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PROCESS FOR PREPARI NG ALKYLENE OXI DE The present
invention relates to a process for the preparation of

wa@nooaloksghene oxi de. Background of the inventi OPCT/EP2005/050472

Processes for preparing propyl ene oxi de enpl oyi ng
organi c hydroperoxides, are well known in the art. A's
described in US-A-5, 883,268, such process
conventional ly conprises peroxidation of ethyl benzene,

foll owed by c ' t roxidation reaction

product with g%%@%%%q%ﬁ%g%ﬁﬁggﬁﬂﬁn%L§¥ﬁ$W§ﬁQﬁﬁDﬁ(3
neutralize acidic conponents thereof and separating

the re ti ixture into an .aqueous stream and_a
deacid?#%% q%?%?ﬁiéng??gﬁ%ﬁ W%%ﬂﬁ§%§OCBnPéﬁ?ﬁ%feﬁﬁr the
deaerepdiad dy dfoper aXkgbersd reairdd.s washed with water.
Theo Ll pALE gl Preed 11 the catalytic
sol i d hteresgesebos prépadimg qonipgilenegogatal #aploying

Al t : L.dat ] react i LS exothermc, the
eroay it SRR RLLRE, (AN SeP bt Bot AR st ket

i s dewaribed dor 88s8d5he8 dreb6fisesuan phrecepextdatémtionally
el e onser UaF iR b ndnitaRs Balfbuea by
exCPRIRIT inged heoPer psi dation tdsstionppratuct efth hegueous

njX%é%é%iﬁ‘%ﬂd%ﬁtqHh§f5¥i@mgnx9ﬁE%ﬁg%§ﬁfg1égiﬁbg components

m xture of hydroperoxide and a ‘ _
di sERRERTagEGL§ePRIa RNy chipRrraanid o0 mAstrrkt imeo ofn
hyd&éﬁéﬂd@“é@%e@ﬂqaﬁhk§n§é£@¥H¥¥iJ¥3dr@%ﬁ%ésggr@é%ér%ﬁ% base

makes that deactivation of the catalyst cannot Dbe
conpRMsHtER Hesr . dArsdi e thyduenesoxiflipegtiepam is washed

r eph e Ritle Af ThBepepaxtdadh @ il dlayShe SUEHRLY e
the i nvention It,gas,nOM/been found that the '
teﬂﬁ%?%&%ﬁ%? SPO%K ation of propene to form propylene oxide

using a solid heterogeneous titanium containing catalyst.

Although the epoxidation reaction is exothermic, the
temperature of the mixture of hydroperoxide and alkene is
uéﬁally increased before use in the epoxidation' process.
This ensures best use of the catalyst employed. However,
it was found that the heat exchanger used for increasing
the temperature of the mixture, fouled quickly when
contacted with the mixture of hydroperoxide and alkene.
It is disadvantageous if the temperature of the mixture
of hydroperoxide and alkene cannot be increased as this
makes that deactivation of the catalyst cannot be
compensated for. This results in more frequent
replacement of the epoxidation catalyst.

Summary of the invention

It has now been found that the temperature of the
reaction mixture to be contacted with the epoxidation

catalyst can be heated to relatively high temperature if
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reaction mxture to be contacted with the epoxidation
catal yst can be heated to relatively high tenperature

WO b@sepEaed fic set-up is used. In this specifi CPGEEP200§050472

the tenperature of the m xture of al kene and

hydr operoxi de is increased by,increasing the

tenperature of the al kene only. Heating the al kene to

a relatively high tenperature did not cause fouling of
the feetiecratger- 1w EABdt W sHiY SR8 W 1506REER &S

t hegkperdtuis dhaughhmikbatet b dDBieNGnf hijdeopeadxide is

exchangers when heating a m xture of al kene and
hy dREPER BT doY s’tr}cé:ﬁﬁsilggc‘éﬁn%eﬁerﬁﬁ/e%aat}‘{r? i &ﬁea?gkene

