WO 2010/ 123856PCT/ US2010/ 031694 EPDXI DATI ON REACTI ONS AND OPERATI NG
CONDI TI ONS THEREOF FI ELD OF THE | NVENTI ON The invention relates generally
t o oper atwogospiasssdati on reactions at a 5Spreferred oper &cirrug2@omngicvi on. The
invention also relates to nmethods of determ ning the preferred operating
condi tion. BACKGROUND Y, | re known for a
multiplicity of utiIitﬁEggﬁﬁﬁhy gﬁ%éggFggﬁg#g§6%8§§%%gﬁg$ is used to
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of ol &f i NBeferted bperpiirgse@ndRRionl T yEvntits hidg rdupperhetiod d\Rterbasedtheat al yst s
is known. By introducing a pronoting anmount of rheniumin the silver

cat al yst ,PrefeEed ppsratingc3ndyiont he epoxi dation reaction can be greatly

i nproved. Epoxidation reactions are typically carried out in presence of
gaseous reaction pronoters such as chlorinated hydrocarbons which increases
20t he ef fBACEOGROUONDOE THHABNVBNTIONr sil ver catal ysts contai ni ng rheni um
in addition to increasjng efficiency, .increasi.ng the. anoupt of chlorjnated
hydr ocar bons typicé$ﬁ¥kpgepéﬁ§@§ Pﬂénéﬁﬁ%WWﬁ?hﬁgy?‘@ﬂgﬁéxEHQ%WSHXF@a i on
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mai nt ai ni ng constant al kyl ene "oxi de” production. The prior art teaches that
epoxi dat i awtifreezgc aridompremmninp golyasteafibavaxiduesmsopfdnicivefactantst glacelethser. at ur e

by adj ustin he concentrati.on of the chloripated hydrocarbops. This can
"ead to rifol oo RER U PP G B O R S P Bap s o)

t enper at WirepyléRadidtd ah®@ pblfpiopRae polysthe Opol PME Mwikibh fleiuded indpvlRfrethi@ cat al yst
and hence deactivation of the catalyst, and al so cause difficulty in

mai nt ai nikegyreeraRphetioss-hyl ene oxi de production rate due to the catalyst's

strong act Ivity depﬁﬁ%‘?&&%t@ﬁ' of Qlk?fehg 8x1|dgsv 1|a catalytic epoxidation of olefins in the

presence of oxygen using supported silver based catalysts is known. By introducing a

promoting amount of rhenium in the silver catalyst, the efficiency of the epoxidation
reaction can be greatly improved. Epoxidation reactions are typically carried out in
presence of gaseous reaction promoters such as chlorinated hydrocarbons which increases
20  the efficiency of the reaction. For silver catalysts containing rhenium, in addition to
increasing efficiency, increasing the amount of chlorinated hydrocarbons typically increases
the activity of the epoxidation reaction. As a result the reaction can be conducted at lower
temperatures while maintaining constant alkylene oxide production.
The prior art teaches that epoxidation reactions can be run at maximum
25  efficiency at a temperature by adjusting the concentration of the chlorinated hydrocarbons.
This can lead to running the reaction at a higher than necessary (or desirable) temperature,
leading to increased risk of over-chlorination of the catalyst and hence deactivation of the
catalyst, and also cause difficulty in maintaining a target ethylene oxide production rate due

to the catalyst’s strong activity dependence on chlorine level.
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condition of an epoxidation reaction over a catalyst containing silver and
a prdooti ng anount lofone hmbbdiment) atrthethqgt efSpndeingd armalggseooside is provided.

chl ori ne- ontahq%%gg@%onnter S egjes.is %rovided.lT e net hod igcludes

det er m ni T S IR BRSSP g PICioR AUy Crb PRI 1bYEYE. Sro SREnd dusi i on
reacti on @formeldon@idifg pRimmapadits &k alsysforedlcaaiydi amtghiheclivarangas val ue
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char act erfrgmgtipgamement @é riepato (eundergohan epoxidation waeféonodt adietaperatingo about - 4
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al kyl ene oxide in the reactor outlet stream in nole percent.
The preferred operating condition is characterized by an efficiency of the epoxidation
reaction toward the alkylene oxide where the efficiency is lower than that of a maximum
efficiency achievable at an operating temperature corresponding to the preferred operating
condition.

25 In another embodiment, a method of determining a preferred operating
condition of an epoxidation reaction over a catalyst containing silver and a promoting
amount of rhenium in the presence of a gaseous chlorine-containing promoter species is
provided. The method includes determining a derivative of efficiency to productivity of the
epoxidation reaction as a function of overall catalyst chloriding effectiveness value at a

30 fixed operating temperature. The preferred operating condition is characterized by the

derivative which is in a range of about -1 to about -4 when the efficiency of the epoxidation

reaction to form alkylene oxide is expressed in percent and productivity of the epoxidation



In yet another enbodi ment, a nethod of determ ning a preferred operating
condition of an epoxidation reaction in the presence of a supported

catal yst wonoewmnsssg silver 5 and a pronoting anount of PlEAISaeMi0BIcHHe
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val ues corresponds t he preferred operating condition. 15 W

These andndtpheductivift off the eperdgatipngeacting ahahveast tigeesovsfalk ¢agalpt ebleridingnvent i on
w |l beca etter underst.ood when the.follow detai l.ed. descr.iption is
Fead wi t HesbeyenoatEo Sl RERRlealiSiug el i R R S e BB 20t or s

r epr esentmiik@nperfitiend0vdliy auBhatst tehijRraiidWong the fkteIa6 d2t. The method FI G
1 is a flowhart of a nethod of determ ning a preferred operating condition
accorl@i ndurtberdpgpdasrelsetdngod ranpe opeféisisRey vHvesiowenthan the maximum effigigneyy js g

fl owchart f 1.0 red. i jtion
heoor d ng s ISR dTRHAthCS va(iEL EOTBUMR  pRIE SRR AR RENGH
i 'l ustratreamionfthan thhtaichief atéé fvihen éreporidatidisiteagionds opérutetl yit mhx@munepoxi dat i on
reacti on gbt.ai ned using.the nethod shown in FILG 2, in accordance with
embodi merffldcigicytand %F@%@ﬁttte‘inﬁ%réﬂltr‘?-oﬁ}e range of efficiencyryalyies£ofrgsponds bkart of

yet anot hetr.fed gggamg Qehfign ning a preferred operating condition according
to enbodinments of the present invention; 30FIG 5 is an illustration of a

pl ot 16f efficiency against productivity of an epoxidation reaction obtained
using th hown in FIG 4, in accordance with enbodi nents of the
present i > WD 2010/ 123856PCT/ US2010/ 031694 FIG 6 is a

flowchart of a met hpgs@ind@h&r BhiidGaspedl, h& hl R RREbAthE PeseRNAdntion
according to enbodi nents of the present invention;
will become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

20  throughout the drawings, wherein:

FIG. 1 is a flowchart of a method of determining a preferred operating
condition according to embodiments of the present invention;

FIG. 2 is a flowchart of another method of determining a preferred operating
condition according to one embodiment of the present invention;

25 FIG. 3 is an illustration of a plot of efficiency against productivity of an
epoxidation reaction obtained using the method shown in FIG.2, in accordance with
embodiments of the present invention;

FIG. 4 is a flowchart of yet another method of determining a preferred
operating condition according to embodiments of the present invention;

30 FIG. 5 is an illustration of a plot of efficiency against productivity of an
epoxidation reaction obtained using the method shown in FIG.4, in accordance with

embodiments of the present invention;



FIG 7 is an illustration of a contour plot of efficiency and productivity
as functions of overall catalyst chloriding effectiveness val ue and

t enper at Wwe,20ubt2a8sned using 5 the nmet hod shown in Fl G 6PCirusaciooswance with
enbodi ments of the present invention; FIG 8 is schematic

di agram of a syst emIGo6 ipa fidwchargofad wythed ef detetieinmgeaqireliengd bperatiixodi nment s
of the present invention; and FIG 9 is another plot of efficiency
agai nst EBEHeR PHKA NG fo eRbePBENY f thsPreseatVeHIONaccor di ng to enbodi nent s

of the present invefy §f axf1k ohlER C%ﬁlﬁﬁ) iciency and productihfﬂ%as typi cal

epoxi dation reaction, an a §/1 ene, such a yl ene, reacts wt xygen or
an oxygerfustgivhabhovagalesalyst qhteskernrefatfivenesupgoe drelkesipbrane, adtahgdsisingn a

reactqQr to forman alk .0xi de such .as et hyl ene i de. The epoxidation
Feact Pon e retgd SRR Ra L ERER: D A6 TrneE Pl cstbodmERS pfthe ProsgBuaRRD: 1y
"yield" and/or "selmet RBYY dchem@tic 4iRLraBPE Q@@eh%r?ﬁﬁifﬁ%ihgﬁlkylene oxide The
activity of the epoxidation reaction can be quantified in a nunber of ways,
one bei ngcedrdingdd empedicmnts dfthapiesdng yentiord@ndont ai ned in an outlet stream
of the reactor relatjveg.to that. in.the.inlet .stream (t.he | e rcent of
a1 Kyl ene oxi de | n (MG P S et QLhPRmre Bh0 PERT- R R SRS
approaches zerngadiohCabidindtoleenboliBndr@ast the piesdmeivahtlo® 1S mai nt ai ned
substantially constant; and another being the tenperature required to
mai nt!&i n a given rate of al kyl ene oxide production. In many instances,

activi tyﬁﬁ@@%gﬁgﬁ@qperi od of tinme in terns of the nole percent of
al kyl ene specified constant tenperature. The activity
can be defined as tlhe tygadtepoxidatirereh@ivar aisalkhlenalskyt snehyem rahetsfvatimat i on
per unit of catalyst volune in the reactor, Alternatjvely, activity can be

measur ed BYSE PLAHCPIEANEPNTIRES HTePEE IR OF BHHRACERC 16V GARRFHINGr BRIt Pon of
a speci T 116fn GRARYAAL ofRIQUAPLAEANIER] o UKV HRDoRAGH relldfdh &R 181 Y1 ene

oxi de, given othér conditions such as pressure and total noles in the feed.
The dboduhtiagietiyedbin teings afeactivign, Toducheag Ul ‘giebl” antier H*sdestivoy” ofahe

normal i zed g’@ by the. amount of catalyst. In many instances, productivity
can be exX{f %%”%Ct}ﬁﬂ' es or kilograms of alkylene oxide produced per hour

per volune of the cplealysity @S ep&ddAfontBR(BACKEH: YRIkifRd Of a hiv@b&esact Or . I'n
certain instances, the productlwt])l/( can be expresséd as WO
y

2010/ 1238%sPcmelsithe o®igpacent of alkylene oxide contained in an outlet stream of the

reactor relative to that in the inlet stream (the mole percent of alkylene oxide in the inlet
20  stream typically, but not necessarily, approaches zero percent) while the reactor temperature
is maintained substantially constant; and another being the temperature required to maintain
a given rate of alkylene oxide production. In many instances, activity is measured over a
period of time in terms of the mole percent of alkylene oxide produced at a specified
constant temperature. The activity can be defined as the reaction rate towards the alkylene
25  oxide formation per unit of catalyst volume in the reactor. Alternatively, activity can be
measured as a function of the temperature required to sustain production of a specified
constant mole percent of alkylene oxide, such as ethylene oxide, given other conditions such
as pressure and total moles in the feed.
The productivity of the reaction is a measure of the reaction rate normalized
30 by the amount of catalyst. In many instances, productivity can be expressed as moles or
kilograms of alkylene oxide produced per hour per volume of the catalyst measured as the

packed volume of the reactor. In certain instances, the productivity can be expressed as



nol e percent of al kylene oxide in the outlet streamof the reactor at

speci fied process conditions such as a space velocity. The "selectivity" of
t he epoxiweatom2sssact i on, which is synonynous with "effiPcirarsegiov3reefers to
the relative amount (as a fraction or in percent) of converted or 5reacted
ol efi n t haslefpercast &f afiafidneaitliderin piicodlitlet strdaar ofakarqak®y at dpecified piaweancy to

al kyl ene oxi de" refers to the percentage on a nolar basis of converted or
react ed HORGISALSUCRAS 2PBRNYCHCY! ene oxi de. "Deact i vation",

as used herein, refglSliQe@iReh %xi‘d??én bt Wtdns %ﬂﬁ‘/n?ﬁagﬁ! {1 ency

that is a decrease in activity and/ efficiency that canno e recovered.
Lower 10ratfesencly,”defact ovk retmivamsmogen@s alfilaytiadesi ingbicent) theorivgited d* of

al kyl ene oxide refers.to the net nunper of nole f .alkyl ene i.de produced
by T e prEtueboltin BBy Rt PHuGe R HBh B 67 SOEFH G SVIER {he
process fqxidean¥ e %M Hdrb@ R nAnolhPBasi€sfMPon{dricdtor SRR AL AINGefeQRst thiRN" as
used herein, refers to an operating 15condition at any given tine of the

epoxi dat iadkylengaetideon and i s applicable throughout the life of the catal yst.
Wth respect to oper titon .0f,. t he ﬁ%qloxi.dat' on, reacti on, ,t he Lerm " og)er ating

condition”, as used FereiiHoT (&> e RN (SIS LD 195 PEATR A0S

fol | ow ngfGEPRINBMS 2 dba@BRRIRLEVEy anBbr BFFRSEIY Biat aithodBS rd2o Wity BPREe

vel ocity; and conposition and/or concentrations of the reaction mxture. In
sone 1&nbddierahdenctiyitionfare generplerdesirdhde-condi ti on 20can be at the begi nning

of catalyst life, e i m ' .he ' f i ting
condi tion can be a@gr36égl|§$agl%ﬁlén %%{efeﬁgggtﬂé g}uzr}abtegpf;g]toieséﬁ%%gﬁ%gnts of
t he preseaxnidd proéutd by iy moceke diveddddasthe aet medter ot mokg of biefiprfed erthed
operating condition and also nmethods to performthe epoxidation reaction at

the pref ef'?€d® Bperneivag tl&’frﬂﬁ“ﬂion subsequent to a first operating
condition. In some g PBRE Sperdie, CTRLIPBH” && el RETHH SerlrsdaSh Bg&ﬁti{lﬁ rst

operating condition prior to achi g@i ng the preferred operating condition.
| n cdbt aiconditibe at anbodémemt sf thelepoxmdathodreactioni and liugwpliaabie fyenghofit the fife

oper a1, GRNCLAL IS B0 £ SR EHLIG L 19, PLEL 1L, BT AL Dg,cand ] on.
gf f :O?lefe 2 fc\rérelgqfﬁoa”,glis VISRl KRR Ek AL (of BEprEREN) i ArhRIdf (IRABHNLRMg dnpRREAL€d at
temperature; and pressure; and gas hourly space velocity; and composition and/or
concentrations of the reaction mixture. In some embodiments, the first operating condition
20  can be at the beginning of catalyst life, while in certain other embodiments, the first
operating condition can be a period later in the life of the catalyst. Embodiments of the
present invention provide methods for determining the preferred operating condition and
also methods to perform the epoxidation reaction at the preferred operating condition
subsequent to a first operating condition. In some embodiments, the method can include a
25  single first operating condition prior to achieving the preferred operating condition. In
certain other embodiments, the method can include a number of first operating conditions
prior to achieving the preferred operating condition.
The inventors surprisingly have found that instead of operating at maximum
efficiency at a given temperature, the epoxidation reaction is operated at a “preferred
30  operating condition”. As defined herein, the term “preferred operating condition”
corresponds to a desired combination of productivity and efficiency of the epoxidation

reaction and which can be achieved from a first operating condition.



30operating condition". As defined herein, the term"preferred operating
condi tion" corresponds to a desired conbination of productivity and
ef fi ci encwoabiorizassepoxi dati on reacti on and whi ch can bePpathiSsemed3fepom a
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of rheniumto, undergo an epoxi dation reaction at a first operating

condi t i orfefSMfHRGIhgPrefeRsd apraatiig paditiong reactor. The epoxi dation reaction

I s subsequently perf,,3hBefbadinile aRh&h& B%S’Mtﬂﬂ NQyIROGHikE RMbrovided.

20Det erm ni ng operating conditions under I ch "epoxidation reactions can be
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at an opecg‘ g o ERs Bﬁomoégf\/%ﬁ???l%s %Vééﬁisﬁlgm&eﬁé?ta SHESSHE B eiiGher at i ng

condi ti orprsMbgh@ihb@ltloy reRaRR A ierdoCin YRR rdabBoOM QR opettftidky st
chloriding effectiveness value may be varied by changing the

25concentaoadition toforarma abkylensr exidpiweaogacteh| Diei apexidamemicating ip sereqeantigpeci es

and/ or the{fconchqt at i on (af Qne. or .e non-chl ori ne contai ni ng hydrocar bon
. errormed at t CPI’C e&re opfcrating condition.

speci es. RO prererre

20 Determining operating conditions under which epoxidation reactions can be
performed at a maximum efficiency can be accomplished by varying the “overall catalyst
chloriding effectiveness” (as defined later herein) value at an operating temperature while
keeping other components of an operating condition substantially unchanged. For example,
the overall catalyst chloriding effectiveness value may be varied by changing the

25  concentration of one or more gaseous chlorine-containing promoter species and/or the
concentration of one or more non-chlorine containing hydrocarbon species. It is preferred
that the concentration of alkylene is not varied. It is most preferred to vary the overall
catalyst chloriding effectiveness by changing the concentration of a gaseous chlorine-
containing promoter species, for example, by changing its feed rate to the reactor. Ata

30  particular overall catalyst chloriding effectiveness value, hereinafter referred to as an
“overall catalyst chloriding effectiveness value at maximum efficiency”, the epoxidation

reaction exhibits maximum efficiency at the operating temperature, which is a maximum



that the concentration of alkylene is not varied. It is nost preferred to
vary the overall catalyst chloriding effectiveness by changing the
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condili on conpri sedn@peeabpdigenh perfpmping thegpogidatipr roapiqnat|the prefesggd

t enper at . . I I : [ | . LLd LS
further Cherub BB STRaRbIRE bperiif AL FLRLEEE s ARSI ANMAIALANERbE AR 200 ) e
and the ma¢iembaodihdnt,chepeyersdhipensibp eomditiamnisdpeliatchmgctangielairiswerall
corresponding to the preferred operating caondi tifgig is the Xi mum

15ef i ci SHEYYAENPEGABICHCLHEBPSS PROCSARNGTBAEIUEhCIEGHAFY FONYARS X AR pref erred
oper at | o EARdl bk A RCRErel RIS 1R Rbled GBLANS LorkMi & s Wl aximum

ef fectiveness Vval ower. |n~“one enbodi ne y the overall catalyst

chl orlibdi reffie@édeycichicenids sndealtheesagivaghadioneoddifibey srthe pefeveeopetuingr ef er r ed
operating condition and.those vyieldi t he imum effjciency. kyl enes
onpl oyed RTLBHREARC ISP e L <pPLSLAToT e R UReAPS YabEIarPatE e S by ¢ he
fol I oW NnGpfuyaiém, dly the-dveralll datalyst chloriding effectiveness value should be different
between the preferred operating condition and those yielding the maximum efficiency.
Alkylenes employed in embodiments of the present invention are

20  characterized by the following formula (I):

?{f_i-i__; 5'-{2
H

M
where R; and R are each individually selected from hydrogen and lower monovalent
radicals, preferably C,—Cs alkyl radicals including methyl, ethyl, propyl, butyl and higher
homologues having up to six carbon atoms. In some embodiments, R; and R, are each

25  individually selected from hydrogen, methyl, ethyl and propyl. In one embodiment, both of
R;and R, are hydrogen and the preferred alkylene is ethylene. In some embodiments, the
alkylene is propylene, where R; is hydrogen and R, is methyl. The corresponding alkylene
oxides or epoxides produced are preferably characterized by the following structural

formula (II):



where R1 and R2 are each individually selected from hydrogen and | ower
nonoval ent radicals, preferably Cl-C6 al kyl radicals including nethyl,

et hyl , prwpybio/tasgs¢l and hi gher honol ogues havi ng up t oPsTAUSC@0bBIBIAL ONS.
In sonme enbodi nents, RL and R2 are each 25 individually selected from
hydr ogen, nethyl, ethyl and propyl. 4n one enbodinent, both of Rl and R2
are hydrogen and the preferred al kyfepe is ethylene. In sone enbodi ments,
t he al kyl ene is propyl ene, wheteRl—+< Hhy&yrogen and R2 is nethyl. The
correspondi ng al kyl ene oxi des or epoxil|des produced are preferably
characterized by the followng stractural forrmula (11): WO

