PROCESS FOR THE PREPARATI ON OF ALKYLENE OXI DE The
present invention relates to a process for the

w@e@par@vd on of al kyl ene oxi de. The epoxi dat i oPCDEP2004/051601
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al kene into al kyl ene oxide by reacting the al kene with
an organi ¢ hydroperoxide is known in the art . For

i nstance, in the comonly known nethod for

co- produci ng propyl ene oxide and styrene starting from
et hyl benzene, the af orenenti orred- epoxi dation reaction
is applied. In general this co-production process

i nvol ves the steps of (i) reacting ethyl benzene with
oxygen or aFRROGESS ¢ EHRyPRETARATE Chly @F o pBK BN , OX(TDE)
reacting the ethyl benzene hydroperoxi de thus obtai ned
with propene in the presence of an epoxidation

cat al yst T yWmesénpr dpytetiooxide tand tophepydcess for the

ethanol, and (iii)_ converting t - phenyl -ethano
Chto STSRSHEAS MEngaRiErOh GEIdRy o suitabl e
dehydr at i e calcadivst ion ApptdiBteetined bokyDEREUGiiRg by

al kyl ene oxide is the coproduction of propylene oxide

and nBeRGTiRErihe fdtgneethel IMBIERECaPYFRGPPFOMIe 18

I sobufane, and goRere. This process is well known in

the art and involves simlar reaction steps as the

styrene /propyidRacexi de pPrediriad Ypkoess snefdsed ifsed

in the. p ' : [ Lop R £

tort CBobLT R eRg e, P R IR e Ek R ron
f or m aghptiopytiers dhedefandmertiondyutegoslidehiomereaction is
presence. of .a het erogeneous_epoxi datjon catal yst, .Tert

but AT T SUbSEIURREl SEET ey i T Gl aieh RerHatioi otves

i nto MiBEstas odf i (§ )usedcasnanedddiddnzenienwiroh osxygen or air
fuels, A_further t hod conprises th nuf act ur e, of

or opy FENEOBR| RN 2EHE RERRORT - CtiEe ("Fh ERFSNG the
procegsnURBRELenS HRRGhaHoWE 8 BxYygaIbtlinatll wi Bh f@fdPene in

cunene _ ‘ _
the presence of an epoxidation catalyst to yield

propylene oxide and l-phenyl-ethanol, and (iii)
converting the 1l-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
ether (MTBE) starting from isobutane and propene. This
process 1s 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
propene forming propylene oxide and tert-butancl 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.

A further method comprises the manufacture of

propylene oxide with the help of cumene. In this process,



hydr oper oxi de. Cunene hydroperoxi de thus obtained is
reacted with propene in the presence of an epoxidation

wa@ anoaloy®v3t o yi el d propyl ene oxi de and 2- phenyPCT/EP2004/051601
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propanol. The latter can be converted into cunmene wth
the hel p of a heterogeneous catal yst and hydrogen.

Sui tabl e processes are described for exanple in WO
02/ 48126. The present invention goncerns the

epoxi dation reacti on between an ‘al’kene and an organic

hydr operoxi de with the hel p of a heterogenegus
cat al FePeNRiet 2rTFEHEGUY I EPORF YR I Cdfaltgsfery gimene

knownh';y_ar& Er &k ide Sushhepat ALY SESe Y COWRLESBHBSiALE 15
catalytically active netal one or nore transition

met al seashed wstlv avadiens 1rotYddeirrRnacuRgsfanepoxidation
titani Z] NI tig rd ul

ol aos CAF ALY k1 b GRS AL LAt SHEhaRYE propanc.
titanfom 1bbsed cat deysoaveERadpl mx afumsnehwiah atlystiselp of
are for igst ance descri bed iCn U -A—cff 367, 3 2.?nglEP-A-

0, 345%8B8 SHRIR % Ko +342 Vi s RI Dbt 1 s g Ugf b 1e processes
I nor gamkeCcdoxygefed ofOWRdsp0E ShlWw@ AL A48 1elkem cal
conposition with at |east 0.1% by wei ghl'h of an, gxj de
or hydr oxFa8 BFeIFtanVArtwAR| EEERIAS §35B8085@3 100

di scl eegstaohi bafhderr MNadikkhEaafetal QUeRRAUS h§atabySixide
obt ai nabl e by inpregnating a silicon conmpound with a

streaifitéh §BSebYP 134 aninereregPaRAl D riade WSt owed by
cal ci nati go apdydwanal v9ilos 8k ePsn ak LRIANELEY kAown in the

silylation step. Wen such heterogeneous epoxidation
cat al ystts arehuseathlystsatmalyy semphese poxitdgt icefaditamlly

o kenee e, L L Yal; SHOUKCRRELLIEL 57 el e
yst wou eep a hig ctivity

f or avieoadéumpendogbddnum, meuagstéennoul thrrieduesadt hérconium.

COStSC%%epggticularly suitable class of heterogeneous
epoxidation catalysts are the titanium-based catalysts.
Examples of such catalysts are for instance described in
US-A-4,367,342 and EP-A-0,345,856. US-A-4,367, 342
discloses the use of inorganic oxygen 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
heterogeneous catalyst obtainable by impregnating a
silicon compound with a stream of gasecus titanium
tetrachloride followed by calcination and hydrolysis
steps and optionally a silylation step.

