SI MPLI FI ED METHOD FOR PRODUCI NG ALKYLENE OXI DES W TH A HI GH EFFI Cl ENCY
CATALYST AS I T AGES CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
appl i cat iwo 20l0i2e®i2t he benefit of U.S. Provisional Appl ipcattiseno®iresyl, 248,
filed on April 21, 2009, the entirety of which is hereby incorporated by
reference. TECHNI CAL FI ELD [0002] This disclosure relates generally to
processes for making al kyl ene oxi des, and nore specifically, to a
sinplified method of operating al kyl ene oxi de production processes using
hi gh efficiency catalysts as the catal yst ages. BACKGROUND [0003] Al kyl ene
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et hers, ethanolanlnes lﬁj Yﬁ ¥ I Eﬁyols Ethylene glycol
IS used as an autonotive coolant as antifreeze, and in preparing pol yester
fibers and resins. Propylene oxrde is used to produce propylene glycol and
pol ypropyl ene poly ;kE% hane pol yner
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epoxi dation of olefins in the presence of oxygen using silver based
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desrred al kyl ene oxide). In certain exenplary processes, when using
conventional catalysts in the éBH%HE%FA&nFEE %thylene the theoretically
maxi mal efficiency towards ethyl ene oxide, expressed as a fraction of the
et hyl en®083hver t ebhis diselosyprelpieneencyallyiegregsesies farealgngallylepsoxidee padnt
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st oi chi osirg hlgh@fﬁctlhtz:yfoetalmw aRghe mpstcageequatr on. [0005] 7 C2H4 + 6 2 . 6
C2HAO + 2 CO2+ 2 H2{Q 0006] cf Kirk-CQ hmer's Encycl opedi a of Chem cal
Technol ogy, 4th ed., Vol. 6. [0007] Certain "high
efficiency” or "hi gh sel ectr Vi tyB}‘rlﬁggﬁ)@%ﬁver- based catal ysts are highly
sel ective towards al kyl ene oxide production. For exanple, when using
certal njpoo3] Alkylene oxides are known for a multiplicity of utilities. Ethylene oxide, for

LT

example, is used to produce ethylene glycol, nonionic surfactants, glycol ethers,
ethanolamines, and polyethylene polyether polyols. Ethylene glycol is used as an
automotive coolant, as antifreeze, and in preparing polyester fibers and resins. Propylene
oxide is used to produce propylene glycol and polypropylene polyether polyols, which are

used in polyurethane polymer applications.

[0004] The production of alkylene oxides via catalytic epoxidation of olefins in the
presence of oxygen using silver based catalysts is known. Conventional silver-based
catalysts used in such processes typically provide a relatively lower efficiency or
“selectivity” (i.e., a lower percentage of the reacted alkylene is converted to the desired
alkylene oxide). In certain exemplary processes, when using conventional catalysts in the
epoxidation of ethylene, the theoretically maximal efficiency towards ethylene oxide,
expressed as a fraction of the ethylene converted, does not reach values above the 6/7 or 85.7
percent limit. Therefore, this limit had long been considered to be the theoretically maximal

efficiency of this reaction, based on the stoichiometry of the following reaction equation:

[0005] 7CHs+60;, —» 6 C,H/O+2CO;+2H,0



nodern catal ysts in the epoxidation of ethylene, the theoretically maximal
efficiency towards ethyl ene oxi de can reach val ues above the 6/7 or 85.7
percent |Wwoizbiwiedsered to, for exanple 88 percent, or 8®Cparse@ni31c6s above.
As used herein, the terns "high efficiency catalyst” and "high selectivity
catalyst” refer to a catalyst that is capable of producing an al kyl ene

oxi de fromthe correspondi ng al kyl ene and oxygen at an efficiency greater
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proces sg]gtlonally, a rhenium co-promoter, are disclosed in EP0352850B1 and in several subsequent
patent publications. “Promoters,” sometimes referred to as “inhibitors” or “moderators,”
refer to materials that enhance the performance of the catalysts by either increasing the rate
towards the desired formation of alkylene oxide and/or suppressing the undesirable oxidation
of olefin or alkylene oxide to carbon dioxide and water, relative to the desired formation of
alkylene oxide. As used herein, the term “co-promoter” refers to a material that--when
combined with a promoter--increases the promoting effect of the promoter. In addition,
promoters may also be referred to as “dopants.” In the case of those promoters that provide

high efficiencies, the terms “high efficiency dopants” or “high selectivity dopants” may be

used.

[0008] “Promoters” can be materials that are introduced to catalysts during the
preparation of the catalysts (solid phase promoters). In addition, “promoters” can also be
gaseous materials that are introduced to the epoxidation reactor feed (gas phase promoters).

In one example, an organic halide gas phase promoter may be added continuously to the



[0009] Al silver based catalysts used in al kyl ene oxi de production
processes are subject to an aging-rel ated performance decline during nornal
oper at i onwoant)/12Bsag need to be exchanged periodi cally. Ph@/tsgimng3reani f ests
itself by a reduction in the activity of the catalyst and nay al so nanif est
itself by a reduction in efficiency. Usually, when a reduction in catalyst
activity occurs, the reaction tenperature is increased in order to nmaintain
a constant al kyl ene oxi de producti on rate The reaction terrperature may be
! ncreasedoxupattlonr actar ? e?nc;[r R es'a t 101e C WEequ r-ba e ﬁl !e%bl y high, or
the ef i I'ency n% Qb naasi 1ab yﬁ nty PehVporh e t he

cat al ySépdxsdadleﬁmdlyts@ lbtﬁhablldzﬁlﬁig%@@h@sce prbﬁloietsfeﬁb ltyﬁacaal@demudn aged to be
exchanged or regenerat ed. Current industry practice is to discharge and
repl ac eCURBCSIAL RrE§8sChvhen it is at the end of its useful life. The silver
is recovered and pronoters nmay be recovered fromthe discharged catal yst.
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is at | gagts ROMEn SR YORPHYpOLEY PREYiA Fadge of promoter concentrations, and this
invariance is substantially unaltered as reaction temperature is changed during prolonged
operation of the catalyst. However, conventional catalysts have nearly linear activity decline
curves with respect to the gas phase promoter concentration in the feed, i.c., with increasing
gas phase promoter concentration in the feed, temperature has to be increased or the alkylene
oxide production rate will be reduced. Therefore, when using a conventional catalyst, for
optimum efficiency, the gas phase promoter concentration in the feed can be chosen at a
level at which the maximum efficiency can be maintained at relatively lower operating
temperatures. Typically, the gas phase promoter concentration can remain substantially the
same during the entire lifetime of a conventional catalyst. On the other hand, the reaction
temperature may be adjusted to obtain a desired production rate without any substantial

impact on efficiency due to non-optimal gas phase promoter concentration.

[0011] By contrast, high efficiency catalysts tend to exhibit relatively steep efficiency

curves as a function of gas phase promoter concentration as the concentration moves away



away fromthe efficiency maxi m zing pronoter concentration). Thus, snal
changes in the pronoter concentration can result in significant efficiency
changes, woadotoessatfi ci ency exhi bits a pronounced maxi MBOIT/US2@0/0at66®Pt | Mum
at certain concentrations (or feed rates) of the gas phase pronoter, when
reactor pressure and feed gas conposition are kept unchanged for a given
reaction tenperature and catal yst age. Mreover, the efficiency curves and
t he opti num gas phase pronpter concentration tend to be strong functions of
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adjusted to control the rate.

[0012] To address the strong influence of reaction temperature and gas phase
promoter concentration on the efficiency of high efficiency catalysts, it has been proposed to
use the temperature differential to first calculate the new gas phase promoter concentration.
The gas phase promoter concentration changes are made whenever the reaction temperature
is changed (U.S. Patent No. 7,193,094; European Patent No. 1,458,699). However, this
technique increases the complexity of the process and the controls that are required for
automated operation. It can also result in excessive or insufficient gas phase promoter
consumption and increase the sensitivity of the process to disturbances in reaction
temperature. It also requires knowledge of a mathematical relationship between temperature
and efficiency, which may be difficult or costly to obtain. Finally, this method only takes
into account the variation in optimum promoter concentration with temperature and does not

take into account the fact that the optimum promoter concentration can also be a function of



addresses the foregoing i ssues. SUMVARY [0013] In accordance with one
aspect, a process for manufacturing an al kyl ene oxide by reacting a feed
gas conprweizng/@ass4al kyl ene, oxygen, and at | east one or g@amius2eilodrebgle over
a high efficiency silver catalyst to yield a reaction product conprising

t he al kyl ene oxide is provided. The feed gas has an overall catal yst
chloriding effectiveness, and the reaction is carried out at a reaction
tenperature. The process conprises varying the overall catalyst chloriding
effect i yeness ol g ilesth 425,00 Lherhsagtlon, Lemper ahureodd,
alterna?lﬁgpggdhence Cuth” that whéf oneof "tre 6verat céiéiys chl oriding
ef f ect i y@ires6s @Bdorbhsing @36dsi on tenperature is varied, the other of the
overall catalyst chloriding effectiveness and the reaction tenperature is
mai ntai ned at a substantially constant value for a selected period of tine.
In certain illustrative enbodi nents, the step of varying the overal

catal yst chloriding effectiveness and the reaction tenperature in an

al ternating sequence conprises varSWMEMARYa| t ernati ng one of the overal
catal yst chloriding effectiveness and the reaction tenperature in response
to a se d dec j r.afi e Lde j-n. the
reactiohﬁ%? duct %ﬁﬁgﬁgé gé?gﬁﬁ%g§§§%% 1?%3?géw§?§¥%£%¥k$ﬂgﬂ§%E%Vggg:oxide.
BRI EF DiEptdatiild ONeOigad tdmmiRMY MGk Y1004 ok yiail end atigashone drgatibehldridebongs,

illustratiye enbodi nents are shown in detail. Al though the draw ngs.
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better 1llustrate and explain the present invention. Further, the
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exhaustive.or o rwise lL.im r restrict the cl ai to the precise forns
and cont g ae PO ShowneT I ErbearnhuS e aPodr Bl A IERERE T owi ng
det ai | egbqdesc@rsui thanwhédOIEdf the &verdll tataldsthERESy EffQvelicagiaithe eRicGbh Ng an
enbodi ment of a process for making an al kyl ene oxi de by epoxidi zing an
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graph deprcting-alterna es I'n”an overall cata riding
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ethylene | : : . , :
Y effectiveness and the reaction temperature in an alternating sequence comprises varying an
alternating one of the overall catalyst chloriding effectiveness and the reaction temperature
in response to a selected decrease in the concentration of the alkylene oxide in the reaction

product or a selected decrease in the yield of the alkylene oxide.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Referring now to the drawings, illustrative embodiments are shown in detail.
Although the drawings represent some embodiments, the drawings are not necessarily to
scale and certain features may be exaggerated, removed, or partially sectioned to better
illustrate and explain the present invention. Further, the embodiments set forth herein are
exemplary and are not intended to be exhaustive or otherwise limit or restrict the claims to
the precise forms and configurations shown in the drawings and disclosed in the following

detailed description.

[0015] FIG. 1 is a process flow diagram depicting an embodiment of a process for

making an alkylene oxide by epoxidizing an olefin;



oxi de by epoxidizing ethylene; [0018] FIG 4 is a graph depicting alternate
ranp (linear) changes in an overall catalyst chloriding effectiveness

par anmet erwandiweasii on tenperature for a process of makipag/ustérploarses oxi de
by epoxidi zing ethylene; [0019] FIG 5A is a graph depicting a relationship
bet ween reaction tenperature, an overall chloriding effectiveness
paraneter, and catal yst age for a process of neking ethyl ene oxide by

epoxi di zi ng ethylene; [0020] FIG 5B is a graph depicting a relationship

concent M5 0n” and Cacdt § 0% BAF dsFREMOin Sabud by B Yy BIRRORERS 50 ce by

epoxi di ap@gl@tthybﬁmess df@eg1l]; FIG 6A i s a graph depicting a relationship
bet ween catal yst efficiency, an overall catalyst chloriding paraneter, and

cat al ystooage for mmqg@g ﬁfdeﬁi@{ihglglt&hiiykt%ﬁ%hﬁig'esi& Yo RPAXEH 17t N
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r eact or cldpridiog nffe@ttmpm merapctafand oerston remnceiurcder oprecessiof atakog afiiene

effectl\O/)g1 eg 1rzr}%tert' 1and catal yst age for a process of nmaking ethyl ene
oxi de by X |2| ng Bet IHI ehe DETAI LED DESCRI PTI ON [ 0023] As di scussed
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ef fecti venéss and the reaction terrper ature in an alternati ng sequence to

conpensethglchopxide iy epeodigingrethydenst yst activity due to aging. [0024] In
order to facilitate an understanding of the present disclosure, it is
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of cat abjylggby@{)émlzin%&meﬂeeactor The activity relates to both the total
nunber of avail able acti've sites and the reaction rate of each site. The
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[0021] FIG. 6A is a graph depicting a relationship between catalyst efficiency, an
overall catalyst chloriding parameter, and catalyst age for a process of making ethylene

oxide by epoxidizing ethylene; and

[0022] FIG. 6B is a graph depicting a relationship between reactor effluent ethylene
oxide concentration, an overall chloriding effectiveness parameter, and catalyst age for a

process of making ethylene oxide by epoxidizing ethylene.
DETAILED DESCRIPTION

[0023] As discussed below, the present disclosure provides a simplified method of
operating a process for making an alkylene oxide using a high efficiency catalyst as the
catalyst ages. The process comprises varying the overall chloriding effectiveness and the
reaction temperature in an alternating sequence to compensate for reductions in catalyst

activity due to aging.

[0024] In order to facilitate an understanding of the present disclosure, it is useful to
define certain terms relating to catalyst and process performance. The "activity" of a catalyst

in a fixed bed reactor is generally defined as the reaction rate towards the desired product per



feed. The nunber of active sites can also be reduced by reaction with
normal process constituents, such as by reaction with chloride conpounds in
t he procewe 28tweasmt o form silver chloride conpounds, wrCThUSa018/081888t | Ve
towards the epoxidation reaction. The activity will also decline if the
reaction rate goes down for at |east some of the active sites (e.g., due to
| ocal i zed poi soning) independent of the total nunber of active sites. To
conpensate for the activity decline in order to maintain a given production
rate, certa i,Qn. £q dition have increase the
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synonynous with "selectivity,” refers to the relative anmount (as a fraction
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per cent age O conv e 6]

feac forns

al kyl enmstxcd ecactibe toiigRsdtiie 196fté1h1%15@8&f pilovldefreoroenergg &d ﬁllleyiSlﬁVd stek e | engt h
of time that reactants can be passed through the reaction sy stem during

whi ch t fhaEPweRspt éﬁtl@tsprea&@ﬂumfyedi g adwﬁaeh%lwm Plilfg‘Pﬁm%?heéW ¢ pgicerfant
factors t nol es of
i kyl end! BRgYBAGcoring) IR B S R R " e
of ol ef streahe(dhet motehﬁr@nt)cﬁaﬂkylém oxadyinghy Hﬂettstraanmmca:bky bﬁtﬁ@ﬁhcd@hﬁrllﬂ
illustrates rocess 29 fhﬁ maki n an al la%{ene oxi de. Proces i ncl udes
a react 'i’i?Pr‘i%f ?ﬁS? PSTCRY) & Eﬁtﬂrﬁ?“ adgper %“énad%\tf‘%%‘ﬂbsffé%‘a g%gaea in
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enbodi ments of reactor are
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. Alternatively,
activity may 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.

[0025] The “efficiency” of the epoxidation, which is synonymous with “selectivity,”
refers to the relative amount (as a fraction or in percent) of converted or reacted olefin that
forms a particular product. For example, the “efficiency to alkylene oxide” refers to the
percentage on a molar basis of converted or reacted olefin that forms alkylene oxide. One
measure of the useful life of a catalyst is the length of time that reactants can be passed
through the reaction system during which time acceptable productivity is obtained in light of
all relevant factors. The “yield” of alkylene oxide refers to the net number of moles of
alkylene oxide produced by the process divided by the net number of moles of olefin fed to

the process for any given time period.



typically vertically oriented. Aefin (i.e., alkylene) feed stream 12
(which may al so include saturated hydrocarbons, such as ethane, as an

i mpurity)woononts4med with oxygen feed 15 and gas phasepprarseaiensfeeed 14 to
define reactor feed stream 22 proximate the reactor inlet. Reactor product
stream 24 includes the al kyl ene oxide ("AO') product, plus side products
(e.g., CO, HO and snall anobunts of saturated hydrocarbons), unreacted

ol efin, oxygen, and inerts. In commercial processes, the al kyl ene oxi de

pr oduct g wt wat er  produ i.s_nrhenoved, fromi.he §eact pr oduct
C ream 2PN o o TR Bl e QRUE0 s PR Y R SRTINE FPRGR2D, o

recycl eingtudeadrckBtoiay campesibg a piadrdesket ithacyelst boedivpysedat iedAaheidhns and
oxygen, in which case net product stream 16 is al sQ provided. However, if a
recycl edetigtedin alorjzoniyt gieatipn ia FiGr fecommeciakepbedivenis o) rescovilBaes t o
reduce i - ikl es.a ' : and

Ct han, DRt ficslly Bleh BB 01eth &8 oS e PR AL e hich iy B0 TR, B2

r enoval satrefedthlydtocabope rhidr assdhamp sdsramampaofityMiecenieal itk osygoadivdlB conbi nes
with the fresh feed and_enters the reactor 10. 27] .The ol efin conprising
ol ef i n FREIFSPRERIPROCHESFIJE taﬁiﬁg%q ERetRL Pqeﬁéﬁrwﬁ %PEBXHH%FFiﬂ%? ISPEP B€tand

di - ol ef RSactdMRbNRE stE QM DO AR Othe Ay leddARIEF A P BIRNEE HuOLAL iphstudfse

nono-ol efns having the followng forrmula: wherein, R ahd R are

i ndi vi d(eag.] §O0sdiA) ed shalbamphiets gf saiprated iy dsichrbgnef uirgehtaheafiandygdky |

radi cal s having from1l tp 6 carbgn atons. Propylene (R =CH 3, R =H) and

ct hy! ondd BRI R Epe by SR B TR R RN G hE HEL s G e

Cor r esppidital Yomde@ it 8¢ réd kot peiicoxtEARs24 ih dnedigfiie dXi@ddesvesy giam 24 are
of the fornula: wherein, R and R2 are individually selected fromthe group

consi st (negsksrwiny di dgeed. aecychel stghmyrlddneatiso bapionifet toracycle thogngeackdn at ons.
Propyl e ' Ri = R = i de (RU=R. ) aLe t
preferr g‘%figgé%lgleoe){yﬁ%’%% htll)%xhi ‘%Dée ﬁ%%é(g%lgg%tgﬁqﬁ]yf)%frse?seo rpr%é\aged[fg%%‘g%e&qggen feed
15 may soHEe kSeans UR K movidad, aypupgd EndX peEerably provided fo rpduice thxy@riup of used,
bal | ast . gases or diluents 13 such as nitraogen or nethane may. al so be

i ncl udeBRWitieaRRE/aF Hde HedBsy ssh a8 sracdrnd gthags: 15 SHBWOR HHONHRKFRLIPROCEyEY

al | owed, 9y ifchARMBRH Il Ho G RORINHR A ALt PRt | &ﬁﬁélﬁgﬁ{r PR nin
react orasée(leé@t reaan?Z&{orraggvary g%/téeﬁr) a 1vsvi-ggeor ange, gﬂ%b?ﬁ] gregg%(}%égeg,

f | ammabstidahy 18 sorgleney aith thetfiesh Ifead anidregtef siht oeacfomrl 0oxygen concentrati on.
Cenerally, the oxygen concentration in reactor feed 22 wll be at |east

[0027] The olefin comprising olefin feed stream 12 may be any olefin, including
aromatic olefins and di-olefins, whether conjugated or not. However, preferred olefins are

mono-olefins having the following formula:
||?1 Ry
I
HC——CH

wherein, R; and R; are individually selected from the group consisting of

hydrogen and alkyl radicals having from 1 to 6 carbon atoms. Propylene (R;=CH3, R,=H)
and ethylene (R;=R,=H) are more preferred, and ethylene is most preferred.

