21 April 2006 A PROCESS AND SYSTEMS FOR THE EPOXI DATI ON OF AN COLEFI N FI ELD
OF THE I NVENTI ON The invention relates to a process for the epoxidation of
an ol efin, which process conprises reacting a feed co r|S| g bge ol ef i n,
oxygen and a reaction nodifier in the45 presence of a 8 ctive
silver-based catal yst. The invention: also relates to systens suitable for
use in connection with the process. BACKGROUND OF THE | NVENTI ON The

catal ytic ?%@égn}*ﬁﬁ(‘g&ﬁ‘tﬁ ona?nq‘}@i S maTiON asedng abeky e has been

known for nven ver - ased catal ysts have. provi ded
the ol efin OX|des notoriously in a |low selectivity. For exanple, when

usi ng n I n the epoxidation of ethylene, the
seleptlgﬁgﬁfkgmhaﬁé g&ﬁ@#@ﬁgﬁ%X|de expressed as a fraction 15 of the

et hyl ene conueyt edvedngomateYeeed wal aiesrabess fhe the7 epoxdsiatiml e- %
limt. Therefore, this t_has been con e 4 he B

t heor et P&aiy &l Wﬁﬂéﬁnﬁ%@?@ss ?oTﬂF%S?ﬁaE %%ﬁ& géseégbg t he

stoi chi Q:ES%P’ sAhdt R d QA ON, @ﬂy@émoanaoahé:atmmnen@zipfae& G2H4Be+ 2 OO
+ 2 H20 Ki rk-O hner' s Encycl oped
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sel ecti Y@ loMars a9lRf ive 1 e 96 0gyst &aBs. sibeablei Hgrt hse 2 nodern
catal ysfs in the epoxidation of ethylene the selectivity towards ethylene -

oxi de caennEsdt o Midd: B PTOoEPeS6/7 or 85.7 nmole-%lint referred to.

Such hi ghl-~rsRhEF O erat Bty sron Whi ch may- conprise as their active
conponents silver, rhenium at |east one further netal and 3 optlonally a

r heni um co- p/Hwptcatal e @rexbdelirn of alef}ps3538ings 3 54
EP 1y 2080 AN SRV A 158 CRGRA. £8:24 £Bho! 2AQS p@io@i’iﬁermilﬁdaq_at i ons.
ysts are subject to an aging
51lverubased catalysts have provided the olefln ox1des
notorlously in a iow select1v1ty For example, when using
- conventional catalysts 'in the epox1dat10n of ethylene, the
selectivity towards ethylene oxide, expressed as a fraction
15 of the ethylene converted, does not reach values.above the
6/7 or 85.7 mole-% limit. Therefore, this limit has long
been considered to be the theoretlcally maximal selectivity
of this reaction, based on the st01chlometry of the resct;on
eqguation - . ' '
20 | ’?CgH4+60;->6C2H40+2C02+2H20
cf. Kirk-Othmer’s Encyclopedia of Chemical Technology,
ed., Vol. 9, 1980, p. 445. ' '
Modern silver-based catalysts however are highly

. 3rd

selectlve towards olefln oxide productlon When uslng the
25 modern catalysts in the epoxidation of ethylenerthe
| seléctiviﬁy towards ethyléne oxide can reach values above -
the 6/7 or 85.7 mole-% :Limit referred to. Such highly
selective catalysts,. Whlch may comprlse as their actlve
components silver, rhenlum, at least one further metal and
30 optlonally a rhenium co~promoter, are dlsclosed in US—A*
4761394, US—A—4766105 EP-A-266015 and in several subsequent



rel ated performance decline during normal operation and they need to be
exchanged periodically. The aging nmanifests 5 itself by a reduction in the
activity of the catalyst. Usually, when a reduction in act|V|t¥ of the
catalyst is manifest, the reaction t erature’is incréh 12808 der to
conpensate for the reduction in activity. The reaction tenperature may be-

i ncreased wattidntd thRAGRARS dHlesi rably. 10 high, at which point in tine the
catal yst is deeneé)to be at the end of its lifetime and woul d need to be

exchanged. A redtd ¢ilivsdi faged ieortakenpseann owbhace kel iagde agimg- be
added to the)bRed (33 303 %@%%ﬁ?@?in%oﬁo %Er%éyﬂlorﬁe a%ec{ ecg.lt ity

(cf for exanple EP-A- | er - suppresses
unde5|rablée@ﬁ(ﬁﬁlhﬂwewﬂhaﬂgﬁdrp&n1Q¢£¢athX|dﬁheoagangomaMMfesﬁa and

wat er rels A h | for tlon o] ef i i de a.so far
unexplalneé%%egﬁaﬁﬂsél% %% opt nﬁflquantl 1%+ ¥h%§ £§30F35#i¥§ i'fier
depends 2Uswalillys @m@nldamamudﬁxﬁnlxnla@mﬂvitanEaﬁHeOﬁatb&y@ipasﬁ

cat al yst uasﬁ COnvenblonaI atal ysts have relatiyvel selectivity

flat,
curves for “Eha LSSt i8R, TP QﬁﬂR&%@?ﬁr?r&F %%?éﬁ?ﬁgﬁtﬁnagréeFuﬁetlon

of the quanbmpynehtbhéotea&blQ@duﬁxhénehuﬁhmﬁiiﬁw t hgehsekeaidtibhi es are
alnnst'invgrlant ' over ,a w de ranqg of reacti-on nodi fier quantities,

and this propErey u58e§aV|PFu%qﬁF§ﬂﬁ d§%¥??ﬂ%??oHHQFSﬂﬁéblﬂéact|Qn

t enpendt ur highg dir whg@chppeliargas aPeiatind @ftdNest Cabab¥shedl e 8EOLE.
when usi-ng 6 conveﬂtlonal catalyst, for tlﬁUﬁ]SE|€Cthlté the quantity
of the reabPPoRNd38t nﬁHFfﬂéfe@&WQN§ﬁﬂuﬂﬂﬂi¢eHQﬁ9 %o deg yeun apﬂeéan renaln

substantial l'y ther§a531gﬂrm@alEm%ﬁ”“fdfféﬂ IdTerpfofhenicahahyak:
contrast, the hlg ¥eselect|ve catalysts tend to exhi -relatlvery sYeep

sel ecti vi tyecAfdEd £orthaefss n§@|ﬁﬁb@PQHtﬂaﬁkﬂnt#ﬁ?¢ﬁ@ﬁl§0§electlve
catal ysts i.ﬁ@r@aginﬁpthé 899@&%&%} Vidsy. asy %3{39@5‘.’?(% CELEQQL%S?‘EBB) .y
a and .t he

relatlvely snal nges in the quantity of the tion no
15 °"The reaction modifier suppresses the undesirable ox1dat10n

'of olefin or olefin oxide to carbon dlox1de and water,
relative to the desired formation of olefin ox1de, by a so-
far unexplalned mechanism. S .
The optimal quantlty of the reaction modifier depends
20 " on the epoxidation reaction conditions and on the type of
catalyst used. Converitional cétalets‘have relatively flatf
~selectivity curves forithe modifier, i.e. the curves of the
selectivity as a function of the‘quéntity of the reaction
_ modifier show that the selectivities are almost invariant
25  over a wide rénge of reaction modifier Quantities, and this
property does virtually not change as a function ot the
reaction temperature and during prolonged operation of the
catalyst. Therefote, when using a conventionai catalyst,
for optimum selectivity the quantity of the reaction
30 modifier can be chosen rather freely and it can remain
substantially the same during the entire lifetime of the
catalyst
By contrast the hlghly selective catalysts tend to'
exhibit relatively steep selectivity curves for the

35 modifier, viz. for the highly selective catalysts the



selectivity exhibits a pronounced. maximum i.e. an optinum at a certain
quantity of the reaction nodifier. This has 5 been illustrated in

EP- A- 352850 (cf. Figure 3 therein). Moreover, the sele ti%&hé égrves and
nore in particular this quantity of the reaction nodif A PEO{ he
selectivity is at optimumtend.to change with the reaction tenperature
and, thus, during the catalyst life. 10 Cbnsequently when enpl oyi ng the
h|ghly sel 2elevbivityt dpydes ranssAsivaRlivowikib redatdastlivorsmmidi fier, the

selectl vidnalBisVahy the 3lalRIRS! bablndl 3iede 9P Hodleilty © *%a[wnee% the

reactlon tenpefrature an er t l'ifetime o the cata -when
t he react |$)¢|l@@mﬂ§¥-§h’u96hilblls shpngeduniced. aeaipivm,t d- @orrraensa:t’relmm,

reduction in the r@gﬁhvgﬁénQEt&Q C%E%'%%% tl%n %E%ﬁﬁﬁ. I&ﬁﬁﬁglgisgec£ to

problem to naln alnre t I'ons |ch are

t he seﬁectbaémyllbuatdatedelnlEPrA GﬁﬂﬂéopﬂchCEh@mre 20t$MNN%RM OF THE

| NVENTI ON s _beep, foun of the reaction nodifi.er . wl|l

Lomoral Ly Her 8836 RE Rt od R LR FRY Butk el Bkt ARl Ha Bl Ak i

hydr ocar bapsantitiheofeeHechangesohomadilfigfewhealeleheane darg wWidlysais [t 1S
of the f.eed, the hydrocarbons-

t hought. that unl.ik t her conponent

bresant (105 SRsiRisheEoffe o1 EhaRORhHLER: Tha: 6arpdoTe SepBRe R a b ukint )
have an abihisy a@rmgwﬁeoeaﬁalyﬁtrﬁfél on modlfler from the catalyst and
it is_ the concentration of the nodifier's active eci es _on the catal yst

whi chfeeds to GRUFBANERFAEd, YRER aSMBHRYLEE FBetﬁé Nc &teatilsie of the

reacti on resh4igstat 1nPLagBSn ek i bHewl eAChi QBachh ¥nUi@dairher,t har the
catalyst surface. For this reason, the relative gquantity Q "of the

reacti on MRHEFEEViLY BRY WeFEdto TAR Bafasivabavareires em:@ntba@tém ly the

ratio of tdhieaA@d&aloflUERE| £¥aeéléﬁetéﬁ§@£heﬁré5aﬂadb%%r the UHgMmhd of
quantity of hydrocarbons as present in 1 April 2006 the feed. However,

as there|ﬁﬂﬁkﬁﬁ¥ﬁ$¥%¥encﬁﬁm¢hYtH@heneﬁbﬁlﬁgﬁ§tﬁpﬁp¢ﬁgpﬁ€ﬁ§W¢@rkﬁ the
vari oys hXﬁHéﬂéﬁéﬂ”@bf”example to compensate for a reduction in the

activity of the catalyst, it represents itself as a problem
to maintain reaction conditions which are optimal with
respect to the selectivity towérds.the blefin oxide
~ production. o - i
20 SUMMARY OF THE INVENTION ,
It has been found that more of the reaCtion modifier
will generally be needed to achieve é certain effect as the
. concentration of hydrocarbons inrthe feed changes fd a -
higher value,'énd vice versa. It is thought.that, unlike |
125 other components of the feed, the‘hydrocarbOns present (for
‘example, the olefin and saturated hydrocarbons, if present)
have an ability to remove or strip reaction ﬁodiﬁier from
the catalyst and it is the concentratién-of the modifier’s
active species on the catalysf which needs teo be maintained,
30  as opposed to the concentration of the reaction modifier at
'places of therréaction‘mixture other than the catalyst
surface. For this reason, the relative quantity Q of the
_ reactidn modifier is considered. The relative quantity Q is .
basically the ratio of the molar quantity of the reaction

'35 modifier to the molar quantity of hydrocarbons as present in



the feed, it may be preferred, when calculating Q to replace the nolar
quantity of hydrocarbons by a -so-called 5 effective molar quantity of
hydrocarbons. The. effective nolar quantity of hydrocar bons in the feed
can be calculated fromthe feed conpggition (as set outl h‘ﬁ?@l%’gﬁter) such
that it accounts for the differences in the renoving/stripping behavior

bet ween th rbans 10 presen Ther e l be differences in the
behavi or etlbé/dr;ef en%?%%%??bnaﬁohbﬁ:%rrgay\rfrvﬁf!‘ g %%eﬁfe&(?ﬁscé'-na it ure of
reaction noceridwinsy /st fimolegt byhatvesenst Ther ¢4el eulst haoeHonef §hy ed,

when cal cul also to repl t he nol ar ntlt .of the reaction
nodi fi er 6}:‘1 n%c?%al’ttedna%f}?%cm:@ger ‘Farwﬁﬁﬁn??i(}u&fa 480G W& $feci es of

the reacti mepmuﬂé‘ ite modherefh8stive 8P RyapbeRtbbysObyagt i '—‘é%—EQ?L es of

the reaction nodifier |n the feed can be calculated fromth
conposi Pi orf{ERCTEgte Mlater@nantity) ol Rydroeaspons. a&'b@umfieb@nvehe

di f f er encesndiast @%abﬁ!laay Q5 £ Oxf% rbESEEOE s 20 r@ﬁQtEQEd”Bth her %talwglﬁartgﬁi

highly selective catalysts it has surprisingly been foundt
reaction t st dher £9e4 iopmpastiionr @%c&@as@dttlherpmsafltem)of subb

sel ecti Vit yrar ve flodiift s "P&ffﬁﬁé e S A 9& (Pl gner Value of ‘Q or a

| oner value 25 of Q respectively, proportiona f the change in the
reaction t CIROVADG: @tmmm@mnam itatvofen htise shyﬁrocarbnndependent of

the degpee i ng t t,. an be, deter nd. verified
by routdljne er%gee?ll%rrentllg}t on%ﬁ ﬁ%%n%egq%eﬁéer%qc?%@nf ﬂsﬁawjgﬁ Phie
reaction 30 fiferpotatreretiiore eodiett é s t hhicher e pfathﬂcepaxmdﬁtum of

process un [ ons, fromthe aptimum sel ectjvit can, pe reduced
or pr eventg: cﬁﬁ%hj ﬂlg’ta?ir?get e Al e%“ferﬁa BRI bhal lj}e{‘%ff’ﬁﬁ thag® in
the reacti be pe‘nﬁetraedr,e whe‘k'-hlcsa]lcs.z]paetrjtngc@ ard]ysduswcfu Utephgbet BBe PHOTESS | S

Epiiakfa?i oy 28y, B o R R Ry e TG GRbL B - cREge b Ehe
val ue o Qmodapr qpantnmry toE adﬁhaﬂgespetlre%acdﬂ tthe react:.on modifier.
The effective molar quantity of active species of the '
reaction modifier in the feed can be calculated from the
feed_ccmposition.(as set out hereinafter), such that it
eccounts for the differences in the behavior of different
20 reaction modifiers. . _

For the highly selective catalysts it has surprieingly
been found that when the réaction temperature is increased
or decreased the position of the selecti#ity curve for the
modifier shifts towards a higher value of Q or a 1ower-velue

25 of Q, respectively, proportionally with the change‘in.the
reaction temperature. The proportionality of this shift is-
independent of the degreé- of aging:ef the catélet and can
be determined and. verified by routine experimentation.

