not need
to be parti%ul anl yhis Mileda Theprare only required to be z5 such that they
may suffice the pro i f e i de. apand o of ilver, for
exanple, is pr operI%?ﬁbﬁﬁet%flgnégxéﬁpﬁu-a(%%%~th-§1yg\l/\el ght,ogrtgyek%l%}%/s - 20
~ by weight, bibedohIbha Fheinfniogict teblaprsl Hie eienenne, pheduetdlon of

et hyl ene oxi de u t | kal i to be garni.e I roperly
in the range o?f%f%glggl%rn'o:aﬁr%% Iigrde er%%ﬁy 0.1 - SOtéA?, %%%%dr#}j,sonore
preferably 0.5thepenEanch/as, Landxpapi¢ chharaiidesdias Bplojited. MndRmol / m-.
19 JUN ZQW¥ ThenLatakyst 9 éc%%%dﬂéeﬂéhé’{b[f&{a%@@e,%@ﬂu&% banqefa i hyl ene

oxi de can be manufaetuz~ed by follow ng the conventijonally known procedure
for the productieh of etdwd éﬁétb‘k?%l%f%ifPéoEu%‘P%“FﬂEl%tor%ﬁﬁﬁf-‘z‘b’ﬁétF
finished 5 carfjefpas,&canbhee.thereof. The carrier for th production of
et hyl ene oxide, for exanple, is obtained as disclosed in JP-A-62-114, 659 by
i at pregnatin9 t:ze THPPBERNE AL F &t 13/ AP DIRAF FBIVE W P8 G

sol uti on manuf aci4iredy bye YreSobykRgramm y-i0atiet @ i by areibhitsakhid siahe as, cot
exanple, silver nitrate, silver carbonate, silver OXﬁ| 3t Pg silver ac-et-~te,

silver propl onBfefeeivert ract &t BY ¥FHYRE- 3555 &7 5AQ/ 3Pt W Yi¥odecane

and a conpl ex- £ 9fH g 2GR eSUCHTIAS cofiBEnEXAMRNe, némiIOor dompodnl/car
tri-ethanol anp ne, ethylene di _am ne, andéfg)r Eéop | ene diam ne, 15 drying
the wet ponp? 8tel&3#% PAR, © AP Hestier b8l i P RESHiASE CAPFFEY AN Y~ a r

at a tenperat Ugge idl drlt@ thavga if gd¥ups NMakd prefiarth pyriddic NG
thereby indacir,g precipitation of netallic sj |VA~- | h c;t~ Qf mnute
oartiel es on tRE SN&RHCTERES chE TSI esmo?‘L? He "S5 ?i@eIr).‘gol'Le" reaction 20

accel er at 070 angy oi;aegh€pnNposLat sHIRYo bel dissol eedyi wdiygtaquedusnore
silver-am ne conplex solution before the corgpl et? garri er is inpLegnated
with the aqueoBEeEFaR Yo -dnd Phd PESIRTHR §olGtfonh may be either used

during the course ofhd beoHaPt e alfi eie drindgpdsickediaf rentibaepragive t ati on
of 25 silver. The production of ethyl ene oxi b e V. r ase .oxi dation
of ethylene i n*EMPHPESEACRIBTLY r?é%ér%ﬁ%?e‘gfbyt %Fé%’rﬂ?@ﬁ?l %‘%ttl?oo‘f ©he
production of pe&hyliepeedxints ¢Fal berarfiineshedut cayrier | cam rge tdusidyandard
procedure Wil e using as a 30 catal yst for _the oxidation the cat st of

g ,
this i nvert? onPFeduggd by ikAg & bFath AyPERBIRAAEE 3thordanic iy
production on @;i€ERMBLCiSbn ToRPBunHAs XYM ce for silica and a metal

or a compound of at least one element selected from the

elements of the groups Ib and/or IIb in the periodic table

of the elements and then calcining the resultant mixture at

30 a temperature in the range of 1,000° - 1,800°C, preferably
1,400° - 1,700°%.

