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7



tenperature (i.e., loss of activity) can be troubl esone for a

conmer ci al | y-viabl e catal yst. Commerci al et hyl ene oxide plants are
typically operated to provide EP 383,788 %al ance of productivity and
efficiency. Less active catalysts are thus operated at hi gher tenperatures

0 achioRy 6nedP b iy n Sty ok Mts% trs SR Eraly AP Of
t he Caﬁdil'c)!ﬁ:&mﬁ tlf typgﬁﬁ &?ﬁb%tﬁ&f‘/‘% Xﬁe&ggg‘ y ‘ﬂB mg%t?y j0| ves.

t enper @mpbiheie pteeént ﬁ\ ol IaMBiht 6040 6Bt 3b20 G366, Jlansb V@tosl o, br%ferauﬁ
Not - ONpin {weightREaRulafl asttheWeRht of HRRJAARe biell B the ikl WEIBR oPib BRalRt 3RS adiier . but
al s, &ihanghrREd whidS fprobiBesSThbl tenkbAYeY AcBVity SdABIEH BMdidndy aRddri SfbfityOgenbralfBvakiés 10

di schadiegending@n tHethaid@tadd yfduni BEotiER adniRndhe\in tha bathlyss tontpasifidie t ypi cal tubul ar,
fixed bedhetdmpsaroe thisinebation @esddrablySconta raf @motnit bhaxtiity @nhafdriglihangardesd toipo- €. g. ,

t wo y eqens atdeasthrauffieientt th dncleesecdclivity of tha ptalgsthearie@eigddf undér Stanyard Ethgplanec@iige | 0St

i N cat Brbgess Conditibrs dlwnindeficag} by atderst gbbut Bt C.pimfidrabijoatdeastiabet 109€ t ed St at es

Pat ent AMben dhet pcliity elea icathlystids .eneBce@D&e inbaraiurFgbquired Jo POductO@Wer given
abandoradtions4D giver levglj af ckyiapegerdde (usally) o@rpssed oy tera ol ingreese inrrkyledel 08de3 and
251, 81@"%%%" fGross a’eaétatxﬁéﬁd)ss requrge Theystalpility girpaeatafyst can bewith-teepset to at least

si | ver°’t§cﬂ‘nt°§‘F'PH°M ing 8rd EH‘"U&%QQ y§? -dn pgpore sble eﬁ@vwh%efﬂweu @eing e

cont ai ?ﬁdﬁ actiyity jagiRg i ig less han y ‘&ﬁl"t)”ﬁ?aﬂ%t%t an at oni ¢ nunber of at |east 15

R %ﬁﬁ; S e

Corrpanﬁ}r’?..rc y %1;19 rm lOﬂIC or c%tlgmc 46t h

Edl ti ﬁzﬁg n ’“a ioh |c1_ﬁ|" a% Y Ieln negati m ) at i on,
i "dast ohe o | o tﬂ %na t
~ul ant Qem is tﬁ%@q %@ﬁ&m }Eggfni (ftﬁs

\vana u?§re f& ﬂ@%ﬂﬁ‘auoﬂu{h%ﬂgeé-@a%ncu ovi? %Q a es, t ungst at ES cer at ES and

the |ikeTnelBiaiysP profdibl) Lohtal & ST diveP BromBiéCindin dnbBHRLMSert Wbdafghd N the

' 573 paicRity SPRS kaaydt @B cErigidal 8 a\milar Llalys¥out nof-SonbiHin: thd \BrMBIbr. Ofted X

Sal t, pomdtsricompiisbd & lc6ifisoyind 8ban cleRidMEYHRE tha mahglhdsh whigh is selected fém Groups 1a13. 09

O 25 and/or 2a.and/or from Gfups. 3b.to 7b or-3a to 7a of.the Periotiit Table. (References to tHs3eriddic Table

13. 55 hekair\Vénaklbe 0.t 851 Sablishedby the Chemical Rubber Company, Clé\@lardd, Ohio, in CRC Handbdék 29

13. 25 of Chési§y, anf Physizs, 48th Editibin @$ide Backpver.KThe preferred pédmbters include the oxyaRidés 30

13. 25 of @wide@®ents oherghamofygen hainga nik@cparweight of 5 to 83 GF&rdiips 3b to 7b and 3a B34 of er r |
V48 nthgﬁenodlc Table.3Most preferablyAthd promGioistaf] oneSoy manpfiChe ofyenionp o Aifogemrauklr,

59. @ tantalum, molybdemm, Eiiingsieh cagd TERniuma Many of dhede Pompaterse areorleigeterized @adth oxygen

proc es'gcf‘?,aé'ﬁ@i pifizioney anghiqdycing #pfivity o Ahe gatslyete featalyele qoniaiingrcombipatiopsf @eoters

condi t?t“ has s‘@'gg@h o8m Q" Jpre 9honaRiens ¢ JFieHPt Joola TP Alemnegis fsha ey PolvRderym Bdy

her ei rineny 5“'5'8%??'%3\' BiRgeases by faqprpsence of thp napgangsg F°'B?°ﬂ@}t

applic ip (fﬁ e"e 'tt '& e %&H&Wﬁ%ﬁ%ﬂh*’a P‘?“&p&f'?"bﬁ ieh By 40,
pubf sAHG *ER % %ﬁ%'% °r o'i'% L es. the chl.ori nation a kanes in
|s mven I|0n the ep n

X
the prc%ﬁts".n?"" i t P o t.on el 1)
e e
»plblg s,h&,g;f/?“ xog}ﬁter ) a,',sacsaipose '(Y:Iat aly “ Ieﬁ‘%ecorrpo%ltlon of
ozone. Th@eﬁ&fc&bb’ﬁr&emﬁé& of e AGentichdfhe QXta @brﬂﬂus& ékaﬁ thetaPnitgd, @ @Hecipfy cent

of si | poRssium @ndlor trdbidilth HRAtE HbpdRRICIA Rbnois §v6diat | than bl A0d 62800 Lﬂaﬁé nfliflondt OMi C
per cenppri)fbycsiyht based 6h HBWEEGH OSSOt Bis abperdd i, invektiod | a nitrogéh anddoxgahi on of
Car boncohibiniox cahepoall ab.y aitahel pxidda nigéyas dioxide, hitt@s okioeIRRS infag bintrokRBed, intd theOf

Cat &l yreactign zopé corfidding the cdl@dBdt 295 cOXOBEAYr tapthaiidef 4t dast oné ofSautivity) effiniency &rde

Ther negtabBtyaobthe icatglysh petforn¢evi ty of the M/ Ag Catal yst in the Oxidation of
CO', J. bfaf@thenprofeired aspest of theliBveninn, thé EatahBlcontbDs Bps Harsabowtsi prmngademet- si | ver
cat al yreferalfiyless; than 35capawvy leachakinpatassivro it Seseclaw pofpssivprievgisdibe enbipricing #fit oft es

Pat entt\Banganespeprpoent raayg insepe insfances. ba@moeROAPYAsds of a nitrate- nitrite
sys¥em fn, psppgs of ihisjavention selatesrto dha use af the airepryigend-cabivetainarpddignesdensioch as
ai r. TR RsPectlnpiviate b qiyieAS Pideon metal oxi de sel ected fromthe group
consi sting of oxides of manganese, ruthenium rhenium osmum rhodium .

i ridiumand m xtures thereof. Methods are sought to enhance the activity
andfor stability of silver-containing, supported ethylene 50 oxide

catal ysts which have been pronoted to enhance efficiency, which while
providing desirable efficien- cies, are typically |less active and nust be
operated at higher tenperatures to be useful in comrercial production
facilities. These high tenperatures can unduly shorten the catalyst life
such that the catalysts are unattragtive for commercial facilities. Summary
of the Invention By this invention Silver-containing, supported al kyl ene
oxi de catal ysts suitable for the epoxidation of al kene to al kyl ene oxi de
are provided that have enhanced activity and/or efficiency and/or

stabl i ty The cat aI ysts cont a| n dep05| ted thereon a sufficient anmount of



7 EP 0 393 785 Bl | east one of the activity and/or efficiency and/or
stability of the catalyst as conpared to a simlar catal yst but not

cont ai ni ng the manganese conpong#pﬁoaﬂﬁ@ 5Bl herwi se identical conditions.
O'ten, the manganese conponent is present in an anount of at |east about 20
or 60, &efiled Die@dbn 70 to 1000, preferably 80 to 500, ppm (weight)

cal cul ated—as the wei ght of manganese based on the total weight of the

cat al yst. AkyRnéBidés mae usiif HEBRERAL s RidRtbnRFMNLEGS zd s R NRARGEormGh Vi TY
and/or efficiency and/or stability generally varies depending on the nature
and asounts of other conponents in thg catalyst conposition. The catalysts
of this invention preferably co gai n/an ampunt of activity-enhancing
manganese conpo- nent at | east uf‘f FcreftRio i ncrease activity of the

catal yst, as determ ned under St andé‘rd t hyl ene Oxi de Process Conditions
(herein defined), by at |east about™s [€rr] preferably at |east about 10 *
C. 100 V\hen the activity of a catalyst is enhanced, the tenperature
requi r edherdin 5 ;e 78 arq, iowmer aliyl. v reaiviix pthi o, reefeyalie hydroaen) Mest pesfdeablyethe

oxi de (a %n m@xﬁ@%@% oxige. {The svierle ¢xies @rsmadenfron el eovespendingcaliens, ie.,
concent Fidf Féu: 58 ‘{hsﬁ%“ca&fea‘ff ;‘t"é‘{efsﬁéﬂﬂg' the f?“@Yﬂ‘BQ: @EF”ssHﬂé"’"b'?aa’B?qe i "‘t"‘? refgrenge

one of effi c en rate and

cat fa|1¥ nB XIW? s in n eeéa'eS yr1: ltnmg n
gﬁé; \(;Ir t f Mﬁf}? Xc::m onent o <] anr::jt {hen:aén / a nH/or %gg( of g gE at i 5
As use d ﬂ nesecmogn E
%illﬁ& po ss & o5 o %a lltmagane§?

part ' Cu'o@rﬁpoﬁ it oﬂiﬂagl thgrg s asa IanSc éa'f g.ana’ or

> Chenigal bme@mmmﬁye YEENE enbé PRD é@s’ coRAR § AB%'ﬁ CUNDPHON ﬁ Haraf@R1 N9
“Fhe ter iy e ebdiystsQF this iNAntioh GiveileSthb Ase?8t adtEArl backinbda SRRV h G cle

nDi et y; incldihd EdtboR ‘diosible. Tﬁ@bbﬂﬂlTldﬂ%lrﬁQ bBQﬁérﬁtbd/ Rith?9dfhe vaHatidNNh 6thyl&He, o@&!nchﬂd

bei ng ngaaphdse .inhiiter fobd. MwoO¥34ad iaRNillstratd: alrO¥BEbss @bnditioRd, Whieh {sinulatdaC@adhs Vel y

char ged bagkinkéd/ readidt it tigicalcantiitidne @mploydden CORNEEIRI AF-GP8 bthyldhe BladdBtbdetdds Whéré

anot lrer a2 @ used eoTeupbly tWemolsgdan iotygen and fhel Dxy@n PLOYERE RorRIRibsA WHitH §malale®ih thét 1S

under st da#imixérh reactom the digpicab tongitiorst in | commarcialo pxyparktydr ethylend notide rpracessiss whdré on

Wi t h chaolgeulds pkegawi aspuctn imerenioyed rfaich dase powitienl ¥ differpnt effieieady| byt it tnthalirules foat
. | east onreciisaliyea! cprep that @ir asi the exygenrferdnusingUdwer emaeunts of oxygenhend ethylerdvenilbfiéld e ency
~of the eHelefcy ixethylone ofigearhictl i apot 249 Aipprogntage pinty loweran thabwheo mrelegilarionwgen he
pr ons? e S empjoyechas eygen feednWhery the: eatgivst aqutaing aerlepsbalimerctian reji salt anddnintendedde t han
mangane8® Uit Bnconiynciien with iy gorrespprging Lﬂf@c'eﬂlcVaP"Q‘S'c'"%rﬂﬂ?eB‘Fs mambeR Bf @ redoxdigf
G oups 8108 Paf ! C@%P'ﬂ?”?ap’?i‘fdetfﬂeth?’éf"P%? ©f queh | gaseoys@prabes tha CQNDITHIQNS
Peri odi 8'“'1'$b|‘ A & Rideng Pidgdn s Qutieli9a8 O g Pcton &aren dhe; illowing standard ikt hher
Corrpabpy, veI and, Chio, in CRC Handbook of Chem stry and Physics, 46th

Edi tion, rsinclude the oxyani ons
of the dfemmsne ot her than oxygen h:E?rmg:cessmmc@bud. Mple¥e) gidkygeh pcase 8B of
Goups 3b to 7b and 3a to 7a of the [Periodi c Tabl e. Most Condiiors, Moy [ he

_pronot erigxgée one or nore of the oxypnions ofggqitrogen,| sulfurgy 30
%nt%untthmeybdenum tungsten and rhenium Mgy of these progpters are
char act getha@d as both increasing effjciency gy reducing activigy of [the
cat al ystlearbdodiigxldgst s cont ai ni ng conbj nati ons g pronotefs suclgsas sulffate
wi t h ongNivogenor e of oxyani ons of G oup Edlanéetof Ghs el enent fBalBneslof @ nol ypdenum
and r herlPanspefroilion difal chicriteefor onabiblt spthi || € SOmimgmifdriEtiaiaddyy | jOptirums elEfglenti

pr esedcdareduntthen ethyieradishleridedamsedlent .| I n anot her preferred aspect of this

i nvent i dPars ppramiion gepspys membkenefai n a rherPrimuodonsliciersy WhjOptimunsdpr Effici®By | i n

t he f or riiegatioghalf pair herypauired favgatlystt e lg. . rhenate. In onel preferred aspect of
this invention, the epoxidation of alkene in the presence of an oxygen-

cont ai nmgc@mnoasnﬁ\blse&e%nw&hlﬂa&nﬁm béttokreuaRatéd M Mabhbarived btbdRbs 4H3CHBEd
epoxi*®Vatni FgurCDBICkhé paBELY Nl M.IERrP bRBE TRadk: 1@t Vapd? PhiseQBRIVERS Stididse, N ghgmdpnci ng
gaseous Eiginslrng Pedgress, VeIOTDX N, pagesczacddl tama.pai r. The catal yst conprises as a
pr onot er , Tae pebdurecis anaiyained ldanstahtnay 2251psig) indOthe &tal b@iastiowds @naintained at 0.64 m3h

ef fi ci ef229-SERHRRCFH pfessafotculiié feat pbD houmahdt@wiard fengeratbcboand Ipedséure, @atdly, 0mcpad r. | n
yet gphovreeatmesphdresThe dutlets phylane wiide hancentration tis waintaitddeat d Atabyyafusingiip iegatisn

al kal'1 teeperptuiqj Thug tamperatirec( Chndycajalystzeificionay amm ojtaied rag lfiedriespanses tiesatibing the
especi anti}}/sﬂPP’fafmﬁm?ts greater than about.- 400 or 500 parts per mllion (ppm
by wei ght TBasaalyshigstPrasedies used in d1e GRHNDHIQNS jnvolves the fellapingsipesit of t he
invention, a nitrogen and oxygen- containing conpound, e.g., nitrogen

oxi de, nitrogen di oxi de, nitrous oxi cLe etc., may be introduced into the 45
reaction zone containing the catalyst” as a coprom)ter to enhance at | east
one of activity, efficiency and
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6 0 manganese dioxide, as a catiorberCis4H anio=5Uel |28 B Fhanganate anion. The manganese species that
8.0 provides enhanced activity HAd/6 B@My is not certain and may be the component added or that
0.5 generated either during catalysOprBpafalitroéiufiigOusk @€ a catalyst. Although the mangansse species
6.5
Bal

that provide the beneficial propdrtids t0\tht lcatggsts are not known with specificity, generally better results

Higher oxidation states manganese such as manganate (MnOj ) as well as manganese as a cation (e.g.,

Mn(NOs).) may be used, but with some activation time being required. Moreover, different added

manganese components may also have different optimum concentrations to achieve the results. Often, the

manganese in the manganese component has an oxidation state of +2, +3, +4 and/or +7, preferably +3,
§0 +4andfor +7.

