2008EMB34- PCT OXI DATI ON OF ALKYLAROVATI C COVPOUNDS FI ELD [ 0001] The present
invention relates to a process for oxidizing al kylaromati c conpounds and
for convewOi2np/7E9oxi dati on product to phenol and the eorriss@onsi2zg

ket one. BACKGROUND [0002] Phenol is an inportant product in the chem cal
industry and is useful in, for exanple, the production of phenolic resins,
bi sphenol Agoga¢aarmt@act am adi pic acid, and plasticizers. [0003] Currently,
t he nost comon route for the production of phenol is the Hock process.
This is a three-step pxgpagsoNOMIIKYERARONMATIC SigNpOIM@IYes al kyl ation of
benzene with Eropylene 0 produce cunene, ToOlITowe y oXxi dation of the
cumene to tABLPorrespondi ng hydroperoxi de and then cl eavage of the

hydr oper oxi o] I ver,
the vorl d dumhq RPIEE SR B P phoaR frtREhs AEAeBREHC RS dRUECDE
| n addi ti onnd foheonyexing dfc qxrdapy pmduct &l phicialend thechrgspofditpitctmes is likely to
i ncr ease, %éecﬁel@)ggﬁzel opi ng shortage of propylene. [0004] Thus, a process
t hat uses i gher al kenes instead of propylene as feed and
coproduces[ﬁMﬂhylthhyﬁsheﬁmpem@NEKwuarmhhghhﬂnkdtmﬁe$yzmudhummﬂin for
cyclohexanon he n racti rnat i ute
0y e produambadFrohaR A BN R S AP A PO Gl S ariee € or
MEK, whi chpiastidizef ul as a Iacquer a solvent and for dewaxing of

| ubricatin dition, clohexan ne.is ed as

sotvent.  ado@al oo GsEEe e, R EIERGR S Badts nriityh of Alest Sudte: HBiK of
adi pi ¢ aci @roceyCITHREX ANARE-sicp rétSss 1ﬁyﬂhahmxatiam&pqmdms al@Pitioh a€ batremnd
nylon 6. [00Q05]1t is known that £$n0| and .VEK can be produyced from.

sec- but yl bERPHRPYIR LPTRTUSE eWBCRhEf W ebly. Biifafrhahibe AT ol gPEERotdgbt ai n
sec- butyl bapas oﬂ&éjﬁﬂpﬁfeﬁ)ﬁléieag@r@ thO @y HSp&G¥tide te BratROSRendI dhsundess r ed
phenol and nethyl ethyl ketone. An overview of such a process is described
in pages 1PBenpbandiprgtong Hoggvess thepguldsdemapd fyrihero! i giorinengorezomdixhan | ed
“Phenol ", publrbrsRe@ndY 1 Bkinaifearod: 16R kREHd I8 dMblReee DRI &7 7.

[ 0006] For exanple, in our |ntéernation at ent Publication No. WO06/ 015826,
we have de§@ﬁﬁﬁbéu%wﬁﬂbﬁﬁgﬁngﬁwﬂﬁﬁbﬂﬂémﬁ@nﬁhenol and nethyl ethyl ketone,
in which b e i eV ion
condi 1 ons Teh 2 uf o pAEERabhbbRet UL HkRo: SRR oL RERh R el
havi ng an Xa¢ egpradivEdsrraghyl othypltterer(NEKIalr heghpgketbnsp avdhray cregioxancat, rathei10. 25,
6. 90. 15, 3 3.4 ' ef ent
corpr i of ng " RecBGpd By bE A MiacARghirplIhE Nk AR AR AT’ by
produce a kyadnopehox isobegrawdlgtﬂmkdﬁyi@i"rMbﬁr wiuchla ussfutl ecohpoeed fobveptrand dore
phenol and

dewatlxr111¥g otel bchatmg oils. In addition, cyclohexanone 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.

[0005] It is known that phenol and MEK can be produced from sec-butylbenzene, in a
process where sec-butylbenzene is oxidized to obtain sec-butylbenzene hydroperoxide and
the peroxide decomposed to the desired phenol and methyl ethyl ketone. An overview of
such a process is described in pages 113-121 and 261-263 of Process Economics Report No.
22B entitled “Phenol”, published by the Stanford Research Institute in December 1977.
[0006] For example, in our International Patent Publication No. WO06/015826, we have
described a process for producing phenol and methyl ethyl ketone, in which benzene is
contacted with a C, alkylating agent under alkylation conditions with a catalyst comprising
zeolite beta or a molecular sieve having an X-ray diffraction pattern including d-spacing
maxima at 12.4+0.25, 6.9+0.15, 3.57+0.07 and 3.42+0.07 Angstrom to produce an alkylation
effluent comprising sec-butylbenzene. The sec-butylbenzene is then oxidized to produce a

hydroperoxide and the hydroperoxide is decomposed to produce phenol and methyl ethyl
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2008EMB34- PCT ketone. The oxidation step can be conducted with or without a
cat al yst under conditions including a tenperature betwen about 70C and
about 200&p 281001478 about 90C to about 130C, and a presearasedoomabrae 0.5 to
about 10 atnospheres (50 to 1000 kPa). Suitable catalysts are said to

i nclude the N-hydroxy substituted cyclic imdes described in Published U S
Pat ent Appbhoesatvia-INor 2003/ 0083527. [0007] There is a need to find an

oxi dation process for sec-butyl benzene and cycl ohexyl benzene that is highly

sel ective fgosec Tl%élb¥1h9t?dﬂzs$é1ﬁcéﬂrbecy&thﬁﬂt&f(%itﬂ%tlZﬁﬁ@ut@@dtﬂ?ﬁﬁfﬂﬁérdc%ndﬁnbﬁ’st is
| ess sensitive to the presence of unrltles than the eX|st|n8 oxi dati on

processes, U&h@“@ﬁaﬁﬂmWﬁﬁmkb%WﬁmdﬁéWt(bGWﬁéﬁ@ﬂ%PO%éaﬁéhd$@Hﬂé? dntootbopheno
and MEK or |phenqghg %glgesgﬁ{r%'o?*b%ﬁrt%“%‘o at[»cQIQ%]a'tﬁloé BerkN0Nof fdémkaa r 3%[@' €,
u. S Patent Nos. 52 and 720, 462 t hat Certain cyclic im such
as N-hydr ongtplbttthatel widde, lnqlmdectbfnbtrlrvdthmubatlmtedf gvehic raidscéascribail i Buldisked such
as peroxy are effective catalysts in the

catal ytic gﬁ@gﬂ#ﬁgﬁmgkmﬂﬁaﬂg26@@@?@ §7of al i phatic or aronmatic

hydr ocar bo@)07] nclThdicng al kydd ar ofrak iac bhyidstwoaptvoess, ﬁsusmlmsm@MKmnemw
cyclohexylbe en cl d dec enz ne. and sech | benzene

corres pondlmﬁ Zlﬁxglp%nﬁér} 0%1 1¥ pa en g Ot ¥ach %{l% at the C¥<01%h lg?tnzgrg’n be
conduct ed (hyﬁbpeﬁoxmieddlalt aanlgs sefﬁsupzreac &?@Spremlm ctfnmpmttemltaudhmgusamg erjletiat ur e

of 0 to 500C and a rrati t he cat t he a

oxi di zed_ bELHESH 200 sSR! hammoforld ittt o aeStr i ek povi ded
in either pat@hindagclobexaieecefficacy, or the preferred conditions, of the
process for t | ective oxidation of c- but to enzene
hydroperoxﬂ@@gbr U1 ORwRve ok fEennle éigtgﬁgﬁ <Be3§§2§9%9ﬂf§§2?%%

