1 24 February 2006 A PROCESS AND SYSTEMS FOR THE EPOXI DATI ON OF AN OLEFI N
Field of the Invention The invention relates to a process for the
epoxi dation of an olefin, which process conprises react
conprising the olefin, oxygen and a ?eaction nmodi fi er inb?28&§354%1§nce of
a highly selective silver-based catalyst. The invention also relates to
systens suitable for use in connection with the process. Background of the
I nvention The catal ytic epoxidation of olefins using a silver 10 based
catal yst has been known for a long tine. Conventional silver-based
catal ysts hﬂVERBE:%\é'sd got ke HERfd PoRXiTdRS EBRUTAOUN Yor AN 1IN
selectivity exanpl e, when using conventional catalysts in the
epoxi dation of ethylene, the selectivity towards ethylene oxide, expressed
as a frggl!ﬂp ﬁg @é tpgvgﬁgﬁggne converted, does not reach val ues above the
6/ 7 or - efore, this I|n1t has 1 ong been considered
to be the thegret X l egtLivit %0t ERLShE2ELERRaaRESRd ON the
st0|ch|onetry<ﬁ %éﬁgégé. |%%Y£%%§a§§on % %eCZHM + 6 02 E> 6 %2H40 + 2 CO2
+ 2 HZOoﬁﬁanIﬁlééihkwmmishEpnycéa@edwmpéiSﬁﬁenﬁéatlmgchnéﬁégy, 3ld ed.
Vol . 9, 1980 M. Si a h r
sel ect] VNGRS o | POkt o B SOERr T o0, ThaneherRgRERLTsE ErEhE
cat aByst;&esrertdte ce’@oamd:ayInbp séled:hyw:nelilhersbbeedl vatylvewar d¥het hyl ene
oxi de can reach val pes abpyv the 6/ 7 or o ferred to.
Such hi gHI¥F %9?Fﬁ$§%af§95€%% %%I%%?F%%chPaF ,f;kig%%ngﬁ conpri se as
their acidnie:ctoigponetrts stise | yescesheni um  at Ieast one further elenment and
optionally a rheniumco-pronoter, are disclosed in EP-A-

Background of the Invention

The catalytic epoxidation of olefins using a silver-

10 based catalyst has been known for a long time. Conventional
silver-based catalysts have provided the olefin oxides
notoriously in a low selectivity. For example, when using
conventional catalysts in the epoxidation of ethylene, the
selectivity towards ethylene oxide, expressed as a fraction

15 of the ethylene converted, does not reach values above the
6/, or 85.7 mole-% limit. Therefore, this limit has long
been considered to be the theoretically maximal selectivity
of this reaction, based on the stoichiometry of the reaction

equatioh
20 7 C2Hy + 6 O3 => 6 CoH4 0 + 2 CO; + 2 H;0,

cf. Kirk-Othmer’s Encyclopedia of Chemical Technology, 3™
ed., Vol. 9, 1980, p. 445. ' ' '

- Modern silver-based catalysts however are more .
selective towards olefin oxide production. When using the
25 -modern catalysts in the epoxidation of ethylene the
selectivity towards ethylene oxide can reach values above

the 6/7 or 85.7 mole-% limit referred to. Such highly




266015 and in several subsequent patent publications. 5 Besides better

catal ysts, reaction nodifiers have been found which nay be added to the
feed to inprove the selectivity (cf. for exanple EP—A—352850) Such
reaction nodifiers suppress the undesjrable oxidation f FsperrnZio ol efin
oxi de to carbon dioxide and water, relative to the 10 desired formation of
ol efin oxide, by a so-far unexplained mechani sm Suitable reaction

nodi fiers are for exanple organic halides. Wen applying a reaction

modi fier, thgecenegrtr akicanysts, thelmeamﬁymmdmpﬁidenasrmméixfeedinay be

chosen such that 15 the selectivity.is at_ .t tlnun1 e._Th
concentratloﬁomBPnﬁﬁFéhsﬂﬁge§ele PFV o gt%%% Lﬁﬁff%ﬁﬁﬁeﬁﬁr?ﬂa
the operatiogpefochle1§paxirdahion pbegaemdterg tarﬁeald:aenftto@éd of n pEREEAUT €,
Vi z by stepmnse changi ng t he reactlon nDdlfler S tp rale and nonitoring
the effect of® 59&529n§eP§c§FVPF§ SHEF eUsG %g) %B% d be

cunbersone, and it woul d keep the praqcess operatlng for. sone at
condi ti offs which §?é1ﬂ€§sbﬁﬁ&ﬁrtﬁétﬁd§ﬁt§coﬁ&ﬁQ£ﬂ°” e eolRr s ??%ﬁ been

trial -and- er EgLnAr QREUH" fiaYOBkd anBRd ko hee rrRdeNa el L ferd

conposi tion has changed, in order to 25 adj ust the concentration of the .
reaction nodfelectiglthe (66w IPEaCKREWICoRd A8 S inmurSi@l FeRCEiv®ent i on

The present hg&@@&b?@ %ﬂEBE@§st@ﬁeoQﬁﬁ%%QQa%ﬁea%xfﬂ%%&dkudf”bf@f%@sért0
avoi d unwanted vari ation selectivity when the feed conposition

changes by chéﬁéanOKhdecbnceﬁtbanldnodﬁdﬁhenﬂEa@maﬁwrﬁﬁﬂ&ﬁ%ﬁesﬁédﬂwhat a

rel ative qua f agt | I i_nt ,g%&%
preferagfb CQEEF¥F8 %orkg%éogoﬁgtggﬁgﬁgVeﬁ§de qyié]éqmerelatl e quantlty
Qis baSICa|M§ChEBlBH¢I6u0ta5124r56btu@mym@@@@ﬂﬂn§IﬂﬁQHfQFﬁﬂﬂam91©f t he

reactlon nDdlfler Ee feed to
ganlc ides

When applying a reaction modifier, the concentration of

the reaction modifier in the feed may be chosen such that

15 the selectivity is at the optimum value. The concentration
at which the selectivity is at optimum may be found during
the operation of the epoxidation process by a trial-and-
error procedure, viz. by stepwise changing the reaction
modifier supply rate and monitoring the effect on the

20 selectivity. Such a procedure, however, would be
cumbersome, and it would keep the process operating for some
time at conditions which are less than the most economical.
Moreover, the trial-and-error procedure would need to be
redone when the feed composition has changed, in order to

25 adjust the concentration of the reaction modifier to the new

reaction conditions.

Summary of -the Invention

The present invention enables the operator of an
epoxidation process to avoid unwanted variations in the
30 selectivity'when the feed composition changes by changing
the concentration of the reaction modifier such that a
relative quantity Q of the reaction modifier is maintained
substantially, preferably completely, at a constant level.

Herein, the relative quantity Q is basically the ratio of




the nmolar quantity of hydrocarbons in the feed. In other words, the
teaching of the present invention is that the concentration of the
reaction nodifier needed to achieve a 5 certain effect gn _the selectivity
is proportional to the concentrationf the hydrocarboﬁ%PE@€93 0061t he
feed and, as a consequence, this effect on the selectivity may be
preserved when changing the feed conposition by also changing the reaction
nodi fier concentration proportionally 10 or substantially proportionally
with any changgel hoilg JHeHtacdr bEn toeNGRHdtaldroodit iSert Sir NEepefsiantt ©f
any change in the tfeed conpositian other than chaans relatingxqto t he

f

hydrocar bons &h@/ 8olefme quaaddiityn cfodivdrecarhpns in the feegbnefit ihghe

present inveniiondt hahd & Aldhawy iFe the Bt |1QR RIOCAS S s A the
controlled significantly nore Sinply and nore snoothly than w thout the

i nvention. |t cRaseatsetiaon ofolihe rFaCtienangeddtiqratnardaskiz® a¢Have ray
be di fferences in the fehavi o ehet AR 1%RR1QMSy NUdroCAIDANS, M Cf, e be
present in the reaction mxture, 20 and it is“therefore nore preferred,
when cal cul at crgc@ntirat ioeplodc 6 hehd ydwloge répganst ipne sein thyidy dde borrd Bnd
-so-called- effectiv |l ar _quapti.ty drocarhons. I f | nol ar
quantity of hi?ar %chglgn ui%r?c-%hela%%}asdegfgr?@ée Oglal%(?u %t%éc? %rvg'ngfﬁiéa{%gaeed
conposi tion, agsesetvedt wiheneichahgéng s$heh fiekat cRiposiddeouitys & lgo

di fferences in_the.behayi or between the..various hydrocarb ent_.
B tnerOrE hanbBgRE Ehes reAg 18R mopd el LS SRILGUY MRS a1y
di fference® ibrt bebbehatiallgf pdiopbeteptaligaetiiton amydidhzergs vhithe i n

ti i xt of ti 30 _nodi f | ig fr. tly Lo
Therefore it HuyZBE25PEReFPRASNRRER CAI cul 28Pnd SO AR EE Ter Tt he

mol ar quanti tliapbet he teacteed aoMpbkatiby athee- talaredthaeideactialmtimy ar
guantity of active species of the r. ctioSFnDdifier. The effectiye nol.ar

quantity of atPi ¥BesP¥eresagPopRe@88/PEatifol SREGIPPeMAN i 1 edd™an e
cal cul ated frem bhBenefit of the present invention that it allows the

15 epoxidation process to be controlled significantly more

simply and more smoothly than without the invention.

It has also been found that in a guantitative sense
there may be differences in the behavior of the wvarious
hydrocarbons which may be present in the reaction mixture,

20- and it is therefore more preferred, when calculating @, to
replace the molar quantity of hydrocarbons by a —-so-called-
effective molar quantity of hydrocarbons. The effective
molar quantity of hydrocarbons in the feed can be calculated
from the feed composition, as set out hereinafter, such that

- 25 it accounts for differences in the behavior between the

various hydrocarbons present.