Manganese components include, but are not limited to, manganese acetate, manganous ammonium
sulfate, manganese citrate, manganese dithionate, manganese oxalate, manganous nitrate, manganous
sulfate, and manganate anion, 6.g., permanganate anion, manganate anion, and the like. When in the form
of an anion, the manganese component may be provided as an acid, or most frequently, a salt, e.g., of a

65 group 1a, 2a, 1b or 2b salt or an ammonium salt, e.g., alkali or alkaline earth metal salts such as lithium,
sodium, potassium, rubidium, cesium, beryllium, magnesium, calcium, strontium, barium, etc. Mixtures of
manganate components may also be used.

10



Parts per mllion ethyl chloride (or one-half such Opt i mum f or
Efficlency: Optimum for Efficiency 45 anount when et hyl ene dichl ori de
is used) Parts per million gaseoﬁﬁomef Optinum for Efficiency
Optimum for Efficiency reactlon hal f pair (when required for catalyst) The

CONDI Tl m%\se\mﬁl Ja V\G Jﬂ %l& é rovi an rlav
autoc! agggy gﬁaﬁ%eﬁ‘?;‘g i 3 T Ay S
"React or {)3he néaiR0ér tiRasRrCat al yti c Stu | es | n Chem cal Engl neering

Progr ess, (@b amduat ofmer&. orpﬁg@@ ppor: 84. 1974 The pressure is maintained
const ant  @l) thd ompumbrs @ Gmibliits tha&oaln Pbh hebuphbr®W i s nmi ntained at 0.64 nB/h
(22. 6 SCFH) the Sburkigs@dt ednfaminants providedfwith the RBiRer dr@thbr ddnpsiemstdar d t enper at ure and
pr essur e, (vhthoplogadiies hakedhecsatlysti anaspher e. The outl et et hyl ene oxi de
concent r afvi) the comlitions untiexiwhiebl tha tcatdlysD oulsad ta diotiks iethglerielgidé.ecact i on t enper at ur e.
Thus t enpehiawever.dn fttemplingate defipe i optatystethére oiuetrteya esevatb rainwhith atbert fiivtors are

r espons dsterined efspially whaw the factersyase vagahidsosasi dependsiitfupor the hhspyelug fosegningdedur e
used i n therraseCeiNgip VDt theaese, walise tcarpbeg the [amawnt of siivasjos & cembinatighof Ghe3@BUM3E Bl
1. 80 cé&ilverand Mheaipee of the suppait-dr tost Gases the lintiernaembiaglion wil e tha bese vale Bocsbiserat  of
cat al yst'eaf"s"‘”ﬁé@!%‘tfr‘é'ﬂi cpmprige fhej base, V?'quor Gatelyrt Rerfopm %;,gq + it appasgnt dhet mppmg t he
cyl i ndePeWeRALsuc)) bf?é‘é?"f sndc ‘H'Eﬂ' n aawtet%@p'eﬁ ?rmno cPRENoy dyaaehet lggic

cat al ’ﬁsf”h'lcg '"59 t ﬁ%‘klp g @h e fnyengipn tegyires

carrier ¢ ? "t' oa" EI ithoyft denggling fo "l yst

i's noted "pt on O@ a§%?" PF§' °Ig 'ﬂ? °?tﬂ‘és of s Y
_tenpera Ven on It OUIfoJ Y(Yé) ; oge?: ting
~at 15}90t dehid) erg' & b 'e X cat hen al scon i nuedsc”ﬁt &P

sdescri bed 'fh@%&c@r{tﬂ’aﬁﬁr& Sifver! dﬂhﬁcﬂ %EQatél% %&@Qﬁo‘ﬂf 2 toTJé%r t'ngl;e Jthe @éoupé't I et
flow i siaal bShesd, wéight péifent, & dommfererail p range \SeirlgSHERE AdHUEE td o
over t heeigmXds s La@sH SHved Qoﬁo@ﬁ?aﬂ&ng%eebﬂaﬁéhémﬁorﬁ%h orﬁﬂﬁcﬁﬁﬁﬁﬁrﬁ' @cﬂve‘/d? ﬁ'n
out| et @gtnuinSsiladp BErR¥ritraRoh 8dr anyl pddfdularlddtalyst will belddBen@sht LSth eBdroMR HSRE e ab i on
I's meni pafofthnes/charattadtictesvch ds datafityeficiofy/als ©f bilysPdging atPieadiibittempdratiny.St  has
reached i ths sqnien katalysesact ythis tireéraion) elstetorsivee @artidéscont BENARISHAE whtBlyst an@a dnogdeg al | y
adj ust edatalyst bayh iae enggula/ordnusgllet appearatiea, whibiesarelirees may dppeadfo elyenaaly abrgiktepit O
et hyl eneedaiddwerngegertllyesubie p eprasadite ganprliy dphesica lot ilamispbkrical hewit catalysts elch as

\Jd evi at i gclespd i 9. Rgtest Ne §702,259.iThe perdiglesr aftem tpve atnasioy dimesiohiof leemtban dbut 0.2,
accorselafkas legp than eheut Ot e dufered- descri bed above is about 0.7% efficiency
units. Thé"‘% F%&&Pﬂcﬁ'ﬂﬂ/ PRPIPYSH imthesp aatalyglp dn isclyeadpst geplects issselectagh o ithedarge
cat al ysPurehef piRor Fﬂra%f% (9?'6'&%(9@' "WF PhsUPRt Materiaisqivch a&e@eﬁlq‘%@dela!ye'venertsn about

1.2 c theprpsence ﬁ 29as, PrRdpciand fpaction £g Bhsuch patgizlg 3¢ v of
t he equf‘ H‘Bﬁ? p8 Hidi ’é‘l eha'&a"‘l ray P%@Hﬂ?tﬂfﬂe‘g syatey °H9"b6 afeierah'g ¥hef 2ests,
and t u h che S{ ra.‘%t:smo oF rec%EnJe az x tv@y crtl-ler eb? G e b Igovepgseglofor

\M t hl n ﬁl I%t an \é { X1 I' n esna n va

mul i p weryd i .Ja :h; %Ef ; iva%ﬁn iﬂ% g@“é’?{? r oot
of the py pef en%

alph |des
sgenengl [ Bty ek.eay i b e % spmalaib 30 m%ﬁeaﬁsmw ok hot i-?

Et hyl enﬁnp@&isQQ:r off #iR$ Be SIOWr tpLift 3.0.08bodk 80! wR 2% lalph£A1 |na0 Eh@ b¥| |>(ﬁﬁ’§t
[err][ biostcord@isidenidriyus A6l GRdbs PAIBIRSSHS S5ds iR ERideY, Bnc RS mekana oﬁrnmanl ng
t he | NCHEdRS.EThi Ikardérk iatél forshulatel So BY 0 WL SHertamdbr Gathipst )ﬁl%barabﬁ) dhdrel@orle@tions.t£ady
st at e cwidelivariensf, sualn darfidis) adf dommeluially avatdbled iAMGha [RaMIEMB Lare/ maffdtufsl iy dynitsd at e
condi« | Gatagyste InngLanisvillecKantlickyl andizeniorion Sérapaoe Dkroi, [DRiocat al yst acti vates over a
peri od of Intherease ol dphazisminacbntaringsupmd poaferenos s givabto timeé having tlspectia satayes t
reac hesargeﬁkmbfﬁurw &y thadd.E. V. roathodiief frore alsouh0.930m?/g foi aboyd 40 imd/g, méferalaly frarabanh i n
some caf-8g tppbaut Scmere preferasbirfromratiout ) thaboutfem¥en anstrewdter Rbreapluhees méppwpd
condi t i SARveRBongl watelcabgqrplian \leohniquep, of &erp rabout O cto beut \0j86 yecig pyuMplvaiel ThedBEST i ned
af t ef® t Meth P%ﬂg?‘"‘ﬁ%@eﬁ‘%ﬂ‘"ﬁ? a&ﬁaﬂ%%ﬂﬁ?rpﬂ? in gptai} ip Benaupy S., Emepte Peastl Yolle Bout

120 to % C.. 6p309B (1938} armunt of the manglanese corrponent may vary
with SI Ly P fa' taining, %’93"6“'" VcPﬁ’l%'ie CPT Fﬂ)?'@*ﬁasa' '%e
and th Elc (1)

g Hic su ace areas l’e p‘ tg?sbc?: ?orﬁ H%ly 2/
Wi a“'“'ﬁ*’s o R % ?ﬁw Fin

o
mﬂ@@&ﬁﬁ% g&m&& range thafn fro Qoo&a(s@ um (microns). The carriers may have

monomodal, bimodal or multimodal pore distributions. Typical properties of some supports found in the

1



performance, e.g., efficiency and/or activity, may suffer. If too little
mmangahese conponent is present, 'é?és?qgl1o possi bl e that the performance of
the catalyst will suffer. In dete c* dfdesired anounts of manganese 35
conponent, a traverse of manganese conponent concentrations in the catalyst
conposm&hg@ag@mmpﬁnqgm@pted with the catal ysts being eval uated for
performance. In sonme instances, it may be desirable to vary the anobunts of
ot her conponents, e.g., silver and other pronoters, to achieve benefici al
conbi nati ons of effects and optimal catalyst perfornmances. Usually, the
anount of manganese conponent falls within the range of about 70 to 1000,
preferably, 80 to 500, ppnw cal cul ated as the wei ght of manganese. 40
The manganese conponent can be provided in various forns, e.g., as a
coval ent conmpound such as manganese di oxi de, as a cation or as an anion
such as a nanganate ani on. The manganese species that provides enhanced
acti™ity and/or stability is not certain and nay be the conponent added or
that generated either during catal yst preparation or during use as a
catal yst. Al though the nanganese species that provide the benefici al
properties to the catal ysts are not known with specificity, generally
better results 45 are obtai ned when the manganese conponent is added to
catalyst in the formof pernmanganate (err). Hi gher oxidation states
manganese such as manganate (err) as well as nmanganese as a cation (e.g.,
Mi(err) may be used, but with sone activation tinme being required.
ngreover, di fferent added nanganese conponents nay al so have different
_opt pgyum concentrations to achieve the results. Oten, the manganese in the
anganese conponent has an oxidation state of + 2, + 3, + 4 and/or + 7,
preferably + 3, 50 + 4 and/or + 7. Manganese conponents include, but are
not limted to, manganese acetate, manganous amoni um sul fate, nanganese
citrate, manganese dithi onate, manganese oxal ate, manganous nitrate,
manganous sul fate, and manganate anion, e.g., pernanganate ani on, nanganate
anion, and the like. Wen in the formof an anion, the nmanganese conponent
may be provided as an acid, or nost frequently, a salt, e.g., of a 55 group
la, 2a, 1b or 2b salt or an amoniumsalt, e.g., alkali or alkaline earth
“~netal salts such as lithium sodium potaSS|un1 rubi di um cesium
ber#Alium magnesium calcium strontium barium etc. Mxtures of
manganat e conponents nay al so be used. 10 EP 0 393 785 Bl As with any
catal yst for maki ng ethyl ene oxi de which provides optimum perfornmance, a
correlation exists anong nmany factors. Factors frequently consi dered
include: (i) the nature of the support; (ii) the anount of silver on or in
t he support; 5 (ii1) the conponents and anounts thereof in or on the
support; (iv) the inpurities or contam nants provided with the silver or
ot her conponents; (v) the procedure to make the catal yst; and (vi) the
{condi tions under which the catalyst is used to produce ethylene oxide.
waver, in attenpting to define any catalyst, there nust be a base val ue
from which other factors are 10 determ ned especially when the factors
are vari abl es, each dependent upon the base value for neaning. In the case
of this invention, the base value can be the anobunt of silver or a
conbi nation of the anpbunt of silver and the nature of the support. In nobst
cas®s the latter conmbination will be the base val ue. Because at |east two
values will conprise the base value for catal yst performance, it is
apparent that correl ati ons between such conbi nati ons and ot her factors can
be quite conplex. There is no comon thread of logic 15 whi ch integrates
all _of these conbinations and/or factors. To that extent, practice of the
i nvntion requires experimental efforts to achieve all or essentially al
of the benefits of this invention. Wthout departing fromthis script, one
skilled in the art can readily achieve the optimum performances of the
catal ysts of this invention. It should be recognized that such script is
congonly followed by the artisan in making any commerci al | y- enpl oyabl e
et hyl ene oxi de catalyst. The el enents of the script are dependent upon the
20 technol ogy enpl oyed in making the catalyst.