[ 0009] U. Scerdad @pélicNanidds, G3& ASN-Hi &6k yphdslimidef Qﬁ@&@bﬁl@tionpﬁvﬁﬂaﬂiéengldlcal

hydr operoxi des from their correspondi ng hydrocarbons whi ch conprises

oxi di zi ng HHEHYAFISEaISHBRILYY BAPRIUBEY &F 1250 éPW?P‘B’é‘ﬁz@ﬁeeffeattheaC%“éhsé%r“atﬂt?r ein
the range bahNBeDxidADnasTh HRECaMét D ARy HAXY 9L BrofRAE 8 HbOSHRAASindl Mihd §lkyl
presence of a'catalyst conprising a cyclic imde conpound and an al kal i
metal conpéipmptic hydigearanguiugh as ereercoBglohardbpnzeneagisidodasibergenanicerat i on
of ethylbe gaatb%nieﬁe G81ie c%ﬂesgutdlhgthm@pemx%@n@ﬁe pit s t%?&%éﬁﬂﬁe%;&%‘i‘i@ﬁ bail Ng a
cycl ic imde and an al kal i ne netal COITpOU SI ITU t aneousl reaction
rate and hibgkomirted pvariatwide ;nghef nr@msasqmrt@nhglcwylmg@ﬁanmwd@ @Oéo 09°4i ned,
superior tq,thoSe, Wl R RI& E’tttél %%gﬁ’éf@a% PR oQ‘aIEB@B&&E& I]COF%lt’ﬁgnd 10, .
cat al yt iC syst em are use e en ? contras accor di ng t
patent, whewlt’he Kywdvec nomuggesabmnmprosndﬂé aul cathert fpaent ab b yist pfﬁhacgh or rfiede
concentrati a b vV t ns
but redUC|H§%?ﬁn(mgmé§mC§%%b r&m? ﬁgt eseanveg%ﬁtwﬁégg g%mﬁ¥?e§5§9rlse
i n tenper abutytbehaené hmirq&m1deeacyaldtexylher&pnd teaghloig:xylber&enkdtytde@smxdé t he

selectivit hy FOX a tabIe | evel s. .2008 34-

£ 0070] Accortiifl Y I SRESH NoeAb HDSRRREH pEerS R S pBe R Fhdem wi ¢ b
sec- butyl hl&trzmesp@ﬁding:ylgzdh@Mk eichedv@prieosi @haditingn t}feali}/dheaﬂb&[sd patiadarat
conner0|allé%%|abLe convenslon qates agd se butﬁlﬁzpzene and i

cycl ohexyl BBHPEHE Y GPBrBXICIR Nedpiset Dreg 60 0 168G b SERYET OIS | o
i m de cat algysin, theipidiedét of ecaadidi txbrﬂ[fhsﬁtg Ayt iiRRle MRPburoma aANgkaliphmeni ded
t he conversion |s conduct ed over relatively narrom/ragge of tenperature

and cycl i ¢ SPPYadcBrivgistleatheofdd I@tfﬁt te%ﬁhﬁs thef hea oxidafionioh gihylengens, is gutigdht  No.

7,038, 089, o ﬁlhhesﬁ‘égéﬁéé/éfthed’&%’a%}ﬁ% c@?ﬁbﬁ'ﬁﬁg 9eyaﬁe@tnfamh@H@mtt%%&ﬂ%ombtunhas
been found that t resence of an al kal ine netal compound significantly

reduces t héinggippoppsly lahdeaﬁwr Bisenghighescleahe o Persprespordies idrepatoxish are
catal yst. JLIMMARY, ehQ%ltlds@wﬁfEﬁ aRIBEREd whio @&%ﬁeﬂt@ﬂ&iﬂtﬁe%ﬂyﬁébﬁ{%& Ina

process for OX|d|2|ng an al kyl aromati ¢ conpou correspondi'ng
al kyl ar omatiecisd/adensedenily.dis, contiast, Gﬁ@@@%toggﬁtﬁﬁ? pitery, \Elmnttafcwh‘gmade alone

al kyl ar On’at@ {se§ ATRRM &Qal)g)sft tggrpﬁfnﬂi: CI)& Mlgns( fl!)VB tgelbe avoided for cost and product

impurity reasons, but reducing the imide concentration to tolerable levels, requires a rise in

' 089

temperature to increase reaction rate, leading to a decrease of the selectivity to hydroperoxide

to unacceptable levels.



[ CH(l) \ RBH2C R2 [0012]in which Rl and R2 each independently represents
hydr ogen or an al kyl group having from1l to 4 carbon atons, provided that
R1 and Rawomyiong4j70i ned to forma cyclic group havi ng fPomu$200/03023car bon
atons, said cyclic group being optionally substituted, and R3 represents
hydr ogen, one or nore al kyl groups having from1 to 4 carbon atons or a

cycl ohexyl >gogrnm34vpdn oxygen in the presence of a catalyst conprising a

cyclic imde of the general fornula (I1): wherein each of RL and R2 is
i ndependentggfopel %QE&Qm%r eMulyseQaanRyhiand: sbabivt sdeg drolydriesatRy | sec-
radicals having 1 20 carbon atonms, or fromthe groups 503H, NH2, OH and

2008EMB34- b@vlmn@rﬂnql cxstohcmalbenzenss oxidation gin baeondyeied pt coppeiciidy idke Rl
and R2 can &‘F‘v&shdﬁkl%fés b QESuRMRLAGE aNd BycRoneOMBHnSHe A FeroSRE LeiQbividks #nd @
S |ndepen(§ently sel ect e% fr%m C, CH, %?3;
the presence of a cyclic imide catalyst, without the addition of alkaline metal compound,
provided the conversion is conducted over a relatively narrow range of temperature and cyclic
imide concentration. Contrary to the teaching in U.S. Patent No. 7,038,089, with sec-
butylbenzene oxidation and cyclohexylbenzene, it has been found that the presence of an
alkaline metal compound significantly reduces the activity and hydroperoxide selectivity of
the oxidation catalyst.
SUMMARY
[0011] In one aspect, the present invention resides in a process for oxidizing an

alkylaromatic compound to the corresponding alkylaromatic hydroperoxide, the process

comprising contacting an alkylaromatic compound of general formula (I):

Rl

/

CH )
R3 H,C—R?
[0012] in which R' and R? each independently represents hydrogen or 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, with oxygen in the presence of a catalyst comprising a cyclic imide of the

general formula (I1):
(O)y

R{ X
< o >N_Y "
2
N Q ~

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

-3-



each of X and Z is independently selected fromC, S, CH2, N, P and el enents
of Goup 4 of the Periodic Table; Yis O or OH kis 0, 1, or 2; 1is O, 1,
or 2; miwolotow78779and R3 can be any of the entities |i ecedstaw/ oRR39 and
wherein said contacting is conducted at a tenperature of about 90C to about
150C, said cyclic imde is present in an anount between about 0.05 w % and
about 5 wt WedeMia-mdkyl aromatic in said feed, and said catalyst is
substantially free of alkali metal conpounds, said contacting oxidizing at

| east part \gf, drhforkteVdi@homRE €1 s}, 8 f Jr&edhdt Bart i€an@OE™ & RRNAIKRY to one
al kyl aromati ¢ hydroperoxi de. [0013] Conveniently, said cyclic imde obeys

t he gener aRngtegriva eCoVrlertbonk7(0)k 11 X \ NY(I11) / Z Ri oM
cach of Q' and Q” is independently selected from C, CH, CR’;
each of X and Z is independently selected from C, S, CH, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kisO, 1, or2;
lis0, 1, or 2;
mis 1 to 3; and
R’ can be any of the entities listed for R'; and
wherein said contacting is conducted at a temperature of about 90°C to about 150°C, said
cyclic imide is present in an amount between about 0.05 wt% and about 5 wt% of the
alkylaromatic in said feed, and said catalyst is substantially free of alkali metal compounds,
said contacting oxidizing at least part of the alkylaromatic in said feed to the corresponding
alkylaromatic hydroperoxide.
[0013] Conveniently, said cyclic imide obeys the general formula (I1I):

R’ (T|)k
R X
\N—Y ey
R? Z/
Lo |
O)

wherein each of R’, R®, 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 NO,, or from the atoms H, F, CI, Br and I;

cach of X and Z is independently selected from C, S, CH,, N, P and elements of Group 4 of
the Periodic Table;

Y is O or OH;

kis0, 1, or2; and

lis 0, 1, or 2.

