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.5 Field of the Invention The present invention relates to a process for
operating the vapor phase epoxidation of ethylene in the pregm m,m
supported highly selective silver based catal yst. 10 Backgro mw ”
Invention In the catal ytic epoxidation of ethylene, nodern silveisased
supported catal ysts are highly selective towards ethyl ene oxi de producti on.
Under certain operation conditions their selectivity towards ethyl ene
oxi de, expressed as a percentage of the ethylene converted, can reach
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subsequent pat esdtalyptubl i cations. . Like all catalysts, the highly selective
silver based ethyl ene epoxidation catalysts are subject to aging-rel ated
performance decline durlng nornmal operation and they need to be exchanged
peri odi cal |30 TBackeso )l e fvertions itsel f by a reduction in both selectivity
and activity performa e f S [ V] t e the
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present invention therefore provides @a process _for the vapor phase’’
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increased. In preferrgdasishodipEngls beeh feunt epired OfylRleVKiddes catapitorass for
t he vapor phas xi dation of et hg}tﬁne to ethylene oxide in the er esence of
a supporte cgﬁ?rg/ntly to the composition e reactant gas mixture than do fresh ethylene oxidation

catalysts, and that in this respect also highly selective catalysts differ from traditional
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2 5 selective silver-based catalyst, at a work rate win the range of from
32 to 320 kg ethyl ene oxi de produced per nB of catal yst per hour, the
reaction m xture containing ethyl ene oxygen, optional carbon dioxide, gas
phase noderator and bal ance i nert gases, the reaction tenperature being
from180 to 325 C, the reactor inlet pressure tomI1000 to 3500 kPa and the
GHSV from 1500 to 10000, the process conprising: 3 0 operating at an
initial operation phase wherein fresh catalyst is used, the reaction gas
m xture containing an ethyl ene concentration which represents an
econoni cald y coplystsi Mok dpadificalip wieh wetd heclatsh higbly splective catalpeeth¢ eslqptielysed, at
t he gi ven wor rating
t emperature 'Iolf ﬂqea%% cn‘g/% t%aer&%ﬁtel %an%ﬂdae 1(Lj‘i]}egtt ﬁﬂilée}lﬁ?%/ueg% q'g;s)é eglglc’?’?ﬁe ot her,
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the catal yst has re an advance cumul-ative ethyl ene
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further operation phase thé conposition of the reaction mxture is changed

to contain f e apdifresh tf&dlfl‘?%éthi’l% WE‘%W%XSFSO‘FP Bt cxhifyiy thin diffeeass ifn t he
initial Oper%ﬁehQ&c@&ﬁS%e@Bﬂp&h@n%ﬁﬂhE%@?ﬂ%&eom' mzed and safe _
concentration of oxygen. In further preferred enbodi nents, the invention
provi des a process for the vapor phase oxidation of ethylene to ethylene
oxi de in the spn@eRREtediveticgupported highly 10 sel ective silver-based
catalyst,l at a work tate thn tg range of f om32 toxt? %gkg eth | ene oxi de
produced?per 8 of Cdf HYH BLF PRy e ‘Fﬁem?vé ttd BT Pl %’ﬁ’fg #f ng

et hyl ene, oxygjénionayftetiyieat tc athplene drideiveéch gracesp basyeisesoctedtiag ar reamion bal ance
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process conpsilvsi-baged ceBilysphsr at i ng at an initial operation phase wherein
fresh catal yst is uggdatinbBEni8880LS: & |- W eTol) kA4 ahq et hyl ene
concentration which eaprgsentls anbeghggg as%%rg ?reéfhl m Q Eg?ance bet ween
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sel ectivity SodidloRekced@NDIPYT bilPleRPSER! peb th’t ZTERATR! Whekeih ih Rai)fin@er t he one
hand and et hyl ene vent | osses on th@got her, and an oxygen copcentration

which 2 0 coPRSfAIaRPREe e SaFefTpiqnal 5 anefwﬁﬁe&m%%m% BFFEttons; and
operating at a furtheprefe&%reﬁbodwﬁermha&emman tpheidestaaprycts fonsheagpor
sufficiently aseo!g‘;{ g Ie t|t % S_.‘igo. reeducced b%/s legab? 2.5 nmol %
and/ or the aREErS PESHIGR 4 FEY EBVIRE PSS BRPrREIE A P erein the
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et hyl ene useekyBe. entiensl sirboredionddsegatphasnmpdrmaser and bielarise ine hsess Bsmecving

optim zed aanﬁ&ﬁtﬁre%@ﬁ!ﬁ%@H @b'té’ﬁzﬁc RENERR:r il pREsulesGH 1860 BN 5& ldi he
Figures 3 0 or a sh high selectivity catalyst ("F S-882")
and an aged mdglw%%ir"é@?mm%o %qoéiwm‘(e"sﬁ"g%%’ig‘} the selectivity ("S")

versus tie ethyl eneogenigeal Eidi@d opersiidnipha$é’ Whiréin ifteh gaslyfiaedsedFi@. 2 shows
for a fresh h%gh selectivit catal yst F S—882n2? and .an aged hi garr‘]i
thyl ene

sel ectivity THTSR 8 XAry dopyining, jan offfleng; pQpopntrpign \yhy § et
concentrati oa;oﬁanﬁcaﬁly Gahiﬂl,zec%aélaﬂcﬂ béthveengaslyisepidforringe (expieksedyt fl@r gra:nf r es h

conventi onal 6 ed conventi c "
S860) the wERERs Yobide Feigo e udll R BbrER R P R B 06
in the gas feedandBand Ethfemy. veft ha@wnfthy otherf ek An @my‘gt&rcbncmmalumam&hyst ( F
S-860' i d an Ve I tal A S-860") the activity ("T")
versus the peF@g%Sget%P gﬂéwggﬁ%%%ﬂg% ﬁﬁ&mﬁ , %) in the gas feed.

Det ai | ed Descri pti cpemfing htea |fontentopeatiohOphAs whend theecatilyst hisagecked atal yst "
nmeans a cat e e advanced
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et hyl ene oxmde'lepepmﬁepqsfm @étcahlys,tm Panddlarflr%b%etbﬂm&lmpemaﬂécaalﬁ’at al yst
imedi ately after its preparation or rejuvenation, or a catalyst which, in
t he course of operation, has not yet regched the advanced age as def i ned.
Frequently, the aged catal yst 15 has aged sufficiently to cause the
selectivity Sto be reduced by at least 2.5 nmol % and/or v ' the activity
paraneter T to be raised by at |least 15 C, wherein the selectivity S and
the activity paraneter T are as defined hereinafter. The vapor phase
(direct) oxidation processes of ethylene to ethylene oxide can be air-based
or oxygen-based, see Kirk-Qhmer's Encyclopedla of Chem cal Technol ogy




