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CATALYSTS HAVI NG ENHANCED STABI LI TY, EFFI Cl ENCY AND/ OR

ACTIVITY FOR ALKYLENE OXI DE PRODUCTI ON CROSS- REFERENCE
wWaRERYTED APPLI CATI ON Thi s application cl ai nBCT/0i82004/033219

benefit of U S. Provisional Patent Application Serial

No. 60/511,975, filed Cctober 16, 2003. FIELD OF

I NVENTI ON This invention relates to catalysts for the
CERAX RGPV TG BNEENeCES SRABIBITHY, E@thbﬁl@( AN@/@R%CTIVITY FOR

correspondi ng al ky, E ¥ et hyl ene

oxi de, which have enhanced sta |I|ty, etficiency

and/or activity by |ncorporat|ng sufficient anmount of

] as zirconi um

QN ON The product i on

of al kyI e’f‘ﬁs %lﬁ@uons(ﬂ'ﬁﬁxs afe Rhétl o 0es. PrdviGonab Patbit@Application Serial
reaction of oxygen or oxygen-containing gases with

NettA1¢:985; fled Retoperde?@IB. of a sil ver-contai ni ng
catal yst at el evated tenperature is an old and
wel | -known art. For exanple, U S. Patent No.
FIR NATEONd May 12, 1936, describes the
manuf acture of ethyl ene oxide by the reaction of
8;%/ g?ﬁs%x’e&%&{ %Yalte% N§ cdtﬂy&pﬁf B{eeef)s#lﬁﬁmﬁfof %1(1:38%@ respecmlly ethylene,
to pbcmmem@dmgraﬂwéqng @&@e \for example; efhylengoddy WhéFéltl”@é{e R}ﬂsﬁnced
stéb@h le?ﬁc?len @/ok Gctiit§ ® 'ﬂft@ﬁ)o?dﬂiﬂg stffiichQinittint 6 Hfconium
oIe in o es vy be .e cted by causing olefins to

CogPRBFHSY ?%%?Y ?WuWﬁFE@Wtar oxygen in the presence
of a silver catal An excel | ent di scussion on
(ENPLVQI EHE; QY a detailed description of
connDnIy used nanufacturlng process steps, is found in

Ki | T
R DB B0 R ] BN arosg o
oxGgbrabotBiining ghite withSthylefp & tha pteséice vBasilvencaitainimp catalyst at qlevated
R g Sl ERe Lo Produce s by 2he oK . THES Suvq
M‘a@ﬁ@' 1986, dggégﬂ) g n;{ ufittufd Hthy ik Bkide 89 AR r8Adkikn %fb;as%&a with
as above

descri a suitabl'e support/carrier

ethylaiqﬁh eheali’rp@tmcad)ﬁ,sdwr@)n;alyaﬁs ovhicht @h&agt a gassb n@tai-cmahmmngpromoters
28 U312t N8, R BBl oy e fpono

olefiln bti@eahHeibEcdffeoird 0f calshigl dddtins w(tdiﬂalnéﬂiﬁé&tlﬁﬁvﬁthrrﬁolémﬁr oxygen in
been expended to jnprove catal yst's efficienc

the PESEERSE ﬁé a gy ceasto f/ap excelfent d i50ussign onieftylsHe a%&dszﬁaclﬁﬁhng
a Qdthil %S&gﬁgﬂ BESnEnGily ﬁéé:lﬁ nuBERPRE Boseds Rtepd) & f%ﬂyin%?k-

yst or as no

oxi de cat lers to supports (t hat

g thS Edr(£9%) ¥@1umﬂﬁ/;mag98§15 to 959).

catal {s%%*%? RTINS A—
ethy1ehoHidE THRAPAS Sdveraliiell &howh hm&i’dﬁmnéﬁ(ﬁomamwaygt thé active
added as a compound having a Goup |VB cation. Sol uble

cagalyst sietal hecasiaty sHhes awﬁl@e@wéo@mﬂﬁ%swﬁ%wm (fprexgmple
alﬁﬁé—ﬁlﬁlqm?as Sl Qtfaﬁi'étr ﬁgmoters, 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.
The use of zirconium and or silicon components as either promoters in the ethylene
oxide catalyst or as modifiers to supports (that is carriers) used for such catalysts are also

known.
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U S. Patent 5,145,824 describes a rheni um pronot ed

et hyl ene oxide silver catalyst supported on a carrier
w@ovpisEsng al pha al um na, an added al kal i ne eR€T/01S2004/033219

metal in the formof an oxide, silicon in the form of

an g, Patenef)00F,001ndeE@1bes & thedtngifredgliveetitalysthroathdavith an alkali

zirconiunuég the formof the oxide. In U S. 5, 145, 824,

mefah gorpparent-aggiadéroup LVI sergpangntvghegsin fhe Qopp B gampenent is added as
| .

10 ks ] S O e QAT G

compdment isetcatian ardprefesredunt of al kali ne earth nmetal used

in carysi i romO0.05 to 4 weigh erce W .

oy, Ve ERRba it B e Gt ol oy e i catatt
suppoR&ilor’dOarfl&shiphieing alphe hitiHies) én Sdded @lkaRbedaythimetal in the form of

conprising silver and pronpters on a _carrier pr&gared

an piderisilicagy inaihp Fermefigmonisle, andifiom 7reo toAboRt Inesgentieplpdded

. sibi ' . r. 5 9% 0f:
Al e SR el g e s oot
simpile ¢idesaeademp of onlypoaewrtat aswell ashosplexsuxades nfade up bfthe indicated

ckjng density_ of the dri carrier. precursor is nat.
mefel g it e pFGE oper wealt pe g et afkoliagapB piptal vsed n the
carfiby i9160A1 00910 4R eiBBGErdeBl (wR! PR McastRed AAHE 0A8E NSifniladlfh U.S. Patent
‘824 and ' 259 patents, the carrier mxture is fornmed .
5,801,899 desgtilastap gHyleng oxide cagitt sPMPHENS Sipyshand RIAMAETS offrarrier
. _ tion Pt . . R
preb ek o B el B B0 i oy BREL Ml i il from 2o to
abompl § &nefl zircdiiemen dredfome vithe bxide aTid westicle sikdsef e agransic tomponents
of carriers used for, ethyl.ene oxide catal ysts which
are e PTG o PRSI G S GG, it PLEs o il feete tham that of
the@iredlchr@aDteRDG bliRamtiAg T8 hB&Dfof Sigatib SuMb@hgeihts.Of ‘84 and ‘259
et hyl ene oxide wherein the carrier of the catalyst is
patenss, shawesgrigsymiztas Wdommeddiount pamiog srpYtarentainiag 4lpkropumina, and
. L0 . 3 .
reqf3RRRL R Bl Bk A SRR R b o APt
compotientrie optiortahought to provi de a coating | ayer of

al kagli netal -contai pi ng_amrphous silica.aluni na on

e TheieaFe SuFrRLERamBIEs Bhbe B TAL of o PRISES o FEP ean i gatalysts
whidARBhta Ut R & oRfainik}corPotiadst 1S Gatent 6315180 AdbsBi#fes Binethod for the

1, 300, 586 describes a catalyst using a carrier

produetiposd @thiyteine byide vhatepshihe edrrien afdhe eafalyst is, obtadasidpvadding an

whi ch has asur.abl e i dit n s I f [ .
B s e e
alph&dRiffha pRVdEB. Afier cAliANoh, hiy Bettuieds dRaghtitd prosiler cofting layer of

t he ﬁ@ranelers of catalytic systgﬂg f or epoxi dati qn

f .
oyter FcierPégh%aép umina

alkg¥i pistpd-gontpigng anarphous silice g mpuiaon
carlie} Bld (RERENLBGcLIf thd FROGhEESE (Qnkdifh pREHR 1 300986 8&cribes
under goes reacti on. the total anpunt of alkene

a cathlystising acarmies composed mairdy 6f aplaralurohmendilical saginm,twhi¢hnhag
L ong. ! | [ CO | Smupr :
A0 PR GRS RS SR PR rpPDippgom s

(XRpB).al kyl ene oxide, is known as -2-the "efficiency"
(which is synonynous with the "selectivity") of that .
pr oSevsal torgis as¢ eramenty psediie deseribespmenfithepasspssers pheatalytic
.Qj i | O 0, s COR, lqﬁ%l
v SRS, UL B Irilog O PRI D RThod S0 Mot
pergentgeof algpme 6éd tohle mhdterehifleunderges fegctinan Wfthestdtal amount of alkene

wh‘ictflels converted to a different chemical entity in a reaction process, the molar percentage

which is converted to the corresponding alkylene epoxide, that is alkylene oxide, is known as
2-
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correspondi ng epoxide. The "activity" of a catalyst

can be quantified in a nunber of ways, one being the
woredos/opgstent of al kyl ene epoxi de cont ai ned i NnPCTES2004/033219

outl et streamof the reactor relative to that in the

thel "8ffRlen&y"r(@a1th (¢ HRofphcuspAHGR tsclRtiivtyKydfale peqeesi dde ipfoduct of
the inlet streamis typical I&é@ﬂbut not necessarj |

y
the psregntsiheiensy fimgs theds GroRBV R deddyrOP%tta canyext from %” to %) is the
t
pel S0, B AL L RS e BN AP e
combshcyddﬁ@epemdxl de production. That is, in nany

|ns nges,. gcti vit asur d over |od of
> HBF i ara ot S B AR50 Tt Ryt SR PlpSeidEibe mote
peﬂéérﬁ deIReRd epdxilB @6hthin6dlinRY SitR btrdafi GTeRAcbidt6r: relative to that in the
Alternatively, activity may be neasured as a function

inlgsfstreave (themplansrasniofaligline spoxids i ik ileh Stfﬁaaula EmicsHy-drut got
1

ey, 8 pERARL ke R ARPIERRa (Kool sPROKIRR constant
and ailmﬂlet‘ heihg theamnlmnatarecraqmteé tpmsmedn § pivenigpite d}ﬂﬁcyﬂ@acepomde

Syst uring which results. are obtain
PRy L) T TR BV SR U BIPGH ] o torms of
1:hf:(?rﬁol§‘1I ﬂerc!eﬁjt SR lenbpb A0S proARRE bt ¥ etifibd caiftaubRehpbRLLE.N,

refers to a pernmanent |oss of activity and/or )
Altgrtivilys fetjvityinat b measared e p &mstion of the:%mmaw%mwé@d to sustam

[ C . : 100

Pt oDl S BB EPHRAGE cpbRIBOPRARRRYR of
a rea@ﬁme@sem ipyher laig]n ofyirhé that mmpﬂrtmanrbe patad thrblghrth@mad;tin)n system

Qperate at_a hi t er at ur, intain o
dusing whigh regplts ate @ tGPe‘nggﬁé’fq ohsifeed Bﬁﬁ*@@@ﬂ@@f i o g5peptable in light
of Aftdithidmdsact i vation. Activity and/or efficiency

deactivation tends to proceed nore rapidly when higher

re a&e@crtwamm o3 used hersing refers tpt prednent knss okacaiity andjor effciency,
cat,al yst. 1 s ver t
SRR NG Yy P Y Sl bR e o
prodhiétionl oFalkylead epaxideastoduct Ean. behmsed by misigf thel emiperaalre,fbut the

ef ficienc B@g/ or activity are general(m¥ﬂE fsl r&g
negsldo opgrateder %ratﬁmg?rawownaugaleéw&m?g e pgdngtion is'
reﬁ&@ﬁ@ﬁ\%tﬂf%cﬁﬁfy' déhdehaasd Lldvieg 'aﬁ(DGb’efﬁéi@&ytdéﬁctﬁ/ﬁﬁ@{ ﬁéﬁds to proceed

al so havé sufficient stabi hat it wl
motuameld&' wherf highes neacior tm@raﬁtyeﬁ e emp%ared Wt@ri‘stahlélty” ofa catalyst is
c enc d/ ctd Vi t
1nveE§e r?r?ﬁﬁ)gtiogg& %@e( ra"f1 f deac etl&% @a? 1% tﬁf ?[a%é che%$eg§e0<{feﬁ?c§iency

andyusictibity. Slhaiter dﬁmfaj&dluibaiﬂeﬂ&hdnyy ﬁilthde&ﬁﬁh@Cbré gerfegaiiy\desirable.
the catalyst. This results | n losses in

t
or oafedaelcvw@ﬁr%ﬁanﬁfaftem apaalygt émusbb@é{ﬁﬁpc@p@we fivity and efficiency,
an§ ﬁfg%ht\éf})sﬁnﬁ@taﬁfy hiNe QAthid Wabila, SAhhd il hdve AQIHCIRy long useful

cat’al yst nust be replaced and the silver sal vaged
11f@ Whenttley dﬁpxgmyl andér acteutyof p attelyst hEydeslingrbio an ubadcapigbly low level,

o D orinet BRER YR R bl RS Tl g o

ThikaSdults hﬁl@hs’é@ fNENAE, peodut LUHRE Aldtéals) for eRAmaBLY Silver eamyﬁ@ﬁlatenal
addltl onal Iosses in_production tine to treat_th

ol i b€ e pabl e fabigged or, where
po%s%lﬁ r%(g%ger\ﬁehh é&ﬁlsg% cﬁgﬁﬁéof rL:%enE Bltﬂﬁf s@lﬁxoééﬁerally

esira I et o
pmdsteiﬁoﬂ mbstbe hdtedefor:samaal pesibd oSiiARYbEE rmemwarmmratmn of

catalyst requires additional losses in production time to treat the catalyst and, at worst, requires

replacement of the catalyst with the associated costs. It is therefore highly desirable to find
-3-
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One aspect of the present invention is a catalyst for

t he manuf acture of al kyl ene oxi de by the vapor-phase
wepwgioskasT on of al kene, said catal yst contai ni PQI/US2004/033219

i mpregnated silver and at |east one
wafd oil&geiRe YheaRbRNGfed aRh@R®E er on a refractory solid

support, said support incorporating a sufficient

anmount of zirconi um conponent to enhance at | east one

iY; YEION ef fj ci ency and stability as
conpared to a simlar catalyst which does not contain
t he Onk repeoi af theqpessoniemntios & acatdlyst Gomithermamiigsome nf alkylene oxide

ein resent in.th upport substantially as .

by o PP S ARSEh o sSBER B gl silver and a
leabtb8 BEricRcy-enHalEing plodd ot&ton AGEH4ddIH dolRIAPForREE Sigpotthe

. refractory solid support is al pha-al um na,

incprporiting pavifipientamangt af zitspaiym qeppprIt tgpharssaf leastpge of catalyst

(At e ' el et ] . of .

ol BB BLNS) B'Spplh LB ARE A oty cmain e
zir@ivah kythgohent)sdidlgircoainthcaspoatitybemg @raszit die the suppooispbgmdially as
. oxi de,, .b% t he vapor - phase epoxi dati on of al kene using
zirgquinm §ilieHGed catal yst of this invention. Wile the

Pr e2@Bihet SPERLF A8 ppdIotiskeRBor RURY GalPREIRERAIaBEVe wherein the
unconstrai ned by any particular theory, it is believed

refraftery sofid supnogtdn dlpha-sluiinsa particWertmiaving ausiqemprpiiogysconsisting of
. Zireon ed as an ingredient with other raw
lnt%%cgl?‘?yaé&%ged to formthe carrier support, survives

t he Yiet gotier adpettivd tiegiredeni ingenivn setBsproacdsh fortthdxaamgacture of

oxi di zed or ot herw se, under gai ng a,substanti al o
allgfeaspids SEEhATG 1k aide oF 5@3915%%% by o VAP ERhare qpqidation of
alkBhe dsite HOHhfrbRA BRlyst Sffthisihveh#i®t el y contributing to

the favorabl e and unexpected characteristics observed

in Yéhilelthepresent inyensiopsbaddbe ndeestnaden being Mespnigpiagddyy any
par%&gllalf t'h?cgry Gl e fidved .tl’ll'a\lt hﬁ&r@&rﬁ&hgﬂf&é z& 'illgn&ﬁg}ellfér?edqg ab Qi?con),

present rnvention is the use of zirconiumsilicate
addudtab ap idgesdienawithetier asl matefialsastidfty farinehé cweriér,support, survives the

.refractory . solid support (such,as al pha-alunpgina) used |
rigeis of thegplefning pracess A szsﬂizs@ & E?r&/il%iungq?r%%g ¢ gubstantial
ch&BRAThhJA0arRl thit By BAEMECH, iekAAl the 0@¥8d P4 RED LRtfmately

(and other optional additives) to convert the carrier
contubutingdo dieyfavoratilé arslomienpactsid|charatteristics elyppiveq sucatalyssuefithe present

.away and.in sufficient amount that its presence in
1nvteﬂté°“|¥r%%‘?q?¥l%su€§P}qdﬁegmeﬁsat ely enhances the activity,
ef f iAckestingiishin®featit A the pigsedt inbaRtioh @Sthk L df Arabdlysilicate
of the present invention. Zirconiumgsilicate rengj

with o st pateripls tovarodidyihe dpsstrieliariop soh SERPABBUh 48 plphgalumina)
usdd SRLATE A% MAGRP dés}cﬂﬁé&%ﬁ?, é)?'i:dt {eO: cg:b it Ve A& with a well

roasting steps irnvolving r I gl tenperatures
knowgth pedntogar €and)otliep optiedal adglitives) toavmteptshe crri¢riie a gatelystn tZirconium

e e
cargief alkivRiely erhabded MlelahiBESE0chdy &N/ 6¥stabiikty oNWesu@t catalyst of

kyl ene oxi des nade using the catalysts of thjis .
the pigSERt MUTNtaR.c ZEsrmive sibicats samais ubdantially thegspmp chespigglfyzthroughout

various preparation steps (including multiple calcining or roasting steps involving relatively

high temperatures noted herein) for making the catalyst of the present invention, from its initial

introduction as a part of raw materials for the modified carrier to the finished catalyst.