When such heterogeneous epoxidation catalysts are
used to catalyse the epoxidation of an alkene, the
catalyst slowly deactivates. It would be beneficial if
the catalyst would keep a high activity for a longer
period of time as it would reduce the costs due to
catalyst consumption and the time and costs involved in

reloading of the reactors. Furthermore, slower



catal yst consunption and the tinme and costs invol ved
in reloading of the reactors. Furthernore, slower
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average reaction tenperature could be kept lower. It
has been found that a | ower average reaction
tenperature generally gives | ess by-products.
Therefore, a higher catalyst actjvity results in a
nore cost effective and producti've process. WO

98/ 32530 descr,i bes a process for the production of
oxi ¢ AEF oS By SPELETT Hy BRGHEenE With Gpe the

Or gani¢e Fygl opeic@Xicde t BEp&gaBusdldghieopkagtpe A MUSt It has
in which process about 25- 75 % of the heat of
r eact PRRR | PUKhdled By lpreheuising e dleact éaet trnEed Wy

direc i omt
g A i i S [
convertedl yeactdtéifyxrasel s i i dedei npott &bt griritve, and

one bgj ecycl adm xed with the cold feed and
t he o§ﬁ£§h%§ﬁ§§rﬁ?%§%gghe subsequent catal yst bed.

There i s Wb I9HfIR53Et depcotbéhea amurtissoforeticd iroduction of
m xture. which is recycled or the conversion ich has .

{ akenoBHEERS GAIRAEENOPY, ERG- HihGPIoRY LaRt i & vt o Janic

I s repygreskisxiddtanhyakl yofI€-Oft 0p¥keNEs@S in which

propyl ene is described to be vaporized and renoved
bef or BYPHRST e tor? omi/xt r 8% §he di8pdl od. r62fipen7is removed

teachgs phatedthmAcdiv b¥alfoferadd ialedecat dbysiciCalth a

be restored by contacting the de-activated catal yst
wi t h BR2EPOPERSEh Stageni BROHI bhraireeagtt o - t hperatRiqsess of

whi chpi 5,88 3 easte $aCehi9BSh L haLy the £ipdl mivture i
tenperature at Ich the at l[east partly deactivated
cat al ysvided imtaudeadipeets) yopefloring ecyraed afdtdmixed

o SRR A BIP Rl e d athtabedcapel ot
was subsequent catalyst bed. There is no information on the
amount of reaction mixture which is recycled or the
conversion which has taken place. Furthermore, the

reaction mixture which is recycled is subtantially free
of propylene as propylene is described to be vaporized
and removed before the reaction mixture is recycled.

WO 01/12617 teaches that the activity of de-activated
catalyst can be restored by contacting the de-activated
catalyst with an epoxidation reaction mixture at a
temperature which is at least 5 °C higher than the final
temperature at which the at least partly deactivated
catalyst was in use directly before the start of the
re-activation. In Example 1, the de-activated catalyst is
contacted with feed while a large recycle stream was
maintained over the reactor in order to ensure that the
catalyst to be re-activated i1s contacted with epoxidation
reaction product. A throughput of 48 grams/hour of feed

with a recycle flow of 2.5 kg/hour makes that more



mai nt ai ned over the reactor in order to ensure that
the catalyst to be re-activated is contacted with

W@pwiiot®os on reacti on product. A throughput of P@ABEBI0841851601
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/ hour of feed with a recycle flow of 2.5 kg/hour makes
that nore- A - than 98 %w of the product is recycled.
WO 01/12617 only uses a large recycle in order to
simul ate ideal mxing conditions, WO 01/12617 neit her
teaches nor hints at the use a recycle in the

nanufacture of alk ne_oxi de. 01/ 126 scrijhe

That Boa pf & ol G c1oy P eTond HaECSh i ocleai /18817 only
conprises 45rap Yt-yet Byl heszene tfa;y@mn%@agl H8:2136ri%Ang
omt ethyl benzene, 30- 50 %wm propene, O- Yt

1- pheRynei higvot - 4ivd 08/ 18634« neiiiaA Gﬁéﬁ??ﬁe@%@l&f@ &t the
total ,0f 100, %My & faﬁgemgﬁx\fé@m% %fp59§§§§na¥\'f6>&rﬁe

makes It possible to maintain a high catalyst activity
for a | ongOtiWEL2@0r depskhigey, that was vebset veekd Hetr an

the C%#%L¥§ tQ&@' ﬁ?éggso@o%?§ gé@ ﬂ f/@trggﬁ§iﬁéﬂ%gﬁe

used refore, resent Thvention relatés’to a
procesgdfepetéannuam@Péoi%ntoéth&l@énzmmeodee50w%wtﬂPIOpene,
process_co tainin

or ganP’¢ ShygF %é55¥ﬂ85t§h80 Iﬁ%ﬁe C& gg g?%egfiﬁﬁﬁﬁne’
to obtgi B ActgACtfF Qrpomet-ur e whi ch contalns of fromb5

to 80 % of al cohol, based on total anpunt_ of

reaction WExBa¥e, NQY ifPURENEABFPTRET HE Y BaBEKEH HE @i PLe

Wi th a,hgl ehPgeNeous Pexidalkens satwal s trokr020bbag Nt Bne
stream cont ai ni ng al kyl ene _oxi de and al cohol , and

(iii) Seapyebinglof ¥ ofms30besrusd omtatofthengaset¥am
obt ai ne C%QV§EE5E(WAQ gfgw%EeEf(é)reé@éﬂ@J%%s“h§Qang to

be bound to any theory, it
Therefore, the present invention relates to a process

for the preparation of alkylene oxide, which process
comprises

(i) mixing fresh feed containing organic hydroperoxide
and alkene with a recycle stream to obtain a reaction
mixture which contains of from 5 to 80 %wt of alcohol,
based on total amount of reaction mixture,

(1i) contacting the reaction mixture with a heterogeneous
epoxidation catalyst to obtain a stream containing
alkylene oxide and alcohol, and

(1ii) recycling of from 30 to 95 %wt of the stream
obtained in step (ii) to step (i).