As typical examples of the silicon compound mentioned



1 g JUN 2002 the reaction te~aperature in the range of 150 - 300c',
preferably 1 BO - 280C, the reaction pressure in the grange of E gﬂ
. kg/ent G preferably 10 - 30 kg/cm~ G and the space velocity 1’ QI4 ;wge
.of 1, 000 - 30, 000 hr'i ( STP ) , preferably 5 3, 000 - 8, 000 hr-t ( STP)
are adopted. The feed gas to be passed through the catalyst is Properly
conposed of 0.5 - 30 ~ by volune of ethylene, 5 - 30 8 by volune of carbon
di oxi de gas, and the bal ance of inert gases such as nitrogen, argon, and
steam and | ower hydrocarbons such as net hane and ethane, and 10 further 0.1
- 10 ppm (by volune) of halides such as ethylene dichloride and et hyl

chloricje as %hb%@CHd%%1@%@83&&%9m§%%d&@%6€ﬂa§é4ﬂ@&§§o§idéh%lﬁﬁE88”|ar
oxygen-contai ninq gae to be used in this invention, air, oxygé

enriched air mdfFrhaeci €édices TREPEBRvePd 1PBR- aﬁ&dtWélééPécﬁuéﬁﬁyewhlc ~
are nentioned g319chbEs YR AWs6ai @B EScA0E, Taﬂﬁoﬁi’ﬁbﬁ @Qh&h&@dsga

represent the magnitudes cal cul ated respectlvely the follown

foz-nul as. Co¥PPANEElicate, [ AWRHEHSof ééBFé“Qg/ P+~|e3€6h§mned 20
in the reaeti ¢abkp Nslérpﬂcafe,cogh§ elnshne ag cmis@naedlwawe teagdidas)] x
100 Sel ectivity } I) (Nunber of cool s ﬁf et hy u_ﬁg}giconverted into

et hyl ene oxi d&pt NGlﬂﬁ%i%ﬁCEBB?EHHFJEFﬁQPé'é°86ﬁ§ SPRTtARA FEA¥t i on)] X
10Q 25 Now, tRnh8 khvesd iictkirds h@ydBGCéib@m nor e sgeC|f|caIIy bel ow with
reference to working exanpl The_synb ~~% used r.ei.n means, *$ by

wei ght . " Exanpl e 1% FVﬁggﬁideéﬁ?P}e¥ Rﬁatﬁﬁnﬁ¥§8969e§lﬁﬁefhoPSGBﬁFy 30

m xi ng 9d0 g ekipowsles ed acmyum aamprcis@,ry peditdsgleg hell amet@nuiofe E-m and
secondary articbe di aneter 45 Eé‘ 250 of 2896SIllca sol, 250 g of 20%
al umina soF, £OTHOBTSTiXlexT Xy ’9"C°§“ 223662 APEra4ES by mﬁkél§unyaku
Co., Ltd.), 5@ngredr hydy meyetitgl. cellulose 50 r~ of carboxynethyl

cel lulose, 50 g of,corn stgrch d oL ANZUB of water
added thereto, ext?u5|dh ﬁg‘ 8D?h% ?e ant em H ure t@ut?%%@ gt
ext ruded nixtufethat@rpebbeu$ @nﬂ)fﬂnrlmntdﬁagetewdxnukdnlawnfnthength),

drying the pell é%tand gﬂl%kﬁgqg gheﬁgpégg pgllégfs ggléSOOC for 2 hour s.

catal yst (A Fo uction of et ne’ oxrde va {af n
i npr egnat Lvg 3@6fe]rcuﬂxt hel@@n’rphet/encand ere ¢xided), diganigad i BEJl'tspeci fic:

surface area, .34 S pouacat, absorphl o0 13ty 30d,0. 8 ymin, a-srace pore

>

e

dianeter) with'a conp i'ex “sdl at | on conposed oxal at e,
38.6 mlL of co;npounds mentioned above, t.he metals of Sleer and z1n¢ and
the oxides (silver oxide), organic salts (such as, for
example, acetates), inorganic salts (such as, for example,

20 silver chloride) and the like are particularly suitable.
Use of silver oxide proves particularly favorable.

The Aamount of the compound of at least one element
selected from the elements of the groups Ib and ITh in the
periodical table-of the elements to be used is only required

25 tobesuchthat the content of themetal or compound (as oxide)
may fall in the aforementioned range based on the amount of
the finished carricr. Then, the amount of the silicon
compound has to be such that the content of silica may fall
in the aforementioned range based on the amount of the

30 finished carrier.

