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‘none of these r&hecaalgstds the $IsDiFRSrtaHt element in direct oxidation of ethylene to produce
ethylene oxide. There are several well-known basic components of such catalyst: the
25  active catalyst metal (generally silver as described above); a suitable support/carrier (for
example alpha-alumina); and catalyst promoters, all of which can play a role in improving
catalyst performance. Because of the importance of the catalyst in the production of
ethylene oxide, much effort has been expended to improve catalyst’s efficiency in
producing ethylene oxide.

30 The use and/or incorporation of silica or certain silicates during the production of
the support/ carrier used to improve the performance of catalysts made based on such
carrier is generally known and is disclosed in several prior art references: for example U.S.
Patent Nos 4,272,443; 4,428,863; 4,575,494; 4,645,754, 4,769,358; 5,077,256; 5,100,859;
6,281,370; 6,313,325; and 6,579,825: WO 97/46317; and U.S. Patent Application No.

35  2003/00092922 A1. It should be noted, however, none of these references discloses or
suggests what has been discovered in the present invention ~ the use of claimed silicates
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temperature but the need to operate at a higher temperature to maintain a particular rate
of production is representative of activity deactivation. Activity and/or efficiency
deactivation tends to proceed more rapidly when higher reactor temperatures are

30  employed. The “stability” of a catalyst is inversely proportional to the rate of deactivation,
that is, the rate of decrease of efficiency and/or activity. Lower rates of decline of efficiency
and/or activity are generally desirable.

To be considered satisfactory, a catalyst must have acceptable activity and
efficiency, and the catalyst must also have sufficient stability, so that it will have a

35  sufficiently long useful life. When the efficiency and/or activity of a catalyst has declined to

an unacceptably low level, typically the reactor must be shut down and partially dismantled
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+35 sufficiently long useful life. Wen the efficiency and/or activity of a
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Another aspect of the present invention is a method of producing alkylene oxide, for

30  example ethylene oxide using the catalyst prepared from the modified carrier of the present
invention.

While the present invention is not limited by any theories, it is believed that a
possible explanation for the mechanism of the modifications described above is that the
modifier(s) react with surfaces of the microscopic alumina particles contained in the

35  preformed alpha-alumina carrier, and as a result affect one or more properties, for
example, roughness, degree of crystalinity, chemical composition, etc., of the surfaces of
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30  employed alumina which has a very high purity, that is, at least 98 wt. % alpha-alumina,
any remaining components being silica, alkali metal oxides (for example, sodium oxide)

and trace amounts of other metal-containing and/or non-metal-containing additives or
impurities Likewise, there have been employed alumina of lower purity, that is, about 80

. % alpha-alumina, the balance being one or more of amorphous and/or crystalline

35  alumina and other alumina oxides, silica, silica alumina, mullite, various alkali metal oxides
(for example, potassium oxide and cesium oxide), alkaline earth metal oxides, transition
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car Ir| §r20 SudréaIploge \aillapespofensnzd dﬁstntm?nef] @hﬂbdlk@bﬁé?@vmldhrarél@eﬁébrel fBF ab:é'ﬁg?f ore
i ncl ude any L es garri.ers cl udi ng
particles, ¢ %Odf(ffegqn \Mcg&d%{& vgfhytthg P ré%‘ ?SUIMBW%EH'@’O'QQ& oi ds
havi ng st arsugh%p%'éasl ﬁﬂﬁ%VO“a'ﬁﬁ,/ R9re sige élstrlbutrdneardshulledaﬂlsm tfethé rloeified amnshaz e

table f I e ac 30
fixed bed Z’?ﬁ%ﬁ?{i@@% “gziaé”éﬁ?g?s%ﬁ% ©heccrngiy e b8ty SRARRLFA

plurality FA5RP% B%ft'%?ip'ﬂQR%ss‘{qaﬁe aregyuperapplemehrare size gistibution o 3
i nches 20, D.andbdik UBnsiy shemd whichare idesitabd fod diliming 8d@byst . 1 n such fixed bed

toh 5. for exSums ks 18 AUl dirRrayunhd Shref et ChaH Rl Ohavi ng
di ameters e wﬁ]ea/%@;y o@sﬂaqeﬁ(knowrofoalgemersomludlnghvartlcles chunks, pieces, pellets,
rings, spheres, wagon wheels, toroids having star shaped inner and/or outer surfaces, and
the like of a size suitable for employment in fixed bed reactors. Conventional commercial
30 fixed bed ethylene epoxide reactors are typically in the form of a plurality of parallel
elongated tubes (in a suitable shell) about 1 to 3 inches O.D. and 15-45 feet long filled with
catalyst. In such fixed bed reactors, it is desirable to employ carrier formed into a rounded
shape, such as, for example, spheres, pellets, rings, tablets and the like, having diameters
from about 0.1 inch to about 0.8 inch.
35 Representative examples of materials which can be employed as the preformed
alpha-alumina carrier according to the present invention include alumina carriers
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+ 35 Representative exanples of materials which can be enployed as the
preformed al pha-alumna carrier according to the present invention include
alumna carriers 5 manufactured by Sud Chemie, Inc., Louisville, Ky., and
alum na carriers manufactured by the Saint-Gobain NorPro Corporation,
Akron, Chio. O the many known nethods for nmaking preformed al pha-al um na

carrier havi i I : i e ] ampl.e, havi ng desirabl e
o phol 0gy.  Tauf&eS BY sha RNBRR, et Tobisilfe, K7 BRY Bpymisasters renvingier )
one such net! %ﬁa'EBﬁﬁlPa}'%E’QFFE@PﬁiPﬁ@ﬁqmékm@x@Hp-l e, by extruding or pressing)
al unm na powder fethe irepl \knay ' ' or nmed .

ot e, PE ot st oA AR Tor Vel llolme a4l ST Rug i na

al um na, fol]l.Q cal cjning to provide pi _ a

carrier. Andoe l}fl%o?e Erﬁ ﬁﬁesngqu%gmff"&ﬁ%’f’&&idﬁﬁraﬁ‘eé??fp?@‘wyaﬁlﬁf@ée aleanpate volamei er

h?vihng ldési r;?oé_mre)p'eeydiHEibuIionprdr@amchi nethed abimpiisea ﬁ)ﬁ?iﬁé E{fo@té'x%(Tple, by

al pha- al um r oyi mxture, formn or'

exanpl e, by ex?%%?ﬁg"%rsn‘gféé‘}s@%)]p%# ﬁéér éréi?rﬁslé ﬁ'@‘%?'ws"aep%degoﬁonar@v'de

m x]'E ure, dan|c§°’t;}‘?€ ﬁ;faflla_cuprwgd lp)h@almmingr@cpmic#etpﬂis@f pm{qnmecvialldﬁa-_@lhﬂnina céfrier. f

preformed al pha- ABbtHER KAoWRI h -al umi na carrier o

this nethod dgéi?::gﬁr ably.has a _Etﬁ?%_fgg’ém, i gﬁ@@ﬁ?l %Eﬁa\z\%grflgﬁnf’arﬁ' N8¥i8g han

20 % (more pre aEHP@ﬁV”'Qﬁ FO8PESeR Mixing\@BIMinR (RsFferaply ajpbaadunice) avith adbiedetter  of

![ﬁss t hdf gpf.‘pvidi?(arrphturé fd"mi@)(fd}{%gmmgvoﬁygﬁf@diﬁ’@bb’pre%ir%g‘?tr%co}ni:@.;reb% rpy(g}idg'rg of
e pores 1 to 0.5 mcrons; 7 t0. o (nor e

pref erably, %\{@??H%g'gs/é’%f}?g%‘?@ﬂ%ghﬁ TP IpiKuEe Rprevide Rifsfereiermes alohg- 0. 5

to 1.0 nicr8HMiNgC@EIEEr than 10 % (nore preferably, 10 to 40 % by vol ume of

t he pores have arhedprferhed i j ns.; eat.er. than 20 % (.nore

e ores have slyatmiogs B cHiaT el U ap 188 £ B L

100 m crons; atﬁL& 28V 20 % (nore preferably, 6 to 20 %9 by vol une of the

pores htve a di dessttban 20 %afmoré prfdrably) @ t6'6 %) BYSvoluMeds sy %#@Merﬁe&im&ei or
t abl e

prepari ng péfegsgrt,g’g;,cb_gw%@ﬁ,al um na carrier having sui properties
conprises peptizin oenm’te alum na and/or ganma-alumna in an acidic

mi xt ure cont ai ni%n§ IVali(Eereapreisrably brieRe Paltbly wolumef itttepares BaVe)a digmBleP¥i de
hal ogenat ed.Bf» @b widrev; formng (for exanple, by extruding or pressing) the
i med hal ogenated al um na, drying the

hal ogenat ed al umi t,, rovide fo
formed hal ogena? 43 7% morg p(%Ie'BP'ésv{Od‘e 25 96} ydvoluteraf dheapares have adiametat of ni ng
the dri28d fOo ieeld0 miiameriina to provide pills of preformed al pha-al unina
carrier. Were pretor bpohasal um carrier is used which has been
prepared as, descB:ri beaﬁ%gz)@e/ppﬁor?iﬂ?é%%@agé <[9p1'$16 ﬁ)i’yi‘@ﬁ'i”}?p rtf@ Reres have @he
al umi na whidigneterof 1.0 to 10 microns;

greater than 20 % (more preferably, 30 to 55 %) by volume of the‘

diameter of 10 to 100 microns; and

25 4 10 20 % (more preferably, 6 to 20 %) by volume of the pores have a diameter of at
least 100 microns.

pores have a

Another known method for preparing preformed alpha-alumina carrier having
suitable properties comprises peptizing boehmite alumina and/or gamma-alumina in an
acidic mixture containing halide anions (preferably fluoride anions) to provide halogenated

30 alumina, forming (for example, by extruding or pressing) the halogenated alumina to
provide formed halogenated alumina, drying the formed halogenated alumina to provide
dried formed alumina, and calcining the dried formed alumina to provide pills of preformed
alpha-alumina carrier. Where preformed alpha-alumina carrier is used which has been
prepared as described above in this paragraph, it is important that the alumina which has

35 been peptized with an acidic mixture containing halide anions be calcined before
impregnation with the at least one modifier, because the halide is necessary for forming
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|
+ 35 been peptized with an acidic m xture containing halide anions be

cal cined before inpregnation with the at |east one nodifier, because the
halide is necessary for formng 6 platelets of alpha-alumna in the
prefornmed al pha-alumna carrier. If the hal ogenated alum na were

I npregnated with the at | east one nodifier without first calcining the

hal ogenat ed p‘!hfél‘élsn@f alf)ﬁ@éluﬂﬁﬁt fnthﬁg:;réf?ﬁnelaoagﬁ %&ml %l;ﬁné‘ﬂ'???'e 2 grlﬂé’ Ii)glpgena’ted

gama- al um n U he | east
subst anti al @ Eils %?'et'ﬂwmw&ﬁﬁeaew'ahutfemgt laget ene reodiften| wittolae firsh astalchning the

avai | abl e f oalegesatst iahgninanafted peptirigathé Q@ermtelcw@ﬁ.ﬁé ghcz,oﬁé%mg% al gl% %nat The

f d al, I th
ot egnat ortou ok S94Hs SEUS, SRt Somd oh SESHATEA Hlodh He halesb atons, i | on)
pref er ablPy H¥¥lldthers p@&efawellablgrfbfaaselsmgeatmﬁoratatlbrea&ilatab@leb"f alBha? aliiira, (nore

ferably f e of
Ceast about 05 ?E@?;Zﬁorﬁe e ) tie? ok B 8 Bhed el . s 2. 0
|

cc/g), puri t?p’(‘}ﬂn%{'f’ 8 8t leayy qweﬂgﬁtflefp@cerém tatheipeesahLinvemtion)mestbrably pas @
di anet er fr cpecimositrfate beaadi Gl leddDatiLt HINE k |
carrier preggs tqlalrx; ng g L&%rt;%q eg ggc Trh@re%lé}f%%bﬁq%n?a%@éﬁ H\E)Iqeo
substantial IV 11 at POS GOf 91 dGAshaPayt PRRS(A (ase srefespbly Ebmtabout Eol ogy
whi ch apfBr O%P/QBIPG%’OW%O sblapepuoﬁy o: alnmaagmwénghtpd;@édht 6%63%!&\% 4, irkddish héyi ng
two or nor e dfdniters , S by 15 nunber)
have a naj or ° n%ng%?\ébg? I1e§tsa!t)ﬁ‘g 30 E{? @% ‘PFSF%’“G‘?H?&;'}%%WW%W pha-
al umi na car Pl erra 65‘9'&?’%%3&%‘3@%&15%5 ﬂtdeaﬂbdneasubstadltlamtﬂadma;bt)MBtacéS
i npr egnat edhawitdia [dnheatat orl Baslkt mBﬁmBTB%U WhigH a?ﬁ‘rbﬂﬁﬁa{%‘é t%gﬁﬁp%@%gh&! ﬁ‘rbad T8

y

metal silic S Ilne e regn
be perfor rnagi;agey(s{%lﬂg pgﬁt'lcfa?\b YNGR &Y m%ﬂatpﬁugﬁ‘@s} & leagbbhpercent df mbiobghat i ng

t he preii)r nBdmidrpitaye &l roajombimerssian ot lesh mab)abdltsafhilbfbrﬁlg e Hrefb®te aAfha®Ne
nodi fier ing@amgal r tion. and vacuum

i npr egnat i 2&3: rtnﬁg C\éﬁlrég &g?ar'ri tg):?rﬂ H%]J E og &5 17 éﬁay‘cx’fd %?V?'h'é imprseraiemhition
sol ution. A"f& ‘ﬁéﬁW@ Mpdifigr wqdﬁ‘gmbamorm alialli inetad silicatesihrsd gikaling e&ﬂtmmébél

cont ai ni ng dilvatedt TreaBipréyMaticH fhaf |b€rpeﬁ3%éaeoyf Qr{ynﬁﬁirﬁﬂg r{l%@enf%e \Pref?rr%%

Preferred i si ti,ons a r to t
conpri se Z@Btgt&gpggﬂsp? ébé' @{%ﬁﬂ?forl%etd p?hg *ﬁ‘t’rﬂ' R &airigr §otl’)’u<ﬂ'$$9|*¥lngpﬂ1éfaéﬂ@§t y in
vat er . 4 t onegyedifier froa soluesus formodruitripesynationi ol &6 Nend)ali@im lrﬁﬁrﬁérllatlﬁ%ltﬁé: ates

f ol ubi | ff
Cotvents, dng one pir dfas ATBERE! (KinhRdRTE Rovuy e iasceinget ol

silicates cafP %‘é’"s%'i"té'é%@r aluey ceptainp Iteaiatlpast fope suddifler Inidlyi tesfonfied B¢ the
particul ar catdeal i netal silicate conpound enpl oyed. The inpregnation

conposition nmay g Eéférlreoer contain one or 30 nore other material, for
exanpl e, a pronoter camefeRpriqnompositiansacerpingt tothetnresent laventios compriseoned
above, 24cc @t tasyonevalkdlionétar siicatesipesolutiof, ptréféraaliyeﬁwaier' 'WlﬁﬂFe'gQM toBqLi8Sus

| npregnat i i arrier east one nodi fi er
sel ected f??é"“ % o eal Bl @Bl AT RnGH e s Yt osaeeivg raowns o

si l i cates, “ﬁieﬁﬂpé’d‘f%ﬁf’ééobj?@ﬁ,o@nﬁeﬁp thel rpthSaWIthm mdrich acont@rttrationsdefi gikkli The
drying is m@éleﬂledjéycﬁaderdeﬂéétéalﬂre BdntrdlldaBIRRE 841k DBt the particular alkali metal

silicate compound employed. The impregnation composition may further contain one or
30  more other material, for example, a promoter, a stabilizer, a surfactant or the like.