Without wishing to be bound to any theory, it is
thought that the advantages obtained by the use of a
recycle are due to the increased amount of alcohol in the
reaction mixture contacted with the catalyst.

The present invention further relates to a process
for the preparation of propylene oxide which process
comprises contacting a mixture containing of from 5 to 25

swt of organic hydroperoxide, of from 30 to 50 %wt of



t hought that the advantages obtained by the use of a
recycle are due to the increased anount of al cohol in

WO b@soe®@et i on m xture contacted with the catal pEI/EPIN€051601
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present invention further relates to a process for the
preparation of propyl ene oxide which process conprises
contacting a mxture containing of from5 to 25 %w of
or gani ¢ hydroperoxi de, of from 30_to 50 %w of propene,
of from5 to 70 % of al cohol and of from 30 to 50

¢ acHIGHERERL OF oL T 00 & i) TaF 900" SWIOTTH &F From 30 to

het erpgeneous epexhsatiampsalal ybhsto abtaitaipeapyhenes
oxi de and al cohol. The reaction mxture which is
cont akaasd vt Rikherepdsq dattiodilcat at Y&t ¥ Honditdtls 2of

fr esm%&%g)g%ﬁgoﬁgc¥§$£9diﬁ% Ic%raamgéﬁ UES- oki%%liaﬂ F opy€ne

fresh contain |l ess than ot of al kyl ene
oxi deyxisseddonleebal - anount of reaction mxture, nore

specific I f. .al kyl O th th
Prefer ablay eyfcﬁgéf%égﬂtgjf%eu caﬁtlg?lngglgéftthaegiefl%w fe

al kylmmmden Mostlpsefarallsys plieffesshfdegednd recycled
contains no al kyl ene oxi de.. The al kene ed | th

pr ese’h‘?acftr'i‘\f’éhtmi%ﬁuﬁﬁn @%uaa o?cé]gnﬁge%% U th %Ontaln
at | essds aneralsi phat be gREPihe o&ddkonbaoed|en hmtdl amount

Such conpound wi Il generally contain f
car boft aﬁﬂ&t%mﬁi‘gf‘é?ab‘l“‘ﬁlr? riRca PSa;gy ﬁ‘? rﬁ"zft“ s oWE of
such 2, Prapensidebubedger 2Dt ane, fr@@ﬂtﬁé@j @eftends less
- dodecene, styrene and_nethyl styrene .

pref et yi HhoweFerlkphepenexids- u%&tagr?ﬁ%r%\‘?%né:he fresh

t hus Pé@&i%%xﬁ% iRIsORY! engy PXh e dyaccordance with the
process of the present invention. The organic

hydr oper dkiele Menehueafl be thedremenbe langnot¢arfias Pe any
hydroQ?&Q%ié“%é%g%Mﬂ 8a9§n§ué{5%g§%t ogégéﬂiﬁhatlc carbon-

carbon double bond. Such compound will generally contain
from 2 to 25 carbon atoms and preferably from 3 to
12 carbon atoms, such as propene, l-butene, 2-butene,
1-pentene, l-octene, 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 organic hydroperoxide which can be used can be
any organic hydroperoxide known to be sulitable. Organic
hydroperoxides which are widely used commercially are
t-butyl hydroperoxide and alkyl aryl hydroperoxide.
Alkyl aryl hydroperoxides are especially advantageous.
Specific alkyl aryl hydroperoxides are cumene
hydroperoxide and ethylbenzene hydroperoxide.

The heterogeneous epoxidation catalyst used may be
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



hydr oper oxi des which are widely used commercially are
t-butyl hydroperoxi de and al kyl aryl hydroperoxi de.
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Speci fic al kyl aryl hydroperoxi des are cunene

hydr oper oxi de and et hyl benzene hydroperoxi de. The
het er ogeneous epoxi dation catal yst used may be any
such catal yst known in the art_to be suitable for

catal ysing the reaction between an al kene and an

organi ¢ hydroperoxide into the correspondi ng al kyl ene
oxi de? AR EoHBIVEViEdwe e Fant IR AN EdREaF AF Ay Sts are

cat al Y5t 8 AF & Prefeiiagdgifccofdi i ysktheqcat Bbyst Sin the
disclosed in the gatent specifications US-A-4, 367, 342

and EPajenio gus: adilonas8etPabArd fdy, aRerEY ristde, 856
be appl] % und .p i ar,y
advan?%éggiiéééhﬁgg ?% ’t?§£n$§$%ﬁk%§igfc§£%%¥a yé?éhas'
di scl bsedven, Heeoh fOU45p856icmlatlly eporndageéons to use the

reactors_for the ,purpose,of the present .invepiipr
When ?ﬁ’ég%l%é?%ﬂi/s 1SC%aF8tﬁs§Sd‘?s v(glrsycslé) 54 rlrelsg%tzgnoa’rBezls’856
achi eygdaby éhexiptasent rprecess. £dn thenparpbat of the
operation the epoxidation reaction of step (ii) is

