PROCESS FOR PRODUCI NG PHENOL CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001]
This application clainms the benefit of prior U S. Provisional Application
Seri al Nowvo@w101®8$91646 fil ed February 26, 2009 which is reraisgotionemapor at ed
by reference in its entirety. FIELD [0002] The present invention relates to
a process for produci ng phenol or a substituted phenol and a co-product.
BACKGROUND [ 0003] Phenol is an inportant product in the chem cal industry.
For exanpl e, phenol is useful in the oroductlon of chenollc resins,
bi sphenol A, e-caprol act anrfRQ§: QR PRODUGCING RRENOL  and plast|C|zers
[0004] Currently, the nost cormon rout e for t he productlon of phenol is the
Hock process. ThIS i's a three step process in which the first step invol ves
al kyl ation ROSRYERE RbLASKD A Ny unene, an al kyl aromatic
conmpound i t he
oxi dat i on, @%@Efergﬁﬁ%ﬁgg?gél@&ggﬁg%%ﬁgﬁ%%?h%ﬁaé]igﬁmgﬁﬂgﬂﬁggﬁggsgﬁﬁlng
cunene hyle@pé}r/bSG ‘die.filghigebtuaiy 2b, 80@pwhish s herchy mavrpageted by rdfercmaerme rie
hydroperOX|de |n t he presence of heterogeneous or honbgenous catal ysts into
iret
equi nol ar SMoint s of phenol and acetone, a co-product. However, the world
demand forEmEEDoI s grow ng nDre rapldly than that for the acetone
Cco- pr oduct t|on due e opln rta s. in,supply, the cost of
o oyl ene. 1U00R] Koty pgRemyabGalih SFUGURR Mkl R rpERins SnEHERr HiiGnf
reduces t hehetseadfirapyreqetas a feed and coproduces hi gher ketones, such as
met hyl Ethigﬁﬁééﬁgﬁﬂﬁﬁdlor cycl ohexanone, rather than acetone may be an
attractive route to the production of phenol. For exanple,
met hyl et hydooBpt OPgeriod 1s|dfi11%ﬂﬁﬂﬁ pk&Wictif @hcBéheidaR HAURHy. a6l cRanfld, \WaBol @nd for
dewaxi ng of lubricating oils. In _addition, there is a grow ng market for

cycl ohexandidul iHhe AroRetRs il PRSI TPk SPhaAP! A, o-caprolactam, adipic acid, alky!

phenols, and plasticizers.

[0004] Currently, the most common route for the production of phenol is the Hock
process. This is a three-step process in which the first step involves alkylation of benzene
with propylene to produce cumene, an alkylaromatic compound in the presence of an acidic
catalyst. The second step is the oxidation, preferably aerobic oxidation of cumene to the
corresponding cumene hydroperoxide. The third step is the cleavage of the cumene
hydroperoxide in the presence of heterogencous or homogenous catalysts into equimolar
amounts of phenol and acetone, a co-product. However, the world demand for phenol is
growing more rapidly than that for the acetone co-product. In addition, due to developing
shortages in supply, the cost of propylene is likely to increase.

[0005] Thus, a process that avoids or reduces the use propylene as a feed and coproduces
higher ketones, such as methyl ethyl ketone and/or cyclohexanone, rather than acetone may
be an attractive alternative route to the production of phenol. For example, methyl ethyl
ketone is in demand for use as a lacquer and a solvent and for dewaxing of lubricating oils.
In addition, there is a growing market for cyclohexanone, which is used as an industrial
solvent, as an activator in oxidation reactions and in the production of adipic acid,
cyclohexanone resins, cyclohexanone oxime, caprolactam and nylon 6.

[0006] It is known that phenol and methyl ethyl ketone can be co-produced by a variation
of the Hock process in which sec-butylbenzene is oxidized to obtain sec-butylbenzene
hydroperoxide and the hydroperoxide is decomposed to the desired phenol and methyl ethyl

ketone. The sec-butylbenzene can be produced by alkylation of benzene with linear butenes



solvent, as an activator in oxidation reactions and in the production of
adi pi ¢ acid, cycl ohexanone resins, cycl ohexanone oxi ne, caprolactam and
nyl on 6. WOQ0BJo98416i s known t hat phenol and net hyl et hylPCraiSeone/oeen be

co- produced by a variation of the Hock process in which sec-butyl benzene is
oxi dized to obtain sec-butyl benzene hydroperoxi de and the hydroperoxide is
deconposed to the desired phenol and nethyl et hyl ketone. The

sec- butyl benzene can be produced by al kyl ati on of benzene with |inear

but enesovePvgesplite bethet a medecylanypwcaf|thy 1&@\@% fagpilyt. Hactaionat 2pchr apiofsss caet ai | s

of such a RE@GATH ?&}réxglgpllfe %ﬂ%ﬂmﬁ&hal f’a%nt %ﬁ‘l@h& Nb. W@Q&%t/d 1888, Pat ent
Publ i cati on No. W20 5826. 07] Simlarly, US. Patent No. 6,037,513
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concent rat HPBIEHEL PR bl rBas TR Gt i rhien i ResiesSens 8ot he
cl eavage reaguar. In addition to the hazards associ ated mnth handllng
concentr at dr oxi de, vage of conc ntrated X|de SO
poses safeﬁ@mg ncz$ﬁ Hﬂﬁm?@"%ﬁg)gd%Pﬁﬂ%ﬁ ﬁﬁl?mgyﬁgﬁg ‘8X1%t a%? t he
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t he concentrated oxi dation products. In practice, the concentrated cunene
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In the case of ?¥c ohexyl' benzene oxi dati on, another di sadvantage of

concent r at il @y highbx grasharmisneatyrg i dheressiiene Faxthet signifigent tancuie &fevide hi gh
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[0009] In the case of cyclohexylbenzene oxidation, another disadvantage of concentrating
cyclohexylbenzene hydroperoxide exists. Due to the very high boiling point of
cyclohexylbenzene, high vacuum and high temperature are required in order to remove
cyclohexylbenzene and concentrate cyclohexylbenzene hydroperoxide, which may lead to
undesired decomposition of cyclohexylbenzene hydroperoxide.

[0010] In addition, the production of phenol using sec-butylbenzene and/or
cyclohexylbenzene as the alkylbenzene precursor is accompanied by certain problems which
either is not present or is less severe with a cumene-based process. For example, in
comparison to cumene, oxidation of sec-butylbenzene and cyclohexylbenzene to the
corresponding hydroperoxide is very slow in the absence of a catalyst and is very sensitive to
the presence of impuritics. As a result, U.S Patent Nos. 6,720,462 and 6,852,893 have
proposed the use of cyclic imides, such as N-hydroxyphthalimide, as catalysts to facilitate the
oxidation of alkylbenzenes, such as sec-butylbenzene and cyclohexylbenzene.

[0011] All of these problems increase the complexity and investment involved in the
cleavage process and hence various alternatives have been proposed.

[0012] The synthesis of phenol and cyclohexanone in one pot with selectivities of 96%

and 91%, respectively, at 25% conversion, by means of aecrobic oxidation of

0.



[0010] In addition, the production of phenol using sec-butyl benzene and/ or
cycl ohexyl benzene as the al kyl benzene precursor is acconpani ed by certain
probl ens wbi2otv/@Btlher is not present or is |ess severe RCTIUSao00®ne- based
process. For exanple, in conparison to cunene, oxidation of

sec- butyl benzene and cycl ohexyl benzene to the correspondi ng hydroperoxi de
is very slowin the absence of a catalyst and is very sensitive to the
presence of inmpurities. As a result, U S Patent Nos. 6,720,462 and

6, 852, 893 ﬁa@}@leﬁylbwgwntthﬁepre@éceoqf the/NHydroxyn hesdimide, hloged by treatment with

N- hy dr oxy platRalclaBid8 i@ s SR PANE bal iR TeRBlckich @8, § NEiXEHa1Hen Bhs),
al kyl benzenes, CSUch aé sgc Bﬁtylbé%feng aﬁdo cycl oh 2§§Ibenzene ( Odll] Al

of these pd%%ﬁbnsf¥ﬁ@ﬁé§s@‘@heﬂ@Omeé%ﬂmy adwsﬂnveb@%mﬁﬁm@ﬁV@Hv@wa$m0ﬁhe

cl eavage p r 012]
The. synt oty Sonro R BGRB8 LR Bk Bkl By e R LD e 1 o
96% and 91%st pesrpmatlmgdieyhydamm%%x:oﬁwemsﬂemd dikgyl rlvelaznsescafct aahlobite fapxhadat i on
by 11 cat moft OOEn el P Beac: EnGl ok Ea R G AR bRy Mhelf Rl et on
, Vol . 6 1ophges bsdiQubR. %eﬁﬂ&ﬁ&):o—pfcﬂﬁdtﬂare@@hb@ﬂ wigh tdectihiepoegendr than

i nvention, it hﬁ EQM/been found that cleavage of hydroperoxides directly
out of the 548l 9af%n reactor may be achi eved without the need of first
concent r at iSIMMARY'ydr oper oxi des. The un-reacted al kyl benzenes act as

di luents f t he peroxi des, which can help manage the heat of cl eava
reaction afﬂ@ﬂ 6Ett ?O%eoaﬁP"r%lth?lBY‘??&P? ﬁCIB%edPFeaaW“g‘fP“BPB)&EFé Q& ProsHERBP e&g]d

co- product gr akds@iRd YEa[]1 MdtdtogRbaet, iiipkd8s c@ﬁpﬁkﬁ?’ﬂt ektefshh@n or equal to
98% SUMVARY [0014] In one aspect, the invention sclosed is cont i nuous

process for profci Mg BRERoln @r figst SEackari & (freld SHHAEH GPMBIENE, aeoaﬂﬁfl%ra%tfc t he

process CORphpindYith R&eh&Rgealf confpRin€ an@;@%&ﬂ Etﬁhtahﬂ?ng’igafs il @b pfc@el Of a frsf 1 T ST
stream conpri sing an al kyl aromati ¢ conpou a second stream conpri sing

an oxygen- 8y GpEsigas eelie h@ldsrlélé@rne@dtshpn%wr F@@?rtcaéﬂ%ﬁg/@tp%@ﬁp@fu ¥ldhg a
cyclic im dg RGeS 6 uhélR)na%ah&la?&ﬁ‘a\(@'h%rdr@ﬁer(l»&?eﬁ a portion of said

alkylaronatlc conmpound to an al kyl aronatic hydroper oxi de,
wherein said alkylaromatic compound having a general formula (ID):

Rl

/

CH (D
R3 H,C—R?
in which R' and R? each independently represents an alkyl group having from 1 to 4 carbon
atoms, provided that R' and R* may be joined to form a cyclic group having from 4 to 10
carbon atoms, said cyclic group being optionally substituted, and R* represents hydrogen, one

or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group,

wherein said cyclic imide having a general formula (IIT):
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wherein said al kyl aromati c conpound having a general forrmula (I11): in which
R1 and R2 each independently represents an al kyl group having from1l to 4
carbon atwoeoiop9ssasded that RL and R2 nay be joi ned to fPommmsaoiopeinme group
having from4 to 10 carbon atons, said cyclic group being optionally
substituted, and R3 represents hydrogen, one or nore al kyl groups having
froml to 4 carbon atons or a cycl ohexyl group, wherein said cyclic imde

having a general formulg (111): (Oiin which each of R4 and RS is
i ndependent ywhich| eeh off B rangh Ry ér theenchdantla rigleefad dkom hy decapyd g é apbsyifuted

radi cal s hayi : r - , ., and
%Y&r@&arﬂyltréhllg_'a@s ll%,@‘fn%q,ntogf)%r?n%orﬁs, %r&ﬁ?h&%rﬁ%&%%ssg?ﬁﬁmﬁgﬁ, arfdH

NO or fromthe atons H, , and |, provided 5 and can be
| i nked to W& arfomhdie apms H. ol Brnendbmgovidedcthatdt” ot Rinende linked to one

i ndependen .ect ' 7.8 ES eqdent |y
sel ected ftra}éér{r%l%%%g Cgﬁéénkl% ’gﬁcg_téﬁ Qnrr%nnt ésflﬁ Su%nﬁg' g‘?gctt%lehgnérdllo |’CIQT abl e
of El enent €R®eatlsofX and O, indepesledtly delectrd fdm @i $ @2, NL,P @ eRmentsiof Gloupat 3;
and R6 can n fthe tities .list for d erejn said

al kyl ar orrato?gle%ﬁ%orcg%g%bé%@e]e v ﬁ{glsgodenérkéf O‘If:igrbrrr%llqés 4 )Qrejl’n whi ch each of
R1, R2 andnRB lits 3amdREichmbcangad the;en(itids lisrddurd*nagpdan ef f | uent stream

conprising said cyclic imd sai d al kyl.aromati c.hydr oper oxi de, and said

al kyl ar orratwﬁlgregb oﬂwgarﬁﬂ@}cglfyﬂroé’gﬁoaﬁgw‘f"ﬂ%?‘lgenglfaffé)é‘ﬁ?d'ﬁ “an al kyl aromatic
hydr oper oxi de concentration o om 10 t @140 wt % (wei ght % ; and (c)
contacting in a second reactg east A portion of said effluent stream
wth a second catal yst to c@ yat-a caHaybenomat i c(rhydr operoxide to a
product stream conprising phe #hd sald co- product. [0015] In one

enbodi ment, at |east part (kg cycl ilg,d+@é is renoved fromthe effluent
by contacting said effluent stream [0016] In another enbodi nent, the

ef fl uent stg @pigh b&hRPR! FULSY ’Misiaalibthegaprsent rated prior to said contacting

(c). [0017] In another emnbodi nent, at |east part of said cyclic imde is
removed by cont dot i r{goducmg an effluent stream comprising said cyclic imide, Said alkylaromatic

hydroperoxide, and said alkylaromatic compound wherein said effluent stream has an
alkylaromatic hydroperoxide concentration of from 10 to 40 wt% (weight %); and

(©) contacting in a second reactor at least a portion of said effluent stream with a
second catalyst to convert said alkylaromatic hydroperoxide to a product stream comprising
phenol and said co-product.
[0015] In one embodiment, at least part of said cyclic imide is removed from the effluent
by contacting said effluent stream.
[0016] In another embodiment, the effluent stream is not substantially concentrated prior
to said contacting (c).
[0017] In another embodiment, at least part of said cyclic imide is removed by contacting
said effluent stream with a solid sorbent. Conveniently, said solid sorbent comprises a metal
oxide, a metal carbonate and/or hydrogen carbonate, a clay, and/or an ion exchange resin.

