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MODI FI ED ALUM NA CARRI ERS AND SI LVER- BASEDCATALYSTSFOR
THE PRODUCTI ON OF ALKYLENE OXI DES CROSS REFERENCE
WOETASEMENT Thi s application clainms the benefitpof/ukkoBso17102

22 MDD 1 &lDA-CARE BN SAVFREASER EAT RbYS | ST P THE

to carriers for pROYBULTIGN OFAIKYLENEOXIDESI so rel ates
to met hods of meki ng an al pha-al um na carrier having

desirabl e properties when used to support silver
CROLAINERERENTCE STATBMENTF Or use in epoxidation of

—alkene, especially ethyl ene, he correspondi

21 ky T aPrIRa RS CaERERSIRIE VS YRR BRI A No. 60/497,432,
filed R borpopB. al kyl ene oxi de, such as ethyl ene oxide,

by the reaction of oxygen or oxygen-containing gases
ﬂdﬂlﬁlﬁﬂmﬂmm presence of a silver-contai ning

cat afps tindntiéd e¥Rieadtd @gﬂ?l@fsatdﬂéatalﬁstg Mhie! dv@'ﬂ@n also relates to

wel | -known art. For exa

methgd® W@?k'f@a@%&'ﬂbﬁf'wngf%@' e DS febperties when used to

sdﬁBHfsﬂ\%tr léﬁfhly@.f pRkRMIaf} Bor sk Ge epokidaien bParén®espécially ethylene, to
gen with'ethylene in the presence of silver

th@&@ﬁ?%ﬂ@'"ﬁ/ﬁ‘i"&!ﬁ”%@ﬁf’ﬁl n a class of netal -containing

BRERERCUND OF TREE ABIENTHONS. Patent 20, 370, dated May
I scl oses t hat EQe f or mat i

—18, 1937, Leforte disclo f .
o) o THe BRAMDEn RLgIRISPIES Buth By sthilens e by fik Sagtion of oxygen
r‘&?&érﬂé‘orﬁélﬁlﬁg tglaé:(esV\Anfr'f’etlcﬂilé@Clivl|tlfr>€!f pr@W@f arsmtelmomaemmwst at

ilver cataly excel | e t %n on

e'@Yaﬁﬁ‘ﬂ @"T&Pe@@i’r&és an H'@I%‘Gl @0\6@951 Sble ‘? il) At

N3 Ozmtrgez wated Megf agseu e E@ibps rRananUBd0tNs of emyrbnel pgidé by the

reglpt;pnp_ca o?%ﬁtr\%ﬁﬁ%o %ﬁ%&ﬁé@cgfgs v%?@eg%-l?gtg %g‘?\%ntam a class of

mefl- gd)r%rtélhmg%rdrh&emsﬁ Rbﬁp@d Ua&gtpaér&rzemo; datet Mggztl8 1937, Leforte
oxi datjon o r oduc e _oxi.de

IR0 RS OB RN BABPS MBS RGBT DG P R e 1 Bombine

dlfe%llgl/v}tﬁ trioldcRr agyigevien mtméseage ok4 silvel @ﬂz;ﬂgs‘tal(Ary exdellerd discussion
as descri itabl.e support

onsmEre o aTu HeRIS r2abiony B Impaf3RRy ankePlugne

mbemt@@ﬂlsﬁbmd iA Nrﬂlmhmers Endyclopadia cbChérgisal Technology, 4t
Becau he i mportance of the catalyst

nce.
EBZ@%& PB‘&?CPF‘%‘?? %&t PR ene oxi de, nuch effort has
beenmwaalqﬁds the mmi‘rﬁmﬂtanaéladnysltlh direxft biidatiamoof ethylene to produce

roduci ene oxi de se an 0

o8R8 Pt n TR AR RYEE SEITAG HE R 5T St et e
a@e l@?faﬂ)/st m@fag(g%gemayg@ilvboas mﬁrcowai atoee)y arsuidabiaagmpontfcarrier (for

cat S e .bas n.such carrjer
of Sk B BRSSP GBS GFTRA blo nmproving
chtelystrpenoatanceoBecaxiaapl e inSortafae efithe Rsbtalyst in3M: @rpduction of

4,645, 754; and .4,769,358. t sh .
o HEne hfle R sfbnd R oPes entardoa Ll ety SHLRG i
pidaating athyleaenxidescovered in the pr esent i nvention -

t he e of ai.nmed dr 0

adi ¢ T gy @ Rerene eor R RuiofuBE Ko the BioBtton of the
sﬁwﬁmearrlafﬂmda@lmmevqoteefperfmwee of catalysts s@de basad on such carrier
is gen\é?arlly Rgg’ﬁndagaats%ls%%tséd Ws%%rra?gnor art references: for example U.S. Patent
Nos 2,238,474; 4,645,754; and 4,769,358. It should be noted, however, that none of these
references discloses or suggests what has been discovered in the present invention — the
use of claimed hydroxides as a post-formation, additional treatment for the preformed
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usi ng such carrier. The present invention also
descri bes the use of washing of the nodified carrier

WO 2006020YVE excess material introduced into thePCHUS$1084/017102
as th 0 ication wth a

oot ket Suhasce s eorgce S esbsuBnl Doy FRedsaigygs propared

udiepsuchlkarisashi ng treatments applied to non-nodified

carrjers in. order tq renove species, present.in th .
ron- ePre TUERTOnEAes GHRRLIPIbe Ct b ARERORY tegrodied carrer to
refriva leyedssmedte @l IMidaecedIeto eicatarfi@rasth@ result ohmbdifigatios @dth alkali

to descri be so of .th r ters aof catalytic .
mERLPNETrRXg, U S BRIeBLNPD 6 4P 2P AL 6! 03/9)P ey iaghing treatments
aphed ¥efidH-MBdifie® calaérs esrdastotrbfovesfcics irasent iadiee mdn-modified
al_kep\g‘ifed to the reactor which undergoes reaction. O
cariigrs phich  arg Atiment oG PEFTERNCS converted to a
di f f @sverdl térhierare sdbmmbhly uyed 1 desticsontofpheparametardief catalytic
nol ar, perce IS convert ed

t age i ch to. the . .
oYL SANROA PIINeee: ERLRAAECH: cCHmEanal ceffeed as the molar
perbéritagd &frmene (odioahe reaicy Mtk MbUergued feattivd. Of the total amount of

aluezqeelc\glﬁ{;ljl é}c}o%%r&q%&g%?q%f% rt?:ﬁ%ﬁ%'glr%\gﬁtiﬁ) %3%—3: itpg %qg%gs? the molar
pdreentagedhibly isldinVertad to tveriesporming@kyiene%@pokisie isimown as the

B e @A soRuots it thd s etV & o TrSc3aL 20 Bloduct of the
paresrit e RNy Umes Prexieteent ddreefsiont (dividey by dD0% to abmileytstom %* to %)

oo e, B BT e S o
inflthb @brrédpording @poxie reactor relative to that in the
b SRS A gl P SRS 4 o e

moRI serdEmt 6Rdlkylendédoridt leentainad irothe oatigtestrabmrod thesreactor relative to

TR I Tt K3 k0 Bl o,
bt ey hestes@g e fbepepcantiudtiiedine rebiat teimmeratarerimmgintained substantially

cérﬁ?aﬁngnﬂ%gsagpﬁ\%h é&h@h‘rtg%g&%@ﬁ% ree%f,lf?é;cf {?yrﬁ%iﬁ@nieag gi)\é?rgléatté HIEalkylene
efxdysreductivn aTh4tds; i maedy insantes) activityjsenedsuragl over a period of time

e

teafpeedtiiiee dlie oTasively) tactivty engyeecraedsuodd ad & funetinn &fploexiecrperature

et Bl iefaftbo B ATPEUI B BURH G Bl 9 S0 e
Tisay a$atun lickiofl ngavitincdysteasis kieslergtie oblrhethat cagtaintscaarbe passed

; . nLi
oA BOSIEURE yPSEEPANr Belcltrea o e
operhier H heacepablean éght of albwlayantfactorsi t y and/ or
ffigi .1 ' . d ' i Vi . .

1) S ekt B F BSR4 B0 g iy
that sda decreasein aativtylaadéer effioienciewlicio cansiot barecheered. As noted

j . i Si . he..n t
sl BRI PLr R BATSp bl HBURAES] U Ferdh tRisig ot
tgpaperators, but thaheedfo qpecdelat d bighérdempenabse tet maintain aparticular rate

T e e g L
deadigatoon teedgtemataged saag eapitipivbgredighertieacterttampenatujes ae
| ack Sty BV . i . —
oRgfibe 15} SR YT S8l TRl G Bine i oPbeccvaton
efficiency and/or activity. Lower rates of decline of
efficiency and/or activity are generally desirable.
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To be considered satisfactory, a catal yst nust have
acceptable activity and efficiency, and the catalyst
W(mzmsmadun have sufficient stability, so that PCT/UR2004/017102

e a f ci ent |
R 1105 eAte 1 SeR e O ElTP BN ATEAOrach ol p¥E RS hgeripg aheficiency
artcmoraa@tuwwae@@g@ﬁ@bllyyddswablé evel, typl cal ly the reactor

nmust__be shut arti mant | ed t ve
Mo Tobe P der e bR Agohy becafiys] U EF aogahyarie AGHRY Snd
efficiOtlyc ahyine\catindt mastelidothave stfficieaxsiagiiitg, soshatviexill have a

s ekt e o ity ol iy B2 uia B agemea o

a@ﬂnadﬁbﬁbﬁlyﬂlﬁﬁl‘évéﬂ BpicalFarRa adaatoedmuszeashuﬂdewn and partihilysdismantled

t
B R e
mgjle siheplcatB/ie Eﬁatéﬂal sRpEommatdaarier.dh adaitied yhﬁcatawmm be

TN SN KRR S
cé‘p@bfé' d%cﬁéﬁefdﬂoﬁ hﬁsut@S?@@ka’iIWpebdwﬁdrSmuﬁt beshaltbefor Eome period of
ghly desirable to fin

hen t
tie PA) b5t SORAGERe e TeaTHRIOR PLFH S PO TR QUL AT B4, n
prdg&dtioh tlhtefte tr@amhb axlysi 419, hi WErss eequites wp@eemeaﬂ df the catalyst with

CONMMer ¢ roduc r
thE gpratod Forte ol bepirs. ot e raple By welle R fafe fipe setui i
offPéatdlgdti evi ng the sane) having inproved st ab| I i ty

along with acce table efficie

T NVERTFORVE S BB esTent D AL iR MR Devh PO GADEg f leroe soale
cdnﬁtn@ﬂcl#ﬂblb@lu@tﬂfn[ it & d%s%bl@h) iitaiviadsariigrand veslitaattdatdlysy (as well as a

oo oy e 0 . el ey

SORMAREY OiFSI'HmlM/HNJTIONDrove the performance of already

| s Brbsct oL et s GRElo A i gotels Wi provice
inpesiedtactvtyramator wtficleacy stabifityant acceptahm)mmabdﬁmermy and aotvity, and

a e O G bl ok B E MRl Sy formed and

fipd eaeiet. More @atticolariypthemvaatorais medted td the cotmeept of a post-treatment

A

oxidaTior example @thylemw aAdcogirlyp tris present imleptien: prbvidésa method

foﬁ%rpifrggqr%orbc}f ao'B?‘? ta ch?{)ee?ﬁﬁk%éélgsg% 8 H,g«%’ogféﬁféﬁ{aq/gpor phase

emaxidatien pf a:lkermab@nmsm apinpregnatiega ateéotmdcalmtatalmnaalcgmer with

o 2 S B AR S e e o

cyoattiingshic anpregmated ambomidnallyrdsied carrieg antel) washingisaid calcined
di. srcl osed herein and catal yst based on such carrier.
Cafﬂ% i nproved catal yst of the present invention can
al soAhethgraspacted thei gresemp tniventan i$ theonqutifiealt daorer gfepared pursuant to
f I t
g BidloSANRRGh Uy BRSBTSl AAHET, Kl il catalyst o
thewrésent Dveqticodao ialsg bel n(waemawruxomnahmoreotam @f efﬂCIency
al yst prepared fromthe
eﬁtﬂbﬁ@dorﬁétjﬁg%é’ﬁi pglpwﬁ'e%g;ent i nvention.Wiile the
pr es¥ettariothee aspesh of the pcr:tsehtl invengian tsya maipod hkprotesing alkylene
olide, 6/ éx%}‘nepﬁjef étﬁﬂgn éél fﬁe%& scr Pgrrégffr%[jn thg‘?nodme carrler of

nmechani sm' o cat | ons ove IS
thelpsesent invention.
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nodi fier(s) react with surfaces of the mcroscopic
al um na particles contained in the cal cined al um na,
wanwsas4a7 result affect one or nore properti espCT/U82004/017102

xR 42 B FupBAS Pl b B LEbos vt

péysiiig Gﬁpl@ﬁtlbm ¢orethe rédnBnigin Gfuhs hautiificalidng ddstksddngbdvbds that the

olBARIS) L BB S HEhe T 0 BN e o SbBRes i o

cadingd alamin‘és afAd la€ Sutesuld Biffédiohe roe civar@ipsaperties, fos example, roughness,
belie

, g f th dif t r di to.t
acfiee S eyl GneEa BamnesRl, fBa B8 Siires it itB microscopic
albmmaa;bafrﬁﬂéb( V\btﬁetﬁt mbtahmd alt@ﬂrﬁig e mbrphalwgprpbfr@walbiny and/or pore
ave  desirabl e nor oIo ur f

Y area. pare
sigh, PTGt Ae Th 5910 Zrses S pe calsgg Igimap &sa resuit of
th&urhéagm%rrﬂft i lmeneg@b ;:?myed thé umdmaatidms aacwsagvgho tHe present invention
I ovi S | rovye e L Cl.ency, ctivit and/ or
&y B pefarped pn allraing Whichdasralgadl Reaficalaiied, pRL which may preferably
alrgadgnhaven debitdbié heophblogye duddogmarea, npyre beolamertied/oal pore  size

bR et oG uiaie & e dabef afiagnne ey Whion provides
imphoveiat éfidiencly cdctieixaamd/er, sthibikty.c #lis arfarthealfeatunesof ieey present invention

aEFR, oot ity oAbl L Fadf b 4GB s a carrer as i
thRES Awithdot PodEehtdh ﬁdofam'lj-{ﬁ thé\IVEISEthN/e”ﬁhm ch:cexamble the calcined

it Rl SAEBOSh P Waichis B b ot SPE o lyer-based

epcmdatmrﬁ tatalystor |n corrbl nat| on W|th one or nore other

I ncl Tiske caiyneldy mwnmha ad:almrrsas salumaial, ethﬁtons uge may wcakiaing alumina

s%&%ﬁiéll F@oneﬁg\&.ﬂb@%ﬁd@ﬂ X bel ng r\ﬁﬁ réleF)ngmkgdﬁqb M\ét%ﬂ'%m one or

mosy ¢sthermatbdals.si | ver - based cat alysts, for exan‘pl e, for

e Tt BRE At Bl a5 BPRE B Ro 8 PpERRfba, and can

inoludé ey g@eldf @lunsne buifabteciot sse ndhaldmgwg caffrier, semlamat@*lals being well

0] B e b al By g gor s

cdtalystbyfor exantpier far ese methe iprodogtionedfealiylene leposities, dak &een described

ﬁ%ﬁ{ve‘?yn.ﬂlt&%/ Sgggtlslll‘%@?emgah}%hof Iggef%égh(%f%[.%% Béﬁgn%ﬁhglddlrifﬁ for example,
UdhyPatenti Noag 22941883¢e 8, 15720%3193 832,887, 3 &2&,328 anst &, 563 914, the
erﬂpétﬁet%ﬁgé (NﬁL e{ﬁ@gﬁlﬁ b %r?c,% dﬁ%tgﬁor?e‘?%ng W c%fér%ﬁ@ amamg eshave been
empidyed akming \Ahttr:pdrasta efsl:y high ewiityethat se aé Im@em@ht Defcent (%)
algﬁgh%rfau%ng%ﬁ%?wmgb% neH ;t?eﬁ]r}gﬁ %ﬁ%agalk'aﬁ mé?fQ c¥§ﬁdes Y8or example,
scsmum pixisies aaddrace aqumtsabﬂ other aletacontaining andlfmncmfmﬁﬁah@ontaining
ad’%\%?sdr ﬁi{)ur't%@ LgJeWis Bk%lréej)%nzt?ee'ﬁ“éda lg)%sd %%@%ﬁg Iower d)urlty that
isc 8@ wtirPe alphdejymind khé balanembeing ord orgvoretaf ameipliooa ané/toaprysta"lne
aIB?ﬁ" e%rhd(dtf? aﬁﬁﬁlﬂgl S"dﬁ% Ls‘ﬂ@g?égﬁc% l?rﬁlqathfﬁlﬁfg:j to‘?% Ir?%)' metal oxides
(fme)amme petassiuno oigé @ntd esicay exids), ﬁlﬁghn@@qﬂh @@des transition metal

oﬁ@é%’@r manc?i% ﬁgn Bﬂd@ Qﬁ(ff ﬂta'ﬁfdﬂ%"& éeﬁﬁ r{(dmﬁﬁrvas | ﬁ’dnyr%tal oxides.

