PROCESS FOR PRODUCI NG PHZNOL AND METHYL. ETHYL | O TONE
The present application relates to a process for 5
produci ng phenol and nethyl ethyl ketone (MEK). The
product also may conprise acetone, acetophenone, and
conbi nations of the foregoing. Phenol is an |nportant
chem cal parent substance with a broad usage

spectrum For exanpl e, phenol is used to produce 10
phenol ERECHFHE FOR; EEFWGAP% ANBCMEFHYLaBTBYL KETOHE

al kyl  phenol's, and plasticizers. In general, phenol
i s manuf,act ured by oxi di zing cunene to formthe
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SOCCQ,%Q d r MEK as_a,_co- product
in the ﬁ%?&%ﬁgfoﬁﬁ a% z?qlﬁave Bterp FoRREY Y sfryrene
coffiS) ¢i amepe, v punyle ph@mhemmm uymmmbenm hﬂdﬁh&l e
ne@dﬁ@h UcdtopHbfé Nt L | y heng

20 & I\/EKI acn OBIf d%gl rAgg %Egagg?oﬁe {pgisg? téf s and

éETuraé‘dof—n%@HC agid t3ush aﬁlsyulfuric ac1d Acetone,

acetophenone, and phenol are the primary products in this
group, Equimolar amounts of acetone and phencl generally are4
produced by this method. =
Although acetone has a variety of uses, acetone
25 generally is not in as high demand as phenocl. MEK is a
technically important ketone which is used, for example, as a
lacquer and as a resin solvent. MEK is a high wvalue ketone
which can be produced if s-butylbenzene is used in the
production of phenol (rather than cumene). The methods
30 described to date for producing MEK as a co-product in the
production of phénol have not proven to be commercially
viable.
Commercially viable methods are needed for producing

controllable yields of phenol and MEK (and, if desired,
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met hods which are controllable to increase or decrease
MEK vyield, depending upon nmarket denmand. It has been
surprisingly found that such a process can 5 be
obt ai ned by produci ng phenol, acetone, and MEK by a
process including oxidizing certain al kyl benzenes and
cl eavi ng and separating the oxidation products in a
certain manner. Figure 1 is a block diagram of the

RS Aurihg €Re phasefdctame iokabhenol Fi gatriel diliax 1y
schemati ¢ di agram of a referred cl eavage reactor
BN HOHP éFﬁgC%PH?J]e]ﬁkﬂ@ FGopnCreatt or” fFLE3seulEl
FiOW \ QRGIOUing! GbE xa’amseta delt@dnt.of the ratio of

aceto henone to total % dr.oper oxi des achleved in a

cont rid1 hist ReAB BWERE NIEILY FosRBethabnt YD G RFIEEsEo can
H@'éﬁ\:a]igr‘reu. tyv‘@a?o@ﬁ’tgﬁfb %éi'ﬁﬁc“agﬁ‘ﬂohé Exadmiex 3y and

In a sanple NH3 ‘was added at a ratlo of
qu%%uehnexMwnea&ertwad aekythenzgnng and
éﬁéﬁVﬂﬂ %EdtQSp&?éEfhéﬁtﬂéjﬂ%&détEU§Airé&hciénfﬁ certain

ydroperOX|des achieved in a control wth no added NH3
PINRERF | n experi ment al sanples to which NH3 was added,

as d%gdx%eq §B Exew&@a@ri qwoe Bhb SpRo&dy tooftriche

rati o henol to tot ro eroxi des achieved in a
merrm amlﬁcnbloradde@m a%wdrsr A expenewehtdiagafplodsa

Accor d‘ferr%jglg'_%a a{i@ﬁ&or as‘ﬁ’ven%{:(:b gglé&é@rmp%l%nez%op

Iy, present tion provides a process
erﬁctremocﬂmi ragpa;agrtfbcbw atgaschpre| dfighreal phenhcthargnef the

:ﬁ%g‘é( 'of ESEQHee £ER h&@: gQEBQLd?@Cf&&g% el a

, sal pr Bcess conprising the S O eedi ng an

cmthqI(mitmead addad Mk, danienpeebmemhal(ﬁammiepreduweich
S, 9%ls dakien Xcr W &1 lae 185k a{n% ;fe%rhd( %%War bshB%e to

e 'OF nore a Benzenes se
mmu wﬂqemwerms ardde) ad eombithat 9Hn33F: lsbased on expected
but¥lbenucteognd cunene; 2 oxidizing the oxidation
0 produce an oxi dation :

Figure 4 is a chart of the ratio of (DMBA + EMBA) to

total hydroperoxides achieved in a control with no added NH;
and in experimental samples to which NH3; was added, as
described in Example 2. Figure 5 is a chart of the ratio of
phenol to total hydroperoxides achieved in a control with no
added NH; and in experimental samples to which NH3; was added,
as described in Example 2.

Accordingly, the present invention provides a process
for producing controllable yields of {a}) phenol and methyl
ethyl ketone (MEK) or (b) phenol, acetone, and MEK, said
process comprising the steps of:

feeding an oxidation feed to an oxidation reactor to

produce an oxidation mixture, the oxidation feed
comprising one or more alkylbenzenes selected from
(a) s-butylbenzene, or (b) a combination of s-

butylbenzene and cumene;
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product stream conprising product hydroperoxi des

sel ected from (a) s-butyl benzene hydroperoxi de, or

(b) a conmbination of s-butyl benzene hydroperoxide 5

and cunene hydroperoxi de; cleaving the product

hydr operoxi des to produce a cleavage product

conprising (a) phenol and MEK, or (b) phenol,

acetone, and MEK; separating fromthe cl eavage product

a cr udd difengl thd Codidetiiom mictprestogpphdine anndxadation

crude ketone, stream sel ected from (a rude NEK .,

o oam or Bestult SOMAT G st N Lo tad R aRrE R des
MEK and aegkobed fidh rE@Q0\webulglbsfzéte Mydrdpe@diita, or
selected from MEK and/ or 15 ac

tone. In on ,
erbodi mentPYhe TR g hiog, PIBLLHLbeRERns, hygroperoxide
producingaganbﬁﬁgﬁéuﬂyaﬁagaﬂ$giag;a conbi nati on of
products ,selected fromthe group ¢onsisting of (a)

phen&leafdnget i ProAuURh IWEEGRETPRERSS afR REPAUSRefol
acetone, andadike PRRINAD REPEEEInGONR i Sisioll eadi ABK, or

an oxidation feed to an oxidation reactor to produce
an oxi dat i'6h PR, 281016 @Rt ¥EXfeed conpri'sing

0N QepdRbeidl kﬂ:&?"&?é"%ie%%la?%t BEolhOM 2 (di0da BHBNOL
consisting of (a) a content of s 25 butyl benzene, and

(b) a conbragtien smerisiggy PheRgtnandml Fwden&eheng

vei ght rabi@efh SINBNSRd 1 ofr QYUY Yh DERZEN Qe SRIELAIor (b)
the oxidation mixture to oxidation conditions

ef f ect i veat 6rpaearat ene/MEKd atrepam pegarics iswgr ¥EH apd
conpri si ng-REQAUET Yy dr oper oxi des sel ected fromthe

group consi sting 6? (a) s-butyl benzene hydroperoxide,

and (I§FoxNeEdNGi PRe i msfres pToBucys beelkegted from MEK and/or
hydr oper oxj.dg,god cunmene hydroperoxi de;

In one embodiment the invention provides a process for
producing controllable yields of a combination of products
selected from the group consisting of (a) phenol and methyl
ethyl ketone (MEK) and (b) phenol, acetone, and MEK. The
process comprises:

feeding an oxidation feed to an oxldation reactor to

produce an oxidation mixture, the oxidation feed
comprising one or more alkylbenzenes selected from
the group consisting of (a) a content of s-
butylbenzene, and (b) a combination of s-
butylbenzene and cumene at a weight ratio of cumene
to s~butylbenzene;

exposing the oxidation mixture to oxidation conditions

effective to produce an oxidation product stream
comprising product hydroperoxides selected from the
group consisting of (a) s-butylbenzene

hydroperoxide, and (b) a combination of s-



10

15

20

25

30

cl eavi ng the product hydroperoxi des under cleavage
conditions effective to produce a cl eavage product 5
conprising a combination selected fromthe group

consi sting of (a) phenol and MEK, and (b) phenol,
acetone, and MEK; and, separating the cleavage product
under separation conditions effective to separate a
crude phenol 10 fraction conprising phenol and a
crude ket Gueysbefashs Ariridbéroxadet BRdJE@NNLONSI St i Ng
of (a) a _crude MEK stream and (b) a crude acetone/ MEK
stream c&#ﬁFPE?ﬁaxN%% and acetone; and, recovering

one Qf1edMipgPEAdUsESasel efldedpbiromiibs AP clkavage
consi sting of (a) an MEK product and (b) a

conmbi nat i GRNEdRPPRE | Pt ast iVEK tFr BABERCAR BPavads: Breduct

product. lRmpResPrEl £t 19EReGNMBR ectb® 06 HheOBroup
provi des a process for producing controllable yields

of a combicREEL8RLIRY oDO0lair BY§RCS 3BHUERJ dnhniby hehenol,
group conglgkbAd, Oind MexhemEl, and MEK, and (b)

phenol , acetone, and MEK, said process conprising:

f eediSRPaEAtaRIJERE OP-a¥ag e FredyeEi BadeF IemAnatiens

oxi dat | on ckeAct 96ts | CUAYYEE tBNsBELERLL N dHute!bfiend?
and feeding a source of nolecular oxygen to the

oxi dat i on f¥pgtipe, conrrigingarhsnol eend conprids kgtosme

or more a's'ﬁ%Ql‘?”%@f@éte?P'f%he?hErg%%‘ec&{éi%i of (a) a
consisting o a) a content of s-Dbutyl benzene Fﬁ) a

conbi nat i srudenfEX sttrpam landy |(bénz earudd chanhomedMEK Sbream
a Cu”ene:%bﬂé&%éfﬁ%%ﬁﬂgarﬁtEﬁétgégoséﬁ t he oxidation

m xture to oxidation conditions effective to produce

an oxiedevesangr ol clr storeaprodonpsi sehectrddiroin the group
hydr oper ox|j C fir p,.C Sting

of (a) s-%hﬂgﬁﬁéﬁé ﬁ%gqﬁ}d%gbgggx?gggagﬁ&nfgﬁig 5

conbi nat i cpmbdn@rie npmprising an MEK product and an

acetone product.

In one preferred embodiment, the invention provides a

process for producing controllable yields of a combination of
products selected from the group consisting of (a) phenol and
MEK, and (b) phenol, acetone, and MEK, said process

comprising:

feeding an oxidation feed to a series of continuous
oxidation reactors to produce an oxidation mixture
and feeding a source of molecular oxygen to the
oxidation mixture, the oxidation feed comprising
one or more alkylbenzenes selected from the group
consisting of (&) a content of s-butylbenzene (b} a
combination comprising s~butylbenzene and cumene at
a cumene:s-butylbenzene ratio;

exposing the oxidation mixture to oxidation conditions
effective to produce an oxidation preduct stream

comprising product hydroperoxides selected from the
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but yl benzene hydroperoxi de and cunene hydroper oxi de;
5 separating the oxidation product stream under
oxi dation separation conditions effective to produce
an OB and an oxi dation vapor overhead; feeding the OB
and a quantity of water to one or nore strippers and
exposing the OB to stripping 10 conditions effective
to concentrate but ineffective to deconpose said
Er pductfpmbqpebenhdesgngfwf (@) isp-p'uhglbéﬂﬂ%ﬂé gns ;
eing e ctive to produce a. stripper overhead and.a
stripper BICEGRETEELIL: 37y ‘Whé W%&B@Fgﬁ? PSS
quantity eltyabenzbse NGydiomidaaddeyantiocpheskice a
first condenser vapor phase conprising a majority of
wat er, et RYASPPeREERER0I , net hyl hydroperoxi de, et hyl

hydr apgy-e4itdeg 8AE oAb I iaRRlukhesebami thddie dxikstion
stripper overhead; 20 wherein the stripping
condi ti on$ePAFPELGR ¢PRAYLIGNS FFLLCEINE| BP gpoduce an OB

ef fective ghg RhOHYE8a R o I FatorSlokleRRBRdPOt t oM and a
first stripper overhead conpylsggg a portion of the
bS

one dieedibgethe KB sk @ngyanbt HateErpme or more
condi ti ong+@h hEets Vighd Q:xPbRENS &1 O‘i‘Be‘EQthﬂfﬁ{jE:iQfg

overhead and a second stripper bottons, an . .
stripper conditioms afiffestivecte cqncsaticate buthiingffective

ohor P! SECEAEBHEANG L GrshiLORgcll: LA cr
stripper pitasepieg grautisionnareingd ddrgtivetta preduce a
D oot ng SEEShpbz ORNRALAS o SEREL PEOSH onrisins
the hydroperoxides, said quantity of water being
effective to produce a first condenser vapor phase
comprising a majority of water, ethanol, methancl,
methyl hydroperoxide, ethyl hydroperoxide, and
combinations thereof, in the first stripper
overhead;
wherein the stripping conditions comprise
first stripper conditions effective to produce a
first stripper bottoms and a first stripper
overhead comprising a portion of the one or
more alkylbenzenes;
second stripper conditions effective to produce a
second stripper overhead and a second stripper
bottoms, and
third stripper conditions effective to produce a
third stripper overhead and third stripper
bottoms,
wherein said stripping conditions comprise a first

stripper pressure greater than a second
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over head condenser conditions conprising a first 5
stri pper overhead condensation tenperature and a first
stripper overhead condensation pressure, said first
stri pper overhead condenser conditions being
effective to cause a majority of the one or nore

al kyl benzenes in the first stripper overhead to 10
condense, producing a first condenser organic phase,

said first strisppeppey¥epreasneondenser txamd tirns and
said quantity of water also being effective to
produce a firsftEORBBRSRYEAIS phase conprising a

MBj Ordipbsdngh@her £i ghhagotipgt R9Behead Stoetivdt stripper
hydr oper oxi de, ethyl hydroperoxide, and conbi nations

thereof, OFerhead Fepdensen sandisiepfesemPErhmhG fdrst

the first s¢endeRsesv¥AROLd RARRNEECILANCembdFlure and a
condenser organi c phase; 20 subjecting the first

condgn;erf@éﬁ&rspﬁaggerop cepdaRpaki¢n pPressure, said
condi ti onsfi%fsftesuyﬁgép S FRea S 86ARENsEPNEHE R ions being

organi c phase and a second condenser aqueous phase
conpri si ngffeghjivei tg ofusmch mefjorhdy ef hehdlong |ger more
net hanol , _t y£L aRglr e4ipde, 22 &S t
hydroperofﬂ%&}gghggé%%bﬁ%at|oﬁértﬁe?éo%ﬁp§% the%ﬁaFSto
condenser ceagensphaseodusivunposingtt hendersenl organic

condi 1 onE SPFecEPo §rtae bR’ fLrASEs TR
sel ect ed fooormithengrang S0id onenttitpgodfwatdnlalso being
thereor,  PELeriaTgcrt PHYMAER GHAE ALY ks Bhase
conpri si ngompir¢ehngsa maimhitdesl watboxydilararl,dsethadol,
oo™ 15! AGEEBLar AL 1RGN L IBEAAR IS anc
t enper at urembfinkt bom 80thdeddh0Cnahtdeafihet neliripper
overhead;
separating the first condenser vapor phase from the
first condenser organic phase;
subjecting the first condenser vapor phase to second
condensation conditions effective to form a second
condenser organic phase and a second condenser
agqueous phase comprising a majority of each of the
ethanol, the methanol, the methyl hydroperoxide,
the ethyl hydroperoxide, and combinations thereof
in the first condenser vapor phase;
decomposing the second condenser aqueous phase under
thermal decomposition conditions effective to
decompose hydroperoxides selected from the group
consisting of ethyl hydroperoxide, methyl
hydroperoxide, and combinations thereof, toc produce
a thermal decomposition product comprising

alcohols, aldehydes, carboxylic acids, and
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deconposition pressure of from 100 psig to 200 5 psig;
feeding to a first cleavage reactor at |east a portion
of the third stripper bottons and an acid catalyst to
produce a first cleavage reaction mxture, said acid
catal yst being effective to catal yze the 10 cl eavage
of hydroperoxi des selected fromthe group consisting
of s-butyl benzene hydroperoxi de, cunene

hydr oper oxbfiein Wb HHdtRbIEYNSat A et Kima 12 )d2Spe st Beon
first cleava e reactlon xture to first cleasgg
reacti on EBRHE G Pg fothewmit decompesition

cl eavage te@agéruiy Q%thromseodcftésiscﬁ@%\@ga thermal
reaction conditions conprising a first cleay

reacti on BefpRReRifiornPressirgsest frawnd 00 Qsﬂﬁr§9 200

cl eavage ?gggtlon pressure sufficiently high to
maintain the first cl eavage reaction 20 m xture in the

| i quifgephBgeto ahdf s rcéteaaaaavﬁg@ct%@& ile@sitedi ReRkEon

time of fgemiye 13k 'Et b?ér bét‘@bxﬁ&ta{r{&g dr@chldl 8htalyst

Cleavage reacti on ro uct o second cl eavage reactl on
condi t i on§0emlr<étuqa/ea tfd nstogheavage serasid ol dvsyee, said

reaction Q&@&Ll&attaffétd I ”Qggécfi\?@“rﬁg%aft%é leOEhe

condi ti ons conprising a se eava reac
t enper at urbeaftade orh md@wsr%@de@ seal@é:@@hctr@meahaggroup

react | On BEESEN oW LOLERL1n LA, IR G A RE0 Bumene

cl eavage reaction xture ase, ahd a
first clehydgepamwasideon add cowbileattons rhhegfeofy om 5

secogggotf %/ A WiG s %‘i%%bgggﬁg aé‘mt_eﬁr{ ik 3 £BCes st

secon age reaction a second
cl eavage cbeatagm pEagtion cneditt¢msieﬁfdmtyyeuhdeproduce a

