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OXI RANE) Background of the invention The present invention relates to a

process fwo @eo34pr eparati on of al kyl ene oxi de. The epoxi eatvEpo2/0f97@l kene

into al kyl ene oxide by 5 reacting the al kene with an organi ¢ hydroperoxi de

is known in the art. For instance, in the comonly known nethod for

co- produci ng propyl ene oxide and styrene starting from ethyl benzene, the

af orenenti oned epoxi dation reaction is 10 applied. In general this

co- production process involves the steEs of ‘58%12? reacti ng ethyl benzene with
e

oxygen or aif°"tF FoF RREPMRA G IEhE h 0D EES , OYFRANEY eact i ng t he

et hyl benzene hydr.operoxi de_thus obtained with propene in the presence of

an epoxi dat | ongﬁi&g@_tﬁmw d ¥ | ene oxi de and 1-phenyl - et hanol ,

and (iii) COHVEVtTH@déﬁ@sén@hﬁWén@ié}ﬁnﬁélét%Q 6 Y4 byss debydegsion
!

using a suitable dehydration catal yst. Another nethod for producing
al kyl ene oxi dPTPIF-IDRDRALETEINDIOPEIDY| ene oxi de and net hyl

tert.-butyl 20 etfies dIMEBR)aSLH tdNG QM | S0BYLaNE, Bk PELPENEe,,, Thi s

process is well known in the art and involves simlar reaction :5¥eps as
t he styrene/ prio}dflelieg oxieled Pisstriciioh aproeeasi¢dsrdtoraronidael previ ous

paragraph. I'n the,, epoxigation step tert-butyl hydroperoxide is reacted
with 25 propene form ng propylene oxide and tert-butanol in the presence
of a het erogeneoust@poistaiah cat dllystcomernly bicnewolméeshasdibSequent | y

Fuel s Us A 5. Big Sh IS eene S of Srfh it Tl uof priteletllsing
plurality of redctidrevassel stleachfommmrai ivmed aepoxbdb hiedn ofeaction is
heter9geneous §btfﬁé§F-1ﬁNE¥heral 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 producing alkylene oxide is the
coproduction of propylene oxide and methyl tert.-butyl
20 ether (MTBE) starting from isobutane and propene. This
process is well known in the art and involves similar
reaction steps as the styrene/propylene oxide production
process described in the previous paragraph: In the
epoxidation step tert-butyl hydroperoxide is reacted with
25 propene forming propylene oxide and tert-butanol in the
presence of a heterogeneous epoxidation catalyst. Tert-
butanol is subsequently etherified with methanol into
MTBE, which is used as an additive in motor fuels.
US-A-5,849,937 relates to an olefin epoxidation
30 process using a plurality of reactor vessels each

containing a fixed bed of a heterogeneous catalyst. When



WO 02/ 090340 PCT/ EP02/ 04970 - 2 the activity of the catalyst in an

i ndi vidual reactor vessel falls to an undesirably | ow | evel, said reactor
vessel iswoakem3aut of service and a repl acenent reactor PCEgPe/0490Nt ai ni ng
fresh or regenerated catalyst is 5 intraduced. The tenperature of the
feedstreamis controlled such that the tenperature does not exceed 125 C
In Conparative,Exanpl.e .1, the tenperature of the . feed to the reactor
vessel is abo%theisgr%la‘fl %eojgtté}? Coaft‘—’utyf‘lggC elﬁbﬁrheftr}%nvjc%)ﬁje LHRF Y e

heat - exchangerwssared MhliId tialdry dnoqmissed.y Thar tienper atdd & isegfaskal |y

i ncreased as necessary to nai ntLﬁien jitehe desired CJeevel of conversion. At the
end of the epgﬁs(fftsji o I e FesP iR fherSRIALTHI  Hee et T
exchanger (aneetshenefoitaiiong eaeddr QuidRfedameratay®1js 121 C for each
15 reactor. As nentjoned in US-A-5,849,937, during operation the

tenperat ure ofPEUSSMESS Jptki(ERASHR e tdr $hge g4redms jiscreased in

time to maintaontthe desidnd el ofe CapEthan WHEh ymuld ather wi se-
decrease due to catalyst 20 deactivation.. In the process according to the
present inventdn, G-t IhiLmReai Hois &3l it dhaudemnarafeinrmde ofhe he

catalyst if thedemenaldng M dhedLaat g][ssta{]b%dm%fse&iedaﬁ gc@f]eorsdéa{lgc ta

certain tenperature profile. 25 Summary e Invention as now

surprisingly Bé&énepouidatian £ydlghand ddlceftsati-tordhowmrads aldeyl ene oxi de

Py et ox 06 it 1 RN AT ThE RED oT T Bt o s G FoNAas by applyi ng

a specific teapersases profdaesprary tcheadedetior SheAckaridiany teoretlheoPpr esent

i nventi on, th%onversion.dAt 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

accdrding 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
at least 4 °C higher than the outlet temperature of the

35 first reactor.