As mentioned above, according to the first aspect of the present invention, after
impregnating the preformed alpha-alumina carrier with at least one modifier selected from
among alkali metal silicates and alkaline earth metal silicates, the impregnated preformed
alpha-alumina carrier is dried. The drying is preferably carried out at a temperature not

35 exceeding about 250 degrees C. for at least the first two hours following the impregnation.
Such drying can be carried out in any suitable way, for example, by placing the alumina in
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+ 35 exceedi ng about 250 degrees C. for at least the first two hours
followng the inpregnation. Such drying can be carried out in any suitable
way, for exanple, by placing the alumna in 7 a dryer or by |eaving the

al um na standing in anbient conditions (for exanple, room tenperature),
for exanple, with or without humdity control and/or gas bl ow ng, or any

ot her treat | S r Th ent i ig not limted to
any parti culﬁra%rr{e% b?he?rﬁrﬁ;“lhte albrﬂmg %ér[&ﬁ]gs a‘%ﬁﬂe rif &ndrf a?fv%’fmpdﬁt room
enconpasses %‘PPerB‘i“'EféefQ%%m&? Wé%@frwltj@dt heridiysostrahant/ongastbioming by arydpbties

achi eved, re@arnmﬁrewarcnfreémy\frﬁdttyh d'TMéW tonaE Rbtsi | t hat
for at Ieast t _two hpﬁ.@l |?1 ol Iovme'lr‘tgnr rrpreyrﬁg? fdoér‘]”‘) %}rﬂ% %ethog’t(ﬁre of
t

the al umina® Pe{@f FORFELS YERHALBNOPBPaSRES Bl PEOGESSEpRS @ﬁsﬁlb@ hegein
pr ef er abPy @Oﬂduwhletd diyingds achiaved,abyardiesedtow, suph erfymgaebédhrév@&' TTel Brgferred

troll d i f
the pref L?ﬂé@*?’%“éﬁs o P A Bl B S iipr by 7 BroeBpanise o e e
enbodi ment Bfefﬁ'a ¥ yloag) not exaese rR50cdagréesdC.outhei dryiag ds yreferablp\e@ndudtddyinng i s
conduct ed i Bostrolley m@ﬂn&V&Qfe%lyﬁr‘réﬂY&d@ doﬂ%l@‘g;ﬁ'lu'ﬂ'gq:r’%hg g%cfd;gg 5@5\9 rn?%sé?bu?on

maxi mum of f{tgm ab% gcg ees to a
preferably 3 o) 98 F‘eiﬁlﬂh%‘é Pinascagtier. over a period of from about

2 to 121l0ours, ninst Speprfrtefeerersbnhtytn@twtﬁodénefnt)offa d‘rﬂde f‘reatﬁw@htl c‘&WFe@ Jﬂymcaod?*éhé"'g
hour s

back to abo I QR . nte15 hour
exanpl e, a lrs!\;eenr eser# g%eaée%?n Pedrypd gvgfhﬁygbw(b H’FWﬁ'ﬂg ”%"eéﬁr”éq?é%“"enfé‘lﬁrdes
pl aci ng i rrpf"égﬁ’a‘t“eﬂf B?féfahoh’edlo%ldpgraesala,rrw rahowta280i @egreas @., dhost Ngefenadly a and

sl oW y i ncr@asimag besamsk 354 Rg r 150 degrees
C. and hol dlp?a?t thgt te erggﬁrcg @%b%&gfonglagﬁﬁte%%?a}m P

exanpl e, 2 F8*° 4'“A§ o4iSofolievedimpraliag b@Pdefab@lrteﬁ@mémmmtuw in the

repres ehft at hexe Yehauptoe2 dious. sBort &tingid]ray rdb%séﬁlﬁ%n&&n%ﬁe bnél éﬂﬁ’(&bﬁ? 'dPﬁr‘igeaS' ng
i r'st

t enper at ur re to . in the

t 0”1735 i nutes ee]é[‘&fopree' e%%g{ngm@f'@tgd Pr eﬁ%’?‘&iéfpﬁa%@ﬁf&%{f@n'e argnyig Qrut 50
degrees C. aftdo‘sl%bmcreaen@é@mreatwe upi to atrhaximem tnotigrester than 60 de@ses I &fer abl y
60 m nut es, haldiey SEHANGMPLRARIAS FR tals Rabib %ﬁgﬂp&‘qg'n 75%%(?(9@5%32% 15 Yofigout, 100

degrees C. é”p the nex 0. .75 mnutes tes, hdi%easi ng
t enper at ur &PV Eh %@g‘?feeé%mépe‘t'ft? ’3’5’8\?&“@% eyainple gf 2euitable drying $esuaece 45

to 90 @Onutle@qdepmm‘rmsmlgltgmﬁé}aﬂmmftﬁrﬁﬁoonhteh@e%réWu@é@lﬂé‘gr@ésCaih(?t]?éfrrgﬁo
m nut es ol

degrees C nut es d
cool i nqisgggﬁbﬁmﬂgé% ?’a{r)rgera?ﬂ (e tnereast gﬁeég&er%g%tf@wgb% PRifearees ot her
specr fic regpedeth deares Cxiartiv oexidsatoptisminates, prefaratdy seqmmnee indrédsing

exanpl e i naém t | pides Cr. n
terrprrgrature ff%ﬁ??egg&h%me?%?'gg?g gg%%& BUOegedd%b%r ge@ neﬁ&e ﬁﬁ g7|5rst 45
to 75 m nut™dautes, r'Pé“rf%%b't’ %9 ”t'ét‘fﬁ%r*%&r%ﬁsegffﬁmmratymtroreooeremreeec {g.abbot t#out 90

degr ee@5C. degrebh€. e tie Mt 4o t300 %rﬁﬂtb@sprefe%fyetﬁﬁmmtéseﬁ&@“ﬁ&ﬁé’rﬁﬁerétﬁfe@tgo
degrees C. B@J%%g%eg g‘tenethzgf){}séé to %mnu , |l ncreasing
tenperature Trom e Bexty waeéegr a4, 50 s olbyed Vg0
m nut es, f@pelrggelaaobytocmm teyndssaturet in theooert t4Bnfre 78t minGtes.  Another specific
representative example of a possible drying sequence, this example including a higher
maximum temperature includes increasing temperature from room temperature to about
30 60 degrees C. in the first 45 to 75 minutes, increasing temperature from about 60 degrees
C. to about 90 degrees C. in the next 20 to 30 minutes, increasing temperature from 90
degrees C. to 150 degrees C. in the next 45 to 75 minutes, increasing temperature from
150 degrees C. to 250 degrees C. in the next 50 to 80 minutes, followed by cooling back to
room temperature.
35 The preformed alpha-alumina carrier, which has thus been impregnated with at
least one modifier comprising at least one alkali metal silicate and/or at least one alkaline
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+ 35 The preforned al pha-alum na carrier, which has thus been inpregnated
with at |east one nodifier conprising at | east one alkali netal silicate
and/ or at least one alkaline 8 earth netal silicate and dried, is then
calcined. If the inpregnated prefornmed al pha- alumna carrier were not
dried prior to being calcined, the at |east one alkali netal silicate

d/ I I |y
i st 1 but ed""agf‘ 20 aldsl ke 8510 VB Sl S8 WBHEHRBE Sl o

be present A4S GHEFT WRremal q’”eQrP(S'GhiO bejing Q?kmeldethe\m)least orehadkatl myétalgsiliohtet he

present i nvandllooat loast oht Slkalme%hh rictal RliE4E Wohb& telledd! &Eﬁl&%&ﬁrgﬂ{ég?{alﬁtn}e

| east one a cate east one al
silicat e an(Jlt | rbf(?ﬁﬁéecgg' BY %{k’/o.”as? aT"SE@'éCQO'dYOUM@ Riesant iR '°Wﬁ"e°V§ralk|£m0unEtIal
si | i cat e an@INGF WaKds| e siryingrad thel fresanhverdian rdsun® ndettsi dmfamir@ dﬂfaﬂs{riﬁuﬁo?a'cﬁ' ni ng

he dri ed | f
s E”éﬁ??gﬁé‘?ﬂ? AT R sTb&to Glb) B Beet ol aMiRd i bl it and

i npr egnat ed SHEH HAVPIgE logsq%qf it q(}ﬁast ereealkal hmtmmca’tel and/beatperstbny sikdiige Whi ch

the dried Iquﬂ’agetatﬁﬁbafﬂMmelaalcmﬁlgfﬁhbbdir%@tuﬁgrebﬁat&f Qurﬁ{nably at | east 800
rees C. An exanple of a

degrees C., nor | east 1200 de
suitable. calci ﬁ%%%lg%"l%gd%%stﬁﬁl de 'G‘W?Qé’afeﬁp‘%é@ﬁat igCaging avti by raising rther in
a calci Hl ngtemperaiee @nﬂ)eldttedelamrerggalednmmahube af pé}lasur@fomqé e”ﬁ% At

bout 15 5@, M 60
minutes, hol d.ps?g@g%fﬁiwﬁﬁ? 8 508 rprbdlendPaloind B Qb RECE T Rlgateat sy ot ]

pr ef er abl y 9895 d“ﬂ'ierﬂj?fé@blylah@ﬁ@aigp%gegre@n@xerat ure from about 500 degrees
C. to about 800 Aiegxa&me ©f al suithe d&%ng‘lﬁcﬁ@egﬁlacuﬁ%%@ %pri@{afgoegrgcgldﬁei}bom

60 m nut es, out 800, degrees C. ut es,
preferably aE&j out E%a@}nﬁ@t}g@acq Wldr'aﬁrg?ﬂ@g tesmseatyre from ﬂopmﬂﬁ@b@fatur@@oamagrees
28 C. tld alf¥Qrdegrees Cdlelgﬂheé§t45t075mhﬂtelsewgfe%lyléboZﬁSdﬁnﬂM?&%okﬂﬁ?gteé

about 60 mspyt e or_the nex to 150
m nut es, pr5319 edréglroelesr@ i mll'g%(t QE%J% uted ’ﬂ'S@é%'yb?Poé’hﬁgt'Qﬁ‘ftP%l'P@fe‘st'WearI y
cooling to ‘1’3’69’6@5%/ 8@@ @%\/@QO ﬂmeesefét tcgalpaut BRO degrees C. (i eeehadplap tabmut 10
hour s, and ntilndes, rcﬁéf@Mbl?QabbﬁtﬁBd?rﬁfnﬁiegrhcfkﬂlﬁ)dThtt %uf b'éd"@é:g?eéné fo:a{hfaqr]mxpgsogt to

cool, for exanpliEs 6?8‘% Qabr 00 rature. SOnE case en 25
obser ved that CAPiRGs {20P¢ e’PES’E" Pe'§°'ﬁﬁﬁ%¥e"tpﬁ@ﬁ-"§?9m aheyt 8@0sdagreesf or
ﬁxarrpl &0 15069 a%{jﬂ@@@ de:greeﬁr Chingthe mextr 455tal 7!5mirm.te@hfa:ie\*lér@th)ﬁfdbcs‘u’tlfséﬂr?;fn%te!‘,"*(‘:c ch
as even sheum L gher t ratures (for
xanpl o, 1000 deqteos, (o0 eBRes G5 oMt G B b WS ardiedly Absterieo

i nvention W‘ﬂ’ﬁ’t ‘EIBY’{%‘? Péﬁmﬁt'ﬁ"YdW?amﬁ}oob@g ton\50pdeotdestC avertthenext 8 tot12 30 i S

bel i eved t haurs,dpretenably BBout aloChdiirg) Gandt 0 | S| | icate
and/ or at Wegs?%co% fléal i ne ea tr?drrtgtgna?érg(lg‘}lﬁ%zg'?e&?éeﬁ f@a?ﬂeﬂ@faﬁ
ac

al uni na sur LPXAMIRIS: (99WN 18 ronie dampefptice Intseme aases. dt hasl lzﬂenvel y
hi gh c%%ceﬁ@ﬁeateﬂdhat(mnlwanpmeeramreﬁ higfer afiart TE0raRdidels &5, fob BREmpid, S140@t

| kal |
LESL aons Gbdrald I bt bGRUR AR Ay Rfbn RA aPh dotarcasionang ro.

al pha- al un@ﬁ%{nlpg to n%lpgd}lgﬂeédempqrﬁtures (for example, 1400 degrees C.) is sometimes
preferred.

