WO 2009/ 010224PCT/ EP2008/ 005627 - 1 - PROCESS FOR OXI DI ZI NG ALKYLARQVATI C
COVPOUNDS FI ELD [0001] The present invention relates to a process for

oxi di zi ng al c conpounds, 5 and in one enbodi ' d a
process for g&égﬁgﬁﬁ%hphenol and substituted phenols. giﬁk@kﬁf*ﬁkﬁ§
[ 0002] Phenol and substituted phenols are inportant products in the chem cal

i ndustry and are useful in, for exanple, the production of phenolic
resins, bisphenol A, e-caprolactam i 0 adipic acid, and plasticizers.
[ 0003] Currently, thEPROGESSCOOREOXIMIAING fAIKYheROMWIHE COMPOUNBSNol is the

Hock process. This is a three-step process in which the first step invol ves
al kyl ati on of benzene with propylene to produce cunene, foll owed by
oxi dati on of WIREDcunmene to the correspondlng hydroperOX|de and t hen

cl eavage of yd eroxi de to pr,o henqgl and
S A s 3 R R R A & O R e S
that for atetaodm. onb ambattimernit rjudedr@proass foo progudgpyphems andei;ubsummd pknenbhat of
butenes is likely to increase, due to a devel opi ng shortage of propyl ene.

[ 0004] Thus, a process that uses butenes or higher al kenes instead of

propyl ene asBMdBdGRﬂdmﬂbproduces nmet hyl et hyl ketone (MEK) or higher _
ket ones, . Suclrfﬁ Cyﬂl o?an%nsgg%t téda thgl? Is azrolr;[l I gntacec{ugtrs]?n tlga?{hemx mdu tt ra‘?‘lgt Ve
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dewaxi ng br.i Q I n addition, cyclohexanone is used as an
industriaﬂjso?ewag ag%gﬁ&g% 'vator in oxidation reactions and in the
producti on olmﬂdlp|€uaanﬁ,ﬂwymb@hamamnmemme&ﬁnbzpUﬂuﬂ@heﬂéﬂ@n@ ioxtherd{ock
caprol actam yl IVEK: e
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cumene, oxidation of aronatic conpoun stitu ranche
groups havi nipcassy dugde e devghoping shertngs of worstenas sec- bU|y|benzene to the

correspondi n ﬂ) b&id r OPRfs0% gg)%?srs Gt 'ugegsoutyngshﬁg &?B&E@e% l‘fﬁs(?e%d %@ rdé)zle}{g by feed

sensitive to the pr esenc urities exarrp
sec- butyl be nzréirr@p@émeamhygeth%kbs@ne w&ﬁbwlmmwwwépmmg%w ratl@r -

vei ght of i sghyixle Ha§BE an étt}gctlrvgal?en%wé eru{EBtB 'tl%%r&fuct?&lcof Q)HE% P %? EDfnple,
hydr oper oxi de decreases to about 91% of when the sec-butyl benzene is

free of i sobiiespliheeresing mkek fpaME% w&mbms \@sn@l P%@l@mtw, Besabepicang doftdsaxipg
1.65% by wei mﬁbrlctal}ﬁ?g JiRl & mdlt%l géfdh%n%cﬁ fRE8Sar ﬁdmgolgﬁx%as\ﬁﬁ'@&wﬁ@?

i sobut yl benzene content is 2% by ‘weight, the rate of oxi dati on decreases to
about 5 84% inga¥deivan reapiéons sgisutiy | the nprednstion mf epdipip sacyd, 5ogdigheygapphresigshe

rate of oxi d&&loﬂ&aﬂ@r@o‘iﬁﬁ@éaﬁr&a&én LQWyAsh @bout 82% [0007] Thus there
remains a need to find an oxidation process for producing for exanple
25 [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 methy! 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.

30 [0006] However, in comparison to cumene, oxidation of aromatic compounds substituted
by branched alkyl groups having 4 or more carbon atoms, such as sec-butyibenzene, to the
corresponding hydroperoxide requires higher temperatures and is very sensitive to the

presence of impurities. For example, in the case of sec-butylbenzene containing 1% by



C4+ al kyl aromati c hydroperoxides, and particularly sec-butyl benzene

hydr operoxi de, that is nmuch |less sensitive to the presence of inpurities

t han t he existing oxi dation processes, and 10 that allows effici

comerci al sciAPé"BPHGtcti on of phenol and MEK or hi gher PEE@SF%’@%"’O’TZ@O%] U. S.
Pat ent Nos. 6,852,893 (Creavis) and 6,720,462 (Creavis) describe nethods
for produci ng phenol by catal ytic oxi dat i'%'n of al kyl aromati c hydrocar bons
to the correspondi ng hydroperoxi de, and subsequent cl eavage of the

hydr oper oxi dewdight gf Mﬁ)u[}m&ﬁﬂdne,ahdraaa df@bronaton dfat@bytilbenzenel t@atoipaﬂxfaakaﬁeapésace
wi t h oxygen, |n resenc radi cal. 15_] iti t or cat al yst,
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1051-1071 d|§ qses 2@#%@} cycl ohexyl benzene (CHB) can be oxidized to the
1- hydr oper oxi d& \/\]Ntaﬁ %'sel ectivity at 32% CHB conversion at 100C in the
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process for %?%%%% &’}? gﬁ%a&l&dorwag(ﬁw ASthy O’iyé?noﬁne |p rrles cecoﬁ abrﬁf radjeal
conpri si ng b@ﬂEMeaa:hob acaG@lysal kyplcally nap d\g}bmroxysanbodltxmdet echtalystle suchl lay| Bt i on
condi tions V\'h};cpo ét él%x?%l C%}r d Q&séﬁg é? nQ\?Ejb% gﬁ’ldl‘%e(frgy Séslp%cegs ¥ fade
havi ng an X—ray raction ern Inclu
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R hydr oy sUBSCL T Reareeyaft @ o bhBURE A8 TROERERUR S ah A AP SHEM B
oxi dati on re#cRPonHBmoayassipreet B)Qf’%luyﬁlte@rwx@e@é@cﬁ mol”%pef hdterdogeplsbalnide

catal ysts. suepagR0NG KIMOSRIANIdAeds | BLI ARG AL MaNgaNese

conpl exes described 1n U t ent Pat ent No.
5,922,920. P8 2] Mewnyemedde dixhdeoxyearbadéinvidss havs! showharctiglyeandsselsobdysion ng
mono- dlrectlgp |y
of ol ecul art SI@%S%%H%?%IF gllta{? chglE ns O%% (S%Qr Jé%%maﬂngh%?é}%gxté&égh%sgu?fg} form
tunnel st2f ucttarm g pasblepmgy iphasent 4n eny. hosiegnenag etalyst in thetvtkeytase fend éq bectee@wdw
sanpl es of tgdk stk JyeTeler:\

recovered fromt h(—‘:-r %gg%%(meg)ggir@Q%anhgnezﬂé%g%%@u%ggﬁsﬂgve beeﬂz(r?sfgoélgg{réltﬂb&gJ

usef ul cat alsfidtest.j Themds dharefate %gruﬁmt:ams@% instsvsionies admmeeoamx@amne
(US-A-3, 214, 236l I\i@xb'ﬂrdd)ucxn%nalkﬁgroﬁﬁgé’Cﬂa’d@%et%%d@ b idedX Iad&uiet Borf 2
(At nospheri c Envi ronnent ol 972 and in the 15 denetallation
of topped crsﬁlﬁ‘élvi‘tﬁc%qw%lllﬂ’te@?@ﬁ@ée‘%f hydrogen (I nd Eng. Chem Proc. Dev.

Vol . 13, 3p. 3dé11{ 1974 bokr 1kQRABLAINEBOIPLARLISLRoAND D8L SER] WY h@FCHsEABRE o
hydr ous manganese, oxi des with tunnel structures consisting of double chains

of M06 oct ZHEEPACWAPEH REhRlicRoleg aretityd eyl kiquex iz which a feed comprising benzene

and a C; alkylating agent is contacted under alkylation conditions with catalyst comprising

zeolite beta or a molecular sieve having an X-ray diffraction pattern including d-spacing



tunnel structures. The average size of these tunnels is about 4.6 A square.
Ba, K, Na and Pb 20 ions are present in the tunnels and coordinated to the
oxygens of the doubl & chains. The identity of the tunnel_ cations determ nes
the nineral sP@E€!"*Epecific hollandite species includd NotTaHYree
(BaMn8016), cryptonel ane (K Mi8016), manjiroite (Na M18016) and coronadite
(Pb WMn8016). A hydrothermal nethod of syn{‘ne5| Zi ng manganese oxi de

oct ahedral nol ecul ar si eves possessing (2x2) tunnel structures such as

t hose possessedinbyattl D028, 6%0] 18- DETUOI07iangd 323+eil Aagsdbinas p'rcslucbeemcaﬂiydmdni n
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edge- shari ng,oct ahedra. To orok tes nd reI at.ed spe i escri bed by-
Turner et al hetf’rﬁ’ge‘“?%‘%fof?)tﬁl? {1es SU€ ‘@7 FX%i (Rydroge) R?é‘gi%er 'iﬁ(icaﬁr?]i”}ﬁj‘"ese
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g X icalegiéxes Sexic IPate@Nhs. P8 GHAdCSZBég&} o0, h
specul ate th i nc todorokl re often found in deep sea..nanganese
odul ee. cont PG  RIAGREs s St Gl 0 g e O SRt 627
- 4 - copper stamdxrealacd«ﬂd;o knotvniasd pmrsﬂutaﬂalaefamﬂnabf seledularsiceds svisteds¢haing bEMNOX
M2+ in t fra d Kite haveat t [
i nt er est eca&%hg lgfsli]?rﬁ Fe ﬁg}qgrfn Cf Fr%ér%urgs ere g %rens&oﬁ%teg%d%?‘ﬁeubem
cati on- exchadgertddehaamplas ofmtarredtrial $>ngxnmnt1 are alw folmt inpfharrgedse edul{sSharvered
al ., "Mangan t ahedral Ml e .. Sieve r 0
Char act er i za Igrgnt% oge %o'&p ﬁ\? egen gqcﬁﬁ]e ?}a\ée héh %sTrﬁ))eggg u@édﬂ &%ai)fts 111 the
(1993)). A metitioidn of cas!;pmrmgmd@, mgttmnmmdgnanes@&‘emm%&@ Ei\h@dlﬂ)aln thotedeatibmr

Si eve posses ( tr

mat ur al Ly ocgndien il Bfond (URLHAGS AN, R°E £E°ARTA plin B
Such synt tiet denamﬂtamledrteﬁpedmﬂuéem the pehavess Ilrydmgntg(l(lda)&l)g €ommdlrocs DeucVak es
are referred, §§3|1§1 152@ art by the designation OVS-1. 10 [0015] Synthetic
manganese oxid giral nol ecul ar sieves of the OVB-1 and OV5-2 type
have been enftlled & bdladdizases vattally scauriing hydreusi mangaggise auidds Métbetumrﬂgani c
conver si on RGOSy FHE Br AT e QY YRR RbarR ARl Aekielbans (20

ol efins. Manganese OXI ecu ar sieves ‘having a tunnél structure,
desi gnat ed OVBacB strustws. éﬂlsevmﬁlzsyﬁﬁlmsmmeld ipghguitel &° paare- giapBodedndRb CO
oxi dat i on,, Ca{uﬁ%ﬁéféfyésen{ B%emgﬁlaﬁd &dardjftﬁtéa t(Qt?l%? ds((m%%ggle chah®. [1‘9911'191 1ty
According to t nvention as now been found that manganese oxi

mol ecul ar si dvids taivolcaiions dﬁtt:lymeaqdhe atieesalj spediss. aSpesificahgligpgte Fme‘tl?ﬁemdllde
oxi dation of hot&%Pe gﬁtﬁ\xng@ byér één'etdétl\%ﬂopﬁ Qﬁﬁﬂﬁﬁte (Nélﬁflnwm)n&d coronadite (Pb
sec- butyl benzene a I'0hexXyl benzene, to the correspond

hydr oper oxi d¥8¢0120 sulwmxerrm@omvmm oH m@tlﬁegegtmmgﬁ@sap@eée ﬁtstalquvxé rralesplar

resides in as@%?ﬁ%e%sxﬁé"@%i"tﬂhﬁ'&l@ctﬁ:@s Ak Yels AR BbdsEss &P P NGtk A1y L ddBurring
correspondi ng hydroper oxi CProcess conpri sing contactin
I

al kyl ar orat i kollawshitpro i desstibede e P Hydrothermal Symthesis piR WG%QX)de%W@ Cupel § n