12




The concentration of silver in the finished catalyst may vary from about 2
to 45 or nore, often about 2 to élg %t;’%gg%g wei ght percent, a commercially
preferred range being from about % Lt 35% by wei ght of silver. Lower
silver concentrations are preferred froman econgm ¢ standpoi nt. However,

t he optimum sil er| $a at.bonfor a icwlar catalysf will be
depengent upon gcc o8 geg%::to?‘s gs \;él “ﬁg%formnceyc aracteristics,
ficigendy, rat & of<°ca'f 8ilng agd reaftion
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synthetic origin and pPeferably are of a 35 macr porcgjs str
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di oxi de, zirconi|a, magﬁesk,a and ®ari®us cl ays o The prcef eEre carriers are
Sl pha-al um na pgrtfi cl eg oft en bonded t oget her zoy a bdhdi gg pgent and have a

very high purity, fi.e.& at least 98 w. % al pha- gl unm®a, gany renai ni ng

conponents beind<ilicg alkali netal oxides 40 (e. g.§ sedi um oxi de) and

trace anmounts of| gt her °’met al - cont ai ni ng and/ or ngn- ne® al gco taining

addi tives or imurltles or they may be of |ower |puri 3y, 2 .e., about 80 wt.
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C _t 00 Higaraiess o #io chaldoter &7 the support or carrier used, it is preférablishaped into particles, chunks,
- pieces, pellsts, rings, spheres, wagon Whbels, arld thdlike of a size suitablé for bmfSloyment in fixed bed
0 XS rbadtol¥) Condentiofal bomivetaial fixed bed ethylene ofde® refetées & tfgically in the form of a plurality
V) 5 C of paraliel elong#téd tubes (in a suitable shéll) ¥droxiAlately (KB fo 6B cm) (0.7 /LY hbhe) 0.D. ddd0 cbnD
0 1.26 t0 6.3 cm (0.5 to 2.5 inches) L.D. and 4.58 - 13.73 m (15-48 fedt) longJilled wih c#talyst.bn suc) O
- W redetors, it isOdesirable to employ a support formed into a rounded shape, such as, for exathple, §phéres, w
Ow N pelisin tihg§4ablets and the like, having diameters from about 0.25 cm (0.1 inch) to about 2 ¢ (0.8 mct} | O
CD1co30 #As withganyrsubnefed 63aBEH-the optifgal performance will depexd-ep@M©Ptimizing the c@gjer in 0
CD t; termg of its chemical composition/including impugjties), 4urfgce area, porosity and pore volume. However, C E
00 the enhancement in performance provided by this invention may be mogt prongunged wiyn ysing lgss than
''a OL mPetifrjzedgpyriess. Thus, in demonstrating the invention in the examples, a variety of carrierg are ysed.5 (. ‘|\j
0 =0 m 'E'@ catalysts of.thi§ bvenﬁ_qg &% bly contain, in addition to the manganese component, at least one
0 0C other promoter or ifier to enhance the performance of the lyst, e.g., to g@ar}o_ee@gig@& or red o .
E 01586? b% ing of 961d ene oxidel\?rl_affetitﬁctivity. |TE9se promo rsoor modifiers a{ﬁ_EenBrglly prg\fiﬂeg as c
= .CRemi pol
0 co ui Fo th@?ake%f%as% o? understanding, the promoters will be (r:el?eQred to in terms of cation promoters,
_ e.g., alkali and alkaline earth metals, and anion promoters. Compounds such as alkali metal oxide or M0oOs,
"\ ¥, while not being ionic, may convert to ionic compounds, e.g., during catalyst preparation or in use. Whether
20 or not such a conversion occurs, they will be referred to herein in terms of cation and anion species, e.g.,
alkali metal or molybdate.
Frequently, the catalyst contains alkali metal and/or alkaline earth metal as cationic promoter. Exem-
plary of the alkali metal and/or alkaline earth metals are lithium, sodium, potassium, rubidium, cesium,
beryllium, magnesium, calcium, strontium and barium. Other cationic promoters include Group 3b metal
25 ions including scandium, ytirium, lanthanum and the lanthanide series metals. In some instances, the
promoter .comprises a mixture of cations, e.g., cesium and at least one.other alkali metal, to obtain.a
synergistic efficiency enhancement as described in British Patent No. 2,043,481 discussed above. The
. cation promoter may, of course, provide the counter ion to a manganate anion component. Cesium salts
N alone or in combination with other salts are often used.
30 In many instances, the catalyst preferably comprises salt(s) of at least one oxyanion of an element
(other than oxygen) having an atomic number of § to 83 and being from groups 3b to 7b or groups 3a to
7a, inclusive, of the Periodic Table. In some instances, it has been found beneficial to add more anion than
is required to associate with the total alkali metal and alkaline earth metal being provided to the catalyst.
The reason why such additional anion is beneficial in these situations is not known. The additional anion
s may be added in the form of an acid, anh ammonium salt, an amine salt, efc., or a portion of the alkali metal
and/or alkaline earth metal may be added as an acid salt, e.g., cesium hydrogen sulfate.
The concentration of the sali(s) (including any other alkali metal and alkaline earth metal salts) in the
finished catalyst is not narrowly critical and may vary over a wide range. The optimum salt concentration for
v a particular catalyst will be dependent upon performance characteristics, such as, catalyst efficiency, rate of
40 catalyst aging and reaction temperature.
The concentration of salt (based on the weight of the cation, e.g., cesium) in the finished catalyst may
vary from about 0.0005 to 1.0 weight percent, preferably from about 0.005 to 0.1 weight percent. The
preferred amount of cation promoter deposited on or present on the surface of the carrier or catalyst
generally lies between about 10 and about 4000, preferably about 15 and about 3000 and more preferably
45 between about 20 and about 2500 ppm by weight of cation calculated on the total carrier material. Amounts
between about 50 and about 2000 ppm are frequently most preferable. When cesium is used in mixture
with other cations, the ratio of cesium salt to any other alkali metal and alkaline earth metal sali(s), if used,
to achieve desired performance is not narrowly critical and may vary over a wide range. The ratio of cesium
salt to the other salt(s) may vary from about 0.0001:1 to 10,000:1, preferably from about 0.001:1 to 1,000:1.
so Preferably, cesium comprises at least about 10, more preferably, about 20 to 100, percent (weight) of the
total added alkali metal and alkaline earth metal in the finished catalyst.
In some preferrad embodiments of this invention especially when using other than a redox pair catalyst,
the amount of leachable potassium cation as determined by leaching in a mineral acid, particularly nitric
acid in a concentration of about 10 percent by volume at a temperature of about 90°C for about 1 hour
55 followed by washing with distilled water, is less than about 50, preferably less than about 25, e.g., 0 to 25,
ppmw based on the weight of the catalyst. In some instances, the low level of leachable potassium appears,
in combination with the manganese component, to enhance or to permit the manganese component to
achieve greater enhancement of the activity and/or stability of the catalyst. Also, in many instances,
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pr ef er ttiatey atdotdingge stasiad povedunerusiay @ aNormd iscilition 9t anfidafufY thibdydnateOanyd Gaiic
Exanp| watoés ifdicfos MThe emgate @y so aétérimined MO ehimutian is thevessd as calcdiite trddwighhial f
r eaet i pancepicsilves injthecdatalyet samplb.east one of NO, [err]or any gaseous 35
subst anc Siveagndtriremater consentiatings én el efalystsalescribadeintha tspesilieaioy are egiculateirvalueul ar | y
NO andas[depariped ahener epoxi dation conditions, and mixtures thereof wth one or
m)r e of [CaFer aredominglly{ing shape pavisg dimensions ofabouidA2 X 79) X9- 8 Rey (1 Brt1eot Fitp
ou'Hﬂ1 TR QK O x Q8¥Em e 4 x i/4inghlpr ef erred to enpl oy menbers of the

@&i%éigﬁtlon pair in the reaction system i.e., both the

eff|C| anci ng sal t nenber aSSOCIated mnth t he catalyst and the
gaseous preferred
conbi Eé%ﬁ::rtfgba% éha altunn%a c rner prepare%:b |n| g éaTj rs? 44@/4 Zé] g'sar y in

al | s CagGs hdidé SooN.Srne %Euln §re|gh EEnt %ﬁ’) éhﬂf’ﬂﬁa? Qﬁ rcené we ghtas

[err] MldenttRdide asPastiutef QB‘@ n{p n
salt and gaseous nenbers nmay be found |n dlfferent half reactlons whi ch

represent the first and last reactions in a series of half-reaction 45
equations of an overall reaction.
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The gaseous efficiency-enhanci ng nenber of a redox-half reaction pair is
dl so present in an anount sufficient to enhance the performance, such as
the activity of the catalyst,,anE?OHQPﬂpﬁgﬂarly, the efficiency of the
epoxi dation reaction. The precise anmount is determned, in part, by the
particul ar efficiency-enhanci of a redox-half reaction
pair used and the concentratippauminemeof , | tIh&pgmew t|i cul ar al kene 50
under goi ng oxi dation, and by peaym fact of s 6B |above which influence the
amount of efficiency-enhanci ngMeeepumdi a|nefPR®Y qf a redox-hal f reaction
pair. sTypically a suitable conB@#eHation|of 3P Jaseous nenber of a

redox-hal f reaction pair for Eﬁ%?ﬂation oﬁeﬂ%@% al kenes, including

propyl ene, is about 0.1 to ab I°"'i°, 000 p)r"ﬁi ",ql une, of the gaseous
g ga t._VWegoé;gﬁeferred gaseous nenber of a
i ’lr,fipha& | usgbn

f eedstream when N2 is used as
redox-hal f reaction pair, suc o 4 |t he epoxidation of
propytene, the preferred 55 ation 4 ut 2,000 ppm by vol une,
with an N2 ballast. However, fddnet hyl ene g5, ng oxidized, a suitable
concentration for ethyl ene i s—sremabeui—6—3—+e—about 100 ppm by vol une,
of the gaseous feedstream conponents. Preferably, the gaseous
efficie gxﬁe hanci n mber, of a redox-half reaction pair is present in an
amounf® gi—ﬂﬁgﬂﬁﬂiﬁfguggﬁﬁ#LSO ppm when about 3 percent, by volune, [err] is
present in 18 EP 0 393 785 Bl the reaction m xture. Wien nitric oxide is
enpl oyed as the gaseous effici = i in an ethyl ene
\gpoxidation system it i9q $ulesciea i n an jamdmi/gof abdqut 0.1 to about 60
‘ppm greferably about 1 tjoPab¥aumei0 ppm| @B€Ercgerr] ijs present in the
“eaction mxture, e.g., ilnMedianferePiamster of 38Hum (Bicges) yme per cent. The
desirability of recyclind EaskegRengly f eed, 983 9®hpl oyi g a si ngl e- pass
system or using successive 5 reactions to increase ethylene conversion
by enpl oying reactors in series arrangenent can be readily determ ned by
t hos ezss kiotd Si£b Diskibutivd, BITotal AdheVdumiet i cul ar ; node -of operation sel ected will
usual ly be dictated by process economcs. Generally, the
commerci al l y-practiced processes are carried out by continuously
introducing a feed stred i bn to a
\*tatalyst-containing rea:ﬁ?&pﬁfﬂgnpggggis : : er—apout 10 200[err] to
300[ e®r] and a pressure|whi ch 8y vary {rom ab8ut five|atnospheres to about
30 at nospheres dependi ng upoRe @A@DShass Vel ocity and prpductivity desired.
Resi dence times in |argg-scaPe@PfdRtors|are geBerally pn the order of about
0.1-5 seconds. Oxygen mpy bepbp 3£ ed t¢ the rB3ction [n an oxygen-
conta&ning stream such ! oxygen| The resulting
et hyl'€ne oxide is separ ’ P he realbtion products using
conventional nethods. However, for this invention, the ethylene 15 oxide
process envisions the normal gas recycl e enconpassi ng carbon di oxi de
:r ecycl e GARRIERe'KAor mal concentrations, e.g., about 0.5 to 6 vol ume percent.
“Fie seci fic STANDARD ETHYLENE OXI DE PROCESS CONDI TI ONS are used in the
exanmpl es bEARAXhFaRres J whigh bagibesn washrd,fiyg tees with hot Sianized iwater @preeximalalys?0° £} pi cal
operati;%ﬁagﬁghEions can vary and the amounts of the ingredients enpl oyed
can be to achieve the best efficiencies. In particular the anmounts

of 20 etéﬂ"&ﬁu 41 C5@ g%%gn gi %iierd%,.and organi.c chloride can be varied to optim ze
effic%enty-?or—fée—ﬁaﬁégacfufe of ethylene oxide. Ethane is an inpurity
contai ned jifhaiknHa 20 AP ER Wi €t hyl ene raw material . Ethane can al so be
added to a commercial reactor to provide better- control of the chloride's

i nhi bi t Qiciddeschéid Impresal |y, the anount of ethane used in comerci al
processés can vary from about 0.001 to about 5 nole percent for achieving
opt i f’zat i wachiBdeNtaiftAtINe Bink sdAUMCAS S30qpRtotakside and oxygen process
conditions. As the concentra- 25 tion of ethane increases in the reactor,
the effective surface chloride concentration on the catalyst is believed to
be decreased thereby decreasing the ability of chloride to pronote/inhibit
reactj.ons that increase efficiency for the manufacture of ethylene oxide.
The anmount of chloride, e.g., ethyl chloride or ethylene dichloride, can be
varied to provide the needed pronoter/inhibitor action comrensurate with
the ethane | evel s encountered in- a particular process and the type of
pronoters or nodifiers used in the 30 catalyst. The anmount of organic
chloride used in commercial processes_ can typically vary fromabout 1.0 ppm
to about 100 ppm for achieving optinfgation under both air process

condi tions and oxygen process conditions. Carbon dioxide is generally
considered an inhibitor, and the inhibitor effect of carbon di oxide on

y —-




process efficiency nay be variable with its concentration. Wth different
types of pronoters or nodifiers used in preparation of the catal ysts of
this invention, different concefPrO3B®8 B} carbon di oxi de may be 35 nore
desirable in certain conmercial processes. Typically, the amount of carbon
di oxi depgggiggp‘ Eerﬁe%?ﬁ?érﬁerchal processes can vary from about 2 to about 15
nol e pe . optl m zati on under both air process conditions
and oxygen process conditions. The anount of carbon di oxi de i s dependent on
the size and type of carber—ttoxde—serthbtrg—systermenpl oyed. The

;B g

u

optirg zation of the anpy rﬁ”é‘a‘@f““??t('ﬁéme c ®xi d¢ and organic chloride
provi des catal ysts whi ct | ally for Jobt ai ni ng desired
efficien- 40 cies in cor @ ) nuiétct ure. Especially in
t he epoxi dation pr OCESSﬁ gh %51 ! o 3@ ef fici ency-enhanci ng
menber of a redox-half nctl on With at |east one salt
of ammenber of a redox- r?pk e |on pal g,&e cat 4l yst, the
concentration of carbon -Atadned bel ow about 1.5,
e.g., below about 1.0 or even about 0 5, vol urre percent. Catal ysts which
have been subl ected to process conditions for ethyl ene oxi de manufacture
such asCABRIERRIDARD ETHYLENE OXI DE PROCESS CONDI Ti O\IS are conS| dered an

i nport ant as t of hi t?ral anverrgﬂl O?aéﬁ cr;'@rn%? ;Ji oW rrl‘%?iel ail ed
d 1 il
Usef ul 8 vt% g: e e '"° gt Kb www%s'ﬁwe BT e
are by Wg(}' ys'g Prof’T ca"?i gear ?1 to be construed as limting the
copga Ofne |§|é éﬁé?ﬁoh%?‘cﬂﬁe?%* bed herein. The carrier, as indicated, is

er ei nafter “descri bed wlth a solution of silver
corrpl ex and al kali nmetal and aI kaline earth netal salts. The alkali netal

(o_.Q)

D I[‘ nrnf_n_lﬂgkﬂ\
T

and/ or al kaline earth netal - (5S5—eontatntn onents need not be
introduced as the salts. For |i #igAymina ¢ y "ydr oxi de may be used in
conj wnction with an ammoni umlsEi¥9% e ¢ msulfate) or acid (e.g.,

sul furic acid) or organic conpound (e.g., ethylsulfonate) and under
conditions of catal yst preparation or use, conversion is nmade to the