-4-
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wherein Rland R2 are | ower al kyl, for exanple, nethyl
or ethyl or, preferably, hydrogen. Mst preferably,
wo b@sabkyt ene oxi de is ethyl ene oxi de. The al kKpdBN82004/033219
oxi des are nmade fromthe correspondi ng al kene, that
DETAILED HESCHRPTION OF THIE INWBNTHD cussi on i s present ed
Interns of and with reference to ethyl ene oxide and
ethylene for the sake of sinplicity and illustratjon.
However , Alladens osides made ysingghe eatalysioiihis iwisntionare gharagierized by
applicable to catalysts for the
ﬂwgﬁugﬁgg??%hﬁof sui tabl e al kenes. In commercially
useful talysts for the production of ethylene oxide,
the _garyi qpon whi ch the silver and pronoters reside
mustt R hyS|caI formand strength to all ow proper
flow o qgeous reactants, products and ball ast
t hr ough the react or while maintaining physica
integrity over catalyst life. Significant catalyst
whREACHN0 X AR AT (bodb Bl e GURARE Braseny 0 Rieen
Mostprefeeabdye Ihe'lﬂliqumtoaidy‘&t ethylstte axlideo The akkyleee tmdva dréptade ffom the

corrGpte ol e TLRFHCR o G THETR s PREgLedp o of

and WEh fXérehR'to 8th§leAd §Adéd mtﬁ}ﬂéﬂe b6t §4kS of SiaipliBsinddBustration.
consi dered for optinum catal yst perfornmance.

Homevaratbe erope rad wngeoidhe prasant invprtionys ganstadly aprlierblg fo paiglgsts for
C I d as the carrier for ethylene
ﬂwg@?@gigéfgﬁégﬁk%mﬁﬁﬁir porous refractory carrier or
mat & ¢comhrBediaily atefid chialysis dak thsprlodigioa sf éthelynewsade, the carrier upon
latively inert in ¢ senc of the reactant feeds
Whtcﬁtthmlye@@dfpa?m@ﬁﬁm%t i Bafecp R seg ferd Sgﬁfagﬂg faallow proper
floR ¥ geBuARAGarkO pmdﬁé’@ W@allﬁ&?ﬂ%ﬁ@i ﬂh@ Reab@PFhilé RAmtaMIBR physical
converted into catalyst. For exanple, carriers may be

lntezgmp@*@e datalbfstdif@ hSighifinant aatakyt treabagecrrabiagien isshighly gidesirable

becr"rlﬁ?t Id'ghd Spr%s'gé? S o?p an11 Bres | l?lem%/ %cb%tégrg&ltr%}égatﬁ&%s& The catalyst

mukt il el able Mh\tlﬁlbtahdi faitbelhrge térﬁperithﬁ fh]bﬁndmtslvﬁﬂumfhe aenctor. The pore
alkylene oxi de, such @% ethgleng oxi de, %ron1 | kene b

stragiie, andscheppgal grsgness of 8 l5A TAPG AR BHOR ARuRy be considered

for %@fﬁuﬁqrcata%bsf ﬁéi‘f‘bnn@ndgaﬁ{'éfr@étb%l nﬁ?aﬁ@rﬁﬂi bﬁﬁcﬁ[ﬁ%ﬁﬁlbﬁd—alﬁﬁﬁrfah have been
is a known as zirconiumsilicaté, has t chem cafl

sucbgisfnlﬂbfalscﬂ aszh@pa@@fonﬁﬂuylmxgieggtab@tSp D@lpapgt@us refractory carrier or

mage?ﬁg%h & I betl}iéﬁc{ %sl 1%1?%“ %\/ g ﬁerf?ﬁ/relﬁ in ld‘xeolg(rg%nc%uf the EFactant
feeds intro&tieﬁ for epofitigtinind thayoduchegortie, aﬁylrai‘ehﬂﬂe t withstand preparation
Porous Zircon in Basic Fluorinated Medium”
condgfiqps sthsp sPRFEehintp A OF i Rk amBleetarminrsmay By comepsed of alpha-
alufnies ?1)110911 cattids %ilﬁo? bfdxRRGfBhia, hhheSia %ES&&WS SndBFRures
up of an inert’ ract oty suppor such as
theadofiha- al um na, havi ng a porous structure and
rel atively high surface area, which has been nodified

by tihe cREGSTER Rseht ﬁ%ﬂbﬁ' Whithlid €18 fdr Md REMLEEN ¥ ddalkylene
the other ‘raw materials used to produce the carrier.

oxide, syelepeethylepcaxidst ﬁbl}ngtkeoe, sti¢heasiethedanat is pypperied eha zircon-modified
cargtlgl:; \r/ rco'ng nlgﬁl&)rg@%c Lhrjug n(i) HAD Wlucthq§ ?lgc()) fﬁ%%vn S zEch?mum sﬁlcate has

ver ers,
theahemidsbformeialof ZrSiOg nZ]hﬁ)naﬁhj&ﬂiso\Metﬂneﬁaﬁd syﬁ)theth:laﬁy Sﬂ)]llmng

ntxture |npregnate into the carrige in a
a ngpler of eellsknomm preredwen ushgs ﬁtﬂ&glg?vemd% Siéteatad% Dulrdhdr-L
Guth, T. Chopin, “Hydrothermal Synthesis of Porous Zircon in Basic Fluorinated Medium,”
-5-
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associated with silver, although they may al so be
present on the carrier. The pronbters act to inprove
w@e 21008403557 ef fi ci ency, activity and/ or stabilitRCT/Ukm04/033219
raw materials for the carrier nust be of sufficient
Micmpmbys sl MesvpotoheMaterials| Vol 22 908)ae 81 bB1hehwenstalathy carriers are
onponpents thereof and the zi rconl umsilicate to be

mageao gl PP IR PUPAF LR A YPharHEming, havine § pprous structure and

relﬁ%grrlﬂ G 5rlda WifcH 1BRBBIMNASIIALD by 'Ee BFRSRBbf zirconium silicate
Invéntton. Limting such reaction ‘ensures that the

intzpdderd wiily the nthenyagi thitergleused topnoducsibstaamngri &) prpparing a catalyst of

o RIS SR 5o EE ST b o

silved brdtay.s Pronfot@s) shéleaspiifaliisalts, cecsergdasd with ﬂleQBIublefsﬂ%’irl rhifture
silicate to zirconiumaoxide (ZrC") is a particularly

impragnadsdyinte the pargen qr 3fded ip p sepakpie ste sEisse prgmiotar L aip generally
f

st RS 13, JR B 0Lt 00yt SRR T bt
impromwtalysateffmcy,tahewmwd@nstebmfy zirconiumsilicate may

be easily ascertai ned by the use of X-ray di ffraction

analrys kv RhichidR féd th&chrG@mdsEbe o NuffcRNBpurkl 56 B3t #8e is limited

silicate concentrations, zirconiumsilicate may not be
readfmrelmt‘atﬁneantﬁycomn@em rteerenf, ahq Biegirceiwe vidicate thee grided dwring the
Bl 0 R o LGS o, i
suchasaztioh besubs ml@ft itled aﬂﬂedejﬁoemhnmﬂlcaaixainymh suiﬁfaﬁﬂztll’yaﬂf:hanged

and e e the prinpary, indicator of the esence
R the qresessg AL defarner 450 16 RRRVERTIoR i pAFicT finto the

cat§1;y§t' GILLHPARBNEL B Fon FYirdstHhisPRate td Sirdbhlu@PBxide (Zr0,) is
must be of sufficient purity so that an

a pan&lpuﬂaﬂy bedesirdhde wiacticgowhish dedreases segidﬁwﬂp dibenefifs pm the addition

of %11’0?)})1%@} §1 1?%%{? ?n 1|:a21§<9r;J r#t %rhzﬁrcg }%g‘lasrﬂ?ct eocrc]mc:;)%ltra{1 onst 1111‘16 presence of
zir¢ohQIng ilicdte GRRFTHO Wiy agn‘erthmedlsy the ake m@w{&m&MaB@S of the fired
zi rconi um and hal fhium which naturally _occurs

carier. PRy Zir R e oAl oopeaniBliqRs iiepRigen i altapaH ée detectable by
the B30 anaﬁ?féﬁ Igi/Bwé\@f ,Sh IR df‘%ﬁ[:&ﬁﬁ}h Gné¢ Qﬂpdﬁ'iﬂg}gbé)éetected using

ransition metal s occurring as Inmpurities In zirco
elemeatabmadssss, sichtas Xasiy tuoresevateal In anjfoase,ghe bdneﬁ@t@lmf&nt on catalyst

xide i r aretlt nla ron oxi des. e .
perdimeBon PR e e Ty AL oI i i St fg especialy
atlbwtﬂﬁa‘omlﬁcaft@éonwﬁraﬁ&[sﬂ er prior to the fl nal

firing at high tenperature. The zircon ma

i nct prshitigne ghej m{cqhyse}fmébe effsuffipjent Pty pe ah@lytlﬁ)@untles therein do
o R R T A

Impuidlea in z:fcomcqmpdser}mmamy the iizdrganicTévenponuids of tlansidieti metals

of .the.zir.con he ot raw . nat eri al
(ol inRioni e Ao REh pif R B Si FiLprgphih e are proferably
lini 8 @5 Hhdt Abre Eah Utewany, Mbrelcbfiméndory@ic &n¥poabdSdTanasition metals
known for such catal yst supports, 1ncluding pills,
OCCUEKaS, MBS IE Zirgamerseexidesall ransition mefals. Tepiee fheccommon oxide
having star shaped inner and/or
lmig‘ﬁﬂer sur%ggg%&%ﬂggéﬁ i ke, of a size suitable for
enp Ilm)yhafmsemtnn‘fdnnmd tlh}:ezircbm sahiged witiodrevotlndr rom adaterials for the carrier
.CO rei fixed bed et e Qxide r actors
DrigGTae 4 Sl fideh BPG:  DReAAPR By BF earoaras
wa§d, ebatifsthk dB@ag of the Rirdonl ntl &3l f8rm of powder or flour to the other dry raw

in any number of
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shell) about 1 to 3 inches O D. and 15-45 feet |ong
filled with catalyst. In such fixed bed reactors, it
w0 200d03976mbl e to enploy carrier formed i nto a POUOM®A4/033219
shape, such as, for exanple, spheres, pellets, rings,
matetialsefodloaad by hexihg k] addingi ofl tiquid 240 tratesialsr Qe akiRLIb Ldition of the
inch to about 0.8 inch. There are many wel | - known

zirgRay ta HRFO rr_?)‘?’ért?é‘?r’ra#g‘sl%%ﬁcppéﬁls suitable for use in
et hylgiiffe Mabeleror kbRt §f thisMRnn AU ﬂﬁ'tcn LSy RAE Gariety of shapes
described in, for exanple, U 'S Patents 4,379, 134;

knawyi8 06 s&hgatalys08Ppas inchidi il shunks, Sablevs tpagees, pellets, rings, spheres,

Appl i cation 20030162655 and the, like, | on s .t he .
wegBP e tbiar Ravhle i el Rt fon i piirest M B g ora sie
suifablsfoagthplayhyntde GReIRE eattorE onviithel Joainkacis] £ad bbe ethylene

npl oyed to prepare the zircon nodified carrier o

£ : } f the,
oxide gers aTh D@ty i thedrmeat ampirality shparplinh sloagaed fyhes (in a suitable
shedly BRRA: 1 t9B ithed 63 tind 545 RUE Iohy Aifll6XFH %éﬁ(%stpfln such fixed bed

zi rconi um conponent) can be preépared by c n’pounch ng
realtorsy itngydesirhlde tagmplay eariied fermeaghittougpanied dhape sychasl far example,

S R BB B S RA g BoRs55Bout e o son

0.8dh¢gtha- al um na powder(s) with different properties, a
cl a\y}_—type mat eri al which nmay be added as binder to |
pr oV here apHpanewell-kaovangethodsof gropareg ¢rsiers piitablei fay use in ethylene
. . _ ) ot '
ol SRy SnELAREh I BRIDALPRIHER, fof LI s Thionts 379,134
4,806,58;5a063d19555,894,302h &, 3. PetehtsAppflicatiqmA008 0160265 hartdhbe like. As long

i ni shed carrier are.determ ned, by the purjty of the,
o5 o5 AT BpFEI "G B4 RO RForlogiob wharR i dep Fmdst Fgrpr. thse
mefhed Exgh B%ﬂ@e@'t@?ﬁebﬁfe tifel ARon fmo MR cArfBtGf thd MSsdkBivention.

include silica, alkali and al kaline earth nmetal oxides

Forgygmples apalghpyalyminaciuppast ofi at loast/98 1% awity fenciisive of eissomivmg

cofilEh) Kb POty DRt AP R P aieile ifefh, drving nd
a highrterepdrytheralonatide. bethilcyst tha sagmgaawmiatanass ushalyngelude one or

zirrconiumsilicate wt oehnmte.alumna (A .
ol i S RO P R IRS <Rk AP Ph ST ihigh may be
add¥d’ab Bindercd PrAidY piysitdl saeigt, Gnd 9 BRAG@Hhaté i (kahllyh organic
anions (preferably fluoride anions) to provide o
co Ayesgd frathe gais 42 previde desingd porbsifhatiey ite fesrovekduiipe éhe qgleination

e TPl IR e BREL 60, ORABIR oo

materialsiusad, ankd theirglegiee of wilatitdatipmpturing thelvalchpeomitesl Common