t ypi cRFF§eRar R Ot -af™EBnhRT &F (S 15F r ORP SO TY TeTY
135 Cgopsefesadly Hfe fomed0at By k2 GresEhe Presssy e

can bé up to 80 bar, preferably of from 10 to 60 bar

The react FOnComIMMPr OPerabl 9l i &g PR IRE BN dr pfaisien of
The cappgsitipn Of: e 1egCEh PR &b Xt @rUsefpbPatfes of
present Tnvention i's not Critical as long as the

requi fedmab®upe bI5 Alowslefpsabtesehtironcddr &Pngty, “¢n
case he?pRLyLene! ALORY GBC BXh IS, £0- RHAGUCLLED of
process, e reaction mxture wlTl ‘genierally conprise

sone eétrbyl bénzengd hyxdr.oféeoxedet aoml meotinvel pyedbsably is in
subst%ggi?kqggg%%aég_ethylbenzene. In case of a

The composition of the reaction mixture used in the
present invention is not critical as long as the required
amount of alcohol is present. Accordingly, in case of a
styrene/propylene oxide co-production process, the
reaction mixture will generally comprise some
ethylbenzene hydroperoxide and normally also a
substantial amount of ethylbenzene. In case of a
propylene oxide preparation process with the help of
cumene hydroperoxide, a substantial amount of cumene can
be present. If the propylene oxide is produced together
with methyl tert.-butyl ether (MTBE), the reaction
mixture can contain t-butane.

Propene is either added to the reactor as a separate
feed stream or may be added to the fresh feed or the
recycled reaction mixture prior to entry into the
epoxidation reactor(s).

The fresh feed may also contailn some methyl phenyl

ketone and/or l-phenyl-~ethanol formed in the preceding



propyl ene oxi de preparation process wth the help of
cunene hydroperoxi de, a substantial anount of cunene

w@anwsoeops esent. | f the propyl ene oxide i s proPCLER2004/051601
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together with nethyl tert .-butyl ether (MIBE), the
reaction m xture can contain t-butane. Propene is
either added to the reactor as a separate feed stream
or may be added to the fresh feed _or the recycled
reaction m xture prior to entry into the epoxidation

reactor, (s). The fresh feed may al sp contain sqne
met h;ﬂXlﬂ%éiﬁW REEbhR" oHd/ 3y al%ﬁ&ﬁé@%t%ﬁ?&dafiéf’ﬁeae?ﬂtor

the peceditRdned inOXigdatjar SeeLLAN Art ik &IPeeed Pdeq
epoxi dation reactor or contained in a recycle stream

typi cEmerigsE fleedd cobpraidied PenzeBenh ye eRtRUaFdigeng0-50 Wt
hydr | 0- 5 50s t Joethyl henzepes 30r SO M1 —et

pr opgeﬁg{ﬁ?-e%%’e\?ﬁé% 1§5 %%Wﬁ EEJe}t %%ﬁlgl' gn%l %9"?1 Wit %14%/l ethanol
met hydndperdy wtRemnehkeyl tmhen tlotait ook, 100 ant%talSedhl00 wt%.

fresh,f e%st eam.i;s_conbined with a.recycle stream.|
or de:huocg} i eeags?F]ge II}elasctcloo l%e%%t‘g%eh faorreuC gﬁl‘ens{_jream
t he presanrier RYeathothe Tdues irreal trie@Bt hox trutec frer foseuksa in

step (ii) of the.present invention will generally

cont aitf &9t 1gv%\7fl%rf' al cohol, nore specifically

at | east 78, W0t iahcehalurdreienabl ynattdeagti )10 f%he

of al cohol, based on total anount of reaction mxture.
The CORERYT dIV6RTHPN t bl lal TBIRH2 1ean CBBLABRIEA T i8R Shi gh®WE
by adgi ng aleahokoikp gl {dQn 1Q thejaksoholswhighahgonol,
present in the recHCI e stream Such al cohol can in

pri ncppfenadlanytalleanbl 10 Hollewdr 2lchiodt demwtd on total

preferably i the @Esmﬁixﬂﬁfé veq f LORELAE OF GANIE the
hydr oper oxi de dséd in the present process andl may be
obt ai anbcbHalomaandeheedé ocatt¥ dridn iyhedding alcohol in

addition to the alcohol which is present in the recycle
stream. Such alcohol can in principle be any alcohol.
However, the alcohol preferably is the alcohol derived
from the organic hydroperoxide used in the present
process and may be obtained from another location in the
plant in pure or less pure form.

A very high alcohol content has the disadvantage that
the concentration of the reactants in the reaction
mixture is reduced. Therefore, it is generally preferred
that the alcohol is present in an amount of less
than 80 %wt, more preferably at most 60 %wt, more
preferably at most 50 %wt, more preferably at
most 40 %wt, most preferably at most 30 %wt. Generally,
the reaction mixture subjected to step (ii) will contain
of from 10 to 40 %wt of alcohol.

