WO 03/011820 PCT/ US02/ 22083 METHOD AND SYSTEM FOR MANUFACTURI NG CUMENE
HYDROPEROXI DE  BACKGROUND OF THE | NVENTI ON This disclosure relates to

met hods fwo emsee oxi dation, and in particular to nethodecramsi/syess ens for
manuf act uri ng cunmene hydroperoxi de. Free radical cunene oxidation reactions
are well known. They can be conducted in the presence of a water phase,
the so-called " hpirERgeNEAY S YRIEMFORRA AQUF ABIIIAANPCUMENEDE absence of a
wat er phase, the "dry oxidation" nethod. The heterogeneous wet oxidation
met hod is generally preferred, HYDR{PIRG@XEAEe of water provides inproved
safety and control of the exotherm c reaction, and also requires |ess
capital B&‘(ﬁ?&ﬁ%’ﬂfND%ﬁ%%ﬁ ONet cunene oxidation is conducted by a
conti nuous’ process using a casca&e of at |east two gas-sparged reactors,
typically three to six, with a variable tenperature profile. The main

oxi dat i onThBaiifd@nreuretatksctd sneathicels fonmameensyodkidanien catidde paftichidr td methddsi r ed
product, whjch is oftenlgused to rog& e phenpl and acetone), along wth

di met hy| by istegsdBRBANYAGUEREFBRTE a@.pe‘ioﬁl ddition, trace anounts of
acidic byproducts, such as formc acid, acetic acid, and phenol, are also
produced. Flga@icalaGinttng RO Y&chonre it Bidwil. Neh&xtHhobd eshdu&agtin on,
resulting in a decrease in both rate and yield, as well as negatively

af f ect i ngtheHiressateseitq yateyphaye the eareqltedt" hetsrogeidone tet Sidetéan” meatlott oNos .

3, 187, 055; 5 ' 7 Dyt & : 90 i t alkali
nmet al basB’s,%esaégﬁ%%?Eslgvoﬂ@%rﬁh%edpgqug)égfﬁg@% ,r%%}égé'b?ggb%tg}r? eégé‘%}“{‘l‘g of

al kal i mebgidatiorsmethodds gethraliy grafdp@d adsethe NaRERERR) of water povides dmppvadidi ti ves
to renove the trace aciﬁ% irrpurihi es. The use of E di basi c salt sth as
sodi um cafeiafed | OnRRbR theo exRiherue tjearion, yands piset FeAdirgy desso cari@l abi | ity
to bufferthg Rkt of the m xture and prevent |arge pH variations. Strongly
basic NaOH is generally not preferred due to its tendency to forma

wat er-soluble salt with the product CHP, resulting in loss of the CHP-salt
into the 6Eringegreialyueduainsoe gaidatipransondupied dlyya desinbges prpcodsaising a

cascade of at least two gas-sparged reactors, typically three to six, with a variable

temperature profile. The main oxidation reaction products are cumene hydroperoxide
(CHP, the desired product, which is often used to produce phenol and acetone), along
with dimethylbenzyl alcohol and acetophenone. In addition, trace amounts of acidic
byproducts, such as formic acid, acetic acid, and phenol, are also produced. These
acidic byproducts may inhibit the oxidation reaction, resulting in a decrease in both
rate and yield, as well as negatively affecting CHP selectivity. To prevent this, United
States Patent Nos. 3,187,055; 3,523,977, 3,687,055; and 3,907,901 variously teach
that alkali metal bases, such as sodium hydroxide (NaOH), and bicarbonate salts of
alkali metals, such as sodium carbonate (Na,CO3), can be used as additives to remove
the trace acid impurities. The use of a dibasic salt such as sodium carbonate is known
to be additionally effective due to its ability to buffer the pH of the mixture and
prevent large pH variations. Strongly basic NaOH is generally not preferred due to its
tendency to form a water-soluble salt with the product CHP, resulting in loss of the

CHP-salt into the oxidate aqueous purge streams, thereby decreasing yields.

The alkali additives are usually added to the reactors as aqueous solutions, whereupon

two immiscible phases form. The strong bubbling action from an air stream provides
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The al kali additives are usually added to the reactors as aqueous

sol utions, whereupon two inmmscible phases form The strong bubbling
action frwmoanimee stream provides | WO 03/011820 PCT/ USeera®osRoszont act
and m xing of the two mutually insoluble phases into a partially emulsified
m xture. Intimate mxing of the two imm scible phases is critical to

obt ai ni ng ., Ridtiql shkiMest Rl ivdahl@RPinsbBIOPILAR Mm@ el Fstidlyasantifiea t he
cumene- CHP organi ¢ phase, and special static mxers, as disclosed in
Uni ted St atixterePatlatmatiomigng3d, Be ltwoanumissdlapdeses uisr giicakie ohtimng, as

di scl osed j.n. United,.State at ent. No., 5,120,.902. have en el oved in the
oo o trtient peftAngh RIS GEbEMis R Bresilhn W o RRcuBf ikoRERLENE
neutral i zgdd opecit] GeRiRSmirer: ik Yigpddskd ah [ Yniekdf Sratek \Patdae Ml 9330921, and

effectiveness and degree of organic acid neutralization_ is hiﬁ&l y
dependent COMIGHpEEBLEXIAGES. tas disdesed in United :Staas Pagptiend 4 By 999 dave
contactin i Sl . : i reaction
m xture rrg%/enn%'?gl géd%ﬁ@%ﬁﬁofégll e(??r ({gﬁl&ghﬁ%eggﬁ? gé#i %Te? te\ﬂﬁlctgggg (%)?IE at i on
reacti on #el sattializdtionaprdcasn 15 oniye agtidllp effectiveabedanse dgueffrranenesoandsi on. | n
United States Patent. Nos, 5,767,322. and 5, 908, 962, an al ternative,.cunene
wet  oxi d4t8 8 OpPEREBSAGE nGY RS deprig 08" ANSISHTBAT 4 ORI) ar e

si nul t anegishdoRdebedednOtht Qo CERGUMESinhRliskMIpIhsd. X8l a 2éskiR! the HSEH the
NHANaCO3. Free ammonia is not present since anmonia reacts imedi ately

wi th the byidpteothaetion MaiMOCB.mashingt bexwdll agontblles which, reawltshougedused truly
sol uble in_the or e . dat . £OVI I oved mass
ransor BoRGEn TR e ARt B B35 5 BBBRALR P RU M Bk RGPy
neutralizes the undesirable organic acids than Na2CO3 al one. However, in
order to heUsfittéStatee Pafeat Ploec83567,823 ahdse2D8,962).a8. dheMatiBe LOBEHOG verust
split the cascade of oxi,da&i on reacipors iﬁt% two parall el trﬂﬁérf and nust
enmpl oy a O’é‘gété‘?rhl PRREEEr l%t_ﬁﬁ’fﬂ’?dl oWPerER NeCQ5u Mg, apReua sk HEC cumene
feed str e?imultlaﬂeou@ft};a&iﬁb%%dih_% rBR%orD REfOrn0H Atk ddhtkal inB QaINAPTRCOi Fge i S @

strong base, nust be added in very precisely controlled amounts in order
t o prevenamnieaiapi$ hobpresanty singe witdednia readss immediatelg with 4hep Mytmpdust | n

addi tion {\I}Ai—]%(%r RS Thiket éﬂ(gl?nse staﬂ,e al UOI{,l(g: AwE trl(l)lfy stom%lea}n %le iopg%nic oxidate
phase, appears to provide improved mass transfer between the two immiscible phases
and more effectively neutralizes the undesirable organic acids than Na,COj; alone.
However, in order to be effective the process disclosed in U.S.P.N. 5,908,962 must
split the cascade of oxidation reactors into two parallel trains, and must employ a
special water stream flow that is counter-current to the cumene feed stream. In
practice it has been found that the Na,COs, which is a strong base, must be added in
very precisely controlled amounts in order to prevent the pH from varying widely, i.e.,
over 3 to 4 pH units. In addition this process requires the purchase of two alkaline
agents and the installation of a complex piping arrangement to manage the myriad of
recycle streams. Thus this complicated cumene oxidation system design requires high

investment in equipment, labor, and costs.

