WO 03/ 024925 PCT/ EPO2/ 10519 - 1 PROCESS FOR PREPARI NG CRGANI C
HYDROPEROXI DES The present invention relates to a process for preparing
organi ¢ hwarmpessaxi des. Such organi ¢ hydro- peroxi des are psuvErabhei9d or use
in various processes, such as in the pr_epirgti on of oxirane conpounds and
in the 5 preparation of alkenyl aryl. Background of the invention
Processes for preparing propylene oxi de enpl oying organi c hydroperoxides,

are well known in the US-A—5 883, 268, such process
conventionally 10 co ﬁ@ﬁo%%ﬁ%ﬁ] RGPV Co EVPRE EROS PG Red by
contacting the peroxidation reaction product with aqueous base in anount
sufficient to neutralize acidic conponents. thereof and separating the

resul ting mxture Tt PERSHR bRt ANt &R SS deacd dP¥TeRP Drigaii ¢ stream
The base 15 copépat g edrgaeasi By diese hyel aper oxide stgsane isyyashed with

wat er and the resultr ng m xture se arated into an organics contam nated
wat er phase arkPEP*bIfANTES phAsERLHAVEAG 5% et CRF BPKRIR T et BT Bort e .

The organics goniantnat SeeMatFi Phase 91 LMY asd b dd My extradive 20
hydrocarbon and separated into a purified water phase having a reduced

l evel of or garPECRdA? bhPhatt s2lienys axekcri bed that the purified aqueous

stream can be pgischahnedo M £ he a; f &by of further treatnment because of
its reduced org’&rm‘%_r‘ﬁp'u_ﬁ_e‘l_zs_ﬁrom an environnental point of view,
it is preferred tWCQW%JWWPW% BRGNS rotite Eiml &y frdbcess i s
as smal | as possibh e FMthSErokiads, agnerally e &f fied enfy t gy process

wast ewat er streans contalni ng concentrat ed or gani c wast e conpounds.
Therefore, it desQoilpedfir riés-Ahatsthe? Concmh ioresd @Iyt ol aveslt ey

Compoypds i n alAIUEOUS YBSLe: ST AN &5 o IR A O2ANPR.RATIFPO2/ 10519

contacting the peroxidation reaction product with aqueous
base in amount sufficient to neutralize acidic components
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. The organics
contaminated water phase is contacted with an extractive

20 hydrocarbon and separated into a purified water phase
having a reduced level of organic contaminants. It is
described that the purified aqueous stream can be
discharged with a minimum of further treatment because of
its reduced organic impurity level.

25 F;om an environmental point of view, it is preferred
that the volume of waste streams produced in a process is
as small as possible. Further, it is generally more
efficient to process wastewater streams containing
concentrated organic waste compounds. Therefore, it is

30 preferred that the concentration of organic waste

compounds in an aqueous waste stream is high.



It has now surprisingly been found that wastewater, preferably wastewater
obtained in one or nore process steps of the present process, can be used
in the agweas®2493®| ution for treating the base contam nat edTiBpde/oqFes oxi de
-5 stream It has surprisingly been found 4 hat the contam nants present in
the one or nore wastewater streans, do not hanper the cleaning of the

hydr oper oxi de hydr.ocarbaonaceous phase.. Furthernore 0 .nhegative effect on
t he performance o?ftt ﬁjeasca A R R ASERCN: r\L;Dee(fnmhfgbﬁmt%et é‘%?ﬁewa?rtﬁr’

hydr oper oxi de mosfieataih g ved 5 teawn te e adhech dd inwasteewat eforengsrdceast ed with
olefinin thedggesenc of a catq%yst as described in EP-A-345856 to obtain
al kyl aryl  hydt o1 and o8 TEHe " ¢ dipoutdy. C§15’rr%fr VY e SR @RSAYSIS The
present inventsateiratss ttrasapiogadse flofse propaminGg t¥dalidroperoxide

hydr oper oxi des,,_ whi ch prqcess conprises: (a) oxidafiqn of an organic
corrpou??d to ob%taﬁé?iar?'ea"gt[i sd‘?’%lffcstlrb‘%lrﬁ ?ﬁer%nn A rﬁgt?thfﬁ’reoper oxi de, 20
(b) contacti gg:ﬁta{neiﬁrsdnt%ar;iréﬁedﬁmirortgw:cmehw (ﬂzorréeru@gt@/act%&t ai ni ng
reaction product with a basic aqueous. solutian, (c epar at i ng ,

hydr ocar bonace%tifseaﬁ??aséj%d}ﬁ%i}?ﬁ%%er otr}bearﬁl@aWﬂlrgoﬁé‘?r &iiedglyfdrr%eéﬁ‘é&?s
phase, 25 (d) pad@aeiigthaled @AThAd I mfr e eaRar aled dyadioe Garheraceous
phase contai ni ng organi c. hydroperoxi de with_  an aqueous sol ution,

conpri si ng wastevidte e HERFRACES étartdls 11§ e Sy diesc Pssracsb i eph ade
contaipi ng organic SWAr oResH e firRMdif AGUSRUS tRRA%E + 2R @0 ith
hydr oper oxi des are useful in a range of processes. One of these processes
i s the reacti offBfewadi®fani® hyisp&aoxiidd wiled ia M v hien Pgiegemn ceo odbai n

oXi rane conpounfs:1ydt CRIYQGER itrh e PargaNnise sEOHROWRE aYsUal Y 15 AN
al kyl aryl, and the process further 35 conprises: WO 03/024925
PCT/ EP0O2/ 1051d1ydroxide and oxirane compounds.

Summary of the invention

15 The present invention relates to a process for
preparing organic hydroperoxides, which process
comprises: .

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

20 : (b) contacting at least part of the organic hydro-
peroxide containing reaction product with a basic aqueous
solution, A
(c) separating hydrocarbonaceous phase containing
organic hydroperoxide from aqueous phase,

25 (d) contacting at least part of the separated hydro-
carbonaceous phase containing organic hydroperoxide with
an agpeous solution, K comprising wastewater, and
(e) separating the hydrocarbonaceous phase containing
organic hydroperoxide from the aqueous phase.

30 Organic hydroperoxides are useful in a range of
processes. One of these processes is the reaction of
organic hydroperoxide with olefin in order to obtain
oxirane compounds. In such process, the organic compound
usually is an alkyl aryl, and the process further

35 comprises:



3 (f) contacting at |east part of the hydrocarbonaceous phase containing
organi ¢ hydroperoxi de obtained in step (e) with olefin and catalyst to
obt ai n al Wyl mryde2s hydr oxi de and oxi rane compounds, and 5 (Pg)I/EPepassati ng at
| east part of the oxirane conpound from the alkylaryl hydroxide. The

al kyl aryl hydroxide obtained in step (g) can be used in a w de range of

processes. Such.process i.s r- ring an al k | aryl. by dehydrating the

al kyl aryl 10 hcfdr oﬁodic.ac&ﬁ&qqearecpgredac%s?ai% ﬁ&g%& eﬁé’tdirr%arr% qaNYEr yl

hydr oxi de to giisden @ontadikyiln@rodganifc thelqppecess deaetarding tig t he present
invention is to be used for .dehydratjng . .the al kylaryl hydrqgxide, the
process suitably°P ¢ ??pr"flstgk qllﬁéllﬁbra.nélé(%qyc%n é}ﬂ%%{ qlg‘é’sllarﬁa}rt of the
al kyl aryl hydrioxdeex i ddbtaidedirarsd efponp@undssneimal |y, the conversion
produc.gs reac}ion r oduct, and ter. Prefergbl , step (h) conprises either
dehydr ati on or 9hySHFHYE £ 8asd Paddt i n%@ot‘]’lﬁ‘dtr.a FBFEOYsis. i s

20 the reactiofred dhe Aldonlarwl Hpydraxdiqle with hydrogen, preferably in the
presence of catalyst. Dehydration will  generally produce an al ken)él aryl
Bnd vater, while TRAIAIEHADE OXAIGIGEEEHANT SducEeR iiarpn e
Preferably, thesdwdipgenglasirandd loPradiees dde ahuer Prdces?d igsed as

starting conpound. Detailed descriptiaon_of the invention Al though the
or gani ¢ conpolRFFRAENY RN fe Krode Y9 PY Kehytesdnrnd fhentdildy ey li n

principl e be anyy,CAMRRUNGN o tHLAH G AP AUNGS, dMigeh 3118 gTRHe fan&guent iy
used are 30 al Kyl aryl conpounds. "Al kyl aryl conpounds whi'ch are nost
frequent |y usdtyHresiskn Xén@Rtdipodids 1doHt a@tilng 14t thearocessl kyl

substi tuent whch,,aliky MRS RN RONRIAT ih il @9 bt @k} Garbon at ons,
preferably of from2 to 8 carbon atons. Preferably, the benzene conpound

contains 35 ciehaidiaddaofthe erhky liag vyl doisodident $heThaogieey guiitably

comprises further:

15 (h) converting at least part of the alkylaryl hydroxide
obtained in step (g). Generally, the conversion produces
reaction product and water. .