[0018] Conveniently, said cyclic imide having the general formula (IV):



said effluent streamwith a solid sorbent. Conveniently, said solid sorbent
conprises a netal oxide, a netal carbonate and/or hydrogen carbonate, a
clay, andworoswn9san exchange resin. [0018] ConvenientlypPCIAiSdoiopeine i m de
havi ng the general formula (IV):wherein each of R7, R8, R9, and R10 is

i ndependently sel ected from hydrocarbyl and substituted hydrocar byl

radi cal s having 1 to 20 carbon atons, or fromthe groups SO3H, NH2, OH, and
N2 or fromthe atoms H F, C, Br, and I, each of X and Z is |ndependently
selected fromC, S, CH2, N Rand elQdments of G oup 4 of the Periodic Table
of Elenments, Yis Oor OH klis O, or 2, and 1lis 0, 1, or 2. [0019] In
one enbodi nent, said cycl ic imde c ri ses N-hydroxypht haI i mde. [0020]
These cyclic i m des cBA_be aSgg el alone or in the presence of a free
radical initiator and canybe used as | Nqui d- phase, honbgeneous catal ysts or
can be supported on a sol||d carrfier to pNevidé a heter og@h’bous catal yst.
Typi cally, the N hydroxy ;
bet ween 0. 0001 wt % t o7 S between 0.001 Wt %to 5w % 0.01
w %to 3w % 0.05 %to 0.01 Wt %to 0.2 w % 0.1wt %to 1
wt % of the cycl ohexyl benzene| |n ong| enbodinent, the cyclic imde catalyst
is added to the oxidation re&tion (f)p by dissolving in either the

cycl ohexyl benzene feed or in the reactfon media (or a conbination). The
catal yst i ant 49 sl s agde 1t he. I

t enper at ur 31’?%}/61%%61 Kh’ Ean%dmgerg ltnﬁgjr%g&élng? %ﬁ%@g@é‘@%ﬁ@%g aer}dom de,
bot h of V\/n|suﬂst1mmdthymbuarbyltrmd1¢aﬂuehalvnqgrlavéd cabbuibing toy frofn thehgrospsl S(d;HcNIHaJ yst.

[0021] In r u
about 0. 90(&5 &587 mrﬂé ﬁpﬁ‘ﬁ%(n&o]%/ a?achf g? 0! %pen%l‘ﬁg 6}? $erabl y
greater t hamm@ L] Nt D aa&belemeﬁxs 96 Graupstt ofpheef)@roahsl T;abgarcﬁ‘alﬁﬁerﬁma’ms@ oequal

to about O. 022 t enbodi nent, said al kyl aromatic conpound is
sec- but yl béﬁg&ﬁ% ’ 3814 ﬁlﬁ?ﬁ r(%ﬁtl ¢ hydroperoxide is sec-butyl benzene

hydL oloer Oﬁl[@lna}and Iﬁalhdjen;itg)dmﬁdﬁdlslﬁﬂ cycslcﬁfﬁtdhybmpﬁstele ﬁgfam@ghthe@m&@gi ently, the
rrety et et on | e 1S greatert an or equa 1 o about . , X

pr ef er abl y ther%ﬁywcleﬁ I Aen g vpedgethergpe ‘Hrléfﬂéer%rﬁ?e\}lceg?fe%l?ré? radigah or
equal to 0ji8fato@utcaRBf BERR Nquid-Bits @ hokfd@iheBlis &It §10ca8-R&upported on a

solid carrier to provide a heterogeneous catalyst. Typically, the N-hydroxy substituted cyclic

imide is employed in an amount between 0.0001 wt % to 15 wt %, such as between
0.001 wt % to 5 wt %, 0.01 wt % to 3 wt %, 0.05 wt% to 0.5 wt %, 0.01 wt % to 0.2 wt %,
0.1 wt % to 1 wt% of the cyclohexylbenzene. In one embodiment, the cyclic imide catalyst is
added to the oxidation reaction step by dissolving in either the cyclohexylbenzene feed or in
the reaction media (or a combination). The catalyst is advantageously added to the reaction
media, where the temperature is already high, and where there is present some
hydroperoxide, both of which contribute to the improved solubility of the solid catalyst.
[0021] In one embodiment, the phenol yield is greater than or equal to about 0.90,
preferably greater than or equal to about 0.93, more preferably greater than or equal to about
0.96, most preferably greater than or equal to about 0.98.

[0022] In another embodiment, said alkylaromatic compound is sec-butylbenzene, said
alkylaromatic hydroperoxide is sec-butylbenzene hydroperoxide and said co-product is
methyl ethyl ketone. Conveniently, the methyl ethyl ketone yield is greater than or equal to
about 0.90, preferably greater than or equal to 0.93, more preferably greater than or equal to
0.96, most preferably greater than or equal to 0.98.

[0023] In another embodiment, said alkylaromatic compound is cyclohexylbenzene, said

alkylaromatic hydroperoxide is cyclohexylbenzene hydroperoxide and said co-product is
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[0023] In another enbodi nent, said al kyl aromatic conpound is

cycl ohexyl benzene, said al kyl aromati c hydroperoxide is cycl ohexyl benzene
hydr oper owDae10z09891sai d co- product iscycl ohexanone. Convegiraskéip/02tohe

cycl ohexanone yield is greater than or equal to about 0.90, preferably
greater than or equal to 0.93, nore preferably greater than or equal to
0.96, nost preferably greater than or equal to 0.98. [0024] In another
enbodi nent, said al kyl aromati c compound is cl ohexyl benzene and 1, 2- or

1, 3- net hyrsjeicapwne.yCopispiendy. the csdowxaxeonewﬁjls AreRigt Hew pbequal taybus BPoxi de
is cycl Oh%}’e'fé}%l% %fé%tepﬁgﬁ %P@(ﬂlfai({od@%a@ﬁjoré-p%ferﬁﬂ %reg’te%ﬁlbw &Mﬁf 639)99*!4 ost
benzene peroxi de: “and said co-product is cycl %exanone and

3- nethylcy@hﬁvéﬂYaﬁ@ﬁémm[0025¥t¢ﬂ9&n0ther enbodi nent, said aklylaronatlc
conmpound i o OnAt |
hydroperox:\fc{)E F ?ﬁ§$nﬁxe §m¥%%¥%% F%%%ﬁ?éﬁﬂﬁgﬁgghgyggé%kﬁge a% said
co- product 1i2s qz lbr msmymlbmnmhmedﬂéﬁow%) BET Al kEDoDESCRY @Fha@ki@F isTHE
ENBCDINENTS ed IS .a proces for ci.n henal

Subst! ¢ ut ed HSRaPoRRe HBSrbRs el angr T3 R RE ELDE BT Rt f ng
in a firstsméacpmmua1§q&&hm&hm&amﬂ@oam1n&ﬂmmydmxahhmbaronat|c conpound mnth

a second s nprl en ni ng in t sence
first cat at[(ipggfncoﬁ%r'f‘%o 9 8“’@9@1‘“%@ dg tk@ﬂ?:f@in on Flpo'd on@erlt?

| east a pomid@ntyelbpeﬁylbhnaéﬂeyl aaﬂrrahlkgzlammﬁoun@dtc@emldal kil a[ ematorc 1,3-
Fek g DR R T e ST IR R
i mde an i2h O3] ‘eam has
an al kyl aromatic hydroperoxi de concentration of from10 to 40 w % (wei ght
% ; and (i ii cIontactl ngo |Tn ” chond react or said effluent streamwith a
second cat &by 2.0 ; B4 RRir oper oxi de to a product
stream compgg2g| N9 &eRed 1@@%0%@5!5%991’0%&%1%?1%0[ 0P2 LhibdansEepRRbYand Heo-

di scl osed process is continuous; however at chwi se processes are

cont enpl at EPAuptoOPBTisiZAhe APk pF §) BORAGUBE HOAHBTIHRICHAS THSt GERRR SOPMPIEHITE AT
(I): in “Q&%Bro'ﬁ-ﬂaﬂ@%gmggﬁﬁ%ﬁl ) RASRE SHER EomprRRE SR ERY Serdn Bl o RN iR iR

having fro car N o -
presence of a first catalyst comprising a cyclic imide under conditions to convert at least a

portion of said alkylaromatic compound to an alkylaromatic hydroperoxide, (ii) producing an
effluent stream comprising said cyclic imide and said alkylaromatic hydroperoxide wherein
said effluent stream has an alkylaromatic hydroperoxide concentration of from 10 to 40 wt%
(weight %); and (iii) contacting in a second reactor said effluent stream with a second catalyst
to convert said alkylaromatic hydroperoxide to a product stream comprising phenol and said
co-product.

[0027] Preferably, the disclosed process is continuous; however, batchwise processes are
contemplated.

[0028] Said alkylaromatic compound has a general formula (IT):
Rl

/

CH (D
R3 H,C—R?
in which R' and R? each independently represents an alkyl group having from 1 to 4 carbon
atoms, provided that R' and R* may be joined to form a cyclic group having from 4 to 10
carbon atoms, said cyclic group being optionally substituted, and R* represents hydrogen, one

or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group.

Said cyclic imide has a general formula (IIT):
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atons, provided that RL and R2 may be joined to forma cyclic group having
from4 to 10 carbon atons, said cyclic group being optionally substituted,
and R3 r epoessvgdlhydr ogen, one or nore al kyl groups havcmgistoiom®49 o 4
carbon atons or a cycl ohexyl group. Said cyclic imde has a general fornula
(111):(Oi in which each of R4 and R5 is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or fromthe groups SG8H, NH2, OH, and NO or fromthe atons H, F, d
Br, and |, provided that R4 and R5(@an be linked to one another via a
coval ent bond, each of QL and Q i s||i ndependently selected fromC, CH N,
CR6, each of X and Z is independentfly selected fromC, S, CH2, N, P and
el ements of Group 4 of t % iggilj;xTable of4 El enents, Yis Oor OH, Kk is
I

0O, 1, or 2, 1lis 0, 1, gr 2; tO\3; and| R6 can be any of the entities
listed for R4. Said alfkyl aro ic hydr de has a gepgral formula (1):
in which each of R1, and 1s as defined| above in general formula
(rrr). [0029] Exanples ﬁg f %b kyl aronpti ¢ conmpounds whi ch are made
into their correspondi ng hydrloperoxi|des include cunene, sec-butyl benzene,

p- met hyl - secbut yl benzene, 1, 4-di phefyl cycl oheRane, sec-pentyl benzene,

sec- hexyl benzene, cyclopentylbenzeg cycl ohexyl benzene and

cycl ooctyl benzene. Preferred al kyl anatic hydr oper oxi des of general
formula (1), Laghudey GHmens dropsL ey <Dyl b g aperRx de
and cyclohéi?@%%h%%%g)hydrgpergkﬁgég %%§§6?E§8? é%gn%#ésﬂﬁ§c¥gﬁg§§Pg%%zene
may be pr odindrechrlbyt rachalshiiadmgall fey0ataibon agimshennfremehd groprse¥ehic &thf OH, and

bi functi on cat i Si n - ' I h. S and a
nyclrogenat 1% el e GaP L, 08 MM e Sin g GO HELRDBUE B0, T
addi ti on t enahelvihexylddenbemnk cadhestz@hendh@d isoiatidpghdenily neladtabfrmmn g UCHESN,

by- product s, suc o ohexane; th clo - di cycl ohexyl benzenes;
ot or - e ey SYEE DR BT s EE e b i Ry AR S
met hyl cycl opeatrylibBnzaneof KomstaniYertd o, AH e is@nt ot 23-is 0, 1, or 2; mis 1 to 3; and
nethylcyclggent Iben%ﬁge qg%gggﬁgggﬁgrted to phenol and 2- and 3-

met hyl cycl op&Ht SoNet By tH n and cl eavage steps described herein.
Said alkylaromatic hydroperoxide has a general formula (I):
— R!
\/ / C—O0OO0OH )
R3 \ H,C—R?

in which each of R', R? and R is as defined above in general formula (III).

[0029] Examples of suitable alkylaromatic compounds which are made into their
corresponding  hydroperoxides include cumene, sec-butylbenzene, p-methyl-sec-
butylbenzene, 1,4-diphenylcyclohexane, sec-pentylbenzene, sec-hexylbenzene,
cyclopentylbenzene, cyclohexylbenzene and cyclooctylbenzene. Preferred alkylaromatic
hydroperoxides of general formula (I) include cumene hydroperoxide, sec-butylbenzene
hydroperoxide and cyclohexylbenzene hydroperoxide.

[0030] For example, cyclohexylbenzene may be produced by the hydroalkylation of
benzene in presence of bifunctional catalyst comprising an MCM-22 family molecular sieve
and a hydrogenation metal, such as described in U.S. Patent No. 6,037,513. In addition to
cyclohexylbenzene, benzene hydroalkylation also produces by-products such as cyclohexane;
methylcyclopentane; dicyclohexylbenzenes; and different isomers of

methylcyclopentylbenzene including 1,2- and 1,3- methylcyclopentylbenzene. Conveniently,



Production of Al kylaromatic Hydroperoxides [0031] The al kyl aronmatic
hydr oper oxi des enpl oyed in the present process are typically produced by

t he cat alwyoediomesdat i on of an al kyl aromati c conmpound haecCmgstée/ogeaer al
formula (11): wherein Rl, R2 and R3 have the neanings ascribed in the above
definition of general fornmula (111). The al kyl aromati c precursor conpound
is in turn produced by known aromatic al kyl ati on processes. For exanpl e,
sec- butyl benzene BﬁdroperOX|de i s conveniently produced by oxidation of the

sec- but yl bérzeid pPodukthylgvelpentylhgnzercomayhke £oryertad i tonphenolpaml eneangi

i near but engs1d,Ble PBén‘?a%%H&@y 1 R MM FR1eLATL LY CRIBNPRocifuch as descr i bed

at ent Publlcatlon

in International 15826. Simlarly,

cycl ohexy| Rzeduction lf). 3 idesi ent |y produced by oxidation of

t he cycl oh en nzene

in presenc§M%?Pb|§§§§ b9 Q&]{ﬁ y%%k@%;&ﬁ f%nﬁtﬂy%%ﬁ?£§%+&g Rﬁwﬁnﬁggular

si eve and @rddychdo@emlm cmiy:mét @dldat@mcﬂ aansalklﬁs@mabedompound&avﬁgt élntgehbral

6, 037, 513. (§| (ﬁ; processes can be used to produce the other

hydroperOX|desfﬁ t can be enployed in the present process. [0032] The

oxi dation process enployed in pr oduct gpn of the desired hydroperoxide

general ly invol ves reacting the alk Iaroyhtlc precursor with an

oxygen-containing gas in th affia first catH)yst conprising a

cyclic imde having a general a (INJ) wherein each of R4 and RS is

i ndependent |y selected frOR?h ar byl rae—sRbstituted hydrocar byl

radicals having 1 tg 20 carbon atons, or fromthe groups SOBH, NH2, OH,

andNC2 or gt e RapehR” bave the rrpaningy asceipesl in thayboye dREEIANAE cRera fmRE: can

be |inked yon d:

|ndependen3$§ sgPigggnﬁﬁ%%%f%?mﬁgyQ%ﬁggmgfﬁegEﬁEEqﬂ&ﬁ%ﬁ%bgqggggﬁggggﬁaentIy

sel ect ed f rbyadpn rogeses.N, Hor agxdmplee rreprbuty hfnzen Uy debperfoxidneis PeetivedicetlyTabl e

of Elenent S ; ' ' tor 3

and Re. oan TS ied e St ot S cQopbincRlonPordlyls Hsuing Boo? he Mk aghon'

contacting bBISZGEQ)Wth bn@d butagkerin perghict POIESMCH-CD fanait catdet, ahdaiydsademm:d o

conmpound to the. desi | de, nveni.ent | t.he clic

i mide of t(rf]netel}niat%osn P lJa %Efl%a% ?ﬁ% g)&é%%@gfoq%%zr%owl §i l]?aq ¥yclohexylgé{nzene
hydroperoxide is convemently produced by oxidation of the cyclohexylbenzene product

resulting from the hydroalkylation of benzene in presence of bifunctional catalyst comprising
an MCM-22 family molecular sieve and a hydrogenation metal, such as described in U.S.
Patent No. 6,037,513. Similar processes can be used to produce the other hydroperoxides
that can be employed in the present process.