Correspondingly, preferred alkylene oxides in reactor product stream 24 are of the formula:

/\

HE——CH

|
R, R,

wherein, R; and R; are individually selected from the group consisting of

hydrogen and alkyl radicals having from 1 to 6 carbon atoms. Propylene oxide (R;=CH3,



about one (1) nole percent and preferably at |east about two (2) nole
percent. The oxygen concentration wll generally be no nore than about
fifteen (Wb)ompil2as4per cent and preferably no nore than alpowustewlosmes 12)
nol e percent. The ballast gas 13 (e.g., nitrogen or nethane) is generally
from about 50 nol e percent to about 80 nole percent of the total
conposition of reactor feed stream 22. One reason nethane ballast gas is
preferred over nitrogen is because, due to its higher heat capacity,

met hane,fgcilitates the, use of higher oxygen . .concentrations. in the cycle,
and t heRerotad ilens e iRt 7 FlpsNERER e RS STy iels gty
concent pafdresd. of olefin in reactor feed stream 22 may vary over a w de
range. However, it is preferably at |east about eighteen (18? nol e percent
and ror B0388kf er anPyygen feadakt mapeRippHistesybsiaqtadly nypl exygen eedt-, 1pmee

" D L ; . | N
Chan aboarieBs Ssi Bl drSAGHAL 13 SER FERERm eF L RN 86,00 Sbout 40
nol e peinchrbd td HBBEIn Weenxyperecatytratioa bebmbihn ntixiniddewd ad@ntd &t i on i n

reactor feed ﬁlreanl 2 has ? | arge adverse effect on the efficjiency,
activi t {EREPOIY EMSHICTaNoPs-of heeRnaPYEYIon 9§ 8YY§H 1R EHCIOB TR oxi de
'S Prodyaedas, RideGafld aftt AYprRARAUEImARGIITRY cehsuphelliMiliaduead i L h ot her

inlet reaCtion gases as an inpurity. In comercial® ethylene epoxidation
pr ocessesygeattoh@agutigar@ensfaltyh theaay poncadicoxiatieoniis raaeton feed 22 ontlibewblesbty i n

order tg control its concentration to a ccept e level in_.the cycle. The
onr bon Sheaepie (oS ARPaE Aan PRTAEN e 15 BE5 B 1L fglstiFoant y THOSHEE. ¢ han
about ScimRberARNGEN gen&ERY BE 86 or& thalabsuttfiFeRn 8 Wold pslt® ne hedhlblyand
even nore preferably no nore than about 2 nole percent of the total

conposi 19 Berothap ebest dyvelve ) 2oole perceit. iy ballasy strel leas anrogan armecthassy gases
i trati t hat f |y f t t ot 2
TR e R R TR

nol e per ase prono a conpou

enhancegattoefeeti kireire 02y Oap dé36n Akthave byt grio prESrcddVEphitPpEadistietgist he
desired al kyl ene oxide. Preferred éﬁs,phase promot ers include or%anip

chl or i de4e oNsrhestisy B capicyty. mpdagmicibiiaehp uamplighar oxygen @asetgHENSS| ect ed
fromthe, g&agpar)@]QH%‘ﬁ&g%,?glg velBEMALGH Bd dificicfil1y] i ori de, et hyl ene

dichlorla ; vin and m xtures thereof”. Ethyl chloride and

ethy| enfudhph! o 4%, ARGk, B SLALIFHLAR, 118 #8RBhARE ALOTDLS! fieed

(strea Using C rocar ase pronote n ex , It
i's beliewed Hbatvdrhie igfrticrdbly of lcddnabqut efphteen (18) reslbpBenttdnd np@ef or mance
(e.qg., efficiency and/or activity) of process 20 for the desired al kyl ene
oxi de Dpreferably at [east about twenty (20) mole percent. The concentration of olefin in reactor

feed stream 22 is preferably no greater than about 50 mole percent, and more preferably is no

greater than about 40 mole percent.

[0030] When present, the carbon dioxide concentration in reactor feed stream 22 has
a large adverse effect on the efficiency, activity and/or stability of catalysts used in reactor
10. Carbon dioxide is produced as a reaction by-product and may also be introduced with
other inlet reaction gases as an impurity. In commercial ethylene epoxidation processes, at
least part of the carbon dioxide is removed continuously in order to control its concentration
to an acceptable level in the cycle. The carbon dioxide concentration in reactor feed 22 is
generally no more than about 5 mole percent, preferably no more than about 3 mole percent,
and even more preferably no more than about 2 mole percent of the total composition of
reactor feed 22. Water may also be present in the feed gases in concentrations that are

preferably from 0 to no more than about two (2) mole percent.



depends on the extent to which the gas phase pronoter chlorinates the
surface of the catalyst in reactor 10, for exanple, by depositing

parti cul awvochioorssie speci es such as atom c chl orine or ehrarscde/oBwss on t he
catal yst. However, hydrocarbons | acking chlorine atons are believed to
strip chlorides fromthe catalyst, and therefore, detract fromthe overal
performance enhancenent provi ded by the gas phase pronoter. Discussions of
t hi s phenonenon may be found in Berty, “Inhibitor Action of Chlorinated

Hydr oca in the ation of FEt e.tq Eth n eni ca

gt ool commincan i momer 5 glEs BrpbDé! SR5nnihSuns SRR 1 ene
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phase pronoter and the chloride-renovi ng hydrocarbons in reactor feed
stream Q@ffomtances(ecga,mfﬁaﬁm and@rdefivitye odprocesselOafiot theaieaqudsatlky:lhmeommdh ng
effecti ue esen s the net .effect and
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cat al ysin rehaoxt e f&ae%@m?fe By depysRingatiduti cHRSMP sRUSHRY f6mic dnfigiever al |
catal yst chlorldlng ef fect1veness can be define t he di nensi onl ess
quant i t gr gilorigedonsepit Gseatabit. bifovperf bidresartegs Mkmgl chlorjng atgms-are bplgved
chlorid t I r Ln t he
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catalyst chloriding effectiveness of the organic chlorides present in
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also believed to act to strip chlorides from the catalyst. Some of these hydrocarbons may
also be introduced as impurities in the ethylene feed 12 or may be present for other reasons
(such as the use of recycle stream 18). Typically, the preferred concentration of ethane in the
reactor feed 22, when present, is from 0 to about 2 mole percent. Given the competing
effects of the gas phase promoter and the chloride-removing hydrocarbons in reactor feed
stream 22, it is convenient to define an “overall catalyst chloriding effectiveness value” that
represents the net effect of the promoting and non-promoting gas phase species in
halogenating (or chloriding) the catalyst. In the case of organic chloride gas-phase
promoters, the overall catalyst chloriding effectiveness can be defined as the dimensionless
quantity Z* and represented by the following formula:

(1) Z*= cthyl chloride equivalent (ppmv)
ethane equivalent (mole percent)

10



reactor feed stream 22, the ethyl chloride equivalent (i.e., the nunerator
in equation (1)) is the ethyl chloride concentration in ppnv. |If other

chl ori ne-wornbewmnssig pronoters (specifically vinyl chloripde/Useemlgiceghl ori de
or ethylene dichloride) are used alone or in conjunction with ethyl
chloride, the ethyl chloride equivalent is the sumof the concentration of
ethyl chloride in ppnv plus the concentrations of the other gaseous

chl ori de- containing pronDters (corrected for their effectiveness as a

pr onot er et hyl, chl e relati ffectiv S of a
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equi val'ent effectiveness in terns of cafa or mance prOVI
ppnmv etethahe ahinolel mba;ent thenprohecesubgtantfilyothi dane qautalwaﬂ @nhlofidmghfﬁapnmnea;sh yl ene
chl aride. For eti feed of 1lppmv

di chl
elt ﬁy| gp?'éolwmr %@ %ﬁ@l@%ﬁa{/&@‘fmnseﬂmr%%orﬁeﬁ%s $2 %tﬁﬁ%r. de equi val ent
i n the BHIBRAEAGAS Rihiond@Hbshd Lamkifge By MBRMbodNSindhd ﬂéﬁétb@fee&é‘t%ﬁl?ﬁﬁz it has

been found that for certain catalysts nethyl chl ori de has about 10 tines
| ess t h#)03R) ori diligthet ﬂdoltldansmb@@nlmfgamhythlcﬂnﬂ@mnﬂ:ﬁnln'gmm‘bt@r presdndin such

catalysts th alent f iven concentrati of net hyl
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chloriding effectiveness as et g lchlorlde Therefore, for such catalysts
yle

the et hmebwlwﬂd%@eén@pblarléwr ¢thylene @pb@ﬁd@m@émdraémem ipeonjpmgpionatithor i de
BB M U SB0L £, SANRICHEAL R A PRSPy TR ok,

chl ori né

i s of t e fipheyv plas thel doncamfaEs sy flthebihyl gReo8pbidridiatdodninn@pesness the over al I
ethyl chloride equivalent is the sumof the corresponding ethyl chloride

equi val ERtrscted fordheinchiferdivencss a @ prammieris copmrmd e aGybrhiordads Hheaelatiye
present fée“c?w%%s%ﬁéfﬂ&ﬁy hngg{]}}l@rléf@’ Bl ﬁ% IcE@be &%Q&r&f %ﬁ%ﬁﬁg@% ’B%f kﬁﬁet%%/l

di chl ori pnv et or| a Ippmv vin
chl or i dethgloghlarédeewith the ot prmmﬁmadmirde@a&*nﬁnmg) ﬂiecbobeenzt’aﬂioﬁnécded 1o dbtain4 ppmv.

[ 0033] The ethan ui va e 1)) is the
Concont MaseBh IO et R htash Biavidia b IRLRRGRC ATk ™eY PSS bl us t he
Conce”tﬂﬁﬁﬁ&ﬂﬁ,ﬁﬂhéHﬁuﬁ&h&ﬁwgmﬁﬁﬁﬁ%ﬁQ%@&n@h&%ﬁhk%%nHﬁIéﬁﬂBMhRQmQﬁéOr'de
fromthe catalysts, corrected for their

ppmv to realize equlvalent effectiveness in terms of catalyst performance provided by 1
ppmv ethyl chloride, then the ethyl chloride equivalent for 1 ppmv ethylene dichloride would
be 2 ppmv ethyl chloride. For a hypothetical feed of 1 ppmv ethylene dichloride and 1 ppmv
ethyl chloride, the ethyl chloride equivalent in the numerator of Z* would then be 3 ppmv.
As a further example, it has been found that for certain catalysts methyl chloride has about
10 times less the chloriding effectiveness of ethyl chloride. Therefore, for such catalysts the
ethyl chloride equivalent for a given concentration of methyl chloride in ppmv is 0.1 x
(methyl chloride concentration in ppmv). It has also been found that for certain catalysts,
vinyl chloride has the same chloriding effectiveness as ethyl chloride. Therefore, for such
catalysts the ethyl chloride equivalent for a given concentration of vinyl chloride in ppm is
1.0 x (vinyl chloride concentration in ppmv). When more than two chlorine-containing
promoters are present in reactor feed stream 22, which is often the case in commercial
ethylene epoxidation processes, the overall ethyl chloride equivalent is the sum of the

corresponding ethyl chloride equivalents for each individual chlorine-containing promoter
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effectiveness for dechlorination relative to ethane. The rel ative

ef fecti veness of ethylene conpared to ethane can be neasured experinentally
by det er mvoizng/i2Bs22i nl et et hyl chl ori de equi val ent concentTrEskélon3tehat

provi des the sanme | evel of catalyst performance for a feed conprising both
et hyl ene and et hane as conpared to the sane feed with the sane ethyl ene
concentration but a specific ethyl chloride equivalent concentration and no
ethane. As a way of further illustration, if with a feed conposition

conpri sjng..an_ethyl ene concentratio f . | e per.cent an et hane
content PAPisaReSh! Y S8 RaRRTS abt Ehtacal Bed of PeSmP ST Aot 5 e

equi val g8 cihgl Eloimde, tadpr ghoheeint hehlsades tHeavigl chloridat@liysltntigkicor mance as
3.0 ppmv ethyl chloride equivalents with a simlar feed conposition but

| acki ngheneraies of Zhsypuldibe 2tlnaAe EJui d&PBYt for 30.0 nol e percent ethyl ene
woul d be 0.30 nole percent. For a typical inlet reactor feed 22 having 30.0
mol e pet®ddl et hyllawthaneqoivalenplie., ey draamiaidranequatioa (EDhsthe equi val ent
then will bhe 0.4 e percent. For.an inlet,react feed 22 havi.n .0

ol o persairai P eEe g H g pers e R AR nhERE RIsdBAR A o

wi 't hgi odteer By BrobBbenPETeLant in WmorMRtdheridelftois tHeadhatafts, brrdvas foeerif ound
that for_certaln catal ysts nethane has about 500 tinmes less the

dechl or pldigatiyersss Eutdecidpanatiopirelativiipecthapgy d he redptive ffpctivgngpyafiadhylene et hane
no . . St Con Cr
aer s S 80 b Rl SOLRLIANS ANRER AL LRl ey, o

inlet reac avi ng cent ethy e percent
met haneg¢quaviderQ canguntreti@ethaembvidthetho aamt hecbd fandy ¢ goifvralaant foral feedbe 0. 5

nol e percent. The relative effectiveness, of hydrocarbons ot her than ethane
and et h§ITBR! Boiheiine dreathanpet ot thoiyﬂﬂbeeﬁ%sﬁ l iﬂhf‘gsaﬁﬁeethﬂ%et et hyl
chl ori dgoREMMRINVE a SRR AL RIRICGHNhIcR e dnleRflbR URd hOBthaRTBAE gival Y St
performance for a feed conprising the hydrocarbon of interest at its

concent offurtber illnstrdtienf i€ edthat feedvoordpdsitemerimpe pmgemt atlatleren®noéntetinane i n t he
feed. | hydr ocarbon coppound is found to have a very s dechl ori di ng
ef fect dh T BPEa AR aE AR ST EREan O AT OR o e HeA T ELOLBAPP DL T on 1
t he et hamnel @GbHdeal @Rl HANS Esindad bRIViddtht Bendlevelad feHadfst PétfdrBYn&Eas 3.0
negllglble.[0034]thus, gi ven the foregoing relationships, in the case

wher e r paigy ethyt eldaride equavplangs Wik stieisardeddyqosinesition byt lagking ethgac, tharihe ene
0 1o i S 0,0 LT BLORER e RO T B 70,
2* EDC +Mi(dd rédctondeetd 22 KhvidgCHHHnole percent ethylene and 0.1 mole percent cthane, the
cthane equivalent then will be 0.4 mole percent. For an inlet reactor feed 22 having 30.0
mole percent ethylene and 0.3 mole percent ethane, the ethane equivalent will then be 0.6
mole percent. As another illustration, it has been found that for certain catalysts methane has
about 500 times less the dechloriding effectiveness of ethane. Thus, for such catalysts the
ethane equivalent for methane is 0.002 x (methane concentration in mol %). For an inlet
reactor feed 22 having 30.0 mole percent ethylene, 50 mole percent methane, and 0.1 mole
percent ethane, the ethane equivalent will be 0.5 mole percent. The relative effectiveness of
hydrocarbons other than ethane and ethylene can be measured experimentally by
determining the inlet ethyl chloride equivalent concentrations required to achieve the same
catalyst performance for a feed comprising the hydrocarbon of interest at its concentration in
the feed at two different concentrations of ethane in the feed. If a hydrocarbon 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 may be

negligible.
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wherein ECL, EDC, and VCL are the concentrations in ppnmv of ethyl chloride
(CH5Cl ), ethylene dichloride (O-CH2-CH2-d ), and vinyl chloride

(H2C=CH- GvD,20r0e12pset i vel y, in reactor feed stream 22. CPHTASAd0102Bi6a8 e t he
concentrations in nole percent of ethane and ethyl ene, respectively, in
reactor feed stream?22. It is inportant that the relative effectiveness of
t he gaseous chl ori ne-contai ning pronoter and the hydrocarbon dechl orinating
speci es al so be neasured under the reaction conditions whi ch are bei ng used

in the scusse ari.ed as the
ot al'ysDOFEES " o Tt eiveb s pERORRTORE N o S PSR BRRA A uftle,

wi Il pret acalley caglefai dmﬁlcnbdda,teﬂaylé@vcﬁd:hlbﬂﬁ@d virg/l Biflogd&ah&lor Eﬁhaqlfe ahout 20
and which is nost preferably no greater than about 15. Z* is referably at

| east apwitll qatalygobiridag #msﬁerteﬁw@a%@%mgcwﬂaﬁmhbe defincdianfellp™ omot er may
be supplied as a single species, upon contact with the catalyst, other
speci es may be fofkred ZéaﬂEGh+ﬂHE£Xﬁﬁ¥Kﬂﬁe in the gas phase. Consequently,
if the reaction gases are(€ﬁ&yt0éﬂ*@ﬂ¢b as via recycle stream 18, a m xture
of species will be found in the inlet of the reactor. In particular, the
recycled reaction gases at the inlet may contain ethyl chloride, vinyl

chl ori dgheirECENEDC! &t UCLAge tREofEeniRtidhslin @Fin@rdf@myl emMendd fowmanonl y

et hyl chloride or et hyl ene dichloride is supplied to the system The

concent ehyicapdichloride K ICHmQﬁzr@lé ar%wysrl Célﬂrléf:.(HeC G berpspeetiveeliiehl or i de
must be ae](égtgf kARG h ch’e" ﬁ“é thekgﬁ? atl Q18 18 épérQen‘Mag‘éﬁﬂaﬁé‘&d nl et

gases ( ene, oxygen a gas gas phase pronot er are m xed
t oget he&thy&na@ésp@tﬂl\tdlﬁaﬂl reaaml fetehejteen‘ﬁ)nbét lml’){pid‘téﬁlt that thanelatisd y or

sequentially. The_order of m xing of the gaseous nents of the process
may be efﬁ erdivpngsy pf @16rga%q%ﬁlégﬂ%a?r&wnlfn&pr%@f)@f g éﬁé@f ﬁﬂe? exanpl e,

oxygen H&h%ﬁl%{lﬁé p;%: dded b%frﬁe%&m’eﬁ ?é’?ltﬁ&%ﬁct%%o%@ﬁmﬁ@@ﬁﬁ:ﬂ%r@%mﬁ%ﬁfetdy'
However, the gas ase pronoter be present in reactor stream 22
as it im thnprocaducebli wﬂﬂ ehswisieddbelat, a*yis praferablyaetiod aSLthe [c@@B/?] agem td he

enbodi nent of FI.G actor, 10 i.s. Homever
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cont i NUQUScBthhf ik 8H gk tﬁmgm 4ddSTRLh i9R6st ikt dbRam dreast BhS about Wh | de
variety of which are well known to those skilled in"the art and need not be

descri bédl i prefeeabdy kt lnwst ebowt IThe desirability of recycling unreacted feed,
or enploying a single-pass system or using successive reactions to
i ncreas@08fhyl en eAktlmmghrthé gasednys chhpineydontpimieg@ptoorcgen maysler suppliedt assngenent

can al sa _be read
single species, ugon contact with the catalyst, other species may be formed leading to a

mixture in the gas phase. Consequently, if the reaction gases are recycled such as via recycle
stream 18, a mixture of species will be found in the inlet of the reactor. In particular, the
recycled reaction gases at the inlet may contain ethyl chloride, vinyl chloride, ethylene
dichloride and or methyl chloride, even though only ethyl chloride or ethylene dichloride is
supplied to the system. The concentrations of ethyl chloride, vinyl chloride, and ethylene

dichloride must be considered in calculating Z*.