Preferably, step (h) comprises either dehydration or
hydrogenolysis of the reaction product. Hydrogenolysis. is

20 the reaction of the alkylaryl hydroxide with hydrogen,
preferably in the presence of catalyst. Dehydration will
generally produce an alkenyl aryl and water, while
hydrogenolysis will generally produce alkylaryl.
Preferably, the hydrogenolysis will produce the alkylaryl

25 used as starting compound.

Detailed 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

30 alkylaryl compounds. Alkylaryl compounds which are most

' frequently used are benzene compounds containing at least
1 alkyl substituent which alkyl substituent contains of
from 1 to 10 carbon atoms, preferably of from 2 to
8 carbon atoms. Preferably, the benzene compound contains

35 on average of from 1 to 2 constituents. The alkylaryl



WO 03/ 024925 PCT/ EP02/ 10519 4 conpounds nost frequently encountered are
et hyl benzene, cunene and di (i so-propyl)benzene. The oxidation of the
organi ¢ cwopsuwed2san be carried out by any suitabl e procesI/Bpoowsion t he
art. The 5 oxidation can be carried out inythe liquid phase in the
presence of a diluent. This diluent is preferably a conpound which is

|l iquid under the reaction conditions . and does not react with the starting
materials and SPPOAEES die S n‘g%ﬁqmr‘?n%%tcﬁﬁet?erﬁrecﬁ 1hengene 10
conpound necessaméne fidsEinti hHpgphedreaaid . on. For exanple, if the

al kylaryl is ethylhenzene, the di(PLtue t can he ethyl benzene as wel|. Besides

the desired organic hydtsHerskt S HE 2 ge AT PEnt @ Tied

created duringpithepxdamatdontafle radganimaomounds Adhaugh most of
these are present in small anounts, the Ere,sen e aof, the organic acids

especi al |y ha bt FYurfdt &S ot & il PRase iy ther use

of the organi hyskoperexides. 1 int degerd ked dehtUSApr883%:2208, 2 met hod of
reduci ng the 20 anmpunt of contaminants is contacting the reaction product
cont ai ni ng or gEATROYRRIrBPeTbxi Het Mt ahdsduddifs t@aediiion sengtiitdpnsHowever ,

contact with tdyey ageousolkaldt WSIHIHHRN JUHAGC % tR G tRigh anount  of
al kali metal into the organic r}{odroperom de contai ning reaction product.

25 Al though t HF StntOVTa 115 Oveisds Cif 158 1gedte 8560 A3yP0 r%e 2al kal i
wash, jphe anoumQfufd kidde JBdal1 £ PHATERANS 1 dS tiHCHRA%_Gonl. N Fidie process

of the present invention, the organic _hydroperodxide containing reaction
product is corfiRe, 3F iheh & Wiy ladife i vddamzene ther didpesitf iceal |y a

basi ¢ aqueous gé)lé,gﬂyqrbeq.pggr@ nidhg,Qne or nore alkali metal conpounds.
Sui tabl e al kali sources for use in the aqueous alkali solution include

al kali netal hydr ®edees dihealdes imecalo rganienityes oped oxlikigl, i anetidle hydr ogen

car bonat es. range of contaminants are created during the oxidation of

15 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

20 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.

25 Although the amount of organic acids can be decreased by
the alkali wash, the amount of alkali metal contaminants
is increased.

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

30 with a basic aqueous solution, more specifically a basic
aqueous solution containing one or more alkali metal
compounds. Suitable alkali sources for use in the agueous
alkali solution include alkali metal hydroxides, alkali

metal carbonates and alkali metal hydrogen carbonates.

35 Examples of these compounds are NaOH, KOH, NapCO3, K,CO3y,



35 Exanpl es of these conpounds are NaOH, KOH, Na2CO3, K2CO3, WO 03/024925
PCT/ EPO2/ 10519 - 5 NaHCO3 and KHC03. In view of their easy availability,
it is prebDasoed2io use NaOH and/ or Na2C03. The speed by \RaT@EPOL/NES19
equilibriumis reached in which the mayjordty of the salts of the
neutralized alkali 5 netal acids are present in the agqueous phase, can be

' dint k t illed in_th P t
(0) io pref or Ay CAACod oo byt RESNSE COREACERTY GF LRE i ghare it

hydr oper oxi de l§0§l}@fé’lllfk% r@@c&g@mﬁ@% &n%éﬁriay c aqueous 10

solution. Such intense contacting can be done i known in the art,
for exanple lntenSIEhéTlSpé’Eg:i bﬂhearamctthe:mtﬂjﬂmumndeg r\dﬁcﬂhacstlep (b) is

carried out, stro depend. on e furt C mstances Preferably,
step (b) is cHW r}gdé/}b%t %‘iyeﬁ#;rteﬁ%rséa @e{\ﬁgﬁ Einore
preferably of Ma@e&bﬁ& GG im SHepdu@oud rpﬁlarsxéi,rczﬁaafb;maceous
phase is separated fr mth agueous hase A preferr d nmet had conpri ses

al | owi ng the hVHfridest A itldeddt IS n a

settling vesseﬁr@nobmmﬂ y(Sepad G}:tﬁerﬂbr%b?_@y fbéifxqceﬁlf kanraggous phase
from an aqueous phase. Preferably, the hydrocarbonaceous phase contai ning
organi ¢ hydr opgtid3d e ‘?@%‘iﬁ)tslétﬁjé’rﬁ |41 &S GRIATT S NS RSE&= 1dfher e furt her

aqueous phase dsntLIoMed. r&A&fm r)bdl.ﬁ:tte&r(cp)tl'ieg Hayild edudusat a
tenperature of between 0 C 25 and 150 C, nore preferably of between 20 C

and 186 C. | PSkEPL Q) ,SuRh | EHQN SarteSRAHE & &7y R dMRIriE Ganbotateous

phase obt ai ned.d £ 0 agieh Mt F AN SHRAUS i rQUild QN GORPr IHNG MRSt evat er
preferably obtained in one or rore process steps of the present process.

The aqueous 3C¥Bliftiur cofRt SMEhESERnvaltar |1 sc &P md egd ded 1t @tgr@mlat ed
hydr ocar bO”aCﬁbﬁehydW e AW HAIE B Hls 1SR AAUSUS r pA3SE d

renmoved from rocarbonaceous phase. A preferred, speci f| C nb |rrent
conpri ses addiifg carried out at a temperature of between 0 °C and

15 150 °C, more preferably of between 20 °C and 100 °C.

In step (c), the hydrocarbonaceous phase is separated
from the aqueous phase. A preferred method comprises
allowing the hydrocarbonaceous phase and aqueous phase to
settle in a settling vessel and subsequently separating a

20 hydrocarbonaceous phase from an agueous phase.
Préferably, the hydrocarbonaceous phase containing
organic hydroperoxide is subsequently sent to a coalescer
where further aqueous phase i1s removed. Preferably,
step (c) is carried out at a temperature of between 0 °C

25 and 150 °C, more preferably of between 20 °C and 100 °C.

In step (d), at least part of the separated hydro-
carbohaceous phase obtained is contacted with an aqueous
solution comprising wastewater preferably obtained in one
or more process steps of the present process. The aqueous

30 sclution comprising wastewater, can be added to separated
hydrocarbonaceous phase at any stage after some aqueous
phase has been removed from the hydrocarbonaceous phase.