The o-alumina powder to be used for the formation of

a carrier having a=-alumina as a main component requires



monoet hanol am ne, 41.4 ml of water, and 0.18 g of ceSlumnitrate,
heat-treating the inpregnated carrier, drying the 15 hot carrl.er at 120C
fox 1 hour, and heat-treating the dried aa~rier in a streamof 4i§

for 0.Z5 hour. Exanple 2 p, finished carrier and subsequently a catal yst
(s) for the production of ethylene oxide were obtained by follow ng 20 the
procedure of Exanple 1 while changing the anount of silver oxide to be used
from10 g to 30 g. Exanple 3 A . finished carrier arid subsequently a
catalyst (C) for the production of ethylene oxide were obtained by
following 25 the procedure of Exanple 1 while changing the amount of silver
oxide to be used from10 g to 50 g. Exanple 4 A finished carrier and
subsequent |y a matiayyef (D) lfegs Fhenpﬁ‘Qﬁdu@lfﬁéﬁf@ﬁl}etﬂWI eaes hhiage 9681 e
obtained by fo r du 1 I i of
silver powder ggroduce ?345%3p0g8$un9§ tﬁéﬁ?n¥§;. %hh J¥% c%# 69

silver oxide. prefegabli 12@’;216.!25 B)Mmppé 8% A Theej nrslh@dy mrrtu@rleandf

subsequent |y acatab¥®ind reaksu@r of BE .p&@d;uﬁ?t 'pQ@f@I:‘aEi byl .gne 93&{16
obtained by followi ng the procedure of Exa Ie usi ng 0 S|Iver

acetate 5 (produéBatey- WIKG FERPERATCAATTIE 85 3f|ﬂ§?ﬁgﬂl%ﬁ Eﬂbgeé#YS|lver

oxi de. Exanpl en@.Auféni shed oar Linfr peedesasequent by an catmlyyshetE): . for the
production of ethyl ene oxide mere obtained by fol |l owing 10 the procedure of

Exa~apl e 1 whi IT8CUSEIG 20 i diepyvEhe c?ﬁ?ﬁqqﬁthBPﬁﬂdﬁéﬁhﬂyﬂ@aRéwgaﬁyaku

Co. , Ltd. ) 'Q‘sreﬁﬂﬁil@fcoﬂagoﬁeﬁf: thddegTmAXi flen rfoaiRl €h ok Anfd U sRedecarrier
and subsequently a cataly (G for 15 the roaucllon of et hyl ene oxide

wer e obtai ned By fé}WbHPWb sRETSAGHAGHE d?mﬁﬁﬁﬁﬁﬁe AlyRinag esgding. 20 g of
sal ves nitnatesGi1peoducedihy, Wakeidonyakretaite btdcn)winsseadsefr2q0 g of
sil ver oxi de. QP ? . _ ,
ro collectively as "amorphous aluminas®): alkali metal
oxides and alkaline earth metal oxides such as potassium
oxide, sodium oxide, and cesiumoxide (which will be referred
to collcctirvely as "alkalis"); and transition metal oxides

such as i1zon oxide and titanium oxide 1n addition to the

st
93]

e-alumlna tentioned above.
properly, the finished carrier nmantioned above
posscsses 2 BET specific surface area 1n the range of 0.03
- 10 m’/g, preferably 0.1 - 5 m?*/g, and more preferably 0.5
20 -2m’g. If the specific surface area is unduly small, since
the carrier i1s generally sintered excessively, it will fail
to acquire a sufficient water absorption ratio andwill carry
the catalytic component withdifficulty. Conversely, if the
specific surface area is unduly large, the carrier will
25 acquire pores of an unduly small diameter and the ethylene
oxide being produced will succumb to an accelerated
sequential reaction.
The water absorption ratio is properly in the range of
10 -70%, preferably 20 - 60%, and more preferably 30 - 50%.
30 If thewater absorption ratio is unduly low, the carrier will
support the c¢atalytic component with difficulty.
Conversely, if the water absorption ratio is unduly high,



20 A finished carrier and subsequently a catalyst (Et) for the production
of ethyl ene oxide were obtained by follow ng the procedure of Ex rgJIJgnguz
while using 20 g of copper oxide (99.5 produced by wake Junyaku g
instead of 10 g of silver oxide.- 25 Exanple 9 A finished carrier and
subsequently a catalyst ( I ) far the production of ethylene oxide were

obt ai ned by follow ng the procedure of Exa$tple 1 using 100 g of call oi dal
gold (Au content 20~) instead of 10 g of silver oxide. 30 Exanple ZO A f
finished carr ier and subsequently a Catal yst ( J ) for the production of
et hyl ene oxide were obtained by follow ng : ~Ui ~ 2002 13 the procedure

of Exanpl e | |Ieu5|n g.0 X Wak J aku Co. ,
Ltd. ) (i nste\gg ocfa’i’bl 5‘91 c\)/‘Ier uCi(fe bgﬁxé%;ﬁ?ﬁ%ﬁggxc]w E)nl s carrier
and subsequengtyemgriat aI yst ( R) for the pr oductl on of ethylene oxide were
obt ai ned by foIIo e p edur |Ie n

powder ed zi nc (prodﬁ%’ee&rlﬁ'y %/&?i aq' r% QE%ZI%%‘SE%%S |”ﬁs o?e%tfog of
silver oxide. 0lO Exanpl @rﬂeé@lﬁly\i%md Gammij eanmm@rgubsememlw @& xat al yst

