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PROCESS FOR OXI DI ZI NG ALKYLARQVATI C COVPOUNDS FI ELD

[ 0001] The present invention relates to a process for
woxoaiiarzag al kyl aromati ¢ conpounds, and in on@CT/EP2008/005627

enmbodi nent includes a process for produci ng phenol and

substituted phenols. BACKGRQUND [ 0002] Phenol and

substituted phenols are inportant products in the

chem cal industry and are useful in, for exanple, the

pr odulR PR OXNIDJZING AEKYLARQMATIE COMPOUNDS

e-caprol acta adi pic acid, and plasticizers. [0003]

Currently, the nost conmmon route for the production of
FIER/ENOl is the Hock process. This is a three-step

rocess in which the first step involves al kyl ati on of

[Oo‘ﬁénz ehbe pesentgrgnfios felates to p paesses o exifizing glkydarematiy compounds,

AP0 ot 10, STERE LS 1556R1 RN BBt pheno.

to produce equi nol ar anounts of phenol and acetone.
However . the world demand for phenol is grow ng nore

Bﬁﬁﬂﬁ&&ﬂgylﬂhan that for acetone. In addition, the cost
0] P PRAoPR SiblsafuteFpHeRols ARt indforHE L $h icaPi d
10 (lglf]lcrease,o gﬁde {0 a éég%eﬁgp!&g{:jlnﬁ?ort a%ggg?tkpr{)g)%ﬁéeﬁég% industry an
are gFOUIn, Towsxanaplpy teeprodudiamn ofSplkenblit epsss, drisghiegble A, e-caprolactam,
d.alke es i nst.ead of propylene as feed and coproduces
adIpleqy Png@ﬂ?Pc%g?one (MEK) or hi gher ketones, such as
[0003%[ cl obgxamtB)) ahe 'AbAClorkan BGR! RN ShEBod&:tRR of phenol is the Hock
attractive alternative route to the production of
proggbendhis. is Rothresxseip brocesshior which the firsh\skepginvalviee alkiytation of benzene
uer ent an

withdwlg%&l:éﬂ%&)h rioa'ﬁ 3 fcﬁlgrgellnfe%llgfv}e@ %9 Pﬁldg&%{l ?)f th\g: cumene go Ih%rcorresponding

hydopetofiiRXaiD ieni Sleavsigd dTSthahyldfshesdidélto peddiRBtequitfioldn amounts of
activator in _oxidation reactions and in the production

phengyl agdiasplonacittpwaps| tp eyalfodrmandsfor pherglds @rexmgonere rapidly than
that ?ﬁfa ?@e’:t)%rgeﬁgfrp gﬁ%{lﬁg}ﬁg}ﬁ)@%ép Errog)gbe[cr:lggglﬂlgém o tifat lgfctymenc:s is likely to
increme -dugtty b lendlepiag shortazet pegsdensher e sec- butyl benzene

10004} Hoisp BriuRass RS OSERE & RR GUCSTeS Mo PraRedene as fecd
S5y S 180 0 8 BSOS Bson, e
thanfeoinerinay tRepatttradiye alt@Bative route to the production of phenols. For example,
there is a growing market for MEK, which is useful as a lacquer, a solvent and for dewaxing
of lubricating 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] However, in comparison to cumene, oxidation of aromatic compounds substituted
by branched alkyl groups having 4 or more carbon aioms, 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
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entitled "Phenol", published by the Stanford Research
Institute in Decenber 1977. [0006] However, in
WwOoQoogEDn22gon t o cunene, oxidation of aromatic EOTEPIES05627
substituted by branched al kyl groups having 4 ur nore
carbon ai ons, such as sec-bmp.benzene, ro the
correspondi ng hydroper oxi de requires higher
tenperatures and is very sensitive to the presence of
weigm}@lﬁﬁqobp@@_enz@m, theaaisl of formmationef segsbutytbenzene hydroperoxide decreases
-4y enzen ont aj ni 1% b i ght of ..
to aBEE VA S AR STRR 62aChRkbpdrt IR 8F iggPltytbenzene. Similarly, when

the 36buthlbtiyiche oapBet IB) H59PBY Meide, tHe edte af esidhorad@idaséli¥oabout 86%;
of that when the sec-butyl benzene is free of
whendhe, igobutythengens. content i 2¥a by Wetaht.t the rats sHixjdasion dsarsases to about

s 6308 Sk % o 50 P S L L Bamion e

to aclomt &sHbous82% by wei ght, the rate of oxidation
creases. to about 84%,  and when _.the isobutyl benzene
[0007F ¢ & hus therg TEMAR ARsegHP tindi7 Qridadiosfpresessiian Rigducing for example

C,+ 306/ SRR Hy&é?éggﬁdgs; aﬁ@%}tic? \y s[egg)?lﬁ]lb%gﬁ% P?&%ﬁeroxide, that is

rermai ns a need an oxl datrron cess
mucprlesiusehsigvé ¢o thexprepdnee ©f #mphikities thaorthe egisting oxidation processes, and

e Y B g O Aot 5 SRR ko
[0008] eSEUSE Mitent NU4! 61952898 h@Redvils £41 612008620 ¢ daYikPhescribe methods

processes, and that allows efficient conmmer ci al ‘scal e
for predusing arhenel pherataltid ovidation foif glkylarematie shydro@e3ins to the

.Pat, <16, 93 avi s d.6,,720. 46 .
corrfpPnd R 15 Blockaqc oRE SyBitdor RV o Y LGRS o eive pheno
and a&etnyt i Catslyticl akidation takak lpydcandtbbxygzehy il e dr&ense bPa free radical
. ..the correspondi ng hydroperoxi de, and subsequent
initigtpp a4y e ofatalig. nhymicaPir eni dbhydsoxycambagiiands eatelyst, such as N-

. Cat al yt.i i ' p . WA e .
SRt My LALRS R PLOSRALY L A Broces il
cumem, ayolehexytbeprarel tycladodikylpelrzony aat deochivtytbetezenat al yst

ch as droxypht.hal j m de, Preferred substrates that . |
T LR o NI SRR -
Medeatéd BY R¥itbBR RRNRIs"GH URISFRE YEHENZENR, 3h8 pages 1051-1071 discloses
sec- but yl bénzene. [0009] I'n addition, the article by

that gyrdoliapilbenzene (€hB)tdan de'dRidjzaddo dhel Ahydperoixitiet withh §7.6% selectivity

at 3%8(2@%%2)89&81?823&%%9% i}ei%%%gtg:eggggg tni]](i%qu a I\F-%glgrlokyphthalimide
catal%‘@n@@&iﬁ&l"xb@ﬁﬂﬁﬁﬁpdxﬂ"ﬁ%dr@ okile @X b dte8 @8It A ihifigtor.
1- hydroperoxide with 97. 6% sel ectivity at 32% CHB

[0018b v dieweysr.avhiloDehydioxyrarhodimidaschaye sbown rastivityfind, selectivity for
oo SR b AN by g, e
from the problems inherent in any homogeneous catalyst in that they are tend to be removed
from the reaction zone with the product effluent and so must be separated from the product
effluent. There is therefore significant interest in developing a heterogeneous oxidation
catalyst for producing alkylaromatic hydroperoxides provided adequate activity and
selectivity can still be maintained.

[0011] In our International Patent Publication No. WO 06/15826 we have described a
process for producing phenol and methyi ethyl ketone, in 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
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[0010] However, while N-hydroxycarbodiim des have

shown activity and selectivity for the oxidation of
woaloéydiazamat i ¢ conpounds to their correspondi PGT/EP2008/005627

hydr oper oxi des, they suffer fromthe problens inherent

i n any honbgeneous catal yst .isn that they are tend to

be renoved fromthe reaction zone wth the product

ef fl uent and so nust be separated fromthe product

maxghd auwio mefr %t(? £5,t3”-|537r—'é)f ands3 4290 Amestromde @saduce an alkylation
effl devel o s [be ROUpp O ecdlg" l%n GaL aL ¥h¢'e (]; fized to produce a
USPLEIRPY G fz‘ix

hy F o pero €S provi

hydr%ﬁ@@bdﬂfe&arﬂCﬂhb yop@ftdu@eeiseaeaveutw piadiud&tttheb@ed phenol and methyl
nmai nt ai ned In our International Paten
ethypkeipne aﬁitbﬁug%obom@e@ss»m@éym SHelvas HelsyéirWeﬂlbatltuted cyclic imides,

are stgf\;tﬁgcf atc, °£1¥féfé%d %:rl i BQI%QR n q@&tl’&ﬁt éfeﬁ yda %Egslttso %?e sa1d to be

conpri sing benzene a
heteRigendouss catalysBet sﬁldh unglethe abky | @ilyd@xo¥ obtddgeldo meiramtlhar manganese

condi m”m PRS0 57585 bl Po R o254
[OOl%] e Bﬁd@toct]agccﬁgl fnelecliaP & eu::% ggssészgr Or?loﬁ‘&l@ilrectlonal tunnel

420 Angstromto produce an a tion f uent
struatenep Riesilsogkrewar dnd gdnbmnméunﬂfyhd meh;cddant sitvs nwtenein ichains of MnOg

octabsf sFalp Eeta Bri BTG P, CEY e oo PEY TR have been
dete@Bdl 11’I'Q£rhfjl|es QF MottestiR @Rgin Md Hl‘éueﬂ;*»b f&ﬁagﬁr}ﬁ@%‘éﬂese nodules recovered

catal ysts, such as N hydroxy substituted c
fromj tHedeesan sfleordi Meongansse aedules have bedrodeschibed b disefubatalysts in the

f I
ox1drﬁt2(§jl gﬁf‘ carrbogprﬁgno%(rl s yegl?ag? and Bﬁtalgeé &{ i% 921@ %?é; H\rllgt))(l , in the reduction

ogeneous Ca suc 0X0 "’

of nhifit dgR1E With raaithienie A tiBdphanie Paviommet X ¥s]. d@s;csomewmn and in the
U S. Patent Nos. 5,183,945 and U S. Patent

demgfaligtinnaaffoppadoerpde Mg RressRCeoN ltVé‘rQ&ePa(FRSHrE&‘E (Bemchirogr Dev., Vol.