whi ch R andsﬁ%me@l@ B 'sg&ﬁeer&%kwmroepfveeeeg syhly gl 9aeME" oRuAlKY| REHOUP
having from1l to carbon atons rovided that Rl R2 may be joined to

forma cycl |@59Y%H0ﬁ@0‘i‘ ReinheldniV Y, i%?fllc’ﬁuelaﬁwtl‘a%tﬁhﬁdr% &1%?%1%?‘?"@5 SR )

bei ng opti or\@ut)yun%ulgﬁﬁdtﬁ:e;egmfee@itﬁ%areeaptrb@sfﬁeuee idh 08/, one or nore al kyl
groups havi ng roml to 4 carbon atons or a cyclohexyl group, 30 with

oxygen in t HAOY esehtEetodprokites ara nprally opesHirisR nBangaRRin S itk (He) sk ul ar
sieve. WP %QQ&&:Q&%@&’W&@R@Q%W@@ edg®-sharin® G4Rilddra. %@ox@lﬂ’&@@hm&ed he

process of the invention further corrprrLsJes'convertl ng the_

Manganese Oxides", Science, Vol. 212, pp. 1024-1026 (1981). The authors speculate that since

todorokites are often found in deep-sea manganese nodules containing high concentrations of



hydr oper oxi de into a phenol and an al dehyde or ketone of the general
formula RICOCH2R2 (111) in which Rl and R2 have the sane neaning as in

formula (1). %3%9%'1@94' y, in a further preferred aspect ’Péf&:%éﬂ%/&%&@t

i nvention resi n"a process for producing a phenol, sai process
conpri si ng: (a) contacting an al kyLar omatic corrpound of gener al
formula (1): RB CH\ H2G-R2 in which Rl"and R2 each i ndependently
represents hydrogen or an alkyl group having from1 10 to 4 carbon atons,
provi ded t hatcoRler andl nR&elraty isbpropablenthdt swwhf metats esubsylmte éorgnvlnﬁpmham qghédram 4

to 10 carbon gt ons, SR G¥E h:ﬁregan%g{%fi SeldlGaORELODBL Lt SHORLY L RS, AR RS

represents hydrogen, one or groups havi ng
atonms or a cywineliexsgtsiogs Mpheuwandm-wly@gmbdhathhevhmhesamdar tofhamfaatlmdsxsnen

i Si t d a roper.oxi de of
COmr ST 19,2 TARRRRIEEX oy BB RLALE SO SRR AN RREGSY 5 0
have t he sanmé\ppkationst) Szencen VO RO pp K11 )515 ane)). dA methofl (kj))” syngnmang i n@ngaln&e
hyd i d I t an ehyde ..or ket on
the goneral  Pabror el Bubbiesler} s E CRm ERERIN el RIS @ KNSR
nmeani ng as i mhefmumllysoc¢uniing @GorpRiG: 9 dﬁsmbedmxetisldyﬁ 3465 (ﬁama)r\e%&hemthh&lc
Tt octure, SCRUESATRASaR NORE 80h2 RG] Rull] Sl BRRLE SARES & LT &) hnne!

structure. Genera sal d nangane ecu Sl'eve
i on- exchangedesignaionddSdr nore netal cations, for exarrple rretal cations

| ected | 4tric S04
sel ected 14 O:Iﬁr?g‘t \a/‘Z %}Hﬂ&lcmg%g}’(ﬁ (?A, oldmmecgaﬂrn&olllé&lapg%g%f HH‘OI\Z Vag{i] 4 e'z

copper . , variots ent cations can be 1 ncl _
synt hesi s as toathrenbeen eampiobert ssacidhish cadysebinragaieti ofmeiddelabeaninrakeision

copper and z 'réa&long_hﬁ}f%%gnhp %ortvggﬂ)ﬂ (‘ﬁ‘ ;51 hglsttgekelttﬁlteg a%(? oﬁeffm§ heM&ﬂ%aH:lsé %Q%de

nmol ecul ar sieve as substitutions e nmanganese (see refererce Shen et.
al . JACS 199molesulg, Sl@immzmgmelwmweamMﬁEm%b @Mmheswed

and have been proposed as CO oxidation catalysts, for example in EP-A-0710622 (Texaco).

15 [0016] According to the invention, it has now been found that manganese oxide molecular
sieves show activity and selectivity as catalysts in the oxidation of secondary alkyl substituted
benzenes, including sec-butylbenzene and cyclohexylbenzene, to the corresponding

hydroperoxides.

20 SUMMARY
[0017] In one aspect, the present invention resides in a process for oxidizing an
alkylaromatic compound to the corresponding hydroperoxide, the process comprising

contacting an alkylaromatic compound of general formula (I):

Rl

CH )]

55 R? H}C—Rz

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,

30 with oxygen in the presence of a catalyst comprising a manganese oxide molecular sieve.



- 6 - [0020] Conveniently, said al kylaromati c conpound of general formula
(I') is selected from et hyl benzene, cunene, sec-butyl benzene,

sec- pentyl ben - et hyl - sec- but yl benzene, 1,4- diph I hexane,

sec- hexyl benzgvg)g,ﬁogé@og%pentyl benzene, cycl ohexyl benzeneq%ry{/c?%%%/&’%%

cycl ooctyl benzene, and preferably is sec-butyl benzene or cycl ohexyl benzene.
5 [0021] Conveni ently, said contacting i s"tonducted at a t enper at ure of
about 20C to about 300C, such as about 50C to about 130C. The contacting is
conveni ent | y [@dAHuc frecheadmtmdiniens e peoceds afttbeiinvdbiok Patheocalymists daGKRathesuch
as about 40kPa,to about. 250kPa. [,002 veni ent | t he gptional,: »t 1 ng
of the- hydr o auty enBNar all dRaietr e FH e oY s st PR RIOE SOV
converting st if hich R' ahkRphefehs etheasqpeinp aslet fairhwda (baveirdidgly) is adonituct ed
in the pr esenc err%]a a ecc?ttﬁl ¥)sté tsuch .as_a. hormgegoeoussfocatoad YSL fﬁ)r lexg\gpl e
at | east onePSTorStiFRET %Nt JRYEHIH IS 1 & Prosies PR &P cing jggphienol, sat

hydr ochl ori c pacesd corpprisitgol uenesul fonic acid, ferric chloride, boron

trifluoride, sulf di oxi de and sul fur trioxjde, 02 ternatively, the
hydr oper oxi de con@gﬁnl&aﬁén%ﬁ?ya?lﬂ'gm?n%atlggﬁraﬂ%uf‘g %‘?eﬁlerta L@nﬁlﬁ%@ ince of a

het er ogeneous catal yst, such as a snectite clay. 15 [0024] Conveniently, the
hydr oper oxi de converting [step (b) in the abgve preferred aspect] is

10C t o Bbout 120C and/or a pressure of
i LB hour |y spgge vel ocity (LHSV)
based on the hydroperoxi de of & to about 50 hr'. 20 BRI EF DESCRI PTI ON
OF THE DRAWNGS [0025] Fi gurgs grap@l onpgr i ng sec-butyl benzene (SBB)
conversion (% agai nst sec-butyl benzene hydroperoxi de (SBBHP) sel ectivity
(% for the NMych Rkypithath mdgenddiiPkdpraaitahyisdgen oean alRylptaupiaeing ffoupper

line] and fo he MhO nol ecul jeve cat al yst. of anple.1 [lower |ine].
5 1002618 gl bber dnriopS e Ch T if 5 e e HBEP e Syt Rlne o
sec- but yl benzendohyaehonpesoy i dil seliegrdupi bejnef optiohdity babstituwd exehRh gasesttO
nmol ecul ar sigve catal yst of anpl e, 2. 027].Fi.qure 3 is a_araph. af

sec. but y1 benbiee o 6 of ek BReS ninat PR o i ok oF o el erow.

di fferent anwitlhbsygoh it the plxaenca wf excatabsigechphbial Amhapgaresy oddemeleadiralioys tto of
Exanple 4. 30 [002 iqure.4 1s a.gra . sec-butyl benzene conversion
agai nst sec-%rﬁ{hiﬂe6%&%8%@0¥%ec?#@ﬁﬁlggfﬁ‘?ﬁ&5/ liy 101 LI M

Ual lutii-cnw ci ngcuMO | ecul ar & -e cat@ly st Exanple 4. WO

2009/ 010224PCT/ EP2008/ 005627

C—OOH an

R H,C—R?

in which R', R* and R® have the same meaning as in formula (I), and

(b) converting the hydroperoxide of formula (II) into a phenol and an aldehyde or
ketone of the general formula R!COCH,R? (111), in which R' and R? have the same meaning
as in formula (I).

20 [0019] Conveniently, said manganese oxide molecular sieve comprises MnOy octahedra
which share edges to form a tunnel structure. Generally, said manganese oxide molecular sieve
may be ion-exchanged with one or more metal cations, for example metal cations selected
from potassium, sodium, cesium, barium, magnesium, silver and copper. Alternatively,
various divalent cations can be included in the synthesis as cationic templates, such as

25 magnesium, cobalt, nickel, copper and zinc. They can be found within the lattice of the
resultant molecular sieve as substitutions for the manganese (see reference Shen et. al. JACS

1994, 116, 11020-11029).



[0029] Figure 5 is a graph conparing sec-butyl benzene conversi on agai nst
time on streamfor the fresh and recycl ed bari um exchanged MhO nol ecul ar

sieve catalys f anple 4. [0030]Figure 6 is a graph ri
sec-butylbeni%ﬁégggﬁé%rsion agai nst sec- butyl benzene hf ?@%ﬁ?%@g;é

selectivity for the fresh and recycled bagi umexchanged MO 5 nol ecul ar
sieve catalysts of Exanple 4. [0031]Figure 7 is a graph conparing the
sec- butyl benzene conversi on agai nst sec- butyl benzene hydroperoxi de

sel ectivity fl#120} he CoopgéntlnxeidatkybdondtiOcompand bhgensiablpemdatihisysslected from

Ex le 5 ' f
Scanpl o 4. 10y Borsfip e T SSTRRARE MORIRATH A ph Sl S Rekhe Ho-
agai nst sec- Wighyikenbbrandy deoheytrnatee, s elyelopiniilbepzdner  tyuohaxdiobargemdvhO
mol ecul ar si %ﬁﬁo gﬁ@elr&/e%%,sang re%ﬁgggsi%ec@?ut%lg%?gr{)eﬁrg*’c{%&e ylbe?xzﬁnfgr aph conparing

t he sec-butyl benzene conversion ns enzene hydr oper oxi de
sel ectivity flf21} he Congmesilyumidxetiztiged cvhdcied hetigngeragiieenf @bon 281G /otabet

Sampl o 4. -oetact etstiedli ol G TR EURhERVER A s ShEofl Gtithal o0
i nventi on pr ousthesofabputd 6 &Bstofabputd RP&PzI sngh asrbeut KOkRarto plecuk 250kBapound  of
general for %@2]( 1) 'Cog\%nlgﬁtly,% \opkgngl Ié)gm)(e}n)ng of the hydroperoxide to phenol and an
aldehyde or ketone [hydroperoxide converting step (b) in the preferred aspect detailed above]
10 is conducted in the presence of a catalyst, such as a homogeneous catalyst, for example at
least one of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid, p-
toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide.
[0023] Alternatively, the hydroperoxide converting may be is conducted in the presence
of a heterogeneous catalyst, such as a smectite clay.
15 [0024] Conveniently, the hydroperoxide converting [step (b) in the above preferred
aspect] is conducted at a temperature of about 40°C to about 120°C and/or a pressure of about
100 to about 1000 kPa and/or a liquid hourly space velocity (LHSV) based on the
hydroperoxide of about 1 to about 50 hr’.

20 BRIEF DESCRIPTION OF THE DRAWINGS
[0025] Figure 1 is a graph comparing sec-butylbenzene (SBB) conversion (%) against
sec-butylbenzene hydroperoxide (SBBHP) selectivity (%) for the N-hydroxyphthalimide
(NHPI) catalyst used in Example 8 [upper line] and for the MnO molecular sieve catalyst of

Example 1 [lower line].

25 [0026] Figure 2 is a graph of sec-butylbenzene conversion against sec-butylbenzene
hydroperoxide selectivity for the barium-exchanged MnO molecular sieve catalyst of
Example 2.