Further, it has been found that in a quantitative sense
there may also be differences in the behavior of different
reaction modifiers, while in practice a mixture of reaction

30 modifiers is frequently present. Therefore it may be
preferred} when calculating Q, also to replace the molar
quantity of the reaction modifier by a -so-called- effective
molar guantity of active species of the reaction modifier.
The effective molar quantity of active species of the

35 reéction modifier in the feed can be calculated from the



4 24 February 2006 feed conposition, as set out hereinafter, such that it
accounts for the differences in the behavior of different reaction

nodi fiers. Not wishing to be bound by theory, it is tho q; that2 f? unl i ke
ot her conponents of the feed, the hydrgcarbons (for exa#gl @P“‘LaFP’e Wetin and
saturated hydrocarbons, if present) have an ability to renove or strip
reaction nodifier from the catalyst. It is the teaching of this invention
that, in order to maintain the effects of the reaction nodifier, it 10 is

the concentration,of the nodifier. s acti SOEEL £S£PA L heuchatkakhySt ¢wWhi ch
needs to be |enet%icn%'§fosagp:b%rﬁ)bs£esd Sf%gt%‘gg con%entrat |r6n 8? theér eaction
nodifier at pleamssuntstfer tkeacdiOfenenxtes eint bee babavipe eft different

surface. D'ffereng?s in the_ability of the various hydrocarbons in 15 the
renovi ng/ st ri gy POCRE Bhar Yt fferences in the effectiveness of the

various reaction ifiers and their eptipili to,.th .
renovi ng/ stri ppi ng ?Bd@%%h%?% ?%gﬂaﬂ?ggi% %& g%%%%%fegtfgg B?OE§FEUFQ€th
and appl yi g tifliled f eclié vecompaieguandf t tles, fasdexphai hgdrheaebebef difer 20
Accordi ngly, the present invenfjon provides roces for _the.epoxi L.on
of an ol efin, AL Pr o@’é%so%%’%w’;ﬁi e} S?E%E?fﬁg ayggéﬁagg%rgfs%%ggtrﬁg%%t?
ol efin, oxygem=zaml anrascii op toothidoes on sbeipreseoceonf madifieer fhased

talyst with th ti difi bej [p.a relati it
35 winl oh 15 {18 dH968 DYSEn cbf otk | RE rETSrhURAnDFt bhOF ABYPUL CUpBRREe G

the reaction mdid+ ef o RELSENLih Nehd e f 2o § OoANthef testtyennmbad fqeant ity
of hydrocarbons present in the feed, and which grocess conprises the s%ggs

of : - opet@tirig dthe ¢onagnopEt kY R pHRR LT PR fhécgéVGeSB?c%@_ &%

Ea s VTRFISLY PRECR,hR1S1cq Secaaoneashas) 1aspbaposcunecetic e
concentration of the reaction modifier at places in the
reaction mixture other than the catalyst surface.
Differences in the ability of the various hydrocarbons in

15 ‘the removing/stripping process and differences in the
éffectiveness of the various reaction modifiers and their
éusceptibility to the removing/stripping process are thought
to be accounted for by calculating and applying the

effective molar quantities, as ekplained hereinbefore.

20 Accordingly, the present invention provides a process
for the epoxidation of an olefin, which process comprises
reacting a feed comprising the olefin, oxygen and a reaction
modifier in the presence of a silver-based catalyst with the
reaction modifier being present in a relative quantity O

25 which is the ratio of an effective molar quantity of active
species of the reaction modifier present in the feed to an
effective molar guantity of hydrocarbons present in the
feed, and which process comprises the steps of:

- operating at a first operating phase wherein the value of

30 ¢ is Q;, and . |
- subsequently operating at a second operating phase
wherein the feed composition is different from the feed
réomposition employed in the first operating phase, such that
the value of Q is Q;, whereby the value of the gquotient Q./0

35 is in the range of from 0.5 td 1.5.




conposition enployed in the first operating phase, such that the val ue of
Qis @, whereby the value of the quotient 2/ QL 35 is in the range of from
0.5to 1.5. 5 24 February 2006 In a particul ar enbodi ne ETﬁ%he sgﬁgnd phase
is operated at a hydrocarbon conpositg on and a reactio simdt

conposition of the feed of which at |east one is 5 different fromthe

hydr ocar bon conposition and the reaction nodifier conposition of the feed
enployed in the first operating phase. The invention also provides a .
system suitable for performng the process of this invention, which syste
10 conprises a reactor which holds a silver-based catalyst, neans for

feeding to the reactor a feed conprising the olefin, oxygen and,a reaction
modi fier, and feed ot P HfIHA (RO 1 i T (ReCP R PRARF of St he
f eed- conposi t igpRratedRt H Myt isdn CRMPed i tiRaNSaharacoeaeoibang the 15

reaction nodifier being present in the fe%%ahg arelative fuantitg . whi ch
is the rati o APddfiem &MPRS TG Yudrts thredbroh i ven spbct 88Sbr OFfiels

reaction mpdi {§;@fF M@ Hrdm tie hc?fcﬁ%éxcbc_ﬁﬂ &hRed 1 VEoNDARE ENaNtE ¥t 0bn
hydrocarbons present .in the feed, and which feed control neans are

configured 20moddfigs compaairtaion tf prive deedehpl oyed ippehat FagSht a

first operati%%eggﬁg%g gl&ld) the value of Qis Ql, and - subsequently
operating at a“second “operating phase wherein the feed conposition is

different from theqheed 23 AAMPS I OH LB RNLD 4 $08nf Lk staoDEr 861 NY.
phase, such that the value of Qis , Whereby the value of the quotient
@/ QL is in peefoangadoft e amaEss s @l HisTHaVeieren oral Gl pYeielles a
Comput or B 7 ER BB g e D e R et e
means for feeding to the reactor a feed comprising the
olefin, oxygen and a reaction modifier, and feed control
means for controlling the feed and/or the feed-composition,
comprising modifier control means for controlling the
15 reaction modifier being present in the feed in a relative
quantity Q which is the ratio of an effective molar 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 feed contrcl means are configured
20 such as to control the process steps of:
- operating at a first operating phase wherein the value of
Q is @, and _
- subsequently operating at a second operating phase
wherein the feed composition is different from the feed
25 composition employed in the first operating phase, such that
the value of Q is Q., whereby the value of the guotient Q;/Ql

is in the range of from 0.5 to 1.5.

The invention also provides a computer program product
- which comprises a computer readable medium and a computer
30 readable program code, recorded on the computer readable
medium, suitable for instructing a data processing system of

a computer system to execute calculations for the process of

this invention.




medi um suitable for instructing a data processing systemof a conputer
systemto execute cal culations for the process of this invention. 6 24
February 2006 The invention al so provides a conputer system which
conprises the conputer program productgof this inventi oAt HRbruaty 4964
processi ng systemconfigured to receive instructions read fromthe
conputer program product. 5 The invention also provides, in nore general
terms, a process for the epoxidation of an olefin, which process _
conprises reacting gd 6efd GAMRIH HID (oPlddd b OIS AN, s feh 6ACLEQN
nmodi fier in the presence of a silver-based catalyst, which process
conpri ses t he csmpys sefs the capartal myedram fpradudperatimis phegent hom and
subsequent |y GPE{ALI Re- oo o3 3L AL RLT A MRS & o WAL Yl L £08)
conposition is gilyaf er?%nt rol%ﬁ’fh feed corrggo& ti ono enpl oyed ﬁstﬁg H?%st
oper ati ng phageadsuciont ke adrpudsicamaogtdmprfdudti ve speci es of the
reaction nodifier 15 on the catalyst is substantially unchanged. Detailed
Descripti oh of t he Thevemviegrt iAint Rdupgh ptey istessenitn epovg drnere brioeess, nay
be carried o i It Js ef er t Ly it 0 S
phase process,kggfio.c%.sgg%%’rrg%é?s elptr?}g\ﬁ%a%;l({rhe&fﬂegendcqlg&{:lo%ﬁ a{{: JLe(!"aH 2‘8"5 ?‘%E?%e gas
phase wi th t heocogtralsest relicthnigs aprfesehtcapa sisy itheratlerfiial, dxypieraldnd in
a packed bed. Generally the. process ti S ce}:reri ed oute as & cvpentj nuou
process. FreqleRtRy oTn"oshFesE aft &8 PI5754%S 5 4 i PFEREH the
i nvention nmagatalglste ahdehntpiryesfs ecairgdrnisiesvtiheh stemd dfeast 10 kg, 25
for exangt at |east 20 kg, fre%uently I n _the range of Eﬁfﬁ] 102 to 107 kg,
more frequently PREEREPAnGE &f F6h PESHES 1o h%gse'l'hé'l efin for use in
the present epoXisddbkieqleptQGespe rzmy e aanl Ferfond, cpedtatahqrpredsamatic
olefin, for eéggggﬁn the feed composition is different from the feed

7 composition employed in the first operating phase, such that

the concentration of active species of the reaction modifier

15 on the catalyst is substantially unchanged.

Detailed Description of the Invention

Although the present epoxidation process may be carried
out in many ways, it is preferred to carry it out as a gas
phase process, i.e. a process in which the feed is contacted

20 in the gas phase with the catalyst which is present as a
solid material, typically in a packed bed. Generally the
process is carried:out as a continuous process. Frequently,
in commercial scale operation, the process of the invention
may involve a quantity of catalyst which is at least 10 kg,

25 for example at least 20 kg, frequently in the range of from
102 to 10’ 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 example

30 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 iscbutene.
Preferably, the olefin is a mono-a-olefin, for example 1-

butene or propylene. The most preferred olefin is ethylene.




