METHODS FOR ENHANCI NG THE EFFI Cl ENCY OF RHENI UM PROMOTED EPOXI DATI ON
CATALYSTSAND EPOXI DATI ON METHODS UTI LI ZI NG THESE FI ELD OF THE | NVENTI ON

[ 0001] Prwoidsdi2begsei n are et hods for enhanci ng the ef Prriusaay/oedo4s

epoxi dati on catal ysts. Advantageously, the nethod is capable of being

i ncorporated into an epoxidation nethod, so that production can continue
during the efficiency enhancenent and so, epoxidation nmethods utilizing the
enhanced cat alMBETHOBS FORENHANICING URE EFIAENCROIMNMENIONRPROWICTEDSt S ar e

i mpor t ant  ConpERAIKIHORICATALYS TSNND EPOXITATHOR METHOLS BTIPZANG BigEsEaNd By
typically be used t o accelerate the rate of the reaction in question

and/or t o increase the sel ectfpyptor fie RVENFIRNCY towards the desired
product(s). Utilized in conne actions, catalysts find
particul ar advant ageous use in the epoxidation of olefins, a process of

si gni f i caf@oodpnmerrovidéd hagear d@naethods fdreenhantingltlieyeffibientycafl egontlanioss. | n
epoxi dation reactions, a feed containing at |east the olefin and oxygen is
cont act edCaiplvhisa AdeaI3gepudrUdENgethd if seRaltle o ksing Keoswratedgbirdphg ol ef i n
oxi de. [ooog,)}d 18 exe%rgl e gft an orl %ficrilonegmrgi dgrgtil on %f «Rar thiec%b‘f’“ie comer ci al
[ rrportancgpl LR gbom%latsl or{1 bt P'S) I'%ytl Zhes! 67" Y%t GrEds of "€al yCI dfids, and
this epoXxihidrcemehfatd §QRpbRdPAST Methcdk WERNNE ehe/eMRABedEABIyPRFOBRH NY .
catal ysts in order to be commercially viable. Typically, catalysts used in
al kyl ene epvdedat i on conprise a catalytic species deposited on a suitable
support/carrier alone or in conbination with one or nore pronoters. [0004]
Those of skill in the art have acti veI% sought inprovenents in the
efficiency and/or activity of epo atal ysts for sonme tinme, since,
on a commercial scale, even slight, e.g., 1% increases in selectivity can

reduce thﬁ)OOZ] Catalysts are important components of many chemical manufacturing
processes, and may typically be used to accelerate the rate of the reaction in
guestion and/or to increase the selectivity or efficiency towards the desired
product(s). Utilized in connection with many reactions, catalysts find particular
advantageous use in the epoxidation of olefins, a process of significant commercial
importance in the commodity chemical business. In epoxidation reactions, a feed
containing at least the olefin and oxygen is contacted with a catalyst causing the

formation of the corresponding olefin oxide.

[0003] One example of an olefin epoxidation of particular commercial importance
is the epoxidation of alkylenes, or mixtures of alkylenes, and this epoxidation
reaction in particular can rely upon high performing catalysts in order to be
commercially viable. Typically, catalysts used in alkylene epoxidation comprise a
catalytic species deposited on a suitable support/carrier alone or in combination

with one or more promoters.

[0004] Those of skill in the art have actively sought improvements in the
efficiency and/or activity of epoxidation catalysts for some time, since, on a
commercial scale, even slight, e.g., 1%, increases in selectivity can reduce the

operating costs associated with the epoxidation processes, substantially.



operating costs associated with the epoxidation processes,
substantially.[0005] Research in this area has been w de rangi ng, and

i mpr ovenawoo0toase7day provi de the catal ysts with i ncreaget/ustéionrengy
and/ or an extended useful l|ife have been sought in the areas of conponents
of the catalyst, e.g., carriers, pronoters, and catal ytic species, nethods
of making the catal yst and even the epoxidation processes thensel ves.
However, [do0s3 oRe®ardhhia thiaSeed hatberd)wiat raipig, bhd anprovementsehef maliese may
result in an inprovenent in one of catalyst efficiency, activity, or
lifetime WHVide fhetcaiadwsts withgnergasededfieianiveand/ deen exientled nsefrblifadrave or, any
such adjustnents may, require.conditions_ that canpot be produced within the
epoxi dat | Dol a v et BespRRoner ot e Falhehi e FaER 8o ¥iuct | on,
or conpl efgy $hkliytAOMAcie PR IR AAUSEhOIhOfcatdiRt @REXd AL ihaNeddkRAkEh - [ 0006]
Desirably, nethods would be provided that could be utilized't o enhance the
ef fi ci encyraapsbesthenadeivest oakveryit s afpoxihd abseoihatadjadtyrehss inAnyg os uaiie net hods
woul d be particularly beneficial if they could provide such enhancenents
over the PffResenBavfesuieincall ANpevemgnt it @npaftGacalydrefficiengyhagtiviuiod be

utilized {(n,situ,.i.e, ile th atalyst is in.pla ang/ aor being used
" an” epolCille A w8 rosilineSond R tbnt Hectefratf aBfitssony Fe FeBaent

i nvent i onaguawdars maprdie basitiephanticashdthr J%M&;H%ﬂﬂﬁn fe @RRI¢atiohi on
catal ysts. The enhancenents to efficiency reduce raw material consunption
and wast epprceshyot if seprodhablefthereméthoy remlicerc exfention, maygo@mbkeoe shut-dowm, resul t
in the catal ysts being capable of providing conmercially acceptable t
hrough putstheaFodiclPRAE BiE 9POKIgEHORPIAdURe, so that the typical |y expensive
and tinme-consum ng catal yst change-out may be required | ess frequently.
Advant age , pkd r i oW E D L dation
equipnentﬁkﬁﬁgr%%@%B&bﬁﬁgﬁﬁﬁqﬁﬁﬂggg gﬁﬁgg%Pgﬁéﬁggg?gﬁ%ﬁﬁ?%&hﬁgﬁgﬁﬁ%he

i nvent i oneffRdicy hsdyat bativitly e spdreggiRidateh b yary AP sGét reetbddWoulidibe ng
start-up, or at any point during the epoxidation process wthout a

subst ant i aprtigelerlefseefianl ifithewghuldurrovide stdhagnradce meiaavercdist lifetave s may be

the catalyst, and in particular, if they could be utilized in situy, i.e., while the catalyst

is in place, and/or being used in an epoxidation reaction.

SUMMARY OF THE INVENTION

[0007] The present invention provides methods for enhancing the efficiency of
epoxidation catalysts. The enhancements to efficiency reduce raw material
consumption and waste production. The efficiency enhancements may also, in turn,
result in the catalysts being capable of providing commercially acceptable through-
puts for a greater length of time, so that the typically expensive and time-consuming
catalyst change-out may be required less frequently. Advantageously, the present
methods may be carried out within epoxidation equipment, thereby providing time
savings in these embodiments of the invention. Additionally, the present method
may be carried out during start-up, or at any point during the epoxidation process
without a substantial decrease in through-put, so that additional cost-savings may be

provided in certain embodiments.



provided in certain enbodi nents.[0008] In a first aspect, the present

i nvention provides a nethod for enhancing the efficiency of a

r heni um pwormtoed3epoxi dat i on catal yst. The met hod conpr ipsediscant2ets ng t he
catalyst with a feed conprising a gas phase epoxidation reaction pronoter
at an elevated tenperature of at |east about 240C, or, in sone enbodi nents
of less than or equal t o 250C, for at |east about 2 hours, or for at |east

about 6 h{ooos] priefefigbhypetgrh@prdsemsinvenmut prddidboumethod fe@vathahoingat | east
about 24 hours, or longer. The tenperature is then reduced t o a

t enper at uthe @‘flcuee@vsoft%ahﬁwm@qutqd epoxisietion 23St mﬁ/mfmﬂe@ﬁmm&eﬁ he
gas- phase g te coqchfr%h ? n be.maintain d dur a t he ei i od at
el evated f By V1Y et %S CO’PWéS’b%SrﬁPeFF aé%r%’&‘.' PUM GYPESR be

caused t Brc%&tfeﬁrat ARPdibGALH QRBnkrdthR B'Feasce@as{r%fblﬂeﬂ a0, eROXihdgshen
catalysts may result in increases in the efficiency of the catalyst of at

| east abouainbOdib¥gntoof lessehambr épasdto Efkmulfon’iaﬂ%straebattl keurt cortfbeatdédsit ci ency
of the catalyst prior t o initiation of the method. 0009# Advantageously,

t he net hodP¥ft & heurprrrstanably fRreaitleast ahagl/t Fehewsrreryesder pineastialpour 2
Wi thin epﬂourgaér I8n%er hgqgméera Lﬁrlen Jeaucue% s {%grg)n??{cu%)gfr Ia%s { tgn%fr the

epoxi dat i on ptroces ecaus t'he ne rovi e catalrysts wth an

enhanced bh#tbABout iﬂﬁ) £l mvmﬁg&mswwg& &%E@'p)’&%ot%h%ag&‘n@%ftl%n@b{ be
| engt hened and cost and tine savings nay be realized. [0010] In a second

aspect thea, mbintaipedskiningi thee peiih apr elevated t@mpetatock, for n°t HesirploxXheat i on of
one or nore al kyl enes. The net hod conpri ses contactlﬂglthe catalyst with a

f eed coinrog?%r CONSABLrBHAI AL po S BST FOHT ieeabPPIBALRR Bhiec eseityBRiodnd one
or more aj Lohatse .oﬂtca?d?y ?.J, %\AZF%‘GHHR%?% {‘rnethgfefﬂ?‘é.erlcgao?Eh@f’a%lgftzoﬂ‘?c for at

| east abou east a about 12

hours, or |e@yteab@1t d)@%s'forar:l%@hltatzléaﬁ%ﬂo‘éjt 100%,| ARgRk. tol i bERRAERAMBel S
subsequently reduced t o a tenperature of |less than or equal t o about

2300C. Advatatysigeougb ynitiatiom afdhe eethet.i on of the pronoter, oxygen and one or
nore al kyl enes may remain

[0009] Advantageously, the method of the present invention may be carried out
in situ, i.e., within epoxidation equipment during start-up or normal operation of the
epoxidation process. Because the method may provide the catalysts with an
enhanced lifetime, the time period between catalyst change-outs may be lengthened

and cost and time savings may be realized.

[0010] In a second aspect then, the present invention provides a method for the
epoxidation of one or more alkylenes. The method comprises contacting the catalyst
with a feed comprising a gas phase epoxidation reaction promoter, oxygen and one
or more alkylenes at an elevated temperature of at least about 240°C for at least
about 2 hours, or for at least about 6 hours, or at least about 12 hours, or even at
least about 24 hours, or longer. The temperature is subsequently reduced to a
temperature of less than or equal to about 230°C. Advantageously, the
concentration of the promoter, oxygen and one or more alkylenes may remain
constant, or if desired, may be altered during one or more of the temperature

stages.



constant, or if desired, nmay be altered during one or nore of the

t enper at ure st ages. DESCRI PTI ON OF THE DRAW NGS [ 0011] These and ot her

f eat ur es,wazpecnss7and advant ages of the present inventi @aTrsgolos29ust her
understood and/or illustrated when the follow ng detailed description is
considered along with the attached drawi ngs. [0012] FIG 1 is a graphical
depiction of the %efficiency of an epoxidation catal yst having been
subjected t o the present npidreeTV@N WFTHEDRAYOMIGSat i on process; [0013] FIG
2 is a graphical depiction of the ethylene oxide production rate of an
epoxi dati on process before, during and after the catalyst utilized therein
i s subj ect®d1t o Theee Rnss OFherniqakiygs, porerly apd @dvantaged ¢fr dbpthiRraendepi cti on

of the tenperature profile utjlized in ar anpl e conduct ed according t o
one. enboalhentorbfay e it leerbRtahd b M S a8 TRl SR BRI Lo
accordi ngdéscﬂ{)ﬁoﬁB%ﬁﬂ&ér‘éB%bn BiitPGhe a2RehdP@bRings! G 4 is a graphi cal
depiction of the inlet Z* proftile for an Exanpl e conducted according t o
one enbodi nent of the present nethod and a conparative Exanpl e conducted
accor di ng[@013] a dd®véniticogephimet Mepicti®EDAI thEDs BESCGRIYTbORIN GRpoKidatibNVENTI ON

[ 0016] The present. specification provides certain defjnitions and nethods t
0 better El%tf"[yﬁte Kige phesleitPIedieL d0; B Rrepept d“%ﬁ?Pﬁethh'Bsé” Pt AAr y ski | |
in the arérd'cgsst he practice of the present invention. Provision, or |ack of
the provisSion, of a definition for a particular termor phrase is not neant
t oinply any particular inportance, or |lack thereof; rather, and unless

ot her wi se[0taBgd, RErIB asgreptiicad depictionlef gecatlylage oxidé pepduction eate @hthonal
usage by those of ordinary skill in the relevant art. L\00‘17‘] Unl ess defi ned
ot her wi seep@x@aiipingupceshlietore ehfing pad atipnideggtalyshetiliged therew is subjected

to the present method;

[0014] FIG. 3 is a graphical depiction of the temperature profile utilized in an
Example conducted according to one embodiment of the present method and a

comparative Example conducted according to a conventional method; and

[0015] FIG. 4 is a graphical depiction of the inlet Z* profile for an Example
conducted according to one embodiment of the present method and a comparative

Example conducted according to a conventional method.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present specification provides certain definitions and methods to
better define the present invention and to guide those of ordinary skill in the art in
the practice of the present invention. Provision, or lack of the provision, of a
definition for a particular term or phrase is not meant to imply any particular
importance, or lack thereof; rather, and unless otherwise noted, terms are to be
understood according to conventional usage by those of ordinary skill in the relevant

art.

[0017] Unless defined otherwise, technical and scientific terms used herein have

the same meaning as is commonly understood by one of skill in the art to which this



the sane neaning as is commonly understood by one of skill in the art t o
whi ch thisinvention belongs. The "selectivity" of an epoxidation reaction,
whi ch i s wororynears with "efficiency,” refers t o the fPaTtiseeo/oesops essed
as a percentage, of converted or reacted olefin that forns the
correspondi ng ol efin oxide product. The terns "efficiency" and
"selectivity" are used interchangeably herein. The activity of an

epoxi dat i pweh@Cthaddhgdan Dige quarttifityed of Nnam epoxiBtionf rawyisn, atectbeing t he
nol e percent of olefin oxide contained in an outlet stream of the reactor
rel ative syrenymavs withaieffiggnsy,” Jetesain thenlsaghisine epuesserias af PSFeTage, @%i de i n

the inlet st typi cal |y . hut not ily b t
uhi 1 ¢t he OF LRy BHeY BlelPahF e AOG Raer IS BREI PGP BBAGEante and
anot her Dl efiRidnBPSIPIMIRTIBAUE @ed inCerlRingbabI] h@re@h.‘d’?ﬁb pahiyQr ol efin

oxi de production. In many instances, activity I's nmeasured over a period of
time in tenepoxiflatidrereatticn qerweqdandifiedlired inanmer dewpys due édingttha nsgeci f i ed
constant tenperature. Alternatively, activity can be neasured as a function
of the teRpErakfrdelineRife etained miadteutiet pireril of thaveastonradydeitPitedf itonst ant
mol e per cent Qs QL& i WlASrcd 1%t Blesid MideSh [ch‘]Seinfeltrtsf%arht SEFONELnognd the
| i ke, as used herein oMot PdEHo e any order, quantity, o |P§‘portance, but

rat her ar gedssedily, appFiaehégith PRr@NE) WhiRBHM rebé@Mamnpétire ifhthtaihBg terns
"a" and "an" do not denote a limtation of quantity, but rather denote the

presence eibstantiabpsonoad; ahd bhetheefbeingnibedempemtugencbquined temmsntafr ant ",
"back", "bottoni, apd/or "top", unless otherwi se noted, are nerely used for

conveni ené'_é‘e'&fatﬂé’é8|eifiﬁthl9lr‘?,praﬂ%Fté’Pe "haany iiqﬁtﬁ@ﬂsrtacﬁ‘“é\hi?_”Eﬁ?é“rﬁgﬁvﬁf ®n or
Zpat I al Og)ér?&{ ﬁf {i@Rin b CHARE RUE PRl R 8f8inntoQ%e§1?9@l9c!tha§ agsfp.egilg%d ranges
irected t o the sane corponent of 'property are I nclusive and i ndependently

conbi nabl gorsearlt-tempar@e®. Aiterbdtivelyd aetdatyt cadbeMhedoured as BBLSctRRESIthecal |y,
about 5 wt.%to about 20 wt.%" is inclusive of the endpoints and all

i nt er medi tareparatwiesemfirethe sustages odiictiombaiet siEcified ¥ ostantatolet pe?&e nitof %
etc.). The godi,fi er "about" used in connection with a quantity is inclusive
of the st8¥88%EPue and has the neaning dictated by the context (e.g.,

