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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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neutralization of the organic acids present in the cunene-CHP organic
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salt, although not truly soluble in the organic oxidate phase appears to
provi de i apidatgettastitys nnlmm%fmy pet weewell heontralled, myhishi tﬂsujtSphagablce nd nore

effectively neutr eslir o3 aI one.
rovever - PHOBRL Rl AR O RGN hilat S BLRRRU ToOE it Bl OE
5, 908, 962 nust spI it the cascade of oxidation reactors into tvvo par al | el
trains, ahdUmited Seapd Pyteat Nopefj7ar,3dnted 55908@93621, fahcnl\teh’rmm/e icemene wet

counter-current to the cunene {)eed trea%lgrb ctl ce it agﬁ been found
that the RESeden DOFEs 1S desstibgghgvhersiw b @ duEmeTa Y preci sely
control | eginAiMHAY ]y dadedf QﬁfhetrQach@V@Rﬁmt DeiRid JkLime L&k WA é@(‘)'39| Dreel - €.,
over 3 to 4 pHunits. In addition this process requi res t pur chase of t wo
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gt onRalida B mik e YR ReSehe TR el BPull BB he dtgioHERE
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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| NVENTI ONcohiescabfilter ¢tentitonss aisidebiask ananthudi sadphiotdge an antuad bagigone or
alleviated hy a  nmethod and system for manufacturing cunmene hydroperoxide,
conpri si ng"euselsagute Gotle and oxygen in the presence of ammonia or
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al kal i ne ealbfaidPe lere fealRIMECHIRIR arhf b QBATPHELENS method 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

3



The system conprises neans for produci ng cunene hydroperoxi de from cunene
and oxygen in the presence of aqueous ammoni a, and in the absence of an
addi ti ve woaaptissé ng an al kali or alkaline earth nmetal. Amratriiesoz/erwbedi nent
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dry node of operation, conprises a cunene feed in fluid comunication wth

a reactor t}ﬁ'haé’drﬂéheafe&‘l‘ @E&D’%r 'ﬂ%dfe%}s{ Rl el&n AN @@rh@neofé%h Sthe o%?gé??%ggnthfaeed in
fluid communication with the readtor; and an anmonia feed in fl

conmuni cagnomni feed 3andahe 87201t 8RO €T ansa@lta@wﬁlmhmgmr@mél dreﬁélehhan d/ or the

reactor, rein.th u e feed, .the o nia feed, and
the react 8?‘%?111%6t?1r eg g’rspgﬂloéld@?ﬂamlés Xﬁl %ﬁ”ﬁ’ y (f?hﬂ?%% Watmgl?ﬁenﬁe earth
nmetal . A digbbtloride@RiRAitlRt. US may be serially connected with the cunene
hydr oper oxi de oxi date outlet. BRI EF DESCRI PTI ON OF THE DRAW NG Referring
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surprising because one of ordinary skill in the art would not expect that

anmoni a, which |§ _vveak base_ and . not dllbaSI Cc (and therefore has.little or
[

no buff er FHGURE: ilsyA s H@pﬁefmsdlqgéaasl Ipgrating, 4 PEOL gRermRpdipgnt: g2
stronger, mdihRRfaGyaas b M@ﬁuf@&uﬁ}?c@ﬁe&my@f& perdX§deQist g akali addhk inawbacks

of using the prior-art alKkali al kaline earth nmetal salts or bases,
such as seditlumetshsdltsroabasessodi um

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
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(not shown), and may be optionally nonitored using a sensor such as a
pressure gxgnmgrcomgmrtment 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
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per cent (\I/I%F&f %&’ lé%f/tggnﬂ grz [ gf gg; ?g’atégu{ﬁ %gcotﬁggéa]tgg%genzgeego%{t‘%%g %)’(ygen,
nost pr ef prediahlyly 2drbutehtly ixesx Yhgawp phasd stteand 26 £28 wigetherd Oxiggen tfewd 420t t om

