| MPROVED METHOD OF ACHI EVI NG AND MAI NTAI NI NG A SPECI FI ED ALKYLENE OXI DE
PRODUCTI ON PARAMETER W TH A HI GH EFFI Cl ENCY CATALYST CROSS- REFERENCE TO
RELATED APBLDOAERBSIS [ 0001] This application clains thepPherusktomw/osferd). S
Provi sional Application No. 61/171,284, 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 an inproved nethod of operating alkylene
oxi de productron processes usi ng high efficiency catalysts to achieve a
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BACKGROUND

[0003] Alkylene oxides are known for a multiplicity of utilities. Ethylene oxide, for
example, is used to produce cthylene glycol, which is used as an automotive coolant, as
antifreeze, and in preparing polyester fibers and resins, nonionic surfactants, glycol ethers,
cthanolamines, and polyethylene polyether polyols. 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] 7CH;+6 0, —» 6 C,H,O+2CO,+2H,0



[0007] Certain "high efficiency” or "high selectivity" nodern silver-based
catal ysts are highly selective towards al kyl ene oxi de production. For
exanpl e, wbeniouedsig certain nodern catal ysts in the eporcuatsean/0sf673

et hyl ene, the theoretically maximal efficiency towards ethyl ene oxi de can
reach val ues above the 6/7 or 85.7 percent limt referred to, for exanple
88 percent or 89 percent, or above. As used herein, the terns "high
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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



epoxi dation catalysts, both solid and gas phase pronoters are typically
required in any conmercial processes. [0009] Conventional catalysts have
rel ati velwof2bew12ed4fti ci ency curves with respect to the g&ETAISaEI6/0pI6EIOt €1
concentration in the feed, i.e., the efficiency is alnost invariant (i.e.,
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of pronoter concentrations, and this invariance is substantially unaltered
as reaction tenperature is changed rin ral onged, operation. of the
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impact on efficiency due to non-optimal gas phase promoter concentration.

[0010] 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
from the value that provides the highest efficiency (i.e., the change in efficiency with respect
to a change in gas phase promoter concentration is at least about 0.2%/ppmv when operating
away from the efficiency maximizing concentration). Thus, small changes in the promoter
concentration can result in significant efficiency changes, and the efficiency exhibits a
pronounced maximum, i.c., an optimum, at certain concentrations (or feed rates) of the gas
phase promoter for a given reaction temperature and catalyst age. Moreover, the efficiency
curves and the optimum gas phase promoter concentration tend to be strong functions of
reaction temperature and are thus significantly affected if reaction temperature is varied, for
example, to compensate for decreases in catalyst activity, (i.e., the change in efficiency with
respect to a change in reaction temperature can be at least about 0.1%/°C when operating

away from the efficiency maximizing promoter concentrations for the selected temperatures).



away fromthe efficiency maxim zing pronoter concentrations for the
sel ected tenperatures).In addition, rhenium pronoted high efficiency
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t he gas phase pronoter concentration in the feed, i.e., with increasing gas
phase pronoter concentration in the feed, tenperature has to be decreased
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preferably adjusted within a sel ected range,
production units). Thus, a need has arisen for a process that addresses the foregoing issues.

SUMMARY

[0012] A process for manufacturing an alkylene oxide by reacting a feed gas
comprising alkylene, oxygen, and at least one organic chloride over a high efficiency silver
catalyst is provided. The process is operated at an initial overall catalyst chloriding
effectiveness value and an initial reaction temperature to yield an initial value of an alkylene
oxide production parameter. A desired value of the alkylene oxide production parameter is
selected, and one selected from the overall catalyst chloriding effectiveness value of the feed
gas and the reaction temperature is adjusted while maintaining the other of the overall
catalyst chloriding effectiveness value and the reaction temperature at a substantially
constant value to yield the desired value of the alkylene oxide production parameter. The
overall catalyst chloriding effectiveness value is preferably adjusted within a selected range,

and the reaction temperature is preferably adjusted within a selected range.



and the reaction tenperature is preferably adjusted within a sel ected
range. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] Referring now to the

dr awi ngs,wol2bust2sstti ve enbodi nents are shown in detail. PArtuseuglo3tshe

drawi ngs represent sone enbodi nents, the drawi ngs are not necessarily to
scale and certain features nmay be exaggerated, renoved, or partially
sectioned to better illustrate and explain the present invention. Further,
t he enbodi nents set forth herein are exenplary and are not intended to be
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[0017] FIG. 4 is a graph depicting the effect of varying an overall chloriding
effectiveness parameter value on the efficiency of a high efficiency catalyst, and the
deviation of the process from an optimum condition as a result of the variation in overall
catalyst chloriding effectiveness in an exemplary process for making ethylene oxide with a

high efficiency catalyst;

[0018] FIG. 5 is a graph depicting the effect of varying an overall catalyst chloriding
effectiveness parameter value on catalyst selectivity (efficiency) in an exemplary process for

making ethylene oxide using a high efficiency catalyst;

[0019] FIG. 6 is a graph depicting the effect of varying reaction (inlet coolant)
temperature on catalyst efficiency in an exemplary process for making ethylene oxide using

a high efficiency catalyst;

[0020] FIG. 7A is a flow chart depicting a first exemplary method of selecting a

preferred initial operating condition of an alkylene oxide production process;



preferred initial operating condition of an al kyl ene oxi de production
process; and [0022] FIG 7Cis a flow chart depicting a third exenplary

met hod ofweebsxissyg a preferred initial operating condi Pcorusediomasead kyl ene
oxi de production process by optim zing an al kyl ene oxi de producti on process
carried out with a high efficiency catalyst by maxim zing efficiency toward
the al kyl ene oxide at a sel ected reactor outlet concentration of alkylene
oxi de. DETAILED DESCRI PTI ON [0023] As discussed bel ow, the present
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activity relates to both theDEq%gt ﬁﬁgtmgquﬁﬁrlable active sites and the
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[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
unit of catalyst volume in the reactor. The activity relates to both the total number of
available active sites and the reaction rate of each site. The number of active sites can be
reduced in several ways. For example, they can be reduced by coalescence of the silver
particles, which reduces the surface area of the silver available for reaction. They can also
be reduced by poisoning, for example by reaction with trace sulfur compounds in the reactor
feed. The number of active sites can also be reduced by reaction with normal process
constituents, such as by reaction with chloride compounds in the process stream to form
silver chloride compounds, which are inactive towards the epoxidation reaction. The activity
will also decline if the reaction rate goes down for at least some of the active sites (e.g., due
to localized poisoning) independent of the total number of active sites. To compensate for

the activity decline in order to maintain a given production rate, certain reaction conditions



i nstance, reaction tenperature is often raised to provide nore energy to
the active sites for this purpose. "Activity" can be quantified in a nunber
of ways, woeolwi2sgg4t he nol e percent of al kyl ene oxi de cenTAiSa@d/081$73 he

outl et streamof the reactor relative to that in the inlet stream (the nole
percent of al kylene oxide in the inlet streamtypically, but not
necessarily, approaches zero percent) while the reaction tenperature is

mai nt ai ned substantially constant; and another being the tenperature
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that forns al kyl ene oxide. One neasure of the useful lifé of a catalyst is

t he | enpiodugfont ilnmanpanstansas; ramnity is arcabecpasgadcriod ofighmetingcrmeaf thicon syst em

during which tinme ept abl.e productivity.is obtajned in |ight of all

o1 evantiorsivt LS RER SRSeRuRCa pibrdaids Rt AL REPePue: Albmlivdimer of
nol es  Ofictalitk hSNR: MdsdRdRE QdUE@nRY tHNBMPERRRS feqdlirvd BLfisalh progudh ofdmber

of noles of olefin fed to the process for any given tine period. [0026] The

t er m " ahegifisdeonstpianqle pergentiod alkybang watdsr suchgs gdwlenpexisicngiven efbeicri be a
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Exanpl eS" 0 éﬁky end oXI de proauc I'on parameters include, wthout
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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.

[0026] The term “alkylene oxide production parameter” is used herein to describe a
variable that relates to the extent to which alkylene oxides are produced. Examples of
alkylene oxide production parameters include, without limitation, alkylene oxide
concentration, alkylene oxide yield, alkylene oxide production rate, alkylene oxide
production rate/catalyst volume, alkylene conversion, and oxygen conversion. Thus, the
alkylene oxide concentration relates to the alkylene oxide production rate because the
production rate may be obtained by multiplying the alkylene oxide concentration and the net
product flow rate. The alkylene oxide production rate/catalyst volume may be determined
by dividing the production rate by the volume of the catalyst bed. The oxygen and alkylene

conversions are related to the production of the alkylene oxide by the efficiency.



conversions are related to the production of the al kyl ene oxide by the
efficiency.[0027] FIG 1 illustrates a process 20 for making an al kyl ene
oxi de. Prwoeswn/28844ncl udes a reactor 10 conprising a tulparars2messsizwith a
catal yst bed disposed in it. Al though depicted in a horizontal orientation
in FIG 1, comercial enbodinents of reactor 10 are typically vertically
oriented. Aefin (i.e., alkylene) feed stream 12 (which may al so include
sat urated hydrocarbons, such as ethane, as an inpurity) is conbined with
oxygen 15 a sy phase pr.onpt feed.14 t ef i ne reagctor ~feed stream
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I n conmBeristad inyd beiizegtss origrHation lw%lgné, @RIRECig) erabedimants 9§ TeACon 18 8fe wat er
product .| ctar i | kyl: xi de
Fecover § Pl RHEALEAMIL ORARTEE, afylenE] o8 LRAM EAk gl oty iBfu

provi deshtirater dxydmicerbong, aact ecticdnef dsre iapdrioy ygembined whh okygeadecdhet pr oduct

T o S B 10 RIS s B e TR L RCET ©
and/ or  Rigg RIPEHGEENSHER cRAcAhI kR o%deqngol”j Profd] $1bOGde PRIFIBE ¢é 8l

processes al so include a carbon di oxi de removal step that 1s perfornmgd
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the reactor 10. [0028] The ol efi onpri.sing.,olefin feed stream 1 be
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formula: wherein, R and R2 are individually selected fromthe group
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ai r. | f thedresh doecdged chisrsubedsactoallDast gases or diluents 13 such as nitrogen
or nmethane may al so be included to maintain the oxygen concentration bel ow

t he nmax{oens) | evel Tt dlefive Gorhprising 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 outlet stream 24 are of the formula:

O
Ri 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,



flammability considerations. The concentration of oxygen in reactor feed
stream 22 may vary over a wide range, and in practice, flanmability is
gener al | ywohe10/i28844i ng factor for oxygen concentrati on. PGERSe@blogi673 he
oxygen concentration in reactor feed 22 wll be at |east about one (1) nole
percent and preferably at |east about two (2) nole percent. The oxygen
concentration will generally be no nore than about fifteen (15) nole
percent and preferably no nore than about twelve (12) nole percent. The

bal | ast 1 e.g., nit n_.or. nethane). | e LIy f.rom about 50 nole
or cont R e tudie it GEPRED wr e PRk 2ENSh8ked HieR FoRet or f ced
stream gferfdde reason that nethane ballast gas is preferred over nitrogen
is because, due to its higher heat capacity, nethane facilitates the use of
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prefer aﬂi‘?ﬂgﬁgﬁ@‘ %%Slé?’“t“l‘?&ﬁ iﬂ%ﬁﬂm%’@r%P@?BéY%?é‘ﬁP reaam???&rsgeﬁp%@% y is no
greater varp%'&exa@%&e AR dTRALinRRAGRE! flarh QA Hily M@%{kr@l‘iﬁﬁl@ Hmitih§Eck@ron di oxi de

concentration in reactor feed stream 22 has a | arge adverse effect on the
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the feed gases, and may be present in concentrations that are preferably
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activity of process produci g desired yl ene oXide. Preferred
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preferably at least 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.

[0031] 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, and may be present in

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



preferred as the gas phase pronoter feed (stream 14). Using

chl or ohydr ocar bon gas phase pronoters as an exanple, it is believed that
t he abi | iwg 20fo/t2Bs#4pr onot er t o enhance the performance PeTgIS2010/08i6¢3 ency
and/or activity) of process 20 for the desired al kyl ene oxi de depends on
the extent to which the gas phase pronoter chlorinates the surface of the
catalyst in reactor 10, for exanple, by depositing particular chlorine
speci es such as atom c chlorine or chloride ions on the catal yst. However,
hydr oca | ack{.ng chlorine atons are.believed trip chlord.des from
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feed stream
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 gas phase species in 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)

wherein the ethyl chloride equivalent is the concentration in ppmv (which is equivalent to

ppm mole) of ethyl chloride that provides substantially the same catalyst chloriding
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concentrations of the non-chloride containing hydrocarbons in the reactor
feed stream 22. [0033] If ethyl chloride is the only gaseous

chl ori de-worbaW18s3g pronoter present in reactor feed stPeams2@0/08tee3 et hyl
chloride equivalent (i.e., the nunerator in equation (1)) is the ethyl
chloride concentration in ppmv. If other chlorine-containing pronoters
(specifically vinyl chloride, nmethyl chloride or ethylene dichloride) are
used al one or in conjunction W th ethyl chloride the ethyl chloride
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effectiv th | ori de.. Ther.efore, for s talysts the ethyl
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for certain catalysts, vinyl chloride has the sane chloriding effectiveness
as et hythcohifiortiidecssHyareémper af ampuahtossityaichbridel Hbe etlite affectvindss of
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Gyt e SuBERFRAT 5" P msirinse \RRBeRGiE B o i BT chlrice
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is often the case in comrerci al ethﬁqene epoxi dati on processes, the overal

ethyl chitelystasrietoaneaipeniidgdsbyt eibylsbinrisie. fAhe weyrof é@ﬁmﬁdmﬁga@qmyﬁ thehl ori de
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prese tical yl'ene

di chl or e@ﬁvalant;eﬂfwn%hbsslm €dthng loif dz&aly@ﬁ‘;ﬁmﬁﬁwncwpﬂwld@dﬁlbpt pp&ﬁy cthye clﬂbh&é
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4 ppnv
[ 0034] Hharlehisgidiewgnizplent for & ppmyisghydeisahserids o ddg &a%mravnetkwl) ) is the
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 ppmv 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 that is present. As an

example, for a hypothetical feed of 1 ppmv ethylene dichloride, 1 ppmv ethyl chloride, and
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concentration of ethane in nole percent in reactor feed stream 22 plus the
concentration of the other hydrocarbons effective in renoving chloride from
t he cat alwyetstio/esssmected for their effectiveness for deehirarseoansmn
relative to ethane. The relative effectiveness of ethylene conpared to

et hane can be neasured experinmentally by determning the inlet ethyl

chl ori de equi val ent concentration that provides the sane | evel of catalyst
performance for a feed conpri si ng bot h et hyl ene and et hane as conpared to
the sane feed.w ne €9 ation S I
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percent. As another illustration, it has been found that for certain
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be
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rel ative effectiveness of hydrocarbons ot her than et’hane and et hyl ene can
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t he feeﬁ% g eﬂl\g'pclqbﬁaeeécﬁmal&@sﬂ@ﬁmarsﬁhﬂmée@onqidaﬁq@ﬁ bublatkigg beRAe, thdn tBe

hydrocarbon conpound is found to have a vep‘ﬁ/1 snmal | dechloriding effect and
i

i s al socthprsseyivalant fang Odbmelsriereent ethglene wenldbied). dbmple nstrenbnFar@ntinlgt et hane
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Thus, given tions ére reac or f

st ream 8@11va1a{twdﬂsh@tmw Gﬁﬁ),le gdrbant. aklapstheieilluatduph ein@adbeeh fourddRat foi nyI
chl oride, and ethane, the overall catalyst chloriding effectiveness val ue
of pr chggalrggﬁt@;lgﬁs g@tl@gf: haeeboyt SYQimesykess the dechloriding cffectiveness of ethane.