2 0 3rd ed. vol 9 (1980) p. 445-447. In the air-based processes air or air
“enriched with oxygen is fed directly to the systemwhile in the
oxygen-based processes high-purity (>95 nol % oxygen is enployed as the
source of the oxidizing agent. Presently nost ethylene oxide production

pl ants are oxygen-based and this is the preferred enbodi nent of the present
invention. 2 5 Both air-based and oxygen-based processes require the
venting of a purge streamin order to avoid accunul ati on of inert gases,

t hough the purge stream of the airbased process is nuch | arger because of
the |l arge ano t i case,
at | east s%ne%g%rhﬁ?}ne%léifl[@%gwogph as?th(é?%}ﬁ# gﬁ&lyudrlé%&gg#%g%tke!f%& m)unt of
et hyl ene | ost toi Q@n@hlf@m,'vhy t@émﬂ&ewnnqemﬂpmpﬁﬁhﬁtnﬁelaﬁrﬂn@m ipitialogperiatiadi cat ed
above S 0 S SRl difeloBrQUMAGH BASEE B3t SdnofithudlFBefagn L NE concent rati on
of ethylene inh the reacti on gas  m xture e tec ni cal” "and econom cal

condi tions (includi n furberpreferedotmbedimenteanty iventionrreridss gr prespay fpr ithedi vi dual
plant an opti {HhéEhaRakRnGs &%&Wo@@ﬁtim@@aﬁ@ ¥ e p?&éﬁc@%ﬁ?ﬁ% orﬁ:@‘ﬂx ast

ethyl ene vent losses. Further, in order to remain outsid Iammbl lity

limt of the Histwisiyermbesed Qatalyst, gea werkaen i ie smen et Fpay 4ok 3%% ghylenswer ed as

the concent r agxidenpréducet pa¢l ENer da&l)lsﬂﬁér%ﬁﬁ(ﬂae rEiioR eliktade coafRind R&IyRhd, N
ranges depend, alon wi.th the ¢ @S ‘conposi tion (reactants and _bal ance

gases), al so BHETNR leta&e%ttmrﬂl g2 Rbrst madreatar gachbalancs iaprh B3 the EP2chiel
pressure. I\/brtQmjihaitﬁrb(bbih@ﬁbmthEBZSH’O, tHe [F2a000Y B pReQifeint 2000a0 3500 iPB may be

used, i.e. the limt. is reduced by the gas

contai ning hig ﬂgtp%%ﬁﬁ/cfe‘?ﬁ gotolt%ﬂ@H@fd“étrh SEABPUSIG or et hyl ene oxide, by a

hi gher t effper at ure ampelatug htyanamhaghperatpnqﬁsmreheeaimlﬁegtechtalﬁnds lxsted,l the

i ncreased by C I eptrations such as
nmet hane and/ o%ﬂg?rﬁgﬁse. hﬂegg | VI t@}mgl an entgghsog- “%fc]hecfp% ezlains’ma ility

equation is ws@‘émtcéllsdeptéﬁmdrmlmmbmmaatabattpedmmceo&mmewm th gimy be used

with any ol VepeARGRRYHalkely %@%a%&ht'os&e Wigprabd:2TERRY bd b

equatl on can be expr eSsed graphi ca sorcalf Tammabi | | t%/1 curve.
"GHSV' or Gafitdend 3pd spademe \rertolessey ot |ﬂ@,e othe, i 40 OBREMECISFIIgE Whickt andar d

t enper at e %Bﬂpl&&@&ﬁb&f&y-@@até&ﬂalnn%mtyﬂesu%noﬁsoand3 kPa) passing over one unit
vol une of packed cat aIX hour. Pref erab%%dhthe rocess, i s. carried out

at a GHSV in the raf§& 3%1‘?@%6“ pPhgse stléaéc?ﬁ‘?dosr‘\‘?qceeﬁ%r ature
is preferabl yo taﬂsetﬂﬂeseteaﬁ@@' b bE Eddmea&}@ at 10asB25 o] % ér[mbrttlk'ﬁcﬁﬂ@qiaﬂmaeﬂl et
pressure is era from 0 0 Kk Pa Work rate
o Cwhich 15 irg CERBE b blea R FaMS s SUBRA tod Be Ry PRl

cat al yst ( kg apéafingddheraimafigy, amd\plerent int sid furgtecoperapien pHasauthe compoitiéd Qfem:ed by
the tenpeEal ioplenRiESRUER FB6hekif BoBA%1 4E BELIMe iEtwalh oy, Lhe
process of th 2 Invention Is carrie at a work rate win the range
of from 25 taseéet)thkgntet PM@%PW%@%CGG%@@%@PU%%@%&@ s98peRtrap@Yy  hour
in particul abfokggdn0® 320 kg et hyl ene oxide produced per nB of catal yst per
hour, for exanp e 200 kg et hyl ene oxi de produced per nB of catalyst per
hour The val ue of the selectivity paranmeter S, expressed in nmpl% of the
desired 2 5 BhEﬂDe@dﬂ@ﬁ@X&»ﬂi&fﬁﬂfrﬁEd reI ati ve to the total of ethyl ene
converteg_ at a give r.K a of t act ual
bork rar@on o The b Daout BrRgti e iRl sl O el

operating tesﬂwnwatymaelyse((‘@rfewéﬁthe rselestivite €y vtrsusrtﬁaeﬂlyhnegcanee‘numnk rate w,
will also Va“?fllﬁ‘%bxﬁlfﬂ% \d{g“ae of w. In a preferred enbodinent of this

i nvention, e eaction gas M xture contains 3 0 ethylene at a
concentration whi chFigepshowefor g frash fegimcbmmfalcmgly@ptFW&Zéhanbanagﬁdé@bet ween
cat al yst per c & s r

selectivity %gg &tag)ﬁgreé%??%i aé@%ge?ﬁ}w}ég{llﬁ’tehgﬁgﬁﬁg hdgyg&%ﬁ)g et hyl ene
vent | os3es bﬁzfi-thé”)onﬂerg%fafrﬂd oxygen at a concentration which conplies with
the safety-related fpagTRh ks RS bhildioh cadhe OPIgERh &yl G
concentration, calculfated on the tota he réaction m xt ure, which
is used in tEvenHena] eatalysh Eet- $@n) thh sgdectivigieO 8N srsesmthe nteytsmeﬁqwcentﬁ@ncat al yst,
the reacti on-egndi:t)iiPme gadtekdt he work rate w chosen. Preferably, the

et hyl ene concentration, calculated on the total of the reaction m xture,
will be at nost 50 nol % MNbre preferably, it will be in the range of from 2
to 45 nol % in particular from2 to 40 Aol % of ethylene, 5 5the
concentration usually used with air operated plants ranging from2 to 15
nol % and t heconcentration usually used in oxygen operated plants ranging
from15 to 45 nmol % inparticular 15 to 40 nol % of ethyl ene. As used herein,
t he conposition of the reaction m xture nmeans i s deened to bethe

corrposltl on of the gas feed to the react or, expressed as a fractl on, e.g.
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35 'concentration of ethylene, secures optimal performance while avoiding