portion of each reactor 30, 32, .34, 36, 538 and 4810. The oxyge egcts with
bhe cumen@rig oy o suran iRpRiERiRE BR5te! Siuebq 25 T UHmE PEFSRLLEL 1 ¢ he
cunene oXidaid, %)refeﬁﬁlﬂ a'b@ﬁ‘tc%épfo Hdut 32, voB4y, 38gedBnodGreRbReE2MbNbAI ned at
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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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hydr oper OX/anjre cheaxamplel, yeacmrwamshavﬂabonwmebmm wpighDperdent r(at.e%pr of i | e
(i.e., cunene dr ope x%{&@ concentration e cascade of reactors 30,
$ %3, 5 gumaa WP e TR A ave pisit oo SE N Wb TBOBE & co
about 6 wgyglaf,erg%@ged}tm&wt % cunene hydroperoxide, while reactor 40 can
have about 20 to about 30 wt. % cumene hydroperoxide, or nore. After

reaction in final reactor 40, an oxidate product stream 46, typically
conpri si ndfter 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-



about 20 to about 30 wt. % cunene hydroperoxide, may be fed into a

di scharge vessel 48, e.g., a storage tank, so that any renai ni ng aqueous
phase mayweatbis2@and be drawn off as di scharge 50. The dipsrhsoyeosessel 48
is preferably serially disposed in fluid conmunication with and after the
| ast reactor. The separated oxidate product stream 76 is then introduced

or fed fo?wa{]& Whé&ein sggmgg o} Rile ;§r6915@t‘§{r§é}ﬂ@69§cé/§c§§€ite&§> fdut 86 W t her

purifi cat exanpl e istillation. The distillation apparatus is
serially abczqn&sml Yoreufriené Hydroparoxideat i on with and after the storage
di scharge 48. The distillation apparatus can include but isnot limted to

standard distillati u k in the art S [ nore
distillat F%rnpurg%sr% (rﬁg% Sgr g@} e@citj Y p%\l\% {TeqERre erdo;hsphrglon %gl gp'] %ggt\?sacuum
distillatb@y ampaisilléSon atepdi Slthel pajduen se@InimM® hesgt bemhmeted asifgboi | er,

a shell -and-tube heat exchanger . vaporizer, and conbinations_conpri sing at
| east onedistillatipa m}@géﬁltﬁ@um ag first a@«il 87FONG YFPOIIERE APPARIPS DAt 2 Soki Yat e

product s r
G oti 11 at 1ishcnalint el GRERE YR PRAEE iy SHOIES kol BB | ot her
by 7 WO 08hPibi 820 pm?m’ds&ﬁﬁ%(}ﬂ&apng)dmdium Whefist mamelpmgaippatam&lm e

product stre IS, CO trated.to abaut 8 urrene
hydr oper o%?r@gy ‘é%ﬂ”sf)‘hﬂrbgﬁ’é‘g cgMupicgUen é{‘f#’oﬁngﬁhﬁr St?r(?g‘t:)ghﬁ\lvh?rg?ﬁl eted as
Limting, skeh@umewl dembid it afheSsecoitd Wa@@ﬁ‘mﬂ% Sdpphta@lsi 68 Sidekhe hpgaruoduct
stream 46 may be concentrated using distillation conponents such as first

and secontempepatue £hmye a@rﬁmﬂaﬂ by aEf@W santrod dgvice 30, esthed Yalwhartgageskeiheht
exchanger yapgy) elgg %g a;gé%at%? 'vﬂgiry elb&GPR); 4 ffﬁerfe{c‘éiﬁ(@tcﬁw%ﬁ ya'nd 189%1{}%“)' oy low

pressure SYeatm’as um apori zi aratus 52 is
serially ginspossttédfrbémuihe g@rmwnsfsahg@m anpriebsugd senddi, en ddqmtsstamoa,gw

di scharge 48. Steam flow denand to econd vaporizing a ar(g_t s 54 and
t he appar QPWsratetSéﬂ%?évraa’B’ﬂ? THACISEn @B P?’B inagonsyco &PWSBW a(t,g‘???f éﬁ‘? ce 56,

