21 Decenber 2005 PROCESS FOR PREPARI NG ORGANI C HYDROPEROXI DES The present

I nvention relates to a process for preparing organi c hydroperoxi des. Such
organi ¢ hydro- peroxides are suitable for use in various processe uch
as in the preparation of oxirane conpounds and in the 526F§5§F§ngwkif

al kenyl aryl. Background of the invention Processes for preparing
propyl ene oxi de enpl oying organic hydroperoxi des, are well known in the
art. As described in US-A-5, 883,268, such process$ conventionally 10
conpri ses peroxidation of ethylbenzene, followed by contacting the
peroxidation reacti BEGAUEHRWPRE pARYRRU e | dﬁg@ﬁﬂbﬁ¥q cient to
neutralize acidic cgﬁgonents t hereo and%E%%%ratFﬁé he resuE%%ng m xt ure
into an aqueous stream and a deacidified organic stream The base 15
cont am nat ed, deag)dif.J ydr. ' m | ashed _with water and
the resulting m ??lt?r fseg%ﬁaﬁe@%ﬁ\tgyrg-ﬁr%%tg%\i%% %mﬁ’f%%?%%téﬁrwater phase

and an or ganiprepasiag kengargia hyethoper et idds . nbichh eogdreid . hyfdiecor gani cs
with an extractive 20 hydrocarbon and

cont am nat ed ter. a | s..cqnt,.act h

separated in \og%é)%lt?%@f isagrc? V\%‘%J‘gcr%bp eagfejor H&RA My avefzéna%‘é%oplf%%‘fg%?' oF YR ¢
cont am nant s asl tin thedgeepaiet itdmtoft kecintand | eshpeueds Sarsd raanisan be
di scharged wi_ th _a _m.ni numof_ further treatnment because of its reduced
organ?c inpupfﬁyﬁaﬁﬁﬁqn ﬁ%ﬁﬁ3¥ eﬁﬂﬂ%bnnental point of view, it is
preferred tBackigreund wfe tife iasiemtSigreans produced in a process is as
smal | as possible. Further, 1t 1 s generall re effjicient to process
wast ewat er streaﬁﬁofgﬁﬁﬁﬁnﬁﬁﬁ'pE@ﬁ%ﬁﬂfﬁ%t égiﬁﬂﬁ(9*&ﬂﬁefmﬂiﬁﬂﬂdﬁﬁs.
Therefore, ibriganie prefrepeadliltrls,! ke araantimhyro i Pft iy gani ¢ Aaste
conpounds in an agueous waste ;{rean1is hi gh. 21 Decenber 2005 - 2 It has
nom1surpr!siﬁ§P§rg§§H ABuNG Piat BRde2éRat SUCh RIaca%DhISPRvRRcRRaY1Y
obtaimed in eBAPPE sEBr PeRbRG@ITion of ethylbenzene, followed by

contacting the peroxidation reaction product with agueous

base in amount sufficient to neutralize acidic components
thereof and separating the iesulting 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 ﬁore
efficient to process wastewater streams containing
concentrated organic waste compounds. Therefore, it is

30 preferred that the concentrétion of organic waste

compounds in an aqueous waste stream is high.




steps of the present process, can be used in the aqueous solution for
treating the base contam nated hydroperoxide 5 stream It has surprisingly
been found that the contam nants present in the one or nore wastewater
streans, do not hanper the cleaning of the hydroperoxidé! BRFgMbeaLE S haceous
phase. Furthernore, no negative effect on the performance of the catalyst
was observed when the 10 al kyl aryl hydropér oxi de containing stream treated
with wastewater, was reacted with olefin in the presence of a catalyst as
descri bed i n EP- A-B45856 thowobtiaprislikglar Weerhfitrund dehatndwastewater,
conpounds. Summary of. the inyention 15.Th esent_invention rel to a
process for p?’é%%??%i%rﬁaﬁ?é@wﬁ);%%ﬁg’rt l?’fgc{s,ln\/\hci’%%-%fo&é%gg p%%‘%rr%g%ses:
(a) oxidation gfepd of gehecpeespatngrioaesit,aican daethaad pnodbet agquebaisni ng
organi ¢ hydroperoxide, 20 (p) contacting,at |east part_ of .the.organic. ..
hydro- per oxt OB GRFp. PEsRRR SPo rRRewaan au e BrateBeEphis,
(c) separati nggtssmcatbonasesusppiaiagaenitaiddi Mburid getnae tiyedr oper oxi de
from aqueous phase, 25 (d) contacting at |east part of the separated hydro-
car bonaceous ﬁﬁa@émﬁﬁﬁ%%FﬁiﬁﬁeﬁPﬁgan ﬁ%ﬁﬁ&ﬁ%&é&%cﬂPWﬁtWﬁs%ﬁwgﬁﬁﬁous

sol uti on conprisi-gsmeasgevaber hangefreheepdlelln ity tdf theélropdrdpoacnods
phase contai ning. organic hydrope%pxide fromthe agueous phase. 30 grganic
hydr oper oxi deh¥i%ccaAEPANATROUS, RRFESof FUptheamore., (R M9hbee pFbetises

is the reacti afh Ofne OpSARGEMENEEOPET Bl aWal A &Idd) dBEaHEd WReADEREN
oxi rane conpounds. | n such process, the organic conmpound usuallg IS an

al kyl 18ryl , ardllefe 3¥GtcB¥drgperexids comprAilsdsg sfixeap s on
contains | ess flaefhidet Wrall rahkabh Wetdl cardiel sSalihdaseskanicansent of

metal on total anount of solution 21 December 2005 )
catalyst as described in EP-A-345856 to obtain alkylaryl
hydroxide 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,
{¢) separating hydrocarbonacecus phase containing
organié hydroperoxide from agueous phase,

25 . {d) contacting at least part of the separated hydro-

' carbonéceous phase containing organic hydroperoxide with
an aqueous solution comprising wastewateqé and
(e) separating the hydrocarbonaceocus phase containing
organic hydroperoxide from the aqueous phase.

30 Organic hydroperoxides are useful in a range of
processes. One of thesé processes 1is 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 procesg further

35 comprises:
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- 3 (f) contacting at |east part of the hydrocarbonaceous phase

cont ai ni ng organi ¢ hydroperoxi de obtained in

catalyst to

dehydrating

"step (e) with olefin and

obtain al kyl aryl hydroxi de and oxi rane conmpounds, and .5 (g)
separating at |east part of the oxirane conpound from £AdeSFRPERLINS
hydr oxi de. The al kyl aryl hydroxi de obtained in step (g) can be wused in a
w de range of processes. Such process i-s 3 preparing an al kenyl aryl by

the al kyl aryl 10 hydroxi de. Another process is hydrogenating

the al kyl aryl( g hydioxiage ity @t qie@s%ng%yg'oggie Hylarddis ydccording

~to the present invention is to be use _
hydr oxi de, tR8ageocessadaiingblorgagdsphiveeoranarige a3 ginedanverting at
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conversion pro

