WD 2004/ 076408 PCT/ EP2004/ 050208 - 1 PROCESS The
present invention relates to a process for preparing
woe@ani@ohydr oper oxi des and to processes in  WACTEPROOIS0208
organi ¢ hydroperoxi des are used, such as the
preparati on of oxirane conpounds and preparation of 5
al kenyl aryl conpound. Background of the invention
Processes for preparing propyl ene oxi de enpl oyi ng
organi ¢ hydroperoxi des, are well known in the art. As
descri bed in US-A-5, 883,268, such process
conventionally 10 conprises peroxidation of
et hyl benzene, followed by contacting the peroxidation
reacti on product w th aqueous - base in anount
sufficient to neutralize acidic conponents thereof
and separating the resulting ﬂ%é e into an aqueous
stream and a deacidified organic stream The base 15
cont am nat ed, deaci dified hydroperoxide streamis
washed w th mwatersandithetioestdleiery taixXbuse@ssdpar at ed
into an f@égir@so&gﬂicaMME&Q)xﬂ@éﬁEnc_plﬂasﬁroaéﬁieanin
organi ¢ phase _Naving A [& rlc%ceer%xﬂ%lﬁagfe TELa! u%%”%se@ﬁe
Surprisi ngty, T was Found that the amount ‘of. 2
cont ani naRtT®2F3 PR LoPHERTC CHRIFDTe AOK PAPF R AR §F
obt ai ned, atienyberpedugednd.urt her in a sinple and
ef f ecti vepayroBdna@ e Qhvdri€od Nvention The present

i nvention Telates L0 A, ALACESH, FQhoy1RRe RERAI b ying
or ganic hydrogerOX|des whi

, .which process ¢ i ses’ (a
oxi dat i on°b#" ﬁ}HﬁﬁﬁﬁFﬁugﬁﬁpaﬁg8e¥bigﬁwa%gQ%%§%?r5% :
product ceatilpgchgn 8ot 88y ehopetoRTFESS (BY - EARL hY
at ibeast paidrigds powxddgasi ©f hattiy Bpered, deo118(d by
cont a! ni ngor(t%@@:trigo&aog&dﬂf?&at%r{ Reacthas ifFo@HERHS aqueous
sol ution \é\%)s 2004/ O7q4s§f_tjj?§;l:a/n’ép1%ogéétquj?ZQSacidic components

e 1in amoun
thereof and separating the resulting mixture into an

aqueous stream and a deacidified organic stream. The base
15 contaminated, deacidified hydroperoxide stream is washed
with water and the resulting mixture separated into an
organics contaminated water phase and an organic phase
having a reduced alkali metal content.
Surprisingly, it was found that the amount of
20 contaminants in the organic hydroperoxide finally
obtained, can be reduced further in a simple and
effective way.

summary of the invention

The present invention relates to a process for
25 preparing organic hydroperoxides, which process
comprises:
(a) oxidation of an organic compound to obtain reaction
product containing organic hydroperoxide,
(b) treating at least part of the organic hydroperoxide
30 containing reaction product with a basic aqueous solution



2 and separating hydrocarbonaceous phase contai ni ng
organi ¢ hydroperoxi de from basi c aqueous phase, (c)
woR®hiogosv t h wat er at | east part of the separBCEEP2004/050208
hydr ocar bonaceous phase contai ni ng organic
hydr operoxi de 5 and separating hydrocarbonaceous
phase contai ning organi c hydroperoxi de from aqueous
phase, and (d) optionally repeating step (c) one or
nore tines, in which process solid particles are
renoved fromthe reaction product containing organic
hydr oper oxi de and/ or 10 basi c aqueous sol ution before
use in step (b). Preferably, the solid particles are
renmoved by filtering at |east part of the reaction
product containing organi c hydroperoxide and/or at |
| east par #rofFeRPREHY SHYOr AFIBUFE SO SoPRFEE 0P bR GRS g
in step (lydrogdroXire grot bagfictdmepiseBEse, i nventi on
resi des i po)t R@shfngChithhattesoli thapardarel@stiay geppEBMEd

fromat | east Batlace0ls BA8OLo Rl Andlorklin f RRloBliams

before the ~streans are used in ste r@%‘ The .
feed stredifs SHAEH "dr TSP RECEYt B PP ot BERIETE P PR} C
are the ohghmpero2fieh§rhmopaiconi #eatfen?® ni ng reaction
product obdaidpedonanly sketl{sy) saerd ($henbasi toraqtieess

sol ution w th; whichthe .l gani;cidy droRershd&on the
contalnln?ﬁ%gactlon g{OdUCt

. LS treated., It was
obser ved PRRSEL{Th PESHO BT GHAI % ST e T iy == dige and/ox
i ntl€r f acebathyl aqusAvy S9BIEien PRERFECHR & 678 Bpon
washi ng theehydvocarbanas aausiqgdhasee cenbadnbngiltering
organi ¢ hydriQper @xiwdes BdClakbayar pitalctC @SR iaihg organic

i ncreased, amunt ., 9f D28, C,AQUEQUS. SOLALLORLTL: Lh&ous
organi c phaser-The - presence of a substantial ampunt
of basic &ABtREER PSEPSoRSft idIFEPh ‘Phe or gani ¢ phase

ternds to causEepgiolsl ehthe pretdre FnyPrHer Irebeassi? rigeof
t he or ganirecthydsioperiaxpaeicnai aley romusedrhy at Nieast part
presence %t‘f Hasi L SAMROUNESsc A8 can®PB&ckt GRALLY feed
corrpounds s%]l:'lecarrlls aa?resgs%idulmn rs]tygpr (?l%()i .d@hea@ged streams which are
subjected to process step (b) are the organic
20 hydroperoxide containing reaction product obtained in
step (a) and the basic agueous solution with which the
organic hydroperoxide containing reaction product is
treated.
Tt was observed that in conventional operation, an
25 interface emulsion layer or rag could form upon washing
the hydrocarbonaceous phase containing organic
hydroperoxide. Such layer can cause an increased amount
of basic agueous solution in the organic phase. The
presence of a substantial amount of basic aqueous
30 solution in the organic phase tends to cause problems in
the further processing of the organic hydroperoxide
mainly caused by the presence of basic compounds, more
specifically compounds such as sodium hydroxide and

calcium hydroxide.