.+ the flammability limt. Generally, the concentration of oxygen applied in

the initial operation phase will be within the broad range of from6 to 12
nol % of the total gas feed. 6 5 Preferably, in the further operation
phase according to the present invention, the concentration of oxygen used
will be lowered to a level of 0.98 to 0.3 tinmes the concentration of oxygen
used in the initial operation phase, and nore particularly it will be
| owered by fromO0.4 to 3.5 nol % typically depending on the | evel by which
t he ethyl ene Cﬁn?:entmgltthcynow fdrad $Rsh cafwﬁihtiba&ﬂ yatdl @t (aNS-8607) %cﬂlaﬁcxalgwg
increase in et ene t he oxygen concentration, may be
decreased by ?P%eml‘ti‘a’ofa ﬁqu tg‘bs"’éﬁ“(}tye)2 lﬁg YIS iR Jpepsynt FOMIERF 05 to
0.1 nol %absmbn&eauatibm(“ceb{ambmtm-.gBBfeaml % absol ute. Typically for any %
relative increase in the ethylene concentration, the relative decrease in
t he oxygen concentratlon nay be fromO0.05 to 0.8 % nore typically from
Ailex aptiphef e PRefion Pr ef er abl y) the concentrati on of oxygen
i s decreased to at 6 re ref ra %
Prefer ab?@’, t he con(r%n%sreétqte%éﬁl’ g?ge‘{cat A i rQ eccafai atseg‘ ?o a |°%“§5§f0f]3 nmot %
nmor e pr ef er alvpsration, ks rdﬂd@dtan ddvme@/@gc@eﬁmdé?b' laypymulavectiutegeciide fréductiony gen
concentratio ) r h, i ” yl ene
concentrati o%xceh(im%%ll tion to °§taﬁg§# ”ﬁgd?té% oxyge%e&r}%ﬁggteg@#gﬁa%% ure of
t he process dnmediately after itpreparation onTgjuveration o7 opaalyt Wiisheinghe comse| of

conponents, %Hﬁﬁhoﬂshag ﬁétqfé{‘regdhgd({hg %dvaﬁceg 3ge &*’lﬁﬁﬁed@@qﬁéﬁ@r thélﬁﬁid Qﬁhl?& ce inert
gases. -~ Carbon _dioxide is a pr o uct of 1 ene oxi dati on

proc ess. 18i nbes seed giEsiently twﬂ&wbeﬁeéeéawet $in lenrédchd ‘é‘)bﬁtl?aﬁ%%%ﬂpﬂ/ Adycl ed,

and since Com%ﬁ\ﬁ@tﬂaﬁﬁﬁte@ff 16 B€ Bxad BY @xlese 15 PCIARIEASE baEctilRed aMineh are
much in excess. of 15 nol % wi | 5 adverse effect on catal yst

activity, acBHWHYBIEBHeT m%%fr%@?f%&i’r&??% wi |l be avoided by and
continuously renovi Mye c@bbmﬁsaiu@ct)dadiﬁoarﬁdcbsesrﬁewleae @amyleihbﬁdermy be done
by venting and ntinuo bsor, orne i O

Currently coﬁcaelﬁ () ‘f?rooﬁ‘%'genf atszegt 56 Ig&f '?Jre ‘[{;scy ‘fl‘c%/dzg f‘g/?ﬁ‘ggo%@’actl cal ,
and in f@adurérdedenl § OR8P) rcéidetiit frahe mnbasqrdayOMSesexamtm,rmdlhéwhows of the
present i nVeRtEOady AHPHEBLSHRC B nd &l by car bon
di oxide in tEe reaectt?’t on mglx ture. 558’ ﬁ{ag% c%???gesglggng%qu;ﬁ%g/

added to theofyeeriseaployeiascbesiontse pﬁ eeerieewelasett Prewﬁpmtsqthv@enﬁ ﬁ@de .
undesi rabl e gxingtabd aant@tree&xpyeln@aadaﬁm@shsqtéﬂy&ﬁaed bodEndnPoCABE BREnI OXi de
and water. %gor gani ¢ conpounds, especially organic halides but also

am nes, orgaﬁ‘& %l 1i ¢ conpounds and aromatic hydrocarbons are known to be
effectives35 in thi Bom&'&pﬁeetd m@c@,%{baﬁalprdﬁé‘ses'ifcﬂuﬁd‘lmepfe@tfr@rdf&dpﬁéé; phase
cat al yst noderators .a ctive w SSI n the deS| red
enot ] on wholre dhorR 8 st heehate e ey et i AR o3an GhiRG Ao

particul ar fbasen o@sstio md€h Jorpanbeoduss bfithd M@Imoﬁtwﬁnxu@gertmcﬁleedxw 7 5

The opti nal tr o) d on

pl ant condi t?gﬁ%g%néguﬁoggﬁ k lgﬁgsogi?%&g]teﬁia%g{%gg 10%%{ nv n%| onal” t@gétqal ysts
have rel at i vastopntdf athylsed leg dn thistipy dependson therpurdeetreppi@hish ot indicated aboyeei r

sel ectividy i anaiem%%,%ﬁ\@tea Bﬂﬁts)%‘ﬁ?é’.lsd%n%@'@onf:&'&gﬁon%ff PR iAW reaction
concentrations roperty does not ch anq during prol onged

oper ation ofg2 F?é"térat al'lll9§q0hnlqallté?de?°6?@u€%é°f@éﬁ@é Gineledingothe prica ofcethisde) at or can

be 10 nore fd.Rghie q’epseeay amatvidtm CAht " 8 Bbiin{BE LERAR Hitvedd béshQaliRikd I €
i fespan of the cat al contrast the highly selective cat al ysts tend

to exhibit rREF atﬂiat}aaya/?e%ét&ylﬁw&%?sa?s sel ectivity curves (i.e. selectivity

varies consi derabl yrushédlin @leritd ¥ o%muthecﬂmgm nmmﬂ@feagtapfmxm
concentratlo and exhihits a r oun%g Xi mum at th m)st advantageous
3 iy

or opti mrm IB8sRCTRAPRQ P’Q’tgfﬂ’i‘ per HEoBFengHon srieBesseddoes t end
to change 15md u&mﬂgafp ro@éxﬁmgezdngepeépaﬁd aramg G@tﬁ&wm%wosﬁohe{reﬂﬁ aidor
concentratlgjn tol mz . ﬁa‘ﬁﬁ‘% durl operation if the maximum
achi evabl e S81PRE f%i st B Btéi“ ns SHC ?fee FrEig) 0§ PEEFPon phase
t he concent r\re pzmumlarlb/hbe oRgannExyERh miueamaSmtxylncmh;tbeuseu t&eheroapgea of from
0.5 to 10 ppnv, preferably from2 to 8 ppnv of the total volune of the feed
gas. In the further operation phase the concentration of the organic
halides is typically in the 2 0 range of from2 to 25 ppnv, preferably from
3 to 16 ppnv of the total volune of the feed gas. ,