Thus, for such catalysts the ethane equivalent for methane is 0.002 x (methane concentration
in mol%). For a hypothetical inlet reactor feed 22 having 30.0 mole percent ethylene and 0.1
mole percent ethane, the ethane equivalent then will be 0.4 mole percent. For an inlet reactor
feed 22 having 30.0 mole percent ethylene, 50 mole percent methane, and 0.1 mole percent
cthane, the ethane equivalent then 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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(2) z*= (ECL + 2*EDC +VCU (C2H6 + 0.0 1*C2H4) wherein ECL, EDC, and VCL are
the concentrations in ppmv of ethyl chloride (CH5CI), ethylene dichloride
(d - CH2- oM@ 0y1238nd vi nyl chloride (H2C=CH C ), respecPCTalSgQ10i0B16react or
feed stream 22. C2H and C2H are the concentrations in nole percent of

et hane and et hyl ene, respectively, in reactor feed stream?22. It is
inportant that the relative effectiveness of the gaseous

chl orine-containing pronoter and the hydrocarbon dechlorinating species

al so be ur ed nder the reaction conditio whi ch aeb int
DSO([:) guthall s B SRR N G B O TR

t han abQIJIncBﬁle@BtﬂyWﬁb Gthyil %hllmaé dpliyeE ey AR yride) vy alhiefidd, taﬁdl eﬁhbﬁkbﬂthel5 Z is
preferably at |east about 1. 0036] Al t hough t he gaseou

chlori n@v%@h9%talﬁﬁtﬁélqs}dwf&cﬂwsmal@%ﬁomws 9 can é‘? ﬁ@i@d%&l% upon
contact with the catal ot her species may be forned leading to a m xture
in the gas phase.(@onséﬁuﬂﬁ@L\T2 HDG ¥ Glaact i on gases are recycled such as
via recycle stream 18, a fCHaut 8.00FCdpecies 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 nethyl

chl ori dehe@UePCLhBDGhaiV gLkt cohécdtratiensdh anh)df%ﬂﬁ'l elhleRdO(T,EBCI)S
supplied to the system The concentrations og) et hyl chloride, vinyl

chl ori d@thyl@ﬁ@ld@bmlﬁé flel- @H@ﬂ%r@ﬁ@%@ylwél%@ﬁ@d%r@d Gly respeetiney, |th Z*.
[0037] J Qgtoff‘ §'5trkdln Y81 thﬁﬁiCth[ﬁa}e &%%Sf?ceﬁ?rgé‘{ﬁs‘%ﬂ ‘i’é‘b&‘é‘eﬁ%fet% $fy and
bal | ast gas and gas pha e pron%) are m xe I's not cri |caI and
t hey nmaythbeneirgedctivaiulit eraeou sded satars @Qu it ualbdryam fHaetherreletiveof m Xxi ng of

t he gasequs corrpon nts of the process. may be chosen fqQr conveni ence and/ or
for saf 8fSetiventsdALt ergéi‘eoéiﬁlﬂﬁﬂ%e -CRREIGg Hr%m@@ﬁ%?‘g‘i%wyg@él%fgo%f ter the

bal | ast d&%?orfn%n%?p?e%%@%ls@ e SaSlr%d uhlNRNEfcactidhCoddRi Hi‘@vﬁﬁh%&ﬂ@hg [isehoul d
be present inre or stream22 as It Is |ntro uced t id

cat al ysin thaprosasst &* 0l prERe®&} bd maintenehds @devet that of noFrGiterlthaiRelzmpit @0 10 is a
fixed bed, r tor. Howev an t abl e reactor e e f gr. exanpl e,
ired b bERG ighosRuRERly nEBYeRhb R a0G 15r 25 airalf abRE ppesfy ©amn
fluid bed reactors a wde variety of which are well known tg those skilled
in the H086hnd ne%(ﬂh%m]bf‘eg%‘é%‘bgr‘i HICTGONHREIAG Propyyieli may hfh%lpag@s{ i lity of

recycli Eiﬁél‘é@féact ; gﬁmf &hthct Yith SPLANY QDo tRepBALEMRABE ¥Rl §difY to4S! NI

successl v S to I ncrease
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 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*.

[0037] The order in which the inlet gases (alkylene oxide and 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.

[0038] In the embodiment of FIG. 1, Reactor 10 is a fixed bed reactor. However, any

suitable reactor may be used, for example, fixed bed tubular reactors, continuous stirred tank

13



et hyl ene conversion by enploying reactors in series arrangenent can al so be
readily determ ned by those skilled in the art. The particul ar node of

oper at i orweebeessi4i s usual |y di ctated by process econoRCTAIS20i0®31673

epoxi dation reaction is generally exotherm c. Thus, a cool ant system 28
(e.g., a cooling jacket or a hydraulic circuit with a coolant fluid such as
a heat transfer fluid or boiling water) is provided to regul ate the
tenperature of reactor 10. The heat transfer fluid can be any of several

wel | - known, _he ransfer. . fluids, such,as tetralin

T 3 AR STROAR Flia bidsiBors S48l S8 En s vl kg P er . the
cool ant sliiled Mtth@ ey ardinédd Holh 8 deetibedinsdete] Ifreih h&he daditabllity 6P&Lydmgnonl y t he
shell side, as liquid water. As it flows through the cooling side, the

wat er r Bsded fredtorcrmigtinga prsleass sk, o5 HHNE SHRSCH VL IRECtiNgs &y Inprpase

vapor i thﬂ?lfeﬁe é&tﬁ%{:&od{r@f% a@?g@%trea%ﬂrg th §e?1%s gﬁaq{%eﬁ)gntséaqgals%fbe.tljggdﬂéﬁaCt or as a

m xture of water an e steamexiting reactor i s condensed by
r enovi ndctbahed bythosd skibiblinitse srecYhe¢ patibaekmbdde dfuperatioatseletted eusaaldy ant

side. The terwlPerature of the coolant in the reactor |s determ ned by the
boi I i ngdi5EHStk OYHTOEFHE CERRCEHCS- WHICHROF e Frasionds BERSTH e OBF e rectur e
under WRidhht IsbstQAReR f%% £3a c-&?l%lg%a% Wrg h&c‘fraﬁl@@éif&'it' With P¥odB@TRIiPluch ¥ ant

val ve which vents o some pressure fromthe steamwater mxture exiting
t he coohéatgrasifeeflofl ot helling actay is pTypiahiolrygulate thatsmgelabwpotsattoold.er i s

sed t |l ate .t he .cool ant t b t omaticakly adjusting.th
vent varberas Tt i 20 B e SoRva R G attyS Mg WRks A il SRRy "
t enper atiuz,8 4-TAREDdrohiphidedcy be raaeioedcdoiat withBoiliah Watcr! B8 ebdlam is
tenperature,” "epoxidation tenperature” or "epoxidation reaction

t enper atnffioducadde dic qoglingyids ef Betreastarempetreemumetly jhershall sidecasdiquatwityr. or
i ndi Ly, 4 ndicati , t { ture. .t aj
enbod: met RN BoehBE iR, B YRl Efo SRR G GaSS A sams o

a speci bf the hagatis vapotined foasteat. dlhy bolaetkxith theadodting sidboflihdeedcsor dslhe reaction
tenperature may be a nunerical average of several catalyst bed tenperature
measur eBHEE crng ftgaein g hsrstasp exibng He yeactas dgcandgpssd dyaemewng heatg) ong
the |l en . . i, i F eACHH be the
roact or Ton-ap® AL ORR GBS R LD e b AR AL EodTa

t enper ainuhe remator reddtdrenimealdnt the bodiog point ofithe etat¢rewpehat tre is daterotiiek by

enmbodi nents, the reaction tenperature may.be th actor cool ant .i nl et
¢ enper Al PR ENG NP OBRRSadPF BIFSPWE dnsantiaiod b MefnsoieyBbrdktir o t hat

is pref ghallwnllbft &Rt prafat @ WGcdRNRtR hakEeBiNn@thel 8881 880Ut t1hd100C,
andnost preferably at 1east about 2200C. Reaction tenperatures of no nore
t han 308@¢oar €ypically, 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.

2% ¢

[0039] It should 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 temperature. In further embodiments, the reaction temperature may
be the reactor coolant outlet temperature. In other embodiments, the reaction temperature

may be the reactor coolant inlet temperature. The epoxidation reaction is carried out at a

temperature that is preferably at least about 200°C, more preferably at least about 210°C, and
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preferred, and reaction tenperatures of no nore than about 2900C are nore
preferred. Reaction tenperatures of no nore than about 2800C are nost

pref erredwOTh®/88dt or pressure i s sel ected based on theCHas2o0031663 S

vel ocity and productivity and ranges generally fromabout 5 atm (506 kPa)
to about 30 atm (3.0 MPa). The gas hourly space velocity (GHSV) is
preferably greater than about 3000 hr 1, nore preferably greater than about
4,000 hr 1 and nost preferably greater t han about 5 000 hr 1. [0040]

Elegfl} Sr e prgféﬁat%ﬁj at lea ut E%(SJCC Rk §emp\él%rturcgﬂt Jore 'ﬁe é(?jld %ﬁet o

ifcrent s11v ase cata ys a su support

(al so kpe¥redsaral 1t @@fdhltethpératmés &%o&ﬁd@@ﬁ&chbﬁﬁmoac\&t&ﬁofeﬁmﬁﬁn@ﬂ i nert
support materials. Such support materials may be natural or artificial

i nor ganR@a%tlé?mﬁqr%tuEﬁﬁd’f pasere fepgheutdsoy ‘ééﬁ’ payt prederred:| AP reapiohi ce
zeolite rgsﬁlg@{s%%tte gseﬁ'o‘ﬁa[‘gé B&iRALIASs VAbaly SRR SRy aﬁ&'ﬁamggssgaﬁ um

car bona referre are refractory support” nmaterials,”suc
magnesi fpmziboaohatan €0d kPh) focdoufliteatmoSt0 diPef. éFheeghsshupﬂpspacmkacitﬁl is
i one_. ex enbod silver is deposited on t /E{J@at al yst

?éflr ?"enr @ési{?@ paﬁféra&fyng%a thgp ?W%gﬁﬁé%pglormeé%a Y &' dhpnabgut

bel ow. },004]] mbB&iErefi®y ?@Mrwﬁh%&ﬁgmor}gﬂhods of preparing supports
suitabl e for use I n ethyfene oxide catalysts Sorre of such nethods are

describ for 195;
5, 384, 3@9“% S. PRf%nt Rpp‘ilﬁ:egt |H;§|H %%%8?%%2? S?hégrﬁr%yg T}Egt}lg@ anpl e,
an al phafﬁaianmlh@r bappoatalysf isatsuppasid catly. }Tl]ﬂblsuppam@lsbémpmmalaé‘dthyr”)
conpoundi n i the. raw materials, extrusio and

t enper APy e é&‘? ﬂﬁ%rnoanm deriangn o TRerLuiPbp gty .gH@h ?wﬁé?aé?rﬂ @aﬁgﬁal ly
i ncl Uden&iﬂ?al@farﬁﬁ&ﬁl ﬁab%ﬁﬁ' rﬁﬂbﬁﬁs Q@d‘ﬁl‘%& (fludd ditoflichftgae pla @rp%ﬁéet' es, a

clay-type nmateri al ded as binder to provi de physi ¢al

st r engt ixolitesdctmrdnat muijaldeEaarthlme(taJsa@bhgteamudr zg;aaalomum omﬂvouatd)Pra&etddl n the

m x to%rov'%dg desire oro é}/ after .its renoval duri qg g&alcmatlon

step. THETFEFPY SBIPP‘} °p A4S phigied magheds 4PPTa PGyl S ished by

the pur {ntel’erfbfd supfort f ﬁl\éfceﬁalﬁra'-ﬁhﬁlﬂés e on@@ﬂ:rﬁﬂ]ﬁ'yren%gfrﬁ&lt %ﬁlvé‘ﬂk Abpdsita@t i on

during the calcination step. Common inpurities ma%/ include silica, alkali
¢}

and al ke theecatsliyst parpiet as arogRclesmanvdolid armeipsuribish efc diequascddhahabelonnet al -
contai ning addi tives. Another nethod for preparing a carrier having
particul@dlly sui thﬁr@aq@nmm'rwetlbkndvm methloyi$ efierepxingesupperéd spstablagagec in

AR QR BN E R Ot AT
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
include silica, alkali and alkaline earth metal oxides and trace amounts of metal and/or non-
metal-containing additives. Another method for preparing a carrier having particularly
suitable properties for ethylene oxide catalyst usage comprises optionally mixing zirconium
silicate with boehmite alumina (AIOOH) and/or gamma-alumina, peptizing the aluminas

with a mixture containing an acidic component and halide anions (preferably fluoride anions)
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with a mxture containing an aci di c conponent and halide anions (preferably
fluoride anions)to provide peptized hal ogenated alum na, formng (for
exanpl e, W9 emirssitng or pressing) the peptized hal ogenaCeaSadmB1eas3 t o
provi de formed peptized hal ogenated al um na, drying the formed peptized

hal ogenated alum na to provide dried forned alum na, and cal cining the
dried fornmed alumna to provide pills of optionally nodified al pha-al um na
carrier. [0042] There have been enpl oyed al um na which has a very high
purity, for r}ra;[ddies t?tedlthSt a?eBda ] in%)fol ri1na_(?i'$1rur>r(iarr111ale gn%xtr i 1ni IRy sSi onent s
bei ng si9f 8a, Q?E(a% I eealt oxt des (tor B rrpei e, P<t ?’umr%m%lgﬁp Nd X' ace
amount sthefpepliR@rhalttdted Qo hdodde fodmed pBptiRt ahlogatad ilngiraddiyidgyes or
inmpurities. Likewi se, there have been enpl oyed alum na of |ower purity,
that i sthedpmiad motized hagaenprd aliming waprovide dpad fvped phintga.gind caleing e of

anpr phogﬁ?ecﬁﬁ%&ﬁ aﬁfxﬁ& & b Ge @lﬁﬁﬁﬁt&@ﬂxﬁJﬁeﬂl@g@;&%ﬁ‘i GESer Si 11 ca,

silica umna, nullite,” varrous a oxl exanpl e,

pot assi i de d.cesium oxid al kal i ne. earth netal, oxides,. transition
et o olHZE' (For DExS fbiecter ¥R B OFicB R BB i P Gl by et

and nonteagtoRlwioxd glgka-alumigd dhy t@hinihpompdtsbeiniSlcd, alkaBketdlaidearri er
may conpri se conpounds which have been known for 1 nproving catalyst

per f or nEAEexanie. sadismade) pRe Hpehgmeuwis of ofBereabeadainiag andrer YorEstin

[ 0043] - i V: err i e ﬁH r [

conpri sé@l@?lngggg@vggb%ﬁ?ﬂ) %‘gh\%%i %ﬁ?‘ggg’ﬁgéeﬂgﬁﬁge- %‘% um a&%(r&}cfﬁlftg@é%t% Lanerabout 30

parts ppurity) thki ioyabaai kD Wwedc hiphb-alumhikalthe bet@dedbeng omeiogniore bhamvwphgin

percent of the a-alumna and the concenfration qf the acid-|eachable alkali

met al s SHTER LY ;s@gan%wdtﬁﬁerw@ir@wﬁ Oaﬂe%,ﬁélcaailﬁ?ﬁlvmme%‘1ftﬁevaﬂous _

aci dl eaghabbtAbkakl (fH?&;@a'ni;lé}r Bt-RE LRI drldQilint Xi 4t alRAHcWth RREASST UM

and m xtures thereof. [0044] Tphe al pha-alum na carrier prepared as

descr i bexidés trennadyometapoefier @l sxahpte, &ros pericfand tistunfraoriday, ead ofheametagast

about 0.5 nP/qg, and nore preferabl at |l east abqgut 0.7 n2/g. The surface

rea i sy earEfOrale Rl Pafully mirbry EinsfE MiteaPashigy Sewthan about

S 2/ g. cdhifoumdpRdichl HaRE BerClaiofnefor RAgtbemakhdyRBserforf@h &, Y&t ttimpRf at | east

about 0.3 cm/g, and nore preferably, from about 0.4 cn8/g to about 1.0

cnB/ g aHyninméstichss pamated) andenelybdanogm. about 1 to about 50 microns. A

vari ety of carrier norphol ogies may be used, including pills, cylinders,

cyl i ndet®43j t h onle aprespasialyl ppefgircdidinhadinext, dhe oppoit ngssriat bemjusses aalohst s,
rin her es saddl e .ri

i , | Let . . d,t id
P ng' &t MG ihra SRR B g P A P L S o ar Bl ment
the hi ghikpihictas B RBRHBIMWEIBhOFRESE 8PIh¥ o-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,
cylinders, cylinders with one or more longitudinal axial openings, chunks, tablets, pieces,
pellets, rings, spheres, wagon wheels, saddle rings and toroids having star shaped inner
and/or outer surfaces. In a preferred embodiment, the high-purity alpha-alumina preferably
includes particles many of which have at least one substantially flat major surface, and

having a lamellate or platelet morphology. In a more preferred embodiment the particles
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i ncl udes particles many of which have at | east one substantially flat major
surface, and having a lanellate or platelet norphology. In a nore preferred
enbodi mrerwothe/pas4tti cl esapproxi mate t he shape of a hexagomalS2@bass7§ sone
particles having two or nore flat surfaces), at |east 50 percent of which
(by nunber) have a major dinension of |ess than about 50 mcrons. In a
preferred enbodi nent, the al pha-alum na carrier conprises zirconium
silicate (zircon), present substantially as zirconiumsilicate in the
finished carr| er abl in_an about

per cont Mg e SRiSE BRICFARG e il BIRHRLp e Bl e S 1

i nvent i @eds050 boeemrodeGéh ©F Imhlbaf)limbeum ldillaensi@f oielx@rtmreabo@t byl ene oxide
or propyl ene oxide may be prepared with the aforenentioned carriers by

i npr eg nalthrﬁ@s tiRa I&‘éfﬁFfP‘é f:m\lqullﬁleat ha %Phaoﬂumnadﬁéﬂ%rcomrlé%smoownb%h%nds
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sil ver hown 1N the art exd et a
U. S. Pahremhomkl up@o abdiit 4988glarpdrcEhy csiceladn the waight inhScaIFiat ent No.
5,187,140, incorporated herein by reference. [0046] Cenerally, the carrier

i's inpraeast ed W Chalgsts af aliyinvent@mfdnthe Prodictiv@of alkbliesdlotide, doye-amplnt of
silver capabl e of cataI%Z|n the direct oxidation of the al kylene with

oxygen #hylgnc exilgenpiopiicar Aridg myadetrserarl ik resionachéonediegirsrebioxi de. In
maki ng %Eg@auﬁgh?é hiier M\f o SAUGGESE drd é)tfls%qrggh\l& &@g@ﬁ%@%ﬁ @gggﬁ Or nore

tinmes) one~or nore ver conpoun utions Icie | ow t he
si |l ver tibvebéehrsughoat the horen of ﬁe caaidriaad réducmy theliet cgnpamdras ihwaell Rbout 5

O cat or A 1o BBL T 20U BB et ot G Lot GHorhSA. GEUdS 88 pAPEHNB b or abl y

or eat er (130, AbRY! 5 277, DAY, G8%knorARM hORIEPRRLEH@DI Y, Oreater than about 30
per cent by melght ‘based ‘on the wei ght of the catalyst. Typically, the

amount gf Sl eﬁéés tc}‘%ﬁl&h nﬁﬁé%@é dbith L‘é‘étg 9/%19%0 0&#511z& RAcaent .

and nor ferab an a ercent based on 't he
wei ght i:sfangz haenonat @ﬂ sylsér capfIfld 6} cAhlyhiap gic cﬁtdct/&;tldqﬁ&rmofchcealky]zﬁe wiith toRggen
finished catalyst is inportant, the referr?d range i s not narrow. A

sui t abl & ¥} ¢XygEn ﬁ%tﬁxn&gegaé ito thecgrrepponing atey Igng A¥iico fin Makeapst # ca6lYsh about

10, 000 @agst P Sty feag& a'tedaﬁoﬁé 6t ﬁ"of&ﬂn@é)'v&ﬁﬁ{ orRr ihdrt Gillr % g&ﬂﬂﬁ's ffom
greater than abou 0t ess han about 5,000 angstrons in dianmeter

i s desi saibﬂl@stsh&'tcmtnhea dldwélle sbecrrte IbaEupwlrhpd umtmeocramlv idias pmlosetcgrwttm n,
t hr ough

ut on th uni.na rrler E to those
Sk 11 oath 2bfil oot e T A PG S erkatghp PO S oo, ale
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
about 100 to less than about 5,000 angstroms in diameter. It is desirable that the silver be

relatively uniformly dispersed within, throughout, and/or on the alumina carrier.