S reaction produc

rogero ey e IR e gl A W

hydr ogen, pre
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general |y produc

t he al kyl aryl Zghglséékgg‘%éy&r 5&%%%%3%23}?%@3 g giril%gg&%l Si(irgﬁp}ﬁia% b%; o?ﬁge

i nvention Al thedghnt hewdrigamiangeomfoprecesed si.n Sulvd pracess dfs

( rally,
. ter. lﬁﬁéghﬂﬁ%%y% p (h)
conpri ses ei hiydrogdhedead oxigmanehydmpgemassiandof the reaction product.

hydr ogenol ysis will

t he

t he present

i nvent odglint bewa 1 _ @s the
st {1 cquonPFIPALARSarE S0FRPED FYR BSnBEIMAEE LAy (R A IRats whi ch

are Iwost frrgdeskliygeusrdogherbphaeassceBpaydisgenatdng ttheatallkgasiryil

al kyl substi

$u§nt mgjc aI§¥I,substiEge9t cont ai_ns g; from1l to 10 carbon
-atoms, pref er8BF§*oFet FBPE E3"82BaPhEN afoHs . PrlefdfaBPCoSPe benzene
conpound conkabdsding €8 eMer pgesehtf iAveAttion2igorst beuetlesr fBie: al kylaryl
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.égggdrating the‘alkylaryl hydroxide, the process suitably
comprises further:

(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
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, therhydrogenolysis will produce the élkylaryl
used as starting compound.

Detalled 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
alkylaryl compounds. Alkylaryl compounds which are most

frequently used are benzene compounds containing at least

1 alkyl substituent which alkyl substituent contains of

35

from 1 to 10 carbon atoms, preferably of from 2 to
8 carbon atoms. Preferably, the benzene compound contains

on average of from 1 to 2 constituents. The alkylaryl



- 4 conpounds nost frequently encountered are ethyl benzene, cunene and

di (i so-propyl )benzene. The oxi dation of the organic conpound can be carried
out by any suitable process known in the art. The 5 oxidation can_be
carried out in the liquid phase in the presence of a dfl Besembeh?@Sdi | uent
Is preferably a conpound which is liquid under the reaction conditions
and does not react with the starting mategi.als and product obtai ned.
However, the diluent can also be a 10 conpound necessarily present during
t he reactlon I \ e | | uent
can be ethyl 535‘ zer??ggsrﬂyv\e Ifrfeéé%ﬁsl}( ejf{%édl%ns‘#%eg‘i rc])‘érqgé)tnél% ﬂfbdé%%%g%ki de, a
wi de range oluremet smdnalit{d ssr-@ropedt)dbraenarg t he oxi datlon of 15 organic
conmpounds. Altho f th resent in snal nts, the
presence of the g?’%a%é acﬁ%‘ %ngﬁ%’ 19 Hs TERYYY eso%ﬁ‘n%@ cause
probl ens in obltebfyumhhemuu&abd.fe tplmaysgsan&rmmohrrouﬂfe))@ﬂes THs described -
I n U A-5, 883 29 a_met ho redu th %gﬁﬁgf f contan1n nts is
contactlng t RE+AB&IPT0 T30y Suf?r & ﬁ ﬁmﬁﬁ%m*%e th an
aqueous al kabu:gs&ak:ut odna daleeert,. mtsﬁ(lflklﬁdléﬂt tlfselpm&&ml? kal i

sol ution introduces a ai,n gnount, of ali métal into the or anlc
hydr oper oxi d&° EBHPQInIﬁdC e&éti&ﬁ CopRaer Iden RGAG PN HenaL §

organi ¢ aci dan@afoke €eer eased W.tht haealétaﬁtﬂ@ﬁgsmaﬂéﬁﬂ@wd of al kal i
metal contaminants is increased. In the process of the present invention,

the organic PRGAPSEePBkRrABEEoNFIQVRVES r &4& G UsTdd Fan isls o ed 30

withea basi ccafigeans ﬁehebsa&usﬁvb@egré%@ fuGalgy thDaV LB USS0l ution
containing one or nore alkali nmetal compounds.” Suitabl e alkali sources for
use in the aﬁﬁé@ﬁéeraFLpEtheséllﬁmléﬁyllnmswéwllbmzam dhenyrlaentescan| kal i
met al Carbo”ﬁéeéE}PﬂbéhEéhb ggtagl@ydrogen carbonates. 35 Exanpl es of these
conpounds are CO8, 21 Decenber 2005 '

Besides the de51red organic hydroperoxide, a wide

L

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 agueous 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 élkali metal contaminants
is increased. -

In the process of the present invention,'the organic
hydroperoxide contéining reaction productris contacted

30 with a basic aqueous solution, more specifically a basic
aqueoﬁs solution containing one 6r-more alkali metal
compounds. Suitable alkali sources for use in the aqueous
alkali solution include alkali metal hydroxides, alkali
metal carbonates and alkali metal hydrogen carbonates.

35 Examples of these compounds are NaOH, KOH, NaCO3, KzCOs3,



- 5 NaHCG3 and KHCO3. In view of their easy availability, it 1is preferred
to use NaOH and/ or Na2CQO3. The speed by which the equilibriunlis reached in
which the majority of the salts of the neutralized aIkaI % |ds
are present in the aqueous phase, can be increased in th

soneone skilled in the art. Process step (b) is preferably carrred out by
I ntense contacting of the organic hydraepey axi de containing reaction
product and the basi c aqueous 10 sol ution. Such intense contacting can be

done in any Q@h?ﬁﬁ kPCbg ?EtviEQrO?XgHEE? b §n§9FQUégQ§1t € ;gxact

condi ti ons un is carrie epend ‘on t he

further ci rcggsgg&q@&.rela e;fceru%tél WacH epd/for biaszcmgrl ed out at a
tenperature of between 0 C and 15 150 C, nore preferably of between 20 C

and 100 C. In st&pe(speechbyhydictarthenacedls bptiase liss regquereat eich from t he
aqueous phas%‘é&ﬁg‘prﬁ fern%t%%rnr%té{\%qf q:%rrprg éz:tst lolaéng:q_\?eg%qttr}e yzder a_.l r.banaceous

phase and aqu ase |y
separ@ti ng amEﬂahydtaﬁarbama@eemanmha&ethmomqmeanyuphxsqﬂuran bé%eferably,

t he hyd b h t h d
Subsoduent |y (SERE 08 s oML PBYS RAEVE Rt CREF GRS (HheR (0% enoved.