30 styrene, or a di-olefin, whether conjugated or not, for exanple

1, 9-decadi ene or 1, 3-butadiene. Typically, the olefin is a nonoolefin, for
exanpl e 2-butene or isobutene. Preferably, the olefin is_a nono-a- oIefln
for exanple 1- butene or propyl ene. Th,e nost preferred %‘Fﬁbrﬁarysze@?hyl ene.
7 24 February 2006 The ol efin concentration in the feed is not material to
this invention and may be selected within a wide range. Typically, the

ol efin concentration in the feed will be at nost 80 nDIe @6 relative to

the total feed. Preferabl it 5 w be.in the ran f. to.7 '
nmol e-% in particuldte 9#%%ﬁW.QQP%ﬁP?ﬁﬁE9%ﬁ Hh the g%ﬁ% bﬁspg tﬁ§é89 to
herein, the fiagd i wansidierad aPpend hee Corpesiwionimha chide eeﬁt;act ed
with the catalyst. The present. epoxi dati on rocess, be_air d or. 10
oxygen- based, Té@é‘%lr]léboﬂ’rﬂ?ero tpErf&ﬁq’ “ga %lé? %@‘EﬂnHFigy?eB?H
ed., Vol. 9, 1980, db MAT-447 rdIibdiee aid -thasesk $1 0OE€SS. ai Préfedbbly, it
enrlched W th oxygen is enployed as _the source of_the oxidizing agent

while in the- sxyderbshagedhercdas et nfeem dur? t§° ( @T%?e%%lﬁx%éﬁli:glar

enpl oyed as tl]fxc;n? BSAUY & Hortdre 0Xidi Zh NG AReNbas £ esens | ¥sBBSherein, the
epoxi.dati on nts are oxygen-based and this is a preferred enbodi ment of

the present i rf\ﬁsmt iign. Cdrmlctﬁ@i:}brt%d?\%eﬁh& KRompes -3¢ Yebghi isnepnhacesd al
to this invenign ahd Rgﬂ§elected within a wi de range. 20 However, in
practice, oxygen is gener aa\]1 applied at a concentration which avoids the

flammabl e regi me. %&?g%r}%té@% A A 331 08 4 rﬁ’é()?’gﬁé‘ QPPLbSQeW bl— be
- %

within the range re typically from2 to
mol e- % oI0t hextyatea-Haed], 2Fed rKiorkiedthne r'shabncyed gpddia heff Cémbaé

o o BTG SN Y e LY Shneni s
based process air or air enriched with oxygen is employed as
the source of the oxidizing agent while in the_oxygen-based
processes high-purity (>95 mole-%) oxygen is employed as the

15 source of the oxidizing agent. Presently most epoxidation
plants are oxygen-based and this is a preferred embodiment

of the present invention.

_ The oxygen concentration in the feed.is not_maﬁerial to
this invention and may be selected within a wide range.

20 However, in practice, oxygen is generally applied at a
concentratlon which avoids the flammable regime. Typically,
the concentration of oxygen applied will be within the range
of from 1 to 15 mole-%, more typlcally from 2 to 12 mole-%
of the total feed.

25 In order to remain outside the flammable regime, the
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 reaction conditions such as the reaction

30 temperature and the pressure.

The reaction modifier is present in the feed for
increasing the selectivity, suppressing the undesirable
oxidation of olefin or olefin oxide to carbon dioxide and

water, relative to the desired formation of olefin oxide.



operating ranges depend, along with the feed conposition, also on the
reaction conditions such as the reaction 30 tenperature and the pressure.
The reaction nodifier is present in the feed for |ncrea3|ng t he
selectivity, suppressing the undesirab?e oxi dation of atdrPHasy 2Yfin

oxi de to carbon dioxide and water, relative to the desired formation of

ol efin oxide. 8 24 February 2006 Many organi ¢ conpounds, especially organic
hal i des and. organic nitrogen conpounds, may be enployed as the reaction

nmodi fier. N tga ﬁ%g{@%bge é%?g Hic HIMYS Byg be
enpl oyed as mell a'sqfrequ tly 5 consi eregnlha Jﬁaer tq£ operati ng
condi ti ons of Oqflg@fmm: ne-ptmqmlt ICOmMPO@ At mwgerba:mmcmem—‘g aseddie cmaactlon
nodifiers are Wur.sor r alled
nitrate- or nnkrlte Fbrn?%g C ﬁ%o%%g%e dmedgaz §%H%ﬂﬁx¥ﬁ§§? 900).
10 Organi ¢ hakdes iar mawhebeplee@élory@di raesae-taldn it fuserfgequequart [ cuI ar
organi ¢ brom des, rticular organic & ri.des. Pref.er
organi c ha |d§§n§H ergﬁforo §§g§r%§8595gﬁ)(ﬁﬁﬁl P%@arQﬂﬁso Ole{
preferably t b@ybxardets;@lrectmd nfi tawgiehe cg:rrmmmfnmmday:ltm Qfddjﬁﬁleﬁié’l)drelS

chloride, eth Iene di chl or e&h | ene _di br.qm de,. V|n |, chloride or

m xture t her e8F ENEFSEL5r ePrlé?& éc?iroﬁl %5 ers Sar & EhAT % H orclac}éleéjnd
et hyl ene di chhotirdee- Sui trdkire te-foeganh O XdgdHuaids aicfl.he genaTRiafIEanyl a
NO, wherein X ﬁrgggggg tes the ratio of the nunber of oxygen 20 atons to

t he nunber ofUﬁl is in the range of .from1l to 2. These
ni trogen oxides include for N203 and 04. Sultable o ani c

X
ni trogen ¥bnpounds © ﬁﬂé“ﬁctPG% g&ﬁpéﬁﬁd§h RLESES TESMFEaTEL oo Mt LS,
nitrates and Rt plar@sculbe oe¥anh e piiohi et hand, mbre tlhorp:raqrta@u@rr
2-nitropropane. 25 In preferred enbaodi nents, nitrate- or nitrite-formng
organic chlorides. Preferred organic halides are
chlorohydrocarbons or bromohydrocarbens. More preferably .
they are selected from the group of methyl chloride, ethyl
15 <chloride, ethylene dichloride, ethylene dibromide, vinyl
chleoride or a mixture thereof. Most preferred reaction

modifiers are ethyl chloride and ethylene dichloride.

Suitable nitrogen oxides are of the general formula NO,
wherein x, which denotes the ratio of the number of oxygen
20 atoms to the number of nitrogen‘atoms, is in the range of
from 1 to 2. These nitrogen oxides include for example NO,
N203; and N20;. Suitable organic nitrogen ¢ompounds are nitro
compounds, nitros¢ compounds, amines, nitrates and nitrites,
for example nitromethane, l-nitropropane or 2-nitropropane.
25 1In prefefred embodiments, nitrate- or nitrite-forming |
compounds, e.g. nitrogen oxides and/or organic nitrogen
compounds, are used together with an organic halide, in

particular an organic chloride.

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



conpounds, e.g. nitrogen oxides and/or organic nitrogen conpounds, are
used together with an organic halide, in particular an organic chl ori de.
Al t hough the reaction nodifier may be supplied as a 30 S|nqﬁg cqonmpound,
upon contact with the catalyst a varigjy of conpounds By FOR_RA whi ch
function as reaction nodifier, and which may be present in the feed if a
recycle is applied. For exanple, when applying ethyl chloride in an

et hyl ene oxi de process, the feed may in practice conprise 9 24 February

2006 et hyl chlori de, n chl o e,. et ene Ior| t

chloride. The®FBYdt FBHO?%GIFH (‘;{rl?'yir E“SS%P&W ?%fﬁ&&% ve ﬂg)nrf&ﬁese in | ow
concentrati onpkRhihecheedideor exanple up to 5 0.1 nole-% relative to the
total feed, for exanple fromO0.01x10-4 to 0.01 nole-% In_particular when
the olefin is ethyhengeactibs poefi€ieed tirat gehersddgt iedifemddivie ethens

present in the feed at a concentration of fgon%o 05x10-4 L §Qx10 4%
mol e-% in paRBREuRBr LPHoRPOCSREF2EIPE 38x 1S4 TRE e d°F FFAMA S e Y% the

total feed, |p, qdeihion,teetheioketbnehexygealafdehe fb&acetmmlemfdrd‘m er,
the feed may contain oné or nore optional conponents, such as carbon
di oxi de, wat ef,Oilrapt* gasds oanmolwajreltredamdmdamdﬁsen Cdrdonl &ff vxide and

t by 1 duct f th o
rater e DY Loniatuct 3.0k o NeeRIRLCHAY RicsRRe SRl AU,

concentr at i on,pf seREbop fhexirdedl Brt Eecfaﬁ@@nlth}at@_bﬂe%ﬂf e 26 o1
preferably |n excess of 10 nole-% relative to the total feed, |s avorded.

A concentrati 50xDH " 2@cqartzgn idi @)el:ctacaﬂdrovﬁm D il b bp BOWd ' mellathve
to the total feed, May be e ter may be introduced in the feed
as a resdi% 0F99HE1W§cg9ere °6ng¢ﬁ xi de and carbon dioxide fromthe
reaction product. ¥%tgéd %Qg%allytg o?efin, oxygen and the reaction
modifier, the feed may contain one Or more opt%onal
components, such as carbon dioxide, water, inert gases and
saturated hydrocarbons. Carbon dioxide and water are by-
15 products of the epoxidation process. Carbon dioxide
generally has an adverse effect on the catalyst activity.
Typically, a concentration of carbon dioxide in the feed in
excess of 25 mole-%, preferably in excess of 10 mole-%,
relative to the total feed, is avoided. A concentration of
20 carbon dioxide as low as 1 mole-% or lower, relative to the
total feed, may be employed. Water may be introduced in the
feed as a result of the recovery of olefin oxide and carbon
dioxide from the reaction product. Water generally has an
adverse effect on the catalyst activity. Typically, a
25 concentration of water in the feed in excess of 3 mole-%,
preferably inrexcess of 1 mole-%, relative to the total
feed, is avoided. A concentration of water as low as 0.2
mole-% or lower, relative to the total feed, may be
employed. Inert gas, for example nitrogen or argon, or a
30 mixture thereof, may be present in the feed in a '7
concentration of from 0.5 to 95 mole-%. In an_air based -
process inert gas may be present in the feed in a

concentration of from 30 to 90 mole-%, typically from 40 to

80 mole-%. In an oxygen based process inert gas may be



adverse effect on the catalyst activity. Typically, a 25 concentration of
water in the feed in excess of 3 nole-% preferably in excess of 1 nole-%
relative to the total feed, is avoided. A concentration of vvateéq%s | ow as
0.2 nmole-%or lower, relative to the fptal feed, may bet4 Fshitagy 400 | ner t
gas, for exanple nitrogen or argon, or a 30 m xture thereof, may be present
in the feed in a concentration of from0.5 to 95 nole-% In an air based
process inert gas nay be present in the feed in a concentration of from 30

to 90 nole-% _typically from 0 | e-9%.__| n ygaen rocess
I nert gas may Fb%epsfdl%zi&%’%uatfé%%gﬁb%prdegglé%tnél)rr?ttqﬁgj fog?é i g&i%(r]\kccgnt ration
of fromO0.5 t3Behaiw-&, %t vipigiadadlyt yEfarorh Ta @ 51 ;o -&.%0S St dlalld es ssattitatded

