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5[ 0001] This application claims the benefit of U S Provisional Application
Serial No. 60/984,271 filed October 31, 2007 and U.S. Praovisional Serial
No. 61/045, 819OPPPEFHori| 17, 2008, which is hereby |ﬂ€8?ﬁ@?ﬁ?@ﬂ”ﬁy
reference inits entirety. FI ELD OF THE | NVENTI ON [ 0002] The present
invention relates to a process for oxidizing hydrocarbons and, in
10particul ar, al kylaromatic hydrocarbons to produce for exanple phenol and
substituted phenols. BACKGROUWRILETTONFOF NYBROCARBANO03] The oxi dation of
hydrocarbons is an inportant reaction in industrial organic chem stry.
Thus, for exanple, the oxidation of cyclohexane is used coomercially to
produce cycl dHHORIRY ChadiMcycl ohexanone, which are inportant precursors in

the producti qﬁoo@r nyﬂnorappléémecng@ thXb&l@fﬁu &nu@,f p@elvlsmhgarw&ansn Ryghi agar bons,

such as cune production of
poIycarbonaté@béﬁ%”é%%&9“WES?h@ogﬁﬁﬁéhﬁé%?&&??éﬁ“%ﬁ“h?ﬁ?@éﬁ?ﬁ8ﬂ§p8557be
conduct ed usi2ogg, weikh is kbremin@xotied b Gfoa@edih & ensiteeh as KNI n04" Cr03 and

H1' 03. FbmevqﬁELBQﬁ§ﬁHEﬁ§§%ghI%gJagents have the di sadvant age of being
relatively expenstve, ard noreover their use is acconpani ed by the

product i on ofl09akhanTiedr2@eouptiting rgrodict srwks chr eddizing gyésenondipghdsa
probl enf and p%ahggaﬂg@almnmé hykit dcQBons kARQRLe fﬁ’lrea;r%@[meyol atdGBs8fuRl BrenOXi di Zi NQ
agents based on peroxi des or N20 are used. The cheapest oxi di zi ng agent,
however, is N n pure formor as atnospheric oxygen.
However, oxyge3j t Selef OXI&i’[lUlS Uﬁl Hyymwalam tiahh exmbﬁlfdn())ﬁdadloﬁl mgmmy,drao@agdhons
since the rea t|V|ty h Qccurs, in ener tlcaIIy
favorabl e tri %i e%tryf Thus fol exarr(lﬁ%e élgs (f#l‘ilo&ll oef rc}:%/clo lf}(jlaﬁ éjtlged C()mrn@lCldllé éo ngg

catal ysts it cvcéohpmsll cmu @yql@emlmeu whiclrpie dopdrant wsepyern if te pwdmﬂlplz pﬁgyl@r gani c

conpoungs an(&h&%mﬁld@mﬂr&@kymgﬂn@m @rf)camaﬁisuarcﬁ haluREOGRRRAS pRIR. ﬁe%@ldaon the
nmet al - catal yzed aut ooxi dation of % drocar bons. Thus, for exanple, fhe

oxi dat i on ofpEﬁEPﬁH@%ﬁﬂ%hﬁwwﬁfﬂ@mﬁém€§tWHﬁ@%éﬁ6W‘and/or cycl ohexanone
proceeds w t hogolie usgdibn @m@abéarmad das be chh@sed umgu@cummal/n oxBllzifyfQaesses are
D o, 2 L RS PLOl TS, TRRIRRLRD ol b R gadhglo saygen
and subs equemlatwﬁa|emepﬂ1Wpalgiampr©weby\elabset B amonmmu@f byathe HOé@O@m f>’f wmraatecﬂ urther

hydr ocagbon. C&Bh@qQ&ﬁ&QQ1&9@Hﬂ%ﬂ%m@@h%§ﬁnbﬁﬁﬁMﬁﬁeaﬂ%QQQBMmgpleCUles can
al so act as free-radical initiators. % However , is a dlsadvantage of

these process¥W85l haltrePRRly sBfreer Qii“il?“%jé%?f“é awd 00@?‘9“@’3@1‘ SaPI14F Hicth T
i NCreasi Ng ComMekiSdx@ikidderdt) hﬁbme\feanemblla@xapm@ess:m&l fUsike fofn Glpﬁraﬁﬁ(ﬁﬁheaf: a
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reactivity of the O, molecule, wh1ch occurs in the energetically favorable triplet form, is not

25 sufficient.
[0006] By using redox metal catalysts it is possible to utilize molecular oxygen for oxidizing
organic compounds and hence a great number of industrial processes are based on the metal-
catalyzed autooxidation of hydrocarbons. Thus, for cxample, the oxidation of cyclohcxanc with
0O, to cyclohexanol and/or cyclohexanone procecds with the use of cobalt salts. These industrial
30 processes arc based on a free-radical chain mechanism, in which the bi-radical oxygen reacts
with a hydrocarbon free radical, with formation of a peroxy radical and subscquent chain
propagation by abstraction of an H atom from a further hydrocarbon. In addition to mctal salts,
however, organic molecules can also act as frec-radical initiators.
[0007] However, it is a disadvantage of these processes that the selectivity decreases very

35 greatly with increasing conversion and therefore the processes must be operated at a very low



cycl ohexanol / cycl ohexanone is carried out at a conversion of 10 to 12% so
that the sel ectivity is 80 to 85% ("I ndustrielle O ganische Chem e"

[ I ndustri al em stry] 1994, 261, VCHVerl ag, 9 e| n.

5[ 00081An alt 08@‘(0 netal salt catalysts is the usgP 3?‘?5600%’9‘

medi ators, for exarrpl e N- hydroxyphthalimde (NHP1). Thus, U.S. Patent Nos.
6, 852, 893 and 720, 462 descri met.hods f i dizj rocar bon
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or gani ¢ aci dsvegly leentoaiiriragtio, miguor wikreeathb anovat @i, alisli chtabenpeettiney aci d.
For exanpl e, G g t | il t, rQl s |

Nhydr oxycar bo ﬁﬁ)trgogoeog L o’ rggd%}égxgﬁ Ozog('séoqt ﬁgogi}gtbﬁércr% baggedc%j tl%[scﬁtﬁo%n of
hydr oper oxi chextye.oduct s, V\/m ch can result i n dangerous tenperature

excur sizgns asgovg! | @o‘zmpcrrosdku&lmgfd@,eﬁdﬁgbalgrnd@mmbagm} acliQQ1hl Agcavidi ogmt 0 t he
invention, it has fgf\év been found t

t he oxi datign | aromati c
conpounds i n°FHEpP 8%8@“6Tmﬁﬁﬂﬁﬂf8%yﬁévﬁ8ﬁ?V'“H “%ﬁgﬁTbgg@CBQ oy dhat
facilitated byyeenduds hngolyte (o eachialric yrder ingbngtichons tieuehcrasd bgar@i nt ai n
t he concentr er, ' o
wei ght - or gani i an get L LR AL IR, ek B B b A RN
found that t hidsr e@wt@ec%wp@veﬁm;ﬁarbwb@ﬁoa@*w !e?;séwatcamgenﬁlﬁ@ aﬁwb@éw* at one
or nor gscondiphi @Sredcd@lith R &K @b NerkaBic WRLQI R p@p QAR Cand GhligcDL@laewaBiIe
mentioned | evels, for exanﬁTe selected from|ow pressure and relatively
hi gh tenperature and | ow oxygen concentrati on and by stripping water and
organic acids fromthe reaction products as they are forned. The organic
acids in question that are to be maintai ned bel ow 50 ppm are of course not
the target acids in the 15 case where the reaction conponents are sel ected
so that the target product is a relatively high nolecul ar wei ght carboxylic
acid or dicarboxylic acid. Rather they are the unwanted | ower nol ecul ar
wei ght organi c acids. SUMMARY OF THE | NVENTI ON [0012]In one aspect, the
present invention resides in a process for oxidizing a hydrocarbon to 20
an oxi di zed hydrocarbon product conprising the correspondi ng hydroperoxi de,
alcohol ketone carboxyllc aC|d or dlcarboxyllc aC|d the process
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(0)1 25wherein each of Rt and R2 is independently sel ected from hydrocar byl
and substituted hydrocarbyl radicals having 1 to 20 carbon atons, or from
the groups S - and NO2, or fromthe atonms H, F,

provi ded thatculngw 8g;rtal n errbodl ments) Rt and R2 can i /qslz(ﬁ%-% 7?0 one
anot her via a coval ent bond WO 20091058531PCT/ US20081079172 each of Q
and 0" is |nde endent ect d fro and Z is
ndependont |y R8I dEectih b b @ FERh et sy SR UnaHES: SPErBp a0t ¢ he
Peri odi ¢ Tabl sgh ¥s i@met® arid. OHForSkxamgle 0 acefic aord Bqt dnly Fadlljtatd, hpirol@is wf idé 1 to
3; and R3 Canhygl% V\ﬁc@%ocﬁ ml&ebeblﬁn‘;lslot &a‘?‘ﬁyzésr algle(;(@tlh 1095&919 Sit 91'; o@th H%%Qr«!xlxd%t ed
for RI; and erein said contacting is conducted un I ons such

as to maint ai Hodupe vdtsicahtordt it dpneeousLOnerdy e PrFuBies %e‘&étar ewdlr?ewoamtb@l ow 50
ppm by wei ghtpopgh. t he concentration of organic acids in the reaction nedium

bel ow 50 m ight. [0013] Convenientl S dr oc rbon i.s an al kane
or cycl anEan@%ﬁlrﬁc%C?féd‘égstB lﬁ%“gﬁ‘&‘%r“‘@yﬁ‘?%ﬁé&gﬁﬁg“ th%/ oA Noﬂlé)if ﬁlg)fl?‘%?t sai d
hydr ocar bon compsingeis tatprds@as v Nhglralydaydoaiinidadaiatyss oermmmdltotﬁd b:tzﬁagmmetrngl
formula (11): “the rgac\{W\?[u%lu coﬁﬁtuﬁlﬂgucﬁéb E)%Qnt%ﬁ%%%g&grﬁﬁh&y ofrx 4l ﬁﬁgﬁwh&‘éqr ogen

or an al kyl group havi n%; rom 1 carbon atons prOV|
certai n enbodistrertisowvRaoleHEr REwigane 25idh felbe teect%rrwﬂlaméyl@wﬁ@ PO d?baap

havi ng fo om %eE@foLﬁh qaf tmncaat@r@me@albgi )G(M&J)ds@ (Q)EI@HH} e ipRPesORE bAN&! hyre
substituted, an resents h r(ﬁg Gg 1 rr,go al kyl g{pﬁ{)s havi ng
from1l to 4 cAf "éﬂ’i‘b é{’t‘"‘b inigip the ”&%}%FB WC o1 d’BOW T esHVERT et PP d
al kyl ar omat i celeconfaundwefesgened alatifay izl amfcfal)re uis! loe begteandentonivedndpl
benzene, Cunesgﬁ){)m? %tep Mdy(llpﬁﬁ %Geg rﬁ%?e ngﬁﬂ ry b@@@ﬁe&pﬁiey are founeFl The organic

p- met hyl - sec benzene 2 henyl c exane, sec-hexyl béenzene,
cycl ohexyl be rﬁflén@ aEfHOTH prgrieke mh@%@fhew pP eain pig of eoatisel ﬂ%tlth@wlafﬁ fiditin the

conmpoungs of genreyle thOfmEbRcdbibndn® KelcREbED hiQm CLPENQICSEE 1t M) hRRZene,
cycl ohexyl benz ne and m xtures there

(S16)
olecular weight carboxylic acid or dicarboxylic acid. Rather they are the unwanted lower
molecular weight organic acids.

SUMMARY OF THE INVENTION

[0012] In one aspect, the present invention resides in a process for oxidizing a hydrocarbon to
20 an oxidized hydrocarbon product comprising the corresponding hydroperoxide, alcohol, ketone,
carboxylic acid or dicarboxylic acid, the process comprising contacting a reaction medium
comprising a hydrocarbon with an oxygen-containing gas in the presence of a catalyst comprising

a cyclic imide of the general formula (I):

(Tl)k
R X
AN
| /N_Y (M
bl QM\Z
R
Oy
25 wherein each of R' and R® is independently selected from hydrocarbyl and substituted

hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO:H, NH,, OH and NO,,
ot from the atoms H, F, Cl, Br and I, provided that (i in certain embodiments) R' and R* can be

linked to one another via a covalent bond;



[ 0016] Conveniently, said cyclic imde obeys the general formula (H): WO
2009/ 058531PCT/ US2008/ 079172 P)i wherein each of R7, R8, R9, and le is

i ndependent |y sel ected from hydrocarbyl and substituted

radi cal s haviW%ZT%@S%gb carbon atons, or fromthe groupgnﬁgkﬁgghaé? OH and
NG2, or fromthe atons H F, O, Br and |I; 5each of X and Z is

i ndependently_ sel ected. fromC CH?, N el epents of G oup 4 of the
Peri odi c TabI%?“% & d?mﬁﬁﬁmﬁﬁpécﬁ?df?méfcgﬁQﬁﬂ%gg?is 0, 1, or 2.

10[ 0017] I n onectestBodid e indepsaleatlycsyledtédcirannt.de Cela b Piasé sleieniyyed Goop gt Hal | m de
(NHPI') . [ 0018} lingi@rdoiir t her aspect, the present invention resides in a

process for produckgg a phenol, said process conprising: ()
contacting a ¥8&&iWBh medi um conprising at east one allcylaromatic conpound
of general faoriguliae(at!): 15 RA CH\ HCR5 R6 wherein R4 and R5 each

independentln‘rfgrezents hydrogen or an al kyl group having from1l to 4
carbon atons, "provided that (ie in certain enbodiments) R4 and R5 may be

joined to formisd te§cehd ¢ group having from4 to 10 carbon atons, said cyclic
group bei ng q?tcgl%aah)l/ ¥r tl?e%laﬁgeis Fl%&g’ gl@t@g oﬁgoms) listed for R'; and

wherein said contacting is conducted under conditions such as to maintain the concentration of

10 water in the reaction medium below 50 ppm by weight and the concentration of organic acids in

the reaction medium below 50 ppm by weight.

[0013] Conveniently, said hydrocarbon is an alkane or cycloalkane, such as isobutane or

cyclohexane.