The alcohol which is mainly present in the process
according to the present invention is the product of the
conversion of the organic hydroperoxide. If t-butyl

hydroperoxide is used, the alcohol is t-butanol. If



plant in pure or less pure form A very high al cohol
content has the di sadvantage that the concentration of

WO b@s5/06603 ants in the reaction m xture i s reduP€dEP2004/051601
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Therefore, it is generally preferred that the al cohol

Is present in an anmount of |ess than 80 %wu, nore
preferably at nost 60 %, nore preferably at nost 50
%W, nore preferably at nost 40 %wu, nost preferably

at nost 30 %w. Generally, the Pedction mixture
subjected to step (ii) wll contain of from 10 tqo 40

ot ofthyEsHgieneTREAaPRBFOT L1 hileh Usednai i y2 et Si n
the p{%g%%ytffe%%%mg §8 Lhfel e3RRbpbPYeNEd Of i dd)e the

pr oduct e conversion of the~“organic

hydr opkeaxdlde.s [2F-phebyl yprégafradper oxi de i s used, the

al cohol i - hut anagl. t y ' [

dsed, ¢ ndT% ST T2 by GG f e g i eted to
hydr opespxide icompsedest beé BftaolBolto 252%phenylorganic

propanol.. Mre specifically, the reactio ] Xture
subj eBYREPRG FLES 1 (i) %58%%? i °W&oﬁ?3an‘{’%e% S
of or gash cs hyslrsaperexbdeal @hdT (MLt grbA Odto of0 swt
al kene, of from5 to 50 % of al cohol and of fromO

to 60°5mEuB YU AHECESipotinds, tAt¢ta ofott AP BFL 106 St

Mor g RESEQSBP| Yehet BEaEEAGH | RILNird U@ 8UPE@CE @D (i)
step (ii) conprises of from5 to 20 % of organic ‘
hydr operpxiees off fnosmb3bot 80 5oviosit @frgankeneydeFrsramae,

S to 40 A cafok,angdrof fL,om Ot ¢8R Yo 0f0 swt of
furthéljr9 corr%giuong%, {boﬁg total of 100 %Ntr. l\/breO e
speci hiLcahdy,anhef daom ontai & uvwt ffbjfecthert eompamds, to

) oBTBEk o5 o S5 Sy bt M UTRERE regetion,

5 to ASx%ute ofulaj el tandtep f{iomdenpariGesd®f OHfom 5 to

furth%% %Sgpgyrggaagf% %yhggggrgii éy)é?Mfrbm 30 to 50 %wt of
alkene, of from 5 to 25 %wt of alcohol and of from 5 to
60 %wt of further compounds, to a total of 100 %wt.

It is preferred that the reaction mixture which is

recycled from step (ii) to step (i) has been converted to
a certain extent in order to have the required amount of
alcohol present. Therefore, it is preferred that the
product stream which is recycled comprises at most 15 %wt
of organic hydroperoxide, more specifically at most
10 $wt of organic hydroperoxide. Most preferably, the
reaction mixture which is recycled comprises of from
0.5 to 10 $wt of organic hydroperoxide. Additionally, the
reaction mixture which is recycled generally contains a
substantial amount of alkene as the alkene is usually
present in a molar excess and only part of the
hydroperoxide usually is converted. Generally, the
reaction mixture which is recycled contains of from 10 to
50 gwt of alkene. This is different from the recycle

stream which is used in WO 98/32530.



It is preferred that the reaction m xture which is
recycled fromstep (ii) to step (i) has been converted

WO 2008/00@03 ai n extent in order to have the requPCEEP2004/051601
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amount of al cohol present. Therefore, it is preferred
that the product streamwhich is recycled conprises at
nmost 15 %t of organi ¢ hydroperoxi de, nore
specifically at nost 10 %M of grgani c hydroperoxi de.
Most preferably, the reaction nixture which is
recycled conprises of fromO0.5 to 10 %w of ,organic

5
hydr oper B¢ deSCYddic SERERTYCR MR rEFIR6A Hikpuries fresh

whi Clr by ERCYCLASL 98RRfAblEY r§0N8 QI NSt 3uBY! aBhb akeight
anmount of al kene as the alkene is usually present in a

nol aragxoest weVai wigaen of sheP hiidrddpérofiger feed is of
usual i opveyt - | on @l Xt YpSst

uni 08 DotV ol EmREC S Vb i 1Y o B0 okt o

al kenpecIhiisalby diddwrent fromthe recycle stream

whi ch i d_in WD 98/ 32530, Th i
e conbi FEACR UR® (HELPRoRe B PN & i T aRGeaary T

rati @@nveref enaby,tidhensringbt hyatowendxidecydl e stceahe is
of step_(iii) to fresh feed is.of,from.QO. 0.4, nore_ .
speciFPddrry28f thtdmeatides, rﬁé@?%@é&i%%ﬁh%%ﬁ%t It is
It can e reupber sy dnerAcbirevae spbsi @t iialdeyitiivhl that the
conversion of the organic hydroperoxide if a recycle |

i s appijicsd tiis of hi e reflAnies Erapevetidhigh Rerg-apsin the
It is.apreterred sohodiient-oafh, t hei PL eagntsiinavepLEONor the
that the majority of the organi c hydroperoxide is
converdrerisponhis peeseire aoft anr 8B§clesstGenf awkprEcle

the finalpanhoplelne GQIVELALARL! Snbake] A DlrelBol e

ycl'e strea herefore, the present

i nventimmepr ebapabéys f Urtheontenpihgesh¢ | xemadanieacpEnghe

%B?thgggggggﬁaggp%%eigtgéggn(QQBa&Q€g %ﬁ&éﬁ§¥)égo&kd§@59n
catalyst to obtain a product stream substantially free of
organic hydroperoxide. The presence of added alcohol was
found not to be required in this process step in order to
maintain a high catalyst activity for a long time.

In an especially preferred embodiment, step (iv)
takes place in at least 2 separate reactors in order to
be able to replace catalyst if and when required without
having to shut down the process. It was found that it was
most advantageous if these reactors were placed in
series.

