;opqre3e<(6T<?E' 4 Cct ober 2004 PROCESS FOR OPERATI NG THE EPOXTDATI ON OF
-ETHYLENE 5 Field of the Invention The present invention relates to a
process for operative the vapor phase 1 epoxidation of ethylene in the
presence of a supposed highly selective silver based catal yst 20 Background
of the Invention In the catalytic epoxidation of ethylene,, gﬁ gh

sil ver-based supported catalysis are highly selective towards et y?ene

oxi de production. Under certain operation conditions their selectivity
toward, ethyl ene oxide, expressed as a percentage of the ethyl ene
converted, can reach values above the 617 or 85.7 nol%Ilimt which formerly
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oper ati on phasé wherein "{fid 20 - operating at a
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tenperature being from 180 to 325 Cl the reactor inlet pressure from 1000
to 3500 kPa and the GHASV !loin 1500 to 10000 t he process conpri sing:




3 0 operating at an initial operation phase wherein fresh catalyst is used;
the reaction gas, m xture containing an ethyl ene concentrati on which
represents an economnically optim zed bal ance between catal yst perfornmance
(expressed, at the given work rate w, by the selectivity S in nol% and by
the operating tenperature T in C) on the one hand and et hy] gp@p¥esdod osses
on the other, and an oxygen concentration which 3 S conplies wth
safety-related flammbility restrictions; and , operating at a further
operation plisse when the catal yst has reached an advanced aged defi ned by
a curul ative ethyl ene oxi de production exceeding 0.5 kT ethyl ene oxide per
n8 of cat al &S] KognsneriBeallsy wicnsvikiThe freplhéghly. micictie: qaedysnBheaficcbigl yst, 2
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from180 to 325 C, the .reactor inlet pressure from1000 to 3500 kPa and the
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("czl Ls, n%c)iozi n23s heixygs ¢amipthing an ethylene - concentration  which represents - an
' economically optimized balance between catalyst performance "(expreésed, at the given
work rate W, by the selectivity S in mol% and by the operating temperature T in °C) on the
one hand and ethylene vent losses on the other, and an oxygen'.concentration which
35 ° complies with safety-related ﬂammabﬂity restriétions; and | ' | :
_ ' -operating at a further operation phase when the catalyst has feached an k
advaqced aged defined by a cumulative ethylene _oxide'production exceeding 0.5 kT
ethylene oxide per nf of cé.talyst, in particular 1.5 kT ethylene oxide per m? of catalyst,
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Detail ed Description of the Invention' 1 U As: used herein, " aged
.catalyst" nmeans a catal yst which, is the course of operation, has reached
an advanced age defined by a cumul ative ethyl ene oxi de production exceedi ng
0.01 KT ethyl ene oxide per nB8 of catalyst, and "fresh catal yst" neans a
catalyst immedi ately after its preparation or rejuvenationy ogfopdr @4l yst
which, in the course of operation, has not yet reached the advanced age as
defined. Frequently, the aged catal yst 15 has aged sufficiently to cause
the selectivity Sto be reduced by at Least 2.6 nol % and/or the activity
parameter T to be raised by at Least 1~ C, wherein the selectivity S and

the actiwi tyhdpds ANBHEhrEE: Hfeid$ pﬁaeé {hR eshDRHiBh @ﬁf:é Rhetion HISu¥dPQERaSE
(direct) oxidati og_@processes of hyl ene to et hyl ene oxi de can be air-based

or oxygen- HASEHAE Sg@ ki f%4 Ermhide: cgnmémaﬁwlﬁledﬁe@ﬁ‘éﬁ? il mesrA®| ogy, 20

3rd ed. voOlph4h98@} chireshshims dhtimizel dnbGafebdmednafsh FbRFRESES @i r or air
enriched with oxyggn is fed directly to the systemvx/m le in.the

_oxygen- based pr oce&SERRPRHETErGRpdimsys, th Iypatneyatidsss? é‘i?ﬁ?sﬁ)ﬁé'dh%s t he

sour ce -of tvb@:r@&sébﬁﬂﬂﬁm&ﬂ@dﬂﬂeneﬁbQﬁ'@l&ﬁé m&mﬁttheqir&yﬂc%ea@agpd&dnﬁ ction
pl antslgre %x%lgen based, and this i e‘é’ﬁlrlgléerred enbodi nent of the present

“inventi BIA- DSl SRS SO E3Y $2g° privme sSSP kg giwiens he

'Vﬁntl Eg ﬁf omdplgfogeceatﬁeeaﬂ}d%amﬂteﬁebrtmmgm ﬁaoﬁeguﬂkﬂ;@t dcﬁﬂiﬂg ¢t1|§5q%1te gases .
t hough t he tr of, t ai r base roc S puc ar ecause -0
the large 8%65% P@?“ﬁﬁ%d&?ﬁl a‘éﬂhaF%m%‘E é‘h‘f ?Wh’c“?%é%?&%ﬂi "¥359%ny case,
~at | east sm@eewﬂ;mgefmﬁ 180 weBEs *Cosit raattbhinted Brefiufegiors 1 008ae3500P2amount  of
et hyl ene | i on the urge stream (which as indicated
above 3 0 ?l?tg ﬁ%b ’é%fé@ﬁ&gké’d’cﬁﬁsﬁ ut al so on the concentration
of ethybene in theparﬁmgtaxcm igizisl npexatmne:haﬁhammmlﬁmlcaitalmds aseﬂhdm cal
condi 't i- ons I e _pri.ce of et.hyl ene temn or every i ndivi dual
pl ant “an op%%t{r%lﬁzg% %gfm%ce I"be]']%mw%en rth “1Za eng 0[rjler orrra EE&h " east
et.hyl ene vemnrorhicallyeptimizgd thhlance hetwe@n dgnlystcperfemamrc {ewtrsisell at the giteanmabi l ity
limt of tf ) ?é;éﬁg ower ed as
the .concent grzli{?iﬁ%ﬁnﬁﬁggeﬁm 1§1§y§€ﬁ§n@'ﬁg‘rﬁ§§%eg%%n@tm ua sagpa &pergu ng
ranges dep@§diandlaeh Q&Weﬂh verth dosgess o it idran( exyaen aencentatel bakhince )

gases)zp al c%@apﬁébdﬁ%ﬁ%%ed@%ﬁ%bxﬁﬂr%ch@z&smﬁmh as ‘tenperature and
pressure. Mre. particul arllégﬂp t he maxi num oxygen concentration which may .be
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~used, i.e, the OxSRIEHNS ale [P@prageFRRasy “fhea iafyist §as|aped gufficiegtly educed by
the gas coBtaishinegelkitghes t@mre@.&&aa;t théh@tﬁm@lt/thd%%eadﬁﬁ'\hﬁrrpaﬁH%& ene oxide,

by a high tur df a. hi her pressure e oyed, and it is
i ncreas ede{lﬁ? EF'E%SE&} g?ﬁt af rf? r’i’ﬁ’e%/n‘ Hese E(‘?Bﬁ@’%?"‘rdé}?‘? %Fﬁg% &ft¥hs such as
met hane arwdldefineétbvaingfter,| aad &&Eﬂauﬂ zﬁdan’i! tuehhed oppdafidt phaseStbe Ec&:hdo&dorf brasarebi ity

equati@n i tr t|o of oxy. may be used
quth aZ% tyrgﬁcgin coneclesn‘th CGBM qg% t"AyT econ"‘fﬁ’l °FI Ehﬁ%@ﬁ ty"

equat ion cagd Ib@eempﬂ@seretcbng:baqs land el Icgmsmnalng optaizédemidfshfe adyickittagiorc ur ve.