[0018] The terms “first”, “second”, and the like, as used herein do not denote
any order, quantity, or importance, but rather are used to distinguish one element
from another. Also, the terms “a” and “an” do not denote a limitation of quantity,
but rather denote the presence of at least one of the referenced item, and the terms
“front”, “back”, “bottom”, and/or “top”, unless otherwise noted, are merely used for
convenience of description, and are not limited to any one position or spatial
orientation. If ranges are disclosed, the endpoints of all ranges directed to the same
component or property are inclusive and independently combinable (e.g., ranges of
“up to about 25 wt.%, or, more specifically, about 5 wt.% to about 20 wt.%,” is
inclusive of the endpoints and all intermediate values of the ranges of “about 5 wt.%
to about 25 wt.%,” etc.). The modifier “about” used in connection with a quantity is
inclusive of the stated value and has the meaning dictated by the context (e.g.,
includes the degree of error associated with measurement of the particular

n "

guantity). Reference throughout the specification to “one embodiment”, “another

n "

embodiment”, “an embodiment”, and so forth, means that a particular element



i ncl udes the degree of error associated with neasurenent of the particul ar
quantity). Reference throughout the specification to "one enbodi nent",
"anot her wohkodvireers”, "an enbodi nent”, and so forth, nme&os/ushen/ 020948
particul ar elenent(e.g., feature, structure, and/or characteristic)
described in connection wth the enbodinent is included in at |east one
enbodi nent described herein, and may or nmay not be present in other

enbodi ment&g., Fentadglistiveture,i §nd/sr icheraberisticled&taped ihabnitdieioresith ithed
inventive features may be conbined in any suitable manner in the various
enbodi menedbogipteng]is Makidpd & ahieaptherene mbadiprest dgessibgd herdindancomeni®ance t he

ffici f heni t idati .catal yst. M j.cularly,
e ce noled el R USRI CRE R ROl S A 4 nelBABALIRY 2 L
phase epoyidgtd-APed GREM AN fd HEBLRLy BE BmbRIERSH AN LitdbledhahRASh ABoUt 240C
for at | east about 2 hours, or at |east about 6 hours, or at |east about 12

hours, or vev@n eatbddaasitsabout 24 hours or |onger, and then reducing the

tenperature t o a tenperature of |less than or equal to about 2300C. [0020]

Advantageouslz, the nethod of the present invention can be carried out in
f

the presefi9f ahedugset irgeRtiRRProides T aeprd 1 ehangpithapfficisncepbii dat i on
, . i . hod of th
processesrhelfﬁh]_g)ﬁmge%be OQ%aLSf?gaﬁaﬁ}{sﬁﬁrf??ﬁ?agtﬁ’@ggghs?he ﬁw’é%&&?orﬂ@ﬁs}%? of the

present inve may carrre te of, one or nore gas

phase epoxbstattirgntHeeadthyoNwith0TBdeRl Sombr@Pelh aSpHbasposBdiladdcaBnr eact i on
pronoters are thought to be capable of increasing the efficiency and/or
activity oforegexatatéroperotitralof st &eablyalaiut R40°G foc pé dsishghbaute hatrg arewar ds t he

Bl ky T ena RSN 0P R QI (95T BEHtes DO o DL e s o4 Peatve ¢ o
t he formatj L. i e known,
b any. ol R 3hd M (REBUREEh AlehERGHOR £ ferp AN S HERSPIHANRE ShTa130°

Typi cal | yab@a3phase pronoters useful in epoxidation reactions include
or gani ¢ conpounds, and in

[0020] Advantageously, the method of the present invention can be carried out
in the presence of a feed stream having a composition typical for epoxidation
processes. For example, the feed stream may comprise, and the method of the
present invention may be carried out in the presence of, one or more gas phase

epoxidation reaction promoters.

[0021] Gas phase epoxidation reaction promoters are thought to be capable of
increasing the efficiency and/or activity of epoxidation catalysts by either increasing
the rate towards the formation of the desired alkylene oxide and/or suppressing the
oxidation of alkylene or alkylene oxide to form carbon dioxide and water, relative to
the formation of the desired alkylene oxide. Many such promoters are known, and
any of these may be used in the method of the present invention. Typically, gas
phase promoters useful in epoxidation reactions include organic compounds, and in
particular include organic halides, e.g., bromides or chlorides. “Promoters” are

n it n i

sometimes referred to as “inhibitors”, “modifiers”, “enhancers” or “moderators”

[0022] Of these, chlorohydrocarbons are particularly preferred. Suitable gaseous

chlorohydrocarbons include those having from one to eight carbon eights. Examples



particul ar include organic halides, e.g., bromdes or chlorides.
"Pronoters" are sonetinmes referred t o as "inhibitors", "nodifiers",
"enhancerw0 20r0/128@der at ors” [ 0022] O these, chl orohydr @caniserns/o299es
particularly preferred. Suitable gaseous chl orohydrocarbons include those
having fromone t o eight carbon eights. Exanpl esof these include, but are
not limted to, nethyl chloride, ethyl chloride, ethylene dichloride, vinyl

chl ori de, obthaddYinclGdd)ibuataremoofinfiteest, nkRanjli chdrivel ¥thyr ehleridedetiqenphase
epoxi dation reaction pronoters for use in the present nmethod are ethyl

chl ori de dﬁhloetiﬁweviedﬁnrm OF a8 cobIRBPn LK thgses hPaitisHirdy drefiens &9as phase
pronot ers Es an IS belevgdtha ab"'tni/esl;ﬁf t he R noter to

enhance tR Sﬁe?ﬁod(ﬂ%ﬁﬁ{?efe@%t'od‘ Prefpeiery &fciee H’d}}ber PESERY, S e a{%éa ocess

for the dgﬁbﬁ@@a@d &hLRAE dRXifBedepends on the extent t o which the gas
phase pronoter chlorinates the surface of the catalyst, for exanple, by

depositing a particular chlorine species such as atom c chlorine or
chl ori de [@®238] on Wdeg chloadhysitocakimweges ,phbyd rppcmptarn sasl ac kéxagptd)l iorisne at ons
are believed t o strip chlorides fromthe catal yst, and therefore detract

fromthe B6UVaH | thehHARCRRHEN ObtBYi RIBEOES f%@r@agcepﬁa%eoeﬁ%%%er eg.,

Di scussi o 0 tion of
i or 1 nat S yat ahdieb o aMRAT e S oroices e itbne B b s 68 o PG
Cheni cal Eﬁtgmemongh.@@mwgus%ls@rpsommk chlganét%%@a s@fac@%ﬁ‘t%@at@ﬂ& Berty,
"Et hyl ene Oxi de Synthesis,”™ Applied Industrial Catalysis, Vol. (1983) at

207-238. Rarebfriphd, cbycdappstmgls pasum’naracshlmr‘reasrecm smfopsaan@mlalcblobee ioeved to
be especially effective at tr| ri d om t he cat al However ,
ol erine. CHeHIG IOy Fonealet. pPBpgTenBy Rrabans bebot BrERe st maare: o

strip chl | so be
i nt rgducegélgegg;a t E{r}!}}t%}g? C}%%tffdr%ﬁjee{%aﬁﬁgﬁé r§ }%?%f?r%g{ gta%?rggg?]t oﬁl ot her

reasons ( eumcemehherowaed ®ly the EELHHE pEdm&@n) Disdyspibaabl dhis pHedomeaber r ed
concentration of ethane in the feed, when present, is fromO t o about 2

nmol e perceny. bg gogad iG Besty, t Hehibibapdictioy af Clotigatefl Hydroepibopnaséhpr onot er
and the nBQ%glilg e?aEtthyqéne to Ethylene Oxide,” Chemical Engineering Communications,
Vol. 82 (1989) at 229-232 and Berty, “Ethylene Oxide Synthesis,” Applied Industrial
Catalysis, Vol. | (1983) at 207-238. Paraffinic compounds, such as ethane or propane,
are believed to be especially effective at stripping chlorides from the catalyst.
However, olefins, such as ethylene and propylene, are also believed to act to strip
chlorides from the catalyst. Some of these hydrocarbons may also be introduced as
impurities in the ethylene feed or may be present for other reasons (such as the use

of a recycle stream). Typically, the preferred concentration of ethane in the feed,

when present, is from 0 to about 2 mole percent.

[0024] Given the competing effects of the gas phase promoter and the non-
halogenated, non-promoting hydrocarbons in the reactor feed stream, it is
convenient to define an “overall halogenating effectiveness value,” which in the case
of organic chlorides is an “overall chloriding effectiveness value” that represents the
net effect of the promoting and non-promoting gas phase species in halogenating (or

chloriding) the catalyst. In the case of organic chloride gas-phase promoters, the



non- pronoti ng hydrocarbons in the reactor feed stream it is convenient t o
define an "overall hal ogenating effectiveness value," which in the case of
or gani ¢ cwbaniodiese’ss an "overal |l chloriding effectivenepsTiumbue/029% &t
represents the net effect of the pronoting and non-pronoting gas phase
species in halogenating (or chloriding) the catalyst. In the case of
organi ¢ chl oride gas-phase pronoters, theoverall chloriding effectiveness
can be debidrallcasriting effebtsesdads® difinat iab YheZdintamdiohRRs geatitgd* bydt he
following formula I: (1) Z*= ethyl chloride equival ent (ppnv) ethane

equi val enferrasintediat theneljowingfamylalhe et hyl chloride equivalent is the
concentration in ppnv of ethyl chloride that provides substantially the

sanme cat al yst chlorbging gj% cﬁiweﬁ S8 &ﬁa%%l organi c chlorides present in
the reactor feed stteam t_tﬁ@Lg%%égﬁiiéﬁgﬁﬁzﬂ%gﬁihe organi ¢ chlorides in
the feed stream and the et EAPRNEKIUNGERNERNOlePef$§8concent rati on of et hane

in nmole percent that provides substantially the sanme catal yst dechloriding
ef f ect i vembseeinthe éidyinadveridel esrivdéent dnthei avnegntragidnde apbwres ethyl chierifleed
stream at t he cqgegg%rathons of the nqn-chloride gﬁntainingﬂgydrocarbons in
the feed StateuayideonPsRntieivetyPmenaselydehiosidingeettrfiyensssa organic

chlori de- EHBEi&és”bH%QerHriR”EREer[eaﬁéf?%ﬁtstié&gﬁegﬁtﬁééﬁc%trgﬁ&% éﬁ%%ﬁélpgalfnipe et hyl

chl oride equivalent Is the et | ori concentratron in anot her

chl ori ne- gRIBti@NinNEhePfe@ADItBIan(; SfIRCtHd eflahy equivilenthd fid déncefBrbtiyh oghl ori de
or ethylene dichloride) is used alone or in conjunction with ethyl
chl ori de, etiiaae dn tydle pleresnt deaterglidas ewstardiallndhe samefcatahest clgplefdingt i on of

ethyl chloride inp and t he concentrations of the other gase
chi o | de- CERILERFITG BP AT 6hBTEE oA R e WeB-or e g9 1eF VERESS (e a
pronot er  as, eARabRbrithOn&i-BHbridO LS h AR hydRaFndid 4 redd fpddnyeness of a
non-et hyl chloride pronoter can be neasured experinentally by replacing
ethyl chloride with the other pronoter and determ ning the concentration
needed t {002b1 ai nf ethgl Sdorild ievied ordy gasoat ylidbrigerdran imingae o provar mlegkniby et hyl
chl ori de.
in the reactor feed stream, the ethyl chloride equivalent is the ethyl chloride
concentration in ppmv. If another chlorine-containing promoter (specifically vinyl
chloride, methyl chloride or ethylene dichloride) is used alone or in conjunction with
ethyl chloride, the ethyl chloride equivalent is the sum of the concentration of ethyl
chloride in ppmv and the concentrations of the other gaseous chloride-containing
promoters (corrected for their effectiveness as a promoter as compared to ethyl
chloride). The relative effectiveness of a non-ethyl chloride promoter can be
measured experimentally by replacing ethyl chloride with the other promoter and

determining the concentration needed to obtain the same level of catalyst

performance provided by ethyl chloride.

[0026] As a way of further illustration, if the required concentration of ethylene
dichloride at the reactor inlet is 0.5 ppmv to realize equivalent effectiveness in terms
of catalyst performance provided by 1 ppmv ethyl chloride, then the ethyl chloride
equivalent for 1 ppmv ethylene dichloride would be 2 ppmv ethyl chloride. For a
hypothetical feed having 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



[0026] As a way of further illustration, if the required concentration of
ethylene dichloride at the reactor inlet is 0.5 ppnv t o realize equival ent
ef f ecti vewoes1o/n3d7ér ns of catal yst perfornmance provi dedPoy/us2@pmeoes hyl
chloride, then the ethyl chloride equivalent for 1 ppnmv ethylene dichloride
woul d be 2 ppnmv ethyl chloride. For a hypothetical feed having of 1 ppnv
ethyl ene dichloride and 1 ppnv ethyl chloride, the ethyl chloride

equi val enfurtliertdigmpleiirrat Geewfoudlt fobbdaihtetalyzes thap pievhyl Abloaitie hbhieo
exanple, it has been found for certain catal ysts that nethyl chloride has
10 times figws If-ﬁﬁetl@wfblqr@mge@‘wte/@ﬂeaﬁeﬁfeﬁh\dfd@n@ﬂ ciesrfpete. foTHeiERf or e,

ui val ent f entratlon

f h

of et hyl SEANEE HE StV SSRIE oV ot (it Be Epiigriralon Bh Bielih sEiRBRE,
ppmv) . [ 0Q2mJ1®. £} hﬁé}ﬁyﬁwr\a@ceﬂéen&ﬁat.bh% FoRgentration of ethane in ol e
percent in the reactor feed streamplus the concentratlons of the other

hydr ocar bons effective in renmoving chloride fromthe catal ysts, corrected
for their [@R2F7ect i Therstbsnd equidkdalttliothenedncomtradradf etbahe o ebleopercenthe
relative effectiveness of eth¥lene and et hane can be neasured

exper i menthf 1e5ctey fepekstreamplHy theroncantaations 1) the piheF PudogrilPIaeiésftive
concentr aj| ‘?QmB\'/}ﬁ%t%rléﬂ’dnd?r%rﬁ e SBNE ét‘é"%rr@é‘te&%?'%%{r Qﬁ%{t}%ﬁ'@s’s‘%{f or a

feed conprising erne and et Nane as co eed with

the same gbdWd@eionPBIEEIM fRéthaRe DTHe @Ia&%@fﬁetﬁv@b&%f &hllené g&d eidhwal ent
concentration and no ethane. [0028] As a way of further illustration, if

with a feeah b@mrmswtedmxpermwpnuaﬂv hy dareratihipg emeinteiret byltahitriderequivaB®t 0 nol e
percent and an et hane conce tion of 0 3 nol e percent, a Ievegpgf 6.0

ppm et hyl “¥KEBIPHRN &G P41V Fssalﬂ?)euﬁ%’e{ BV RET Oﬁ@ag%ﬁréorl év
cat al yst P&%FR& E fla En@anﬁ’cﬁ’ HehB%k ﬁr‘%\h??&ﬁ% AUl aleeld SitPieh %Bé' m | ar

feed conposition I ng et ane, e et ane equi val ent 30.0
mol e perceﬂ{yleatehysh@enmamuludt B p&kifiDethll dbdPRICGR)tvalen® Eorbantratieh aneast or f eed

havi ng 30.0 nol e percent ethylene and 0.3 nol e percent ethane, the ethane
equi val enethanel then be 0.6 nole percent.

