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PROCESS FOR CLEAVAGE OF AN OXI DATI ON M XTURE
COVPRI SI NG HYDROPEROXI DES The present application
relates to a process for cleaving an oxidation 5
product conprising s-butyl benzene hydroperoxi de
and/ or cunmene hydroperoxi de which reduces the
production_of non-recaoverabl e by-products from
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It has been surprisingly found that by carrying out the cleavage reaction in
a certain manner produces lower amount of non-recoverable by-products,

Accordingly, the present invention provides a process for cleaving one or
more hydroperoxides selected from s-butylbenzene hydroperoxide, cumene
hydroperoxide, and/or combinations thereof the process comprising the steps of:
feeding a cleavage reaction feed to a cleavage reactor to produce a cleavage

reaction mixture comprising the one or more hydroperoxides; and



reaction m xture conprising the one or nore

hydr oper oxi des; and | subjecting the cl eavage
reaction mxture to cleavage reaction conditions
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cl eavage zone conprises a first cleavage reactor and a
second cl eBigalyis asehpmatic diagearpefa prefened ermbgsiiment of the cleavage
cl eavggResgnconpasses the use of one or nore reactors,
and is not limted to a systemusing two reactors. 25
The cl eavalke ‘levatempsranire elgavageofithepresfentanplitasion iOrus at

o i Sl 5 TR

a m xed
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of one or more reactors, and is not limited to a system using two reactors.

-,

The cleavage reaction feed comprises from about 0.5 wt.% to about 2 wt.%
water, a ketone stream selected from an acetone stream, a MEK stream, or a mixed
acetone/MEK stream, and hydroperoxides selected from s-butylbenzene
hydroperoxide, cumene hydroperoxide, or combinations thersof. It has been found
that a ketone feed, preferably from the ketone recovery zone(s) is an aid in
reducing production of non-recoverable by-products from DMBA and/or EMBA.
When the cleavage reaction occurs in a single reactor, the cleavage reaction
mixture is first exposed to first reaction conditions (described below) comprising a
relatively low temperature, and subsequently exposed to second reaction

conditions (also described below) in the same reactor. In a preferred embodiment,
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When the cl eavage reaction occurs in a single reactor,

the cleavage reaction mxture is first exposed to

first reaction conditions (described bel ow) conprising

a relatively | ow tenperature, and subsequently

exposed to second reaction conditions (also described

bel ow) i.n the same reactor. In a preferred embodi ment,

2t he therpitinkgleayperpagion fred dt 3 1t dleavegd rgactorrfeeds26 (Fig. 1) to a first
cl eavaggvabeaaber 13 eed 26 (Fig. 1) to a first cleavage
reactor 1Z2. The cl eavage reactor(s) may be a variety

of react or The gleavagprgacter(s) dnay bact wariety of|reator types. arPeeferred
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for reﬁ:aggcul ation of a recycle flow of the first

cl eav%ge ‘reaction m xture through the first cleavage
react or 12A pémp a8 deidstpitedtin the pidelihd o to bvidt R vagCulation of a

reaction . mxture, the "first  cleavage reaction

pr odum'denﬁgwaf @ﬁéirﬁama‘f%mw% Xbet frueh Sifustaleayege
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upstream of the feed point 22 faor the 25 first
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much | arqer han the flow of the first cleavage _

r eact Bt cleavage reaptprfondsdt. nkhs recyele flow@4tthrough thh pipekine loop of the

cl eavAGE1LAAEd 1hetdrB8s fuWakfir than the flow of the first cleavage reactor
feed 26 (sometimes referred to as the “first cleavage reactor feed flow 26”).
Preferably, the ratio of the recycle flow 24 to the first cleavage reactor feed flow
26 is from 10:1 to 100:1 on a weight basis, and more preferably from 20:1 to 40:1

on a weight basis.

The first cleavage reaction conditions comprise a first cleavage reaction
residence time effective to cleave from 95% to 98% of hydroperoxides selected
from the group consisting of s-butylbenzene hydropercxide, cumene

hydroperoxide, and combinations thereof. Depending upon the hydroperoxides
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Preferably, the ratio of the recycle flow 24 to the

first cleavage reactor feed flow 26 is from10:1 to

100: 1 on a weight basis, and nore preferably from 20:1
to 40:1 30 on a weight basis. The first cleavage
reaction conditions conprise a first cleavage reaction
residence tine effective to cleave from95%to 98% of

hy dr apresentdn dlesfisiedlexvagedeactipnmixtine, the bydopwmddestarnepnyerted to
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acid), Js.added to eactbon m xture side stream 27

at on%rﬁoée%geeregc&rﬁ%f@m‘ii&gh poi nts 29. The reaction

m Xt ure siThe asidreatalyst is fisdddn ad sdolne bfifrem OtAOS% to0sltYs by weight

cl eavage, react.i on. product. wi t hdr awal poi nt .2 d th
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£ ow 26, CBiedER Cleayagarearhon raduct 32 i fed fock Sepqre sfeavage reactor 30,