In a preferred embodiment of the present invention,
the reaction mixture is contacted in step (ii) with
epoxidation catalyst in at least 2 parallel reactors,
more specifically of from 2 to 5 parallel reactors. The
use of parallel reactors gives the opportunity to contact
the reaction mixture with catalyst of different
activities. The amount of feed sent to each parallel

reactor can be varied depending on the activity of the



catalyst to obtain a product stream substantially free
of organi c hydroperoxi de. The presence of added

wabk@shodsonwas found not to be required in this PCDERHS4/051601
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step in order to maintain a high catalyst activity for
a long tine. In an especially preferred enbodi nent,
step (iv) takes place in at | east 2 separate reactors
in order to be able to repl ace f@[@lyst i f and when
required without having to shut”down the process. It
was found that it was, nbst advant ageous if these

r eact G Wisite PEESEBH 1 'SR iTEQCTPR - ST Grgdt ton makes

embodi N toAfi riheuBE eseNbad ENtin@n cat hey s €aetd QM .

m xture is contacted in step (ii) wth epoxidation

cat alA&ditiiprgl lyeashe ZUi)%r%iF IRsiraddgét BPICL T gives the
speci f.i .Qf 0 el,- o) _ u
A L i o R b U
the rmastdon m xture with catal yst of different

activiti . _The unt. of - f sent_t ar.al | el
Factor Depahatyly Bt el Sl ERER LA Lk ve
t hecai@rarstaqareesentf Enetshecatedotsar 1 sSucht apesdtwidm feed

nmakes that optjinal use is. made af the tal yst :
pr esef VIO tQ4£%§FF§F PR S 010 BgrﬁﬁggPer%ﬁuﬂ¥ﬂ%996r0X1de
gi vestiide 0OPROE wakbYyED Kepliane dat abyshtidi hdyd ssiat time.
-down_of the process. Dependent on the further

ci r curBe I qmPogidReRBSs agl st Ry &8GR reafe been

cat al ¥5¢ ci H&OntAckedpbbin 1 sadhawiagea different
nol ar ratio of al kene to hydroperoxide than if the

cat al Rl eat e O-A-88¢PBES bh for sone tine.

et RIS Sk Sl S0 gt peyohean

- A- 030082843 . irPregfegr dbiy, 19f réqwmes0 asoreaciwn giixtivee,
Strea&%re specifically of from 60 to 80 3%wt.

The way in which heat integration is applied in the
present invention depends to a very large extent on the
exact circumstances. The use of the recycle makes that
the fresh feed is heated due to being mixed with the
recycled stream of step (ii) which tends to have a higher
temperature. The temperature of the recycled stream can
be decreased by contacting the final product
substantially free of organic hydroperoxide such as
obtained in optional process step (iv) via a heat
exchanger with the recycled part of the stream obtained
in step (ii).

The alcohol which is obtained in step (ii) and/or
step (iv) can be converted further in any way known to
someone skilled in the art. If the organic hydroperoxide
was cumene hydroperoxide, the 2-phenyl propan-2-ol
obtained can be hydrogenated into cumene again. If the
organic hydroperoxide was ethylbenzene hydroperoxide, the

process preferably further comprises separating the



10

15

20

25

30

obtained in step (ii) is recycled as reaction m xture,
nore specifically of from60 to 80 %W . The way in

waohiosioidsent i ntegration is applied in the presePeI/EP2004/051601

i nvention depends to a very |large extent on the exact
ci rcunst ances. The use of the recycle nakes that the
fresh feed is heated due to being m xed with the
recycled stream of step (ii) i,ch tends to have a

hi gher tenperature. The tenperature of the recycled
stream can be decreased bgh%ontactln the fina

pr oddcPhenpst @Htanal FrrreBhef PHY T SHRyaRopRE 3§ tiirating

such+gs gbgﬁéwﬁ dih0RLT QREL PROCKSS, reR (bM)dVA&éh
heat exchanger with the recycled part of the stream

obt aicagdlyat st@pph(t;al)n sTheent cohbl tighicglyans coby @ eregroxide

n step (L aNAIL $L6R (LK) £AD B GABLLEd L Nalrener

i n any -way oneone §kKi I n th

or gakioaphy de s pesaxt idey washenoinei hy dr-dperorildee oitmin
2-phﬁ@%§ propan- 2-ol obtained can be hydrogenated into
cune gain. If the organic hydroperoxi de was

et hyl benzggei hyshioper axi derthbe procasstedeber aix yfollowing
further conprises separating thel- hen I anol from
the [SFGEEEESsYERAM ard dehper 2PEngCe IWE‘H%§%§Il8Y?Eﬁ&ﬁn to

Wi th tm%ehgwt%upaldeéaméheﬁescat al yst to obtain
styrene. |If the organic hydroperoxide was t-butyl

hydr @gemoiiede, the process preferably further

conpri Se%h%eé‘%ﬂl%‘ﬂeme%n%r%&@ Su@bhtrﬁ%mcoh@lﬁ%@é n
MIBE. The invention is further illustrated by the

foll @mxgdemnpl eenalt tavade At Whigh teo Seselef Ok he
i nventjon tQ.t as&gﬁl egggfa%tae@r -SAPOL e a;tl%spéémgfy The.

exanﬁﬁes WEer € car In continu
ethylbenzene hydroperoxide and alkene feed streams, two

high pressure pumps, a fixed bed reactor, a third pump
for pumping a recycle stream over the reactor, means to
maintain the reactor uniformly at a desired temperatures
between 50 and 140 °C, a stripper to remove light boiling
components like alkene, a cooler and a vessel for
receiving the product.

