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CARRI ER, PREPARATI ON AND USE THERECF Field c. the Invention The invention
=elates' to a ¢ t with inproved catalytic properties rticul a
cat al yst sui tagﬂ ’mm&mm@@ﬂpr eparation of epoxi des. Backé?%%}l?&u%% ﬁdgy

I nvention Meth . described for lowering the total concentration
of sol ubl e speci es *6oogo2+ t he bul k: of a catal yst ca=rie= . These net hods
generally involve a process by which the carrier is manufactured in such a
way so as to |ower the concentration of those species throughout the bulk
of the carrier. These approaches | limt the fornulae ion of carriers,
often tines w t EROXIPATICADLCATADVSE GURRIBRS PREFAR AHONI gD ABEITHEREDINSI ty. US
Pat ent No. 4,797,270 discloses water washing to 15 reduce the sodi um
content of an alum na powder. The pH of the wash water may need to be

adj usted for exraction -0fs atheretkal s and Japanese patent JP56164013

di scl oses the 0 i to extract u=an=um and thorium =0Of;
c cal cined (X-al unlhg rawemateri dielare30TtUSapaeaAt YNG. WAt36ime0pvasd

4, 366, 092 sugg t;hat, e .axi de.cata 1be ter shed, .aftar. the
deposi tion of g%%&é gf ?F%éggﬁégﬁd gﬁ‘?EéhﬁgﬁfgeF&QEEF%Y%SZ%%&?fgﬁGSes
washi ng of a cdtal yéte wirelayert 1wat ef eporméneve basic materials left on the
catalagsp fron%%c% r%hhﬁe%fi pregn 'gn rocess or the physical deposition
of alkali netalFs: — ; di scl oses a process for a
supported catal yst Metbrodisnhayei bpeegdatedisapgpdot lswemiegsede ncamli nert
wat er innisciblgng%gQ E%i%gl%%ngogggagiggggigdegsgkgeguﬁhi%@atic am ne. US

patent No. 4,8I i'scl"oses depositiong a Silver “Coipdun deconposi ng
the silver conpasrdvisa siekvéeri.nTheeepmesénce 8Bnerxzlly involve &
orocess v WRLiCh tne carraer 13 manuifactured In sucn &
190 way o &s tO lower the ccncentrzticon ¢ those species

throughout the bulk cf the carrier. These approaches
limit the formulation of carriers, often times with
undesirable consequences such as high carrier density.
US Patent No. 4,797,270 discloses water washang to

15 reduce the sodium content of zan alumina powder. The pH of
the wash water may need to be adjusted for extraction ol
other metals and Japanese patent JP5€164013 discloses the
vse o & low pH (acid) to extrac:t uranium and tnherium
from & calcined O-zlumina raw matarial.

’ 20 US Patent Nos. 4,361,504 and 4,366,092 suggest thac
sthylene oxide catalyst be water washed after the
deposition of silver or silver/gold on the carrier.
EP-211521 disclcses washing of a2 catalyst with hot water

tO remove basic materials leit cn the catalys:t from a
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silver impregnation process cr the physical deposition ci
7

alkali: metaiz. US Patent No. 4,387,186

1

process for =z supported catalyst wnere:x:
e

SupporT - sed in an nert wa
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t
sclvent containing & dissclved esliphatzc amine. US Paten:
30 No. 4,81C0,06E% ciscleses cepositing a s:ilver compound,

decomposinc tne silver compbounda T2 silver in The presencs

vvvvvv

AU

FIRRTAEY



25 Februa 003 of an alkali netal conpound, renoving organic deposits by
washi ng and introducing fresh alkali nmetal by inpregnation during or after
t he washi ng stage. U S. Patent Nos. 4; 1B6;106 and 4, 1258§fp di scl @%
washing with 5 an inert liquid after deposition of the ?P? | and
before depogifhomipfia BEQ@T“E’dHH dal e 4 cl oses
a process for the epoxidation (éjf al ene %%rkn%‘r’?@% Bt:g%ﬁtlgctal%%%%he gI? ene
and an oxygeshiogt andi hgtgasivial ndghe parssenklea bi mttbéasw 10 one

eff|C|ency enhanC| aseous menber,_.of r edox-.hal f actlo ir, selected
fromthe g¥ e%ﬁaﬁnghéﬁrlﬁfofr 3L e W@%ﬁ;“%nﬁ 59§0I%' t %cat al yst, the

cat al yst CPHthSI Ngs Si hyee 6and oaTa"ﬂdealS,tlZBletl ef facsenbbky- Q@E&ﬁ@igngnth
ératesalt of a ne of a redgf half reaction pair, on a sol

ha- al uritha-28%h £aRA0i A A trEs SepRai to%otlb%npahalyrtéﬁemaﬂess

than 20 ppRdYLaed git gobckeaghablee SOHANRLtdY snapepmemt further connects
the requirenent to relatively low sodiumto the specified redax reaction

pai r, stating halatenbtler i4m§19émé§§’ e Prasnhor proceashdbie t9ediumin a
si | ver CateﬁJ déteféjx? 58 éﬂéﬁ}é c%ﬁtg i eéb%\/té)ét{.gg S¥at emunder
condi al Ty e

epoxi datio tTons gener prlor ar mai ns concerned wth
t he total zabuartt mﬂygamﬂcbntesnlngegﬁslnmnuhaepzeﬁemughoﬁtathéehukk 25

1 1 | t h 1 | tt k th
S or r"g ed fed SR L R BTG, ar SR S Tk oY Re8Bsrhade 2o on®

rate of cefdaatl&pesdes, saletBepafirioaultde MU oPNEG, Cﬁogl en,o4r f ace
results in a catalyst with inproved catalytic properties Sunnary of the

. ‘inventionamﬁxﬂzﬂ4x;amdtmeSQLéQenathﬁwEmbhmhetd&ﬂi&YstpcompdedlagcataIyst
daarrier having a sodium solubilization rate, as nmeasured by the anount
rel eased By iiRferdidn | nl apERDERSSREEFCLent] yranhan g a3 yr2663 3: 1 w w

of Dboilingwal &5 HimdioPF €8s tBABXIHBAMNy 1S4 et ptabpwgi ght of the
carrier, per 5 mnutes. A further enbodi nent of the i'nvention provides a

pkocess f 6o Liceparihar shimizat auysprﬁahﬁweung/\ﬁ@r%ﬂ rt =z delgogbdp Unppm
sol ubi I Z%’i\'do%t*‘reafeer%%lg éf\§¥e€'h$§{ %e gmgﬁ the 4f {E0dgLiRg ionizable

speci es préesent on 't ace 0 c and renovi ng at | east
part of tb@uugmaﬂﬂhgscﬂo¢@mdetlﬁgrtherlanmma@t@ dpexi esquhsehegbt et oor

render 10 e AP0 &, SPSEL R LETDRL! 8oc10 ANGH et SrbodLopnt, of fhe

i nvention prOV| espeC|aI Sui Ar the
vapour ~ phdse emmMIhglthabflnlethas 1hh¢a@ﬂﬁﬁ3Ene(pngnes¢@gof~~ .Wsaid
rier and_one

10 299 20,0 e SRl gRlabY Lesallne LAl a0 gptigpal |y one

the inventhenefficiency of the system under epoxidation conditions

generally used.
The prior art remains concerned with the total amount

» of impurities; i.e., impurities throughout the bulk.

25 Unfortunately, the impurity removal techniques taught
typically attack the carrier itself. It has now been
found that controlling the solubilization rate of certain
species, and in particular sodium, on a carrier surface

results in a catalyst with improved catalytic properties.

30 Summary of the Invention

According to the present invention, there is provided
a catalyst carrier having a sodium solubilization rate,

as measured by the amount released by immersion in
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It has been found that carriers which have a controlled solubilization

rate, in particular controlled S >w MIC3/ THL395PCT AVENDED SHEET 25
February 2003 - 3 sodium and/ or sol ubl gzsi-l i cate sol ubi I%}ypégﬂgv@@@@,
provi de catal ysts with inproved catal ytic properties, such as activity,
selectivity tLy¥i Ly andlo lLect i oye I Jre.

