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1 DESCRI PTI ON PROCESS FOR PRODUCI NG ALKYLBENZENE
HYDROPEROXI DE TECHNI CAL FI ELD The present

wonv®rsTo8 rel ates to a process for produci ng BAT/JP2008/069993

al kyl benzene hydroperoxide. In nore particular, the

invention relates to a process for 5 producing an

al kyl benzene hydroper oxi de Xf rom an al kyl benzene as a
starting material by OXIdIZqu%}he al kyl benzene with
an oxygen-cont ai ni ng &&= N s advantageous in

provi di ng econom cal roduct | n
B R SaRSe Eh oh aper B el R aleeB R bR o R oo
Processes are known whi ch produce an al kyl benzene

hydr oper oxi de from an al kyl benzene as a starting

mat eri al by oxidi zing the al kyl benzene wth an
oxygen-contai ning gas. However, it is known that 15
PR ARl €5%Alp i N an al kyl benzene act as oxidation
inhibitors, thereby inpeding efficient progress of the
oxi dati on I‘I@@Ctpx%en-ﬁtﬁwérﬁ:l@i e d &fl process
al kyl benzene hydr operoxi de, such a problen1has been
\Eitaldnpdiedins sint By tarsiarg tthelrematdxanid enpit atotre
20 or increasing the reaction tine. Sever a
protessEsirar ehee sigrvidyddi dm 1Regltedres Dor waprodess ik ch
the concentration of phenols in an al kyl benzene is

amd atlfry lanpana 2urironayexife fxrom an

alkylbenzene as a starting material by oxidizing the

alkylbenzene with an oxygen-containing gas, which is
advantageous in providing economical and high-yield

production of an alkylbenzene hydroperoxide.

BACKGROUND ART

Processes are known which produce an
alkylbenzene hydroperoxide from an alkylbenzene as a
starting material by oxidizing the alkylbenzene with an
oxygen-containing gas. However, it is known that
phenols present in an alkylbenzene act as oxidation
inhibitors, thereby impeding efficient progress of the
oxidation reaction. Thus, to obtain a desired
alkylbenzene hydroperoxide, such a problem has been
usually dealt with by raising the reaction temperature
or increasing the reaction time.

Several processes are described in Patent
Document 1 in which the concentration of phenols in an

alkylbenzene is decreased and the alkylbenzene with the
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decreased concentration of phenols is oxidized with an
oxygen-contai ning gas. The processes, described in the

phenols are: to | et phenols out fromthe systemby 5
distillation, alkali washing or the |like; to convert
phenol s into sone ot her co&pounds through an
appropriate reaction; and to decrease the

dencenced: FORCENtEAEAONS Ofis Pﬁ@%l%d@o%@tlzﬁd fH&h an
i ke. These processes, however, gU|re addi t,i o

OHYPBRERPNERBANT0IRS -a dISY Prfpgﬁ ﬁscmd&ﬁ?rl%%gslm ﬁ&e

or. or an ads ption colu

sﬁ%%?éﬁaf:}l@epﬁet R Cpfs 3 B9 o, SERCRRSE e Y G he
PhEUBIEn xR EOOTRN. phenflE RSN oldH Tl GHidP !
AEsttiaE Y TBE§%E$H$F&$gTH§ R o S

gﬁeﬁb&boaﬁtoaeoﬁ@ 8ehedf cbR@oRREeRhridnN@NtEPN is to
provide a process for producing 20 an alkyl benzene

Bygi-eperaxedecheenvan akhkylbedzeneasa®s alsd adrdehtration
mat eri al by oxidi zing the al kyl benzene with an

oXy paenodst asinggagasdswirbenti radhentiddgeous These
provi ding econonical and high-yield production of an
airbgkelserzenbopieopererivdes 28ANEANSHORASADMENS  THEICh
PROBLEM Specifically, the present invention relates 3
86 a pistaddatdpnpcediyiinng sawaghiidh spdFdner, a

hydr oper oxi de fr.om an ,al kyl hbenzene sol ution ntai nin
efeeftpg o8 AROPPRGIPHERS SOV Iy piPES iBF§ ﬂ@(@ﬂ%ﬁ %%H

Lp.pxidall on WLl an POMaen SONtAl 19 J3ed s I dI
economical and high-yield production of alkylbenzene
hydroperoxides.