cal ci um hydr oxi de. WD 2004/ 076408 PCT/ EP2004/ 050208 -
3 Oganic hydroperoxides are useful in a range of
wpe@enmEes. One of these processes is the reacPCDRPN4/050208
organi ¢ hydroperoxide with olefin in order to obtain
oxi rane conpounds. In such process, the organic
conpound 5 usually is an al kylaryl conpound, and the
process further conprises: (e) contacting at |east
part of the hydrocarbonaceous phase contai ning
al kyl aryl hydroperoxi de obtained in step (c) and/or
(d) with olefin and catalyst to obtain 10 al kyl aryl
hydr oxi de and oxi rane conpounds, and (f) separating at
| east part of the oxirane conpodnd fromthe al kylaryl
hydr oxi de. The al kyl ar hydr oxi de obtained in step
(f) can be u¥Ed"t hﬁ@%ﬁﬁﬁmﬁﬁﬁbér%Fwﬁ?%c@S§@§ngsuéh
process i Pra&¥:speepard nf tAnsalrkerepbeaiyl theonpouna by
dehydr at i pggdhie hyakdgeratide widraxede in AN &thgﬁss

i's hydro dub&unadl ky! ary! oxide to obtain an
al k I)/ar y?%ggﬁsgc hp&l dg l&%]{ QI¥OCIE§§J actt':hor dr% § §Oprand

pr esent i nven Y atlﬁylk%yl ﬁglé‘iﬂ’uf‘%r aﬂ%ﬁ%rpéf’f:?ﬁ fiygher
al kyl aryl PERI6%G:de, the process 20 suitably conprises
further: (g) converihyng bdaskeast qratie afdioberRhkioas yI
hydr oxi de phodat aérﬁggnln a%l{k?par(yﬁ)hydg&ﬁgrg}gl%gl %’btg?&se%g%r( The
conpri ses ion o

rengtl on prgédBc{ % en oﬁq} {efl? and %’% r EaePron

of he al RYFAREFY R edén%oi‘ﬁfaﬁ?ci:r"@@‘é’r’?ds:prae@ erably
in the prdfenswapdtioatadl st dehydr tiid oxinahd |compound
gener al | y tpsrodne a1ap1aai Kepydoxady,! conpound and water,

whi | e hydr ogepql $ Il rLa Rroduc | aryl
compound. Pr feréa(lﬁbély an yd%g%%og%ﬁ% egl %nvs\ng (%%/o u&E

the 30 al kK§farf® Eb‘#paiﬁ?a BEPRSSSY a?‘t‘ihnfgroéﬁ?ﬁpéﬁnd
Det'@i | ed 8ERSFLTH PBRISFOVEhERYil ngaeneindnby dehydrating the
alkylaryl hydroxide. Another process is hydrogenating the

alkylaryl hydroxide to obtain an alkylaryl compound. If
the process according to the present invention is to be
used for dehydrating the alkylaryl hydroxide, the process
20 suitably comprises further:
(g) converting at least part of the alkylaryl hydroxide
obtained in step (f).
Preferably, step (g) comprises either dehydration or
hydrogenolysis of the reaction product. Hydrogenolysis is
25 the reaction of the alkylaryl hydroxide with hydrogen,
preferably in the presence of catalyst. Dehydration will
generally produce an alkenyl aryl compound and water,
while hydrogenolysis will generally produce alkylaryl
compound. Preferably, the hydrogenolysis will produce the
30 alkylaryl compound used as starting compound.

Detailled description of the invention

Although the organic compound used in the process of
the present invention can in principle be any compound,
organic compounds which are most frequently used are

35 alkylaryl compounds, more specifically benzene compounds
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Al t hough the organi c conpound used in the process of
the present invention can in principle be any

used are 35 al kylaryl conpounds, nore specifically
benzene conpounds WO 2004/ 076408 PCT/ EP2004/ 050208 4
containing at least 1 alkyl substituent which al kyl
substituent contains of from1l to 10 carbon atons,
preferably of from2 to 8 carbon atons. Preferably,
the benzene conpound contains on average of from1l to
2 5 constituents. The al kyl aryl conpounds nost
frequently encountered are ethyl benzene, cunene and
di (i so- propyl) benzene. The oxi‘ati on of the organic
compound can_he,carried  ou sui t abl e process
kngpvm in Che art™ theiy &X?J&§¥|Sﬁﬁs@éﬁerﬁew%mhr?lédl out
in the |i qUPHFiprrisecintaitfect fremsdnte 10fcaabet huent, .

Thi s di | uentfersbiyr ef exablyta s ealmfbﬁ)lélﬁslné/\ﬁ‘lbﬁé}ei:a?olbi Qe d

under t he WERAGLI Qp &Qxﬁdéc;n'tgﬂé or@@%&%g o Plog! 881 5 W W ! h
t he tartlnlgstrr%tlerlal earl E[JSJ% duct obt ai ned.

t he d| | uent can a gonﬁwad‘hé‘(?%"sgé??qe?tly
pr esent dl?P?‘?‘rﬁtTIF?é‘ ‘i""éae‘fl}yéhenzﬁ%? cemeaprng, di (fisehe
al kyl ary| pcenvpdesndenss et hyl benzene the diluent can be

et hyl benzene a& ¥eldktid3est Qﬁg Otraﬁ'llde&lmgﬁgldog&agé Garried

hydr oper ox|.de, @M 08 ©.9f gontam ants are
cr ted dur | Qhe oxiabat once(s)? K36 8% JARI e oSounds.

