WD 03/ 066584 PCT/ EP03/ 01259 PROCESS FOR PREPARI NG ALKYLARYL HYDROPEROXI DE
CONTAI NI NG PRODUCT The present invention relates to a process for

pr epar i ngwal dsybesyl hydr operoxi de containing product. Su@CTEPOSIOEY i S
suitable for use in various processes, such as in the preparation of

oxi rane conpounds and in 5 the preparation of al kenyl aryl. Background of
the invention Processes for preparing propyl ene oxide enploying alkylaryl
hydr oper oxi de conpoupgiscgs® MeR | pRaEEART NG Aty 201 HADRRSHd:bak i n |
US- A- 5, 883, 268, such processes 10 conventionally conprise peroxidation of
et hyl benzene, followed by contachHEAﬂﬂéNEePBQEHQFion reaction product

W th aqueous base in anmount sufficient to neutralize acidic conponents

t hereof and separating the resulting mxture into an aqueous stream and a
deaci di fi ed or ganilhel PragesdmimMen hiaye Komtad et ed prdessisdifdred

hydr oper oxi de m | Wi ngl, t (N ! re
separated int oplzéré%?lgma ?acl?@r(;aﬁ%almﬁ%%%%;&péggagﬁnda%ﬁgﬁ#c phase
havi ng a reducktrhalkapduatetid sofante far hese rnow Wedp Usoprbadwste s he

per oxi dati on rbgiacq%i - CO}QL{%; Aae it h .aqueous
base. Surprising ya?g]tﬂgocp}g X1 dat | onsc?rgg:% i%gﬁqﬁﬁ%dt%@tﬁg%g% evgnvfﬂslﬁ]ed wth
wat er énly. Arthemmorepanatadvamiagel ksfntherydbsence of a wash with aqueous

base is that of; aaygays phase is allowable in the organic
25 phase. Theag—‘—iaﬁ{gé%eéuné T ase is acceptable in the process
according to the FmsmdsdnveN iporerEs iSyr proayplenss opfiase emdloyniotg cont ai n
agueous base rae&i caijer slu%h 83 esI:o(3d>£iu(:[n scaoln'{ S n'laﬁse. Rresence fn such ¢ ounds
general ly cauted the’ pro\‘bq et 1N suebseqlPerﬁ pr'ocess steps. At e Sdoes
not need to beart gxxuRycridymy e US4 ,BEECRES8 ,0fsuiD @I/ HEEHRE

PCT/E§83/0125%mnventionally comprise peroxidation of ethylbenzene,

followed by 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

15 stream. The base 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.

It has now been found that the peroxidation reaction

20 product does not need to be washed with aqueous base.
Surprisingly, the peroxidation reaction product can be
washed with water only. An important advantage of the
absence of a wash with aqueous base is that a larger
amount of aqueous phase is allowable in the organic

25 phase. The larger amount of aqueous phase is acceptable
in the process according to the present invention as such
aqueous phase will not contain aqueous base residue such
as sodium salts. The presence of such compounds generally
causes the problems in subsequent process steps. Water

30 does not need to be rigorously removed in the process of



2 the present invention and this makes that the separation .of water and
organi ¢ phase can be carried out in a nore sinple way. Furthernore, upsets
in the plwaotosioeadi ng to |ess efficient water renoval are PEOrEPOHCREDE abl e
in the present invention than they are-i @ a conventional process. It was
found that al kylaryl hydroperoxide containing reaction product which was
washed with waltey padsgntgavsrersiinl aindcathdlsy $ia kdgaahiatathen siehad aguksequent
reaction as lOiProduct mefhed wi.th both %%EF%ES baseﬁggd water, while a

hi gher vyield & d3&A%dN tﬂfcﬂad’glé:npg‘é‘rs(‘?xi CGELerFe U twWAEN 3 R®Lfeact i on
product had begmpiashed, WiHdY thelrglo regnhipsethie inatther disinat tkiabythed tip
reduced deconposition B of alkylaryl hydrqogen peroxide. Such _deconposition
is 15 t hought 13 &GS fe AP KFETHIVEdeREE BPTEqFESERERIE 18 thssi ¢

condi tons. Theeddit amieAGHdnY aha@n theWeine iSUEPHosvRAtaSn@ 1Wat er wash
removes very little contam nants such as benzoic acid, which are known to
be present i RAN¥EST-ude reaction product. Furthernore, |less 20 enul sion

was observed to bed qiaEdoMen chiae ah 1%&:}911 nRUILeRELRX Hde c6AREAHAILAY
product was washed with water onI)é;j 00/12470 descri bes a process for

purifying a &PRAGHEY IPIRFIRCHpahdthd@asomeshsicny itdaceiten pntur gavie 25

order to make dityigu,t abli 1fQf dRGRANISILLIRN 1o ah%%%%ﬁ@hit%ei t9on as
cycl ohexanol and cycl ohexanone. This docunent contains no information on
purifi@ation efroghictakiasded vl edhoricge csenaissi Agdr @ateiron whiltteuree to

b R e s e L e
gi ves an i npr owedr diheylrgadt ilopd pepsivski dedc beeai miasged with water

only. The latter is attributed to reduced decomposition
of alkylaryl hydrogen peroxide. Such decomposition is

15 thought to be catalysed by the presence of aqueous base
at basic conditions. The similar deactivation is very
surprising as a water wash removes very little
contaminants such as benzoic acid, which are known to be
present in the crude reaction product. Furthermore, less

20 emulsion was observed to be formed when the alkylaryl
hydroperoxide containing product was washed with water
only.

WO 00/12470 describes a process for purifying a

cyclohexyl hydroperoxide containing reaction mixture in

25 order to make it suitable for decomposition or
hydrogenation into cyclohexanol and cyclohexanone. This
document contains no information on purification of an
akylaryl hydroperoxide containing reaction mixture to be
reacted with olefin in the presence of an epoxidation

30 catalyst.