[0028] As a way of further illustration, if with a feed composition comprising an

ethylene concentration of 30.0 mole percent and an ethane concentration of 0.30

mole percent, a level of 6.0 ppm ethyl chloride equivalents is found to provide the

same level of catalyst performance as 3.0 ppm ethyl chloride equivalents with a

similar feed composition but lacking ethane, then the ethane equivalent for 30.0

mole percent ethylene would be 0.30 mole percent. For aninlet reactor feed having

30.0 mole percent ethylene and 0.3 mole percent ethane, the ethane equivalent will

then be 0.6 mole percent.

[0029] As another illustration, it has been found that, for certain catalysts,
methane has 500 times less the dechloriding effectiveness of ethane. Thus, for such
catalysts, the ethane equivalent for methane is 0.002 x (methane concentration in
mole %). For a typical inlet reactor feed having 30.0 mole percent ethylene and 0.1
mole percent ethane, the ethane equivalent then will be 0.4 mole percent. The
relative effectiveness of hydrocarbons other than ethane and ethylene can be

measured experimentally by determining the inlet ethyl chloride equivalent



[0029] As another illustration, it has been found that, for certain

catal ysts, nethane has 500 tines |l ess the dechloriding effectiveness of

et hane. TWO2010f1@867such cat al ysts, the ethane equi val ent PCOUSAED/029988 | S
0.002 x (methane concentration in nole %9. For a typical inlet reactor feed
havi ng 30.0 nol e percent ethylene and 0.1 nol e percent ethane, the ethane
equi valent then will be 0.4 nole percent. The relative effectiveness of
hydr ocar besvcentraBond hedquiktiheneckinge ehdydaane cerlysb pefeaasmedfaxpefeedent al |y
by determning the inlet ethyl chloride equivalentconcentrations required t
o achi evecemerigegrehe Avdpgarbopf finiersh@é itdeed cppeadtiasinp rat simegdiffreent
hydrocarbﬁn OH I nt erest ag it fggp co centratio% a% tWﬁ dhiferent feed

et hane co‘%@n?hg??Sﬂ@?np?'8”%3%? SFESHCHPBRAENY & TPYUREC haYE Ra¥RlY a very
smal | deCE'ranI'i'&Hcﬂ%ri@fn%egffe&ngndl Ss AIgP PELIENh o Icewwn%@n%ﬂg,rﬁ%énggé, then

its contribution t o the ethane equival ent concentration in the

cal cul at i esntwiblifiorb€o nkg letiginkl equifaliid Wonddrmtioni inethet Atecdlanags wil be

rel ati onships, in the case where the reactor feed streamincl udes ethyl ene,
et hyl chl 8e§ligle-et hyl ene dichloride, vinyl chloride, and ethane, the
overall chloriding effectiveness value of the process can be defined by the

uner oi n PO ER TR diteq e 1ERAnE ShaloRH uT I tasemtBrerl ROrSL )

(C2H5C1 ), feddRyleBranel LGt nyIeRe, EEhy EhidrifE 2t kidne @bsloMl & WinyEtHISdd@nd
(H2C=CH-Cl'), respectively, in the reactor feed stream H and C2H4 are the

concent r aethans, ihe averal geergbng etéctvehesseaburdofethhydrecess caredpeatetine@by, in the
reactor feed ﬁtreaqlﬁkQOEﬁ] In those enbodi nents of the invention wherein
the met hoths 'QIAyBef T WRiHIng/ wi t hi n an epoxi dati on process, those of skil
in the art will recognize that although a single chlorohydrocarbon gas

phase pronoter may fg utikiged,bRpgeqpcgnbodi ments of the invention, upon
contact with the catal yst u%%gg:%qutﬂ%?ion

wherein ECL, EDC, and VCL are the concentrations in ppmv of ethyl chloride (C,HsCl),
ethylene dichloride (CI-CH,-CH,-Cl), and vinyl chloride (H,C=CH-Cl), respectively, in
the reactor feed stream. C,Hg and C;H,4 are the concentrations in mole percent of

ethane and ethylene, respectively, in the reactor feed stream.

[0031] In those embodiments of the invention wherein the method is applied
during/within an epoxidation process, those of skill in the art will recognize that
although a single chlorohydrocarbon gas phase promoter may be utilized in some
embodiments of the invention, upon contact with the catalyst under epoxidation
reaction conditions, a variety of compounds may be formed and thus are present
whether or not a recycle loop is utilized in the process. As such, it is to be
understood, that even if one, or a certain, gas phase promoter is initially utilized in
the present method, the scope of the claims is considered to include not only the
introduced promoter(s), but any or all of its/their reaction products that may be

formed during application of the method.

[0032] The concentration of the gas phase epoxidation reaction promoter can

remain substantially the same, or can be altered, during the method.
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reaction conditions, a variety of conpounds may be fornmed and thus are
present whether or not a recycle loop is utilized in the process. As such,
it is towe:2andesesood, that even if one, or a certain, PGRAISPNASHL99P8 onot er
isinitially utilized in the present nmethod, the scope of the clains is
considered t o include not only the introduced pronoter(s), but any or all
of its/their reaction products that may be forned during application of the

met hod. [ A@ZHtagdoRsIgodemid &t ihenatafméshenddaise Pbie®s epmiaiaing @he beaatli on
pronoter can renmain substantially the sane, or can be altered, during the
met hod. Advaiatvaigdiariding effgstivensss vajue Re the aqtiviti of cavtris Pp@ddasiongetalyshs

th t ch f
B T LA A SR KL PR s L R
i nventi ony,LO& QAYiRfAhdd £84 ?dﬁé&—}ntﬁw %Hsgdﬂilge\%f f&Gtd yﬁ@%%hé’%‘eHﬁnérﬁ at
mai nt ai ned at a substantially constant |evel during at |east the treatnent

at tenper adniperstudés aft atllesss 242400n ot ercdnhiesdi @abig dif veatrveofion, ke bmeraht i on,
t he overall catalyst chloriding effectlveness val ue nmay even be decr eased

duri ng tré%F?l’Yé‘h?m%rt'd”ﬂ%ﬁﬁé?ta’teﬂﬁfésvabfe PAY Vet ﬁ.d@ﬁr@asedodumresee@wt@t equal t

o 25Q0C. [0 The the I nvent makes use of a period
of operatliorﬁpeg%tué%s%c{%bgfgrdh %her c(’arrla s‘atre %)re ur?‘rﬁgon%gewghe efficiency of the

epoxi dation catalyst, during start-up or use of the catalyst in an

epoxi dat i @p3B] OCeF@. méthot D8 dhd1BFe8bmt, intdRioRhAGe usebeY Hefifd e BPeRLBbLHT "
nmeans a tenperature elevated relative t o the reduced tenperature, e.g., of

| ess t hanaben edpyvated tempbaiute menhanceebere&imn%cytdfethelewardetiom emtphsat ure is
at | east gbout 240Q0C, or i gh as 25Q0C,. or even hi Mai nt abnl ng the

h
el evated FEAMestAtHROGSe A S'i‘% ely94008 SPoKidalYnPLBISt éis?%él@r%'f
€.g., at bﬁt%%é %ﬁ%%‘fedzté}ﬂ;gér turg’ p rﬁéan‘seé‘sttem%léf’éihre e[t ed: tn)ee tthélbOUt 12

hour s, even at [ east out ours Ionger as now een ound to be

capabl e OFed@t@ovltelmpgra&i:rgnefgl,cefnltesg tiaheas egudl Ro efbbuei2edwy, Desithbly, ahel east
about 0.1% or at |east about 0.5% or even at |east about 1% relative t o
t he ef fi celeratgddempRestargtialaydeaspebeut 249° ¢, mrtdsahiglons @P0Cher seernbigher.

Maintaining the elevated temperature of at least 240°C for even short periods of
time, e.g., at least about 2 hours, or at least about 6 hours, at least about 12 hours,
or even at least about 24 hours, or longer has now been found to be capable of
providing significant increases in efficiency, e.g., at least about 0.1%, or at least
about 0.5%, or even at least about 1%, relative to the efficiency of the catalyst prior

to initiation of the method.

[0034] It is to be understood that such increases may or may not be substantially
cumulative. However, even in those embodiments of the invention wherein one or
more periods at an elevated temperature may be employed, and may exhibit
cumulative effects on the efficiency of the catalyst, it is to be understood that the
capability of the invention to provide the results described herein will be limited at
least by the theoretical maximum efficiency of the catalyst. The theoretical
maximum efficiency for any given catalyst refers to the maximum efficiency at close
to zero alkylene or oxygen conversion, or close to zero alkylene oxide concentration
under the most favorable, practical, temperature, pressure, gas hourly space velocity

and feed composition (including optimized gas phase promoter levels). It can be
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[0034] It is t o be understood that such increases may or may not be
substantially cunul ati ve. However, even in those enbodi nents of the

i nvent i orwofrerogi2ee7one or nore periods at an el evat ed t erpEstuon29vay be
enpl oyed, and may exhibit cunul ative effects on the efficiency of the
catalyst, it is t o be understood that the capability of the inventiont o
provide the results described herein will be limted at |east by the

t heor et i cabtaifx famexahdpled ignehtaidingt dfeicieadyadarsis. allihend baes ebhaatrataxi mum
efficiency for any given catalyst refers t o the maxi nrum efficiency at

cl ose to gewes dndeyltembess knowy srastien avredidonsfor Hie givansatalyst puvarviigkPk ene
oxi de concent.ration under the nost favor.abl ractical emper at.yre,
pressur o, FGALORJGPIRS UHA-a Y aNER: Py eRHA ! Pedle CORFoLPtitsh TR AN

optim zed gasnhase PROMRIHIoILEY BfRiency) bt 520 (RGRAL ki GonfHratbaRh e, DY
obtaining efficiency versus al kyl ene oxide concentration curves under the
best knowbe r@asidaredacihedhé oretisallyonaxirhemgifi@enaydbraihg givebyatsdsyi ng t he
reaction tenperature and then extrapolating the curve to zero al kyl ene

oxi de concentration. The extrapol ated efficiency at zero al kyl ene oxide
concent r at§%a] cans&!@Vaird tgamstptyte WileesinaRly Be Meintpipedssi I mmentuenéPency for

h i I 035] 1. i i Ly b
e o vengFp) Kl QORI LS TR Sl Bl 01

ef fi ci encyffRient6f hatcalaywst pfid wdtihivigtibn 6f the@redeht ey e@f, at A sCak y St
prior t oinitiation of the present nethod, e.g., at |east about 0.1% once

t he t enpePdfaipece therteoyeedurelih eeckiced.at lede lpertpe terh peret uraynayateisiraily e be

naintained,-e.g., for at | east abog%?Z hour s, %$)ev%p about hours, or 12
hours, or TRABET S8 orfouat l§Btiaboube heyrs gLREN RO Ut SNqUrs, €T d3yoursn Pl even 1
week. Espegi I Rat e | : i i er, - thod is
carried og%rﬁkhzftgér?@ﬁﬁggqggQggggﬁﬁggﬁgigﬁ?'gyg?%#?Qﬁﬁ?hggﬁ%gfwgﬁpedient

ef fi ci encyhdshkanedingedsbohdmoénticandhdraithé aidthdWistcheried] ®iah ety tiepper at ur e
for about 2 t o about 24 hours can be preferred. [0036] After the desired
time at the advavagedsttenpdizate eost sapeciapesfiitianey anhancidesimbxsliyenie
reduced. The fSTRRa HICeTR el GEMSED % ANV pI8Sh S AAIPYAY IR &L 1E

preferred.

[0036] After the desired time at the elevated temperature, the temperature will
desirably be reduced. The temperature may reduced by any desired amount relative
to the elevated temperature. In some embodiments, the temperature may be
reduced to the desired operating temperature of the process. As is known to those
of skill in the art, the desired operating temperature for an epoxidation process may
typically vary, e.g., over the life of the catalyst. In certain preferred embodiments,
the temperature will be reduced to 230°C or less, after the desired period at the

elevated temperature.

[0037] The changes in temperature can be caused to occur in one or multiple
steps, and may be caused manually or by a control system. It is further to be
understood that either or both of temperature elevation or reduction may take place
as smooth functions, or as stepwise functions. Because of this, as well as standard

fluctuations provided by commercial temperature controllers, the particular
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to the elevated tenperature. In sonme enbodi nents, the tenperature may be
reduced t o the desired operating tenperature of the process. As is known t
o those ovO=kio123678 the art, the desired operating tenpecatuse@ofer4gan

epoxi dation process may typically vary, e.g., over the life of the
catalyst. In certain preferred enbodi nents, the tenperature will be reduced
t o 230C or less, after the desired period at the el evated tenperature.

[0037] Theernpapgess Hicusesd @epadinfigl@RNabRasatizestahddrd aewlitioh Nasedeated

mul tiple steps, and may be caused manually or by a control system It is
further twithéhemeaswingrgivitiagntangdfsitheterpRaratuse cortngller(at ur e el evati on or
reduction may take place as snooth functions, or as stepw se functions.

Because o IS, -as || as standard fluctuati.ons provided by commerci al
t enper at uioe&agl)nt r@]el g‘?@?ertaﬁuere pYaap%’?sc af atrht'serlr"bveerng'f) Ur reegerd;{gcﬁ]ses és h@nraé? n

include aterhgasturéén Thandadight dgad. at AOPhRESSHC opdiBEHyWKiIN ik RBe NBRBHE NY
equi pnent and/or the tenperature controller(s). [0538] The tenperature

val ues i nptduessingaréntd omarectfearpetatardstod ngpansifarharses prengseesanay epidafly bae

catal yst bed. As those of ordinary skill in the chem cal processing art are
awar e, teffisar et AEsctyroniBHIACE¥t uri ng processes may typical ly be neasured
directly or indirectly. [0039] D rect neasurenents of the tenperature of

th t al d ' , . ' ' i
€ cata gq?)te?@gre aﬂfe}égt?ﬁea%me%éh‘%g of $hd tem Yr 2B 8t 'tH’eelsé’tanng%'rﬁ%dﬁeNm Gl e

;
t her nocou er optic probe relative t o the cat'al yst

t her nocoupb@sneal efd.bey dHetdttepr aRPSsiEBY HRrtbtdipd€dr 4 HibehigphicC@dbe a
wei ght ed average based on thernocoupl e/ probe position and spacing in the
bed can beelativedtot ihercealyst dad. t Meltipderipferamwaeuplesspn dhaipptigadrgbesanawnber age

t enperature,. mgy. be opt ai ned vi t hemati cal integration, of the neasured
tenper at UPEIRS WERR Bty ot KEE BT GEeEReD PbORGT ERUT BATaPS S6ER

t enper at Uy BRIGn 3hS Bed BEH bEGLdd gTRBRME RORNIIPEr S HidkAtivefy, n, Vi 2
conbi ni ng the neasurenent and/or cal cul ation of cool ant tenperatures and
reaction beabggengycadtuenmayrbasbtameniia obtiedadticaringigtdtivdrdf thé measared

temperature profile along the catalyst bed.

[0040] The catalyst bed temperature may be also indirectly measured and/or
calculated, e.g., via combining the measurement and/or calculation of coolant
temperatures and reaction heat generation, measurement of reactor effluent stream
temperature, simulation methods that combine a priori knowledge about the system
(plant data) with a mathematical model to provide a real-time estimation of the
temperature profile along the catalyst bed, etc. For reactors using boiling water as
coolant, the coolant temperature can also be accurately calculated based on the

measured steam pressure in the reactor shell.