While the present invention is not constrained in any way by any particular theory, it

30 s believed that during the calcining, the at least one alkali metal silicate and/or at least one
alkaline earth metal silicate can react with the alumina surfaces, particularly in instances
where there was a relatively high concentration (for example, 2 wt.%) of the modifier (that

is, at least one alkali metal silicate and/or at least one alkaline earth metal silicate) in the
modifier impregnating solution. In the case where alpha-alumina is impregnated with

35  sodium silicate modifier, such reacting is believed to result in the emergence of Na-Al-Si-O
compounds in the alumina, for example, nepheline (NaAISiO,). The presence of nepheline
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« 35 sodiumsilicate nodifier, such reacting is believed to result in the
energence of Na-Al-Si-O conpounds in the alum na, for exanple, nepheline
(NaAl Si ). The presence of nepheline 9 is believed to signify that a
reaction as referred to above in this paragraph has occurred, however, it
has been found that good performance (that is, activity, efficiency and

aging) is eIi e is ent in the nodified
carrier. Q@Béﬁeogcﬂ%e § fge{ﬁatg e&?u%aafﬁ% @l 3oy '%%Prqa&ﬂr%hthaélﬂ%éﬁ%nt to
the inpr egné‘PY"%‘ﬁ” of Nasl beea feund thah goad perforBarse diihatrs, siclivitg péfticiérsy ahe uhindyig 0
degrees C., obfaied wrsetr@k %ﬁnéﬂﬁéﬁiﬁgmﬁ% Bl%@éﬁl'lﬁ ?neop@&aﬁed ’cbﬁmérhelf FNGhusLon, of

t he cal ci ni ragm{ h n nation wth §fnlp

sel ected from ?ﬁ'&q ‘?QP" §‘|‘95P%‘éﬁ“é§° éﬂﬂj'"%ﬂ’mai'?feoéaiphhamm with
silicate8, sﬁ@uratsmcatemOmeoabk@bes Cthate i§ hisb ‘fo'%@d @ﬂﬁég?élte%aé@as'[ one

al kal i ne earth "R fHe ch is preferably

resent
in the range of from CI‘U '8%)%61% galg%%tfol Wﬁ‘g\/\l@?p&?ﬂ”aff)‘é\' &’grhtthe 9] '%ﬁé@ﬂe on
the total weogfer wec{qdérqnbmwmaammal siticates ancealkaliié earth bl siicatesagic e

modi fi er I&aQQﬁieLHRaﬁ'nﬁét&l%ﬁh@atetah@/oﬁé’t%éé%ﬁ%%l’kglﬁmteeea rﬁ*et‘?él%wgrtggﬁéraeggﬁ{ \n the

range of fr%m abo about 2. ercen dh of
the cal ci ni A8 (mi'chds Pieisr i heoraneg @fﬁrqrm@bouhﬁm fte about B9 weighe gembuty e,

the modl@ i chasedmondiie tokx wprgﬁ&ﬁfﬂﬁe meérﬁ»é& él@ﬁmgfégﬁlePOWhéﬂegﬂé b IEé”é%hé( moﬂjﬁ:e?‘f fect

t he nor phol; e ertjes o e unnodi f

al t hough tﬁg&"?@gﬁgﬁ%@r ?9325% ﬁcg‘erﬁg ofg {e&P'VdE tag, @nge PB?'%)@BH*&I%“Q he
nor phol ogy 3out &8 weight pereent aaIPamonau&ncamﬂtm caléiningy pollowing Ymisre§sdtion With they
simlar to moafierof the preforned al pha-alumna .carrier (that is, prior to
i npregnation with the a& | east one nodifier); the nmedian pore di ameter of
the modified al difi "I aPYee the mogifieqtion iof yhenpresent dnvention Boesypalfsigriifizantydi an

por]g% 26 diafieet tbe "mcrpﬂdlfgymh&foﬂfeﬂﬁgﬁhlrﬂhﬂop?ﬂrﬁé@d?%&?rﬁrﬁédﬁ’fed Tﬁ?ﬁnépagtﬁ?udc .
2ccording. tre PragerlinddBior S ot 38 AR, s ckabuloae douphaion e o
al unmi na C&"I'Lfm'@@ Cﬁ@'et Yo lveighllyysubstantialy sirhitan taltbattofSfle Yrefopmaet lpRSadirRal er
than about ecaﬁfr&v (@adis, %ﬂmbgw?fegﬁ]s@t i 4220 @820 oyl mblifio R PGS edfar? Hle
modi fied alf ﬁ étﬁer'i“@q' g9 3/vraiga serEey 'éltW@:al'bn@ Ipss Haadidnte of ﬂhwmm!lalmpones

pr ef e: an| yWﬁf thempireformed ahﬁam;m,;?aﬁéaemat ed]c by cgt al %/LI g rr;at eri ﬁl and/ or
pronoter materi : nge W one_preferred method of was
according to ch 'ﬁb{p%ﬂé%% %%&W%ﬁ” @aéd}%%@t substantiaiyo affecteds byl W?ed to
wash the rrﬂmdff'p@t@n@&wrﬂlag fo Bexidsent iaventierc t Diessurate awal df thevavdifidaltipse of
skill in tBgriaf ts tysiosl I &y ag i,.ch the di fied

al umi na carr |ner chﬁ' beﬁglseﬁglﬂgér?eg%lt & /’ mﬁﬂétﬁﬁ@lsb@a@ﬂb%nya%qmggf} &fant
for exampf %me%qsegreat%%e% 9% pidhe éEF‘Otf'G Sé(f%ﬂ?oﬁfa@ obihe prdfermadriphal-dlumpiaas es

upwar d2i t bamiet he col unmm and t hrough the carrier to a condenser.

Extractant whi C,t\]s ngteﬁo%%gg St%e modlflela alumina carrier formed according to the present

invention is preferably washed, prior to being impregnated by catalytic material and/or
promoter material.

In accordance with one preferred method of washing according to the present

30 invention, a Soxhlet extractor is employed to wash the modified carrier. Soxhlet extractors

are well known to those of skill in the art, and basically include a column in which the

modified alumina carrier can be positioned, below which is a supply of extractant, for

example, water, which is heated to evaporation, whereupon it passes upward within the

column and through the carrier to a condenser. Extractant which is condensed in the

35 condenser falls down into the carrier, whereby the carrier becomes filled with the

extractant. When the extractant overflows, it is siphoned back down and into the supply of
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‘ falls down into the carrier, whereby the carrier becones
??Ifggdﬁpfﬁrthg extractant. Wien the extractant overflows, it is siphoned
back down and into the supply of 10 extractant. In such an extraction
according to the present invention, the extractant preferably conprises |
wat er and/or one or nore am ne, and the extraction is preferably conducte

' f Q.. ut 144 hours, nost preferably about
12 hours S A amcorsacs dy oreelRFuatinec  te Heshsdevanabn.reraigiiant
the present R'H§ERY @ampriseswaten din/or dneabu orm aminer hed trceaébmtaeﬁdn][nalr;ﬁ&e%fg@ﬁ by
wat er and/ orconduttert for aHuftfios oF Horh @BSut O(‘;éfnﬂf %oupﬁgh?uﬁggﬁ?%géfﬂsﬁn 138% ge Yf or

dryin for .exanple, at a tenperature from a
emepIge,( aboUt 120 degrees C), or by roasting (for exanple, at a

tenperatdre of fioancatiante WADShéprefbosd méHO&Sior fn/@.éhkiﬁﬁﬁﬂ)!hts ggggw\éeﬁggn,

ol ket 1ot T UnSE Ao, ARlel oA o e RGN ki oxRgIamine solsidnsrret a
2: Ik?c:at rere cgﬁf‘%(%@ﬂe'cﬁf?i\’@h@. fotatvediby diryirg (frir e2arople rdt @ remparatukecof FrBMREB G ZhEi NG
such washi 1> b 0 ep o bpel VAol SRS AERIAEE bl
whereas - cal UGBS SHASEOUAER 621000 Cofatsrarmolbcibniiio0adgions G)

si gni fid@nt quankl leasisa portiomgf srycdxcesbalRASHGECatORY afii Wbt GREdL SHiRail 1 he
Bnd opt i onal s atef £p8Br WeBnE 4aM Ferel et Sardienian e mpsined el t he
Ztn dl ggtsL Ogﬁ@a%a? &pryeved duing suchl washidg.oit hashals@bedredtisenen thad haFRIRS phERY, e

cont i i gt gr eheralynaRgnsletn g st Aol Al iR wihbing, whekee one
oo alt e ngAéa\?'gerg?etétFip?'gg‘;’ Ng‘gﬁﬁgég’ﬁo t“é’ﬁﬁ@rh?gﬁ@pi/mgn s@nificant quarttitiesatiuringasith one
(F:);?gloy'?{i: neasdingal (and preferably al sp at | east one pronoter, o Known
For " exanp! 6. 3 Ukt W el o lelriRent uioBenay e praspRid v o st oty
with a 25 Gieinsers, apdeptionaipalso ai Ibagtione propwietd Altedatively, WRbALIAG WL | N

: | ted simultaneously with the
LTy ool 86 S RIS o, 06 TR SRS Ll B0 o i

i t
ilver i rcggﬁgw %ﬁb'y'f‘ﬂ %?ti?@ve ), gmulgiop gFuyfy?qontah@g tharat least oree catplygnat ed
C Veor20gmteriaham;/c-wme bt loa? ong popoeer.Si | ver conpound sol utions sufficient
Lone h Y o..b rted dnthe carrier in an anpunt which is
t?e? Ielr g\tl)vl ; gOS= oy rig{yr%fnrggtﬁg#)soﬁ SPRTEYRY pauier with, gb inastyong eftalyticematsright  of
f he cat al y$3nd Rigfeeabpr aiseatibast oné pramaidypsimultffdotsly ahwtie SR Imdte WRlght of

[ [ [ [ [ Wy critical. In
the cat al yghy séqieAde)lareCkiBiner i al particle size is not narro _
t he case gf éi%ger %:’atal ytic material, suitable particle size can be in

the range of frbth SFHE: 1%()9&‘{9*?13@?90@@}’ degyepased by iMpregeatmgea aarder ikt v of
known @bonsoletian, oft bad of Snoreaiir icepoitisChs ¥Rl KRbHR SRthd Brt. One or more
promoters may be impregnated simultaneously with the silver impregnation, before the
silver impregnation and/or after the silver impregnation. In making such a catalyst, the
carrier is impregnated (one or more times) with one or more silver compound solutions
sufficient to allow the silver to be supported on the carrier in an amount which is preferably
30 in the range of from about 1% to about 70% of the weight of the catalyst, more preferably
from about 10% to about 40% of the weight of the catalyst.
Catalytic material particle size is not narrowly critical. In the case of silver catalytic
material, suitable particle size can be in the range of from about 100 to 10,000 angstroms.
There are a variety of known promoters, that is, materials which, when present in
35  combination with particular catalytic materials, for example, silver, benefit one or more
' aspect of catalyst performance or otherwise act to promote the catalyst's ability to make a
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+ 35 conbination with particular catalytic materials, for exanple, silver,
benefit one or nore aspect of catalyst perfornance or otherw se act to
pronote the catalyst's ability to make a 11 desired product, for exanple,
et hyl ene oxi de or propyl ene oxide. Such pronoters in thenselves are
general ly not considered catalytic materials. The presence of such
pronoters i Ay has b sho to contribute to one or nore
benefi ci al g?%ste}gq é'%gﬁétt LeXanpley éﬁge%e(rxf (HRIAPKIENG B¥ides ,JUEh IPEOMAiengdhci ng t he
rate or anoufiemegivesraselgencraliy nofcobsidersd catalyir mateddls. Thedwsem dfeGcH enper at ure
required to mehbRYSInhSddRPh& He%ﬁghmnég%gﬁtfrbtﬂgtoo %:;legg%l(eg (' HeS on'

anount s of %Fdesr red reactions,
si mul t aneousN§ SHAVEHRETPIEARER for ex@mplg, %Wa@q"agathe raéeommdunt Qfelf@:hn’rmm ofg t he

ef fecti veSnescBasméd ;brbeuct Cw@rcaighhdoﬂ’eﬁhﬁ@r‘éﬁiré %th’ﬂ‘% tH%@IﬁéUeea é?frtaﬁieﬁitéB reg&%ngas ;
'S r of a

over these g reactions. fA
desired reac | on %ra[;%s ARTOHNE B ‘f"lﬁgafﬁd rﬁ‘?ﬁS‘P'PﬁeP“l@"F@&MQ fGﬁCt'Oﬂﬁ)pCQ&Rarrpl e, a
conbusti on rsea'dtane@usly\,mate rescta] @lea‘crmealfactcg irt rﬂb’:!érnﬁd‘tﬁ; tﬁé Eﬂ@dtrv&‘fes& B@tge

ronmoter on abl e t i ci ent production
pronoter o Jer%llBYd%Féé’é ik tr{eerﬁlé:atshr%rbf Efntrfo?gr}%mﬁs SN tﬁe&ed:gmpqmg rg%q{regsg

of the desired th ation of
the one or W@'%WH%!%P@G%@Q@WEF ¢fra delricectraactiop san bagn inkibjtorasf @noteimi de

range dependédegon)lortdx@mprRSa E&Ebrﬁfr&rﬁ%&ct@ﬁ V\ﬁﬁf @l %ﬁﬁr%a%ers tf?étri’rﬁé; ot Mﬁe bl