[0027] Figure 3 is a graph of sec-butylbenzene conversion against time on stream using
three different amounts of the bartum-exchanged MnO molecular sieve catalyst of Example 4.
30 [0028] Figure 4 is a graph of sec-butylbenzene conversion against sec-butylbenzene
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in which RI 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 cyclic r |ngfrom4to 10 carbon atons, s roup

bei ng optiona W%yg@ﬁbs?ll tuted, and R3 represents 25 hy drg)lcg/rll@wog}ﬂbeom?

al kyl groups having from1 to 4 carbon atpms or a cycl ohexyl gr oup. The
phrase "provided that Rl and R2 may be joined" and so on is used herein to
mean that, as an alternative to each of Rl and R2 being a ("nonoval ent")

al kyl group, (@029 tV\BigmaISkiyh graeht:d)mtaeisg d@sﬁuadbmle@e'bﬂwér@mdgaim timgroa sjreimmed

into a ("div te -hali
chain), wt h?or g}g:pec ?I%I/dgre%%% E’g(!thgqg% %d;lﬁ?l'%c‘ﬁ%&gﬁg ﬁ&gﬁt o the C
30 atons spe{:ﬂOB()]caI Fr)gushévvns |an gfa@h nedngpafing Sbobﬁtmkbmzanerlqogverﬁd!magamﬂ a&e-

enbodi nent 09/ P P
constitute a ?@?nc%g%fr VgBr?%’?‘e ngegg\tgé Cﬁ&%é%@?%@?%@&%da? on’ )%09%%%9& no
formula (19 mlebuiam@zecgtdb'stszofq%mmplewaw ng from4 to 10 carbon atons,
conveniently ycl exy ro t nor e
al kyl gr oup @vf]ng ggomjﬁ ?o %8%}’ \é’gﬁlﬁg IEB%C e §W%%1 %&egg}vwﬁ%?e&gﬁ g
groups. Exanpltelberatnes bydrofprexidel kejdcavinder thecmp@wnd@nwdel\@OeMCblenz@Me,
curnene, sec Vi I ,
1,4- di phenyf%}%ﬁ( Olrgexan geagﬁhfggﬁ%é%%@ﬁa%gd E:Kg{l: %5@%%&%&%‘3? E
sec- but yl benEwameplehd cycl ohexyl benzene bei ng pr ef erred It will also be
under st oog t in C e a,ﬂg, e ol aed ol -N ﬁ,g@ he
group, thg ntjmrr%ﬂ %lggrgr Zsﬁgmé}oghmoﬁéet cyc |chrn| éﬁggu satg?%me 0 10,
However, t habydripatpxisiapelpdtivisy for deerungxchanged Mogomelegilds sier s eptatysts ofﬁefernplaé one
or more al kyjgok) 9rAgRS HAYLNGald Qb %@Jm b N o elQR. LhintOLE.
phenyl gr oupls ﬁs mgt he caseggé 1, I;ari(tﬁ}g&ﬁ)eny cycl ohexane. [0 lnn one
practical enbusdbsmaene, hydieperakidy seleasivity a5 taompengsitmeskchsagrsh Mp ffm"l?ﬁ}ﬂi% sieVy i s
sec-butyl be%wst %@?gaﬁl grﬁ%&% B BArtt]-BLhdige P RAS Motdulal Alve | BARL: 8P CA
al kyl ati ng agent under 2 kyl'ati on conditions and in the presence of a

het er ogenéoukxammwiet-yst, such as zeolite 15 beta or nore preferably at |east
one nol ecul ar sieve of the MCM 22 famly (as defined below. The al kylation
condi tions conveni entI |ncI ude a terrperature of from about 60C to about
260C, for exBEpRAE BSORIBBHAN Ol JIBOIMENE)C and/ or a pressure of
7000 kPa or jog5s. fﬂ{e}ﬁ @rﬁplll\%nfltg ARQUL prd QQCrof 9}(1@%?% ROBrokRac edcHolhd @
wei ght hourly space velocity (WH based on ¢4 al kyl'ati ng agent of between
about 0.1 arffgatsaritorsmla{fy: ~for 20 exanpl e between about 1 and about 10 hr.
[ 0036] They,C4 al kyl ating agent conveniently conprises at |east one |inear

but ene, nanely butene-1, butene-2 or a m xture thereof. The al kyl ating
agent can also be an olefinic hydr ocar b m xture containing |inear

but enes, such as can be obtai ng 5t eam/cr acki ng of
CH ¢y
H,C—R?

in which R' and R? each independently represents hydrogen or an alkyl group having from 1

R3

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
25 hydrogen, one or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group.
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 “alkyl”
entities designated “R'” and “R®” are joined into a (“divalent”) hydrocarbyl chain (having 2 to
8 carbons in that chain), with respective ends of that “divalent” chain being linked to the C

30 atoms specifically shown in formula (I) to form a ring. Thus, in an embodiment, R! and R?



et hane, propane, butane, LPG and |ight naphthas, catalytic cracking of
napht has and other 25 refinery feedstocks and by conversi on of oxygenates,
such as net hap }o | ower ol efins. For exanple, the folloynng A

hydr ocar bon m" ﬁﬂp P2 e general ly avail able in any refﬁﬁ@?@”’%%?%ying
steam cracking to produce olefins and are_suitable for use as the 4

al kyl ati ng agent: a crude steam cracked bbit ene stream Raffinate-1 (the
product remaining after solvent extraction or hydrogenation to renove

but adi ene fromxﬂhEun$mﬂeaSWﬂanmﬁﬂaﬂﬁe@thﬂwemeashremmmb&ﬂmamdoRﬁﬁhhhaDan

(the product g enmai nin after.renovgl, o t adi ene and is

cnide qgtenrilf cr%&%ﬁggﬁ%‘fpeﬁarvfngs@%gnso. 1fo[ %ul??] 1% cf"&vef]ﬁgt?y E)rc i?}l‘eéé Holi®

enbodi nment , tvhm:hahdyylieaaubmmtwﬁmnmmdomfallqbgemahavﬁr(yﬂmuha t6 K)catten atoms or

Pyr ogen i n b Sodt G152 et ERbol ansse »1- e e Rl &
ydrogen in n

het er ogenei)usthbaibéxgzmﬁ; ok, seabutty})bsmzexm |se:hpemymanwae,3) méthyl%e}butgmenmds al,4-

e B SRR i SR, by B TR S RS 0

oxi de materi ayclmwlh@zaiekayingtprefmealctlt wilk zylso lbey\mde:aiob@/tlat ml te@asdse mhererﬁilﬁdul ar

sieve of the b(mAZ de | d b The .5 fact

convent ent 'y R Rt e SRl SR 6 Bt Mo m P MESH I SeBlBontF or

pressure of &bbutHok@0ert mafahxgunayﬁﬁeltﬁ ciBeonad more sabdtidrrpesch @ duwgdr ogeralkpl ar

rati o of o] 01t bout , 10 dfor. a VHSV of o 100

[ 0038] The?o'?e Ou‘? %O%' o ‘f/caﬁrg neagl ar™ o(ne a0 phel alg%l]fpgta% f\‘}%\/? Ltltl

or noleémhawksﬂeMBamﬁ the MCM 22 fam |y" or "MCM 22 famly zeollte )

o8 used, ner il WL YER PR Rl R e i BOAEH Bl B8 TR 60
has the MAWV fecemtilisnient @prbiscpgaﬂuce(dkymﬂtyﬂatmelbbnmw wtlsgraltasmnea&radimmengemf

at ons whi ch spac Y.

ot ruct ure. st bR ER SRR BOGh CRAE R ARRE IR TbRE R TR
Fr amewor k1515sipes mord-pfefdnabdyiiat least, ong 0odl¢culdn ssicatof rthe W@atfamﬂym édﬁnpé

ncor por &t ehdt) RRYRI colfRlsRE U Al SN ARG LA AR DO, SRELRY

degree bU|Id|ng bl'ock, “beln nen5| suc f ramewor k
t opol ogy uni #bope?q0sC, ﬁoopxwrw@ bptwncﬁlbauyelﬂom angiaboutnd 00°€ ehd/ott hpresenessas, 7000

preferably opg g- 1%:'%" nr%%inlg) iﬁ’o&kiﬁgétsmoo ’?Plaﬁcﬁl‘ﬂfs%o B LHor W&%ﬁt% 1 §IRon

second degree bui being layers o one or no an one
unit cell t hY%Q@ﬁEéWHS\Mié}ﬂ@der(ﬁealhdym agentrad betviehra Abayh 8- 1 and tabews| 30 ki fokness

i's made fgoong,éﬁgg%menmgkimabg& lBippdi ng at | east two nonol ayers of one
unit cell thickness. The stacking of such second degree building bl ocks can

be in a requif836lf asHiedr, alkyipting pesgti Penvedismlyi compriges ehleefd and et bieneonamphy
combi nati on §RGEQOLute 023 IH"R{u‘?& HleRbf, SirRY & ]yﬁﬁﬁlge afbht @&hy als& M |a§-rolé?irmcr M/&}\(ljom

2-di mensi onal or 3-dinensional conbination of unit cells havi ng
f ramewor k t dpérosgpon mowge surisiea linsar Hpienasssugh as ¢fe brokiaingd baﬁﬁew craﬁlemz; gé

t hose nol ec U‘Jt%e Sﬂr@ﬁ’aﬁ@ lhﬁéﬁ'e nEP@ Qma('h %ynaghtfh];g %Qtﬁfyﬁ@ cﬂ@lﬁﬁ% Lh n%ﬂl\@ﬂak‘ dhdGther

d- spaci ng naxi na strom The
X-ray di ffr aréﬁmeﬁhfea@mkw@obn@nmﬁ%\%@fi@wg@eteﬁ HéCbnf’ét”éf’fﬁFaaPl @rlewgrp eBsaifped by

standard t echihpidethe USIINInE & K7dRdcRiven AR ar®ige fRARCEVaRSHIE RE 1ade M finery
radi ati on and diffractoi ncter equipped with a scintillation counter “and

associ at ed CHHAYIRG Ster eReKipgHlg @re@wcs rplefipg apdnare gpgtpble for use as the Cq alkylating
200910 10224%@3&.@3 G084 Q@P&dcked butene stream, Raffinate-1 (the product remaining after solvent

extraction or hydrogenation to remove butadiene from the crude steam cracked butene stream)
30 and Raffinate-2 (the product remaining after removal of butadiene and isobutene from the

crude steam cracked butene stream),

[0037] In a further practical embodiment, the alkylaromatic compound of general formula

(I) is cyclohexylbenzene and is preferably produced by contacting benzene with hydrogen in



- 10 - [0040] Materials of the MCM 22 fam ly include MCM 22 (described in
U S. Patent No. 4,954,325), PSH 3 (described in U S. Patent No. 4,439, 409),
SSzZ- 25 (descri bed |n U S. Patent No. 4,826,667), ERB-1 (described in

Eur opean Pat eWP 28°1%8%93032), 1 TQ 1 (described in U S. BATERTIRYS2
6,077,498), ITQ 2 (described in International Patent Publication No.