Sui t albRraBR dbne@hfdugl plag AR réaCloF RS Srodlde ¥t sedoad tlekage reaction

froma variety of sources. The first cleavage reactiqgn
pr odusixtge: The seeqpd clsavage raetprd Ods enstalgslat pecqnd ¢lpavagy reaction

pr ef eéoﬁﬁigxn@eﬁ%m i sBloH@clbdvay fesdioh 9&@&%@ (SCRP). The

produce second cl eavage reaction mxture. T

s ec onfirsdlesyagegeactiomprodict peferablydplheated soja sacondglenage reaction

¢l eav ol Ml Gl S 3b Por OIS Bley

sec on%ggflrg%gea%lg reac ﬁ%gﬁ%%%gﬂi%l%&?%mp) . QI'he &Wr st age

cl eaveution eatieneningrefidctive tqpesform e or mage, tpecferably albofihe

secon | eavage re ' toll I . R '

e SR 0B B AP ol
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one or re, preferably all of t l.l.owi ng .

f unct WBJ%’D&I “@F‘g 3{?&%@@%& % toﬁlgﬂreég %\Mé/g Gf pfpgeﬁgi n e EIS‘ cleavage

hy dr opedtion ipetsct to AMS; and, convert 60 wt.% or more, preferably 75 wt.% or more,
preferably 85 wt.% or more of EMBA (if present) in the first cleavage reaction
product to AES and 2P2B. In this preferred embodiment, selectivity of conversion of
DMBA to AMS and/or of EMBA to AES and 2P2B is maximized. Generally the
second cleavage reaction residence time is from 5 seconds to 1 minute,

Suitably, the second cleavage reaction conditions comprise a second cleavage

reaction temperature of from 60 °C to 130°C, preferably from 70 °Cto 120°C. The

second cleavage reaction conditions also comprise a second cleavage reaction
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25 present in the first cl eavage reaction product;
convert 60 wt%or nore, preferably 75 w.% or nore,
preferably 85 wt.% or nore of DVBA (if present) in the
first cleavage reaction product to AMS;, and, convert
60 wt.%or nore, preferably 75 wt.% or nore,

preferably 85 w.% or nore of EMBA (if present) in the
fi r st pressurgweleh, whercdombined paitbdmpcmd chE@garedctRﬁZ@:pemuure, is

of - 30R EieReeal e FFE eB gl bl 1 U SR B, At
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from60 C to, 130,C, er to 120 T. The
second cl eé?@&&‘@aﬁ%%? Iﬁ@?ﬁﬂﬁ%ﬁ@ggggﬁ disigw tergpegature
seconiditial flaMagSeFRAGLY Ridutes BeasTdthEofdihiels anthie¥itylbenzene
conmbined wth the secqond cl eavage reactl on
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cle aV@&ﬁefsﬁﬁ%?ﬁ&&cméﬁMﬁ&/eﬁ Bnd 18 fdrhfd Pblg%mﬁq'gcovéﬁblk Iﬂ‘g

foregoi ng tenperatlres, a pressure o psi g or
i s smrﬂdwwngvhévasewn@ce@ eavage reaction product
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2nd & pasahelting G b6 oGRS ol U Bl
cl eaviygwpptioside.dhecleaBygsi mwdue@@l saepnt] lsavagetedeton pANEst 44 with

QfEfSeC | ve%% ee%#uces}ﬂ%ﬁle °a g{%?& lﬁrﬁ(‘llu %ﬁ%%pﬁ&% S in the

s-b utqzbdmdmkaeme reactipmi praxhictt4d acnfrgm dilit & 6.7%i v e mosdpreferred

of phe VEK .an et on sion
ef fi cren Skyﬂcﬂlg 3@1) eﬂglc %ﬂf‘r%‘qu&%a e reaction product 44
non- reesfsmaDle: 1hy0.24:0, products during cl eavage is

reduced. endi n n the ratio of s-butyl henzen
hydr oper o%e ehons WEighropeT HO WP RPEIR RS ocfK dn @eéér@ég}%avage

pr odugepss, preFQehlfth Bk mamﬁvag@ee%ﬁ&nwmca%a&s ﬁ‘l"ché/‘ﬁﬁfhleavage
nmol ar acet gne 'O}Jhenol rati os from 0. 8: 0. 23