Inaa\cw:tml ﬂl@d@ﬁ@ﬂﬁl used to make the carrier may comprise compounds WhICh have
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For certain catalyst applications it nay be desirable

to incorporate into the carrier raw material s
w«:a(rolsmmmaous "burn-out" masses of specified sPEUSI004/017102

exanp so that fraction of the total pore volunme is
bqe@mr@wa HeTEPERYiNgegatalysy OPJOTMENGR farﬁwplesum{"tﬂuf (fuggs rhenates)
arBRRSI9Sdenam. be added prl or to calcination. The

car bonaceous "burn-out” masses are voI atilized duri

cal ciqipertain qatrlyst gpplisationsy |é§1ayﬂ¢pq1Q§gp 1§10 NFOFROKRIE into the carrier

raWOh@tdriaR E@bHdcadss aufn- 69@%&95e§tdﬂfsgg@ﬁed k) :drces@mple so that
car bon bl ack, wood fl our and guns | es of

fraglip.ob e AR S0% AP '8 GPRERAt DY relRt Ve l8FaecPaES. “Guen burn-ou
m§ss€36ca$11 b&HHid3d 1okdr &6 Galdifi@ios. nTIhé %btb@ﬁaéé‘ou@h'bﬁih @I'e masses are

ere i ncor porated herein by referenc
vc&eéwz%clgvmg Cﬂw@mnn@dprgmgﬁapoa%rﬁyﬁga'ca w'@Ple yQlatjle, mpterials are

sdga%egﬁamﬁg cﬂa‘ﬁul@&? %ﬁ%ﬁfﬁle{w \ﬂébd fioRk 8hd gum9t5xfamwé dP%uch burn-out
rformng (on alum na

m@%ﬁ?ﬁr@'@ iscisan iR Y- Sar%ataﬁéﬁq D‘@ﬁ 0%7%$8” an¢ n'%m%s%lt% entireties of

wh.eﬁhme@l.nécﬁeérhte@n@r&@bﬁré%regoe that is, the
expressi on pre or ned a-al um na carr.i er

encoHfa SXRESEIAY Cgre@me%g}wap@lgm@pw@arngr pl"?a t9) B&q Haderstood as
er%%ﬁ{pb%nd@ﬁyﬁrhb@ﬁl OMMiReY BY SerfPiTHgI(6h aluhynaadracbd @bbrﬁposmon which

hods according to the Tirst aspect

cqnmr%@ AlyAITE) @ FEAENER QBM%MSMCWQH%%&" '?%6 RBfaIFing, that

is MM RxpreBsi6H O‘bFMn@HpQQhéiblumldhacﬁr@éfl @icoﬁﬁfagéésabny Sf the many
used as a starting material, and the carrier is

Prefepned RiRNeININg %rrﬂﬁfommea@'s whieh aweeow%cgﬁ"ivo%r'ab'e Methods

aéﬂ:bbﬂu’@to ﬂ@qlrét%ﬁewof(}ﬁé %é!;leﬁgbnvé?ﬂloﬂﬁhére@‘ﬁe Téﬁ&diﬂﬁéss for example,
npri si calcining alumna to form

GRS A RSO PIog oMM SRS EIeA 6 HESPe A Siaping material
arﬂi {haacandidd e "lﬁpr@@rﬁété@ﬁmthﬂel hodlflgtmf’cbllbWQﬁ byfapinbmmlyubg and then by

i ng and cal ci hed abo
cAkes e%tweanasawﬁvqﬂ%ngowwﬁeca&ff"@e% 56 o Bom Rigiarpge alpha-
algmﬁﬁu&xfrﬁé’r *tﬂbnsinfﬂﬂeg‘ha\ﬂﬁg’ thd pefgrmepediphzesiuminat deerier with a modifier,
surfaces m croscopi ¢ alum na particles can be

fog?"i’%jcl?k%fy\/\ﬂtaﬂg&?lc@lmst antially altering the

nor pA® ldegiitibed Wbbae, etharmedifidadiore a\zcdrdm@ to o @reyelmnventlon can be
| ned

di stributi o and/ or. _bul ensity o
PR SN B I ST 6T HELROR it TEssgpie alumina
p&HGOE canbé l@h@dt@@wth@mrsﬁﬂgant@llﬁaltermrtﬁe Vrtdrphmogypem&ce area, pore
ize dIStI‘Ith qk}ulk ensi.t esir

VP %R e S BRI P SR o At G ER e " As"a resutt
wﬁér@?ﬁé}brméwaﬂmhln@mavihb%haﬁ@ lmhdrphitgbg;/hamEce{maia) Ip:)feogjume, pore size
. V Sl ze SUr on .
i PyHEG LK Ao ah R AT feslablF i ariys oty B actBftance wit

thiel freydns envaasar, aﬂié festitihg 3hape, rm@pholé@c@udamhwa pbre volume, pore

<38 EREIRS, BB A P B0 G BPLRIRL IR v o

cdrbék Aaﬁﬁdthy sﬂrnam?ewhhm aRrenal p&lferralbiy tab cshaadz umbrphology, surface
art%%;{)%rgg\{ogjm% qua%l gzg gquu{)ﬁénaﬂl?)glg( @eg{s%égﬁg ef wH %%?e desirable for

algminarcaker. carriers, including, chunks, pieces,

e S B AP el My e v

OfSSI’IIde&bH@lOWOrfOEUMrIGBSHMUdm’g fechyed, Ipedes,eatiets; sings, spheres, wagon

| fi d . .
VB R oSl i RS, Y ogp of 2 e sunabe o
eqnbloymlentt in fokd ped abhabdrsel Conyantenat comarserciah fiseds béd athlylene epoxide

shell) 1 to 3 inches O D. and 15-45 feet long filled
with catalyst. n such fixed bgd reactors,
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it is desirable to enploy carrier fornmed into a
rounded shape, such as, for exanple, spheres, pellets,
wo 2ovg®234tabl ets and the |ike, having di anet er sp€T/082004/017102
inch to 0.8 inch. Representatjve, exanpl es of erials .
reRFIOEn A NPIVERANB e G6aRIdalY & BATUE dPagRsHh ubes (M 2 suitable
SHRAL PESIB MEhbd O . andlr B4 eel IBNE flddOmth mélm.anfUMiml bed reactors,
ouisvil]e

. carriers manufactured Suyd Chem e, Ingc., :
g desiEile 4 G CAINT BBS0aar S cPUIe TRPeasihh. EhUaT jpxample
spNRFdY; Pellets, Pings, Akt1618 an@lriedike Havingeiiamétyrskano. 1 ishito 08 inch.

for npakin reforned al pha-alum na havjng desirabl

or oJasRPRENtg eXaTiRles | of MAUAIR NSS4 BE STIREBH GSogg, Preformed
algmrr'{aaé‘c%oﬁr%ato tAO preseAt iﬂ%ti?ﬂdécﬂfdeﬁhﬁrﬁiné icé?iers manufactured by Stid

i stribution), one such nethod. conprise m r.

ClaraRp I Lspieulie Kich A ST RIACErsra A e B sad-Godein NorPro
compl, ekesraldhip. al pha- al um na powder) to provide forned

cal CohBa ARG iR RaBlin PIREE S Al ad aving desiravie

prop&tios (ee erdrhiple NidavivRy detarabie Shorpholegyyrsupfecd aes, pore volume and/or

conprises m x{ng al umn referably al pha-al umn .
PR CH e TR - (e 0 PR TSRS PRI Bl BV extrucing or
pres&ng) Sumbi owdet dhrofgrably pipRs-aiunrina bbhlﬁden‘) K plrroeirc]jECiormed alumina,
en. cal ci ning the

rovide a formed m xtyre nd
f Qi’f"?dew ?ﬁ?%'[]gép prgvige 8@? ahciq'ﬁ‘?"@g]%'f"”ém ci ned al um na.
The Mcﬁﬁ@fkg@dmah%tﬁb@a)roﬁalﬁriﬂ rsrefmr}nbo@um}sqmd bavihy vesimbleaproperties
ore size distribuytion erein: l.ess than.20 % (nor .
cQiRReR spS Ains PeRtay soreruIES H B G 16,pBVIgR & mixure,
fofthia fcﬂ[;ajx@fnple@%ﬁ egﬁmln@gﬂprésfih@mhe?nn(mre?% ﬂﬁo(/in‘ﬁraeformed mixture,
er ., D to 9 vol ume. of .t he res.have a
o] GRE carniG 1o e vy PEMEE HiBios bAGnBT A AR
pr ef Bicalraformidd blomafa ¥ thiy mvethodrpreiérablyehasonesorbasize @istribution
dianeter of 0.5 to 1.0 mcron; greater than 10 % (nore
WHeEer ably, 10 to 40 % by vol une of the pores have a
di anesethanf20.9Q (horelfteferabin 0o 5PLEy eslurhbahth2(polés raveea diameter

referahly,. 30 to 55 % by volunme of the pores have a
Ofﬁ?s%tg?%pjd?“c?@’to 100 nicrons; and 4 to 20 % (nore

pr ef Btabd ¥, (Boreqré&eraly, byto 20I%ntey wdlurhé ef therpeseshisave aadiameter of
Oqi apeter of at |east 100 m crons. Anot her known net hod
£ 49 B%r'@'ﬁ%ﬂ”isng prefornmed al um na havi ng suitable
pr op2td 8@ %% (moarp prefemblgetd toz25h) by eblomieef sheupireshavedd diameter of
-al um na in an acidic mxture containing halide
Ogﬁmsm'(cﬁméf erably fluoride anions) to provide
hal ogreatet ¢ichral Q% (ragref mefierably, (10a0 40xAinbly evolupe of the pores have a

ext ' I, A DL i.ng) the hal ogenated alumna to
d'ﬁwgiﬁl#g’ﬁ%&&ﬁ%ﬁx'ﬁgﬁ%genat ed alum na, drying the fornmed
hal ogreater dichraQ %% (raoreqprpiecablydl 0doi 5d%) by voliumeuod tha,pores have a
ngr.n%d. formed alum na to provide

digﬁ%feg%ﬁbgolre o'lpﬁgod al'Um na. Where preforned
al phéai@2@ P4 (nzore araférably,i GtolROe) hvalimé abthb @erespgaep ardiaineter of at
133t %%Srﬁi{:}o?gd
Another known method for preparing preformed alumina having suitable properties
comprises peptizing boehmite alumina and/or gamma-alumina in an acidic mixture
containing halide anions (preferably fluoride anions) to provide halogenated 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
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above in this paragraph, it is inportant that the
al um na whi ch has been peptized with an acidic m xture
W(cmos/azanmg hal i de ani ons be cal ci ned before PCT/US2004/017102

BRSSP AR5 B Sy P o GRS st

Wﬁé@n@e@kma@ raq)hhraladﬂﬁa RERTePigTESE R WG - r@bmenaoremred @s.described

t he hal ogenat ed. al um na egnat e
atPURET ARG ol PO N, FUBUFOR PR g eeh peptiBd with ar
acltfd ﬁﬁb@mt@ﬁtaailmélweaérﬁcﬁfs tibe@atlctlﬁemcefblflﬁmhﬁ@nmlbre with the at least

o DG 1 Tt ety f Terfing ARRles Phatefiaralypina in the
préf@ﬁn@tﬁhlbﬁé’—amﬁhnﬁa’l@rnw‘lllﬁthe \hala)bdndtéwaluﬁmh Wereampicgastee with the at
for assnstmgvlnt mat i

st e A1 o 15t CRESA T DRiPSErRUA Bk R, gevtizng the

bdehhﬁté almin® ah@br Qé}nmﬁm@ﬁiﬁ@tth@ﬁt Wabthort mbdifiert wauhe eliminate some
fier accordin resent inven

Orrﬁugﬁtgp%ly)anrp%heah |g@@1n1qn§ \EQ“:I? g@gldéﬁ%ngtfbea%vq|lgq§lforoas§|stlng in
thmdrgaa{.dsméfqoméefs&ffamha aungima0.7 m/g to 10 m/qg), a

pore vol upe of at nor e referabl
s ryeiemsd aleung s hunprG et paakh TBrauelan WA at least
or@%@cﬁf@r a@b@’amglw fnermesermemwamonpprefeaammasea sfpactfivr sirfice area of at
m cLons a preferably inc

#R0 &1 gamasgholsia el 1Ea%’ e murdft Ry 05 oo
(nfdrétordtBiaBly ﬁ?cbiﬁf(ﬁ? @c@aﬂél ng o@/gl) apsmlty at at waspgalvm©ﬂt percent alpha-

algporgﬁg%ggﬁé)%é ﬁllagmae?éi\rj% ”?9\38 dplcrﬁ)ﬂe eqﬂg ﬁéfg & eae a g@%ﬁaﬂreferably
m@bdéseﬁéif cl&De iy srartictohagnt Iédist (Oby sobstaetia)ly Alatvmajar Blm;i‘ame having a

di mensi on. of | ess crons. . Accor
Iarﬁ;p@% Rf plp}e\%é mqrmploqyﬁgp% q@rcmraet]ea g}e 531 Rgpﬂggegﬁgtongl plate (some
p.lis)haumg;tvatabr h@fe ﬂazrsmaceu) ahtyisast Soopgrcérsiohgvhich (by number) have a
natln d alumna with at | east one

mﬂhgg Qﬁ'ogé’?@g? ?mgﬂfmg al kal i netal hydroxides

t 0 pAGYordiey ioﬂ‘pé ﬁgisahtedve}mtuﬁri dhereds pﬂowdeaha medinatl of forming carrier for

n nat ed ref ar ne.

a ﬁ%taﬁ/{sy 88'%8['%’{59 Wgopr |p%|pref meg a}ILHBlg% ﬁt geﬁas ngnéJ@%Wﬂgleselected
frgrerdroomedikay rasil sydrogibés torgtrdvade uQmegpatetﬂ eprefednedatalwrdna and

ca?carglngﬁlg? g[gartelga%g(tj ﬁgg%ea QI%% r%l mP{}gHIFSTgé{'P%dr %&%Né Qrrier. This
impfeg;regmtma;n bsopattarmad yndny aoitabte inmginedt n@nengrafereed method of
r ef or.nme

SR PSPl B TR 4 B Sl p st

fofrh Wnrishpesyhlatiom bl gtidnh end vad ueas imegnatioglittid prefarerpd faéumina with the

mmr%qr@? %goﬂgﬁ S gglierrh Vﬁ%{A%tgfsétlm&'m\rMe?cﬂ& ?@ggﬁnoonr esIurry containing
thmmiIe‘astewnmb@ttérenhyfbajmrmmﬂgthalchaler met al hydr oxi des,

E)Bte i @P%%Sﬂﬁ{h%h%@ﬁﬁ?@%ﬂéfaﬂ{@g%%er‘e‘?\kﬁth%‘i Ié% one modifier
satested Gdrmalmoag atkali emga rhrydrox@enothearpesgiateg reiormied) alpbg-alumina

cqr%rqé 88@({@@%33%{] hﬁ’.e d;#rgﬁé nI L\fgedhgiarregg{agly C Yﬂoeﬁt%u'i Qtea temperature not
emeledlab 1260 wayreet 6. fanahigaltthe iyst pivabourg fellewingl tnmm@regmat@n Such

0
%%EXr(llegﬁbYlgﬁg n,d{qgun@blénav&? efﬁ"tp g%ﬂ?eé)ﬁp@gﬂb &Y alumina in a
d@narqolha/ legivinig the alutmineustandimp dint gmbient iconditigng/ er gxample, room
0 r
te%\p%\%tﬂr%) fﬁJ e)c%ﬂ\yplenwg or %ﬁ%}é {Hﬁﬁu dn‘w&b@ﬂil %ﬁ&/U éésaﬂglé\ivm%,l or any other
trestmeotiwbict rgsuttg in dryihgt e inggrdion mnottlheteﬁ ﬁQ@ﬁY p@wcular method of
enconpasses all processes as described herein and in
whi ch drying is achieved, regardl ess of how such
drying is achieved. t is preferred
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that for at |least the first two hours foll ow ng
i npregnation, the tenperature of the alum na

wee@serabt y does not exceed 250 degrees C. Thepdr/ys10g4/017102
is preferably conducted in a controll

dryjpgtancalisyasirel eldhAdEsHe SP‘FQ”PFE‘SW'EPWHEQS(%gré&r Wiptieiged herein
n@ﬂn Wﬁ%ﬂ di')}' 84 [sl dtulcved r@@arﬂl@@s Bﬂﬁbvi suh dvying tseamreaéor reslpreferred

-alumna carrjer. SPECI fic. representa

0Bk 1S rsh e Gass falpHinGriBRIEaRa i BUPST Of the alumina

pr@k@béibﬂgdéééeﬁet EXted P50SdERESkICt etthé mrﬁngﬂryprmramgmohyucted in a
sl oW’y increasing the tenperatur

contiplleddpgnes prefe Iyggqjuqi Qwrollipg Ie‘nurmggy tﬁlpg}c@m %BP )‘?V%{‘ ! ditribution

of 'fﬂ@(thMfFéern tﬂ@?re‘f’&ﬂfe@%fﬁphﬁ alurﬂh@banﬁeﬂe“ od of from2 to
hour s,

refera our s
ool ﬁ@pagwepbeSfee@met @n%m@wi .q&f'eqqfée%‘?f“ %mﬁdb 3 insa dying
ovBRUHS/Ng F@rccﬁllﬂaéf@bﬁ?n aAdfyigr é\ﬁaﬂn blowsy Exsruaping thé temperature to a

SU|tabIe dr qguence_in pl acin re
mEHEHE GO O eGP ah D 230 FrEIFeS i £ JIEG 2By ahaR o of 150
degredsl v, b raeseHion Bf tremoztd:\wh@rsmnm pecferaisiyrutm éibours, followed by
greater than 150 degﬂtees and I di ng t hat

copling Ol [ 409 tegIPs Lgrgblpethper}@q d}OU{ hPBFS For example, a

refre88Mhfe éxdrfpld 2ofhausisitablés daimgt b@queex@ﬂpd:lﬁdesaplacmg impregnated
di fferent S@em fic re resent ati

prefermedhalehqraliming cadkld E'Q'W"Pﬂ:?‘{?&\ég‘desﬁ&‘fm&g’eﬁﬁ'“g temperature up to
mbBRDRY @t Wréatér BEh 160 WehREP@. @ht eldiny &tChateigmpermte foma suitable

o i o7 e, 1 612 By bl S Sreont spei

refRgeMR8HveCexdniplé R eﬂ%kﬂabﬁﬁ dty@wg@ec%‘ﬂehtﬁ érxludes ehcsreﬁmhg/ téfperature
ff%gg&g;tpgbgs%%gsth aéaetge [;o nfﬁlﬁg rr?\%‘ﬁteg pl;e‘?erably 60

mﬂhféfseh@ﬂ@byné &bmwalmﬁasfrom mrcﬁgﬁdesg.‘, teMPelegloas €. i thenr&8045 to 75
rees C. to 150 degrees

ik 06 ferghie PR FUBISS: '?ﬁswgtt‘é@mfﬁEﬂf%f]%'agée%eéereégg 1R 19] degrees
C 1aGhé eexesstoCrs Wutédj@)réfsbably@ intnuis, incrassing, temperature from 100

r%{ﬁe gtgbépg{%gge]@g ?rfs H]? é{(?é’\%sg(f %m?l Q| %g?rggl‘ﬁlég\ W}tes holding

tefipeedtlre Catr F5 @6@BEA0. ier theangdt etsofo 25 pmmq;teb,l prethrgtin§0 minutes,

e ce, thi | e [
fo ‘@'ﬂE‘rUE’SB\étCBP'@g' E?@ng)n}égrq g,fpgg&'},r%gm?tgﬁp Xt ¢ gﬁgx‘#%utes Another
speeiipeegessraative d@mpagolea possible rdrying sécuumte Athist exapple including a

o BB PRI S AR e o
60 aagreeaCuinethe Ifimn48Qo d6gnieetss, @creaslﬂgsmnwgatereérm 6D miegrees C.to

9(‘1 gggrggghe @%h&ne{(tg?d;tgg%dﬁl&}ngéslﬁé%ﬁ hé‘?«#ﬁ@ﬁ{eafg%ﬁ §0for§gmes C.to

150 teyress Cf imlthewext %woﬂﬁahlnu@sbameasmg teouperaterefearatl 60 degrees C.

