METHOD FOR THE DECOWPCSI TI ON OF CUMENE HYDROPEROXI DE CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clains the benefit of U S.

Pat ent Apwbi2entiserr712/ 797, 321, filed on June 9, 2010, tIreTAISRIMMBIWONt €Nt S
of which are incorporated herein by reference, for any and all purposes.

FI ELD OF THE | NVENTI ON [ 0002] The present invention relates to an inproved
nmet hod for the production of phenol, acetone and al pha-nethyl styrene (AVS)
froma cunene hydroperoxi de and di net hyl benzyl al cohol (DVBA) m xture.

BACKGROUND OF THE MiMYEIH @0 & 489810 FOeMIPOS MAYN it btk produci ng phenol

and acetone is via air oxidation of cunene to cunmene hydroperoxide (CHP),
foll owed by acid catal yzed decdh¥YBRQAREROXIDEFhe CHP sel ectively to phenol
and acetone. Dinet hyl benzyl al cohol (DWVBA) is forned as the principal side
product in the oxidation step, and is subsequently dehydrated to
al pha- net hyl st yr €dROSANBEFERENEE SHOREICA YEDaA RPLECA TdONSposi ti on st ep.
[0001] This application claims the benefit of U.S. Patent Application 12/797,321,
filed on June 9, 2010, the entire contents of which are incorporated herein by reference, for

any and all purposes.
FIELD OF THE INVENTION

[0002] The present invention relates to an improved method for the production of phenol,
acetone and alpha-methyl styrene (AMS) from a cumene hydroperoxide and dimethylbenzyl
alcohol (DMBA) mixture.

BACKGROUND OF THE INVENTION

[0003] The dominant method for producing phenol and acetone is via air oxidation of
cumene to cumene hydroperoxide (CHP), followed by acid catalyzed decomposition of the
CHP selectively to phenol and acetone. Dimethylbenzyl alcohol (DMBA) is formed as the
principal side product in the oxidation step, and is subsequently dehydrated to alpha-methyl

styrene (AMS) in the same acid catalyzed decomposition step.

[0004] The acid catalyzed decomposition of CHP is well known, most modern processes
utilizing a two step, continuous flow approach to optimize overall yield in this step,
especially of DMBA to AMS. Examples of such prior art are U.S. Patent Nos. 7,482,493,
7,109,385, 6,307,112, 6,225,513, 6,201,157, 6,057,483, 5,998,677, 5,463,136, 5,430,200,
5,371,305, and 5,254,751, all of which are hereby incorporated by reference. These and other
derivative approaches are based on the work of S. Sifniades et. al. as detailed in U.S. Patent

No. 4,358,618, which is also hereby incorporated by reference.

[0005] A key to the two stage approach is to use a lower temperature first stage, targeting
the selective decomposition of CHP into phenol and acetone while maximizing preservation

of DMBA (and ultimately the AMS product from it) as dicumyl peroxide (DCP). The second



[ 0004] The acid catal yzed deconposition of CHP is well known, nobst nodern
processes utilizing a two step, continuous flow approach to optim ze
overal | yweldit/rs612hi s step, especially of DVBA to AMS. Examskeés/osfoesuch
prior art are U S. Patent Nos. 7,482,493, 7,109, 385, 6,307,112, 6,225,513,

6, 201, 157, .6, 057, 483, .5, 998 677, 5,463,136, 5,430, 20 371,305, and
5, 254, PHEC IRIYPIAHLY fifi AT diclifien ehear s ey %}egl?g?éﬁe Q_.he"lﬂiese and

ot her detioMahhyAMPREIaEHRSata R Laged DMBANBoMARKARS stise Bl Aliisades et. al .
as detailed in U S, Paterit No. 4,358,618, which is al so hereby incorporated

by reference. [0005] A key to the two stage approach is to use a | ower
t enper d000@E fA verictgoagaprovemerss hang helge dsmpedratedd yddengipe dhe qonditiohs HP i nt o

phenol .an tone ile maximzin reservation of DVBA .(and ultimately
e, avaine SR E S Palion, F GBI Gl BRFRGH ah eBlof AR BBy tbugr®
2011/ 156pa{RGTérip2aidd st ptitioha gkough sbinpii®ptdvimehtl fesdiQloheke efidphaitt er to