[0014] Conveniently, said alkylaromatic compound of general formula (I) is selected from

cthylbenzene, cumene, sec-butylbenzene, p-methyl-sec-butylbenzene, 1,4-

_4-



(0)1 wherein each of R2, R8, R9, and Rl is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon

at ons, orwbnomva7hEogr oups SO3H, NH2, OH and NO2, or frorcrhs2e0osR3H, F,
Cl, Br and I; each of X and Z is independently selected fromC, S, CH2, N,
P and el enents of Goup 4 of the Periodic Table; Yis O or OH k is 0, 1,
or 2; and 2oogENi334lpcor 2. [0014] Conveniently, said al kyl aromati ¢ conpound
of general fornmula (1) is selected from

et hyl benzeng BhS&Gs but ¥ BREache. et e s@GmPMY! benzengndbds
2008EM334- Pgﬁ | pheny Ic;cloheggﬂg seg-%entyl gﬁ?eﬁ% sy y &&%3&3 “ene,

ec- hexyl be ﬁz@ﬁ@wpwgﬁem@ Fyséepeiihenzeag.c Meh ey biaihoregec andl cyclohexylbenzene
cycl ooctyl iy Héﬁﬁ%ﬂrﬂnth sec- butyl benzene and cycl ohexyl benzene bei ng
preferred. ?’ 5] Conveni ently, said contacting is conducted at a

t enper at ur ¢0UFH] betﬁmml@aﬂnumaldlz@@@nﬂ ipboulucttéECa tempdiatars ¢febanment bovlut

s00kPa,  such S beruaen icvudh PEOaRHGFREL IREC Roakhy SneeTnaity fRotks
cyclic |ni@awwslﬁmesﬁﬂﬂhwnddmmaﬂﬁmﬁaSDGUm@amwabHﬁPaﬁ)@5umt@$Pa
[0016] Conveniently, said cyclic imide is present in an amount between about 0.05 wt%
and about 5 wt% of the alkylaromatic in said feed during said contacting.
[0017] Conveniently, said contacting converts at least 4 wt% per hour of said
alkylaromatic with a selectivity to the corresponding alkylaromatic hydroperoxide of at least 90
wit%.
[0018] In one embodiment the process of the invention further comprises converting the

hydroperoxide into a phenol and an aldehyde or ketone of the general formula R'COCH,R?

(IV) in which R' and R® have the same meaning as in formula (I).

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 is a graph plotting sec-butylbenzene conversion against time on stream
(T.O.S) in the oxidation of sec-butylbenzene at 115°C without N-hydroxyphthalimide (NHPT)
according to the process of Example 1 and in the presence of 0.43 wt% NHPI according to
the process of Example 2.

[0020] Figure 1(a) is a graph plotting sec-butylbenzene hydroperoxide selectivity against
sec-butylbenzene conversion in the oxidation of sec-butylbenzene at 115°C without NHPI
according to the process of Example 1 and in the presence of 0.43 wt% NHPI according to
the process of Example 2.

[0021] Figure 2 is a graph plotting reaction rate and sec-butylbenzene hydroperoxide
yield against NHPI concentration in the oxidation of sec-butylbenzene at 115°C with varying
amounts of NHPI according to the process of Example 3.

[0022] Figure 3 is a graph plotting sec-butylbenzene conversion and sec-butylbenzene
hydroperoxide selectivity against NHPI concentration in the oxidation of sec-butylbenzene at
115°C with varying amounts of NHPT according to the process of Example 3.

[0023] Figure 4 is a graph plotting sec-butylbenzene hydroperoxide selectivity against
sec-butylbenzene conversion in the oxidation of sec-butylbenzene at 125°C with varying

amounts of NHPI according to the process of Example 4.



and about 5 W% of the alkylaromatic in said feed during said contacting.

[ 0017] Conveniently, said contacting converts at |east 4 w % per hour of

sai d al kywenomat7uowi th a selectivity to the correspondipng/uskéogloaremat i ¢
hydr oper oxi de of at |east 90 wt% [0018]In one enbodi nent the process of
the invention further conprises converting the hydroperoxide into a phenol
and an al dehygia1ou-ket one of the general fornmula RICOCH2R2 (1V) in which Rl
and R2 have the sanme neaning as in fornula (1). BRI EF DESCRI PTI ON OF THE
DRAW NGS  [[R4P] FirghirQ J_sgr')sa@ QB)aFﬁPe Rk | PtREC sRUWuIRERZR Ny GORYSL& ON
agai nst tine on stream t he oxi dation of sec-butyl benzene at 115C
wi t hout N- KSleRtiyity seing| $%bee/1t(emnp)coawwmlﬁqhq @xdpieony ph sesbutyperzgzmpl e 1
and in the P [ le 2.
[0020] Fi gur B L) e e P P pa Pl HT

sel ecti vi t y(aakpaid QstO vaieNHBE WlidvenXeHeceatingtoghopro¢ass effexagwledat i on of
sec-butylb e 5 H n t Eéﬂnpl el
and in theeﬁspbrég];en%li u}% gawfmqw NEJI Ellag g%gmﬁ ga&%nh%?eprgfé)dgggczﬁ%gg anple 2.
[ 0021] Fi guhgd@pdrgxide geleqpimitplagaitst ngmpeesietiiorthe akidatamdofsec-bbylbehirenze e

ctc- butyi ensaks Lo R Ry AR FREATH M R BHE bR s

process of pkcawspl &x@nplg 0022] Figure 3 is a graph plotting sec- butyI benzene

conver si on > BE e)fhy E%&ﬁgﬁ e ectivity agal nst NHPI

concentrati a.l oot €=—0utTYy e at 115C with var yl ng
amount s of [0426] adwenrahRggictpt MeadRBOCaRIS"sObstiféaIMAreus2d interchangeably in this

document. For purposes of this disclosure, "hydrocarbyl radical" is defined to be a radical,

=

which contains hydrogen atoms and up to 20 carbon atoms and which may be linear,
branched, or cyclic, and when cyclic, aromatic or non-aromatic. “Substituted hydrocarbyl
radicals” are radicals in which at least one hydrogen atom in a hydrocarbyl radical has been
substituted with at least one functional group or where at least one non-hydrocarbon atom or
group has been inserted within the hydrocarbyl radical.

[0027] As used herein, the new numbering scheme for the Periodic Table Groups is
employed as disclosed in Chemical and Engineering News, 63(5), 27 (1985).

[0028] Described herein is a process for oxidizing an alkylaromatic to the corresponding
hydroperoxide and optionally for cleaving the resultant hydroperoxide produced in (a) to
produce phenol and the corresponding ketone. The oxidation process comprises contacting a
feed comprising an alkylaromatic compound to the corresponding alkylaraomtic
hydroperoxide, the process comprising contacting an alkylaromatic compound of general

formula (I):

Rl

/

CH @
R3 H,C—R?
[0029] in which R' and R? each independently represents hydrogen or 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



[0023]Figure 4 is a graph plotting sec-butyl benzene hydroperoxi de

sel ectivity agai nst sec-butyl benzene conversion in the oxidation of

sec- but ylwerasvg4md 125C with varyi ng amounts of NHPI aecons$2eny/osn3e he
process of Exanple 4. 2008EMB34- PCT [ 0024] Figures 5(a) and (b) are graphs
plotting sec-butyl benzene hydroperoxi de sel ectivity agai nst

sec- but yl bepgang3onyver sion in the oxidation of sec-butyl benzene at varying
t enperatures between 115C and 150C in the presence of 0.05 wt% NHPI [ Fi gure
5(a)] and Qudbhewh% ith ot &n hdhBgst keinPh Sm le
5. [0025]Fi6ure§§é%g§Pghd(%g§%ar§kg%§gﬁgqglgtt?%é%gga%t?og9§§teggﬁ§Mﬁnp
sec- but yl b dorpyliryer oxi de sel ectivity against tenperature in the

oxi dation of sec-butyl benzene in t presence of 0.05 wt % NHPI [Figure
6(a)] and 0.10 w % NHPI [Figure 6(b according to the process of Exanple
5. DETAI LED DESCRI PTI ON OF THE EMBADI MENTS [0026] The terms "group",
"radical", and "substituent” are used interchangeably in this docunent. For
pur poses of this disclosurks hxgboé rbyl rafical” is defined to be a

radi cal , which cont ai hydr ogeh atoﬁb\and up to 20 carbon atonms and which
may be |inear, branchdd, or cyclic, andWwhen|cyclic, ardiatic or
non-aromatic. "Substit\yted hydoocarb radi cal s" are radicals in which at

| east one hydrogen at om hydr oca byl rad|{cal has been substituted with
at | east one functional group-or whgre at | t one non-hydrocarbon at om or
group has been inserted within the drocar byl radical. [0027] As used
herein, the new nunbering schenme fqoO)the Periodic Table Goups is enployed
as disclosed in Chem cal and Engi neering News, 63(5), 27 (1985).

[ 0028] Descmitbeih hahedfR| snd Ririscedperidentloxélditad frgmahydpdeytyhrodatbstitttal t he
correspondin I OPE i tion r. cl } e Lhtan
hydroperox%H%D%¥%ﬁ3%§%B$%9§5?Q€%§%¥%)J%%k%ﬁgﬁgﬁﬁgﬁgg?ﬁgbﬁgfP@gﬁgaggh%'
ket one. Theheoatoda i, Fn ChrBrcesis], pamvpkil sies R antl &Ctdande dinkekbth a@ngoibisi fig an

al kyl aromatic.c und.tQ the, corr.e oqgi | kyl .ara j.C gydr per ﬁgﬁe,

the” procesSoisiEPTEE R od ot 454 g ERPaRR AL B B S R S

formul a (1) is independently selected from C, S, CH,, N, P and elements of Group 4 of the Periodic
Table; Y is O or OH; kis 0, 1, or 2; 1is 0, 1, or 2; m is 1 to 3; and R* can be any of the

entities (radicals, groups, or atoms) listed for R'. The oxidation is conducted at a temperature
of about 90°C to about 150°C, with the cyclic imide being present in an amount between
about 0.05 wt% and about 5 wt% of the alkylaromatic in the feed and the catalyst being
substantially free of alkali metal compounds.