Summary of the invention

Surprisingly, a process has now been found which
gives an improved alkylaryl hydroperoxide containing

product.



product. WD 03/066584 PCT/ EP03/ 01259 3 The process for preparing organic
hydr oper oxi de contai ning product according to the present invention
conpr i seswo(iapeess4 dat i on of an al kyl aryl conpound to obt aiPCTrEPagbi2en 5
product contai ning organi ¢ hydroperoxide; Ib) contacting with water at

| east part of the al kylaryl hydroperoxide reaction product obtained in

step (a) which reard igHod¥MIUEr GHERINSd 8% drian % Mo afgesodi um
(c) separating the product of step (b) into a hydro 10 carbonaceous phase
cont ai ni ng t heAIEAHEMA BRRFY e raBq Y 1 nghd Qart iy sRe phddwentd)en
optionally repegidfigdy.ocess steps (b) and (c) one or nore tines, (e)
contacting at |east part of the hydrocarbonaceous 15 phase contai ning

al kyl aryl hydrGperxidid isht ffhed il kydray i ocmpoyrnd) bt b taliss ineamid on

catal yst to ohgaidhcaldoar: fy dhdide and,hdans Lompounds, and (f)
separating at | east part of the oxitane conpound from the alkyl aryl

hydr oxi de. 20 (fhe GITERFERINb]iddt ethtiey sttepe@st ipardonsi ddreed likylseylt he

product in totdlardde AW RAURINS: RNPSE ddtidd Sl ddy NS @AGL) R R gduct
to be subjected to the water wash, the sodiumcontent of this aqueous

phase is takerrgantd ordemictasandidinsa lemsy ditarodaloSaldwd axfylsodium,
hydr oper oxi de A4 Rd Ahich e n ral i th
aquequs base, (v%vﬁll eneara con#)g‘lton of fro%&%lg%t)oqg‘&&ao/gﬁ ot sodi um
basedl8n t ot alcaammaceasiushatiass gamit@indmy dduealdskydlrasd, hyefrope rioxiide
subj ected to t i’l‘faeﬁtﬂx lg.is preferred that water is renmoved from
the hydrocar gaél\rggc?g)uas p asse%gloansl‘tedi ni ng al kyl aryl

(d) optionally repeating process steps (b) and (c) one or

more times,
(e) contacting at least part of the hydrocarbonaceous

15 phase containing alkylaryl hydroperoxide obtained in
step (c) or (d) with olefin and catalyst to obtain
alkylaryl hydroxide and oxirane compounds, and
(f) separating at least part of the oxirane compound from
the alkylaryl hydroxide.

20 The product subjected to step (b) is considered to be
the product in total. If any aqueous phase is present in
the reaction product to be subjected to the water wash,
the sodium content of this aqueous phase is taken into
account as well. A conventional alkylaryl hydroperoxide

25 containing product which has been neutralised with
agueous base, will generally contain of from 0.10 to
0.15 %wt of sodium, based on total amount of both organic -
and aqueous phase, before it is subjected to a water
wash.

30 It is preferred that water is removed from the
hydrocarbonaceous phase containing alkylaryl
hydroperoxide obtained in step (c) or (d) before this
hydrocarbonaceous phase is subjected to step (e). A
convenient and preferred method for removing water from

35 this hydrocarbonaceous phase is distillation.



hydr oper oxi de obtained in step (c) or (d) before this hydrocarbonaceous
phase is subjected to step (e). A convenient and preferred nethod for
renovi ng watmnedssom 35 thi s hydrocar bonaceous phase is di #OriHPas/H2R9 WO
03/ 066584 PCT/ EP03/ 01259 4 The al kyl aryt 4ydroxi de obtained in step (f)
can be wused in a wide range of processes. Such process is preparing an
al kenyl aryl by demaratiymstfie rfdadargd odvedired dey ARG heh) RILCess is
hydrogenating the al kylaryl hydroxide to obtain an alkyl aryl. Therefore,
the process &%t dithf tW I PrEs et RIRGRITH SHIRRAP&Htprisses

further: (g) tidg A dBasiy paidy 0foy erlded@imy thdroxide bt ai ned
in step (f). neral |y, the conversion produces 10 reaction product and
wat er. Pref eréﬁl%‘”@t%‘b RPOCHHREL S tife M BIRAATRG I dhe RAMdndgand! ysi s

of thesreacti oy d¥Rdued . SVBQEENAY H1k 1S atyle Meastd ol e Aldedary!
hydroxi de with "hydrogen, preferably in"the presence of catalyst.
Dehydr at i on wWiddcaBligehdral the fIRifdeE dmvaikemyl sriakdnd cpaparisashi | e
hydr ogenol ysi s wWdde9eneral Iy produce al kylaryl. Preferably, the

hydr ogenol ysis wil|l produce the al kylaryl wused as starting conmpound.

Det ai | ed descr{Pt iconeFr g iaty diftdsdn P2 tAIady Itdyey |a ldkorpaydd S ywhioedi der e nost
preferably used gy ndde Process Of (e HA58Nt o v%)rﬂ' r qQ%ﬁQg
conmpounds cont al na{lr?g at rPeast 1‘% Ky sel%ilsﬁ“sipuédrﬁ% ia%r} aoElyI% Substit uent
cont ailAs of frmsAckiian Freurdiorarat oiager.preferably of from2 to 8 carbon

st t ot ool y eI 2 RENAANS AP UML) RIS Ao (o 1 1O

2 constituents. The st frequen ountered are
et hyl benzene, hymsgerend/ i { icsfo-the apdgtienz gmeduct . Hydrogenolysis is

the reaction of the alkylaryl hydroxide with hydrogen,
preferably in the presence of catalyst. Dehydration will

15 generally produce an alkenyl aryl and water, while
hydrogenolysis will generally produce alkylaryl.
Preferably, the hydrogenoclysis will produce the alkylaryl
used as starting compound.

Detailed description of the invention

20 Alkylaryl compounds which are most preferably used in
the process of the present invention 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

25 benzene compound contains on average of from 1 to
2 constituents. The alkylaryl compounds most frequently
encountered are ethylbenzene, cumene and di(iso-
propyl)benzene.