sel ectively deconpose the DCP into phenol, acetone and AMS, and dehydrate
the restudugs thovspofmakitydigousirpaction stgges. Lakoskmisky gb@brefaropses ady of

i mprov . r i { t1Qons t he CHP
decorrpgsgﬁ{ﬂit1 %ﬁg%gssé;ﬁdﬁlf&g?%&? %%hg%gﬁggwﬁtt%@gﬁﬁ4@é§l %ﬁfeﬁ?ﬁ% eorf(,ﬁtlephenol or
cunmene, mee parevhevyapprodches/ahérotise aidisipactallgmsytralrod ghithsaomieed pripraoy éwent s
focus on the e%ui pment, such as the use of multitudi nous reaction stages.
ZakoshaRe¥y $48¢- al . references and sunmarizes these various approaches in
U.S. Patent No. 5,254,751, including one of the nore innovative approaches

where t[bﬁo-gci Al b8 tHRY dfpRddchedIRHE HRlsk &M d\hihBs BNy PRSI PFgBfrinkGedyfing 8£ ONd
stage. [0007] Al of these approaches have plusSes and m nuses, typically
requi rissgnifieany einpwegs of proiduetinidtersat backntouthis padfof grequaessss.hagher lexklstpdekidt o t hi s
part of

Pase ¢ bt PAPY 5% g IS bere i et APl iR S NG P or

addi t i amalor a@dEbeM icbiplaRithat Both @HiipARAL cov@biiid e@netol; Gt wiRdt in i@kt dab@tiskn nost
cases is a marginal gain in selectivity over conmmpnly practiced optim zed

appr oadRESINa\EHY IiplcHEth excrdonRAnLY. Bristiersronsistiait apRroagbess Madiit al

downstr i ts. LN .t - Y4 . .t equi pnent
count | COReCiIRRS' R bl Pheliar s Bichny S0 Mool BEL HaRiRE °3
addi ti anatgyDpddtia dualidy.a¥l chuipinchocduhecdregdxiof. t he second stage, allows the
tenperature in the second stage to be fixed in a much narrower, nore

opt i nmal g i ndependent of, overall process..rate._However, since A,
vat er dANSINE! a?sgbqe_ﬁ?@am tfﬂ%ﬂﬁ%%ﬂ_ VAE" S8 Ogi@g%t,o %V?’t%éu%@p@af%? t hat
t he DVBAgOReEHY §tatd, Qﬂ&x/é’\ﬁh@:t&n atdfORithd &RBAd Madl @NR:RN id PeRAME Opti mUmM

DCP range, resulting in a slight yield penalty. Adding water to the feed of
t he seowmdwst,agwedpamgl gngd, indenendeni efcrvesdleprodess raax ithmveivBmcaMBEP t o AMVS

yieldobtain%' however,,. it surprising to fin i s, optium at
2 ssent Py REeS e teavnitputy R SRR AT d Pusmartptbl u8TIE The much
| ower [GRcdnatisnkakould beaighiffiddh@y hiydsr atited hnRshtipdude DCIP @H@d, irds)iltingRh hcat | ons
in the ﬁ)‘urlf‘l cation part of the process. o )
slight yield penalty. Adding water to the feed of the second stage did significantly increase
the maximum DMBA and DCP to AMS yield obtainable; however, it was surprising to find
this optimum at essentially the same DMBA residual and a much lower DCP residual. The
much lower DCP residual in particular has yield and product quality implications in the

purification part of the process.
SUMMARY OF THE INVENTION

[0009] The present invention relates to a method for the production of phenol, acetone, and
alpha-methyl styrene from a mixture of cumene hydroperoxide and dimethylbenzyl alcohol
wherein the first stage is carried out with an acetone to phenol mole ratio of 1.0 - 1.5, water

content of 0.5 to 1.5 wt.%, sulfuric acid concentration of 20 - 400 ppm, a reactor pressure of

2



SUMMARY COF THE | NVENTI ON [ 0009] The present invention relates to a nethod
for the production of phenol, acetone, and al pha-nethyl styrene from a

m xt ur e oVoconerse22nydr oper oxi de and di met hyl benzyl al colrofr/ush@ns3996% he
first stage is carried out with an acetone to phenol nole ratio of 1.0 -