[0030] The phrase “provided that R' and R* may be joined” and so on is used herein to

mean that, as an alternative to each of R' and R being a (“monovalent”) alkyl group, the two

1ss 2

“alkyl” entities designated “R™” and ° are joined into a (“divalent”) hydrocarbyl chain
(having 2 to 8 carbons in that chain), with respective ends of that “divalent” chain begin
linked to the C atoms specifically shown in formula (I) to form a ring. Thus, in an
embodiment, R' and R? together constitute a hydrocarbyl moiety that connects to the carbon
atoms of formula (I) form a cyclic group having from 4 to 10 carbon atoms, conveniently a
cyclohexyl group, which may be substituted with one or more alkyl group having from 1 to 4
carbon atoms or with one or more phenyl groups. Examples of suitable alkylaromatic
compounds are ethylbenzene, cumene, sec-butylbenzene, p-methyl-sec-butylbenzene, 1,4-
diphenylcyclohexane, sec-pentylbenzene, sec-hexylbenzene, cyclopentylbenzene,
cyclohexylbenzene and cyclooctylbenzene, with sec-butylbenzene and cyclohexylbenzene

being preferred. It will also be understood that in the case where R' and R* are joined to form
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R/ CH(l) R3 \ H2C R2 [0029]in which R1L and R2 each i ndependently
represents hydrogen or an al kyl group having from1l to 4 carbon atons,
provi ded wbabioRt4mod R2 may be joined to forma cyclic gcoas20wawstg from 4
to 10 carbon atoms, said cyclic group being optionally substituted, and R3
represents hydrogen, one or nore al kyl groups having from1 to 4 carbon

atoms or a2008EM334-PCT
a cyclic group, the number of carbons forming the cyclic ring is from 4 to 10. However, that
ring may itself carry one or more substituents, such as one or more alkyl groups having from
1 to 4 carbon atoms or one or more phenyl groups, as in the case of 1,4-

diphenylcyclohexane.

Sec-butylbenzene Production

[0031] In one embodiment, the akylaromatic compound may be sec-butylbenzene which
may be produced by alkylating benzene with at least one C, alkylating agent under alkylation
conditions in the presence of a heterogeneous catalyst. The alkylation conditions
conveniently include a temperature of from about 60°C to about 260°C, for example between
about 100°C and about 200°C. The alkylation pressure is conveniently 7000 kPa or less, for
example from about 1000 to about 3500 kPa. The alkylation is conveniently carried out at a
weight hourly space velocity (WHSV) based on Cy alkylating agent of between about 0.1 and
about 50 hr', for example between about 1 and about 10 hr.

[0032] The C, alkylating agent conveniently comprises at least one linear butene, namely
butene-1, butene-2 or a mixture thereof. The alkylating agent can also be an olefinic Cy4
hydrocarbon mixture containing linear butenes, such as can be obtained by steam cracking of
ethane, propane, butane, LPG and light naphthas, catalytic cracking of naphthas and other
refinery feedstocks and by conversion of oxygenates, such as methanol, to lower olefins. For
example, the following C,s hydrocarbon mixtures are generally available in any refinery
employing steam cracking to produce olefins and are suitable for use as the C, alkylating
agent: a crude steam cracked butene stream, Raffinate-1 (the product remaining after solvent
extraction or hydrogenation to remove butadiene from the crude steam cracked butene
stream) and Raffinate-2 (the product remaining after removal of butadiene and isobutene

from the crude steam cracked butene stream).

Cyclohexylbenzene Production

[0033] In a further practical embodiment, the alkylaromatic compound of general formula
(D is cyclohexylbenzene and is preferably produced by contacting benzene with hydrogen in
the presence of a heterogeneous bifunctional catalyst which comprises at least one metal
having hydrogenation activity, typically selected from the group consisting of palladium,

ruthenium, nickel and cobalt, and a crystalline inorganic oxide material having alkylation
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2008EMB34- PCT cycl ohexyl group, with oxygen in the presence of a catal yst
conprising a cyclic imde of the general formula (Il1): m(0)1 wherein each
of R1 andwB2oim7éTidependent|y sel ected from hydrocar byl pamaissasesizsut ed
hydr ocar byl radicals having 1 to 20 carbon atons, or the groups SO3H, NH2,
OH and NO2, or the atons H F, O, Br and I, provided that RL and R2 can be
i nked to opgsEmouherT via a coval ent bond; each of QL and @ is

i ndependently selected fromC, CH CR3; each of X and Z is independently
sel ected frLAWiG, W@ia@"g‘q Teht oﬁe %qujecﬁﬂaﬁﬁf%%t §f @&: @pppz flanﬁlfy @ab@ef?@al&m

Table; Yis 0 or OH kis 0, 1, or 2; 0, 1, 2, mis 1to 3 R3
can be any T8¢ coigcting stpr 1Sé§n‘(maaihc99n§uct@dr @@ﬁ@np%atturatc)éﬁlmut p@ §tte@b%r35@€£ The
oxi dati on Sy GANHEHR bt oud | 6ETRBER TP anBRPH b0 b Gy aBHimdaGio W th
the cyclic imde being present in an anobunt between about 05 wt % and
about 5 wt %o 00h o ehokt/] Wrapdiar # WHYV phabofitde®] tanbouthe0.cat al yst bei ng
substanti al re T r r Jded
that R and? B8l rmy Bl G Ao T SRR oy b AR A
al ternat i vawtemloaaas:wctwhe@lbeame R dpadarign procélﬂqus/lalheemltbér)zem letOpgD&ldpanct he
two “al kyl the ricteal L esro%uc gxﬁals%sq e%:lo‘l andnd clo e" ngieS I e! 8§ c¢ Ct1 ex none and
("dival ent ]} (h ar'Sc i aV| ng % carbons i n al n? wth
respective cﬁndelsphafol tﬂmt thed¢1mhg:m;tep @h@lbe hbgctad [to riluadr tpﬂrlﬁchﬁoﬁ:t(atpfmlnce

ifi | i.ng. Th
R ond R Pl RSt T Shehin) ikl Bytichlifidige b RideS s paiea
car bon at ong aGbrids @f ddliatioh YowWedd tNsapag€thic @ycgdsmmlohcayﬂdqgleﬁdl givndoth@ spétigar bon

atons, conyeniently a.cycl ohex roup .ma tltuted th one
o *or ool MF Bb 0l PRSP rostor el ST P G e SHeh

phenyl gr oupsertEX@NRERS. Ghcls déhlyabbeafbkih@ be petdreed TOPSURPR, 8V a catalyst

et hyl benzene, cunene, sec-butyl benzene, p-nethyl-sec-butyl benzene, 1, 4-

di phenyl cyé¥ H@RQH@HH§%$dﬁ§H% BEhzene, s ec-hexyl benzene, cyc lop entylb

enzene, Cygd@BBEXY A AAGRBRERIEY & C@Ménhfe@cﬁl&ebetwhlibhsgges'a%a/dlpaamrhe and
cycl ohexyl benzene being preferred. It will also be understood that in the

case wher e U Patat Fo. 068 iaepre Brefesbiy B EbREVRBYMplequley sigye (of the Me@Mp22 t he
nunber of %51%9 N&s [ HeReh, kietefy SMcB b Bl mb oA ‘&%11 Onablial HOWEWEEM- izhat

ring may itsel carry one or nore substituents, such as one or nore alkyl
gr oups haV|f8r1?g1yf’ ragrymplecelausievgrab dre MEYHB2 dxmibyi @rbMCﬁvbﬂéf%mémﬂlohtgl’)oupbldeSas in
the case of 1, 4~ rlg phenyl cycl ohexane. Sec-butvl benzene Production [0031]In
one enbodi man? the akyl aromati ¢ conmpound nmay be sec-butyl benzene whi ch may
be produced by ablyillat siengs nexdz drven wicbmneh firetadsigroo ey s@Aliml bojldaigi big:kalgremt