- As a conseguence of this finding, when the'reaCtion'
30 temperature is chahged in the course'of“the epoxidation
: process unde51rable deviations from the optlmum selectivity
can be reduced or prevented by adjusting the value of Q
,proportlonally to the change in the reactlon temperature _
‘This is partlcularly useful when the process is operated at

35 optimum conditions with respect to the selectivity, in which



tenperature. This all is even nore useful when an increase in reaction
tenperature is enployed in response to a 5 reduction in the activity of the
catal yst. The invention enables predeterm ning, for exanpl%pﬁé gglculation,
an appropriate change in the val ue o% Q and t her ef or eli i 00 onposi tion
of the reaction nodifier and/or the ydrocarbons, in response to a change
in the reacksenop@imenpesaditéonkt cah #de adianbigedobyt Rifmngentimwsn t hat
co- currentl mﬁtg he chanﬂe‘%m regption tenperature there may be changes
in the feeﬁa¥8ﬁp8 i i bR BETRBPTERSR tRo8eCPaPgei nf TG IHE hydr ocar bons

and/ or thetempetrbear8vdiThes. albuss klven mozebaBefull ehdhenpriageidase

I nvention that it allow the 15 epexidation process to be controlled

significan%?yrﬁﬁFElgPnﬁﬁ@?%ﬁatﬁﬁﬁe;§n§8PHPyegh&ﬁ WPERGISS He ithvent i on,
Accor dngl YedtibeiBhesgNthé NYEBLLORYPLEVLHES 8t R QseSS fdle titRr RO fati on
of an olefin, which process conpri.Ses reactlng.a feed conprising the

ol efin, oxyeehlafdPredetrrmbninge fodi prerpla Pecplevdadd it amhighly
sel ective spbyghrbageleiAlaeysh Bhedvheat! beno! coRar ;%wr%f NG, With the
reaction nDdlflgr_belgg present 1n arelative quantity ich'1s the
rati o of -aFCEPPELtioR ¢blHiequaactignohnodifiers apdépestde the reaction

modi fi er Bt he f effectiye, I quant j.t.y of
hydrqcarb§%§§€€%%£%?ﬁ$h:?ﬁgp?%ggaggngg gh#%ﬁnééoggsghgoﬁgﬁégﬁ?qrmasteps
of : -1Bpertempgraturefi rkt Dpeantadyaphage ofiethia fheendlivn dhatTco-s T1

and t he val, n.is:.01,. ,and - sequent Ly. ope N a cond _
oper at i .ngat%) a%%%ﬁ a‘?l‘%é %%%c??%‘?#?e%%e?%%ﬁﬁ%&gm#%l P Fgaglhf: = e?czlﬁ%ef 5% t he
reacti on bhenperages eirerfioyfeed ncobpobitionopehati hjaphébesesuel atiaty t he

val e o o IR SISt Bn e el DR g o ISP,
wherei n B derotlesnaf Conrst artie fpeésenthi shentign cehet ihanlQowe RheApri |
2006 e, AL RS S SRS ED AL ERBLERLS, L perform
a process 10 _ ‘ ) S
, : simply and more smoothly than without the invention.
Accordingly, the present invention provides-a procéSS_
for the epoxidation of an olefin, which process comprisés
reacting a feed comprisihg the olefin, bxygen and a reaction
20 - modifier in the presence of a_highly selective silver-based
cataiyst at a reaction temperature T, and with the reaction
modifier Being present in a relative quantity Q which is the
ratio of an effective molar quantity of active species of -
the reaction modifier‘present'ih the feed'to an effective
25 molar quéntity,of hydrocarbons present in the feed, and
which process compriseé the steps of: .
- operating at a firSt operating phase wherein the value of
T is T, and the value of Q is Q,, and
— subsequently operating at a second opérating phase at a
30 reaction temperature which‘ié'différent from the reaction
temperature employed in thé first operating phase, such that
the value of T is Tg,and-the'value of Qris Q2, whereby Q. is
determined by ¢alculation and Q; is defined by the formula.
Q2= +B (T, - T), o | .
35 wherein B denotes a Constantﬁfactor which is greater than 0.




whi ch reaction system conprises a reactor holding a highly selective
silver-based catal yst, being configured to receive 5 a feed conprising the
ol efin, oxygen and a reaction nodifier and having a tegFe at%gﬁ control
system configured to control in the rgactor a reaction eér@%‘r fr e T,
which reaction systemfurther conprises a feed control system configured :
to control the reaction mpdifier being present in. 10 the feed in

rel ative quantiFFeC}%N?EﬁlP§.aﬁﬁQ Rﬁé&idﬁszﬂ1r?ﬁ??ﬁﬁq\ﬁ??ﬁﬁ%rsﬂﬁﬁﬁP%?y of
active spegbespebrbbminhgact F@Bces@dﬂd‘ﬂ e&hePlegsanidati diveof eed bDefiin,
effective nolar quantity -of hydrocarbons present in . the feed, apd I ch
reaction WYHIERNTPICERRN GUPEE™ SOPRIHSER thd TS HTRI o - Daghly
operating akjactfiybsk;INrablhReqPRata Mher eige it yen ey fed TtbSsrddead the
value of Qis Ql, and - subsequently operating at a second operati ,ng_phase
at a 5Sreaetfendt eapprasdng khecklied i f OXY¥GAN fakAn @ HeedEabeponodiltier

t enper at ur LN ' 0 1t géygggh SHCHY 12P,t he val ue
of Tis T2§%§3H%ﬁéﬁgaPugggﬁéékﬁgkéb?ﬁﬁﬂ%#gby @ can beq%gﬁign?%ed by.

cal cul at i opcahdolRinsthef ineagtby ehecamtriging t@mpegtwrs T Twhiqh) wherein

B denot es n or, ' i [ hadl 9 i nyept ion enabl es
to optinal ??gggiélgnEYES%@eggﬁbgg f%n%rrq"%tﬁg rataact |%ncprr% |__f]|' erﬁvjﬁ%rﬁe .
changi ng tbdenfigutredntbempatablr &hebyremmitritco mavii fier deicent paesent otnt he
nodi fiLer's,_active species qn.the catal yst, pRoSsE, L ni aji ni t he.
conce%t%r at?lgﬁ %?ef{hgnrgagfeﬁ(?ﬁlﬁsdﬂ ia@rt)ﬁgcty Qgﬁ"a{lé&eés%?o g‘t%ge rjge%%ﬁo%fm&gt ure
ot her t haneffiectavel metal0 geantdty. o¥hianttdive repddices arfc ditie atéant bént he

nmodi fier's active species on the cat st is (substanti ald | o
when t he dpagéééefspgﬁgFQte&ni%ESCE%?%L* e%ﬂtﬁ#%%é?iglrﬁﬁ%gga§8%%€¥ﬁgd, in
response tof ahghabgarbbneepeeentt ampahat feed, Erel skiddredrgeckboni s wel |
aware that the fbnnula-%s defined 35 qg bS%{eplaced'by anothﬁﬁ_' o
mat hemat i c3YSERPr £5sFERELAGFed 59 RENLP SRR S IR A&l or ,
expongsti al expeeasifng, avhaCHifBY bpere@isiy wHaatk siwrdimmithé vabvedes
essentiarl¥ t he_sane : - - L , ' : :
‘ is T; and the value of Q is Q;, and

- subseguently operating at a second 0peratiﬁg phase at a
. reaction temperature which_ié different from_the‘reaction ‘
temperature<empldyed in the first operaﬁing phase, such that'\ 
- 20 the value of T is T; and the value of Q is Q,, whereby Q2 can
be determiﬁed by calculation apd Q2 is defined by the formula
Q =01 +B (T, - Ty), |

wherein B denotes a constant factor which is greater than 0.
' The inventioh enables tb optimally retain the benefits

25 'of the reaction modifier while changing the reaction
temperature, by maintaining the concentration of the ‘ _
modifier’s active'species on the'catalyst,'asibpposed to -
maintaining the concentration of the reaction modifier at

~ places of ‘the reaction mixture other than the catalyst

30 surféce. Haintainihg tﬁe'concentration of the modifiei's'
active speéies on the catalyst is (subsﬁantially) achieved
when the process is operated in accordance with the formula
as defined, in response to a change in reaction temperature.
The skilled berson is well aware that the formula as defined

35'-may be reﬁlaced by another mathematical expression, for



result within the relevant nunerical ranges of the variables involved, in
particular the ranges as defined hereinafter 5 for values of Q (QL and/or
@) and the reaction tenperature T (T1, T2 and/or T2 - Téé” 2@%?

enbodi ments, i.e. which use .such an equival ent nathene%h yil essi on,
fall within the scope of the present invention. The invention also

provi des a conputer program_product 10 which conprises a caonputer rgggable

medi um and®32EBABuRePOLYBSBABLe OFr SFPERFEGdE] FEPSEFE T t'HE To RN

readabl e pBfsdfuceElt 8hkd tOat A%t bUellite 2 @R til008s SEHW e em of a
comput er system,to_ execute cal culations for a _process for the epoxidation

of an ol ef FASUhAi LALPEBCESS E6dsvRsss nuBerdgedi A§rdSFeaf ddriasi Ptk
olefin, oxygen:#8d, 2;hepakh9u1fdihicelahlelsh@sPRFAHERI Hefe fHAY o

sel ective silver-based "catalyst at a reaction tenperature T, and with the
reacti dn Fodi vednepepfigQri@seandy ar alrleland Vidiguesr ¢E 00 WRFRReraturfeT
rati o of anmeffect] l-ar _qg tit | I e f t.he.reaction
modi fi er p?gkégﬁ %ﬁﬁﬁﬁgpﬁged #g?én %??%c |vgagﬁ%ﬁg$'q§é%fi%@lgp us¥

hydr ocar bosschr easeaguinaieatl eedthemad icali expyessdsn cdimpkl seisthite theps
of : - operatli I ratin se wherein the value of T is Ti
and the va?%éggfgt}?géCﬁﬁgggﬁﬁzgkyegﬁgggduentIy operating at a second
operati ng phaseTh¢ anveaadbnorlisenpepatides whicomputedi fifmrgrem fprodudie
reacti t rature.enmployed. in the first . operat.in hase, such that the
varae B rRLBRLERHAELRER, B Bomhe gt ceap S Rn AR B AR o 4 g (e
formul a 30r&B46818 HFBgrih) codagr eeroBddanohethe canghetdr faetdabdhi ch is
greater than., 0, or b i ng _anqt her thematical expression which is

Sonst r uct cliCShER { RAETRPLBr S0Rde0 EEEERTPYl Py SBle SRASCTRE VR TheT
fornul a. 33 dbephbEentiyetedl $0 RikeGuEES caletlpttionss fiemn Widdess 2AorApri |
2006 conprises a cogguter proogram_product and a data processjn system

confi gured™® FREEFYRELIAB Plic Poﬁ%eﬁéad yp&ﬁgtpgoces comprise

15 reacting a feed comprising the olefin, oxygen and a reaction

modifier in the presence of a highly selective silver-based
catalyst at a reaction temperature T, and with the reaction
modifier being presént in a relative quantity Q which is the
ratio of an effective molar quantity of active species of

20 the reaction modifier present in the feed to an effective
molar quantity of hydrocarbons present in the feed, and
which process comprises the steps of:
- operating at'a‘first'operating phase wherein the value of

| T is T, and the value of Q is Ql,rand

25 - subsequently operating at a second operating phase at a
reaction temperature which is different from the reaction
temperature employed in the first operating phase, such that
the value of T is T; and the valﬁe_of Q is Q2 which ig
calculated by using the formula '

30 Q =01 + B (T2 - Ti), ‘ ,
wherein B denotes a constant factor which is greater than 0,
or by using another mathematical expression which is
constructed such that it provides essentially the same
result as the formula.