Preferred organic halides are ClL to C$ chl orohydrocarbons or

+ bronohydrocarbons. Mre preferably they are selected fromthe group of

met hyl chloride, ethyl chloride, ethylene dichloride, ethylene dibronm de,
vinyl chloride or a mxture 2 5 thereof. Mst preferred gas phase catal yst
noderator are ethyl chloride and ethyl ene dichloride. The bal ance inert
gases usually present in the reaction feed conprise varying concentrations
of nitrogen, argon, and added saturated hydrocarbon such as net hane or

et hane. Since unconverted ethylene is continuously recycled, and oxygen

added, the 3ﬂ@mﬂﬁEiHWLrﬁ&,I 1@ﬂecﬂfzedh§{| A GBS gﬁ&ﬁﬁn&&@hé&omn@aﬁ@hsd@f%myﬂﬂe process
of the present  inve |0n

endent of nt of bal ert
gases in the P¥IHEY Q"t L?]?‘é?‘ SCTRHEFANE Y @WZ‘S?%?S %"%‘TSP{W °y6§’| aﬁgt i on
reacti on anditdaimleyst byhdgdsicomtaininy hizhéravhdediritynSofputhffret sush dsymekhand N bot h

5ot hyl eno. cARLERPAE: R Ty TR RPNl SORERLY VARG oLttt fhg. Bt 2

fixed val ue détemmnetthﬁcopennfwronmﬁwgacmmﬂfm hefuséd wairichny givén qmncrg;mkmbf/el y
rai sed copcen ns 1 ed vvltht e Corr 0 af e
concentrgﬁl ong &#&181 ﬂus J’mabeﬂﬁc?q'f lE)Ig'iaénrbelex OV ri%ra?“ a@flg’be r&ached. B

5 The materi ﬁammibﬂuthemsupport of the supported silver based catal ysts can

be selected froma b m:p
considered to be i n\eAtr} §V g,n%g P?Oﬁlrelggﬁ\ég%%ogp’ﬁe t@?&ﬂ%"%’?om {ll on&f eeds,
product s andtemea'ememdmem [Qﬁ?s 1 agudi. tYddnL pasﬁag oyeatoas it ¥oleranobe
natural or fsckéd data@lst AP Hod NBXfelBE ﬂﬁgﬁrot:é}&s%laﬂi@?j BT stmQSm HIRGRESH a.,

zirconi a i ca | i'con carbide, clays, pumce, zeolites and charcoal.

Al pha 1oi%u uﬁ?mdéow 10PQ0- phe reastiont tempesgiuraat eiemblyip tsdangs afifrera 18hE® mai n

i ngredi ent 0§25t €an GHeQbtEtoP WP Bredsure is pTJsferaﬂy mpme iangesoﬂﬂafnomo Angoquref er abl y
has a surface area, aswfr)rrgasured b #hod Ies% than 20 n2/g

and more in particuf % "PRJAT G 38y o‘sg'ff WP@” eé‘Fé’B’Idﬁpf"ﬂ‘éce PEE YR Sy face
area of the @:ﬂlmm)bﬁcdtaiyst kgt o2 ni’aBg graf ped lifert @c. ) Qer oRF, ds Iblupdcef By ael y &-om
Ol to 3.0 The ur|n ur.face area.has bees
described in [c'}g?r e E)he %Fsﬁlﬁgl%&rm%“tepg du‘ﬁegﬂ rfgrarti? ﬂleARr o ?ﬁa énz. Soc.
60 (193830 30@vedfi6h is Aarhpdgmtyt sedrkcite wen g ppge bEfiors 25 wes00lkg shglematxadey st
according t i el sh,
axchi bi t o at 300 BEQE cARNER 0T, el 0 RSB REAL SIS o
at |east 6/ webm e@atp%st PEhRoug, fpr aarpile gwlqa@?hmngw@?r@dm%ﬂpygm ¢f§atﬁ1czmnd . by
operating thergatal yst at 260 Cin a range of work rates w, resulting in a
range of selectivi tf val ues S corresponding to the range of work rates w.
These val ues S are THeRMEH thestslest ey PERRR!SE & PRESRALDBIP Ohthe\igiiFd of S at
Zero words ra&ﬂs/lenbymﬂél&)rmwrehfwmnhketﬁia] eiedtlylenel eofreftddt 4t a ptye Wgkrete M)B) such
as those prav ded Excel program 2 5 Preferred supported
hi ghly sel ec"{/Ih Y\é}"\%evag‘ﬁgg% %cgag;?fgf%e‘fvo be used in‘the present invention
are rheni um cont ai rifhegvabatadltyesicsvitySperamatat &l whidhsis ethe openaing tdnperatubeR- B266015.
Broadly, th Ab t a

pronot i ng a%%rggm? ér']hg%{eg%aljgér&Igg%%ﬁ%gfr%ﬁg‘r%emgl qu%gronﬁlva%Lgnount of at

| east one furt her riemrefmedemhqﬁmw@loﬁth@memmbevp@taoowsaimxyma: otaié onot i ng
amount afy a efRRL 4N &chH{rﬁfEBWchgeers%é &ﬁec&?d&u&ﬁy %?Arﬁn‘z‘éaeﬂlaﬁém%v&é@@ or nore

of sul fur, phosphorus, boron, and conpounds thereo on a refractory

support . Mo really s Sermange| (?‘Pfeﬁ%dseﬁt ﬂma@le WeTkgate % O &1e SPetiY § 204 WeBe 1 heni um

cont ai ni ng @at\awmetbxsf)aﬁ%emk Badasd &hydRe VAR 1QERQUR 1ot} kad dxypmtaal S,
al kaline earth netal s, qy ﬂenum t ungst en, chrognhum tltanl um haf ni um

zi rconi um \FEPREGRERIPD WRIGH f s Wiighs Bify-Tekke JPRRetHY B Syal | i um and

ger mlanl u ;n and mI xt %@%pﬁ:hﬁrﬁﬁ'ﬁene 3okrﬁrrﬁfaﬁ$r§rclalbdd¥ted E@ t@ettokaeastheqe@uémrt her
met a are .sele m t he, al i tals su S i um assi um

r ubi di u%] P an RS ‘@T’r‘ferh‘ﬁ egrmtﬁ’? %4 ¢paratipn phagey, ep&’?ﬂ%t"ﬂ%ﬁéh g’ §?RIH£ € cal ci um
and bari um réibtkin dondifiersabd yheivtorlt fatel W tchdsed) Pxﬁfetaasrstlﬂrmaltdé ohem@stionmn 9 5
Preferred ar’rBunt s, of . t

T the ol erdisilacd o the (g GRRPRAS nt S, freté} gtcr%%s % 18/ %r%%%ﬂ%cal cul at ed

rheni um f r omhv@ll G4 int the mﬁgemflﬂotri@t,o 45 mol%, in particular from 2 to 40 mol% of ethylene,

5



- further netal or netals from 10 to 3000 ng/ kg, and 10 - optional rhenium
+ co-pronoter fromO.1 to 10 mmol ~l cg. The et hyl ene oxi de produced may be
recovered $omthe reaction m xture by using nmethods known in the art, for
exanpl e by absorbing the ethylene oxide froma reactor outlet streamin

wat er and optionally recovering the ethylene oxide fromthe aqueous
solution by distillation. At |east a portion of the aqueous sol ution
containing the 15 ethyl ene oxide may be applied in a subsequent process for
converting the ethylene oxide into a 1,2-diol or a 1,2-diol ether. The

et hyl ene oxi dbe pmozihtretiah uswally sedprithsaimperpied plests ranging fromit2ty 12 mel’oxidde, nmay be
converted int - i r J.nt o i e r i nproved
cat al yst per f%?érregﬁ%nghggﬁﬁﬁgv%%i %yo’zglﬁ%nsoﬁ%ﬁa\%eg?@%o&n%ﬁ%%go?obg%n%srr@}%t ftnr active
process for tHagicplanl 3te 48 owi’% ofetipflenet hyl ene oxi de and concurrently to a

more’ attractive progessq K\é}éiﬁ,ghé coﬁmﬁdn%?ﬁxegéeagﬁi%&ﬁ%é §5/3€enfRd ito%? and the

subsequent use of the obtalned et ene oxl “manuf acture o
1, 2- et hanedi dhe eomppatonel thezapfepdiadhfirenctoptemprpssed as afifeticiohg-dp BPBNOTiPAE O