2010/ 123856PCT/ US2010/ 031694 (I1) where R1L and R2 are identifiéH)herein in
connect i opheit RpatdR, 41€ adehafibd Bérkinl ifREnndction MM tenRacthifitdend g sahmky! ene
oxide is ethylene oxide (i.e., RL and R2 are both hydrogen). In certain

enbodi nerfibodimenty|thgalkpenexideisicthydensmxideécoRi aed Ry arg bothirydrageny dinogen

d R | t . v al ' Lnel i ith th
Formura CF ifsbimed e SEIOR, Blike BPRLANE GUAES. KR MR HERI L S sen
and | 6wermemhpioy Oklentxemnplasalbyleps @fi¢rsdhdlydeGixi@s itk e fomaile alls where R,

Sui tabl e reactors for the epoxidation reaction jinclude fixed hed reactors,
fixed bed"fibirasachdadivigrally @qurfméwg%w aRfl loxigk Moagralgt adiesdyR) | 1 ui d

bed reacHgé@H@BgC?{%gﬂ%ggnmgﬂgety of reactors that are well known to those
skilled in theart. The desirability of recycling unreacted feed, or

enpl oyi ng a si ngl e-Yesblesyst@nforshe emixndption ceetisn inelude dickd bedreactoisncr ease

al kyl ene conyersi.on by enployi.ng reactpors in serj rrangenent can al so be
eadi 1y dOCHPRT Ryl achibsolinus e R I Pr (e DB H et
vari g9 dep@pqhisy 8N rdab@rd@si 48 wefl KhBen ke kO tkill&lin the alky Phe abdimbility bhe
range of about 1600 kPa (kilopascal) to about 152500 kPa absolute.” I n sone

enbodi mereeyclinpenigaetsd tped, @femeyingasingle-pass pystamrangagoiccgbovd reagélskPa t o

about 25Q0.kPa absolute. The t erature of the reactor is an i rtant
QO 1NCrease F.elyi onversion ﬁg‘?ringﬁ)y}ngare%ctors 1N SErics arran men?caélt arf%obe

. qu_ﬁ
oper ati ng par aneter. € epoxi ctionis carri ou

t enper at yeglilyhRterinsnadtsfBo@bkiledtin HRast TRAVictidAYrassir@Rariey @&pefidhs ¥n ale

| east about 210C, and nost preferably at | east about 220C. Reactor

t enper at ulesign of thegeasprebutiafypigsdiitin Soomasraf abpews 90P &Fa (dippatnab thpkewr abl y
not mmr e Jspg @Fégﬁ%ﬁut@9ﬂ%on?é”'&nmhgﬁwﬁ£ ,%B@anegé&fe BBhe TR i{1A ﬁi?%%f ASHAC.  The
tenperature of the reaction can be neasured at various points thin'the
react or, I800kPasq atwut 250 kiPa abisdlack. tThe ttrappetuad off the &tactohés avihgloytaht bed or
tenperature of the gases_conprising the outlet streamfromthe reactor. In

certain EWPSBUNEBARECIE 58 FROTIARPEIHODI ErEURhOHSt AFFmRTrEtedBYiiant
tenper at WrErefBly ﬁq%pgdoﬂ92@(§’)d, %r@ﬁ%k&gﬁly LERRELBOMB 0°C, and most preferably

at least about 220°C. Reactor temperatures of no more than about 300°C are preferred,

20  more preferably not more than about 290°C, and most preferably not more than about
280°C. The temperature of the reaction can be measured at various points within the
reactor, such as, but not limited to, temperature at the catalyst bed or temperature of the
gases comprising the outlet stream from the reactor. In certain embodiments, a coolant
temperature such as an inlet coolant temperature corresponding to the coolant temperature

25  at the point where the coolant is provided to the coolant side of the reactor can be used. The
particular mode of operation, for example, conditions such as temperature and/or pressure,
selected is usually dictated by process economics.

The epoxidation reaction can be air-based or oxygen-based, see Kirk-

Othmer’s Encyclopedia of Chemical Technology, 3rd ed., Vol. 9, 1980, p. 445-447. The



25at the point where the coolant is provided to the cool ant side of the
reactor can be used. The particul ar node of operation, for exanple,

condi t i orsO00M123856t enper at ure and/ or pressure, sel ect e®CraSes0AB1694

di ctated by process econonics. The epoxi dation reaction can be
ai r - basemxgpgermnengerprovdatito the prdéedski@phremolesul inaeyygkopeditarnafivdbheriaa al
Technol ogy, 3rd ed., Vol. 9, 1980, p. 445-447. The WD

2010/ 123856 URIDNG/295 MelAciB (RrgEAs ey UBBeIfHogAHRY P INPIREfioYeess as pure
ol ecul arcoRipbAaft. f6f c@hipil. RAldUClifuen®S s QRUARRA GUH T, RiihnB A HASH €1 1

t he gas may fUrtHer contaif one or Iore gaseous components, ftor exanple,
gaseous ditidemtesssentialhy msrtrwitlr iegees toltbe pxiantioreproegse, Samtablaoxy@en- whi ch are
essentially inert with resﬁpe&tiqd.éo he oxi dati on 2Er.ocess. Sui t abl e oxygen-

5cont ai niTYPYHLE BHIPIHLS Ui v AW oS IOFYECTE HE R G SRS CBHCRIN A Yas can

contai N QRGeQ tHEXORoRIngtAgedu9 bbRPbRGIASIBAMS VREPONEH Siokiae! Hdiagouat er,
carbon di oxi de, and various gaseous pronoters or their by-products. The

oxygen ca@aseons peamaarsion theieby-pradu¢tonThe setyigee comeniration ivls reactigndeixteaage. | n
practice, flanmmabili ty of thg reafti ?]n m Xhure ﬂjz a maggor. gonsi der.ation

whi ch card™ WY OVHe BLY §aece JhREISHFal BN IRy S5 HS 'SHESAHERTS™ 4 %xy gen
10concentdoatid@ntiom waichlcam simiedhe vk ygenhend@fiée nin, sogRbniBodan @€ ftes @Blgyn at

| east about 2 nole percent. In certain enbodi nents, the oxygen

concédft r ZoneAntiagoms ay feask about hawlepsseant. pyd mre preéeraklytat leasfcrbawt 2mgleef er abl y

no great %’eréeﬁarﬁn%gﬂ%'ﬁl af‘:g)‘lﬁ)oﬁﬂh&t{,) ﬁﬁeec(r%@gg? I:o&c@&re(t{%%% hQBreteX itihSibout 1 molge

The al kyl'ene concentr onin ron mxture can vary over a5 W

range. | rpesene aadrhotk pefirshly hbgrakds yhandoaot@oler mideanof the adacli@asiixtaleout 18
nol e percent, 15and_nore preferably at | east about 20 nole percent. In
certain enbodi ment stheteY S FOBRIATIPR H BF reACkON BREUTCFaR Ay QYL £ VBAC ni xt ur e

IS no gregiges 1hhghe %91‘13HHin%Qts”Hle%ﬂ@%xf‘e%heen%ﬁﬁoMra% 1RAEEBH AN ﬁﬁo%ﬁg[e%eﬁét er

t han about 240 nole percent. The reaction mxture may further c ai n ot her
hydr dSar adspors potierablyet kastebolthz) melegteioeet. vialcarteinreinodabénts, dfe al kyl ene to

oxygen in the reactj m xture 20.can.range i n accqQrdance with any of such
onrae ooty ot ARyEa i A FORARETS by B o ARe ot el e 1 s
oxygen i mntheork BREEMLBIY ¥l FbHERhERILONBLY nfolOperadd@UTThd fehelich btk md/ 1.

Li kew se, the quantity of inert gases, diluents, or other gaseous

conponentfyrtheygontagsothert ksidrocaghopsrsuel ax¢thene. gaseous pronoters and gaseous
by- product i nhi bi toj:}i n v e wth kno convent i. gnal

. ’rel% 1ye V(%r %e.rﬂ: rg‘ﬁg 8f qggl%ne to, OxXygen m the reaction mixture

ranges as found in e arY. g n soire er‘r%o Irnments, ?Ihe ca{élf:ys 'S a
SUppQOt ectas ddrdle s hecoflint@hfi® afyippPQUch kiBhardoal éhtiohaltvaRiesarapiyaty, @an i ncl ude
porous refractory carrier or materials that are relatively

volumetric Tatio of alkylene to oxygen in the reaction mixture can vary from about 1/1 to

about 10/1. Likewise, the quantity of inert gases, diluents, or other gaseous components,

such as water, carbon dioxide, gaseous promoters and gaseous by-product inhibitors, can

vary in accordance with known conventional ranges as found in the art.

25 In some embodiments, the catalyst is a supported catalyst. Suitable support
materials of the catalyst can include porous refractory carrier or materials that are relatively
inert in the presence of the reaction mixture introduced for epoxidation and the product
epoxide, and are able to withstand preparation conditions when converted into catalyst. For
example, support can be composed of alpha-alumina, silicon carbide, silicon dioxide,

30  zirconia, magnesia, pumice, zeolites, charcoal, various clays, alkaline earth metal

carbonates, such as calcium carbonate and mixtures thereof. In one embodiment, the

support is composed of alpha-alumina.



inert in the presence of the reaction m xture introduced for epoxidation
and the product epoxide, and are able to withstand preparation conditions
when conweotet/i2egse cat al yst. For exanpl e, support can PETASAPONBEHIOF

al pha-alum na, silicon carbide, silicon dioxide, 30zirconia, nagnesia,

pum ce, zeolites, charcaalmanyavdloluswal aythodabikatparmgaappditsinitatile c@nlonat es,
such as cal ci um carbonate and m xtures thereof. In one enbodinent, the

support 18 3By Sl SAtaARISBh 2 /et SHE mev@d%@rfoiﬁ&ez@s%@péﬁmsmmﬁb%mg4 _
There ar @a’i@lg"yél,w,h?if'l%,ﬁ%g 9,@8'@95; PILRAN, @,@3?,@9?315&&@ bt ﬁpﬁ&a;@ge,use in

al kyl ene oxi de ‘cat’al ysts. “Song of such nethods are described In,

exanpl e, dd.afphaRdtmimasudp@7ex, dt 3ehst 94 FOB1rHil 8an br, 6B rédby cbnpBMdIFAMisingB1, 037
and the I'hke. For .ega |l e, an al krllg l.um na support . of. at I%ast 95 % purity
can be prBpEPCHHACrIBLING: Ny EATIAES SOHE P ER ARrPE b G, don.

dryi ng anghr@ndi@hmhRERRRLHIYEnEBIC NS Bfke alghaldMifinddSKded(HHewish ditfeldng raw
materials usually include one or nore al pha-al um na powder(s) with

di f f er entprppasiiess & clag;tyee whigyiak which maty deiadtlednis tohdardy preeideddesicastivigtber to
provi de physi,cal stren d a bur.nout material. (usual |y an .organic
onpound] adariort PRETH s REy SRl SobpPYS bl oM i P e e S

di stri butgopskitgfah@lor pbi2 si2M@MAbuttbirdfRgitt Rendal @&rnggth@aalsﬁl@@on kbe TEd evel s of
inpurities in the finished ‘s‘uEport are determned by the purity of the raw
mat erllal devpdeef impygtienia the faighedesugpory aresdetqrminad; barthe pviitypf therapaneaterias i on
step. Co [ 14 I e;sili | i..an [ I t al
oxi des an ’ragg%ﬂn%éég%s&%%lalr?@? igrbqladﬁgfltl rtﬁeﬁ%ar%%}é%a n-S(t: n%ﬁlﬁ% hgﬁj d]ﬁ fﬁls E[/Itgag,rre
Anot her neé¢lhodsificr, ajiab pad alkglice supoethl dxaddsrgd pacd araohas bfymstal hraddbrenon-
properties for alkylene oxide catal yst usage conprises optionally mxing

zi r coni urlAB-f3iRige éd%ﬂm- b%@slaﬁrtr%et%%ﬁ%r REPRALDO ﬁﬂppaﬁdmmggﬁémﬁéﬁyum na,
pepti zi ngy{hge ?fd?@hﬂ:@%oﬁ’&lﬁﬁer?e SRickd Ui fy s AR B Qis@srbﬁ%hglfm%&fg,@%%ﬁurﬁnd
hal i de anions (preferably fluoride an?ons) to provide pepti zed hal ogenat ed
al unlda, silonam wigh bédmiexdmping, (AYOER ind/di ggmon-apmeiss. peglizinp ¢heppninne d

hal ogenated al um na to.provide fornmed peptized, hal ogenated .alum.na, drying
e T or meti e pr o SR RAFE - FoTroBT Bt B BT Pt s ST Ut na | 90

and cal cigidi@) fohfort Bebtf08 ARdgaatidl didntnd Mﬁig{i@orr&xhﬂnge%y sRdidinest
al pha-al um na support. There have been enpl oyed al um ha which
has a verpessinghthseptized hategeniated alyminaetgqrodde iprmedpgptiied-halogeated any
remai ni ng,conponent s, bei ng.silic | kal i tal oxides (for. exanpl e, sodium
oxi ae) iR PR Mgt o PR npecido i RSty e ro el B
non- rpet alan@eakcaiing Mg daiddifdrineda@hink BPprovide§slls dfi kedfis@alphdhrafenifasppbeen
enpl oyed al um na of | ower ) ) ) ) )
There have been employed alumina which has a very high purity, that is, at
least 98 wt. % alpha-alumina, any remaining components being silica, alkali metal oxides
(for example, sodium oxide) and trace amounts of other metal-containing and/or non-metal-
containing additives or impurities. Likewise, there have been employed alumina of lower
25  purity, that is, about 80 wt. % alpha-alumina, the balance being one or more of amorphous
and/or crystalline alumina and other alumina oxides, silica, silica alumina, mullite, various
alkali metal oxides (for example, potassium oxide and cesium oxide), alkaline earth metal
oxides, transition metal oxides (for example, iron oxide and titanium oxide), and other metal
and non-metal oxides. In addition, the material used to make the support may comprise
30  compounds which have been known for improving catalyst performance, for example,

rhenium, (such as rhenates) and molybdenum.

10



25 purity, that is, about 80 w. % al pha-al um na, the bal ance being one or
nore of anorphous and/or crystalline alum na and ot her al um na oxi des,
silica, swbi2om/2Bssii na, nullite, various alkali netal opcuas2¢osicexanpl e,
pot assi um oxi de and cesi um oxi de), alkaline earth netal oxides, transition
met al oxi des (for dxanpkmbodif@nt,okd dpaithatdriahooniphi@xiadehst abogt 30tvrdghtet al
and non-netal oxjdes. In addition, the material used tgo. make the support
may conpricEEnsYPRyANBIRRAAIHISRRIFE Bk AP SWREPETi b iB\ACH leaghagley st

per f or mangey; fan)s 8%, E R Berck R4t AR PR SRR RP AR SRENPARRLR WO
2010/ 123856PCT/ US2010/ ©31694 In"one e ooﬂ ment, the support

mat er i al tboapdileebatd¢ alkelastetabbritg 80cwetcd ot threweight ofahgheppattuwhera tland
conpri_ses | ess than about 30 parts per nillion acid-leachable alkali netals
by e FgnriciERaeRET oo arP Shedultn fibity the i bord Be RS AEERat | on o
t he aci d-¢,gashabl e al kali nmetals being cal culated on the wei ght of the
support, where the 5acid-leachable alkali netals are selected fromlithium
sodi um pot assi um Brdiphaxalunes supeerepeferatie had ppere alolmiaef at lgapiorbout

f bl h | | b .3 / d )
Dot or aniQ3 O RO NS ol oo P DAY Bt LB, B0 (MBAEy pors

di anet er dismércahemtabdut Otoatbout 5b@idder ons. 10The al pha-al um na support
preferably has a specific surface area of at |east about 0.5 nR/g, and nore
prefdPably, at | eastheathharalominappppprt misterahly hacespsedis susfagampeaf atyeasess

t han abo 2 5 . . I n
oneerbododry T fi B hoR S ELAT by 16aE 3BT WO el furen i typieally i o
has at | dastthansboatb®mimt il pryfeidbay, lejtiam sbonf Rae/ghavi ng a | anel | ate or

pl atel et 15 norphol ogy which approxinmates the shape of a hexagonal plate
(some particles hadmgeﬁwaowqqgﬂée Flpha-alypynaapgryt ingludes aaticlsy epdvfent  of

whi ch (D, ETRE 2 188VEAuBBRL Y TR AR RRuBhcd IBS ol BMARL W 8@&1&‘ crons.

I n one enbodi nent, the al pha-al dm na support conprises zirconiumsilicate
(zi r dén) ,mepeslepy wWhidbstpantximhtey theshaper dartieagsial plagt(eome partieles havisg edo

support, nore preferably, .20 in an anpunt to about 4 wejght percent,
ol Cul ot &b tre PRES R g 4k HEp kb P hicn 1By hemBEH Hove MG oBHim B st
support qadqd théh MHoubymsbhabl e shape. Exenpl ary shapes of the support

includes pills, chunks, tablets, pieces, pellets, rings, spheres, wagon

wheel s, toroids havhwegesmhedisieapder dlpheepluawel wippotcempyies zaeeyumgigatche

| i ke. The_support can.be of.any.size suitable for. | 0 nt in reaetors.
For _examif R v wbaep i ERRafEma ol b dhe BB R ot lFERIE) ot

par al2bel igheagauscuy tohesut(d WeighSpbrécl|@lcahgdd on @bekight of heJuppahes (2.5 to
7.5 cnm) outer dianeter and about 15 to 45 feet (4.5 to 13.5 long filled
with catalyst, it isedqdriardpmmaisyprathfanbeafgny seitabls fareubrorpla0apRs a

ouned SR e DO SATE B BRSO LS 0BGl o
(2 cm. toroids having star shaped inner and/or outer surfaces, and the like. The support can be of
any size suitable for employment in reactors. For example, in a fixed bed ethylene oxide
25  reactor having a plurality of parallel elongated tubes (in a suitable shell) about 1 to 3 inches
(2.5 to 7.5 cm) outer diameter and about 15 to 45 feet (4.5 to 13.5 m) long filled with
catalyst, it is desirable to employ alpha alumina support having a rounded shape, such as,
for example, spheres, pellets, rings, tablets, and the like, having diameters from about 0.1
inch (0.25 cm) to about 0.8 inch (2 cm).
30 In some embodiments, catalysts for the production of alkylene oxide, for
example, ethylene oxide or propylene oxide, may be prepared with the aforementioned

supports by impregnating the support with a solution of one or more silver compounds,
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30l n some enbodi nents, catalysts for the production of al kylene oxide, for
exanpl e, ethyl ene oxi de or propylene oxide, may be prepared with the

af or enentwonet)/sgsport s by i npregnati ng the support wi tRrCa/tsed0dwn4 of one
or nore silver conmpounds, WD 2010/123856PCT/US2010/ 031694 depositing the
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to netallic si|lver, as.is well know in the art. See for examle, Liu, et

al ., U s.opait SiRET 31s 584 koasn fhide tHorst &ngample Lay o aly s’ ke No- No.
> 187, 140 i NS RAT RhSGteNRELLNI DY § FafPREES. 18FRAG i AldrYoraleli ReRHPROTL 1S
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times) wWkicPRengan¥heofSiv¥esapaFBObAE ysiak Wid ARt Skibihdidd &Mhe AIRyRhéE Q¥ht he
silver to be supported on the support in an 10anobunt greater than about 5

percent, Quyeer erantdxygembonipining gastedntcorrgypeadiog atlylaneapolet In Brafmgcenh a

greater th ut 20 percent,.greater, than about 2 rcent, greater than
about 27 BB IR air RELEREh s peO &R 0B PO e B S50 e SR

wei ght,  hasgduadsdlitigonssufitiendto dlligy ertsalysb be Tioe@t by thd fippaaumt  of
silver on the support is |ess than about 70 percent, and nore preferably,

| ess IPharmm@yptigreser hap abert Sierepat. gieateribaieabosh 1Q preceisi gypater1tBat akqys

catal yst. i Lyer i i i ! C i
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to | ess tHABNABER Clp60 TARGILY Srmorgrhiefern tesuproryssrisdbieat®st hat t he
si | ver beygghah, Weh YnddObleR1Y, BISRET Sfhe 90 bllicBne by W QMEOHEd oRBEY WEigAn the

al pha- al um na support.
15  of the catalyst.

Although silver particle size in the finished catalyst is important, the range is
not narrow. A suitable silver particle size can be in the range of about 10 angstroms to
about 10,000 angstroms in diameter. A preferred silver particle size ranges from greater
than about 100 angstroms to less than about 5,000 angstroms in diameter. It is desirable

20  that the silver be relatively uniformly dispersed within, throughout, and/or on the alpha-
alumina support.