(L) for t pr ction 00Xl oW, N t he
pr ocedur eh%f ExaLr%)fdn 1 %tﬁémgﬁﬁgez%&geeg\#@él&%%pct ﬁ%l? %g?%dﬁce% by Waka
Junyaku Co. , rérmed gaenstidagtafnai® gndicogseqeently §Red9éthyE>eaﬁfm:eLdle3 A

fini shed carrbgi eé;%d%gg%e qgtko‘f?%l\f/fm@ng ti&e a(cmelg Leihe &éga tipon of

et hyl ene oxi de we tal ne proce ure o 1% 1 while
using 20 g ofrzacnmﬁmtrate ZO (produced by Wako Junyaku Co. , Ltd )

(nstead of 14 g ofyl k%g 19\]& ggrrﬁéﬁm' ﬁo%aMchl@hﬁg < ER ARl ANG

subsequently a cat rodiction of ethylene oxide were
bt ai ned By f@zhlammv@fzs tlﬁ@ Bheé@duﬂé of Bxansrletd %ﬁHlelcé us§ rghaae: g of

zinc sul fate {praduceds by \@ﬁgr@gny%&m@@q; kd. -indhstead aof | Qg

silver oxide. Control 1 Af finished carrier and su sequently a cat aI yst (
o) for 30 therppoduot i6nhd$ Bt BYPEASE ok} ke bRer é“oﬁtealfﬁéaebﬂyff‘bﬂl owi ng the

procedure of Exapp! g koahihe omttjnNgd.he use of silver oxide.
The catalyst of this 1nvention for the production of
15 etnylene oxide 1s generally formed by supporting on thsa
firished carrier a reaction accelerator and what 1s used as
a zeaction acceleration auxiliary in addition to silver. As
typical examples of the reaction accelerator, alkalimetals,
specifically potassium, rubidium, cesium, and mixtures
20 thereof may be cited. Among other alkali metals mentioned
above, cesium 1s favoraply used.

The amounts of the silver, reaction accelerator, and
reaction acceleration auxiliary to be carried do not need
to be particularly limited. They are only required to be

25 such that they may suffice the production of ethylene oxide.
The amount of the silver, for example, is properly in the
range of 1 - 30 % by weight, preferably 5 - 20 % by weight,
based on the weight of the catalyst for the production of
ethylene oxide. The amount of the alkali metal to be carried

30 is properly in the range of 0.0l - 100 umol/m’, preferably
0.1 - 50 pmol/m?, more preferably 0.5 - 20 pmol/m?, and
particularly preferably 1 - 10 umol/m’.



11 9 , SUN 2002 14 Exanple 15 The catalysts (A) - (0) were each crushed and
classified into 600- to 850-nesh grains. A portion, 1 .2 g, of tge gﬁghg@

" were packed in a reaction tube of stainless steel, 3mmin 5 insi 9 82
600 mMmin length. In the reaction tube thus prepared, vapor phase oxidation
of ethylene was carried out under the follow ng conditions. The reaction
systemwas tested for selectivity and reaction tenperature of catalyst bed
when the conversion of ethylene was 10~. 10 Heat nediumtenperature: 230C
Space velocity (SV): 5500 hr-1 Reaction pressure: 20 kg/cneG Ethyl ene feed
gas: 21~ of ethylene, 7.8~ of oxygen, 5.7~ of carbon dioxide, 2 ppm of

et hyl ene dichloride, and 15 bal ance (nethane, nitrogen, argon, and et hane)
The results are shbih GatatySite Oi‘””5 1nyepgRonofer 1erasogugtion ot

Cat al yst Sel ectinjiand $pReast i@ t a&paﬁﬁw&tu@&anﬂaﬁl%ﬁbﬁaéﬁéﬂﬂ e2~
B81. 4236Exan e3~ C81. 32 Emed e4f DI 1236Exam epE81. 3236Exant e6l F
81. 0235Exan e7P L P03 B} HPF§63§E§F eSPe-FFrwstipRarmfe 101 J

| 81.0 | _ 238Exmyleikl ¢Xid8lwhit@3bsEgqmthe aforementioned finished
5 carrier as a carrier thereof.

