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| MPROVED ALUM NA CARRI ERS AND SI LVER- BASED CATALYSTS
FOR THE PRODUCTI ON OF ALKYLENE OXI DES CROSS- REFERENCE
WOTWFBMENT Thi s application clains the benefi tPOf/URRB4/017103
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: exanple U S. Patent Nos 4,272, 443;

pr%&@@%@%&%‘?@%, 494; 4,645, 754; 4,769, 358; 5,077, 256;

5, 10be86e ana/op Broginmtiop oBsiicaBaertaindsiBatBIiuEag thevioduction of
theggdp‘b@ﬁ/lgeirrié\’%eU'téimﬁ%éalwe doe‘ﬂe}rﬁéiﬁ:te'o? QatQR/sts made based on such
carrier is generally known and is disclosed in several prior art references: for example U.S.
Patent Nos 4,272,443; 4,428,863; 4,575,494, 4,645,754; 4,769,358; 5,077,256; 5,100,859;
6,281,370; 6,313,325; and 6,579,825; WO 97/46317; and U.S. Patent Application No.
2003/00092922 A1. It should be noted, however, none of these references discloses or
suggests what has been discovered in the present invention — the use of claimed silicates
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2003/ 00092922 A . t should be noted, however, none of
these references discloses or suggests what has been
wale@soraied in the present invention - the usePOf/US2004/017103
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efficiency, and the catal yst nust al so have sufficient
stability, so that it will have a sufficiently |ong
was@sok34is fe. When the effici ency and/ or act i vPCT/USI004017103
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possi bl e expl anati on for the nechani smof the
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and trace anounts of other netal -containing and/or
non- et al - cont ai ning additives or inpurities.
whdsmeres there have been enpl oyed al um na of PCDWE2004/017103
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reactors are typically in the formof a plurality of
par al | el 5
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el ongated tubes (in a suitable shell) about 1 to 3
inches O D. and 15-45 feet long filled with catal yst.
WO 2@802341 8 xed bed reactors, it is desirabl e toPenpbmwy4/017103
ro nde ch as, for

carr er nt Q
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resent at X l.Les of materials whi
can @Eﬁ?nﬂ {iéﬂo‘é@ P 0‘3% &f RiSioraes) %Jm%a'uamaf P%'rr ier having
dexirable giroygeriies @@@@ﬁ@@hﬁvun@meﬂtab@mombw@ &Urt4bk Agea, pore volume

R i s i) R
eﬁ@dl’m@ Gokpmssldwril’nmm@op@meﬂ (poesteraBlr elﬁ)ha@mmma%ovt/d&) to provide

toff e AIS TR 4Ty o8 B cr Bl 16 B FlseS i Tabd.alphe Alumina carier.
havi Agptiiers ikhelh e mtidah abro gyakirfu rpkefo e Qﬂphd@lh@nﬁéo'déﬁfér having

de@ﬂ'd 8rp§€%érﬁ%gf’¢f_?zrﬁ%rgs%a§%&|g§t néé( f%éaiw g@pﬁ@l%r,nna) with a binder to

provies ai mlgmralfdmlﬁ% (f@?ék‘b&ﬁplé Fﬂﬁéﬁrfuahb}br@iré&% kh&ﬂnﬂ@re to provide a
r Q
fO@%%mﬁ%wa g ﬁ]ﬂ' : ° esfowﬁ "(]p B‘FH?&%BVOA’FWP{%PWFPWW alpha-

algraingicarrierAnot her knovvn met hod for meking preforned
al phg- al u

ac aV|n |rable roperties
conpr'1%B¢ f %pé te Fﬁ'?'@ Hy J“%H'g t Drefpianbgs a pore size
distiibtioa wHiensler to provide a mi xture, form ng (for
t to
or 0PN O haorR REGER. 5 B Ly ddlbeie At boeS have a diameter
of lessniegh Ot xhioroa; t o provide pills of preforned
aI p

0 0 R e RSB B T o dametr o
Oﬂtdsm B inicohsyn V\herel n: |less than Zg % (nore prefera?l Y,
f aneter o )
P ese Briloaptepiiablvs i 455Gy Blinerirhe Paissyavs agameter o
0.2® P4 ntigrompl une of the pores have a dianmeter of 0.1 to
0.5 30 % Ly, 10 to 9
oy VEPIRETER 10, e HEHR, Yol & by v e T Bores have o
diameteoof; 1.Qte 0 mlcrbrlran 10 % (nore preferably, 100to 4(1)0
% b I . 0
o o Qe PR AL (R B8Rt aodo I ghima ! i gres nave
didrietbyofvial ton@oaficiohs; gmar es have a di aneter of 10 to 100
Vol dhid 29 Pinere Rt SZ0G EREiRg o the ok evechiatheter of a

Ieaﬁw@nﬁcromm her known net hod for prepari ng preformed
havi ng .,sui t apl e erti

ilofrgﬂ gmlﬂ%&qc%%gec{)ggrhmqp ngglﬂﬁa gngcﬁoe}q aalumma carrier having
suiesbiergprepemisneornprists gaptiding boickinite almmaaﬁwrggahﬁﬂna%mma in an
Eﬁl %B@{étcrggtfa%rmagbhghdfelal#uoornls(%pre?eraﬂy ?Izjo é)e gmons % provide halogenated
alumina, forming (for example, by extruding or pressing) the halogenated alumina to
provide formed halogenated alumina, drying the formed halogenated alumina to provide
dried formed alumina, and calcining the dried formed alumina to provide pills of preformed
alpha-alumina carrier. Where preformed alpha-alumina carrier is used which has been
prepared as described above in this paragraph, it is important that the alumina which has
been peptized with an acidic mixture containing halide anions be calcined before

impregnation with the at least one modifier, because the halide is necessary for forming
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alumna, formng (for exanple, by extruding or
pressi ng) the hal ogenated alum na to provide forned

W(haﬁoelgmas ed alum na, drying the formed hal ogePGr/EsI2004/017103
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DT RN ST S 1 ———"
the “TBé'rﬁfeformedlealﬁlsﬁalumnfaarcafr@r Mhagp |yt elietaedbd (that is, prior to

BB e R DA 15 ARUCLT8 e oy e
s;bef:ﬁs:tswflaee rapst bf et leabt dtsout 0f7 mély (@@dre iprafe@blyhitom about 0.7 m%g to

o SRR S Tl RS B3RS b from abut 05

cefgdo fabeut 2v0Werh)e bty Atae leastrO8 aveight pstcemt Iaquiayaltahinaofnedlan pore
apB iR o, B0 s Any  Sd RreliuBy abfalimina. carrer

prefepalzly alcludes partities gaotf afrwhich st deast ame sebstattialleflat major surface
at i s rior to

e JimbBLE o Bt imbrier ol s tipgpePRcRg beun e @ hexagorl
plaiev«snmeqra)rthdnsefrmwmlgl twohmamereSpe sufacesy Wit ezt 5ar®acemi of which (by

o Bhob e EHR o T B SN O B rs e
alaintnat cadriér, obiametmyr anypsudtbbleatéiyiod agmowdmd a@c\}é &Cingpréghated with

B3R s M st YR o R et LR B SRS eartn mota
siltdatast 5ﬂlsﬁmpregmatlonTthmeeb@nfdmﬁdadypm slitaplenmettail | ©he preferred
mBlE5u S SRereeh B e PR e S APPactoning saiacds Rigiesgiviga the at least
orlcametiifiat i wsolpérattelfeﬂ‘m Hnﬁrpbr@bngy)nwmllﬂibn,a@m Oxdutmt PSpregnating the

sha of a hexa ona ate (s rticles havin .
erG%mSg a @Iqmlg? ca[ bgﬁe m&qreé @{1 S%@IHB%T @@ﬁpaﬁYely,ga coating of
a sbiution, (émyulsiomioe suriyaooataning e atdieastngiconodified @ag behfarmed on the

ﬁ‘?ut 50 m crons. The preformnmed al phaal um na carrier,
cag i ned by any suitable nethod as indicated above, is
| mpr Rrgfeateeidmptdgmatidre carnpdsitisis agoerdimgditd ities p&ebmhﬁhtlon comprise

S T i T ——

sadutipns,uditfedehiealkalt el sﬂhetepre&é &nownl torbhve diffefent respective ranges of

SRRSO derh "B, P, Ao 8 WH A et opBariedgons of akal
métat silicates capr esgseddteh aseodontrokiedl, byethel sulabllmma ofrme; pgntlaltnan@kah metal
rrier Wt

o1 AR o T BBeR Syl By sy cain one o

me@ atheranateraiyfos examle, s promojerca stadilinemg stiiactart dr mltke

one BB 5 1800d B 304 Sl BLGH] enion, aer

Impragﬂatlmg)thecmamm?e aﬂihlataiwsma caricalithlat loast ahe mddifn@&ts@lected from
areheE Dt P RS o ek, PR Tnstel"Sifath 86 imbiBomated preforme

alpiveealkminancdroehiawiriedi f Ther enytngrie spefetablyecarded eat af a temperature not

o obll b o gl 8l SR VLY R W b Biprenation
Suchrdrpiag seh betcadicdraut doany sdilabld vy, fdresxamipleh by ipldcirsy t0é alumina in
the particul ar al kali netal
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silicate conmpound enpl oyed. The i npregnation
conposition may further contain one or nore other
woredosiozals for exanpl e a prom)ter a stabili ZE(ET/US\2004/017103
ment i oned. apove,. accordi ng

scg}r,fact nt, or. tg_& | ?
She PV riedving e alusping ﬁéﬁrﬁfr@s%?m i¢0b GPRJHioNS, fipk example, room
tetrm@mgmtfomatme wmf@rwmdutamﬁlamaddmmmmrgasemovwh? bor any other

u&eBarbich JoRia kAo Eaf TSRiarls nof i Beei prrlicular method o
driyimgl aod atie dspsfod e thvahidraerdoniiasses ail pmess& Qé uegbnbed herein

anbip i Biinege BhTvech sedadre eliey Staprinyo IEAT oK IEis preforred
thht fostat leaet theulrst tivel Hoard flloking lmm@agmt; rtmtenﬁmé’cure of the alumina

PrElekaily o8 o8 |iEoae BEnctEarash fia’ The s Brefprpby conducted in a

cdrm@uemmahha plefaraBIq irtiudig di@troling ARy, t6 PRstuck @A%ven distribution

oS FSEHERBA IR A5 o0 B 2 E%caﬁérbféi‘m”ﬁge o any”

ot helh & §Relfioe rewﬁt@trvermddtrﬁemrof drdyylmg;treélih@nt curRed b@tnn a drying

is not limte { %\}gartlcul E,d of dry g
OveR; drvRg, i conguctagein; WP qyee oﬁlﬁ‘é( s'@greéﬁ'lngpthé @@Q@E,ature to a
méﬁm@ﬁﬁ@f iffoad ab@:temo abgreb8d vhioCabdiit )Q509d C?se@s:b ExRd: preferably a

rdI such dryi ng
B ERET PEaDRRAIo BOTEES | Ca kot RS & i aBH & to 12 hours, most
pr&f@iréw\el‘)@tlm ®goas| PNowbd By lcobMRY RickIte adbut h@nﬁiempeﬂﬁure in the

b 5 PoPe 1 Gomokr SRS a3 AEMERGTRBE FaTe of 2 Sdtable drying

saQUehey mblélmes pmbmgnmgregnatwqdrbioﬂgem ephaialuming @anreedua@rymg oven
even |str|

ut f th
el S dnciraing Biinerane up 2 a Syt npEeabE iy 1 hkdedress C. and
hdﬁﬂlﬁ@dt ﬂmlterﬁ;ﬁera’tuﬁblr Jorrgsiitabitt leRgh o ainid, e6t edimpld) Zto 12 hours. As

I BN N MR KR T ML p—
m@b@eﬁ indf2asidg wregsratire frOmabom:te?ggradﬁé I‘t@asodé?So dgepédes C. in the first
ra u egr ees over
oA aT g PrsTaR o rany @S ahcraasine orsEe Uy Lo gy S dearees C.
toaiwut t7é degr&smulhﬁhezri#ﬂ a5ad 7{5;ymlmfdsi tp@af%t’aﬁlly 6mm)gm§, increasing
oomtie era e nex 0 0 rs. or
tepEANE o ABiEZh hetSasaColos ahpd o Hourfed b1 the Jiany 45 to 75
mmams;epufeieerablgz lbodeiautek; ancr@asuhgmm@éram%dfr@hegwrdag@ees C. to about 150
AR Gt et b o e Ry P RERRBr G ria e, it temperature at
atiohﬁﬂsaii@gl:é@g lr(?ﬁeflsr £Eet ﬁeﬁ(ﬂ 4|5de7mmlrﬁﬁe§, @%feﬁa@ﬂ’p@l alinlit€s, followed by
a e en of
cohfip BB SR G b TS n 45 Sinfek” ARotner specitc
rep@@éﬁ?ﬂd _@kam;aeejfaarpbssumé cBylﬁgllsbqlbérﬁ::esiW$ RYarPPRUIADICAING a higher
I NCl U S | NCreas from 0 e e
meg B B e Mebes TR g L R ToB 98T iepeizdire to about
emdajreeeacl i the first 18t F5 mlnmee,asa;re@smgamnqjemtufeefrcﬁm @bBout 60 degrees
28%toup BoRRHES L. T he oRRoRY 1R TRES Increatit Ieigjatie from 90
detgeem;e@atouTm)_ ﬁesg:vgesabom th'éEneDkEg!; e@%Cmmt:t@sﬁinom]?sm@(iemperature from
ees N the n er
e ares G nePosBias e bt 2 B8 Eotshlsipied Beboqle back to

roaﬂndempé&mrdegrees C. in the next 45 to 90 m nutes,
preferab hol di.n re,.at abou

150 gPLe&rﬁ%dr%Igrﬁj { elﬂ@ r}?e%rngg rﬁ; Lt ﬁlﬂﬁ Qgen lmpregnated with at

legst @he maddifjer @dnmprisiriy &t Jeasbbheakkeli metal Gmbaiﬂgaridaﬁletﬂéast one alkaline
roomtenperature in the next 45 to 75 m nut es. Anot her
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representative exanple of a possible drying sequence,
this exanpl e including a higher maxi mum tenperature,
WO p@b02%$8 | ncreasi ng tenperature fromroom t enpET/a8200€017103
first 45 to 75

H0.d (OF h ' )
eaqr, PR sl AR dRar ie MbslPaoed” b T gPerdgn@ed thréfoimed aipha-
alaimnz ceflerdegreams dfied priort thebeirgxtal@hed, eha38t Ieastudresalkali metal silicate
a5 S1540mb SRR L4 i By I 55 ol byt et
the ewnqeferméwalgha-amImiﬂaBQardetgareﬁ?r \/Iﬁlauldi Pe 3gékedﬁig lraeIGWeEovérall amount. In
t t. t : I

o 1 P M QBB shboution o
thetet deastametdikedi hetahsilicgie epdat ed lesdst bnatalkates batienetal silicate and
T T SR IO e —
eathi reeltal siticatdrehilecedlaning the dricidimpregpagraireidapr ef or med

el CTft e’ B e BB faraneitd Sfhele % defucdf ol by rising the
teopdradureadf trmsltied)rimpedg_haiednelum":ja Iforjrra:pﬁrioslit d())ﬂ ?Iﬁbe The maximum

. .relatijve

Pl VB B P oA B B S e ety a st 00
dqgreﬁse@.t more prefaraigly ableeﬁaﬂzoom_e'gmes C.n ot h_er \Q/o[ Sls, t he

d [t etter .

.89 b SRl QURTAG Il B b B an o
camigrdh asdldining éuraact/ and intreasing ttemperatlré flormmogatetiperature to about
scfEiod 5 BE R GR S GR L RGBT e oo at avou
508! diegreese Ce dort the mexa kb b | 75 alireited) i greferablycawout GOt Mthutes, increasing
tofipb B8l TRinh SRR eRS s el BG'Plredp o e et 45 10 75
mitetepeprefarately aboutro whiriuéss, ihojolinggatedbedt adQidegraes @1 fér the next 45 to
7, B et GRS e o0 coores
C.db dbeat 12BD0egrees €edn Me, nerdMS oIS miraldsy pedfelabysaboli280 minutes,
vl 5 31 SRR on o HHACR 580 SRS ORI Soout 20
mioates; followged by saicsardiatly limearigaooling toetiiedeyreesClovertiieondrt 8 to 12
ol AP <0y Pty OB 0 g B Dbl 8B WPrace ang
allawingtit mfbcdi,efgr exande, dawn tdwmqnetﬂmp&éisam:éjﬁw somelfcases, it has been

. t t

oo S R, B 1 AP FREE 4 Bgmoe, 10

degreesrexer Mgharprestltsrimatiiasheq catalysaivhich dtasudvef Glower aging, and so

colf M, 55 99 B2l 09, OIS 55, B0 sometmes

préfecedasi ng tenperature from about 800 degrees C. to

aboyt,, y s to 75 .m nutes .
<0208 SN 25 5 s er o,
is beligred thaCduffing the lvalciming, trattleast 6e alkalimesal siticaté andior vt least one

B bR e, L1 T 0% SRR L e

wherefrerabkby aaleiivelf bighaonsenteatidn t(loe exarapley2 md.%)eé the modifier (that

o SE36F o 0 W SRR P LS RS B8t ) n

mduifier Hepregnbting weldtiorhatin daé cdase nghaxe dlehepaluming ssimpregnated with

so 85180856 cp1d e SIRTRLlRBERR e v0

compeunds inies alaginag for@wampie, nepheline (NaAISiO4). The presence of nepheline
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calcining to such higher tenperatures (for exanple,
1400 degrees C.) is sonetinmes preferred. \Wile the

wW@r@smeed418 nvent i on | s not constrained in any WegT/Dg2084917103
IS beljeved that durjng the

. ar, t.
s BRfcieit togrionNanayA fesber gRActalea o aaiealn (i eadraen has ocourred
havedenrit fats H)@aas‘bummaﬁ@dfo’ﬂ péiﬁmﬂaﬁéé“(ﬂﬁmﬁ@acﬁ\hﬂyl §m&|@n®3éhd aging) is

o864 mbletrbpicl ot PHBIRRIS PicSeB! fa hednyTterarfer. I the temperature
dwmgCleBta‘mmmg dafried Gutaﬁlﬁs@quéht% ﬂ@a lﬁfpréd?r@tlmdiffdlpﬂfa alumina with

schhifE el i€nenf Mo e Goinere & e Biragd Frnpdlgte hase:

nodi Atl tie tonplemabi e §§lblnhgolfébllowinb hmprw@n?mwm the at least one
dium silic

al.pha- al S i npregnate
meiorSelhctec o afongHia] R isulChles Ao s gre Mo poates, the at
legstohgemes métaNeiidiie Shd/or éﬂ@@ﬁtbﬂésalkéhnb Iéﬁ’»ﬁtrﬂi\'nhléﬂatIn§lhca&9rs present in

or TGN TR P BRI i Grgh el JOMHPULD PR 4E Apoy SR weight percent

based eh ﬂl@@l tdtall wéagme)f it ﬁ\bdlﬁe@aruﬂﬁtﬁél%}n@las\hl‘h@%é%‘ﬂJeast one modifier
een found that %ood performance

t hat
s PQ&B S st Jhe 5 F’Bu%\‘fé&ﬁ I8 Pre Prefgiablsndhe Sneect flom Bbout 0.5 to

abobie2.Dateight predentdapihel doRelusion BF Bfecdticihify fdMIRwidpkdfhation with the
catrier. f the tenperature during the cal cining