[0048] As is known to those skilled in the art, there are a variety of known promoters,
that is, materials which, when present in combination with particular catalytic materials, for
example, silver, benefit one or more aspect of catalyst performance or otherwise act to

promote the catalyst's ability to make a desired product, for example ethylene oxide or
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that is, materials which, when present in conbination with particul ar
catalytic materials, for exanple, silver, benefit one or nore aspect of

cat al yst wenbormssige or ot herwi se act to pronote the catralystow/oatriity to
make a desired product, for exanple ethyl ene oxide orpropyl ene oxide. Such
pronoters in thenselves are generally not considered catalytic materi al s.
The presence of such pronoters in the catalyst has been shown to contribute
to one or nore beneficial effects on the catalyst performance, for exanple
enhanci nl% tf%lel r)?ihe 1r1 haqroungeréjfn t%r?lge Cet ! Oen e%fe aqleSi K[egn i e(l?edd'l&attdl riedUCi ng the
tenperaPuP¥ r%HU|?e TP RV QTN YRS B At Yo FERET On rgﬂhcing t he
rates omagfRKNThe PlessidasisteiproaRedrs inde cablyst K@BREt sHdgv tdaohir®Ot toccur
sinmultaneously in the reactor, and a critical factor in determ ning the
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depending on the desired effect on catal yst performance, the other
conponeatrspatingacgapny. cAnzaterod alichsis feriniee aphyeodtendf adabircthesrcten can be an
characteristics of the carrier, and the, epoxidat.i on.reaction.condifions.
[00a0]  Aripier F woher PGBy GESpRUS s pReRErER Lo SOt FrebsaaL b
gaseousthRIpret &the prbf®t&@nitHe GRGAIPFcaBRGERWSvARANER] BE SRt BFeMtERtof N a
pronmoting anopunt. A "pronoting anount” of a certain conponent of a catalyst
refers the dgsirasoduct.dpr expaple ethplsne axide hdhe ogrcratrafonadthaeoprmgrpr ovi de an

i nprove Ln re.of the catalyti. r ti of . st
wnen_ cononst® pERG AR B k) SRR S B EP B e b deBbisf bt

cat al yt bg cqilgpgictfoefandacthd deher corhponcats of a papedudddichiatyyt, (hicestiysicaingd t o
run-away), efficiency, activity, conversion, stability and yield. It is
under st BlisENIER) cBRECtsRtigs &f therraigs, aydithe ppaxidption geactian €0nditionge i ndi vi dual
catal ytic properties may be enhanced by the "pronoting anount” while other
cat al yt [@45} oper t These pgyat knastrtay tyiess o prasdiericeelidpromaicreshgaseoudi ni ni shed.
It is f u r st t diff | vil r | e e
enhance ngﬁgﬁfﬁgggﬁﬁggﬁgbh F%ﬁwé%ﬁ%?@§8%§?§5§%d§§§@%ﬁ§?h§f%%ﬁ§¥y§t havi ng

enhancetbrefbiieg &Mo¥ntALF ® b&tsetomporepesd tangy s eefdistto anamdayt dfehaper ated at a
different set of conditions wherein the inprovenent shows up in the,
act i vi t oPRANSEY theterks gECERRICI PR dart BRIOBHBGMH iHPNGer rere 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
of operating conditions may be operated at a different set of conditions wherein the
improvement shows up in the activity rather than the efficiency and an operator of an
cthylene oxide plant will intentionally change the operating conditions in order to take
advantage of certain catalytic properties even at the expense of other catalytic properties in
order to maximize profits by taking into account feedstock costs, energy costs, by-product

removal costs and the like.
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et hyl ene oxide plant will intentionally change the operating conditions in
order to take advantage of certain catalytic properties even at the expense
of ot her watalybss4properties in order to maxi m ze prof iPCI/USFOARIONE i Nt o
account feedstock costs, energy costs, by-product renoval costs and the

| i ke.[ 0050] The pronoting effect provided by the pronoters can be affected
by a nunber of variables such as for exanple, reaction conditions, catalyst
preparative techni ques, surface area and pore structure and surface

chem ca pertl s of t ort ver .and g cont ent of
Che cat M0BREPCY 1Pk BomblEe SHOTB IR Bk oMo r RO MRy BBl

cat al ysbf vamele@ BeSERABr @afanqilé] Qéacﬁ@ﬁ coadiads, cailah fﬁr¢@@rtﬁze twhﬁquabg K8rface
enhancers or other cat aIy |nprovers can al so affect the pronoting

ef f ect sarcp gubngre susHIced s fgg ghepigahrapertics op e mapr thepiil Vélé%léil §fsts used
to prod (ﬁr%h{%ﬂ%ﬂﬁé gﬁal‘y@tcjtqléjﬁ%%num i c%m{%%a%ﬁfo& reséiﬁ' ﬂtfﬂéﬂ cesi um

r heni u manganese tungst en. e reaction
to nakeca&almtl dihe pooscke, oftoltlmraaescaltdrs (stzftniumgbrdrﬂrt&erp;@mm&rs mmthéreata@tsal yst

may be unknown. Eéw of soli.d é_ormt er conpositions and their

char act BRRTQY§18 Sahalsuafifect i nramRts SHefS- i ncor porating the pronoters as part
of the catal yst are described in Thorsteinson et al., U S. Patent No.

5, 187, 14951bar t i cluraamiss eftwabkagyissolid nrpmeigghior satalypty usesk togroduce) s Pat ent

6,51 1, P, |}R @ t ,

Pat ent %§§legg§§g ﬁ@l‘gi,e Cgﬁlggﬁ%ds (gttp%%ltss.l, uﬁﬁ’éf enfmho%?&llgltﬁ 243

4,908, 3141’5ngemmt- ﬁcﬁﬁﬁieﬂ&ih amgindngsattr. Duziep, thdfeﬁ:‘ctloﬁab ﬁmtke Nﬁ@lené oiﬁﬂ: 584,

4,766, 105, 4 3ﬁ8§ 4,820, 675, and 4, 8; &o Et ed herein by
r ef er end¥Cifig 8“%8 g TEPTBAET R ety risy FI“§]LE at PE%W’HB"unds to
the cat glpy n%clisuR{n's Qhd Hf%n‘ dhSiradRistiASis YRIths HEERA Y fol iﬁ%oﬁa@fa@ih" ARMBHBEs 4ef ers

to the co nation of a particular elenment wth one or nore dlfferent
el enent parbyf thacitakyst and/:@rlbcdlerﬁhmiitelbmtdq:tmg Us\iPhateasNponil &7, &Hd/ or coval ent

ol cctvi Barpy BRarRinen Eomestith oy LTy of S35 oot oo 1985 it BLitl posi 11 ve

and anP@t@htCNo O 50430530800, Q@hlﬂg} Repabit ™. 5Jine, $4%, Bhad YRa]. onisc Pateht Nos.
"oxyani on" refers to a negat i vel y charged noi et]}/ containing at | east one
at

oxygen 4tYiH3da, 68%ﬁ4ﬁatﬂh@r§ MG laped hewritetre behiFatont Nogyart lobd4, 4. 70Ad85.an

y 9enh 1%%2%@:42@2026?8?&44 %3é,§6f%ﬁ%§]cso¥;goc%9t88 ?8‘1%11{ Qnﬁef&&({%o‘;rhlﬁ’é{r)g& W'ngn"gggo ,

as a coppavies b deneratlatiddedsds chémnizal campdadsattab ya‘al,ysﬁﬂiﬁ)rft@ftmm Ade

prorot elrlseldshepe?lg tl?el ‘Egarr%/ls coknql())g\lﬂld” ijrlenfglrstté1 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
catalyst. Once in the catalyst, the form of the promoter is not always known, and the
promoter may be present without the counterion added during the preparation of the catalyst.
For example, a catalyst made with cesium hydroxide may be analyzed to contain cesium but
not hydroxide in the finished catalyst. Likewise, compounds such as alkali metal oxide, for
example cesium oxide, or transition metal oxides, for example MoQjs, while not being ionic,

may convert to ionic compounds during catalyst preparation or in use. For the sake of case
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pronoter may be present w thout the counterion added during the preparation
of the catalyst. For exanple, a catalyst nade with cesi um hydroxi de may be
anal yzed wo 20oni2384n cesi um but not hydroxi de in the finpsShas2acanaioyst .

Li kewi se, conpounds such as al kali netal oxide, for exanple cesium oxide,
or transition netal oxides, for exanple Mogq 3, while not being ionic, may
convert to ionic conpounds during catalyst preparation or in use. For the
sake of easeof understanding, the solid pronoters will be referred to in
terms of.cations.and anj.ons regardl| ess of eir formin the catalyst under
encti o ERRTMRIRS el BliRBori et Ll B Jubinad REanRi R ey

cont ai Nroghidddsk offBcalfoilm e BE catakdl irder RALHidh ¢ortAlonas cation pronoters.

Exenpl ary of the alkali netal and/or alkaline earth nmetals are lithium
sodi um [gegbpssi UnTheréhbdgr’dt WBpafQDnUAY cREEYMb biRtailRARESHMAD andA)r GIkdlThe
strontium and barium her "cation pronmoters include Goup 3b nmetal ions

i ncl udi eayth metehasrdatien peaniaders mexemplary of the atkali pyta nodor alkhlenquasivonepls

conpr i se8. 1 Th¢ Wt fn o SR uig T, RIAPLE AR WAL SRR RRgR e
al kali netal, ¢ obtafh*3 syﬁ%r grs R T criyeﬁlcy SRhancenent as> desceri bed
in U S. atdbarthin® 16thA Sation§ir&hbtets16OIPO GadupB tiretabloas BirGrlindNah@atidateries
references to the Periodic Table herein shall be to that as published by

t he Chelictdy IRIPHEANSEBPRME PIOME(Rs CamBrisas Mixtyrp o Drtiops fEh SN COHBR st ry
and Physi cs, L Hon, . Losl . tration of
t he al k%}(farlreea:ég{’&pdr%gér#odg%ﬁsmlétﬁﬁ IttcﬂgbtP 1?11%1'ks¥ ﬁ%&ﬁglgtegf?cggt%]yi%ﬂﬁl&g 191%%?&?0\,\/ and may
vary ovéescabad idd) SaNged,9 624 ) hticiruimcadpkaltdd byeteédrenie 0 Motethateficenks at | on f or
a particular. ca st given the other carrier and cat gl operties wll
be depeﬁlﬂé) 10%;93‘%"3??&1%? Sk Er da publisbed B ,thes@tqamaﬁ Risbpel {}%@p?@m i ci ency,
rate of ceRtAhY.Shig%in MR AN IGRK I A hBIRSIAMHySics, [4ORPRLIH TN Gn GOOGLML 1 at i on
of alkali netal (based on the weight of “cation, for exanple cesium in the
fini shedowat al yst may vary from about 0.0005 to 1.0 wt. 9% preferably from
about 0.005 to 0.5 wt. % The preferred anmount of cation pronoter deposited
on or pfi@sadnt on Theconueritation of tHehdkatiancthlepromotetainahy hishehedl dtys hotes

bet ween about 10 and about 4000, preferably a@glut 15 and about 3000, and
mor e pr BETRBRY MBE VAV Chp 8 BasantnHBIRID 858! Bt o RRCH RNCSRIAN on

cal cul aked RidNE LRI o168 cincTRAEl Bld ciihd Yo RAAIRLAMCARPURLS RRhween

about 50 and about 2000 ppm by wei ght of the t carrier terial are
f r equenpérformaste graedctarabts sulNesrcatahyest effficaincy, retealf catelystapimgaridonadt®nused i n

m Xture with other cations,
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,
the ratio of cesium to any other alkali metal and alkaline earth metal cation(s), if used, to
achieve desired performance is not narrow and may vary over a wide range. The weight
ratio of cesium to the other cation promoters may vary from about 0.0001:1 to 10,000:1,

preferably from about 0.001:1 to 1,000:1.

[0055] Examples of some of the anion promoters which may be employed with the

present invention include the halides, for example fluorides and chlorides, and the oxyanions
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the ratio of cesiumto any other alkali netal and al kaline earth netal
cation(s), if used, to achieve desired performance is not narrow and may
vary overwe 2iode3ssange. The wei ght ratio of cesiumto tReTaSREw/086T3 ONn
pronoters may vary from about 0.0001:1 to 10,000:1, preferably from about
0.001:1 to 1,000:1. [0055] Exanples of sonme of the anion pronoters which
may be enployed with the present invention include the halides, for exanple
fluorides and chl ori des, and t he oxyanionsof the el ements ot her than oxygen

havi ng g thBFGmen oLEﬁret%’Et‘ﬁan oxgggl% R%\ﬁlgg %1}( atgrmc rn%efr Stt? ga%g%rgl?ﬂsbg)rt,o? %bOf the

Peri odi & e or A ons

nmanganesl 34 @Madlf i PdFldydomeiie) NOnd Uﬂgsie&lfﬂ@d\@lx}fahﬁms oMit@yeheuipief erred for

sonme applications. [0056] The types of anjon pronoters_or m)dl fiers

sui t abl BaRgiCEs EntuMpBolRdgpsttangsten andghemviamaydic efepierd & S0BY way of

exarrpl ealﬁﬂcé(mlgxyam ons such as sulfate, SO 2 , phosphates, for exanple, PO
, titanates T|02 , tantal ates, for exanple, Ta202 , hol ybdates,

f or exam&ag]ozll\/boﬂ'rhe & agl%ne;?r%mof)ers e}xri(el‘o Ljﬁ%t’rs éulﬁa%}e gor ’us e ﬁatfl%Sts o?r

exanpl e BOWALES I exa

manganagsinv&itiohao@prise, fﬂy@b@i(ﬁ?&xaﬂbwﬁﬂﬁ%x HA6t ®Sh a§$d1fa€@l$€)§ 7, carbonat es,
tungstates, thiosulfates, cerates and the Jike. The halides it 2aI so be
present P qsabqt%if@rg%ﬁmmﬂs?  te#adsi @18, THPontaaeldpd forgapaele. Tedh7] 1t

is
well re i |zo S ist in

one or ﬁ[rrlgr%{l;‘l)df7I %?n%pé{a H exa 0§%a.:&t§%gvfgf;§§1at © ar%?mn’eéthge\)/rg%g%g?r JE&X}%&

vari oysCrmJ@bdaimte@x&)aaxmqﬁem ADMI0dpliates, manigdﬁbte@&ﬂtrﬁeamﬂlokdjé@? 2 . The
oxyani ogs ma | so incl %Jde m xed mnet aItt &}6 ?‘r‘é‘l@ % anl ong hgcl udi ng

pol yoxy WP}fﬁg S5 PRTAEH L oS FSOQIR LSS HRES AR HY AHERESS (AL INHAR Htn can form a

m xed ”’?B@halﬁféyﬁﬁ&%ﬁo b%'ﬁi%éeﬁtr ﬁdéludi’ﬁé‘ﬁﬁoﬂ’%t ah18rid MBRIHNAE aRd Rigled i n anioni c,

cationic, elenental or covalént formmay enter into anionic structures.

[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.