[Patent Document 1] JP 2001-270880 A

DISCLOSURE OF THE INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

Under these conditions, an object of the
present invention is to provide a process for producing
an alkylbenzene hydroperoxide from an alkylbenzene as a
starting material by oxidizing the alkylbenzene with an
oxygen-containing gas, which is advantageous in
providing economical and high-yield production of an

alkylbenzene hydroperoxide.

MEANS FOR SOLVING THE PROBLEM

Specifically, the present invention relates

of decreasing the concentr ati 8aTOP2008/069993
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wWG200(05)7982R5 wherein RL, R2, R2, R4 and R5

5 allowi ng a conpound represented by fornula (1) to be
present in the al kyl benzene solution: 11R5 R1- G C

i ndependently represent a hydrogen atom an al kyl

group or an aryl group and may conbine wth each other
to forma non-aromatic ring, 10 the nolar ratio of the
conpound represented by formula %Ii to the phenols in

theaabkorbeazént BEPOULOAIbEPNGLEYALRBELRS! or hi gher.
ADVANTAGECQUS EFFECT OF THE_| NVENTI ON Thus, the present
h¥JERPRER=EER FFEVi 88 alXELlPrBeers £orYsioliuErRgadming

3 611 PRttt LRPShesbas, o DA BB AR 1R o
B oStaPRg eRonorcar Sryortigrolealatiboasats aitaine
ahE%sk?ﬁgzsnsoggsﬁaaekggk:ggerﬁ%%g The ffe&hlxlhaerﬁe;necd%d
I N e resen I nvention I nclu es, or exanpl e,

g&@géﬁﬁnéﬁnghei§99899é59%5ée@%au§g%nbutylbenzene, WO
009/ 057798PCT/ JP2008/ 069993 4

l ‘ (I)
R

wherein R*, R?, R?®, R® and R® independently represent a
hydrogen atom, an alkyl group or an aryl group and may
combine with each other to form a non-aromatic ring,
the molar ratio of the compound represented by formula
(I) to the phenols in the alkylbenzene solution being

0.4 mol/mol or higher.

AADVANTAGEOUS EFFECT OF THE INVENTION

Thus, the present invention can provide a
process for producing an alkylbenzene hydroperoxide
from an alkylbenzene as a starting material by
oxidizing the alkylbenzene with an oxygen-containing
gas, which is advantageous in providing economical and
high-yield production of an alkylbenzene hydroperoxide.

The alkylbenzene used in the present
invention includes, for example, ethylbenzene,

isopropylbenzene, sec-butylbenzene,

PCT/JP2008/069993
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I sopropyl net hyl benzene and dii sopropyl benzene. It can
be used each al one or in conbination of two or nore.

woheomsiat i on of al kyl benzenes is carried out POY/JP2008/069993

aut oxi dati on usi ng an oxygen-contai ni ng gas such as
air 5 or oxygen-enriched air. The oxidation may be
carried out in the presencé of an al kaline aqueous

sol uti on. % al kal i ne aqueous sol utions can be used.
tepperpppnehy i bsnzanRaPPie A3466BFOPYIOEIZERS . adite 688
solutions recovered fromthose used in the oxidation
ke Bﬁ@@e§§ChoP1ﬁP§tBFeénoFOQHlEGGé8@s°§oIUpl G more.

d f, h d d
SEET S SELRR RE SUGEURE EBNaEI off CARBECLSH B -

R R e i e e
8n BibakhnentdHEbAL; coMPauRd xich abrNaal 2R crggitle@

€ earth netal conpound; an alka net al
%ﬁEb?BaEﬁeSBQEséﬁcQaggcﬁnaﬁﬂkHQHgﬁsaq%@%%%l@olutlon

or an al kaline nmetal amoni um car bonat e

Any ahkahine agueeus selutions eEOLR e@edr.omrdiose
used in the oxidation 20 process can be used; however,
araaglequsrpbaselkaliasablhyeosesd sdiudtions, obqwamy$ by
separating a liquid phase obtained fromthe oxidation
epedutdonsntrecanevied fhieve tiwseamsegudaudheh ezd datien
reaction tenperature usually ranges from50 to 200C
REGCERS 1 O%C PLERUZSSpPES Silr 84U Q¥en &L Be fipssyered

at nospheric pressure_and E?no
§6ﬁ@a¢ﬁ€&e|Hsﬁﬁelﬁlﬁ?ﬁb@ﬁ%@ﬁ@lﬁgb@qq?qﬁﬁe35E5§b
tion _can be an henol s 5 Exa
BSAIHES AGLRRES BRAREROR TR B ot e nd R 5 i3
h I h I t- byl .ph I
BRG° u%yl%%%éﬁ%?a SR, S R, e HRIRIEEN N0