1.5, r content of 0.5 to 1.5 . % .sul furic.acid concentration of 20 -
400’ ppra00z OBt Be. Hriesietiegire o) 25%1‘;1 BOPETF P01 BREIE8YS6OL 760
mHg,  and iy R Ak th @uRknORydrofRofde BRI BichRRNbRFEACIHRI Hi‘i’d%'rﬁh;f §ectte vield
of di cunyl ‘peroxide from cunene hydroperoxide "and di et hyl benzyl “al cohol
under antofsipetrfd epesaionalf condididna el doparabwitsndl.S tohdi.t4, onthen Adidtidtpron &

water, 0.5 to,5 w.%.i.s then adde rior.to the second stage.which i s
i nt ai' b SPepRe PapbsHhas e E ey 810G, H0S o REPRS R ES dfiseiTag
cont r oldyi daatrbhiggiad @tcdf watedddabel Wk -adiiiogat added tcatpeatturd if th¥eeurther
tenperature is then further refined to mninize residual dicunyl peroxide

and maxreiicddodyiaimaize regidvet figumenpoyexids erhopxipuzedysidl dscHylbesgyiradenhiol i el d.
BRI EF P THE W NGS [0010] Figure 1 is a graph of AMS yield
and se%?&%t@%@ﬁg&%ﬁgfﬂ% versus tenperature, with and w thout

approxi mately 2% addi ti onal water added. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0011] I n aBRIEFIDESCRIPTIONsOPIHIEMRAWINGS on, the
deconposition process, especially the second stage, is run at higher

t enper s,..e.g.,. 110 - 15 . .most preferably in t range of 130 - 140

o oo TS Bl s 5 RS vidld i e E e iR DERABRET < 2or Tor gani &

fouli nqeﬁPQfaiula@; v&inﬁiﬂmittqﬁl@%p}eﬁ&ﬁakétrﬂz% addionaPRaRBadRdgi ve additional DVBA
S.

equi val en Yield is optimzed in e second stage by nonitoring residual
DCP and DMBA and targeting |l evels that have been established as
representing opti muRETANERDESGRIZRIONLOF d6HHBXYENIHON, and operation

of, the first stage. However, npst processes have fixed equipnment in the
deconpqggy 1(15 OG5 itk ?F}&@y‘?&&%ﬁhﬂﬁ@ f&ohl itioﬁ‘ﬁ%?oc%é)s e§i|a§W¥e
overal |" process rates, or w ot her changes 1 n'the process ead’ of the
deconpaoscdrdamgs! Baey aftHighdresmesrathitesce.gholl d15e°@enose peodeably it the ragmatd
st age of dec osition, which . inherent|ly wll adversely affect. from
DVBA yied. 148,Endnd shopir fimesto Rafwop Pys BB A AR BRI e 0szand foplag
parti culgind GEREN ALY os}t{b%tofqﬁﬂ’,g%’é} 'tc%%'lg@fa&cﬁ{i al flﬁ\/lhﬁoe’%l‘rﬁis%ien@. gRad is
tenperatures and the optinmum residua l'evel 1s higher (see Figure 1),
whi ch cgtinafddaotthescedmt] stmgt tyr mduicdringurasittal D{Rvast DYEBA ohd thegaimgdsicts on.

that have been established as representing optimum yield at a given feed composition to, and

operation of, the first stage. However, most processes have fixed equipment in the

decomposer second stage in terms of residence time, and so at slower overall process rates, or

with other changes in the process ahead of the decomposition stage, the temperature should

be decreased in the second stage of decomposition, which inherently will adversely affect

AMS from DMBA yield. Even if one is at the proper DCP and DMBA levels for that

particular temperature, that optimum is inferior to those at higher temperatures and the

optimum residual DCP level is higher (see Figure 1), which can affect yield and product

quality downstream of decomposition.