The oxidation of the alkylaryl compound can be

30 carried out by any suitable process known in the art. The
oxidation can be carried out in the liquid phase in the
presence of a diluent. This diluent is preferably a
compound which is liquid under the reaction conditions
and does not react with the starting materials and

35 product obtained. However, the diluent can also be a



The oxi dation of the al kylaryl conpound can be 30 carried out by any

sui tabl e process known in the art. The oxidation can be carried out in the
i qui d pmaeasiosss8Bhe presence of a diluent. This diluent ipsTmrPeSenably a
conmpound which is liquid under the reactt+dn <conditions and does not react
with the starting materials and 35 product obtai ned. Howeverf the dil uent

can al so be a JMARR{AEGRE4 Y ERPY 2GR dur IGRIMAUNGNRGESSAS iFdy Present

during the reaction. For_ exanple, if the alkylaryl is ethylbenzene the

diluent can XA benzdme AL ielarand s ©ihebanaang yihg glicwamte carhe
dil uent can bgcwmig R M8ld -2 Resl das tifte Wesidad @ kil arylcume

hydr operoxi de, a range of contam nants are created duri'ng the OXIn(?ati on of
or gani ¢ conpouitts diAussudgiR e @iMmatfesi® atd lpresent in small amounts, it

has begn found thgedihg PrHEseness Heq GONRAY $ | C aci can
cause problens in 10 lf urther use lofe t herﬂéﬁkyr}ﬁ'gr y%&ﬁﬁxﬁl@%,d&?a@e
described in afS-REFENDET affe TErRkaEd iGrEnhdtvodafdatdduciafy t he

amount of - CONt AP Sdnihdin SONGAGH A i Jie A L PLALIGL CQfaif ng
h ous

al kyl aryl hydroperoxide wth an aque al kal i sol ution. wever, contact
Wi th the 15 adfuiEdus adIRuItS sdltutham e dhueess tdldkaltihengicssengtep athe

hydr oper oxi de %ﬁj [N i L2qduct.; t hou e Q[EE t. of organic
acids present In thermhy%r ocgg(r%%)éxi%}eg[H c%t%acllrﬂ%lnéﬁglro uugté &an leé?n egrneased by
the alkali washirthere wwrwft tdfe & atlianwt dydcopeamixiawss ifs idecceddedl 20
It has now be found j i,S r fficient. in

purifying rea?ﬁ é%u%‘r ostdll’fﬁ3 ’?o6ﬁ’gw$%n\é&%3\£§%gra&xi (?er{?ioﬁia?fffa rfepglé:tlrrrlgnt with
aqueous base ftdld amdintby fa avattemiwesit.s Acc dydioog tae ttimg whes endta dtdwent i on,

e ol 20" DR S AT bl b, S350 R0t o0 W
aqueous alkali solution. However, contact with the

15 aqueous alkali solution introduces alkali metal into the
hydroperoxide containing reaction product. Although the
amount of organic acids present in the hydroperoxide
containing product can be decreased by the alkali wash,
the amount of alkali metal contaminants is increased.

20 It has now been found that a simple water wash is
more efficient in purifying reaction product containing
hydroperoxide than a treatment with aqueous base followed
by a water wash. According to the present invention, the
hydroperoxide containing product preferably is not

25 contacted with aqueous base, more specifically sodium
hydroxide, between the time at which it is produced by
oxidation of organic compound and the time at which it is
reacted further.

Agueous base most often used in conventional

30 processes, are sodium and/or potassium containing bases
such as sodium hydroxide, potassium hydroxide, sodium
carbonate and potassium carbonate. Decomposition of
hydroperoxide is thought to be catalysed by the presence
of these salts at basic conditions. Therefore, it is

35 preferred that the product sent to step (b) contains less



hydr oxi de, between the tinme at which it is produced by oxidation of

organi ¢ conpound and the tinme at which it is reacted further. Aqueous base
nost of t ewouwsmebssn conventi onal 30 processes, are sodi um &ad/EPO3/pREASSI UM
cont ai ni ng bases such as sodi um hydr oxi-de, —pot assi um hydr oxi de, sodi um
carbonate and potassi um carbonate. Deconposition of hydroperoxide is

thought to be (g tnfaloy%qcb by, Re: RIRBEACE o é%tfﬁtr'&%ﬁ §3llss t%ta bashes swt

conditions. Therefore i's 35 preferré at e product "sent to ste p (b)
contains |ess Q@WM@GS@@M@ME@@%Q@S@ ttlhl@rm 0.-00@ %Mtt off §0d1|1mlm,

pref erably | esmdihan -0 A oY 300l WTogTos P! Loy | 858 LARN.Q 002

ot of sodi um nost prefer I'um "The "anount
of sodiumis tdfe sweligint lannmt vm‘lgm @|m|0ﬂ1@t0|0fl mt@Emo@lrumonct ot al

amount of producte,, | N6l ydlng hoth, fihe.s Qroanice Phas Y, qaygous phase

whi ch ?nght b& presen rmore 1t°rs pref’erre he pro&uct sent
to step (b) ceontgams Ipefasset feadl Gur35 @ itwto ust php@teammm mprgehftebabl y |l ess

than 0.010 %w_ of 10 nost_ preferabl £ 0 00 of
pot assi um Thébreac’r%ﬁ 6Jfr & UMY &5t Iﬁ’ée\%@& 3??6’51 %5/%,:0 or
i oni ¢ pot assi wanan ttootsadepan(mjntcomftapmeduets,s mhalnud)l 106 0 l%@ztth otfhe organic