In addition, in all of the above-mentioned wet oxidation processes, small amounts of
the inorganic alkali or alkaline earth metal salts remain entrained within the product
CHP-cumene oxidate organic stream, and these salts pass forward into the

downstream process steps where they deposit on and foul various pieces of
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agents and the installation of a conplex piping arrangenent to nanage the
nmyriad of recycle streans. Thus this conplicated cunene oxidation system
desi gn r ewoiosesiske gh investnment in equipnent, |abor, andpcadatss2/21083
addition, in all of the above-nentioned wet oxidation processes, small
anounts of the inorganic alkali or alkaline earth netal salts remain

entrai ned WiipiHeRt. t NEHRT eiiém (HBaARIRAG Q¥hBladthO TR Gt MR Mad these
salts pass forward into the downstreani process steps where they deposit on

and foul istillotien picdwes beat gxahangey Oantig2ebaiery Wew voigogeguledyi whélet . Thi s

problemis_particul ubl.eso downstream re...the distillation
col um hegf)gceeQ&ﬂt%gﬂgy aﬁhgrsél!)tofi%flgl?% refdgﬁ?’s Q&a?ﬁralr)segru d}l%}i’ 9n%a}stesteam
concent r atcbfi@n{ption, adi iBalesltiie Jepiratinng inetiitios. Readdit clensihgbf tbsd folied

i ncreases steam consunptjon, and makes the separatiqns 1 neffective.

Peri odi c ErEAAFhgees it rreuEet slidumanaies piet R depa and thusdastpeructipn.ch
mandat es %lllgi?:pro?ﬁ%orgﬁ)%%sazﬂ? qhhé’%oétﬁﬁig t%?sdb’f?ﬁﬁqB,”}abgé%QJ&cﬁEé&%Bﬁét% | osses
are quite costly 1nterns of tine, Iabor, associated nonetary

expendi t urepgndanes,nadcheed thbe avaideted at fil] abssible. posdiabbe of tom¢satd wtiison of

coal escer ynits after cumene oxidation and pri to concentrating the CHP,
Lo filter Ak UPRIC QAN APPriohts apmaentsiiig Be (ieP.o8 4T oft and wri¥ged i n

Uni ted St afeentPah&NinoNeanid sl id Gsclos@ timandirdt Siafes AN a5 sPE1 8. f ecti ve,

the coal escer units are very large and their purchase and installation
requi res alfioggh ity eratimsheanc be effedtive, Hiseedaldsceramiorare iveer largeoaridebeisr fil ter

el enent s i nsi I a n bas| s,
whion i SPERueHERbIRRG Hlis: GHah B ERAAARE, Mo PedBUMor M o ¢ ror
a cost ef fcegitdceefinet dlademndsalydtidatieae unitanuibeled teplaced onar Atk Basiger oxi de
t hat overcqnes the drawbacks and di sadvantages of the above-identified

met hods. BRAIEHS 8|SGRIE CQEYTHE | NVENTI ON The above- nenti oned dr awbacks and
di sadvant ages are overcone or alleviated by a nethod and system for

nmanuf act urg dagrdsiPie erd HaRRE! el G theGRF h SbA 8@ hBBod and system for
manufacturing cumene hydroperoxide that overcomes the drawbacks and

disadvantages of the above-identified methods.
BRIEF SUMMARY OF THE INVENTION

The above-mentioned drawbacks and disadvantages are overcome or alleviated by a
method and system for manufacturing cumene hydroperoxide, comprising reacting
cumene and oxygen in the presence of ammonia or aqueous ammonia, and in the
absence of an additive comprising an alkali or alkaline earth metal, to form cumene

hydroperoxide.

The system comprises means for producing cumene hydroperoxide from cumene and
oxygen in the presence of aqueous ammonia, and in the absence of an additive

comprising an alkali or alkaline earth metal.

Another embodiment of a system for cumene oxidation, equally applicable for either
the wet or dry mode of operation, comprises a cumene feed in fluid communication
with a reactor having a cumene hydroperoxide oxidate outlet; an oxygen feed in fluid

communication with the reactor; and an ammonia feed in fluid communication with
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cunene and oxygen in the presence of ammoni a or aqueous ammonia, and in the
absence of an additive conprising an alkali or alkaline earth netal, to

f or m cunrewe o3lye@per oxi de. The system conpri ses means f orCprisdeeiongyy cunene
hydr oper oxi de from cunene and oxygen in the presence of aqueous anmoni a,
and in the absence of an additive conprising an alkali or alkaline earth
metal . ANt &im&RPREY TEMbr He RaSYS WABLRhE BIRBR: RXHIAEI RYgertREA)! th¥
appllcable for either the wet or dry node of operation, coOnprises a cunene
feed in flamntbniofeedrdndahe sgactoniatehfree mfmetddrtl\h:ammpglsmgmr@mél drnyadicadiper oxi de

oxi dat e out| et n Qx f eed |anU|d ni cati h,.t he reactor
v an. amiit st Boa R K e et Hhaf bt SRR CBhGR My ph Bt
PCT/USOZ/3;&%§mokMQo&uﬁ&nﬁukeed and/ or the reactor, wherein the cunmene

feed, the oxygen feed, the ammonia feed, and the react or are free of an
addltlve con‘grlm an al kali_or_al kallne earth nmetal. A distillation

appar at us B LPJF(PI)] QBOARERRAWING t he cumene hydr oper oxi de oxi date
outl et. BRI EF DESCRI PTI ON OF THE DRAW NG Referring now to the Figures,

whi ch are Rré?érﬁhg/nb\l\/%'%ﬁerﬁtghx‘é§”ww9}?‘él%' HereBanbitkive) $RBEhshe ﬁt@eleﬁtetter ed

alike: FIGJREI 1's a schematic flow diagramillustrating an exenplary
enbodlnentwqﬂumbmvﬁﬁﬁh@d and system for manufacturing cunene hydroper oxi de
using anmonia; and FIGURE 2 is a schenmatic fIOM/diagrantillustrating a

pri or art cganoe a0t Ofe G RLDOM A0 BURLERL CRIc IRBHEFELE kAR E RN

hydr oper oxi usi ng al'kal't and e or bases.

DETAI LED i8{ddl dadls¢edMorTinbmu hddinigd @\h&i&elydmpemmealsh%ramﬁoﬂia\/amddi scover ed
that ammoni a, even in the absence of alkali and alkaline earth netal salts

or bases ry effective neutraliz ent f.or cunene, oxi dati on.
Thi s resuﬂéP?Epi I8 % sehgmajic gV diagray 1 b@%?ﬂﬁ’g‘& HREOHATSTAPYHMENtSRE | i t he
art method and system for manufacturing cumene hydroperoxide using alkali and alkaline

earth metal salts or bases.
DETAILED DESCRIPTION OF THE INVENTION

The inventors hereof have discovered that ammonia, even in the absence of alkali and
alkaline earth metal salts or bases, is a very effective neutralizing agent for cumene
oxidation. This result is particularly surprising because one of ordinary skill in the art
would not expect that ammonia, which is weaker base and not dibasic (and therefore
has little or no buffering ability) nonetheless leads to results superior to the stronger,
dibasic additives of the prior art. Accordingly, the drawbacks of using the prior art
alkali and alkaline earth metal salts or bases, such as sodium carbonate, sodium
hydroxide, calcium carbonate, and the like are avoided or prevented by substituting

ammonia alone.