. desi r edWstpelsaedsble Thiperitiesrpr egnat i ng sol ution is prepared at a concentration
“stich that the finished catal yst 19 EP 0393785 Bl contai ned the desired
anoupt s 064 Do \atumingpg O PBInesicim, SrppMmotiddnpium. 2ThR pelessibmet? pRIM Sedium: 2t PO of
si | ver gliean grdpam WeridenTisepm pitratas 3.2 gpm phasphgteaed 2 pam siidle- | s cal cul at ed from

t he packing density (grams/cc) and pore volume of the carrier which are

ei t her W&Jﬂﬁéﬂéﬂﬂﬁﬂ&term ned. The rel ationship can vary dependi ng
upon the nature of the carrier, e.g., pore volune may influence the anount
of sflver deposited fro FLQUIQD solution 5 _ The required concentration of
pronoter in solution is| shfzaened(iby di vi gi mgotnhleg sol ufion silver
concentration by the raf iPoredblume(der to profdteds desifed in the finished
catal yst. I n preparing [ ReckinaDedsins®s, gehsR&BuMl a des|red anount of
ethylgnedi anmi ne (hi gh pliMetign BoreBiameterdny x 88 ke (misrdneld| cat ed anounts of
distilled water. Then oxalic acid dihydrate (reagent grade) is then added
slowy to the solution at anbient tenperature (23[err] while continuously
sti rri ngore 5ky Digtabutiéh, % FotlPdre Uslud @pxal ic acid, 10 the solution tenperature
typically rises to about 40[err] due to the reaction exotherm Silver oxide
powdes (Metz Corporation) is then added to the diam ne-oxalic acid

sal t-wat er sol ution whifl T ai h erature bel ow about
40[err] Finally, rmnoetLlc;g-(lgl"'-(‘glglfl3 U’@ 'P"c'%gs T } salt solution(s)
and distilled water argq add®d<e-® conpl . The specific
gravity of the resultirg soPaff18®) is ofiten abdut 1.3-1.4 g/nm. 15

Carr f&r can be irrpregn"ted PrfOF18D cm (J12 i nches) long by 5 cm (2 inches)
|.D. glass cylindrical vess%‘l“@d?rp ped with a8 st opcock for

draining the carrier affter ‘n&%%ﬂ? tio
si zes and types can be lused™® litabhla size geparatody funnel for

containing the inpregnating solution is i nserted t hrough a rubber stopper
equi Sped with a netal tube for attaching a vacuumline into the top of the
i mpr egn@ariigdP¥essel . The i rrpr egnating vessel containing the carrier is
evacuated to approm mately 5 cm (2 20 inches) of mercury pressure for
about 20 (GpfieR €S isgfhinderlagmpleNe-alurinaicafi®regnat i ng sol ution is slowy added to
the carrier by opening the stopcock bet ween the separatory funnel and the
i npregnating vessel until the




carrier is conpletely inmmersed in solution, the pressure within the vessel
bei ng:mai nt ai ned at appr oxi nat el § 5 cm 82 i nches) of mercury. Foll ow ng
addition of the solution, the ve58&3eBJ 5ﬂéned- to the atnosphere to attain
at nospheric pressure. The carrier then remains inmmersed in the inpregnating
sol uti O%}Ekicﬁ'&@%ﬂoﬁfﬁfCa?rﬁpdr-i"ti ons for about 1 hour, and thereafter is

dr ai ned r about 30 m nutes. The inpregnated carrier is
then heat treated as follows (unless stated otherwi se) to effect reduction
of silver salt and deposition m surface. The inpregnated
carrigr is spread out -in a sinpPehaAlmita ¢PMEed cm (2-5/8 inches) wide
endl ess stainless steel belt (spiral weave) and transported through a 5 cm
(2 inches) by 5 cm (2 inches) square heating zone for 2.5 mnutes, the
heat i ng watecebuhablgimpaities:ai ned at 500[ err] by 30 passing hot air upward

t hrough the belt and about the catal yst particles at the rate of 7.55 nB/h
(266 BCFH) 168Tipen dhaninum, 80 ppm gaigien, dtScpmbyagnesingi. 1R ppm potaseiurg G PHM SBlium, 148 1t . )
| ong by Epncsilicon, 0@aipesvanadiom, 2.6 2pm|pbesphasyse & Pprpicpieridai? e Dilale. Sprerrhasehdte.Heat ed
by an el root suifate, Sppidlueride. 4 npaissetetp.cand | PeofIMaAe- f ur nace: 6.3 cm (2-1/2
inches) 1.D., 90 cm (3 feet) |ong heating zone) capable of delivering 5400
watts. si iegiof Carjer {P'e pipe is di scharged froma square 5 cm (2
inche® by 5 cm (2 inches) discharge port |ocated i medi ately beneath 35
the noving belt carryingthe catalyst carrier After Rheing roasted in the
heati ng zone, the finish¢Sudmbaleydl 1 s wel gi8sdy’gand bgsed upon the wei ght
.gain of the carrier, and]|tfa® VeloweaR)r at i os|dks6sedver tq pronoter in the
Npregpating sol ution, i{ MediaxBore Diemeterd4) ¢ &0 fmhigronshe wt . % of silver, and
ak (gagrormt er desired. [Yreckog®ensdy @) for $i06)/@mli s carried out by the

foll ow ng nethod: An approximately 50 g sanple of catalyst is powdered in a
mll and 10 g of the powdered sanple weighed to the nearest 0.1 ng. The
silver ipord Sige BiSkributieH, & ot P&ravBiliis (45 di ssol ved in hot (80[err], 50% by
volungs nitric acid solutron. The insoluble alumna particles are filtered
and washed with distilled water to renove all adhering nitrate salts of Ag,

Cs, etc. This solution I[S 3] tric flask using
- distilled water. A 25 ni S.?’?%zn% Bé@t@rtoﬁs? AL IPgre\//abH.'trat ed according to
t andard procedures using a B.(40-Nor nal dol uti o®%f anmpni um t hi ocyanate and
ferrie nitrate as indicdtor.PTR&EOGhount |of Ag ¥ deterined in 250 m
solution is then used tq calBuPafl® the ei ght WP percént silver in the
catal yst sanple. Silver |and E}r(b%?-@r corlcent ral%bns fol all catalysts
described in the specifi cati.gf‘ri;1 BO%al cl ated D ues a$ described above.
Carriers are noninally rhing Shape having di mendns of labout 0.32 x 0.79 x
0.79 &m (1/8 x 5/16 x 5/16 inch) or about 0.32 x 0.63 x 0.63 cm (1/8 x 1/4
x 1/4 inch). 50 CARRIER "J" Carrier J is an al pha-alumna carrier prepared
by cal ci @anieg "@anmmua- al um na (N-6573) to a maxi num tenperature of about
1025[ err]whi ch had been inpregnated with an aqueous 3.44 wei ght percent
BAmD- 55  RRien Q" iopreraeeddy| saaking (Carmien " dm10% HF selian af 385 C dar oneBayy anggvaghinge ght
per cent Wihsleiqoizad distited waterds 36 * @five times fglipwesh By dndng infalr gl30P a fop b fours wat er
| eachabl e conponents: 20 EP 0 393 785 B1 al um num 118 ppnmw
cal ci um Yeater Leachablg, Y magnesium - 7 ppnw 5
EIOE ?‘Zi;um 266 ppm alur%r%up ‘gwﬁ?ﬁmogall lilunr?t 5.4 ppm magn:f%%&%n%‘%:&og%dmd %08 ppm sodiu%,?% ppMw
£1 uor Ophgﬁnhf'“cﬁn 02p adiu S8$ %laﬁelﬁc, 1.8 ppm phds 5 t% m[/]\/ Icl'lk?l’lg%, r}o ppm nitrate, 1 ppg\ W
HAL 401011 poin ALAUE, S U pptY 'S pp

Carrier R

D

50 Carrier R is prepared by washing Carrier O five times with hot, deionized water (approximately 70 *C).

Carrier S
Carrier S is an alpha-alumina carrier prepared by calcining a boehmite-ammonium bifluoride mixture

containing 3 weight percent of ammonium bifluoride first at about 600°C and calcining again at about
1025 * C. The chemical and physical properties of the carrier are given below:



15 Phy5|cal Properties of Carrier "J" Surface Area 1.09 [err] Pore

Vol ume 0.668 cc/g 20 Medi an Pore

Di anet er 1.85 [err] (m crons)EPPgéﬂ?ﬁﬁs BLnsi ty 0.53 g/ 25 Pore
Size Distribution, % Total Pore Volune Pore Size [err] (M crons) % Tot al
Por e Va@hétiweal 86mposition of Carrier S [err] (<0.1)

0 P2 (0.1-0.5) 1[err] (0510) 6 P4 (1.0-10)
88.5 [err] (10-100) : 35

[err](>100) Carrier Kis Carrier J
whi ch had been washed five t @E%f' iR Ho d;g"/brl zed water (approximtely 70
C). CARRIER "N' Chem cal Conpesd %on of "N' 45 al pha- Al um na at

| east about 98 wt. % Acid Leachable Inpurities: Leachate contai ned 378 ppm

sodi um and 330 ppm potassium 55 21 EP 0 393 785 B1 Physical Properties

of Car Mfaey Leaghablg Impurities Surface Area (Kr)(1) 1.166
[errf Pore VoI ume r&% 0.697 cc/ g Packing Density (3) 34.2
[er r % yniaumy; & pRrp Spicipm;) S PPm myagnesium, ané’i"cﬂ??7s'%ﬂarpéﬁts°ﬂémo§6 eRm (%)

06 WATLPS ARRY SHiEtey 65. 4 10 Bul k density

1 1g/ ! 1 rrier 0 is an al pha-alum na carrier prepared by
cal g ?,E sgﬁ% Eﬁe ogCarnér N-6573) inpregnated with about 3.4 weight percent
ammnl umfI uoride solution to a maxi numtenperature of about 1025[err] The
chem cal and physical pk gi ven bel ow. 20

Cheni cal Conposition of rfecedrea” O' al pha-2AMéei na 99 wt. % 25

Fl uoride 0.28 wt. %°KR§{°!§'F"°Leacha | 87T egfuriti ep: 30 64 ppm

v al um num 9 ppm cal ci um ﬁ‘éfnlgnem umP-529Mbm pot pssi um 12 ppm sodi um 2
kﬁpm silicon, 173 ppm fl thfl@ Porp Digsatar nfi ! #memicns) hpm phosphat e and 2 ppm

sul fate. Physi cal Properties of Carrier "0" 35 Surface Area (1)

1.10 [err] Pore Vol une (2) 0.69 cc/g
Pore Size Distribution, % Total Pore Volume

25

Pore Size (Microns) um % Total Pore Volume

N ‘ P (<0.1) 05
30 P2 (0.1-0.5) 3

Ps (0.5-1.0) 95
Ps (1.0-10) 81
Ps (10-100) 2
Ps (1100) 4
. .

CARRIER T

Carrier T is an alpha-alumina carrier prepared by calcining a boshmite-ammonium bifluoride mixture
containing 3 weight percent of ammonium bifluoride first at about 600°C and calcining again at about
1025 °C. The chemical and physical properties of the camer are given below:

Chemical Composition of Carrier T

alpha-Alumina 99 wt %
Fluoride 0.25 wt %

Water Leachable Impurities

8 ppm aluminum, 17 ppm calcium, 8 ppm magnesnum. 5 ppm potassium, 6 ppm sodium, 55 ppm

55 fluoride; 1 ppm sulfate.

24



Packi ng Density (3) 52.38 g/m 40 Medi an Pore
‘Di aneter (4) 2.3 [err] (mecr s ore size Distribution, % Total Pore
Vol une (4) 45 Pore Size[err] (M 1858} 1ot al Pore Vol une [err] (<0.1)

O [err] (0.1-0.5) 150 [err]
(0. 5- 1. Bhysical Properties of Carriery [€rT] (1.0-10.0) - 89.2 [err](10.0-100)
1.8 Ps (>T00) 3 55 Carrier "P'" Carrier "P'" is a binderless
al pha-alum na carrier. 22 EP O 393 785 B1 Chem caI Conposi tion of
Carrier "P" al pha- Al um ng; S . A egctrab I mpurities: 10 168
ppm a um num 30 ppm cal il 102 ppm pot assi um 197 ppm
sodi um 148 ppmsilicon, pm phosphorus, 1 ppm
chloride, 2 ppmnitrate, fate, 3 ppmfluoride, 4
ppm acetate, and 1 ppmf& of Carrier "P" Surface

area (1) 1. 35 [err]/g Pore VoI urre (2) 0.561 cc/ g Medi an Pore
D amdter (4) 6.3 [err] gm crons) Packing Density (3) 0.61 g/m Pore

Si ze Di 8erp Siae Piskipution 2 iote| PorpYelime/o| une (4) 25 Pore Size [err] (Mcrons) %
Total Pore Volune [err] (<0.1) 0.5 30

P2(0105) 16,0 [err] (0.5-1,.0) 17.0 P4
(1.0-10.0) 1 &ofo 526 inYRicfons) JO pe Total Pore Volume $8. 5 Ps (1 1100)

8.5 é% Carrier "Q' Carrrer (<d prepgred by soaking Carrier "P'" in 10% HF
solution at 25 C for on Gglsvashifng withy dei oni zed distilled water at
25[err] five tines foll wede)Q ing ijn air afs-300[enr] for 1 hour. Water
\ L eachabl e Inpurities: 266 pgng num| 313 cal ciym 5.4 ppm magnesi um

128 Bpm pot assi um 106 ppm 9 ou,m,) 16 ﬁpm sil14gpn, 0.2 ppm vanadi um 0.3
\-ppm zinc, 1.8 ppm phosphorusy (liooppm chI oride, 2l ppm mitrate, 1 ppm

sul fate, and 1011 ppm ftoorrde—Carrrer—R56 —Carrter Ris prepared by
washing Carrier Ofive times with hot, deionized water (approxinmately
70Ler 1] otk '
Carrier U Is Carrier T which had been washed five fimes with hot deionized water (approximately
70°C).
\/ {1) Method of Measurement described in "Adsorption Surface Area and Porosity”, S J. Gregg and K. S.

W. Sing, Academic Press (1967), pages-316-321.

(2) Method of Measurement as described in ASTM C20-46.

{(3) Calculated value based on conventional measurement of the weight of the carrier in a known volume
container.

(4) Method of Measurement described in "Application of Mercury Penetration to Materials Analysis”, C.
Orr, Jr., Powder Technology, Vol. 3, pp. 117-123 (1970).

Atirition Loss and Crush Strength Average and Range are determined according to Test No. 45 and
Test No. 8, respactively, as referred to in Catalyst Carriers Norton Company, Akron, Ohio Bulletin CC-11,
1974. 25 Ft. Drop Test is determined by dropping carrier pills through a tube for a vertical distance of 25
_ feet onto a steel plate and observing for breakage. Non-breakage of carrier pills indicates percent passing.
N Acid Leachable Impurities are determined by contacting carrier pills with 10% nitric acid for one hour at
about 90°C and determining extracted cations by standard Atomic Absorption spectroscopy techniques.
Inductively Coupled Plasma Spectroscopy techniques may also be used for such determinations

The identity and amounts of water leachable components of carriers can be determined by any
convenient analytical technique. Generally, the carriers are heated in distilled water at a temperature of
about 50° to 95°C, often 90°C, for about 0.5 to 2, e.g., 1 hour. The liquid is then subjected to ion
chromatography and Inductively Coupled Plasma Spectroscopy techniques.