. alumna to ovide drje or.med al um na,. and, cal cinin
i el e A 4 41%{% 5 RP13) ORI des B SR ATIOBRR of metel
andbRA-AL O AehiGiAS hdBlives- 7- The nodi fied al pha-al uni na

carrier prepared by the nmethod descri bed above

pr ePapthier ;methad for psgreting # cargendf dgeinvetondiaviag phisigelarly suitable
oo sty e S-laP B B0 cBptic iR epni i fifheg itk Bochmic
alufid ) AlOOHY) apd/ef ganabb-ylubdigpepieln the duaihagwith aabietite chbnhining an

,&,c/ 8%1 9]geuri t exclusive of zirconi um conponent) of at
acifig 8tpererlBndpidp arientipredypiy Arerderaionghig preddcrePiede
haldgaRH @luntih® ToRRRY! Efofeﬁ&pﬁ?@}‘éxﬂ%@in@ of E)fé@ﬁng)lntge; Iig%giged halogenated

case, the nodified al pha-alumna carrier co
alupana to presddefauhedpephigdtialdgasatert alining t drying theufornedmeptitddy

halogenated alumina to provide dried formed alumina, and calcining the dried formed alumina

to provide pills of modified alpha-alumina carrier.
-7-
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flat major surface having a | anellate or platel et

nmor phol ogy whi ch approxi nates the shape of a hexagonal
w@k@tme3’sone particles having two or nore fl atPCT/US2004/033219

surfaces), at |least 50 %f which (by nunber) have a

M| The thotdified kipha-afunligscartidtprepaed by tixlmethod dessribddbove preferably

fini s arrier of the prese nvent ncl
has peel ﬁﬁlggaame a2 8y 2t g %P?‘? OF Prﬁ%f%a org %‘i‘t%%e”d‘ /gto
ab RO B2RS, ato¥Eolgthe bf dt Téa‘élr a?)BthT‘S c@$ (th&E ;pi%'ﬁr%l e8] £0bB0.5 cc/g to

present 1 n an anount which 1I's erab € range
abapit 210r001f$1) aiDUUt (egclapive of za‘gqmmm @@npoﬁ)ﬂnﬁy)f @Ielﬁigih P9 waightpercent alpha-

efer fromabot out ht, a
S RelpLhS RS sRo: BoRouoteicts ") B ense
moﬁfﬁéd faliihajahmﬁhzgdfﬁrn&f cotrpeisdsipaitiite dadistiwfhictichas btighsn ane substantlally
carrier, While the jnvention is not constrai ned by

ﬂatﬁﬁ‘l‘JPli @@ﬁagﬁ hatvml?me]tlaﬁ@ or platelebimarphalogy wakeh app,rommates the gilape of
a hQ%%Uﬁa@ gfa't{ar Gorhf BarRBlt héing 0k thoROflat SR RE)Y atl [B4s80 % of which
unt reacti ve cal ci um conpounds 1 n ‘order
(bymiumibei) heve hmajoe dpdnsion of lessrthsrealmpteﬁ) mg:rWSt h th e ad ded
zirco icate,.resulti.n tion of
beon it Pt AR bR or g TRets iPEpl . Ao Bl Pp e 3 o
par€idhlhedethddsREdribEd a¥dve ) a whiof LlustHtiah, AR osimOslivatedb pﬁ@ent in an
of cal cium conpounds in carrier raw materials sho

amgnt Whyghyis greéesatly, gt the rrnge pteem abgut 01 t‘e Bt 0P rigy by wefght, more
pregéarl{iﬁf ﬁbiﬁ%&&@%ﬁ%& 16 %%) \Qeciglgtsagﬁ e?&gﬁy HBMbout 03to

um prefera ess t’han ca clum
abcaml di0t% based on theabtal wbight ofghek@ished nmdrﬁeld atrhinh czromp ounds

rompte.th ition of,zircon

O R I TR e oA R o e g agrials used
to RhkAANRE tRVakrier SRS n® RBRLIMNESe hlo@Rd 6f reictivavalcium compounds in

materials should be |limted so that the fired carrier
ordewtecnigimige theireactipn ofthessrspesirsiitith the pdded gEconiwng siligate, rsepdfing in

; [

eI KR Gon R BRL Phari i il PRI, 408 callpd zironiurn
oxidx). dihe cilinelatiad aincertration becafsura tompountls in qagrier raw matenals should be

erat ur of th carrier nust also b contr | 1 ed
limf G R oo Eieh SATE AT SPmBgeaE SRS st p 4000 ppmw
cal¥fiirC PreResUN Fesd fRatt BSD pi#h@ clibabe at tenperatures above
1540 C. Cat al ysts for the production of alkylene

oxi &eaddition, esttainotberaikpline ersthangtelecompoynds piayeatse nsxnefe the
dec o? ?1 PoERRL %%o%éa&%o gﬁgdmei eﬂlesbﬂl%ﬁfértltvé c&Iceltlch%on of alkalme earth
Sent rrven regnatin e carrrer wt
meﬁxb tothpaindoin cafréer eaw ﬁiatemal‘slsholﬂﬂ bei:hxi’mmmdhat thesfited cxmief (excluding

znéq%%pvg @clﬁlglfctglgr?g %ﬁ}glp%ﬂ%:%tgglp g(? Erg%rqs ggap}étakf ?excludlng calcium
corh?mﬁﬁgnﬁkésﬁféd aB efeOitie b 8ari Ihé!t@er)dldH)r egnati on and/ or
ter the silver inpregnation, h making such a
cat 3hg salcm@tl'men teraperpare (figing @mnmu@g)ﬁth@cmén@f alggpecontrolled
to lgm*q?a A e eco%p?sﬂ:m tezn%o? \?ezrlrc ngg%glﬂ:;ig)ﬁglg% ;ﬂ{etg}g gﬁre shate at
tenGp@fdtires abiove apd@@ount whi ch ranges from about 1 to
about 70 % nore preferaﬁ(EJ fro bout 5 té&}y bout

% &a@!ysmf(ér tbe gradpctignghabplsoe oRge. ARl nepﬁléie or propylene
oxfﬁg' rgeé%becl{reaﬁna?& &fthahalmedAhffoay gf‘th§ ble¥&it u%ﬁﬁdr%ﬁmiﬁe?g%atlng the

t he range 1 s not narrow. Sui tabl e silver
carrier with a solution of one or more silver compounds, as is well known in the art. 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
-8-
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particle size can be in the range of from about 100 to
10, 000 angstronms. There are a variety of known
w@e@sosEess, that is, materials which, when preBEnUS1004/033219
conbination with particular catalytic materials, for
is inpa¢gnhied (@icloy atore tirees} fiith ode er mbresilver caspewdd wlutions sufficient to

catalyst rformn r otherw se act t. ronot e the
allghy i it 18 b BAPPHH 9r P aKECLin B SOE HHEARRECS Hogh about 110 about
70 8% X0 Breflrably BOR 2Bkt B0 AboR5OBY, |n§‘d%??1‘éi’e'réiﬁy fr M @Bout 10 to about

pronDters in thensel ves are generally not™ consi dered
40 mofthg weighhefites ¢atalyst. The presence of such prompters in

t he Q 0
e SO AR DR R OPAE BN G B e
parkiole s&x@apbeinghdiangs offrdnh ebou 1 @) orl 0000 ungstrofmspr oduct i on
of d sired produc}B reduci ng the tem I?Rééab quired .
ABRieSRA YRriety ATABP N prmetes, that it MasHals "0 pregent m
coﬁ%@@oﬁlﬂﬁﬂﬁﬁaﬁé afaly¥id deRdrfd fdr @ R4t O A verSheénefit one or more aspect
Conpeting Teactions occur sifrultaneously in the
of ¢agalyst perforamdccorothervisa hctftaptomote the d@alefﬂmahlhﬂsgmtm@ce a desired
?_fe tiveness f thedoveral IS thetes a%E f)
e i G I b S L i
geterd1B o bondlilefed chialytie hidhiak. [The PRkéice of suzh @esndtad in the catalyst has
reaction can be an inhibitor_of another reaction

be%ﬁ‘ﬁp & epnithvin feons Ar mekecieneficial pffagts pustheicatalyss Reaﬁqpn@@e for
I
ARG it U e b 36 BF TN Eop BadlEa SYGLE rodusing
tenifeeatare séquirdd pir astiiewe 2 sditablegntawpteactamhddaciag theirates orfamgounts of

oncentration one or nore not er.s esen
undeRBELRR RS %, printfn ffeiong Onid RSO IR i top A  crtical
factditeén d@siniigidg efelcflettiveness AF theYoSéral Qfdcchfs HPIRE Gheaidﬂ@ oBdon@dl one has
conponents,  of a particul ar catal yst, the physical and
ovesasiP eeIpPeiRg reRctiens; 4y Matsrigkwhiefbis dermer] a promgier afigalesired reaction
carplgboﬁﬂ 1%Bit%ff LEGGL rQ%ﬂ:ﬂSR g é){ R a DRARRSHE Badon! SARE i 1s significant
es of pronoters - so promoters and gaseou
is thatdhmf&rcsof the pm)tnoﬁbr pn dlmtvteralh reactine sriparatieth then BfﬁciehEproductlon

t.al.yst [ t t i.th
ot 15 iteR ppdRya o Resiff it e it “Thepferion & g g more
Pro2fiiRe pRBént Pk caslybthRdytiady oVl & Rride 18fdd dé &{(ﬁ&@ﬁtﬁ‘me W&sired effect on
added during the preparation of the cataly t he

catplygrmstiermanss throtherempprenis el aparticlar caielywy the physicg] andeghemical
0 t aneously
o RTRRRELbr P BB B BE o BRSO e BT L 2T
f ol Thedenge 4thestepagpes obproafotdriie salid prenotesrapd gasebuspromoters.
wel | - known  solid. onnte rs

carrier
A %oglﬁ PEQIROYPE f@omg%gedtlat%f%ﬁﬁmst BELPfP &7 USS RithFE 25 A Bty gthe carrier

(th&tqgrﬁlﬁiﬁeﬂfo&fs alpatt 38 fe lém/errcHﬁibS’ﬂeﬁf% gﬁ@@ {hdFBo. MWBEN 4/88lid promoter is
fur, manganese, nolybdenum and tungsten. During

addqdéiuﬂéaﬁteupmpata@omﬁ@e cathlysiethe poounater, maYd@ addediofthe carerhefore the
s11\Pefr {nﬂg @B&?‘é& orsué’d;tggﬂgg% %g%rim séf@tagﬁ?ééusgﬁv ﬁB%‘War comtpbiint, or
addbdmp@wnﬂﬂlyabﬂomg ithexdepositdort dfeh@ﬂlfvemhmhnatt @n ithe daarikC Eamples

reactor for t ductl n of _al kyl ene oxi de, (for
of B Sikpen U Pt BRI d e d i SbUEPegas ol Gompounds

of 156{ CRIVAS r&idiinS 821 S &0HurSHeRe BEQMRbEH&enuf, §ﬁ?d tungsten.
led nodifiers, inhibitors or enhancers, furth
Du@na thegeactine tq:makecﬁthsémme the gpegifiv formn af t}mprommn@nrtge catalyst
nm:%e %ﬂgtlon wth or in addition to the solid

ronoters. One or nore chlorine-containing
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conponents are typically enpl oyed as gaseous
pronoters, as is well known in the art. O her
wh 200548976t ai ni ng conponents may al so be usedPCDUS2004/033219
produce a simlar effect. Depending on the conposition
of tiheonsast] tile gaealsyrémbieisng: eRPhayedmpomelsand obmitures thereof

gaseous conponents c bl e of generating at | east one
Wh@hfarecmgﬂ@yngmlaa%?twgfa e peadtgionelebaise e #&Q@ﬂ%@thylene
ox1@ v(nt oR Eha%ma%ﬁtg s@éh &3&%@%13 ARl SRR §uch6}§r01'n§te¥£e hiso called

e art. The prefert gaseous co
modé‘madoh@hﬁorsgemeha@mmgfuahﬂreﬁhanw the pyrfemiracce lmﬁamlyst working

in i Pl A mid R LB oS! Thef ok lgrinecconppiping
corBfiRh® Iafa&ygdﬂgohnqgoﬁb Qi E&8busGREReERIS it Fell h@ov@raﬁﬁhasﬁ

prior to its use. As used herein, the term "conpoun
Otheg halids-qoptainiag eospronenis may alse baussd te prodnesra Sém%?féﬁecwl?eaendmg

S RRrABRLAL t
> gﬁe mﬂ%a%m% 0 H%Ih;ﬁ%&lﬁg g%haatgeﬂ%;%%é@aé% d(?{%r cov a?%nt “andfor
capablerof gexseraing@hldast gne aﬂﬁelen@r-mhan@mg mémber df pgedox rhel‘fee;astlon pair

Ietrlcall ed. ch e catid o
ey Be BRnfoy < d5Siting ProBO R 56 sSHRG b ) T G dascous
corRfirRft dABAAE bl Enerktify drPeftichbyyadRhmdigCmerBber 00 ¥ Yedlok BAIT reaction pair
refers to a negatively cha @%gd noi ety contai ni ng at
is prrefgrapl ycﬁietr@wg?@ntaamaﬁqnwoa i nati on with another
el ement. An oxyanion is_thus an oxygencontai ni n%
ani dhe sqlid fremofatsarsgenenlly Addedias akenzigal sompentids fo the catalyst prior to
Cy( re a,
ts Y85 Al her B i B coulp i RE IR el Ubblnation of  partigylarcloment
with@né belnomt diffyrsiit.cléoene bysuifiee andioatlkdical bomdihg rsmhca‘s idbrie and/or
promoter is not always_known, and the pronoter . b /
COVﬁ}e@g @fﬁwm&ﬂe Ropding, [Eﬁ? PR IO QB OB el Sgtotaﬁé%?%caﬁy charged
chdﬂ’h@aﬂ %‘icﬁétXOQaﬁ’cfmé" "GARbAY B(e?ﬁg pcﬁﬁfve XA MRihic"dr 8 Welng negative.
made w th cesium hydroxi de may be anal yzed to contain
Thfz:@smul axyanionied or l‘ﬂ}(dﬂlum"creferstotahlegaftwnl}@h@tged:mp@by@mtalnmg at least

one kew Stg %18 to %g () Se a kael I taI 81)1(5sq:§us an en-
?Z%Yﬁfﬁ% ‘E’el& (OO R S T P’tP OXi ‘P‘X%
corﬁaiﬂﬂ@aﬁloﬁll‘lh is@mﬁé&tob@ﬂﬁ@mh@m fiot eﬂﬁym@@ﬂlbe biit dr©fouad hﬂcombmatlon
npounds during cat al g{)r epar ati on or I n use.
Wlthﬁbarggrﬂeélawn%%@teefona defl @5 A gompgRd &yihe Gatﬁlryétn&%?%nthe
a
catiyt QR E0TE¢ BRmbfRe <ol SIS Moo IS pRRIAMATHS present
w1the!a¢h¢ annteoing added msring the lpsepdegom efthe cataiast Fheexginiplee p catalyst
pti.on on Pronpters
mafl i B dy SR Bty BF 5B BN BT nl ol Frflitigtne
ﬁniélieﬁf Qkdlpd DikewRe Wompb@ids deihasialkiall Gnctdl loyide, @ﬂ&)@h}ﬂle &sium oxide,
mat eri al and,  one or nore pronmpters conprises: (1)
or trapsitiogmaatal pgidss, foyrramplei YeGn whie flpfézfntgaﬁmpaépaya‘@e&?rawamc
cort bt Ryl SHERIAL L bR, BoPfb dhledT AT UE s, the
solgiygromptenowitl tprefkmrtdtosn tams of Gionhademidne regardieas pfteir fiwm in the