B PR AR o AT P PAAS Bl BBt o oo

tedipetataet one al kaI i nmetal hydl‘OXI de and opti onal ly
drie i s then dpn t
rpr S ST S Be R JAet TP it S imoregpated with 2
leastt ortzy modifiei camprisingt atnipast atner akatif metakhydipridgy aad egtienady dried, is
hﬁﬁtl\%ﬂ LIy dried alum na for a period of tinme. The
tenperature to which the inpregnated and
opti Ulmalchrytmmgl efdthal impregnatesisary epttosdllyt driechalyerng isopareed out by
e e ool e ampfRofe Gl Frlipondftieo i, for g perod of
tlmbaﬁhagna)dmum enezyatreth wich thetiinpreghated and optlonally dned alumlna is
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dried carrier in a calcining furnace and increasing
tenperature fromroomtenperature to 500 degrees C. in

WO besoexst 45 to 75 minutes, preferably 60 m nEEEES2004/017102
hol di n at 5

0 d
SybestAcad ranges fiamem reeéompﬁaﬂégég ATy Aorsl 1200 deqrees C:
fr omﬁ@ﬁhrﬂiﬁg bee%uﬁiablé 6alSiRiAlg WRALIces PlaCingithe infisregreatéd dad optionally

to 75 m nute ferably 60 m.nu
S T2 N BriRSR s nEaYaS Ipsraldre (dymapgperatre to
5(ﬁﬁdd§réb$t®5n them‘rét&%sm% m.améerraéﬂeraelﬁ 60oMINAE3, Helging@s 5@ degrees
ees

Ct fpéffe%ﬁaqt ﬁg 50 RTINS, prﬁf&rqh?vnéo mn@%@ca@@wésméer%? from 500

dédﬂ@esn@th 8%@ degrebB €. W that st 45)toef£marntes prerabiyp 60 esinutes, holding
| oned by substantially |ineag coo

2ty GEgTees folorihe Mesceiotor b Tanwiler @ Slegatly oD, Eytes, increasing

teh@@l‘a‘@urea’f&n tmndégeé@svm%tmo cagkdesr Cf imothet hextf48 RAGE minutes,
lowng it to cool, for exanp

Pre by LB JiRie k3200 eories belar Dhcapd 4 Tp0 minutes,
prﬁfﬂréblf”lmmﬁhtésefm&h@d by SsbsBHnBAIT Imb&\WbobRrﬁlj)tode@r@g&e@ G over the

R ETELS aASrCThEES sl U Sy o egrcean
allb@\)mg i itd1Bod| Ofob @%mﬂe,gh@ﬁn teeropaT %hwe%ur(ef dh semn@ises, it has been

de rees sonet i d, Wi
5B 0Eh GRNRG B EEISAHoB D ATRELIRG 1790 Legraps Grgor Sxample, 1400
é{ﬂ@ém@t behigrst, PasuRdn @&lhhhé&b@tély‘sﬁmmbb’ has tevérs sloakt agled and so

at during the cal cinin he al k dr
calclabg SORH BEeroeTRETRLTES A, pamiith WP Searpeh O Sometimes
prefdifedi butes to the favorable characterlstlcs whi ch

h b d
o WS the it aveaben S bRt Re el TR hgrained by any
paHidUne tﬁ@@r? wRepaticaddthat aling the da&lnlng)mmgalaalemem thigdroxide reacts

RSB 5 5 RS L, PSR a5 BBt whc

hé\leatbednsobsBr\J&aAh the GSrrw@ of the Beswat Madmtion, ahe lrpcetalystseemploymg

of bet a-al nat e pha nd/ NaAl . O | s
G5e, GBS nil INRease S AT TS & SoRredaae it Salh hyoroxide
mpaifiag saghrebetingas belleved to feselt mrth@dmergene@ofateta}alummate phase, that
s 9:&)0&“ ons conprise at | east one al kal i
ISh

adhir e, ahWebRresPHS, NaHGeer B1S| R;eeqncgvé)( Qeta aJrLHglnate phase and/or
NSRIgGa: fb@ﬁé\fé fof s%mé/bmalf abhctigRt @#en@ﬂdfooébéi)% Fokii ifdfagraph has

in or er t tain 0.1 to 5.0 wei ght percent on
ogdvgredesul ting carrier is dependent on the pore vol une

of t F:%fég%rdrn'\n\?lfelgngﬁﬁn doﬁ)&%ﬁ@ﬁ?&drﬂprﬁseQg%éwne%hlﬂﬁ@tal hydromde in

hydr oxi regard to aqueous solutions, djiff

sciution)l iprefetagly Iﬁ‘ywﬁ'@kl filees capeenkabth of dhenalkali dT“?tF'eP)équx'de solution
né&%@‘?ﬁwd\é?td @cﬂ&ﬁ“@) 10{0 50 Wafght bérb&ﬁ ohﬁh@fésﬁlﬂh@ Barrier is dependent on

ents, and ranges

theeeeyRIvae Pbihg carrlem%ngeﬁﬁ&aay < ﬁ%fes&%@ Byioxjde-
sel eWntﬁdreéér@ tSOA&Jéé’ud §@|ut‘iﬁhst Biﬁeﬁeﬂ{ HiRGI hieltzﬁﬂwy@foxtdég are known to

particul ar al kali metal droxi de conpoun
h%dlﬁﬁ@p@{ﬁﬁ@ppt@lﬁ 2PaRo 8f §p|5glllt||e§yquwerﬁgtr squ)erwng q{'}(/joﬁ% the ranges

within PSR &h@&ftraﬂ@ﬁseéf'aﬂlaﬁ metAhyBreRIABS Ban Be HE16CTEY Fe codtrolled by the
stabilizer, a surfactant or the |ike.

SQunlbiessf §16 ATIGURE Uka EVatal YOS e GATRGUIG BB GHSR. i Bhe impregnation

C%b&lﬂdﬂ%g}; fdrlﬁ@ﬁ&orﬁé\ﬁ%@'ér'rw%re%e@%eﬂ&a‘w d6n @PilE, a promoter, a
kal i netal hydroxides, the at |east one hydroxide iIs

S@P@%Qén@ sufackant shtbaHke-whi ch i s preferably in the range
of f APRAD cOcidsorP o tHee tAIBhing Eodwitg irGegeatidR with the at least one
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the total weight of the nodified alumna carrier.
Where the at | east one nodifier is sodium hydroxide,
w0 b@ssesdiium hydr oxi de is m)re preferably in theCT/anme4/017102
of fromO0.5 to 2.0 wei percent at the concl usjon. of
mpgifilercsgiectas fram ﬁ@)‘loﬂ@ﬁjkﬁg "’ieh% pelipddeso fheatigast are hydroxide is present

m"&hcﬁrﬁé@& whith idpleRAaBP MVBe rafiRe TP 0.08td 9.0 vl gHt'b@rcent based on

resent, i nvention does not significantly affect

thRdetaHuFIRED drRmenfied Abminganiall W dia tdeassone Aoaifer is sodium

hyRERRel, firhee SbdRirt My draxidalis m@k@b}etéamprnetﬁ@méngewemm grs 62.0 weight
not limted as such. For exanpl e,” the nprp

PQrRRNt 3HHIRICPREIUSIPR A th@.C@Ja'nmpéwlowmlmafe@aﬁmcw Puih & ndier

SUbSA@'ﬂb!e@' anbve] thel @bdlh@ht‘bhfﬂf thé pPés@nprneémrde@b@I Kt dighificantly
af&wame prior to inp %natlon wth the at | east
|

@P'Pholpaséan%emh 8}5 gabpranwties ofowetwg‘q%@pfa"éﬁp‘g although

th@ld#éaenﬂ.noawoh% nbts.ntméala%adubu F@r é)@éﬁgslé hl@é‘n%ﬂoh%dgﬁ/ df iR modified
nmedi an pore dianmeter of the calcined alum

alypEg Grerdn tYRicay sregantially simigaio Kt Ob@esmsgq’@ﬁ? jainpiga (that is,

prﬂfrf@qﬁﬁﬁbghdndmﬁntﬁ%'é fak Getist @He aﬁé‘dprred) Age hﬁbdiamepéﬂer@iémeter of the
ect or he second aspec resent anent

oo BMRACAHS W'qaﬂuén%%fﬁfth%waf/w% thi, Mesiay Rave lamieter of the

cdioifecalimimano | ess than 80 % sonetines greater than
90% _and saoneti mes reater than 950/%\ of the sp

sur f Bt SREQHC SHMRtee 3628 AMavedr AR eAﬁ%Sﬂant'aﬁy affected by the
mB@iﬂéaftioﬁ ae{clr:@rflmgttb Eth& kit fdssé’ct Qir ﬂlﬁ@s@édmm a@@ed:tsofvvﬁé fvegkent invention.
(prior to bein |n'preganate catal ytic nmater go
Thgeiriace @f%@ftta? medtigd akynyina 6@/ igndp M&%ﬂh@o ﬁ?ﬁ@afh 0 %, sometimes
gre8leH thPNo®RNARI BOrRBtIMEY Gleafth Gy 95%] Bretha upe6ific @LR&Je area of the
solvents, A preferred device for the extracting is a

calgingd AymiB2 ract or. Wil e the present invention is not
ltl M AfesH %dﬁmutldmegrel Qﬁ‘”d'ﬁddﬁmf“ﬂ‘m?'”gt ﬁtJ \rlésﬁe?owgidr to being
o renmove any residuy ubl e al kal i al .cations
MAOTRIEAI0N SR CBReT Rl g SRS Ry PRI g a soluton
cd?it’énmﬁ@Wa@dr%‘hdm @erﬁéealhﬁ&ecfthérssdv@nfsomréf@tradj yistise by the extracting

o AP RS b b UL il Sy . me

whshindsieg iscthowdhit td rehriove Bay aarsgduammhdmalkmahbw catrohsLdmla\ could be
e al arr

PR Pb ocr Al RO Bt P 22 a1 (1007 ksl 15 Rome egjaivsts by

re@oNMgl excessadliedi,marhli yAroxkieviadhedld hot thwibpah@tareier,
wher @% n |t asses u

rd W thin.t .colu a . .
i oote el s weF KR ishele R e i Baspaty mooe
cdllsmﬁ onaleiois e maduﬁettﬁalomnﬂmaamrr chabé positiomed| bélowtwidch is a supply of
oSl SR NS AT BB SR ROl pesses
uPigrt avich m@CdOIldi\ﬂndlmlﬁ}rougﬂ thet detalgsi pp laycaridersdrr abit@otant which is
n such an extr ctlo ordi pr.esent
oqhRBSR Briné ohOiser Tl Zhind @it dalast ST Rl the,gatalyst becomes
filRadVitrthe earauamor/\ﬂweanhm extr%tmht bmrflcme; Itas:mpmmeidsback down and into
rat on of froml to. 144

PR a8 S RBERL. ot op axredli b Bried BRdfdsen enton, me
exteictznt préferabanipriges wate candttarane ovi tbret hmingr @sertbe extraction is

i nvent.i.on, mnacrrle n be
o B SR P e £ ety R BRRST o,

exanipl agcorianyé evita dbtagm preberreﬁohétbomjfdmwaihmigrﬁg gdcordance with the

exanpl e atate el a 1.0 ' .
pxafinEnigh o kEFRER AhiitDfartic Bhte, gl iz g wlif anaror amine
scamti(mst(ierrpmmmlel,reeh)dénehra«mméaomﬁow@ 0dryiGg (fooexaawelendt@,temperature

500 degrees Q).
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At |l east a portion of any excess al kali netal
hydr oxi de contai ned on the nodified alum na carrier
waorgoshoes4ienoved during such washi ng. t has beePCT/US2004/017102
observed that betaal un nate %ase 5 resent

of BB BTG 0 RGP 0t of By oRRiras g example, at 2

tefperata ohired 20010 mschlfaige@hm seamu@ee@cy resi dual
sol ubl e al kali netal cation

Whi
det rAteast A perton gt gn;g,g{cea%@%p Hlfg?g @ygt@eﬂd ﬁ:ggtag]eg on the modified

allihPY | cderidd angf bé $erh@ve@t eing Cs@bnlvgashmgbyt hEsbedmebseneesthat beta-
al kali net al Bﬁés? oxi de whi

alyrginaiee phasgnyf ’He'%S?'ﬁ'%'ﬁ’sn%fre?‘ﬂ}ée‘bfrb§'gﬂ'%'cz?'ﬁ\f’é'ﬁm't@ﬁ by such

wz@i‘ﬁhgbqhé WRIsRAE 3t@reWiolBs aty teoribihl SUN®Ie akall etat cations,which could
mat eri a and optionally also at |east o

oergatamRael iR PeGaITante. g 2k T avids Bl i uTgyoptalvsts by

reﬂ%ﬁli‘ﬁb iebesaHikah rmétﬁlfhyé\rfoxild@ @ﬁhﬁcth@mﬂWﬂllb&Htie cayerbe
sol uti on

formed on the carrijer
emul Ao tBe carrigrs 9f 1B M%/ﬁenf ﬁg 08 By be, Laregiaed with at least one
cRBR Méﬂeﬁal”&ﬁ&bﬂ)t@namf@lé@ét kA oAk prérasikr. Onlﬁermtmmyt gtoatihg of the

vari ety of nethods egnating carri
at| Ig@,sgtor@n@tglmcam{qn@l ﬁﬁc{/grnﬁg % g cg]eeprgmg r);'n%\f Egﬁgr[med on the
cdrﬁéfsdy émﬂynﬁ?g @@@itﬁlbn §rh ermhtsfmecmguryy voritéinihgehe at kgt ore catalytic

uence) are known. For exanpl e,
maRerandios i e Hg P

g‘oﬁﬁ’epared using alum na carrier
by 'Aﬂ%«ﬁéi?&iflrﬂé}héd‘semﬁmﬁpffegﬁﬁmgad‘arrm@rwm hh|east5@1wtatalytlc material

one or nore silver conpounds, as L3
(&P RO Br1on o8° SrORGSbAEHaDSaHs™ Wit At haterl or i
arfyl J8gLérdegatsskiown t h the silver inpregnati on bef ore
the silver |npre d/or after th

| e B ARRERE A e ARDSBLIS (R e RO i carer by
impfgYregn@ tdmoaified esrreDwih ti saiaipn wif ohe @nenae sitwar €ompounds, as is

wgll llm\@rn |80 g#fl ncglﬁggrrrpu(téréopgﬁn&%g rIB§¥ $ E‘?pt)rg%naé%oo gﬁl&lﬁ r%eously with the
suwbﬂ mibréﬁalﬂb@ft%f@bhlye Bitvet Ingoregrragien ahd/br after 1Ré sitve? BBpregnation. In

cata ef er abI 9
meha uoR erShangraT e i o et Ge S Jined Wit dhe or more
silvet éﬂrhrﬁﬁunﬂwotml@hﬁs@‘ﬂd@t it aliomi theasiiventb ypeaupportsal on thetdagier in an

argglirg fqps%!eorf;f%rafbﬁtem t % é{ngg? t {o'gﬁh {ootgufotgﬁ ?bﬁ‘ﬁp\gé &Ijncdf She catalyst,

m@fé}ﬁ'bfe@dﬁy frdi e0es tar4@%aoftiag welght affthdcataipstpr onot er s,
t hat '

B R T

matdnwe Buitdbigdriidle euze ca berprire asgeof from 10atal §,600 angstroms.
t t
Bo1 1 TRGe a0 peRERLO TR eertpyaatR! RrBp R AR, AhéFhreSent in
ccﬂﬁﬂsmdumnemm@aﬂt&utar cptatypy maregiatsxfod exarﬁinlemlperohmeé_t gnd @r more
t hegs f. cg}lai Sst %@or&aﬁge;ﬁrl cl)t n?stg FE ﬁf?}éirgr% qhé: @étglk/%/ttﬁ'ed’bility to make a

ronmoters
dmtedlpy@duchw dxamples bihyiand oxidear propyiére exideo riBuchrprereters in

b ial eff .
RREpPE Sl hi: St e TR e
pbesitersch theadtatyst hasioheni shgwo hecandritpie tataneer msye peraficiabeffects on

T e

dé&ne irddugt, rr@carctngdhesterumem‘tu&l raquntedn@acfse\ge a suitahle rate of reaction,
LT PRy B A S g By s o

snamnamezjustymetneaeamre and hestcat tanioe in degermining theredfectiyeness of the

material which is terned a pronoter of a desired
reacti on can be an inhibitor gf another
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reaction, for exanple, a conbustion reaction. Wat is
significant is that the effect of the pronoter on the
womwsati41T eaction is favorable to the effici entCT/US2004/017102
producti on of the desired produ r _examl e, :
VBT 58S B PR ETEATHE CLEITOH DTSR eB s B0 BHAINGy eaypRs- A
mRAERARHRIhSs RSrdBe AtproroteNer LLa@dsey Fdacti®ry careieyaromBibiter ofiadether
ng on the desjired effect

e de en a
BN o RRERRe (oA E8RsGn i Sronpal §1ERE effect o te
prémbiel B8 the Guaealitrbgction @xfadertible o theastficienn pmﬂndimuomme desired

There are at | two t .
prg@%eree@% eﬁg@@g ggudﬁrﬁﬁaoqogpgntP Roré 8f tﬁa oBe 8wpre promoters
préSER® IAE ahf sl rﬂh@vértﬂ evéral widy sangerdepending or theldesired effect on

th {
IR M R R M Y g T I A
reBstionitgnditiéng. eacti on t o nmake et hyl ene oxi de t he

specific formof, the not er onth cat
cnknbTRe axarsipast wovesRt SRS, ol i gletSAndTRte R
prbrhr@te?é?w 36tid %rﬂdtdﬁls mcﬁﬁbmecﬁintdtﬁe cakanrioe tosrtd ueer pither as a part

of iR i PO SR Bt S Y P BT R PR el toprete
Dl!irh@ tﬁﬁre’@ictrérntotrh@e@hwerﬁ oxie, mepsmemtrc fdfanfiHegsombter on the
nown

f fa t
C%‘?'Yﬁﬁﬁ@é( RS YRR %FH@ qo[rciprgﬁlg)tegg%%%ﬁé agr?aerg Etlgesgctrve catalytic
mét@harctfdr Bkarfgie isihar), iHeastombler 6aH beladdetieshgaitamseysly with the material

MV C T A PR BTN e

wéﬂhkﬁd‘)\fnesg)hb bﬁfmérfs\fdsr: oEtalI)&tsﬁtJSeﬂ_ttdé pdjdoee:IemsaIeae oxidE inoludé or

the pro tion of a ene ox e or ex t
cupiuB9 B R rus e Rty e Sl Bafeh dbhB8hum.
tuaggiem)amgmmur&lmrwormters further enhance t he

IggLJf ﬁ:?g?{%ﬁ taf ghs \S/SnFP"é‘g tal¥ das é\%sﬁ gggrgwnads and or mixtures

thprednWhieh are imtroaueet! yqoa eszictoy feents prpedctian ef alkgerseoxide (for example

[ nhi bi t. hl
ethlonppad) BRSOt e BT S FEB O B nd Ot P8
progasdrs tunthepéitiante theypeeinmeance f a geeb eatatybt, svorkingpin chajuhction with

o3G0 B ol AL AR 1Sl g ot

(cgbﬂeeabmtagn@rcoefpbumd)earmjeremlaam oiongigaseobe coroporentseatiprble of

f i _
oS pant e Rl BELbERY el 8 ARRATAR: botn of
whish el‘eeweICIanwmmtrmmd sTHeprefesred gasdoys coppprant capablesof generating

an. Sﬁﬁleﬁ& ej 918198 E;r%ggjre{ H‘% téi%& i Fe%'gﬁcg’rpﬁ is a%t%g@n tr:Bmtth?ng

cahhfpdrenent el ements by surface and/or chemi cal bond| ng

such as ionic and/or coval ent and/or coordi nate

bondTImgsoIFﬂIpeomeﬁem Srinnotiifiets ane genenatly addasiras ahgmigal compounds to

el e ri I I I t ! binati
the gfqﬁy(% %rt%( |tg pOSI%jué\:/egjerIa@rééﬁ tg%wg‘?\ qup&ﬁrb ﬁa:?%%to fPrEeelcr%n ination
ofreepaticular. eldhentiwéthront ox yend different @ememﬁ@uﬁume anglfas cgemical

e t
b%%@eﬁ &f%é r\éﬁig)énﬁ)%g?(%% nggﬁc%g AT %ﬁ%@%g?@n%%hw i or "ion"
reberg amao aIectsrc&IIyrﬁrawed@hgrg@aLmgrntya.qan@rgc Hfi'egtion’t bgirg positive and
OQfort” Wn" Adtérs t

ARG B et R g B G TRO Y  ShyahBplE 6t Suy iy Ko toa
negetivelyicbargad dwibtyncordaigivgpbleast ane op(hg,erbqurmuy gembination with another

element. An oxyanion is thus an oxygen-containing anion. It is understood that ions do not

12
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Once in the catalyst, the formof the pronoter is not
generally known, and the pronoter nay be present
WMGOISADR[{M‘[ he counteri on added during the preparet/Usw00617102

o) S BTGP TR s BB e S5t
addes a@@ﬁﬁﬁwﬁ@tdﬁmdrcavaly@e in the finished catalyst.