corrponents cul ar, cata ctron

ySt
condi ti ons. I'IQn °£‘rthe 8Yer?'5'§§?t'°?v§cfa¥%/%%t°d?'e ﬁ‘f'@iﬁﬁitpéq%'cm"ﬁmecﬁeﬁrfeﬂmt ers and
gaseous pr @rmluetr for exanyué, lethyrenemd@ﬂheeomd@ﬁ@étmroﬁﬂﬁdmé ) ﬂoié'tﬂorﬁéife?é yst .
prior to it , rr| er su S a part o
active cata réé? I‘:&rlrrrlafHa éagoyr?p?‘@ ﬁé%eﬁ '%e H%EF eipgn NHET Rﬁéﬁa?'ﬁ"é{‘?@%‘fq on to
make et hyl ef aBﬁ‘eréo"mamée§b@@th¢n¢@mpgn¢ntmfatnaeuoptaoomalmt,mmmep&&uaﬂah al yst

may be mmknmmnod/&ma.t.anssol Id pronbter is added as a part of the active
catalytic mater er{ %for ex Ie si]ver), the pronoter can be added

si nul t aneousl y Weatr'ﬁi‘ls 5)1995 efrpre'@atam $°&¢IW°$@FIS@\W@QSQ% deposi ti on
of the net apromotarsieA said proemoteys inctppsrated rrﬁﬁ%bﬁ@s@nor Walslusk naner 504 hsh

pronoters fgfrthé:@é,ﬂg,ys%baodréreaq t n%gg[kr,g%aﬁy m&a&ﬁ%ghgﬁgg%gﬁ%déomounds of

pot assi um é di um cesi rheni um - su Aum
tungsten an “'r‘ﬁ%f‘%rf%t'qfﬁér'@('w ethyiene oxide. it specifiefoga sttba promaderanehe  ar e

gas- phaze cengige iy b@ﬂﬁkrﬁ&wrmWﬁér'\raes%lrd bRATRRis 8 Qs 9 Qrt of'{h%%gﬂfefe F\éeﬁ

reactor for oduction o ne oxide rrpl e Xi de)
with vapor - m%tggﬁlq °é§é=’tr%m% glver& l}@e}]p%g\o@f 354 %@%Hé'”@é@?@@ﬁlw%ﬁhe peatsrist er s

f ur L hg(r) enh@frseeued;rnuellygeﬂdmmmmda)o@ftroraoghd ﬁr{étattarﬁ teXsatrier ?\Ds!u b&?l nﬁﬂéllzj &”gt ion
Wi or er ca enpl oyed are
a gaseous |‘)r/1 ] lg@t Oﬁsb@prhﬁrgfre%go%)at n%éﬁolﬁe °B’8ﬁﬁb¢&ﬁ%h'&§e“eé¥f@%r e or nore
gaseous corffgeHpds Qf@ﬁ@ﬁﬂemdﬂbldlgmneesmm nigeréum,|satis manganeséd, inwlyddeyurgnhanci ng

menber 2% aufgtartBhiturRagdegn pair, both of which are well known in the
art. The preferred ase?ms conponent capable of generating an
ef fi ci ency- enhai SASHIUS RraAYR afp9a5-Rhasr€qrenPupds and &f neixtures

ni trogen- cdheraofrwhwyl are introduced to a reactor for the production of alkylene oxide (for example
ethylene oxide) with vapor-phase reactants, such as ethylene and oxygen. Such
promoters further enhance the performance of a given catalyst, working in conjunctron with
30  orin addition to the solid promoters. Those typically employed are a gaseous inhibitor

(chloride-containing compound), and/or one or more gaseous components capable of
generating at least one efficiency-enhancing member of a redox half reaction pair, both of
which are well known in the art. The preferred gaseous component capable of generating

an efficiency-enhancing member of a redox half reaction pair is a nitrogen-containing
35 component.
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+ 35 conponent. 12 The solid pronoters or nodifiers are generally added as
chem cal conpounds to the catalyst prior to its use. As used herein, the
term "conpound” refers to the conbination of a particular elenment with one
or nore different elements by surface and/or chem cal bonding, such as

i oni c and/ or coval ent and/or coordi nate bondi ng. The term " oni c" or "ion"

5 refers to an electrj cal I char & chem cal noiety; "cationic" or "cation"
bei ng positive arﬁ1 %?'B'H rso(gp%d RiSGiee generaly addsgasichemicalisempeunds to
" oxyani oni c'thecatalystysini torft$ usesfAer et bein, the et 'whpbuab%morfm &rYbination
containin I nat i r .elenment.
9 gq p%ﬁ%hlapagmgﬁ(tmﬁ%n@B%He%nf@Pegnﬁ?lngentf By Lg—faﬁﬁ 88&8& BBhat | ohs

An oxyanion s thus an oxygen-contar nin
do not exi d©nfiRg\axEkIBS 'OB'Gtan@(P@COW@JQW@ndW candingiaboroingwihenteah Sioge-drdibahci ng

count er songefehat aﬂ:%le@ﬁi@ﬁi@ cﬁérg@d m&u Ridiety? c,Iat?@mcG %P ¥ S beﬁ?gﬁgsr \{% dride

catal yst, th\g farm &FB tt | s _not "gener al kno
pronot er nay %8”'&%5%‘%” % BeRatYs, d he trime” Wﬁﬁ'ﬁ”'&dﬂe@‘yﬁ’ﬂj?ﬁ ‘efetstie apr epar at i on

of the cat akegativelyRbargea mnptye:onalmr@taillaasttorﬁmdﬁgéfwatdm m%mumawdwmxér%émy be

anal yzed to fépﬁgn@ count er
fini }s/f\ed cat al Ll O)ﬁ%ﬁ?@gbug% %&% to?lt%'ng’ﬁ@H'Oﬁgp'ﬁluﬂiqr?m%i'?@i 'O'Eﬁﬁ‘%l’é"t for
exanpl e cesP?ﬁ'ﬁ{ iBYAGHS, butraep fpw@mglcpmbunaumtvauh changedalahcng caextnjoing wWbaBi whi | e

not being i agdsd asf@&’orﬁ%ﬁ@fotthé@atagﬂl c conpounds during catal yst
preparation or e of ease of understanding, the solid

use
pronoters will b@ncer @f"é‘? ?aéﬂystt dh? QTP et the Peomotaris rahgengrally knpwhand éhgar dl ess of
thei r form promdie roat g:ssenuumdem thé eadtéridn a8@duih@ the- pre%iaralubn bfthdesi rabl e

that th t b
ol ati vel y carysh FoPBURIS 2 BRVSRCIR sob b ieroRy ey Be ataestdp parain
procedure f 6?S'Ufﬂép'é)§¢ttltis ﬁgurgerlooéwdrcadalnyne tinishet eatalybt. dikdwishecomponndse
pronot ers Cowahdseidli nleld! okif® rf&@i%bl@@e%@m BQB? L%?]d %ﬂélﬁdnwetgllolimenf%r carri er

according to th resent invention Wit npri si a solvent or
sol ubi l'i zi n§* aé@"i%?" %W potlgingIionic, 1y convertde 'OHﬁF@mB@@Wﬁﬂéﬁ'@ Q@ftﬂiYStZS t he
Calrri er, Ftnpreper)amrfmﬂeasid eFor theeakd Sfdbabéer dnﬁ@(s&ﬂﬂlﬂé a8k %Hbl’(ﬁﬁoté@ é\mpcg]s/ ert the
silver salt \; ect [ver an

pronot er ( s)re?é?red% Lég@(ﬁ%iﬁ%’rn Qaﬁ%am % rF?%&'gssp%&'éer?fm ‘aé@sca(tﬁ'ysﬁ Hedarri er.

For sake of "eReliLoRdlioNsty, in the use and reuse of inpregnating solutions,
the carager shoutd dé%ﬁét% it tﬁe%@falﬁ@%a@ér d;j:ﬂgﬁ‘é]%@%% e %ﬁﬂﬁ?{%b@ps are

soluble in the i QF ng, sol uti‘on and angeabl € pronoter
supplied to % fgla g’f QI tdisperseflepn the E“ﬁ@'f'?ﬁ é’Bﬁ*PEﬂt |'°orﬁ>fQ§ﬁ3"€tﬂsér0§f?dttfhef0r

cat al ést stepasitingsilvegatdiytic amitérial add @t ortrie pﬁiﬁﬁ#ﬁ?& cSthpriRESHY Ripréfhbfily "
provides t r ncement ont ai ns._suc

i ons, the |h§(; g@hoﬁpﬂﬁ e%‘g%g{al E& %@W@dtob{be ?’8?&&‘39%’98%%%& SR ques
such as | ed®HIRG§INgA %@ﬁmgolu@hmmese sitveegormplest arlieontak atoré priomoters opu
during 2she tﬁ@baﬂri)éﬁtandgé)etﬁ%éﬁér%atur@' ﬁwggrﬁpr@%t&r &m?%r% cOSR ﬂ%h& Wé? s fo

general ly acco | she heatin el'eva rgfures
to evapor at® 3 ﬁEet?' d Iege depgsitiop ﬁés'tyarrandéhe RiRENoter (skento the exterior and interior

pore surfaces of the carrier. For sake of repeatability, in the use and reuse of impregnating
solutions, the carrier should preferably not contain undue amounts of ions which are
soluble in the impregnating solution and/or exchangeable with the promoter supplied to the
30  catalyst, either in the preparation or use of the catalyst, so as to significantly affect the
amount of promoter which provides the desired catalyst enhancement. If the carrier
contains such ions, the ions should generally be removed by standard chemical techniques
such as leaching or washing, otherwise they must be taken into account during the catalyst
preparation. Silver and promoter depositions are generally accomplished by heating the
35  carrier at elevated temperatures to evaporate the liquid within the carrier and effect
deposition of the silver and promoters onto the interior and exterior carrier surfaces.
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» depoesition of the silver and pronoters onto the interior and exterior
carrier surfaces. 13 Inpregnation of the carrier is the preferred

techni que for silver deposition because it utilizes silver nore
efficiently than coating procedures, the latter being generally unable to
effect substantial silver deposition onto the interior surfaces of the
carrier. In addition, of &oate catal ysts are nore susceptible to silver |oss

by mechani cdMPEgPaian.pf 1he GRfiar ds tthe PeeierERd teckniangy & siyer depgsitiarebecaube it
si | vler sol ututitresisiient nage leﬁipleewarecédilﬁci; pt‘o%édil;resf lthéslaﬁéereﬁfgad%hEraﬁ U?EHdIeF]f%d of
a silver co e sQ t such as
the silver ;nglf;} gt?lghoblﬁgn%l“ %%éésdé]e 08{0'} ﬁ'ggatr '"q% ésgg?c[e c"ﬁ tg\‘? cgmg(,gp gipdund
enpl oyed nmyPOBEdCRBlEl arg merecuacaplivle td siven lossciygnechinieal abrasiphexes, nitrate,
silver oside or Wﬂelré/ e %IWME@FIQ% sivtr htS@SSII%r s\bﬁﬁlo@%gécﬁb m %(gfr! ?et

heo y aci d

citrate, phthal ate, aé)ro pl onat e, rate an

salts. Sil vé’f"‘"@klscpée%@ﬁléflc&w &g 4 B SilYAr ieBPPUNdAN Bﬁ@‘l"@fittoééomrdﬁmg/&ﬂumllzln@er

for Iuse i n/ tagentpsues a3t the WMESMOnsAdeldéédVﬁrthéﬁa)‘t The %lah.galait SilveF c<|)mpountd th

conpl exi ng e solubilize silver to the

desired con%@rﬁ)@'b{' }"Zak%g Cﬁgﬁ% ?oﬁ'ﬁf‘%ﬂ‘ﬁ ‘TOEJS RRARes e, fyer@Xideed as

bei ng sui t aBr éivebearkqyyletesusysbae Smeea¢aat9|clxalata citr@th ghthaReé,. ladkets,. prdpidnate, 436

to 15 Anpespuiidie t | 463, 228 to
ufy §m§ﬂ§hé}%ty a‘aldQ%h@ éﬂk r GBI lef«%& \?w %ﬁﬁ’ﬁaN% H\é’?ffe‘im@ 5. 701

West, et al. gél af such yl'ene gl
to Endler, Typr vor "éﬁ?d] @e%@egtﬂﬂve”ﬂ@ﬁ Wattimna); and anmines and aqueous

m xtures of ani nASNuﬂéJvaSlet)Paﬁ oS8 orZsofiploxihgBolubilizivtg BYEHE mag b@%ﬁ%dtte