under al kyl ation,conditions ence of et er qgen cat al yst
The al kyl ot on_ Cohantsrol St s PEARNST TREFud BroBhedRartr 8k T b B bou
60C to about 26@kangt0ent @R amsplsaviied Meitsd ialiaud- dﬁ%ﬁo@hdpa%bﬂbﬁcnﬁ&&ﬁk cf?klel

al kyl ati on pressure is convenjently 7000, kPa | es, le fr

Sbout 1000 Lo abbitiresuet RSt TREMGE AEoNT & BEROUA ShEr BRIt at
a wei ght hour | yTgRaceinmeddawint 3000 WHSMtirbasesht 6Nwikidh ahﬂfcsék@wtébgasaaer@hceqf

bet ween about 0.1 and about 50 hr-1, for exanple between about 1 and about
10 hr-1. [0032] TRECEar sievey|Bade fiprageivmedntresidemiarss buldpe Red é’?mgé‘a%*[ one
linear butene, &Mélbfnab%lﬁfgeoﬁ-’sumtl\ﬁw2fr%ex@orﬁ1 %bMB%y LRgr @Qfs Ehnin

al kyl ati ng agent can al so be an olefinic drocar Bon mi xture con %al ni ng
| i near but enes, mopdycasf wnmbéelb@t@%@@fﬁ%@b@awv@m&@w thigkeshs;et hane,
propane, but gne , I I s and
ot her refinery Pelgglg? 0CKS an%é gQﬁ%@%\k}@? cho?ilhgi gr%é 8u1qu%Cl§b&9 &11}%“13124% bp

met hanol , to | oweroroh@t thas oneF(mm etighiokmess, mhlereiroﬂllb dnpmmfg‘ ke thad rooe anibogil

m xtures are geperall abI i.n_an refl Y am cr acki ng
to produce ol ef ﬁlhcgn%sﬁés ar ee §?ﬁltsa5 18S Xkl § g’ﬁ n%&qt %Onfjlaﬁersg ent: a
crude st eam cr akecklbiiicRnss. Stlremkmga)ﬁ‘fsucmaieéenﬂ deichee bpildidg dtockecmi by ingy af t er
sol vent extractio dro to renove tadiene fromthe cru

St eam cr acked bURRABISE G Aty A YT AR BTt B o BUAGIOR ORGPkt e
renmoval of but agiéene and |sobutene fromthe crude steam cracked butene

streamn.
m e molecular sieves made by any regular or random 2-dimensional or 3-dimensional
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Cycl ohexyl benzene Production [0033]1n a further practical enbodi nent, the
al kyl aromati c conpound of general formula (1) is cycl ohexyl benzene and is
pr ef er ablwopooduemd by contacting benzene wi th hydr ogenpcm/usb@psrsence of
a heterogeneous bifunctional catal yst which conprises at |east one netal
havi ng hydrogenation activity, typically selected fromthe group consisting
of pal |l adi gogpgpvidaerium ni ckel and cobalt, and a crystalline inorganic

oxi de material having al kyl ati on 2008EM334-PCT activity, typically at |east

one nol ecul ar Sb&ﬂtﬁnﬂlfonbh@m!\@m%lﬁgatﬁémwa&e%Jdrp%gollag} ow) . The contacting
step is conveniently conducted at erature of about 50C to about 350C

and/ or a pd@@éhrel\@le@%a@veﬁ.@éﬂt@dwﬁ Mo fapglg angkyd tasel motecalabeeyee Aeiggan
hydrogen gl gy di‘ﬁiaét%nﬁ;attﬂ'g%ua@n V\%sﬁa@m %%malngaﬁélz% §:0¥35Y 5oL gpapt 0. 01
to about 100. [0034]In the case ere the alkylaromatic conpound that is
oxi di zed adddrdPhgingsiratme Thev Erey dﬁfnastlwyéatbmt%ehmwﬁ@lzet @ rwqr@htarmn
product Is %ﬁl' {i’%g%n%ﬁzt@ fiql¥ALRR Qféfn e[h@'ﬁdalé/ﬂ]ed Fe?\é?g 'ﬂi%ﬁd nt
conpri ses p eno cyclo none. h rude c xanon cru

phenol frommhﬂen@héawd@@nwneg%nmprEW§hbwemu&dmnaomumuméMMpwawﬂwompMan to
pr oduce purlﬁwcokmyqloggxanone and phenol . A suitable purification process
i ncl udes, But 1 e 1ot Pimted to, a series of distillation towers to
separ at e t @3¢y cl ohastamosfahaNdNd22 Harhilf mohndo MEV -22 eaktsd il REeS.dratedeNor

o conver { 4E 100 phoN) PR abity B BOERALT o' Ke) b Pt Bratred iy U's ™ °°"

exanpl e, owveknENEatsRbWsY), ERBhI @8sscabat ihrnumpem Rtk N@rozsa(bjzadirqnn (de20B8&] The

al kylation. c | yst i conyenj e ol | ta, mhl cribe din
Setn e kS S Tl 68 S b ke BSSRRAEED
mol ecul ar swwmboﬁ Mcwm @zscﬁséﬂ inyU SAPatbh&Q% fsemlzny) M@Mt@r WescMBM 22
famly materi al "nol ecul ar_si eve of

the MCM zzq%nlfw(t N 5 %&@éﬁ@z M%‘M ?@A%&b?@ él" )U S| ??é%d‘@s ot Y ) AM-%of

ol ecul ar %&ﬁ&ﬂﬁdﬁﬁdﬁsfPQ&h@«PQﬁﬁ%@ aﬁ&nQ%ﬁﬁﬁﬁh&&Mst@bkhﬂﬁ-Q&kk%f@% bl ock
unit cell, which unit cell has th framewor k topol ogy. (A unit cell is

a spatial MeMrgehowy aF pifsies a\?\/r‘ilﬂecﬁkiflﬁthfh ¢agady st sing fhew hay qressi fowed toshsace
descri bes 1 t [dC u rugt r i geu in
the A1 as "or ZeaR b Er M bRl fiph 80K fithBineBiet 18 Mg Sifh BECaRer e

cont ent of bukylbehzeng 1jomstsr pBickeraby, at rr@feeulems:le\)e is selsFted dloar (8iNGKs4%dble from
a common seeed r i , i - nsional tiling of

such NMWVfranemor%gﬁggg%%eé&Uﬂ?%Pﬁgﬁﬁggeﬁ%gﬁfﬁgégIﬁ%%%layer of one unit

cel | thi ckixxidatiopPebeesaabl y one c-unit cell thickness; nolecular sieves
made from n e. bui | din ers._of. on I nore
t han one uﬁ?pggelﬁ% hlgﬁness 4% égﬂmgﬁgmp&;mfwgymﬁghmﬁg Cmﬁm}%g&ﬁ??lcel

t hi ckness ksmpmdmgﬁﬂanwkmnmkmn@nmpaﬁkmmgasakobmnmmmgnahndeaﬂMmkammmw

nonol ayers of .one uni t ce t hi.ckness. 5ﬁ§9 ng af. such seco df egr ee
bui | di ng bl"8IEE B FE aH‘“%% F&du SPY?*S%C& gﬁcaﬁ ® CP&QBHP%? YAEHMER °TAS andom
fashi on, orec@my feanbiMati on thereof; and nol ecul ar sieves made by any
regul ar or random 2-di nensi onal or_ 3-di nensi onal 2008EM334- PCT conbi nati on
of unit cells having the MAW frane k topol ogy.

RY X
RN
| ) /N—Y (1D
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 the groups SOsH, NH,, OH and NO,, or
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[ 0036] Mol ecul ar sieves of the MCM 22 fam |y include those nol ecul ar sieves
having an X-ray diffraction pattern including d-spacing nmaxi ma at 12.40. 25,
6. 90. 15, woReO/OF77and 3. 420. 07 Angstrom The X-ray diff pagttiserwsdat2ad used to
characterize the materi al are obtained by standard techni ques such as using
t he K-al pha doubl et of copper as incident radiation and a diffractoneter
equi pped wopdrpvsaLpdT | | ation counter and associ ated conputer as the

coll ection system [0037]Materials of the MCM 22 fam |y include MCM 22
(descri bed genytbinotr, PAENBr MRL T froPrdd BAPR! aRSHZ 3ak ggﬁﬁfcécpf?odoﬂer‘angthgf Vlgaat ent
No. 4,439,409), SSZ-25 (described in U S Patent No. 6,667), ERB-1
(descri bed cpyplqmybeesashPAQE ARd R 1s indepanispyy Seﬂ@@ﬁ%@s@ﬂl GRd cpdh o Xsandpat ent
No 6,077, 498) i\l/rgsggdgnt aﬁﬁ%@{eht@p% tns! efrennat s enabm &R %roﬁl# b dfctﬁé P&EbdNO
vw97/17290) escribed in" U S “Patent No.