ti rrFre nateg110 ?f{iier to convert the silver salt to
cataly I HERC e ct deposition of silver and the

pr o 8éibible bk thelsiPer@id BpticHal @thr nith@§dlidprdifdters be relatively
surfaces of the carrier. Silver and pronoter

uniffepoy fispasest oalrthe geonarmadifiedcominpAins eddgroqarélatq fagdepRaiting silver
C&t?l?{lg &n%[en@t o%g a &gretpq&ﬂgfeﬁtcghgﬁfés (BY dﬁ%%gﬁ{i Iﬁlg a!'lﬁ) ous 21rcon-

nthe carrier an ect

mofdlﬂed&arrmn dcqorcbmg)tbehGSpremanhﬂlon with a solution comprising a solvent or
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interior and exterior carrier surfaces. |npregnation
of the carrier is the preferred technique for silver
wa@epesse7son because it utilizes silver nore ef PCTDUSD4/G33219
than coating procedures, the latter being generally
solubitihg agent, 8fl e complek shdiortel aimese proatoteais pod (2)itlmneaftet weating the
the interior surfa es. of t arrier ddi ti on, .
impreigld <Biied o, S kerd e St sotLpstbgsoneitand oBstobasRRiog ggstver and
the %Yorﬁ&@ﬁﬂ nfAthe BREAS 208 inteftR p§1*eI siffhices @f ﬂh% lchritict! Sﬁﬂ'ef &d promoter
npregnate the carrier is preferably rised
depopitipny arg gqm}ycpcpqmrglsbeq Rydienting the camer at evated temperatures to
eva@gllggé ity 11 Jh#lg the g %?fgét d Hocrsﬂlo% 1{& s11§/ IJ a\ﬁﬁ gr(fmoters onto the
intetoipad ébdemmgeﬁ ﬁhrfﬁags imprhngion of fhercamea l‘srtthprefehtadtechmque for
er conplexes, silver_nitry 3%?1 si.l ver

s11v6?8§10|s3| | %Egpgdkymlgpgglveg@epe efidcient] %@glg%]?rgcedxures the latter

belﬂg( ?erﬁ}aq’lvy unhB1E ?J &‘fecpﬁbﬁﬁﬁtﬁi Silvet @ﬁfo@iﬁ@m oRb PR iBRAbLsurfaces of the
rateé and er fatty acid salts. Silver oxide

camemih ed@dowcpategmtﬂms arg nmr@m‘mﬂbl@do pibenoss bsineshapical abrasion.

S oI J é% §1£V66 §ol%t(1)o qs (? t% Ie%a Bh}e c%{nrer 1s r liagf%r oﬁatp%lse% of a silver

corBitin@ Y12 8l sé10er ot mmﬂlm@/ solldbiieding zfgehthﬁcld %ﬂhé adver solutlons d1sclosed in
concentration in the i r@ glnat I ng medi um _Anong _t
thegits dibg paricalsr HEehgpmygp Oy Sy mENPeCHREIN BY £xagpRle, o among
s1ldef‘95rh1?lefé§' Ive IR sﬂvefgxfdelw kfver %%Qxﬁétese Ll a8 Sfver acetate,
an am nes an agueous m Xt ures am nes. For
oxeéata,ranaée, phthalalte lagiats ptogomauenbmwlaud hxmenibttm«aﬂ padts a 8ilver oxide

corRg s SRt DDA RBRLONA | U oo Larch Pl bR fighad, o

a carwidevadty apflwxis mab@hpieﬂng/saﬁmgzmg) Bgehitstrdayt beingdbsted to
results in a catal yst contajning approximtely 25 %

solylignilver todhg dreirediogeentigon HaheHRNTPABaRS BrRdiug; /mpeng those

dlsé“l@ge@la)( Bbing Aﬁfa%[edﬁ)flﬁﬁ%ug&og? éc‘ﬁc deql Ldohi®; MBS su@h as ethylene
cat al yst aV|ng a sil |ng of " greater than’ about

gly@dl; and ﬁmn%aMMums Bixtiges mfmiudesgener ally be necessary

to subje the carrier to at

sequent | 5P PiiRwPLG AE S b sfsal B e solftioR o5 P e ape
cthPleRSRABINS to Néxtdnt bN&peBShitel 30190 b tweltht. SVAck@i ilnpregnation of such

deposited on the carrier, h sone iInstances, the
a solBHRIERRP ACRIBIT ff appIREITadtely 8y cslpl ROTQSiLy fYRigrlly r¢SH1t~°¢ e catalyst
o R ERIEDS S POy s .
Acmrémgbrprfstl ik deisu(étl td olgaie a(chlalyﬂqh'aeglg atsileer Joddirigaf greater than about

t equal de ion i each | .. Lhe
25 81 4 e fientt PR ATRALY Fr S EDuRdnaTHIen i aiieh o gfpast owo or
mofPdedhéPRBinFRYeRBSR df GilRE vaileRvaTholRBmbRAS, uhtl thd\@sired amount of
initial inmpregnation sol’utions, h further instances,
silvgr @aieeqasquren the cafries; h»semeuest@@% dhercencenirationeof dhg siiver salt is higher
n

in ﬂl@ S eq i %éﬂaﬁl)r% éegﬂﬁg ?gl%é 1rpﬁe tﬁE& {tﬁér ]ﬁisqﬁl?ggg %@P%ﬁlgtely equal
amn‘mycs bsilverd zire‘dqd)sbgd dupiag eachgmpregaitivar Qﬂenctec&fﬁeﬂ&quaj deposmon in

ender the silyer |nsoluble 11- The cat al
cac D B I cPRRSOIEAR o e Sy NG PR o ionS ay need
to B?ér@t{teﬁﬁﬁﬂ ﬂhﬁt 1ﬁ|tﬂf@1kﬁtﬁ?u1ﬁﬁ‘6§nat1&?§0ﬂluoﬁ§ SR ind-A08, £ bieater

ary of the alkali netal and/or alkaline earth
ammt@rf sﬂ\eﬂr és deposited an thesarrignin the inida) mniiegmmn dhaghat deposited in

sub%gcfdeﬁmux;?fer M)ﬂs m&n Ic aﬁ&ls‘iﬂlxa&g}e tﬂg"f sﬁﬂgf)r other

her cati on pront
-11-
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| ant hani de series netals. In sone instances, the

pronoter conprises a mxture of cations, for exanple
weemsosn7and at | east one other alkali netal, tBPCDDSZ04033219

a synergistic efficiency enhancenent as described in

U. SrheMNatalykt Srkparddion thaerédrPmbdified patiatrady doytaireslkalemetal and/or
Note that references to the Periodic bl e herein

alkaling leqrttpmetabas 36N prometast: | Exveawplapy ot the 2 H%et%ﬁn ine earth
e R oS ol iy e Aoty Gpefig . sk,

strothna end batinpnOGkr tdtien atduatérs inetude Gpmmﬁh wetel ions mhlsdmg

lan Igées Qe%%@&l%%aﬂsh B(B{n?s Wgt%tlcgga'gr f))r\c’)vwgpeé |com¥ s\ézsjlr v?tu?e of%atmns, for
exafPREREImAnd APlchRondoar dlktith&hl, fasbediy Stsynkrgmlcl&ﬁcmncy
dependent upon performnce charact eri stics h as

enhgrecEieyas dembeql B, Np ot &1 6143 cagreip e mRgApaRstponce. Note that
referé:i}%g fo?% I?eren:[ Elﬁatll%gqgﬁﬁ{ﬁ u'bﬁghegfby%e‘@{e'rmcal Rubber

of cation, for éxanple
Compaiyumevelmd, hmm‘ nmCREidthndbﬂokloﬁ Sheminyry wad Phyfsicerd6dbBdition, inside
g 0005 to 1.0 wt. % preferably fromabout 0.005 to
backcavels o4 The preferred amount of cation pronoter

deppgd ddadedAtiOf ofthe ARAN mefil g fhofdis inabefinifhddvatabar i net narrow
or catalyst generall Iles et ween about and about

anmmvarx)p‘eew emagt 1angh o ugkali mefalprompigr sRpcentration for a
par&cuef ect[cn%g{gy fl?evﬁ%ﬁ Hlol#) é%rf stiitan ;zlfgtcaﬁgcé,cgfs?@é ?é’ catalyst

efﬁtmh@r, teid of o&mbjzsnhgng)atd/mmmatmnnerﬁt@mand about 2000 ppm

are quent |y r ef able When t h | kali metal .

cest Eﬁiﬁqngefﬁ%an phakalinéaElbiees fin frrsietead caions %O{ gaAmpte cesium)
in tﬁ@ﬁh@héafcaféﬁ%t fﬁﬁﬂl % %irh %ﬂﬁf 0005 K&l I0 wieYbrefiasblptikmlaboet 0.005 to

earth netal” salt(s used, to achieve desired

0.5 pvesr Yoo Titme prosferives] wntﬁroﬂmn praEoieR Jenpsitsd Qe preseRijogdhe surface of

o S 05 S5 gy o 5 me

abddt 860N add IMoﬂer;ﬁéfblabl(yllkt\&eﬁ) @Hdkl)lt 20 anddhont ZSOBm?ﬁﬁJ}g?nght of cation
cesi um conprj ses abou nmore prefer

colgied OBt B0 e ST BT AP B et PR B AP gyRyprm ar

frec@.leha tng %E?ﬁéﬂeraﬁﬁd Vthdadhd R IEAERINcIRbAk ubdd ih nitktafeasith other cations,

at using cesiumas a pronoter. Exanples of sone
theadtict ¢feesinindn apy othertabradi mttlond plkglingcanimresy) J el e {tvsech achieve

o SRR b P B8, 1B A 158 mod L TR Rcosom ot
othell @rﬁefﬂ bﬁonﬁitﬁ@ fnaly Raty oy gt 61800 1ngtoald,W0dnprefaalip Gomabout

Grqups 3b to 7b and 3a to 7a_qf the
0. Oﬁb,l ,tQ) g,logo fagreé‘eraw,é:egpmﬁgp@ngqs af ﬁéstah%r}ﬁoq}gregeferably, about

20 B {do? @ent E‘V!ﬂ? of (KB RHANEGE alltAh&hIUMY 210 iYDSHSIRWBtal in finished

tungste eni um may be preferred for sone
catalgﬁtkumagcezsnmlaST&wompees of anion pronoters or

| nv ﬁ’l[n}e‘{} gﬁﬁlﬁlta‘?e faglélor\ﬁge)n%tgrstg)’( gn‘p ixy ?r{};ﬁ gefd MH tﬁe gresent

invehiEdh iaSluddht Ahledes 3oﬂe)&mpwmmﬁad &, chfo@ﬁdes 124 e amzdnﬁms of the
PCV3, titanates, g., TiO "2, tant al ates, for

clemenisother th%alogiwathégmg%ﬁtowm@r oty BB, ofFHAMRFALAQ 70 and 3a to 7a
of Izhlco: :Pglgﬁcg?'g lelﬁe. UnSofmofd Yt m&ﬁuoﬁsqf nﬁ:ﬁ%@iﬁ’,lsﬁlﬁngn%ganese, tantalum,

molybdenum, tungsten and rhenium may be preferred for some applications.
The types of anion promoters or modifiers suitable for use in the catalysts of this

invention comprise, by way of example only, oxyanions such as sulfate, SO, phosphates, for
-12-
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* or mgferfprRsy fas SEERPlErdoymadHe andpgEany

for exanple, ZrO 2, pol yphosphates, nanganates,
nitrates, chlorates, bromates, borates, silicates,

W@ 2008085 ES, tungstates, thiosulfates, ceratesP@ntiSiohe033219
i ke. The halldes may al so be present, |nclud|ng

exdnhplg I‘BO;i'é,, titarukesy ¢ gleTiOar onteiates for ¢)ﬁd1ptbeTazl(15 % molyddtes, for

R B R 15 SR 0 2. o,
for%ﬁrﬁ}%\é anedaiRlyphsspiRta WaRgHales; m@iﬁgs EllilSraVe@rEr@ﬁhﬁte% boglgtlt]es

dat e oxyani ons such as MO 2, and and
s1hga¢9sa narbmtasatsm@sltaetcs, thmulf@tes eeraiesl andethe like; chhediatidesgmay also be
S ncl ani.o ructures. For
pres?%’t‘%ﬂ%@ g&éh‘élggn%h ‘%{ eﬁ%?né can forma m xed
met &lis @y %&bgﬁzedsthmdl@iy| amothzhze lcoifipleR lchemistiies At may exist in one
provi ded in anionic, cationic, elengntal or coval ent
e angyghe yarigps molybdate
oxyHhYAE FLQ:‘H as Mo 2PARIAUERALS 4 MOLOTRY 2 QYaniBRYmBE: alH& ﬁl@lude mixed
I'n solutions I'npregnati'ng a carrier, It is possib
metdbabntahmmgrmgyztmmsammﬂmg migoxcyﬁmpm spmvacs dior gistaptee manganese and
t d/or du use ul ar nji.Qn_or
mcfybURiR by PR ] R B o R0 s et YRR prBlicea in
anidhie} dmbmt: Qléthenkd) e E6kialdnhfora nfiyesiter FY alieniC offudirted to
a cationic or coval ent form many | nstances, anal yti cal
t ec AVHilg XA 6F 2 BEcWITp aR eRRNIos, HRERs wef in Jolkions f v
i iREG L Tt | R brdpRiaBOSEEhE Catalyst
iy ST AP B Bl RS B
anddoui iringmisd, ke pasticalay skyasioni ongregsmor itially piesenp nagrbe eonverted to

G ri ses. r [ t he r.heni um onent can
an oot Grder b ¢1Ehetc iy SoppReg Rt e e of BFyelhi by 1o many
insfificed, HRAKACAREChERABEMAFNOtDS saffieRhi 10 HradiscBSdamifihe 8pecies present.
The rhenlunts ecl es that irOVIdeS t he, enhanced

The frrvpmoanwotanfsm@ﬁl toybe Jigpiteq by the gxact srocies fhat may wiimpatelp exist on the
cmhp fient added or that generated either during
prepar a |on of the catalyst or during use as a
cat aVhestthe fresuoiel esmprises ﬂmmuumlteahwmnm dempmmlnudm betpeovided in

rheni um aIt uch _as r enlun1 i des, e rheni um .
vasigh Rt & neRte e EneEp 5 § RS st anion.
The H@niuﬁ?s;ﬁ@ibﬁﬁla@ﬁro{qﬁ%é' Bi‘lhah@éﬂ%‘fﬁﬁenc Afd/a# deilvity [§8loBbertain and

perrhenates, ammoni um perrhenate, alkaline earth net al

mapfé)p thecaosenent addedar ﬂpégmmm edther m preparafipie pbthe satalygt or

i A% AR bR ofBu B BRIt 08 sty o

rhetnﬁnmhﬁlfdhg mha:rhamuﬁh, oxyinéiQes, thHrhénath’s;lge perflenstes ml&t @udes and the acids
Thus s of this_ specificat.ion,

pur hem
of g, sl Fas e B A S EOR P PR Rl Blkpige carth metal
peﬂrﬁenat@@ leergeﬁhérﬁfes C&ﬁépp%ﬁ hdrBfs ﬁﬁ’([‘rh@ﬁuﬁ?ﬂéb@;d&@a@ ¥1s0 be suitably

ot her 'netal's such as nol ybdenum and tungsten. Anot her
utlhz@slsh@ﬁmp heptoxide, Re:0h Whhn digsolved i wigtenyhrdrolyzehtotggrhenic acid,

Soerrlll Ionglgéetrth%natel '?ﬁ&su%?ﬁm‘l% Q93P @f g&ﬁpa%ﬁg %émkuh%eptomde

nanganese onen E5n ennanc
carflbd ¢onsfdymd & be cherﬂeyata,rtﬁatt@sr Re0ab$ikiilay cledmisteiteday dle exhibited by
nese ci es that prOV|des t he enhanced
ot@&metr;fﬁsyc %gf‘fl? s dyngsteRt abi ity is not certain

and AfRheP8adshiE phIRASSMicIRAGE e Qhplojedt wittthe PRIEH: FvRBtion,

ei ther during catalyst preparat|on or during use as a
inchgdes inpsganesnogwaepnes. In many instances, manganese components can enhance the

activity, efficiency and/or stability of catalysts. The manganese species that provides the

enhanced activity, efficiency and/or stability is not certain and may be the component added or
-13-
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conmponents include, but are not limted to, nmanganese

acet ate, manganese ammoni um sul f ate, nanganese
W@ Ra0sa3%e57 manganese dit hi onate, manganese oxal BEEDS2004/033219

manganous nitrate, manganous sul fate, and nmanganate
thafigér@rated ditheraduding k&talystrprepagion b dittigaine asdchtili®. Makganese

To stabilize the manganese conponent in certain .
compRiieaty h%ﬁh’rdégb“o‘ grerat Gdted fo, mepgangse 4qeigiesWaRgANESS agupPnium sulfate,

mag . géetéme %@Mgdﬁ%ﬁ%@%ﬁ&ﬁ%k@&&%@ﬂhﬁ hé AigaR!