[0012] In an embodiment of the present invention, a method for the production of phenol,
acetone and alpha-methyl styrene from a mixture of cumene hydroperoxide and
dimethylbenzyl alcohol is described wherein the first stage is carried out with an acetone to
phenol mole ratio of about 1.2 - 1.5, a water content of about 1.0 - 1.5 wt.%, sulfuric acid
concentration of about 300 - 350 ppm, a reactor pressure of about 500 - 600 mm Hg, a

temperature of about 75 - 81 °C, and a 5 - 6 minute residence time, mixing being provided via
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[0012] In an enbodi ment of the present invention, a nmethod for the

production of phenol, acetone and al pha-nethyl styrene froma m xture of

cunmene hywoaparisxizde and di net hyl benzyl al cohol is descrchas2ehes®ch t he

first stage is carried out with an acetone to phenol nole ratio of about
ntent of about % ,sul furic acid

1.2 -
concentVrl%HrP%b%#m %ﬁfﬁ? myxre a@gstuab&fl thg SP@Q&?@%’&P@%@&? volptilghout 500 - 600

M Hy, Rddigsmenatdlr ol 1 abaUlasinided SlthCprddite: Mixture oBtalflddUi8er S| dence ti e,
m xi ng being provided via WD 2011/ 156237PCT/ US2011/ 039068 vi gorous boiling

of t he atdpremgneoreddonditions; and thehesuwtigsmatasalt fbg tcopdgibedreadbaopdramg at

Addi ti t, bout 1 2% added to the. W ob¢ ai ned
Cnder ta -dror Enibs RrBRatEohars 18R Sriled RuborSell SeRTiu bt Pk 05
pl ug f I OMBEALE ®] ODSBAI MA@ whiealkdE iCthelsBeorde ﬁ)@ddhfcﬁeﬂﬂ@brﬂgTﬁéil ust ed
as high as possible such that 0.16 - 0.22 w.% DVBA and 0.01 - 0.03 w.

DCP werdstailed dptaelgsqrived ieEsenplad @iqygwebieéﬁwre & gnditbe concrpleveietadidpied dat a
d
escri t%ﬁg coﬂm%am&t ajs cf%?érﬁ)\é’d)fﬁ ﬁle%ﬁgse %ﬁgga&ﬁlg nsqlo t%g %ﬁ]{%&ge@?}ﬁfles 1

val i da I'n a conme unrt as the subseque

showi ngyi¢lb maxﬁmﬁm&em@ tesiduayDEPdo taxdrMOP ke sdrtes yféltalbenlaﬁPoft th ower DCP

| evel s, .and the yield benefit of both higher terrperature use and additi onal
wat er U8 tﬁtr%pqrﬁéresl@%ﬂ@la@c{lawlfvv@&a EdArmhEsscehMpgetesd. [0013] The
results in Figure 1 were generated using a well stirred gI ass reactor that
was charged with 15 m of a sol utiggg9fprlfs. nol ar phenol / acet one spi ked

w th approximately 8.2% DCP, 1.3% DVBA, 1.4% AMS, 12% cunene, and
sufficient water added to give either 1.3% or 3.3% water content. The

sol utid?criawaﬁéebrought to target terrperature and 8 1.it of 0.5 nolar

sul furi i adde a mat el e reactio to start
She redfof RSl iRRRLEY} TRt A R S St AR v
anount by a&ﬁth mﬁl enadotaesh ¢far1 mote bﬁl@c&@ﬁ@@ﬂ&l&twﬂ prbeimakxanpl e 2:
[0014] A cont ai ni n%edt reamw th 80% CHP, 6% DVBA, 0. 4% acet ophenone

(AP) aﬁa%%tl?fél’,rle’s%dll‘é HEnAM§E2 % egmens, ¢ %Sl&fﬁ@ﬁntnwa&@r&dﬁpqisqg@@ sileerof a
commer EIO%J/ o3 /’%%Pe%é?ﬁt%ﬁt @@Ecﬁigﬂd)&%w%ﬂé‘@@ﬁ%@%‘Qaiééég&ﬁn%ﬁ%m%’é ?ﬁ’& 45t §9J. %' ng at

550 - pressure, 0o of aceétone to
CHP, 5 molér mlﬁubecfd&ﬁidéit@prdxlrmﬂym%pm 36c ppikrodctivu) foustdrcthaeeattioand 1.0 -
1.3 wt. %water er OtlmeCOI’ldItIOI’lS Wth no additional ter added
ahead ofampl ?ﬂ‘ﬁ?jeit ag&rtswa tigyes acuiipkizpdgyigh 2 S@a@awpmfﬂ)é" agss apGeyIAYE e ti e,
an aver@ggcmeb@&, oBEnt8PoB% Was obt ained at 108 C, with 0.09 to 0.12 w.%
DCP, and 0.16 to 0. 18% A residuals exiting the second stage.