Control li n93 ?ﬂgw/g‘gs%?u%le‘?gggl %ﬁ%r%gt’e Cif\s/ i%lﬁ%%@éggg{/;\xgjpkgt %plgﬂrrdp}fove the
properties fsnostheatatgdt seigbtnett ehehavenmimr ¢ pde bBuhlk noarerd .es
material . Further c&ptrol%#ng.the solfgj hMization rate will work for
organic or inoryantttesfr PRPEILIEIFNE T EH T BFOYAESSnFent i on has
a sodi um s@zxdrdiZafbpnpraperiAgheiakidng availers Wi £hri srcpRktelined 4104 be no
greater than 5 ppmw/ 5 m nutes. "Sol ubilization rate" as used herein refers
to Phe neasitii® solupitizafien rate d AR ORAURY n2am8dnvent after the

15 carrier derdlaced 18 H0RaBRLNENG ohal B IPAIdaLl LhBsRY 8h afalio of
boiling solvent to carrier of 3:1I. Thus, a solubilization rate in boiling
wat er of 5 sppriecodifiinthé aiénbies ieontiife aatbuwemadfinpdi tnleeasupedt n t he

water after carrier.has been in the bqiling water,for five 20 m nutes.
Carriers arogt g:gin%tonﬁ%e? %?gaalrcrﬁﬁ@(?ﬁlg‘lgs%&uecﬁ% sjjz%‘e%er ei%%ﬁfg,s al um na-,
silica-, orinsdlaiblee basedrendpoingsther iootiziatdtd ase d hes ebhmoblidle .as

akg i nasilica ﬁgrnhgrs. rriers naé %bso,be made from carbon_25 based
meferials suchRENGhemRARHrRRE Rar E881 1PHEA AP TR HERS Br ful | erenes.

| oni zabl e wREGII8&Y YEGHEYaDI@SENEa0ALRE ISRQRGMIL fyPetia@r vagbsari ncl ude
sodi um potassium alum nates, soluble silicate, calcium nagnesium
al uni nosi | PORASE SRPXERE bbPDi hht POREIRAer E6. COEIHIG IABRLEDHRErn. are

Che i oni Zalig Al 1% SP6gd eon BT 68 Chb:aN kiR 1 Gutiane,y DALIdELYar |y
ioni zable silicates. The solubilization rate of silicates may be neasured
by i nduct i weity lsosiceddpt el 1Y CPyet eshAbgee P ramd ting amisrialssilicon

s%i es 35d%§o%isclérc{ aﬁgeg’@gnpe measured by x-ray photoel ectron

Detailed Description of the invention

It has been found that carriers which have a

controlled solubilization rate, in particular controlled

MJC3/TH1396PCT
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25 February 2D03 _ q _ spectroscopy (XPS). However, since sodiumis soluble
"in the same solutions that silicates are soluble in, the solubilizaticn
rate of sodium becomes a sinpler check ef ' the ionic specrgsruapPyes and
it has been chosen as the indicator to define the present invention.

Anot her - ' measurenent technique is to neasure the electrical conductivity
of the treatment solution. As used herein,” the "surface" of the carrier is
that area of the carrier which may be nmeasured by the standard 10 net hod of
Brunauer, Emmettseamhifedddfof BE d)le Spediddrecad Mbitle siirdace wfs,t he
carrier is the si te\zaﬁg‘:v\,hi_galt“;H . Jeaction takes place. Loweri: E)gna:lt'he
concentration ofPEP¥r4%Dri Tt %" ShetiEh BRGNS S e orF HERBH Y% has
been found to beswrh ef$ ecdimel and senisdcweffini eMa ransyiofy Endy eving the
desired surface sodi um sol ubi | igati on rate. An "ioni zabl e"1 species is a
speci es whi ch i s"Eapabt & of BRA TRF PR S S - W e 1R t5m " soni ¢
or "ion" srefers d&l & el odidcatd de changad GhemMtGalydid el idgdwWRid Rte t . he
surface solubilization rate of ionizable 20 species may be acconpli shed by
any means whi ch RPREFEGET RF iTPTh )Cateiaditisng th @&t a2 d9ve WEpaidiced Niconi ¢
and removing the,specd H8:i ¥ rldddryLndesi NG du1e ddftiZAhl 6 SRed es

i nsol uble, or (iii ? rendering the ionizable ' species i mobile. However,
use of aggressi & Tith e &8 Y5 diScoitddedas tifss @ qaadiif end eFS@ndso’  ve
the carrier, extgactid, a0 nmuch material fromthe bul k, and generate acidic
or basic sites in the po=es. Acids, which are considered aggressive nedia,
will refdBve the catils OiPiEarsdrerisgucfatd e dinvien tiess ast @alsodd ufenctvi ng
the 30 undesirahl® a0 0N SN AS S LAUESg HfRG IWME FPANS ndr@M8kNg
goncentration include washing the carrier; | G exchange; volat~lizir.g,
preci pitating, Of° RYUESIEFGETE T HOdMpubRnwS midudiary a Sodadtilamatd omake
t~e ionizable s TS . - i uhl e; @l nat) OnS 35

t hereof. The hap{%?ﬂegara%e‘%‘é?aﬁ%&gfefi%gs (t}ro ttﬁhgen?naew f%‘lfebruary 2003 J
mat eri al s used t<Pfudrinh i3t iaeriage ey the |Soghited Urefeorse Ivem e &dtiegr the
manuf actyred. :. areater. , JHY PV, s ~n.sql.uk | jzat] 4 rql..are
seen Wntég’ bot h t%agkc%rr“r ialesre Baw nogtléri al's s@ndﬁe?ﬁetyﬁfnizashgg% cl,‘:*%r%l gt(rl%%r %ng
treated. To maketw xatatlystod rorm tiveg carlnicart, dcheacarir®erof S :tly.piThalsl,y a

i npregnated w t 1 .cpcn%} .conpl.exes d/ or | [ lyed in a
sui tabl e sol ven%@%lcll“en ‘%%Hc:dr(dag’?oeoslh '}}éﬁ:&ﬁ# é%%a e Dafsé%agpi%ﬂ;‘/'}tjisc%gjlqlu;\fn/d

ef fective anountS Miroftewetiad tWre tdwowar rdfersoddsinrusec sheread in "tdat alayteizcal |y
ef frecti ve anount'. a . f tal .that provi,des a neas I

catal ytic eff ect?‘ﬁfrénxea%pﬁ%g)l%ay chf%tsalrgiete?‘céq 36}: hee$fbeocj'tlquvrl a‘f’r?oqﬁe%t l%)?b rrfg‘tvael
when reRérring twirarted efi n epoxi dation catal yst is that anount of netal 15
whi ch provides a neaéaufrqbgres cQl vecros_{morlllof i%loe-"fi r;ll%ngnaocgyg%qst Q aclhk%lsene

oxi de. In addition, ©one or nore pr(‘)noot‘e s Tay ST BE deposit ed on tHe
carrier either prdmorexampleni reciwheintaad,l s Miitde~ ,0ro s iseqiebased he
deposition of the cat alafti cal Icy rbeactti ve tal . The~term 20 "pr orr%t_er" as
used herein ref r& Y TorfFortait® Wi ©f o r ke ¥ ectiVél & §pFbvicde an

i mprovenment in oeliora e icfrd heCaatiadng ina ypraaper tdeesnanfe tfhrenc ataalogst- when
conparedg.to a catal yst_not .cantaining such conponent. FEurther inprqvenent
in the gét al yst%pﬁ'so%dzl"?a\qeesnﬁqes 253"@6%‘?’ & ¢ Sl PGS G iy atee

ef fected by contadtbdrg tde fuArrdamsnad.th an i npregnation sol ution whose

hydrogen ion activity has heen |owered. "Hydrogen ion activity" as used
herein is the hydr oglﬁ?ﬁz@ﬁifctﬁgﬁquaéty@afm o RIY SR 95 etrku’_tei aftesfaq+<
hydrogen ion sel®gid weaelionty odes 1Ak Hbdised heteidsiuin,S el luinion talst,h
"l ower ed"” hydrogen iqn ac,t1i Vi t%%r efers to a solution whose hydrltoi%en
activity has beetPHR & etF Yy eﬁﬁjllocll% H2 P YFAE . QUAPIATEE 1Hré My dr ogen
ion actiyity of dhe @ddered sHutddss | eerpd conpaleddidhe Apedrogen
ion activity of the same 35 solution. in an unaltered state. The base
selected to ionizable anionic species present on the surface,
particularly ionizable silicates. The solubilization rate
of silicates may be measured by xinductively coupled
plasma {ICP) technigques and the amount ¢f silicon species