phase and any _a ueous hasee %ht e Pre t ‘Eh% reaction product
Of step () SERBESIE 5 CIeraD by HaS SOBR CrBRGvarT Bf PetaretERed (o
renoveo |ight rrmrtpcpumrfamrp tlkes s edahi On OPrRoE Wt onblp@ltl&SduufEhES‘ﬁd i ght
products can be re é%db jectln%th% reaction uct o tep(a) to
distillation, aﬁ\pé’f‘g? I;P Scﬁléjt“\ H%at5n §tlg% dGoey ré? shieLaLA
distillation whinglk ipDtespes arl ox@ilt abb@nits oFopealdhed ,f iashudisti | | ati on,
whi ch Conprlses %IS%JIJ?&;%}gﬁﬂxﬁéyak%wa &e%%%%%uslghgse which might
be present.
15 The reaction product of step (a) can be sent to
step (b)-as such. However, it is preferred to remove
light compounds from the reaction product obtained. These
light products can be removed by subjecting the reaction
product of step (a) to distillation, preferably
20 distillation at reduced pressure. A distillation which is
especially suitable is so-called flash distillation, -
which comprises distillation at very low pressure. It has
been found that such flash distillation is efficient in
removing light compounds such as oxygen and light acids
25 formed duriﬁg the oxidation.
In the process according to the present invention,
the reaction product of step (a) is contacted with water.
The water which can be used can contain contaminants,
such as organic compounds. Such contaminants can have
30 been introduced by the recycle of at least part of the
wash water, either to the same wash step or to another
wash step. The water can be fresh water only, it can be a
combination of fresh water containing substantially no
contaminants and one or more different waste water

35 streams, or it can consist only of different kinds of



been found that such flash distillation is efficient in renoving |ight
conpounds such as oxygen and |ight acids 25 forned during the oxidation. In
t he procew® mmeessdi ng to the present invention, the reactPicarEpos/otaect of
step (a) is contacted with water. The wat®er- which can be used can contain
contam nants, such as organic conmpounds. Such contam nants can have 30

been introduced by the Seenclenf At least R ;Qfe e id her
to the sanme was sei ep or to another lvvagcﬁil ste;gl. l%he vvatae\rlﬁzgnlvgﬁtet%{‘pree(satht
wat er only, itwasre beter.conbi nati on of fresh water containing

substantially no tam ANd0 or ne,di.ffer.en t ter 35
streans, or it canq%gé(;n |se{2]aoryly O%hdi”c?#eereggﬁg1&?%1&21%0%%%%/%&?6% 4

PCT/ EP03/ 01259hithnesirg: aneitrein tst regaansr epovietd @an feansiss posfs idls, nglam thepe of
waste yater. The snoed by, which Lhe eanil Iy idmeics, o eaghadd 0, which
contamnants are renoved as far as p055|nbl e, “Can be increased 1n the
ways known' t o ssdnedie siaritaed ke ttWweerartthe Tea octdona gir doetote eonttlad nieact | on

product contai_ni,n al.kyl aryl_hydr.operoxj de.and water can _be inproved by

i nt ense cont acatrik(?gatrt’?’é %}}’éfr%oﬁjeer%oxxllcf% E8itt diatiShg Craé‘ag)tel &Hlprﬁﬁf(?(ﬁiun?’ty and

wat er. Such i nireresese @uracctcart bheadhidewed rbkiide aontwdyn ikoweadt itdre art,
for exanple by infense 1 Xi.ng. ver, a conventi onal ter sh wll
suffice for rﬁ)rsot&‘ﬁr}o@@é;]@satae%coﬁvc\ﬁ]g WEHRE 69@5@&?‘ i \é\%el Wmﬁﬁ@ xact
condi tbons under ay alayt hewosat ém wagh ars, danr iegdmplte, bst ionghgedepend on
further circunstances., 15 Preferabl t.he \gater wash | rried qut at a

tenperat ure of™Betiked W HE and fﬁ?\ye@tlr?&a BR&FEr ?ﬁ'ﬁlsxlf's W3 Iy 20 ' C
and 100 'C. | rfct e dtC)prddis qeynduriorafinst ep the pTesepar dne@ntiikihQ a
hydrocarbonaceousT%Eﬁ%%;@yiég%d% %%gg§u% %%eWhéch the water wash is
carried out, strongly depend on further circumstances.
15 Preferably, the water wésh is carried out at a
temperature of between 0 °C and 150 °C, more preferably
of between 20 °C and 100 °C.
In step (c), the product of step (b) is separated
into a hydrocarbonaceous phase and an aqueous phase. A
20 preferred method comprises allowing the hydrocarbonaceous
phase and aqueous phase to settle in a settling vessel
and subsequently separating a hydrocarbonaceous phase
from an aqueous phase. The hydrocarbonaceous phase
containing alkylaryl hydroperoxide can subsequently be
25 sent to a coalescer where further aqueous phase is
removed. Preferably, step (c) is carried out at a
temperature of between 0 °C and 150 °C, more preferably
of between 20 °C and 100 °C.
Further water, unconverted organic compounds and
30 contaminants can be separated by distillation 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

35 to obtain an organic phase and an agqueous phase. The



20 preferred nmethod conprises allow ng the hydrocarbonaceous phase and
aqueous phase to settle in a settling vessel and subsequently separating a
hydr ocar booas®edss4 phase from an aqueous phase. The hydr ocamiEPozcesus phase
contai ni ng al kyl aryl hydroperoxi de can subsequently be 25 sent to a

coal escer where further aqueous phase is renoved. Preferably, step (c) is
carried out at rgﬁgg- e d K re f rably
of between 20 a%ea%%a@ ' urltrﬁee(%vﬁ}apcehg“c’%ur? dnvesjlQL orgg%mg%re%me)lounds
and 30 cont amqramrsimtsbearscerraarratm Upedliast iWdtatn drod memting

hydr ocar bonace I I ner.a t he
distillate cont al ns (I?PeéLac%Fpedl"doo)zrlgcgérﬁlnlCE:Omecaci%a!FL %nffeaCt er gné‘fuyecrit am nants.
The distillate obtaeuen:edvl'marh s1dys dpuerstddy ive thlea e esepar dtrednitioa dessel 35
to obt gl n an Qrganic ehvalsoeu nd anofl ueous hase h rgje WO 03/ 066584