(descri bed Tablel)Y & Opaﬁélnk .1, 5f 236,6159r,2; W1563(Sd@159@rh bed3,|and® Sln lRat ent
No. 5, 362 a

m xt ures tﬁ%gé%Pyéghggu &éﬁ{ é(b?&kéih%ﬁkfgé ?%ﬁ?%“&§$é9%$§ gr%gi as the
al kyl ation 1&:atdabqndtntls'| Bﬁi@:tadhﬁymhalwélab@@ﬂ(mmmdarbmaﬂue alhogﬁlrydlsaéd e@thoxgl t 0

t he productl n,.of a ar enzene
i somers. Pre Céa}sa Xy (fa%) %roligelg% an h %%%9‘1”5 '$e e?atlascf %C?? q“f Wemc ?10?\/%{/% JQP (b)
MCM 56 and200¢bmsﬁbmpes of N(1449 and MCM 56, such as ITQL2 Oxi dati on

cont act i ng (WP Led Geai <beig <l FBiok Fr ek B RbinBbthag bk ogs TR Bnr e ¥

sec- butylb@n%ﬁﬁﬂnand cyclohexylbenzene wth an oxygen containing gas in the
presence of a catal yst conpr|5|ng a cycllc i mde of the general formula
(I'1): wherein each of Rl an®R'R2 i scO)ndependent |y sel ected from hydrocar byl
and substituted hydrocar byl adlcalsuhaV|ng 1 to 20 carbon atons, or the
groups 503H, NH2, OH apd NO2,| or 2008EM334-PCT the atons H, F, CI Br and
| provided that Rl an8 R d to one another via a coval ent bond,;
each of QL and @ is inde y selegted fromC, CH, CR3; each of X and
Z is independently selectgd from C, //gHZ——ﬂY P and el effdhts of G oup 4 of

the Periodic Table; Y is P 1, or 2; 1is O, 1, or 2; mis 1
to 3 such as 1, 2 or and™ & can™g”any of the entities (radlcals
groups, or atons) Ilsﬂ%d for |[RL. Cornyeniently, each of RL and R2 is

i ndependently sel ected fron1.I|phat1 al koxy or aromatic al koxy radical s,
carboxyl radicals, alkoxy- caﬁbonyl r'‘adi cal s and hydrocarbon radicals, each
of which radicals has 1 to 20 carbon ons. [0039] Generally, the cyclic

imde enpl qyed;Afadh6r RX1 fAt ROMNGARB! ¥ShHaGREYG 1) NRIBRNSTH HyBfTMb@ &dd 1)
substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or the groups SOsH, NH,, OH

and NO,, or the atoms H, F, CI, Br and I; each of X and Z is independently selected from C,
S, CHy, N, P and elements of Group 4 of the Periodic Table; Y is O or OH; kis 0, 1, or 2, and
1is 0, 1, or 2. Conveniently, each of R’, R®, R®, and R is independently selected from
aliphatic alkoxy or aromatic alkoxy radicals, carboxyl radicals, alkoxy-carbonyl radicals and
hydrocarbon radicals, each of which radicals has 1 to 20 carbon atoms.

[0040] In one practical embodiment, the cyclic imide catalyst comprises N-
hydroxyphthalimide.

[0041] The cyclic imide catalyst is added to the oxidation feed in an amount between
about 0.05 wt% and about 5 wt%, generally between about 0.1 wt% and about 1 wt%, of the
alkylaromatic in said feed. Furthermore, the cyclic imide catalyst may be added to the
oxidation feed in an amount between (i) about 0.05 and about 0.10 wt%; (ii) about 0.1 wt% and
about 0.2 wt%; (ii1) about 0.2 wt% and about 0.3 wt%; (iv) about 0.3 wt% and about 0.4 wt%;
(v) about 0.4 wt% and about 0.5 wt%; (vi) about 0.1 wt% and about 0.5 wt%, and (vii) about
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(0)1 wherein each of R7, R8, R9, and Rl is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon

at ons, orwOhelogreps SC3H, NH2, OH and NO2, or the at onPCHUSE)09GF7238r and
|; each of X and Z is independently selected fromC, S, CH2, N, P and

el ements of Goup 4 of the Periodic Table; Yis O or OH k is 0, 1, or 2,
and 1 i s 0podgeN@1342ecCONVeni ently, each of R7, R8, R9, and Rl is

i ndependently selected fromaliphatic al koxy or aronmatic al koxy radical s,

carboxyl radi %@} & 0. 8RO 1525RANYati EdnGRlT1 ANGidTYAr AASEHRR thadligabe is each
of which radicals has 1 to 20 carbon atons. [0040]In one practi cal

enbodi ment condyeted icthp sublsiaitind alsgrcg| (Iesy thampPpq0d ds bpveightiplohy pritaiian e

[0041] The GyghicSof MAnkAt@hYshgd S added to the oxidation feed in an anpunt
bet ween about 0.05 wt % and about 5 w % generally between about 0.1 w % and

about 1 wt 99043F t Ade akkipliar deralsicondugted it deldtevely. high teniperatrse ef batieencabobt ¢

i mde catal e t I } L n n (i)

about 0. 05 4" apar o010 Gb R IERIEE G Ty E, RTREnCEES, 1)

about 0.2 wb&ét dRT Cadndubo@. 1303k, $gncg itvy fombd thiat, vi® aluy Bécamatic abopdund ofidwi®y (v)

about 0. 4 % %.and abooﬁl —%gfg’r )\é\lt Oﬁq agiVid)e %%%Utd oo'rjo' i‘é’t Os/(f):leacr‘gqftagoaﬂ}lst%' r?ve\r,\s{tioo{i) and

(vii) about JOBENES I\II> P I 10 0 3VW 95" 3F % Real Q}I romati ¢ conmpound
in said feeshctiZpadivers nbheffestdédday i iacredsingC tiadiempedturad tThe eudsioandtépals

b | th 0.00001 %Db i t of th i ti i t
R o T ey e B AR LTI g e L S S
rel ati vel y blingtn t3xPpes aliout €50xPa.bstywestitol alxotit cPAC iandt @about cdho@Gatisuati as

bet ween about, 120C and about, 150C, for exanpl e het ween_about 125C and, about
140C, si nc&%idptiqng teppEAfre ﬁ%ltd?scﬁg‘i%h%fﬁ‘i}l &S Pl?dcﬁ%ﬁiigdﬂﬁ?%‘?&%‘ét‘io&ﬁ’o}lw t he

presence ofolNeRAN QY Tt A akdsiriad @0t e HOMA AP BE Qehid@eds it CE kdlbdiyitRg@itist
conversion reaction profile is not affected by increasing the tenperature.
The oxi dat i°OHcSEWHS W AEBHEHs st legst ddFPed out at a pressure between about
15 kPa and pabfiittioR 8PERGol SUCh as between 15kPa to about 150kPa. By
controllin € cyclrtc rmde catalyst concentration and oxidation

t enper at ur 20%] dedée hpdrapdieridq prodyced bysthe prasent pridetionreress day ba egratedcby

compound. CaRYRAAVRR b PRl Gha e éo%%ﬂ&onéangﬂk%/eoﬁér Tnggﬁen%ﬁ@anb@f AGRLEN&IM th a
selectivity to the correspondi ng hydroperoxide of at |east 90 w %

Pr oduct i on rggftepathgletpipa Bjorhes hismhenp &, oxirgarspr odicrrddusyion hepqhycahenates

oxi dati on Qﬁ@aﬁ)ﬁ &AQ be converted by acid cleavage to phenol and the
correspondi ng ket one.” The phenol can of course then be reacted with acetone
to produce [M4dpheflbk hidroperpride alesage irqactidreis mooduehilp effedtepby yoradtiogalices and
epoxy resi rPl?/c'lroperoxide with a catalyst in the liquid phase 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 100 hr™', preferably about 1 to about 50 hr'. The
hydroperoxide is preferably diluted in an organic solvent inert to the cleavage reaction, such
as methyl ethyl ketone, cyclohexanone, phenol, sec-butylbenzene or cyclohexylbenzene, to
assist in heat removal. The cleavage reaction is conveniently conducted in a catalytic
distillation unit.

[0045] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
heterogeneous catalyst.