Al though B8 b‘fn FHeLE FrEisst edenp ﬁhﬁ 11§H15ﬂ Phagtoimttse
t he preseREeseate hiex Gifgamic Tacs délegped ptdfgritay dHeen
found to someuhdresigatsaipiebhers i rdbeiduethetidise

of the or gadigee NIt QRELOXE AEShe %artqgg%lc%g%m dnd

US- A-5, 883, 2 0 anount
cont ani na %%dglcg O%Bn agt ?{r?wev %l‘ P%’Pf pb@ugs be a

contai ni nQOIEﬂoﬁ%\‘?]PECWEIF&EeEWF@edWlPh t4n eggbbus For

al kal i sekampiien if Hiwealdy]laydndcapbundi 1 et kiabagieas Use

al kal i saltiehOmah el OEHyEB&AnLQELANLA, anount of al kal i

metal into Besides the desired organic hydroperoxide, a wide
range of contaminants are created during the oxidation of

20 organic compounds. Although most of these are present in
small amounts, the presence of the organic acids
especially has been found to sometimes cause problems in
the further use of the organic hydroperoxides. As
described in US-A-5,883,268, a method of reducing the

25 amount of contaminants is contacting the reaction product
containing organic hydroperoxide with an aqueous alkali
solution. However, contact with the aqueous alkali
solution introduces a certain amount of alkali metal into
the organic hydroperoxide containing reaction product.

30 The amount of organic acids is decreased by an alkali
wash but the amount of alkali metal contaminants is
increased.

In the process of the present invention, the organic
hydroperoxide containing reaction product is contacted

35 with a basic aqueous solution, more specifically a basic

organi ¢ conmpounds whi ch are nost fPEIJEPIU4/§50208



t he organi c hydroperoxi de containing reaction product.
30 The anount of organic acids is decreased by an
w@bdoabie408vash but the anount of al kali netal PCT/EP2004/050208
contam nants is increased. In the process of the
present invention, the organic hydroperoxide
containing reaction product is contacted 35 with a
basi ¢ aqueous sol ution, nore specifically a basic WO
2004/ 076408 PCT/ EP2004/ 050208 5 aqueous sol ution
contai ning one or nore alkali nmetal conpounds.
Suitable al kali sources for use in the aqueous al kal
solution include al kali metal hydroxides, alkal
nmetal carbonates and al kali netal -hydrogen carbonat es.
5 Exanples of these co ounds are NaCH, KOH, Na2CQOs,
K2co3, NARGCEE® & E N3N0 SHE OF BHE| ?lk@éswetal
avai |l abi | F?’SPO‘J’PC%S $lsltB‘PJ@f efheddl sfooragsefdda@d and/her aqueous
Na2C03. ThekdiasicguaiprenitsudOhbital® ke heaall YL 0BT AL NS

fresh baﬁé&lagé@@yée§04nlatm9h %S@Qicqu@ mgens'cgra?,%ueous

sol yti on nd i ona itiona
r ecgcl ed B;a% gesaqgg%]ﬁge 5081"3/ ungs 2hadP e ACb'arsd K2Fom

step (b).NaHe3erddtiCepndn tiiensfunder eaby GRasi®pl{dy) itS
carried oyt megﬂrgﬁ%yus%ewa%ﬂdan%')oé *&g ddir t her

ci rcumnst ances Preferably, step 27S carried out at
a tenper at ur e8fP2PLEC FEARENS G uE cAnelreE8RICy empteins fresh
pr ef er.abl a6t dBtwecroRBiG, aagdcl@0bssicl fusbeP sbDoion

¥ heo h%/ﬁr og@af b@ﬁ%ﬁﬁ@sadﬂi@%ah SvatSUDSRA %@%Q&Xd $epaL at ed
romthe . Apbreferred met COMpT i ses
ARUERLSoBE 1al nolh Bl Lk e

al | owi ng rocar onaceous eous
phase to settlé FR°h c§€?“ttlli”?'?gu%?§s‘€11°hﬁeps%seﬁmemﬂey
separ at i ng'ta fiyrdrovattendceotis plraser dfiromsamcagueous
phase. Prefeeabily, sthe (bydsocabenaceaysa tlaﬁ?ei%ture of

congai ni nQetQEQardl € QM&“l@@e“rCO)%oqg ﬂr%férl‘lclgiz%lfeg tﬁéen ‘38”‘1

to a coal gsc ere further aqueous pha
renmoved. fﬁe era ly, the separation is carried out at
a In step (b), the hydrocarbonaceous phase is

subsequently separated from the aqueous phase. A
preferred method comprises allowing the hydrocarbonaceous

20 phase and aqueous phase to settle in a settling vessel
and subsequently separating a hydrocarbonaceous phase
from an aqueous phase. Preferably, the hydrocarbonaceous
phase containing organic hydroperoxide is subsequently
sent to a coalescer where further aquecus phase is

25 removed. Preferably, the separation is carried out at a
temperature of between 0 °C and 150 °C, more preferably
of between 20 °C and 100 °C.

In conventional operation, an interface emulsion

layer or rag was sometimes observed upon washing the

30 hydrocarbonaceous phase containing organic hydroperoxide.
Surprisingly, it has now been found that such rag
formation could be prevented by removing solid particles
from one or more of the feed streams used in step (b).
Without wishing to be bound to any theory, it is thought

35 that the rag formation was due to the presence of solid



tenperature of between 0 C and 150 C, nore preferably
of between 20 C and 100 C. In conventional operation,
wa@eookntans ace enul sion |ayer or rag was somnmetPOEEP2004/050208
observed upon washi ng the 30 hydrocar bonaceous phase
cont ai ni ng organi c hydroperoxide. Surprisingly, it
has now been found that such rag formation could be
prevented by renoving solid particles fromone or
nore of the feed streans used in step (b). Wthout
wi shing to be bound to any theory, it is thought 35
that the rag formati on was due to the presence of
solid WD 2004/ 076408 PCT/ EP2004/ 050208 - 6
particles, such as small, inseol@ble particles of netal
compounds such as iron. Such netal conpounds can be
formed i PARECICEr FUST G BRLhetafoSB+S BeE< S 9her drgahi c
hydr oper osndeurcle ndugh reisn frane abich oretpt cduretungd ke 49 ck
up 5 suchsdiré@linCORPEIRES cEHUSH REE0XElE&bERN. The organic