Preferably, atrep @chesscamepedbouusaprefbeﬁmﬂnanmwnrﬂﬂdtnﬂumhyw 0 C 25 and

150 C, f bl | d t | t
vt Cor Tohe RREEREREtRT Rt bl Ban £ ae SaRdCe IAEATRE R O ant et a t h

an aqueous g6htkifAfNngoNRaCEiRG Yasuawdt ahd phef &adhley sefietiuzed in one or
nore process steps of the present process. The agyeous 30 sol ution

comprd si ng waStBHAPEr, S&:‘&r‘? BBtSBSEdCPBtééﬁéPSt 98% Hdh &80 18 Yhhase

at any Stagekﬁé%ﬁf1ﬁoﬁﬁeaﬁ¥%0U$orpQ§§ﬁ phas jheen see%achg’.r afet R&kact
hydr ocar bonaceous phase. A preferred speci fic enbodi ment conprises addi ng

21 Decenber 90DEitigns,48deRalBiChr saaeed‘eé 481 GairEH 8o RISt ARREYewat er
tor depend on the further circumstances. Preferably, step (b)

- is 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 agueous phase. A preferred method comprises
allowing the hydrocarbonaceous phase and aqueous phase to
settle in a settling vessel and subsequently separating a 7

20 hydrocarbonaceous phase from an aqueous phase.
Preferably, the hydrocarbonaceous phase containing
organic hydroperoxide is subseguently sent to a coalescer
where further aqueous phase is 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 agueous
solution comprising wastewater preferably obtained in one
or more process steps of the present process. The agqueous

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

A preferred, specific embodiment comprises adding



the coal escer used in step (c). After step (d)., the hydrocarbonaceous
phase is separated fromthe aqueous phase in step (e). A preferred 5

met hod conprises allow ng the hydrocarbonaceous phase and qu hase to
settle in a settling vessel and subsequently separatlngzécﬁ§ Wg naceous
phase froman aqueous phase. The hydrocarbonaceous phase contai ni ng
organi ¢ hydroperoxide is preferably subseqeently sent to 10 a coal escer
where further aqueous phase is renoved. Preferably, step (e) is carried

out at a tenpe/Atdatlr detynaibds Gang: 160 Sonayrﬁlﬂ%pilsggewteg bgt ween

20 C and 100 C Further wat er, unconverted organi c cofpoun

contam nants &M FRFEIERY Ufﬁﬁbrld!e‘éitw &ktillation 15 fromthe
hydr ocar bonaceous yiase Qg (rhad ffﬁ“ﬁ%&%@&?§éeo$ jéy t he

distillate contains -unconvert or ganic conpounds ¢dnt ani nant s.
The distil | at #ersEdiated wam K seairons ypl'biesthmessapatai edAl prafeeseell

to obtgin an éyyyd3dﬁﬁﬁ¥igﬂgjéﬁléuﬁﬁar“(:r§§§%03$¥% hQ as%nglly

obtained int |s way, contai'n or am nan s an espe
~suitable for ag@amﬂs\nhasamﬂnﬂsantkﬁemn(aDseﬂﬁ&nmgu&mnseboéndlon as used

in step (d) c nsrstln at | east . par of 25
mstoch 02 SAREAR SRR AL B OB Sl et B8 Ll
cont ai ni ng suhqnmmlsalplh)asrm d'cbmamdm:rues:}mrchcm qlshm eccﬁlmféiemﬂmry
wast ewat er streans. 0 tocano 1Sl i.st only of different k| ng ¢
wast ewat er st PEIRE’ Er O OPEE OZINS & Hrefehahpe ﬂe}b%e Yeﬁ%‘?’ér ©30
Pr ef artabl y, saepo(ad)es@errpmm cfmrrttaccetzr rgnatodLasiaspard ©émded separ at ed
hydr ocar bona 3 %h%ge cont ai |ng rgan ydroperoxi de, with an agueous
Sol ution  comBFFEFRELBEr h ShEBt didi rﬁ%&flﬁil‘i}%% 3 HSIRTF HpEe ©
hydr ocar bonacsauseahase °coahd NS0 °Q,Jabire MrdERner»y der Fetinserr 2o f fer ent
ki nd of wastewater. Preferabl the 21 Decenber 2005 - 7 different kind of
wast ewat er |saBﬁe18p nSre 8Ft¥ﬁé water, unconverted organic compounds
and contaminants are preferably separated by 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 agqueous phase'obtained in this way, will contain organic
contaminants and is especially suitable for use as
wastewater in step (d).
The aqueocus solution as used in step (d} can be any
aqueous scolution 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



speci fic wastewater streans di scussed herein bel ow. The wastewater
previously. used in washing a hydro- carbonaceous phase contai ni ng organic
hydroperoxi de, '5 preferably is a wastewater obtai ned b¥ contact£ a
hydr ocar bonaceous phase cont ai ni ng organi ¢ hydr oper oxi d&! BFCERPSH @%Jeous
phase, preferably clean water, and subsequently separating the aqueous
phase fromthe hydrocarbonaceous phase- The aqueous phase 'so obtained is
10 preferably used as wastewater w thout further treatnment. Most

preferably, therpagbRpakehdobliraiRed kit 3 sWahd Sr Ued idF GHEPi nation
with a different kind of wastewater. The hydrocarbonaceous phase separated

and obt ai ned PREC3fip vaptryasess staprpsc disavssed demedrciedent.l y with 15
aqueous sol ution TﬂeSQEQtEQEEEQaEQE@ES %?g?hsgae&%tb%@hﬁ%gh%g@§' gred to

. : : U
conprise contacting wth cle ter hy car bonaceous I'ch has

al ready been “athedaoreusophassr epnihilhéngortrgeniny hiygdopeaodnaceous phase
whi ch-ghas nogryfé¥€8§gd&@8Qegas%@agtégu§8eaiap§5ggwgb%ga%k&ead% has 20

been in contact w rocar bonaceous phase: re erre&gfo add
wast ewat er t chydheoeaueonsceolist pbaséorcontaéatingg otrgeniydhydaoberacddes

phase whi ch has ot .y n ed_ T rce.of _the wastewater for use
in step (d) P@ft€5é?ngé??ﬁggnggggfePg%gﬁfgﬁthﬁ&esPeggﬁFrprSE ss. However,
it is preferrsubsdaiethbywaspevatingi shebtqueedsi phaseptaemsshet ep rel ated

to the presqutggqge SolS ghis ﬁeduce§ the risk thst t he cogEound% gresent
in the hydro- & DoHAeRoTE PHEsB FR% et T IFt AIPRSYE BPRSENSC RPERENSE d§ueous
sol utlibon. Furgrefemalelyitsed psebastedater wOthbatr dduecherevwreanpenent s
into the pro ound f hat ossible to us

wast ewat er gﬁﬁﬁéﬁh% gﬁ%%i?QnF%%l“% %ﬂ?gé%fgggﬂ?g naht %ﬁcﬂaasgs
1, 2- propanedivded 4ln Resmvbest 2605witB 4 NdibeepeRECRLNENYENLhSBewbteBas been
found that the B e r Starionacetus  Shdel O 8patatda " Sha sBes L e in
~step (c) is preferably contacted countercurrently with
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 hydrocarbonacéous phase. It is
preferred to add wastewater to the aquecus solution for
treating the hydrocarbonacecus phase which has not yet
been washed. -
The source of the wastewater for use in step (d)'is
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 aqﬁeous solution. Furthermore, it is preferted not to
,intrbduce new components into the process. It has been
found that it can be possible to use wastewater
containing substantial amounts of contaminants such as

1,2-propanediol.