The carrier for the production of ethylene oxide, for
example, is obtained as disclosed in JP-A-62-114,654 by
impregnating the complete carrier mentioned above with an
aqueous solutionmanufactured by dissolving in water a silver

10 salt such as, for example, silver nitrate, si1lver carbonate,
s1lver oxalate, silver acetate, silver propionate, silver
Lactate, silver citrate, axd/or silver neodecane and a
complex~forming agent such as, for example, mono-, di-, and/or
tri-ethanol amine, ethylene diamine, and/or wopvlene diamine,

15 drying the wet complete carrier, and heat-treating the dried
carrier in the arr at a temperature in the range of 50 -
400°C, preferaply 90" - 300°C, thereby inducing precipitation
of metallic s1lver 1n the form of minute particles on the
inner and outer surfaces of the carrier. The reaction

20 accelerator and other components may be dissolved in the
aqueous silver-amine complex solution before the complete
carrier is impregnated with the aqueous solution and the
resultant solution may be either used during the course of
the impregnation or deposited after the precipitation of

25 silver.

The production of ethylene oxide by the vapor phase
oxidation of ethylene in the presence of the catalyst of this
invention for the production of ethylene oxide can be carried
out by following the standard procedure while using as a

30 catalyst for the oxidation the catalyst of this invention
for the production of ethylene oxide instead.

In the production on a commercial scale, for example,
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237Cont r ol 1080. 2239 ,~ g ~~N 2002 16 WHAT IS CLAIMED I S: 1. gi gMﬂr 2002
catal yst for the production of ethylene oxide which is forned by “dépositing
silver on a carrier using a-alumna as a main conponent thereof which
conprises silica 5 and a netal or a conpound of at |east one el enent

sel ected fromthe class consisting of the elenents of the groups Ib and IIlb
in the periodical table of the elements. 2 . A catalyst according to claim
1, wherein the content of silicais in the range of 0.01 - 15 ~ by weight,
based 10 on the weight of conplete carriev. 3 . A catalyst according to

claim1, wherejn the content of said netal ou o OXI ,of said
elenent is in the FaNge<y b?%‘ira?t"'zr(? ~”byt§£/ei g??‘?‘},)e b(gfsjeég@n fhgs\}/\e(f’ght of
said conpl ete ppefermblyl58d’ -A28at@l vbe mexaridimgreesary iof tbeatarmsyel - 3,
wherein said e] nt, 4 Llver 5%@ 5,0 _ s} according to any of
clains 1 - 4 ,ogh@gFeﬁdnﬁgagé&ar&}btPg{e 0 ?FP’V%‘% ﬁ%‘?%}gthag’?ﬂg&Eg a yasc’[e isin
the range of lvel@fity fy theightgdasdd 000 + B, ORP i’ (FTRjonpeefemdtlal yst. 20

6. A catalyst ac dign cl aj recLpnsan -al i i.s deposited in

an anount i% t%é&%ﬁgégg??ﬁ oﬁéﬂ%?%w%%ﬁgit?%z c}?let ee!ds r% g{::ge&agas% said

catal yst. 7. Accatglysheaczoalliniy isopanpeniy clagipdsed of 6. Snhed@i®h kzai d

carrier possessefuf BEL RGO SU§h ACky Yoiplebe BRrpch 43B8Fa0lgad 03 - 10
era 10 - 70~, and a

m/g, a water absorption ratioint ge o ' n “aver age
particle di aneared tha hdlencengé biert ggeesnpsuch as nitrogen, argon, and

steam and lower hydrocarbons such as methane and ethane, and

10 further 0.1 - 10 ppm (by volume) of halides such as ethylene

dichloride and ethyl chloride aa a reaction inhibitor.

As typical examples of the molecular oxygen-containing
gas to be used in this invention, air, oxygen, and enriched
air may be cited.

15 The conversion and the selectivity which are mentioned
1n the working examples and the control cited below represent
the magnitudes calculated respectively by the followaing
formulas.