%5%381:16. &3?%5 ;a/ Ege a5l s%otl%rﬁf e%.‘%ﬁt\va!’d'é\ﬁ:entarp "zhl@%!’l ine

preferably 0.1 to 5 mmol

IIIE%aﬂ I&% ‘.ﬁﬁmsh@'h' QR @Ifaot;mﬂ@emi S g 41@@1&@ eatrhﬂtm

yi el d of the al kyl benzene hydroperOX|de is sonetines
fettal compound; an alkaline metal carbonate such as

Na,CO; and NaHCO;, ammonia, (NHg).CO;, or an alkaline
metal ammonium carbonate. Any alkaline aqueous
solutions recovered from those used in the oxidation
process can be used; however, an aqueous phase is
usually used which is obtained by separating a liquid
phase obtained from the oxidation reactor into an oil
phase and an agqueous phase. The reaction temperature
usually ranges from 50 to 200°C and the reaction
pressure is generally between atmospheric pressure and
5 MPa.

The phenols contained in the alkylbenzene

used in the present invention can be any phenols.
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wablboplsengene becones soneti mes necessary,

satisfactorily high. Wen the concentration of the 10
phenols is too low, a purification step of

not be econom cal . The al kyl benzene
solutions used in the present invention, which contain
0.01 to 10 mmol / kg of 15 pkenols, include: for
exanpl e, unreacted isopropyl benzene recqvered in the
praredsswhér §urhophspPilise iFeadRid PESEExi de obt ai ned

%zy 8 Z??Ei@%ﬁﬁgré 4 gi%ﬁgﬁav%rquﬁagﬁve&n%tcmiﬂ an
i . i 20 .

3Py IERERRLe: PaPR e Roln P AR ene
recovered el RBAEAGESS MIPLE S LASHLANe 1n the

hydr oper ox obt'al ne y Ooxi di zi ng enzene wWith

81 kPILLER=CRNLAER BY 983 Ii-JeRAR! it I QR &R d b1
the presence of an epoxidizing 25 catalyst to obtain
RoORY! eRe19Xxdeprafd dp1§act.ad tHoes epi@in!/fRNzenten the
recovered in the process where isopropyl benzene
aytceperaxtide ofit ahaeghencld diszitrg itsepr,opHaanzene of
with an oxygen-containing gas is 6 reacted wth
phepplléydbenzehe pydsepescxfiden iepeanditimes caital yst

to obtain propylene oxide. In the present invention,
cht ipfactorily hashude¥hen dliengoacemvgaiion of the
represented by fornula (1) 5 to be present_ in_an
RhRFCEEN 16N ECSO LGV of: PR fiication stegeQf) alkylbenzene

becomes sometimes necessary, which would not be

economical.

The alkylbenzene solutions used in the
present invention, which contain 0.01 to 10 mmol/kg of
phenols, include: for example, unreacted
isopropylbenzene recovered in the process where
isopropylbenzene hydroperoxide obtained by oxidizing
isopropylbenzene with an oxygen-containing gas is
brought into contact with an acid catalyst to obtain
phenol and acetone. They also include: for example,
unreacted ethylbenzene recovered in the process where
ethylbenzene hydroperoxide obtained by oxidizing
ethylbenzene with an oxygen-containing gas is reacted
with propylene in the presence of an epoxidizing
catalyst to obtain propylene oxide; and unreacted
isopropylbenzene recovered in the process where
isopropylbenzene hydroperoxide obtained by oxidizing

isopropylbenzene with an oxygen-containing gas is

whi e0TaP20081069993
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R2R5 wherein R1, R2, R3, R4 and R5 independently
represent a hydrogen atom an al kyl group or an aryl

wgnrowwpszneel nmay conbi ne with each other to fornmPar/yr2008/069993

non-aromatic ring. The conpounds used in the present
i nvention, 10 which are represented by fornula (1),
can be any conpounds as | ofg as they have the
structure represented by fornmula (1). In the fornula

rReaqiged g UIRPLORY IRNne ﬂdep*é?ﬁjém@%ﬁrr%r%%

e R el R o S b e iR e X

wi th each r to form.,a .non- ronatl rin
Exanpl es o?‘&t ﬁ%l cé’ Siitts TEed Ol%’hetcrber epsencfess

:ln\céielﬂ‘{éiee aall\lifegr@tshgggﬁr S_Y? pr opyfeg(#eys%ut ene, éﬂean]%néula (1)

o NGt 3D HERA A IONS¥E NS Tution:
met hyl Cycl ohexene, ethyl'cycl ohexene,

et henyl cycl ohexane, i sopropyl cycl ohexene,

i sopropenyl cycl anexaRg, diisopropyl cycl ohexene,
di i sopropenyl cyc| ohejane, a- 7 nethylstyrene,
-nethylstykgnej nd Qropggylbenzene

(1)

R? R®
wherein R', R*, R?, R® and R’ independently represent a
hydrogen atom, an alkyl group or an aryl group and may
combine with each other to form a non-aromatic ring.