35 on a surface may pe measured by x-ray photoelectron



.25 February 2003 - G alter the solu~~on may be chcse” from any base or
conpound with a pKb | ower than. the original inpregnation solution. I~ .s
particularly desirable to choose a base which does net glter the

formul ation of the inpregnation. 5 soluticn; i.e., mhic%5 RuAB 2893 er t he
desired netals concentration in the inpregnation solution and deposited on
the carrier. Organic bases will not alter téhe i npregnaticn solution netals
concentrations, exanples of which are tetraal kyl anmoni um hydr oxi des and
1,8-bis 10 (di neidnda8dv))y N haleneveld, Ghand isdhiilie et iSible in
concentration of the inpregnation solution is not a' ccncern, netal

hydr oxi des may ¢ R&RE SWIT 4 ithgte grdticort &olans Gpliub e isastthgartially
aqueous, an i ndiQatdion af e hange isddhe Bearpgen 15 achi thJmy fe '
measured with a pH meter, with the understandi ng that the nmeasurenent
obt ai ned i s nottheH PN IE SPAFE L sfquedey adeftingi titomas" biveas pregepHa's gdeused
herezn sha' 1 SU a rAgue m.pH remne i.ng a
standarg pH prgﬁga Even éﬁgﬁ?j%ﬁgnggg %%%%%"fhéngﬁgggﬁggda%ﬁﬁ%F?onlt=1:e
initial inprecmegsivgiemegituttieghniguehats wiot meadded bbase edeetefitedti ve and
ir™. provene: ~LQ. al .yt~ G RLQpPertLi Nt . t he "nmeasured pH'
change increasggh%%ﬁ%ﬁgif gﬁdFP%O%F%EE?Sﬁ%bggg%gégﬁfions do not seemto
adversely affect cétsalugsd 2&rgénf orhranteurtiewelenf hihghcadditirons chat
hydr oxi des hav en Sseen t se sluaging of the inpregnation. sol.~:.tion,
creating nanufggggr?ﬁz“%%fF%E%ﬁ%fegﬁlgﬁeﬁaghgebgﬁgsﬁégFt% nEhg FS%“FS%F t he
hydr oged i on aokithioty ofi Blrunatielte &hfiectedndTle ligdr dgeE.Ton dpkcyity

| owering procedura 30.is alsq _cute _effective.when used by itself: .i, e., .
when ' no ionifgﬁﬁg'sﬁggi grégﬁgeﬁfrggﬁoﬁ§r§?§rl6ﬁe?§& §¥F8raf0wFFFBregnaf
tion . ' The ~repredoat edkear pilece.alseeiowg aseacoakanysttpbacyfsor, ~s
dried ~n the pgesenc% of _an aLnDsgh [e 35 _whi ch ngg reduces tge catal ytic
metal. Dry-—: -aRBLRGRSS SPECRED: Ghr 5" S0857F SRowR i A EnG SFLoL, MASCPEaR

st eam d~y~ ng, fguya:ungoybeaanasmsphewe %aﬂcas«to@&@gﬁ@;ﬂtowgﬁg of g
concentration, ing ~n reduci ng at npsphere, air drying, and stage
dryi ngtUsi ng aaghgﬁﬁgpg FgﬁngﬁséFe :?Hggacﬁe§ﬁﬁéF5t58%§D&EFGQF19“B§gﬁ§y of
exanpl e, the inyenticenzebllke”bepdesesi hedazepaBresdahaich fer capestal yst
suitable for the vapour phase productjon of epox-des, also known as an
epoxi dat : . on caBaNgsEEPARTEFHoXPRAFY ONPBAREFYSP St FBEEAl FPPEENPPFsesCin 10

i norgani c carriekerkOkceyanhecariakum/nanhased edcmniek1SHelea§, a-al um na,
with one or nore catalytically =eactive netals deposited on the carrijer.
The ‘carrier typi caPPYyeEdREarNEsSLEFRGENSPORPE24BRE18PeERES, OF 0l oRXAABER an
a-al uidg-i na cakpectes myp 6al by ceRpl 85AS4SBOCLRS HaahBCHEERAgig0di um

pot assi um alum_nates, soluble silicates, calcium :magnesium

al uni nosi | i cat 8§£egRdVeohBi Nl i 6R8IEREPBOFDS| £ORA32BABNSPBERESE habic
silicates, andaggrtamBvehBeknankppsiedl ecpantkeubarhy-ryndesheabbgibopizable
species in an epexidation catalyst. 20 ~ccordir.g to the’invention, the
sodi um sol ubi | FR&ELE68 FAEELPRLS: 10W Wiét) bERPFARGINAL EPe~3CB6ARPOFI ed to

less than 5 ppgyeNakl :mmBHtes., ﬁB@e@QEUbEEEZéEiSBgE@E?%UBYmQQiSOD£r0||ed

by | owering the concentration o= ionizabl e speci es”on e surface, as

descridied abovéisggurRgedarfi éResavipgieheendntPorkedossrubhei 2aEFdnTrat e

. S '”pregnatedeWEEEEtngBélmb@HSmQEeEQQPOEQQESLheCBHPkexggb g@ﬂéeatélt(s)

di ssol ved in a suitable solvent sufficient to cause the desired deposition
or. the carr=efCiQhencgi Peeici §ithe depdbset Ponemat Bridb, wh3ohtgpecal
depos~tien is g 9 ss=iP-ehenabl 55 from .t i Lve
basis the meig%%PBFéF%gdtggé%egé%g yé?&.QThg‘ﬁ?yFéé?&étggegggF?é?§.éM a
subsecuent |y separaesdbfitoarehéadolyt ioafdadtuhé deposimbedngetaes) conaound
~s re ed to S= LI . 2 bryary,2003_One_qt re_pr ers .; |
, ay bgﬂgepositggag%fﬁgpigr¥§ébP8{ g%?ﬁc?%eﬁféﬁf%“ﬁffh?gg?ggh %eﬁ%gﬁ% 0 the
deposition d olowheingt abncPnorebtensifholuepoxedatngntba~akysisrareon

typically selected _froms h : M. osphorus, _boron, :

yp y excgange; v%&gtgﬁizgng, p?ec;pltat;ng, or segquestering
the impurities; causing a reaction to make the ionizable
species on the surface insolublie; and combinations

35 thereof. The bulk carrier may be treated, cr the raw



5.fluorine, Goup IA through Goup VI_IIl netals, rare earth netals, and
"conbi nations thereof. The pronoter material is typically conmpounds) and/or
salts).or the pronoter dissolved in a suitable solvent. i

epoxi dati on oxide catalysts, Goup IA 10 netals are typigr?g}%e gg(t)?éd from
pot assi um rubidium cesium |ithium sodium and conbinations thereof;
with ., , potassium and/or cesium and/or-r&btdi um being preferred. Even
nore preferred is a conbination ef cesiumplus at | east one additional
Goup | A ~etalmzsechads cestiutdpkosm1bh@Ot aSHi &I mEGSHEM P 4Sed Wb Shten  Cr
cesium pl us | itt}jlum Goup |IA netals are typically selected =rom

magnesi um cal cFm C3EFoht i if PHRYE BRTUERE- coren bf Aae F BRhs TRHE? EFFEN S otp
Vi transitiofiapialsagient ypteakbyrs6l estedsdeomigehabden i f1a0, nickel,
ruthenium rhodium palladium and 20 conbinations hereof; and rare earth
netals are typiCaFT§SE5ef@CtBUTEF bt § ot Bahlen Lot shnf AedEYSE Udfe samari um
gadol i nisum dysprostgm erbium ytterbium and m xtures thereof. _
Non-limting exanples of other pronoters include perrhenate, sul phate,

