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WD 2004/ 074227 PCT/ US2004/ 003839 PROCESS FOR CLEAVAGE
OF AN OXI DATI ON M XTURE COWPRI SI NG HYDROPEROXI DES The

w@e@gen22appl i cation relates to a process for BCEESI004003839

an oxidation 5 product conprising s-butyl benzene

Lduces TROCHESEOR CLITPVACE DICRO X IR TION MilxTURE

Spro
from di met hyl benzwﬂg@okﬁgﬁg@wﬁ }glt]: net hyl
benzyl carbinol (ENBA).. In general, phenol is e
rranu%/act CRFCHRR é%?l\@la ?‘hﬁelfggﬁ'r’@r?eprf’ﬁﬁsg &riplqanng an oxidation
hy dﬁ&a@&%frnggsmg sSHIR N7 dnd %18@1?%@1{0%66%8@3‘ 2GR h;td?ﬁperoxide

cunene hyd eroxi de with norgani ¢ aci d suc
as whichueducesatbie graduction nf roreignevealily ty-gpeduoisi fiten dimethylbenzyl

I t. i di
o AroTB GREE S FRT P RIS R on i ¢
cunene, InGeREAH phend iPRhMhRZANS JEALRRRLARHES fofn the
cunmene oxi dati on product generall'y contains

di niexdagpasesids of cumesskofollopei/Bayleavitgsrad thhreunponedwdiaperoxide with

fee ises, S- nzen he oxidatjo 15 .

or ot R RM: SERLREP Ay Yy RELAER o S RO AL i or g promvaee
car prottadt. SEMBA}ocekdes osidiess-bablbeniefe NhbialéRe or in combination
conversion of DMBA in the oxidation product to

a- nwith gymeng; (o piedugeivisytylbspgene Sydsepeioxids- conver si on of

EMBA in j - ef. :

(AES) ari St Soh Rt nnfly Sl binRaiBaEy! alcohol
co g\iDM}%a\s) Wisine ‘;he oxytitiog ffﬁdﬁ)&mlgrﬁew—tg@ty%nmaﬁme ofiddtion

s- but epzene for recycle _back to the oxjdation _ .

r eaafp_ﬁvg alsqgeRsraly emak s SuLmsty! bewvbrEbR (EMBA). Ttis

ef f 1&i:8ME Yo mbikfLd SRLRIMh of TRIB A [SRY 89l Hg%ir%o @lfrethyl

run at relatively high reaction tenperatures.
ex astpkes (AMS).raed ¢o mamimigaperatierol EMVBApincthk okiditiomproduct to

pot eactions, s, fr 75 t.0,85 t. such high
FestcelSRER B B by Tror R PR ghebpmpounds
EMBAQ Héﬂ@ﬂ#bgéndf&@o QeI RES an @ fBuRRAGe 18PRBY@E Back to the
25 converted to "non-recoverabl e by-products.” t hods

ar eo¥idaiva deaskire whiel insseases tsrdlbepgversiopiviicienny. EMBA t o

non- reg by- L. has _been surprisSing .
found ¢ haL® ;akg‘l‘églny i é}aﬁg %g%t% ai%rga%ﬁ“’é‘gvaé"’g B0 atote]aly i3 Hieh Yeaction
cerfemipratideser Fqr oguigsls, ti\eeaclioR Ulinpefature in typical boiling pot
non-recover abl e by-products. 30 Accordingly, the

pr SSRHIONF /BRI b (piodr des 4 Pichdegisrepglionfepwpratges mignificant
or s &‘tyg R! EM@&,SRI%ng&CA%,TpE@dHc?A YLBHEEIE 2P2B are
hydr oper oxi de, cunene ~ hydr oper oxi de, and/ ér

c ondvnmertdddn Snoiescevtrabledyprrodwss” conpri si ng t he steps

of :  feedi a cleayage reaction feed t cl eay
react or éﬁStﬂg%%tﬁ @Se‘i:?%gf’}é‘ﬁli‘/ gﬁcéeqségﬁlpﬁpfﬁ?m and EMBA to non-
COMREdsRkdbl byprodngisOr nore hydroperoxi des; and

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
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1 WD 2004/ 074227 PCT/ US2004/ 003839 subjecting the
cl eavage reaction mxture to cl eavage reaction

w@orvdior42o0ns effective to produce a cl eavage r eBCI/US2904/003839

product conprising phenol and one or nore conponent

sel @ﬁlg @(Qi(n%rémlﬁt%gg FQiRof BRShEL ﬂo%@ea@g%éﬁ%ﬁaidn Rhhions effective

ket on K), acetone, and conbinations thereof; 5

wher ei n thproditees elgavage aeactiom prodndi doigmisingdrhenelswd ane or more
cl eavage reaction.t rature which is fficient

i gn o erERUESIERET Fo5 B Brond it pe o kione
hydr oper gyiEIrgsadetinesatld ddmtgmdtions kigpedro produce a first
quantity of non- recoverabl e byproducts from

conpdseain thegdqaypgegadticraonfbiogs eerpprissondpaeratpagiion temperature

di met hyl VAV ( hyl. et 0
car bi nol %ﬂfﬁﬁéﬁ% ‘ﬂ% (]51 g@:@ﬁ?ag gtg n%( er (9? ¥liet 5}}1%{%%1}@%
such cl eay&@perokitizs butufliciembr divb eroduck agstiduantity ®Enon-