Mol arte4kae:1gh et tor 8% sanversionipd hY@éE‘??ﬁ%Fd@ﬁI 8 ab%\@éand MEK and/or
I eactac@nd% ‘ﬁéiﬁﬁed%ﬂﬁ&ﬁstﬂem O rectbr 12 Reabtfons wilich Bquire

nost preferred 15 enbodi nent,” the acetone to eno
rat i Ggher tempemgsesecwin thedeer ql@erega HAEeH n:mferably dmthe second

Va” %?ea@%%&to%@&lﬁé’c&v&?%ﬁ to D ea‘lrl :téiﬂéﬁl{s\é%x\c}%gﬁﬁwkEg

| ower t erper atures occur
st agedZBpemiinerelntixelyi kigh meeliatlms of lfmav’é(mﬂ tod 3¢ fC am these

whi ¢ ctor 12. .9

S0, dSRBEH ate bibeldig, pRdrerbuig LEBNAO st HESRbCeadkion piadi )

and/ aeachés the ﬁconrbclewa@:ﬂaaceotéi@ |At ﬂhklpmﬁt ligle hytreparagide remains
tions ich require her

react,Q
{ enped 2 HPave o 2t o3 et s on pnditigd o8 bgmgimized to
pr ef enaxirhize the cbhﬁrﬁﬁS@ﬂMA to AMS and EMBA to AES and 2P2B.
In a preferred embodiment, the safety of the cleavage reaction is enhanced

compared to other embodiments. By using a pipeline loop reactor as the first

cleavage reactor 12, it is possible to make multiple exotherm measurements to verify
that the reaction is being carried properly and to control the amount of acid catalyst
added to the first cleavage reaction mixture side stream 27. In typical boiling pot
cleavage reactors, acid addition typically is controlled by the single exotherm
measurement taken at the sulfuric acid addition point. The single exotherm
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cl eavage reactor 30. The conversion of DVBA to AMS and
EMBA to AES and 2P2B require relatively high

tenperatures of from70 Cto 130 C and these

reacti ons are postponed, preferably until the first

cl eavage reaction product 32 25 reaches the second-

cl eavage reactor 30. At this point, little

hydr opnlsmeimﬂaﬂt it enadé Wyspuripingresniall ameant of THe @leaeape redctor mixture out

cl eav ctiqgn cqndi.Lions can be optimzed t
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cl eavage reacti on is ﬁ ance c{rpare g_t hgé
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firstﬂﬁeeaﬁﬁ&qyﬁﬂ&ng%ﬁttﬁéntﬂ@exotﬂenﬁ&sm' hidel tﬁﬁs&myls

mul tipl e exotherm neasurenents to verify
react |Q3n If; the 15aqtiep isqupninedao Bl ﬁémnq/e@ﬂmtl@w

andUNtxoiferA §d IQrIgQ BISAEYP horef MLBGhd RadkiBf is rhrz:ngtf o ?Mﬁrg %e risk of

reactl on m xture 'side str&am 27. In typi

pot &P &motinyaunnizg oo plowlydethat aaunﬁWmcrugqmau actmywmn additional
contrgl the single exotherm neasurenent taken

at the iﬁf}?{é}ﬂl c acid addition point. The single

exot herm Bi)mmsfmemenbodmen’mﬂﬁle Ipyocpasrfpyi cicrvingsone bt more

anou re M X e out.. of the

Feact brpel s R on 5 8ikientint bl iRive, Srpied

smal | hyalneperdxidef atdie ooinemums thema‘,csublpproaesx bam;msm;gt h

aci d. .The herm ene aci d addlt
o o ete o A e st b HBY et mAgian e g acleavage
shut dﬁMoh&'cdd&ﬁmpﬁﬁﬂg fr@ﬂh aﬁ&ft@tﬂ/wmrt@ 2SR Y% whier, 2 kefoge stream

n the exotherm neasured

reaction i runni n

o O ifocrt the P|°9n815§ns an goptopq, greawad MEKystream, and a

r unni @gke @&té@mms&&[ﬂn raad B aYid) @e[té]‘%rét SAERAE W GifhlyZelthd l€avage
exoth?é_lmls Iarge nor e) hen the reaction is

r unni HGYEBEeeKEat 5! ectpﬁ érom the SE9HD consistipg afs-bwHbenzamd ng

too { Qﬁéﬁ@ﬁ
addi ﬂ%&l\érdxgdgl %{ﬁl?egeg%%fed 1%er é)wméédpre erre@gﬁﬁ{)gﬁm %aﬁm

