1 7 Novenber 2005 PROCESS FOR PREPARI NG ALKYLENE OXI DE ( EPOXI D, OXI RANE)
Background of the invention The present invention relates to a process for
the preparation of al kyl ene oxide. The epoxidation of_ al kene into al kyl ene
‘oxide by 5 reacting the alkene with ap organic hydropBP(SI#E29%  known in
the art. For instance, in the commonly known nethod for co-producing

propyl ene oxi de and styrene starting from ethyl benzene, the aforenenti oned
epoxi dation reaction is 10 applied. In general this co-production process

i nvolves the steps of (i) reacting ethyl benzene with oxygen or air to

f orm et hyl berrermsshyok rEpaxine ALKITIENEr @At Ngrddie, ®imykbenzene ‘
hydr oper oxi de thus obtained with propene in the presence of an epoxidation
catal yst to yi @atlddr QuindydLnehexifdeenrd ok phenyl -ethanol, and (iii)
converting the 1-phenyl-ethanol, 1Tnto styrene by dehydration using a

sui tabl e dehydrati d %zﬂ%ﬁfwt WHEEREEORetRIG RS Tt GdRIORESS Kidenehe oxi de
is the coprodpelipifidH Py £TRy D¥hdeogRdeet hyl text.-butyl 20 ether
(MIBE) starting fromisobutane and propene. This process is well known in
the art and invol vé&iSisRq¥idatiQrtebnatkeps dstohaldwiense/ontialyIlmne oxi de

products on  preegss idRs AHdeh kdhd hei Pheyho 5 rw}i e

epoxi dation step teﬁ{- utyl hydroper%gﬁdéhigé'g@%@%&\m Qﬁékéé%%ﬁm e
form ng propyl Rewsxiide thed axirt - butanol in the presence of a

het er ogeneous epoxi-dat i. tal ys t- anol .is subsequent

etherified with ne?ﬁ%n&?‘%it%t%é%'wﬁ%t%v%i%%‘R‘ﬁéng¥e§n8¥naﬁ‘e§%{ﬂ$ 5% i1 motor
fuels. US-A-5,8d9pe8ducdngt gy laane| @tide epndi dayirene 3G utdeRs Tries Ng a

lurality of r vessel s each - cont ai njin fixed bed of a , .
Eeteroge%eous §§§Q$§$P?eﬁﬁénEiﬁwaﬁﬁﬁﬁﬁeeﬁk%ﬂeg epoxidation reaction is
10 applied. In general this co-production process involves

the steps of (i) reacting ethylbenzene with oxygen or air
- to form ethylbenzene hydroperoxide, (ii)'reaéting the
ethylbenzene hydroperoxide thus obtained with propene in.
the presence of an epoxidation catalyst to yield
15 propylene oxide and l-phenyl-ethanol, and (iii)
converting the l-phenyl-ethanol into styrene by
dehydration using a suitable dehydration catalyst.
Another method for produciﬁg alkylene oxide ié the -
coproduction of bropylene oxide and methyl tert.-butyl
20 ether (MTBE) starting from isobutane and propene. This
process is well known in the art and involves siﬁilar
reaction steps as the styrene/propylene oxide production
process described in the previous paragraph: In the
epoxidation step tert-butyl hydroperoxidé is reacted with
25 propene forming propylene oxide and tert-butanol in the
presence of a heterogeneous epoxidation catalyst. Tert-
butancl is subsequently eﬁherified with methanol into
MTBE, which is used as an additive in motor fuels.
US-A-5,848,937 relates to zn olefin epoxidation
30 pProcess using a plurality of reactor vessels each
containing a fixed bed of a heterogeneous catalyst. When




- 2 the activity of the catalyst in an individual reactor vessel falls to
an undesirably low | evel, said reactor vessel is taken out of service and

a replacenent reactor vessel containing fresh or reﬁgnerahquggtalyst is 5
i ntroduced. The tenperature of the feedstreamis cort QP& h that the

tenperature does not exceed 125 C. In Conpar & ive Exanple 1, the
tenperature of the feed to the reactor vessel is about 38 C at the start
of the epoxi dathen acytdlvel ancbf hehdeed t &Xgbangar anai@di@ idudli adlddetor
by-passed. The tenperature is gradually _increased as necessary to maintain
the desired | ev@FS6EL &Gt SDEN ANISE 8RBT LoKe legeli-datiish nsateort he
feed inlet te re LOfi -t chang ( h f.Qr e reactor
out | et tenperarﬁgg%gﬁsquféégﬁb?ﬁggc 15 reg%?o?ﬁgAé %%ﬁg%g%&§ﬁﬁ1reac or
US- A- 5, 849, 937, vdesieig copdadiniony theesh emperagenerated banklektegoxi dation
reactorg gener al | I,S increased in time to npintain the desired | evel of
n§68 &%ies :

conversion whi ch A¥C8Ene SIMPSTAES Rk tBechpafsireappis

deactivation. |8ohBeoRleeestchCedad thd G dliSe P4 L888 abBY¥EALLOBxJdeq Nas
been found that_better use can be nade of the catalyst if the tenperature

of the reactorsif8 |fer éasEampedartdiviey Bxpmpkeri ai bhe enpoparatorpr offi [the

20 e, O RSerUETLban-kheURs QRN N R SRy BeetcT g Lhal B o

for preparing athylenexdabttohr ayrdegamd tHey dreaperexdisiengags abkene with

the he B of a bank of fO é;gctors ?y pplying a specific tenpei?ture

profil & over tH& TEaLt¥rRYREESPHing o PRSI dhveradenllyhe

emeaiire of i islnhdorential s it cpal Lo tevel Ly
conversion. At the end of the epoxidation cycle, the feed
inlet temperature of the heat exchanger {(and therefore
the reactor outlet temperature) is 121 °C for each -

15 reactor.

As mentioned in US-A-5,849,937, during operation the
temperature of a bank of epoxidation reactors generally
is increased in time to maintain the desired level of
conversion which would otherwise decrease due to catalyst

20 deactivation. ' '

In the process according to the present invention, it
has been found that better use can be made of the |
catalyst if the temperature of the reactors is increased
according to a certain temperature profile.