[0036] The order in which the inlet gases (alkylene, oxygen and ballast gas) and gas
phase promoter are mixed together is not critical, and they may be mixed simultaneously or
sequentially. The order of mixing of the gaseous components of the process may be chosen
for convenience and/or for safety reasons. For example, oxygen is generally added after the
ballast gas for reasons of safety. However, the gas phase promoter should be present in

reactor feed stream 22 as it is introduced to the solid catalyst in reactor 10.
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determ ned by those skilled in the art. The particul ar node of operation
selected is usually dictated by process econom cs. The epoxi dation reaction
i S gener aWbyomxasdser m c. Thus, a cool ant system 28 (e. gPCTAISec@oloBregs | acket
or a hydraulic circuit with a coolant fluid such as a heat transfer fluid
or boiling water) is provided to regulate the tenperature of reactor 10.
The heat transfer fluid can be any of several well-known heat transfer
fluids, such as tetralin ( 1,2, 3,4-Tetrahydronaphthalene). In reactors

cool ed w boi | i wat er,. the I i s _iAtroduc 0. t.he .cooling side of
the realloaf! st MnhRBRgmERCoEE: Mirdir 04" PREEFER{ReP® RO RSl

t hr oughsdifagleaGeltomgaypbélesed] foe cxahsie, fi-eamea sutitatredoas dohenwuesassd snde, and
sonme of the water is vaporized to steam The coolant exits the cooling side

of the feesierdCSdR)eand fhiitiped rcigsy avighmrinteanivhivharayehknaxt tothgse he
reactor g &fmﬂ@@% Gt Hé/eéi%ﬁfglgh&%ﬁ&% Jeliaqmér,%m. 308 absirabRAEY 5t &Y Hf'hgk to the
£ 'th a e. the cool he

inlet o e cool ant si e tenperature o ant” 1n t eactor is
det er m medadiyd fehé, dveniplaygngpasinglegiast fiatonatoe nsinghiahssive tagtions & deteesari ned
by the refsure under. which jt operates.. The pressure is controlled by
means. ofMEeRIMGEIGEDXERY PEATACIasH 1 i ansangemgGpicanalip tergadiBeam wat er

m Xt ur eg&¥intih&Pb§ esCOQNa 1B e Phe pABCEISARDAL of opePIoR sk Keted iClsAgIBH- | 00P
controller is used to regulate the coolant tenperature by automatically

adj ust i digtatddebyvpmntesy atonentics. Midicrapakidatidrercpetansis genandeswdreymico Thaisit ai n t he
desired t eratur.e. [0038],.The reaction tenperature is rally sel ected
Lo b ovFe R RE R ER e - g Rekd A bbb BE s R el AR Soet ove

i s adj U trah T8 WRboilial waddrPispsdvida tdGegulite SodmPehird 6f RActbnag. t he
terns "reaction tenmperature," " epoxi dation t enper ature” or " €epoxi dati on

react i ohh¢ bepp &engferr fdrid cart be amyoofagyerglevelbkeeivn Begd diepsfar Byidy, spetnss tatralin
di rect| i -pdi i.ndicati t t. t e. |
o oot B PRSI RILER: I Fesflrd REAGEL B K3 SP SRS o'

t enper aintodu@dd ta tisp@olihg sidk 0€ ticiredttdrnmbhtecotdh@lly gic dheld sideusiguit water.
enbodi nents, the reaction tenperature may be_a nunerical average of severa
cat al ystsidlpvisehinuiehihs colipg side dhe mater febevea heM T dcgiosrss BdendIso®e bed

di mensi gRg e GBitdis V@oﬁg&i NGB ABE RYolahibxAd Ml doBN siﬁggpﬁfeq@&rt&’a'stahe

reaction tenperature may be the reactor outlet gaStenperature. |In further
enbodi memttsie dfiveatereadtsicom. tlEwperaat exiengithy répetdr iecondacted byceanbang heatt | et

Fact or "EGH4RA 1 PG BifRe? HUPEt of 66 SOy N iAo JOCTHAP 6HYS LB FRRatts

carri ediOMt ré@ktoR id RAIRBAEAIIWELE BBink Dot 6 @caPtet, Rhich in turn is determined by
the pressure under which it operates. The pressure is controlled by means of a vent valve
which vents off some pressure from the steam-water mixture exiting the cooling side of the
reactor. Typically, a closed-loop controller is used to regulate the coolant temperature by
automatically adjusting the vent valve to maintain the pressure necessary to maintain the

desired temperature.

[0038] The reaction temperature is generally selected to provide the desired yield of
ethylene oxide, but as will be seen below, is adjusted to account for catalyst aging. It should

2% ¢

be noted that the terms “reaction temperature,” “epoxidation temperature” or “epoxidation
reaction temperature” refer to any selected temperature(s) that are directly or indirectly
indicative of the catalyst bed temperature. In certain embodiments, the reaction temperature
may be a catalyst bed temperature at a specific location in the catalyst bed. In other
embodiments, the reaction temperature may be a numerical average of several catalyst bed

temperature measurements made along one or more catalyst bed dimensions (e.g., along the

length). In additional embodiments, the reaction temperature may be the reactor outlet gas
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| east about 2000C, nore preferably at |east about 2100C, and nost
preferably at |east about 2200C. Reaction tenperatures of no nore than
3000C ar ewpnrefoezssad, and reaction tenperatures of no noPeTiusanoabwes 2900C
are nore preferred. Reaction tenperatures of no nore than about 2800C are
nost preferred. The reactor pressure is selected based on the desired nass
vel ocity and productivity and ranges generally fromabout 5 atm (506 kPa)
to about 30 atm (3. 0 MPa). The gas hourly space vel ocity (GHSV) is

A S R e N RS T

React or oudtlt ltd@l@;idﬁﬁ@& an btt@h eﬁM)dhﬁdeﬁt@Cbhe rédctiv@ fengRi@bnShay Kethe If@lc{oy t he
highly efficient silver based catalyst is a supported catalyst. The support
(al so kRl dYctempgipfirar *) may be sel ected from a wide range of inert
support materials. Such support materials may be natural or artificial

i nor gan[(l939rht eri al'ke epedidaney raapieonuid sasicd iopbat actgmpm@glre &Iaaxssprefp@ﬂﬁ}t%

zeolite e”élst P%%%l’ %ﬁgregblrkfa{;alb tEI\easE anaon?ﬁﬂi erl 5tp61'\r1esfera% arl]tleast | um

car bona ferr ctory suppor as’a um na,

nmagnesi 220°7. Idbiiéh @Afetinlrit Lot nolheramst 301)°€faﬁ3é pREcrfddpR teadtiineri al i s
a-alumna. In one_exenplary enbodi nent, silver is deposited on the catalyst

carri er CAPCEt@CHARNQMOFhal akaut 9% oremare profpireh Raestien SEPSHEHCY Afriicher
bel ow. M&?“&llm I@cﬁ{t%g{cﬁ ard Bkt @Pekéd‘re Ca %tgloﬁjr%ss%{re R &Q@J Qsea%Bgf?é ts

sui t abl e use I n ["ene one o suc S are
descri béckircd maﬁQVelematmid@rodﬁcﬁvﬂf’&h@tﬁhgesdge&é’ﬁlliz314);rn dh B 6,251 8500k G By 195;

5,384, 302, a I|c tlon 2003016265 the |i For exanpl e,
an al phabaf %%%@S@%P ¢ B8 Qg sPaEY 8%@@5&%%@@5 5 U
conpoungb P3040 Kt 'Nehbrd ﬂ%fe"r@d’l‘s{ %?%%%'E bBhSibo @4, 606519 Nan L ¥ty gef@ﬁglyg%rgdt&h

tenperature cal ci natl on is case, the’'starting raw materi'al s usually
i ncl udethenebaut SH0ral phaal um na powder (s) with different properties, a
clay-type material which nay be added as binder to provide physical

st rengt [004and a l:masaamntl0rmd;lﬁadeisalhighjsﬁﬁaiehyy,aﬂv@rogaﬂyst Gompallyydje higlelgd i n t he

m x to provide de porosity after i noval t he caIC|na|on
step. THECaydfver g‘l‘“ﬁ fSE lusésguPPPrﬁeﬁé’a?ﬁW st éuE%ﬂlﬁuéﬁoq@Pﬁmd‘étaeF%ﬁlﬁ%
the purjfy pekclbhBd KB a['@éa%fr Sofds&fsy #%HQ nfdi&idis. S8 Elﬁ)pgf‘t rf{ei%&fi’élé hfa%%' 0“

during the caIC| nation step nmmon i urities mayi nclude silica, alkali
and al kaaitunéoeeatlﬁhlahmosgan@)mdelsalaamd theg teladvoilmos calfbldﬁet:hbfs,amdﬂ@r, nonnet al -

containl iti t her t hqd for eparing,a carrier vin

art curais St g bERer BT i BhyPL BT s i By e B85

conpr i sgs rORidtealipporin¥icAglsZduck @9 hMMina, magnesia, zirconia and silica. The most
preferred support material is a-alumina. In one exemplary embodiment, silver is deposited

on the catalyst carrier as are one or more solid promoters, which are discussed further below.

[0041] There are many well-known methods of preparing supports suitable for use in
cthylene oxide catalysts. Some of such methods are described in, for example, U.S. Patents
4,379,134, 4,806,518, 5,063,195; 5,384,302, U.S. Patent Application 20030162655 and the
like. For example, an alpha-alumina support of at least 95 % purity can be prepared by
compounding (mixing) the raw materials, extrusion, drying and a high temperature
calcination. In this case, the starting raw materials usually include one or more alpha-
alumina powder(s) with different properties, a clay-type material which may be added as
binder to provide physical strength, and a burnout material (usually an organic compound)
used in the mix to provide desired porosity after its removal during the calcination step. The
levels of impurities in the finished carrier are determined by the purity of the raw materials

used, and their degree of volatilization during the calcination step. Common impurities may
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silicate with boehmte alumna (A OOH) and/or ganmma-al um na, peptizing the
alumnas with a m xture containing an aci di c conponent and hal i de ani ons
(pref erabvg 2biouasssde ani ons) to provi de peptized hal ogeraras2@o0sions,
formng (for exanple, by extruding or pressing) the peptized hal ogenated
alum na to provide formed peptized hal ogenated al um na, drying the forned
pepti zed hal ogenated alum na to provide dried forned alum na, and cal ci ni ng
the dried formed alumna to provide pills of optionally nodified

al pha-al um na.,carrier. [0042] There, have been enpl oye | uni,na ich has a
very i RISERIES fLgnd BRtp ol bR 0B e S R TRRARR T R0 SFBG g
conponefictl-oentaidirg dddadies aAkadher fethall fepreRsingfadaresr daping pasdiadin oxi de)
and trace anounts of other netal -containing and/or non-metal containing
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| ower puf; : ' % al pha-a i na ei ng one
or nor eH([# &tg%tﬁlgﬁglﬁ%ﬁ%ﬁ ngrilat %Argl%gﬁ a?i ainlé;fg gggﬁln%laﬂgﬂa%dp%@ﬁg}& g]l_: gﬁlflﬁﬁggoxi des,
si | i ca, wethlainmatat contamjngnan ddidie comaponamt sndahdalei anivek #prefexatde Sludfide armxapl €,
pot assi um oxi de and cesi um oxide), alkaline eart tal oxides, transition
metal o¥iRje¥ide PB@UZ@Q%&%&@}M?%@% 9 AP P KX EENS G eBiHer et al

and noNgIBlBlizPHalfEnatbda@fihd toPovilid Forﬂ%& %E;Bt}?z'ed #ERGerd Red BlRiraNGryhiY 11 €r

may conprise conpounds which have been known for inproving catalyst
per f or ntedesmddarepgrahipllegenatad nlunma {osprovidadriedhévencd 8 unzing and cgliothemgitine

0043] | i all f d .enbodi t,. .t -t terial

compr 1 sieErieg i b ReGuRhl SR STERRLNER i HpRaPRRi SRS han about 30
t RN i d-1 habl | kal i. b ight, th i ght

Do cont TU0HE he' o HiGS: e e CPRDYEBABEHES BB iaoh PR Ut chbbatte al Kal i

netal s Reing &@%:Mkiﬁa{-glﬂn@ﬁh, taﬂfréﬁ@eiiﬁ'ﬂé c%p&tb%tsc&ﬁﬂ | 8lica, WRET SndtN®xides

aci dl eachabl e al ka netals are selected fromlithium sodium potassium
and ni xtfor esntplesediim ¢x0dx44hd Thee ahpimas of ethémactelaganitaning reg/ar ech-astal-

descri bed herei nabove prefer.ably. has speci fjc surfac rea of.. at | east
about | 0SETIEMG AR e BB ar My o dp SR Ek bR O/ R e SFHE S ur t ace
area i sphpl ®ad ik Yabo8s$0 Whan apReutundia, ¢ BaladidtheRg&nRlodldre of #8Srphd@N about
5 nR/g. The al pha- alum na carrier preferably has a pore volunme of at |east

about OaBl/enmyyalliag alurdraansraheadbniga okidgsmstiseutilion duapry mutlde.avooes 1. 0
cnB/g a i i t .rom_about 10 aboyt . 17 A
vart oty BT alET o RRBY P b BT oSl AT TRAY ety GRS st .
cyl i ndessidw, tlangitién @etahdxided @ongixabhgld) dbn axidaland piemiurg dxidef)unk sthet mbtagt s,
pi eces, pellets, rings, spheres, wagon wheels, saddle rings and, toroids
havi ng quaqlo%lﬁla‘ﬁnglfi% dp addition, the maferial used to make the carrier may comprise

compounds which have been known for improving catalyst performance, for example,

rhenium, (such as rhenates) and molybdenum.

[0043] In an especially preferred embodiment, the support material comprises at least
about 80 weight percent a-alumina and less than about 30 parts per million acid-leachable
alkali metals by weight, the weight percent of the a-alumina and the concentration of the
acid-leachable alkali metals being calculated on the weight of the carrier, where the acid-

leachable alkali metals are selected from lithium, sodium, potassium, and mixtures thereof.

[0044] The alpha-alumina carrier prepared as described hereinabove preferably has a
specific surface area of at least about 0.5 m%g, and more preferably, at least about 0.7 m%g.
The surface area is typically less than about 10 m*/g, and preferably, less than about 5 m*/g.
The alpha- alumina carrier preferably has a pore volume of at least about 0.3 cm’/g, and
more preferably, from about 0.4 cm’/g to about 1.0 cm’/g and a median pore diameter from

about 1 to about 50 microns. A variety of carrier morphologies may be used, including pills,
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and/or outer surfaces. In a preferred enbodi nent, the high-purity

al pha-alum na preferably includes particles many of which have at | east one
subst ant ivDI2910f123842maj or surface, and having a | amel | at @Conuspiiansices

nor phol ogy. In a nore preferred enbodi nent the particles approxi nate the
shape of a hexagonal plate (sone particles having two or nore fl at
surfaces), at |east 50 percent of which (by nunber) have a nmajor dinension
of | ess than about 50 microns. In a preferred enbodi ment, the al pha-al unm na

carrier _conmprises zircqgniumsilicate (zifcon) resent sup ntially as
2t cont GTGRR S Rgb ARk S b LS opeBRES SRR AT Rl Lot
up to apéllts, #inpgisgidre) Bragemivhedldlseddiatiags ol tohad vt stafshhhed igddrr i er .