I nfl uence the cleaning of the hydrocarbonaceous phase containing organic
hydroperoxi de. Furthernore, it has 5 been observed that the presence of
contam nants such as organic acids frequently inproves t?ﬁﬁe&& y of
the washing of the organic hydroperoxide stream It wag! § at t he
hydr oper oxi de stream obtained in step (d) contained | ess sodi um when

wast ewat er containing 10 organic aci ds-had-been used in the washing than
when solely pure mater had been used. Additionally, in many instances an
(P over, separati an Ple PP 0LRRN AvaAi bE® 1 23HEURBRATR RS ARRCLYE. I
is surprising that t ein ste an 1 aqueous so I'on coipri sing
an aci di ¢ wasRreReRee @fv@%ntgmouaBESugeseaslﬁMedalnnbfneuetpwe&yous

process steps; et s gﬁ%V@ 85 f@%epfggeé ﬁ?&%QCa¥BES fan o nésfhat an

by-products 71n e oxi i on asohow been
acidic mastew@mmnainﬁnQMDrgamhmnhBQDepGBOMBSG sbhnthemmd@eof ist Bps(d) gives
good esults MAthO ative i ct_on _a subsequept catalyst such _as
catalyst as d%%%}l ékéEﬁpiFS %S%Ieﬁﬁg?%wﬁf g°ﬂ£?@ﬁnﬂ8§gb88ﬁHf86nd

especi al l'y suuﬁgdﬂxr écﬁdmsﬁre@u@mﬂbpuSmpﬁbmésooBefeffﬁhéeﬁtgseﬂtthe
c. Preferabl he acidic

t 25
hoetount e o SattE S e el Rvitoderae ThE) SLARMR. IFGRESLSVe peen

found to-be gﬁm:aiécy wma&hé)l@méﬂsefdsueld@ogoﬁa@ﬂsOsuéihea gged in the
present process. 4 i s has % found eC|aIIy greferred if the acid

which is 30 prefentd)i SPLALNT %sa%? n‘rs’??e. SBEVRESM EOPBaQBlEHr bon

at onso Pref ergérirgaidagids Beederfe@spntthd wiERi M@StBYAL fRehnCl ude
hydr ocar byl carbqoxylic acids having in total from1l to_ 10 carbon atons.

Especial |y % SPTEiMRE el 3D HReN di3ed - RedikiaRr4lYpr 4Pi BARY 35 aci d
and butyric agistandedam begirdimddditad 06 61 achd SigPReENBRA 8995 -

Is especially suitable as formc-acid was observed to @ive only | |n1ted
deconposi t i 0RO RiafMmiwas observed.

It is surprising that the use in step (d) of an

15 aqueous sclution 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) glves good results without negative impact on
a subsequent catalyst 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




hydr oper oxi de. The concentration of acid in the aqueous solution '5
preferably is fromO0.0001 to 5 %w, based on total anpbunt of aqueous
solution, nore preferably fromO0.001 to 2 %w, nost preferably from 0.001
to 1.9%t. In step (d), the separated hydrocarbonaceous 3ﬂ5§@em%8hﬁgﬂ i ng
hydr operoxi de is contacted with the aqueous 10 sol ution conpri sing
wastewater in order to renove organic -centam nants, especially organic
salts, nore specifically organic alkali salts. Therefore, the agueous

solution conpri.si - RIS, 4 reat
-‘hydr ocar bonaggohgbggé\égaé’g\r%?éﬁ:rﬁﬂr% tc?r%gla}% C g;&%g’;?}@xﬁ éﬂ%‘}vﬁ Hzot he
aqueous sol ugiiye ecodApr limidgedasicenmapesi tietueds thehergamnint of cont ami nants
present in tgﬁdggg%gbxgﬁgbonaceous phase cont ai ni ng organi ¢ hydroper oxi de.

‘As a w de range contam nants m ght be present in the hydrocarbonaceous

phase, it cannotThe cndreatedtibnckf2@cidnpjautte acgmeshlsowatiugiiom whi ch
anount in the_agueo sal ytion. 1 |l he.clear to anyone . .skilled in the
art that it P& F§3§§§n%59§58§ bebﬁﬁﬁgaugoﬁgtgoﬁ N cxh%ﬁﬁﬁﬁs@ﬁﬁuPﬁe '
“wast ewat er cofit ajnsoashsghutdpaentbat phefefrablly oIl MANt T oMY ¢wtgre to
be renoved. Preferabl t he aque ol ytion contains |less than 20 %
of conpound@oﬁkiBﬁegggaﬁgybgrpg v@gif?BN&tﬁgtorganic hydr oper oxi de
contai ning streamh frepernablyrhkheepguetsd hydrvthagbonelkebsks phlsat | east

80 %w of water, nore referably . aof at |east 90 %w,. The anpunt of water
is 30 prefer58?§aé?lﬁﬁsgyé§9§§r9%fgenﬁFecﬁpéPgFﬁﬂlV1§P oSt BWEUR . Part

of tige contagbravienWebhpgeBehgl Wisbawatbeenn brbeedyeedemdle Wiganic
hydr ocar bonaceous phase contai nin organi ¢ hydroperoxi de by the basic
aqueous solu??%ﬁa%%%ﬂ“§§riﬁsg?ﬁbagﬁy.OTﬂéPéFoﬁé}tPt morsr eP&FEdd cBRAY t he

21 Decenber SP§anic 181k Nast suaLsr Wﬁégefarébetﬁﬂuﬁaﬂéo§§LHbﬁgﬂigﬁ step (d)
does not contain a substantial anmpunt of basic aqueous

comprising wastewater is to be such that treating the
hydrocarbonaceous phase containiﬁg organic hydroperoxide

15 with the agqueous solution comprising wastewater, reduces
the amount of contaminants present in the hydro-
carbonaceoué phase containing organic hydroperoxide. BAs 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 aqueocus
solution. It will be clear to anyone skilled in the art
that it is disadvantageous if the aqueous 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. ¥wt.

Part of the contaminants will generally hdve been

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

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




solution applied in step (b). Preferably, less than 10 %w of the basic
aqueous solution used in step (b) is 5 used in the aqueous sol ution of
step (d), nore preferably less than 5 %, nost preferably no basic
aqueous sol ution. The amounts are the anounts as presert J5RE" <MW ocess,
I ndependent of what anount of these solutions is being recycled.
iistta3}y,it? _r_ _F__7?e nom the aqueousS #§ sol ution conpri si ng

wast ewat er contains less than 0.2 cw of alkali nmetal conpound and/ or
salt, based on asstewattr meed ion tist #quemumtseiutsbbat pbnstepef(dd algogs
less than 0.1 %v, note.preferably less t 05; 9 . erably

| ess than 0.01 .CT§£%%§fgr%H?%ﬁ%ﬂé?%znéﬁgEéﬁmﬁEégé%fﬁ?ggﬁgégg use in
step (d) consi sgselativat appidedidst evsper (whi drefpesioty, sbéasi bhabas a pH
of from2 to 7,_preferahly,of . from3 to |ess than 7, nore,preferahly of
from a5 to 6. 5LOvEuEeRa bre Pradts Abes okl pfBa il Sepb™ e 3t
sone casges it ;g ha aHeaat@egeaws dod nimedf asteep héd) wardbesapee fetraddm
before use in the process_agcording.to E%?e resent i nvention. \WAstewater
streans whi ch ni§fe BB20sad ¥k sFEeFY Hroer IR AL D r3aRE. Sar &
prepared in sevgpalitWeys irhet Bfoud® AL ThaGHRNdITY 46 pheshesent the

I nvention. Preferred wastewater streans for use in th gueous oLution,for
use in the presBRPCPAFeniPIRPERACR I SLaWHaAMPEHE g&ﬁ%ﬁo?oiﬁ &%8f tfie
foll owi ng, wastguahgr reb{yeaBE. pwasloMAl.cl NAGICOELACd e TpEE hukbes
oxi dation of 30 organic conpound in step (a), wastewater_ obtained in

cl eani A§ fil t er 8o} BEiBR{ CERBY 184 NE0 WasheXa e LA WM ke Dy R Bt P Bafibn

- of hydrocarbonaggoyskRN@SR=eht AbBaJuRd HiflY dae)sANd, Vied £8d Obk 2kRedntNof
converting al kylaryl hydroxide in"step (h). These streans are_bein

di scussed 35 i rmebare @Bt aptaﬁea@pﬁnﬁepaﬁm.soipmbnme%wlyﬂeswg—%lﬁ@

oxidation of thg r@@ﬁi CmSPEPRYREerkb1RAS RREEhLDSEIYE ddbatmygEer can be
produced. It is thought that ° | S
preferably less than 0.01 3%wt.