Example 2:

[0014] A CHP-containing stream with 80% CHP, 3.6% DMBA, 0.4% acetophenone (AP),
and the residual cumene, was fed to the back mixed first stage of a commercial CHP
decomposer operating under conditions of vigorous boiling at 550 - 600 mm Hg pressure, 78
-80°C, a 1.25 - 1.35 mole ratio of acetone to CHP, 5 - 6 minute residence time, 300 - 350
ppm of sulfuric acid, and 1.0 - 1.3 wt.% water under optimum conditions. With no additional
water added ahead of a plug flow second stage with 0.8 - 1.0 minutes of residence time, an
average AMS yield of 80.8% was obtained at 108 C, with 0.09 to 0.12 wt.% DCP, and 0.16
to 0.18% DMBA residuals exiting the second stage.

Example 3:

[0015] Conditions were as in example 2 with 1.5 wt.% additional water added ahead of the
second stage. An optimal average AMS yield of 82.1% was obtained at 122 °C with 0.02 to
0.04% DCP, and 0.16 to 0.18 wt.% DMBA exiting the second stage.



Exanpl e 3: [0015] Conditions were as in exanple 2 with 1.5 wt.% addi ti onal
wat er added ahead of the second stage. An optiml average AMS yield of

82. 1% waswolwaiser7at 122 C with 0.02 to 0.04% DCP, andPOTAS2010/082088 Wt . %
DVBA exiting the second stage. Exanple 4: [0016] Conditions were as in
exanpl Z%é l?u% at a 10% hi gher overall process rate. Wth no additional
wat er aP'afread of a plug flow second stage with 0.7 - 0.9 ninutes of

resi der[ﬁﬁl(gi NBondbrRYRIAIEInQARbIPR! 2, ANBat RIog hh e B cLile MRScsQ il Wwad ngt 108
C, with 0.09 to 0.11 w.%DCP, and 0.16 to 0.17% DVBA exiting the second

st age. d@daiophlev8er {dilod FheaGaridipiuoitew wegond atge witdn(Bhp) & minwies bf tesBlenge. %

addi tiqgnal water added d.aqf second st age.. An_ave opt | mal AMS
il dmgvtr;; f?l&&%j%ﬁ%ﬂ?%?ﬁ%ﬁ il fig&i&/m@%i%l 60’§ ?‘%g;@ﬁﬁz tgﬁ)_fﬂtb. 18 to
: %0, DMER\ 210t 16NE OF 178, DACBAGx 3R AdBtage. 0: nairtions were
as in exanple 5, an average opti m;(I r%('}‘Mse;i eld o%e 81. 6% was obtai ned at 127

Cwith 0.01 to 0.02%DCP, and 0.17 to 0.18 wt.% DVBA exiting the second
St age_ EXample 5

[0017] Conditions were as in example 4 with 1.5 wt.% additional water added ahead of the
second stage. An average optimal AMS yield of 81.0% was obtained at 123 °C with 0.02 to
0.04% DCP, and 0.18 to 0.19 wt.% DMBA exiting the second stage.

Example 6:
[0018] Conditions were as in example 5, an average optimal AMS yield of 81.6% was
obtained at 127 °C with 0.01 to 0.02% DCP, and 0.17 to 0.18 wt.% DMBA exiting the

second stage.

Example 7:

[0019] Conditions were as in example 5 with 1 wt.% additional water added ahead of the
second stage. An average optimal AMS yield of 79.6% was obtained at 124 °C with 0.01 to
0.02% DCP, and 0.17 to 0.18 wt.% DMBA exiting the second stage.