preferably from45C to | ess than 75C) tge first
quant i t y 'ésoverable bysrdugis diren semponspisselsgted feonp herggoup

| ess tha ] ' -

by pr oduct 2 e am UL R bnaRBAY B R S
process aarbinot (EiBrgeanennbioatidne ipeeet(typécatlfy such déavage

or higher. Fig, 1 is a.schepatic diagramof a o

or of er 1 o&ASHBR HIHEFRNSHS Q%%B%ngxfgg’égfgﬁ%c%%@.“ﬁéo less than

"l ow t enpescat y ' bi

s T A T B e A Y BRI ATLAR lss than

| oss of DisBrondrpiaEiBALsaidmon-re@Ferabledysgpredicts produced from said
by-products. Low tepperature cl eavage will be

desor i bedOMPPREALUREITE s PEos=S A &rleb et reastipdrmBRLYs,of 75
whi ch t hecekamkage zone conprises a first cleavage

reactor and a second cleavage reactor. However, |ow

t enper at Fig 1db e ackegratiersiasipn 98 eprefpwed gmbodimentef the cleavage
nore_reactors, and is not limted to a system using

two F€5¢t ors. 25 The cl eavage reaction feed conprises

f r om abodthe Gldw winpéardtareaianhge? oftthdprevent epplicatideiseueat
stream sel ected from an acetone st rean% a MEK stream

or #leavagsdemperatuserdhnelecpsctimloss 9 DfEAGpE MBade non-
el ‘?Q&o%graf)feg?-ﬁbﬁﬁttté" benzene hydroperoxi de, cunene

s
hydr oper oxi or conbi nations thereof. It has been
found t hatw empetature cleaeape vpilldfeateatyihedfwidmefdrendedd apecferred

S O EN IR ATIE NG N ETE N
e 8 SSRGS 1| 5 B, B e e
f i r sif oneacmprEreadons; aridos so( iiwged foresysteal vsidg tyomsadteisng

a 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 thereof. 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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relatively | ow tenperature, and subsequently exposed
to second reaction conditions (also described bel ow)

WO poottlods2ganme reactor. In a preferred enbodi meneCT/BSAMN/003839
2004/ 074227 PCT/ US2004/ 003839 the initial cleavage

20 ] S gL EBH0R GRS SR0L 8020 o

r eagleavd{gg)reatiyr I a variety of reactor types.
Preferred, reactors include, but are not necessaril

y
limited t&eptleRyage owpgien®: BiRE Yo prrariety of magipy, dypes oyfreferred

rea | r P : ' i 2 .
| gt Ml B TRy BT S pre
can phe-flowtreacted withkecyde (BIFRRs);harak saginabes stirred tank reactors
i nt ﬁégﬁ{éﬂsr ext ernal heat exchange equi pnent effective

to n the first cleavage reaction m xture at

the firstrpglRavRgQatERALLATR EAMRES @lrkdganl Rador with associated
preferred 10 enbodient the first cleavage reactor 12

| s antpinpledr exterhaldisat eabange eqoipprent éffiertiveéo maintaip ithe first

heat . exchangers 14. 16, at .appfopriate | ocations t

pr oVIGEREIBT10g TEHPF RLPE AT LIS Ee e Aot (R ey Tn a preferred
cl eaudeeinied tld Bt dbastaps feadlor 1D 4 pipslinetloB@¥eag@T comprising one
reacti on tenperature. nerally, the first cl eavage

r eadt inoie hesiprehangers 1#s16 stgppropsaetlecatigns to progide cooling

pref ' ' L r td

L e S R M e SRR Bcovane

f r oreadfi6h teanfebdlure] M@erieiallst the lfiest\ch@eagd reaciondemperatseliserom
is rmiontai noed suf fici ent}l% high to Pai ntain the first

cl edvelgé 79 &achn agpretsrsed grigodinenh dhg 1%3"&?]83%5%@“10“ temperature
QJer- j ocAll o

S R A o B e Py e

m Xtregceion prashee s mainthinguhmdficie®ly Mglptonpaib&in the first cleavage
install.ed i.n the pipeline | ogp tq. provi for

r eciFALiPROYIBHIGM the b e fcﬁmﬁw s ity @Qhger more
I eackhQRMduttiGerdtid Aagaih ike filst Sibavele 4860 niRafd iR the liquid
12. "A second portion of the first cl eavage reaction

m xtphage, the "first cleavage reaction product,"” is

wi t hdrawn, from.the. pj peline | oop reactor at . .