1, 2- et hangdi Qly v8funR (Ppnd) SEIRARESINR bot@ ERAGEaMBY cONprise, for exanple, _
reacting the ethylene oxide wth water, suitably using an acidic or a basic

2 5 catalyst. For eXanihFefurthes ORsrairth Phpe etfSPRURENl the| Prosegt fYAEdRof®and | ess

1, 2- et hanedi QbncRhtRAILS of EiifleR 13)h@SedOxtRRLIFRY alEvel @RGLACI. WMd h timed 88 f ol d
phase reaction i resence .of.. an acid

nol ar excess of water, in_a |iqui
Cotal yor o gonegREtich bf ey upn eluRa oPALEPIST (EE PEP G At B
m xture, at 2ised®yEonis b J0anolwhs ethyless, preferdbly & s 1 PldaRDandlBa Grdfevdblyat

130- 240 and 20-40 har absaql ut.e referably jn e_absence . of catal yst.
T the_ prdnols GheBretan st ettt i elha L Tl U Do pER i ar o S R anedt o
et hers in t hd0meiétiheartionlut torelehss 50 noi%ea Pederably) aehel codeantritioned ethyleretiher s t hus
produced may . I, - AT ereand sub et hers.
Al ternative fR -a‘L)eetIzi E%%gfﬁgﬁqé%l%é{?gre%%(?%g %%%%?ggnfgﬂgg%ver %}eﬁgﬁﬁ%é

et hyl ene oxi déma%h an al cohol, in particular a primary al cohol, such as .

met hanol or et hanol 1, B¥ i8R aﬁ}aagn}gia%éhtgéi&%&ueﬁantdfgmy@ﬁe & Ea@sew%s{m@y the

al cohol. 3 5 The 1, 2-ethanediol an , 2- et hanedi ol ethefs maé be used
in alard@ varpdrtyeshylepdiordde praducignaxrecds ¥-6hkT ethyleneedideerm of @B | el ds of

f ood, bevgr a%&cint“ﬁb’aﬁﬁ&s 100 TEL .f>ip¢om1y b @bdveR afist bﬁ%mémgr@}{]a&e% @}q!elrnabé.-e-resi n
systens, detergents, at transfer syst . .etc. _ e, fol | ow ng
exanpl es Wi | FUplfhyS e leEe PG PROHEY BieedpliicT| ctivigag ode Ayt ¥ Eabsyst A
was S-882, ampenmwtatlydl3 Bhehylene akidt yatm’aff cithigstHrefaraBe 0T atiylepe byige as
defined in EP-B-26601 cont ai ni rheni um praonot ers and. rheni u 0- pr.onot er
10 254 havi 75 B Qreape: OB AUERER G BB A by PR o
Conpar at R§e TAkAlethglendoxidepeSnBeatalystc Grememnty,dhe Shesnirativatodtidine ofll behe
conventi onal PEer LAGHvd 5 RS £ QR kML J; Lum and
rheni um copréﬁ%t eergrgr?%e{%n@?n\é ght g?’rugt E@gu?c_lgne%e%%etdlgv?tge%g of xgagg}ol n the
fresh stat e. mTREcabsy anopnfrepuentlyfbelpe the pemdetive efivisationde rreduciantxergdsa r ange
of sel ectiVi ideSetdflene odide Pt icgbLaPace velocities, each time at 30%

et hyl ene, 8% oxygen,_ 5% carbon_ di oxj de and 14 bar foz both catal ysts, the

reaction tenper at ur S EIHEseIR T chylenecegnginrationamay, he Pag o MOFT SERYiSE yst B -
and ext rapol Rtredigs, kagdy 4160 iwivednk @r SRACRadE] iQ6kdsYs dver £ perfodlof tid[ df ar at e) .

Fresh and aged,Catal yst A an arative Catalyst B were tested. The aged
catal yst A wWEbg %ngFB?ﬁsﬁmg@%gﬁﬂcgﬁsebl ant where it had been used for 21

nmonths, 2 0 havi ng Jr theypesessaoxygenailk pedfferabhp @ppfigd af “@t kRytraspending i cggmger |iter

of catalyst. The ed .Conpar at i ve, Cat al B was taken froma. co rcial

ol ant wher e FPORIAB L T ReRof SAE I BRI SRETRIA ST QBUSE AR B0R  of - 4500

Kg of ethyl ethe tempedturp eand| préssure ofondiddnal epgtloyeBadnt @gebihed avit yist chowear e t aken

fromth ea he.r ctl r@@@ﬁo tubes. .They . nal vzed and

f ound t?%e %é%eg%?tfoggoﬁtegiﬂﬁea#ecégsQ ar %rfﬁ’?‘?‘m%r‘]”é“ lﬁg%/oé%}gyé ?’e ?]3‘2‘?1 X@?tgc edure In

each experinbemt., 1 to 5 grans of crushed catalyst (0.8-1.4 nmm were | oaded
Generally, the concentration of oxygen applied in the initial operation phase

will be within the broad range of from 6 to 12 mol% of the total gas feed.



into a mcro-reactor consisting of a 3 mminternal dianeter stainless steel
- U-shaped tube. The U shaped tube was immersed in a nolten netal tin/bismuth
bath (heat nmediun) and 3 0 the ends were connected to a gas fl ow system
The wei ght of the catalyst and the inlet gas flow rate were adjusted to
achieve a gas hourly space velocity of 3300 ml of gas per ml of catalyst
per hour. The inlet gas pressure was 1600 kPa In each experinent, the
effect on one fresh or aged catal yst of one of seven equally spaced
concentrations of ethylene in the feed, ranging front 25 to 55 mol % was 3

S tested under opti nerzedpi UfnttH@ﬁutflﬁ'eogeﬁtm ﬁh@ﬁ%&ﬁ*@lﬁé % ﬁ@?@béﬂf onﬁmoﬂ n the
feed, the concentration o gen used in ‘each experinen he maxi mum

al | owed wi t hithe P‘H’é"“i"?%ﬂﬁrﬁfb?"lyﬂ?yuﬁe‘i‘ MY bg deyeresnett ler/?loqﬁ Bo% 1§ &3 gmmh% The

conce n]E ratio :’hoﬁkfen@aﬁblb@ﬂbxgigéﬁﬂséﬁﬂn fhk initidd o¥¥RSioS B has& ,An@mb¢Patiallarlyg@ili bk Or each
type of cata