of t hleaypgreastion anixtytesauipriging ore ermm hﬁdmperoxxdes selected from

Ez g : gtgg ?{}Sﬁ ggrfm %egf&ﬁjmﬁ%ﬁg%r%? 5 ;IE gﬁgdmpemmde, and

conbi qoatbinations thereefdf , such process corrpr|3| ng: feeding

to a V ereact r at. a Ieav
' O ant Tshibe S AAAGbESE Bn Hixthieth B offe ¥ ASiion conditions
conpri si ngffectiventa bieaste sthubylbdnzemethyddpevoxide wophenol add MEK and

ket one stre 15 selected fr up conS|st|ng
of an acettga@@tmﬁ? I%’g" xg{%rpggﬁqnog A% ed
acet owlesrdifriaid fikst alvage fhadtibnachditiidmpsbe:ef fective to

catal yze t cl eavage ,of hydroperoxi des selected fr
the group BBFlsearagqdeastion tepipeippepilesidhan/pJEsthistos sefficiently

cu m;ne hydr Ofebfg?'t@l&eav%%%éj@ﬁ@'o!‘ﬁfe'oﬁé‘ 8r bR &operoxides but
roducing a firs
P J sufficiently low to produce a first quantity of non-recoverable

byproducts from components selected from the group consisting of
dimethylbenzyl alcohol (DMBA), ethyl methyl benzyl carbinol
(EMBA), and combinations thereof, the first quantity of said non-
recoverable byproducts being Jess than a second quantity of said
non-recoverable byproducts produced by the same process ata

cleavage reaction temperature of 75 °C or higher;
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cl eavage reaction m xture conprising one or nore
hydr oper oxi des sel ected from 20 the group consisting

of said s-butyl benzene, said cunene hydroperoxide, and
conbi nations thereof; exposing said first cleavage
reaction mxture to first cleavage reaction conditions
effective to cleave s-butyl benzene hydroperoxide to
phenol anda fifsKcleavelge feactioh eessure sufficientiyyidgiopandtaiahd frst

phenol and acetone, 25 wherein sajd.first cleavage
reaction condi tﬁ?%ﬁigeé‘é%ﬁ???&mrﬁ “?*‘hf’é‘ﬂm&llp AFage
reaction tecipailaing b eecptle ot thefitst Cheabagdtbetioh fixture through

sufficiently ' tqQq cleave a mgjority _of the one or
nore hydr oper o%’%&@t ‘g??tvagesrﬁ?clt‘?rc? teryrls Bow beng grsater thap the

first quantity fizt c@iage 96#ie FRl MBw; lygor oducts from
conponents_sel ected fromthe group consisting of 30

di net hyl b g 1 &ieh leavaepasAFongrerict igwt sgand fsteayage reactor to
car bi nol (ENB/%odue@aiseeeﬁﬁﬁé1£a£%@£§m%H%ﬁ§eIr the first
uc

quantity of said non- recoverable bypro ts being
|'ess t han sibiselingthe spoenst dleayagsireagsion mixturs-te secondeledyiage

byproducts progug. | . eavage
reactign tenperat ﬁ%e%@gs % gr Sﬁ’%gﬁsg%?ldgkg@ﬁgﬁ%%?éon

cl eavage r eact itenpepatars sffeative L ¢leaye amidjorith ofjihe boe or more

mai ntain the fi .eavage reaction m.xture in the,

l'i qui d phase; P &gr?)?egﬁ)}lg Sirg‘gmﬁmﬁé‘& 2 Sgeop gfﬁfvc?ﬁe feggHon mixture,
first cl eavage o emetr ®majoritt of PMBA iauighsecdndeidaiviigetreaction

cl eavage reactor... said r cle flow bein reater fhan . .

the 5 first c?"é’é‘\‘}‘ﬁ%“‘ ‘?‘3@18{“@5«?@\3’@ ,VQQ%W%%P Ain

the first cl eavsgecontalehvags reacishiiabtire tPork@F 8idge compound
uce a second cl eava

cl eavage reactor, to rqd ( ge

reaction mixt ufg,e"t‘ﬁfb‘fné SRy PORBsiEDe of a-ctvbetieege (AES), 2-
reacti on m xt UpRenyP2-58R86\QPOBY; aMPEliinbihARGS thefeof, producing a
conditions conprising a second cl eavage reactloﬁ 10

t enper at ur e efF@GFqﬁéaVP@@m;@f@%Mity of the one
or nore RykleMRERskERA cfeﬁ'l}%’e Réaldfod o&mwsﬁ:&?%ﬂiﬁgps effective

cl eavage reacti on m xture, 0 COI’]VG' t a maj or
DVBA i n the setdiedues afipalpéeapageaedction proidit gomptising phenol and