T F o e g
cl eavage cbeatagn1rqaami@utpoadidlqnxxnumpﬁleamgge first
reaction Qiéggﬁée reaction temperature of from 45°C to 70°C,
a first cleavage reaction pressure sufficiently
high to maintain the first cleavage reaction
mixture in the liquid phase, and a first cleavage
reaction residence time of from 1 to 10 minutes;
subjecting the first cleavage reaction product to second
cleavage reaction conditions effective to produce a
second cleavage reaction product, said second
cleavage reaction conditions comprising a second
cleavage reaction temperature of from 60 °C teo 130
°C, a second cleavage reaction pressure sufficient
to maintain the second cleavage reaction mixture in
the liquid phase, and a first cleavage reaction
residence time of from 5 seconds to 1 minute;
cooling and neutralizing the second cleavage reaction
product with a second cleavage reaction product

neutralizing base under second cleavage reaction
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neutralization conditions conprising a second 5

cl eavage reaction product neutralization pressure
sufficient to nmaintain the second cl eavage reaction
product in the liquid phase; and, separating the
neutralized second cl eavage reaction product into a
neutralized second cl eavage reaction 10 product
aqueous fraction and a CKC feed conprising a

neutraliz g@lcae@@mﬁblmm\imlbﬁaebh@ﬂtmmLéﬂfeajtg&ai €o
fraction; Sdln the CKC feed to a_ Crude Ketone
Col urm ( CREPIBFR 2 Aigitiatd Zee SERRN etPR oK ESact ion

condi ti onprefhi€€} i 3:81d HadondPeQdHe8ge £datda dpherebuct
fracti on conpri si % fron12 mﬁ @6to 5 w.%of the one

or nore aPRYFBehy tApas opORrising # ereond

vapor di stibhaige SERIGH @goaeét @éuéf@ll%%l% PRES8sure
al kyl benzenes wat er, AMS, AES, 2P2B, and

conbi nat | SREELpEeRIoftq maipsaipetoreeeeny dedreqsi rgaction
the CKC vapghudt sid Idn%t qitqqiar BHHSE; aafKC vapor

condensat e, sai d condensing conprising feedlng t he
CKC @&péraawm 1F1F%1tfhe‘-ttc¥aél@ﬁé fJaperd ¢kmRriB¥sereangion

subj ecti ng LKL ARRO L M Shi h kake géaﬂcp G oEeactlon

condenser condi ti ons effectlve to produce the
vapor congéﬁéeﬁb aqumpus Expoting ahd TKAEG feed comprlSlng

condensat g %fmrse%%ﬂseeiegsagﬁg%v%g;&% product

condltlons e Yective to produce a
condensat ergagbmi frdchiemsand a 30 CKC vapor

cond%@aaaggggxg&g%gc lAver 5 +£e8dbRGq8 £dord S DL Lfin (CKE) and

portion © vapor condensate aqueous layer
the CKC cekposimg the ré&ﬁcweepotntCKGB¢nndun;aas effective

TR T oS, AR SRUABISRE forUEDURLABLER, o
CKC vapor 2cehdensatie whi. %t ofetbenpné stngndke alkylbenzenes,
AMS, AES, 2P2B, and a CKC vapor distillate
comprising most of the one or more alkylbenzenes,
water, AMS, AES, 2P2B, and combinations therecf in
the CKC feed;
condensing the CKC vapor distillate to produce a CKC
vapor condensate, saild condensing comprising
feeding the CKC vapor distillate to a CKC wvapor
condenser and subjecting the CKC vapor distillate
to CKC vapor condenser conditions effective to
produce the CKC vapor condensate; and,
exposing the CKC vapor condensate to CKC vapor
condensate separation conditions effective to
produce a CKC wvapcr condensate organic layer and a
CKC vapor condensate aqueous layer; ‘
feeding a CKC recycle portion of the CKC vapor
condensate aqueous layer to the CKC ceclumn at a

recycle point;



wt . % phenol or less; 5 recovering a product sel ected
fromthe group consisting of (a) a MEK product and
(b) a combination conprising a MEK product and an
acetone product. In another enbodi nent, the invention
provi des a . process for producing controllable yields
of phenol, acetone, and 10 nethyl ethyl ketone
conprising: feeding an oxidation feed to an oxidation

reactmiking apreMsCRd diXithal CHC Whsbir €ondditsate aqueous
oxi dation_feed c¢conprisi g a conbi nati on conpri Si

cumene and3¥eTpHii R b VRRereFRNERRS D %ﬂlc layer

cunene |stbrQakﬁ5agmﬁﬂﬂﬁapo&h&ﬁnaénﬂhtéﬁﬁikﬁaﬁéiddm@&lgang 2
W . @6re|at|ve to the caontent of s-butyl benzene;

exposi ng Whe¥oRPeRel ?F i®&Sire to oxidati on conditions

5 effeqtéc\éeetr@n dxlyf@d@é\: @@1@@%@%95&%@& StdgAMonsisting
conpri sing s-butyl benzene dr oper oxi de and cunene 0

hydropero?ﬁdéa)aﬁdME%lﬁﬁﬁﬂ fRE APdd@cEombination

hydr oper oxLggsi §0EgTa %ﬁ@mauceoaﬂat bR nécééézﬁectpr\éaut:e
produce a cl eavage™ product nprisin enol

acet of®, apether %mhv¢hﬂﬁﬁbn§heséﬁﬁﬁaﬁgﬂ@ RV iddesafagEocess

0 P audadgr céﬁ@@éﬁé&% e39BdbEi BREnE | %ét\b‘?xet Oand
separate a crude phenol  fraction conprising pheno

10 natdyd ethyd ketone C@m&nﬁﬂhﬂgénpr|5|ng met hyl et hyl
ket ong oGk )aﬂngx&§5¥¥6H“%eeﬁn@o §be§§&é cﬁ'ﬁ%dﬁ%%@eto

ket one stréamto ketone separatlon conditions
ef fecti vepmedppadmeomdaé:o-@moméxpnéaucthe mc&tﬁ@nhfcreed

et hyl ket%%ﬁg 39H§t é%ﬂﬂln%QQFHeEo %gu0| ekgeand s-

i nventi on pr es~ a process eno
met hyl ethytykbeun@neeuuhem@enohhe emnpmts¢fmpumagednﬁgfrom

s 200005 GARSEBEC AR Sd 8o ELEhLLhgh I A Srenaive
to the content of s-butylbenzene;
exposing the oxidation mixture to oxidation conditions
effective to produce an oxidation product stream
comprising s-butylbenzene hydropercxide and cumene
20 hydroperoxide; and,
cleaving the product hydroperoxides under cleavage
conditions effective to produce a cleavage product
comprising phenol, acetone, methyl ethyl ketone;
separating the cleavage product under separation
25 conditions effective to separate a crude phenol
fraction comprising phenol and a crude ketone
stream comprising methyl ethyl ketone (MEK) and
acetone; and,
subjecting the crude ketone stream to ketone separation

30 conditions effective to produce an acetone product

and a methyl ethyl ketone product.
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cunene) to 2:1 (or 66.7 w.%cunene) to an oxidation
reactor to produce an oxidation m xture, exposing the
oxi dation m xture to oxidation conditions effective
to produce an oxidation product stream 10 conpri sing
s-butyl benzene hydroper oxi de and cunene S
hydr oper oxi de; cl eaving the s-butyl benzene

hydr oper oxi de and cunene hydroperoxi de under cl eavage

conditd ehetebieehb¥@imdr PrUaRvanthsavessv MefUChbrocess
conpri sjng phenol, 15 acetone, and nethyl ethyl

k¥ RreducIagapheral tiethyleAFhyd kebane: wwdicicetone
i@ conditions effective to separate a crude

phenol fraction conprising phenol and a crude ketone

st r ediRecémer PBi AYldetign faﬁﬁﬁlcoméﬁénawmem raglo of

acetone; alfhenatBLEGL AR CL¥AR QL PG RIS ORI Gt 4

ket one separation conditions effective to produce an
acet one prcgagse) Bad2 al nearhypié . dt Wik $kewnere Jpriod @t .

The present;aRPL b6 LN &R B2obB-8 B OGERRd¥n fixture,
produci ng a control [ abl e product slate conprising
phend@xp@sd ngnshfydxkdatd ork stistareVER) ox Jdwmt inprodipeditions
al so may ' e GHL gggi
conbinati%%gg%ﬁgggo 3% céﬁt%§|?52§§9£$%| S. téng?ﬁ?
"hydr ocar bonbrosingyshiadalbengeheabydseper@iidemadncumene

refers to ] conprising one or nore of
cumene, s?gg¥§ghgé%%%%é, AVB, a-ethyl styrene (AES)

2- pldmypivifgbthens-$2R2Benzend bypdbopatrexite tdnet eofrene

10 Oxi dati e Referri to Fig. 1, t proce
conpriseshgﬁréggﬁ% }%ﬁ1u%§§%ec¥8ago er?%?é%}%ﬁﬁf g%%ﬁgF%ve
oxi dati ontpepcbduds)a clleavagei gabdoot reaghirs(is)y pagnbe,

bateh SRRl Shnd WM RO ) LD e

a semieparatingntheudlsavae@c pabduct under separation
conditions effective to separate a crude phenol
fraction comprising phenol and a crude ketone
stream comprising methyl ethyl ketone (MEK) and
acetecne; and,

subjecting the crude ketone stream to ketone separation

conditions effective to produce an acetone product
and a methyl ethyl ketone product,

The present application relates to a process for
producing a controllable product slate comprising phenol and
methyl ethyl ketone (MEK). The product alsc may comprise
acetone, acetophenone, and combinations thereof at
controllable yields.

The term “hydrocarbon” or “hydrocarbons,”'as used
herein, refers to any mixture comprising one or more of
cumene, s-butyl benzene, AMS, a-ethyl styrene (AES), 2-
phenyl-2-butene (2P2B), and combinations thereof.
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An oxidation feed is fed to the oxidation reactor(s).

The oxi dation feed conprises either (a)

s-butyl benzene, or (b) a conbination conprising an
amount of cunmene and a 10 content of s-butyl benzene.

In the oxidation reactor(s), the oxidation feed is
oxi di zed by nol ecul ar oxygen, preferably air, to

produce an oxi dation product stream The oxidation
oMidditdlonskeRam i s separated in the oxidation

reactor% % Into an oxidation bottons and an oxidation
vapoReFPEr hRadte 15 dmdre tiBePERFESE | TRt &n oxidation

Foriautyyl beiagsngmgf Nshe ®¢ @ReOBxPESESH SddAYP(s). The
benzene hydroperoxide, but typlcally

cQ i ses s-but

%@tﬁ@p E@ﬁﬁ’??%bs)a mgiyy Mef PRERR TemeteR (B Qrumensinuous
ARERRQEPXT dEn JHer SRBNRW BRALEADALAE ONShE Ak idd® ion zone 10
adj usted to coproduce nore or |ess acetophenone (AP) .
FTPPIEEEE ahaebledaf mnﬁéwoéénﬁ&@é@r%oth cumene and

S- b%&ﬁ’bk&@&é@l‘@n 1?45?1 Q% dali 08 PROUMEL B4 [P Peactor (s) .

conprises s- benzene hydr oper oxi de and cune
Thed oggdabkea ef %ﬁd gt isese ettber yf{a Trrm—hjmydéqemnne, or

odu S [ Wﬁh%f
@;)p(rgog%gktééﬁ [ ncl?u%gnﬁ&qbut lgnglt% %@%ﬁéaﬁ 'y E?el iarrﬁdt ed
qamteost gphenl@m‘eylhpnsztelqyl Ibehhy| oxtdddi iyl HeRPMBAr(s), the
&ylﬁg%agxlfggagy $§% 3Qedcﬁ bhgféc&fgéygxI#én,a5&%feggﬁly
oxi dafion produc ream y CO
ayvatodpco@uceianﬂqnﬂdqylbutpnoﬁumeGﬁggamlImieanédatton

buty r OXd -but yl .,

Y st PR S Sena iy thY RS G e MllaoRthY e
&ﬂIm;mdhtlnetwgﬂtdmﬁdmmpeaoxodédati¢ndvaﬂqnﬂum@ehemdde
phengl»-8ceiong,; and M. oLn; 8 pretarned epbodi ent,
the OXidation Hix ure conpri'ses a e %ﬁ P8 15
oeuinieme ps- pn¢@¢¢tﬂﬁnneamotompnﬁsésEb—ﬂﬂtykbdhzbneln

R T T

amdmndlaénmumeﬂﬁahyurmmErokldanenEheSbﬁarnﬁﬂm@e&baﬂlthams can
ess than 30 wt. % rel ative ,to,the co?%gpt

15 .U
bgy ludhet Vra el Brbhi OF | TR /SRR Henanay

part Whekartiecdariathodfl feed comprises both cumene and s-

butylbenzene, the oxidation product stream comprises s-

butylbenzene hydroperoxide and cumene hydroperoxide at high
selectivity. The oxidation product stream also comprises
certain major byproducts, including-but not necessarily
limited to acetophenone, di-methyl benzyl carbinol {DMBA),
and ethyl methyl benzyl carbinol (EMBA). Finally, the
oxidation product stream may comprise minor by-products,
including but not necessarily limited to di-cumyl peroxide,
di-s~butylperoxide, cumyl s-butyl peroxide, formic acid,
acetic acid, methanol, ethanol, methyl hydroperoxide, ethyl
hydroperoxide, phenol, acetone, and MEK.