[0014] Alternatively, said hydrocarbon comprises at least one alkylaromatic compound of

15 general formula (II):

— R*
\ / CH/ (1D
R“/A< g}?——RS

wherein R* and R® cach independently represents hydrogen or an alkyl group having from 1 to 4
carbon atoms, provided that (ie in certain embodiments) R* and R’ may be joined to form a cyclic
20 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.
[0015] Conveniently, said alkylaromatic compound of general formula (11) is selected from
ethyl benzene, cumene, sec-butylbenzene, sec-pentylbenzene, p-methyl-sec-butylbenzene, 1,4-
25 diphenylcyclohexane, sec-hexylbenzene, cyclohexylbenzene and mixtures thereof. Typically,
said alkylaromatic compound of general formula (II) is selected from cumene, sec-butylbenzene,
cyclohexylbenzene and mixtures thereof,

[0016] Conveniently, said cyclic imide obeys the general formula (I1I):



20r epresents hydrogen, one or nore al kyl groups having from1l to 4 carbon
atons or a cyclohexyl group, wth oxygen in the presence of a catalyst
conprising a gycli m de of the general forrmula WO

2009/ 058531PM@®§?’079172 (0)1 wherein each of RE HAdSRI¥IRI™

i ndependently sel ected from hydrocarbyl and substituted hydrocar byl
radicals having 1 to 20 carbon atons, or fromthe groups SO3H, NH), OH and
NO2, or fromthe atons H, F, CR Br &}d 1, provided that (ie in certain
enbodi ments) RE and R2 can be %l inkedfjto one another via a coval ent bond;
each of Q and Q@ is indgpendently sekected fromC, CH N, and CR3; each of
X and Z is independently seleCtad om¥ S. CH, N, P and el enents of

G oup 4 of the Periodic Tabl s 0 or .30k is O, ZXupor 2; 1 is 0, 1,
or 2, mis 1to 3; and R3 ca ny oL/( e entities (radicals, groups, or
atons) listed for RE, wher@i eptacting is conducted under conditions
such as to maintain the Bbncenfrationjjof 15 water in the reaction medi um
bel ow 50 ppm by wei ght and t he concen ration of organic acids in the
reacti on nedi um bel ow 50 ppn1b%~me|gh O)and said contacting produces a

hydr oper oxi de of general formula (1V): 'R4 CG-OOH(IV) H2 C- R5 20in which
R4, R5 and R6whaweatihe ﬁamﬁeRm@nk'ﬁg, @@pénﬂenﬁmmtea fiohl By dro@sd 1 and substiulR)

convert 19, gy DU PREERY 35, . LA 3,0 uhe R BRETR T R Rl Soh e
sane neaning<a§0mmwh®nﬁﬁ]&(ﬂﬂhyndE0019]Cbnvenlently, said contacting is
conduct %d at Fehl F lXacInh \ﬁ% bﬂdép%elﬂfy%él&ltgd%roni @,rS, @i‘[za;m?lf’eand elements of Group 4 of the

Periodic Table;

Y is O or OH;

kis 0,1, or2; and

1is0, 1, o0r2,

10 [0017] In one embodiment, said cyclic imide comprises N-hydroxyphthalimide (NHPT).

[0018] In a further aspect, the present invention resides in a process for producing a phenol,
said process comprising:
(a) contacting a reaction medium comprising at least one alkylaromatic compound of

general formula (1)

15
— R*
\ / CH (I
R“//< fgb———RS

wherein R* and R® each independently represents hydrogen or an alkyl group having from 1 to 4

carbon atoms, provided that (ie in certain embodiments) 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®
20 represents hydrogen, one or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl

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

(D:



25bel ow 300 kPa, such as between about 50 kPa and about 200 kPa. Preferably
the pressure is in WD 2009/ 058531PCT/ US2008/ 079172 the range of from 75 to
150 kPa, mor e referably from80 to 130 . kPa. The tenperature of the
contacting i sVt 1y maintained at a val ue, for efgﬁﬁﬁgmﬂfyﬁfn t he
range of from 20C to 300C, such as from 50C to 130C or 150C. Preferably the
tenperature is maintained at a relatjvely high value such as in excess of
100C. Most preferably the tenperatur )% s” bet ween 5about 105C and about

130C. [00201Conveni ently, said oxyge kcontaining gas conprises up to 21
volume % for exanple from about 0.1 1to about 21 volume % oxygen

[ 0021] Conveniently, a stri gas-t passe t hrough said reaction nmedi um
during said contactinfg. In pde enbo said stripping gas is the
sane as the oxygen-contailning g t In anoth r embodi néht, said stripping
gas is different fromthe OXK csnL ining gps and is inert to the
reacti on medi um and the cyc m de gatalyst [0022]In all the above cases

the operating conditions eg. |ow presgure, high tenperature, stripping gas
are selected to as to keep the Ievel§ of water and organic acid

i ndependent|y bel ow 50 ppm by wei ght. {5SBRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0023] Fi gur e vwlheich SacBra&plY a{dOR? i1 GhdSeRden Gy a@edﬁbaaman NisiRbc 8N centstatiien

agai nst tine on stre he oxid nz ( SBB)
" the. i ni 11 PpPERERTROORBE LD URabOTAO0" By KBS E o880 e CF A0 psi o
accordi ng tocmh@n9wawas§iBﬂHE%am@Ieu&ukqﬁﬁzﬂpﬁwgunemQMnmma)@n@@ﬁvpm@ttlng
acetic acid qﬁgmmﬂﬁkd&g@p%ng5@£kﬁgm@galnst time on streamin the oxidation
of SBB in the initjal presence of 11 wt % 100%? m) NHPI at 100 kPa

(at nospher i c pReEQUIE R Ededspeatilangy teéfote%oero ¥xanpl e 2. [00251Fi gure
3 is a graph ccamparanig id il@pSREE MK FodNC, SWCEH, Nagahd@émdnis RGP 8 bf @am f or
t he processe nples 1 and 2. [0026] Figure 4 is a graph conparing the
sec- but yl benzé W§Wﬁé@FoperOX|de (SBBHP) 25sel ectivity (wt% agai nst SBB
conversion (W8% & OH; t he processes of Exanples 1 and 2. [0027] Figure 5 is
a grapmoplotkhgglwﬁgl concentration (W ppm against time on streamin the
oxidation of SBB in the initial presence of 0.05 wt% (500 ppm) NHPI at 690
kPag (100 psil§) heéedrding to the process of Exanple 3 and at 100 kPa
(atnnspherlcnp@esﬁyaﬁo accordlng to the process of Exanple 4.
30[0028]F|gure 6.1S plottin SBB (W% against tinme on
streamin th& 8)?1385133105 tﬂ’éBJ@dCﬁlbt &P i msyﬁﬁ)ere eq{nce of 0.05 wt % (500
ppm NUI PI amh6@©sMPagm¢m&0qp@wg%ﬁamémmdmngmtmdtMGOpmGQESQGoﬁw@mampbé 3 and

at 100 %cPa Q@E%ﬁl&h%{u‘&%ﬁfaw&éﬁo‘%)s . félgt e{ng tﬁeQ@nc@ﬁtQﬁ&S&f o%fam e 4.
[0029]F|gure IS oftin ectivity (w9 al nst SBB
conversi on ( Weogacam flf’F“‘t“F’P@Pe i e h'S“mBBalFi ﬁor{t%é"gdfl%éeh@ély PPERXs Ot 9%
(500 ppm NHRneat o620 kPag (100 psig) WO 2009/ 058531PCT/ US2008/ 079172
e R*
\ C—OO0H (1Vv)
§;<f // g}?——R’
20 in which R*, R’ and R® have the same meaning as in formula (II), and

{b) converting the hydroperoxide of formula (IV) into a phenol and an aldehyde or ketone
of the general formula R*COCH,R® (V), in which R* and R’ have the same meaning as in
formula (II).

[0019] Conveniently, said contacting is conducted at a relatively low pressure, for example

25 below 300 kPa, such as between about 50 kPa and about 200 kPa. Preferably the pressure is in
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according to the process of Exanple 3 and at 100 kPa (atnospheric pressure)
according to the process of Exanple 4. [0030]Figure 8 is a graph plotting
the reaction rate vvt%per hour) against stirrer agitat

| peed at
different pre¥8dPBYFH the oxidation of sec-butyl benzend ?@é’éfsmﬁ”?
presence of 0.1 5w % (1000 ppm) NHP.1. according to the process of Exarrpl e

S (i e Exanpl e and 5 0031 a I ot ti ng. NHPI
concentrat i oﬁf%’é%eﬁg? TOR; Tpd© 6%9 r BYf ief{?‘“gﬁeﬁo&?odtgtﬁ%gga ?P STLBULY gf)telﬁzene
(SB. B) at 10QokiRaing atcomsifpbrely inginpies st e)ucafadexatp! 69@hlkﬂagdt(gi00ﬂqas Q@’)T thn the

presence of Ondch (008 BRM, NS (ARG dllet ey ﬁ,uamhm'umem ng

agitated by a stirrer at’i ng 1 rpm accor e process of
Exanpl e 5. 10fl@082]hkihgaiue sdd ap sn ezccgsrs ap OO3E -dYlesi nfgﬂeBB teolsreraien dguchst
time on Strea Nosebe.oxhdaigeen of sec-butyl benzene (SBB) at 100 kPa
(atmospheric pressure) and at 690 kPag (100 psi {1 re?efnce of 0.1
wt % (1000 ppriO2RHPI Cafyenisaily, peif Beyepnasorfingy SRR L géfd‘i Pofelyr %‘9‘“@“
stirrer rot atfioathbadt 0130Doitpmvaceoy.dixggnt 0 t he process of Exanpl e

[ 0033] Fi gure S ttin SQBHP 0-
conversion i A&@Zﬁte ?gg%nilng}éita o oF Secd-but ?/I%bgu zé%!etr%gggarh&ﬁjk §E§ 4
(at nospheric Cplirt@;@sgjrlepnfaMOézvleE%Idl@P@p@a@@ i8¢ gneianthe pevephoniaming pgﬁseétlmce of

0.1 wt % 1000, AR mbdRken2 0l x‘ﬁ‘iptpﬂgtgﬂ% JiBa&k fl@rﬂtﬂ%%d}gém&%ﬁﬂ@ Agint atigs by a
stirrer rotating at 1300 rpm accord O%této the process of Exarrp e 5.

[ 0034] Fi gure ‘Hazeﬂcgondneﬂi*‘ﬁﬁﬁ &f’&f“ﬂ‘?ﬁr@ Y@ ¥donver si on of cycl ohexyl benzene
(CHB) agai nstjo@zepe In all thal®bd eam thdofch@n®uxindigidisaen. ok paidBrd, high he@npeniutd, aI
presence of Q, 1 wt 9% (1000 NHPI . at, 1 Pa.(a

545 kPag (50 Bor Y 450 Rou ek SR et B SR Sl LRMIPRRISLLAABREREH P
accordi ng toSt)Inempyweie@-s of Exarrpl es 6 to 8 [0035]Figure 13 is a graph

conparifg Cy(ﬂﬂﬁﬁb&tb@ﬁﬂﬁﬁ@ﬁ dWﬁHEWAQWL\Q% (CHBHP) sel ectivity against CHB

conver si on the ﬁrocesses of Exanples 6 t £ 036%aggure 14 is a graph

plotting NHPllOQ%élnce gt S3sraaRRIPes acgtfcegléd?deN%We cenfrafy DS EPRALYEBh ti me

in the oxidatT.ors.ah tl@l'dBld@t&ﬁQifddcﬂ@tyllﬁnzTeﬂitﬁ(SBBDﬁl&BSﬁBldDﬁlebEX.‘amif)DGEBVve/oT(HO@

[0037] Figure 15 ot t knst tinme on stream
%ﬁﬁ]%l%t g)r()ip (% Iblgk]ilgo;%ﬂﬁ &?\g)%\(o%gé g%( E;%@I

in the oxidatft cIo a (at nospheric
pressure) inlQ0Rd i nflr;tu%ﬂl Iﬂprgelﬁleﬂefengﬁcet@ aild\ﬂmd%f(ﬁll@@@e'p*ﬁh‘)n agmept IMepAean 000

ppm NHGl  accondi RPd JrRepPhases%RSs pRicnExan®l 1Iesrh (Bl pSn) NAPBA] kb gese 16
is a graph plotting CHBHP sel ectivity agaj nst CHB conversion in the 30

oxi dati on of %W%ﬂ%ﬁﬁ‘é??f‘ﬂ‘éﬁ%é‘ﬁ@"%‘@:I—\ig)P‘%f“ 906*RPS 2 ( at mospheric pressure) in
the initial MOQS]enCEglﬁé 3 @. algraph Vo1 000 thp SBB caversibn \W1%) @Sbhs 0ok q@paganNHPL
accordi ng tothe locREeQ%?E%%SIeOIan%a”pl es 6 and 9. [0039] Figure 17 is a graph
plotting cumene Conver sion <z against tinme on streamin the oxidation of
cumene at 10000R¢la (%gmépheﬂlgﬁamre@?p@w@) thp otedrbwiy lbdnzean fiydiopdredidepSBSEiice of

0.11 w3 WO 2&&%@5(@%%5’% h %%8&@39(%?2) &lkwodéﬂg)oflﬁkﬁﬂw@nqnd/\a thout any

NHP1, accordin ) rocess of ie I es 10A and 10B).
100401Fi gur e Wg %lb‘@? gb‘l‘? PO ]\Eki?)ﬁﬁﬁ@erﬁ’?é‘?‘kf aé%}mf Efpyn SEPBA T vity

agai nst cunenmg omdauoﬁ onsysy Blltl&ﬁmhzﬂ ptel:@cmloai)amoo msoobpmmmmet &0 kRO 160Raig)
(ot rosphr < RLSRAL ) LT A D AP I RORRFTE L, MR 405D
process of Exampk 4
30 [0028] Figurc 6 is a graph plotting SBB conversion (wt%) against timc on stream in the
oxidation of SBB in the initial presence of 0.05 wi% (500 ppm) NHPI at 690 kPag (100 psig)
according to the process of Example 3 and at 100 kPa (atmosphcric pressure) according to the
process of Examplc 4.
[0029] Figure 7 is a graph plotting SBBHP selectivity (wt%) against SBB conversion (wt%)
35 in the oxidation of SBB in the presence of 0.05 wt% (500 ppm) NHPI at 690 kPag (100 psig)
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[0041] Figure 19 is a graph plotting cunene hydroperoxide (CHP) selectivity
agai nst tinme on streamin the oxidation of cunene at 100 kPa

(at nospheric pressure) and at 690 kPag (100 psig) in the initial presence
of 0.1 wt% (1 (9020??6%" INHPI  accor di ng to the process of %?5%?03’%‘1?97 ie

10Exanpl es 11A and 11B). [0042]Figure 20 is a graph plotting cunene

hydr oper oxi de P) sel ecti vi agaj nst e conversion in the oxidation
o?‘/ cuﬁene at "fé%%@ ”Cea‘fr?%?&g?r(?”@’gcpi’ 8‘51336&g();r&%ﬁﬁmastp}{%ﬁd’rwﬂé% “eryepsitg) in
the initial presentBxaobled 1 wt % (1000 ppm) NHPI according to the process of
Exanpl e 11. 43 0-1 i€, iy | ottingdthe tede a) i T i it Sfi on

mp %ﬁ% B4 ?ﬂael}@ AnIhaRh.Bh Ptteli('v}% )g@%’@ggfzaga?r%l 4(?%%283%%

hydr oper oxi de BHP)" sel ec y agal nst cycl ohexy '

conver si on i rPecHet dikiprdaitrirenrefin die wiidetion of ef-bapBeiarnd (ERiein dhcatesyge okPa