mol ybdat e, tungst at®o ®Rfdnait @2t 25y phobpemtehe borareer sutlphatar Bid oS

fluoride an on, { DNS; = [l VI B, i of | & nt
sel ected from Gt-f u;pgijfﬁ i’ﬁé%%r?%kﬁeéllvrﬁfﬁ gﬁ(%ﬁ (%ﬁgﬁﬁérﬁgfs )s'alcfaés]np\?\jﬁ{easﬁi ons
of halides, ancmXiani onst sl edtssbivetn noupsuitdhlet pol ddnA suffidiant

t hrough VIIB. T t.of.3 ~ 18 [ ical 1y i he
range of from' 0@%%1 to %]’50%“%@ aeé(%r‘gergés%laa%s@ﬁgef%%tg#y%} ’\?éei%n:@{}l%f
t:~e tdt0al cataf vwsetahnehthiee Gouaidt | PAsetadd ilsetess, t heat 860G gy
expressed as the LA~ f_the total catalyst. 25 Feb ry
2003 - g _ For ‘ifur %fgi_vé rr%}r{%%‘lﬁen"f'_ei%scc%% a‘?”ﬁ‘f%t p?bp%?%ixéstfhas%ep#;‘glr%%gn
ion activity ofa tiessuprlenatz onl sol atediec's. | Dneredamsleh as by the
addition of a base., The typical_.inpregnation solution,faor an eooxidati.o

cat al yst begi nsc%tWYlec%%g c'?:%%égl‘é raor%u%ras%“ irge5§%d“%%nfﬂ‘r %e‘rrlq%mtfeé:

t he hydrogen i an aglé it yepdxadet Bsn ofasd I oag hasesa t nemorater ad K yte @nimoni um
hydr oxi,de such as, tetraet h(yl anmoni um hg/d oxide, lithi un%i%%/d{.oxi de, and

cesi umtRydr oxi dE*1Gh RIUETED FEITR AT TETHe TS $BH PRpP egiet i Bh 28 sol uti on
formul ation ancboxEpiah toadlngleman ofghai CIhased Stitdn asohetsneaidyd annoni um
hydroxi de is preferred. Base afldi tions in thege Syst ens t{\;gigal .Ityh result in
a "measured pHPTHENCE T Aty n Up k_?% %%‘El'fl%e, real Fof ng* i el * tHe-*Heasur ed
pH' is not a trgweigH sbNceotibeiddnt HPI wonath ONno SYShSER hSemOttAqiOUS. The
carrier enployed in these C?tﬁ%x. sts inits ﬂoadest asgects can, be any o~
th,e |arge nuntfeiPoTLetVent | Ic,a‘b%f%’i%c? ¥ et § e BT AL HiT i SR or
carri epgmat eri al Sr b €& 'ar £5 COHNSH 0es £6li 1 et @t d ¥l ¥o | HegbmpterMGihich
conventional materials_are known to those skilled in the art and ncgy be of

natural or synttRE¥T oFFRFht veay riRrRI9 bl piixi MR T oveRe bl it %y
preferably of andmeroporigdise sti Ut Lk 6 Adsk Paves ac SUFfaCLa &4 8 Deham abcut
10 n2/g and preferably bel ow about 3 n2/g. Exanples of 25 carriers for
different catal9FtR*EFE the? aFlibd hY U BRT deR7 {3 Hed @i FigCR HEPHRATEM %l s sol d
udder the trade nang,yMldNAdd)ov Rt €08, UM £€a 1 PRINSSI G r ZidL AV A,

ki esel guhr, fuller's earth, siyicon carbide, porous aggl onerates conprising
silicaZand/ cr si¢s=oMear BrYeTe B! sPPee: T helynksi of feet ettty QAHASTLNY
artificial and niad ucalrzeol €8s, al kabidgngardh £A1DONEE 6oho AN EBIRIELS.
Refractory carriers especially useful ~n"the preparation of olefin
epoxsdati on catEystEtEvhipy i 3eS tPReRl LAV RDed. nBi¥dragen iop RARIEHYr dhose

AN

conpri sing cx- a4 Nde rd 11y 3P L g Cﬁg& OgeR- 1 &h UNE N5 COPL 24 MUk A d I8/ S,
preference .s a‘£25 Febf%ary 52003e- Cr %?.v%an to t egeyhavi ng a Spedf~.c
surface area astimeaptrentbylthe B.[Eydroger hbeh ofeleoni Ve 08lad 1T AR %F,

pref erf},'%' y Trom0, 05,005, 12/ 9o 0 0L Gi%ﬁf\efcﬁ\%é’ & Oﬁ@%%qoéno i34/ g, and

a wat er ‘pore volune as neasur ed y conventional water r sorption
techni ques of faoriOidytoefe?S nd/g dbylwoiomevhose hydrogen activity has

been altered by the addition of a base, such that the
hydrogen ion actavity of the altered solution is lowered
compared to the nydrogen ion actavity of the same

35 solution in an unaltered state. The base selected to



The B.c..T. nethod for determ ning specific surface area is described i::
detai 1 in 3runauer, S. , ~nsnett, ~ . Y. and Tell er, ... , J. P.m Chem
Soc. , 6C, 309-16 (1 938) . Certain. types of a-alum na i i rriers
are 10 particularly preferred. These a-alumna carriers %‘ge%@ﬂrl‘{eé@?loggl y

uni form pore dianeters and are nore fully characterized by having 3.~."'~".
specific surface areas of promC. 1 to 3 n= /qg,- preferably fromO0.1 tc 2
n2/ g, and water pore volur;~es cf fromO0.10 to about 0.55 m/g. 15

Manuf act urers of, SUCh Al rd AR Aidichiade dord e Cheigals RY 9ess froduct s
Corporation and UMited Catalysts, In¢. (t,Cl) . The resulting epoxidation
catal ysts just deswFoutsed idite ausdd floweathd haapddre phrase nerlodurstiegmagfion
epoxi des, 20 es iLaldy, ethyl; i.de. .~ j.cal i.dat | c v
i nvol ves | oadi n%eogla%'ajl%/es't sﬁ‘l .'%%3%#?&&%&%rﬁ%@%ﬁt%clé@%%%c%%\slseerted,
typically a m xtivigofdasshylogne l texy géve, forvarlzan ofi @Xi dédye nintprrEEgeTs tamh
ethyl chiLoride, ~ ssed .-'. ovey. .the talyst _ A | eyat.ed pressure and *
25 tenpe%ature.sfﬁéH%§$3If§€'do§%@f¥%d%%g e§d§5§%k %8%a%%ﬁﬂﬁ%3 @%W%%ﬁn
product whi ch cantraiers retthydnerien dohied e mphistgnageie noxicdes I(ANOan drele pal ssiar duke
added to the feedstt%ck .Q AQost cat aI.ystb conver.si,on Qerfl%r mar: ce. The
foi lom~. a Examilled Wi 19354 Gst PAEE e PRRTEn i om. MO 28 &6y 08 2003 | 11
_ EXanpies ~.. .impregnaticn solutlabl éeltaiBowsnicheteariiotrss wxecthpllers tdfe
Exanpl es. TAfiLE I,  CarrierhBCDB.E. T. Surfac rea (n2/g)(a).0.84Q.970. 78~
0.87Vter Absor ptieh EF352+362 l‘y’al‘?.mé‘gn&(%‘.“h%r}’@s’ﬁxé Fén%‘t“ 1,8-bls-

(kg) (b) 60538. 07121 2% M4 Eatialo ) Roe hYelaurs o M1/f)chehGi 908@ n468re t2.1390Med~. an
Pcre Di aneter (nicro%%ggg) . 82..71. 3Si.02 % ~sw), . (0,. 50 . 8 ~0 .1 ~0 . \
5Bul k Aci d- Leacr&BiCE NI 2FpPpwP “~ 6387 55PE6 SPe3sBal K CALIEdPedchabite 3K