In a preferred embodiment, the oxidation mixture

comprises a weight ratio of cumene:s-butylbenzene of from 1:8
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action unless expressly stated in a claim the

predom nate nechanismfor the formation of the ngjor

and m nor by- products (described previously) is

believed to be the free 10 radical deconposition of

the s-butyl -benzene hydroperoxide and (if present)

t he cunene hydroperoxide in the oxidation product. In
the oxidation reactor(s), the oxidation mxture is

P H:act ednWob Bedit £/ 3NN AN EBge§ofnd NE@RTios represent
oxi datiaon 15 conditions conpr|3|n an oxi dation

9 dratulit - &f PRI & $O -Ix Wi e CURBRR y I Hidh AQeEhERd

e(nb:fod&&n%‘h@ﬂt LheUaRSEt I Rhumduneeist Beoh epifid W @han 15 wt.%
ydroperOX|des Sui t abl e oxi dati on tenperatures at

tbdesexithapi 8R ¥ b silas iaice ter Sheoport ey of5@

duefi®enednpenperatures will vary depending upon the 20
type of oxidation reactor and the conposition of the

oxi daiitBauE cbimi e dihe eiadme Sel acPaviiGulas agsbagism of
éﬁf:q_ro‘?\p%hQélsgeefﬁpesss ?gts)ﬁlab_%ﬁz gﬂe h¥ﬂ£ﬂ'ﬁ’eri§f@ d%edominate

increases wth an | rease In

naghand sy orythenfamatisn of ﬁhﬁh@aj@xum iMgmofre by~
ﬂgy@GEEy QHeQE§£bé&T?f¥¥¥%ﬁéWb5h anéfféﬁﬁf%o %@ Eﬂe free

oxidation te patch oxi datl on react
nasd cedi dappmnomtrm gfutde @ahubslm?mr@l lmqirr@srgngatde

el Jé.t%?g&bganeﬁwed cg@ul it Paaﬁkf&é i\ tt¥1e0foxtiggt%on

n reaction I'on  “pressures
Hysceietreact or (s) are fromO pS|g to 100 psig, 30
pref a ps tin
i oty ohtr kEFead YRRt s SRERT Ml re 1o
cgdtlacoeddul thnan eagtgen-iconselisitedygs® unnenﬂoxédatlon

FHLAE-AY, PR O SRR BB A SR B o

qﬁmalzesBﬁgutptb&nzum@usnﬁeadfopsegemereddman@netbrpnoﬂuce

refera 0 pSi. o 40 psig.
e%g S% gg‘f(ig}é??roofo gOn'p% %g%]g“ge m%l&ﬁ *PHtio of
tamperetarbat yt hmazlﬁmau@fatzsaﬁ paeSspred errecdrom dat PONto

D B REF ST SR BRA- PecHL Chr L APPRTaLRg ubon the

type of oxidation reactor and the composition of the

oxidation feed. Conversion and selectivity to cumene
hydroperoxide and s-butylbenzene hydroperoxide increases with
an increase in the cumene:s~butylbenzene ratio in the
oxidation feed. Conversion also increases with an increase
in oxidation temperature.

In a batch oxidation reactor, the oxidation temperature
can be adjusted throughout the reaction period to maximize
selectivity of the oxidation reaction. Suitable oxidation
pressures for batch reactor(s) are from 0 psig to 100 psig,
preferably from 15 psig to 40 psig.

In continuous oxidation reactor(s), the oxidation
temperature in each oxidation reactor is selected to maximize

selectivity, and will depend upon the composition of the
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wei ght ratio of cunene:s-butyl benzene of 1:8, a
preferred oxidation tenperature for a continuous
reactor is from110 C to 130 C. 10 Oxidation reaction
times wll vary fromb5 to 25 hours. The oxidation
reaction tinme in a batch reactor preferably is from6
to 11 hours for all cunene:s-butyl benzene ratios, with
the oxidation tenperature adjusted to maxim ze

SalRatiion tfbéed\/\heﬁ@lﬁahﬂeoé&:éahwanfﬁﬁé&@&fe‘s) whie® using
cont.i nuous oxidation 15 reactors, the "reaction tinme"

qapfiioiors reackees rqanardldy ere L¥emad palg dend€0t PAEY,
pheFdrabaly FeshienGssild ¥R i1 Bbﬂ_{de%@ﬁ%v\ﬁ@o@llhaeion feed

t he continuous reactors used. For exanple

GPMGLEESUS BRIk | Tt e o€t SHBeRP eSOk vthanZenesefi 851, a

ﬂﬂgier&%abgﬁﬂ&ﬁtiéﬂﬁtéﬁﬂér%%ﬁ?eofbgaé'5Hhﬁfﬁﬂaﬂﬁrrbﬁcé&?nls

hours, wi th oxidation reaction t enper at ures

firgm dQ8h°Ccbat 1hucl® r dherer thRogeidatpinroficiedt spyprises a
m@h%v?ca@%' decun%{éV%L§h?RFbe;{Q§né o fly JeSiy dg?%ﬁeiké@

can be distributed unifo non- un i fdrm et ween
axiglaglionat poperatatteofor BophnbéDW$ ey asdfrom 110 °C
tePnkEighepus oxi dation reactors 25 produce a total
conversion of at least 5% to the desired

hydr@ﬁedeknd@ repaifigmalyipeat wkhsvasy binopl 15etrel®d hours.

Qaas%gere@éa%gg%ﬁ%gf 2Rl y ﬁ;% 'ééafagco@g?e%gably is

cunene roper oxli - but zene
ﬂmwﬂvépépoildhou#hwﬁbgrabuypumenea$ morpwidresizenei satiom with

% ferably fro 1596 30 .to 25% e
eyt ten TRl PaRaEeCAe noba. g el get Ty,
reactibese tng ¢xmdah10afreantonuguSaraﬁnﬁmmrnuoaa beidation

RIREBYEC ¢ £ Ol 20! BELEY I LYol S IPIRAS8EBY oa 1o as the

|ncreasfng het i
tetadpkesideney time. comhenuausl resnictarice pindutesdbvided

[ d the desire dro er oxi des than us ,
b%%%%%onéigon |nuo§§n$é33?8? o ﬁﬁ#%?reg exampig% if
Sexbodimeats éxiodat3 cno raaﬁaﬁrs mms:opee@ctte@r SnagerbesiSethe

BB AR SR LA ha i Bt b
hbeed, with oxidation reactlon temperatures for each
continuous reactor chosen appropriately to achieve desired
conversions. The total residence time can be distributed
uniformly or non-uniformly between the oxidation reactors.

Both batch reactors and continuous oxidation reactors
produce a total conversion of at least 5% to the desired
hydroperoxide, preferably at least s-butylbenzene
hydroperoxide, also preferably comprising combined cumene
hydroperoxide and s-butylbenzene hydroperoxide. Preferably,
total conversion is from 10% to 30%, more preferably from 15%
to 25%.

When carrying out the reaction in multiple continuous
reactors, any number of continuous reactors can be employed.

Product selectivity is increased by increasing the number of
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For exanple, where the oxidation feed conprises a
ratio of 2:1 cunene:s-butyl benzene, it is preferred
to use 4 reactors. |In contrast, where the oxidation
feed conprises a ratio of 10 1:8
cunene: s- butyl benzene, it is preferred to use 5 or 6
reactors. \Were the oxidation reactor is one or nore
continuous reactor(s), the continuous reactor(s) can

P | d)aintdiend gn rkg&ﬁ:sis@buby
?ﬁﬁ?f§§ﬁ$§kéﬁgﬁ?ggyt:%%r15 rea?tongh Qﬁ%u bl e col um
reachass Produpen ahkighexiatiedd eda h@r@%?i%ﬁ!(k stirred

( 0 [
AR RAGLEE] Chan L 00, Iy, B8, E0AE DA Hbactor. In
bmﬁnmd emhodzpeeterfmm Bena@o@u gentinupes gseaffiorenare
LE8 sgqqgg N7h LIRS ol gg%enrg{ ?o:?é W1180vary
an reactor irred tan react or

wntportttmntcmrennaarhu*zyelmmn@ fratdat pﬁntheuobxxdﬁtalon feed.

AP B 85ePh e "MEhaUIEnOHEAR! LOOEEREL U ()18 5

reactor € OXI at| product
it holreene : bﬁbutahyeﬂﬁenexxﬂn (o1::] pmefhereéss@lqsdnﬁ reactors.

referabl n1th bot t %

B ey ePRihC B f o R on, Pen) EPftLe Y [ gpg Lo of
to wmareacst—butyhbemlgdmea, dprarigepradfsrgaddtd oagm @doceG
bubq:es of small size. The size of the bubbles
§MTEabiY is 10 nmmor less, preferably 5 mmor |ess.

30 Tyrmezmsl khie beidatiacisbaantdradet bneact duare qunbdnoeds
OXId tion b ducts as S acetophenone

£t O e Bl SR BN S B3RP E (BRT PR gty of

tRidy, ikenavbingl sebohot Ei%)ssarmyrm;maﬂ@a apetdtdraeddsank

cat e .the t|o of phenol , 14 which is a poison
f?ﬁég%%453|95r}ugp £ he® TERCH]EIBh pat hway to nmke

the desin @@Lepbgﬁiuﬁﬁen Re¥dvtorasy acet beifeddlsarmnd
hence henol ause a_reductjon int [

AT ST pr GHLERSLR| 5094 B4 g PBd ¥ S o BREGGRS
witHrail BeaeBsaryom Gnip & cratevhl al IR &G hdessrredor
apodiiend RBSCokidle s 219 Q0al I Gie W 18T
reglon of a stirred tank reactor(s}. In stirred tank
reactor(s), it is important to maximize bubble formation and
total bubble surface area.

When the oxidation reactor (s} are bubble colﬁmn
reactor(s), the oxidation product is withdrawn from any
location in the vessel, but preferably from the bottom of the
vessel. Alr preferably is added near the bottom of the
bubble column reactor through a sparger designed to produce
bubbles of small size. The size of the bubbles suitably is
10 mm or less, preferably 5 mm or less.

Typically, formic acid and acetic acid are produced as
oxidation by-products as well as acetophenone (AP), di-methyl
benzyl alcohol (DMBA), and ethyl methyl benzyl alcchol (EMBA).

Formic and acetic acids catalyze the formation of phenol,
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hydr operoxi des is increased and attendant by-product
formation (e.g., AP, DVBA, EMBA) is decreased by the
addition of small anpbunts of oxidation base. The use
of an oxidation base also 10 neutralizes acids, such
as acetic and formc acid, as they are fornmed. In
this way, the acids are prevented fromform ng
phenol, and the yield of desired hydroperoxide product
vkt§icﬂ’@é' g %Sﬁsmw&fxe 1BREERESPN JFASBel RalR Ckiddtibd pathway
preferred to 15 the oxidation mxture a
%RﬂmﬁKQJﬁh@fd%ﬁdﬁﬁﬁinm@d9§§§ i FFamicaapdnecetiq iagidsr eed
bﬁSlt B Q§rgﬁﬁaﬁfbﬁ“iﬁlﬂﬁe Qékﬂﬁ%iéﬂ1of desired
con |t|ons oxl dation base 1s used,
EWQﬁUﬂMﬁeéeiétxﬂﬂihw Borpreduets £ he OX|dat|on base
sepa f.erab
o a Barpiah f 0P hob ARk, o0 NA0 e, a REk BILIEE bilae
bas €' osdbatiom ass“or dbl yhe oveprdatdonamtpheesvt rtiei gheldfof
WP o008 4 .9 U IIrah8Th 101 3t cARalt SR LEEIa ! ebBation
AT on ase. Irnsuffici ent o caust ‘separ ation
o= 38 QIieAPoxDMERA(ﬂMB@)xusréecrﬂaﬁamnbgqhbeuadqﬂtxna afidsmal 1
2i,C h 25 The _anmoun ter |n i 0
891qu‘?lure gre :é?aa J1°n 5E’MefrJghrr%ZH)a(? & g %ﬂhﬁ %g& &l'so
m.ltdatlﬁ.eas basixls,s smd:hedm mcmcamdmfoié |ami&ht asothey are

u rati g, of ba e 1o aci
RGREC B MY el 0§08 28057 5. BEeinlle 400 Fatri e
glesed ,aapd 3thd hdsd dt bat désu/ﬁeca hydropeBokixde hrvduptliso
10 mﬁ /6aqueous sol ution and include, but are not
Prly limted to alkali bases, anhydrous

ammmra,reandmawzemu&msi asedPr £t ef ¢ askeAidealeld basadd to
ted to al kali

| ude,_ . but t rily_15 |
S Rt O PLEE DR, 4 e Tt BF Optaah i pegs A ah
smodrablsafall kdéht NBd alsurai=a ipet 8R61 aBl@h ForaRd WM the

B RS cBnd Ll onsy o b Sl R BE RSttty ettt

ket reg gasg@@Sa AP DU S FAREB N2 2451 FALRRES separately

anhydr ous rrunla along with a snall water feed, or
Bﬁgdg“' jLeactor, most preferably to a series of

continuous oxidation reactors.

The base solution preferably comprises a concentration
of water which is sufficlent to act as a carrier for the
oxidation base, but insufficient to cause separation of the
oxidation mixture into an aqueous phase.and an organic phase,.
The amount of water in the oxidation mixture preferably is
from 400 ppm to 2 wt.%.

The oxldation base is added in an amount sufficient to
produce a molar ratio of base to acids of from 0:1 to 6:1,
preferably from 0.5:1 to 4:1. Suitable oxidation bases are
those that have a pH of 8 to 12.5 in 1 to 10 wt.% aqueous
solution and include, but are not necessarily limited to
alkali bases, anhydrous ammonia, and agueous ammonia.

Preferred alkali bases include, but are not necessarily
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Wthout Iimting the application to a particul ar
mechani sm of action, the small anount of water 'in the
oxi dation m xture is believed to i nprove the
solubility of the 10 oxidation base in the oxidation
m xture, -maki ng the oxidation base nore readily

avail able to performthe neutralization. Oxidation is
an exotherm c reaction, and the heat of reaction is

I.'Ehliﬂéiﬂ thor aIIk&DFE :@e@a:llatdimma@tsihaadnamwﬁ méjdflibngw
t he reacti on. or exanp , .sone heat IS renove Yy
RARIIPRERSn oF BHiRRIR 1 Betadet areReiaassum pnd

S6dQim.I SA Presefted I 10Wagat 9N h@RGH | Y UHRELY. €,
into the air _passing through the reactors, while nost
heat ATFOR&ADILEC blS heirrdngeigetiRerPashe Ammonia can

B HaddPNadn b sESuPNEICRA IR ardrldHidS. dstfddus anhydrous
cooling coilS can be enployed in the 20 oxidation .
FERTigr 31opg otidita Bl prnal hewab@uidicesn praed | pIHeqvsxapRania.

IS T gaitheUtat edmipihigal +RXChARGGESaB¥LET NBL T g tgagaxjticular

oxi dation reactor(s). The oxidation vapor overhe IS
Trawed sphrefighdfierer ther esmabigegmoungoopf ngyatn i ig  the
I LR URT RRLL G NIHRGAEDORSo 28y eagﬂgogélt@i@rﬂya'of the
It present, are condensed and separate rom eac
@t ioThbahg dimcehe orrsidatd onepdxbpned, anekinedghe ekidation
0 ter j I ai Lgniqfi cak
il S i A L e R T e
and/ Sxidethygh by doperadbbiedaic3gebnt dopr efral b heat of
fé%&‘i'o'iﬁe%: E)Egvé)d('%ﬂ %%eV%%% pYSE nead, il ﬁ%&@h%ed
into an oxidatTon vapor over gad organi c ¥ actron
qUIVE OF®) reatt tdn rBoh exeepyel edeomantkan icxirgabived by
. e " e tofr ' ! £').. e
R B B bon BP O R T ol A ggter 2o
moEEdnt dnsthé fecxidatelont ocegetdpposbxetiy, imtcr dbper exikde
d. .net byl hydraoperoxide,.  re i ng._ | t her nal
T oD PRGN e L RBE AR "o st el Ffoved by
heradd wodchengpr bsaear adleoloxidakdehydistumndingr cboling

ERRY 8BRS oI ADSLTE) RS OHROR O A 0rS
@BQ@atdon reactors. Preferably, the oxidation reaction
mixture is recirculated to heat exchangers external to the
oxidation reactor(s).

The oxidation vapor overhead is passed through one or
more stages of cooling, during which unreacted hydrocarbons
and aqueous material, if present, are condensed and separated
from each other. The hydrocarbons are recovered and
recycled. The agquecus material typically contains
significant amounts of ethanol, methanol, ethyl
hydroperoxide, and/or methyl hydroperoxide.