(at nospheri ¢ pressidHheh) et 8dord2Qo KPRGcLAB RS (id Fkabigs JANkE bl syr esence
of 0.1 vvt%(lgoo pp NHP| accordi ng to the process of Exarrgl eﬂ12.(|hg
Exanpl es 12A IBWd! 128 o4 pEpy dicane M Cﬁnﬁg?tﬁﬁﬂl BEETY "Ry 8 uHEre ™ the

hydr oper oxi deox(daidR)of s&l egitiendchiey(SBGARNDD keal mnspie on predssi oand ian640hieagxiodat i on

of a m xture Qf nd ¢ €0f 0 YN r.e) at 690
kPag (100 psipgf) ?r?%t@cebg}ch?ﬁg t/gég(ioep%glgﬁgf ﬁ %td 1@9@9&? “ tgoﬁ%qeg%%%eﬁlﬂﬁ?agd
according to btmétumrm@@gatdﬁooexlamﬂo@mwthwew]qfﬁgqmpim is a graph plotting
cyc: OEet@y: Eer[wzp hy@{é@@@rs%@ﬁ p(oﬁhgls’é’% ﬁwa@g% ilg}[éingtyin@fgﬂisﬁ@?n in the oxid?tioréH 5 and
cycl ohexyl benzene ( copversjon in the oxidation o i re o an
O by ba by Bite T erinparsr o e sl fibhige & 0600
kPag (100 psipgsencaofthiewi?ni1bdtalpmp NelPendevit ftheQedktiont Bod(ubORtgppinged MRk tirrer

according to o , - le 13 (d:£. | es 13A and 13B). DETAI LED
DESCRI PTI ON C)B—IQ%‘—’QE{ %ﬁ/@g%l %ﬁ%at%&%%ﬁ#eﬁ?@%?" group", "radical", and
"s-ubstituentl0033F e Giged lil it eretvangeits SBRIY sdkcgvity 3@aigs e nverfigr inpthe poses
of E hi S1sdihsgIogaﬁwoa,otf';ay@fﬁgﬁzrepydtsggagd R)@'k'ga i(asmfhgiﬁérie%el:é&m !Qﬁihﬁ @@@E@ @:()Q\l\hi ch
contai ns hydrogen atons and u 0 on_atons, a ich may. li near,
branched, or pé‘g)c‘lniﬂ?i ‘nlﬁﬂd’r‘?ﬁﬂlé?lgfc%ﬂc?"f%% “%gl(i R apd Y‘i@ht-h‘élfe&%f? im(‘fg“‘m%emg
"Subst it ut ed abiyutil og astiyel roradick € 839" prak@otiag oald [Bodess ofliaoipleadt | east one

hydr ogen at omd.lp a [ I i I | .| east
one functi on[‘ﬁ) d%]roupég% %V\ﬁé?%})@lgﬁﬁegggétwg\%z l(ﬁlg)ﬁ&ﬁ%g%g%g% 838%%\40%?85?&“]% oup
has been 35i ®8¢éirqeadn Wietonidption lvé CHpAR 8¢ dititiny reveaeh €A1 L wIBoYrpem N atég%h of
Rt and 482 i s pnEeRemdenttyu 84202/ OP&asHiAEh6 HR2008HQ0H%Md Ritselaeketod r om
al i phatic al koxy or aromatic alkoxy radi cal s, car boxy radicals,

al koxy- car bor§T 2 yding i 1ee niprass K B8RS B r adi cal's, each of which radical s
has 1 to 20 g¢@mbon Etwesl3 [s004ghphheonpaese Ry cléihayyéirbdcan hpdropekdels @HRHPEESS

for oxidizi ngelgctisq dd%gng?EBBQ(&&VQI‘SitOI ‘f%r ﬁ]?rptrog&peggﬂx%%%lw(g&@per oxi de, al cohol,

ket one, carboxylic dacid or dicarboxylic aci € process 5conprises

cont acting al®8éict i Gavremddiiiumarohpratai iRl depetnistiar lbepnsivpiessuigrifter 4 hours

oxygen-gont aifidd tifd s thdoxiddBonUresBnNe® @y 16 ploads s br IXRAREI ShRY @ cyclic

i mde of the &Sner al. formula 1%1: é?%k wher ei nwt%aqh of Rl @nd R% i's

i ndependent | y"38| ecti&ti® f}dine BE%E HYP cHNTS LR e Q8 SRS b LA PE{Aton

radi cal s haviofigyclbhdxglb@@ene T HiR)rat HI0GIS (atrarplicHeprgsoeips thSEBH] prdefte o0H atdl NO2,

or the (1000 ppm) and 1 wt% (10 000 ppm) NHPI according to the processes of Examples 6 and 9.
[0038] Figure 16 is a graph plotting CHBHP sclectivity against CHB conversion in the

30 oxidation of cyclohexylbenzene (CHB) at 100 kPa (atmospheric pressurc) in the initial presence
of 0.1 wt% (1000 ppm) and 1 wt% (10 000 ppm) NHPI according to the processes of Examples 6
and 9.
[0039] Figure 17 is a graph plotting cumene conversion against time on strcam in the

oxidation of cumene at 100 kPa (atmospheric pressure) both with an initial presence of 0.11 wt%



10 atons H, F, A, Br and I, provided that RL and R2 can be linked to one
anot her via a coval ent bond; each of QL and @ is independently sel ected
fromC, CH N, and CR3; each of X and Z i s i ndependently sel ected from C,

S, CH?, N, Pigﬁ&mgoﬁﬁﬁnts of Group 4 of the Periodic TaBf@US¥NEH2or o1 k
is 0, 1, or 2, 1is 0, 1, or 2, mis Ito 3; and RB can be any of the
entities (radjcal s oup or atqns) listed for e co cting.is
oo 2 Rl PR B B STB), lPhecl eeha SRTD S Es
wat er in the maaedio@. nedi um bel ow 50 ppn1and t he concentration of organic
acids in the ti I yclic
i mde catal ysb@ﬁg mgﬁylﬁgegga?ghggf JE%Vt‘Qﬁ‘}e (%llg)g lec)(%fgf]a glﬁgtttrcgl%lngn of
wat er and or gamicsioadh ds osidhien of kemeng afr g@tkl’aéitmbphmc pressure) ppth piits ap émdal i on
nmedi um iss eagh.kRdependent |(M0J)T?brﬂ)t RiiPeghd vhmmﬁ ehe &b DRl O @RS Socess of

condi tions, at 2040 pm or for exanple in the range 10 to 40 wppm
such as 20 t o-*4pplq %ppn1 [ 0049] As used herein, the nunbering scheme for the
Peri odi c Tablwmﬂioupgmb$9eagbpye@ma§aﬂw&QWm$edmmm(Chem%mamnﬁnﬁmEMkaeering
News, 63(5), dr.ocar b, r cess a
wi de group of%gmﬁ 3wtugmg%gﬁaﬁﬁg%qggﬁgﬁggﬁg29?9%%?3 mm %ﬁﬁﬁéa?ur t
hydrocarbonslnﬁﬁehwé@t@mkaﬁéé\W%VHNQQWREW@§3“@KWéﬁe@Lpey%be%@%@n@élOand
aromati gs, cqgmgﬁﬁqehe&;jmﬁly oxi di zed. In particular, however, the process
has utility in the selective oxidation of isobut §§é tertlar%ffuty

hydr oper oxi dd"Al t ERYF &t § 2 gisphplgfne Qsrcd ey vy Jqelpqtiyly asaijppeumene

2009/ 058531 PChiveiS20a8Hhe F9d:tian of cusyel cﬂ)lf(ﬁ))(la’ﬂeatﬁl&pﬁbyxc behexanalat 890ckPag (100

cycl ohexanone .and .t he..sel ectiv b .
hydroperOX|dé§ ﬂ?“&#?“@ rONB ﬁg)ggnp d%“8$&?2§”&%& @Qp%%ﬁﬁffkﬁﬁﬁﬁz R4
R6/ CH\ HCIRS in mhlch R4 and R5 each |ndependently represents hydrogen
or an ajskyl QMQBI]IO hﬁvﬂlr@gl fxfd%pll ptOané cy&h@@[h@&@n@y@l@ﬁmoxﬁ)&Q@Hgﬁﬂ) LhatvitR4 and
Rs may be joined t or group _havin Q_car on at ons,
said cyclic @seab%@mlbeﬁﬂeéﬁ%lﬁ %?n\seﬁfb)gt“f ded “0%1 fﬁéture %FE‘?&% §8r ogen,
one or nore a{mefgnmmpﬂwhaymngefmﬂai&wmem41mamammtaimmmnmeaaecybl@hexyl
group. In an Qd . { i group having
from4 to 10 g)tgl? m) Idccoa gl rtlo\c:ﬂe%%%%Ithgdn@%qlzt(ggg%%p@?%%X% 1'2§ stl tuted
Wi th one or nHé aI IRIWG é}le@leldﬁ‘a}wfh@ qllnlelmllldl’Pml%lde %@ﬁelwll@%ﬁ @HN CUPENG t h

one or Mpre RRLAYbLN HrAURSdati b m?rllﬁr?l e Qf‘ CHBiabARhRnd: I M}@r Qﬂﬁﬁph&lc GRIRRYNdS
are ethyl benzene, cunene, enzene, sec

p- et hyl - secaﬁh?§%b@ﬁ%@ﬁ%p“@‘%meHWBh@ﬁ§W€fépbﬁ%?éH@0mé@@“ﬂ%%?@ﬁ@ﬁf@ﬁ% and

cycl ohexyl bepmeneof Bahhfle cimene, sechutyl benzene, cycl ohexyl benzene and

m xtures ther eferred. [ 005 Rel} | i the
al kyl ar omat i é@gé}mouﬁg ng'h a xa F om#x 9 ilb}lexygagpz%cﬁggrg eé&?de @lqglg%nsgggéiity
produced by agdiop @vtCth‘gi)’lbelﬁzférf@HW anerslom éade ondeioTat 4l iyt if gl guhte;

nor mal | pr owyeaeenet@mrat @d()@h@érh&?he%@'ﬂ@hswe?ﬂﬁ 28RS 1phg hb@p@%%%%a@f a
het er ogeneous ca%vgy such as zeolite beta or nore

al east
one nol ecul aP &R ot Wi/hE ORI NHTEA #pqoy/ineds terocRs @t 51 T%%“H? Yl ation
conditions coswemilent!y include a tenperature of from about 10C to about
250C, for ex t (ﬁggﬂg 0C. The al kyl ati on pressure
is 20 conve%&QA?]B? E]H%£8§fnfgég%ﬁlur eXiﬁ%?e from about 100 to about
3000 kPa. Thé0a¢lky| T toms| "sroggnvedicahtang "sigstiticad apubscatingichsagerlnen tiys C3

al I cyl ahi ng ag&REn Bl dpbRt b0hiOfisc@RA " hdrdcBrbARNikar 1Q1ARd t@bd’ﬁ’acgcml whienr 1y
space velocity (VHSY) based on benzene of between about 5 and about 250 VI

for exanple BE{ASNIBHEBHOS WhdP AhULaBY Hems andGEB2IP e PRE D Phct i cal
enbodi nment , tﬁﬁcahheykamgm&tmmnammpamndmﬁhmgenmmahm&bnﬁmkabﬁtmm&ﬂ,|8c

sec- butylbenz n ed by al k tin t.one C4
Kyl at 1 ng. aane B SuPROMSRENRE uBly) Bl FIREHE Wl Bolhucs BB
heterogeneouk@ﬁameﬁwsmwawcﬁ>QSW%eDNibetbeiemddeﬁM@ﬂﬁﬂef@r@bﬁyhﬁURWEast
one nohecul af,$i@¥%emf imd BeirdoWl rdidalf @l Hich@S A& dre dunB &2 OWhndcpkienty

al kyl ation conditions conveniently include a tenperature of from about 60C
to about 260C, for exanple between aboutyl100C and about 200C. The

al kyl ation pressure is conveniently 7000 30 kPa or |less, for exanple from
about 1000 to about 3500 kPa. The al kylation is conveniently carried out at
a nolar ratio of benzene to C4 al kylating agent of fromabout 1 to about
50, for exanple fromabout 2 to about 10, and a wei ght hourly space
velocity (WHSV) based on C4 WD 2009/ 058531PCT/ US2008/ 079172 al kyl ati ng
agent of between about 0.1 and about 50 hr', for exanple between about 1
and about 10 hr-1




[ 0053] The ¢4 al kyl ati ng agent conveniently conprises at |east one |inear
but ene, nanely butene-1, butene-2 or a m xture thereof. The al kyl ati ng
agent can alsgQ be an olefinic C4 5 hydrocarbon nlxturelgoht%%nrp | i near
but enes, suchVQ¢"C4¥He obt ai ned by steam cracking of et'fale? %?3%3
butane, LPG and light naphthas, catalytic cracking of naphthas and other
refinery feedstoc nd by conversion. of oxygenate h as neth noI to
| oner ol efins’® C?ff)‘rts‘é%é%’ﬁty alfpr of giomatsi ﬂlﬁ“bﬁa%ﬁfll&r%@ﬁ’f ﬁlcarh 2Gree Pyé
general Iy avakdiabloed hydraanyonrefidalenyh @mplcdyidings st ¢ amocraekiung. t 0 produce
ol efins and ui ble f e [ 5 a In P9 M rocBbonl® GLUdE
steantcrackeabﬁ fengﬁs fgggfméhﬁPﬁ%%%% 1%10%4b g%o ﬁ@tn§e_ ﬁﬁ?n%ma&t

sol vent ext r aotrgsprdiog hydpariogdnalcohoh ketener erpprsdic bid aidiiemexyiie and-t hs peqcer@le

st eam crackedoRpieN&ndling @ Mhac MO &ai{ bdﬁﬁ)frremz (} RRaBEOHMC En 5;@/9@1Ld8htﬂlgmaf ter
renoval of butadi ene and j sobutene fromt eﬁﬁg@?ﬁbsteantcr ked but ene

stream). [ 0054} PAeypEpenge plgctpat cupraiEns el ﬁctncr‘“tfhrém (Ryl aromatic
compound of general fornula 15 (I1)@s cycl ohexyl benzene and i s produced
by contacting benzene with hydrogen | the presence of a heterogeneous

bi functional catal yst mhrch conprrse at | east one netal having

hydr ogenation activity, ty se;ected fr-om t he group consi sting of
pal | adi um ruthenium ni cKel an and crystalline inorganic oxide
mat eri al having al kyl ati ¢gn actipjity, t erﬁﬂ at | east (pne nol ecul ar si eve
of the MCM 22 famly (as efrne Q elo . The contacting step is 20

conveni ently conducted at ratufe of abput 50C to about 350C. The
contacting pressure may be, for exanp , fromabout 100 to about 7000 kPa.
The benzene to hydrogen nolar ratio i the contacting step is preferably

from about 0.01 to about 100. The WHS¥iduring the contacting step is

preferably in . the 0,abqut 100. 05 MOM: 22
fam |y naterﬂg$wm(8ggqﬁ€?eft ﬁ dt“Pﬁjn%ﬁﬂ%?@“%gngx?J®gO“§%Lamfbubl%? si eve
of the MCM 22wydraquibtlylradios Haivitvi @20 fabaen ajonre@ltlictegedtps SrE, Nde @Hhed 80n or thncl udes

one or ore Qfyys HW' ecul &l tsblevtea trmfte aterﬁmaa bgrrrttt‘@tbtde aﬁtthgegrae&vam
crystalline buillding bI ck unit whi unit cell has MAWV f r amewor k

t opol ogy. (AbQHE ?acééf@ 1n§ Qa“slb‘a’t"?nétnﬂarﬁrl‘aﬁﬁé‘ﬁ%‘rﬁ Co‘FNat“Srﬁ:é‘ vﬁ"t?hc‘ﬁx fdtZiifed in
t hree- di nens |11Q19@4nde$ﬂ>ﬁ@e&ct@@ﬁr&ﬁ Che$H, he Pehy sitiddntsSF Ghitp Ubethe Baioic 304, it al
structures are ed in th ALl as. f te Frane rk I Frfth
edition, 200 S%g r@‘goﬁtﬁntOIZ ? ; ékn%%Peéhh ﬂm¥£z¥%%%h