25 Summary of the Invention

It has now surprisingly been found that a higher
selectivity towards alkylene oxide can‘be obtained in a
process for preparing alkylene oxide from organic
hydroperoxide and alkene with the help of a bank of
30 reactors by applying a specific temperature profile over
the reactors. According to the present invention, the
temperature of the feed should be such that during

operation the outlet temperature of the final reactor is
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7 Novenber 2005 - 3 at least 4 C higher than the outlet tenperature of the
first reactor and the average tenperature of the first reactor should be

| ower than the average tenperature of the final reag; g ;gﬁéefore, t he
present invention concerns a process for the preparat o yl ene
oxi'de, which process conprises passing a fqu contai ning an organic

hydr oper oxi de and al kene through a bank of at™ least two serially connected'
reactors containing_epoxidation 10 catal yst and wi.thdraw ng a produ
strean1conpr|3|n@t aergkefle Bxhdahgkd tRatatbenGut é?tréﬁﬁﬂé%? %ﬁhﬁfsth?n
whi ch bank of %g%%srépetb‘%maﬁaaft%ea%terfa@% ft%%@)e'r%tl.ﬁ%ntdfo'ﬂlﬁg S4EH: that
during operation outlet tenperature of the final reactor is at least 4
C higher 15 thanetheopushebltiebpeilateretbint tbef iavelr ageadtempestal wiehot
that the average tenperature of the first reactor is |ower than the

aver age tenperatEP%nan? e’ PPfitP reactor. Detailed Description of the

I nventioms I n the. presgatespes) f LtEal poBseatl eagtatibs consiedered pAbdesde a
reactor if it contains at least 5 9w of the total catalyst used in the
process accor di n§orothfePrppesahionneéneitbnleprersitdsyy WQ%q@aﬁﬂPQﬁﬁﬁw The

first reactor Ischhs,feact gusuhhehal scbl sbncaaniag! ad Drgdhad eed In the

process accordlng t I nventi on. be “cl ear to soneone
skilled in the hydroparoxhéefeed sikehe phgpﬂehtédbﬁnko@é at Fwast two

reactors before bein ubjected tq th roce esent
i nventi on. The f?ﬁﬁfg}gﬁc 8?nfgt%§n§|§85852 %%nggﬁﬂg EP&ngggiﬁgfore .
which the al kyl epgtoxyse aﬁdsepaharedmgfaapdodm/atcbtmeamncop@rram:mg | f
the conversion in the reactors in operation_ is sufficient |h EPosmble

that no feed |sab%x%%@et%¥bﬁ@ha%ﬂeaﬁraﬁEPBO}eQEtBﬁgcﬁﬁoph?r &éi

which bank of reactors the temperature of the feed is
controlled such that during operation the outlet 7
temperature of the final reactor is at least 4 °C higher
i5 than the outlet temperature‘of the fi;st reactor and such
that the average temperature of the first reactor is
lower than the average temperature of the final reactor.

Detailed Description of the Invention

" In the.present specification, a reactor is considered
20 to be a reactor if it contains at least 5 %wt of the
total catalyst usgd in the process according to the
present invention, preferably at least 7 $wt.
The first reactor is the reactor which is first
contacted by the feed in the process according to the
25 present invention. It will be clear to someone skil;ed in
the art that the feed can be pretreated in one or more
reactors before being subjected to the process according
to the present invention.
The final reactor is considered to be the reactor
30 pefore which the alkylene oxide is separated off and
which is in operation. If the conversion in the reactors
in operation is sufficient, it is possible that no feed

is passed through one or more reactors at the start of

AMENDED SHEET




AMENDED SHEET 7 Novenber 2005 - 3a the operation. At the tinme when one or
nore reactors are taken into operation, the tenperature profile of these
reactors will be relatively rapidly brought into accordance v(\‘ith t he
present invention. In the present 5 description, the TRYEMBFL%re described
in-the direction of flow of the feed. The start of the operation is the
time at which the catalyst in the first reacfor is replaced by fresh
AMENDED SHEET 7 Novenber 2005 catalyst. In nmany cases, the tenperature
profile at the theropefraggenat ifdn thid [tige difemerait 9% GiREh eRFPRE AL are

profile during opetation, due _t he fr ggecf‘ng i ned
cooling duties. %ﬁi{ef’i rlrélté)t %\ﬁﬁ%c%léﬁ’hz:ﬂ%e%ﬁﬁﬁteu% I elgm@??fgﬂg%ég
fromthe profil erabctble stiant vef refjetdtiedy trapgite yprimfadghtduinng
operation, wll differ per case. However, "during.o i

eration” wl|l
general |y be aft BFCREIRBESt WaAE e RIES e Y1 . n t'tr}HE'r-: REESPYEL has
passed, pyef er ablysat;Leash,0n8AURERL L0 06 tdusdiied iite 1ofe tdiereat abust
has passed, nore specifically when at |east one third of the life tine of
the catal yst hasopagdew. ofhé&hei feedi.ne of the catalyst is the time during
whi ch the catal yst is, bei S iLn_t SS.. Ahtern .havi };}%t n
out of operation, 15§16‘3t 3?35? §II§| }tHSeggﬁggiig%g‘eirseégﬁerté%%d% used glggi n
in the process @hthhgspr €semhei Miesti aracAsrstiat ewplidmed imstfressitt or
contains fresh catalyst at the start of operation. Al though the catal yst
inall reactors can be replaced at the sane tine, in sone 20 instances it
can be advantageous if the catalyst at the end of the reactor bank is
replaced at a tinme different fromthe time when the catalyst is replaced
in the
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reactors at the beginning of the reactor bank. In the process of the
present invention, the 25 tenperature of the feed is controlled such that

during operation the outlet tenperature of the final_ reac orsz at | east
4 C higher than the outlet tenperature of the first rRAEMEF 2%referably,
the outlet tenperature of the final reactor duH ng operation is at |east 8
C higher 30 than the outlet tenperature of the first reactor. Mre

preferably, the euthatskemey atdne efsthe %heakefnsa%fa%redgﬁml%)ei@tﬂz?@
is at least 10 C highér than the outlet "tenperature of the first reactor,
nmore preferably &tartegdt oppretiemeriliobe gi&ferablty frome ths [temBSrature

tenperature of t LRal r | p tLQngi 005 - 5
| east ZOC‘higherB?R%%ﬂ?hg%%ggﬁgfnggﬁ%gg%ﬁugégot8tEgg ?%ﬁéﬂ*ﬁgﬁgﬁyé In the
process of the ppessehti anentdargttdined enpel dtgr dubfieshe Theedime at which

Bver age Conperat ie bPIEEERtRER BESTLLC W Cofpekotahi hore B ookt 1o 2t

tenperature diffehenseartt b€ difdrauteime to verppefilengaranyr epefration,
t he

reactor having the highest average tenperature and the reactor havin
| owest aver age iﬁ;%gngéngﬁrBeFéqﬁW%ﬁ%;gﬁﬁiy%ﬁfngg?rQBQC?PﬁBF§1BF2f@F y
at most 15 C. Thegge£aDlPebexegileirordl AU BIANELSth WECRhEBK ¢ Faceepkaklse

| arger differences in average, tenperature. The average tenperature is
defined as sum dfRe tFREREKPEr BESr PSS a%he REEEAP Yt 8k | h§2BheORBaERSE tEAY

15 the 1enperat e ghe 1Dl L0 ENE MBS UL O padBly, dnyidi Ng the
sum by 2. Gbnerally,_catalﬁst deacti vates duri'ng operation. Therefore, it

is customary to SERYEES@a1RE VERpepst de@sit onehehieedtof thet difengimpeos
catalyst. I't hasjiovefuliper BIsPBERsEMNGHNAL A Bafife Obr T ERGT QLB P YRS 13

hi gher yield
the time during which the catalyst is being used in the
process. After having been taken out'of operation,
15 catalyét will generally bebregenerated and used again in
the process of the present invention.