In a preferred embcdiment, the oxidation wvapor overhead
is separated into an oxidation vapor overhead organic
fraction (“OVO-OF”), which may be recycled, and an oxidation

vapor overhead “agqueous” fraction (“OV0-AF”). The OVO-AF is
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250C, nore preferably from 150C to 200C, and a

pressure of from 100 psig to 200 psig. In one

enbodi ment, the thernmal deconposition conditions 10
conprise adding an inorganic acid to the OVO AF at a
concentration effective to accelerate the o
deconposition. Suitable inorganic acids include, but
are not necessarily limted to sulfuric acid,
detebrpdledr uadaei the afgh Wsli@mﬁ%%dfﬁow ¥Feetive
of efficiency, a preferred |nor%Pn|c acid 15 is

RIFGFPO3E fthpl hvdransraxdmiee Anfapebh el hydnaperord de,

Tl tiMer AaNkCtREHEh] Sardindsie1aahbey8udc . 'I‘he thermal
concentration of from20 ppmto 10 ppn1of

FRATPATLE 19B] BrPAuGthecamryiges Adcepol aec@kﬁkﬂwdﬁs@narlﬁlfor
CHAY:818 c hBeas NOr i 1h Al i cBRPLS 8t i &P Londilth oAl

al kal i base. Preferably, the alkall base has a pH of
P S&r &) EBsrmal ipeANRegItdoar A8mpesabrrofof rfé'l‘PF‘l@Ot 6 to

d5lo° ¢, Prhear b?gfgf‘ac&?.ﬁl %z%n?%ls@@beQOf 5807 ¢ D&y QURressure of

conS|st|ng sodi um hydr oxi de and” sodi'um car bonat e.
ﬁ%ﬂﬂtﬂﬂ@rEﬁﬂgdé@oﬁﬂﬁnﬂﬁig)n product is subjected to

di stidy a0 Qﬂggﬁﬁeﬁ@ el ¢ % aéébﬁbﬁrﬂ%lﬁc bonditions

distillation condi t1 ons - di st
comdlisicondjling f evtinarganisr agddeta ther¢Ra-AF at a

é@wmah;a ANe PEQAUG)e oA %1@5:3&&' Lad eqéqggptoog%ioﬁ?d

her mal ~deconposition product "aquéous
%umuablAB}norben afidst iiinicduiden buhdatre ong c@muessseidy

f :
e S P e B BB AR 2 B Bgpporic
ad#g;fiEgm_Qecpm@@siqﬁ(affipdeaagw a Thee fR:-edi dniokrbahionacid
e Tt ih s E8y Shaarly, ALERRNIE MU pcld. e

ﬁnﬂmmﬁnickhdadlnm HRidegucio SepaeaelancdhnsnﬂithDM|ng foom 20

\%r?.to 105h§%81)2(%93%{88ﬂ 3’ I on gB c’}nsehpar gﬁ g unéﬁg

dezorplrertion D&l@bﬂpkﬂtebaxeelsnﬁedamintduado&mdabubnalazed
%f %E’lr Sgk ﬁ. dgatasljeon rﬂ’re%lég:tabigf)awrzgélaofkaﬁ%n%a]é gsonepH of

11 or less, even more preferably a pH of from 10 to 11.

Preferred bases are selected from the group consisting of
sodium hydroxide and sodium carbonate.

The thermal decomposition product is subjected to
distillation under thermal decomposition product distillation
conditions (TDP-distillation conditions) effective to produce
a thermal decomposition product organic distillate (TDP-OD)
and a thermal decomposition product “aqueous” bottoms (TDP-~
AB). The TDP-distillation conditions comprise a TDP-
distillation temperature effective to remove organic species
other than carboxylic acids from the first decomposition
product. The TDP-distillation suitably is carried out at

atmospheric pressure.
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strippers. The amobunt of water fed to the oxidation
product separation zone 12 is sufficient to recover
nmet hanol , 10 et hanol, nethyl hydroperoxi de, and et hyl
hydr operoxide in the first condenser vapor phase
(descri bed below). Cenerally, an anmount of water
equivalent to from0.1 w.%to 1.5 w.%of the

oxi dation bottons is sufficient. Wien an oxidation
base Tre 9®-bp 9%i d8ipsNkq dPRSf Ghsed udbn@ddiAldpMate
product separation zone 12 is one or nore washing
Tt ers used to renove salts forned in the

24 AL profigbk 0 {QRE 2™ € Strippers. In this
enbodr nment, 11 ct, water and/or base

I 1
i s fdefegring hashing l.dddenozidsfiogabetstons t(§8) and an
i dat i u ract | '
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Fsddeét- diheng poeoxiaatisine pasthésafednto dfhevatddation, a
| WP ' Welg S figient. _to
STk ol B o AR SRR HE L oh U ie A2 JF by more
shittiypiperisydr Bper axduret iaf takefri fed tondensewidagjon product
tdescri be .. L.n_the one or re
AR thEty X AR anbotboFefiirh tnie ons
edfifeactli, v et byt ompdrdpeatox i deyt andnethetthywdrdp@eroxide in the
-but yl benzene hydroperoxi,de and (if
R Radt Yool SHhRs (deBEF 85 e By Gemerally, an
agamgiitt iodnyaB86r pequiiice emtstbi fipem 001 twihss . i5Swhgs of
- but vl benzene . hydraperoxide.and (if cunene was fed '
tt%c? 8)’(‘%‘ 3?%8%)]0%5 el%fﬁgﬁgﬁgﬁgde and a stri pper
over Waad ennpxiddtiprnazactiedfelyts ogddilonyakepredddred
eci,es, havin boi | i ng | ower than

Qr.gani,c_s 8, poi nt ,
°§‘.’%§tt}88n§’éﬂ%‘?w‘yoﬁ— P8e 23R8 %%nzeﬁeonw&r BR&RoYRARiNg
qao@al m:?crssgee&i elso raamved sialtkh jfiaﬁﬁfd:i mertdhé)\b@;ﬁ.ﬁaadop,
u , ut are not necessaril Iimte to.t m Nnor

S ISNEE, BY sORR) T dIRES] SEBIPBSTand Lt SBhRALNGRE , sthe
VBAL 1 EVBAr otk ,aa..eiki):@{&hlagamer B_aﬁé gﬂé | fod tt!%gltf@' ga?h:}.ng

eco ositron.o S-.0uU enzene, roper oxi de an |
‘%F@ggﬁri ngune%%{ttﬁ/df‘oﬁéreo??‘agaﬁo% Rﬁ‘?%”f@d eF-T8Ghi take the

agfuecus layer in the decanter. Some water dissolves in the

oxidation product during the wash step. The amount of water
dissclved in the oxidation product is sufficient to recover
methanol, ethanocl, methyl hydroperoxide, and ethyl
hydroperoxide in the first condenser vapor phase {described
below) .

In the one or more strippers, the OB is exposed to
stripping conditions effective to concentrate, but
ineffective to decompose s-butylbenzene hydroperoxide and (if
present) cumene hydroperoxide. The stripping conditions
produce a stripper bottcms comprising s~butylbenzene
hydroperoxide and (if cumene was fed to oxidation) cumene
hydroperoxide and a stripper overhead comprising unreacted

hydrocarbon, water, and organic species having a boiling
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stripper bottons tenperatures of |less than 120 C

Al t hough the use of a single stripper is enconpassed
by 10 the present invention, a preferred enbodi nent
i nvolves feeding the OB through nultiple strippers,
nore preferably through three strippers in sequence.
In a preferred enbodinment, the OB is fed through
multiple strippers operated at sequentially

PG asivag Ehsﬁsans&wérm&@m%%o@&fbﬁp@é Al Quehead
and a stripper bottons. In th preferred enbodi nent,

hysroperofidgg ceﬁlw}%r@mr F@@oaeﬁow ofite stripper
é»eéml%ra@t Yhe18be 120uE€ He '&%%&@@ESE@P#V;L%&& ft%ntil.ao

C, and: a first stripper pressure of Trom4
oLy bYS‘@é‘QﬁHC‘S'P r fipbineglyass slpoveof and opmabl taé“°3151tﬁnPf

biin, 2ipn? LA Jc20oSEARREr REBSSNI ey Ofpidamill to 20

I n a nost erred I men rst
@ﬁqqnmmltegndpf i anbu‘czomﬂnz@@e hyfircperexidemnd (if

[g:‘e%%%%r)ec%egg H&‘Eﬂﬁ@e dPo;ﬁ%%o'l@ i hiRPELA cgzg %%?i%%d‘)tﬁg
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ﬁlﬁzﬂp@rr bh&nom mmpemtum@ Wdﬂeearbhm 120 t°l€e B are

25 r%ﬁ% hb@ g &9 OQtEf éPrfE '&dﬁ agsed by
BReT B reaeas

preferre |nen , Sstri
three pe:fersemtl :kavent pmm).dwcepzaefhrn:sd smboqunb\nmméa'as

SAIEEELAR of POESAAN F0R CUIRGEELL, MR Wk By
trtmcelgmrf thlneematexpzbeds vt hse@ﬁlenlae (]BInQQ mte Bédrmonednor e
Q\{t}]gdhﬁ.o rr%t h?ﬁol ggvﬁ%rg}lgw mgﬂ. %pl{.%grternﬁﬁzﬁrs operated

@mqmenmxadkyldetfﬁaélhg~@mésgﬁrak 2o oprothrcee @f sthépper

R AT SRS
enHoddfhehhe ehéaﬂﬁfippﬂﬂg(ﬁbndﬂh&oﬁEtBQMQhMﬁHQkaﬁXbﬂe
EeBbah, RS YT Bkl TRl 123 .
atlie flar sirstr sppepper afysaliry 66NPromeso alo |6Damn Hg; a
Joebb, B bBEET QYL IST £ONCENET L DLETE Y B o thisa
st pbletSpreksuppess from 10 to 20 mm Hg. In a most
preferred embodiment: the first stripper conditions comprise
a first stripper pressure of 50 mm Hg; a second stripper
pressure of 30 mm Hg; and, a third stripper pressure cof 15 mm
Hg. Greater than 90 wt.% of the hydrocarbons in the OB are
recycled back to the coxidation reactors.

In a preferred embodiment, the first stripper conditions
are effective to produce a first stripper overhead comprising
a portion of the cumene (if present) and a portion of the s-
butylbenzene in the OB, 99 wt.% or more of the water fed with
the OB, 99 wt.% or more of the methanol in the 0B, %9 wt.% or
more of the ethanol in the 0B, 99 wt.% or more of the methyl
hydroperoxide in the OB, and 99 wt.% or mors of the ethyl
hydroperoxide in the OB. In a most preferred embodiment, all
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over head condenser is operated under partia
condensation conditions referred to herein as first
stripper overhead 10 condenser conditions. The first
stripper overhead condenser conditions conprise a
first stripper overhead condensation tenperature and
a first stripper overhead condensation pressure
effective to cause a majority of the cunmene (if

&f aRNthtaRd 31MBLPTily Rftnah@1s- Qm.\/bbeaz@r@cnamohheau of
first 15 stripper overhead to condense, produci ng a

the gethyddendEpreBrrian c 3hadl pfethe antiyl tmeinqp!egpmde
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to condense 90 %or nore of the s- buty e and
®smeah-or nore of the cunene (if present) in the
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A YErAldy {:]&'?c?éﬂseeref &%E&u"e e pfﬂt?’é@ Stkibped!

con nser vapor ase co
qn&ﬂhaaﬁbbynésnsew ﬂé(npanabad uﬁdehepammxnl ddndensatlon

, 2 h hydr o erOX|d
%?%: gngtEan§£%§opefE§| e ?ﬁn?%ﬁgéflgg ST i) égbad
mrddmsad théiticms cd!ﬁmelfstestvapnipms:wmshmpa:baueﬂser
cfc{n tllaﬁs é ndeflsrst st ?glg%xéggx?sehee%cg c&ndeensa!;:lon

condenser va phase i's Su S
tﬂmphnasateoandomdfir&nustﬂippéteovermEad)édﬁdﬁuﬁa&eﬁnnd

condenser . ni ¢ ,phase and a_.second f
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ro e et roper qQxi de I n
{E By SPe SR et o pteca il A o iRk
cﬂmaeﬁldSphﬁaée |Br@mmmd tﬁdthéomfﬁe sﬁﬁﬁfp&s eaRdaasar

i ¢_phas nd th condenser aq ou
Hdf UaRT LT (dFs REIRAF R Rt S0 WE. 4 or
rexedictti @ne §-f-$@l€}§lbéhzte@1edaﬁﬁnp§’sﬁt mtctwlmcmédroqpeh@xwx@ene
er oxi de, producing a thernal

eth dro
@gd aﬁﬁc‘;‘g{V‘JH o?vnn & diciSte Sipi PEF AP W st smtzsa dBRyfiest

AdpPercavrboiydd Cfirst condenser organic phase. The first
stripper overhead condenser conditions alsoc comprise a
temperature and pressure effective to produce a first
condenser vapor phase comprising a majority, preferably 95
wt.% or more, of the water, the ethanol, the methanol, the
methyl hydroperoxide, and the ethyl hydroperoxide in the
first stripper overhead.

The first condenser vapor phase is separated from the
first condenser organic phase, and the first condenser vapor
phase 1s subjected to second condensation conditions
effective to form a second condenser organic phase and a
second condenser “aqueous” phase comprising a majority,

preferably 90 wt.% or more, of the ethanol, the methanol, the
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acids. The thermal deconposition conditions are the
sane as 10 described previously for the thernal
deconposition of the oxidation vapor overhead aqueous
fraction (OVO- AF). The second condenser aqueous phase
either is thermally deconposed independently, or the
OVO AF and the second condenser aqueous phase are
conmbi ned to produce a deconposition mxture which 15

St NP SR oberbREdé N e rth | t HEE @@RPAS hi i POp &0 Elidd AMS the

Cl eavage Zone The stripper bottons conprising one or
Forsd Gonglengt yYaRe: M 38rdr oper oxi de and cunene

hydr oy Q6lcdfd! Sordshd&: a@;u@o@@vgasséom dpdFited From the
The c| eavage zone 14 conprises one or nore cl eavage
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eprislittiiopeneéfiective todenpsmposepmethet Rjdrananoxide and
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oyl eoodenner amh@susb Lnl'yalsbae eitherf bs tlazgmﬂlelsbalelcomposed

Ih
SRR LR Vol HHRLFERGR Nl oes, agueous
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erat For, .exanpl e, the Le ctlon erature
gifd
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c:leaé\ta @onki gh reaction terrperat ures, 5 significant
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one or more cleavage reactor(s} in which the stripper bottoms

is subjected to a first cleavage reaction and a second
cleavage reaction.

Where the oxidation feed comprises s-butylbenzene, the
oxidation product generally comprises ethyl methyl benzyl
carbinol (EMBA). A cumene oxidatlon product generally
contains dimethylbenzyl alcchol (DMBA)., It is desirable
during cleavage to maximize conversion of DMBA in the

oxidation product to a-methyl styrene (AMS), and to maximize

conversion of EMBA in the oxidation product to a-ethyl
styrene {AES) and Z-phenyl-2~butene (2P2B) because these
compounds can be hydrogenated to produce cumene and s-
butylbenzene for recycle back to the oxidation reactors,

which increases overall conversion efficiency.
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consi sting of s-butyl benzene hydroperoxi de, cunene 10
hydr oper oxi de, and conbi nati ons thereof to reduce the
production of non-recoverabl e by-products of DVBA and
EMBA. The cl eavage reaction feed to the cl eavage zone
14 generally is the stripper bottons, water, and a
ketone stream selected fromthe group consisting of
an acetone-stream an 15 MEK stream or a m xed

acet opef MturiteAd N mANG Sidd RRAHATRsCOPRT 198t
hydr oper oxi des sel ected fromthe group consisting of

sehativebniuiih wpacbpenrckemreraiii®de Fpdr opamRledehe
Qégcﬁﬂmﬁ"E@ﬁﬁ&r&%utrgeiﬁof:ypiéaf‘%iQQ%ﬁ Eeunﬁeaé@fsné & from

feed fromthe MEK recovery zone is an aid in
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11 /gm%t aa!%ﬂu%ftsEy?Aﬂ MVt e FJ}%FGEEU Pod%/d’tt AEs,

of the wei ght e remai nd t he
aﬁlﬁeﬂr@@l%c?é’ri’@t érpheonv%d e W@nrtenevermg:ar—

b EAGLELS, ’Dcci‘é{es gr?s@n@' %% i c: Cotno rov:zr.ée% c?caevs%g Sor

Feaction fee I rst |rst C
cborvinm aendint mone bﬁ@s@emm @wjlecba@rfmmg:?aa group

ggﬁgiéyﬁ{oé/aé QLR UPEL RS e,hm% #B§&8genﬁgurx exposed

secon eavage’ T eacton conditions (a
kipdeopdreakissl owndi nombinataimns rl:éma:eof tonredypreefrer ed

£ of RerSHLBRET Pl :
?%avage reac?@f1 ééé)p%ﬁat( b?[ f)rc’?o gsf? éﬁécz} éaél\?agEgBA’

r eact’ﬂre xﬂ.ea“ﬁlagec reaviaigm rfm&i Qoo $}1erra§tei%agae vagriectlyl
ﬁé tt%/] eg reérerbr g:dctor esacto S incI bcsone e

ot nec ssarl v ShEOIRPRE RQ il UG- FFOV\?? a%t]'ber stream
$e PR ot Yfropl thef boouw emtsirss:m\gl blff aacacé’mr(&@%&”e&)n,, an

tlnuous StiLrr d t nk to é &3
@?&?s C edvé’é:ear@%?(g % g( %?? *iearﬁF%PPer
beliody  auntiriaesobydit @k doiieiesalsedectdl ef i@l RAlgroup
chana ppept..effecti e to nalni in the first

NG B PER st WeeResFrrLfer eaas,
npdndpeoroxtieipeaatiucanbin td on@r ehereed. enbodia® Meehh€ound
fIrSttﬂg %%e%g%régagﬁé”Mﬁ§5fé%o%ery zone is an aid in
reducing production of non-recoverable by-products from DMBA
and/or EMBA. Water in the amount of 0.5% to 2% of the weight
of the remainder of the feed is added to moderate the
reaction.