mol ecul ar sremes~madmmfmtmh&aRhﬂhmmmneemondmde@meemmthdmngwmwoohnMMGnng a
2- di nEI@S| OI’I({)AL ctohéehﬁl«grorp of %Ht%PmMMVJdE@o'H‘%MH& EQ(RQ'S@%}{m%H tth &)lml:eﬁtlattoﬁ) lﬁ] ng a

nonol ayer of one unit cel I thick ness, preferably one c-unit cell thickness;
35 nolecular0§¥@9§§“ﬁﬁﬁ%WFWBhW@%hﬁhﬂ“% Wﬁoﬂeﬂhé@bﬁuWHﬁﬂﬁéwbmo%R%“T%erng

| ayers of oneﬂanhg@09/058531PCT/U82008/079172 or nore than one unit cel

]E :,1 :)(r:nkgte Zikl n @ ackj E:ferabl%?/hc Bverﬁ, & Cﬁgjcelé{dth])%%lsv?a?ct? anl'cllnc;wamc%mdq othel 81]@119 t?us gt allolrna {mggl |
t hi ckness. Themsuaﬂhnngmwﬁn&adhm@eo@mdhdmgﬁeeﬂhunkuung05@o®hgwmamxhen|n a

regul anf ashu@rtpprﬁ& befolv S ASHY Bk latou@rtrapmtcﬁ%moqQ 30 Qfpn@NY COMbi nati on
t her eof ; | ecul ar si eves made b ul ar or ranJon12 di mensi ona

or 3-di nensr tﬂ?é?l c ohbiserhltersdn ﬂof“utr?ﬁltw F‘P%X)h ?n@dtc HEPIRAARPPY 8 FEbleYer 23

t opol ogy. [ OQiéidsMphemithiad! asd Eg@serh Nehg cNOMV229dsam |y i ncl ude those

nol ecul ar Si eves h%vrp an X- ray diffraction pattern including d-spacing
maxi ma at 12—4@L§%;4ﬁ436 15, 3.570.07 and 3.420.07 Angstrom The X-ray
diffracti on {HtH usédetthe phangeesiazeidt beuprat ebitgltcdar enobtiaitadeduratd oby

st andar2§| t ecglﬁlhtt?lgE? h%tlgrﬂrb% Hﬁh Q\Qalﬁalﬂgs érc?olaﬂmés qg('éxpeL ec&clgjllceﬁgpmrm(ﬁﬁnésnc' dent
radi ati on an fractometer equi ppéd with a scintillation counter and
associ at ed c&Hpist lectislyt Hilized| |leepfie s yatesih the eoseT Nat Bilita s theselpgige

MC1\ 4- 22 f anmbliyatibned issd@alvliidMe2idry bd© BISkiop@6kidendheBiaryBataintthdNolectée OGdhtidR5) ,
PSH 3 (described in U S. Patent No. 4,439,409), SSZ-25 (described in U S.
Patent 15 No. 4,826,667), ERB-1 (described in European Patent No.
0293032), ITQ 1 (described in U S. Patenf_No 6,077,498), ITQ 2 (described
in International Patent Publication No. W97/17290), MClV1-36 (described in
U.S. Patent No. 5,250,277), MCM 49 (described in U S. Patent No.
5,236,575), MCM 56 (described in U S. Patent No. 5,362,697), UZM 8
(described in U S. Patent No. 6, 756,030), and m xtures thereof. Mol ecular
sieves of the MCM 22 fam |y are preferred as 20 the al kylation catal yst
since they have been found to be highly selective to the production of
secbut yl benzene, as conpared with the other butyl benzene isoners.
Preferably, the nolecular sieve is selected from(a) MCM 49, (b) MCM 56 and
(c) isotypes of MCM 49 and MCM 56, such as | TQ 2. Hydrocarbon Oxidation



25[ 0058] The oxi dation step in the present process is effected by contacting
the hydrocarbon substrate with an oxygen-containing gas, such as air, in
the presence of a catalyst conprising a cyclic imde of the eral formula
(1): (0)k 1 QFORPYVHRY @7 W 2009/ 058531PCT/ US2008/ 0795’575’5%%@?73’:76 each of
R1 and R2 is independently selected from hydrocarbyl and substituted

hydrocar byl radical s havin to 20 car at ons r the s SOBH, NH2,
O g of RBh St ket “RarBLRER B0 6 o8 15 bRURRA "ot ai

enbodi nent s) deitesandinkRRBy drepgrokiges| of mkgdomoic omepoanis b free omnaltanmta\ﬂaj ent bond;
each of QL and @ is independently sel ect}ﬁrom C, CH N, and 5 CR3; each

of X and Z is independently selgcted\fromC, S, CH, N, P and el enents of
G oup 4 of the Periodic Table; l/o » kis O,uy, or 2; 1is 0, 1, or
2; mis Ito 3, and R3 can be a he entities (radicals, groups, or
atons) listed for Rt. Conveng&ntdy—~each wt-RdrRand R2 is |ndependently

sel ected from aliphatic al koxy or aromatic al koxy radicals, carboxyl

radi cal s, al Kb¥YckRrBORYFach HdfesdealyapricseRpdp a6 A Hladeoa kving §eR ld‘f 4whi ch
radi cal $ has clibbiPatafk, gatibanhal Q848 may M@ﬁ@ﬂ@k&&&&%ﬁg&@ﬁ&@@%&m&Z@

[005916enera|| the cyclic im e 4 dati o at al yst obeys
e genor al PSS SHESEra REREaRe By Rkl S R LA YR

i ndependent | yn(smllev(t‘gleubbﬂw\mm fhopdi o danrbyd at@an dr subbhiylared. 5 fpbledioat, By |

radi cal s hawdg(g RIS alrc%l()lg&i tg%slglop C}%EIQ I:;F%)up Qlwnghﬁ)ngﬁ wmcmgiljtonNWOnvqun@}ng 1

or the atons H, i's 1 ndependently sel ected
fromC, S, cwyclowylaoamdutév@%m% Oltf»ror eowﬂwhgrewp fepias Pl doif eatapsiass oy js 0
or OH 1t is Quithlone @ ndore dRGyIl gioSps OExahple®lof Zultaﬁemﬂ@nfoﬂﬂtﬁd Yompeaah aef cilig7, RS,
R9, and le) is inde endentléﬂyﬁlected fro hati c r aroqgﬁic

N Koy rad) cdreEtte ORa ot i e SrbS e B ny e B iy hr gt
hydr ocar bon rdadény&ldohedde ache-ofky inzah, r'aldl catishekdienticneo 20the aguben:, at@ns.

[ 0060] I n one, ) " e, ; atal yst conprises N
hydr oxypht hal ?%1%%% %aéydgl@ﬂ?éog%@gnd i %S%E{Igl%%tfgﬁg%lg@t&e hydr ocar bon

substrate wi 4S8N o%yﬁ%ﬁ’aﬁttﬁh‘t%b Hﬁ@ltqa%albwwc proersicd seferef Fsmey €0iie i mi de
catal ysts i s conauaher ptaden b?@mﬁlhtﬁdg(}ﬁ&eﬁé’kﬂﬁh anastehé ecmwam@agenqnb:yndtlp 15
effect the deS|red0|\(,j\2iyé d% (#J trateb;l’o}t 1? |
concentrat i o8t <ot % ?108 'OFGaRT & AChES T e. ee‘%%? ?0“‘ C%‘* Vs 6‘%%“?: aci d)
in the react |zamterted|omm0badr@“walﬁﬂatﬁwm onSuokcdongit ofcthtsVIWbibainily(ds defingdie
conducting t IBQOVQ)XI ﬂ%tallk?/ﬁtl% cornﬁ &k'c&%‘eéﬁg tl9\%omd§§§é{ﬁ[%ran§éjml aleJ 9%390 kPa,

for exanpl e between about Pa and Pr ef erab y the pressure
is in the radywt &0 ¢ rioheaBre Setrser 1y, mn%la‘é‘ ‘tW’étf‘éP&bl Yher HigHatig PEeEUE30 kPa.

20[ 0062hAl t hestghnidabe 25@90 dm dl Qkﬂs @&Qx&@)l&f@ﬂd&ﬂéﬁﬂdo m/a@butaow@ad TRXQG@ifion
concentration ran

d
o ate ot B GREy W STyt e e DR s AUt e SR Pl Bt
vol ume % f orndexeaighk eoufly qmeaxb@ultty GVHSW) basaboutenie ofbbtwiaen ut Gembabadt2§0 f r om

about 1 to ahpuf, é&xnﬁl@h&&&n%w@%‘yﬂ%&m&Ebﬁ]h‘e oxygen-contai ning gas. The flow
of oxygen-contai ning gas can be sel ected dependi ng on the anount of feed

(hydr ocar bon [¥§Hst rae &y thprnesdsst coppilimertyge tlsdrsemnayn cappe welof egverak et r ed
0Xygen 26 0NC e Rtstabuy@tnzch®RR3] prodRedbyefiSrFigdrarsae ditientast JHBICNLIAYIRINRYgdihe
desired | ow lm?d\éle zltlksylz{:t)xt)n \J\(%Elltlons an((fi in tﬁcgpxeber?ce of a heterogeneous catalyst, such as zeolite beta
or more preferably at least one molecular sieve of the MCM-22 family (as defined below). The
alkylation conditions conveniently include a temperature of from about 60°C to about 260°C, for
example between about 100°C and about 200°C. The alkylation pressure is conveniently 7000
30 kPa or less, for example from about 1000 to about 3500 kPa. The alkylation is conveniently
carried out at a molar ratio of benzene to Cy alkylating agent of from about 1 to about 50, for

example from about 2 to about 10, and a weight hourly space velocity (WHSV) based on Cy

~ 1] -



acids, is facilitated by passing a stripping gas through the reaction
medi um during the oxidation step. In one enmbodi ment, the st ri pping gas is
the sane as the OXégen contai ning gas and coul d, - 15

2009/ 058531 PCTPOEI0PE1'079172 for exanple, be a recycl e 5??@3??\0%?79gf)ent
oxygen-contai ning gas fromthe oxidation step. In another enbodl ment, the

stripping gas is different fromthe oxygen-cgntaini i ert to
the reaction We8fithieaHat ?%‘é“ﬁ?/ll?l”i(bl PG é‘é] tohliay rs“txam‘g%?et ?S’P p"igﬁ]é gases

i ncl ude inertiogaSes, such as heliumand argon. 5[00641The terrper ature at
whi ch the oxi on ct Is perfor t 1 Qe
extent deter nllg‘%% tﬁﬂéa ?‘ea&e‘iq‘gm f' C%efomenp%g CO?n aém gt %?:ﬂi % fild{ﬁs Lﬁﬂﬂ% enac%?on
medi um Thus tulvec-tontae? iong ingtugotheerfi et @}k&t},’célrlx iagadt et algpt b at elypee & ure of

from20G to 3(991@@211@“%}(@% CEt(tQﬁfhg?antaxobulégxcsucﬁ)raﬁf:e@lr}ﬁb)'bbém%chgy Et@dﬂ)@tﬁéﬂd‘éro@ i's
mai nt ai ned at relativel value, ie in excess of such as in the

range 105C tcP“TB‘G(BmP?B@[ 9‘6881%\9 ¢ wpd F\‘é‘i" 3piassbgR G Of Haé%‘thf‘?as" bedh f ound
to have an i npmely fdRisat end @ndmveﬁmchamo@ygaﬁmasl Qensandiasli orowd otefias. rieact i on

medi um i s whet her, t U [ eg by stirrin duri

oxi dation re aé%mpcl)g tpep (ggg%nagq:yﬁgf &Ialfpcl)nn ml‘fttéleb allg enﬂ‘dl{ ?\ agé%ble it 3159 rﬁtfqg%n th a

stirrer oper atiphging ﬂedeiﬂQgg@x@ﬁlC@M@m HO0rerwIE 6O uscay i G iﬂlbﬁﬁmﬁegcnhﬁ nut e

(rpm, guch as, 600, Qack &R tehPMea NN BinRE Qf(tﬁé ﬁQJLMt 1Z19'Qn1¥1 ot L QR cfitRRkacilint o ut
wi shing to be bound by theory, it is believed that agitatiaon Bﬁ‘?f‘
hat

stirring, mi HWﬁ’i’g’éstlotlﬁb‘elT‘%‘iCrﬁ’ﬁ‘Pﬁllﬁﬁ figh thesrgidppisan ?f“‘ctl‘ﬁjebufeé%tﬁ’tei‘”?ﬂ}‘ﬁ“ﬁgdﬁﬁ

have water, Qe (@fog@ﬂ keBnadGle AiEGQBOERAL Sfalt0nR «0f isDEktdpp @It Dide steibraceer , |t

has been four%d hg %gl tation increases the oxygen concentration in the

l'i quid phase, i°CA"™n turn increases the rate of the oxidation reaction,

si nce oxygen (M4l thlamts"cfferthe(mxglgémmb@m@nﬁlmaﬂwbmmﬁtw cpomeound efidicerpfaedy is a
limting stepnif QLR A8 1sr1§@cﬁ5édq’)9 c01?&[1£2g0&§}ee§wm hylardagn Mﬂﬂﬁ;ﬁ&&&@d the

appl i ed oxidation conditions such pressure, tenperature,

concentrati orff %tl}eieb’ﬁ?“ﬁ@‘“ an&‘“‘éf@i“%laFaita&ﬁ‘ ("gHhy F?‘Fﬂjﬁ’%r &t éea&taﬁ““oé“e i Ei‘slfl%d to
suit ther eaqlwlegknﬁmmaaneﬂttsplampl ba&tealfysﬂ the@’pﬂuﬁ)y&dlstlﬂgnofaﬁﬂﬂiﬁldﬁI’ll(ilBeani h the
i nvention the. ti ected .such Q ration
of vt er i n THETELEPT b Lt SBal o0 bon s TRk TPk PR OREN)

organi ¢ aci dst lest tieendle@alet jion ofrthd MiiBe Ifd@wym dofyred b@svbd@mjcmﬁaca@w%tm ignal

advant age of 0919/@51%3/ Rehdb R a@%leg@ér!uﬁ)l@ o@(b@ﬁ’l%@% BlabduP ¥Rt e B UL RacRdp Qe OXYygen
concentration and stri gpl ng wat er and é{?anl c acids, fromt he reaction

nmedi um i s t hatey b &Htexar‘?}i’é?r P8 RIRS 'él’@ Qo 7000dPpy Thehenzet'h PIASFHPIFSPENT de) |

| i ght ket oneshe(cBat@sting ﬂ@i1hMEfeﬁblbYrbm|ﬁBIu0¢neDtp abdug 0. ahawhgdelsrif{eahdcontacting

acet al dehyde)  and h ol) are renoved fromthe
reaction pr odiﬁ%t“é”eééa%ﬁ] mﬂleéarnéc (ffsabo(u?%gl L‘fﬁﬁoslp i'ght hydr oper oxi des are

hazar dous and0056ise Bhe @@n SHifCat-32 Gonlg ematerial” foh&mpteiad rof dlt MAM-&h fanHlvt toe

l'i qui d product, ,REEPTER Jae Mthgh2 fdg‘hl?@@l WMt BKEY OREI0XIs 48R heRInCARNMES

al dehydes and ketones are precursors for the formation of organic acids and
wat er so that"&MNAHg t hese species fromthe oxidation nedi uminproves the
oxi dation reacts QfoiécakesidRdms®R! Rt & Vinionaiid defie: &b sdddtink ibtiydigf bl(ﬁdﬁ&mﬁy&ﬂ ic
imde catalyst. In.fact, ha en gonduct i oxi dation o
sec- but yl benzene %1 hijinfef aéfleéégw 38 3 %%Fe 15 A b’erpr%t% of

t hese |ight specidstoandvhivati©tled mmm:endlmmstOhé @p@ad@%@nbe@ m@rm@sst@tmrev@ch