(ppmw) 8543B109 w3ABWs , Agiedalleaghiable 063 mRRr BW) 2@2308526123Sul k

Aci d- Leachabl e Al (8ano7441553 ~657499Bul k | Aci d- Leachabl e Si 02 _

( ppm) 80818791560608REFh& 1Al GFPRESNE TP ~BRE-UTI8R) 18aP *BAL2SN B X4 L
Bru: ~auer, Emretilguarthslelsh ehdil@@ionCioft the! l-dhnBeate ©hesh yalrbgrat h,

si ngl ﬁefa let. ¢ Determined by nmercury intrusion. to 3.8 x 108 Pa using

M cromek?tics AGCEROREYoDEY 6f 9eBSuEesowdsht AcPHaRgrer - 0WAES NPM surface
tens=on of Lg). \GalhsRanaNehethit 2fs ke urdeedUoeSahok dEXamhakegH? by 2,
3, 4, 56, 7, 12 Carrier wasnlng was carried out by i mersing 100 grans QO
Carrier 'n 300 gr&mdicof agderugg dgdindhiisad waterstgedlptn’i Rgr 8§2%The
crrier was thenprenmyednand pleaced,zR a E%%Sﬁq%ggugr & @M R@i 11 ng water

for another 10 15 m nutes. This procedure was repeated once nore for a
total e three VeASHEEFESHs USing @hyteRdgsanpH BEoBsr r EFewadalloshpagesar y
2003 sepgrated_finomhe Wwaker .angy- die-ed iR a Wkl yenhil-aled .quen at 150 C
for 18 hears. The dried carrier was then used for preparatiion of a catal yst
by the procedur é9lafioné® ithatheitd kegiedg bBsgnpltesefiective and

improvements in catalytic properties centinue as the
“measured pH” change increases with base addition. High
base additions do not seem to adversely affect catalyst
25 performance; however, high additions cf hydroxides have
been seen to cause sluaging of the impregnation solution,
creating manufacturing difficulties. When the base
addition is too low, the hydrogen ion activity will not
be affected. The hydrogen ion activity lowering procedure
30 is also guite effective when used by itself; i.e., when
no icnizable species concentrations are lowered pricr to
impregnation.
The 1mpregnated carrier, alsc known as a catalyst
precursor, 1s dried i1n the presance of an atmosphere

35 which also reduces the catalytic metal. Dryzng methods



.5 I npregnation Solution A silver-am ne-oxa?~te stock solution was prepared
by t he fol l owi ng procedure 915 g of reagent-grade sodi um hydrcxi de were
dissolved in 2390 :r~l de-ionized water and the tenperat %094 ust ed
to 50 C. 1n99 ¢ hrgh purity "5pectropure” silver nrtrateyagséﬂﬁﬁgso 'ved in
2100 m de-ionized water and the tenperature was adjusted to 50 C. The

sodi um hydroxi de sol uti on was added slowy to-the 15 silver nitrate
solution, with stirring, while maintaining a sclu~ion tenperature of 50 C
The m xture was,shi,hred Lok ;5 m autes. then,the e 3 S,jowered to
40 C. Water masyrennveg romthe prec?ﬁrta?gmc?egfe E &Ekgzg@nlxrng step
and t he conductEvnpyDOErPhG‘matercomhrohlednbavged sodcannaadlnntrexelm@ns

d. I h
emoved was added BatkoPS -TRe EIPYSroEl ubt bnct ThaCeoF i ShHES SITFTR f or

'S minutes at 905€haThespnoaB$s 25mmas bepeaheddttemperbtthe condeicti vity
of the water renmoved was |egs _th ngolcn] 1500 g dglonl ed. wat er
was t hen’ added. 6307 8Fy'°h|§ﬁaBB}Ftyt ?af?ée%ErB“dEﬁ; BeChRr e %ﬁf}Pl n
approxi matel y lﬁarg dBeremEnbS. aTBEtéEQ’QeFQUJEQb!\@SrBQ kBepvabo9P ghage the
pH was kept Gbove 7 I _Was .renoz yromthe mxture ;.0 | eave a

8.,tn~a%e g
hi ghly concent r BFRAUSEEPToRF - EBR¥AFAFNG? ?%rFQOWWhess?PV%Poﬁk%faiﬁqsIurry

was cool ed to 302€21989.9 of 92 ~m1ethy|er edi am~-ne (8% de-ioni zed ware=
35 was addea while . zantarn ng nperature no greater t han 25 February
2003 - 1J 30 ~. Th&hreBgKidag eeraarehfet~ﬂreiﬂ% LAppPERYLF&E €1y 27- 33 ow

Sliver.1dgEnough Qﬁor@eﬁgeeeagrisgh apd MQA@ﬁl@aenaneﬂlke bhtsasedtion to
give a finished catalyst :lawing 14.5 sw 5 sil ver a desired cesium

lioadi ng | see Exa@phedy. - séamaﬁvweusebeﬁeﬁtOPr@@éﬁu@éga#Méleehinnr
sol ubil'i zation rafecofeSglecti edscabLi £L§ &@Snﬁ@t@ piped by,geasuring t!:=

sodi um content of the extractlng fedi Um wi t h-an Or=on nodel nc. 8611BN
sodi um 10 sel eckyRécel ekt Fodeaéonneeredinolani rhba abeel e 20000y o3RRS .

_Tn a typical expesigentn3002gtans Ofycacsier Mas bobLedobn, 960 grams of

de-ionized water fcr a total of fiffeeh :n~nu Dur 1 ng IS period, 3 m
al i cuotis® were takehue@npreqéreMnrneaa5$nmervel@mlﬁheesodsuhubbmtent 15 of

each al i quot maglapggygﬁd at 2§ug:u§g§ ? ﬁed¥i§§1¥§£llgf ?Qél%ﬂ%g for ion

sel ective el ecttodes. <Thé so I'um cor fecnTh e S0 ron sanpl ed at

5 mnutes is usedmbmneVabuatehereercaftrEasaseeerngumdgbbdtoslkmmﬂtes,

candidate for catal ysl RYEPRERLLCD, i RESUI L3, AL e QI ¥ETLLYy undesirable
ionizable species in an epcoxidation caéalyst.

20 According to the invention, the sodium solubilization
rate in 3:1 w/w of boiling water is controlled to less
than & ppmw Na/Z mainutes. The solubilizaticon rate may be

\ controlled by lowering the concentration of ionizable
species on the suriface, as described above.

25 The carrier rnaving the controlled solubilization rate
1s impregnated with metal ions or compound(s),
complex{es) and/cr salt(s) dissolved in a suitable

solvent sufficient to cause the desired deposition on the

V3]

carrrer. When silver is the depositicn materizl,
30 tvpical depositicn is from 1 to 40 wt%, preferably from 1
to 30 wt¥% of silver, basis the weight of the total
catalyst. The impregnated carrier s subsecguently
separated from the sclution and the deposited metal(s)

compound 1s reduced to metali-c silver.



20 Table I'l. TABLE I?. Scdium Sol ubilization Rates per 5 mnutes for
Sel ected a-Alum na Carriers CarrierBulk Na Unwashed Carri er

(pcmn) aExt ract ed Na Unwashed Carrier (ppnw) Extracted jer
3Ab4:i8 . ~9.2i.2B.529.2 | .8C180=C.2r%b¥$8a5 C?ébg. b

(pprmw) A9389. 21.

yel | owi ng ammoni um acet at e exchange as descr=bed in Exanpl e B.
February 2003 - 19 pH Measurenent Procedurgs-Silver solution pH

measurene. M, ts

wer e done using a Metrohm m)del 799 pH neter, enploying a

model 0. 0220. 100 cogbinatigp. gl gpg;ggg,@ &L 190,0D J]ngea eﬁﬁ]}ilo 1120C>r

resi stance thernoneter for tenp

rature CO nsatl on.

calibrated with-eonfere¢afieyt asllayl abt e, b@ffeu:bse)dmlen'onm biedf @ r de pacit 1se.

a typical neasugenent, . 59 . 8%%19% of the doped. silver soI ution to be
used for a catalysf I npregnation was

through a 2 nictgpidillersateachedirom lanbphor o Prospher sy i5Wesn The pH

pr obe s | ower into thﬁﬁgﬁg ip cal ILa%}?tl rred solution, and the readi ng

obt ai ned after

cl eaned bet weemesshs reasdir esmbinat 1 dh slet waw gefl. 1bn el edmo W petacked for

‘ﬁﬁ’ﬁiﬂ%s t PPy Y 1 brig et HH. I 2 S8 wa

In

FeRr P hED- 2100 AL ¥T 3379 beaker

cal i bration. SpeC| al _care was taken {ﬁ_,) prevent accumul ati on of AgCl solids
|

on the el ectrode®

probe in anmonidie dydraxiide sobuitMle asorwGomended by the manufacturer.