[0032] The oxidation process employed in the production of the desired hydroperoxide
generally involves reacting the alkylaromatic precursor with an oxygen-containing gas in the

presence of a first catalyst comprising a cyclic imide having a general formula (I1I):

((‘)‘)k
R& X
o\
|2 /N—Y (I1I)
N Q \‘z‘
(O)

wherein each of R* and R’ is independently selected from hydrocarbyl and substituted

hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOsH, NH;, OH, and
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wherein each of R7, R8, R9, and R10 is independently selected from

hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon

at ons, orwPbromvmkE6egr oups SO3H, NH2, OH, and NO2 or frorcrhs2avor®4H, F,
C, Br, and |, each of X and Z is independently selected fromC, S, CH2, N,
P and el enents of Goup 4 of the Periodic Table of Elenents; Y is Oor CH
k is O, 1, or 2; and 1lis O, 1, or 2. [0034] In one enbodinent, the cyclic

i mde conprises N-hydroxyphthalimde ("NHPI"). [0035] In anot her
enbodi ment NQ:He fem dhwtatons Fedie €. dH prd bamidadeban t wdaR cspe) tedinked geomn t he

absence of AR hicOnln: batl: GAlh bb! hilf OF isSHbeRRnfr SHLSLERBYIO @RI N 11 @
(Al BN) . [0036] Sui tabl e condi'tions for the oxidation step include a

t enper at ur €RGetepkenX atbdis IRGDENdendy sdvsted fROD0S. Ghdh Prndstments 96 6@ W about
1300C, and I 0 r

kPa). In on Ogthgngﬁ?jd{g ?ab‘i’é ﬁﬁ%émﬁof t I()Sog%ﬁ?‘i&g |801r1%¥ gqgggér]i@éﬁfzégl?gﬁggngluct ed
in a catal Ricen ¢ sy bf ﬂtltleontlaa disted f&hR", ped -v@lassn sohverstion isi @nieptd bdkow
50% prefera in the ng SSW an eferably in the range
30-20% to C%’Jﬁ%{oﬁﬁs B otiert S5 Er%"‘f%nr? g o 0““ Jg%““?dhydmr?ereof‘}ear‘*r ed enbodi nent,

t he OX|datumn3reaémnmnmmdguhSthcammeoﬁmeﬁsamﬁﬂwnhﬁphegmmmﬂﬁmmmthOCIeavage
reacti on which takes place |n A second reactor. The first reactor can be
one or a series of reactors two 'Otk more reactors in parallel.
Additionally, the second reagtor canfal so be one or a series of reactors or
two or nore reactors %Q paraIIeI [ 0087] The oxidation step converts the

al kyl aromatic precurs 8 6 |h§gassociated hydr oper oxi de. However,

i to generate water and o nic acids (e.g.,
acetic or formc acid) as||by-prdgducts, ch can hydrolyég?the catal yst and
al so | ead to deconpositien e _hydrdper oxi de species. Thus, in one
i i t9 Zn the oxidation step, particularly the
pressure and oxygen cohcentration, e controlled so as to maintain the
concentration of water and odganic gfids in the reaction nedi um bel ow 50
ppm Such conditions typlcalﬁy inclu conducting the oxidation at
relatively | ow pressure, such as bel 300 kPa, for exanpl e between about

100 kPa andvh@i@ﬁuteao%oef RPaR® Mt eger!® gl ibelealenti escR¥tcd atdn® hyd@arB@ and
conducted over a bro

substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOsH, NH>,
OH, and NO; or from the atoms H, F, CI, Br, and I, each of X and Z is independently sclected
from C, S, CH,, N, P and elements of Group 4 of the Periodic Table of Elements; Y is O or

OH;kis0,1,0r2;and1is 0, 1, or 2.

[0034] In one embodiment, the cyclic imide comprises N-hydroxyphthalimide ("NHPI").
[0035] In another embodiment, the oxidation reaction is conducted with a cyclic imide in
the absence of an additional radical initiator such as azobisisobutyronitrile (AIBN).

[0036] Suitable conditions for the oxidation step include a temperature between about
70°C and about 200°C, such as about 90°C to about 130°C, and a pressure of about 0.5 to
about 20 atmospheres (50 to 2000 kPa). In one embodiment, the oxidation reaction is
conveniently conducted in a catalytic distillation unit. The per-pass conversion is kept below
50%, preferably in the range of 45-35%, and more preferably in the range 30-20%, to
minimize the formation of byproducts. In a preferred embodiment, the oxidation reaction
occurs in a first reactor separate from the cleavage reaction which takes place in a second
reactor. The first reactor can be one or a series of reactors or two or more reactors in parallel.
Additionally, the second reactor can also be one or a series of reactors or two or more

reactors in parallel.



oxygen concentration range between 0.1 and 100% it is preferred to operate
at relatively | ow oxygen concentration, such as no nore than 2 1 volunme %
for exanpwe 2brcanysabout 0.1 to about 2 1 volunme % gener &Ciryuskolomebout 1 to
about 10 volune % oxygen in the oxygencontaining gas. In addition,

mai ntai ning the desired low |l evels of water and organic acids is
facilitated by passing a stripping gas through the reaction nmedi um during

t he oxidation step. In one enbodinment, the stripping gas is the sane as the
oxygen- cont3A] ng Thasoxidation ngemesenais o the nelisylaropiglic SirequEsF rigmpand do  its

di f ferent fa§s%£‘ihtfeﬁ"ﬁly&}6§(e9§>8d&0ﬁ5\%d%} NG &é&aﬂ%ﬂ%rdc@ss A8 tbnds % LORrERGLF B

nmedi um and the cyclic imde catalyst. Suitable strlgplngwgases i ncl ude
i nert gase@;gaslq@hldaée Beh¢etipnonfidman o). as[tyaggjucanwhgticen ydplyadhareetatyst of

ti i
operating taﬁ'(? al?&q E/d @e@oﬁ%&ﬁﬁ)‘isof e ﬂﬂ%ﬁglr Qﬁl%lé &w@nq"hgsg\,% ?ﬁgegﬁ:)% iment, the .

concentration and stri |c aci rom the réaction
medi umis Ehlaiitidnsghmplhyw opetlmxwdelaf(um @te,p, emaht}dulamlw Ithet hyd:ssmdmubemagerrde) :
| i ght ket ones ket

t .al dehvdes .
hoor a1 aoh aEeehudp el E o bo BERANFe cdcfifaifl SAMESH (Faflic acidy in
reaction pMﬁduﬂﬂ&mammhmmymﬁweqummmd &Ehu&nmnghtWbmdboh&hﬂxuﬂ&&w&ngthe
hazar dous an ty concern jif thei centrati.on in the
s b o OB TRl ok S S e b bkt o B G Bier Ml o

and ket one&Paned E)HSCQCIG)(SQMS mreomealﬂmugmneom@ho@bgﬁm eorﬂacttetswdﬂd bredder so
that renoving these species Lron1t$$ ari.on roves thi

oxi dation COM RGN SHige SEPETh F‘E‘(i/( t ltt1F18 ec”& |t‘P ?Ii 1ot FREVDY oM ¢

i mde cataloygden coficeh@ifon, flthas 90016 ttmtzmmmn@%du%daﬁ@lmm%mm pfo

sec- butylbenzene with NHPI at 100 S|?hg790 kPa), nore than 99 nol % of

these |ight %ééw@k&m&n@ grrctly fioppihou AROUE é%efPlame “Iravedsinghe gx¥S&pheri ¢

pressure, RBEEnihDaAs O VYD QhaihBBER BRPEGIEP10 BvIEIDVAL dnli QRahieacRXidat i on
reactor. [0039] The product of the oxidation reaction includes the desired

al kyl hydr épséitgsd Bertssigeprepinictds thieugh dheigaciiop yrediahauring thoerpdniieg step.
precursor %gné:é/rﬁﬁddﬁnérﬁq #€ s Fifipi %é%t is (hIOMREESS 1th@SxyBkil- Eonl?eﬁmg% %&su Sﬁ%ﬂotlﬂglj ow,

the cyclic imde catalyst and thé&ir deconpositionproducts (&cids and
et hers) canmbhedimgst, the ptﬂppmg gapistdufgcreld ikpst the arygcesonthioms, gas aiechis agprt to the

hydr oper oxi de; | :%?ﬁ’@lﬂ%nd MR SO Elmidd BRaiGHCShftat eflfpih & BLEs hOBEiRRREAR! Ve,

making it desir
such as helium and argon.

[0038] An additional advantage of operating the oxidation process at low pressure and
low oxygen concentration and by stripping water and organic acids, from the reaction
medium is that light hydroperoxide (e.g., ethyl or methyl hydroperoxide), light ketones (e.g.,
methyl ethyl ketone), light aldehydes (e.g., acetaldehyde) and light alcohols (e.g., ethanol) are
removed from the reaction products as they are formed. Thus light hydroperoxides are
hazardous and pose a safety concern if their concentration in the liquid product becomes too
high. Also, light hydroperoxides, alcohols, aldehydes and ketones are precursors for the
formation of organic acids and water so that removing these species from the oxidation
medium improves the oxidation reaction rate and selectivity and the stability of the cyclic
imide catalyst. In fact, data shows that when conducting oxidation of sec-butylbenzene with
NHPI at 100 psig (790 kPa), more than 99 mol% of these light species and water remain in
the reactor, whereas at atmospheric pressure, more than 95 mol% of these species are
removed from the oxidation reactor.

[0039] The product of the oxidation reaction includes the desired alkyl hydroperoxide
together with unreacted alkylaromatic compound precursor and cyclic imide catalyst.

However, as will be discussed below, the cyclic imide catalyst and their decomposition

- 10 -



to renove and/or recover and recycle the first catalyst. Thus, it wll
normal |y be desirable to treat the effluent streamfromthe oxidation
process twonremnyedlat | east part of the cyclic imde of wPha/uUskeww2a al yst
prior to passage of the effluent streamto the cleavage of the

hydr operoxide. In a preferred enbodinent, the cyclic imde is renoved in a
separate vessel that is downstream of the first oxidation reactor and
upstream of the second cl eavage reactor. The product of the oxidation
react or mayrdPEy (Red etk CBEh R el BhexBRitIe adiondTnsEeanp HRAG YISy S¥Bhasxanol .

In the cl e%y@rgﬁer&&‘@ecél&(/a eathr@tﬁf%It tlf%‘féwhcq;lncfquldg%%e%?éﬁ%@@ rh@akﬁ%ﬁt RSirable

converted to phenyl cycl ohexene and | east part of I"cycl ohexanol
may be converemeye pusl/grireqoybroand Irestyel dlreefirs { @EOY: ThvSothﬂén@mll flesirple et ment
of the oxi %&t tl%rbfﬁlie]il HER, fl%hwﬁ@g% cﬁq}loﬁ ﬁ@&?to%mb@@ﬁ&eaﬂ%ﬁﬁ optileE e ﬁ?{lﬁé bt

i m de conprises contactin t streamw t aqueous sol ution of
a base, patltei fwlcataw palor/\m:phssm thvaofiiluvgt srepiito thakloevage @‘aheelnydtdpamxrda bqual
to the pKa_of cycl.ic imde.aof the first .catal reb eis
ext ract od F AR nSn M R mla R R B et A BBl s e
sai d oxi di zledﬁl’ewdndmam b@ntopamdu;ﬁtremdf mﬂalsedfondmrea@igmeaator ed‘he@nbdh@\oéltheof

cyclic imd Cener traction.is conducted s.tore th
hvel ot "t REURERgeToh mhkahg Pl ERGHE R pEOE A SR EERR Y | ess
t han 50 ppwicafage rex@imak &ait@ﬁﬁ dfhl&l’lcy]:Q)hWﬁﬁ)nebyaW\Ed hiveredd tb peryicgaloheephase,
while the al(tgll aromattléte %edr %rom of . the tr d effl yent streamis not
subst ant i aPPdAtdgNRRHCF Be@ ny[% pay,hecqgyerty \}\%gl}?n?bl&}éc % he extraction
of the im ggo40f t heohd érﬁﬁodﬁﬁérﬁltyeatmdnmgme@mbﬂm SRgInt klaf B rBB6vcatWeaK base
is less likely to catalyze decorrp05|t|on of the imde after extraction into

t he aqueou$2HRERCYCAC upjile camnaisgicortapiingdhs efllpendtscam with 2t aqugpwsplatien effd/ or

hydrogen c %ﬁs@oﬁﬁ%&larﬁﬁzp echiabdsy ha¥ing ly Hﬁdbi vdiﬁ?et %Jeatﬁat'hg)rp B@Ecﬁlafi{&%é) E)Kﬁ)b@ rtli%g en
car bonate, such as sodi um car bonat e. he conditions used in the

cyclic i m geclisxmideed ba fg’éte‘b‘wflﬁééd’v}ﬁ‘é@thb@e éllﬁt§1§é$ yxigastedrigiol be agygouy eheeal |y
include a ygpperat &}g'ﬁn@{)hﬁp%cﬁ%&&s%@sﬁ@%%m%’%%roééﬂﬁ& Aod@Panl WRGC to

about 700C. The tine of extraction nmay exanp fromabout 1 mnute
to about 3@omiinueasducediddvelagf aighetmige. mGﬁH@l@Ethbe amﬁlom@ eandugted so Fhio

amount - of l?@d%lge the level of the imide in the organic phase to less than 100 ppm, such as less than 50
ppm, for example less than 10 ppm, by weight of the organic phase, while the alkylaromatic
hydroperoxide of the treated effluent stream is not substantially concentrated.

[0041] The use of a weak base in the extraction of the imide of the first catalyst is
generally desirable since a weak base is less likely to catalyze decomposition of the imide
after extraction into the aqueous phase. A suitable weak base includes a metal carbonate
and/or hydrogen carbonate, especially an alkali metal carbonate and/or hydrogen carbonate,
such as sodium carbonate.