Furt her ogen'g){ld%t é&%%nﬁggtégﬁlgg ﬂiz‘%ﬁu&r g@tﬁldc J.ck up

co ound can | read ﬁp ntain SUC sol I rtIC

before th%me‘i‘e&ﬁiLlc e e (T ﬁﬁleous Sol Ut f’%eﬁ Yene
coul d pi cikraph saetrinEtdakhe ORFFRHA FSmPTINE FaRetyeP
basi ¢ aquestisisehat soridaptht delebrigafowashe ckdavaber The

which is ysed aq;aeédgesmegﬁlr add1anp 1k ﬁghgucbﬁﬁtéigal SHEOUS

sol uti on. Bot h r.eans _can
Con‘pounds &Url ndcset% gasn.c aqéo?us s&u%%clanc I’elés‘%g.‘ JL_IOB waste

redbved Vatedi ek (—ffl‘iltus\i?ﬁyaé1 “S%PF%Paﬁé?ltoPc‘Pfe§h°c§’ﬁs’cfe
renoved i#muanys swbytikmo@ptht fegorarnRes SR |dieH vYpnngtad
art. Suit &b{lp@ux{@t h0adsg Eoo@BpPriosss bheakliég cat beeasbved

part of opne d9£fe@£@w9§stbeldfgeglag@%qsbéJ%eﬁoaea St &Ry
(b) with an 1 on exchan ent

el ha@ tbli methods
and/ or fiTPertHg &t SPERLE S‘é Yot fhedE " Fes st reane
It Was foermprismtrfatireet dgefasarhel pinef eF FeE REtTH6d
of renovi pegedsetdedmPpastd ahesep 20) Thieht enper akciraggandsin,
pressure af Wk GRsdMend lahd Bk Altefidg D€ 16a1NbAE Otlthese
are wel | %n%\/\@trtegmsso Qﬂre]lg %}lé ltggt ifpi.lterlr?g %& t%gd
depend on e~ conmpounds pre esent . i

preferred method of removing solid particles.

20 The temperature and pressure at which the filtering
can be carried out, are well known to someone skilled in
the art and depend on the compounds present.

The filter which is preferably used for filtering
the feed streams of step (b) has openings of 50

25 micrometres or less, preferably 30 micrometres or less,
more preferably 20 micrometres or less.

The filter can be made of any material which is
known to be suitable by someone skilled in the art.
Filters made of polypropylene and cellulose were found to

30 perform well. It is well known that the filters will
slowly plug which is shown by an increased pressure drop
over the filter. When the pressure drop becomes too high,
the filter can be taken out of operation, cleaned and be
returned as will be well known to someone skilled in the

35 art. Alternatively, the filter can be cleaned by feeding



The filter which is preferably used for filtering the
feed streans of step (b) has openings of 50 25
worn@romavs es or | ess, preferably 30 m cronetr eBCDEP2004/050208
|l ess, nore preferably 20 mcronetres or |less. The
filter can be made of any material which is known to
be suitable by soneone skilled in the art. Filters
made of pol ypropyl ene and cel |l ul ose were found to 30
performwell. It is well known that the filters wll
slowy plug which is shown by an increased pressure
drop over the filter. Wen the pressure drop becones
too high, the filter can be taken out of operation,
cl eaned and be returned as w-l¥ be well known to
sonmeone skilled_ in the 35 art. Alternatjvel

filter cahCPEPtreEHEsIY FeeHieRg W%@ﬁ?ﬂ@%&eg the
PCT/ EP2004ve 582 @8reciiorg of [thamolriajuif tbws uedrcasledupasiie or
et hyl benzenenidy.t e 14@¥ense Wl £Rhhio[Fe ofhat hevenoiimad

flow, so-gal I@& Q@ecakto fbgugé%.\r;ggi. The latter has t he
advant age that the eb d.to

r
enaved s ALSRTIEH G REw 8 Te AR Gy PR e g ¥hich
st reans whi @hed ilg gisedt) ncast @plteb) netad edpeEtds WEchl
conmpoundsnaddi € beneadvddd e #enoved. neEhe @npents ohich

Lrefj al Coeré)gHQ&thr'Ht‘éB inl €hd B%&@@rh@a%ek&laaecoamagw
roper oxl cont a r In
y p glo produf:Jh ggica_lc (%:%8 ﬁegegiengg %gutq’l%

step (a) d&€dends npounds
préSent i#VAE Q?r’@%tﬁ‘llccoé‘ﬁ?iﬁéﬁr?&eseé’ﬁb}lbéf‘%d’rﬂ?ﬂ‘%t‘é‘ﬁ‘p?‘ﬁ)d
and on t heurgraicdd pr stes Srhgnd conthie poavs Precssdpy(a) .

The amountorangdideisngh efegreiial The anpoYNGS PIrasen et
step (a) W%Agaugﬁosfe@e&e LPel) ﬁqh'&tga{ﬁwﬁhé}eed

to be re uct part
of it. Th&WP4sFTT4 éo’l]% a8 Bt |r8ﬂovﬁ§ '{:‘ch’f“nthst‘éf dkl%t) OJgan
pi éR up ﬁtﬂtpal(a)ooﬁb@’eh‘ﬂs‘?fflrtom various sources. The

amount of nemal baespeueds priesamt used achersdbr eep pick

will detepmRe.: Whaibus® irtbrPasidibcd @suatee. pmef abakl e
removed f rqggltgg%pounds present in each source, will determine
when solid particles are preferably removed from the
20 basic agueous phase.

In order to further improve the separation of
aqueous phase and hydrocarbonaceous phase in steps (b),
{c) and/or optional step (d), additional compounds can be
present. Examples of such additional compounds are so-

25 called emulsion breakers or de-hazers such as aliphatic
or cyclic amines.