presepl hdatirey Y epaeaxsi g6 strebamively $dlghs temparddure
deposit on the surface of e heat exchanger wh t he
hy 8t 8 pBP bxFLS S tF¥HrhSs Ofri &Ea W’%’] TH aaﬂq%éfnem%ﬂoup
SuKREhShaOt Y, bd thdiasl mewahgenhéotynd tthais ttheugeacthen the
m xture for_the oxi dation reaction coul.d be brough
o tPbESppver i JR At RpsPaRer EoM HoUe Ae Snbr gL ane of
f oyl kBge 0find he hehtoperolkadgestiéan hes atderesl iyl pahas
increased in te rature. Therefore,.the presen
inVéﬁF oﬂr?eﬁ”é‘?%% omatS’FoE’ ggo %’fo%]h%e psrtgrpeé"‘?nét itrgﬁ S
al lsgkaneocodépes ithiarh tpreosessaconpf i sles hdat) exdchdageonwhen
of ,an organi c_conpound t t al [
coritRi Y ABEEFERmT (or s Aend RS TYE: daf afede.
st r eamsuicphiaibaky c idghesusowobaen ofourd )theds riheg reastion
hydr; X eqmm,0fq-1ken (Bhcvi bl YIRE bd Drought t
opﬂlgﬁgﬁgykgﬁb?%%t?ﬂr?g t%ae hydr qpce:r oxi de stream oug . ©
obK@ﬂﬂ@dVEhYShé@h(tgmnﬁfaﬁugﬁiWﬂﬁbpéﬁ,S%QﬁtQﬁﬁﬂ%ﬁﬂﬂoﬁélng
at olfe?%)'é Beg} 0% ﬁ%}?géyqrfoa%omﬂenétaﬁwm aiftadalsBd in
step (c) and/or ?d w th al kene and a

temperature.

Therefore, the present invention relates to a process
for the preparation of alkylene oxide which process
comprises:

(a) oxidation of an organic compound to obtain a
hydroperoxide containing stream,

(b) washing the hydroperoxide stream with a basic
aqueous solution,

(c) washing the hydroperoxide stream of step (b) with
water,

(d) optionally subjecting the hydroperoxide stream
obtained in step (c¢) to distillation,

(e) contacting at least part of the hydroperoxide stream
obtained in step (c) and/or (d) with alkene and a
heterogeneous catalyst to obtain a reaction mixture
containing a hydroxyl containing compound and alkylene
oxide, and

(f) separating at least part of the alkylene oxide from

the reaction mixture,
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het er ogeneous catalyst to obtain a reaction mxture
contai ning a hydroxyl containing conpound and al kyl ene

woziode7s4and (f) separating at |east part of thBECT/EP2005/050472

al kyl ene oxide fromthe reaction m xture,in which

p;ogess gge aliggeoadaﬁd in_step (e) has a tenperature

0 rom to C while the tenperature of the

h . . ,

o 1 BRAED RFRSSGeaRO KNG S0 RybrT5e GF) dB=8t Peam

Sfbt?’ﬁg@??ﬁﬂﬂﬂ@ fr@h Emod)tc(ar 1201% °C rt]ﬂatﬁ]iel athaditeapeshdare of
on | n ep (a t resent i_nyention,

antB?gaﬁ?EO% %i§68%iaﬁggﬁ?tﬁféﬁgﬁbgﬂfba@%ﬁﬂ%hﬁg

gL@ﬁﬁﬁ@Bkyt%Stﬁﬁyﬁﬁ?@ﬂrasubstbfutbd lay dtd roxdolRpetndam

e._conpoynds I C re npst preferably used in the

prBPéggBSa f%eygﬂ%s%ﬂtapﬁggﬁt?gﬁ'are benzene conpounds

cobkantileg aisdwessitonl ofl ke sobsbtiomnt which al kyl

oot er 8B1 5EBF o2 05 £-8arBbn ST erEr Ty drorasry e

t2 heocheoaadeis oopidiEkdcomhea psgeniaveompeurnd fuedimrebily is

constituents., .Th ryl. c

Frauaht ShEsthv il Seleten, PRARYINS. TRE comooundy |

t hathichs aret heshyprafrerailiydesednpouhtle poeeass aife the

et hyl benzene_h e [ Qxigde.

Théjzgfiea% ﬁgﬁeié?{?ié% %Sﬁ%%%ﬁ@% E‘Sﬁﬂg AR

outleagtaiy ad iyl ablles prioteds Wrehnal kyt heukg i tupid

ox'c%%ttlaql}lnscg@ ?foxﬁaf rd &0 PWa ribdnt Beohk AUb fe PSS Y BE from

the presence of a diluent. This di luent 1s preferably

a Gorrpodndawnkipohatems i RAF P/t KBSrbaREfH compound

CO'derPeﬁ%% andadeesgdols ramt Wicbhot Benst eftémigs. The

materi al s and product obtai ned. However, the dil uent
caraliyl@nyd gompounds most frequently encountered are

ethylbenzene and cumene. In that case, the hydroperoxide
compounds formed are ethylbenzene hydroperoxide and
cumene hydroperoxide.

The oxidation of the alkylaryl compound can be’
carried out by any suitable process known in the art. The
oxidation can be carried out in the liquid phase in the
presence of a diluent. This diluent is preferably a
compound which is liquid under the reaction conditions
and does not react with the starting materials and
product obtained. However, the diluent can also be a
compound necessarily present during the reaction. For
example, if the alkylaryl is ethylbenzene the diluent can
be ethylbenzene as well and if the alkylaryl is cumene
the diluent can be cumene as well.