3\

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

Wastewater'streams can be used as such. Howevei, in
20 some cases it might be advantageous to concentrate the
. wastewater stream before use in the process according to
the present invention. o | - -
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'¢ontains 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 (af, wastewater obtained in
cleaning filters for off-gas, aqueous distillate obtained
by distillation of hydrocarbonaceous phase cobtained in
step (e) and water obtained in converting alkylaryl
hydroxide in step (h). These streams are being discussed

is in more detail herein below.




this water originates from side-reactions such as the deconposition of
hydr oper oxi de. A wastewater streamwhich '5 can be used in step (d) can be
recovered by condensation of the reactor off gas, and s aratlng éﬁ#
hydr o- carbonaceous phase. This wastewater streamis es V?e : abl e
for use in step (d) in viewof its lowpH In the oxidatlon of the organic
conpound, off-gas is 10 produced contaiblng organic contam nants. One of
the possibilities to clean this off-gas, is with the help of a filter,

mor e speci ficall xnatﬁe%%%'atf 'olnt &f thee ofrighhtt ceﬁsoheaoe it! eAneteen
regularly to renove the absorbed contami nants. Usually, this is done with

the hel p of obseaved spettowartioy cam denPrgonegd. difodst $herughly tthat
conpounds. OPPQSWQ‘ESQ fo‘}.‘iggnfa*%%ts F42h \@% Q‘f‘i@a%rtlo?xt%t tﬁﬁ# dd 1§le£ani ng

filters for -gas 1S especially suitable use in aqueous sol ution
conpri si ng ﬂasbmpasemioﬁoo&n@y@empnasﬁeﬂ@teﬁ yﬁﬁé&ﬁﬂﬂﬂnﬂ$ﬂn§§ﬂbe@n£ﬂbund

Sst 71 o oSBT EegublE 3082 S0 A pEOTRACYNE YRR s et DA dueOUS
distiTlate 06 di neéd" y “séparatrng JPocarbonaceous p rom aqueous
- phase, disti bifi nge tbachydroéérbamacemussppasetan@ $hbséthnr1y separating

25 the hydro%%% gagéggﬁﬁgd St"'%hﬁsf& QgF%guggu% t||| Al i AN erred

enbodi ment s aqueous use a wast evater ‘i n
step (d) haveulbebmedeserubed1abs¢eP|ﬂdnhendwaeussﬁontsf1$memﬂ{e) Such

Sal'uti on used | niGe bR BFTSeBAaParly PN ETUBBA o FOBR P sddde SFoadti on
produgt and pebatced Ebhtbehlﬂbre&qawﬁbChonSamipanmalIym&um&ahm@ for use
Lo, aaueous, solt Pl phoLet MLED el el b e L AONSLO of
preferably ig dehydeat nere2tpPeceiban130@5chat2oadr fh}l@tF&QEWeyﬁlitelrf step
(h) conprises dehydration, ﬁ product of the deh¥grat sdpreferably
distilled has tdo be cleaned regularly to remove Sor
contaminants. Usudlly, this 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 aqueousr
distillate. Preferred embodiments for preparing such
agqueous 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 agqueous solution used in step (d). Generally, the
conversion produces reaction product and water.
A further stream which is especially suitable for use
in the agueous solution is water which is obtained in the
conversion of alkylaryl hydroxide of step (h). As

35 mentioned above, the conversion preferably 1s dehydration




whereby the distillate obtained contains water and organic conmpounds. This
distillate is phase separated by 5 separating off hydrocarbonaceous phase

in a settler and sending the aqueous phase to a coal esger, The a us
phase obtained in the coal escer van very suitably be uség De&§”ﬁ§%?@%§t er in

step (d). If step (h) conprises hydrogenolysis, the water produced can be
used as 10 wastewater in step (d), prefenabky after the hydrocarbonaceous
phase has been separated off by phase separation. If the hydrogenol ysis
gives the allgy gy ?(éq;g; c%_uspld t i t ?J# ar
conpound obt al ngﬁirio steé}é?h I's sﬁ(-:{ﬁab‘a}i)t r%ﬁ%ﬂygodeslﬁggr a é.ﬂjfLSQq.“ta has
been found t patoducta dfi tiheedlahydrat iofn isqretessbhy dhstilhed enul sion

| ayer or rag,j 8 . t] i he ' onaceous_phase
cont ai ni ng gﬁ%&fﬂ#ﬁ%& ?%%&&%ﬁ%%‘i%h%%%ﬁ%%%m%% Lpri si ng
wast ewat er . Virgaguitc wiosipowndso hioudicsttiol lahe i) pheoe yseparased hiopght
t hat -such | ayer m_ght be LITe when a substantial amount of. netal

cont a?n' nants?é% Gé qégg iorf]:)fﬁ hé'éjrqﬁoa?anrﬁ)nogn Sipbu ggatsg SThrasBRt t 1%kt 3pd
conpounds asensidmgt itives apgeserd phascith @ stgnscattie Tive cCaqie@saon  of

metal surfaces w.th l,ch sqne ste streans _have been 25 in caontact.

Ther ef or e, nﬁ’i‘?sgoﬁ&gﬁﬁf](?ﬁ;llnnﬁ%od? S5G%m\Athg et a?u’cmﬁﬁ% Y5

wast ewat er ame wasteRgteeadds st t@hl.e Forstyppevent idgngPdsdor mation in the
present process. Cenerally, it is preferred that th met hod is carried out
at el evated g@ 898?8?‘8,5%r'e1t%’1‘5a8’la9:%"0 Pé:t"dcéj’cleéﬁﬁr’aﬁ{ﬁ'él%‘?d #fS 1 east 40 G,
prefiar abl y ofagtewheast ih0sep™ig ,Pitiledediy yofafled adfd 60 C. The
preferred nmethod of greventing rag formation, is filtration of the

wast ewat er af¥ASPCRRECRAGEOUS PHEFE H3S LERPr iSERfFaket kel &Y PSS il ter

which is pre&egabhaéﬁ.we%h& A yldrlog®n J13/41 30 QRN NG 1180k 4w ¢r oneter or
21 Decenber 2005 - 13 smumller, preferably 30 mcroneter or smaller, nore
preferably 20°RPeHBAetERdopSsFRAKEANG product, the alkylaryl compound

obtained in step (h) is suitably recycled to step (a).