[ 0045] Catalysts of this invention for the production_ of alkylene oxide,

for exaffle ousersyriaces. bxi aecforednrehndinem. Gribid-prilty B&{hﬁﬂéﬁﬁiﬂ%arqﬁﬁrtaWyt he
at or eMep A0S HarBBLL hiehe oPYLIAMLEORALAREnd OB GRLIHathdilk el dhyon of one

nore Si conpounds, depositing the silver t'hroughout thé pores of the
carri er hawink 4 edudliategpripieelsi tmugho gy dua choas picervwelcmbod oment ithe fidntéclesr t . See
for exanple,. Liu, et al., US. Patent No. 6, 511,938 and Thor tei?so et
al ., U @prospe thrghaps of ghexagenal plats (srspapaticlis haipe Bye ergnerediid sur 1065546]

Cener al [ Meast B p&REAI FwHidh (bYRRHRAHAYe WiidbrdiGal@obt IEssaiRYouPbo S1 | ver,
which is any anount of silver capable of Catalyzing the direct oxidation of

t he al kyli@nes. intatprefeyrgé ambediaent dyapdpheednmaianianuergaspriscstAngogiont @k@dndi ng

al kyl eng.oxide. | ki ng,,such a catalyst, the. carrier.is typical .

oy eontARANk Gireeh TR HE S Anrien SuE o igpERh rher Sut B B i ons
suf fi ci gnimbentabltoubdie wiikMerdeat, RElcsMRBYNtBEWRIEhE BEthE diiicer 1N an anmount
greater than about 5 percent, greater than about 10 percent, greater than

about 1goRsy cent, cghioak 8F i AReRRAUbr Q@ PPETCE of Qkﬁ%ﬁéééxiﬂ&ffﬂr algiic, 25

percent, preferably, “greater than about 27 percent,” and nore prefeéerably,
gr eat er ethilgne akbidebr fOpplenc exide mayweipgénaredrarle thearorementiied lvarreks he
catal yst. Typi.cal.l t he gnmount . .of silver supported on the carrier is |less
Chan abBRTeSt BEMhictll o Wich Qe PTe MRS coRadbolrosting Bivcent by
wei ght, siRas efo@hotiNe }{b_ﬁfe@ R t1Rfcalite afdt@iu¥ml-thd QR4AY borpdunaugh il ¥Kedwn

[

particle size in the finished cataJ%st is inmportant, the preferred range is
not nar Molic ark. Se¢ faalskemele] Ly ctods Ui [Patast Ne. e.ax] 11988iand tThersteanrga col..f r om

about 19H§gm?gpﬂ%‘%Qgpgglﬁﬁgﬁ%%%%gh%%gg%g L&l A preferred silver particle

Size ranges trom greater esSs 't han about 5,000 angstrons

T e e R P L LA
is any amount of silver capable of catalyzing the direct oxidation of the alkylene with oxygen
or an oxygen-containing gas to the corresponding alkylene oxide. In making such a catalyst,
the carrier is typically impregnated (one or more times) with one or more silver compound
solutions sufficient to allow the silver to be supported on the carrier in an amount greater
than about 5 percent, greater than about 10 percent, greater than about 15 percent, greater
than about 20 percent, greater than about 25 percent, preferably, greater than about 27
percent, and more preferably, greater than about 30 percent by weight, based on the weight
of the catalyst. Typically, the amount of silver supported on the carrier is less than about 70
percent, and more preferably, less than about 50 percent by weight, based on the weight of

the catalyst.

[0047] Although silver particle size in the finished catalyst is important, the preferred
range is not narrow. A suitable silver particle size can be in the range of from about 10 to

about 10,000 angstroms in diameter. A preferred silver particle size ranges from greater than
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[0048] As is known to those skilled in the art, there are a variety of
known pronoters, that is, materials which, when present in conbination with
parti cul awocatoal2ggs2c materials, for exanple, silver, bemrefiuS2an®3®HS NOr e
aspect of catalyst performance or otherw se act to pronote the catalyst's
ability to make a desired product, for exanple ethyl ene oxide or propyl ene
oxi de. Such pronoters in thenselves are generally not considered catalytic
materials. The presence of such pronoters in the catal yst has been shown to
contribute e o re ficial effects on the.c rformance,
For exafia 0 Ry ik PEPE b Rmsdh sy B v B b PR B ocact
reduci ngeldthelyt @iifpenat disricdaritiifdhiodgh@l] #Meoranshi dlabli® daati@. of reaction,
reducing the rates or anmounts of undesired reactions, etc. Conpeting

reacti ofgp4grcur SAQIIKNBRAAY Hoke sIIEDR theam! Bbre a8O8 vai&Y bf kéiin pdedoRdrs,i N
deternining the effectiveness of the overall process is the neasure of

cont r ol thehis, maisrials evhieh eden perspeitin sgmbwaten wis papicriar eatakytic whitartely, fort er med
a promober, ol Ay deRlLeHoneaohb AN a0 PE AN RILRLLRE (b 3ROLDEY (f eact ion,
for exanp 8% SCOmusti o™t Eacti“oRP Whatr i g §198F¥IC88F i'S that ' the ef fect
of the proaion eic c@mgkhﬁatﬁm@rta Indake @aletitprodudt Fepéald e tylche ogidt bei ent
production of the desired product, for exanple ethyl ene oxide. The

concent P@PYISAC BFidehudnromotaipindhppentsarsspcediuriot ponsideecdeatalyist may vary
over a Ma%?iafs.a %@ R@&Qﬁ%ddfggclp]?ﬁo%?erg ﬁlstjhE %?tf}gr%{ Iﬁ% tﬁg@tg%lfo%natb%ﬁgtﬁ%ﬁ{ef@ r _man ce,

t he ot her conponents of a particular cata t ysi cal chem ca
char act eid atrmare befefidid offactsioarthe atdydtiperfemancdabr exanipéaciliaating dhiediated @ns.

[ 0049] There are at .le t types qf .prqmoters-solid pronoters and

gas eou;saIBP‘(‘}W?BF%d.ucﬁ‘PPeo F%\é) %rﬁemreéaeﬁ%ﬂge tf)‘PB?Fﬁf_t“é? LaEY ‘Bra&gﬁe&%ﬁl ina

pr oot i BB Hlof réictiBh FEMciMGha PRI anffunfs SRMH&AIRJGAFRBAERIc of a catal yst
refers to an anount of that conponent that works effectively to provide an

i npr oveffempeting wagions onoursinvfltanbeustyainghy tdactopranpercrities faftot inatetermirahy st
when coppared.to a catal yst, not containing said.c opent . anpl es of
catal vt I8 SRGHeRETal TeYHILPOrRE gt ot AP PES Pvasr BiShoe to

r un- awaygmp®@inkir6dcBBRY » A ddtdridl kdhichCio MBI la PlomStePBf d ddsire@Rehetibrtdh bldn 1S
understood by one skilled in the art that one or nore of the individual
cat al yt inbilptop pbanatless reagfiondorpniamded combusiion regaciant Wiyt wrsimmiicanisithe ot her
catal yt| i r e r Vv i mani shed.
o os PR PO BB TG B o SR oo Ty

enhancethcalesiedd frod@nt foopengile stykandkide 0Mae corentexmfehe éhetd@tndryst havi ng
enhanced efficiency at one setof operating conditions nay be operated at a
di f f er eRHOMOEETs gresets A thei GHEY SRy ity 9¥sea wide range depending on the desired effect

on catalyst performance, the other components of a particular catalyst, the physical and

chemical characteristics of the carrier, and the epoxidation reaction conditions.

[0049] There are at least two types of promoters--solid promoters and gaseous
promoters. The solid and/or gaseous promoters are provided in a promoting amount. A
"promoting amount" of a certain component of a catalyst refers to an amount of that
component that works effectively to provide an improvement in one or more of the catalytic
properties of that catalyst when compared to a catalyst not containing said component.
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

different operating conditions. For example, a catalyst having enhanced efficiency at one set
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i nprovenent shows up in the activity rather than the efficiency and an
operator of an ethylene oxide plant will intentionally change the operating
condi ti orsOi2n100es2 t o t ake advantage of certain catal yPCE/yseapmstebes even
at the expense of other catalytic properties in order to maximze profits
by taking into account feedstock costs, energy costs, by-product renoval
costs and the |ike. [0050] The pronoting effect provided by the pronoters
can be affected by a nunber of variables such as for exanple, reaction
condi ti gps ata atlve te rface are ore

struct ub EOBSHE 1“§§P¥§t“88c‘ﬁle E3PTRIP8 BE *‘?%ffébéenofsetoltnf On‘{;{a"%srvtVﬁlelr gh% | ver and

c0pronnhﬁmoc@ﬁ&ﬁ@howﬁuﬁﬁﬁh@a@ﬁhuaﬁﬁmﬁm@nnm&&&a@ﬁwamdghm@aaﬁﬁkﬁ@ﬂs and
ani ons present on the catal yst. The presence of other activators,

st abi | i iféy@ne 9%16%@@1& will ’élﬁﬁ*ilélﬁ%lFYsCf@Flg%fthﬁ epeiakipaFYskitionsph oudst to gkt al so
af f ect 5 9{1 &Itél roerQQ? fl:']'enE(ff W%@@ns%fof ek cé‘tﬁgfg’g jogale%t% shformoters

for cata USG tO pr e et ene oxi i ncl ude co

pot assi umer rwhaﬁnma proﬁﬁlwwkln@ﬁm aenousiulicédstockrrasigamessy, coss) ybpeduen  and

t ungst en. { gaﬁ]ge reactl on to make ethyl ene oxide, the specific form of
the proffotef g™ k-yst may be unknown. Exanples of solid pronoter
conposi tions and thelr characteristics as well as nmethods for incorporati ng

t he pr o988k s as Prrrrompting effeci parydad byrtae geoseteissan baaffersedber AuBhcet al .

LS "t AT Qe s, FRTRAb Il
et “al | , atdh Snd pakanrticthie. and, siiff2ce BéthicaBpagpierics ef thalsuppdat, he Fatentd ddos. 4,

916, 243, 4,908,343, and 5,059 481, and Lauritzen, U. S, Patent Nos.
4,761, BETEmOﬁeerBteﬁ!b%fatﬂﬁ cplySty s, Pr?ﬁe%%#@?a@er Cé‘iﬁ‘&fls&ngﬁglo%mres%ﬂt enithtor por at ed

her ei n Bital ?ﬁf aihe ?é%encUtﬁ’ BRI i RE IR AT, ﬁrcﬂﬁ‘cﬂ% alnh¥n RAGD RS Ghsm cal

conpounds to the cata yst prior to its use. used herein, the term

" conpoumarove$ errsals@afif¢n theaprbinnting offeats. a part| cular elenent with one or
nore different elenments by surface and/or chem cal bonding, such as ionic
and/ or [®%&] ent afdngylescafordi-kiadven MitdqirmgoteirmtértaaMfémmto"prmtucéi on" refers

pos 1 VETIHE ORHF JIe OPORRIRGH POBBTRE: LN EES TThabei8ih “iFani oni ¢ or
oy o B R R, SRR, SRElo RS SR o¥lae A0S an-
oxygen- smeaifai fnim gf teipoemotet on theunathdyss ey dhe tunkinovo nExmlnmf sokil ptometevacuo,
but ar ecornpositions and their characteristics as well as methods for incorporating the promoters as

part of the catalyst are described in Thorsteinson et al., U.S. Patent No. 5,187,140,

particularly at columns 11 through 15, Liu, et al., U.S. Patent 6,511,938, Chou et al., U.S.

Patent No. 5,504,053, Soo, et al., U.S. Patent No. 5,102, 848, Bhasin, et al., U.S. Patent Nos.

4,916,243, 4,908,343, and 5,059,481, and Lauritzen, U.S. Patent Nos. 4,761,394, 4,766,105,

4,808,738, 4,820,675, and 4,833,261, all incorporated herein by reference. The solid

promoters are generally added as chemical compounds to the catalyst prior to its use. As

used herein, the term "compound" refers to the combination of a particular element with one

or more different elements by surface and/or chemical bonding, such as ionic and/or covalent

and/or coordinate bonding. The term "ionic" or "ion" refers to an electrically charged

chemical moiety; "cationic" or "cation" being positive and "anionic" or "anion" being

negative. The term "oxyanionic" or "oxyanion" refers to a negatively charged moiety

containing at least one oxygen atom in combination with another element. An oxyanion is

thus an oxygen-containing anion. It is understood that ions do not exist in vacuo, but are

found in combination with charge-balancing counter ions when added as a compound to the
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found in conbination with charge-bal anci ng counter ions when added as a
conpound to thecatalyst. Once in the catalyst, the formof the pronoter is
not al waywolknovn3s4and t he pronoter nay be present w t hoRCTiUse0100818b&r i On
added during the preparation of the catalyst. For exanple, a catal yst nade
W th cesium hydroxi de may be anal yzed to contain cesium but not hydroxide
in the finished catal yst. Likew se, conpounds such as al kali netal oxide,
for exanple cesiumoxide, or transition netal oxides, for exanple MO(G3,
whi | e ngt. bei iLonjc, onvert .t.o ioni c conpaounds  durin t al yst

pr epar at i toroneh TS ol REOE s Wi 8ol ST RERHERS it ke Lol

pr onot epnwtdr mBebd Bt et @ethb@ thdcdditdbonelddeddirtpsthapebpantion sf ihegafatlsess of
their formin the catal yst under reaction conditions. £0052} The cat al yst
pr epar eHolokammes, @ gpfalyst Mads WEB seRTH hyrexide mut be anghard fo eAnkain couBRut h
metal a | QE I i . . l'ine
R e R S A GG
magnesi esampdatasiunmpx ity @rttansinioa nktdd axides foOttaerple MaGanwhilonattbeis: ionic] ude
G oup 3b netal jons .including |anthanide series netals. In so . nst ances,
the pr oPPBYé?n‘@éﬁﬁﬁ?lg%goﬁp?ﬁ‘@gGP%“%?atgléiftipéﬁéaFat%‘roré&a%FpIFQTE\Es%ag%Pg Cat

| east Oaﬁutﬂfeﬁ%[ndﬁlglf el soH@b?dmotEI@ VAR RO Ao d Wt IRt fCadids Ml GRfYs
enhancenent as described in U'S. No. 4,916, 243, herein incorporated by

r ef er entsgardios ef theatfomefrethe nately st tndehesabigoni @uiddionabl e herein shall be to
that as published by the Chem cal Rubber Conpany, C eveland, Chio, in CRC
Handbool0052] Chem Blia gatadysd pRipysidas, théd Gdrhietaay canainiafiailidectblaankd/oz alkatine [ 0053]

The preferred concentration of the al kali .al pronpters.in the finished
cat al ysf? hamial a¥ P OSBRI X%PS?%@@LG alk e RGBT aheplnG R ATISl Kal i

metal  ppRMRAiGH, SRRGRMNSALIA rhigitiudh, RALEMCHrafiuGR o Sdiud! MeHuhN&rAHRT

carrier and catal yst properties wll be dependent upon perfornance

char act erd lsrives , Othgc batms pramaleyssincledlé Goowpnibymetabioes ofchwlatgllaythanidghergsand
reaction {?rrrler atur.e.t T]%00 4] The concentration of .al kali. nmet al 1ébased on
the wei BRSO SAF Seesy TSRIRBIOLT CRUPUNS RIS Of FHiokdar MG S Ry vary
from abgnt atQe08R dtRerlalihiMhetalao SHtEMEY Fabigistic @MARRYenRarldOMchts0. 5 W . %
The preferred anount of cation pronoter deposited on or present on the

s g rfac ed@rsriberdein?léﬁr Ner4.,810,24% Arsgin ingeiperasdd By tefasencge Nagthatigbuencegtog lr)nd
4 ) ) . )
oo 28 RAECTPRLN RN w)R NG PO T80 Be A MRABTSOARMY e oo

about 2 wel g on ca e’fotal
carri er Cratknd,abdhio Gat(R0 Handbsvkest GhzbtiditySand Physics, 46th Edition, inside back

COVCr.

[0053] The preferred concentration of the alkali metal promoters in the finished
catalyst is not narrow and may vary over a wide range. The optimum alkali metal promoter
concentration for a particular catalyst given the other carrier and catalyst properties will be
dependent upon performance characteristics, such as catalyst efficiency, rate of catalyst

aging and reaction temperature.

[0054] The concentration of alkali metal (based on the weight of cation, for example
cesium) in the finished catalyst may vary from about 0.0005 to 1.0 wt. %, preferably from
about 0.005 to 0.5 wt. %. The preferred amount of cation promoter deposited on or present
on the surface of the carrier or catalyst generally lies between about 10 and about 4000,
preferably about 15 and about 3000, and more preferably between about 20 and about 2500
ppm by weight of cation calculated on the total carrier material. Cation promoter amounts
between about 50 and about 2000 ppm by weight of the total carrier material are frequently

most preferable. When the alkali metal cesium cation is used in mixture with other cations,
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bet ween about 50 and about 2000 ppm by weight of the total carrier material
are frequently nost preferable. Wen the alkali netal cesiumcation is used
in m xturwownton2sgsder cations,the ratio of cesiumto anpCotusesioabicas i net al
and al kaline earth netal cation(s), if used, to achieve desired performance
is not narrow and may vary over a wi de range. The weight ratio of cesiumto
the other cation pronpbters may vary from about 0.0001:1 to 10, 000: 1,
preferably from about 0. 001 1 to 1,000:1. [0055] Exanples of sone of the

ani on P %r{gttloe?ﬁ CGSlélX trorpa]ng l}er & iR i él}sé{aﬁd 8‘(’1}AaL ah}leh e esepéattllﬁga/sg% 24 4 joncl ude

the hal i uori an ori AW ofs of the

el ement schadwkelesitdipper xmgede ibavt mgroRNamdt i Cari w&a widle rhngde0 1813 vadighter oups 3b
to 7b and 3a to 7a of the Periodic Table. One or nore of the oxyani ons of

ni t r ogefttiogficeivm tordispiba sation Bfwﬂﬁﬂlawvb@@ﬁ@h?utt%@ﬂ?éﬂetﬁ 1990 heni um may
be prefer ?&%lﬁ@f{ﬁ%t%@ hGaYifgs: [0056] The types of anion promoters or

m)dlfle S sul use in'the catalysts of this |nvent|on conprise, by

il o00Rd) 5 L VoG MG SHOLR} SpichThd v MBREAR BT 26 5

mol ybdap&sent flrﬁfenﬁéﬁﬁﬁmhﬁe tIMlQ‘ﬂidas forvexaa@at @soride® anﬁ(&ﬂ@ﬂi)de@, an‘d t@roiya,mons
chromates, for example, C O 2 , zirconates, for exa

pol ypho@%ﬂhﬁ?@@enﬁmﬁ ABaneXy Al hvinpan Aol oREnR of Brtg ggtoé Qrouns r3é?tt@ gb
Si licat g 3 Bfﬂ%@%eeﬁenotd&b”ﬁ?oﬁ@t Gﬁe %Hﬂbl% qlﬂlﬁlféﬁ;gﬁamoﬁgpoﬂ%@ and,fele 1ike. The

hal i des may al so be present, 1nc bront de and

i odi de. maD@mége, Itatntalsmy\mblybdanmgrtumd:ntdmdtrhmmrmybmrlﬁefemé faaopleex

chemi stries and may exist in one or nore forns, for exanple, orthovanadate
and met ®RPAKARPe; and the various nol ybdate oxyani ons such as M 2 , and
M 24 6 and Mb20O7 2 . The oxyani ons may al so include m x

net al - ct988l ni ng BIg/ ARSI ANRATEAPTFES %n%ﬁ%ﬁpwl%fw& ulrtég catpyptsiofst ance,

o ha s 00! BRAEIUBYGAY & U TnBIe Bk DxEHahs QXN A0l RRe, 30T2] arly, other

phosphates, for example, PO, titanates, c.g., TiOs?, tantalates, for example, Ta,06 >,
molybdates, for example, MoO42, vanadates, for example, V,0472, chromates, for example,
CrOy47?, zirconates, for example, ZrOs, polyphosphates, manganates, nitrates, chlorates,
bromates, borates, silicates, carbonates, tungstates, thiosulfates, cerates and the like.

The halides may also be present, including fluoride, chloride, bromide and iodide.