Conversion (%) = [ (Number of mols of ethylene consumed

20 in the reaction)/({Number of mols ethylene contained in the
feed gas)] x 100

Selectivity (%) = [ (Number of mols of ethylene converted
into ethylene oxide)/(Number of mols of ethylene consumed
in the reactiom)] x 100

25 Now, this invention will be described more specifically
below with reference to working examples. The symbol "§<
used herein means "% by weight.-

Example 1
A finished carrier was manufactured by thoroughly

30 mixing 900 g of powdered a-alumina (primary particle diameter
1.5 um and secondary particle diameter 45 um), 250 g of 20%
silica 80l, 250 g of 20% alumina sol, 10 g of silver oxide



8. A nmethod for the production of a catalyst for the manufacture of

et hyl ene oxi de, which conprises mxing at 30 | east a-alumna, a S|I|co;[602
conmpound, an organic binder, and a conpound of at |east one elq nﬂUN

sel ected fromthe el enents of the groups Ib and Ilb in the periodical table
of the 1 9 JUN 2002 melenents, then calcining the resultant m xture at a
tenperature in the range of 1, 000 - 1, 800C thereby preparing a carrier,
and subsequently depositing at |east silver on said carrier. 5 9. A nethod
according to claim8, wherein said aalumna is a granul ar substance whose
primary particles possess a particle-diameter in the range of 0.01 - 100
um 10. A nethod according to claim9, wherein the content of silicais in
the range of O(made h¥p W@g9 vengaku be@ed bR 1D tHe GePfhhydroxpeiivt e
carrier and thg.coM&N, 6o SAicd @%Eﬁcxﬁeﬁﬂrﬁpw(iqusét £ toPrL enment

sel ected fromthe class consisting of | ements of the g oups and I'lb
in the periodigtazdie agid 198 61 efeANBUBERID witdh 19Age of ®aben akied by

wei ght. 15 11 p A-dwf h%agg%mmlaﬁgaweoze%ﬂm &mt&?e,vﬂ?{% cat he

sol ution or suspension of said silver "conpound is applied to sal rrier

in such a rfannere tHEIIIE BABGRES ofn IPedledepbsit &g Al ﬂéa#‘%t?h@ndange of
1 - 30 % by wej@gb ﬂaieﬁgen)tc\%mg%@ S 1 ey @&@cﬁ%%ﬁé théQcizq A

met hod according to claiml eréin an aI kal'i metal is deposited 1 n an
amount in the R 5oft0 1690:C 1% dnBPRA®-of the surface area of said

catalyst. 13 . A net bedapgeondingd enar@to@hccllahr& 8thylehe WheRLIA st he

calcining tenperature js |In the range 00C. 25 14. net hod
for the producditdingd EYW%"&HLBB 3%qcﬂ€581r?p??[§@se%ﬁjaéﬁf'?ﬁg” thhyl ene

to vapor phasesgyi datimnspethrt ac rmimubaar@a(yg;@n%cnmzaltarnag:sgﬁq)m@nt he
presence of a cataI yst sgtgforth in any of cl %

. Ahe. Af hS. A. A BF2 @ AR 28 VRe | R37YRYTC ROFS. “"“‘*A A XlAE Ny OEELU5ET { 6
"\j|wmhc”Y] c sm]m]lca] ea]npa];éﬁ]d:ﬁ]iﬂa]BCq] 64] makﬁ:c oa]attate, 38.6 ml of

ﬂ S(ﬁg((rz%cﬂ ca] (ﬁ‘aﬂ}’]&c%cﬁ%ﬂcg U‘]a“]cg“]a]cgk %]% 1 c};ngg]?t%] %a(% e]éal]“é‘a] ca] ca]

caj E?] ca] caj C]a'].l(.t&]actea] naj caf o wialgc ah e alngajcgaht ad | AbGiddyelr , 3¢EPBKy the
zZu a W\ Z]ca cal.c o .
a] Ea] ca] cd] calﬁ] aféla %] €]a¥] LA AP EdUfRYT e dcgf%% TEATA) BT CEEEEU] ca] ca]
cal ca] ca] call cmx@ier in a stream of air at 300°C for 0.25 hour.