1 ssessi ng nono-directional tunnel structures

3’F§3 g?sﬁyknov\n and constitute a famly of nol ecul ar

[0019] eve’Ehe/\hellmdltes:tam matumllyl\/h@uumtgahgdinoas aharganesdgwsdetsowith tunnel
si.ze. . Such materi al

form tunnel st ures of
Srugi T OB AABIE PSoi B ot e e R ofhay Fges o Torm (2x2)

tunn8Nnhifes?| B8R fvere siZR JTHNGanaRelsNOabt R 3.6 AC QY h&UBhA! RMNa and Pb
the ocean fl oor. Manganese nodul es have been descri bed

ions age presehtiin thatuahgls ard coprdinated 1o diatoxpgensiof therdeuhle chains. The identity

nonoxi net e.and.but ane  (US-.A- 3, 3
of 18, e BT, SR PG B ¢ TRt splcies include
holla(rﬂttg@ﬁmﬁ{(DxG) BRI MRD 6),Emarird&O ({d RiD) ) aﬂ@lcbmnadne (Pb
he denetal lation of topped crude in the presence of

Mnsﬂyedr ofehydrethermatrgethosh erh syphssizinpemangapese, oxide qgtabedral molecular
sxevés goséc)s%mg (2x2) tunnel structures such as those possessed by the naturally-occurring

hollandites is described in "Hydrothermal Synthesis of Manganese Oxides with Tunnel
Structures," in Synthesis of Microporous Materials, Vol. II, 333, M.L. Occelli, H.E. Robson
Eds. Van Nostrand Reinhold, NY, 1992. Such synthetic octahedral molecular sieves having
(2x2) tunnel structures are referred to in the art by the designation OMS-2.

[0014] The todorokites are naturally occurring manganese oxides with (3x3) tunnel
structures formed by triple chains of MnOg edge-sharing octahedra. Todorokites and related
species are described by Turner et al. in "Todorokites: A New Fainily of Naturally Occurring
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



10

15

20

25

30

[0013] The hollandites are naturally occurring hydrous
manganese oxides with tunnel structures consisting of
wogoeiiie22dhai ns of MhO6 oct ahedra whi ch share ®dF&P2008/005627

form (2x2) tunnel structures. The average size of
these tunnels is about 4.6 Agsquare. Ba, K, Na and Pb
ions are present in the tunnels and coordinated to the

oxygens of the double chains. The identity of the
coppey | nigkeli dhds geqbablei thet suehe mitale rsubstdpiecfossMn™ in the octahedral

| fi . [ I,eS._ I ude haol,l andi.t . .
ran R £o R QT AR AL 5 ORI, i vty e
tunn¥hdi@leqiond khdahieie b&ibnt cxchatige MeBMNi®yr whidh REHMre tHFRbS zeolites (Shen
met hod of synthesizi ng nanganese_oxi de oct ahedr al o
et ahy|'Mapgaess %&?&@3@% M‘ge@é%zﬁlema rREpPas iy t (chagagterization, and

S Y u - .00
AppRUfRnd’ ShiAeE VRERRE B s s SUTp 8L Adh e PG el ine g mangancse
oxidvioghedrslemelccalassievd posIessing |(3:3) tuatel steictiires suchyasttheseipdssessed by
of Cr opor.ous terialsg, Vol , 1] . 333, ML. Cccelli, )
the pgtprallgpaHngdetorefdiss ibSesabrr RePRrdre40NP2 (T6¥a£0)-sguph synthetic
: , .
O R R e A P ) i SR Y Rl the art by the
desigietiog @MBdn OVB-2. [0014] The todorokites are

[0013f" Ur SRR, é‘sgf%ac{‘e?%qrt‘aj%gﬁg?ﬁ? Syt sicted 3 e SR Fand oMs-2
typeStige bebd empibyes a8 el bhse TRERLRKInt L Garfstd of @LidtKEe organic conversion

species are described by Turner et al. in )
reactiqnse ghelk iap eifie RNNKRIORaRh Rlgokdls Nat katenesyande elgfing.ngManganese oxide

e ' y L€ Val. .. 1 - 6 .
mol AR SREEPhl s B Prarc Yol QRS 3 B i Ren synthesized
and Bave beti propbsudrd O ogidefors@tal yos) daerampled BWPeA-0710622 (Texaco).

contai ni ng high concentrations of copper and nickel, |t
[0016} |, Aeronfing to die 18YRIHORLK Bpsnasy besn foynd thay magganese gxide molecular

sievémo%cﬁbﬁg LAY sélé&[@tgoag %atagggﬁﬁ ;ﬂ#é(})?lﬁat VSt s@&fr{/d@f‘sﬁa:rﬁg%l substituted

particular” i nterest becaus relative
benzeuen; e inclidieg s saeAsutglbenAehei and atydohexytieange, btwhathi oeorresponding
b dV\/ni ch.is simlar to that of zeolites (Shen et al.,
ydropgrR¥idfidse Oxi de Cctahedral Mol ecul ar Si eves:

Preparation, Characterization, and Applications”,

Sci ence, Vol. 260, pp. 511-515 (1993)). A nethod of
SUMMARXsi zi ng a manganese oxi de octahedral nol ecul ar

| eve _passessing  3x3) tunpel .structures such as those .. .

(0013}, dub 85 E5Bedte the ikt Jobenulbr 5 dlofonioelS o °Sfidizing an
alkyR@sgdtich @3mipBuld- t6- Fhe3 AdrbpbnditgX ag@lopefditede, Sthet PRIckss comprising

oct ahedral nol ecul ar si eves havi ng (.’gxs) t unnel
contagting an alkgdargmatic eqrapeuad of gengsak feenglatDpy t he

designation OVS-1. [0015] Synthetic manganese oxi de

oct ahedral nol ecul ar sieves of the OV5-1 and OVS-2

R]

/

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 manganese oxide molecular sieve.
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type have been enpl oyed as aci d-base catalysts in a
vari ety of acid-base organic conversion reactions,
wosaedioiaz4t he conversi on of al cohol s to ket one®Cavkr2008/005627
ol efins. Manganese oxi de nol ecul ar sieves having a 4x4
tunnel structure, designatedsQOV5-3, have al so been
synt hesi zed and have been proposed as CO oxi dati on
catal ysts, for exanple in EP-A-07 10622 (Texaco).
[0018) 01 6In otnpcttmlmdngentothc ﬂveoqem/ @b theomyentiomfusthanepthpases converting the

hyargBERSide e & PEarLar A oy e ot rBe of R Bt Miyle & cocHr®

(1) ah witePRYany REIHayE tsdisid invhfflg BE R RiMSla QIPCde(brﬁﬁlgly, in a further
sec- butyl benzene and cycl ohexyl benzene, to the

prefersed ew@h dhareseat dpengen cré%dessmvmmvce[secprrcrcwcmgea phenol, said
e present invention resides in a process for
pNX%§P xﬂ%n al kyl aromati ¢ conpound to the
COl(zi)&%ﬂQiﬂdhgl@n hiksiaeqestivdotighoundef geneet $ermadati)i Si ng
contacting an al kyl aromati c conpound of genera
formula (I): in which RL and R2 each i ndependently
represents hydrogen or an al kyl jgroup having from1l to
' ‘ and R2 may be | oi ned
rom 4 nalo%aﬂmn
optionally g bstituted
and R represent 7 ngﬁe al kyl groups
havi ng fron11 t® 4 carbon ato or cyclohexyl group,

BTl BTG S BB B BV LB o1

to 4 Qaﬂb@ﬂ labERAY, ptr(h&deﬂf l(hﬁteﬂg atf Rt hayibeyeined enfdrrd bﬁjhc group having from
nprises converting. the hydroperOX|de into phenq

4 tonhi) carpos empd saigr CYedic ofeuD foeftige opaonally| S apd R’ represents
I
hydrggﬁr’%ﬁ? (c?lrr rlrﬂlu(%re aﬁ%&%cor di %dff‘ﬁg lﬁﬁvﬁcﬁ‘?‘% egﬁ%pr eferr eg xyl group,

withasyygent ,in tﬁeepqesamemf ai aaﬁaéyﬂtloomprlemlgobemahgarmw ppide ssoléadar sieve to

rod C|n a e ocess conprising: (a
produgs, Bydro ﬁroéﬁpeé?r} P%YP%HPB@ mpound of gener al)
formula (1): in which Rl and each i ndependent |y
represents hydrogén or\an a group having from1l to
4 carbon atons, [ thqungﬁﬁi R2 naM be j oi ned
to forma cycli avin to 10" carbon
atons, said cy rgQp bei _;gﬁpnally substi t ut ed,
and R3 represeﬂfs hydrogen or "nore al kyl groups

I
|qg gandR; car bon atonslgﬁm%uﬁ%&,gggxyl group

have the same meaning as i
(b) converting the hydroperoxide of formula (II) into a phenol and an aldehyde or

to forma cyclic
atons, said cycl

in Wthh

ketone of the general formula R'COCH,R? (Il), in which R' and R? have the same meaning
as in formula (I).

[0019] Conveniently, said manganese oxide molecular sieve comprises MnOg 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
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).
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wi th oxygen in the presence of a catalyst conprising a
manganese oxi de nol ecul ar sieve to produce a
wolgaraperoxi de of general formula (11): i n whipch/ERR008/RB5627
and R3 have the sane neaning as in forrmula (1), and
(b) converting the hydroperox.de of formula (I1) into
a phenol and an al dehyde or ketone of the general
formula RICOCH2R2 (I111), in which RL and R2
[0020) e HemyaniRptlyssaid atkylarematiq ¢ompauod p@pem#vfeﬁmélﬁt(l)ys selected from

ety J RS S e e Bon A RATakr PR ATk loenzene, 1.4-

re edges t

dxp}&hyluydluh@cané}e nswceliexylbenzind, mepglapangbendede, nmoyodshexglbenzene and
SIGV@ may be i on- exchanged with one or nopre npetal
cyclpasty ﬁ%zenﬁoqnda%saﬁ?fﬂ &y Weteibuyasngens argyelohexylbenzgpe.

[Ooﬂit aSébHv'Eme%g?t S c&ﬁédt ?18 P dukidy a8 I ke Gt dbBEE 20°C to about

d copper ernative vari ous divalent cations
300‘darsubh as rabbuid8ePd o abeut PAt@eThes catactaty srionveniently conducted at a

preshi o ARt 1kt 4P OP O SN0 bAORPRE¢ oyt BP0

[0022§sul C@ﬁ‘\;en'igﬂltﬁc Weabp ﬁb@a\lecoﬁ%rﬁﬁgsﬁﬂ ihidt hﬁﬁc§spér9§1dé he phenol and an
manganese (seé reference Shen e

aldehydx20r- I@tqr@Z[Q)/dl[@m}de&mverme isteipy(b) saﬁhd pmfkyeéamtt dertalled above]

is C(g{dxx‘gf) é ztg?] ggeesg%{é%feg %rtgyyl g usgli/ll)l Géﬁlzlioﬁlléoeg%tngous ca?arpyst for example at

leasﬁ&ﬁrep@ﬂt yhlaenzerel, perdBlony! askC - phiisphdeNZRNE, hidrbchloric acid, p-
henylcyclohexane sec- hexyl benzene,

tolu@yzgulé‘cpg@]@g) ,bfgﬁzcenﬂﬁomtey bprsmdriiinerade: spldurgdiexide and sulfur trioxide.