30

45

Examples 1 and 2

Exampile 1 is comparative. Table Il bslow summarizes the details about the catalyst and the efficiencies
at CONDITIONS. It should be appreciated that the catalyst performance characterized in these examples
were not reflective of optimization of catalyst formulation.

The catalysts are prepared using the general procedures set forth below.

50

Impregnation Solution Preparation

55

1. Ethylenediamine (high purity grade) is mixed with distilled water.
2. Oxalic acid (oxalic acid dihydrate, reagent grade) is slowly added to the aqueous ethylenediamine
solution at ambient conditions. An exothermic reaction occurs and the solution temperature rises to about
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Carrier Sis an alpha-alum na carrier prepared by calcining a

boehm't e- ammoni um bi fl uori de m xture 5 containing 3 weight percent of
anmoni um bi fl uoride first at abﬁ%?%@f%?i']- and cal ci ni ng agai n at about
1025[err] The chem cal and physical properties of the carrier are given
bel ow. 234.c. EP 0 393 785 Bl Chemi cal Conposition of Carrier S5

al pha- Al 4ngiiad oxide (powd8Pidm Mbth) I b Rided siowly 8 toRoltion Woli&y 2, Leachabl e I mpurities
10 6 ppmyatdind Suiliton i 3BBIeGSRhdebd! b monddRAhJHREHEAPd AHACI Hed) RNBR @RS 3 itd/Mwverd 3 PPM
sodi um  B&fopikdih b BREH 8l Bmeslihd 5158 sethoftiRhdein BMAINCNideR indPffeb bRBotd fond-awhicRT S 15
Surf ace Qafased for the subseqglientéteps)/ g Por e Vol une 0.77 cc/ g Packing
Densi ty 5. The alkdli.rivdtal gditslare Mt iaddedPor e Di anet er 1.7 [err] (mcrons) Pore
Si ze Di sBrDiditdd veater istdddedtia bdjisbihe sollaibruivoimado Pomd. Si ze (M crons)[err] % Tot al

Pore Vol une [err](<0.1) 0.5 30
[err] (Dpragndtioh)Of Carrier 3 [err] (0.5-1.0) 9.5 [err]
(1. 0010) 81 Ps (10-100) 2 [err](1100)

4 35 CARRI BRcariards pyagyateyl at roomferaperatee aridube imaregration sejutignrAphereld ageddaithei ni ng
a boehni £¥IeAHRASHYAGYH ™I f | uori de mi xture containing 3 wei ght percent of
ammoni unfbihp PYXRSES Wltiqnjis drpinedkoffaout 600[ err] and cal ci ning again at about
1025&[er The chem cal and physical properties of the carrier are given
bel oW } "¢ onmposition-of Carrier T 45 al pha-Al umi na 99 wt %

Fl uori de

0. 25 W .% 50 t L. hahl e | it l. um 17
ppm c_al e g .HTher:gm 'iﬁ?ln car?gsr is roas\% sﬁg)oé aure%%gga?nseﬁ Gor?gprlé'art %lbole @83? F??n . %}g\l{xgg rlglg,\:rjem
J)uoride, "hpppiigid E‘gﬁﬁtej%ﬁs@%man #? RE GXDEPRITRES | CORDMSNEPSHabd ygeh |

\E:ar Fdp€r Iond_itions. _
25
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5 Surface Area 1.13[err] Pore
Vol une’ 0.75 cc/ g Packin DenS| t% 0.51 g/ Medi um Pore
Di anet er 2.1 [err] (mcrons) 1 &5B1Di stribution, % Total Pore
Vol une Pore size[err] (M crons) @6Tota| Pore Volune [err] (<0.1)

0 P2 (0.1-0.5) fE 1 23 Bodlin Pdble 1 4.5 P4 (1.0-10)
90. 5 20 summary of Examples ;mP is ?JIQVIéed]'IT e%b'!e] L (10- 100) 15
[err] ([100) 2.5 CARRIER U 25 Carrier Uis Carrier T which

had been washed five times w thgfotgdei ogi zed water (approximately 70 - Q).
(1) N@ghod of Measurement descriBed in "Adsorption Surface Area and
Porosity", S. J. Gegg and K. & |[W Sing, Academ c Press (1967), pages
316-321. 30 (2) Method of urgnent ,as described in ASTM C20-46. (3)
Cal cul at ed val ue based on convent)i aal ngasurenent of the wei ght of the
carrier in a known volune contaliner. (4) Method of Measurenent described in
"Appliweati on of Mercury Penetration to Materials Analysis", C. Or, Jr.,
Powder Technol ogy, Vol. 3, pp. 117-123 (1970). Attrition Loss and Crush
Strength Average and Range are dgterm ned according to Test No. 45 and Test
No. 6, respectively, as referredgto&in Catal yst Carriers Norton Conpany,
Akron, Chio Bulletin CC11, 19748 25 Ft. Drop Test is determ ned by
droppifig carrier pills through a tube for a vertical distance of 25 feet
onto a steel plate and observing {f or breakage. Non-breakage of carrier
pills indicates percent passingz |Ac{id Legchabl.e Inpurities are determn ned
by contactlng carrier pills wtngl0%nnitric acid for one hour at 40 about
C gpd determining extracted £4qtions by standard Atom c Absorption
%@ectroscopy t echni ques. Induct;vely Coupl ed Pl asma Spectroscopy techni ques
may al so be used for such deter nations The identity and anmounts of water
| eachabl e conponents of carrlers can be determ ned by any conveni ent
anal ytical technique. Gbnerally‘ the carrniers are heated in distilled water
at a tmsnperature of about 50[err] to 95 C, often 90 C, for about 0.5 to 2,
e.g., 1 hour. The liquid isgthed jsubjected to ion chromatography and
| nductivel y Coupl ed Pl asna pect Boscopy techni ques. Exanples 1 and 2
. Exanple 1 is conparative. bl egdl bel ow summar|i zes the details about the
“eatal yst and the efficiencies a% H0ONDI TI ONS. 11 shoul d be appreci ated that
t he ca¥al yst performance characterized in thesq exanpl es were not
reflective of optim zation of catal yst formnul atji on. The catal ysts are
prepared using the general proc8dures set forth below |npregnation
Sol ution Preparation 55 1. Ethy§ienedi ami ne (high purity grade) is m xed
with distilled water. 2. Oxalic id (oxalic adid. dlkydrate reagent grade)
i's sldﬁﬂy added to the aqueous hyl enedi'am ne |s §t4 on at anbi ent
conditions. An exotherm c reaction occurs and t ution tenperature
rises to about 25 EP 0 393 785 B1
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40[err] 3. Silver oxide (powder from Metz) is then added slowy to the
sol uti
nonoet hanol am ne (Fe and C freglf.o

bat ch

al i'qu_oté(amrggestgg which 5 was used for the subsequent steps). 5. The

ts are then added. 6. Distilled water is added to adj ust

al kal i

on of step 2. 4. To the solution in 3 above is added the

3 tines the size set forth herein and then divided into three

%.B1Steps 1to 4 were perforned in a

the sol ut {RRolkihd §ehertabrdcalrd'ls usdd TP prBRAdatafSis o Sar rier 10 1. The carrier is

evacuat edr@d 10099 Pyl BERREr Nith! EshsBm Guirkitard 6L INat i on sol ution A above is
added to ¥bgramabinyielediidgr vacuum 2. The excess solution is drained off.
15 Catal ysomiReat i1 ng 1. The inpregnation carrier is roasted in hot air
a bebt gramesdkracdi about 500 * C for 2.5 mnutes over a belt roaster.
Air flow 1351630abts sher odide(&@ SCFH err] The catal ysts are tested at STANDARD
ETHYLENE £33 ¢goém$iRGOEHSoBANGI TI ONS under oxygen 20 conditions. 25 30 35

usi ng

40 4% 50 Vb beaker is chered wih 8 WG gIBsE batweenadditigns gThe tompergiuresof he sejutiop aftes eaphovi ded
i n Tabladditign rangesipn25r G tq 60 °C. Tilpmigjure is then diluted, witipdigtitgd wages toc35pilliltergy. v/

OC | a.
e : S
15
.
Lo
25
30
35
40
45
50
55

40A cesium perrhenate standard solution containing 0.00531 grams of cesium pgr gram of solution is
Mrepared by adding\ap equimolar amount ff cgg‘um hydroxide and ammonjum perrfienate to distilled water.
A cesium ﬂfap;%mdmmﬁon containing 0.015 gr@scﬂ -chiunhp%gram of solution is prepared by
adding cesium sulfate to distilled water. ’

The standard solutions are added to the silver oxide-containing solution to provide the sought
impregnating solution. The cesium perrhenate solution is heated to 75°C to assure that the salt is
dissolved, and the impregnating solution is warmed to about 40°C to assure that the cesium perrhenate is
dissolved.

Ten grams of support are added to a Pyrex impregnating chamber. The pressure of the chamber is
reduced to about 2.0 - 5.0 mm Hg. The impregnating solution is slowly added to the chamber. The pressure
of the chamber is allowed to rise back to atmospheric. The impregnating solution is drained after 20
minutes. The drained solution is retained in a covered beaker. The impregnated support is calcined in a
roaster at 500°C for 3 minutes. The impregnating and calcining steps are repsated using the drained
solution for impregnation.

Table Il summarizes the catalysts.

TABLE Ill
- Example | Silver wt% | Cs,ppm | Anion | Carrier

No.

3 30 395 ReOs N
592 SO

4 30" 390 ReOs N
592 SO,
160 MnO.

5 30" 396 ReOs N
‘504 SO,
330 MnQ,

The catalysts from Examples 3, 4 and 5 are used in a microreactor to evaluate performance. For the
microreactor test, catalyst pills are crushed with a mortar and pestle and screened to the desired size (30-
70 mesh). Two grams of crushed catalyst are loaded into a 0.63 cm (1/4 inch) diameter by 13.9 cm (5-1/2
inch) long stainless stesl tube. The tube is placed inside a test oven and connected to a gas feed system.
The temperature of the oven is controlled by a temperature controller and the reactor outlet pressure is
controlled at 1.03.105 N/m? (150 psig) by a Groves back pressure regulator. The gas flow rate is adjusted to
the desired gas hourly space velocity (12 liters per hour at standard temperature and pressure). The
reaction temperature is measured with two thermocouples inside the reactor. One is immersed in the
catalyst bed, about two inches down from the top of the reactor, and the other is located at the reactor
outlet. The average of the two readings is recorded as the reaction temperature. The feed composition
comprises 30 volume perceni ethylene, 8 volume percent oxygen, 8.5 volume percent carbon dioxide,
ethane and chlorides as noted in Table IV, and nitrogen as the balance of the gas.

28

Vv



45 C' ~ ~ CS U6 L. 50

I'Ct sea 55 27 EP 0 393 785 B%‘P %25%13 to 5 The foll ow ng general
procedure is used to prepare cat to 5. To a 100 mM Pyrex beaker

Wi th constant stirring are added: 5 7.5 grans ethylenediamne, 7.0 m
water, 7.51 grams oxalic ggid, 13.16 grans silver oxide, and 2.63 grans
nonoet hanol am ne. 10 Thd beaker is covered with a watch gl ass between

additions. The tenperature& ¢f the solution after each addition ranges from
25[err] to 60[err] This mX8ure Isithed i fufed Withadistilled water to 35
mllildters. A cesium per rgn nat e standard sol uti on contai ning 0.00531 grans
of cesium per gramof solution is prepared by addi ng an equi nol ar anount of
cesi um hydr oxi de and amoni ym perrhenate to distilled water. A cesium

sul fate standard sol uti on cgntai i Hde 0,0;539;,ac;s~0f~ Qesi um per gram of
solution is prepared by 15 Jaddidgs cessubh Sulfat& Sodistilled water. The
standd® d sol utions are add to the silver oxide-containing solution to
provi de the sought inpregnating solution. The cesium perrhenate solution is
heated to 75[err] to as ur.jE,alt Itz t@hedsql § BsRdRsgoldve@d, and the

i npregnating solution ig warned to about 40 * C to assure that the cesium
perrhgsnate is dissolved,| 20 Ten granms of support are added to a Pyrex

i npregnhati ng chanber. The g)ressure of the chanber is reduced to about 2.0 -
5.0 mm Hg. The inpregnafi g sotwivnis slegwky=agded 2o the chanber. The
pressure of the chanbergi € 3l DR t® Fi8eBback fo=athospheric. The

.\i npregnating solution i dr&ined after 20 minutes. The drained solution is
retaiggd in a covered begaker,. The inpregnated support is calcined in a
Y-O0aster at 500[err] for |3 Nyl €s. o The_i gpLegnaticzng, @nd cal cining steps are
repeat ed using the drained &5 -sof ufi 9n~f or«~i fpregnat icon. Table |11

summari zes the catal ysts. TABLE |11 30 Exanpl e
Silver wt % Csppm nNion oCGargigraNg. -3- - o g 30% 395

[err] = N 592 [efr]€d & S39*8 & K & 39§ & & [Rgrr] N 592

[err] 160 [err] 5 30* 396 [err] N 40

594 04 330 [efr]. The catal ysts from Exanples 3, 4 and 5 are used

“atalyst pills are crusBed #i th ® FoPtarSafdspes® & and screened to the
desirél size (30- 70 h)s ITwo grans of crushed catal yst are |loaded into a
0.63 cm (1/4 inch) diamgter by 13.9 cm (5-1/2 inch) |ong stainless steel
tube. The tube is place ingi de @ fest_oven angd gonnected to a gas feed
system _
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Examples 6 to 23

56
Catalysts 6 to 23 are prepared in a manner similar to that described in Examples 3 to 5. In each, the
catalyst is prepared by a double impregnation technique as follows:
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The tenperature of the oven is controlled by a tenperature controller and
the reactor outlet pressure is controlled at 1.03.10[err] (150 psig) by a
Groves back pressure regul ator. E'ﬁ?é’sagg Blow rate is adjusted to 50 the
desired gas hourly space velocity (12 liters per hour at standard

tenper at Upg@ehsPhG® E Ee‘a) w.thTé‘ Sollitio d%ﬁt&qngt R PdekiRtl %ﬁceht’?au&%a&%lf‘éﬂ safst Shgt WO
t her NDCRURES udindSa dddippe ﬁlﬂp@gﬁéﬂ&pﬁrﬁ%ablﬂmf[ fo 6@k iMprbg

about 1 WRiidn el %?am@@%h\ the Q@@s& RiRor i Roltion WaS cdnfBBed Wikh thPiftiok P30 HhudssTHeOCAL €d
at the jmBRgHaR QkHel Qbs thbh Goate8 i ACsti@im toR Qir tatBod € @THoN @S rifiutésL RS WBskigsa t he