W ¢ har ane PRSP S BlaBEa e 28fat PGS prfls op ebaulgtion of
of trh&clee@siv BOtHRL ird1éRbgd Ractdn thixtgt tiebegy ae dirstokal age
feed 26. The recycle flow 24 through the pipeline |og

of trpastorfl2y ¢k sesoadpargionod tha st dsavage maetion Bbgate, te o
the cfl la?%eotfeaétg% Jr&%f’c{t,g §4a§R¥%E% ;ﬁ?)%g {h%:ﬂi%élﬁlg goo%@eact(t)roart a

(SOYTE% s refterre avage ‘reac

f eedyitdeawa oint 20 Rockel adhoyt, distheeupbireanobf thh deadquyet|22 for the
flow 24 to the first cleavage reactor feed f]ow 6 js
f r orfirgiPlepvege reaefon fesd 24. ép gfm‘/cls V624 Hienghd %plpelzme Loop of the

PrefgLablXafd A 0P 1 id BudDareer $8n Ak fowk 82l i RBG A age 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 hydroperoxide, cumene

hydroperoxide, and combinations thereof. Depending upon the hydroperoxides
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The first cleavage reaction conditions conprise a
first cleavage reaction residence tine effective to

W@ b®@awei2bT om 95% t o 98% of hydroper oxi des sel eRCEUS2004/003839

fromthe group consisting of s-butyl benzene

hyd i de, h ; hi .
¢ bt DL Eie I BdRCHE O ot B aREoage{Et cBiered o
Zo%eggl“a?n%ﬁa Halh g Q0400 ﬁ%tﬁﬁtge %E&ﬁ)%hsibﬂi\ng beméthyisdthyl ketone

cl eavage reaction m xture, ydroper oxi des are .
conEK}dicetone, pindcombinations thetep ubenaselve dhediirst ¢legraghieaction

group. .consi st i of. net hyl |, ketone (MEK),
ace’ieg‘rqg?ceztﬁlaets Aé{“ing{%otlﬁté&é%ﬁ‘e.& General |y, the

first cleRyage keapbiredttion esiditheeohipiBe bs afideamalyst effective to
mnute to 10 mnutes. 5 The first cleavage, reaction

co n@ﬁt@lym@e cloapagesd samtybengerbydropsrowise apd (i repent) cumene
t h . - 68
ca ﬁ)(c?%geg(?)é@%ﬁ ??ﬁa\fs‘”fgfmc? f:at%l)}/fgy ﬁ%él@cferb{g gfe % I‘ﬂté%g%ﬁ% llﬂlgt d to

and cunene Foper oxl ) aci
cat alifigicacidyehlad devid ardiyedridg pervhbersaid, layd phosphedc tmd. A

o prefeied apibiET Sl . ThpprdprahoRErdmedt e ssid cotalyst
s §$’ @%’fe&%lgg&%mﬂr{ie@s feakisgds aaadhb MBBActioh hexAed dde

cata preterably conCentrated sul furic )
aci styeani 37 aidshecrmoore acid addition poinks 26 eThs ectiogtmiséire sige stream

at one or nore aci dditi on ints 29. The react.

o et BB Bt bR B ol BT EUS and e
cl eaVAYRalLRGEARE) BEPRMEL2M t hdr awal point 20 and the
first cleavage reactor feed point 22. The aci

id .
cat al yst The acidedtalyst isrvsedrimantanegunt phfrpm. GOBIH t0.6 Yerbyyveight

b ight .1 ed an the fjirst e :

£ ol on esh FeRy e Pt e P O lftirid 58 and
sui baRl suifBlethciPbAdlYSE SreonfRciny avalable feoraialvatibty of sources.
froma variety of sources. The first cleavage reaction

product Fhe figst tleavage repctietpyduct P isiad & ¢ ssprdsleaygge reactor 30,
pr elé%rg%lg@// g%ngen %1?%%2;)%%\9 {eﬁ&oﬂ ltc?fﬂ‘foﬁﬁ&?i ér%g?nc{rﬂeeavage reaction

pro econ e reactron. mxtu

secanghfd. CEéagendetat e réltdr $0 dpereadiatiatatead cluadage reaction
e reaction 20 conditi

e (el b alibtLops Shreet s Lo pioficais
cle ?1\{% %@F{éa%%dcﬂf}n glro g&%}e%ﬁg% Rt th 8 sERak 8Ratdpedeaction

secon age reactio erature and mai nt ai ned

i n téigpasarnnd absviagbintbasrord deavage reacterebiod a second cleavage
cl eavage reaction resi.dence tinme effective,t farm
one rac%%];eé{de%qeé%q 09"% o|peferm pne orrrspliet)%eﬁéa%ll}p Sl 5AhE

f UNGL i RREs AFCBEE cIBhR AL Eter AN St Wtof YerRdinih g ARdrOpeaxides

hydroperoXxi des 25 present in the first cleavage
r eagtésant ip thedirsttcleayageneactios proguctysanvergp avt. % pemereapieferably 75

75 o0y 20 Or  or referably 85 %Q :

(71 i Ror Bl 8 SRt b ALl G e
t o AMRHoRPRuEAH WIS; 288, ddhvé 60 Wity & mdxe girefeeddlyy75A8t.% or more,
w.%or nore, preferably 85 wt.%or_nore of EMBA (if,

pr eguefeipblyrBStwieofor mpre off EMBY Gf prosent) ighe 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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product to AES and 2P2B. In this preferred enbodi nent,
sel ectivity of conversion of 30 DVMBA to AMS and/or of

WERMBAOTQ2AES and 2P2B is maxi m zed. General | y PEEUS2004/003839

second cl eavage reaction residence time is from5
seconds to, 1 mpnute. t he s cond cl eava

Sui ta e
r eaRIPBIC WBish: Wi ombingd, it secdig il aYAE8 LRpSHRN tettiperature, is
r eagiftigienits Mt@lhlﬂ'ieese%ncf dl%gé)regétio% mRBirGin RE BHEA BRAsY. At the
from70 Cto 120 C. The second cl eavage reaction
c on ﬁ)rcgmtempsmuu:m piessraokELpsigionheguagdficienic Thesecand