In some embodiments, the impregnating solution can include the rhenium
promoter and/or co-promoters and any mixtures thereof. In certain other embodiments, the
promoter and the co-promoter can be added before the silver impregnation, or after the

25  silver impregnation or in different impregnations from each other. The promoters, as used
herein, are 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 desired product, for example ethylene oxide or
propylene oxide. As used herein, the term “co-promoter” refers to a material which, when

30  combined with a promoter, increases the promoting effect of the promoter. In addition,

promoters may also be referred to as “dopants”. The promoter and the co-promoters in

themselves are generally not considered catalytic materials. The presence of promoter

12



In sonme enbodi ments, the inpregnating solution can include the rhenium
pronoter and/or co-pronoters and any m xtures thereof. In certain other
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silver inpregnation, or after the 25silver inpregnation or in different
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increases.the pronoti effect of the prompter. ILn additjon, pro ers my
56 Be rismTeBaTD Bl criidl BrERE Semiting e <CheBruR Bbe | »
t hensel vesyealligr8@REsahd telle SOMLBEs RGN A thbdeCcoteBh AlaStionshe presence
of pronoter 2010/ 123856PCT/ US2010/ 031694 and/ or co-pronoters in the

cat al yst rhatorallyddeh showedtagpromnter ohute pranaaeoior dayedrasetiar ¢agibglanef f ect s on

h l.yst . f ' h .Of. . of
or ocuct | dHbH B RPIRF st For X BRI GHRRE Lyt WPRE SRR Bt ove

a suit abltge efiéc? oOtherpr@@bledind/6i10Helcd-Peorhdter srathe Dverall aeamubh & falodpdes teed
reactions, etc. Coméetl nt%ér eactions occur 5sinultaneousl y I'n t he reactor,

and dO0cr ieffigiant preductpn phihgalesirad mpdisttirecwpne ethylspe exidet Theeonsgetratjon
process i 19 o] BN gg@ﬁ i r ions. A
mat eri al %%%ﬁle@qf%{r%ﬁiraog%%t&g{hg/nogtcgﬁﬂgrpgg%c%ﬁé%{%}r@? g(rgatg a %}za{s)flg?/é)gafeacti on
can be anwidaringe idependingeonoth eesired@cietioom, catdyst rdomphanca thooteisédngponetact i on.

What is significant is that the effect of the pronoter and/or the
co- pr omot ¥R PGHIGUHE ¢ ‘@@/ﬁbﬁhe physicel wd Cﬁ%mf%behaé%ﬂtf‘é‘wfles oiHae senpert dadthe

product i ok thercdasin &ddpiopduct , for exanpl e et hyl ene oxide. The
concentration of the one or nore pronoter and/or co-pronpbters present in

t he datal yst nmay vakheroarent kastitgde typms @€ poepeerdisolgd pronidies ded gasedusef f ect on

catal yst perfor ce, ..the. other conponents of a,particular catal yst, the
Shyai val BHOCHo i HERPlt ARV B PP ST REOG iR araian e Proma g G Nat i on

reacti on GeMHEINONR - terkP I6MBtAE Smdlnt! RISE b WPah¥RR D AlcoRpOREH: 8 resSOl i d
pronoters and gaseous pronoters. The solid and/ or gaseous pronoters are

provi ded datlystsphatmernks gifedtyah to previdesadinipspedopent ithene armere of resatahgicanount "
refers to_an amunt of a copponent of t he (iattal sts .t.hat wor ks effectively
- propertes of that cata r1}/5 n_comparcd to a catziE ys[ Q contanlung Sajd component.
to pI’OVI&)e an 1 nprovenent n one or nore o € CatalyrlcC
20  Examples of catalytic properties include, inter alia, operability (resistance to run-away),
efficiency, activity, conversion, stability and yield. It is understood by one skilled in the art
that one or more of the individual catalytic properties may be enhanced by the "promoting
amount” while other catalytic properties may or may not be enhanced or may even be
diminished. It is further understood that different catalytic properties may be enhanced at
25  different operating conditions. For example, a catalyst having enhanced efficiency at one
one operating condition may be operated at a different condition wherein the improvement
shows up in the activity rather than the efficiency.
The promoting effect provided by the promoters can be affected by a number
of variables such as for example, operating condition, catalyst preparative techniques,

30  surface area and pore structure and surface chemical properties of the support, the silver and

co-promoter content of the catalyst, the presence of other cations and anions present on the
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properties of that catalyst when conpared to a catal yst not containing said
conponent. 20Exanpl es of catalytic properties include, inter alia,

oper abi | iwQ 20roeBgSsance to run-away), efficiency, acti viPCY/UScanwaress on,
stability and yield. It is understood by one skilled in the art that one or
nor e of tdaalysnd'Thré pliesdnce af adhyit activwoop etbiliesrs aymbers erhikacead opytheheatalyst
"pronoting anount” while other catalyfic properties nay or may not be
enhanced IBPIHES SVEsoElea 19 RIUMIHE §ftectSs furt her understood that different

catal ytic properti R WMNARGGEHo ﬁg p-?(%:t}ngtbfsffﬁfgﬂél Pﬁ£e%ttbgﬁxﬁ19£‘d' tions.
h e

For exanple, a cata ys avi ng enhanc I Cl ency a one one operating
conditio rethrgﬂq/netqumec]aﬂe dorapownddiof flenmint, potndinmi omidiluer ebisiun, velfimpr ovenent

shows _.up in the actjyity rather than _the efficiency. The pronoting. effect
o ov ded BYeeRGepblbtale i S Ghr putige St A R B R 25 B e as
for examlpeeifi@ REHPSH tAE pfoRitiéldiafe c&téléy@t' &Y bPhARRHAL IEX&ripRE RkSIMESromoter
30surface area and pore structure and surface chem cal properties of the

support , dohwositipyeandatheir charprtomsice as wolhbemethofls fdyéneoaperhtyng the pramgierssence
of ot her cat i.ons d anr n the 010/ 8 /,WUS2010/ 031694
cat al yst . a%hé%be Ceagarei%“é‘re S%?‘Ee 3@‘9“9&1%50? et al\é\gjag f,.ﬂ ‘]étﬁ\g % gﬁé‘ ers,

enhancer Spa@icubiriiedt c@lalhallsnstthﬂoﬁ‘grr 0y, dris, éta, alss PaRh{ 1€6.16,% ne93®r OBl .,
effe npl es of vel | - known solldoé)rom)ters for catalysts

used 190 o4 §dB@@nté‘EW|,%Hé)5éx$% ef ﬁellbaep%@rhﬂﬁr Ad920$48 BaatinAt aboY s Batahy
rubi di umN&se§'9lf8“24§"ﬂ e}d!;f 3435a£@5‘@§é‘2§13’an8h Or 5. P ?419;%51\%92%81‘ 99” ing the

reaction nake e ene "ox1 de, "t’he”’ specr he pronD on the
cat al yst 4ye66,105, dr,rﬁ@&,dm 4,806 ad 408332411 all chOprhede hoaipdsirtfeodnse. amiet hei r
characteristics as well as_methods for incorporating the pronoters as part
of the caphf fl pEqmoless aregieraly ddef asfhearicy R oS i t%e ciakyst ATt NgE-

3,187, 1404 &%ﬁ%{%ﬂl @Hé t)érrﬁﬁ' &R%dﬁ'ﬁﬁsréfélrs rtch{hglégfi'lbﬁéltloﬁ'of'a ﬁrtlcéllar eleHeI% wﬁ‘?t ent
No. 6 511,938, Chol et al Pat ent 053 u.s.

Pat e r115 Ncnne@r iIIGJZe; difte8ent Bhas:nts by@turfad:e: anMrShelﬁmaand&m suczh, @1161;12 4Bd/or

4,908, 343, 59,481, and Lauritzen Pat ent _.Nos

4,766, 1050V df%goor 1@?3‘3%?@%%@4@@&@%1“ i ﬁeﬁr&rop%rf‘é? el e by
referencebhar@e@cﬁahicm RbRP &fti>nR’ 8r %aNHabdiXg polee A% "ahBRiccal "a@spyounds to
the catal yst prior to its use. As used herern the term "conmpound” refers

to the cdebigmeghiore. ofhedepareXyanioaic” ér LoreRion tefiers Somaegtivekyrchaiged meiaint

el ement s bXt %IIL{II:I 2<'§tcleas<§1nd/ or che{n cal ndr 1r(r)&;lwnshuch as 1 oni 9 gnd/ or .coval ent

ne 0x mc 1nat noth ele oxXvyanion 1s
and/ or coor I'hg YETHé eerm i ontc ANOSHT BT e s O*Hh

el ectoi cahrhs/amé)@rggledombr@mgc@ﬁnhom ﬁttﬂlder"stb%'ﬂltﬁmllﬁfs d@rno{ exibi i@Vvacilkg bigarposi ti ve
and "anionic" or "anion" being negative. The term" ox%‘lanr oni c" or

" oxyani orfourkingombiratign yd fethalast Ralansinegountispioss yhep adeadmsigomporad i thene
oxygen atQmiif SREPINAL LRRYW fB fGRPLPEE pRIESENE nofAwaY RRUWAD ahé the

promoter may be present without the counterion added during the preparation of the
catalyst. For example, a catalyst made with cesium hydroxide may be analyzed to contain

25  cesium but not hydroxide in the finished catalyst. Likewise, compounds such as alkali
metal oxide, for example cesium oxide, or transition metal oxides, for example MoO;, while
not being ionic, may convert to ionic compounds during catalyst preparation or in use. For
the sake of ease of understanding, the solid promoters will be referred to in terms of cations
and anions regardless of their form in the catalyst under operating conditions.

30 The catalyst used in the methods of the present invention comprises a
rhenium promoter, which can be provided in various forms, for example, as the metal, as a

covalent compound, as a cation or as an anion. Rhenium promoted supported silver
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20t hus an oxygen-containing anion. It is understood that ions do not exist
in vacuo, but are found in conbination wth charge-bal anci ng counter ions
when addewoasioai2essapound to the catal yst. Once in the cacalusgaip/ostses f or m of
the pronoter is not always known, and the pronoter may be present wi thout

t he countw@hta@iingctdslglsts urel kg winfeorp epataatNan, 761,3%enddl.8) Bst No FQToeidypl e, a
catal yst made wi.th cesi um hydroxi de ma)% be anal yzed to contain 25cesi um but
not hydr oXERACHN{HROTRICAIPSHEUP L EIHPYSt Brordlevng eAalysiisompty dheh ey kal i
met al OX'dil%omE)%nq%@l%Bh% GELHR QibSlEmeRs, 4 LD QOB fdhbOfSel OT
exanpl e Mb03, 17 not "bei ng tonic, nmay convert to ionic corrpoung's duri ng
cat al yst qornppanatheomof end optiangBy afradditibiel sadpeorndteeash agbnauoderstdndifng, t he
solid_pronoters will be referre oip terns of cations_and anions .

Fegar Al e Lo e Ppropoid SRHTEHE ] ob T epor SRR AR C AN SRS 30The
catal yst tHsqfloviflestthe e BROST ifend N dAs @R 8 ity IsMbEBrtaPatOiRY be@R @ rheni um
pronoter, which can be provided i'n various forns, for exanple, as the

met al , agompooeladdnd edhgqendated sitherghiring preparagion af therdatyst Rhduringmsprenot ed
supported silver . WO 2010/ 123856PCT/ US2010/.031694 .cont ai ni catal ysts are
noan 11 ol ST ExtPIR of b G 1 el B mea R Rt B SR G T

i ncor por aa@ided) Beahéhitih oxghAidREARe riBhaas|the pdritRnsal, ahy/Stidesc@anhd sedsdf ver,
rheni um or conpound thereof, and in sone enbodi ments, a co-pronoter such as

a f urPherthemipmi Hopveysmpsatkali metabpgrhengics iraempmpeaieniirialkagpg parth

CO- pr onot 0 r f

compounda it LR el iyl beRifad of patfpnato IRTRAM opfdlan 3 be

provi des suhsblenbiince Riehfunt hgneyida b, 0, vaehididsbved $n water,dgticdyss and may be
t he conponent added gr that generated either during preparation of the
catal yst RStIEYFRRY- H860aL &Y _aw@rhénes‘ear'r%uésfowum%ﬁp HHEPRPOGHEE. | ncl ude
the rheniym;sal hte?to%feh:aﬂ%e CORE ale ad;?e?phehzi't@, thE QIED, 06 ARk Gefhisthide
rhenates, the perrhenates, the oxides and the acids of 10 rhenium However,
t he dbSkaldanreteahibped bhethat mstalsesmmipas molybdemine nad @pgsérkal i ne eart h net al
perrhenates, silver errhengt S, O rller %grrhenat es and r henj um hept oxi de
can al so be suit abl YUrPPEES! Vﬁhcéttﬁ YW HEPIB g & TNEEBHPORAREH Adi'SSol ved i n

wat er, hydrabeRs, dnd aREESHIER. Srofotd; whiRe db qRhtRYETRISRNRAT plogidaie. Thus,
for purposes of this specification, rhenium heptoxi de can be considered to

be a per rdsepdted ontthmeartiey, is Respier thginnh maoledketrbovtr i%6ppusY e trlathis tesdiv wéigkld by
other metals, SYGDASndRlNLge éjo%raorr}{joftérlilg]?e%c%gd fd0g ffHHBRésEQEQm%Jéo‘fgﬁ fgtalyst
can conprise a r%e’n‘fvum pronoter, a r1i1rs co-pronoter, "and a second

CO- pROMOtdixturdh@ERof; ReheaidB sk doid @b-prioteh Brielebicp TP tRE stee posyb&aus) t he
carrier is greater than 1 mmol e/ kg (about 186 pplgemév%, relative to the weight
of the cahEIygM, apgheyeutesghereafsandehe ftyryaatityios thedinstepropodinagd theur |

phosphor Lé?co&&%- omBRY d@;?roosff%%h' E}%Scam[kﬁriseﬁfrhos\@@%r m%ﬁ%%?&m tBQﬁeo\?r%HE er is

sel ected fromtungsten, enum chrom um "and m xtUres thereo and t he
t ot al quantithd gatadfstt he first co-pronoter and the second co-pronoter
deposited on the carhri er 1i s at nost 3.8 mmol ec( 5g, re(l1 at ihve to the wei ght of
the catal yst. The catalyst can comprise a support and, déposited on the support, silver, a
25  rhenium promoter, a first co-promoter, and a second co-promoter; wherein the molar ratio
of the first co-promoter to the second co-promoter is greater than 1, wherein the first
co-promoter is selected from sulfur, phosphorus, boron, and mixtures thereof; and wherein
the second co-promoter is selected from tungsten, molybdenum, chromium, and mixtures
thereof.
30 In some instances, the promoter comprises a mixture of cations, for example

cesium and at least one other alkali metal, to obtain a synergistic efficiency enhancement as

described in U.S. Patent No. 4,916,243, herein incorporated by reference.
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The catal yst can conprise a support and, deposited on the support, silver,
a 25 rheniumpronoter, a first co-pronoter, and a second co-pronoter;
wher ei n twe 2nol2ssssati o of the first co-pronoter to thePsgasSnaooOdL6ps ONDOt er
is greater than 1, wherein the first co-pronoter is selected fromsulfur,
phosphorus, boron, Eiredontetitidties of the atkafi;manicrodetees in thdEniskeiosachl g igxic@not er
is selected fromtungsten, no]ybdenu chrom u and m xtures thereaof. 30In
some i nstRHEEANARY YD ABEer Wiks ipiacs ddie QPHINKM 4l kalpmehpiogider cogeendiRtipil e

cesi um ang AbkiEAs RGOS il LalR} Ald cdily QYRR SUNES Ghrshdda

ef ficiency enhhancenent "as described I1n U S 4,916, 243, herein
i ncor por atped pbsgfomeee elmacteri s, 204104128856 PTididiSR 0h@Y @326t aging and The
concentration of the alkali metal pronoters in the finished catalyst is not
narr ow ad8® 8y PS8 %¥er a wi de range. The optimum al kali netal pronoter

concentration for arabhéditlabn 6PAIRALY Sletal Wa¥&lord the WRENR of eRIdH, & cRREple
catal yst properties, will be dependent upon perfornmance characteristics,

such as casiainy s thefffnishied natplystrmee val from abops 0.0885 byl Brvd. Br prederplly from

t enper at ure. The concentration.of. al kal i tal. (pbased on the
wer Gt of PBULT89 o3 e PRASTOEr e B R e Ehbis R R eyl §
f rom aboun e OQ@ke o® the. ApPért oLeatNy & foenicrhilylids v eddabbuOl Ofm hed Sbdut Wt . %
The preferred anount of cation pronoter deposited on or present on the

sur f dfe o¥00P hems pisharkly gPowddapys andyahat H40pan. agd marqaeierably Retwesn ppm and

o of er abl FRct P AL BUER 230 B bt BF B AT R AR D RE RS, Ton”
cal cul at edatetialt Rendwitabetsegpdiont HBp@niaal abATA000 pphera@&equeattputos60 ppm and

about 2000 ppm are frequently nost preferable. Wien the alkali netal cesium
i's used et Rl Wheh E%ﬁ aﬁiaﬁié’ﬁetélé%e?l&ﬁ’s{s UpHEIN BRI BithERSr GAYeNS: BRYAUR Her
al kal i ”%ﬁhn?t@%n%ﬁé!r hiRgli Gekdl AndBfi@linsS&th(Rdtal daft(HSPHsed! @ RARLEUSHAESI red

15 performance i s not narrow and nay vary over a w de range. The ratio of
cesi Um t getfloenatdees natakirow gundonmt ey omaye wide yarfgeo ifhalbaist of@e€i0Mtp the ather

10, 000: 1, preferably from apout 0.001:1 o 0 1. | es of
sohe of HBOSARBIPGY rscaRoran abeurtl s bosT R Pistorably eorprbgu @ AR °F ne
present iggvempiion include the halides, for exanple fluorides and 20

chlorides, and the oxyanions of the el enents other than oxy%en havi ng an
atomi ¢ nunber of 5 Exangdesgif s@ne@p thepianpramotentior3R-prompierpwhichendyerd odi ¢

Tabl e. One._ogr r. f the oxvanions.o itroge sul fur -~ mapnganese,
{ant af um Ry BQuR e R SURRAR Rt HRES Tpe St np BRRERECS o

appl i20at i dRsgided,Ad ih@S/afifon 61 BB eRHINBL @R& , thG0oReNBIEAS a® hitofd¢ hiihBérsof
suitable for use in 25the catalysts of this invention conprise, by way of

exanpl e 031q0y8,3 qf@ghp%ﬂgtog@cﬁqdég ta jn phthe ,Periodic Table. One or more of the

oxyanions of nitrogen, sulfur, manganese, tantalum, molybdenum, tungsten and rhenium
may be preferred for some applications.
The types of anion promoters, co-promoters or modifiers suitable for use in
25  the catalysts of this invention comprise, by way of example only, oxyanions such as sulfate,
SO4'2, phosphates, for example, PO4'3, titanates, e g., TiO3'2, tantalates, for example,
Ta206'2, molybdates, for example, MoO4'2, vanadates, for example, V204'2, chromates, for
example, CrO4'2, zirconates, for example, ZrO3'2, polyphosphates, manganates, nitrates,
chlorates, bromates, borates, silicates, carbonates, tungstates, thiosulfates, cerates and the
30 like. The halides may also be present, including fluoride, chloride, bromide and iodide.
It is well recognized that many anions have complex chemistries and may

exist in one or more forms, for example, orthovanadate and metavanadate; and the various
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SH- 2, phosphates, for example, POX-3, titanates, e g., Ti(3-2, tantal ates,
for exanple, Ta206 2, nol ybdates, for exanple, MO04-2, vanadates, for
exanpl e, woQdr212385hr omat es, for exanple, C 04-2, zirconaCedlS261003B28npl €,
Zr 03- 2, pol yphosphat es, manganates, nitrates, chlorates, bromates, borates,
si | i cat espolghddronatadions sudigstMbOs;, ahtiMe ), f tdresMog@ratde oapshidhendphlske.
The halides may. al so be present, including fluoride, chloride, bromde and
i odi de. Include mixed mgtpl-gogntapuing ox WY BAHIIA RPLYRRYAMI AN BREI Fa T EBHATCExX
chemi SUT iifisndRde MY nfo{iRlenbl AR Forff o MR BALIBaligh, SYARBLE pufk bllBYanadat e
and netavanadate; an he various VO 20107 123856PCTT US20 07)031694

nol ybdat evlmetheaprondedsin ahioase, Mipii@ cleardtal/oi7 ORdleantbriviaB Oy eiter ilifveanionyi@ani ons
may al_so include m xed netal -contai ning oxyani ons i ncl udi ng pol yoxyani on
structur e85 i nst ance, manganese and nol ybdenum can forma m xed metal
oxyani on. Simlarl ywhié hebxymicH, 8r a pRetiRe! toRh QklyA8Eh, i RayaBH @RH ¢ sdtaddRNi C,
el emental or covalent formmay enter into anionic 5structures.