e.g., avg d k ectronic
i nt erface %%otl%i %rg Sg%%jrgg%f) )lﬂgﬁtg%é/ddaét g&?ﬁi%?%%lﬂgcﬁlgryffr%g?ﬁm?ﬂgﬁgr oup

consi st i nyamirizatiqay wpanamsséhsdiroughnOomtqrulmcsen@lemllat@n towponeatse sgnsor, a

mass Tl OWaRGNR N ¢ Qr(rjm Cé% prer}graf)l())/q}slre%oonrprrnlorsei c%gtil?z}tlolrle&)%pogg ets pre%ereﬁ)ly
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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foregoi ng sensors. Separated oxidate product stream 76 is continuously fed
fromfirst wvaporization apparatus 52 through one or nore distillation
conponentwp 08/0g1820 di stillation columm 58, preferably thr@eTarsomenes
distillation conponents, preferably three distillation columms, and exits
into second vaporization apparatus 54. The distillation colum 58 is

pref er abl yisgetdmdhpatdi Sas edhidohid Wnfh&REMUR] Cﬁﬁﬁq@ﬁ‘iabgéswgﬁm)_rtn@fy ber st
vapori zing apparatus 52 and second vapori zi ng agparatus 4. "The "second
vapor i zat comaiappar an isc@ding giimfecd dtreen enteringagsach gegstart separasély fronwet st ream
46 into the .distillation ¢o nent s58. to further congcent e gnd.i nprove
the yi ol clgeteh 3 e bl IERPRRE e Syl At FORAT A6 SOk ot ec

product sUrERABIGRficEmdnduidationamdicas aldb St appliidito ad cankdpenin dlalogvuefiee abl y
fromat |east a portion of the base of distillation colum 58. Optionally,
a recycl elpdiGahaieodddtioanprooessaopt oHEaIkYIEYMBEC componds, faroiaBwlq alist a
portion o I SE j Chs ]%ﬂj c i kth a
cunmene st F’éﬁgrgrﬁ()l%ggﬁgh})%%g%eﬁlj ;b gweggihgca?]g%%@to S e@%@%%ﬁ&% , 38 and
40. Wi | ecthenaleivepedesde nmplyiterused pr e sentbsr af pppdicetionsd irehtiad thericid- ot her

systens and . confi guratjions al so be used. For exanple, one or nore of
cunene, waftapze ﬂﬁa%agﬁﬂ%%nhenggédlggerpé@%d? Pg?f‘toll 9“"' W eact or 30. Addition
of aqueous anmonia to one or nore returning oxidate or agueous anmoni a

recycl e strheaientidyis Husteer Beusuard bylthe fodloRinMAdh3NiMkihg2Ramplbs.US02/ 22083 al so
contenpl ated that anhydrous ammonia, i.e., amonia gas (NH3) may be
contained in an incomng air feed streamentering each reactor, separately
from or ﬁaﬁﬂﬂﬁéﬁsmﬁth t he oxygen feed stream This invention applies
equally to both wet and dry nodes of cumene oxidation and can al so be
appl i ed t @ atuaRL88Rahplednal ogous free radical air oxidation processes of
ot her al kyl aromatic conpounds, for exanple air oxidation of ethyl benzene,
sec-butyl benzene and di -i sopropyl benzene. The produced cunene

hydr oper 04 d& dawronteoligsleekpierimgnial i r was candpfted dniaopmntinpers einmgretdhe aci d-

cat e LRl RRBDIBISIRA [CERIS RS ARl
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



EXAMPLES Conparative Exanple 1 A 45 day controlled experinmental trial was
conducted in a continuous commercial cunene-to-phenol wet oxidation

facility wooslhowro i n Figure 2, using a conbination of Na2Coassazrekoasmoni a
as the neutralizing agent. Process data and anal ytical neasurenents were
collected daily in order to nonitor the progress of the trial over tine.