(EDTA) or a suitablé salt thereof. The amount o
sulfatd, and peugapate pnignyfovexaynpld pheingngahaie arirarapd éhe likeo o stabilize the

945 R85 oo LY TR OB chetatin
corfgduall ¥adh as\iTenbdifdlinetdi@adetie idid (BISDADG :501tablS saif therdof.
provided in an _anount of at |east about , say, at
| eadtre aBSt obanipppromplimay vanhpdelys ior ogowle. Spineout 0.0005 to
1 | .
2 SRR 856 JORD 0TI sSa BB S ot S
Whenosat, theshdnium camnpingst is eftpi ppiidgd infra aprosgieofiat leastahoutdpsay,

at lg‘%}/ F‘@ lui %&5?%%&15’&62 ?%gdx g g fOf ﬁ%@,r 42{’?619.2’ :et n %& %113& }(fe@gp(grﬂ\g |c]alculated as

thefvRsgt oOrheRiail badkt the SotQrialight 8flthk Batalystepoxi dat i on

process in the presence_ of a gaseous K

ni t TBgBIPMOLHE B ARtARYSI OGRS Brepb e erionapalingpepf the type

| > = £ C hE . .

cof 38015 85146 SRS B B STISEn Sl of o LRER g b o
whicheaslemplogddfin me apdxidation psocawsfin thegrdsemceiof a {gasepesamitrogen-containing

hal freactions.|ike those faund in.equations presented .
CoOER BRI PR 4 835 Bt/ CEAPRSY B T O & Fedox half reaction
paiPBARPIdadtich codllifienk MHeMerds "réd AN 18acBibn'Sis Qi ddlefsid fodH€an half-

potentials, of the type found in, for instance,

reactigns dike dloso foumh byrdyetiqns prasenied indehjes ofpandasd reduction or oxidation

ro I PR I Sl JE o RGBT 1F ke

instaded, "BandbeH o T leasstryl"NN. A. Bmge, Hditbr McGrhw-HillBogk Company, Inc.,

pageed 21 18 PRI bt CRE ittt Chiaty, el 3oy SRl Bidiion, cre
Prefd, X! Ba RARMEPE., Ptikg'eg D195.987 GO I TRt rédoxLIRHUEAOR pair"

in such hal f-reaction equations. Such terns as o
refers thothe Rairs ofiatsans; mtecples psions & mistuesithereqfrvhieh underggaxidation or
redi.lﬁ?o%e g&c‘fﬂ%f@re&}ioﬁ@ a‘i‘filoﬂss.‘ u%fl te%}ﬁg §% %ﬁgﬁ?%lﬂeg{;}ho%#%ﬁh gl% used

e desired performance enhancemnent, frather an a
hergincth dnvihrigrtladse Membelefitlst dlass of wibstandegvhidh mbedatheydesigadc h

onpounds, when associated wth t catal yst as.salts
per RO AnCE o Fler 11 RSB A F e SPanstl pectinenhr bl
sudhRSnR BRI SwiinS s RN Wil the REEH S8 BANS o2 theRb4ANIFAMal readtion pair,
pol yvalent atom that is, theatomof the anion to

arevhitein vdhighythe anigndye dexknions,qagfatably anfoxpsuian dfiagolywalent atom; that

o BRI e By S B Ay PSP pnbonie o
a dissighiRahem hediffedest Alinod staisl Aahided Rerelihenani ‘Salwf ddeB@ot indicate
salt be associated or bonded in the solid cat

lyst,
thapthe agiqryand pationsempoReaRS el bp asspeiated At borded e selidpatalyst,
bu iy S B SdrfiRinehtl OF breS GR G LA GANG thi Oidtyst TAEAISIMNGA

I's the preferred cation, although sodi um "rubidi um an
corglitdingPotassivah tschbprefoped aftion, althodgh sreiym, eikidivgrandrvesing may also

ve By rf dteard paafe R Bt SR RERRORF ofRatlecf ptereoing
and formng nitrate ani ons under epoxidation
-14-
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conditions. Preferred salts include KNO and KNO, wth
KNO3 being nost preferred. The salt of a nenber of a
wo ewom3d1at f reaction pair is added to the cat ab@BUS1004/033219
an anount sufficient to enhance the efficiency of the
displacethahtbi atherrchamicalbyeactibhanéd feemiranimare aibnsmvrder appkidation

depending upon such. vari abl s the seous
consifiis; BROgT AL TG RebbantBrTS vdas iR ZPRE mastarebared.
used_and concentration thereof, the concentration of
ot hdte EBhariBemreeroha tadex-Hakd rgnteepain in addefiR e cafelyst in an amount
suffibiedGb cARMbANRREididhey BEME 3p&idatibn rdabforS Uie 3 &iR 2Bl will vary
the support, the process conéltlons, ?or exanpl e space
depenlingiupgn such verablesas thergaseoas effivisngheihogpymghembgpdatredox-half

reef S il ond Fomfent it PR B o R E R S Ty g
phd¥e) e sm6int af §iBEOYonRAhdd ih @RCdataBRt, B surthde dr€d ¢TREL uppdii8he process

catal yst under epoxidation conditions, especially
condifiengofier exaapls PAcsweleritydad tpmpetsiwe.gnd mesphelagy of sidnport.
o I !
Allﬁag%g{éélg,;ﬁ sglg%ggﬁlt%{:\g??r (c):n E?‘E‘ﬂ]ﬂ ﬂéyya%%)g#ea\ﬁﬁéd suh St HRReSired amount
of @t kaltofnmymberivd a cédog-haHir¢action pair is darmedin thh eatelybt, under epoxidation
cal cul at ed cation,.is .gbout 0.01 about 5 9%.
corhusrer Spr B b Ben s iondvithygier 30t ot EiHite regstion gomponents.
Gefidtallf) Bowweter| a s0RhKIOEanE of SR cEiiafby Sttthe MRH eflcRinBY-@Marcing salt,
the salt is added in an amount of about 0.03 to_ about

or pregyrsordherquiecafsutated as catiopa trabout (Rl to @betSyo ampfarablsiapout 0.02 to
7 A r .
o R R R e o AP B BRLby R RSEIBNIP pe st o
addeddn smareowe of stwine 03 praboer 2lt. Yo.ni t r ogen and anot her
el ement which is, preferably, oxygen. The gaseous
co g‘ﬁhﬁ Efe}fefrfed feaszbes ﬁficiaﬁ@ﬁhjﬂiaﬂ'd Wingomembdreof ﬁdo;ﬁhalf reaction pairs are
redox- hal f. reactjon pair under reaction conditjons is
corapﬁg}@ﬁ%%}t*}lgmgwﬁ Plepayearlnetaxiing nyaare tagdyo yalepgs states,
preft TP hitroBbd 4ldGnBtherGem HRAAEE HLObYo3BEH. Ofhe gaseous component
dinitrogen tetroxide, hydrazine, hydfoxylFam ne or
capahiewdi produeing r opmbar 6f arsd¢x-balf reaciioppeir undedr rewtomhemditions is

o o PSS RATBLAL L B SR AR08 o nd
din&€oplen Mtlokide ydrakive, Rdeskylantihe 6H dnirfiged) nephRisTr example,

. gaseous pronoter. to be used in these catalysts is that
nitiggasthape)s fitpptemete comparfsieiexamalemitigbspzenp N-nigp épmpeunds, and
L R e S e e A
usediin thesrecatdyrtsis thah gmours edlfisiept to wphance the peforarante) euching the activity

o O LR PRSP BTt g

corft4iAing Rhicatd MEmblee [salefermind@ bp fetpaftichRF efficleffifenhancing salt of a
under goi ng oxi dation, and by other factors including

mepper effgadix-klf reagtion Raianesd e tharoperatmiigrthereak ghejngricular alkene
un%g;(ﬁrfg ?])E&’a[tioﬁ,xﬁl %thep{:'agtoré:> ﬁkﬁﬁfng i & c%?doﬁi%ig(?\igehﬁtthe inlet

e nit rogen-contal ni ng gaseous pr onot er
reagtinnt gases. dor eeimple sSiiPatdot 550405 disdloss thatwhen the aitrogliettntaining

0. to about . . vol of the S Sstrea
sy BBt 1 NEO R Rk b Pl Faoan e 01 o about
10055, SySvolimd, BEhS @Estiainf - reaction pair in the reaction
system that is, both the efficiency-enhancing salt

Pr OXhEhghAR SR Bds8it W dri¥ekbiio ok 5Ah&hde! ofRE sdhehalf-reaction pair

. gaseous pronoter nenber in the feedstream as, for
in tag zasphien sysfemhthat isrhwtlethe efficiency-enhancing salt promoter associated with the
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conmbi nation of potassiumnitrate and nitric oxide,

this is not necessary in all cases to achieve
W@ 20058866t ory results. O her conbi nations, sSucPCEHBESHDIN33219

N, KNO/NO, KNON, /NO /NO my also be enployed in
catdl{i aBBIR g8BLEFombier BRRBer i ShefBER Gearh,8, oAb tantpls] with a preferred

aseous nenbers naé be found in different ) .

conthingtion o petpwHEN WinieRng 8fHeeude, thif s tof pecessarydn pH Spses to achieve

i ) i hifiidAk Y '@ng@m&ﬂﬁb,@@fm :
Saugo@‘gt(rééjl Iﬁaﬁtga? tt l?eé E&E?lﬁaény’ SE%%StI,{IQté%g2 s6l1d an d? or INFO
KN@asEn UENQ;/N0p tray slsaibe eppyediiadhé sanee systemo {1t srgneainssammes, the salt

used herein the ter.m. pronpting anount’ of a

and 35085 MBS GHEH A Toynan giffengmy Btk s Which st fhe fispt ond last
readthAl iSRRI SMalLRakionRiksiof] dfamloviall YedcBor Ovi de an

i nprovenent in one or nore of the catalytic properties

of 1AL Gaktahy Slidag/r g&mgﬂn&@rs ArdHbAlNEHn dPRbmoting amount.

cont al hing said conponént. anpl es of catal ytic
As psedphercin the térmcprateoting amepnts of & certapeeantiionprtypf a catalyst refers to an

resikstance to . r.un _away. LV} . i\ e

o S P Gl Bu bt v YR e SRl blatddn iRl Ebbat i ops or more of
the @alysik ptdpesliek 6f thixatilyist What confparedrto aodtelystinot buntaining said

i ndi vidual catalytic properties, npy be enhapced by the
compengHin HXAGPIEHS alytmrP@“&SH%ﬁ?u@awgﬂfﬂﬁ?’&Pﬁﬁagﬁgf ??%%ance torun-
awzg?,ysle%(:%iw ﬁ@?ﬁtﬁ,ﬁn%m@ﬂ%%@ﬂg{' aftPYelRY 8s BiefbtdBdHyIne dkilled in the

urt erstood that different catalytic )
art fhabprer drineere wtithe el dueh pgipitieiprogértiésmaye enberagt bpighe "promoting

conditions. For exanple, a catalyst, hayin
amGERE WIS e oSy pthy SR b R CintEe SRORDERS e
dinfRiehcll eelis FirttRr Ghdefstdodnhat deffer&ii catalytt pioparsiesineay be entiaheed at
_inprovenment shaows %p in the activity_rather%§$§g_the
diffgeempenaratingronditionsn Foperempls: 2 sptalypt heving eabmcelselpstipagione set of
i k i i ement
ony RSP AP cRAONAS SRR LR v
shoprsmpen tHeestivtenthat thaithe exlpaivity and amoreeatoraftaalethylane oxide plant

wi BBt S S P TR 8L i MRl 2B by
prop&HBY &en GPHE Sxpnte b tthdr ickiglytid p@pprtiesitdrag t@be@tize profits by
provi ded by the pronoters can be affected by a nunbeé
takig igigapeasnbieedstnek cass. eBereE Kests PEpradusieemeynl costand thelike.
cat : Lve: '
St ooy BloRAERBE bl deg R0 M fRaicRiNa B BTRLaR ANiRRY 61
varinbpee audh astfteexamplegreactivn condifiomsneatalyst prapative Ehitiques, surface area

an a(tgg lé Sctttgﬁ tm?(ﬁ%g%gﬁs ré%gqa? grﬂ%tgttc]lgg %’Igtg% %@rﬁgxg,atg? ﬂgv%lr grpds co-promoter

cortéiltio¥ BeRhafalyst HRRrdseERIoF othRf EHifoh£4rRl anfihb ree&it Sn Be catalRi.
catal yst inprovers can also affect the pronoting

Thepresasice of etenactrgorEERilKFISONPROCES SlEongs 9 athes catalyst improvers
S - m toclave with gas recycle is used
ca %%pcacﬁ@@?ﬁﬁ?éségﬁsagThere is sone variation in gas
phase feed concentrations depending on the process
It 1S € e | gstrated: air
5re ST H typi cal conditions
enpl oyed in commercial air-type ethyl ene epoxide )
pr odesiandard ftek-gixadraufoslaye athisas reaysie 1 uses fer catalyst testing. There is
Eltion i 4 : A loh Y4k Edhditi d.
sor Y o i D P A R g o P orh Elhdongused.
Twetchyes erecillostratiel: gir poesss esnditigrsgwiioh eimaygypicalcoaditiens employed in

cortnrl?a%rc?aﬁ %%-?Qpese‘%#ﬁgn%epgﬁﬁ@ pr%gg’sges%&r&?e\rlé aglre R used to supply molecular oxygen,
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a different efficiency but it is the rule for
practically all cases that with air as the oxygen
wo e@d/03476mer anounts of oxygen and et hyl ene arBCTUBES04/033219
which will yield an efficiency to ethyl ene epoxide
andXiygéh procesb cotiditidng, eviichpsbhaat tgieal ponditienslin wanmebiteiah oxygen-type
t hat when pure oxygen is enplqQyed as oxygen soutce. .
cthylgns OXPHNIRCESHES YO BIERIOXYBER 153 %ﬁ’gﬁsfa%t %ﬁ%g%i’b‘ﬁ&d F@&soase provides
a dRSLE LALRACHAR &it 8 Fulk ﬂ)rf%k&ticﬁl}pjll dab& (RARGI aBasdhd\bxygen feed,
Berty entitled "Reactor for Vapor Phase-Catal ytic
low8t amowss bf dxyg@adictalenEarsi usekwhich Wil gighdansefiioyency tq ethylene

epopgstir R Ui Tap 2erorfis nomio VR e B Pt Plgen s cmptoved
as obgBbesource. EMKnOWE, Baplxiitdd, berfon-agiefedM@sdrive" autoclaves