W97/ 17290), 5 MCM 36 (described in U S ~Patent No. 5,250,277), MM 49
(described in U S. Patent No. 5,236,575), MCM 56 (described in U S. Patent
No. 5, 362, 691he, predéMeBof( 4l @sieropdirbus bifildctionaPadigi Wilich Eomf2Bes0@00kast dREl metal

m xtures thereof. ¥I\ébl ecul ar sieves of t he %22 faml are.pre er d as
the al kyl ati OR"aP)ITgaepaton ACBVibh dyPigally eelseled gLy &0 %"“ﬁisb‘ﬁ)ﬁ? B%‘ U ve
to the produelthdmngfni&keCatiuéaphipeaaen erystaliin€ aivRAhR (bxidet Matkfi® HAVIAG alkylation
but yl benzene isoners. 10 Prefer

O Y Vo o e Y 2T bye s v e 22 i denec g gt O

| TQ 2. [ OQA1Lddutiog septs eshvatielyi donduvedpit QStellﬂberﬁkﬁﬁC(ﬁSeﬁaohtSS(EtftGCdbeﬁ I3p°C

contacting the, al kyl aro t|c ound for elnthef rm
of a gas conf®/i3 r% CSHBF & ‘?.h"&trl%g%) 7(@83‘2 ﬁ%jy% n%eﬂef%g&gé%g’ﬁ@é

added heter ogﬁme@ustocaablallysanmmsvmgal&»up@DDtdﬁab&nﬁ manganese oxi de

nol ecul ar si veni en ane oxi de sj.eve.

conpri ses Nhg)éggct aﬂléedYegan%W zéhfginga t@rfﬁ?ﬁ{’go%“ ?ﬁ&@f%néfm]y or
framewor k t utmebcusdr rsisot mfehmmmgzzemh@ngeahﬂm-mtfahﬂﬁaédlm;s Prese hereinn t he
tunnel s (tunne cations %n one enbodi nent, the tunnel structure is

conposed Of WRGESSRE SHBYFATwhi ch share edges to form doubl e chains, and the
oct ahedra of the xﬁmwnlaes,le%amse Sharneomaion&ns dvgrwm@gdgmmﬁldﬂ@ut&emheduns 20

to forma 2 x 2t ctur S is the naturall
occurring rnamgane"zhéq‘muﬁl WBI@%M% g%ﬁ%‘ﬁor t?p ogf tg\nﬂ’é‘ f %t rict ﬁP%‘al

nmol ecul ar si eve \mwhgéniaﬁtv(ﬁ Wﬂxkzﬂl)&'tﬂé}:ﬂﬁi’tﬁreemﬁﬁ&sﬁ)ﬁﬂtspm desui®ss thbtci"ysfahe
sides of the squaebel abo Ain length, .An alternative tunne
Structare it T aPGURe Bith AR sttues b Gibisrb it T b Bf gt FipEonk
correspondi ng to Tiyﬁésu,rféﬁh aditon; 2001gtheaniabasat of Wtk iticochoradd ds @eferdfice);
[0042] The porous nganese oxide_ nol ecul ar sieve enployed herein typically
compl 1 s w th {hEGEHEF SEVePR BOp|A/5ampon feeand Aepq PRidipeRisdk, beiys 2p i 1
whi ch Ar Ppr Ps, - ntdiiferisidgndl @iling ot suoliM Wit freyewld€k topologi whidt deldd) feindigta midnolaydy 13,

14 or +5, wher ei n.t he mﬂ]ﬂ@fg‘ thetc %ll on is eI egjﬁ d fromthe transition
metal s (Groups 3°19%° WHGE® S dreies tﬁ'ﬁ“‘i"'&?\‘ €% 0of the | UPAC
Peri odi ¢ Tabl ee OindidealaFtiense ftade frbm%‘ﬁm&ﬁ%&ond déBee building blocks, being layers of

2009/ 010224PCT/ EP2008/ 005627 repr esent tice cation that be in
oxi dat i ol st af e 26 5t7re Hgh oni 5By EIECGp@s it e FELft ot e BLERO s a
transition netal ﬂ(n@h@sup§nﬁdelﬁa»matahahg,tﬂaaﬂnmﬂgalﬂﬁfg%i It tﬁvemcﬁlsa,mrs of one
manganese; ais a n ual to o r r n,zer b n .16,
roferably |n tnanbeErTeE. B bind o quessionicichh hitpe BRE: PR o
greater than 1. [QOU3Jabhien,porigdguliaabageine aeanmsndfashiay obanjhyshitahidn thdiaif; i S,
it may have one or, nore
and
25 e molecular sieves made by any regular or random 2-dimensional or 3-dimensional
combination of unit cells having the MWW framework topology.
[0039] Molecular sieves of the MCM-22 family include those molecular sieves 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. The X-ray diffraction data used to characterize the material are
30 obtained by standard techniques using the K-alpha doublet of copper as incident radiation and
a diffractomcter equipped with a sciniiliation counter and associated computer as the

collection system.



H20 nol ecul es associated with the general forrmula (1V). Typically, however,
t he manganese oxide is dehydrated, such as, by heating at a tenperature of
at | east 200C, before being used 10 in the present oxidation process.

[0044] I n the §8A%PL12%Mornula (1V), where there is nore t"ﬁ&’ﬁpﬁ)ﬁ Y98 hnel
cation A then each A may be the sane or different with regard to oxidation
state and/or netal. Simlarly, where the'@érrposi tion contains nore than one
| attice cation M then each Mmay be the same or different with regard to
oxi dat i on st §itd0jandMareriaBtodifthe NMGM-2D Fanilyahdlide MOM-2heletatibabin G8t Paag Nbb A

i ncl ude pot agsi | cesiu [i i Il ver an opper. .

Sui tab e’ et APy S e Red s et b AR08, s esifoe SO PR e

f(ﬁppler t ?_nd anE:{1,826,66\7X/), IE]RBbE(dagrﬁbalbilnaiugﬁ»eirhaatent Ke. agame), Ih@?i(@ﬁsﬁlﬁd ibUtS. not
e lattice i,Qns n ra e repl.ac cagnventi o

exchange t ecﬁ%?rﬁg\g’sé’é\%@%%f%g?%ﬂﬂéﬁg’slé‘{eg%‘ Fﬂ%‘f%g ﬂﬁé??mg’i ’é%@?b%?{-m?%d in

the preserst dINMAEIi(da3critedde $6S. FatenaNo b2 52d) MOMAY @esg¢ribdd InHeSspathewi s

nmet hods kno i For exar -2 ( truct.ur O

ol ecul ar o 9eLs R MERH56 BT BRTEY U e Fout Gebt T [ b S e

|\S/1y nt hesi s of Ili‘gémgw_ﬁ]ilfégéﬁﬁxﬂ)dalﬁil Nﬁ)déﬂtgsTlhm&ﬁﬂ. Ig:bl‘euslti?r!,ﬂ’x@ﬁs '(éf 'thg WM—I\ZISEMlyS/fre
Croporous erials, \ol.. . c [ . obson, Eds. n

Nost rand. Rei Hasra? 2P algliyion sy ety P Rn oumilar b PRt e e B ai s

can be produpedudiyn t éfe serebundoksiz@fe, dascomiped iwithUSieA-otheB4utAbéhzanred isomers.

US- A-5, 523, 509, an - x4 tunpel struc et erials t he. et hods
descr t bed Bt Py gsdisnfe et e B Eh UEMTRF MM o o (O B0 8F
i ncor por at edMeM-69 anddyICMeF @ sethce ITQRQ046] An al ternative synthesis net hod for

brovded i n QG Bk SRR e, piRbi BULE s YRR STt 068 °
fil gidt ;:gﬂgu ][alamrblyath?mmﬁrudd vtk Q)Uggegorf)mnm inRN G- @ 2Bps :@roﬁnl.l?ig Suildcalbt e
Sbout 200 antERL SRR bR hERLbE Bt Rl A Efe s LR Bl € RUEES
pressure 16f miygatesd Hxide molowlar 1900 kPanvesigwly, dee abuganestonide atobagnlaR 5OV Pa.
The oxidati O&n{gﬁge%t Mﬂg(, !ogtahe\é\g %Qiglgl sga]rg %IB%E ﬂ_{fﬁﬁgg%él&gésﬁ&Zl ﬁarﬂ}lé@ork tunnel

conveniently ¢ ucted in a catalytic ation unit and th
hydr oper oxi dugirgchavied enehpngseble oreted shticas eckstny indithst thirielsnigrnoé!f cations). ulr et ed

al kyl aromat i ) . e h I [ I

i ncl>/udes a he(}nc})(r(\)g‘g}e%ir%(’;>|E<}{é J%‘[ ng%g‘]é%r‘a Brgg#%f)ghﬁ)f ?C%B%%m?{]ﬁ%%g#fggfo% in
whi ch RI, oublel ciRBshandéhe detahediaref thedavbleghains sharefcomens vith @djpceniaublerchiiny
the hydr Q@eggm% iséz e RS- DSRAERSs SVERAR BE ARy BfcufiE g ARNEENe

hydr oper oxi
hollandite. Such a 2 x 2 tunnel structure molecular sieve would have generally square cross-

section pores with the sides of the square being about 4.6A in length. An alternative tunnel
structure with larger pores is the 3 x 3 octahedral molecular sieve corresponding to natural
occurring manganese mineral todorokite.

25 [0042] The porous manganese oxide molecular sicve employed herein typically complies

with the general formula (IV):
[Alé-a M, Mnyg.a o32]n (IV)

30  in which

LY
L

1 117 1A a1 &
A renresents a tunnel cation that mav b 2, 13, 14 or +5,

ANpAWSTAALS G LUMLMIWA GOLWRR I AL “)

wherein the metal of the cation is selected from the transition metals (Groups 3-12) and

metals of Group 1 and Group 2 of the IUPAC Periodic Table of the Elements (1 Nov 2004);



hydr oper oxi de can then converted by acid cl eavage to phenol (which rmay be a
;Fg%gﬂé%e?l I10 phenol) aRdRian aljde!?yﬂe ortEetone of the general forrm: a

iC an ave the sanme neani mul a
(1). [0049] Th ‘5!2’&1’08@{?2& reaction is conveniently effect Egﬁ%?zogggor?t’ﬁg?:tl ng the
hydr operoxi de with a catalyst in the Ilqull d phase at a tenperature of about
20C to about 150C, such as about 40C to about 120C, and/or a pressure of
about 50 to about 2500 kPa, such as about 15 100 to about 1000 kPa and/or a
liquid hourly spade vetppcety a(ditS\iptidrahatdnayrbet ih@xhiydimogtate dk.ide +of +dadrotht 0. 1
s prefer abl yner P U EhEH TR iGRR ol AR ol L brs? B BUSLRREL O 10,
such as nethyl etMyl ketronesmphganok; or sec-butyl benzene, to assi st |n_ heat
ooyl The ol eayage f ERLLANLA ETVENLERL] Yo SNERl B B BoRRLA ke
be a honbgensogsofdal al<ykt amr a heterogeneous catal yst. [0051] SUI tabl e
phosphor ¢ aci d. hydr SoHTBHr: b ol C 201 Forle aci d Ferric
chl ori de, bot08d3]t r i Theuprowenangemeselpxidé ory de hadrdte@,uhdtus, it mayp kirgeongrog naireo
effective ho Y6
cl eavage cat%g{&?ﬁl‘?@%su% ?aﬁ%%g‘é‘%f?%gf'ﬁ%%gﬁ%&{ﬁ‘a& t'abl é@%g{, éﬁgeg@ﬁeous % Tyst
for ;JSte i nI tbvedqzllseelwdgeedmuceegé bbd@@tln?@hzeervle)eﬂay?q @frﬁe:le_@m?@@lci rlv_efomj@lsngadsed
smectite g&; nmontnorillonite silica-alumna clay, as
descri bedﬁ)l ﬁbﬁlﬁ%ﬂg%g@%hotag s%70 217 (Texaco), the entire disclosure of
whi ch is inc0#tr at ladbé@enerah fwuiaeﬂ&f) evhees, thenps pR0O1EN EROAMEE] cation A then
T/ EP2008/ 00568y & mdPhe gLL RS b Brkhf GRPRMIRY Bilifnd erymé RIHIC SERTRRUNC
that is oxidized accor e Invention 1s cyclohex enzene,
oxi dati on prwbhyethepemwmoowemmbeﬂwéh@ any dattng entinn Methe‘n@lactl emey ee\hageme
product CO”p&'df?ﬁe?erHWQ{:ga?d“@ o%)’o%&hs‘%ﬁié‘ meT es&ﬁaﬁ&% &MQ k&'ﬁ%ﬁﬁl&}ﬁ'@aﬁ%ﬂﬁ
crude phenol fromthe cleavage step ecte |
puri fi catlsonAtrslyde petatsinp @¢4llﬁme&515mcwmh@mwehe, s hyer Wéﬁ?ﬂer S&n@hﬁetnm ®
'St 11 at] onC oner s SRR I ke Sl Ak igp R A 0L il e
speci es. Theapgregigied dat ﬁnsﬁi?wb@hwcfhmxeﬁmw@ﬁmyatmw garb@nsraﬂy &g fepticed
be. ber o mod Fynsiatith ckafBUEhl Lot "such as platinum nickel or
pal | adi um 1[@015@054§hrn@angweqwémmwiewlarr$WWWreé ihBE Present Qidgticgdesesved

with refepenggpt pmamcitypbﬁyowtﬁwsymeslé hBhbdsdofRY SR &% - Fdecaimpie dMEoQaal A
catal yst was prepare i ning 300 grans of deionized (h@ ) water, 13.3

15 granms of tb’éﬂehéj%’il%‘ff?)pg@r?aﬁg’éﬂ‘fa]tae siexgidcan, b groshecdoby fheneiiods dpsaribgd: i

stirring at “LQ@MHEP RS of M&gmeg@ \WxRle¥Vastht h@r&eﬁb&més t @n &gfh@ts bOOM
tenperature with no stirring then was filtered and wash portion of the

dri ed sanpl éMigeegoreneMaEarsi YrbdLi 33 el QCC%'Othf%?bs?‘hﬁ‘ésevﬁ%mo?ané@e@%lﬁpl e 2

NY, 1992, whereas OMS-1 (3x3 tunnel structure) materials can be produced by the methods
25 described in US-A-5,340,562 and US-A-5,523,509 and OMS-3 (4x4 tunnel structure)

materials by the methods described in EP-A-0710622, the entire contents of all of which are

incorporated herein by reference.