M ed out subsequent to the inpregnation of

al phtes abtedi aﬂ:@vm tHe m@dmwﬁoﬁl ofl ©idt frebént aRhtiod 408s not S|gn|f|cantly
ees

te
ARG ST P1Peh S6f olbe Selrtureh PrerR| it g TAGREG Alinigh althouh
the!vptdSehhﬁv@ﬂloh e Abdt pRdnEztEuch e IFos @k@ﬁbl@dthferrﬁm)ﬁﬁlﬁgﬁ of the modified

T I TR .
caared/(ﬂ“ratas bréastt impeegrakien iwit@ maréthleﬁﬁt @lhe $hadifed; @hé $nedian pore

ey 3E ik Sl Dming Getietis SeBelie koot ah e of fediedian pore

duanmetemf th@padformdgmhaoélumhe camibrf i ed alum na carrier.
Wher one nodifier is sodiu SI|I

at
t he @8dﬁ%?ﬁaf§% |sp&%qe e MtYe OprBREr I?F | ?tﬁBt'a‘thngféecé‘fd by the
mcfdlfm:a‘tlcabacﬁorﬁln@ td meailesént hventie. ghﬂie p@facerdregbf theemodified alumina

co 205 5 Ch 1 S bl TRt o, and

soinbtmps @senér thaw @Y, @ntr@mcmotsuﬁa@larfeacmmmé preddrir@@talpha-alumina
the norphol ogy and other structural properties of the
Catiffrodi fi ed al uni na, al though the present invention is
not Asi Id‘i@)tfbect:jme Sthehmotitied @mﬁ”nhecarﬁélefomé@%b@@mgofo the present
modi fi.e carr

vt B Preiff ofaed, B lonbeid mbfasaies by caiaiytc material andior

pramhgtbematedial. na carrier (that is, pr| or to inpregnation

R e TN Y AR N

mventldreasSdﬁhxaaln eﬁﬁa(%roé etriptoyed do aasipteemddifiag taficof Sé)ﬂ@t extractors
r r a-a na,carrier rfac

bW KA P RS RLATLIT Ut o brTePEARaLIGE GRGY which the
maalifiedf alaminao carderc oard ibegpdsitionbe, pelewe\mhlch ny enbigply of k&tractant, for

rfa rea pf. the dified alumna carrjer is -

exdiiber i< ifioR ds DogEio bl el hBesssRpnard within the
coluimanarah thrbud@Othe earderstonatdondensgy.edb@ractdnewhth%s ndeheed in the
coricgeﬁg{e{e:fgllss%Hvﬁc‘%toar‘[ﬁea c%frrletrh(\e/vh% %f o{hrée%ara}l]eptbecomes ﬂ%d with the
extractant. When the extractant overflows, it is siphoned back down and into the supply of
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As noted above, the nodified alumna carrier forned
according to the present invention is preferably
woe@lees41pri or to being inpregnated by catal ytPCT/US2004/017103
.er material. n accordance with

o )gaﬁé’ er Z:‘ gflggégi:?&prﬁg%”& o1 \RECRIH 16 Lo drPRpNE dNYEREOn, the extractant

rpreeatﬂytcomprséé wifer a'moﬁnweebr ﬁ?@i’é aﬁwé ardl %pé@béeﬁ’ort % preferably
carrier extractors are

oRETE oAl Gant L S0 &t Thfs i reast pyeterably about 12

haunsl ude a colum in which the nodified alum na carrier
Co BB P R P S PR i ggesont iventon,

the\raguiifieat AlaMina B FGURPINLE ImPeGrResd bPWaldl aMdidioRabfeamine solutions

| t
ok e e BB B a5 eSO faagpegtinr ffos about 257G
todabunit i2008Ct foe exampieg mbowth20e bi¥grebe ®anf Ibgrrobﬁmgn@ér example, at a

fil ta the extractant
tolpatiTyat o Aot $00R S 20w 1005 Vi exinic Ao 800 degrees ).
Supp‘\iy'em%bbﬂ@h aftany fexsessfam?: mé’ian @Iﬁﬁdr%n 2kl o1 oilanglich®, alkaline
tion ract an rerer

efreatbis Shar el pain oAk SHcdia bR Gellion thi acified alumina cartier

maxbe asrhovad dlﬁnr@re&j‘cﬁrMhMgmmxdsI@ts@Cbéeﬁfob%e%G Qﬁathépﬁéhne phase, if
from.about nmost prefera

Pratth & 28 el ot Fe AR eIt Flanthes cBiiga Svdteudshing, wheroas

camedghetidspHage, whehpregem tehdé REbPFeps@/RY i BigAMEAR{uahit®s during such
dified alumna carrier can be inpregnated by water
a&%ﬁ' Por oxal ate amine sol uti ons and/ or other sol vent S,

f ol |Anweof thy cafrigrs of (h%%re@émrmﬂeﬁn?rﬁgn)?a Heel %fattfoewlﬂﬁ at least one

ca@apé’gg’te@’jﬂ agtf OBEP'}a@\éélﬁP %g%@groqneea mﬂ Aétlerrgtlvely, a coating of the
attlmeinat catalyns nfaterml aha/mt tHOAat eakd oﬁ@%mé@@%e@r bé %rmed on the

cagfgy ’H&X%@@?@Ht I%Hgg&e?rwquc%%s tug{/ %gﬁ talrﬁzg;f g]ret zlatoleast one catalytic

matetial eatier trad Maéasmn@prdrﬁot@ratl ons, and/or alkaline
fied alumn

th t.al cont ai ned on .t he di
car A wies of Bheth S Br RO GHOU st Hh deast RaCARING materil
(arhrlapleférbblgra}'sz}dattlbaét onephebtes siagmeoidly With38é tatalylic material or in

enera removed in significant quantities during
angﬁgﬂu%ﬁ?rﬁ&no\‘/\‘ﬂereas carnegi eite phase, when present,

t endfor texalple, eﬂiwechtalystslrmy bé @éﬁaré@%hﬁp?@aﬂh@ lan@arrier with a
res

ch shi ng. of the carriers of
o HGL. AR RRJEE i CfRetRERt 1o el IGRuf Bae an. One or more
praradtalsy triag hsmlmpmghate@mdnmwheomw I\M‘thaméwlaér inﬁft@@naﬁﬁﬁ before the
eas

sige; Pyt pERE b s er, Brpbithud, 15 Ta ng Setb A Catayst, the

cariy lsbem;bregnadd C(Dné e noag iress) jth aﬂi@' ot MBreasifel ebinPbund solutions
cont ai,ni he at | east on

or_. sl
suffieB 1 oing sies 6 b afigiorgrondfe atief haeaBputiathish is greferably
in 'sr@rraage' obfronmmﬂwds;%f le] rabbmJT(Bg Iib&theﬁﬂelgﬁlfcﬁfltg? ctMaltybt afore preferably
St teri referably also at
frorne t gﬁ% t b %lzgjr/c of;iﬁﬁme{gim Qf)'ﬁg |°9P6W5¥ h the catal ytic
mat e)ataynoonatenamarna@qme ﬁmm)t rerewiineritoal. fethesaendisilver catalytic
mai%qa:f i Sélllt 6\‘]”9 e S|ze a{anbr?e |P| %rngg oP%om% tgr ant fo 1% 0%0 angstroms.
There are a varlety of known promoters, that is, materials which, when present in
combination with particular catalytic materials, for example, silver, benefit one or more
aspect of catalyst performance or otherwise act to promote the catalyst's ability to make a
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solution of one or nore silver conpounds, as is well
known in the art. One or nore pronoters may be
wo psegiat ed si nmul t aneously vv| th the silver PCT/US2004/017103

bef re the er nat d/ or
dgs;?egr ﬁt@tgp; Sé orrplr{;%@r%go C%Lﬁ)ﬂ promoters in
treaisalhwstare Eaﬁergla,mdt ebnsld‘eremtagﬂ@hﬁtbrb%n Fh& pre¥Bhee of such

re silver co d sol uti
PSS HE AN TE3 PR B cong b 18apBoOF M Benaiga! effects on
tneacratalyasft pleﬁomﬁar%@fdﬂéxaédiplf fenhandﬂh@fhéfr@’@ or anibutnh@f psramm.on of
from abou

oSS CUEE TG R SRHTat S Periie f acliy s el tagdseaction,

rédhchb&hmwﬁ"@r &ﬁoddt@oﬂﬁﬁ@élbé‘d reaéifﬂn@' éftbl Qoﬁ‘ipbﬁﬁg @actlons occur
e size i s NO

SBTtoRsoUShE iR feaoih o A ICH iR S RTIning 165 eifagveqess of the

o\k@au Procbss isaamesurt bpsordidPoiie AR 0P tﬁéée%&pan@ﬂe@ms A
re.a variety of known pronoters,
AR WAIE ISeTToR0 SRt G SLARETER [<R5HBT bl Py ighiafor o another

ra@@f éd ¢oH xamphd, al cbhb@sﬁﬁﬂ rehttns Wfﬁaﬁﬁs §I ﬂéﬂn@ is that tMe Eaffect of the
ne or nore aspect of cat aesﬂy per f or mance

pfem?é?wrbtge Querall 693§F'8r|‘r{§tf%"qrﬁ@e &g é‘?t'erg pmupt'%oftt%e desired
proaket, fw@ﬁarhﬁlé &hﬂdh@bwdé OfheoABBtRitioR bhihe &R 0P XidHe pRImoters

0 ronpters in thensel ves
RS Bl o] Gony o B SORYa g UeRarung ah e dhised effect on

cdlél?ﬁqm?f@rrﬁéncfeym dEBRITROACHS of A pakistiat yahlystiagandBeepoxidation
own to _contribute to one or nore beneficial effects

re@ﬁ“‘?%@"@ﬁ'{oﬁfsyst performance, for exanple, enhancing

the Tiére a@é aﬂa@smm &/pep bPpHeaidters —aolidl Qﬁbrh@l‘ér@éﬁig’a“de
r ed eraturere uire

prgmokj%[m &Spl go e,résde{:c?rgﬂra B@éﬁ% ﬁattaﬁ(ét prgtr gyt%yse either as a part

ofah® varrier Sipportds 3k Besart ¢F &@ﬁ\idlfmmyﬁtrﬁetal @ﬁfmaémtwpned thereto.
rea

| t
DU e PRt S0 e SHueRF st e sheCt olB fsra@osy on the
cataigstongy 8¢ Lnknodme Yehdrea iRl pmmawr & ffded @t@tafpdrt mﬁe B@fve catalytic

BT RO BB BIRR ") e Bt i becaallor S BlaneBe A the materia
or gelqubniiatly feNbwimigah Gépdsﬁil)ﬂtdf &b mém@l ?@mf’dtdrr%r oasupport Examples of
gnificant is

ust reactl
WP sal0aRGlet gt eatass Rl bt paue Haders ook gelide
co‘nwfnab bﬁpét@séuhlﬁ ibidived, @8siuf, Abintin B0Ife maRgaktRsl MeFbdenum,

uct, for exanple, et hyl ene oxi de. The
t”E%ﬂ@'éﬁWHl"FtBrﬁsétFe '®%fe’ one or nore pronpters present in
t he ipajoatrsst th@&;ﬁsy@rsyprmerersaar\engée ﬁhaa@@ordp@mdlam oP Fhixtures

b L RS oS S Reaup Ehe e B GRAf iadr e e exarmple
etRylond Oxitié)omitt efot-phasecreactahis psLh a’éreelﬁwerw emdadxyb@rassuch

two,. types of prommters sol i r.onot ers and
oot BFe” s p B henanes & 4 T s stanonBan hgunction with
ordatadifist topthe 8blid pronio%rsJ.Slel,oseltytdlﬂly amphyedhie Dfadddls inhibitor

BfRanRRRGomsunden BB ot it mE SdasSr EXcmers e of
gegichgtingrag lezist oles eftldﬂaq@mmaﬁd:lﬁg rizibepbf & rﬁﬂgﬂm@mﬁé?:lho@ Pair, both of
en a solid prono

e_cat st
et Wl LR o S BN e e S Bt GBRe Bl Generating
arestfticiphey- mHamelhg metnhbbr f a redoxrhaffagadien pdid &ch nltroPen containing
SI rrul hfmeousl y with the material or sequentially
ng the deposition of the netal on the carrier
or support. Exanpl es of well-known solid pronoters for
catal ysts used to produce ethyl ene oxide include
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conmpounds of potassium rubidium cesium rhenium
sul fur, manganese, nol ybdenum tungsten and m xtures
W(Dblﬁusmmmsn contrast, the gaseous pronoters arPBCT/US2004/017103
Ehase co ounds an(gl or mxtures thereof which are
| ntr

e sdid rrg ate.f%a@m ifigrgare genasallyrnder s coemigaksArappunds to

th@datlyst Pﬂbr 10X8iBé eA@UBé’dl R&RIrNHed8Im W!drﬂbo%ﬁ@'%fé?@ #5e combination
reactan such as et hyl ene_and oxy Such prompters

°ff§JP%rH%lﬂ'are?l?F§ﬁ@é’V'V\~Fé‘er%r"?QfPﬁH %nt@fen@prgﬁ RepHrtage Angior chemical

bdm:rﬂfg Roch s RAR anardr lc@wvalémtahdlbfr cb&dﬁhﬁlfa 5drf§1fhgt Phé B#m "jonic" or "ion"
oyed are

l'id pronpters. ically enp . .
re@%@ &8s e|eﬁmceliyt%\afqe@ g ‘??é MO aPHIORY” ebiraHRM daemg positive and
"ZARSMCO lor edtforP befBrRgERRE THE té?ﬁi%%bﬁfﬁrﬁc"‘b@ﬂ@@bﬁioﬁ’f refers toa
gener at | n%pat | east one efficiency-enhancing

of
“%9%*'&%%)@“ fl maiely. couANGiat leasbene SFIRR AL @r“é’"Wé“alt'O“ With another

elsmenn Nnrbx}léhﬁo@rstthusTﬁwfoiygéﬁQJ’ohté%nﬁgaérﬁw 19t i§ QRBSBRDH that ions do not
capable o efficien enhanci n

exit '%V?‘é’@e)?“tr%{? ?gq?‘tég@lg?%a'”ﬁ%ﬁr}w‘thsc ra-PRiggeng g‘EHW%ﬁ ignsyhen

a@d@@%@éﬁmﬁd@d&@theﬁca@élwfoters or nodifiers are
ge nerall}ﬁtad ed as chem c ounds to the cataly

pri oPNERMthg Caialyst, Kie fB%Q?W@rpé‘P Otef j§enof @?rﬂﬁrab’d?ﬁ%‘iﬁ‘na“d the

prbﬁfo%r?méyﬂbé b@s@rﬂ'ﬁ?ﬂhﬁ@ﬁth@ Bo@iteﬁorp@ddeUQMhﬁg R pﬁépé‘rbtldn bftthe
fferent elenents by surface and

cogRlsh 4f %%HBIF@C&‘%'M@H“%@ W%F%S'Ucm 8)’%”"8@%3’&% anghiged o contain

cesM, Hu AbEitseiefen h dl‘r@x@éMﬂhe'fiﬂl@h@d calyst. AKewisy, @bﬁnpounds
to an electrijcall chem cal noi et%pon catio

sush asalal 'dﬂetaUB‘l'q?gY%éé 8\?&95'#8‘ oxigg, GAd dran '&‘ﬁ]‘-%ﬁx'de for
eXRRi P MOEY Alvhilkenot Ebiﬂgticﬁf dnméSP‘deé@Eb |6n|c‘ébmp@?$t¥d§tﬂ@fﬁlg catalyst
refers to a negati vel arged noiety containjn
PrERRRHORARINMRG g BRI the éﬁ\¥$ ff ‘?ﬁﬁ%tﬂf HQQI@rgﬁqnglmgthﬁgk%rgrpmoters will be
re@rl%@ﬁatin tef¥is @Ky:RABhS Bnd BnibAs! FegRRHIERsYH BiEiCiOth #i 1Ak Retalyst under
ni on. is understood that ions do not exist in

re@%%”oconglﬁ'fm%tre found in conbination with

charges 8@4"{&5@ gt m@tvéteﬁytlcl A& iy é\ﬁ@ﬁﬂl Ge & m@@@&ﬁlﬂbromoters
Once int the form of the

to the cat e ca
d PR PEoTt IsEed) Py R gtines Gairikl oA omBlased hipcedure for
deposiing SMr catalyie Watérite afi® bRk @F e 9r1><i||fﬁﬁler§ltbbh'lﬁ)ﬁséé1 Q1) impregnating
pre arat i qn of the catal For

Swmogitied s3umingy eRrERS é@c%'i?gth @ﬁggﬁ‘?ﬁ%@ PMG'EB’Ht ‘é(l"h a solution

cdhﬂﬁf Eh) ea bolvern @t s@lhﬁtﬁrﬁ(@lag@ftl SNehouhiest aie brﬂe brhﬂiolre promoters upon
I Nl she | KEWM Se, S SucC as a

iR ieT D) hesBetiss Hiastibh B IS b Coraidtoy COMYeR o ilver salt to

snlO‘@ﬁ iAbtaPAhdl 8ffect Gép@ﬁ@ﬁﬁf%ll\P@Qnd thprlofnoféis) l@ﬂtd’lﬂe leR#&ki6r and interior
onvert to ion unds

p%’? éH acas; of the,rarriey. gn;esa r@@g@t%j&%nrgf cal agr@freuse of impregnating

sOidAE S trN Barigs shb\@d Séfefhbiy aepbemtgmvml:mduebambaiﬁtercbfei@né Qvhich are
essS of

of catjons and anions re
Solufy 1 116 (TR eBRR N REILT O GO oF BXEHE GRAL Wl i poMaterisypplied to the
cafisgdt! st m hﬁé ptdpﬂraﬁ@h airydseCofnmb Qfalta’:b}st aétda@mb Isiymaicaﬁwsaffect the
or nore solid ters be re atl uni
g ooto pipTtion, REICHaRIYiRes tae desupd CalayAL  eiaBgAment. I the carrier

coptDeLsbhaons) thedipR® Shduld gersdralyeie rféﬁtoarbd by etafatuer dhamicih eechniques
one

mpre pronpters conprises npr.egnat i n
SuBAs ARG A MBI, AR RELRBINEY B1s5 B¢ ke o PacuRR durthg the catalyst
prep&aBon. SiINEEBhd PPoribteh dapsaitlonti 0@ generally accomplished by heating the

carrier at elevated temperatures to evaporate the liquid within the carrier and effect
deposition of the silver and promoters onto the interior and exterior carrier surfaces.
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conprising a solvent or solubilizing agent, silver

conpl ex and one or nore pronobters upon the carrier,
w@nas(023418 hereafter treating the inpr egnat ed CcRCT/USI004/017103

convert the silver salt to silver ngetal ﬂ{eeffect__ _
IRRIBGRAON N Bie GATIels HiGaPEFRITSSH ReBRIEH] §9r gteb qapesition because it

utﬂ?ﬁb@ %II\,‘éﬁ' ndte effietteily ﬂ{anp&faﬁn§ %Fcfc@@@t%s thetlé’ttér GRINg g%"nerally unable to
For sake of repeatabilit

t
clef SGRANTA LG GRASIHED e Barour SKERPY chriah speryIn additon,

cordéd 6&xakaisard idrLs FBHIHIS tPdilve0BSs Minebhatical evagidhe i n
the i rrpregnﬁgtﬁétg sol ution and/ or exchan%leabl e Wwth the

pr om$¥ fmatenal is siivary the, sivet gelption, uers to impregnate the

czﬂh@rpi@ rp?éflei%IyQ’!orﬂb‘?i@e&’Bf 5 Rfver 2bm tpkﬁér‘id inSPscivert Or comﬂlexmg/solublllzmg
ant | fect the anoun pr onot er