Besides the desired hydroperoxide compound, a range
of contaminants are created during the oxidation of
organic compounds. Although most of these are present in
small amounts, it has been found that the presence of

compounds such as organic acids can cause problems in
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conmpound necessarily present during the reaction. For
exanple, if the alkylaryl is ethyl benzene the dil uent

wa@ 20504t hyl benzene as well and if the al kyl apr@gi/EP®05/050472

cunmene the diluent can be cunene as well. Besides the
desi red hydroper oxi de conpoyng,_a range of
contam nants are created during the oxidation of

organi ¢ conpounds. Al though nost of these are present
i nTSRERST ahtfurftls thiet PNSEOBREAE ¥ NPT IFdN 10Fe SHEBEBNCRS
of 4 98PILEMIS] 15 UG- 22S, 8BFAREE, aEhdlScarentaWbsa1Phebhedsor

i nfurther use of the hydroperoxi de cont ining stream
AsTRENCII B S AMIENA- 8T §8RtIRFNANGR 1S e FOPGASFIRI the
new@ﬁlopércsmh Ls’tg:ebhﬁw@ﬁﬁgéltb@éi@d&@ﬁ#ﬁ@?&ukioby
contacting t roperoxjide streamw th a _hasi
AqUEOATISNIR RATE ASEE0RS PASISHhSL® SESAEL8R LN
COPpYEBEL O8] PfOCRRERS aftifos opdtus sl alorpatiasagubases
cont aj ni ng_bases such as _sodi ym hydr gxi de, .potassi,um

o aroRi B8 s SR hepaRsr cORha® Pk A iy o aapLth
Moshrporbes admd pdthe dlasi caaopaus. St ipoe fesethlyn the
th resent inventiqQn i s _an.agueous sol utj.o f LU

by BPOEE R e 0y ST oy RESHaH T EhE e D doRent 88hU T
agaeodgusolsit s@hiti iorc afr isediomt hpdrex idnpdatfigrebdf, the
between 0 C. and 150 .0C_, f [ 2
oovRRiiag TN e b anTaUs, BRFUELAD ¥ HardERc e
t heeoprtrattrai ¢ f hetovdeasioc “g&gardus58of Gt irareamtetfiegably

se%%r%gkgﬁgénﬁg q:QMg{qﬁ@rb@naceous phase and an

aqueous p e. A preferred separation nethod conprises
al | owi Bhet hashimly crfardb@pad@dusophaseeakP aytdsusophass

to sehtkfel Ba iéeéégéiy%\Qgi%%ﬁoﬁngnéup@@Q@@ﬂHﬂd&ion into a
separating a hydrocarbonaceous phase from an aqueous
phawelroThsbhpaceews KR dis pRa3gueons PasRy A preferred

hy dropenexiAens o UnsRaeRld ¥ 1h8wsagt the a coal escer

where further aqueous .
hydrocarbonaceous phase and aqueous phase to settle in a
settling vessel and subsequently separating a
hydrocarbonaceous phase from an aqueous phase. The
hydrocarbonaceous phase containing hydroperoxide can
subsequently be sent to a coalescer where further aqueous
phase is removed. Preferably, the separation step is
carried out at a temperature of between 0 °C and 150 °C,
more preferably of between 20 °C and 100 °C.

The hydroperoxide containing stream which has been
treated with basic aqueous solution can be contacted with
alkene without further treatment. However, contact with
the basic aqueous solution introduces alkali metal into
the hydroperoxide containing reaction product. Therefore,
the hydroperoxide stream is subsequently washed with
water.

The water wash of step (c) can be carried out in any

way known to someone skilled in the art. The water which

can be used can contain contaminants, such as organic
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phase is renoved. Preferably, the separation step is
carried out at a tenperature of between 0 0C and 150

woaos/onane preferably of between 20 0C and 100POIZEP20051€50472

hydr oper oxi de cont ai ni ng stream whi ch has been treated
Wi th basic aqueous solution can be contacted with
al kene without further treatnent. However, contact

wi th the basic aqueous solution introduces alkali
MecanPeRRds + [Faldhy goppersRRes it diafienferBadpfFepduced by

pr pHucCtecJdier &ff0LR, 16R8t hysFonsr wtdlQashr @aReirs either to
subsequently washed with water. The water vvasE@of step
oﬂgter can

(cFheafeme Wil iS¢GPoGt FA ARYREE bW teR-sd

skpb! efedm ddt@@rdnlyThetwaherbavd chongamate onsed €aash
contain contamnants such,gih?r ani cconpoun