Wi | e an foxipamegnating thessuppest .t is posdille gt dusragihgronditignef prepeiation of ¢heut i ons
for inpregpating, the suppor it. 1.5 possible that duri t he condjtions of
pr epar at 1N 5t e GubaRBg he pisligh B ARARR L ol e B A S Bt on o
pr ecur sorcohtértddab hiothéEan! IntRYd Re elemées hedbd eordeatdera ddibiic drikdegeht t he
el enent may be converted to a cationic or covalent 10 form In nany

i nst dfcedormankl papyxstapesshanadtics! welniauss nivy notbe pefifisient togreisedy sd@ngify
identify [ pr . | i LSt { . imted
by the oxborP SRebr Senf (EE Hlenadi'® doB iRt bRy pOUEIAERA blallfimd O o0
Anot her ahassltiofatddy existerthe cathliystduniag use enpl oyed with the present

i nvention, includes nanganese_conponents. |n many instances, mnmanganese
conponents can 15erfMHe@ ase ohRPMAGT, Whih WVQﬁE?lPMGYIB‘P&%‘ﬁ%BFeP‘FQy of

cat al yst §pyeiten TROGANGHS BREE! BthpbR@is. PIaYA ﬁstﬁﬁ&s,erﬁgl%%ﬁé‘s@ BffpoMerdiY ean

efficiency and/or stability is not certain and nay be e conmponent added
or tHat geharcattedaaivithetfidiandynapdéatsalbylgy opraplastat Thamangahesd spgcigs thaas a

catal yst. Manganese conponents i.ncl ude, bu re.not limted to, nanganese
ccetat o, NGB ETARBR TG A PaeRs) TV aHLBLS i e et hin gan bedhe

di t hi onat@mprRadANESLordRatPeAbBld citNBNINAQ YatalVist prapAatioPHGRNRYSsSH d at e, and
manganat e ani on, for exanpl e permanganate anion, and the like. To stabilize

t he mangaatadyst.cilapgrnest campanents alaudenpric aot lgiterbloumanganesd aceiptsy be

necessary_to _add a chel atsilﬁ;g corr%gaund such as eth ldﬁPedi am net et raacetic
0

. nganese amimaoni m, AeSE CItr manganes: 100Nate, manganese
aci d ( EDTAT"88PS 25U tap e"saft reof. e aroun anion“pronot er may

vary 20i delxylatd, @fan@xp hRratd, higadd@id lsulfate, and manganate anion, for example
permanganate anion, and the like. To stabilize the manganese component in certain
impregnating solutions, it may be necessary to add a chelating compound such as
ethylenediaminetetraacetic acid (EDTA) or a suitable salt thereof.
The amount of anion promoter may vary widely, for example, from about

25  0.0005 weight percent to about 2 weight percent, preferably from about 0.001 weight
percent to about 0.5 weight percent based on the total weight of the catalyst. When used,
the rhenium component is often provided in an amount of at least about 180 ppmw, say, to
about 2000 ppmw, often between about 180 ppmw and 1000 ppmw, calculated as the
weight of rhenium based on the total weight of the catalyst. In some embodiments, the

30  rhenium component is provided in an amount of at least about 270 ppmw, at least about 360

ppmw.
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25 0. 0005 wei ght percent to about 2 weight percent, preferably from about
0. 001 wei ght percent to about 0.5 wei ght percent based on the total weight
of the cawvealzysri23dfhien used, the rheni um conponent is of Pem/yse@viossds i N an
anount of at |east about 180 ppmw, say, to about 2000 ppnw, often between
about 180 ppnw and ILBQRsiphievhacek cilvat td dasiirh eromotghindddr ahbeninsme based on
the total weight of the catalyst. In sone enbodinents, the 30 rhenium
conponent?ddiiogalRiPRgtE #ndiey C&rﬁsalﬁpteéﬂr begielatiyglyunigenty dzsmr%ﬁwthf‘a%uppérést

about 360y Pﬁ:‘g%)‘r hﬁm&lggeﬂfo} aaﬁgﬁﬁgglu%ga%t%g@ﬂal gwmum and oneldr rhéte

desirabl e Il ver eni um pronoter and/or one or nore

addi ti onquomotelmtommsam d1 ximpregnptiongre seypertrecordingtto vied presemi fnoemdon witlsper sed
on thS supfort Ereferrf rocEg re for de.ositin% si l,ver catalytlc

mat er Pal , CMYSRICAMPERES 8r18IVERt S ﬁ}zb‘}%o"[g&l% WsPme ks and pie PhiPEgnating a

support ag6@b@and @)&ﬁb@eﬂfe@ﬁ@ﬂlng’ th ﬁﬂﬂ;ﬂegﬂfht&& $uppdrt e QLR GRRPT i sing a
sol vent or solubilizing agent, silver conplex and one or nore pronoters,

and (2) td@ﬁmand @Ird foe@adﬂ:mgltmh@f |sr}rmr@g¢h Heqomaigpo onta the extavier andtinterioi | ver
conmpound and e oS ti ilver a ont o e

ot or 1 or IR FIEET 1B BTl Sy Bl sy SpicE Uagb P MR AP RS o
deposi t i Mysheatisy Genreludibh Yoms@aEubphe st @yvalf@l&bmﬁaatdﬂ@s 8 @ MSdr B tEONdudd Ni Ng
support at elevated tenperatures to evaporate the liquid 10within the

suppdPt arighia theepperé pess ¢ffges derppitioneof élﬂel sHver dulprpmetent @it thynrionand nt eri or
d ext hi gh
Cnough. oA REST SRR B3R e TR R Dot PRRERL S, R L, L

t he suppailver onigoandy efrestaléid sileshmingregnitam i t]lelﬁ]’ppdﬂ ot pradarrdibesusque t
utilizes silver nore efficiently than coatin cggures the latter being

gener al | YOUHRIST eeRogitionDeeause i ize SIFT @pred 1Cla R coingrerediiEsithe er i or
surfaces I&é&fbefng‘;%eﬁéigﬂ ﬁﬁablé 103 éff&ql §db@ﬁntlﬁ%ﬁ§/&£ﬁe§§§1§&y §ﬁt§ Y iRtk @urfacr(:s

susceptible to ver oss by mechani cal abrasi nown

met hdds cdnhdeipponl oyatlitian, acméd exalfygs atcheoraspseapsbloto sivevbrss bpr onot er and
co- pronDter%Fdeﬁéilted onto the al pha-al um na support. The skilled artisan
may enpl d¥f , material balances to determ ne the anmounts of any

of these 20deposit EWeII RABRR altifods Ahit B &bloVed ¥ andl¥e wl ith@fhsudial Miveeal
techni que for determining el enental conposition, such as X—raﬁ fl uor escence

( XRF) , rratyometeem oy prpmaterd derasipentp ke aApbuplusinss swn@td§b©§fl edjartisan

conponent s, The gaseous, ‘iQ'n%’z{térT‘ibaf%rﬁéeas' nLng progoter SPReg &8 dfgﬁe;s"d“"ed In
the reactTon xture are al'so o hermnse ernmed as ‘gas-phase rers
i nhi ot ordepadi@i @bmeBReRS eARern&ﬁ%w taAP b tabRsSAUSicelt i R -fE Oddt&inihing

promot er e?an?f(::nltzﬁscogl%gmBgn Ssﬁ!:}?% )e(‘dra;/ hgg?e?cence ()?RF) may be employed to determine
the amounts of the deposited components.
The gaseous chlorine-containing promoter species introduced in the reaction
mixture are also otherwise termed as gas-phase modifiers, inhibitors and/or enhancers.

25  Suitable gaseous chlorine-containing promoter species can be selected from a group
containing C1-C8 chlorohydrocarbons. Exemplary chlorohydrocarbons include ethyl
chloride, vinyl chloride, ethylene dichloride, methyl chloride and any mixtures thereof.
Ethyl chloride and ethylene dichloride are most preferred. Using gaseous chlorine-
containing promoter species as an example, it is believed that the ability of the gaseous

30  chlorine-containing promoter species to enhance the efficiency and/or activity of the

epoxidation process depends on the extent to which the gaseous chlorine-containing

promoter species chlorinates the surface of the catalyst, for example, by depositing
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containing O -C8 chl orohydrocarbons. Exenpl ary chl or ohydrocar bons i ncl ude
ethyl chloride, vinyl chloride, ethylene dichloride, nethyl chloride and
any m xt uweotoesssef . Et hyl chl ori de and et hyl ene di chl ecras2@0m3reost
preferred. Using gaseous chlorine- containing pronoter species as an
exanpl e, pattidutarle&lori@w epkciddatich featadnid dhlgrimeforichPridas@sus tBOcatalyst.

chl ori ne-contai ning pronoter. species to enhance the effjci enc% agﬁFl or
t he

acti vi ty BPVee legticrtant brkipe stlosiee apeits bairven e ¥xp eheritles

gaseous Gl g ARABHIUBSLPERIDHE bV SRECHRT DL ARIRBLER hBadsipl gee of the
catal yst, tor exanple, by depositing WO 2010/123856PCT/US2010/ 031694

parti cul gasetuk ohloneec-spaaingy mutloteaspaiamliusakdions ofahis phetinpmiodendydres on t he
cat al yst .. However, hydrocarbans Ki.n rine ato re beli d.to

cEr b pSoni B romnriiEcr APy at CASHAeS B Grasn ot Bt e Bhangor e al |
ef fi ci engy FeRIGRCEABAL (ReRYdal eHoiRYertddeC SRSARUEIGR] Vb1, 8 PIXOY 8 WonER NNt er
speci es. Discussions of this phénonenon may be 5 found in Berty, "Ilnhibitor
Act i on ofBathi OEthpkene @xidedyyodesisonappliedtinéusmial atalysis, ¥fol. Bt(hY3%8me200288.hy| ene
Oxi de, " em-cal Engi neeri muni cations, Vol . 82 (1989) at .229-232 and
Berty, " %]aﬁ%/ 1S compo Ss%“?‘ﬁdés‘?u §T% OAP P a‘i‘“’r?&ﬁ%‘ferdﬁ&bg G%Reéi%a&/l% ke a.??
(1983) atsu2$pin2SBorid3fafnh tHei catabBAPHBRESr, Sl @%h 8§ BANRNOEnPpRPRE:, add €

bel i eved to be gqsdpeci ally effective at stripping chlorides fromthe

cat allPst .alyqdwdigwsd togrietpistiip chlemdesdrom Mp|catpdyshndorpe ebiirertydregagbopg s1ago

bel i eved ' i

yar ocar KR Rhubd B E Al AOLARE oI GthE) Bebrey OIS ol KASSR,
may be pr(esdns thonise@lf hatyclesasangin(theledacasn inaunes & ypfcall galie prefestedeam) in the

reaction mxture. Typjcally, the preferred concentration of ethane in the

react i on SHXEREON Rhefansria dunieactios mixGHP 0V BiBSHE 12T ABIdogEPtentioleG ven
the COWDg}ekdEQt. eGivek e é?)fm&;feﬂﬁ RSGOYBhE %&bh@&ﬂ&&ﬁ&@dd’t‘ﬁﬂﬁi PrOBELLpesREC! €S
15and t he non- hal ogenat ed, c%l ori de-refovi ng hydrocar bon§ In reacptl on

m xt Ube, antl thesnaoimlegrnetetl, ¢hdoritefiemevang Hydvenglohs gateadtiomtmixhlrerit @i ng

ef fectiveness .value"_.that, represents .the.net_effect of th ronoting and
chi or i de-PERBUITA feepia ok B) SRR BT O PE PG e et DD epreori thee case
of gaseoug: efé@bf ﬂ@‘ﬁ&ﬁ&@ﬂgﬁéﬂﬂlgcw&m%&bv&?%b BRase sp&icsQM @hRkilingaha! yst
chloriding effectiveness" val ue can be defined as the dinensionless

quant i t y Ztalyshdlntbe eprees gatcods glotitrecdnidiniogiptmetor snekigs.(the ['gverall catalpsthy|

chl ori de ui val eqt . m,)_ Z* ethane equiyal ent | e per.cent erein the
athyl - cn SRR LBTY vefie o8 bR AR P s BB BT Ry tnd o de

t hat 20r oukplesensadast o télmwing fdimusamE):.cat al yst chl ori di ng ef fectiveness of

t he gaseous chlorine- 25contai ning pronoter species present in the reaction
m xture at the concentrations of the

o ethyl chloride equivalent (ppmv)

- (11I)
ethane equivalent (mole percent)

wherein the ethyl chloride equivalent is the concentration in ppmv of ethyl chloride that
provides substantially the same catalyst chloriding effectiveness of the gaseous chlorine-

25  containing promoter species present in the reaction mixture at the concentrations of the
gaseous chlorine-containing promoter species in the reaction mixture; and the ethane
equivalent is the concentration of ethane in mole percent that provides substantially the
same catalyst dechloriding effectiveness of the non-chloride containing hydrocarbons in the
reaction mixture at the concentrations of the non-chloride containing hydrocarbons in the

30 reaction mixture.
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gaseous chl ori ne-contai ning pronoter species in the reaction mxture; and
the ethane equivalent is the concentration of ethane in nole percent that
provi des wolwetoansssal |y the sane catal yst dechl ori di ng efCeaisemenass4 of t he
non-chl ori de contai ning hydrocarbons in the reaction mxture at the
concentrations of tlhethgbehlaideor ittebeontppisebi ¢hdorinecktomcaiiing peomdteit dpecies
30reaction mxture. WO 2010/ 123856PCT/ US2010/ 031694 . If ethyl
chl ori de Bresephi@ tBnlepctipisdblaecie styhelledi Ut BrtortBt BRMEI3KE iR edysHar ent
in the reaghiofe il UiSrdd (¥on GRbAY I SAY MBI LhIbLnE conthiifyNuNer at or
in equatﬁbnﬁzllfgyﬁés tﬂe g%ﬁ%? JﬁPorF@%bboncenﬁ¥af}on]iﬁnpgﬂg.ll ot her
gaseous ghbmpicnepecent gienificgllypvioybthdoridpecited cilspde of ¢thgkhe/dichloyibe)cnt or i de,
met hyl_ chl ori de or. et hyl ene dichloride) are Sused al one or. in conjunction
W th” 8t ny S AP Pie oSl B bt BasE 4t TN ShioT Sendeala BBt ac  on of
et hyl chl@hi@ralibn BPOMyIRhHsideRg ppRRNGRRLE&LOREBBIrAfont BEMRIJIRY 8RSEOUS

chl orine-containing pronoter species (corrected for their effectiveness as
a pr onot ehlameasonaareg promaserispeciehicortded for Thvar ¢fdcliveness &f f pionmiokeness of a

non- et hyl chl ori de.p t.er n _he.neasur.ed experi ne I by replacing
Syt eicoFRaRd Eibl RST80T e S BaU AR A cptorkl reSRRER: 't on
needed t qafbt aidasirBe esiEndneNglbyatplaahakinst cm&ﬁcﬂ@mnﬂ@a)tﬂérgﬂmgm B et hyl
chloride. As a way of further illustration, if the required concentration

of etlRy| elster@ining Bejcgacaratipiengedad taebtain|teg same lgve ob patglysioperloampncg

Cval . g ‘ ; ‘ . 1
o of - OTROP-ER BFFGRSCL A BRy L PAE AR R R R AR
et hyl ene aiydérealictderidwatltist teectdr piunis @5 ppmvabreiizdequitdentafkbtivypatihet i cal

feed having 1 ppnv et hylene dich|loride and 1 ppnv. ethyl chloride, the ethyl
chl ori de 'St Y&rEmBt P QRS AN PO PY dPPEW st chirgHC.yRensthp ﬁmyfclﬂgr@e

further examlee fdrl d@% QrABnd &Hﬂ@ﬁ&@%uﬂ%cwh;:)prﬁy%tﬂ&i dfiofRS hqut 10 tirmes

| ess the chloriding effectiveness of ethyl oride. Therefore, the ethyl
chl orliSde hyguiheadad fitedfharing Igipnenctbplecedichlatidoandt ppevietyl chloode,dke ethylppnmv i s

0.1 x (methyl chlorjde concentrati in v t has als een found

S0t hat 1 o Ea el e renerp gl 22 s R s roite - <SRRG

ef fecti vanessert®ufd it methyPERIB8de HRQILBHOIRmELkssSHE BhieAliRk \eslestitdAssseirhy |
chl oride equivalent for a given concentration of vinyl chloride in ppnv is

1.0 x (viathyl cbloride. dheretone dig ¢thyli dpride egpivialent i e giveprcenedngigtiome!l methyl

chl ori ne-¢ont ai.ni ng_pr ter r rresent _in.reactio L Xt ure ich is
of ten ¢ nan i i PR AT Get T e BHE SR DB B Db 85 et ol L

et hyl2ochlitifdecetfattital dtg Minyl Shibfige BathetarhdenlcAding SHreatlicAgsset Bilyl chl ori de
equi val ents for each individual chlorine-containing pronoter that is

present . SR&orils. dlgiehrre, fof gichgatalystst the ethyhehlergdeeayfvaieny fnp @Yy | ene
di chl ori hyi | i ide,: t hyl
o o e SR MR B 20 AR P cSRER AR bR B

The et harWwhegmowathemtwd thlerine-tdraid@Q@nomatorareé pre@efad reanti¢d mixtyre] ¥hiche 30
concentration of ethane in nole percent in the reaction mxture plus the
concent r dt PBF B CR¥feN GP RS HY AU SRS daf P B GECs: Hler%vmfﬁbyléhf%&dﬁde from

the ogt aly§halenfRHREGS s e rcofr@sikhdi‘ﬁ ket EM@H@é%Ji@aﬁerﬂ@ﬁJ? leQcH RakiRR1
relative to ethane. The relative efféectiveness of ethyl ene
chlorine-containing promoter that is present. As an example, for a hypothetical feed of 1
ppmv ethylene dichloride, 1 ppmv ethyl chloride, and 1 ppmv vinyl chloride, the ethyl
chloride equivalent in the numerator of Z* would be 2*1 + 1 + 1*1 =4 ppmv.
The ethane equivalent (i.e., the denominator in equation (IIl)) is the
30  concentration of ethane in mole percent in the reaction mixture plus the concentration of the

other hydrocarbons effective in removing chloride from the catalysts, corrected for their

effectiveness for dechlorination relative to ethane. The relative effectiveness of ethylene
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WO 2010/ 123856PCT/ US2010/ 031694 and et hane can be neasured experinental ly
by determning the inlet ethyl chloride equival ent concentration that

provi des wbheonanessbevel of catal yst perfornance for a feet/usenpndsbhng both
et hyl ene and et hane as conpared to the sanme feed with the sane ethyl ene
concent r aind @thape taebsmeasutddeex@thimbntahy by dderrﬁmmgvtada @ikt ettonckloiidat i on and no
ethane. As a 5way of further illustration, th a reaction m xture

conposi t |‘38H1Vé¥‘?ﬁb‘f‘?“§i“ﬁ&‘t@ﬁ that iy vads %anﬂf G?fa]dﬁt pstopmaRsicdopaf€ent and
an ethan t I yl

ol or i do ornr G ERAoBbQRCRL it At SoRFRCHR neda® R Pl fre B MRl

per f or nanoecasraBobppnipeetinylhyt hlhlond«deqwm]@m abeengatit ndanosdtharearAsraeact i on

m xtur.e conpo on but .| acki ng et hane, then the et hane eqgui val for 30.0
SRRl e R S o AP T A et S e il 1 Sy

havi ng 3Qolcd@laBoR6f FEO o pot&nand@nde@ad CBenRRLESND. 3BtHARBercbMea €t hane
equivalent will then be 0.6 nole percent. As another illustration, it has
been f ourevel k&6 .Ofppmvcathylahivrislateghiysiests petovad éo mgldabmusan&i@VQhOﬁE@taﬂyetss t he
dechl ori di ef f ect ,byeness of hane. Thus, f.aor cat the et hane
caut val edenppisgan 2 SR RS A b AR ol S e B By © For “a
typi cal re@afpokifion Bukatkify Béthd) thehaBOeBamidd @i R@&Ine est306) ylegireceanéthPlede Nol e
percent ethane, the ethane equivalent then will be 0.4 nole percent. The
rel atllve verslgbe NEraals pecemy diopa 233580 MbxHErhay Higr O} malsepeasrat @tilwp%md can
D8 TEasUl S BRORLL AR I YDt R TERL Dt (80 bIb S mBk Bedeci! R il
equi val ent™ con rations required to achieve t sane ‘cat pertformance
for a redlitdtemion]iKhastees Gogoilithitigr deb@inadi ptambhanofiasi albb&tffﬁﬁé)ttlrﬁtts ledsshé eed
concentration at two different feed ethane 20 concentrations. If a

hydr ocar BERMEBHEE FHACH &S d1hage nale: Prveel st Tedkng CHUVHENEPF ect and
i's al so phaastis 0oL IVnRBNGE REARhirA inthl8%)! Fsr &%ﬁaai f?éd&ﬁ&ﬁmi;&uﬂe@ﬁvﬁgha”e

equi val ent concentration in the Z* calculation w [’ be negligib
Thus,15gi @) ok I:femeegcthyﬂgne: end.il omg& pgsentwmamh,ehc atﬂ;lena/wmm\etlctriu ﬁlenleaﬁtheon

m xture es eth eth chl or Iened hIo de,

Thrort e S miBursing Bt et aN ey e ar Sar fL bt ing ebde, o) e
can be dehhmethdayurgd lé)@ﬁdrﬁ{bn(alll\j) é/c?efenmrﬁﬁgheﬁnléeethyl&@@ndt\é@hbvaﬁeﬁt 2H 6 +
(0.01x C2H 4)) (IV) wherein ECL, EDC, and VCL are the concentrations in

ppnv of @phwntr@homrﬁq@rqdegﬁgm\)e thétsmw émlyaﬁ Refosmpuis f0G1 re@porOmxt@t) , and

vinyl chl ori de. S e 30 ac Xk Y C2H6
and’ C2ru Cé)[ljné)rltSIrIllgl_gt% qf'(_) | Ofﬁlrslt%rt‘,SE at1ts fgéde(%ogg% rat1]pn a{ ancré\lhg:_rﬁ: {hane

20101202 38%68Tatis20) Jlf’é Q§d{69&¥bon compound is found to have a very small dechloriding

effect and is also present in low concentrations, then its contribution to the ethane
equivalent concentration in the Z* calculation will be negligible.