A preferred, specific embodiment comprises adding



WO 03/ 024925 PCT/ EPO2/ 10519 6 wastewater or aqueous sol ution containing
wastewater to the coalescer used in step (c). After step (d)., the

hydr ocar woagexms phase is separated fromthe agqueous phepeEEPR/BS®D (). A
preferred 5 nethod conprises allow ng theghydrocarbonaceous phase and
aqueous phase to settle in a settling vessel and subsequently separating a
hydr ocar bonaceous , phase froman a ueOﬁithase. The hydrocar bonaceous phase

cont ai ni ng or&ﬁﬁf%wﬁ &Fofér 64GEYFs 5B PRbFY S aBEEHEHEPY¥BRETt 5°10 a

coal escer wher ehkuebheesaguecowsdphasetep renoved. Preferably, step (e) is
carried out at a tgggerat re ﬁf be%megn 0 C and 150 C, npre preferably of
between 20 C and T66SE SEGPt h8f - waPEr NYHREGATRPPBESBIaRRESBofPounds ~and
contam nants ageppratenall-ymsepar atadohy ghskel iat 668ploefom pheferred
hydr ocar bonaceous phase obtai ned_fromthe coal escer, Generally, the
distillate conP&th8uRCBRYAFEEd1PYARPCRENPYHRAS T RaRaFeana EbABENRRENt 5.

The distill ateagabbaknedagantsubsequent hyabgepbasggsepasaiednin a vessel
to obtain an organi ¢ phase and an aqueous phase. The 20 aqueous ghase

obt ai ned in t hPEPREFUSRELY E8REARRIBAgANPY¥Ire6ArRATAGRPYSaRNaFS E5PBCREI | y

suitable for usauaguswﬁﬁbgéat@ﬁeiHrakgeaég%nageépgqyﬁégé 88htLiAMngs used
in step (d) can 'be any aqueous solution consisting at |east partly of 25

wast ewat er. TherggnésusyssrrersiiieaniperacEésnpPhst FoRsegueREdEhsaRteto

cont ai i ng subgtaehhaghxrnaheeeteﬂkeagksagagoug ShQ5eMPEerdihbfegent

n
wast ewat er streans, or it can consist only of different kinds of

wast ewat er strB8agbesprblyy €hAPcOALi 56 6RTHISHNGIE Bype bemmaseewaeteprf 30
Preferably, stgp(dL,COMPEI 58S gg@ta@;|nggt%$§§é£abpz{%goga;?§e§e@gra&ed

hydr ocar bonaceous phase containing organic roper o _ an aqueous
sol ution conpendi A§0bofh Wasthaat eatprevinashyensed Pngaashi agmpounds

hydrocarbonacegyy pBAgSmERThALNLPY BEORDLGHNYILOPEER¥ ey distillation

15 from the hydrocarbonaceous phase obtained from the
coalescer. Generally, the distillate contains unconverted
organic compounds, water and contaminants. The distillate
obtained can subsequently be phase separated in a vessel
to obtain an organic phase and an aqueous phase. The

20 aqueous phase obtained in this way, will contain organic
contaminaﬁts and is especially suitable for use as
wastewater in step (d).

The aqueous solution as used in step (d) can be any
aqueous solution consisting at least partly of

25 wastewater. The aqueous solution can be a combination of
fresh water containing substantially no contaminants and
one or more different wastewater streams, or it can
consist only of different kinds of wastewater streams or
it can consist of a single type of wastewater.

30 Preferably, step (d) comprises contacting at least
part of the separated hydrocarbonaceous phase containing
organic hydroperoxide, with an aqueous solution
comprising both wastewater previously used in washing a
hydrocarbonaceous phase containing organic hydroperoxide

35 and a different kind of wastewater. Preferably, the



35 and a different kind of wastewater. Preferably, the W 03/024925

PCT/ EP0O2/ 10519 7 different kind of wastewater is one or nore of the
speci fi c wast/ematser streans di scussed herein bel ow. The PAFERNALIISTI
previously used in washing a hydro carbonageous phase contai ning organic
hydr operoxi de, 5 preferably is a wastewater obtained by contacting a

hydr ocar bonacequ has ont.aipin rgapi ¢ hydroper oxi de Lt h_an aqueous
phase, preferagﬁifgfggﬁ &é?gr??aﬁgsggg%g%ﬁué%t?9g585a?3f?né%tﬁgeaqueous
phase from t hesphgdfbcavbshasevas phasems THesagssedshphase SeO1ebt ai ned is

10 preferably used 68 mas%ema%er wi t hout iurtheé treat nent. 5%;%

preferably, the wabtewAtarSHBEEF nRESTHOLRTE Wagdi 17 YRR P 2 h3fion

with a differestrkbndcebuvashevat esntdheihyds ogan bonagepsise phrasge separ at ed

and obtained in fteg éc),is preferabl% contacted countercurrently with 15
Arebey ¢ t

aqueous’ sol ut i Bh® d)2 PRBRERTLET r SR UPRT APY orCRsACtHRGi Yered to

conpri se cont agyHAgckbbngteaiis Wah&se hysi0aiCahHonREERUS RIa@sSpMbhbLhabas
al ready been washed once or nore, while_contacting hydrocarbonaceous phase
whi ch has notWyEE #BeAIWBSREIPIAFEh BEBEDTRC bhaStHhi CHtaF r 2Ry has 20

been in contackumkébubidl PCaEPIRAELHY St PHASQuedlisi ShPsel EF6RG kO add
wast ewater to the aqueous solution for treating the hydrocarbonaceous

phase whi ch haBYRABPCIEPONRERAUFaRRREL - THR® sRUrRRUDHFPRHEE vBR t &Red Bred ok S use

in step (d) isprébetabpyi B5e! &si kot evandr Lwi th6uPr £SLHke PrOLESEmetONRVET,
it is preferred that the wastewater is obtained in a process step related
to the presentMpfbceEsfagaphys thedireseyakeridrtearedtie Hohpoumdsipresent

in the hydro- garhopacegus; RRasenreact M &hrtbaser PEesent s i a4, 30 Aqueous
solution. Furthernore, it is preferred not to introduce new components

into the process. ThehagdBReArLeRACRPYNANITE cePIHARA I et inrd in
wastewater cogt@hnipg SHBSTapLiab) AMOMH ScOfq COM AR PAN SeSULH @t n

15 aqueous solution in step (d). Countercurrent operation is
considered to comprise contacting with clean water hydro-
carbonaceous phase which has already been washed once or
more, while contacting hydrocarbonaceous phase which has
not yet been washed, with aqueous phase which already has

20 been in contact with hydrocarbonaceous phase. It is
preferred to add wastewater to the aqueous solution for
treating the hydrocarbonaceous phase which has not yet
been washed. |

The source of the wastewater for use in step (d)lis

25 in principle irrelevant to the present process. However,
it is preferred that the wastewater is obtained in a
process step related to the present process as this
reduces the risk that the compounds present in the hydro-
carbonaceous phase react with those present in the

30 agueous solution. Furthermore, it is preferred not to
introduce new components into the process. It has been
found that it can be possible to use wastewater
containing substantial amounts of contaminants such as

1l,2~-propanediol.



1, 2- propanedi ol . WO 03/ 024925 PCT/ EP02/10519 8 1In the present invention,
it has been found that the presence of contam nants generally do not

negat i velwo osntdoaence the cl eaning of the hydrocar bonaceowrsTHPaE €519

cont ai ni ng organi ¢ hydroperoxide. Furthernpre, it has 5 been observed that
the presence of contam nants such as organic acids frequently inproves the
efficiency of the _washing of the og&nj c hydraoperoxide stream It was

observed that the HWdri¥peross et stedm dhtrai Hed'dhH R&Ep (PG dhad e | ess

sodi um when wastey@ies SONEG thmtharlls fgani Ll Beidls fad haan used, in the
washi ng than when solely pure water had been used. Additionally,” in many

i nstances an i hWprARRFS P AN T tHe Grydh T AFRFRIBCefife iR Sthase was

observed. |t iSorStHiisd Nrddatc Rt ddkidep fde el S 3quppus
sol ution conprising an acidic wastewater, gives good results as the aim of

the preévious prResPIRERA Rt t1d'e dRASTEIY A U aisl M teh shsthe aor ned

as by- product rd4h fdhe Oxigat i o afc 1) ebdi®ved tehias fow heen, faung, 4 hat
an acidic wastewater can be used i n aqueous wash solution 20 of step (d)

gi ves good restA3sing thouthsejedanie ifshap o ide iseqientI tcatas yst such
as a catalyst as.deaed ifed ithe B ARG q st NRT &b oati oy has been found

especially suitable for use in dqueous solutions for the present '
invention, 25%eP webt SRntEaingd diess sadidine wiEre fwarsdisivia t atheoadiadindi ng

waSt eyt ef COTPII A0S, NS HEN AP as dhe QAN el I3 ndipve been

found to be generally conpatible with the conpounds used in the
present procesxlaly ipptmgiatiraehdd hatresisad alAddigrigmalrled iifn mieevaci d

Atom.  Profer oy orsen o e f R SRS T M i Y Rheae "

hydr ocar byl cadwmodd erecdaesvashakseyvied.total from1l to 10 carbon atons.