[0041] Because of the ease of use associated therewith, many commercial
epoxidation production facilities utilize indirect measurements and /or calculations,
and these can be used in the present method, with measurement of outlet gas
temperatures being preferred. It is to be understood that the measurement
technique utilized is not critical, so long as the elevated temperature used is at least
about 240°C, and the reduced temperature is less than or equal to about 230°C

inclusive of at least the standard deviation associated with the measurement
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tenperature, sinulation nethods that conbine a priori know edge about the
system (plant data) with a mathematical nodel to provide a real-tine

esti mat i omoabiovhes7senperature profil e al ong the catal ystPrChas201e029948or
reactors using boiling water as cool ant, the cool ant tenperature can al so
be accurately cal cul ated based on the neasured steam pressure in the
reactor shell. [0041] Because of the ease of use associated therewi th, many

commer ci abpggratts Gatiadn eppadet tdnoterbaeé Hiffdr@te et lve@ean NdiireeCind@idsr enent s
and /or calculations, and these can be used in the present nethod, with
measur erremeawem@m ého{tjd@nt'%’iﬁéf ateawgmét mgthaceheemelgyed.t Fersexpmplepe

under st 0o surengnt .te critical, so long

ne i he! or b PR Mis Tr 35 PO ¢ Rk O Sadiideligh eacsipt thal e e Rt

tenper at Uggajyst lbegStehfiRfatife QIY; het tﬁa@tmgtco%%f?@ feRfersiuke ofheatexéc%ast the
standard devi ation assoclated w he nmeasur enment appar atus and any

expect ed tigfigparcat uepeodd far eruaetobetdmgm aoperdtihgr evhdaiods dlamelctcatmmurerrent,
shoul d an indirect neasurenent nethod be enpl oyed. For exanR e, it is
known, dugefforsnance. EQLEXREIIE.JORAR gEYIese eagyidptaR FysterP adth hishsffidensy t he

aver age alAlYok HehaTE BLS Aoy HGIEtd A0 G008 a0 SmRr At ure

The exact pends on r 5 G, Oper &t'TRE" Condi't i Ohs, and

cat al yst merth@rémgwﬁ bEQT sewmh@,wftﬁih 8o @t hw@r}ﬁgmomacﬁa&h@rbo%m&emwth
high efficiency catalyst (e.g., > 85% and with borling water as the

cool ant, tdmpaverage tenperature in the catalyst bed is typically wthin
about 10C higher t han the cool ant tenperature. [0042] As those of ordinary

Kill i - t t abl
veys for MRLL | s PRE PRAEReBi LAY h?gk'é%em@m%r EeESE CFieis HP T i se,
i ncl udi ngarebmgnn%p.té%magg rhOpah TSI HaBio | AMbdrah e A BT ARAHES Of the

cool ant; reacto osition, "space ve , and pressure, etc., and

any of theeResmhdARIinY, ibut b@dhmeadbU&tm;téa@tuw,nw aétur@nd)bretshﬁepﬁ&a@nt
process. [0043] The present nethod can be utilized t o enhance the
ef fi ci encyo@dntameactor feed composition, space velocity, and pressure, etc., and any of

these may be utilized to adjust the temperature of the present process.

[0043] The present method can be utilized to enhance the efficiency of an
epoxidation catalyst during start-up or use, or it may be utilized to re-activate
catalysts that have been used, but due to planned or unplanned shut-down, have
been subjected to a period of inactivity. In other words, and surprisingly, the
present method can be effective to provide increases of efficiency of at least about
0.1% to catalysts that have been, or are being, exposed to feed gas comprising the
desired reactant, e.g., one or more olefins, relative to the efficiency of the catalyst

prior to initiation of the method.

[0044] One class of catalysts that may find particular benefit from application of
the present invention includes those useful for the epoxidation of olefins, and in
particular, for the epoxidation of alkylenes, or mixtures of alkylenes. Many
references describe these reactions, representative examples of these being Liu et
al., U.S. Patent No. 6,511,938 and Bhasin, U.S. Patent No. 5,057,481, as well as the

Kirk-Othmer’s Encyclopedia of Chemical Technology, 4™ Ed. (1994) Volume 9, pages
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epoxi dation catalyst during start-up or use, or it may be utilized t o
re-activate catal ysts that have been used, but due t o planned or unpl anned
shut - dowwohawe2beén subjected t o a period of inactivi PgI/USROIOHOR®AS WOr dS,
and surprisingly, the present nmethod can be effective t o provide increases
of efficiency of at |east about 0.1%t o catal ysts that have been, or are
bei ng, exposed t o feed gas conprising the desired reactant, e.g., one or

nmor e ol ef b0S959 edlladfi wiich afe tnderpefdted bgneferdcetHeeein ah ahanséntretyofortang

initiation of the method. [0044] One class of catalysts that may find

part i cul arnbhahagiposes: diheuph theainvertiastis mﬁtesq)lnrémwtfm nw/r@ﬁmsmf SIrTﬁmlcwes t hose
OXIdat on. of efins

ooyt dat | 8t JFsEREH SRaictigh qrdbe pragn, Mehadisdhibe ikl PLrettf ot

descri be EH@%hrr@I%?édc@'?écatraS/Hs%@m%&N@e%ﬁ?ﬂoﬁ%f@fhy@h@se being Liu et
al., US. Patent No , 511,938 and Bhasin, U 'S. Patent . 5,057,481, as

well as the Kirk-Qhmer's Encycl opedi a of Chem cal Technol ogy, 4th Ed.
(1994) Volapg#s] 9, Gragedy15ucd5@ialgdts acf suppbthd as@lyistse engh ovagte@dhdvige ra@f er ence
herein in their entirety for any and all purposes. Al though the invention

i s not so°f the P, ”‘f’Bﬁ’erprr'iﬁ‘BE’@sp%Pu%f%CFQthsguéWH? Pr Pwotrfamabﬁ'{'a 2pPl i cation

of the Pl lohg" SvVIfaHF\?efq thgtpo%Js'}%Fra%%ffHapéar?al cﬁ%steﬁrﬁrﬁs P%ﬁt%%@;lw&nnrtﬁ erence

to cataly he €poxi I on o ene al'ly, such

cat al yst s passen@UTRAE cRmialsalniSirScesangl cmt.gwmwe@wm@faprph@tioar@e number
of known porous refractory structure or support materials, so long as

what ever Mh@hpmeohspmhbomms@pﬂvNBM@euaﬂa@hoﬁenayBt0¢sInﬁkmmnvemythﬂert in
the presence of the henlc | s an roce S|n ondi ti din the
appl I cat i SHPRCR MRS ﬁ8d§ b soRurseacaube rope, BF mbl B htandy ar so
be i nport sts based upon the
sane, be gaﬁ'lthéraf?egteb\n{b’? stan fparIQrEIu?Jﬂl%téatu&g%%hpgﬁgﬁgécg% pressure
fluctuations within the reactor. [0046] There are many wel | -known net hods
of prepar (00365 UpPheresars undrgblvell-kaswii seethodabk ptepaanxusiroaduapkt for  Some  of
such nethods are described in, for exanple, U S. Patents 4,379, 134,

4, 806, 518UsSGiNGHgleremxids, Ggaly 8o 50ME, G3ucioBPthant arsdescriked inFéer example,

U.S. Patents 4,379,134, 4,806,518; 5,063,195; 5,384,302; 6,831,037 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 and/or pore size
distribution after its removal during the calcination step. The levels of impurities in
the finished support 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 support
having particularly suitable properties for alkylene 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) to provide peptized halogenated alumina,
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exanpl e, an al pha-al um na support of at least 95 %purity can be prepared
by conmpounding (m xing) the raw materials, extrusion, drying and a high

t enper at W 208128674t i on. I n this case, the starting rawPgatuseélalozowusual |y
i ncl ude one or nore al pha-alum na powder(s) with different properties, a
clay-type material which nmay be added as binder t o provide physical
strength, and a burnout material (usually an organic conpound) used in the
mx t o pranigte(felesiahtlke, b9t utiig ah@faEingathe pehafddiasdgenbiediadimiabtter its
renoval during the calcination step. The levels of inmpurities in the

fini shed supser tformed deapsized nealogapatese amingy d¥inghéhe dermed epgriized used,

d their,d f volatilizatjon duri he cal cination. step. Co
pur 1 LR A PTG o B AT TRk LA e Gt i B BUFdes and

trace amuhRdiumiibab pastHeilGpiBhaly rhodmtied BioRs aRRGhE bt Anot her
met hod for preparing a support having particularly suitable properties for

al kyl ene oxi de catal yst usage conprises optionally m xing zirconium
silicate YA0A] boehon¢ enddodimendt, (¢ @@bHoramekterialgammuEaks @k iegst pépui 80ng t he
alumnas with a m xture containing an acidi c conponent and hal i de anions
(pr ef er abMgignf (SFGeAk AlRPEIENINg adpromArises frepithareaberd Yy erds @gr million

al um na, f gr.q r ) axt I 0, Sgi I i.zed

hal ogenat géaﬂg}%ﬂé éllg. a{"gﬁg‘ﬁ%'?(?éweé n’e@tégke/%?ri]tzéeeép%nalOthE%élltpég%gﬁﬁﬁ% ﬁéfg drying

the for @%@@kémi&%me%aidadamau@amaantrﬁeﬂarsqoéi%ecaqt_rdlaeéd barredeahym na,
and calcining the dried forned alumna t o provide pills of optionally

nmodi fi ed af piheasadpom, nehesapperacid-lp@dwBle dlkalometdstaoziserected ftdre I8bippor t
material copprises at | east. about 80 wei ght percent al pha-al um na and
conpri ses PBYY. ?cﬂ'é?f"%tﬁi% BptEes theredr mil1ion acid-1eachabl e alkali netal s
by wei ght, the weight percent of the al pha-alum na and the concentration of

t he aci d- abl I I N i t he
support, m(rgg t thregAcrigg{)ljll g@ﬁgbﬁgggﬁtkgﬁﬁﬁg%ﬁﬁﬁ?@sﬁ@ﬁd rgﬁ{elri t hi um
sodi um podrapsmant) innBay AMdute hdcbsagobr defdBTorPoepeadsiigl eactohs,t big., suppor t
material may further conprise any other conponent, in any anounts,
necessar yWaterdagdrinderar luprieeas lisngrsastse o formegp, dopants, modifiers, etc,

such as those described in Introduction to the Principles of Ceramic Processing, J.

Reed, Wiley Interscience, (1988), incorporated herein by reference.

[0049] The support material(s) will desirably be porous and have measured
surface areas of at least about 0.5 mz/g (more preferably from about 0.7 mz/g to
about 10 m?/g), measured pore volumes of at least about 0.3 cc/g (more preferably
from about 0.4 cc/g to about 2.0 cc/g), and median pore diameters from about 1 to

about 50 microns.

[0050] “Surface area”, as used herein, refers to the surface area as measured by
the BET (Brunauer, Emmett and Teller) method by nitrogen as described in the
Journal of the American Chemical Society 60 (1938) pp. 309-316. “Total pore
volume” means pore volume of the support material and is typically determined by
mercury porosimetry. “Porosity” is the proportion of the non-solid volume to the
total volume of material. Total pore volume as measured by mercury porosimetry or
water absorption may be used to estimate porosity by those of skill in the art.

“Median pore diameter” means the pore diameter corresponding to the point in the
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wat er, acid, binders, lubricants, dispersants, pore forners, dopants,

nodi fiers, etc, such as those described in Introduction to the Principles
of CeramwoORpo¢e3®&SNg, J. Reed, Wl ey Interscience, (1988x/Usknoneas at ed
herein by reference. [0049] The support material (s) will desirably be
porous and have neasured surface areas of at |east about 0.5 n2/ g (nore
preferably fromabout 0.7 n2/ g to about 10 nR/g), neasured pore vol unes of

at | east pbeWizédistribatign GEwHechplif ef el tptdl rsore ablatie & theGbaged poroabout 2.0
cc/g), and nedian pore dianmeters fromabout 1 t o about 50 m crons. [0050]

"Surface Bpdahas hegnieaguiedrein, refers t o the surface area as neasured by
t he BET (Brunauer, Emmett and TeI | er) method by nitrogen as described in

e O Mas] e pRb G Ma B SR S ik, St ARl By s, o o'

pore volu ans pourpgovol u support ial cal |y

det er m nedoR)enfBRAWOYh REEABTIXRE Bt ethileh@8kitY redctork Rfe BpRAMN i1 @R f@ﬁfmt he
non-solid volunme t o the total volune of material. Total pore volune as

nmeasur ed bfa p’enrajmv 9f Rt ieloegatedonbesdtner suatablerspell)dravimgyanivetersitiaimeteo
estimate porosit hé those of skil] in the art. "Medi an pore dianeter”
means t hepBpP@ "ﬂﬂoéi tor/ eBepe sperdh AhTres act}‘?ét 669 At nFerHé%dﬂ gichifixgd

di stri but| <9.)c§1re%tcto\¢€| tﬁgaukb%fébrgg etrgﬁééa%l ts R/ﬂlr(?es\f%lygFf ettor\ﬁ {]%%gec?or ous

body has been neasure support mat er s can be of

any desi r ehpes Widhabd, &rop RaPApleCopivea s, | grliats, ¢RBYEIa6Iedd, afnuxmé m@d h@f/lh?' ene
oxi de reactors are typically in the formof a plurality of paral |l e

el ongat eddianteters fiom abauiOtlaibtlke (GHetr) tormpeuh@.8amchd@tcer). di anet er of from
about 2t o7 cmand a length of fromabout 4t o 14 m For use in such

fixed bed tors, the support rraterlal cat s.wll desirahly, be
formed 1 ni93F  oURagttERdpane strer b amtets) BRkARTE Saphere dlTslede i ngs,
tablets, gpd cta%ﬁd K el[!aé!é 16l AMBERHSN ! I RBhH Hﬁ Qxdmb6 o Catd tE”) to
about 0.8 ﬁnch crr?e.CI 0056%1I rﬁg(f%tpl Bn t o "?rﬁe gsuppr(T)]lrpt rr%t e?lgll
epoxi dat i epeciat @ay shay iadminmg%oatly |beasip ponedciat ahey sugpsperdtesaldiaplaget ed
t hereupon. Non-limting exanples of catalytic

metals, solid state compounds, molecular catalysts, enzymes and combinations of

these. Typically, catalysts useful for the epoxidation of ethylene utilize silver as the

catalytic species, and the same is preferred in these embodiments of the invention.

[0053] Some conventional methods for the initialization or improvement of
efficiency of epoxidation catalysts require limitation of the amount of silver utilized
in the catalyst. More particularly, and because some methods of improving catalyst
efficiency require temperatures of greater than 250°C, and/or introduction of
reactive gases, e.g., oxygen, that can result in contact sintering of silver, these
methods can require the utilization of reduced concentrations, or densities, of silver

relative to the support material.

[0054] Advantageously, the present method does not suffer from these
limitations, and any desired catalytic amount of silver, i.e., any amount of silver
capable of catalyzing the direct oxidation of, e.g., ethylene, with oxygen or an
oxygen-containing gas to the corresponding alkylene oxide, may be used. Typically,
the support material will be impregnated one or more times with silver compound

solutions sufficient to allow the silver to be provided on the support material in an
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speci es that may advant ageously be supported by the support materi al
include netals, solid state conmpounds, nolecul ar catal ysts, enzynes and
conbi nat iwo0f128616se. Typically, catal ysts useful for wrhe/usparios®us on of
ethylene utilize silver as the catalytic species, and the sane is preferred
in these enbodi nents of the invention. [0053] Some conventional nethods for
the initialization or inprovenent of efficiency of epoxidation catalysts

require | afolat greatedfthimebaipércert, gidav@rthdh iabb@eth pércbie geated hsh. More
particularly, and because sonme nethods of inproving catalyst efficiency
requi re tabpdrkt opresntoRreptenthan abeah 205mceningirater itheh abowt 2oReEENt eact i ve
gases, e. cont act iinteringﬁof silver, these

. t hat |t i
met hods o e Pal FBatdhdion FRTSRY, Ririe HEHTRE ebiaL FATEDfa e
densi ti esgo@breht ¥§ Welohl Hak¥&oh tRe HBRHE Hpﬂgctatﬂ?stt.er/-\'ltﬂbugf{ 8R2bhount of
Advant ageously, the present nethod does not sufter fromthese |limtations,

and any deisier aetlizdti@ahyt partiamauntimoéd,she vetount ofsilveapyovaleduntomiecsibhver
capabl e of‘catalyzin% the direct oxjidation of, e.g., ethylene, wth oxygen
or an oxyMéh-deniupaitigaigaal may yshallk Be lessgbARiakguRI7R \ResFRIt oI & Ry be

used. Typicall h uppor t terial. wll . i,.prean d onge, q re times
weh si 1 verteghodns B8 Htln B foreR Bhois G SPRAEOFBCyRRE: o oMRe
provi ded pfalyb@. support material in anamount greater than about 5 percent,

greater than about 10 percent, greater than about 15 percent, greater than
about 20 percent, greater than about 25 percent, preferably, greater than

about 27 p¥I56knt ,Inatedmsmf edgnsy,etheblatalytic epeees, t han sivoutreld30vepdo dbat by

wei ght , bas?d on the wei ght of the[\ catal yst. Although the amount of silver
utilized PY ?fStar?)aa?ﬁh@&F Pery Material gy BeHeseRb ihemerisiuPa At [fasL R0l i n

connect i of o2 (1%, 3HBRGN 0 TBIAT bPbydIRY, HMRALLY 0OnPESphian about 70
percent, and gtAt)r'e plpePera ﬁ[y%f eds’ than %tb(iut ! g rcent y wei ght, based
on the weight of the catalysts. [0055] In terns of density, the catalytic
speci es, @036] sSiAlaiughrsilat pareicle aze metirufifisloel astalsafistimporuppahe
material may be present in amobunts up to at | east about

range is not narrow. A suitable silver particle size can be in the range of from about

10 angstroms to about 10,000 angstroms in diameter. A preferred silver particle size

ranges from greater than about 100 angstroms to less than about 5,000 angstroms in

diameter. It is desirable that the silver be relatively uniformly dispersed within,

throughout, and/or on the shaped porous body.