0L AN 9085 R g5 AR rcsnc

of aheuet@ehemxg ca’&l}(sqmdcltisedsrﬁéctﬁe tlapper ature of about 20C
ut 300 suc s about 50C to about 13Q0C. .The
l002€$n eRvegiendy o ShRy @@FWI oferxeriing dstep, (B) dastheeakgve preferred

aspegﬁ gﬁ{;or%lgléégﬁt 5@ F d-%ge%ﬂl C%%(\}de mﬁ’ffé‘% t%@b g ?b?égaﬁéﬁé P%rés@ure of about

100 ctonubauiti hgntofkPh hmdﬂMd o fiquidXx holelyt Gppdee Welocﬂyﬂ d(I#HSV) based on the
al dehyde or keton drqperOX|de converting step (b)
hym”ﬁmpﬁébﬁﬁég@ﬁﬂéﬁaggw&%} detai | ed above] is conducted

in the presence of a catal yst, such as a honpbgeneous
catal yst, for exanple at |east one of sulfuric acid,

RI@tDESGRIPTd&MQE}QMRNWINGBd hydr ochl ori c aci d,
nesul f.onic acid, ferric
10028 P BRRaL i dugelh camgern “Sbfentsie, (GHR gpaversion (%) agains
sec-f)t@?l%@ﬂlzeﬁle t I@}Vd?@ﬁdrélﬁkié’ (SBBHIY SE160RA9X (4§ 6P IHE N h8rox@phthalimide
be is conducted in the presence

(NHPI) catalyst used in Example 8§ [upper line] and for the MnO molecular sieve catalyst of
Example 1 [lower line].

[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 barium-exchanged MnO molecular sieve catalyst of Example 4.

[0028] Figure 4 is a graph of sec-butylbenzene conversion against sec-butylbenzene
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of a heterogeneous catal yst, such as a snectite cl ay.
[ 0024] Conveni ently, the hydroperoxi de converting
wO[200%10%28) in the above preferred aspect] is ®omdEPOIS8®HO5627
at a tenperature of about 40C to about 1200C and/or a
pressure of about 100 to abowt 1000 kPa and/or a
liquid hourly space velocity (LHSV) based on the
hydr oper oxi de of about 1 to about 50 hr 1. BRIEF |
[002&5 igare ONs @reranHEC aDREaNnRIGS:-p oy B nzdreonEersionygaingl ps on stream

cO ri sec-hutyl ben e | Lon. (9
or B ARG B SR Sk ofExampl s
[0036F! eqtipyet ¥ (9)a f @aph heorhpdingr e¥y-binlyltdhizdied@onMrbibh against sec-
catal yst used in Exanple 8 [upper. line] and for the
butylprarens| hydiorsroxie seleetatity {5 tthe firesl anp irecyrlqd bggpm-exchanged MnO
moldclAPLicyd 020ks By BUAS R 4.5 2 araph of sec-butyl benzene
conversi on agai nst sec-butyl benzene hydroperoxi de
[003sF| edligwmet Y ikt grdph beunparing tiohaegbayMearenel eanvlession against sec-

i eve catal yst of Exanple 2. [0027] Figure ' .
butyfpengsne oy drepergeidg %9&9?@% Bbibercp ?f'%l%giﬂi‘ffg Maid mplecular sieve
catalZ&tr SP'EXH%'&)EQ st e Godithd BhAh-XERAMPEE VO Afblecular sieve catalyst of

arium exchanged WnhO nol ecul ar si eve catal yst of
Exaripladpl e 4. [0028] Figure 4 is a graph of

c- Qut yl benzene conversi on ai nst _sec-butyl benzen
100337 G LS L@ bLioey SOY R B aF NS KA R Sy Tbenzene
hydrBpQ@bLiad sélediveiyeof thein¥RdhafgedEXAMPElebulbPie cdralgsts 8f Bxample 6.
i's a graph conparing sec-butyl benzene conversi on

[0033hai ddgurei %reis oh ezanhe gomparing fike Seebrtyhgazensc genversion against sec-

ari unsexch > r_si c I .
buty erézne,él ehyﬁ?op?%g@%] g@efgémqul{h% rgg n%é%lﬁl-%é%paéé%dﬁ%ﬂlb molecular sieve
catal§StCoD Bxyhmpn Zeard donier Shtimagahdiped Sealuimdlbmitaresieve catalyst of

hydr oper oxi de selectivity for the fresh and recycl ed
Exargpleifum exchanged MhO nol ecul ar si eve catal ysts of

Exanple 4. [0031] Figure 7 is a graph conparing the

sec- butyl benzene conversi on agai nst secbutyl benzene
DETAMUED BESCREFEON OF THE EMBODIMEN®Ser - exchanged MhO

P e KRN RE R Y R—
of geR¥AMrida (I):

R!
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.
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

atoms specifically shown in formula (I) to form a ring. Thus, in an embodiment, R! and R?
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[0032] Figure 8 is a graph of sec-butyl benzene
conver si on agai nst sec-butyl benzene hydroper oxi de

woebsvini ty for the unexchanged MhO nol ecul aPCIiRP2Es/005627
catal ysts of Exanple 6. [0033] Figure 9 is a graph
conparing the sec-butyl benzere conversi on agai nst
secbutyl benzene hydroperoxide selectivity for the
magnesi um exchanged MhO nol ecul ar si eve catal yst of

togethen gphstitte gty dregarhy en@aty that eonmbets de theveatbem afemﬁl ¢frformula (I) to

TAlL LED DESCRI P

si eve,.cat al yst .of Exa
forni S BEERLRAATY SBEE T oL B0l Ao ST BRM b Buvaisbexy! group,
which RaP®ESEbdtidiite@WWith heer ﬁhﬁreaiilkyﬂ gi‘bﬁlmhbhﬁg (fﬁmi)QLthl &drbon atoms or
general formula (l1): in which Rl and

Wlthl RBER pfn e | Bhenyh eaawst Expmnlesgoh %\“ab]ﬁ alku(worgwem gompounds  are

s 0 LA Lk o SEHD 0 RSy e, 1.

dlphbmyldﬁbloimxbmj sat-hesylbatene, capdl dy@lo@&ﬂ;ﬂberbenflgvmlphe@bﬁdylbﬁnzene and
substitute and R represe one or
Cyclalvwfbeg%%ﬁ ingaprefigreds dvil T ebobeciiipod BAsinghe gese where R! and

R? afey, mJy &h%xf&mga eyal dé%ﬁp,&hé AfbeP dp%aegogg fhRAe e an@{tﬂlgﬁgng is from 4

eJO|ne O ONn I s use nto
to l(thawemrt thahang maytltseléamhw ohe &imareckulgtitoentspueh as one or more alkyl

groug%goglﬁé enl‘l I—‘é aclgﬁzv]ol ; Olélgf 8}1? gf h)\gge Pﬁ?{?{ lgrou%rs]ta{stilnetﬁe case of 1,4-
duﬂénﬂbyﬁ6ﬁg&né hydr ocar byl chain (having 2 to 8 carbons
in that chain), with respective ends of that

[0035}; v dneme’ prmalrﬁrb@dn@em Hieedk tlgyomatic compaungl of general formula (I) is

sec-lﬁlﬁgl% Iféleﬁlglglﬁg Is nﬂ%g@ rlpf aﬁ@"i uﬁ%{)ﬁ%[et O f Ipleag neg(tjtfllgylatmg agent

unddﬁ)a(lk}@ﬂ&fnbgdndmwﬁtayldhh&he PERORR! & 4 ﬁetéf&ﬁgeﬁélfubwﬁtaa}tso Much as zeolite
of formula (l) to forma C¥C|IC roup. having from4
beta 105 mgrepBrefapbisat ke vari wrtacylag seeyémfh@feywéfl@@pfamﬂy (as defined

belowg (i“He IERI%JD-%%H& 105?5@&(&‘1%&1{1 Tuds 2 gﬁ{p%reﬁuéydf fgcgrﬁ YBout 60°C to

carbon at O one or
aboup Iiéﬁ‘i@ fgr oxigoBple Beangeinesboaf 160AC adal aboalk RY0AC andrvr @ pressure of 7000

e RO o Y S U508 2ol SRR oy spce

velo@i'l}p \QY@Js&f‘%ﬁaL“!;ealkfﬁﬁngﬁééﬂt REZRA&n @38t 0.1 and about 50 hr', for
cycl ohexyl benzene, sec- butyl benzene and

exalmy@b@th@ﬁlyhbmizl@mé albeutnlg)lpTef erred. It will also be

1003807 sl ind ol o CREen o e HlrRE aES Fokdhthffne, namely
butehd €, Btehd-2 dri Nehikturd HRA. t Dhel Qlkytpine Vilent E&tRklshi Bt0an olefinic C4
hydrggaséhelg': ;lil(q{q@;q%rn{a){mgg (lelngaEr brIRetn%s Sslflk():lsl tals tc::\Jne gé ?)btalsnue(czir‘:)yasgtea(r)r? Srackmg 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, 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).

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

(I) i1s cyclohexylbenzene and is preferably produced by contacting benzene with hydrogen in
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groups having from1 to 4 carbon atons or one or nore
phenyl groups, as in the case of 1, 4-
wodoahEny4cycl ohexane. [0035] In one practical PCT/EP2008/005627
enbodi nent, the al kyl aromati c conpound of genera
formula (1) is sec-butyl benzgne and is produced by
al kyl ati ng benzene with at | east one C4 al kyl ating
agent under al kylation conditions and in the presence
the pesancheifer bgierngsneousabifiingtipnal seatdlysiswhrieb| dotrprises at dgast one metal

.nor.e .preferably. at | east, on cul ar sieve of.t.he .
naviggn 9B eEatioR sdtiy o iy s Form dhe, BigParsistine of palladium,
ruth&RME] hicRBIS akd BYSIN, &Rl & cfy@ﬁi'llmf:eir@r%aﬁim Bkt UhSteAAl hdvaiB alkylation

about 60C to about 260C, for exa e between about

activigogpinally ablsast ong oodeamas/strveHf th €2dhmilydas definedbelow). The
, t ., 350 o
cont%cﬁ%%osrtéﬁ; Esv\eé&fé%ﬁieﬁgg H&H&\?&&P tdt g.' qglgg%rgglu?% b utbg()s"lgg%o ﬁbout 350°C

y space ve

and/6r @picyduaé bNgboa@e00 t®abdue 7T0EERPakliér DbénzandltocablidgenlGnolar ratio of
for exanple between about 1 and about 10 hr 1 .

hr 1,
about @3 gp atrpret 160 andieyp WHRY efpbaut @Bhie#houkd P conpri ses
(0038} | epgt teﬂﬂe“l\l/IEM-QQ f'aHﬁﬁr‘I%aFE\QfE{o}‘ B &S oF b %ﬁﬂ)ﬁzg family” or
ot a mxture thereéeof. e al kyl ating agent can al'so be
“mokenulat afevaiaf thd My -@Rafdadly” norx tMOM-QAnfaaiily pepliteNeas used herein,
., butenes, such as can be obtained by steam cracking of
inclydes, Q0T BPdne, butane, LPG and |ight napht has,

oa hééhlaﬁ sfé(/@sglﬁ%a@frelfr) zf‘&ﬂl%lbﬁﬁ ﬁ“&g Rk Qgsta'il"ﬁ{é lﬂﬁ{gﬁn block unit cell,
f eedst ocks and by conversion of ox%/gen tes, suc &
mewhahohnitt cell daerthel W RS . frdamewak atgpobgyt HA funitl cell rig a spatial

C4 hydrocarbon m xtures.are .general.ly avail abl e, in.any
PP B! B g R B AT R IRG EepiRl Saokst dRSPHE the crysta
angin@fi@e s SidRbhRtal Qfrustteresaite ldiRulsdd Qh??ﬂa alAltRY FI&dlite Bramework

crude steam cracked butene stream Raffinate-1 (the

pr dupest’, Fighedhiong2Q{l dre entire/eamtent of whachi is incgrporated as reference);
hydr ogepation to yepove butadi ene fromthe crude. steam.

w1 MOlECHIA Hee et AfaTERYT Porand el iling blgck. Being a 2-
I egiicnsiddaldili of QR XA W fraliehadt Rp810a)dinit@NstBARing a monolayer
fromthe crude steam cracked butene strean). [0037] In

a ploneHat gstldbickaess, prafsoablyrerg c-uniteelh thighngssmat i ¢

co und of general. formula (1) is.cycloh | benzene.