. _Sych
coRBBRT nEPR & Hyh Wb shaBhi & lt“l"?é‘%%e???glc%ne or

0fmﬁ§e'&ﬂ§fef§ﬁﬂ wistleh@avashsved &lis, et her daan thassane
wash _step or _to another. wash step. The ter can_be

1 BBRY vk cRl BHTEFIG (L0897 BS HaToRtYHRs o ‘6rTFr SEnit can
wat-8hsE et af N NGl rijlles ttampei alfl yasoe caatteand nant s and one
or nore different t.e water, streans,, .or it can .
consi stPBnF¥RA oY %‘?%@Hﬁ RPAGE %I?lfﬁs%hee WALSE ¢PPlat
or datrréaa 6absi strafgly siepghd dypfunthewastio ovatséencthe
exact conditions under which.the i carried
outP,regﬁFaﬁE;Vy ‘g%?)e on ™ S%t ﬁ(serc%:f\?%ﬁaﬁs an[:zaéﬁs.s@'l

Pr ekepabbynré hef et tereamash °Cs avdr i ped’ Guimaite preferably

tenperature of . betwee 0G~ang, 15 £ h
pr e%&%f”?egfE%et%Ae‘ael}]@zlg)ooccéngh%ogy%%?a% ce.aous P aée
hy dindic ahkongueous Phese sapgegdenayecd’s phagarried out 1in
subsequent n.be | £ b el i ANYh dBYr KNV @ d
sor?é’é’né'%gkilk?{i)gg F(? (ﬁ‘g&gr?t gk%lipseférred se]|:oar ation erre
metdepe racipni Beshad | owipig Seive akyardedr Bdhaceous phase

an %%lf?oggéégué prfdd |1d RgResBtt bhife VESSRItARd in a
subsequenty separating a )
settling vessel and subsequently separating a
hydrocarbonaceous phase from an aqueous phase. The
hydrocarbonaceous phase containing hydroperoxide can )
subsequently be sent to a coalescer where further aqueous
phase is removed. Preferably, the separation step is
carried out at a temperature of between 0 °C and 150 °C,
more preferably of between 20 °C and 100 °C.
The water wash can be carried out once or it can be
repeated several times.
The reaction product of step (c) can be sent to
step (e) as such. However, it is preferred to remove
light compounds. Such light compounds can be unconverted
organic compounds, water and contaminants. The light
components can be removed easily by subjecting the
reaction product of step (c) to distillation, preferably
distillation at reduced pressure. A distillation which is
especially suitable is so-called flash distillation,

which comprises distillation at very low pressure. It has
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hydr ocar bonaceous phase from an aqueous phase. The
hydr ocar bonaceous phase contai ni ng hydroper oxi de can

wGeamsord4ent |y be sent to a coal escer where f urP¢EEP2005/050472

aqueous phase is renoved. Preferably, the separation
step is carried out at a tenpgrature of between 0 OC
and 150 0C , nore preferably of between 20 0C and 100
C. The water wash can be carrjed out once or it can be

r epesR stP A SRt SUTBs IRk dEch At iprodscefbicierp in
(Cremaviig SieHt t@npbapdbeiudls Ssicdkyddemaver 1ighti Scids
preferred to renmove |ight. conpounds. Such Iight

conPBRYs W H & NGn OFAFaF L8R or gani ¢ conpounds, wat er
and Comegmcnﬁﬁss stEIpe lel)ghhtCDEEH)ﬂl’lEmirS: odnthe renoved
easi by subjectin reacti on roduct of step ) .
tohﬁgg?li’%/f%fﬂ Strflg eP F‘§7nﬁﬁ%s{rﬂl SR off 'af O 8ﬁcéé? is
pr esstaeted vlitd idUkanieoinwbhe hprésesq&ecufalal )he$elrbgbheous
is so-.called flash di stllstatlon

di SBFRIRET or® PSP & &% é%rs‘uIPjeXt‘flie ’beelﬁ‘ngund
t haydﬁughlfémmmg Idoaprundl Snaféllquesrne ioxidenoThag

h d

QuPRG e B e oS PR CBFOeett cr dity et L™
pagl}lkgﬂet&heokwdh awuedielst peamb@balcneldia .n step (c)
and/or .( d )h%g'r Spca%&} %Qm %58@8 {4 ééb?zl A5 S gaGe 5 0f

aheterogen ooban area on mxture

comeapriraguae hylu.ix@xylls ciomtlélam hg thepwmreratirg kfl she
OXh n I S pr e [

havRrRRUEo R € N LA DA ket 4R SRERCCAN T K R -

Thé\lmn@rwbeltbxq?@l@ suvetsimesd bed adBastageqey Ymsldghtly

teg&%&gggée yhi €£hﬁé&$%d?é dt EﬁetH?diéﬁ@%ﬁfﬂd&“%ﬂyéahhefor

per oxi e streamobtained in s and/ or (d)
AI tevonghei i fchhe soErates IPtadngat agé%% LY of = ghepy (¢)

it is preferred that the temperature of the hydroperoxide
stream should be increased not more than 10 °C, more
specifically not more than 5 °C. Preferably, the
temperature is not increased.