hydr ocar bons are, prop and. c ro ' i articular . nmethane and
et hane. |f sat% rdé{%&? r%’%lrsoc%%rebé)%so%garneeo %?1 gsé:ﬁ)t}fi"f’% O?’Wéﬁ? 'rra%)'lci)elrbrpeasre C“fa]ﬁira
quantity of umethad@ mmide-edharreel atlifveatarhed dvalr deeadhorian faar tgmadeart up
to 75 nmole:% _ Frequently the re present .i.n. a antity of at. least 30
mol e-% mo? e ftpgd'ug\’?tyl &%P rlegéﬁ: zﬂd‘p Fo 2 184 l?&;tué’d t%ﬂﬂ d'&f%greo%"ls may be
added to the freqdtiimeorderhico Hoteledsed,lAnt pa r@iyean f gmabils melld-gt.
The relative quantit 18 of the reaction mpdifier is the ratiq of the

ef fective nol 4F SGUESALIYy tORYadhSy PLIEFEN e o WRELIEA o o diaSter

present in thao erdete,t heref frregueat 1IR0LEr 1¢daRt isloy rofl 18dr OGNS ed
present in the feed, both 15 nolar quantities being expressed in the sane
units, for eXANFIPE2ZEORSE BAY, beageliiegh toh&heofard d@d ONAfdh tthe NS n

nodifier {¢ athal @3¢fepOMRAMREbLi19%y UhGiRUr pOSe of ‘calculating the
effective nolar quanfity of active species of the reaction nodifier and

the value of Q 20¢hbe rRUERER O LAGLIYS BPBE ehel TARETRM WOAFilhe iuThes
of hal ogen atonms, and when the reaction nodifier is a nitrate-
ratio of the effective molar quantity of active species of
the reaction modifier present in the feed to the effective
molar guantity of hydrocarbons present in the feed, both
15 molar quantities being expressed in the same units, for

example as mole-%, based on the total feed.

When the reaction modifier is a halogen compound, for
the purpose of calculating the effective molar quantity of
active species of the reaction modifier and the value of Q,

20 the number of active species is deemed to be the number of
halogen atoms, and when the reaction modifier is a nitrate-
or nitrite-forming compound, the number of active species is
deemed to be the number of nitrogen atoms. This implies, for
example, that 1 mole of ethylene dichloride provides 2 moles

25 of active species, i.e. all of the chlorine atoms present
provide an active species. On the other hand, it has also
been found that reaction modifiers which are methyl
compounds, such as methyl chloride and methyl bromide, are
less responsive and therefore from 2 to 5 moles, in.

30, particular from 2.5 to 3.5 moles, suitably 3 moles of the
methyl compounds may be deemed to provide 1 mole of the
active species. This number may be determined and verified
by routine experimentation, and -without wishing to be bound
by theory- it is believed that this number is higher as the

33 methyl compound in question has a lesser ability to split



or nitrite-form ng conmpound, the nunmber of active species is deened to be
the nunber of nitrogen atons. This inplies, for exanple, that 1 nole of
et hyl ene dichloride provides 2 noles 25 of active speci s,6¥.e. ﬁ@#bof t he
chlorine atoms present provide an actjye species. Ont fsbrery , it
has al so been found that reaction nodifiers which are nethyl conpounds,
such as nethyl chloride and nethyl brom de, are |ess responsive and
therefore from2 to 5 noles, in 30 particular from2.5 to 3.5 nol es,
suitably 3 noles of the nethyl conpounds, may Ee deened.to provide 1 nole
of the ~activekhdhedretigr@hempbt F5° beCel £Phi REATRAE \Fg‘Fi padgaepy or
routine experif@tfdPMt e, -Thidoufomi shimegl é o HReROHAE fBRJL BeAbYisiek i S
believed that this nunber is higher as the 35 nethy| conpound in question
has a | esser &10°fymobespl of ¢thph Eebeuide, 2885600F malwe-herfervinvin i n
qguestion (for exanple the hal,ogen or nitrggin ato Thus, for, exanple,

when the feed QorRirides 10 0-BOKBT &- 94 oF T 9Pecﬁnli)6?‘il&’§,idj§xla@-d4 nol e- % of
i nyl hl ori de, 10-4 | e- %.0f gt hyl i chlorid 1.5 -4 | e- %
ot et ol Shi o e ¢ HiobET Eoptvhe P Ly ERERRRAR: EhHC SRR bR e

reacti on nodi fqiintmyy hef Lot Tud ad@sk ias agputtie t e 2% Dod Mmodiifidx1lRdyxbd +
| x10-4 x 2 + 1.5x10-4 x 1/3 = 7.5x10-4 nol e-% Sunnarigin , the ef%ective

mol ar quant i t ycadfcudattiad to apeoitestof2tHE 'reatt +oRxkBdI P dr tprieddnt * 2 the

feed may be calcul ated py nultiplyiyng the nolar quantity of each of the
reaction nodi fli'e'ff’%wpre’éerﬁtg Fn%ﬁgl%‘eeg‘% ¥ -a factor, and adding up the
resulting nmultiplication products, wherein each factor represents the

nunber of active hetB¥EFI9i s ittt bgeReat ok¥ hdAgELve

ni trogen abhomspdUiRSENs Rele FOAACGHE midihesF eaed sORt MRAI £her fEBaaregt ben,
on the wunderstanding that the factor for a reaction nodifier which 1s a
net hyl conpoursh el dfed byt HeuMaijey 1079 filymmelax gayaptity of each of the

reaction modifiers present in the feed with a factor, and
adding up the resulting multiplication products, wherein
each factor represents the number of active hetéroatoms, in
15 particular halégen atoms and/or nittogenlatoms, present per
molecule of the'réaction modifier in guestion, on the
understanding that the factor for a reactioh modifier which
is a methyl compound may be in the range of from /5 to '/,

more typically from 1755 to Yas, suitably /5.

20 The hydrocarbons present in the feed comprise the
olefin and any saturated hyd;ocarbon present. As indicated
herein-before, it is thought that the hydrocarbons present
in the feed have the ability to remove/strip reaction
modifier from the catalyst surface and the extent to which

25 they have this ability may differ for the various '
hydrocarbons. In order to account for these differences
(relative to ethylene), the molar quantity of each of the
hydrocarbons present is multiplied with a factor, before the
molar quantities are added up to calculate the effective

30 molar gquantity of the hydrocarbons. Herein, the factor of
ethylene is 1, by definition; the factor for methane may be
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,




nore typically from1/3,5 to 1/2.5, suitably 1/3. 20 The hydrocarbons
present in the feed conprise the, olefin and any saturated hydrocarbon
present. As indicated herein-before, it is thought that tq? %yq#@ ar bons
present in the feed have the ability 40 remove/strip r ehEPRIBRATY ifier
fromthe catal yst surface and the extent to which 25 they have this ability
may differ for the various hydrocarbons. In order to account for these
differences (relative to ethylene), the molar quantity of each of the

hydr ocar bons present is nultgglie factor, before the nuolar

i th
quantities arBOoRBdERPHBALLYc Bﬁlgpnghé%ngéegl véesdamickr pamtitieor the

hydrocar bons. hgﬁfstgrbbhg t@Cborhgfvmgt Ayl eeasks 31cal@bcﬂﬁfaﬂaxﬁs)0ma3tib% in
factor for ane may be _at nmpst O or at nost 0.4, typically in the
range of fronth® ¥%n982°fn€F%mt98|$8Iﬂﬁopﬂ tﬁ@rPaEQBlG@lﬂﬂbﬁqPW(?Q)?P t he

factor for ethgpg, neycherhbrbbg raN9eeOhickeomindt @ndWe k% i2h RO A Yne
2006 nore typlcally from70 to 120; and the factor for higher hydrocarbons

(i.e. havidng %%P@éﬁ@@ngaéa@%onaa@onﬁﬁthﬁytbﬂlﬁhlnﬂhéorﬁﬁg Qﬂﬂqrhﬂntﬁ9QQ3‘
10000, nore typigalhy, {LooySOnke tﬁ@093c§gehl§aﬁaeh§r% R, 06y RIHY N 264 g’a

verified by routlne 5 experinmentati on, hout wi shing to"be b
theory- it isibefiievetonhbasthegtaeter ablhr-glyleth@@:hena;dim@d@rb@mltlarble

quest i on' has A, g¢5AL oFopthLE{YnLO LonayEadbeabane Skl Ak, for

met hane, et hane, propane and cyclopropang, 've to Fen are 0. 3,
85, 1000, anerDatiﬁerEQpebmyhehy, Aseaﬁ éxa&ﬁbeloﬁﬁenamweﬁmeed conpri ses

30 nol e- é&ﬁthyéﬁggc%hvee¥fe096g% gﬁ%g%?e wh nnghg %%%f cqﬁ%fy% nd 0. 0001

nol e- % of "pr opa ive D QUan I't y of ocar bons may be
cal cul at ed t o3@nmald-% ceByXkedeyr 40 momei%+oﬁ dexh8be+ @. GO@ble—%O@ﬁ 68. 1
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quantity of the hydrocarbons may be calculated to amount to

30 x 1 + 40 x 0.1 + 0.4 x 85 4+ 0.0001 x 1000 = 68.1 mole-%.

15 It is noted that when ethylene oxide is producéd from
ethylene without further hydrocarbons being present, the
effective molar guantity of the hydrocarbons equals the
actual melar guantity, and that the addition of ethane or
higher hydrocarbons to an ethylene feed contributes

20 significantly to the effective molar quahtity, whereas there

is relatively little contribution from any methane added.

Eligible values of Q are at least 1x10°%, and in
particular at least 2x10°°, Eligible values of Q are at most

100x10°%, and in particular at most 50x10'6.

25 In any operating phase of the process the concentration
of the reaction modifier and, thus, the value of Q may be
adjusted so as to achieve an optimal selectivity towards the
olefin oxide formétion, for the prevailing reaction
conditions. This relates 'in particular to embodiments of

30 this invgntion in which the catalyst is a highly selective

silver based catélyst, as defined hereinafter.