Condi tions Conponent Air Process Oxygen Process Oxygen .
dosroRdin F1G. TN Raner 0y Jevh Blerty Spidert "RBHIRTHPOYRROT P L atgytic

e:0 . A 0 0
S e g B ol I DR B A [ tsed as one
of the Eeabliots: Athe rinlBadoaditiensahclydesthBiilmimg: of gas Bal ance of
gas Parts per mllion Optinmmfor OCptinumfor Optinmm
for Ethyl Chloride Efficiency Efficiency Efficiency
Table | LERPlen O Epbili@atidiantet HpoRs Dbaditioad or Nitric Oxi de
CEhbbfen€NCY TVPRir BfocERACT OF  COkiudaPlbecss> TR |A0B)48A PRIcesR0
cc_80 cc_40 C%&iattm.@t Tot flohdilighs-22: 6 EdddRne T
I—i,lge%v Rlate Thel\,ﬂﬁg%syrel IS nPMerf%n?d at
';pflsg]“p Atatred—at ott—1—3——°© WS?‘;EE bl
Q%f‘&ndard ot 0 Feet per !—bu;g). SCFH-+efe :‘;8'0)3 etbi-€
Ethape per houyrl %90-824ndard fﬂQ‘fscu;afllrﬂ and rrg"gccllr e,

TTICIT, g

OUNUS—Per— $ggre
P-4 T QA _ v
1

E] enb

+ N

ooort

nd one at nosph

268 Fthyl chl

Natorgernt r at i on

Bajammdjofigased t

b Baleh¢eeafegzasraxi n

UBalance of gas

Pafd pet ndlliop. T

cOpenahtisre ( C

Optichuasforl| yst

edptinure fary

EffyeCabiidt ned |[asffitlagcyr esponsegffitearyi bi ng t|HEfficebat yst
PR& pRiBlae. |[Ménecat al yst tesfonpr ocedur e Uus@gtith&@h for
mg%&ves i n the Et h_yI ene I[Epoyu dation Proce§igiency
T RaG0r | VELFES e ol Toiigg: 40 0T GFR Of
AR ArysSt s cngrgea to—trep fRg M xed 20cc
Catalyst

Total Inlet 22.6 SCFH 22.6 SCFH 11.3 SCFH
Flow Rate

The pressure is maintained at about 275 psig (pounds per square inch, gauge) and
the total flow is maintained at about 11.3 or 22.6 SCFH (Standard Cubic Feet per Hour).
SCFH refers to cubic feet per hour at standard temperature and pressure, namely, 0°C and one
atmosphere. Ethyl chloride concentration is adjusted to achieve maximum efficiency.
Temperature (°C) and catalyst efficiency are obtained as the responses describing the catalyst
performance.

The catalyst test procedure used for autoclaves in the Ethylene Epoxidation Process
Conditions involves the following: 40 or 80 cc of catalyst is charged to the back-mixed
autoclave and the weight of the catalyst is noted. The back-mixed autoclave is heated to about
reaction temperature in a nitrogen flow of 10 or 20 SCFH with the fan operating at 1500 rpm.

The nitrogen flow is then discontinued and the above-described feed stream is introduced into
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aut ocl ave and the weight of the catalyst is noted. The
back- m xed aut ocl ave is heated to about reaction

W egopesEasure in a nitrogen flow of 10 or 20 SOMET/WA1004/033219
the fan operating at 1500 rpm The nitrogen flow is

the k& idor.dTIRC0nL fasusiet fovdistthen alpated-tel ek 8 SCHHdof €bct oficabyst or

22.i6 Ep‘lgﬁtf;f %%ﬁg c%tglté(%. 'g%‘; _Eptgthgzaartgg ?éqoﬁ@teéh@%g{t t?l% ?éx& eavg bows to provide
the ?ggh%hyﬁetrceﬁf oAt &yl bR ard I EGpttfunt edidledSiis oBliRed by adjusting

nperature Is adjusted over the next few hours to
ethylrchidride. Theoufleénosifle gencsaationis meniteredip ke coxtqigdhad ithe catalyst

the, optinumefficiency is obtain P '
bas e PR Ry Ao opaindte 106 A ot pirobRaft) ilsted, and
the BEtidnGy 6Ekht Gatilgiteo ethylens oxildaid thatcaltdahotivhtidnaemperature rise) is
reached its peak steady state perfornmance. Thﬁ %t@ﬁﬂ be und
thug plptained) clnj detepminngAcEyEY 3pd-alficiencadhe piggess A eaqlyt shaplq be under
“ﬁggéﬂﬁ%&ﬁ&ﬁhMSt to ethylene oxide and the rate of
activation (tenperature rise) is thus obtained. In

det Thevtadag] devtation vfa single &fsf iesilbnepyrting pasalpst ¢Bisigncy frgaccordance

.catal yst. shoul under steag t.ate . |
wit iR G Pr by atogit G & Bl S oBEF T T S8R e
devgaiolof & kinBleftést keRillE yepbRting CotalysRIR el ityintabedremc vith elaksrocedure
descri bed above is about 0.3 %efficiency units. The .
descyiprdabvesis abeit il @ °deThestprdarddeviationnficeurs still depgnd ppon the quality

epor.ting catalys ti Vi ' 0 2 Wt .

ot §F B unPE -HELTHEh ¢ Bt bbb B8 FRYIBRER e B thys il
var{leYhat sandard devinions sre belidvied degppiyctoulxotastiresalis tepbited/hepéin.

t he_equi prent agd pr.eci si.on of,the(hgchniqﬁes sed h i

condhePiopgftiehef theserting garer mpferigly pd the srecilipp githeir modilications
are HeANSROT MRV ATINOAT MiErohR kY Bd it df @maﬁb‘s@%ﬂeﬁﬁaﬁ&ﬁbn the

results reported herein. The properties of the
cargittaof Talge Haincluding watabysi ecomposifidns he specifics of their

nodi fications are detailed in Table Il1. Table Il sets
forth the specifics of the catal yst preparati ons on
Qééﬁﬁggjg }Pr & ble , including catalyst
S | ER PREPARATI ONS Carriers of the

exanpl es é repared in the followi ng nmanner.. . g

7t ComieEnIah Xasples pire Riseasd indle ot PR, Csprivm silcat
Gf 8R4 Wad MFdRiB IR} SolfdGa® MAdrhlto @b¥ind Ay Wikturd. Mnalllcases where

cases where zircon was used, it was introduced in a

zirgonwisruséd ftrwasiinttodacedainiapewder forre with g mediasfpagiisdg size afgbout

icrons...Li.qui ds B . - .al
R oA e e
Théﬁﬁibﬁﬂty 6fsudk @c(ij(ﬁm G&Se&ﬂreaﬁs\gepe’reﬁtt%e'lsy Wiggladfgm stading dry
the starting. dry mxture. Water .was al so added jn an
migs W atgLYAS AI0GKC B BiriouA SIS FPABR &0 ﬁ}fm{%a@s mixure.
Sugﬁlné?%lﬁ?ﬁ%%ndsd&pﬁmﬁbe? Bf BcRWTRRE a|9 Ergﬁ)ﬁ%ilth Iﬁﬁlﬁdlvt\f, UGHaBén level of the

dity, hydration level o era .
rawretaieriab) of¢. Enless dfhdreriss notetl ér thie Sellovangdestriptions the mixture was

fol I.ow descriptions. the,m xfure Ny .
o e RSP e e B P B B8 qtinters.
Aftev Biyiing) Bleteliri dud e cayhieveta ifived falha-atimnyind gndel benditions chosen to
extruded greenware was fired to_al pha-al um na under
enpmeRTEnlels SonsrtaPiithe extudates f@&?ﬁ?ﬁ@f@ﬂ% nAEPS fegmpeiiures between

1080607 daUged éﬁd%ﬁg%ﬁk W VEs mithufes RY5 hAFPFERWYEE SOuter diameter
etween 1000 C and 1400 C and firing tines from 45

dimgnsione of the fiedrmreanwyawewere 0Sée).350n¢hss, aylindaslemgths 0.29-0.34 inches, and
the wall thickness of the multi-partitioned cylinders no greater than 0.075 inches. Physical
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di mensions of the fired greenware were 0.31-0.35

i nches, cylinder lengths 0.29-0.34 inches, and the
wowrios/0s41sTkness of the nulti-partitioned cyli NPEF/ES1004/033219

greater than 0.075 inches. Physical -18-properties and
propdiesHRR HIRXdpiRixEnae vaidht PeEcne ot zikbn #i the odified chigiers and

nmodi fied carriers and conparative carrje are |v n.
comiparatiyp PaTiFls aregyenya r’f@@ﬁtllag@épﬁwraerxt%és Fl&}l? %ﬁimng Escriptions are in

ions are in weight percent. Table Il1: Carrier

Welgl% %ééretfes Carrier IDABCDEHI J KL MSurface

Area 1.04 1. 18 1.29 1.01 1.46 1.19 0.49 0.63 0.94 0.60

0.52 O 49 g, ggllg) Packlng 32.5 33.1 34. 2 34.6 25.5

& ORCr4yl

Tabjgl]g___&rrypr 431432 204305 n,”

Carpipri} 1 3 Pode| Bl lurde [00ds B | F L 1 oHds b ng%w
Surfacg Arep 92 10045818 5%9 bOg3L.¢0| 51y 8PY-63i ¢- ‘lr?-%l"g%t 290054
(m’4g)0 2 0 3 0.BOPR 02 d (W.%|[Carkierl A\ hr ephr ed

Aas
Packingm cal ¢i3aefB3al udd.23d.6/h25cH 2819 §74pRS.§ 2ﬁo4t3éi41é&533@6 30.5
Detity (RO The a) unijna was |[conmbi ned wifth 4 10| % atetilc

Pord&iollns®! U0l a30.63d0.6Eeu66100.26] G18H) 0GOf 0177\n0.92t0eS3| 036N 0.63| 0.65
(ccRyirring| then filtqred and vacuun)rinsedtw ¢e wth

t T zedyaf e[| ¢Ne 3 §aghedsal wahagWas drigefl 2 | 0
(Z‘;&%Ta‘i‘gét at{100| C dnd s [foupd tp cagntaijn O, 03 ()

Tao huny AT xtoure—was plepdled from 711 9%°0

Iea hed al um na, %, Or ool A4 f 0
S, B AT S0 MG
Ca@r TS hidhir WAQLBmbed Wi LI, adelidi audcsaainoﬁ ¥hd hesitadrat aomfc for

and <1% surfactant were added as agueous, shur‘{ | es }/i\n

15 miptgsovithatinvieg rentidteredrand yecvaminsehbies Witk et de water.
inttmm CaO.

o L 0 iy 0 i .

A @ﬁﬁmtwasq;r@aredlfﬂm Bl.Wasofthelsacted alumlm, 22.8i% areanigmors-forming

S 5 SXmen s bt e GO R B RaE ing 320y Feent
admﬁiéfjggﬁl@i&makﬁandka o3 sHECAMIIHor! BRI agiisbud %’Iuﬂ‘[ea muthasufficient
zircon. 5.5 %formc acid and 4.6 % annpni u

watst foi foom ial extywseble btrad d This biend eves sxisusdeqs drisHgnfigad to alpha alumina.
Th éfllﬁéllnp con ]fn %ﬁogltﬁg}r A extrudabl e bl end. After

was e ruded, dried and fired to
alp hﬁn@hﬂaﬁvmaam'ém wiak padpared ipa similermanneeds Giroat Apsgept that no
_zircon. Corrparat|ve Carrier D was prepared using the
er@élﬁ’éasﬂfi fedure as that given above for Carrier C

eXC @Rlridr 0o asRepatddd bl MR g thixture of 79.2 % pseudoboehmite,

19.8 % gamma-alumina and 1 % granular zircon. 5.5 % formic acid and 4.6 % ammonium

bifluoride were added as aqueous solutions with sufficient water to form an extrudable blend.
After mixing, the blend was extruded, dried and fired to alpha-alumina. The final sample
contained about 1 % zircon.

Comparative Carrier D was prepared using the same procedure as that given above for
Carrier C except that no zircon was added.

Carrier E was prepared by blending a dry mixture of 75.5 % gibbsite,
22.5 % pseudoboehmite, and 2.0 % granular zircon. To this dry mixture was added
31.4 % graphite with a particle size less than 600 microns. 1.7 % Ammonium fluoride,

2.0 % magnesium nitrate hydrate and 1.2 % nitric acid were then added as aqueous solutions
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Carrier E was prepared by blending a dry m xture of
75.5 % gi bbsite, 22.5 % pseudoboehmte, and 2.0 %
WQ@r@sBEs7 zircon. To this dry m xture was addePCT/USH04/033219
graphite with a particle size | ess than 600 mi crons.
with ad YpphopRx atodnk ubwateeto f@mbartextmgatds blend. nAfierahixing, the blend was

hydrate_a 2% njtric.aci rethnadde S hos
exteided siisd 4 S0 64 G aher i o aﬂaﬁlasfﬂ Capingiafing 2 zircon.

wat ehmbatafi®f CarAs: ﬁ%ﬁ%ﬁi@ﬁa@é@uﬂgﬁﬁg sanf ﬂr@&edﬁie’@s MiSht gfveR above for

bl end was extruded ried and fired to al pha-al um na.
Cal’fiweEfexmttI@mqﬂlﬁonms addedd about 2 % zircon. )

arat jve Carrian ol o e

pr g@%ﬁfg‘%as'ptr?g# %gt;)ly\%érgﬁa ov@pﬁlr %??iﬁ]'gr}’ léii%é

22.8 bapseddobotlifiidlantels9 tdigteshilarGateon. €To mrprrmrareevhslwlded

bl d d f 0 o .3, % )
o s st S S 2 g L9 gt s

mtﬁ} fe HRS AGAGE Snint HRHAISROE R Wbl A aﬂﬁé&ub Gd18tiSdsZAth an

than 600 mcrons. 4.6 %N tric acid, .
appmgmm pf wattieto g ait @(t]ad@blqblenc% Hnﬁblnndmw @(mlﬂﬁdj dried and

fire Bplgb?fln addﬁ@ﬁﬁm@%ﬁgﬁ“&l fzmg’t "f udabl e

bl e agriefl A WasiPr&gactdia an eﬂdlcsgweﬂxamc& tcﬁOaIﬁBﬂGfededpdtHaothe amount of
al pha alum na. The final ;sanple contained gbout 3 %

gramﬂlar:%;won edded;vias suffigisat toreiysabar 0370 ZHcophy Wweehtdn thgffushed carrier.
I
o LV P s T (S gt i v
addmdl ght in the finished carrier. Carrl er was prepared

.1 EBnae et B erdife § B rep e ; iR o

29. drw giB'béiieLblh@ 20 % Gircéh. W PHRUBIRBERHE ddded 29%41y%ogylhrb§ylt e
2.0 % zircon. To this m xture was added <1%

meﬂvaaeﬂsklyiﬁ o Yo Mestinpridand &09s Bydratluoriasidaysre theiaddedrag aqueous
sol&tl(%lu s Yoty &fnloﬁﬁﬁtk GmBdahibr Wl td 6H aﬁgﬂﬁghaﬁﬁ e Tﬂé mixture was

tions an appropriate anount water to form
extanleé dricd dadliredisd elpta-alhivinari Bhedinel sasxplescontaingd @bout r2| % derOll

and fired.to_ alp alum na...The final sa

oGPy CRuR R ol e caploeaps Ay b CERbY G thatno
zirédh v 28, ogous manner to Carrier J except that no

zircon was added. Carrier L was priﬁfared by bl endin

mi xCarrier biwasPrepapsd by g i migtupy ofP S psendabrahapite wi
ﬁé{a%&?%zécoﬁ ¥ % f’/ofoﬂln& a%ﬁf a‘iild:inl qv&ro%ﬁl@féj&%i lVHI%rth&‘l ef'ﬁ%&ias aqueous

en al ded as aqueous So IoNs Wt
solafi@tsagth zﬁi&ppmpﬁutﬁtanmﬁnulkﬁ‘t\mer t@fohnrameatmu@klerh]ldﬂb [The mixture was

bl end, . The ture was extr dried and fired to .