2009/ 058531PCT/ U%%QB?!&Z@% fre %EJI%M%& SR SSRYEE FARE ok RaRsIbindRike0f

t hese species are Tenove tromthe oxidation reactor. Oxidation Product

[ 0068] The pr oduct20BF thekeirpsesteaint Whigh HACPBISY BCEE"Gkpends on the nature of

t he Shydrocarbgn r§d¥&§ltsur a&\%s bﬁdd@%o%h%é@l@n Retond ﬁc@&n&ﬁ@ﬂnclb%cﬁ being a 2-
hydr operoxicle, alcohol, ketane, carboxyli r hox I|c aci
Cpecral Iy o hydrper i ErgorobaSTkdm txihsPa- s RO B agsT
Substrate is ISObméaﬁﬁ$HHM£n@Mpd&hb@mmprmduemmﬁﬂm$WISeS tertiary butyl
b oducton of B OpYTUAGISR: i RGTER 1 BOran o L e Syt e
gasoline additive). 10 [0070] Wen the_hydrocarbon substrate IS

cycl ohexane, the oxidation product conprises cycl ohexyl hydroperoxide,
cycl ohexanol and cycl ohexanone. Cycl ohexyl hydroperoxide is readily
deconposed to additional cycl ohexanol and cycl ohexanone, either thermally
or with the assistance of a catal yst. Cycl ohexanol can be oxidized with
aqueous nitric acid to produce adipic acid, which is a precursor in the
synthesis of Nylon 6,6, whereas cycl ohexanone can be converted 15to

cycl ohexanoxi me whi ch undergoes aci d-catal yzed rearrangenent to produce
caprolactam a precursor in the synthesis of Nylon 6.

as a



[ 0071] Where the hydrocarbon substrate is an al kyl aromati c conpound of the
general fornmula (I1), the product of the oxidation reaction includes a
hydr oper oxi de_of general fornula (1V): 20 R4 C- OOH(I H2C- RS

in which R4, ﬁ@zgﬁﬁﬁﬁ@’have the same neaning as in for miQEr§I7172
Preferably, the hydroperoxide is sec-butyl benzene hydroperoxi de, cunene
hydr oper oxi de or cycl ohexyl benzene hydroperoxicle. This hﬁfrogeroxid can
then be convert ed*b§o5dhy ¥rdul £ & ]ﬁﬁéWEW”b&eg%ﬁbﬁ PPEUER Bn8Hoi and
25an al dehyde or hetkegses ohdd hen gereg,phckingr srbinginRUCESHIRMo(M)yersiofomhingh R4
and R5 have the s meani as, .l n f L) B 007 ..l eav, .
reaction is conve%ﬁgﬁfv§»é?gé%%%ﬁ;gigég%%%gg%%éz?ﬁggﬁé%%ggg}%aﬁ gggf?h a
catal yst in the | fashiindanghesslar Gshica, ¢ maoeyieshion.er ofy cabbiuatiopacefpandbout 150C,

such as about 4Gyt Q. @Dl el 20 ny AR Qou@ BY BRI ©-@hendBOM tor SuikthsRRAUT
2500 Oa, such as about 100 to about 1080
combination of unit cells having the MWW framework topology.
[0056] 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
10 by standard techniques such as using the K-alpha doublet of copper as incident radiation and a
diffractometer equipped with a scintillation counter and associated computer as the collection
system.
[0057] Materials of the MCM-22 family 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 (described in U.S. Patent
15 No. 4,826,667), ERB-1 (described in European Patent No, 0293032), TTQ-1 (described in U.S.
Patent No 6,077,498), ITQ-2 (described in International Patent Publication No. W097/17290),
MCM-36 (described in U.S. Patent No. 5,250,277), MCM-49 (described in U.S. Patent No.
5,236,575), MCM-56 (described in U.S. Patent No. 5,362,697), UZM-8 (described in U.S. Patent
No. 6,756,030), and mixtures thereof. Molecular sieves of the MCM-22 family are prefeired as
20 the alkylation catalyst since they have been found to be highly selective to the production of sec-
butylbenzene, as compared with the other butylbenzene isomers. Preferably, the molecular sieve
is selected from (a) MCM-49, (b) MCM-56 and (¢) isotypes of MCM-49 and MCM-56, such as
ITQ-2.

Hyvdrocarbon Oxidation

25 [0058] The oxidation step in the present process is effected by contacting the hydrocarbon
substrate with an oxygen-containing gas, such as air, in the presence of a catalyst comprising a

cyclic imide of the general formula (I):

(O)
RY X
|
o/
R> z
“ n
(O)
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30 kPa and/or a liquid hourly space velocity (LHSV) based on the

hydr oper oxi de of about 0.1 to about 1000 hr-1, preferably about Ito about
50 hr-1. The h droperOX|de is preferably diluted in an ent
inert to the é@?@’?”reactlon such as net hyl ethyl 33%ﬂg&%ﬁigL¥
2009/058531PCT/U82008/079172 cyclohexylbenzene cyclohexanone or

sec- butyl benzene, ass| st jn,heat renova e gavage I ea tion

conveni ent |y %%ﬁﬁh&?@ddfh ﬁmtgtdnyF@m8?§¥PFF§g dPg ?66?§ff%8mt§talyst
enpl oyed in tb@mah@auagﬂs@mepl@&wcmem&mhmnmgsnﬁ@msSQ@iaHyﬁﬁhmdN@LOIme

het er ogeneous, cat,alyst . 3 @fﬁ?mgu&a@ﬁcg@a &Eog@msﬁé %ﬁ‘d’ﬁgx‘ﬁaf&tlﬁké’d%s

i ncl ude sul furic amgE perchloric acid rrc acid drochloric acid
and p- toIuene%ﬁpmﬁﬁiﬁaa@wémﬁpﬁﬂrW@i@KJ6@(aésmﬁ@ﬁ@ﬁ“bﬁ@%Wﬁé@WdéCHSNUWGr

di ?X: det:and Sertf dhen Sisd QM'Zqu@Jp@nd@At@ch&:ftJdQ&MC‘/S hRIMMIeNRRK @maga of N

catal ysts eferr neous cle e ca uric a

[0075{A SU|tagfgnﬂ@fgﬁgbéﬁ%8ﬁ885dfﬁly%?rfgﬁqhéé“%ﬁnYHéoéﬁﬁzgaﬁﬁbBFW i

sec- but yl benzenentitidQ(rijdis opendxordkeom dktadl &8 Rl SOaaetnichdy, chayof B'ugld Risisan

aci di ¢ mont g | i n arcdsid i Jd 0, nt No.
E&§@%¢%ﬁﬁg%%%#mcﬁ&k ﬁﬁfﬁgﬁém&lgﬁég %%?

4,870,217 (Texa I scl osu I's 1 ncorpor erein
by referencefﬂP@O?@%@Hem@ﬁbd@dbwb@a@wlﬁﬂ@ﬁwFﬁéféNé&baﬁ@m§¢§plﬁh%)%@m“
purifiedyto sgparate its conponents, or further treated to formfurther
products. Thus in one enbodi nrent where the conmpound (IV) is 15

cycl ohexyl benzenehydr oper oxi de, the ketone product wll include

cycl ohexanone. Accordingly, the crude cycl ohexanone and crude phenol from
the cl eavage step may be subjected to further purification to produce
purified cycl ohexanone and phenol. A suitable purification process
includes, but is not Iimted to, a series of distillation towers to
separate the cycl ohexanone and phenol from ot her species. The crude or
purified cycl ohexanone may itself be subjected to 20dehydrogenation in
order to convert it to phenol. Such dehydrogenati on may be perforned, for
exanpl e, over a catalyst such as platinum nickel or palladium [0077]In
one enbodi nent of the invention, the hydrocarbon substrate that is oxidized
is a mxture of two conpounds of general formula (11). In certain cases a
synergystic effect has been identified when co-feeding m xed feeds to
contact with the specified catal yst under the specified 25 oxidation
process conditions. Such synergy is seen, for exanple, when the hydrocarbon
substrate is a m xture of cunene and cycl ohexyl benzene; or a m xture of
sec- butyl benzene and cycl ohexyl benzene. This synergystic effect is
denonstrated in Exanples 12 and 13 and their associ ated Figures 21-23

di scussed hereinafter. [0078] The invention will now be nore particularly
described with reference to the followi ng 30non-limting Exanpl es, sone of
the data fromwhich are shown in Table 1. Exanple 1 - Oxidation of SBB

[ 0079] 150 gm of sec-butyl benzene (SBB) supplied by TClL America and 0.16 gm
(0.11 Wm% 1100 ppm of N hydroxyphthalimde (NHPI) were weighed into a
Parr reactor fitted with a stirrer, thernocouple, gas inlet, sanpling port
and a condenser containing a Dean Stark trap for 35water renoval. The
reactor and contents were stirred at 700 rpm and sparged with nitrogen at a
WO 2009/ 058531PCT/ US2008/ 079172 flow rate of 250 cc/m nute for 5 m nutes.
The reactor was then pressurized with nitrogen to 690 kPag (100 psig) while
mai nt ai ned under a nitrogen sparge and was then heated to 125C. \Wen the
reaction tenperature was reached, the gas was switched fromnitrogen to air
and the reactor was sparged with air at 250 cc/mnute for 4 hours. Sanpl es
were taken hourly and the NHP1, 5 acetic acid and reactant concentrations
of each sanple were neasured by gas chromat ography for conversion and
selectivity and HPLC (H gh Pressure Liquid Chromatography) for NHP
concentration neasurenents. For water analysis Karl Fischer anal ysis was
used. After 4 hours, the gas was switched back to nitrogen and the heat was
turned of f. When the reactor had cool ed,4i.t was depressurized and the
contents renoved.



10[ 00801The results are shown in Table 1 and in Figure 1, fromwhich it
wll be seen that the NHPI concentration dropped from 1100 wppm at the
begi nning of the test to 185 wppm over 4 hours, during which tinme

oL t he
acetic acid cHREERE on built up fromzero to about 666 ™NpPH""S/er the
sanme time the ethyl hydroperoxide concentration built up to about 2000 wppm

and the water concentration to be in excess of 1000 m  15Exanmpl e 2-
Oxi dation of &8B! [ GeB™bHEe SYolc duide gPriexed iyt ax%@*“@%%hg‘w Bt dh «he
test bei ng runmata at nospheric pressure (100 kPa) and the results are shown
in Table 1 and in Figure 2. It wll seen that, at atnospheric pressure
(100 kPa), acetic acid and other light“acids were forned at very | ow
concentration and were conpl et ¢ ved fromthe reaction m xture, making
t hem unavai l abl e 20 to pgat al yz xﬂ;olysis of the NHPI. In fact for

the first 3 hours of the teg ke~acet\c acid and the ethyl hydroperoxide
| evel s were bel ow t he det ec m ts ofytheygas chromaipgr aphi c anal ysis,
rising to only 30 and 34 pp& aceticacid and et hyl hydroperoxide
respectively (in contrastwi th e 6097and 2000 ppm obt ai ned in Exanple 1),
by the end of the 4 hourRrun t{me. Infaddition to stripping acetic acid
fromthe reaction mxture, at Igw prgssure the air flow ng 25through the
reactor stripped out the majorRty of de water also generated as a

by- product of the oxidation process, to a |evel below 50 wopm [00821The
NHPI concent rvékiedreachufiRAR' Re atdest isofidefendapy el@teil SomlhgdostvgivmdismbsFugdr e 2,
fromwhicch it will sean. 1 h .60 Lat.l.on. @f. | OBt d t at
1100 ppr% and llé%%d'ltbgg&ﬂgﬁg Y)I\F/l\ﬁ” sxo(%glra?%% dgb%{e%n%rg%tgnggb %5[) Qrﬁﬁ_\,’g ad?{i gz’ggmonents
were stri ppediopydinft fleBr @ddt ook gidf &, indeggrdepHy selecied fiog By €8s d% & 204y t h
nmost of the ageki€oGiloth aBHmWateicrapeyved 6or beyeliso,bebow 501 wapm ortdhe NHP1

catalyst in the reactio ssel was, protected from hydrol ysis.al r emai ned
close to its SP4PET gea(‘fgr‘iggnt akr 8% And® B %?Fl?dﬁlg[yes%g%’{‘%%%g%‘“éfag?o&ﬁ of
reacti on. [ 0@BBhiThakSBB:zalkwerbsiydmdanel atkhgy-sgload tradcals ynd ydseobdukditdrenzene
hydr oper,oxi d ] . Shar. les 1 and 2 are conpared in Figures
3 and 4[.0 It %a%E%B%régﬁalsfhﬁ%HOFpg%tr)(g% I;‘([}tghat t he 35SBB conversi on was
adversel y af itdbled By mherigiger Predgtie hsetvclin Mmidinpleelyst WEPHYS 28wt %
WO 20091058531 P6IHNR2ARR/0H{@L 72 after 4 hours in Exanple 1 but only 18 wt %
in Exanple 2. wever, as can lﬂgASE.en‘erT,‘Figure,4, the SBBHP sel ectivity
versus SBB coM9br si B PEEHAR B MGALTORIY" ST G L BOER- 388 1BLE° B0 psi g)
and at nosphepiesenpr @siguyeic imddcgagst ngotdhatd the cSBBIR $laecdffestive yotwals tset by
t he SBB.conv [ ] : . 5 f r se
eacti an condl T Ao MHEER ARG ARNGh A HIEHER 18 o BEEARE s nalt®
processes of aEkerApicewidt (ag dacptioer fermie padtie dhebgtction tpdieh &elpyisPiram NiMPL

c ﬁ ncentr atT i g@m{aeibﬁhgt et eRR8EHcdnBunOfc WkideHOP Qe RVE)y BRGrd:fie, LRB UL bSovalr €
shown in Ta

e 1 and in Figures 5 t0 7. 08 jgure.5 plots the NHPI
concentrati oﬁgoalgpéﬁ S 'i’lFrlé ??n%‘?”éé%'?&ﬁ gﬁ‘b\%@%a%’efe%g ﬂled’r???i‘ﬁec‘éﬁitﬁ%ti on
dr opped fr omda@Oofipm7t o 50 @Pp pirepwdnatishiondithoudskPaf t he test at 690 kPag
(100 psjp) i anp, X ‘ g oS rAb
S mospror) o MIEc Pute Rkl o QUBRHeLPoED oRRTL QKR Aello? e
measur ement s sfches pdiecce BAdnd |49its it F PrEfERY eeBitett fdatively WURESREPIECEEY @O0 and
> 500 wppm r egRECHI Y& ¥an WNBERS:, FR exdmpBMInLabdutiohay abher 2 veREB ¥< c&BralPPmM
15[ 0086] Fi gure 6 SBB cpnversiigﬂﬁa ainst tine og.ﬂlgbrea and shows

that the con\17'8?]§}’@lf1?§0ﬁab}5‘gtefﬂ VEYNR BYeS OB SRREOELERYT % He"*¢Efte at
about 17 wt Y%eafdimre dahende kaeres dgfendifpeont tiksdmoufitQO8Ed iy drnacagborl sygkiotts ptehmt SBBHP
sel ectiyi ty ARl Bttiol 16 SRBuS AONEF |80 ARdahgws that the