[0046] An alternative synthesis method for the production of OMS-2 (2x2 tunnel

structure) MnO molecular sieves is provided in our co-pending US Patent Application Serial
30 No. 60/949997, filed concurrently herewith (Attorney Docket PM2004-262).

[0047]  Suitable conditions for the present oxidation step includc a temperature between

about 20°C and about 300°C, such as about 50°C to about 130°C, and/or a pressure of about

15 to about 1000 kPa, such as about 40 to about 250 kPa. The oxidation reaction is



[ 0056] A portion of the catal yst of Exanple 1 before calcination was

subj ected to ion exchange using the foll ow ng procedure: a.a solution was
formed by addj ans of solid bariumnitrate to 10 f DI water
25b. 3 grans o#ggﬁégﬂﬁgblcined mat eri al produced in Exan%?g&%ﬂaggbg en added
and the solution was stirred for 90 mnutes; c. the pH was adjusted to 5.6
with the addition of 0.4 grans of concenfrated nitric acid; and d. after
stirring for an additional hour the exchanged sanple was then filtered and
30washed wi t goBknigmttyerondurttdan p calalyeddistjlRO&Y initrad dhrel hydropenopide praescet! ey be
rnirinpd in aj far t e : nal ysis showed that the
sanpl e, prio§$‘%&%gﬁgggg%ﬁgﬁPgﬁg%?ggﬁéga%%&?&?ﬁ%ﬁg@%@@%, 36wt % bari um and

t he remai ndel[00d8) gefihe pidihc? 00DL OL@ARAHDRETLi HPRONSIsGAyBR peroxilid of gdixmirfoireuld

[ 00581A catakgst was prepared by conmbining 300 grans of DI water, 40 grans
of potassidh1pernanganate, and 5 granms of fumaric acid with stirring at
roomtenperature. The 5 mxture was then allowed to age at roomtenperature
with no stirring then was filtered and washed. A portion of the dried
sanpl e was then calcined in aif—at—\300C f t hree hours. Exanple 4 [0059] A
portion of the catalyst of bef Lg_g@hfinatigp was subjected to
ion 10 exchange using the fol rocedure.” a. a solution was fornmed by
adding 26 grans of solid barkl itrate 200 grans of DI water; b. 3
grans of the uncal cined mat €Fi al pr oduce 2T'n Exanpl e 3 was then added and
the sol utioniggicht RY, M€Y PRI BULGSe mefideNs RHRRiIa’ (i  BreRRably, the
adjustnent; and d.after stirring for an additional hour thé exchanged

sanpl e was t hekoreraxiderigsgcRniylbenzene hydroperoxide or cyclohexylbenzene hydroperoxide. This

hydroperoxide can then converted by acid cleavage to phenol (which may be a substituted

10 phenol) and an aldehyde or ketone of the general formula R'COCH,R? (III), in which R' and

R? have the same meaning as in formula (I).
[0049] The cleavage reaction is conveniently effected by contacting the hydroperoxide
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
15 100 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, phenol or sec-butylbenzene, to assist in heat removal. The cleavage
reaction is conveniently conducted in a catalytic distillation unit.
20 [0050] The catalyst employed in the cleavage step can be a homogeneous catalyst or a
heterogeneous catalyst.
[0051] 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
25 catalysts. The preferred homogeneous cleavage catalyst is sulfuric acid
[0052] A suitable heterogeneous catalyst for use in the cleavage of sec-butylbenzene
hydroperoxide includes a smectite clay, such as an acidic montmorillonite silica-alumina clay,
as described in U.S. Patent No. 4,870,217 (Texaco), the entire disclosuie of which is

incorporated herein by reference.



washed with DI water and air-dried. [0060] The dried sanple was then
calcined in air at 300C for three hours. Elenental anal ysis showed t he

cal cined sanple to contain (in weight %9: M - 22.8, K- 0 25 and Ba -
2062. 4. Exampl'@ BPPY8E'11A further portion of the catal ySETOF2RYMT e 3

before cal cinati on was subjected to i on exchange using the follow ng
procedure: 25a.a solution was fornmed by aﬁding 26 granms of solid copper
nitrate to 200 grans of DI water; b.3 grans of the uncal ci ned materi al
produced i n [0&aBjpl el3thaaaset Wiie addeid/@ndatichenpolndt thatnis waglized iacdoeding @r th®0

mnutes; c¢. the pH.was adjusted to 7. with the .addition of 22. rams of
concentrat ed’ %ﬁ%%ﬁyﬁlﬁﬁ?{’/@?‘gﬂedg‘,e OXI4tioR ProguFtdy C’éckolthfﬁrﬁ?fazefngﬁycgo al g‘% Pdnal
hour the exchengeadageaipduet vasprisésepheholl dndragclobarehones e cmdecyBlbhexatcme aadd
air-dried. WD,2009/.010224PCT/ EP2008/ 005627 -. .15 - [0062].The drjed s | e
A then cal BHGReTH TR Fapeypeerparer ot saaieds Brbersanfaay © At SEpd e ove
g gesc al5c iEaned c;l&Migiaﬁ%ﬁeg%rﬂgmbml.nlA( buitable ipgtificalQri plgbbgs intbid8;, b is ngtol(]):iitedauoda C]lc.l -

. 3. anpl e : cat st S pr.epare omhi i n ra o]
D vt or  a0vgraReig b e Ea Tiepp kR R ERER R e S B el fhact o
W th stirri nguéd orrpodfied @njpkexahdane enay Tl ba subjacted wakshitdinegrnaioh wadertto canyert at
roomtenperatuyre wWith,n tirring then.was filtered and washed first
borci on bt ¢ 1idb Bhal"uBR sl e nn AR Ferietrel o e, SRS AP tsh B
hour s, whi | eplatises okl wasalledilroi ned in air at 300C for two hours and a third
portion S ined in air at.400C for twy hours. le.7 64]

tﬁ@g@ he %nvgl}\txo w1114P()ew é)ebm?rer%amcura(r:l? n%?eli%gp V@lth rekf%gnce t'é‘ dlhff o

portion o atalys anp efore ca on was subject
i on following non-limiting Examples.
Example 1

[0055] A catalyst was prepared by combining 300 grams of deionized (DI) water, 13.3
15 grams of potassium permanganate, and 1.6 grams of fumaric acid with stirring at room
temperature. The mixture was then allowed to age at room temperature with no stirring then
was filtered and washed. A portion of the dried sample was then calcined in air at 300°C for

three hours.

20  Example 2
[0056] A portion of the catalyst of Example 1 before calcination was subjected to ion
exchange using the following procedure:
a. a solution was formed by adding 26 grams of solid barium nitrate to 100
grams of DI water;
25 b. 3 grams of the uncalcined material produced in Example 1 was then added and

the solution was stirred for 90 minutes;

c. the pH was adjusted to 5.6 with the addition of 0.4 grams of concentrated nitric
acid; and
d. after stirring for an additional hour the exchanged sample was then filtered and
30 washed with DI water and air-dried.
[0057] The dried sample was then calcined in air at 200°C for three hours. [Elemental

analysis showed that the sample, prior to calcination, contained 46wt% manganese, 36wt%

barium and the remainder oxygen.



15 exchange using the follow ng procedure: a. a solution was forned by
adding 26 grans of solid nagnesiumnitrate to 200 grans of DI water; b. 3
grans of the uncal cined material produced in Exanple 6 was then added and
the sol uti on WR'PI®Hed for 90 m nutes; 20c.the pH was P&AFEEYEYG 7 with
the addition of 22.5 grans of concent r at ed ammoni um hydr oxi de; and d. after
stirring for an additional hour the exchalfged sample was then filtered and
washed with DI water and air-dried. [0065] The dried sanple was then
calcined in air at 300C for three hours. Elenental 25 analysis showed the
cal ci ned sang}e to contaln (in weight %9: M -66.6, K- 1.71, and My -
6.94. Exanpl &amPedonmparative): SBB oxidati on using NHPI: [0066] To a 250- m
round bott omdosgisk i tdiggkt Weds Nprépa€nble 86@bining 13001 @imard nwakr, 44pgagerof 30

was charged 100 of sec-buty nzene _( SBB), 9{3 tﬁ lied by T, and g 2375

6ot Ny ar oxJREIEL PG RH BT FTRGT ok “oa. RAarid Sphyegperatit: Thi

t enper at ure- ekt Glds egknh@atved @ dgarat k®dm Rﬁ-@ﬁbauwiuen@eﬁmhg Flﬁn\l\m filtt&€.and

Reaction press S _approxi.ma at nopspheri c 0 te vvas

appr oxi nat el ¥ sg‘ﬁg %Q%Pﬁ’ioﬁ f%gwf Pﬁvi‘ﬁﬁtﬂée Cal&‘“%%lafraé?é qerdert f“

2009/010224PCT/ EP2008/ 005627 - 16 - reaction m xture was renmoved fromthe

flask and an zed by GC. The test was run for 6 hours. A graph of the SBB
Bt

conversion a the selectivity to sec-butyl benzene hydroperoxi de
(SBBHP) is s[oo8s] i nARogtioneoflth§ uaplest ¢il dainpleS3 ExfareplakititiorSBBs auhjebaddi ornionsi ng
Example 1 catawrg % %7%11'% a 250- 81 round bottomflask fitted with a
condenser ¥ sPIPFIEF YRGS ACRMPRENAFGUF. was charged 100 g of

sec- butyl benzene d TCl h salutio® was gomfedtblyeaddmgalzy@arm‘ ofEscdidpiaeiudh. nifFfte té Rag k
was heated using a ten%%r a%Bge control | ed heating mantle. Reaction
tenperature was 115C. ERESC ressure was approxi mately atnospheric. The
air flowrate was.10 appmoydfitetiakslciz@Omateraiprodudeden Yxabbplers mat een added sd |

al i quot of the reacti ﬁxe 0 tnu\gvae“n,]r dforggved fromthe flask and anal yzed by

GC. The test was run our’s. grap ATt he S138 conversi on agai nst
the sel ectsivity tco sedxelpm\ydsliewﬁzlemeadhydmanpandm de (SBBHP) is shown in

Figure 1 [l ower pj ot] al gﬂ | sel CtIVI yof
around 87% at angi con(a/féerrssf%mg %ﬁx dlpor}a R(EL Q§é§mg§<)w§mt%?%n aﬁglleﬁg tErxarrp
cat al yst washed with DI water and air-dried.
[0060] The dried sample was then calcined in air at 300°C for three hours. Elemental
analysis showed the calcined sample to contain (in weight %): Mn — 22.8, K - 0.25, and Ba —
20 62.4.

Example 5
[0061] A further portion of the catalyst of Example 3 before calcination was subjected to

ion exchange using the following procedure:

25 a. a solution was formed by adding 26 grams of solid copper nitrate to 200 grams
of DI water;
b. 3 grams of the uncalcined material produced in Example 3 was then added and

the solution was stirred for 90 minutes;

c. the pH was adjusted to 7 with the addition of 22.5 grams of concentrated
30 ammonium hydroxide; and
d. after stirring for an additional hour the exchanged sample was then filiered and

washed with DI water and air-dried.



[ 0068] The process of Exanple 9 was repeated but with 0.2 g of the

bari um exchanged catal yst of Exanple 2. A graph of the SBB conversion

agai nst the s y to secbutyl benzene hydroper oxi d _I.S shown
in Figure 2. 2@?3?{% e 11: SBB oxidation using Exanpl e%E(@E%ER?%‘fﬁ

[0069] The process of Exanple 9 was repeatﬁd but with varying anounts (0.2
g, 0.4 g and 1.1 g) of the barium exchanged catal yst of Exanple 4. A
graph of the SBB conversion against tine on streamis shown in Figure 3 and
a graph of t [®6HBB &”bmdmrdséampleagai thet cdldined2in aredt SOOI ifdrythiteo hours. Elemental

sec- butyl benzene h BHP) is shown i, u 12:
SBB oxi dati on Lf'ss'%sr? %ng ?a)fm}f%ca g %On aﬂ)‘b%]’vﬁlght }‘|)2§%)r(‘3rnﬁ§rounﬁxl g?rlde?ﬁflask
fitted with é3&ondenser stirrer and an air sparger, was charged 100 g of
sec- butyl benzene (TCl) and 1.1 g of the bariumexchanged catal yst of 30
Exanpl e 4. The flask was heated using a tenperature-controlled heating
mant | e. ReacExaompleénperature was 115C. Reaction pressure was approxi mately
Atm)spherlc air, f QW rate was r oxl.nat 220 celmn., E 45

mina os. a oIBPR 2 R et RRORP RS B0l a0 SERT et SBRHHR o asi
and anal yzedpcbgssm peﬂnmgtawet amAlergmnns‘ off fufhatioacid . willt stirhieg etnaomf tetheratukdO
2009/ 010224PH FRAROUORRE Aoviedd e hEBbnl OB SRR A1o' BRld L CLE0ARAG,
recycl ed at e Sane condi tions nt'ronéd above. A 13
conversi on agsli wehed | Ae'lrﬂrposttomezinha @"neslmnmlel wasﬁhgwa@nfedamdxrat gbefghfootwd he

SBB_convey,si ﬁ&hr@%‘il@éts&&ﬁ vZa%l glie%i :ﬁ Xlrsa 3606 BPW% RSN ERE Wxﬁ{ g&ﬁsnowage

(SBBHP) is shown In ure OWs Nno ca st deac I'on was
observed af t @fcireddyat atﬁgomrtvwdl@rscat al yst sel ecti vi ty was i nproved.