[0057] Catalysts according to the present invention desirably comprise rhenium,
and may, in certain embodiments, further include one or more additional promoters.
Rhenium promoted supported silver containing catalysts are known from U.S. Pat.
No. 4,761,394 and U.S. Pat. No. 4,766,105, which are incorporated herein by
reference. Broadly, the catalysts comprise silver, rhenium or compound thereof, and
in some embodiments, a co-promoter such as a further metal or compound thereof
and optionally an additional co-promoter such as one or more of sulfur, phosphorus,
boron, and compounds thereof, on the support material. As is known to those skilled
in the art, there are a variety of known promoters, or materials which, when present
in combination with particular catalytic materials, e.g., silver, benefit one or more

aspects of catalyst performance or otherwise act to promote the catalyst's ability to
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0.07 g/m2, or upt o about 0.2 g/m2, or even up t o about 0.3 g/m2 or
nore. [0056] Although silver particle size in the finished catalysts is

i npor t antwotzh®/12a61§e is not narrow. A suitable silver pacriusc@o®e®es can be
in the range of from about 10 angstrons t o about 10,000 angstrons in
dianeter. A preferred silver particle size ranges fromgreater than about
100 angstrons t o | ess than about 5,000 angstrons in dianmeter. It is

desi r abl enfakat debieed plodatt, bg. reeh@éne/etise onpiopliehy oslidepenses sydctfiaiin,

t hroughout, and/or on the shaped porous body. [0057] Catalysts according to
t he preseptd |Vﬁvl§nwcbnp@€§t?@blnyth?@?ﬁﬁh’ﬁ§@r¢ rEeRE Aty %dcor'ﬂﬁ';dQFEI%C@téthél n
enbodi nent s i nclude o nore additi onal - Do ni um

o onot ed ST B8 ARG B BT RyTeoke o ot SR REaRT e O SR by
4,761, 394c&'3g/sllsj' érfdo%ncé\k?or &eahfiffe é%ﬂciW@'tﬁ@rﬁ@%r‘d?ﬁ&fn@%f%@&hclﬂ%ﬁ%‘fn by
ref erence. Broadly, the cCatalysts comprise silver, rhenium or conpound

t her eof , amddasired preluvetyivediidirgthe ted@peat reoawiisad t@u;chueas aguitalsle hete ofret al  or
conpound t hereof and optionally an additional co-pronoter such as one or
nore of stfactien, rﬁ%@% %Eatefbﬁrr6W°U'&tﬁd>fé’é‘ﬁ*9%[ﬁﬁ*dr§a€tﬂfé}seé‘fc Fd‘tﬁtheh@o%pport

material . an as%ho gWortdm%r\éPOﬁ?n %h%[‘:\lrtedrela@vatrge ?nrattérlal Wi are gsagl ety of
known pronoters, materi S WA FesBnte T conbi Rat fonwft h

particul abrcﬁﬁét@r wa eemaeéaca.loﬁ caf b8 an |r§1|ﬂ)|’t/c9rrof ahenet 'réacﬂBﬁf RSr gPp&sedspect s
of catalyst performance or otherwise act t o pronote the catalyst's ability

t omake aoﬂ’df@mrescénpnrwdnno aeprgmotetlhylrm*termixmfdeh bas 7 effiadt enehexierall Mor e
specifically and while such promoters in thensel ves are %enerally not

consi derebeaégP'éF@i’lt ixfamgreale tartae etfisigpt plasueten 9f tagyresisem PioBlEeWIeHbne or
nore bene Y |l e

T et A L SREh T BT D R S HRTRLE

reduci ng the terrperature required t o achieve a suitable rate of reaction,
reduci ng {dussl at agown ppeBteds Gbr UNU@sbsiRd e£aRLIsORS, iRl @pokidstidierofor e, and

as those of ordinary skill in the art are aware, a material which can act
as a pronsthyenefindudradiut éde netbimiten tearhebisinarmelibddsiunortungstemdithiem,
roaction. o B BORes O e PLASGTh, RSN ReRLATOhS) bl TRt eri

tungsten may suitably be provided as oxyanions, for example, as perrhenate,
molybdate, or tungstate, in salt or acid form. Examples of promoters, their
characteristics, and methods for incorporating the promoters as part of the catalyst
are described in Thorsteinson et al., U.S. Patent No. 5,187,140, particularly at
columns 11 through 15, Liu, et al., U.S. Patent 6,511,938, Chou et al., U.S. Patent No.
5,504,053, Soo, et al., U.S. Patent No. 5,102, 848, Bhasin, et al., U.S. Patent Nos. 4,
916,243, 4,908,343, and 5,059,481, and Lauritzen, U.S. Patent Nos. 4,761,394,
4,766,105, 4,808,738, 4,820,675, and 4,833,261, all incorporated herein by reference

in their entirety for any and all purposes.

[0059] The rhenium component 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 rhenates, the
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reaction that is favorable t o the efficient production of the desired
product, whether or not it may also inhibit any conpeting reactions that
may si nulwaresueBgrsoccur. [0058] Known pronoters for silPegrush@smessat al ysts
for the epoxidation of ethylene include, but are not limted to, rhenium
nol ybdenum tungsten, |ithium sulfur, manganese, potassium rubidium and
cesium Rhenium nol ybdenum or tungsten nmay suitably be provided as

oxyani ons perfri¢nagenipk oxidks Ped thernizide, ofiflenngat eHowevdriings tatlladl, metalsal t  or
acid form Exanples of pronoters, their characteristics, and nmethods for

i ncor por aperrﬁbertaﬁ@s, pammmm a%rrfpﬁartate oﬁ'kﬂllfﬂf- cattal y@,ettalarperrh@@%tﬁﬁ béidvern

Th t t 40 | | t | 11
v ough 1800t et perigelaEpapliveriddpige BRbalEbedied. flecihar ony
No. 5, 504h9§c%x|d§0@ezogtwﬁén dissdived iRaLSR_E, M@rol eé@@peﬁﬂgmc BRashReoLhoral -

U.S. Patent Nos 16, 243, 4,908, 343," and and Lauritzen, U S.

Patent Nosydrégdt pedBdnatd, T6s, ¥B5 purhdBBof7 &8s spfhc&&@tlﬁﬁ&hemnm He@3Bd261, all

i ncorporated herein by reference in their entirety for any and all
pur poses. 308 FPnSHReHHEnP{m Q%rﬁ?@ﬁ@qtth@taﬁ, BeOpr SiMites FhEAISIHERS S PR or N5,

for exarrpl)«(ehl%lgedé gthml;}na dls% h%‘s?n @d%num g}%O'!ir:%s an. as a cation or as an

ani on. Th& TReni mspeC| es edMH anced efficiency and/ or
activity is not certain and nay be t he conponent added or that generated

ei t her dU[OOEOLIOF epalyats Omppking BAveFat alcyalytRIspEdiéd 4tvelP A Jeadt Aindly St .
Exanpl es of eni um conpounds i nclude the rheniumsalts such as rhenium

hal i des, the prchecmeumaﬁogoheueddeélndmhelqulaerbane‘s frqrhepelrcahermafée presemt oxi des
and t he aci ds  of eni um However, } Ikall nmet errheﬂ}?t es,. ammoni um
per r henat H‘Ve%ﬁ'%la\” e PiRIVeEs are Bré & gomg,ql@qu IENteh 28BSt her
err henat i b de,
Peoay an Ry 3 de3 Ay RO ABRLOK b RN %éﬁntf%‘fﬁ%ﬁﬁ RoRer et keS|

hydr ogen pptighsinad eo-chkm&ter.f MorpUppas&sly @he Furtiserspeai kiserttcafromhaai um
hept oxi de can be considered to be a perrhenate, that is, ReO4. Simlar

cheni st ri g®upael Geoupxki bietads Grpupt Ifematelsamelybdenums tyngsiand shuamianl

tungst en. . . . . . . . . L.
9 titanium, hafnium, zirconium, vanadium, thallium, thorium, tantalum, niobium,

gallium and germanium and mixtures thereof. Preferably the further metal is
selected from the Group IA metals such as lithium, potassium, sodium, rubidium and
cesium and/or from the Group IIA metals such as calcium, strontium, and barium.
Most preferably it is lithium, potassium, sodium and/or cesium. The metals, as well
as the rhenium promoter may each be present in a quantity of from 0.01 to 500
mmole/kg, calculated as the element (rhenium or metal) on the total catalyst.
Optional co-promoters include, but are not limited to: tungsten, manganese,

molybdenum, chromium, sulfur, phosphorous, boron, and mixtures thereof.

[0061] The supported silver catalyst can comprise a rhenium promoter, a first co-
promoter, and a second co-promoter; where the quantity of the rhenium promoter
deposited on the carrier is greater than 1 mmole/kg, relative to the weight of the
catalyst; where the first co-promoter is selected from sulfur, phosphorus, boron, and
mixtures thereof; where the second co-promoter is selected from tungsten,

molybdenum, chromium, and mixtures thereof; and the total quantity of the first co-
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[ 0060] Catal ysts conprising silver as a catalytic species as well as at

| east rheniumas a pronoter are expected t o find particular benefit from
appl i cat iwo 20fo/2B@5pr esent i nventi on, and such cat al yst eCans2@oet®ns ed. | n
sone enbodi nents, the catalysts nmay al so desirably conprise a pronoting
anount of at |east one further nmetal, and optionally, a co-pronoter. Mre
specifically the further netal is selected fromthe group of Goup IA

met al s, GpaupothA afet thleSsecond \bgromdtert delasited,onCtieoBardiat id at andsynd.8 haf ni um
zirconium vanadium thallium thorium tantalum niobium galliumand

ger mani unmapRlefkextelptive te Hee weight ghtbe satalysy the further metal is sel ected
fromthe Goup A netals such as lithium potassium sodium rubidi um and

cesi um an fr t he oup. VA netals.suc s calc¢iu strontium _and
bar it um W2y of B GORYS G R F e S A e st R sl e i The

netal s, aghap@lrh pembi&, BhERE UM EREABRY EAndTBYsRBAM BSHrEMBERN wHefeiR tHHANt i Ly
of from0.01t o 500 mml e/ kg, calculated as the elenent (rheniumor netal)

on t he totrelarcatialofghe figpt icopr@imater fir thenteepsd icogromdeterbsigreater thah 1,i mi t ed

to: tungsten, manganese, nol ybdenu chrom um sul fur, phosphorous, boron,
and ni xt ulagraimepRdfrst LOMEATOtRRES SEiSSHIG Bamsishiiey RheERITYY BARNCAMri se a

rheni um pﬁﬁﬂ?hegrtpﬁ%o&i Jn%wﬁ&%!nom%et %%Sg??g&#%rﬁgfeﬁggs&gét%qmﬁm GlngsYdicr e the

guantity o eni’um pronoter d carrrer 1s grgtesa er than 1

nmol e/ Kg, nioBjaehyi@, trohdi@énend MixtQfestthereet Bhe/ &dtalydth@mecdntiRiskisiedr, a
co-pronmoter is selected fromsul fur, phosphorus, boron, and m xtures

t her eof ; v tdremetaroadirsbc@porrotter, arsl 8 skewtdech-f promotemgs taeggrrier;

nmol ybdenum, chrom um, and m xtures thereof; and the total quantity of the
firet copPORER RINSATOIRRE B EbHle dBsipFEREASteHABILEL S80%h COMEOBAIT o i s at

rost 3.5 PYNE!diln of IR he iR BSHrORIoB s QLictiR] Fth LS phofffs The

cat al yst conpriée a carrier and, deposited on t carrier, er, a

rheni um poorsp} fid maktlites Shereof; BhO NS &con@ B peo rAGeP BGeROtdalr fodrt@figstamer ei n
the nolar ratio of the first co-pronoter to the second co-pronoter is

gr eat er t hwlybdenwheehepmiyrneanidimigtureptherentoter i s sel ected from sul fur,
phosphorus, boron, and

[0063] The rhenium and any other desired promoters included in the catalyst to
be subjected to the present method are desirably provided in a promoting amount,
and such amounts are readily determined by those of ordinary skill in the art. A
"promoting amount” of a certain promoter refers to an amount of that promoter
that works effectively to provide an improvement in one or more of the properties of
a catalyst comprising the promoter relative to a catalyst not comprising said
promoter. Examples of catalytic properties include, inter alia, operability (resistance
to run-away), selectivity, activity, conversion, stability and yield. The promoting
effect provided by the promoters can be affected by a number of variables such as
for example, reaction conditions, catalyst preparative techniques, surface area and
pore structure and surface chemical properties of the support, the silver and co-
promoter content of the catalyst, the presence of other cations and anions present
on the catalyst. The presence of other activators, stabilizers, promoters, enhancers

or other catalyst improvers can also affect the promoting effects.
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m xtures thereof; and wherein the second co-pronoter is selected from
tungsten, nol ybdenum chrom um and m xtures thereof. The catal yst can
conpri se WPI208v123&@5r heni um pronoter, a first co-pronot ePCTASA18/03®eHNd co-
pronoter on a carrier; wherein the nolar ratio of the first co-pronoter t o
the second co-pronoter is greater than 1; wherein the first co-pronoter is
sel ected from sul fur, phosphorus, boron, and m xtures thereof; and the

second co{queahot eaxeimdlasglsantisld moemtt Wigslkaium B wagenedntochahgeiftom and
m xtures thereof. £006'3Jﬂ The rhenium and any other desired pronoters
i ncl uded Pbouth8.0881 aveisht pegcepee (Subprawi d@ 2 oveisbt peeseht(208PG dwnwk

desirably provided in, a i ng, anount . _and Cc mounts are ily
dot er i o8P <bfigtun 3pBulh i yRRefPReRy (REmHE L Wit Befkg GhBn Y or a
certain pPBW)%asE@f@r{ $hd Qofdl REBMNLF Ghe LIV R! OIS LLERLHAOFHEhium |
effectively to provide an inprovenent in one or nore of the properties of a
cat al yst canponeit mgpyt dfterpbe pedvided i@l aat andeunt of A leat abysit 1 ppihwe eaprat Si ng
said pronpter. Exanples of catalytic properties include, inter alia,

oper abi | i t8psi akasit st BPRW, forgexaiil@viiyyomsadost AP \ARMW tg @byt 2900 eBMer si on,

St a0t 1Tty oAU nk0Pa O SR A% B S REOVRISHL AL WG OPRI SR can be

af fected By a nu es suc S r ction conditions,

cat al yst prRBYAhEY6tal REBR SUBE caiWif.ace area and pore structure and
surface chem cal properties of the support, the silver and copronoter

content of the catal yst, the presence of other cations and ani ons present
on the cafGi6pst. Nhthods @ rerarog edxalatiantcatedysty sre wekbiknbween ghe prionot er s,

enhancers or other catal yst inprovers can also affect the pronoti

of foct s. [ BOBATY PhibRte aiF gUahle HE|use ihdrsRe tnetheREAN i ohesUblEsEted Nt o range
from abou 0 Lwght n . t L rce 000
ppmy) , prgeg?%b%e%g%ﬁ Eﬁ)e%&{a‘?lg' 86%)%“%%\?% %gﬁ%g%ﬁr%hsg%é {&04%9% wei ght
percent ( hRSHgarion) stepsadtipdnt et motalsol@ibahicombriting teatddsyad .caVifign used,

the rheni um conponent may often be provided in an anmobunt of at |east about
1 ppnw, seagmpenenteasilypibalyt & rggwakiont grepexamonducted during aoatterChppnw t o

about Zoopmgr%gr\wl\étions, to form metallic silver particles. Thorsteinson et al., U.S. Patent No.
5,187,140, for example, describes methods of forming catalysts, and is incorporated

herein by reference for any and all purposes.