In the present description of the invention, the
expression water is used to indicate both clean water and
waste water which can contain contaminants. If clean

30 water is to be used, this is mentioned separately. The
washing with water of steps (c) and (d) can be carried
out with clean water and/or waste water.

It was recently found that the use of waste water,
optionally in combination with clean water, has many

35 advantages. This has been described extensively in not-



20 basi c aqueous phase. In order to further inprove
the separation of aqueous phase and hydrocarbonaceous
w@b@gme7d408 st eps (b), (c) and/or optional stepPCTEP2004/050208
addi ti onal compounds can be present. Exanples of such

addi ti onal conmpounds are so 25 call ed emnul sion
breakers or de-hazers such as aliphatic or cyclic
amnes. In the present description of the invention,
the expression water is used to indicate both clean
water and waste water which can contain contam nants.
If clean 30 water is to be used, this is nentioned
separately. The washing with water of steps (c) and
(d) can be carried out with cl®&an water and/or vvaste
water. |t _was %eﬁedﬁtliy goung.tgat the use of wast

wat er, OPtFPBRAr!S” PR-R5PhEE W \Rﬂ/ﬁpg/égﬁlg\/vé‘f‘brr
has many B5l8eRlanthegesereTrhbg WigBingeeithdeseri dedteps (c)
ext ensi vednd/bn (@OtprAE2:200440 H6408IP&T ER20044:850208 8

pr epublls&&qomtlw a@@m&%ﬁ QQUPGIéﬁPQ%ewSl&? (our TS
1068) . Theref Ehe washi Wi .th ter of teps (c)

and/ or (d) pre era sy (c::aa]\nrr?ea d%olljt Wi tRA"WaSt e wat er
opt i onal I%Udirﬂciréﬁﬁcﬁa‘ﬁ BRESRI ¥th 2Ry eafPshwal dref s rTfe
wast e wat srectsiv bepoddted doopsieparagdtieth waste water or

hydr ocar bafiaeeos1Rhas @ortaiAthy $4RG6athr Rlbef Qb flcer.
specific_embodlrmah fomRI L ags AddiNg.1858 WREARL A

aqueous sol utjon co alnlng

coal escer COMBFETEr iy asthe S hh EFevdg‘éﬁlyl eesh é‘b wgghing a

and/ or ( df)yer@ar@emleP%Bh%@t ¢tPiaitieg wabericphwirpprIokide
used i n washknyréerehy dtiod arbaracaadsr . phase cont ai ni ng

organi ¢ hydr q&@rv@éw%at@ngr@lms%%%atHMQQHQ MRS -

wat er . The Jpast e wa pg%apre ousl Y, us in was%g{goge

contal an d
hydro- cafbonaceous secontar m lc Tig e

hyd? oper oXiederarls s éf‘“@ls%eol‘“’?tqrso%i:%%ci éY VRPEICtO®E @i ned
by cont actydrgcarbohpedpoT andrenerméais np ragenicomtdappe nagide
organi ¢ hydhhoperagXdcde phase, preferably clean water, and

subsequently separating the aqueous phase from the
hydrocarbonaceous phase. The aqueous phase so obtained is
20 preferably used as waste water without further treatment.
Most preferably, the waste water obtained in this way is
used in combination with a different kind of waste water.
The washing of the hydrocarbonaceous phase is
preferably carried out by contacting the
25 hydrocarbonaceous phase countercurrently with water.
Countercurrent operation is considered to comprise
contacting with relatively clean water hydrocarbonaceous
phase which has already been washed once or more, while
contacting hydrocarbonaceous phase which has not yet been
30 washed, with agueous phase which already has been in
contact with hydrocarbonaceous phase.
The source of waste water is in principle irrelevant
to the present process. However, it is preferred that the
waste water is obtained in a process step related to the

35 present process as this reduces the risk that the



wi th an aqueous phase, preferably clean water, and
subsequently separating the aqueous phase fromthe
whyanooarbonaceous phase. The aqueous phase soPODEPRIN€€50208
is 20 preferably used as waste water w thout further
treatnment. Most preferably, the waste water obtained
inthis way is used in conmbination with a different
kind of waste water. The washi ng of the
hydr ocar bonaceous phase is preferably carried out by
contacting the 25 hydrocar bonaceous phase
countercurrently with water. Countercurrent operation
is considered to conprise contacting with relatively
cl ean wat er hydrocarbonaceous” %ﬁase whi ch has al r eady
E;S?O\é\g? B%%g%%ggsggeﬁmr a tﬂ@lhyﬁrocgggc%n%gg?us pehase ,.o,rﬁact
washed, wih Hﬁﬁ%dﬁ§se§’ﬁa’§‘et%|ag‘i‘?°éﬂs r%’&t]?lct’?as”lﬁ*é}éﬁ’?m?rr?'
cont act wt hshydforat bohdoebusopirasesw Fhreogenfscimtofthe
wast e watgfockSs.i Nt pEidwepplsend khed @¥anise dOidhe prresent
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wat er i s obtainhed magrocess ste ated 10 t
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2004/ 076498 PPTRFEP2004£050 288 on T strmpdtinddt fregwnt bden
the hydr opanbonaceass: phasecdreae tusetM inhtidhageops aasmtos

|n the aqueeuUs:,)Sehdibi o), gumaeg,mar ﬁesu;u;; waﬁhoraﬁ %@5&%@
to |ntroduce new co