ex H ﬁlxép)a tq-giphpalugyina 'ﬂ)ﬁefglal:@mp W@@l@&gﬁ@%ﬁ ‘gzncon.
zir %&pa@@l@@@ﬁﬁ‘fet NEwsArEpa8dd ilYlaaSalOSoRP alafferith Catier _ except that
anal ogous manner to Carrier except that no zircon was

no aitckeivas@dd@l. YST PREPARATI ONS The carriers were vacuum

i mpregnated with a first inpregnation silver solution
CATALYST PREPARATIONS

The carriers were vacuum impregnated with a first impregnation silver solution
typically containing 30 wt. % silver oxide, 18 wt. % oxalic acid, 17 weight
percent ethylenediamine, 6 wt. % monoethanolamine, and 27 wt. % distilled water. The first
impregnation solution was typically prepared by (1) mixing 1.14 parts of ethylenediamine (high
purity grade) with 1.75 parts of distilled water; (2) slowly adding 1.16 parts of oxalic acid
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typically containing 30 wt. % silver oxide, wt. %

oxalic acid, 17 weight percent ethylenediamne, 6 wt.
waoresnsgshanol am ne, and 27 wt. %distilled wap€r/US20he033219

first inpregnation solution was typically prepared by

dihfydatentenbery gﬂad&ﬁtophﬁztcpemfs eﬁiytmbdiﬁmﬂleaﬁilunm $uoh gt therterhperature of

thegﬁégﬁ%g@ dqu%stfgt %P?ds ny g 1 %@Mt e@ﬂ}v éxiae':, oma ¥4) adding
0.40 ggﬁgmo&%@%laﬁl&ekh@mmwf et hyl enedi ani ne

l'ution such that the tenperature of the solution o
doe§hecarriexeasdthprenged {(33n @pmhgtela(dsmeflu glais gstavalessstegk cylindrical

RS i RL Sl iRy 1 BRIkt pajgronder vacuum.
A dufittsle sipatatsty ﬁﬁm@ﬁvﬁb@ﬁv@@ﬁde&&'@ oyntainzpcthe in@fﬁSgrﬁtmg solutlon was
stainless steel cylindrical vessel whic¢h mas equi p

insgptedhepygh a mrbbestonpsbiaksthe & qf ths BREEOAHE epwl ¢ erlrr@ifegnatmg

veddd] gﬁt]p}fﬁfgl{ﬁ%arﬁets\%st@ élﬁtea%@ ﬁﬁl){tefyl"lm@’%erm& &BsotRS for 10 to
used for contalning the |npre ating  sol ution was

30 mmmees; efertwhidutb irapregriaieg saluttqmprss slavtly added to the cefriet hg opening

theg@f%‘g{hah& negﬁ Vee%§$JIa o TH%%J ggég‘%n A I gg%t%/lgsv%sesplo )éﬁ,frtrear talel |t1>1/e solution

embtied iR e in¥pro@fahiV@sdl 9L 13 Realds)iRWaafiun #hd @lcavdd 44 the pressure
t he |npregnat|ﬁgﬂsolut|on was sl-owy added. to the

retwc} foctmpspherise nffallg wingeadditiop e e spBHivR qagrder sepaipeg igyersed in
Hlﬁiﬂa%hatﬁ&%ofuﬁSn G %&ﬁd?@on\é §5584o-30hihEles, %hh wta!f'ﬁlereafter drained

I on enptle Into the | npregnating vessel
of@eeﬁnuhmpnﬁthVQEQHHmmms released and t he pressure

;g} 0 Ve}-?rﬁategtgq%%)({] er C lggg\g[s{%ﬂ@?g i %Visgnf,t%éect %elagction of silver

on 'tﬁmfaﬁi%@ﬁidrﬁ% S'Fﬁd»ihip%gn%d @e[fﬁbﬁﬂis spryad bt 9 Asing¥ layer bA stainless
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steglom me?h trays thep plasedon arptainlcsssteet helt (pirgloreavaisind dagnogred through
& l'
2 By PS8 L b s e
bellt Bﬁl’rﬁgj’mamhé he#tingizfic WasSmsipfaged aDi(IO°C by passingdloeail ayweard through

TR et e AL
AfePHOH %fba?tegm e Reati g YEkE HAQRHal R0 £:361el M the oﬁeﬂﬁlf‘t&@&n

or equi val ent conditions were used for a larger belt
tengreatareianh weithed.heat i ng zone mas mai nt ai ned at 500 C by

passi.ng hot. ai.r throu 0
cat eg;g lthe gy?r-lg}pé%nwa‘&eg FHE % vag L%} ré %ﬂ% g‘l é"éeﬁsﬁcf“‘sﬂvel
impRgiiatidf solte cdnbiiiihf botﬁftlie%ﬂv&ﬁjxﬁgtd agifé srtution dnt ¢he catalyst

prqrg)%érlégahqz %ggg}lta{]giﬁégé%syoiéqo\gaﬁ%a %grcrilgg%gd Io? theth meg solution from

theSfikt 55{9&?%32?4 EHeHAGhR of WRFirHGIHHIR, FRHhEF Baliach Whd Hked.

a sec I npregnation solution containing both
The pmnmtérs,en erbhm Iaqmwuamlm@nsm ingatiform, et added Ginthel ageanding numeric

cand | [ |on
orfe AR BTt 0 pifising. AR CRABAR ST aReb 10, P ssfhetens o,
dldnﬂﬁérﬁﬁkﬁ%ﬂiymﬂedth&eﬂ:uﬁﬁ&ﬁb adldl (VDA) Wéretabed witlsthe manganese
solution, or a _new solution was used. The pronoters,

promoter injeeder sapieilizs thomangagesedn thedmproghation spifien gl etiplysts
1 lv(e\ldh{i' I]]ﬁ,g)ﬁﬁ r@)?cfegggdu:ﬂﬁlééat (flhrﬁm%lg ﬂ)TﬁRX%g i%&d%@ sdrhd ﬁurpose

Sts 3 rou
equiTha Iuep:tegnaﬁbnddrammgrand masmkg/slths dai thmwm»né impragmtion were carried

ou’fjl g]:'\a?oggusl? t() the Fitst ng&g&%u\(l)\fl th the manganese
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pur pose.
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drai ni ng and roasting steps
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first
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fini shed catalyst was then enployed in an ethylene
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sone case
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BRI ol R

The

Tabh'rHI dGatakyst Wf%‘?ﬂﬂ Bt lesults of which are given
CatalystiNo. Exanpl| es. _Thble Hl: Cat?al yst |Prepadationd - 4
Criet Nd. Catalyst NAA 1 2 3 4 CHrier INo. A® C PrlonpterD
Pibnfdger 5O Na SONGSQH CsCOH PX@afdt er 2 d€8sG0 Cs SO (€°sGB
Pfomo&02 Pr oot ECs,SOM( NO ) [ B8O ) ChelGaidmg Agent]| Cs,SO4
Plodidtdr B (EDTA) (NHO H (EOTA) Tot al W|MAWOLyer 30 MENO;),
CBOathe3edi0 3P. 88 Promotef 1, ppm 340 (NHISE.(BDBAH (NHDFL(EDTA)
TotaPWRYRSfVer?} 3003M 653 s [/ s 162 SPas54p0 SO Prioypmgger
Prom&B; Ppdh N| FhoNalabl e "T4gahgl ySt Prigpacat | ons - 558ics
Promgter2: Yopm P653Cs0 7 8 Lalplcgr NO. B 1l Kok ONMDL §r154 504
P e Cs CsOAPronpter 2-Cs SO Ea 0 S ST

ronoter 3 MoO—Cs MG MT(INGs )V NOs)—Promnoter 4

b Lol Pl 0 A5 (V1) (0T (161) ¢
Chiga Ny, L re JTTREONEy (N 7 HCEDTA ot ¥t %Sifver 3
Carsig No.p ot by 2 Yoo 128 04 F175 ods 115%04 148 sosll
Pyomoesder 3. HOSAH o 2 o P CsO CsOH_
Promoter 2 " [Cs;804 Cs,S0, Cs,SO, Cs,S0,4
Promoter 3 Cs,MoOy, Cs,MoO, Mn(NOs), Mn(NO»),
Promoter 4 Mn(NOs), Mn(NOs),

Chelating Agent (NH,),H,(EDTA) | (NH,),H,(EDTA) | (NH,),H,(EDTA) | (NH4),H,(EDTA)
Total Wt.% Silver | 34.8 35.6 37.0 38.8

Promoter 1; ppm | 584 Cs 796 Cs 409 Cs 420 Cs
Promoter 2;: ppm | 129 SO4 175 SO4 115 S04 118 SO4
Promoter 3; ppm | 15 Mo 20 Mo 74 Mn 77 Mn

Promoter 4; ppm | 53 Mn 71 Mn

Table III: Catalyst Preparations — Part 3
Catalyst No. 9 10 11 12
Carrier No. 1 J K L
Promoter 1 CsOH CsOH CsOH CsOH
Promoter 2 Cs,S0, Cs,SOy Cs,850, Cs,S0,
Promoter 3 Mn(NO3), Mn(NOs), Mn(NO3), Cs,MoO,
Promoter 4 Mn(NOs),
Chelating Agent (NH,),H,(EDTA) | (NH,),H)(EDTA) | (NH,),H(EDTA)| (NH,),H,(EDTA)
Total Wt.% Silver | 39.5 28.4 274 32.2
Promoter 1; ppm | 489 Cs 439 Cs 383 Cs 364 Cs
Promoter 2; ppm | 138 SO4 123 SO4 108 SO4 81 S04
Promoter 3; ppm | 89 Mn 79 Mn 70 Mn 9 Mo
Promoter 4; ppm 32 Mn
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Promoter 4, ppm5 n 7 n Table I11:
No. 9 10 11 12 Carrier
1 CsOH CsOH CsOH CsOH Pr onpCBUSR042833219

Prepar ati ons

WOR0050395K Pr onpt er
SO Cs SO Cs SO Cs SO Pronoter 3 Mi(NO);,

- Part 3 Cat

Ca
al yst

tal yst

Mh( NCs)

Mi(NGs) Cs MbO Pronoter 4 Mi(NO ) Chelating Agent (NH

TapleHIEQT #plys t\Prepat-itiond APaf

cdalydNJ¥ . % S

(tNH t) H(EDTA) (NH ) H(EDTA)
i lver 139.5 28.4 2714 32. 2 Promatser 1,

ppm

Ca¥er No239 S

3837s 164 S

ronot gr 2,

ppm 138 S04 12

 Phibrebdc S04

%So‘f_im Fr ono

1RNoy PP 8

FKNOQIHO

Pronoter—4;
Prgmpter 2~

IT m =22
F@SZm‘ £ A o

RoMH(EDY

A)

Pliqmo?qﬁ 1 K

H KNIO. KNO-Pr
T TV TN 1 1

daryot T

T—Oo—TX

Promofafia) K|

bt er 3 Cs_ My

Pronot

Chelating Agenhq

L HEOTA)

To@DWY) % Ritvar

39 % Si | ver

E

er 4 |
YANHL ) BREERT AN

° Iﬁ‘znggA) oy

3

D K
n(NO

DH

3P59 31.5 32

Prpmoter’ B; yspii 5

BRE@E65 K Pr

D ASIT Kr

2, ppn

W BSFA 144 n

PAdiddter B Pt

€83 4 ppm 0 PignRmer

4. p

PlondteF $Uihin

§Mp EQ CF

denotes unit

32.Pronoter_1:

pMdam | n Tabl es
s of 1000 pouinds

PRImGERY! ik 039 9@ Produced per cubi C oot of catalyst.
anpre 1= Catalyst T and Conparative Catatyst 2

Ei ghty cubic centineters of each catalyst (61.4 g.)

was Iicablgdd thoough XEMIbHGICE” dentds anitaolil 008 powds ofiethylene oxide

(Table I'). Qutlet ethylene

i r Process Congcitions -
progpeedpehaig oot piraalyst np) ¢ percent until day 6 when it
was increased to .4 nole percent. Table IV conpares
t he

Example 1 — Catalyst 1 and Comparative Catalyst 2

Eighty cubic centimeters of each catalyst (61.4 g.) was charged to an autoclave reactor and
tested under Air Process Conditions - I (Table I). Outlet ethylene oxide was set to 1.2 mole
percent until day 6 when it was increased to 1.4 mole percent. Table IV compares the
performance of the catalyst containing 2 weight percent zircon (Catalyst 1) with one containing
no zircon (Comparative Catalyst 2). The catalyst containing zircon has higher initial efficiency

and lower initial temperature (higher activity).

Table IV: Example 1 Catalyst Performance

Efficiency Temp. °C
%
2Mlb | 5Mlb 7Mlb |2Mib | 5Mlb 7 Mlb
EO/CF | EO/CF EQ/CF | EO/CF | EO/CF | EO/CF
Catalyst 1 76.4 74.7 71.7 260 269 280
Catalyst 2 74.8 73.4 71.6 266 274 281
(comparative)

Example 2 — Catalyst 3 and Comparative Catalyst 4

An equal weight (63.5 g.) of each catalyst was charged to an autoclave reactor and tested under
the Air Process Conditions-I described in Table I. The outlet ethylene oxide was set to

1.4 mole percent and temperature and efficiency monitored as the catalysts aged.
223



10

15

20

performance of the catal yst containing 2 weight

percent zircon (Catalyst 1) with one containing no
waQpososp7§Conpar ati ve Catal yst 2). The cat al ystPCT/US2004/033219

contai ning zircon has higher initial efficiency and
TableWecompardsi mrfonmnpe oﬁh@tveo ¢atalysteeas adiondtipntof ))oun‘da bf BOpYhduced per

ol BRPRe AR RS e el Ik e Bapaigfppatalyt

ov&E@ntd; tlﬁﬁﬁi@bﬂ-‘é&ntéun?@ cétalzlét ages/ih-efficléldy 20 tediperatint al ydbwet rate.
74.8 73.4 71.6 266 274 281 (conparative) Exanple 2 -

Catal yst 3 and Conparative Catal yst 4 An equal weight
Ta‘EaVB%@mpbfz catalyst Berdoxmancens charged to an aut ocl ave
react or and |t est ecEffiaigaey t he Air| Proce®sm@o?@iti ons-
described im Table |. %he outl et| et hyl ene oxi de was
set to .4 mplgeviper|@emniband Isevtber &MIb € | aodaB T f|i 35 dic
honi t ored a§ HIJEFqAHGICYst § Byer: | EGAH abogcl danpare
PERGREIRNCE | Gf ot Ne FW0 Cal[aj¥sTs| g a [ gheli o
1{11'%18,&4 f—EQ-gIo0UUTRY, PET [CHY C 9 o 2§ tai 5%153

quthe |n|t| al eff|C|ency s’lo han
J-L.n
vl

cony Ve) oot ol ‘ot O\ = HE
a. veocatal ot, over I.I IIC, T L FE€Ot=C€ Ill. at T g

catal yst ages in efficiency and tenperature at a

slower rate. Table V: Exanple 2 Catal yst Perfornmance
Example3 eﬂ‘c‘tyalxsé#@nd@%mrsﬁmﬁmlﬁsm bb2Mb35Mb