Exanpl e 13: SBB oxi dation using Exanple 5 catal yst [0071] The process of
Exanple 9 was repeated but with 0.2 g of the copper-exchanged catal yst of
Exanpl e 5. AExpmagdh7of the SBB conversi on against the selectivity to see- io

hydr oper oxi dgigBBHE)olin U ol tog e 6bUGR BHeRRdH &asss&b;&%teﬁ%g%ange

t he barium ex nge Feat al yst o data s on ex
t r eat mentlsr M@geuwmhgﬁépwwtpmcme actl vity but decr eases t he

hydroperoxi de sel,ecti yidj¥ionE%R d% 3af1c§ﬁ>g R 6&'811&' Eﬁ?ﬂﬁ&t@ t$200

catal yst 15 [0072] The process o was repeate 0.2 go
each of the cal ci ned gramapiksates Exarrpl e 6. A graph of the SBB conver si on

agai nst the sel egli Vi { ¥ahQ 0P e AHLYRANERORI HYHIRPH B § WREHE addSd Shown

in Figure 8. The data shows that calcinatioh at tenperatures of 200C and
300C had no inpact onthagalitigniwas stirrgsfos®] mimpies ty. Cal ci nation at 400C

Izgpr ovedphe catalystmagh Whi ¥dihila deeraashe At vanoResant de corbRfkddvi Ty -

ammonium hydroxide; and
d. after stirring for an additional hour the exchanged sample was then filtered and
washed with DI water and air-dried.
[0065] The dried sample was then calcined in air at 300°C for three hours. Elemental
25 analysis showed the calcined sample to contain (in weight %): Mn — 66.6, K — 1.71, and Mg —
6.94.

Example 8: (Comparative): SBB oxidation using NHPI:

[0066] To a 250-ml round bottom flask fitted with a condenser, stirrer and an air sparger,
30 was charged 100 g of sec-butylbenzene (SBB), as supplied by TCI, and 0.2375 g of N-

hydroxyphthalimide (NHPI). The flask was heated using a temperaturc-controlled heating

mantle. Reaction temperature was 115°C. Reaction pressure was approximately atmospheric.

The air flow rate was approximately 220 cc/min. Every 45 minutes, a small aliquot of the



Exanpl e 15: SBB oxi dati on using Exanple 7 catal yst [0073] The process of
Exanpl e 9 was repeat ed but with 0.2 g of the magnesium exchanged cat aI yst
of Exanple 7. gh g’ of t he SBB conversi on agai nst the %‘%}g%}\/\%
sec- butyl benzBné ydroperoxi de (SBBHP) is shown in Figure aI so
plots the data for 25 the barium exchangeg catal yst of Exanple 4. The data
shows My i on exchange treatnent results in higher catalyst activity but
decreases the hydroperoxi de selectivity. Exanple 16 [0074] A sol uti on was
prepared by ecwatrnningureivah remaved ey ©O Blagh andsanalfyzadi bt L1 dbe tatt was rug(or1 §2

grans of an ou t 0 0 2 i de, 3
grans of pot r?;lg&s{?r i %1 %%%}gaérfgghﬁatggéléqxggrS%O%%f%&g ol Jtﬁﬁfg CRsSo Etﬁug};\&ﬁe
prepared 1-i ydopepixder(§BBED) iyskaven iofFigirest juppeglonat er and 90 grams of
manganese chl oride tetrahydrate [VnCl2: 4H20] with stirring. The second
solution was slowy added to the first with stirring. The conbined WO
2009/ 010224 PEXARPIR 90 SBBOBERTIon usigg Exgwpletlicatnlysts al | owed to age overni ght.
The m xture t hep fi | at
100G over ni gl iy dg 338l Elp BB AL it ol Rhudns & ) Blo At e
distilled watwer claideIQO gredrsec- wwlbauﬁmell et (62 | BA (ICRyabyst of E*ﬁnsxlq triThy for
one hour. f 7 n of
0.6 arams of Earaeer e b R O bl R B Y
dried. A porﬂliﬁﬁ ofReaﬁ@nppmﬁu@t AR sapp s imaggly aérawphr:re“d |T1hef pigwilowy rafer was
(50cc/ m n %r&uﬁ%ﬁ%ﬁ QC/H{HQ d%?rfraﬁcxﬁfn@!ey st sm;ﬁxﬁmpteof]tze [‘eQQtY&] rﬁ‘rxﬁﬂal: wak 8”

was prepared y CO nin rrrn&)Oo grans of distilled water,
320 grams of remevedhiiendke a;k @@4 anlysed 506Gy Thaelbs bas susdlon byt dxerarh ofthel 20

grams of pot 3agg 'c%&%qgﬁgﬁ%tsgle&hﬁtw@é& bu@%ﬁl&% h?&hﬁb’ré@& (‘Q@EHW %Qﬁé#ﬁi

conmbi ni ng 300 grans I stil ans” of manganese chlorid

t et rahydr at elnf 2 0] plogndhe cateysy m@n@rceﬁg@ @ﬂeirﬁe@ﬁ%%%eror% 8:71/21at with
stirring. ThgyseeRRghsol ution was slowy added to the first with stirring.
The conbi ned sSolution was allowed to age overnight. The m xture was 15 then
filtered Bnd washed with distilled water and dried at 100C overni ght. Three

grams of thegplpiLied. g@ﬁoglhgpo,ppsqi,%jﬁﬁ[gp@cgg poe of distilled water and 26
grans of bariumnitrate with stirring for one hour. The pH of

the mxture RA&SIt he?hearamré% %aalpk hiveh rqprréedak%rarvflrho?ﬂ &t AhabATiummeNsaneeki de.

The m xture wasyt e 'ExBrhblEeZ e% %ﬂﬁi)hadfr thelrIpfl cofve RVt ddahsOthet RRAFQUCIecAS
then air calcined in fl arr@%ﬁOcclmn) for 3 hours to produce a

cat al yst. ZObLB!%ﬁ?p‘f“éhI@m{’%@?@f]@B Pafsyple v igrepar ed by combini ng 600

grans of pl water, 80 grans of pot assi um per manganate, and 10 grans of
furmaric acid vvrth stirrin roomtenperature. The m xture was then
al | owed to dyemple HootRR %‘r‘%‘t‘m‘@%aﬁ‘ﬂ’l%‘bcaﬁ'ﬁtrr ng then was filtered 25

and washed. [Aomrtlmpafcegsmm €9 SAFRIpBatdBsut W8 Ras#lgGinidasts (02 ai 04 @hnd300C
for three hours. nple 19 007@ Three ranms, of the p %%guct from Exanpl e

18 before thel & Pf e*ar wlﬁerqxarﬁnﬁ%éscaéﬂaﬁ of Plegt 20 8YPRRE st %I?SCPrl‘ferSéfal

wat er and 26GgginaMBnc0dn HRhmUSHYWN ia IFegur 88 GNOB ?abh\Mf'tHé SHB Ednivegiod Qgdindt tine
hour. The pH of the m xture was. then adj u(g%g the addition of

Wi t
amoni um Pryd’F'S?(tf"&é to serduiyibeptsRe hygaeper B)r‘édh grl%”“iﬁr ed_ A portion
of the product was then air calcined in flowing air (50cc/nin) for 3 hours.

Example 12: SBB oxidation using Example 4 catalyst

[6070] To a 250-ml round bottom flask fitted with a condenser, stirrer and an air sparger,

was charged 100 g of sec-butylbenzene (TCI) and 1.1 g of the barium-exchanged catalyst of
30 Example 4. The flask was heated using a temperature-controlled heating mantle. Reaction

temperature was 115°C. Reaction pressure was approximately atmospheric. The air flow ratc

was approximately 220 cc/min. Every 45 minutes, a small aliquot of the reaction mixture was

removed from the flask and analyzed by GC. The test was run for 6 hours. At the end of the



WO 2009/ 010224PCT/ EP2008/ 005627 - 19 - Exanple 20 [0078] Three granms of the
product from Exanple 18 before the air calcination was then added to 200

grans of di St%vlolzﬁ(ﬁmmher and 26 grans of bariumnitrat e#@&%%@%ogg%wi th
justed to

stirring for one nour. The pH of the m xture was then a W th
the addition of ammoni um 5 hydroxide. The._m xture was then filtered and air
dried. A portion of the product was then air calcined in flowng air
(50cc/ mn) for 3 hours. Exanple 21 [0079] Three grans of the product from
Exanpl e 18 bédsbthecatdipst avas fikaedindatdyolad wethe tahemoriditicad derientionaDaboye. afrgraph
distilled wa : [ ' . i Stel gk 1 & for
one hour. Thtg?%ﬁ%g% @ég%&g?%a%t ggé 0’%{ hmé%&r{agﬁhmg!aé@%)sv%‘ g‘#g{r%g ogéﬂ |%1?%n of
ammoni um hydrcowedg®n dghiestthesalacavia® sehdntyfbehzeny bdirepstbxader (SBBHEY is shoporini on
of the produ t [ | i .5l oW ik o ' r urs.
15 Exampl o 25 4 Botio] Tarsg ok o6 AR Bed RSy chuaro el ol o BEL
ai r cal ci nat reslysiadedtivgy watidwoved 200 grans of distilled water and 26 grans
of magnesium nitrate hexahydrate [ Mg(NG3)2 6H20] with stirring for one

hour. The pH of the m xture was then adjusted to 7 with the addition of
amoni um hydEsxmple 13 THBBrixidatioe using Exdraple Sichtabsed and air dried. A 20

portion of t rod i i i L oW ! 3 ] for
3 hours. Exap%f/ie)‘ 23%%6%%’%?2%%%@8? éd}ﬁtgd B{rﬁo@h}gph%?%ﬁ]&%ﬁép}%fghw lrcéfore
the air cal crawydtod ampiehan Addenh elothe0BRycammsrsen agagnsi theestlagtvier - 26
grans of g i ' %’é‘ﬁ’fﬁli t. [ i e for
one hour. @hgﬁ%hwg%%ﬂﬁg%&ﬁ ﬁ?e msﬂtlﬁé%%gd?gg ed t%V (Sl@g%\?\%o tp\#t% Elee%tgiggﬁt?gn of
ammoni um hy dpasindexchapged ertalyst pEExgaple hehhe data thows Cainen echange fredimen resyits | on

of the pr Oduﬁlthi%@§cattl Pa@ivlty GtldedBRE &Qh{rdr«%&é@d&ﬁie%&léct&ﬁ?ﬁ(?/ mn) for 3 hours.
Exanmpl e 24 30 [0082] Three granms of the product from Exanple 18 before the

air calcination was then added to 200 grans of distilled water and 26 grans

of magnesi U”Eﬂrﬁ;%l@ﬁﬁ% 561 30Mh APl End (1B) €ataBER0] With stirring for one
hour. The pH of the m xture was then adjusted’to 8 WO

2009/ 010284 PE¢7HpP20bg moss vf Example 9 was repeated but with 0.2 g of each of the calcined
catalysts of Example 6. A graph of the SBB conversion against the selectivity to sec-

butylbenzene hydroperoxide (SBBHP) is shown in Figure 8. The data shows that calcination
at temperatures of 200°C and 300°C had no impact on activity or on selectivity. Calcination
at 400°C improved the catalyst activity but decreased the hydroperoxide selectivity.
20
Example 15: SBB oxidation using Example 7 catalyst
[0073] The process of Example 9 was repeated but with 0.2 g of the magnesium-
exchanged catalyst of Example 7. A graph of the SBB conversion against the selectivity to
sec-butylbenzene hydroperoxide (SBBHP) is shown in Figure 9, which also plots the data for
25  the barium-exchanged catalyst of Example 4. The data shows Mg ion exchange treatment

results in higher catalyst activity but decreases the hydroperoxide selectivity.