<o ERRE U e PERRGC robtr D pedonidef e B b BRERS Mipe tayers of
hysiieo@emotethhe o a6l titkresd) eitRiE8 @RERYSEr of more than one unit cell
bi functional catal yst which conprises at |east one

methigknggsyiis maadeyfaern gitackinge Rackang, ar thynding gt kegst] tvo monolayers of one
>cLEA 1 AL R AFEL! L Bl AT ks ca e
I negglanifsshivn, de irfagwlal fshioay a randoink ¥dshionQdr any combination thereof;
and

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
obtained by standard techniques using the K-alpha doublet of copper as incident radiation and
a diffractomcter equipped with a sciniiilation counter and associated computer as the

collection system.
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activity, typically at |east one nol ecul ar sieve of

the MCM 22 famly (as defined below). The contacting
wosmegpioz4conveni ent |y conducted at a tenper at iCE/EPR2008/005627

about 500C to about 350C and/or a pressure of about

100 to about 7000 kPa and/ or.iga-benzene to hydrogen

nolar ratio of about 0.01 to about 100 and/or a VHSV

of about 0.01 to about 100. [0038] The term " MCM 22
(00404 1vi | Matesialsrafathe MEM-22nfaraily ancluste Mﬁ?édfa@mdggrlﬂ)amlm J'S. Patent No.

4958325 DSBS | sebdiif s, b a0l 4%, 967,95 (M &iin U S, Patent

fam use erein es o
No. Qf826 660] @Rﬁ-af(dé‘sbﬁbaﬁlnl’EdSpefahQﬁte&t DN02ZYB0BLY, STleegi’eﬁﬁ‘xbed in U.S.
stalline huilding block unit cell, which unit

Patep; 0 OH 7 AN 11T Qe (s rried ip M@gﬂatl@ml Batent Rehlicatien No W97/ 17290),
Mcmg&lécr%erdaiﬂ%@a%tegf N 8 \yg gI}YIEE\/I-&}b );g?sa 1Bed in U.S. Patent No.

I mensi onal "space descri e cr
5 23615f7ﬂ);tMCM 56U(désceibyd timlU.St PatemuNess,ase 6617 diletes! (described in U.S.

" At f ol jte Frame T ypes", Fif edi tion, )
Patebe‘f 607aR Vafh ind Iewsmhea@v%p wHYIglFEhier sicues B%F MEMSY family are
prefér?écdeise{l‘ﬁea)kylatm @d?dﬂl_yﬁrsﬁdeeﬁ’l@f hARdBedn’ RTHA &‘Bgrﬁ?ghlﬁ selective to the

second degree buil ding bl ock, being a 2- |nens
produgtiom g)fofsecs-buﬁylbvwvrfer aasemmpatadp oViglgythaniother ebllltylbenzene isomers.

Prefis Al PR SO Rris S8R oM (B4 HNERT 26 and (o) isotypes of

MCML@/ﬁﬁle%rg{éh(‘agl]’UQm second degree buil ding bl ocks,
being | ayers of one or nore than one unit cel

[004dhi ckFhes pxidatienestept He thaypresyit pcesst Hanefderded it contacting  the
alky%%ngatfcm ﬁ{i}% eas tﬁl{ &€n ff&ro&afﬁp‘?ec lg# 14 foRR % If' n lc]%Btalnlng molecular

ng a nonol ayers one un t

oxydeh] eichessir, Tih ehespragnce of ah aad&hhaaﬁgﬂféod§ gatelysoeorhstigige a porous
bl ocks can be in a.regular fashion, an irregul ar
mangaep; Gpideamolgsytan %‘seh. Sonvenienly, the n‘BFWF%?n oxidgrmgecular sieve

comgrn% NIHb?Cd& dI%I ‘%!{%ﬁ §1“i9fée (??éﬁ atgyfo gi'|3a([1mgﬁ?15x?d1 df?emlework tunnel

nen3|ona I Mensi o natlon
strucogt Ihavingvaxnbartgb&lMﬂWt{llr caenon pkasempnlthgyum{eﬂi()ﬁﬁk}nel catlons) In one

| ecul ar sieves of the | ude t hpse
crnbyBingEt i B B R, RGeS Fy eGP M IpAC B fdees to form
douUl@éHaHQ' Bl Wle SPRRRS offﬁfé'(ﬂﬁbl@tchﬂigs Qf&r@@omé‘s Y8thladtjacent double chains
07 and 3. 420 7 Angstrom The X-ray diffraction

to fomataé X2 @mrlebstmo;amcsueh ayis pré¢sentrintthe nagirally eccurring manganese mineral

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.

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

with the general formula (IV):
[A16.aMa Mny6.. O2]n  (IV)
in which

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);
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obt ai ned by standard techni ques using the K-al pha
doubl et of copper as incident radiation and a
wodiobéd/oiaz4or nct er equi pped with a scintill ati oPCTmEP008r005627
and associ ated conputer as the collection
system [ 0040] Materials of the.MCM 22 fam |y include
MCM 22 (described in U S. Patent No. 4,954,325), PSH 3
(described in U S. Patent No. 4,439, 409), SSZ-25
(d&cri irpdesentsla Biticozatipn thay may, 826, @ddationmkee 1, +2, +3, +4 or +5,

eGSO SHEE RO DB LT ) ] B manganse

(descr i bgrtedentsimdrpanése] onal Patent Publication No.
W07/ 17290), MCM 36 (described in U S. Patent No. .
5, 250, 276573 numpbes 29ual de 9& grenter than @erg, adgleshthapol 6, preferably in the

, . 56 (described in U S. Patent No.
rangg:oggg,tgg%é,, M8 (described in U S. Patent No.
6, #56, 0309 nurabel equalttaoe greiatee tlemfl. Mol ecul ar si eves of
e 22 famly are preferred as the alkylatio
WO“%Et a;ﬁé PYPHT B3 %’V%Q@’é‘%@@hg? Sﬁaﬁte{}ot ‘%ilb H1ay 'have one or more

1 . i . S
OSBRI A2 ST IRTE Y 806t mangns

oxidprsedehyditgd, sudtteasybly dicating atsi temnperaturs off et least 2000 feddre being used
. thl\/lf:l\/L 49, i%% MCM 56 and (c) isotypes of MCM 49 and
In thipPRaseR OXGUANPLOEy. 2 [ 0041] The oxidation step in

[004ttre Ahahe FendtaPeRfitild GVOf (vieicelleRRYisGRGlcAhAN Ree tthithe]l cation A then
al kyl aromatic co:&qound W th oxygen for exanple in the
eachf 4y mpayobe thegamecwrdifferenhyithoegard taoxilalige state grdforametal.  Similarly,

i ' . het. 0
e the PR BBl FRARE o030 B N SHE VARG R M e the some

or diffefine withaeyfaite bkiddtion hatenmd@rneasl. GSuidblerhétals Ybiethe tunnel cations
. sieve conprises MhO6 octahedra which share edges to .
A in¢lydepefassivn niodiimdFEFium: RARWS: RAgRATHE!. siverAnd AoBPerauigble metals
. . e | 3 n . .
o ESHREFRAL B OSSR SEOR, Lo v 1wt
appradtiated that ¢he sinodmptisedApbutvivbéhokattaeadtiansii, chn gemraly be replaced

edges to.formdoubl e chains, and the octahedra of the

by cQBRBP AL i SNSRI REr s wi th ad) acent doubl e

[0045)ai MhelRaddahBeforxddmBldcHRP Sleved EHploYERIn i Phesdft ddation process
present in the naturally occurring nmanganese ni ner al

can beirpdungd by angef theasynthesis mathads knewnin the ast. nbdreaxamgle, OMS-2 (2x2

i eve,woul ave,genperally square crosssectd on res . )
tunnd) SESHRY WnOTHEIRRE " Soved, SRR SuSERRE TS, el BeiRRS described in
"Hydr6thelinihl  Syhtidsise b Mantanése NORdes twide tTimBeMStrlicth@E 06 Synthesis of

pores is the 3 x 3 octahedral nolecul ar sieve

Micrepgrpuss M#tialg Viob Thakads M LoQeealhi . RebespmBds Wanrdesiiand Reinhold,
NY, § 992 rv%‘eiréag'OMS-l (3x3 tunnel structure) materials can be produced by the methods
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
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
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[0042] The porous manganese oxi de nol ecul ar sieve

enpl oyed herein typically conplies with the general
wofoemabz4( 1 V) : [ AL6- 3MBWN16-3 B2 n (IV) in WRCTEPA08/005627

represents a tunne! cation that may be in oxidation

state +1, +2, 13, ' 4 or +5,_wherein the netal of the

cation is selected fromthe transition netals (G oups

3-12) and netals of Goup 1 and G oup 2 of the | UPAC
conveaient i icenduskidaingf cata tidisiibation ynitjandghe Qmmperwlde produced may be
condeiRAES 8] sy Bin Ut e Su @l A 1Aon Y Bk flo £ dat ! on

erernt of the
[0048Rt i OThd Srodudtrofiild &mdandmteaéudrﬂl@luﬂes Bhﬂc&bpabhﬁle oflgafleral formula
manganese; M represents nanganese; a is a nunber
(ID:equal to or greater than zero and | ess than 16,
preferably in the range of 0.1 to < 16; and nis a
nunber equal to or greater than 1. [0043] The porous
manganese oxi de hydratgd, that is, it may have
one or nore H2O ol ecuNes assbciated with the general
formula (IV). T OoCHe nmanggnese oxide
i s dehydrat ed, by haating at a tenperature of
at | east 200C, ei ng A§<’€L'e_d_q(12the pr esent
oxi dation pr ocgss [ 0044] In % gener al for mula (1V),
in wVA\Ga{ Gt r191’eanHSRm:l‘[a%et gn same; rr})%e%m)?h a$ %1' R ula Qﬁn %"%gi%rably, the