[0057] 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
molybdate oxyanions such as MoO,4?, and M070,4° and Mo,0;”. The oxyanions may also
include mixed metal-containing oxyanions including polyoxyanion structures. For instance,
manganese and molybdenum can form a mixed metal oxyanion. Similarly, other metals,
whether provided in anionic, cationic, elemental or covalent form may enter into anionic

structures.

[0058] While an oxyanion, or a precursor to an oxyanion, may be used in solutions
impregnating a carrier, it is possible that during the conditions of preparation of the catalyst
and/or during use, the particular oxyanion or precursor initially present may be converted to
another form. Indeed, the element may be converted to a cationic or covalent form. In many
instances, analytical techniques may not be sufficient to precisely identify the species present.
The invention is not intended to be limited by the exact species that may ultimately exist on

the catalyst during use.
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whet her provided in anionic, cationic, elenental or covalent formmy enter
into anionic structures. [0058] While an oxyanion, or a precursor to an
oxyani on,woaylige3sssed i n sol uti ons inpregnating a carri @CI/USL00A3IPOSSi bl e
that during the conditions of preparation of the catalyst and/or during
use, the particular oxyanion or precursor initially present may be
converted to another form |ndeed, the elenent nmay be converted to a
cationic or covalent form In many instances, analytical techniques may not
be suffjfi-gnt to precisely.i.dentdfy t S ies present,. The invention is
not i nt LS8R ¢ o o R0 Pilaby A 356 BRLRERAMpIRTe RS o1
on the gahiinySthiclsante pre@dEDRS/kioMY fdtme ot akdindie,gllthe @b, @k erbvaaital yst s,
the nost preferred pronoter caonprises rhenium which can be provided in
var i ousCeBpaHd. 355} Caiion P pEan Fyon. hEhgaberum specigs Byt aroxites twrmmbefgd as a
cation ' - Tk [ [ A ed

i of ens e B i B e o S e or
t hat geadreatiedngptchamtichuof thg canbposraturiap usé ag heatdgastalBxsinptas ofithrenngn use as a

catal yst. Exanples of rhenjum conpounds i.ncl u the rheniumsalts such as
r heni HERTRES Incfisie th%@ﬁmm 35y AU 43 ?nlqu‘iélaﬂﬁ%“ngl"éé?m’tlfﬁ@xﬁéﬁ‘rdﬁ%ﬁg? es, the
oxi des gfdakd %@ﬁérﬁén&%s,&ﬁ@&iéﬂ@ anHNEYEHs ofiri&nidhK #dwdVEL dle ARNT RERAL €S,

ammoni um perrhenate, alkaline earth netal perrhenates, silver perrhenates,
ot her pperrventes.esnmerdumpenihamth eftabré deticmntabpathebates silvetyieyrhondtés, zed.

oo PR o B RS e S OB Bl e
speci fi RaJO,OWher BRGIIVA ineRi@XheBo K 09 chBnSE daiedREO,, bR h{;ldx@géﬂ henate, that

is, RRO. Simlar chem stries can be exhibited by other netals such as

nol ybdep&irheanis. (Iingdeoerip¢ee ebihisipseiientian, dwgivsm hentoxige essbe esidhroddy be
enpl oye i t rese I Ny I i e s se nts.. .l n many
et ancos! iR, BaPBERn SRR Syl LT SRR R RS Ry’ St o
st abi | i iplydideah ahy Bingstedhe manganese speci es that provides the enhanced
activity, efficiency and/or stability is not certain and may be the

conmpone[gosapded oAndthatcl e BEprfnRAcS! WEh nfiyHeRehtdicalwisit theheRaitat i on or
during use as a catal yst. Manganese conponents include, but are not limted

to, nmangaAeisE, Hicdides BANAEITHAPEBRONGATO ML TNENY UISFAACES, MFRSEAREUNRINCAECAN

renanesiy it LSO TRIFRNSRE PSR 6y TRABRLHR M ALRLE ol SRRS
provides the enhanced activity, efficiency and/or stability is not certain and may be the
component added or that generated either during catalyst preparation or during use as a
catalyst. Manganese components include, but are not limited to, manganese acetate,
manganese ammonium sulfate, manganese citrate, manganese dithionate, manganese oxalate,
manganous nitrate, manganous sulfate, 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.

[0061] The amount of anion promoter may vary widely, for example, from about
0.0005 to 2 wt. %, preferably from about 0.001 to 0.5 wt. % based on the total weight of the
catalyst. When used, the rhenium component is often provided in an amount of at least
about 1, say, at least about 5, for example, about 10 to 2000, often between 20 and 1000,

ppmw calculated as the weight of rhenium based on the total weight of the catalyst.

[0062] The promoters for catalysts employing the present invention may also be of

the type comprising at least one efficiency-enhancing salt of a member of a redox-half
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anion, and the like. To stabilize the manganese conponent in certain

i npregnating solutions, it may be necessary to add a chel ati ng conpound
such as ewvbybsness4sam net et raacetic acid (EDTA) or a sui rablus2aalosicsher eof .
[ 0061] The anount of anion pronoter may vary wi dely, for exanple, from
about 0.0005 to 2 wt. % preferably fromabout 0.001 to 0.5 wt. % based on
the total weight of the catal yst. Wen used, the rhenium conponent is often
provi ded in an anount of at |east about 1 say, at | east about 5, for
exanpl e, bout 10, t0.200 ten het. cal cul ated as
the e GHERGIPorehicR i Baey i PO TR Rr SR &F MoreP B GA 006 2] " The
pr onot eﬁﬁrogat-c@mming%mp@ﬁa{twpme (T)ﬂ‘tbrrﬁfng?aeghkedu@\éﬁmlér&@ diByncS@cheeof the
type conpri si n_gp]é | east one efficiency-enhancing salt of a nmenber of a

r edox- haf # Fdaehplrcastph Dyl PRIFT raackpp PeRfdiaonsn The EBLXPéRThdTIcpftieds in the
presencg, ed%e&?é%%éaﬁmaﬁf QA& ARE @ﬂdfab %na &%‘?B@ §69&R&Fm9£b1&06fm ng a

gaseous efflciency-enhanci ng nenber a re action pair under
reacti ostamd}mdjretdum orkhxéddtien mmten&d@,)alstmd{ﬂommcstandal‘d drsingsf élemabdherein to

mean half- ct| ns |i found jn e presented in t Ies of
standarHOF type gk‘flisd Wﬂnﬁ%@nltlil%{}dg %ngﬁ Qﬁ%tléﬂﬁ%

single Mc@ﬁ&&z(}ﬁﬁ H%R)ﬁc%ﬁﬂlﬁén? e, Eé'b% IQYPQZEQH%I}&'@M HaR§RRGE: Handbook
of Chemstry”, N A Lange, Edltp McG aw H | | * Book Company, Inc., pages

1213- 12CBerbg® ipd BhySlﬁRiﬁi%bﬁdbkaBfS Rehespist, BocaRatdah ki, mg¢s BBIRIEdi ti on,

odon: ore). Piceiot R B bt pyiB RS BARY o e MolGREF ATSE | ons

or m Xt iagrek HRE&TwHEH et @100 detfu86h ﬁlrsueﬁﬂamé&ﬂoﬁ BqLﬁllﬁ‘éﬁs Such
hal f -reacti on equations. Such terns as redox-half reaction pairs are used

her ei n teomp pctedae-hal senstion ppey age ysediivecie tamslude thnsp steares eftheplagirdvi de t he
desi redSLﬂ)%{aBE’é ”Ef}ﬁgylrov’}!?eat'ﬂ%%%?{‘et nﬁerf%hggt{ce LR BmTH ‘r?l:'c}?i?eé% antahrn%:{b mst}fé‘? stry

occurring when ‘assoc al yst as

sal ts othervhedhBHs o@éuran@ aPfeféreblg] $ueh cpmbbunddl @h&phsssciatdd whthahe thelyanksons are
oxyani ons, preferably an oxyanion of a polyvalent atom that is, the atom
of the shsehMeabams it iigastiongatongsalty 18 veHERIE @nONS a6 SHAMGNS.when bonded

to a di g&?&hﬂlg an?)&%{%%d[ %Jl%@ilﬁ{eﬂfato\{@tﬁé}% éﬁé Abf%f thSaiGPR %Eﬁkﬁ%hhe term

"salt" does n ani’on and cation conponents o e salt
be assositehdel Isrcalbm;rhdeﬁ:bmsmngh\ehadbondledm faﬂlyiﬂmilaballbrmm yiffeteat viddonde states.
conponent s b r.es in.s formin nder reaction

th st
cond 11 B8 SseiPEaRE e sFhetass SpEiateda Binendh embGGH" SBRPORT Y um
and cesididRYod4tsPoPborPE (AL Soli®BMall bR 0T EhA SR BhBPSheRIsDe present in

some form in the catalyst under reaction conditions. Potassium is the preferred cation,
although sodium, rubidium and cesium may also be operable, and the preferred anions are
nitrate, nitrite and other anions capable of undergoing displacement or other chemical
reaction and forming nitrate anions under epoxidation conditions. Preferred salts include

KNO; and KNO,, with KNO; being most preferred.

[0063] The salt of a member of a redox-half reaction pair is added to the catalyst in
an amount sufficient to enhance the efficiency of the epoxidation reaction. The precise
amount will vary depending upon such variables as the gascous efficiency-enhancing
member of a redox-half reaction used and concentration thercof, the concentration of other
components in the gas phase, the amount of silver contained in the catalyst, the surface area
of the support, the process conditions, for example space velocity and temperature, and
morphology of support. Alternatively, a suitable precursor compound may also be added
such that the desired amount of the salt of a member of a redox-half reaction pair is formed

in the catalyst under epoxidation conditions, especially through reaction with one or more of
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nitrate, nitrite and ot her anions capabl e of undergoi ng di spl acenent or

ot her chem cal reaction and formng nitrate anions under epoxidation

condi ti ors0 2Prog28g42ed salts include KNO3 and KNO2, w thPKRO32010i081$6810St
preferred. [0063] The salt of a nenber of a redox-half reaction pair is
added to the catalyst in an anpbunt sufficient to enhance the efficiency of
t he epoxi dation reaction. The precise amount will vary dependi ng upon such
vari abl es as the gaseous efficiency enhancing menber of a redox hal f
reactio eu%sedh 1reac?1nl({enrtnr aﬁeln?n (T’lo hg teveer Caosn?t rit ! an[ Ieo onc nﬁrqlon of
conmponent £ TR THe phage) "the A O STIVE et & Med®TiH th

cat al ysthe atih@d &ﬂbfcﬁ@ﬁcﬁ{aﬁ&ngfsalt e pﬁdlbnﬂ;@f ﬂlcrdoﬂﬁbawuﬁﬁéiﬁe& o@ﬁn@lnﬁ htsous 0.0flor
exanpl e space _velocity and tenp erature and npr phol ogy of support.

Al t er natd apentS Yogprsfaratly a@%@é&rp aBout 3G pprurrichtalasad €8 tfifetoea&y@tghé gkthet hat _
the desHtﬁg%taw&@gfe%raf)lg%laegalttls QIid 1ﬂaﬂgﬁfou faabB&qpé(S Q)azlbfoutr f ?‘;ﬁoyon pair is

for med e cat epoxI dati on condi It1ons, especla hr ough
react i oweight.h one or nore ofthe gas-phase reaction conponents. Generally,
however, a suitable range of concentration of the added

ef fi ci emg4pnhancTmgprefetded gdcols e€idlcnoy-chki@tBeimetdre of RUeLhas r@atioon, s
about 0.01 to about 5% preferably about 0.02 to about 3% by weight, based
on t he PisAre gRINpeInds Fontpininganglonent cm@ie Preatssing b gnor%télag ave Valén%irdded in

an amuﬁﬁtfegfpr@@&"di Bt gg nteﬂldaa%BHlte életfen '159 9{1 r%.lg)i glgl Iherht 618 yed

gaseous e |C|enc nci ng ers o on parrs are
conpoundsnpnnhammawgoﬁpaﬂhangnhnaﬂ@abEermkmdxﬂﬁmamgmqmnnmdewemamntwo
val ence states,. grefergp . nitrogen and anot her_el enent which |is,

pr ef er aBRAIIQHR iy Aenerd] HRETSCUGHPBESAL: SHShRLIOE CHIMRIE BHTE PRGC AR Ber of

a_redoxgfRldt h8RF HintRodRAitdtrdkMIE hy di8ARL 'lﬁrﬁr&&[h%lhé 8NSminSnid, ﬁ%ﬁ&@iﬂmg a
ni trogen-contai ning gas, such as for exanplé nitric oxide, rogen di oxi de

and/ or tonéxanyde mitt@netbaicdenitropardmaizé oenpdunds Gy bmpienxblrobammun)i, &l-nitro
ni tropar af f s itroaro t|c co

e S W I RRU M At O B B e
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used in these catalysts is that anount sufficient to enhance the

per f or nB¢rE®mMageR; Kuehsastthe agibity\wfthe etalyiang amézicyl@fly dhroefpsicneycell the cytabyne
effici e@ﬁg concteﬁt?aﬁ}oglaogf?i{i%tf %D%thg%lgﬁﬁlﬁg %p%.er%bé §1% otcr 1? ?ctgﬁﬁm&g&é nI%OHt .al ni ng

gaseous pronote i Clency- anci ng salt
of a nephdculef cflicicaco¥ntaating selact 4 oRmbat 6f eu&&dx-aﬁlld réddBorC paic ageidraad ittan

thereof, the partjcul ar al kene undergoi ng .oxi dation, and by other factors
concentration thereof, the particular alkene undergoing oxidation, and by other factors
including the amount of carbon dioxide in the inlet reaction gases. For example, U.S. Patent
5504053 discloses that when the nitrogen-containing gaseous promoter is NO (nitric oxide),

a suitable concentration is from about 0.1 to about 100 ppm, by volume, of the gas stream.

[0065] Although in some cases it is preferred to employ members of the same half-
reaction pair in the reaction system, that is, both the efficiency-enhancing salt promoter
associated with the catalyst and the gaseous promoter member in the feedstream, as, for
example, with a preferred combination of potassium nitrate and nitric oxide, this is not
necessary in all cases to achieve satisfactory results. Other combinations, such as
KNO,/N,03, KNO3/NO,, KNO3/N,04, KNO,/NO, KNO,/NO; may also be employed in the
same system. In some instances, the salt and gaseous members may be found in different
half-reactions which represent the first and last reactions in a series of half-reaction

equations of an overall reaction.
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U S. Patent No. 51 38, particularly at colum.16, |jines 48 through 67
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reference. As used herein, the term"salt"” does not indicate that the anion
and cat Fgelystomgeneagtionsongiensal t be associ ated or bonded in the solid
catal yst, but only that both conponents be present in sone formin the

cat al yst006Ater r eAlttrnaivetyordititidapreciBo6RMpaund nratalsodicyadded sudhtthds!tec

precursqr.c ound I be added suc at the desi.red . anpunt  of the
ot of SerhEBaIm oY Bl R R er g a et b it petiod el atmien 1t s euat you
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of the gas-phase reaction conponents. The suitable range of concentration

of the Peelergurpogents heheefuithlolp eangy of aerasairsitprprichopiseurser afike effigiengs f or

t he sal 1S desi I h the silver and one or nore solid
pr onot e%%hahgggg%oé‘}fﬁgt% ﬁlgeunl eg‘lrg lg/tﬁlalgggbersed on the carrier. A preferred

procedu [0?)65]0r dep[?%si eis{llragolg i[hlaxtl’ﬁlre sﬁ%raalnﬁtoin(e: or more solid promoters be relatively
uniformly dispersed on the carrier. A preferred procedure for depositing silver catalytic
material and one or more promoters comprises: (1) impregnating a carrier according to the
present invention with a solution comprising a solvent or solubilizing agent, silver complex
and one or more promoters, and (2) thereafter treating the impregnated carrier to convert the
silver compound and effect deposition of silver and the promoter (s) onto the exterior and
interior pore surfaces of the carrier. Silver and promoter depositions are generally
accomplished by heating the solution containing carrier at elevated temperatures to evaporate
the liquid within the carrier and effect deposition of the silver and promoters onto the interior
and exterior carrier surfaces. The temperature of the heating step is high enough to reduce
any silver compounds to metallic silver. Impregnation of the carrier is the preferred
technique for silver deposition because it utilizes silver more efficiently than coating
procedures, the latter being generally unable to effect substantial silver deposition onto the
interior surfaces of the carrier. In addition, coated catalysts are more susceptible to silver loss

by mechanical abrasion.
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material and one or nore pronoters conprises: (1) inpregnating a carrier
according to the present invention with a solution conprising a solvent or
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emperature dependent. In addition, the re atlonshlp between efficiency and overall
chloriding effectiveness (i.c., the efficiency vs. effectiveness curve) is temperature dependent.
Moreover, reaction rate is a function of chloriding level. Thus, certain processes such as
those described in U.S. Patent No. 7,193,094 utilize the simultanecous manipulation of
reaction temperature and gas-phase promoter concentration. However, this approach

introduces complexity into the operation and control of the process and can cause or

exacerbate the effect of process disturbances.

[0071] It has been discovered that if changes in overall chloriding effectiveness are
maintained within certain values, the relationship between the efficiency to alkylene oxide
and the effectiveness is relatively flat whereas the reaction rate changes monotonically with
changes in gas phase chloriding level. As a result, alternating changes in gas phase promoter
concentration and reaction temperature can be made to compensate for activity decreases
without substantially impacting efficiency. The changes are preferably made while holding

the reactor inlet alkylene concentration at a substantially constant value. Referring to FIG. 2,
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preferabky no nore than 0.3 "percentage points. The process is
/or in alkylene ox1de yield). At a time t,, the reaction temperature T is increased from T,

to T, (e.g., by reducing the flow rate of coolant in cooling circuit 28 or by increasing the

steam drum pressure in a boiling water cooled system) while the overall catalyst chloriding

effectiveness is maintained at Z,* (step 1014). The increase in reaction temperature will

increase the rate of reaction (tending to increase the alkylene oxide yield), while at most

producing a slight decrease in efficiency which is preferably no more than 0.5 percentage

points, more preferably no more than 0.4 percentage points, and most preferably no more

than 0.3 percentage points.