An efficient method and system for commercial production of cumene hydroperoxide
comprises reaction of cumene with oxygen in the presence of ammonia, but in the
absence of additives which must be subsequently purified, or which contribute to the
fouling of equipment, in particular additives comprising alkali or alkaline earth

metals. "Alkali or alkaline earth metals" means compounds from Group IA or IIA of



woul d not expect that ammonia, which is weaker base and not dibasic (and
therefore has little or no buffering ability) nonetheless |eads to results
superi or wo osloeissd r onger, di basic additives of the prior pamtusozemwss di ngly,
t he drawbacks of using the prior art alkali and alkaline earth netal salts
or bases, such as sodi um carbonate, sodium hydroxide, cal cium carbonate,

and the |igge ﬁg@igﬁgi@gm iRV VAR BRI e RthalsUhlRbes AETRAESALRRE: AN

efficient nmethc system for comercial production of cunene
hydr oper ohydmxideshydiasessor ssis te. oncadfongtesyhospliatds, andithehike.n t he presence of
ammoni a, but in the absence of additives which nust be subsequently

purified, ,or iLch..contri e.tao the foul.in f ;equipnent,, in rticular
Dd ¢ ves BRSNS HHECIRE B9 iR s RMtpT eMod BT Biug ViRl Vo) e

earth net alith'thigianetioanIbe vs nistid iGpedforrddand addofdingly cdmpPBkdiIeartivB20
PCT/ US02/ 22083 the periodic_table, and additives conprising. these netals
i ncl udes ©LHEUBERG WEBOWIEHYID thy BressItedf annsaueaiiserhaser Thg pmeong way be

carbonate t ' I If6 Ik r dry
canene. oxi T aP Ry ) e B, o R DR e e
wet net hodlikesvipe, edrgr p£dhe andoac earddiengéoycleostpransem tlEacyiten cataicingene wit h
oxygen in the.presence of. an aqueous se. The .ammoni a. may b i ht r oduced
separ at el yniq?ﬂfg{’lﬁ %&?Pé?‘lé_clfiééta? %ﬁn e&&%‘ggﬁé trF%‘E% wi awnpoﬂlaaﬁstlg@nt eed.

Li kewi se, @iy oRfdatidifred@bisQina paidt fath6ir @Ml BctiinliBRhe tdaclohe MYftAN,

contai ning undesirable organic acids can be beneficially treated with

ammoni a exbefvreus nonE solion, bki dampeigny kasedde(NAPrisgsed o t hei r
re-introduction into the reactors. Preferably, an aqueous amoni a

S0l Ut1 0N, piBr, POTRILAT: M DU SN ek oHE vl GG Ind btz at es 2

flow chart show ng 1 n detail one e t of the metho system f or
manuf act urnhdgystenmforenimyudaayrargotintae hidopomereief eedurhéhe febd ¢ whiyh mag f or
exanple p i S optiona p

irgcuman , Ili/ nﬁxed g’tth}éa ortiofn of Ze‘;]lrec cl ed
Cunehe  oF 4 BLATPILRHFF £omens i anfogaly Bieed vilhd Pogie! orgoysled GeRe pur go
conpar t nepkidh@ AREma 2, Bhdéders GRBRRF LEBA 1 41Rvinh ATRDRdApdrefsht 36 h@m 20,
preferably a dilute aqgueous
mixing compartment 18. An ammonia feed stream 20, preferably a dilute aqueous
ammonia solution, is optionally mixed with a recycled ammonia stream 22, and is also
fed to settler vessel 14, and mixed with the cumene feed. The amount of ammonia
entering settler vessel 14 may be controlled using a flow control device 24, e.g., a
valve, that is actuated either manually or by an operator via an electronic interface (not
shown), and may be optionally monitored using a sensor such as a pressure sensor, an
output sensor, a flow rate sensor, a mass flow sensor, or the like. The settler vessel 14
can be charged with an amount of aqueous ammonia effective to maintain the pH of
oxidate mixture(s) as described below at greater than or equal to about 5, preferably

greater than or equal to about 7; and at a pH less than or equal to about 10, and

preferably less than or equal to about 8.

Where aqueous ammonia is used, the mixture may be allowed to settle, forming two
distinct phases, a bottom aqueous ammonia phase 26 and a top cumene organic phase
28. The aqueous phase contains the aqueous ammonia solution, and may contain

neutralized acid inhibitors from the optional recycled ammonia stream 22, while the



ammoni a solution, is optionally mxed with a recycled amoni a stream 22,
and is also fed to settler vessel 14, and m xed with the cunene feed. The
anount ofwermonisay entering settler vessel 14 may be cont Poirlusd2edsng a
flow control device 24, e.g., a valve, that is actuated either manually or
by an operator via an electronic interface (not shown), and may be

optional | >6¥gsgn§ ﬁ}fag@ﬁilc}ﬁ%é‘@)e%u%ﬂé%hg l%h%z*'boﬁéi@or%ﬁﬁ% #cBo BLpRIducAnd out put

sensor, a wrate sensor, a mass flow sensor,” or the The settler
vessel 14 otheanrgasicchmpgeehtsirom theoptiomahtecydle aupuensustreanmidni a ef fective to
mai ntain the pH of oxidate m xture(s) as described bel ow at greater than

or equal t,o about 5 ref erabl. reater. than l..to abeut 7; and at a
pH | ess tléé]ﬁ]e%urs %{’dﬂqg{ﬁ%t]%ag ggtlgilaf% geﬁdm opfeé‘?té)F ggl@Pﬁtfe:rgglytlﬁg’n&%rto%(ﬁlﬂal to

about 8. WherS). agipess anmoRiaaphse L ehayt 4160 e xdplit @ndefed Hatoakdquegthl t 0
settle, formng two disti nctgPhases, a bottom aqueous_ anmmoni a phase 26 and
a top cunEsistosy dandd Hhaife and 0. Themene ersrIcRlase 280kt fa Aator kactaydous

ammoni a s i i n i L g Loht bi S t he
oo o LA SR ERIGR L A" UKL B Sl i g 5uld
PCT/ US02/ 22088 prefeghhyi compirassehiencir udes redorsumestepretenablyré yto oo rdaators, or gani ¢

reaction by-products. and, .ot her organi c conponen fromthe i onal

recycl e cﬁ%ﬁaﬁlé( _ passdh g .u‘ﬁ?\q‘i.?mgm%%ﬁﬁn‘ivgh EE%%‘E %(g ilg?’ieh%ﬂ“?‘g%t‘}f’n B reactor
30 (prefecaBbe bR BScarrfdAONMY)in AADAERSUSHATION BsiRPAS@schde BRY al so
be split and fed into sequential reactors 32, 34, 36, 38, and 40. Cunene

organi ¢ phisearzed reacioesPl, A2o34 dact®rnd®0. (preferably from the bottom as
shown). Suitable reactors are known in the art, and the system preferably

conpri se ﬁﬁ‘é‘icﬁeal h PRERr AGHOTT, 3RDSK Qbeine‘ix?c%&{n%gﬁ(gg& FRACAPSixes, ST 1 Al Iy

di sposed in comuni cation’wth teactor particularly, the
cumene oxipckdtrably tabakhilp mikss, dertwo gdiagestreams 26 c2htogather SO yshifesd 4251 ng a
cascade of air-sparged reactors 30, 32 _ 34, 36, .38, and 40. |nsi each
eactor SBegebl 3l wiaiels corguing Ahpini iy BnaT vhuae e L 45
Pr e; ezl gbl Bx§genb Plesthbly aBb¥EER td Mouk WO WRINa%REo:8/gbif aMiBst JRefert®lyt 20ObNGL . Oxygen
ee :
oxygen, is introduced or fed into the bottom portion of each reactor 30, 32, 34, 36, 38
and 40. The oxygen reacts with the cumene to form cumene hydroperoxide and

reaction byproducts ("the cumene oxidate").

Each reactor 30, 32, 34, 36, 38, 40 can be maintained at a lower temperature of about
160 degrees Fahrenheit (°F), preferably 170°F, most preferably 180°F, to an upper
temperature of about 240°F, preferably about 230°F, most preferably 220°F, or a
temperature range of about 180°F to about 220°F, and at a lower pressure of about 50
pounds per square inch gauge (psig), preferably 60 psig, most preferably 70 psig, to an
upper pressure of about 80 psig, preferably about 90 psig, most preferably 100 psig, or
a pressure range of about 70 psig to about 100 psig. The pH is monitored and
controlled for each reactor 30, 32, 34, 36, 38 and 40, and may be used to determine the
amount of ammonia introduced by feeds 20 and/or 22. The pH of the reaction mixture
within each reactor is preferably maintained between about 5 to about 10, preferably

between about 6 to about 9, and most preferably between about 7 to about 8.