" GHSV" or 4 gpurl y Space Velocity, is the unit" volune oFgas at standard

- tenperature ar% pressure (0 C 1 arm i.e. 101.3 kPa) passing over one twit
~vol ume of packed catal yst per hour. Preferably, -the process is carried out

at a %nggf@ggnitggggﬂlghggés $om 1500 to. 10000. The reaction tenperature is
e ran

_-preferably n- rom 180 to 325 C, and thg reactor inl et
pressdPe is pref &bl "fsrf"%%}@eshélrﬁ:‘jé leﬂftl"ffi‘eﬁ’ﬁﬁlnﬂ@(ﬁ $8 " Bmdn keed highhe wor k -

-rate w, m@él@c'ﬂw'tys citﬂf‘st rRBRk2 9L tdeiane ex @su@rtﬁ’éjbllﬁﬁgnepﬂncéﬁﬂhﬁonvm une of.
cat al yst £‘§ pe” or gramper liter, etc.) per hour, is influenced by
the tenpe ){nﬁé"ﬁsé@%ure and the gas velocity used Preferably, the

process of this Elgozlsm%ﬂé)ﬂ%sh gﬁaéléc@idn@b&al}%i(“ﬁsmab &@h€ada iyt he range
of $om 25. o 400 kg | ene. oxi de pro of catal yst “per. hour, in

parti cul af® ??5"’19’0%‘3 5 Srivy et ﬁ’iféfla’e?‘ggbdifé‘éd the eFREPE FonEaFHIPst per

hour ; 3§ or o a2k @e@t hyl ene oxide produced per nB8 of catalyst per’
hour: The val ue 1‘ggf the sel ectivity paraneter € g ressed in nol % of the
desired 2 5 et hyfénd ¥%rador arfsl ‘%"é‘fe&‘tl?”\ﬂec%td}’sttt{e}? B6%1) B B8t #ffene

conver t edeabenBol Vﬂﬂym% S1R8E'S thY selbdility (B8™Y vidnlshind BiByival ddgceptaribhe act ual
work rate ‘2 f the activity paraneter T, which is the operating
t enper at u¢ I'I“e p)r‘E needed to reach a given work rate w, will also
vary with the val ue of w In a preferred enbodi nent of this invention, the
‘reaction gas mixture contains 3 0 ethylene at a concentration which
represents.an economcally optimzed bal ance between catal yst performance .
(expressed, at the given work rate w, by the selectivity S .and by the
activity paraneter T) on the one hand and ethyl ene vent | osses on the

ot her and oxygen at a concentratl on V\hl ch corrpl ies with the safety-rel ated

o oy o .




4 COctober 2004 5 the concentration usually used with a;r operated plants
ranging from2 to 15 nol % and the concentration usually used in oxygen
operated plants ranging $om 15 to 45 nmot% in particular 15 to 40 nol/u of
et hyl ene. As used herein, the conposition of the reaction mxture neans is
deermed to be the conposition of the gas feed to the reactoj Oc@b@Fng as a
fraction, e.g. in mol%or ppmi G by volune (ppnvj, relative to the total
gas feed. In the further operation phase according to the present

i nvention, the concentration of ethylene is increased preferably to a |evel
of fromL | to 4 times the concentration of ethylene used in the initial
operati @n phase. Mige4phnts dod arfiegh icbnwshiidnab eateigitsEd SIRE0Tr @idnab agsd 30 not %

of ethyl ene I g by.. A0.to 20 nmol.%. Preferably, 15 e

concentr at i%%&g@ng %}9}{ ﬁte¥i‘£§':g§a(}:&e%§ e%f%f'l(? a¢ {I)eéfgrf‘“s.BéherrB?r%m rﬁ}f‘yge‘"ﬁr ef erably
to-at | ezsteoA@nimationh {(“CLH., pED initbagaareesto at | east 50 nol % Preferably, the
concentration of ethylene is increased to at nost 90 .mol % nore preferably
'to at nost 80 nol %.in particular to at nmbst 70 ntl% In the further

oper at i on plsteded Péreriptivn ofthe imvention of et hyl ene i's raised when the 2 0

cunul ative ethyle.' radugt i ax s 0.01 kT.ethyl.ene oxi de per nB
of cat é:Oyst, . mg‘ﬁe@é&'ﬂﬁ%‘f‘ﬁ" ng%%scaﬁ(g%g _kré&_’%gfp?aéagm ;}’E%ﬁ?‘e‘“\égiﬁc"é“ﬁis?g i on. of
et hyl ene ' i sperationdus whaehed ah edvannadredealefivee totadopiretas vaostiydere pride pothiction exceeds

"0.1 KT eth ) } ' T sy pi V.0, 3 kT -
et hyl ene o%lk':ggeh?r_lpgcearg6 1@%&%@5‘1@ %gg—%%lrfé?{g? gcb?nf (gﬁ ?%5%@%%%%%5%_ N

per nB8 of temwediyjdy afterofseprppagdtion abrejurenRipneohy caalest ortiiche ipthe aeBrsobf cat al yst
in particulgkae : ' f : tly, the
concent 1 at P oF 5t Eoron ey PRt agb e adfbed kA B el RN L'
oxi de: p? odbrstERehsEicimBy & Gusadie esldslivion® toobd duged by adesst 2.8 aodloyasd/or nor e

frequent | ympakst phiaGect b B4 ved 6 Q%ﬂefs,@% O HerBh %L&Qﬂc&tﬁﬁ{/ exgaads 10 kT

- ethyl ene oxide per nB_of catalyst. The increase in the-ethylene 3
concent r at ¥8HSREATster § e 8deirse ergipaliffi se 30 i ncreases, it may al so involve
one or nore gradufthe V2p6d A% Eireol) Skidaiocl kb ePis ditiylkRe toihyRent QAL BAL i On of -
stepw se and.gradual mcresges.@fg t'{\}g process oxygen is preferably applied
at "the cotsrESHSTATPFHBrHR 56 EHESHEPHS HHIOPPEE g &emictTeGiicls i s meant
t hedpcm:c erdrd ai. ivolm-(obsmgygqe%y\mngma giﬂllﬁlﬁﬁ{] prbf@se&_&ﬁﬁﬁd’?) iPdniiE R At RYEES U-][ e
condi ti ons . 0 nd_conbi ne th the chosen 35. concentration o
Cohyl ene. s SRR o B O I 0 St brst BT BB AT e |ty
CGener al | y,oxyfea is empleyriraattheaiounoé obthy gedizagplcered Pregesitls'ricdt ¢thylérealkidoper at i on

phase will_._ it hi ) ngg:of from6 to 12 nmol%of the tctal gas

Poaa o et GRSlenBet A00RCAN d R R B K8 B el O o 0%

- accor di ng irvgntitee present i nvention, the concentration of oxygen used will
be |l owered to a | (e . el 1 - _ ' of _oxygen used
in thggi nitial ong)\rﬂgtmir%%lscgfﬁgeo, ﬁéﬁﬁéﬁ% g&ggtf%?egg?é;rﬁﬁ%ycﬁﬁgjw&ﬁ g%ré"l‘ower.ed' by
from 0.4 £8°33 3 oxkr dg ojfrceemylsogep éndigasesootdhdhd pyed stgsmwhitbeirt he
et hyl eae @efaggRkesald Bibh 1S ckaleSR6L of@ﬂh@@lﬂnﬁuﬁtcﬁfﬂ%gan@ﬁi%ﬁlem{he I.ncrease