a- et hyl styreggs oraiife 5&1@@%%51%?% ﬁgﬂgxgﬁé u&gonrsEriD%/rgnA &

the second cl eavage reaction mxture one ‘or
conpound 15 semethykathyl ketone AMEK), acqtomepasi whibirgtiods thereof,

a-ethyl  SUyLBRELERARS emBodiment of the process for cleaving one or more
hydroperoxides selected from of s-butylbenzene hydroperoxide, cumene
hydroperoxide, and/or combinations thereof, such process comprising:
feeding a cleavage reaction feed comprising from about 0.5 wt.% to 2 wt.% water,
a ketone stream selected from the group consisting of an acetone stream, a MEK
stream, and a mixed acetone/MEK stream, and an acid catalyst to a first cleavage
reactor at a first cleavage reaction feed flow, producing a first cleavage reaction
mixture, said acid catalyst being effective to catalyze the cleavage of
hydroperoxides selected from the group consisting of s-butylbenzene
hydroperoxide, cumene hydroperoxide, and combinations thereof:
exposing said first cleavage reaction mixture to first cleavage reaction conditions
effective to produce a first cleavage reaction product comprising the one or

more hydroperoxides, said first cleavage reaction conditions comprising a

7
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phenyl - 2- but ene (2P2B), and conbi nations t hereof,
produci ng a second cl eavage reaction product; and,
subj ecting the second cl eavage reaction product to
final conditions effective to produce a fina

cl eavage reaction product conprising phenol and 20
one or nore conponent selected fromthe group

consi st i ngfisst cleavhdryteadtion YmpeRit@e 6f (Mikin 75CeANNirstMhyvage

conbi nations thereof. Another preferred epbodi nent of

ot
the proces%aqt9n PESEUS syfficisnty high togpaintain or fystnlenvrgrasaction
sel ected fmbawein the By b%@,%%a@%rr%ﬁ&?mﬁﬁlﬂﬁﬁg farther

hydr oper oxi de,, and/ or conbi nati ons thereof, suc

process cofPFMreng geeirpulatingaenyrlafiey ebiha fet pleawege taction
feed conprinsiig th&él%ﬁ‘tﬁ’é)ﬁ’fﬁ cl&vé%é’i‘eac%rf Qh&eiﬁ&he%ﬁ@&ﬁga%df recycle

a ketone stream sel'ected fromThe group consistin
an acet oneflayw fosaid first olgaxagegeactandeed floov ia fmink €041 to 100:1 on a

acet one/ : . ' ik '
cl eavage N%glgﬁ?) gsﬁgﬂg%ﬁ gﬁi %ti%r eYeeg ?eé\g@;g Séé% %ég}éstot?e%g éfﬂéeg%ve to
fl ow, prodleavaf5% of most ofsHeylbeyeenedydtopenxiderinthe fiest cleavage

id id ' j t th
ol cavage aFREh bkt Phedl 8 TE el e WP S ot spppene
consi st i ndiydfopstokide yii the first nleavagy shactiver mixtutketo phenst Agd acetone,
hydr oper oxj 9 and c [

i nations thereof; exposing.said
first cl eaa\'/lagdeprf’%lﬁ:gtai qﬁm%pénqnge?qvpgple%wggagﬁ%ﬁom
rleacti on w@ﬁ@bﬁdnmlemga ﬁeﬁltthygm_ﬁp_caﬁﬁdageﬁh diméth§Ibbnzyl alcohol
cl eavage r on py oduct comprjsing the one or, . npre
hydr oper o@ggé",k : g@?l&mptﬁy@pn@ﬂ @%’9’&@’6(%1”% Aghcombinations thereof,
condi tio n&h@ﬂl@[kfdaﬁﬂit?@f Said Rorl-tebSterd\ LR PARMCE BAAL lef¥ihan a

e

tenperature of less than 75 C and a first cleava

react i on PPSdgratisifsaidinoneapverpbln byrrodnstsnredueed bithe same
first cl eayaes o &eehvdgd reaﬁdﬁt%ﬁﬁ%at'ﬂretd?‘?s bé: Qijhlglrl&!‘&ﬁe’

said first cleavage reaction co tions furt
conprieedinghe &est pleatieae reaetion prediptios stecodclshvagh esatior ot produce

cl eavage ra%@&otniigféaﬁag .rat:fi'&fam ugh the first cleavage

reactor, wherein t tio of sdidrecycle flowto
sai d Mubjeefingdhessoenjelvavagstreactibe miktiledosdcand ¢leavaddredction