In accordance with this invention, when the feed

composition changes, the concentration of the reaction




effective nolar quantity of the hydrocarbons equals the actual nolar
quantity, and that the addition of ethane or higher hydrocarbons to an

et hyl ene feed contributes 20 significantly to the effective nolar quantity,
whereas there is relatively little coptribution from adf¢ Fsbfuaenddedded.
Eligible values of Q are at least |1x10-6, and in particular at |east
2x10-6. Eligible values of Q are at nost 100x10-6, and in particular at
nost 50x10"6. 25 In any operating phase of the process the concentration

of the reaction nodifier and, thus, the value of Q may be adjusted so as
to achi eve an I@%@iﬁmrs@ﬁﬁcb?vpb§n9@@aﬁéswﬁﬂ\ér 6lueti Al ddvef oratte of C ars

the Prevailinghgeaghofaneoadhy BRanclhl SubeLAl A8 R il 95 to

enbodi nent s of IS invention In e cata I's a h|
sel ective si IWrmt@éYaEQS!@lraQrdEfBﬁ@dahéb’eiemalfatlerto IQ2 a&r@tfdaabéy,

with this inv o] en.t f : ShA copcgntration
of the reacti g@%fﬁh@eﬁ?ugﬁ? ggggl%g})ﬁf}gl&% Cjbq{ir‘:qﬁanrgg{erb %sggve ?‘?’“ gjcﬁﬁ
that the val ue*male.i sinnparsubsiant ifabtnyOCBanged lwhn@rrmefrnsaatﬁ"tat’cucphxi S
approxi mat el y r ef erabl Pr ef er ahl val u of

t he quoti ent cﬁﬁ%ﬁ’? §$ £ h% pgngéog gﬁgélg E qd%n &ggﬁl @Pg lFP&m
0.9 to 1.1, nopgQinepgaalscal.ar from O. 95 to 1.05. Nbst preferably the

value of the quotient @/ Q equals 1. In this way the present invention
enabl es to determ ren tlyisaksyl ahéoprasdesi inbeationpesiabiles @l tde@ermine

reaction 10 difie-r or the hydrocarbon(s) in.the fe whi ch may be
oo e n O e A Pam | Ao LESTE "ontB s kiR e Ehe G eadt Toh,
response to arﬁ:dmn@féﬁ s} her f ewd Bpaposatbon (89 iheghedsFcllic wiuam nhy BE

type of the co ents-of the feed In a preferred enbodi ment, .a desirable
concentration ]heéf P R 79 °%d‘???’é"f‘%§ JiRhefe Péedbhes cpardgriien

which may be process, in response to a change in the feed composition as

regards the quantity or type of the components_of the feed.
In a preferred embodiment, a desirable concentration of the

15 reaction modifier(s) in the feed is calculated whibh may be
applied in the second operating phase, in response to a
change in the guantity or type of hydrocarbon{s) present in
the feed. In-another embodiment, a desirable concentration
of the hydrocarbon(s) in the feed is calculated which may be

20 applied in the second operating phase, in response to a
change in the quantity or type of the reaction modifier(s)
present in the feed. In again another embodiment, a
desirable concentration of the reaction modifier(s) in the
feed is calculated which may be applied in the second

25 operating phase, in response to a change in the type‘of the
reaction modifier(s) present in the feed, while it is
preferred not to change the quantity or type of the
hydrocarbon(s}. in again another embodiment, a desirable
concentration of the hydrocarbon{s) in the feed is

30 calculated which may be applied in the second operating
phase, in response to a change in the typé of hydrocarbon(s)
present in the feed, while it is preferred not to change the

quantity or type of the reaction modifier(s).

There may be various reasons for the occurrence of

35 changes in the feed composition. For example, by changing




applied in the second operating phase, in response to a change in the
quantity or type of hydrocarbon(s) present in the feed. |In another

enbodi ment, a desirable concentration of the hydrocarbon(%% i n Ege feed is
cal cul ated which may be 20 applied in jyhe second oper at i SBRRER 2046,
response to a change in the quantity or type of the reaction nodifier(s)
present in the feed. In again another enbodi nent, a desirable
concentration of the reaction nodifier(s) in the feed is calculated which
may be applied in the second 25 operatin hase n resgonse to. a change in

the type of tH&® rEHIGTOFWGHTEE LS ores ?}F%h% FRBgENhkpFdor tie

preferred not drixrghangs the Juantiley oletypeopfdd hray Niydr ecatbenisd, ba
agai n anot her enbodi mnent, a desirable concentration of the hydrocarbon(s)

in the feed | STRNTAIL HIE SPRAFHH HelPheLhpia t ke F9 t REAEREBRRCBPPAY i ng

phase, in respangfyd @re FRGRLIM IDE 1yper &f Tdrocasdandsdxigeesent in
the feed, while it  is preferred not to change the quantity or type of the

reacti on nddi fGgENtratiare imathre KR4 dlay rehanies 3Drat ReSuebupfepebabyst

35 changes in 4 {eedeompeRiddihe 8 SKAMl & Dys&hangi pee 1424 mghruary
2006 the oxygen concentration or the olefin concentration the production
rate of the oldfangeoxisd@ mepWd cohta othane okn Wargengenheatdneent r at¢hn

of saturated RydracarbeRs ray, e‘i{‘aﬂggaff@df @m@;ggacyeggm i"ér};ﬁ@f-‘ CEhOPN
dioxide , 5 concentration in the fe may change ds a result of catalyst
agei ng. The cdévigintsedeiadd vifty merttalgestesi s repiilal dded maysethahyeity may be
result of;& c gﬂgg ' e _co tration. of_ s S kN e.

supplied %@ tFlle pré)(f'%sgE I‘—aurt%?}ﬂnc\?ﬁ%n&aag%iogtﬁ%sge%?cqeiC\’/#t%/ﬁga?%i%gfgtf sby
appl i ed, the Seleactasingy timgey etidr yIGn epraviethtato fart e vibeea d (sf agesS o6 3 3222 hrg

Us- 6372025 BE AP Adeh7 e mal ot SHeet B paparene
application PCT/US01/18097). By applying this invention when
the process is operating at optimal selectiviti, the change

15 in the feed composition leads to less deviation of the
selectivity from the optimbm or even the selectivity may be
maintained at the optimum level. By applying this invention
when the process is not operating at optimal selecfivity,
application of this invention prevents the process from

20 deviating further away from the optimum sélectivity.

Any change in the‘feed composition may be gradual, or
step wise, and any change in the feed composition may be
accompanied with a corresponding change in the concentration
of the reaction modifier, such that the wvalue of ¢ is

25 substantially unchanged or it is kept constant. Generally,
the change in the feed composition is accompanied with a co-
current change in the concentration of the reéction
modifier. |

The present epoxidation process may be carried out

30 using reaction temperatures selected from a wide range.

Preferably the reaction temperature is in the range of from
180 to 340 °C, more preferably in the range of from 190 to

325 °C, in particular in the range of from 200 to 300 °C.

Preferably, as the catalyst ages, the reaction temperature



application PCT/US01/18097). By applying this invention when the process
Is operating at optimal selectivity, the change 15 in the feed conposition
| eads to | ess deviation of the selectivity fromthe op&% m or %pﬁn t he
selectivity may be nmmintained at theqgptinumlevel. By E%hrwfa{g? i s

I nvention when the process is not operating at optinmal selectivity,
application of this invention prevents the process from 20 devi ati ng
further away fromthe opti num selectivity. Any change in the feed
conposition nmay be gradual, or step wi se, and any change in the feed
conposi ti on may I owdecimgasias@dniash t® CORSPRIE Pentediatipe in the
concentration f. & reactio Ifder, hats t{ |
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range. Pref er abhyttiba teapeiranurenperfatamg iacdomparny idgchefcliange 180the®
340 C, nore preferably in the range of from 190 tg 325 C, in particylar in

the range of EERBF SOBPP§itA0NE Mapr breedgssy thad ik “Cat POFSt TaGsentH,

reaction tenperature 15.24.February, 2006 _is.sl o |L.Nncrease to
conpensate fo eﬁsrégagtponcfanh%a¥5&8Pgﬁfy18Psr%§aéa?al?étgo §mever, it is
p_rteL er {ed thﬁbrtema;abthﬁmgthlentchhagfeeadl e;@l@t Cf:‘deid%@j’qujlﬁhrt 'ltsicsrubﬁé. a@ff@dﬁegd

wi t hou a change in e reaction tenperatyre. Freque ac ein
reaction teanFgPBPE,aiFhéﬁﬁ? é@c&%ﬁaﬁﬁ%ﬁ}%%k %Hﬁ%rﬁ? $£gd
conposition, may be-{ess_than %g C,. .nore frequentl | ess than 5 0%451

particul dC | ess’ t hBRNETELL¥ps N epPefdrabFRS h & AARGE i1 tthe” HRRY
conposi tion isaehfigetedThe Tsh@gbr% alRgnegR isk e deaddon: eier ainge o
all. 10 Generally, the silver based catalyst is a supported
inert support materials. Such support materials may be
natural or artificial inorganic materials and they include
silicon carbide, clays, pumice, zeolites, charcoal and
15 alkaline earth metal carbonates, such as calcium carbonate.
Preferred are refractory support materials, such as alumiha,

magnesia, zirconia and silica. The most preferred support

material is a-alumina.

The support material is preferably porous and has
20 preferably a surface area, as measured by the B.E.T. method,
of less than 20 m?/g and in particular from 0.05 to 20 m?/qg.
More preferably the B.E.T. surface area of the support is in
the range of 0.1 to 10, in particular from 0.1 to 3.0 nﬁ/g.
As used herein, the B.E.T. surface area is deemed to have
25 been measured by the method as described in Brunauer, Emmet

and Teller in J. Am. Chem. Soc. 60 (1938) 309-3l6.

The silver based catalyst preferably comprises silver
and a further element or compound thereof. Eligible further
elements are selected from the group of nitrogen, sulfur,

30 phosphorus, boren, fluorine, Group IA metals, Group IIA
metals, rhenium, molybdenum, tungstén, chromium, titanium,
hafnium, zirconium, vanadium, théllium, thorium, tantalum,
niobium, gallium and germanium and mixtures thereof.