tenperature of the feed should be such that during operation the outlet
tenperature of the final reactor is at least 4 C higher than the outlet

t enper at uwe oefootsme 35 first reactor. WO 02/ 090340 PCT/ EP@EZTEPOYO1976 3
Therefore, the present invention concerns f 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 5 serially
connect ed react or S RIREPFE ngt D BEWRRT onl Ve tal S5 t CAME TS hlr RWPAESE
product streamGOMHd ShRGha A KybeNes oxi ke el &0i @b coe] cRSpreagkEoN
products, in which bank of reactors the tenperature of the feed is

control | ed sucHTHEESWIrPHYS Operatird (¢ AP ET 19N tehgeErature of the
final reactor y i ghet tﬂﬁhfh r t he
first reactor .Hﬁﬁpa%%ﬁcés%}@pti onneof t e&%}ﬁvée);}%%@% (%ﬁn%ﬁe%#éegeg{’o

speci fPcat i on,sexirdaet ronne i tRrEdrs cyetalnagteporidaticont ai ns at

| east 5 % of t I { J S i to the
react or icha o Ve iTe @1 guessu@cspr tihng to
the present ipveption.. It-wll .be clear someone skill.ed in 20.the art
that the feed vgl\én éoapnr]%té%a ee“’ldc{_ionrsgntgleoréeqn reeratr%%ect%%‘r sJC %f%?%gbé?ng

subj ected to tdevmtyradcesd aodoridiaty dumi tdegsesendn i tivenduiobet The fi nal
react @ is considered to be tte react.or bagore. whi Cghnt he a%ky{lelqe oxide is
separatled of f AAE 5 Wi ¢HF st %ﬁéar]aﬁeoan. % thetoMRTSi dn ¢ nltAReT
reactors in apematiton dwst et fianmntatite ief passiblest hedadoofeed is

eactors at_the start, of
passed throuq%éﬁgifgdr%géégip ion oéithe Invention

In the present specification, a reactor is considered

to be a reactor if it contains at least 5 %wt of the
15 total catalyst used 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
present invention. It will be clear to someone skilled in

20 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
before which the alkylene oxide is separated off and

25 which is in operation. If the conversion in the reactors
in operation is sufficient, it i1s possible that no feed
is passed through one or more reactors at the start of
the operation. At the time when one or more reactors are
taken into operation, the temperature profile of these

30 reactors will be relatively rapidly brought into
accordance with the present invention. In the present
description, the reactors are described in the direction
of flow of the feed.

The start of the operation is the time at which the

35 catalyst in the first reactor is replaced by fresh



the operation. At the tinme when one or nore reactors are taken into
operation, the tenperature profile of these 30 reactors will be relatively
rapi dl y bwouwghoosunt o accordance with the present inventi ®@aT/HPN2/04920 pr esent
description, the reactors are described in,the direction of flow of the
feed. The start of the operation is the tinme at which the 35 catalyst in
the first reactor is replaced by fresh WO 02/ 090340 PCT/ EPO2/ 04970 4

catal yst. In P csSles, i HARENTRP 2T ur b pr bFTPRraturperrethte F Bperation

wi |l be differeari romdherdenmerad Ul epe POFFL LU F RGN OPRE at bRP- HXe, 1 the
fresh catalyst present and constrained cooling duties. The tine at which 5

the tenperat uF Prioks |HNY rRFREL PR ofe Heo prloti Feesk cabrlyshrt of
operation to the U0l id:eq A Y- OPSEAEQM indM dke fi S efh@eﬁjfxtﬁﬁsg? ﬂgg@?{er ,

"during operation” wll generall%/‘ be after at least one fi ( ife
time of the dédralbaympreveatipes sedtplefetbhbl ghange ebsem onee gpaefele 18tof the

life time of t £ : jfic st one
third of the I?%e(‘sﬁ%eg?f ktt%ﬁeelp‘%tzfa y%t }ges %%g%ie%é %%y?wﬁ&??én%ig "t he
catal yst is twidl iodvief Thir ipryr Wi eh. thevewntal ySdurindedperaiston? vt he
process. After V] aken out peratiopn,, 15.c |l ys ]|

general ly be r(‘jfeergglgenfeagg't38goeégna¥ usedélggla%]s?ngﬁ?hfel%%%c%fss@%? #ee\pl)\.ﬁrjérg%n?f

i nvention. As tteatetialyet fhastpassed orpraftainky fateshexat abrystquattéhe

start. of - operatd qn. though the.catalyst jn all reactors can be replaced
at thleé)sarre t%r?e?cq}en%slo%r]reet{%ﬁm? St aﬁ%eesgﬁajéé%t HE AR BYedlE S f t he
catal yst at thpecend @fl Ihevheacitorlidank dse repl adedf atha 1ife ¢ifidé esent

fromthe time ahen.the eal 3Lyst, 1. L8P ASSL I B U0 TEPOLL S ALINE: o
the time during which the catalyst is being used in the
process. After having been taken out of operation,

15 catalyét will generally be regenerated 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 same time, in some

20 instances it can be advantageous if the catalyst at the
end of the reactor bank is replaced 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



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
react or iwO0 0awn9d3east 4 C higher than the outl et tenperatureTafPor/nge®7o fir st
reactor. Preferably, the outlet tenperature of the final reactor. during
operation is at least 8 C higher 30 than the outlet tenperature of the
first reactor rgaferabl%/ the outlet tenperature of the final

reactor duri ngl\%r)tgr%l({i)i on PLIRET | han bl ChiHrertemRerahere e T ethe

tenperature offthe f&sttseactor, nore preferably at |east 15 C higher.
Most preferably, the outlet 35 tenperature of the final reactor during
operation is at WGD2HDEERrEET/ EPo9497sent 1@t ben.Cc Higgher than t he

outlet tenperataeitdhe of ifd FEASI L ;pf@féf@oﬂé%&?@r&ilécﬁ‘%@é@sem
invention, the tenperature of the feed i's preferably controlled such 5

that aP the sttdrat oit thee oplerslt i oh e averalgeon dmperaitereddf each reactor
Is simlar. A'tté}xgg%ﬁxf@é &f C@éblperé%@%ﬁé”&rﬁief%ﬁr SNCOSoudiie il £ er ence

in average tenperature of the reactor ng t i ghest aver age
t enper at ure armbn Hee rleeporatiane gl fferénmoest Wverdgefdenenpar Aweads