Oﬁa? SF squgg% #Lam%FE such Fs an e ox1§§%10n

|s %urpr|3|nﬁ er 57-gives good
results a¥te %StaF‘l‘ﬁho‘?s fjﬁtﬂf’ﬁfﬂi’%@\/F“E)lféD PrYee¥s steps was
to renove or gasie vasirdghighiteh heenefdupd mesdeaiglly suitable
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cat al yst 3uch hwyedirerforid e iksnoeneag iy serrstigie agith the
descr i bedcimpolfdsAf 34585 6sed\is ttee WakeentwhiRshast baen

found espgginakdihaSibptalh ey plOferHSE iENAUMEQAUSich is
sol uti ons fQL.d he JZ)F es%ggnllcna\l/c%rclt cl:omprlslng of from 1 to

resent 18
20 20 carbon atoms. Preferred organic acids to be present in

the waste water include hydrocarbyl carboxylic acids
having in total from 1 to 10 carbon atoms. Especially
preferred acids are formic acid, acetic acid, propionic
acid and butyric acid. It has been found that formic acid
25 is especially suitable as formic acid was observed to
give only limited decomposition of the organic
hydroperoxide.
The concentration of acid in the aqueous solution
preferably is from 0.0001 to 5 %wt, based on total amount
30 of aqueous solution, more preferably from 0.001 to 2 %wt,
most preferably from 0.001 to 1 %wt.
Preferably, the water for use in steps (c) and/or
(d) consists of waste water optionally in combination

with clean water and has a pH of from 2 to 7, preferably



Is waste water which is acidic. Preferably, the acidic
15 waste water conprises one or nore organic acids.
w@e@ania@os aci ds have been found to be gener al | PCT/EP2004/050208
conpatible with the conpounds further used in the
present process. It has been found especially
preferred if the acid which is present is a an
organic acid conprising of from1 to 20 20 carbon
atons. Preferred organic acids to be present in the
wast e wat er include hydrocarbyl carboxylic acids
having in total from1l to 10 carbon atons. Especially
preferred acids are formc acid, acetic acid,
propionic acid and butyric acitB." 1t has been found
that for rgfcfi%%l .{)j tg5lés§ @%Heﬁl ﬂ!)).ley rc’elflei‘%)q ofa§rgm05ng %o
acid was observed to give onl | f &econp05|t|on
of the oﬁbghlc hydr oper oxi de. The concentration of
aci d in the Beffeotrdessituedngncanppefusedlsbysics. fiogener, in
0. 0001 t xobe UMbes hasedhOBet pivahtaab®isnto c3hckr&QGUEQUS
solgiti on, 000 %apgreéereaglaéf&eom@ lQ%et&o%es/sWa chIH?&g to
preferabh¥ fr Preferably, fhe water
for use in §i (d) consists of waste
wat er opti onB‘FHeg?d‘F‘ﬁ DB FAPTHNOL WeREPuRA RURERTT ARd
has a pHtbt HydemaZbdracdquspplefser@lnkayinily 200410 46408 de,
PCT/ EP2004L 0RQRO% withlPatedf:d EOM3 (IaQr:lé%lS§utt BAR: 4r a
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ti nes. catalyst which can suitably used in such process

senq, 1 Veg%:d)/nor

comprises titanium on silica and/or silicate. A preferred
catalyst is described in EP-A-345856. The reaction
20 generally proceeds at moderate temperatures and
pressures, in particular at temperatures in the range of
from 0 to 200 °C, preferably in the range from 25 to
200 °C. The precise pressure is not critical as long as
it suffices to maintain the reaction mixture as a liquid
25 or as a mixture of vapour and liquid. Atmospheric

pressure may be satisfactory. In general, pressures can

be in the range of from 1 to 100 x 105 N/m2.
The oxirane compounds can be separated from the

reaction product containing alkylaryl hydroxide in any
30 way known to be suitable to someone skilled in the art.

The liquid reaction product may be worked up by

fractional distillation, selective extraction and/or

filtration. The solvent, the catalyst and any unreacted

olefin or alkylaryl hydroperoxide may be recycled for
35 further utilization.



In optional process step (e), at |east part of the
hydr ocar bonaceous phase contai ni ng organic

whyanoparoxi de obtained in steps (c) and/or (BQT/ER2004/050208
contacted with 15 olefin, preferably propene, in the
presence of a catalyst to obtain alkylaryl hydroxide
and oxirane conpounds. A catalyst which can suitably
used in such process conprises titaniumon silica
and/or silicate. A preferred catalyst is described in
EP- A- 345856. The reaction 20 generally proceeds at
noderate tenperatures and pressures, in particular at
tenperatures in the range of fromO to 200 C,
preferably in the range from25'to 200 C. The precise
D e L ST B B0 0B pod U SHI BEER0 Qg
m xture of® ¢epSGrteantt FhgErese At r?ési)r?éF"?Jé’sbrfé’sgliﬁaén may
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di stil | atfanewisel eaihpree.extracti on and/or filtration.

The sol ve@gmpa;g}_gv&@;{g\ll@gtl and any unreacted oI efin or
| aryl —hydr oper ox1 de may b ecycled for
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can be dehiydreaabedie. MHiheoplegewse coftaatgaraiygtsdlotion
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sofitone sETPEU"P nethi’]ﬁ)gnﬁ?’r%/ l&yadﬁo?eﬁoﬁr *nti pPe! Egnﬁfégﬂng
The preseflurinfers én°ils (fhirthefhy PPyfsetEed o iFfuiche
f ol | owi ngoexaumgel @ss sent to a settling vessel where a

neutralized hydrocarbonaceous phase containing

ethylbenzene hydroperoxide was separated from an aqueous

20 phase.
‘ The neutralized hydrocarbonaceous phase containing
ethylbenzene hydroperoxide was sent to a coalescer where
further agueous phase was removed. The neutralized
hydrocarbonaceous phase containing ethylbenzene

25 hydroperoxide, was washed by mixing the neutralized
ethylbenzene hydroperoxide solution from the coalescer
with an aqueous solution, separating the mixture obtained
in a settling vessel into an aqueous phase and a
hydrocarbonaceous phase, subsequently separating the

30 hydrocarbonaceous phase obtained from the settling vessel
with the help of a first coalescer, and separating the
hydrocarbonaceous phase obtained in the first coalescer
with the help of a second coalescer. Each of these steps
is described in more detail herein below. The