Fresh cumaggeohd phase WaddRtvndoff #ieeb@tond 31 A0 oP tHeNdsetP@raniQHE combimedour )
into a settler vessel where it was mxed with recycle streans of cunene

12. The r &seam RAgentitotths seiieraiessel fifouvd pertipasofftbeiaqueons gragnkcolleseddr train

30, 32, 3?‘11 S?éﬁ?er%%%sc?ﬂiglr??grecﬁrﬁfeﬂtﬁmQBe p§;3 foé?aQ? o?%llxé]{eactR?sWnnfﬂ% %llld%!'m@' r 42

was conti nuous base o ach of the "six reactors at
fol | owi ngrefsﬁsqnﬁrefahmamrsatmo, BXS,OOQKEOOS@O(EDQOO(BZDO@D;SMQ, 000, 26, 000, and
21,000 | bs/hr. The reaction pressure was hel d at 80 pounds per square inch

(psig) | | of t e, reactors, The erature nt ai n

series regé Y‘F&@p@ﬁ‘f‘ﬂ}‘éﬂﬂs W‘fi%’ﬁteréolﬁrﬁv“gd%f—“’t 2%6#1] %%Ed 195F.
The steadyad %Bﬁlﬁ’t@hﬂptadd&?foc&mergég’s&Oﬁ%@ﬁiréc@shbﬁﬂﬁ theArBmBRia MW Rad i nside
the six reactors at near 6.0, 11.0, 15.5, '20.0, 24.0, 27.0 wt. %

concent r anieasused eaddeteiniagd to by ahh ONatbrg Tpside the setder vessquthsuammaiat i on) 64

ol 1 ovi ng HERELAPRE erdhibde oh@Bs by RO, Blimbef MLER 4@ BReES e '
preci si onphisetinehd seatlerivdsial, and)vwas ysbdsgastly fed dws/awhi theeasuleé dqudouadvance
of the trial run and geter ned to lg@;/- 1.5 I b/ hr.. The resultani 9 WO

03/ 011820 Phest Qs App obersh of theagrctern 3dere bath theammenie apd xS AlirBits each of
the react gﬁéﬁan&le tif&vRRPAEE:s. Sb&ﬁﬁa'i@ %ﬁ%@w@csllr&teﬁeﬁaﬂneéacpeo?stﬁé 14. A

portion o e aqueous streamcollected in the settler vessel was recycled
into the t@pmrsaforea@hummenhef plé and dosnic rctdhandf asietiowtid gontees peparisveer anount s:
17500, 1250 7500 00 4000,.,4000 .1 bs/ hr 48I_Fs/hr of1 a%{]%/drous anmoni a
was di | utEH R RPRAt dhe Beiotsdh @ewresﬁ/e S V& Ao PRl y added

to settleqon\z@@mlon c'ﬁhﬂnﬂb?@ph‘;}}@anﬁélué he ammoni a fl ow was neasured and
determ ned to be +/- b/hr. Inside the settler vessel the ammonia

The 27 wt. % CHP stream 46 emitted from the final reactor 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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m xed with the two oxi date phases, partitioned primarily into the bottom
aqueous phase in the settler vessel, and was subsequently fed forward in
t he recycwedsanseous phase to the top of each of the reaecansowkm®se both
t he amoni a and m xed al kali-salts entered the individual reactors.

Oxi date sanples were collected fromeach of the reactors for neasurenent
of pH and f§Qedrivgthagddo @ dimé et bé‘caﬁ;@!r@cé‘s@ﬂfye@toﬁeﬁ tR&IsteamP&ipplyValvé @8 (ppm .
The organic acids and their respective salts were anal zeé) usi ng an

i on- excl upragmessivelbrmersge apergome dhmnegasve affpst ofrthgredupehat srapgfemduedoeni t t ed
fromthe f,n 2 i i duct. It
was. cont i Mot 7 RE 3o b Raf2RBlaRaltpds, s postiR 8 L et sHRF BB\ g
was anal yzgdopenyiwiaé snoniibredindruss®hee byd yantiesivesadivatedofathd prapa¢ssivkat ed as

a percentage. The cumene- CHP. oxi date product 76 t hen pupped
cont i nuou$Piyd ¥Bviidhe éﬁhf’%t‘heah?aéteéaﬁf’g@8tﬂt’?f0§ ‘I¥’S§pﬁi’“f16rul’ffgflgﬁéhe Bfdcessi ng