Thus, given the foregoing relationships, in the case where the reaction
mixture includes ethylene, ethyl chloride, ethylene dichloride, vinyl chloride, and ethane,

25  the overall catalyst chloriding effectiveness value can be defined by equation (IV):

. (ECL+(2xEDC)+VCL) av)
(C,H,+(0.01xC,H,))

wherein ECL, EDC, and VCL are the concentrations in ppmv of ethyl chloride (C,HsCl),
ethylene dichloride (CI-CH,-CH,-Cl), and vinyl chloride (H,C=CH-Cl), respectively, in the

30 reaction mixture. C,Hg and C,H, are the concentrations in mole percent of ethane and
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et hyl ene, respectively, in the reaction mxture. It is inportant that the
rel ative effectiveness of the gaseous chlorine-containing pronoter species
and t he hyonowarbssn dechl ori nati ng speci es al so be neaseceasandasichhe
conditions at which the epoxidation reaction is perfornmed. Z* wll

pr ef er ablgghieneraispécgiivalgdinathe scakememitti@t 1i s impogine diae thetrblativabifedivettsand
5which is npst preferably no greater than about 15. Z* js qlp;%rﬂtzferably at

| east abdijtthegaseous chlorine=containipg PO A He PSS e RYGPFHROTC Sirh g RRieE

pronot er sﬁ@&ﬁé £ BB%eRGrQURRLE &g c@ﬁdigofé aﬂg\hﬁc}?tﬁl@%g&adatﬂﬂ%a&i%ﬂfi ct with the
catal yst, "other species may be forne eading to m xture 1n the outl et

st r eam ofpetflemedact vill pieferstd be embpadinoed at slevelibatrieae greater thaxtabow Xaand

include a recycle feed streamfromthe reactor. nsequently if the outlet
11 earh ofHHL DTS RET gAoD OB Aok St G & B er dEhdbait Be Found | n
the reaction m xturguhddgh s@®@hlbrinBRoh@Ihg prodfldrAPeditathiy Be suppass t he

reactor inlet feed gas, which includes al kyl ene, oxygen and a gaseous
chl or i ne-asaninglaspegicprapanicentagipeith de catabysweller agecichanaydwylbanédledding team t o

t he react or , i f gesgnttt Inoﬁgﬁtic IarI t he rg)c .cletf ed sh.ream 0. the
reactor Ry EOHt A SURERYFARAT 81 EE OV Ry PR AP T M e Gy PENET FHERT b e
and/ or mahédle £RcEl ded seven il teusdtteNIGonedduht £ if @E odectGlregh by iRne
dichloride is supplied to the system_ The concentrations of ethyl chloride,
vi ny10chiegdierds respelcdtapixdye ofi prasicsryildedound ipdhesagiapsdupnAsasedil at i ng
Z*. . L , s) t : nt ai ns
dilute cohﬁgeé%%}}ezit Ii)ﬁgnlgsé%otpﬁaql{z‘eﬁ & n}élte%)lgsi tgg}%?%%ﬁ%&gﬁl& %ﬁ’r‘;é]g%ﬁté%ﬁ%%gyl ene,

unr eact echlliofsige oxygeh dety desouachldiige-2ehtaimpgrprdmesr specics cgencl] argerecgied
carbon di oxj de anong ot hers, Carbqn dioxjide is produced as a reaction

by- pr odudfcéiteramey B wactge 1 Riescolde eartigiian it frercle Hces PRt h6hcties as an
i npurity. : jde: kel f utl et
S eam o Y Bl B LR e e
reactlér ahougheonlpethgl ddorzkolk cthyldnealichiarideas sagpliad tetyclgeheddiest ream t o

di m ni sh | oss of. unreacted al kyl.ene,  In so 25 e i ments, .the outl et

ot 1 eam ofC PR HYE O B S G b B e b By G
to renovepamdi@iingyRi M ze the amount of carbon dioxide prior to introducing
in the reactor as the recycle feed stream In one enbodi ment, the carbon

di oxi de concent r at i Biwidaly the opeehyptrbam et thstreastonciotaps datreeconpentratibouel 5

nol e percent, and re preferabl o,.nore th about e per.cent and
even hor arpan R Tof FREEAs RIS St SRS RS REHE o1 &
conp@si t iigipuffied, ARrogEAGHE@Nanil oittohalioMéd &hofi@ythalss Caldnliesents prodicbée
recycle feed streamin concentrations that are preferably fromabout 0 nole
percent t3§ 2iBACKHER dyimegrch sl mag algp be Hﬁg}d@@?ﬂ with pgher inlet reaction gases as an

2010/ 123%&1?3%/ l”ﬁ%c%lgll%jﬁgdje can be separated aﬁ@re%%ergmgﬁjli tﬁgaﬁtiettsagarﬁ“ Bf)l?ﬁiedat ion
reaction I's opéerated-at the preferr%é operating condition over a period
yi el di ng reaqosrodihetremainofg asitetigds theadolgt stRath it eaatok ydretercoxdletebgakto cubi ¢

nmeter (knmple m3) of the catal yst, where the volune of the catalyst is
measur ed (BSTRHEr %%%Mge Schibedn 4§ fapishdegr uvwa%teﬁlr%lkéf?%dlwmes, t he

epoxixgat i AhoalRARE, R o Bt AREHASEe ?éacio?%arpﬁ@%ﬁﬁécﬁ@lrd%%ﬁra%fﬂw &ongi tion over
a period yielding a production of at |east about 500 knol e al kyl ene oxi de

per cubi gemevadungfto rdneoveatndloy sitininline tativent ehdaddinrdeoide pher te patxiddiainigon
reaction.is operated,at the preferred operati copdition over a period
el di ng B HBHIGE fdhe b Vet HRURp R b0t RileFe RIURBAEES de” per cubi ¢
neter of dof@n@@tiah USthe rddyele TRACHREMMUS hd AR r@thah RBodtSARbRperdefit, hEmval ume of
the reactor that is actually 10occupied by the catal %/st bed.
preferably no more than about 3 mole percent and even more preferably no more than about
30 2 mole percent of the total composition of the reaction mixture. Water may also be present

in the recycle feed stream in concentrations that are preferably from about 0 mole percent to

no more than about 3 mole percent.
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In a preferred enbodi nent, the epoxidation reaction is operated at the
preferred operating condition prior to reaching a cunul ative al kyl ene oxi de
product i omoab1oatesss 50000 knol e 11Y3 of catal yst (wher epPChaSeabosesoof t he
catal yst is neasured as the packed volune of the reactor), preferably prior
to reaching about 20000 ckivodigehi, Yide @foxidfadah adaysdn isaperarsdrae therpeéferadl y pri or

to reachi ng about 10000 knole 11Y3 of catal %/lst. The preferred
oper at i n°PEBHER CPHAURRAVS & RFEPE Vi B 2 PrUraoeraticsss dhoubt S Brmpleadydspet o

producti vjky. 0 LHE nRRPtkHBE! A7) SERC LA @ st ﬁ] TR PAdmt BY flev@tudleler mning a
derivati vé( c?f efm%llnm enc§ to pr o)duc?igv%tgsb fgrﬁe epox]indati c?n re%ctsi on as a
funct i on méastuled asttermkkedoatlany sf thehtatardilmgoreé Embodimenesthevpbridatiah*) at a

first tenperature, with the ather 20 conponents of the operating conditions
renai i ngeeyREraperid i i, Bre ek re S dare Ok (S ‘Gnon 1 G prdgetion

product i Wy 1eit abb@ BPRMALIKIRNE BJEL peFcubic MBreflof @BYEaRkt. ARAMbthed t 0 about
-4 when efficiency of the epoxidation reaction is expressed in percent and
pr oduct i wimbpdghenthibe eposiatmnirorstion acencsred &t thx preésgddparting eondneentarat i on

of al kyl ene oxi in nole.percent in a tor, outlet stream ,The overall
catal yat TorPES b P el RLEu TR s oL ITDRFita Y Sk Rl R oY BT
concent r ahé OMal9ft. Ahe “PiickdV K BIUGRSHARS re@ftb AT ik fR- Cdith@bNhe PedR IR TRIL &J achRBG1 es
and/ or the concentration of one or nore non-chlorine containing hydrocarbon
specil®s aigaupied by theatalyst B¢derred that the concentration of al kylene is not
vari ed. (One of skiy.l 1 W reci QE; ; ration of
al kyl ene may be varllhéldJ r%ﬁ{r&ggl?lh%dl}s?%h{m 1‘Felpéf)ro g%&ﬁélgre%a I n{?;l8 %r%{r%g%r??ltgt e

adj ust mentrefeirad bpatia @uldatongn®r Jo teactongea eamodiinealkylehd exide prodatiiveofi s
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associ at obtrfp@eﬁwiw oY Crialys %&?F‘H&FWBWW%%%P? eHalyplds MeaRKired BE a first

overal | gﬁ%ﬁédy\%tlur% bt b dieors frtﬁ&tab\\ﬂﬁgfﬂ?% VAl iRe bBoR BDBIM K Aofe! h S bt

efficiency value and a first productivity value at the first tenperature.

At a 15W0 26131, 123 5 6PERILISIAY pOIo0 8169hise ot 10008 kahole cat aff gastlysthl or i di ng

effecti veness val ue,, the e%)fgi dation reacti o%?%r ovi des .a second .effjciency
|

val ue and a second JUtiEr P?a'\’ilbﬁ ?Példﬁ’tontcﬁg PSIMEf et errév.a“}i%8 rdi ng

to embodidBabseyab prdiRicRii@pSinthe bpyEMicAteacdibe. PhehRIHRdnANeEalctddshifRNdi t 1 on

is characterized by the slope, where the slope is obtained fromthe

di f f er enclsriyetivwed ellidiendyitp prodetivity efrfby cBwadationaergtiones 8 &uwhen ef thicci ency

val ue divided by-.the di.fference between the firs roductivity val ue and

! he " secort psatat TSPy AR R g SRBR b L BB eVl BBE *T1 1o

about20- 4,conpeRertt bf Gt @peENitihS caxipi@s s@dainthgpabaenialign@ciinged cThy/ddrivagse nol e

percent of al kylene oxide contained in a reactor outlet stream |In sone

enbodi merff $tliqigney e erake@gtiopdhasnariletion asactionisiig aghaicad pbpitzédo pRou e

second effi ci - - : j HERYY val ue

ani ohcan ba GAGKKHE. ARSidARn HC0 LRABRALIN pPRERIRIBFARIELAY b de

pr oduct i wpbyiduabreadtivgh is ox presspd adihegohdanghti@f 6 dk @awyoxidd inendlopeannt in a

epoxi dation reaction is known at the first, teﬁperature, the re g)ti on can be

oper at ed "§1CQHRUSE deapy ehCapysrt GGy S BHATEING T HCHR BRSSO PraY A &¥i zed by

the secong.gfihi HeQRBaYen@lidCoPRE &rfore aQRHs PHISIMCE MR YROHE R peklae Ti TSt

tenperature,” by changing an overall catalyst chloriding 15effectiveness

until thendloope donchetaper nf aiportmert nandhiymgtcondiningienlredaihan paays sl it

expr esseqs most preferred that the concentration of alkylene is not varied. (One of skill in the art will
appreciate that the concentration of alkylene may be varied but doing so will require making
appropriate adjustments in the calculations.) In one embodiment, the derivative is measured

30  using a slope-based method. For example, the efficiency and associated productivity of the
epoxidation reaction are measured at a first overall catalyst chloriding effectiveness value to

obtain a first efficiency value and a first productivity value at the first temperature. At a
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in percent and productivity as nole percent of al kylene oxide in a reactor
outlet stream FIG1 is a flowhart 10 of a nethod of

det er m niwgQ 20tve12p85ef erred operating condition of an epoPCuatS2a0/08®Ba€t i on
according to sone enbodi nents of the present invention. At step 12, a first
dat a set setorefdvierillanaecyysaoblogdingetiettwdnyssofalichehe@poxitaiin eactddrpeadtiesan at a
first tenperature is generated. The first data set jncludes effjiciency

val ues asSedREerehsY iy andgispondpraducsiyay ypiue abthg fipstiterapgrapreg pgrording

ef f ect i Vepespol; e'ﬁ?ssofeﬁlt% %ﬂ@?e ftﬁrfv%htiérﬁ@i{bgﬁ@feﬁfeg 0?§}‘§ﬁﬁ EorifiJreis PR B ed

productivity values, w ot her conponents o operating conditions
r emai ni npysubsihbpatvlad the shph angeained fremate Hdtesenct beeecovier falst efGateaty st

chlori_di ng, ef fecti veness..val ues cor.re nd to. three differe over al |
cat 8l st CHCAPT AR SRy SN TR Fadhe S BSFRUR 1B var vi ng ¢ he

concent r bR iRty 9MGe Bhd HRIEcAATROURGCHY PAILACTEONbA MRy ARl HeBlcchPeCi €S
and/ or the concentration of one or nore non-chlorine containing hydrocarbon

speci es, a@ndt 4ltto kboutpstwhpnefaeicray it bapresshé iitpreapndpiodnctofitysiskydlene i s not
varied. It | Stﬁfr felrred .(ihat tt.hed over aItI cat 9It}c/)st hl ori di n deffgc i veness
is variedby"c aaﬁla Ry THE” T BECCBACERT Pt 6h> B o8 “8P° fBI e “adeous

chl ori ne-greirad Bpdraumy @RAlRN iSOMRPREERd R ANOfcchiBelliBlcaty ¢ABE e that i on of
one or nore saturated non-chlorine contalning hydrocarbons. It is nost

pr ef dPr edormsgrondig seqandrpduchiy iy yalie siidhrqagibs getermimed ifipahbis slaps. Epanged by

w0 20107 13388lped e 0B YA TS YRk R IR R e R P! O e
rate to tdpexideaat @uctioffieknadbn ksthe fipdt ayepbraard, e romaisuicen bé oparaedht theat al yst

chloriding effectiveness, the at |l east three overall catalyst chlorjding
ef f ect i véﬁ%fggrefgapm%ngc%ldﬁ@nb‘éfﬁméﬁc rlng QM@WFO%‘%ﬁ%H‘FB@%@&PG Kk be

overal | Cs@&ﬁl%pgéd&ﬂlvﬁg e Bg: Gk ffl?é%ttér}{ﬁé}%ﬁel, %@ kHﬁ-%é&gtaa{hh ST HGRa1 Bt 'cHWrMﬁJgU&

one or nore iumb5 Vvalues and a high val ue, ese val ues may change
wi t h 15enpdicat viness wil el dlopgss betiviaert htwoult i et aboverdamher atfaliopsy iscdxporssai ng

ef fectiveness val yes generall ssoci at ith higher tenperatures. It is
a1 so-destbapretomdprofieEher YAE ToRhre TR R oYt @ O UG s
associated w th theﬂmgﬁ%ﬂoﬁhhqowghmbmmaﬁﬂ% iR prbersd f)?é‘rh@r_igll es
obtained at the | ow and the high overall catalyst chloriding effectiveness

val ues. |dondieniof gihepaxiddtion ceashey a¢oordiog bt soinreeinbadimprets ohtiegrespot h of t hese
overal | %fal‘;[feaﬁlti%rsl.t A rs]tleg rlb,d ail At Sglt]; %gttoif ¥ 1celesnscy\é1?1‘h lf)%aosd’uctti\t}%;[ of. (Re epoxidation
20  reaction at a first temperature is generated. The first data set includes efficiency values
associated with at least three overall catalyst chloriding effectiveness values at the first
temperature and the corresponding productivity values, with other components of the
operating conditions remaining substantially unchanged. The at least three overall catalyst
chloriding effectiveness values correspond to three different overall catalyst chloriding
25  effectiveness values and are obtained by varying the concentration of one or more gaseous
chlorine-containing promoter species and/or the concentration of one or more non-chlorine
containing hydrocarbon species, and it is most preferred that the concentration of alkylene is
not varied. It is preferred that the overall catalyst chloriding effectiveness is varied by
changing the inlet concentration of one or more gaseous chlorine-containing promoter
30  species and/or the inlet concentration of one or more saturated non-chlorine containing
hydrocarbons. It is most preferred that the overall catalyst chloriding effectiveness is

changed by changing the inlet concentration of a gaseous chlorine-containing promoter

24



the | ow and/ or high values, then it is preferred to generate additional
data on efficiency and productivity of the epoxidation reaction at still

| ower anawor2otigbsss overal |l catal yst chloriding effectivemasgowabises than
the | ow val ue and/or the high value, respectively. In one enbodinent, at a
reactor tspagey, &bruxem@fe, Bpokiingdd0es, fethmtd @why adavter. OWhéh Zi*ds amplalyed ad e 15
about 2, the one or npore nediumval yes. of Z* are about 2 to about 3, and

the hi gh REASHE %pvgﬁllicgta%bﬂ}lor:gdipg) eg%{ypnqg_s, the at least three ov]qg%ll thglé@t
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t enper ature ra ge o t he epoxi atiron reaction, as descri be previ ousl y. In
sonme enbadiatentidpriding effectstentsmabreatar mciude pled enlabl gneatr meastedalmout 200C,

nore preferably. at. 20l east out 210C, and nost, preferably at | east about
906 STroirata F i BRS e i Phaf S B RsBhee. fiobel s SRBEh y
not nor e fifih orbral adBRCh &M n MBS ciRE RIS KAy g dhetalIfRE & cld@nw AP Albhe280C.

Typical ly, "the productivity of the epoxidation reacCtion over the selected
range of towmperaturesedt mlajsotdesikdbde thdi aideast drcefi theneser mealcuesdiam vahies fsi r st

expr os aedoae PR UG LR SPREC Sy FuPBET Rl Snait PREENLE 108"

enbodi mening thd llﬁFh pr@dl chtaMist dhl@fdih P erfepashaaihlass. ¢ aetligesoaEicichteissel ect ed
range of overall catalyst chloriding effectiveness values at the first

t enpdPat bginad 3t ghoonegpdetior! thesspverpllpglabyspellpding cHeebsness 2aluss.dh#ds cent
al kyl ene ' ' ' ficienc .

epoxi dat itgﬁiosr\g%%{/é}o}ﬁn&gg%lﬁggfjﬁghgg%ggﬁf%& rté)%éérg#é@ggélro g?ﬁ (Elga a%%%lgieﬁg% r%)dri di ng
ef f ect i vagneds:tivay ubtheapotiigtidn esdtiohewrpdli Riwerr @nd/sr highéreastall3tapout 85
percent. In certain enbodiments, the maxj num efficiency of the epoxidation
reaction C&%@%%@&V@&SWIP%& i BF oy Qhlap Engr Geygh WloresarsyeD. In

ef fecti vepeSmphainies, A réd&ﬁ)rfté\:/r[flféraﬁlﬁé RebBh Mt Stk T vARGEZ0 s ARAMT ($5
percent to about 95 percent. 2010/ 123856PCT/ US2010/ 031694

maxi mam efbilcd, emcynevalmee atedivme viluesof Zeapeabattlto absutdehied terhegh vaue sft ep
14, from%h.e Li rét oégta et, and corresponds to a maxi mum efficiency

achi evabl%e at* _tPi Q' % enperature by varying the overall catalyst
chloriding effecti vVBREHSt tehmPeRA®isQRREAUTBMN Gat HEL@APIRLRTaRs WRKINHN
efficiency value at the first tenperature includes generating a plot, 5 or
usi ng a progerate singe st g cpondatinarardtion) asedgsertticdpronowshy lasadicnat i ons
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data points involves generating data at nore than three overall catalyst
chl ori di ﬁgor@ﬁhwhovﬁfg%, parisiesably pet moredhan abepe? Uy Gy end mag psslerably

10r epeat i t . . t I
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At step Iblecadrangefobemflcaalygndyoridihgefedtonmsss vVhlans dthie fimx iemrrahiciici ency

val ue is sel ected. According to odi nents qof the present invention, the
range of géw?ré?‘@hwueimpi%%sw@gg@a@@e PBide wéleaﬁé?r_@?%egas B SPNSFURGRI t i on
and s T yp EResubPGRARA Ch REHAR Lftb dith GRS thfr OGRS 1Y bf trhe]g% okiREIAPRAHAL | on

reaction than that achi evable when the reaction 1S perfornmed at the maxi num
ef fi ci enoyevtkeyeledtd rdnee bif pydrali extplysiathloraling elfetrencesrbddésat thesfirst he r ange
of efficiency values is marked hy producti vi val ues of at | east .gbout 1
er cent _FBAVBNT Han it onbaidatapcre Sabb FmRefieahiy §aF bl o
is, at | edffe aRimdntdihd maRsDEreRNSE Ot thabp&dRfonaticlbRROeOKE d8edidd t he
reactor outlet stream 20 corresponding to the maxi numefficiency value. In
certai n entesdifrpatadl catahyst elingding eife¢tivcaess valpey al the Sirgt semgaritare 1yt least

produgt i vj | ues. o | e rcen reater than t.nat obtai ned
AR g L R T S AR T B S S S L
concent r atacdion @fcthk ydlened ﬁmF@l of bverdlheatdl@achviidist dfflcti SdreeavalGarat agasdi ng
to the maxi mum efficiency value. In one enbodi ment, the range of efficiency
val ues i SCREPIREE Iyn 25angesd abeutPdngragal QeowfOSarer¢cdhst about 10 percent
greater than that obtained at the maxi mumefficiency value, that is, at

| east about 1.1 tines the concentration of al kylene oxide in the reactor
outl et stream corresponding to the maxiasum effici ency val ue.