As oxygen feed 42 rises within each reactor 30, 32, 34, 36, 38, 40, the volume percent

oxygen decreases and becomes depleted such that a spent oxygen feed 44 typically
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preferably an air stream containing about 15 to about 25 vol une percent
(vol. 9% oxygen, preferably about 18 to about 22 vol. % oxygen, nost

pr ef er ablwo23s/ovisko % oxygen, is introduced or fed into tmreThsovr/zaesportion
of each reactor 30, 32, 34, 36, 38 and 40. The oxygen reacts with the
cunene to form cunene hydroperoxi de and reaction byproducts ("the cunene

oxi dat e") cofaipthe £R36t 2%o 3Bout3d vol4y, SBigesSpreftPattP bR 3MRI dbbad 1. 8L a | ower
tenperature of about 160 degrees Fahrenheit (F), preferably 170F, nost

pr ef er abl px1B0Fmostprefgrabyperout # derpbowitburdd. Bfoxypoutis emird fpmethertablofy about

230F, nost_preferably. F t erature range of out . 180F t o about
230F, anacah Bab0R 1z a4t s ol o, FABRLE HhSoIARAEL T pRRA E L2 G

(psig), pdedseyadyuoOplhse FallsTes thdd betteh adfl the AQaddsiis Jandt Mafibe dHapa@roffr essure
of about 80 psig, preferably about 90 psig, nost preferably 100 psig, or a
pressure FARHEOBTY ahdlrcyded paiegus ynmBBastean 28si g. The pH i s nonitored and
controlled for each reactor 30, 32, 34, 36, 38 and 40, and may be used to

det er m ne pl fgst 9@1&%& P th TR i dHt & Qﬂgﬁaqrab_w the eflfred oM bR{date%2, The PH
of the reaction xture wthin each reactor i's preferably naintained

bet ween alroremoyed and froluintal @ bagsr pdrteombf yachbwetivential edactot 38, 34 34b38itand, and

nost prefepab bet ween about 7 t.q about . 8. 0 e IS W thin
each reacgé"r “g%fheﬁ,gar%ﬁ?ﬁ%sg,sttrﬁ@? %opastsﬁeth%gﬁf{ga%%n%?@n%i g‘%«%er?'gdgﬁreases
and becomggidignligossd wUhhid thamuaicapen tthexygemrdRab 4dmen® hg@bpetoxide VO

03/ 011820 PCT/ US02/22083 contai ning about 2 to about 10 vol. 9% oxygen,
pref er abl gergsdln increasenbouhes cypienc ohydsenesenide ipale prrafiler 4.y ABWHE 4 to

about 6 valg 28,8%%8%8ncdndaB) hefle faQThd BE LRBrOH0, §2CH IRAGROLO s 32, 34,
. t he’ hi'ghér

36, 38, 4 ere an aqueous ‘phase 1s present, ehsity aqueous
phase f al varyt oF drhexainpie, aeacalr I0henr leavetabost Auna abey eeghapercaftf(wt. %)

continuously as recycled ueous ammoni a stre 22. At |l egst a portion of
Che. cumendudSICREREN s SR ST a8 rs B 27 4 o) e & TR <
removed apdabpéokidbdrandtase portion of each sequential reactor 32, 34, 36,
38 and 407 - As the organi c phase stream 28 passes through reactors 30, 32,
34, 36, 38, 40 . ..

After reaction in final reactor 40, an oxidate product stream 46, typically comprising

about 20 to about 30 wt. % cumene hydroperoxide, may be fed into a discharge vessel

48, e.g., a storage tank, so that any remaining aqueous phase may settle and be drawn

off as discharge 50. The discharge vessel 48 is preferably serially disposed in fluid

communication with and after the last reactor. The separated oxidate product stream

76 is then introduced or fed forward, i.e., downstream, from discharge vessel 48 for

further purification, for example by distillation.

The distillation apparatus is serially disposed in fluid communication with and after
the storage discharge 48. The distillation apparatus can include but is not limited to
standard distillation equipment known in the art as well as one or more distillation
components selected from the group consisting of a vacuum distillation apparatus, a
distillation column heat exchanger, a reboiler, a shell-and-tube heat exchanger
vaporizer, and combinations comprising at least one of the foregoing distillation
components. Separated oxidate product stream 76 is preferably subjected to a series

of vacuum distillations, e.g., 1 to 3 distillation stages to remove cumene and other by-



serially disposed in fluid conmmuni cation, the concentration of cunene

hydr operoxi de generally increases. The cunene hydroperoxi de make profile
(i.e., cuwera/itsgar oper oxi de concentration) in the cascadecafusopamssors 30,
32, 34, 36, 38, 40 can vary. For exanple, reactor 30 can have about 5 to
about 6 weight percent (wt. % cunene hydroperoxide, while reactor 40 can

have abouf)rnoﬁgctg %ﬁ@@iﬂtseﬁé}aﬁé% oxidafeYSTBaE:t s¥Ah 9BGE el dhtrated d Bt sV er

reaction i mal reactor 40, an oxidate product stream 46, typically
conpri si ngbovaBdwit. ACutmsnabydropdoxide.. % cunene hydroper oxi de, may be fed
into a discharge vessel 48, e.g., a storage tank, so that any remaining

aqueous phase may sett | nd be d . of f di;scharge. 50, . 1 i.schar ge
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after theohlgsénd @asilletion Btep. Semar pioddctoxirehat 16phRFUBE Bhe@@ed7Gsihg t hen
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further pehwsiifatossasmponerss sestnapiist Byd ascond |Vapetizng anpasatys g@’i ¥ &80
appar at us 4 $_.sar i in L uj caedlal I ¥ tier  the
st orage d?ie?h%?égg%ggat%gﬂﬁégfﬁr{&g%!:}(;%ﬁag ar at g@t;gllalgﬂirng}e%‘?ggu\?{liag not
limted tempklydodarcsutestea ata leatieg)miepivent Thabishvaporizing appératis S8e$ | as one

or nore distillation, .c nents sel.ected fr t he group consisting of a
vacuynldigFllV ‘Wﬁﬁ“&ﬁbgggfﬁ@Pnﬂn“ﬁbgqPvf ?nghgbﬁﬁﬁﬁmﬁgﬁﬂl E@ﬁgﬁ'er, a
reboi | er, sgasmh@lbly A6glatdRE headectXE NAPESSing Vapparahkeb4 Aad tieOappaats ons
conprising at |east one of the foregoing distillation conponents.
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cunene hydroperoxi de. For purposes of il|ustration, and not to he

i nt er pr et 8AWA3!C|SERIOL; higassHilQyy pensers apgd gem ‘é‘?%_%“s @mgylsg}geat&ﬁa_gg ona dithen st ep.
The produgfe ik LATLAS. @gyar%d 6215 MroRlce thrdssd MGis Gt dusBl fe@FrorPRENENt S

such as first and second vaporizing apparatus 52, 54, e.g., a
vaporization apparatus 52 through one or more distillation components, e.g.,

distillation column 58, preferably three or more distillation components, preferably
three distillation columns, and exits into second vaporization apparatus 54. The
distillation column 58 is preferably serially disposed in fluid communication between
the first vaporizing apparatus 52 and second vaporizing apparatus 54. The second
vaporization apparatus 54 reintroduces at least a portion of product stream 46 into the
distillation components 58 to further concentrate and improve the yield of the
resulting concentrated product stream 60. Concentrated product stream 60 is drawn
from the distillation column 58, preferably from at least a portion of the base of
distillation column 58. Optionally, a recycled cumene stream 12 (not shown) may be
removed from at least a portion of the top of the distillation column 58 to be
combined with a cumene stream 10 and recycled for reuse in reactors 30, 32, 34, 36,

38 and 40.