[0072] As the process continues to operate, the catalyst continues to age. At a time t;,
a further decrease in catalyst activity is observed, and the overall chloriding effectiveness
value is increased from Z,* to Z3* while the reaction temperature is maintained at T, (step
1016). Again, the reaction rate increases while efficiency decreases by no more than the
amounts described above for the change in Z* made at t;. After a further decline in activity,

at time t4, the reaction temperature is increased from T, to Tz while Z* is maintained at Z*.
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mai ntained at Ti and Z2* until a tine t2 when a further decrease in
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change ess than a
preferabhnab@ﬁshzﬂﬁnnﬁbamt 0. 4 mol e percent, and nost preferably Iess t han
about 0.3 nole percent. The observed changes in al kyl ene oxi de

[0074] The time intervals t-1;, t3-tp, etc. may also be selected based on catalyst aging.
One measure of catalyst aging is the total production of alkylene oxide on a mass basis (e.g.,
using metric kilotons “kt”) divided by the catalyst-packed reactor volume (e.g., in cubic
meters) in reactor 10. Another measure of catalyst aging is the total production of alkylene
oxide on a molar basis divided by the catalyst-packed reactor volume. In accordance with
this embodiment, changes in Z* and T are made in an alternating sequence at catalyst aging
intervals that may be the same or different. On a mass basis, the catalyst aging intervals used
to determine when to change either T or Z* are preferably less than about 1.5 kt alkylene
oxide/m’ catalyst, more preferably less than about 1.0 kt alkylene oxide/m’ catalyst, even
more preferably less than about 0.5 kt alkylene oxide/m’ catalyst, and still more preferably
less than about 0.25 kt alkylene oxide/m’ catalyst. The catalyst aging intervals are
preferably greater than about 0.05 kt alkylene oxide/ m” catalyst, 0.1 kt alkylene oxide/m’
catalyst, and more preferably greater than about 0.2 kt alkylene oxide/m® catalyst. The total
catalyst age at the end of run is preferably less than about 10 kt alkylene oxide/m’ catalyst,
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condi ti gage] S nceH?eDdTﬁn?és ih 2S84 eI ds &b RS TR, f%%ﬁe&ﬁ%f&hﬁgmtﬁe&ﬂﬁr due
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same or different at the various time intervals tz-tl, ts-t,, etc. The changes in either variable
may be made as step changes, or they may be linear or non-linear with respect to time or
catalyst age. However, the magnitude of the change in Z* at any given interval is preferably
less than about 5, more preferably less than about 3, still more preferably less than about 2,
even more preferably less than about 1, and most preferably no more than about 0.5. The
magnitude of the change in reaction temperature at any given interval is preferably less than
about 15°C, more preferably less than about 10°C, and most preferably less than about 5°C.
The efficiency of the process for alkylene oxide is preferably greater than 85.7%. The end of
run efficiency is preferably no less than about 80%. The concentration of alkylene oxide in
reactor outlet stream 24 over the run of the catalyst is preferably at least about 1.0 mole
percent, more preferably at least about 1.5 mole percent, and most preferably at least about
2.0 mole percent. The concentration of alkylene oxide in reactor product stream 24 is
preferably no more than about 6.0 mole percent and more preferably not more than about 4.0

mole percent.
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for each of these shorter periods to obtain the total cumul ative
production. [0076] The changes in Z* and T described in FIG 2 are

gener al | ywof2om/megyni t ude that is sufficient to increasePChaSe@ENA3BHS
reaction to the extent needed to obtain a desired yield (and/or effluent
concentration) of alkylene oxide. The increnents in Z* and T may be the
sanme or different at the various tine intervals t2-tl t3-t2, etc. The
changes in either variable nay be nade as step changes, or they may be
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pr ef er ai yie@thytB@Sa13 @M Iurde A KYRLe percent, nore preferably at |east about
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sinplified od of praqducing ethyl ene oxide hy reacting ethyl.ene, oxygen,
and an Z?ﬁ@ﬁn&qeﬁgﬂ)ﬁ@%ﬁ%l ) 5BROHORF seﬁemcgw RIPYFE FRARY™Eat al yst i s
provi degyn it HRABEL @E B idRy kO BhONRE Bkide St AhAliRdnehof BLldVieRERR ofZ*, and

the lower graph is the reaction tenperature. The catalyst is a high
ef fi ci epgdyctrdnericthplqeamides A fidritheratdpit dhy ptododedtdbeut ¢ pektebdended
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the reaction is initially conducted at a tenperature of 2300C and an

over al | teghiceatirgiineelé ot 20 Craan diasregetpiialet zthylege cgnagntratiprols dcldrdossihrtent , t he
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operated, the efficiency change is relatively small.

[0079] After an additional period of time elapses, the catalyst ages by an additional
0.21 kt ethylene oxide/m’ catalyst, and a decline in ethylene oxide yield and/or effluent
cthylene oxide concentration is observed. At this point, the reaction temperature is increased
from about 230°C to about 233.5°C, thereby restoring the ethylene oxide yield. This change
causes the relationship between efficiency and Z* to change such that the Z* is either at or
slightly below its optimum value. However, because of the range in which Z* is operated,

the efficiency change is again relatively small.

[0080] The process of alternating changes in reaction temperature and Z* continues
as shown in FIG. 3 until the catalyst reaches end of run at about 3.2 kt ethylene oxide/m’
catalyst. As FIG. 3 indicates, seven (7) changes in Z* are made, each comprising a step
change of about 0.5. Similarly, seven (7) changes in reaction temperature are made, each
comprising a step change of about 3.5°C. In FIG. 3, the alternate changes are made at

uniform increments of catalyst age (i.c., about 0.21 kt ethylene oxide/m’), and the magnitude
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oxi de/ m catal yst, a decline in ethylene oxide yield (and/or effluent

et hyl ene oxi de concentration) is observed, and Z* is increased from3.0 to
3.5 whi | ewOhelwweasiei on tenperature is held at 2300C andPChaSe@ao3®68 i nl et
et hyl ene concentration is held constant. This change restores the yield of
et hyl ene oxide while nmoving Z* slightly away fromits opti num
(efficiency-maxi m zing) value. Neverthel ess, because of the range in which
Z* is operated t he efficiency change is relatively small. [0079] After an
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reaction te%Berature is increased from about 2300C.to about 233.5C, thereby
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et hyl ene oxide/ mcatalyst. As FIG 3 indicates, seven (7) changes in Z* are
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FIG 3, the reaction temperature could |nstead be varied first
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constant value.” The first change in Z* is about 0.5 and 1s made over a catalyst age period of
about 0.21 kt ethylene oxide/m” catalyst, yielding a slope (A Z*/A age) of about 2.4 m’

catalyst/kt ethylene oxide.

[0082] Once a catalyst age of about 0.42 kt ethylene oxide/m’ catalyst is reached, the
reaction temperature is increased from 230°C to about 233.5°C over a catalyst age period of
about 0.21 kt ethylene oxide/m3 catalyst while Z* is held constant at about 3.5, yielding a
slope, (A T/A age) of about 16.7°C*m’ catalyst/kt ethylene oxide. At that point, Z* is
increased by another 0.5 over a period of 0.21 kt ethylene oxide/m’ catalyst while the
reaction temperature is held constant at about 233.5°C. The process is continued until the
catalyst reaches end of run at about 3.2 kt/m’. In FIG. 4, once a change in one variable (T or
Z*) is completed, increases in the other variable are initiated at substantially the same time.
However, the process could be carried out so that neither Z* nor reaction temperature are

changed for a period of time between initiating changes in the variables. In addition, the rate
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After the catal yst ages to about 0.21 kt ethyl ene oxide/n8 catal yst, a
decline in ethylene oxide yield is observed. At this point, Z* is gradually
i ncreasedwQeon/123%839 i ncreasing the flow rate of ethyl cirCorisd@oiosisgds phase
pronoter feed stream 14 or by decreasing the concentration of ethane or

ot her dechl oriding conmponents in the reactor feed) in a manner that varies
linearly with catal yst age while the reaction tenperature is held constant
at its initial value of 2300C. The concentration of the alkylene is
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run at @Hetde sasphrsgprgmofesamused4, once a change in one variable (T or Z*)
is conpleted, increases in the other variable are initiated at
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during the catalyst run, as could the intervals between changes. [0083] As
di scussBeIpYevheaesrgll perhormsare plothe cefakyst bir ¢ffasting €15 e o optas e

pr onot e r . i st one
o A B A e
as a gassplvasenda poubesly, chlarincaerohaiming seices ndd cehbrdicffendey. Bathpecics

ni t rogep- cont ai.ni ng gas phase, propoter and an qQrgani ¢ chl oride gas phase

pr onpt eR&Y4r38 QPEEYNT PRSI d gl @P%lal%ietgym?ﬁahwownga&?m| ar
theory, cfrlcidngy Riel/bexedith Bab/of H50iBRS ARSIk bE Q0GR RRMEALBH NhdRRONDL er,  when
introduced to a reactor”wth gaseous chl orinecontaining pronoter, the solid
cat al ystnhaacainait bemhrtatomef secoralasy, resctadns dstvalck yheevmeioan spaoicy gessentiinphroves
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results in a correlation between the optimum of the gaseous nitrogen-containing promoter
and the chlorine-containing promoter for catalysts comprising an efficiency-enhancing salt
of a member of a redox-half reaction pair. Thus, it has been found that the volume ratio of
the nitrogen-containing gas phase promoter to the organic chloride gas phase promoter may
have a significant impact on the performance of a given system. Moreover, the effective
amount (the amount that actually participates in the reactions in the catalyst during the
process of making ethylene oxide) of the gaseous promoters is not necessarily the same as
the actual amount of promoter introduced into the inlet feed. For example, the effective
amount of nitrogen-containing efficiency enhancing gas phase promoters depends on the
pressure, amount of carbon dioxide, operating temperature and catalyst properties such as

catalyst age. In addition, the different compounds which may be used as a gaseous promoter

have differing levels of effectiveness.

[0085] The effectiveness of a particular gaseous nitrogen-containing promoter is

determined by its ability to generate the active nitrogen and oxygen-containing members of a
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species on the catal yst surface which directly affects the efficiency of
the catal yst. As nentioned previously, chlorine-containing species also
enhance eWvDi20ioensss2 Bot h speci es have an opti num concenPcattiseoomatees m ned
by the bal ance between the pronoting effect on efficiency and/or activity
and/or stability, the bl ockage of sites for reaction, and the enhancenent
or inhibition of secondary reactions between the various species present in
the system In addition, however, it is believed that the existence of

t hese secondary reacti.ons,results jn a _correlatd on, betf ween the opti mum of
the gasbaut M (s BRPHE TP SRS AT RTINS PR ARG RSNt at i ng
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of a redox-half reaction pair. Thus, it has been found that the vol une
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pronot ers depends on the pressure, anount of carbon dioXi de, operating

t enper aponwtamd cat al yst properties such as catal yst age. In addition, the
di fferent conpounds which may be used as a gaseous pronoter have differing
| evel s of effecti\@nesd*=hdd8&{idd bquiedltrecppraen®ss: /2300kRmar ti cul ar gaseous
nitrogen-containing pronoter is deternmned by its ability to generate the
active nitrogen angh@xpPgehs thenbsdlit pacshaheihs refctarifidom il Haségact i on pair
in the catalyst. As aresult, it is preferred to determ ne experinentally

the ef f gk enessirafo {shie SAFLALDUR hRFRERLoARINRR MRSt Prdshif iREIRGESGor FOT
ni trogen-cont ai ni ng effici ency-enhancing gaseous pronoters, nitric oxide

(NO) i sinlgtel* assthe dets¥@redagattreborpourpdnagaltipticd b ithshintchpresairain kit

ef fecti yeness ,of, ot her, ni.tr n-.c ai ni compounds, i.s_nmeasur.ed. The
bacy or PEPEBeReul BFiqralsy PRBREE OMhEh Modlfer I PR Bt n BN G s ulc

ni t r ogenlo6OBi Al ddhji@clidsrownh VG, taNsitridistidé baneflaites e coadcattatidi 6f NO in
consideration. A variable, N, may be defined as a neasure of the overal

ef f ect i DRAESYISGhe ¢aRECTHIAOB G HLSBPRT FFAOHY NSToBRBTRNEININEIyromotes (arfestedxi de
fﬂg' ‘r’ggf;o?gtrs %?fﬁf‘i‘éx%eniéég@ﬁ ?fpg&ﬁﬁ%%ﬁ@?ﬁpa%ﬂo%@ﬁiﬁ%s 2 if1BEARER HikRoPr eSSUr e at
Pascals, absolute, divided by 2300 kPa. The relative effectiveness of a non-NO promoter can
be measured experimentally by replacing NO with the other promoter and determining the
concentration needed to obtain the same level of catalyst performance provided by NO. As a
way of further illustration, if the required concentration of NHj at the reactor inlet is 1.5
ppmv to realize equivalent effectiveness in terms of catalyst performance provided by 1
ppmv NO, then the nitric oxide equivalent for 1 ppmv NH; would be 0.67 ppmv NO. For a
hypothetical feed of 1 ppmv NH; and 1 ppmv NO, N* would then be (1+0.67 ppmv) times
the inlet pressure in kilo Pascals, absolute, divided by 2300 kPa. In determining the relative
effectiveness of gaseous nitrogen-containing promoters, it is necessary to use the same inlet
conditions as those which will be used in the process to make ethylene oxide because the

relative effectiveness may be somewhat dependent on the concentrations of the other gases

in the feed and temperature.

[0087] While Z* is dependent on the concentration of particular hydrocarbons present
in the feed gas, N* does not depend on the concentration of hydrocarbon species in the

reactor within the ranges specified. Without wishing to be bound by any particular theory, it
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[0086] ITNOis the only gaseous nitrogen-containing pronoter present in the
reactor inlet, Nis the inlet NO concentration in ppmv nultiplied by the
inlet preseunw/i2es4i | 0 Pascal s, absol ute, divided by 23@0TKRBa010MBBBRS anot her
ni trogen-containing pronoter is used alone or in conjunction with NO, the
nitric oxide equivalent is the concentration of NOin ppmv plus the
concentration of the other gaseous nitrogen-containing pronoter (corrected
for its effectiveness as a pronoter as conpared to NO tines the inlet
pressure.in Kilp Pascals bsol ut e ivided.by 2300 .kPa. The relative
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inlet concentrations of both gaseous pronbters. The concentrations my be
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opti mum performance of the catal yst has been found to

[0089] In a modified version of the embodiment of FIG. 2, the ratio of N*/Z* is
selected based on the foregoing considerations and is maintained as Z* is increased. Thus, in
one implementation, a pre-selected ratio of N*/Z* is selected and is used to determine the
concentration (and flow rate) of the nitrogen-containing promoter into reactor 10. N* is then
set at an initial value, N*, such that N, */Z;* equals the pre-selected ratio (e.g., 1.0). In step
1012, Z* is changed from Z;* to Z,*. Is a result, N* is then changed to N,* such that
No#/Z,* = N */Z,*= the pre-selected ratio. N* is further adjusted in correspondence with
subsequent adjustments to Z* to maintain the pre-selected ratio. As mentioned previously,
the pre-selected ratio of N*/Z* may be adjusted during the reactor run as desired. However,
in general, changes in Z* will be accompanied by corresponding changes in N* to achieve

some pre-selected ratio.

[0090] The methods described herein can be used in open loop or closed loop
processes. In one example of a closed loop system, depicted in FIG. 1, a controller 26 is

provided which receives inputs from an effluent concentration analyzer 27 on reactor outlet

34



depend on both gaseous pronoter concentrations, that is, sone pronoter

conbi nations lead to nuch higher efficiency, activity, or slower aging than
ot hers. Iwoaomriedsered enbodi nent, the ratio of NZZ* i eCrasgomharse®r equal
to about 1. However, for catalysts at the beginning of life with average
carbon di oxi de concentrations of |ess than about 1 percent, N*ZZ* ranging
fromabout 0.1 to about 0.6 is preferred, particularly for high absol ute

ef ficiency and | ow ef ficiency aging of the catalyst For ol der catal ysts
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cont r ol Plealkplencietide isivwighn o fpec- d@p@mp@i raae afgbic gperanfoyedeseeposti dBhgmthe he
| . Z*) f
Feact or R ush 53k BB PUERicia SEMGLRINE o] BRI T O 2k o

chl ori nadreailby2t cices hdjnsts smbacaﬁ)neérhyéramk‘d @fthél ﬁowvfamdftlﬁdwgagrplhﬁlﬁ, and

et hyl ene dichloride in reactor feed stream 22 from
promoter (to change Z*) in the alternating manner described prev1ously To adjust the flow

In

rate of the gas phase promoter, controller 26 resets the set point of gas phase promoter flow
controller 36, which receives flow data from flow meter 44 and manipulates control valve 38
to control the flow. To adjust the reaction temperature, controller 26 adjusts the set point of
reaction temperature controller 34. Reaction temperature controller 34 receives a
temperature signal from a reactor thermocouple and provides an output that resets the set
point of coolant flow controller 32 (or the set point of a steam drum pressure controller in a
boiling water cooled system). Coolant flow controller 32 receives coolant flow data from
flow meter 31 and adjusts coolant control valve 30 to change the coolant flow rate and effect

the temperature change.