The alkene added in step (e) has a temperature of
from 60 to 120 °C before contact with the hydroperoxide
stream. This desired temperature usually is obtained by
heating the alkene. The alkene generally has a
temperature of from 40 to less than 60 °C before heating,
more specifically of from 45 to 55 °C. Usually, the
alkene will be heated with the help of a heat exchanger.
The stream against which the heat is exchanged can be any
stream having the right temperature. Generally, steam
will be used for heating the alkene. Preferably, the
alkene to be introduced in step (e) has a temperature of
at least 70 °C, more preferably more than 75 °C, more
preferably more than 80 °C. The alkene preferably has a
temperature of at most 115 °C, more specifically at most

110 °C, more specifically at most 105 °C, most
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i ncrease the tenperature of the hydroperoxi de stream
for exanple if the streamis obtained directly from

wee@p/fay4 it is preferred that the tenperat ureCDEP100&050472

hydr oper oxi de stream shoul d be i ncreased not nore than
10 CC, nore specifically not fore than 5 0C .
Preferably, the tenperature is not increased. The

al kene added in step (e) _has a_tenperature of from 60
L0SBoB! BEBENbAE EBREadPOw th TH ThAFUpeFoe fgmberature

st peaphe Thi Gerlesidrd tianpeept (e isus Ifirdms 70btai ned °c
by heating the al kene.  Th | kene generally has a
t eRBEPRE Ur AT r%hm‘)'hFoﬁVgggp‘?ﬁ%?gl %ée% "or e
heat i nghe NBs&c SPecitiemparbyusé 6f arhelhydrdperokide stream
Usual | the ai kene w be hgﬁ%engm th .the h

s

| | Lp of a
heﬁf‘de&hﬁlﬁﬁe kepify dsPERgnPig Wi SHEHE S%S‘gl €pgSuch
exglangedntadf heataly st keatil Aavée nfot hehe imghtction, the
t enper. at ure. nerally, steamw || _bpe uysed, fqor heat|
t h8CERehE. O%%eercaaoﬁ%ﬁ,ystschénap ré%%af’o %}ae i95R% g&u%@dwﬁgc}l
st epe( epthagsa lhiasperctiue eeattavatedsand G HECmolmor eatio
pr ef er abl re than 75 QG_nore preferably nore than
SOoécaﬂ?ﬁ%ng‘f’S@ﬁcgroﬁeeﬁoé{rla I'y has a tenperature of at
nost 166n8€alhys etlspagidropakrbyideé sostar IR inrstep (e)
speci,fically_a ' tspecl f{cald st
100°0¢ Toper b eyt THE PEmsten; (0eror T he LRacE
addettiactsweph (ehe i slighd.r dorg0specifiicald bheftdie
cont Dot RS 8% 1 §b" 88P% arl NEIEREGiH st
te%pegn %tr%éggfggh?%y rorgggoxi ae strea?n and of the eI: e
al lemerddpondidh biavee exd@mpeiratynst ahcksor th t 110 "C.

anQHﬁgfé%%b?§takMéttémﬁgféﬂuf%'%Qrth@eh§§§@§é£6kidé“%tream
activity of "fhe catal'yst in general, the degree tq
whiich athd eestabystChatoke chfe idésetivatbdlemit e C- The

Mol @ Jeatait@raf o2l kesenj@rdpedioxneeoxideamGepefatdnly tilte at
hydn(oospterl%xSI ql,ec SRES?"E)?gggraﬂl@ Sétteg\ogs%) 100 °C.
’

As mentioned above, an important advantage of the
process of the present invention resides in the fact that
it has now become possible to perform the epoxidation
reaction of step (e) continuously at a higher temperature
than was previously possible in a commercial unit. It has
now become possible to contact the hydroperoxide and the
alkene continuously with the catalyst at a temperature of
more than 85 °C. This temperature is the temperature of
the mixture of hydroperoxide and the alkene when
contacted with the catalyst for the first time.
Sometimes, it is even possible to increase the
temperature to at least 90 °C. The temperature will
generally be at most 115 °C, more specifically at most
100 °C. However, the exact temperatures depend on the
catalyst which is used as mentioned hereinabove.