While the above description represents a preferred embodiment, other systems and
configurations may also be used. For example, one or more of cumene, water, and
ammonia may be fed directly into reactor 30. Addition of aqueous ammonia to one or

more returning oxidate or aqueous ammonia recycle streams may also be used. It is
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shel | - and-tube heat exchanger vaporizer and a primary reboiler,
respectively, which enploy |ow pressure steamas a heating nedium The
first vapwoioziong2@pparatus 52 is serially disposed in fl mcd/usornmmess cati on
with and after the storage discharge 48. Steamflow demand to the second
vapori zi ng apparatus 54 and the apparatus tenperature can be controlled by

a 11 ow confsh oboraivhified Sthat Gmflydrods \AiGniACt U AtknGhihess (NAQNakdy ber by an

operator via an electronic interface (not shown), and optionally a sensor
sel ect ed femamnthén gn dngereing siis faed gtredm senpriegseack reastarosepasaiely frgutorsensor ,
a flowrate.sensor, a mss. flow sensor, and conbinatign ompri.si ng at
east “one TR Gs SyRR deed Mt Te T I ou B LGRS o SR EhEam 76 i s

cont i nuoughymbeéd ofcomehé 6xalationaddrcag alsb ©8 apl fbdta aidfanbapetih ARlgdouefige Or NOr e
distillation conmponents, e.g., distillation ¢columm 58, preferably three or
nor e di st Fadiedl jsnodaEnRieeessey P piica Bk largmatie compeynds afar fxapwiuAhs, and
exits intq,segc i iQn .- .St afy m 58 is
pr ef er abl g"‘?gﬁ‘?{;ﬁ %/{ﬁ@?élt)%géedsggr? EI ul %édéiar?ﬁlﬁllilﬁﬁpﬁ egéédv%ezlﬁlﬁe%t}ﬂgﬂfe Plr st

vapor i zi nguappanaireeréaddamdy deased itvapaniber ofjapgpeatiatsy snchdlinglthe asele ond
vapori zation a ratus 54 reintroduces, at ] east ortion of product stream
26 int ot RS PSS HRRECR RS0 shFT enEaiitcont rat b and | o ove
the yield of the resulting concentrated product stream 60. Concentrated

product strmeaiVefitor i§ foktiaamilustaRmbly ke flistvidg miniemitigleampks, preferably
fromat |east a portion of the base of distillation colum 58. Optionally,

a recycled_cunene stream 12 (not shown) nmay be renoved fromat |east a
portion oﬁxfﬁép¥5% of the distillation colum 58 to be conbined with a
cunene stream 10 and recycled for reuse in reactors 30, 32, 34, 36, 38 and
40. MhiIecbgﬁmgmgggxgg?gqiption represents a preferred enbodi nent, other
systens and configurations nay al so be used. For exanple, one or nore of
cunene, water, and ammonia may be fed directly into reactor 30. Addition
of aqueoud APnvenicantrellesnexpsrimentst driglevay eandyctestiinat eoninuepuersamerihoni a

recycle Stcv.rlr%gr@topﬁl)éngll wé o%adaltli%g (Iiacillitgl ais %hovgn }@H:l%ﬁle% %@%@ an:%-II;’{b%Jl%Qi%él %%083
Na,CO; and ammonia as the neutralizing agent. Process data and analytical
measurements were collected daily in order to monitor the progress of the trial over
time. Fresh cumene 10 was fed at a rate of 121,000 pounds per hour (Ibs/hour) into a
settler vessel where it was mixed with recycle streams of cumene 12. The resulting
total organic flow 28 was fed into a six-reactor train 30, 32, 34, 36, 38, 40 at a rate of
563,000 lbs/hr. Raw material air 42 was continuously fed into the base of each of the
six reactors at the following respective rates: 36,000, 30,000, 32,000, 29,000, 26,000,
and 21,000 lbs/hr. The reaction pressure wés held at 80 pounds per square inch (psig)
in all of the reactors. The temperature maintained in the six series reactors was
respectively: 225°F, 215°F, 210°F, 205°F, 200°F, and 195°F. The steady-state weight
percent CHP concentrations were maintained inside the six reactors at near 6.0, 11.0,

15.5, 20.0, 24.0, 27.0 wt. % concentrations respectively.

Fresh Na;CO; (10 wt. % in aqueous solution) 64 was continuously added to the top of
each of the oxidation reactors in the following respective amounts: 260, 209, 203,
200, 189, 181 Ibs/hr. The precision of the individual aqueous NayCO; flows was

measured in advance of the trial run and determined to be +/- 1.5 lb/hr. The resultant



al so contenpl ated that anhydrous ammonia, i.e., ammonia gas (NH3) may be
contained in an incomng air feed streamentering each reactor, separately
fromor wogebhseow th the oxygen feed stream This i nventpicarusappioses
equally to both wet and dry nodes of cunmene oxidation and can al so be
applied to advantage in anal ogous free radical air oxidation processes of

ot her al kyq@doasphide WATHAWANST tHOPoteFRIPleBctabf theOXhélarisiana tAé cembikenzene,
sec- butyl benzene and di -i sopropyl benzene. The produced cunene

hydr oper ofireasn gayemdo iBesetiler vesseliderA portigppifiteaaqusays stresst cellesgdtihe aci d-
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EXAMPLES esppaivatimoantsx HI§o0e1 2508, A5 0¢d4§00; 000, d0D@tbsdperi nental trial was
conducted in a continuous comrercial cunene-to-phenol wet oxidation

facility sho i igure 2,. using a .conbination of 2 nmoni a
as the negg H‘é*?‘?f\zﬂﬂg}r?ﬁﬂ%fgg IMBrYe sy <1g]§{€g ‘ﬁ‘ﬁgwéf?élt%”ioc\f ife O%% g@ﬁg}ﬁ s were
col I ect ed; dad lyntinhoQ1g@Hdéd 1R dr Qesden € megﬂéc%@n of tHehfinhbhidl i Qlas ti M.
Fresh cunmene 10 was fed at a rate of 121,000 pounds per hour (I bs/hour)

into a satepswed ged detbrmined & be tha8-Siblud Inkide theeseitldr evessel Bgrasnmadnia unene
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was conti pHas¢sh yhe ettler vessel, had bas sultdeqesatlly fod farhard B the Fegcledaguedist he
foll ow ng respective rates: 36,000, 30,000, 32,000, 29,000, 26,008, and
21,000 | b&hase o thedop gheach of thereacters avhgresbath fhe ammetia ged miredsdialisiliar e i nch

(psig) ign@lds ME ihMGiduEPRLEbS: ORRIAEIRRERL WePe BRI AET ddntdtansi X
series reactors was respectively: 225F, 215F, 210F, 205F, 200F, and 195F.

The st eadyeastoat forwe¢aghmemepieoicghh tan@CHiPrmgio raceinandatdeba scideostentinnpaxismed | nsi de

the six reagtors a ar 6.0, 11.0 15.5, 20.0 4.0, 27.0 .. %

boncent r atiiieg Pedhedfipapine ML md SRR Eg asatai ek Aiveetisingin i on) 64
was cont i poéelusichdhesmiteglapiey ebtihi@de. €ach of the oxidation reactors in the
foll owi ng respective anounts: 260, 209, 203, 200, 189, 181 I bs/hr. The

preci si OnT(})lL 2'[7h\(>avt.i ‘Q)diC\IﬂIiPdgt?gama l6J ee(glgjiaecll\k%rzo%mthg lﬁ(r)l\all\is reva\l%t%r represents the final
cumene-CHP oxidate product. It was continuously transferred to a tank 48 for surge
and, after settling, was analyzed and its CHP molar selectivity was measured and
calculated as a percentage. The cumene-CHP oxidate product 76 was then pumped
continuously downstream at a rate of 584,000 lbs/hr for further processing at a

coalescer vessel 66 and series of three distillation columns 58.

The 27 wt. % CHP oxidate was also analyzed by atomic absorption technique for
sodium contamination. The coalescer oxidate effluent 68 was continuously fed
forward from the coalescer 66 at a rate of 584,000 lbs/hr to the three distillation
columns 58 at a rate of 584,000 lbs/hr. Steam heat was provided to the heat
exchangers, which were carefully cleaned prior to the beginning of the trial run. At
the distillation columns most of the cumene present was vaporized, removed overhead

by vacuum distillation, and recycled to the settler vessel.