PCT/ EP03/ 01259"%'8 adlicous phase obt ai het n”}ghlas ey, ° ST ESTCASn or gani ¢
cont am nant s qﬁthsxamdmtajseldugisawmrﬁomymemdwIP&re)ﬂerrayodmperoxi de

cont ai ni ng reactl on_product V\ater used.,in th resent

i nvention is earf'JC e SRS Ci}\gsarﬁt%&ﬁ‘ ah)}‘é'rd(f@ HECEGTYS phase
cont ai ni ng al I@Hﬁalcdﬁytdimnerg)mmld%“ﬁf efyaillqpercsu@‘e WETer ainS aofieadiszed by
contacting a h drocarbo e contalnln al kyl ar ydr oper oxi de

wi th an aqueo asrﬂ"raécere yatﬁllf'aa & Sfat &0 zfr‘l’&’yset%é ntly 10

separ api ng th@eqmmr&gortas@ dquBdheed qaanb e egis odidsaacEdesaqueous
phase so obtai ned can be used w thout fur her treatnment. As mentioned

above, a very 5% ﬁ%@ﬁﬁ%’ﬁ‘i%ﬁ”kﬁse SQUESTE 1p15Es &3 (P ehyAdeSC #isaRAteous
phase is genermidthed > meitm@aessary in the process of the present

invention. Therefore, steps (b) and (c) pref erably consi st of
As mentioned dbove, a very thorough separation of

aqueous phase and hydrocarbonaceous phase is generally

15 not necessary in the process of the present invention.
Therefore, steps (b) and (c) preferably consist of
contacting the reaction product containing organic
hydroperoxide obtained in step (a) with water in an
extraction column. More preferably, the extraction column

20 is operated in counter current mode.

' Waste water streams which might be used as part or
total of the water in step (b) of the present process,
are prepared in several ways in the process according to
the present invention. Preferred waste water streams for

25 use as water for use in the present invention contain at
least part of one or more of the following waste water
streams: waste water produced as by—pfoduct in the
oxidation of alkylaryl compound in step (a), waste water
obtained in cleaning filters for off-gas, aqueous

30 distillate obtained by distillation of hydrocarbonaceous
phase obtained in step (c) and water obtained in
converting alkylaryl hydroxide in step (qg). These streams
are being discussed in more detail herein below.

In the oxidation of the alkylaryl compound, it has

35 been observed that water can be produced. It is thought



contacting the reaction product containing organic hydroperoxi de obtained
in step (a) with water in an extraction colum. Mre preferably, the
extracti owoaglowsss4 20 i s operated in counter current node. POASFPO3/NERERT
streanms which nmight be used as part or -tdtal of the water in step (b) of
the present process, are prepared in several ways in the process according

to the presenthdtvafitd Watdir efreirgiath iastfromisaiaesireets Iy A-HIse as
water for use in the present invention contain at _|east part of one or

nmore of the fotOWSIPRRATE IRt 4 TIIRCRRECRAES e Pnditsit S iEdifde & tagam

by- product in ype:n @driald sl @ ke Vib)conpowed dersiard 3y Waste water
obtained in cleaning filters for off-gas, aqyeous 30 distillate obtained by
distillation cfoNRIFTlarBornic ddits rep?r?gs%r sHttgased 3N SRR EOighdheat er

obtaingd in ng%@d@g@)ﬂhgwr oxide in step (g). These streans are
bei ng discussed in nore detail herein below. In the oxidation of the

al kyl'aryl conpound? ithehgxid insewiobder veganist cRapennchn B wesddsed. |t
I's thought WO O NRORBERHERRY Thipthi D ddddtantibiah il @inPIdeichat es from

side-reactions such as the deconposition of hydroperoxide. A waste water
stream whi ch R idE liddes ik stEEarb)thdan Hd 19éSovdrsed iy  tdendedgatdfon of

the reactor offgas,:And RRarald gfité]:é?_lgra%ygh%%ro% NgqeQus Phase.¢ih dhe

oxi dation of the organic conpound, © s is produced contai ni ng organic
cont airbnant s. Iawe tof behelgrows biddulisgsl vt ¢ oclreme vichitdieofafosgaded s with the

o be ¢l eaned TERIAIN 5 FSvEve the Tabsa b St RN P Ul 1y, hi s
is done wth twederelqptafonaddtve rccoptaionald yredat ameumdg ss el |fuaroent s of
further comoundssulds hag BREN JUNE LA 34Eh SRS Gk ater
obtained in cleaning filters for off-gas is especially
15 suitable for use as water in step (b).

Another waste water stream which has been found
suitable for use as water for step (b), is aqueous
distillate obtained by separating hydrocarbonaceous phase
from aqueous phaée, distilling the hydrocarbonaceous

20 phase and subsequently separating the hydrocarbonaceous
distillate from the aqueous distillate. Preferred
embodiments for preparing such aqueous distillate for use
as waste water in step (b) have been described above in
the discussion of step (b). Such aqueous distillate is

25 especially suitable for use as water in step (b).
Generally, the conversion process produces reaction
product and water.

A further stream which is especially suitable for use
as water is the water obtained in the conversion of

30 alkylaryl hydroxide of step (g). As mentioned above, the
conversion preferably is dehydration or hydrogenolysis.
If step (g) comprises dehydration, the product of the
dehydration is preferably distilled whereby the
distillate obtained contains water and organic compounds.

35 This distillate is phase separated by separating off



obtained in cleaning filters for off-gas is especially is suitable for use
as water in step (b). Another waste water stream which has been found

sui t abl e wWoro3esssas water for step (b), is aqueous disti PCatEPODO0R&Y ned by
separating hydrocarbonaceous phase from agueous phase, distilling the
hydr ocar bonaceous 20 phase and subsequently separating the

hydr ocar bonaceQus o iy Hdrdd @&dh 4 adde ragueis 1Sty %te%dlpngft%rer ed

enbodi ments for preparing such aqueous distillate for use wast e wat er
in step (b) hamesen dess ittted dapiesiaer -t fdediasmessisophefses ps aimed Such

agueous di st 1Al d $20 SIRECIA Yetly BAIRHIOf diS@sty WA Ghdd $LaR(P).