~in ethylene % goncentrat-l on, the oxygen concentrafion nmay be decreased by

" from 0. 02 HEUWEreE 5IATY Ghsarre dasiseme pBYlete iy givext loft withohs prressteemo The nol %
absol ut e) aheint eXAMrE 14t B8hiEREPEBEHO biline purb¥ Birsa] (wiich QF indBMePato®d ative
i ncreﬁﬁe Ln#e.et’gylegeﬁqcﬁ%gtr tion, the relative decrease i.n the oxygen
concent r atSi By CHET P BBH PGS °8 Yo, CoRRmEHIp St eRYFS It 5iirasias to 0.5 %
for exanpks Bixf2:. YThePecineebbidyecodoheral 5@ahE Ghil@dingOfhe XIS etk SengeCl €ased 't 0
at nost 1? t.lo.rgo%% nor e ‘gr;%&grzbly to at, r‘apzjt1 8 ngl % P{jef erg%lé, t he
concent r at T onof “OxVeN L UE FRE G PO-RESY £32Ee3 o8t Otibr@ iy fef erabl y to
at | east gerfonhffce Gellensndthyene vlie ife@ange i n the oxygen concentration, if any,
may be co-curren ith the change in.the ethylene . congentration. In :

‘addition to et hy%‘é’%ﬁg@?’éﬂam&?dgﬂjﬂuf’ﬂ%‘d? g'ﬁcf%md%bﬁink{%#é’?g’? FhEPrGcess of
this 29 . the neeattiaton ofoxyganiayibe loweedes tadofceapiticanabhgdemiomnenrtsd such as

carbon diaxi de,, a.gas phase noderatar and, bal ance i nert gases. rbon
di oxi de iis;heaacgjﬁl- BO®T n%fmﬁ?‘?e&ﬁ"ﬁyﬁg?‘?ewg?it%bcfaﬁscfﬂmb?sﬁ’é’éé AFEE frequent |y
unconver tethned bykonelsé sn dnditidual elasi yondRioys b, asadpahiiae ent gsapeat i ons . of

carbon digxide.. he reactor feed which.are.nuch.,in excess of 15 not% w ||
have an 25°& %IF@%rEYéEF et on %“‘é’@%‘i%%"'nﬁé‘ﬁn\ﬁ%}‘%ma’c"&?ﬁﬁ Bt FE*6F  car bon

di oxide will be avoi ded by and continuously renoving carbon di oxi de from
the recycle gas. This maybe done by venting and by conti nuous absorption of
‘the formed carbon dioxide: Currently concentrations of carbon di oxide as
low as 1 nol% ar a practical, and in future even | ower conceniratiens nay
be reached. The process of the present invention is independent of the
presence or 3 0 absence of carbon dioxide in the reaction m xture. A gas

o T e




35 in this respect. Oganic halides are the preferred gas phase catal yst
. nmoderators and they are effective without suppressing the desired reaction
when used in concentrations ranging fromO0.1 to 25 ppnv, in particular from
0.3 to 20 ppnmv of the total volune of the feed gas. 7 4 October 2004 5
The optimal concentration of gas phase catal yst noderat or totl8PSHEL On
pl ant conditions and on the type of catal yst used. Conventional catal ysts
have rel atively flat selectivity curves for the noderator (i.e. their
selectivity is alnost invariant over a w de range of noderator
concentrations), and this property does not change during prol onged -
oper at i 6n - dminaklityaliaityis treduddterefhorgs Eb’:ﬁmﬁ@nth@hteﬂ @dnkQifrafrins LR @mplegler at or can
be 10 mre?g{/%eh%lechos nbang;l?gbt can renaﬁgﬂ me during the entire
li fespan o Y2 GritPREE e ‘Pﬁbét‘?lly BPESE e EPOREh Pt s tend
to- exhibit ltrleh'atemélby thd g rontaining i ghbodonSaatraidnk ‘éfba{raﬁﬂf MRB af neBane
sel ectivit r nsiderably wi.th rel a S changes in noder at or
concentr at %eyn& éan "ex! |et%g:[ s%a %Flo?‘lﬁrgr?cg’d aﬁ‘}ﬁi%ﬁ%‘m ﬁftyt?ﬁé‘af?ﬁs‘f usehi8nt ageous
or opti rrumidt@mme tinﬁconmmtam@f‘)xygaﬂwmcmmhsearsaiwmpﬁnyrgmh cOmERRNG 6f does tend
to chapge g d.operatian. Conse ent | t he node ator
| concen?crgat %g %Angbeﬂ%o%?n?#g%ﬁy gg‘f & ¥° SW? %’ﬁ%‘% l?érhalsfj‘c - maxi num
achievabl eﬂem@dmmey is to be maintai ned I'n the initial operation ‘phase
t he concentrati on 4 S. |s I the r e of from
0.5 to 10 ppnv; pre e\?a l@Js?ﬁﬂ%ﬂfﬁP{&LWgﬁm %¥R‘Pﬁ l’f%?gﬁng ?/?flsfﬁ?ga’%f the f ed
gas. In tﬁéqufj?flﬂH@Fld@méﬁlm (0oR, bh!anseetﬁéde’abngngtowamneﬁmm kelumegénic
hal i des i %ag%glcggkgt¥e§%uf hﬁefgragl rtg?g]%ﬁg; 5131@1 gut a?a%ﬁ-ls@pmfhe efgrabl y from

3 to 16 ppmv of e’tot Vol ung organi c
hal i de$ arfPrch i do E8000h | The sstivncerareatirs lmrefemblwhﬁdrr@mrolﬁﬁnm 180ty €

pref erabl 325 RE¥nd@ihe raed ,(r??tﬁtg;él O et hyi '
. chloride, et hyI ene él chﬁ%{e?&gé{s&gfgﬁ%ﬁm JJ}gﬂgr vlloﬁg* 5{2'(?0“ de .or a’
m xture 25 ther edfe V%%Pt‘i)i”efvé%‘?éﬁth@éﬁﬂoﬁﬁﬁeﬂﬂ‘é'éﬂﬂaloy@? Preduked peowmitar e et hyl
chl ori de animetdiyk@ene: @Gt 8 degad HRr Rat aACP pl Rk, lgmgmg@gglﬂjley present-

in the I’e?Ctl on fe d COI'TpI’I se varyl ng concentrat| ons . nitro argon

“and added “CEFUAT d0° RS 9B %ﬁc‘!Fﬂ"%iﬁ’ H%flhapﬁefeeb%fhﬁamcesssp ee»

unconger t étereiohyd @rtedicht R@MIOHOUS ke REYEbEELm 0N m&g%ﬂy@@ﬁ&‘h the 30
accunul at f _bala has. t o be ayvoi rocess of the present
inventi onbgg :g% %rp%noean'B?pef H%ur’dﬁr?ﬁrﬁfﬁi’ff Sgﬁ@f%eﬁhﬂé et“"@jé%%dufeﬁ the . -
reaction pérxt *wf e;'-talirsmgeréibﬁnfr.xretmmlecﬁoomechﬂ&ﬂevq&hca@eadﬁxddq:aimbﬁcﬁﬂgﬁt| on and
catal yst gudgfined by selectivity S and activity T. In both the initial