Li ke such al kal.i .netal oxi.d f or

oy s ingS in/B8 ERHAT The Yol o e Brairtteraiahent Ko gy the
préMatEr Infay e QPresamfivtieout @e dvintegion atded), dmrag theapreparttidroof the

i oni ¢ _conpounds during cataly |on or in

et o' SRR s edd byt uRdb A CeineAvs anvzed % contain
cRipUEAG itdicblintBor! BidedxidRdn tite firlshe@ caRIyef. mmwmm s:ompdunds

ani ons regardl es s of thc?lr formin the c‘% x}?&ﬁl a ¢
sycE s alkaH @XI0e oRE exgmRle cerlun PXide AndiIaNSHigR, SrQg,'Rr
xR MBD,,aitfle Pipt b@ﬁ@lon RNMaP EorFtao BRI ddnipoantd @rrmg leatalyst
relativel XHum form persed on

cayr
PrERAIRT Gt 550 QIR 9460 B0 S iR A ge e SR pigrTcters wil be
refeRicRith # tefnélofaBosy artPdrforRIregartiess ofahepforra @sthe(chalyst under

egnat.i ng a porous nodi fied alum na carrier
reggtgqg ‘%Y‘a'éjo'i'% the present invention with a solution

conm isSdéwaae&ﬁvétVtﬁ@bat@rytus elatdrial bAd bptichakohe os moveesolid promoters

oSS SRS R S W AR S50 poptn s

caiél?mﬁrﬁatértae B o8y o8 ahbret profriotarercompiriads: ANyl impfegabting a porous

mgilféc? ;aﬁllmuganggm%% @%’q%gan?qr;gq &]hgwg%é){ﬁm riveebﬁ Srz W@Ht 0 cﬁllrﬁgop comprising a
sdh@nt A k6l ulsifiziMie ageit adiive (tqmplemarlidwnelelemarmlprmeS opon the carrier,

L) SRS e S5 0B P BT Yer et
artdﬁeffedrmgpggmn of) sﬂ\i‘drtﬁndomeapl@hmer(s)(cohmwg@abktenw ard triteyior pore

0 [, Su toth cat . elther i . .
sTegER e Fter. ¢ sk F cSBhRnBL in Wie U5 abd rblk% of impregnating
sdiutwnsf theaodrtiyr sfﬁcflﬁd:tpréfbl@b@nmtnttoncﬁm indu® tagrountsi ohions which are

t he S%Si red,cat al nhan

QUK o apreaiRoSHAOT AL o B BAERRng PrhTerguppied to he
cebaygtem‘m&dn hiye ptopacktionl ochuemoct dhe tatalyst goes teusignificantly affect the

h h ' .
araggg tn 8r(9mqtq{gw |ﬁ€g@'80|§?§il¥}”a Ejgglt geé?tn&%r e@%n\?g gtngpttr?e carrier
cant@n®Eh iokey) td ibnostult gengedilg ba lréoveddryrgtdndsine chdmyical techniques

Lg@gﬁd?%ihggfq{&v%rshllaa: (8} %Mnmfslﬁl ﬁ&% ﬁ\gsttbgﬁf%ﬁhfég%%gérﬁ dU{ing the catalyst

pr@ﬁmﬂoﬁ | Silve0ind peonsitén éepasitidng nanmpereralyoadcomplished by heating the

exterior ur.f a
o A e BB e e ML PR FL 2L RP ans et
depmysitien tof othe bellearu ard |ptrorucbters pete thel interiomane eadefrlomcerrtelr ysurfaces.
rﬁﬁ%@qaggﬁtdf ﬁ? cr@?rf gtﬁg rﬂréfg (Ii%(%I;@rquggfbggm%?rk?érp%llnéfn because it
utilizes sitvee mooe efficiehthctban obatingeprocaduresy theriamjd:temgogmerally unable to
t I s, ar (o r S

o B R SR AR L e Eeg i aoaion
comedcdtalgsts atehmoesi duseeptiblel tasilven loss by me@hamﬁl agratos. t he

carrj,gr p

in a{,\@ év@r?t Eagglf‘fﬁ P!a}’ar‘éPiE%.lvéP%é’ |I\%rf]s'o|u§l|8r:'\3 rﬁ{é@&ﬁ@%ﬂgregnate the
carkier is |prafeabs:@bumnsecsofoa sbzbosmpqundnme salwent arisemplexing/solubilizing
a@%\rt ?H la%}[ trhg hé}nbé%ﬁ&f&ﬂ? Lﬁgsfrélogggl |r|? éﬁég aﬁ‘a)fh%’epaflp:ﬁﬁ? réﬂvefrod’ompound
empiogdecb masublempserarfd!roeo@mleeéronsammgaslvsﬁ ¢Qrmle>a3@enlaﬁt§, Sllver oxide
oxal ate, citrate, phthalate, |actate, propionate,

butyrate and higher fatty aci@ salts. Silver oxide
conplexed with amnes is a preferred form
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of silver for use in the present invention. A w de
variety of solvents or conplexing/solubilizing agents

woreyshes4enpl oyed to sol ubilize silver to the desT/USTIN017102
concentrat| on in the medi um

re those
o1 B B R GO SINEE BT Eer DA R DY B G et Sroplonate,
bdty’t’rﬁiel dhdaidHbr fé&y%cmfk’ﬁlts dnsr oxdedompiadivath/iniags isangteferred form
501,417 to DeMi o? ammonia (U S. Pat. No. 2,463, 228
°ft38" Qusedn thg presentinkefighs  such as et hyl ene gl ycol

( U. A witdd varl‘d%sof golviets 8P ormplekinglbalubiliziig agents afagt be employed to
563,914 to and

n
ool iker oo s deiskeq Gorgeraion RGBS oPtpgeRBgEREgum. Among those
dlmrds beind 8ditadied for Qh@%tpo@b rapé 1a3ti@ abid (BI0s.t BatBNos 52,477,436 to

259 to N els 09 1 3 .
Arzp%zafdf@@oy 617(:1%9, |o)(£wg}og| &Jé‘ égt j\m) fl&g&@ 19 West, et al.);
al@dﬁlﬂb? dish ddé@hylbse ?K@cﬁ(ltl \Eetﬁfal thoa zs?islzm torEmdg et tal. patmd 3,563,914

soLgtion is more n that ultinmate
o WARENES 5t APt P AoVTHEABTOH HBR Db \CaPar9.89 1o
sm%r%es@gsmhvmwamramaols,mlswsfooio mlusucsamlmsggd/: kl)\llelsen and
et ened] t nt. of approxi mate %
4,81 51& 43\7§ Pﬁp}@&r@)&?gﬁ vig sugﬁ a sol uti gn ont oyan
al pf@er&ﬁr&lm fhe emlﬁk?drit of suvlfar ERMFEUNE MRt 63 YisSbivedain /agsilver impregnation
orosit ica ults in a.c nt ai_ni n
sdiglon i mbea R T onlifr R pighiced oh 41 oD s lyeb Rer ingegnaton. For

e@mﬁlé Gf\dqe@ &t b bisbhiged /i a|sy}t£1t|on At Omlldlamgi snd iefhylenediamine to an

o g SRR B of Asahy Varhe P eBpdiop gt 3%l on oo an
aIFIﬁﬁlglﬁﬁMa\/c&ﬁeﬂ@ﬁ%@ﬁ@kmaﬁ@y Qbjcefgt porosityc sypically résultatin a catalyst

east two or uent i a nati,ons .of si
oA G APPRBIY 270 00 EIa oLk FTOERE onu e whlghl g cavaet
Acdordigly,iifsit dejesBéd ®robtdin tatvatatyst ha\&mg a Bihef éoaalivigyof gremderdhan 25 or

t d t f
s §rd PRGBS ol L f gt o o
mbitesagjubmeal ingaédgnationdhofgiigdr, with «brhthoat premotary runtjrthe desired amount

o AL BT oo g SR R Pl sphpbrelre uso

maké teyitalysts beWSan‘mmm df semlewestancbsrthemathjind?atldro%tbg silver salt

A OBk R SBRGH MR Mo TRL 5 R B e

congphtegioatof 800 .0haspe siesifeagn tHeecatalyshianlbw@nROdd dfysilvesi @hexample 10%

oGl SREH RS ep AL BT K B BTG IR ot

b)efaf 86toneiq sibder dmpmnamm diepositanghthienpameajming i 20% yhaveight. In other

S PRS0 et SR PR ranon

Oftemtioaéffectrmqeglnaeposmosoh Letalcbnmpragnam Hee silvestcomeentratign in the

reat er .anmount . of Ly l.e
H&ﬁeg%@t Wpﬁggfan?wrsoé@lﬁﬁ{ % %g&?st ?gggatégﬁrtmé\tﬁ tﬁét fn the initial
mmn@gmmure eblummsr bgieghérdnstandeach gca‘atetrtwmunpofe@lnat is @iﬁgosnted on the
cqra%rdgﬁhet ngap pSeeqrpé éﬁ) ﬁ?ﬁh BiFag dgﬁ%s%gaﬂ?@sggl?&lﬂ frﬁﬁ‘rebﬁ’ations Each of
théeippsagniationsofayg deaoljawes by teasting oanmeoptdcedlames tO render the silver
'"géﬂ ters on the surfaces of the nodified al um na
I'er can generally be in any sequence. Thus,
i mpr Elgm et pregnadingl od dppasitinigaad cafalytia tetgial angrgptigriah proginders on the
B0t & q@aﬁogﬁﬁgfeﬁlﬁrﬁh‘ﬁdﬁé’rh@rc'cgﬁrie‘f‘lle a\ﬂ}irgée in an s%%uence Thus,
sequenti a
lrrdﬂpgratmedam i daposition defr icalglytior mst@bs'ecwd nprqn@t@ratr@ﬁwthec effected
material addition to the carrier. Wiere nore than one
14
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pronoter is enployed, they may be deposited
si mul taneously or sequentially. Inpregnation of the
w@ 20060141 t h catal ytic material may be effectmdr/uszongmnoz

one or nore solutions containing catal ytic te
calpferegtallyQs R auRNtRlY, doat b Rcel MPErPRBYIErS Fsirpe deposied prior to,

dlﬁfn?C 8e YRl t6 %bfé%@'%ﬁté‘ﬂlal %Udﬁéﬁllﬂ@mé éérné’remré 0?6 than one
he case of a silver cataly f or coi nci dent

Pra@ets i $raployadh theyiayPe %@P@@qﬁia%'melwnepvﬁv aniﬁqeam'éd

car ripfredratie dt R caRemvirichiantic erdtenkl triay Eé@f@ctbbmsmg one or
silver conmpound to silver netal and deposit

mprectRbitiops emtemtna@ataaﬂ'ameﬂaéaraq/%@emowbfn %ﬁsais’éﬂfff with well-known

p@@éﬂ?ﬁéé foP '%onnEﬂSntﬁﬁbF $efuehtfal 'd@bédutﬁﬂnby Ini tﬁErcﬁgé‘ at Qd;ulw,rtd&talyst for
cat al }/ﬁlc material or pronoter (depending upon th

coingifipstal edengsitione dyllioning fmeieoRdion. Jne cImkegaiad, cefexiggheat o

ctf%%u?a@l? (irre‘aﬁe%% BN thd Bilver ESmpaUndavaie? Ynatdl dnBafebosit the promoter
second inp Ig{iatl on and a corresponding heat or

Ofﬁﬁg}ﬁ@é@%‘ﬁé GPEnt to produce the finished catalyst

Comlﬁdrrﬁeﬂgerﬁlai M@éosﬁ’@ﬁ AE QAR iSinitia® InfprbdrahtPhith catalytic material
nation of the nodified alumna carr

|
OTADEAL (4SPREEIES HBON R @eavense sRRQYed) akth PﬁEP%‘g}{&F@alcaﬂy treated

af &ldsbiffed aps@ParRted fdlewedny ranehsi ag se@mabﬁmé@ﬁi.on and a
solution. This is convenientl E acconp

cqﬂegpppq@ bt op chermicalitipainagR &R W&u%@iedmsg?g cat\éiyst containing silver

arid g;rgmfgrgvel y, by using separation techni ques, such as
filtration or centrifugation nated carrj er. .
i s tFRIWHSHRach) Mpragaaion afdhe a@d?'ﬁe@r@wa%ﬁﬁfé'ef wiBcelfjic materia

aﬁcﬂoreérb%¥erd@1§qmbfé‘§hhﬂe§ rapied ig Gébéﬁétbe Aroaf amh Qan(iailﬁlﬁd; yibh-@bsorbed
material, for exanple, silver

sqllg[%\pﬂ'gl,?ég cprhveﬁl@gpy ggéogg)hshqdo gggag'mg gw %Cﬁ?sawr?q{’@tmg medium

ord%[!@ﬁnhﬁ\}e%n quéﬂfg)%ﬁa%tmn%@fhldlﬂaséudhgamyam eragdnitiifdgation. The
out at nperature of from 1 @‘?e@?s to 900

impsegrita @,amebr'éff@ﬁ%bg%nef%"asnh%o“%eé PEmRYD [REgledhdo effect
déeompositio® aR@ réddticH oﬂth@%a@wflé nfit@al, fooexafrple, e}(\aﬂmeial compound

(Cgﬁq?)@{aé glzrggssttq%g%}g{ol etgL%;or%}%p@%eg(i‘)qltgpg:of%% er 'Such roasting
méAl bb e efeduate térﬁbw&lu@f of iat H@@d&ﬁée@dstommégm C., preferably

ested in the a e
fr@g%p &earees to g%q?gr@es % gr anaqnod,% |m§ sgglgngﬁtgg@a aﬁaé'g;?lg convert
sutRaintiag AIPbf by salt, hane@ﬁbléegmdsalt, Qo Ghigtal, bontexample, S|Iver metal.
roasé to . reduce, the cat asl%hl c materi al

AioRgh 28de GATGeI s SR A Py PedTReD aBesier e Tag oo teinaly reat
infpeegritad cdrBerofforfexamplOQ. stelytese %,563,018 gaggeeyrieating_for less than

ool GRS STl Bl TS, 88 B S PEENo. 0702255
di‘s@g&&r Agating frc&mgze)o 8|ttou|r§ fbal tynlpwmaﬁtfrcmmaﬂomwrees C. to 375
ucki on time .be a W u .
gt 6 Boeti e g FieSeB vl 051 P oy §9o2 Bk spagests v o
8 thoarssiol W& saaé ttemplermateafangs alcsm(;]b,l mqjmetlelnt that thet rieduadios time be
t tl [ ;
oSl AR A% BT PSSR K e rarmo, v
silvet sdii talmdtalris accingplisheake Al codtimfous iomstepsuisehhessing prograot is desurably
oA i ke Gl B PR BRI ATH! gt orn o
tir®) suuch g oratoe Idngﬁlsﬂhamg’a haur caprefeedd@nt can be ieffectvely done in making
that.t t t I
BCEARTER B b B AeR g bL T 1 HER 4, s v
négessany thditiie mastimagenditibnadveothe samean bach rdastingde or

ot her at nospheres may al so be enpl oyed. The equi pnent
used for such heat 15
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treatnment may use a static or flow ng atnosphere of
such gases to effect reduction, but a flow ng
warmwssphier e is much preferred. t is sonetines PEFUSZD/E17102
to avoid the use of strongly acidjc or_hasic sol uti
whi CHSRIae Rl o ProisTetly eaeobi Bedbopd Migasm (HUO3ER, carbon
divkidé lor @ﬁrer adﬁﬁpﬁ@re}s naéyf 864 bk remmm/ea oTH@BgEipaknttUsed for such heat
eferre

trERBRY MY S35 ARG Hana A TRSAeE OLHeB Rses Hstisn) redublion, but a

flmmmspher@cr@mparpmreherer n by reference) coupl ed
short. residence

th.the hi ti
{1 el S PERRIIS AT BRUOPPE e of <5RALSEIR poRyoltons which
caiﬁa?tfé@k ahd yarhensildi dypaimt imMpuriiay vahizh t’mr adiersepadffecyit performance of

thﬁl @kﬁ‘%nﬁ{e},p@gﬁrrﬁjzmgreﬁé&g}) ;%rg{;e al tf lcﬁ{: ?21 q%g\%&é%ﬁ Qﬁe entirety

oft wm@ﬁrretrryra@ takme@hy #ofporatés ihgRirc ey trefelence)lseupled wrth the high

cul ar ce of ,solvent a | exi,n
roBalia BB Aot o oife A arpRse whiRh e et A d¥scribed may
b@@é{bédreﬁlﬂ b?ﬂ@lﬂﬂreﬂ&n @rﬁrﬁrmizﬂfg SORN @ftélmiconthmrnaabryl e of promoter salts
ree e range si.ze of e resujt
RO GIT Lo i R Eeaiss May IV oB i 15, oBRbsbing Rses Housh shor
residehédlimedret hod for inpregnati ng al pha-al um na carrier
with_silver, a desired a

Suc T PERHYREGARiEh SUSp ABREF EpeRNG Aok FRGVET malsrial. heat

tr%@w@gmdw?h@arﬁh mbdrhécﬁdlumfaefarraegh?? alﬂggvlta{d \tar)amghdegrees the range
dra reage ed slo to the

Ofébﬁ’ g'lz?8 t%gtre%{ﬁtg'\g tpéﬂﬁ?ﬁsandﬁ @CHeY degrges C.) while

cont Ilnrweplédrﬁc é)taln’fme B'ga s[ﬂwtllenmetHvdeoﬂlﬂrlﬂiirégrmﬁn@falmaédAlfurmna carrier

eso tion rature t ses .
Wi gies. aeSlie g lonel Faneing e Ritids Enpbleddiniig soreteravy
hrgl@‘mj&ﬂy dréﬁ)Zs findep avitatdistingd watet.NE@nackédic abrd diHydrate (reagent grade)
yater so

SRy SuPhG bR sBElm A bR S EpaRlYe BLedibSe gpe ggntnuously
stlEring=i Dwrinigythisnanfuiitienh ot roxb énacie,, tha cpoktios tahkerbiure‘rmpa:lally rises to 40

saI t ? Igu% h)ofprg 6% ?gg re%t %r'glr lsgg\ée:/rvafot?(@re &%&r@e?@ﬁeﬁ? C't:oﬂaé)ration) is then

achultd ithg diaintioxalid |cidy palcavhtey satutiohewhitengeaictiningothe  solution

e o000 BB EFuIE T afgBtl o ARt s

s@mt&m(aer)eerﬂrdb@rstdleésmﬂenemg added toseompetetthe salchorasThei $peeific gravity of
nate te, sil ilver
thﬁrr S?H tHWaStoeu"oQ |'ﬁ W%'Pé%(’ &gt S”ge ?f\f\%’g]r ?gﬁé r atgemﬁor silver

neodiac ansthtre egampla af capdueablegnethedit theucdrriers is impregnated with an

adyieos a0 fof Briared ol SBoft AT908: ST SRR ATk T Bnate, siver

oxatate { dileer doetdte tsrlwtpramgprtalae sdiverdaﬁtd:taia,rmlvgrcrtrahe oneilver neodecanoate

o510 B0 BT TR BOBHRE Binenpgine, o

prbpylameaﬂramrrrmtdwrrpgaﬂ‘ﬁrmb@named_tcbmer rarn_grthemtjea_jme_etmg the dried carrier
U585 ek U SO g A FmANE b, L1588 pposiion o

S er sa
mletalltcedrleer i thenfmkre of mireute particlesien ¢hd inoer andtquigresurfaces of the carrier.