Wat t 7 3,702,259 o Niel d

237 200, acclediesiqie® i Mestaq cineiishen, i et predrnlooaetie: Gmoss e
corrpound t helisclpseddass beiny eeitable far tiid pwposmeematacur(u S cart Nes) 2,477ma36a0t han
that ul 1§ maagésy a@.aoys@heﬂ = b@ﬂa.B an?'rnf"rﬁetl ?@%a' B INESS 4ésr@z’ae%”ﬂ}3' O P

exanpl e, di ssol ved ion oxal

‘et hyl enedi a%if?fé’?st 8” s %&X‘%g'ﬁf" &P riekiNast %55}5 wwwdmuegm, any3E6ai914
i npr egnat i oto Whttisinzl)y sndsmhitiéd S émie@usﬁlmuxt@éé)bﬁarﬁhéﬁnmﬁ Bar Nb& ' 195f95896 to
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amount of silver is deposited on the carrier. Preferably, two or more impregnations are
30  used to make the catalysts of this invention. In some instances, the concentration of the
silver salt is higher in the latter impregnation solutions than in the first. For example, if a
total silver concentration of about 30% were desired in the catalyst, a low amount of silver,
for example, about 10% by weight, could be deposited on the carrier as a result of the first
impregnation, followed by a second silver impregnation depositing the remaining 20% by
35  weight. In other instances, approximately equal amounts of silver are deposited during

each impregnation. Often, to effect equal deposition in each impregnation, the silver
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»each inpregnation. Oten, to effect equal deposition in each inpregnation,
the silver 14 concentration in the subsequent inpregnation sol utions may
need to be greater than that in the initial inpregnation solutions. In
further instances, a greater anount of silver is deposited on the carrier
in the initial i rrpregnation t han that deposited in subsequent
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net al corrpo%}rad c& | exes I n nbst cases

deposi tion HEPrRsPdinadigatrchemicalitpatinentin praduce Ahe finished gatalyst containing

t enper at ur esnuéra‘ndcpromdnerut 100 degrees C. to about 900 degr ees C,

preferably from bout. . 700 degrees C., for a perjod of

time suffici ent'%?ath ég&e'xg’%l‘%g%nc%ﬁ@ d'B?Fﬁ%‘t"a iCa[rjey, with cataivtic fiatesial ¢
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treat inpre na ed carrier (for exa sﬂbgests
heating for® 8&ngtiely @OES'%EW'OP de@ngquewvcm@s filtrgtien ox eentréfdgation. Tiee

impregnated carrier is then generally heat treated (for example, roasted) to effect
decomposition and reduction of the catalytic material, for example, silver metal compound
(complexes in most cases), to metallic form and the deposition of promoter. Such roasting
30 may be carried out at a temperature of from about 100 degrees C. to about 900 degrees
C., preferably from about 200 degrees to about 700 degrees C., for a period of time
sufficient to, for example, convert substantially all of any salt, for example, silver salt, to
metal, for example, silver metal. Although a wide range of heating periods have been
suggested in the art to thermally treat impregnated carrier (for example, U.S. Pat. No.
35 3,563,914 suggests heating for less than 300 seconds to dry, but not roast to reduce, the
catalytic material; U.S. Pat. No. 3,702,259 discloses heating from 2 to 8 hours at a
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. catalytic material; U S. Pat. No. 3,702,259 discloses heating from2 to 8
hours at a 15 tenperature of from 100 degrees C. to 375 degrees C. to
reduce silver salt in the catalyst; and U S. Pat. No. 3,962, 136 suggests
1/2 to 8 hours for the sane tenperature range), it is only inportant that
the reduction time be correlated with tenperature such that substantially
conpl ete reggctlon of, for exanple, the silver salt to netal is
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reacti on exot herpa r Is then added to
PERLNA crie 4 SBOUH el o AL BRAR! LBl Batefinddl 'Sy oo
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with silver, a desired amount of a complexmg agent such as ethylenediamine (preferably
high purity grade) is mixed with distilled water. Then, oxalic acid dihydrate (reagent grade)
is added slowly to the solution at ambient temperature (about 23 degrees C.) while
continuously stirring. During this addition of oxalic acid, the solution temperature typically
30 rises to about 40 degrees C. due to the reaction exotherm. Silver oxide powder (Metz
Corporation) is then added to the diamine-oxalic acid salt-water solution while maintaining
the solution temperature below about 40 degrees C. Finally, monoethanolamine, aqueous
alkali metal salt solution(s) and distilled water are added to complete the solution. The

specific gravity of the resulting solution is typically in the range of from about 1.3 to 1.4
35 g/ml
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- 16 I'n another exanple of a suitable nethod, the carrier is inpregnated with
‘an aqueous solution prepared by dissolving a silver salt, such as silver
carbonate, silver oxalate, silver acetate, silver propionate, silver

| actate, silver citrate, or silver neodecanoate and a conpl exi ng agent
such as triethenolanine ethylene di am ne, am noet hanol am ne, or 5
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Ot her suitable pAr ‘)(g'r?élt‘; é‘?és?ﬂ)frpc?rﬁ%fgg SrRonDy "P(g}e artfag ugedn eQniynclan with spegifie
sodi um potcéé%ﬁ'ﬁrwaé?f@'sr%ﬂﬂl reaqlipns. dndccardemke with ttmrnrésenah@érﬁommrta@m@r ium
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the entire"e8" TANGINCSH Qiner sHitaRlp prameptess fsiuge ethenalkali metblp sucreditbinme

sodium, potassium and rubidium, and alkaline earth metals such as barium. Further
examples of suitable promoters include halides, for example, fluorides and chlorides, and
the oxyanions of the elements other than oxygen having an atomic number of 5 to 83 of
30  Groups IIl - Vil and XIII - XVHI of the Periodic Table (for example, one or more of the
oxyanions of nitrogen, sulfur, manganese, tantalum, molybdenum, tungsten and rhenium),
as disclosed in U.S. Patent No. 5,504,053, the entirety of which is hereby incorporated
herein by reference. In addition, further suitable promoters are disclosed in U.S. Patents
Nos. 4,908,343 and 5,057,481, as well as the “prior art” as described in U.S. Patents Nos.

35 4,908,343 and 5,057,481, the entireties of which are hereby incorporatéd herein by
reference
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. 17 For the sake of ease of understanding, pronoters are often referred to
in terns of cation pronoters, for exanple, alkali netals and al kal i ne
earth nmetals, and anion pronmoters. Conpounds such as al kali netal oxide or
MbO3, while not being ionic, may convert to ionic conpounds, for exanple,
during catalyst preparation or in use. \Wether or 5 not such a conversion
rein in terns of cation and anion

occurs, they are t ferre
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i nsi de back cov In U S. Patent No. 4,908,343, the 25 salts of the
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catal yst c a one i on ot her than an gyaniay,
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in CRC Han St d physi cs, 6’88I9f
cover). Thgﬁ]@(@ hl%égt%"ﬂ'?gﬁl ﬁf ggg 380 clusive, and oxyanions of elements other than

oxygen therein having an atomic number of either (i) 7 or (i) 15 to 83, inclusive, and

selected from the groups 3a to 7a, inclusive, and 3b to 7b, inclusive, of the Periodic Table

of the Elements. Often the catalyst contains at least one anion other than an oxyanion of
30 anelement of groups 3b to 7b.

In U.S. Patent No. 5,057,481, there are disclosed, as promoters, mixtures of cesium
salts, at least one of which is a cesium salt in which the anions thereof are oxyanions,
preferably polyvalent oxyanions, of elements having an atomic number of 21 to 75 and
being from groups 3b through 7b, inclusive, of the Periodic Table of the Elements (as

35 published by The Chemical Rubber Company, Cleveland, Ohio, in CRC Handbook of
Chemistry and Physics, 46th Edition, inside back cover). The other anion or anions for
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% 18 Fh cesium may be halide and/ or oxyani on of el enents other than oxygen
therein having an atom c nunber of either (i) 7 or (ii) 15 to 83 and being
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30 isintended to provide guidance as to how the catalyst is to be made).

Particularly preferred anion promoters include the sulfates and oxyanions of
rhenium, molybdenum and/or tungsten. Examples of anions of sulfur that can be suitably
applied include sulfate, sulfite, bisulfite, bisulfate, sulfonate, persulfate, thiosulfate,
dithionate, dithionite, halosulfate, f_or example, fluorosulfate, etc. Preferred compounds to

35 be applied are ammonium sulfate and the alkali metal sulfates. Examples of anions of
molybdenum and tungsten that can be suitably applied include molybdate, dimolybdate,
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+ nol ¥bdenum and tungsten that can be suitably applied include nol ybdate,
di nol ybdate, 19 paranol ybdate, other iso- and heteropol ynol ybdates, etc.;
and tungstate, paratungstate, metatungstate, other iso- and hetero-
pol ytungstates, etc. Preferred are sulfates, nolybdates and tungstates.
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temperature rises to about 40 degrees C., (c) slowly adding silver oxide, and (d) adding
monoethanolamine (Fe and Cl free); then (2) draining off excess impregnation solution;
then (3) optionally rinsing the silver-impregnated carrier with a solution which is the same
30  as the above-mentioned silver impregnation solution, except that it does not contain silver
oxide or monoethanolamine, that is, a solution of ethylenediamine, water and oxalic acid, in
order to reduce the amount of large (occluding) silver particles on the external surfaces of
the catalyst which sometimes can occur upon roasting; (4) draining excess rinsing solution
through the exit stopcock of the impregnating tube for approximately 2 to 10 minutes,
35  preferably about 5 minutes; then (5) roasting the silver-impregnated carrier in hot air using
a belt roaster at about 400 to 600 degrees C., preferably about 500 degrees C., for about 1
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»a belt roaster at about 400 to 600 degrees C., preferably about 500 degrees
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. in U g ylepe spasticuisly sieylenepwih mptpculaexvgas andior g@fenr moreues
a?? ni trogeCﬁhQIxpweg@natammgngompmmﬂaurrdﬁ) 1e]9@tl&ﬁ @6nditRhE BASRAY out trga
efficiency- X-ha air see U.
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compounds), one or more gaseous efficiency-enhancing member of a redox-half reaction
30  pair (see U.S. Patent No. 5,504,053, the entirety of which is hereby incorporated herein by
reference), or the like. Ethylene epoxidation is a strongly exothermic reaction, and the
heat of reaction for combustion of ethylene into CO, and H,O is twelve times that for
ethylene epoxide formation. Prompt and efficient removal of the reaction heat from the
catalyst and the gas phase is ultimately important because otherwise the further oxidation
35  of ethylene epoxide will be accelerated, resulting in decreased 'selectivity.
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»+ 21 The pronoters for catal yst enploying the present invention may al so be
of the type <conprising at |east one efficiency-enhancing salt of a nenber
of a redox-half reaction pair which is enployed in an epoxidation process
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vari abl es as the q ﬁwous efficlenc
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redox-half reaction used and concentration thereof, the concentration of other components

30 inthe gas phase, the amount of silver contained in the catalyst, the surface area of the
support, the process conditions, for example, space velocity and temperature, and
morphology of support. Alternatively, a suitable precursor compound may also be added
such that the desired amount of the salt of a member of a redox-half reaction pair is formed
in the catalyst under epoxidation conditions, especially through reaction with one or more

35  of the gas-phase reaction components. Generally, however, a suitable range of
concentration of the added efficiency-enhancing salt, or precursor thereof, calculated as
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» 22 cation, is about 0.01 to about 5 percent, preferably about 0.02 to about
3 percent, by weight, based on the total weight of the catal yst. Most
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percent. The preferred gaseous efficiency-enhanci ng nenbers of redox-half
reaction pairs 5 are conpounds containing an el enent capabl e of existing
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30 In any event, the solid and/or gaseous promoters are provided in a promoting
amount. As used herein the term “promoting amount" of a certain component of a catalyst
refers to an amount of that component that works effectively to provide an improvement in
one or more of the catalytic properties of that catalyst when compared to a catalyst not
containing said component. Examples of catalytic properties include, inter alia, operability

35  (resistance to run-away), selectivity, activity, conversion, stability and yield. It is understood
by one skilled in the art that one or more of the individual catalytic properties may be
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atmospheres dependlng upon the mass velocity and productivity desired. Residence times
in large-scale reactors are generally on the order of about 0.1-5 seconds. Oxygen may be
supplied to the reaction in an oxygen-containing stream, such as air or as commercial

30  oxygen, or as oxygen-enriched air. The resulting ethylene epoxide is separated and
recovered from the reaction products using conventional methods.

The catalysts disclosed herein can be used under widely varying process
conditions, as is well known by those skilled in the art. However, for purposes of defining
standard sets of conditions under which the activity, efficiency, stability and other factors

35 obtained using a particular catalyst can be compared, standard sets of process conditions,
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s referred to herein as "Standard Ethyl ene Epoxi dation Process Conditions"
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oxygen and gas phase nod fler/pronoter feed concentrations dependi ng on
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T n o “n V tases tgt )mthalrcas ihe pxygenlfeed; IdWer Mmovnt® dMoxfge and ethylene are used
which will yield an efficiency to ethylene epoxide which is about 2 to 5 percentage points
lower than that when pure oxygen is employed as oxygen source. Well known, back-
15 mixed, bottom-agitated "Magnedrive" autoclaves described in FIG. 2 of the paper by J. M.
Berty entitled "Reactor for Vapor Phase-Catalytic Studies," in Chemical Engineering

Progress, Vol. 70, No. 5, pages 78-84, 1974, are used as one of the reactors. The inlet
conditions include the following:
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an insulated box. Feed gas is passed over the heated catalyst at a pressure of 200 psig.

The reactor flow is adjusted and recorded at standard pressure and room temperature.

25 The standard deviation of a single test result reporting catalyst efficiency in
accordance with the procedures described above is about 0.5% efficiency units. The
typical standard deviation of a single test result reporting catalyst activity in accordance
with the procedure described above is about 2° C. The standard deviation, of course, will
depend upon the quality of the equipment and precision of the techniques used in

30  conducting the tests, and thus will vary. The test results reported herein are believed to be
within the standard deviation set forth above.

In determining activity and efficiency, the process and catalyst should be under
steady state conditions. They can often be ascertained promptly upon steady state
conditions being achieved.

35 The properties of the starting carrier materials and the specifics of their
modifications are detailed in Table Il. In Table lil are set forth the specifics of washing
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g the ?ugnace is turned off. In some cases the door |s opened so that rapid cooling will
begin. The resulting carrier is weighed, and the alkali metal silicate loading is calculated
(results given in Table ll). Alternatively, larger scale equipment is used to produce larger
quantities of the carrier, and the carrier calcined in a gas-fired tunnel kiln with an equivalent
30 temperature program.