- operating pﬁase and the further operation phase, the optinmal 35 ethyl'éne
concentration nn?h%éﬂ%ﬁéﬂhwﬁmvmpsmﬁes&wmie;seqimasxu}% nfjthealesiad f i xed val ue

of w24 heetﬁ’ﬁéxfc%&ﬁ@'?&%eh Rtk &L 'ﬂ?thgftor% o@@ﬂ%l-gn ctonpér%g 63 %lvgrﬂerk rgtl S ed

concentratjons of ethylene, cou he corr espsn
concent rati d’ﬁ%’”ﬁfh%%‘y%‘@r?fﬂﬁﬁﬁl#l“wdﬂﬁm her i nprovenent can be reached 9

4 Cctober 2004 STHNIaRSRRE abtived lBie@MRPUhich Qf NG eSHAP %&qm&'wer ‘based
na

. catal yst's can'é) el ected froma w de range of conventlo mat eéri al s whi ch

"-are consi GEFER b‘l@e P B2k givre Workematervo avilb plse yray withihe slee ofi.dat i on f eeds,

products and r eal(ﬁtal ;@ffex@@lrbdibbdhﬁl@x& of SCiRveHaRY et bR gﬁ%%e%&mﬁ@” be
nat urg'acl of iil’tl ficial and t % i ncl ude the al um num oxi d magnesi a,

zi rconi a, "R & COFTTRYMR i FeRresens Ia%lﬁ%‘mo%ﬁ}ilyc%“tmi@élbi"% bgget har coal .
Al pha O amabfm mdoimsntchexprmsdd, grief @venathriBkew] @I tht el avidseshday thdhe nain

i ngredie ous sup or h port rous and preferably has a
sur f ace grrc%vgap%argm rerté%a ar% %yﬁﬂ Elﬁﬁfﬂs 0‘8 ° PR QRYERE r/ g and

nmore in p&pmqeatcaltlanwhmhm:ﬁplﬁﬁwtfmthﬂ&fﬂ-/:@mﬁﬁﬂbﬁh}isésttrbﬁnﬁ E.T. surface area
of the support i e of 0.1 to,l 15 pre erably fromQO'| to
S0 o he e il BN oot fiy B B oo ShE o been
descrPbeduikxtredettict 1s uksd 1Bﬁlanm5ébperdﬁmhasardépeﬁ@§ drhe plant;]the AEysCagm - Soc. 60
(1938) 3 sel ive,supp si ] ver - based cataly

accor di nge%%tgoqjt ot @m%{rs%g% ° 99 €ear% ?”ocﬁ“jﬁeg g’ﬁ%"%h c!'{‘F ‘{}Jﬂe‘ﬁ CERRENEREY $esh,

exhi bi ts@@ulﬂmnchatotalheﬁmetmuah nﬁﬂhlemtdll\/detaYmatt_Sz nfbl%eM@re\MHfé?aHlﬁt e, Sa, of

at | east 12%7 vl t§c5razc'@ of-léme va%lég /c, i%%arfugﬂlarafrc%g(ta mol glfsethyles found




by operating the catalyst at 260 Cin a range of work rates w, resulting in
a range of selectivity values S corresponding to the range of work rates w.
, These values S are then extrapol ated back to the theoretical value of S
at zero work rate, by he use of conventional curve-fitting algorithns, such
as those provided with the M CROSOFT Excel program 25 Pref g tddr spyeor t ed
hi ghly sel ective silver-based catalysts to be used in the present I nvention
are rhenium containing catal ysts. Such catal ysts are known from EP-B266015.
Broadly, they contain a catalytically effective anbunt of silver, a
pronoti ng apount .rheni um or conpound thereof, a pronoting anDunt of at

| east on fTiEF"f"Fﬁ?Fn PRPSUBHY BE B A oRFRT R aeing kB A 4t |ymel%ad freonpt i ng
amount of aconbewrhtiom mﬂ@rmh@bx%erMht@pFaﬁ@ Reigekaetigds f5amegng or nore
of sul fur, hoz‘p gsr S, Oigo? a1 conpounds thereof, on a refractory
support . ‘ve 05y RBYIsRe- | east one further metal of these rhenium

contai ni ng catal ysas useﬁ/h&reﬁ, e bagdositlod sfane ﬁeﬁw@log&@;&@:eﬁemﬁlx¥&ﬂnem|b€e

al kaline earth netals tungsten, chrom um titanium ha-~ri urh
zi rconi um atiﬁ/an ﬁ‘f ?fﬁgo$a¥??ﬁ‘?t°t Yojmmbite! exP’&ﬁﬁeQFﬁﬁ?aﬁWP%lﬁtguiﬁmQjélcFPﬁﬂn and

ger manii®m é:mdfo]mnet(ppme relatiteat eRftotalFasTe& ef. erabl y the at | east one further
netal is/are selecte the al kal,i nmetals such, as . I|th|um pot assi um:

rubi di um and cesi ﬁ% f”ﬁtg]erf PRSFAPR PRaTeK AFPH G G (the REFSSHt SRWTHIR. 482 cal ci um
and -bar.i umcondesttatipn ef ethalahmsl ihcresed prefetabiy topoleddSifironand/19u Gesicen 9 4

Cct ober 20 unt of the ¢ nents of these catal ysts are,
“when cal culgcé%cgfﬁgé étﬁﬂ erren 3 P QPSFg{)TIP%Ef @‘8’? PRgicpEFSr EMilgbR 10 to 300
g/ | Cg> r hepaisgrhby fom i)toam rhad%e 1B eﬁmbhd h@feréhw b;hﬁasm rretcaizo mm%rmra*eﬁbn}r om 10 to
3000 ngy5-~I gg. l.. £ heni | molLi c
The et hyI ene cggt{ggﬁhgﬁgg%thﬂd% L: mcijcase‘?éoc%\?ce | ?lén‘fnt"f?eprfrﬁrﬁ Y q"r‘“rftxt ure by
usi ng met ht@sokndwpattipulatte aahtast 3¢ ml%xa’anéreblnwhabsmemm@ dfeeayRbdisl ene oxi-de
from a reagbRise@W i §losSIoEMN Y_reco t he
~et hyl ene .oxi deef rom toliue aquebﬁaé&egﬁ}‘gﬁ}gﬁqﬁg%l s{mH”a”tlFarﬁchai\E %ggt a
portion of “tReaqueous sol ution containing the. 15-ethyl’ ene oxi'de nay be