The compounds used in the present invention,
which are represented by formula (I), can be any
compounds as long as they have the structure
represented by formula (I). In the formula, R', R?*, R?,
R* and R® independently represent a hydrogen atom, an
alkyl group or an aryl group and they, particularly any
two of them, may combine with each other to form a non-
aromatic ring.

Examples of the compounds used in the present
invention, which are represented by formula (I),
include: alkenes such as propylene, butene, pentene, 1-
hexene, 2-hexene, cyclohexene, methylcyclohexene,
ethylcyclohexene, ethenylcyclohexane,
isopropylcyclohexene, isopropenylcyclohexane,

diisopropylcyclohexene, diisopropenylcyclohexane, o.-
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weacenrodi?eg to the present

The nolar ratio of the conpound represented by fornul a
(I') to the phenols in the al kyl benzene 5 sol ution

nmol /mol or higher. It preferably ranges fromO0.4 to 20
nmol /mol . When the ratio is too low, the yield of the
al kyl benzenehydr oper oxi de Vs soneti nes not
satisfactorily high due to strong oxidation
nahhplstvrenao RveateHeSEXERPBS saP8o high, the yield

of . the al kyl benzenehydr operoxi de i s soneti nes not
@é%?@PEEP%FY1?e%?§ﬂedue to the oxidation inhibition

o esent e MY LEROFAELD) bk e ofRARRH epresenten.
ﬁg@%@&;&ggif%t Eﬁeaﬁh%ﬁé'f#bﬁn( Lheaaigg%eaz%g cthe

presen 1on I'n enzene sol utl on

Qéfﬁg& §?goﬂd£g92gonﬁﬁglggegaﬂtngh%eaegsﬁra%bhla Pe

e concentration is too low, the

@X&dﬁ&m9monaarbﬁlgﬁetnhl@ttgée@é@abhy sanbbat b 0.4
al kyl benzene hydr operoxi de cannot be soneti nes

ebt abnadljmosat i whaat ehkl yahighiygi ebd. 1bfr,t he yield of
concentration is too high, the yield of the
ahkyhbkpzbarhydebpéropedoxides dsesomes imes not
satisfactorily high due to the oxidation 25 inhibition
sabsedabyorhéYbylghodugttpréﬁﬁpné eBApatAeYy dphdddirice -
Wﬁ formula (1). prqocesses, as long as

g

7 Fh@|aa§la|némpﬁg alsbﬂpS dYﬁ@BéeggnF@& by

formul a A be
alkylbenze ehydroperox1de is sometimes not

satisfactorily high due to the oxidation inhibition
caused by the by-products from the compound represented
by formula (I).

The concentration of the compound represented
by formula (I) according to the present invention in an
alkylbenzene solution is preferably 0.1 to 20 mmol/kg
and more preferably 0.2 to 10 mmol/kg. If the
concentration is too low, the oxidation may be
inhibited greatly so that the alkylbenzene
hydroperoxide cannot be sometimes obtained in
satisfactorily high yield. If the concentration is too
high, the yield of the alkylbenzenehydroperoxide is
sometimes not satisfactorily high due to the oxidation
inhibition caused by the by-product from the compound
represented by formula (I).

Any processes, as long as they include

allowing a compound represented by formula (I) to be

i nventi on shoul d be @C#/JP2008/069993
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wablboplseegene sol uti on contai ning a conmpound

present in an al kyl benzene sol ution that contains
phenol s, can be used as a process for obtaining an

represented by fornula (1) and used in the present
invention. 5 Exanples of such processes include:
addi ng a conpound represen8Bed by fornmula (1) to an

al kyl benzene sol ution contai ni_ng phenols; and m xing
RHCSERY @@n@@nélgml@@rl@ﬁ%ﬁolé%m fdieg SO

represented by fornula (1) with an al kyl benzene
DBEEEIGn CRRL PEOHEEhESpReRIPSESFoFRE KA BaTSE A
i,ned in.the.present inventi n.can

hégrggeroxide obt ai, | Vel 24
GsEd -G 8 artrH 1ﬁ§t€PP§I1foEbe§hgﬁhg phéndl's an
%gze‘fgl}% 1501 jxé | QeeldS AR ¥y ?ﬁ'gs & Rydronperqxi de