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 aqueocus solution
comprising wastewater. The filter which is preferably

35 used is a filter having openings of 50 micrometer or



A further way of preventing rag formation is diluting the wastewater by
addi ng cl ean water not containing .5 contam nants to the aqueous sol ution.
The amount of clean water to be added depends on the kind and th
anounts(s) of contaminants present. It has been found £halec FWbﬁhﬁyﬁ

i nstances, it suffices to add 30 %v of clean water on total anount of
wastewater. 10 A less attractive option 1 prevent rag formation, is to
distil the wastewater and use the purified wastewater in the aqueous

ol,ution. DeBENOOL OhcLBEraiPyNsoch; 9BhaNLIAALS RLSTEN, ilcdhe

hydr ocar bonaceous phaSe con ani ¢ per oxi process step (d)
and (e) can preﬁerabkycaﬁrmedrometemcerosmalmanber of tlnes Preferably,

t he conbi nati on Eese L0Ccess stegs Eﬁ carri d ou% of fro QL&U%O 3
times. In optid aF pricEs¥a¥ 8h PFFYSREPEairIp LPFRgFipRe s diluting
hydr ocar bonatieeusa ghesetepnbgi adagngor gaekn hydempﬁb@xcdataaﬂlnbtained in
st ep. (e) I's contacted mntP gef n refera ' prﬁsence of

e P ot SoRE AR At PoOLEL | R BUEESLaRLY s OB ORERC et e ePt

cat al yst mhlﬁ@teﬁaﬂoSMeta@ayduaeﬁenassUﬁhtnéoeeﬁs aﬁﬂpthaesmbuhaﬁuum1on

silica and/or_silicate. referred c I s describ
EP- A- 345856. O#h%O?E%E%?%% eﬂﬁ?%??§'p?g ééasbﬁ? Hﬁpagg PeﬁﬁepﬁPﬁres and

pressures, iinPeantey) ait adufiLopsrabusgd B0 &We bangeeah WeeewrOoho 200 C
preferably in the range from25 to 200 C. The precise pressure is not

critical as YoM aameunt @fivastedak@Fntain the 30 reaction nixture as a

liqyipd or as a M xidk® Hft ¥VaPOWe SPEibhatbdpr&EREPPLEI EcPMBESBRE HBY be
satisfactory. In general, pressures can be in the range of from1l to 100 x

105 N n2. Thiee d§(4$1ahb %Wﬁﬁ%wwﬂrb@néebaeatba Prsifine 99steyatrsn

product contfﬁr%ﬁ% Akybudr ¥b1 fygdoQxide in any 21 December 2005 - 14 way
‘'known to be suitable’to soneone skilled in the art. The liquid reaction

product may be \Rependempt pyn the amount of contaminants present in
the hydrocarbonaceous phase containing organic peroxide,

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
propéne, 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 éatalyst 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 pf vapour
and ligquid. Atmospheric pressure may be satisfactory. In
general, pressures can be in the range of from 1 to
100 x 10° N/m2.

| The oxirane compounds can be separated from the

35 reaction product containing alkyl aryl hydroxide in any



fractional distillation, selective extraction and/or filtration. The

sol vent, the catal yst and any unreacted olefin or aIkyIaryI hydr oper oxi de
may be recycled for further utilization. The al kyl aryl dr oxi de_qobt ai ned
in the process can be dehydrated in the presence of a 3&%@F§@Peﬁ%x5%tain
styrene and water. Process which can be used for this 10 step have been
described in WD 99/42425 and WD 99/ 42426.14 However, any suitable process
known to soneone skilled in the art can in principle be used. The present

nvention s iyt Rbyd | LyshEatedeBabheo bohbaRnaaxam a5, 5 Bl e 1
In a reactor, alr was roug yl benzene Foduc ai ned
cont ai ned et h'I/'lll%ehfz@lmad h;x@la@bwoxpdeducrhmsypbeduormais ucpoﬂttyact ed with a

sol ution cont wa e ture of 20
60 C. The weig t r |o o} pr%%fk%&gght%%%Fﬁgggghégq %g%gghegﬁéda5perOX|de
to NaCH contafiﬂtmpsmﬁmu|ﬁMemaelvén6,1tba¢cat¢ly§heanduhnqlmneéamtkﬁure '
obt ai- ed was to I ye where a_neu ralized hydr.o-
carbonaceous pﬁas%né%%?%f%$ia£%?h Y% E%ﬁ%xﬁéargsgr |5§c¥§1ﬁésf§§parated
from an aquedisrigimseaat ihezaeidnal | zed hydrocarbonaceous phase cont ai ni ng
et hyl benzene hydr r sent tp.a Iesc e _further aqueous
phase was rennve Iﬁ§¥i§ﬁ¥%f 9%%r°§}ﬂﬁlggﬁ§%ﬂ% h§8rgb§r8%9885§0F6 i on
obt ai ned frorbd hisl3MmaaEshertise fé fedcd 24 ppntatagodicuo dheanautral i zed
np 9

hydr ocar bonag ou hase, cont ai ni ethylbenzene hydr oper.oxi de, . was washed
by i xing t hes CFRATG TG P it hy | BESCERS ¥R BpesBxPReUSBALEPEEPLSM ( ho

coal egcer Wi tdregn lﬁﬁﬁée(tu.ﬁerscﬂé&¢ﬁbe§eﬂ@r%|9‘9/42@235aﬁﬁxfﬂ@r§99|@D@2@ed in a
settling vessel into an aqueous 21 Decenber 2005 - 15 phase and_a

hydrocarbonaéﬁ%ﬂﬁ?ﬁ&ha§€u’§ﬂﬁ%%%ﬁkﬁn?§oC%%%ak%?W%gt?h§°ﬁ?6P8cakbéﬁ8éeéOs
phase obtai nathd r430 td¥ in principle be used.

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:wit). The neutralized mixture obtained was sent
to a settling vessel where a neutralized hydro-
carbonaceous phase containing ethylbenzene hydroperoxide
25 - was separated from an aqueous 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 solutién from the
coalescer with an aqueous solution, separating the

35 mixture obtained in a settling vessel into an aqueous



settling vessel with the help of a first coal escer, and separating the
hydr ocar bonaceous phase obtained in the 5 first coal escer with the hel p of
a second coal escer. Each of these steps is described i reg@et | 1_ herein
bel ow. The hydrocar bonaceous phase obtained in the secgﬁ e Pég

cont ai ns et hyl benzene hydroperoxi de, ethyl benzene, water and

contam nants. This hydrocarbonaceous 10-phb&se is distilled. The distillate
contains ethyl benzene, water and contam nants. This distillate was phase

separated in 2huesSend & Wi A HIHY QAID ,ussun%iﬁfemw ai ning ethyl
benzene and contam nants, and an aqueous phase contal nihg water and
cont-am nants. SERErES ing ttde hadreoarbemazenns \pR ass e tasi neab tfovent erhd or

use in the agueqys s0huidsan M&hwsn}@'yg%& &1l L3ld2 e 5 i gearfhonaceous

phase. The neutralized ethyl benzene eroxide solution was mxed with
an aqueous solsgpPRgAtimga thet hydgocarbonacz@usmphease. citaiamebdus tdhad uti on

conprised 85 9 f ter. i hS i re led. in thi r 0OCess ep.to
whi ch |§s adde%ﬁrfgsc%l%gfc Cl glgr?hvwg er%%ﬁlc? %C'P %uﬁcq’é’ﬁ{]\ﬁ%s St er” S‘%ﬂ#}éh
had been usedocifnthaslei s¢epshydr descirdibace dus moixas eletadit deXenimn drejan C

hydr oper oxi de,, 25, The mi_xture whi ch was obtained,, was sent to a settling
vessel where ghﬁya g?&F 5%§8§88§u%hgﬁ%sﬁag%%géﬁfraﬁ@dt Foﬁ?ﬁﬁ”ﬁhueous