As stated, the first reactor contains fresh catalyst
at the start of. operation. Although the catalyst in all
reactors can be replaced at the sameltiﬁe, in some

20 instances it can be advantageous if the catalyst at the
end of the reactor bank is réplaced at a time different
from the time when the catalyst is replaced in the
reactors at the beginning of the reactor bank.

In the process of the present invention, the

25 temperature of the feed is controlled such that during
operation the outlet temperature of the final reactor is
at least 4 °C higher than the outlet temperature of the
first reactor. Preferably, the outlet temperature of the
final reactor during operation is at least 8 °C higher

30 than the outlet temperature of the first reactor. More
preferably, the outlet temperature ‘of the final reactor
during operation is at least 10 °C higher than the outlet
temperature of the first reactor, more preferably at
least 15 °C higher. Most preferably, the outlet

35 temperature of the final reactor during operation is at



I f the tenperature of the reactors is increased not only in such way that
the outlet tenperature of the final reactor is at |least 4 C higher than

the outlet tenperature of the first reactor but if additi ng Ly the 25
average tenperature of the first reactor is increase %ﬁ?@er(%édy in time
than the average tenperature of the final Teactor. Therefore, at the same
point in time during operation the average tenperature of the first
reactor is |oweriéhap bbecavaigpert enpar athe eod0let thepkradiuneeart drthe More
preferably, the average tenperature of the first and the final reactor is
i ncreased in ti fel¥REsHBACEOKay that the first reactor has a difference in
average tenperature petygensshakksOlbf iRy Premndiaventibn,nthiere during
operation which is 35 snaller than the sane difference in _average

t enper at ure AVENBEIPSHEETTE REvERSefemshsis mre r?hiyfFﬂglﬁquéQNsﬁﬁhthe

sane poi gt in tigg,duging,.0ReLati 8F the tdpeladoRf theasterageont ains at
| east 5 reactors, it Is preferred that the second reactor U%E%Jean1of t he
5 final reactor temppeatusd af eachy&eaGsQerferatntbatni fRthrych thers 5

C hi gher during ration |ﬁ§¥% ESP U efpa-Bhaknad, igyd
first reactor, 5$§fg$%b?§m5§?9F%§§ta§§ hfl erﬂeﬁgéeapreferably at Ieégﬁge
15 C hi gher. 10:éhieetaeryee abfir thei reacsese %wew ng eizlae oRsghgRtdpvEgRge
greatly even if the average tur lJa lar h Rk,

di fference. overtea{nl?ee%%jf%reWéﬁgpgfel%e%éa%%&%[)rg ﬂcﬁ%rﬁr&%ée—df%‘;étggg feedgtae
conposi Loon, sudfemgserdtureviatppéferahiy athywraipe2@x?@e pPeseprefemably

tenperature of the 15 feed on entering_the. r ; agt Lyt the
catal yst and t h&adiiH f# cgia?§§Fep%8§e%F %%ﬁ e?léég%t%%#gk% %%%F %é
clear that the lwaiicei e becedpsable larger differences in average

temperature. The average temperature is defined as sum of
the temperature of the feed on entering the reactor and
15 the temperature of the feed on leaving the reactor, and
dividing the sum by 2.
Generally, catalyst deactivates during operation.

Therefore, it is customary to increase the temperature of

the reactor containing the catalyst. It has now further

20 . been found that a bank of reactors gives a higher yield
if the temperature of the reactors is increased not only
in such way that the outlet temperature of the final
reactor is at least 4 °C higher than the outlet
temperature of the first reactor but if additionally the

25 average temperature of the first reactor is increased
more slowly in time than the average temperature of the
final reactor. Therefore, at the same point in time

during operation the average temperature of the first

reactor is lower than the average temperature

30 of the final reactor. More preferably, the average
temperature of the first and the final reactor is
increased in time in such a way that the first reactor
has a difference in average temperature'between start of
operation and a point in time during operation which is

35 smaller than the same difference in average temperature

AMENDED SHEET




wi thin the technical and econom cal constraints known to soneone skilled
in the art. The activity of the catalyst 20 will depend strongly on the
previ ous operation of the 25 30 35 catalyst, such as the amount of feed
treated, the number of hours in operation, the conpdsNe¥eBReAPhe feed and

the tenperature at which the catal yst has beef eperated and is being
operated. Preferably, the factors determning the tenperature difference

over a single rgacte kg ARLRAING] SUGHd halnd Fﬁoiﬁepglha 4he qdhfiherence

over the first reactor Is smaller than the tenperature fference over the
final reactor. @peratabhy, the operation is carried out ‘such that the

tenperature differen r fi y or_ i f_th Kk
of reactors containsfgtgﬁgaggng F&%@%ﬁ%ﬁ?ﬁéﬁ ?éﬁ#%#?%2$£p%§?§%rédrFﬁgF%%%B
tenperature difierkescpreferrehe thatsttheeasticand sresaetdrer upbametihecr the

FenbtorsScont ai reiSE | BRSEEOE7IST SRSTRISE JogH FYHRTe, EenpbrabifeoRBl ey
that operation ifscaffriesspup °sudlghieat duidniergrifdtien dthiar eEnecadeehge

the second reactor upstreamof the final reactor is |larger than the
Lomperature o 1 RREAYES PRONEPIEET SR oE. TSt POk oPreEaEaBlY
contains at |easit 9Lt DY ST Ct HEghbeNP Bl it Hd i BACL: 0Vesst hessegond

reactor upstream_ of the final reactor preferably is at least 10 C. If the
bank of reactor ¥@HR%ins at |east 5 reactors, the tenperature difference

over eaph the first gnd {06, spepnde 18; FeRCEAEBYe PSS Y Lo ki FPSE O
C. Catalyst is generally replaced when the operating tenperature can not
be increased furdtedtleceusre ifhethe average temperatures are similar.. The

temperature difference over a reactor will generally be
determined by the feed composition, such as the amount of
organic hydroperoxide present, the temperature of the