Except | onal ol TEHRTaRE Chn oh Tk it hd T Er ek
average tenpersipsmsmtihe averdyge tenperathaeing def | mdesis swmafe t he
emmegture o el aelen Lo A NG T A0S Ll | IBELA o O
cat al yst deactdtvaiest dif | Q). diesed i @m bdhexedwriondl ¢ircusdtamrgs t 0
| ncrease the tomperature oot 18l cop AN N Lhe; catal yst, 1t has
now furt her
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 preferably 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



20 been found that a bank of reactors gives a higher yield if the
tenperature of the reactors is increased not only in such way that the
outl et tewperatidne of the final reactor is at |east 4 C rcghwo2/o492m t he
outlet tenperature of the first reactor_bgt_if additionally the 25 average
tenperature of the first reactor is increased nore slowy in tine than the

aver age tenper re of, the final reactor. Therefore,,6 at the sane point in
T e dur§ ng. GHeriis ori i HATGY Tors e 7 i helfi LTS JehLRSr |'s

preferably | owyeddtaiot he average tenperature 30 of the final reactor. Mre
preferably, the average tenperature of the first .and the final reactor is
increased in time i PR MBL tHRACEIES fFIRta At orledss a BPRFEPBACe in

average tenperat Ure helmben Staddt ofhe OREEM A OFe AL A B9 PEcR &EMERGUri ng
operation which is 35 snmaller than the same difference i n average

t enper at ur e WG 0% JOUT- PTT M DATTD ate anfa{herds nkemperretiore avhinb
same point in fd g dWdAg 5 opengidid ddridie Hanksof ok e@@éﬁr§h§0%§£Q§eat

| east 5 reactors, it is preferred that the second reactor upstreamof the
5 final react dreneHarng dthigtt aihed ekmdene eipesatigaCiif chicr¢Serablgast 5

First reactor prereraty Grriher 10 shar gt o o SPATo St T east

15 C higher. _fﬂi@hﬁte. tenperature difference over reactors can differ

greathy oven L1 (O SLANG JAETEIAE 8908 UL Aacltts EPRLALuLe

conposi tion, sucdatdsy tdweeraniointhefavergsni tenyysroperoxi gee psasehir. t e

tenperature of, the 13 [eediOn L nd, dhe, reactar, the aghiyily, gfpLhe

determined by the feed composition, such as the amount of

organic hydroperoxide present, the temperature of the

15 feed on entering the reactor, the activity of the
catalyst and the amount of catalyst present in the
reactor. It will be clear that the latter can be cﬁosen
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 treated, the number
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 over 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



catal yst and the anmount of catalyst present in the reactor. It will be
clear that the latter can be chosen wthin the technical and econom cal
constrai rwe ogfoenamo t 0 soneone skilled in the art. The act iPeirtBponb49rhe
catalyst 20 will depend strongly on the previous operation of the
catalyst, such as the amount of feed treated, the nunber of hours in
oper ati on, F%SSI'[IOH of the feed and the tenperature at which the

cat al yst has et ed t ahtl PEehRT e opt b QoeT Je‘F%rJa%I‘iath%dfaEFors

25 determ ni ngsddhe tieperiad Uf Emple £4 01 £OCEIL PFEF e eS| L thEASLOENAr € _
mai nt ai ned such that the tenperature difference over the first reactor is

smal | er than tAFECtTPERAEIRF P f F R nEERdYeFedBCO¥ i hal L3 E8RE oFhan the
Preferably, thenpperalian dsrfarénsd Opdy stich fb@éttf@a%ofenﬁfréﬁgre

difference over the first reactor 1s at nost C. If the bank of reactors
contaifs at | @tk PF e‘é@ﬁ@?@rs|@O¢’%a1raﬁt#ﬂérl%¢%’¢e5r%la<‘émlﬁsth’@h$errper ature

difference OV%%ﬂﬂB%Jﬂ(f% A LR PLNdS 5%@¥|fﬁet§@%bﬁ@ere%§@€ @ﬁ%&feam

di fference over the e one or two 35 reactors reactors
contai ns at | e@dstthaD 2100 03RCcPOT/EFF Ry 15 als Ieast ot®, °Ct I§ the

preferred thabonerd | AL dgo.caraloth Ol oouehdtiay Lheotopperabire

di f ference over%ﬁe second reac upstream o reac
t han t he temit@maia,rrae:lmef f@xﬁfmeemerovéne ¢achlsttheatiost dndthiee S5sbankdof

reactg 5s contq:l ns .at least 5 rfeact a:téjre di f ference over the

he
second r eact or upsﬁ?rearnrﬁs%fp§% . Ofa\{ :%Sea‘—%: onrlosf)reéerably is at least 10 C.