[0063] In a preferred embodiment, maintaining the desired low levels of water and organic

acids, is facilitated by passing a stripping gas through the reaction medium during the oxidation

step. In one embodiment, the stripping gas is the same as the oxygen-containing gas and could,
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SBBHP sel ectivity was significantly better at atnospheric pressure (100
kPa) than at 690 kPag 90(100 psig) over the entire range of SBB conversi ons
tested. Exanples 5A 5B and SC - Oxidation of SBB [0088] As shown in Figure
3, the SBB cofVe!¥%H*i n Exanpl e 2 was adversely affect éd "3§*PHE* 1 bwer
pressure enpl oyed, indicating that oxygen mass transfer (oxygen
concentration in the |iquid phase%ﬁjs the limting sggﬁ in ng oxi dation
reaction. OneapBrB&CH ¥ P Cleprady gt RE e ERER” EOREENTIGE 0P At he

| i qui d phase dnsthtrembnim@asie stripging ats & dfferagirtrathic orygod-cdnh@ingeacand dnnamedi um
by i ncreasingt ag| | of , a. Stl.r L 1w th.the reaction
mect um - Thus g2kt B B0 APSEE, BBl Shluk QAR AEL ML RAELS

eval uat ed at ¢lfebelemanppregsur es, nanmely at 690 kPag (100 psig), 207 kPag
(30 psi @ andosds0sPREE S HSHI@ KelRRatBadaciidn iﬁ?@tﬁm&% Ofa fOatlRe ARG 5C
respectively. In particul ar, thgjproces% Qf,Ex%Fp e 1 was reFeat d hut with
the reactor JOMECERTRAT S DEY HOlstHT PBY OF S &P U Lo SR Btk en 0 and
1500 rpm at eantkiiof istchecpéndg sari@iSut @ 8 tt@terative f freaDIGto 0@ Csanarftoretd i n
Table 1 and i l.gu to 11. [0089]Fi e RplLots the react.] r.at.e

(Wm 9% againsﬁgég?ga??%ﬁégﬁgé%m%?Lu?%?%gg%$&$?§§gﬁ$%§'$glw%ﬁdgéﬁgag»?)at t he
reaction rat Ot hiclyts ipthepggn 195°CX073KPag and 690 kPag (30 and 100 psig), is
al nost pot  affh@sf ed AbyriteP Grod@i teiiioR uRP 8L hee RMRY 8 hav@ltin BAJABSPNGStdrCand
pressure, the reaction rate is 3§d(anat|'aIL¥ §f£§Ctedﬁ@% phe.ag;ta ion
speed. This i%BEIFEVEHIEIPe"HRE KALE" AHAEET; T AR ProBdt™ Hygitecd. g by

2009/ 058531 PGlirf S 200/ 178 LidZonrtaxt dar Brefei@bip edren is ciwatoet foandmpk gank ctiraci d,
especially lo l.ecul j r . .acid such. ti,G, AG

ompved to 1 aparmegtite Al AN @ H3ME ARLELSHERAR (BES U Bibbly RO
stability is rpmproveefcppy gifrte | PP mmiWithye vgdme te berpeurdie thegy gien beisrdleért r at i on
in the {5 qui dgpMas ey LtSridgNGMERARE the BFmbAMR oNFGNSP B8R thadthh hidkibAMhat THE wABASUr ed
val ues for mater,_o%%ﬁnlc ac;dwang NHP1 5catal yst ¢ ncentrat| ons under the
different prdtESNCHNHFPrEREaY & VbR it rdBrevs: I Posen e glires™6” and 11
show t hat, atinchiagh ti®peggn agictmatiiann ardigailrpbapheri¢hCin pire sswaes thaodte ofihy | S
the NHPI stabil, 1L.mproved t al ] c S >BBHE. .. |

ST eotivi ty: ArahX dIRROURS ohn A bl SHECOMEERLOI A0 R b«
process of Blawpketeninggoxidetpasretibut with the test being run with 150 gm
of cyclphexylifgazengs ({FEBln@MRP, RApH¥d JilatiMBRhdiGShs ARE aDprdburf Ml Brathle, Wt %
1100 wppm of NhydroxXEhthallnIQe ( NHPI') beln? wei hg?wlgto a Parr reactor
fitted with &96CF FYEFT A OReY TR AR EiepadSirsef2e QaRpPIHE SO Bnigasgon
condenser corbapontnipna cddegnergiiarck Ih s@prdioe wikathe inveeiobhalcondoes sregttiod and
contents wer tirr t 10 m.and_sp. Wt h ni n I rate
of 250 15 caih il Sl & eck RO AR SRRt ] BRET PPl B T
ni trogen to 69QciuPiy of 1ediqrsidyin thepdceonreddnmdiclheddOnnder a nitrogen sparge
and wasst h_en[magt edat RidkbFad RSN JrlfediBR Gl Rt B FRREGLULE asd AAched, the
gas was switched fromnitrogen to air ang the react or ma§.§Par ed wth air
at 250 cc/ mi AMEE" $O8FeNYRIRR Y SRS BaeaY &retiiasiS Higay P oaHe! PHEMNYSI and

t he reacti onliglonpangndxicongerthyabi ansyldfydepabkicaniphekasre (aeasehgdilyy gas
chr omat ogr ap for. ver,sion an el.ect i viti . i Pr e re
Liquid Chr o fyled it A RRpRAGREEEhE Yk LES R, Tk I A HLEGRET s,
the gas was Ywirtactiracdrdsiagikast theyrdre foopredn Tandlighh by dhparoxiggisra igrnidads eifdfrowhen t he
react orphad ¢EQ) @thcerhlit WS JERLESSHN 2RAIANIpbNR: 6QBL&NLS HBMOXRd. lighhe
results are ﬁhomn in Ta din Figures 12 Pr oduct anal yses

, ble 1 an , 13 and 14.
Shoved i nt er PAPIPTFHy el skt SbkBien 3 Eeewsirn ity {PErAiahcbee4ET d had
been forned. a@bExdnpdi@ sé that Qeinchaityg OtkseOdpedsiBron] A29&fdklier prdoesSspofcsBkanpl e 6
was repeat ed - WLEh th st . bej n.. at. r of ..345 g.(50
par 0y - Agai notgoyshotph BR hESiodth A idRadliy B BE ERRLLR A0 JERFukED.
Oxi dat i on of stopBhat [*Ge98]nTivéngppitades ofokc-Futdbypkasc ¢ ithadi epedtik&ee DU pvitdt h t he
test besng r pYorcakhaPLIBSIRESH ficse IRNPERSSULR (180 (kR Or md &Rag) whef@aian the
results are shown in Figure 12, 13 and 14. It will be seen from Fi gures 12,
13 and 14 that the CHB conversion and thg._.selectivity to the hyclroperoxide
were not affected by the pressure decrease between Exanples 6 to 8.
However, the NHPI concentration was affected by the pressure enployed in
the test. Thus, at atnospheric pressure, the NEIPlI concentration renai ned
substantially the same over the 4 hours of the test, but 35at 345 and 690
kPag (50 and 100 psig) the NHPI concentration dropped from 1100 ppm at the



WO 2009/ 058531PCT/ US2008/ 079172 begi nning of the test to 700 and 600 ppm
respectively at the end of the test. The water and organi c aci d
concentration values for Exanples 6 - 8 are shown in Table 1. le 9

Oxi dation of YRBY{HY4[ The process of Exanple 6 was reﬁga/tUE%?"%‘Ut” i th the
test being run with 1 wt% (10000 5ppm) NF-[P1l at atnospheric pressure and
at 110C The results are shown in Table 1 %nd i n. Figures “'—f‘ from
which it wi | I2RRPReES RrepsHist PR o BRI BinDSHAPSET 8%t TUTYE awgwe. cally
i nproved by tietopresence of 1 ww% NHPI. In addition, the NHPI concentration
remai ned t he Ga%i0n th 10 NHPI deconpositi on being observed using HPLC
anal ysi s. Exa'rrpsﬁs—‘%%g—a d 10B - Oxidation of Cunene 10[0095]In this

experi ment 130068 anBhobrodusrenethaprasenp pixideebnbyro®e dmsedsi e thendat@c 1€ @ ans
(0.11 wts % %@QcaﬂﬂmquﬁﬁtratywﬂnoVtﬁfd?zu@'b@tcﬁldOén@talaﬂ AULAGLANRe, NeAabedebR, 115C
and oxidized in a sem -batch process Y introducing a 250 cc/mn air flow
for four hour@baliatyydlkapelipressnrslly 1By RPey e Sanpl es of the reactor
contents wer qoaﬁakenF@Vcaﬁlyptt)aufen tlEh@dmb@mSﬁbm 13’ eplamledheymtlmmum polet

la::jgll,lf’ Iegnlg§-7|¥§rlia\lb b8 cr ITB/ but)i][%y%)ropetox&er} Sl‘{'”k‘l]bte Ula | O%Wg}l Il%ge}}??ﬂcﬁ% ﬁ%nd I n
dramatically nrqwfmtmveﬁaltphénwwbmdtsﬂtmv}éwsm@rﬁwlaﬁdb yerb%@|g%0tll}P ad@ieggnpl es 11A

and 11By Q(l dﬁbft onw@ts, @éq@m@ca[&{?%@llstﬁt@ P& Péﬁ'&%leothc@iﬁlmn%twctv\@ﬁlpﬁﬁpeat ed
but using an initial concentration of 0.1TIwt % ( 1100C§80hgﬁyﬁrﬁ%NHPI as a

catal yst and Wit d dpdireraidey ASIoBaRmY abrudeEd ot BAFPEe ot essur e
(100 kPa) andeaall)pdlee&ﬁﬂd)ﬂcﬁ 1@ hddiD0al Iefzagte;(dﬂt&()ncpsyc@)tem&he elties theingll@bewishown i n
IT?I‘EL gail ﬁ'gd i Ihgslsﬁmg: of a Cdtcgf¥>t a@vclo?exdu%oq can be oxutltzcla W 1trh a?ueotts IEREI\C dc?dqti 51)05\%5 fldl&\ls though
negatively afatléorthschtlmlevetsect thvmnylen(leﬁrf@tym 6150\yher0@e<r¥étotaﬁ?<hryme Ganpe owiangd t he
hydr opeysoxi dg, s&lgGhMnYwiich fRESods TRQLIBMed bRt AR RV DGt ABrokeANMES ST ON
since side-reactions conplicate product separati on and cause phenol yield

| 0ss. 25Anal YEPE B PHENBEEAERY'S" 6f the two runs shows the following: (a)
The NHPI remaoors] i nvaat tfaTBasati®ch viadhute KOSl alppapmate @tnmmphertm: gpre@ssur e
but at 690 kRa NHPL. congcent r .o ured
val ue of 106 6 %ulg :l'l?) thg év%%ct r?? glf 0x1f_ilat10n reéc 10{3 n%c (eié%ragl g qugcg ?ng}'&ffo%tﬂ§

at nospheri c mR@ssure nost of the oxygenated products nade frontnethyl

radi cal,; 30 oxidation are renoved fromthe reactor (hence

aci d-concentration <50 ppn). However at 690 kPag (100 psig) nost of the

l'i ght oxygenates remain in th Yid concentration > 500 ppm
causi ng damage to the cataly esh&gﬂ prodggg Al so at t he high
pressure, the water concentr at >1000 ppm

2009/ 058531PCT/ US2008/ 079172~ ation of phenol (nade from

hydr oper oxi de cl eavage) in $he oxi dation effluent is found to be hi gh (5000

ppm at hi ghnpmaﬁw*r@fdné\w alERS RORS h&niRg &Sﬁ'ﬂ;ﬁﬁulﬁ he. phersly, &@ﬂﬁ@db@xﬁ)ﬁhé onis

negl i gi bl e. I es 12 nd 12 xid t| on mene 009

m xture of 1156“6“9 %nﬁf‘%@&p%@%ﬁ‘@?ﬁ%@/ éOPfCH%OI C’S%O%@’fogﬁgzcg('fhyg and 0.1
wt % (1000 ppmhis aidlwmdmlehemé ghedltedl byt @idec! 3@ pRart orRealstiord blueh«bledd with a

stirrer, ther | ¢ | s Qs b2 G RONASNSES. RRL&1 Ni ng

a Dean ét ark 5;9&919 e@?kﬁg%éttthér] t%dlf?mrgeeggﬁactg\rﬂ ané1 contents \X/ére stirred

at 1000 rpm aﬂdn@plarﬂgf@@uw(ﬂh nitrogen at a flow rate of 250 cc/min for five

m nutes. The gyegct thc‘éféa'ﬁ/a%é' EREM ik &ﬁden%ﬁ}heff&btﬁd l%&%ﬁ]tdcttlﬂg th@ﬂy&’@ﬁiok@@lw it
pressure (atnospheric or

90 kPag [ 100 psi intainin
ni t rogen spaP‘ﬁ%y“f Frdherligyid phgse §C“Pﬂ§8t“éeo‘)"ta'b°“?%—féc P‘ftéaO E ‘rr‘ngarqé o & gi‘lSC) .
Wien the r eaatdupmotce rm% QH*H’SQﬂé’\ﬂ%bJu@ﬁCtth@ut 408 Lgasudnas s 10ohesbofir 0o
nitrogen to tor wi.ith air at t fl ow
Tt e Pal toubbhisibes ahreg ey SRR SRS R AR ke Bt RO Rt Fie! o
was swi t chedalipacioot or-NptefeagBrabaind td dheutli@ at-1 V\Hs: htmtmmedldoﬁbfprcwwny dihedrireact or
had cool ed, J $d surdized ands the, content&.r samyed. The
results are Ssl 6)\1/93& n&)ﬁ)‘ tI%étl\(%n ﬁg&n%%g}drcgé 21 and 227 {}9 élé gﬁ@a
synergistic effect when a m xture of CHB-and cunene i s oxidized and that
the selectivity to the hydroperoxide is better at atnospheric pressure than
at high pressure. Also, at 690 kPag the water and organic acid
concentration was > 1000 and >500 ppm respectively.