1 &y \?ﬁ%‘?ﬂraté it |ﬂ%5@h§ed\€§ ‘a‘terl\?efrfsg‘t rYVaﬁ ) s netL%Egv@er must be taken to

makersuw that mlm eitver mitateaisopresedtaneamounts whicbrare ripvr rﬂngugh to avoid
| in the Periodic Table of
R b%@@g@%}.@?wﬂﬁ?ﬁh P BaC 3086 hot ot on (1 UPAC
NomeBxdept whereaﬁherweragratﬁdcthelﬁrnue eleprenbuation| ia duswepgcification is as
Publ ., London). Therein, for
16
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exanple, Goups IV, V, XIIl, XIV and XV correspond
respectively to Goups IVb, Vb, Ilia, |IVa and Va of
wo b@sPexring notati on (Chem cal Rubber Conpany' BCT/US2004/017102

Handbook of Chem str & Ph SI cs,. 48th e
defineR FoiheEeriogh Tatia,0 Elemeats aogpidisg toriae LA Mbe8Rottidn (upac
N&YAERIdtone bKllh ﬁl\anBherEi@ﬁycigmeCBléckﬂfelqu@lm Cedndon). Therein, for

oxgim garonts . U R ety P harradBig fisbaetiel’sS BroBs ¥ vb, ta
|V§Qam1|dw&ﬂ A8 Déhhrh'g ﬁ&ﬁﬁdrf QOheﬁﬁdaﬁRMbkbé? Gmt@rny'almnab@bk of Chemistry

i ons. accordance wit i
&pi’dW?'F%uﬂ%{Pl%ﬂ'tﬁf‘)sﬁéﬁ @3 oHBHD & G and X/ﬁ f e’ IUPAC 1970
ncﬂé(tﬁimkﬁk OhrhéreySlopedia of cwrm@al ToeHH mmj‘@ﬁtw_n V6l. 8,p. 94).

yed, the anmbunt of rhenium h% E rabl%n' n.t he.th ific

rang‘éwdﬂe Yarign of Breracte s, %bnw?ﬂ“t RE fyrusedl GRMYNGlIPR Yith specil
catalfict rﬁaﬂer@l@%nﬁﬁéﬁctbﬁ@r IrE%GoRdaPce &ith Uhd PRisentainvntibn,of particularly
rheniumis 350 ppmw.th a deIfled al.u

PrRIRHEH REGTBIT Beboum (o eiiesrh HotRo s e WHEErTERym romoter i

erhSloféd, tﬂh@ém@umf @rr rhediumi .@ praf@rsablwiatmacrasge befrmom 10,000 ppm,
cesli umé{)r onot

iR RERAE, AU PR | PROPREY g LT AmecRs avigyp §henium is 350

pPHRRGARERBdifiéd alamumdrﬁéﬂmm mrses 1i-rEC Y isbefiumh hgacuroxme modifier).
al kali metals such ot assi urtn

1t BT e ATl 1A eSS ot WO eRte PRt

rhEHIUE) @6 vinaaEpdidnaly faHhdrahtieding osanire rsaifate andibe manganese. Other
s and ¢ lorldes

hal des for exa .
SR R Bt HECPBRRAKET SRR SHARSaL)§En SR poliSum anc
ruatdmm Caﬁwrawm@fea&ht mefik eficIagupaiun.! Furtfer edachpisl bf suitable

pr@fnofeﬁ% IWQR@B;@J I&(S'dqlﬁ%m;%glémo ggmafng rc%%%% aﬁ%getgg oxyahichs of the
elb@Bhigloiar tHew osygen Having almg@mntaﬁ@brrdﬂem 88pf Gasups Il - VIl and Xl

- S GherPerodidiatls, fdhseaimpl, SpEar meised e §opoRp oh Birban. suur

méﬂ%&ﬁels@ﬂtanfaufrrﬁ ,haslysdsnumb hingeteanariderheniamy, ati distlossetini .S. Patent
43 and 5, 057

I
Nonha, 506%§§,r the, lentlr ly %‘eg’g'l‘:ﬁb'%d"%r inngorppggeéqqu ﬁ/\% reftence. In
adbittPS farfhr audasie GpdmdBis ard bisclosdd h’eULSasPaiénmNom 49@8,343 and

o 08P L LSRR AT B B BASFRE: bl 1y pono and

5,087,481 lted Bmtireties@whizh apé bmb¢ insorpbratecehenaip lbg refatenaeé |

g a%(g[ntgg sg@&lﬁta X %:?fﬁlgﬁ%g}?g\?'gp %@pggeq%?%npfe%td%% terms of

cen@h brintugers O Morc examapie C atkatr metats odi akajioapearttdsyetalsy and anion

exar%&CB’?‘u” A Sﬁyghaagy%%ﬂeé\?%?g é%gu“’r?éoi% {J%hﬂé%ot being ionic, may
corvertito fonk: sopfpeunds) f¢roe><hmp@ duiing ¢adalyes peipacaioh an imusp. Whether or

oSaER R L0 BT SerPE hcl HiT Ebfon

anibe speties; omerarepie, alkaii rbexapmrwolymiate n any of various

f ent

o Bl o, SAEVBL B ek BN oo cn be
prolvigied mramomtpxaunwhsforms,lfuldﬂan‘rpdmlas nhehmetaliexs,a edvalentipempound, as a
ot T e e L S
osjhlatiddsn eheratesh peebeatss roxives af elsgnign Iamdraqlxtsr ofhéeaiuas Also, alkali

n‘}s,\ial 3’8 rﬁ%{ﬁt%} rzlﬁéﬁ @%91 rhE %ﬁ%%oéfvgrep&m%g glggéé%‘?ﬁp%rhenates

anah rvemtuen heptyxide tyrz ieviise tpEESWIhBWILGIIIZﬁﬂI ahemm@leptmde Re:07, when
hydr ogen perrhenate. Thus, for purposes of this

speci fication, rhenium hept oxjzde can be considered to

be a perrhenate,

n addition to



10

15

20

25

30

35

that is, ReO. Simlar chem stries can be exhibited by

ot her netals such as nol ybdenum and tungsten. As for
w@xppania pronoters, nentioned above, U S. Patmerit/u$imo4/017102

4,908, 343 di scl oses cat al sts ronot e

bR IR aleh HEpRES A SIEHE 551 BRea i YGHRBER BB HpRte: Thus, for

putstses M ¢hi® BBeicalibn, rhanilidl Heptoxidal caarsk adrisaierélﬂoe@é tafperrhenate
netal salts. n U S,  Pate

thajfis,aaParmSiailay §h%’8\§me§§é”£9§féh'i‘°6‘ﬁ§by B%s% el g% s#ich a8 olybdenum

arﬂqhygg@érent oxyani ons, of elenments other than the

gen, therein having an ato n r I
O e aa e e Sl A, Pofnflial 806 ohf scoses
catté’!)%té:’ﬁf whigh @s 6teff thehears! eﬁﬁ@@}eﬁ rﬁn&mrwbﬂ atsbast dog cesium salt

AL et e Al n%ﬁ@ﬁ GEel 308 1Bl §:raih 87 008,343,

thé NEricH BﬂQ:'és@ﬁhV@éﬁs cBmpkise oRﬁdmis M@efe#ﬂib@oﬁol?@entt twyanions, of
salts of the al kali mstals and/ or aIkaI|

el%erawtwé&a@ﬁhe@éyﬁm BeRithaviigah aRmicaiorar chat (pst 16 to 83 and

beMP o GreREBE thlough 178, ﬁ{éluslvacbumeveeno@mdmmwﬂ|tmﬁments (as

el’enment’s _ot her than t?g/ege th erelv havi ng an a%% dbook of

Pq’ﬁ’d?ﬁ%’r by, fThg; ¢hrrmicalj Hu c{np;?%nylg qvglagd, hiQe i, andbook o

CMSW&MP%@FV%fhmﬂlo@rlgslwg&ﬂ( do@er?aln I5C Pafeny Rp. 4908,343, the
i'ncl usive e Perio

saitp hdhe glkab«n@%ﬁlstartpg/o(g6&"@"9%@aegm%@lﬁsor%}enfgg@pﬂ%engt least one of
haf'ﬁﬂé A AR nunfstis @ 9oy 83\ iNElusife, adhdebgamriohs @f efpnoents other than

b to 7b. n U S. Patent e
owg%lﬂaﬁg@a hayingpan, Al §uhﬁ)€&9b?@? 3 gL B, ingsive, and
sdiasd fr&ﬁ@h@@rombs 84 td a,an@EHie)ENG btto 7b, imdlusive, tolnme Perlodlc Table

oy el Gfnafe e AR S o bl Raf 2 prvanion o
ar Qe%@ntadl@rdl@blmgté vem groups 3b through 7b, inclusi ve

of th e t he El errent
The ! @ﬁ{eg q@fﬁ)gg)?ﬂdﬁmgﬁv ar&pg\gl&s a{ﬁclgtg h@g«a‘?& cesium
sdtiengibreat @‘fe ghenitistig ¥ (ﬁsankaltsinc\Bhlcmmdwarﬁdmst theneof are oxyanions,
Qr am o]

prlgg:iqll e Dee Hggoq\gg{ir)\i'a%s Epﬁde?t h&n{g%(sghﬁq?ﬁn atonic rﬂ%nt{e‘?rof t2h to 75 and
bélﬁilﬂroﬁﬁxg@aﬂs Bbah&iughimlmmsme af the Eemndrda'éablefofdhe rEéements (as

it B o, R 5008l ST D h G anok of

CHénisey ahé eysio,| 46th Eﬂ&|0ﬂﬁh91bg5tiaclc OO\tea n3hatothee asionosreanions for
ani on ot her than an ox

anl o
CIE Granpe MRS AR vaat, Lo FRaia RlgeR" BB, neaving an
atofit mid@érlonenmr(“o 7 oméityals tc 881a00 Geing fmm gloups$b be7b, inclusive, and

3£ réq ;élgdl%dgplﬁlg%,t etg? ﬁfﬁnggﬁt‘%ﬁﬁd éé%’gﬁ%o %St?a p%r?éms at least one

arfibk athier thahaln exydniah lofah reéenesmt bhgmsapsaBb wmoﬁmaﬁalw gnay contain

obUFAEE HYeF B AR b g EOSURRET A b8 e g e

owwildlesomdtbmdéieandmr galtsa Salcy stesipmeqataitingl somgonasts and Other alkali

e

inox \saivientn Sntemmikind o the changaisatisfying nﬁmetlelsnwllaman iHengg, a CataIYSt

o D6 e, RO B 3o o coso

mfyaﬁaterandlpbtaahhm saffateount eri ons for the cesium

provife ‘i&%ﬂéﬁé N a%ledéé%l)&ﬁ?ﬁ’odsnfoﬁ@ alrk’élssgﬂg dM@ine earth

5, 05 es nocl
melads pl’mttded in fthoer cm&kyatplthsclosed in U. S Patent No. 4,908,343, or the types of
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PO 3, manganates, for exanple, MO 2, titanates, for

exanple, TiO 2, tantal ates, for exanple, Ta O 2,
wondoghetes, for exanple, MO 2, vanadates, f oOPCT/US2004/017102

exanp)l V O 2, chromates, for le, Cr . :
i SBiAeles CPUHCUBSRT o d5To PGP R JU heeBys dsolosed in S
Patbit NG. 53057048 10hat @S by Wap BRERMpIé, WuHaeases], phosphates for example,

hj osul fates, cerate e like. The hal i
ﬁs‘hclrﬂ%@aﬂﬁ@ér fQﬂeexaE]‘?feor'ﬁ’b@J]B'F%%e fornexample: d-E'O?’t taptalates, for
extfidle, I BEOQA btisas, rmn?o(amw@nmba%/evamw’eexmr example, V,0,2,
,exi st in one or

CHEENR oot ARG VISR SBrla BT GRat SDRHESFEF s, nivates

ctﬂUrhﬁé@V@f@ﬁﬁ?ése tiaetareR! &V@ﬂﬂﬂ@é eser@Bsl driBe Viid. ITCh@Shallde |ons include
dat e oxyani ons such

f|Wﬂ%/ &£higridg,, awlnq%smdd?dlge Fﬂ,lé N?éqﬁogpgeggaamﬁ iaelﬁns %\gp complex
cHephigth&s ahdd nse! diidt Om oh@ror lnﬁfﬁé dea ifer0ex@aipld, eﬁaingahétel (Mn04 %) and

ossi bl e tha ur i itions o r a
odeneaa W0s S PEROAIRSAIS AHSeeBRe daie: | A e vaious molybate
0X9¥NiBAs Slichods MbesY TMGI}OZ sanUIMdJZQ; pNﬁi&em oXgRyiioBEor a precursor to an
converted to anot he ani on

r fo
OFAPO aE PE SR ToRLHSIOE MLESER T KBl o6 e ARFRple QRflauring the
cdrﬁﬂ&l@h§ opfﬂéﬁﬁéwnnoftfm mélﬁétyafd/orrdumgywenSmalpaaﬁular oxyanion or

t echni ques C|ent to
PrBaEsaial HERET FOEH b COMEBRLL Br@tnfo AP ey be an anion in a
seth@ir éveh eini Gédd SuthQds & mixexyeHideowitt sthleﬂtneta)s beesent in the catalyst In

under st ood as ting the s es.th t.i el

mESY GpiaBrES ABAiEE LG AT TG 08 SUTSERHP Procishby L by species

pr@mnammel Sharat&irdtich bamlofydnith guiaddas be Lﬂ‘@e]ESfDddm limiting the
rti.cu er.er

th t b de).
SREAES 1 TEAVR U tel RSt Tt v o FIGRES gy omyanions
is lir@mdedto fpl"ﬂMcbé@ﬁﬂMUé ast iw therglyehis tchamalde)S of

ani ons..o

t b i tabl |
o BaSia prb] S B FREL} L 0 s o
rhegiusY Infohiblendir i apelor ftlﬁrtgetend Exdrhplesibbanidng bif suffut ehat can be suitably

SR L8 o, RS b B GEAL! Bireu iostae

ditighatd) elithibkied, iharostigdte Sfol Brdresle, flnososlfate, eft. Breferrsi mfmpounds to

o AN R S, 598, A SRR ancrs o

mbiybderand ah@tmgstml manbaybblalsemblyeapplued ancludeumgiybdate, dlmolybdate
o ubRe: & 0% o MBRE R FioyPirES bRF arBlndlthé: Baratungsiate

metyrgsates sotand isaingsd dtetmo- Abtungstatdsasaic.of Poeferred ears sulfates,
' ma e | oyed in the present invention
mﬁﬂb‘ﬁ]ﬁ%@%@ﬁg%ﬁ%& conponents. n nmany i nstances,
Mangameser clasp @h gmorsoteesn whichameayp kehematoyediin ythe present invention
. effici I f |.yst id '
o A0 RieRhdle < Ll TRkl Drnddieop Sothbdntnts can
erdanem dbel amtivityy icfficieney fand{oemtgbllayld)‘fonatzﬂyM| The ydeingtynoft the exact

ob3e SRR et MR8 G sl By i v

alwags esrtan aad alaydie thélvempanerdregded ooﬂmlemﬁrabareltber during catalyst

oA LSS ERIHAERE S g TRBRAREE v s

ardondhi oaganesenragatatss e nangardse, ammowousulidter ananganese  citrate,
us. t n e
iRAHRS R oaBFITBrORIAL 0L THRARE Srnoanous sutate
permapgariase abioy, maoganaénamidn,mandathe dkgl Such grangamese dosrponents are
exanpl e, ethyl enedi am netetraacetate (EDTA), which
preferably burns out during tfge foll owi ng cal ci ni ng.
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Sui t abl e anpbunts of pronoter may vary within w de

ranges known to those skilled in the art for each
w@aoosiozhiar pronoter. n accordance with a specP€T/TS2004/017102

method for inpregnating carrier with catalytic =
PTRIarahlY 4PCORANNGR EPTIPIENNG ABPTAOr X RIENAITYBTediaginetetraacetate

(B uhiesl pkeferablp bagR duedirhg teéfolibwing vhibking, cat al ytic
eleaﬁnt or conpound, followed by a second inpregnati

vitahle F{ROWHS pf RIpmPter WW@@{MF’@UWQP 1968 KBOUS F%/those skilled in

thel drifoReduht pairituia® promiciérd al (el ement and/ or conpound)
and one or nore I5)rom)ter For exarr"p a suitable

S equirRSEOKBRCR MM 3iSREF AR fOr ABIRORAtG Cartisr atin 4elabiig materia

ammﬁﬂow@@& A initaPIRPAEE Nt BIBAdLdIEY toning éghaeqaé tarfér Wit a catalytic
m nutes a solution containin 5 wej ht % of

e'smﬁvteror HreRindy fgllowsd 30y \eiSgFRNy rmregnqtlggrm PRich the carrier is

WWSlhﬁHaﬁ&)ublzmhFH sRayRImBeriaPlelefent BBd/or compound) and one
ethyl enedi am ne rade) with distilled

uri
OREOER PromBytess| &@r ﬁX%[gB'Pné BAED cSeqEPReedioh fafrng out ‘such a pair of
inpr&pE@06hs BEREs (15 Qadud/ |ﬂfﬂ)¥®@|ﬁﬁng?|hfbyth8 B%bﬁm N20 minutes a solution

solution at anbient conditions, where

CIRINIRG R4S Waigt % 8t silvere prederabiy 2{5@@ vg%ghg /? gfnsﬂver the solution having
bé@m@baﬁeurtg/ {a mﬁnz @tr%ne@iamm%smﬁh pl.(rﬁ)) Pﬁid@)/\bv}th @@ﬂllé&water (b)
e,

si| ver oxi |ng nonoet hanol am ne

slewlys aqiyg oxglisn agis) 'HYdé?tﬁl fedasnt aadeds'e | hﬁp?%‘?'&lﬁl%’f‘b"e”ed'am'”e

s&mﬂldhtdt%blérﬂ%Bncﬁlt@nsoﬂhér@ﬂﬁéd An ékcﬁﬁérﬁﬁb fdagtion occurs and the solution
carrier with a solution whi

siiver-i egnat ed |
e RS S (g0 SR abSrCot (Gt AR (ST S & (@) adding
m@ﬁd)éiharﬂﬂhtr?]lﬂé qF@tana f@tfrde'; tﬁ@.eeqzmtalrmylbfalencésel imPreghAtidiesolution;
noe nol am ne
théi‘ 1 @B?'S(n‘ffﬁé‘g %ﬁé\éerawares&am EaféJ&'f W'th PﬁOM'a'érWhtCB is the same

ad ﬁ\@mvéiﬂfenﬂmuv@rﬁrﬂpﬁé@ﬁtlérﬂwhml agaepstHavmrdoes not contain silver
rticles on the external e cat

t . o
QRIS i arsobiionof SRuStesamd ek Aarglc acid, in
ompm@dnwmmcﬁmt ot e (béuaigl) sie® partictessinape egterredl surfaces of

thtﬁﬁtﬂygg Wﬁ%ﬁat | n tﬁg kchn {Jfg{l‘lug rglgq)éﬁﬁg ?Jg)drgalggteﬁ?@strwging solution
thedugviethe | gr stopvatie df led irhsreghaling QUibdiifer asproximatelye? tto 10 minutes,

prrggeggsttg)ég n%}'nutgg 3}15@(5? ggﬁ%ﬁ%ﬁlgé-im?@%%g?ﬁb Ir eé?rgﬁot air using a belt
roabtethes0 twet)b d@grreeé bOVMréiéra’éQ 500 2QreB€iE} fonfto 10 minutes, preferably