Generally, t hé ‘conver sl on process produces reaction product and water.
further streamnusitelp idlespecisdldpy (EQJl tG@bipeflfS@rs byelrogenedtysri si, s thiee wat er

obt ai ngd in th%t%?%é;?osdu%c‘)fca%o K %Qrg)élqle Qf.. st%gll(g) As

ment i oned abov conversion pre era y i'S hydrat
hydr ogenol ysi grefldragtigp affe rcdripr ihgely ctelnodnatdeoms phe spr ddscbeeh t he

dehydration is p re%'r%pG&fjéyﬁﬁ Ie% @Q%§e$%ioge I%r%%%llat O%%;%g@%gparated

cont ai ns wat er® organl 'S dlstlllate
by separ at i ng goifvfe SNDHE3/066884 YRCHORROING] 25@d asl&tahydeC@mbdmameous

phase in a settler se d| t he equs phase . to oal escer he
aqueous phase gﬁi Jﬁéﬁ- pﬂﬁad%§%§'18§8 &@rfteg'ﬁgﬁlﬁs guﬁggglé% wast e
wat er 10i n st epedycldd mdepxﬁg)aoonprises hydrogenolysrs the 5 water
produced can be used as water .in st %g refer g ter the
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hydr ocar bonaceous ‘Ph&FEFES BE&ER Eepa fp8§ pﬁ s&"§eparation. If the
hydr ogenol ysi siydgiotesddia ldad amdseC opaanie inged 1&y1skait i ng product, the

?Lyylaryl co %%¥%52¥3§fggjgg%éyﬁéd<ﬁv "2 SUISaggyco%%aE%%%pb?dhto step

olefin, preferably propene, in the presence of a catalyst

15 to obtain alkylaryl hydroxide and oxirane compounds. A
catalyst which can suitably used in such process
comprises titanium on silica and/or silicate. A preferred
catalyst is described in EP-A-345856. The reaction
generally proceeds at moderate temperatures and

20 pressures, in particular at temperatures in the range of
from 0 to 200 °C, preferably in the range from 25 to
200 °C. The precise pressure is not critical as long as
it suffices to maintain the reaction mixture as a liquid

or as a mixture of vapour and liquid. Atmospheric

25 pressure may be satisfactory. In general, pressures can

be in the range of from 1 to 100 x 105 N/mZ.

The reaction product of step. (c) or (d) is preferably
subjected to distillation before being used in step (e).
The distillation removes light products such as water

30 which can be harmful to a subsequent catalyst.

The oxirane compounds can be separated from the
reaction product containing alkyl aryl hydroxide in any
way known to be suitable to someone skilled in the art.
The liquid reaction product may be worked up by

35 fractional distillation, selective extraction and/or



In process step (e), at |least part of the hydrocarbonaceous phase

contai ning al kylaryl hydroperoxi de obtained in step (d) is contacted with
ol ef i n, pwefoewedsBy propene, in the presence of a catal yst PCIEPIDORM ai n

al kyl aryl hydroxi de and oxirane conpoundsl1iA- catal yst which can suitably
used in such process conprises titaniumon silica and/or silicate. A
preferred  catalusldpdleseld hegl Jdh EP AS4Ry thedeat) b Al 1Y
proceeds at noderate tenperatures and 20 pressures, in parti cular at

t enper at ur es iTtafia rahgd kiflanylomhCinap O ide, Maefas alsgydlead e ange

from25 to Zoofﬁhe'lih&tgrquas&oq{.essure is not critical as long as it

suffices to maintain e reaction mxture as a liquid or as a m xture of
vapour and |i qui d.That rddptienyd 285 dnoesisier ebayingsl sat itdfeagtrarcess wagener al ,
pressuges can el r e.qf fro 0 N.n2. The r.eaction
product of st éjpéo(dc hrl’c#ﬁ?: Clalqgj pt?leef &rﬁﬁe&éesﬁb%?%cpgi%ﬁgs&%q Iqbgtall&n bef ore
bei ng used i n styeenee)and W et SstHidatdses mémmhesaln ¢glet yaread feirs t3udeh as

wat er 30 which _.can.be harnful . to a.supseq t, C lyst. T i
conmpounds can Sﬁceepserlﬁeﬁeat%)eec?r% rdéerﬁct%lebeér)éa{‘cmr?gﬁggl St & (Sjn[‘@l %{gr{rgllazgﬁl@l aryl
hydr oxi de in avwewsay, lamowsutic: diel esincaddlss tkmosontone oskddrieed kil e iart .

The liquid re%tion pr oduct \UR%V be rg)ed up by 35 fractional distillation,
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sel ective extractiom and! olrn P03/ 01259 filtration. The

sol vedD, the catalTyst pardearty invesadioed i solfefrithear iallkiltatagledhypgr aper oxi de
utilization. The al kyl aryl hydroxi de obtai ned

may be recycled for , further
in the processfdoéﬁ'r?w@gng&érw&sat ed in the presence of a catalyst to obtain

styrene and waemply acesses whi ch can be used for this step have been
described in VW&WZS and WD 99/ 4242% However, any suitable process
known to soneone gpiplégqqgor, alr was blown through ethylbenzene. The

product obtained contained ethylbenzene hydroperoxide.

15 To 200 grams of this product of room temperature was
added 800 grams of demineralized water, and the
combination was mixed for 1 hour. Subsequently, the
mixture was allowed to settle overnight and was phase
separated. The organic phase obtained was distilled at

20 - 30 mbar and 50-55 °C. The product obtained is called
“water washed feed”.