Especi al l'y It is surprising that the use in step (d) of an

15 aqueous solution comprising an acidic wastewater, gives
good results as the aim of the prévious process steps was
to remove organic acids which were formed as by-products
in the oxidation of step (a). It has now been found that
an acidic wastewater can be used in aqueous wash solution

20 of step (d) gives good results without negative impact on
a subsequent éatalyst such as a catalyst as described in
EP-A-345856.

Wastewater which has been found especially suitable

for use in aqueous solutions for the present invention,

25 is wastewater which is acidic. Preferably, the acidic
wastewater comprises one or more organic acids. Organic
acids, have been found to be generally compatible with the
compounds further used in the present process. It is has
been found especially preferred if the acid which is

30 present is a an organic acid comprising of from 1 to
20 carbon atoms. Preferred organic acids to be present in
the wastewater include hydrocarbyl carboxylic acids
having in total from 1 to 10 carbon atoms. Especially

preferred acids are formic acid, acetic acid, propionic

35 acid and butyric acid. It has been found that formic acid



preferred acids are formc acid, acetic acid, propionic 35 acid and butyric
acid. It has been found that formc acid WD 03/024925 PCT/ EPO2/ 10519 9 is
especi al l'wosaioees e as form c acid was observed to give @arEPo2/ms1ed
deconposition of the organic hydroperoxidg.— The concentration of acid in

t he aqueous solution 5 preferably is fromO0.0001 to 5 %, based on total

Ao o COUEOUS,SOLLL] 7 D2, P el er bl Lo . 001 30 28 1 o MOt
preferably from o ) He separate

hydr ocar bonacegirse pdwab)e lnmnttexﬂ rrﬂergoﬂmy@lsrnpiewmmﬁethes aoydraict ed with the
aqueous 10 solh on corgprém ng wastewater in order to renove organic
cont am nants, ebépecp aW ?ganl c salts, nore specifically organic alKkali

fﬁ;str-ergtelrﬁf O{e rJmhm ocarb ni?leMIﬁ]hafgemmﬂn?jm arf@ﬁ&ym;tns;ﬁcldﬁcﬁrg te)reo>s<|uglg
15 witR the gcﬁﬁa %kg%[%ﬁ% %%ﬁp(ﬂj@(?‘ﬁgaﬂﬁa & tt'e 25k e 0 aﬂg 3

yar oper oxi de. - Ag a- v de fande of cont ymmnjmnttm:s Bhamer qUEIag 2 F?g“?ﬂ'ec
hg;drogar bonacdbU¥® %&erqql%% d]qt hdic cglt e°d”vm|gch 20 Eorrpounds are
Anyone ski | led i1 the art “ﬂhétm‘.e?C“ﬁ“a.%f???ﬁ?éﬁ??ffﬁ”?‘{éﬁﬁﬁ?ﬁ '

sol ution conpfIsihig tHe WAV ForitSai T R Hisgh Edit diter &3USPUSof t he

cont amipnant s W ot iddre ddndiel 4 epvetst dwafear albl Yord&y tthe RGURRUS r$RIntd on
contains less than 20 %W of conpounds which are to be renoved from.the

organi ¢ hydr Sy G de ot aqqﬁ%as]tlryeé’rﬁgalﬂrlé? SRSy, MHE angsodd caddivut i on

consi sts of atodpasic 801101 ofawed erThé"ﬂérf%reoerk@ deRfs Alo1h8ash 90 %t .
The amount of water is 30 preferably at nost 99.99 %wu, nore preferably at

most 99 ot . FUIRTIGHLIRh&'aRwARSTants tAl e Gotdr Ahaf Hare theen the

hydrocarbonaceous phase containing organic hydroperoxide

15 with the aqueous solution comprising wastewater, reduces
the amount of contaminants present in the hydro-
carbonaceous phase containing organic hydroperoxide. As a
wide range of contaminants might be present in the
hydrocarbonaceous phase, it cannot be indicated which

20 compounds are allowable in which amount in the aqueous
sclution. It will be clear to anyone skilled in the art
that it is disadvantageous if the agqueous solution
comprising the wastewater contains a high concentration
of the contaminants which are to be removed. Preferably,

25 the aqueous solution contains less than 20 %wt of
compounds which are to be removed from the organic
hydroperoxide containing stream. Preferably, the aqueous
solution consists of at least 80 %wt of water, more
preferably of at least 90 %wt. The amount of water is

30 preferably at most 99.99 $wt, more preferably at most
99 3%wt.

Part of the contaminants will generally have been

introduced into the hydrocarbonaceous phase containing
organic hydroperoxide by the basic aqueous solution used

35 in step (b). Therefore, it is preferred that the



i ntroduced into the hydrocarbonaceous phase containing organic

hydr oper oxi de by the basi c aqueous solution used 35 in step (b). Therefore,
it is preWwermmsehat the WO 03/024925 PCT/ EPO2/ 10519 - 1@cTvErdr/ensas er used
in the aqueous solution of step (d) does {got contain a substantial anmount
of basic aqueous solution applied in step (b) Preferably, less than 10

oWt of the baS| £, aqUeous soI tion_used in sed t
aqueous sol uti Oh %?wstf ep \Cd? }r%rteh%re ueermfﬁ ygojlllggslsO aﬁ %!t A;qes
preferably no masicoatuinus ssiostdntornl Tahmtantowﬁ Soasiec tahga,leammnt S as

present in the [ocess, dependent of unt, .of these solutions is
bei ng recycl edsof)éhja? p?? cg BP eF &5 P *na%r nﬁ & WU t}tﬂ Ut on
conpri si ng vvasI@V\ab*erof:oﬂﬁ@l hsla;si@sasqmétam G Wton afsead kial isthmt a(lb )caipound

and/or. salt, base nmount of on to of sol n
prefer a?gly Ies‘égec aJnn ﬂu@WeO%r%ogf‘telf%}a fﬁe&sH$HaW%§%§u rahot

preferably |eSBe§:hatfhéhO&1 Yt , ra&stPr;efeeﬂ@mmytdte Baodiad aguenus sol uti on
for use in m# consi sts of wate wast ewat er whi ch aqueous
sol uti on has ats Rt ohH2 c'l”’EBO"‘inti")raelfeer f‘“&ﬁuq‘tr%rﬁ% RIFS9dss it HAIF 7,

nore preferablyr@ieds oM ddSpéddn 6. o Maaianwalmurst RN AN h8 wisethAs such.
However, in 20 sone cases it m ght be advantageous to concentrate the

wast ewnat er st rREMHFHTEE LIRS |Q15Lﬂfh]e13pr ddedss RISHHERS tidrat Hd S rsspus
i nventjigon. \asdewat Bon St dRsiBs WY Gie 8 Rt e dbsyfchiidl St (tharPfo . 2 Rt

pr esent process are fre pared in several ways in the 25 process according
to the presento} rdf ﬁ“eﬁjef%?l?%dl%sat%rersaslttrreé??ssefcbroﬂjﬁq%ttHéF

aqueous sol ut h@éhatpron USSd P s &SeNo ITMRIH,| Y SN NS 18lsd @astn part
of one or more of the follow ng wastewater streans: wastewater produced as

by- product in @ik Bk dareh RFCIBRRINGAAE gothd I P ¥reqsd), wast ewat er
obtained in cleaningfyliess 94n of fo988.c aqueous distillate obtained

15 Preferably, the total aqueous solution for use in
step (d) consists of water and wastewater which aqueous
solution has a pH of from 2 to 7, preferably of from 3 to
less than 7, more preferably of from 3.5 to 6.5.

Wastewater streams can be used as such. However, in

20 some cases it might be advantageous to concentrate the
wastewater stream before use in the process according to
the present invention.