35 hydrocarbonaceous phase obtained in the second coalescer



Conparative Exanple 1 10 In a reactor, air was bl own
t hrough et hyl benzene. The product obtained contai ned
werlwhbamene hydroperoxi de. This product wasPCT/EP2004/050208
contacted with a solution containing 0.5 % NaOH in
water and m xed at a tenperature of 60 C. The wei ght
rati o of product 15 containing ethyl benzene
hydr operoxi de to NaCH containing solution was 4.5:1
(Wm:wt). The neutralized m xture obtained was sent to
a settling vessel where a neutralized
hydr ocar bonaceous phase containing ethyl benzene
hydr oper oxi de was separated from an aqueous 20 phase.
The neutralized hydr ocar bonacedds™ phase cont a| n| ng
SRR N I e
neutral i 788 C%yﬂ?léélaﬁsbo?ﬁé%°%5%@ceﬂ+ﬂ alilal’f’renJgg
et hyl benzgnei126d hyte cperidilaice comasnsvasinddbdngend X ivaiger
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a v
separatln ? e an ure o I Ng Vess

into an S&GHEbGE MRS sE AR A imAY U 0t BB FIEEBEsPiSse,
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obt ai ned f eaMwkbaissetds! hdigevassetor wet bn tthe daaéqusof a

f i rst coal @5Ceh, rANth SERALAL Gk LAE; oMYA BCALBANACEOUS
f\ e Obtopﬁ" ned in the first coalesces wth the help

secd@®toal escer. Each of these steps is
descrl bed i nThoreugatiyd Hewerenzpes BYIroPpe*3ge solution
hydr ocar beratieedsviphascagbad Betutiipn tihea setionds
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phase cont ai Ia‘.hggnixture which was obtained, was sent to a

settling vessel where a hydrocarbonaceous phase was

20 separated from an agqueous phase.

NaOH was added to the agueous phase obtained, which

NaOH containing agueous phase was for use in the
neutralization of the hydrocarbonaceous phase containing
ethylbenzene hydropercxide.

25 The hydrocarbonaceous phase obtained in the settler,
was sent to a first coalescer where were added 1.1 %wt
(based on total hydrocarbonaceous phase) of the
distillate aqueous phase containing water and
contaminants described above, and 1.7 %wt (based on total

30 hydrocarbonaceous phase) of clean water. An agqueous phase
and a hydrocarbonaceous phase were obtained in the first
coalescer. The hydrocarbonaceous phase from the first
coalescer was sent to the second coalescer where further
1.4 %wt (based on total hydrocarbonaceous phase) of clean

35 water were added.



et hyl benzene and contam nants, and an aqueous phase

containing water and contam nants. The latter had a pH
wo@R004876@ml was used as wastewater for use in tPEI/EP2004/050208

aqueous solution for washing the neutralized

hydr ocar bonaceous 10 phase. The neutralized

et hyl benzene hydroperoxide solution was m xed with an

aqueous solution in a ratio of 4.5:1 (w:wt). The

aqueous sol ution conprised 85 %w of water which is

being recycled in this process step to 15 which is

added 1.3 %t of clean water and 13.7 % of

wast ewat er whi ch had been used in washing a

hydr ocar bonaceous phase contaimithg organic

hydr oper oxi de Th% nngiure whi ch was obt ai ned, was

sent to a sett FhdoVEsEMt fife PEInechiRIPRtSar Ghateous

phase was °Ptrigepdiar dle fyeorndancdgecouscphased MaCH Masn

added to phescdtureous phase obtai ned, which NaCH

cont ai ni ngxagueous phase was for use in the
neutral i zati t.he hydrocarbonaceous phase

ol Q
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hydr ocar bepaceous: phase tomt ' . coal.escer..was,
sent to tl‘gées ?gcno ghﬂgogﬁ escer V\Allgjglrgef ﬁérltuﬁé?%%dji&éfn%%ﬁy’ it
(based on'total hydrocar Bonattodephas ey or #1agduptlvas
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obt ai ned fgomtde,second coal escer, contained about 3
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Example 2
Waste water was obtained in the dehydration of
20 l-phenyl ethanol to styrene. The waste water obtained was

distilled whereby the distillate obtained contains water
and organic compounds. Organic phase was separated off
from the distillate in a settler. The aqueous phase was
sent from the settler to a coalescer. The aqueous phase
25 obtained in the coalescer contained 10 ppm of solids of
which 2 ppm was iron. To this aqueous phase was added
20 %wt of NaOH. Thus obtained NaOH solution was filtered
with the help of a polypropylene filter having openings
of different maximum sizes. The filtrate was contacted
30 with a solution of ethylbenzene hydroperoxide in
ethylbenzene at 70 °C for several hours. In a comparative
example, the NaOH solution had not been filtered before

use. The following results were obtained.



of sodium Exanple 1 5 Conparative Exanple 1 was
repeated except that the NaOH contai ning aqueous
w@bagme7es ch was recycled to the neutralizatiPCI/BPBP4/050208
was filtered with the help of a Whatman pol ypropyl ene
filter having openings of at nost 0.4 mcroneters
bef ore being used again in the 10 neutralization step.
It was found that the hydrocarbonaceous phase
obtai ned fromthe second coal escer, contained
substantially |l ess than 1 ppm of sodium Additionally,
it was found that the pressure over the filter
gradually 15 increased fromO0.05 x 105 NNnR2 to 1 x 105
Nn2 in the course of 3 weeks.l4This indicates that
solids are heing separated off. Exanple 2 \WAste water
was obt aj Heéfey Fithe dehytffatilol of 2d°1- phetfyl el fanol
to styreneiciiretyest e wat er optai ned was Hdistillled
wher eby g ei&etidnat € pldrahNed iGNt |[@icns Wokde  {Aéhe
or gani ¢ eenpounds—Ogante—phase—was—separated—of-f
fromthe distillate in a settler. The aqueous phase
was sent fromthe settler to a coal escer. The aqueous
phase 25 obtained in the coal escer contained 10 ppm of
solids of which 2 ppmwas iron. To this aqueous phase
was added 20 9% of NaOH. Thus obtai ned NaOH sol ution
was filtered wth the help of a pol ypropylene filter
havi ng openings of different maxi mum sizes. The
filtrate was contacted 30 with a solution of
et hyl benzene hydr operoxi de in ethyl benzene at 70 C for
several hours. In a conparative exanple, the NaCH
solution had not been filtered before use. The
followi ng results were obtained. WO 2004/ 076408
PCT/ EP2004/ 050208 - 14 filter size none 40 20 10 6