[0066] It has now been surprisingly discovered that epoxidation catalysts can be
re-activated, or have the efficiency thereof enhanced, by subjecting the catalysts to
an elevated temperature in the presence of a gas phase epoxidation reaction
promoter. Advantageously, the method of the present invention can be utilized in
situ, that is, when the catalyst is in place in epoxidation processing equipment during
start-up or operation of the process, without substantial fluctuation in the
production of the desired alkylene oxide. Application of the present method can
provide increased time intervals between catalyst change-out, and thus, provides
significant cost and time savings. Further cost savings can be realized in the form of
raw material savings provided by the increased catalyst efficiency after application of
the method. The present method can also result in decreased production of the by-
product carbon dioxide, and so, the present method also provides environmental

benefits.
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of ten between about 20 ppnw and 1000 pprmw, cal cul ated as the wei ght of
rheni um based on the total weight of the catalyst. [0065] Methods of

pr epar i ngvepon/idadison cat al ysts are wel | -known in the aPCT/isadoampsof t hese
are suitable for use in preparing the catalysts to be subjected t o the
present nethods. Cenerally speaking, the nethods involve one or nore

i npregnation steps with one or nore solutions conprising the desired

cat al yst ¢uosgpnemssuclytpé pedskit, indertRAlddo grbviseed miesh sdiod ued @bxidiatibng or
after the i nEregnati ons, t o formnetallic silver particles. Thorsteinson
et al., UokalkpgmesntThres offordagrarigd! infthe chemiepl engingesing pHese fsniieayithf
formng catalysts, and is incorporated herejn, by reference_for any and all
pur poses. Sidtaresenin® R BannteRre s drapee &Y sEEhEIER S rbteBtt dat i on
cat al yst s £ afleRiRal RechrSIbYRUEk. Wol N VRIGUhE, &I flsde Ry thd8s Rkt @phRGCed, by
subjecting the catalysts to an el evated tenperature in the presence of a
gas phaseagtexdrdakraby ii@aedratal haranbly ecferedde dot aagaodsllypurgdses.net hod of the

present invention can be utilized in situ, that is, when the catalyst is in

place in E(gooxi dation processing equi pnent during start-up or operation of
the procedD08)i t HeARerEopalnRg Hleny KR BRRKIASRNITRAGIS PROEICIIRSK 1BRNY he
desi r ed aL@VJb?é‘?ea%%%rdgc{rS&gg{pﬁec%&8rbe8freE{}‘SrsﬁESﬁﬁrﬂ}oug‘%{@%g t@@g Yk de

increased tinme Interv ween catal yst change-ou S, provides

si gni fi capdsTRPSdndafMald tedEreaadokd)@s widedritdy of Qpicts aml @R Knawnb® fiReki zed in
the formof raw material savings provided by the increased catal yst

ef fi ci encykilkdd &r theppltiavat newd odt bdhdesmpibhddn detel heremenThergesicdiltamfal so
result in decreased Frad ct,i ogggf .the biyﬁ@roduct carbon di oxi de, and so,
the presefSYHEEhEYEAFE %—'reiivie OVPR/i%r SMREHIESE WERBY i s UP'OBE L RS V_uch, the
present i j al. OV| a f [ LQn . of yl enes.
Those of (F;érégﬂﬁgs?yqos&r?ﬁq?é%i%nwf e ghecg‘lﬁ\t(’:g;r%ggng?n%@?’oﬁgﬁxﬁrrgﬁég frgn‘?eﬂegr wth
such procegsesemddiecadX 8P|y Yeddhilp CiSrnhifed @8 thdaetkillrdKint #reObRremhe

Encycl opedi a of Chem cal Technol ogy, 4th ed., Vol. 9, 1994, pp. 925-939,

and t he conttisglias mefle ohpperation selected is usually dictated by process economics.
[0069] The epoxidation reaction is generally exothermic. Thus, a coolant system
(e.g., a cooling jacket or a hydraulic circuit with a coolant fluid such as a heat transfer
fluid or boiling water) may be provided to regulate the temperature of the reactors.
The heat transfer fluid can be any of several well-known heat transfer fluids, such as
tetralin (1,2,3,4-Tetrahydronaphthalene). In reactors cooled with boiling water, the
coolant is introduced to the cooling side of the reactor, most commonly the shell
side, as liquid water. As it flows through the cooling side, the water removes heat
from the process side, and some of the water is vaporized to steam. The coolant
exits the cooling side of the reactor as a mixture of water and steam. The steam
exiting the reactor is condensed by removing heat from it, and is recycled back to the
inlet of the coolant side. The temperature of the coolant in the reactor is
determined by the boiling point of the water, which in turn is determined by the
pressure under which it operates. The pressure is controlled by means of a vent
valve which vents off some pressure from the steam-water mixture exiting the

cooling side of the reactor. Typically, a closed-loop controller is used to regulate the
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article are hereby incorporated herein by reference for any and all

pur poses. [0068] Cenerally speaking then, the epoxidation reaction nay take
pl ace i n woposui2sebl e reactor, for exanple, fixed bed r@eattuse&L)/02vdn8 i NUOUS
stirred tank reactors (CSTR), and fluid bed reactors, a wide variety of
which are well known t o those skilled in the art and need not be descri bed
in detail herein. The desirability of recycling unreacted feed, enploying a
si ngl e- passolsitsteieriurél PyngutdtRCiesFi ¥dustRC theonentt valvé nerwaiseaietthyl ene
conversion by enploying reactors in series arrangenent can al so be readily
det er ni ne@ressure mesessaity Medntpin thpdegirad temperasyfe: i cul ar node of operation
selected is usually dictated by process econom cs. [0069] The epoxidation
reaction | neral |y exotherm c. Jhus, a_coolant system (e.@., a cooling

j acket orl[d;mﬁﬁdr auqni\lérs&anfguﬁlem\'/ﬁ t(ﬂk‘ge%%'olpg%?rafbﬁ'uf y)s(ed@hrpgsdgﬁrl)le%xt'derransfer
fluid or Bpiftiapg WBlyRihe BRMeDP@aR! iRk ot BGUkRlRpEh®yt esmeIALYy e of the
reactors. The heat transfer fluid can be any of several well-known heat
transf er fritrddising suédedastrdéamb rcahiamifgl alky@nd-(€at,r ethyldnenamph bRgdedner) anl n
reactors cooled with boiling water, the coolant is introduced t o the

cool i ng sPYEeBfopiNing gat 3nd ar8as PRReneiompPtehat SaEs Pesialionglevel fupd wat er .
As it flo I i e r.r e I he
process Ssi 3&%%% ‘ggﬁgerg%&? Lép\gvat? @ﬂgﬁaé‘t’@aoﬁ\é‘?ﬁg“ﬁé‘g Oﬁ pgggot%e%m%offﬁe?’%g]oéﬁl ant

exits theas@algrégui WRicRimdyhRiry Baticdh aufs Htmbibieref (Suekes) atalidueam The
steamexiting the reactor is condensed by renoving heat fromit, and is

recycl ed Backmospheres (3.01 MPahfdephediopalpant thei thess Velecityerperbduativif t he
cool ant ig t,hg reactor is determned by the hoili r;&ﬁ?oi nt of the water,
whi ch in PEFY SORBER ARG SHRPIIEA O SPB eRstian ih dBOXRT Tt IR NDBet %eBs. The

pressure %échc:?é" i0bi &4 R?Ve tHF\%’éﬁ of 22 o‘kg%n-é/rﬁw@%‘%}j. @rHF ivrsgmﬁngogka%ﬂgﬁe

pressure Tromthe steam wate m xture ting the cooling side

react or. &yipeCpldfarably, ettysed- b00¢ i€capsatddhnd Fedtvefbd front gl k&iction

t hecool ant tenperature by automatically adjusting the vent valve t o
mai nt ai n praslupisasivgcenyrationslangthods nmai ntain the desired tenperature.

[ 0070] Conversion of olefin (al kylene), preferably ethylene, t o olefin

oxi de, [0071] Any alkylene can be utilized in the process, and examples of those that

may desirably be epoxidized include, but are not limited to, 1,9-decadiene, 1,3-
butadiene, 2-butene, isobutene, 1-butene, propylene, ethylene, or combinations of

these. Preferably, the alkylene comprises ethylene.

[0072] Typically, epoxidation reactions may desirably be carried out in the gas
phase, with a feed comprising the desired alkylene and oxygen being caused to come
in contact with an epoxidation catalyst. Oftentimes, the catalyst is present as a solid
material, and more particularly, may be present as a packed bed within the desired
reactor. The quantity of catalyst in the packed bed may be at least about 10 kg, or at

least 20 kg, or from about 10 to 10’ kg or from about 10° to 10° kg.

[0073] Many epoxidation reactions are carried out as continuous processes, and
the same is contemplated here. In such processes, the desired reactor may typically
be equipped with heat exchange equipment to control the temperature of the

process, within the reactor and/or the catalyst bed.
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preferably ethyl ene oxide, can be carried out, for exanple, by continuously
introducing a feed stream contai ning al kylene (e.g., ethylene) and oxygen
or an oxywerewans&sni ng gas and a gas phase pronoter at Ppanisgopmems || ion

|l evel t o a catalyst-containing reactor at a tenperature of from about 200C
to about 300C, and a pressure which may vary between about 5 atnospheres
(506 kPa) and about 30 at nospheres (3.0 MPa), dependi ng upon the mass

vel ocity goudapr odihet fiewd tnyaydgesditicthlly Qsrgebe GBY dpensiepgytiondl tordpdredty,eact i on

i n an oxygen-contai ning stream such as air, or as pure oxygen, or as
oxygen- enfictieEng, &rrexampée, cabgntdiqiddenlingst sares.orf Wateddiveresaedsing andithg| ene

ide, is, t ed. and d f th i duct i
et | oG B b B B BRBIONE) R ocess,
and exampes Rl it heRgub@tsidfRYcHES RRide Re EE-%MJUCIZ%_@ rhdMy! dfidablL are not
limted to, 1,9-decadi ene, 1,3- butadi ene, 2-butene, isobutene, 1-butene,

propyl enepreeedset emethess erabadinmeatd, enkasifparhefsee chbeheli@addeyin thaeecatley | ene

conprises ethylene. [0072] Typically, epoxidation reactions maé desirably
be carri e@%olft "aMPVEHeVi£eNHE®Bal Weyh sucht aedhesenfiescaber in Kirkddbmees

al kyl ene and oxygen_ hein U th j ntact Wit NPQxi dati on
cat al yst. %ﬁy{@ﬁ%&%@é?ﬁ?wgaﬁgcﬁ @g’%y'%scgﬁsdgm %a)lgﬁ]g sg?geé@&ggbe%'aﬂn,cgand nor e

parti cul agdpon WKIRE hH 88 QL eras eﬁe@ﬁsk%gtahﬁd p\éf;fbhhahaeh@srf@%iug%@tmaact or.

The quantity of catalyst in the packed bed nay be at [east about 10 kg, or

at | east 2Be kigertogasf mamn alnauriselBi2rogen, AEHnk gromixturem dlecasf. 16&urated 106 kg.
[ 0073] Many epoxidation reactions are carrjed out as conti nyous processes,

and the SQYI%VOF%rbE'EﬁﬁWSa‘E@H"aﬁér’E‘?‘V P& Witjesd ’t?r%ﬁ_%%é??t WHBINJES 1888t eact or
may typical} XIFR? ﬂ%ﬂ%P&gfgeM‘c&Qeﬂﬁ% SHGpapae equi prent t o control the
he process, w thin 1

tenperature 0 e reactor and/or the catalyst
bed. [ 0074] The feed may additionally conprise one or nore optional

conponent §0076NCl Udi B dniodeant| the pRIcESN fehi Gkeé tidatidar bf Gas ekkylepat ur at ed
hydr ocarbons and the |ike. Carbon dioxide may, in particular, be expected t
0 be presepmpres rcongasyiogiantpagtion mixture feed comprising an alkene, oxygen, and

carbon dioxide, with a catalyst comprising a carrier and, deposited on the carrier,
silver, a rhenium promoter, a first co- promoter, and a second co-promoter; wherein
the carbon dioxide is present in the reactor mixture in a quantity of at most 3 mole
percent based on the total reaction mixture; the first co-promoter is selected from
sulfur, phosphorus, boron, and mixtures thereof; and the second co-promoter is

selected from tungsten, molybdenum, chromium, and mixtures thereof.

[0076] During operation, the pressure at the inlet of the epoxidation reactor may
typically be less than 4000 kPa, or less than 3500 kPa, or preferably will be less than
about 2500 kPa absolute, and in most instances will be at least 1000 kPa absolute.
The gas hourly space velocity, (“GHSV”) is the unit volume of gas at standard state
temperature and pressure (0°C, 1 atm) passing over one unit volume of packed
catalyst bed per hour. Preferably in those embodiments wherein the epoxidation
reaction is carried out in the gas phase, over a packed catalyst bed, the GHSV in the

start-up phase is desirably from about 2000 to about 10000 per hour.
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the feed is conducted, since carbon dioxide is a by-product of many

epoxi dation processes. In these enbodi nents, at |east part of the carbon

di oxi de iwothw/neeycl ed gas i s renoved via conventi onal PaRES26100M99a%s t hose
described in Kirk-Q hmer's Encycl opedi a of Chem cal Technol ogy, 4th Ed.
(1994) Vol une 9, pages 915-959 , since carbon dioxide has an adverse effect
on catal yst performance, especially activity. The inert gas may conprise

ni trogen, [@7gDPN, Oie parxtwaesahtpts 60dn efoaidatiah @odeyslivberitiesmeatiol ofs
met hane may be utilized to control heat within the reactor and allow a
hi gher oxitfepreseiriceyention ipAPPkec terifeeeRErali@DTEY Aracesdeascivbous mAhanyt he

f t he. oxi dati f -al kyl ' tacti ti
i xture 8B QUi FETH SR CRFIAIRE, "S5 ok, CHREIHR B LU EATE S a
catal yst GRARGLLE! B0} bBLT &6 CARR SERRE bifRANAN nlaj&idsREBI, P ertlah¥&,, 2

rheni um pronoter, a first co- pronoter, and a second co-pronoter; wherein
t he car borhadomecatilg tetnperasantillibe inbreaseeiaotadieast Abaut@401C andquatd akdout of  at
nost 3 nole percent based on the total reaction mxture; the first

co- pr oot ép0°ICos pededef Ftrieast byt howhas (psk alout Bdiasks ahtfdstibavtidés
t hereof; and t cond Pr er. .S sel ect ed m_t un en,,_.hol ybdenum
chrom um ﬁ%?\ra’ %ﬁﬁ sgragg u‘i g{gp g%@%%%&?}%ﬁ%’ iargl)émo#ebg ris’oﬁr, 1%? trf]'é'e [i()jla éss§°¥ur e at

the inletepdn § RRRPOA &IOS RGN paRd, tHOitERbbratRe i e%c@a,a@.g.w@o kPa,
or less than 3500 kPa, or preferably will be [ess than about 2500 kPa

absol ut e, 23076 bn betest, ants paefesdiywitd |a bemaerat @astori3poOndiRa tabgodasired The gas
hourly space vel oci t GHSV') is the unit volune of gas at standard state

Y, " :
tenperatuPEXQHUP%F%%QﬁWéwaiﬂﬁd%.atn) passi ng over one unit vol ume of
packed catal yst bed per hour. Preferably in those enbodi mnents wherein the

epoxi dat | @g@??ﬁéﬁ%&ﬁerﬂrét%e\%&d it@mBEr%t@%§ o HeC o?Va%'b}/é} facked

cat al yst inthe start-up ase i s desirably fromabout 2000 t
0 about 166¥Pogmesn MayiFerh&A EdbsteMEalyaithatigear Morapakeullrlypdur@izpdridat i on
process wherein the nethod of the present invention is applied during
oper at i onofregjevpteslctarapeisturel thewseacar il @iygen dantengradioar maviglesiraldper at i on,
when the trgr‘rq;jlﬁrsa sl%gr?tiahﬁ/ ut?m%h%’éegpg.‘éﬁ a %Bgfjt 8 mole-%, the reactor inlet alkylene
concentration may desirably remain substantially unchanged, e.g., at about 30 mole-
%, the inlet carbon dioxide concentration may also remain substantially unchanged,
e.g., at about 3 mole-% and the overall catalyst chloriding effectiveness value may

remain substantially unchanged, e.g., at about 3 when expressed as Z*.