The steam supply to the primary reboiler 54 was controlled by a control valve 56 to
maintain the desired temperatures in the distillation columns 58 and provide a final

bottom concentrate of 82 wt. % CHP 60. As the reboiler heat exchanger 54 became
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measured in advance of the trial run and determined to be +/- 1.5 | b/hr.
The resultant 9 WD 03/011820 PCT/ US02/ 22083 aqueous phase was drawn off

t he bott owoaB/oemeh of the reactors and the conbi ned streaTa®ozews3to the
settler vessel 14. A portion of the aqueous streamcollected in the
settler vessel was recycled into the tops of each of the reactors in the

f ol | owi N foll&s REM! éalCoRFTHAS 5 bdABRecd2B900 FRAChe 4RAM shpROval9988 | bs/ hr.
44 | bs/ hr of anhydrous ammoni a was diluted with water to provide 0.5 w. %
NHAOH / a@rgressivelyrengdd yvergamd thonegative effecy ekthgiredurid hept dransfeiodnedd t he
ammoni a fl,ow . r.m.ned-t .o -+ - / nsi.de the
settler véhsesséalwatf 11&@%&?@%@%9&%&% tp??]&t ﬂ%het%l%ﬁ{%io é %g’ts%ﬁssgéquggﬁ% itioned
pr Lmari I y((}/m%mnjdkwfes bﬁﬁﬁtgﬁda@dﬁ,@ﬂs as @Igla&gqi]amtitdnﬁresﬁﬂiﬁdt&r ofthe pedgressived was
subsequent e orward in e recycl ed aqueous ase to the t of each
of the r eRuLuB afiiBs Slban ihe he sHAGHES WhF 1 Vel eds psizpled the T ed”f he
| ndi vi duale, ipAglomhe ] SR1E BITE BRAIBI6 Al hefbedpld A ARAT Rh 00
reactors for asurenent of pH and formc acid and Ia)\cetl c acid content in
parts per lbsfirltbiaciowhpegm CHPeacid gamiage agactien stepl whiksi phenespd atétore aral t s wer e
anal yzed usi i.pn-excl usi on chromat ogr aphy techni que. The 27 wt. % CHP
stream 46%9??“??‘@@0%@‘?& e final reactor represents the final cunene-CHP
oxi date product. It was continuously transferred to a tank 48 for surge
and, af t eIThe kddessgbrfonmandniiky disinad troirt the @bl esl-édy @atifgdus\ekpatimées
measured and cal cul ated as a percentage. The cunmene- CHP_oxi date, product 76
was then peRrpgder duabheseraddlionProRsih GOBaH? Blus Sodinmecaphongte) IoBMmMMHELAr f or
further p S t a coalescer vessel 66 and series of three

distillat {bg%%ilglj&rg?lrle?'SB. The 27 wt. % CHP oxi date was al so anal yzed by
atom c absorption technique for sodium contam nation. The coal escer

oxi dat e efliARIgni 68 was continuously fed forward fromthe coal escer 66 at
a rate of 584,000 I bs/hr to the three distillation colums 58 at a rate of

584, 000 Irbsth S%ocan "'Fddt oes ot ovided—tothe heat—exchangers,—whi ch were
careful |y ea%%aﬁ ﬁ}h )P ¥ E‘%é ag’egi nning of the trial run. At
0. aily 'p
Variation | Formic Acid, | CHP, wt. % | CHP Phenol, ppm
ppm ..
Selectivity, %

1 6-8 1100 27 92.4 65

5 5-9 920 27.5 92.8 45

10 |6-8 810 27.5 92.6 45

20 | 5-8 990 26.8 93 50

30 |57 1060 27.5 92.2 60

40 | 6-8 950 26.7 92.6 60

50 |6-9 860 27.2 92.5 65

The above data show wide pH swings occurring frequently within the reactors. This
is likely due to free ammonia not being available for dissolution, due to mixed salt
formation. This resulted in incomplete removal of formic acid and negatively

impacted the CHP overall selectivity.
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the distillation colums nost of the cunene present was vaporized, renoved
overhead by vacuumdistillation, and recycled to the settler vessel. The
st eam supwioystooisetne primary reboiler 54 was control | ed by paTomorems3 val ve
56 to maintain the desired tenperatures in the distillation colums 58 and
provide a final bottomconcentrate of 82 w. % CHP 60. As the reboiler
heat exchanggh B BSQaRrial Q034018200 RCTIMIAREARRBZondpMl B et h sal t
over time it bPecanme necessary to open the steam supply val ve 56

progr essi depstraanesdction wé throplentt hEherebfained dataf dneerttrapfedtsodiune dueatbuseat
transfer due to fthe salt i.ldup on.the heat excha r. tubes.. T osition
of "t he. st alrred -y SPolaRe R s SR on SO et iy YEs

guanti t at i¥eéhownietdt Gf Tale bhe progressive build up of the salt on the heat
exchanger tubes as the salt build up fouled the heat exchanger. The final
82 wt. % CHP product 60 was then punped at a rate of 182,000 Ibs/hr to a
downst r earh 8 Aci d cl eavage reaction step where phenol and acetone are
produced fromthe CHP. The process performance data obtained fromthe above

45-day CORAARPUS eXPRLERRN hpmUS! NT TNER HiAkr VERE SpOAIdpkRN _Pr ocess (anmoni a
pl us sodijum’'carbonate) 1s sumuarized below in Table 1 TABUE | Day
React or s |Product Streape,Nao. %iégy gH |variation Formc Acid,| CHP, wt. % CHP
Phenol, ppm ppm Sel ¢ctivity, % 1’8-8 1100 27 92.4 65 5 5-9 920 27.5 92.8
45 10 6- 5 930B/A5 20 58 990,26.8 93 50

10 85/3/3 30

20 62/4/3 40

30 55/5/4 55

40 60/5/5 74

45 55/6/5 77

The above results demonstrate that the coalescer was unable to remove all of the
entrained sodium salt and that the reboiler became progressively fouled as the

accumulation of sodium salt deposits increased during the 45 day trial period.
EXAMPLE 2

A second trial was conducted for a 26 day period using the same wet cumene
oxidation process and conditions used in Example 1, except that ammonia was
employed as the sole alkaline treating agent. As before, 44 Ibs/hr of 0.5 wt. %
ammonium hydroxide was added to the settler vessel. The reboiler was thoroughly

cleaned prior to beginning the test run.

Process performance and analytical data was collected daily and are summarized

below in Table 3:
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30 5-7 1060 27.5 92.2 60 40 6-8 950 26.7 92.6 60 50 6-9 860 27.2 92.5 65
The above data show wi de pH swi ngs occurring frequently within the
react ors. wohis®11s2e | i kely due to free ammoni a not bei ng awairhsod/e208or

di ssol uti on,

r enoval

due to m xed salt
of formc acid and negatively
sel ectivi g ¥ls WO 03/ 011820 PCT/ US02/ 22083 During the 45-day tria
process data was sinmultaneously collected on the

formation.

This resulted in inconplete
i npacted the CHP overal

run,

downstream secti on of the

pl ant’. The obtai ned dat on entrained sodiumin various streanms and its
accunul ated i E o t HeredusdSiredmand associ at ed st eam supply vallve is
shown be g\g%i Tab e 2. [TABLE 2 y No. Sodium_ ppm Reboil er Val 56, %
open StRa 40/ 2/3 27 10 |83B/3 30 2Bh@wl,4p8 40 30
55/5/4 55 40 Zéﬁgn 2? 6/~(ﬁﬂ¥EWE%atove results denonstratie that
t he coal escer abl € lovd all of tHeSelastivitgi%hed sodi um salt and
t hat the reb0|ler becanE DrogreSS|ver fouled as the accumul ation of
sodium salt dgpe8its i ndr228sed durlia8g the 453 @y trial perio2t EXAWPLE 2 A
second tfial was conductled for a 26 day perijod using the sane wet |cumene
oxi dati opsprodesg and cqgrigoti ons Y9k i n Examale 1, except th&at anmoni a was
15 7-8 310 27 93.4 35
26 7-9 290 27.8 93.6 35

The results show that the pH of the reaction is more closely controlled, organic acids
more effectively neutralized, and phenol formation is reduced which is beneficial for

CHP yields (selectivity).

Since no alkali-salt agents were added to the system during this 26-day trial run, no
sodium contamination was expected in the downstream process streams and no
negative impact on reboiler performance due to fouling was expected. Table 4

summarizes the data collected daily for confirmation of these expectations.