20 Exanples 1.3A and 13B - Oxidation of CHB/ SBB [ 00981A m xture of 116
granms of cycl ohexyl benzene (CHB), 36 granms of sec-butyl benzene and 0.1 wt %
(1000 ppm of NHPI were weighed into a 300nl Pair Reactor fitted with a

stirrer, ther WOGUPME! gas inlet, sanpling port and a cSHEETPEY"2GAt ai ni ng
a Dean St ark Trap for water 25 rermval The reactor and contents were

stirred at 1000 rpm and sparged with nltﬁﬂgen at afllowrat ﬁ %50 cc/mn
for five m nlﬁy%lglcxyl*wé‘zcﬂl%&i‘il% YRR OHFETENPPFEY WRTH AiEY ogen’t b RV §esi r ed
pressure (at meepheas icavalenAOndiPadin[eT@ygpsiisg]gtioamdt. whi | e mai ntai ning a

ni trogen Spar[tg‘?ﬁ heTEeeQ%tl 1$§ e&tﬁ%gt[h% 9 gg hﬁ%qgnsbg g%onﬁig@pe%[las garlﬁt glgSC)

When the reac Vias T eac gas was Swt
nitrogen to dlt?uoammtﬁh‘édlr‘eactor was spargcd with air at the 30 deS| red

flow rate forgfRpr BAWES noRRERLAS cv\@\ragb tcalﬂﬁm RmAd Yuiruht taglr, HOMIorROMIS the
gas was svmtched back to nitrogen and eat was turne en. the

reactor had dYoreyceHe ydadiosr a%%’ldd’etblf“é@%‘ﬂf?fiwz?éjﬂl ARG fli"}%“dﬁol?‘?foéﬁ‘t‘vg‘owérmved
The results angurshews dnﬂ] siﬂabl teox]deand als®) effecgur @or2Fenchibeciehaden catapvs.a The

synergistic effenegi% .jSec-butyl benzenc is oxidized

84 n‘& oy g
and that the écé? l?n\}ol"?nco‘t“ the eﬁta?r‘\’tomél?g% e is better at atnospheric

pressure (whdf07hat e alﬁ@ble ‘#@ﬂ?@@@)l!@@ggmFf@TN@S@OGBIW%?ZDfOF@'@W@H%Fd ver e
both <50 ppmpy &rgrgx% umugél amn@é@elma@ Jumz%r&nWl@ﬁlomﬁ&ﬂﬁ)g&w@lcﬁl@mnﬁﬁqm rgani c

acid was >500pp [ 9] The data r {)orte g es are at least in
part listed iferdinUs. PimerNe ‘HWQ 24h tcé“c%?nﬂfe Q‘Hber Vil 'L‘rFBE‘é‘ iEhBIs9BEEh t he
col ums arc: nAéiney referippm  Acid = wppm Air = flowrate in 5 cc/ m nut e;

Stirrer = st I[667Egg TG cm%ct) %uc?%/m Hlte Icpdeeps?eﬁdl{yza%é%ﬁ ({qusﬂdlﬁl e ts EIHIE e ( T) =

pressure (P) € val ue zero | eri c ressure ie
100 kPa absologfufer tlNi’éiﬂéll to form ey thert presfucts At iy gne duypodippiy hqrwe copitoped @Y) st r eam

in hourg; an chl&l@%@ﬁﬁieﬁ’ﬁydrb&%xfﬂ@ttﬁcskem%hbﬁﬁct t)vhpmg&ﬁ\r/b@&l@leka%ow Ktﬂoﬂhr{gt}e

i nvention as cl ai ned é g (gese
i nvention hadhefays © l{:’faf“ﬂlé?d‘“‘éﬁ‘ﬂdq IPhF‘EPéfrPQtt}éedCl‘ByavFétF%f“éh 3B O HER cul ar
enbodi nent s, ptuhf@ﬁte)no&a Iﬁﬁdlibd’lﬁdﬁyﬁes Iéydld)he,kdﬂoﬁchzeldajhéno\mA|su1&|b¥ar[ﬂl@ﬁaﬂtlen phadss t he

i nvention | end?ud ﬁq is no}_tg 1téadrl at slelq ssofia El&)ﬂ%?%%&"&”td { ga[rété h'éI%%({]o%EQQOHQ%[(?I n.

For this reason, erence should
clainms for pmh@@lsé@n ofhed eeciesiThé agde blerwrifige cybbpenet n@dhelt%plf ése\maeqeﬁ\i%ntu on.

| nventixgn md@@/@&og}latﬁﬁeh () (O T R 8.\ ﬂé‘n(ﬁ%%cﬁ @eﬁydrogenation may be performed, for

example, over a catalyst such as platinum, nickel or palladium.

[0077] In one embodiment of the invention, the hydrocarbon substrate that is oxidized is a

mixture of two compounds of general formula (I1). In certain cases a synergystic effect has been

identified when co-feeding mixed feeds to contact with the specified catalyst under the specified
25 oxidation process conditions. Such synergy is seen, for example, when the hydrocarbon substrate

is a mixture of cumene and cyclohexylbenzene; or a mixture of sec-butylbenzene and

cyclohexylbenzene. This synergystic effect is demonstrated in Examples 12 and 13 and their

associated Figures 21-23 discussed hereinafter.

{0078] The invention will now be more particularly described with reference to the following
30 non-limiting Examples, some of the data from which arc shown in Table 1.

Example 1 - Oxidation of SBB

[0079] 150 gm of sec-butylbenzene (SBB) supplicd by TCL Amcrica and 0.16 gm (0.11 wt%,

1100 ppm) of N-hydroxyphthalimide (NHPT) were weighed into a Pasr reactor fitted with a
stirrer, thermocouple, gas inlet, sampling port and a condenser containing a Dean Stark trap for

35 watcr removal., The reactor and contents were stirred at 700 rpm and sparged with nitrogen at a
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flow rate of 250 cc/minute for 5 minutes. The reactor was then pressurized with nitrogen to 690
kPag (100 psig) while maintained under a nitrogen sparge and was then heated to 125°C. When
the reaction temperature was reached, the gas was switched from nitrogen to air and the reactor
was sparged with air at 250 cc/minute for 4 hours. Samples were taken hourly and the NHPL,
acctic acid and rcactant concentrations of cach sample werc measured by gas chromatography for
conversion and sclectivity and HPLC (High Pressure Liquid Chromatography) for NHPI
concentration measurements. For water analysis Karl Fischer analysis was used. After 4 hours,
the gas was switched back to nitrogen and the heat was turned off. When the reactor had cooled,
it was depressurized and the contents removed.

[0080] The results are shown in Table 1 and in Figure 1, from which it will be seen that the
NHPI concentration dropped from 1100 wppm at the beginning of the test to 185 wppm over 4
hours, during which time the acetic acid concentration built up from zero to about 600 wppm.
Over the same time the ethyl hydroperoxide concentration built up to about 2000 wppm and the
water concentration to be in excess of 1000 wppm.

Example 2- Oxidation of SBB

[0081] The process of Example 1 was repeated but with the test being run at atmospheric

pressure (100 kPa) and the results are shown in Table 1 and in Figure 2. It will be seen that, at
atmospheric pressure {100 kPa), acetic acid and other light acids were formed at very low
concentration and were completely removed from the reaction mixture, making them unavailable
to catalyze the hydrolysis of the NHPI. In fact for the first 3 hours of the test, the acetic acid and
the ethyl hydroperoxide levels were below the detection limits of the gas chromatographic
analysis, rising to only 30 and 34 ppm for acetic acid and ethyl hydroperoxide respectively (in
contrast with the 600 and 2000 ppm obtained in Example 1), by the end of the 4 hour run time.
In addition to stripping acetic acid from the reaction mixture, at low pressure the air flowing
through the reactor stripped out the majority of the water also generated as a by-product of the
oxidation process, to a level below 50 wppm.

[0082] The NHPI concentration during the test of Example 2 is also shown in Figure 2, from
which it will be scen that the concentration of NHPI started out at 1100 ppm and drifted up
slowly during the test as other volatile components were stripped from the reaction mixture.
Thus, at low pressure, with most of the acctic acid and water removed to Icvels below 50 wppm,
the NHPI catalyst in the rcaction vessel was protected from hydrolysis and remained close to its
starting concentration and available for the oxidation reaction.

[0083] The SBB conversion and the sclectivity to sec-butylbenzene hydroperoxide (SBBHP)
for Examples 1 and 2 are compared in Figures 3 and 4. It will be seen from Figure 3 that the

SBB conversion was adversely affected by the lower pressure used in Example 2, being 26 wt%

- 19 -
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after 4 hours in Example 1 but only 18 wi% in Example 2. However, as can be seen from Figure
4, the SBBHP selectivity versus SBB conversion response was very similar at both 690 kPag
{100 psig) and atmospheric pressure, indicating that the SBBHP selectivity was set by the SBB
conversion selected and was not a function of pressure at these reaction conditions.

5 Examples 3 and 4 - Oxidation of SBB
[0084] The processes of Examples 1 and 2 were repeated but with the initial NHPI

concentration being decreased to 0.05 wt% (500 ppm) and the results are shown in Table 1 and in
Figures 5to 7.
[0085] Figure 5 plots the NHPT concentration against time on stream and shows that the

10 concentration dropped from 500 ppm to 100 ppm over the 4 hours of the test at 690 kPag (100
psig) in Example 3, but only dropped to 420 ppm over 4 hours at atmospheric pressure (100 kPa)
in Example 4.The water and organic acid measurements for the conditions of Example 3 after 4
hours were > 1000 and > 500 wppm respectively; whereas for Example 4 they were each < 50
wppm.

15 {0086] Figure 6 plots the SBB conversion against time on stream and shows that the
conversion in both Examples 3 and 4 was essentially the same at about 17 wt% after the 4 hours
of the test.

[0087] Figure 7 plots the SBBHP selectivity against the SBB conversion and shows that the

SBBHP selectivity was significantly better at atmospheric pressure (100 kPa) than at 690 kPag
20 (100 psig) over the entire range of SBB conversions tested.

Examples 5A, 5B and 5C - Oxidation of SBB

[0088] As shown in Figure 3, the SBB conversion in Example 2 was adversely affected by

the lower pressure employed, indicating that oxygen mass transfer (oxygen concentration in the
liquid phase) is the limiting step in the oxidation reaction. One approach for improving the
25 oxygen concentration in the liquid phase is to increase the rate of agitation of the reaction
medium, by increasing the agitation speed of a stirrer in contact with the reaction medium. Thus
in Example 5, the effect of stirrer agitation speed was evaluated at different pressures, namely at
690 kPag (100 psig), 207 kPag (30 psig) and atmospheric pressurc (100 kPa) in Examples 5A, 5B
and 5C respectively. In particular, the process of Example 1 was repeated but with the reactor
30 and contents being stirred at various ratcs between 0 and 1500 rpm at cach of the pressurcs
tested. The results are summarized in Table 1 and in Figurcs 8 to 1.
[0089] Figurc 8 plots the rcaction rate (wt%) against agitation speed at different pressures
and shows that the rcaction rate at high pressure, 207 kPag and 690 kPag (30 and 100 psig), is
almost not affected by the agitation speed. However, at atmospheric pressure, the reaction rate is

35 dramatically affected by the agitation spced. This is belicved to be because undesirable product
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mixture components (water and organic acid, especially low molecular weight organic acid such

as acetic acid) are removed to levels below 50 wppm at atmospheric pressure and the NHPI

stability is improved (Figure 9). At the same time the oxygen concentration in the liquid phase is

increased by the high speed agitation. The measured values for water, organic acid and NHPI
5 catalyst concentrations under the different process conditions arc shown in Table 1.

10090] Figurcs 10 and 11 show that, at high spced agitation and atmospheric pressure, not

only is the NHPI stability improved but also the SBB conversion and SBBHP selectivity are

increased.
Example 6 - Oxidation of CHB
10 [0091] The process of Example 1 was repeated but with the test being run with 150 gm of

cyclohexylbenzene (CHB) supplied by TCT America and 0.16 gm (0.11 wt%, 1100 wppm) of N-
hydroxyphthalimide (NHPT) being weighed into a Parr reactor fitted with a stirrer, thermocouple,
gas inlet, sampling port and a condenser containing a Dean Stark trap for water removal. The
reactor and contents were stirred at 1000 rpm and sparged with nitrogen at a flow rate of 250

15 cc/minute for 5 minutes. The reactor was then pressurized with nitrogen to 690 kPag (100 psig)
while maintained under a nitrogen sparge and was then heated to 115°C. When the reaction
temperature was reached, the gas was switched from nitrogen to air and the reactor was sparged
with air at 250 ce/minute for 4 hours. Samples were taken hourly and the NHPI and the reaction
component concentrations of each sample were measured by gas chromatography for conversion

20 and selectivities and HPLC (High Pressure Liquid Chromatography) for NHPI concentration
measurements. After 4 hours, the gas was switched back to nitrogen and the heat was turned off.
When the reactor had cooled, it was depressurized and the contents removed. The results are
shown in Table I and in Figures 12, 13 and 14. Product analyses showed inter alia that some
amounts of benzoic acid and pentanioc acid had been formed.

25 Example 7 - Oxidation of CHB

[0092] The process of Examiple 6 was repeated but with the test being run at a pressure of

345 kPag (50 psig). Again the results are shown in Figure 12, 13 and 14.

Example 8 - Oxidation of CHB

[0093] The process of Example 6 was repeated but with the test being run at atmospheric

30 pressurc (100 kPa or O kPag). Again the results arc shown in Figure 12, 13 and 14. It will be
seen from Figures 12, 13 and 14 that th¢ CHB conversion and the sclectivity to the
hydropcroxide were not affected by the pressure decrcase between Examples 6 to 8. However,
the NHPI concentration was affected by the pressure cmployed in the test. Thus, at atmospheric
pressure, the NHPI concentration remained substantially the same over the 4 hours of the test, but

35 at 345 and 690 kPag (50 and 100 psig) the NHPI concentration dropped from 1100 ppm at the
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beginning of the test to 700 and 600 ppm respectively at the end of the test. The water and
organic acid concentration values for Examples 6 - 8 are shown in Table 1.

Example 9 - Oxidation of CHB
[0094] The process of Example 6 was repeated but with the test being run with 1 wt% (10000

5 ppm) NHPI at atmospheric pressurc and at 110°C  The results arc shown in Table 1 and in
Figures 15 and 16, from which it will be seen that the conversion and sclectivity were
dramatically improved by the presence of | wt% NHPIL In addition, the NHPI concentration
remained the same, with no NHPT decomposition being observed using HPLC analysis.

Examples 10A and 10B - Oxidation of Cumene

10 [{0095] In this experiment 150 grams of cumene as supplied by TCI America and 0.16 grams
(0.11 wt %, 1100 ppm) of NHPI were placed in an autoclave, heated to 115°C and oxidized in a
semi-batch process by introducing a 250 cc/min air flow for four hours at atmospheric pressure
(100 kPa). Samples of the reactor contents were taken every hour. The process was repeated
without the addition of NHPI (Example 10B) and the results are shown in Table I and in Figures

15 17 and 18. It will be seen that the addition of 0.11 wt% NHPI dramatically improved the cumene
conversion and selectivity.