[0046] Suitable homogeneous cleavage catalysts include 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 homogeneous cleavage catalyst is sulfuric acid

-12 -



[ 0044] The hydroperoxi de cl eavage reaction is conveniently effected by
contacting the hydroperoxide with a catalyst in the |iquid phase at a

t enper at we 20fo/apat 20C t o about 150C, such as about 4@CTius2@08123420C,
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

hydr oper oxibggspMzabaut 0.1 to about 100 hr-1, preferably about 1 to about
50 hr-1. The hydroperoxide is preferably diluted in an organic sol vent
inert tot Wﬁm‘?l eavaggabRafctdr@Rnecty chaBst FRLEY|n Gt R¥davdeRt AR hw%e@&@d%anone
phenol , sec-butyl benzene or cycl ohexyl'benzene, to assist in heat renoval.
The cl eavadisiudsae smeiitq elay sheessi aracide wormestleniteisiica-abming gley.@s desstibed at i on
uni't. [ 004%] The perhaly stsRmY oY&dod Mk Qﬁnr% LRBNARE 0P LARN SR BodREREENCOUS
catal yst or a heterogenéous catalyst. [0046] Suitabl e honogeneous cl eavage
cat al ysts ibretferdecesul furic acrd perchlorrc aci d, phosphoric acid,

hydr ochl ori i d@ rrd i I

Crif 1 uor i dddv 8L £ I AR rRabigl VERGRI b By ?Ilélg?l%‘]effgr&ecﬁg J;g%éf‘fd’geée“?gég%e
honngeneouﬁﬂbwmamagdnnmn@Eysméw The preferred honogeneous cl eavage cat al yst
IS sulfurr%acrge1 El aln’CﬁﬂkQR&ﬁhA sui t abl e het erogeneous catal yst for
use in the de includes a snectite clay, such as
an aci di ¢ adpor i1k gmi dfeesbitylbenzaha/iSiBma sqipliyd baFCoasericheds weighédSntoRat ent

No. 4, 870, T di d
hor el n oy o VLR Sk n Rt o CHORE R B B RE PBET
descri bed wbidandcetedteingg atloeahrmarkafab&w WateN@frolAlM THengadotaimp cestentExarpl e 1.

SBB oxi dation wi ut NHPI 150 nrof sec- Ibe ene (SBB) supplied
by TGl Ameriicy %@8\%116%8?%?@ BHESM 2t BV 2 %tl% “’t“P‘&E Qfj  pringtes.

stirrer, thasracWRlse, theglaﬁressah%,wﬁraﬂwﬂogagtop@w kRdpd(1800 $OIRYQNEE maGRNh&l Ni ng
a Dean Stark trap for water renoval. The reactor and contents were stirred

at 700 r pmUBff AdPERETRAPARES Hhdnt triBgehfatet ta 111 6w Whteheroaghen CRPHFIIR B2Y or 5

m nutes. ThechkRamt 2hs WRSWIRER R 8SEdnzS dir Whd the MakbloP 98 spaflc® Yatn 2 %925(0100
psig) while maintained under a nitrogen sparge and was then heated to 115C.

When t he r égE¥Iwh farénparat Sraplgay ciceakimelpurly ad gaalyied Sdysgdst bt gargwhy -

ni trogen tg\fer 6 n8fd thd asrﬁe@%mehe\ﬁ%cﬂ%%g@g%n%%hle%at s tamld 6@/ WiH for 6
hours. Sanples were€ taken hourly and anal yzed by gas chronmat ography. After
6 hours, tM@Ctgabamlwttwmplewmzqdcﬁndrthq egweﬁrmtsalnmoveh’e ‘Hegagonyigision gasplésd  of f
When the F GACHBn '}f?ﬁ ggrP | &0 thd sy %ﬁ?ssq&&e%%%aﬁﬂ%& Bﬁv%%%%&ﬁts LRoved.
The conversion results ar'e shown in ure 1, and the selectivity results
pl ot t ed agahevetintthgirecaver si on results are shown in Figure 1(a).

Example 2. SBB oxidation in the presence of NHPI

[0050] The process of Example 1 was repeated but with 0.64 gm (0.43 wt%) of N-
hydroxyphthalimide (NHPI) being weighed into the Parr reactor with the 150 gm of sec-
butylbenzene (SBB). Again the conversion results are shown in Figure 1, and the selectivity
results are shown in Figure 1(a), from which it will be seen that addition of the NHPI
dramatically improved the SBB conversion level. The addition of the NHPI also improved
the selectivity to sec-butylbenzene hydroperoxide (SBBHP) based on equivalent conversion

levels.

Example 3: SBB oxidation at different levels of NHPI

[0051] The procedure of Example 2 was repeated with the addition of different amounts
of NHPI, namely 0.05, 0.125, 0.215 and 0.43 wt%. The results are plotted in Figures 2 and 3

and show the impact of NHPI concentration on reaction rate and sec-butylbenzene

- 13 -



Exanpl e 2. SBB oxidation in the presence of NHPI [0050] The process of
Exanple 1 was repeated but with 0.64 gm (0.43 wt% of N hydroxyphthalim de
(NHP1') bewvogowsi7gtied into the Parr reactor with the 150Pgmiusk009/057239
secbut yl benzene (SBB). Again the conversion results are shown in Figure 1,
and the selectivity results are showm in Figure 1(a), fromwhich it wll be
seen that agdeigvmma-mfTthe NHPI dramatically inproved the SBB conversion

| evel . The addition of the NHPI also inproved the selectivity to

sec- butyl begaaeﬂeom@g%@m{h@ftdéﬁa@@ﬁﬁ%bmt@sﬁaﬂa@rsm MRy cqrﬂé/@a&@mtt
| evel s. oxidation at different | evels of NH [ 0051] The

procedur e él?at the aptpiteity taie SBBhwdioperowiile is flahet daffiaent ivistls ond NPl e9néawt. anount s

of NHPI, namely 0.05, 0.125, 0.215 and 0.43 W% The results are plotted in
Figures 2 and 3 and show the inpact of NHPI concentration on reaction rate

and sec-butyl benzene 2008EM334- PCT hydroperoxi de yield (the product of SBB
conversion and SBBHP sel ectivity). The data show that the selectivity to

t he SBB hydroperOX| de is fIat at dlfferent y| el ds and NHPI content. Exanple
4. SBB oxi dat p patie .u' f 3% onNl temppecaty @25°C 125C

[ 0052] The edyre of s repe th the a on_of NHPI in
L0052] The rpedis ol BAa1PLE. RS, ORERL oty ol

i ncreased t60D35C21Thed 0€3 ukttsaal mth)ltltbt teeclion nehpagatne idcramrdd shoF ChaTheat

125C the h ero i d | ectjvit nversi o e.significantly
i Tected by PRCTERUTS 1t HetReEndHAE i PSR Tongy gie i rjer vy Hhu th
concent r at iSem, convgkiei acali@eidantly iféStedry iaabisegabe NHPI bencs@im®ion.0AY @fghbion

| evel . 5: SBB o at i Qn at. different t erature . and NHPI

concentr at g@ﬁ Cﬁce@r@@nﬁﬁ%r eV iiEare §%?‘H§e COBFEOHE VExanpl e 3 was
repeated with the addition of NHPI in anmounts of 0.05 and 0.10 wt % and with
the reaction terrperature be| ng vari ed bet ween 115C and 150C The results
are plott edX? idaion gt diffe il ‘ I cQiepiations; of (L0S
varyi ng thena@rm%% ure between 115 and 125 C has no |rrpact on the

sel ectivity agarnst conversion profile. [0054] Wile the present invention
has been dé¥¥?] bedhamepcpdureigt Expntde byvap edpestechivih thy addition of NHPI in amounts

of 0.05 and 0.10 wt% and with the reaction temperature being varied between 115°C and

150°C. The results are plotted in Figures 5 and 6 and show at these NHPI concentrations
varying the temperature between 115 and 125° C has no impact on the selectivity against
conversion profile.