AT AUaR &5 the siliar palitions: diRgeReth it HIRcakeHie PRIGHAT silver compound

erﬁaroyé@ Fna?%téﬁogén SfHP@xdn%lé frérM @mond Silver @BhhlekeB ehifthieY silver oxide
be renbved %%as andard chem cal techni ques such

of siyersanePylateRa SHETRE S'kyﬁh@qqmtgeowﬁéeﬁ Gide. PR JACiAle: Bropionate,

b@G@ed Ehd H.ghérﬂgmt 860 Sat2ISNdr SHRNHNHIRA with ArviREs wlpreferred form
pronot er depositions are generally acconplished

Ofrﬁé&@rfﬁguwe ﬂleaPrP?%ﬂt inMentiprayat ed tenperatures to
evapgnhate vbﬁ@cy'df %@Iv@nfé/' érhddin éb@ngj?é’dlubﬂ&ﬁn@ﬁ@e@é H%Fyt be employed to

I
deposition of the silver ancfs pronpters onto th
Sqllr'ﬁ'l&eu %W%Fﬂjt@x%?"ie@rc%ﬁ?'ﬂtfaé'Pnéﬁrt?%%%regﬂiim@g'ﬂﬁﬂ'%h Agpong those

dl§é]@sébaé§ b@nhglsmémg oF Bi<Chliplsd afn Iébﬁbl aciliqu. §I lbavte Nos 2 477,436 to
e osition ecause it utilizes silver nore ef

ARG S ROPHA T 16 J3RNIRl STHENR ALk 1 PeiNy ZAbR4A 1§ Wes, ot al);
albbon, autl® a8 Efhgrehe Yyest @S] Pet. Rb4. \eeszsqualanu;érﬁ arau Oand 3,563,914

the interior surfaces of the carrier. n add

toQWaHENaIa Pl PENNES AN FAje0US TAISe| B ARG By BRL Nogs2459,896 to

S&WN&H‘E @aaeacmh @ebrw&ﬁlﬁﬂqa Wé@ﬁs 76b et Vedlsy t B70PBES! taINielsen; and
ver sol ution used to |rrpregnate t he

498741@4‘?’@'%90@"&”&%?& W@ r3ed of a silver conpound

in aGéﬁ’ér‘éFP;mthé)émé@rﬁfRif St BoFPoLRd tnaz isrwss'w@atm %ll’éilbelalﬁ]pregnatlon
the silver solutions disclogsed int

Sqyion; & ogs et ToABb PRV ecingd GatabRbeermpregnation. For

e@NHIR| £g,0 éélﬂbéfﬂiﬁ%@lvédhﬁ & sOHE 67&&lic Rlcidr M eth§ieh¥8imine to an
oxi de or silver carboxyl ates, such as silver acetate

x40 G PP QX ataly 0% RY NIIGIT < VAqUAEY WIRISOTRHIBR 0h keTba Solition onto an
alﬁhﬁ Hfuﬁfﬁrﬁa %Hﬁi‘leh'(ﬂhﬁfﬁpré)@ﬁéﬂélyﬁlglﬂcé}@' éo?osnt?l ini@élI)DXééﬂJﬂs in a catalyst

| exed with anmines is referred form of ‘sil
cqrgaining @Ppreximadely Paed W@la%ﬁﬁ'\tﬁﬁ baaedmawe\%ﬂreewlga? of the catalyst.

Aé‘?@rc‘ﬁﬁ@? Sf Bls deRifed @(btﬁghsepd:éiblyéﬂ rﬁ'\/lﬂlﬁ aaé]lﬁélt Iéadiﬁy oP@reater than about
e to solubilize silver to t

25: Brn%%ﬁt a0 MEre: itvaudk 9enRsR é’ngPaE‘?Q?éS?ﬂé&? EHH’JG‘MB‘?] gafigbiaeAt least two

ordindfd @é@fbnﬂél |hﬁirét91afﬁ§hé %blsm/efr Owith o SMW\@DDgrﬁﬂuﬁét% until the desired

al‘gg@%jllﬁ @?ill\%rt i§ c@@gglfqgi) on grpﬁrﬁﬁmgr Iﬂe@ratgé:tevo,\gl mgre4g’@prgg@atlons are

uded M&ﬁ&ke e cﬁtal)sts ak Wé?" giilé?tlcﬁrﬂ ¢r|ﬂ some Ghdh@RBEH@! ohebntration of the
Q

sn@egg@t @ﬂgfged IMQ [a,tpéaggpregqﬂjlognrﬁ%h@gn%ﬁ*@ndaG%S@t For example, if a

tofl ¥fver @énéb‘ntramm@fsat(oﬁ @%%re dbiged iA tl4é38at89§t tow amount of silver,
Schwar z; 14 to Watt 50 to Beni

fog emplzs@b% 1Rf/°el?ys‘€é‘?i9htaﬁ%“'q b@é"?pﬁﬁ@% on t@?&aﬁ'ﬁb agAd Ssuilt of the first

mfbré’g?ib.tl&ﬁ)&oﬂ&ve@w bts\eco@?Eiﬂfea'ldlﬁreghiﬂbn&igb@mln@fthéSrdnYeﬁlﬁmg 20% by
F{J)ci (ﬂ%that i's dlssolvedllnasHver |(gp % 8

W%'S §rIN$ANGes; RRRMOKIMAE!Y | Uk BPYNtS (¥\Jilielgaigndenpsited during

eddhningdteghaiohalofieh, REleffebP 6§E@ addpoBitiorr i $ANRIpPegrAdiol) the silver

can be dissolved in a solution of oxalic acid and
et hyl enedi am ne to an 14
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extent of approximtely 30% by wei ght. Vacuum
i npregnation of such a solution onto an al pha-al um na
we ansiozxdf approxi mately 0.7 cc/g porosity typeTEB10y4/017103

results in a catal yst containi n% appr oxi mat eI y 25% by _
caRspgiatiopsn ie spbpeqieabinRspgraiien splfiens MRy perd ierbe greater than that in

the ainfliay hpreff@ind sBtiohs. 'IF\ ﬂuhhérs w@%bé@dat@re%? Sflodht of silver is
catal yst having a silver | oading ‘%reater han about
a

deposigrd ggothe affdiefoinethe; tmtmbuneregéﬁ@n Ay that Aeeesitedrip subsequent

imfpPedridRbIRe Eakh of fh@rlrhpﬁignbﬁbr%tm&{eﬁéfollb\w&’d By rd&hﬁ? or other procedures
sequential inp qna ions of silver, with or w

toﬁ?'@ﬁ%t”%ﬁ%"’eﬁ'ﬁﬁ?mb?he desired anmount of silver is

depUﬁhé RiébrédhatiBg of depbsiting &r@ftétytiétfhéﬁenél%ooéptﬁﬁélepromoters on the
npregnations are used to nake the catal ysts of this

S%”ﬁ@%?]tq ofie modiiRd 2lWwingneaisier 108 eRERlivt Pat iNoANvfseorence. Thus,

imprégrafios 3did | fepBLi&er of Ratdific! Aateal 'éﬁ@” q85MbicPmay be effected
solutions than in the first. For exa if a total

CRTORRBIAI, S BAPBI B 15 908107 SI576 RENBOIBiss Ak bes dercsied prior to

dlﬁﬁhg;abb/ §Lt1bseauérﬂWo fc Rbtehibl AR tlonft@rthéﬁﬁ’iérewrfé@%ore than one
coul d be deposited on the carrier as a

prP'é'QFﬂr 1!3 Pl 8}‘@ fheygpay by F’%Q?‘H?‘i’ 8inultarRquSed seguentialond

SI I Vifpréghafierd 6ﬁiHe0moéiiﬁB@%aFrleﬂ%lﬁrlﬁtalﬁﬂ&haieﬂﬁl r%aw)d@yeffected using
ght. n other instances, approxjnatel equal anounts

Or@f °rs Moye olitiensyepyaintngacately icn gaissiah af“i’(ﬁf E’&H@\Q"% i1 accordance with

wétkrRn é@c&ﬁfr@ﬁor%@ndeﬂ%‘l’%‘i'sbd@é”htlbﬂdélﬁjéﬁlons In the case of a silver
i npre he silverconcentration in the

nati on
caéqu%,egue?ﬂmq'weémwﬁnsEn"ewnnswmagnatfe@dmeo inRregnated modified

ca@ﬁeﬁaé Heat Bﬁ%hérh%blly Frehidf tbMebiid tHe"BIVEYB8hp&Ind to silver metal and
solutions. n further instances, a greater anount of

deppsit; e nr@ﬂa@be&fptt%cm'yﬁwrf@aﬁ. er in the initial

' ”prm%é&uémlat sttlbﬂt th@Qﬁ&ﬁﬁédﬁ@hrhéP i8 Wﬁ&l&l%ﬂﬁ?egnated with catalytic
nati ons. npr egnat i ons be

4G oblo AraSyO o AHERGNGr AT SPaHestar FEPPUEDoRRid them doated or

cheirlioady tfeé@@'détﬂe%cnﬂaﬁieabdmfﬂ%@ foffbwed b)dﬁpl%ﬁta QchPlH impregnation
catalytic material and oPtlona pronpters on

ang outESROTING PGPt 6 G PTISR! U MeRHD B oR he. st atalytpontaining

silst dnd mo@muence Thus, inpregnati on and deposition
of ¢ tic terial and tgrormter may. be effected

coi FAIRHG el TopTeoBai gk B M d A s comier i stalic material

and/ ProRbiRr, RY ipredanedi daftbris lsé?arhféd e | lah? rel%unlng non-absorbed
ubseguent to catalytic materjal addition to the
SOE%EPPu 'gh“s is)gveniente 2c¢mplished By dradtiag thes exqss dpRrpgnating medium

or} awefnmw 8y dRPRSEdpReatNNUERMGRBUSlich 8% flﬁ@%l@%?'c@hiriyugatlon The
I natlon of the nodifjed carr|ervv|thct

|yt
mpEOBRIeA CRRHer e then ceanstrlyshery Beried ( forPEamBPLtIPRTEd) to effect

deeombadifidrNandt idattion & tﬁ’é*c@faly%b n@awlm rfopémws.war metal compound
accordance with well - for coincident

al
(CYPPIgXRRIB PP ICagRS} 010 f’ﬂ?tallie fmﬁ‘r rwetheaﬂ@eoavorhofswrpm@;er Such roasting
ma?sﬂb@bdﬁie? ouPht §%rﬁperdfuaé af Irdmmﬁ ?M‘deél@bé @Mt about 900 degrees
regnatl| on, nmp na noal 11 e carrier is
C. PRaEBR a0 AN 208 OB BOA HOOLHaaTaPS Somst m@eries of time
suﬁiclevseto &t @;kafn@gnéi ctPReg isubsthstiany @rrtaf &ihy Galtofdr hs&ample silver salt, to
b T Starsil 26° mbial ARG b i\ile Gghe fhoning D100 have beon
su@@ééléd/ﬁn %mﬁﬁbltﬁérnﬂwlgﬁ{&m Weg?ﬂ@@&ﬁﬂ'idhﬂ@(fdip@@nfdl‘@ U.S. Pat. No.
ence e an at e or cnem
3 P ae TR e e ks 36% 2eSngR o ARG Rufinesdsst to reduce, the

catadiet matepial ans. ipser Ngnatmzrzsandusaocey hestmgnftbmg2neas hours at a
or chemcal treatnent to produce the finished catal yst
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silver and pronoters. Follow ng each inpregnation of

the nodified alumna carrier with catalytic materi al
wapaso234ps onot er, the inpregnated carrier is SPEHUS2064017103

from any remai ni ng non-absorbed solution. This is

teppRiAwEi o RAeeshetd B draiees Gglorpduce@iuerssalt in the catalyst;
ard IR FRRINA B @@1%@@@%@% % E%hrselio}’thebéérh’es{e'ﬁﬂaerature range), it is

separ ation technl ques, such ation or

Ortl)érfmﬂorta@tat‘fhainthem@dtﬂ%ﬁ? e@fﬁat ba earrelatefl wiht tegtperature such that
suBSRAtialy contprab rdduRBsIeS:, fd‘r‘é&atﬁﬁl%”ﬁﬁ@m}v%%a?ﬁt%%et%ﬂs accomplished. A

ef fect "deconposition .and reduction o cat a
C%ﬁ'ﬁ“éﬂqsa@r Stﬁ@'ﬂ”’%(%??&”e pregregeis @ﬁﬁrablyd@ﬁﬁdgh@ls DUprSG Continuous

rogﬁﬁﬁ%ﬁﬁ@%aiafynmteﬁé%ﬁsa sh%r@ pgﬁé@bﬂ flrﬁe fé?JrcE1 RNy Flgtelgnger than 1%

eposi tion of pr onot er roastin
hogtis Rreferred apdcan Lheeeﬁﬁﬁfctfr/%rﬁoaﬁdmmqlom &I@gc@téblsf@ oftthis invention.

WA Hord Hand@88tinG is ceﬂh&ﬁ slahly nc?trr%'gbs@é%”fha?%g roasting conditions
degrees to about 700 degrees C, for a period of mg

behe srmedmeaghroastild. exanpl e, convert substantial | y aI I
of aﬂ%tst?éattmeﬁtoha?mhﬁledsédtv ansaél rnatn9elg953¢)onfd?6mde steam,

exanpl e, silver oug ran
NItFRASN; 1Ry %B@r @W@Sﬁﬁ%swe@hbg Lﬁg@;@gy% Tihe equipragnt ysed for such heat

trefaﬁﬁérﬁ'fﬁhéw uéé § %Eatlb 'H? "flS%@taQﬁiiogﬁﬂerré of séd‘hoé sed e f@ct rggtz?tlon but a

suggests heat | ng 188"

;fﬂowwoaiwsmﬁrawmu%@ref%me roast to reduce, the cat aI ytic

mat ey ig %bme’a’m@s dEsitabldNe- avdid e ude Bt &Po'ﬁg %Oa?ﬁgc Blel?ésld“&)hglons which

from2 to hours at atenperature of
cap el e gpedifedccarrigr ra@éu@@owumuntﬁﬂ which Qaﬁkeadversely affect the

peﬁéﬁrﬁédb‘ét of QHQ datatyst Pathe b\‘éfel?eog%p%éﬁaﬁhg%?&feﬁu{ey of UK. Patent

hours for he san®e tenper ature ran
2,Q435 e eﬂ“HEﬁty phavhichdigchereby expressle inaorpasatedchpraint by reference)

co&;ﬁg@ Qi Weeh@H %aétl?@t teﬁ‘rb@?ét%t 'sﬁbn‘t We&@éﬂ?:lleeﬁlﬁe MG E Which the

f or exarrp e, thé silver sal
pa%?@éoﬁ*ﬁpu dpgaiibed, Mgt |bﬁu@§@e%allystb@pewlaielmeratnimlgmg such catalyst

coRBRTAGhI @s@@ﬁdrbﬁg{e}‘ sHl@se@oJﬁg—:rd Wil Hﬁe?ﬂt{h%éﬁ@hc&ﬂ@ﬁs' rﬂéﬁpglﬁaw one to

roasting of he catal ytic teria ort peri

usefower ﬁ%“P%Vﬁ%lﬁesa@OWﬂsmreﬁ'@ﬁw“m%an z hour is
pr eﬁ%f@%c%ﬁ cﬂ"l%l%ettﬁ s%f\feﬁphhd'/%)forﬂ@gﬁinb %ﬁ@ﬁﬂ‘ 'cﬂﬁlﬁtgematenal heat

catal ysts of this invention
treqigmant Pﬂ@d'ﬁ'@S@@ﬂm@quﬁﬁlummﬁ cpyien srayrpdieels ga\reyym@ gdegreps, the range

of theapld 619h&Fé@Qh|ﬁ¢] efer B&m&@@ oﬁ@ﬁ@cérﬁereach roasting. Heat

treatnment may be carried out in alr, alternatively
car bbA sheeilic ggamplecdid Smtableo@lémdrfObmeglwtlnﬁgtm@r@gmma carrier

witiBYvdre £a8diR¥einouhdef §%Hhﬂ@?<mg éb%ﬁgsu&{ a§ IeH&ﬂém}me (preferably

treatrrent may use a stati ¢ or
higg Ruityy@rae) i csn'é¢ef with distilipgowaten Thﬁm O@Iw a@w drate (reagent grade)

is BHARS B th SheotiBh eiteérhSQnt terh r%@ga& ? So?é@%@é%) while

to avoi d the use of strong acl c or
CORfugHsly. gHrrgg Beiing Hhis wﬂﬂﬂlqﬂ @fd0>@él¢ eridy thergplutiopdemperature typically

nsés?wlébédtelﬁ) Whireds earuady %é%éﬁtl@ﬁ fek6thelhe RIRES Bilag%ﬁrder (Metz

he catal yst. The preferred inpregnation proce
COEHO@*Q@ ispthengdded tuthe giamipetpxalioaqiq saliywater wpiution wblle mamtammg

thehﬁﬂ@chﬁﬁ t@?h@é%ﬁ%blbelm%di@ M@to%@ré?e%r@' Eindly, ESétﬁQr‘?cﬁ&mme aqueous

high roasti ng tenperature

a'k?'ééﬂ%@nieét 86lion(s) nsidisdledvatpr areeagdacein cemelgte the solution. The
spEFRCHIDBH NS BSUIBSP LA ¥ Qﬁ@ﬁfy' fm'tﬁé réﬁb(e”bﬂré% Zl ot 1.3 to 1.4

such catal yst contam nati on. pr onot er
g/"@oupl ed with the high purity carr| ers may allow one to
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use | ower tenperatures though short residence tines.