I eaclsi Oftodetuiiddciend idpsated Dhse td GiRine Mapaglybl on conpri ses 30 vol ume percent

et hyl ene, Tib snedr WaRhtlEIdME ARd Eranigi@Tlevels .obprepdradindatalyetrdapentl of &elxoicenttation ol éhe

et hane impdgretidnosoluti@sand thentak poré Nolunedd bfcthd barrienfbr Bvery mglenf silvert i solitiah,airSe  of

t he gasmolésSetiylsnediantife (EDAP 3.528 oBloxal@ ackd (OA), 0.378 Mole\Mmor@eth@olaine \MEA)erid 1 P1
O O C(appropriate amoDnis Of wagr aid prpindt@rs ote @sed)To Piepafe thg)impfegnation ghlution, EDA ispraixedN 6

- Nro pwithiaPpappioprigte ampurit\fl distilledPwater. Gxalic agid isjthen pgplded|glowly, while cpptinggusiwstirfigg15 C

t N che sqlationcat ambiegiogpaditiops. Hpweverythe addifion @04 peing exgthermiy, the solglion pmpgratuge (o 20
N N O omay rigetp about\A0v, G The silver oxide andNEA\pre addegnexifto the ERp-OAjwatsy gojution. Fipally,,, q N
0 O Rromoter solution and halangp wager anj added to give the desnred sﬂver and promoters concentrations. N N
N
0

N N '[(p pqqparNa cNalysN caNer IRl e@cuated,\ft rq?m tvn in t m@regp: r:rc;%c‘;?nstﬁtl e%@:li ::: - E
N

1scdame stll r vacdum the lmpr Iutlon is introduce into the vesse
_carrier. KicosH soI gr | ed ronkI th ves | qQIGO m‘teadhe impregnation. JI'he
lmpregn d c rner is read in 2 mopolayer fashj n on lece o stamless steel mesh and dried at
| i g 32 % real c}f ot ait at the I'ate of% 9 (244 i;: 5cm (2" x 2") hot
'\5 0~~~~~~~~~I~I fitil!si s are ~ou~b~~ ted catalysts Hence, tk\ describe roc are re| M&@ 0
'\99, 0 using Eggnatl Io] solu on wit |2§98|er concentratlon The finished catalyst is weighed a
4 wmghNg t hPsil0er Ioaaing-of 6 ¥idndd Batdift dah B BIcREER N |§gxde&e@thgtanner
Si m | argohg ohﬁ{ers%aé‘of.h B8 Girst ﬂnpl%ﬁﬁdﬁm B8y 3dibsBive during th8 36dand mgggﬁﬁa@ Nevdtorb,S
prepar efle br)ﬁmé’terddbld&h&hbmrﬂ%gﬁ% raffon s8R IndsHR safie adplstn2vibto agBunt for BRhGbsSH3 785
Bl Car rdr@dr to/dRieveltity dRgired ipRfhotst letsl i tielintilchi@igstcont ai ni ng the desired
concant I arabmg disélosss the arget adritedt BILE deposited in each of the. components. in each impregnation
step and the final target content of the catalyst.

Table VI summarizes the performance of each of the catalysts in a miniautoclave reactor. The

miniautoclave reactor is a 5 cm (2-inch) stainless steel internal recycle Berly reactor (available from

N Autoclave Engineers, Inc., Erie, Pennsylvania, U.S.A.). The reactor consists of a pressure vessel, a catalyst

30 basket, an impeller, and a Magne-Drive assembly. The pressure vessel has a 5 cm (2-inch) inside diameter

and provides the housing for the basket and the impeller. The catalyst basket is a stainless steel cylinder

3.15 cm (1.25 inch) in diameter and 2.67 cm (1.06 inch) in length. The bottom of the basket is constructed

from a piece of stainless screen which provides a support for catalyst sample and still allows free passage

of gas. Six stainless steel strips welded onto the side of the basket serve as baffles that guide the direction

35 of gas flow inside the pressure vessel and as supports for the basket when the basket is inserted into the

pressure vessel. The impeller is located above the basket and attached to the inner shaft of the Magne-

Drive assembly. An inner shaft housing is attached onto the top of the pressure vessel and forms a closed

space with the pressure vessel. The inner shaft is driven through magnetic force by external magnets,

s which are driven by an air or an electric motor. The rotation of the impeller, normally at 1500 rpm, forces

40 the gas inside the pressure vessel to circulate through the catalyst basket. Reaction gas is fed into the

pressure vessel from the top and exits from the bottom. The temperature inside the vessel is controlled and

is measured by a thermocouple inserted into the pressure vessel from the bottom. Catalysts are generally

tested under the standard oxygen process conditions with 1.7-2 ppm ethyl chloride in a 5 cm (2")

backmixed autoclave at 1.9+105 N/m? (275 psig). The catalyst test procedure used in the CONDITIONS

45 involves the following steps:

1. About 8 cc of catalyst is charged to the backmixed autoclave. The volume of catalyst is calculated
from the packing density of the carrier and the amount of silver and additives.

'2. The backmixed autoclave is heated to about 230°C in a nitrogen flow of 0.06 m¥h 2 SCFH) with the
fan operating at 1500 rpm. The nitrogen flow is then discontinued and the epoxidation feed stream is

50 introduced into the reactor. The total gas outlet flow is adjusted to about 0.063 m%h (2.2 SCFH) (the flow
is adjusted to provide the desired space velocity given the actual amount of catalyst charged). The
temperature is gradually increased over the next 4 days so that the ethylene oxide concentration in the
outlet gas is about 2%.

3. Catalyst is operated at constant temperature for about 1 t0 4 weeks after the catalyst is fully activated.

§5 The activity aging rate is calculated from the changes of ethylene oxide concentration (mole %) at
constant temperature operating conditions. Because efficiency of catalyst is a function of ethylene oxide
concentration and ethylene oxide concentration normally does not remain constant during constant
temperature test, the efficiency aging rate is calculated from the changes of an adjusted efficiency to
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pronoters using a cylindrical vessel equipped for inpregnation under
vacuum The excess inpregnating solution was drained fromthe vessel after
the solution was contacted with tERD3WMSH! for 30-60 minutes. The
i npregnated carrier was then roasted in a streamof air at 500 C for 2.5
m nut es. The uﬂtea o B r.,ﬁe% HAE Sonlfiich 8 UG ey 3y ey ohd'2!
catal yst. € is aJm\{I dsﬂ he'o4 ronoter |eve repare
cat al yst epen cohcentra |on of the i mpregnation soI ution and the
total porey )ﬁd’ Igﬁcrgrfcy t[%? =C Abdsuial efquQﬁcig%?HYN%’b@mee %] * Widasdrdt SRYienb ioile
1. 05 npl esgoh yt,g,p BIEA). mol e oxalic acid (OA), 0.378 nole
nonoet hanol am ne , dl appropriate amunts of water and pronoters are
used. To prepare the |rrpregnat|on solu DA is mxed 10 with an
appropriate amount of distilled water. f aci d is then added sl owy,
whi |l e continuously stir g th ol utr on _at_anbie ondi tions. However,
the addition of ei tron'\'%graatue y rise to
about 40[err] The STlver oxi de and ar e ded &P o th - OA- wat er
solution. Finallyg proga®r solytion and g2l ance water are added to give
the desired silver angzppanotergy concentrgyions. Tgslpr epare g catal yst,
carrier is evacuated g3i@om tejgperature, o the i mgggegnating vessel . Wile
the 13%carrier is still under vacuum the inpregnating solution is
introduced into the veggels and 3yontacted sith the carrier. The excess
solution is drained frenerhe vesmsel 30-60semi nutes akd er the iknpregnation.
_--The i npregnated carri €dFI13p8 t herBdspread i nesa nonol aysr fashion on a piece of
st ainl gss steel mesh and dried at 500[err] for 2.5 mnutes in a stream of
Yot ai’f at the rafe of (88§ ng/ Hb2(244 SCFHS in a 5 x=5 cm (2" x 2") hot
zone. All catal ysts arf@@8ubl e- '1°rrpr egnat e catal ys™. Hence, Kt he descri bed
procedures are repeat éEl] drlce 2M2using i rrp?segnatr ng?%l ution with desired
concentrati on. § finj d catal yst is weighed and fromthe weight gain of
the cagrier, the sil ‘Qadi ndfof the frfﬁrshed catdl yst can be cal cul at ed.
It is expected that 53 9 Rromo{ grs added 2n the fi gt i mpr egffati on may
redi ssol ve during the second inpregnati ol Ther ef of t he pronoter

-concentration of fhe |pﬁ§egnat|ﬁn sol uti needs sone adj ust mrent to account
\#or such loss in or defaqop.2achi eyge the degjqr €d prom;goer | evel ,in the final
catal ys8t. 25 Tabl Q;]ygdr scl opes the tgggget contegf to be deposr ted in

each of the conponents in each inpregnation step and the final target
content of the camal ystis.babl e 8¢l summariges the perfornmance of each of the
catalysts in a mniauttgrei.ave remctor. Thespn ni aut ogdgave reackor is a 5 cm
(2-inch) stainless steeysoiant ermal recycl egsBerty reaspt or (avail able from
Aut ocl®ve Engineers, Inc., Erie, Pennsylvania, U S.A ). The reactor
consists of a pre@surem&-ésel , 198 cat al yst6330 baskete an inpeller, and a
Magne- Drive assenbly. [3RB&1pres@re vessel8has a 5 @ (2-i nchkx inside
gmarret er and provi des lER®7hous?8g for thd3basket ad® the inpeller. The

al ygt basket |s a star nl ess steel cylinder 3.15 cm (1.25 inch) in
di aneter and 2.67° cm i nc in | engt®. The bottom of the basket is
constructed froma pi § c?f st &l ess sciWen whi ch provi des & support for
catal yst sanple and st f allo free pa%gage of ga%. Six stainless steel
strips wel ded ontq the de of ,Lhe basket3 serve as baffles that guide the
directdson 35 of gas f gv i nsi t he presgure vessgl, and as qupports for
the basket when the bagsely is sgaserted i%éo the pregsure vessel. The
inpeller is |ocated above t he basket and attached to the inner shaft of the
Magne- Drive assembly. r¥.zi nnegpshaft houyging is atiached onto the top of
the pressure vessel angjzi.arns @ocl osed spgce W th pdpe pressuge vessel. The
i nner Bhaft is driventtjas.sugh magnetic feace by expsyr nal magnets, which are
driven by an air or an electric notor. The rotation of the inpeller,
normal Iy at 1500 wpm (1W7.6es 402t he gas i#side the pressure vessel to
circulate through thel2-al yst1Masket. Reaction gasseis fed i mto the
pressure vessel from ffd%top a8 exits fremthe bo?®wom The tenperature
i nsi de®the vessel is controlled and i s neasured by a thernocouple inserted
into the pressure vessel fromthe bottom Catalysts are generally tested
under the standard oxygen process conditions with 1.7-2 ppmethyl chloride
inabcm(2") backm xed autoclave at [err] (275 psig). The catal yst test
procedure used in the CONDI TI ONS 45 involves the follow ng steps: 1. About
8 cc of catalyst is charged to the bac®ni xed aut ocl ave. The vol une of
catalyst is calculated fromthe packing density of the carrier and the
amount of silver and additives. 2. The backm xed autoclave is heated to
about 230 Cin a nrtrogen flow of 0. 06 [err] (2 SCFH) vvrth the fan -

o o, A=~ —— - Y I 1 . N 1 I T



tenperature is gradually increased over the next 4 days so that the

et hyl éne oxi de concentration in the outlet gas is about 2% 3. Catalyst is
operated at constant tenperatur 9%?3%&& 1 to 4 weeks after the catal yst
is fully activated. 55 The activity aging rate is calculated fromthe
changes of ethyl ene oxide concentration (nole % at constant tenperature

operating conditions. Because-enm.F_igcx@fntozat)al yst is a function of
et hyl ene oxi de concentration and et hylene oxi de concentration normally does

not remai n constant _gutei Ny gt ant t gppar atureplegt, the efficiency aging
rates i s cal cubasmde from t haachagges Qqbs avzad] useetogpffi Ci . to 30 EP O
393 785 B1 account for the changes in ethyl ene oxide concentration. The

adj usted efficittncy @18.2 nol W@ % et hyl er3e oxi de i s—cal cul ated by using the
equation adjusted efd?fency?3Pof = neasbred effitbency [Ahk+ 3.75 [% nol e
% x (measured et hyffd#fe® oxi 805 cof@entratio®0[nole %4 - 2.0 [rmole %)

Explanation of Table V.

TABIE V % Ag pom Cs ppm Cs ppm Cs 10
Exanpl e (as[err’? (118.3 ’94(as[err] - (asferr] Carrier 6
[1] 8.9 16 =2 X - . [2)%2. 1 X 20
80 750 (1305 K [F]31.0° - 36750 142
ggo 4 - 3’58 (7.6 5% 13 K [ F] 30 §§9 89~ - 12 22&35 >0
750 20 mz.e gl LFS0 % S% % [2]22.6 80
[F]ﬁ.d 30 ] . ]e-g 800 [ ] .
20 750 K [ F] 31. 142 35
750 9 [1]809 [118.262 136 4p2 - - 25
[2]28.6 80 {2121.8 20080 750 ggo g K[F]29.5
“42 142 tr130.0 . 356 750 10 107 {1] 8. 2 goo 40 88
[ 2] 20. 2 50 110 750 K 30
[F] 28. 4 2po (180 -198 7 750 11 [148.6 86
39 - [2?222.@.-'6 — 110 100 50rso 750
K [/ 30. 2 196 [F131.1 - 89 17/ 750585 12 [1] 8.6 158
63 - [2]21.1 - 200 80 750
K [ F] 329.7 2 35glims.t 139 143 a 756~ 40 Q 13
_J1]8.6 153 ‘?"’-2 1706 50 _ [ 2p®3.5 200
100 - R8s 309 i 1R 329% 3800 176
- 140 [1] 7 132 39 - 45
[2] 22. 2 1%0 Eg:gf )% 50 i 750 ~ QK [F]29. 4
302 89 rriare 436 790 15 o [117. goo 110 63
- [2]21.1 140 80 | 75 K 50
[FI28.8 250 143 750

The notation [1] means the target amount of material to be deposited in the first impregnation (based on

40 the final weight of the catalyst) and [2] means the target amount of material to be deposited in the second
impregnation. The notation [F] means the target amount of material in the final catalyst. it is likely with the
double impregnation process that some material is redissolved and hence the promoter concentration may
be overstated. The amount of each of the anion components is with reference to the amount of cation

(cesium) present.