[0042] The conditions used in the cyclic imide extraction step need not be closely
controlled but generally include a temperature of about 10°C to about 80°C, such as about
20°C to about 70°C. The time of extraction may be for example from about 1 minute to
about 30 minutes, such as about 5 minutes to about 10 minutes. The amount of base
employed in the extraction step is normally sufficient to provide at least an equimolar
quantity of base to imide, such as 1 to 3 moles of base per mole of cyclic imide. Generally,
the phases are agitated during extraction to maximize contact between the phases.

[0043] After extraction into the aqueous base solution, the cyclic imide of the first
catalyst may be readily recovered by acidifying the aqueous phase, for example with acetic

acid, to precipitate the imide. After separation from the aqueous phase, for example by
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enployed in the extraction step is normally sufficient to provide at |east
an equi nolar quantity of base to imde, such as 1 to 3 noles of base per
nol e of cwyol2bw/isgdlde. General |y, the phases are agit at e@Caarszeng/oemwie act i on
to maxi m ze contact between the phases. [0043] After extraction into the
aqueous base solution, the cyclic imde of the first catal yst may be
readily recovered by acidifying the aqueous phase, for exanple with acetic
acid, to precipitate the imde. After separation fromthe aqueous phase,
for exanpl ltEiPD Pf ¢eatrifegntion. therie¢pifaiyaniidsinay Helegied chogrevateddo theiogidatingy i f
desired, beg.pecycled to the oxidation step. [0044] In another enbodi nent,
treatnent of the oxidation effluent to renove at |east part of the cyclic
i mde corrpr{(iﬂéé]s c dmarpthier prgbadirecngftichiment of et dxidanoredtfleqnt foremens! at ag prbent , so

as to pr od y@hé fn%aé ggg]grésfeé U&ﬁ' @é 'E}Feaéﬂlﬁeﬂt W‘ﬁh %Ha gt}'\leasroﬁg%&lbgnt SO as to

hydr operoxi de”is not s anti a concentrate d which contal ns a
reduced orpz@na:¢6V@Midﬂu@yshtmnunwhehaﬂ@hnmmmmﬁedsmmpo@nsmﬁ@d@@@uﬂg

conducted so_as, Lo dyce t | evel of the or,gani eto
| ess t han f&t&:entrated an%\C l’hlcglsco alns a rF' ucecI5 Zelroorrflev | gr?cyec)li(llg ede %aln t?lﬁgorp %1 ppm
of the org@nmamphasﬂuaﬁDﬁA5MD$uhtaﬂhde@mbfdwsmnbemﬂ&(ﬁgamiﬁﬂ6@uhmwnhg1basic

properties, .i ncl udi.ng netal arbo at es dr ogep_ car bonat es, which
iy be pr ouPbBEm R ER o BaREoRE ol e Yoo B SR8 RSP R S et o
oxi des, pane04spl arSuitabid xelid netizhts Oxiedeidse [1@GAAH] bablet plopaxibse@cibaivg ngetal
suff|0|ent ng|c prgpeL%%es to be effﬁ élve sorbea(g in the qépllc i mde
ext ract i on “UPER P VBE NyBrEER FRPARR Y WDIFB B! B PPYETLobE PRREHY B?lf&t‘i B of
CO2 and NHRorkelianbbRSis Rl BétalQkidde paRicelaH Alntxed &l orid®d. | d acid, is used to
titrate the basic S|tes resent on. the netal oxide being t est ed. leemnse

NH3, a str 8M0hasdetglsoxides hayiag splicientibasig aroppidiesiq By effestive sodants i the

material. Mady 1flﬁfféte§l'fr§ctﬁlﬁts%P fﬂld}eoet RerAflY %& tl?é“ﬁHl’élP ra@b of BEFhISApRIN Grguch as
surface area of the material (often Slgﬁh icantly affected by the met al

oxi de pr epabr@Niforverdghdte ietal prde maippals alGher @tld\ﬂﬁﬁclﬁ upddeto EHaleitReobasicisses i s
tested, and.Lhg oHrt}?esrﬁé’tﬁleox?&e B’éﬁHgCthtéd‘eLlﬁélﬁﬁ‘a %%P& !st?d?lg'b%set ‘%‘sstﬁt%’ed tE‘?ﬁdléak’be

present pur poses, basi ¢c" oxide is defined as an oxid havi ng a nol ar
ratio of cerficilin meis on thef mapapal.p dany fagtaro deteraring tho getepd atn@umtr@ chéripdrBOIDt i on

g yg 3 per nam QUrellEt @ba ¥ HE MG ol FnfPromryt ¥RLERA! by B GHAT oiflan

preparation method), the temperature at which the chemisorption is tested, and the pressure at
which the chemisorption is tested. For the present purposes, a "basic" oxide is defined as an
oxide having a molar ratio of chemisorption of CO, per gram of metal oxide to the
chemisorption of NH; per gram of metal oxide greater than 0.5, typically greater than 0.75,
and especially greater than 1.0, when tested as described below.

[0047] Testing to determine the molar ratio of chemisorption of CO, per gram of metal
oxide to the chemisorption of NHj3; per gram of metal oxide is conducted using a Mettler
TGA/SDTA 851 thermogravimetric analysis system at ambient pressure. The metal oxide
sample is calcined in flowing air to about 500°C (except as noted in Table 1) for about three
hours; at least until a constant sample weight is obtained. The temperature of the sample is
then reduced in flowing air (helium could also be used) to the desired temperature of
chemisorption. Next, the sample is allowed to equilibrate at the desired temperature in
flowing helium and weighed. Chemisorption of carbon dioxide is measured at 100°C, and
chemisorption of ammonia is measured at 250°C. After being weighed, the sample is
subjected to a number of pulses (about 12 seconds/pulse) of gaseous mixture containing
helium and either carbon dioxide or ammonia until a constant weight was obtained. The gas

mixture contains about 10 weight percent carbon dioxide or ammonia with the remainder
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and especially greater than 1.0, when tested as descri bed bel ow. [0047]
Testing to determne the nolar ratio of chem sorption of CO per gram of

met al oxiwe 2w/wBE6chem sorption of NH per gram of netalPCoAiSd@o0ioz19¢onduct ed
using a Mettler TGA/ SDTA 851 thernogravinetric anal ysis system at anbi ent
pressure. The netal oxide sanple is calcined in flowng air to about 5000C
(except as noted in Table 1) for about three hours; at least until a
constant sanple weight is obtained. The tenperature of the sanple is then
reduced i nbeingRRy aidvter prohinyie o thedgaa naistupebaiegyted.ghe Hetad exide sgmple is
tenper at ur g, afeq GRAMASAHRL hedlm NE%bouttNEiRALD! Bbbst A LONER SillcEqMithd brate at
the desired tenperature’in flow ng heliumand wei ghed. Chem sorption of

car bon di oxiiglare i§ upashigpeeldtestt HRO0Teasa my welgbhpisibe prplp ibfermmmbmige inetal
measur ed a%xngléggsgci ﬂhte%etﬁ%}cﬂg M%l@@?@ht ﬁ@?caﬁ&ﬂ?ﬂoﬁ id ﬁe@%meﬁ%ﬁg t}{e(}n(f}esnunber
of pul ses (‘about 8" seconds pufs of “"gaseous m xture contai ni ng hel 1 um and
ei t her car b660dboXHdalsobedpergranaofumetal oxadeconst ant wei ght was obt ai ned. The
gas m xtur tai about wei ght p ent .carhon di.oxi ramonia with
Phe renat nduBBL: oA oo RO @i BECFED sR AR B R o-p B

t est ed, theoat &rsoxe cpresangilve niewl bkids fediewart khdwmomiTableHel i um f or about 3
m nut es. About 20 separate pulses of the gas mxture is used in each test.
The increase in weight of the sanple In%ﬁtb r of ng/g netal oxide based on
the metal oxide sanple weight after cal ation is used to determ ne the
nol es of CO2 or NH3—adseorbed per—gramof metal oxide—[0048] | ar ratios
of chemni sorption of Metsrighl asted c@ﬁli”é"ﬁ‘)tl‘oﬁ‘ti on | &R ¢ Phi?FPJW#lof sorbate for
sone representative netal oxide SomparatareatCe | MIWRAA Table 1. | Table 1
[0049] Metal oxidesT¥hitable fol7%%e as solil@33orbents in thelcyclic inide
extraction step i ncMide-oxi des ad@¥ mi xed oxi|@éS of netals of Goup 2, Goup
3, Goup 4, LanthanLa®:Series, pV00Actini de $6r&ives of the Peri pdic Tabl e of
El ements. I n one epbafiGyent, theS&orbent comordilses two or nore netal

oxi des, preferably|am.Goup 4 el oxi de awdgsone or nore se|ected from
Goup 2, Goup 3, Lzaalrni de Sefs@s, and Actliimude Series netal oxides. The
oxi des can be prepavadpolsi ng a Vagg ety of neilyeds, al though generally are

prepared by PrAIPO, 500 1.05
MgO 700 11.47
Y,0: 700 14.95

[0049] Metal oxides suitable for use as solid sorbents in the cyclic imide extraction step
include oxides and mixed oxides of metals of Group 2, Group 3, Group 4, Lanthanide Series,
or Actinide Series of the Periodic Table of Elements. In one embodiment, the sorbent
comprises two or more metal oxides, preferably one Group 4 metal oxide and one or more
selected from Group 2, Group 3, Lanthanide Series, and Actinide Series metal oxides. The
oxides can be prepared using a variety of methods, although generally are prepared by
conversion of a suitable precursor by precipitation from solution and/or calcination. Suitable
precursors include metal salts, such as halides, sulfates, phosphates, halides, nitrates,
oxychlorides, alkoxides and acetates.

[0050] In one embodiment, the metal oxide is produced by first preparing a liquid
solution comprising a salt of the metal in a solvent, such as water. The resultant solution is
then subjected to conditions sufficient to cause precipitation of the solid oxide material, such
as by the addition of a precipitating reagent, typically a base such as sodium hydroxide or
ammonium hydroxide. The liquid solution is generally maintained at a temperature at or
below 200°C during the precipitation, for example in the range of from about 0°C to about

200°C, such as from about 20°C to about 100°C. The resulting gel is preferably then
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conversion of a suitable precursor by precipitation from sol ution and/or
cal cination. Suitable precursors include netal salts, such as halides,

sul f at es,wphorplesdies, hal i des, nitrates, oxychlorides, aCkaxsraes2end
acetates. [0050] In one enbodinment, the nmetal oxide is produced by first
preparing a liquid solution conprising a salt of the netal in a solvent,
such as water. The resultant solution is then subjected to conditions
sufficient to cause precipitation of the solid oxide material, such as by
the addi t i drdrethernadly dicrted et feAererERy et least 1" aprelpraglyd deasis WOFC ofer i um
hydr oxi de qp AETRMIHAY By 8 96afle forlRmbicaly] (b SQUL I PR FeSulBRNBRAKLYS hen

mai ntai ned at a tenperature at or bel ow Z2000C during the precipitation, for
exanpl e i nrechecredrfge cxmple b fdbeion @o@ntridugabout waDoD@nd giicth  akhef legtizgbout
200C to abqut.: i . 14S r-ably t 1y
treated at %glrt t é%gce}%%rga?gs (I%}’feﬁ%%l? Idgegls%%élbégc,n B%r%fg? é?g%l nyt“ia]ttﬁﬂg égé%%bﬁ%%or%a for
up to 10 dagnmerature fof adeasp4Q05CEsudiaysfromabow il © abputtd§03-, deryw. to Hichours,

resul ting material,yh s otNen, reeones el { ol SXAMRLS DY il Ll BLLAR 18hour.
centrifugation, vvas%eg; and aried; e’resu'fnfl?ng particu atte natertal is
typical ly t005m] calVehanadp onafonainkigl éxideanrcoused inzthe gydic imgipretratioattep they
tenperature of .at |east 4000C, such.as, fro bout 4000C to aho 8000C, for
up o 48 nous< iR e RS tecHBP e i B SR B s Pnas i Pd: b5 ol o
for about IJlatéiGtage bopradaedig ihOlutiag aScaldifAsdlid Pitdlet WO or nore netal oxi des
are used in t cyclic imde extraction step,, the ei.ther Dpe .

s proct i fuah oSSl ik PEpEe SBy BY oy Sorit SOt AL dOR TSiRer at
any |ater sbtagei@hilpeapRssd g rdnisAngticic &%a@i@s?édi@ﬂs@ﬁhb anﬂ)%ﬂ%'sit ck@angd 0052]

Sui tabl e ion, exchange resins for use as the solid sorbent include those
resi ns conVeéH¥i onal |y enpl oyed for renoving acidic or basic species, such

as Anber | y$§0s8KChangsid 8siditons FGORSLych ihdd &rgRmaiid @Rslid Qrbdrdenchiae!d €
imde sorption with a solid sorbent 1nclude a tenperature of about 100C to

about 1300GMRsERENHCE 85 2k IR C200boYtd 3o HchBBEEOUArC o BhaweSQ1C. AGutme o nut e
to about 3Q,d Aife tb6Mk ASmFREYSuch aﬁ'aﬂé{ﬁ S$nihReABIBut 10 mifut es. [ 0054]

After renoval by the solid sorbent, the cyclic inde can readily be
recover ed bO0Skhs hiAdigr rdmeovalobybthatsold sdibent, gl exrclic ohide gan redily b epapicecdvipyt h

et hanol or w%glﬁﬁé)ﬁll@ sorigglﬁ' vJ1tﬁ%%\6fﬁrf %ivent, for example with ethanol or acetone. The recovered
imide can then be recycled to the oxidation step, with or without prior removal of the ethanol,
since it is found that the presence of ethanol with the imide does not adversely affect the
oxidation activity or selectivity of the recycled first catalyst.

Hydroperoxide Cleavage

[0055] The hydroperoxide cleavage step of the present process is conducted by contacting
at least a portion of the treated or untreated effluent stream from the oxidation step, normally
after removal of the unreacted alkylaromatic precursor to concentrate the alkylaromatic
hyroperoxides in the effluent stream above 50 wt%, 60 wt%, 70 wt%, 80 wt%, or 90 wt%,
and optionally after pretreating the effluent stream to reduce the level of cyclic imide to less
than 100 ppm, with a second catalyst.