The particul ar choice of solvent and/ or conpl exing
wag@am234eat al ytic material, heat treatnent conedT/USI084/017103

and nodified alum na, carrjer may affect, to varying

degr Be&nothge example gf & ﬁlgtegilezg%tpoc{ H&e r eas it |Snlj“%’ﬁ9%?d with an

a@m’dubcé@tﬁloﬂn%&ab&re@aﬁy ldl%&olwﬁgaa %ﬂ\%?r' §dItC sBXR .| Sivef carbonate, silver
i tabl e net natin aalumna carrier

omtllqtﬁ 8l vp(,%qetatg,d glfggrr prapio ﬁguﬂ'ﬁ’% c’rgtqZ Sisr Eltiaigy on §iver neodecanoate
a|$dJ§ Bomﬁle&ﬁﬁ%‘dﬁﬁgﬁﬁicﬂ{ﬁjsﬂgeth@icﬂérﬁlhébétﬁylﬁhébllaﬁiﬁé bmlrﬂfeﬁéﬁlblamme or
Wi istil]e oxal i ¢

pr&P}’]’%‘? Qtaé"'(“? éjo{&@ﬂtthegﬁnﬁ’(ﬂ%g”%t%; CATHielel 2B¢ Hianyhedt "Pﬁ'%“g the dried carrier

inSoMleUWrintdte &tepaTBicBRtinUoBS TRigratuR: fa oot BemuSs Yeposition of
e usly stirri nr&ér Dur | ﬁﬁmﬁ‘n gﬁgddln on of position 0

continu
mBallcr SIS e AT o a1t SR LIa a0y b dhri AP UL SyaGesed the carrier
If tsm/eabmrate 4DindRAbREd @s siRet Salt, lFeary SRAREI 9 Us6X QiaP@ hmst be taken to
| ver oxide p wder. % Met z Cor oratlot) is then added
m@k ° SHES Eﬂaér%é S litrgte dg .paesga i GReEpts J¥nich agh '%uengugh to avoid

expmsrtsraumld@mwmoﬁqhm is06h TR RGPt BwiRGE Otheiddl néféd the Group

rees C. noet hanol am ne, aqueous alk
oIFBERY naion Joi e SioE RGBS CPTRSh I ko OHPdS kR of Elements
adcordify' R BkeUPAE 38 LHote@iBn (IUPe\cs NSﬁh‘eﬁblétu% éMhbbgaﬂfc GH&Pmstry 1960,
resultln%ksolutlonlst pi cal in the ran

Blaptrll Pabl.oLondagini . Ahersty Her eé‘i‘ﬁ'ﬁiﬂ eG@Ppﬁng\f awle XV and xv

cOTRIsPOs rédpachddly | 't@rGﬂo§p$ WHS egpalird I%té]woa'WaaGﬂJﬂ@UEemmg notation

solutlo epare di ssolving a silver salt, such
%&ﬁ’&brﬁ%&f@a@ﬁl ki%md%em.{t%herg'ﬂrw& Pé‘b!‘é?%\t@ ed't'on) and to

GﬁjuPEQVa PUSPIIBNALS VS HerUPAC! P47 néthliof? (Kifk bl ErRclopedia of
ver_neodecangate and a co% exing agent such as

C’P‘?W'@?'h@?@f‘%'ﬁgh@ editian ¥Rk 8 am noet hanol ani ne,

Or PA Qe eliRtHbiaTbMEterd g ikRGwh hﬁthb@ﬁf@glﬁ‘éﬁ |ﬁ@oﬁj§hétloﬁrw1th specific
aﬁ%d t hen heat treating the dried carrier in one

Ve Bpierals @ndeeRitieRs: oﬁﬂsaCP%fﬁ’ﬁE?eaW@? Besaeant @V@?tlon a particularly
pr@fe@r@amm@tee @uﬁmuqum ekarﬁpsleoé rrrahtaﬂal ibh)e Whéréehemmntpif&noter is

or%gf m nut e E}iqtn tbP i nner ang

enpipye, e YPoyme H”éks pr?feé% /8 th&\1angg © frP@ ﬁbﬁgi HKhig about

10J60{ﬁp|@m‘ Aok br&féﬁatﬁyﬁlﬂrém abﬁutaifooaﬁhﬁl@utl 150005;?&1 (fRleRamprRl a suitable
he ver pnitra is

g GhertmA R SRR vith & ol e ReccaT Ty hiph comprises 1 -2

%BoAIUBBSiRcaté oslehi Mas fuptherbreferdcin rﬁmwﬁstﬁx&%pto vaﬂﬂé? cesium
ot herw se noted, the GrouE el eman"i/y notation in this

promatar i addiigfojrhenium s Welkas oriiong PBherng N spelum sultate

arfd/ @R gaN8ss. 00then Buitadid ;Isr@mb‘sé?é\@cmas Bt afkali mtaﬂé bmfas lithium,

nencl at ure of | norgani c Chem s 1960, Bl ackwel
S, POSSHTS A0 BRI, 1 G Ra IS oI s hagmy, Further

ekéhidles @ﬂs\aﬁt@tﬂd p?@h(ﬁ%rrﬁﬂmnﬂ% @@rfé)damblé/ flh&ldéé%@%hlondes and
Ilia, |Va a Demng not at

of
the SRIAAGTIS Of IS HEMECS AIRF a0 PRle BBNG A1 eHBHs SUPgeref 5 to 83 of

GB&]/E§ upsvn 68@ KXIIEAX VI 6Nthe ®Reodie TQ)I@L(W eké(ﬁplevéhe érl\m@re of the
the | UPAC 1970 not at

I
OXFRNORS BE@H?%P%SU' éﬂ?'&%ﬂ”eﬁ%éﬁ%#t’%wd@ﬁ&“% Waﬂen g rhenium),
a58d|$bloéé@ in Y. 94 wkﬁema«d et5%o4cdsspth@ l‘éﬁtl@t}ﬁof?ﬁrﬁcﬂ(i@mhyﬂnddﬁ&)rated
for, use in on w ecj1Ti1c C
neeln &Y Pefetingay M &Aoo sulleble BB e TS Y Patents
Nog1¥£08| 3243, andl 59@57t,4sciu b& el ap S fphbue@H’ RisQiEetifded if U.S. Patents Nos.
4,%(5%%# gr]?é %,@%7%?%& ghtlratléshcﬁr\]/v%lc% are r?eieb\{/vfﬁgo?pgrgt%glh%%in by

reference
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enpl oyed, the amobunt of rheniumis preferably in the
range of from about to about 10,000 ppm nore

w@e@soeabs y from about 100 to about , 000 ppm mﬁTrU52004/017103
rheni umis about 350 pm

ot e PSP sk s eap of HBH4CSin g, Wimelers. BreppienueTeed 1 In terms of

caibasio pramoteis, i fortexamptb, f alkal) métalssarﬁdude@ihe Déﬁrﬁrrﬁﬁgle and anion
cesi um pronoter in

Pl GoloPRE Pt 85 8 I al S Pt Rty wite ribbeing fonc, may

convettudiomc canpeunds Liof aie&nrﬂel,cdwmg @fwﬁﬂﬁ%a{a@bh% in use. Whether or
net al s, such

ikt B RS i, Rek Al s bl Masietarisnh 10 Bateiaindara@ cation and
ardam shecie, &irsexammle alkabmetalion mEIyg@é’réf f exanpl es of
es or exa
1L oTIPEE RE FRANER Soimiraees e BT asiq i o, SGSRUT frsmponent can be

prelides: irt anmﬂwrrowarnmexfgsgemmy l ds?tplamnét%la? a c@UéIBﬁ’cr coffpound, as a
- of

oaligh g A A ATTTE prastPies bt Gomashndi elue Thoniuim halides, enium
oxykglées o risenafesniperrgeanes, xidesrof rABRMGRANSTE acitig ok aheHRim. Also, alkali

m%}%&sﬁgrgi%ﬁéﬁ%s tﬁ@(nﬁ’r?t %wa%g B?rﬁiléeur%}ﬂq rei\feg Ip%?rl gﬁﬁ?gqqlqrt]@er perrhenates
artderhebiym mepdoxide aareﬁkdmaébensthimbryaﬁtmﬁ@ﬁ%enmnﬁﬁéptbkléé‘ Re;0;, when
4RO R BB S84 5005 e arsangte T, for
purposesrof ahit "spasificaivay rHeailim heplofide ldah &at Sordlered to be a perrhenate
IR ORE1 s GBS win e S TB kel BhBRoPeisies Hpybdenum
aneldsegspén.under st andi ng, pronoters are often ref er r ed to

L P RSB P b s o
catabyqlmmnwmcb \eshpremotdrk #dre aes ainpwe@l@mklt[rreéfbf'a |68 one cesium salt

1t
e BB o G 5, ot o 450000
thaNfeartidmsr obreesiom Saltd wmw&r)@amﬁnﬁcﬁre@ably hr‘fti!yv%rlefi‘lt oxyamons of
ele%r?%ﬁi% Q%z [ eft%iog(?ge%ﬁ@tﬁ%ﬁriha\gnq(gn ) q@g gpn‘@er %@tﬁ@%ﬂé {o 83 and
beingeinorh hgroued 8b ytatougi i Irr&ﬂi&rﬁeh@ﬂlthen%h@dﬁ@t'l%ible b\hﬁhe Elements (as
pubEFk ), SREECHTRba Al (Eoritarty LIS sJhip.ofi CRE Handbook of
Cheonigityuardi Plasica, ﬁ@t’n IE«JH‘nlonr maﬁﬁ @aclaéb\ﬁr) IIEWeﬁéntNom4 908,343, the
rhenj u
STl o L0, b Gt o
hakinfed of.atasic ofurmbieesiofi @ to%@,ﬂncl&isrk@l andTekydnrdh%rdeR@I@ﬁrEeﬁ% other than
errhenat es
oxfletiEinefi TR, TESBimi® SHERSEA Bl 48R 1R Sasusive, and

selbeted dianatileygrotipd Ba exd7a, Rintubiveahe r:zb% I7derncIB§|ve dﬁgﬁ@ Penodrc Table
er r heni c_aci

o BB, ke b ERE: L aPST 50k Bu 5l Eo0amon o
an:e@merﬁlotgnoups&brtmml um hept oxi de can be cgnsr dered to
e .. ar chem stries

can e eﬁ?%ﬁﬁ\%d%)?ﬁ 4@:115tperreea(redp§3@én%q1 a§§r?fﬁ1’5‘?b%lgﬂ’f}rlﬁes of cesium

salten cht leasty oherof whdcH &ra Mﬁﬂlgbﬁsﬂﬂslggﬂgdﬁ G’lﬂéi anrﬁﬁ@&fke?i&ﬁdare oxyanions,
No I scl oses cata

ordRIBHE: ntyvlent Phfiliae of RlsRienis B ik 20T ARSI to 75 and
berag framagroupse3i ésrough gaJ mcmede ooether Pefddic Fabiel of HBtEbments (as
pu@@%@%@ gﬁ@%@%éeﬁ o?”rlrr}a%y, Eleve%nd %thlo in '\8F{C Handbook of

Chemistry and Physics, 46th Edition, inside back cover). The other anion or anions for
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t he anions of cesiumsalts conprise oxyanions,

pref erably pol yval ent oxyani ons, of elenents other
W0 b@s/0eiaes oxygen therein having an at onmi ¢ nunbP€T/082084/017103

| east 15 to 83 and being fraom groups 3b through 7b,
CeSHeT (B3YK/Be hafide pad/PepxERioR qu@eraﬁ ofhs thare meyges thersin having an
ai%H*i’é hﬁﬁB& &kltﬁ@ﬁ(&@@ﬂ'@u?@é 1 BDERd b&ﬁ@lﬂﬁwp%ro%seﬁﬁ ltd"“?‘@' mclusnve and

Chemistr SI Cs
3@@9 t7pomclqswg, gk theaRrriedis, dalle. ﬁregugltlypyieeﬁ@tah@t contams at least one

aﬂio@@ﬁl&%n am Sx%lldnsofoén é1BReAl dfarbugEltes 7R MOk atalyst rrflay contain

kal i ne earth netals present conprise at |east one

oiﬁa'r kel Getal epsalkaliameaits mgtal gomeowts Whigh iiRay/ee pegiigled in the form

oY, <P|S)§ro§éfde§|a¢lﬂﬁfr‘ts‘élt§t§]ﬁée &é‘sﬁtﬂn-‘ééﬁiﬁﬁﬁhd B&hﬁéﬂén?@%d’@ther alkali
an at onmi c_nunber of either gﬁ% (1)

meted P4 Alkalineprithsmpted eerapenes rﬁéy@qa&m eeplsaai aa)sohébmzed components

inl AGbWehy Qnteﬁﬁiﬁméboft t‘heﬂﬁwar#é@dﬂ@ﬁdﬁ@emo@neé el BeEhrotdhce, a catalyst
Tabl e of the El énents he "catal yst contai ns at

PICBRISE! SRS ARRIMT OBHIES tansh PR8I MalYbdGHe il calsareoantain cesium

melyb84ie 4Rg pggsg;g,rﬂg,lfafé U. S. Patent No. 5,057,481, there
are di scl osed, pronoters, mxtures of cesiumsalts,

at | E%%ttyp@ﬁéDfOQXYﬁﬂ'Pﬁﬁ spiiable @8 sqoumiesans fomiharalkali ama alkaline earth
maRiCPRVIdBEiF he BERIYIYREESRD inRU.&f Pahk WPl gﬁeaé@for the types of

oxyani ons, of elements having an atom c numbe
a'i'@ﬁ suitabipy aééioH@tef'P'&ﬁrfcﬁrtB@lﬁS'%‘ E’@V'Qﬁ@lﬁ” e C@tﬁkyﬁﬁsiﬂ@(éosed in U.S.
Pé’ffentt N@ 82857, @@"l mcEGE'bgo\/@iy 6f@aﬁp%”§ﬂl?aﬁe (@é&@%ﬁbéﬁ&% B example,

The Chem cal %cﬁ evel and 0, in
PQan dRaiangteschientximgiea ﬁy&haeétesmﬁfrﬁ@mn!e,oﬁ% , tantalates, for

eﬂaﬁﬁdléjeTQQ@GR %%{Wd)atesTWSr kAYAplea M, 20 vaRBHARBS, for example, V0,2,
forcesi um nmay al | de and/ or oxyani on of elenments

chyprRaiest Wéﬁx%'ﬁpﬁe Qr@h e ZEGQNaAsy fof PXample; gﬁﬁ)@ ,ﬂglyggqasp{r,]ates nitrates,

crﬁ’cbréié@r bvblrr)atgs Qﬂnds!tdtés ]tﬁlo'élﬂfa?é’s AB@td¥ioRehd ﬁ@“ﬁé%@e %hs include
i ncl usi ve, 7a, inclusive he

) t
“Ulﬂélid? diﬁﬁ'Q:"d‘?aB'loé“dq:?% @éﬁ@r 9 is wﬂlsreeaew%ﬁhaémﬁwaﬂ@n%.have complex

cHeﬂﬁﬁﬁe@ BEd fhﬁﬁyoéx@tt iRednet bramoRN oPRY 2ok ‘é&ar‘ﬁf)lea%eﬁgﬁﬁﬁﬁt(MnOﬁ, %) and
oups The cat algst may contain other

pe&mﬁgwnqﬁ%ﬁwn%dd osiheyanadatesap ﬁn%\taaqad@@w@aﬁetﬁﬁsvamu%nnolybdate

oﬂ}@br oR€ stdrPad ARG, MvibJTs, T afd VLo X Wiie . anydBRSh 98Sa precursor to an
nd/or salts. Since cesium containing conponents and

O’W?WQP WAk Re; USeEtia Solian ZrmPreRating earions: Iis peniiiadiatgluring the

conbifiohd RIf GRépataidiPbf @b @étaﬁy@i blhdi/of %l@ﬁln?%%Oﬂ%nbémblﬁlalaoxyamon or
sol vent, jnterm xi ng of the charge-sa ng’ moi et i es

PrepyreorgBiialy prﬁéﬂr&temaxabe&pav%r@@ teraérameéaoruswh'g ¢eayf beran anion in a

sarfdeR amNekidOE@SGSAad BN MREY BRiak Svithl dtherﬂhéf&ls‘?&%éﬂtnn the catalyst. In
cesj um nol ybdat e and pot assi um sul f at e. of

The
MBRYIARABFRS: d0RYEAR techaiages MRk PPidirssuffigient Fféprélc'éﬁ |'d%\’ﬁ'ﬁ' the species

praser! arﬂftlﬁaéﬁd?aéféﬁﬂtlén F@)‘f %W(Q(?inbﬁ‘ id hSt fbaﬁé”u)ﬁéér%tood as limiting the
di scl osed in No. 43 the ty

SREFIOR 1 e AITRRIOl 265t BN G ARE.TIBR Uk diathari FfAToRce to oxyanions

is Htéhticd e f* |G‘eﬁ‘fcé|a}§$<§ ﬁomrﬁé:éa@a id 10 dé agdjat ent No.
5,057, 48 |ncI ude exanpl e, sulfate, SO 2,

phosTAHEHRTY P&fe%%rﬁm@ pm@erwwﬁatr@s suffgies and’ oxyanions  of

rh@?ﬁamphﬁalyb%ﬁhrﬂ ardedrEtﬂﬁds@&) Efxﬁfn %Wn@gsi@f@u%}gr that can be suitably
ates, for

| at f
a %\cﬁ,g gludeqs\',bqylfgge,nggt}éattggulflt%rblwgwm.%ylfog}at@ Jpersulfate, thiosulfate,
dlmmnafﬁtdﬂﬁlonf@fha@s@mbefor ExEMBle, AlidresRLE Stc. fF@’r(a‘ferred compounds to

Zro " g{o }/E)hos hates, nitrates, chl orates
beoPB‘ir’I@E’e%’e %’U’H@Q'&' atg gnedbg ekl dnetglsyliates. Exampigs of anions of
mblybdsnuimend alrigdeen mas cameb Uiitably applied include molybdate, dimolybdate,
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fluoride, chloride, bromde and iodide. t is well
recogni zed that many ani ons have conpl ex chem stries
war@soesiexi st in one or nore forns, for exanpP@r/US2004/017103

manganat e (MhO 2) and pernanganate (MO 1);
paienebibaated Ster dsri anst betareRgMelyDER{ES 1 ¢ie- Aaf tynestate, paratungstate,

ni@‘t’alt?( RILaE, NNERNSBNSandlU hBicRS MBAUAgsiRsO dic.anrdfarbl Zare sulfates,
€ an _oxyani on, or a precursor to an oxyanion, may
mek/bdated and tungistateson f or i npregnating carriers, it is
POSSshRbifet *&%*ssdéfrb do&é]% meﬁ%am& %p@p@dpaﬁ %hb Opre@dnt invention
the catal yst and uring use, particul ar
ingliglami BANGANEEP e@qm@mentwm. mIany 'ﬁﬁfégfzﬁﬁ maggangse components can
off 68" th€ dadiifity2 GHib18ke éf Qﬁ%%{ébhltﬂy cﬁ%l;%fb afHeO%énﬂ’%yaof the exact
alt or even an oxi dé such a m xed oxid other
m@gmwrﬁp@geﬁﬂhmmr@m% éheaegﬂaﬁnce% agtily, piiisiensy agd/or stability is not
aldRgs Y;Ehﬁﬁ"anﬁ %W?Q%?e%&ﬁﬂorfé‘ﬁf alfedSoif ﬁh@@@ﬁb}aﬂeﬁ either during catalyst

preci sely Identi t he speci es present
PieRaraiien QF Agrng @3 @ﬁ a&ﬁtadwya?hedﬁan%ﬂnﬁ% compgRent can be selected from

amBAST $lPgane® |ddtdth NdnbRGaneBEChfgndrildh SBiYate! thaRjdlc¥e citrate,

exi st on the catal yst during use (rather, reference to
m@i@%ﬂﬁséng'ﬂi"@”qtﬁt Siganess [xalatel eMgiganeHe eniirgte; gngaganous  sulfate,

pdhfanga8hadtb lon fnadnBalie HRHR) anEMd fiked! 86idH mRh§hsdseedmponents are

ani on pronoters include the sulfates and oxyani ons of

prefrsably ,ﬂcc%p%% RV 6QMAPIBXiNg @88k & eXampifh| aikylgirediaminetetraacetic
aé}aI(@mA)Ohoﬁ;HIJréféréblyaéurﬁsaaumnﬁy'trteafehdmﬁ@@élbﬁmgl ncl ude

fate, sulfite, bisulfite, brsulfate, sulfonate
per sﬁufra&ﬂ%ampwté@ﬁpﬂoat%er 'H%t Yarywihig W'@ﬁv Ee}'i'igéﬁ Kpewn fo those skilled in

th@%ﬂ%%é@{ﬁam({ﬁrp@@gﬁm}e fluorosul fate, etc.