[0059] With certain highly efficient catalysts, the most preferred promoter comprises
rhenium, which can be provided in various forms, for example, as the metal, as a covalent
compound, as a cation or as an anion. The rhenium species that provides the enhanced
efficiency and/or activity is not certain and may be the component added or that generated
either during preparation of the catalyst or during use as a catalyst. Examples of rhenium

compounds include the rhenium salts such as rhenium halides, the rhenium oxyhalides, the
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[ 0058] Whil e an oxyanion, or a precursor to an oxyanion, may be used in
solutions inpregnating a carrier, it is possible that during the conditions
of preparwDi2om/Bs4the catal yst and/or during use, the pacriusedian3®iyani on
or precursor initially present may be converted to another form I ndeed,
the el ement may be converted to a cationic or covalent form In many

i nstances, anal ytical techniques may not be sufficient to precisely
identify the species present. The invention is not intended to be Iimted
by the egxact ecies that, may ultingatel .st. on.fhe catal yst. during use.
[0ss] RCuahy EriRav Ry Breftaitlf Sidt iRyt VR ! 0 oot e
conpr i sp&rlichers, WAmatii@ipeadtndde afabvé d&th inBtaV pdritustcs, BilNE: pehbengxanl e, as
the netal, as a coval ent conmpound, as a cation or as an anion. The rhenium
speci esOhREpePicBteHay thaeuaricairsads @nfiseibsruyably afibredaRbppmyhepoxiss

certain : n : t | during
preparaF?g%’g?&%ﬁgﬁﬂgggﬁggﬁabgﬂgasg%gg gghggggmggﬁgFééﬁgh%¥§E§fes of

r heni unpeadrspetendhus,rfot pdpodek of thiespiccifiicstédt, sheniumh hggoxile paruln ¢tvmbidded tot he
rheni um oxyhal i des, therhenates, the perrhenates, .t oxj des and the acids
of 1 henPaiirPeERRIFelhal PrEEGH Pylapgheapistoies F4eRra ,ltegmqm% P PYRE AL e,

al kal i ngoBAKERABEAtuNBGES henat es, silver perrhenates, other perrhenates and
r heni um hept oxi de can al so be suitably utilized. Rhenium heptoxide, Re O,
when di ed in ' (Fo e r hydrogen
perrhenE?@bYThus;A@%bagﬁﬁgégggkﬁﬁggﬁ%gcggggﬁgg%ﬁ%ﬁgggmgﬁgﬁ'ﬁﬁ?ﬁeptoxide can
be consindertash, irehhies mapginchecmbgnetfiain imany R8@ncesShmmparescempaicnisesn can be

exhi bited by other netgls such as npl.ybdenum and_ tungsten. [0060] Another
class of"BPenbEardvitalligenmgnder %%%Léy%&a%@fsw- Chs THSRRTE shifvnbtion.

| nCl udeg RRYANESBaCQERORERL SticidhcIBAY/oF HSEIRRCIE Sot FRABAIRASEaCRRENENt s can
enhance the activity, efficiency and/or stabi'lity of catalysts. The

manganesengpeoi @kled bathapgowradebeithse demipentdgst podpavdtioy or difingisernsy and/ or

stability is t certain and may he .t he conponent added or that generated
ol ther G g eSO BP AL e s G SR o P ERPRAEES: Manganese
conmponenfafigdndsd MeRontiut sidfa, ARinghict tRMtd ehanPRRIADRISENAE ShA@ncARRIRRESE

amoni um sul fate, nanganese citrate, nanganese dithi onate, nanganese

oxal at emapggunBIFston Mapganeys RHFga Mol sasatfa aiomder granpimareangingls, for
exanpl e, Bﬁ,%ﬁ%‘{‘ﬁ‘l&& f‘é‘kt%ﬁzé‘{h% ol a+ésk%0m§8ne§{t ﬁp&ér{aéneintlr&g (FRNI SO Sns
conponent "i'n certaln 1 npregnating so Gtioon , 1t nmay be ecessa y 10 add a
chel at i hegnsybEmeiedasuc adds cedlint georenpduadbigr dsetiiydaeedihmindattdaacetic acid

(EDTA) or a suitable salt thereof.

[0061] The amount of anion promoters 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] Certain high-efficiency catalysts comprise at least one efficiency-enhancing
salt of a member of a redox-half reaction pair which is employed in an epoxidation process
in the presence of a gaseous nitrogen-containing component capable of forming a gaseous
efficiency-enhancing member of a redox-half reaction pair under reaction conditions. This
category of catalysts and epoxidation processes is not preferred for use with the methods and
processes for manufacturing alkylene oxides that are disclosed and claimed herein. The term
"redox-half reaction" is defined herein to mean half-reactions like those found in equations

presented in tables of standard reduction or oxidation potentials, also known as standard or
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(EDTA) or a suitable salt thereof. [0061] The anount of anion pronoters may
vary wdely, for exanple, fromabout 0.0005 to 2 wt. % preferably from
about 0. 08020w/02384Wt . % based on the total weight of tireTast@bopsters When
used, the rhenium conponent is often provided in an anount of at |east
about 1, say, at |east about 5, for exanple, about 10 to 2000, often

bet ween 20 and 1000, ppnw cal cul ated as the wei ght of rhenium based on the
total weight of the catalyst. [0062] Certain high-efficiency catalysts
conprise_at |east one effigjency-enhanci.n al t n, of. a +#edox-hal f
Fenet 1 o Bl SRl AP of b a6 RRARRE S pRoRRRR D bR cance
of a gageDuseeN EHRGYRMCIaNIHlIB v @@gﬁum,emb, pagatne3-a18 orasi per 'CRI@seous
ef fi ci ency-enhanci ng. nmenber_of a redox-half reaction pair under_ reaction

condi t i Bagdbopkjos Chgmesayapd Bhyeiat ap 318 tlitipnd CBSMictraltorPsrdedas & s not
preferr ?%gg 0} 155'-513»2\6’1?%%5& %ﬁdég&iﬁﬂ%@%&%@hﬁwﬁ@{hemﬁﬁ&& éé;]tgp? al kyl ene

oxi des t are disc an al e ereln. e term "redox-

r eact i omembsrsadfaihadedutive ipairf ac rEtnin kdlidh the asibhoas oxiykaoidhesh daund i n
equations presented in tables of tandarg reduction.or oxidatio .

pot ent | §F&nog of 3 NERBRFnLa0RY Hkd &y et Rfhs wfwdey @Wg@mmnﬂ?d&f t he

type foupdpicf ckRfing, W@ MoRded t0aNH QAN otNENBLEN valdNce fratds 28AYQseEdi T OT,
McG aw H'| | Book Conpany, Inc., pages 1213-1218 (1961) or "CRC Handbook of

Cheni st hgrcmnthePbrysi'sel"” do@5toh irdadatd that thCRGoPRE satidnnompoBota ofRdic salt bE a. |

pages D155-.16 984),.. Such..co unds n,associated with the. catal yst as
Bats of“ReGEPLbateY in BropE SRR Ran Renty Bt B ZPpEo R Bt e Bhfons. are
oXyani Oft¥m if Wedcatdly A Min@Ma4HtieR chdifloO| Bovakiant is attPttaltchBén, lafhoddhe at om of

t he anion to which oxygen is bonded is capabl e of existing, when bonded to

a di ssi sadign, mbigiym apd gesiyre msytal spdiccapeeabla, apdthe typica] gatpnp aregliffates HEite er m

"salt" of .1 ndi e t the i catlo nt s_of salt
o assobtantd BidBERERI otk 0, AP R ENEa e BRI RART P e
conponenitatdamigisendat epoRidaterecdnditions N T piealoaltalngiide KNIOY andel@sO, OWith
conditions., Potassiumis a typical cation, although sodium rubidi um and
cesi um KFAP:dcE BestdsgraBlyeistand t he typical anions are nitrate, nitrite
and ot her ani ons capabl e of undergoi ng di spl acenent or other chem cal

react i off08BH f or niit iidoniretrlathat Hwisgrer anaae oppexs widipspmetsrdia iclifisely Ty pi cal
salts i Q&koq‘gﬁ)( @%rs?d" (ﬂhtlﬁlé@alirieWA gregg}lge% ﬁ&e@%re%? h%p{orsﬁﬂlg%ﬂ%rycaﬁzﬁg [0063]
It is desirabl e a e siiver na on€ or nore Soll ronoter e
rel ati velayeridharfdosid of nebirs pesnsaels @0mbpliscse @ liinpregnAingr edeticredcgdmgadiie f or
depositing silver catalytic o o )

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.

[0064] Well known methods can be employed to analyze for the amounts of silver

and solid promoters deposited onto the alumina carrier. The skilled artisan may employ, for
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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
sol ubi | i 2avogosgess44 sil ver conpl ex and one or nore promPCEMAS20180616(2)
thereafter treating the inpregnated carrier to convert the silver conpound
and effect deposition of silver and the pronoter (s) onto the exterior and
interior pore surfaces of the carrier. Silver and pronoter depositions are
general ly acconplished by heating the solution containing carrier at

el evat ed tenperatures, to evaporate the |liquid w Q%n t.he carrier and effect
Genosi ¢ PN oAt BEphPes T BBRARE A ol ey bRl nteuP

carri er Astginkedsg, anyheitdiigepepidil Rciiiqlidr deRtrhinghgSdl@Reritsl doh@Posi€ioR.U@bh t 0
reduce any silver conpounds to netallic silver. Inpregnation of the carrier
is the py3faY FEAICECBAMIHRD). My bsicmpdeycd dp detrimipn theeeaaias oftthgdenopiseds sj | ver
nor e efg&ﬁéﬁﬁh&y than coating procedures, the latter being generally unable
to effect substantial silver deposition onto the interior surfaces of the

carrier g addit}on, coat.ed catal yst r re_susceptible to, sidver |oss
by rrecni008h abr ASPeBRR B e Ba R s IR Sa B AT Bl Gt 1o
anal yzeolkfih cohRnioudngl tbE rasds ofebmpbehSald thapicRD VeI cElRpRSdiaeehtaRite, t he
alumna carrier. The skilled artisan may errplgr}éE forexanple, materi al
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t he anohighsefffietcheatdpos tffetncy mropieslsdefe0ded bn Asthi the knaath catalysthe art, the

yi el d of alkyl ene oxide depends on the rate of olefin consunption, and the
rates ofhleddipectirgivenes apggf&r%%on tWPfﬁa@mwﬁ% dfnee frhpoulddncisasgesi r ed

rate of 4alxlogBRAtoAGNRIRAYRLY &“ac‘é%p&ﬁe@ﬁ%%ME&pBMdMgWér@&e fgaction
tenperature wi thout sacrificing efficlency substantially. However, in

maki ng sflickenan Hd§ geemtiytdewirabhe toi gixiefifd adfienogy toanialnyige the refvfmatmalcy i s
typi cal |y dependent . on both t overagll catal yst, chl.ori.di ng effectiveness
2 ¢ ne T EHEP RO L EP Rt Ot TIo] By RSB PREPEREE t he rat o
of ol ef BRcAONSHIRhE P Dari®YviELAR OERALAEH sOhIRHRE ERSRRBIsDandIRGE®ASE 1N
efficiency. It is generally desirable to maxim ze efficiency to mnimze

t he rawcmiceatital bathwatighbes rawst rricallydegeried & order tofobtamnadesidiypiaduct s

(e bon, G RS SRS, ELIASAARNSEN, T b AR OYgfell

must t ypitkakihyldae oxiiciceflcdntratisidatd dfficiehdyaistlcativigs ditadoed kigh @ffeciency,
rhenium-promoted silver catalyst operated at three different reaction temperatures (245°C,
250°C, and 255°C) at four different values of the overall catalyst chloriding effectiveness
parameter Z* (2.9, 3.8, 4.7, and 5.7, as shown in the squares in FIG. 2) which were obtained
by varying the inlet concentration of ethyl chloride. The same values of Z* were used for all
three temperatures, but for simplicity only the graph for 245°C is labeled with the Z* values.
The temperatures increase moving from the top left of the graph to the bottom right of the
graph, and each curve is generally parabolic. Thus, at a Z* value of 4.7, an outlet ethylene
oxide concentration of about 1.4 mole percent is achieved at an efficiency of 89.8% when the
reaction temperature is 245°C. However, for the same reactor outlet ethylene oxide
concentration, the efficiency drops off to about 89.0% when the temperature is increased to
250°C, and drops further to about 88.0% when the temperature is increased to 255°C. As the
figure also illustrates, if after operating at an ethylene oxide reactor outlet concentration of
1.4 mole percent at 245°C, it is desired to increase the amount of ethylene oxide to about 1.7
mole percent, simply increasing Z* to 5.7 without increasing the reaction temperature will

produce the desired yield. However, the efficiency will drop off to about 88.5%. As a result,
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oxi de production parameter. FIG 2 illustrates this phenonenon. The figure
depicts reactor outlet ethylene oxide concentration and efficiency

(sel ecti woyprodass4f or a hi gh efficiency, rheni um pronoPet/tseévmsiecat al yst
operated at three different reaction tenperatures (245C, 2500C, and 255C)
at four different values of the overall catalyst chloriding effectiveness
paraneter Z* (2.9, 3.8, 4.7, and 5.7, as shown in the squares in FIG 2)
whi ch were obtained by varying the inlet concentration of ethyl chloride.
The sane_val yes of re.used far all .t eple [ but f.or
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change PREUGHABIAIMEIGH SP5Ises the, PW@?%@H&%@?@%& dn ﬁ%%rroqiggcu on

t enper af,g »Hcdn tedl Jﬁg(}l@e]intlafneﬁ%th@?fﬁb%aﬁ@ﬂ%a@r@ﬁéiﬁggfﬂﬁe&l@ Bycertain
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t enper atdjngingtdne of dicatvicoaistaiaby b eblne dmgefittrcanssyor dindrengant temperaemper at ur e,
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a given catalyst activity and within a certain range of overall catalyst
chl ori dFengertrdtiontat ¢ sulestantighy genstaandalpe aed ¢on merapertanablyeshiledlsoonemdingxi de

product | L er | t.he n i-Qn |.ene oxi Lh the
A e T
subst anpioatdsyondicion id aierig waiidh £ il @Rcohcbyariable wslectod fronethe ferdupecoavistiid of

catal yst chloriding effectiveness or the reaction tenperature while hol ding
t he ot hBICSSpAS.IreasiQs TRlshtyaRR conpsBtrafifny ErRieR tndeticarboa diaxidmeansenieatianand or

overal | gas hourly space velocity is held at a substantially constant value. In one exemplary

embodiment, each of these variables is held at a substantially constant value.

[0067] An embodiment of an improved method for achieving and maintaining a
desired alkylene oxide yield is illustrated in FIG. 3. In accordance with the method, a
preferred initial operating condition, comprising an initial value of an alkylene oxide
production parameter (which in FIG. 3 is reactor outlet alkylene oxide concentration (Cao1)),
initial reaction temperature (T;) and initial overall chloriding effectiveness value (Z;%*), is
selected. According to the selected variables, a preferred initial efficiency (E;) is obtained.
In the embodiment illustrated in FIG. 3, an initial alkylene oxide production rate and a
corresponding initial reactor outlet concentration (Cao;) of alkylene oxide are first selected
(step 1010). Alternatively, a desired alkylene oxide outlet concentration Cao; may be
selected without selecting a target production rate. However, if a target production rate is

selected, Cao1 may be calculated from the selected alkylene oxide production mass flow rate,
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catal yst chloriding effectiveness are preferably nade while holding the
reactor inlet al kylene concentration at a substantially constant val ue and
even nor evprefoerataty whil e al so operating the al kyl ene @XIrads2q00816¢3 i on
process at a substantially fixed process condition. The fixed process
condition is one in which at |east one variable selected fromthe group
consisting of pressure, reactor inlet oxygen concentration, reactor inlet
carbon di oxi de concentration, and gas hourly space velocity is held at a
subst an |aIIy t.an al ue. 4 n one.ex | ar enbo ment.,, each of these
var: abt £ e hE RARRRL ot s e PR CSR SRAREY RRE A aB A S enbodt men
of an l(ﬂp:rmadmplmpanf)onn a@d@tcﬁtﬁbé\@qtﬁ@de ﬁﬁitHHdiithlélcﬁ@lg% iflafkiyladd oaldey! ene
oxide yield is illustrated in FIG 3., In accordance with the nethod, a

pr ef er r ERNCFRTALOAIas dHe A PEISENRLMAAD &), is Eipriralaied aafellonist i al val ue of an
al kyl ene oxi de production parameter (which in FIG 3 is reactor outlet

al kyl ene oxi de coffident Adh®dn= «EmﬂWW@QXRﬁﬂﬂ@QQA@eactlon tenperature (Ti)
and initial overall chloriding effectiveness value (Zi*), is selected.
Accordiw@m@blNﬁ%mﬁbhhﬁm@&CMarWahhewﬁhaabykmeoxﬂd(tgLﬂﬂﬁBgéﬁmﬂdbency (Ei) is

obt ai ned enbodi. illustrated in FIG n initial alkylene
onl e rutane pick TPORL TR ada) e SidsSht Aehpr A PRad B hittqrple!
concent g@fckAPatloBABkho aua}tle@é dm@(t%% )dﬁe%lwmg #ho sgleiohefclrdep 1010).