When the cleavage reaction occurs in a single reactor,
the cleavage reaction feed is first exposed to first cleavage
reaction conditions (described below) comprising a relatively
low temperature, and subsequently exposed to second cleavage
reaction conditions (also described below) in the same
reactor. 1In a preferred embodiment, the stripper bottoms is
a first cleavage reactor feed 32 (Fig. 2) to a first cleavage
reactor 15.

The cleavage reactor(s) may be a variety of reactor

types. Preferred reactors include, but are not necessarily
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pi peline | oop reactor conprising one or nore heat
exchangers 10 20, 22 at appropriate locations to
provi de cooling sufficient to maintain the first

cl eavage reaction m xture at the first cleavage
reaction tenperature. Generally, the first cl eavage
reaction tenperature is from45Cto 70C. In a
preferred enbodinent, the first cleavage reaction

Iiﬁﬂ%@ﬁatérElhg-f16wnf@§dga§stQ“ﬁ@ﬁksﬁpfQpiﬁgﬁfyb@bk¥actors
from45C to 55C. The first cleavage reaction pressure

YidhaierySiBe dPERR T3 )07 ad FoRtdRuePys sbirged fankereppters
@=e@vage reaction mxture in the liquid phase.

Operati n%.at 0.5 atnobspheres or nore generally is
suf f iThiee At red edeavagea nehetprr $f errbRge Fdaaedohank

FH2H L wh B 40s60Ea4d !fﬂ%e?ﬂ§§eorpé£%%EhQ¥LHé%t exchange
Installed in t?]e pi peline [oop to provide for _
sadipneatasféacbive Yedmpdngatnothef fipet f¢lanvagecsgagbion
0 LXLU r e..Li I e.,reacto
R LA et e apRcrprpEtof ERAMRART Pln
mefienred embodbment ridte dicsvagéeavage i vraghraaddst 13 &s

i, t ' I, ]
Y P OB Y HsBiriEab 8l |67 fhilfe Healt exchangers
X, t2%e ateegppopriaias fomattiibesf tosprovldavanyd ingasubficient
h I ' i \
(580 a fotpf TEVERT Al EOLOLEM Gl Pfe ot
Seaviage trhectiony dmpgemtiirest Gérewalbky, ddct diirbtedl82vage
referred .totas

sonet i nes theo first, gl ea e reactor
38 Lop ERphSHTELEE ol Bl 181K P IR Cor The PERDRPES
ddbmdid@nte thheffrstsiclelavagagecaetidortdngedtathieew 32 fsom
o 10:?100100:1 2%on i ght IS %Ebgzrmr .
T PaBPy Y BT 078 S 01T Bt v GhiS bkt o, PiRgfirt
dlieastagel easagton gantssairec @Bdinhintsiweadifficd ehktlgthigh to
cl.eavage, rea %ion residence ti effective to_ cleaye
R g e S e T e
asen copsratimg o s-hutmbbpnzese by diceerg@xiedal ly is
C ne h dEoperfx%d.e, nd _,copbi pati ons therteof. gt .
PG BRGH-{HE Y dop&i-bRT dBLe™ FER it oppaisture in
fher Siqoliaapngeer eaction mxture, the
A pump 24 is installed in the pipeline loop toc provide
for recirculation of a recycle flow of the first cleavage
reaction mixture through the first cleavage reactor 15. A
second portion of the first cleavage reaction mixture, the
“first cleavage reaction product,” is withdrawn from the
pipeline locp reactor at a withdrawal point 26 located a
short distance upstream of the feed point 28 for the first
cleavage reactor feed 32. The recycle flow 30 through the
pipeline loop of the first cleawvage reactor 15 is much larger
than the flow of the first cleavage reactor feed 32
(sometimes referred to as the “first cleavage reactor feed
flow 327). Preferably, the ratio of the recycle flow 30 to
the first cleavage reactor feed flow 32 is from 10:1 to 100:1
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hydr oper oxi des are converted to phenol and a conpound

10 selected fromthe group consisting of nethyl ethyl

ket one (MEK), acetone, and conbi nati ons thereof.
Generally, the first cleavage reaction residence tine

is from1l mnute to 10 mnutes. The first cl eavage
reaction conditions conprise an acid 15 catal yst
effective to catal yze the cl eavage of s-butyl benzene

&Y U QRegexi B8s28¢ {hd SRS PreFecHBEREr R APAr @d 40:1 on a
Sui tabl e acid catal ysts include, but are not

yRids RABAP- |inited to sulfuric acid, sulfuric acid
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preferred acid catalyst is 20 sulfuric acid.
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G PeBtbied dis TalbaddToeo Sheflds”| SHHgNs ene
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IPJU flow reactor, to produce a second cl eavage
h ol es, . .
reaction mxture. The 24 second cl eavage reactor 38 is

oper ahed fat st echewvad e avage ioneachd bl eondidrparise an acid
effective_to oduce a ,second, cl eayage reaction
STt ATSTRLYE | e Sty bhP e Rl ST LoD g s By Lbenzene
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e rature . 5 a i ntained in the seco cl eavage.
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sulfuric acid. 1In a preferred embodiment, the acid catalyst

{preferably concentrated sulfuric acid), is added to a
reaction mixture side stream 33 at one or more acid addition
points 34. The reaction mixture side stream 33 is located
between the first cleavage reaction product withdrawal point
26 and the first cleavage reactor feed point 32.

The acid catalyst is used in an amount of from 0.005% to
0.1% by weight based on the first cleavage reactor feed flow
32. Concentrated sulfuric acid and other suitable acid
catalysts are commercially available from a variety of
sources.

The first cleavage reaction product 40 is fed to a second
cleavage reactor 38, preferably a once through plug flow

reactor, to produce a second cleavage reaction mixture. The
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cl eavage reaction product; convert 70 w.% or nore,
preferably 10 75 wt.% or nore, nore preferably 85 w. %
or nore of DVBA (if present) in the first cleavage
reacti on product to AMS; and, convert 70 wt. % or

nore, preferably 75 wt.%or nore, nore preferably 85
wt.%or nore of EMBA (if present) in the first

cl eavage reaction product to AES and 2P2B. In this
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non-r ecover ucts urlng ¢l eavage
EMBR cted AE@epeﬁdEE’ﬂjB aérs tmheimatead. ofGeslebawjrbe‘m&ewe:ond

B}{é’% [ L0810 - SHTRNEVERORY GLfes LIS faeqxAge |

s a second eava e reactioon
nbhulre.acet one: phenol ratios from0.8:1 to 0.23:1 Ml ar

VK RISk LIRS A REEO0S, ASRIARS LRl
porafeiraecd eeboui nddtavagkeraset ore tempphetiote raft ifromn60 °C
£Qel30 °C, preferably from 70 °C to 120 °C. The second
cleavage reaction conditions also comprise a second cleavage
reaction pressure which, when combined with the second
cleavage reaction temperature, is sufficient to maintain the
second cleavage reaction mixture in the liquid phase, At the
foregoing temperatures, a pressure of 30 psig or more is
sufficient. The second cleavage reaction product 44 is
withdrawn from the second cleavage reactor 38 and passed to
additional stages for recovering the cleavage products.
Cleaving initially at low temperature increases the
yield of AMS, AES, and 2P2B, and reduces the amount of s-
butylbenzene and/or cumene required to co-produce a given

amount of phenol and MEK and/or acetone. Conversion

25



second cl eavage reaction product 44 varies fromO0.44:1
to 10 0.25:1. Reactions which occur at | ower
tenperatures occur in the early cleavage stages,
preferably in the first cleavage reaction, which
occurs in the first cleavage reactor 15. 95%.t0 98% -
conversi on of hydroperoxi des to phenol and MEK and/ or

T PERISEEY obs SRFeReY atjh FBS HoRELPR b papFScvseehre

I nbj-lrgodhaterdtmmgvag@ﬁgagm rqmueéer ably in the

second _cl eayage act or .
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hy 8] QRO &Rt 1bR B dict Oabare! 2axed. 2Thacsecend. 1In a
cl eavagé reaction conditi ons can be fo;gtl m Z! dto

meRPH; PEef redo RURPEIMSHT o the) BCPHAER oAntP EfBAR e
AESc@hd 2P@Bragenréadichepraibcenbbdiartas , f1dme 0544 =t yoof
th %4 avage reaction is enhanced conpared to other

0 nts. By using a pipeline |oop reactor as the
f| rst Reaavhoms madchorcd, aktlovwer pempetitaires peiir in the

miLt | ﬂ} %1859%%@@& g5 Uh AT 9£§1§ Q.nvgfléfﬁ'lx%Q thasvddae

reac I"on 1S arrle roperly and to control
t heeGhiony B‘Pl‘ébl%cé’a'{’ a’rfy§thea sée?%a%éeﬁmrt 5%

cl egvage coﬁ@@ﬁidﬂn ol Kfd¥PeSbalfics toapherbl bAdtNEK Galb/ox
b0|I|n%|pot ceav ger actors C|dad|t|

15,y peetaney L A hiaveg ERtlR, T3E5Y (F 2 AGT FRCTPR el

rreaswtﬁmat whibdte regbitdchigihlet utempeacei: dremadictkoim the

nt. The_singl e _exot SUr d
Do kR, CASeRal¥ koS8 G ReTEREy AR st E1Mvage |
oureaxetoxt B8.r cBiot gonyersiva of | MBI ot PR 3t BMBAfep AES

m XL 3% g-Rat.. §hRld rélamglty Rligh henpleavess fo(faﬁiénOWO °C

m xture w tﬁéam exot herm gener at ed up % %C‘l 1
20ad8Pt13%h Fsah%ai'é\?fs@drF%‘FtlﬁPéc%E% pogbRPRYr sgterely untd
deEEérBﬂﬁ%tlEléhﬁﬂydiﬁﬁwﬁtidh pEQdud%edofﬂéaéhﬂbetye second

purs g%%%e T8 TgactLon s LA N9 YRl d mydi8BeidiB ge
remains to be cleaved. The second cleavage reaction
conditions can be optimized to maximize the conversion of
25 DMBA 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 15, it
is possible to make multiple exotherm measurements to vaerify
30 that the reaction is'bging carried out properly and to contrel
the amount of acid catalyst added 36 to the first cleavage
reaction mixture side stream 33. In typical boiling pot
cleavage reactors, acid addition typically is controlled by
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nmeasured is noderate (typically 15 C. If the reaction
is 10 running too fast, then no exothermis neasured.
If the exothermis large (25 C or nore), then the
reaction is running too slowy. The risk of the
reaction running too slowy is that a runaway =
reacti on can occur when additional acid is added. 15
Plug flow reactors (PFR s) and plug flow reactors with

$RE e 1 6 PERR I R 286 REREM | taiadantabhe $wLatild Bked
exot herm neasurenents. Controlling acid addition

Fiidd opnpaint i plThe sisgher oDy agapuseneiieds made by

ﬁ&lﬁl‘in%f a_agﬂéﬁg dufdinlel bE! @hé’%léa%%g@“%@a@@éﬁ SR ESbut of
tothe first cl eavage reactor 15 due to 20 an
thee gieaster exotiher moidagddbbion neingngndreirig ddat small

&b §B{ét&@a‘%¢%’5§° BERLY 1S ‘irfi‘%&?ﬁ@t Wath yaé’;f&.oul%és
saf ety corrponents romecontro corrponents. n a
pradtherme derstritidrapon ahéd exdtitdiom psemersuted ifor process
é@?&%&egnécgé’séeeaﬁr&h@' ! QCAMtASm 86 ﬁﬂlﬂ BokSsafety
neasur e 25 across one or nobre reactlon Xture
mxpdsesn nefsthemmactponnti s, rynrdingr ably, biyheredder epgtherm

B AP EL AU it’éng%gfsﬁcéiﬁﬂ‘ 15'“%62‘.” CEE N h DU+ 380! Ps
nmeasur enent” pol it ONng the  reaction mxture Si de
simdaum 88c fdmet extdieinenm ekstheymefier mbhyured. nmeds thed

%foék{%%mf L £S] 5 Gl AUA08 gggéé’fe 815 eh&h ERe Mdactio Ojgore
TSt Cl eavagegreact of Xotherm heasur efren
poiming, toprelarlabl y Thy mbslsusf rdet reatebgernatoniag too

ESH5735 L TRASYES B PO eoB k8 PR RO s ona
axiot Her edaéso preferably is neasured 27 across the
o PR e RS e L Al Pl B %o B
reagilee (BFRR’ Poiate ébpedhal Bx cidaptablaytdeanuifdplieedxotherm
AR o ROREL IS BT RGR A TORRL S
qraferabhyasiereniteatogchangeris®, ofngddady tiwoalittle or
N TR LTS ONAG I T RN CF S R
dtellcalr@at | @fbtherm measurement by any one failed control
system component, and essentially decouples safety components
from control components.

In a preferred embodiment, the exotherm preferably is
measured across multiple locations. The exotherm is measured
across one or more reaction mixture exotherm measurement
points, preferably by measuring the temperature increase from
measurement point 52 to measurement Point 54 along the
reaction mixture side stream 33: The‘ekotherm also preferably
is measured in the first cleavége reactor 15 across one or
more first cleavage reactor (FCR) exotherm measurement points,
preferably by measuring the temperature increase from
measurement point 35 to measurement point 37 along the first

cleavage reactor 15. The exotherm also preferably is measured
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conditions conprising a neutralizing base effective to
10 produce a neutralized second cl eavage reaction
product. The neutralization conditions conprise a
tenperature of from40 Cto 60 C, preferably from 45
Cto 50 C, and a pressure sufficient to maintain the
second cl eavage reaction product in the |iquid phase.
At nospheric pressure or higher is 15 sufficient for

ddvcB s thRos8cond eclwttagal kéattor, Qﬁl@&b&hlﬁy ts;nmdaearing
thorou h contact, of the second cl eavage gactl

SFAEHTE HEl 382 £ OMSHPE BT PGty POARE 248 | tgh measurement
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to a vessel equipped with a stirrer and a pipe m xer.
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clearage ireaghlianopFrduh fikileneubdeatedt ke mawtealization
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paragraph) at a pHoOf fromb5 erably at a
predbrcef pomestral bzed sr&reon%mlﬁawazedrs@@m drespg§e The

ARAGI19% m&eﬂueana SRPE, %qsbngot%nﬁ i‘é{ﬂlé 229 from 40

organi c fraction- an a 30 utralrze aqueou
G &t i69n °CThereberihly ainqm ] fﬁetoné@t et namid aopgembure

ALt ol BELREL L ARSI ol BB prgace
ire thhea ligedd" phaseus "Atncephiear c preﬂeua@lqmlhigher is
'{f’ﬁg‘ rc%.‘é'n%t b@?k? :ﬁuérﬁb teneutrE]QI héﬁ‘{:fgflza%[l [q %)#gratus

renaln r‘al irzéd Taqueous
erEnves dthsucaudledcmtacm:wﬂ edhet sesorré oldmra@arrteaotlsn

SRBACSAEh, clbosRal | SHISSRULLADEL I S U El e
inpludm,nbatnedeamoﬁrnﬂnebaarlae%ibmiMBthta @eeaeagequlpped