., t.he fresh h el ective catalyst, and
5.0% for the! ‘5%%9% Qf%é%{ é&%@ywﬁlaﬂ@p;fld i be Tty Rhdgl
cat al ysts. Thenceﬂrmaﬂtxﬁ ataiseh o‘[“y;@dahylfof:hhprmd% WBsohAPtihditade dn OiBlent he range

of 2.0 - 4.0 m/_f.or the Mesh hi sel |ve S over
the r angel%of C%.Pcﬁmfa;“f” (ytlepf)’?'ﬁ?/“ f(i?l"e“?rﬁté lafﬁg'd 3‘3’%‘%‘? to%(%‘gétlg}ﬂﬁgﬂ and
set at 2.5 pphwsldtomotehygpidatle hmaxtd t@@e choto mbse]meg mna:tamp&t(EGSyxﬁﬂ% absbfitelNi t r ogen
"1 each: expayt il ink ARDEherEbs 0 cighete Spinghal B Foes Y BeetefRE 21 L ©
const ant wor kheroacn'gnwoz(cngraubn aiahhé éma Od))ﬁlt@lé 8}% onhncwlcpierrﬁm 0.0 tocki @l yst per

hour). In ac bh t c nst wor k
rate w was 28‘8 el%%glo\ﬁ? )Qorl%?%%#res @J%‘ggéf %adteg a§e 9’ %d&?{)r t he
Mesh S-868 caf ael)simorgpraferably th g7 met ﬁrrw%r Pltetgveabbgé@ con@mtiemelaxygenis 15 Part

I11: The Resu&&éselih@atmatal&&%aﬁlemq,ke\f&mfaamé‘stmolww ng Table | (EO denotes
et hyl ene oxide) and_in_Figures to 4. In all the Figures, the, ercentage

of oxygen waSeiEysthegh %n@eéwhsdaxﬁaewcewemra&ﬁw%mﬂw Zo0-ciment-

Exanpl eCat al yishgFin tHeRthiYehdicdnedG@d, ol % in feedS (% EO)T (C)Oorrp | S- 882,
FRESH9. 12587. 5254Conp. . 2S- 882, FRESHS 23587, 6255C0mp. 3

FRESH7. 44587. | 25400%5“1‘1‘&‘%“ &poshyl @ﬁé%ﬂg‘ g‘? Tes5oPI f%‘e process of this

AGEDS. 02580, FREH6EHAS 2ontATHRS 06368 byl hmoRars, AGTEE c285aT-ER80886- 882,
AGEDY7. 84082. 927995 D7, 44583, 227910S- 882, AGED7. 05083. 227511S- 882,
AGEDSG. 65583. %4%%@%%3@3%6‘? ‘nffgé%if@. | 2580. 2236Conp. 13S- 860, =

FRESHS. 73080. 1235C0ﬁgb0m4i8xi86@s, 2 PERIBRIA8:t 25586 cBRRRToNatior IBBB0, Since

FRESH?. 84080{,&% onvéled BEﬁFZuc%gS:Qcyﬁl%é ZQfafTJ?nce %Zzﬁeﬁﬁdﬁons of
FRESH7. 05080. 9

'185- 860, FRESH6
AGED9. 12577. %590 Gw;g inp tf15-1885¢Pr memchm@%cfgzweeﬁw 1@1@1%6’@11 have an
o, SIS e A DO e s . 0

nmp = ~ . - y .

AGEDb. 68575, PSSR P HBE S AR BOF G TEPGIaR P FH AP WUFaRe: he aged
S- 882 cat al yaiti by Sortinsdus npsskside df by &rmediearfoneldxids: &Bx&eﬁtrycboﬁ:e&fdﬁox&srui t he aged
S-860 in tha rfo nc lectivity as is clearly
i mpr oved V\hegr? Plzhog‘lgince;lofwr%lstf%%ﬁ/g?mé’faﬁuﬁ%ﬁrégimn 5e ?‘hen l?wer onceﬁ@ 48 ed $om 25°
to 55 nol % st be redebedt r’ﬁstprmghtfyhesedsanmvvmomd& tidgrehdent bighe presence or

30  absence of carbon dioxide in the reaction mixture.

,...

A gas phase catalyst moderator may be added to the feed for increasing the
selectively, suppressing the undesirable oxidation of ethylene and of ethylene oxide to
carbon dioxide and water. Many organic compounds, especially organic halides but also
amines, organometallic compounds and aromatic hydrocarbons are known to be effective

35  in this respect. Organic halides are the preferred gas phase catalyst moderators and they
are effective without suppressing the desired reaction when used in concentrations ranging

from 0.1 to 25 ppmyv, in particular from 0.3 to 20 ppmv of the total volume of the feed gas.



selectivity of the reaction towards ethylene oxide is not influenced

+ substantially when a higher concentration of ethylene is conbined with a

| ower (i.e. safe) concentration of oxygen, while with the aged highly

sel ective catalysts the selectivity under these conditions is substantially
i nproved. Differences of activity performance under 25 conditions of raised
et hyl ene concentration and | owered oxygen concentration between fxesh and
aged highly selective catalysts are in the sane direction but |ess
pronounced. By contrast to the highly selective catalysts it has been found
tEat alged sagdf ]1: resh mea@ﬁtibiﬁpec&keﬁtaﬁw 6Mgas Phhsd ahataDBt Lodepdtorsthady ai:@eﬂuoanf ein bi t
this clear difference in their reaction to,the 13. 5 ¢ sition t he
feed gas m xtRAE°ECOnFHqEs “tS‘;Pnr‘h? ?Pﬁa’p?af?@sé't‘sﬁgll gﬂ‘éve%%fﬂecrﬁa%g‘? Y& Pe%t i on gas
m xture, yet fhi saldctiaieaureds\for the aoidergtot [ie. thely gelectiviin isedifodt dnvasamaioverkael ow t he

flammability l.iomt, bath selectivity. and L VIt f.the ed _hi,gh
selectivity c“élfi %Iri%? Ogrnéoq?mrr%’rr OV 8 nté‘%{lﬁﬂslr}’f ?%ad;%‘l‘sl 95014?’8' ?L%S nogg}baél g fi %ﬂn € sheet -
20 February 20@8ngsd Ghetdtiv of the patplysc Gbsreformrthe tnmcenapiion qftizesmodereiod adni ten  of
ethyl ene {0 GLAYLERPoREL Gy Ol Shn Bt 06585: BT S3xd RAGH Bnlelifpet | On

m xture conprising ethylene and oxygen I n the-presence a supported

hi ghl y sel ectByveonghst \the highlye sklestivenbaralyst tengrio xhigit aeletinelyl stedpcmpdeypatasf f ect i ve
10 anount of gkl : i I ; eof) and
2 promot i ng AmSt el R oo ARl el A L B Pl Ly
operating at madereior eongentigfien: and @bk a peonoisemarimie ohtheanest dyentageongsed,  and
- operating afoftinfu{ E@Bfﬂ@ﬂﬁ&r?.%ﬂﬁ@&?zt%ﬁﬂ&n@n,%ﬂﬁv@ﬂ boks 1Rl Bydheipe Oxi de