nay be 't he sanme or regar

hydr@iid:rdﬂidb Q@scﬁ:ﬂﬁitﬂbéﬂéh@ hydﬁﬁbédoxufél dﬂcbfﬂbhé’){ylbﬂiﬁé@e Iﬁ)hﬁ‘operomde This
nposi ti on contains nore _than one lattice cation
hydrpR@R g5 oD Nhemgomeried dysagie clsavager oephsap! (whigh r"é@’aP%l a substituted

phedoﬁ o] aﬂkaah{jél@cié %?k@m%@ %9{ u%&ﬁ%?il fornttild R%écgﬁka'(ﬁl)f ff which R' and

e tunne tions inc otassi um SO
R? ha&s&ammbareammg asig foesiulangl). si I ver and copper. Suitable

r the lattice catlonsM ncl pyde magnesi um .
10048515 fh Heavage TERI9BY IS £08VSHRILY £ esisd Sy kf@n%ﬁa%gﬁleabé%mperomde
w1thtzh@§ta zgtemt t#Hen 1cP his@ns aA\!eg%@L ate loftdbBut 9@&0 &£ btk | 1805C, such as

genera e rep ac Yy conventli onal 1on
abowﬂO?@m@ abéac]l?ﬁf’@ua&i/m[ £ Pesjurd o€ abutgEiN@SEHoaK LEED kPa, such as about

nol ecul ar_si eves enpl oyed in the present oxidatiaon
100 ipoghoss 1000 KkBa pndéprc adligid abgurbr spae ¥5leehp<(l4ISV) based on the

hydrBFérg)Qiqé JEMe o™ tdebBht 1007 AF ],eﬁx%fg?é‘tﬁy AN 7 (62%out 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.

[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
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. 4870217 (Texaco), the entire disclosure of which is

incorporated herein by reference.
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tunnel structure) MO nol ecul ar sieves can be produced

by the nethods described in "Hydrothermal Synthesis of
woNaeyganese Oxi des with Tunnel Structures,” i nPEYEPR@si085627

of M croporous Materials, Vol. Il, 333, ML. Cccelli,

H. E. Robson Eds. Van Nostrangs; Rei nhol d, NY, 1992,

whereas OVB-1 (3x3 tunnel structure) materials can be

gquoduced by the nethods described in US-A-5, 340,562
[0053hd Us-the sas2@hepathe dkybwemati¢ 4empeunthhat 43 pridizgd eccording to the

inve qﬁ'}é‘lelr% h?(%lf?lée?(&bbtﬁ{qgeﬁlggtthg f%gilzilaﬁglg grro:%ﬁ?tgl% Egcl&%kﬁfbggze%g %?élgperoxide and

re 1 ncorpora

the dI€vRES pRadueetenpies  pheRAOI4&]d ytictickeandial | YRe siideh@giohexanone and
nmet hod for the production of OMS-2 (2x2 tunnel, .
crude phapel fipm)thaplenvage stepimay by sbiested o F BwafiGafion ta produce purified

. ' . i cati i al. 6 ..
L L T
seriePbR A3dHA D) towk BG4 &Epavite tthdt el aheratidne @nd pheriol thiven other species. The

crud B AR DGR RBR M HBDIEbS SURI R B RrogBRop g oRler to convert
i ; beut 0
1 i, S0 G0 iy BB A0 gl % st s

platimxm,dackebor padladiumon | sconveni ently conducted in a

talytic distill.ation.unit and th roper oxi.de
1005 o o vy ase i R Hehimsed s sy BrgBeT it geference to the
fOIIOWM%ﬁﬁLﬁﬁlljtﬂ{éq_y*@ﬁlgg@tip conmpound. [0048] The product
of the oxidation reaction includes a hydroperoxi de of
general formula (I1): in which RL, R and R have the
Exasageel nmeaning as in formula (1). Preferably, the
'H? roperoxi de i s sec-butyl benzene hydroperoxi de or

[0058) cl Aextalysenae pecpayell bpeombidey 300iggaty df dphixed dBI) water, 13.3
can_then _ converted by aci d cl eavage to phenal (which,
gramgegf petagsiup ermangadaics iedol ¢ gams 2f Bimpsicyadd ovitlk stiging at room

tempgﬁnaéﬁ%e He '?ﬁig(ﬁlére fod %ﬁl%@%@g a *do’rﬁ tﬁrﬁéﬁ‘éﬁﬂ@.eﬁbgﬁg]sﬁrring then

have 't same nmeaning as 1 n fornu
was Tihered land vagked: eAqlortion ofSthe dnieé saraplel wasahérre caleiedyn air at 300°C for
ontacting the hydroperoxide with a catalyst in the
threelcl?och‘Eﬁ'd phase at a tenperature of about 20C to about
150C, such as about 40C to about 1200C, and/or a
pressure of about 50 to about 2500 kPa, such as about
Examhpl 2 o about 1000 kPa and/or a liquid hourly space

locjt L based .o he r r oxi,de_of about. . .
100582 Pl o s s B ErEp T, Rt o, BR gered to fon
exchBigelusink'8e following procedure:

a. a solution was formed by adding 26 grams of solid barium nitrate to 100

grams of DI water;

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

washed with DI water and air-dried.
[0057] The dried sample was then calcined in air at 300°C for threc hours. Clemental
analysis showed that the sample, prior to calcination, contained 46wt% manganese, 36wt%

barium and the remainder oxygen.
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hydr operoxide is preferably diluted in an organic
solvent inert to the cleavage reaction, such as nethyl
woeabbéwdioteat one, phenol or sec-butyl benzene, toPaIFP608i005627
heat renoval. The cl eavage reaction is conveniently
conducted in a catalytic disgyllation unit. [0050] The
catal yst enployed in the cl eavage step can be a
honobgeneous catal yst or a heterogeneous catal yst.
[ 0051] Suitabl e honbgeneous cl eavage catal ysts include
E suh{%ric acid, perchloric acid, phosphoric acid,
Xagifidehl ori ¢ acid and p-tol uenesul fonic acid. Ferric
[0058])] OTA d&ital PRI W& pidphtedOby d@mbinihg WB00dpRxisdef MIdwatet,f 40 grams of
trioxide are also effective honbpgeneous, cl eavage
potagsiira [pyspangamiie, andet gramsdf Hompne aad iy thestisrng gerooat mpstature. The
. [ 0
ity 34 thaBlo Rl do a® Atodts Mhs s WELHCHRINE oneas ftered and
wasHedd Pop@tion ofl thel diddsd@pleawssmhen tdleined ayair aL800°@Sonthree hours.
acidic nontnorillonite silica-alumna clay, as
described in U S. Patent No. 4,870,217 (Texaco), the
Exaﬁﬁﬂéie di scl osure of which is incorporated herein by
reference.[0053] In the case where the al kyl aromatic
[0058pnpupertidradf tle catalgstzefdEsanpled heforo calomation evasi smhjected to ion

i s cycl ohexyl benzene, the oxidation product is
CXd%ﬁ%?%WE%@FE&M?@HgPHVﬁFWﬁeroxide and the cl eavage

pr gduct , GRNRAIhSREs RiERA! by2AddifY C heNE¥RB UTesolidarkint @@rate to 200

cycl ohexanone and crude phenol "fromthe cl eavage step

may be guwnseftllawater;f urther purification to produce

pupi fied cycl ohexanone. and phenaol .. A suitab

Ui 11 carae B S SOCAERRR ebd R Broou AP Anele 0 cups e added and
a seri ethe@bhftiontwdslseitre@ fort WMAIMtds9 separate the

cycl ohexanone and phenol from ot her species. The crude

or Cpur i thead] vps 7 srithaemetiestmgyt; prde| f be subjected to

dehydro | j r . ri i

ek SR hR ik AU ko B P er
cat al ystashedhwitis Dp hatdr andniradriedel or pal | adi um [ 0054]

he igvention will now be npre partic rly descri bed
(00604 ¢ o anRle, YA ShERD CRIGIRA G e 3 e fog thses orEss, Elemental
analySXARWRd thd OomRkd At 3 ¥Sitaii@h %@gg%édmv_ 9@.@}31@1 045, and Ba —

300 grans of deionized (D) water, granms o
62.4pot assi um per ranganate, and 1.6 grans of fumaric acid
with stirring at room
Example 5

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

ion exchange using the following procedure:

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

ammonium hydroxide; and

n addition

d. after stirrin

o 10
o -~

"
D

f

washed with DI water and air-dried.



10

15

20

25

30

tenperature. The m xture was then allowed to age at

roomtenperature with no stirring then was filtered
woaneh/cvaztied. A portion of the dried sanpl e wa®rmmo08/005627

calcined in air at 300C for three hours. Exanple 2

[0056] A portion of the catalyst of Exanple 1 before

cal cination was subjected to ion exchange using the

follow ng procedure: a . a solution was formed by
[0063Hdi nkhe2drieg samplefwasathpr) chlgined rin it ata3 @0°Cofor gliregrhames.  Elemental

o BB ol A B AT BERFISFPIE) €6 L 7. am -

63.3was stirred for 90 mnutes; c. the pH was adjusted to
5.6 with the addition of 0.4 grans of concentrated
nitric acid; and d. after stirring for an additional
t he exchanged sanple was then filtered and washed
Exal&m{{f DI water and air-dried. [0057] The dried sanple

[0068fs tAamtatyst ovasegreparedi by abmbiiag f600 glanseofh @Ir water, 80 grams of

El ement al anal ysi howed that the sanple, prior to
PotaSifR (ARETREANALE oAtk | i e H@&ﬁl@swlns%wng BLFqQiRytemperature.