[0020] Thus and in accordance with the present invention, disclosed is a method for the
production of phenol, acetone and alpha-methyl styrene from a mixture of cumene
hydroperoxide and dimethylbenzyl alcohol, which comprises a first stage reaction with an
acetone to phenol mole ratio of about 1.0 - 1.5, a water content of about 0.5 to 1.5 wt.%, a
sulfuric acid concentration of about 20 - 400 ppm, a reactor pressure of about 450 - 760 mm
Hg, a temperature of about 60 - 85 °C, and a residence time of 4 - 45 minutes, with about 0.5
to 3 wt.% additional water then being added prior to a plug flow, and a second stage reactor
maintained at about 110 - 150 °C with a residence time of 0.5 to 30.0 minutes. In a preferred
embodiment, the first stage reaction conditions are about 300 - 350 ppm sulfuric acid, about
450 - 500 mm Hg operating pressure, about 78 - 80 °C operating temperature, and a 5 - 6
minute residence time, the acetone to phenol mole ratio being about 1.25 to 1.35, and the
water content being about 1.0 - 1.2 wt.% in the first stage, and the second stage reaction
conditions are a residence time of 0.7 to 1.0 minutes, about 1 - 2 wt.% additional added

water, and a temperature of about 120 - 140 °C.



Exanple 7: [0019] Conditions were as in exanple 5 with 1 wt.% additional
wat er added ahead of the second stage. An average optinal AMS yield of

79. 6% waswolwairsert7at 124 C with 0.01 to 0.02% DCP, andPOTAR2410/082088 W . %
DVBA exiting the second stage. [0020] Thus and in accordance with the

present jnvention, disclosed is a nethod for the production of .phenol,
acet ond bl Ariathens errgff 9@%%%%#1 g RIREU < lowﬁgﬁen%ym‘ﬁgr xi de and
di et hyd; Qe Wer &l d&oRO maitMihed a%ﬁgtro.ﬁﬁs 045 fv&tf%%th%"fﬁr@@stég%%édti@ﬂ c¥hdiflodn

acetone to phenol nole ratio of about 1.0 - 1.5, a water content of about
0.5 t o ate &n eeetdre ta pherdl mtiocofabbd lchrcaturiatnéidgondenthioart o2dout ADOShpm  a

reactor_pressure of abo 450..- 760 mm Hg, a.te ratuyre of. about 6Q - 85
C “ana raP QBRREReR ey fatva RN e s it R BER 1035 gt

addi t i ah@becwnd Sthgd Raaidiedonditidds @ apeiifénck einge ¢l 118 J0l mivutcdMbodt 5ecnd, st age
reactor maintained at about 110 - 150 Cwth a residence tine of 0.5 to

al | 0
30. 0 miadditiosal added watcsfaad ademperpbiad eeabout 1 Hk- 406t wgthapfemperedre oh 134 -
condi ti RS - - 35 ri [ 0 .- 5 mm Hg
opor at 115 SrLBda pidiea 3 RoBBIHRKI ol AR 0n RO
m nut e diashyeraxidd dre maihiginad staboet .06 phen@ vt i lvath siouo0. b2 0@3abigut 1. 25 to
1.35, and the water content being about 1.0 - 1.2 wt.% in the first stage,
and t hcHdsricWarhgueicssdt i on conditions are a residence time of 0.7 to 1.0
m nutes, about 1 - 2 w.% additional added water, and a tenperature of
about 132 14 IR AL ARRAALPETLHRIALARADREN SRR il ur t her
preferred enbodi nent of the present iInvention, exit concentrations of
di cunylengmdorérdetharef,raisnppiragdhatnuateonts othdd formsand Snadifi@4tions bethei r st st age

reactian condit.jons,are an,ace .1 henol ratio, of.about, 1.0, sul furic
nord caneaner vl 8 Sfoln BpeSTHIE s Bt IRsanfngtd Sl S gRpiyeRegat i ve

pr essurifven®iof gendrlsy SHRNKELD doiBr@dd td2overdl sitUbESus RALs bittmd8ERAGLSt age
reaction conditions are a residence tine of 5 to 20 mnutes, about 1 - 2

Wt . % aduliieh aigarithie thedrugetpait andseprg of diprresentieetiotabout 120 - 140 C, with a
tenperature of 134 - 138 C particularly preferred. In another preferred
enbodi nent, exit concentrations of dicunyl peroxide are maintained at about
0.06 to 0.10 mt.% with about 0.02 - 0.03 WM. % being particularly
preferred. [0022] Wile the present invention has been described with
respect to particular enbodinents thereof, it is apparent that nunerous
other fornms and nodifications of the invention will be obvious to those
skilled in the art. The appended cl ai s and the present invention generally
shoul d be construed to cover all such obvious forns and nodifications which
are within the true spirit and scope of the present invention. WO