50
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16 [1]7.8 132 - - [2]22.2 170

B : 750 K [ F] 30 302 3

750 55 31 EP 0 393 785 Bl TABEP 0383 (&Rt ' d) g cpm Cs ppm
Cs ppm Cs 5 Exanpl e (as [err] (as
[err] (as [err] Carrir_ 17 [1]8.0 180 39
- [2]21.8 230 ' 50 IABLE VI 750 K [f]29.8

410 89 750 10 18 [1]8.3 194 -
4452]22.2 2?0 Calculated-ﬁgtgéyst 750 18 noind K:[£]30.5 1a1
39 _ [2] Pexformancg, @t Eighth Calgulated Agin By

RIFISO4 o 30l Tamortee Sgerls s $¥bAfyd 3 kdiBdave 150
47 1 Temp. °C EEIAL_ﬁZ]Z _ Y5 60
800 ¢ R [F130. 444 356 7.4 10%.046 860021

[1] 8. ko - 77 - 5.011 K [glg3 0

- 700 245 750 25 79.3 =0. [F] 3171 -
177 g 750 22347 [1]13.1 79,3139  -0.021 41 +0.04 -
Q[2]18.2 170 50 800 fFl31.3 _30

91 9800 30 APL  (1113.478-3 196 -8 627 41 §°30 .
Q[2]78.2 10 240 253 50 77.1 8060 [9331. 6 -0488

91 : 800 35 anation of e V. Thegngtation [1lLgrgans the
target amountlbf rnatteril_:%fffJg T o

to be deposited in the first inpregn ti8n (based
on 40 the fixal weight2®? the catal y'é'H".and [2]"%%5% t he tai"ge? anount of
Mterizgl to bfaajeposit%j_n the secongy jgmpregnatigpl The notatikon [F] neans
the target ampunt of material in the’final” catal yat It is IiI_<_§I 7with t he
doubl e i npregkhtion proddks that soneBPeterial % r84i ssol ved r‘ié hence the
pronoter concggitration pey be overstareds The ansOnl of each eP.2Be anion

conponents is with refefence to the upt of catjopyEcesium _grggent. 45
50 55 .82 16 5?5‘ a£r86| balg 8

17 247 79.0. -0.017 -0.035
18 250 76.3 ~ -0.011 -0.087
N 19 247 77.3 -0.026 +0.035
%0 20 251 76.0 -0.023 b
21 253 78.4 -0.01 -0.52
22 240 78.8 -0.025 +0.029
a5 23 246 76.7 -0.019 0.0

a 6 percent carbon dioxide, AEO is 1.43
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EP 0 393 785 Bl TABLE VI Cal cul ated Catal yst Performance at Ei ghth
‘ ' . 0% EX I Temp. C Eff . %
Cal cul'ated Agi ng Rate Day at [eEF-'] of 7%5%1/@ anpl e enp 0

% EQ' day[err] %Eff/day 6 78.4 -0. 046

0.0 10 7 245 79.3 -0.011 -0.04 8 241
79.3 -0.021 +0.04 9 251 78.3 -0.027
-0.30 15 b 1Peact ces 77.1 | -0.033 -0.05 11
245 79°3°F sgé%emo?dfflcultleﬁb.01 12 257 77.7
-0.011 Cc fempgragure epd efficiepey calculated o -0.1

76 é‘-" _OziﬁterPOIati?g 8¢ %gtrapofg@ig% fronbﬁrfeor'a(yedwdatgo_ 0 255
-0.016 ©8.BE9Vide consistent basis for pymparison -ak @D

-0.035 18 per@éfit delta ethyIén@ oxide -0. 011 -0.087 19

247 0,02 . +0,035 30 20 251

76. 070 c-10.'(’)%\ii""'}“’te‘i aﬁgﬁglgy agingsgates at constgnt -0.01
-0.52 22 temperatures 78. 8 -0. 025 +0. 029 35 23

246 ' e cdbculated i . 0 6 _per cent, .car bon

di oxi de, [err] [s.1 43 25 %Egﬁgiggcy gL 8 §8§égsgaéf%b°"ré&épéﬁeﬁystem
difficulties cCTELRPERGIes cating meleckenthydaneubxide by 5

i nt efspol ation or extrapolation fromgenerated data to provi de consi stent
basis for conparison at 2.0 percent delta ethylene oxide d calcul ated
activi té&anﬁﬂé@t& es at constant tenperatures e calculated effici ency
.agi ng rates pased on adjusted efficiencies at 2 nole % ethyl ene oxide

[Exanpl es 2 stk 28utidhs are pregafld s3lidids: SOl utions are prepared as follows: Stock
80! ut i on sBRk Solutior-d8:47 P47 fartdYy WEGHY BinyiSe Bidnfia20@b Pos sy webhPRatétoeh 66 phs
vei ght viater 11.60 DAr b5 whight WRAlG kid A8 béisaty viigh? sivar L1 pbrivi8) GBghis | ver

oxi de 4.01 parts by wemglvbthamengsichanol am ne Stock Sol ution 115: 1.43
parts by Stwek Shuitioel 15y | emet3ciansTby@eight sfiflerRadidntinelB4.00/pbrE By WeRghEwater 11180 paear t S
25 by weight oxalic acid 19.82 parts by weight silver oxide 4.00 parts by weight

monoethanol amine
In the preparation of the stock solutions, the feed rate of the oxalic acid and silver oxide are such that
L the temperature of the solution does not exotherm to greater than about 42°C.
N From a portion of the stock solutions are prepared three impregnating solutions of the compositions set
so forth in Table VIL.

TABLE Vi
- Component ' Parts by Weight
Example 24 (comparative) Example 25 | Example 26

Stock Solution 88 190.25 178.88 -

v Stock Solution 115 - - 181.57

AN © KNO3; 1.1254 1.0452 1.0175
KMnO, - 0.1174 -
Mn(NO3)> - - 0.3674

The catalyst is prepared using a double impregnation technique in which a weighed amount of Carrier S

45 is added to an impregnation vessel. The vessel containing the carrier is evacuated as in Example 1 and the

designated stock solution is added. Then the vacuum is released to atmospheric pressure. The support is

then drained and calcined as in Example 1 on a belt roaster. The catalyst is returned to the impregnation

vessel for the second impregnation. The designated impregnation solution is added to the impregnation

vessel while the vessel is maintained under vacuum as in Example 1. In the preparation of the impregnating

50 solutions, the potassium nitrate is added first under vigorous stirring. The manganese-containing compound

is then added under stirring and the impregnating solution is promptly used. The pressure in impregnation

vessel is released to atmospheric pressure. The catalyst is drained and calcined as described above. The
details of the catalyst preparation procedures and the resulting catalyst are summarized below:

55
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25 _ by wei ght oxalic acid 19.82 parts by wei ght
silver oxide 4.00 parts by weigh amne In the preparation of

t he stock solutions, the feed ra#graoo&ge’hgggxal ic acid and silver oxide are
such that the tenperature of the solution does not exothermto greater than
about 42[ err] pFrema—pertion—eof—the—gtock—selytions—are—prepareeh t hree

i mpregnating 4ol uti ons of the conposi|t Exsmple2dt] Beample#bt |h Examoied® b VI | |
TABLE VI I Conpgonent Firs“mpregnation: Parts Wi ght Exanple 24

(conparati ve) canpte26—_Stock(SotutTom 88 190. 25
178. 88 Stock sd@ﬂks ot h f;zg f?;w G124 181.57
[err] Stock sﬁ.ﬂtﬁ:néﬁﬁg e 2? - Fbas 1gg3 1} 0175 40
KVhO4 - 1174 [ 5T

- 0.13 %mﬁ&ﬁﬁi@[ﬁ IS priep ed ugingga do |rrpregnati on
techni que in Jhy pT@n anmount cf %I’I’I er 135 i's a&laed t o] an

i nprefmati on yesset- .m: wcsseﬁf%ﬁt gining thq carrier |is evacuafed as in

Exanpl e 1 and |t he d&egephiawegnaiensck sql ution id added. Then the vhcuumis

rel eased to at m@mf.ﬁgsm@ﬁaugmpaﬁh Sypieart |i s 1gden dir aigegs and cal ci ned
as i n Exanpl e |lvagiuririaetid) r oaster. e gatalyqt ise returnesg to the
i npregnati on ﬁelmsﬁbnaﬁmnrh&]mrsecond i rrpregnati dn. 30he desi goat ed
i npre%nati on dobreih Tie (n) added to the i npregngti da vessiel Wwhile [ he vessel
i s maintained ple 1. the preparation of the
i npregnating § under
 Vigorous sti rplﬁ‘ﬂlger(ﬂt%é manganese contjai A%4g ccrrp@ﬁﬁd i s| tH#88 addpd under
stirring and thRotas ﬁé’??eﬁgn&)l ution i145pr orpt I1 14ysed. TR prepsure in
\r fipr egnat i on \é@%!‘@i’"eﬁ%("l?'@f’%sa MRl at’rmsE)herl d pld&surd THE cathlyst is
drai ned and cdl¥0l@deembasedenN-hed abave® The det 8Pl s of catal yst
preparation procedures and the resulting catalyst are summari zed bel ow. 55
34 EP OEZ83f h8 prepdred-zatdiysis are’slaluatdrixia Biitbatavékbas debcxibatiodbevedBing apmdximately 80
| npr egnadubio kentineters of catalyst. ThEgay feed cqmpesidphito haraiisglave is 8 volume percebitioxiiden, 30
61.07  volume pérter? 4thBomsc RbcBLS ppoethyBBio(ides piggat 5 prmy 8 and 1he Raldnce nitrogen. W, 2
St ock Soheicatalystslars sfavted, diret tepparatyrd is increased over a four-day period (220°, 23013 @4% ¥wcuum
d mm Hg) 255°C) to the final temperature of 285 °C. The concentrg@ligns of ethylene chiogdp qrﬁmt@gw;ﬂx]dg greTi me
{(min) optimized for theg gombination of activity@nd efficiency. After 9§ days q)pgﬂ'qqonﬁthq@ct{vm iR producing
15 % e"hy‘e"e P’Sde of the catalyst 9i;Examplp 24 hF‘?Eg e iabayt 79 pYsPaBE PltS) Yalye 3bPayt iven
(wei ght e actiyiies0f the catglyis of Fxamples 26ygmejnad L?Bpﬁo)(l Y—ﬁ'? same as those at
30 ay flve, within about 5 percegtoof FWF%B’HZQF"VBFF Ti me (nin) 30

30 30..1 Dr Ti 15
15 Mﬁ%—&g% ysis: Sil vefII ?Wt :)/orre (mn) 35. 3
33. 5 The é%lyét ;JD Rton' aHErb\‘a Bii5h la%ﬁ& ng IJ:‘§ ;iles 6to23 al%%gs%ntlally repeated gc#é
h of

1350 20 nat ay cosium salt SR4EE mGind. J3BSRY he catalysts ge calcined at 300°

334 Sodi fifutéd> By RAHE fnpRidndtiéd. Carrier U is use§5or the catalysts. TRe catalyst composit
&he Pr enakibithancab &b ¥ohmaréctin §id Wit ed 1 n autocl aves as descri bed above using

approy mately 80 25 cubic centineters of catalyst. The gas feed conposition
to the autoclave is 8 volune percent oxygen, 30

| 1]

unaer vac%gmi@s I'n ExXal

50
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vol une percent ethyl ene,
t e bal*ance nitrogen.
i ncreased over a four day peri odER9

about 5 ppnv ethyl chl ori de,
When t he cat alfésts are started,
$&B8BI1230[err] 240 and 255[err] to

about 5 ppnv NO and

the tenperature is

the final tenperature of 255[err] The concentrations of ethylene chloride
and nitrogen oxide are optim zed for the conbination of activity and
efficiency. Afger |25 days of operation, the activityin producing 30
et hyl ene oxi d& gf |t he gcatal yst, of Exayphe L4ohad gr @ppeddt anabput 70
percent of its8 ¥allue2a day2f igleé dhelelds IhE EtlvigiEssofSthe catal ysts
of Exanples 25 and 26 renai ned approximately the same as those|at day five,
i.e., within aboutf 5 percent of the day five activities. Exanp|es 27 to 43
35 The catal yst prleparati on and eval uati on procedures of Exanpjes 6 to 23
are essential|l yardpeated except that all, cesjumsglts gre agddef in ghe
second i nprednati gn, wand & hg catgl wSts gre:cglc;inedaat.éSOO gerr] fog five
mnutes afteq eéch ifpfeghali sh.°CrrTe Fis Used for"tfie Cathlystg. The
catal yst conflositilons and performances are summarized in Table|VII4# 40 45
50 55 35 PO393 785 BLCM at O - N O )
-0 011.1-1 8“@ 6 8 0 0 0% '0 O 80 M 80 %C .é%}q' a
an 1 LgN a, @ .a ag 4N a a S gk %
va o no |m¥] ¥ £ asa st € =&
0s . . .tMO%gO-
8wl N N, 0%9%f N 8% Of Oh a 0O tO'A S 3
€~;~ ~~~~~ B I I - (e ' 10 c WK >XefX0& 2a i X~
N, & g8 r v v v i 3323233288888 5%
éq\,{;.~~22:~.;‘,.~~~~9~"‘ ~~~~~~~~~~ 0*0 *~ "~ - N = T o2 - - 3~' C*
<