100: 1 on ' basi id.first cl.eayage react on
condi t | ongo &eglﬁdrrllg Ia{é?‘?@%#%s %See%?%&j“l%ﬁ%%ﬁfs%‘g’é/feg&em e%’l?c 1ve to
s- but yl benbev@ﬂwtﬂro@pamm(?fdhe ]iamdﬂamﬂdeﬁ ﬁinl abligPinaBesecond
reacti on m t.© pbhenol .an cl eave. 95% or
nore of Cu@]ﬁéﬁ%&ﬁ C?ﬁﬂc '5‘“’5?69(??}1@"';/{'[:{&09&“%#?}05“&? dhe
reacti on secohdicleavage ractivalmigfice ®eAhehd styréRfado convert 70

[ over abl e byproducts

produce a_fiJst quapii of .non-re ] )

from co MR EPHIa0 QF E%’nftp%?ﬁc?‘l@e&%”ﬁ%e%ﬁ% dxirego gpe or

di met hy| bem#ytonothected from the group consisting of a-ethyl styrene
(AES), 2-phenyl-2-butene (2P2B), and combinations thereof, producing a

second cleavage reaction product; and,

)

subjecting the second cleavage reaction product to final conditions effective to
produce a final cleavage reaction product comprising phenol and one or
more component selected from the group consisting of methyl ethyl ketone
(MEK), acetone, and combinations thereof. .
Plug flow reactors (PFR’s) and plug flow reactors with recycle (PFRR’s) are

especially adaptable to multiple exotherm measurements. Controlling acid addition

based on multiple exotherm measurements lowers the risk of adding too Little or too

8
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20

(DVBA), ethyl nethyl benzyl carbinol (EMBA), and

conbi nations thereof, the first quantity of said
non-r ecover abl e byproducts being | ess than a 15 second
quantity of said non-recoverabl e byproducts produced
by the sane process at a cl eavage reaction _
tenperature of 75 C or higher; and feeding the first

cl eavageh deRRatalyet to ORIt Gleatd@e feaSBE R \dhe G0 RPNV EG el &BHERS

to produce a _second c|eavage reaction mxture;
subj eBeISHEMERDY By enrdfailedcanizn) systanenmnenerti aed gssentiay decouples

secon %Wﬁﬁf@ﬁ%ﬁmaﬂ}p&ﬁ%.“ ons conprising a

second cl eavage reaction ternperature effective to

cl eave 95 Ing poefared embediment; the exnjiro preferstilylisaneasured atimuifiple

ot . .
70 wpaEhs e KARRNIORCLERIALEE ol bl HOR ek BrlARKRL brother
r eactmeasurgingnt points; preferablyt afirst redctioremixturaside streamenothern

{ eact hgindheffbf 7 Gy KSEN o S0 e b8 gy goint s
f r om dléwe the wagtion ameinetside gireaﬁldﬂ-. alrtrlgyioﬂﬁmﬁ?n ﬁ]eé‘fré@sgs ‘measured
and conbi n

2- phenyl -2- but ene (2P2

o ba B e e T L iratR oreiR B e et (FCR)

subj esxbthagn mbBureeMpdind, prikadty 4 RBCHCTO kot Wehsurénent point
final, conditio ffective to roduce a final

ol eavii P asRoRd B SY SRR TieagHIRReTS PoiG: Trslangithesiet cauags teactor
30 norx The BRsdie alse PreBitiplis i@ irdd Herodd MY RecEA\Shibd YWactor,

of nmethyl ethyl ketone (MEK), acetone, and

conbi RTEErRi actoricseennd clopvrge reeiar (SERS esyexpihrua Sipasyyement point

Pl ug 40 MWa s&BH S’Cﬁeﬂihgas[n%ﬁiéﬁﬂpp%hﬁﬁ’fRR s) are
especi al | )l:/r adaptable to multiple exotherm

neasur enerfig secopheleayage regotinsi piodudit4 geperally sfeditormeutralization

[ti ' .
i rop P A b EAR S R o BB 16 b bl phepol and..
f i r stothdr geodagts, dependingrupd@ theweidatiorefieed.ncor r ect exot her m

nmeasur ene . A, ptrol system o s
component Peisiie E3uRRF sl in G 38N Ko hfhany modifications
c onpongriteandde dorthe doregaihg withquo depatting froin theppicdt atid €dpe thereof:.
enbodi,ment . ..t he exotherm pr.eferably is asur.ed at