20 Exanple 1

10

15

20

25

30

HefibT Gitet Y SIPPPAE AT a% +ehby erf ﬁw%qume

For olefin epoxidation oxide catalysts, Group IA
metals are typically selected from potassium, rubidium,
cesium, lithium, sodium, and ccmbinations thereof; with
potassium and/or cesium and/or rubidium being preferred.
Even more preferred is a combination of cesium plus at
least one additional Group IA metal, 'such as cesium plus
potassium, cesium plus rubidium, or cesium plus lithium.
Group IIA metals are typically selected Zfrom magnesium,
calcium, strontium, barium, and combinations thereof,
Group VIII transition metals are typically selected from
cobalt, iron, nickel, ruthenium, rhodium, palladium, and
cembirations thereof; and rare earth metals are typically
selected from lanthanum, cerium, neodymium, samarium,
gadolinium, dysprosium, erbium, ytterbium, and mixtures
thereof. Non-limiting examples of other promoters include
perrhenate, sulphate, molybdate, tungstate, chromate,
phosphate, borate, sulphate anion, fluoride anion,
oxyanions of Group IIIB to VIB, oxyaniocns of an element
selected from Groups III through VIIB, alkzli(ne) metal
salts with anions of halides, and oxyanions selected from
Groups IIIA to VIIA and IIIB through VIIB. The amount of
Group IA metzl promoter is typacally in the range of from
10 ppm to 1500 ppm, expressed as the metal, by weight of

the total catalyst, and the Group VIIb metal is less than

360C ppm, expressed as the metal, by weight cZ the total

catalyst.



A-catalyst precursor was prepared fromCarrier A by f, _rst subjecting the
carrier to carrier washing. Follow ng the wash, approximately 30 grans of
washed ‘Carrier A were placed under a 3.33 kPa vacuumfor i at
anbi ent tenperature. Approximtely 50 grans of the inpr eggngfelﬂ)ﬁdggrg%tal on
was then introduced to subnerse the carrier, and the vacuum was mai ntai ned
at 3.33 kPa for an additional 3 m nutes. The9 cesiumtarget was 950 ppm gram
: ~ni shed catal yst. The vacuum was then 30 rel eased and the excess

i mpregnating sol uti o&’bwafmn'tewmyednprcwmﬁﬁe rca&a’adaﬂsj’ztm eo%tﬁéﬂfié)sl the
centrifugation. .at 500 rpm fo= m-. nutes. The cat aI aé)re cu=scy was

then dried whil & HREPIE" s%%f?(eﬁczjtvﬁ% & tore @'?ﬁ?\?ﬁré%t treRR oFSair

flowino at 11.3 XBidited, AbciedsusyyeRd0Bididon E@@r@h@aé@ (earpeypd dve)
Carrier A was Igﬁ{‘R ated as described_in Exanple 1; however, the carrier

was not subj ect CFERTIV SRERT IR ﬁ%%sﬁ?ﬁﬁ%%ﬁ‘b’e@nvﬁt% b pPE G+BIn

finisheds5 catalysite BxadHc s?oza@tffdr?tj ghyas subd eeted £0- 0¥ | BSyaashi ng
and inpregnation as descri bed i/ Exanple 1. The cesiumtarget was 950

ppm gram fi ni shet @t ¥H5RIEN PPTEEFHPHEL Do (FodfiRket | k)S TAnd 2 B was
| npregnat ed as dﬁ?&ﬂ&@%u{yﬂé}%ﬁdm Hyar JIOVNRY &y o Nes calf i &L y@s. not

subjected to carrier washin The cesi umtarget was 400 pprnigramfini shed
catal yst. 15 ExcATER@N3cdny %?X@Q/vasus‘ij‘blj\é\ttfédilt%‘(mrafe@ sgskiimmg and

| mpr egnation as lrecsibed [ BB &0 b, e ceshundar nlg vag, A0, pogr am

finished catal yst. Examal e 3a (Conparati regnat ed
as deschPbed i n E(Ja#ﬁpll@ 1£ o e ek on téh@i MWaerlQ/aai@-mt asub}mmﬂd: thase

carrier washin Sdel“?at an ggﬁd aI
Exanpl e 4 25 Carrl er A was su%{lgﬁt eﬁ to car BI er vvaad%l ng “an npr egn%/ltl on as
descri bed .n Exaé#s it ilonsThHea d’e‘mmi&e&uﬁms Wag i85 Ippegralim TEimiashed

catalyst. In admiéa%re%ﬁéfq%et%én ”ETJ argre%blgthl’m%e%ol-(-r H) was

added to the sto I npreg ion solutio onol es

OH/:r,| Ag sol uthaon,theo “megerutdre dfydr:ogem:tl an @motd \pi sitrocea theasured pH'

of 13" r xanp f ier. Awere -~ nersed in 300 m of boiling
T ~W TI]:'B\H for fgnpsre]gq{ghtgooj S%trse Sit¢S acnfeous'n 3d0 m 35 of boiling

de i oni zed wat er foﬁhESGHHnnex;&mpMuyed ﬂuathesn catalysts in its
broadest aspects can be any of the large number of
conventional, porous refractory catalyst carriers or
carrier materials which aré considered relatively inert.
20 Such conventional materials are known to those skilled in
the art and may be of natural or synthetic origin.
Carriers for epoxidation catalysts are preferably of a

macroporous structure and have a surface area below about

10 m2/g and preferably below about 3 m2/g. Examples of

25 carriers for different catalysts are the aluminium oxides
(including the materials sold under the trade name
“Alundum”), charcoal, pumice, magnesia, zirconia,
kieselguhr, fuller's earth, silicon carbide, porous
agglomerates comprising silica and/cr silicon carbide,

30 silica, magnesiz, selected clays, artificial and natural
zeolites, alkaline earth carbonates, and ceramics.
Refractory carriers especially useful in the preparation
of olefin epoxidation catalysts comprise the aluminous

materials, in particular those comprising a-alumina. In

{J
w

the case cf a-zlumina-containing carriers, preference .s



.25 February 2003 carrier was then renoved and dried in a well ventilated
oven at 150 C for 18 hours. T!-:e carrier was then ,, inpregnated with a
cesiumtarget of 400 ppnigramfinished catalyst. In addjifi 35 T~AH

was added to tre stock v 5 inpreg: ~ation solution at a #5%@?”%@?@8

mcromoles OH/m Ag, to |lower the hydrogen icr, activity to a "neasured

pK' of 13.6. Exanale 6 Carrier A was subjected-to carrier washing and 10

i npregnation as described in Exanple 1. The cesiumtarget was 720 ppni gram

fini shed catal yst,.,d ddiptdQn , S EA = di:ssol.y i ter .ang to
the stock sol ut %r\f.ergtt%a 'trtgrsdethac\)}]fi'égl\%aépr?icér“GrYolsnggaEr%/\rgﬂ@“ g,a%tge %’\%g(r;dt he
hydrogen acti vi tyy trhea B IEGSURRR hRG, ‘o £0ff rba 2,. 0@na NRRE@4 15 pwas «aH=s9ql ved
in water and added to the stock _solution to provide 1.5 m cronoles Re/gram
fini shed cat al ystromExa®sl &o7 SCavlr/iger TAnwa e refigjredtled firemc &r i éo Waski/gg and
i npregnati on scr.ihed in_Exanm, « Ih sium tar Qs 4
ppnigranlfinishgicg%tgfggf.ppg“ggggg%%n%SLFEEs%agddggsSPg§%n§g°§g?ef§gﬁé
added t o5t he st adlsdnmriegnatichn isalkst iodn firom Owar tich® .Npdmdgenbiyonocacievi ty

to a "neasured nH' aof _13. 2, a,.rple 7a (Comparative) .25 Carrier A wa
i mpregnat ed as Q«?&%’B‘é i ﬁnegﬁ’gp: pré ?;et%tfﬁ)engér‘f-’ tRE“¢arfi Err\f/ﬁgenStre%
subj ected to cani ekeswaibienginTheteaesi um Bangetiewas S400Eppatgr am.f Y. niashed

catal yst. Exanpl e 4 3Q 30Q g.of rrier, A were i rsed | 0n of a
boiling 0.1 M sdF ai":‘5r1 &t 'a$:'n§'ﬁli'u§?‘§5‘et é?&'f’orﬁ%i%%ﬁi%t Heﬁ3g -versed in

30G m cf de-io::!i~edrsatier tgbed50€ hobllmiRkbndbaszinghypwed-hy rEMaeESi ON
three tines '.n 300 nl cf bo~" _ng de-=onized water fen 15 m nutes each. The
25 Febrh%ry opo®articularly preferred. These a-alumina carriers have i

T

relatively uniform pcre diameters and are more fully
characterized by having B.Z.T. specific surface areas of
from 0.1 to 3 m?/g, preferably from 0.1 tc 2 mé/g, and
water pore volumes of from 0.10 to about 0.55 ml/g.