Preferred conpounds to be applied are ammoni um sul fate _
and trmecardaase wite eapesific matiag forimpipynaiing caktier Wi catalytic material
. nc?bﬁg’?*ﬁg'? R In%}agﬁa%nt@aéno%@db@ lrﬁbﬂe%ﬁﬁ%b Yh@&ﬂhéﬁﬂlth a catalytic

ate, di nol ybdat e, par anol ybdate, ot
elpg@nt &ﬁdcm%#népdpﬂﬂv(ﬂdy%a@e%ecoé@ c'mpr%ﬁﬁ@t'Pde@sWBlCB the carrier is

mMREGHHED SihRbtEnediBlyANHS Thidlyiic A8l éléﬁenﬁ&ﬁ’dlaﬁé&ﬁﬁbund) and one

poI ytungstates, etc. Preferred are su f ates,
OBIoYd dPEaraater ndor (BXg8wiR: & Suilekia Keduencader 6RMIRg A Sush a pair of

mYH?égﬁjfhtlHﬁé/ inBRdS&PH) Qi ﬂnﬁr@?n:ﬂfng%ﬁatthé Mﬁé}tfbpﬂzo minutes a solution

I'ncl udes nmanganese comnmponents I nst an

coriRiiag é§é’f5c‘%$‘r%néﬁf gilvesrPrefgrakbhc:5-8¢ weaat ?/wftsglver the solution having
b@éﬁ‘ g;@p%@yb;aaﬂ/rﬁn&.ngtéimnémédvan%e Qﬁbﬁlp\aﬁiysgraaaewm Rtilldd water, (b)

exact nanganese specl es rovid

S'@leaﬂé@'ﬂlg é@‘ﬁh‘i/laﬂ?j difweliots éfﬁ?@e'&tnampfé@ dbe | *'1‘%¢°|-‘§ gigylenediamine

SGHItIARY S aﬁ%érﬂ'c%néiﬂgnsﬂ%e%doh %n%@ﬁﬂl&treé&%docﬁhrstélﬁithe solution
generated either during catal cht preparation or

tefperajurearisest a1 apout 45iearags dan él%wﬁsweats"wrpw 'and () adding

meRb&aARSlarhing Fa 'EHIOCIRESR HRTE () RAIANS ofﬂéi&%é‘%ﬁregnatlon solution;
ﬁﬁDhIUﬁ]SUlfate manganese citrate, mangan

thgny(R) GRliEnaly ARSI INE-SVeRIPRANataskhREHRIOULT AiSpIEPR: Which is the same

aé"ﬁ&é’d&ﬁéﬁnéﬁbﬁ@& §Hvepﬁﬁsﬁﬁgﬂéﬂ%tééllﬁ8h OfkcepBRERIN Ab8s not contain silver
ani on, manganese conponents are

O@Q%p@mgmgjhmﬁg@gusb@s%mmﬁ;|e§3yilq51§d|gg@m wagtgyrand oxalic acid, in
oREATPIBucE tHRYARARH 'oﬁ[&ré@(&bfuéﬂ@?éﬂv@r parifle BREAY exteliat Burfaces of

preferably burns out during t | owi ng cal cinin
the ratayst whighsipmedimes qgm%wewpqwa%ey (A\OFaHIRg ®iKeRSS Tinsing solution

thr A RBethe KBaMBobcbck N6t Sikipkdgrdting tibefor dppfdim&8§M2 to 10 minutes,

parti cul ar §rom)ter n _accordance with a specific

pr,%qrﬁtam apeyt quq@ geastinghegilver-impregnatgd.carrier in hot air using
a BBk ods®r at about 400 to 600 degrees C., preferably about 500 degrees C., for about 1
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and pronoter, an initial inpregnation is conducted to

i npregnate the carrier with a catalytic el enent or
W(amwpmmds foll owed by a second inpregnation i PCWIS2004/017103

the carrier i s jinpregnated sinmnmultaneously

i AP ANippies. RegiIAPY|abORT & ke MiNUigRd M5 %'bﬁ'EWLﬁfo%‘boé'ﬁg’fooTﬁego SCFH/In?,

pﬂﬁerﬁbly%bBGtQSHJS@FH/uFOfheﬁﬂé%c%unﬁn@kéginﬁf%@tf@%%@ﬂﬁﬁré bted carrier
nati ons i ncl

f
WA a5 nﬁW%’&ﬂ%&ﬂOﬁg%fWPB CORGITH SV} 2ROPOMAGS foriiebainutes, the

s@cdﬁclnmr@mamﬂbaummﬁaﬁngﬁgﬁgfﬂl@bré’é By aglrhm@ ethylened|am|ne (high

oy orasen s St VB e Blahradcin o1l ridracEe ieagent rade) to

thehad@lieony rdtfier@drfiene \Solufiodia$ tamdief conbians, (vh)erélhpﬂw ¥n exothermic
oxal i c acid dj hydrate (reagent

dgi
T oS s 1P E U oN LeE oA B e B BR0 GSarees C., (c) slowly

agding silvieP Bide WHPARIMRP oABetBXRIIARMEI (Fe BRACN frEd), %)?gﬁflgeone or more
s

PEMOIE A g )y R A (2 ﬁfwe”;{ﬁra%imsg?%f é&q‘é‘é’%méwﬁ@ouuuon then (8)
opRMARY REdhey B éi'leet(- BAd Pr6m&ler-im@egnatéd Sé}né?s)ntl‘ﬂ b%dlbti%ﬁ Wthh is the

of f excess inp r%natl on solution; then (3) optional

S4AAon e, ARSI ronﬁfdrp?e@enét'@arezgaawb.somm Becss datuh does ot

cmolfalﬁfsnv& dlide, IPALISAY édl@tlo@ib@rV@th ﬁéd@rﬁiﬂ@ fidn¥8thanolamine, optional
regnation .sol Ution, exce it does not contain

pr OfRLy OBLPNRE (HH4>a'ﬂa4%@Fﬁbnwm§fnaﬁe O&ah‘ataqu (9% degining jexgess rinsing
sdhjtldht hydnethieasitiinsto lﬂ,‘@ikeéf ﬂfédmﬁ%@édaﬁn?%& fdrnaﬁﬁrgﬂﬁ\déﬂl 2 to 10

reduce the anmount o ge silve

mw#ﬁ argerag @*P@Jte‘é(m% ang ft%w%fm@?ﬁ@gctaeawgrr and promoter-

im{iregateD BRITENDS HORMIOGSIHG &/ BRR ﬂ'o@étéi’ laf Gibolitt hod ri8| de‘@egrees C.,
he exit stopcock o

S rinsing, solutjion throu
PrEIsEAI BPQR D e R8s raBRUbs OR | AARIEN S ARy Sbout 2.5 minutes
with &ibHe8 of 10-00 ST/, pasibiably dBodtéESCFHNEN (5) roastl ng
t he ||ver [ g Sted carrjer in hot air using
F oaskb e v Al Canes0e He grest cventandre pakeyany Suitable for
us@bwtthéo&oMbﬁeﬁf akyleh@remm@ bﬂ«tmeloapﬁrnyﬁ@a‘é e oxndatlon of the

air flow of

:
co‘%@%p@%@@ é’&%ﬁﬂ“? r@”‘%‘r‘%“ye?thﬂﬁ?/e a%gum@smsc:ﬁwg%zam{/wewe or more

oth@r) oxg@emeontaﬂﬁlhg%@hp@mdsha ) |ré§ét|ohnbérﬁﬁﬂﬁke%ﬁ%éfrylﬁ§ out the
a second S/’Fre nation sol ution contajning silv

ep‘% afion faactionare yyelh NANGRXRNSIvelyHeserRadin the prior art ThlS applies

tol r@ﬁétﬁﬂ\%éﬂdﬂkb@%dﬂhl Q@téﬁﬁérﬁﬂzr@e&@sﬁﬁ@p@éi@@né& tn(n%) concentration of
m xing eth | enedj anj n

ur i t ra e W
roRbNEI 1988 Hiee SUB oo araRlbanivUaRametiage] gnd CO), gas phase

initbiforel I (fir Eoxabripfs) eyl Whisirle, Wyt Blﬂoﬁdﬁlﬁﬁ&‘%thylene dichloride), additives
et hyl enedi am ne sol ution at anbi ent condit’i on

A QLR RS aPL LRI (DT PXRIEPIPoHOBR 6lsFiesemay LAw et al, in U.S. Pat.
NG 2279469 AP S BHAY 7D, rs'u§l$%st tﬂtr@d&?ﬂbxﬂ@s 8RO MRRSyek oxide Yenerating

sl owl y .addi n il ver oxi
COMRRYBSN A RSP RRITRES BREECE.PHISiencyIeaanaiag memier g arfedeyhal reaction
pailfo(s6e DKS’.HMt@rﬁtS\J@TECBMWSHY(e@TM of Which @ﬁbréb@ln@bﬂb@rﬂéﬂ herein by

xcess i npregnatign sol ution tiona
re{E PR P e TES: VE%yl%ﬁ&w@ﬁB?%P 7 sisphah exeliousip pagtion, and the
heat toh reacioh Yor @@nmhun@h deethW@neﬁﬂﬁ@ GG, e H.0 is twelve tlmes that for

ove ned.sec [ ation solutjon, exce
S PO DRI ot BT SlReptioauval paiha; gacten heat from the
casaiysitanad mh@§a§phadeei§ @ﬂlnﬁﬁt@l?ﬁn oree BbERRe| ABrle the further oxidation

Q ona r,0 er ti,onal \H H ( EDTA), ter and
of 3RyiofE ok 'ge %5‘3 shoglemif r@ﬁ@@ﬁ%m FRRed sePEivitgn

t hrough the exit stopcock of the inpregnatl ng tube for

approximately 2 to 10 m nutes, preferably about 5

m nutes; and then (10) roastifig the silver- and

pronoteri npregnated carrier in hot air using a belt
roaster at about 400 to 600 degrees C,
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preferably about 500 degrees C, for about 1 to 10

m nutes, preferably about 2.5 mnutes with air flow of
Wa03028C-H i n2, preferably about 66 SCFH i n2.PEEUS2004/017103

i ndi cated above, the carriers of the present invention

are pBe promatesiyr catalysi smelqving the qusﬁn{)'ﬂ\éefﬁ% Maytalehbeef the type
cthiidiR) & 1629 %hé effieiénéeniiRfiy SR 8 nffber @k 'ré’dbxq{%ftrggctlon pair

correspondi ng al kyl ene, particularly ethylene,
whigh &@pglpy@;(gﬂgagrppgﬁ@pmn REESS N ke Rreggngerof a gaseous component

cafps}swfamﬁgﬂa ghSebus RFRAIMRABNhAnd BBfMbEOS £@B8k-hhP Rsaction pair

carryi ng out the ep OX|dat|on reactlon are

uRgsr |reqaﬂ@mﬁomifdpnéxT%@rm regloxdat reastion’j i, defineddiereip tamean half-

reEBih&s%RQ kA2 thhd lﬁ@%ét%s‘b%%h%édqﬁ‘%able%&@ta@ﬂard reduction or
enperature, pressure, residence time, concentration

Owatpﬁé’@!@iﬁ% algaknqyhaestandard or singlegleciredpppientials, of the type

foga;(% fr0 &ﬁmstmteh%dea& 6?» dhenﬁi&?y"PNaR eLdn@B' mto?rmcé%% Hill Book

le, yl | 'ori dé an
C%ﬁ"@ﬁ'l% f ”Qﬂ’é)ageﬁd@? ?t ﬂ%&“gﬁ@/ ‘Hr"C&QW'é@n@QQlé @U@h@n@?/mﬁ@@ £hysics”,

GE(tIﬁ @am@haonb@reww quﬂ:a&ed:@pég%w \D186- 82 (1984). Thedterm "redox-
Nos. 2 94 and 2,2 such as nitrogen

naypaGion R iﬂﬁf@r.sdg,takw Raie 9k g MAldcHlgS 36 R VytUTes Haereof which

uere 6:8d 41 P Ysdufior ?ﬁ's@@ﬁhaﬂ@&ﬂ@h Q%Jeﬁﬁﬁy%ucﬁfter%s as redox-half
ox-hal f reaction pair t ent

regcwzpa@g@re perd hgiein rt%tl’VlU@]e tmﬁedﬂemgelﬁ@f H19\class of substance which

proVi@e kHeodexired pBRGRdhc ¥nh&RIRAE fthethah BenddhkRism of the chemistry
Et hyl ene epoxidation is a strongly exotherm c

OQCHHE‘Qr Bfﬁfe@ﬁ'd, §Us8 CREWRPURSIS, MBaR ﬁﬁ%ﬂ?'&t@ﬁ Wit heuestal s agsalts of

m@ﬁmb&u‘s‘iﬂ‘é Hdﬁtr@ac@oﬁ?glr Hr&shs h‘Wlé’rﬁthb'aﬁ%ﬁstaF@Bxfaﬁfons preferably an
| ene e,oom ormat on. Prog&hﬁand ef f1cient

Oweweo &f agrlvvalentalemi hahisHeaatam [RBiop e Mihjektoxyaen isthonded is
ca?aﬁleﬂﬁ @il@tlhgs whieh IbBR&&] 6 d Mh‘lé}rﬁtorﬁeﬁ%‘ﬁ%@erﬁt@%ﬁ% Sfates. As used

further oxidation of ethylene epoxide wil

hegeip the terme @alt does Inof imply waa@@raéweamds@n@@ t:omp@ryentsh@f the salt be
as@bélﬂiéﬁ@fr Pohdd if %é‘édﬁ@tca%r%lt Bk BAly (R behec?)%Hoant%%@tﬁrQ&nt in

al so be of the pe conprising at |east one
SO@T‘? fp&m dhitg- C@Fﬁ%ﬁ enq*ﬁj r@%ﬁt'pn &engitionsrhBetagsiun is Wgaxeripd cation,
altheagh ééd?urﬁa*ubldmm 8Rd ESSIRTPARYERSD hdlogetalsiBoar R pfdlerred amons are

process in resence of a gaseous_ conponent capabl
”'tb"ftef Rjirite ﬁ'@d ath@ Qnscappbleaf EAES/ g9eing &'f?@l%@mﬁ‘@?ﬂJ’é}*thfCham'Ca'
reécﬂlﬂ)ﬂ@nﬂ&blfmlﬁ@ﬂiﬁ’éteoéhlml Jndléf‘gﬁﬁmda%ﬁbbml&@nﬁfé‘érﬁ%ssalts include
The term"redox-half reaction" is defined herein to

K'\‘@fa'ﬁ”qwﬁwp?’é’%\K'Eﬁsb?'l‘ﬁ@qsh@@@erfe@und in equations

pr esems st ofta maﬂab@m@f re@6:2RARFA b & QBAET todke @éita!y%f‘ln an
al s, al so known as standard or single electrode

nch{rE g{;#ﬂgpgt to gphange tp§, 5@0@{3%@ the ep@@qatqoﬁge%pﬁlgg The precise amount

will @hd. u moﬁt\fawabueé\lasﬁqe BEEs effiéleh h ber of
bﬁ‘f‘?%@ %B%ﬁ S ded X 121363/[192n1§1ncm mem erofa

och hion tior
regjqx amg@ngfco ?rp Vlegﬁqg t%ﬁ%nqggbratlcgg@frp her components

in %a Qhas&Rfe BrSiAL oflsier; coﬁ&%dﬁi@ir@batﬂs@ the B88&c area of the
D155- 162 (1984 The term "redoxhal f reaction pair’

supgerd the pepreszcasditions Jer exagrle. SpaFeYRIPGlY apd teraﬁ@ratwe and
méﬁ)hblbgyﬁéf éd@?bﬂ q&newiumelyum&xfm Srs&ekadl @mmpdund etlyidPBe added

In suc reacti on equations. Such terns as

supf ik e-glesired ﬁB‘lOPBTrPf;S%‘? SRl Gl amabar Gierefr- el faqglianeair s formed
in tmlyﬁmﬂéﬁeﬁb&ldﬁlf’% @dlﬁiﬂf%@%@)@&éﬂﬂﬂ?&lgﬂ@éé‘d? oR WK or more

the desi red@ger or nance enhancerrent rather than a

PEsRRAsTE spactine cempaRats. ;ﬁ%@aﬂwrmqmevepraewms|r9ngesqrch

coﬁ@émrwaﬂl of thehBedefigichéy-6shacing skt forgdctirdty thetSorsddibfated as
of menbers of a half reaction pair, are salts in which

the anions are oxyanions, preferably an
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oxyani on of a polyvalent atom that is, the atom of

the anion to which oxygen is bonded is capable of
we@z00s023g8 when bonded to a dissimlar atom iPCT/US2004/017103

different val ence states. As used herein, the term

catipn) isabgyb@.0fhéa alpouh Byperaeat: praferablyi aneuba2 taelpai 3 percent, by
WERDe PAsEd 8n e tbiaewaghi ofblﬁe é‘é?t§|9§t' ﬁfo@fjpr@ferénﬁg%%%a'ltns 58%d in an

solid catal but “onl hat “bot h conpo

ampeRich abpy %@3&9 ghorhe P’Vﬁ'glhﬁﬁeréﬁ'?tal yst under reaction

condirpé Efé‘?erré%oéa%%éwéﬁlblénéyb&rﬁhéiﬁé He%‘i’oé?@BT {@Box-half reaction pairs
al t hough sodi u rubi di umand cesium may be

ar@p‘@m@veds 'a@mamwe aprelgragnt caratie shexisiing im mqr%mn two valence states,
pr@fe,tramyﬁn@;@en %Hﬁﬁotﬁ@:‘ Q@rﬁeﬁ@ﬂﬂéﬂ B, feratasigr gggr The gaseous

p acenment or other chem cal reactlon an . .
Cqmm@nécmbéﬁw@f RIPRHSINOHBRMEEE Plghredexhiplfl reaston pricprdar sepaction

cc%\@hfoﬁs idg béﬁ&al@%%&ed‘&@tam%@és @ﬂ@h%@'f&ge !e nitric oxide,

Ere erred.” The "'salt of a redox-
nifragRn digxde ang/or gmﬁr@ae@tq’fr@xwﬁ@m@w@vdrpnylanmams @fmonia,

mﬁ%éréﬁuh@ Rbvih§ 1%6&%’:5’?1% (RF Ek&hsB CNtr&Eethﬁ?)r nitroaromatic

€epoxi dation Feacti on. preci se anount

CQIBRBINES (REPEpIaNY @ltrebﬁr\zsne)aan%gr Iél@tfm@owawltrﬂes (%r example,
achdriifileFNFMe ﬁﬁﬁﬁﬁl%f%ﬁrdﬁﬁmé@ﬁtaﬁfnga%afs%g 0% prdfldiert§ 86 Us8Fin these

used and concentrati on her eof centra Ion O
caialyqis ischatbaReut suffisientie eghanqsihe eerf@mansmﬁh agfthe activity of the

ca‘iél&ét%hd%ﬂk@la‘?‘lg%é &fidiBfoy At é’aﬁélystt Hﬁg%%ééﬁ%ﬂ?ﬁ §@h8hitrogen-

uppor-t rocess conditions

cogifiiBg qeﬁwworaﬁf@r lsa%mate\sirty th%ﬁaﬂlﬁwﬁpﬁml@w @fhancing salt of a
méMB@r%fta reﬁbf( ﬁéﬁ‘ ?édcﬂ&% ?{alr ﬁ’se%l%lrfdaché BomtlcRfriHi o?ﬂhel“e%g]?t%;ﬁéll'tlcular

may al so add suc he desired anopunt

a"sealet ur@ﬁ@lﬁ@e%@aﬂoafaw bxe@h&r fﬁ@tprs ineleding #1¢ yaeynt pkcarbon dioxide in
thé ﬂﬂéﬁ@aéti&ntdé§e§ aEGH k@RpleN A8 5 FRRéRt '5@@&05%}%&%15%@’[!‘1&%% the

especi ally through reaction with one or nore of

nigeaenRLRINing §asqaMs PEIRpISHIENQ (nitde 9&ida), |a;swtﬁlajaéoe¢entratlon is from
ab%ut bahb 850 P, BYeRI, 8f theyashirbaf, added

ef f |C|encg enhanci ng salt, or precursor thereof,
cal colthaueh imgeme P@ﬁﬁs it i§ Peaferied 19, ampleysmanters of theparaahalf-

re&ét%ﬁf afrh Mweaf*éﬁéﬂon%y%rﬂ %a@'i%o Bbth%h@@ffi%%ﬂ&y eman‘é’ﬁl'g%ﬁ jpromoter

base he total "wei ght the catal yst

asg@@@f@ﬂaﬂwh@ fatalyst and tye @amsmoraﬁteam@mmr mtha&ﬁ@lstream as, for
e)@ ern%d%hﬂ)matl&? Bﬁﬁcﬂ‘éssm-ﬁ'i‘ ﬁltl@feeérﬁ r'ilfr?g ggﬁfée@ﬁésls not