¢ R gt G ST iR S ot U MBS HE andhoplcnorbe
one askenas Hmithaahd Dvertion] which GHDEcRANR] INRESHAIRH¥ENT

points, preferably a first reaction m xture side

stream exot herm neasurenent point 51 (or a first

RMSEM poi nt 51) and a second RVSEM point 50 along the
reaction mxture side stream 27. The exotherm al so

preferably is neasured in the first cleavage reactor
12 across one or nore first cl eavage reactor (FCR)
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10 exot herm neasurenent points, preferably a first FCR
exot herm neasurenent point 30 and a second FCR

exot henn nmeasurenent point 31 along the first cl eavage
reactor 12. The exotherm aligo preferably is nmeasured
across the second cl eavage reactor, preferably across
a second cl eavage reactor (SCR% entry exot herm
neasurenent point 40 an ond SCR exit

nent int_41. 15 The second cl eavage reaction
douct PFosas G0 TIEATRE PNe 1Rk drpperon ides

app@rlatdmcarﬂdmxs-&mﬂ 1&%&5&@ ﬂ%(}ﬁél!b
y ot herﬂsgjro uct s:p{ dep encfﬁé’ne

roduci n henol
R%Fﬁ? N2y ol é&'qﬂﬂ@%ﬂﬂ$kﬁnﬁnﬁh¢ﬁﬁ®fskﬁh¢ Prpcess

theomptrl\sillnlg HEOWHers It many nodifications nmay be
made t% gg foregqing w thout departing fromthe
spi ri t t8RE1880Fe Clik@vage, reastien deasstite® alemvdded

hetehbtby #RA roh%ééea' ld1esd; a%te' %a‘?ﬂ@%r@h%:a{%dc&%r151ng

be taken as [imting the invention

defPRe@NEn OfhBogEa Yk roperpxides Mberein prive fsisrdtorcleavage
cl ea¥i-egrong @r g 1hwdr ed

s-butyl benzene b qg%olg)réo%%%g @g&%g:%é: %}%f/ngjroperoilod-‘ or more
anBf8 86@3?ﬁ8ﬁ¢§n§f¢ﬁ§ﬁéﬁﬁ tohmegndedss a dimet silepvage

. theegtepsnohi xeulreeding 19%%a%§g%v%§%FE%%%tl%?d to a

cl eavage reactor to prodUcé a Cleavage reaction
m XEUPErabkpeisieng the one or nDre hydroperOX|des

“here'QuBESCEhﬁ t5CL88%398e ESQ% p é%%ﬁgﬁgellnefégy%ge

react or nprls ng one or “nof e
ef¥%@@t¢@nt@ondnhnana QOfprsﬂucbeav&geaﬁagee&@@dwion

M L Y88cR ¢ %F§§£ng Sﬁgﬁgﬁ Sﬁacgbgﬂpg g %{géﬁéggeggg

subj ecting a tleavade r €ac
r e3¢ ohedofidomi bhs gnoppodunelat¢hgam&gmetﬂgqtbehyl

T Ao e P 8 TS tmBEBAET Se P PBFeREenyl ot hyl

ketonewh@meimnEheanueama@enﬁéaOﬂsoﬁhebﬂQitlbhsf@bﬂp&ﬁ%e a

C'éf%gﬁ&béeégéé Tort© eﬁﬁégggu nB fess than 75 °C to
produce cleavage product of the one or more
hydroperoxides and a first guantity of non-recoverable
byproducts from components selected from the group
consisting of dimethylbenzyl alcohol, ethyl methyl benzyl
carbinel, and combinations thereof.
2. A process according-td claim 1, wherein at least one
further cleavage reactor is used.
3. A process according to claims 1 or 2, wherein the
cleavage react%on conditions is carried out in the
presence of a homogeneous acid catalyst suitable to
catalyze the cleavage of hydroperoxides selected from the
group consisting of s-butylbenzene hydroperoxide, cumene
hydroperoxide, and combinations thereof.
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cl eavage reaction tenperature of less than 75 Cto
produce cl eavage product of the one or nore 20

hydr operoxi des and a first quantity of non-recoverabl e
byproducts from conponents selected fromthe group
consi sting of dinethyl benzyl "al cohol, ethyl nethyl
benzyl carbinol, and conbi nations thereof 2. A
process according to claim1, wherein at Ieast one 25

further cl
ncodral Ay ROR AECRHRS SRt Rt he VEFEapagEne acid

r eactdterl yoondid i sl dtsed alf:rfdu@ds@l{%liuhﬁlé hgci@f |e§@ﬂ§tﬁlﬁ9ic acid
a ho €0 s acrd at a itable to  catalyze e

cl eé\rfrgg’ Q"tﬁﬁjo% %b#ec?%cpn?%ﬂ??ﬁecsﬁcb?oup
consi.st |mg>mfc§s§)taedch&{h2r&jl€!:&y(ﬂa3ﬁ@f23)<lrﬂ@eréﬂﬂeﬁﬁe further
hydr peroxrde and conbi nati ons_thereof. 11

pr o CEEE VAL (IR 0 1T ahecteheieh the %@@ cons1stmg of
calt Y- 1o AeliRikd | GhEg DIV | Lodbidrs SWPRUELEycle, and

acid anhydrrde perchlorrc acid, or phosphoric acid
5. ROMICRNS, Stdrdigd) 4k 12830 Svherei n the furt her