Alternatively, a desired al kyl ene oxide outlet concentration CAO nmay be
sel ect esimpilteigsuslyselved té algfain theaipefbat cprasdiretiancef allgtlenc diddeemencle pércentt ar get
productgg jate is selected, CAO may be calculated fromthe sel ected

al kyl ene™ 6% de productlon mass flow rate, FAO and the total inlet volunetric

flowrate (V) at an e ur e 73. 15K, P=l atm). In
accordance with o‘@ ,agﬁa&ﬁﬁaH§88# ‘éﬁ%§ﬁ2@§+gkp e concentration as a
nol e percentage (DAO % |s flrst cal cul ated as follows: (3) D AO %= (F

AQ MM O (RT/ P) ( @0/V§3We/? eIy Ay AG sodit he nol ecul ar wei ght of the

al kyl ene oxide (e.g., 44.05 g/gnmol for ethylene oxide), and Ris the ideal
gas conH088l . BasH ‘cvrink Kartos aispresends the aet mlumnﬂr@tre@@ﬁ@@ﬁ@crlmltmg)daumﬁo t he

al kyl e”%eg%scf%u&nmﬁ lkgrle)ng ki trﬁ exéﬁ#gl{lg ih YR ceagy? %nea&%ldé fi‘%’a}wnon

si mul t aneou y SO ve tarn concen ene’ oxi de

i n nol ef@erenhol¢ GAthylené 4xidShrddaked:aekrots a(tﬁ]t:}ed-ﬁci(ié&ﬂ@f 05 EMesrﬁf@ét)thaQOO +
CAG). (5). DAO % = SF CAO - CAO, njet [0068] The "Shrink Factor"
r epr eselfsultipgdn peererpPRdiag Feductiangindhs wiupstigrflamEpteue to

[0069] Based on the initial reactor outlet concentration of alkylene oxide (Cagy), an
initial reaction temperature (T,) and overall catalyst chloriding effectiveness parameter value
(Z1%*) are selected in step 1012. Alternatively, in step 1010, one of Ty and Z;* can be
selected, and Cao; and the other of Ty and Z;* can be selected in step 1012 based on the one
of T; and Z;* selected in step 1010. In either case, the combination of Caoy, the initial
reaction temperature T and initial overall catalyst chloriding effectiveness parameter Z;* are
preferably selected based on a preferred initial operating condition. In one embodiment, the
preferred initial operating condition is selected to maintain the first derivative of efficiency
with respect to reactor outlet alkylene oxide concentration at constant temperature, reactor
inlet alkylene concentration, and a fixed process condition (OE/0Cap) within a specified
range. The fixed process condition is one in which at least one variable selected from the
group consisting of pressure, reactor inlet oxygen concentration, reactor inlet carbon dioxide
concentration, and gas hourly space velocity is held at a constant value. In one preferred
embodiment, the fixed process condition is a condition at which each of pressure, reactor

inlet oxygen concentration, reactor inlet carbon dioxide concentration and gas hourly space
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t he production of the al kyl ene oxide. For exanple, in the case of ethylene
oxi de production, for every nole of ethylene oxide produced, there is a net
reduct i orwof200/23%¥@l es of total gas resulting in a correspasdimg3reesiuct i on
in the volunmetric flowrate. [0069] Based on the initial reactor outlet
concentration of alkylene oxide (CAO ) an initial reaction tenperature
(Ti) and overall catalyst chloriding effectiveness paraneter value (Zi *)
are selected in step 1012. Alternatively, in step 1010, one of T i and Z *

can be selecte and A, and,the .other .of T i~ and Zi*. can selected in
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oxygen concentration, teactor inlet carbon dioxide concentration, and gas

hour | y spacatwelloeic sgldcedhe ndxaniza cmmsica tawardltheealkylenoeradpatshe desedd

enbodi nent, the fixed process condition is.a conditjon a e ach of
or essur Bacipg s oy e BB S Bsr Rt st e SPRRE AT mihel WS RBR i oxi de
concent fRthodfofdiibclas a pesthryd MRALBYaheRd EohditfonNBAHalcO@BS LRt Fol Bxaafat her
enbodi ment, the preferred operating condition is selected to provide a

r eact or ity berdegirgd foaperagpraecss 8A @b emaaximum(aambyst pifickracy ifer agiyérer t han t he
efficie =Xty zin | kyl ene i o ratd t.a L dat. i
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hi gher than the efficjency-naxinizin% overal |l chloriding. effectiveness

val ue att thpgiagwen ptapeblsseactapsmperiare (Pascd op thinGPpaly Fraselinherult e

nitial aovey hdeghiRl wtde 6 iAo BaiRIheRLLARESRICKAL Y e AfbmafOd L he 1 ni ti al
reaction tenperattire TI are selected to naxim ze effitCiency tOV\%I‘dthe
al kyl ensactoi detlahlkylme desicrcedcaneatéromap bt helkimizkd tegaellax blitheefitdentyr at i on,

CAO - QBrfﬁﬂ}iﬂization nmet hods anpd ot her net@gds oﬁ, el.ecting a h

pr ef er r B 1HIAT0H) o K MR SPIARSHHR T B SREYT S8 BE e d RATICE RUMHSENC i ¢ nay
be desi fo%’gotiﬂ’g ORSAled B QERET, &t 21+ dndSvillys dRémeatr@is beplhf i ciency for a
given selected initial reaction tenperature Ti regardl ess of the al kyl ene

oxi de Cﬂib%ﬁt rat igﬂelj tHe H.é?erred initial operating condition (Cao1, T1, Z1*, E;) is selected in
steps 1010 and 1012, if it is then desired to adjust the alkylene oxide production parameter
(e.g., the alkylene oxide production rate and/or the concentration of alkylene oxide in the
reactor outlet), a new value (concentration, Cpo;) is selected (step 1014). In order to achieve
the desired value, either Z* or reaction temperature is selected as the variable that will be
manipulated. If Z* is selected, in step 1018 Z* is changed from Z,* to Z,* (e.g., by
increasing the flow of the organic chloride gas phase promoter in stream 14) while holding
T, constant. If reaction temperature T is selected, in step 1020 the temperature is changed
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 holding Z;* constant. If an
increase in the production of alkylene oxide is desired, Z* will be increased in step 1018 or T
will be increased in step 1020. Conversely, if a decrease in the production of alkylene oxide
is desired, Z* will be decreased in step 1018 or T will be decreased in step 1020. In

manipulating T or Z* it is preferred to operate the alkylene oxide production process at a
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reactor outlet 24. In addition, an efficiency maxi m zi ng schenme nmay be
chosen by operating at the m ni num obtai nabl e reaction tenperature (based
on the capachtyi2ed44cool ant circuit 28) and by sel ecti ngPChaSe@owe166s Zi *

t hat obtains the maxi numefficiency. Aternatively, reactor outlet alkylene
oxi de concentration nmay be nmaxi m zed regardl ess of the efficiency (as
limted by the nmaxi mumtenperature the reactor can withstand). Techni ques
such as the foregoing can be used to select Ti and Zi* and will be

di scusse ur.t;her bel ow. [ 00 After the preferred knitial ~operating
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t he ten‘Ferature is changed fromTi to T (e.g., by reduci ng the flow rate of
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boi l'i ng I: WQ: Zt* nt i ncrease in
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1018 or minipulaking ecaction eagechtun aad gps-AiA0 protastyedosedntrativh, whide antedsecsi n t he

production of. al kyl ene oxide |s desired, Z* wil|l be decreased in step 1018
or T vi FIMBExigaiGHE QReraHoR sadcorgopot A PRSP ANIeR Sgtse OSFX%@HWG the

preferreg.& 8r pREER] I thBEnRL kY| ene oxide production process at
asubstantially constant reactor inlet al kylene concentration, and it is

further erre o) . r ) : ' i ved
process ®Ier 11 onl et AREG RS AT REIRETG, Fhrodehdafh 37} ALY HEC |
consi st isngffafierptessnge therre@af ocaction et thoxyigeimeedat@nibtAb b dosiradgadtor i nl et

carbon di gxi de concentration, an as hour]y space velocity is held at a
subst an %namrg}eaet%gflﬁ?ﬁcov%ﬂnﬁé@l%_r?qaﬁ@?eés?@ Carfe SR oAt (Ledfth )dh3dChese
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i3
contrast to methods such” as those descri U S. "Patent No. 7,193,094,
t he net broo rodre PreteraBlyavogrdstet then ebonb |1 exantdymost podferabilyino greaten tham elpuns [140.

uhi ch i A BOEES BRI Ry G (e SpaP i ACAND BV EEaB ChehEDcess
and cant@aaussutan° EXAERIPERLE® greater than about 7°C, even more preferably no greater
than about 5°C, and most preferably no greater than about 2°C. In certain embodiments, the
changes in Z* in step 1018 and T in step 1020 result in a change in efficiency (AE) that is
preferably no greater than about 1.0%, more preferably no greater than about 0.5% and most

preferably no greater than about 0.3%.

[0073] As indicated previously, process 20 is preferably operated to ensure that the
catalyst efficiency remains relatively flat with respect to overall catalyst chloriding
effectiveness and reaction temperature. To ensure operation in this region, Z* and T are
preferably maintained within respective selected ranges. Thus, Z* will preferably be
maintained at a level that is no greater than about 20 and which is most preferably no greater
than about 15. Z* is preferably at least about 1. In addition, the reaction temperature is
preferably at least about 200°C, more preferably at least about 210°C, and most preferably at

least about 220°C. Reaction temperatures of no more than 300°C are preferred, and reaction
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effect of process disturbances. [0072] The changes in Z* and T described in
FIG 3 are generally of a magnitude that is sufficient to change the rate
of reactiwo20w/Dbs&4ext ent needed to obtain a desired yi eca/uSand/osre7s eact or
outl et concentration) of alkylene oxide. The changes in Z* (i.e., DZ*) nade
in step 1018 are preferably no greater than about 2, nore preferably no
greater than about 1.5, even nore preferably no greater than about 1.3 and
nost preferably no greater than about 1.0. The changes in reaction

tenperat ure i ... DI, mde i 1020 ar-e preferably nq greater than
about | 1bdEerLoFhLrElnfS et Sod e NSRRI A KRR LS Ghoer anly
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expressf®7fh a nufvbmeniodnodaysvisusth imstepldQE2 ofiths tredanth b F1Gh3, thainitoal of

cumul at {re\allgticpnr t%gl%(e:}atu(%lél t("PI')l tan(q Hittal ’oviergllréggawsg clhiogi(%lg gﬁ’éct'ilvglés)s value (Z;*) are
preferably selected to obtain a preferred initial operating condition. Methods of selecting a
preferred initial operating condition (e.g., T1, Z1*, Cao1, E1) will now be described. By way
of illustration, the alkylene oxide production parameter used to illustrate the method is
alkylene oxide concentration, Cxo. However, other alkylene oxide production parameters

may be used.

[0076] In accordance with a first exemplary embodiment, T, and Z;* are selected to
correspond to a slope of efficiency versus reactor outlet alkylene oxide concentration that is
within a selected range of values. The slope is the slope of efficiency versus reactor outlet
alkylene oxide concentration as Z* is varied at constant temperature while holding reactor
inlet alkylene concentration constant and operating at a fixed process condition. The fixed
process condition is a condition at which at least one variable selected from the group
consisting of reactor inlet oxygen concentration, reactor inlet carbon dioxide concentration,
reactor pressure, and gas hourly space velocity is held constant. In a preferred embodiment,

the fixed process condition is one at which each of these variables is held constant. The
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di vi ded by packed reactor volune (e.g., in cubic neters). The nethods
descri bed herein are carried out on a catalyst having an age that is

pr ef er ablwonologrssatter t han about 10 kt al kyl ene oxi de/ mBCTAISad19HB16730r €
preferably no greater than about 8 kt al kyl ene oxi de/ n8 catal yst, even nore
preferably, no greater than about 6 kt al kyl ene oxi de/ m catal yst, and nost
preferably no greater than about 4 kt al kyl ene oxide/ nB catal yst. [0075] As
mentioned previously, in step 1012 of the nethod of FIG 3, the initial
reaction tenperature (Ti) and initial overall catalyst chloriding.

e foct | DEREBRRRh gt n Rup o Popfy e Sl PPl A5 1 o

i ni tial mopeprefdritdy 86 Bebatdr @in abblthadSpeddens effRidhtyenote pirede blketbnk Bkideal
operating condition (e.g., T1, zZi*, CAO_, EI) wll now be described. By
way of #id grenmare prefcrebly nglgesateribamshont-Johaeri¢ effsiensaimple paecni sbylang

illustrate.t i I i i r, other

al kyl eng)r{lg?(i gge %?%ﬁg@g){ %%rﬁgg};&rfé%g?%)?@_ 69%3?5@%%?%@%'}66% i n tg% o\rﬁ ance with
a fir st oedembrapycfenblydit ient abolit -dahpkrdént cffioeregnadt percto atlofdenespated to a

sl ope of efficienc vef;d]g{us reaq%t or outl et fgl kyl ene oxi de concentration that
s v t hiTH S8 EeE PETAARGE 5 QM orePReiSrsheY Mol ECSf Bls¥icBf O¥Fi & ency

Versus §18€<§Bpafboﬁ’cﬂ3| et KRBy /M0 dFcrE QR SR ILALLRIR i@éstgéial'l?pl‘é?érfe‘ad at

const ant nperature while holding reactor“inlet alkylene ‘concentration
const anRemhmiodilet 7Aga axcthmdfof xmplepreotes thecaamplaioembodhacit ix depipicdc bs s

conditionis a c itio t. i at .| east ,one vari,able selected, frgmthe
croup. comei@arsimB it ndBefrin S0z ok R Dt R PEnSa Rt b sl
carbon g Xdind§okRIAGENEdadhdrPRmpERALE eHat R £ &b DoutTFh°gamoRoptleyatipace
vel oci tl\; is held constant. In a preferred enbodi nent, the fixed process

|

condi t i sastiabogrid 03¢, andireost pecderablyy af lresferboul 3286C ed 1 isspratsrably emeteatet than
Thesl opg._ i r er than.ab op [ icie nol e
per cent T EoPEe TSRy b Y uB S By RRE N T P bR B B O cone
ef fi ci ethayAb®lt@8pET.CRNte@dy héing soxdfiehiciams) «id & orateis geedretedbl yarytnggr eat er
t han about -2 percent efficiency/ mle percent alkyl ene, oxi de. The slope is
pr ef er aBl ynémepaue Gocid detstiygihe cBiqiency shthy VeRBreL pErlaenvhiy kelfivge

oxi de, {RIE, bR tEhFRANA: st B reidtio (B GEE: PlhlGhERGYAIRL e per cent
al kyl ene oxi de, and even nore prefter ab?y at ast about -4 percent

ef fi ci ercaytonpile afledaerbnainkytieneoskinte. a fixesll pppeso oot as Gespebairatove.
efficiency/nole percent alkylene oxide is especially preferred. Referring
to FI G [0047] a nmetlaceepcf0s] thell@emilopey dtfeedeedtdpdoantypairiod difftisnicy valudepi ct ed.

In accordance with the method, in step 802, a first selected reaction
t enper adnst G;AO Yelugsqc Lo | M AEgo) are determined at Ty. In step 808, a value of Cao1 18 selected

at which AE/ACx0 corresponds to a slope (OE/0Cao)r as described above. Z;* can then be
determined from the collected data (e.g., by interpolation) based on the selected value of

AE/AC 0.

[0078] In accordance with another exemplary embodiment, the preferred initial
operating condition is selected to provide an efficiency that is less than the maximum
efficiency. In a preferred implementation, the initial reactor outlet alkylene oxide
concentration (Cao1) 1s selected to be greater than the efficiency-maximizing concentration.
Referring to FIG. 7B, a method of implementing the exemplary embodiment is depicted. In
accordance with the method, in step 902 T is selected as described in the previous
embodiment. In step 904, efficiency values are determined in the same manner as described
above for step 804 in FIG. 7A. In step 906, a maximum efficiency value for T, is
determined and the corresponding efficiency-maximizing Z* and Cao values (Z*nax and Cao

max) are determined. In one illustrative example, the maximum efficiency value is
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to be an epoxidation reaction tenperature that is at |east about 2000C,
nore preferably at |east about 2100C, and nost preferably at |east about
2200C. Tiwoowessmably no greater than about 3000C, noDPETArSedeNalBIy no
greater than about 2900C, and nost preferably no greater than about 2800C.
In step 804, a first set of efficiency and CAO data is generated by varying
Z* and neasuring CAO and determ ning the efficiency at the various Z*

val ues while holding the reaction tenperature at the first sel ected

reaction_tenperature. Ti, an il e hol ding. reactor inple kyl ene
(oo ent Reb AR 8] Hofink o B Rlg GRS RLARIRERGHSls IPLEHoALVARNS | Love.

[0077] Efapbicelpy 8Bor duftrichiieadtcishiomgsc.dehianeeyoittiad] meslingpaid/sr of
ef ficiency values and CAO val ues (e*. g., DE/DCAO) are determned at T1l. In
st ep somtcrpolglignidheymarinmym pliciaryct e W/ Aitiroh-DEr BCAEJE Belsponbsdt o a

sl ope ( i X ahgni t efm f t he
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to be gr‘eatermatxhan he efficiency-maxi m zing concentration. Referring to
FI G 7B(i.ca atrastadontf 1.0 Hploareménagrefhiabbxa hgisaabpuehbodententatérshabei@ted. | n

accordance with the .nefho in.step 902 Ti i el ected describ in the
oo oD s ort Are TR 3f s G et sy oy B EE ohe st S5 BRCTRETY 't ho
same nepé flor@hafl @56it209drcaROMBatbOthad URD & 0. | dd hibfe thafabouh 1 95€RH, 206, a
maxi mum ef fici ency value for Ti is determ ned and the correspondi ng

ef fi ci emeye prafarshly negoze thap @b@RA0\ngrqgateeeHBRN &ndmSADAPER) MRFE det er ni ned.
| ' i le, ' fici | ue, | jned b
h one Blle#e;i:gglg %F Irﬁ/oqr% %%\%P‘% 15 cegfé T d\fg' encﬁazs‘éa ogﬁ%e'/ szefe%{f%%gu%g y

plottin I'ec alues 0 iciency versts

gr aphi caf Cyo,amhdmheccskuip®niuc af Zy* theickicit 0i\pOcahaheh be ddt@nthddvorhitlid | ng,
nodel i ng, and/or interpolation) the maxi numefficiency, Z *max and/ or CAQ
max- | nCe{esipdgl. it is determned whether to select Zi* based on the

efficiency maxi m zing value of Z (i.e., Z *max) or to first select a
react or [(UP] et al K {renenaxiseibtocdstrrmmma 4t then @ Kew 9 bh4edisspleethétabs i ci ency

maxi m zj I o% (—:}L .. Al &* he | af t %%%q i el ect ed,
Cao 1 el Bl B v b S SRR Pt & S TRERY ¢l Bt
pr ef er albgut ahe p&agit gedaditthanrie: e (ice it lgsedoar 1.0 hah,, JAkdrayrdftrably, at &dasi east
about |.0d CAOmax), nore preferably at |east about 5 percent greater than
CAQmax, about 5 percent greater than Z* max, and more preferably at least about 10 percent greater

than Z* ax. Z1* is preferably not more than about 25 percent greater than Z* . (i.¢., not

more than 1.25Z7* ,,«), more preferably not more than about 20 percent greater than Z* y,

and even more preferably not more than about 15 percent greater than Z* .. The selection

of Z,*, and T, will determine Cao;.