C|ency enhanci ng nenbers of redox

neﬁaﬁaéy yd @éﬁﬁ&ﬁfd&evg@ﬁtl%faﬁpwgeaﬂme@h@rﬂonttwél@n% syeh as
Kl%yﬁEG)J“ KNdyM@; mdmoa,vmaghén Rﬁozma%ay @&%g eAMfed in the

en and anot her el enen is,” prefera
Sam@yi;yé m. TW@%'@%@@C%MWC'@&E%Qﬂsén@ﬂb@’ﬁéﬁﬂycb%@uad in different
halfRER&fon8 whith' repieSemtahd fifsEa%d a8teR@iohs 8 8Erid LR HalfP8action

conditions is a generally a nitrogen-containing gas,
eqygtionsf anpverldpttienni tric oxi de, nitrogen dioxide

and/|gangliedédt! PEaBId &r‘id/@?‘déé@@ué"ﬁ{r@ﬁ@i’éré‘ @re ﬂ%ﬁﬁ@d)ﬁ' @HPo?r?otlng

or anmmoni a, nltro araffins aV|ng - car bon

amaqugi. '%%(‘ﬁ?ﬂlr@re'ﬂither@%f'ﬁ’fﬁﬂ@yng ANPYYa Pfoarﬁ@rt%n @Qfﬁ@@lmﬂgf a catalyst
refeRSREH @hbuntF iHa B@ﬁé&féﬂ) thaBRErke reﬁbbtﬂlbﬁﬂt@ Fd?ﬁﬂ%oé:mlﬂ?)rovement in

nitril es &@or exanpl e, acetonitril he anount

ONgi A MRy e rﬂaéﬁhmcrﬂjorbe&%%soqiéhaé P@Wbisbwh%cmpar@é@p f gatalyst not
cohféﬁﬁ@g §a8 3bMpberit SExahleAoTRUERyte prddrtic@Nhcltid, ‘?rﬁ@raéii‘éeoperablllty

erformance, such as the act|V|t of the cat al

(resikippare raRwRY), selgrbivigy, @Ptbwténecywews'qnh@taewaanweld & understood

byCPRGERNed &1 iherarthat die dHinidre @PHeGRYAHIKI BEtaBAE BRIPRrties may be
pronoter is determ ned by the particular

ef fi ci ency-enhancing salt of A
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menber of a redox-half reaction pair used and the
concentration thereof, the particul ar al kene

wapasigaing oxi dation, and by other factors i neCT/UB2094/017103

BB BBl B B o S By ot e
emﬂ&metﬂ bemay evey be dinsinished) Iltngflgméﬁmuferﬁbﬁdfﬂfa??lffb%ng%gal ic
oigBhs el i hisn s o PRGN 5o Rnsger @xerRanA catalys
haMmgwmrglhcemsslethy aberse $dt of Spe?atﬁfgafdnamohé) {rﬁme%e{ated ata
)

FBERERRY of atcfou® Wbral e BivoRioh Sy #undio gyl fther than the
sebeainity gnid msperawr edaNVeihblehQ GXIGéb%JnVWHI |ﬁ’t€ﬁtldﬁéﬂy gﬁ’a?%%%ﬁe operating

for exanp

o AR P F i eke SBReaeT Oultn cpel S BioBATe e el tan@xpense of
othért aatalytimxprdpsrtiedinsorder to malxrmaz@ ﬁﬁ)ﬁfsyby talﬁgb ||nt? aécﬁﬁmi %Sg%tock
nati ons
SR RREDy RPNt rORRIS! kBt Snllis TR0, Ko /NG rmy
aI s ol izeprempling eﬁleotlprdvit@gbmﬁﬁe ﬁmkﬁé?s can @g%‘ebfgéf '&qgmber of
und in differ
L RN RE
surfeee biearedi pora ssactiresandfsutiatd erremgc‘etl Ipﬂfpeﬂféé&if *tlfen@r}%rtathe silver
{
o RSB ] B M Btor St W asence o cvr
cafisnsiamtiatiensepreséritén ]tcherdaitalyyt mtpré%m%ﬂ%er adtivators, stab]!hzers
t t refers to ap anou
oGP, B SRRT  o 0 ie-S0 She Ban Hocts
i rrprTmeednsrrabllmy ab mecyolingTirireactbd fded, @ﬁémbh()?/in@ d%lﬁ@@fdaw%ystem or
tu g/hen congt%ggd to a catg t . no
usflg 443 Begtiphe HUEreaRt Bbdean soatron Bubapiming reactors in series
arfanggraetti ceh bm:ﬁadﬂlyedeﬁenmaéd al/ Itlﬂ)ste@kﬂltt:edm Ehe: . 'I;he particular mode of
ectivi activity,
o550 S6BRRE iy BY Bektied Bubiposss ocbngiisr ot ovdt by
one Télei grésaht Imvehﬂrm lsrafpplidaate 1orepositation a6l orIshlg agy stutable reactor,
for AR g Hiinhbtofs, AR MG ast” eEtirs o Bhclr Vst Plwiich are wel
knowy tathosagkilheat inlttiee ar laag nest mtdwﬂesa@ |h@|teté;urﬁleréu$hed
t hat erent, cata
T S LG R ——
contondiisly ontsodd‘emg eﬁee@lsﬁe?m Ccattahmgtethy?ldm@gmﬁﬂﬁ)@l@éﬁdo a catalyst-
condi tj ons
coRfinftl sty o iiRuRlin o ol Srotk eideRetans Cufturaath Spdearees C.
andl aypressemne whichmoays varp withint the rasde ofiftom BBsUTe athh;@bhérb@ to about 30
TN e AN, R I —
in largtescateoreatoss axévgmteaaglgz onfthe erdealfoﬂ ab?]utiﬂ VBIséconds Oxygen may be
ther c
SRR SRR ot B RRRSHRTIRL PR oG B S pncommercia
oxygenowntas erybxnearitiched tadr, Meq_sﬁyltln@%tﬁyélerﬁé’ ep]p?dél ?é separated and
e pronoti effec
recg?%?\(}ﬁ ?851 @atré?é%ﬁ P&?@P& NG 'pr"'éﬁ?tggd%y a nunber
of Vhei edjalystss disblosed Hevgin exanmiee use@agide?Nwidely varying process

oo RSOl RSB A o S5 o o

stapdamaets efscam‘dlttdle usidppwhith thmactﬁmtyV@‘flc@ﬁtﬁl tsfa@mty and other factors
{
coBBBETRLEY b B LBl SESBhi e e somon,

present in the catalyst. The presence of other
activators, stabilizers,
24
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15

pronoters, enhancers or other catal yst inprovers can
al so affect the pronoting effects. The desirability of
Wo ewpobidmg unreacted feed, or enploying a singPEF/psxs4/017103

usi S si ve ac |on to increase _
rSEReT B S i o Ao Mo 00 Br o7RsS Goregngiaare defined as
kﬁowangenent can be readily determ ned by those skilled

peration sel ected
econom cs. The

pA&amiard rmaemmx'am a@toalaﬁé Imﬁt&hh@rrﬁav ga@oﬁébﬁﬁé'd?rh smgle—gass tubular

ctions a reactor, for exanple, fixe
re&@%’ H%%dofo CQ%YS? F%?E' ﬁ‘aer@e'aépme varigtion abetw'pn%tchygen and gas
phdsecrhoafler/;ym#nbtdf ey coricehirations depbhdiflg ioh thBSréddss %ﬁdltlons used.
not be.described in detai.l herein. Conversion of

T‘@? h%ﬂsgﬁ 2o '"H?er@n 8" POcPERe CRgitions, Mhich eimblgie tyrieal conditions

erapiayed & cdmme it ialttpoes bihyiené epaxigé PEbcaséRORhrb £ ysed to supply
mpgptalnln eth | ene and oxg%Pn to a catal ystcontainin

W P Uen, a0 et feeest toRgiionmsoticrm st ialg: Waisalczonditons in
cdrmnelfatuubxﬁﬁ!h -6 @ﬂ?ﬁan@ epoﬁuﬂg pi’od@fs@éisSWH@reVﬁlJré %x?@éh |¥3ard¥|ed as the

Owtrnn t % at nospheres to abou
gL R BREE CasBINER & RIF AT REK B Rl ryle dapractioal al

cazee dhattwith iy agdané b@‘benﬂ@@d d@W@ﬁamwﬂ% of %xi/g?HrQ%cﬁ Gﬁﬂy%ne are used
react r.s area@enera order. of about

wiYEH YiGws ld g7y eflirieney oy %th\gﬁ'bepﬁﬁ’%d% whichds akew3 t9h5 |pﬁr0&ﬁtage points
lowaly than- thah vaenipige dkydRNs ShisIByaRB adliokyddn §§Jr§é’mWélF kAbwn, back-

h h
i R s Voo i in i derceyan HIE 4 rsretnaper by J. .

Befrtydehiltwd PRexbiert forUVag PﬁMétH@ﬂ@'St(@é@mCiﬁ Cﬁ%/cal Engineering
cataly used under wi

sed h
PEUIEP PO E S F0ar Cae 1574 o uiad s |anewet the reamiye. The inet
coshltlbmsenicludetmaefommngHovvever, for purposes of defining
standard sets of conditions under which the activity,
efficiency, stability and other factors obtained using
a particular catalyst can be conpared, standard sets
of process conditions,referred to herein as "Standard
Et hyl ene Epoxi dati on Process Conditions" are defined
as follows: ETHYLENE EPOXI DATI ON PROCESS CONDI TI ONS A
standard back-m xed autoclave with internal gas
recycle or a single-pass tubular reactor is used for
catal yst testing. There is sonme variation in ethyl ene,
oxygen and gas phase nodifier/pronoter feed
concentrations depending on the process conditions
used. Two cases are illustrated: air process
condi tions, which sinulate typical conditions enpl oyed
in comrercial air-type ethyl ene epoxi de processes
where air is used to supply nol ecul ar oxygen, and
oxygen process conditions, which sinulate typica
conditions in conmercial oxygen-type ethyl ene epoxide
processes where pure oxygen is added as the oxygen
source. Each case provides a different efficiency but
it isthe rule for practically all cases that with air
as the oxygen feed, | ower anobunts of oxygen and
et hyl ene are used which will yield an efficiency to
et hyl ene epoxi de which is about 2 to 5 percentage
poi nts | ower than that when pure oxygen is enployed as
oxygen source. Well known, backm xed,
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bottom agi tated "Magnedrive" autocl aves described in
FIG 2 of the paper by J. M Berty entitled "Reactor

wo or0sN23es Phase- Catal ytic Studies,” in Chem ceCT/US2004/017103
Engi neering Progress, Vol. 70, No. 5, pages 78-84,
1974, are used as one of the reactors. The inlet
conditions include the follow ng: Tabl e : Ethyl ene

Epoxi dati on Rrecess-Conditions Conponet xygen
Process Oxyggm Pradcess (# ir Process Air
Process Air Riofess| dond 5- 1 |
Condi ti ons- I (I8 £ AR
Condi ti ons- I 1| ¥&|E| %Nb Vbl e % Mol e%
Et hyl ene 30. Q<3®. Q B0 ( pen 8.0 8.0
8.0 6.0 7.0 1O FEthanel0 024 0.07
Car bon Dioxicg,é.( 3.0 {0 rogen
Bal ance of gd4g $allance |o ns Bal ance
of gas Bal anqg 9fy|gns|ha per million
Opti mum for QftS @i "f|eil? m 3.5 ppm
2.5 ppm Et hyl|5CBFor | de | Ef by
Ef ficiency ar t? pefr |mfl mum f or
None None Mpre—NtT 1T —K] . of Reactor
CSTR CSTR &STR Tube| GSTR cc 40 cc 40
cc 0.5 g 8¢ goo cf (Cat 22.6 SCFH
11.3 SCFH U1. 8§ Sl Jiglo P. 6 SCFH
Fl ow Rat eTH} |gre S8 € d|s ht at about
200- 275 psi [&ndl= he |t ot T ef mai nt ai ned
at about 183%d 22[§ $C CFH cubi c feet
per hour af‘"c stand%rd t en ur e ure, nanely,
0 C. and or |&tzosphdr ¢. I_@t‘_‘hy _Chlpride cohcentration
i s adj uste@t§_\i nEgin e mansefficl®ncy
Tenper at ur & E@%a@g&atglggtggﬁi&i EACy Bre
typical ly ¢bgifheispse ESEERe® dascriping the
cat al yst pHtfigrgnce. 'Fh%éﬂu%yﬂst tegt prpcedure used
for autocl &/eg9n|the E ene Epoii dati on| Process
Condi ti onsﬁ\gas ol TJOWS| _[40 pr 8o cc|of cptal yst is
charged tos hg Pa k-nﬂecﬁ,au;ocl avie apd the wei ght of
the catal y8t |8cg The ksiek®le xat| cauifocl ave is heat ed
to about reackiBE|SBEREm @83 nl@ i [@ogeh flow of 10
or 20 SCFHgw| B/t Ehe| flan &R ng°lat 500 fpm The
nitrogen fiHWis {herd di ggent| nued and t he
above- descri h8d-feed-lstream-iptroduced into the
reactor. The|total ggs|out|let| fl pw is|adjusted to 11.3
or 22.6 SCFH. §Tj1e tenperaglur e i s|adjusted pver the
next few houng Qg pr qvil desjiengy desired(Tut | et et hyl ene
oxi de. The opfidrigimfs|idl sl & Ecg| sralEle [ht ai ped by
adj usting et hgl‘gg %Rl o| Elg| DulB|g  ppoxi de
concentration¢=noniit orgYstio) make cefai nf that the
cat al yst had gé%lmed i {s|fpeak| st eady state
performance. | The e¢thyl
8 S0l8 |B

= 3| [ES[E8l8l |8

2 Qs g% %o |52
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chl oride may be periodically adjusted, and the

efficiency of the catalyst to ethyl ene epoxide and the
W0 atos/oed41gleact i vation (tenperature rise and / BET/US2004/017103

ef ficiency Ioss% are thus obtained. The catal yst test

pf % BERgFwe s Spitgined irenstapiuptzaboub 269-875 iPRIg N theHptabpetlet flow is

meReshsthhi QtBbLiPﬁq’QecﬁfQZC@%FtH 0B FHSrckdS td elibie el Per hour at standard
Approxi mately 5 of catalyst is crushed with a no

temr@é@t qng Pr?*?ﬁé‘ﬁe dremals 0 6- 80d goe @@Spmrﬁnﬁﬁwwm@m concentratlon

L
typicalkoldaised a9 e respinse’ desdribing the oftalyst pesiodmanceholbe catalyst test
pﬁgéﬁ%@?t@ée}ﬁ%r'dﬂub Ieﬁ‘/&@ WHTME %ﬁgﬁhgr#&%tlbﬁ Ffrbéé aggg&ﬁ’ons is as

br as ocC er mocoupl e
foligus: rfix orf 80 carhbcatalysikis icharged| to dleal back-rixed ra:utﬂciﬁvecariddhe weight of
rESRAARRolD. TSR A A5, A BB Pl g
nitregeyr tiewd ohd 0 or 2AERCRH witbsbe fan apetatingoah t@@pprrat Tine nitrogen flow is
T = oinal st
g ANRErS bbolrod 8 A ERHAS o s, T
topal gae@uﬂ@sflomhelsmdjm Bwhtu@ or 228089QFHO. T tefmpeEtendy adjusted over
d f Si ] -
3P 5 A BRI o TS sticienc
maybe pbtaﬂ“@dlhyeaduwng etbtytjcmmrm% The mtﬂelﬂpoxld@ cofbentration is monitored

toa‘{ijég{éid%{/ gwfdtﬁ%{wﬁé cQﬁlysPﬂacf Re%ﬁ’ pltéé‘fé(%&lé( sgnéﬁgns‘{j%tg @gﬂoMa%ce The ethyl

r
chiariclenmajules pemmllyl adjuated carndw‘@etdmslemeg pbtheanathlysh irsethiyliehe epoxide

| ] .
ar1\§jatﬁ¥ r?t%%?d%{;c?ibat o‘ﬁs@ p}r%@%ﬂ; ?%‘r@t%h@'eﬂFﬁ'°§§oéU§¥ﬁ% dtfained.
det efhs mtwgstaeshmaesdumedﬁbn ihiedulyar reqdordin dloe Ethyteme Epoxidation

PrB@é%' n‘t{@gl@ ﬁiqugI A%ﬁrgﬁ%ey §geof %8 SE isodgﬁszﬂeé%% a mortar

can o g e on S
anslgresile. ’tbﬁ@ sigeechty &Oﬁﬁ & Gtariiaed meshe Ftoremedhessrt&ei material, 0.5 g. is

R 7S ST L0370k 5oy B s 00
in¢hes).s &lassovach ist kseddp doid ihes:awlystvashlac@s dhe redctariabe is fitted into a
heZRdY Bﬂfasé bfb@% Whﬁcrhshasrh -F%grlpg gleaﬁlggébe%%eﬂ&rt‘ith F%lock is enclosed in

speciTics O at a ar a
anclastula@dsbom rreled dian ds pmwﬂmr therimased catalyst at/ra:pbréseime of 200 psig.