[0054] 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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particul ar enbodi nents, those of ordinary skill in the art wll appreciate
that the invention lends itself to variations not necessarily illustrated
herei n. WO 20tww4170@ason, then, reference shoul d be nadePswoluskgos728he
appended cl ai ns for purposes of determning the true scope of the present

I nvention. 2008EM334-PCT PCT CLAIMS 1.A process for oxidizing an
al kyar omat bgogrampaurcdr t o t he correspondi ng al kyaromati ¢ hydroper oxi de, the
process conprising contacting an al kyl aromati c conpound of general formula

(1): Rl

PCGHCUIME |\ H2C R2

L. A process for oxidizing an alkyaromatic compound to the corresponding
alkyaromatic hydroperoxide, the process comprising contacting an alkylaromatic compound of

general formula (T):

Rl

/

CH )
R3 H,C—R?
in which R" and R? each independently represents hydrogen or 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,

with oxygen in the presence of a catalyst comprising a cyclic imide of the general formula

(ID):

((‘)‘)k
R X
o\
| ) /N—Y (ID)
N Q \ﬁ
(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 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;

cach of Q' and Q2 is independently selected from C, CH, CR*:

each of X and Z is independently selected from C, S, CH, N, P and elements of Group 4 of
the Periodic Table;

Y is O or OH;

kis O, 1, or 2;

1is0, 1, or 2;
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in which RL and R2 each independently represents hydrogen or an al kyl group
having from1l to 4 carbon atons, provided that RL and R2 nay be joined to
forma cywbDi2e1ogr7erp having from4 to 10 carbon atons, sa&Cu/USy@ios723¥ oup

bei ng optionally substituted, and R3 represents hydrogen, one or nore al kyl
groups having from1 to 4 carbon atons or a cycl ohexyl group, wth oxygen
in the presgow@iofs-ccatal yst conprising a cyclic imde of the general
formula (11): m(0)1 wherein each of RL and R2 is independently sel ected
from hydrogajhyb 3and substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or fr30mthe groups SOGBH, NH2, OH, and NO2 or fromthe atons H, F,

a, Br, an® Fanbgasyiofthg catiies liked £4& R2dcan be |inked to one another via a
coval ent b%@yane?a%‘g&iftac@&ggs é%n@ctédsat' aﬂféﬁ‘@&‘aﬂ@@%ﬂ é’boﬁ?b@@t%%%ﬁtofﬁo% & CRs;
each of X and Z is 1 ndepehdently selected fromC N, P and el ements
of Group 4 cpilictivadePer prosdnt inTaiblagounyt hesw@npbo@H). 0%k Wt%/o @nd aboubﬁ \zt% pfitke 0, 1,

or 2 200%%%%1a?§£01%$t§1d ]ln sg}ld?‘feed?ggd said catalyst is substantially free of alkali metal
compounds, said contacting oxidizing at least part of the alkylaromatic compound in said feed

to the corresponding alkylaromatic hydroperoxide.

2. The process of claim 1, wherein said cyclic imide obeys the general formula (II):
' ((|)|)k
RE X\
/N—Y D
R’ z
o
(O)

wherein each of R’, R®, 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 NO; or from the atoms H, F, Cl, Br, and I,

cach of X and Z is independently selected from C, S, CH,, N, P and elements of Group 4 of
the Periodic Table;

Y is O or OH,

kis0, 1, or2, and

lis 0, 1, or 2.

3. The process of any preceding claim, wherein said cyclic imide comprises N-

hydroxyphthalimide.
4. The process of any preceding claim, wherein said contacting is conducted at a

temperature of between about 120°C and about 150°C and a pressure of between about 15

kPa and about 500kPa.
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R3 can be any of the entities listed for Rl; and wherein said contacting is
conducted at a tenperature of about 90C to about 150C, said cyclic imde is
present iwoaniczmeat bet ween about 0. 05 wt % and about 5ParsSedotbr239

al kyl aromati ¢ conpound in said feed, and said catalyst is substantially
free of alkali netal conpounds, said contacting oxidizing at |east part of
t he al kyl anossvi4canpound in said feed to the correspondi ng al kyl aromatic
hydr oper oxi de. 2. The process of claim1l, wherein said cyclic imde obeys

the generals formy grotdst )of aﬂwgﬁeebﬂ"clﬁﬁﬁh ©f3, RherciBsaifBont@BHg Rlcdnducted at a
i ndependent iy sel ected from hydrocarbyl and substituted hydr ocar byl

y
radi cal s haﬁtmmgﬂtttepﬁbezwe%lmbmtrﬁé%w )é@rt 1106 nandiserrepswia psatoe HkPaKpaborH,  and
NO2 or fronkghpg atoms H, F, A, Br, and I, each of X and Z is independently
sel ected from C S CH2, N P and el enents of G oup 4 of the Periodic
Table; Yis O or OH kis O, 1, or 2, and 1 is O, 1, or 2. 3. The process

of any pr e%ed' Ngh& r@ée@ %ﬁ@%e élgm l:lleﬁl s'afa| ggl d: 1ng C tee§ent an amount

Nhydr oxyphthal i m roc SS é any prece ereln said
contacting batsvectorabmrtt()eb wdto aldt gwped avids ef dhe bmmtlabmualdlféﬂmmm |bbut
150C and a pressure of between about 15 kPa and about 500kPa.

2008EMB34- PCI"ES The process of any one of clains 1 to 3, wherein said
contacting is conducted at a terrperature of between about 1250 and about

140C and a_pre pre of out 15§P:i1 13? th150kP? F r cefs of any
precedi ng dl ai ni W@F‘?F §1}¥ YT e Vs P BEeRt ?Hm ﬁla%i?ﬁ 58 ween
about 0.1 whuandtvabedboud 0M6 %ot andh@odl (ky Ivetl @fetici alkyilatorBdticdn €€ teedutiinyg sai d
contacting. 7 The process of any one of clains 1 to 5 wherein said
cyclic inm G¥FY8HB%ent in an anpunt between about 0.05 wt % and about 0.5
wt % of the al kylaromatic in said feed during said contacting.

8. The process of any preceding claim, wherein said contacting converts at least 4 wt%
per hour conversion of said alkylaromatic compound with a selectivity to the corresponding

alkylaromatic hydroperoxide of at least 90 wt%.

9. The process of any preceding claim wherein said alkylaromatic compound is selected

from cumene, sec-butylbenzene, and cyclohexylbenzene.

10.  The process of any preceding claim wherein said alkylaromatic compound is selected

from sec-butylbenzene.

11.  The process of any preceding claim wherein said alkylaromatic compound is selected

from cyclohexylbenzene.

12. The process of any preceding claim further comprising the step of :

cleaving the alkylaromatic hydroperoxide to produce phenol and the corresponding ketone.

13.  The process of claim 12, wherein the cleaving is conducted in the presence of a
catalyst.
14.  The process of claim 12, wherein the cleaving is conducted in the presence of a

homogeneous catalyst.
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8. The process of any preceding claim wherein said contacting converts at
| east 4 wt % per hour conversion of said al kyl aromati c conpound with a
sel ecti viwg 20m/a79cor r espondi ng al kyl aromati ¢ hydr oper exirds2@b/081239 east 90
w% 9. The process of any preceding claimwherein said al kylaromatic
compound i s selected from cunene, sec-butyl benzene, and cycl ohexyl benzene.
10. The progessofs-mmy precedi ng clai mwherein said al kyl aromati ¢ conpound
is selected fromsec-butyl benzene. 11. The process of any preceding claim
wherei n saijg al kyl G6ONBbE aikCMPOMRAGn ksid R6hEEhEss h@MCURpARRRY | R8RZEHE -
12. The process of any preceding claimfurther conprfising the step of :
cl eavi ng t Welfugickagidarnsredtarie %}ﬂdrpgp@mrxq dedt by dspchbic each enilucagsul fere acid,
cor r espondigge kb AMhorod HiflubHide, BIIRE AR 1QEnEY AR gener i n the cl eaving is
conducted in the presence of a catalyst. 14. The process of claim12,
wherein the cleaving is conducted in the presence of a honbgeneous
catalyst. GOOSEBRARCT it PRGIRIACARSIOif! & Mhdibidi 6L 18l of o
honbgeneous cat al y t conprises at least oné of sultfuric acid, percﬁ1or|c
aci d, phospphterogencaund @falysydr ochl ori ¢ acid, p-toluenesulfonic acid, ferric
chloride, boron trifluoride, sulfur dioxide and sulfur trioxide. 16. The
process of claim 12, wherein the cleaving is conducted in the presence of a
het er ogenea@s cahapipséss of tlaim Thewphercineatl leferadeatais Lotalywh@ngirinessabdectite
het er ogeneous catal yst conprises a snectite clay. 18. The process of claim
12, wherei f®%he cleaving is conducted at a tenperature of about 40C to
about 120C, a pressure of about 100 to about 1000 kPa, and a liquid hourly
space vel oGty (b 0388, LA EE CRES Lo licd 80 fenpoleRur o™

40°C to about 120°C, a pressure of about 100 to about 1000 kPa, and a liquid hourly space

velocity (LHSV) based on the hydroperoxide of about 1 to about 50 hr™.
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