15 Manufacturers of such carriers include Necrton Chemical
Process Products Corporation and United Catalysts, Inc.
(UCI).

The resulting epoxidation catalysts just described
are used for the vapour phase production of epoxides,

20 especially ethylene oxide. A typical epoxidation process
involves loading catalysts into a reactor. The feedstock
to be converted, tvpically a mixture of echylene, oxygen,
carbon dioxide, nitrogen and ethyl chloride, :1s passed
over the catalyst bed at elevated pressure and

25 temperature. The catalyst converts the feedstock to an
outlet stream product which contains ethylene oxide.

Nitrogen oxides (NOy) may alsc be added to the feedstock

to boost catalyst conversicn performance.

The following Examples will illustrate the invention. R
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~or 18 hour

S.

carrier was than renoved and dried in a well
The ca=rier was then inpregnated as described in Exanple 1.

ventil ated oven at 150 C

The cesiumtarget was 450 ppnf gram finished catalyst.

5 dissolved in water and added to the stock |npregnat|onso

23F5p

hidiy 2

1 on

on'p

the hydrogen ion activity to a "neasured pH' of 13.2. Exa:nole 9 The

a-alumr-~a
wat er

at 25 C,
Carrier A befors adiragi ng,

source material for Carrier A-

dryi ng,

was 40 washed wth de-ionized
t hen honogeni zed with the sarr:e ingredients used to form
and firing in a muffle furnace.

OH was
ower

The

resulting carriier was designated Carrier D. Carrier D was used.to prepare a
catal yst in th&adFeIfnner as 15 described in Exanple 1. The cesi um target

was 510 ppmi gram fimined Gl Sthe |0} -3ddidd Qe 41 UG,

wat er and added to the stock I npregnation solution to' |lowe

prepared fr
however,

was 360 ppnigram finished catalyst.
i mrersed i

for 15 m n,
m nur. es,

de-ioni zed
dried in a
I npr egnat eq

f

og Carrier Din the sane mannRgf

s 1

Wr (E:faﬁr%ll\é%d I n

hydr ogen
ion activity to a "neasured pH' of 13.2. 20 Exanale 10 A catal yst was

outlined in Exanple 9;

the carrier was not subjected to cagi'er washi ng. The cesiumtarget
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Tlat Plate Crush Strength,

single pellet.

C  Determined by mercury intrusion to 3.8 x 108 Pa using
Micromeritics Autopore 2200 or 9210 (130° contact
angle, 0.473 N/m surface tenszon of Hg).

Carrier Water Washing Procedures for Examples 1, 2, 3, 4,

6, 7, 12

Cerrier washing was carried out by immersing

100 grams of carrier 1n 300 grams of boiling de-iocnized

water for 15 minutes.

placed 1n a fresh 300 grams of boi

15 minutes.

total ¢f three immersions,

-
-

The carrier was

then removed and
ling water for another

This procedure was repeated once more for a

which point the carrier was



. 25 oxygen, 50 carbon dioxide, 63~ nitrogen, and 2.0 to 6.0 ppnv et hyl
chloride. The initial reactor (heat mediun) tenperature was 180 C. The
tenperature was tanped at a rate of 10 C per hour from 9%%85 C, and
then adjusted sc as to 30 achieve a constant ethyl ene ? 1.5 ov
'_n the outlet gas stream =erformance data at this conversion |evel are
usually obt ai ned when the catalyst has beep,on streamfor a total of at
| east 1-2 days. due to slight dirferences in feed gas conposit_on, gas fl ow
rates, and 35 the callbr@tlon f anal ytical |nstruments

0] s ysed to .. 25
February 2003 =BG 3¢&Cermione e Fé&d GR8 proGice"gds @0@pd§?ﬁﬁaﬁ§'43he
measur ed selecmwemtwtaQGantlwg&ylafha gsvenh@aLaLﬁﬁtcﬁ&&x%&r%a$lm@hmly

from one test run tq the next. The initia grfornancq val ues ~=or v

selectivity at “Se5- ‘grefhfpéﬁetdfﬁdQ‘mérEaﬁé JaredY; &eaPeoFéﬁﬁrﬁéd in

Table 111. _datrldnebehnuany 2003 omegackampdls3 't7 C'a ON3 CE O s~

rs'L3 ORaa- G N1~ Nr>1 UwO .
) Impregnation Solution -

A silver-amine-oxalate stock solution was prepared by
the following procedure:

415 g of reagent-grade sodium hydroxide were
dissolved in 2340 ml de-ionized water and the temperature

10 was adjusted to 50 °C.

1699 g high purity “Spectropure” silver nitrate were
dissolved 1n 2100 ml de-ionized water and the temperature
was adijusted to 50 °C.

The sodium hydroxide solution was added slowly to the

15 silver nitrate solution, with stirring, while maintaining
a solution temperature of 50 °C. The mixture was stirred
for 15 minutes, then the temperature was lowered to
40 °C.

Water was removed from the precipitate created in the

20 mixing step and the conductivity of the water, which
contained sodium and nitrate i1ons, was measured. An
amount of fresh deionized water egual to the zamount
removed was added back to the silver solution. The
solution was stirred for 15 minutes at 40 °C. The process

25 was repeated until the conductivity of the water removed
was less than ¢0 umho/cm. 1500 ml fresh deionized water
was then added.

630 g of high-purity cxalic acid dihydrate were added
in approximately 100 g zncrements. The temperature was

30 keep at 40 °C and the pH was kept above 7.8.

Water was removed from the mixture to leave a highly
concentratad s:ilver-containing slurry. The silver oxalate
slurry was cooled to 30 °C.

699 g of $2 %w ethylenediamine (8% de-iconized water)

5 was addea while maintaining a temperature no greater than

(93]
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Sodium Measurement Procedures

The sodium solubilization rate of selected carriers
was determined by measuring ths sodium content of the
extracting medium with an Orion model nc. 8€611BN sodium
10 selective electrode connected to an Orion model 280A

voltmeter. In & typical experiment, 300 grams of carrier
was boiled in 900 grams of de-ionized water for a total
3 ml alicuots

of fifteen manutes. During this period,

were taken at predetermined intervals. The sodium content

15 of each aligquot was analyzed at 25 °C using procedures
well established for ion selective electrodes. The sodium

concentration in the solution sampled at 5 minutes is

used to evaluate the carrier as being a good or poor

candidate for catalyst preparaticn. Results are given in
20 Table II.
pexr 3 minutes

TABLE II. Sodium Solubilizztion Rates

for Selected o-Alumina Carriers

Carrier

Bulk Na

Unwashed Carrier

(ppmw) &

Extracted Na
Unwashed Carrier

(ppmw)

Extracted Na

Washed Carrier

(ppmw)

438

9.2

438

752

186

-+

a From Table I.

b Following ammonium acetate exchange as described in

Example 8.