(mcronmetre) rag formation strong slight none none
none WO 2004/ 076408 PCT/ EP2004/ 050208 - 15 CL Al M
w®@24/0RHox ess for preparing organi ¢ hydroper oxPCEEP2004/050208
whi ch process conprises: (a) oxidation of an organic
conmpound to obtain reaction product containing
organi ¢ hydroperoxide, 5 (b) treating at |east part of
t he organi ¢ hydroperoxi de containing reaction product
with a basic aqueous solution and separating
hydr ocar bonaceous phase contai ni ng organic
hydr oper oxi de from basi ¢ aqueous phase, (c) washi ng
with water at | east part of the separated 10
hydr ocar bonaceous phase cont ainithg organi c
hydr oper oxi de and separati ng hydrocarbonaceous phase
contai ni ng organi ¢ hydr operoxi rom agqueous phase,
and (d) optionally repeating é gg ; one or nore
times, in which process solid particles are renoved
fromthe 15 rBRCETHACHPEERAELNT GRIHIA| Ygronegariides, which
hydr oper oRFeresanebiorisebasi ¢ aqueous sol ution before
use in stap (&alda&onPJ.@@ﬁSfig@Q%%dﬂ{p&qut 0o Ghalm ;leaclc{lon
whi ch pr ogg&&@oéo&l@amm ob§aris Rlafodgped by
filtering a rt of the eact | on pr oduct
contai ni n or fﬁ??ghifdl’%ﬁ%r 8"3‘<Iitd%f a‘fﬁ%l/ocfﬁa% Bydrpeereride

part of b&asti@lBHyebttrstsel pridont étimrebarge dqueost eplution
(b). 3. Perot @9§a1fa®f.nq3 heDREdMGn b aRaa G0 BPAURNL S Maﬁﬂ:

process camrob&?osu@g epak Ibgglcagqékéy'pﬁgs\" hydr oper oxi de
wth the Qg pigglt e..process a cor % o claim1 or

in_25 whic & Organi ¢ e SHPBURTE sp & k)t aFpprated

corfound, %ﬁFd’caW‘?P%‘PFOb? FERLS CPUfPENEY eisRpid Sedropfedxide
cont act i ngratsepaasingphydroodfrbbireehyd pbosr benacemySorganic
phase conhpdmbagxabk ykar yhudiydrmpes,oxige obtained in
step (c) agd/Qfsbdhipith QL €f i.0.@nd, catal s, te, obtain
in which process solid particles are removed from the
15 reaction product containing organic hydroperoxide and/or
basic aqueous solution before use in step (b).
2. Process according to claim 1, in which process solid
particles are removed by filtering at least part of the
reaction product containing organic hydroperoxide and/oxr
20 at least part of basic aqueous solution before use in
step (b).
3. Process for preparing oxirane compounds, which
process comprises preparing an alkylaryl hydroperoxide
with the help of the process according to claim 1 or 2 in
25 which the organic compound is an alkylaryl compound, and
which process further comprises:
(e) contacting at least part of the hydrocarbonaceous
phase containing alkylaryl hydroperoxide obtained in
step (c) and/or (d) with olefin and catalyst to obtain
30 alkylaryl hydroxide and oxirane compounds, and



30 al kyl aryl hydroxi de and oxirane conpounds, and WO

2004/ 076408 PCT/ EP2004/ 050208 - 16 (f) separating at
wo e@s7qest of the oxirane conpound fromthe BCREPZNYDS50208

hydr oxi de. 4. Process for preparing an al kenyl aryl

conpound, which process conprises preparing an

al kyl aryl hydroxide 5 with the help of the process

according to claim 3, which process further

conprises: (g) converting at |east part of the

al kyl aryl hydroxide obtained in step (f). 5. Process

according to any one of clains 2 to 4, in 10 which

process the filtering is carried out with the help of

a filter having openings of 50 B cronetres or |ess.

6. Process according to any one of clainms 2 to 5, in

whi ch progessseahrdi@a tatp@eratst et e Bas

sol ution ﬂ%l§§ %Qar $P§£9te g??b%ﬁ%g%S%M%%?dis
filtered a ﬂe recycled to step (b). 7.

Process a cor%‘ioﬁ@sst So’éﬁﬁe%ﬁéngoﬁn @Ilb?fm% Aryt oc@pongl,

whi ch pr ogkih pmebsasp@raqetﬁeot@asmwam QN kEIRRYAINRSroxide
fresh bagith assi@eus -solndt prddess g&yﬁhﬁ% p@%‘lgln?gu%géh
sol ution gggsgggkgﬂglgxpgggltlonal wat'er .

Process accor di to any one of clains 1 to 7 |n
whi ch pr oé‘éssc°§f’ 1p% Pt HFAFbPar H )P athel RHYLapdr bydspxidee
separatedOhVﬁP@téﬂbﬁﬁac@bus phase contalnlng organlc
hydr oper 0%i depriosessashedditigt o Was tae Wt 672109t @pal | ¥, i n
congi nat | Ql@icwi ﬁﬂ%cgéseaﬂe Vf@h_eerring is carried out with the help
of a filter having openings of 50 micrometres or less.
6. Process according to any one of claims 2 to 5, in
which process at least part of the basic aqueous solution
which has been separated off in step (b) is filtered and

15 subsequently recycled to step (b).

7. Process according to any one of claims 1 to 6, in
which process the basic aqueous solution contains fresh
basic aqueous solution, recycled basic aqueous solution
and optionally additional water.

20 8. Process according to any one of claims 1 to 7, in
which process step (¢) and/or (d) at least part of the
separated hydrocarbonacecus phase containing organic
hydroperoxide is washed with waste water optionally in

combination with clean water.