Th%g&tgﬁlfﬁg%%@ le&&?d@&”a{% pégrd Pl?écsg{}?e%d r§ Q%AHQ?ature.

regna SOl
(seeThHaBta@daﬂd) deWh’fe)raIOke& isinglt d¢st siesult aeporting Laaltaiysti afficiency in

actdd8Acd gm@m I?E c@é?ssé aé ribed to@? is \éﬁgﬁteb 590 'eﬁl&nén?%eunits. The

equi ppe pcoc npr egnat
typical rSt@datmdeVIamuﬁJmsmgI@ tast adsiug rsp@tn@tcatajysf amnaiy in accordance

wiﬁ%é%ﬁgeggfeh @%Chﬂ@ %l%gerlé Ir%ﬁ?t?tqﬂ[ n& tﬁ% sfﬁn ﬁe retv‘laa".élon of course, will
depema alpoat thegquaditys ef .thd rezyuipmuend camalt pregisioes sk lthe technlques used in
cof R felsfnd B ] vard. ZUEFeS% [t FoeBBR REteTT e idvea to be
Wlﬂmmilble@andafd@wambnsbtfbhbabam egnating solution is
I

et ettt e oY btieac JRESRCRS W SHART RGO be under
stepslysethie pnditional | Théye caol eftdnohe eagoeitaised mrampthe upon steady state
cohgg{)ﬁ% ég&é/\%ﬁsel ( seconds), the vacuumis rel eased

essure’ returned to atnospheric. Foll ow ng
addl'ﬁheorprmertidse of othet stantjngt rearriear matarials and the specifics of their

modifications are detailed in Table Il. In Table il are set forth the specifics of washing

27



10

15

20

25

30

35

remai ns i nmmersed in the inpregnating solution at
anbi ent conditions for 10 to 30 mnutes, and is
wo hesezf4#ier drai ned of excess solution for to BOI/US2004/017103

m nutes. The i ng %nat ed_carrier is dried by placi ng
sqme ioh the gqdified ¢a(jieiE. ol Jebleniveare §@tef@rthv&h? Shiegiligs of the catalyst

pr[?_bé’rﬁﬁoﬁmbrpﬂﬂe aéaenérbaﬁcledj.ag eataty@t Soriiositidgis.oven.
perat ure i ncrease sc hedul es are used to slowy dry
DIF ABRIGRBREEARAHONS ce Table 11). After drying,
t he A’\ﬁﬁ@ntltﬁ oit &Lfafﬂfﬁqné’fsfva%llﬂmtlﬁ‘ng n%ﬁgfed'vﬁth%ﬁélﬁ*ﬂl rﬁ@ta‘i Qrﬁéate solution
rapi d cooling begins, or ins cases, the sanple
(see dablefll). dhepkplmetal §|h@qﬁg [solufipn israsided \mga glasg or stamless steel vessel
w}%’tmsr 9(#113611 o éih\}gigﬂr rg%uéa)rblé;?t%gcécis ‘fﬁtgﬂ%ﬂr%’gon g%lttrgaﬁgarrler under vacuum. A
sunalweéepar)atorwﬂ@nequgn@gm lmmeguuattm;lww i® tnsart@d {iewgh a rubber
[ r t C
stG;ﬂJe? is) qﬂé Ebepoggtrhgtlw?FHg‘ﬁFﬁﬁq r@légcs% u?’ﬁ% zrgb%ggatgﬁgv&gél taining the
CafTgpras nwuawﬂégﬁnér@m(@lv drio Rrinchgis |08 meyqury Wf@éSU"e (absolute) for 10 to
30t r%m%?ésaéﬂéﬁuh feQ Vegrna‘uﬁdagolﬁt% E%loWé@Gé@ tﬁ%& bé\‘n@gby opening
enperature where It{ I's sust alne
Thﬁ&ﬁ@OC'ﬁbﬁ’@feeﬂﬁéetS@ﬁﬁf@ﬁﬁy li\dfé"eé@ﬁédb? émp@ga@tmg téQ%*’Q' After all the
soﬁﬁi%nfe%ﬂiﬁg €Fntb Sthé Hﬁﬁf@gnaﬁlfnp -veSsél QH’QS g §s) EH@V&Q‘.‘HGh s Feleased and
opened rapi d coo The resul ti n%h
’Ch%a?r%%#fe |f§’fumﬂdgfﬂe@fm%ﬁﬁ>bet'%e %@lk@mng 'BFP" §f [the goltion, the carrier
reh‘éﬁg' lﬂ%é@eoclﬁ'tﬁ?‘In%rs&étlhg%wuhén gi é(l’ﬁBlehPco-F@ﬁi'oﬁs \‘dr)10 to 30 minutes,
Al'ternati vel arger sc I prent is used
angrig mﬂs@aﬂead@medcpi @ﬁ@&&slsé’hl’ﬂéﬂ fQrH@ te 8P midytes.and t he

car rTr?erlgﬁ?é Rfealribrds SRS Wg) ;5!3&%%0%{‘5 %méle' I%é’t"'ohrétéﬁ‘less steel wire

equi val nper at ur e ram

m migéa@ then rpﬁqqddrg agByiBg guerd Temparature fircrease schedules are
I
us@H% Elblﬁ/g/ed(‘ﬁrtﬁé ﬁ{gr? aﬁég)esnggﬁ% (sle%hlt’é\,l\){)eelgu Alep Egﬁ}%r EleSbven is turned
offeandféetd@pslsmea@,d fothat 63%& eeiggtoeging; enin ISPfﬁlﬁtCéiS??o ﬁhe samples are
left &ni dérﬁ% &84 eNItbPrDatnTéiﬁ Eoéﬁ'ltl%fle@%hll(ﬁfglt bt @ L%(e@ to dry the
J ol ned to open-ended water condensers w th ground

imgrewgteﬁuqam%@te@m&lerﬁrc@n@wqmsae WeklR IFef | on tape. The

ext rafl lﬁ{p?'eg?ﬁ%océ’r@&rb%eéa?néﬂ Srotth&n célélﬁé’@ il Sﬁ’%W} kldre ceramic trays

t hree-f1 nger anps whi ch arepositioned at t
fhﬂe@@lﬁ'@@@@' n&A h'ﬂ@ lerppgraturg elecgic iyenasaiandsuiestad loe heat treatment

g*()@ﬁ ﬁ'f Tétﬁe Aok feﬁwﬂe%un‘e% §|‘3w1y%l&@d @@iﬁe%f%ﬁﬁﬁ‘c%ld’l‘ﬁlh? Femperature

oi ned tons of he extractors w

W@r@ Jri§| qustja@gd ffpr MOﬁgsfowrhmur%r Aftar ¥ igmapisige chedule is completed,
thd $irhace 1@REed 8K 1In sBMCORMS nﬁ\%réboaﬁ@ oPérl\éoego ¥ rapld cooling will

purged wth a sl ow steady stream of er that tlows
beigy h?HéSlHJ’EHiQ erfTipoist Wejghech @nddhel @l maetaingilicair Iqaﬁ@g is calculated

(résQFl’s qilBR iRsasel) e‘i\lt@?ﬂa‘h@é]& QbRePs8alé @aﬂ‘lphﬁ\’iﬁs%eH% pkoduce larger

round bottom flasks are resting in suitab
qLﬁ@BHQSrfé theapaTiers andihe caxiss salginedipa gapdirad tgpnal Pfén pith gp equivalent
te,%gramg ptdyi&h. 2/ 3 of the extractors are then wapped
alumnum foil. Next, the heat on the mantles is
er starts boiling and are then

mai réé?vth@%éﬂ%d%r\ﬁé/rb%eé 18 WaH YnemdERed Ea ik, plnfﬂwerﬁrétht%e resulting
tip of the condensers. A wash cycle, the tinme need

cafry 1§ ﬁ'é'dﬁﬁﬂréhalf @wﬂémlatp%mdwol‘lﬁ@cé&m&&mﬂfaqtq;s (S @éé’@t tq@xceed the
fillfrinkits fé?rﬂ?é?ht(ﬁéeé ITible M §he tt&%”o@@édhvé‘)&i%%tdr e HIREPH BPen-ended

process that enpties the water fromthe extractor
water eoRflensais with pelnsgYired dittings 1Bahprewearregoyith ehedlpy tape. The

ex@rﬁctﬁ’rsn %@3 cOidefisérs "B ;N Qupporfdt @ith1 thrE@HhgerebBRPAwhich are

or ~
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wash cycles, the heat is renoved by turning off the
power and by lifting the apparatus out of the heating
worenusioz18 The water flowi ng into the condenserBCT/ES100€617103

e R s Byl ol "WhE # 1AL i R g v acdea o two
tagarce rauidl lemttoad flasics which herd. thé'lh&}oméd I‘t@l@he)bstt@’ﬁe df tR@ extractors with
N MR T T——

fllbdamﬁmjrgaﬂwﬁlm atshaw 4tead)22traarih otmasdrahatlfm |Slbetaé bottér@ port of the
rs_at

ooy RS el e, el iosh theitisi el nen dpwipg Unt the round
battengﬂusks aprbstifeincaitable heatgsmantiisg ahe akpodeal apbe(rgjamﬂ the flasks

d hi
g R i tre Bradio e M GppBvith SRLIRAD doft (fer tge neat on
the maﬁtllesrs wgepmdammmermateﬂgta&é @olﬂn@én@l i theh eshitvaingt to provide a

| 259
stégy piond g8 EE e e Bie g Soihe A iiah vl timrpgeded for the
walaB layebinsidiesthé Idx&dctmatce excetaethe &ill rda@ﬁcntyshmlfmﬁgﬂmeﬁ hctivates the
S BT I TS B ReBiohe hening e,
carrrplétbe aodi éveeyl 16amninuies gim4 pmes tanoiiour AfAfRF 1arifduné @Bapsed or ~ 48
B, LB BT By o SR8 i By Sepprats o

ofttlh@ heaﬂir@cmdnﬂm arhetwater fidsing hﬁb ttheabshdensdts @s)ﬂieﬂdurned off after the
zone for 2.5 m nutes.

2. re.heatin
wa]tﬁr mwﬁglﬂ?%@)ugéngﬂq@ﬂﬂ% gt 500 C by passi ng hot
air 'Um/\ﬂasﬁstahdgh@hcéd‘lmtb@géé galmétmd dwélbﬁed:al’l'he @itractors are then
articles at t rate o standard c
sl HeER 6 chpforkBlscarit mp St bl PoDndatt neighsdnivext the wet
catrier iseaisiatrerbiotive 4 X ahe x:mchmtamress b’@et)\plem makh trbyls aedoven-dried for
te .z |
-3 SRS RIS, Mg b bl PR a2t ity v wgiohed, and
the oamiet map@claangee:awma&rd (givea imaialsle HI)npr egnat eg gar rier
is plaged in c sheS|n12 rs ried i.n
IR st uEthiio StrBAikot "1 Calen e bafr '8 vacuum
impk@nlateﬂgwftbrafsoumohomepareiﬂhw aniking e250 @Ceﬁfﬂlstlﬂed water 259 g of
r ted t re.tines using ne ol uti ons ea
ot ing oS e fr loufeogt SfuiER, 1 Saf Mo RBRo &R and an
adEIiti/Sharztzmg; oC&istﬂieeirv;d’bér Agihgv%aguﬁcr) /Psgmﬁﬂe%f;ﬁltéwmdé:‘waumn (1-2 inches
CC 0.72 0.72 0 0. 7 7 ckin , .
s it 4t ebBolitel Fuli g 80 on e ) e BB dg ghat given i the
maplifter Guridramrepsaan. ARdrgirdinihg, the Karrier IS3roastkd id ait3 110s 8pread out in
5..64

o P o St e o P o it B 10 e o e
trahdporictthioughlal 26 K 20 stdése 1HEAting zone for 2.5 minutes. The heating zone is
maintained at 500° C by passing hot air upward through the belt and about the carrier
particles at the rate of 266 standard cubic feet per hour (SCFH). Afier being roasted in the
heating zone, the washed carrier is cooled in the open air to room temperature.

In the third washing treatment, the modified carrier is vacuum impregnated with distilled
room temperature water. The water-impregnated carrier is placed in ceramic dishes in 1-2
layers and dried in a vacuum oven set at 9 inches mercury pressure absolute for four
hours. The entire process is repeated two more times using new water solutions each

time.
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Sol uti on.

SiO2 24% Si Q2 24% Si Q2 27% Si Q2 27% Si O2 Sol n.

NaOH + NaCH + + + NaOH + NaOH + 27% Si O2 27%

Wi ght

wW@2005/018318.0. 26 3.49 0.80 187.5 7.5 Added WAt er PCTYUS2004/017103

145.79 289.76 171. 79 .21 5000 200.0,.Dryj ng Max.

Tenp., C 250 150 93a8l® 'Ezéaﬁ@@%ﬂsggfeaﬁ‘?’?xﬁ 50.7 0.9
Oarflerl. 9 0. 7 Cqlaci nat [ gn Mg Tenpp, C 1200 1200F 1200 [ G
StdfthgCHRerl400 AR e, [AA. 2AZ 2 2[AA4 t unael Ki|lBB BB
Mrdlvblumd dcay riler72 g ¥8.745| 852. 03[ 012 28 4d7215 100e21 | 0.67
Aaxkiap Delegiigsi t ¢0,518 0] 0514.) 8818. 440.618D8 (0.2 MaIE55% 0.557
| @leposited 0.9%3 0.888 0.4¥8 0.19/0. 20 Surface |Area,

e Ar 11325 1128 0173 0 P418ashi by Ng Q8P Yeg 0.86
| Weightyes No YesTAKPe | |- Cadd5.64 $4 Trledlhdfent|L7¢8an |)100.01
Impregnafiony jJ K|L M N Btarting Carfier CQ BB BB DD EE HE

W) o \iol L r\r\mo_eu O-ae'q‘:?nuo 068 _
?%’é"%aésﬁﬁﬁcklﬁ nSPRS 7%: o 116° %%57 (%) ‘% 0, &N NLA(’)/':+

05 0.605 glse, 859 Sutsace hrAa, 3163/2% 8278 8| 27% sio2
SoIf t - Le5hgle R Lo Lqh86 VETBHG , 1875 09 7.5
Atitied Watet; 148)7d TTPT EUTTHLEFE SP{AHF10N 7‘§2<|a” 8086 ' | 200.0
B m are none TZ4% 14V 149 14% 14P6 none [Sol n. NaOH +

mp.NeOH +[ BledH +| NaOH[ +5¢2 7% Bed 2 Z27%0S51 O2 4640 SIT Q50
B rol 02 27% $062 So| n. Wepght, po.97.37 /936 71.89 0.7
Ciicin&ioddded Water, g| 19265 192| 66 210. 00 209. 99
ey Targp.Max. Ténpao, Cl 150 15800150( 1220 1201200 1400 1400
Time, hr. 2 2 2 2 4 4

tunnel kiln

Modified Carrier, g 78.45 157.03 91.28 41.45 100.21
Total deposited, g 0.75 1.39 0.44 0.08 0.20
Mass % deposited 0.953 0.883 0.478 0.19 0.20
Surface Area, m2/g | 1.08 1.04 1.25 1.25 0.74 0.74
Washing? No No Yes Yes Yes No Yes
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Time, hr. 0.7 0.7 4 (contr. 1.9 1.9 humdity)

Cal ci nation Max. Tenp., C 1400 1400 1400 1400 1400
waees/2iams 4 4 4 4 4 Modified Carrier, g 112. 3RCIWUIR2004/017103

98.93 100. 38 Total deposited, g 0.57 0.51 0.65 2.05

Mass% deposited 0.51 0.45 0.5 0.66 2.04 (target)

Surface Area, nPTaplé lI9 CatriéOPydisireamierits (ddén.)res Yes No

No—TFabte—HH-=—Washirg—after—Ppgt—Treptrent e
—&merl H.r»..,-.,-j v E/\TIL’%AA 3& rR Por-e— MY ure N
e il B S8 S ME
S (e:cwo m&iz;g)‘@o L%gwo glg 0. ‘58?7- 59’6 urfac'eaAre Oé%ﬂlg 0.68
[S]9]

g 42. 65542 28 35.43 100. 21 90. 17 120. 34 Type
Sirfav@ akavg2/0xnd2t | Jmehl el o8exhl £b.g¥acupuim2/acutimy2 1.12
Vacuum Wash Soliwantt Water |[Wat er VWater Oxal ate (Oxal at e
Weilgkt: g Ami ne Am ne Wish7z&olvené3 g 110 11684310 P&B3228 64.30
Bedr@tivdhsh Tinme, hr. 12 12 12 0/ 25 0.25 0.25 Drying
Selution C 110 1110 110 500 500 120 Drying [Time. hr. 2.5
' il 384%2.10414%. 33 14%4. Q7 none

%ﬁl.meza@mﬁ@tﬁ DRonsd cﬁ:& e %42 o Daise 35 1ot

98 120. 34 |Carri ¢r y e 13 24 TQ

o 80 089 0o do A RSB T ﬁéﬁﬂfu@w Er35i02
oy a -89 1\

Backi Derle?ty,l 1 Wﬁ“f%‘%vmni Mg VPogiEhg 5888 ' S 0,605
Yés gnt |

20 Weldt G, o Lo el iohmpr e bbb o | see Talpl-89 11yl 4555
,gra' ‘y\r.t..p egtrat onlﬁ 2.'v'ser ”é%?-‘iis BA—yHpH C%JI‘O.'Q)? | 209.99
Mé& grln k) SLI chi”g |E58€J S ;{Iﬁj" O "rJB?y T v‘ﬁa@h‘l{: et
Tk, W gt— 70 epRyTene FanTT tPerPet— 7011 g
monoet hanol arf ne, and 27 wei ght o/ﬁl},ﬁ,gigy ITjed vvater. The

CalEipatignTPT €gnati on|sol uti pn 1S pfepared by (1) T XTIy
Maxl Ferpg[ €S Of] et hyl engdl a4y (M) gdooPur] {490 9T 40@po W T[N
TAmémrparts of| distihled waker; ( sToWy addijng 1.1t
\pediftedl Qafrienxal|l ¢ acl diaghyfre et (f eagent| apgsde)| #00.38Ne

Binl denesitest Gy llenedi anisne spb.ati on 0.65 2.05
Mass% deposited 0.51 0.45 0.5 0.66 2.04
' (target)
Surface Area, m2/g 0.91 0.79
Washing? No No Yes Yes No No No

Table Ill: Washing after Post Treatment

Carrier C D E G J K
Starting Carrier AA AA AA BB BB DD
Pore Volume, cc/g 0.72 0.72 0.72 0.67 0.67 0.60
Packing Density, g/cc 0.518 0.518 0.518 0.557 0.557
Surface Area, m2/g 1.13 1.13 1.13 0.86 0.86 0.82
Washing
Modified carrier Weight, g 42.65 42.28 35.43 100.21 90.17 120.34
Type of Washing Soxhlet| Soxhlet Soxhlet Vacuum | Vacuum | Vacuum
Wash Solvent Water Water Water Oxalate Oxalate Water
Amine Amine
Wash Solvent, g. 110 110 110 228 228 248.19
Wash Time, hr. 12 12 12 0.25 0.25 0.25
Drying Temp, °C 110 110 110 500 500 120
Drying Time, hr, 3 3 3 2.5 min. 2.5 min 4
Dried Carrier, g. 42.35 42.04 35.33 101.07 90.98 120.34
Carrier Mass Change, g. -0.30 -0.24 -0.10 0.86 0.81 0.00
CATALYST PREPARATIONS

The resulting carriers are vacuum impregnated (see Table 1V) with a first
impregnation silver solution typically containing 30 weight % silver oxide, 18 weight %

31



10

15

20

25

30

35

such that the tenperature of the solution does not
exceed 40 C, (3) slowy adding .98 parts of silver
weziodez34and (4) adding 0.40 parts of npnoet hanPCHIE2064/017103

o A8, bR GRS & bR SRR b, an 27 e
"/a:gdishltadirwalak \Teea‘ed;t iniptatiation ecﬂutilqmeqy@pdrbd Sbyl(ﬁ}imlﬁng 1. ,61\4 parts of
O RSG5 Bl R0 .8 885 B Gl 50y 2 11
par@balowalmgadndjeinmywategreﬁgen’ggmdbpto tme a§ued1u§eéthﬂénedlamlne solution
S P e o B el G M, 0 oy adang 108
paMfamlmrngudeh ag@ eqlr) rademfgwomatsnmggmobmawam ('F@ta‘hH)Cl free).
t t nut.es

V\,hl chﬁ[%hcealﬁ'r'%p?seéﬁg'i%pﬁ@teaowu?l %’?Prpgr'ag%%v@'?da&i%% b sigjpless steel
cyliadridad vessel ayhdohi isgeduispesit it ealtablmbwﬁedibktsffer ﬁrﬁﬂégﬁdtm@)&he carrier
AL R T
salaiont is arlsedapttlnreegm atrobbdrestopper mfmkiel tog of essielprégrkting vessel. The
G, b0, SR e B35 Sl o BBy 12 morury
al_mlum fcuiri O_tbl@@ mmuteseafteremacmmel inpEsgaethg ﬁbmﬁm is slowly added to the
o SR 30T 0 5085} Vel o0 mreanan

veseblutSpeaifit solution Bﬁmpbmttnssare ﬁhren:m Taisle 1V mpkiegapthe Golution empties
as f ws, to effec

'“oa{h& f‘r{\%%gc‘ uﬂ{? ﬂvgrsg i ﬁecgn g VagHEm; igie i&‘g”ﬁﬁg et I’:%e pressure
retuained Eratnmser&acF@lqugradﬂlt&hnﬂ|thia b@lwﬁfn e &Iirﬂemeﬂ:‘a%’ns immersed
i T UATGRATE TR Y —
draiged obexvess soigtlaroimem?cr SQnﬁ}uwmut es, or equi val ent
0
OO 8 R kR o8 e 505 o BB S difon f siver
omﬁ)matmlyshsmtayb {The irnptegnated cabietlis stpi’@dccm‘tm y Sihgle layer on stainless
e e B Mo £ Bt W el 1By hSheil vansporea
thitogh @e?”ad 3'stqueee bemingctonel fart25 apanesyior e_thuvaIeﬁm’tondltlons were used
ol TR Eo i 0 e S B o bassing ot ar
upwapd trgougrethevielitaral sRuotd citdlye hattitRsea s lrelﬁe &Qb@%tdgﬂard cubic
reqiter BB, g Beipl oo & 2 e z0Berie caiav & Gooled in the
opealairttd mon? tenqeerpoteshdiveighdd @jésultb gwf@h&h E@lﬂ? 9. U: i OP
f t us a fresh aliquot o )
t he Nebaine i BReo Bt oatlel Sofastharinipiedialal wine socond siver
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Table I'V: Catalyst Preparations Catalyst No. 1 2 3 4

Fi rst

| npregnati on Modified carrier

DABCDCarrier,

W@20060288 62. 60 34.33 35.08 Silver oxal ate ani PET/US2004/017103

sol

shﬁf

Sl 86 axfosgialond B8 haioad

h

S<t;qlA at@ﬁ Byl giveh ja Tavle 1v).