EQ CF EQ CF EQ CF EQ CF EQ CF EQ CF Catalyst 3 78.2

77.7 77.2 249 253 256 Catalyst 4 79.9 78.4 75.9 243
An2Ehal2E8glit (6P g1) af each ratBlystrdsdesied-in @anutbglgve Wden@xygen Process

CogRRRLS 5 Bt i OB ST P aon

CaRilyRe® §§s Kistied iefficfensy and([§@b6r tembgratuédiddniaredittd Yoaeracixé Aetalyst 6,
concentration was set to .0 nole percent. Catalyst 5

whichdogs petepnigiezitcpncy and | ower tenperat ure conpar ed
to Conparative Catal yst 6, which does not contain
zircon. Table VI: Exanple 3 Catal yst Performance
Tablef VI | Exsogple B3)Cakelyst. Pef-fotinance

|2

Efficiency (%) Temp. (°C)

1 Mib 2.5 Mib 1 Mlb 2.5 Mlb

EO/CF EO/CF EO/CF | EO/CF
Catalyst 5 80.4 80.0 232 230
Catalyst 6 76.6 71.7 253 253
(comparative)

Example 4 — Catalyst 7, Catalyst 8 and Comparative Catalyst 9

An equal weight (63.5 g.) of each catalyst was tested in an autoclave under Oxygen Process
Conditions — I (Table I). Outlet ethylene oxide concentration was set to 1.2 mole percent.
Catalyst 8, which contains ~0.3 % zircon has the highest efficiency and lowest efficiency aging
and temperature aging. Catalyst 7, which contains ~3 % zircon is more active and efficient than

Comparative Catalyst 9 which contains no added zircon.
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b 2.5Mb b 2.5 Mb EOCF EQ CF EQ CF EQ CF Catal yst 5
80.4 80.0 232 230 Catalyst 6 76.6 77.7 253 253
W@ ecwap3a7at i ve) Exanple 4 - Catal yst 7, Catal yseCBUS2904/033219
Conparative Catal yst9 An equal weight (63.5 g.) of
TabkcVilc &xampd¢ 4 Gatlyst Pefdrmancen aut ocl ave under Oxygen
ry nepnce Condirt i Anc ] L Tahl o T\ Ol ot ot hyvyl Ana
pxi de concentrat i Qgéy et to .4 mole E%‘PEe
atalyst 8 lwhich con ‘aln 0.3 %lzircon has fhn
hi ghest ef fil did¥iy Sahdilh ovjes Mab file] myig%'ﬂhg drMlb
l enper at ur e | F§V/EY.| BEH| vy StEQ/CFwh i EEWCE onEuGEs
zCatalyst 7 s nmpr7@.8act|iABe and |€f6f0 ci érddt ha2Conpal 266 ve
Cahtalyyss 9 WS0Ceh domtei ns [mis.;adda@48i r cloxwd - 24{ Tabl e
Chtal npl ¢ 74 sCat|adgyost Per-f or maneg Ef flizgoency [ Tenp. ¢
ecdmpariitibe)>/0 Mb{7.0 Mb 1.5 M 5.0 Mb 7.0 Mb
OTCF EJCF EOCF EOCF EQCF EO CF Catalyst 7 79. 8
78.2 76.0 244 250 256 Catalyst 8 80.2 79.6 78.3 246
Exarpl231-6 Gailpdty0tan@ CotmparativelCatalystl11262 - (conparati ve)
Exanple 5 - Catalyst 10 and Conparative Catalyst 11 An
equal weight (63.5 g.) of each catalyst was tested in

AnualWi QehtEES5 4N dﬁ‘éac@é&tﬁﬁﬁt Wis6:8RISin @R BEtbElh @ \Ender Oxygen Process
Qut !l et ethylene oxide concentration was set_ to 1.

Copditignsyel (uilet etirgleng qpide coResniraiasr wassehty) 10 mel?ﬁ@rcsfm r(‘eatalyst 10

s R 5 20 T 058 ISl o

Ef ficiency Tenp. C%Mb Mb Mb Mb Mb Mb EQ CF

Tabig VITE P Saple s EQ CF Catal yst 10 80.9 81.1

=oY

235 (conparlati ve) Eﬁi&ﬁ?ﬁ)’e 6 - Catal ystTemp.56d
Conpar at i vel Cat al Y&t
I1Mlb {3 l\/ﬂb 5Mib [1MIib |3 Mlb 5 Mlb

EO/CF | EO/CF EO/CF | EO/CF | EO/CF | EO/CF

)

Catalyst 10 80.9 81.1 80.1 231 230 230
Catalyst 11 80.8 81.1 80.0 233 233 235
(comparative)

Example 6 — Catalyst 12 and Comparative Catalyst 13

An equal weight (63.5 g.) of each catalyst was tested in an autoclave under Oxygen Process
Conditions - I. Outlet ethylene oxide concentration was set to 1.0 mole percent. Catalyst 12,
prepared with zircon, is initially less efficient and less active, but shows significantly lower

temperature aging than Comparative Catalyst 13, prepared without zircon.

Table IX: Example 6 Catalyst Performance
Efficiency Temp. °C
%
2Mlb | 5Mlb 7.5Mlb| 2Mlb | 5Mlb 7.5 Mlb
EOQO/CF | EO/CF EO/CF | EO/CF | EO/CF | EO/CF

Catalyst 12 80.7 79.8 79.2 242 242 244
Catalyst 13 81.1 80.5 79.6 241 244 248
(comparative)
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An equal weight (63.5 g.) of each catal yst was tested

in an autocl ave under Oxygen Process Conditions -
w@05089761 hyl ene oxi de concentrati on was set tBRCI/US2004/033219

nol e percent. Catalyst 12, prepared with zircon, is
Exabhipid 7 2lda¥aly @38 aall iJopiparitienCataBsslact i ve, but shows

significantly | ower tenperature aging than Conparative

Catal yst 13, prepared without zircon. Table I X

i el Ter f
oy G ol 00 s AU R ey oty Bl 190
cacHatdDyst @S Ciarged/tCrn Gaodavegtactsr a8d tepted ander OxygerpRrpcesg Sonditions -

1I ('%gfé&bcaaégl?ly %jallgpfg&igé g%ll’nser;t%@gé%eé é?O %ﬁﬁg r?(;C’ conditions were

adjuSRAME Atbtay Rowdt 21,y SCEH, didl thiperatuby wasc@ntrolisdtte hmir(tai6 18 mole
for Conparative Catalyst 14 and 26.1

g. : G / g, for. . . ..
percgat euttlptethylee cxidee dnifal ctfiGienryof (atelyshidh ybiphcanigips zircon is higher
o]eX ‘ .
trard T RE ol RS ERRRYS, pRARFPIIIES scalpoRt BLeese
tenperatures between 220 and 255 C, conditions were

adj usted for a HotﬁlifIOM/of 21.3 SCFH, and
Ta : 7 Catalyst Performance, . . oy o0 o 4 5 o
A2 oot ot vu. T TTCCT :IL .Utl ife_l. LodI!JI C
percent outlet etBifj¢ieX¥ oxi de. I nitial*®Pficiency df

Catal yst 14, which c8ntains zirlcon s higherthan that
of Conpar at DeelZaDayy6t - 1Day@hd Davel2ef ParlengPayed| i ne
Cailestild reds@ed. | 366l e X| 8BXany|2467 (a4l yst | 248
@rslyansancegsbfi ¢gancy Temp4 C|®4Day [1248Day 1@50ay |21
(BMpakatideay| 16 Day 21 Catal yst 14 86.31 86.5 . |86.1 246
247 248 Catalyst 84.5 84.3 83.4 247 248 250
(conparative) -26-Wat is claimed is: . A catalyst for
the manuf acture of al kyl ene oxide by the vapor-phase
epoxi dation of al kene, said catal yst conprising

i npregnated silver and at | east one

ef fi ci ency-enhancing pronoter on a refractory solid
support, said support incorporating a sufficient
anount of zirconium conponent to enhance at | east one
of catalyst activity, efficiency and stability as
conpared to a simlar catal yst which does not contain
t he zirconi um conponent, said zirconi um conponent
bei ng present in the support substantially as
zirconiumsilicate.

26-



10

15

20

25

2. The catalyst of claim1l wherein the al kyl ene oxi de
is ethylene oxide. 3. The catalyst of claim1l wherein

W b@sabdkyt ene oxi de is propyl ene oxide. 4. ThePCHUS1094033219

of claim1l wherein the inpregnated silver is present

WHat Rielzadaedis: 2 to 60 %y wei ght of the catalyst. 5. The

1.

catal yst of claim4 wherein the inpregnated silver is

K BREINEt for RemaRdidtu® of alk§LRndBidaBy Gbamir-phixe epatiditivitof alkene,

6. The catalyst of claim5 wherein the ipgpregnated

shidyeralyssoqmmaisigimpregpaterhBiyer and at ipasipe ﬁ@@ﬁ?y-sqhapﬁég promoter
t ny t.ad

SAL St b SR LSl A NI B SESkonion

|coambnent & ahlusdeiat leestahe ofdakdyst agiviir dficiensy ahd stabilityr as compared

oxyani.on of an .el.e er . than ox n. having .an .

3 Bt et oReteen oL OB e e Etliopedty i ifonium
%Bﬁerﬁbe@r%f)ﬁbm in/the &Iﬁoﬁ@uﬁﬂnﬁhﬂ@%&@émﬁh&ﬂﬁﬁel odi ¢

e catalyst of claim1l wherein at |east one

thetcla?alﬁ{ il FHRNCYnREN ANCIITeR RIR SRy lbSe ckideber of a
redox Ral f reaction pair. 9. The catal yst of claim?7
t f [ enhade ng

pr onDt gsﬁﬁéﬁgqrﬁgﬁ%%{ec%%%lﬁ%& 1§%i% ¥ 1he cat al yst of
Gﬁ%‘ cqltai}w/\&ec aeﬂnrl %ﬁe@elﬁ%eq %gﬁl@t‘é& Qivkr fngrésgntsﬁb?lp%Ju’t to 60 % by
exclus zirconium co nt, Is at |east
wedigiittof dleh@alyat. umi na. . The catal yst of clai m wher e| n
the said refractory solid support, exclusive of
ZfHeCdifaﬂysﬂbﬁ‘dMﬁﬁWliﬁrem elgitpirdpBiated Sidvet hiapesaticitim RO 5 to 50 % by

pnmw cal cium 12. The catal yst of clai mwherein the
s‘ﬁ‘?lahtloéfl}eé@tabis‘y solid support, exclusive of zi rconi um
conmponent, contains | ess than about 350 nw cal ci um

mcmlystrvfé:ku@t%ww@méhe igIpze iR siter ib nr?ﬁémsféﬂna about 10 to 40 % by

r‘% laco gjs{ d support, exclusive of zirconium
one ¢al ci um conpounds, contains |ess than

e 0 FRSA BE SpEoe

lcorhiRisey di 1daliteons alkeli hikal putkabing eﬁtﬂ ekakandfon bkyanﬁmcdf as Ielement

of zirconi um corrponent is at st 99 P{?‘V%%‘i\i\e %{'f{r

aﬂtbfﬁéhaaq QFE§Ha AV arrm@n@arwa}b%?f P 832 i’ I e sroups
gﬁﬁﬁ‘%ﬁd’ia)’th&%h 6a SERP PEiodi€¥Hi4isi ve of zirconi um |

corrpon contains | ess than about 2000 ppnw cal ci um

]"ﬁ? g Fyst glthJ ST w relﬁla‘?‘le[a{%t%g bEhB efldfenSRbthahGhE BrobRidts is
suppor1 excl'usi ve of zirconi um conponent

comembaoflaesdxttaiveabonpaiB50 ppnw cal cium 17. The
catal yst of claim 14 wherein the said refractory solid

. STi@Kdlyst eX4itisT whereih at leastont ufithe effisixmeytnimneing ptomaters is

conpounds, contains | ess than about 500 ppnw al kal i ne
epfepium component.

10. The catalyst of claim 1 wherein the said refractory solid support, exclusive of zirconium

component, is at least 95 % by weight alpha alumina.

11. The catalyst of claim 10 wherein the said refractory solid support, exclusive of zirconium

component, contains less than about 2000 ppmw calcium.

12. The catalyst of claim 11 wherein the said refractory solid support, exclusive of zirconium

component, contains less than about 350 ppmw calcium.
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metal , neasured as the al kaline earth nmetal oxide. 18.
The catal yst of claimwherein the refractory solid
wWaappose7shas a nor phol ogy conpri sing i nterl ockPemyUS2004/033219
pl atel ets of al pha-alum na. 19. The catal yst of claim
13 1T atatysthof dheimsidi whareh tlechiaryiratdry dolgiqopport, ekassige of zirconium

surface area,aof at | east about 0.4 nP ore vol une
Aomponens ud CalgRCOBDS 1°g>ntaaﬁdesaﬁweaf’§ﬁ 5@8 pamy, alialing parth
hatue altafbQits the diRalde chitichefoxidd)- The catal yst of

claim 1 wherein the zirconium conmponent conprises from

14 ta(i)ysp él&nllowﬂere/ﬂatfﬂe é’ﬁﬁi IQHE 16Xy s8hid SpPb r@x@hhﬂv@ 8f Arconium
t i Pt

base e total weig e suppof
oramaioystt, iofit ledsa PPy mhtalphatahmnm.r coni um conponent
conprises fromabout 0.1 to 5.0 % by wei ght of
15 ZTHecaaralystrofdldimclalt ehdveia ek said refigctdrpsalid swppahtexdiisivdef zirconium

sup rt 22. .The cat al yst cl ai m wherein the
z"rC H?‘E’fﬁo&‘@hﬁgﬁséﬁlfanégﬁ‘ﬁrzlogégpm\"(?ﬂcﬁlﬂbut 0.3to0 3.0 %
ht of zirconiumsilicate based on the total
16mﬁlﬂegq%a ok dhmshappksrein theaidpraciens sefid LRROTE gclsystof greonium
Céo% ent cBﬁ’cm%ﬁleg%aﬁ Ql?ou op?ﬁ\g?ﬁl upf al kyl ene oxide

t e vapor phase epoxi dat al kene. 24. The use

17.8%16 &g@lﬁ&éﬁcl%ﬁeﬂe\b&raﬁ lt}ge s%idl%frfctgcﬁ'y Q&idjs%pbcﬁt, RLOMLCOEF zirconium

component and calcium compounds, contains less than about 500 ppmw alkaline earth

metal, measured as the alkaline earth metal oxide.

18. The catalyst of claim 14 wherein the refractory solid support has a morphology comprising

interlocking platelets of alpha-alumina.

19. The catalyst of claim 1 wherein the said refractory solid support has a surface area of at
least about 0.4 m2/g, a pore volume of at least about 0.5 cc/g, and a median pore diameter

between about 1 to 25 microns.

20. The catalyst of claim 1 wherein the zirconium component comprises from about 0.01 to

10.0 % by weight of zirconium silicate based on the total weight of the support.

21. The catalyst of claim 20 wherein the zirconium component comprises from about 0.1 to

5.0 % by weight of zirconium silicate based on the total weight of the support.

22, The catalyst of claim 21 wherein the zirconium component comprises from about 0.3 to

3.0 % by weight of zirconium silicate based on the total weight of the support.

23. The use of the catalyst of claims 1 to 22 for the manufacture of alkylene oxide by the vapor-

phase epoxidation of alkene.

24. The use of claim 23 wherein said alkylene oxide is ethylene oxide.
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