Example 16
[0074] A solution was prepared by combining with stirring 600 grams of distilled water,
30 192 grams of an aqueous solution of 50% by weight sodium hydroxide, and 25.3 grams of
nganate [KMnOyl. Anc i

of distilled water and 90 grams of manganese chloride tetrahydrate [MnCly4H,0] with

stirring. The second solution was slowly added to the first with stirring. The combined



- 20 - with the addition of ammoni um hydroxi de. The m xture was then
filtered and air dried. A portion of the product was then air calcined in
flowng air (50c in) for 3 hours. Exanple 25 5 [0083] ng,_of the
product from %g)éﬁr{%f@z before the air calcination was }Ei&%@%@é(&-’to 200
granms of distilled water and 26 granms of pariumnitrate [Ba(NG3)2] with
stirring for one hour. The pH of the m xt fre was t hen adjusted to 7 with
the addition of anmoni um hydroxi de. The m xture was then filtered and air
dried. A por tsdlotiorofvad hidovaxiod gt onversighheThainixmed eanden ifiltefed oantl ngashédr with
(50cc/ mn) far.. ours. .10 Le 26 .[00 Three ms._of .the.pr t. from
eanp o 17 bl Pk i BReLiOHTRLE o fnighls L A Broisy W ufh 4o
distill ed wat2ed gand o Bisgitcdngtafand a6 gramsnif barane nifrBe ([ BAB)R].] with ktirsing foriong f or
one hour. Th H of the.mxture was then,.adjusted.to,6 wit.h t 1 tian of
armont um 15 g0 ogteae ofhe hthfisy B8, MEr P 7 aulbCiod sy S g of
portion ofs t hamphindugdronats. The mixdire vaakien Midtered and dindvedg Aapaerti¢rb@icbé¢ prodyct f or
3 hours. Exanplg 27 [0085].Three qr f. .t roduct fro le 17 before
the air cal cilcgr%l% F%?l’r%ﬁ%n%gﬁoyﬁggggé%cpémfg% ’8%“5Sdrr‘§ P Bofduccﬁars%ag?(x%gg wat er and
26 grans of bariumnitrate [Ba(NO3)2] with stirring for one hour. The pH of
the m xture ﬁgmt{%qg adjusted to 8 with the addition of amroni um hydroxi de.
The mixture was Phen filtered and air dried. A portion of the product was
then air cal (10A8ld i A solution mgs piepar¢b B combimhpg fvith s@rring U@ gragt oExdmhilédewasr,

[ 0086] Thr ee f ot r fr , fi 8 air
cal ci nati gOn \?\/%Oggt’él gr? fgﬂ%g%oﬁ%%’oﬁ%gngo&a@gg %’?legétt %dfuggﬁ%%yg?%a%@%dé&g?}g%g of
pot assi um ni petassin] ONGEpjate\[KNIn@4]i rAnotigr fduticorvess popared Torabipidg GO0 ghams of

m xture was j, UStE i i) Io i The
Tt ure vas PROAAHQERIEer Rl It Mo iR R (AREREION LS
then air cal ef meghesinmichlovide MaCls] ¢BOstoting. nThef sgeor@ salutip was Wowly added to the
2009/ 010224P / 005827 - - gxgn;g e 087] g .

product fr omggﬁgﬁgg%gég gﬁ%é?glr?%%% so1l “Def %Sraél%?ﬁje%a%z ogg%%ﬁtha?%m\j\ﬁggwﬁen
added t o B0Othge fiteredrnddivethed wish digtitlest watprdangglirigd airk008€ opernigbsi Threngramapé

the product was then added to 200 grams of distilled water and 26 grams of barium nitrate

[Ba(NQ3);] with stirring for one hour. The pH of the mixture was then adjusted to 7 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of
the product was then air calcined in flowing air (50cc/min) for 3 hours to produce a catalyst.
20

Example 18

[0076] A catalyst was prepared by combining 600 grams of DI water, 80 grams of
potassium permanganate, and 10 grams of furmaric acid with stirring at room temperature.
The mixture was then allowed to age at room temperature with no stirring then was filtered

25 and washed. A portion of the dried sample was then calcined in air at 300°C for three hours.

Example 19

[0077] Three grams of the product from Example 18 before the air calcination was then

added to 200 grams of distilled water and 26 grams of barium nitrate [Ba(NOj3),] with stirring
30 for one hour. The pH of the mixture was then adjusted to 7 with the addition of ammonium

hydroxide. The mixture was then filtered and air dried. A portion of the preduct was then air

calcined in flowing air (50cc/min) for 3 hours.



[ K(INGB)] with stirring for one hour. The pH of the m xture was then
adjusted to 6 with the 5 addition of amoni um hydr oxi de. The m xture was
then filtered_and ;ur dried. A portion of the product vva% }hen ai.r _cal cined
in flowing ail (58 Hin) for 3 hours. Exanple 30 [0088] TR €€ Yl'aHE of the
pr oduct fromthe repeat of Exanple 18 before the air 10 cal cinati on was
then added to 200 grans of distilled wat e’ and 26 grans of potassium
nitrate [K(NG3)] with stirring for one hour. The pH of the m xture was then
adjusted to &xw'nbhmhe addi ti on of ammni um hydr oxi de The m xture was then

filtered and ai.p, dri or.t rodc en air. aIC|nd|n
1 owi g arr AGBELS rTfRe eRIACProlle; 1O BEBPHCls MG WA BldindiBh OBy, [

product fromadded te E(meghmgéf dEtalmb Mteﬂ&dt%fgmms ctﬂbeman mtta&l [Bla@é@s)z@ withagrringen
added to 200 er anpd 2 esi rate.
[Cs(NOB)] wi °§?E??Ii Of(ﬁ W%‘H? waﬁ'ﬁ‘ uo‘?aékt heW’rtrlf ﬁ’f:t??l%{ was %"ﬁ%?\mum

adj usted to Rydwbtitle.t e rmdnhretwa:snh@fﬁl&mmm amlhgd:lrmpmden oﬂ'mepwdmttmaethmsirt hen
filtered and 0 the product was then air cal cined

f
in flowng aff C’f‘%ﬁ&@?ﬁf%ﬁ"ﬁ%@“@“ﬂ)f) ELi§§<arrpl e 32 [0090] Three grams of the

product fromthe repeat of Exanple 18 before the air calcination was then
added to 200 % anf distilled water and 26 grans of cesiumnitrate 25

[ Cs(NDB) ] WIF i ing for one hour. The pH of the m xture was then

adj usted to @0t h Thec gddistafore pbdwnfromi RxamplediBohefate the TArecatrination eangsn t hen

low ng alt testeg SorRap b REILEDa®! ol 2R PLRGY Sl Bh R0 FOE AR
product fronfariee h@apedhe pH dEtlEnpixeird Sahbtoaduddigo Si witlctk edditen amnwasnidrhen

added to 200[{1%{ 8{{& e Olifhﬁ%lgtu'el \l'a%qheho l%Fed%ﬁ&im?& «Qi; orﬁgn gfe(ﬁé grmi&lt Wa%{hgn air

[ Cs(NDB) ] or one e m xtur

adjusted to &lwqdhnﬂh‘ainaddl(fﬁcg’mlm)ffoa?ﬁmm um hydrOX| de. The mixture was then
filtered and air dried. A portion of WD 2009/010224PCT/ EP2008/ 005627 - 22
- the product was then air calcined in flowng air (50ccimn) for 3 hours.

Exanpl e 3. BBBaplk22ation with different MhO catal ysts. 100921To a 250- m

round botto sk kol

s char ged WRRT1S o Tirke Bl e brSRRERIR Brprndle fBIREOME AR GPRROREn 5
catal ysts of ac@xcamz@@ s1@ne of Betllcphwatt auk 2hcsarhoal é@gmlung nijrate hexahydrate
tenperat ure- b?)' leedof&ah 'stnxgin tdn€ hoﬁ?eal%' ‘Plnot{t ﬂ@%&t” WaS A Sdihdedro 7

React i on pre vias a roxma el'y atnosp alr flowrate was
appr oxi mat el ‘9’1@2@ agditipn pt arAmgmml hYQMXt!i’eotThmm?éth@ wasgban fé)‘ﬁif?ﬁ aodipiredriggds A

removed 40 M“&Jf'twocﬁl@ﬂwéﬁﬁéry&%qxcméd §ovig APRIRIRARE (s Each test

was run for hours and the 10 results are summarized in Table 1 bel ow

Example 23

[0081] Three grams of the product from Example 18 before the air calcination was then

added to 200 grams of distilled water and 26 grams of magnesium nitrate hexahydrate
25  [Mg(NO;), 6H,0] with stirring for one hour. The pH of the mixture was then adjusted to 6

with the addition of ammonium hydroxide. The mixture was then filtered and air dried. A

portion of the product was then air calcined in flowing air (S0cc/min) for 3 hours.

Example 24
30 [0082] Three grams of the product from Example 18 before the air calcination was then

()

added to 200 grams of distilled water and 26 grams of magnesium nitrate hexahydrate

[Mg(NOs), ‘6H,0] with stirring for one hour. The pH of the mixture was then adjusted to 8



Table 1 Exanpl e SBB Cony SBBHP Sel . 2-Phenyl - 2-butanol Sel. Acetophenone
Sel. 16 9.3% 49.2% 3.5% 44. 4% 17 10.8% 65. 6% 4. 4% 28. 6% 18 4.5% 88.5% 1. 2%

9.5% 19 6. 0%@2)'230%90;0'2%% 15. 9% PCT/EP2008/005627

-20-

with the addition of ammonium hydroxide. The mixture was then filtered and air dried. A

portion of the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 25
s [0083] Three grams of the product from Example 17 before the air calcination was then

added to 200 grams of distilled water and 26 grams of barium nitrate [Ba(NO3),] with stirring
for one hour. The pH of the mixture was then adjusted to 7 with the addition of ammonium
hydroxide. The mixture was then filtered and air dried. A portion of the product was then air
calcined in flowing air (50cc/min) for 3 hours.

10

Example 26
[0084] Three grams of the product from Example 17 before the air calcination was then

added to 200 grams of distilled water and 26 grams of barium nitrate [Ba(NO3);] with stirring
for one hour. The pH of the mixture was then adjusted to 6 with the addition of ammonium
15  hydroxide. The mixture was then filtered and air dried. A portion of the product was then air

calcined in flowing air (50cc/min) for 3 hours.

Example 27
[0085] Three grams of the product from Example 17 before the air calcination was then

20 added to 200 grams of distilled water and 26 grams of barium nitrate [Ba(NO3),] with stirring
for one hour. The pH of the mixture was then adjusted to 8 with the addition of ammonium
hydroxide. The mixture was then filtered and air dried. A portion of the product was then air

calcined in flowing air (50cc/min) for 3 hours.

25  Example 28
[0086] Three grams of the product from a repeat of Example 18 before the air calcination

was then added to 200 grams of distilled water and 26 grams of potassium nitrate [K(NO;)]
with stirring for one hour. The pH of the mixture was then adjusted to 7 with the addition of
ammonium hydroxide. The mixture was then filtered and air dried. A portion of the product

30 was then air calcined in flowing air (50cc/min) for 3 hours.



20 6.9%82.5% 1. 9% 14.5% 21 6. 3% 81.8% 1. 9% 15. 3% 22 8. 5% 68. 0% 0. 7% 29. 6%
23 7.2% 71.1%0.5% 26.9% 24 8. 7% 77. 9% 2. 6% 18. 4% 25

WO 2009/010224 PCT/EP2008/005627

-21-

Example 29
[0087] Three grams of the product from the repeat of Example 18 before the air

calcination was then added to 200 grams of distilled water and 26 grams of potassium nitrate
[K(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 6 with the
5 addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

the product was then air calcined in flowing air (§0cc/min) for 3 hours.