at a  coaleseabeV8434InaP2 3D, GIP gﬁodg& d0weengh Bhbbell i 14T 5. The
27 wt. % CHP oXi date was al so anal yzed by atom ¢ absorption techni que for
sodi um comtsdmitnatdoemstréane Ctibadcad cleavags radatien g€ WheretphéBolvimd acetnié araous| y
fed forward fr‘ﬁﬁ]ﬁ'tﬁﬂg gg@l escer 66 at a rate of 584,000 I bs/hr to the three
di still at PEHUC °58"at a rate of 584,000 | bs/hr. Steam heat was
provided to the heat exchangers, which were carefully cleaned prior to the
begi nni ng TAE prdtess perfrmant?. dafd obthifed dost the bBéveoss-¢l donTifus@ekp&imédie cumene
present was, vaporized, renoved overhead by vacuumdistillation,  and

recycl ed tginghie dual Pﬂséraddé’é)%lr‘?ce%@“%@aﬁpgiﬁﬁB‘ih)‘}mt‘b"‘ﬂ?%t%ﬁ seErgarizsioi | er 54
was contrglLl.edi By control valve 56 to naintain the desired tenperatures
in the distillation colums 58 and provide a final bottom concentrate of
82 wt. % CHP 60. As the reboiler heat exchanger 54 becane 10 WD 03/011820
PCT/ US02/ 7208ZX foul ed with salt over tine it becanme necessary to open the
steam supply valve 56 progressively nore to overcone the negative effect

of the redpce hccot St | i;ilﬁ ) tdé,lb to—the—satt—buirtdup—on—theheatexchanger
tubes. Th os%ﬁb,gﬁ 1 FTERCIUSM suppl y val ve (% open) was nonit¢red and
used as a Yool Guat't tative—indi-cator—of—the progressive
Vanation | Formic = Acid, | CHP, wt. % | CHP “Phenol, ppm
ppm o
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 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 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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build up of the salt on the heat exchanger tubes as the salt build up

foul ed the heat exchanger. The final 82 w. % CHP product 60 was then
punped atwe wats2of 182,000 |bs/hr to a downstream CHP a®cd/usozazoase
reacti on step where phenol and acetone are produced fromthe CHP. The
process performance data obtained fromthe above 45-day conti nuous

experi menty, sl g Kﬁlfaa)d‘{ﬂhl %S,ep@@éystmy WO SRS R tah8STIBN k&1 R4 edS 0f Ofhle UM
carbonate) 1s sunmmarized below in Table 1. TABLE | Day Reactors Product
St r eam No .dbwinbtyeapHsegtion af itlniplentni Therohtdinedidma ot entea@iel setiemoin vaypoms

ppntel ecti vi t 9%.16-811002792. 4 65 55-992027.592. 8 45 106-881027.592.6 45
D05~ 89902818 ‘%@9%8%@?W§?.%%6r Beg az*é‘?%%‘?%’e%ﬁs 6‘%%@%’827. 292.5
65 The abeyéodattrlehanravlee pH swi ngs occurring frequently within the
reactors. This is likely due to free ammoni a not being avail able for

di ssolution, due to mxed salt formation. This resulted in inconplete

removal of!ABJ¢?c acid and negatively inpacted the CHP overall
selectivity. 11 WO 03/011820 PCT/ US02/ 22083

Day No. Sodium, ppm Reboiler Valve 56, % open
Stream No. 76, 68, 60
1 40/2/3 27
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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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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React or sProduct Stream Day No.Daily pHForm cCHP Phenol, ppm Vari ati onppm
CHP, wt. /o Acid%, Selectivity, % 17-82202893.5 25 57-918027.592.8 28