15 feed on entering the reactor, the acti#ity of the
catalyst and the amount of catalyst present in the
reactor. It will be clear that the latter can be chosen
within the technical and economical constraints known to
someone skilled in the art. The activity of the catalyst

20 will depend strongly on the previéus operation of the
catalyst, such as the amount of feed tréated, the numbexr
of hours in operation, the composition of the feed and
the temperature at which the catalyst has been operated
and is being operated. Preferably, the factors

25 determining the temperature difference over a single
reactor are maintained such that the temperature
difference over the first reactor is smaller than the
temperature difference ofer the final reactor.
Preferably, the operation is carried out such that the

30 temperature difference over the first reactor is at most
9 °C. If the bank of reactors contains at least
3 reactors, it is further preferred that the temperature
difference over the first reactor is smaller than the
temperature difference over the middle one or two

35° reactors. If the bank of reactors contains at least



tenperature of the product comng out of the reactor has reached the

maxi mum tenperature. The maxi numtenperature 15 is nainly determ ned by the
separation nmeans to which the product is sent for sgp rating¥$éf t he

al kyl ene oxide. The separation neans wil | ustally be BOVEMEE 4P At on
colum. At the sanme organi c hydroperoxi de conversion, increased yield has
been observed if the outlet 20 tenperature of the final reactor is
increased. It is5 memfeorsd tv akl pwetfleemmd [tdtat eoperatice bF ERETAEAapPut
reactor to be 125 or. hj gher, _nore preferahl >0 [ r

preferably 135 EWYr hFBﬂtrEgguEﬁmﬁﬁﬁ%t%ﬁﬁI%gfﬁéﬁﬁké%u{ﬁifo %hge?P%E
reactor, -all ows ﬁc&ﬂ@@éfoﬁ?géréamt be terpariatalr ecedcitdie js ebaugey Ebact the.

This makes that the catalyst  is used to its full_.potentia f oking
neans are preseﬁﬁﬂﬁﬁ%@%ﬁr?h@lf%ﬁ§ﬁncﬁe£&ﬁﬁ'Qﬂﬁiq*ﬁf?eﬁﬁﬁ%ﬁg%feggd%hg t he

final reactor, idaniEadsbe-advaptagepusaing ereNdAst B fenctorsprebeding the
30 final reactor at a higher average tenperature than final

he reactor
such as shortly tssmeeatpee @i EprEnse ONeT & SRECT %%F?EP¥eBP§§£8?m|n

view of the temper iy ees GONSELALELE fuefed by sopaialicdsTergs” behiifdthbe
final reactor, the reactor berore the final réactor is less 35 restricted
inits outlet td&adsavfireeadborsheohtadnsy aol@asdr D2OPRCt R Feathtr it

cooling neans are Drese € k Us3h HelLrOgaNneossd ePRI dakbanR
catal ysts-are m%%ﬁ#???%ﬁ%g %%?Eggégﬁecgﬁgﬁisf% My conprise as the
cat al ytlical | y 5 racidiuer medst pneferabbye itsr afsimdsdn Sretlal s, such as

vanadi um nol ybdenu t sten, titani a I_r i e Leyharly
sui tabl e cl ass of hgaaeﬁ%gg%gohi g%B‘S%la a i%%pé'ac%%ystdﬂ?nare th‘g“'é?é]t:éﬁgﬂ ¢
titani um based gimarsiture Bxanphes bt ducireaasteal yirthe®e Herausst bhee

described in 10t%%52£2€§¥é3§§ @Hg E?b h%tB%%ﬁ%%% ott ¢804 fdactor has

reached the maximum temperature. The maximum temperature

15 . is mainly determined by the separation means to which the
product is sent for separating off the alkylene oxide.
The separation means will usually be a distillation
column. At the same organic hydroperoxide éonversion,
increased yield has been observed if the outlet

20 temperature of the final reactor is increased. It is
preferred to allow the outlet temperature of the final
reactor to be 125 °C or higher, more preferably 130 °C or
higher, more preferably 135 °C or higher. Such high
outlet temperature of the final reactor, ‘allows reduption

25 of the temperature of the preceding reactors. This makes
that the catalyst is used to its full potential.

If cooling means are present between the final
reactor and the reactor.preceding the final reactor, it
can be advantageous to operate the reactor preceding the

30 ;final reactor at a higher average temperature than the
final reactor such as shortly before the majority of the
catalyst is to be replaced. In view of the temperature
constraints due to the separation means behind the final
reactor, the reactor before the final reactor is less

35 restricted in its outlet temperature than the final



di scl oses the use of inorganic oxygen conmpounds of silicon in chem cal
conposition with at |least 0.1% by weight of an oxide or hydroxide of

titanium while EP-A-0, 345,856 di scloses a titania-%qasilkc%gﬁ
het er ogeneous catal yst. According to EP-A-0, 345, 856 t'hi&®mest gst i's
obt ai nabl e by inpregnating a silicon conpourrd8 with a stream of gaseous
titaniumtetrachloride followed by calcination and hydrolysis steps and

optionally a si lrgagttican ist egpoPng h8aReMHBECHRL @R Hd Q4 e qver age
tenperature in an ag oxi dation reactor is typically of from50 to 150 C,
preferably of frdm60°¢S6 135 C. The pressure in each reactor can be up to

80 bar, preferably oHete@dgtdhddH0k 1d a I on. . medi um.i s
inthe liquid 25 Ehase. gg 35 1In or%%&lt%%gﬁftia{;%¥?%glg§gq%?%d8}°ewr%€r%ﬁﬂ%
profile over eaBhtredBf8r Caitid wadey May geerapni s asotbe \watm el cdidyp of

cool i ng ®Heans pregseitebAbWEEN Jad (eI¥=Tall) | i reactors. The
bank of serially connected reactof%? conp??%%%gggf&ﬂgégggiséeﬁ%ﬁq3?5
connect ed react o¥3Ra@igRer Bplybdemaimhartkungongn, sestahifmoand &3 réonium.,

reactors. In theppk 0OCESE: ' Q. _t present _pnveption, the feed is
preferably passed tﬂ?odgﬁégﬁgE?gg%Pé%§€¥%t$%§s%dﬁtn?ﬁgﬁrpngEOHﬁder. Thi s
mekes that the f¢R@¥idaibionrcatalystiovembarhe G amihmrBaBEA bRRafiESE .