00 SO TR LS LT,

t enp@srs@i fer@ditiofial stghd fof teRbVering ﬂmwdv@ga fobgctsecond
cl eavage reaction mxture in qul d@}ghase At the

the

f or egoi nBytinerpesing e aicld af HMES ﬁﬁ% agd 28@Bpthe dov fenprsragure
i's I [
a3 R Rk ofod T PR e B A ARE SRR, By PO Bhoene
andrdyufred seeb-podactda sivon a;hoﬁﬁtaﬁ@&eﬁcﬂ fand &CEK @hil/ogadebune,
cl eavage products. By increasing the yield of AMS5,
AESCoprsiopgficiensy iy wrpwp@débﬁ F@maﬂﬁn of nen-taceysahle by-
eff £l unt of cunene and

g&tdlh%er?}zﬂg{ﬁgg}ég&%ew% 0 co-produce a given anount
of phenoDepedlindd tha citiorof adbatybireazeneGydicpemixie to cumene

effjcjenc roved and the fornption of . .
nonhyaﬁemr 19%% n@wawrﬁ?wae@%wad nfeﬁigage reagtioryprofiyct 44 with

r edyged ac%@ﬂi@h@lgra% #dig 0811k 00f3: 8 WMW’%H& ratios in the
hydr operoxi de to cunene hydroperoxi de, the cl eavage

pr oskeond claawge mdti«m wadag é4 pesefoam dR2:pto @it 1. 44 awagshpreferred
nol ar , aget o s fr.o Mol a

Ve ERATER HeRs R0 ot Sl R Cieda 8 Padiictigh Drctuct 44

pr ogsieds Fin eue:1fth osQ. 2: 1 to 0.77:1. In a nost
preferred 15 enbodi ment, the acetone to phenol ratio

in the sBeawipnsmdushassur %é@werdﬁmppr@aue& oggyr inthe pasly cleavage
rr ogt]ages B é“esrgl%l gla F?h filrsftﬁg Q?ggé 1%%&1 Ot éChe C%HJ{S iRt tthel f%\é\facgleavage

pr ef@b@b Ig. 19%% ke 98‘I/J<S)hvé1’s©ﬁ\b$g§?d1fopa1€bkidé§ to p‘m:»nsmnd MEK and/or
occurs in the first cleavage reactor 12. 95%to 98%

conesIedA agltieYRAdR Shscliisklerbece eeastnendl Reperovsrvbighaegpire
20 g %‘P&%ﬁ‘@ﬁ W&?%ﬁc\d?ﬂl {hP laft@e(h%délﬁgé st‘i%e%afé < fadly 8fthQ5econd

12. act require atures occur
i n tkevdgetreactarl 3avidgeontasgios of DM&BArtabNMS iand EMBA to AES and

o AREP s EREATIY RED (SHBCIaBPS L D S el 3 16 @ fhese
h | OBl @OMREEabiEshea! prbledBly Qntﬁ th® ﬁils% glegfva?gré%etcﬁ%ﬁ ?roduct 32

reactions arg post poned, preferably until
cl ezanalyes the second nlepva:gdwtctcﬁz 02 %tnhm(ploaﬁ, lttﬂe h};@opﬂdmde remains
cle I nt

hyaropeneRicae 1PenaeRd opysdeRtioRranditiby et gamized t
cl eauaRize BRCIONQEsIoA B DNIBAS o VIS A d BNBAItE kS shd 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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maxi m ze the conversion of DVMBA to AMS and EMBA to AES
and 2P2B. In a preferred enbodi nent, the safety of the

w@b@awage7 reaction i s enhanced conpared to otPEF/US2004/003839

enbodi nents. By using a pipeline | oop reactor as the

first 30 cleavage reactqr 12, it is passible to nake .
mul PIBIECTS AHEASR TR R fhall #OEIOf fip clopKage et mixture out

r eagk iR Redcor AEHE Qciﬁ%ﬂ&i{i&gp&h%ﬁrrhi‘kh%'m tsPhafl Ao iH of teeleavage
anount o? acid catalyst added to the ?‘l rst cl eavage
r eactacoon mixttre vathsicile Theresather@y generat¢dygiooakidmaddition ¢ measured

t | t , ' dition typi B
Coni ey e FREL e R RSP bellapposs 1
at  yhaestioh wﬁlﬁniﬁ% ki1l the @RotBGYneasTiR i§ inddt8te (typically 15

exotherm 5 WO 2004/ 074227 PCT/ US2004/ 003839
meadQ) dirthetredciomisdunting toordpstrtberancsermithermipmeasurstl. {fthe

cl eavage reacto xture .out of the react.or. at,the .
C ot B ST b S e tbn gRiredeltSn RRER sindly. Theriskcof
t he {1 reatia e unnfir@ae b Wi tidl b @utkivialt rédetibln cabh®c@xolicheidditional

generated upon acid addition is neasured for process
con@igiis gddddt o determine if a shutdown is required for

f . ' ' i.
then + no SEGHErsd troBudin! AL bleltof AN more
O . hiydropbexideasdleced frosmrstinylbendeae hi@sperokidecuntene