157- 83102¥033411820 267- 929027. 893. 6 35 The results show t h&CTiuse2/pd8df t he
reaction is nore closely controlled, organic acids nore effectively
neutralized, and phenol formation is reduced which is beneficial for CHP
yi el ds (S@Jses%wlﬂy)’the aﬁbw&até‘%@bkﬁhbn dtkie agsnkspprenalvaddetictiebdilte system
during this 26-day trial run, no sodium contam nation was expected in the
downst r eamaprlm@me@tdl@aﬁsthar?@ ¢7y triabgan ipgaod.nindicating) noesadi Heposieof or mance
due to fo | k.n ected. Table 4 sunmarizes the data collected dail
for confi r%?gg\rﬁ%@]?ﬁﬁese expectations. TABLE 4 Day No. Sodi um ppm Reboi I>/er
Val ve 56, Stream No. 76, 68, 60% open 11/1/125 101/0/025 260/0/025 13 WO
03/ 011820ER@MPIBSR2/ 22083

A third plant trial run was conducted for a 40 day period using the same conditions as
in Example 2, except that only 24 1bs/hr of 0.5 wt. % ammonia solution was added to
the settler vessel. No other alkaline agents were employed. Table S summarizes the

data collected daily during the 40-day period.

TABLE 5
Reactors Product Stream
Day
No. Ba‘l.y. PH | Eormic Acid, ppm | CHP, wt. % | CHP Selectivity, %
ariation
1 5-6 390 28 93
20 6-7 330 27.7 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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As shown by the above data, the position of the steam supply valve for the
reboil er was unchanged during the 26-day trial run period, indicating no
salt depowptos/oons2o f oul i ng of any kind. EXAMPLE 3 A third plcantsot/ziosd run
was conducted for a 40 day period using the sane conditions as in Exanple
2, except that only 24 |Ibs/hr of 0.5 wt. % anmoni a sol ution was added to

the settl ghsV@ss Seinfolls thBGEsudtks kAl Mﬁaﬁag%aicwget@mh@mw athBBite o?
sumari zes the data collected dail uring the 40-day "period. TABLE 5

DayReact orgRrontuean 8t effentiviky. andi hepeftinlBonsadcasAbe dolemsmiHiRingvagent/@HP
Sel ectivit % Vari ati.on 15-63902893 206- 733027. 792. 6 405- 640527.693.1 Al so
during thi"&s/et %B“?i‘a?f"ﬂ aingf] P{41&>downst r eam measur ement of sodi um was conti nued
daily. Table 6 sumrari zes the data collected daily during the 40-day

peri od. TABE methddand Ngst&GadotammnyfcruRebain&re hStroparoxide. usity, fré&ymmonial ve 56,
% open 10/ 0/028 200/.0/ 028 400/0/028 14 VP 03/,011?2 FCT/ UE\?O%/22083 Thi s
data rei nifbp et oxHiatip precess With mencHsTeat slimppgtien o; ﬁg‘alﬁé‘f‘ e sglf oZnpunt s

of  ammni,aCafifks %J;?E%%ésvs%{/é’raﬁﬁ'&jvam%l@@éc bédraddnYetRRdl Boctdes, SAdIBding

neutralizing agent i
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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wet cunene oxi dation process. The method and system for manufacturing
cunene hydroperoxi de using free ammonia in a wet oxidation process wth
concurrerwoOaBiomise@t i on of al kali and al kaline salt or ba®eTasd2/rioses
possesses several advantages over conventional processes, including the
option to use wet oxidation, elimnation of nultiple neutralization agents,
| mproved Bk GO MRl enhggﬂ ihenolhH i lBlst&BtrBf?éMerr&ffebW idi4ial

pl ant investnent, antf on-stream factor, increased productlon
rate, andtlgl’ntem}ﬂ]aangens estn‘ohs}mdphmg srgnstoemshandkelxpmtaélswlea@hmqgrrent I n
particular, the free ammoni a net hod nay be conducted using the preferred

f d 1Ih d
oret ef rea Uit R enfih BR e B Gpgt o GORERERE Jad r RLBRLERIIPR . cSence