‘applied is a subseruenluiaeasR: hll. GOMELLLAG IS RLDY. A0 9.l g into a

I >2di o 5 O 8 liL 2-di ol ether. The ethyl ene oxi de pr uced e present .
proces® i cuEHlaty e §ihdaw SudeqEodugiap %@e%‘?}%ﬂ evienn Qde, Pzr@f hﬁn@éﬂsm or into

a 1,2-et ha\nlﬁfhlﬁ)f‘kf’txh%s 17he. iTplanete calcaltsty eﬁéﬁﬁsmp&%e@aﬁﬂéﬁgd by this

|nvent| on Te(rl}g‘_%{i ‘nmore attractive process for the 20 production of

et hyl ene 0AZt Wcﬁqeéﬁ?q”ﬁmc”oex&w%% kT thvlene e pprBcefssgtalsplich - -
conpri ses muretiptialy 06 kMetinha: oxide: afldr thgy s heRALO M5 KSR bRe. obt ai ned
T Y etnandit B oL el g BRIEY L6 Biee oy %Qé?nﬁa' iy SR
1, 2- etZ3ande ol et@tld!r@roxxdaycraﬁrqﬁmtﬂw Frequeenty nipd cﬁnceﬁﬁﬁﬁhloﬂghﬂﬁeuﬁﬁﬂiaﬂ ene OXI de
For ) nessRek DY RN AR AR Bt ShebPBlfeSo B LRI R ERL TR € e
~ethyl ene Wl@éﬁtﬂﬂv Berer. &@qnéﬂbvﬁp@hh@mmnfmhﬂvim aidecpradmstonaiceadt er; . in a.

~liquid phqngré@ggﬁémdéﬁgr Ftof an acid catalyst, e.g. 0.5-1.0 %N :
sul furic acid, based on the tot reaction mixture, at 50-70 C at 1 bar
‘absol ute,. or in ohgdEcTeisnde theeridne rrontentBPnoMey B and oR GiedOsthpaviseabsol ut e,
pref egabl %cteﬁse& hﬁm@?%ﬁ@ﬁﬁaﬂé offe 3hat éﬁﬁ al lificr {08 o%roaoﬁé’nto!:lgpn% 3@ hwater is
lowered the opor%lon of - 1, 2- et hane ethers I'n the reac Pon m xture is
i ncr eased®rRAtgD o1 %ﬁ%éﬁﬁ@@”@l%‘é’?@ﬁ hus  produced may be the di-ether,
tri-ether, tetraeiherpoads sxRsCAUGBEBLNENHTd A 4BS eél-}d;‘! %pt%i}a”ed' ol
et hers ma ed by converting the éethylene oxi an al cohol,
particul a nﬁ“ﬁ%‘%&?{“ﬁ?@oﬁlw high fé hrmeast FstoReasBYatioR UEPMHQ)Whl%quieepl aci ng at

I east a poE tfeaperofuet R patefe Bhlhes ahsRhRl and Bmll& b &L hapedi ol and the
gthers my be used in a large variety of indusirial

anedi ol
appl i ‘Jégt i Ccf’ﬁlg e %Fétﬁ“&ﬂ”é e et gedormency whide avsishagr thy Senmabdincco,

- cosnet i cslimit. herm)pl astic polyners, curable resin systens; detergents heat

tr ansf er systens,, et 0 4 October 2004
Generally, the concentration of oxygen applied in the irnitial operation phase

will be V\nthm the broad range of from 6 to 12 mol%s of the total gas feed.




5 The following exanples will illustrate the invention. Part |: The
.Catatysts Catalyst A was S-882, a conmmercial Shell catalyst of the High
Selectivity type as defined in EP-B-266015, containing rhenium pronoter and
rheni um co-pronoter 1u grad ha'v'ing. a. theoretical selectivity u0 ~f 93%
111 the fresh State.. Conparative Catalyst B was 5-860) a m@pg@m Shel |
catal yst of the conventional type as defined in US-A-53806

cont ai ni ng rheni um and rhenium co-. pronoter and having a theoretical
selectivity So of 85%in the fresh state. The above val ues of Sp were
determ ned by collecting a range of selectivities 15 S at nultiple space .
vel oci ti%es, each tH'mEErahlty 30Ye Etrihyd @aﬁuoﬁﬂfba@a(y@eﬁﬂangﬁﬂfmﬁaa;ﬁrmm ifegdnde and | 4

bar for bot the react.i ture 26Q .C for Catalyst A
ot 596 1l CLBBIor bS] BAG A hUSIRE &5 KR PR B PRt @i 'Y
vel-ocity (|comcnmpmoﬁmwgenrmca)1 thefnids hpantboated, eﬁ&tn&drg/ﬁdmoﬁiaﬁjad waoppar at i ve

~Catal yst By ted,. The aged cat st A was, t.ak om,a rcial
pl ant vvhereéA? 'E%hbé'? egﬁtcl'rs"gémg%’rw%iﬂ%%gmgfﬁ a%v'f ﬁgy Hﬁlﬁ%&ﬁéﬁwfg‘ﬁaot al of
2400 Kg of cenchttatore ipxeided. pei‘yﬂmaﬂyzrfoofangamal“/ysibsolirﬂaema@aé in Shpparative -

Cat al B R f | t df 34
o 21 Ol OSIITBLS] B BL RS b QR RIREY (7
of catalys FbSOBm lhﬂlagmhaﬂmﬁaﬂnﬁsmso M rel% aksehutd, fao mxetnlrpée h@%\rﬂb!%ﬁbsdlﬁxe _

respective be_free of

cont ani nat 4 @a%%?‘i”ﬁ’”“@ﬁ“%é%ﬁﬁs tﬁf%g/t?é #%’gee | i gﬁ%ﬁ et Frent; 1 to
5.grans ofﬁémm@aor@m@ny@max@esom 05 torp. S\R;érmorb@amtly from @. Iétmrﬂﬁl%g r eact or
consi st i nggPf, bt egl. ube. The
Cohaped ¢ pe gt Mt Eefinly GOREIatl P PR Ce kP R e
medi uny® anl Bollk, pves repfamblide et raesh B awi%ed Prerablyy sy dohesntratios chenyedtie wei ght of
the catal Y&:Ereﬁaﬁlt&éﬂﬁa&t@'n@él%gﬂ&efpl-e@é%tﬁ%%tfé@srtgnﬁ;@’USted to. achieve a-gas
hourly spage vel ocit per m of -catal yst per hour. The
inlet gas Preegdyrs eﬁ%aé‘g“-‘mb@eI@F’égeﬂlcﬁn%&%qﬁm@xlﬁéﬁwféﬁfﬂbe theurartfedt thon one
fresh or a@eﬁge(hathalet&iﬁtmecﬁ‘on@ﬂ@atgﬁ seven equal | y-spaced -concentrati ons of
"ethyl ene in the er g .-rangi.n om 25 to i'5 nol W%Hvx/as 35 tested under
“optinized further’®f %‘Hmh?‘f’d’ﬂ'ty é‘l"da‘ixéfﬁ@ DS AFFETORE N of hhRIofesR] Big he