If the bank of I eztta0lyss tC aind ajarserd 1l 1 eastp Baashotiogrs, tméeopézempiamgture

di ff h the first th d, 1 t_preferabl i
ot et e e Bkt i LR afY b C SR rd TS e depag e S ARty e

temperature of the product coming out of the reactor 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 conversion,
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 reduction

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



tenperature can not be increased further because the tenperature of the
product com ng out of the reactor has reached the maxi numtenperature. The
maxi num twopenaswr e 15 is nmainly determ ned by the separ aPCOrEPOEaL930 t O

whi ch the product is sent for separating ij t he al kyl ene oxide. The
separation nmeans will usually be a distillation colum. At the sane

or gani ¢ hydroperoxi de conversjon, increased yield has been observed if the
outl et 20 tenpeiafttre bf TIRLITHINCIRARE? PESFoiet dagkedeentthe preferred
to allow the oujstotenperature of the final reactor to be 125 C or ‘
hi gher, nore preferably 130 C or higher, nore preferably 135 C or higher.
Such high outlet Heperganeeusiepdrldahnbdn reacabystal doeaskneductn onh@s of

h f i Thi | yst
the tenperaturgof 4he, Rt s T ;@érgprlgésaWI?é c%@%ﬁa&b@afﬁa yst 1s

used to its full potential. IT coolli ans are presen ween e final
react ob and t Fectisetiortpl eweli ong mdves f{rmbs iehet onetals, canmcleas

advant ageous t rat e rj i.ng 0 fi reactor at a

hi gher aver age%ngn%le%’t ulé(g&%(g%%‘%rﬁb ]\P#rl?i%?&?’ea%{%?ﬁ%ls%% hglgé Shorti vy Before
the mpjority dind hmricatalasty i suitalbee reldscedf hetereyendéotde tenperature
constraints du

to. the separatjon neans behind the final reactor, the
reactor before %Xelcia}hcnla?n rcgaatg jCJfS]\’I:SS ﬁ‘reessJC tf]g%?rf'}%rfle%a?%di?%%ﬁﬁié?‘
t enper at ure t lExanidieed il suMD 024 0034 RGId EROZ/ D497 c8 dés@c&@i}@édifan _
cool i means p t t we e r t : terog ous_ epoxi dati on
cat al jggts areL@_%inﬁ'@eﬁaaﬁ&%%f%afgﬁﬁé ﬁ*%ﬁpﬁgﬁeﬁj@% t he
catal ytically &b satltd ks il uoheo Orimergat ianstdon dehpdbsndsush as

vanadi u nol ybdenu tungsten, titaniumand zirconium One particul arl
suitablg]clas§' lQéﬁéybdgH@H&?l composition with at least Ofﬁ% by y

Weight of an oxide or hydroxide of titanium, while
EP-A-0,345,856 discloses a titania-on-silica

15 heterogeneous catalyst. 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 the liquid

25 phase.

In order to obtain the required temperature profile
over each reactor, the feed is generally cooled with the
help of dooling 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.

In the process according to the present invention,
the feed is ﬁreferably passed through the reactcrs of the

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



epoxi dation catalysts are the titanium based catal ysts. Exanples of such
catalysts are for instance described in 10 US-A-4, 367,342 and

EP- A- 0, 3480830903W5- A- 4, 367, 342 di scl oses the use of i nor @ERTEPODH4PQEN
conpounds of silicon in chem cal corrposlt§o_n with at least 0.1% by weight
of an oxide or hydroxide of titanium while EP-A-0, 345,856 discloses a
titani a-on-silica 15 heterogeneous catal yst. According to EP-A-0, 345, 856
this catal yst¥ils gi%aHabHE bilFHpr PR st chinabmramert it hl a

stream of gaseQus i tadd UM et rachhosi dendQbd etk Byokalied nadd otk ang
hydrol ysis steps and optionally a silylation step. 20 In commer ci al

oper ati on t he Wiiehtade a crper bl i 135 Reen grAa¢darderd r eactor is typically
of from50 to 150 ; f T r i n each
Herod aratly e £ fﬁé}ﬁ%ﬁga tcfz)a%]ge%ﬁ ESSU & d

reactor can be up to 80 bar, preferably o ( . ar. Cenerally,
the reacti on reefianding ite tiHee Ipxpsent 250 {Riseon |whithidrankb ohteperated
required tenperatur fi oV, react o i

cooled with tﬁLen %eﬁﬁpe(r) dc%% rl’ngaegnejg(%ag%resentélf)e%}\?\ie%%ecg\oé%hgg%géug%%é{n
epoxi dati on r gectamd. tIBOUde baskriofs sef i addyt wonndti el Teagarstedonpri ses
at least 2 serjal.l nect e eactors. Preferabl t he ban conpri ses of
from3 to 7 ré: cctal&r%a.ﬁ%’nn' ?ﬁé) rpd)erf(:)ecerses&)asce?:lf)lredsl n%ft%e‘%/ %Olbsr e@}aln% ifiventT on,
the feed i s pnefeer ald \a passiess tdff aughlddwet: rieactossiafl¢ heon@bctmdk in a

fixed,Qrder. This nmakes that. the first reactor W 02/090340 PRPCT/ EP0O2/ 04970
o Wi 1 omai R TR ST GHIGIS dhd The 71T GO T1°% TR 41 t he
final reactor dandapendeiriicind hendlegiemtadl WwhiLhcfdel caialey,st has been
deactivat ed. optionally followed by at least one additional
epoxidation reactor containing a 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 reactors, 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