of a sepaijtatif Béﬁin@érsﬂh@%? thdseskilled ﬁllﬂﬁle@ﬂ that Vidus ERaiges mapboviadeanénhanced
cooling of the reaction via its evaporation, thus giving inproved heat
renpval ofquiYalerx sraydesilstiesd f‘lﬁe]‘i"ré%[ﬁ% thefeof “élﬂ’@“tad%ﬁ@gpff% itRSCPRG Ct or
temperat UpLugqRtddion. a@dluwwgmemgﬁdng% £33 d BA & BarlcBRP

i nvest nen use of ’l'e costly nmate S con ction. The
free ammsmaatmﬁtdmdatahslotodmestemhnngsnqsﬂ tlny mvmubhewmhmltaddpaﬂtmgrtmmmsal t

additives. There are, ac none of .the ipm.sc e, | | ubl.e organic
Bnd | al kafeRE DRSNS b W ohe it TR aneresd Sat P anentaggebBs Brin fo ng

bet ween  sgehartiRs embddfbéndt mﬂscmse@qyltmt nfdde coftefipldted RPQEirying ook
fluctuation of pH each of which ¥ requi re conpl ex s¥stens t 0 overcone.
The |nvenﬂnweﬂﬂEWHD@Utﬁ@%ﬂﬁhhhﬁﬁﬁne@IUhdUdﬁéﬁGﬁﬁﬁmnﬁmﬁpa@%ﬁ%yﬁh@ﬁbeand
expen3|ve(:% o eg Igylres a lower initial plant investnment, as
there i s WOPF g gﬁe For Speci al equi pnment 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 periodic cleaning and plant shut downs associ at ed
with alkali and al kaline earth netal additives. Ammonia also acts as a
single agent and is continuously available to neutralize acid inhibitors,
and prevent phenol formation throughout the wet cunene oxidation process.
Even though anmonia is not dibasic in nature and possesses no 15
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WO 03/011820 PCT/ US02/ 22083 "i nherent" buffering properties, the pH can be

controlled nore effectively, i.e., a tighter pH range is established,
usi ng anmwoica/oitsam al kal i -nmetal salt additives. Wil e thepPcmaesot/2mas has
been described with reference to an exenplary enbodinment, it wll be

understood by those skilled in the art that various changes may be made and
equi val entywyyry 1PeLausD fsut ed for el enents thereof without departing from
the scope of the invention. In addition, many nodifications nay be nmade to
adapt a particular situation or material to the teachings of the invention
wi t hout dégamatheg for gnanulecturengs epmeng| hyssenseoxi ¢ reeatprisingeieedtiggesumeanc s

i nt ended t i nv. i |, 0 . | r i ment

di scl osedigg ap{}lg&%%ésﬂt1%%%@%8%%%82%\%{%?0&%& E@%?é%ﬁ?%g&%h{lg%ﬁogg{@vénti on,
but that thein the@bdenodofad hdditivd contepriairg andibdi oediksinkadatth agetal] fohformt he
scope of the appended clains. 16 WO 03/011820 PCT/ US02/ 22083 WHAT IS

CLAI MED | S¥mene ydranseeds manuf act uri ng cumen e by dr operoxi de, conpri sing
reacting cunene (10) and oxygen in the presence of a water phase

conpri si ng TARYSAHSI SETRIR B WitBdin thediditiVe ik EGeABPREBRNOEroRp cafitins\6E
conprising an alkali or alkaline earth netal, to form cunene

bydr oper oriGteup 12 oTHEA metd salt.of Geduni Iy o1 lliaetel parbonateddbtoupdAi @ 16| ect ed
fromthe group,consjsti f.x a &ou r.LLA netal sa ' G.oup | A or
11 et o TR BORERRLEY huRea & B W REhih nh i 1A ot B B or P
met al hydhpkhdde, and a Goup A or IIA netal hydrate. 3.The nethod of
claim1, wherein the cunene further conprises recycled cunene oxi dat e
(12), recycled aqueous ammmnia (22), or botija. 4. The et hod of claim 1,
wher ei n t hd PETREAPS, 3 Clmedeierch B ARG UERFeeaMRRSCE seCYRletUAINS e aci ds
during t hgyaeRyl ACIL8Phqiddss sHABAR (PYAbPP&HOXi de . 5. The nethod of claim
1, wherein the oxXygen is provided in an air stream (42). 6. Tbe nethod of

claim1, wherein the reacting conprises heating the cunene and the
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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ammoni a at a tenperature of about 180 to about 220'F at a pressure of about
70 to about 100 pounds per square inch gauge to the reaction mxture.