[ om Che. degr oe TEURAY ST nERER SPFETIRGS Bien (BactiearRee BePGrebedsdimg
t he feéHOthroquSerﬂﬂGiﬂ,3e®pand5E§—a9©QBd50$531tﬁELKE@§§Q?,?Eﬁe”tiO”
whi ch bank s opAALed L (L5808 I80wglh L as a L ST i, feed can
have been ganic cxygen compounds of
silicon in chemical composition with at least 0.1% by
weight of an oxide or hydroxide of titanium, while
EP-A-0, 345,856 discloses a titania-on-silica

15 heterogenecus cataiyst. According to EP-A-0, 345,856 this
catalyst is obtainable-by impregnating a silicon compound
with a stream of gaseous titanium tetrachloride followed
by calcination and hydrolysis steps and optionally a
silylation step.

20 : "In ‘commercial operation the average temperature in an
epoxidation reactor is typically of from 50 to 150 °c,
preferably of from 60 to 135 °C. The pressure in each
reactor can be up to 80 bar, preferably of from 10 to

. 60 bar. Generally, the reaction medium is in thé liquid

25 phase.

In order to obtain the required temperature profile
over each reactor, the feed is generally cooled with the
help of éboling means present between two subsequent
epoxidation reactors.

30 The bank of serially connected reactors, comprises at
least 2 serially connected reactors. Preferably, the bank
comprises of from 3 to 7 reactors.

;n the process according to the present invention,
the feed is preferably passed through the reactors of the

35 bank in a fixed order. This makes that the first reactor



passed through a series of reactors which is operated cyclically. A
preferred series of reactors which can be used is a series of at |east two

serially connected 10 reactors containing a bed of hetero&ﬁne?BE
epoxi dation catalyst particles and operated jn a cyc7l NeveBge? optionally
followed by at | east one additional epoxidation reactor containing a bed

of heterogeneous epoxidation catalyst particles, and continuously 15

wi t hdrawi ng a prwtliktrenatantheofitisd fHesalt ap@iddihofizahcdterctonprising
al kyl ene oxi de and an_ alcohgl I ti o g__)cgf flpcga] L&yt pdiict &
streamthe al kylre?{%al%%%g ggﬁﬁggr 5&%%%%5%“3% ve%{e ,t ié\ \II{}}‘I pr%%ess: C()a)
the first reactoshidh tiiee cyatitgisty hape bateed destd iwmte&D. put in a position

further down this bapk_or i i directly aft
addi (1 onal T eact or s AFEFe PRESIBE ey T6Pd RETSHA Aot o FIgATore

contai negd thereidgrd@siglect6asRe peeaenindesieralilon whidlevsdnk (y opetdiisd
position the catal yst wth ‘decreased activity 25f%%_coq%§%£ed w.th the

ef fl uent from t He reakt¥pdi ATERE, Blredfdriy i Aforthg TP AR A3Fe RHFRh
is at least 5 Chighes ﬁ}ﬁ@&;?ﬁeaf Rk ckeprendawto Rl WwHildh tdhepanaivdyst,

was in use in the first position of the bank and for sufficient time to
restore its acticMadicallne Bopaespragd 6¢EresTRs KGOt yGh s8pPe

reactors has_begqpJlesql i i eaget abkti ByRCERakANty ARrdAdon
EPOO/ 08052. The%{pEreggZ%rs %g%%ﬁdgﬁgggoat he pr esegt inventign is used in the
reacti oh0of an aldesrtoms t¢rrbabnyagi 8¢ B8dhpdr beEesPIeRC oS ERS¥E Brigat ¢

nyd oper oxt des 3l A SR 290 5pdCppReshatinny ANy sk,
aral kyl  hydr ocaigtdrorarl Ing xfal bswelebgobt Eraspl emeotadsiiittisiiad or gani c
hydr oper oxi des QF%A%ﬁééf%&'%%%¥£o?y9589258§h86a bed of heterogeneous
epoxidation catalyst particles, and continuously
15 withdrawing a product stream from the final epoxidation
reactor comprising alkylene oxide and an alcohol as
reaction products, from which product stream the alkylene
oxide end-product is recovered, in which process:
(a) the first reactor of the cyclically operated bank is
20 . put in a position further down this bank or in a position
directly after any one of the additional reactofs, when
the activity of the epoxidation catalyst contained
therein has decreased to an undesirably low level;
(b) in this position the catalyst with decreased activity
25 is contacted with the effluent from the reactor in the
preceding position at a temperature which is at least
5 °C higher than the final temperature at which the
catalyst was in use in the first position of the bank and
for sufficient time to restore its activity to the
30 desired level.
This preferred series of reactors has been described
in more detail in PCT patent application EP00/08052.
The process according to the present invention is
used in the reaction of an alkene with an organic

35 hydroperoxide. Suitable organic hydroperoxides are



5 tertiary anyl hydroperoxide, tertiary octyl hydroperoxide, ethylbenzene
hydr oper oxi de, cycl ohexyl hydroperoxi de and di et hyl benzyl hydroperoxi de.
O these, ethyl benzene hydroperoxide and tert-butyl hydroperoxide are
nmost suitably applied. 10 The al kene used can be any ONVYEAPE P8Rpound
havi ng at | east one aliphatic carbon-carbon Houbl e bond. Such conpound
wll generally contain from2 to 25 carbon atons and preferably from3 to

12 carbon at ons, sdhdsry PARRCPErtiaky! RPEropeldharRs bdentederrdmogt ene,
15 1-dodecene,,s%érene and net hyl styrene. " Most preferably, however,

propene is used &udmn aakbpeatiauBygreaacbag. pgr &yiCate apadeyin
accordance with the, process of the rese I nvent _on he het er ogenepus
epoxi dat i on catahy QEﬁiﬁﬁ%yoﬁeml§585ﬁ§ E§8ﬁ68§ra| é&ﬁﬁMP#fF%#kﬁéﬁ% to
be suitable for ogafz3]isimgatdieerSREEEONiNEL MEEN tatt3iPANA antsbor gande,

hydr operoxi de into the correspondi ng al kyl ene oxi de and al cohol. However,
titani umtont ai nitEF e \RIEL BEATOPRFRXIRE, BEESAGHIRFtWhe catal ysts

di scl osed in thehggﬂygéygxfaggﬂ§£5§§$@ﬁ§eﬁ§:ﬁyar%§ér%ﬁadyyic clohexyl
EP-. A-0, 345,856 discussed above nmay, for_instance, be applied, It has,
however, been fobydrspetastide |3nddltetaybonenylydydrpperadigs o Oh-Hiesea

tal ysts discl | - A- 0, ' I ' | :
bur pose of the 35 HYADSTEAS I GBErak 08 andPRk: ELURYY PRRIRR Pl q0e
good results areaaehimewsdd s ttdisl prapehiedr ocess. A further catal yst which
b dinth ; . : ; .
1t ant ud cont ai ni ng 0 FRdT . ALl Yo Ha0 s apor s B tnk tving ar