[0079] Alternatively, the feed composition may be altered during the periods at
elevated temperatures of 240°C or above in order to maintain desired levels of
alkylene oxide production during application of the present method. More
particularly, when the method is employed with a catalyst that is already in use,
concurrent with the periods at elevated temperature, the reactor inlet oxygen
concentration may be decreased, e.g., by at least about 1 mole-%, or by about 2
mole-% or even about 3 mole-%, so long as safe operating conditions and desired
alkylene oxide production are maintained. The inlet carbon dioxide concentration
may advantageously be increased, e.g., by at least about 0.5 mole-%, or about 1
mole-%, the amount of such increase in certain cases being limited by the design of

the epoxidation process. The overall catalyst chloriding effectiveness value may
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preferably bel ow about 240C, and catal yst efficiency may desirably be
enhanced, the operating tenperature will be increased t o at |east about
2400Cand wip 2bw/abeat 2500Cf or a period of at | east abouPCZ/usomo®299at | east
about 6 hours, at |east about 12 hours, at |east about 24 hours, about 48
hours, about 72 hours, or for five days, or even 1 week. After the desired
tinme period, the tenperature is reduced, e.g., t o 2300C or bel ow, and

pref er abl ydiadtageoasipoeaddirersedr ¢.g5 pondilagt tabounodesi eath poostugbron*rat e of
al kyl ene oxide. [0078] During periods at el evated tenperatures of 2400C or
above, thenitedde é@‘l‘?ﬁb’fs@ftﬁil@h seaﬁ%hﬁna Ilmﬂwtlaﬁ@rt@unlcyse;rmm@ﬁg’é@puw e

ticul d t | et
Oxygen. coreuHe MO oREy eeny Abf yTo i enecaRer a1 oy BreRatgan e o at
about 8 nMpGudhed NG, Fr%?%teodedé%'sgé b{i"aléb!uteit,"%r ‘?EQ'&F%OM @@ e BB oA S HNRD! Y
remai n substantially unchanged, e.g., at about nole- % the inlet carbon

di oxi de caibeht patiod{s) areeje\atabtemmtnresubsbmtermbdoymemsmmg@dweretucgm,, at
about 3 nole-% and the overall catalyst chloriding effectiveness val ue nmay
remai n sub®& arﬂiﬂ gongeniFréivangbduste 0ge, Ofatth@sad @W@W”é&pﬁré’ﬁé techdn 7+ .

[00.79] A [Ec?rrrn lcft!,twltfp'%he gpogogp %ﬁiocp tu?e 6} o‘%ﬁer em ?dlﬂ%ntt

perlods a enpera ures O OVG |n order na|nta|n

desired Isyﬁicﬁlapto@bm.sﬁgeopm&%r w&él&tth@meéw&drﬁ@o@mw h\%?‘tﬂe%n@ﬁ ihhe
present nethod. Mre particularly, when the nmethod is enployed with a

cat al yst obider tiosswddstamdidily inmintsey acdesiredriend! oii tliylehe qxéte pdsluatiorelag¢vat ed
tenperature, the reactor inlet oxygen concentration may be decreased, e.g.

by at | ea8EVaiSBIeMPeiRHiTE- 9f 2BY CaiR MBEEVes SHH]%J%tH}e”éi/'éﬁhalﬁeﬁ‘tp‘J%t'%l e-% so
| ong as ng ﬂﬁ%%ﬁ%%'s%ge | 0)Se gﬂw poede fqlo%'é‘tyélgx%‘?eé’iéé SerBf gdugtion are
concentration

mai nt ai ne et ca on di OXI ageousl be

i ncr easedcarb@-prefedtedtiolreash tﬁ@@ufusﬁd&dmeér&r%on@rtoac,b@wanﬂalmlh@rr%norr he
anount of such increase in certain cases being [imted by the design of the

epoxi dat i ewelpr odess sullequentdyr adreratitgal atsreditedr ienpeyafréectri veneterval ue

van I r . g. I . r 1. r
g¥2d23 tag 8|lrj1§tlgnsb8f gc?r?ceﬁtargﬁgns ﬁmg a’dvgr%agéousﬁ/agrtow lg.ot Ee c?es?reg Iev% %? 0o

alkylene oxide production at reduced temperature.

[0080] Another particular example of an epoxidation process wherein the
method of the present invention is applied during operation may proceed as follows.
At any time during start-up or operation, when efficiency of the catalyst has
decreased to an undesirable level, e.g., a efficiency of about 86% or lower, the
operating temperature will be increased to at least about 240°C and up to about
250°C for a period of at least about 2 hours, at least about 6 hours, at least about 12
hours, at least about 24 hours, or even about 48 hours. The treatment may be
carried out until a desired catalyst efficiency has been reached, or until the catalyst

efficiency has increased at least slightly.

[0081] During periods at elevated temperatures of 240°C or above, the feed
composition may remain substantially unchanged. Or, oxygen and alkylene
concentration may be decreased, e.g., the feed composition may have the oxygen
concentration reduced from about 8 mole-% to about 2 mole-%, and may have the

alkylene concentration reduced from about 30 mole-% to about 20 mole-%. In such
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units, the amount of such decrease being limted in certain cases by the
anmount of recycle in the process design. The inlet al kylene concentration
may be swwetarwi2ad7sy mai ntai ned, or, nmay be decreased bycCahmsat0d29918 10 or
even 15 nole-% concurrent with the period(s) at elevated tenperature. In
sonme enbodi nents of the invention, the inlet concentration of just one of
the feed conponents is adjusted in correspondence with the period at

el evat ed bempéinaingg, @arddn dibkige contxodiat®Atvell ifreddeCiubdraboatBi malkiwns of two
or nore of the feed conponents may be varied in order t o substantially
mai nt ai n A& mele-*apeithepverpkgatalyst eiorisingefieiliveness value enandacerpse
tenperature, In any _case, never such_adjustnments in the .c sition of
the fead JEbred niial G et Fanepy oF b Lo Rec e Ot oo TEMBor af ure,
it can beqypri&f @LhedreatiRertCitHE TeldoRfbYisibR Ime P MeSPIIRHORR ufned to its
substantially their prior |levels when subsequently operating at reduced

t enper at ubsdginalrcotnpositib herheaahbtamapdaronse dfredaredent rat i ons t hat

advant ageously provide the desired | evel of al kylene oxide production at

reduced tenperature. [0080] Another _Earti,cul ar _exan?l e of an epoxi dation
process el n tAvethre Hlodllgn thart pyid seadhly pRRSR R RtheS PRFINFISE P ng

ti |l ey | t - ti ,
whon e {1 Sl FEReRtmal b B alhsl ot il Mg Blesh Phe BECT

e.g., a ehbikilehensydéf plaabtio36daritz [tA¥Eperiddie a®Peleddtedd ahgiperadude® Wi ll be
increased to at |east about 240C and up t o about 250C for a period of at
| east abotemgerhbue sforaxamgkes tthabeastorprasaur & anafor [tbaspacebalicityamimobe s, at

| east about 24 hours,. or even about 4 ours. The treat ment  be carried
o une | harigad iiabe sk ar A et 6 Hedg Motk CamBe i e & SOEYa 2 ne

cat al yst Egrftfcﬁjagg%up% }a@§5§§§§@c%réﬁ‘%§ﬂ?§ﬁ ?z;é[g&e_[oom] During periods

at elevated tenperatures o conposition may remain
substantially unchanged. O, oxygen and al kyl ene concentrati on may be
decr eased[0083y., THeealkgetk ogidpaabtua BRYhd pyeehthepodygeih process may

typically be processed to provide further downstream products, such as, for
example, 1,2-diols, 1,2-diol ethers, 1,2-carbonates, and alkanolamines. Since the
present invention provides an improved epoxidation method, it is contemplated that
the improvements provided will carry forward to provide improvements to these
downstream processes and/or products. Improved methods for the production of
1,2-diols, 1,2-carbonates, 1,2-diol ethers and alkanolamines are thus also provided

herein.

[0084] The conversion of alkylene oxides into 1,2-diols or 1,2-diol ethers may
comprise, for example, reacting the desired alkylene oxide with water, suitably in the
presence of an acidic or basic catalyst. For example, for preferential production of
the 1,2-diol over the 1,2-diol ether, the alkylene oxide may be reacted with a tenfold
molar excess of water, in a liquid phase reaction in the presence of an acid catalyst,
e.g., 0.5-1.0 wt% sulfuric acid, based on the total reaction mixture, at from about
50°Cto about 70°C at 1 bar absolute, or in a gas phase reaction, at from about 130°C
to about 240°C and from about 20 bar to about 40 bar absolute, preferably in the

absence of a catalyst. If the proportion of water is lowered, the proportion of the
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concentration reduced fromabout 8 nole-%t o about 2 nole-% and nmay have
t he al kyl ene concentration reduced from about 30 nole-%t o about 20
nol e- % Iwo=0mesdysdi nent s, carbon di oxi de concentrat i omChUSRo10/02998se from
about 3 nole-%t o about 5 nole-%and the overall catalyst chloriding
effectiveness value may decrease slightly, e.g., may decrease from about 3
t o about 2 when expressed as Z*. If altered during heat treatnent, the
feed conmpogidiblostheRyindRsireabiby migturetuwill bedndregseld! sTheri-gj dial ethergpdmist i on
when the tenperature is reduced. [0082L As those of skill in the art wll
readily aprﬁmé%tr@av é@mérlsepéramt%rtél e@héetéqaéshe&apr ®hhesr Bedssthessy al so be
adj usted i ? E(fl %E N esrre rat al k ene o§$%% roductron
during thé ¥ad2atold ?/éf*éad a?erFB?re 8468%‘63 %%Eaé'iyu‘?”e@o fple, the
react or pseéﬁérrﬁrc%g/n%thsm o$@MOV%IrWrémaaﬁgvatb@a&maw%n%lrarb.gwmetrh or
instead of the inlet feed conpositi'on in order to achieve a particul ar

pr oduct i owithathe adohal. p@id resultimg IoPpeiodd anm)diok rferamay e (t0R83]in Ahedal kyl ene
oxi de produced bg t he present epoxidation process may typically be
Y

pr ocessedVariasy pP erfbusey rapRbcatighhn B rtéamf?ﬂcbdaeregagesu&?baégo retmebicanpl e,
1,2-diol Sthermto Ist(rncI rth Curélble rgs"flrg e&éteranﬂ "?r%l rs s%emsétréce the
pr esent | nven Pon 0] OVI efs an | npr ove e’poxr I on Hog Y

cont enpl ajRestrfagat the inprovenents provided wil| carry formard t 0 provide
i nprovenents to these downstream processes and/ or products. |nproved

met hods for the production of 1,2-diols, 1,2-carbonates, 1,2-diol ethers
and al kan&08fi nesThar eonvietssoralo§ aallprlene deidehearedured[ G884 Methasbighsi on of

al kyl ene oxides intqg 1,2-dipols or 1,2-diol ethers ma npri se, r
ol o PESETS HYCONR dag: PO olFRYIES HEboRaB Wt For Aol A8 yoF n ¢ he

presence Qlfk&lgﬂ f]cgdio‘%' gwtgrarﬁﬂﬁ)'n‘fa C%}n%é{n%% df q 5P fem qurmEWeeL?éH' al

producti on i ol over t et her, e al kyl'ene” oxi de may

be react editMbigh anhy@LiobmniaHiafavexans prefucrieh of molnaalaaridlawrnd phasayreaction
in the presence of an acid catalyst, e.g., 0.5-1.0 w% sulfuric acid, based
on the tobaluseewben die same srirefestedf (Thmrapbiing alkanolamines may be used, for

example, in the treatment of natural gas. The olefin oxide may be converted into the
corresponding 1,2-carbonate by reacting the olefin oxide with carbon dioxide. If
desired, a 1,2-diol may be prepared by subsequently reacting the 1,2-carbonate with
water or an alcohol to form the 1,2- diol. For applicable methods, reference is made

to US-6080897, which is incorporated herein by reference.

[0086] The examples presented below are intended to be merely illustrative, and
should not be construed to be any sort of limitation on the scope of the claimed

invention.

29



50Ct o about 70C at 1 bar absolute, or in a gas phase reaction, at from
about 130Ct o about 2400C and from about 20 bar to about 40 bar absol ute,
pr ef er ablwoizniovzes7absence of a catalyst. |f the proportiPCm/uskomarens i s

| owered, the proportion of thel,2-diol ethers in the reaction mxture wll
be increased. The 1-2, diol ethers thus produced may conprise di-ethers,
tri-ethers, tetra-ethers or other nulti-ethers. Alternative 1,2-diol ethers
may be pregansidiby converting the al kyl ene oxide with an al cohol, such as
met hanol or ethanol, or by replacing at |east a portion of the water with
the alcohol. The resulting 1,2-diols and diol ethers may be utilized in a
wi de vari E1087bf €G- dresenipprethast wWihdej vitilizad qusthg, amOPerEARs, erisatien,
cosnetic, thernmpplastic. polyner, curable resin syste det.ergent. heat
Uranster BUFenio gience thisttenee o oI e et SE et Wizetle oxi des
produced wicehh@eRBlOeSHIsutRE He8DEMe dUppBAL HHRNIEHR N3k KaNBlsaatdge may
conprise, for exanple, reacting the al kyl ene oxide wth amoni a. Anhydrous
or aqueous (BSﬁTg)A'g/anzrm\yortmqoau’eadlarlyathdﬂmmgrdaainh}odmeslswalmm'r@ed @atavishib he
production of _nonoal kanol am ne, and may be used when the sane is preferred.
The resul 8i fgTRI kKeaFranPies thiaytamPerdivte  MERSWRARPISe, M39e t Heedtlveatient of

nat ur al gwﬁrg}BE@pﬁés‘afi Hmeoé%tggsgpé’sf@ﬁ %Q"c%ssﬁ%?ﬂ? 'E'r‘ieotg%ﬂf? I3 SUcheHRP kng

1, 2- car bona eact i ng et1n oxide car I oxide. It desired,

a 1, 2- di oterfiferatife P ERAERElyEYDRUD LSRNV YniF@AC T .ief}g?/@i%Iy]wi%iﬁalP@.OiA@t e with
water or an alcohol t o formthe 1,2- diol. For applicable nethods,
r ef er encetlies timedof tinitiati® 8H80@Ihethd, ctinei gpaxitdiopopracess wak bave theen

ref erence. %00,86 E}?e exanpl es present g bel ow are i bg decg t o bhe nerely
[T ustr ar PO SRRl (R LS DRTEBRE v 68 SoP st Ey L S BHNT  on
t he scopeff; %p\?stgb@ia@g priogmglk,%@%l_zxarrpl e 1 [0087] The present nethod wil |
be utilize c?ur ng an operating epoxidation process t o enhance the
ef ficiency of the rhenium pronoted catal yst being utilized therein.
Rel ati ve {00381 he mutHeaeel af eay ab, theoperpfing tempa@twiel willrbed@rsdasyd @d t hi s
cat al yst
Y about 250°C and held at this value for about two days. The temperature will then be

reduced to about 240°C and held at that temperature for slightly less than one day.