35 The invention also provides a computer system which



conput er program product, wherein the conputer program product conprises a
conput er readabl e nedium and a conputer 5 readabl e program code, recorded
on the conmputer readable nedium suitable for instructing the data
processi ng system to execute cal cul akions for a proceé@ Fil 266

epoxi dation of an olefin, which procéss conprises reacting a feed
conprising the olefin, oxygen and a reaction nodifier in the 10 presence

of a highly I LV ' - I t eachi rature T,
o it bt BSTREISes 8 BontEed R e e Tand PATAAPE BEBELBLNEE
whi ch is tBgstam coofignredf ftoctiam imd dnspmntiionsfresdi feompthees of the

reaction | filer present in_t feed.to an effective |ar _gquantity 15 of
hydr ocar bgﬁgh%ﬁlgggnprlgﬁrtaﬁ‘e pfggieéll,(:tdnd"}ﬁﬁw gﬁjb%e%%mp%ggf)@gggr?ﬂe st eps

of : - operprdgcat campii s sope catpg: xh asea ddeleimed ivem vahdeaotomput sr T1
and the val ue ,0 IS and - subsegquent | eratin t _a_secon

oper at %ng 5ﬁ3§15£:}? Bro%aF‘eggijOn eé:rf’gré:fe@.f{ Lﬂ\;b%ﬁ Cchorpguﬁ?{ f’é?@ﬁ?bg?om t he
reacti on medpemat snetappkoyed iimdtinddingd toRerddtHgppbesesifigchybban the
val ue of Tfis T2 agd thf Vil e of 9%%% @ which is cgﬁculated b{,using t he
formul a Q-2 BFeEUBE®(§3+Cv #19“’2‘5 PeiRF ISR otRs B ofRPRAtaEheRorP
which is gafabeeriApnwRichOprbteds MonpISidy rEdbeimyi £afegypressi on which
is constructed, such that it provides essentially the same result as the

formul a. THEMBFrésen?® FhoeALRSANal SF Yoy & LRGN gepdifier 3ont Ehes, a

proces® foprébeneroxt dat hegnel 8e1¥EfiE ivEy-HU A6 SSa €QIPEL SgF §eacting
a feed conprising the olefin,” oxygen and a reaction nodifier in the
presence ofSachighl yemperatireeTsi [ansh Widde dheatngastiommiodhf ter ppotes s

~conpri _5952%1“@3@%9% foe§?tiv8p%ﬁ%51if'1@fb ity SR ALLNG; Phgseanand 9
21 April 06 - subsequently operating dat a. second operating phase at a
reaction tehperhive anghthabentitiecdnacitioe spegiestébnthe reaction

modifier present in the feed to an effective molar quantity

15 of hydrocarbons present in the feed, and which process
comprises the steps of: ‘ j
~ operating at a first operating phase wherein the value of
T is T, and the value of Q is ¢;, and
— subsequently operating at a second operating phase at a

20 reaction temperature which is different from the reaction

' temperature employed in the first operating phase, such that
the value of T is T; and the value of Q is Q: which is
calculated by using the formula

Q=01 + B (T2 - T1), ,

25 wherein B denotes a constant factpr which is greater than 0,
or by using another mathematical expreésion which is
constructed such that it provides essentially the same
result as the formula. -

_The present invention alsb'provides; in more general

30 terms, a process for the epoxidation of an olefin, which
pProcess comprises reacting a feed comprising the olefin,

- oxygen and a reaction modifier in the presence of a highly
selective silver-based catalyst, and which process comprises
the steps of:

35 - operating at a first operating phase, and



t.enperature enployed in the first operating phase, such that the
concentration of active species of the reaction nodifier 5 on the catalyst

i s substantially unchanged. DETAILED DESCRI PTION OF T Ih&ﬁg@égN Al t hough
the present epoxidation process may beg carried out in @W , It is
preferred to carry it out as a gas phase process, i.e. a process in which
the feed is contacted 10 in the gas phase with the catalyst which is
present as asuwmdghandtlyr igeratigicaat ya i secopdcrperdetnd ehepal By fhe

D OresS UG Ul A% RO (WP IR, PROEESRonf! EAUENIAY  rebBragTer C) al
scal e operation, the process of‘fhe invention rmay 1 nvolve a quantity of
cat al yst weingterzsate |amgsiove® Koy te fOir sikampérabing epbaseo Rychf chghent |y
in the range of frao 02 to 7 re n ' a .@f from
103 1o 1088 Fordstraion B Shlrs T FENE Y HoabPRohnUBTLE T
be anys ol efhi thes usdtaAlyysan iar aratstcarot 1y dochaxgepl e 20 styrene, or a

di -olefin | [ | e 1, 9-decadi ene or
1a3-butadpgﬂg?ﬂgﬂﬂééggéﬁgﬁﬁﬁﬁ(éﬁzgﬁglié&%ﬁ%ﬁﬁ@olefin, for exanple 2-butene .
or isobutene. MAngi@igb/the Pre i i ¢pd:si datbow- protess majobeeranmpied]-
but ene or propyl ene. The nost preferred olefin.is ethilene 25 The_olefin

concent r aP¥dn 4th W MAXF /i dthotS ik eheared otOt FRETY nben?FEn®End 985 be

sel ect ed WHHA roMeles F ange. a pPrb&add Yintiei ohethe tesdensr abhoacikedt he
feed will be at nost 80 nole-% relative to the total feed. Preferably, it

will i A% e dife RIS ol 3R Gi-abr et ofPial phf (PEEPEPT38SI Pom 1 t o

60 nol e- %sAnd *&?at%&fﬁealQany%icﬁﬁLlékfeﬂq hergh Bked MBedf eedehsradnyi daeed to be
the conposition which is contacted with the catalyst. If desired, the
ol efi n coREORSSR ilch GRFFiask dutcrast CAEIROCERPTPFRSS me BFSHRENEIYal yst |

by whi ch  ;the GG M (AT PR AIPIY 0 hE BPoLRES 3bf NEhBNaBGe AR ivher €i n
the catal yst has aged (cf. US-6372925-B1 and A 10 21 ril 2006
01/ 96324, MaYe inenlys epulangtidy rat ertahyshpphichtivnat pEsres01L15697)
15 for example at least 20 kg, frequently in the range of from
102 to 107 kg, more frequently in the range of from 10° to
10% kg.
The olefin for use in the present epoxidation process
may be any olefin, such as an aromatic olefin, for éxample
20 styrene, or a di-olefin, whether conjugated or not, for
example 1,9-decadiene or 1,3-butadiene. Typically, the

olefin is a monoolefin, for example 2-butene or isobutene.
Preferably, the olefin is a mono-o~olefin, for example 1-

- butene or propylene. The most preferred olefin is ethylene.
25 ' The olefin concentration in the feed is not material to
this invention and may be selected within a wide range.

Typically, the olefin concentration in the feed will be at
most 80 mole-%, relative to the total feed. Preferably, it
. will be in the rangé of from 0.5 to 70 mole-%, in particular
30 from 1 to 60 mole-%, on the same basis. BAs used herein, the
- feed is considered to be the compositi@n which is contacted
with the catalyst. If desired, the olefin concentration may
be increased during the lifetime of the catalyst, by which
the selectivity may be improved in an operating phase

35 wherein the catalyst has aged (cf. US-6372925-Bl and WO-A-




The present epoxidation process may be air-based or oxygen-based, see :
Kirk-O hnmer's Encycl opedia of Chem cal 5 Technol ogy, 3rd ed., Vol. 9, 1980,
p. 445-447. In the air- based process air or air enricﬁﬁd MLEE ygen i s
enpl oyed as the source of the oxidizjyg agent while i t hgr n- based
processes high-purity (>95 nole-% oxygen is enployed as the source of the
oxi di zing agent. Presently nost epoxidation 10 plants are oxygen-based and

this i ; d enbodj t t tLong 4 .
concentr a0 S 1 ene 1o oe ReeoHRHEF R PET pRFERT BRASATIRY 2 b

sel ect ed wcthiusc MU 8@STRNge. However, in practice, oxygen is generally

applied at a 15 concentration whi.ch, avoids the fl ble 1 egqi ypi cal ly,
the concentrat i QI dt* X5 yencRPPLrRE Bt PERESRPt BP n?%earqé{lg)%sg?f O;Erom 1to

15 ol e- YoxiRjenidE @) | yeé r RITR-0tméd 2’ s0ERcYclopedia todt dlhdmenl | n or der

to remain outside the flammbl e _regine, . 20 c rati.on _of oxygen in
the fedd HEFHLIBr et dseehe Vebne nt}égﬁonpofigﬁé%gbéfiEnig'%1 ased.

The act ual, 3@ pANGESS | HPr T 8PUESr deRENEheadl GRENWOkygele ifseeshplepesiati on,
al so on the reaction conditions such as the reactiqn tenperature_and the

pressure. t2% HRureaces ohhfoerifézring peeREnvhife; 48 8&J YIS RAESsi ng

the sel ect] LRgibevgdeshiabke ooy gat 1@an 19vefd msorchel ef i n
oxide to ?gﬁ%%sﬁ%%(@%%gg%%gtér, rel ativg '?_o)yltg%g‘ é'esie?{gd aor mati on of

ol ef i n oxisgaircaviof) heankidésipsundentespBERERRY 1Yy gasitc SR IFRE 19 30

or gani g nifr - e y§d; s ot e JJreattd O RmyBRMindrRY -
Nitro%gn %%ﬁﬁﬁ]%%gﬁggf %? ﬁ%%?gx3 gﬁ#%e o% gn%bﬁia may be enpl oyed as
well. It icf frtegumnesent comsedbied. t hat under the operating conditions of

br ecursors of mits avsedel fPREEfEae)BhTARERETELERr SR W IR

2006 ni tr athd-s ainventioe- odmnay benpeliadsedciwitbig aFmids3gpnge.

US_A-4822%%péver, in practice, oxygen is generally applied at &

15 concentration which avoids the flammable regime.’ Typica;ly,
the concentration of oxygen applied will be within the range
of from 1 to 15 mole-%, more typically from 2 to 12 mole-%
of the total feed. _

In order to remain outside the flammable regime, the

20 'concentration of oxygen in the feed may be lowered as the
concentration of the olefin is increased. The actual safe
operating ranges depend, along with the feed composition,
also on the reactioﬁ.conditions such as the reaction
temperature and the pressure. _ |

25 fhe reaction modifier is present in the feed for
increasihg the selectivity, suppressing the undesirable
oxidation of olefin or olefin oxide to carbon dioxidg_and
water, relative to the desired formation of olefin oxide.
Many organic compounds, especially organic halides and

30 organic hitrogen compounds, may be employed as the reaction
modifier. Nitrogen oxides, hydrazine, hydroxylamine or
ammonia may be employed as well. It is frequently
considered that under the operating conditions of olefin

epoxidation the nitrogen containing reaction modifiers are

35 precurscors of nitrates or nitrites, i.e. they are so-called



Organic halides are the preferred reaction nodifiers, in particular
organic brom des, and nore in particular 5 organic chlorides. Preferred
organi ¢ halides are chl orohydrocarbons or bronohydrocarbons, More
preferably they are selected fromthg group of nethyl5¥hﬁﬁﬂla@m ethyl
chl oride, ethylene dichloride, ethylene dibrom de, vinyl’ chlorlde or

m xture thereof. Mst preferred reaction 10 nDdlflers are eth glorlde
and et hy| evid ot m d@ltrsgeréwmm%mﬁum%ﬁdég ar®-gf EReh é% Pal
formul a h@% mhﬁ% whi ch denotes the ratio of the nunber of oxygen
atons to n er o nltrogen atons, is in the range of from1l to 2.
These n|trogenGw@anmﬁlh@ludeSfaxeéﬁaﬁppéeﬁErrﬁg Keagtann NQGAflsﬁﬁvable

or gani ¢ niLf QQel. COPPOUNGSaaK ecnbL b a£OTPOHITRorE) hOpArEeERaURdS, - an nes.

nitrates and exanpl e ni tronet hane, 1-nitropropane or
2- n|terrmmganlclmhmeiéesed Brbbeli nesit erganicahalidesnpei t e- f or mi ng

conpounds, oxi des tro are
used togefﬂgyékﬁQ¥ﬁ g%?@%ﬂ?coﬁaﬁl%%$ﬁ¥§£g§§%§Pghlarﬂggeoﬁggggggggﬁgride.
A[thoughlﬂnhyEﬁmﬁlsmu@bﬂeﬁiEromayhbegsupplbédmashal shagicedeengddivd, upon
contact w the cata av e r I ch
functionaéﬂLQ£&9?bn E%ﬁi??% di: %iéﬁﬂéﬁh Egﬁéeg%egg¥5§§ﬁhg 2§9Hgﬁfeed if a
recycle i&mEﬁM&déKbrF@rmﬁxaﬂréethwh@@fappMysngpebﬁykreﬂlmeadélpn an
Vi nyl 3651 Gracticr {eRhy3 ehcetieh QR SELdnaeBoeFON LERROPREE1 50 Mhe reoact i o
Vi ny e Fo e reaction
Pndhflﬁrs are g?ﬂﬁf@ﬁi& ﬁitgggé?eogp@@slafedof?theﬁge?ema&tEatmudflNOLhe
xambl ¢ { AL IXAOVBLED GoBOtRBI 0% TARLFPE SOFAPUIRER Pe CSVERM | s
ethyl ene, ddons EEE%ﬁ%rﬁmeéétothﬁltﬁagéhoataﬁélfu@rlnstﬁé maagenbfln the
feed at a concentration of from0.05x10-9 to ril 2006 3 h@

't he

mol e- % i rEgsERtd ciP af - f FHASS. Dk TDOdeR 0OBBLFE- &nﬁ%PQe%forr EraMPrE

tOtall%eeqh03 and N,O,. Suitable organic nitrogen compounds are nitro
compounds, nitroso compounds, amines, nitrates and nitrites,
for example nitromethane, l-nitropropane or 2-nitropropane.
In preferredrembodiments,-nitrate— or nitrite—-forming
compounds, e.g. nhitrogen oxides and/or organic nitrogen
20 compouhds, are used together with an organic halide, in
particular an organic chloride.