Comparative example 1

- Another part of the product containing ethylbenzene
hydroperoxide prepared in Example 1, was coﬁtacted with a
25 solution containing 0.5 %$wt NaOH in water and mixed at a
temperature of 60 °C. The weight ratio- of product
containing ethylbenzene hydroperoxide to NaOH containing
solution was 4.5:1 (wt:wt). The neutralized mixture
obtained was allowed to settle and was subsequently phase
30 separated into a neutralized hydrocarbonaceous phase
containing ethylbenzene hydroperoxide and an aqueous
phase. The neutralized hydrocarbonaceous phase containing
ethylbenzene hydroperoxide was subsequently washed twice
with water. The product obtained is called “neutralised
35 and washed feed”.



the art can in principle be used. 10 The present invention is further
illustrated by the follow ng exanples. Exanple 1 In a reactor, air was

bl own t hrwogi/oedssyl benzene. The product obtai ned cont ai nedTatpoybizenzene
hydr oper oxi de. 15 To 200 grams of this produet of roomtenperature was
added 800 grans of dem neralized water, and the conbination was m xed for
1 hour. Subse doat e edpdir & was allowed to settle overni ght and was
phase separa ; obtained was distilled at 20 30 nbar
and 50-55 ' C. The Hpriotidie nmaditheaf ithecsidashict’ wetrdra iwdgioe @ theddbenzene

Conparative e ngj fs t i 'l_qgg t hyl.benzene
hydr oper oxi de prep rertlar I?%%r%ﬁelo? l\/\r/y}%(cagx{t%gﬁéd%\iﬁ%: ?fi% %sc{])lau i on
cont ai ni ng 0. B0mtbaNa@hd rb Wveft%er® Gandhe e datcta oklttenperdativr eadflegD OC. The

wei ght-crati o- of, produgt }g% Q!,ni ng et hyl benzene hydr operoxi de to NaCH
cont ai %i ng solnuo?}r on WaescJC .51 (wt:w). The neutralized mxture obtained
was al | owed t &xsetdllee Zand was subsequently phase 30 separated into a

neutralized hydrocarho s phase . cont ai_ni_ng et hyl henzene hydr oper oxi de
and an aqueous p%gasctei!l. rEﬁlﬁg&lnéeu AS FET sy@F&?ﬁ%ﬁén&%e%ﬁ‘? &s€ ’cont ai ni ng
et hyl benzene IQoohpapertaixied e 3war 1ssu s egue dmp anashied teaae 1 en2t kkomatadmedlhe

gg;jlé(l::)‘([m;)gtlg%&esd %iw%coagcl)e q}yl eelf'{/zre%lé ed ro%%r%%v&s hed feec(la" o 03/,066584
- 31) ratie exiﬂﬁ 6 h&P P& Soft & D rdduct
cont ailoi ng et hyHebefdleiney idy dveppeFoxiedel prodpariet iwasEparplaael, byamidiisig | | ed
? teeg'('). mbar an%4%o_g551—*ocdte-l;1hee, FB’OdelZI;Ctofo bettﬂyrle%elnsze%ael lh%/ddrOSpe"rrc])?(q_dVélaShEd
' solution in ethylbenzene and 400 g of ethyl benzene. The
ethyl benzene hydroperoxide concentration was determined
by titration of an aliquot of the feed. A 100 ml round
15 bottom flask equipped with a condensor and a stirrer bar
was charged with 50 ml of the feed solution and 1.00 g of
catalyst. The catalyst contains titanium on silica and
was prepared as described in the Example according to the
teaching of EP-A-345856. The flask was immersed in a
20 40 °C o0il bath while the contents was stirred. After
1 hour, the ethyl benzene hydroperoxide concentration was
determined by titration of an aliquot of the reaction
mixture. The ethylbenzene hydroperoxide conversion was
calculated as the amount of ethylbenzene hydroperoxide
25 converted divided by the amount of ethylbenzene
hydroperoxide converted when using the neutralised and

washed feed. The results obtained are given in Table 1.

TABLE 1

ethylbenzene hydroperoxide

conversion (relative)

non-washed feed 0.81

water washed feed 0.97

neutralised and washed feed 1.00 (by definition)




Exanpl e 2 Each of the above feeds prepared in Exanple 1, Conparative
exanple 1 and Conparative exanple 2 contained 35 % of ethyl benzene
hydr oper owoda/o6@sd were tested in 10 the fol l owi ng way. APCadmpoyoi2ed i on was
prepared by mixing 340 g 1-octene, 200-gléf~ethyl benzene hydroperoxide
solution in ethyl benzene and 400 g of ethyl benzene. The ethyl benzene
hydr oper oxi de Goneerdriatd kamgsledlel erm ned by titration of an aliquot of
the feed. A 100 m_,round 15 bottom fl ask equj pped .w th_a_condensor and a
stirrer bar was CHErged RIS ﬁ”fasofcatrﬁel%ldeé’g‘%s&lnutai dn Latde1 g kg ted
catal yst. The waiEdotSteOBpddISyiitd anitimdmesiddiGaeand t empe rRiepar ed as
described in the Exanp| e .accordj to the . .teaching of EP-A-345856. The
flask was inné:rosrgd:qaln V?(F%(?“‘l:r]%aitlﬁ’e& W%%aé?cthh%yémnt@evﬁ§a§ttiorrr ed.

After % hour, udie @idndedanaane dy.dr eperdixiade erGent intennwag det erm ned
m xture. The et hyl benzene

by titration of_ an aliquot of the reaction

hydr oper oxi de 2(:60?11\%r?i%r?ff/\ﬁhyag?eéiﬂeé{ee&lyégoﬂ?éomnﬂ%ﬁt&y VIEBE I Ene
hydr oper oxi de 125 Capiardiesh Giad dekday the 7amwt Agh ot hHdbenzenetion
hydr oper oxi de converted when using the neutralised and washed feed. The

resul ts obt ai FEFRE S Giferfdh = % abopgp3E 01 idt R Fes2E$E 15y dr oper oxi de
conversion (rejaAtitu@n WaN-aMkshed f et Grdk waner cweshed fseedtQo87
neutralised and washed feed 1.00 (hy definition) WO 03/066584
PCT/ EP83/ 01258 0NS 13 S ifar it ékasice 3 PP Soakgéniiment -Radwéar ri ed out
inallitre jQrkeihfhed RO arRAW PP tWsidnd WRIRS iSkl.r ek LemReature
control device and heating oil batch system The reactor

solution was preheated to the same temperature in a

separate vessel before being added to the organic phase.
After mixing for 15 minutes, the organic phase was
15 separated and analysed for ethylbenzene hydroperbxide
content by iodometric titration. The ethylbenzene
hydroperoxide content was found to be 25.72 %wt.
Example 3
The experiment of Comparative example 3 was repeated
20 differing only in that this time the organic phase was
mixed with demineralised water only.
After mixing for 15 minutes, the organic phase was
separated and analysed for ethylbenzene hydroperoxide
content by iodometric titration. The ethylbenzene

25 .hydroperoxide content was found to be 26.07 %wt.