Finally, the temperature will be reduced to about 230°C. During the periods at

higher temperature, the feed composition will be substantially maintained, i.e., with

an inlet oxygen concentration of about 8 mole-%, inlet ethylene concentration of

about 30 mole-% and inlet carbon dioxide concentration of about 3 mole-%. The

target inlet ethane concentration remains at 0.5 mole-% and the overall catalyst

chloriding effectiveness value is initially about 1.3 Z* but is adjusted to about 1.9 Z*

after the first day at 250°C in order to compensate for the gradual decline in activity

as the catalyst approaches steady-state operation. The results of this example are

shown in Figures 1 and 2.

[0089] In summary, and as is shown in Figure 1, after returning to an operating
temperature of 230°C, the catalyst efficiency will have increased to about 87
percent, an improvement of about one percentage point. During the periods of
efficiency enhancement/activation at elevated temperature of 250°C and 240°C, the

catalyst will remain in operation, producing ethylene oxide (EQ). As shown in Figure
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is 0.50 g Ag/m 2. Mire particularly, the epoxidation process wll be
carried out within a CSTR reactor, and the tenperature neasurenents mde
di rect| y,woi2aiofza¢7socoupl es in the catal yst basket. Thepdedaisgmootohe CSTR
is such that the tenperature in the catalyst bed is essentially uniform
i.e., typically within | OC. At the tinme of initiation of the nethod, the
epoxi dation process will have been operating for 15 days, the tenperature
wi || be apptrexéfieicatydpeduaing thbeetiad a&wst)%f;ftfuit chemneatudisalel ghat the
approximately 86% [0088] At the end of da the operating tenperature
will be |ﬁ68'ééﬂs‘é‘épeta'f02‘5b us 3BOWCANfigHed 3 tae thw@dvaw%raft@wvﬂgwmasem days.
The tenperatur ced,t o hel d, at, t hat

be red
{enper at P B Potestignd Vol ieaTulgnt ke dhuf BEas RN PR o wi 1)
be r educegss@n@alﬁ/bc%l*lhe ARG vaRW WwRen ttlh@te?ﬁ'ﬁér%?e @tre@uc@ae&) 2t3@"@)eﬂ%tt%r e, the
feed conposition will bé substantially maintained, i.e., with an inlet
oxygen coneeaivilbbe subsmfntuatl)pmdiloss amdred%tudnrdwMgehéwdte/aﬂonp@mtratl on of
about 30 nol e-% and inlet carbon dioxide concentration of about 3 nole-%
The target inlet et hane concentratl on remains at 0.5 nol e-% and the overall
catal yst &xarapled; gratvegxameled| ue is initially about 1.3 Z* but is
adjusted t o about 1.9 Z* after the first day at 25Q0C in order t o
conpensat NG o BrrdGt bev h a joaches
ot cady- ot NUSBLThIE, BLARME, 1REEethe BirdR o bhokali: WM e iRl AR o1
and 2. [O%Qﬂupla’cc@ruimgatroyon@@ﬂhbaaum@tsiﬂcum plré%eﬁ't gistieod] at abin@erat@ledioni ng t o
an operating tenperature of 23Q0C, the catalyst efficiency will have
i ncr eased240°¢ aulgoenterdriperreduning the tempemienedni2307C atdower- one per cent age
point. During the periods of effi ci ency enhancenent/activation at elevated

terrperatu 2500C a 2400C cata t wi | | i tion,
oo naldR] TR angsRla-feabng SEi e/ Rphiast ST et L BRSO s
during th@sé?ﬁh'EQS’mEFe ﬁé@;%a%‘éﬁ th RER F&LLEDSs Lised ﬁQQ%FIEHE‘aMétQHtQ@tha' ue at
240C. As shown in Figure 2, the EO production rate w I ncrease above the

ori gi nal wusihgiehd tolioming mcam coraditions: pageoidetbfietd samposidomgf B, malel% return

oxygen, 30 mole-% ethylene, 3 mole-% carbon dioxide, 0.5 mole-% ethane, 2 ppmv
ethyl chloride; reactor pressure 2000 kPa absolute (275 psig); total flow 320

standard liters per hour (11.3 scfh), measured as nitrogen.

[0092] For Example 2, the reactor temperature is set at 240°C while for Comparative
Example 3, the reactor temperature is set at 230°C. The temperature profile for each
example is shown in FIG. 3. As shown in the Figure, these temperatures are
maintained for the first seven days of each run. Over this period, the target inlet
ethyl chloride concentrations are varied in parallel in order to determine the catalyst
responses to inlet overall catalyst chloriding effectiveness value (Z*). The inlet
overall catalyst chloriding effectiveness value (Z*) profile for each example is shown

in FIG. 4.

[0093] Through Day 7, the cumulative productions are 0.035 and 0.031 kT EO per
cubic meter of catalyst (2.2 and 1.9 Mlb EO per cubic foot catalyst) for the runs of

Example 2 and Comparative Example 3, respectively.
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essentially t o the original value when the tenperature is reduced t o
2300C. That is, there will be substantially no |l oss of production during

t he acti waDi20r0/pag750ds. Exanpl e 2 and Conparati ve ExanplPeTAISp@0RJ948hese
exanples illustrate the effect of operating a catalyst during initial
startup according t o one enbodi nent of the present nethod, at tenperatures
of 24Q0Cor greater before reducing the tenperature t o 23Q0Cor | ower.

[0091] Tw{nogalusedDAP 8L enes Aaptor emipetdi@resmh&Reumiod mRimdgdles] isvédcrerbal yst
batch as used in Exanple 1 are charged t o CSTR reactors as used in Exanple
1 and st afftoéd%ﬁi’cd§i2ﬁ8°‘i e Sh@WP&ﬂiQY\giWEEﬂC&Q LohetwesdiRaye Rsanct 1 gbe twal et f eed

COI'T'pOSI tio

% % et h %
e ae. ! Bthsftrs A Ghda e IS Beta DB ICaF F IR s I RasBer i elR 2000
kPa absol Hﬁ&lo@ZZ&cQﬂrgﬂonsté}E% alr Qéﬂ"le%iziq)i Exafr}%a%de%‘rﬁlﬁé Thd ¥ r@%nsésll 3

scfh), measured as nitrogen. 092 , the reactor tenperature
is set at V\MI@)thm'réseltfngrcaﬁi@lwapeddu\zmuﬁb(asmheasared be ﬂheaoctrmemtremmeroat ure is
set at 2300C. The tenperature profile for each exanple is showm in FIG 3.
As shown FHWViene OP!Id@J'P éhe terelos oveﬁtp%feamsé@gfﬁkvéowar fof Ahenee qf&%amﬁl@ First

seven day he cor?es ondrl}iI effgl cy |s mg qpt Ll %%éé)e %ntteige ntI thltFer tﬁ at ol?l oride
concentrations are varre paral r YEE R nect He cat al yst

responsestfe t%n'd?'C%an%Vanv@'E&at%Ffeaé F$theCRhR dafi ﬁﬂe@‘é@%dlé&ﬂ%%dﬁ@’cﬂé@ (Z*).
The inlet overall catalyst chloriding effectiveness value (Z*) profile for
each exanpp@ichors lmdvumel ambb@meht dfOlR3PpreIéntomgthddalevén dunimgcaistdratipve
productions are 0.035 and 0.031 kT EO per cubic nmeter of catalyst ﬂ2.2 and
1.9 Mb EBPiRY E%Jb|%°‘f'6%tafbdf‘%{f3§/%eﬁ) CW@R’SE HATFeRRY bFlatiearipl eoryeliena

Conpar ati ye, npl e 3, respectively.[0094] For Day 8, the reactor
tenperature for the run of Exanple 2 is decreased from240Ct o 230C. As
shown below in Table 1, between Days 9 and 13, the two reactors are
operat ed under essentially identicaltaAgonditions as the target inlet ethyl
choride concentrations are again varied in parallel t o exam ne the Z*
responses.

day | Example 2 Comparative Example 3

T(°C) [z* [%EO [%eff | T(°C) [z* [%EO [ %eff

9 230 | 1.89 142 | 87.1 230 | 1.86 156 | 85.3

10 230 | 1.42 135| 87.2 230 | 1.43 148 | 85.7

11 230 | 1.48 136 | 87.0 230 | 1.54 148 | 855

12 230 | 1.51 139 | 86.9 230 | 1.50 148 | 855

13 230 | 1.27 131| 86.9 230 | 1.24 140 | 85.7

[0095] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. The examples above further illustrate the invention, without limiting the scope
thereof. It is to be understood that the appended claims are intended to cover all

such modifications and changes as fall within the true spirit of the invention.
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While the resulting catal yst productivity as neasured by the concentration
of ethylene oxide in the reactor outlet streamis slightly |lower for the
run of BEXsORb®/R236768he correspondi ng efficiency is nore Pharusene/op®igent age
poi nt better than that of the run of Conparative Exanple 3 on the same day.
These exanpl es thus show that application of one enbodi nent of the present
net hod, even during a start-up period, can provide an increased catal yst
effici encwrelaviit ve t o conventional nmethods. TABLE 1 [0095] Wiile only
certain features of the invention have been illustrated and descri bed
herein, many nodi fications and changes will occur t o those skilled in the
art. The éxanpl esh apgthod (ef henhancingsttheyt efficieacy neferft i HENIUM-PIRHIAtd | i ti ng
the scope SREESON caldyd i du S rindensi-ond hal dhe appendadoglalis are

i nt ended EPSIEHRS NS LR So0R PINE PN SNENG HiF @RS LLTLE PP RIPRE n ¢ he
true spir htga@phhdteepdivitioh tBacfehliftbMotdr atharTBlebadd ftefpeRb@ecd g the
efficiency of a rheni um pronoted epoxidation catalyst in situ conprising
cont act i ngbaute24A€ &by st lasist hbautf 2ddusoaml ki pdacigashphaseespanel dabi on

reaction pronoter at an el evated tenperature of at |east about 240C for at
| east abofRAUseHhiRIPREraTYde Phis?s thaBaEeaip! thePeWplrGture t o a reduced
tenperature of less than or equal t o about 230C. 2. The nethod of claim1,

wherein the epoxigat in?e@hﬁ@t&l ¥I%Fnaf Y G Rleif OFRY 'r%%‘éguagtlr&g] Q4T Sl t 1 onal

pronoters conprising lithium sodi um potassiu I um cesium

beryl I'i umtompgdte Bind®r nfck GHHRoNStprOMbteretomMpiditgMithilink SOBRIM, pdtdshidm,

manganese, tantalum nolybdenum and tungsten. 3. The nethod of claim 2,

wher ei n t hebidine, qesinoy, eberddiim onegnepitonotaddignc sirpniige( Pprivesinitregen, The
iml, wherein the hase epoxi dation reaction pronoter

gg;g?idsgfs Sgﬁa}owaagﬁngs%é?qta@m, moqy?bsde[%um and tBngsten.

3. The method of claim 2, wherein the one or more additional promoters

comprise(s) cesium.

4, The method of claim 1, wherein the gas phase epoxidation reaction

promoter comprises an organic halide.
5. The method of claim 4, wherein the organic halide comprises chloride.

6. The method of claim 5, wherein the organic halide comprises methyl
chloride, ethyl chloride, ethylene dichloride, vinyl chloride, or any combination of

two or more of these.

7. The method of claim 1, wherein the feed further comprises oxygen,

ethylene, carbon dioxide, water, or any combination of these.

8. The method of claim 1, wherein the efficiency of the epoxidation catalyst

is increased by at least about 0.5%.

9. The method of claim 8, wherein the efficiency of the epoxidation catalyst

is increased by at least about 1.0%.
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5. The method of claim4, wherein the organic halide conprises chloride. 6.
The nmethod of claim5, wherein the organic halide conprises nethyl

chl ori de,wet2bhyl128¢750r i de, et hyl ene di chl ori de, vinyl chlporiuseq100299ay

conbi nation of two or nore of these. 7. The nethod of claim1l, wherein the
feed further conprises oxygen, ethylene, carbon dioxide, water, or any
conbi nation of these. 8. The nethod of claim1, wherein the efficiency of

t he epoxi dati on Crdeahythibdio$ claime 1l @k etkirbtheadl edatabtenadeoatiurdis 384 tHan, bhe et hod
of claim8, wherein the efficiency of the epoxidation catalyst is increased
by at | eaStuadbo@boat P'40. The nethod of claim 1, wherein the el evated
tenperature is |less than, or equal to, about 250C 11. The nethod of claim
1, wherein,the g phase .prompter concentration in the feed remmins the
same at (R el evarSamanad Peaaind VERSE Qe sPeeh e ot ed TR M ai m 11,
wherei n t b @28 rdNARSIHARRIRhEORGRRY bAY FQuckMtdhSerbRPEs.1 s caused to
differ at the elevated and reduced tenperatures. 13. A nethod for the

epoxi dati on of one or nore al kyl enes conprising contacting a

rheni um pianot ed Fpoxethatiidrlaiatldl, ydera the gasf gede pormoeiesicngeeatgéionphase
epoxi dati on rzaeg{j on prorm,téer, ci]xy en_apd ong or, nore al kyl enes at an

el evat ed tERgdeedisrrusse tadiffesgkthegigyate efyreddempsitreshout 2 hours, and
subsequently reducing the tenperature t o a reduced tenperature of |ess
than or eggal t o ; t f [ retn the feed
further cggr;'pri sesA 2’2@@%%2%%% d%péxij-éhgnl'@ anfagtjﬁgdng#@(b:&%ﬁnesl\?é@ﬁ]\mg@%i n the
al kyl ene contpcttirges riedriyrhamnemoldal eddx@datiehachiah wittah feddBcompadieg B dabe
concentration of the gas phase pronoter, oxygen and one or nore al kyl enes
remai ns t Rbaseagroxidationereaftéaimpeametgyg oxygen and one or more alkylenes at an

elevated temperature of at least about 240°C for at least about 2 hours, and
subsequently reducing the temperature to a reduced temperature of less than or

equal to about 230°C.

14. The method of claim 13, wherein the feed further comprises carbon
dioxide.

15. The method of claim 13, wherein the alkylene comprises ethylene.

16. The method of claim 13, wherein the concentration of the gas phase

promoter, oxygen and one or more alkylenes remains the same at the elevated and

reduced temperatures.

17. The method of claim 13, wherein the concentration of at least one of the
gas phase promoter, oxygen and/or one or more alkylenes is caused to differ at the

elevated and reduced temperatures.

18. The method of claim 17, wherein the concentration of at least two of the
gas phase promoter, oxygen and/or one or more alkylenes is caused to differ at the

elevated and reduced temperatures.
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reduced tenperatures. 17. The nethod of claim 13, wherein the concentration
of at | east one of the gas phase pronoter, oxygen and/or one or nore

al kyl eneswp=zonazse@d t o differ at the el evated and redueed/useompoe®utir es.

18. The method of claim 17, wherein the concentration of at |east two of

t he gas phase pronoter, oxygen and/or one or nore al kylenes is caused t o
differ at the elevated and reduced tenperatures.19. A nethod for nmaking a
1,2-diol, 1a 1, 2- di eleteddfir,makidg 2-1CRHBONAL 2,disITetREY, 3l k2aslbaRdtegoc@APr i Si Ng
converting an al kyl ene oxide into the 1,2-diol, a 1,2-diol ether, a

1, 2- car boakeerolaminegtdeapiisingnsaiwertiigearepiyliene oxideyintmtheoki2gdiolhasl, belal

prepared by a nefhod for the epoxidation of alkylenes co i sing contacting
B hent unFHEbnDt b Eeer fari o RO e, WIS ol Fel BB GPIe Htr o686 phase
epoxi dat i PFbpraF‘éi’aCb{/ AN RE B & 2heOXYHeThtRA Do ORNRY 18 esM R Borirtey EENE St 2 2N

el evated tenperature of at |east about 240C tfor at |east about 2 hours, and

subsequenthaniureguemodt keotidamper abtiet t WitA & efdadecbrhengigy at wae phHaskess t han
or equal t o about 23Q0C.

epoxidation reaction promoter, oxygen and one or more alkylenes at an elevated
temperature of at least about 240°C for at least about 2 hours, and subsequently

reducing the temperature to a reduced temperature of less than or equal to about

230°C.
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