A flowhart 20 of a nethod of determning the preferred operating condition
of an epoxidation reaction according to one enbodi nent of the present

i nventi orwO2082885630 in FI G 2. The flow chart 20 il | usPCatus2010/081694
particul ar nethod by which the flow chart 10 can be enployed to determ ne
the preferred operai inkgimandifidiary vihe a theviirb@enpa@Quire sl dedesiretdea slep, as

di scussed previously with reference to flowhart 10. A first data set of
WO 2010/ 123888P6 s IptGro 8ab e s PPIdite AAIRMsTdt e ashicyatds at the first

epoxi dat I, fptEREL bOTudadn bl LRARBIAIIEnd STERISAL Sflrsoft itRRirtdus,at at

| east three overa yst ¢ ing e tiveness values. At step 22, a
first curdeermirtihg anfaxirstmméidiieneyviaBiege terfatedmpbytunt oktidaggedeetinigragtiotdat a

set on a first plot. In some ent%di ne&%lts, the first data se%l cafﬂe&)e fitted
mat henat | CAF1 4RO BRe BT S FRPETALE A AT GRE CRBOaT AT “the Y i r st
curve carnB@ndsagisat@fedin thi bitl erehdinSthedRbibes 6t da hbind ot eOmde Qfi&l &

pol ynom al function to forma fitted curve, the fitted curve having the

f orm of amajommwardaithe genlity gt deteabioing. a maxione dibsdeyedte. Ahevildbeci ssa
(X-axis) of the first plot corres ds to th roduct. vit f th

epoxt dat i DR ESEet s B R0 I Pl G PR B K R e ng

ef f ect i vanes svvall keslydnchlbi@n® edenidtest Valaxd &)th®@first enferdisie, #dadr
10corresponds to the efficiency of the epoxidation reaction at the at | east

t hr ed Oov eeRgating greasufementp polefishipnes ldbe phiesd yeqayeidkcatalystelondingent s
wher e thgefﬁgg@&g%sevaﬁestapglgfﬂrgﬁ{jﬁg&? forresponds to the efficiency of the

epoxi dation reaction, reading ocation of the first maxi num al ong the
vertical axis provikesepal 6yaxangerof effidi@icgrnvaiuey lwie t{antthe mak Bmirh efficgeticpum
ef ficiency_ achi evabl e by var¥i ng, t he over allel catal yst. chl oridin

ef fect i veBEds sgledfest nacqoryiag 1q gRbAHBENs @f theaueepreauyHignt e 114 i on of the

first ”ﬁ@fﬁ&i@i&é}' &Ms%ﬁeéb%&s?t%%@%re%feﬁ JpBRthg Soddiib g LR ARPONdI NG
productivity of the epoxidation reaction. At step 24, a first

regi do orchuhetefivedsby bighareproducsielte of thd.epdidatrah mgction tharbibadi avbivtveblofwhiche
present ipvention, the first regi.on corresponds to,the preferred operating
Pond 1 ornateaal b ppdpmas g i Broar e RBBY Pt ot FEw FGreiE” of Sapé
maxi mim vaﬁﬂﬂ)dhh@ng@@@ﬁ%@@p@fgtieﬁ&evaﬁwssg mRHQH byHrédiR PP UMGE] o d Yeadf t he

e

epoxi dation reaction. first region is characterized by a range of

ef fi ci enapoyial passenpigragker itkan| thatebtaikesat theemeaxifiugl efficignebvabadaptas, at lvestf i r st
maxi mum i .be preci at ed | oss .in. efficienc ue to operating
The. epoxi gt b 1S PRERREMT i of dEyeRESrITnhe KEERRY] ek ool n
prodgot i \Golfr}éspdﬁﬂﬁi§3o e Aixiublsticehépaled. & detthistenfiodiméfds, ot @hgedr by

plotting a first data set of o

efficiency values 1s marked by productivity values of at least about 5 percent greater than
that obtained at the maximum efficiency value, that is, at least about 1.05 times the
concentration of alkylene oxide in the reactor outlet stream corresponding to the maximum
efficiency value. In one embodiment, the range of efficiency values is marked by

25  productivity values of at least about 10 percent greater than that obtained at the maximum
efficiency value, that is, at least about 1.1 times the concentration of alkylene oxide in the
reactor outlet stream corresponding to the maximum efficiency value.

A flowchart 20 of a method of determining the preferred operating condition

of an epoxidation reaction according to one embodiment of the present invention is shown

30 in FIG.2. The flow chart 20 illustrates one particular method by which the flow chart 10

can be employed to determine the preferred operating condition. The flowchart 20 includes

step 12, as discussed previously with reference to flowchart 10. A first data set of
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25efficiency and productivity values at a first tenperature using the

met hod as shown in flowhart 20, in accordance with enbodi nents of the
present iwoento/iasss6The first data set is obtained at ovecaluS2aanaicyst
chloriding effectiveness values of 2.5, 3.1, 3.7 and 4.4 with fixed inlet
et hyl ene dfidesiyhadereduedeiny vadht @potidatgatsaction 30a fir (dnferaroteds pedccaad, at
respectively, and at a tenperature of 245C and.is plotted to generate a
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numeral 40 WD 2010/ 123856PCT/ US2010/ 031694 refers to the correspondi ng
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productivity of the epoxidation reaction. In one enbodinent, the first
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product i \datayyst Biadbridisg @tfettoantssaniet adPehgroed@ihae (Yhad) bhehepiradiet i vity 40
corresponding to the first maxi mum 36 (at |least 1.05 times productivity
40) . 10n ceresmondeippbachisitnsy of H eppridptionagagipnay thed lepshirgiveralli qalplyshat i s

at | east : a I Vi . COr [, j to the
et o R ARV R ELatb 5 n ASBLARA A bk Ay ST RORRERIDP |0
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where the slope is between -1 and -4, when efficiency of the epoxidation
react i on M& BBy deRedevRtsak Eehproxidas prdirRim ¢lligensy valve (WptRitudEi on

reaction i s;&R &RsRMcyARnidianie (ngﬁ]ﬂlilggh:e%eﬁh cHakl @rﬂ@ri&lﬁ% dited Vel G

percent in a reactor outlet str ow chart 50 1 n acCordance with
enbodibnenhsiich tanffergmes entl réaduerthe breaiien dbthp fiost inthexdniim afin@, thethorTivat#l | ow

chart 50 includes steps 12 gnd 22 s. di scussed previously with reference
Lo 1 ow chiest i fregogesipndig gy o LEERORAMAR LB on ef 11 ci ency and
productivity of they VA atfirQiegiBAGH IR FidsBa@@NRIsale@d alAcdoraRgand

tenperature. The second data set includes efficiency values associated wth
at | east anhodementeekthe peesentliywntionl the fight mpler fastespanss éstiepatiowed eperating

second t eaperat Ul &3 (NS GORT ssnend) Bg PAPAKGLIAL LY, YaLles A v th of her
conmponents 0 he operating conditions rermalni hg substanti al 'y Unchanged.

The 96condsdiaReE Hat fiseploain thepro@u&ivit®of Heghpokidahidnrehbonf ITRtfirte8pienad ur e.
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t enper at uharaeriged By 4 range okeldisiacy sxpes whigh és lopisr d@pghesstieigneieehitained pe
second t i i.ff.an t i F r . great er than
about 1 doopog opkfintel, A BE Mol b ARG IE s i Ler R U W e B ot e s
di f f er entepbridatidrheadtionsit theefipercaiourieofiyet i elat giin inl@ndadeity. 3 degr ees
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25  efficiency and productivity values at a first temperature using the method as shown in
flowchart 20, in accordance with embodiments of the present invention. The first data set is
obtained at overall catalyst chloriding effectiveness values of 2.5, 3.1, 3.7 and 4.4 with fixed
inlet ethylene and ethane concentration targets of 30 and 0.5 mole percent, respectively, and
at a temperature of 245°C and is plotted to generate a first curve 34 with a first maximum

30 36 on the first plot. The first maximum 36 has corresponding efficiency and productivity
values as referenced by the numerals 38 and 40, respectively. In this embodiment, the

numeral 38 refers to the maximum efficiency value obtained at 245°C and the numeral 40
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I n sone enbodi nents, the at |east three overall catalyst chloriding

ef fecti veness val ues enpl oyed for generating the second data set, at step
52, can bEothw/1388sane as enpl oyed for generating the fi Pst/usatia/ oswsb4 at
step 12. In certain enbodinments, the at |east three overall catalyst
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as described wi.th r rd to above. 4, .a sec curve is
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typically 0 Vv at er
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curve may shift towards the upper left of the first curve. A tangent |ine
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be in a rARGECHXIdRgIROle PeicEntin g deacto Ouﬂﬁtegﬁre%‘fﬂfl ciency is expressed in

percent and productA Yibhendi s00h GcReldned KvuﬂfenﬁJoﬁMhéfB@oﬂlﬁ ngfesérﬁ i BEbEACT OF

outl et stream The slope of the resulting tangent |ine y vary wthin this
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oot on | 1 EET it 1 SRGeRRIO R PR o8t R Soritreests (HiE S PO SHr at  ng
condi ti onprade@nHY BPhk @peRAdiNRM NS gdReud ASEREcddURPEIaRRe. Te Wcbhd be
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product i \Aatayset:mh@és dléicionay neldes aspopiatpd withagleast thicpevepBertaber ddeiding fir st
curve and %he se&pn%ﬁgg[ﬁl crtivity

i s achi eV Cmfene OI eS8 al the ﬁconfliﬁgggrftt%nc?%ngilt %a?fr«fsi)gr?dqug IS)}ordu(c:jtl\p {y Vaﬁjues

20  with other components of the operating conditions remaining substantially unchanged. The
second temperature can be lower or higher than the first temperature. It is desirable to have
an incremental increase or decrease from the first temperature to attain the second
temperature. In some embodiments, the second temperature is different from the first
temperature by greater than about 1 degree Celsius. In certain embodiments, the second

25  temperature is different from the first temperature by greater than about 3 degrees Celsius.
In one embodiment, the second temperature is different from the first temperature by greater
than about 5 degrees Celsius.

In some embodiments, the at least three overall catalyst chloriding

effectiveness values employed for generating the second data set, at step 52, can be the

30  same as employed for generating the first data set, at step 12. In certain embodiments, the

at least three overall catalyst chloriding effectiveness values used in step 52 can be different

from those employed for generating the first data set. The at least three overall catalyst

28



bet ween the points of tangency with the first curve at first tenperature

and the second curve at second tenperature. In enbodi nents where the

desi red pwocdooxi2ssssy i s hi gher or
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=21 (12 -Ath%eI) SI,)a sz:(cogl((\ipc\gisve_is gél%lratgd gy f)ﬁ)ﬁ?ﬂ% the (s:é%%lnd )dat(a\s/%t on(t}{!:)
first plot. The second curve is characterized by a second maximum, where the efficiency
shows a maximum at the second temperature. In embodiments where the second
temperature is higher than the first temperature, the second curve may typically shift
towards the lower right of the first curve, to greater productivity values and lower efficiency
values. In embodiments where the second temperature is lower than the first temperature,
the second curve may shift towards the upper left of the first curve.

A tangent line can be drawn across the first curve and the second curve, at
step 56. The tangent line touches the first curve and the second curve at points that lie
towards the right of the first maximum and the second maximum. According to
embodiments of the present invention, when the tangent line is constructed as described
above, a slope of the tangent line is found to be in a range of about -1 to about -4, when
efficiency is expressed in percent and productivity as mole percent of alkylene oxide in the
reactor outlet stream. The slope of the resulting tangent line may vary within this range
depending on factors such as temperature, reactor conditions and/or catalyst age.

A second region can be selected at step 58. The second region lies on the
tangent line and corresponds to the preferred operating condition according to embodiments
of the present invention.

As will be appreciated, a preferred operating condition yielding a desired productivity can
be determined from the tangent line drawn across the first curve and the second curve. In
one embodiment, the desired productivity is achieved at a point on the tangent line that lies
between the points of tangency with the first curve at first temperature and the second curve
at second temperature. In embodiments where the desired productivity is higher or lower
than both the productivity at the tangent point for the first curve at the first temperature and
the productivity at the tangent point for the second curve at the second temperature, the
tangent line can be extrapolated to obtain the preferred operating condition. In one

embodiment, the temperature ('T3) and overall catalyst chloriding effectiveness value (Z3*)
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* 2C A01) _ (z2 * - 721 (CAO 2 - CAO1 ) Swhere, T1, T2 and T3 are
the first tenperature, second tenperature, and third tenperature,
respect i weDyp100a88s6and CAO2 are the concentrations of alPkylusa@oozicde in the
outl et streamat the points where the tangent |line neets the response
curves atcofidsmindingo tegapleatd vpétinCARditich @n de sleteedinke vusing efugpions (¢t i vi ty
in nole percent in the outlet stream Zi* and Z2* are the overall catalyst
chl ori di rigdefly agiveRhe8Y: val ues at the points where the tangent |ine neets
the 10 response curves at Tl and T2, respectively, and may be determned if

required by interpolation orgzgﬁt]rﬁp lation froma plot of outlet alkylene
oxi de concentrati or@&gaing ]&I(b cat @IAQﬁt chloridi ngvef fectiveness

values at Tl and T2, relsp (ﬁfjoyel@Abl) nd 23* is the overall catal yst

chloriding effectiveness value corresponding to the preferred operating

condition at the third tenperature. 15l n one enbodi nent, the steps 12-58 of

the flow chart 50 cgn be re eft g0 Zp*p tg&n rm(é;a t han two cg(rves at nore
&f i lcio d

than two tenperatures wtht g asspci % e)ncy and pr( Lctivity

val ues. A tangent line, or Sséfi es‘Yf-tangent lines, or a snoothly varying
tangent curve drawn across the nore than two curves can provide the

pref err ed,RPEr_L TNHhCPNEE tHe Qs (BmPerAR §Ecol Mihfdratuft, bh@ihiaSGpéRRG, above
at each of the tenperatures.
respectively; Cao; and Caop are the concentrations of alkylene oxide in the outlet stream at
the points where the tangent line meets the response curves at T and T,, respectively; Cao3
is a desired level of productivity in mole percent in the outlet stream; Z,* and Z,* are the
overall catalyst chloriding effectiveness values at the points where the tangent line meets the

10 response curves at T and T, respectively, and may be determined if required by
interpolation or extrapolation from a plot of outlet alkylene oxide concentration against the
overall catalyst chloriding effectiveness values at Ty and T», respectively; and Zs* is the
overall catalyst chloriding effectiveness value corresponding to the preferred operating
condition at the third temperature.

15 In one embodiment, the steps 12-58 of the flow chart 50 can be repeated to
obtain more than two curves at more than two temperatures with the associated efficiency
and productivity values. A tangent line, or a series of tangent lines, or a smoothly varying
tangent curve drawn across the more than two curves can provide the preferred operating
condition in a manner similar to that described above at each of the temperatures.

20 FIG. 5 is an illustration of a plot 60 of the first data set and the second data
set obtained using the flowchart 50, in accordance with embodiments of the present
invention. The first data set can be plotted to get the first curve 34 with the first maximum
36, as described with reference to FIG. 3. The corresponding efficiency and productivity
values are referred by the numerals 38 and 40, respectively. A plot of the second data set at

25  250°C with overall catalyst chloriding effectiveness values of 3.6, 4.4 and 5.0, at fixed inlet
ethylene and ethane concentration targets of 30 and 0.5 mole percent, respectively, provides
a second curve 64 with a second maximum 66 and the corresponding efficiency and

productivity values are referred by the numerals 68 and 70, respectively. A tangent line 72
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20FIG 5 is an illustration of a plot 60 of the first data set and the
second data set obtained using the flowhart 50, in accordance with

enbodi merwe 20fo/2Bgs6pr esent i nvention. The first data sePCtars2tie/opiootted to
get the first curve 34 with the first nmaxi num 36, as described with
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second CUuiyR B4 oddhRs HRNEERL AdR, 42 nfafl@hss74t Bd for iRt sebHdVi@mpéradiid it he
second curve 64, at points marked by the nunerals 74 and 76, as shown in

the FI G ®rrefoadptsi prist 764 acaedlizg td ¢rebadomentd of theeresegininvestionhe first maxi num

36 and second maxi 66.0f the first, curve 34 and .the second curve 64,

respectively. The g&’ @P&%‘@F‘Feg@ Oiﬁé?%ﬁ?dnﬁcc%dﬁ% ©i %ngm?lﬁseoftﬁ?g{es?lgrrper ature
cor r espongsention iNshokv@dh PIGOR Theflbw chirt 8Uinteudehatepd DVUENES? ddwdohvanget |ine
72, as marked 2ltg%sm and for the second tenperature it corresponds to point

76, dOcorltimghareyLaIda fredit stepfl 2 mérgHaiasnt oficiicimaygnd productivity of the A f | ow
chart 80 G%F»&%atg&{ Eilgée{ioﬁca? e tﬁ‘&s@t@@%@%ﬁ&l&%&ﬁ%t %lofi?@g%ﬁt%&?%%eés%ﬁ%%@ nits

shown in ow chart i nc s steps as s in the
10f | ow cha¢ firsh @nglerdthi@.is denehitedt RPstdR52,a stiarmsitdadadetobefficieheedifd ci ency and
productivity of the epoxidation reaction gﬂ the at | east three gverall

catal yst RERFWSHYHY Abtherpeetitingeadiopdl thest sistireervpat! cpehpbrieugiasi s
gener at ey &P htes ARIEARH ApAatRlis@en&hiklic! ency and productivity of

t he epoxidation reaction at the at |east three overall catalyst chloriding
ef f edtSi veness val uest siép §2he csrivonplot srgeeerated bg platige therfattetita sebAud dieep 82,
a contour plot.is geperate lotti.ng the first data, set and the second
dat o set el o B msnodn@n by S dh st he o 08t i el S0t ar o
plotted gandudnsbi %amatg[v,ar&ldﬁd@@ @factbereld eahdhmoebtRalt UeHRER ¥ Rlalte and
tenperature to obtain at least one third curve and at | east one fourth

curve. Thaedhird ense awhe ledst par lourth suoisr rlds poledy one thirdcomyomresporsis s & ant

ef {1 ci ency of, Lhe, eagKigatlon fGaclionand e b heast, pae. foupLh. gurve
20corresponds to a contour constant productivity o e epoxli datl on

r eact20on.corresponds to a confoudridif Eenst8@bAIubvitys thOBpcxidatiph @dactisn.sel ect ed, at
step 84. The third region corresponds to the preferred operating condition.
I n one embodi ment, A HBrd1§E08 ondhs enntoyrgdotdnsalerdedqat ytemnmdt bhrethirddeginn cur ve

corsSoPO U i) el 0 RGO L BB
whi ch al sm tBSaEedss ohdrdpuath dusasiores@ntlogrtd A desiraddewd] of pitoglnestity and is
further characterized by the at least one third curve having highest efficiency and which also
25  meets the at least one fourth curve of interest.
In some embodiments, steps 12 or 52 are repeated at a third temperature and
the contour plot is generated by plotting data at at least three temperatures. As will be
appreciated, generating data at more than three temperatures can provide a determination of
the preferred operating condition that is better in comparison with the contour plot
30  generated at three temperatures.