- 21 - 25 February 2003 It can be seen that significant inprovenment in
catal yst properties are seen when the sodi um solubilization rate is

| owered. Carriers A and B have dramatically | ower sodi Lﬁg EOLUbi I hﬁ 5i on
rates (see 5 Table I1) after being subjected to the Car4d EFPHEN g
Procedure. Notice that despite the |ower bulk sodiumfor Carrier C, it has
a high sodiumsolubilization rate. Even-furs her inprovenment is seen when
the material used to nmake the carrier is washed before the carrier is
formed, 10 CargijefePsuIb8-Rydpogen hphsactivity of the deposition solution
> for catalys ' = owered by the -t v addition of a
base. It can be seBhlYdatsPbwelpmgol Hee sy oyent $ orexetdade yuping he
deposition sol ytio Lhet 4541 opr th ytic pr rkigssnlinhs
al so evi dent tIuﬁ%l’t:"?Ré%ﬁ%nbn@ngnﬁ%fﬂ%{ﬁ%blﬁg %@J{é@ sgﬁ@“fé)%s%'r?g %GEE% a
particul ar cateppsingdroml at¢onrods dedtai Pt ubl anedel nd Exahdl 2806 and |1,

where & sel ect]y] ney : ch.as. rheni i s added to the ’
i npr egﬁjati ng s’f)%(%% %B%QQ&JIEQQ&&&QQIE%g#m%?%—ﬁ%gw(ﬁﬁﬂbﬁf%Eﬁhe 25
February 2003 metx=£€ tad caMiSrdted witlal yshmens +a Yy hawd inges 1l & ashh fife r

sol ubi l'i zati on é\gte as neasured b‘?/ the apount_re) ga]ied aﬁ%.zi mersion in 3:1
ww of boil ng®WaPEFO BIPTRCYT 2%t 1Han 5 phnw P e NS 12 MR RY - wei ght of
the carrier, pg0d Blnhikdest &f 2thd ¢opeess: fwdr psEPSTid) o s alysd £afrier
according to claim 1 wherein said sodiumsglubilization rate is achieved by
a :neaps effectiVRC AN FermdR T R T2 am e T LR i B Drieseit Bh $hess
surfaq® of thepcaretrethiOngle Andl diedrEsm gl et eastadiodd jof-1hed sSpegies, or
rendering the 10 ionizable specjes insoluyble, or rendering the ~onizable -
speci es i nmobiPE358LC S YT eSS Jér&eco‘"rigiﬁf'go D 4% NERRRAG TP A neans is
sel ec~ed fromm@ashé f0calon exChed@esoMod 2dn) | ZAdGhd MEEd it B d Dhed '
precipitation, sequestration, and IS conbinations thereof. 4. A catal yst
conprising a cartéers SO RhPED WHRIRA Al e L iorF aR/DIBH | catd y

reactive metalisrahe 0pd | ONadd ¥a e P o TOE £ P AU JFRE 611 18] Sadeposided on
said carrier. r , 20 5. A catalyst according to claim4, characterized in

that i€ is suitabeer {9 tHeeGag50 U P heskel Rpsd Gat | EDE LI hs2s. A
catal yst accorgdipgntoo Ghadady shanpetierd 2ed 4 mddmtsSaidk carrigd is an

al uma- based carrier and said - 25 catalytically reactive netal is silver.
7. A process fokSGFERRE iTRINA 220 al JAE" acvith okl ¢ A RiTATO @Y e of
claims 4-6, chasaeigesiaed pohdain SBhtbnium hydroxide solution, as

recommended by the manufacturer.

20 Example 1

A catalyst precursor was prepared from Carrier A by

first subjecting the carrier to carrier washing.
Following the wash, approximately 30 grams of washed
Carrier A were placed under a 3.33 kPa vacuum Iox

25 1 minute at ambient temperature. Approximately 50 grams
of the impregnating solution was then introduced to
submerse the carrier, and the vacuum was maintained at
3.33 kPa for an additional 2 minutes. The cesium tarxget
was 450 ppm/gram finished catalyst. The vacuum was then

30 released and the excess impregnating solution was removed
from the catalyst pre-cursor by centrifugation at 5C0 rpm
for two minutes. The catalyst pre-curscr was then dried

while being shaken at 240 °C for 4 minutes 1n a stream of

air flowing at 11.3 m3/hr.



~catalytically reactive netal ~s deposited on said carrier , by subnerging
the carrier in a.”. inpregnation solution the 30 hydrogen ion activity of
wh_ch is | owered. ~3 25 February 2003 8. A process f?ﬁF%B tdjost i €
epoxi dation of an alker.e with an oxygen containing gas, “Wherein’a catal yst
according to any or.e of clainms 4-6, or a catalyst as prepared according to
claim7, is used. 5 9. A process according 1% <laimB, characterized in
that at | east one of the nitrogen oxides is added to the oxygen cont ai ni ng

gas. 1> W 1 i Jbahppsl  VOGLTEAI90PCE) AVENDED SHEET
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washing. The cesium target was 400 ppm/gram finished
catalyst.

15 Example 3

Carrier C was subjected to carrier washing and
impregnation as described in Example 1. The cesium target
was 300 ppm/gram finished catalyst.

Example 3a (Comparative)

‘20 Carrier C was impregnated as described in Example 1;
however, the carrier was not subjected to carrier
washing. The cesium target was 360 ppm/gram finished

| catalyst.
Example 4

25 Carrier A was subjected to carrier washing and
impregnation as described in Example 1. The cesium target
was 450 ppm/gram finished catalyst. In addition, 35%
agueous tetraethylemmonium hydroxide (TZAH) was added to
the stock impregnation solution at a target of 117.8

30 micromoles OH /ml Ag solution, to lower the hydrogen ion
activity to a “measured pH” of 13.2
Example 5

100 g of Carrier A were immersed in 300 ml of boiling
5 %w TEAH for 15 man, then rmmersed six times ain 300 ml

35 of beiling cde-ionized water for 15 minutes eacn. The
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solution to lower the hydroqe1 ion activity to a

“measured ph” of 13.2.
Example 7a (Comparative)

25 Carrier A was impregnated as described in Example 7;
however, the carrier was not subjected to carrier

washing. The cesium target was 400 ppm/gram finished

catalyst.
Example 8
1
30 300 g of Carrier A were immersed in 900 ml of a
boiling 0.1 M solution of ammonium acetate for 15 min,
then immersed in 300 ml cf de-1onized water at 25 °C for

15 minutes, followed by immersion three times xn 300 ml

cf boiling de~ronized water for 15 minutes each. The
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used .to prepare a catalyst in the same manner as

15 described in Example 1. The cesium target was
510 ppm/gram finished caﬁalyst. In addition, LiOH was
dissolved in water and added to the stock impregnation
solution to "lower the hydrogen ion activity to a
“measured pH’ of 13.2.

20 Example 10

A catalyst was prepared from Carrier D in the same
manner as outlined in Example 9; however, the carrier was
not subjected to carrier washing. The cesium target was
360 ppm/gram finished catalyst.

25 Example 11

100 g of Carrier A were immersed in 300 ml of a

boiling 0.1 M solution of barium acetate at 25 °C for
15 min, then immersed in 300 ml of de-icnized water &t
25 °C for 15 minutes, followed by immersion three times
30 in 300 ml of beiling de-ionized water for 15 minutes
each. The carrier was then removed and dried in a well
ventilated oven at 130 °C Zfor 18 hours. The carrier was
then impregnated as described in Example 1. The cesium
target was 400 ppm/gram finished catalyst. In addition,

35 LiOH was dissolved in water and added to the stock
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The gas mixture passed through the catalyst bed (in a
once-through operation) during the entire test run
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25 oxygen, 5% carbon dioxide, 63% nitrogen, and 2.0 to
6.0 ppmv ethyl chloride.

The init:izl reactor (heat medium) temperature was
180 °C. The temperature was ramped at a rate of 10 °C per
hour from 180 °C to 225 °C, and then adjusted sc as to

30 achieve a constant ethylene cxide level of 1.5 %v in the
outlet gas stream. Performance data at this conversion
level are usuzlly obtained when the catalyst has been on
stream for a total of at least 1-2 days. Due to slight
differences 1n feed gas composition, gas flow rates, and

35 the calibration of analytical instruments used to
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determire the feed and product gas compositions, the
measured selectivity and activity of a given catalyst may
vary slightly from one test run to the next.
The initial performance values for selectivity at 1.5%
5 ethylene oxide were measured and are reported in -

Table III.
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5 8. A process according to claim B, characterized in that
at least one of the nitrogen oxides is added to the

oxygen containing gas.
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