0 talneg I's % oug into contact with an acid catal yst

gggﬁﬁgg%CSfasﬁghﬁl W@ SNt @ PRI AR RERIARR

e mxture IS separated and purifiednto pheno
2¢)raeehess. phX R 20f(19Citd eaf AINS 1DiSRthd B Ufteion

sulfuric acid, perchloric acid, hydrochloric acid,
kyarafihies ehatiods ;pbesphaingstEare skl benzene solution
phosphonol ybdi ¢ acid, ion- 20 exchange resins, and
shlitc @oaltadinsaa compound rEpeesdnteseimefmrmula (I)
hydr oper oxi de obtained in the present invention can be
wieh an alkyabenzgnentserivdlicp thgto iR iagngh RIS8R he
oxi de. For exanpl e, isopropyl benzene hydroperoxi de .

obt ai ned i ¥heeadkyd bRnAeES ehrxcide RFpmsknide
e EBo G BB CHy P AbIEE A (ATHED Xt ur o
BCR Ry GGen FE OGRS P aBe T k008 F60093
%xample, isopropylbenzene hydroperoxide obtained is
brought into contact with an acid catalyst to produce a
mixture containing phenol and acetone, and the mixture
is separated and purified into phenol and acetone.
Examples of acid catalysts used include: sulfuric acid,
perchloric acid, hydrochloric acid, hydrofluoric acid,
phosphotungstic acid, phosphomolybdic acid, ion-
exchange resins, and silica-alumina.

The alkylbenzene hydroperoxide obtained in
the present invention can be used as a starting
material for producing an alkylene oxide. For example,
isoprépylbenzene hydroperoxide obtained is reacted with
propylene in the presence of a titanium-containing
catalyst to produce a mixture of propyleneoxide and
cumyl alcohol. After the mixture is separated, the

obtained cumyl alcohol is reacted with hydrogen in the

PCT/JP2008/069993
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waom@/stagti ng materi al

presence of hydrogenol ysis catal yst to produce
i sopropyl benzene, and the isopropyl benzene is recycl ed

Further, the cunyl al cohol is converted into a- 5

nmet hyl styrene in the presence of dehydration catal yst,
the a-nethylstyrene is reagted with hydrogen in the
presence of hydrogenation catal yst to produce
PS@P@@@?l@@nﬁﬁﬂéOQQﬁ@lYﬁésl§@Eﬁ BSELERZBKEIER be
recycled_as a starting erial for the oxidation 9
b?%@é@l@yl%n%%?heﬁn@x’éﬁﬁl éSOBFﬂWBEﬁEéﬁE‘e 1s recycled

dr oper oxi de obt ai ne S rg g Iene
Phoh PELERLAS RRLRTEL o EBR' R 0BhInR, BRERERR I 1
d d
BERER) éﬁﬁyéﬁﬁ%%ﬁ%? oBhpror , RongReREC et ket 200y
%tﬁgfsg Eéﬁgegnltg ﬁg%EEEHXEaEEOHQ gﬂ%a@%%ﬁd%%k%qys%

resence o ration catalyst to produce

LY §DRet By BRI BEndNE sP-e8BREAG BV ERAl h9ArWgkeh B the
described 1n nore detail bel ow baSed on severa

?%égﬁhéé obompdebgeRBtibni dabalyke be pmdeusikood that
hese exanples are intended to limt the present

i Bgppbpphbeixanpl, eahd the isoprépydbenzemes chiowe
reactor unit with a 1 L glass autoclave was used as a
reagtbed &ate sher2ingemeterialgfoy she oxidation

I sopropyl benzene sol ution contalnln% i sopropyl benzene
hyaeeper oxhEeaPPsBEFoFYPERALenELAYAPEPEFHR de: 9. 0% by

ht) and_ 7.0 of aqueous
hyd%operoxlde ob%alned is reacted with propylene in the

presence of a titanium- or molybdenum-containing
catalyst to produce a mixture of propylene oxide and 1-
phenylethylalcohol. After the mixture is separated,
the obtained 1-phenylethylalcohol is dehydrated in the

presence of a dehydration catalyst to produce styrene.