concer atirentef mé)jxycg:&ﬁh u&e& théte e@wmeaea@bﬁdmmucms chribén deiEd Rl | owed
withint’ %ﬂgelr% mt%rl limt and ranged from9 to 6.5 ol % The
concentrat% on ot -car on SHASETE 4 oct ober 2004 5 was set'to a typical
| evel. for each typebonfdicdtalsys by- pmd&ct of&hﬁ%hﬁzxane Tch:ﬁaﬁvhsﬂaoda'ksghSmcasel ective
~catal yst; @ 9 el cat al yst _and for the :
conventi onalwmé QLIQOB Jﬂeh%ﬁg?%gg%g ra&téislg m%%fe ﬁnd 2 ¢hil %’rce “ra% Wa's f{:)ptl m zed
over the rcéthledleﬁﬂd’-z!IOthﬁ rgpeQr frsdwhichrarg tpact metsdqesmoghﬁ w@%lm&thamncat al yst,
opti mpzed @Mek 08 of 218 stgénv'ity, céu ﬁa%ox??fg&éhgogrdx vﬁﬂ%QaJB&dQE'W an%lel ective
< :

catal yst, and set at 2.5 ppmv_for t convent .'onal

cat al yst's “oGuNs Y reRRinasaioa dioxide fpritiraacyeligas- éﬁaéﬂ Tgiehe dofe yhentingl k - t ced

m xt ure. TRebt QARIAE MsBrplibd 0086 RrR% P& AR WA T 28hHSlBdnriind @i SI NG it
. gradual | y,%ﬁ?naqgchl eve a constant work rate w (ng of ethyl ene oxide produced

per m of 181e HPWias dUPYLY 7 PREREh ABhElIFe FYepyPYE SPncemistiensci al

practi ce, mzh®e eattztiamke mﬁé@s bﬂihe pWséﬁ@-&v&%nKanH&deHdenf o thd Besehdebzh and aQe‘d

S882 ggt aI st afd for thdlfg S>- 860 catal yst, and 160 .kg/ nB/ hr for. the

aged 866 SEITF 81 §FEY0D XIS iR € eﬁéﬁ@oﬁ@é’ﬁ}"‘?s The results are given in the

foll owing Table K ;aE@hakemm eddatelop ey ¢iaded tanek f:6d Fr guk@singliko 4. in all

]E P:milagﬂ ?5 5Gt1‘f5k£}’2 s P%ze%%% ?Hﬁﬁg gx.gavon of gtlyye%g %(nj ¢ etgﬁggeoorxl e 1o th
carbon dioxide and water. Many organic compounds especially orgamc halides but also

- amines, organometallic compouads and aromatic bydrocarbor's are known to be effective
35 in this respect. Organic halides are the preferred gas phase catalyst moderators and they
are effective without supprassing the desired reaction when Lsed in conceptratlons ranging

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



Tabl e I Exanpl eCatai ystO=, mol % CzHa,S (% EQOT (C~ in feed nol % i nf eed
Fromthese results it enmerges that in particular the aged S-8 $2 catal yst
i s 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 inproved when
the concentration of ethylene in 10 the feed is raised tom ééotbgr%ﬁ),;rml%
Wth the fresh highly selective catalysts the selectivity of the reaction
towards ethyl ene oxide is not influenced substantially when a higher
concentration of ethylene is conbined with a lower (i.e. safe)
concentration of oxygen, while with the aged highly selective catalysts the
sel ecti wity under Thestmebsatitiretim bgas st anatalyat hz;adaramrmagedepeﬁl bfierences
of activit n -
~concent r at %%aﬁﬁgr?g}w%v\n%rﬁe oXY %ﬁf%%?}g{eﬁit ?a? F%Jnen &%1 sisr es gaﬁdd%ged
hi ghly sel &gt selestivet ares fer the aofieratphd.es thrie Sdﬁnt’UF |1soaimbsitmtaaa:st qeeromounced.
By contras 0 a I t hat aged
brideOrahble of hgalaer)itof %L&Qﬂd‘a\ﬁg LA et @:o?&pﬁ&%s ot Qhaf.ugﬁ rhgm% this

~and fresh traditT onal ene oxl | on cat not e
clear diff &iokpes crmrathanapﬁ ? exgystoAharefoneitee qoBcentratpnQtiptresde 200 4aibbe

-conposi§ i 0peff frdienbREAnI AT al kil Be saTutﬂéléunngiﬁfef i dﬂgsp‘éﬁ“ér E@Xthgr%e cont ent

of the reaction gas m xture, yet simultaneo ucrng the oxygen content
to remain BEGWFEHEef P&Hﬁa%lem‘teyc@ﬁlmt tendy 9 hxlyéﬂterel#m\wbt stespnuhodasdtovi t y - of

the aged hicgRiag! et Yléﬁeﬁ&iv%%%hesa&ﬁsﬁmw\éﬁﬁl &gaoa; sggytt&ﬁml& 5.4 |

‘Cctober 2004 1. A process faor the vapor phase oxidation etfiyl.éne to-
ethyl ene o‘;??‘ilféat°f\m?‘i?ﬁtrﬁ°6€é‘§§x@5‘1‘ﬁpﬂfP@Wﬁ@&'@ﬁlﬁyﬂ&t the amest %dﬁaltmmture o

CONDY i’ Si NQor@iphiyhi@ e BT ASHBON. Thiz d3EraRF BRENES n&)afreo%ers HH%P%& f‘ochl'LQng[ghl y -

sel ect | ve sil ver- based catalyst comprising a catalyticall ive 10
anount*of § Bolonged Operaiey: ((PUisHBRRHY th mp FRRGRT SR paYIFticRtmigedof . and a
~ pronoting repestly dofingddpeta@as1f @Rk B&Eevﬂ@& ﬁlecﬁﬁt}Q@EH?&%kngﬂééf eQf .  by:

gperatl ng @%@%%ﬁaﬁ@%%%&rat i on ﬁhase wher ei n relsh cat al i's used, and
perating S EGEFRTEAR haReprne Ralidssisbpicalyde F@Sé oxi de
product i ot éenckil® ®.Mhvkiefetablyl fRAe2 €X$ BRaOET thertetDkoleab &fﬁﬁ@ Faed Bhier €I n. in
ohet | on HEGeHBRLLOLRIREE Ao S ROROR Y G al bl B Eie "herei n
i n t h@Cf urtrigerf By as EDppoph asterdthefrom 3 to 16 ppmv of the total volume of the feed :
| ' ' Preferred  organic halides are C; to Csg chloroh?d’rocarboﬁs or
bromohydrocarbons More preferably they are selected frcm the group of methyl chloride,
) ' ethyl chlonde ethylene dichloride, ethylene dtbroxmde vmyl chloride "or a mixture
25 ther=of Most preferred gas phase catalyst moderator are ethyl chlonde and ethylene -
o d.tchlonde _ : ‘ - -
' The balance mert gases usua]ly present in the reaction feed compnse varymcr _
concentrations of nitrogen, argon, and added saturated hydrocmbon such as methane or
_ethane. Since unconverted ethylene is contlnuouslv recycled, and’ oxygen added, the
30 - -accumnulation of balance gases has to be avo1ded. The process of the present invention is
iﬁdependent 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. - S
' ~ Inboth the initial 6perating phase and the further cperetion phase, the optimal
35 ethylene concentration may be determined by successively measiring, at 2 fixed value of
w, the perforrnance in tertns of Sand T of progressitfely raised concentrations of ethylene,
coupled with the correspénc_ling. safe concentrations of oxjrgen*: uatil no further

improvement can be reached.