Thé. f#ﬁshbdékﬁtal)ﬁt iStHenesmployedi ingan ethyléde 4boXifatidn r@aiong tiklresults of

Silve

Whdre

et roes Lyl afdv.

22.0 19.3 Second
am ne sol ution,

g. 180 173

100 102 Pronoter sTable I: cutalystEEB'e*pan(aNbln$ EDTA (NH )

EDTA(NH—EBFA-O6-4 EDFAg EBFA-g- 04— ETA &
Ca}“ﬁ/,f &E“T.J"“ Prerpt j oU|1'°ﬁu, 1 ?) 3164 ;‘E%SELH% -
G ot er—Soi 2t Nas T Nes) Y Ny K
C \féﬁlzjlﬁ \r;“J_.uJU"g VT g6§331.060 g Blééb U105 .ULL 55@)8
SilvBoRalate Hitihe $aldfich, 5 P18 ©' SOz, g O 0{§p 0. 07030
WG AGh Shirr 282 T ONTD[ &7 77501 M. 3] h&k§T CSOHBEET KNO 5650
Sol: i g U 4391 T 5670 U. 439149 (SI'g U1450/7 g KAG5
156 @iﬁ PN 3, 011412403 0. Pidigs 0. I31 Dg@7560/7 |8.41
| Silvdr 2B If%SOI n. 4 CS| &3 Cs SO Ch23®) 0.06612g0Cs/ g | 19.3
Se @rﬁﬁbg 0.066[L g Cs/g Pronoter solpn. 4, g. 1.682
Siler bidlatf a®ihd Soltionot E180sol n. 5 NH3ReO NH Re@® NH Red102
Préndi& &8Ing1 Re/ g 0. 687R(NHlHEITA 0. 6OFR).EDRe/ ¢ (NP pBRDTAr! (NH,).EDTA

soln. 5, g. 0.1540 N.488PTA/Q08464 D ERTAm| 04 efRTA| 0.4 EDTA/G
| Prangotaron71.@6 8. 66 7 smmm Ag| D2858i ng 403228 37 |§.3600
Praguoter sgin. & Pr onot er Reics,  7pMn®O:)757 | MB(NCep1 K KeMnEDTA

1428 Promoter 2, ppj#-S589 Vs BeITORNNBEl D% ) 900 9 M0

153 Prormpter—3 5m-Re—356—Re+—272 Re .1.0,085 g K/g
';“?m"\fm‘ﬁf‘hﬁg 43 %H:&zﬁﬁfﬂmab 'UdH\,at & %Egﬁ ot E‘.ﬁgsz

r S ! s S| 3

BT ons (con.) 0.4391 g Cslg | 0.4391 g Cs/g | 0.4391 g Cs/g| 0.3867 g Kig
Promoter soln. 3, g. 0.2403 0.2149 0.1310 0.5607
Promoter soin. 4 Cs,S0, Cs,S0, Cs,50,

0.0661 g Cs/g | 0.0661 g Cs/g | 0.0661 g Cs/g
Promoter soin. 4, g. 1.682 1.511 0.9137
Promoter soln. 5 NH;ReO, NH.ReO, NH,ReO,

0.6873 g Re/g | 0.6873 g Re/g | 0.6873 g Re/d
Promoter soln. 5, g. 0.1540 0.1387 0.0846
2" Silver loading,, g. 16.14 17.96 8.66 7.84
Total Ag loading, % 34.9 37.0 34.7 31.5
Promoter 1, ppm Cs, 728 Cs, 757 Cs, 721 K, 1428
Promoter 2, ppm S04, 135 S04, 141 804, 133 Mn, 153
Promoter 3, ppm Re, 356 Re, 372 Re, 356
Promoter 4, ppm Mn, 41 Mn, 42 Mn, 40
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Catalyst No. 56 7 8 9 First
DEFMHCarrier,

carrier

| mpregnation Modified
g. 30.20 120.20 75.00 100. 22

w@rdosmee34oxal ate ami ne 90 375 443 444 sol uti on, PQT/US2004/017103

Weight Ag in
density,

g/ cc 1.

sol

Fapie NG Canast Pl

25. 132

80, % Sol n.

%arfg'{"“% M} | oadi ng,

Calalysf Ng9 29. 7(517.60 25.66 Silvef7loading,[& 19.5 1928
Fiﬂs‘ﬂlgrggnéiioﬁeqond I'npr elgnation Silver oxallate am nel 90
Madied4dsieddd s ution, IE Pronote6 soln. 1THNH) EDTA
Cdrhdr;4)) EDTA ((Npi2) EDTA 12R20) EDIZ.0NH ) HDTA 0.4 g| 100.22
Sik&Tevatptd avhing [BOTA/ g 0.|87§ EDTA 448 4 g EDTA/ g Pronp#%ér
sotibmg. , g. 013145 1 0090 1 2785[1 2320 Prlonnter soln
))f/vglglm Ao EDBRINVCRIER)  Mn(NBelB Wn( N(PS13n(NOd) 0. 06 g MF-80
°Q, 1536 g 0. 158369 01536 g M/ g1 0-085 g K/ g Mi/g—vhig
E ihgraiosy 41487 o tehs o ohbdSo o17d g op7p |08
1°gilverloading g 17.99" N~ ABOAR" ~ " SET/80" o ] oy o 25c126.56
Silyor loadinggte o 130 Ber o 2B o ST oo o0 O S0 adh
SE‘(\'}IOVd . ITF0 Y Y U TIOF0 ST YL Y. lo‘-!-U L\./Dl y Fli UlTptl €1
ImaP ign 9 d 4892 0.2148 0. 2864 0.2759 Rronoter spln
Silve tﬁvahﬁ'r\e“"\fab“ CsOH1036968 0 C448 0. 068 (g CS7g O M
salliti&e Pronotler soln. 4, g. 0.7807 0.847Q 0.1272 2
Prbdnbﬁé?éoﬂ qadi NG BEDTR- QRHAEDTA LNHINESTA TINAQMESTAANNH,),EDTA
| oadi ng, % 31.05 G0 EV@D.Hg BETA/gBGA Y ERTAMt er , ppn) K4 g EDTA)g
Prodhd@r £€8n. 1/69 |Gs314868 (s1.00962 Cs| 12485 Pronot er 2, pphR320
Privinpted &dn. 804, |IGANERFA [IOANSEOY, [BO(NSGR, JMrNOHDt ef MBNOs):
ppm My, 39 M)0.06gMm, |9415969 64T8BSIBd V. |Cat al yst |0.1536 g Mn/g
Preparati ons (Oéﬂﬁﬁg)K/I‘g[LMj’?sj_Lb,_Mll@ 11 14 13 14
Promoter soln. 2, g. | 0.3981 0.2488 0.3173 0.3070
Promoter soln. 3 KNOg Cs,S0, Cs,S0, Cs,80, Cs2804
0.3867 g K/g | 0.7346 g Cs/g| 0.7346 g Cs/gr 0.7346 g Cs/g
Promoter soln. 3, g. | 0.4892 0.2148 0.2864 0.2759
Promoter soln. 4 CsOH CsOH CsOH CsOH
0.068 g Cs/g | 0.068 g Cs/g 0.068 g Cs/g
Promoter soln. 4, g. 0.7807 0.8470 0.1272
2™ Silver loading,, g. | 6.69 29.15 17.80 24.11
Total Ag loading, % 31.5 32.9 32.0 32.7 33.1
Promoter 1, ppm K, 1410 Cs, 709 Cs, 368 Cs, 552 Cs, 348
Promoter 2, ppm Mn, 151 804, 132 S04, 104 804, 150 804, 99
Promoter 3, ppm Mn, 39 Mn, 67 Mn, 94 Mn, 64
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First Inpregnation Mddified carrier DJ KL MN
Carrier, . 71.90 66.70 82.79 67.57 64.56 Silver
wWo@sara1am ne 365 368 259 298 263 sol ution, gPCTEEPNL/017103

Ag | | 9 7.25.47 26.26 % Sol
dgnlsintfl? g/cc 1, %blg?\ﬁ.?%fgajgsﬁlpr&ga@ [PRS &Ry |00ng nq,

Calalystblob2 1/7.41017.35 131138 16. 2415 [ ver 1{dadi ng, %14

FiesT Ipré@natioh/.[3 16.5 20. 1 Second| | npregnatlion Silver

Magifed aaeieaib neJ365 367 269 298 26B solutiagM q. N
C ter | n71.920 (NH )| @8[FPA ( NhIB2.EDTA Cq 6%807Cs SQ @56

Silgey oxalpte) amDEABES 0. 4 EEWq 0.1008% Cs/ g 398005 g [@8Cq
| sofytigm@s Cs/ g Promoter sioln._ 1 al 0 8574 H 0058 2 78

Weighigira in b4 ZWBnDt er| BBn. 2 MRAOs) I\/r(zﬁlé7) Na [§6-26

°I\Ja SO-Na—SO-Q. 1536 36 n 010450 g-N4d/l¢g
Dy
T

: orptde:
oJ UO =1y O L 4. J rJ— [ I vIToO
Silferdodding, % 2o JR7.0" ot (N0 a6 o B oo nli1G,

[SSBAiaee [T Wl Vi pr bl or ol 1S | 18
1! 326623, “'uuc 1Ededm, o [ 1338, & L1624
S
0.

|
51UI | .
SS7TyoTT O ST g—T 1oyt o1 1o,
;se\afe a6 0.2134 Prongter soln.|4 CsOH Cs 068 (g
a t»’Qﬁ‘]m Jg@g,’g Prongegl SO M2 J. 0.(G8d4 0. 77032
soﬁhbﬁ/@r oadi mg,, g. 7.184 16.21 [16.32 12.31 15.39 Tt al
PréloteOstiH. A,  YqNI)ED DA . [ANHG,EDTA/ | 05,80, 9 Priasser 1, | ¢iso,
Cs, 276 Cs, 354 EOTMEA.LSEDWES CS0054A0s/dPOCI00E € Cs/8),0.1005 g Cs/g

PropoteSOh. 1./8 $Q85706 NA,0.9888 Na, | 22278Na, 2 2519P% onpt |e1.8948

Pr@notppsainVa, 47MNOsB4 EDMUROEES 1 Ba.080ExanpNesSCL- 5, | Na.SO,
cat al yst nunp8183619 5 310c158@9t ed| &P450reeNag AdHEA HNa/g 0.0450 g Na/g

not ed_in_TabllMn/g Mn/g

Promoter soln. 2, g. | 0.2122 0.2478 2.3342 2.8465 2.1598
Promoter soln. 3 Cs,:50, Cs,80,

0.7346 g Cs/g| 0.7346 g Cs/g
Promoter soin. 3,g. | 0.1916 0.2134
Promoter soln. 4 CsOH CsOH

0.068 g Cs/g | 0.068 g Cs/g
Promoter soin. 4, g. | 0.0874 0.7763
2" Silver loading,, g. | 7.84 16.21 16.32 12.31 15.39
Total Ag loading, % | 32.4 33.5 28.9 27.5 32.9
Promoter 1, ppm Cs, 276 Cs, 354 Cs, 436 Cs, 435 Cs, 440
Promoter 2, ppm S04, 78 S04, 96 Na, 223 Na, 222 Na, 225
Promoter 3, ppm Mn, 47 Mn, 64

EXAMPLES 1-5

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

35




10

15

20

1 Irgtial ©ugdt B0
83 1%B3. 5
-O"l']t.li' Tenp.
Tempgyatur

to show the effects of the various post treatnent

carrier

nodi fi cations on catal yst activity,

ef ficiency

waep@sloziagevi ty. Conparative Catal yst 2 has no pdres2004/017103

al kali net

al

silicate or washing. Table V. Catal yst

Performance Over Time Catalyst 1 2 3 4 5 Conparative
Carrier A B C [TabldVpOeralyS:PD@fsrmanoe)est 'n|m@(ygen | |

onrgen-1 11

ﬂ/\ldan

IL (‘nn_dlflnn_Llnlng

’) nnnnI:

pp t 2

ppm ECI

Com, rﬂveq

l‘FeICI b=

\I_
]

[a} il |

9% me EC ;

T Ot

154

a4

m 5

a)

Ry —10
1.0

e | 13

F
1 eanra

ChT12 G E
Pl@)&}/%&r!&) %H;I‘FEG Da))@gﬁ |l| m N?xygen-lll

LaVinitfl PP
RdiEmetel)

B gomlLey;
% Ddyr8 t

42* pAEC; 4
[ 1296 24

B LED
J0 288, 251

() Fihainal
Pdafidiers? 4

Oappre ECE
0 258624

O Z.pgﬁﬁ)EOl,
/ Thap28 af]

b 12 pprd3 BCP; |

ECE pord BECE gb
gor NCe DBgeo

Y 6 bpRECH; 9 ppm
At UND; Day 10

0@ ppnDECI{ 79
| ppnt N@J Dy 18

FIG’Iﬁ*‘n ECI; 14
o) NO; Day 24

85. 5.884.
Days 52

3 811.89 Fi 1
4 20 9 14

ur éaly 2€)
al Efsfl. (
E (9% /

% SR® 82,
lay -0 007 -

D 86. 2.00
. 0471

ZY

E‘?‘aﬂpt Fon

.063 +0.0

al vyt
CAT

(2]

+0. 2403 - (
35 -0.133

whi r~|r1I A

). 82P4Day
+0. 157 EX

< [ald DV‘\QV‘
O

Eff. 289 /
AVPLE 6

r~| on_-—a cndi
A Al S AYAv )

Onef

hal f

Taal

c

arn%fs Wlt

hout sh

p ng,

ste

St ed 2.00

At ‘220’00

of 1.40

||uc
st aft? ouii
mol . % t

me initial

| et “et hyl

rl U\22 b= L»UIIUI L

IID I
ene oxl de
sel ectivit

o vers ;-

y of

nRtlaR Ed (%) O

Wagi.89.

270 aiM

I CT €g580 1

0 a Tgag nun

ol 813

PinalEff.q%) €

r {Be5cal

[ al ysdo

86.2

83.1

83.5

Days

52

24

20

9

14

EO (%) / Day

-0.007

-0.041

-0.011

Temp. (°C)/
Day

+0.133

-0.829

Eff. (%) / Day

+0.000

-0.063

+0.035

-0.133

+0.157

EXAMPLE 6

One-half gram of Catalyst 6, which was prepared on a sodium silicate-treated

carrier without washing, was tested in a microreactor under Air Process Conditions-I given

in Table I. At a constant outlet ethylene oxide production of 1.40 mol.%, the initial

selectivity of Catalyst 6 was 79.2%, but increased to a maximum of 80.2% after the catalyst

had produced 20,000 pounds of EO per cubic foot of catalyst (measured for whole pills).
The initial temperature was 258°C, but decreased to 254°C by 5,000 pounds of EO
produced per cubic foot of catalysts. Temperature was 256°C at the maximum efficiency.

After 25,000 pounds EO production, the ethane feed was decreased to zero and the ethyl

chloride decreased to 1.2 ppm. Under these conditions, the efficiency decreased from 80.2

0 79.9%, and the temperature increased from 263°C to 264°C as the catalyst produced
from 25,000 to 45,000 pounds of EO per cubic foot of catalyst.

EXAMPLE 7-8

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

was prepared similarly to Catalyst 7 except that the carrier was not modified with sodium

silicate. Table VI summarizes performance for producing 1.4% outlet EO under the Air

Process Conditions-Il defined in Table I.
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under. the Air Process Conditions-I|l defined in Table

S . TablT@blgn VIl egmppsestt ﬁ?’é?'f'%lr ReR@anse P PalalySEs £r Hﬂ@‘if Bf Process

CEﬁ(ﬂiﬁonsQI M bor%tth I@ul‘ﬂetMt léﬂé%)@dé\/bm 4 M1 los. @t@ﬁstﬁﬂi%ot receive the
Eg@ Cat al 7 77.6.77.4 77.

w n%@a@ﬁnﬁ y@{t g rémys?%thre a9 somnarﬁovstwhwﬂams which did

redBive E%\%MHQESRQSLM% aT@@h@wN'a'fteﬁ SE AN @stdﬁ @plefHtibhabr after about 2,000

er 9-1 under Process

p&m@ FORECTIf 196t & GHEBERICGLRPRICRSh hyl ene_oxi de of 1. 4
10 % Catalyst 9 did not receive the washing
treatments, but is iptroduc her S, a conparison to
the catal ysts which -ﬂﬂtbéﬁgﬁbg%@tﬂg‘@’%ﬂ'@g Results are
catanét | alCafrierS €V €NWaEhitg Treatdfedt Al | Eficiedty % @€1] fbHpérature °C @
2, 000[ pounds of EO / cubic foot bfi.4%0alletEO Wer &1.4% Outlet EO
produced. ITabljeNodkel : Ef fect of Washi ngt.Eat al yst 265
Capri er Wishi ngAdiing/exateeivatef, f i ci pncy %8.80 Tenper at ur @58
@1. 4% Qut | et |F¥O0IC wastQut | et EQ None 74.5 265 10 J
Al nef oxaKat e/ wHiplerwater wagh; 186°C500 C r d&dt 11 |K Tri pleé4
waterlwash; 12ANC 76 7 244 dry EXAMPLES 12-14 Table
VI Il conpares the perforrrance of Catal ysts 12-14 under

ERAMPRESCEs%$4 Conditions-111 at 1.4 nol % outlet EO

Conparative Catal yst 14 did not receive the sodium
Table VIl compares the performance of Catalysts 12-14 under Air Process

15  Conditions-1ll at 1.4 mol% outlet EO. Comparative Catalyst 14 did not receive the sodium

silicate modification of the carrier.
Table VIll: Catalyst Performance

Catalyst Carrier Day Efficiency Temp. °C
%
12 L 8 78.20 253.0
58 76.76 260.5
13 M 8 76.44 256.7
14 N 8 73.73 267.1
Comparative
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element, other than oxygen, having an atomic number of 5 to 83 and being selected from
groups 3b through 7b and 3a through 7a of the Periodic Table.

8. The method of claim 6 wherein the said efficiency enhancing promoter is a salt
of a member of a redox-half reaction pair.

9. The method of claim 6 wherein said efficiency enhancing promoter is a rhenium
component.

10. The method of claim 1 or 5 where in said alkene is ethylene.
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8. The method of claim®6 wherein the said efficiency
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14. The method of claim 13 wherein the modifier is a sodium silicate with

stoiciometry, Na20-2.6 SiO2.
15. The method of claim 1 or 13 wherein said modified carrier is washed after

calcination.
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