Wastewater streams which might be used in step (d) of
the present process, are prepared in several ways in the

25 process according to the present invention. Preferred
wastewater streams for use in the aqueous solution for
use in the present invention contains at least part of
one or more of the following wastewater streams:
wastewater produced as by-product in the oxidation of

30 organic compound in step (a), wastewater obtained in
cleaning filters for off-gas, aqueous distillate obtained
by distillation of hydrocarbonaceous phase obtained in
step (e) and water obtained in converting alkylaryl
hydroxide in step (h). These streams are being discussed

35 in more detail herein below.



by distillation of hydrocarbonaceous phase obtained in step (e) and water

obtained in converting al kylaryl hydroxide in step (h). These streans are

bei ng di swogseek9285 in nore detail herein bel ow. WD 03/ 02292&P02/10519

PCT/ EPO2/ 10519 - 11 In the oxidation of 1the organi c conpound, it has been
observed that water can be produced. It is thought that this water

originates from side- chl 0SS |t of. .hydr oper oxi de.
A wast ewat er st rea%?v%kfézh& Can gb %:Ceﬁ |%rf sehgp ( %lpcoél(r%{ade lrte%lgvset%ee(f r)by
condensati on o@fs¢teed edratnrwafdr gasy mndeharaat. g tike thadrght that

car bonaceous phase.  Thi ste er reamjs especially uitahl.e for use
in step (d) i ntq\%llsevvébtferlst%%l Wap ° If\rt%%emodxei cféetaloconloo S e r‘—’lgsalri:ihce
conpound, of f -dEsonso s il qor o deeH opd @ nidey Y gerE teweord ra i thasans .wHIteh of

the pgssibilities to clean this off-gas, .is with the help of, a filter,
nore speci fi cafly & chartoal FiFh e{g) %ﬁaé{fbﬁ FECOHHES P& DdavaT ton
regularly to refrse tihes @hsordefl gapntard apaxratisitaldhe Hylires- s done with

the help of 15 water optionally cqnt.aining small anounts ,of further
conpounds. |1 FHOBRTETEURPITa SUch VHS BRI G5 iy S Edithg
filters for offuipamle Rapanialiy stp t@bl ef ariawsef idsha aqyeaus sol ution

conprising wastewater. 20 Apnother stewat er stream whi ch has been found
suitable for use i (4 é’dﬁ%&%l%ﬁ OFRFIS FET R ewsttdI3Ss 18queous

di stillpat e obtpidcttdy separiatinyg Jygdiracardenagaous Rhased @magueous
phase, distilling  the hydrocarbonaceous phase and subsequentl é\ separating

25 t he hydr oc&bongtieddst s &9 19§ 1 e ~FGFeods $idty 1hst @elpr Sfer r ed

enbodi ments fof fireRar, g dpedigueeus yisstdhlalrdiea if ari 14se .agneagtigwater in
step (d) have  been described above in the discussion of step (e). Such
aqueous di sti I3t &9 PePEanad yednlitadive Hor e s hen&bse rd§Feous

sol ution used ddhtdr@h s, @Nealy,y.tHike is done with the help of

15 water optionally containing small amounts of further
compounds. It has been found that such wastewater
obtained in cleaning filters for off-gas is especially
suitable for use in the aqueous solution comprising
wastewater.

20 Another wastewater stream which has been found
suitable for use in the aqueous solution comprising
wastewater, is aqueous distillate obtained by separating
hydrocarbonaceous phase from aqueous phase, distilling
the hydrocarbonaceous phase and subsequently separating

25 the hydrocarbonaceous distillate from the aqueous
distillate. Preferred embodiments for preparing such
aqueous distillate for use as wastewater in step (d) have
been described above in the discussion of step (e). Such
aqueous distillate is especially suitable for use in the

30 aqueous solution used in step (d). Generally, the
conversion produces reaction product and water.

A further stream which is especially suitable for use
in the agqueous solution is water which is obtained in the
conversion of alkylaryl hydroxide of step (h). As

35 mentioned above, the conversion preferably is dehydration



conversi on produces reaction product and water. A further streamwhich is
especially suitable for use in the aqueous solution is water which is

obt ai ned wo mlet2gonver si on of al kyl aryl hydroxi de of stepCTiBPo2/A5185
mentioned above, the conversion preferahlysis dehydrati on WO 03/ 024925

PCT/ EPO2/ 10519 - 12 or hydrogenolysis. If step (h) conprises dehydrati on,

the product of_ the,dehydrati.on is.preferahly distilled, wherehy th
distillate obt@ ned e ré?lr%élv\s/a't elff and® o arﬁoénpcrolnspeosun%sh.y%ﬁecslodi's?ciqel ate

i s phase separmtethdty &f separdh yy of forhyidr quarfleorzddeoul qahidded n a settler
and sending the aqueoys phase t0 .a coal escer. The .aqueoys phase obtained
in the coal escvg?e S Cgltﬁttjaeb]ﬁ/teoeo(%ﬁsae]d’e(%scqﬁasatl & S &%ep (d). If
step (h) conprésemidysbragentdysiThid kil switlara ter ddueeth eansdpa used a5 10
wast ewater in St?a&tﬁf’ 2@%%% after the hydrocarbonaceous phase has
been seépar at e FF* By "h %ﬁﬁb&ﬂaqqoﬁshé%mﬁfr dgerfol SASte i &€ t he

al kyl aryl  corgsndichdisetk asgusddld iplh gy aduel cdahe saddey| amd aﬁﬁwd
obtained in Sterg%]e(h) S ,suiéa,bly recycled to step (@g}. 15 It has been found
that in a |imREPFHARSEY IThdthh G LSHF SN VET 38 Yo st Y Bfes6A r ag
is formed upaqs GRB@GHTW tihe Jvel ogar.bameeeys Ehaswngilsaishi ng  organic
hydr oper oxi de with the aqueous sol ution conprisjing wastewater. Wthout

wi shing to be BEAEIE BMLES 20- AN eGHET IRTIWGRL GGt BehASeSudS | ayer ni ght

be fonged whema sulisdantd altagow)t, Pramiralblgonifamnanes, such as iron
cont ai ni ng conpounds, is present. Metal conpounds are sonetines present in

aci di ¢ st r eanE ¥fIC IFRJIGEAWh Phorsaeras bagrf sceenaitiad Wiifc Bys ®he Skast e

streams have hean 25 jidh Coit adle hMREIRIQIA Y sTRSlGiGRAVEMI Qnaly 1Bt Hods of
removi ng netal conpounds from wastewater are in nmany cases, suitfable for

preventing ragdRand oSt ahetyteseney 3s theemdiarlaryli compound
B; :; :; ;gf‘yt hato Jihg ndBtiPd dep canyried Lyt a1 ehevalad d @IPerabur@) .

15 It has been found that in a limited number of
instances, an interface emulsion layer or rag is formed
upon contacting the hydrocarbonaceous phase containing
organic hydroperoxide with the aqueous solution
comprising wastewater. Without wishing to be bound to any
20 theory, it is thought that such layer might be formed

when a substantial amount of metal contaminants, such as
iron containing compounds, is present. Metal compounds
are sometimes present in acidic streams due to corrosion
of metal surfaces with which some waste streams have been
25 in contact. Therefore, most conventional methods of
removing metal compounds from wastewater are in many
cases, suitable for preventing rag formation in the
present process. Generally, it is preferred that the
method is carried out at elevated temperature, preferably
30 at a temperature of at least 40 °C, preferably of at
least 50 °C, more preferably of at least 60 °C.
The preferred method of preventing rag formation, is
filtration of the wastewater and/or the aqueous solution
comprising wastewater. The filter which 1is preferably

35 used is a filter having openings of 50 micrometer or



30 at a tenperature of at least 40 C, preferably of at |east 50 C, nore
preferably of at |least 60 C. The preferred nethod of preventing rag
format i ormyvoios/o24oeitrati on of the wastewater and/or the aqeedEPozoisud i on
conprising wastewater. The filter which-i g3preferably 35 used is a filter
havi ng openi ngs of 50 m croneter or WO 03/024925 PCT/EPO2/10519 - 13

smal | er, pref es;n@r%]]yeerﬁf) ﬂ;@é{ﬁ}{%ﬁ;% I@Traldn%rte;r%rre sl ferabloyi,ezo

m croneter or preventing rag ormation is
diluting the pesteawdiler 40y maiddionrgtedear watedrlenot containing .5