Examples

The present invention will be described in
more detail below based on several examples; however,
it is not‘to be understood that these examples are
intended to limit the pregent invention.
Example 1

A continuous flow reactor unit with a 1 L
glass autoclave was used as a reactor. Into the
reactor, 280 g of isopropylbenzene solution containing
isopropylbenzene hydroperoxide (isopropylbenzene

hydroperoxide: 9.0% by weight) and 7.0 g of aqueous

for the oxidation procees.JrP2008/069993
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10 solution containing sodi um carbonate were charged.
An i sopropyl benzene sol uti on contai ni ng

wo-20ap70pYy| phenol and 1-isopropyl - 1-cycl ohexeRreT/JP2008/069993

(o-isopropyl phenol: 0.51 mmol / kg,

1-isopropyl -1-cycl ohexene: 4.0 nmmol/kg, 1- 5

i sopropyl - 1- cycl ohexene/ 0-1&opr opyl phenol : 7.8

nmol /mol ), an aqueous soj.ution containi ng sodi um
SLIbARPe CORKA BRGS0 iy carhaRads gfefra ghaggsshy An

/h, 6.0_g/h d 26Q N/ t to t.h
spropy SrB=rle, FOTH L it R 9 Stk Phgpol

R S G Tl aQOED%&SﬁE%%&?T 51
e R e e AR I v

hou%oggltaecm%h%%'lﬁé ropihtigenwss. sampl ed 5

6 15°hours after the starting of the

FRAGcAN,, ShowREicddi dd1eitEit fnmRtimihdfsodium
i sopropyl benzene hydroperoxide in the oil phase was

ab¥onr teei ghid aframpire Zebhats dheedingr edhtres ast 1307
Exanple 1 was 20 repeated except that an

iog/dnr epyl lge’ﬂnzann@l £610u Ndry meiont afespRE tokvsiapr dmllfﬁtﬁénol
and 1-isopropyl-1- cyclohexene (o-isopropyl phenol:

55 terol / Rf@e restrél@mrtgowuqﬂb%ﬁtlﬂéhé%@@e@w was
nnDI/k% -iso ropyl - cyclohexene/o |SQ§%H$ henol :
Fudiesitadolte, &a&%&%%mﬁ b %‘\/@}Ps%fdu U5

car bonat e, anq he re ctor at f.ee L Ng

el Granagen, s 5Pﬁcsnﬁir§%a°nnf> Ry 1%

A AR Y S
GRRCeR! kAt LA e OXX&%{‘E e ¥ vhen id\fer of

reactionwas 1 h the stea y stat mas 3@6 y vol une. And
the arlNErePlsdiia Qid, hayesh Wad fb%xﬁﬁréa/es &tburs to 6

sol ution, which was sanpled 5 hours to 6.1 hours after
hours after the starting of the reaction, showed that
the concentration of isopropylbenzene hydroperoxide in
the oil phase was 9.6% by weight.
Example 2

The same procedure as in Example 1 was
repeated except that an isopropylbenzene solution
containing o-isopropylphenol and l-isopropyl-1-
cyclohexene (o-isopropylphenol: 0.55 mmol/kg, 1-
isopropyl-1-cyclohexene: 0.48 mmol/kg, l-isopropyl-1-
cyclohexene/o-isopropylphenol: 0.9 mol/mol), an aqueous
solution containing sodium carbonate, and air were fed
to the reactor at feeding rates of 205 g/h, 6.3 g/h and

260 Nml/min, respectively, and subjected to 6.1 hours

continuous flow reaction at 0.65 MPa-G and 119°C. The
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woizboypiame was 8. 5% by wei ght.

5 the starting of the reaction, showed that the
concentration of isopropyl benzene hydroperoxide in the

procedure as in Exanple 1 was 10 repeated except that
an i sopropyl benzene sol uti on contai ni ng
o-i sopropyl phenol and a- nétlhyl styrene