2 BiEndiofvith BRIP40 R SO P RrAPIE R SRATFAN  1he1(6) vacuum

|m;jﬁé}g"r@@ﬂ@the@lv@ahmtegaated@atrwr Rith@ stcoeimpaehapiom wnmrscontammg
[ nati on sol uti

s, il B 5a1-0 e Mo SRGT dOROBAER SN having been
prepargd byua) mixity ath\gl)enwlarhmdl(s“ghlduaw gvadie rwith( digtillet aslter; (b) slowly

%&%8 oxahi/&gw&a{j ﬁqargédégraﬁia {9 gtear@ﬁrgtﬁ tﬁ?/lenedhamme solution at

ambiggl tdoaditionsihehersopon aan exattieemiu ceactwat ioocurscand sthe  solution

o, Pt g SRTGRT i b, oty AaipgSRer Sadk. @) adding

monceledrivéemaiham{fee 4ride Gindre€), f(e)ee@d,dlr(qe)onadahrngwooenepmmoters and

(I\Eg.gzglg@bm @éﬁgan%ﬁ@% Eﬁf%@gs% Hré;gre%%a)tlo psto?ugﬁ 1h‘89 (% optionally

rinsingsihegsilvdre asd Ipwenoteringregnatent carriermgthe salutich wauchnsathe same as

08 ARSI AT Db o o e

otitent that dees anosolotiomt aoh eihyleeedmmnde ntdmaethaaqlarame promoter,
sol ution of ethyl enedi am ne, nonoet hanol am ne,
pronoter, (NH ) H2(EDTA), watef, and oxalic acid; (9)
drai ni ng excess rinsing solution through the exit
stopcock of the inpregnating tube for approximtely 2
to 10 mnutes, preferably 5 m nutes;
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and then (10) roasting the silver- and
pronoter-inpregnated carrier in hot air using a belt
wostrat 400 to 600 degrees C, preferabl y BODUS2004/017102
rees C, for 1 to 10 m nutes, prefe

(NHBURED ™ tnatal andixals 919 490 iagrgess ”25'"§ P@Wﬂ?f}ﬁ?m}@h the exit
st@&o@@%ﬂhéﬁngreﬁﬁﬁldgﬁdﬂ)é?ﬁ afprolamatsly £ fe10Rditdse ﬂreferably 5 minutes;

carriers of resent |nV€nt|Qn ar e rt 1.C
arguneRiI) rpestingded BYer AT ATomBterToouT e kyTShE b i ging a bel
ronteF 5‘@10‘0%’ 800 BERESs ER Q?Qéfé’r@bf ly 00 GEgrbB@CC @6 e Ponming@s, preferably

| |
2 RNES bt SNl 00 BEF Oty BEHErEH AT Conpounde.

The A€pgiichRd ANE] the ARsdif é?! ca?ﬁérfswf i) Qﬂétserﬁthﬁventlon are particularly
epoxi dation reaction are 6}1 ext ensi ve
S0 Byf

sufable 61458 1 HeRaLsHoP olenergpod agRph SR speation of the

cdi%@ﬁd)ﬂm@@lkylér\@ hhareula@ieHyRdng! Rith Wcﬁ@@l&fr@xyg@ﬁam&’onme or more
| uent

concentration of reac‘_hant s, V&asé@ﬁg? ' the
Ot(‘?’oroxé&edh‘iﬂ”éa'”'ﬂg t RN NS TR N EPRS or r?gg%'"g ou
epdXitakibr Rastidf & vRNAMBWA ang eRiehsigdly GéSoﬁiBed ni thylpnor art. This applies

togqg:qgﬁénggg’gigggse Lg%ﬁsgpe;jﬁ%%ﬁrreg%e prg rqu]ci%\gg d?rgeglcgg%%\tratlon of

reﬁ&tah@w a§tprﬁ%e diluénts). (r B@?npld\bﬁtrog%nﬂv%tmﬁﬁe and CO,), gas phase

m@@ﬁgp a({qrr@(as ik &?I?S]\@ glﬁorng oVigy quq.qg gag‘giegtbt iR eclnch?onde)e additives

arﬁf/&' éth@rrg:axee@w@amorws, (f@ﬂ’@ﬁmplé tﬁosreealsor%dealb‘y Irawa et abnin U.S. Pat.
t he eni r et

NG SRS 450 8813 Torfer BT ABTRGR: Gy Tk QRYiL pidt, generating

cdrﬁ‘&)dnbg)e on@bh)ﬁ&@@aﬁ&&leﬂ@tdn@ﬂehmmmgtmemgéryof a redox-half reaction
exot herni ¢ reaction

eaction for
PRibieea P orAtent Na ﬁyﬁoérpé3 WF&" aﬁw Herany InqpRbqrated herein by
refidtahce) O6r Bk hike enEtﬁW;‘hél éﬂﬁxiﬂ@lfdmfsl aJQtrorialyoamhemnt reaction, and the

efficient reno t actl e t he
el gatioaris’ eHBbyson s RTE Bf Rk e ARG Mty tmes tht for
ethﬂ@ﬁél%@oﬂa@ﬁfrmiaﬁ@ t Peoriptr dridesfficiantcramioval aﬁfthetrdsadtlenndﬂeat from the

I d
CSPe s e RS o BoLbiel bBRRS RSBty oveon
of BtRAGTH epdorie Wil B acarIerated arebetiaf in dberebsquesetamtipityl. si ng

gt r le rggiérﬁglofer]e fé’é&? a@%? %Hﬁsﬁaﬁﬁgﬂg?sse%gm%{t? W&{ b@Bf the type

c@ﬁm@n{baétllmt pieericisndyrerihbacing sseof @emerhber q[;asrem)ehalf reaction pair

one able of formng a
wBef e EreyS R R ceptetsB S r 8 pEREeq of 3 oaseats coppporent
cdlsible cbfﬁ\dﬁﬁng & gaddons effioiedcy-entrancing imentber of 4 residashalh a¢a‘ctlon pair

t def i h I ' f
R A B oo T e e Bl BB B defif@Ehd B0 Wchf hat
r@bﬁcméamd thicsd daundam equations dwsemad potaklas ohstandand seslukimner

ofaiortmies sy s s S BBk g ok B e oo

dendAa fdramgance FtHandbook\if Grevmistiyr',IN. Bo bngen iddery McGinaw-Hill Book

o120 B LS, o s

SRatEmlonFCRC Prpsg éxc. [Bdsa Rbﬂi(ﬁ\ ﬁb983apes Dhe5-1162 (1984). The term "redox-

half Jreactiqn pair'
v ROk RBL0 BB ARt sl Bet eGPy Al erotwhic
ubdhergo gﬂda])dndmredmtlm inrsedi balf- macilan aquationsaBlich teaos s redox-half

equat i ans. Suc

A R TR BT LR R S lert GG R8s PEAIRIAEE whicn
peviaktthe desirsldipeHorpmamee @éeharivemeot rateet thar & menﬁam%m of the chemistry
enhancenent, rather than a nechani smof the

chem stryoccurring. Preferably such conmpounds, when
associated with the catalyst as salts of nenbers of a

hal f reaction pair, are salts in which the anions are
oxyani ons, preferably an
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oxyani on of a polyvalent atom that is, the atom of

the anion to which oxygen is bonded is capabl e of
wez200sh23g7 when bonded to a dissimlar aton1 IPCTKBNNM&UHH

different val ence states. As used herein ? eL M o its of
cocying: Prgtseablyn SHcli HRIMROUNAR W SEORIRRC B tecAAalfsT 25 Salts o

mERBBRREAhIf RdactibiEpsinlate &iffts aﬁﬁmeh ﬂfie%ldhfs ab@axi%dloha drbierably an
solid catal yst, but onlllg/ttt hat

OyAUEB AL Poly AR AR AN, TR AR AL IR TG Ay gy Gong bonded s

capabidiof bRSMg, Wﬁér@ﬁ@idé@td) 8 dﬁs‘@ﬁmﬁl‘ gy, Iredlfarantivafence states. As used
al t hough SOdI um um an

neser B R S CORENBHEPY PN g & L0 CopgpRePts of the salt be

aé%béléﬂeb ®r B&%é@ﬁu"ﬂ fHe s%ﬂd @étﬁly§tall§tbinﬁl thét Ud)lﬂd@ilmunegts be present in
acenent or other cheéem ca| rgagﬁ on._an

sqmq |f%é[f‘ én hRicaialystivneier reacHan RN tASPENS thepﬁ‘fg?@é'?? &ation,
alﬁ'l%h?ﬁsddl% Hﬂ@idiﬁh@rﬂf&sf&mnay wisb be Féb@ab@ Ayl meip‘referred anions are

referred. The salt of
R ATk then A ons daBatie of Wileraaa GASGE cano i fhemical

redétidhl a(h'd?&*n|r‘ig?nlﬁﬁﬁ%ﬁiﬁlshﬁ&eﬁipfok@amneilorﬁﬁ ®referred salts include
KNSOXI dation reaction. The rec:l(ie amount will vary

paRdKNGz W KNO PeiRgmosireeed t he gaseous

effici ency-enhancin edox- hal f act

used’ "&rﬁ?"c%ﬁé’é‘ﬁ'i‘l?eétoigéﬁec{a?fz}agé?a‘:??%ga'[:@ﬁgaﬁ tﬁ%’ﬂ a&st nan
arRbU sufieEMA0 @Aksncehd Bfﬂcwl@@ d?hfdiépoxﬁhﬁbrﬂl@actim Ofhe precise amount

silver contained in the cat t he surface are

wifl yary<{ppoTing upgq{bs%pd@ggtgest a‘aglgpgqus efficiency- g%e}ngm% rdmber of a
redBRAGf AL lsedand cbm&éﬁdmthereoam dopc@itaition pf ather components

RSB s ROuT e B A GEAL R REP RS e

s@p@bh tgé ﬁ)cﬁbsﬂttﬁfdlti@ﬁs dorr @dmpidﬁ ebécervglmlty amd feaiperatsre, and
or ng | st. under epOXI atLon_co
megpepey ol oPRr ol ieue SeE BECHE' biRGl e/ ffibe ased
m&hﬁhlﬁéﬁegr@d@tﬂo@ﬁt st saties taanerfisaref alrédox-Hatfweaation pair is formed
suitable r

indhg PRIAKRIUN %@'g?%’f@iaﬁ%‘nécgﬁt&)ﬁ%Legg?cg%lgt I@@F&}d ﬂe%gtlor} with one or more
oﬂﬁé Qé ph@é r@§ct©ﬁtcbmnonerﬁs Geddrdiy Hr'»wpeerp@ atitabier rahee abl y

h b
O ST A T T
ca&ﬁbﬂeld 0.01 85 @mmntpréféraﬁlyaﬁoz ) :Qpemerg Hiy vp@gmebased‘bhéhe total

referred ase us e

RS 7208 B ShE Ke B AABL A BP0 o vl
pécément capable of existing in nore than two val ence
states, preferably nitrogen and anot her el enment which

i's, ]Dlheeb@f@kﬂd}gasms@menfh{engmgmembem@hEﬁﬂpx@aba&ﬁcéon pairs

a_.nenbe 0 i

a@ncggr}popg(i%gq% aining an &le e[ eﬁuggap;a%% ot gQ@rrgﬂ h‘fﬁdgé kiR tRBivRlence states,
prefdraiolg etrogemard ancligergdesners Mmmas; prejerably apppyigen.nittheijgaseous

d i .
c%é?rlef? néeota %gcg Eé%?@&%ﬁg&ﬁ?ér}%%g%@a ﬁaﬂgg&tbﬁ&)ﬁ?}ﬁrﬁ% reaction
ctraditiong isla gemmallycmmaognrmcc(nltammmgagmrpu@ asior emlﬁ Ao C oxide,

n@r:otg%\é) ﬁ 5{9 H%tahc%ﬁpcg Hﬁgg@%nﬁﬁﬁ? q’gb%%ing Iﬁ)d?%féﬁﬁﬁ@@r@mm@ﬁ‘ig
nizroparaffink haviey 1-4ldagbamatoms (fof example gérendirang).Mitraromatic
cHAREES (HrRP R oo REnglh it orhnRETEp BRI Rkdied friciginpe,
atdtenititd)i The )arrwﬁnttdmltmemcystammgmapmtta REONaier SP lehesed in these
%ta[yg.% |s:{rﬂ\% %rﬁgugtI@ﬁﬁu‘&%htatlo%%anc-mﬁe ?%ﬁ\% d@tsb&paé)fhetéaﬁwty of the

arnin aseous et erm ned
camspamt pacmnuaarlyemef ebeIemyyOfémmhaiy&ﬁg ngp@m@ﬂtreilqmiﬁ@r nitrogen-
of a redox-half reaction pairouused and the

concentration thereof, the particul ar
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al kene undergoi ng oxi dation, and by other factors
i ncl udi ng the anount of carbon dioxide in the inlet
wo e@sieam’ gases. For exanple, U Patent 550405BCT/US2004/017102

COBHAURA GRSA08S RISTRAITL PGBm0 FELIeyAb e nci Srahcing salt of a
mEMBEESH relibeRalf abtioPPal ubed Bnd @ doRcentralionMletst theparticular
the gas stream Althag

[ ) h in some cases.it is preferredq .. .
Al e P TATEEn GO TH GMEA e KB L BARS BRORIeF 4rhon dloxide i
thk fetireastioh @QBsSsY Hop Bkarhhiat UlS Patent 504D83 discloses that when the
ni@&f%ﬁﬁaﬁ%{h@? qu%gﬁ'@g sal ti?)&bﬁ(ﬁnﬁr‘ggmgiﬁ%hl%?%\év(lzetnt(]rahgneis from
0.1 £ s perady wiumd, of thxgaeRtreamwi th a preferred

conmbi nation of potassiumnitrate and nitric oxide,

t hi sAltRUGRIn SHRESR8S it id frefetred &Rsmploy merttereofehe same half-reaction

o L R e PR Sk g o
with Bielkata®/sphy®d gabedUspraaster Bmbenin tie feedstrdans asafoesxample,

whiad preferied G oh PTG AT 18 e SR Ogyifis gt Foblsary in
allf &R6$ toachidve satisiaitoysesiits hoter cembinationsespchtasdidO M.Can

bRl B RIS B i 55 B sihabA P e svetem.
InA®midSiAstasseing shifend gaseolp I‘n;éﬁmb'rengayﬁlhe)tumhtﬂ irodifferent half-reactions
a cata

certai n conpanent  of yst refers. to an N
WhiE RGBTt Pd R Ear B ceTut paieasfEh P 8 an
overdreyeisant in one or nore of the catal ytic properties

of that catal yst when conpared to a catal yst not

cont [aighy Rgestaing sonpaiiadasedusqrhetersdre padvidegitin @ promoting
o TR RO B ol e Py 3 e mpgnent of s ctay
refa?8 Years ambuntf &at torhporentithyi vedrils effedtisely tognogitie ed irbgrovement in

killed in th t.th
oo Fesalal e e B8Rk M Solealtg agpigt rot
corining shidgompongt Exsmdies aftchtatytic ataplesties inciude pister aligs operability

b h , > dimini _
el B A SRR ST PP oy S B Rmerto
byporaepskilteiders theeart that @elamuare obithe dndividuad patalytieprapentigs may be

<SRkt PR TR A g B L RS Gy oo

entiz@ced edmay everchd dimiréstiedsiets fofther andérsiood shahdisfetsink catalytic

. | d ' ithadly .
ioBPhEs s SRR cliPrenf S ftrg doninbs, REF ol datalyst
haniing enhaneed s@ecivityatcinarsgtoftdperatipe conditags craydie: opefied gt a

arder t . ' i .
oS LGRS UPOl R TheEEha) yBRLED L& pury aver e
sqlectivity andban bperatod ef art ethytend oxideeplpntofill intertignallyichangs the @perating

BRI LG5 A PO ATl B v opon o

ofheoeatalgiic prppérties jpravdartte maxioaze prefita by dakinginigyacqoun fensistock

varj abl , reaction
chsg%o‘ﬁ%te %g&ﬁcggﬁtgfédagg(ﬁ r%r?g\{)aérga [ o'lﬁda h&c‘:‘ﬁ%i qgues, surface
ar eaThe prqmotmgsatieat plovidedibyl thenpfaraeiersheati ke pifected by a number of
roperties _of .th OLL. 4 i.]: ver tion techni
e
swritcal ayea andpdret $teichire sadh serfase ahiefigal peopedias che supPemsthe silver
e chtrati $F Rfiy<RtdMartn ence of other
B8RSt B ok L AP Bl BB e prepco of
catiminalanst anionsr presers icdhe adtalstaiThe dresenee of oSt iaptyators, stabilizers,
effects. The desirability of #ecycling unreacted feed,
or enploying a single-pass system or
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usi ng successive reactions to increase ethyl ene
conversion by enploying reactors in series arrangenent

w@eaovshessneadi |y determ ned by those skill ed i np¢hesant/017102
The particul ar node of operation selected, wll

PRl o SRR OO CF e L BN CanTRs et Higipromotny efots.
| NVeTHd @dbirabilifi? rédyefgturir@actdtpreld adri éhﬁbld?}ﬁ@té Ism@& paSS system or
any suitable reactor, forﬁ/{l Ie fixe
USSPV arEacoBs i preaseethy ges GaliveIsS B eimipang Ggiors in sories
a@igemeRovdh b& réa‘d@yﬁ @et@hhlhéd? By thbsé RRiléd in 1B &rtnERe patitulbemode of
described in detail herei Conversion of ethylene to

oRarafipnesectasoull Havaly fe H@taﬁ%ﬁ PY RCRRSECOPYPICRx anpl e, by

cont THHJQr%éM invehtiéid Gppltadlel td @PositidtRafeasivh@imanydsuitable reactor,
et hyl ene _and oxygen to a_ catal ystcont ai nj n react

fo et‘%’ﬁB’ér fixag Redyreaciashapd fuidefideieacters, @ovidp e a%far%g@%t are well

knowhte th’\’os@rsﬁﬁé&l [netheVait @Rd BYd Natbe défsél’ﬂjeﬂ it b&tall Aevgm. of
fromb5 atnospheres to 30 at nospheres, dependi

n
 he GO 8L pthylegp do sihylfne: §RAXI05 (PG BamemeLh JBh geample. by
cdritlg%slynmltréfi@&ngsﬁafe@d r‘ﬁl@ﬁhoé@ltﬁhlﬂg %ﬁlyﬂérﬁi biid @xyddreto a catalyst-

or der -5 'seconds. na pl i
CqniaiRipg GPAGHR @ina 4T BALE At }a/[gw. é?gfs%?n%oéﬁéﬁgaéfgé‘?eﬁ C..and a
praksiAé VAEHTRIaY! @%W&Mﬂeﬂhe rAhg Bf mmgsrmmaépr@mdtoasm atmospheres,
The resul ting | ene (EOXI de. i s