Althouéh the reaction modifier may be supplied as a
single compound, upon contact with the catalyst a variety of
compounds may be formed which. function as reaction modifier,

25 and which may be present in the feed if a recycle is |
applied. For example, when applying ethyl chloride in an
ethylene oxide process, the feed may in practice comprlse
ethyl chloride, vinyl chloride, ethylene dichloride and
methyl chloride. '

30 The reaction modifiers are generally effective when
used in low concentration in the feed, for example up to
0.1 mole-%, relative to the total feed, for example'from
0.01x10™ to 0.01 mole-%. In particular when the olefin is

ethylene, it is preferred that the reaction modifier is

35 present in the feed at a concentration of from 0.05x107* to



In addition to the olefin, oxygen and the reaction nodifier, the feed may
contain one or nore optional 5 conponents, such as carbon di oxi de, water,

i nert gases and saturated hydrocarbons. Carbon di oxi de_and ter are a by-
products of the epoxidation process. rbon di oxi de %grfﬁ?r\ﬁ?oﬁgs an
~adverse effect on the catalyst activity. -Typically, a concentration of
carbon dioxide in the feed in 10 excess of 10 nole-% preferably in excess

of 5 nole-% relative to the total feed, is avoided. A ceptratiop of
carbon di ®PdE asmPber&is iNnBRELICBLEFoREPT Pelzé‘g'gve % f@fgme?o’flg ®féed,

may be e L r y. AN uced in the feed as a result of the
ML v LT LBV bEa ) LS

recovery I'n oxide and carbon 15 di oxide fromthe reaction product.
Wat er gener al | ihaxiditienvee sehef ¢befinn erpgent anfsthgcEecty Ny pi cal |y,

a concentrat.ion of . ef, i : N EXCESSmBk-a3oRlienydn preferably
i n excess ?&ﬁln%ﬁo’e-%ére?%giégﬁt %ét %ﬁt‘o(t)g% S?erélg, 5 s?gg\}oinded. A
concenbr atdompaiemiad ersash | @sv asrboR @boxbile, Wwakterowdnerite0@sede ad t he

total feed, may be. .enployed. Inert f ni r.a n, or

Lo o St Sttty cHPBen RloRIRARPRATLEAIE ALY LEGAN, O
0.5 to 95 pmldudhs |6 athai epbasddtipnopessesaert Cgabomagilpxigieesent in the

feed in a 25 concentration of from30.to, 90 -0 ypi.cal |y .fr 40 to

80 nnle-@@gqq?ﬁéh%&y@%ﬁ %%s%ﬁvﬁfﬁﬁeigf?ﬁar?ngggsné%t%égggrgg&ﬁ%ﬁﬁﬁlthe f eed

in a concenfgiatd Ony Of a f c6ALOnbravidn 6Bl eatbohydiicalibde finomhe tfeeth iml e- %
Suitabl e saturated hydrocarpons are grggane and c§cl prsopn%rl%_%and in 30.
parti 601 areSRAFAMRE ahdl BPH&RE: PFeLatePiY edPh§HFSERr Bons AFe Spridsent, they
may be presendtive agluenti tytel Beelp 88 EBbedeticl ahi vericerithattiomaloff eed,

in particular up to 75 nole-_Frequently they ar resent .in.a quantity of
at | east JFRyRAR-d40%Rpde F?eﬁﬂ@n?ﬁyla‘f‘gi%égt °%0 IeE-'%reéftr{d'rva?t g:é)

hydr ocar bong fRyrdeg added be éﬁ@&ys&.i NpaEder mhg becheasedibetprid t2@06 13
the oxygen flammability Timt. The. relative quantity Q.0 th% Q%%ﬁﬁhpn
modi fi er ifeacheas a result of the recovery of olefin” oXide an
15 dioxide from the reaction product.- Water generally has an
adverse effect on the catalyst activity. Typically, a
-concentration of water in the feed in excess of 3 mole-%,
preferably in excess of 1 mole-%, relative to the total
feed,‘is avoided. A concentration of water as‘low as 0.2
20 mole-% or lower, relative to the total feed, may be
employed. Inert gas, for example nitrogen or argon, or a
mixture thereof, may be present in the feed in a
concentration of from 0.5 to 95 mole-%. In an air based
process inert gas may be present in the feed in a
25 concenfration of from 30 to 90 mole-~%, typically from 40 to
80 mole~%. 1In an 6xygen based process inert gas may be
present in the feed in a concentration of from 0.5 tq_
30'mole—%, typically from 1 to 15 mole-%. Suitable
saturated hydrocarbons are propane and éyclopropane, and in
30 particular methane and ethane. If saturated hydrocarbons are
present, they may be preéent in a gquantity of up to 80 mole—
s, relative to the total feed, iﬁ particular up to 75 mole-
$. Frequently they are present in a quantity of at least
30 mole-%, more freguently at least 40 mole-%. Saturated

35 hydrocarbons may be added to the feed in order to increase



ratio of the effective nolar quantity of active species of. the reaction
modi fier present in the feed to the effective 5 nolar quantity of

hydr ocarbons present-in the feed, both -molar quantities. bein eépressed in
the same units, for. exanple as nole % based on the tothlA P%gﬁ) When t he
reaction nodifier is a hal agen conpouﬁa for ~the purpose of cal cul ating
the .effective nmolar quantity of ~10 active speci es of the reaction nodifier
and t he value of -Q the_ nunber of active species is deened to be the nunber

of -* hal ogerthe seygendfipemabpdityadimdh-modifier is-a nitrate-. or

hitrite-formng mapeamtﬁaeqﬂsﬁ‘e&&yotz aft th’é %e%t%d SodieaEd 1 e the
nunber of .nitrogen atons. This inpl.iés, exaqg that 1 nole of
et hyl-ene dumﬁemq:é raheveﬁéectéaat mglanoﬂ@gn&itxc @ciag apeqias of | of .

the ohi or | ngh Aot PR SRR BIGY 'fe@ane%vehape@e%ﬁto%ﬁ&eﬁéaw@nd

it has also reaction nodifiers are -neth
conpounds, mﬂcﬁratsuamhw ofil bydgecanbonst pylesemtomruéhearf@ecno boghess -

rosponsive itk NSAEHPLEs LEOREnb0cRpFRLESY. 1B, BY el Fndid 10 3. ©

nol es, suit nmpounds may 'bé deered to
provide 1 rﬁxanm'tetale mater%e, bapedi on, thhi sona&béueachy be, deternm ned, -and

b ooy ) O, BIECHEARRLGH RBar#hts Vol oM uaal] Mgl 25
conpound |rtheupnrpoeeaofachbsebatahglthe efifeptiwe mbﬂauhgnhuﬂﬁﬁnaKUh1|n
uest 198 (90 SETILECLLS 02l PEn:Bhcr Pbb BBATELA ko, TNl BT,
Vi nyI 30 chih |rd.tmbe:1xdﬁ dctitve- Epetiest byl deemddclubobedemd:umbeixﬂf 4
T e g o GRLSERLVSa BBy QBTG U TR o
+ 3x10-4 X ok hzhﬁi:ﬁteﬂ-ﬂoﬁurtg &oﬁpbﬁnd XtAé3namiberX bE” dctive. ‘!épe%ﬁeleﬁli%l
11 2000 Rl edi the SLhEShl X oL Stoduanilol Ohnel kg 3Tk O
: ‘15 example, that 1 mole of ethylene dichloride provides about 2
moles of active species, i. e.-all of the chlorine atoms
present prov;de an active species. On the other hand, it
has also been found that reaction modifiers which are methgl“
, oompouhds,'sdch as methyl chloride and methyllbromide, are
- 20 | less responsive and therefore from 2 to 5 moles, inl ,
- particular from- 2 5 to 3.5 moles, suitably about 3 moles of
the methyl compounds may be deemed to provide 1 mole of the
active,speoiee;,'whis number may be determined and verified
‘ jby‘roﬁtine ekperimehtation; and ~without wishing to'be bound -
25 by theory- it is believeéd that this number is higher as the. . . -
methyl compound in. question has a lesser ability to split
off the heterocatom in question (for example the halogen or
nitrogen atom) . Thus, for example, when the feed comprises

_,2x10‘ mole-§ of ethyl. chloride, 3x10™ mole-% of vinyl ..~
36 chloride, 1x107* mole-%- of.ethylene_dichloride-ando ‘
| 1.5x107* mole%%'of methylrchloride; the.effective ﬁolar
'quantity of active specaes of the reaction modifler may be ﬁ_;
calculated to amount to 2x107* x 1 + 3x107 'x I + 1x107* x- z +o
© 1.5x107 x /3 = 7.5x107 mole-%. ’ )
35 . .



calculated by nultiplying the nolar quantity of each of the 5 reaction

nodi fiers present in the feed with a factor, and adding up the

mul tiplication products, wherein each factor represents t he nunber of
active heteroatoms, in particular hajogen atons and/ orlnfeHbd¥i® at ons,
present per nolecule of the reaction nodifier in question, on the
understandi ng that 10 the factor for .a reaction nodifier which is a nethyl
compound may be in the range of from1/5 to 1/2, nore typically from1/3.5
to 1/2.5, suitably about 1/3. The hydrocarbons present in the feed conprise
the olefin an@ugmgrs.&tlwgt ath e yeslf fxocatr dan nmlsa;emuamltmdpéa@@‘éllVQS

her ei nbef ore, I S thought that the h drocarebsons prl?s,@}qé ltf@ 2 have
the abili tsFetCéelser‘Pévé'-Pﬁ % RS hé Ca Fyst ace

and the e@a@'&hl%@.e‘@'@hﬂdl%ﬂwmg tities nadlidat toyuaveyidy f 6€r efioh oﬁetharl ous
hydrocarbons. In ordéer_ to account for tt}tse di fferences gc o%t'é{ffdto 20
et hyl ehe) regisdies Modidadmus PRSP DBt rBEEP b3nE greSen

mul tiplied Wil 3 e mulReir fcdhfoibdudiantvhéesinr eaatidéactiprt o
cal cul ate tdh gffgitlvemrlrlol arlﬁ quantlrtn?of t he %%drocarbons g‘eégtira t he
y

factor of re@trﬁ—\,%le@’céi ithel nunRe Pt MET B MHEFRLIPSt of PnBPALA be 25
at nost 0. %ﬁ ia; aqldl/of yrpiﬁfé% 'Eﬂ:érﬁ@ reregent ﬁéQMnol@ctﬁ)eOo:E
3 ;

nore typic range of from .1; the factor thagﬁ ﬁay be
in the rarhjre afearatamrschbmﬂm 1m1eetw%|¢19 Ehenkrects i‘? Ingng"e
facto for P )" %él?t Lgast 3 makhom atons) nmay.
be in 9,0 tthe %%%ge Lgf € %3‘6 Mn%ér% ‘t@%/jol cally from go to 2000.
Such fact cmrcmpmmymbena},ettmf mmethantanvee | $5 ek oy /so O né2exlb‘éF‘F ment at i on,

and -Wthchyt?solﬁ:?g}-)hn og%gle/ﬁgﬁgt%d 12%5;%% blE,rt absukellygved that the fact or

I s higher tiron has a greater ablllt%toformSS
radi cal s. Suit allee H}&iﬁmesrlﬁms netésert o hdre, feedpapBPEAde15P21 Apri |

1000 and dHsae oG] gufecttvergte e IfesBEEpE Bhpeint, AR EngERateBlole 20
nol e- %SEtm@ﬁﬁﬁhbéﬂbﬁEﬂEtﬁbié tiebhgie, that the hydrocarbons present in
the feed have the ability to remove/strip reaction modifier
from the catalyst surface and the extent to which they have
this ability may differ for the various hydrocarbons. In
order to account for these differences (relative to
20 ethylene), the molar quantity of each of the hydrocarbons
present is multiplied with a factor, before the molar
guantities are added up to calculate the effective molar
quantity of the hydrocarbons. Herein, the factor of
ethylene is 1, by definition; the factor for methane may be
25 at most 0.5, or at most 0.4, typically in the range of from
0 to 0.2, more typically in the range of from 0 to 0.1; the
factor for ethane may be in the range of from 50 to 150,
more typically from 70 to 120; and the factor for hlgher
hydrocarbons (i.e. having at least 3 carbon atoms) may be in
30 the range of from 10 to 10000, more typically from 50 to
2000. Such factors may be determined and verified by
routine experimentation, and -without wishing to be bound by
theory- it is believed that the factor is higher as the
hydrocarbon in gquestion has a greater ability to form