concentration of ethylene is raised when the cunul ati ve et hyl ene oxi de
-producti on exceeds 0.3 kT ethyl ene oxide per nB of catalyst. 3. A process
as claimed in claim2, wherein in the further operation phase the 20
concentration of ethylene is raised when the cumnul ati ve et hyl ene oxi de
production exceeds 0.5 L~' ethylene oxide per nB of catal y$betdher Sodd OCESS
as clainmed in claim3, wherein in the further operation phase the
concentration of ethylene is raised when the cunul ati ve et hyl ene oxi de
production exceeds 1 kT ethyl ene oxide per nB of catalyst. 25 5. A process
as claimed in any of clains 1-4, wherein the concentration of ethylene is
i ncreased -t o from Thelmegd of thesupths of dhe suppetdi siimerofaset twdletsecansded in t he
initial opefuglie hase _ LAl ' Al , rein the
concentrati {)eiral&ﬂofg%ggy eneﬁ%gedéf @q@%ﬁigzr?aé F%E'lgr%q(?} %%og%lg&gﬁ. % bte}%rlegtslgt he
concent r at i 'Bf PEFeSX PHEs eildanei axidatien faady ipzdducp endtdactivnptvadidons308uEs A
process accQhihat Badas oh ! AkEH ol afaciEh U dif-SUPRGRLE] Qlaahl y

sel ective silver based catal yst conprises a caftalytica “effective anmount
of silver; RASHFAEEIRY. aeh FHicen cahidni days.arumdewnpelited anthehawkl Alphz onot i ng
amount 10f  flurhiRAR{thOR8st! dEERS mBBlAo BF u6a R ANE,h NEL 601 %F&%%-Bx%gs from
al kali netals, alkaline earth nmetals, nolybdenum. tungsten, chrom um. .
ti'tani um- FE9Ftum zireconium vanadium thallium thorium 3 5 tantalum
ni obium gal li um TeERHUIHI ma&a&s@?th&ei ﬁQfacear@ﬂ%%e&Q&aﬁer@et' ng
amount - of a %gemgm co-pronoter sgl'eded tromone or nore of sulfur,
‘phosphor us, Bbdr 8% f eSnBet 1l st ere GO Fhatraruly &ur AfSaled adet he

‘iloement 8n Pfd’ﬁamﬁmlﬁfﬂt@mb ,ar&ehgf4 ﬁ:@ﬁﬁ;ﬁ]ﬁoﬁq& ﬁidegﬁh%é 8f b hhe, En%ﬂ:ﬁe' of from
10 to ; t obe e apount of rhenium.is 1n the range
of fr‘o-igo. g?@%@&%"m%‘iw% P@hé%ﬁr%%ﬁt mgioq A TFASHringeka Sugee Ast Bass is i n
t he range béenfdearibddintdetad @9 Bk EmaBthrt Tell&® U m.ofzmN SR 8o1998)pr onot er
‘is in the L& of from0.1 to 10 mvi-/ kg, -and wherein the support .is
porous, itS surface area is in-the range of frirm 0.05 to 20 ne/g and the [0
mat eri al of the séphighly selsctivaisapporiad pinar-adsedricatalyst Siccofdipg oc égpraegor ding to
claim7, eLein.t I t ' t her .met.al. .conprises Lithium
" pot assi umv%e?lln | gir?—mcoggiv%}r%h’ ‘gﬂ% 0&8%?%%§% p’%&:bét(s)ratd|?6 hg&fl gg’ A C%TSEI%C%"&%% 1- 8,
wher ei A0 aszage yaxks rpfhascofimd Bast 1700 80.732 5Thepriue of Sefnr opiyemtaclzaisifabad conpri si ng

a0 1o Copehhlhbudr QEALPAM4AC in 2 range of work rates w, resulting in 2 range of

. selectivity values S corresponding to the range of work rates w. - These values S-are then

-+ extrepolated back to the theoretical value of S at zero work rﬁte,'by',the use of conventional
curve-fitting algorithms, such as those provided with fhe_ MICROSOFT@EXGE:I program. '
.25 Preferred supported highly selective silﬁer-based catelysts to be used in the
" present invention are thenium containing catalysts. Such catalysts are known from EP-B- |
266015.' Broédly, they contain a catalytically effective’ amount of silver, a premoting
amount of rhenium or cémpound théreof, a promoting amount of at least one further metal
- or comﬁ)ound thereof and optionally a co-promoting amount of a rhenium co-prcﬁzoter
30  which can be selected from one or more of su_iﬁu‘, phosjﬁhoms, boron; and compeunds
thereof, on a refractory support.- More speéiﬁcaﬁy the at least one further metal of these -
rhenium containing cataiysts is/are selected from the group .of alkali metals, alkaline earth
metals, molybdenum, tungsten, chromium, titanimn; hafnium, zircoﬁium, vanadium,
thallium, thorjum, tantalum, niebium, gallium and rgermaniux-n and mixtures thersof,
EE Preferébly 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

calcivm and barium. Most preferably it is lithium, potassiur and/or cesium.




15 bronmohydrocarbon is present. 10. A process according to claim9, wherein
the organic halide is selected fromnethyl chloride) ethyl chloride,

et.hyl ene di chl oride, ethylene dibromde, vinyl chloride and m xtures
thereof. 11. A process according to any of d ains 1-10, wherein in the
further operation phase the 20 conposition of the reaction i
changed to contain fromS to 30 nol 90 nore of et hyl ene thé%ekﬁhHFgoaé
concentration of ethylene used in the initial operation phase. 12. A nethod
of malting 1,2-ethanediol or a corresponding 1,2-ethanediol ether
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} /\’)| | #LY Iﬁ_ b I@V Teacle %5ot 0q g of ethylene oxide per Iiter of catalyst. Both

aged catalysts were taken from the heart of the' respectwe reactor tubes. They were -

: anaiyzed and found to be free of contaminates. - ' ' :

25 o |
' " PartIl: The Catalyst Test Procedure -

In each expenment 1to 5 grams of crushed catalyst (0 8-1.4 mm) were Ioaded :

into a micro-reactor cpnsxst:ng of a 3 mm internal diameter stainless steelrU-shaped tube,

'I'hé U-shaped tube was ._imme_rsed in a molten metal tin/bismuth bath (heat niediurn) and

30 the ends were cbnnected toa gaé flow system. The weight of the catalyst and the infet gas
- flow rate were adjusted to achieve a gas hourly space velocity of 33 00 ml of gas permlof

catalyst per hour. Theinlet gas pressure was 1600 kPa. _

In each experiment, the effect on one fresh or aged ca*alyst of one of seven

‘equally spaced concentrations of ethyl:ne.m the feed, ranging from 25 to 53 mol%, was

35 tested under optimiied further feed and temperature conditions. | In the feed, the

concentration of oxygen used in each experiment was the maxunum allowed within the

flammability limit and ranged from 9 to 6.5 mol%. . The jconcen’cratio:u_of carbon dioxide