[0056] It has been unexpectly found that the cleavage reaction is more efficient when the
oxidation effluent has a concentration of 40 wt% or less of alkylaromatic hyroperoxides. In
one embodiment, the oxidation effluent stream will have an alkylaromatic hydroperoxide
concentration of from 1 to 40 wt%; from 5 to 35 wt%; from 10 to 30 wt%, from 10 to 25 wt%;
and from 15 to 25 wt%. It is preferred that the oxidation reactor be operated to produce an
oxidation effluent within these alkylaromatic hydroperoxide concentration ranges, and it is

preferred that the oxidation effluent not be substantially concentrated prior to introducing the
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i mde can then be recycled to the oxidation step, with or wi thout prior
renoval of the ethanol, since it is found that the presence of ethanol wth
t he i m dewdaew/msti6adversely affect the oxidation acti viPCy/useois®k®eti vity
of the recycled first catal yst. Hydroperoxi de C eavage [0055] The

hydr oper oxi de cl eavage step of the present process is conducted by
contacting at |least a portion of the treated or untreated effluent stream
fromthe oxidation step, norrmally after renoval of the unreacted

al kyl ar omavKidatine efffuser 1t thorrkesrteeateactohe Bl Ry sFbAGIMCEL H)e Glelasndiss i n
the effl ue'ﬂ&dr‘%ﬁ&@ﬁ@@ qp%\ﬁﬁle%) H%rébm@?idw Nin ago%r%enﬁgdﬂferﬁ? thE a?lg/l%n{%mand

optional Iy after pretreating the effluent streamto reduce the level
cyclic im dedoperpdds it rembutplo bmmiile Wydipaoxidconk stEt angtber. chbeBepnt tthehas

been unexpg&%kxn&gg@g¢£§§5ma@gC QEX?@Suéﬁgﬁhmpgwkﬁe”Dre efficient when the

oxi dati on uent concen ation o 1 ess of al kyl aromati c
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an alkylaro i.Cc h REL 0% de concentr o, TEQ Q % of r 5 to
35 wion r oyl ShERRGRIT Ene BSER! HELRG), ®hacS Mirb s 5 ebe BT
preferred wh%ilfhew%MBMBIOaﬂ%rmﬂmmeumhfam@bﬂmmadhyﬁomﬂ@duumnamumxmdabnon

L i 9 pref G P20 RGP UNE BYoaaET oA 4P P hat e SRSt dnErat y o Wi

c o ncent r at echgpy fr@h atiylowbt contkéiriatich tohepuppdatinaentafibl bemd contthpldtdie cl eavage
reactor. In one enbodi ment, the al kylaromatic hydroperoxide i S cunene

hydr oper oxi | n_anot her enbodi the al k romat.i ¢ hydroper oxi,

sec- but yl @?bnel%yﬂ%ﬁg}%%m@t T @FY"F?m%{Ho%f’HngP%THHS%h e R, Svtﬁ@nﬂﬂfy

al kyl ar omatchicehtyAéd0 BT Xiflignt %tr&MﬁFﬁM%ﬂn&@Mﬂ&&hB%@ﬂ&ﬂﬁ%t@éﬁhﬁ@r al RARA 1IN
ot her enbodi nents, the oxidation effluent stream nmay have a | owe

al kyl ar omaPPEIoPyd thspefflast dcad e BIStoarags TeRators r oYat sulistangially wn%ntrmdweso/q

12.5 Wt %  Londmifh delifePasWhdta R tgé) C(\Mce,/ﬁtraf%ﬁ‘xj of ﬁi@ a\l}?%fna@é ?dré}fe@d%e‘ iff the
hydr oper oxi de concentrati on nmay be 5 wm % w% 30 wt% 32.5

w % 35 wt oxidaonsefflpont sgeam 4o (it %vﬁlqaﬁageawgcé@ Wﬁ]@ﬁn aa}@mrm@rofc@ﬁ@@gtnﬁlat i on
to any uppgfi &%Hﬁﬁ@ é’?o }gé}BmB@'c'ane‘ﬁHmo% %eegmd&tfb%@ﬂﬂu&ﬁ QRemeBhgsl mRnt

t he al kyaromati c roxide 1s not substantia
oxidation reactor. For illustration purposes only, if the alkyaromatlc hydroperoxide

concentration of the oxidation effluent stream exiting the oxidation reactor is 20 wt%, then
the alkyaromatic hydroperoxide peroxide will be concentrated to no more than 22 wt% prior
to introducing the effluent stream or at least a portion of the effluent stream to the cleavage
reactor for the effluent stream to be considered “not substantially concentrated.”

[0059] In another embodiment, the alkyaromatic hydroperoxide is not materially
concentrated in the effluent stream prior to introducing the effluent stream or at least a
portion of the effluent stream to the cleavage reactor. “Not materially concentrated” is
generally defined as maintaining the concentration of the alkyaromatic hydroperoxide in the
oxidation effluent stream entering the cleavage reactor within a 5% range of the original
alkyaromatic hydroperoxide concentration in the oxidation effluent stream leaving the
oxidation reactor. For illustration purposes only, if the alkyaromatic hydroperoxide
concentration of the oxidation effluent stream is 20 wt%, then the alkyaromatic
hydroperoxide peroxide will be concentrated to no more than 21 wt% prior to introducing the
effluent stream in the cleavage reactor for the effluent stream to be considered “not materially
concentrated.”

[0060] In still another embodiment, the alkyaromatic hydroperoxide is not essentially

concentrated in the effluent stream prior to introducing the effluent stream or at least a
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concentrated in the effluent streamprior to introducing the effluent
streamor at |least a portion of the effluent streamto the cl eavage

react or. wiapimeksbanti al ly concentrated” is generally aefriusedons1949

mai nt ai ni ng the concentration of the al kyaromatic hydroperoxide in the

oxi dation effluent streamfed to the cleavage reactor wthin a 10% range of
the original al kyaromatic hydroperoxi de concentration in the oxidation

ef fluent streamexiting the oxidation reactor. For illustration purposes
only, if thertianiefdhostbre tigandpdhosicaese derctrt ratat srseafiallyheonestirgigd| én
effluent S%E%e@eﬁhé?ﬂ_ésh%ﬁﬁhigﬁ%' Qi T GRGHPT cdrderdtidh Yor ttﬂ@”al%omatic

al kyaromatic hydroperoxi de peroxide wll "be concentrated to no nore than 22
wt % pri or thpdioparexadien tiy endatien fafileent seeanelioaviog the okidatem egagior 8¢ drit dlic t he

ef fl uent stf.e: . Fe Folg

consi der edtO'Elgl?)I?i] ai@ﬁgoggagg #lgﬁ@eg%é%ec%%%e&g? {la N Ei[gg%gg% h#%g%%gs{ t&g?lﬁg%gn&%ﬁm nt,
t he al kyar dpdrbpaotiyascnpatrationde thesoxadtioneffloent airéam enderogriha deaelgd reactdre

ef fluent s prior to intreduci the effluent streamor at .|l east, a
portion of DEACF i daeb® pbLARHE i} bfuins AR Ui Mo £ e
concent r at effluentsstigemas ahdt\conehirsted’ @sthamthabikiyaomatid helrgenocddet coatdnontiof t he

al kyaromat i c. hydr operoxide in_.the oxidati.on .effluent stream eri.ng the
cl oavage. r SEBEURTRIEH (G 8o IS aRs EFOPhAS OPY dar AI'RyAPOmL (ke origtal
hydr oper oxialkgaromatenidi@ct @ icicondeh@atidn gl thk icfiruc e stribate Britisg the aridh@avtateprt he
oxidation reactor. For illustrati ur poses onl if the al kyaronatic
hydr oper oxiy é“lj: Rt mbeligiyn he ﬂ%’qﬁfgiﬂa&i fs%‘ﬁ O@F"r’%{%‘i&m%%%l’rﬂ“i @e fgtﬁkﬁil%
then the alkyal @aRbé GiYOFRRES DlodeciREME XFfERntWikdm BRo BRNIRRNIdatREbrisGechin0
nore than 21 wt% prior to introducing the effluent streamin the cl eavage

reactor fofS PharesyHs HEam. streamto be considered "not materially
concent r at g§he3] [ 096 othdd cbbdimeANAS RSFe BAP AL BBANd allf1BroRhiY MPIRLd & the

hydr operoxide 1s not essentially concentrated in the effluent stream prior
to i ntroduéfhgnitsieamfokitingihe eridatiom reactostis remeyed Ajosy 1aib Alflyentrseane oFipy int
stream t 0 4fRqGlifAMRGRIER LA to_tﬁé\gl?éavggesﬁa{&ttdrahd Mill%%%t%lti%ﬁt, | o goneral Iy

defined as maintaining the original concentration of the al kyaromatic
hydr oper oxitlde 2 37otdi@oandrel dreh G erfifd memtthant ISé@an toemoicripant 3080 oxiqmpicdhan

reactor so,6hale LN RNGaRl oA ART AITRL I N AGRRRT QNI QIBAOR FALLPR | S

essentially the sane ‘as al Kyaromati c
removed from said effluent stream prior to introducing the effluent stream to the cleavage

reactor

[0063] The process of any one of the preceding claims wherein none of said alkylaromatic
compound is removed from said effluent stream prior to said contacting (c).

[0064] The second catalyst is selected from the group consisting of a homogenous catalyst,
a heterogeneous catalyst and mixtures thereof. The catalyst employed in the cleavage step can
be a homogeneous catalyst or a heterogeneous catalyst.

[0065] Suitable homogeneous cleavage catalysts include acidic catalytic compounds such
as sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid and p-toluenesulfonic
acid. Ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide are also effective
homogeneous cleavage catalysts. The preferred homogencous cleavage catalyst is sulfuric
acid, with preferred concentrations in the range of 0.05 to 0.5 wt%. The cleavage reaction
can be carried out in either a continuously stirred tank reactor (CSTR) or a batch reactor, with
or without a co-solvent. Suitable co-solvents include acetone, methyl ethyl ketone,
cyclohexanone, acetonitrile, nitromethane, and mixtures thercof. Also suitable as a co-
solvent is a phenol/cyclohexylbenzene mixture containing 1 — 10% of phenol. Sulfuric acid

used can cither be in concentrated (96 — 98%) form or in dilute form (5 — 50% in a suitable
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hydr oper oxi de concentration of the oxidation effluent streamentering the
cl eavage reactor. [0061] In another enbodi nent, the al kyaromatic

hydr oper owoOaeloesent rati on in the effluent streamis " mrot/usonodatnat ed” so
that the al kyaromati c hydroperoxi de concentrati on being introduced into the
cl eavage reactor is within a 2 wt% range of the original al kyaromatic

hydr oper oxi de concentration in the effluent streamexiting the oxidation
reactor. In still another enbodi ment, the al kyl aromati c hydroperoxi de
concent r at FeHent fuehhas wRremethane). Stleaagn jeasiionds edrried ey iptheotemperaiury fapguel ng
the effluenf s j N r C S, cy .St ream
10062] 1 n anot P ComdouPasiife S SRERAL L FRFhOR, RERlnaSRY R (R e
conpound i praféredebf higbrronstryigant bydropengidechadogood atledivity dacteavage produnty ed
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cl eavage reactor. In Sti anot her odi ment, ; ho nore than 2.5% or no
nore than 38lhoows thoclemnag: $tépanSukh % rentralzatior @ept thpinal ROYy @vesrvontagtreith Hbanic25% of

said al kylaromatic ¢ ound in the effluent streamexiting the i datjon
onctor s CPERBULE SFoR Sa Srbrnner SRR AR Tttt

ef fl uent steqating fortrb@oel @avAgeridhedaioud PRES] Allrenafiv O afstrilfzatdty cange of

t he precedi ng c] ai nms erein none of said al kylaromati|c cogﬁgoun(g_ﬁtigls1 renoved

from said &FFUEHINSYHEUMMIFT BROYS oF QFEgNie SRS SPhRs @gyline, Wogiytedrplittsc ond
catal yst i giispt@pglaatnd rRMylABNGERUP consisting of a honpgenous catal yst, a
het er ogeneous catal yst and m xtures thereof. The catal yst enployed in the

cl eavage si¥¥6tan Sﬁéabée HERERSERROYY scateltsiyl Yt Uy 1 thetdsagerenabrdktapaptisst .

[ 0065]  Sui ,5fbFerBIPASREOUTeEitEAKATKICE B A ¥3diS AGhdHIRNRCE flaCal GRInR WY ] C
conmpounds such as sul furic acid, Ferchlorlc acid, phosphoric acid,

hydr ochl or iag deserigpdaind’-p- Rasent Stoe 4G179.8 hi. @cidisi ign-credppgecredipy Grg dembylypoh),
trifluoridgyy ?lﬂllnfnldﬁl Gighde and sul fur trioxide are also effective
honobgeneous cl eavage catal ysts. The preferred honbgeneous cl eavage cat al yst
is sul furid00eG] d, Switabthe heterbeancewt a@tustsningladd ©nexddrmethleoxidenggealysf. 01 @8t 0 0.5

1430 Th, ChBRAANE SRE LR AP B, L S0, L AP GOk
from Groups 3 to 5 and Groups 7 to 14 of the Period’ic Table of the Elements. In other
embodiments, the heterogeneous catalysts further comprise an oxide of at least one metal
from Groups 8 to 11 of the Periodic Table of the Elements, such as an oxide of iron and/or
copper. In still other embodiments, the mixed metal oxide catalyst includes an oxide of at
least one metal from Group 4 of the Periodic Table of the Elements and an oxide of at least
one metal from Group 6 of the Periodic Table of the Elements. In preferred embodiments,
the mixed metal oxide catalyst comprises zirconium oxide and an oxide of molybdenum
and/or tungsten, e.g., acidic mixture of metal oxides (WO3/ZrO,, M00Os/Z10,, etc.).

[0068] In one embodiment, the mixed metal oxide catalyst is conveniently prepared by
combining a first liquid solution, such as an aqueous solution, comprising a source of ions of
at least one metal from Groups 3 to 5 and Groups 7 to 14 with a second liquid solution, again
such as an aqueous solution, comprising a source of ions of at least one Group 4 metal and
optionally with a third solution comprising a source of ions of at least one Group 8 to 11
metal. This combination can take place under conditions sufficient to cause co-precipitation
of a mixed oxide material as a solid from the liquid medium. Alternatively, the source of
ions of the metal(s) from Groups 3 to 5 and Groups 7 to 14, the source of ions of the Group 4
metal and optionally the source of ions of the Group 8 to 11 metals may be combined into a
single solution. This solution may then be subjected to conditions sufficient to cause co-

precipitation of the solid mixed oxide material, such as by the addition of a precipitating
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or without a co-solvent. Suitable co-solvents include acetone, nethyl ethyl
ket one, cycl ohexanone, acetonitrile, nitronethane, and m xtures thereof.

Al so sui twibl2eloz®saécosol vent i s a phenol / cycl ohexyl benzeag/uskoanoe®49
containing 1 - 10% of phenol. Sulfuric acid used can either be in
concentrated (96 - 98% formor in dilute form(5 - 50%in a

sui t abl esol vent such as nitronethane). C eavage reaction is carried out in
the tenperature range of 20 - 2000C and a pressure of anmbient to 200 psig.
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hours.