A heterogeneous catalyst which suitably can be used

in step (e) is a titanium containing catalyst. A
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wi |l have a tenperature of from70 to 120 OC before
contact with the al kene. Mire specifically, the

wo eovperasur e of the hydroperoxi de stream addedPCTIER106§050472

(e) generally will have a tenperature of from80 to

110 OC . Preferably, the tenpgrature of the

hydr operoxi de streamis at least 85 0C, nore
specifically at least 90 QC . The tenperature of the
hyBFEoPRFESA e tatlysanCaPERERaLE YL Ul ORpsi1i68 prd/or
most 1 peef&r ablpredte rieat ca081 P& . i Adgmittibeednabove,

an_i nportant advant a%e of the %)rocess of tll%lewgreseat%

i nEBRAT P F i d¢ iIfRaCheoR a8t et LY PUrsSeswbeafigrate
(DO)SéinSéﬁa'&@reﬁelrd‘rﬁf T]'_ﬂrblﬁ%_ueﬁé)(i tatport feActd an eEmpeeptures
e) continuous a hi ghe egper at ur e an.wa

pr &0i bBg| ?a%essc%/fb?ftéofrh%a%o%ﬂér Ag?alp’d%‘&'l'retr.z’ﬁjl I’TQS%HSWrange
begesR PSSO @ t°T .c Mhicaptethee hykopereoXisd@aoandrthécal

al kene continuously..with the catalyst at a tenperature

of SoLEIE AR H5 TELICRRI $O BRPAr At e SRRy Lon mixthEe

t egpenal igeidfor s @ xtiwteref ohydamper audld igmd dt. he

al kene en,contacted wi_ith the catalyst for_t first

ti AEMOSBRBT T AEd € 5T5% Ve Rep5EET Y aeé/ T nde %életrﬁg’

t eppesatives tan die liensthed@abgeThe feompel dtcure wi | |

generaIIXP.lge at,, nost 115 0C, nore specifically at nost
108 08¢cx. wW{7. the exact tenperatures depend on the

cat al yghe WAl £l dife UsE8dcazaEBi s8psr MesEi Maiotee Aeaction
het er ogeneous pat(glni?/st whi ch suitably caqi be usted i n

st @FxEEYe] SPER RN A ot &) ntRg2 Bkt WY SEORb & EFr ed

catsali¥sb1608b astitedrid aHilbean iai theaaand/The dillqudat e.

A preferred catal yst i descri Qed i$ Eg-Ac-tBIAOSnSa 6. The

r e dCECEHOGeREPAITY TR IO TAE BBt B 1 e et ur es

andiRresSHERST, | Hle padt i lext rattti enpendf ar elijtratien. Any
ran of fromO_ to 200 0C prefera ' ,

T GI8™Ee S0B°BC o ThE e ohy DudrpEe ALY pe

Criddcg@lled for further utilization. Preferably, in step (f)

the alkylene oxide is separated by distillation from the
reaction mixture.

The hydroxyl containing compounds obtained in the
process can be dehydrated in the presence of a catalyst
to obtain styrene and water. Processes which can be used
for this step have been described in WO 99/42425 and
WO 99/42426. However, any suitable process known to
someone skilled in the art can in principle be used.

The invention is further illustrated by the following
examples without limiting the scope of the invention to
these particular embodiments.

Comparative Example 1

In a reactor, air was blown through ethylbenzene. The
product obtained contained ethylbenzene hydroperoxide.
This product was contacted with a solution containing
0.5 $wt NaOH in water and mixed at a temperature of

60 °C. The weight ratio of product containing
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as long as it suffices to maintain the reaction
m xture as a liquid or as a m xture of vapour and

wo p@paiTh444At nospheri ¢ pressure may be sati sfact BCEPINS/050472

general, pressures can be in the range of from1l to
100 x 105 N'n2 . The al kyl ene,oxide can be separated
fromthe reaction mixture obtained in step (e) in any
way known to be suitable to soneone skilled in the

ar ?thYHéeW?ﬁﬁ d‘%déé’é’@erﬁlﬁ?oH%clfa%f%‘eta\fb&l@@d s@pupyon
; r latggl ?nsﬂ 1 diwd I»Jd)lat ITOR, néatgéliﬂﬁd e?iitaate oBtandear was
iltration. Any solvent, unreacted ol efin .an
hy 8EBpeFBx? dRe eyt e VESSGL| BRSFRr2 f%ﬁl{tﬁé‘:{llﬁlﬁl zation.
Prﬁ @E@BbﬂboﬁébéﬁdﬁJgHEbetbenﬁhkyiﬁﬁmbﬁhQKBEHZEne
arated %/ distillation fromthe reaction
BYRG PTG A (HaRG TEERTORRIS AR S FTERE -
prOCeS$héaﬂe&KkéEﬂfkdfa@@dobﬁrbbﬁa¢ﬁdﬁﬁﬂphasﬁ cantaining