Jfﬁpgpgt§g@g%a;+gn %) %ﬂ argreferred enbodi nent, the

eavage produ
Any suitable neutralizing base may be used. Preferred

neutraliziﬁg bases are alkali bases. Suitable alkali bases
include, but are not necessarily limited to hydroxides,
carbonates, bicarbonates, and phenates of sodium, potassium,
and lithium, and combinations thereof. The alkali base is
used in an amount sufficient to maintain the neutralized
aqueous fraction (described in the next paragraph) at a pH of
from 5 to 11, preferably at a pH of from 5 to 5.5,

The neutralized second cleavage reaction product is
separated into a neutralized organic fraction-and a
neutralized “agueous” fraction. The weight ratio of the
neutralized organic fraction to the neutralized “aqueous”

fraction suitably is from 1:3 to 3:1.
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10 separation zone conprises a Crude Ketone Col um
(CKC). The neutralized organic fraction, or "CKC
feed," is fed to the CKC 16'(Fig. 1) and exposed to
CKC conditions effective to produce a bottom crude
phenol fraction and a CKC vapor distillate. 15 The
CKC conditions are effective to produce a CKC vapor
distillate conprising nost of the water (if present),

cuneng, leasRUbkktbPSAZENE netitdaAVBelN™LGCemtdM IHaickedn
organic fraction. The CKC conditions preferably are

rrglaably 18 peredterlatakdackaser thespertzald zation

SR HNI TR Yemdd e YL thal BEQERARL ¥2&h | »LQiusany
wat er present in the neutralized organic fraction.
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%{Déﬁ pre% .CKgFléaQQItdé delnl:3he 1 68Mp '§ﬁé]3}e71§c%°aqr:i.zed
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taguanusie fregtiondincrgadas oveactina, Mile myeferably is

éﬁﬂgﬁ#ﬂn%@ﬁaﬁ!§goﬂrf @%f§3¥iﬁ&$ghggﬁ§fduce a 25 crude

fraction conpri sing .%to 5 wm.%of a
Glasyage Paody gparation) fiopehenzene, AMS, AES, and

2PZB. | " e L.aen t | £i.Qns
con'prIlnsg g Qggtég%%p%%ng&gf%‘ﬁrghgf E%%@gﬁﬁ%c 20C,
garefmrtdloiny zbnentoBPBise 202Cdeakdtan€® Ywm pICESS ur eThe
pPS | 9y, PLELET 41 psi.g
futy AT Bedahlo Pt ls, S DO BE B0, el Bbene
R il dffighe 1EK&ndl eexpdsed e CHEutondlizoohsedifiegtive to

cl eavage reaction odyct aqueous.fraction .. js_from
SRR 3. OSSO g RSRRan T SF Fict T 13 R PPEE 1o
di sphidd@lce.product in a crude phenol refining zone 18

i k d . The _.CKC, di illat i
ou T B BLIEE S ol RE kb YEPEE Slce & Brkovapor
ddaqﬂﬁrll@dmgeb&priﬁmﬂimdstgfbfefchecirh’dgrt OLf mm_ €)a Eikene,
V r .condensat e. or con sale IS R
LI BROERRE, cond o 55, LBBOheRehs L5 Sridants, graction.
Ty KCCKondY 86nhs Cansinaalley agecefsed i .toAgredi:kana CKC
a5, O yapor  condensaeapugous aver i callef Lhe,

of any water present in the neutralized organic fraction.

The CKC conditions alsc preferably are effective to produce a
QKC vapor distillate comprising 75% or more, preferably more
than 75% of the hydroxy-ketones in the neutralized organic
fraction. The CKC conditions also are effective to produce a
crude phenol fraction comprising from 2 wt.% to 5 wt.% of a
combination of cumene, s-butylbenzene, AMS, AES, and 2PZ2B.

In a preferred embodiment, the CKC conditions comprise a
CKC top temperature of from 190°C to 220°C, preferably from
203°C to 207°C, and a CKC top pressure of from 0 psig to 10
psig, preferably from 3 psig to 7 psig. 1In a preferred
embodiment, the weight ratio of the CKC feed to the
neutralized second cleavage reaction product aqueous fraction
is from 1:3 to 3:1
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10 is fed to the CKC colum at a recycle point.

Al though it is possible for the recycle point to be

at a variety of |locations on the CKC columm, the

recycle point nost preferably is the sane tray at

whi ch the neutralized organic fraction is fed to the

CKC colum. The CKC recycle portion 15 conprises from
50 wt. % to 95 w.% preferably 75 wt.%to 80 w. % of

the @2 \dle phuaoUStlayeion ke pieiEiBdeto0d HihoICKC
vapQr condensat e aqueous | ayer, and t he_CKC vapor

BEM aife orGRAecPReYRt R Hindedors £8r e ineknqihor
pehgensRds, M xture conprising 2 wt. % phenol or |ess,

20 preferably |Iwt. % phenol or, |ess. The CKC m ni mum

nmass M IGFC VeRprodistEtiaka ishifedyEgr aeChE YRR Icondenser
280 M RS £8- BRELyapdd doriiedls@l! 8n@TPOGh et sedilSe to
CKC conditions conprise a mass reflux ratio of from
praduce @ §KE Yaporkcredenaste .zodde2SKUEKapevdieidensate is

§éﬁaﬂ%§§?ﬁhkoaﬁebﬁﬁ?vﬁﬁﬁ?ré%ﬂ@é%%%@eiBrg&ﬁfchéaker and a CKC

recovery zone 20 (Fig . -\Where cunene 1s fed to
YHOF sdegfaiex pgpeou ¥eloun@neorsiant of ethe CKthaapor

Ockh Gkt heRebheN afbf -G AR Sgﬁéepé & portion”——
m xture does not conprise a 30 significant acet Sne
tynfshdm tAsdCKS cebumedrt @ mesyede BEKnt pr ddfidtoughnit is
b $1 KIS Forl Qﬁecggcgéi’é”p&%d%s%ea@ étf’éf'é Jp xed
w th an aqueous base, preferably an al kall ba e, nore
Pedtdoas pnatbedFfim cokwyginithg basyclenpaintaimmatt and

at i j 0 I : ,
D oreaniatt oa he EPhETLANE de wfiRbR LBE Aoratized oxpanic
fifagtion ist feNEKe The CHAhswlumnf edThe SKEfredywite portion

[ eagt, LN v r

et ok 3wl R e e BT B R g 0 0
wodi wh phen8Ke. viper rapddusndagiext ur Bhe hegrmd imdeaablfetdhe

" r L X e’ | bj ecée to %@K
separ tgfrogggéﬁéig??%n&s&{e% ugctilai'ért BN ebRF At &AMk
eprrottuctteTheghkkc skppgataren mé@edi toofsrprefeiablapor

ri i.ng the MEK recover I xtuwe tq a
é:cge}[ngpéé’lrsgﬁsr g\gg#u¥$0?ﬁ%181ng 5 W§.¥ gl]'xeng{ or c.)l.ess,
preferably lwt.% phenol or less. The CKC minimum mass reflux
ratio to effect this degree of phenol separation is 0.05/1.
In a preferred embodiment, the CKC conditions comprise a mass
reflux ratio of from 0.1/1 to 0.2/1.

MEK Recovery Zone

MEK product and (if present) acetone are recovered in
the MEK recovery zone 20 (Fig. 1).

-Wherae cumene is not fed to the reaction mixture

Where cumene is not fed to the oxidation reaction, the
CKC vapor condensation mixture does not comprise a
significant acetone component and is treated to recover MEK
product. In this case, the CKC vapor condensate mixture is
mixed with an agueous base, preferably an alkali base, more

preferably a sodium containing base, in an amount and
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10 Cto 55 C, preferably from40 Cto 45 C, to produce
a cooled MEK recovery m xture. The cool ed MEK recovery
mxture is fed to a MEK recovery m xture decanter
where the cooled MEK recovery mxture is separated
into a MEK decanter aqueous stream and a MEK decanter
organi c stream The MEK decanter 15 aqueous stream
preferably is recycled to the cleavage neutralization

%ﬁ%@&gﬁogh&ﬁ@%ﬂ?&% %ratQﬁ.gQQi EnglESRBnHATRN' 88S

rocarbon, other organi € species, and any
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washed K ant er _or gani hase is,subjected t
ST YBE MER RSl A aRECES, 5 Sr bR b2 Brom 39
‘n{] othG!Sngc, apir:]@%@%tyns r}?a:g)ml\/ﬁlﬂ decant £ _ ?Ir,g?:mi protineans
The t washe ecapt er organi ream.is
i YR P eR et T A ey ThprROntet e ek aTeiy mixture
el &ﬁdﬁaMszﬁmTh m&ﬂt&&gg@u?ﬁgﬁ whdré deeanteled

ani ¢ _phase e -fe is fed t
MRH SHeCORBr B LBt e, | % AOREd SE SR Db a5 RAEBF L A0S
{tfeand anDE' NEK Thee ddXE Jreed gaaipr s666am MEKhe MEK decanter
hydr ocar bon, water, d qt her organic species. The MDC
3PS SEEBRE b BSF S TAINGC 160 FFYFORY. &7 1 (GearaIs
R He0e zat boVDippaedthend TRRPHMERI Agciier ARGnAkJaBieam
speci.es havi ngha boi |l i ng point sufficiently |ower

{IMRTIvER MEKpehYURFanhar, PEBRT: RESMIC ShRFigsypend any

PSR REREL ST NEhdVIEK JeddRter SPEEHERS JAaR0i8
boi ling point sufficiently |lower than MEK includ

. uri e,
PRI estednbe ASRBITMIM IQf (GWR PEHEPYS NEA MGl dRG Tipst wash
& @les washing the MEK decanter organic stream with

aqueous alkali base to remove trace phenol, producing a first
washed MEK decanter organic stream.

The first washed MEK decanter organic stream is exposed
to first washed MEK decanter organic stream separation
conditions effective to produce a first washed MEK decanter
aqueous phase and a first washed MEK decanter organic phase.
The first washed MEK decanter organic phase is subjected to a
second wash with water to remove trace alkali base, preducing
a twice washed MEK decanter organic stream. The twice washed
MEK decanter organic stream is again separated into a final
MEK decanter aqueous phase and a MDC feed comprising a final

MEK decanter organic phase.
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In a preferred enbodi nent, the MDC conditions conprise
feeding an entrainer to the MDC to renove the water
fromthe MXC feed with mnimal |oss of MEK in the MDC
overhead. In a preferred enbodi nent, the entrainer is
selected fromthe 15 group consisting of hexane,

cycl ohexane, heptane, and conbinations thereof. A
nost preferred entrainer is cyclohexane. In addition

to Mefhe tMIE-Medhobt £6E ©ENLIAII 10QNRPELS8S1umn, called a
hydrocar bon and other organic s eC|es havi ng a boi

MBR nPebysrafidionn Crdump e (@B 33906 Ygr eBherM aﬁe%p(:omp%:lses

NBR, boydrddi BRhNt waLér Mthd SthR10 oEgahle MXcies. The MDC
condi t1 ons conprise a tenperature and a pressure

fReenly avdpieatadi ve MRC orrnditdenér effertexantt erasvae a
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e erature iIs C251to0 90 C In a preferre
Frerfint RIMDGL prieky Ukawens thapnMBK to e padnprated
fP&n'\@Q bARICLARUS Wb BSABRD) donb182n uEK® M¥ganic
condi fions al so conprise a
PRe¢es haydagon bhbling nodr cmftfectihetbyeld:md tubeetne MEK

PP ers ne IR T SR e gl R
¢elanel.a MEK product columm ("MPC') and subjected to

MPC e *g! ra t ¥99 ot
i nt o%}p%{:’gr%gtg g'ff'.r&s and‘yae'L o%@r hfélg Jg%ﬁprl sﬁ’rP J’f%ghse
mm avEkntrainee wnbdd YOG tot hemMPE ‘dvervtaslmr ifgom the
é’é&"é}i% Mﬁﬁméf f reffeME%d an@ngME@tdverl'}\ealgP In a
over ead I'Ses a ream conprisin
m&&ﬁeﬂnedlambcdemtmmurﬁhﬁ enﬂnalhﬁﬁ margels¢ueﬂuﬁnam the

I anlc ci es hayv b0|I|ng
T S Oy S R LA
epmhMHHthMBathyrgmte MEKguto gurefer sed et fuck iner ds a
T\ Where purging occurs, the MPC purge stream
recyc "€d back to the first cleavage reactor to :
pr ovilte adadthenetfd tMEK,o tHee d0EYBopt oS Ol eradascicobgdises
%E The MPC cogdltlons onprise a, tengerature an

%§°ﬁﬁﬁ§°n and other organic species having a bofilng point
which is the same as or greater than MEK. The boiling point
of MEK is 79.6 °C.

The MDC conditions comprise a temperature and a pressure

g-

which vary relative to one another. For example, when the MDC
pressure is from 3 to 10 psig, the MDC temperature is from 75 °C
to 90 °C. 1In a preferred embocdiment, the MDC pressure is from 6
to 7 psig and the MDC temperature is from 80 °C to 85 °C.

The MDC conditions also comprise a MDC minimum molar
reflux ratio, based on the reflux flow to the overhead water
flow, of 5/1. 1In a preferred embodiment, the MDC molar
reflux ratio is 10/1 to 20/1.

The MDC bottoms is fed to a MEK product column (“MPC”)
and subjected to MPC conditions effective to separate the MDC
bottoms into a MPC bottoms and a MPC overhead comprising
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whi ch vary relative to one another. For exanple, when
the MPC pressure is 0 psig to 10 psig, the MPC top
tenperature is from85 Cto 101 C. Preferably, when
the MPC pressure is from4 psig to 6 psig, the MPC
top tenperature is from92 C 15 to 95 C. The MPC
conditions further conprise a MPC nolar reflux rati o,
based on reflux flow to product flow, of 0.15 or

pisd c o IMEKe r amhyoﬁ@ranﬁchﬁme&tlﬁ thenMac Dds@éﬁ{éa@ is the
lux ratio is 1. The MPC
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0o the oxidation reaction
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r S t P
O A A A 0y SO p UL bor .

m xt fhe. MPRecomd Fiaus g?@ﬁ@ﬁaﬂleyacbﬂwesaésmer omdld pressure
v\IhQ.c‘fq5 vy Yoo REEL PN, T gﬂ'%g% tﬁa}; }%gm LeVEkhedttne

%water (if present carbon.
Mpébé’ErﬁéﬁuﬁﬁthSaO\mmgefcp dﬂ B8iby ‘pln@d.‘m dop reoperature is

SO dismept \/\{I@Ieo he r ses

from@fS \%t t % currende tﬁ?&gvébg/gtu%%%% tq}en%%erFegare is

frgm dhesiol tows meeigonsbei MPENL opPCeeEck ttoepdsi from 92 °C
€of i N [ about, t hes an

t?? ggos& bl 'gtlgaé%\@ﬁ &\rérgine%%&ﬁr $P R Fafl EIRHEF%%%I‘

rafdusneatbo, A8asedveld 44£182 flow to product flow, of 0.15

or more, preferably more than 0.15. In a preferred

embodiment, the MPC molar reflux ratio is 1.

The MPC bottoms comprises hydrocarbons and other organic
species having a boiling point higher than MEK. The MPC
bottoms is subjected to standard post-treatment for analogous
streams in a phenol/acetone process before being returned to
the oxidation reactor(s).

~Where cumene is fed to the oxidation reaction

Where cumene is fed to the oxidation reaction, a crude
acetone/MEK fraction is exposed to acetone/MEK separation
conditions in the MEK recovery zone 20 (Fig. 1). 1In a
preferred embodiment, the MEK recovery zone comprises an
Acetone Product Column (APC), and the APC feed is the CKC
vapor condensation mixture.