35 radicals. Suitable factors for methane, ethane, propane and



0.4 nol e-% of ethane and 0. 0001 nol e-% of propane, the 5 effective nol ar
quantity of the hydrocarbons may be <calculated to anount to 30 x 1 + 40 X
0.1 +0.4x 85+ 0.0001 x 1000 = 68.1 nole-% It is note%ﬂitg gfnen
et hyl ene oxide is produced from ethylbgne w thout furt hek 8r bons

bei ng present, the 10 effective nolar quantity of the hydrocarbons equal s
the actual nolar quantity, and that the addition of ethane or _higher

hydr ocar beRe: licp rapeid)y renatfised wontthpldes, argmboehn®t . 8oeRE 85

effective nol ar ntity, wheregas there . atiyel y,li ongRkRUL I on
from any ﬁ&or‘\’é?n&%Z’ d@d‘&/f‘?cﬁﬁ gqaqzl er?/%?%ceésf%éf% arﬁéga%nl %%é%ﬂg:’i)g(lo- 6, and
in'  partivyd Feedt dasti shelBE.ndlégl hehykénes 40 heedapinpsthane,
100x10-6, and in particul ar at nmost 5 -6..10n, a LNg ase of the
process t fe ¥ aole-of 5 shipR u%t(g(é&gd“%%ét% g%hﬁgg%gglﬁ'o}g??nal

sel ect '%vi taF RGQWRT dfoitdie ittt pxbdeciornpdirocarbonprmsyi be, the val ue of
Q may be adjusted by adjusting the quantity of the reaction difier
present i rcdlmlfated] whidmourt thad@ingt t O Ryd? okat b%n‘gcﬁnﬁgﬁ'frat ions in

the feed. The present epoxidation process nay be carried out using
reaction teAfHarurldP&a & el M9LHT S wi de range. 25Preferred enbodi ments

the reaction ! qRPEralylied difad WEERT £88FPTent NofidbuLsoblreriubenpEratur es
units are al so ™ possible, for exanple Preferabl,t\g the reacti

t enper at uretliyliensa nwitiowanfergief r bd18eeFBoBa oPeL NP e S5 Fet g?’&bl y in
the rapge of - fr 3 : r{heUhgArbBatbenkasgeadls them 200 to
300 CiBThee%%%%(tﬁ‘d@a%i%g%i%r o%gasrgtlt ysge carr?e]crl oat, such that .t he reaction
t enper at uract s hotolaheqsameity, eeddytbatathst agaitiePe o) £HRIE PF the

case, theh{éﬁg¥iﬁ§h£§@g§ggﬁgr€oi§nd§€H§ﬂe£Q BeetiheowRirabitaeer age
' significantly to the effective molar guantity, whereas there

is relatively little contribution from any methane added.
15 Eligible values of Q are at least 1x107%, and in’

particulaﬁ at least 2x10°%. Eligible .values of Q are at mostl

100x10°¢, and in particular at most 50x107°.
In any 6perating phase of the process the value of Q
may be adjusted so as to achieve an optimal seléctivity
20 towards the olefin oxide formation. In practice, the value
of ¢ may be adjusted by adjusting the quantity of the
reaction modifier present in the feed, while not changing
the hydrocarbon concentrations in the feed.
The present epoxidation process may be carried out
25 using reaction temperatures selected from a wide range. In
Preferred embodiments the reaction temperature T is
expressed in °C, but other temperatures units are also
possible, for example °F. Preferably the reaction
temperature T is in the range of from 180 to 340 °C, more
30 preferably in the range of from 190 to 325 °Cc, in particular
in the range of from 200 to 300 °C. The epoxidation process
may be carried out such that the reaction temperature is not
the same at every catalyst particle. If this is the case,

the reaction temperature is deemed to be the weight average




16 21 April 2006 tenperature of the catal yst particles. On the other hand,
when the reaction tenperature is not the sane at every catalyst particle,
still the value of the difference T2 - T1 nay practically be the sanme for
al| catalyst particles, and 5 may be more easily deter hné®HREN t he
separate values of T1 and T2. The difference T2 - T1 nmay be equal to a
correspondi ng difference in coolant tenperature. In accordance with this

i nvention, when the reaction tenperature i s_changed fromTi to T2 .the
val ue of Gemperrture ehahfedcptamvet PETEACLES -t Ao R REREE B ¢ he

opti mum sel,ggt i ¥Mihd Yr¥hLeDonoukehesSithirel AMblte thlangnd i egesipn
tenperature are reduced or even prevented. The value of Q2 is typically a

cal cul at edcabdlgst corctigied efidde thesvalye of1 the GffS5en¢s Tart ifeul ar,
Q@ can be @%Cél\#%%ggcgglg%gg thid b fFormuha Qa19ktt fhddPcied andd - .

formula (I I'n enotes a constant factor which is greater_than O.
| f the 5 eamay One teaper eaaidyT dedermingdesban ithecsepamatsprakeesd ¢h (0O - 1.

In this patent docupenty. rg.cal -val ygsyaf ahe +exp essed in
('O--1. Jne‘—“nscﬁi 4"ed per sdolnﬁvéﬁw%% Ei:‘fbl eTtlo cgnverteg'.'?he nunerical val ues
of B expressedespofding tidffaneeseeXpr eooddnitn teAPSIRGULEMI t which is
consistent with_the unit _in _whi | I ' eI AU E JehSt £xpressed.
The value of B T4 RGFOZ52 kS grl%gl'l Ll:tqlgLst ﬁlglg%}nrl?\gegrﬁ’i on. IiT'h)&eH val Ue of B may
eligibly beempérheast OsOtxdfiged ifirqualmyi tal B, ath¢ ewaiue. ¢fxQ0mey PRe

value of B yay eligibly be at nost 1 x10- i i r

0. 5x10-%. W‘E"W\‘/u%%‘fi gfgﬁ‘i By t9 Be %%uwj%yéf‘it‘ﬁle‘?&g&%ltf#éﬁ Fﬁ%u&ﬁ?ikﬁgt the’
val ue of Bsgmychbevéepenteah efoulte rR3uGamiasit itdre atharhge che atgactiom
particular the catalytically . actjve netals present, ang th u f the
active speE?’@EerﬁFuFﬁeaFEaEﬁdb‘r‘FeﬁJmﬂrf SR §5ietva?6ﬁ:eedv'al ues® o'\?aggéraélfb% :

~ det er mi ned; angdyyechi i 9dabyaneuliateExpaiieyerbdidudztedl cuitladl kavhs uef of B
anounts to about 0.22x106, in particul ar 35 vvheg useglL i i (;CorH)i nat orhvvi th

t he number B1iarks P&EGk §as In particular, Q, can be calculated by using” .

15 the formula .
Q= + B (T2 - Ta) ,
{i.e. formula (I)), wherein B denotes a constant factor
which is greater than 0. 1If the reaction temperature T is
expressed in °C, B is expressed in (°C)™'. In this patent
20 document, all numerical values of B are expressed in (°cy 2.
The skilled person will be able to convert the numerical
values of B expressed in (°c}™* to values expressed in
another unit which is consistent with the unit in which the
reaction temperature T is éxpressed. The value of B is not

25 material to this invention. The value of B may eligibly be
at least 0.01x107, in particular at least 0.1x107°. The
value of B may eligibly be at most 1x107¢, in particular at
most 0.5x107%. ‘Without wishing to be bound by theory, it is
thought that the wvalue of B may be dependent of the

30 composition of the catalyst, in particular the catalytically
active metals present, and theé nature of the active species
of the reaction modifier. Suitable values of B may be
determined and verified by routine experimentation. A
suitable value of B amounts to about 0.22x107%, in particular

35 when used in combination with the numbers and factors



17 21 April 2006 enployed in the exanple cal cul ations of the effective
nolar quantity of active species of the reaction nodifier and the
effective nolar quantity of the hydrocarbons, as given herejnbefore. 5 It
i's preferred to operate the epoxidatipp process at thellr éwetl 2890
tenperature T1 enpl oying such a value of Q -that the selectivity towards

the olefin oxide formation is optimal. Wen this js the case, the
epoxi dat i empdoyssssn whe ERBIRiIecaicebrt beRs Pt AR SpeLFEFtddreBRLR t y,

but “Ot'l%edﬁgﬁmr&ﬂﬁ E{resaéoge%ég%fvﬁéhré\@@ﬁi&%ﬂn@mrﬁge&handr eaet i on-

t enper at ur t he val ue In accordance wth formula (1). The

reaction tesfifisartdve oad@yr smarHakygedof ot heahydr peREBIRE, PSr 9VERpl e, the
reaction t rat may be 15 decreased to sl ow down the epoxidation
reaction vl\ﬁe;rlr%%'tn%’eelg?g:eed thereto arises. Alternatively, the reaction

t enper&t ure maythd s morefEsmrhd too speedatp the epexidatien prresesisort so

that nore of the ql.efin oxide . r dqﬁgl rtd i 'ntiﬂg}&are‘
concei vabltg_‘,e fr(?racég'éarﬁ){]ceemepezﬁt'?%%pg’r a reo%iﬁnn(% eéads?g1 %y%%%%pgg %1er| od of
time be faHeowed ednfva tenperatds etdecokatin arildei fermatden Ay change in

t he reaction tenperafure be gradual” or e ] : l.e 1n one
or more st¥PsTBY '0.%%1 2%}5%; %%%@?t?ﬁﬁ?artﬁ%.gpig%iﬁatg&?x r?é("%l@r%s _

parti cul arwiQ.15 dohthrte al Ayrabange @b optimenr satedan vidypebattunetmay be
acconpanied with a change in the val ue.gf Qt',i n accoidance vvihteh this

i nvent P on NeCESTATI LY, tih SRRt PRCtRE Y al tREB: SBPHPEMEL 6 @_-i's made
CO- cur r entdap Mildh thengdhangerd remahid tithel ZralRiefef iy Vin ascedwedaatal yst
ages; the reaction 30 tenperature is changed as to conpensate for a
reducti on With tHeemed vith: of the catalyst. The activity of the catalyst

may be monitor eth by e PP AUt OPatate Rhytbe ehehyBdoXictemanyn order to
conpensate for the reduction in the activity of the catalyst, the reaction

t enper at UrRUTROE S irﬁ,crree%’@‘i“@%egrEBBaFP?CB%‘/OPntﬁmB?E?&I“i T5¥Y S¥eps, for
exanpi § | Y&i!RPSed to slow down the epoxidation.reaction when the
need thereto arises. Alternatively, the reaction
temperature may be increased, to speed up the epoxidation
reaction, so that more of the olefin oxide is produced per
time unit. Combinations are conceivabie, for example a
20 temperature increase may after a period of time be followed
by a temperature decrease, and vice versa. Any change in

the reaction temperature may be gradual, or step wise, for
example in one or more steps of 0.1 to 20.°C, in particular

0.2 to 10 °C, more in particular 0.5 to 5 °C, and any change
25 in the reaction temperature may be accompanied with a change
in the value of Q in accordance with this invention.
Generally, the change in the value of Q from O to 0, is made
co-currently with the change from T: to Ta.
I Preferably,_as the catalyst ages; the_reaction
30 temperature ié changed as to compensate for a reduction in
the activity of the catélyst. The activity of the catalyst
may be monitored by the production rate of the olefin oxide.
In order to compensate for the reduction in the activity of
the catalyst, the reaction temperature may be increased |

35 gradually or in a plurality of steps, for example in steps



18 21 April 2006 of fromO0.1 to 20 C, in particular 0.2 to 10 C, nore in
particular 0.5 to 5 C, with co-current changes in the value of Q in
accordance with fornmula (1) In particular in a process for p.regari ng

ethyl ene oxide 5 from ethylene, whenﬂ? fresh catal yst 3l Apsdd00¢ he
reaction tenperature is typically inthe range of from180 to 300 C, nore
typically from180 to 280 C, in particular in the range of from 190 to 270

C, more in particular from200 to 260 C . the val ue 6 %i s@;(%/%ipally in
the range @ FramOLA10-% 26 o ZoxIRR®tigwkar (Qt c‘é‘l’lg f rom -Bto

15x10-6; and .the . concentratiof, of the reactio | £ ] gt f LS
typically Rarft’(ltfé“lraéng)e'q‘%ft?r%m : 2‘5’(’1%1 f?%c%g(éi‘lb{zghn% gé% EanQ e?gg\léf/ from
| x10-4 to &10- 4 dlc@-deddetat wyent eothelkota)l . feed. In order to '
conpensate for the reduction in the 15 activit cat t he

f th | yst,,
reaction tenperid W R RE HRcReRERASFFadOE ¥§88Frf‘§ga e&%qq V235t eps

typicakly #0,n &difMeInd N henrangeeoh EheALYSE £8 34edC, tNMY edamioal |y
from240 to 325 C~ in particular from250 to 300 C. The total increase in

t he react itemgeengnrat lre tpyibelly thetB6 range of frem AB% 31 AP0C Chore

typically from20 to 100 C. Typicall t he val ue of ., | gyed, after
a%:l(F:)orrpI i gﬁ‘i?ﬂ’ge S cadnl ¥ nf:?@&sigpntpeégpi drv t@nﬁ?ﬁ?hﬁ%igrgylgegpﬁ fAB9Fange

of fromb5x/0'6 t 00x10- re typically fro x30- 50x1 6~ and
t he concerft aﬁ%%ﬁ#t %‘gglcﬁ)'oﬁ“?%%iﬂ el?a}/ri%l?ﬁqjé&?e%gmg%tz?g iQ)échggsch

typically ' he.r r 1 t @4 T &-9% ,
p?/g:‘ erab%/yél%r \o«%ﬁxdfg-él tso g%g%@g;llgolgg] &]}é ?2#3& \Q})(f %l?nﬁgi total feed..

Herei mp a 2dxesh, GRS 2 y8ipicHBARS faceaB3ai1Yst vehildn1071i;t hadcthese of _
operation of the epoxidation process, has not reach;%@gn a%g defined by a
30 cunul atGercHeratiipPxeHet pe olBBELSANOMOGEE LB ST 1%l efin oxide

Phe 0% o GBI o R PR B Bk o AL D g et o 1
preferably from 1%x107* to 8x10~* mole-%, relative to the total'
feed. In order to compensate for the reduction in the

15 activity of the catalyst, the reaction temperature may be
increased gradually or in a plurality of steps typically to’
a level in the range of from 230 to 340 °C, more typically

| from 240 to 325 °C, in particular from 250 to 300 °C. The
total increase in the reaction temperature may be in the
._ 20 range of from 10 to 140 °C, more typically from 20 to 100 °C.
Typically, the value of Q employed after accomplishing such
an increase in reaction temperature may ke in the range of
from 5x10°° to 100x10™%, more typically from 10x107® to 50x10”
®; and the concentration of the reaction modifier in the feed
25 is increased typically to values in the range of from 1x107
to 40x107* mole-%, preferably.from 1.5%10"" to 30x107* mole-%,
relative to the total feed. Herein, a “fresh catalyst”
means a catalyst which, in the course of operation of the
epdxidation process, has'ﬁot reached an age defined by a
30 cumulative olefin oxide production of at least 2x10° mole

clefin oxide per m® of catalyst. 7 ‘
It is an advantage of this inventien that any change in

the value of Q may be effected by a change in the



concentration or conposition of the reaction nodifier in the feed, or by a
change in the concentration or conposition of the hydrocarbons in the
feed, or a conbination of both. Co- currently with these Cha[}%@ t here may
or may not be changes 5 in the conposjtion of the f eed ity Bect to

ot her conponents, such as oxygen, carbon di oxide or inert gases.