. phase. NaOH wasaaddedrt echbheiaguethylpeazenebhyidrepe rokiicle, MaByIlcont ai ni ng
aqueous phase,was for usg in tge 30 neutraliza%hpn f the E%grocarbonaceous
phase cont ai nPRY%®BEhy 'BERS RBChGEPEREFER1GS - é5h§5968§P FRCEGTE hase
obtaixted i n tpRaset ikedistdatedenttheodastindbteoadontadhswWeehsner e added

1.1 % (based on total  hydrocarbonaceous phase), of .the. 35 distillate
aqueous phasePEBAEAFni HGERkt BROARANS SMBBRBHBer 1506591 sta 11858 Hahant s

descri bed aboyras@ndepafat®li {hasede8Belotadl obkrdnOganpERBERARBD HARATR)s Of
clean vater. Aﬂagguggg%agg?ge ethyl benze d contaminants, and an

p ning y zene an ’

aqueous phase containing watef and contaminants. The

15 latter had a pH of 3 and was used as wastewater for use
in the agueous 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 of clean water and 13.7 $wt of wastewater
which had been‘used in washing a hydrdCarbonacedus 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 hydrocarbonacecus 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 aqueous phase containing water and



and a hydrocarbonaceous phase were obtained in the first coalescer. The
hydr ocar bonaceous phase fromthe first 5 coal escer was sent to the second
coal escer where further 1.4 %w (based on total hydrocarhonaceou ase)
of clean water were added. The hydrocar bonaceous phase265F§Pﬁ§8r$Q t he
second coal escer, was found to contain between 0.1 and 0.2 ppm 10 of
sodium Exanple 2 Exanple 1 was repeatedldxcept that instead of the
distillate aqueous phase containing water and contam nants, a simlar
anount of cl esdntEiBianes a66egibdd 4Potde £hHSH.908€SGBRsedN®n tota
hydr ocar bonageous phase obtained fromthe second coal escer, was found to
cont ai n betvéh%#%? RRPICSL WP RRRFE L oo UPt SERaNBERE3 BAD PAUgOREaBhESE air
was bl own thrugh &yt deinsseacdbs ProskIChe POt 8HREINEAN A BRE first
et hyl benzene hydroperoxide. = This product was contacted wth a soﬁutlon
cont ai ni ng Oﬂﬁg%&SQ@R}iTbﬁvﬁﬁ@ﬁo%ﬁ%PQHQ@ﬁpwﬁtEh@éﬁyfﬁpmathﬁeﬁéﬁsature of

10 R lhe elduidsld © ils PG 2né RS NGo8] DULDENGROSE YL PRECOXI de

to NaCH containing solution was 3: e neutralized mXxture '
obt ai ped was lpHadetsefhasaddn Tietakhydtocarbenagecubenhane) hpfir operoxi de
sol ution obt gjjreqd fd.&r separation, contained 11.5 ng sodi um per kg

solution. 30 The neutrallzed hydrocarbonaceous phase contai ni ng
et hyl benzene hydIbge hydndsa nhonagshsl dhass xbtpimed fieonrthe zedcond

et hyl benzene Jydr, I.OXi | Q. wi %? 20U, olutjgn.as descri bed
bel ow, and pﬁaseegg%gﬁaf?ﬁb%ﬂ%ﬁgiﬁ?&p%%gi I'S n1§| gﬁa daﬁﬁagéﬁsggﬁration
was B% repearddsoddem.The hydrocar bonaceous phase obtained after 21

Decenber ZOOEXémﬁie Qhase separation contains ethyl benzene hydroper oxi de,
et hyl benzene; nd contam nants. This phase is

Example 1 was repeated 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 scdium.

Example 3

20 ' In a reactor, 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
sclution 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 repgated once. The hydrocarbonaceous phase obtained after



distilled. The distillate obtained contains ethyl benzene, water and
contam nants. This distillate is phase 5 separated in a vessel, to obtain a
hydr ocar bonaceous phase contai ni ng et hyl benzene and c%ttgﬁr‘rci H{g)nt 20 nd an
aqueous phase containing water and contaminants. The | &t t-&eRRE" (ﬂi( of 3
and was used as wastewater for use in the aqueous solution for washing the
neutralized 10 hydrocarbonaceous phase- The neutralized hydrocar bonaceous
phase containing ethyl benzene hydroperoxi de, was washed in the follow ng

manner. 300 gsid@e Mepdtea B @ Zerth £ PEVESAEne NYSHARSE Ok fge SOI Ut i on
was mxed with 75 ﬁraéns of the 15 distillate aqueo%s %E\ase descr?bed above.

The nixture V@EOYL Ny VELYREATRS GOt amiparks ¢ oThis tbkaserisd nmi nutes.
This was carrds Outed! Bk Qi PlEsStdist s SE0eTAdA 'rfé‘gé\ﬂjxofl and bottles
i t

were used. The hydrocarbonaceous phase obtained was foun ~ 20 contain
| ess -t han ‘0. PYFHRNS, Sl archpsurtaniams@nplel 9 S0t ighleatse of s t plea se

neutrglized efdpdhanzens, hydfdysdier axd { Ut | %B?ﬁ; ned. i.ps Exampl e 3,
was mxed w ték?g75‘ grans of cl esan 'vvaq%ger 1"21‘E\f/)']|ujljngg1 2[{3;’) % . 9. %1%‘955 m xt ure
was shaken f@haserigantesining @thydedarnzeret tared dantaminants esandhas

experi nment Waa%i ' : | C er.af i fuanel s and
boltot | es were U%J%%%rﬁngggggggei%}%}%d chc?n:tﬁqtg a\/\r/}a%;g'f gil‘}ﬁ% to
contain 0.1 perhtefr sedl EMpBEEdamric wad nsed esctwasteaiat amstdat avee t hr ough
et hyl benzene.;. T r tia| nt aj et hyl benzene -hydr oper oxi de.
Thi s product 1\}\162%% %ggggbtq}sa%?el?rlﬁcg%g\ Ef(r?)er gﬁ%n@ w?fl% néeuecsroa\]u’%%eo‘ﬁ cont ai ni ng
0. 35104t NaOH yalreb ca réhetn aafe caxzd plvas@s benzoate in dehydration water as
descri bed bel ow, ,;and 21tDe ember , 2005 - é% m xed. The weight ratio of _
product cont ai ni ng el il ;agéﬁfgngy%‘f&c&ﬁ SAFE Yo &9 Wi benzoat e
ethylbenzene hydroperoxide, was washed in the following

manner. 300 grams of the 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 twt of sodium