[0071] The cleavage reaction is conveniently affected by contacting the hydroperoxide
with the mixed metal oxide catalyst at a temperature of about 20°C to about 150°C, such as
about 40°C to about 120°C, and/or a pressure of about 50 to about 2500 kPa, such as about
100 to about 1000 kPa and/or a liquid hourly space velocity (LHSV) based on the
hydroperoxide of about 0.1 to about 1000 hr', preferably about 1 to about 50 hr'. The
cleavage reaction is conveniently conducted in a catalytic distillation unit.

[0072] The hydroperoxide is typically diluted in an organic solvent inert to the cleavage
reaction, such as methyl ethyl ketone, phenol, cyclohexylbenzene, cyclohexanone and sec-
butylbenzene, to assist in heat removal. More preferably, alkylaromatic hydroperoxide is
dissolved in a polar solvent, such as acetone, for the cleavage reaction since it is found that
the presence of the polar solvent can mitigate the poisoning of the mixed metal oxide catalyst
cleavage catalyst by cyclic imides remaining from the oxidation reaction.

[0073] Irrespective of the presence or absence of cyclic imide in the effluent stream fed to
the cleavage reaction it is found that the mixed metal oxide will tend to lose its activity over

time, resulting in a decrease in the degree of conversion of the hydroperoxide to phenol. It is,
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[0068] In one enbodinent, the m xed netal oxide catalyst is conveniently
prepared by conmbining a first liquid solution, such as an aqueous sol ution,
conpri si yoaomayswe of ions of at | east one netal from @COAS3018/0e4%5 and
Goups 7 to 14 with a second |iquid solution, again such as an aqueous
solution, conprising a source of ions of at |east one Goup 4 netal and
optionally with a third solution conprising a source of ions of at |east
one Goup 8 to 11 netal. This conbination can take place under conditions
suf fi ci ent hpweeauand fap thecslpavege paiitpfof ghqrratelistosen de Tweeied by poaiedigalyol i d

fromthe | ir@jﬁ'@eﬂatﬂ% hdidhtal Bf@v%ﬁd{g\gﬁ% %ﬁtaly%sﬁ@ritﬁgﬂﬁﬁies&\ten:{,m Rbcddie. metal (s)

from Goups 3 to 5 and G oups the source of ions of the Goup 4
met al and dM7dbnalllhy hydrepasoudeeeayped wagionfof treprgyeauipvantion is highlstcsegtivemy be
conbi ned i i i . i t] : ' to
condi tions rIlllis %1? ? }egel[ag % tb Ftthg 9%21%{50%{&8% g{lié%fego?% daé’t f|hg Hh%‘?y)fl%lg %2% Paﬁta%n%mxog %&%g |t0d e

mat eri al , sbwih048, fwferable ceddi throor cgfialdgo Proetd. i, aré prgfeeblyeantatar thah leeequal

sol ution. venient | t he precipitation is.cond d.at, a pH above 7. For
oxanpl o 1 o FEDSE o kS BL SR U o D] (EANRVES Bl Rl BE St or
anmoni um gpgj‘doqtipdﬁiu%e{dﬁ)(h69@—pf5ki@ctty_'&:h1)i€g&hﬂﬂf maracbrl elqhzilttmttolueom,qwtt;damﬁgngggnci S
mai nt ai ned during t recipi,tati on i.s gener ess than about :
such as in e %W&Ie%o%qf’lf(g%%a%ﬁet PEEE ogéeﬁ%ﬁtﬂyaﬁoﬁoﬂua&%p3'?%“?2)&6armoftange
of tenper aptuf@sbl§ geatprthai @ict@ll toabout®.Jgr om about 200C to about 1000C. The
resul ting [ s preferaply then hydrothernally treated at tenperatures of
RRPARRLIN 1 e R APt g R R AR e B gt
typi cally pakiasdpldas®di By theVOaS Moldt andduiD P REMéspories Bytlréperoki® @kumdd one
enbodi ment, is hydrothernmally treated for up to 10 days, such as up to 5
days, for ARl et 3 Fenyrxampleo 7fenathaicldy deh benop e cygphaxylbetencyi xed

metal  oxi dgyrgpdrbigat (CBERMGiEfe mbRF aBRRAIBE hef piddbddd@ViRA bYthCRA dnfdigat I on,
and washed andpdrl ed. The resulting material can then be cal ci ned, such as
in an oxi diczeelpheryihsaphe pedropgroxilercangymed infheclefvagareacigst 4000C, such as at

| east 5000%07%}82: SHRIPIHE ail%é;%%rﬁ’a@i‘é%m?%g%ét% et Q&Qﬁlﬁg Bk MAib W ?” y

d
f rom about 650 t o about 00C, to formthe m xed netal “oxi de catal yst.

The cal ci ngtmens. theragkyllasomatisi kydrdpgrogide pepdag depwrises cymetr kwlrdnsroxalgcnd e 5 t o

24 hours, fcf%ﬁva%@:( m{l&s E&ﬁpr@p BH&lollan% cto%rc}(glct acetone. In this case, the acetone yield is
greater than or equal to about 0.90, preferably greater than or equal to 0.93, more preferably
greater than or equal to 0.96, most preferably greater than or equal to 0.98.
[0077] Where the alkylaromatic compound comprises sec-butylbenzene, the alkylaromatic
hydroperoxide product according to the invention comprises sec-butylbenzene hydroperoxide
and the cleavage products comprise phenol and co-product methyl ethyl ketone. In this case,
the methyl ethyl ketone yield is greater than or equal to about 0.90, preferably greater than or
equal to 0.93, more preferably greater than or equal to 0.96, most preferably greater than or
equal to 0.98.
[0078] Where the alkylaromatic compound comprises cyclohexylbenzene, the
alkylaromatic hydroperoxide product according to this invention comprises cyclohexylbenzene
hydroperoxide and the cleavage product comprises phenol and co-product cyclohexanone. In
this case, the cyclohexanone yield is greater than or equal to about 0.90, preferably greater than
or equal to 0.93, more preferably greater than or equal to 0.96, most preferably greater than or
equal to 0.98.
[0079] The crude phenol and the crude co-product, (e.g., acetone, methyl ethyl ketone,
cyclohexanone) from the cleavage step may be subjected to further purification to produce

purified phenol and co-product. A suitable purification process includes, but is not limited to, a
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hours. In one enbodi nent, calcination is carried out at about 7000C for
about 1 to about 3 hours. [0071] The cl eavage reaction is conveniently

af f ect ed W9 200m8@6i Nng t he hydroperoxi de with the m xedPogttskoloxop1de9

catal yst at a tenperature of about 200C to about 1500C, such as about 400C
to about 1200C, and/or a pressure of about 50 to about 2500 kPa, such as
about 100 to about 1000 kPa and/or a liquid hourly space velocity (LHSV)
based on the hydroperoxide of about 0.1 to about 1000 hr 1, preferabl

about 1 to>Seisewf diswlaen towersTi scparaieipa ghenobands Gognodust EoRWENT @seicy Awhefuct ed

in a catal wi G,gi §t Hujlf?eh' Qrbfcts: fc[ro&Z%{JIeTg}gloﬂéﬂcqﬁ&lQeﬁB%'1&'91‘ e shije ét&ia{ol y

diluted in an organic sol vent inert to the cl eavage reaction, such
met hyl et hylPhydeagertion phadsito canyert tshfeshy chsarpaeag aiﬂ;bh@of@emﬁm&ﬁepl@m Such

secbut yl beng dxg}a?oge%ﬁssgﬁg %5 peﬂoﬁﬂﬁét i’I’év ov YO é%t Lhikh %?é)éﬁmﬁh}ﬂ?{%@[ ?ﬂgt e

hydr oper oxi In a po ent, u as acetone,
cl eavage r ealtdivon since it is found that the presence of the polar solvent

Car ot oy % TR0, SurR B FRS PR R B SlcheShenyess,
| rrespect i V@lowfing fva-lpniesg Beanpdes. absence of cyclic imde in the effluent

stream fed . eact i fou d that t 1 xed netal oxide
will tend 53WBE§‘%#§23? |V|P§w89@qng%h§§d?§§ '??WB“%AQEPE%crease inthe
degree of qmmpr SiCR }mhdfehleifﬂyygimpef outhahe ffodn POEAGherich tand 9,16 WEM@T frofround
t hat the cl e ac V|ty f the catal yst can be restored Db erlodlcally
rej uvenat i rng? dy jato g lary, peagipr, %tegh‘éslb%lﬁtgfe;‘i’stgermopr §61F19]é‘}ﬁ
such as acebensd a[c@lQﬂafHer ThRaibiyid aap&h GXirk @raf feavagacheast | rrﬁ@ resa&of Beht@esent
i nvention |s hi ghly effective, In the cleavage of the alkglaronatlc

hydr oper ox"§& stirisd %H@%rpw%ﬂl gpargsdgyighpigpeongt? Bew ayfeif 206 ceBetite &roo,

pref erabl y ,gpaal %e td28@r, GThiR GAhtaind BRRHE nftroddn sPHRES whE GcRHaRLY (oI Bat er
than or equal to about 0.96, npst preferably greater than or equal to about

0.98. Wt h Wheaghe feagtions trspergipicoitsceached dire g, was i itelendplysm mixoggn & air gl
greater than QRN Epafrgéd%ﬁh% & 29@ee/xﬂfn‘ﬁfe%@bh&ﬁr£ rRatRk vJthatQkéﬂrhoﬁlq&' Qﬂd to

about 0.93, nore preferably greater than or equal to about nDs
preferably agarlwﬂ &y geshewmongtogrephal (GCo Aot h@ugge qaé)wmwﬂcw(éb@k t@ﬁltragen

particul ar ,pi gduek W.swdekijped as the nolar anount of product
Example 2: Sulfuric Acid Catalyzed Cleavage of Dilute Cumene Hydroperoxide (CHP)

[0082] Cumene oxidation products (including cumeme hyroperoxide, CHP) from
Example 1 where NHPI was used as the first catalyst was used (containing 19.8% CHP,
77.6% cumene, 1.1% acetophenone, and 0.9% cumyl alcohol). An amount of 5.0 milliliters
of such feed was charged into a glass flask held at 54°C. To this feed was added 0.5
milliliters of 1.5 wt.% sulfuric acid in nitromethane, giving a sulfuric acid concentration of
1600 ppm. Cleavage reaction occurred instantancously as indicated by the reaction
exotherm. An aliquot was taken after 15 min and sulfuric acid was neutralized using 10 wt.%
sodium carbonate solution. The sample was analyzed by GC. Complete conversions for CHP
and cumyl alcohol were achieved and only a small amount (0.6 wt.%) of heavy product

cumyl phenol (alkylation products of a-methylstyrene with phenol) was observed.

Example 3: Oxidation of sec-Butyl benzene Using N-Hydroxyphthalimide (NHPI)

[0083] One hundred fifty grams of sec-butyl benzene (SBB) from TCI America and 0.16
g NHPI from TCI were weighed into a Parr reactor fitted with a stirrer, thermocouple, gas
inlet, sampling port and a condenser containing a Dean Stark trap for water removal. The

reactor contents were stirred at 1000 rpm and sparged with nitrogen at a flow rate of 250
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produced, divided by the total nolar anount of correspondi ng hydroperoxide
consuned during the reaction. For exanple, "phenol yield" for phenol from
cycl ohexywbenwaegdihydr oper oxi de (CHBHP) is the nol ar ampomtused10phead]
produced divided by the nolar anpunt of cycl ohexyl benzene hydroper oxi de
consuned in the cleavage reaction. [0076] Were the al kyl aromati ¢ conpound
that is oxidized according to the invention is cunene, the al kylaromatic
hydr oper oxi de product conprises cunene hydroperoxi de and the cl eavage
products ceéspTERfgsRemBltcandhe seagiopduiite Beibmad Indas atTHirazes spEge.t1S et one

yield is gnealel, {1380 Qn&aHe rcatforPRMPLralrdQas Fé"a&fe&%@'g){so %@%ﬁhe& R3m or

equal to 0.93, nore preferably greater than or equal ,
preferably ngrogat tor ait frinthe reagiguaes spprgdogith 2[10@7223}) opimeinete tioret houey | Seroptest i ¢

compound oo 45GAREHRHIMHSNAERE b Bhiok AAATA L BLINIADGLAK ey

product according to e 1 nventio sec benzé& roper oxi de
and the cIéaiagennggdudubsb@hwwﬂsem@hﬁhol and co- product met hyl ethyI

ketone. Inthis,case, t hyl one vi el gre an or
Coare: o nablR T BRI Pl “PARIAY B S0 e
preferablngMeqm£omdhaﬁﬁnﬂHequal to O. 96 nost preferably greater than or

equal to O. 078 ere the aIk aronma d conp

cycl ohexyl tgzﬂ%%nesect %‘étyﬁl PSSP S et l?fﬁldrpé%dé’f:t(%m C?'b$ Bdudf %‘E%or 8FRE™S o

t hi 3 i NVenti Qop&oxs, ISBBHPgﬁ@hﬂh@mpb?%@H@ﬂNH{Nﬁh@@&ﬂ@S(tlﬁe'lrialaﬂaltybtevas|u@@:l\/ﬁge
product conprises o] - product cycl ohe In this c t he
cycl ohexang‘??é1 tagying 3952 apgg& e%gtl%tﬁecé utelq elteo)i%(ﬁjtace@p@ﬁnon&r @?dzﬁgﬁf
greater thaigl c@gUsnzi1aldh8, AR R & 20 ﬁblhﬂdteﬂ;r(ﬁa;h@f febd@Rs Giar@Quado 4 O
0.96, nost preferably greater than or equal to 98. ;0079] The crude

phenol and gtapefleskuigdd #0345k odivt feed avay addeélc%é érrrléﬂlt%@h b vet"nyhlfis ik in
cycl Ohexan%ﬂﬁﬁneﬁ{aﬁénéfnﬁﬁg £ Etﬁﬁ @Q d2b&Rn 3)? t eflalde fréaEttl(t}rﬁccurred

purification to produce puri pheno oduct suit '
purificati ontaprpeasly a n@dm@l@sby ﬂb@tteaptsonrmﬂtetrm t éet athquota@@rttd@s afier 15 min

distillati Qﬂd Etﬁfﬁ{ﬁgﬁmh S e &sPtg 1@%@%00"{‘% cgrBorBlge S%Hﬁltonf 'tﬁé‘%a%pﬁ‘e%as

speci es. e crude or purl co- cts
cyclohexan@m@ymdﬂy'G@sehMﬂhecsm@ﬁmu$édrSBBHEhydmm@Bmaﬂwbhmumldpdwtwma

convert |ta&gm% n&nohmﬁfﬁ%ﬁmn%msduehoé for exanpl e phenol. Such

Example 5: Oxidation of Cyclohexyl Benzene (CHB) Using N-Hydroxyphthalimide

[0085] One hundred fifty grams of cyclohexyl benzene from TCI America and 0.16 g
NHPI from TCI were weighed into a Parr reactor fitted with a stirrer, thermocouple, gas inlet,
sampling port and a condenser containing a Dean Stark trap for water removal. The reactor
contents were stirred at 1000 rpm and sparged with nitrogen at a flow rate of 250 cc/minute
for 5 minutes. The reactor, while maintained under a nitrogen sparge, was then heated to
110°C. When the reaction temperature was reached, the gas was switched from nitrogen to
air and the reactor was sparged with air at 250 cc/minute for 4 hours. Samples were taken
hourly and analyzed by gas chromatography. After 4 hours, the gas was switched back to

nitrogen and the heat was turned off.