[0092] As shown in FIG. 1, analyzer controller 50 may also be provided to regulate
the olefin concentration in reactor feed 22. In the illustrated example, analyzer controller 50
receives compositional data from analyzer 42 indicating the amount of olefin in reactor feed

22. Analyzer controller 50 (which may have a user-entered set point for the olefin
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anal yzer 42, as well as for the concentration of ethylene, ethane, and any
ot her nonchl ori nated hydrocarbons in reactor feed stream The concentration
data i s twerrouwgess40 cal cul ate the overall chloriding efPCeaiscvmenssss (e. g.
Z*). Controller 26 may al so receive a user entered set-point for the nole
percent of al kylene oxide in reactor effluent 24 and/or the yield of

al kyl ene oxi de. Based on the user entered set point and data from anal yzer
27, controller 26 determnes if the concentration of al kylene oxide in

ef fluent 24 and/or th ield of | ene ide is. WEhin e-det.er,m ned
Fange ot TRatl0udh s fitstiedoiR MRt S rkdr haS R RIS on
and/ or yceives fla ldatadtirs iflde raétet MRaml Batiptiafedicotebl vaRgd 16 obitid theflow 6
either adjusts the reaction tenperature or the flow rate of the gas phase
pr onot eff resh definiged ZAnalygeriopatralierdPiageiveg crampadionsd detaiftosy apl eaer 6269ty . To

adj ust Of- 1k P@tqoef I r t he
se!t poi %1? &)(%Htgg%aﬁ%{@slg&ﬁ%%%ottgggn@ ow gg%@%ﬁéarwgg?é%'cﬁﬁarl céicglztg&lﬁ ow
dat a fr o9nHehowsctsehe setHdingntloxgprn plomatansrot ot  @rhistahee b38n i floentamablithe

flow To, adjust the reaction tenperatuyre, control]ler dj usts the set
poi nt ofNKEdETT ¥ TR Q¥ flshriesr E_ér CgAtolEadls gn ggeﬂpé&é‘t‘]ﬁé@ may
control ,eqn 6, dhf‘cﬁ?i'té{%ﬁd fhaly HIRRH Rt dSh 9'&Bhltpﬁfeﬁ%@diﬁﬁﬁ’ﬁ{eﬁrcoht'?@lrs%t%&‘.lp' e and

provi des an output that résets the set point of coolant flow controller 32
(or theThkeilluswitnd carftrod sdtcemns drewsly prxasgaryeandonnetohdast ta limd thyoicopangf that er
cool ed syst nzl Cool ant flow controller 32 receives coolant flow data from
f1 ow meP’éFengl °Aiq"adj ust s cool ant control valve 30 to change the cool ant

flow ra d effect the te rature change,. [ 0092] As shown i |G 1,
anal yzeh)%g_gﬂt rol B @@EP@WS& Serohompy Ewagadl?%mr %@és oheRmpHE She
concent 3t} Qdnk thak 8RGIRE b omPutet Fralififc hchikst sivhad a exAMBiediseBal yzer
controller 50 receives conpositional data from anal yzer 42 indicating the

anount oimpltefhand dnve Pacsoby fadli2026. Aanhtyakr 26 orayrbelimptensdtaduhiach nmay have
a user-entered set i.nt for the ol efinconcentration in reactor feed stream
22)  t hePOPEY N 84 b ML U5t P2 COPRPEGTHGREIGT B8P ch r ecei ves f1 ow
data fromflow neter 40 and nani pulgt@g}sﬂ;{gntrol valve 12 to control the
flow of fresh olefin feed. Anal yzerE | ler 19 receives conpositional
data from anal yzer 42 %or a separate anal yze_rel indi cating the anount of
oxygen in reAdilratppeybplar reaglar {sxdarged niths high cffpienephepgerromeiedset poi nt

o SIS BTSSRy ) o ch
and 50 eothylche cangdrpgndethgli dilérade ialfist toake fractornahé tenjoadertntian odehyleas i zed
distri bg}(i?ig inCt%Qtrera%!corsé}(fﬂe%ms determined. More specifically, 0.75 g of a 30-50 mesh
Rhenium-promoted high efficiency catalyst is loaded in a micro reactor comprising a 3.05
mm inner diameter stainless steel tube. The reactor is initially operated at the following
daily average reactor inlet composition: 8.8 = 0.1 mole percent O,, 34.3 + 0.3 mole percent
C,H,4, 0.61 £ 0.1 mole percent C,Hg, 1.51 £ 0.02 mole percent CO,, and the balance N,. The
daily average reactor pressure is 1345 + 20 kPa (absolute), and the feed mixture flow rate is

157.4+0.8 standard cc per minute (referenced at 0°C and 1 atm).
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The illustrated control schene is nmerely exenplary and is not neant to
limt the scope of the present invention. [0093] The nethods used herein
may be erwodbmxi2sssza set of conputer readabl e instructi @a3/ush@v/oarees st or ed
on a conputer readabl e nedium such as a nmagnetic disk or conputer hard
drive for use by controller 26. Controller 26 may be inplenmented in a
nunmber of ways, but the use of a conputer control systemis preferred.
Exanple 1 A laboratory tubular reactor is charged with a high ef ficiency,
rheni u ted | ver catal ysi. t twee days of
oper at ng]%grof eedqs%ocr?&els%ontql %? hlsléﬂ% 0. 23%?8%% Otﬁe ?%/"IO&I ﬁg is fed to
t he reaeffeuts ofadidriafiag @nmgemxf@temmmmﬁﬁ@yﬂf@ﬂ@emss e amdtrmtlmeact or

effluent is determ ned. More specifically, O. 755& of a 30-50 mesh

Rheni uﬂemp@%@ré@nwf@%ewﬂpﬁﬁcmy) ?Eﬂé.ittb? 9‘§¥Ceil‘§at106 sthyisne @xidedp gherdHeesr
conpris il ris
i al 1 by cHERRRALy e R leR Y SR IAEARL i LB GRAGAS
conposi andxthyl8nBoxife domrohteatipas aemhitisiay theSAvaduesAo Salnnhe thepaenttageaidhe 0. 61
0.1 nole percent C2H6, 1.51 0.02 nul e percent. CO2,. and the bal ance N2. The
dai l y a%téylgﬁ%wﬁl&éldf 69%1?%5 thylpae agds ﬁ?WeYﬁbam(cﬁﬁ%ICBF‘é‘)erC%]erfo?%%eSf Eed

M Xt ur ecfd Uit b Seckndtott Qi h 3RO HStreRRh: S MG (bRl ERANFEdIRL OC and
1 atnm).[0094] The corresponding Z : 0.2 ppnv et hyl
chIor|d&wrmhmxbmﬁe&mgwsﬂh@hm&mﬂamnhgmmhwﬁgé§ﬂmhm@wenhmmd@mmonﬂdmn@1s
effectiveﬂﬁ aqd r.ea |on tgmp@hﬁture on efficiency (efficiency) and
t he cont&ft'? &t rgﬁ SFETHYT BTSSR T P HCDPY Pt ent are observed. The
efficie can be determ ned b neasuring the jnlet an outlet et hyl ene and
et hyl en08s| de codBnErRROdNRI0S gy qﬁl@@éli?aﬁha@swﬁ P4t theitaiek t he

per cent AgabGofhitteloP ¥d@Nfo 3K Efhyichc 6QMAY %att &b QuRl At & QWi dfométRpever

in certain conmercial processes, |t can be difficult to accurately ‘obtain a
di rect okthswastremt Tohcwmuhtyfoeties bon suivptilofactoTh(d) 14 eulduhdcdret hdtbwshat

follows, the increase in the anobunt of ethyl ene oxide and carbon dioxide is
used to indirectly detenm nSFtEROAFBUBO inlkt)420/+én&Ccamnkyned. [ 0095] In the
gas phase production of ethylene oxide, there is a loss in the total nunber

of nol epober eachwhart@ ‘HE@ MY entcoxdldperlcbithed &f datiyochicaadditehd Rattbe
st0|ch|onetré of the reaction. To account for this loss, a "shrink factor"

(SF) i singefland zE&youtiet? i5|thonsle feagenige of ethglyne oxgeat ﬁhleé@ewqrmdeu Baseh
outlet) o the shrink factor, the change in ethylene oxide concentration (AEQ) is calculated as
follows:
(5) AEO = SF*(% EO outlet) - %EQO inlet
[0097] The change in carbon dioxide concentration is calculated as follows:

(6)  ACOy= SF*(%CO; outlet) ~%CO; inlet

wherein “%CO; outlet” is the mole percentage of CO; at the reactor
outlet and “%CO2 inlet” is mole percentage of CO2 at the reactor inlet. The efficiency is

then calculated as follows:
(7) Efficiency=[AEO/(AEO + 0.5*ACO;)]*100

[0098] The denominator of equation (7) reflects the fact that each mole of ethylene
oxide produced corresponds to one mole of ethylene that is consumed while each mole of
carbon dioxide produced corresponds to 0.5 moles of ethylene consumed. Thus, the
denominator of equation (7) effectively represents the amount of ethylene consumed, and the

numerator effectively represents the amount of ethylene oxide produced.
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[ 0096] wherein "%EO inlet"” is the nole percentage of ethylene oxide at the
reactor inlet and "%O outlet” is the nole percentage of ethylene oxide at
t he reactwp 20uri28842 Based on the shrink factor, the chamrge/usroiebisbene

oxi de concentration (DEO is calculated as follows: (5) DEO = SF*(% EO
outlet) - %O inlet [0097] The change in carbon dioxide concentration is
calculated as follows: (6) DCO2= SF*(%CO2 outlet) -%O 2 inlet wherein
"2 outlet” is the nole percent age of CO2 at the reactor outlet and "%CO2

inlet" | le p age. heractorlnle fic yis
then cal D8PE: ca” SRF SR 5 cltbr Ve R bt B tob BB BN
[0098] (bRcanphTirpat @alhs e QuAtibO O éa?talygteafgb ewhish ish@pﬂe@@itedtbgadaye@ch mol e of
et hyl ene oxi de produced corresponds to one nole of ethylene that is

consuneRtpstcrEen FH éB&ep@éﬁrqﬁﬁﬁe@@y&ﬁt%@pmw@@béef&%ﬁakeé%@)ﬂwgn@lé 0.5
|
ort oot b HASSISUERARRG in It Rpcbranta AR pfion D8 9LAL) B e Rbaction

ef fecti teﬂip,eratm'ps asknt salubeshanmnuntFIGT 5 A&t lAyIFé@S bé(adchSBnmﬁcm;e,cfof 0e9»§t FI G 5A

depicts_the reaction t rrperature p ra scal e) .and inlet Z*
(1 ower E}V%@WS q?ioamatl% ICe)tt %Cﬁalwéfﬁ@w&m%axsp teawéﬂm) é@éeacmm toprncgature
repr esept,gd, usdayssaf LHakmd é(x%ralpélﬁéﬁ&hg Bffeftlvehes3 QaH!@PZ*?t@aﬁuft beLepcy data

(upper graph, left scale) and the nole percentage of ethylene oxide in the
r eact or Aefhis pmnt thel omeemtl@tlalp bf cthylght o:sdalmethe frgnctar kflucatistiicomaberper at ur es

ive: dayaooroperat Uiie(he BT Erpbih feup Ayt s iy % o 105 dtaCi) e

reactio er at i's abo 244C-245C, and the over chl
effecti Bwa@&‘i va|5te§boz*r day, 10 H@J?a o Ignperatae ip H}%eaa%ﬁax ab 0&%3% ﬁ@gﬁt ration
of et hylene,Qxbdendd tc'%ﬁstﬁlﬁa%soarreﬁtlf Itl&%cérﬁraftlﬁﬂ'gf@tlﬁﬂéhe ém%e i thd2cdBRIre

percent while the ef iciency is from about 5% to about 88.8% [00100] At
about defflug@7pcreires tcedmult bn m@ﬂpacamturTéleleﬁﬁcumyeiaslawsbyglabdutbet%@mhl le Z

t t, th t f t hyl
ot de | ioaRa® Panhr Tuf ARQERE: pitRale bSTY aisoli <R BREh eRb bR BuRe of The o
ef fi ci epgiiclestd rem kgt onzmath%& 916[\73@011151158&1&11&8%4‘% rehBgoflect i ne in

efficiency is small due to the relative flat response of efficiency to Z*
in the famgetgr irreasas theyicddpf eheldne grHde Whtlhéa“flng pelygesmall ¢fEegten on

efficiency.

[00101] As shown in FIG. 5B, as the catalyst continues to age, the concentration of
cthylene oxide in the reactor effluent and/or the ethylene oxide yield begins to decline,
ultimately reaching a value of about 1.3 mole percent at about day 132. To increase the
reaction rate, the overall chloriding effectiveness value Z* is increased to about 7.0 (FIG. 5A)
while holding the reactor inlet ethylene concentration constant. As a result, the
concentration of ethylene oxide in the reactor effluent increases to about 1.42 mole percent.
The catalyst efficiency slightly increases to about 89% as a result of the change. The reactor
is operated at the new temperature and Z* until the ethylene oxide concentration in the
reactor effluent (or the ethylene oxide yield) decreases to a point where further adjustments
are required, at which time the reaction temperature is again increased. This example
illustrates that reaction temperature and overall chloriding effectiveness can be varied in an
alternating manner to achieve a desired ethylene oxide yield while avoiding substantial

efficiency losses.

Example 2

[00102] A pilot plant, tubular reactor is charged with a high efficiency, rhenium
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tenperature increases the yield of ethylene oxide while having only a snal
effect on efficiency. [00101] As shown in FIG 5B, as the catal yst

cont i nueswoaonge3s4ehe concentrati on of ethyl ene oxi de i RCThiS201048166%

ef fl uent and/or the ethylene oxide yield begins to decline, ultimately
reaching a value of about 1.3 nole percent at about day 132. To increase
the reaction rate, the overall chloriding effectiveness value Z* is
increased to about 7.0 (FIG 5A) while holding the reactor inlet ethylene
concentration, cpnst ant . a.resul.t.. the concentrati.on qf efhylene oxide in
the.r oalt it FRAEHE s ARLBe SRE dne WSS E TR hR P el T 18 Vet

ef fici eneyeshdrgMiftey rédehingacady biatcalperitiod e &edaof@ssitibn &f 85haoleparegst The
reactor is operated at the new tenperature and Z until the ethyl ene oxide

concent Patli-dMolqpgrerat L& ctGmolrraredh 2o 0-¢ malegieripnehdloRiddwny &hy)

decr eas aﬁmti&)e, and ﬁlerﬁala\?ﬂa@f\]g. TrHE E&‘?ésp@&iiﬂ%ég%m ?Jﬁlﬁfigin %?f‘é{;tf\%gﬁs%luwﬁig time

the reaction’tenperature i's again fncre I's eXanple 1llTustrates that
react i oR.5t eiparadtor @ldpcbsawre issd95 pshy. OFliediemgioaftérepdratuen@smswrad abthevialei ed i n
an al ternating manner .to achieve a desired ethylene oxjide yigld while

avoi di ngP S 4EapRAT) it 1) lgfeﬂwﬁﬁ Jusleas heyrhyaage 2&[3@61’6 Oﬁlpi lot plant,
tubul ar TE@AGHREe lods FINAE FRANIEL ddnBeda8Bn Binldt H@CHruEN Rl HRIRIRE ed si | ver
catal yst. feed “conpri Sing ethylene, ethyl chloride, and oxygen is fed to
t he r eactmmentrafoneAEOdas tifmgd sbeadyanstchfia cmgyatat dronplldial 4t dede swspaent i on
is: 8.5 | e percent 1.5 | e percent ,»40 nol.e rcen H4, 0.6
ol e pertENt Espmealsareprssomaf Ry el IG5 b s Pohy S hERR BRled T sy

cor r esposldédge eMedlalel bastldnl d#}lﬁllﬂotﬁf(ﬁﬁ@) kmEpRBSbMRL Ue Z* is 2.5. The reactor
inlet pressure is 295 psig. e reaction tenperature (neasured as the inlet
cool ant tenperature) is 231 0C, and the inlet gas hourly space velocity is
5400 h 1 . Tenperature, gas phase pronoter concentration (Inlet ECL),

ef fluent ethyl ene oxide concentrati op,, PEO (as defined above), and
efficiency data are collected at three subsequent catal yst age intervals
(represent e re—ays—on arm—¢ AT Tablhe etent

by e—RYSP ea ot HTEdD abliga)- 1 errey val ues
are cal cul ated based oggguati odd"®4) - (7),,58t for@.@ea;gpve!ffﬂelefvcy@c o0\
Average 2910 34 231.0 25 217 87.5
St. dev. 0.1 0.2 0.04 0.3
Average 38 t0 43 231.0 2.8 2.21 87.4
St. dev. 0.1 0.2 0.04 0.2
Average 51to 53 233.5 2.8 218 87.3
St. dev. 0.1 0.2 0.03 0.3
[00103] In the first period of operation (days 29-34), the effluent concentration of

cthylene oxide drops to 2.17 mole percent, slightly below the target of 2.2 mole percent.
From day 35 to day 37, an activity decline is observed. As a result, in the second period of
operation the overall chloriding effectiveness is increased by increasing the concentration of
ethyl chloride in the feed from 2.5 ppmv to 2.8 ppmv while the reaction temperature is held
constant at 231°C. The change increases the ethylene oxide concentration in the effluent to
about 2.21 mole percent and yields a small reduction in efficiency (about 0.1 %). An activity
decline is observed between days 44 and 50. Thus, in the third period of operation, the
reaction temperature is increased to about 233.5°C while the concentration of ethyl chloride
is held constant at 2.8 ppmv. Again, the catalyst productivity is maintained at an essentially

constant value with little loss in efficiency. In commercial plants, a two (2) percent relative
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Table 1 Days on Inlet ECL T fC) DEO Efficiency % stream ppnmv (nole %
Average 29 to 34 231.0 2.5 2.17 87.5 St. dev. 0.1 0.2 0.04 0.3 Average 38
to 43 231w0281022387. 4 St. dev. 0.1 0.04 0.2 Average 5 1PCo/U53012831668 2. 18
87.3 St. dev. 0.1 0.03 0.3 [00103] In the first period of operation (days
29-34), the effluent concentration of ethylene oxide drops to 2.17 nole
percent, slightly below the target of 2.2 nole percent. Fromday 35 to day
37, an activity decline i s observed. As a result, in the second period of

operation he O)¢ chl o1 idin ct s dn eased by increasing
the conC@t Ialttnllo ?}fyl eOXI1 ecH{P%&tlgnrﬁ 0 ]ﬁgregafce@ %365 ppmv to 2.8 ppnv

whil e the reaction tenperature :s hel d ﬁgnstant at 23 1C. The change

i ncreases the ethyl ene oxide ¢ I3t the effluent to about 2.21
nol e percent and yi.el ds smal | reducti in efficiency (about 0.1 %. An
acti vi t {POARY i ne This %Q‘/éﬁnﬁ%ﬁt%ér‘ihﬂ%f t ghjagipgromthe opHgwm pyerelhe ¢ hird

pe|“ od ﬂiloﬂ@iﬁ %Ffb&[lﬂenéslg%a{u%aﬁ’t ' {QH ahﬁ;@ﬁ% Alalifof id %&g&arve%%imﬁ Br 2hut 233.5C

e con entratlon of ethy ride i1's constant at 2.8 ppnv.
Agai n, eﬁﬁmwa‘y,arheymumgnomiuteti|sxlv¢r3pata<£ystrmmptaﬂur®a4 zh’i%aqtg el§9 enii @i, I391 ppmst ant

val ue th little | oss ef f] co l.ant s, 2
bor cant REcl S i e Me TN giialeSaat el pibatifiion 30 dat patél
consi deted,, @%&%&%ﬁ 0209 TRAE Bbic¥e FA 0B BolePRALRH c;ﬁy a%d%Pf@ﬁ‘iHia@ overall
demonstrates the effect of aging on the optimum overall chioriding

ef f ect i vidpvdisg ¢Hkereengss Valmn Zgus 6ch@ﬁ/@a¢tmd@mpena§1re t$a2r7éelﬂlgvﬁ199l7 lilba)mndof a

hi gh effi ci ency r he |um d SI cat al 0 in 7% Ag, 469
ppm Co, hsGREH ol PN T B LI RE T by SRRSO £ AR lEh P e

conposi in giod Sf &ed@dy8, @BYICRNride coheenBati®d B adRisednd cluatd tH¥dfRcperent CO ,
0.9 nole percent C2H and the initial overall chloriding effectiveness val ue

Z* is 4[ooTb§1 r eaGticRB AL RFRE @}ﬁufeﬁcy QipREBurBSH, Gotf JQRT akPa) daﬁr(Q)v&éa%rJKaact i on

tenperature is 2400C. The gas hourly space velocity is fter a
br eaki nrighirscad) @fa fuhetéan Qfapﬁglysetagg/lFIQnbBrdeg@tscqfﬂu@rﬁtGﬂqun@@md@ adj usted to

eval uat eontcrell?traﬁlon?upper gra%h left scale) and Z* data (lower graph, right scale) for the process.