exoﬁ?ggrm is, measured. |f the exothermis large (25 C

or REHeperorifenandhy qombinatigns thersof P Brocess COMBFPE: The

ri Slfeegfngrﬁ)r&q‘lrﬁte&&{v'a%@reﬁwph ilsPOedd Wréﬁc’rién feté&glo.@v a cleavage
runaway reaction can occur en addi 1 ona acid is
addechctid® feed eompeifiag fieth ghwind AiSmeto to2 witté watacekstohostream

cl eavin ne or nore hydroperoxides sel ec from

o bt AOEHE® PGSR SR o aEHERe A ER OReRR, and

andhQked SERINRAIER N Brehhl SARICN ackUERalP§RERESV LIS ThfalyZk I cleavage
feeding to a first cleavage reactor at a first

cl ealhyboperaxideoseldcsasidirdh dve group eonsigjmg of edutyilemzénsed
conprising fromaboyt ,0.5 W.%to 2 w.%water. . a .

ot ORLORExIe SHEE dvdicipgiettden i R Bl BidicityBtodyeine a first
of QeadRirBMBiof MIRAMR canpidinSéricedithor@ Mg dfbpaitokRids selected from
acet one/ MEK stream_ and an acid catal yst effective to

cat dhgsreup pensistiag oh sd sbutylyazese st cuasnalaydsencsexide, ord

t hec%%ﬁﬁt"&ﬁﬂﬁ&%ﬁng of s-butyl benzene hydroperoxide,
Cumene ydr operoxrde, and conbi nati ons thereof,

pr odupesig Rid firss tleaveige daaaten meaatd tofirs cldavage reaction conditions
conpri Si ng one or_nore_hydroperaoxi des selected from 20
the grousteghsite cleaye shulytheazanediydiansexsdsie phengl gnd MEK and

cunene hyd El%gsee][ Qxiie (1:]?7% ero%RITRb ?ﬁéﬂo@ B%d LAEROT

exposi ng sai I rst eavage reaction mxture to first
cl eaxteepin s@d dirst cleacagededdtion condifibectdmmiseo cl eave

s- butyl benzene hydroperoxi de to phenol  an K.and tao .
cl cave C BT DRET EDF TSR EHBR Al 5 i s sufficienty

high to cleave a majority of the one or more hydroperoxides but

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 less than a second quantity of said
non-recoverable byproducts produced by the same process at a

cleavage reaction temperature of 75 °C or higher;
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25 wherein said first cleavage reaction conditions
conprise: a first cleavage reaction tenperature of

wo emg/orf22an 75 C which is sufficiently high torci/esaes/en3s39

majority of the one or nore hydroperoxi des but

Pon- T eco RISl BeIs SR SRS RSB & Bamets the s
(DVEA) | etnyl SRS el il R AR e
conbi nat remisulatieg e edcycletilow of e fsialdabage rofctaimixhoea through
quant i ty of SERSHOFABEBRGIeEORE By BT A0t o Beredhen th

by the same prREReRavate Bactéd R&YABH; LRACLi ON
tenperature of 75 C or higher; 6 WD 2004/074227

PCT/ US20deedip3ba first alehyagsireasition paeghict iosciccont geavage reactor to

sufficiently hi to maintain the first. cl eavage
reaction nmixt QFOEH?JF%E‘P??@“?Fgeﬁ}’%geprﬁ%%lé’flniné( Pcul ating a

recycl e finsgctig thdisechhd sleawdge ayRE6n hEARikd ©efindldéafage
through the first cleavage reactor, said recycle flow

bei ng gr eat er TeasHen eqndlitionsppprisivg appeqysl deryagoreastinnd
flow iand feedla LN efffe%ﬁ% & SENRATMAGAG I Uk &{egéjr‘fﬁ&e
to a second cleavage reactor to produce~a secon

cl eavage reachiydpefoxides fsmasninp & thengedddel@@egn@action mixture,
cl eavage reaction m xture . to second. cleavag reaction
conditions colFeuyprig maedlysHPMPBaipde s¢cene clegypge reaction

temperature efliehld e, hutl 8aKse b Abhtdh Phafdifty BFEMBA in

or nore hydroper oxl ng In the secon
cl eavage r eactheasecoridxdlenvage reacti@omisgnte ta on@pompteyconipound

DVMBA i n the second, ¢l eayage react.i.on ixture to
a-nethyl - styr SHESIS B BE BENpEORSIE 0 PRyl Syreps EAES ) 2-

the second cl ga¥age wigaRI(LPIB)axd U&ﬁbﬁl@ti&rﬁ%&%oﬂ?foﬁuang a
conmpound 15 selected fromthe group consisting 0

a- et hyl st yr esecofAEBpyage-regtionyroductyanéne (2P2B), and

conbi nat i_gns .t hey eof raducin secon eavage. .
Fenct | on HUgsiRathe Shand LR R P or RETEEHe TSy EdPiags efrective
reaction produsprotiGedd figd] cleansted ﬂeé’cﬂﬁ)ngfréﬁﬁ tMtBpridife phenol and
produce a final cleavage reaction product conprising

phenol and 20n®AkMeTe GAsREneRRSIsAisHtose theerewr ¢ansisiingel

a1 0up cons! o tkuPk s B0, 48908 IE gy ot

enbodi meminoter preterpdatstsslithedt of ileeptotgs dire ]l ingune 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