- Preferably the Group IA metals are selected from lithium,




catal yst. The support may be selected froma wi de range of inert support
materials. Such support nmaterials may be natural or artificial inorganic
materials and they include silicon carbide, clays, pum.ce, zeoljtes,
charcoal and 15 alkaline earth netal ggrbonates, such as* E8PEAYMOPar bonat e.
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l'ithium potassj .and/ qr : Pref er. t 0 I | e
selected f rom%@zg#glEL %%’a%&l %gﬁlﬁgor\/\%gr glﬁg?sééi %%g, %rhg&?gl?r ﬁ]f;r%t%nzﬁ@r’ﬂ may
sui tably 1d& pmoviybddnas,anuhgstexyani Grouporltexatells asda asuliftatage-barat e,

gerrhena_te, rnlgéﬁtg{%t_g or _initraote, ira’sa{ht. or a%i d f rm Iptreiss rRre__:Lf erred to
npl oy highly"s VeI P FOBRSEG: cEal s Sy FRE hiSghiRf §&iectivé
silver-based qabakystsof from 0.01 to 500 mmole/kg, calculated as the
element (rhenium, molybdenum, tungsten, the Group IA metal
. or nitrogen) on the total catalyst. The nitrate- or nitrite-
15 forming compounds and particular selections'of nitrate- or
nitrite-forming compounds are as defined hereinbefore.
Rhenium,-moLybdenUm,'tungsten of the nitrate- or nitrite-
forming compound may suitably be provided as an oxyanion,
i.e. as a perrhenate, molybdate, tungstate or nitrate, in

20 salt or acid form.

Of special preference are the highly selective silver
based catalysts which comprise rhenium in addition to
silver. Such catalysts are known from EP-A-266015. Broadly,
they comprise silver, rhenium or compound thereof, the

25 further element (as defined hereinbefore) cther than rhenium
or compound thereof and optionally a rhenium co-promoter
which may be selected from one or more of sulfur,

phosphorus, boron, and compounds thereof.

Preferred amounts of the components of the silver based
30 - catalysts are, when calculated as the element on the total
catalyst: . '
- silvei from 10 to 500 g/kg,
~ if present, rhenium from 0.01 to 50 mmole/kg,

- if present, the further element or elements from 0.1 to



conprise, in addition to silver, one or nore of rhenium 10 nol ybdenum
tungsten, a Goup A netal, and a nitrate- or nitrite-form ng conpound,
whi ch nay each be present in a quantity of fromO0.01 t %pg nno! kg,
calcul ated as the elenment (rhenium nglybdenum tungstgﬁ,e p IA
metal or nitrogen) on the total catalyst. The nitrate- or nitrite 15
form ng conpounds and particul ar selections of nitrate- or nitrite-formng
conpounds are as defined herei nbefore. Rhenium nolybdenum tungsten or
the nitrate- or nitrite- form ng conpound nmay suitably be provided as an
oxyani on, i.@&00asnd Refkdhermtle, amel,ybdate, tungstate or nitrate, in 2
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salt or acid form_O special,_.preference e hi ghl I ] L
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catal ysts aregknows fIpomnkde4RRO@E . Broadly, they conprise silver,
rheni um or conpound thereof, the 25 further elenent (as defined
her ei nbef ore) ot herrHehgrddan wWpoirdomipoyntbddes edé pnef epabbpats yraed
rheni um co- promoter which ma b%tselected fron1on@eor nor e ffsulf%00 to
phosphor us®  b&Mdn 2tarid d i SHe RIS S Bre HE r B° ahRURT sCbf TERR

conponent s of gighe sidaerdigsed o SGaatysly Spece Wehoeht gul at ede asnihe
el ement on the total <catalyst: - silver from10 to 500 g/kg, - if present,

rheni um fr om @ollinteo B0 grmiay kprmali ftonrsseature hend UPTPeFUEE e R NniC or

el ements from0.1 to .17 24 Fe 2006 ) , -k f
present, t hemllh@#i"ljmlc'cﬁ'pfjodrjbgeﬂ&{% o‘iléﬁ’ps'rig-9 téeqr;gs)i-fé%% Elgﬂl] \{%P%Se rr?r%l el kg
each. The prepantkeep@dteliyon gyrodess | Pyridmkbyy whenieble Sepoxidataon

reactor iplet pressure in the ran of from 1000. to 0 Pa, . GHSV" or
Gae Hour 190 SpREETRDAR A & F QiAo Broedes 1hPo1dEhY ST Packel
catalyst bed, the GHSV is in the range of from 1500 to

10000 N1/(l.h}. Preferably, the process of this invention is
carried out at a work rate in the rangé of from 0.5 to
10 kmole olefin oxide produced per m® of catalyst per hour,
15 in particular O.f to 8 kmole olefin oxide produced per m° of
catalyst per hour, 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 volume of
catalyst per hour and the selectivity is the molar quantity
20 of the olefin oxide formed relative to the molar quantity 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

25 'stream in water and optionally recovering the olefin oxide
from the aqueous'solution by distillation. At least a
portion of the aqueous solution containing the olefin oxide
may be applied in a subsequent process for converting the

olefin oxide inteo a 1,2-diol or a 1,2-diol ether.

30 "The olefin oxide produced in the present epoxidation
process may be converted intoc a 1,2-diol or into a 1,2-diol
ether. As this invention leads to a more attractive process
for the production of the olefin oxide, it concurrently

leads to a more attractive process which comprises producing




vol une of gas at normal tenperature and pressure (0 C, 1 atm i.e. 101.3
kPa) passing over one unit volune of packed catalyst per hour. Preferably,
when the epoxidation 10 process is as a gas phase proc i nvol.vi.ng a
packed catal yst bed, the GHSV is in thg range of fron11§%gaFBmyf%@go

Nl /(l.h). Preferably, the process of this. inventionis carried out at a
work rate in the range of fromO0.5 to 10 knole ol efin oxi de produced per n8
of catalyst per hour, 15 in particular 0.7 to 8 knole ol efin oxide
produced per nB of catalyst per hour, for exanple.5 knole ol efin oxide

produced per the eiefapapifdfepdrt REGPIIRDCEs¥d the FEioh IR TGk g &hee
the amount of stRgeghehkNua%i d¢ Rhedesediped BNkl ivoloxRieofin aaleal yst per
hour and the selectivity is the nolar quantity 20 of the ol efin oxide
formed rel ati PenBEaEhBIROPAr thGart RrPigh 2PAEOH & 4T v &HEF.- The ol efin
oxi de produced may be recovered fromthe reaction product by using nethods

known in the art, FBE CeRHAPPE OBy 18680FBENG LRE1IG1eO W88 de 4 1HRla &té&Lt or

outlet 25 $trggm EBm}Q’EE%E‘,a@gro@{!a%ﬁ?cleLYrE@%@i%@i ROl A o i8] igk i@ g thf rom
the aqueous solution by distillation. At |east a portion of the aqueous
sol ution cont BrhitRg FHetabéli nséxioden aeydpe ppE SR SiF Fahyedueder

process for ¢ LNsphen gleli o axidenbnteyathe210i0laiQ ank dedisoh, 2-
et her. 30 Thegg%gpﬁﬁ'og% emggéggcgggﬁnﬂtﬂe prgsent epoxiéapion. grgbess
may be converdédli atbea, 1tBedivdefan prideamay2bgi gleacdrsemiths & ffeg fold
nvention | eags, Lo g, BLe B [agLive sRr 90858n1hopHbRS Raadon of the

ol efin oxide, Tt concturrently leadsto a re attractive process which
conpri sest®r oduesagcé8o24akebrudr ya2elgstheeohef On Soxi.de %ivh sadderrdanesidi t h
the invention and the subsequent use of the obtained in oxidf_in t he

manuf act ure oP2ff€ ?PziﬂﬁoFoﬁﬁ&ISFafFégﬂiHPxéPﬁgr.afhég%gﬁber?Bn i REb the
1,2-diol or tQSs%lgEgiogreggeg gas phase reaction at 130-240 °C and 20-
40 bar absolute, preferably in the absence of a catalyst. If
the proportion of water is lowered the proportionrof 1,2-

15 diol ethers in the reaction mixture is increased. The 1,2-
diol ethers thus produced may be a di-ether, tri—etﬁer,
tetra-ether or a subsequent ether. Alternative 1,2-~diol
ethers may be prepared by converting the olefin oxide with
an alcohol, in particular a primary alcohel, such as

20 methanol or ethanol, by replacing at least a portion of the

water by the alcohol.

The 1,2-diol and the 1,2-diol ether may be used in a
large variety of industrial applications, for example in the
fields of food, beverages, tobacco, cosmetics, thermoplastic

25 polymers, curable resin systems, detergents, heat transfer

systems, etc.

Unless specified otherwise, the organic compounds
mentioned herein, for example the olefins, 1,24diols,-1,2—
diol ethers and reaction modifiers, have typically at most

30 40 carbon atoms, more typically at most 20 carbon atoms, in
particular at most 10 carbon atoms, more in particular at
most 6 carbon atoms. As defined herein, ranges for numbers
of carbon atoms {i.e. carbon number) include the numbers

specified for the limits of the ranges.