11



10m) <10%1& ()-! #, -)109%& () - ,-)10% & ()-g%n NwWA}A211\) 10% () - U
\)10%& ()-U"1,\)10%& ()-U !X )10% ()-U!<T\)10% ()-U'\)10%<& ()-U vc.
xV7,? 10<j 10%&' ()-!\)10%008& ()-U ! kT\) 109%KK& ()-U !\) 10%sdsd& ()-U
\)10% & ()-U !\ )10%<& ()-U ~ 111#$eC? 10! L< 0*10%& () - L3! b<

0* 1098} &} & ()-L3 < 0*10%Q& ()-L3)!P< 0*10% n & ()- L3l H%%@E@ odd
10$9%8X() @A+B+wU? 10 10HH 10HH >< 0*10%H& ()-L3!< 0*1 ? 131 <
0*10%41& ()-L3!< 0%*10% & ()-L3!E< 0*10%& () - L3B+C+R+-u-q. p/| J9’7 10 10HH

> - was set to 2 typical leve! for each type of catalyst, i.e., 3.5% for the 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 aver the raziga of 30 - 7.0 ppmvr for the aged |
_ “highly selective cata.lvsf, and set at 2.5 ppmv for the fresh and aged convéntioﬁal catalysts.
10 ' _Nztmgen ballast comprised the remainder of the bulk feed. mlxmre The temperamrn m-
" 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 accorda.n_c_e wlth_typmal
" comumercial iaréctice, the constant work rate w was‘ 2U.0i kg/m_s[hr for the fresh and aged S-
382 c_afazyst and for the fresh S-860 catalyst, and 160 kg/m®/hr for the aged §-860 catalyst.
Part IT: The ResuIts _ :
The results are g:ven in the followmg Table I (EO denotes ethylﬂnc oxzde) and '
in F1gures 1to 4. In all the Fxcrures the percentaae of oxygen was adjusted o conform '

thh ﬂamabﬂlty

12




1P P+109%PnPm& ()-11~ P+10%474& ()-11{ P+10% %% ()-1!e
P+109%& ()- 11 "109%4& ()- 10HHp/|0: 122 4r4wl39? 10! P+10%& ()-1!F

P+100& ()-1! P+10%& ()-1!M P+10% ()-11 P+109%& ()-11] N
P+10%& () - 1r 44666768696H678~\ : 10! | c&F( 109ZZ& () - d1! A&F( 10%& () - d1l " 10% & ()
- 10H 10H 10H) <s10%%& ()-! q7 04
P+10%! q! & ()H)iSV95 <= (>2>mug \: 101 &F( 10%& () - d11 b&r( 109kk& T PAPPPERYhoske: (
)-d1!\ &F( 109%& () - d1!] &F( 10%DD& () - d1! 8&F( 10%as&’ () - d1? GEAEAEPBC-\ : 10! 1o

(109 ()-0'P_y (10%& ()-0I"10%& ()- 10" 10" |
10" <s109% & () -! &F( 109&' () - d1CDEEFHHWU4~\ : 10! dy (10%/& ()-0!y
(100/(9 9-3&- () 0| abIcI . . )
Example ~ |Catalyst [ 0g, mol% CzH4, JSHEQ)] TG
o : : infeed | mol%in L _
: : feed o
" [Comp. ] S-382, FRESH 9.1 25 87.5 254
- |Comp. 2 S-882, FRESH 8.2 33 §7.6 255 |
[Comp. 3 S-882, FRESH 7.4 45 87.1 254
[Comp. 4 |S-882, FRESH 5.6 35 8732 254
5 S-882, AGED 9.0 23 8§07 | 281
|6 S-882,AGED . 8.6 30 814 281
17 1S-88Z, AGED ) 35 82.3 280
8§ | 5-882, AGED 7.8 40 82.9 279
9 [S-882, AGED 7.4 45 83.2 279
10 - | S-882, AGED 7.0 30 832 | 275
i1 S-882, AGED 6.6 33 837 .| 274
Comp. 12 |S-860, FRESH 9.1 23 802 | 236
[Comp. 13 | 5-860, FRESH 87 30 | 801 235
Comp. 14 |S-860, FRESH 832 35 80.3 233
tComp.15 |8-860, FRESH | 7.8 40 80.1 230
- - [Comp. 16 | 8-860, FRESH 74 43 806 | 232
Comp. 17 | S-860, FRESH 7.0 50 | 809 229
Comp. 18 | 3-860, FRESH 6.6 55 808 279
Camp. 19 |5-860, AGED BER 25 77.4 240
Comp. 20 3-860, AGED 27 30 76.9 240
Comp.21 | S-860, AGED 82 35 762 241
Comp.22 . | 5-860, AGED 73 40 76.0 240
Comp.23 | 5-860, AGED 74 45 1 763 238
Comp. 24 ]5-860, AGED 70 30 762 340
Comp. 25 .| 5-869, AGED 66 55 75.9 239

. From these reéults it émergeé 'thét m particulér’tﬁe aged 5-882 catalyst is -

 distinguished over the fresh $-882 and S-860 a_nd' the aged S-860 in that its performance
(selectivity as well as activity) is clearly improved when the concertration of ethylene in

10 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 eth}lene is combined with 2 lower (i.e. safe) concentratxon of

oxygen, wh;ie with the aued highly selecnve catalysts the selectmtv ‘under these
conditions is substantially improved. ‘Differences of actmty performanc\. under

15 condxtmns of raised ethylene concentration and lowersd oxygen concentration between
+ fresh and aged highly selective catalysts are in the same dirsction but less pronounced. By
contrast to the hlghly 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

13
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S composition of the feed gas mixture. Thus, by raising the ethylene content of the reaction

gas mixture, yet simultaneously reducing the oxygen content to remain below the

- flammablhty limit, both selecnwty and actzvzty of the aged high seiectmty catalyst are
improved mguﬁcanﬁy '

14.
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- operating atafurther operation p ase when a cumulative ethylene oxide production
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cxceeds 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. 3
2. A process as claimed in claim 1, wherein in the further operation phase the
concentration of ethylene is raised when the cumulative echylene 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 ethylene oxide per m’ of catalyst.

4. A process as claimed in claim 3, wherein in the further operation phase the
concentration of eﬂ-:ylene is raised when the cumulative ethylene oxide production exceeds
1 kT ethylene oxide per m’ of caralyst.

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. o |
6. A process as claimed in claim 5, wherein the concentration of oxygen used is lowered
to from 0.98 to0 0.3 times the concentration of exygen used in the initial operation phase.

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

35  tantalum, niobium, gallium, germanium and rmixtures thereof, and a co-promoting amount
of a theniuin co-promoter selected from one or more of sulfur, phosphorus, boron, and
compounds thercof, wherein, calculated as the elernent on the total catalyst,

- the amount of silver is in the range of from 10 to 300 g/kg,
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~ chlaride, ethyl chloridc, ethylene dichloride, ethylene dibromide, vinyl chloride and

mixtures thereof, ﬂ

11. A process according to any of claims 1-10, wherein in the further operation phase the
20 compasition of the reaction mixture is changed to contain from 5-to 30 mol% more of

ethylene than the concentration of ethylenc used in the initial operation phase.

12. Amethod of making 1,2-ethanediol or a corresponding 1,2-ethanediol ether

‘comprising converting ethylene oxide into the 1,2-cthanediol or the 1,2-cthanediol 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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