cata t o obt.ai rene and wate Processes wWhi ¢
caﬁt%%?%a‘a’f‘%rw ey %ﬁa\vssb%%rﬁ de3 & i T& esce\lﬁowgere
99/f‘ﬁ2485raadum99¢rtbzs@&asl—larmweed asybsuealilly, the

process _known to.someaqne skllle t in

pr M7 5?515%du]§3é%r°cﬁ1r FRVERT h'lhgefgr %{lnl i)

i leyaabed?bghmymrdpﬂﬁcowdwg enanwbebewlmmowxmqnwmthg
t he scope _of _t venti t t

enBaienen?er> A A, BB tids) BBRSRAETLE L Beccting
wasselsisedin mhooalgha@ndzgusbeqm@ﬁe anghe lpy@mrmnaaqw

CoH rl %eds%g%wsnz %ﬂ&a%g%geh%méam&w@ouws

OtaCtédWI aso n contal nin
vvatpérasan@brlmxeddafr@nt@@@@éttdﬂégoﬁeééebdlt}THé‘%Qj-m of

r at%\lg:a%fle@rcggu Cyné %@i&m&%ez %H@s@yé*étoé)ﬁ{&i“ﬁl‘? the

cont ai ni ng tion was 4. The
nemaadlesz:@d montams bty hapagas hydroperOXl e,

ethylbenzene, water and contaminants. This
hydrocarbonaceous phase is distilled. The distillate
contains ethyl benzene, water and contaminants. The
bottom product contains ethylbenzene hydroperoxide and
ethylbenzene.

The ethylbenzene hydroperoxide product contained
between 30 and 40 %wt of ethylbenzene hydroperoxide in
ethylbenzene. A feed was obtained by mixing propene
having a temperature of about 50 °C and the ethylbenzene
hydroperoxide product having a temperature of about 97 °C
in such amounts that the molar ratio of propene to
ethylbenzene hydroperoxide was about 6. The feed obtained
was heated in a heat-exchanger in which the heat was

provided by steam having a temperature of about 160 °C

and a pressure of about 5 bar (5 x 103 N/m2) .
At the start of operation, the feed was heated to
about 95 °C. After several weeks of unchanged operation,

the feed leaving the heat exchanger had a temperature of
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sent to a settling vessel where a neutralized
hydr ocar bonaceous phase contai ni ng et hyl benzene

whyasoparoxi de was separated from an aqueous pPPEEEP20051@50472

neutralized hydrocarbonaceous phase contai ni ng

et hyl benzene hydroperoxi de wgg sent to a coal escer

where further aqueous phase was renoved. Subsequently,
the neutralj zed hydrocar bonaceous phase contajnin

et PYPBErZond hydHEpEraRFHLOT WS RBIRIA ChY SnPkF AGPaR L Fhovs
wateb st sepiadlationd inke offi xherleeadbteiaiethger.a settling
vegggégiggg an aqueous phase and a hydrocar bonaceous

ph - equently separating the hydrocarbonaceous
phase ¢ ghreck S grtt-he st Conprayr ateisse |Exarphet hewhsl p

of coal escer,. . The.h ocar bonaceous. phas t al

o RARIEt T otiAT GRS BEROT Dor A gt soBr o2 bge of
et Bpbbenzent; weat ércaard donthel neatt ssxcHanger to a

hydr ocar bonaceous_,phase.i s.~di s§ 1| T istillate
cogFgPﬁga%?ﬂ%lo ear}f’lz)oé%ef%swa érﬁél%drll eg%tn%da%err?g)ﬁ?‘ ts? “the
bostibaeguenitty contiziass wéthytbenednel bardregse hydirgpeanyide

et hyl henzene. . The et hyl e_hy rpXi pr oduct
coftaTHEn PRt JOHea ST e POyl bonzenc

hydr opghexcaebinedtipdtiesnpenpend drd e iinsl benzeinged by

m i ' eRRAraLUL & 0o A5 920Ccand
they@?ﬁg%ggggg%ga%§g?g%%%bg?§5 prodﬁctohaviﬁb a,

t ewper 4bund biatbbuis FrMPErphusachoahdr Paigeingd for
molar ratLe 9f nbsopene to ethyl benzene hydroperoxide
maé@ggogbBG. fﬂe feed obtained was heated in a heat -
exchanger in which the heat was provi ded by steam
having a tenperature of about 160 OC and a pressure of
about 5 bar (5 x 105 NNnR ). At the start of