Novenber 2005 sizeast ahd edsipHEr iy d29)bdn-+oaBOnAdpabéesbpad.r &tdion

: , o R
g?nf;;ggtbﬁg gzﬁ%gggéﬁggﬁwylf(§é§e§§Hf§\ggﬁggin(ﬁ}o%pgckgl%5p%%%BG%lgE% g

and preferably from 3 to 12 carbon atoms, such as
propene, l-butene, 2-butene, l-pentene, l-octene,

15 l~dodecene, styrene and methylstyrene. Most preferably,
however, propene is used as the alkene, thus producing
propylene oxide in accordance with the process of the
present - invention,

The heterogeneous epoxidation catalyst used may be

20 ~ any such catalyst known in the art to be suitable for

| catalysing the reaction between an alkene and an organic
hydroperoxide into the corresponding alkylene oxide and
alcohol. However, titanium-containing catalysts are
prefefred. Accordingly, the catalysts disclosed in the

25 patent specifications US-A-4,367,342 and EP-A-0,345,856
discussed above may, for instance, be applied. It has,
however, been found ﬁarticularly advantageous to use the
titania-on-silica catalysts disclosed in EP-A-0,345,856
in all epoxidation reactors for the purpose of the

30 present invention. When these catalysts are used, very
good results are achieved by the present process.

. A further catalyst which can be used in the process
according to the present invention is a titanium-

containing silicon oxide catalyst having (1) a mean pore




(4) which catalyst is obtained by use of a quaternary 5 ammoni um salt
tenpl ate, followed by renoval of the tenplate, which tenplate is

[ NRLRZR3R4] + (Wthin this formula, RL is a |linear or branghe% derocarbon
group having a carbon nunmber of 2 to 36, and. R2 to RANGREPEAES al kyl
groups havi ng carbon nunbers of 1 through 67.1#hé 10 catal yst has been
described in nore detail in W>A-01/5778. The product obtained in a
process accordi ngite tdfe atprlesest Lavapti(dh W to gdieraldoreoptae nfaschbon

Tor 6 pref er abl y SPORGIEUE Y AT OARBLAD PP R GPopBE S TAEh s
converted in the(fB')ng#:-erc%.afﬁ:[corp&?@ va?J?la' be srahbaddt WL kBsg, thgge 1S
sonetinmes only a Smafl tenperature diftference over the final reactor. The
conposi tion of tlé)febddo datmlepoki tdatdbhaloedebot ise oh@ Trateraddryor

the process of thgpresent . nYERIPILN EREISEBRC N Feridv B piagoany

conposition Fci operation. Accordi ngly,

of a styrene/ propyhgRa+@xi 4ficar PF QUi ON; Br ORRIRZR IR ¥ eyl d10i 4 hehis
epoxi dation unit conprises at |east sone 25 ethyl benzene hydroperoxi de and

normal |y al so a sopstiaati &1 amountl diest hyt berarnbedPhypared hai t ieoup
added to the reactor as a separate feed stream or may be dded fo the

et hyl benzene hydrapéngxedcaghorainimes cefl 2stpedfy panst R ehtky indicahe

epoxi dation reac ) he f o 5N o$0RE BRIV R PEENYDH
ket one and/ or 1%%% %yPF§$ﬁ§n§a¢¥§§é§?%§§§h%ﬁﬁgégedfng oxidqtf%n gecti%n
or in alfrecedi ncpepdystiatiasn beesctdesoribednini medei deiaddcyidl e stream

The exact feed SLEi depends on whet her at |east part of the feed
has al ready 7 hé@g%%ep&égggsf 14 Table 1 (not according to the invention)

The product obtained in a process according to the
present invention will generally contain at most 4% wt of
unconverted organic hydroperbxide, preferably at most

15 2 %wt, more preferably at most 1 %wt. The amount of
hydroperoxide which is converted in the final reactor can
be quite small in which case there is sometimes only a
small temperature difference over the final reactor.

| The composition of the feéd to the epoxidation

20 reactor is not critical for the process of the present
invention in the sense that it may have any composition
which is common in commercial operation. Accordingly, in
case of a styrene/propylene oxide co-production process,
the feed to therepoxidation unit comprises at least some

25 ethylbenzene hydroperoxide and normally alsoc a
substantial amount of ethylbenzene. Propene is either
added to the reactor as a separéte feed stream or may be
added to the ethylbenzene hydroperoxide-containing feed
stream prior to entry into the epoxidation reactor(s)}.

30 The feed may also contain some methyl phenyl ketone
and/or l-phenyl-ethanol formed in the preceding oxidation
section or in a preceding epoxidation reactor or
contained in a recycle stream. The exact feed composition

depends on whether at least part of the feed has already



Average Tenperature Tenperature Increase tenperature in out (c) (O (C (0O

React or

41059411723 React or

t he cool i ng neans,
I nvention) was attained. Table 2

t he

11049711215 React or
510510011010 React or
After changing the tenperature profile over the
tenperature profil e-oft4Table 2 (according to the
(according to the invention)

21049711013 Reactor

61011011021
reac

31049311421 Reactor
act or 21011032
t ?"&”\%FE%O%ghe hel p of

5 Average

Tenperature Tenperature |ncrease tenperatumguyeout (C) (c)(c)(c) Reactor

17775793 React or

27473752
(not according to the invention)
Average Temperature | Temperature | Increase
temperature in out
(°C) (°C) (°C) (°C)
Reactor 1 104 97 112 15
Reactor 2 104 57 110 13
Reactor 3 104 93 114 21
Reactor 4 105 94 117 23
Reactor 5 105 - 100 110 10
Reactor 6 101 101 102
Reactor 7 102 101 103 2

After changing the temperature profile over the
reactors with the help of the cooling means, the

temperature profile of Table 2 (according to the

invention) was attained.