10

15

20

25

30

hydr oper oxi des sel ected from of s-butyl benzene
hydr oper oxi de, cui nene hydroperoxi de, and/or

w@oobionaeT ons t hereof, such process conpri si ngpCRBS2004/003839

feeding a cl eavage reaction feed conprising from about
0.5 wm.%to 2 w.%water, a ketone stream sel ected

fromthe ﬁgs?t(yipgw@gmgacgpmﬁgng@ra@ﬁe alclessdhen 41 Heand a ﬁrﬂt/Ek‘avage
t
7S Sl B ORI A0 OB o

cl eavage rrnﬁft@d inahe hqad plhbﬁa{vsai@ fiosd utéaﬂ@eaefidtm&tcondmons further
cl eavage reaction mxture, sajd am? talyst bein

ef f ect | vEORETiERg Kojreulating a seeysledlpw of thegirst cleavage reaction

hydr oper u

DLt ) b e R A A 8hid reayele
and conbiflost ocaid ﬁrhtecrlmhge eeaptos faed floar d ffonr dit0: Ictoelddalgen a
reacti on m, re cl eavage reaction, conditions

T oct | vaddt Bronsed htoirpe Bt PRS SHEtE
conpri si REpal1e5RRe nRre of@-bﬁtyméﬂﬁéﬂéq{y@i@p@ﬁ)%ideﬁﬁ gk fidst Slbavage
cl eavage reaction conditions conprising

2004/ 074 2@etipCnixise00 phend 889 MEKy f@tclealve aﬁ%gg mergof camene
tenperatyre of |ess th 7 i rst cl .eava

ronet | on yioBb R 3n R (Cler B feafio iR S PR and acetone,
first cl ead&gsrof@Rd fiRNqudtititt 6 onlidcdReabld BiyHredudhasem

said first cleavage reaction conditions further

conpri si Kemperdntsciglegtadriom thegrpep éorfsus@mg of dinprshyflbengyyl alcohol
cl eavage [

eact or . GREEA By Pulta) Bhy] SLEMANENE A Ao it RRYBAShereot,

sai d fir she filsequangty dfeakl Iﬁfn-lfee@sféréﬂl@byprsdddt@lﬁelﬂg)l:eis then a
100:1 on a weight basis, said first cleavage reactiaqn

condi t i of%OBd .qH@uth p’éwﬁi pentesoveplishypdysts prafyped By the same
s- buty! bgprRne, DXORR! QK5 @E&é PR and

reaction mxture to p eno eave

nor decdingotherfing c]h@va”g¢demmen q»xodimt fora sehencf dlesiage teaatoageproduce
reaction m henpl and acetone, and to

produce & Squnétc TeRSHOBMIXBHr ecover abl e bypr oduct s

f r o; s&{ﬂg%@wcén& @l'e%@fg@ %J&emﬂda&&%%&&mt&@ fégctﬁfn
dlnethylbenzyl al cohol = (DVBA), hyl nmethyl benzyl

car bi nol CQIEhm)S cozmpdtistgreienend @ﬂzsvagh egaglddn temphmtre neﬁ”ectlve to

quantlty d pon-recoy ducts. bein ess
Than & 18Reue o it LB P RMTEE BuforBHAPLELBip S e SSBnd
by pr oduc tRapigedertidn RYixtudg 16 36 /ertPI0FES 5t brefofih PR the
reaction tenperature of 75 C or hi gher; and feeding

the firseecomdslpayreereassionamixprotpemethyl atysameosnd to convert 70
cl eavage v&eﬁ | Qord &@M%t ﬁ‘lethe c%ﬁ& gfégva?e ??ae CRER mixture to one or

reaction ure econ avage

reaction nmm tcumpmtxﬂ SﬁEC’&dCfr(mh elﬁv@glq) c@8ntih®of o’i-@thyl styrene

condi ti ons_conpr.i sing.a second cl eavage reacti on
t enper at &AESE%@@pﬂv ~butgne (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
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cleave 95 w.% or nore of the hydroperoxides remaining
in the second cleavage reaction m xture, to convert

waQoomn9%20r nore of DVBA in the second cl eavagkeCT/US2004/003839

reaction mxture to a-nethyl styrene, and to convert
70 wt.%or nore of EMBA in the second cl eavage
r eaotuch Acifhicatalypido the famiclenvagerensiorel 2odnepio i thegrtas exesherm

L e

pr oghfelyd6mBonehBCedie cEhtfA ¢ a@BorieRRCt i on product; and,
subj ecting the second cl eavage reaction product to

final cobthpickedspbedimanb tl%ﬁcﬁxoaxenn weadergbly jiyapasured at multiple
g'oei’b 5! Tﬁ&&&l{fer&ﬂg gé%&fé%és Qn%hl%'}%cu%ﬁ ﬂugtﬂﬁe &otherm
nore componen rom t u consi s ng

of mRbkydmertt byilntskpﬁem&ly é[ﬁﬁt&eacﬁ@ﬁhﬁ;ﬂ]@e sﬁlB dtream exotherm
conbi nati ons thereof. Plu 1%@ | ow reactors (PFR }g&/{ and .
pl UBRCASWRANGTE ae%?%(%atfﬁstr §EMep<{1m a ggognd RMSEM point 50
esp hpl & [H?&%{%