Generally, the highly selective siJver based catalyst is a, suppotte

catal yst. TRECSHNFGH ORaP™hETHIT EPT o te f Fh%é“%gl?hggt lgugb%rt
materials. rSdeh SHPPY ta EhatRfeeriml thdByokeeniaidtiiddn osr agbibbsiaiohnef gani ¢
materials and they include silicon_ carbide, clays, pumce, zeo|jtes
charcoal af@eahwginoserbansh ifettdie cdnfReL %‘%?F’hagtl%l ‘BmfuPr?JE%r boh4 e.

Preferred 18 Jefth3chaih SHRRY (chdi&d | @idre BN &S Ml yhHa, bERENRGEs
zirconia and silica. 15 The nost preterred support naterial js a-alum na.

The suppor trndher icampios iFdemecdbl fheotard wHd HRSPeFlef&? abEyes surface
area, as t - E.ql. d, Sl 3 o gt aRdsk8.
parti cul ar%%r r% %.n%?t %%fgl 5@/ go. Vbr'e cE')arlge?%oel:lr %%y%]fr%g BJQE;"T'BI"{e su?f gce area
of the support iGeriexaldyhd&headyieghoty Gselectivg dinl yoF thasedr cREaAYBL 1 to

3.0 n2/g. As_u N, -t . T. r ' e C h een
nmeasur ed bﬁétsﬁe%r%g)lp%%g%gs c&ét%?rﬁb%d |Trlll§%r§u ueI?r',r %%rr#r:l%g %ﬁgg%{é??erﬂfi&ﬁ J.
Am Chem S%dde G&ngE0ss) i3It3ipporusettdmmiadia, Suthlyhsypperbctive

sil ver-based 25 .catal yst.i s_qne i ch oper.at _ ybit in
the ga gphggé:eé:ﬁ'@gisd 'o%eofnaenctur?:yaf noer a ie]folrcg%lga]ﬁgoé ﬁ%?i@???fgtgigero '
oxygen conwaidsithiey Soclofdeatsilleasin Glarlmide 8xlAaYs, Nbueica, pacoitbear, this

t heoretical_,sel ectivit an .be acc l.ished at_.a reactiop. rature of

260 C. The SBe s “gF S AIAAP G A <o P Seher o5 65eRS: ng ¢ he

catal yst, icalpdanin eardonalted r catd farrd® et aldfima ofo2p0s@pporh .a range of

gas hourly space velocities, resulting in a range of selectivity.values
2s g s

and oxygen"Eoirersion N E¥oftit Y 16 FooRE? ofgatt idhfT y
ngfle fzfggg%te' G st p2ERleRY: s SA erddad i wal upsaf@uidaare then 20 21
, The support material is preferably porous and has '
preferably a surface area, as measured by the BEE.T. method,
of less than 20 m?/g and in particular from 0.05 to 20 m?/g.
More preferably the B.E.T. surface area of the support is in
20 ‘the range of 0.1 to 10, in particular from 0.1 to 3.0 m’/g.
As used herein, the B.E.T.‘surface area is deemed to have
" been measured by the method as described in Brunauer, Emmet
and Teller in J. Am. Chem. Soc. 60 (1938) 309-316.
- As used -herein, a highly selective silver-based
25 catalyst is one which, when operated fresh, can exhibit in
the gas phase epoxidation of ethylene a theoretical
selectivity at zero oxygen conversion, Sg, of at least 6/7 or
85.7 %. More in particular, this theoretical selectivity

can be accomplished at a reaction temperature of 260 °C. The
30 value of Sy for a given catalyst is found by operating the
catalyst, in particular at a reaction temperature of 260 °C,
in a range of gas hourly space velocities, resulting in a
range of selectivity wvalues and oxygen conversion values
corresponding to the range of gas hourly space velocities

35 employed. The selectivity values found are then



extrapol ated back to the theoretical selectivity at zero oxygen
conversion, So. Preferred highly selective silver-based catal ysts

conprise, in addition to silver, one or nore of rheniu 5 ol agenunl
tungsten, a Goup IA netal, and a nitb te- or ni'trite-?%)]rrﬁpr’i’gggé ound,
whi ch may each be present in a quantity of fromO0.01 to 500 nmol e/ . kg,
calcul ated as the elenent (rhenium nolybdenum tungsten, Goup |A netal

or i L1 00@k hdink doPtH el Al st - 1 OB OLLLA] oo PPl EYE a10-L00M NY

conpounds and particular selections of nitrate- or nitrit orm ng
conpound - aPEYSETHSANYEF HeIbi rivef ore.  Rheni um nol ybdenum tungsten, or

the nitrate- or pgyidddbes fHpyr oD Lt qb Lded as an
oxyani on, for exanpﬁé%%hsIgéggggﬁgnatggfﬁ%ﬁgﬁﬁg%%,B?%%gs?%?égg%9315
nitrate, igogpirise, aoi éddithorOitgpetlwer prefierenceone eofhehsnlivey - based

catal ysd¢ s ' ri lum bt si)yer. h, catal ysts
are kno%wn ygﬁ%%@?@%@ﬁ%%iﬁ%%génw' Aéé%G%lgggg%gdl §/’r they -
conpri se snfiverte-Hexmimao rcdd@ aonpouwidi chetaepfeach flve tiheesemtalinos
conpound t hereof. .and _.opti onal | r i um co- pronot e ich.m sel ect ed
from one g{?la?r%%ﬁgyopfsglrfotﬂ?d'6%03{)%2?@;“%%f%ghnﬂa%%%%ﬁﬁgsagt Egﬁeof, on
t he supporelemeerti drhebtingn,spediybdatly, thengdten hekromb alfai sesalleeked from
the group of. . G oup.lA als, .25 Goup |1A netals,. nol ybdenum .tungsten,
Chrom um BREAREGR) SRaFRGHC AL b A=Y andiiat L THATFT E PABFFERT
tantaliim forabingmMcogpbuindy and geirBidwIiaANgk et 1bes dheneetatePraterably

the further ,netal is selected fromthe Goup |A netals, such as lithium :
potassiun1nFEEF%@GﬁP&W&”@bQQ&BQﬁ? rﬂﬁ?na?r&%ﬁ%Qﬁﬁiﬁﬁﬁﬁﬂmp?@ﬂﬁ?als such as

cal ci um angthbak ut) moMpBliephe, eraflgstidn, of IHHE UWR t ROESSSbEMhapdl P&
cesium V\?er'e, ossi ble, rhenium the further nmetal or the rhenium
co- pronot e °F§‘1§BO§PHEHUQ§1 R Yo RPErR .Y iBf AV aRoPRY2BEOPreferred

anount s of fbheegapeBents @f peietRtatdl ¥Ri1Sydadd, AiddsE08 or
15 nitrate, in salt or acid form.
of special preference are the silver-based cafalfsts

which comprise rhenium, in addition to silver. Such
catalysts are known from US-A-4761394, US-A-4766105 and EP-
A-266015. Broadly, they comprise silver, rhenium or

20 -compound thereof, a further metal or compound thereof and
optionally a rhenium co-promoter which may be selected ffom
one or more of sulfur, phosphorus, boron, and compounds |
thereof, on the support material. More specifically the
further metal is selected from the group of Group IA metals,

25 Group IIA metals, molybdenum, tungsten, chromium, titanium,
hafnium, zirconium, vanadium, thallium, thorium, tantalum,
niobium, gallium and germanium'énd mixtures. thereof.
Preferably the further metal is selected from the GrSup IA
metals such as lithium, potassium, rubidium ahd cesium

30 and/or from the Group IIA metals such as calcium and barium.
Most preferably it is lithium, potassium and/or cesium.
Where possible, rhenium, the further metal or the rhenium
co-promoter is provided as an oxyanion, in salt or acid
form.

35 Preferred amounts of the components of these catalysts



are, when calculated as the elenent on the total catalyst: - silver from
10 to 500 g/kg, - rheniumfrom0.01 to 50 nmol e/ kg, - the further netal or
nmetals fromO0.1 to 500 mole/kg 5 each, and, if present, - the rhenium
co-pronmoter or co-pronoters fromO.1.t0 30, nmmolel/kg 8éc1ﬁP“}l'3{p6present
epoxi dation process is preferably carried out at a reactor inlet pressure
in the range of from 1000 to 10 4000 kPa. "GHSV' or ga Hour |y .Space

Vel ocity i&%heVifint cybfuhatef. agashst ersmpar PBnﬁgFa ﬁiéllﬁf Sdiire (0

C, 1 atm-i.&1484. 8r&fPa)opaessiEng gygg,one unit volume of packed catal yst
per hour. Preferably, when the epoxidation 6 process is as a gas phase
process i nvol ¥eRlwt phegBd0181 chpaPPstmedE/ k8he GHSV is in the range of

from 1500 10 + 10080 M £ ! mbha1 Poel aEeBhY, Ft-BR DLOCesS50b Whicid/Mention is
carried out at a work rate in the range of from0.5 to 10 knole olefin

oxi de proder@d, perdnBibfpEasanyst per hour, in particular 0.7 to 8 knole
ol efin oxide pyoduced; per o @P%?gge‘iabﬁ"}l Y:%t—g?‘é oYL, et eXamle Fp kol e

ol ef i n oxi de produced - per catalyst p our. As used herein, ‘the
wor k rat e mmele kg agacint of the ol efin oxide produced per unit volunme of

catal yst per h ( s LYty i . ar i f efin
oxi de forned rg#%??@%%%%§¥hgﬁgg%Pé?&gBS§§é§%F??%QOP%%%gEg%éy?ﬁé%gﬁﬁgited.
The ol ef i owixiate aroeackedr niylet peeesveredifir bhet Mengeeadt ifaempriddicttcby

usi ng,peth known i, Lart, ~for. exanp ' rbing sth | efi:n. oxi de
from %\B?'eac 09 ]618?1 et nG'i%r?ea%i ﬁa\ﬁ/apgf’lrEXd%S?%pggﬁf%f% c&%e%hr%g%{%g ol efin
oxide 30 fyoMihdesRayeoUSE SR HhAONtBHpdratulrkabh@NprAksheast(oaccportion of
the aqueous sol ution containing the olefin oxide nmay be applied in a
subsequentl pgeess- ¢ orl@bndekPahgrarsingl even erRPdEnift Fodumer ofi ol or a

o ocess. B Sony ST L | Res BoYEy  er terbLgs AgRothelkehdgen
2006 process is as a gas phase process inveolving a packed
15 catalyst bed, the GHSV is in the rénge of from 1500 to
10000 N1/(1.h). Preferably, the process of this invention
is carried out at a work rate in the range of from 0.5 to

10 kmole olefin oxide produced per m® of catalyst per hour,

in particular 0.7 to 8 kmole olefin oxide produced per m® of

20 catalyst per houf, for example 5 kmole olefin oxide produced
per m> of catalyst per hour. As used herein, the work rate
is the amount of the olefin oxide produced per unit wvolume
of catalyst per hour and the selectivity is the molar
quantity of the olefin oxide formed relative to the molar

25 gquantity of the olefin converted.

' The olefin oxide produced may be recovered from the
reaction product by using methods known in the art, for
example by absorbing the olefin oxide from a reactor outlet
stream in water and optionally recovering the olefin oxide

30 from the agueous solution by distillation. At least a
portion of the agueous solution containing the olefin oxide
may be applied in a subsequent process for converting the
olefin oxide into a 1,2-diol or a 1,2-diol ether.

The olefin oxide produced in the present epoxidation

35 process may be converted into a 1,2-dicl or into a 1,2-diol



ether. As this invention leads to a nore attractive process for the
production of the olefin oxide, it concurrently l|eads to a nore attractive
process which conprises producing the olefin oxide in accorqgﬁﬁg with the
i nvention and the 5 subsequent use of,4he obtained ol ef +h 283 n the
manuf acture of the 1,2-diol and/or 1,2-di.ol ether. The conversion into the
1,2-diol or the 1,2-diol ether may conprise, for exanple, reacting the

ol efin oxi depwith K [ l5 i | g r | For
10 exampl e, for mﬁ}éﬁgﬁﬁfe gﬁgr%d;sltéﬁgi%r{;% griocrée(r)lc?tlacess f%&aﬁd?%i¥é§é? her,
t he ol ef i nTe%i benmpyopactiant of Wiheh cdetfdm faidle nultarcan@esserflwat er, in

a liquid phasfsreact LN L4 Rn id cat : : -1, 0 %
sul furic aci % S Egstgdﬁg’ﬁbt ,getr%?gp'%%e (:rtqﬁ%rlsas(r:ﬁw%l&?je?é%@?ge/% F&O%%u%lrg%r 15
absol ut e, bthei plafgasophdseinecacriconiagice]l 3GAMENE dmre2t-iot) drad tbsol ut e,
preferaply.j sence of C lLyst.. |, the prapprtion.of water is

I owereg t hghgrs% gre??oﬁg%f 0?, jz—?ied?‘(i))l%%%ﬁéjr sOlie TheH ectllnonndfﬁ xture is

i ncr eased. m3hefac2urdi off ehkens 2t-hlislpandiyoad Iney-diela ediheat her, tri-ether,
20 tetra-ether a_subsequent .ether. AlLternative 1,2-diol, ethers may be
‘prepared by con@felfet F%év?ﬁ 18 ef- P Coxide ]wezt_ 12t &% ,1’i2n"%af°rh]ti%ﬂ?%¥ a
primary almapotompresbandbroexampaeql reRytieR atien@laifireastide suicth as
portion of_ the water bélthe al cohol. 25 . The 1, 2-diaol and the 1,2-diol ether
may be usedFRta SPaF§RIVaPFERY 8P ARdFeS PAl 2apfsiCaedidYStor &&ple in
the flidel dsxatpfepdrobeMekaggspreabateanti9s Wikl as2-dienmepldstdss 1,2- .
pol yners, é%é@ble resin systens, detergents, heat transfer systens, etc.
[ a

30 Unl ess ¢FRBT ot RBFWPLEL1pheXdr§aRRY BEnpEacted Wikt che®mherdich, for

exanpl e t heobhefbRgesd, 8rdiatsr, 1id- adhelueihphs sand daeaaldpnodi fiers,
have typically at nost 40 carbon atons, nore typically at nost 20 carbon
atons, in PpaFerctl af ap #Bif ¢otedvsén &t6ms0-fode O FWpsulifunia apids

Most 6 canfoRedt GHP+néStHEL1 NEdabE L i kRN9ES LR SBUIRSRE at 1 bar

15 absolute, or in a gas phéée reaction at 130-240 °C and 20-
40 bar absolute, preferably in the absence of a éatalyst.