production exceeds 0.01 kT ethyl ene oxide per ns of catalyst, wherein in
sai d furtRer dBpRERARIPREST PRREYION-1 GoRspVertiynbe P RSRPIRIIESPIEICR 28 ReoRtfiteh o

rleacti on m XtapeRedl dirg oP@ERA.if Be mAXIRLAGEESvaBIs sEbaiviieHd tb Be Bdistkifedl . InWher ei n
in the furth%.gjgﬁr ation hazf t he co.ncepti}r at i Onhagifd et ‘%J elﬁe i,s raised when
the cumul at i W BERPPERPESRPY A FPRARELPR AL Uk M haides R PPIspRy P B5E28%i de per
nB of cat al ysf frofd.0.58%0 10 paee prefaralldy &bimetto i8ppmiv af the 2gtalwkme iofithie ifeetl fzes. f ur t her
operation phasg_t:he 2 0 ncent ration of. e ne .l i sed. n e

cunul ative e? [hglf 5‘@ 0% |eaa§8%§§aéfj(E‘Pt%icgrhce%tga%%neé’és%%sggﬁu‘ljaél{q%ﬂsgﬂué‘%ggfndttélpper nB
of cat al g8t . rahge & fpmo2 6625 rpsavcprafersbly fiom TiodiSrppBy ofifhe tasdl ryolume pithe fead t her
operation phgg,s_e the concentration of ethylene is raised when the cunul ative

et hyl ene oxi de production exceeds 1 KT ethylene oxide pet-"nB of catal yst.
25 5. A processras Erefmegd arganignybagflesc| &t mf1| de, Gehethéarehyimeearkoshc€ht rati on

of ethyl ene bonoRfdhQa®EAL. Norl preftablykhdyQrekelettBPSorh AR gFRPeLALhAChIORdDT
ethylene used_in the initial operation

X phase. g 'A}Ezcgms as clainmed in
claim5) whefBYnchiiidec et HiskipPeds 5HYERE JEFPRISS Vi ¢ &d 2% B Fodm 0. 98
to 0.3 tepeStichkef cORSeftieftd g4 hbseOdalRNmddadon dte teth®l thioride adnd @phglead | On
phase. 3 0 7., ocess according to any of clainms 1-6, wherein the
supported hi Slﬁﬁﬁg‘%'el ective silver '
The balance inert gases usually present in the reaction feed comprise varying

concentrations of nitrogen, argon, and added saturated hydrocarbon such as methane or
ethane. Since unconverted ethylene is continuously recycled, and oxygen added, the
30  accumulation of balance gases has to be avoided. The process of the present invention is
independent of the amount of balance inert gases in the reaction mixture.
The efficiency of the ethylene oxidation reaction and catalyst is defined by
selectivity S and activity T.
In both the initial operating phase and the further operation phase, the optimal
35 ethylene concentration may be determined by successively measuring, at a fixed value of
w, the performance in terms of S and T of progressively raised concentrations of ethylene,
coupled with the corresponding safe concentrations of oxygen, until mo further

improvement can be reached.



based catal yst conprises a catalytically effective amount of silver, a
pronoti ng anmount of rhenium or conpound thereof, a pronoting anmount of at
| east one further netal or conpound thereof selected fromal kali netals,
al kaline earth netals, nolybdenum tungsten, chromum titanium hafnium
zirconium vanadium thallium thorium 3 5 tantalum niobium gallium
germani um and m xtures thereof,. and a co-pronoti ng anount of a rhenium
co-pronmoter selected fromone or nore of sul fur, phosphorus, boron, and
conpounds thereof, wherein, calculated as the elenment on the total

catal yst, ghe anmount Tiaf makdhidl @F theSsupPort B tHeaNGRed sifveP Basdd citlysdOlindeky, 15
Substitute sheet - 20 Fe,Hruary oo§ 5 -.the amount of rheniumis in the

range of fromt§®A TPm aWd1enes e ppuventional maferials WD 6 COIEref i b Bt ionet al s
isinther a_l’tge_pﬁﬁenﬁd’ smhb@ﬁyﬁfna?maﬁng/ ﬁéigis, pr?ghcts inhlﬁeﬁmUBéngﬂms{ hs@humh
co-pronoter is in.t range o ro .1.10 no and . wherejn the
cuphort i 5 pepBtBton i et b SR Pty ae P el e ABRDRGRTED 20 g
and the 10 nahaghéstl ziddontahelicupilicsd cartddday@iand, pudlcp haolitbssAdndharceal. AlfhhOCESS
accor di to,cl.aim. erein.the at |east. one further netal conpri ses
e h um ot 2R et e e e 55ke 8 Be ot BRGS0 ol 2 s
1- 8, wherein sagpodt. gas phase noderator 0.325 ppnmv of an organic halide
conprising a G to C b roc i resent.
10. A process accor % ﬁé%gﬁg%%‘%&i E\%ﬁegﬁr%ﬁyn&%hae%éwn%’c&h%%?%gd ii))zthgel ect ed
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metals, molybdenum, fungsten, chromium, titanium, hafnium, zircomium, vanadium,

thallium, thorium, tantalum, niobjum, gallium and germanium and mixtures thereof
35  Preferably the at least one further metal is/are selected from the alkali metals such as
lithium, potassium, rubidium and cesium and/or from the alkaline earth metals such as

calcium and barium. Most preferably it is lithium, potassium and/or cesium.
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1 ethylene oxide may be applied in a subsequent process for converting the ethylene oxide
) into a 1,2-diol or a 1,2-diol ether.

The ethylene oxide produced in the present process, i.e. ethylene oxide,
may be converted into 1,2-ethanediol or into a 1,2—ethanediol ether. The improved catalyst
performance achieved by this invention leads to a more attractive process for the

20 production of ethylene oxide and concurrently to a more attractive process which
- comprises producing ethylene oxide and the subsequent use of the obtained ethylene oxide
* in-the manufacture of 1,2-ethanediol and/or a 1,2-ethanediol ether:

The conversion into 1,2-ethanediol or a 1,2-ethanediol ether may comprise, for
example, reacting the ethylene oxide with water, suitably using an acidic or a basic
25 catalyst. For example, for making predominantly 1,2-ethanediol and less 1,2-ethanediol
ethers, the ethylene oxide may be reacted with a ten fold molar excess of water, in a liquid
phase reaction in presence of an acid catalyst, e.g. 0.5-1.0 %w sulfuric acid, based on the
total reaction mixture, at 50-70 °C at 1 bar absolute, or in a gas phase reaction at 130-240
°C and 20-40 bar absolute, preferably in the absence of a catalyst. If the proportion of
30 water is lowered the proportion of 1,2-ethanediol ethers in the reaction mixture is
increased. The 1,2-ethanediol ethers thus produced may be the di-ether, tri-cther, tetra-
ether and subsequent ethers. Alternative 1,2-ethanediol ethers may be prepared by
converting the ethylene oxide with an alcohol, in particular a primary alcohol, such as

methanol or ethanol, by replacing at least a portion of the water by the alcohol.
35 The 1,2-ethanediol and the 1,2-ethanediol ethers may be used in a large variety
of industrial applications, for example in the fields of food, beverages, tobacco, cosmetics,

thermoplastic polymers, curable resin systems, detergents, heat transfer systems, etc.
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In each experiment, the effect on one fresh or aged catalyst of one of seven

equally spaced concentrations of ethylene in the feed, ranging from 25 to 55 mol%, was