7. The netwod3wmiised aim 1, wherein the anmonia is present i PCINUSALR208%
effective to nmamintain the pH of the reaction between about 5 and about 10.
8. The nethod of claim11, wherein the ammonia is present in an anount
effectivejpo m@moatfaf Prah 8o buhBle FEAGHHONIOLNERRIRILM NS RRfnaboUt .
9. The nmethod of claim1l, wherein the ahmonia is present in an anount

ef fecti ve(k® andadxygan nntthe puésende phen rasammt o algecmemmbm@t effectivel tabout 8.

nyar oper oRHBAN i T G eion Py el RE dpPTtdl 35 SLRARSHRERE, coence

of an anopmt adzﬁnmmmpilsa@mm alkafif eet Ak EirteO ealRi Afeddl N t@ heorfiH cafneh&e
reacti on between about 5 and about 10, and in the absence of an additive

conpri si ngYHAPAPKAL: Whireia| thgIrPacEng sPRTipgst heating ther @imane Ardribe aqueous
hyd”—"perox' de’ma & empeFa?&ero?a%ohtnﬂsfoCt%% ??g%ﬁe%t 'a;g%ssupee%%}_%ep%%&d the

aqueous n| a er at ure abou a pressure

of about Zﬁbuttcpoogbmﬂtspéﬁﬂluaﬁuﬂ&sgaa@ét&ﬂxuaé@tlbﬂﬁhxtgwge to the reaction
m xture. 11. The nethod of claim 10, wherein the ammonia is present in an

anount effective to pmintain._the PH of the reaction between_about 6 and
about 9. 1bTrpacthadpiglam 10, ahsrerpthegrupemp iy meseahingm anqunt pHfedvitoin an

amunt _ef Bﬁﬁhél}{?hetﬁi oﬁﬁﬂl'e'?&a%'tlﬂn%&%ve@ﬁ'a%ut%%d aB@glg, on between about 7 and

about 8. 13.A systemfor producing cumene hydroperoxide, conprising: means
for reacting cumene (10) w th oxygen in the presence of ammoni um hydroxi de,
and in t hé2.dbseretodod§ caimaldtivthierean terapreniais preseat nadni anpannd effegtivgltkal i ne

earth netal tem Lai m nprising neans for m xing
Fecycl od. BUIRAE T BLES TS pn Brdieh b by or oxi de (22). or bot h
with the cunene (10). 15.The system of claim 13 further conprising neans

f or concems.nadystegh foh produciap eumbiyahapepepociide cotPrising:

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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WD 03/ 011820 PCT/ US02/ 22083 16. A system for produci ng cunene

hydr oper oxi de, conprising: a cunene feed (10) in fluid conmunication with a
react or (Ww0,038218284, 36, 38, 40) having a cunene hydroperatie2/eo8sliat e
outlet; an oxygen feed (42) in fluid comrunication with the reactor (30,

32, 34, 36, 38, 40); and an ammoni um hydroxide feed (20) in fluid

communi caf  Ansyaiehfok PR JGUE REmERERy drdftloxidd) dbpriking: reactor (30, 32, 34,
36, 38, 40), vy\hé‘erel nBt he ?gnene feedé&;rLO) theboxygen feed (42), t he

ammoni um hydr oxi de feed 20) and the reactor (30, 32, 34, 36, 38, 40) are
free of ah can@neileed @it iflalchgommunicrtam wath ardegior k20,32 o sot3 4007 . The

syst em of hg‘llﬁé &Céﬁcomﬁpﬁer&g@&h&dtﬁgt tst orage di scharge (48) serial I y

di sposed I'n nication wt e reactor outlet. 19

an oxygen feed (42) in fluid communication with the reactor (30, 32, 34, 36, 38, 40);

and

an ammonium hydroxide feed (20) in fluid communication 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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