If the proportion of water is lowered the broportion of 1,2-
diol-ethers in the reaction mixture is increaséd. The 1,2-
diol ethers thus produced may be a di-ether, tri-ether,

20  tetra-ether or a subsequent ether. Alternative'l,z—diol
ethers may be prepared by converting the olefin oxide with
an alcohol, in particular a primary alcohol, such as
methanocl or ethanol, by replacing at least a portion of the
water by the alcohol. , - |

25 ~ The 1,2-diol and the 1,2-diol ether may be used in a
large wvariety of industriai applications, for example in the
fields of food, beverages, tobacco, cosmetics, thermoplastic
polymers, curable resin systems, detergents,'heat transfer
systems, etc. '

30 : Unless specified otherwise, the organic compounds
mentioned herein, for example the olefins, 1,2-diols, 1,2~
diolrethers and reaction modifiers, have typically at most
40 carbon atoms, more typically at most 20 carbon atoms, in
particular at most 10 carbon atoms, more in particular at

35 most & carbon atoms. As defined herein, ranges for numbers



23 21 April 2006 of carbon atons (i.e. carbon nunber) include the nunbers
specified for the limts of the ranges. The reaction system suitable for
perform ng the process of this invention conprises a reactor holding a
highly 5 selective silver-based catalyst. The reactor iy 4P 288t i gured to
receive a feed conprising the olefin, oxygen and the reaction nodifier.
The reactor may have a tenperature control systemconfigured to control in
the reactof €hsbpragtPea (énmper ERHPENT nuRMbe Iy edBCLYASS AHREED furt her

conprise ag gggfggﬁtfgk gﬂétiﬁhﬁﬁngQUE%@ tangeatrol  the reaction nodifier
being present in the feed. in the relative gggntity Q .and optionally the
concentration ofheorpectiendsyskponsuisablre ftosnperdoIBridgr & RIS Of

thi s i nventop, 1Y ;19 GRYBAT S6nArd QERULEL LEAIbLG, HRdIIY dliday Fonput er

readabl e program code, Téecor he conputér rea ) The
conput & reallabtéver sjluerebdeednygatielysitt ablThef geacitiost Madt irry a dat a

processi ng_system of. {he_conputer stem. _of .this inventi 0 géﬁﬁH;e t he
caIcuIatioﬁgxﬁﬁgggﬁﬁe%?iﬁﬁcggvﬁdFh%§ﬁg ﬁngggglgé F%%SQPﬁggﬁPion. e
conput er pandrahe peadutbnmapdbéiem.t h@hkormaatoxr diagk havieckr is a per manent
entity of phe conputer system or. it may_be a di sk which is..insertable
“hto the cHATRESFTUyE! SRECHAD SYmbhleroPeatuBrd thelomhbsy b iadan o
for exanpl ecabyoie@ng 0&a8biopt tempeZatayst @M OThey reeartsicof sy atgmedayc
syste In_a preferred enbodi nent, the cqnputer program progduct

compr 106, "FRZERRF: PORPT A BofpaEet FERTARLe SHRSGTarOedB bt AT aRP Y he
conput er renpdabkeciBdhUiibaseibabbeihgr prieRehituch Get Feadhtim piacessi ng
systemto control the 30 Erocess of thi,s invention. In particulaﬂxgn this

preferred TBABBAVReARantHEY cBnpaREr OBFdoBA LAYy the CORCGERITEF I

comuni cat gxMethrbbg tenpshahyse control systemand with the feed contro
system This arrangenent of configurations facilitates the control of the
process steps ofhehEoppubesspragram prosuchyedt thas invention may

15 comprise a computer readable medium and a computer :eadable
program code, recorded on the computer readable medium. The
computer readable program code may be suitable for
instructing a data processing system of the computer system
of this invention to execute the calculations in connection

20 with the process of this invention. The computer program
product may be in the form of a disk which is a permanent
entity of the computer system, or it may be a disk which is
insertable into the computer system. The Computer readable
medium may be readable, forlexample, by means of an optical

25 system or by'means of a magnetic system.

In a preferred embodiment, the computer program product
may comprise, in addition, a computer readable program code,
recorded 6n the computer readable medium, suitable féf
instructing the data processing system to control the

30 process of this invention. In particular in this preferred
embodiment, the computer system may be configured to '
communicate with the temperature control system and with the
feed control system. This arrangement of configurations
facilitates the control of the process steps of the process

35 of this invention.



24 21 April 2006 The foll ow ng exanples will illustrate the invention.
EXAMPLE 1 A catalyst, as defined in US-A-4766105 (EP-A-266015), containing
silver, rhenium cesium lithiumand tungsten on 5 a-alum na and having a
theoretical selectivity So of at leasf, 85.7%in the fréshARRA¥Ouas
enployed in the followng experinent. In the experinent ethylene oxide was
produced as follows. A sanple of the crushed catalyst (0.8-1.4 nm) was 10

| oaded into a mygro=r capsishing . af a i nLer i S om.
stainl ess st eerb&esﬁggggh%geg;@h@l %sﬁ’g&eld ]'t:it}brgege ,wasqil’jHrﬁ*ncalLr se ?noré nol ten
metal tin/BXKaMBLE Bath (heat - nmediun) and the ends were connected to a gas

fl ow system The Lght.of _th I ] .t he, dnl s A1 wer e
15 adj usted as ?ocggﬁg¥§5’aaaa§e%§h% ygébggnge 5%?{§§o€ﬁ§6%d?@iﬁf%.f.h).-
The inlet porsatingényasil8éd, kPhepdbsgl wies)iunfhd ithdenk teaond haumestenron
conprised ethylene at a concentration of 28 nole-%, oxygen at_a

concentX at #oalbninasang baygingaphsheomeddicdd &ele el rin i%n 3t %ﬁ%??
mol e- % etpyl ;ehlaridg %%egﬁ At GRRCcGALS %trdp(ll% d 40 gIRIEdPRS Sndy Ml Lion

by volune), that is sucC at the selectrvity to ethylene oxide is
optimal , agdpekémestmi nder of the feed was nitrogen. The reaction

t enperature was-257,'C ' ratrure .the rk-dadi&edess 208 kg

et hyl ene oxi de/ Iﬁngeh}ef{.ggﬁqg%g%%%ggﬁgﬁ [ 5%31%% ewa\#ejlﬁ;ﬁ naf(’teeer rsef erred to
as "reactiBollowesdi t Bossmple Sfbskeuemrtished lvatadastt o doridi 4 iTons Maswer e
changed, to, the follow ng: s_hourly s el oci 6 . i nl et
pressﬁg% i%°§§§8 &B&O(Sbgéngef?ggF y|éﬁgﬁﬁﬁxgé‘céﬁ¥F53?%ﬁN%§A%%f£%%@ o
oxygen condtamheatirostaihlepkesteelc dHatiapedidotivde .corftentl-athapedf tubs .
nol e-% reaction eratur

1o et hyl CHESoAPHETERE Gng) MERESP 5 tadn SR FaTUN e B 6 IBRE: The work®
rate was 2hddkgmet BylbeaBeoxhde/ ¢eBehicbnnediethase x@ad tilow system.
hereinafte&héeLgE%gg % %ﬁenég%% &g@ and the inlet gas flow rate were
15 adjusted as to achievé a gas hourly space velocity of 5000
N1l/(1.h). The inlet pressure was 1870 kPa (absolute). The
feed to the reactor comprised ethylene at a concentration of
28 mole-%, oxygen at a concentration of 7.4 mole-%, carbon
dioxide at a concentration of 5.2 mole-%, ethyl chloride at
20 a concentration of 2.9 ppmv (parts by million by volume),
that is such that the selectivity to ethylene oxide is

optihal, and the remainder of the feed was nitrogen. The
reaction temperature was 257 °C, at which temperature the
work rate was 208 kg ethylene oxide/knﬁ.hr). These

25 conditions are hereinafter referred to as “reaction
conditions 17. - _

Subsequently, the reaction conditions 1 were changed to
the following: gas hourly space velocity 6000 N1 /{(1.h),
iniet pressure is 2250 kPa (absolute), ethylené

30 concentration 23 mole-%, oxygen concentration'G.l mole-%,
carbon dioxide concentration of 4.3 mole-%, reaction ‘
temperature 263 °C. After optimizatioﬁ of the selectivity to
ethylene oxide the ethyl chloride concentration was
2.6 ppmv. The work rate was 251 kg ethylene oxide/ (m®.hr) .

35 These conditions are hereinafter referred to as “reaction



25 21 April 2006 conditions 2". By calculation in accordance with fornmula
(1), using B equals 0.22x10-6 and the reaction conditions 1, it was found
that for optimal selectivity to ethylene oxide under the reaction _
conditions 2 the ethyl chloride 5 congentration shoul d Zné®sd 2080 2. 7 ppnv
(experinentally found 2.6 ppnv). SubsSequently, the reaction conditions 2
were changed to the follow ng: gas hourly space velocity 7400 N1 /(I.h),
inl et preseer@itionssd” kPaBy aBabFutlarioat kyl ereordagssre bttt OFWR nol e- %

oxygen con tration nol. e- % pe di_oxi,de concentrat | of . 3. | e- %
re)altgti on fgﬁbe?gfﬁge 27‘1“?:1SA tg?{(igti s tti Sh Tot” eOI}se"JI:(Se)rg %%‘/ll%r;}étg’o

et hyl ene oXt deas heoehbythehl o6 depeomaenedicel wiay 200 eifiplenkheoxidek rate
was 307 kqaggh¥lene oxide[—(nB.hr%., 15 Eh %g cogﬁiti ﬂ; are hereinafter
referred t3P3RT " FRECFPRALILBNEPRAORECRS. 2p{FPEarERYAt COH AT % cor dance with
forml g (ldondshtgaBi8AUshsuPa23ndlne aed2thep HeRpeaOnddtdamsy 1, it

was found that for optimal selectivity to ethylene oxide under the
reaction codi®n€ BPEWE-ethyl chloride 20 concentration shoul d anount to

2.6 ppnv (eXperﬁﬁﬁgééﬁéﬂt%gpuﬂﬁe2r@a@EEB%-cgﬁﬁw%ﬁgn% phyratehetiHaldd Ao
catalyst, as defined in US-A-4766105 (EP-A-266015), containing silver,
rheni um cee ukpllevhnam ang bertly smrage ¥slgcd®ivnd489d Mavi G%g- .,

theoreti caly pet eGEL¥LhYe 905 05 688 %cb t(QBFBrl%)%Q}S,t%EﬁE(il%n?é*m oyed in the
fol | owi ng experinent. e above value of Sc) was determ ned by neasuring
sel eclPvi t¢ercenprat tamgk? ohobas’hoarygespacaceaitsetioss > adietime at 30%

hyl , 89 3y i.OXi dx140 a ; i
el ene, Sty acaionigeis pic-li0giges, b gect | o

t enperature bein ating bac Zer 0 oxygen conversion.
I n the expesmperitetdylenecmXi defisr ppeuaegdatsonf of | bMe. sAleannldtef tbhe
crushed catalyst (0.8-1.4 mm) is _|loaded into a mcro-reactor consisting of
a 3 mm i nteimaleng oxide the ethyl chloride concentration was
2.6 ppmv. The work rate was 307 kg ethylene oxide/ (m*.hr).
15 These conditions are hereinafter referred to as “reaction

conditions 3”. By calculation in accordance with formula
(I), using B equals 0.22x10°° and the reaction conditions 1,
it was found that for optimal éelectivity to ethylene oxide
under the reaction condifions 3 the ethyl chloride

20 concentration should amount to 2.6 ppmv (exXperimentally
found 2.6 ppmv).
EXAMPLE 2 (hypothetical)

A catalyst, as defined in US-A-4766105 (EP—A—ZGGOlS),

containing silver, rhenium, cesium, lithium and sulfur on a-

25 alumina and having a theoretical selectivity Sg of 93% in the
fresh state is employed in the'following experiment. The
above value of S; was determined by measuring selectivities
in a range of gas hourly space velocities, each time at 30%
ethylene, 8% oxygen, 5% carbon dioxide and 1400 kPa, the

30 reaction temperature being 260 °C, and extrapolating back to
Zero oxygen conversion.