JoRECEG BN fIOMAISIIE PN 00 BFoOHF AN CE S A0a Rgceric] times in large-scale

re@6ioMe Afd g&eéralrwémwmrd’éh@f @aﬁalsxes@r&isd iCagyars athy ey em;rpned to the
can be used under wi del %(’ qb grocess condi ti qns n, or as

reRGHgnoIn &t | OXKGRSFPEAINIB SEESBY FYiTRas 18l oings SPPmargiglegiygen, or a

oiy@én-l@blfdﬂ@‘éi%r The G6dultingranyaéranelsuxiliesis tseparbtedcmdi retovesed from the
under whi ch the actiyvi tﬁg?ﬁffl ciency, stability and

reaeiREY Preduis PN gy PRGSa 89 particular catalyst can
be Cﬂﬁ@&faﬁiyst@ @éokondar Hersit camh l@éqmessmdmdwtdelynsarymg process

referredto rein Et h neE X|dat
CORRSHCH A OGN o) dpase P ne a1 o PHey. of defining
stEféxd [SatE! @\éoﬂmﬁww:éﬁl ORIQchvity! aimdency kstablmtmnmdther factors

oA ySIS perienls” SSRLF oo oo oA B 35 L Myags gonditons,

refefht@etd erein @Ras'Spinaakl Ethiiehé EpoxiaatibhPropsssnidnelitiohs’eate defined as
Oﬁonc_entrati ons depending on the process conditions

follQ%d. Two cases are typically used for illustration:

ETHYLENE GROXIDATHN PROCESSCONDSTIONSAt e t ypi cal
COﬂdAtStMr@rmblom(édl auteclanee iith dhtemiat ghy pecyetehisl eseel for catalyst

e el 05 5508 AT sbwlelp o dBieh CaBR: Shese igntgr ancor
pr%m@vér&é@d torpeathtions Ridpéndimg on thecprovessctonditionsy geau- tmcases are

oG 556 TR S GuBE oS S5 LSS P oY 79 R conions
employed encymipsicial hiritypet étylend epdxate mroeasses alhkse aif Is used to supply
oRERy babernand RybenBrhE SRR, B, YU, BERA Lot in
c@ﬁrfnemnaemygdnetym binlylene eppxide dmcmeshvhese ﬁutteom@gen is gdded as the

OB SHRESE 80 D 40 Al R B o R bctcay a
cdmettbat with biateedhe bagyeadeed; déweruanoaungs eboxjgse ranbeedt'mlene are used

WF Sﬁ‘vvﬁe;%[ %ﬁggg%@{ %pﬂen%pﬁcﬁ{&%hlgﬁ é %:h 9 peﬁfeﬂfefg%rpomts lower

thanghate@hémguier oxyges Ss ¥aiployéd,asNaxygén spages V_YBH 8rown, back-mixed,
bﬁoﬁ?g%ﬁ% Ulilggne |veo'na%t<9cflavtelsj%e§§rﬁ>%ﬁ% %—"IG.Tfo {h'él ;?atper by J. M. Berty

entitled "Reactor for Vapor Phase-Catalytic Studies," in Chemical Engineering Progress,
24
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the exanples of the present invention include the
follow ng: Table : Ethyl ene Epoxidation Process
w@o(mdjonjmns Corrponent Oxygen Process Condi ti onBchlsmo%mmz
| ene 30.0_Oxygen 8.0 Ethane 0.5 Carbon Di_oxide
Val IQY d9eh @@paﬁ§@40197g1a§repeﬁeﬂ @s 98¢ ohihereastorept’ hﬂm'ﬁtfcePd'tlonS for

thgteQé{rjnplgﬂbﬂhé%esgﬁtf |h\‘ién‘ﬁ8ﬁ)hc'ﬁ)d@ﬂwe‘3fﬁlldaﬁ@7t or CSTR Anmount
cc Catalyst Total CQutlet 11 CFH Fl ow Rate The

pressure I s_maintained at 275 ps and the tot al
outlet flow algle,lnﬁmy,{enﬁaﬁpgmdatlp pditiopgf ers to
cubi c feet per|%@mpoagntst andardQ’@iQﬁBrPa%ﬁ% and
pressure, nanely, 0° C. and one a HfYSe. Ht hyl

chloride conceptration is adjusted Malesehi e maxi mum
efficiency. Te lengre ( C) land ca®®Pyst eflficiency
are obtai ned & nresponses descri t&(hc the [cat al yst
performance. THethemeal yst test| proce@fie used for

aut ocl aves i n (GarbbniBibxide Epolxi dati 8P Procesgs
Condi ti ons i nvdiilmegenhe f ol | owi nddalapoe otgasf dat al yst
is charged to fPatdperknitiiored aut o€lptimemefnd t he wei ght
of the cat al ystEthyl @bkoeide The [pback Efficieady aut qcl ave i s
heat ed to reac|Type dfdRgaetaxt urel i n a G8TH ogen |f | ow of
10 or 20 SCFH wAmbuhhef fan opefr ati ngtdadc 1500 |[r pm The
ni trogen fl ow jGatalyst di scontijued and the
above- descri bedrdtaie@utsétr eam i s| | nt 11IG®ISCEH i ntjo t he
reactor. The tpoFlow R#teé outlet flow is then adjusted to
11.3 SCFH. The tenperature 1s adjusted over the next

f ew Wﬁr‘esélﬁe ] ﬁ1éhrﬁzﬂnéd1 at Q@ bélgtbn%tﬁelltd)taﬂ omﬂbhﬂb\mm maintained at
e an mum efficie

113% 4t ngCEHhryFep rs o 5yl?|aéeet-ﬂeé g atesttarg{% ?ejréoera/ture and pressure,

ndhfdNE &Rt € ahhPBné %t heRy. dhyi RhiBRYE cerdendafiort Ra&djtdied to achieve
catal yst has reac its peak steady state

m@@mﬂm glinieacy. Th@ﬂmﬁtwec KﬂCo)r RAe qa@')ﬁérqﬁwr@w qrg obtained as the
déé& 8&scriing tﬁé‘@atﬁ%t'p‘éH@r"r\%c@f the catalyst to

| ene eﬁ/om and the rate of deactivation o
(t en’B@r setalyst rtesgeqroq:@wm@e@ﬁ@auaﬁwlavw detthe nftAYIgee Epoxidation

P@Eéés%éﬁﬁlt%g érﬁfof\)e@tﬁé‘fﬁﬂowhb%@ EO 6L ESaRstds eR4abY %6 the back-mixed
be under

autoclave and the weight of the catalyst is noted. The back-mixed autoclave is heated to

reaction temperature in a nitrogen flow of 10 or 20 SCFH with the fan operating at 1500

rom. The nitrogen flow is then discontinued and the above-described feed stream is

introduced into the reactor. The total gas outlet flow is then adjusted to 11.3 SCFH. The
temperature is adjusted over the next few hours to provide the desired % outlet ethylene
oxide and the optimum efficiency is obtained by adjusting ethyl chioride. The outlet
epoxide concentration is monitored to make certain that the catalyst has reached its peak
steady state performance. The ethyl chloride is periodically adjusted, and the efficiency of
the catalyst to ethylene epoxide and the rate of deactivation (temperature rise) is thus
obtained.

In determining activity and efficiency, the process and catalyst should be under
steady state conditions. The standard deviation of a single test result reporting catalyst
efficiency in accordance with the procedure described above is 0.5% efficiency units. The
typical standard deviation of a single test result reporting catalyst activity in accordance
with the procedure described above is 2°C. The standard deviation, of course, will depend

25
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steady state conditions. The standard devi ation of a
single test result reporting catalyst efficiency in
w@e@sneEnt e vvlth the procedure described aboverP¢EHUS08%017102

ef ficieng The .typi cal . st ard deviatio
i o of Meciuiorrat ghe prisich A1 98 fechtiios 15y Conducting the
te8RCATHANS Rillak) THeee RIaPELdWeRiatieicdre bekbved @y gpplytodh€&test results
The qst andard devi ation, of course, will dependupon the
repaded bseBr ¢ he equi pment and precision of the

tecmheﬂttﬁépdrﬁ@d of nthQOBtélmﬂigl ragrritehemmeﬁals amldthbhl9§eOMCb| of their

va, These st [ are.b eved
mogdations G CEtelh DT APl ¢ AP Dy St by b $Peiied BRashing of the
mb#ife® E@fitrs b8 TEHE lul er@bréat/?weabstaa@sf thé eatapepréparations.

their nodifications are detailed in Table Il. Table

MODIFIESt GARRIEFPRERARREONG cs of washing of the
modi 1 ed carrl ers of Table Il. Table IV gives details

of t heyuaahitg! ofSd- a@lhﬁrﬁ@rsﬁlt/a@m&m infeBY it &P WEARKY BRali metal hydroxide
PREPARATI a-alumna is va

SURORASFRLT RIS -t ISRkl gl PEORIO 36)alcmPERaEd) T @ 3tock soluion

ar(oSWSteTabla@déd Yo alc é’ssabrké%hlhleﬁﬁsﬁa'el togdeowhide |§@hlulb|bélﬂwnh suitable
prepared froma stock solution and water,

sthpegoKs JoomArPaangSBe e YRk CHHRC A §U'@&Lﬁ ﬁﬁ@%ratow funnel

comitdifing el imprynatiPsalon i§ Fhﬁeﬂtémhﬁwl@ﬁbl rOgbér B ppar ihicthe top of the
under vacuum A _sui table separ at or unn%%conta

MPRRSTEHEY SGRRRL T BTRIEHRAING cVesael AT g, GRS 1§ shfpuated to

a;ﬁiréb@rﬁ@felyl e X mehéso@f ﬁferduhepre@mrsqaaédmg) toea@eio 30T henutes, after
n’E eg nat i n% VeSSE‘BE cont Ii] 4 t tﬁarr b e the stopcock
wRiG é%tf%%reg tag prosliPRdt Slopyr 2 ‘E? 2'0] ErFé‘é”eéf Vn%‘? oiney P

béWv§§r$ eresebabﬁ&b tﬂ]rfh)el AR theGmpregR&ting vesses Aftaf tiethevdolutibn empties

t l. o
b B RS e 1 SR A SRR Ao b, pressr
retinéeto &ndspihicl fFFbll@QlﬂQtaldG@oN @Smelsoluﬁbm ethe @htriet hamains immersed

g8 SHerepn el Ho Bk AmD e PR A L IS, FUEh: @1 is thereattr

dlﬁﬁ\ltedrdlgﬁbets?rs]@hfmﬁfbhﬂhmo hiputeswi ng addltl on of t he
SOl U on e carrier r
" mpr DO G SIECRIASD By RSB RYOF o il steel wire

m§9r|1 fr?wmﬂ?h ar@nben §Ia§étﬁh%8drylﬁg otk m‘ﬁt{’@és @®seased from 40°C to
utl on or e na carri er |
1571 B pp0aad S0 mineies 3 gt 8 I GO mpapeE’ 40, es. 0

15U°eel 'I\Nere@ndm‘ls bf timays 160iC s mberdbhanpriadedAfter drying, the oven is
nce d from40to

obip A2 a6 e 5651 B o er el PEERa 0B PhiT s geses: e
setmempsaar@tlert e&smightto@bol. 90, 150 C. The anpunt of t| me at

AT s d it are Qi Eaiied e’ Hpdg Phramic vays
thet)arlel placedegartsgh emperatsreraeatracsiesiace hed sabjpited tcaa dighdemperature
ht to [ T ' t.e '
oI e 258, B B ARIRE SRl e Sy R o o 0
a®dt 808 Cadareica two koutisgphk tie h20°@; the anadirearn rclalcnrﬁrlg eaperajurg. After the
bj ected, t . high t t . t

i St e e 1 Sl BILIPE A SUF T, JhSpafEibabss, the dooris
operied swothlas rartid 566lingnwill 880inC Taa desultingoceoer is sesghest, and the alkali

. Aft th

e AL A

| es, the door is opened so that
n. The resulting carrier is

wei ghed, and the al kal i
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20

metal hydroxide |loading is calculated (results given

in Table I'1). MODI FI ED CARRI ER WASHI NGSThe nodi fi ed
w@anosioexs1is divided in half and placed i n two BOT/TS2004/017102

Soxhl et extractors so as not to exceed th

fi 1 1Thejmeditied ((agg%r isrdiyided n he)lf qf}gep@q?&gn dwo gg go%et extractors so

aseﬁétrtacéx@éecﬁﬂ% bRta0RA fill GinMBeFee MR- M\@t Bhe ‘t‘(g)%d(ﬁréa%h%xtractor are
th ground glass fittings that ar

e o APERBELSST HeloE RRIAEREA S Grouish gl SRE0s et B rapped with
TeHBRRAS. efhavekthactdis @Ad fcbﬁlﬁ\"ser%'a’#é’lﬂﬁen\/\&uppbrt@d @ith three-finger clamps

positioned at the resultin 0. L. of
Wi 81 EHIARR e oG IO Qe 10gML o SPIgPEER il water i
addRl 18 Mol RPeS rahdChotRiE fladk@nwhioh nee theén jditedort themsottdms of the
the extractors with round | as

XSS WD SRS §RSTEITGN TPRAE SREAaRHENIB ARG RS Next, the

co%@ns‘elré bﬁtdfnmdarwwgéb wnh hy gowlsqwds;tse@dm oftwa'-xemhaf flows into the
wat er lows into th

ool AT 16 BAHBRA PR VGRS Opnd NESSSHBIEd ARG/ A en lowered

uritil fhet 38R bosh *ﬁﬁ‘sldéfﬁré resting il Quladleb@atlﬂgmfahﬂ@{sTm exposed, upper
resting in sujtab ngilt tgg nant| es. The ex

qurbgethe asks gy tpﬁg)wqr gxtrquéorls&;\% he@/vgagg?e(f W%h aluminum foil.

TIRXkEAGh RS mahfed B eguted DA tivd Whte barts Boilhg and areTthen maintained
heat on the mantles is reuat t he

I
tograviea A 5AAc Resoshn VR PHdRe Hﬁ.ﬂgffgﬁnéﬁé@e?%?f%mgwa&l@ gycle, the time

ne%‘d@édé(r tﬁe Wé’rﬂdvéﬂ insiief the f@xfrbﬁort Iopeméed h@ fﬂloc‘aiauwelrrslt which then
he time need eve

aqt'M%teéﬂg@ éﬂ%hef"ngdofeﬂ)é‘éééaa‘t ﬁ’@p‘fﬁsl 1“%‘%‘& ngP }'\en?’{" ‘ﬁ'%ugh the
sn&l’i&hﬁhgﬂtﬁbé vatesplkhta @b@lmmm\gtd@rdmemﬁest dratholenphteet2 ndswrs elapsed

wat er fromthe extractor thr he si hon| tu s
orl's 4B BT SO BF ioRE 5 e AvEd 1 it TUCg P, ANy lifing the
afab s dut dwwmaah@man!esa The Wdlemsiinginittl the cotdemsérsat then turned

t d by lift th
ot R etep BB e o0 Bt A PR LN et or

f I owfigfiasis @ntiheeic esrdems arescallecteti andiweighed. oftfe exttiastors are then

t he er {nside the round bottom fl ask .
SaEBrAF RO TG cpIdkrRe st e oot tarded B Hgnsg, dipx. the et
cathét iyrhagieded tbheo amzaaxzt omstanless $teel viipaestt teaysfand wven-dried for

~%\Egl¢{%%q?§%§t ift(frh y'ﬂ%’t ‘E écﬁu @brvi/agsﬂ?é §ﬁ§¥lg?dr e%ﬂ?r are wel%hed and

the cartiex mhss Bharigi calcaksedsigreh infatde Higsh trays and
oven-dried for ~3 hours at 0 C. After drying, the
resul ting washed and dried carrier are weighed, and
the carrier mass change cal cul ated (given in Table
I11). Table Il: Carrier Post Treatnents Carrier AB CD
E Starting Carrier AA AA AA AA AA Pore Volune, cc/g
0.72 0.72 0.72 0.72 0.72 Packing Density, g/cc 0.518
0.518 0.518 0.518 0.518 Surface Area, n2/g 1.13 1.13
1.13 1.13 1.13 Wight, g 103.50 103.9 103.4 103.4
| mpregnation Solution Al kali netal Hydroxide none 14%
NaOH 14% NaOH 14% NaOH 14% NaOH Sol n. NaOH Sol n.
Weight, g. 20.04 1.42 40.53 40.53
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NaOH + Water, g. 200.00 199.97 200.05 200.05 Drying
Max. Tenp., 150 150 150 150 Tine, hh:nmm 1:05 0:20 0:55
w@:285/0eahTi nati on Max. Terrp C 1200 1200 1200P(11?/0@2004/017102

Time at Max Tenp hﬁ I%) 1(‘]_3? rler g
104 20 103,89 105, 1 TaRe W ?af’éﬁ' JiE NS 'é'&" 0.79 0.27
Garfdr 1. 71 VASS %[geposi tjegl 0. 76 026 1.62 [1 62 Surfgce
SthAfmg Carrier L- 01 TAAT 1. UIaA. 0T Vg ng? NoaAes Yes| Na
P%vfﬁ_ cely! - Ag afg g3 PoST ofxeal meng.zearri ef o/x2
cking Den Mg el €71 gy g M o/igA PO.818/01 UNPo.518
alle Ayt nibid 2 OTSF): 72 P13 2 ParRIfg DETS by, 0. S[¥.13
eignCg o9 Y. 0 o ?Af"ﬁf{ds‘qof“' 9580 € 1084 J L. [$03.4
In‘pr 4l ﬁer' Qn:;,j'o :uil Yy IVUUI I : cu L.il T Ier 4206
vy o T VI UrC, l_y o hd 1 o,
A RS UOEST TAPaI A SO 1 e
NGOH Solp: Weighh .. 1 = o | 3004 .~ o [J42 = —"VA0.33 =71 46153
@@5%%9 T aS o Stig 0.~ 9blo7oC £a0d. 08 - P200.05
e g CATALYST PREFARATI ONS| The carr | ars were
tddwith a3 ret | 45 eghat i. Sitvet20
gﬂme;hf} mm typicallly co i h 5\9 30 \“E.Og.gf Q g:lﬁl‘ﬁ\vler 0:55
CiRAtIoRN | nht % axalic ' iaht 9
l\éam\ﬂem@mﬁ anine |6 wei g flﬂ.:agl_gj_an: 1200 ang 3200
jAEB@hMa%TGm,Ihrl dd water!2The fin<tinpreghdtion 2
Megdifigd Garrieng t ypilcal |y pr H42%d BI0BBP nj k011 14| 105.1
Tidal depeditedt iy | enddi ani ne| 0-79 0.27 ° 1.71 1.71
Mass % deposited 0.76 0.26 1.62 1.62
Surface Area, m2/g 1.01 1.01 1.01 1.01
Washing? No Yes Yes No Yes
Table lll: Washing after Post Treatment
Carrier A B C D E
Starting Carrier AA AA AA AA AA
Pore Volume, cc/g | 0.72 0.72 0.72 0.72 0.72
Packing  Density, | 0.518 0.518 0.518 0.518 0.518
| glcc
Surface Area, m2/g | 1.13 1.13 1.13 1.13 1.13
Washing
Modified carrier 42.06 42.37 41.97
Weight, g
Type of Washing Soxhlet | Soxhlet Soxhlet
Wash Solvent Water | Water Water
Wash Solvent, g. 110 110 110
Wash Time, hr. 12 12 12
Drying Temp, °C 110 110 100
Drying Time, hr. 3 3 3
Dried Carrier, g. 41.95 42.31 41.78
Carrier Mass -0.11 -0.06 -0.19
Change, Q.