LA " ##RS( $$$E$$§/Gf&/%{o>%(% %0 9BBR8RR&I & &&&~yt oj e [ Vni d_Z] ca] ca] ca] ca] ca] ca]
ca] caJc
a] caU] ca] cal] ca] cald] c@]ncabecab]aca]eaqm]suaw@\aqmw] @al]acta]lcfaU] t&) cald] cal] ca] c
a] ca SA&EE&K '\y o o %actlo h de were o lowd

Xsntd’ c%]] ca] ca] ca ca ca c)a] ]] g]c

N -G | EO¥52B53
a] ca] ca] caPca]tie pajoaius @a]icxa]npw da]bd]ecal]mmw]@aé] and et ea|8333$4425j 68: :

§]Laf§2]ﬁf§§]§gﬁca D?c?g qu %"[ﬁ’g

a) ca] ca] ca] ca]mxaajpda] 6" a] caj ca] C a] ca] ca] ca] ca]ca]ca]ca]c

I'pHr H JKKLLLLL P, y T8 Ty
]acg] (r:a] cal ca] ca] ca]X %T%QJ:&?%;%E aSI'\B] g@;&mr&%@\@ %%lé]a(i%EaH )ca]:)c.aU] calca
a] ca] ca] ca] ca]ti@ papdad cadr ajfced el <re oxxde were obtained by following
al TTT" U- Ug BYI YZ Z Z%$Jh%] cheetxsoEd 4l gpl calcalc
a] ca] ca] ca ca] O%< ?ca] ca
a] ca] ca] ca] ca]ma]@a]toa]aea]mat]l cax]cw] lcﬂa]gca]nca]? cajc
al Ceeee@f. gg Yildii N k2]5]=] __ % abcdCe}xsni d_Z]ca] ca]ca] ca]ca]ca] ca]ca]
calc a] ca] ca] ca é“ ]éca] ca] ca]c a]ca]ca]ca]ca]ca]ca]ca]calcalcalcalca]calc
a]c a] caGeF9810%g&A( hnﬂsb@&/g&a(r)*ier dr/geb§ ¢qUONGE & caZafly 80 UM LOY -
1%8;{9?) 9: H %‘. keY%srl g/c £3n t}}gl/égﬁe( Lxl{ e w%‘@%ééami% %Q%l(l)owﬁé

30 the procedure of Example 1 while using 20 g of silver powder

(produced by Wako Junyaku Co., Ltd.) instead of 10 g of silver
oxide.



10%g& ()- rS1!yf"10%CC& () -, 10% ()-&S109& ()-F 10 10 10!tYz 10%& ()-!Yz

109%g9& ()- {6 An
© WU3rSLH ~f"" 1098 ()-!1f""10%"& ()-! Xyf"109%& ()-!yf"10%& ()-!yf Mod, 4N (2)':4.y
£"109BB& ()-"YZ[\wi [ ML! ! ~f""10% 10 10
10! SF""109& ()-!~f""109& ()-!f""109& ()-!f""109%PsP& ()-\jl Y2H[: ML! ! ~
Ky" 1098 () - 31! y" 10%M&' () - 31!
y" 1098 ()-31!y" 109 () - 31Ss10%vE' () - %40%E& ()- uvwwaa1!!~ 10
10! xy" 109& ()-31!y"109& ()-31!y"109%& ()-31!y"109& ()-31!y"109%& () - 31wxr oM 1
3 10%& ()-M @3 109%<4<& ()-M SF3 109%<G2& ()-M\3
109P<P<&' () - M& 109%& () - #10%& ()- G 10EwWX6. 1! X 93f
10%.<L<& () - sm&@p&e@-lkslz 10% < <& ()-!fslz 10%c<& ()-'\s'z

Lot Soda“Tou BrHTESE (Bt ieE ‘V%@?%%O rch athket ool e
10% . & ()- 10%&3(@56@@010&(& e&il(gl-ene\ ¥8ide were obtained by fOllOWln
Lo ()51 10U SRR | LML SR L
10% b{ b&' ( p-. (Produced by Wako Junyaku Co., Ltd.) J.nstead of l10gofsilver
oxide.
Example 6
A finished carrier and subsequently a catalyst (F) for
the production of ethylene oxide were obtained by following
10 the procedure of Example 1 while using 20 g of silver chloride
{produced by Wako Junyaku Co., Ltd.) instead of 10 gof silver
oxide,
Example 7
A finished carrier and subseguently a catalyst (G) for
15 the production of ethylene oxide were obtained by following
the procedure of Example 1 while using 20 g of silver nitrate
(produced by Wako Junyaku Co., Ltd.) instead of 10 gof silver
oxide.
Example 8
20 A finished carrier and subsequently a catalyst (H) for
the production of ethylene oxide were obtained by following
the procedure of Example 1 while using 20 g of copper oxide
(99.5% produced by Wako Junyaku Co., Ltd.) instead of 10 g
of silver oxide.
25 Example 9
A finished carrier and subsequently a catalyst (I) for
the production of ethylene oxide were obtained by following
the procedure of Example 1 using 100 g of calloidal gold (Au
content 20%) instead of 10 g of silver oxide.
30 Example 10
A finished carrier and subsequently a catalyst (J) for
the production of ethylene oxide were obtained by following
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the procedure of Example 1 while using 20 ¢ of zinc oxide
(produced by Wako Junyaku Co., Ltd.) instead of 10 gof silver
oxide.
Example 11

5 A finished carrier and subsequently a catalyst (K) for
the production of ethylene oxide were obtained by following
the procedure of Example 1 while using 20 g of powdered zinc
(produced by Wako Junyaku Co., Ltd.) instead of 10 g of silver
oxide.