Table 2

(according to the invention)

Average Temperature Temperature Increase
temperature in out
(°c) (°C) (°c) (°C)
Reactor 1 77 75 79
Reactor 2 7 73 75
Reactor 3 72 69 74
Reactor 4 77 68 84 15
Reactor 5 95 79 112 34
Reactor 6 111 107 115 '
Reactor 7 118 115 121

It was found that when operation was carried out
according to Table 2 for 10 hours, the average propylene

oxide yield during these 10 hours was 0.7 mole% higher

than the average yield during the 10 hours before




React or 37269745 Reactor 477698415 Reactor 5957911234 Reactor 61111071158
Reactor 71181151216 It was found that when operation was carried out
according to Table 2 for 10 hours, the average propylene oxide yield
during these 10 hours was 0.7 nol e% hi gher than the 2Ve*PIY8E 3981 d duri ng
the 10 hours before - 15. 7 Novenber 2005 Smﬂ#bﬁing to the tenperature
profile according to Table 2, i.e. when.the operation still had the

t enper at ure prof skgtandayditeg the TaNpedatiBxanptef21® atterdhag g oper at ed
t he bank of reactors agcording .to Tagble 2 for.,3 days.afier, ‘having carried
out Exanple 1, ﬁ@iﬁe%peFaFurgqﬁQﬁéh%a%&EF%&%%?d?%bl?oh?gb? ®3
(according to thegehmpeeatuee) prbHille Jcdmatigi bg Tabléelinvention) 10
Average Tenperature Tenperature Increase tenperature in out (C (O (O (0O
React or 18684885E¥@MPLAr 2282, 80833 React or 37774806 Reactor 480738613

S After having operated the bank of reactors according
to Table 2 for 3 days after having carried out Example 1,
the temperature profile was according to Table 3

(according to the invention).

Table 3
{according to the invention)
Average Temperature | Temperature Incregse
temperéture in out )
(°C) (°C) (°C) (°C)
Reactor 1 B6 : B4 88
Reactor 2 B2. . 80 83
Reactor 3 77 74 80
Reactor 4 80 73 . - 86 13
Reactor 5 o8 82 115 33
Reactor 6 115 105 121 13
Reactor 7 124 120 127 ' 7

With the help of the cooling means, the temperature
10 profile was. changed to the temperature profile according

to Table 4 (not according to the invention).




React or 5988211533 Reactor 611510912113 Reactor 71241201277 Wth the help
of the cooling nmeans, the tenperature profile was. changed to the
tenperature profile according to Table 4 (not accor Q@ﬁ?ﬁ’tgﬁ i nvention).
- 16 7 Novenber 2005 Table 4 (not according to the in 8h5°%8 10 Aver age
Tenperature Tenperature Increase tenperature &#f out ('C ("C (' O (CO
Reactor 11059911112 Reactor 21039810810 Reactor 31039511117 React or
41039311320 Reactor 51019410813 Reactor 61@2H1&ll4l4 Reactor 71121101144 It
was found that when the operatjon accordlng to Table 4 was carried out for
10 hours, the average propyl € BRPTAEI bor PR ER¥8BTiGMHours was 0.6

mol e% | ess than'TTﬁf?ﬁRﬁ?Eﬂr1ug¥a@ '?@hﬁéfhﬂuﬂ&r'f&mﬁérﬁeﬁfé & se

the tenperature profile was|changed. Tabl e 4, 1.e. [duri’hg operatli on

according to the| tenperatu éqﬂﬂﬁﬁﬂﬁﬂ%ﬁ Tabl ei®. out

(°C) (°C) (°C) (°C}

Reactor 1 105 99 111 12
Reactor 2 103 98 108 10
Reactor 3 103 CE 111 17
Reactor 4 103 _ a3 113 20
Reactor 5 101 94 108 13
Reactor 6 108 108 111 4
Reactor 7 112 110 114 2

1t was found that when the operation according to
Table 4 was carried out for 10 hours, the averaée
propylene oxide yield during these 10 hours was 0.6 mole%
less than the average propylene oxide yield during
5 10 hours before the temperature profile was changed to
Table 4, i.e. during operation accordlng to the '

temperature profile of Table: 3.
Example- 3 ‘

After having operated the bank of reactors not
i0 . according to the invention for 4 days after having
carried out Example 2, the temperature profile was

according to Table 5 (not according to the invention).




Exanpl e-3 After having operated the bank of reactors not according.to the
I nvention for 4 days after having carried out Exanple 2, the tenperature
profile was according to Table 5 (not according to the invention). - 17 7
Novenber 2005 Table 5 (not according to the &9vgntioﬁ6“®mﬁ98? 2
Tenperature Tenperature |ncrease tenperature~i'n out (C) (C)(C(C) Reactor
11059811113 Reactor 21049911011 Reactor 31059511419 Reactor 41069411824
React or 51059911112 Reactor 61101091112 R&aRIk® F111110, 1133 After changi ng
the tenperature profile over fﬁgk é%@%%&i%g“%&hth eiﬂ%hﬁt&%rhhe cool i ng

e of “Table

means, the tenperature profi (according to the  invention)

was attained. Table 6 (acqor dAweriget hd TemparatnyreAvBempger@suger apfucerease
Tenperature temperature in out
(°C) (°C) (°C) (°C)
Reactor 1 105 - o8 111 13
Reactor 2 104 .89 110 11
Reactor 3 105 95 114 19
Reactor 4 106 94 118 24
Reactor 5 105 99 111 12
Reactor 6 110 109 111 2
Reactor 7 111 110 113

After changing the temperature profile over the
reactors'with the help of the cooling means, the
temperature profile of Table 6 (according to the
invention) was attained.

Table 6

(according to the invention)

Average Temperature | Temperature | Increase

temperature | in out

(°c) (0 (°C) (°c)

Reactor 1 87 84 ‘89 5
Readtor 2 85 83 87
Reactor 3 80 76 84

Reactor 4 82 74 920 le

Reactor 5 101 B4 - 118 34
Reactor 6 114 109 118
|Reactor 7 120 117 123

5 It was found that when operation was carried out

according to Table 6 for 10 hours, the average propylene
oxide yield during these 10 hours was 1.2 mole% higher

than the average propylene oxide yield during 10 hours




I ncrease tenperature in out (C (C(C(C Reactor 18784895 Reactor 28583874
Reactor 38076848 Reactor 482749016 Reactor 51018411834 Reactor 61141091189
React or 71201171236 It was found that when operation yﬁs carrj g out
according to Table 6 for 10 hours, the average propyl eN&® ?f%@ yield
during these 10 hours was 1.2 nol e% hi gher = tian-t he average propyl ene
oxide yield during 10 hours 7 Novenber 2005 - 18 before switching to the

tenperature prof be€oaer hflitthiny J@btRe brehpera®ie] Lo QN Ad@rdiid lto
had the tenperature profile according to Table 5. Exanple 4 After having

operated the bankaBfer Eactiors: atheRr dikg operahtonnssatilomachrthe days, the
tenperature prOftéﬁp@%%td%éxﬁfﬂfEhé(bééﬁ%&iﬂ%(ESCﬁéﬂﬁggsto the invention).