[0080] Referring again to FIG. 3, in accordance with yet another exemplary
embodiment, after selecting a desired initial alkylene oxide production rate or outlet
concentration (Cao1) in step 1010, the preferred initial values of T and Z* (i.e., T1, Z,*) are
selected to obtain the maximum (optimum) efficiency at the desired initial reactor outlet
concentration of alkylene oxide, Cao1. As shown in FIG. 2, it has been found that the
relationship between efficiency and alkylene oxide concentration when varying Z* at a
constant temperature (while also holding reactor inlet alkylene concentration constant and
operating at a fixed process condition) defines a curve having the shape of a downward

opening parabola, and that increasing the reaction temperature shifts the parabola downward
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and even nore preferably at |east about 10 percent greater than CAO nmax-
CAO is preferably no nore than about 25 percent greater than CAO nax
(i.e., novooow/i2Bsm about 1.25CAgqnax), nore preferably RrOTrEsSe@O0BBN3 about
20 percent greater than CAOmax , and even nore preferably no nore than
about 15 percent greater than CAO nmax- Based on the sel ected val ue of CAO
|, the necessary value of Zi* to achieve CAOI| can then b e determ ned from
the collected data. [0079] If CAOis not used to determine Zi*, then in

step 912 Zi*. is selected to.b e greater than the efficiency-paxi,m zing
val e cin@ong figlC 185 &hE £« B SnifiAtEhakIf0 IR £ RS EIRR Z 09

gr eat er alkhRfc dorfstix and dpcatingadt alfigas proxbeionditidd Yo h@xhe prcesspil@igahabl y at
| east about 5 percent greater than Z * max, and nore preferably at |east
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bout 2 * j : Vi ,
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sel ect | 0giIdeshd@dotirk! AlhadbiybenrroaXk Hfit QML HPRIMALR YN QHiLiR

concentration (CAQ ) in step 1010, the preferred initial values of T and Z
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at the desired initial reactor outlet conceptration o | Kyl ene i de, CAQ
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ef fici engits anparabdil AFePRIrd® e8raRatabadd VRicMaehiny/@k YélBGordhip Ritwenconst ant
tenperature (while also holding reactor inlet al kylene concentration

const an¢ffigiacy pet dkylspe axidg concgrigatipngd saBousdeperporgs. détp.rfesa giver ve havi ng

t he sha . wawar I 0 nd. t.hat i skng.\the reaction
t enper a GEF@; lslﬁ?ttgl ﬁ( g I%Q%ecglﬁ%r%gr%{é&ga ﬁ%m&rg%eﬁgc&o&nf%e(a% ?g@% allbﬂger)égsi ng Z at
const angelécapakAtny exidaborcentadtida doatdionds foemcdfficichdi-@bixiaglikiyg eogbmatisi ant

and operating at a fixed process conditjon) noves the process along the
ef fi ci eflipaction teppgpRkearke gl beeding ctfedivangsec in gheiorordadhealkylsyC et hyl ene

oxi de_conaentiahiaim e tRE RNFHLRL &Y eWslalnt iiSnlix §LeaER pgONd L] on

is one at ich at |east 'one of reactor inlet oxygen concentration, reactor
i nl et cesrbspomisax ildeeffancents: alkiylens oxidacowrenpatessparéolatodvigels thedineliy space

R R TR X S SRR
concentration also corresponds to a specific efficiency-maximizing value of Z* at the
specified concentration. Referring again to FIG. 2, the indicated tangent line intersects the
245°C (upper left) parabola at about 1.4 mole percent ethylene oxide and about 89.8%
efficiency. Thus, for a 1.4 mole percent ethylene oxide concentration, the optimum
efficiency will be 89.8%, the optimum temperature will be about 245°C, and the optimum Z*

will be slightly greater than 4.7.

[0081] The optimum temperature and overall chloriding effectiveness values may be
determined, if necessary, by interpolation or extrapolation from plots of alkylene oxide
concentration versus temperature and overall chloriding effectiveness values corresponding
to the points used to construct the tangent line. The overall chloriding effectiveness values
used to construct the tangent line may also themselves be interpolated or extrapolated from
actual experimental data in order to define the temperature and overall chloriding
effectiveness value Z* combination at the point of tangency for the relevant efficiency versus

alkylene oxide concentration curve.
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conbi nations of reaction tenperature and overall catalyst chloriding

ef fecti veness val ues over a range of al kyl ene oxi de production rates are
defi ned byoaolomsssthat is tangent to the series of paralporius2alapsds cur ves
descri bed above which define the relationship between efficiency and

al kyl ene oxi de concentration at various tenperatures. Thus, for a given
reactor inlet al kylene concentration and fixed process condition (as

defi ned above), a selected al kyl ene oxi de concentrati on corresponds to an
efficie »{maxi m.zi ng_ cor nation..of .reacti on t erature and.overa

chi or 1 2T ect FTRB bRt pGRE pl I FRRRAAL S ARCATHEENS at 1 on
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chloriding e cti'veness valu ion a point "0 angency for

the rel exegfingfahped. EMeyfixee peotssaddayditngs oud gavidenatdedst atid wiriabler serc{cd082]
The sloge of the tangent |line intersecting the efficiency versus al kyl ene
oxi de cHBABEAE BRUP SANYYMEY repsts inleeer e aad epsben dipgidgicgpceatrption. &5€PTsi | ver
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- 1 percent € e percent alkyl ene oxi nore frequently no
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ef fici ep@{AB) RWRH BRMikylene oxide varies with the reactor outlet concentration of alkylene
oxide at constant temperature according to a function which has a first derivative (slope) at
the selected temperature and Z* that is preferably no greater than about 1 percent
efficiency/mole percent alkylene oxide, more preferably not greater than about 0 percent
efficiency/mole percent alkylene oxide, and even more preferably no greater than about -1
percent efficiency/mole percent alkylene oxide. The slope at the selected temperature and
Z* 1is preferably at least about -8 percent efficiency/mole percent alkylene oxide, more
preferably at least about -7 percent efficiency/mole percent alkylene oxide, and even more
preferably at least about -5 percent efficiency/mole percent alkylene oxide. In a preferred
embodiment, the changes in Z* (step 1018) and T (step 1020) alter the efficiency to alkylene
oxide (E) by an amount that differs from the optimum efficiency by preferably no more than

about 0.5%, more preferably no more than about 0.4%, and most preferably no more than

about 0.3%.

[0083] As discussed above, in one preferred embodiment, the initial reaction

temperature T; and initial overall catalyst chloriding effectiveness Z,* are selected by an
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al kyl ene oxide, nore frequently at |east about -4.5 percent efficiency/nole
percent al kyl ene oxi de, and even nore frequently at |east about -4 percent
ef fici encyOreologi2psancent al kyl ene oxi de. A sl ope of abourCTAISpEworsy3

ef ficiency/ nole percent al kylene oxide is nost frequent. Put differently,
in step 1012 of FIG 3 Ti and Zi* are preferably selected such that the
first derivative (i.e., the "slope" or (5E/ 5C AO when varying Z* at
constant tenperature, constant reactor inlet alkylene concentration and at
a fixed process condit,on alls wiihin the foregeing. r es,. . The fixed

or ocess BBRITORONE: UhE Mo i it Meldud Pk BT AP D b 2085 B Ba® P e
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than abgut, - 1 percent efficiepcy/nole cent al kyl ene . oxide. .The sl ope at
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opt i mumeefpeiatireiTy) teingmheterddblnyaidambioahé hnfrah o patils foraticclopeef er abl y

no nore than about 0.4% and nmpst preferably no nore than about 0.3%
[0083] I&Araead om0t i v one (PeRf G edhe hBbHIAEHENEHHS HOW ¢ | 2l

reactio e . Ji il L1 al: . ¥ { di
effecti@%%@ggﬁggiH%rgiggﬁgg?égw%iﬁgﬁg%%?ﬂ#&%@?%ﬁ“%ﬁ%gg%éaﬁkgg&?hvoIves
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t he desjired, al kyl ene oxi de production paraneter (e,g., ctor outl et
A1 Kyl enbve) HalCBRES AL e o RirbaBBl g ariernos Gt ERE gt he
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efficiency data (E) and reactor outl et
necessary to interpolate between the values of Z,*, Z,*, and Zs* from step 1030 to obtain
Z,t* and Z,7*. For an initial selected reactor outlet concentration of alkylene oxide, Caos,

the optimal values of the reaction temperature and overall chloriding effectiveness can be

calculated as follows:

(6) Topt = T1 + [(T2-T1)/(Cao2r-Caoim)]*(Caos-Caorr) (step 1038)

(7 Z*pi= Zit* + [(Zor*-Z11*)/(Cao2r-Caoi)]*(Caoz-Caorr) (step 1040)
Topt and Z*,; can then be used as Ty and Z;* in step 1012 of the method of FIG. 3.

[0084] 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 a reactor outlet concentration analyzer 27, a reactor
feed concentration analyzer 42, an olefin feed flow meter 40, a gas phase promoter feed flow
meter 44, and a net product flow meter 52. Controller 26 is preferably implemented in a

computerized control system and also includes a CPU and a memory as well as outputs that
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al kyl ene oxi de concentration data (CAO are collected at two tenperatures
(Ti and T2) and at |east three overall catalyst chloriding effectiveness
val ues (Av9,2010/123843*) for each of the tenperatures (stepCIOB2)10/08ds7Eh nmay
be the sane or different for each of the two tenperatures. The reactor
inlet al kylene concentration is preferably held constant and a fixed
process condition is preferably enployed as the tenperature and Z* are
vari ed. The fixed process condition is as described previously. The

rel ati onship between E and CAO.at, each t eratyre as 7* | s.varied anong
the t hr a8 WipHEL B8 ol i S ER O s IR RA 8 RSy SibER por ynonval
t her eby cotit@lligi 2@ déte@nipey b alokspatdtadehd apal@k@xalclipthd fRgctbi @hRE 24 enper at ur e
(T2) being shifted downward and to the left fromthe parabola for the | ower
t enper abuPergirpatalyst chlgsiding offeciveness cao 4 9tfepresefgpiced Fhe |ine that is
tangent to both parabolas (e.g., E =n(CAo) + b, where mis the slope and b
i s the {008AL er ceptontiodler Pealseeacervier pentelisaton dboay chigndatedbydragarbect or

outl et al kyl epe ide concentr.ations Q. T.and, CACRT. ) .at, t he ints of
O henc lcfs Sl bAe ST ERbERS AR RSl he T Throk (2 hdSpP Ut

cor r espayARg4Y,als wasl Bffothe @bndehtatigi ¢¥teshydéne amaeand dfddtheiimh- Z2t *) (step
1036). It may be necessary to interpol ate between the val ues of Zi*, Z2*,

and z3*chlpgpated bysiragmbonsan seter fecdistreamn dhy gencentrgionglaty isithanaysed & ect ed

t ' £, | i.de, ' |
of “the. ¢OHIE InFQUEANLA Y AoDlgnd L FPBRCIR 2 profii2eaRb TR T, Les
cal cul ateedivas ubel dnoansd set-Hpint cptthemdle per§onToLally phd GATRTC LAGL Trbtof Gutlet
ACB- CA tep 1038) (7) Z*apt = ZiT* + [(Z2T*-Zi t*)/(CAg2t-CAoit)] i:
( CAg3- g&%@ﬁ/&(@? w@@ﬂﬁffﬂ%ﬁ% B RS %ﬁﬁa ) zg) L
step 1046 Pher M‘,eclog%@alrl’ég?6Qfeteﬁngles§fthE 0OR4htrdim JRLARYR ARRGHI-ERGbRBMS N can

be used i n open cl osed | oop processes. In-one exanple of a closed
| oop sy24 emd/ontbpiyciddf dlkylFhe@xids isavidomt pod-tigernifed sinpe of/thdeserwinterdd r ecei ves

inputs from a [feactor outlet.concentration,anal 27,..a reactor feed
concent 1ot WRET IS S SxidSpateRan P onrtiaes oS el Eerhace

pr oot egetb@@fed taake, TBhREIIA26 ARk RjIRe thP FQAHEH tehdpRiitirB e theTfow FANGT@EI er 26
is preferably inplenmented in a conputerized control system and al so

i ncl udegassphar pramete (ivedhnge 45 taeblaimiic dgsipadtadk sl ererxiee eaneenieatiengr used to
adj ust r-ol S i e i i.n S 'l er
%6 dot ef Ttheld tfB BT LBE8 S sa BRSLpRINANE SERT FhroRB st B L | ot
24 and gay e pronotatfidlwy &intiolib036, dihich tdiest flove das Sropeflgw mefén)44f aid r eact or

feed 22inanipulates 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 a stream drum
pressure controller in the case of 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.

[0086] 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
concentration in reactor feed stream 22) then resets the set point of flow controller 51 which
receives flow data from flow meter 40 and manipulates control valve 12 to control the flow

of fresh olefin feed. Analyzer controller 19 receives compositional data from analyzer 42 (or
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[ 0085] Controller 26 al so receives concentration data for chlorinated

hydr ocar bons such as ethyl chloride, vinyl chloride, and ethyl ene

di chl ori owoizniveasstor feed stream 22 from anal yzer 42, asTishotoasieéidr the
concentration of ethylene, ethane, and any other nonchl orinated
hydrocarbons in reactor feed stream The concentration data is then used to
cal cul ate the overall catalyst chloriding effectiveness (e.g., Z*).
Controller 26 may al so receive a user entered set-point for the nole
percent of al kyl ene .oxi.de,. O i reactor outle /pr..the vield of
B kot ens SRS R Rt b Rl b Bl e B S eF IRy 2o
24, cont9 gichesscBGhéledt ot BESxydentildey conbolet Iatwiach @hy 8 ki bie Mewocontelltr)
reactor outlet 24 and/or the yield of alkylene oxide is within a

pr e- det BPiEhAeeeivoadlgie form orezdiaw mistea2bd CoBERIRTRL 7. Nhdh ¥ hd0.anky0amy oxi de
concent ' j f i rm e,

cont ol o SRR ok i ARl 15 cBphlshoBY G BRPTLRGR S ¢ o1

t he gasThhdbstrgednmiten s¢temeth argey £2dmpplaryadnidas nottrheand eslime dheadckypt efitac oxi de
concentration or yield. To adjust the flow rate of the gas phase pronoter,
controlP@?mﬁg“@ggé%s the set point of gas phase pronoter flow controller
36, which receives flow data fromflow neter 44 and nmani pul ates contro

val ve 30083l cont rbire mefody wiwd hywsinaapy be cihedied Hca s Rf cempeenicadable
cont rol | gf, ARy ﬁﬁe%t&er?% feomBlit re%aﬂlgﬁl%hfuﬁ{‘s&rgg%’ﬁfn?ég{%ﬁc GQRLFoll er 34.

Reaction tenperature con recelves a tenperature signal froma
r eact or carhputordcod piiec fondspbpverdedicadd. oUbmrdllct Pamaydeainplcnivategleh apoi nt  of

coolant flow contrqller 32 (or a streamdrum pressure controller in the
case of "¥MRJi9 i“f?é{s’a\?é‘f ﬁve—%ef %80@9%%?5nﬁmgwregﬁts Feisiedont rol I er 32 receives
coolant flow data fromflow neter 3 1 and adjusts cool ant control valve 30
to change the coolant flow rate aféXaMid&lthe tenperature change. [0086]
As shown in FIG 1, analyzer controller 50 nmay al so be provided to regul ate
t he ol ef0088koncenthiatxammple dlustrales the adpstingn of pyeralheathlybtehloratiegl exanpl e,

anal yzer_..controll er. 50 receives c osi t.ional dat,.a from anal yzer .42

hal wat PR RASS bR s RS e e PR RR of b Rae 4058 WikAR DRTREESRIMS | er 50
(which fpchave. A 1B saaiplesPhighef@énty, thehiubhgotlogdd silvecaegyration in
reactor feed stream 22) then resets the set point of flow controller 51
whi ch r weehingsd 33 e wataa 1abermtenysutackave reagtpradde sariupuied exnrastitonds 79al ve

12 to ¢ f ehi e

receivegﬁ%%%%%%?g?ﬁiai gkﬁgggioﬁggﬁ§ﬁ§%%§$§?y¢%@%“§%Bé@gggg§%§§§§;r@

i ndi cat i 9gndlbpc@omu@D,, ahd dxygemnce N, rBacttat up eadi@2tempoabyz &r2356G1 aml | er 19
h h i f f | | 7 (whi ch [

]E | g\rllv Lgalg:pngstpléq%)iss %06p lglgan(%bs%lutg)).(yﬁl%r{ota| 1%\2,1\/0‘[8? {1]1 ertc%eedegras ow( is 7|.802 staq;%%rdb € anart

liters per minute (referenced to 0°C and 1 atm).