The feeds were supplied to the reactor via the two
high pressure pumps and mixed together before entering
the reactor. The reactor was operated liquid full at
50 bara pressure. The temperature of the feed fed to the
reactor was about 90 °C. If desired, part of the product
could be recycled and combined with the fresh feed with
the help of the third pump. The remaining product was
stripped, cooled and stored. If a recycle stream was
applied, the feed of propene and ethylbenzene
hydroperoxide in ethylbenzene solution were mixed with
the recycle stream prior to introduction into the

reactor.



epoxi dation bench scale unit with two vessels on
automati c wei ght bal ances contai ning respectively the
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two high pressure punps, a fixed bed reactor, a third
punp for punping a recycle streamover the reactor,
means to nmaintain the reactor uniformy at a desired

t enper at ures between 50 and 1_401%C,_ a stripper to
renove |ight boiling conponents 1ike al kene, a cool er
and a vessel for receiving the product. The feeds were

suppl i ed 0§ ERe*}€At Y SARIWRE VaD i G Predsgrataining

punps. anhifxed togethernhaf a=e g@éﬁgw@ dheideRa6bal. in the
The reactor was operated liquid full at 50 bara

pr essia@pPlEhaceenperat te ehst tepehipedof def o 349é56. A total
react ug 9 141 desibedioRacd ofcd he tor.
pr oducgftr éc/:igﬁlr%plge ?eg?/%l %% and conbi n%d with the fer égﬁc or
feed wit Wheherbehpe ofiydivpardvixidepuapd dhetaiaesd wehgeen 30
pr oduct Stripp ool ed an iy a r

str eaarﬁl%v@sé’ﬁ%l f’gd,gg{l)ﬁe fieed eofh Sj’g?%géﬁgx%a%% th eec%ﬁbgnzene'
et hyl ienzerehhydedpes oxolshen ime e lyy hbehze ner spdnet iamd the
were mxed with the recycle stre rior to

[t v ORISR A0 Y EOPEERT S FRA“EpBRi AL T &7 CHICHIy St that
was a-gat@1ust reenbabii phopdicatioudtanl Beh i &te Wl eibewas ide
prepared as described in the Exanple according to the

t each¥®y BIOUEPLA 345856. A total of 21 grams of the

catal yst Mas digadedibntp the fRACHAE- cdhet MWBNi&apted so
hydr oper oxi de used contai ned between 30 and 40 % of

et hy| benz erra ey diope Pox ey 1 Ppnasmpl BEAZeneroxidfe ¥asesh

f eed it Al L XL Pg, prpene and the

et hyl%@rz%gle t%gglogé?gliléggg%ol ution in such amounts

that the Tod arecoatli ordér prepenien gate constant of the

ethy|ggg%fgg¥¥g§W%%%5o&ggedg%gkﬁy%gg aQSuming that first order
reaction kinetics apply in ethylbenzenehydroperoxide and
in propene concentration.

Comparative Example 1

In comparative example 1, there was no recycle of the
effluent obtained. After 20 days of operation, a
conversion of 80 % was obtained using a feed flow of

333 g/h. The kg was calculated from the

ethylbenzenehydroperoxide concentraction and propene
concentration at this time, and was taken as 1.
Example 1

In Example 1, 2/3 of the product was recycled. After
20 days, 420 g/h was fed to the reactor and mixed with
840 g/h of recycle effluent. The combination of fresh
feed and recycled effluent contained about 13 %wt of
l-phenyl propanol. The total conversion of the fresh feed

over the reactor was 78.9%. The ky was calculated from

the ethylbenzenehydroperoxide concentraction and propene



The flow rate of the feed was constantly adapted so

t hat conversion of ethyl benzene hydroperoxi de was
wapmsoxisnat el y constant at 80 % The second orBET/EP2004/051601

reaction rate constant of the epoxidation (kg) was

determ ned assuming that first order reaction kinetics

apply in ethyl benzenehydr oper oxi de and i n propene

concentration. Conparative Exangge 1 In conparative

exanple 1, there was no recydTé'oF'the ef f | uent

obtai ned. After 20 days of operation, a conversjon of |

80 vomaseobrathed aisithgcatfised RNOWdY AWdgLR,. Penk- 6 times

vas qaleylated fhiomd he eblylBrpzenelvdnapgpoxl de

concentralt ron_and propene concentration at this tine,

and was taken as 1 . Exanple 1 In Exanple 1, 2/3 of

the product was recycled. After 20 days, 420 g/ h was

fed to the reactor and m xed with 840 g/ h of recycle

ef fl uent. The conbination of fresh feed and recycl ed

ef fl uent contai ned about 13 %wu of -phenyl propanol.

The total conversion of the fresh feed over the

reactor was 78.9% The was cal culated fromthe

et hyl benzenehydr oper oxi de concentracti on and

propeneconcentration at this time, and was found to be

1.6 tinmes the calculated in the Conparative Exanple. 1.

Process for the preparation of al kyl ene oxi de, which

process conprises (i) mxing fresh feed containing

organi ¢ hydroperoxi de and al kene wth a recycle stream

to obtain a reaction mxture containing of from5 to

80 % of al cohol, based on total ampount of reaction

m xture, (ii) contacting the reaction mxture with a

het er ogeneous epoxi dation catalyst to obtain a stream

cont ai ni ng



al kyl ene oxi de and al cohol, and ( ) recycling of from
30 to 95 %t of the streamobtained in step (ii) to

waeL@s/0{d993 2 . Process according to claim1l, wnCT/EP2004/051601

10

15

20

25

process further conprises (iv) contacting the

remai nder of the streamobtained in step (ii) with
further epoxidation catalyst to obtain a product

stream substantially free of organic hydroperoxide .