The APC feed generally comprises from 14 wt.% to 45 wt.%
acetone, from 46 wt.% to 15 wt.% MEK, 14 wt.% water (if
present), and 23 wt.% hydrocarbon, together with a variety of
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Water 14 14 Hydr ocarbon 23 23 (nmostly s-butyl
benzene) Phenol <2% <2% O her (Al dehydes, <0.5% <0. 5%
Hydr oxy- ket ones, MO, nethanol, ethanol) 5 Product
acetone is recovered fromthe APC colum either as an

APC over head, or as an APC side draw. When product
acetone is recovered as the APC overhead, the product
acetone nmmy be tainted with "light" organic species
BaVvpAgdect) | iThg onBObRbod Biént! NahaaeetaRe i

p?eﬂfjerred enbodi nent, the APC 10 overheadoﬁgﬁ%ﬁ%%smigture

POFRE. 295 At diphEst ngsenm bt - %) guppne, the APC feed
Egbogﬁmllaﬁ%gAB&,Eyﬂ{f&g: purges the |light organic

species having a boiling point less than acetone in an

APEPC oResrch daghpoartl i an sRdasgeantdt dinldi cptiee sd&€lDReariations
roduct is wialhmrtavwheeonethe APE podalisleds a side

draw. In this 15 enbodi nentwtshe APC oVer head iwxcs

cumete as referredito as an 15 APC purgge streant 3por
oxihvenien@eedlhe ARC purge stream preferably is

‘recycled 6 The TifsT cl€avage+

eactor, to provraethe o

Resednd S 10 cleavage previofply OescrTped: |he2ﬁv
gREdrtTons—preferaly-y—conpt i&nf eedngTait—APE—Z E-&s—e——
6t he—ARC—colurn—The ARCHadhe preferhbly is 34 %

FE2H i hase mmst preferaﬂl‘k/i'anvaqueo s sol ut Fént of
BYqueggaghede, 34 npgt prefertbly an aqupous sol pgibn of
GeRp il Byrdpudyilde. The APC base is effpctive to
kenzensle the condensation of al dehydes in the APC

FheabMi t h MEK and acetone t€2%roduce [kondensatiasn

@rlopisiehides APC ot t ons €@nP%i ses the 5 condensati on

Hedioviyrkepoodsct s. [The APC base also i effective to

M@actethiankelphenol iin the APC bottons tp form sodium
lg. Hence, inja preferred enbodi nent, the APC

Product aﬁetone 1s recovered from the APC column either
as an APC overhead, or as an APC side draw. When product
acetone is recovered as the APC overhead, the product acetone
may be tainted with “light” organic species having a boiling
point less than acetone. In a preferred embodiment, the APC
overhead comprises a purge stream comprising some acetone.

In this embodiment, the APC overhead purges the light organic
species having a boiling point less than acetone in an APC
overhead, and & substantially pure acetone product is
withdrawn from the APC column as a side draw. In this
embodiment, the APC overhead is sometimes referred to as an
“APC purge stream” for convenience. The APC purge stream
preferably is recycled to the first cleavage reactor to
provide the benefits to cleavage previously described.

The APC conditions preferably comprise feeding an APC
base to the APC column. The APC base preferably is an alkali

base, most preferably an aquecus solution of alkali base,
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conditions are effective to produce an APC bottons
conprising MEK, water, hydrocarbon, condensation
reacti on products, and 10 sodi um phenate, and

conbi nati ons thereof. The APC conditions conprise an
APC pressure of from400 to 500 nm Hg and an APC
tenperature of from30 Cto 50 C, preferably an APC
pressure of 450 mm Hg and an APC tenperature of 40 C
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sndﬂumnppeaﬁEeabhydisnmhmqaﬂledstbheheofcleavage
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asr aeeepbENOL L1k Offld ng: 3ibler atadeshesuAPE 1¢RCaRt 8molar
stream. The, first washed APC decanter organic

BB Fe”s EER it S oABRRE or the PG G E 1on8

mmutseoasmiiﬁcﬁeﬂa&lﬁ TatPbOEECES st | gidatershed APC

decaﬁ% eous phase ang a first washed APC
decanbEr A6 gonF othade. SUPAECE Pfisto N cxppAPEt Lon

conditions effective to separate a MEK product. The MEK
separation conditions preferably comprise cooling the APC
bottoms to a temperature of from 35 °C to 55 °C, preferably
from 40 °C to 45 °C to produce a cooled APC bottoms. The
cooled APC bottoms is fed to an APC bottoms decanter where
the cooled APC bottoms is separated into an APC decanter
aqueous stream and an APC decanter organic stream. The APC
decanter aqueous stream preferably is recycled to the
cleavage neutralization apparatus. ZLike the MEK decanter
organic stream, the APC decanter organic stream comprises
MEK, hydrocarbon, other organic species, and any dissolved
water. Also, like the MEK decanter organic stream, the APC
decanter organic stream is subjected to a minimum of two

aqueous washes. The first wash comprises washing the APC
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decanter organic phase is subjected to a second wash
wth water to renpove trace al kali base, producing a
twi ce washed 10 APC decanter organic stream The tw ce
washed APC decanter organic streamis again separated
into a final washed APC organi c phase conprising the
"MDC feed" and a final washed APC decanter aqueous
phase. The NMDC feed conprises MEK, hydrocarbon, water,

aechrite rotiganeegatieak pﬁﬁre%quzbaswaﬂksfﬁdbéée fied dehoRe
di Stl||atISr colum, call ed MVEK Dehédratlon Col umm
d Pgas}lewﬁoatfoi%cweaﬁ&mﬁ hsdesankern wrogesic

Peeshice a MDC  overhead conprising water and organic
speci es having a boiling point sufficiently |ower

t han TIVEKftlé*“BeW%ba?a?i*% %”»atnrt@m PHREAMER, starrRm™ INDC
bOI;féHHédC QBPHEShATe Moo p 2 HARNC coﬁems&?{h@ffénwﬁ

ing point sufficiently Iower than
PrAdugiee andiraEcuashed | APG ideiceaiieroagpetan phassl and a first

ggggﬂ | e qg?ﬁ | nt h | S
corrprl ;kePC Beéafg{égf:néfz%ﬂ] entr ai gr ?%ét Wr er}ht%\ge
@qﬁamreprgaawm@asm faabd egited b nd ne¢corod wagh WEKh
Mtémecowgme\;srpect ) dA:p?aal B gger ﬁgd&gmg 80 ce g%shed

entralner 1Is se omt oup con |st|n
M slesangge| ohgrabe, sttmﬁrraneThanuwic@mbastmd m decanter

h
ShPES prbeElo IS oY SLAALER, Bhko LS S Sl huinsse
ganiics pbashydenpat ©iny aie GMPEr feeganimd sapei:hreﬂ washed
ﬂﬁﬁ”d@%aﬁt 9|Lkﬂ§?£¥ mhlch is the sane as or

greater renalnlng 36 procedures are the
sane Tas M@@cf £bd dedmprtireesc mKesppddom@rbcxe,ctwm uaddr

405 530G WIECELFUTEHE W ol ol Bl ) SRS SRt ion
amldenst cellledt & MEX dleneratiohoChivmd oddt OWMDWY and
SHATRLEY: L ERP! Soda Al QHEIRLI QOSSR T BE 1O
overhead comprising water and organic species having a
boiling point sufficiently lower than MEK to be separated
from the MEK, and a MDC bottoms comprising MEK. Organic
species having a boiling point sufficiently lower than MEK
include, but are not necessarily limited to methanol and
ethanol.

In a preferred embodiment, the MDC conditions comprise
feeding an entrainer to the MDC to remove the water from the
MDC feed with minimal loss of MEK in the MDC overhead. In a
preferred embodiment, the entrainer is selected from the
group consisting of hexane, cyclohexane, heptane, and
combinations thereof. A most preferred entrainer is
cyclohexane.

In addition to MEK, the MDC bottoms generally comprises
hydrocarbon and other organic species having a boiling point

which is the same as or greater than MEK. The remaining
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reacti on tenperature on conversion vs. tinme and

sel ectivity. Hydrocarbon m xtures having a wei ght
ratio of s-butyl benzene 10 to cunene of 7 to 1 were
oxi di zed using depleted air with 7 vol. % oxygen at
at nospheric pressure. The results, presented in the
foll ow ng Tabl es, were neasured using gas

chromat ography. The Table 1A reflects results at 110
Srocddintes relapcaainy 8s ddTIBHWAY thensok Pe¥obiing
% T| e q§§;s S%ﬁ g 8.10 12 Cunene 11.99 11.83 11.46
#aCbLoy Undley Ghe Deading cMiheks, oimess de BatshedAiqghe
80ad0iod. ikt uAfle.” @pB9e. 05 0.08 0.12 0.21 0.32 DMBA
0.14 0.15 0..17 0..19 0,22 0.27 EMBA 0.01 0.03 0.07

0. 05 FOFRPIEFatdgp- wily be Retger) wigersgood with mference

s8BHR *£3110whihgl «R3mp186: 3. 15 5. 02 6.63 Unknowns 0. 10
0.12 0.14 0.187-0.23 0.35 15 *s-butyl benzene

**acet ophenone ***cunene h i de

T S3AHY | d3aREeN8nBY §5 PP G5 P ignedD t b8 st Be I

results at 125 C nTable ?% Tenperature iZg%:éﬂé(ggféft of

AP itHPeratvERgRR genVeREignoiss time3amdsselectivity.
donl fiktuPlslhadfnd G 2% 3480628435 S-_B}ﬁgg;ze

85.90 84, 11 8153 78.30 17.61 o TS A L

Bo 49utere) oF. Jeto3} PREA oxidizpd asdngodepReted 30 wigh 7

&éiy\4ld¥&d%n0%t0a9ﬁ09pﬂé&££‘%ié%s%Qe. The results,

presented in the following Tables, were measured using gas

chromatography. The Table 1A reflects results at 110 °C:
Table 1A
Temperature

1i0°C Compositions in Weight %
Time, hours 2 4 6 8 10 12
Cumene 11.99| 11.83] 11.46} 10.95]| 10.33 9,96
s—-BBenzene* | 85.37| 85.51| 84.52| 82.69| 80.10| 79.33
APp** 0.03 0.05 0.08 0.12 0.21 0.32
DMBA 0.14 0.15 0.17 0.19 0.22 0.27 |
EMBA 0.01 0.03 0.07 0.05 0.09 0.11
CHP*** 0.75 0.96 1.28 1.62 2,25 2.69
SBBHP**** 0.41 1.03 1.96 3.15 5,02 6.63
Unknowns 0.10 0.12 0.14 0.18 0.23 0.35
*s=butylbenzene
**acetophenone
***cumene hydroperoxide
****gs-butylbenzene hydroperoxide
Table 1B reflects results at 125 °C.
Table 1B
Temperature

125°C Compositions in Weight %
Time, hours 1 2 3 4 5 6
Cumene 12.13| 11.69| 11.10| 10.26| 10.06 9.55
s-BBenzene 85.90| B84.11] 81.53| 78.30| 77.61| 76.26
AP .0.06 0.12 0.24 0.49 0.60 0.96
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CHP 0.98 1.27 1.69 2.33 2.65 3.23 sBBHP 0.81 1.90
3.41 5.82 6.95 9.32 Unknowns 0.10 0.11 0.16 0.37 0.46
0.69 The foregoing results indicate that, when the
reaction tenperature was increased by 15 C, the
reaction tinme to achieve a given total hydroperoxide
conversion was halved. 5 Exanple 2 A standard

oxi dation m xture was prepared containing 300 grams

oipacc-buty] Denzgne 0SB, andoqn W[ 08, 34E"F 16
eMBRCT T Ve T0 PHOFYIE @, BRIy &[0 Pi1 FHETF 30
H1p- 1. Ine Oxbuggl OTTTTR%uT (1 %Igbu Lé)ly. t

1 2.6
ARERBPET OXT Y305 vy = it T &t | THe g o355
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d;ampeea:ltwm wasn iam:ﬁraased By cia "‘k':;/,pe:fhlel regaewﬁitmgg h:o?
LErin rteof 0 e ore0|n st andar

G & Faet Rl s r e SRR cgnes Fet vod didse.

the effect of anmoni a on tiggmal on. f ammnl a or

wat er de Q .t control m xture. Ater

hour 2 St rd ab Dok i sy REPBRRES. eRatpindey 300

wpans 20f ansi-butyli Bendefe 165EB)ORMAPBANGhouh® & fdunghe

rative experinment, gurl ng oxi dation, gaseous NH3

SEER Bia &5 BiRG Ahke oo REIABPHAUTIR& 1 @ -t L -

dhevedgida tiain &liﬁkﬁ:ugeZaﬂ.s@aeﬁdi‘ﬂ:aﬁﬁleﬁh@.%eéﬁﬁéﬁ@%ﬁﬂ eroxide

groductl , .resulting in an amonia feed rate of 3.26

R/ Y5 atery IBeoRRiddinay dinrErexpasi arprsed tos

vk i datiindrelcomRl £ 16R8" 86Rb M dihd ke rehpBdat dr&XiHatioRe, an
m xrure. Dur i ng oxi dat'i on gaseous anmoni a was

% [AI5FGh CORRE 554 BAtIWh cofipur 3% e 4@ Fpouand a

Stléédﬁlgﬁ:r&sshfieneﬁt gal pg£y.73%naf e‘kB‘ériﬁéﬂ@i dé“éa‘i‘rled out
roduction (molar ratio of NH3 of ase

R e e BushL dTHPR dLE tHeRt ot e Wik Ri AL RLTRa@teard 1300
Pfm. ammoni a of 0.26 cc/ mn.

The foregoing standard oxidation mixture was oxidized as
a control to assess the effect of ammonia on the reaction. No
ammonia or water was added to the control mixture. After 8
hours, the mixture contained 438 wppm formic acid, 860 wppm
acetic acid, and 1510 wppm phenol.

In a first comparative experiment, during oxidation,
gaseous NH3 was bubbled through the standard oxidation
nixture at a weight ratioc of 9.2:1 based on the expected acid
production, resulting in an ammonia feed rate of 3.26 cc/min.

In a second comparative experiment, 1.25 wt.% water was
charged with the standard oxidation mixture. During
oxidation, gasecus ammonia was bubbled through the oxidation
mixture in an amount sufficient to neutralize 73% of the

expected acid production {molar ratio of NH3 of 0.73:1 based
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Measurenents of cunene hydroperoxi de (CHP), s-

but yl benzene hydroperoxi de (sBBHP), acetophenone (AP),
DVMBA, 5 and EMBA were perforned on sanpl es taken

every two hours fromthe control mxture, and every

hour fromthe conparative experinmental m xtures, wth
the following results: Table 2a Oxidation w thout NH3
Time (hour) 1 2468 CHP 2.3 3.15.27.07.7 sBBHP
&n3tBe Sedbectéd Aacla. pro&&ceidnpr Febuiting 3nlre te of
0.3 0.307]%323 EMBA 0.1 0.1 0.2 0.6 1.2 Table

S IF AT hr Ak CF/REB with 9. 2 : 1 NH3 to expected

aci d mxmtemeemomfacﬁﬁ@de rw&t&:ope?a:o%@decg&k?%“‘lg 0

§ {7‘3 2345678 CHP?2 3.1
UBY PRPZetspiiydrogesoside o(SBRHR) /5 apetophengne. (AP)AP DMEA,
nd BMER Gvéi'eop%riogmédfgo@ @ lfés mn e@e.gygttg 8\4:91:% from

0.9 1.3 1.8 2.4 EVBAQ 2 0.4
0% SORERSY aaﬁ’taﬁew ppd 19‘235% #E@rarfaomr@hat conTative

Sfed merreleqliaduash | AN VERTLA shEeYe Ll 65~ 0, 26
cc/mn Time (hour) 1 2 5’2
5.6 6.6 7.4 8.1 8.5 sBBHP2.03.75.87.89.7

Hable Rag Pxidatipnowitlowt OB 0.8 1.2 1.8 2.6 3.4 DMVBA
Tinge OH®uE)4 0.6 0.9 143 168 2.8 EMBA 0.0 0.1 0.1 0.2

¢ipt 0.6 0.9 1223 H) 1lRezl Rpovenmgnts are sunmmari zed in
d8muy ol | owi ng; Tabj & apd, gidlustrated in Fig. 3: 39

AP 0.10.30.8 1.7 3.1
DMBA 0.30.3 0,7 1.3 2.3
EMBA 0.10.10.2 0.6 1.2

Table 2b Oxidation with NHj
with 9.2 : 1 NH; _to expacted acid amount
Ammonia feed rate = 3.26 cc/min

Time {(hour) 1 2 3 4 5 6 7 8

CHP 2.03.14.4 5.5 6.4 7.0 7.5 7.6
SEBHP 1.8 3.7 5.9 7.8 9,5 11.012.112.7
AP 0.10.30.5 0.8 1.2 1.8 2.6 3.5
DMBA 0.20.30.5 0.6 0.9 1.3 1.8 2.4
EMBA 0.00.1 0.1 0.2 0.4 0.6 0.9 1.3
Table2c Oxidation with 1.25%