[0089] The overall catalyst chloriding effectiveness Z* is calculated using the

following formula:

(8) VARS ethyl chloride (ppmv)
(0.01* mole percent C;H,4 + mole percent C,Hp)

[0090] From day 5 to day 9 of the test, the feed concentration of ethyl chloride is
varied between 1.8 and 3.2 ppmv, while all other reaction conditions are kept constant. As a
result, Z* varied from 2.0 to 3.5. FIG. 4 shows the catalyst efficiency (selectivity) versus
ethylene oxide reactor outlet concentration (upper curve) and Z* (lower curve) after steady
state is reached at each condition. Point A represents the point on the efficiency versus
ethylene oxide concentration curve where the first derivative (slope) of the curve is about -3

percent efficiency/percent alkylene oxide, which is considered to represent the optimum
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whi ch receives data fromoxygen flow neter 21. Controllers 17, 19, 32, 34,
36, and 50 may be analog or digital and nmay be inplenented in a

conput er iwedotvss4itbut ed control system The ill ustrat egCrarstoolo3schene i s
nmerely exenplary and is not meant to limt the scope of the present

i nvention. [0087] The nethods used herein may be enbodied in a set of
conputer readable instructions that are stored on a conputer readable
nediun1such as a magnetic disk or conmputer hard drive for use by controller
26. Contr I er 2 nted in a.n but.. t se of a
cormut ero SR et TR AT EP i b TR Gl e M bigh eS8

i1l ust ransSndmpera@htusxtsmbuﬂ& coOmeh@ationCalet ¥ &ie oxitleas lvanalg(bgfaﬁﬁletmg/zﬂess to
obtain a desired concentration of ethylene oxide w.thout varying reaction
t enper ablipe speaified rexction fgmpergprey, the gHiciamey willd goange imasrordanet WHBERY si | ver
catal ys n t The
crart o e DA R oy St ol ARANEN OF ity B8 P LB AL, T
2.8 ppnvptemlmyllcomfb[rranodef tethpethturolaed Eérvaend yiEkHG, efﬂicﬁnctmd)felbpemfe@%, &2, and

the bal an The st ction 1 % Koot
o 2006 KpRCdBebr Bey ol Tt BovieEHe g s AReer b | gubo Ghnpiegngo " ©
st andar gl idifiesh tp@l%'fur@h{]&rdgr fo'8hR{ENE flyfcRe 8% e e&gcei]ttrgﬁcfﬁ)of L9088 The

overal |l catal yst chloriding effectlveness Z* 1s calculated using the
f ol | owi pgreéndr thmhetual(@hicizacy=wilt ieydbogh$ o7 de l()qsr(dwwt(cm fodm opbinenpef oslyt C2H4

Concent P B SBUhgR diblelnd e ansride B acnt B ibou 03 1 o

all ot hgércérﬁat% OPIMGANBINtIARDN JF & * BB e 8BS tediferatdi® voul €Bddhlt in 44 Vvari ed
from2.0 to 3.5. FIG 4 shows the catalyst efficiency (selectivity) versus

et hyl eneffisiongeof €wet 84.9 dut Hewerand &itip shangad tuppavithout changiag dhareagtiopner
curve) %P%p%Fautlrh%?Q ?anat ust% ?635 Eﬁgﬁjﬁ P&%&ﬂ 2 8'ru51' GC%HCIG‘F Q) Pl 4 JBpr esent s

t he poi nt ‘on I ci'ency ¢8rsis bXI e con Pat i on curve where

the fir84.7¢erdenat ilose ({shinioa)rai opﬂilﬁumblbf/@nlyab@b@tﬂ perenfpicq@itits Thus, in
ef ficiency/ percent alkyl ene oxi de, is considered to represent t he

opt i muntenBiRws én @p bf:@ﬁiﬁetpa%iu%etawan%mfiepméu?tze‘atytWh%laMseta A ene
oxi de C %Pa&ﬁr@%h@%é%uﬁhg@%?% afRf én%?f ﬁgﬁéziﬁfﬁfm&é . PP Sl GORGRRE Fati on

of ethy e oxide is vari ust
illustrating that the ethylene oxide productlon rate can be adjusted and maintained by

adjusting Z* without changing reaction temperature and without any substantial loss in

efficiency.
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at the specified reaction tenperature), the efficiency will change in
accordance with the upper curve. At an ethyl ene oxide outlet concentration
of about WO28B10mBsr4percent, the opti num conbi nati on of PrerRpsSec@EOsB7ANd Z
woul d yield an efficiency of about 86.0% as indicated by the upper dashed
line. However, if Z* is adjusted to 2.1 without changing the reaction
tenperature in order to achieve an ethyl ene oxi de concentration of 1.93

nol e percent, the actual efficiency will be about 85.7 % a |oss (deviation

fromoptimum) of only about 0.3% ﬁ%g}iﬁj y, at a sel ected et hyl ene oxide

outl et concentration of about 2.2 cent, the optinmum conbi nation of
Z* and |on t rat yre woul d result an eff y qf abaut 84.9 %
Fowever [009FT 22" PR Sf Gl S5 e abeiRtien obhe Ripefy dehrae fieafetehper at ur e
in or deéxml@sift&%nmdt@el?auaﬂ a®y8 1PEXICaRkhis Efkﬁnﬁ@ttﬁ@{eagﬁéﬂ t%hl%@ﬁﬂz’urw Il be

about 84.7 percent, a | oSs (deviation fromoptimm only about 0.2

per cent BgdSHoi andgherinles conqentration ehedhmg (cbloride eaynrisd fma 3tto S&druet whtlhy | ene
oxi de J duyctivity wi thout al sp ad] stln at u dW|t out |ncurr|ng
an e 11 WPEHE]faftloh R g LR Ba iy eioinie bETRELE Bl O bl bt PG ha
the et hyﬂem@mlml@r oduction rate can be adjusted and nai ntai ned by

adj usting Z without changing reaction tenperature and w thout any
substantial loss in efficiency. EXAMP{5|2] [ 0091] This exanpl e shows the
operation of the process descrl bed in the previous exanple after continued

operation at[day S S T e is 245C
and the inle co% gnt r t g%ﬁtg Let hy| m‘yft}?lorl %equg?\&;gﬁ)ed E%ﬁ@& to 3.6
ppmv whil e b j itions dedcrihe® in Exanm®e 1 are held
constant. The resldlting data3are presé@rted iin Tablde 1:| Tab$481 [P092] As
Tabl e 1 indifates,g adj Usti ng3t he thylz xhl offi de 2cncen ratgpg from 2.3 ppnv
to 3.6 ppnv

ausegy Z* o vagy from 2. o 410, angd increasgpscthelethylene
oxi de outl et i E

concentrafion from 2. 14 e perce t to 2 45 e p¢rcent. The
efficiency (pel ec2(|V|t3) i s°-Pel atf vel 90(] nsemsiti @ to han% in|z*,
varying onlyl by ®I3 pefjcentdde poli nts3.5Thus| at 23 sel ect &HOprogess
conditions, Z* can be used to adjust ethylene oxide outlet concentration

wi t hout awzpst i NQAE Balslk il Qﬁdl&éﬁ@@@%}%&t@ﬁg&h@-@%ﬂ\éﬁlbﬂ&ﬁ conlc@iittdtiof FHnk ¥.3 ppmv

sacr|f|C|n efficienc EXAVPLE ' '
to 3.6 ppmv causes Z* to vary from 2.6 to 4.0, and increases the ethylene oxide outlet

concentration from 2.14 mole percent to 2.45 mole percent. The efficiency (selectivity) is
relatively insensitive to changes in Z*, varying only by 0.3 percentage points. Thus, at the
selected process conditions, Z* can be used to adjust ethylene oxide outlet concentration

without adjusting reaction temperature and without significantly sacrificing efficiency.
EXAMPLE 3

This example illustrates the applicability of the method of adjusting either Z* or T to control
cthylene oxide productivity for an aged catalyst. Ethylene, oxygen, and ethyl chloride are
reacted at a temperature of 245°C over a high efficiency, rhenium-promoted, silver catalyst
that has aged about 330 days. The catalyst contains 29.4 weight percent Ag and is prepared
with a target formulation of 1000 ppm Cs, 504 ppm Re, 195 ppm SO4 and 41 ppm Mn on an

alpha-alumina support having the following properties:
surface area 0.88 m?/g
total pore volume 0.566 cc/g

water absorption 53.1%
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This exanple illustrates the applicability of the nethod of adjusting
either Z or T to control ethylene oxide productivity for an aged catal yst.
Et hyl ene,woxygen3s4and et hyl chloride are reacted at a tecpasawnglcos 245C
over a high efficiency, rheniumpronoted, silver catalyst that has aged
about 330 days. The catal yst contains 29.4 weight percent Ag and is
prepared with a target fornulation of 1000 ppm Cs, 504 ppm Re, 195 ppm SO
and 4 1 ppm Mh on an al pha- alunina support having the followi ng properties:

sur face 0. 88 [ q tot Ror e une 0. 5 ter abs tion
25" 104 oHBSR ;o oA Srs iRl RN 205 EP bR Pariterds AL SN ARRREROCT o 1o
a dept h76D nfot&R (4081 & GafdPSkhB c@traMB)ThH febdn b@np@ﬁtajnwsv 0 ﬁlihl% ﬂeﬁ%ﬁt 0,,

conposition is 7.0 nole percent O, 30.0 nole percent C H4, 0 nole
per cent 3@3@)21101%19@0@1@5'4«#' PRIt @é?raeandr%S rr@éﬁcmeéee%ﬁe@s uT]ée §eacton 00 kPa

(absol u#&sm@ﬁ%lbbﬁPg 58‘19&%9 HASREER h‘6‘ﬁhg blct Vlgfogfg gs_ci;%ogrn dE%thﬂ chg(ﬁ ride

concentration is vari val u
et hyl eneorexntdaionus vaicddoyodhZr ativonst ABH.4 haddad, aed pthytbnogxeltfoudetenci es are

determ ned. The observed dat a poi s are sh "x" in FIG .5 and
are fitCqusenraiioasaagd ihe C@E{ﬁ%?ppelﬁgte IGPNS Y A e tﬁarlawﬂ ﬁ*esqhﬁemeﬁi Aatgpeintss

Poi Nt A, @RnEkGBwifh CRFPESENG S5 1fiePaL s QRdtAR Blbddmi 6 g e URMRkboRL hy! ene

oxi de concentration curve where the first derivative | ope) of the curve
is aboushovxal ipdilGeht Peiint AcinekfiSy Sropresqpés the poineo thcerigciondydersu¥hthybacal yst

age for g ndi cat ed dat o nt e 31- 335 da FIG 5

o cat 20 GG ERIG e na Uik il FENER L RPN ettt e

oxi de oufficRhcp/aidiepirtd eyt OMde. TheRhtlyReseabt tht tdecated@tLpHaisGaitesYi €l ds
an efficiency that deviates fromthe optinum (as indicated by the upper

dashed frpme331b§85r@ym8eﬂqwénn@§@a% varyngét dent aép@et Pt ghost 5 BXAMBUE the [ 0094]
Thi s exé‘tﬂ? ﬁe 'o>'q'd%' §ﬁce‘nt}§ éﬁsﬁo@‘l i%ﬁ %ﬁ?pentt tn?qlé‘?@c&ﬁ y%g{isuasnt ethyl ene

oxi de ou concen Ion const e-of-life
catal ys Efﬁc&naﬁ)ﬂﬁﬂdmam fbmehe bptghuraf(id vdreaey bynﬂfealﬁppefrﬁwhedirnhe)d)y&td Mere
catalyst in an anmount of 0,759 is placed in a 3.05 mm (I D) stainless steel
tube reHienaPoutA-¥ PREECIYRES ROFHDI i sing O2 (8.8 nol e percent), C2H4 (34.3 mol e
percent), ethyl chloride (5.9 ppmv), C2H6 (0.61 nole percent), CO2 (1.5
nol e percent), and balance N2 is fed to the reactor. The reactor pressure

is 1406 kPa
EXAMPLE 4

[0094] This example illustrates the use of reaction temperature to adjust ethylene
oxide outlet concentration while Z* is held constant for a middle-of-life catalyst. A 30-50
mesh size, high efficiency, rhenium-promoted silver catalyst in an amount of 0.75g is placed
in a 3.05 mm (ID) stainless steel tube reactor. A feed gas comprising O; (8.8 mole percent),
C;H4 (34.3 mole percent), ethyl chloride (5.9 ppmv), C,Hs (0.61 mole percent), CO; (1.5
mole percent), and balance N; is fed to the reactor. The reactor pressure is 1406 kPa
(absolute), and the feed mixture flow rate is 158 standard cc per minute (referenced to 0°C
and 1 atm). The corresponding overall catalyst chloriding effectiveness, Z*, is 6.1. FIG. 6
shows the daily-average efficiency as a function of outlet ethylene oxide concentration in
mole percent several days before and several days after the reaction temperature is increased
from about 245°C to about 250°C on day 107. The dashed lines have a slope of
approximately -3 percent efficiency/mole percent ethylene oxide, and the vertical spacing

between the lines represents an efficiency (selectivity) loss of about 0.3 percentage points.

[0095] As shown in FIG. 6, the outlet ethylene oxide concentration varies from about

1.33 mole percent to about 1.55 mole percent in response to the change in temperature, and
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(absolute), and the feed mxture flowrate is 158 standard cc per mnute
(referenced to O0C and 1 atm. The correspondi ng overall catal yst

chl ori di nyoebfogiessaeeness, Z*, is 6.1. FIG 6 shows the @arivs2avesmnge
efficiency as a function of outlet ethylene oxide concentration in nole
percent several days before and several days after the reaction tenperature
is increased fromabout 245C to about 250 OC on day 107. The dashed |i nes
have a slope of approxinately -3 percent efficiency/nDIe per cent et hyl ene

oxi de, vert.ic bet nes. r $.an ff|C|ency
(sel oot M Eredatinf RumERPio™ REERT bt s MRl EOu8E; HseBls i ' Fic
6, the pdublrgéts @t fﬂé’dcﬁﬁﬁt@ﬁ@e@ﬂu&@aﬁbﬂbﬁﬂéd Orobysa aa&ﬁaa&m;a@m&@ agletol e
percent to about 55 nol e percent_in response to the change in

t enper a@%éntraawatméwf Fargingribgoveapll exfalysteoaiding cffgtivengsy paamcteh Zdbout 88. 0
percentmu;@gﬁnnkﬂhﬁggéﬁgmdgath& &%B%E%ﬁ e reaction tenperature can be

varied to obtain a ene oxl outlet concentrati on w t hout

varying the overall catalyst chlopégAﬂﬁq§$$ectiveness paraneter, Z*, and
wi t hout incurring significant |os i ciency. EXAMPLE 5 [0096] As

di scuss ove, | ene, Qxi de  pr,oduct i on araneters that may . be used with
e 1711 BN bt AL T D UL L A

i I'1'ustrati@shd Methadd USEABRE h@din AVEER! dxygat adivetsidnn I Tafid Q&aﬁ%l@flﬁ@t%tbé’ﬁ@ess

(Z*) at constant tenperature to achieve a desired oxygen conversion val ue.

[0097] rdiusimentefaver!iwiatalyst Heosiagsflectiencsl(Bhnatabosturidemppporeted sil ver
cat al ystChle oy gRar SIX usel n ceessilﬁjv s sodium lithium rhenium sulfate, and
manganese 08 oun 3@ 2YEYA sanple of this catalyst is charged to a

t ubul ar tor nf| red S. hat a portion of the reactor, outl as i s
recycl cHOBZEL 1 o Prsedtd %&aedvlﬁ\f?ﬂrr:sﬁaralf B Bk S airor P v b Bhcr b onent 5.
The reaglcBhrcH S5tk REJi@H, mlﬁmuﬁlﬂﬁl Ql?etnﬂlrﬂsshlfht% apehat em@ﬁf ofindsaRge of
process conditions for the f irst ;ﬁ@ Because mu tiple & cont ai ni ng

M

speC|espwmyﬁﬁexﬁsagéﬁmfﬂnsmﬁdyﬁeedﬂgg tduéMU@wﬁ@@vmﬁgw&d@ﬁﬂmﬁ@ react or

outlet, the o a st .chl ori effectiven i,s. cal.cul .at ed

usi ng. t RECPRY Blithis Fan et b if Goday e baR SMERRTRE Sadsd liGRTHT S
0. 01* C2Fid) cohpo@ints. BGE reabldeis Aaebd\(plandrtke &diﬂygqmllgmteahhm% rhiflgeyfmv  of

et hyl chlorlde ethylene dichloride, and vinyl oride, respectively, in

t he reaPlosessicanditions oathe fast i dave EQWS%mlttH%@C&é%@mwp@ﬁ%mﬁ bepl e
percent pr%gen%ﬂtbﬁlg%e@dr@regﬁl% & ?ecyél% FREC &l Yor olu'ﬂett, B overall catalyst

chloriding effectiveness Z* is calculated using the following formula:
[0098] 9) Z* =(ECL +2*EDC + VCL) / (C2H6 + 0.01*C2H4)

wherein ECL, EDC, and VCL are the concentrations in ppmv of ethyl chloride,
ethylene dichloride, and vinyl chloride, respectively, in the reactor feed stream, C2H6 and
C2H4 are the concentrations in mole percent of ethane and ethylene, respectively, in the
reactor feed stream.
[0099] Between days 25 and 30 of the run, the following conditions are maintained:
inlet feed concentrations of 35.0 mole percent ethylene, 8.5 mole percent oxygen, 1.1 mole
percent carbon dioxide, 0.6 mole percent ethane; inlet coolant temperature of 230.0°C; inlet
pressure of 2140 kPa absolute (295 psig); and a gas hourly space velocity of 5100 (hr'"). On
Day 25, the overall catalyst chloriding effectiveness value Z* is 2.9. The observed efficiency

is 88.4% at an oxygen conversion of 23.0%.