MODIFIED CARRIER WASHINGS

Several methods were used to wash the modified carrier. In the first, the resulting
carrier is divided in half and placed in two 40 cc Soxhlet extractors so as not to exceed the
fill limits for them. (see Table 1) The tops of each extractor are joined to open-ended

35 water condensers with ground glass fittings that are wrapped with Teflon tape. The
extractors and condensers are then supported with three-finger clamps which are
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quamtities of the carrier, and the carrier calcined in a gas-fired tunnel
kiln with an equivalent 30 tenperature program MODI FI ED CARRI ER WASHI NGS
Several methods were used to wash the nodified carrier. In the first, the
resulting carrier is divided in half and placed in tw 40 cc Soxhl et
extractors so as not to exceed the fill limts for them (see Table I11l)

The t f d t d

Wi th ground "S?ﬁ‘?‘?@?‘ bl SNBR  emCRP oS By sPld Baifs Saes o two
extractors &fgd d@iﬂﬂ‘eb@@msﬂ%k% whishrare (hgrojdined taithé: bottores of ey extraztoaspathwhi ch
are 28 posigidupBefhsaliittine tHae 2k anwgnapsbbetvﬁm 1‘}%65 ta 10N£Qr tﬂ£ wﬁ %@g@gﬁghen

distilled @e adde two tared round bottom fla

joined to }tNﬁ ({)mcf%{'r%edo‘?"tht%@oﬂﬁeragﬁﬁ%?aé“ﬂﬁ vater Gatdiomg "@fpélz%bwm perysf thhat

are aljso_S \tNL apmiedses tahd Beff the ot apree aéﬁem}aledtéiﬁa&&m@%?ﬂ@h %v@ér@d uhdil |tr|t1beuﬁHd t
urged wi er owWs i.n he bottom

P Phe & condud B RRAGKD W SRINE helfBGarel e cfPSsetn Uibebpart oite famin

| ower ed unt ANd thedowes 2ot thrpextraatofs ais Kenavreppedsiith ratyuninurs toilt Nelxe themdait by

mant | es. Thﬁheﬂﬁ@rﬁ@@% reb‘dﬂﬁ@& uﬁlﬂ'iﬁe \P%tett dend ﬂ)t?lﬁpsand %e@ﬁhbhﬁﬁ.n?%ﬁéq tzgoﬁoﬁ(%%%he

extractors are.then w aﬁ) uam num
mantles is PEAN 2PN AFR from HI@tmmeC@ﬂ@ﬁqsgeré\qwasmyraﬁdh@Wee neetedifar the ai ned

to provi@e watesﬂe&vadiyisﬂe mcemﬁctdf tPetdeomthid I &érﬁc@f luﬁthhféﬁQﬁ'&Pﬁ&fvﬁtesAhg"aSh
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and wei ghed. Theﬁgj a?lgsc%'{gqﬂe'é?%"??%%ﬁr © @éﬁcg?%?%@ww%‘#]tﬁée egiaorsaedhehd t he
wet carri ersepaigipddiomaihg contlerisers. antidine wet terievaremovealr arideseigitedt rNexs ftes wed t o
two 4 X 22 carrer S BankaiBY ﬁﬁtﬁoﬁt@&lx Yeh %tarWeng s‘é’eﬂWﬁa %Q%’n @Xﬁ%&g I’ovgrgdneod’ for -3

hour s at 1183% Afte gléy F% the resulting carrrer are

wei ghed, an el 0cGr AlterdrRg dhe resHigea Wﬁ$r@élae§!€ié’ﬂe‘é gavienarervefgtigdeand | ) .

I n t he 20ecdhelcametmasg chargetoaroktedi(GigercialTabmed. nodi fied carrier is vacuum
255 g of et hyl dhanf asoons” weBbRE Vgt (he' debied myeieq cevdss 5 spcvem -
nmonoet hanoli@piegeatag dvitna sofldion i wepdredi 28 mixog 25 igi bi etingat water Thsg gabf i er
is inpr egn%‘tf@ﬁbn@ﬂﬁﬁfnev%y'ﬂ“of bxdlic %@Wét ﬁré’f ﬁge%'%@& 59! ug %r}W' th

the sol ution manner identi cal i er
prepar at | or?dd'fi‘f"faéf‘z@hgaﬁfﬁ‘isﬁbed vaer. c e gastieriig lmmamew undealvacuurrt (h—%mpesead

out in25a smengw presgene mmht@p vﬁthethé”s@@ﬁorﬂne§|méﬁhéfeld@ﬁlﬁzlal H Py gfvﬁlg;ht F}lﬁgcggne

on a steel orted 2" uar
for 2.5 mi rfﬂ%ﬁ %%H@r Rt@g"{uﬁ{il édfaénmg, cagner Is roasted m anr t is spread out in
a smgle layer on two stamless steel wire mesh trays then placed on a steel mesh belt and

transported through a 2” x 2” square heating zone for 2.5 minutes. The heating zone is

maintained at 500° C by passing hot air upward through the belt and about the carrier
30 particles at the rate of 266 standard cubic feet per hour (SCFH). After being roasted in the

heating zone, the washed carrier is cooled in the open air to room temperature.

In the third washing treatment, the modified carrier is vacuum impregnated with distilled

room temperature water. The water-impregnated carrier is placed in ceramic dishes in 1-2

layers and dried in a vacuum oven set at 9 inches mercury pressure absolute for four

35 hours. The entire process is repeated two more times using new water solutions each
time.
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+ mai mtai ned at 500 C by passing hot air upward through the belt and about

the carrier 30 particles at the rate of 266 standard cubic feet per
(SCFH). After being roasted in the

cooled in the open air to roomtenperature.

the nodified carrier is vacuuminpregnated with distilled

heati ng zone,

h

t he washed carrier
In the third washing treatnent,

our
is

roomtenperature

wat er. The water-i npregnated ierals. pla i,h ceram c dishes in 1-2
| ayers and dried in a vacuum g@éklge?aré'f"péﬁqﬁgﬁaé@e rcury pressure absol ute
for four 35| Gariers The e [ BcessCis regpeated Ewo noiFfe tinp6 using new
wat er sol ut Qrplypl,ume\,,i:g/g; QQ?Q 'ﬁggp g';% CFrA';\i er t TH&8t nentBBCarrlier A
BCDEF DAL Ear i ANDAA PWATAN AN -7y ¢ OB3| unp06€c/ 0. 72
0.72 0.72 of 7EBIBFH 67 | BeBki n§ EEPY, |65 s O 40586 0] 689 0.l518
0. 557 0. 557[ giirfeke ASLIPIE V555 TRh3 15 T 1374 1o HiatS Foks 6 PFa8-66 _
Wi ght, 77. [MWelbhbg 64 90. 84748. 3T 2724p155@d- G o84 TP AFAt T8H,sS0 i doT 1Al kal |
netal Silicpingr igrone 4% TT94 KZ0 1% KZU 14% 1% Sol[utt on. H NaOH
+ + + NaCH g8 + 279 02 27% S10P 24% $i 02 24% Si 02 27% Si P2 27%,Si 02
Sol n. Vi ghtggﬁ}"@"?tamwf@ 26 B19| 0o80| 184% - | T1% KQNdid i€ tgg;/;g »é‘gi 79
: i ng:a : 50 H20 1

o oo 20or BRSNS 15,
1200 1400 1ﬂmﬁ&&% N[ 14525 2] 2% Fogai7B ! Gy &t 1 ||79|g.fu1 f 55‘66"01 Sdo 178 45
157. 03 91. 28pd4ihgd5 100. ZT Total deppsited,| 0. 75 1. 39 044 0.0 207 Mass
% deposi t ed 02958nh). B83 (.2408 O] 19 0. 80 Suibd ace |Aeq, 20 1. UB1sb. 04 }1. 25
1.25 0.74 O Ti=ze, hMashi ng? |6 No lYes Ye®7 Yes | B9 Yes| 0.80 1.9 0.7

Calcination

Max. Temp., C 1200 1200 1200 1200 1400 1400

Time, hr. 2 2 2 2 4 4

: tunnel kiln

Modified Carrier, g 78.45 157.03 | 91.28 41.45 100.21

Total deposited, g 0.75 1.39 0.44 0.08 0.20

Mass % deposited | 0.953 0.883 0.478 0.19 0.20

Surface Area, m2/g | 1.08 1.04 1.25 1.25 0.74 0.74

Washing? No No Yes Yes Yes No Yes
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Carrier Post Treatnents (con.) Carrier HI J KL MN Starting
CC BB BB DD EE EE EE Pore Vol ume, cc/g 0.65- 0.67 0.67 0.60 0.68
0. 549- 0.557 0.557 0.605 0.605 0.605 cc
0.559 Surface Area, n2/g 0.97- 0.86 0.86 0.82 1.12 1.12 1.12 1.04 Weight,
111.74 111.63 98.28 98.33 64.30 Inpregnation Solution Alkali netal
Silicate none 14% 14% 14% 14% 14% none Soln. NaGOH + NaOH + NaCH + NaCH +
NaOH + 27% Si 02 27% Si 02 27% Si 02 27% Si 02 27% Si 02 Soln. Weight, g. 7.37
7.36 7.89 25.58 Added Wat erTabgﬂl 1Gar165PQ$2'r%m2m$(601)209 99 Drying Max.

Carrier .
0.68 0.68 0.67 Packing Density,

Tenp ., C 19@afkP 150 12QHZ20 T T e, Tiyr— 07k 074 (cont I ‘:.n“ 9~
hum di ty) CalStartusg Caovtier VEXCC Tejigg, C|B800 14PN 14(0@s140 BET00— ggnme—hr. 4
4 4 4 4 MNodiPpied@lu@argciger|,0.6512] @47 112.05%4 98] @& 1000388 Tjaggd d€ppas ted.
0.57 0.51 04652 05 MNhasd%féppsited(0.51 Q.45 0.% 0.66 [2.04 tar et Jurface
Area, n2/ 0. 5 CWQ'P?”S'tV\asr Pﬁg NySNo YOS5Kes| No No | RGOS THli1.6951 | [ :0.80AsHi ng
after Post - S'ﬁr‘f‘é H‘}T\Ha g' 99 or_) E_GlJ VﬁWﬂ;_C&LLi er AA AA AA BB BB
DD Pore Vol o= GCTy 'ﬁ% 278, 7% 67|0%7 o %& phifing Beffsi t§, 44 cd 0. 518
0.518 0.518 We?b'ht(gU 557 JUT T acEAGEe 11840 [+ 311 dg5b 1353356 64.30° 82
Washi ng Impregnation

Solution

Alkali metal Silicate | none 14% 14% 14% 14% 14% none

Soln. NaOH +| NaOH+| NaOH +| NaOH +| NaOH +

27% SiQ2|27% Si02|27% Si02|27% Si02|27% SiO2

Soln. Weight, g. 7.37 7.36 7.89 25.58

Added Water, g. 192.65 | 192.66 210.00 | 209.99

Drying

Max. Temp., C 150 150 150 120 120

Time, hr. 0.7 0.7 4 (contr. | 1.9 11.9

humidity)

Calcination

Max. Temp., C 1400 1400 1400 1400 1400

Time, hr. 4 4 4 4 4

Modified Carrier, g 112.31 112.14 98.93 100.38

Total deposited, g 0.57 0.51 0.65 2.05

Mass% deposited 0.51 0.45 0.5 0.66 2.04

(target)
Surface Area, m2/g 0.91 0.79
Washing? No No Yes Yes No No No
Table lll: Washing after Post Treatment

Carrier C D E G J K

Starting Carrier AA AA AA BB BB DD

Pore Volume, cc/g 0.72 0.72 0.72 0.67 0.67 0.60

Packing Density, g/cc 0.518 0.518 0.518 0.557 0.557

Surface Area, m2/g 1.13 1.13 1.13 0.86 0.86 0.82

Washing

Modified carrier Weight, g 42.65 42.28 35.43 100.21 9017 120.34

Type of Washing Soxhlet| Soxhiet Soxhlet Vacuum | Vacuum | Vacuum

Wash Solvent Water Water Water Oxalate Oxalate | Water

Amine Amine

Wash Solvent, g. 110 110 110 228 228 248.19

Wash Time, hr. 12 12 12 0.25 0.25 0.25

Drying Temp, °C 110 110 110 500 500 120

Drying Time, hr. 3 3 3 2.5 min. 2.5 min 4

Dried Catrrier, g. 42.35 42.04 35.33 101.07 90.98 120.34

Carrier Mass Change, g. -0.30 -0.24 -0.10 0.86 0.81 0.00

5
CATALYST PREPARATIONS

The resulting carriers are vacuum impregnated (see Table V) with a first

impregnation silver solution typically containing 30 weight % silver oxide, 18 weight %
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Modtfied carrier Weight, 42.65 42.28 35.43 100.21 90.17 120.34 Type of
Washi ng Soxhl et Soxhl et Soxhl et Vacuum Vacuum Vacuum Wash Sol vent Water
Water Water Oxal ate Oxal ate Water Amine Amine Wash Solvent, g. 110 110 110
228 228 248.19 Wash Tinme, hr. 12 12 12 0.25 0.25 0.25 Drying Tenp, C 110
110 110 500 500 120 Drying Tine, hr. 3 3 3 2.5 mn. 2.5 mMmn 4 Dried
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s el cased ot herhBeh CrREAIBNOT o UF 33blart ecceipaah gReiePe | on
of the sol ubitth 'mnrmaé@g polutionr &l remibient iconditiope dor 8 to 3theminatps,eapdas it@eRt Ut i on

at anbi ent &Qiﬁddbﬂé}@@ssf&rut,énw1§%é‘5,ﬂ“& s, and is thereafter drained of
excess sol ution m nutes. The silver-inpregnated carrier is

then roasted as H’SISI'W?'SQ’@‘?%W"‘?’&WEQ resated s doliows fo effegt pquetion of sitvat y st

sur f ace20 Than therpatelgstash&abec amenrapregmtédxaﬁé@éi @sﬁreddfb@lrﬁd Q%I@léyér%’cgg si,télﬁtess
ess s

bel
oot rat e S e S b BRSSPl s o
2.5 ni nut eghroggh @@ux@aﬁwe Beatinn zpamior @Srmeinutss cbr equivalent conditions were used
for a larger belt operation. The heating zone is maintained at 500° C by passing hot air
upward through the belt and about the catalyst particles at the rate of 266 standard cubic
25  fteet per hour (SCFH). After being roasted in the heating zone, the catalyst is cooled in the
open air to room temperéture and weighed (results given in Table IV).