contam nants to the S td on._ The . unt. of clean_ water. .to.be
added depends on ﬁleﬁ%{ﬁ%{ar@% E)efl ggrﬁ)el}’r‘la?lg:(lg')%o o1 %gﬁf“?f {EheS S é&rhn.g | t
has been foundhehatadtrewsmmer hynstdahoss,clidans wiaftiecesicito cashdt a301i%st of cl ean
wat er .gn totalO m)uintanotf wastewat er . 10 A l.ess attr,@rc?tive o%ti%n&a]o
prevent rag fSrHBEAOHENTE T WiSEIUITHE W dwdter 1A% AMSE e fh hisded
wast ewat er i wdteer aguéeusdcidditdeprendependert kdmd hecambuntan@funts (s)
contam nants present_in_the hydrocarbanaceous phase containing organic
peroxi de, 15 Pr SCAELTEES d)ﬁ/ra?r?c?n(%e') %gar%aé:’l ?ﬂ?&n %é’u@éirrti 6&“@ e or a
nunber of ti nEsistRrefear,alilty suffd ceemhionatddoBofiwtt bEse 1REeC a3 St PSS i S
carried out of from1l to 3 tines. In optional process step (f), at |east
part of the hydt PSWe&fsw 5?@9’5‘55ﬁ!3ai ni ng organi ¢ hydroperoxi de 20
obtaimed in step @e)ldss eartraciadenoph ionetion preieher abky fopmapensa, iR the
presence of a cat gl yst t?@gbt ain alkyl- aryl h){droxi de and oxirane
conpounds. A && AN lwtineh vastevatictabing YSEdthS BUCH fprSc dsSteyRBETses
titaniumon sid it anedussiddicatien. A preferred catal yst is described 25
in EP-A-345856. The reaction generally proceeds at A noderate tenperatures
and pressures, inDsRencg@tacrathe émeanat GfeSOPG2PABARARgETEFSNt0A0 t 0 200

C preferab'ytHé1Hﬁ&%dﬁ@%%%dﬁb@%h%5p%@s%OQoQtaIBQn@r%Qb%%i%r%%§%&§dk§
15 process step (d) and (e) can either be carried out once
or a number of times. Preferably, the combination of
these process steps is carried out of from 1 to 3 times.
In optional process step (f), at least part of the
_ hydrocarbonaceous phase containing organic hydroperoxide
20 obtained in step (e) is contacted with olefin, preferably
propene, in the presence of a catalyst to obtain alkyl-
aryl hydroxide and oxirane compounds. A catalyst which
can suitably used in such process comprises titanium on
silica and/or silicate. A preferred datalyst is described
25 in EP-A-345856. The reaction 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
30 reaction mixture as a liquid 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/m?.
The oxirane compounds can be separated from the

35 reaction product containing alkyl aryl hydroxide in any



not critical as long as it suffices to maintain the 30 reaction m xture as
aliquid or as a mxture of vapour and |iquid. Atnospheric pressure may be
sat i sf actwpy3/024925 general , pressures can be in the range etCrtfRPoma@ieao 100 x
105 N nR. The oxirane conpounds can be separated fromthe 35 reaction

product containing al kyl aryl hydroxide in any WO 03/ 024925 PCT/ EP02/ 10519

- 14 way kno i e_to one skilled in the.,art.  The liquid
reaction prodn@?}gon]é@g%@uém%?%eds%lpt%%ﬁ%c TOTA ¢ St The b s Bt i ve
extraction andlme liqhid ateantidihepsodwentnay hee cadmaiteStumnsly any unr eact ed

5 olefin or alkyl aryl droperoxi de may be recycled for ., furth
utilization. ‘I{%acg’?{%%ycﬁl E/def(;%ﬁla%n’ob?%i%%tdl At ?’%erap(?to]c%sa’bcg@r be
dehydrated in fhetpitesenceriod soladrad ysthd cadlaist Atdrane absted .
Process which can_be used for this 10 step haye been described in WO

99/ 42425 and %@%ﬂ@@ﬁkmﬁﬁ}y%ﬁp%{)ﬁ’f P R FL KM tiPSomeone
skilled in theuathecanin gutingi pl e be used. The present invention is
further illustrated by th faoll ow ng exanples. 15 Exanple 1 In a reactor,
air was blown thr ae]tl?@%@ﬁzéwgrwe %{ﬂjﬂedoﬁtrhiq‘éed RISHeA Sheépn

et hyl benzene hysirogeyoudtted inThitse B @HiGicanass GOdA B ML btsolti on

containing 0.5 % NaOH in water and m xed at a tenperature of 20 60 C
The wei ght rat%o’ i $rotflictetcont 55 A K&tz dife URRR ddr dfiide to NaOH

cont angi Ng solditdPOMMAS bekerd de{IHiBMa -inTh NEUtAl 7 edhdring We ohix ned
was sent to a settling vessel where a neutralized hydro- carbonaceous phase

cont ai ni ng et MABHenTHY dFbiderbe R © B Sndd WD dra tSEiEFATsm & Ja sk dus

phase. The neutgaldzed Qyydrnpgarihpngerous Rhase containing ethyl benzene
hydr oper oxi de was sent to a coal escer where
The present invention is further illustrated by the

following examples.
15 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

20 60 °C. The weight ratio of product containing ethyl-
benzene hydroperoxide to NaOH containing solution was
4.5:1 (wt:wt). The neutralized mixture obtained was sent
to a settling vessel where a neutralized hydro-
carbonaceous phase containing ethylbenzene hydroperoxide
25 was separated from an agueous phase.

The neutralized hydrocarbonaceous phase containing
ethylbenzene hydroperoxide was sent to a coalescer where
further aqueous phase was removed. The neutralized
ethylbenzene hydroperoxide solution obtained from the

30 coalescer contained 127 ppm of sodium.

The neutralized hydrocarbonaceous phase containing
ethylbenzene hydroperoxide, was washed by mixing the
neutralized ethylbenzene hydroperoxide solution from the
coalescer with an aqueous solution, separating the

35 mixture obtained in a settling vessel into an agueous



further aqueous phase was renoved. The neutralized ethyl benzene

hydr oper oxi de sol ution obtained fromthe 30 coal escer contained 127 ppm of
sodi um Weoneudvrsal i zed hydr ocar bonaceous phase cont ai ni ngCT/@PéRylob®nzene
hydr oper oxi de, was washed by mixing the _ngytralized ethyl benzene

hydr oper oxi de solution fromthe coal escer with an aqueous sol uti on,
separating the 35 nixt%re 8btained in_a settl'ng vessgl into ?n aqueous WO
03/ 024925 PCT/ EP85F165%02 NY95OCERReRAGRTUS Hba §ear BBREEBG0E Bhase,
subsequent|ly separating the hydrocarbonaceous phase obtained Erem the
settling vessel Eﬁ h _the helg of, ﬁ Lbrsh anlgscerﬁ and sigarating t he
hydr ocar bonace§G5 phage VE5E T nEd M PRe 8P PSt 2cHAF &5 cEPAWFPR®FhedREl p of
a second coal eseparakaelh tht hhasecatppsatsodesphhbedobhaiheg ggtahk herein
bel ow. ._The hydrocarbgg;ceous gggge obt ai ned i.n the second _coal escer

contai nd et hyl b&RZENECRYEFEBEN etPEt RGLP BEn3eRBCONAt ePapfCcCer . Each

contam nants. §hi snhbydreeaphonacaeysrifephasembsedistill ederdhg Hisbil !l ate
contains ethyl benzene, water and contam nants. This distillate was phase
separated in aTh8sB¥ArpgasBPRRReqUAYANBEEr BBRACRBHS I phAgeSEBAREI ni ng et hyl

benzene and copbantBaBkscoandiaBd eﬁﬁyﬁﬁéﬁz@HéSEyQQBﬁékakﬂaeWﬂéﬁﬁy@”d
contam nants. The 15 latter had a pH of 3 and was used as wastewater for

use in the agheBasnsol HEL8K #Bf GABRARYNERES neliRial hy@BochybierasPemaceous

phase.jgrhe neuprgkized gtbylbesgenenbydy opet oxidecsptathoNetes M xed with
an aqueous solution in a ratio of 4.5:1 20 (w:wt). The aqueous sol ution
conpri sed 85 Y%AENBENRat BRLGAI 8Rdi sobbpRgNrREGecl BAlf ndift sl prbeedadsstep to

which is addegnlsd ¥haPhrehean wabgksand:d3oge 04 th¥§f$@¥?$§ﬁac¥@ﬁ§h

had been used In washing a hydrocarbonaceous phase containing organic
hydr oper oxi de. PR8sFheonirinirIwht kil wasnodrai aed, corsamsemant®, aandedn| i ng

vessel where a,fydrQcapRQuaceOHssPA2SE Wefer and contaminants. The

15 latter had a pH of 3 and was used as wastewater for use
in the aqueous solution for washing the neutralized
hydrocarbonaceous phase.

The neutralized ethylbenzene hydroperoxide solution
was mixed with an aqueous solution in a ratio of 4.5:1 .