C I J %v % 0' 0’ a in NO 40 N DOMz¢ ' OGN,
165 £N Ocg O %O0a an o gNOs' N O
an %o gl PzwseEuseEEREEE (NN
0 C, | meG¢ C C aS a0 0 a3 a = a a a aJ20§3 ~
n Coodrl k“'gN L avVv an a's on v a al asv av 3
U eS| ssgsgssesszazsesgsss | g
COtow N =" ~s @
~~~~~~~~~~~~~~ ~~—~d aa a0 a am aa a a aD aD aD a@):,aD aD
aDb a) aC C¥ C| a Ca a n h aFEL
ocoo co cold |18 838 228 8 DEcg $cBs 8 8 8 8 8 g™ C
0CoD 0. Ui NN R T8R REONT TR TR NN TN ONERE o
s 25 % &8
14w 0 2 gl
) ‘:t‘ NNNMMM”MMM”RF’QQV? . 4
N

40

Examples 44 to 50
45 Table X below summarizes the details about the catalyst and the efficiencies at CONDITIONS. It should

be appreciated that the catalyst performance characterized in these examples were not reflective of
optimization of catalyst formulation.
The catalysts are prepared using the general procedures set forth bolow.

50

Impregnation Solution Preparation

1. Ethylenediamine (high purity grade) is mixed with distilled water.
2. Oxalic acid (oxalic acid dihydrate, reagent grade) is slowly added to the agueous ethylenediamine
solution at ambient conditions. An exothermic reaction occurs and the solution temperature rises to about

40°c.

3. Silver oxide is then added slowiy to the solution of step 2.
4. To the solution in 3 above is added the monosthanolamine (Fe and Cl free). Steps 1 to 4 were
performed in a large batch in a commercial catalyst manufacturing facility. Small portions of the
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rC L . NM M

: N
N U4 Thlb as ar a a BH9393788Blas aa a at C a
NS | so Irrpregnation Sol u4on Pr cparation 1. .tyeeirm (hg puiygae snxd

i hdsildwtr, ating $Qutiod are eFEseg‘?ig Bébo%lor IEH) 8 b Ghal Q. Unb Wbigh BitidsNG"
used in thgy lg\&éﬁ%ﬁ@r&a&%@ﬂ;ﬁ&% oL oy %@ it S étﬂ}ugh
25 66" Welg(ﬂi(

et hyl enedi GBLNE addd¥ A bring e’ sEhail EJH)néTQﬂﬁ%& ign &1 ne
are 0.6:0. §sed1ntﬂe@b0,§5}9mﬂmttﬁgcab@s@ ded bring the silver concentration

to 25. 0% Byrheekdithetal SiK8 bie tiRAalide@ns of thi s sol ution are used in the

| aboratory to prepare the catalysts. 5. 5. The alkali netal salts are

t hen addaépregnafuh@gCaiisron of Carrier 1. The carrier is evacuated at room
tenperature and the inpregnation solution above is added to the 10

carrier undeThevcacieimevaCaated aroom temperaterd .an@ the Tinpregnative solution| abbveds added do tie ned
of f. QCat al ganier Redesvacwu. Carier T igusedhe | npregnation carrier is roasted in hot
ai r using & Thelexcessonlytianris draineglofut 500[err] for 2.5 minutes. Air flowis 66
SCFH/[err! The catal ysts are tested at STANDARD ETHYLENE OXI DE PROCESS
CONDI TI stisg r con- ditions. A surrmary of Exanpl es 44 to 50 S
provided in Table | X, As can be seen, if too nmuch or too |i

nmangan@se éo (gp‘ggﬂ“atl"z@ cafpiey dsroasieddn At el yingd Eﬂt "gRste ﬁteabelﬁtsgq fsff’r %%W'"gtﬁ? A .
TABLE | X 2

At condit I'B'ﬁ cetglysts aro tosted at STANDARD ETHYLENE 03@55 BROESS CONDITIONS under air con-

ditions.

\(";?' ng Exarrpéja umm%ﬁm %l tot 53 ‘glprov{ng Ha%IL% fk can 5% géJn if 1o§jﬁ}éh or g%er&lg]
?6 4 9 nese c is added, tha pg‘fozganca of tal n 4 520 310 159

51 2 276 71.6 2 TABLE 8( 3 46 20.4 492

246 99 147 2 257 @? 1.35 -0.18 47 |

20.6 496 199 48 - 249 2 256 74. 8 0. 76 -0.05 35

48 25 20.6 499 __2Q6en¢s 54 149 i 3.2
-0.7 49 212 518, 256 30" 232 £l a "%67 74. 4
2.82 -0.75 50 (corrp&r ati ve) ©1.6" 5210 260 @ 269
72 Zxagele - 0.xpBq(ketal HoO4 | apd o 9| erPé-‘ch-Forlée—Z ﬁ‘ﬂw 1&-‘4% EO

\Gutl et Exanpd es 51 andi132 $i5 The foiskowi 159 gemer abs pragedurz is ussdd to
prepar® the acat al ysts of, Examples Sksandg52 (gonpgy ative) . gl'o a 188
mililiter Beaker with constant stifFfi ng are added: 36.72 gra
et hyl enedi affi ne 25. 00 24 vifter 260 9 36'83 ¢f am>oxal’fd acl as 63. 948 gr ans
silver oxide 13.57 grans n®paoetdanosan nag Thez beadkéer i74.8covered wioh a
wat ch gl ass,, The tenpegat ufg Obget hegsol utyon af t egg eaghzranges from 25[err]
to 60[€rr] as the m xture i s prepared. ThIS ngxture S then2 élutgq wth

q
distilled whter to 12%'i | $P1 i #¥8rs. 30 %7 14
S0 (comparative) 21.6 521 260 0O 261 .2 269 72 2.9 0.7

‘.\r-"';
* inlet ethylene chloride, 2 ppmv; 1.4% €0 outlet

Examples 51 and 52

The following general procedure is used to prepare the catalysts of Examples 51 and 52 (comparative).
To a 150 miliiliter beaker with constant stlrrmg are added:
36.72 grams’ ethylenedlamme
25.00 m| water :
60 36.83 grams oxalic acid
63.94 grams silver oxide
13.57 grams monosthanolamine
The beaker is covered with a watch glass. The temperature of the solution after each ranges from 25°C
to 60° C as the mixture is prepared. This mixture is then diluted with distilled water to 125 milliliters.

65 Ten grams of Carrier O are added to an impregnating chamber. The pressure of the chamber is
reduced to a pressure of about 2.0-5.0 mm Hg absolute. About 31.25 miilliliters of the impregnating solution
are slowly added to the chamber. The pressure of the chamber is allowed to rise back to atmospheric. The
impregnating solution is drained after 30 minutes. The impregnated support is calcined in a belt roaster as
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55 Ten grans of Carrier O are added to an inpregnating chanber. The
pressure of the chanber is reduced to a pressure of about 2.0-5.0 nm Hg
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6. A catalyst according to any one of the aforegoing claims wherein the efficiency promo
efficiency but decreases activity of the catalyst as determined under STANDARD ETHYLENE OXIDE
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5. A catalyst according to any one of the aforegoing claims which comprlses an alkali or alkaline earth
65 metal ion.

6. A catalyst according to any one of the aforegoing claims wherein the efficiency promoter enhances
efficiency but decreases activity of the catalyst as determined under STANDARD ETHYLENE OXIDE
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cat al yst, said efficiency promoter being a conpound conpri S| ng at Ieast one
dl kal i' metal or oxyani on of 40 nt other th Eﬂm

oxygen sel ected from groups 3b tﬁPo‘hS%ein nd 3a throug@ Iﬂ ' ﬂ"mmom c
Table; and a sufficient anmbunt of nanganese conponent to enhance at® | east
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under STANRAAGRe4d¥d-bido QY bife dfftieCdiorsgoiniieling, dilddin the oxganidh 6% Blombitt Bther than
accordi ng toRygeh ddnfipridesiai oXyahieof tah BleMEH BAVING 9 at6RId G bF 50 BRI | Ses oxyani on of
manganese. 3. A catal yst according to claim1 or 2, which has a | eachable

pot assi uan crocatalyst acarirdingas slaitn a whebdin fhe Bxyalkidnssethpiisas §d1fae.t otal weight of the
catalyst. 50 4. A catalyst according to claim3, which has a | eachabl e
pot assi u doratalysttaceridingds slaitntVawheddin the pxyaiasmeuipiises tnplgbdatet al wei ght of t he
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conpr "% e30- dcatghishipqcording i anl dne ef ga@toregeay claims, j whith ptderst €0 ppmve eft manganese
accor di ng te8MeaRont Sieulad onpe wejoht of f\8Tgapese praiPrRserkARsed Phihe Weight pf the catalst
pronot er enhances efficiency but decreases activity of the catal yst as
det er m n&Y AFARDFET SSPAFIPIRIRNE PRR, PIERGESTRIREGHE olgims, wherein ¥'5° efficionqy, promgier [SpgRHEess
CONDI TI ONS SUFRe- A cat al yst according to any one of the aforegoing clains,
sher oTh % SVACKHOR] b T DB YRG0 SR RS A AR 1
claim?7, whereirn the oxyani on conprises sulfate. 9. A catalyst accord| ng to
\¢lai m 7, 18Dl ot fam &1 o@ﬁa%?okeﬁ&ﬁg G, WG thordfickhy e Bhrkhes a
raccor gj ng tndlyBESAUM R6ntéMing dXFanfeh OF €901 Ng Cclai ms, in which at east 0 ppnw of
nganese conponent cal cul ated on the wei ght of manganese are present based
on the wei Gidataybt debisRdifgAtb ahy rie-of thd afog i ddinis; Wwhidlé fuftierl taifpribed sBIfYe iR B afduni he
af or egoi ng sGticent®,enNdned thé Stiidigncy &ftel calag@CY pronoter conprises sul fate. 15
12. A catalyst according to any one of the aforegoing clains, wherein the
ef f i ckentsy Axablystaecordrgpeiaisad, wesinun sutde cofnpases sioystifalec cor di ng t o any one
of the aforegoing clains, wherein the efficiency pronoter conprises a 20
nol ybdentinAc cathet nmqglmgxtyaanyqoﬁ of he, afgkegping dlajmg whicl cerctirisgs 2 guffigippt emeunb®f t he
af or egoi ng manganess, cophenent b enhanesr the effigiericy by atlgpst 4t € ap normar%rtoerﬁmllsmaﬁahei ent
\'to enhance“ﬂ‘ﬁbd@ﬁﬁ‘meﬁey‘ema%%@e@am%ﬂ"%t 25 15. A catal yst according to

cl ai m*@4 wherein the sulfate conprises fluorosulfate. 16. A catal yst
accor di n" t‘b"% @0"911‘9 PrﬂQVO&P &t QQGPF? oiRg SlFmE WRish @lse pesaeuffigient gmpynt plo ¢

armount  of (r}'%%.ﬂ ) tg arﬂ"‘ A% E@?& Necof gffigioncy apeaetiyl %ﬂﬂéﬁggﬂg@ err]
gzrrgggar © SypPeinp m ake 3%1°r ?g%‘@ @P?ﬁggg QSGSWS N2t or egoi ng cl ai s,
whi ch ~al gp C&Q@%t'az?@o?du@ftéki 9'wﬁ5}5m m%Bm.;;J?m' %ﬁ&w&?@m to on its own

enhance at one i ciency and activity o e ca al yst when

conpar edyg, é%ta@%trgczl:o?d?ngctaklaihyﬁtor RE twnick iRkdr %nﬂglséskb? lchdl SR SthEr BlomdRPENERE

{CONMPONENt S theSiteldndy Vi ME CatalystON bei ng made under STANDARD ETHYLENE OXI DE

PROCESS CONDI TIONS. 35 18 A catal yst according to claim17 wherein the

r heni um 200 ROERBSBE acGERRY toSckfim 1b,04dfeR. the other promoter comprises alkali or alkaline earth metal
cation.

21. A catalyst according to claim 19 or 20, wherein the other promoter comprises promoter which enhances
45 efficioncy but decresases activity as determined under STANDARD ETHYLENE OXIDE PROCESS
CONDITIONS.
22. A catalyst according to any one of the claims 19-21 in which the other promoter comprises oxyanions
of elements other than oxygen having an atomic number of 5 to 83 and being from the groups 3b
50 through 7b and groups 3a through 7a of the Periodic Table of the Elements.
23. A catalyst according to claim 22 wherein the oxyanion of the other promoter comprises sulfate.
24. A catalyst according to any one of the claims 17-23, wherein the rhenium component is present in an
65 amount between about 10 to 2000 ppmw calculated as the weight of rhenium based on the total weight
of the catalyst.

25. A catalyst according to anyone of the claims 17-24 which comprises cesium as a promoter.
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19. A catalyst according to claim17 or 18, which furthﬁu ' t
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cat al yst which does not contain the manganese conponent, said conpari son
(bei ng ufdeh ProPANOAREKITE I E REdad)y) {DERAOICH 3Bor@ENDPIANS whith a 8Baam/ontaitied y St
accor di ng A8 PYPPR 9% Rhaseiphikiter and at lpst ey sisiency-9phsotingraesesuspentse of axrgaxni on
of mdh- gdikaction gair !Af‘tdalt"a?eff&w'emﬁa[qqgcmcmwt@moz@es rof 2 gatglyss pesording e
ef fi ci ency"" LA HP slms 2652 ard alkviops idp isgyrovided in pifivent from the bedheficatalygiact i on pai r
conprisgs alkali _nmetal nitrate. 31. A catalyst according to claim 30
wher ei noF @ngfgarﬁgﬁtg?aéﬁcgmfﬁﬁgmf%%ﬁ slidade PFICHS et 0 pbPOSTA
nitrg{e andoF 0B St Ral erRize mepEbersf the game, redexchalf readtiots: di ng to any one of
the Cl aggI® g8sedd acdofdipdt Cllint $Lordd Mifsreil ST SNORNSHe "Gestl tiembd G4 & e_i PS
cation, 1Se - NG, aRmit r |'i1&f? gﬁt‘g POt
oo o) s L o N s SE R AT
ég/action of al kene and oxygen in which a stream contai ning al kene, oxygen,
S phase A plobdes abordmg o dlaink 8864 B8, Rhdrdi bEN A gameneﬂ BSniASRPS daRger of
O;

a redox- 3Jfdrementidnéd Jasésas hasavhich Trhs NS ahd?sil NOY dffer sHokiddiie@néiidngle pr oduci ng
conditions to a bed of a catalyst according to any one of the clains 28-32
and al k§7. énprocess decordingpip Gy cedl of the efafmsugsae, vhaeh tshi@ ab st e GRbAleHiGIBACY34. A
process a®oeneigrgit b rérationvi33edowhai reactiongair dongdribasiotassiuyn @iRdEANCI Ng gaseous
and $alt nenbers of a redox-half reaction pair conprise nenbers of the sane

r edox- h3fk fA preages feserdingg & claim 37, wherein said at least one gaseous member of a redox-half reaction
compri_ses NO.

39. A process according to any one of the claims 33-38, wherein said alkene comprises ethylene.
50

40. A process according to any one of the claims 33-38, wherein said alkene comprises propylene.

41. A process according to any one of the claims 33-40, wherein said gaseous member of a redox-half
reaction pair is NO, said salt of a member of a redox-half reaction pair is KNOs, and said solid support
565 is alpha-alumina containing less than 20 ppm, by weight, of leachable sodium. '



35. A process according to claim33 or 34 wherein said at

- menber ‘of a redox-half reaction is_NO err or a gas capab mﬁyuﬁm“ﬂ B
of the aforenentioned gases under ER n condi tions.

according to claim33, 34 or 35, wherei n sal d gas capable of form ng said
one of theuafispheRd | oned gases is a gas which forms NO and/or [err] under
epoxi dation conditions. 37. A process according to any one of the clains
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&hnlichen Katalysator, der die Mangankomponente nicht enthilt.

17. Katalysator nach einem der vorangehenden Ansprliche, der zus#tzliche eine ausreichende Menge einer
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27.
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32, Katalysator nach einem der Ansprliche 28 bis 31, wobei das die Wirksamkeit erhdhende Salz,
berechnet als Kation, etwa 0,01 bis etwa 5 Gew.-%, bezogen auf das Gesamigewicht des Katalysators,
50 ausmacht.

33. Verfahren zur Herstellung von Alkylenoxid durch Umsetzung von Alken und Sauerstoff, bei dem ein
Strom, enthaltend Alken, Sauerstoff, einen Gasphaseninhibitor und mindestens eine die Wirksamkeit
erhBhende gasfdrmige Substanz eines halben Redoxpaares, unter Alkylenoxid bildenden Bedingungen

55 in ein Bett eines Katalysators nach einem der Anspriiche 28 bis 32 geleitet wird und Alkylenoxid in
einem aus dem Katalysatorbett austretenden Strom enthalten ist.
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25. Catalyseur suivant I'une quelconque des revendications 17 & 24, qui comprend du césium comme

promoteur.
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38. Procédé suivant la revendication 37, dans lequel I'élément gazeux, d'au moins un type, d'une demi-
66 réaction d'oxydo-~réduction comprend NO.

39. Procédé suivant l'une quelconque des revendications 33 & 38, dans lequel I'alcdne comprend
I'éthyléne.
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