35 tested under optimized further feed and temperature conditions. In the feed, the
concentration of oxygen used in each experiment was the maximum allowed within the

flammability limit and ranged from 9 to 6.5 mol%. The concentration of carbon dioxide
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AR K @(ﬁﬂ:ulUEJel {ol @26h #yp&'of }atalys@ 58Y®#Y&fof he fresh highly selective

catalyst, and 5.0% for the aged highly selective catalyst and for the conventional catalysts.
The concentration of ethyl chloride was optimized over the range of 2.0 ~ 4.0 ppmv for the
fresh highly selective catalyst, optimized over the range of 3.0 — 7.0 ppmv for the aged
highly selective catalyst, and set at 2.5 ppmv for the fresh and aged conventional catalysts.
Nitrogen ballast comprised the remainder of the bulk feed mixture. The temperature in
each experiment was adjusted, by raising it gradually, to achieve a constant work rate w
(mg of ethylene oxide produced per ml of catalyst per hour). In accordance with typical
commercial practice, the constant work rate w was 200 kg/m>/hr for the fresh and aged S-

882 catalyst and for the fresh S-860 catalyst, and 160 kg/m>/hr for the aged S-860 catalyst.

Part ITI: The Results
The results are given in the following Table I (EO denotes ethylene oxide) and

in Figures 1 to 4. In all the Figures, the percentage of oxygen was adjusted to conform
with flammability.
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Example Catalyst O, mol% | CHi |S(WEO)| T °C)
infeed | mol% in
feed ‘
Comp. 1 S-882, FRESH 9.1 25 87.5 254
Comp. 2 S-882, FRESH 8.2 35 87.6 255
Comp. 3 S-882, FRESH 7.4 45 87.1 254
Comp. 4 S-882, FRESH 6.6 55 87.2 254
5 S-882, AGED 9.0 25 80.7 281
6 S-882, AGED 8.6 30 81.4 281
7 S-882, AGED 8.2 35 82.8 280
8 S-882, AGED 7.8 40 g2.9 279
9 S-882, AGED 7.4 45 83.2 279
10 S-882, AGED 7.0 50 83.2 275
11 S-882, AGED 6.6 55 83.7 274
Comp. 12 S-860, FRESH 9.1 25 80.2 236
Comp. 13 S-360, FRESH 8.7 30 80.1 235
Comp. 14 $-860, FRESH 8.2 35 80.3 233
Comp. 15 S-860, FRESH 7.8 40 80.1 230
Comp. 16 S-860, FRESH 7.4 45 80.6 232
Comp. 17 S-860, FRESH 7.0 50 80.9 229
Comp. 18 S-860, FRESH 6.6 55 80.8 229
Comp. 19 S-860, AGED 9.1 25 77.4 240
Comp. 20 S-860, AGED 8.7 30 76.9 240
Comp. 21 S-860, AGED 8.2 35 76.2 241
Comp. 22 S-860, AGED 7.8 40 76.0 240
Comp. 23 S-860, AGED 7.4 45 76.3 238
Comp. 24 S-860, AGED 7.0 50 76.2 240
Comp. 25 S-869, AGED 6.6 55 75.9 239

From these results it emerges that in particular the aged S-882 catalyst is
distinguished over the fresh S-882 and S-860 and the aged S-860 in that its performance
(selectivity as well as activity) is clearly improved when the concentration of ethylene in
the feed is raised from 25 to 55 mol%. With the fresh highly selective catalysts the
selectivity of the reaction towards ethylene oxide is not influenced substantially when a
higher concentration of ethylene is combined with a lower (i.e. safe) concentration of
oxygen, while with the aged highly selective catalysts the selectivity under these
conditions is substantially improved. Differences of activity performance under
conditions of raised ethylene concentration and lowered oxygen concentration between
fresh and aged highly selective catalysts are in the same direction but less pronounced. By
contrast to the highly selective catalysts it has been found that aged and fresh traditional

ethylene oxidation catalysts do not exhibit this clear difference in their reaction to the
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" 'gas mixture, yet simultaneously reducing the oxygen content to remain below the

flammability limit, both selectivity and activity of the aged high selectivity catalyst are
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improved significantly.
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1, A process
comprises reacting a reaction mixture comprising ethylene and oxygen in the presence of a
supported highly selective silver-based catalyst comprising a catalytically effective

10  amount of silver, a promoting amount of rhenium or compound thereof, and a promoting
amount of at Jeast one further metal or compound thereof, by:

- operating at an initial operation phase wherein fresh catalyst is used, and
- operating at a further operation phase when a cumulative ethylene oxide production
exceeds 0.01 KT ethylene oxide per m” of catalyst, wherein in said further operation phase

15  the concentration of ethylene in the reaction mixture is increased.

2. A process as claimed in claim 1, wherein in the further operation phase the
concentration of ethylene is raised when the cumulative ethylene oxide production exceeds
0.3 KT ethylene oxide per m’ of catalyst.

3. A process as claimed in claim 2, wherein in the further operation phase the

20 concentration of ethylene is raised when the cumulative ethylene oxide production exceeds
0.5 KT ethylenc oxide per m® of catalyst.

4. A process as claimed in claim 3, wherein in the further operation phase the
concentration of ethylene is raised when the cumulative ethylene oxide production exceeds
1 XT ethylene oxide per m° of catalyst.

25 5. A process as claimed in any of claims 1-4, wherein the concentration of ethylene is
increased to from 1.1 to 4 times the concentration of ethylene used in the initial operation
phase.

6. A process as claimed in claim 5, wherein the concentration of oxygen used is lowered
to from 0.98 to 0.3 times the concentration of oxygen used in the initial operation phase.

30 7. A process according to any of claims 1-6, wherein the supported highly selective silver
based catalyst comprises a catalyrically effective amaunt of silver, a promoting amount of
rhenium or compound thereof, a promoting amount of at least one further metal or
compound thereof selected from alkali metals, alkaline earth metals, molybdenum,
tungsten, chromium, titanium, hafnium, zirconium, vanadium, thallium, thorium,

35  tantalum, niobium, gallium, germanium and mixtures thereof, and a co-promoting amount

of a rhenium co-promoter selected from one or more of sulfur, phosphorus, boron, and

compounds thercof, wherein, calculated as the element on the total catalyst,

- the amount of silver is in the range of from 10 to 300 g/kg,
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11. A process according to any of ¢laims 1-10, wherein in the further operation phase the

20  composition of the reaction mixture is changed to contain from 5 to 30 mol% more of
ethylene than the concentration of ethylene used in the initial operation phase.
12. A method of making 1,2-ethanediol or a corresponding 1,2-ethanediol ether
comprising converting ethylene oxide into the 1,2-cthancdiol or the 1,2-ethanediol ether
wherein the ethylene oxide has been obtained by a process for the production of ethylene

25  oxide according to any of claims 1-11.
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