FIG. 7 is a contour plot 90 of a first data set, a second data set and a third

data set obtained by following the method of flow chart 80. In this embodiment, the

31



In sone enbodi ments, steps 12 or 52 are repeated at a third tenperature and
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operating 15 condition 102 is | ower than the maxi numefficiency of 87.4%
obt aildablw@ndition 162 i seloper tito the roixiddht SGcientholady. mewbadlmabd:aatahq@tnpefaltwei di ng

ffect f b t th t bout 1.42%
Eq oot VSR Y@t SRRt soria e R AR BB bR B iy o

enbodi menhs fbﬁu&ti\@t £ gt dooveot i on. The system 110 includes a reactor 112
and a control ler 114. In the 20illustrated enbodi mrent of FIG 8, the reactor
112 is a tubul ar veF§§e81w sqhe@a@@xﬂatggﬂm omwsmb&wordmgtoenmdanww ehe

feed 116, 118 QuUS ¢ £ont pr.onpt er
speci es ft}eleearei aVreg 1%%%}168 |1%(’31|%§1 Froadc ut(}ed“f the rroeac 4r I_nLi as a

reactzoon ilfigtiakideendbddimdhi®f PGB! ﬂlleS‘eal‘Z(ﬂ‘ 1ands a,aﬁ)umepe@m Wwihiea thawstmider s f or
the al kyl ene feed 116 and gaseous chl ori ne-contai ni ng pronoter species feed
120, respbyopehingt. An plkyleng fecd tlpedn @ogen &xmh 11 and 4 epsarhehlaring Fanansei de

product, p[?l)ﬁ{%te? lslga%leg er:Qlul(Qbsar@M{lﬁhed TRUE ik RRic{Binh the reactor 112 as a reaction

mixture 122. The numerals 124 and 126 depict the flow meters for the alkylene feed 116
and gaseous chlorine-containing promoter species feed 120, respectively. A reactor outlet

25  stream 128 including alkylene oxide product, plus side products and/or impurities (e.g.,
CO,, H,0, and saturated hydrocarbons) and unreacted olefins and oxygen can be taken out
from the reactor 112. If desired, a recycle feed stream 130 can be provided in the reactor
112 to recycle unreacted olefins and oxygen in the reactor outlet stream 128. The recycle
feed stream 130 can include a flow meter 134 and a recycle flow controller 136. The

30  recycle flow controller 136 receives recycle flow data from flow meter 134 and can

manipulate control valve 138 to control the flow rate of recycle feed stream 130.
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25 114 can determine if the concentration of alkylene oxide in the reactor outlet stream 128
and/or the yield of alkylene oxide is within the preferred operating condition. When the
alkylene oxide concentration and/or yield falls outside of the preferred operating condition,
controller 114 can either adjust the reactor temperature or the flow rate of the gaseous
chlorine-containing promoter species in the reaction mixture 122 (to change Z*) to obtain
30  the desired alkylene oxide concentration or yield.

As shown in FIG. 8, the alkylene feed analyzer controller 154 can be

provided to regulate the alkylene concentration in the reaction mixture 122. In the
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exanpl e, infopmag@@yiosiakulate the diegledarvhiellcatdysp claribiogatiestiveans dlekanol ani nes.
Since the BRESERL ol YRR LAR. ROV deR AT LIBANS] fRoxldation,aailqdy Tt 1
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met hods for the production of 1,2-diols, 1,2-carbonates, 1,2-diol ethers
and al karféfegnyaness. apdanahyirs g weulgpedata ag dessribpdhabozoTiyany o magtiasls of

al kyl ene ﬁéi‘f?élﬁhgfﬂ% iﬁv&ftﬂh%hsm%s ?)f GortloPlkr SHEL %)pgpe)ﬁt O ki ifh B art,
exanpl e, reactingthe desired alkylene oxide wth water, suitably 1 n the
presence of an aci dite akylbasixidc@bahoedtby thopreesnanpdxadatioarprgreef maent i al
production of the 1, 2- )
typically be processed to provide further downstream products, such as, for example, 1,2-
25  diols, 1,2-diol ethers, 1,2-carbonates, and alkanolamines. Since the present invention
provides an improved epoxidation method, it is contemplated that the improvements
provided will carry forward to provide improvements to these downstream processes and/or
products. Improved methods for the production of 1,2-diols, 1,2-carbonates, 1,2-diol ethers
and alkanolamines are thus also provided herein.
30 The conversion of alkylene oxides into 1,2-diols or 1,2-diol ethers may

comprise, for example, reacting the desired alkylene oxide with water, suitably in the

presence of an acidic or basic catalyst. For example, for preferential production of the 1,2-
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WO 2010/ 123856PCT/ US2010/ 031694 di ol over the 1,2-diol ether, the al kylene
oxi de may be reacted with a tenfold nolar excess of water, in a liquid
phase reawODi201/128856he presence of an acid catal yst, e.gPCTQAIS2010/081604 %

sul furic acid, based on the total reaction m xture, at 50-70C at 1 bar
absol ut e,didrovientha 1ghdiopbtse theedkeyleoioxidt mip0Oe 240€Cdavith 2@n0d batarakesk ut e,
preferably in the absence of a catalyst. 5If the proportion of water is

| over ed, HNEHr BrohqyioANSE reaglon ipthgipgisensernd 28 arif ey sk Saetd-ord-hvleure wil |
be i ncr eagfiic 118, thsdd ofiRlio @ ASErt it RIYCRA TRY bEARRELEE oflh £LCT S,
triethers, tetra-ethers or other nulti-ethers. ternative 1,2-£io et hers
may be prigparedctivn, atolPer40rdgnd B8-48lbay hisobitgypreferabiytih tanatabioehdla,caglych as

met hanol or et hanol, or by. repl aci at | east. a rtion of. the water with
'he. aPoobihe Priarhes ol bl 105 G gPerRinarinal & heriol iy robe it ed | n a
wi de var igtxyur®ivi® Beiks&s@&PPIhCAL! @BBethéls iR phRded RRY COAYASse diQRRGS Qi
cosnetic, thernoplastic polyner, curable resin system detergent, heat

t ransf er otiess.detra-ethers or pihgusutti-ethers. Alternative 1,2-dinketbernweydicqrepafedadhky| ene

oxi des produced via.the nmethod. of the present invention into alkanolam nes
mayconprp Ly et TR SR n 4PFRE SRR kMG bl OBy KRR
Anhydr ousat Qfas@OptEQS o BB IE Wil hb @lcdReld Thalrédaughl, 2aidinldobdm@sinayf avor s
t he production of nonoal kanol am ne, and may be used when the sane is

pr ef dPr edre uthiged B widengriglylcAsBd-as srpdicagnsie thedeed. beyeragsc4ehsced: in t he
t t t ; I I i i i h
reat men cg%e{l‘@tt@e[r&o %gt?]c a@ﬁ?@eﬁ’ CSJab{é.rgggﬁh ﬁstémydePe?%&ﬁ) r}}ég{ &%{%{@&%ﬁ;[&bﬁc.,

corresponding I,2-ca y’reacti e ole ox1 de w
di oxi de. ihfusdésired, a 1,2-diol nay be prepared by subsequently reacting
20t he 1, 2-carbonate with water or an alcohol to formthe 1. 2- diol. For

appl i cabl e net hods, MegpBrEnes of alkiicae oxigdegproducadapin e MhodolgBe PEINt whi ch
| s incor npyahis it raﬁd_aﬁol@ﬁﬁiﬂe%fn?e{y%%?rﬁyrisg,tml}’&lga%la|ré{efé9h% gfehdglléﬁgqé KidRith

significant applications: as a'raw material for poly ene

t er edht hainatheyiaf Anhydreusd or guobysstmenorfia beyy befus¢dnalthmgheohydioneasmoand as an
autonotive antifreeze. D.-, tri-, and tetraethyl ene glycols are coproducts
of ot hyl de g rabraicoanet FisapslkaiotfEne ardaRpaty Brd e 1§ A S ORI Hat  one
skilled ihetrBgi@K am%aammma% Be usless fdricRAMPR, HAh&irBatmidhi dfi murhINRs PTRS ENt
invention to its Tullest extent. The foll ow ng exanples are included to

provi de adefin poAamay b demvested mtp thyseorekpdndang i, Arcahenate by irgrcpnateiatétng t he
claimed invention. . B The. ex | es provided are . nmerely representative of the
work t hat oY # PRI S PR Eladhi hg B PrEopPiBae P platy Ty e
Accongdi nghy | 2tdagsmaexaimplvesr af & 4166ho3 Q) R@NBEe 2t giol. it hppl@bleiv@npddson, as
defined in the appended clains, in any manner.

WO
2010/ 12385ERUTF S2eA0P33 16 F4tcrbding. B8RS Trmhicheis dnporrorated beeindtyesiorsee.
determi nation of t hﬁhﬂ'éﬁ“g glry{:(ﬂqs %%ﬂrif’ilwv@gigniﬁcant applications: as a raw material for

poly(ethylene terephthalate) for use in polyester fiber, film, and containers, and as an
automotive antifreeze. Di-, tri-, and tetracthylene glycols are coproducts of ethylene glycol.
25 Without further elaboration, it is believed that one skilled in the art can,
using the description herein, utilize the present invention to its fullest extent. The following
examples are included to provide additional guidance to those skilled in the art in practicing
the claimed invention. The examples provided are merely representative of the work that
contributes to the teaching of the present application. Accordingly, these examples are not

30  intended to limit the invention, as defined in the appended claims, in any manner.
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condition using the plot nethod as described by the flow chart 50 and
illustrated by the plot 60. 5An al pha-al um na support is prepared using the
general pwoceuumrsssas described in Patent Publication WOPROMRLWABIB24 and US
Publ i cati on No. 2007-0111886 Al, incorporated herein by reference. A silver
cat al yst IEXOAMEIIN hg rheniumis prepared on the above al pha-al um na support
using the general procedure as described in Patent Publication WO

2007/ 123932. X- Ray HAItigFEyeRrsttgRiby deteanipatian gk the peefered epergtingal yvst

10shows t - 2 i e J 2 ppnmw
cesi um aégggltt 1")%8§1§gtﬂm% Itn gttlg g%agéﬁgng\ﬁio%{]&lﬁg%%%ﬁm% @hdggﬁgﬁtﬁ%%o ttﬁ%15 ppmw

sul phat e foidblabout 115 ppnw manganese. Lithiumis al so added as a pronoter
during the preparatjo f the catal yst, however it has not been anal yzed
1S ng XRE. An B0- ccNARBH-AIEEY HEPRN Iy BEDURY )5 he S AP EhPOR DGk m xod
aut ocl avejck@aeli of PichiPichitnel (BAR 7223093 hid 08 MBMEADN PR3 Q00R0E1 BKCent
et hyl ene, 3 nol e percent carbon dioxide, 8 nole percent oxygen, 0.5 nole

per cent ehhamwrpaeied dateimby wikrende. ¢t hier cthlyst apataimngrheangeisafrepardl oo 4
ppmv and fhe bal ance bei ng nitrogen. The reactor pressure.is;2000 kPa

bso ut e PSRN Eetl R R P g T s A SRS B P8 one day a
a tenper gtublieatin W80ZO0aNIE3HBENXIRUY [Atiore I¥RES @(R&Fmagfsis AU, sikdb&atand 250C.
The total reactor inlet feed g&e]ls flowis 10.67 standard liters per 20m nute

neasuPed sB8Whihat §gentaip abgutsiidyeight percent silver, aRop§ 372 PRy seswn, Fput

efficien ﬁ@? Vi &R r f ' ' runni ng
t he reacfécg)r a P(%tfggs;d (Eﬁeultn%);l gltlztra]ﬁ'}og?)ip@e c%&@éﬁtar&é@i 1&%2@%\‘& %ﬂ@% Rgh@?ﬁgﬁ% and 3.5
ppnmv (Z* 1d6 ppnby mAngdanese. 7Lididm4s dlko added & heread@r anrengothe prapachtion offdlel e 1.
The productivity is defined by the gil ar percenptage of ethylene oxide in

the out | rtadyst-diomeysr it fes 198 bpanabized Hing Xite sar 80-58 soppipot Resd¥gng dat a

set on efd| fy«eNG¥n &S HRKOAUEH Midclav@eaRidk STREMAhIE asQfongﬁbQiﬁg? $aPiRhal ned by

running the reactor at inlet ethyl chloride concentrations 2.9, 3.5 and

4.0 pgpnv J0anolefpeBett ctlyldncaBdnde P¥rcendrtonealivada I8trsolapercpnioxiyded Oinmdkbl e 1.

A first plot of,efficiency. agajinst, productivity i |ofted as, sh in FI G
5 to obmsrsntsbee it gL Mk N dite S hadmet R Bodpre BB R Bret The
synbol s repieasebient NeeIORESYREssEXREDHNMEINEAIbsSidtca 2andsik Nerokh@8r i§ Utaned

corresponds to the fitted curve. The tangent line 72 s drawn across the
first curuapengddpartdiheornsediyrad adempaa®s And0fhenghehanr aldgemperatures of

20101 L236HRRCT LSROI04ER oot REL LB SETNAL TR R MG
Tabl @01 minute measured as nitrogen (22.6 scfh).
A first data set on efficiency and productivity at a temperature of 245°C is
obtained by running the reactor at inlet ethyl chloride concentrations of 2.0, 2.5, 3.0 and
3.5 ppmv (Z* of 2.5, 3.1, 3.7 and 4.4), and the data are provided in Table 1. The
productivity is defined by the molar percentage of ethylene oxide in the outlet stream of the
25  reactor and expressed as % EO. A second data set on efficiency and productivity at a
temperature of 250°C is obtained by running the reactor at inlet ethyl chloride
concentrations of 2.9, 3.5 and 4.0 ppmv (Z* of 3.6, 4.4 and 5.0), and the results are provided
in Table 1. A first plot of efficiency against productivity is plotted as shown in FIG. 5, to
obtain the first curve 34 and the second curve 64, respectively. The symbols represent the

30  actual experimental data and the dotted curve corresponds to the fitted curve. The tangent

line 72 is drawn across the first curve 34 and the second curve 64 and the preferred
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Tenperature (245C) Tenperature (250C) Z* efficiency % EO Z* efficiency % EO
2.5 85.5% 1.72% 3.6 85.3%2.09% 3.1 85.8% 1. 92%
WO 2010/123856 PCT/US2010/031694

operating conditions at 245 and 250°C correspond to the points 74 and 76, respectively, on

the tangent line 72.

Table 1
Temperature (245°C ) Temperature (250°C )
7% efficiency % EO 7% efficiency % EO
2.5 85.5% 1.72% 3.6 85.3% 2.09%
3.1 85.8% 1.92% 4.4 85.0% 2.30%
3.7 85.5% 2.09% 5.0 83.8% 2.47%
4.4 84.5% 2.26%
5 At a temperature of 245°C, preferred operating condition 74 produces 2.00%

EO with 85.7% efficiency and the corresponding overall catalyst chloriding effectiveness
value is determined by linear regression of the %EO vs. Z* response data obtained at 245°C
to be 3.43 Z*; at a temperature of 250°C, preferred operating condition 76 produces 2.22%
EO with 85.3% efficiency and the corresponding overall catalyst chloriding effectiveness

10 value is similarly determined by linear regression of the %EO vs. Z* response data obtained
at 250°C to be 4.07 Z*. Table 2, provides a comparison when the reaction is operated at
maximum efficiency (36, 66 of FIG. 5) to the preferred operating condition (74, 76 of
FIG.5). As seen from the Table 2, the preferred operating condition provides higher
productivity as compared to the reaction run at maximum efficiency. The equivalent

15 productivity of 1.90% EO achieved at the efficiency-maximizing 7Z* of 3.1 at 245°C can be
attained for a preferred operating condition according to equations (V) and (VI) at a lower

temperature of 242.7°C and 3.1 Z*, with resulting efficiency on the tangent line of 85.9%.
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4.4 85.0% 2.30% 3.7 85.5%2.09%5.0 83.8%2.47% 4.4 84.5% 2. 26% 5At a
tenperature of 245C, preferred operating condition 74 produces 2.00% EO
wi t h 85. Woehfuresssncy and t he correspondi ng overal | cat acyatS2aialosrspdi ng
effectiveness value is determned by |inear regression of the %O vs. Z*
response data obtained at 245C to be Bal327*; at a tenperature of 250C,

preferred operatingcondition 76 produges2.22%EO wWth 85 3%efficiency
and the cofreapond egvF SR ¥E" |SMALO% 8 ol Testishere
85.8% 85.7% 1.90% 2.00%
efficiency at 66 efficiency at 76 % EO at 66 % EO at 76
85.4% 85.3% 2.15% 2.22%

EXAMPLE 2

This example illustrates performing the epoxidation reaction at the preferred
operating condition for a cumulative alkylene oxide production of at least about 250 kmole

per m’ of the catalyst.

A silver catalyst containing rhenium is prepared on the alpha-alumina
support using the procedure as described in Example 1. The rhenium content of the catalyst
is about 368 ppmw as analyzed by X-Ray Fluorescence. A sample of this catalyst is
charged to a tubular reactor. The tubular reactor is configured such that a portion of a
reactor outlet stream containing carbon dioxide is recycled after passing through an ethylene
oxide absorber , and combined with sufficient fresh feed gases to achieve target inlet feed
and re-introduced in to the reactor. The reactor is started up and the epoxidation reaction is
operated under a range of process conditions for the first 50 days.

The reactor is operated between Day 51 and Day 61 by maintaining an inlet gas
S composition of 35 mole percent ethylene, 8.5 mole percent oxygen, 0.9 mole percent carbon

dioxide, 0.6 mole percent ethane and the balance being gaseous chlorine-containing
promoter species as given below, and nitrogen, at a temperature of about 222°C, a reactor
pressure of 2140 kPa absolute (295 psig) and a gas hourly space velocity of about 5400 per
hour.

10 On Day 51 and Day 52, corresponding to operation at a first operating condition,
an ethyl chloride concentration at the inlet is adjusted such that an overall catalyst
chloriding effectiveness value value Z* after accounting for other gaseous chlorine-

containing promoter species contained within the stream recycled from the reactor outlet is
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10 value is simlarly determ ned by |linear regression of the %0 vs. Z*
response data obtained at 250C to be 4.07 Z*. Table 2, provides a

conpar i soNOwhni2B8%e reaction i s operated at maxi mum ef f PCrarse§1003694 66 of
FIG 5) to the preferred operating condition (74, 76 of FIG5). As seen
from t he abatd 27.20ntihs 1, éfcetveede aptdargierdegtage nilethilene pxidy irdés ohilghatam
productivity as conpared to the reaction run at maxi num efficiency. The
equi val erftl ASTEAsBEH iEs e RIGARstivity dodd EBOKCPfirernb angtheaygrage etficiency is

ef fici enqys qmXiNBiS, fhe igfet g‘th}l Ao fPEGnEa A en@sti(&j,@ﬂ' ned ¢ Obtafh PyelgnEed
operating condition according to equations ( an (eVI) at a | ower
t enper at ur&.(bitR 4R pFGhanichitg of 2 2% malipetveneswl aniavgragé tifwiaag pf 865heAt angent

line Qf 85..9% 010/ 123856PCT/ US2010/ 031694 Table 2 efficiency at 36
ef 11 cendl IRty By EG Y (SR IoREEI o T S PRVLBH Y Pt PSoSIZn BOHE BIYel Py
at 66 ef fhebgRGoidh rduidh EQ AIncB6n of overall catalyst chloriding effectiveness value at

the constant operating temperature between days 52 and 53 is about -3.3 and is determined

to correspond to a preferred operating condition.

From Day 53 till Day 61 the temperature is held at 222 °C with a Z* value of
3.0. Over this period, the cumulative ethylene oxide production is about 1160 kmole per
cubic meter of catalyst with the average molar percentage of ethylene oxide in the outlet
stream being 2.24 mole % EO and the average efficiency being 86.4%. This run continues

for a total of 170 days and the operating temperature on Day 170 is 240 °C.
EXAMPLE 3

An 80 cc sample of the used catalyst of Example 2 is obtained from an outlet
section of the catalyst bed. The epoxidation reaction is started up with the used catalyst in a
back-mixed Berty-type autoclave reactor with an inlet gas composition of 30.0 mol percent
ethylene, 8.0 mol percent oxygen, 2.0 mol percent carbon dioxide, 0.5 mol percent ethane,
2.0 ppmv ethyl chloride and the balance being nitrogen. The reactor pressure is 2000 kPa
absolute (275 psig) and temperature is 230°C. The total reactor inlet feed gas flow is 640
standard liters per hour measured as nitrogen. After four days of operation at 230°C, the

temperature is increased to 240°C.