2011/ 156227PCT/ US2011/ 039068



What is clainmed is: 1. A nethod for the production of phenol, acetone
and al pha-nethyl styrene froma m xture of cunene hydroperoxi de and

di et hyl b&ozygi/abroehol , whi ch conpri ses: a first sCags201@m8106©N W t h
an acetone to phenol nole ratio of about 1.0 - 1.5, a water content of
about 0\6’? é (i/e\{t % a sulfuric acid concentration of about 20 - 400 ppm
a react E48r%'Sof about 450 - 760 nm Hg, a tenperature of about 60 - 85
C, and a re5|dence time of 4 - 45 minutes, with about 0.5 to 3 m.%

addi ti onal water then being added prior to a plug flow, and a second stage
reactor mai nitai nedl methodfouthe prexuctiasof hondt, hedoncemiddérivemethystpfen@fismt o
30.0 m nut the first stage

onct | ankERaof cume S sTRASH Bty MeThiralsthl SitctonsiS *4e8°. 500

nm Hg oper atd M@t NERSSHtRN valPAH aczﬁ)ne tSPhdaoPRRIAhtiHOf higpenat us e, wasd a 5 -
6 m nute residence tine. . The nmethod of claim 2, wherein the

acet oneconsnpplebont frdite 1 Savt e, ¢ @Jlamwpldlcozasem@tlgzn anb%clltl a0+ A80 pamet cont ent

is ab Olye%c%(’)r pressﬂu‘eﬁ)fvéfioof%'a t’7% Iﬁﬂl@f&nzérﬁ?e?ature of about 60-”5% ‘L&éteﬁé? g of claim 3,

wherein e 'Ssec aereac 1 on ons are a reside rme of 0.7 to

1.0 m nutiésnce aluil 41- 45 ﬁmmes%waddb@ut@rwio Badechdditionnl watcthan b@lﬁg@ﬂ@éd.ll’ e of
about 120 - 140 C 5. The nethod of claim4, wherein exit
concentM®f {QuBlugloy, @awse@élfiés@@aéeaawémﬁamﬁmsd Aletboyt | Hyoln0 € witha o, 15

W . % remdenc@ﬂm%()r@m&fm&% gim1l, wherein the first stage reaction
conditions are an acetone to phenol rat| o of about 1.0, a sulfuric acid

concentration of about 20 - 50 ppm atnospheric to slightly negative
pressure, ard a rBeimghedof ¢lam bfwlidsein tkStinst stageewaction condifionsT4re abewthod of

o g 39, S SEBAB PSR 1 ™
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3. The method of claim 2, wherein the acetone to phenol mole ratio is about 1.25

to 1.35, and the water content is about 1.0 - 1.2 wt.% in the first stage.

4. The method of claim 3, wherein the second stage reaction conditions are a
residence time of 0.7 to 1.0 minutes, about 1 - 2 wt.% additional added water, and a

temperature of about 120 - 140 °C.

5. The method of claim 4, wherein exit concentrations of dicumyl peroxide are

maintained at about 0.01 - 0.15 wt.%.

6. The method of claim 1, wherein the first stage reaction conditions are an
acetone to phenol ratio of about 1.0, a sulfuric acid concentration of about 20 - 50 ppm,

atmospheric to slightly negative pressure, and a residence time of 15 - 45 minutes.

7. The method of claim 6, wherein the second stage reaction conditions are a
residence time of 5 to 20 minutes, about 1 - 2 wt.% additional added water, and a temperature

of about 120 - 140 °C.
8. The method of claim 4, wherein the temperature is 134 - 138 °C.

9. The method of claim 5, wherein exit concentrations of dicumyl peroxide are

maintained at about 0.02 - 0.03 wt.%.



8. The method of claim4, wherein the tenperature is 134 - 138 C 9.
The nmethod of claim5, wherein exit concentrations of dicunyl peroxide are
mai nt ai nesloantiaiseazy 0.02 - 0.03 w.% WO 2011/ 156227PCPCDSROL1/0888968

10. The method of claim7, wherein the tenperature is about 134 - 138 C.
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11. The method of claim 5, wherein exit concentrations of dicumyl peroxide are

maintained at about 0.06 to 0.10 wt.%.