At day 9, the overall chloriding effectiveness value, Z*, is changed (at constant temperature)
from about 3.5 to about 2.5, resulting in an increase of efficiency of about 2%. The fact that
efficiency increases with a decrease in Z* indicates that a Z* of 3.5 is above its efficiency-
maximizing value early in the catalyst run. However, as the run continues, the catalyst
continues to age. At day 24, Z* is increased back to its initial value of about 3.5. However,
the efficiency remains substantially constant, indicating that Z* = 3.5 is an efficiency-
maximizing value later in the catalyst run. Thus, optimum overall chloriding effectiveness is
catalyst age dependent, and the methods described herein account for this age dependence

and maintain the catalyst nearer to its true operating optimum.

[00106] The preceding description has been presented only to illustrate and describe
exemplary embodiments of the methods and systems of the present invention. It is not
intended to be exhaustive or to limit the invention to any precise form disclosed. It will be
understood by those skilled in the art that various changes may be made and equivalents may
be substituted for elements thereof without departing from the scope of the invention. In
addition, many modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from the essential scope. Therefore, it is
intended that the invention not be limited to the particular embodiment disclosed as the best

mode contemplated for carrying out this invention, but that the invention will include all
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[ 00105] FIG O6A depicts efficiency (upper graph, left scale) and Z* data

(I ower graph, right scale) as a function of catalyst age. FIG 6B depicts
ef f| uent wOlyloenss4exi de concentrati on (upper graph, | ef PCTasb@p/oarsds Z* dat a
(1 ower graph, right scale) for the process. At day 9, the overal

chloriding effectiveness value, Z*, is changed (at constant tenperature)
fromabout 3.5 to about 2.5, resulting in an increase of efficiency of

about 2% The fact that efficiency increases with a decrease in Z*

i ndi cat es, t hat * of .3.5.1s abo i ts. efficiencymaxi m. zing.value early in
the cat STyaliRbnf AligfaBimins SRRt SR, ThE LS SRIb P& Eont i nues 1 0
age. At otiadivigdthad s dp8ciffiogifyeagpndaaid itl@stiatedl withdut dbparidl diodfitsabiitior 3. 5.
However, the efficiency renmains substantially constant, indicating that Z =
3.5 i s $69Def fm@isé%y‘?féﬁ‘? wivontiy iy Hputsd salely by tire fellovdng slayBs run. Thus,
optimum overall chloriding effectiveness is catal yst age dependent, and the
nmet hods descri bed herein account for this age dependence and maintain the
catal yst nearer to its true operating optimum [00106] The preceding
description has been presented only to illustrate and descri be exenpl ary
enbodi ments of the nethods and systens of the present invention. It is not
intended to be exhaustive or to limt the invention to any precise form
disclosed. It will be understood by those skilled in the art that various
changes may be made and equi val ents nay be substituted for el enments thereof
wi t hout departing fromthe scope of the invention. In addition, many
nodi fi cations may be nade to adapt a particular situation or material to

t he teachings of the invention w thout departing fromthe essential scope.
Therefore, it is intended that the invention not be limted to the
particul ar enbodi nent di scl osed as the best node contenplated for carrying

out this invention, but that the invention wll include allenbodi nents
falling within the scope of the clains. The invention nay be practiced
otherwise than is specifically explained and illustrated w thout departing

fromits spirit or scope. The scope of the invention is limted solely by
the following clainms. CLAIMS WHAT | S CLAIMED I'S: 1. A process for

manuf acturi ng an al kyl ene oxi de by reacting a feed gas conprising an

al kyl ene, oxygen, and an at | east one organic chloride over a high
efficiency silver catalyst to yield a reaction product conprising the

al kyl ene oxi de, wherein the feed gas has an overall catal yst chloriding
ef fectiveness, and the reaction is carried out at a reaction tenperature,
t he process conpri sing:
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selecting a decrease in at |east one of the concentration of the al kyl ene
oxide in the reaction product and the yield of the al kyl ene oxi de; varying
t he over avD 20v0ti2Bgsgt chl ori di ng ef fecti veness and the reattusesionarsper at ur e
in an alternating sequence such that when one of the overall catalyst
chloriding effectiveness and the reaction tenperature is varied, the other
of the overall catalyst chloriding effectiveness and the reaction
tenperature is maintained at a substantially constant value for a selected
period of tinme, wherein the step of Y ﬁxhyg the overall catalyst chloriding
effectiveness and the reaction tenpgra ure in an alternating sequence
conpris rying ~the overall catalyst chloriding effectiveness and
t he rea§ﬁﬂ%ﬁ1¥§ﬁﬁg$@§9? “in response to the selected decrease in at |east
one of the concentration of the al kyl ene oxide in the reaction product and
the yield of the al kylene oxide. 2. The process for manufacturing an

al kyl ene oxide of claim1, wherein the step of varying the overall catalyst
chl ori di nd- ef f et Proesse sy magrfagieringeacakdpng evigebuatageteng hicgd gas t er nat i ng

sequence e i i i rall 3 Locidi
effective%@ggﬁ%ﬁggng%k%%%ﬁ%?ﬁ%kéﬁggﬁé g%¥°P§§§?h%3%¥g %%gggﬁggt chl oridi ng
ef f ecti vepffsen¢alsilecricatalyat fol yisltl agedctioh pebduer ¢odthrizing theelkylsak okaleni ng t he
reaction tenperature at a substantially constant first reaction tenperature
val ue for “Rckatisdecdgisbpven perplbeptelystohipding¢ftoctxeness apg theqsacgiva izl |

catal yst_ehbnidi 19 IARAUNRIRSR. HQMINesHARGANtial |y constant fir st

overal |l catalyst chloriding ctiveness v a substantially constant
second overal | t |.ori di ef f [V - t expir.ation of
pR e T e L R
different the avtidieprodanand prryied obthetallgerd.oxIdee process for manufacturing

an al kyl ene oxide of claim1, wherein the step of varying the overal

catal yst chl ori diiytheathé 66drhlY enesst ANeHdiME AQAGEN RS al EIN E2LH nhptrale
alternati ng sequence conprises nal ntai ning the reaction tenperature at a

subst ant i &1 #yalesrnganeqianessuchdlat twhsn one ppieavarad oatplysecklordiagt i r st
| ect ed ' f tine, ] i ni . | t t i di
S€ ecte Bﬁ%&t{’v‘%{lé’sg aé{ij g‘%trgnct ﬂogﬁ%ﬂér&%re Q%gﬁ%’f ek Ath&%fgtll%lgver%qga&%%&' ng

ef fectiveness a constan I'rstover ca chl ori di ng

ef f ecti veoklssdinglcfiRcliahe® shdcndas@inacin@erapes 1sagainfaided wea swbschntinity easi ng
the reaction tenperature fromthe substantially constant first reaction
t enper at ufF@SERL yalug Hra sslpstodastipa rf meonksranithe epativasinethosvadhper at ur e

val e at the, SxadRthORQibRSs bid Bt raRUBREHRRLIM aRbilih e WHRERLN the

first period-of tine eren
comprises varying one of the overall catalyst chloriding effectiveness and the reaction

temperature in response to the selected decrease in at least one of the concentration of the

alkylene oxide in the reaction product and the yield of the alkylene oxide.

2. The process for manufacturing an alkylene oxide of claim 1, wherein the step of
varying the overall catalyst chloriding effectiveness and the reaction temperature in an
alternating sequence comprises maintaining the overall catalyst chloriding effectiveness
at a substantially constant first overall catalyst chloriding effectiveness value for a first
selected period of time, maintaining the reaction temperature at a substantially constant
first reaction temperature value for a second selected period of time, and increasing the
overall catalyst chloriding effectiveness from the substantially constant first overall
catalyst chloriding effectiveness value to a substantially constant second overall catalyst
chloriding effectiveness value at the expiration of the first selected period of time,

wherein the first period of time is different from the second period of time.
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fromthe second period of tine. 4. The process of manufacturing an al kyl ene
oxide of claim1, wherein the selected decrease in the concentration of the
al kyl ene wei2dw/i28842he reacti on product is | ess than aboRCTAIS20M0MB®6ePer cent .
5. The process for manufacturing an al kyl ene oxide of claim1, wherein the
step of varying the overall catalyst chloriding effectiveness and the
reaction tenperature in an alternating sequence conprises varying an
alternating one of the overall catalyst chloriding effectiveness and the
reaction tenperature at intervals that correspond to catal yst age
increnents of |ess than about 1.0 kt al kyl ene oxide/nB catal yst. 6. The
process f@ manThagidieistor man@byitiggen akiydac okidelodthin 1, wheehi the bapodver al |
catal yst chloriding effectiveness value Is represented by the fornula: zZ* =

et hyl ~ chl sriving tBgaveall spfelysihvendieg efecdiverass 9d bercachHon EMRerdtaigtiy aher ei n
the et hyl | i isthe. ian. i - t hyl
chtori do SRt CqReut (anBhtes vib il Ohe kDR EReRhu R ) BURRYaY o1 NV

ef f ect i venessand firdt heaction tergetatarerabiedand firse bkdleatéddgeriod dfiend, emihtgamgat t he
concentration of the at |east ?ge,organic chl orjﬁg in thgé%eed as; and the
et hane eqtfiacEmtcaiyy qRlopidng cliceiitamsr e iantiaty rean s LEH OV et hane

whi ch pr oy @gs: HinbliaDEfrakilh¥nds0ea1ia R ARl BtdPerbd BELinKERRSS as the

non-chl ori decontai ni ng hydrocarbons in the feed gas at the concentration of
t he non- congasag teorenction tagphptre anbibasubistantinkdy t@sthng st réactidthe process
for manufacturing an al kyl ene oxide of claim®6, .wherein the at |east one
organi o chigrr e @lde sl Alincontng et sokiru i spe e Ryt B or i de.
et hyl ene digibtiohiofiehe faBkeldcidl pefibd of tifhe, whdeintthe figk Pyfiodcdt tahd felifeghy al ent
has the follow ng fornula: ethyl chloride equivalent (ppnv) = ECL +2EDC

+VCL wher &om thesgcond peried ebi@ent rati on of ethyl chloride in the feed gas in
ppmv, EDC is the concentration of ethylene dichloride in the feed gas in
ppmv, and VCL is the concentration of vinyl chloride in the feed gas in

ppnv. 8. The praaepsoctarofmedmutaalrihg angliancml dsydedtelam idevhefeit thal solcbted
wherei n the nonchl ori de , . , :
decrease in the concentration of the alkylene oxide in the reaction product is less than

about 0.5 mole percent.

5. The process for manufacturing an alkylene oxide of claim 1, wherein the step of
varying the overall catalyst chloriding effectiveness and the reaction temperature in an
alternating sequence comprises varying an alternating one of the overall catalyst
chloriding effectiveness and the reaction temperature at intervals that correspond to

catalyst age increments of less than about 1.0 kt alkylene oxide/m” catalyst.

6. The process for manufacturing an alkylene oxide of claim 1, wherein the overall
catalyst chloriding effectiveness value is represented by the formula:

Z* = cthyl chloride equivalent (ppmv)
ethane equivalent (mole percent)

wherein the ethyl chloride equivalent is the total concentration in ppmv of
ethyl chloride which provides substantially the same catalyst chloriding effectiveness of
the at least one organic chloride in the feed gas at the concentration of the at least one
organic chloride in the feed gas; and

the ethane equivalent is the total concentration in mole percent of ethane

which provides substantially the same dechloriding effectiveness as the non-chloride
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cont ai ni ng hydrocarbons in the feed gas conprise at |east one selected from
the group consisting of ethylene and et hane, and the ethane equival ent has
t he fol | omDregiofessIal a: et hane equi val ent (nol e per cent) PETATBRIG6/081664 C2HA
wherein, C2H is the concentration of ethane in the feed gas in nole
percent, and C2H is the concentration of ethylene in the feed gas in nole
percent. 9. The process for manufacturing an al kyl ene oxi de of claim8®,
wherein the step of varying the overall catalyst chloriding effectiveness
and the reac ion erat ur.e rnatin guence co rises making

2 ternat | g ihEPs hEIREH RS s eRleR 4 BRI EP PR R e TRELE Veness and
t he reaCtkﬁﬁmhﬁﬂpﬁ%ﬁbuﬁQHEWﬂﬁﬁﬂbﬂi@ﬁe increases in the catalyst chloriding
ef fectiveness are nade in Z* increnents of |ess than about 5.0 and the
increases in reaction tenperature are nade in increnents of |ess than about
100C. 10. -The p - '

wher ei n Z* i's |g§s t g%ﬂ% ?M%gﬁhgéh#ﬁ%§%P§%g§%%Pgbﬂﬁggﬁ’%%?&b?hgk%%

al kyl ene mnk deganfc cdilmdmiselwf’led fom thhgroablcyhmtmgmﬂed@l cldogdd)etstancoxi de and
t he al kyl e |s et hyl ene. 12, Th sS f fa turi an, al kyl ene

oxi de of cchigRde; suwEl chigife. Wﬁf&ﬁ.@ﬁwiﬁhlew G eTe e e lSURENgel ect od
fron1ethngﬁﬁmg]chlorlde, ethyl chloride, and vinyl chloride. 13. The
process for manufacturing an al kyl ene oxide of claim1l, wherein the high

ef ficiency siIvere&wﬂ%ﬂqﬁnedqnbmkme@maN®Hdﬁ$bﬁﬁED6hﬁV6L 14. The process for

manuf acturing an a oxi de of el St _age is

| ess than about 1Y ﬁ’%é léﬁlée%?fﬁ?aﬁﬁ %ét@m{] (Fem% Pe?‘&u %lf“é’@ s for
manuf acturing an apkyik emecorsédatioh of:btﬁyléha,dlcﬁmﬁ@mthteff@eosga@@n fpmvadmdi ng the
overal |l catal yst chlorldlng effectiveness and the reaction tenperature in
an al ternating sedéniséhcempentesen ohyipyhehlemde indhetoad gat ind® Bt t he at | east
one organic chloride in the feed gas and the reaction tenperature in an
alternating sequence. 16. The process for manufacturing an al kyl ene oxi de

of claim B whemat prdcbs fot epnehctieiny bmglkyRac oxe af tlagabawliistincht asn-di ng

effectiveness and the reaction tenPerature in an
chloride containing hydrocarbons in the feed gas comprise at least one selected from the

group consisting of ethylene and ethane, and the ethane equivalent has the following

formula:
ethane equivalent (mole percent) = C,Hg+ 0.01C,H,4
wherein, C,Hs 1s the concentration of ethane in the feed gas in mole percent,
and
C,Hj, is the concentration of ethylene in the feed gas in mole percent.
9. The process for manufacturing an alkylene oxide of claim 6, wherein the step of

varying the overall catalyst chloriding effectiveness and the reaction temperature in an
alternating sequence comprises making alternating increases in the overall catalyst
chloriding effectiveness and the reaction temperature, wherein the increases in the
catalyst chloriding effectiveness are made in Z* increments of less than about 5.0 and the

increases in reaction temperature are made in increments of less than about 10°C.

10. The process for manufacturing an alkylene oxide of claim 6, wherein Z* is less

than about 20.
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al ternating sequence conprises varying the overall catalyst chloriding
effectiveness and one selected fromthe flow rate of a reactor cool ant
fluid andwohelpnrasigure of a reactor steam cool ant in anPaltuSeeansregs
sequence. 17. The process for manufacturing an al kyl ene oxide of claim1,
wherein the feed gas further conprises at |east one nitrogen-containing
pronmoter. 18. The process for manufacturing an al kyl ene oxide of claim 17,
wherein the feed gas has an overall effectiveness of at |east one

[ - i R d .wh h I hlori di ff [
'n the el gas e uReRan: enuTRYllRr AV RaE¥ROERL AR b B cact one

ni t rogen- atkiglodt Bkidg ipétﬁmheéxiﬁéaﬂcaﬂlb@ﬂcyl&eiJﬂﬁf]l@fl@CeSS for manufacturing an
al kyl ene oxide of claim 18, wherein the overall effectiveness of the at
| east one nitrogen-containing pronoter is represented by the fornula: N =

nitric oxige eq‘i‘hgg{o‘%@&s %P@%&é@ﬁhﬂ%ﬁﬁ é&xgﬁg’ kfdahr gk §! &Hg’r%in%é &%Eﬁf% .
reactor inlet pressure in kilo Pascals a tRe Ritric okl de equival ent is

t he nitri chloxidde at drastentcrsakecied fiom gthpkenswichloride.cothyd eblosidbsandntinyd! | y t he
sanme prono ing effectiveness as the at | east one nitrogen-containing
pronot er . “20"%Fhe process of manufacturing an al kyl ene oxide of claim 19,
further conprising selecting a ratio of the overall effectiveness of the at
| east one nitrogen-containing pronoter to the overall chloriding

ef fecti vehkss, Whepsaicassihemanifectoniag ah hlkgltho pkidi nfjclefrh é cwheremabs high vari ed,
t he overal{ effec iveneﬁétof the gt | east one nitrogen-containing pronoter

s vari ed HISTTRSY ALY FoERE! BElUdey aEnopiypy gromote.
14. The process for manufacturing an alkylene oxide of claim 1, wherein the catalyst

age is less than about 10 kt alkylene oxide/m” of catalyst.

15. The process for manufacturing an alkylene oxide of claim 1, wherein the step of
varying the overall catalyst chloriding effectiveness and the reaction temperature in an
alternating sequence comprises varying the concentration of the at least one organic

chloride in the feed gas and the reaction temperature in an alternating sequence.

16. The process for manufacturing an alkylene oxide of claim 1, wherein the step of
varying the overall catalyst chloriding effectiveness and the reaction temperature in an
alternating sequence comprises varying the overall catalyst chloriding effectiveness and
one selected from the flow rate of a reactor coolant fluid and the pressure of a reactor

steam coolant in an alternating sequence.

17. The process for manufacturing an alkylene oxide of claim 1, wherein the feed

gas further comprises at least one nitrogen-containing promoter.

18. The process for manufacturing an alkylene oxide of claim 17, wherein the feed
gas has an overall effectiveness of at least one nitrogen-containing promoter, and when
the overall chloriding effectiveness in the feed gas is varied, the overall effectiveness of

the at least one nitrogen-containing promoter is varied.
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19. The process for manufacturing an alkylene oxide of claim 18, wherein the
overall effectiveness of the at least one nitrogen-containing promoter is represented by

the formula:

N* = nitric oxide equivalent (ppmv)*(Pine/2,300 kPa)
wherein Piye 18 the reactor inlet pressure in kilo Pascals and the nitric oxide
equivalent is the nitric oxide concentration in ppmv which provides substantially the same

promoting effectiveness as the at least one nitrogen-containing promoter.

20. The process of manufacturing an alkylene oxide of claim 19, further comprising
selecting a ratio of the overall effectiveness of the at least one nitrogen-containing
promoter to the overall chloriding effectiveness, wherein when the overall chloriding
effectiveness is varied, the overall effectiveness of the at least one nitrogen-containing

promoter is varied to maintain the selected ratio.
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