Example 6: Sulfuric Acid Catalyzed Cleavage of Dilute Cyclohexylbenzene
Hydroperoxide

[0086] Cyclohexylbenzene  oxidation  products (including  cyclohexylbenzene
hydroperoxide, CHBHP) from Example 5 where NHPI was used the first catalyst was used.
An amount of 5.0 milliliters of such feed was charged into a glass flask held at 53 °C and

decane was added as an internal standard. Toward this feed was added 0.5 milliliters of 1.5

-21 -



dehydr ogenati on may be performed, for exanple, over a catalyst such as

pl ati num nickel or palladium [0080] The invention wll now be nore

parti cul awbyotéwssibbed with reference to the foll ow ng mOmAISREMO0219g9

Exanpl es. Exanple 1: Oxidation of Cumene Using N Hydroxyphthalimde (NHPI)

[ 0081] One hundred fifty granms of cunene from TCI Anerica and 0.16 g NHPI
fromTC were weighed into a Parr reactor fitted with a stirrer,

t hermocoupl e, gas inlet, sanpling port and a condenser cont ai ni a Dean
Stark trap“idr Swatrsr agiéipvaromeriascy gEgor sebtceAtid onagatraiiany 9%&6& PAMO0 rpm
and spar geyhif RhlicA0ERRAY Thofah @R CusChaR A0 B/ L Mbkckof Qrorferll NES,

The reactor, while nmaintalined under a hitrogen sparge, was then heated to
115C. When aliqust W@ad%k%rﬂftteeﬁ@énlatandesuwzarsc radotredicutrdizcgasingds wiliotsoled from
ni trogen tQ. 8l {2l dde fh%asﬁﬁl §1§ g@ﬂ Htﬁ‘é Fes@lL ﬁéﬂs@&{ﬂﬁh‘é ? for 4
hour s. Sarrp?es were taken hou y an ze y gas chromat ography (GO .
After 4 holligh comhamglasf GEBHSwia obedved ankna by- m0ﬂm®@®mammwuhzé>seheesﬂt was
turned off. ri t al of | ut nene
Hydr oper oxi ée Pgﬂge ﬁﬁ'ﬁ%ﬁ&ra n@ﬁ(%l% ga‘}‘oﬁﬁ?%jo uct |nrg uc? ? ?ﬁoﬁrhe

hyr oper oxi dsapdshiftpn Unden Exaapl e 1 where NHPI was used as the first catal yst

was used ( i ni 8% CHP, . 7 ne, 1. 1(V one, and 0.9%

o ol AThE BTt s P NG pouad A e SRR sl e

a glass fl as Kvablﬁhgiwalﬁ 184Cdiuth@atbohse §cﬂﬁd)nWEl& (ﬁgdﬁdlaﬁeﬁvaﬁbéﬂcbrhtta&eﬁl@ rofaryl. 5

wt. % sulfuric acid in nitronmethane, givi ngg? sul furic acid concentratlon of
nta

1600 ppm EY@RiRLHGR uP%%ét?BW‘B&‘EHWr@@ 7 eGP ERI9rei CAPEE 1Byhe he
reaction exgilesAd Hitidh iABel 408 taken after 15 min and sulfuric acid was
neutralized using 10 w. % sodi um car bonate sol ution. The sanpl e was

anal yzed by GC. Conpl ete conversions for CHP and cunyl al cohol were
achieved and only a small anmount (0.6 wt.% of heavy product cunyl phenol
(al kyl ation products of a-methylstyrene with phenol) was observed. Exanple
3: Oxidation of sec-Butyl benzene Using N-Hydroxyphthalimde (NHPI)
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[ 0083] One hundred fifty granms of sec-butyl
were weighed into a Parr

and 0.16 g NHPI from TCl
stirrer, wbheprmoosupl e, gas
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i nlet,
r renoval .

benzene (SBB) from TCl
reactor fitted with a
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The reactor contents were stirred at
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1000 rpm and sparged with nitrogen at a flow rate of 250cc/mnute for 5

m nutes. The reactor,

whi | e mai nt ai ned under
heated to 125C. When the reaction tenperature was reached,
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was t hen
t he gas was
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nute for 5 m nutes.
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spar ge

was then heated to

p-DiCyBz

0.13

0.13

Hi-oxygenates3

0.21

0.00

Hi-oxygenates2

0.09

0.00

Hi-oxygenatesl

0.09

0.00

Hi-oxygenates4

0.04

0.00

CHBHP conv.

98.99

Cyclohexanone yield

96.56

PhOH yield

99.47

Example 8: Sulfuric acid catalyzed cleavage of concentrated CHBHP

[0088]

The concentrated CHBHP generated in Example 7 was used. An amount of 5.0

milliliters of such feed was charged into a glass flask held at 20°C. To this feed was added

13 milliliters of concentrated sulfuric acid (96.6%), giving a sulfuric acid concentration of

5000 ppm.

Cleavage reaction occurred instantancously as indicated by the reaction

exotherm. An aliquot was taken after 10 min and sulfuric acid was neutralized using 10 wt.%

sodium carbonate solution. The sample was analyzed by GC and the results are listed in

Table 3. High conversion of CHBHP was observed; but large amounts of light and heavy by-

products were observed and the yields to cyclohexanone and phenol are low.
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1100C. When the reaction tenperature was reached, the gas was switched from
nitrogen to air and the reactor was sparged with air at 250 cc/mnute for 4
hours. Sawpl2ew/oserie t aken hourly and anal yzed by gas chiroraiSoguoaptye After
4 hours, the gas was switched back to nitrogen and the heat was turned off.
Exanple 6: Sulfuric Acid Catal yzed C eavage of Dilute Cycl ohexyl benzene

Hydr oper oxi de [ 0086] Cycl ohexyl benzene oxi dati on products (i ncluding

cycl ohexyl benzene hydroperoxi de, CHBHP) from Exanple 5 where NHPI was used

the first catalyst was used. An armountlab¥ 35 0 nmilliliters of such feed was
charged into a gl ass $ulwic asid catalyzed Zlegrnggof cencentiated s HBHBed as an
internal standard. Toward this feed was added 0.5 mlliliters of 1.5wm.%
sul furic acid in nitronetlkamerenyi vi ng a sul Fi4¢i ¢ [XEHt concentrati on of 1600
ppm d eavage reaction oc¢®e¥ped i nst ant anepf8ly g4-1¢ndicated by the
reacti on exotherm An al i_%wféﬁlﬂ’m&e taken aff&# 10 [M-# and sul furic acid was
neutralized using 10 wt . ¥ eEar bonat e | 888 ut ild8? The sanpl e was
anal yzed by GC and the re8if's are |isted i|f!Tahlld®2 H gh conversion of
CHBHP was observed and nqlthdeweidiett f or mag P8h wad-%hserved. Exanple 7:
Concentrating CHBHP from| Cusheladiiciore progfifd s pyY 2ot ary Evaporati on Under
Vacuum [ 0087] The NHPI ccﬁﬂ”ﬁj’iﬁﬁﬂ_i_n_Lhe_CHBgé&J_dzﬁzﬁn_aroducts (e.qg.,
CHBHP) was renoved by washEHYXrpy195%80di it arbdi&t e Isol uti on. The
organic |ayer was concenfife 4 der 1-2 mm vacuum
and at 90-920C. The concehtFAPFY8F cHBHP PH t he & ntrated solution is
about 48% Table 2 Sul furi APQ@MWCW&?‘WIWDH ¢cP8hvadddf dilute CHBHP Exanpl e
8: Sulfuric acid catal yze%Pm“)él%y\ffléh%a“ f concgﬂirat IQ%ZCH HP [0088] The
concentrated CHBHP gener &t yfpheyanopsaldel) o \,%é us\(?:  Anlamount of 5.0
milliliters of such feed R&& yl?y??&@"@?%?f ato—a Blass fif‘as.\ hel d at 200C. To
this feed was added 13 mH HHters of ccnc\,?“."at\% gu!furic acid (96.69%,
giving a sulfuric acid COQUSREONIT o of £O0Y P 'ﬁreavage reaction
occurred i nst ant aneous| y Laaydidrosdcidobpane (LLSG 0o ST
y Diperoxides ~ 2 " 055 " 087

Heavies 2.33 1.86

CHBHP Conversion 98.79

Phenol yield 70.16

Cyclohexanone yield 46.93

[0089] As demonstrated in Examples 7 and 8, CHBHP from CHB oxidation can be
concentrated by vacuum distillation at elevated temperatures. But the cleavage of the
concentrated CHBHP proceeds much less cleanly as compared to diluted CHBHP. Large
amounts of light and heavy by-products are formed and the yields to phenol and
cyclohexanone are low when the CHBHP is concentrated. Clean cleavage reactions are also
observed for diluted cumene hydroperoxide and sec-butylbenzene hydroperoxide. These
findings show an advantageous embodiment of cleaving dilute hydroperoxides without first
concentrating the hydroperoxides from the oxidation products.

Example 9: Sulfuric Acid Catalyzed Cleavage of Dilute Cyclohexylbenzene
Hydroperoxide

[0090] Cyclohexylbenzene  oxidation  products (including  cyclohexylbenzene
hydroperoxide, CHBHP) using NHPI as the first catalyst with varying CHBHP
concentrations are used (without first concentrating the hydroperoxide) in this example. An
amount of 5.0 milliliters of such feed was charged into a glass flask held at 58°C. Toward
this feed was added 5000 ppm of sulfuric acid diluted in acetone in a semi-batch mode.

Cleavage reaction occurred instantaneously as indicated by the reaction exotherm. An
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exotherm An aliquot was taken after 10 mn and sulfuric acid was
neutralized using 10 wt. % sodi um carbonate sol ution. The sanpl e was

anal yzed w9 200/@s8d6t he results are listed in Table 3. Hprgh/useomwmesuodn of
CHBHP was observed; but |arge anpbunts of |ight and heavy by products were
observed and the yields to cycl ohexanone and phenol are | ow Table 3

Sul furic acid catal yzed cl eavage of concentrated CHBHP [ 0089] As
denonstrated in Exanples 7 and 8, CHBHP from CHB oxidation can be
concent r at @hq%)y Wea defier adies t10 1 mist andnsudfurie [agid gy sdnquiphived aringe). WBatsofiym

cl eavage oty bBRuCQRERA! iHanbRR AroralscruR hersuk! #anky gsTapmRar ed
to diluted CHBHP. Large anoun ht and heavy by-products are forned
and the yi éliglscongerpheabCHBHE a@?hlgbh ehenchprd ¢yslohowaaenctwise opgprpd fnsall
concentrat ed... C ean cleavage reactions are al so observed for diluted cunene
hydr oper oxi de and sec-butyl benzene hydroperoxi de. These findi ngs show an
advant ageous enbodi nent of cl eavi ng dillabteet hydr oper oxi des wi t hout first
concentrating the hydro OXIde e OXI cts. Exanple 9:
Sul furic Acid Catalyzedgaﬁé%%g“e o?gffin?““%%cﬂ%lg&gﬁgénzene Hydr oper oxi de
[ 0090] Cycl ohexyl benzene oxi dati on products (including cycl ohexyl benzene

hydr oper oxi de, —SHBHP)—us+Rg—NHP %; the—+st %ata!ys* Wk%ﬁavaﬁykmg CHBHP
it hat 1 r o ocnneceont At 1ty thA hvayde anar 4
Co.rlcent rat I Ons K omponen . F gl %UL ;P‘OH% . \l\lFe\éa;IFll. IP(I‘ALd];}_gItI;J I.Pl’glé.ad II_P‘I‘I() i tbl \' XI .Cle) I n
this exanple. AR-arpunt—ed frrrters-of isuch, feed wa charged into a
| £l k hel CalllquP@pF\ T unvoh i o ;9,2‘i,4 L0.04 .-.AAiZJ RO L. ¢ ~7E | f ;

gl ass as el at Lo oWt —t1H—S—1 C?\J WasS—Ta 66 \°AYJ POt /] uri c
acid diluted ijpgcetope—inla—seHi-bateh ﬁﬁj“4 CIGEZﬁLe pgz"tioﬂsﬁicurred
. kn%ﬁ%(MQﬁy 4 334 1'773780 38~ 456 AT
i nst ant aneousl y di cated—hy trther+eaction_agxotherm—Anaeauat pas taken
after 10 min abgoSheadbenzede” 1. Ao | = HA0L, 625717 - oxo0 Ty S5O0, 19 b

Ph-cyclohexe gl e getrg was—net 1Ty >0 23 [FY 05 [V >V sd
carbonate solu 4P]&qwh%®0cuTﬂcb&ﬁS an%hghcﬁxﬁ' cc @g“ tﬁf6 csuhfé are
listed in Tablle: oy dndt O ver % on—of 0 HP 'ﬂl o—hi &bb VA 5}39' to “i‘b?mol and
cycl ohexanone Were RRseLyed i att—cases: Tl tHe—4 Hfuricractd cat al yzed

| eavane of dil cyclofieXanoile 1.9 2] O o7 [ Yy Q.45

c 9 | CHBHPH P 19.56 0.17 | 25.44 034 | 15.49 0.15

Other peroxides 1.03 0.28 1.64 0.42 0.79 0.12

Diperoxide 0.37 0.05 0.05 0.05 0.05 0.05

0-DiCyBz 0.01 0.01 0.01 0.01 0.01 0.01

m-DiCyBz 0.01 0.01 0.01 0.01 0.01 0.01

p-DiCyBz 0.02 0.02 0.02 0.02 0.02 0.02

Other oxygenates 0.20 0.68 0.47 0.90 0.13 0.30

Other 2.08 2.64 2.86 2.80 2.10 2.40

CHBHP conv. 99.15 98.68 99.02

Cyclohexanone yield 92.42 95.04 98.90

PhOH yield 93.29 97.98 99.47

[0091] These examples clearly show that clean cleavage of cyclohexylbenzene
hydroperoxide can be achieved when the products from the oxidation step are not
concentrated. High yield to phenol and cyclohexanone is obtained. Preferred range of
hydroperoxide concentration is 10 to 25%.