Examples 11A and 11B - Oxidation of Cumene

[0096] The process of Example 10 was repeated but using an initial concentration of
0.11wt% (1100 ppm) of NHPI as a catalyst and with separate runs being conducted at
20 atmospheric pressure (100 kPa) and a pressure of 690 kPag (100 psig). The results are shown in
Table 1 and in Figures 19 and 20, from which it will be seen that, although increasing the
pressure improves the reaction rate (Figure 19), it negatively affects the selectivity (Figure 20).
Generally, improving the hydroperoxide selectivity is more important than improving the
conversion since side-reactions complicate product separation and cause phenol yield loss.
25 Analysis of the products of the two runs shows the following:
(a) The NHPI remains intact (measured value 1081 ppm) at atmospheric pressure but at 690
kPag (100 psig) the NHPI concentration dropped from a measured value of 1060 ppm to 286
ppm at the end of the reaction.
(b) At atmospheric pressure most of the oxygenated products made from methyl radical
30 oxidation arc removed from the rcactor (hence acid-concentration <50 ppm). However at 690
kPag (100 psig) most of the light oxygenates remain in the reactor (acid concentration > 500
ppm) causing damage to the catalyst and the desired product. Also at the high pressure, the water

concentration was measured at >1000 ppm.
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(c) The concentration of phenol (made from hydroperoxide cleavage) in the oxidation
effluent is found to be high (5000 ppm) at high pressure. At atmospheric pressure the phenol
concentration is negligible.

Examples 12A and 12B - Oxidation of CHB/Cumene

5 [0097] A mixture of 116 grams of cyclohexylbenzene (CHB), 36 grams of cumene and 0.1
wt% (1000 ppm) of NHPI were weighed into a 300ml Parr Reactor fitted with a stirrer,
thermocouple, gas inlet, sampling port and a condenser containing a Dean Stark Trap for water
removal. The reactor and contents were stirred at 1000 rpm and sparged with nitrogen at a flow
rate of 250 cc/min for five minutes. The reactor was pressurized with nitrogen to the desired

10 pressure (atmospheric or 690 kPag [100 psig]) and while maintaining a nitrogen sparge the
reactor was heated to the desired temperature (115°C). When the reaction temperature was
reached, the gas was switched from nitrogen to air and the reactor was sparged with air at the
desired flow rate for four hours. Samples were taken hourly. After four hours the gas was
switched back to nitrogen and the heat was turned off. When the reactor had cooled, the reactor

15 was depressurized and the contents removed. The results are shown in Table 1 and in Figures 21
and 22. The data show a synergistic effect when a mixture of CHB and cumene is oxidized and
that the selectivity to the hydroperoxide is better at atmospheric pressure than at high pressure.
Also, at 690 kPag the water and organic acid concentration was > 1000 and >500 ppm,

respectively.

Examples 13A and 13B - Oxidation of CHB/SBB
[0098] A mixture of 116 grams of cyclohexylbenzene (CHB), 36 grams of sec-butylbenzene

and 0.1 wt% (1000 ppm) of NHPI were weighed into a 300ml Parr Reactor fitted with a stirrer,
thermocouple, gas inlet, sampling port and a condenser containing a Dean Stark Trap for water
25 removal. The reactor and contents were stirred at 1000 rpm and sparged with nitrogen at a flow
rate of 250 cc/min for five minutes. The reactor was pressurized with nitrogen to the desired
pressure (atmospheric or 690 kPag [100 psig]) and while maintaining a nitrogen sparge the
reactor was heated to the desired temperature (125°C). When the reaction temperature was
rcached, the gas was switched from nitrogen to air and the reactor was sparged with air at the
30 desired flow rate for four hours. Samples were taken hourly.  After four hours the gas was
switched back to nitrogen and the heat was turned off. When the reactor had cooled the reactor
was depressurized and the contents removed. The results arc shown in Table 1 and in Figure 23.
The data show a synergistic effect when a mixture of CHB and sec-butylbenzenc is oxidized and

that the selectivity to the hydroperoxide is better at atmospheric pressure (when water and
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organic acid were both <50 ppm) than at high pressure (when water was >1000 ppm and organic
acid was >500ppm).
[0099] The data reported in the Examples are at least in part listed in Table 1, where the units
and abbreviations cmployed in the columns are: Water = wppm; Acid = wppm; Air = flow ratc in
5 cc/minute; Stirrcr = stirring speed in revolutions per minute (rpm); temperature (T) = °C;
pressure (P) = kPa guage [the value zcro indicates atmospheric pressure ic 100 kPa absolute];
NHPI = amount of catalyst in wppm; TOS = time on stream, in hours; and "Invention" indicates
whether the Example is within the invention as claimed ("Yes™) or not ("No").
[00100] While the present invention has been described and illustrated by reference to
10 particular embodiments, those of ordinary skill in the art will appreciate that the invention lends
itself to variations not necessarily illustrated herein. For this reason, then, reference should be
made solely to the appended claims for purposes of determining the true scope of the present

invention.
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01.1. vZ9z1. V 1. 91. CLAIMS 1.A process for oxidizing a hydrocarbon to
an oxi di zed hydrocarbon product conprising the correspondi ng hydroperoxi de,
al cohol, ketone, carboxylic acid or dicarboxylic acid, the process
conprising contacting a reaction medi um conprising a hydrocarbon with an

oxygen-conigining gas in the presence of a catalyst conprising a cyclic

I mde of t ral formula (1): (0)k _,ux Ny (2117
Q... z - - (I) -NY-
1. A process for oxidizing a hydrocarbon to an oxidized hydrocarbon product

comprising the corresponding hydroperoxide, alcohol, ketone, carboxylic acid or
dicarboxylic acid, the process comprising contacting a reaction medium comprising a
hydrocarbon with an oxygen-containing gas in the presence of a catalyst comprising a

cyclic imide of the general formula (I):

(Ok

N—Y (I)

Oy
wherein each of R' and R? is independently selected from hydrocarbyl and substituted
hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO;H, NH,, OH
and NO; or from the atoms H, F, CI, Br and I, provided that R' and R? can be linked
to one another via a covalent bond;
each of Q1 and Q2 is independently selected from C, CH, N, and CR? ;
each of X and Z is independently selected from C, S, CHy, N, P and elements of
Group 4 of the Periodic Table;
Y is O or OH;
kis0,1,0r2;
lis 0, 1, or 2;
mis 1 to 3; and
R® can be any of the entities listed for R'; and
reducing the amount of water and organic acids in the reaction medium so as to
maintain the concentration of water in the reaction medium below 50 ppm by weight
and the concentration of organic acids in the reaction medium below 50 ppm by

weight.
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111 (0)1 wherein each of Rl and R2 is independently selected from

hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or fropth oups SC8H, NH2, OH and NO2 or from , F, d
Br and I, progkﬁggm%ﬁ%t RI and R2 can be linked to one angﬁﬁgbggﬁggg

coval ent bond; each of QL and Q2 is independently selected fromC, CH N,
and CR3; each of X and Z is independently selected fromC, S, CH, N, P and
el enents of Group 4 of the Periodic Table; Yis O or OH kis 0, 1, or 2; 1
is 0, 1, or 2; 2m i sThtptoges8of céuml | R@ecarhdyecignyidofbeyttbe gntriltioraglal(iligt ed f or
R1l; and reducing the amount of water apd organic acids in the reaction
nmedi um so as to maintain the coficentrafion of water in the reaction medium
bel ow 50 ppm by wei ght and the foncentjfati on of organic acids in the
reacti on nedi um bel ow 50RrRppmM byAwei ghtX, WO 2009/ 058531PCT/ US2008/ 079172

2. The process of claiml1, W the cyclic imde obeys the genera
formula (1TT): R7(0)k X N-Y( D) 1 wheneia—¢ach of R7(IIR8, R9, and Rl is
i ndependently selected fro ar byl #nd substituted hydrocar byl
radicals having 1 to 20 cg o r fromthe groups S031-1, 50H and NO
or fromthe atons H, F, ¢, Br and I; |each of X and Z is i ndependent |y
selected fromC, S. CH9, N, P and elenents of Goup 4 of the Periodic
Table; Yis Oor OH kis O, 1,7or 2; @d 101 is 0, 1, or 2. 3. The
process of claiml1 or 2, wherein the cyclic imde conprises

Nhydr oxypht hal ivireie. cadi54f RheRpRocesisRGfis rigpgydatiedélergedclran rydrogeybiml t he
contacting is GoREHel Brddiby rRIcASBHIE 1R L3R oKES: from RO& Rk 8Os NRf claim
4 mherelnsthe %;essure i s between 50 kPa and 200 Ca.

H and NO, or from the atoms H, F, CI, Brand I;
each of X and Z is independently selected from C, S, CHa, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kis0, 1, or2;and
10 lis0, 1, or 2.

3. The process of claim 1 or 2, wherein the cyclic imide comprises N-

hydroxyphthalimide.

15 4. The process of any preceding claim, wherein the contacting is conducted at a pressure
below 300 kPa.
5. The process of claim 4 wherein the pressure is between 50 kPa and 200 kPa.

20 6. The process of any preceding claim, wherein the contacting is conducted at a

temperature of between 50°C and 130°C.

7. The process of any preceding claim, wherein the oxygen-containing gas comprises up

to 21 volume % oxygen.
25
8. The process of any preceding claim, whercin a stripping gas is passed through the

reaction medium during the contacting.
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206. The process of any preceding claim wherein the contacting is conducted
at a tenperature of between 50C and 130C. 7. The process of any preceding
claim whereip t oxygen-contai ni ng gas conprises up t %
oxygen. 25 8Q0fﬁémﬁé%Cess of any preceding claim mhergF%&gxﬁ%gggﬁing gas
i s passed through the reaction nmediumduring the contacting. WO
2009/ 058531PCT/ US2008/ 079172 9. The process of claim8, wherein the
stripping gas is the sane as the oxygen-containing gas. 10. The process of
claim8, wherein tHéegtreaeppiindeigas wisredi fif eripping fersom thdh eangx ysg thp-oxygen-
Scontai ni ng gag,al.d ssinert to the reaction mediumand the cyclic imde
catalyst. 11. The process of any preceding claim wherein the reaction
mediumis agitated during the contacting. 1012. The process of any preceding
cl ai m wher ei n19.he Hydracardohinc nphirge sheasvimpingagae isodiffoy| foal kanaygen13. The
process ofs cl a'cmta&igmg IS iRert D@k agtroq(ﬁ_@[ﬁgﬁamptgmﬁqsiﬁﬁie'c§9 Wyt ane or
cycl ohexane. 15 14. The process of claim 13, wherein the hydrocarbon
conpri ses cycl ohexane, the oxidized hydrocarbon product conprises
cycl ohexanol and t Hee proowesisanf prethag chomprhesaghaioriear medign heitaedcluokzexano
to adipic aci dye20kRidhe process of claim 13, wherein the hydrocarbon
conpri ses cycl ohexane, the oxi di zed hydrocarbon product conprises
cycl ohexanone and the process further conprises converting the
cycl ohexdfone t% cae ologst ey pre@dingdplaimpp e die bfdreepipmeorBrisepiresieinpor he
hydrocarbon cogRid.&gs. | so-butane, the oxidized 25hydrocarbon product
conprises tert-butyl hydroperoxide and the process further conprises using
the tert-butyl hydroperoxide as an oxidation catalyst. 17. The process of
any one of clailhs 1'he orracess whelkdh nl2t Heersyd thsc Ardispbeb wprirses iwbutineast one
al kyl aromati c %Q[m%ﬂd of general fornmula (11): RA CH\ H2C - R5 wherein R4
and R5 quh i ndependently represents hydrogen or an al kyl group having from
1 to 4 caibon atoms, provided that R4 and RS may be joined to forma cyclic
group havi ng f #om The process of claim 13, wherein the hydrocarbon comprises cyclohexane, the

oxidized hydrocarbon product comprises cyclohexanol and the process further comprises

converting the cyclohexanol to adipic acid.

20 15. The process of claim 13, wherein the hydrocarbon comprises cyclohexane, the
oxidized hydrocarbon product comprises cyclohexanone and the process further comprises

converting the cyclohexanone to caprolactam.

16. The process of claim 13, wherein the hydrocarbon comprises iso-butane, the oxidized
25 hydrocarbon product comprises tert-butyl hydroperoxide and the process further comprises

using the tert-buty! hydroperoxide as an oxidation catalyst.

17. The process of any one of claims 1 to 11, wherein the hydrocarbon comprises at least

one alkylaromatic compound of general formula (11):

30
— R4
\ / C I-{ (IT)
R«/A< ﬁ}?——R5

wherein 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
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- 28 - WD 2009/ 058531PCT/ US2008/ 079172 4 to 10 carbon atons, said cyclic
group bei ng optionally substituted, and R6 represents hydrogen, one or nore
al kyl groups on11 to 4 carbon atons or a cyclo and
wherein the o&? P@gﬁiaydrocarbon product conprises a hy% ﬁxé?%ggggzof
general formula (1V): in which R4, R5 and R6 have the sane neaning as in
formula (I11). 18. The process of clain117 wherein the al kylaromatic
conmpound of general formula (11) 10 is sel ect ed from et hyl benzene cumene,
sec- but yl benzerety 1§errbpeatyk beidzene, grpumiiisydptisebbatbytitiehzeh®’ represents

1, 4- dlpheny|CY%L&Q%%Qﬂgoré&&mﬁﬁé%ﬁ?ﬁﬁ%mgﬁmn¢xﬁi8M§%¥%R@&4ﬁ9&oﬂﬂ9cﬂh%tUres

thereof 19. The process of claim erein the al kyl aromati ¢’ conpound is
sel ected from P5biseHehe Sedizep hydipcpdprpdct C@gﬂ@lvbswelwwoa%m@r?é eaRd! Rinaur es

t hereof. 20. Tive process of claim19 wherein the al kylaromatic conpound
conprises a m xture of cunene and cyclohexglbenzene or a mxture of

sec- butyl benzene and cycl ohexy 1. The process of claim17, 18,
19 or 20 and further conpri si rting t hydr opgr oxi de of fornul a
(I'V) fromthe organic phase i enoN and an al dehyde or ketone of the
general fornmula RACOCH2RS ( i ch jpg—-anmg RS have the sane neaning as
in formuld (11). 2522. The process of claim21 Wierein the ketone of fornula
(V) is cycl ohexanone, which process further conprises dehydr ogenati ng the
cycl ohexanone to e ther phenal . ppocess of claim21 or 22
and further Conpﬂﬂ§ﬁg3903%€2P¥?%eBPﬁm“ﬁ$ dslnfol ﬁced into bisphenol A 30
24. The process of any preceding clalnlmhereln the organi ¢ acids have from
2 to 4 carbon &t onmehe process of claim 17, wherein the alkylaromatic compound of general formula (I1)

10 is scleeted from ethyl benzene, cumenc, scc-butylbenzene, sce-pentylbenzene, p-imcthyl-sec-
butylbenzene, 1,4-diphenylcyclohexane, sec-hexylbenzene, cyclohexylbenzene and mixtures

thereof.

19. The process of claim 18, wherein the alkylaromatic compound is sclected from

15 cumenc, sec-butylbenzene, cyclohexylbenzene and mixtures thercof.

20. The process of claim 19 wherein the alkylaromatic compound comprises a mixture of

cumene and cyclohexylbenzene or a mixture of sec-butylbenzene and cyclohexylbenzene.

20 21, The process of claim 17, 18, 19 or 20 and further comprising converting the
hydroperoxide of formula (IV) from the organic phase into a phenol and an aldehyde or
ketone of the general formula RYCOCH,R’ (V), in which R* and R’ have the same meaning

as in formula (ID).

25 22. The process of claim 21 wherein the ketone of formula (V) is cyclohexanone, which

process further comprises dehydrogenating the cyclohexanone to produce further phenol.

23. The process of claim 21 or 22 and further comprising converting the phenol produced
into bisphenol A.
30

24.  The process of any preceding claim wherein the organic acids have from 2 to 4 carbon

atoms.
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