20 (wt:wt). The aqueous solution comprised 85 %wt of water
which is being recycled in this process step to which is
added 1.3 %wt 0of clean water and 13.7 %wt of wastewater
which had been.used in washing a hydrocarbonaceous phase
containing organic hydroperoxide.

25 The mixture which was obtained, was sent to a
settling vessel where a hydrocarbonaceous phase was
separated from an aqueous phase.

NaOH was added to the aqueous phase obtained, which
NaOH containing aqueous phase was for use in the

30 neutralization of the hydrocarbonaceous phase containing
ethylbenzene hydroperoxide.

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

35 distillate agqueous phase containing water and



separated from an aqueous phase. NaCOH was added to the aqueous phase

obt ai ned, which NaOH contai ni ng aqueous phase was for use in the 30
neut r al i za0iBR2005t he hydr ocar bonaceous phase contai ni ng petrBpobesaene
hydr oper oxi de. The hydrocar bonaceous phasegohtained in the settler, was
sent to a first coal escer where were added 1.1 %w (based on total

hydr ocar bonaceous hase), of .t he ill ate uep h se cont ai ni
wat er and WO 037 E‘ﬁbﬂ?‘#&/cﬁaﬁ% 3%%%93% Oﬂt atr[:t rqrbetcPta%]ove,
and 1.7 % (U@&ﬂdombmeadeomctﬂm boﬂa(xe]mmpmtm) *Hn Cdcﬁﬁbu/mt;ﬂfaseoxn

aqueous phase dr ocar bonaceous ,phase were t.a d |n the first
coal escer. Thé rh@cﬁ 3%% %rh%cep%%sstfr? BMHE f(?tf%ﬁ Qe drtils sent

to the second coxlescer. mmreujcﬂ,m'ddﬂﬁfborﬂaeﬁbd}@ﬂ E(Hh'ﬁeecfm ttﬂiealflrst
hydrocgr bonaceouslo% ase) of clearlcO ter were, added. The drocarb naceous
ddal

phase dbt ai ned 130 (e et ord* TeeCmt G n 0.1

and 0.2 ppm 1D. ofswodivisedEx@nmd e Eiwnﬁcearlbdddﬁs:s"cﬁﬁeﬁrﬂiseqﬂ%ﬁﬁtcﬁé@{
instead of the distillate eous phase-cont ai ni ng water and
cont am nant s, "éats‘?rmvfea?eaarﬂf%' of clean water was added 15 to the first

coal escer. The hydnmafﬁmm&uaﬁaﬁe Q;lHafgenQﬂ)tfarlQi@d her e aoRd sceRplescer,

was found to contai n between 2 and O. pm of sodium_ Example 3 20 In a
reactor, air VRREIFSHAT H?%%gﬁ?%’t%ﬁ%é%?f&?é BrEvestoduct a3t & -fedpPm
cont ahped et hyd beqwene, hydr operoxi de. This product was contacted with a

sol ution cont ai ni ng 0.3 %t NaOH in water and m xed intensely at a
t enperat ure ofk e weight ratio of product 25 containing ethyl benzene

hydr oper oxi de to MaGhERnt@iyidNGepeated except that instead of the
distillate aqueous phase. containing water and
contaminants, a similar amount of clean water was added

15 to the first coalescer.

The hydrocarbonaceous phase obtained from the second
coalescer, was found to contain between 0.2 and 0.3 ppm
of sodium.

Example 3

20 ' In a reacto:, air was blown through ethylbenzene. The
product obtained contained ethylbenzene hydroperoxide.
This product was contacted with a solution containing
0.3 %wt NaOH in water and mixed intensely at a
temperature of 70 °C. The weight ratio of product

25 containing ethylbenzene hydroperoxide to NaOH containing
solution was 3:1 (wt:wt). The neutralized mixture
obtained was phase separated. The neutralized ethyl-
benzene hydroperoxide solution obtained after phase
separation, contained 11.5 mg sodium per kg solution.

30 The neutralized hydrocarbonaceous phase containing
ethylbenzene hydroperoxide, was washed by mixing the
neutralized ethylbenzene hydroperoxide solution with an
aqueous solution as described below, and phase separating
the mixture. This mixing and phase separation, was

35 repeated once. The hydrocarbonaceous phase obtained after



solution was 3:1 (w:w). The neutralized m xture obtained was phase
separated. The neutralized ethyl- benzene hydroperoxide sol ution obtained
after phawe o3®epasati on, contained 11.5 ng sodi um per kg PairEPorms180 The
neutral i zed hydrocarbonaceous phase contaiini ng ethyl benzene hydroperoxi de,
was washed by m xing the neutralized ethyl benzene hydroperoxi de sol ution
wth an aque | Ut i e i bel.ow, se,.separ at.i t he

m xture. This '?(?%gy%%%ln% a%rg %@%%%)gr?sl oeﬁé,h bsearg%erg;%eya reo(fp eornocxel.CP he

hydr ocar bonacestusy bhesrz it ai weette afdred D OBA 020025, FEE/ EROA H510 - 17

phase separati on_co L nswet hyl hel e hydroperoxide, . ethyl bhenzene, water
and cont am nané)lssf %é;‘él 'pﬁ%%%a (lyls&lﬁjg%el I%[b .alllheeooaﬁ%r}et%&ﬁnast eé/tgﬁftiai ned
cont ai ns et hylbelmenzeneyatwat eandncbreat iamd mant sSThikhidsi shiidtlidtdeaties ighgdwase

"5 separated in a vessglinto obt ain ohyO r.ocar bogﬁ,c ous hase cont ai ni ng

ethyl Benzene BHF Ot am haht'S Bnd ar’ Aquedus e CoIMtAIFi T Swat er and

cont am nants. dheese | @bt texidnady ettty bfbcéh mmk wasd used as nsastswairetr fror use
in the aqueous_solution for washing the neutraljzed 10 hydrocarhonaceous
phase. The nodATSTSba AR SR JE e S A AT Gy Bens one
hydr oper oxi de, 1 agise masdreda i pH tde F cdddWag usahngy .wa3wtars fr the
neutralized ethyl henzene hydraperoxi de sol uti.on s mxed with 75 grans of
The 16 disti 14 et ABIRO A ot | T MRV T Mo ek shaken
for 21m nutes ydredd ymthdeosetgHasd.or 14 mnutes. This was carried out at

60 C, and plastic _seperation fupnels and bottles were used. The
hydr ocar bonaceous %s‘be%b‘i%%ﬁ?dp\ﬁé’ HOSFFP G o e HRESS PESLTHAY 0. 1 ppm

of sodi um Corgpat ity ete, e ) cb eIk MG NB Wi deeuty &!Heze%lq_fofmlxgenzene
hydr o- peroxide solution as obtained in Exanple 3, was mxed wth 75 grans

of clean watemAHATg PGS E hee neutralized ethylbenzene
hydroperoxide solution was mixed with 75 grams of the

15 distillate aqueous phase described above. The mixture was
shaken for 2 minutes and allowed to settle for
14 minutes. This was carried out at 60 °C, and plastic
seperation funnels and bottles were used.
The hydrocarbonaceous phase obtained was found to
20 contain less than 0.1 ppm of sodium.

Comparative Example 1

300 grams of the neutralized ethylbenzene hydro-
peroxide solution as obtained in Example 3, was mixed
with 75 grams of clean water having a pH of 7.8. The

25 mixture was shaken for 2 minutes and allowed to settle
for 14 minutes. This experiment was carried out at 60 °C,
and plastic seperation funnels and bottles were used.

The hydrocarbonaceous phase obtained was found to
contain 0.1 ppm of sodium.

30 Example 4

In a reactor, air was blown through ethylbenzene. The
product obtained contained ethylbenzene hydroperoxide.
This product was mixed at a temperature of 70 °C with a
solution containing 0.35 %wt NaOH and 5 %$wt of sodium

35 benzoate in dehydration water as described below, and



25 m xture was shaken for 2 mnutes and allowed to settle for 14 m nutes.
This experinent was carried out at 60 C, and plastic seperation funnels
and bott|lwe mseemused. The hydrocar bonaceous phase obt ai nedTvEPs2/i@und t o
contain 0.1 ppmof sodium 30 Exanple 4_lnga-reactor, air was bl own through
et hyl benzene. The product obtai ned contai ned ethyl benzene hydroper oxi de.