35 benzoate in dehydration water as described below, and



containing solution was 4:1 (w:wt). Subsequently, the m xture obtai ned
was phase separated with the help of a '5 vessel. The neutralized

et hyl benzene hydr oper oxi de sol ution obtained contai ned art i1 1ion
wei ght on weight (ppm) of sodium The neutralized squ@ﬁéﬁ“ﬁH@ep§6m¥1
subsequently washed with 10 a wastewater stream which was obtai ned as
follows. 1-phenyl-ethanol obtained in-al% ocess containing steps (a)-(h)
as descri bed above, was converted into styrene. The reaction m xture

obt ai ned contrbixesil Sihe ensightatetio apfl prgadce contamhnagt sthyhe reaction
m xture was ,15 distilled. This, istillaéﬁ maa ghase segarated. The aqueous
phase obt ai nEF Q%é%&?%ﬁﬂ%& i b, NeQH aRfepPAdiv@,y PERRPRES" dehydr at i on
wat er" and wasrntseithiny ddiutibsehivags of : 1 hewbewt§ al 5aBdeghiBitbonzene

hydr operoxi de ..solutign. 20 600 m of the neutralized ethyl benzene .
hydroperoxid@laﬁﬂﬁﬁiéhF%ﬁﬂﬁﬁi%ﬁﬁiEﬂﬁﬁ% SeRaTRSRedvhFRntR80helP B&nfdrati on
wat er5 The mygsyeg Was phase separated. The hydrocar bonaceous phase

obt ai ned after phase separation was found to contain |less than 0,05 ppm of .
25 sodi um Conpar&€ VeUbiAdizeD ety Mpenzane dryexeperexdaasoteptaked

except in thabtalikedeHAlian $alHft a5 f &R BEEG DYe E g@g%wéighéoo m

of the neutralized ethylbenzene hydroperoxi de sol ution tal ned as
descri bed i n (PREpIcE sodiawn-washed with 150 M of clean water. The

Contain 0 12 ppmioP seqeani it SRR, SH AR PSR el B
for I epari ng vegaeiwateydsdrmaskivdssh wisrbprbredsasofipilees: (a)
oxi dation of ;ap,rgANIE LGHWIOWKE 1ihPLH T '$ASELOD containing
steps (a)-(h) as described above, was converted into
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 mikture was phase'separated.
The hydrocarbonaceocus 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 described in Example 4, was washed with
150 ml of clean water. -
' The hydrocarbonaceocus phase obtained after phase

separation was found to contain 0.12 ppm of sodium.



product contai ning organi ¢ hydroperoxide, (b) contacting at |east part of

t he organi c hydroperoxi de containing reaction product wth a basic aqueous
solution, (c) separating hydrocarbonaceous. phase contai ni nhg organic

hydr oper oxi de from aqueous phase, (d) contgcting at | eadf! Drgembef 200k

separ at ed, hydrocarbonaceous phase confairi Nng organi c hydroperoxide with
an aqueous sol ution conprising wastewater which aqueous sol ution contains

|l ess than 0.2 %w of alkali nmetal and/.or_ salt based on anount of netal on
total anount of solution, and (e) sgbéLéLﬂhéiﬁhe hydr ocar bonaceous phase
cont ai ni ng organi ¢ hydroperoxi.de fromthe aqueous phase. 2. Process for
preparing oxi.r arkranyg® ufets, prépabingr orgasicohydrepe rprdpes, nglancial Kyl
aryl. hydroperOX|de with the help of the process-according to claim1l in
whi ch the oRF&ARTRFHPRMEEFS® an al kyl aryl, and which process further

conprises: ((fad) RALBHEIcHW ¢ drastgdRié éémﬁbﬂnHYGboﬁéth@_ﬂaQ%l&idﬁlase
cont ai ni ng organi c hydroperoxide obtained in step (e) with olefin and

catal yst t o R3dGE Fatakyingyerganie hﬁdreneraﬁéd@@npound and (g)
separating 3( ) eait mg?faé e O34 fgﬁf PEB\% dFHE Y de
n eny ary pr

hydr oxi de. 3. 'Process pr eparing cess
conpri ses pmﬂnraﬂnnnglréé@&iomyor@ddcbxwﬂEhmatbasﬁbeahabpusof t he process
according to %ta|n12 whi ch process further conprises: (h) converting at
| east part Atkyl aryl hydroxi de obtained in step (g). 21 Decenber

2005 - 20  4c)Prenssa tAGRP 1 dih dDristiia 8661 8T pih 3k MBoht hOn8ngl Brgiich
process the basic aqueous solution in step (b ? contains one or nore alkali .

met al conpo@moqu?ﬁiﬂﬁas%r%(ﬁﬂ@%stbhaﬂ?: one of claims 1 to 4, in
(d) contacting at least part of the separated

hydrocarbonaceous phase containing organic hydroperoxide
with an aqueous solution comprising ﬁastewater which
aqueous solution contains less than 0.2 $wt of alkali
metal and/or salt based on amount of metal on total
“amount of'solution, and | _ '

(e) separating_the'hydrooa;bongceous phase contaiging_w
organic hydrooeroxide from the aqueous phase. ' —
2. Prooéssrfor 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: |

.(f) contacting at least part of the hydrocarbonaceous
phase containing organic hydroperoxide obtained in

step (e) with olefin and catalyst to obtain alkylaryl
hydroxlde and oxirane compound “and |

(g) separatlng at least part of the oxirane compound
from the alkylaryl hydrox1de

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

(h) converting at least part of the alkylaryl hydroxlde

' obtalned in step (g).



S which process the wastewater used in the aqueous solution in step (d),
Is acidic. 6. Process according to any one of clains 1 to 5, in which

process the wastewater contains one or nore organic acids. 10 7. BProcess
according to any one of clainms 1 to 6, in which proce$§1@ﬁ@egﬁﬁéaﬁg
sol ution conprises wastewater previously_ used in washing a _

hydr ocar bonaceous phase contai ni ng hdeoBQr6X|de and a different kind of

wastewater. 15 8. Process  according to any one of clains 3 to 7, in which
process the agueoys solution contains at |east part C of one or nore of

the foll owi ng“nastEREEEF SCFEEAENT |h&sEdWarde srfoddeddsasl By prodirt in the
Cleani ng 111t ar s oP e oo Re st R R e Al Pt on

cleaning filters for off-gas, aqueous di | at e I'S _
of hydrocar boR@BEBERSpRASe O8bMeERe@lkalismes ale ) cammpumtser obt ai ned in

converting al byl apybce8¥dkexb¥8ihg EbCBnYbne of claims 1 to 4, in
5 which process the wastewater used in the aqueous solution
in step (d), is acidic.
6. Process according to any one of claims 1 to 5, in
which process tHe wastewater contains one or more organic
acids, ' '

10 7. Process according to any one of claims 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
rwastewater.

15 | 8. Process according to any one of claims 3 to 7, .in
which process the agqueous solution contains at least part
of one or more of the followingcwastewater 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).