TABLE 4
Day No. Sodium, ppm Reboiler Valve 56,
% open
Stream No. 76, 68, 60
1 1/11 25
10 1/0/0 25
26 0/0/0 25
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enpl oyed as the sole alkaline treating agent. As before, 44 Ibs/hr of 0.5
wt. % ammoni um hydroxi de was added to the settler vessel. The reboiler was
t hor oughlwo osloemmed prior to beginning the test run. Proc@es3/yser/fmsirance
and anal ytical data was collected daily and are summari zed below in Table
3: 12 WD 03/011820 PCT/ US02/ 22083 TABLE 3 Reactors Product Stream Day No.
Dai 'y pH KQréb&nd Qﬁ@aﬁ’@@@ata tH@ﬁbsxﬁ'@x’i 'oﬂﬂeoﬁeaﬁ@'sgpplypﬁl‘v%r thetrebdifr
Selectivity, %1 '}, 220 28 93.5 -9 180 5 92 28 15 7-8 310 27
93.4 35 P@s wnghemed 2iprigg 3Be 626s®y tmb rpegliod, widatingaro saliedendsvy of he
reaction |shgor a Qﬁgly controlled, organic acids nore effectively
neutrallzedl g1d dhenol formation is reduced which is beneficial for CHP
yields (selectivity). Since no alkali-salt agents were added to the system
during thEXAMPHUBY trial run, no sodium contam nation was expected in the
downst ream process streans and no negative i npact on reboiler performance

due to fouylin S ected. Tabl S the data col | ect ed dai
for conf | Al Vg i RIS wassamass o S0 SRBIECR g o e, cghons a
Reboi | er Wak¥gnm62, edéepP@Bbt oally 22MNG-of 005 we8% aﬁgnémaléé]lﬁtlor?@as added to

the settler vessel.

No other alkaline agents were employed. Table 5 summarizes the

data collected daily during the 40-day period.

TABLE 5
Reactors Product Stream

Day

No. | Daily — pH | g ic Acid, ppm | CHP, wt. % | CHP Selectivity, %
Vanation

1 5-6 390 28 93

20 6-7 330 277 92.6

40 5-6 405 27.6 93.1

Also during this 40 day trial the downstream measurement of sodium was continued

daily. Table 6 summarizes the data collected daily during the 40-day period.

TABLE 6
Day No. Sodium, ppm Reboiler
Stream No. 76, 68, 60 | Valve 56, % open
1 0/0/0 28
20 0/0/0 28
40 0/0/0 28
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10 1/0/0 25 26 0/0/0 25 13 WO 03/011820 PCT/ US02/ 22083 As shown by the
above data, the position of the steam supply valve for the reboiler was
unchangedwouwsiong2d he 26-day trial run period, indicating moTA®02/228P0SItS
or fouling of any kind. EXAMPLE 3 A third plant trial run was conducted
for a 40 day period using the sane conditions as in Exanple 2, except that

only 24 | hg{shdatfheiflforcedthe %s%mi@a%%é@ii%icﬁ@rﬁrﬁﬁ@ Rw hRBuREdrl er

vessel. No other al kaline agents were enpl oyed. Table sumari zes the

dat a col | ennediadedn Ye efffectivglytand brpeficigilypusedos. tha sgle meBtratizarg agent P 8duct
Stream Day, No. Daily.pH Formc Acid, ppmCHP, w. % CHP Sel ectivity, %
Var i at | on Vet &pensdidagBeprotsts. © 2500 Db Y00 6 40 56 405 27.6 93 1 Al so
during this 40 day trial the downstream neasurenent of sodi um was conti nued
dai | y. Talthenfettodmmdrsystea foraasishauted sendnechydmipksoxiienising frdeandifioiay
period. TABLE 6 Day No. Sodi urr}1 ppm Reboj | er Str am l\lo 7?, 68, 60 Val ve
56, % opeh“ a weh op) tlglg pr%sq)wg (yoggjrre@be ma@onz@ alkali and alkaline salt or

base additives possesses several advantages over conventional processes, including
the option to use wet oxidation, elimination of multiple neutralization agents,
improved pH control, reduced phenol inhibitor formation, lower initial plant
investment, higher plant on-stream factor, increased production rate, and elimination

of complex systems and expensive equipment.

In particular, the free ammonia method may be conducted using the preferred safety
"wet oxidation mode". The heterogeneous wet oxidation method is preferred over the
alternative dry cumene oxidation method as the presence of a separate water phase
inside the oxidation reactors provides enhanced cooling of the reaction via its
evaporation, thus giving improved heat removal of the exothermic heat of reaction,
and a more precise reactor temperature control. Also, the wet oxidation process

requires less investment due to the use of less costly materials of construction.

The free ammonia method also does not employ troublesome alkali-metal salt
additives. There are accordingly none of the immiscible, insoluble organic and
alkaline phases, slowed mass transfer and lower degree of mixing between such
phases, fouling of equipment due to salt deposits, or fluctuation of pH, each of which
may require complex systems to overcome. The inventive method thus eliminates the
need for complex systems and expensive equipment, and requires a lower initial plant
investment, as there is no requirement for special equipment such as static mixers,
counter-current extractors or coalescer units. The inventive process also employs a
smaller quantity of ammonia as a neutralizing agent, which eliminates the need for
periodic cleaning and plant shut downs associated with alkali and alkaline earth metal
additives. Ammonia also acts as a single agent and is continuously available to
neutralize acid inhibitors, and prevent phenol formation throughout the wet cumene

oxidation process. Even though ammonia is not dibasic in nature and possesses no
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14 WO 03/011820 PCT/ US02/ 22083 This data reinforces the results of Exanple
2 indicating that very |low anounts of anmmonia can be effectively and
benefi ci aWwby3uosmao as the sole. neutralizing agent in a WeCTASIEIOS3

oxi dation process. The nethod and system for nmanufacturing cunene

hydr oper oxi de using free ammonia in a wet oxidation process with

concur r enteLLI NAlAR q;‘r%&édf@s', 'th@?@h @M@E'd&‘ﬁ}éﬁé& e PREGRAdIL ] yes
possesses sever al advantages over tonventiona processes, Including the
opt i on t otigiger pirangx iidestabbishedehising ammionra tbén alshli-meitad saleadditivdészat i on agent s,
i nproved pH control, reduced phenol inhibitor formation, lower initial

are, andtariemrnatieBioh B RsfieustBed MR aRR-30 pu RROERRGI RAEREL 0"

par ti cul aft,willhR dndestodd sy thase RRURAGN FR)arbBaCRMIUS tiethges nag bt htadpaed er r ed
safety "wet oxidation node". The heterogeneous wet oxidation nmethod is

pr ef er r ededireglentymay desabsiduted Eorglgmentsihisecod yithar dpartnerrm A€ $99BE pr esence
of a sepa - p L NS - O X i i gnhanced
ool i ng. of ! Fafbn PR Sl 3his O AR AR kAN RREL O Ml AN o
renmoval ofitiahien exxahieriati o theatadiingsesCthe anyent@mndwahondrdepprtiag i fs@n rtbact or

tenperature control. Also, the.wet, oxidatio rocess.. requjres.less

i nvest menfSSERfE! Fﬁoﬂeﬁgerﬁgig Dherpiore 1%‘55‘?'169‘5%‘?’@&}’5I"%"e(?flo{l,83&%? EE’B‘F%%‘? The
free amopjea,MELMEEn odinélR /BsdtRbd QMR Oest h@d_@'c@ﬁt@ﬂ@la@é&ﬂﬂr'wﬁ?ﬁg'o@au _
additives. There are accordingly none of the immscible, insoluble organic
and al kathinsvphtame dut abhednyensiontwilinselode ahh ¢mbediarengefptling withigithe ng