The #i€utd'®ad i idg@@kdgg%ﬁ%_@ Rt R fpelatulORRh fd GatiRL }'flgetn was filtered

was prepar y co I ng 300 grans of DI water,
and wyashed. oA fpstt portipn wf pee deed)smaple, wasntties cglicaned infair at 200°C for two

fu ic acid wth stirring at,rgomte rature. The .
hours\YElK & FE Heh Sainsfidb Fo Ayl o GB Hebip e uPe porion was
calcitiéd th di0atSf0OPC ifSIwWoRursvas filtered and washed. A

portion of the dried sanple was then calcined in air

at 300C for three hours. Exanple 4 [0059] A portion of
Exaﬁ:ﬁﬁe‘?at al yst of Exanple 3 before calcination was
subj ected to ion exchange using the foll ow ng

[006#) oCedyoftiondof theSedtaly$tast Bedinple ravbefoky calcidlhtich 2Gs Gubjbted to ion
exchglzgesuoslirlgdthgJ %(glilolﬁwrg]ng ip}'orcgzhfre:t 0 200 grams of DI water;
a. a solution was formed by adding 26 grams of solid magnesium nitrate to 200
grams of DI water;
b. 3 grams of the uncalcined material produced in Example 6 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
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
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,
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-con heati

rolled he g
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
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b. 3 grams of the uncal cined material produced in

Exanpl e 3 was then added and the solution was stirred
wof2009/802241 nutes; c¢c. the pH was 7 with no adj uPCrEEPR008/005627

and d. after stirring for an additional hour the

exchanged sanpl e was then filjgered and washed with D

water and air-dried. [0060] The dried sanple was then

calcined in air at 300C for three hours. El enental

reaciiprmixfuse 35 wemoYask frem meriéa;ksa@#pm@lstzed byreGi Ahejtest was run for 6

voul?, L, U059 R, 1 v

hydraphekmleQSBBm)rwiho@m ndggwehj[appegldtp i on exchange
using the follow ng procedure: a. a solution was
formed by adding 26 grans of solid copper nitrate to

Exaﬁ;g;ﬁ)eeg{ gﬁpr { ﬂm,y\ﬁglﬁgg?lg#ﬂﬁ%g g{'giysqf t he uncal ci ned

uced I'n was t hen added and t he
[0063)] ut Toa 268anlsbund bottémrflaSk fitted withss candehdee, pirtenand an air sparger,

was Ehlraeh TP ecef s IbRIFRGOL LD A g of o< of Fxemgle 1. The

ﬂaskf %s ABard! @kﬁlgoan%lmﬂ%%%ﬁret&%trSHH‘ AEHH % RATR. eR@Q&lO&lh@Hl erature was
tered and "washed wth DI water d air-dried.[0062]

115°Che Readthns prosbwewass t dpproxialatsl edmospleiric. at TIBOGOC flagy rate was

apprgzgm?eéy ?gb C&m%enﬁnt al ébé nal li/tfs:!{)/()sa glwﬂyvepilg)l'%%fc tﬁ!ﬁ ¢ n%fl? mixture was
rem@Rd ffdm thbBask arﬁxﬁﬁWz@d g[(@@ 63fhcAcsialal ﬁﬁﬁtfoi/\@shours A graph of the
prepared by conbini ng rans of DI water, rans

SBBoironps@mgs‘agawb@p ﬁ@lﬁgta\naftt@ se%rhutyi@ngwmmdmpercméfr ¥BBHP) is shown
in Fl%aiée pf(e);ﬁng% ?fo%ew%aqgﬂagt%%ﬁo}ﬁg&%rs@&%% tge;lg r%@le%?lh“&fearound 87% at

room tenpera
any &dniversiong then was filtered and washed. A first portion
of the dried sanple was then calcined in air at 200C
for two

Example 10: SBB oxidation using Example 2 catalyst

[0068] The process of Example 9 was repeated but with 0.2 g of the barium-exchanged
catalyst of Example 2. A graph of the SBB conversion against the selectivity to sec-
butylbenzene hydroperoxide (SBBHP) is shown in Figure 2.

Example 11: SBB oxidation using Example 4 catalyst

[0069] The process of Example 9 was repeated but with varying amounts (0.2 g, 0.4 g and
1.1 g) of the barium-exchanged catalyst of Example 4. A graph of the SBB conversion
against time on stream is shown in Figure 3 and a graph of the SBB conversion against the

selectivity to sec-butylbenzene hydroperoxide (SBBHP) is shown in Figure 4.

Example 12: SBB oxidation using Example 4 catalyst

[0070] 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
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
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hours, while a second was calcined in air at 300C for
two hours and a third portion was calcined in air at

woL0ed 1z two hours. Exanple 7 [0064] A porti @eTafP2003®05627
catal yst of Exanple 6 before cal cination was subjected
to ion exchange using the falifowi ng procedure: a. a
sol ution was fornmed by adding 26 grans of solid
magnesiumnitrate to 200 grans of DI water

test B¢ catabystiweafibiened andregcaeled jat ﬁne@ame @andlﬁow%ﬁm#rémeaﬂbove A graph

of the@l? %ggs"erm%{l‘ é&%ﬁ t\‘?\rgé %‘g J ream ] d ﬁ%wﬁirx\% 9’ %1?{ f51e d c? dgrtap}(l) r?f the SBB

con\Qfs@"Z aaifétan® selectpanconisctubgbarivend hydiopydk el ($@BHIPis shown in
after stirring for an additiagnal hour the exchanged

Flguseaﬁm Thslata st pp tcalabt sactyaban ovak Shsenicdyalicarieayiing and the
e dried sanple was then cal cined
cata@#sgf%ch@%g%%%ﬁﬁrl)r (?hree hours. Elenental analysis
shomed the cal cined sanple to contain (in weight %:

66 94. Exanple 8 :
Exa QSP\%)“’”‘SEB“%% ﬁéf"lh'%'\e %g?%‘/SNHP? [8066] To a

[0073?0 n‘i’hé’ AoReks A QM 1¢ 8SkKad fdpbAtd %{ tilltﬁ (12324 %dginglf% 'oopper-exchanged

irrer and an air sparger, was charged »
catalysic of bptripbn 2enés (e881) of ake SBFpIcheveriign mlamsambb o¢le@ngty to sec-

outy et PR P R i sp b Wi B0l The data for he

bariR&thaBed EARISEOSUECnYFE 41 IiHe. daBesoinsODu RiTeS&HARzeWSitment results
proxi mat el y atnospheric. The air flow rate was
in hlggcp

reaail yeh et ity po deereasien thehydrapensxidg selactigity.a snal |
al i quot of thereaction m xture was renoved fromthe
flask and anal yzed by GC. The test was run for 6
Example B4: $BBroxidutivn idieg EREmple estalysn agai nst the
selectivity to sec- butyl benzene hydroperOX| de (SB HP)
(0072} s hbnProRess; QfulFxample (i pias reregter buteuipy O §:0 of’the calcined

catal?oug%{%%ﬂn ?r: ! a‘gg:}?ytlt egfhvvi tliﬁi yc%hvérglgﬁq airfdt $he efhvity to sec-

ott a condenser, stirrer
butyHedzae hyidropepidpe(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.

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
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,
192 grams of an aqueous solution of 50% by weight sodium hydroxide, and 25.3 grams of

lnh n wa ormarnd e Anmaliiaia s

otagsiim 5 preparca oy vuxuuuuus 600 grain

nermangan w» ANAVARINS Al
¥ (=4 4]

of distilled water and 90 grams of manganese chloride tetrahydrate [MnCl,4H,0] with

stirring. The second solution was slowly added to the first with stirring. The combined
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was charged 100 g of sec-butyl benzene (TCl) and 0.2 g

of the catalyst of Exanple 1. The flask was heated
wOousiIngor4t enper at ure-control | ed heati ng mant | @CT/EP2008/005627

Reaction tenperature was 115C. Reaction pressure was

approxi mately atnospheric. Thg.air flow rate was

approxi mately 220 cc/mn. Every 45 minutes, a small

al i quot of the reaction m xture was renoved from the
solum)ragvasaaihwendawym obgmi@ht. The maxturaravss rthen ffidtered and washed with

s 8 P b SRR B AR o gpen et

200 ifans\@istilledrvateF endl2¢ Ly ofba@fum nithe BHEOYB] with st1rr1ng for one
performance shows a flat sel ectivi tg of around 87% a

houran? he Y @f $he mnixture Wsethen:adgpedote davitlh the; afdigon of 0 6 grams of

IR 58 oy QU5 EGREH 858 o R e produc

was thaliyilcindd iDflowihg aiz (5 mccgnmp forc¥ hdlheto&‘}BBdwrwmﬂysln

agai nst the selectivity to secbutyl benzene

hydr operoxi de (SBBHP) is shown in Figure 2. Exanple
Exambie PPB OXi dation using Exanple 4 catalyst [0069] The

process of Exanple 9 was repeated but with varying
[0075}r0unA$o(uﬁoﬁ VRS pﬁepfhrqi ay doﬂ:lbilnu}g with stimeng 100 grams of distilled water,

h f
320 &R B b ARG dgiitiect s 1078 by R st e Tofside.  and 3D grams of
potaEsiuﬂH Rrarffafdatd [NV, Of AhSBerSBRItTRWEY Srepited88mBin ’_%tpf'&'(ﬁ) grams of

sel ecti vi t4¥] to sec-butyl benzene hydroperoxi de (SBB
distilled watswG.hermgof enangamssg ieplosidg 2etrabpratex iMath ¢ zQ},uang 12.4 grams

of e AR 1oRAMeR g AR Gl "8 Phg S, RRL Ry aded to the

first SAA € gﬂﬁng Washe banbi@dd 50itign @ﬁas%l@xdédtw labe B%enizh. T(Ilh): mlxture was
and 1. qg of the barium exchanged cat al gst of Exanp

thenzﬁltem’ealf washegaith distiled yetesgng drisghné QP eversight. oITIhé‘?Y grams of
the lggﬁllfldt s RO Ia&dedﬁ%afdd gﬁnfsedﬁjcﬁgfl ldr\gat@faﬁndl %é%a&ms _?F garlum nitrate

Ction pressure was approxi nmate at nosp
[Ba(®iO3)>l] math smaxtlmg far ona oo xThapH|of tﬂ?Zﬁhlxmfenwas théw adjystéd to 7 with the
.m nu al i qugt of the re on m xture
add‘?%‘%rB SimoRiyeR PriroRidacid b e arapra s dbe bied o airculéf” A portion of

he piEduct Was fHeh of RS inowifg alt '@5’0&7m ?%r@sﬁodr{‘ﬁ) produce a catalyst.

catal yst was filtered and Tecycled a he sane

condi tions as nentioned above. A graph of the SBB
E COEeV§§Si on against tinme on streamis shown in Figure 5
Xamp graph of the SBB conversion agai nst the

[0076F! eCA'éé'teﬂystt\ﬁaﬁﬁf‘epbiﬂéﬁybﬁ%ﬁ%ﬁn@moﬁﬁhﬁxbﬂﬁl(&%HPSO grams of
i's shown

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

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(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.
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Figure 6. The data shows no catal yst deactivati on was
observed after recycling and the catal yst selectivity
wowa®/dinproved. Exanpl e 13: SBB oxi dati on usi n@CEARRISM05627

5 catalyst [0071] The process of Exanple 9 was

repeated but with 0.2 g of t.he.copper-exchanged

catal yst of Exanple 5. A graph of the SBB conversion

agai nst the selectivity to secbutyl benzene
Exampd Yper oxi de (SBBHP) is shown in Figure 7, which also

ot st he data r. th riu xcha apal .