A first data set on efficiency and productivity at a temperature of 240°C is
obtained by varying the inlet ethyl chloride concentration in steps of 0.3 ppmv to obtain Z*
value in the range of about 3.1 to 4.3, and is provided in Table 3. A first plot 170 of
efficiency against productivity is plotted and is given in F1G. 9.
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% EO at 76 85.4% 85. 3% 2. 15% 2. 22% EXAMPLE 2 Thi s exanpl e
illustrates perform ng the epoxidation reaction at the preferred operating
condi ti orwban1oa128856ul ati ve al kyl ene oxi de producti on of pat/use@s3mbout 250
knmol e per nB8 of the catalyst. A silver catal yst containing
rheniumis prepared on the al pha-al um na support using the procedure as
described in Exanple 1. The rheni ufabboht ent of the catal yst is about 368
pprw as anal yzed by X-Ray Fluorescence. A sanple of this catalyst is
charged [to a tXdbul ar rleact ofkE(Qhe tupul ar react otfficisngonfi gured such that a
portion [of a Reactor qutl et 1siiream contai ning carlkg®y di oxide is recycl ed
af t er pgssingaifzrough [an et ylggne ox| de absor ber, &l conmbined W th
sufficignt frggﬂrfeed gaseslygrachie & target |n| 57 eed < ana re-imtroduced
in to the—reagt —The ICOlbLUS s—started—up—and—t Z]."_‘SCPU“ datt+on—reacti on

i S oper ated unuer a—-ange of prccess eondit+ens—toer—thefH+st—50days. The

reactor is operated bet ween Day 51 and Day 61 by nalntalnlng an inlet gas

5conpgsi t 5 nol e rcent ene, ercel nol e
o cont cPBR ditg s mBRERFETS yeuchc efnBnd *a RuRFhE Sl TSRy
gaseous glikditts REmEdnfuai Bifid@npy QMBS O mﬁl B82) asthgd V&iesbehd pﬁialdcmlty egen,
at a tenperature of about 222C, a reactor pressure of 2140 kPa absol ute
(295 psi g)3amwlapysentfidel ¢ epagaugerbedd” 939 ofhepeyirspoubee gérvausuls 3.29@n Day
51 and ACORT 0 ion,

an ethyP%%wﬁorlde C cengfggF%ﬁgé¥ ? éh?ﬁf@?(?g%%%&%n@?%fg&hﬂ9§ﬁégﬁg%

over al | amtightyst ofcétlioiehcly ngpeidbheattiiyvandss wfathueﬁma&uree & atafut e3.0ackoppini ng
for other, gaseous.chl orjne-containjng pronoter. ies contained within the
stredfh r a&% Uk oTRGicvhts Feddt oY dbt MEPaed ViR isohdF ToaigsRtest 04Y 6%1694
about 2. lorXpcRihs 52+ e RVERRIETHIDALPR! QRRLACE Rfc (gptepa)dn NGie Q¥hdS: hin the
outlet stre of ghe reactor, 1.e., the productivity is 2.15 nole percent
and the grefeage opéraiing enmytlolss 860@%seOto DagrabRg at heximiretelie¢ihyly chilor inde
concentragtion is |ncrﬁ@§ed.to obtain a Z* value of 3.0 with the

product i VIERFT BFOBICBYILLISF a SINCRAePPLRY™ S aver age efficiency of 86.5% A

While only certain features of the invention have been illustrated and

15  described herein, many modifications and changes will occur to those skilled in the art. It
is, therefore, to be understood that the appended claims are intended to cover all such

modifications and changes as fall within the true spirit of the invention.
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S5derivative of efficiency (expressed in percent) to productivity (expressed
in nole percent) of the epoxidation reaction as a function of overal

cat al yst wbl2oro/iddssg ef f ecti veness val ue at the const ant POparsat10/081694
tenperature between days 52 and 53 is about -3.3 and is determined to
correspor A0l B Qr.afieibiiery: oper ati ng condi ti on. From Day 53 til
Day 61 the tenperature is held at 222 Cwith a Z* value of 3.0. Over this
period, the cunul ative et hyl ene oxi de production is about 1160 knol e per

cubic nmeter of catalyst with the average | gr percent age. of ethyl ene oxide
in the outlet st rezlm bei%&leg?oélf%r%? Cb}’(%l"—_a@%gel{eh%ﬂ%v &f £ i ci ency being
86.4% This run continues for a total of 170 days and the operating

t enper at Lﬂa@si@?a Ravtid BittBreddth sinEAANIRE, Sxygen and a gaseous clﬂ@ri&ﬂg&ﬁaiﬁi@mﬂ e of
t he used catal yst of Exanple 2 is obtained froman outlet section of the
cat al yst Me@oteTprecis OXPlidatuponrtedentaly s somprising st et ang amrQmotingean@eg ot at al yst
in a bac 1: - | av . Lt an i t onposi tion
of 30,0 e SRks b BBl R BB SEELRE ok Btbntlcg e Bt GETEN

car bon diaiiléle, oxdddinmtaquer eshiubeédi@ney pef@npipgnheepbyidawdil ieadtida vaitdn thee

bal ance being nitrogen, The reactor pressure is 2000 kPa absol ute (275

psi g) ande¥dofidpREGIFEe] epesang conrfigiopovhgreindhe pisFeried|aperafigg goyHLOR isow i s 640
st andard i : . Al : . eration
at 2300, THaEleRRERy MEHTRAP L (E Ao gaETon B 60 oMy Ve REST 2 01
on ef fi civemrsinamdefficieductsilowenthat that dfermexiatum effiofen2yl @Bi¢vsiblebit anned by
varying the inlet ethyl chloride concentration in steps.of 0.3 ppnmv to

obt ai n Z°RGEf8 t‘?rPPetr?%rer%?ﬁréjépo gy e Releriey opergling fyliions  oyi ded in Tabl e
3. Afirst plot 170 of efficiency against productivity is plotted and is
given in FIG 9. W 204H1RIABSEHCAAWSROMY-O3 HR e bl @ pdratids cIfdiion is

efficiency 3.16 1.21 85.7 3.48
characterized by a productivity of the epoxidation reaction, wherein the productivity of the

epoxidation reaction at the preferred operating condition is higher than that obtained at the

maximum efficiency achievable at the operating temperature.

3. The method of any one of claims 1 or 2, wherein the preferred
operating condition is further characterized by an overall catalyst chloriding effectiveness
value that is higher than when the epoxidation reaction is performed at maximum efficiency

and at the operating temperature corresponding to the preferred operating condition

4. The method of any one of claims 1, 2, or 3, wherein subsequently
performing the epoxidation reaction at the preferred operating condition comprises varying
at least one of a temperature of the first operating condition, or an overall catalyst chloriding

effectiveness value of the first operating condition.

5. The method of any one of claims 1 through 4 further comprising

determining the preferred operating condition.

6. The method of any one of claims 1 through 5, wherein the alkylene

oxide is selected from a group consisting of ethylene oxide and propylene oxide.
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1.28 85.9 3.91 1.41 85.7 4.34 1.54 84.8 5The first data set is

mat hematically fitted as a parabola to obtain a first curve 180 which
predi ct s worranirsssoef f i ci ency of 85.9% (point 182) w t hPaTasee1espwodi ng
productivity of 1.31 nole percent EO at a tenperature of 240C. The
correspondi ng Z* vdl.ue iBhe3n&Boddf a0idie oI 8RimA] phirefigh 6,achcogeniat gaigous
condition_at. K 240C carresponds tq point 184, where a derjvatiyve of

ef fi ci encPYUHCHOBHGHRS DIRPIGTSPEFiBpis SHIFCEhEOM ¢ SOUR GPRSUNG o46ddtS - 3. 0. At

poi nt 10 &@040%};({9%3%5&8%ggﬁ}yg%iﬁu§§t&%@nd the productivity is 1.38 nole

percent EO an e corresponding Z* value is 3.81. This Exanple illustrates
that operating the reactor at preferred operating conditions as opposed to
operating at naxi min ef fTleireetbyd pleayl ans df wlamng hérropgtoduchearein e dagalyst gi ven
tenperature. Wiile only certain features of the jnventi on have been

1ot £ actelrai EuaR Bt R R P PR A S "ehanges i I
occur to those skilled in the art. It is, therefore, to be understood that

the appended cl ai mg. ar e THtmaHedot £yt cRiiths $ dabugogliWhceeh ingstand
changes as fall within the true spirit of the invention. WHAT IS CLAI MED
| S: further comprisesjat lggshereedpramops oriitinghasr-aromAterempxiserehadidapr i si ng:

and/or oxyanions of elements other than oxygen having an atomic number of 5 to 83 and

being from the groups 3b to 7b, and 3a to 7a, of the Periodic Table.

10. The method of any one of claims 1 through 9, wherein the catalyst
further comprises at least one co-promoter selected from a group consisting of Group IA
metals, Group IIA metals, phosphorus, boron, manganese, sulfur, molybdenum, tungsten,
chromium, titanium, hafnium, zirconium, vanadium, thallium, thorium, tantalum, niobium,

gallium, germanium and any mixtures thereof.

11. The method of any one of claims 1 through 10, wherein the reactor is
operated at the preferred operating condition for a cumulative alkylene oxide production of

at least 250 kmole per m’ of the catalyst.

12. A system to produce alkylene oxide according to any of the preceding
claims, the system comprising the reactor and a controller, wherein the controller is
operable to determine the preferred operating condition and wherein the reactor is operated

at the preferred operating condition.

13. A method of determining a preferred operating condition of an
epoxidation reaction in presence of a supported catalyst comprising silver and a promoting
amount of rhenium, and in presence of a gaseous chlorine-containing promoter species;
comprising: determining a derivative of efficiency to productivity of the epoxidation
reaction as a function of the overall catalyst chloriding effectiveness value at a fixed
operating temperature, wherein the preferred operating condition is characterized by a

derivative which is in a range of about -1 to about -4 when the efficiency of the epoxidation

42



passing a reaction mxture conprising al kyl ene, oxygen and a gaseous

chl ori ne-contai ni ng pronoter species over a supported catal yst conprising
silver amdOoaoriassssi ng anount of rheniumto undergo an epoAISA@DIdT$94 eact i on
at a first operating condition to forman al kylene oxide in a reactor; and
subsequentigiopes fmnalkgetdexi@pn ek p@tiedrin paaeitiand pyadubiivityt dfethe epedidutioat a
preferred operating condition, wherein the preferred operating condjtion is
char act er'F¥&EN BYCXRRCSEES $5dhe ARiFeBiratioRedt @gaNs g 8Grin theaepgtahoutishafant He
alkylenelg&kggwgag wherein the efficiency is |ower than that of a maxi num
efficiency achievable at an operating tenperature corresponding to the
preferred operating condition. 2. The nethod of claim1,

wherei n the preferridd operethadpicerdninimgna pefatearapetagng zeadibyn af an
productivity. .of the epaxidation reaction, wherei.n the, productivit f. the
epoxi dat | GRUSAURE B PGB aH B D pUPBE T Dkt By e giegiipCofhan
that obt ah@Gmdind RHrERXEIBIN @kEdGIcBREYIc 26 MaBNADpBmdler s PEiQP E5api gy

t enper at ur e. 3. e method of any one of clains 1 or 2, wherein
the preferred operating condition is further characterized by an overal
catal yst chloriding ef fedtiveiseestingp festdp@sc) an ¢ffigisaey aKmo ity pg the

epoxi dat | 8B, G@GH eAllidnu RERAR TR o Alra TBXLAWTHEL I ) SRY AR, BA1uLR o rire
operating tenperature correspondi ng o1 preterr operati ng condition
4. The nathpcranie;any one of clains 1, 2, or 3, wherein subsequently
perform ng the epoxidation reaction at the preferred operating condition

conprises varying at |east one of .a tenperature.of the first operating
condi tion, or an overalﬁscat e&?@”&ﬂ#%%ﬁﬁpﬁﬂnéf‘@3FWQ@H@§§3V§F§E of the

first opat@pé@rCRBAIthe ARt data set; and 5. The nmethod of any one of clainms 1
through 4 further conprising determning the preferred operating condition.
6. The nmethod of any one of clainms 1 through 5, wherein the al kyl ene oxi de
is selected froma group)consekeiingy shgevhsilispacyxildes lawdr heopid ene oxi de.
WD 2010/ 123856PCI4-.US2010/,031694 . 7. Th th f ne of
clarms 1 TRIBUGH Boetey L Wdin e e ofaffidencl BUF LR B0 PR

speci es igodrliery etht eporida@imaepctioaniinrsthhi@netpdaliingdo el mutmued eieicaons and
any m xtures thereof. . 8. The nmethod of any one of clains 1

t hr ough 7Palugnairkyhcrerdhe gnge pEellicknpy valaes GorEapUh P theaPTeigHge opsraahdut 180
ppmw t o qggﬁﬁogpoo ppnMw. 9. The nethod of any one of clains 1

t hrough 8, erein the catalyst further conprises at | east one co-pronoter,
wherein the co-pronoter conprises halides and/ or oxyani ons of el enents

ot her than oxygen havi ngllemethodvicclaunbewheieis detormBiBirritie baximgurhr om t he
groups 3bf.o 7b, ?nd 3a to 7a,zﬁ$»t3e P?riodic Tabl e. . 10. The
met hod of T AHGIINE 5t CORIPASHEE TIPS dgHS P Ot & PREEUCANSES 2 ur t her

conpr i sesp@hethfast cRRABof Br RiyITHKhatRBb k@, from a group consisting of
Goup A netals, Goup Il A netals, phosphorus, boron, manganese, sulfur,

mol ybdenum tungsten, chromum titanium hafnium zirconium vanadi um

thal lium thorium Xant althermethpdol dam faturthghsorgpiisitmeanstading eyrshplet ur es

;[/\Eg: E?L' tbﬁ, egenerati{l%? ﬁrs]t %Urv-gh)%{}{@hﬁ?g}agiem%ﬁé?g)ﬁ]oefth? %fgllg%g?? %%ailr(lzsjg hg):ﬁ[gptn;llgf

reac i's operated at rre ron-for a
curmul at i wadaiheydie e faxi elexipiuaditatdsponddfio gle hedastum2GQciksn®| alpeandB of the
cat al yst. 12. A systemto produce al kyl ene oxi de according to

any of the preceding ¢lains, the system conprising the reactor and a
control | or,  wHEREIRE s fest exgitn o1 1%6rflr%tscub‘ﬁecpgﬁ%mflglgd%f@ﬁﬁﬁﬁ%@reg RBCIAYRS er r ed
oper at i ngoG@idh LRGN MR 1% URARHRDE Ind RRSH LKA hdErsPLELer red
operating condition. 13. A nethod of determning a preferred
oper at i ngvlmondistissant dic ot ie poxdudatiiyorl the epixidationmegpties.ence of a supported
catal yst conprising silver and a pronoting anmount of rhenium and in
presence of a gaseous chlorine-containing pronoter species; conprising:
determ ning a derivative of efficiency to productivity of the epoxidation
reaction as a function of the overall catalyst chloriding effectiveness
value at a fixed operating tenperature, wherein the preferred operating
condition is characterized by a derivative which is in a range of about -1
to about -4 when the efficiency of the epoxidation reaction to form

al kyl ene oxide is expressed in percent @nd productivity of the epoxidation
reaction is expressed as the concentration of al kylene oxide in the reactor
outlet streamin nole percent. 14. A nethod of determning a preferred
operating condition of an epoxidation reaction in presence of a catalyst
conprising silver and a pronoting anount of rhenium and in presence of a
gaseous chl orine-contai ning pronoter species; conprising:



a) generating a first data set on efficiency and productivity of the
epoxi dation reaction at at |east three overall catalyst chloriding

ef fecti vewoselwiabsses at a first tenperature; PCT/US2010/0}1694
determ ning a maxi mum efficiency value at the first tenperature fromthe
first data set; and?7. The method of any one)of sklirec 4 tgodeh BEnaethef codffrisdigency
val ues | ower than the maxi num efficiency val ue, wherein the range of

efficiency values correspond to hi.gher productivity of the epoxidation
reacti on than that corré3pondicAgfat: ?ﬁﬁgﬁggPWﬁﬁVE¥%ﬁﬁ?@ﬁ%@“UﬁP@&?ygﬁﬁf

wher ein ttﬂ@eﬁ(ﬁ(ﬂ%oﬁfrea%git)ﬁr ﬁﬂ R NC¥¢ t‘ﬁ?ée%%ra@l%afa%%?@lﬂgﬁﬁﬁ%gkﬁ%ctWeﬁéé%_rvraﬁfés at a

operating condition. 15. The nethod of claim™14, wherein determning the
maxi mnum ekforsl tempgratrad;ue conpri ses generating a first plot, or using a
program or using a mathematical equation or any conbi nations thereof.

16. The net hod of clain1%) fur%ggyﬁgo &%ﬁh@%wgeQﬁfa&knﬁiﬁﬂg ﬂﬂﬁ t plot by
generating a first curve wi t PEATRI TS E SHERT im 510t ing e |C|%ncy

agai nst ledHg theWetohdadath 40 6h eeirshslof, whsfe e sBAUNIGRIXI BEPAdESsFodt be

maxi mum ef fi ciency val ue; and selecting a first region on the first
curve corPEdpyRiHEcrey ke yweandicpwgragger at i ng condi tion, wherein the first
region lies to the right of the first maxi mum of the first curve when

absci ssa of the plot is grodyghdNoty I 0 iilaf iPRut €854 @RecondO
5010/ 123856PCT/ US2010/ 031604 T3 i Erlr‘g%eﬁo%%o any one Bt et 18 econts ough
16 f urt heurcombdeiesi mgiope of the tangent line is in ajangeoisteni igoabsw@cdwhedalica set on
efficiency.and productivjty of the epoxidation reaction at at ast three
overal I cARarytot SR Gt Bt invaRBS SO PRt Tah 5 SuEOND tefiper at ur o
b) gener alb R ForSREAN i§ BXMBssll bR SR&ANH SR MKTRY0RIOI ho bl os@GoNd

data set on the first plot, wherein the second maxi num corresponds to

maxi mum elitiwiienwje parcenteandecond t enper at ur e; c) drawing a
tangent |line across the first curve and the second curve, wherein a sl ope
of the tangent lineis ipg ar e of -1 bout -4 Nnet.h

ff1 i ency ol t he- epoxi dit ot reded 1 sA0E ki b ditins 8 ARG

product i Wpepatiaf cohdtienaxicfah inct@RIcEE0R lics of X @s&adlias t he concentration
of al kylene oxide in the reactor outlet streamin nole percent; and

d) selecting a second region corresponding to the preferred operating
condi tion, wherein IBhe sEEIRehoEel duin {ERIELT ¢HBPISAMgent |ine. 18. The

nmet hod of claim 14 further conprising: a) generating a
second data set on eff'Qbencﬁxﬁaﬂﬁﬁg9@&%5&Hm5XmQﬁl&ﬂ@mﬁ@Pﬁkﬂﬁ%&R%v&§%Ft'0“
at at least three overall catalyst chloriding effectiveriess values at a
second t ehpepatidation reaction at at least three ovijallgatidysathlngdiag cnctownepivetucofit a
efficieng% g@q rodyctivity as functions of overall catalyst chloriding

ef f ect i vene¥ds VAPYE " nd tenperature by plotting the first data set and the
second data set to obtain at |east one third curve and at | east one fourth
curve respectively, whergin tdge@tind 8asito@nNgot dtidifdcieaty@d pesdueEPoNgs to
efficiency of the epoxidation reaction and wherein the at | east one fourth

curve corlpedipgnasotegalheaystiahlaridinggiiacHrenespyalaaindlsmpeiats s by plogiieg the

first data set and the second data set to obtain at least one third curve and at least one fourth
curve respectively, wherein the at least one third curve corresponds to efficiency of the
epoxidation reaction and wherein the at least one fourth curve corresponds to productivity

of the epoxidation reaction; and

) selecting a third region corresponding to the preferred

operating condition, wherein the third region falls on the at least one fourth curve and is
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c) selecting a third region corresponding to the preferred operating
condition, wherein the third region falls on the at | east one fourth curve
and is d&Depr/nesscby the at | east one third curve havi mgTiuseoliogisest
efficiency that neets the at | east one fourth curve. 19.The nethod of

cl ai ns 15etetmirmddylfc atmbau ehdthdddtcaivel gingtthe Righést effeci@icy it nidetsthe atur ve,
the second curve, the at least one third curve and the at | east one fourth
curve confist es fowgh iqurst i cally fitting at |east one of the first curve, the
second curve, the at |least one third curve and the at |east one fourth

curve. 20. A process|f or FHGRAhbDEF @aits259160hnd &7 Jw}%rélh%iataﬁhﬁ?ét,le;?st dnof
carbonate or an al kanol am ne conpri si ng converti'ng an al kyl ene oxi de

prepar ed thyfitsheunvesthoszood cany, haet lofst bhethigragae ang the alilaest pnt puttheurve
1,2-diol, orlri %sgsl nqlalthgﬁlgt?(:rally]fitg mng gtrleas (%eeofotfle %le%gl?r%e atgle second curve, the at least

one third curve and the at least one fourth curve.

20. A process for preparing a 1,2-diol, a 1,2-diol ether, a 1,2-
carbonate or an alkanolamine comprising converting an alkylene oxide prepared by the
methods of any one of the foregoing claims into the 1,2-diol, 1,2-diol ether, 1,2-carbonate or

alkanolamine.
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