10 Example 12
A finished carrier and subsequently a catalyet (L) for

the production of ethylene oxide were obtained by following
the procedure of Example 1 while using 20 g of zinc chloride
(produced by Wako Junyaku Co., Ltd.) instead of 10 g of silver
15 oxide.
Example 13
A finished carrier and subsequently a catalyst (M) for
the production of ethylene oxide were obtained by following
the procedure of Example 1 while using 20 g of zinc nitrate
20  (produced by Wako Junyaku Co., Ltd.) instead of 10 g of silver
oxide.
Example 14
A finished carrier and subsequently a catalyst (N) for
the production of::éthylene oxide were obtained by following
25 the procedure of Example 1 while using 20 g of zinc sulfate
(produced by Wako Junyaku Co., Ltd.) instead of 10 g of silver
oxide.
Control 1
A finished carrier and subsequently a catalyst (0) for
30 the production of ethylene oxide were obtained by following
the procedure of Example 1 while omitting the use of silver

oxlide.
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Example 15
The catalysts (A) - (0) were each crushed and classified
into 600- to 850-mesh grains. A portion, 1.2 g, of the grains
were packed in a reaction tube of stainless steel, 3mm in
5 inside diameter 600 mm in length. In the reaction tube thus
prepared, vapor phase oxidation of ethylene was carried out
under the following conditions. The reaction system was
tested for selectivity and reaction temperature of catalyst
bed when the conversion of ethylene was 10%.
10 Heat medium temperature: 230°C
Space velocity (SV): 5500 hr™
Reaction pressure: 20 kg/cm’G
Ethylene feed gas: 21% of ethylene, 7.8% of oxygen,
5.7% of carbon dioxide, 2 ppm of ethylene dichloride, and
15 Dbalance (methane, nitrogen, argon, and ethane)

The results are shown in Table 1.
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the amount of silver carried as the catalyst lS in the range

of 1 - 30 $ by weight based on the weight of compete catalyst.
20 6. A catalyst according to claim 5, wherein an alkali
metal is deposited in an amount in the range of 0.01 - 100
umol/m’ of the surface area of said catalyst.
7. A catalyst according to any of claims 1 - 6, wherein
said carrier possesses a BET specific surface area in the
25 range of 0.03 - 10 m*/g, a water absorption ratio in the range
of 10 - 70%, and an average particle diameter in the range
of 0.1 - 5 um.
8. A method for the production of a catalyst for the
manufacture of ethylene oxide, which comprises mixing at
30 least a~alumina, a silicon compound, an organic binder, and
a compound of at least one element selected from the elements

of the groups Ib and IIb in the periodical table of the
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temperature in the range 6 1,000" = 1;800°C thereby preparing

a carrier, and subsequently depositing at least silver on

sald carrier.

5 9. A method according to claim 8, wherein said a-
alumina is a granular substance whose primary particles
possess a particle diameter in the range of 0.01 - 100 um.

10. A method according to claim 9, wherein the content
of silica is in the range of 0.01 - 15 % by weight based on

10 the weight of complete carrier and the content of said metal
or compound of at least one element selected from the class
consisting of the elements of the groups Ib and IIb in the
periodic table of the elements is in the range of 0.001 -
15 % by weight.

15 11. A method according to any of claims 8 - 10, wherein
the solution or suspension of said silver compound is applied
to said carrier in such a manner that the amount of silver
deposited falls in the range of 1 - 30 % by weight based on
the weight of complete catalyst.

20 12. A method according to claim 11, wherein an alkali
metal is deposited in an amount in the range of 0.01 - 100
umol/m?’ of the surface area of said catalyst.

13. A method according to any of claims 8 - 12, wherein
the calcining temperature is in the range of 1,400° - 1,700°C.

25 14. A method for the production of ethylene oxide,
which comprises subjecting ethylene to vapor phase oxidation

with a molecular oxygen-containing gas in the presence of

a catalyst set forth in any of claims 1 - 7.