5 C|GQaV@rg%:ﬂc%%(‘stsoradc%rﬁ.r@t&¢ afrﬁPrBﬁeheoﬂr@L@lms 2 or 5,
consrstrng of ug-fl ow reactors, é&pg | ow reactors
wi t Whed A% @alégd:le@ﬁﬁQ%mtsjtan FHHpebeeyrErom about

6. B.B @GS Q0K NG Wt ANar] & et @t@es?:ﬁ 2nd the
wher ei n sai d cIeavage reaction feed conprises fro

abod I'ST0 OG.ea Mg eyeted ok AN sk il ol compr v stream
and the af ief $is+Cl-aauag ?er %dﬂ%&%oﬁé%%rﬁ%'ffoﬁ 45°C to

first cleavage reaction tenperature
7OC70aCﬁ|rst cl'eavage reaction pressure suffrcrently

hi gh 13 t9 l Ry ayée At o a%%rs% as.qc_f {Liently high

mxture int ['i qui d phase; and eavage
reaeplmﬁlnegn@eﬁ@@ ﬁﬁmgteﬁﬂ@aﬂagetneactlon mlxture in the

liquid phase; and,

a first cleavage reaction residence time effective to
cleave 95% or more of s-butylbenzene hydroperoxide in the
first cleavage reaction mixture to phenol and methyl
ethyl ketone and to cleave 95% or more of cumene
hydroperoxide in the first cleavage reaction mixture to
phenol and acetone.

7. A process according to any one of claims 2, 5 or 6
wherein the first cleavage reaction conditions comprise a
first cleavage reaction pressure of 50 kPa or more.

8. A process according to any one of claims 2 or 5-7,
.wherein the first cleavage reaction conditions comprise
recirculating a recycle flow of the first cleavage
reaction mixture throﬁgh the first cleavage reactor.

9. A process according to claim 8, further comprising
withdrawing thé»first cleavage reaction product from the
first cleavage reactor at a first cleavage reaction
product withdrawal point upstream of the first cleavage

reactor feed.
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cl eave 95% or nore of s-butyl benzene hydroperoxide in

the first cleavage reaction mxture to phenol and

net hyl 20 et hyl ketone and to cl eave 95% or nore of

cunmene hydroperoxide in thgsfirst cleavage reaction

m xture to phenol and acetone. 7. A process according

to any one of clains 2, 5 or 6 wherein the first

cl eavage reaction conditions conprise a 25 first

cl eavage reaction pressure of 50 kPa or nore. 8. A
process according to any one of clains 2 or 5-7,

wherein the first cleavage reaction conditions

cori¥ri fe ProsEssc AGRANT I rter @l asini | dw whierdin fthat recycle
cl N i ] t h | LSt _cleavage
regglbg‘?ass 9. fqgrﬂgchgsg rg%cfgfr%ggc%}aevc%%él n#%‘?cf‘g“r‘tﬁ%?d
CONBPWsi ng Wi thdrawi ng the first cleavage reaction

pr qgquc e ' . Y e or.at_a first ..

cl gg\iagg\efp:r%?ce?igor?éaﬁ{% it et\;a(\% tacg%rl vvaall%'po"fth?rmﬁ‘ e to of
of thige reiqystlec|fdavade theadtiorstf eddzavidye Ifeadtqr of®sd flow
acecQrcl 0, .Gl ai A ein e .recycle flowis

gr%gt gr éh&(r?'t Z:Oml%sq'vfgleo:enavaagﬁeeqrgég:ct oo ¥ted  flow.

1112A pr peesesac emodimly rigo tal almaihd,l hevtairein ritid of irst

of r lLe flaow t.o, the first .cleava react.or
fegégFH%%e i%s Fg'r%nld‘.:ef]tq?nfﬁo:%“ﬁw x4 v%‘ﬁ‘ﬂ?l gLdiete to 10
12miAupescess according to claim 10, wherein the first

cl egvage_reaction residence tinme is froml1l nminute to
10131 HUPEECEES PSOORAPGEes BMTC oM RF (<0-2MP el %o

cl frshérlZ2omphisihegr copmioliintg o ldumd dfheicid
am)ufu_t of . aci tal yst added to the first c|eavage

eBEPPANE 2rted Hacks oot hREviaee AR Hammixture

* mepsyednNBAt $he multiple exotherm measurements.