3. Process according to claim 140 2, in which process
the reaction m xture subjected to step (ii) conprises

of from3 to 25 %w of organi c hydroperoxide, of from

20 to 50 %t of al kene, ofcfrombd e 50 % of al coho

and of fromO to 60 %w of Turther conpounds, to a

total of 100 %v. 4. Process according to any one of

the Hﬁeaﬁgbﬁgsglfﬂf“%hé WRLEh: PEOCES S 1Ra eBEOGUE e, which
streamwhich I s recyc ed conprises at nost 10 9w of
orga@kmcbydropnpDMﬂde 5 . Process according to any

one of t he prec C

r eact i'gn " xPﬁr eresqg %ecet%eg%%gg%\% &(%[ goccﬁ?%ld%gsgromde
fromah@g fanéQe%Mt}ﬁ)fa atezofadle. etr@mctecssokst@o@r @i mgagbion
any one of the precedin wh r

conprtised oty ??%b“q H%%%&IOEOH$§tJ$é mn%ﬁCOhOl based
epOXIcQ@ttloQalcaﬁlahyﬁtof m@tcﬂleasmﬁt@mal | el react ors

in step (ii). . Process accordln% any_.one, of

prece@ﬂﬁgq@PéﬁﬁﬁlPﬂ W cHeadte WRel'y Fu?%FTijb@'ng Epgﬁneous

str eaéBcQQtd%'t@%Pl EBr st ep (dd Jovk@ibr sk feead dcﬁqt@flnf]_hgm
0.5t . Process according to any one of the

pr eceiﬁtmglecﬂealoﬁédel AN EFPHoc 888 the al kene is

?rogeﬁgj_g §58§8§§n@QQ@nﬂkﬁg3b0t6n§50ﬁﬂ:QﬁfQM%I@&réam
O o, IN

obtained in step (ii) to step (i).

2. Process according to claim 1, which process further
comprises

(iv) contacting the remainder of the stream obtained in
step (ii) with further epoxidation catalyst to obtain a
product stream substantially free of organic
hydroperoxide.

3. Process according to claim 1 or 2, in which process
the reaction mixture subjected to step (ii) comprises of
from 3 to 25 $wt of organic hydroperoxide, of from

20 to 50 3wt of alkene, of from 5 to 50 %wt of alcohol
and of from 0 to 60 %$wt of further compounds, to a total
of 100 %wt.

4. Process according to any one of the preceding claims,
in which process the product stream which is recycled
comprises at most 10 %wt of organic hydroperoxide.

5. Process according to any one of the preceding claims,
in which process the reaction mixture subjected to step

(ii) contains of from 10 to 40 %wt of alcohol.
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whi ch process the organi c hydroperoxide is
et hyl benzene hydr operoxi de and whi ch process further

wa@eowpsni®es separating the -phenyl ethanol fronmP¢ch&P2004/051601

product stream and dehydrating the -phenyl ethano

with the help of a dehydration catalyst to obtain

styrene. 10. Process for the preparation of propyl ene

oxi de which process conprises contacting a m xture
containing of from5 to 25 % of “organic

hydr operoxi de, of from30 to 50 % of propene, of

from5 to 70 % of al cohol and of from 30 to 60 %

of f@rthBrocesmpansesdipgsed any totalofafbanprageding claims,

reachh?QhQ%%&ég§% cggl@lgggakoﬁfaéégk(%Mhewkggcﬁlon mixture

het er 0g€neous epoxi Riion cata yst to obtain propyl ene

OXi dalahdepbxndmilorﬂratBﬂQSESsn agitoraHiatg 2t packaled 1Eactors
in which gro?ess t he organi c hydroperoxide is

et hyt-Befiz&Re Uh{/dr oper oxi de and whi ch process further

conpri,sesrsepas adddigdihe tahenylomﬁIh&hmmefpmntéhﬂng claims
product stream and deh dratln the - (P et hano { . :
wi t hifh&hhehptht we &F&PPO LeheaY 5 T§BEaPRLained in

SLYreR@p (ii) to fresh feed is of from 0.5 to 4.

8. Process according to any one of the preceding claims,
in which process the alkene 1s propene.
9. Process according to any one of claims 1 to 8, in
which process the organic hydroperoxide is ethylbenzene
hydroperoxide and which process further comprises
separating the l-phenyl ethancl from the product stream
and dehydrating the l-phenyl ethanol with the help of a
dehydration catalyst to obtain styrene.
10. Process for the preparation of propylene oxide which
process comprises contacting a mixture containing of
from 5 to 25 %$wt of organic hydroperoxide, of from 30 to
50 %wt of propene, of from 5 to 70 %wt of alcohol and of

~ from 30 to 60 $wt of further compounds, based on total
amount of reaction mixture, to a total of 100 %wt, with a
heterogeneous epoxidation catalyst to obtain propylene
oxide and alcohol.
11. Process according to claim 10, in which process the
organic hydroperoxide is ethylbenzene hydroperoxide and
which process further comprises separating the 1-phenyl
ethanol from the product stream and dehydrating the
l-phenyl ethanol with the help of a dehydration catalyst

to obtain styrene.