Bef ore passing the feed through a bank of reactors 5 according to the
present invention which bank is operated in a fixed order, at |east part
of the fewoocassave been passed through a series of rea®CEEPONWMICH | S
operated cyclically. A preferred series reactors which can be wused is
a series of at least two serially connectéd 10 reactors containing a bed of

het er ogeneous epoxi dation catalyst particles and operated in a cyclic
node, opti onal9SPHFATHVRR bye Rt 13 BAShY P HeRF 1o afer eho%ki #a®T oh react or

containing a ke het erRgeneoNsdrSPaXb &Rt 1 oc ystapryiicles, and
conti nuously 1541vﬁ91dr a%s ng a gllrﬂ%dﬂct streamfrgfné‘?#e f?na? epoxi dati on
react or conpr ilsydup @ Kydener axizteuand EesdcdOhdixaspleeact | ol palotlect s,

from whi ch product streamthe al kyl eng xi de_end-product iis recovered, in
whi ch pr ocess (P thd YIT R TRAADT THO IS Gyt T darTY! o ERReF BahiST 6 | 20
put in5a posi tiert fany haiy dowdtdbsrdainde ortérctappsédtwn directly after

any one of the additional] reactors, when the activity of the epoxjdation
catal yst cont gﬁfg‘f)of’?%%%%(fl%' s Ve ey R LRPeires ?'ab?Xlg]r ¥%vel ; (b)

in this positigp#diee €atady sindv dhetiegr e@@e%ypoftﬁi:dviép/erc%’éiaé. contecéed, with
the effluent fromthe reactor in the preceding position at a tenperature
which is at | Sty By YdrepeToetds mid teperiur e Rydnpperorhes

catal yst was ijydsgdi g&gtgﬂ)h;taxﬂgﬁé&pn of the bank and for sufficient
time to restore its activity to the 30 desired level. This preferred series

of redBtors has bd&re debesideatsed reamrie dataiIrJaniCCyaremd dpprieat 2bn
EPOO’ 08052. Trleeﬁ@C&?Q S éé’rﬂ&?—% roptdéﬁwfé‘tﬁ&‘?di S Lﬂ(l:lﬁed in the

reaction of an alkene with an organic 35 hy: eroxi de. Suitable organic
hydr oper oxi des-careoWDl 021 DO 0B20e ROTY FROMtMYYyOfrom 2 to 25 carbon atoms

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
preferred. 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 particularly 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



- 10 secondary and tertiary hydroperoxi des derived froma C4-C20

al i phatic hydrocarbon, a C7-C20 aral kyl hydrocarbon or m xtures thereof.
Exanpl es wbD o209@3abl e organi ¢ hydr oper oxi des i ncl ude tert POWEP2/04970

hydr operoxi de, 5 tertiary anyl hydroperqxhqeL tertiary octyl

hydr oper oxi de, et hyl benzene hydroperoxi de,”cycl ohexyl hydroperoxi de and

di ethyl benzyl hydroperoxide. O these, ethylbenzene hydroperoxi de and
tert-butyl hydriciferakiae least nb8tAsul2abd ytapp?? edl. Pape Thezal kepstisad can
be any organi §§ggggwgﬁ viing | gast ' ' n- car bon doubl e
bond. Such cghpound mniﬁgg%ﬂe%§%?§ %%ﬁt%?gﬁ??%%1 @%%ngfgggbon atons and

preferably from)3 dpedrLarbere af OlBne SHiE ha@sSLepsOPENE, ch3 Py} easd 2- but ene,
1- pentene, 1l-octene, 15 1-dodecene, styrene %Q? nethglstyrene. Most
preferably, héMevELChrepentysls 13ePERIHE QY Kede, Ot husdpr batRRrRY

propyl gne oxi deidh A6E oS HBNCeap 1 & her I DERSS t&fovPI €sENERENVENt i oN
The het er ogeneous epoxi dation catal yst used nay be 20 any such catal yst

known in the wﬁmplnﬂnasmhieﬁﬂtempﬂat@aialy&R%QZR%%4}EaCWibhihethEen an
al kene and an organic hydroperoxide into the correspondi ng al kyl ene oxi de
and al cohol . fqgmeided, RT thhiunt ERPRAI T R Lot Yshedaperrbepef eFPEA.

Accordingly, the .catalysts disclosed i he pat ent_spgecifications

US- A- 4, 367, S IR e%i%@uﬁss%%zi%bv%n%? €8r}f‘i nsEdhEa tepe

applied. It haskyhayemess Heeind oatdcb@artitides | yf atventagghus) t oThse t he

titanis-on-silica cat al stﬁadisc osed,.in EP-A-O,3%§%856 in all epoxidation
s

react for t9&FuFdo THe PR IR MRRE i Int2dthen™ t hese catal ysts
are used, verwo-goarh sesdts are achieved by the present process. A further
catal yst which can be used in the process )

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

15 2 %wt, more preferably at most 1 $wt. The amount of
hydroperoxide which i1s 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 feed to the epoxidation

20 reactor 1s 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 the epoxidation unit comprises at least some

25 ethylbenzene hydroperoxide and normally also a
substantial amount of ethylbenzene. Propene is either
added to the reactor as a separate 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



according to the present invention is a titanium containing silicon oxide
catal yst having (1) a nean pore WO 02/090340 PCT/ EP02/ 04970 - 11 size of
at | east WO 0A09032) 5 to 200 A pore size fraction constit®Cirmpozat4oreast 90%
of total pore volune, (3) specific pore _volLunme of at least 0.2 cnB/g, and
(4) which catalyst is obtained by use of a quaternary 5 anmoni um salt
tenplate, followed by renoval of the tenplate, which tenplate is