10078 2rooFirSS eFfh ot B Prifist o EERB IS TR E B Pt fpaion was then
added@s 200 grams bf dibelledowatat xsd 2@ gtamsl dfibakiuin WlaateBa@SOL)EwWith stirring

hydr oper oxi de sel ectivity. Exaqple 14: SBB oxi dation .
for angiheyr. EXAepHeofsthe apixfuye tvap dlerpadiusied for @ vatisthe pdditigrof @anmonium

S . . Cc . .

o HERRRRFEL el fndh Pl Ryl GEBEIREfves tonair
calciagdimBéwingais@Ded i) foy 3 housecbut yl benzene

hydr operoxi de (SBBHP) is shown in Figure 8. The data

shows that calcination at tenperatures of 200C and

Exa%gv?&f‘ad no inmpact on activity or on selectivity.
cination at 400C inproved the catalyst activity but

[0078kcr eBwed gtanas bfyidie qredwxifihen Exhmplei M bgforethampt ealdibation was then

BB i dation,usin a 7 cat st [Q073] T . .
addegip 200 2" SRR TREER] o A T L AR, BRG] with sting
for dnB@oNRITARS PHNEXEE FMSAAe Gak MenSddj@ted PSR the addiéioARE ammonium

of the SBB conversion agai nst the sel ectivi %

ty to
hydrgxide b lThy mbstrewes Hdrfdiseedoaniddar ggrBHR)POIEO fe pragluct was then air
calcigleé;llﬁr ov%i’ng\#iquég%ﬁ%lz@atﬁly g%gl&{she data for the

ar I um exeha "Exanpl e 4. The data shows

My ion exchange treatnent results in higher catalyst

activity but decreases the hydroperoxide selectivity.
Exampladd e 16 [0074] A sol ution was prepared by combi ning

Cth ke O -
oost 7 L EEAS BP0 Ropf Skt MRy P RAon s e
addedywr 200 deamared dStilBdgnates ol PoOtgrass wh pegmanmamitrate hexahydrate

(Ml PHR) RTCALETnE FutPischiuf JHR FODo b R gt s AL adiusted to 7

withGhe 98diflen bE biHaANIR dkdEd. 2THER Gk tud Was $hen' ﬁl'té}gcii ﬁm Qir dried. A

S

second solution was slowy added to the first w
portign jof thermgodurh avas theini ateeidwahed indlowiag al(5@neddin) dorayhours.

overni ght. The m xture was then filtered and washed

wi th
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
[Mg(NO3), 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 (50cc/min) for 3 hours.

Example 24

[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 he

P
)
<

[Mg(NO;); ‘6H,0] with stirring for one hour. The pH of the mixture was then adjusted to 8
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distilled water and dried at 100C overnight. Three
grans of the product was then added to 200 grans of
woadbekiibi2ed wat er and 26 grans of barium nitraP€T/EP2008/005627
[Ba(NGB)2] with stirring for one hour. The pH of the
m xture was then adjusted tQod.wth the addition of
0.6 grans of ammoni um hydroxi de. The m xture was then
filtered and air dried. A portion of the product was
withtthe addition @élamm@dumrhyfdlrwﬁmgTaﬁ rml((tim@ wagithgn filigred and air dried. A
hour a caf 0
portBg 1 Fre ptofid s el AFE B HEL in TG ot Clocldapr S ras
grans of disti I | ed water, 320 grans of an aqueous
sol uti on of 50% by wei ght sodi um hydr oxi de, and 20
ExagpledS of pot assi um per manganate [KMiO] . Anot her
I ut f
[0083 h{’rg%&%%é%te@l@ 5)?8' nd;cg 3‘&%‘2?89’8%% | g@fﬂf e@r aa?]ﬂ %ﬁé [a&t?o% was then

addeBMSl QD@ gﬁahhﬁ}ﬁ distiltedl\Ratdr D6 gainsrf@ad amuiitratel [BB(NK%)Z] with stirring
'\/3\92 W th stlrrln The second sol uti on was 3,I_ovv|¥ )
for oxgdenr-t She pH of the mixfure wes then ggustechio ¢ i the gddition of ammonium

| ut :

hydrBE" AP R O G AN RN pg T L iRuYESas then ar
calcided adflawing@O@S50veEmin)ght 3 hdimsee grans of the product

was then added to 200 grans of distilled water and 26

grans of bariumnitrate [Ba(NG3)2] with stirring for
Exafpfe 3@pur. The pH of the mixture was then adjusted to 7

wth the addition of anmmoni um hydroxi de. The m xture
[0084hs tTHwee Eiamseofettic pmedust frogr Esampla Hobctfpmthgfaut ¢pdcination was then

adde? g§§ fg{%ss?ft ci}etg | Lz?tgra | d %grgl 13 fl OWI nqu Tate [BEQ\I%?] with stirring

for oh8 hof) 7®he AHCHH the Yl’ﬁktdt@Sva@ Rlﬁhadc?@stélytofl@ Kibﬂhrthél @d#if6n of ammonium
grams of DI water, grams of potassium per mnganat e,

hydrawée 1@hg mirgrevas thenﬁirlteeewdoplww A ipertigagoighe PE%"HFt was then air
calc1h§meﬁ&L1lﬂg%1r (gbgc/ﬂlistfgff . t.hen al | oned to age at
roomtenpératuare w no stirring then was filtered
and washed. A portion of the dried sanple was then
calcined in air at 300C for three hours. Exanple 19
Example72i  Three grans of the product from Exanple 18
[008??‘c Or’ﬂu&h? aBls’ ofCRL Prétfiict HRIMVBRarhPrRN 26Id6R: the aH0IHhABh was then
distil wat er and 26 granms of bariumnitrate
addefl Ba 2OWDBYaR]s cvﬁ distilbedi watem@dfftﬁr grams df bariumTheatp {BafN@1)g with stirring

for ogﬁ%ﬁ{ 5’H,§QﬁpH ohfetﬂe mi ‘é'lu%é %v%s I'then ad%s‘ieb:l ttor?watgnqhe ag(ﬁtlon 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 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(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.
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hydr oxi de. The m xture was then filtered and air

dried. A portion of the product was then air calcined
woimod/dioz4ng air (50cc/ mn) for 3 hours. Exanpl @CI(EP2008/005627

[0078] Three grans of the product from Exanple 18

before the air calcination was.then added to 200 grans

of distilled water and 26 grans of bariumnitrate

[Ba(NGs)2] with stirring for one hour. The pH of the
Example 22 e was then adjusted to 6 with the addition of

i X] The, re,.was the Ilteredea .

(003 T G, ARSI e PR, Bl St Trtal Ok Ryl B8 Before the ain

calcigafien wasltHen dddedvo20®gtan(sAIclidtiNed wdt€and J0ehms of potassium nitrate
Exanple 21 [0Q79] Three grans of the product from )
[KNQahpi stigripgfosanethonr.aiThe i ef thatmizhiraapstthemadiygied to 6 with the

1 LS.l | r ri .
ol E e HoRin Byl A R e er B e Qe iR, W borion of
the ppdduchevasthenirecaldsed indtovadg agt(&eclming for I hourkie

addi ti on of ammoni um hydr oxi de. The m xture was then

filtered and air dried. A portion of the product was
ExalpfdB@i r calcined in flowing air (50cc/mn) for 3

hours. Exanple 22 [0080] Three grans of the product
[0088} om Ewegrgramd Sibtheo produbie fimim thalrepeatt ofo Exwaplet h&nbefore the air

added to,200 .gr di stil]. ter a 6 gra of . .
calofaburt e e B pEl apirog ol P g ascyradhs B pofisium itcate
[KQNOHT ﬁviitﬁ%tifﬂ%ﬂﬁ_%né Hetr. TheE pPirbiOthe iR itk Xdad tBerV@Budt&E b 8 with the

adjusted to 7 with the addition of amoni um hydroxi de.

additfpreofpmmenmnphxdrokigh. fihetmaixaure ayad thary filleredand Airpslsiedi ¢ portion of
the ikl Fral IR callBied A BhE A AR ER ARG 0T O 0

of the product from Exanple 18 before the air
cal cination was then added to 200 grans of distilled
Example}l and 26 grans of nmagnesi um nitrate hexahydrate

[008%1:/2( NfRee %'r_glg ot ﬁl@ ﬁlto'g[l{:ti A3 ?f(i)e ggﬁatbﬁﬂ{ﬁx;rhgl P} Aefore the air

m xture was then adj uste e addition
calcioéticonmwes them duddd oo i206 . grathe offidistilieé weer arfde6 fgrdnhseof desium nitrate

ai.r dri.ed.. A partion. of th roduct was, thep ai .
resRBRa i rRE ot lighcury TH8oEh PRHBmRe yighabudted 1o 7 with the
additierPPABméfium 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 32

[0090] 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(NOs3)] 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

[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
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[0082] Three grans of the product from Exanple 18
before the air calcination was then added to 200 grans
wooiodi1e2a4l | ed wat er and 26 granms of nmagnesi uMPQTIEPR008/005627
hexahydrate [Mg(NOGa)2 6H Q with stirring for one
hour. The pH of the m xture was then adjusted to 8w th
the addition of ammoni um hydroxi de. The m xture was
then filtered and air dried. A portion of the product
the praduct was thanraivealeinebin flowing i (ﬁgccémrn) feotboursn) for 3
hours. Exanple 25 [0083] Three grans of the product
from Exanple 17 before the air calcination was then

Exafgdesd:t SBMlQﬁt&fﬁSwiﬁl difféidnkMﬁlO\wtiﬂystﬂnd 26 grams of
with stirring for one hour.

barlumnltrate E} Jméa
[0092he ple af25PtrRl rﬁiusz@ plometask filed atith & eeriflepgerystinrer fand jgg air sparger,
was ?ﬁ?f‘géﬂ} Zgo gfoé’%al t anéﬁ%r ??n Iig% Bﬂ{ ﬁé 'ﬂrcﬁ” t %tgf\%gfg of Examples

16 toH8n dhe flask ovaseltbated ﬁdlmg\nartgmpe]ran(r%omdfﬂd’d) héMgSnantle. Reaction
hour s e 26 [0084] Three grams of the produc )
temn%meem@%i ?eaéqwe%%e Wit RPAPRIMASRLY BHIQIRECT e Fhe air flow rate
was @Eﬂl%siuﬁeﬁe ?%Og&?ﬁ“’h Ofp Q{@t bjlét]lﬁﬁl o E fFealdf p?n ?:ﬁxt%éa%s ofmoved from
barium ni frate [ Ba(NO3) stirrin or one hour.
the flisks ap#i aoalyz¢£bbyvﬁ>as m’neoma@gtdphy\ &ad. uﬁaeld tetsbwas wart fortbhimours and the
h dI‘OXI de. The m xture was then

resuﬁ??rfé?%gnag‘ﬁ&?g}nf%d%l @8 YA portion of the product was

then air calcined in flow ngpaé{ (50cc/mn) for 3
hours Exanple 27 [0085] Three granms of the product

Exdniglen EXSBBIGonk7 |DSBBHP $dle| A-Phédll-C-iainddSelvaf lketdphenone Sel.
added|to 200 grans of distilled water and 26 prans of

b@ari um niQB%te [|Ba(#BY2] with stiBsbag for one houd4.4%

Mt Ure wWas hen nrh ||c-f::rl to th fhn

T UI T

Thep n c
gédi t{on 18f8 ammgni uﬁﬁf’drou de. { rﬁ xture was the@8 6%

I%I tefed gg& alr | ng.?-?(OWi orti on(gg% he pr od Waxg 5o/

hi r_cal ci ndd hg air cc/ mn) for 3

burs| BExab#l e 48 [ 8D3%) Twree grab®%of the pfoduct 15.9%

frnm rannnt Evaml a R haofnrao the Qi r oo f‘l nnfl on

L

TTTOT—C

;t ;elnb‘gg%eduio Z%gé’rams of di st P% eal ;Nater and 2654

§f ans[ of o asswmglf crate[K(Nus)i th stiTFing rqg %
one hpur. The pH of e m xture was t‘hen adj usted to

Wth the &b tign 0680% 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%




amoni um hydr oxi de. The m xture was then filtered and

air dried. A portion of the product was then air
wocabdwiined in flowng air (50cc/ mn) for 3 hoursTEPamsloes627

29 [0087] Three grams of the product fromthe repeat

of Exanple 18 before the airjsgal cination was then

added to 200 grans of distilled water and 26 grans of

otassiumnitrate [K(N'O)L with stirring for one hour.