In the experiment ethylene oxide is produced as

follows. A sample of the crushed catalyst (0.8-1.4 mm) is

loaded into a micro-reactor consisting of a 3 mm internal



21 April 2006 dianeter stainless steel U shaped tube. The U shaped tube is
imrersed. in a nolten netal tin/bismuth bath (heat nmedium and the ends
are connected to a gas flow system The weight of the cg%al, t and the
inlet gas flowrate are adjusted as 54t0 achieve a gas 2hotPTl2W8ace
velocity of 3300 NI/(l.h). The inlet pressure is 1600 kPa (absol ute). The
feed to the reactor conprises ethylene at a concentration of 50 nole-%
oxygen at concentration of 7 en % rho i_OXi aty_ tion
of 3.5 nol %er}e‘?ﬂy?t%ﬁ‘io]‘??%es%gg% qoggéﬁggn?}]g’tei'onqlgﬁc? ?’#5%%2&%@

sel ecti vi ti tignned hyd@nen oximel tsn oetabmk indbd smiudhr bakhnddeadf metided i s
nitrogen. The reaction tenperature.is 254 C,_  at whic nperature wor k
rate is ZWQ&W‘W%%eaB‘%?%%?T%‘Eﬁ?)EOAE‘ gRE %&Pgl v t@’ttgg'le's, ﬁ:ehe“?tar.l%;i on
t enper at Urg ithed NEx€abesk Gamdlughéyinlet ghat faodkb ratesharmt adgulstreat eas s

nmai nt ai ned. Co-current wth the increase in_ reacti t I re the
concen?r ati R I & hyR 5%%%?% Yi APRHE ?’528(:?1%"31 ﬁ’%ﬁ égrségdw&dggr'dance
with formgia idlet yr&singe Biequabs RPa2x348s61u2e)CLATME Zkelprid 2306 5

1. A process for the epoxidation_of an olefin, whi ch,proce$§ co ri_s%gs ,
reacting &R ORPIPELPES b BlERENAt BxFoaRreRF L iPB Y of MSHiSTRr in
the presengg fn i ghbyncset psti¥g 8El vepohase] catdbystdiaixiald eactd on
tenperature™T, and with the reaction nodifier_being present in a relative
10 quant i topr@eteatient et 3e?imobe—tn efhydt ChdoFaar adudntity of active
2 of otr{%?ed{t?@&{ Of IR0 TightPERSCBEILRLERE tyf @Rd kAR iBGlde & 410l ar
quantity ocf ydrocarbons present in the feed, and which process conprises
the steps wftimabperndi blye atemainder ofethei Agephdse Ni&ISP t hdF R/l ue of

15 Tis T:L and the value of Q1is d -, subseguent | ' t]
second opé%qW$h5§@%¥aﬁur?eh§t%ﬂ ?@hp%?a‘f’ﬁ?’gﬂmﬁ'%%gfggg%gf Ile:g %nt%'to F ?{om
~the reactiQite tRIPEIAL K CcElPl @¥8dokNdblenf | hS) . OpREathegcphatgstsagest hat

the value of T is T2 and the value O is 1 where IS
the reaction temperature is g%creg%ed grad%%lg§ such that a

15 constant work rate is maintained. Co-currently with the
increase in reaction temperature the concentration of ethyl

chloride in the feed is increased in accordance with formula

(I), by using B equals 0.22x1075.



20 determ ned by calculation and @ is defined by the formula Q@ = QL + B
(T2 - Tj) , wherein B denotes a constant factor which is greater than O.

2. A process as clained in claim1l, wherein the olefin.is e ene, and
wherein the reaction nodifier 25 conpgi ses an organic gﬂlgPPhg&ké A
process as clainmed in claim2, wherein the reaction nodifier conprises

chl or ohydr ocarbons having up to 6 carbon atons, which conprise one or nore
of methyl chloride, ethyl chloride, ethylene dichloride and vinyl 30
chloride. 4. A process as clained in any of clains 1-3, wherein the
effective nolar quantity of active spegi f the reaction nodifier
present in the feed can be calculatedq%ﬁ ltiplying the nmolar quantity of
each of the reaction 35 nodifiers present in the feed with a factor, and
addi ng up 28 21 April 2006 the _nultijplication products, %gg{ i-n each_ factor
represént sl- t he nunb®rPEPCEES| FRThENEr BRPEHE5IOTe A 58y aul &5 he

reaction nodidLes aj:emﬁyﬁgégOQeaeaih?eau'@e@asb@wﬂg_ih@ath@ealefﬁei,or‘ for
any reaction nodifier which is a mefhyl conpound 5 is in the range of from
1/5 to 1/ 0Xygepaspical aearhionenpdageerofinf the Pressncs ' asigbd vy geess

as cl ai medsdfoanyval sehgbibpdsda vhehelBr LAC ChEaRivA Mumeraantd iny of
hydr ocar bons present 1 n the ?eed can be cal culated by nultiplying the

mol ar quanaid ywbthibheachaotiohemagdfbear BABIPPFSSPNT ATt e TS W h a
factog AEPLPIOURRE BE FULELD! LGRE OB EPROTUE R NG Sidl diGudidicleys Tor
any nethane 1s'1n"the range of fromO to 0.5/ the factor for any ethane is
in the rangt a¢tivenspOcies1s0; thadreaht ibac medifderapy eipedtoddy B havi ng

bei ng. 1ol BE9eto Brarf autsPe 1Bt 8, GRARE sy, o Byt s R I Pt one
6. A process tlsecfaedpdand whachn prowhsseicompd sefsadcher sft@psaf :net hane is
In the range géeiggghg 58 g'éirggeoperating phase whérein the value of

15 T is T; and the value of Q is i, and '

-~ subsequently operating at a‘secpnd operating phase at a
reaction temperature which ié different from the reaction
temperature employed in the first operating phase, such that
the value of T is T, and the value of O is Q,, whereby Qs is

20 determined by calculation and Q. is defined by the formula

Q2 =01 + B (T2 = Ta), |

wherein B denotes a constant factor which is greater than 0.
2. A process as claimed in claim 1, wherein the
olefin is ethylene, and wherein the reaction modifiex

25 comprisés an organic chloride. |
3. . A process as claimed in claim 2, wherein the
reaction modifier comprises chloréhydrocarbons having up to
6 carbon atoms, which_coﬁprise one or more of methyl
chloride, ethyl chloride, ethylene dichloride . and vinyl

30 chloride. |

4. A process as claimed in any of claims 1-3, wherein
the effective molar quantity of active species of the |
reaction modifier present in the feed can be calculated by
multiplying the molar quantity of each of the reaction

35 modifiers present in the feed with a factor, and adding up



20 factor for any ethane is in the range of from70 to 120; and the factor.
for any hydrocarbon having at |east 3 carbon atons is in the range of from
50 to 2000, all factors being relative to the factor f?r etg%hgne, whi ch
equals 1, by definition. 25 7. A pregess as clained i A aﬁ?“ | ai s 1-6,
wherein the relative quantity Qis in the range of from 1x10:6 to

100x10-6, in particular in the range of from2x10-6 to_.50x10-6. 8. A

process astid &hﬂf@i?ﬂi@ﬂfi@fl pradfet; 7whehenel RadmheEaeant ir@preargeysat ur e
Tis in the range of from190 to 30 325 C, in particular in the rq%]gcﬁ]ﬁof
from 200 tehsooumbey off Brbé¥eshgEerPatrBg PrRegfntoPedl ATERE Uhds n

the reactipf,teBR’ ALHEE: &r $nee§9é§§§aﬂ,i BnCrad rdR rédlaiiiny thateyHessed
in (O -1, I1s 1n the range of fromO0.01x10-6 to 1x10-6, in particular in

the range $Actennfor 13ey- seastponomogsfierpbhd o 5:616- Sethifl CRMRIMELs as
clainmed in; | ai 1.9, I e t1 4 he; peactt AL 8FPehatHEe rEiqgeuch
a val ug ofl%lw‘?ghéﬁp?%%ﬁ O?rhgﬁlﬁheyg;écgct/ﬂi :tu;/l ?%\%\/ar dlé1 the ol efi nroxig%e

f ormati on ¢% Bropttfems.td1/24.process as clained in any of clains 1-10,

wherein as:the catalys , . Lh i .8 4 hanggd. to
conpensat e5’for a. 're%u%%?ggg?'na%hglggﬁgéi ??/1 tgﬁgpﬁfgggggasfls%%'lo 12.6‘?}%\-l
process actioz défifetbimaymolacl| quastityl pfnwhedeiorarteashipgidsendeligettihe

oL ver becg el Vot SOTRLA 36805 By TRGE0F, SIALT A og
parti ¢ol aresth aof athei hgdsuppebdnslpréSent process faedomditiy & dastarm 12,
et el U A SRLCEL VBTG cRERed Salalrsl coRUSE U VoL
from G oupfddeaet 8b8, afyonpthhRenikakia, thedkrphdenwn froag<t ey OclEonihem
titani um- patnl um, 20,2 copium ; yanadipm Lhalliyme thotdqum, L al um
the factor for any hydrocarbon having at least 3 carbon
15 atoms is in the range of from 10 to 10000, all factors being
relative to the factor for ethylene, which equals 1, by
definition. '
6. ‘ A process. as claimed in claim 5, wherein the
factor for any methane is in the range of from 0 to 0.4:; the
20 - factor for any ethane is in the range of from 70 to 120; and
the factor for any hydrocarbon having at least 3 carbon '
atoms is in the range of from 50 to 2000, all factors being
relative to the factor for ethylene, which equals 1, by
definition. - |
25 7. _ A process as claimed in any of claims 1-6, wherein

the relative quantity Q is in the range of from 1x107® to
100x107%, in particular in the range of from 2x107° to 50x107C.
8. A process as‘claimed in any of claims 1-7, wherein
the reaction temperature T is in the rahge of from 190 to

30 325 °C, in particular in the range of from 200 to 300 °C.
9.7 A process as claimed in any of claims 1-8, wherein
the reaction temperature T is expréssed in °C and the wvalue

of B, expressed in (°C)™*, is in the range of from 0.01x107®

to 1x107%, in particular in the range of from 0.1x10™® to



gal I i um and germani um and m xtures thereof and optionally a rhenium
co-pronoter selected fromone or nore of sulfur, phosphorus, boron, and
conpounds thereof. 14. A process as clained in any of glalns -13, 25
wherein the hydrocarbons present in.the feed conprise re of

nmet hane, ethane, propane and cycloprdpane, in addition to the olefin. 15.
A process as clalned in any of clainms 1-14, wherein @ is calculated by

using theOh&xAMI S 30 @@ = + B (T2 - Ti) , wherein B denotes a constant
factor whiygh is gregf s, Ja%% s Plafiled!SiNGip SHU1ERAL1 A0 henateoa
expression. '16. A process for the epoxi dati1on of an ol efin, ich. cess

conpri ses arteacd'ta rrgsax:tf:end teppetatiung the SHIQH i vadSeo@fgéh 45d eTPA 8 i on
modi fier LS D Ty S & it WAL SPLEn 200 S ek SFhavPon is

S|Iver-bas process conprises the steps of: -
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15 13. A process according to claim 12, wherein the
highly selective silver based catalyst comprises 51lve;,
rhenium or compound thereof, a further metal or compound
thereof selected from Group IA metals, Group ITA metals,'
molybdenum, tungsten, chromium, titanium, héfnium,

20 zirconium, vanadium, thallium, thorium, tantalum, niobium,
gallium and germanium and mixtures thereof and optionally a
rhenium,co—promoter selected from one or more.of sulfur,
phosphorus, boron, and compounds thereof.

14. A process as claimed in any of claims 1-13,

25 wherein the hydrocarbons present in the feed comprise one or
more of methane, ethane, propane and cycleopropane, 1in
addition to the olefin.

15. A process as claimed in any of claims 1-14,
wherein Q; is calculated by using the formula

30 Q2 =0 + B (Tz - T1),
wherein B denotes a constant factor which is greater than 0,
or by using an equivalent mathematical expression. '

16. A process for the epoxidation of an olefin, which
process comprises reacting a feed comprising the olefin,

35 oxygen and a reaction modifier in the presence of a highly



the reactor a reaction tenperature T, which reaction system further
conprises a feed control systemconfigured to control the reaction

nodi fier being present in the feed in a relative quan&itsx q%ich is the
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nmodi fier present in the feed to an effective nolar quantity of ,
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15 18. A reaction system suitable for performing a

process for the epoxidation of an olefin, which reaction
system comprises a reactor holding a highly selective
silver-based catalyst, being configured to receive 2 feed
comprising the olefin, oxygen and a reaction modifier and

20 having a temperature control system configured to control in
the reactor a reaction temperature T, which reaction system
further comprises a feed control system configured to
control the reaction modifier being present in the feed in a
relative quantity Q which is the ratio of an effective molar

25 quantity'of active species of the reaction modifier present
in the feed to an effective molar quantity of hydrocarbons
present in the feed, and which reaction system is configured
to perform the process steps of: ‘-” '
- operating at a first operating phase wherein the value of

30 T is T; and the value of Q is Q;, and _
- subsequently operating at a second operating phase at a
reaction temperature which is different from the reaction
temperature employed in the first operating phase, such that.
the value of T is T, and the value of Q is (s, whereby Q» can

35 be determined by calculation and Q; is defined by the formula



calculations for a process for the epoxidation of an olefin as clains in

any of clains 1-15. 22. A conputer systemas clainmed in claim?21, wherein
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in the feed in the relative quantity Q and wherein the conputer

ol &fdn. A computer program product which comprises

computer readable medium and a computer readable program
code,_recordedron the computer readable medium, suitable for
instructing a data processing system of a computer system to
execute calculations for a process for the epoxidajion of an
olefin as claimed in any of claims 1-15.

20. A computer program product as claimed in claim 19,
which comprises, in addition, a computer readable program
code, recorded on the computer readable medium, suitable for
instructing the data processing system to control the
process for the epoxidation of an olefin.

21. A computer system which comprises a computer
program product and a data processing system configured to
receive instructions read from the computer program product,
wherein the computer program product comprises a computer
readable medium and a computer readable program code,
recorded on the computer readable medium, suitable for
instructing the data processing system to execute
calculations for a process for the epoxidation of an olefin
as claims in any of c¢laims 1-15.

22. A computer system as claimed in claim 21, wherein
the computer system is configured to communicate with a
temperature control system configured to control the
reaction temperature T and with a feed control system
configured to control the reaction modifier being present in
the feed in the relative quantity Q, and wherein the
computer program product comprises, in addition, a computer
readable program code, recorded on the computer readable
medium, suitable for instructing the data processing system
to control the said‘process for the epoxidation of an

olefin.