[ NRIR2R3R4] + PRErhiGPRGEed griut &8 BESTSOus | $eh?sS Rt f ipereH&E H/r ocar bon

group having.acarhan Miber, 6512 4 0s36; e ANeh £ 10 Rbpd pdisate  al kyl
groups having carbon nunbers of 1 through 6). The 10 catal yst has been
descri bed in rycd id@tlahy, iprefgrabm/s7ysricheapréerer il alhaRp itk

process accordj 1 | } i i I i nost
oout of - uncomart e By PR AR 08 MR P e LS S Bhear
nmor e pbef er ablepcatidagsiorn] BenctThe wwbeint iof L1hgtdr pekbxé def v chhe s
converted in the fi reac . can i 113 ich here is
someti mes onl )Praeces&r:%ﬁ %ﬁ%%%%%rset%?f%éieﬁ%e véé%i@%%@?lﬁn%%g?g%%tor. The
conposi ti on ofprtdiidteadbtlio-ihesepoxi dht korw2thimacimd dsshbtlatienkal for

the process of the presen i nv ion i he it may have any
conposi tion \ﬁfﬂwjisse%o?#m rgf‘.@%%%?a‘%t ?)p%&?afﬁ%%gé%%%ordi ngly, in case
of a Zty_rene/ pryemd o oxdae ¢o-pradudld ion PO ocessethyheehreme t oof hérom
epoxidation unit co ises at least s 25. et hyl benzene hydroperoxi de and
normatfPy al so ¥ ﬁﬂjgdin‘ﬂ.”’r%lp%%%lﬁ?' o‘?ggfﬂ?}Pb%nE%n K=" og_e%}églil%fgﬂ aerrlOE
added to the rgactor @som Geparatecs erdcisyl esineoyl Maytbee, atlleal totshe

et hyl benzene hydroper oxi de-containing feed streamprior to entry into the
epoxi dati on r@ict]t)ch $yts.

In an MTBE/propylene oxide co-production process the
feed to the epoxidation reactor comprises at least some

15 tert-butyl hydroperoxide (TBHP) in a tert-butanol
solvent. Similar as in the styrene/propylene oxide co-
production process, propene is either added to the
reactor as a separate feed stream or may be added to the
TBHP-containing feed stream prior to entry into the

20 epoxidation reactor.

The process according to the present invention can
further comprise recovering the alkylene oxide from the
product stream comprising alkylene oxide and an alcohol,
preferably with the help of distillation.

25 The process according to the present invention can
further comprise recovering the alcohol from the product
stream comprising alkylene oxide and an alcohol and
dehydrating the alcohol with the help of a dehydration
catalyst to obtain the corresponding alkene.

30 The process according to the present invention can
further comprise recovering the alcohol from the product
stream comprising alkylene oxide and an alcohol and
reacting the alcohol with methanol to obtain an ether.

The invention is further illustrated by the following

35 examples without limiting the scope of the invention to



30 The feed may al so contain some nethyl phenyl ketone and/or

1- phenyl -ethanol formed in the preceding oxidation section or in a

pr ecedi ngvepexdadai i on reactor or contained in a recycle $CrTEen/odbhe exact
feed conposition depends on whether at _|east part of the feed has already
WO 02/ 090340 PCT/ EPO2/ 04970 - 12 been contacted with a previous series of
epoxidation reactors, preferably a series which is operated cyclically,
preferably a {8556 RESedethdhed B M- appl i cati on PCT/ EPOO 08052. A

typi cal feed @t}g%;gj_méga the 5 epoxidation reactor, which is first in line
after the préceding oxidation step including oxidation reactor, product

wor k-up steps (i KESv@FG NP GG %th oS 2 it vds $F3¥mMa% to 25

Wt % et hyl benzeng o findk aperoxd A& wafide %33%@55&&%% eidyd banzens, ©hefrom
10 30 to 50 wt % propene, of fromO to 5 wt% 1-phenyl -ethanol and of fromO

to 5 wb% met hylxaghelfy|akeshialg thy d£hotraching oot iERsA 1 240 MIBE/ pr opyl ene
oxi de co- producti r : ; i i rises
ahd &_f){at%%é @(ﬁ%ogge?féﬁéﬁ%m%&%é%& vPéer‘f‘lO%)

at |east sonme 15 tert- oxide (TBHP) in a tert-butano
sol vent. Simileaxd & i9wit het stiireiepmapy | erfrapgdexicde ot ity Hosn peoeess,

propene is either Iﬁﬂ%&d J0 tépq%oel(raagacetxocresass S ate Ijreeesderr%g rﬁem}g% may be

added to the TBH al ni ng streamprior to entry into
epoxi dati on r ezetidyr .baded prroceEss nacleor dimgunto ¢heoprasienthydware i oni dan

urthe, comy | o ST e Lioiiens o 45 TAD e cptadicy slagam
di still ation. nAyhlhergyoes pageoraidignised heo getdsentbea fivisntdore chng
further Cowpﬂgﬂ%rfgéggggfl ﬁé“}égc‘%?”wié‘%%éﬁg%éﬁ‘ﬁ¥%ﬁid full at
50 bara pressure. Before entering the -bank of reactors
according to the present invention, the feed has been

15 treated with the help of a series of reactors which is
operated cyclically as described in patent application
PCT/EP00/08052. ’

The bank of reactors consisted of 7 reactors which
had been operated during more than 1 month. Each of these

20 reactors contained at least 7 %wt of the total amount of
catalyst épplied in the bank of reactors. Cooling means
between each of the reactors adjust the temperature of
the reaction fluid, with the exception of reactors 6 and
7 between which there is no cooling means.

25 The product of reactor 7 was virtually free of
ethylbenzene hydroperoxide both during operation
according to the invention and during operation not
according to the invention.