[0093he pMhdé¢ thépraspxit umventigms hahbeenad¢seubed and iBusirated byaeference to
.addi tion..of niup hydr oxi.de.. e _mxture was t . .
pariflet B BieaR o TR i 1P o i bsiae i e imvention
lend$ R8dIf & Waalddk iR nedeskdriiMingstaitdd K&O®C/ Formthid Rfaseh, then, reference

hours. Exanple 30 [0088] Three grans of the product
should: berimade splspeter the appsasled ictaims fpepypesesod dgtormining the true scope of
l.Ci. ' was then added to 200 grans of distilled

> thep\?\gsteg{rlﬂgéndé%g(i grans of potassiumnitrate [K(NO)] with
stirring for one hour. The pH of the m xture was then
adjusted to 8 with the addition of amoni um hydr oxi de.
The m xture was then filtered and air dried. A portion
of the product was then air calcined in flowing air
(50cc/ mn) for 3 hours. Exanple 31 [0089] Three grans
of the product fromthe repeat of Exanple 18 before
the air calcination was then added to 200 grans of
distilled water and 26 granms of cesiumnitrate [ CS(NO
)] with stirring for one hour. The pH of the m xture
was then adjusted to 7 with the addition of amoni um
hydr oxi de. 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 32
[0090] Three grans of the product fromthe repeat of
Exanpl e 18 before the air calcination was then added
to 200 grans of distilled water and 26 grans of cesium
nitrate [Cs(NO )] with stirring for one hour. The pH
of the m xture was then adjusted to 6 with the
addi tion of ammoni um hydroxi de. The m xture was then
filtered and air dried. A portion of the product was
then air calcined in flowing air (50cc/mn) for 3
hours. Exanple 33
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[0091] Three grans of the product fromthe repeat of
Exanpl e 18 before the air calcination was then added
wot200920022gr ans of distilled water and 26 gr ans Pofl/EPe&iSONF627
nitrate [Cs(NO )] with stirring for one hour. The pH
of the m xture was then adjusjed to 8 with the
addi tion of ammoni um hydroxi de. The m xture was then
filtered and air dried. A portion ofthe product was
then air calcined in flowi©QBAEMS (50cc/ mn) for 3
hours. Exanple 34: SBB oxidation with different MO
catal ysts. [0092] To a 250-m round bottom fl ask
1. it egrovéssh for coxidRngeran SilkylaRimatiod dmpdinid SRAT @' .corresponding
was charged 100 g of sec-butyl benzene (TCl) and 0.2 g
hydrgperexide, Prgeess ot Brising §entEstiigp pe salkdaromatig compound of general
f was heated using a tenperature-controlled
ﬁan%gﬁrng mantl e. Reaction tenperature was 115C
Reaction pressure was approxi mately atnospheric. The
air flowrate was approximtely 220 cc/mn. A small
al i quot of the reactH= m xt ur RWwas renoved fromthe
flask and anal yzed 26 Chroﬁntography (). Each
test was run for dCthe results
summarized in Tabk€ 1 &l ow. Txble 1/ 0093] While the
present inventifn Mas—teen deHgCibeR”and ill ustrated
. by reference to gfrticular enbodi ments, those of .
in whicHiRaangd Rk¢dch independendytrepriesdntspysireginaerean #lkyl grawp having from 1
i.nyentj lL.en [ f_to,var at i 0 C ri .
to 4 bHBGE AR, bR BT ey BLagh® b SRGRRL koY having from
4 tost®uhmboheatomeesio! Biclic t@olp demppeptitadllg | sabsttufeds and R? represents
pur poses of determning the true scope of the present
hydrpgere 90¢ O mor\piiggl groups gaﬂeéﬁ@m drto dxgaghon gigmsgr a cyclohexyl group,

with%ggéﬂBQH@F%gerﬁgwglé%l Pc&rﬂ;grrlrsgl?é 4 ﬁﬁlﬂg%s@ 8xide molecular sieve.

oper ox , the process c sing-contacting an
al kyl aromati ¢ conpound of general formula (lI): in

which R1 and .each i ndependently represents hydrogen .
2. o 15 PPREST O T ha RGP A EnEincse G froMaleyiE, Seve  comprises
MnRIRMhEGH wWhidE shire 86k (3R Y rhifiel fheBFet0 forma cyclic

group having from4 to 10 carbon atons, said cyclic
group being optionally substituted, and R3 represents

hydy ogen, o or re al kyl .groups. having.fromsl to 4
- AT hEA Rl i, T BrrBinety cHPD B 1 Oy kpfguter cross-
sectibh @b@hich eath dde€ Rtdiinsd bg owp bt HireldMaOFebE@BRARsE OXi de

nol ecul ar sieve. 2. The process of claim1, wherein

t he manganese oxi de nol ecul ar si eve conprises
4, The process of any preceding claim, wherein the manganese oxide molecular sieve is

ion-exchanged with one or more metal cations.

5. 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 any preceding claim, wherein part of the manganese in the manganese

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

7. The process of claim 6, wherein said other divalent metals are selected from

magnesium, cobalt, nickel, copper and zinc.
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MhO6 oct ahedra which share edges to forma tunne
structure. 3. The process of claim?2, wherein the
wotoewab228t ruct ure i s of generally rectangul ar PCT/EP2008/005627
crosssection in which each side is defined by two or
three MnO6 octahedra. 4. Thej;process of any preceding
claim wherein the nanganese oxi de nol ecul ar sieve is
i on- exchanged with one or nore netal cations. 5. The
8. pr dbeprocess eff anynprceding claim, wherginothe alleylaromatienspmpound of general

cat j,ons_ar | ect.ed.from potassi um i cesi
formfil (GRS sl BofibRLoH AR SRR ot 8L 3l tbenzene, p-
mett§i-s@butpleaLseny cl ajdndiphdigicaiclohbrdre, Of t bec-hanylisnest, and
i n the manganese oxi de nol ecul ar sieve is replaced by
cyclggeylbenzgdee ot her divalent netal (s). 7. The process of
claim6, wherein said other divalent netals are
sel ected from nmagnesi um cobalt, nickel, copper and
9. zi Mhe Brocésreoffulgines swidreiariie plkgteshaty @ingpomnd wfigemiral formula (I) is
the al kyl aromati c conpound of general formula (1) is
sec-butylpenzge oy @Fﬁ%ﬁﬁ%ﬁ?@ne, cunene, sec-butyl benzene
sec- pentyl benzene, pnethyl- sec-butyl benzene,
1, 4- di phenyl cycl ohexane, sec-hexyl benzene, and
10. cythopeagdsharfzane pregedifiipgeclpingcwhercof saidacont&tinghisr epnducted at a
t he al 0 o6, conpound of general formula (1) is
m"“@ﬁﬁwﬁdgéb%éﬂggﬁggbr cycl ohexyl benzene. 10. The process
of any preceding claim wherein said contacting is
conducted at a tenperature of 20C to 300C. 11. The
11. prdbeprocgss ef glaim 1P, wihezeinisaideoriactingtigcondected at a temperature of
o L0 cted at a tenperature of 50C to 130C. 12. The
>0 quggégé'of any preceding claim wherein said
contacting is conducted at a pressure of | 5 kPa to
| 000 kPa. 13. The process of claim 12, wherein said
12. cohkeprocess of any greeeding ¢lam, wheremssaid eongactingpgeondycted @t a pressure

of 1998% 1o oo kpg. Process of any preceding claimand
furt%er conprising converting the hydroperoxide into a

phenol and an al dehyde or ketone of the genera
13. f o%gy{)r%cgs]é o% cla1512 12, wherein said contacting is conducted at a pressure of 40kPa
to 250 kPa.

14. The process of any preceding claim and further comprising converting the
hydroperoxide into a phenol and an aldehyde or ketone of the general formula R'COCH,R?

(II1), in which R and R? have the same meaning as in formula (I).

15. The process of claim 14, wherein converting the hydroperoxide is conducted in the

presence of a catalyst.
16.  The process of claim 15, wherein the catalyst is a homogeneous catalyst.
17.  The process of claim 16, wherein the homogeneous catalyst comprises at least one of

sulfuric acid, perchloric acid, phospheric acid, hydrochloric acid, p-ivluenesuifonic acid,

ferric chloride, boron trifluoride, sulfur dioxide and sulfur trioxide.
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(1r1), in which RL and R2 have the sane nmeaning as in
formula (I). 15. The process of claim 14, wherein
woeomwiant2ung t he hydroperoxi de i s conducted i nPCHAEP2008/005627
presence of a catalyst. 16. The process of claim15,
wherein the catal yst is a hogpgeneous catal yst. 17.
The process of claim 16, wherein the honbgeneous
catal yst conprises at |east one of sulfuric acid
18. pefhhpmocess dclaim 15hwdpteor the catiydt iskitbteropdnsois caialist,
p-iul uenesui fonic acid, ferric chloride, boron
trifluoride, sulfur dioxide and sulfur trioxide.18.
19. ThehPpasRss oPLlatthal 8N wherei@E Seferbféhebad ShtuB/st _b&n?rises a smectite
het er ogeneous catal yst. 19. The process of claim18,
clay.wher ei n the het erogeneous catal yst conprises a
snectite clay. 20. The process of any one of clains 14
to 19, wherein converting the hydroperoxide is
20. COTHY piceessadf @yt w6l elhimisel Pto 49Gvh@eih2éidvenrding/thé haidroperoxide is
pressure of 100 to 1000 kPa and/or a liquid hourl
condygtad @t ¢ é¢ropsraturg pHEAC kbW Cornd/orea pigasisp of dR0 de lé@O kPa and/or a

iauid Boiidy st ity S P BRGNS Rl RRaR brT B elBene

hydr operoxi de and its conversion product conprises
phenol and cycl ohexanone, which process further L
21. cohbs impeeesg el anygenat Phlaims dfctond amesieint gheydipsroxide is

cycldchlégrlg@ﬂzeﬂ@eH?&roperoxide and its conversion product comprises phenol and

cyclohexanone, which process further comprises dehydrogenating the cyclohexanone to

produce further phenol.