Next, the silver-impregnated carrier is vacuum impregnated with a second silver
impregnation solution containing both the silver oxalate amine solution and the catalyst
promoters. The second impregnation solution is composed of all of the drained solution

30  from the first impregnation plus a fresh aliquot of the first solution, or a new solution is

used. The promoters, in either aqueous solution or neat form, are added (in the ascending
numeric order listed in Table V) with stirring.

The impregnation, rinsing and roasting steps for this second impregnation are
carried out analogously to the first impregnation.

35 The twice-impregnated carrier, that is, the finished catalyst, is again weighed, and
based upon the weight gain of the carrier in the second impregnation, the weight % of
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anal ogous| pMediied easrier i st i npregfation 39 BThe twi ceCinpregnAPed carri ér,
that is, t/HeE9e | yst 16233 g54in \.?é.@%hﬁd, 33 haseh3af8on the!
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. Weight AQ In s6lf,, % 2'7 71 26550 B0, N
silver an \WCadnsit [T attof dIC “PromuygES are—¢ gratep g eSturtsy gl ven
I n Tabl e IMFsSiive i Tstied—Td W"MS[ S t[GJe ENPH OV §E, T 1T al 41Ty eme
epoxi dat i qrslweemamgm The Tesulagg of  WhijeBaare 1 6sag T TR FES V, , VI
and VI || . [Ezbbrel Imptegtationl ySt P[ epar ati ong Catal yst | No. 1 2 4 First
| npr egnat i |iivavbxiits suinesntutioreg. | BOA B C Di1Carrier, | $0 62. 33| B2. 60 34. 33
35.08 Si I\F&masaplatle am ne so @)‘t"it)zﬁiPTAg. 1 8H)EQPTA 13®1Hz)e@TAw ngM%
sol n. % dZ2—7126-50-26 50 26 Eht DTA/ _ 91| 45
;1 \Pronipté 2ol 10 4~ 7 5" 1 [0316 a1 5 pr 1 b :h o] 0,360
19 Sil ver Wm fdoin, B - L LI U Mn NO 841 MR i 7 T 22.0
( A7 §7
19.3 Secqnd Irrpregnat ion Silveg Jq€ |aNnk ,;‘4,% J@qgg@ , , 1@0 102
Pronoter goln. 1 (NH4)2EDTA (NH4)2E TA™(NH4) 2EDTA §EDTﬁo,o&. DTA/ 0.4
EDTA/ 0. 4 |[PDhsterGoid 2EOTA/  Pr onpa.@tessol n. [D,0708 0. 316442@2855 ®458Z226 0. 8600
Pr onot er S(E’IFWOteZSNﬁ@I\IOB)Z IVh ( NOGSSCH _I\/h(I\IOEFSOI’(ZI\/hEDT%OFO 153E}< avh/ g 0] 1536
g Mi/g 0.1 : (3989 Clo Py 439 D703
0. 0426 0. 48 02400 &(}40&4‘94. !4\"“301310 0.5607
CS;SJé: C‘S?SUr Cs,50,
0.0661gCs/g | 0.0661 g Cs/g | 0.0661 g Csh
Promoter soln. 4, g. 1.682 1.511 0.9137 %
Promoter soln. 5 NH4ReQ, NHsReO, NH,ReO,
0.6873 g Re/lg | 0.6873 g Re/g | 0.6873 g Re/g
Promoter soin. 5, g. 0.1540 0.1387 0.0846
2" Silver loading,, g. 16.14 17.96 8.66 7.84
Total Ag loading, % 34.9 37.0 34.7 31.5
Promoter 1, ppm Cs, 728 Cs, 757 Cs, 721 K, 1428
Promoter 2, ppm 504,135 S04, 141 504, 133 Mn, 153
Promoter 3, ppm Re, 356 Re, 372 Re, 356
Promoter 4, ppm Mn, 41 Mn, 42 Mn, 40
5
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0.0661 g Cs/ 0.0661 Cs/

sol n.
Pr onot er

sol n.

+ 0:4891 Cs/ 0.4391 Cs/ 0.4391 Cs/ 0.3867 K/ Pronoter
0. 2149 0.1310 0.5607 Pronoter

sol n.

3,

g. 0.2403

4 Cs2SU4 Cs2SO4 Cs2SM4 0. 0661 Cs/
4, g. 1.682 1.511 0.9137 Pronoter

soln. 5 NHAReO4 NH4ReO4 NHAReO4 0.6873 Re/ 0.6873 Re/ 0.6873 Re/ Pronoter
soln. 5, g. 0.1540 0.1387 0.0846 2" Silver |oading,, 16.14 17.96 8.66 7.84
Total A |oading, % 34.9 37. g éBB, E 1 728 Cs, 757 Cs,
721 K 1428 _Prompter 2, m S 2§éi 5é st J%HEﬁW"S‘§§‘hh 153 Prompter 3, m
Re, 356 Re _QMELBSG onot er B A1 _Mh, 8vh._ 40 1% 33 Tabld IV
Cat al yst Pt \/srm; I\In 56 7 R 9 _First lopregnatidn
Modi fi ed chMpdi Cal’lﬂﬁ'liDE eI er g Sn 20 14di 20 75 ad 100 22
Si| ver oxa lar ler, 35&_20,1,10 AA@b-&gMAI = .1.75.00 b At - 1300.22 26150
lV r i e C?.J "f"l'\) 5 SUIT Ul 4%3| \'A "3 | Llll.- HU LI qm—l_r. y ZU.
25. 13 25. 1Bstfiof. Sl ensity,| /cc 1.45 50 1.45 1.48 Jst Silver
| oadi ng, 7[@RigROAd G 5dinD26k0. DO slger 1 qagisg, 9%[19.5 19. 928900 20.
Second I npregnation Silyver oxalate am ne |90 367 443 444 sqlution, g.
Pronot er spBein. dénsitiieley 2 EDTAS ( NHA) MYBEDTA (INHA) 2EDTA 1 A
0.4 EDTA/ plzSiweriording g4 FT- Q.4 28.78DT 178P annt @r soln 2586 (3145
1. 0090 1. 2p3benoasigadho, optifer soild 8 KoMrEBPA Ma(NO3)2 ML) 3) 2
M ( NO3) 2 ?égg%am 0.1p36 g 0.1536 g 0.1536 g Mi/lg 0.085 K/ M/ Ml/lg
Pronot er spP&iler dralats arine 024880 31733070 144
solution, g.
Promoter soln. 1 (NH,),EDTA | (NH,),EDTA | (NH,),EDTA | (NH4),EDTA | (NH,).EDTA
0.4 g EDTA/g| 0.4 g EDTA/g| 0.4 g EDTA/g 0.4 g EDTA/
Promoter soin. 1, g. 0.3145 1.0090 1.2785 1.2320
Promoter soin. 2 KoMnEDTA | Mn(NOy), Mn(NQO3), Mn(NQO3), Mn(NO3).
0.06 g Mn, 0.1536 g 0.1536 g 0.1536 g Mn/g
0.085gK/g | Mn/g Mn/g
Promoter soin. 2, g. | 0.3981 0.2488 0.3173 0.3070
Promoter soln. 3 KNO, Cs,80, Cs,S0, Cs,S80, Cs,S0,
0.3867 g K/g | 0.7346 g Cs/g| 0.7346 g Cs/g 0.7346 g Cs/g |
Promoter soin. 3, g. | 0.4892 0.2148 0.2864 0.2759
Promoter soin. 4 CsOH CsOH CsOH CsOH
0.068 g Cs/g | 0.068 g Cs/g_ 0.068 g Cs/g
Promoter soin. 4, g. 0.7807 0.8470 0.1272
2" Silver loading,, g. | 6.69 29.15 17.80 24.11
Total Ag loading, % 31.5 32.9 32.0 32.7 33.1
Promoter 1, ppm K, 1410 Cs, 709 Cs, 368 Cs, 552 Cs, 348
Promoter 2, ppm Mn, 151 S04, 132 S04, 104 S04, 150 S04, 99
Promoter 3, ppm Mn, 39 Mn, 67 Mn, 94 Mn, 64

34



- Pronrot er
0.7346 Cs/ 0.7346 Cs/g Pronoter soln.

Pr onot er

1410 GCs,

S04, 104 S04,

sol n.

sol n.
-Pronoter soln.
17.80 24.11 Tot al
709 Cs, 368 Cs, 55
Pr onnt

1':.0 S04 C)C)

Ag | oadi ng,

Zrabfe IVM’:%talyk%I W%?{%d%ﬂséggﬁ

| oadi ng, ,

94 |\

3 KNOB Cs2SM4 Cs2SOU4 Cs2SM4 Cs2SO4  0.3867 K/ 0.7346 Cs/
3, g. 0.4892 0.2148 0.2864 0.2759
4 CsOH CsOH CsOH CsOH 0.068 Cs/g 0.068 Cs/ 0.068 Cs/

4, g. 0.7807 0.8470 0.1272 2 Silver
% 31.5 32.9 32.0 32.7 33.1 Pronoter
151 S04, 132

g. 6.69 29.15
1, mK,

64 34 Tabl e

67.57 64. 5era,ﬂb

Ag in soln
1.48 1.48
| oadi ng,

am ne 365

%

1 séh&ion,

“10 con- \

10 11

182 13 14

14Fj r st

r|nL|rl

= !‘.’! N

("erl r

Il 71

6670 82! 79

L"an g | T J

deg o

A=

U)\d.l
Sil :

,Sllver
Weidht 29.i7 saif.,

e oo.ni—rlc

7

~Q
00
26

\mﬁﬁsolux

i n n \
6456 T

i ght

l'0adi ng,

O

26. 62

25§UI IT.

17.41 179.

BggT ty, 7
35 13. 3§

.2

<0 1. 47
4 Si| ver

B28l#. 5 20|

sol uti

on, a. Pr

Z5.95 Seconslnpr egri@sumn

onbter sg

S
in. 1 (Nj

loges oXxal
H4) 2EDTA

afe

(NH4) 2EDTA
0. 1005 Cs/
Pronot er s¢{
0.0450 g N
0.2478 2.3
0. 7346 Cs/

[ 259 298 26

AATEDTA/

0.4 FDTA/

1381005

14/480. 1005

Cs/

ity; Y

dgsp 2 0

78.3% 497

16.28048

d7dd74 0

2060 g

IZ3c N
WMAZ OO T LI

388y

0%

36 g

—

1VII\ |\|W/

0. 0450

g Na/g M

N OO 1

[/ Nh/ Prd

noter so

a4 O D QAL

n.

. 2122

=

iver oxafa®Oamine
sdRitiomwgt er  sol

n.

Promn
3,

0.

BT SOTT
1916 O.

4134

559 Cs 2S¢

%

Cst

Promoter soin. 1

(NH,).EDTA
0.4 g EDTA/g

(NH4),EDTA
0.4 g EDTA/g

CstO4
0.1005 g Cs/g

CSZSO4
0.1005 g Cs/

CstO4
0.1005 g Cs/g

Promoter soin. 1, g.

0.8574

0.9958

2.0478

2.4974

1.8948

Promoter soln. 2

Mn(NOs).
0.1536 g
Mn/g

Mn(NOs),
0.1536 g
Mn/g

Na2804
0.0450 g Na/g|

NagsO4
0.0450 g Na/g

Nast4
0.0450 g Na/g

Promoter soin. 2, g.

0.2122

0.2478

2.3342

2.8465

2.1598

Promoter soln. 3

Cs2S0,

CstO4
0.7346 g Cs/g

0.7346 g Cs/!
0.1916 JJ

0.2134

Promoter soln. 3, g.
Promoter soln. 4

CsOH
0.068 g Cs/g

CsOH
0.068 g Cs/g

Promoter soin. 4, g.

0.0874

0.7763

2" Silver loading,, g-.

7.84

16.21

16.32

12.31

15.39

Total Ag loading, %

32.4

33.5

28.9

27.5

32.9

Promoter 1, ppm

Cs, 276

Cs, 354

Cs, 436

Cs, 435

Cs, 440

Promoter 2, ppm

804,78

S04, 96

Na, 223

Na, 222

Na, 225

Promoter 3, ppm

Mn, 47

Mn, 64

EXAMPLES 1-5

In Examples 1-5, catalyst numbers 1-5 are tested at the conditions noted in Table |
to show the effects of the various post treatment carrier modifications on catalyst activity,
efficiency and longevity. Comparative Catalyst 2 has no added alkali metal silicate or

washing.
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- Pronoter soln. 4 CsOH CsOH 0.068 Cs/ 0.068 Cs/ Pronoter soin. 4, g. 0.0874
0.7763 2" Silver loadin,, g. 7.84 16.21 16.32 12.31 15.39 Total A | oading,
% 32.4 33.5 28.9 27.5 32.9 Pronmoter 1, mCs, 276 Cs, 354 Cs, 436 Cs, 435
Cs, 440 Pronoter 2, m S04, 78 S04,96 Na, 223 Na, 222 Na, 225 Pronoter 3,
m Mnh, 47 NMh, 64 EXAMPLES 1-5 In Exanples 1-5, catal yst nunbers 1-5 are
tested at the conditions noted in Table 5 to show the effects of the
various post treatment carrier nodifications on catalyst activity,
efficiency and | ongevity. CG8RigakCatelystRertdranceOwrrsTime added al kal i net al
silicate or WEafalysg. PO Tabl g V. atafryst E’—ll DT TTETTCE OV el rn—ncsmt Hyst 1
2 345 Qarn_ arative [Carrier |AoBp&ale Proces$ Oxygen-1 [Oxygen-11

Oxygen- 11 ge@artigr] Ckygem-11{l CBnditlionsCinitfial Dppm[ECT; ZEppm BCl; 2
ppm ECl ; 6 |ppnPECEss 9 b %@ﬁnEﬂ‘l Oxygfmdm Fxygemellt gr somerBIHqu 2 Cldgged-lim NO,
bay 9 NO, e Conditiens. ol 5 ponlen 2 pdm ECL- 2 8 npm ECL: 10 6

ppm ECI; 14 Pagatelers % gggr; D& 70 5 | 24 SRR Nop PRRAF 018, nP Rem £ pera
Initial QuiTel Egal. 89 a i ¥ ; '10 3
Tglrrple(raaturzl Craraimetels Qut B@gs&(aé‘g&‘&lﬁ y%;;’;;i‘fr ﬁpﬁg%‘iw |r‘; ) ééﬁp 240

253 247 TéripiialQuiecE@ | neiiadl Ehbe (&/6)1.80. 5 84. b&p. b [84.3 Bo3 Fi nal
Eff.. %815 R?ﬂﬁ)aﬁ 83.1 83.5 Days 52 24 20 ® 14 EO (% / Day -0.007

-0.041 -0.01 JI' ( C) /2400 133 260 829 240 251 258
empe rature
(°C)
Final Qutlet EO 1.50 0.61 1.30 2.00 2.00
(%)
Final 250 240 240 253 247
Temperature :
(°C)
ln_itial Eff. (%) 81.5 84.4 85.5 84.3 81.3
Final Eff. (%) 81.5 82.9 86.2 83.1 83.5
Days 52 24 20 9 14
EO (%) / Day -0.007 -0.041 -0.011
Temp. (°C)/ +0.133 -0.829
Day
Eff. (%) / Day +0.000 -0.063 +0.035 -0.133 +0.157
EXAMPLE 6
5 One-half gram of Catalyst 6, which was prepared on a sodium silicate-treated

carrier without washing, was tested in a microreactor under Air Process Conditions- given
in Table I. At a constant outlet ethylene oxide production of 1.40 mol.%, the initial
selectivity of Catalyst 6 was 79.2%, but increased to a maximum of 80.2% after the catalyst
had produced 20,000 pounds of EO per cubic foot of catalyst (measured for whole pills).