The propylene oxide yield was taken to be the molar

30 amount of propylene oxide obtained divided by the molar
amount of ethylbenzene hydroperoxide supplied, multiplied
by 100.

Example 1
The temperature profile of the reactors was as

35 described in Table 1 (not according to the invention).
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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 3
Reactor 2 74 73 75 2
Reactor 3 72 69 74 5
Reactor 4 77 69 84 15
Reactor 5 95 79 112 34
Reactor 6 111 107 115 B
Reactor 7 118 115 121 6

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



the reaction fluid, with the exception of reactors 6 and 7 between which
there is no cooling neans. 25 The product of reactor 7 was virtually free
of et hylwernzess4hydr oper oxi de both during operation acc®CaiEPg2/0497¢ he
invention and during operation not accordifng to the invention. The
propyl ene oxide yield was taken to be the nolar 30 anount of propyl ene
oxi de obt ai ned dj vi ded bg the nolar anmount of et hyl benzene hydroper oxi de
suppl i ed, nul t3'pHEERinGyta obhe ExempreriuTRePTehbb? a2 cFerptoei F@ of the

react ors was ag 38 desci i bedyhan Tabh eode £801oACEOX fi Nga&Ochbe i nvention).
WO 02/ 090340 PCT/EP02/ 04970 - 14 Table 1 (not according to the invention)
Aver age Tenperm@iperFewperpfefele reeaseing ehpefdpteelin out (O (c) (O

(O Reactor 1,104 P7 412 15 Reactor 2 104 97 110 13 Reactor 3 104 93 114
21 Reactor 4-165ﬁ%ﬁ—117 23 Reactor 5 105 100 110 10 Reactor 6 101 101
102 1 SReactor 7 WPtapihavdng opéxztredhibngipgnk hef t eeperarsracpesdine over
the reactors w hel fat 00} nea : a ofile
of Table 2 (ag%%?%%ﬂget% ?%g 3i%€%%t?%%€gmas g??a%%gﬁ%égggﬁé %géfggéoﬁding
to the inventitdm temperature profile was according to Table 3

(according to the invention).
Table 3

(according to the invention)

Average Temperature | Temperature | Increase

temperature in out ’

(°C) (°C) (°C) (°C)

Reactor 1 86 84 88 5
Reactor 2 82 . 80 83 3
Reactor 3 77 74 80 6
Reactor 4 80 73 86 13
Reactor b5 98 82 115 33
Reactor 6 115 109 121 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).



Aver age Tenperature Tenperature |Increase
1 77 75 79 3 Reactor

React or

(O

React or 4wW002093%1 15 Reactor

2 74 73 75 2 Reactor
5 95 79 112 34 Reactor

tenperature in out (C (c) (c)
37269 745
6 PCI/FPOY0H16 8

Reactor 7 118 115 121 6 5 It was found Lh%ﬁ when operation was carried out

according to Table 2 for
during these 10 hours was 0.7 nol e% hi gher
the 10 hours before WD 02/ 090340 PCT/ EPB2PH29%0 -

10 hours, the average propyl ene

15

oxi de yield

tenperature profile accordipg:t %CC%l@lgztd t%e whenrdhe,pperation still

had the tenp

operated the bank of
carried out Exanple 1,

(according to

Tenperature Tenperature

Reactor 1 86
80 73 86 13
5
10

than the average yield during
switching to the

rature pro |Ie accord to Table 1. Exanple 2 5 After having
reabtoﬁ?@ﬁﬁgﬂwm hFerpe reablne 2 TEopeZagays [afrereaaei|ng
oY e profjle was accqrding tjo Table 3
the inventi %f& i g{ (accordlng to the i nventji on) Average
ncreas@ tenperatmr@)ln olit (09 ¢k) (c) (67C
84—88-5 Reactor 2—86+83—3 egetor—3—F+-748616 Reaeton 4
Reactdr T D50 3 111 i)
Reactor 2 103 98 108 10
Reactor 3 103 95 111 17
Reactor 4 103 93 113 20
Reactor 5 101 94 108 13
Reactor 6 109 108 111 4
Reactor 7 112 110 114 4

It was found that when the operation according to

Table 4 was carried out for 10 hours,
propylene oxide yield during these 10 hours
less than the average propylene oxide yield
10 hours before the temperature profile was
Table 4,

i.e. during operation according to

temperature profile of Table 3.

Example 3

the average

was 0.6 mole%
during
changed to
the

After having operated the bank of reactors not

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).



Reactor 5 98 82 115 33 Reactor 6 115 109 121 13 Reactor 7 124 120 127 7
Wth the help of the cooling neans, the tenperature 10 profile was changed
to the tewparatisne profile according to Table 4 (not acc®CarErPg2/04974 he

i nvention). WD 02/090340 PCT/ EP02/ 04970 16 Table 4 (not according to
the invention) Average Tenperature Tenper ature | ncrease tenperature in out
(0c) (0c) (Oc) (0C Reactor 1 105 99 111 12 Reactor 2 103 98 108 10
Reactor 3 103 95 111 17 Reactor 4 103 BPhaP 20 Reactor 5 101 94 108 13
Reactor 6 109 108 111 4 ngggogcgo;fégnélgol%ﬂe ihteWRschound that when the
operation according to Table 4 was carried out for 10 hours, the average
propyl ene oxide yield dufingvehese 10| Reupsragsre. brempevathess Inrmeadwe
aver age propy| ene oxide y%ghgeggghgg 5 10 hgurs before the tenperature
profile was changed to ab , I.e.l during operation according to the
tenmperature profile of Table GCExanpl e 3 A&f%ler haying c‘fﬁér at ed t he dank| of
reactors not Reaa“cor Hg—to-the—t+nvent+onshor—% ays—af YA
carried out Exa Fg 5 the tenpératurge profile was accor%lng o ijtﬁe 5
(not accor di ngRé@ctbe anenti ao). WD [02/090840 PCIJ EP02104970