' | ph l: 0.56 | / kg, a-nethyl st .. 4.5
RBFPRGESBATRL RY) GRYBEROAD. FaBpFORFRBROHSF. Whe]. the
| /ol ), L uti t aini di 15
E&RBbhGR "9 AntitlaFFowSF 6P ¥ St B En¥ Featt §Y 40T EEd: ng™?
t h 4.9/ 0 L
FBECRREVERS, Shnind i LalRr oo s RO rPERHS R huous
EE?&%E?&Ct%ﬁﬂcﬁtwgs6§aN5§é§ %nﬂoﬁ%QCtOT%31 hours after

concentration of oxygen-in the exhaust gas when the 20

Eﬁé%i:&fti\_ﬁé bR the $hkaadyoal akaowas 2%alky rwel ume. And
the analysis of the oil |ayer of the recovered

sehdbthefat WBhCBrWasopaaphedehzbae hiybeopdiemisieafiterthe
the starting of the reaction, showed that the

eoncpnasat was of sksboygr epybhenzene hydroperoxide in the
25 oi|l phase was 8. 7% by wei ght. Exanple 4
ERempaae3procedure as in Exanple 1 was repeated except
that an isopropyl benzene solution WO
2009/OS??9§E€T§§P@O@8P@@§9@3 as in Example 1 was

repeated except that an isopropylbenzene solution
containing o-isopropylphenol and a-methylstyrene (o-
isopropylphenol: 0.56 mmol/kg, o-methylstyrene: 4.5
mmol/kg, a—methylstyrene/o—isopropylphenol: 8.0
mol/mol), an agqueous solution containing sodium
carbonate, and air were fed to the reactor at feeding
rates of 206 g/h, 6.4 g/h and 260 Nml/min,
respectively, and subjected to 6.0 hours continuous
flow reaction at 0.65 MPa-G and 118°C. The
concentration of oxygen in the exhaust gas when the
reaction was in the steady state was 2% by volume. And
the analysis of the oil layer of the recovered
solution, which was sampled 5 hours to 6 hours after
the starting of the reaction, showed that the
concentration of isopropylbenzene hydroperoxide in the
oil phase was 8.7% by weight.
Example 4

The same procedure as in Example 1 was

repeated except that an isopropylbenzene solution

Exanpl e 3 The saa®/JP2008/069993
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wonrodo/osres a- met hyl st yrene/ o-i sopr opyl phenol :

12 containing o-isopropyl phenol and a-nethyl styrene
(oi sopropyl phenol : 0.51 mmol / kg, a-nethyl styrene: 0.51

nol /ol ), an aqueous sol uti on containing sodiumb5
carbonate, and air were fed to the reactor at feeding

rates of 206 g/ h, 6.4 g/hland 260 Nm/ m n,

respectively, and subjected to 6.0 hours_continuous
¢oovaieiRgi onliapruoBylRbanal afnd1¥oretiyd styrene (o-

i f in the exh when the .10
i%%é%‘s‘%xﬁf‘ﬁh%ﬂpﬁ : Robd: Baay/ kbar & MECEHIRby = E0RIne - SAnd
t i he. oi | | d

CEF 081 2t Bl BLTEcRE R 8,
t tarti ' :

RBREERET o R, SGpbPEs F8Thi20n SOAMRIAING oo
c}%gﬁbhaee?ssnaﬂaiﬁ- 2%-Ry ruBi g8t thEoMRALR LY & tEramaliegl

same procedure as in Exanple 1 was repeated except
thabsaBsi 56Br gpyl, benaeggnsahdt ben SaNYaiifl,Ng

o-i sopropyl phenol and a-nethyl styrene (o- 20
ké@?é@@)’l{rémgmobhdo shbjemektkgo a-wehoylst yoard nu@us?
nmol / kg, a- net hyl styrene/ o-i sopropyl phenol: 0.3
fobinekhctabnagueous Ss¥PatCoandoAL& @i ngThedi um
carbonate, and air were fed to the reactor at feeding
cahesnbiaRi®ngpolf, ogygey hratier @FhRMSrigRs shen the
respectively, and subjected to 5.5 hours_continuous q
reewtiencWrsn 1a: theeStRPAYGSEAGeL¥EE. “fhdy volume. An
concentration of xyg&g i.n the haust gas Mh%ﬂ t he
EBScPPBAYRES Pf € ad{Y&Laf 5@%%%7%%? nme. And
ﬁgE%QQ%£95@%ﬁ%@CEé%P%%%%ﬁ%%Q%9%ours to 6 hours after
the starting of the reaction, showed that the
concentration of isopropylbenzene hydroperoxide in the
oil phase was 8.5% by weight.
Comparative Example 1