Thi s product S I X t a g[rg_e tur f 7 i th a_.solution containing
0. 35 % NaC]—IV}gln:‘aéaj' Oe/&eao"’feais%hl un%@‘so bogfn(z)%ra %Clcénvg(?erﬂcyadlrna %Ir '[ie_r as

descri bed bel dvenzarke WY D3/B2492560PEH BREY KOG Sodiub8 bemzeate The wei ght
rati o of product_.containin t.hyl - benzene hydr.qperoxi de to OH_and sodi um
benzoat e cont%?r}ﬁanlgmsn dtion l\/\(/;a/ns B3 4?3'1 :Wll)'.w@lmssgug{feer%qeﬁtlﬁ’ﬁe t%rﬁ xture
obt ai ned was phiasensepdrtatiekdidds tdhea deelgepefraeted wiadsalhe TRa et raal | zed
et hyl b.gnzene h dsrso er oxi de solution obtained contained 8 parts per mllion
wei ght “on wei g it pm) of sodium The neutralized sol ution was

subsequent | y washerhanirtdut rH] oz e stteweien zzinee Aimdattipel oxd sleco Bicdiurednas

follows. 1-ph | - et hanol_obtajned in a process .contai.ning steps (a)-(h)
ho Gescr i bed: AEOVE S THISITd AL S Ta iob "R 6 Reteie

obt ai ned cont ajgief) S reE.umwater, and organi c contam nants. The reaction
m xture was 15 distilled. This distillate was phase separated. The aqueous

phase obt ai ned af t’6f° FIfAE aeFEatiodmticd wier SURsrederntay #@shgenyditat i on
wat erjpand wass usas dwhtdhethashi Rthieh e reitialdzed ethyldhenzene

hydr oper oxi de _ solution. 20 600 m of the neutralized ethyl benzene
hydr oper oxi de 1 S8 1517 &S] 98 PG Wad RESTEF SWARtEBG 1Y  dehydrati on

water. The m s vas Pase ssepyatietd vy drecarRerRaceeys iphase

obt ai ned after phase ) _ , .
styrene. The reaction mixture obtained contained styrene,
water, and organic contaminants. The reaction mixture was

15 distilled. This distillate was phase separated. The
aqueous phase obtained after phase separation, is
hereinafter called “dehydration water” and was used in
the washing of the neutralized ethylbenzene hydroperoxide
solution.

20 600 ml of the neutralized ethylbenzene hydroperoxide
solution described above was washed with 150 ml
dehydration water. The mixture was phase separated.

The hydrocarbonaceous phase obtained after phase
separation was found to contain less than 0.05 ppm of

25 sodium.

Comparative Example 2

The process of Example 4 was repeated except in that
the dehydration water was replaced by clean water. 600 ml
of the neutralized ethylbenzene hydroperoxide solution
30 obtained as describéd in Example 4, was washed with
150 ml of clean water.
The hydrocarbonaceous phase obtained after phase

separation was found to contain 0.12 ppm of sodium.



separation was found to contain less than 0.05 ppmof 25 sodium
Conparative Exanple 2 Ttie process of Exanple 4 was repeated except in that
t he dehydvabs/onomat er was repl aced by clean water. 600 nml PCDEPOI®S19
neutrali zed et hyl benzene hydroperoxi de soligion 30 obtained as described in
Exampl e 4, was washed with 150 ml of clean water. The hydrocarbonaceous
phase obtai ned after phase separation was found to contain 0.12 ppm of
sodium WD 03/024925 PCT/ EPO2/ 10519 c 194 ¢ &1 MS 1. Process for
prepari ng organi ¢ hydroperoxi des, whi ch—process conprises: (a) oxidation
of an organic conpound to obtain reaction product containing organic

hydr oper oxi de, ;5 ( actin ast part.aof. the organi hydr oper oxi de
cont ai ni ng rea%fio%zggggécsgﬁjgﬁgéa%gggcoggaﬁégugygﬁ?ﬁ??gﬁfg?%) @%bg?ating
hydr ocar bonacepuscpkaseompmtiaeni ng or gani ¢ hydroper oxi de from aqueous

hase, 10 (d ont act i, at_least part_of the separated drocar bopaceous
Bhase contgi%iga)oraéﬁagtﬁ98r8 e?%g?ﬁganhftﬁogﬂogﬁﬂeB%sogggh?iB%a%Bh%?ising
wast ewat er, angrboepcsepanatingngherfydi ocaybospeconsdphase contai ni ng
or gani c. hydro xide fromthe eous phase. _15 2. Process for preparin
ox?ranéacgnpogﬁbg, aik ﬂcg%P%cﬁggf%%ﬁﬁrggﬁg BF epati Al kyl arpylp )
hydr oper oxi de hyhitbpthexhakpcohtabripgocesst ac60opdbaget owetRi mPdasnc which
t he organi c conpound is an _al kylaryl, and which process further conprises:
20 (f) contactgﬁﬁeaPsléaiPtba?t of the hydrocarbonaceous phase containing

organi ¢ hydropeepxi gdepabkaingdhidirosi Epor £tedh s howh ed | Fomngi gatq@l yst to
obtain alkylary YO RS ar e PAL " PR COaRosS ol

10 (d) contacting at least part of the separated
hydrocarbonaceous phase containing organic hydroperoxide
with an aqueous solution comprising wastewater, and
(e) separating the hydrocarbonaceous phase containing
organic hydroperoxide from the aqueous phase.

15 2. Process for preparing oxirane compounds, which
process comprises preparing an alkyl aryl hydroperoxide
with the help of the process according to claim 1 in
which the organic compound is an alkylaryl, and which
process further comprises:

20 (f) contacting at least part of the hydrocarbonaceous
phase containing organic hydroperoxide obtained in
step (e) with olefin and catalyst to obtain alkylaryl
hydroxide and oxirane compound, and
(g) separating at least part of the oxirane compound

25 from %he alkylaryl hydroxide.

3. Process for preparing an alkenyl aryl, which process
comprises preparing an alkyl aryl hydroxide with the help
of the process according to claim 2, which process
further comprises:

30 (h) converting at least part of the alkylaryl hydroxide
obtained in step (9g).



(g) separating at |east part of the oxirane conmpound 25 fromthe al kylaryl
hydr oxi de. 3. Process for preparing an al kenyl aryl, which process

conpri sesvpngpawing an al kyl aryl hydroxide with the hel ppCoEPOI®SPr OCcess
according to claim2, which process furihgy conprises: 30 (h) converting
at least part of the alkylaryl hydroxide obtained in step (g). W

03/ 024925 PCT/ EP02/ 10519 - 20 4. Process according to any one of clains 1

to 3, in which, preegsssthecbastiengqusodsysehstbencinistep £§) 3, coptains
one or nore alkali_ mnetal congounds.,S. Process according to any one of
claims 1 to 4, "RACB REPERSPr bBesBafhe agueewat eplusieni Ant AkeRqlledbus

solution in steptbdhs beabkdhbreba1RhPcCaStAECOEALHGNEL, any one of clains
1to5, 1In whi ch Erocess t he wast ewat er contai nsS one or nore organi €

aci ds. .10 7. PPoceS5Ca@edr aFpgrédnanyooaey ofnel @f nelaime &, tond, which
processs the aqygous ﬁ?beégentﬁén95g§@§aM@§F@&@%egn Pﬁ&véagé$ys“§89 tfon
g nydroper drtferent

washi ng a hydrocarbonaceous phase containin oxirde and" a
kind of wastehatefepr1%d8, Ppoeesdigecording to any one of clainms 3 to 7,

in which procgss bhe.aguegus,solhtion soptalos,Aloieast pard < of;one or

nore of the folfpmnng wast ewat er streans: ewat er” produced a

by- product in vhéchxpdactss bhe weaghaveteonpontaling stepof ajoreestenater -
obtained in 20, clganing filters for off-gas, aqueous distillate obtained
by distillation of hydrocarbonaceous phase obtained in step (e) and water
obt ai Néd i n cohverPrageas kyterydingyde oxnyleone stepldins 1 to 6, in

which process the aqueous solution comprises wastewater
previously used in washing a hydrocarbonaceous phase
confaining hydroperoxide and a different kind of
wastewater.

15 8. Process according to any one of claims 3 to 7, in
which process the aqueous solution contains at least part
of one or more of the following wastewater streams:
wastewater produced as by-product in the oxidation of
organic compound in step (a), wastewater obtained in

20 cleaning filters for off-gas, aqueous distillate obtained
by distillation of hydrocarbonaceous phase obtained in
step (e) and water obtained in converting alkylaryl

hydroxide in step (h).