mea?& ?‘E%’ﬁ?@ nt r olﬁg%nggég%lzg a d| t1on lsos%eferably is measured
nul d fhe Erst xlebveee neacta d 2 renenine or mwes Brst tleavags keactbr (FCR)

adding, too little or .too 200 42 .
PCTFXBBBAPRRTSS TSI PRI, Pé?:'ﬁg’é?g\ga% ’%Péé&z £5tfE Jpgsypement pornt
cl eggagea §e%@ﬁd PCR%%oﬁHﬁn hféaﬁﬁ’eﬂlé}ﬁ ?Blh?ﬁ alS?fé)fh'é Fhrdficleavage reactor
nmeasur enent by any one failed con system

conpdnéhg exoéhmtn@b@equmatblyys theapursl asgoss ﬁ@fsewpd cleavage reactor,

T e
nul 40 Rh®a seoh®@SERIR it eaditement@olignm i s measured across

one or nore reaction mxture exotherm neasurenent o
poi nts, phepwonsclpavage reattioppseduchit aenerallyds £3dfe a neutralization

t . ;
o ALY bR BRD kRO BBl Brdds et nd
r ea@theoproﬁuatts Ltfepel‘idld@updrﬁhamﬂﬁtloﬁr feedexot herm al so
preferably is neasured he first cli eav]&gte react Q

12 acr osSeisaes Hrordpary skill gxtﬁie pE AV gecoeairett r?%nmodiécaﬁonsv

exo r -
ol e ERIY R Tefipohf o BESERERLK B pifEhpd seBe thereof

exoflhe lembmﬂiamnt éafseﬁbecbhﬂrem iStheattonbe ilhstrafiveonly hedstagsd not be
reac exot herm.al so e abl.y .i s neasured

acr é@nﬁﬁém% 8 Hb"le@ﬂ%d@l?lb‘é(&lf %“r Cf{e%{nﬁﬁé% e PSacr oss

a second cl eavage reactor (SCR) entry exotherm

measur enent point 40 and a second SCR exit

measurenent point 41. 15 The second cl eavage reaction

product 44 generally is fed to a neutralization
apparatus and nay be treated using known procedures

for producing phenol and., other products, depending
upon the oxidation feed. Persons of ordinary skill in
the art will recognize that nany nodifications
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may be made to the foregoing w thout departing from
the spirit and scope thereof.', 20 The enbodi nent

walemanided herein is meant to be illustrative PCI/yS2N4003839

shoul d not be taken as limting the invention, which
will be defined in the clainms. 9 WD 2004/ 074227

PCT/ US2004/ 003839 CLAIMS 1. A process for cleaving
one or nore hydroperoxidé%—S%Lbﬁﬁed froms 5

but yl benzene hydroperoxi de, cumnmene hydroper oxi de,

and/ or conbi nations thereof, the process conprising

t he Ist eps\ mheesk dadilenyimg alesavage hyéaptioRlics eaeLtEDrém s-

cl eﬁv%goe reaﬁ_{ ar to oduce ahc eavage reaction

i x CHYE LGV STORGrORHES, GHACRS LBPReIeIde. 6pdpbseraligationsdhereof,

SUDRGArb&Gs BorfpBRYRER sfpgeli on m xture to cl eavage

reaction conditions to eg)r oduce a 10 cl eavage reaction

pr odkedingzorigaviags regetpnefeed teomdeavaze oeactmte poduponeaiige

selected _fromth roup consj sting of thyl et hyl

ket one ( VSR méi&%‘%ﬁﬁ ,prlsgﬁgh%g%‘?rﬁﬁfliegﬁgrqpﬁ gt5p; and

wheggbjecting @ da9aaeA8 ctiRaRixhaB t& SRsk dok 9&&%&95@1@'@5% produce a
an 0

cl eavage reaction tenperature of [ess t
produce eleaeagsgeachenthpducigomisinghenel amdroae bbmore components

hyd ' first tity of - abl
oy oo RALEE SR b S BN et IRTBEE AT ctone
consi st i agl @mislhahbylddesrzy! al cohol (DVBA), et hyl

met hyl benzy| carbinol (EMBA), and conbinations
t hePBgiEIn the Cleaygeg reaction ceritiPRiconeprist aiciayagerenadion ternperature

| east on r s used. 20 3. A
process g@%%%frﬁ%s %W@?ﬁ%‘a c?@agftrag‘lzprvc\)/ﬁ%?teol% G i or more

cl eavagehydrepdroxddes andradfiist quusititysofatinrrceslefible bybrédiRts from
presence of a horrg]genggq%s cid catalyst suitable to
cat al yzeSYRRPICPE §¥5¢E nh%rgé?}@r%@ﬁlé%g efedimethyibenzydralcohol

t he grou | Sk = . oxi. de,
cunene. haay oogy Sed ] iz o RIS LR CRECIHGR hereor.
prodess aqeegess argordngloailaini3] wheredi at ledseomcugthendledwigé reactor
is selected from 25 sulfuric acid, sulfuric acid

anhydr i dlg,usf) rchloric acid, or phosphoric acid. 5. A

Pr og.ess AGREUeH Aol @YclAnsq! G WhedetnthdcMABLE klifiE

cl eavage reactor is selected fromthe group

c oneingitiong isgfartigd myt in the preseueaoniss hqrheggnéduwweidemtlyst suitable to

W t nd.continuo stirr t ank reactors.

ol AL O RO BNOUS, B R YK ROl ot
t hetitylbsiizeat pdtageodide,f RBhe hydi®paroRi eI iR Rions thereof,
reactor conprising one or nore heat exchangers

ef fect i ve Precgssasrordingfoslaimy S whetetetha geid catalyst isielected from
M x&ifaBic Alid Asdlifulis heid! SRYRAR, p&RfihEcid, or phosphoric acid.