Table 7 (according to the invention) 10 Average Tenperature Tenperature
| ncrease t enper aEEgBEpilg 4
5 After having operated the bank of reactors according

to the invention for 4 days, the temperature profile was

according to Table 7 (according to the invention).

Table 7
{according to the invention)
Average Temperature | Temperature | Increase

temperature in out
(°C) (°C) (°cy . | (°C)

| Reactor 1 B7 g4 89

Reactor 2 83 81 B4

Reactor 3 78 76 81
Reactor 4 80 74 86 12
Reactor 5 97 81 114 34
Reactor © 114 106 122 17
Reactor 7 127 122 133 | 11

After changing the temperature profile over the
reactors with the help of the cooling means, the
10 temperature profile of Table 8 {according - to the

invention) was attained.



out ("C (0O ('O ('C Reactor 18784894 Reactor 28381843 Reactor 37876815
Reactor 480748612 Reactor 5978111434 Reactor 611410612217 React or
712712213311 After changing the tenperature profile over the reactors with
the hel p of the cooling means, the tenperature profi]&O6MeeA02 8
(according-to the invention) was attained.. YgNevenber 2005 - 19 Table 8
(according to the invention) 5 Average Tenperature Tenperature |ncrease
tenperature in out (C (O(O (O Reactor 5%? 011 Reactor 2103981079

React or 31039511116 Reactor 41049211624 R 1029311118 React or
61091061126 Reactor 71141111176(according to the invention)
Average Temperature | Temperature | Increase
temperature in : out
(°C) (°C) (°C) (°C)
Reactor 1 105 99 110 11
Reactor 2 103 98 107 9
Reactor 3 103 95 111 16
Reactor 4 104 92 116 24
Reactor 5 102 93 111 18
Reactor 6 109 106 112
Reactor 7 114 111 117

It was found that when operation was carried out
according to Table 8 for 10 hours, the average propylene
oxide yield during these 10 hours was 0.3 mole% less than
the average propylene oxide yield during the 10 hours

5 before switching to the temperature profile according to
Table 8, i.e. when the operation still had the

temperature profile according to Table 7.




It was found that when operation was carried out according to Table 8 for
10 hours, the average propylene oxide yield during these 10 hours was 0.3
nol e% | ess than the average propyl ene oxide yield during the 10 hours
before switching to the tenperature prgfile accordi ng’ NBemPERF®Ss, i . e.
when the operation still had the tenperature profile according to Table
7.. 20 7 Novenber 2005 CL Al MS 1. Process for the preparation of

al kyl ene oxi de, which process conprises passing a feed containing an
organi ¢ hydroperoxi de and al kene through a bank of. at least two serially
connected reactors containing epoxidation 5 catal yst and wi thdrawi ng a

product stream conprising alkylene oxide and anglgghPH!qg reaction
dis

products, characterized in that the tenperatur controlled
in the bank of reactors such that during operation the outlet tenperature
of the final reactor_is 10 at |east 4 C higher than the outlet tenperature
of the first rehctoffAFRSEhEPTt RBSaPERRGE tdFeOft dldidieneoxidegt which

reactor is | owerpLhads} heoAes age aﬁgggagtgr%egh é&H%Jﬂ#%ﬁﬁffﬁC69éan§c

Process as clained in clai rocess the 15 erat ur
di fference over hydrdpestxidacand adkenel tbrougham tdemk enfpatatleast two

difference over the, final reactor. 3. grocess s.cl.ainmed in ¢lajm1 and/or
2 in which  protPekt e GURPEGECRRRFEPERe COP AR MY GPUREATEONT | nal
reactor Bs increasedl y4r tan@ witBdeAwanyly bRaduche s2@ dan HonraLs Phghas a

difference in average tenperature between start of operation and a point
intime during %per@noridienand apapilephphadst Feaskiedigdadugie®, i n

average tenperati e Al e ddnah {A2F! PhedtehBEralPe BY Hhnd Fddd™; during
peration. 25 4. Process as clainmed in any oné of clainms o4, 1n
controlled in the bank of reactors such that during
operation the outlet temperature of the final reactor is
10 at least 4 °C higher than the outlet temperature of the
first reactor and that the average temperature of the |
first reactor is lower than the averagé temperatufe of
the final reactor.
2. Process as claimed in claim 1, in which process the
15 . temperature difference over the first reactor is smaller
than the temperature difference over the final reactor.
3. Process as élaimed in claim 1 and/or 2, in which
process the average temperature of the first and the
final reactor is increased in time in such a way that the
20 first reactor has a difference in average temperature
between start of operation and a point in time during
cperation which is smaller than the same difference in
average temperature of the final reactor at the same
point in time during operation.

.25 4, Process as claimed in any one of claims 1 to 4, in
which process the feed is passed through the reactors of
the bank in a fixed order. '

5. Process comprising passing at least part of the feed

through a series of reactors which is operated

AMENDED SHEET




whi ch process the feed is passed through the reactors of the bank in a

fixed order. 5. Process conprising passing at |east part of the feed
through a series of reactors which is operated AMENDED SHEET 21 7 Novenber

2005 cyclically, before passing the fegd obtai ned throligfemper #98k of
reactors operated in a fixed order according to any one of clains 1 to 4.
6. Process as clainmed in any.one of clains 1 to 5 which 5 process further
conprises recovering the al kylene oxide fromthe product stream conprising
al'’kyl ene oxi de agpcahcaalyohblefore Rragsissy dhel faeddobba ingdonharofagtl ai ns

1 to 6, which [ ss further conprises yecoverin he al cohol frqomthe
10 product st reg}ﬂgﬁgnﬁfi g?ﬁﬁ%glrﬁylrgg’ﬁé%ﬁ%e”hr?d ‘%drf?%qs cCHROFE aRECAERYBPattiong
the al cohol w thahiechel protiaimdenyadiatd on catalyst to obtain the
correspondi ng al kene. 8. Process as clainmed in any one of clainms 1 to 6,

whi ch process f@rthBFOgefpr ASeslrdBeFeimgnherd schotldinen 1 heo15, pwhdad
AR AR T S T R R R
from the product stream comprising alkylene oxide and an
alcohol.
7. Process as claimed in any one of claims 1 to 6, which
process further comprises recovering the alcohol from the
10 product stream comprising alkylene oxide and an alcochol
and dehydrating the alcohol with the help of a
dehydration catalyst to obtain thelcorresponding alkene.
8. Process as claimed in any one of claims 1 to 6, which
process further‘comprises recovering the alcohol from the
15 product -stream comprising alkylene oxide and an alcohol
and reacting the alcohol with methanol to obtain an

ether,

F:\OA\TS1058PCT
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