bet ween such ases, f i of equi pnent due to salt deposits, or
fluctuati f’)cr?pgf’Pgﬁapg%néiﬁggi?"\gA%i ch may require conplex systens to overcone.
The inventive nmethod thus elimnates the need for conplex systens and
expensi ve equi pnent, and requires a lower initial plant investnent, as
there is no requirenent for special equipnent such as static m xers,
counter-current extractors or coal escer units. The inventive process also
enploys a smaller quantity of ammonia as a neutralizing agent, which
elimnates the need for
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periodi c cleaning and plant shut downs associated wth alkali and al kaline
earth netal additives. Ammopnia also acts as a single agent and is
cont i nuouwioy3aveseé abl e to neutralize acid inhibitors, andecpriesezedosphenol
formati on t hroughout the wet cunene oxidation process. Even though amoni a
is not dibasic in nature and possesses no 15 WO 03/011820 PCT/ US02/ 22083
"1 nher ent "W 85 CNAIEPPEY:ti es, the pH can be controlled nore effectively,
i.e., a tighter pHrange is est abl | shed, using amoni a than al kal i - net al
salt additives. Wiile the invention has been described with reference to an
exenpl ar y | wivesdhade for manufagining pumenederdsenssekidss conpsisingkiepdtiag qumenhe art

hat vari ou3 SRBI98R e RESIRAR Aoy L 0 TR, BShIA bR f O

el ement s t hou artin I nven

addi t i on, amdfiytheabsence af arﬂﬁtkhﬂ‘mycdnﬁ)m@antzﬂkaidarpdlkﬁlrﬁ&raﬁh endtay to foirh uat| on
or material to the teachings of the invention w thout departing fromthe

essent i al CYPEHINIFRACEBTIE Therefore, it is intended that the invention not
be limted to the particular enbodi ment disclosed as the best node

cont enpl abgehefrRth SR HhiRD O&Herelh M eSaddtnens bé?ébte(pﬁ‘émttﬂ@%roﬁlfi%ohs@f gto'fon will
include all enbodiments falling within the scope of appended cl ai ns.

16 WO 03/ 8Gr8ap 12T/ 14s0mt 4l 208,32 GVMTIAI & BAANnREDCcarsnate, A Gr@ttlhdd drdiA

e 2t i HGRAR ORRTHCIL R AR LR AR 2

and in thﬁy&bﬁ:ence of an addi t| ve corrprl sing an alkali or alkaline earth

nmetal, to form cunene hydroperoxi de. 2. The net hod of claim1, wherein the

additive is seletﬁ?dfromﬁ rou conS|st11@tg aGroupIIA or Il A netal
8 tip

salt, a GPOls Mathed of | GRaifed alheEmgin BifatEneng CqmprEes [regxclegeugiene
Ecgfphat € oxAafd (PYPrdche1ed adlebudBhRbniaX @ 0¥ Bih. and a Group 1A or I1A netal
4.The method of claim 1, wherein the ammonia is present in an amount effective to

neutralize acids during the manufacture of the cumene hydroperoxide.
5.The method of claim 1, wherein the oxygen is provided in an air stream (42).

6.The method of claim 1, wherein the reacting comprises heating the cumene and the
ammonia at a temperature of about 180 to about 220°F at a pressure of about 70 to

about 100 pounds per square inch gauge to the reaction mixture.

7.The method of claim 1, wherein the ammonia is present in an amount effective to

maintain the pH of the reaction between about 5 and about 10.

8.The method of claim 1, wherein the ammonia is present in an amount effective to

maintain the pH of the reaction between about 6 and about 9.

9.The method of claim 1, wherein the ammonia is present in an amount effective to

maintain the pH of the reaction between about 7 and about 8.
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3. The nethod of claim1, wherein the cunene further conprises recycled
cunene oxidate (12), recycled aqueous ammoni a (22), or both. 4. The nethod
of claimwpostersedé n the anmonia is present in an anount efrCaatSoye208®
neutralize acids during the manufacture of the cunene hydroperoxide. 5.The
met hod of claim11, wherein the oxygen is provided in an air stream (42).

6. The et hod ffetrolabMmhnufBRFigh Ruhbe hRREHOHJE VIRIPRAY BEAGnihe cumene
and the ammonia at a tenperature of about 180 to about” 220F"at a pressure
of about U®)tamd edtygar in0be poesses pEran suueung of rrgheqpsuagempniat ¢féectizade i on

m xture. 7.The t hqd .of clai.m wher.ei n.th ja ks present in an
anount ef P‘@H{E?‘{)gﬁ? gﬁ oﬁ?%{e&'&hor{ PE%WB?—? ayou ﬁeangé@g?t‘j{iolon a éf“ s na%g@gﬁtO?S and
about 10. a8. ddwtiveetddamprieingClani @khli WheslRhlhet hartanmeala tb SfdmesRffent N an
anount effective to maintain the pH of the reaction between about 6 and
about 9. bydraperpEidpowheeincthgireacting wRBPERS heating Heosmenesng the agyeotp an

about s, Ehpoe DrrRERLE S, DO R to ARt R el SRR e g

cumene hydbapeoosberls peoipaieshttdgdugats ieGetioR Rixtutel 0) and oxygen in the
presence of an anount of aqueous ammoni a effective to maintain the pH of
the reaction between about 5 and ahout 10, and in the absence of an

addi tive &bidpemstheg of flamcl), wherein thesmmenia &y Rresebingan anopnt gtfestiveiene

hydr oper o%{,fftain 18 bPtHe heactiSRBLWMn GOIRG! DHESLARAL | Ng the cumene and the
aqueous anmmonia at a tenperature of about 180 to about 220F at a pressure

of about 70 to about 100 pounds per square inch gauge to the reaction
m xture. 12.Thheetisdhddtlaih 1), aiherei thedmomeniia ist treseahimomi amdunt pHfegtivattoi n an

anount effecti.ve t intai.n the pH of the.r i on between about 6 and
about 9. T??%ﬂg%#gﬁﬁ8gﬁgfe%w8P%9?6%“a(3gzﬁﬁdfﬁ§ﬁ§ﬁnnnia IS present in an
anmpunt effective to maintain the pH of the reaction between about 7 and

about 8. 13Afsysiest forpfodicippedmendlyydeopermadd)cdmprisingxi de, conpri si ng:

means for reacting cumene (10) with oxygen in the presence of ammonium hydroxide,

and in the absence of an additive comprising an alkali metal or alkaline earth metal.

14.The system of claim 13 further comprising means for mixing recycled cumene

oxidate (12), recycled ammonium hydroxide (22), or both with the cumene (10).

15.The system of claim 13 further comprising means for concentrating the cumene

hydroperoxide.
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means for reacting cunene (10) with oxygen in the presence of ammoni um

hydr oxi de, and in the absence of an additive conprising an alkali netal or
al kal i ne warsloirsee al . 14. The system of claim 13 further @eemUrsIx2I9g3 Means
for m xing recycled cunene oxidate (12), recycled anmoni um hydroxi de (22),
or both with the cunene (10). 15.The system of claim 13 further conprising
nmeans for 16aNGaRL &k bRAUERE cGRERIIRdréps-08€ oMpHSsing18 WO 03/ 011820
PCT/USOZ/ZZOé%g 16.Absyste§1for produci ng cune?e h%droperoxide, conpri si ng:
a cunene feed (10) in fluid communication with a reactor (30, 32, 34, 36,

38, 40) Ra&VMeRe decduOhan Mt epamBRicazooNitha Easiar (3):32a3%0%G gt Pked (42)

in fluid I i i : . (30, 32, 34, 36, 38, 40); and an
anmoni um %}r;%gf%g%eg@g%ﬁf&ﬁﬁoéﬁﬁl th%’mmni cation with the cunene feed
(10) and/or the reactor (30, 32, 34, 36, 38, 40), wherein the cunene feed
(10), theaorygen fedk@d) (MARd dconemancationunitthihereactard 30,634 3¢.289, 38a#@); t he
reactor (30, 32, 34, 36, 38, 40) are free of an additive conprising an
alkali or® kaline earth netal. 17.The system of claim 16 further
conprising a storage discharge (48) serially disposed in fluid

communi cahh @Mnmdnidin bh@ok @8 (201 n! ftid cdMmunication with the cumene feed (10)

and/or the reactor (30, 32, 34, 36, 38, 40), wherein the cumene feed (10), the oxygen
feed (42), the ammonium hydroxide feed (20), and the reactor (30, 32, 34, 36, 38, 40)

are free of an additive comprising an alkali or alkaline earth metal.

17.The system of claim 16 further comprising a storage discharge (48) serially

disposed in fluid communication with the reactor outlet.
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