5. A process according to any of claims 2 to 4 wherein the cleavage reactor is

selected from the group consisting of plug-flow reactors, plug-flow reactors with
recycle, and continuous stirred tank reactors.

6. A process according to any of claims 2 to 5 wherein the first cleavage
reactor is a pipeline loop reactor comprising one or more heat exchangers effective
to maintain a first cleavage reaction mixture at a first cleavage reaction

temperature.

10
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tenperature. 10 WD 2004/074227 PCT/ US2004/003839 7. A
process according to any of clains 2 to 6 wherein said

web@awager reacti on feed conprises from about PCBHUSL004603839

to 2 w.%water and a ketone streamand the first
cl eavage reaction conditions Cjo,n'prise a first, cleava

r eadt i on 4 BiPRSS AEGATEng o ARRN @@q?&oﬁo@ergmép@r%%@ggl%acﬁon
f . ) o 1 B .
ro eﬂ.%Gmtpﬁlﬁésﬁtl‘ugﬂgboﬂ o4 W.A&)'fﬁdé@???%f i PR SRSH £1d the

sufficien to maintalnt cl eavage
r ea(irst cieamagetraacionrcohdidiohs gpummisphase; and, a first

cl eavage reaction. residence t] effacti to cleav o
ST reg@%d?lg}?%féﬁl{%ﬂﬁf%&é&ﬁé? B iGierstrpeplton 45°C
first cl gay@gge reaction mxture to phenol 10 and MEK

and to cl eave’95°/9 or nore of cunene hydroperoxide in
t heaffirsteieavegermocipe pressutei suffiménthyligh toompinéaiothedivet cleavage

acetone. 8. .A process accor.di to any of clains 2 to
7 wher ei ﬁealcﬂ_gngﬂl ge lelﬂéea@%‘gpﬁ%éa@q?on condi ti ons

co n’ﬁfﬂrﬁQ:l@vﬁgd @hetfdn8adiddRe ﬁiﬁ@?dﬂdéﬂv@fcﬁ@l%eﬁ% ol’iﬁoﬂél?ﬁ s-
or nore. 9. A process according to any of clains 2 to

8 wher ei hutybeenpenedtydeipernxidpein the fitshelervagecenstipe mixre to phenol
Conpri se [ § MPSI% lé‘ﬂqcf‘{ol cqgatvgﬁé%%rcﬁ‘lgre;éf?ch%g%&e ir'lgcfroé%rrggi@g ér(la\ the first

cl eavage ~reaction m roud

react or. cldvagh rpdctiof ssixaec @ fhendl dnd azepne@f claim 9
further conprising withdrawi ng the first cleavage
realt i on ApPOEERs AL thany ¢ daims) Zievayherpiddbe Hrst gleaypge

I T Sdacfbf ons rc_%gh %1‘5%? fitkdt gf%ggége%ﬁ&fahi‘g%gg@ %‘8@9 fPa xr more.

upstream of the fi eavage reactor
pro@ess dcpiorelsagedrding kaamy dlclammarkior whereinghy fitse clebwage

is greater than the first ¢l eavage reactor, feed f] ow
12. THCPPRE tl‘&@&BF’cﬂ’Pﬁ%WPB"@W&?gﬁ eEYGlR 2@@1 ‘hftge géﬁt PJSa\Eﬁge
the réefidfy hﬁxt'aﬂé"fh}dﬁtgh AR fifst éléévagé gAYRge reactor feed
flowis from10:1 to 100:1 on a wei ght basis,

pr eflér ablAyprofess ac@pding t@ auyOoficlaim 2 futhiey homprsing with@rawing the

13. ocess accordi o clai.m 11l wherein the first

o o S e RO PRy b 3he R ¢heaV bRt fortal gy Fgvaee
10 mRUbEProdbét withdEWEGOMt AGSELEH BOthE Fir@RYeaPhgeGbadtobicdd.
to 10 further conprising controlling the anount of

aci d1cat 4} proresadeetding tq plain il P shepdie theageycleBew ivgreater than
g‘bxﬁé&&&%&%gé’?ea%?feeH‘ﬂoR{}. pl e exot herm neasur enents.
12. A process according to claim 11 wherein a ratio of the recycle flow to the
first cleavage reactor feed flow is from 10:1 to 100:1 on a weight basis, preferably
from 20:1 to 40:1 on a weight basis.
13. A process according to claim 11 wherein the first cleavage reaction
residence time is from 1 minute to 10 minutes.

14. A process according to any of claims 4 to 10 further comprising controlling

the amount of acid catalyst added to the first cleavage reaction mixture based on the

multiple exotherm measurements.
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