[00100] Over the following three days of operation, the oxygen conversion declines to

22.3%. Consequently, in order to restore the target oxygen conversion of 23.0%, the feed
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reactor feed stream [0099] Between days 25 and 30 of the run, the
follow ng conditions are nmaintained: inlet feed concentrations of 35.0 nole
percent evbypbmnme3s4d. 5 nol e percent oxygen, 1.1 nole per ®emtuse@olosrs7dli oxi de,
0.6 nol e percent ethane; inlet coolant tenperature of 230.00C; inlet
pressure of 2140 kPa absolute (295 psig); and a gas hourly space velocity
of 5100 (hr 1) . On Day 25, the overall catalyst chloriding effectiveness
value Z* is 2.9. The observed efficiency is 88.4% at an oxygen conversion
of 23.0% 0], Over. the foll ow t hree days of .operatigon...the oxygen
conver ol e AR ehisT R S5 ror B R TS C MY PP AEL™ P ne Y or ge
oxygen efaxietsdsonalad 7230 0% Ak hecduiedrial ehafge ethByky @l ohidsioh $s iadjesdded f or
Day 29 to_increase the overall catalyst chloriding effectiveness val ue Z*
to 3.1.10A% Zorpd thactBeicnsis 88R¥ahge, the oxygen conversion is increased to
23. 2% and the efficiency is 88.3% [00101] The precedi ng description has
been pr E¥dftled onlle nrecddingdsseratondid bekssreidvecdendel ipsirasgrsiddesenties of t he

met hods _and. syst . of .t resent inventio [t is.not j.ntended.to be
exhaust POy Eh ot P RETRE ahT VN b el PRali gl SRR VE wir)
be undemsdnaed tdde émasgivelor kd Belitithe inkentednt totahabro¢ak iferus disklas@e st wiybde nade
and equivalents nmay be substituted for elenents thereof w thout departing

f r om t hundseserd bf thopreskiligdanthost thahvagiegs chages manpe mpdicrne sgvisHsntEaybe

made 0, adaARk B kAU ATh MR AN A Yard Rih He LB0E Bt GREALAAS, OF L e

i nventi on wthout departing fromthe €essemntia scopg. erefore, 1t is

i nt endeaddifi@t, nidng nodifcitioonmagbe beandk itoradapda partichlar garatioe ot mateeirbodherent

di scl osed as the best node contenpl.ated for carrying out this.invention,
but t hat®a¢HBes %J_E%WS?P% Wh%éﬂa?a%%ﬁpméﬁ%w EhLOPea lilqr#_érw&lﬁi n the
scope Ofydaed HaiHiSnveliSn hBVEih A& RN e PEPAIRCLHESHMBANEINGSE al RS
specifically explained and illustrated wthout departing fromits spirit or
scope. frde saupmplfedtthecarnyemnoutms isvehfion, betithsothe inyvebtion wel fngludewiing

cl ai ms. CLAI T 1S CLAIMED |1S: 1. A process for manufacturing an

21yl eng RISy AHBALTHL TS SParB T giss T Bhpf FSIg ian B0 BHE I Baygen, and
at | easptheREsOMIRN peifibAly S IANES and iNh @Rl Witlkdue BeparSid feh igabaltyst to
yield a reaction product conprising the al kyl ene oxide, the process

conpr i skaege. dipeseencny thhimvertends Simated gelelyrit thafollpwaparlaimat al yst chl ori di ng
ef fectiveness
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value and an initial reaction tenperature to yield an initial value of an
al kyl ene oxi de production paraneter; selecting a desired value of the

al kyl ene wei2d®/p8saduct i on paraneter; and adj usting one ®erast@d/osream t he
overall catalyst chloriding effectiveness within a sel ected range of
overall catalyst chloriding effectiveness values and the reaction
tenperature within a sel ected range of reaction tenperatures, while

mai ntai ning the other of the overall catalyst chloriding effectiveness and
t he reae&?gﬂféenperature at a substantially constant value, to yield the
desi red al Kyl'ene oxi de production paraneter. 2. The process for

manuf ac I e oxide of claim1, wherein the adjusting step
conprisgéiéﬂﬁﬁgﬁﬁﬁéh%higreaction tenperature within the sel ected range of
reaction tenperatures while maintajning the overall catalyst chloriding
ef fecti venes$ val (Pragess fisdnanyfackiring @%ﬁlwqqxae%@ﬁ%}qg acé?‘ég%ﬁst

chl ori dj . i U . i f i n
b&g;;(x?sféﬁege%# énéfl@ﬁefh %ﬁ@ UGnd & leakd Sn@@%ﬁﬁé 2hiofilde BRI tﬂ;%ﬁ Efficc &

al kyl ene a &%ereln the adjusting step conprises adjusting
t he ovesibler cathlysirtd giald)a edacect prodnetsempalsing the 4lkylent bradsehepioeeksr ange of
overal |l chloriding effectiveness values while maintaining the reaction

t emper atUrEF {8 substantially the initial reaction tenperature. 4. The
process for manufacturing an al kyl ene .oxide of claim 1, wherein when the
overal | catal yst en»ﬁr%tmgdgﬁ graseselé e vtidoyerad cafalyst phlprding sffeettvscssange of

overal | \aat al yst iln?tﬂl'l P{?icg&p&nﬁ)fe{a%% hy ?{%ﬁ?eﬁl Yl 6fiue b £1Eﬁ1§£ét ﬁ:gd& enperat ure

is wwthin the selected range of reaction tenperatures, a over al

chl ori dprduefdngetrimeaess is varied at a substantiall yconstant tenperature,
substantially constant reactor inlet al kylene concentration, and a
substantial |y fi xedediihgaeksiraovitid éfahe alkhenpooide prodiasoppurehétctiaatcy t oward
the al kyl ene oxide that varies with the concentration of al kyl ene oxide in

the reaction produghstagtRediBeed Bom thy Btk RataBROCHIBRIiBE OFectREndshe function
ranges from about per cent eff|C|ency/nDIeﬂgercent al kyl ene oxi de to about

- 8 per cwithingf folestasireygaaficveppdlreatahyst ahlRyifliag etfostiwacssyaluphangihgaeassion or
manuf ac i n .al.-kyl en i I ai el I OC n
opt 1 munteleP R ¥ R0 e aPten il fbria P S Ao BEGRS 220" e
al kyl enthe@xveil canngseiloddingrffestivichessraad eid reactiphachupératuedat avabstaditilyover al |
catal yst chloriding effectiveness is within the selected range of overal

cat al ysEonsknby3lue. i yild be deviedediey1ng ardde Rduatior PREMASTon t enperature is

wi thin the sel ected range of reaction tenperatures, the step of

2. The process for manufacturing an alkylene oxide of claim 1, wherein the
adjusting step comprises adjusting the reaction temperature within the selected range of
reaction temperatures while maintaining the overall catalyst chloriding effectiveness value at

substantially the initial overall catalyst chloriding effectiveness value.

3. The process for manufacturing an alkylene oxide of claim 1, wherein the
adjusting step comprises adjusting the overall chloriding effectiveness value within the
selected range of overall chloriding effectiveness values while maintaining the reaction

temperature at substantially the initial reaction temperature.

4. The process for manufacturing an alkylene oxide of claim 1, wherein when
the overall catalyst chloriding effectiveness is within the selected range of overall catalyst
chloriding effectiveness values, the reaction temperature is within the selected range of

reaction temperatures, and the overall chloriding effectiveness is varied at a substantially
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adj usting one selected fromthe overall catalyst chloriding effectiveness
and the reaction tenperature yields an efficiency toward the al kyl ene oxi de
t hat variwe 2broonzsgshe opti mum effi ci ency by no nore thanprabaiseo10/0316per cent .
6. The process for manufacturing an al kyl ene oxide of claim5, wherein the
optimumefficiency is an optimumefficiency at a substantially constant
reactor inlet al kylene concentration and a substantially fixed process
condition. 7. The process for manufacturing an al kyl ene oxi de of claiml,
wherein th kyl ene oxi de production [a i s selected fromthe group
cons: st FgeaT el e bR PRl BB R, Fhy el SRRyt BRR ' ATkl ene
oxi de puddtaatidlonfixeal gocab kodiien, eid ecdss Bakuat dffibich@t @hasd fk ikylanelox e,

al kyl ene conversion, and oxygen conversion. 8. The process for

manuf acthdt Yalss avthdhk gprasairafiangd adylencaiidern thirepeion rrpdichyesosding it al yst
chlori dhﬁ%&%&ﬁ& HUEARST SR ERERLAR ARYLANS eJnegge'i{P ficichicy/mofd Iglét‘{%%}]l? hloride

equi val ent n) e ne equi val ent”(nol e perc erein

chl ori delkelgué valle nd abosit thgertait afficimng/@nrtle pércan alkylqupmxidef et hyl chl ori de
whi ch provides substantially the sane catal yst chloriding effectiveness of
the at | east one organic chloride in the feed gas at the concentration of

the at |eastsone QhoaRcEsHbOhhilFadiiritd'en fIREENI8SIC BNdate Shdananequi val ent
is the total concentration in nole pefcent” of ethane which provides

subst anpioatdsynas meogtamemdéicditmyi thitngrief Web bothaghe ssicaen tehperatine ehd tei de
cont ai ni hydr.qcarbons in the feed gas,at the .concentrati f.the.

o ot sRish SAE S mRRE b SRS IR Fh e SR AN & Sicbloling: o
nmanuf actMEdtivendaB isal ihih eescctcdaamec &Hloatli&atanietidbAdinp @ffdétiefastvaRies
organic chloride is selected fromthe group consisting of ethyl chloride,

et hyl eneanddihg K¢astiprl tempgreduigiinyithinhe pilerded mage ehisagtiontPmpeirbir¢sdicstipiafal ent

has the_f.0 i far ..eth |1 i n = +2EDC
s wnd @ el QT MR bl SRBN o BT VAT heThETPhed gas i n
ppnv, ERGpetatihgiddnaestriciahéownwatd &t hidytsne odidehhanates fromttheoptérgingas in
ppmv, and VCL is the caoncentration of vinyl chloride in the feed gas in
ppmv. 16fficieRey By e sxsc thep ahaw Pk 28e6¢tng an al kyl ene oxi de of claim 8,
wherein the

6. The process for manufacturing an alkylene oxide of claim 5, wherein the
optimum efficiency is an optimum efficiency at a substantially constant reactor inlet alkylene

concentration and a substantially fixed process condition.

7. The process for manufacturing an alkylene oxide of claim 1, wherein the
alkylene oxide production parameter is selected from the group consisting of alkylene oxide
concentration, alkylene oxide yield, alkylene oxide production rate, alkylene oxide

production rate/catalyst volume, alkylene conversion, and oxygen conversion.

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

overall catalyst chloriding effectiveness 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
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non-chl ori de contai ni ng hydrocarbons in the feed gas conprise at |east one
sel ected fromthe group consisting of ethylene and et hane, and the ethane
equi val enwohan/2bsa4f ol | owi ng fornul a: et hane equi val ent pCraiSeopesweht) = C
H + 0.01C H wherein, C2H is the concentration of ethane in the feed gas in
nol e percent, and C2H is the concentration of ethylene in the feed gas in
nol e percent. 11. The process for manufacturing an al kyl ene oxi de of claim
8, wherein the selected range of Zis fromabout 1 to about 20. 12. The
proces%hﬂgg qa&y&qg %er%'an al kyl ene oxi de of claim8, wherein the step of
adj usting gﬁe S&1'€CtEd $Tom the overal | catal yst chloriding effectiveness
and the reaction fhergehatyiiealeipticien] adicustitiog id nlye pcdmMbecthhidn about
2.0. 13. The process for_manufacturing an al kyl ene oxide of claiml,

wher ei vhiglepieyidgs gbstrafiplbt the gan deddoreting effetiyaneshas hgaeaichlosidea) yst
hl ori dj.pg: - ti : R
chiorl %H&n%{% @@p&éﬁ%b%% $h g@%&h sTaf BRldoflk E&H@Eé@%@%{éﬂ@ﬁhb %&ﬁalﬁﬂg% I ng

the reaction erature no re than about e process for
manuf adtydrocapoasinah& fdedrges.oxi de of claim 1, wherein the al kylene oxide is
et hyl ene oxide and the al kyl ene is ethylene. 15. The process for

manuf acturing an al kyl ene oxide of claim1, wherein the at |east one

organic_chl 05 de i SekES!Bhnlf MR B AUACROBRHS LT Aindk, R EOkor | de,

met hyl chloride, ethylene dichloride,” vinyl chloride, and m xtures thereof.
16. Thelcpstone vsgahor chimrmlefiastlentédfjomrthapioyb enesisinigad ctiyl chlaiide, tthyldner ei n t he

initial 10 t t. d t i nitial | | | yst chl ori di
of f ect | GERRESC AL an ARG pp R B iids T SRR 4 E el ety yor
chl ori di ng effectbm$n§@§kﬁn@uﬁg&giﬁ@ﬂ“gempg[aggpeybaggd on one or nore
vari abl es selected fromthe group consisting of efficiency, catalyst

activity, and al kyheise. Skilde theorrneentiasion ehcthnil ¢fheridedndhe Gad gpoamemy, 17. The
process for manuf g%@irs!ﬂ%gcoglg%rﬁagié%I%Pgthgféhgﬁicﬁforll 'g?tl {eﬂéjf?% Sifh etv,[‘ar%d' nitial

overall catal yst [foridin VENness I's se rov e

maxi mum ef fi ci encylowaticdnbentakilsy ben@ybdtilstedein thdfeel ghd ingdpniveact i on
tenperature and the initial alkylene oxide production paraneter. 18. The
process for manufacturing an al kyl ene oxide of claim1, wherein the process

further compypsestehRetdster AniMithiiAl aPhiylRIExi8% bFGaRE @IUBLiANLRAr amet er

val ue, and
non-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,H4
wherein, C,Hs 1s the concentration of ethane in the feed gas in mole percent,
and

C;H, is the concentration of ethylene in the feed gas in mole percent.

11.  The process for manufacturing an alkylene oxide of claim 8, wherein the

selected range of Z* is from about 1 to about 20.

12.  The process for manufacturing an alkylene oxide of claim 8, wherein the step
of adjusting one selected from the overall catalyst chloriding effectiveness and the reaction

temperature comprises adjusting Z* by no more than about 2.0.
13.  The process for manufacturing an alkylene oxide of claim 1, wherein the step
of adjusting one selected from the overall catalyst chloriding effectiveness and the reaction

temperature comprises adjusting the reaction temperature by no more than about 10°C.
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selecting the initial reaction tenperature and the initial overall catalyst
chloriding effectiveness value to obtain a nmaxi mumefficiency toward the

al kyl ene wei2dw/2884the sel ected initial al kyl ene oxi de prodastélon3pas anet er
val ue. 19. The process for manufacturing an al kyl ene oxide of claim1,
wherein when at | east one selected froman overall chloriding effectiveness
and reaction tenperature is varied, the process has an al kyl ene oxi de

ef ficiency maxi m zi ng conbinati on of reaction tenperature and over al
chloriding effectiveness at a fixed reactor inlet al kylene concentration
and fixed process condition, and the maxi m zed efficiency varies with the
concentratiom.of Theprlokylfenaanhderihdart fivylepastitoof guaducthaciaandi ng to a
|l inear rel ationship, the linear relationship has a slope rangi ng from about
- 1 per dlknlenepride jssqibylencadyandibaplkylcapes %ﬁyla@-m e percent al kyl ene oxide
to about -5 percent efficiency toward the al kyl ene oxi de/ nol e percent

al kyl ene oxidg, a the adj usti st.e l.elds an . effi.ci ency, towayd the
2 Kyl ene oxi 6 ¢ nafe bRFr SdbH RN BHERpY LR, Slef PRUGHET Vi Sty

rel ati oraftioncbyganait cildititis bdledted FoMah@p@apeondifimg oF B cRBridd ectipylocess for
manuf acturing an al kyl ene oxide of claim 1, wherein the high efficiency

si | ver eblpads sthybagsighdadegvinyehileridcp peshidpres thereof,

16.  The process for manufacturing an alkylene oxide of claim 1, wherein the
initial reaction temperature and the initial overall catalyst chloriding effectiveness comprise
an optimized combination of the overall catalyst chloriding effectiveness and reaction
temperature based on one or more variables selected from the group consisting of efficiency,

catalyst activity, and alkylene oxide concentration in the reaction product.

17.  The process for manufacturing an alkylene oxide of claim 1, wherein the
initial overall catalyst chloriding effectiveness is selected to provide the maximum efficiency
toward the alkylene oxide at the initial reaction temperature and the initial alkylene oxide

production parameter.

18.  The process for manufacturing an alkylene oxide of claim 1, wherein the
process further comprises selecting an initial alkylene oxide production parameter value, and
selecting the initial reaction temperature and the initial overall catalyst chloriding
effectiveness value to obtain a maximum efficiency toward the alkylene oxide at the selected

initial alkylene oxide production parameter value.

19.  The process for manufacturing an alkylene oxide of claim 1, wherein when at
least one selected from an overall chloriding effectiveness and reaction temperature is varied,
the process has an alkylene oxide efficiency maximizing combination of reaction
temperature and overall chloriding effectiveness at a fixed reactor inlet alkylene
concentration and fixed process condition, and the maximized efficiency varies with the
concentration of the alkylene oxide in the reaction product according to a linear relationship,

the linear relationship has a slope ranging from about -1 percent efficiency toward the
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alkylene oxide/mole percent alkylene oxide to about -5 percent efficiency toward the
alkylene oxide/mole percent alkylene oxide, and the adjusting step yields an efficiency
toward the alkylene oxide that varies from the efficiency defined by the linear relationship

by an amount that is no greater than 0.5%.

20.  The process for manufacturing an alkylene oxide of claim 1, wherein the high

efficiency silver catalyst comprises a rhenium promoter.
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