The same procedure as in Example 1 was
repeated except that an isopropylbenzene solution
containing o-isopropylphenol and o-methylstyrene (o-
isopropylphenol: 0.51 mmol/kg, o-methylstyrene: 0.17
mmol/kg, a-methylstyrene/o-isopropylphenol: 0.3
mol/mol), an aqueous solution containing sodium
carbonate, and air were fed to the reactor at feeding
rates of 213 g/h, 6.6 g/h and 260 Nml/min,
respectively, and subjected to 5.5 hours continuous
flow reaction at 0.65 MPa-G and 120°C. The

concentration of oxygen in the exhaust gas when the

reaction was in the steady state was 2% by volume. And

1pPOT/JP2008/069993



13 the analysis of the oil layer of the recovered

sol ution, which was sanpled 4.5 hours to 5.5 hours
wahv@rosttee starting of the reaction, showed thaCTuhm®08/069993

concentration of isopropyl benzene hydroperoxide in the

5 oil phase was 8. 1% by wei ght. Conparative Exanple 2

The sanme procedure as in Eanple 1 was repeated except

that an isopaggyibenzene sol uti on containin

tde saplapyl pHehotharl - Rsery |2k yHmer eV ehed

soloes. by oA i B DA, £l

o, S Ghrad arde Ly raared GheriEe o

IRBRETE Bht Sy AU P St e fn the
5 JLOBHRAr D 4119 6y MR and LOC. The

concentration of oxygen in the exhaust gas when the

& 1+ YWaSpddmb e steady state was 2% by vol ume. And
t anal ysis of the oil layer of the recovered 20

sol ution, -whécham@spbededete od IMUERamplé. 0 waars
after the starting of the reaction, showed that the
cepeandd adxoapof thabpaopysdenaeytbagdenpesokiiiéonn t he
oi | phase was 6.2% by weight. 14 CLAIMS 1. A process
émmtqﬁmimmimgianpappylbbﬁn@heam@dﬁoE@FBYﬂééYFP8ﬁ1éﬁ’
al kyl benzene sol uti on contai ni ng to 10 nnnl/kgﬁof

0.01
10 peeprteybyhene ecfi by Thel Sy ut XoletBYSRLYRENGn W
o o ’ rot oK
BORbORAG FOBF EBEAPEUTEYS! B REPREOPY LPBoBE Lor Bednt i n

égf/ﬁé ylbggzgaSeggguééf&ﬁigﬁacontaining sodium

carbonate, and air were fed to the reactor at feeding
rates of 205 g/h, 6.8 g/h and 174 Nml/min,

15 respectively, and subjected to 6.0 hours continuous
flow reaction at 0.65 MPa-G and 119°C. The
concentration of oxygen in the exhaust gas when the
reaction was in the steady state was 2% by volume. And
the analysis of the oil layer of the recovered

20 solution, which was sampled 5.5 hours to 6.0 hours
after the starting of the reaction, showed that the
concentration of isopropylbenzene hydroperoxide in the

oil phase was 6.2% by weight.



R-GCCR4 (I) RRRS wherein R, R2, R2, R4 and RS
i ndependently represent a hydrogen atom an al kyl
wanroewspsosan aryl group and may conbi ne with elCi/IpP100g069993

to forma non-aromatic ring, the nolar ratio of the
compound represented by fornula (1) to the phenols in

t he al kyl benzene sol uti onlbeing 0.4 nol/nmol or higher.

2. The process according_to claiml1l, wherein the

al kyl benzene is i sopropyhéNFene and the al kyl benzene

hyd i de i i | b hyd i }

nﬂlﬁerlzgiézéé Srodotf b arafaehs Qi ChIRpISEhiEne 3

a enzene i hyl b h A

Rtronerantae Teoh ity TREIMeRRInp DRl ol 0o e pins
rofe, t | L5 | kykb

LRI et T R R e e v sk

ddIuifoR €oNeRNEERLbOMWwoEnT 8AMRyEchocdAt aMBl Akdgas,

comprising allowing a compound represented by formula

(I) to be present in the alkylbenzene solution:

l I (1)
R

wherein R*, R?, R}, R! and R® independently represent a

hydrogen atom, an alkyl group or an aryl group and may
combine with each other to form a non-aromatic ring,
the molar ratio of the compound represented by formula
(I) to the phenols in the alkylbenzene solution being
0.4 mol/mol or higher.

2. The process according to claim 1, wherein the
alkylbenzene is isopropylbenzene and the alkylbenzene
hydroperoxide is isopropylbenzene hydroperoxide.

3. The process according to claim 1, wherein the
alkylbenzene is ethylbenzene and the alkylbenzene
hydroperoxide is ethylbenzene hydroperoxide.

4. The process according to claim 1, wherein the
alkylbenzene solution contains the compound represented
by formula (I) in a concentration of from 0.1 to 20

mmol/kg.