5 was charged with 561.2 g. of a solution containing 26.34 %u of

et hyl benzene hydroperoxi de in ethyl benzene. This solution was heated to 70
OC. AfterwbnDhs/oess8s acti on tenperature was reached about 3@®@THPO&H1289 caustic
sol ution was added in one shot. The caustig solution 10 consisted of

dem neral i sed. water containing 6.8 %W sodi um benzoate and 0.4 %w sodium
hydr oxi de. The caustic solution was preheated to the sane tenperature in a

separate vessel before being added t @ tihe or gary ¢ phase. After mixing for

15 m nutes, the organi c phase was 15 Separated—and anal ysed for

et hyl benzene hydroperoxi de content by iodonetric titration. The

et hyl benzene Jhydropgraxd ; f o, Exanple 3
The experinent of C;onpéagrgagfovrg%(e ntgll\eé{%; a&a@%&b@a?lgg%%gé%(?%eeri ng only in
that this tineateiorigahinr ghete whsi chripretasst lcatwriisesal | sed water only.
After mxing f . nut es, r [ h p nd anal ysed
for ethyl benze e) #}&Eo%roﬁioég%c%%ﬁ%ta%@ i%(%)%grre%rdl (?%t ?)?)r%%ﬁgo%.eaf%emry

et hyl benzene 2& ddudrtopeerdd idel roprtldntl amgs frgwird e dxa d26. 07 %v . WO -

03/ 066584 PCT/ ERO 59 . - CL.A.I 1._.Process f prepar.in
al kyl argyl hydr(gj e?fcg)%jtéecgtlggn#gﬁtr}ﬁ Hlétﬁrrogt?c?,ea\ﬁﬁ é)hrgr 8&%@“%8 lyil§ . (a)

oxi dation of drydddpdaryilde arpaaicing atsteaitn onegatodoet pibaddciedcdmt ai ni ng
al kyl aryl hydrqperoxide,, .5.(h)_ _contacting W.th ter at |ea art of the
al kyl aryl hycf?%ﬁer a)?i cyehlccohntl)aelarﬁ%r}gc’%r é)aré)t%llué:ﬁC |6:r°5] t?éf’sogte isnzg‘a?‘n step (a)
whi ch reacti o .@Sodntt «cforgcaiing,| ess than 0.05 % of sodium (c)

separating ¢ e i oduct, o i e Dokt 3e 10y digegniengoecus phase

10 hydrocarbonaceous phase containing alkylaryl
hydroperoxide and an aqueous phase,

(d) optionally repeating process steps (b) and (c) one or
more times,
(e) contacting at least part of the hydrocarbonaceous

15 phase containing alkylaryl hydroperoxide obtained in
step (c¢) or (d) with olefin and catalyst to obtain
alkylaryl hydroxide and oxirane compound, and
(f) separating at least part of the oxirane compound from
the alkylaryl hydroxide.

20 2. Process according to claim 1, in which process
reaction product containing alkylaryl hydroperoxide:
obtained in step (a) is subjected to distillation at
reduced pressure to remove light compounds, before the
reaction proauct containing alkylaryl hydroperoxide is

25 sent to step (b).
3. Process according to claim 1 or 2, in which process
the product sent to step (b) further contains less than
0.05 %wt of potassium. ' |
4., Process according to any one of claims 1 to 3, in

30 which process steps (b) and (c) are carried»out with the

help of an extraction column.



hydr oper oxi de and an aqueous phase, (d) optionally repeating process steps
(b) and (c) one or nore tinmes, (e) contacting at |east part of the
hydr ocar bwpasmeedss4s 15 phase contai ni ng al kyl aryl hydr oper exirdpopvt2a¢ ned i n
step (c) or (d) with olefin and catal yst ﬂé obtain al kyl aryl hydroxi de and
oxi rane conpound, and (f) separating at |east part of the oxirane conpound
from the al kylaryl hydroxide. 20 2. Process according to claim1, in which
process reactd.on Bromhes aomzdimiagalany and dfy drilepgersoXi de 4obtwhiindgd i n
step (a) is syhj i Sti I t,. r re to renmove |ight
conpounds, be]tgc)flrog:cétEi%’cei fdr)retgﬁ:% oénd r]'lol ucsfI dclosa%%gﬁ%ﬁaﬁ:%g&ale%;s/#&reylr afgtrlc%’er oxi de
is 25 sent t@EmIdEEYmhtaEindd doesstarcandiony (d cladnskenating; tion whi ch
process the uct_\s 0 e urther tains |.ess an 0.05 9%
of pot-assi um pgfeqi?r{)ec)egg%%%%af%?oﬁ}g ooufasnwlloénsee gf%%c e‘ﬁr}]r%sd‘lﬁtloq , in 30 which
proces$ steps ddnpantly d)awr eoaxar rdiext idutedMafif .t he hel p of an extraction
colum. WO 03Q966§3%M§§Hg53?3/q;259. 15 5. @roce S ac ord%n%hto any one of
claims 1 to 4,°whitdiP Hrodsss F T % Shp AldSIYdi &Ml atitdiroP TorE S S
Legcti onb pr od:tmrtpmfﬁsteaei rlfmbpiarrv\iztgeﬁnl( (a)lr}]@rla(rd,)l, Y@raiiosﬁlwh' ng ttho t$1teeme(1q:?l ;
ydr ocar bonaceg ase fromwhich, light 5 conmpounds have heen distille
off. 6. Pr oceéjstu?%fe ﬁrecb%eﬁ%gacacr?rﬂll{@gﬁo &\ ,or\ﬁniog TPIEEs t(‘,’o%ri ses
preparing an alHidmarptodesd oirxthes tdonipia seed:p  of the process according to
any one of cl aj 1 to 5, whic rocess further c rises: 10 ).

| a st i e LSASH BEVC Afciion 40 B sindd Srrkesy (f).

conver ing at
obtained in step (f)