[0092] While the present invention has been described and illustrated by reference to
particular embodiments, those of ordinary skill in the art will appreciate that the invention
lends itself to variations not necessarily illustrated herein. For this reason, then, reference
should be made solely to the appended claims for purposes of determining the true scope of

the present invention.
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[ 0091] These exanples clearly show that clean cl eavage of cycl ohexyl benzene
hydr oper oxi de can be achi eved when the products fromthe oxidation step are
not conceworatwdsdibi gh yiel d to phenol and cycl ohexanonecCiraseoared.
Preferred range of hydroperoxide concentration is 10 to 25% [0092] Wile

t he present invention has been described and illustrated by reference to
particul ar enbodi nents, those of ordinary skill in the art will appreciate
that the invention |l ends itself to variations not necessarily illustrated

herei n. FoRGIRCEAIMSSon, then, reference should be made solely to the
appended cl ai ns for purposes of determning the true scope of the present

i nvention.1l. A continuous process for producing phenol or a substituted
phenol andla coquoo@mx@vs proRes frracelising phgpol sl hignbstifeted pbew! aid a cerproduct,

cont acti ngtﬂe r&e s'croﬁth Srlg%aﬁg% Aefirst streamconprising an al kyl aromatic
conpound W|t d conprising an oxygen-containing gas in the
presence of a f(aDst @ataglings in (aoﬁ}:stlrsaqtrg a fuytclsur@m wvmprlamgjen fdbdaipmat@ns to
convert at easutl’l WltB%rStGC!Q(I’)InSt(I')J SCa(')Il’l’l r1sa1|nkX| g'r Ona(t: I1’1 all’lll’l as ll’ln&]le esenceo a first

al kyl ar omaf PEPAYE &8 Wherdin s 8l aVarkyl'aromtt ¢ cofpound having a
gener al fomrmlbra c(ohip)isin'g R th hlmiaﬂ: wadek R&dmnshtd naleperaddekd y pogjonedenids an
al kyl group vin from1£904c rbort1 3??5 )%Eowdedthat Rl and R2 may be
joined to FB(P' Oén g &yPRovgd g @ (?%“F WP P10 carbon atoms, said cyclic
group bei ngvhelﬁtﬂs@ﬂalﬁy}ar(&hdﬁﬁhbﬁlpﬁtﬁdha\a@a Eaerabp@sientis hydr ogen, one or nore
al kyl groups having from1 to 4 carbon atoms or a cyclohexyl group, wherein
said cyclic imde having a ge R\ formul & (111): (Oi in which each of R4
and R5 is independently sel e¢gted friogm hydrocar byl ar?ﬂ substituted

hydrocar byl radi cals having Ony car%%& atoms or romthe groups SO3H,

NH2, OH, and N2 or fromthe gt o F , and |, provided that R4
and R5 can be linked to on& another vi a}& ovgl ent bond each of QL and @

Is | “depen({{f{%i ¥ RBSGhER? Saknif r@’e tgj‘f %I]s ng'%% &2 RouBlhads @%321 {054 carb

i ndependent Sel ect eg ?r orln (%% . PRCC el% rrgntasng ip 4"
atoms provided that R' and R? may be joined to form a cyclic group having from 4 to 10
carbon atoms, said cyclic group being optionally substituted, and R* represents hydrogen, one
or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group,

wherein said cyclic imide having a general formula (IIT):

((‘)‘)k
R X
N
. N—1Y (1)
2/
AT~
|
(O)

in which each of R* and R’ is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOs;H, NH,, OH, and
NO, or from the atoms H, F, Cl, Br, and I, provided that R* and R’ can be linked to one
another via a covalent bond, each of Q' and Q? is independently selected from C, CH, N,
CR®, each of X and Z is independently selected from C, S, CH,, N, P and elements of Group 4
of the Periodic Table of Elements, Y is O or OH, kis 0, 1, 0r2,11s 0, 1, or 2;

m s 1 to 3; and R® can be any of the entities listed for R* and

wherein said alkylaromatic hydroperoxide having a general formula (I):
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of the Periodic Table of Elements, Yis Oor OH kis O, 1, or 2, 1lis 0, 1,
or 2; mis 1to 3; and R6 can be any of the entities listed for R4, and
wher ei n swiodowldegdiar omat i ¢ hydr oper oxi de havi ng a gener CTfuseomoloa1949 ) : i n
whi ch each of Rl, R2 and R3 is as defined above; (b) producing an effl uent
stream conprising said cyclic imde, said al kylaromati c hydroperoxi de, and
sai d al kyl aromati c conpound wherein said effluent stream has an

al kyl aromati ¢ hydroperoxi de concentration of from10 to 40 wt% and (c)
contacting in a second reactgr—=at\| east ®'portion of said effluent stream
with a second catalyst to cg sai d kyl aromati ¢ hydroperoxide to a
product stream conprising pRe (i d—TOOPr oduct 2. The process of
claiml1 wherein said effluep ¢am has\ an alzkyaromati ¢ hydr oper oxi de
concentration of from 10 t @330 3. H#epRocess of claim 1 wherein said
effl uent stream has an al kyaromatic hydroperoxide concentration of from 10
to 25 w % whitheachopReds apd Raiys defencdpbavise precedi ng cl ai ms wherein the

al kyaromati c hygrop i IS t I . er t i .
ef fluent str eame%ri rrg%ﬂ(gglgaa:nof f@%ﬁ% 52%1:9 ;ﬁncg)ﬁl%@hé éélg%%gglﬁl {gg’e%gi %?yl&arﬁléa%cne of
t he precedihpdropdrarides antlesaal nlkybrommtie ¢dmapoukD%hofeirs aiid efflikgnk astroamathas an
conpound i Syt i f saj | i Q. said contacting (c).
6. The pr o%&%@aﬁg%{/c{rg‘;r?éoxﬁe% ﬁ%&ﬁ%@égﬁ%@?@@aﬁfn@ A\’Aﬁ%ér)ei n substantially
none of said al kyl arenmatting icarpauddedcsr ey e goftioof s@d diflkkitl strearh wsthraeam

prior to said contactin c)...7 he prqcess of..any one of the preceding
Ol af s wherisnd ERBTT R g E ki B Gp RSt Prgi S Y o ARt alE s 655, O
The pr ocesph@iol ansa@ne-ppbduthhe precedi ng clai ns, wherein at |east part of
said cycli S [ mﬁjge is rem)veg]%.fro sai d eff.(Lu%ﬁt stream Fri or to said.
contacting%(c). [& PIESHrBcea of WRRCIBnEIG IR SRR A Ay 281 ARHOMYlifer ei n
sai d renoVvihp@opdrendd dohc&@anél Seont BMBORgvAt | east part of said cyclic

imde by contactjng said effluent streamwth .
3. The “process of claim 1 wherein said etfluent stream has an alkyaromatic

hydroperoxide concentration of from 10 to 25 wt%.

4. The process of any one of the preceding claims wherein the alkyaromatic
hydroperoxide is not substantially concentrated in the effluent stream prior to said contacting
(c).

5. The process of any one of the preceding claims wherein no more than 10% of said
alkylaromatic compound is removed from said effluent stream prior to said contacting (c).

6. The process of any one of the preceding claims wherein substantially none of said
alkylaromatic compound is removed from said effluent stream prior to said contacting (c).

7. The process of any one of the preceding claims wherein the phenol yield is greater
than or equal to about 0.96.

8. The process of any one of the preceding claims, wherein at least part of said cyclic
imide is removed from said effluent stream prior to said contacting (c).

9. The process of any one of the preceding claims, wherein said removing step (b)
comprises removing at least part of said cyclic imide by contacting said effluent stream with
a solid sorbent.

10.  The process of claim 9, wherein said solid sorbent comprises a metal oxide, a metal
carbonate and/or hydrogen carbonate, a clay, and/or an ion exchange resin.

11. The process of any one of the preceding claims, wherein said cyclic imide having the

general formula (IV):
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a solid sorbent. 10. The process of claim9, wherein said solid sorbent
conprises a netal oxide, a netal carbonate and/or hydrogen carbonate, a

cl ay, andworosw9san exchange resin. 11. The process of &oy/use@oobishe
precedi ng clains, wherein said cyclic imde having the general formula
(I'V):wherein each of R7, R8, R9, and R10 is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or fromthe groups SG8H, NH2, OH, and NO2 or fromthe atons H, F,
c, Br, and |, each of X and¥ is i®ependently selected fromC, S, CH2, N,
P and el enents of G oup 4 of [the Perljfodic Table of Elenments, Y is Oor CH
k is 0, 1, or 2, and 1%5 0, 2.1112. The process of any one of the
precedi ng cl ai ms, wheRain %< ni de conprises N hydroxyphthal i nide.
13. The process of any ong € preceding clains, wherein said second
catalyst is selected fro | oup consNst+1g of a homod¥hous catal yst, a
het er ogeneous cat al yst apd es thereof. 14. The process of claim 13,
wher ei n sai d honbgeneoys catsgyst 3 n acidic catal yst selected fromthe
group consisting of sdtfuric]acid, rchloric acid, phosphoric acid,
hydrochl oric acid and p-tolurnesulfa ic acid and m xtures thereof. 15. The
process of claim13, wher ei nR&%i d h (grogeneous catal yst conprises an oxide
of at |east one netal from G oups 3 I5 and Groups 7 to 14 of the Periodic
Tabl e of t enent ndpan,oxj der,of . r p, 6 of

t he Period P@e%{'b Ig%clﬂo?f ?h’eREI %riednntqsl.{ lgaglﬁfgﬁ%e&lgggg?&g@ aﬂ(r:qngih%mf% rB%:Ihaer?iei n
sai d het er sgstimtdhydatabylstdicdnpvingdso a0 cakordaons, oafromabs groopseSOrkt, &lH2f r om

G oup 4 of e i odj.c Tabl e | e t s, apgd an_oxide o t l.east one

ool omde SubRE: 8¢t IO 1 Ut T S PR Bl 2 b Rdentlh 5L 00

of any one fiofn Che (HeteHiand clehmantesf Grévpriedfiths Bértbdal Kapleasfdtahdnts, olEOUNd | S

cunene, Sakﬂg%ﬁ%éHarQf%%éfm%Yﬂ%?B?rOX'de i s cunmene hydroperoxi de and said
12

co- product t'ofe”
The process of any one of the preceding claims, wherein said cyclic imide comprises

N-hydroxyphthalimide.

13. The process of any one of the preceding claims, wherein said second catalyst is
selected from the group consisting of a homogenous catalyst, a heterogeneous catalyst and
mixtures thereof.

14. The process of claim 13, wherein said homogeneous catalyst is an acidic catalyst
selected from the group consisting of sulfuric acid, perchloric acid, phosphoric acid,
hydrochloric acid and p-toluenesulfonic acid and mixtures thereof.

15.  The process of claim 13, wherein said heterogeneous catalyst comprises an oxide of at
least one metal from Groups 3 to 5 and Groups 7 to 14 of the Periodic Table of the Elements
and an oxide of at least one metal from Group 6 of the Periodic Table of the Elements.

16.  The process of claim 13, wherein said heterogeneous catalyst comprises an oxide of at
least one metal from Group 4 of the Periodic Table of the Elements and an oxide of at least
one metal from Group 6 of the Periodic Table of the Elements.

17. The process of any one of the preceding claims, wherein said alkylaromatic
compound is cumene, said alkylaromatic hydroperoxide is cumene hydroperoxide and said
co-product is acetone.

18. The process of any one of the preceding claims, wherein said alkylaromatic
compound is sec-butylbenzene, said alkylaromatic hydroperoxide is sec-butylbenzene

hydroperoxide and said co-product is methyl ethyl ketone.
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18. The process of any one of the preceding clains, wherein said

al kyl aromati c conpound is sec-butyl benzene, said al kyl aromatic

hydr oper oxOde10/®ssEec- but yl benzene hydr oper oxi de and sai @CT@SPr1IOMAOYI | S
met hyl ethyl ketone.19. The process of any one of the preceding clains,
wherein said al kyl aromati ¢ conpound i s cycl ohexyl benzene, said

al kyl aromati ¢ hydroperoxi de is cycl ohexyl benzene hydroperoxi de and said
co-product is cycl ohexanone. 20. The process of any one of the preceding
cl ai s, whéPei nThaipdocenehceny ngpe( af tsc otaceding, davas.aybenivesad Bodaemat

initiator. cglnoufigs &zg%%&lbgﬁzeﬁé}ysaﬁinglkﬂfarohﬁ% Elgﬁq&g%ﬂﬁ?ﬁé %%r o ex%é{z@ﬁenzsai d

akl yl aromatic conpo I's”a conpound chosen ycl ohexy nzene, 1,
met hyl cycl dpémperpidnandneidgnadradugt ipetchghexapehopent yl benzene wherein said

| kyl hc h i i : . |
Pyl oper oxide, 1oMageRot &5nS sEnE BEAHACAERRT R b UL ANE LY e Rne
met hyl cyl c dpehtoncbeizredieal hyitatoper oxi de, and said co-product is a conpound

chosen frog&cyc%ghexanone 2 meth %gyclo gﬁtan n

¢_process., of one e eI PGs %Edr 1‘% aid aklylaromatic
met hyl cycl 6pent ahoms cc>2 5% #lig FiFolle I BFCEHDE Sl WHEE™ o iUl SHEORMS e

wher ei n saicdmpoung eén-aconipaumi cgsgagomscyalonagirerdne, B rmetRdcychbpentpbazess of

any one of t pr ecedi clai ns erein.sajd cylic.imde i.s added to

cont oot my o] BRI e Rt TR G BT Bl bivas v oS SpRe BReoti ge o
sai d akw1 akcherad i CfrsmnPfoml exPBenzditte pﬂymﬁersxilaé, aP)Qhon@eﬂgﬂcyuda@gpyle&?dﬁmg

cl ai s erein sai.d e ent _conprise en cl ohexanogne .and at | east a
portion of hg%rpaerﬁﬁgw%;}é @ﬁ@%ﬂﬁ?@n@eﬁ%ﬁfﬁeM%aer%&‘pﬁ‘@ 9?léferp6@feﬁea
during sai dogpsiinact ich@ef C) froRS. cJBhRERHESS Df @bYyleR@oRhtahdiR, Pra@eding
clainms wherein said effluent conprises phenylcyclo%exanol and at |east a
portion ofI@%ﬂﬁyyﬁﬁ@ﬁyﬁ@Q%lohexanol is converted to phenyl cycl ohexene during

sai d cont agbi NThEYrocess of any one of the preceding claims wherein said oxygen-containing gas is
atmospheric air.
23. The process of any one of the preceding claims wherein said cylic imide is added to
contacting step (a) in an amount of 0.001 wt % to 5 wt % of cyclic imide to said akylaromatic
compound.
24, The process of any one of the preceding claims wherein said effluent comprises
phenylcyclohexanone and at least a portion of said phenylcyclohexanone is converted to
phenylcyclohexene during said contacting (c).
25.  The process of any one of the preceding claims wherein said effluent comprises
phenylcyclohexanol and at least a portion of said phenylcyclohexanol is converted to

phenylcyclohexene during said contacting (c).
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