operation, the feed was heated to
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about 95 0C . After several weeks of unchanged
operation, the feed | eaving the heat exchanger had a

wo eovperasur e of about 85 OC . This reduction i NnPCT/EP2005/050472

tenperature attai ned shows substantial fouling of the
heat exchanger. Exanple 1 The _process set- up of
Conparative Exanple 1 was c‘hjrjrge"d in that only the
propene having a tenperature of about 50 C was heated

in the heat exchanger to_a_t rature of about 85 0OC
. The heated propene is g&&ﬁiﬁﬁﬁéﬁy conbined with the
et hyl benzene hydroperoxide product having a

e co heat ed

erature of_ab | ropen

et ﬁf/?%eesnszefnoér %y&r gﬁgpgﬁ?d e eed aﬂ Y150 OXlgat 8$egh
of pabouts 92ofierisds: was found that this tenperature
coyld be intain for M S
1. l@? $xd95en r?:fdﬁf‘eﬁé:?g[ﬁ on %ﬁbaf@&enggg%lﬁegv\hl ch
pr hQGSSpenomdsemnt(aa)uaml daream, of an organic

conpound L0, O t@rk@ (;3, ;gege &8&9&&%@1 | W0 ek eam

(b)'""washrng t OXI streamw t asic
aqaqoasuso’aulu‘omn,(c) vvashl ng the hydroperoxi de stream

OF ($heP L0 Mh |y MGt ocellbx B 0PALLY é.éi%%%“@g WBen

hyofr perOX| tained in step
di szlartblratlon (e) contacting at Ieast part of the

hy rQpet e n 1 elagh)
R BB B A e e b A e,
rea?@ttlaenem thuﬁ*éeléofﬁ)altrﬂ g s&1AYaESRY! cont ai ni ng

COW%QU%@n@ﬁétﬁﬁﬁyi@rﬁéé§@ $artand Eﬁé ﬁﬁﬂ&ﬁﬁﬁﬂdﬁidﬁ stream

| east part of e al kyl ene oxi de fr

obtained in step (c) and/or (d) w1th alkene and a
heterogeneous catalyst to obtain a reaction mixture
containing a hydroxyl containing compound and alkylene
oxide, and
(f) separating at least part of the alkylene oxide from
the reaction mixture,
in which process the alkene added in step (e) has a
temperature of from 60 to 120 °C while the temperature of
the hydroperoxide stream contacted with the alkene is
similar to the temperature of the hydroperoxide stream
obtained in step (c) and/or (d).
2. Process according to claim 1, wherein the alkene is
propene and the alkylene oxide is propylene oxide.
3. Process according to claim 1 or 2, wherein the
heterogeneous epoxidation catalyst is a titanium
containing catalyst.
4. Process according to any one of claims 1 to 3,
wherein the alkene is heated in a heat exchanger before

addition in step (e).
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the reaction m xture, in which process the al kene
added in step (e) has a tenperature of from®60 to 120

wEoakrd4es t he tenperature of the hydroper oxi dePGL/ERBNG/050472

contacted wth the alkene is simlar to the
tenperature of the hydr oper_oggdg stream obtai ned in
step (c¢) and/or (d). 2 . ProCéss according to claim1,
wherei n the al kene i s propene and the_al kyl ene oxi de

i S5 pr opsAEaRRS G6CeEIIng. torae e dordrAlSt 6 EPafm 1

or yRerdher@id tddrpehataregenetius Apericdaldden cat atyst (e)
is a titanium containi @8 cat al yst

.4 . Proce
actdrof nbre® hyCord Cof ©Pet 9% 1°9Y-2St \Wrg?‘e?ﬁet he
al kpagopsSrheatedtiveat. heat exchanger before addition
I n_st eg (e).5. Process according to any.one og céai ns
1 Po 4APTQFRTRIAFIREEINPRr A Vr¥ DOk K A Refe “8dded i n
st @Re£8)ni Endft dnipPaldrtoot 16nO G hatf er oxdmieast rabathis of
t he hydroperoxj de stream 6. Process .accordi.n 0 any
onérB%/‘ gPatosl 0t & %’,e WhEr 8%5?%% "fjetnhpgrha l?rlg%B "t he
hydr, operexésie sddcraitnigs tof afiy oon80f aclklitsOC Ibef 6r ein
contact with the alkene. r ccqr.ding .t
on¥P6FRCPEPRES b 6 °R ﬁf\i/hlué %?’gig%% i lgiteegs( fQj)'eBthggted
al kybmnehexteect isors epatatredbyr obst helatiagt.i on m xture
by distillation.