5 may conprise, for exanple, reacting the olefin oxide with water, suitably
using an acidic or a basic catalyst. For exanple, for nmaking predom nantly
the 1,2-diol and less 1,2- diol ether, the olefin oxide_may, be r‘ﬁgted with
aten fold nolar excess of water, in4g liquid phase r e3¢ tiEBRary

presence of an acid catal yst, e.g. 0.%-1.0 %v sul furic acid, based on the
total reaction mxture, at 50-70 C at 1 bar absolute, or in a gas phase
reaction at 130-240 C and 20- 40 bar absolute, preferably in the absence of
a catalyst. If the proportion of water is |owered the proportion of 1,2 15
di ol ethers in theTheacmputmExpuogram iprodeasedf THe sl Ihvealitglioret hers t hus

produced may be a di-ether, tri-ether tnet ra- er r
Al ternative 1°9TRIEGESSefn&PIPRELF Thé Srﬁggé%eg'%gaﬁ%oﬁvng ta?nca tkae oi re]%ﬁaﬁa‘—%%%e
with an al copebgriam padiei,culeao ralepr iomamthealcooipait,e rs usdadeb 120 mestihemol or

et hanol , by repl aci t least a portion of the water by the alco T
1, 2-diol and ?ﬁétf,gg-%di &t éfll‘?élr“ﬁ%ﬁnge A SEE% BT AGE VB r“':ih:e(:i";?/l St Blocdle
i ndustri als apphicakilens atfiehsexanploanen tilbe wiiitél dheofpfamess ey ertdges,

t obacco, cosnetics, thermpplastic 25 polyners,. curable resin systens
detergents, heBVEPLaREFer 10spsPERECIEEL e@ﬁ’&%@%ci%%&%‘ﬁ%’%ﬁ FFOG5

or gani ¢ conpogpdgucierbinaseRer ainn addar iexamal e dnpmitdefididabl 2 iy sam
1,2- diol ethers and reaction nodifiers, have typical In?/erfiat nost 30 .40
carbon at ons, CREfe EgprEsedy ot thes COPPULEIhER , 1y (SRR & for

most 10 carbonna (B¢ i B’ € Heh didlt ptélcdissdhg BRSk f &R RUhAlOMheAs
defined herein, ranges for nunbers™ of carbon atons (i.e. carbon nunber)

i ncl ude tHe nDiberss. ofeshiisednventipa .| | Abes COMPUTE Y HRFEab 1Ry mefikah My v
2006 The conpULetoRHAgham RbeduGhamdliel Ny hBueR ol arf QPRIIGAS S AU W:Ler
readabl e nedi um and a conputer readabl e
by means of a magnetic system. The computer program product
may be in the form of a disk which is a permanent entity of
the computer system of this invention, or it mé& be a disk
15 which is insertable into the computer system. The feed
control means may be configured such that they communicate
with the computer system of this invention facilitating the
control of the process steps of the process of this

invention.

20 The following example will illustrate the invention.

Example (hypothetical)

A catalyst, as defined in EP-A-266015, containing
silver, rhenium, cesium, lithium and sulfur on a-alumina and
having a theoretical selectivity S of 93% in the fresh state

25 is employed in the following experiment. The above value of
| Sy 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 reaction
temperature being 260 °C, and extrapolating back to zero
30 oxygen conversion. |
In the experiment ethylene oxide is produced as
follows. A 1-kg sample of the catalyst is loaded into a

tubular reactor consisting of a stainless steel tube. The

tube is immersed in a boiling kerosene containing cooling



program code, recorded on the conputer readable nmedium suitable for
instructing a data processing systemto execute 5 the calculations in
connection with the process of this invention. In a preferred e%B di ment ,
the conputer program product conprisgg, in addition, azﬁgﬁﬁﬂﬂﬁﬂ adabl e
program code, recorded on the conputer readable nedium suitable for
instructing the data processing systemto control the 10 process-of this

i nvention. The conputer readable nediumnay be readable, for exanple, by
means of an optical systemor by neans of a magnetic system The conputer
program produgéacketyabe thetéerdgoaneofoandictkdwhpch 838sa fgewmmystemenfihey

of the conpu yst e thLs_ i nyenti r.Lt di_s 5 IL.Gh IS
i nsertable in%%i?ﬁeg%%g%g%%rpé§%t£%1Q&hggFggdagcgﬁ?¥8 gﬁggng §€% ggﬁrﬁy
confi gured suspatbarelibeytgomfiu68oat 81 Wi(fhhi heThenpuiet gysisemref itshi2d00

invention facjlitating,the, control qof th roces t of. _t he of
this inventio%#azgaqﬁgl?g?1b %% gﬁgﬁng ﬁpglr?gfﬁg?rgggp{ﬁgegnfghgﬁgﬁg
Exanpl e (Byposahesi cahdedt cat abystf 28 mslelendd bry&EPnAaR660tbncemttraitiiong
si lver, rheniu$1 cesiu | Iithéunlgnd SHIfuL on a-alugin%.and h vinq a,
theoretical s®f e@tTOTEy® SoC¥fPYR0FiR*IHE FFeB8hCEPEERT58 1S bl oy BG N 3t he
foll owi ng expethagatat Thecahoyervat uenobt Soswasldeter sthed bhlerdsier BRga

selectivities in a range of gas hgurly space velocities, each tine at 30%
et hyl ene, 8% cenygehrablomaphbodxtPoxirgdeardd e4b01lerg, dilsdlorids &t a

tenperature being 260 C, and_extrapol,ati ack .to.ze 30, oxygen
conver si on. Iﬁo?%%“%Q%%+?%€%E ét%?f neTBEgdg'i¥18V&dﬁbgﬁr§§kzF%?Fbms..A
L-kg sampbe of oL hg, EALEl g51ot S PRACHCNNLY AnhURULAL T RAGTHS SO0R 811 ng of
a stainléss steel tube.” The "tube is 'mrersed n"a boiling kerosene
cont ai ni ng Cco@bhd@n2ha2fokebf UakY020961e-%, and the remainder -of the feed
is nitrogen. The reaction temperature is 250 °C. The
selectivity to ethylene oxide is optimal in respect of the
chlorides. The value of Q (i.e. Q:) egquals (3x107% x 1 +
15  0.5x107" x 2 + 1x10™* x 1 +

2x107% x /3) / (28 x 1 + 0.5 x 85) = 8.04x107°,

At a certain point in time the feed compdsition changes

such that ethylene is present at a concentration of 25 mole-
% and ethane at a concentration of 0.7 mole-%, the

20 concentration of the other constituents being held constant,
except ethyl chloride. In order to keep the selectivity at
an optimum level, the ethyl chloride concentration is
adjusted to 4.1x107? mole-%. After these changes, the value
of Q (i.e. Q) equals (4.1x107* x 1 + 0.5x107% x 2 +

25  1x107" x 1 + 2x107% x 1/3) /
{25 x 1 + 0.7 x 85) = 8.01x1076.



j acket and the ends are connected to a gas flow system The inlet gas flow
rate is adjusted as to achieve a gas hourly space velocity of 6800 N

[ (l.h). The inlet pressure is 21D0 kPa (absolute). The‘£ g%utoiéag react or
conprises ethylene 5 at a concentratign of 28 nole-% oX g &
concentration of 8 nole-% carbon dioxide at a concentration of 3 nole-%
et hane at a concentration of 0.5 nole-% ethyl chloride at a concentration
of 3xI0-4 nole-% ethylene dichloride at a concentration of 0.5x10-4

nol e-% vyinyl chhopideedl 2010 rp@NepRtdidlitabrofo flak) i d¥ilre- %niadd met hyl
chloride at a concentration of 2x10"4 nole-% and the remai nder of the
feed ispmpteegenonmplré sesacEiaot ingnperfaad ednpsoing thee okefetivity to

et hyl ene _gxide is optimal .i.n_r . th C i The, val ue of Q
i o COnp g eheo8 6% or ip WBAF e, oy Sp S B E R 1000 s % v g
I (28 x $i1tv@r5b%s8h) cat@1@4tl QriGh Ahed reydtdion poidifidr therend he feed
conposi tion changes such that ethylene is present at a concentiration of 25

mol e- % BAESERRaRE &t rSaa&dNCeMRTISY & "BHFhol%-9ge tH- 2D Cor®ntrati on
of the oLReL-EPPal hbdaR! FuReItNE e LANSIAUpeciCapt @ldyl chloride. In

order to keep the selecti'vity at an optinum'level, the ethyl chloride
concent r aekohibs madidseed preséntx i0- £heplfecid tAf tagr afeset changes, the

val ue of i.e. equals (4.1x10-4 x 1 0.5x104 2. + 25 0-4 X1 +
2x10- 4 xmﬁ??§§f ﬂuf‘ﬁg)ﬂ s %‘.Y?(r?c@g oD% DERRAIt 1T FhE fﬁe"b‘f’ua"j}@g 2006 1. A
process &aﬁchhpr@@@ggd@b' rigkesathel efdebs WIH:ch process conprises reacting
a feed conpri5|nglthe olefin, oxygen and a reaction nodifier in the
presence~of OReEREBE- Basad fdasd PPeratina Rhasecth it i dilts eF2 bt ng

present jR 8 Egleiivgnguantity Qwhich is the ratio of an effective nolar
quantity of “acti ve’speci es of the

- subsequently operating at a second operating phase
wherein the feed composition is different from the feed
composition employed in the first operating phase, such

that the value of Q is Qp, whereby the value of the
quotient Q/Q; is in the range of from 0.5 to 1.5.

2. A process as claimed in claim 1, wherein the
olefin is ethylene, and wherein the reaction modifier
comprises an organic chloride and opticnally a nitrate-
cr nitrite-forming compound.

3. A process as c¢laimed in claim 2, wherein the
reaction modifier consists of chlorohydrocarbons having
up to 10 carbon atoms, in particular up to 6 carbon
atoms, which comprise one or more of methyl chloride,
ethyl chloride, ethylene dichloride and vinyl chloride.
4. A process as claimed in any one of claims 1 to 3,
wherein the effective molar quantity of active species of
the reaction modifier present in the feed can be

calculated by multiplying the molar guantity of each of



reaction nodifier present in the feed to an effective nolar quantity of
hydr ocarbons present in the feed, and which process conprises the steps
of: - operating at a first operating phase wherein the Q,
and - subsequently operating at a secggd operating phaség%ﬂﬁgﬁﬁﬁﬁﬁghe f eed
conposition is different fromthe fee conposition enployed in the first
operati ng phase, such that the value of Q is @, whereby the val ue of the

Mool aim & GherEPRCERER BPRFTRSFS BERPPBRCLAakICWierd HRe & SRR

modi fier coapdis€8iay 0pgenecreblLotidg ﬁlﬂdtQ@tUl@@l%lllOYl priiduclss- or
nitrite-formng conpound. 3. A process as clainmed in claim2, wherein the
reaction nodW@?%@lﬁoﬁéth§a6F°€hFBPBH?BPG@aFBSn@uW§@Fan @stidel0 carbon

atons, in paﬁét&%é‘{%ﬂd?, { 2n0p82EDEN1 22 AHE oWhl CRAGAIPEIRE NG Adiye of

nethyl chl ori de yl ene dichl ori vi-nyl chlori de.