5 CATALYST PREPARATIONS

The carriers were vacuum impregnated with a first impregnation silver solution
typically containing 30 weight % silver oxide, 18 weight % oxalic acid, 17 weight %
ethylenediamine, 6 weight % monoethanolamine, and 27 weight % distilled water. The first
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(high purity grade) with 1.75 parts of distilled
water; (2) slowy adding 1.16 parts of oxalic acid
walndvpaeatie (reagent grade) to the aqueous PCT/US2004/017102

et hyl enedi am ne sol ution such that the te era%t re of.
impregnatan falLdian dse dyRically Brepaesd byddicnixngy!- 4 %%P ﬁﬂaﬁﬁad'am'”e
(hrgﬂ%uﬁ@rgtr@de‘?fmtﬁ '1|7\5q5arl@>6f Qi@tlllea%tér"léz @I@dllyﬂﬁd(hg4ﬂ1 @pdirt§of oxalic

nonoet hanol am ne (Fe and free

aq%hwﬁaﬂ@agw géweéﬁpﬁhsaﬂp%&t@@hy&"f amyn st stn HaPine
teﬁb@ﬂaﬂ]r@ §f3th§ tsSI@horWéésr}ﬁﬁ bfdtled 1055 9B) QMSWIQ Bdaag 188app efisilver
sui tabl e st opcocks for i in ¢r¥e arrier
oxiieciand (@9 OA0 SIS QbmenSpATATING (A AT TRATch e
usedrifeOfarf@nivas ﬂﬂnBﬂagth@dl iAPdre epgropritdel$ Aizedi @IESQJ\I@S stainless steel

e St e o) v SUBl ok BBl e carr

urﬁi@ﬁt@bﬂurﬂg tAes RabIE | §8pard@s emﬁalamctht Wa@pmmlfdifabehtwnmg the
-2"nmercury absolute for 1 t i.ch

nut aft er
'"‘Pfﬁél”?mﬂréé’ PN n‘ﬁa%dpiﬂrﬁegntm%& sIaOV\H' o%%(épe( omfonéhe top of the

Pdgnhfirig bé’ss@PeWh@Gme%@néﬁr@p\%sG& é@fhtaw@ thehearsiepanatevaguated to
unnel "and _the inpr eglrdatl ng ves After, al

it ERRT B e NS e ain e G aich e impregnating

sORRIBA VD) slowIP QAUES toHHife WaFriek @F/ PEFifg EtdstbpedcR betmdenethe separatory
returned to atnospheric.

e e oo G i oSS b B et

ve's%l r(efﬁ‘é?édoﬂéls)smb WhERUn dbs Ad1édsedtang @mﬁprbsm re‘tmhedi td atmospheric.
m nutes, and was thereafter drain

FllmTg] SA911cBr Of GE30HCH (55 CoTRE TS ROSH TTRBREGR: g meregnating

schiiohi gt ambist thedidneast $¢o 86 Mmpluteaand aasfiieredfter drained of excess
reduction of silver on the catal yst surface. The

sqlyiep ikt OCUPYIPRr was spread out in a single |ayer

on stry ﬁlv@ﬁﬁn;ﬁégﬁélted/\bérﬂema@ tiighanasted &g fpllmﬂb effech reduction of
st ai nl ess st eel ort e

nd tran
S LR R SUrECSs TR EPIRGRRP G IBTAn Thre3y B0r A ree aver on
st9|hle§§| teenhaB tmednelihyisi 086 preeee onse Stairdessasteelripdtr (spied! tweave) and

ST b N e ST BB B coatons

wérat @edstbr Baérfgleﬁ b@l$ érahbre ﬂ'&bme@flng?‘i@weSWamdmiMamebiat 500° C by
feet per hour

Af t bei roatedi.nth
Passg; el nggwaqdh'g\r@&haﬂ\}eslgel\,\@gd Ergeopg@ hp@\rﬂglegpaz [fherate of 266
sth@ddr@‘éﬂbn&%&%éﬁﬁdﬂr%@ﬁl@l) Wit ehg rbigstéd intthe heating zone, the catalyst
i lver-1npregnated carrier was vacuumqggpregnat ed wth
n

wgs eRAieship thg P%Ya"ﬁqﬁ?@ﬁﬁ%??%ﬁt“?o?mw%iglh tai ni ng both
the ﬁ!taitVf?lé sﬁll_?‘]é#llmb%gﬂgﬂeﬂ%aﬁ@r wab @ﬁc@mﬂlm%regm@@wbta second silver
pronot ers e second | i on_sol ution

riRGPSBYeR SBal FORAMINEDAR 41 80 AT PR A R 1C Lp catayst

pﬂoﬁzlfbié?gnﬁhé @é‘cdh'dliﬁlpﬂagﬁfuﬂﬁfboﬁ]tlbﬁ Wis o@fnpbkai bfi alisdf the drained solution
sol ution, or a new sol ytion wa [ onTot 1 S

97 16¢ (G RRURRIAS P TP AlsoneLE Tt RO YR T e Soluton was

uéédnhtwlhe BROARAHE NG emra®eeu§ebnut.ommmean fa'rabIWerie\/a:dded in the
Wth stirrin ts, 0

ageadag (i MeTie %@eﬁﬁ%‘iﬂﬂt@%ﬁ@ﬁ%ﬁhe?t"r'w oF e prents ofBlafhmorium

EBtrARNdré é@ddd\ﬁlth"ﬂ@ @Wﬁeédprbﬂ‘metelr urégatstabilizs tieunanganese in the
The tw ce- | regnated carrier, that is, the finished

'"boé?%ﬂqyg'? Solian. agai n wei ghed, and based upon the wei ght
gai nTied tviidteinfprédniatdd dalfridrt@atsie,abe tinishngar cagaiyet i veas, agdnewelghed

0
ot bR s o A PR LD Plaril. e weion o f
silve) ardd@efcontesiratiorcaittad pimoters wehecal@tqibd (resulisrgiven in Table V).
et hyl ene epoxi dation reaction, the results of
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whi ch are given in the Exanples.

Preparati ons Catal yst
wobashead? carri er

No.

1

Tabl e 1V:

2 345 First
DABCDECarrier,

Cat al yst
| npregnati

on

g. 62. 6PGHUSBI04/017102

TSt st oS A e T Do et SRk A s o
whibh are’given iRt Exaigied.ty, g/cc 1.45 1.45 1.45 1.45 1.45

1st Silver loading, g. 19.06 9.50 9.67 10.01 9.55

Silver | oading, %23.3 19.3 21.5 22 5 21.6 Second

Lm i a o Catalyst Prepayatians> 10-> 102 104
C%TaYﬁth Pridnot er cgi% 1 (NH$ EDTA (INA ) EDTALS
FlrmrmﬁﬂonNH EDTA (NH) EDTAQ W g 0 4 gl04qg04g
MadifiedycarrigiADg Fridn/ g EDTA/B EDTA/ gl €DTA/ g Pi{&mter |[E
Caieh9. 1, g. 0.2®8% 0. 17903506753 35224 0. 182745 34.74
Simep noxadate semine | A78n(NO )| M2(NCs) MR2NCa) Mp(8&s) Mh(NO4
| SAutiph3d 0, 1536 0.1536 g 0.1536 g{0.1536 glWh/g M/

Ay splivhiog |R6dnDt er s28.50 2, p26.6. 0703]868442 26.5
S@n.0dbhSi) gb425 (10452 Pr ojrb#®r sol h1.48 CsCOH| Cgi6H CsOni1.45
1°CSimer IBa@Rg00.43919060. 439/19.60 0. 439(19.670. 4391 16.00. 4391 9%F5
Sivef palingeCs/ g @3/ Cs/ g dnoter|[3obn. 3 ¢228. 2149 |21.6
Sécahsimpbedritton]. 1305 0. 1376 Pornofer soln. [4 Cs S Cg
Sitver Csxalfte Camile (G54S5O 0. Opftk g 0. Op6d2 g 0. 066029 0. 06AD4
sautn0§61 g Cs/d Cs/g Cs/lg Cs/g Cs{g Pronoteér soln. 4,
P@molersbih. 9. 945%‘(QH%$I@TA).(§HHQ)QED9§ bBIHZY.EDTAS (NISHJEDTASD (NH,),EDTA

NH ReO NH ReO Ni9.RO0 NH RefHd)gNH Re(.996873 ¢0Q@.$5873 (0.4 g
0.6873 g 0.6873 EDTWG873 EDREKY REEDTRe g ReEDJARE/ g | EDTA/g
Prohfofdisein. $03.n. [0.2865 0. 138 174D 0978848 000824 0.1827
Plonidtarboln. 2 Mn(NO3),  Mn(NOz),  Mn(NOz).  Mn(NOz),  Mn(NOs),
0.1536g  0.1536g 0.1536g [0.1536g  [0.1536¢
Mn/g Mn/g Mn/g Mn/g Mn/g
Promoter soin. 2, g. 0.0703 0.0442 0.0445 0.0425 0.0452
Promoter soln. 3 CsOH CsOH CsOH CsOH CsOH
0.4391g [0.4391g |0.4391g [04391g |0.4391g
Cslg Cs/g Cs/g Cs/g Cs/g
Promoter soin. 3, g. 0.2149 0.1355 0.1338 0.1305 0.1376
Pormoter soln. 4 Cs,S0O, Cs,S0, Cs,S0, Cs2S0, Cs,S0,
0.0661 g 0.0661 g 0.0661 g 0.0661 g 0.0661 g
Cs/g Cs/g Cs/g Cs/g Cs/g
Promoter soln. 4, g. 1.511 0.9455 0.9300 0.909 0.9653
Promoter soln. 5 NH,ReO, NH,ReO, | NH4ReO, NH,ReO, NH4ReO,
0.6873 g 0.6873 g 0.6873 g 0.6873 g 0.6873 g
Re/g Re/g Re/g Re/g Re/g
Promoter soln. 5, g. 0.1387 0.0880 0.0848 0.0824 0.0881
2" Silver loading,, g. | 17.96 9.50 8.46 9.05 8.48
Total Ag loading, % 37.0 33.5 33.9 35.5 34.0
Promoter 1, ppm Cs,757 Cs, 737 Cs, 713 Cs, 729 Cs, 714
Promoter 2, ppm S04, 141 S04, 136 | SO4, 132 S04, 135 S04, 133
Promaoter 3, ppm Re, 372 Re, 365 Re, 345 Re, 352 Re, 348
Promoter 4, ppm Mn, 42 Mn, 41 Mn, 41 Mn, 41 Mn, 40

EXAMPLES 1-5

In Examples 1-5, catalyst numbers 1-5 are tested at the conditions noted in Table V

to show the effects of the various post treatment carrier modifications on catalyst activity,
efficiency and longevity. Comparative Catalyst 1 was prepared on the unmodified carrier
and was not washed. Catalyst 4 was modified with sodium hydroxide but was not washed.
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2nd Silver loading,, g. 17.96 9.50 8.46 9.05 8. 48
Total Ag loading, %37.0 33.5 33.9 35.5 34.0 Pronoter
WO 2qpie3ds7 757 Cs, 737 Cs, 713 Cs, 729 Cs, 714 RUDOB1064/017102

2 141 132 1 1
, ppm SO4, SO4V: §3t6a S%, 32 SHA SO4, 133

fgripanceQuerdimescos oo
| Satalyst oot

er 411 ppm

Mh, &2 Mn

41

Mr, 41 M
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_ 41 _Nn
Ex&Apiars 1

t est ed _at
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tGampaEive

les B5, ¢
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at al %t ny
Ln Tabhle

mher® 1-5

\[to show
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efRTOELess of
fepnditions

t RYS8IY i g

ons on cat

us Qyeen t

alvyst acti

eaOMeAN c3

r r QXygen

ciency an

Oxygen

| orlgidial t y.
Retemeters

@qramarsz
Process Ox

CHardt i
don Eek 4
t hlD&andi 1

ve2e@CaRys
iIndPrRIBECHot
hyBandi de

vity effj
t 240852 pr
VREShEE! g
buPavd s

epdbQH; Bn
ot Day3

atRANY §C1 4 walkP

t he40C; 2
m ECI;
Day 3

washiaal Taﬁl e24p C(ht &

2 BCE ¢

| 949 CPbf g
Car PR ECh H

| nilnitial 24
POUtletEOr S
ECI (%Dbay 2

ygélay@yg
0 C1.59 24
ppm EC ;

n GaygEh ¢
C 12940
ppm ECI; 4

Day 3 Day 3 Day 3 Day 3 Fi nal

r nee; Dve
8 @I ECton

r Time
parative
en Conditi

Qns
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¥
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. 30000 C
m ECl ; ppn
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L
24

‘Fial Ot led
DaEOA86)Day

C, D.QRar an
20 Day 21

et erlsipm
Initial 1
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i
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Qlntitiait EFEO
| ni 4%l Ef

(% 8Fidnal
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Qut 182t3 0. §
.3 82.9 6]

1 1820 0.9
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7 EG1(®%

0 Fi nal FEf
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f.

8 Firsal Eff. 3
1 - )02 I

84. B2( [
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Days 8348 17
/_-0.0693

18 B4(®) /
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+0.1 18 +0.100

01
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24

17

18
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Day
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-0.011

-0.002

Eff. (%) /
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+0.118

+0.100
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DayCLAIMS : . A nethod for the preparation of a
nodi fied carrier for a catalyst to be used for the
W(va(msmq@lnase epoxi dation of al kene, conpri si ngpCRYS2004/017102
Hﬁregnatl ng a preforned al pha-alumna carrier with at
C one al kali netal hydroxide nodifier ; Db)

opt i 10 AGhétrod for ititdpreparatidraieaodicrcasdyr forer catalyst to be used for the

cal cining said |q|ﬂg@e nated and optionally dried
vapgr phase epgxigation R %ﬁog‘gf'ﬂ”%al cined carrier. 2. A

et Y Gnpragnithg aisreleahéd AlpRa-alumiaeinédrydih att abieonesatihli metal
for the vapor Tphase epoxi dation of al kene, conpri sing:

a) i’WEFCE‘ B8P a pref orned al pha-al unina carrier with
at t%‘éﬁoﬁn?dahdgadand nnﬂptégjnaféwdfaﬂmrde modi fi er ; b)

optionally sai r a rrier;

ol ) RAknaEAS MERaBaIRsI 08 SRR LTS o

car rd)ashity Swl@sdmcn@d%alrr@rcal cined carrier; and Ie)

depositing silver cata al o cal ci

car 13 dymeodfes e RRRratdn a4 e ihdPLig “Bad et
edbﬂidﬁhdH &%lkeﬁecwnﬁpr@m\gom at a tenperature of 800 C. to

4. or. 2

a1 pHAMAGIR RlFlard AR 5 e gy e el meta

i nt e,wdgg(li@er}go@i.@tel ets. 5. The nethod of claim1 or 2

wherein said a lum na carrier is prepared by

cont@cﬁpf'ﬁ’ba"kﬁg@‘r'f% ?aédaﬁ?%?ﬁ'}?gedg%/%r gamma- al um na with

an 6é)lc€llcmnr{§Qdiwmrggmteaﬂmdr@tlbradllydaedimmers and wat er .

6. The nethod of claim1l or 2 wherein at |east one

ef f i DiATRPISAILLRGNE] BFEAYr is deposited on said

pr ef rd@dsmrl\goilﬁer@dalﬁmmanalaﬂalIoﬁISale:alchd cagtehod of
wher ei.n, sai d

r hen:,% uﬁipecg,\ﬁ{hgpmf ﬁlambbﬁ.bgnﬁarelrssaliﬁaécﬁgg hsacc?r %d lit ata te}nperature
of\oereito 1860°¢.al kene is ethylene. 9. The nmethod of
b AT G2 B i e mornoo
cd?ﬁ&%dwgqmetl&mdgqilableml ght f ofJ the nodified al um na
cl aj [
o kb Triatelnod O 1o 3 Sherbinall Ay fla SafleR isitebared by

cdrabitihg @demter aleminacindtor gamaiaya‘:lmmma with ansaeitiicf mixturé eontaining
@ phas OXI dati on of al kene prepared by a nethod
hal E’&nlogﬁﬁa qrrpr egnating a prefornmed al pha-al uni na
car r g Thewnéthod@bf dlamst ordhwherkinadt least one efficiency enhancing promoter is

deposited on said preformed alpha-alumina carrier.

7. The method of claim 6 wherein said promoter comprises a rhenium-containing
compound.

8. The method of claim 7 wherein said alkene is ethylene.

9. The method of claim 1 or 2 wherein said alkali metal hydroxide is present in an
amount from 0.01 to 5.0 weight percent, based on the total weight of the modified alumina
carrier.

10. The method of claim 1 or 2 wherein said alkali metal hydroxide is sodium
hydroxide.

11. A modified carrier for a catalyst to be used for the vapor phase epoxidation of

alkene prepared by a method comprising:
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metal hydroxide nodifier ; b) optionally drying said
i npregnated carrier; c) calcining said inpregnated and
wopiosorahty dried carrier; and d) washi ng sai dpCEUS100€017102

carrier. 12. The nodified carrjer of claimwherein .
sai d al piaIAPEANHEI SR PioaRed RN ANEINAATE alrﬁﬁaﬁ%?'}?ga'ka"
i nt er | ockh&el Bdedxrleahsdifier ;A novel catalyst to be used
for the vapor r*oagase epoxj dati on of al kene prepared by

a met hod R ERRTAY ARIng31d iImpreanatedicRy'es pr ef or ned
al pha- al wyicarinkfJaidimprdgnhitedtant @@tdénalip aried taatier; amd al
hydr oxi de, _nodj fier, ; 8 gptionally drying said
5 i rrp_regnatdéd"aé_ﬁ'f‘gis@'ﬁ;ca_ neg SAEehi ng” sai d i npregnated and
opt i @NThé noditie@ Gafidf b ddim wherdia $4id gphaaiemiealcairieenas a
carrier; and e), deBoslti n% silver catalytic materi al
mBWhQIQEﬂCQ{PP’ interlpeingplatelptse cat al yst of clai m
wher €. i\ rfovkiCbatdiyii & B8 UsBdTer tanspa: phhss epoxitriom of aikne prepared
conprising interlocking platelets. 15. The catal yst of
byiZMEHOILONPESNG al kal i netal hydroxide is sodi um

10 hydr oxi des) impregnating a preformed alpha-alumina carrier with at least one alkali
metal hydroxide modifier ;
b) optionally drying said impregnated carrier,
¢) calcining said impregnated and optionally dried carrier;
d) washing said calcined carrier; and
15 e) depositing silver catalytic material on said dried carrier
14. The catalyst of claim 13 wherein said alpha-alumina carrier has a morphology
comprising interlocking platelets.
15. The catalyst of 13 wherein said alkali metal hydroxide is sodium hydroxide.
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