10 The initial temperature was 258°C, but decreased to 254°C by 5,000 pounds of EQ
produced per cubic foot of catalysts. Temperature was 256°C at the maximum efficiency.
After 25,000 pounds EO production, the ethane feed was decreased to zero and the ethyl
chloride decreased to 1.2 ppm. Under these conditions, the efficiency decreased from 80.2
to 79.9%, and the temperature increased from 263°C to 264°C as the catalyst produced

15 from 25,000 to 45,000 pounds of EO per cubic foot of catalyst.
EXAMPLE 7-8

Catalyst 7 was prepared on washéd modified Carrier G. Comparative Catalyst 8

was prepared similarly to Catalyst 7 except that the carrier was not modified with sodium
silicate. Table VI summarizes performance for producing 1.4% outlet EO under the Air

20  Process Conditions-Il defined in Table I.
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. Day-Eff. %/ Day +0.000 -0.063 +0.035 -0.133 +0.157 EXAWMPLE 6 5 One-half
gram of Catal yst 6, which was prepared on a sodiumsilicate-treated

carrier wi thout washing, was tested in a mcroreactor under Ar Process
Conditions-1 given in Table |I. At a constant outlet ethylene oxide
production of 1.40 mol.% the initial selectivity of Catalyst 6 was 79.2%
but increased to a maxi mum of 80.2% after the catalyst had produced 20, 000
pounds of EO per cubic foot of catalyst (nmeasured for whole pills). 10 The
initial tenperature was 2580Tabl9tVld§@tabmé’drfbuntﬂm@teyTﬁné)OO pounds of EO

produced pef cubiT foOU Of Caral VStggeheyper at urewas Zum togte—frexch mum
ef ficiency. Af-ter 25000 pduynds—EQ prod m'r ion.. tHe ethan eed was

A aEaAvA~

decreased t zero and the et FTHS)Y"B JHEMR de JdeMbsdFNB 1 §5Hl9m YR |t hese
conditions, |[the efficiency deE¥eddP/€F om §EOKXF t 9 EDICRY%) EQICF t hEO/CF

4.

tenperature ca@g,@asecﬁrom 536 10 #204C as [t7hg cat[ghy St phigiucet frjom
25,000 to 45=006—pat of—HBO-per—eybi-c—foat _of cgtalyst FXAWF?? §

Catal yst 7 Cata'SStggé?‘%'ﬂat%% dhed [f6di fied|&Priel 28 co B at i V8%%at gl yst
8 was prepared simlarly to Catalyst 7 except that the carrier was not
modi fi ed W Exapligdg-15il i cate. Table VI sumarizes perfornmance for

pr oduci ngj 1. 4% outlet EO under the Air 20 Process Conditions-11 defined in
Tabl e 1.736 Tabl &a0lg Viicsompales: thediitial nedarmancs, 6f Catasts & jundendiy Rodessp. C

5 Mb 25 M koAdtidvishl &t c%&aﬂ%u%tl@tfﬁ@nMlede BN Gmdrel. @étaﬁﬁt Ot TEcdnid ﬁ:rg

EQ CF Cata 77..0 249 rative 79.5
77.8 75.0 2%%%%"%?%” H%F’El*:’émg uged éereraas@ecwar@aﬁ%ﬂ@swﬁﬁstﬁ rthqhaT"d
per f or mancerestiveaahiogt Hesultt laresbiewn Aftar sevarcdays of Gpardtidr, @nfted atmiut e@ost ant

outlet et hybmswdecmcf%oﬂof%ﬁﬂa PwdrépRldisdg 9 di d not vecel ve the washing
treat rren@ but is introduced e as conparison to the catal ysts which

did t&ive washi ng. Results are shown after seven days of operation, or

after about 2 000 pounds of EQ@ablecvabi Eﬁé&ef\m&h.ﬁ tal yst were produced 10
Table VI|: Ehiect ok Mashi-ngrCatalyst—Car ﬁséa—c%—ﬁieamm—ab—u ency
Ehh
% @ Tenper at ur'gé{t @% i& ol FainaTEsement, o £ y Aé’} e utlétfgf%
9 None 74.5 265
10 J Amine/oxalate/water; 77.5 255
500°C roast
11 K Triple water wash; 120°C 76.7 244
dry

EXAMPLES 12-14

Table VIl compares the performance of Catalysts 12-14 under Air Process
15 Conditions-lll at 1.4 mol% outlet EO. Comparative Catalyst 14 did not receive the sodium
silicate modification of the carrier.
Table VIll: Catalyst Performance

Catalyst Carrier Day Efficiency Temp. °C
%
12 L 8 78.20 253.0
58 76.76 260.5
13 M 8 76.44 256.7
14 N 8 73.73 2671
Comparative
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- 10 J Am ne/oxal ate/water; 77.5 255 500C roast 11 K Triple water wash; 120C
76.7 244 d EXAMPLES 12-14 Table VIII conpares the performance of Catal ysts

12-14 under Air Process 15 Conditions-111 at 1.4 nol % outlet EO
Conparative Catal yst 14 did not receive the sodium silicate nodification
of the carrier. Table VII1: Catalyst Performance Catal yst Carrier Day
Efficiency C 12 L 8 78.20 253.0 58 76.76 260.5 13 M8 76.44 256.7
14 N 8 73.7 ~1 Conparative T 37 CLAIMS: 1. A nethod for the

preparation of alnfbuiethoe fortrer pregaratfonrof a nwdified ystiertfor deatalfst ¢ BedlisekiiG th@por
phase epoxi ¢atdrSRaferBkiiSRA- LShfi--a) 1 Nnpregnating a preforned

al pha- al um ngfs égr?_i eerp%vxl,i t %ﬁzgtf Q?%F&gﬂgmﬁbdi fier 5 selected from anong

al kali metal si Ii_’)d&‘f’@gn%fﬁ‘@ Sreiarmadealrharaluming eastiersyithiag lpaetsone npdifigr yi ng sai d
i npregnased car r éadctediifdin BholPaIRAITh&E stidhtes aHd AKhIiBEBAEMetarsilich28; et hod of
claim1l1, wherei nb)sc]ali[? m?ﬂ fier %‘% sel ected froma group consisting of

sodi um si | i cat es; hPAMEF9ng é’gmﬁhangot assium silicates or mxtures
thereof. 10 3. Téealiwingsdidafried carrien. 1, wherein said nodifier is a sodium
silicate with sbofghi& VriaiNA2 j A h f claim.l
wherein said dryi ng, IS gg(?.éficclaamﬂgh%fe 'ﬁasgtd(??r?ggégts-érg @c%ﬁroﬂ%@g%?ﬁa@%ut
250 degr eesCiGodlg} stligates Jiriym siigates anskpotagsiumicilicates of mistrengherabld

i Lrpregnmi on. S%Sﬂnerméth@diof_fdbnmt1?ﬁhefrﬁiﬂeai6%ddﬁi@r Bfa_s%dﬁﬁlt?'c)ﬁ%twiﬁo bte_ used for
t he vapor p e of al kene, conprising: a) Inpregnating a

pr ef or med a%\gﬁﬁf)gfs%ﬁ{ﬁéb%é %i with at | east one nodifier selected from
anong al kal i metdl Theimetbed efslamd, whdraihisaid drgigas careed butsit b tepgjeegurelot dr yi ng
sai d i npreggab \ 849 | N ' [ prier. and 20 d.

deposi {1 ng o PG Al B0 ddpleds®, forik R ity S Ribiil sahoesthe: nod
of clai m5 wher & @thod fs theoprepasatiangf e satalystri be usestfopine vepae phase

15  epoxidation of alkene, comprising:
a) impregnating a preformed alpha-alumina carrier with at least one modifier
selected from among alkali metal silicates and alkaline metal earth silicates
b) drying said impregnated carrier; .
¢) calcining said dried carrier; and
20 d) depositing silver catalytic material on said dried carrier.
6. The method of claim 5 wherein at least one efficiency enhancing promoter is
deposited on said preformed alpha-alumina.
7. The method of claim 6 wherein said efficiency enhancing promoter is selected
from a group consisting of at least one alkali metal, alkaline earth metal or oxyanion of an
25  element, other than oxygen, having an atomic number of 5 to 83 and being selected from
groups 3b through 7b and 3a through 7a of the Periodic Table.
8. The method of claim 6 wherein the said efficiency enhancing promoter is a salt
of a member of a redox-half reaction pair.
9. The method of claim 6 wherein said efficiency enhancing promoter is a rhenium
30 component.
10. The method of claim 1 or 5 where in said alkene is ethylene.
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- depesited on said prefornmed al pha-alumna. 7. The nethod of claim6 wherein
said efficiency enhancing pronoter is selected froma group consisting of
at | east one alkali metal, alkaline earth nmetal or oxyanion of an 25
el enent, other than oxygen, having an atom c nunber of 5 to 83 and being
selected from groups 3b through 7b and 3a through 7a of the Periodic
Table. 8. The metho ffICIen enhanC|n
pronoter is a saﬁ!ti.| ﬂé’fg"a{'eﬂﬁﬁ%@f%ﬁ“ tglysg(%ge Hs;?jfforit %E%HOBHhﬁ?élePOX@at'oﬂ‘
met hod of claéene erephier &y a resihatl eonfarisingncy enhanci ng pronoter is a rhenium
30 conponent. 104 nﬂbﬁedﬁ'ﬁﬁr{w r@fonﬁé@élﬁﬂa%l%méc%ﬁfﬁitﬂéhé%l&e%gcﬁﬁbor Che

ethylene. 38 11. carrier for a cata e use

vapor phase Selge%f HB‘E’@H??”S@"‘%F‘@@IH@"‘EFQ@;?@F’éﬂl‘aw Q&ﬂhﬂ%él“@@ﬁ%rl sing: a)

i npregnati ng a pbﬁdmhgeddahmb@va@édhﬁkrm gnarrier with at |east one nodifier
selected froma net.al silicates and al kali ne earth netal

silicates; 5 b) c%lcrpdf‘gs%'dddrieﬂﬁﬁg'ﬁhat ed carrier; and c¢) calcining said
dried carrier. 12. A thvelA mcafeadayaﬂysttod)ebsedﬁnmef\apommsuaﬁ@ﬁdaﬂbﬁise

epoxi dati onRkne &lebé'r@@b%‘?r%%{o%dcop%{iﬂ (get hod conprising: a) inpregnating a

prefornmed al pha-alum na carrier | east one nodifier 10 selected
from anmong al kal ?) imptegnating|g rrefosred-aivhaalkaing prrierayithiat tesstonegnodifiat es:  b)

dryi ng sai dséleRe@geaEe@dng aKal Mkl s.ﬁhhte@%h@bmhnmg ¢aith thofll sficktéar ri er; and d)
deposi ting S|Ive atal%cﬁ j ¢ _mat rla on said dried carrier 13. The method

of claim 1 wherePfT¥pEs E'fpé?‘q{’é' dGABRE- al umi na carrier conprises 15 a
pl atel et/ fl uori d@-oabmiralsaldtgledy.meabnm na having at |east 95% by wei ght

~alpha-alumna, 2 dépbditty diikr ng;,la%&n%na'o%ts<a|de&ne39§rpeé)' ogy, and a surface

area of at |east ab at | east about 0.5 cc/g,
and a nedi an por®- df%rf@ﬁ"@‘?d ?fé’!%éﬂv@tﬁﬂmhepqu@ngalmﬁ@W@ cadier qumeprises hod

of cl ai 15 13a plassietifidoridacormbirly tgp’e alémMa ﬁgﬁhdiéﬂléds{ 955@%9 Wé@g‘i'xhal%@alumma a
st oi ci onet r%’r}l Na20- claim 1 wherein said

modi fied cal P& 990‘?55@}9@8)%3?'?@?’“0'3%? ﬁ”‘%%l?‘i‘r@ﬁe argg of at least about 0.5 m2/g, a

pore volume of at least about 0.5 cc/g, and a median pore diameter between about 1 to 25
microns.

14. The method of claim 13 wherein the modifier is a sodium silicate with
20  stoiciometry, Na20-2.6 SiO2.

15. The method of claim 1 or 13 wherein said modified carrier is washed after
calcination.
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