Reactor 3 105 95 114 19
Reactor 4 106 94 118 24
Reactor 5 105 99 111 12
Reactor 6 110 109 111
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
Reactor 2 85 83 87 4
Reactor 3 80 76 84 8
Reactor 4 82 74 S0 16
Reactor 5 101 84 118 34
Reactor 6 114 109 118 9
Reactor 7 120 117 123 6

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



- 17 Table 5 (not according to the invention) Average Tenperature
Tenperature Increase tenperature in out (c¢) (c) (c) (c¢c) Reactor 1 105 98
111 13 Readkop0320 104 99 110 11 Reactor 3 105 95 114 19 PRe&PID04940 106 94
118 24 Reactor 5 105 99 111 12 Reactor ? 110 109 111 2 Reactor 7 111 110
113 3 After changing the tenperature profile over the reactors wth the
hel p of the cooling neans, the tenperature profile of Table 6 (according
to the inventddmrswesHi¢ainedio THkt B srcrlingrible h@cmvéhw ohy
Average Tenper@idire Jenpes atys, 14ed 2 RIPELAL U &had eyt (C) (0c) (c)
(c) Reactor 1 87 84 89 5 Reactor 2 85 83 87 4 Reactor 3 80 76 84 8
React or 4 82 74&ngeerEufRedsioflile 1adcgling B34 Taeketor 6 114 109 118 9
React or 7 120%%%¥ﬂ£ﬁ§ p 5 1t was found that when operation was carried out
according to r 10 hours, the average propylene oxide yield
during5t hese 10 hduitsmdmviiry mieiddhdre hdrdn ahesaatege propydene

oxide yield d%%'%%éihﬁgéﬂéﬁon 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) (°c) | (°C)
Reactor 1 87 84 89
Reactor 2 83 81 84
Reactor 3 78 76 81
Reactor 4 80 74 86 12
Reactor 5 97 81 114 34
Reactor 6 114 106 122 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.



WO 02/ 090340 PCT/ EP02/04970 - 18 before switching to the tenperature
profile according to Table 6, i.e. when the operation still had the

t enper at uwe oprefitd e according to Table 5. Exanple 4 5 Aft @CTE2/MMy7@per at ed
t he bank of reactors according to the |n;i ntlon for 4 days, the
tenperature profile was according to Tablé 7 (according to the invention).
Table 7 (according to the invention) Average Tenperature Tenperature
Increase tenperature in out (C) (c) (J2RE§ 8 Reactor 1 87 84 89 4 Reactor

2 83 81 84 3 Reactor 3 78 7 a%?:o??dﬁ%a%borthé nggﬁtggnl,z Reactor 5 97 81

114 34 Reactor 6 114 106 122 17 ReaCtor 7 12 11 After changing
the tenperature profile aveﬁVEH@geeact&eglpwrtaﬁuﬂfﬁe 'ﬁ@mpeéfittlﬁé cbutregse
nmeans, the 10 tenperatuf fi I6 Tabl elI{S (accprding,to thg invention)
was attained.| WD 02/ 09034%%@%% 815%04970 19 Thble 8" (accgrding to the
i nvention) Average Tenpefatur é°G‘)errper at ur el TCh)cr easg telperaturle i h”@ut
(00 (00 (00=foc—Reatteor 1659911613
Reactor 1 $o8° 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 6
Reactor 7 114 111 117 6

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.



Reactor 2 103 98 107 9 Reactor 3 103 95 111 16 Reactor 4 104 92 116 24
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the feed is controlled such that during operation the
outlet temperature of the final reactor is at least 4 °C

10 higher than the outlet temperature of the first reactor:
2. Process as claimed in claim 1, in which process
during operation the average temperature of the first
reactor is lower than the average temperature of the
final reactor.

15 3. Process as claimed in claim 1 or 2, in which process
the temperature difference over the first reactor is
smaller than the temperature difference over the final
reactor.

4. Process as claimed in any one of claims 1 to 3, in

20 which process 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 smaller than the same difference in

25 average temperature of the final reactor at the same
point in time during operation.

5. 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.

30 6. Process comprising passing at least part of the feed

through a series of reactors which is operated



reactor. 4. Process as clained in any one of clains 1 to 3, in 20 which
process the average tenperature of the first and the final reactor is

i ncreasedwpor2idoseo i n such a way that the first reactor hasTardi/bf9er ence in
average tenperature between start of operg tion and a point in tinme during
operation which is smaller than the sanme g'fference in 25 average
tenperature of the final reactor at the sane p0|nt in tinme during
operation. 5. Pr ess s cla ned in_an e 0 whi ch
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1 to 7, which process Tfurther conprises recovering the alcohol fromthe

10 product st reRdhprising al kyl ene oxi de and an al cohol and dehydrating

the al cohol wigh thehelp 9of @1 fdgbydration &?é%fséléﬂngbiaw ’?hewhlch7

correspondi ng al kene. 9. Process as clained in any one of clains
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and dehydrating the alcohol with the help of a
dehydration catélyst to obtain the corresponding alkene.
9. Process as claimed in any one of claims 1 to 7, 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.