4. A processpassemalped nolaaylenefothel aeastionon®di fileer éim the effective

nol ar quantlt% of . active on.nodi fier &resent in the
P 0

ecies of t re
feed can be SHSF it libh AL RETIFABSERE. REPL: CORatACy Fol Sach of 22 24
February 200feddeiofaabloni gedivhiensipr aseethiyn thapbeed  Witth prdsaitr
and adding up the resulting multiplication products, wher ei n each fact or
represents the iwnbies néngetoﬁefrbmtéVgatonE/zhnipapbk¢dhaﬂahaﬁmg¢ﬂmand/or
nitrogen atons, present per nolecule of the reaction nodifier in
questi on, onr§M@eu@ﬂefﬁbmnby§?5tbat1VQe sfactor for a reaction nodifier
which is a nmethyl conpound, present, is in the range of from1l/5 to 1/2,
in particula®-in thed porgesofasrobaim8dsinoady208e of claims 1 to 4,

wherein the effective molar quantity of hydrocarbons
present in the feed can be calculated by multiplying the
molar quantity of each of the hydrocarbons present in the
feed with a factor, and adding up the resulting
multiplication products, wherein the factor for methane,
if present, is in the range of from 0 to 0.5; the factor
for ethane, if present, 1s in the range of from 50 to
150; and the factor for hydrocarbons having at least 3
carbon atoms, if present, 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 methane, if present, is in the range of

from 0 to 0.4; the factor for ethane,lif present, is in
the range of from 70 to 120; and the factor for the
hydrocarbons having at least 3 carbon atoms, if present,
is in the range of from 50 to 2000, all factors being
relative to the factor for ethylene, which equals 1, by
definition.

7. A process as claimed in any one of claims 1 to 6,

wherein the relative quantity Q is in the range of from




5. A process as clainmed in any one of clainms 1 to 4, wherein the effective
nol ar quantity of hydrocarbons present in the feed can be cal cul ated by
mul tiplying the nolar quantity of each of the hydrocarbons present in the
feed with a factor, and adding up thegesulting ~multi pPré&Prer H¥duct s,
wherein the factor for methane, if present, is in the range of fromO to
0.5; the factor for ethane, if present, is in the range of from50 to
150; and the factor for hydrocarbons having at |least 3 carbon atons, if
present, is inxite & angd aixfodm 16 tpartiti0Gr ald fecteisgdbeihgrrahati ve
to the factor for ethylene, which equals 1, by definition. 6. A process as
claimed in cl &h05° weersdixi0fe factor for nethane, if present, is in the
range of from,0 to 0.4; the factor for, ethane, if present, is in the range
of from 70 to°r20; and PHEFES 6F 9P Jﬁﬁ/cf‘rrb"caffrb% A Y at t'r‘é:i?s't 3
carbon at ons, wherfi@S&@He hydrddarddtthd aNeSsa{t fIPMBD t20WnpAlsefagd ors
being relative to the factor for ethylene, which equals 1, by definition.
7. A process &F &ogienmed inetdneonetdfang aipgopans &d gk rorarer elti ve
quantity Qis iy r ram 23 24 February 2006 | x10-6 to 100x10' 6,
I n particul ar aidn%llt qgmr }%ghgf c{lre(;q‘mmnz'2x10-6 to 50x10-6. 8. A process as
claimed in anp.one of Aclpaioresk ta@ &laimeet dim drhe dnadroodtarleonss [ elserd, in
the feed conprise agne or nore of nefhane, ethane, praqpane and :
cycl opr opane, "I Ee3ditGh & Jalve & th.lsQ.eana]pcﬂb%‘gs afs W%ined in any
one of clains s%lte t%’vit‘%hq:r %Jarkdssu%gxea o\ﬁ%lfj% Oc];xj%‘e 'fo %nrg)tl 'Ocynedié hat the

e Yol € et on 1S oﬁilmd.

selectivity towards th oxi de for
optimal.
10. A process according to any one of claims 1 to 9,

wherein the value of the gquotient Q5/Qq is in the range

of from 0.8 to 1.2, in particular in the range

of from 0.9 to 1.1, more in particular in the range

of from 0.95 to 1.05.

11. A process according to any one of claims 1 to 10,
wherein the second phase is operated at a hydrocarbon
composition and a reaction modifier composition of the
feed of which at least one is different from the
hydrocarbon composition and the reaction modifier
composition of the feed employed in the first operating
phaée.

12. A process according to claim 11, wherein the
concentration of the reaction modifier{s) in the feed
applied in the second operating phase is calculated, in
response to a change in the quantity or type of
hydrocarbon(s) present in the feed.

13. A process according to any one of claims 1 to 12,
wherein the silver based catalyst comprises silver and a
further element or compound thereof, which further
element is selected from the group of nitrogen, sulfur,

phosphorus, boron, fluorine, Group IA metals, Group IIA




10. A process according to any one of clains 1 to 9, wherein the value of
the quotient @/QL is in the range of from0.8 to 1.2, in particular in
the range of fromO0.9 to 1.1, nore in particular in the range of from 0.95
to 1.05. 11. A process according to agy one of clains 12t Febyary 081 ei n t he
second phase is operated at a hydrocarbon conposition and a reaction
nodi fi er conposition of the feed of which at |least one is different from
the hydrocarbon conposition and the reaction nodifier conposition of the
feed enpl oyed€it# lithe Fiasiiunypdrak e n Whadaingsteny fhye@skumccor ding to

claimll, whenei i ORGSR S0l NS4 LARLEN (RA{igH(S) 1n the
feed applied in tlhe second operati ng ﬁJhdse I's calculated, In response to
a change i n therduant ittan terl unyperiafb 1 umy,drgedalribomn (=)d preasentium dmd f eed.
13. A process .accordi y one of claim 1 to 1 wherein the silver

ng to f 2,
based cat al y&¢ X5 S8 5§ verPhRt SEPHIR the™ A3+ @hpound t her eof ,

whi ch furtheg._ qhﬁﬂgﬂyzg i£cted fromthe group of nitrogen, sulfur,
phosphor us, boﬁbn, uo#&’e, Group |A netals, Goup |l A 24 24 February 2006
nmetal s, rhenitdm nol pbgewams st wogstreld noclrcomlemm  13,t arieumirhafhe um
zirconium vanadium:. thal lium. thorium, tantalum niqbium gallium and
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support. 14. cAmploR@es $1Reedi g i tHed Bikheh&iLidbridiunsi tvéFedbpased
catal yst conprises silver, rheniumor conpound thereof, a further el enent

or conpound wWhdcdoffunithiegh efligmendr is ardmcted Satattde feraaRr et group of
nitrogen, subfut, RROSRRAAS, RPN & ord ¥RidAne, Group 1a
metals, Group IIA metals, molybdenum, tungsten, chromium,
titanium, hafnium, zirconium, vanadium, thallium,
thorium, tantalum, niobium, gallium and germanium and
mixtures thereof, and opticnally a rhenium co-promoter
which may be selected from one or more of sulfur,

phosphorus, boron, or compound thereof, on a support

material, in particular an o-alumina support.

15, A process for the epoxidation of an olefin
according to claim 1, which process comprises reacting a
feed comprising the olefin, oxygen and a reaction
modifier in the presence of a silver-based catalyst,
which process comprises the steps of:

- operating at a first operating phase, and

- subsequently operating at a second operating phase
wherein the feed composition is different from the feed
composition employed in the first operating phase such
that the concentration of active species of the reaction
modifier on the catalyst is substantially unchanged.

16, A method for making a 1,2-dicl or a l,2—diol
ether which comprises forming an colefin oxide by a
process according to any one of claims 1 to 15, and
subsegquently converting the olefin oxide into the 1,2Z2-

diol or the 1,2-diol ether.
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17. A system sui apre*For 68?P6%ﬁiﬁ8 g § &ds é%ébrdiné”}o any one of
claims 1 to lbonvhbthisystem rea@Ribmemodifeadt GeiMy Prdmls i the
silver-based catal yst, neans for feeding to the reactor a feed conprising
the olefin, 6%§HerNandrglpEddei GHamsdityi & Whimd fidedhSomatdio edts for

Cont ol means Fare euat PSP ng P Re I datt: g Hadl TS N8 K8 prsbent in the
feed in a rel aceetiquanbdiyi@rwpirelsens tine that ifeesf tan an effective
molar quantity of hydrocarbons present in the feed, and
which feed control means are configured such as to
control the process steps of:
- operating at a first operating phase wherein the value
of Q is Q1, and
- subsequently operating at a second operating phase
wherein the feed composition is different from the feed

compositicon employed in the first operating phase, such

that the value of Q is Qp, whereby the value of the
quotient Q2/Q1 is in the range of from 0.5 to 1.5.

18. A computer program product which comprises a
computer readable medium and a computer readable program
code, recorded on the computer readable medium, suitable
for instructing a data processing system of a computer
system to execute calculations for the process according
tc any one of claims 1 to 15.

15. A computer program product as claimed in claim
20, which comprises, in addition, a computer readable
program code, recorded on the computer readable medium,
suitable for instructing the data processing system to

control a process according to any one of claims 1 to 15.



effective nolar quantity of active species of the reaction nodifier
present in the feed to an effective nolar quantity of hydrocarbons present
in the feed, and which feed control nmeans are configured _such to
control the process steps of: - operabgng at a first op%?'gF]i’I?‘Férygﬁ)zQée
wherein the value of Qis Ql, and - subsequently operating at a second
operating phase wherein the feed conposition is different fromthe feed
conposition enployed in the first operating phase, such that the val ue of
Qis @, wheréBy the Bacaspyterheys§gdt WEAChQEPOP IS S & KOMPAEE of from
0.5to 1.5. 1 [ _RrQqr u i j -qjm!gr
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system of a conputer systemto_execute cal cul ations foc[ t he, gr ocess

according toPARFUGHe dPededidhe COMPS tefg PIR LG R WrtografiHr oduct as
clainmed in cl ahmméd, iWhi-ah GO i3e%14iMm addi tion, a conputer readable
program code, recorded on the conputer readable nedium suitable for
instructing the data processing systemto control a process according to
any one of clains 1 to 15. 26 24 February 2006 20. A conputer system which
conprises a conputer program product and a data processing system
configured to receive instructions read fromthe conputer program
product, wherein the conputer program product is as claimed in claim18 or
claim 19. ‘