H20 and NH; at 0,73 : 1 NH; to

expacted acid amount

Ammonia feed rate = 0.26 cc/min

Time (hour) 1 2 3 4 5 6 7 8
CHP 2.13.24.5 5.6 6.6 7.4 B.1 B.5
sSBBHP 2.03.75.8 7.8 9.7 11.412.914.0
AP 0.10.30.5 0.8 1.2 1.8 2.6 3.4
DMBA 0.20.30.4 0.6 0.9 1.3 1.8 2.3
EMBA 0.00.10.1 0.2 0.4 0.6 0.9 1.2

The improvements are summarized in the following Table, and

illustrated in Fig. 3:
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Summary of inprovenent as a result of 943 -addition:
Conpare w no NH3 (D) MA + base case HP yield AP* ENMBA)
* Phenol NH3:acids = 9.2 :1, no water +2.3%-7.70%
-12.4%-32.9% NH3:acids = 0.73 :1, w 1.25% water
+13. 5% -35.70% -37. 2% -73. 4% * nmeasured at t-otal

hydr operoxi de |evel of 19.82% After 8 hours, the
hydr operoxi de yield in the oxidation mxture charged
Svirtnka 2y 10 iimpdehan & %A L haisulhtab i RE) heidd @Ak o
extpadenol  pol son was 249% T ower than 1n the control .
W ties MERCh oXxi dation m xt ybsmAag reached 20 Wi

bysld apaded XHP Ofield heapwmonemexhar grén®Xi dation m xture
RN DLfpd an AP ~production 367 [ ower than in the
Loty 0], "and DVBA and EMBA were 37% lower than in the

control..,” The,.result re 10, graphi ¢al depicted in

I teesz 3- 5.§'ZN§?e tHat'® ig‘.lg'%os'éggi%%l udes the
T Lﬂog:'s fhen dry NH3 was added at a ratio of 330:1
%s’e on expected acid production. In this experinent,

5y

s higher than in the control. 15 40 41 CLAIMs 1.
odugi controllable yields of (a)
i } gl a&é}fﬁzﬂi{-@%@m@ﬂxﬁ (b) phegm),
adpEedRd Mekal shydrqnegcdddeconpri sing the steps
vel f"é:-e&ignazﬁn oxi dation feed to an oxidation reactor
to 5 produce an oxidation m xture, the oxidation feed

After 8 hours, the hydroperoxide yield in the oxidation

mixture charged with ammonia was 13.5% higher than in the

5 control and phenol poison was 44% lower than in the control.
After each oxidation mixture had reached 20 w% hydroperoxides,
the ammonia-charged oxidation mixture exhibited an AP
production 36% lower than in the control and DMBA and EMBA
were 37% lower than in the control. The results are

10 g&aphically depicted in Figures 3-5., Note that Fig. 3 also
includes the results when dry NH; was added at a ratio of
330:1 based on expected acid production. In this experiment,

AP was higher than in the control.
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conprising one or nore al kyl benzenes sel ected from (a)
s- butyl benzene, or (b) a conbination of

s- butyl benzene and cunene;4ixidizing t he oxidation

m xture whi ch conprises an O oxidation base to

produce an oxidation proéq_‘ck%;!$am conpri sing

product hydroperoxi des s rom(a) s-
but yl benzene hydroperoxi de, or (b) a conbination of s-
but yl benzene hydr oper oxi de and cunene, hydr oper oxi . de;

cl davi @RW%&%M PRRAVHND R blph e xields 18F (a)
Cl &HERA R %tmt}%fgcé@én@hmﬁk) ape WBK, ?Héném

phénol , acetone, and separating fromthe cl eavage
pr mor@ crand NEenosaid rB’é‘?‘F%ﬁS mrsﬁh@gpﬁbﬂoﬁt%a of:

2 Fddiad agf%ﬁdfgi;nséé&tw 44 05k {@at Pohi ' HEEAEK to

a cr 20 acet one/ MEK strean1congr|5|ng
I\/Ekpxmﬁucaacarormumom debvureg the oxidettonrbeed: s

sel -
accc(')b?.ﬁ Jt’%nc alm conprégla‘r;w gdm?é %’%P&Sg?(clidgr?nan(a) ©

m mmhemmme,oromﬂe) oa)mcpmbmstm dof i ®nbutylbenzene and
re and feeding a source of nolecul ar oxygen to

the oXxidation mxture. 3. A process according to

cl ai ns dicigti 2irdgirithee rox dampidrs i migtseparehicly comprises an

o SRR L G B B Lo AP grean
4. odupricaiasy ep:aﬂxmmgnydlrapgrmm&ml mldctedsfmbméah 8-
Mo Al U4 Pl GUELEIE, So Y] DETRSREAS LR s o-
t heurtlddriene hydesieroxsde aud cdumsne ahydnopepokbde ;
a0 e it The SRS T SPLLSR: o280 O510RLACR: o
prefeivaadgd grddudk Sdpt sty (8) Phéel and MEK, or (b)
phenol, acetone, and MEK;
seéparating from the cleavage product a crude phencl
fraction comprising phenol and a crude ketone stream
selected from (a) a crude MEK stream or (b) a crude
acetone/MEK stream comprising MEK and acetone; and
recovering one or more products selected from MEK
and/or acetone.
2. A process according to claim 1 comprising feeding the
oxidation mixture to one or more continuous oxidation
reactors and feeding a source of molecular oxygen to the
oxidation mixture.
3. A process according to claims 1 or 2 further
comprising separating the oxidation product stream to
produce an oxidation bottoms'(OB) and an oxidation vapor

overhead.
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an oxidation reaction tinme of from6 to 11 hours. 10

6. A process according to any of clains 2 to 4 wherein

the oxidation conditions cogprise: an oxidation
tenperature of from100 Cto 130 C.; an oxidation
pressure of fromO psig to, 100 psig; and ot al .
ré%idé%d%r??%%siﬁc%gﬁth%nF?nﬁﬁ s°?eﬁ€?6psoi E?ngVBﬁFEln
1 e Swéglis. rdtid Of 086HENECEON §-PUti/dbanyeat dbaft®dm 1:8
2 to 4 wherein the series of continuous oxidation

r R tdrs: conprises from3 to 8 continuous reactors in
S| en Prodedd OS656rALEET €6NELAOMCL avAkfeMiCEBeNOKkRBation
wei ght 20, ratio of cunene to s-butglbenzene is 1:

artFadersel? & bakchopxidabicenoxeagtrsnandathsr oxidation

freondi ¢ fos &SMpi-gQuUS oxidation reactors in series.
9. A process according to claim3 further conprising:

spuraridRtior LRMPRYABAreapbr TB9Br RRadCi RPo1aA °Ci

OXd 1k sk a t Zon VEPOEsQ¥ET BEErGMIaNpEi G 861 18D pEYE; CBhd,
and an oxidation vapor overhead aquedus fraction

( GrO-eAdatgien peafhioR heimyoAFL uadef Hot hér Ranrs.

dego |t t SOPSERE NG e 9f O4%E 8 t 0250C,aRd ;
t(t:&e'r mn%sérla%%bn%o& ti o%“#e%‘gu?e&o f?%h%goépg?gat gﬁereln
20theshxidat Bon pronditiens heemprigeconposi tion product
Caprd %&théﬁcﬁ € a@ﬁ?%hgﬁefroﬁaiBSXVE'anibﬂsﬂc@?d

conbi nat1 ons "t hereof . 0. A process according to

clan moidakidmrpresgpurei of, Lromt fepdigohpodPPi prigrepnd,

S50, R AELCES80  S3cROLnt gl Y e

‘OMxdd- hlt@ls haseshaving a pH of from10 to 11; and,

O A S FELETL HECOIPIR) L ECRLSAHCS 18 4 vherein
ditHie | sent e NSIf ac el madbudecoifasidnoreacoduyst canpedses
kx%%é%“% to 8 continuous reactors in series.
8. A process according to claim 4 wherein the weight
ratio of cumene to s-butylbenzene is 1:8 and the series
of corntinuous oxidation reactors are from 5 to 6
continuous oxidation reactors in series.
9. A process according to claim 3 further comprising:
separating the oxidation vapor overhead into an oxidation
vapor overhead-organic fraction (OVO-OF) and an oxidation
vapor overhead aqueocus fraction (OVO-AF);
decomposing the OVO-AF under a thermal decomposition
temperature of from 80°C to 250°C and a thermal
decomposition pressure of from 100 psig to 200 psig to
produce a thermal decomposition product comprising
alcohols, aldehydes, carboxylic acids, and combinations
thereof. v
10. A process acéording to claim 9 further comprising,
in the decomposition step, adding an OVO-AF inorganic
acid to the OVO-AF and neutralizing the OVO-AF inorganic



10

15

20

25

30

35

~overhead 10 and a stri pper

11. A process according to any of clains 3, 4, or 6

further conprising feeding the OB and a quantity of

water to one or nore stripagrs to produce a stripper
ttons conprising the

hydr operoxi des, said quantity of water being

equidfdieitly an ANQ-AF ilkalh base aving a pH of from 10

oxi qgy i1an kgig oms. 12. A process according to claim 1l

further conpr|5|ng feeding OB through nultiple

stri pperssdidilding the theranle decanposidaiarn preduct to

L S S GRS

cl ai tILJtlcatﬁ gng tmérhemmﬁard@m@qurg prai@ f cagueous
COMYditicig @ neutralized organic fraction from said

cl eavage product to a cleavage 20 product separation
zondland pajgwedss rpadmliCieC feahyt ©f pledne 3, v uder 6

phe HHe3ct f % )

COITJOI}IQJH at | ?ri ag ?r[h"fwl Sﬁoer&u{i mlfekﬁ%e%r%gnes&éa%\gy f water

AEStoamheZBZ:Bmcamj stﬁfﬂ.ppﬁﬁ: tscamrodhcﬁ id |sttipper overhead
wat er t.he _one .or .nore .

o KBS B %A Poedt Bl Eompdl o Y iffoperoxides,

t helsadﬁ igmainiee. tgr sk Wéettemd:eﬁoignaqdﬂ@)entf assl. frcm A1l wt.%

K p Pt "ty Hoi A B LM at ure of from

190@2t. OAzg&aceasCIé@dmzmsewrcaaaﬁn flflomtﬁrﬁlfélg domphfi sing

V5. Srefiinioe B Reisiat L un AECAPRITE PRGFATRA 2tos

c Onﬁfeq&bhglﬂﬂ 1yC @ditdihd Hrdaturedd to Frddddeét dtripper
vapor condensate; and, separating the

produce_ a
CKC°\V§5 Faggﬁﬂ’é]n §atsé'-rt1(PP¢9rro RREEMSGKC  vapor
condensat procedd adcR¥dind R JEHCoaRARIHNACRSAN® further

comprising feeding a CKC feed comprising a neutralized

organic fraction from said cleavage product to a cleavage
product separation zone and separating the CKC feed to
produce

a crude phenol fraction comprising from 2 wt.% to
5 wt.% of a combination of the one or more alkylbenzenes,
AMS, AES, and 2P2B; and,

a CKC vapor distillate comprising most of the water,
the one or more alkylbenzenes, AMS, AES, 2P2B, and
combinations thereof in the Crude Ketone Column (CKC)
feed.

14. A process according to claim 13 wherein the
separation step comprise

a CKC top temperature of from 190°C to 220°C;

a CKC top pressure of from 0 psig to 10 psig; and,

a minimum mass reflux ratio of 0.05/1.

15. A process according to claims 13 or 14 further

comprising
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5 aqueous | ayer. 16. A process according to claim15

further conprising feeding a CKC recycle portion of

t he CKC vapor condensate aqgeous | ayer to the CKC

colum at a recycle point. 1I7. A process according to

claim 16 further conprising 10 m xing_a remainder_of

t he CKCopagensddg &iea G yadayrs di lafe Fq Rradyuse a CKC
vapiy densRifaatidlanify | ayer to form a CKC vapor
condefisate m xture conpri'sing 2 wt.% phenol or |ess.

18. A peepagatdagoitdien KRG vapprofcondsndates o prpduce a CKC
wheral M ’ I LSyl

m xirv%gatrhg%%%vapor oc%c#]ag%%slg'tl or}b)r%r% %ﬁ;ﬂﬁ%&éﬁf ‘ondensate
ano@quecws dayerk .recovery al kali base effective to

condens QU 1.t ; A ad

con ggn’ S gt Z’rr?l%;gtsg & éév‘\:/l&I l%%?% %2%13{1 él % \? er %E%ae\iana%mﬁ lilys +h3

of fleeddng a IKE GeCyRles guorticonddhsdiee GG twapon sondensate

i P EOUR a0 1 e, B SR B E FERE Botey,

MVEK 1pr.odupiroces®. akoumiiess tac cdadmd. 6 dwitdien k®mprising

wherein_the NMEK _ .separ at, st conpr.j se C '

t he rﬁgego\fgwlrﬂ%%ﬁ rc’e1§ ?%‘ea cﬁ%nﬁ’ é’t"iu () s?ag% %“eous

C t da¥yerCwitchp i@l KOG vapdre ddidénsat® enganid lreejer to form
and ar at i t he, cool.ed NEK recovery .ni .xturzg to Maﬁenol

n
2 1 Br SR WeRORq SORSSTEARE, TS AOMRE RGP
streamlesd@.20. A process according to claim19 further

conpri sin recircul ati the first MEK aque stream .
Lo Bhe’ AcPEarass AR IE oA PR AlaaRE 15 40 17 Wherein
pr og@es MERC QisdirR@idvdre @by HrepsrioBmpilgdimp Wwherein

the acetone/ MEK separation step conprise feeding, 35

t heMdXEAGNEPRERTS VARAY FOReRERtHAR PHgtke ohitjnfAn amount
(APgE 45MERS raRofeey @A%aANd paRRAF T ivie i edifféhse a

to an APC product_ conprising_ an APC over head ,
Conﬁ\pggpg&yaﬁpr@dehy es in the CKC vapor condensate mixture

with MEK and to convert a majority of phenol in the CKC
vapor condensate mixture to sodium phenate, thereby
producing a MEK recovery mixture; and,

separating the MEK recovery mixture to a MEK product.

19. A process according to claim 18 wherein the MEK
separation step comprise

cooling the MEK recovery mixture to a temperature of from
35 °C to 55 °C to produce a cooled MEK recovery mixture;
and, A

separating the cooled MEK recovery mixture to MEK a first
MEK aqueous stream and a first MEK organic stream.

20. A process according to claim 19 further comprising
recirculating the first MEK aqueous stream to the
cleavage neutralization apparatus.

21. A process accordingly to any of claims 1 to 20
wherein the acetone/MEK separation step comprise feeding
the acetone/MEK stream to an Acetone Product Column (APC)
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25

purge stream conprising acetone, said APC product
further conprising substantially pure product acetone
as a side 5 draw. 22. A proggss according to claim 21
wherein the APC separation Conprise feeding to the

APC columm an APC base effective to catalyze the
condeh i iARC dfeed RN ReParREiRg Al ARG faed vie REKPC

oo ERARTE SFOGE 80 A5 SLIRES SOE) R M anc
sodi%%@@@;m genpohbinntacekoneeranid ARG product further
5 GRmmbirlf Fe e ALY bR PBRIO AT ag g side
15 AR@W.s operated at conditions conprising an APC top
e e atuid s yE St STl 2L e, she avc
nDIaepaﬂadipnrcnmpriaelzll, calculated as rate of
ol b SR L I RO i SO L e o
23 wiatadiyze tthe eontEnaat ivixtef alishydeesimntkeAPC feed
o SN kLl A OO PATLE el S Somprising
25 bER, iydyozsaborn N PO Wondetddicantrdar it usroduct s,
ol A aatBl L9, 0f hase 19 achds o) Mo T%ALds, Sida,
separating the APC bottoms to separate MEK product.
23. A process according to claims 21 or 22 wherein the
APC is operated at conditions comprising
an APC top pressure of from 400 to 500 mm Hg;
an APC top temperature of from 30 °C to 50°C; and,
a minimum APC molar reflux ratio is 12/1, calculated
as rate of reflux flow to side draw product flow on a
molar basis.
24. A process according to any of claims 1 to 23 wherein
the oxidation mixture comprises an amount of water in the
range of from 400 ppmw to 2 wt¥%,
25, A process according to claim 24 wherein the oxidation
base is present in amount sufficient to produce a molar

ratio of base to acids of from 0:1 to 6:1.
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