Example 30
[0088] Three grams of the product from the repeat of Example 18 before the air

10 calcination was then added to 200 grams of distilled water and 26 grams of potassium nitrate
[K(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 8 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

the product was then air calcined in flowing air (50cc/min) for 3 hours.

t5 Example 31
[0089] Three grams of the product from the repeat of Example 18 before the air

calcination was then added to 200 grams of distilled water and 26 grams of cesium nitrate
[Cs(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 7 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

20 the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 32
[0690] Three grams of the product from the repeat of Example 18 before the air

calcination was then added to 200 grams of distilled water and 26 grams of cesium nitrate
25 [Cs(NO;)] with stirring for one hour. The pH of the mixture was then adjusted to 6 with the
addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of

the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 33
30 [0091] Three grams of the product from the repeat of Example 18 before the air

calcination was then added to 200 grams of distilled water and 26 grams of cesium nitrate
[Cs(NO3)] with stirring for one hour. The pH of the mixture was then adjusted to 8§ with the

addition of ammonium hydroxide. The mixture was then filtered and air dried. A portion of



8.3% 58. 0% 0. 8% 39. 3% 26 7.2% 66. 0% 0. 7% 31. 5% 27 9. 4% 50. 8% 1. 0% 46. 1% 28
4.9% 88.2% 1. 3% 10. 4% 29 0.5% 89.6% 1.0% 9. 4% 30 5. 8%

WO 2009/010224 PCT/EP2008/005627
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the product was then air calcined in flowing air (50cc/min) for 3 hours.

Example 34: SBB oxidation with different MnO catalysts.

[0092] To a 250-ml round bottom flask fitted with a condenser, stirrer and an air sparger,
5 was charged 100 g of sec-butylbenzene (TCI) and 0.2 g of each of the catalysts of Examples

16 to 33. The flask was heated using a temperature-controlled heating mantle. Reaction

temperature was 115°C. Reaction pressure was approximately atmospheric. The air flow rate

was approximately 220 cc/min. A small aliquot of the reaction mixture was removed from

the flask and analyzed by Gas Chromotography (GC). Each test was run for 6 hours and the

10 results are summarized in Table 1 below.

Table 1
Example SBB Conv | SBBHP Sel. | 2-Phenyl-2-butanol Sel. Acetophenone Sel.
16 9.3% 49.2% 3.5% 44.4%
17 10.8% 65.6% 4.4% 28.6%
18 4.5% 88.5% 1.2% 9.5%
19 6.0% 81.2% 1.9% 15.9%
20 6.9% 82.5% 1.9% 14.5%
21 6.3% 81.8% 1.9% 15.3%
22 8.5% 68.0% 0.7% 29.6%
23 7.2% 71.1% 0.5% 26.9%
24 8.7% 77.9% 2.6% 18.4%
25 8.3% 58.0% 0.8% 39.3%
26 7.2% 66.0% 0.7% 31.5%
27 9.4% 50.8% 1.0% 46.1%
28 4.9% 88.2% 1.3% 10.4%
29 0.5% 89.6% 1.0% 9.4%
30 5.8% 83.7% 1.7% 13.6%
31 13.1% 54.1% 0.7% 43.5%
32 10.5% 64.5% 0.5% 33.6%
33 11.3% 39.5% 0.9% 57.4%




83.7% 1. 7% 13. 6% 31 13.1%54.1% 0. 7% 43. 5% 32 10. 5% 64. 5% 0. 5% 33. 6% 33
11. 3% 39.5% 0. 9% 57. 4% WO 2009/ 010224PCT/ EP2008/ 005627 - 23 - [0093] Wil e

t he present L@éﬁ&%@ﬁgﬂhas been described and iIIustrate%CQ&P&ﬁ%(%gpce to
I ment’s, Wi

particul ar e those of ordinary skill in the art appreci ate
that the invention lends itself to variay;ons not necessarily illustrated
herein. For this reason, then, ref erence Zhoul d be made solely to the

appended cl ai ns for purposes of determning the true scope of 5 the present
i nventi on. [0093] 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

5 the present invention.



- 24 - CLAIMS 5 1. A process for oxidizing an al kyl aromati c conpound to the
correspondi ng hydroperoxi de, the process conprising contacting an

al kyl aromati ¢ conpound of general formula (I): R3 RLCH\ H2 CR2 10
in which Rl and R2 each i ndependently represents an al kyl group having from
1 to 4 carbon atons, provided that RI and R2 may be joined to forma cyclic
group having from4 to 10 carbon atonms24said cyclic group being optionally
substituted, and R3 represents hydrogen, one or nore al kyl groups having
from1l to 4 carbon atons or a cycl ohexyl group, with oxygen in the presence
of a catalyst conprising a manganese-fdaroi de nmol ecul ar sieve. 2. The
process of claim1, wherein the manganese oxi de nol ecul ar sieve conprises
Mh06 oct ahedra which share edges to forma tunnel structure. 20 3. The
process of claim2, wherein . the tunnel structure is ener al

: of Y .
rectangdl al- cr o8sPREET B PHIKMECH ddeirremaer icgr_na@rridné%q%ey PREFPORipAr ee
V06 oct anglfiBperdhidlCmer AEESS QhnyfhslaMdniadiE" i MulbMRoAAAIANABBuAKofle

nol ecul ar sl eve 1s ion- ‘exchange one orf nore ‘nmetal cations.
general formula (I):

Rl

/

CH @
R? H,C—R?

10 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, with oxygen in the presence of a catalyst comprising a manganese

15 oxide molecular sieve.

2. The process of claim 1, wherein the manganese oxide molecular sieve

comprises MnQOg octahedra which share edges to form a tunnel structure.

20 3. The process of claim 2, wherein the tunnel structure is of generally rectangular

cross-section in which each side is defined by two or three MnOg octahedra.

4. The process of claim 1, wherein the manganese oxide molecular sieve is ion-
exchanged with one or more metal cations.

25

3. The process of claim 4, wherein said one or more metal cations are selected

from potassium, sodium, cesium, barium, magnesium, silver and copper.

6. The process of claim 1, wherein part of the manganese in the manganese oxide

30 molecular sieve is replaced by one or more other divalent metal(s).



5. The process of claim4, wherein said one or nore netal cations are
sel ected from potassium sodium cesium barium magnesium silver and

copper. 6. The process of claim1l, wherein part of the nanganese in
t he manganese oxi de 30 nol ecul ar sieve is replaced by one or nore other
di valent nmetal (s). - 25 - 7.The process of claim®6, wherein said other

di val ent netals are selected from nmagn2sium cobalt, nickel, copper and
zinc. 5 8. The process of claim1, wherein the al kylaromatic conmpound of
general formula (lI) is selected fromcunene, sec-butyl benzene,

sec-pentyl benzemge process of clalm 6, wherein said other divalent metals are selected from

p- met hyl sec- but yl benzene, 1, 4 - di phenyl cycl ohexane, sec- hexyl benzene, and
cyclohexylb@gmenen<mbdt@u$£heomwm@e@smof claim8, wherein the al kylaromatic
conpounq of general fornmula (1) is sec-butyl benzene or cycl ohexyl benzene.

10. The prgcess f cl aim mherel said,c ctln is conducted at .a
Lomper ot on B 5 TR abectd ohesgtint 15 yhepetn nf okt mouel Ui delal sai d

contacti ngfdrﬁlul?ao@jié%%@teatfr(ﬁn LEBRY AUb@yBEnRAE dc0- ph?r%enz&elg ml&BylPr ocess
of claim1, and further conprising converting t he hﬁ@IOperOXIde |nto a
phenol andsearbvéylbeﬁymfe or Ket-dipheaflcydiehegener al  fser-henydbRr@BCH2R2 apd | 1), i n
which Rl an (ﬁ%xq% %Ethe sane neaning as in formula (1). 13. The
process of X m 12 “Wier ei n converting the hydroperoxide is conducted 25
in the presence of a catalyst. 14 The process of claim 13, wherein

the catalyst is a hoaneneous cataly . The process of claim 14,
wher ei n t h® honbfeeengss OAtAYPsS, Wln stbg aélfylﬂreaetlc FomprEngof sganetal i ¢

aci d, percﬂk&gﬁ' 555&3“ﬁgﬁgﬁﬂﬁéFffﬂﬁ“gégmg ﬁghlor!c aci d, ptoluenesulfonic

acid, ferric ron tr uor | ur di oxi de and sul fur
trioxide. - 26 - 16 The process of claim 13, wherein the catalyst is a
het er ogene taI 7. The process of claim 16 rein the

het er ogeneg(ﬂ ealP §‘fss @gﬁ{lj"‘r“flsleé’v}’ﬁ ﬁﬁ%ta%tr%ls Con‘i%’te & (Fnpgratue of

claim 32, Mng@&@3g@myert|ng t he hydroperoxide is conducted at a
tenperature of 40C to 120C and/or a pressure of 100 to 1000 kPa and/or a 10
| iquid hourly space velocity (LHSV) based on the hydroperoxide of 1 to 50
hr-1 11.  The process of claim 10, wherein said contacting is conducted at a temperature

of 50°C to 130°C.

20 12.  The process of claim 1, and further comprising converting the hydroperoxide
into a phenol and an aldehyde or ketone of the general formula R'COCH,R? (III), in

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

13. The process of claim 12, wherein converting the hydroperoxide is conducted

25 in the presence of a catalyst.

14.  The process of claim 13, wherein the catalyst is a homogeneous catalyst.

15.  The process of claim 14, wherein the homogeneous catalyst comprises at least
30 one of sulfuric acid, perchloric acid, phosphoric acid, hydrochloric acid, p-
toluenesulfonic acid, ferric chloride, boron trifluoride, sulfur dioxide and sulfur

trioxide.



19. The process of claim 12, wherein the hydroperoxide is cycl ohexyl benzene
hydr operoxi de and its conversion product conprises phenol and

cycl ohexanone, which process further conprises dehydrogenating the

cycl ohexanone to produce 15 further phenol. 20. A process for producing a
phenol , said process conprising: (a) contacting an al kyl aromati c conpound
of general formula (I): 21. 22. 23.-2@4. 25. R1/ CHh H2CR2 20 R3

(') in which Rl and R2 each independently represents an al kyl group havi ng
from1l to 4 carbon atons, provided that Rl and R2 nay be joined to forma

cyclic groyp ha’r‘h{grtoiz%s%‘gﬁ%h%%owﬁ@réﬁ%e @ét%g%’is ﬁﬂietgr(%%ﬁécjug cgtrag)g{? bei ng

optionally substi ed, represents rogen, oOne or no al kyl
groups having from1l to 4 carbon atons or a 25 cycl ohexyl group, wth

oxygen in the presence of _.a catalyst conprising a manganese oxi de nol ecul ar
ol tve 18 pFbdubsh PFEIDEECEIRIL oV R DEGRRISE FRADSt coppiises &

smectite clay.

18.  The process of claim 12, wherein converting the hydroperoxide is conducted
at a temperature of 40°C to 120°C and/or a pressure of 100 to 1000 kPa and/or a
10 liquid hourly space velocity (LHSV) based on the hydroperoxide of 1 to 50 hr'.

19.  The process of claim 12, wherein the hydroperoxide is cyclohexylbenzene
hydroperoxide and its conversion product comprises phenol and cyclohexanone,
which process further comprises dehydrogenating the cyclohexanone to produce

15 further phenol.

20. A process for producing a phenol, said process comprising:

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

Rl

/

CH (Y

20 R3 H>C—R2
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

25 cyclohexyl group, with oxygen in the presence of a catalyst comprising a manganese

oxide molecular sieve to produce a hydroperoxide of general formula (1I):



Rl CGOOH(Il) H2 CR2 in which RI, R2 and R3 have the sane neaning as in
formula (1), and 5(b) converting the hydroperoxide of forrmula (lI1) into a
phenol and an al dehyde or ketone of the general fornmula RICOCH2ZR2 (I11), in
which RI and R2 have the sanme nmeaning as in forrmula (I). 21. The
process of claim 20, wherein said manganese oxi de nol ecul ar sieve 10
conprises M06 octahedra which share e@ges to forma tunnel structure. 22.
The process of claim20, wherein the tunnel structure is of generally
rectangul ar cross-section in which each side is defined by two MO06
octahedra. 15 23. The process of claim 2Q,, wherein the tunnel structure is

of generally rectangul ar cpyoss-section jn which each side is defined by
t hree Mh06 oct ahedra. /)y/ // C OOH (II)
€ \ H,C—R?

in which R!, R? and R® have the same meaning as in formula (I), and
5 (b) converting the hydroperoxide of formula (II) into a phenol and an
aldehyde or ketone of the general formula R!COCH,R? (I1I), in which R' and R? have

the same meaning as in formula (I).

21.  The process of claim 20, wherein said manganese oxide molecular sieve

10 comprises MnQOg octahedra which share edges to form a tunnel structure.

22. The process of claim 20, wherein the tunnel structure is of generally

rectangular cross-section in which each side is defined by two MnOg octahedra.

15 23.  The process of claim 20, wherein the tunnel structure is of generally

rectangular cross-section in which each side is defined by three MnOg octahedra.



