WD 2010/ 042261PCT/ US2009/ 050489 PROCESS FOR PRODUCI NG PHENOL CROSS
REFERENCE TO RELATED APPLI CATIONS [0001] This application clains the
benefit of prjor U S provisional application Serial No. 56 %/104 292 filed
oct ober 10, 2B82Y4F4S"Eur opean Appl i cation No. 08171948 F8TAPP8E" P enber
17, 2008, both of which are hereby incorporated by reference in their
entirety. FI ELD [0002] The present invention relates to a process for
produci ng phenol or a substituted phenol. 10 BACKGROUND [0003]Phenol is an
i nportant product in the chem cal industry. For exanple, phenol is useful
in the production of phenoli GrRSIRFOLPREFEONG PuERDEaPr ol actam adi pic
acid, al kyl phenols, and plasticizers. [0O004]Currently, the nost common
route for the production of phenol is the Hock 15 process. This is a

three-step pr omgim]wmmmmRthEDmpmmNses al kyl ati on of benzene
eto

wi th propyl ene e cunmene, followed by oxidation of. the cu
the cor r eapondi gty af tHEp G e Fimd HEN BiRkl dge o P PRl o Ko
hydr oper oxi de. 6Th@“ﬁ2dduttk®0npKi§@@§emwiﬁmﬁm%m appgmtos 6. PHeras.o ailell
acetone. Howev h I idly than
that for acetoﬁ%“M%gq7g@b§?ggg J% f%k g%gpg&?%%ngh%§%ggggy%ﬁm%gguppIy, t he
cost of propyl EHd-Rs |ikely to increase. [0005] Thus, a process that avoids
or reduces the[aoeg PraRykene instion fred @nghoe@Pre grafmethahes: kabamess such
as net hyl et hyl tone and/ or cycl ohexanone, rather than acetone may be an
attractive altg?ﬁgtive route to the production of phenol. For exanpl e,

nmet hyl et hylb k8AOKEGRAUNI demand for use as a | acquer and a solvent and for
dewaxi ng of 'UWbﬁat g GhoPls!af mpoaém Rardd Jéé %mmslhﬁdueny %o@egfngw D dTy ket
for cyclohexanone ch i's used an i1 ndustrial sol'vent, as an activator
in oxidation reafd i“bfﬁé Plé?ﬁ‘tF‘IPthﬁcM’é“%‘P ot inotTiphengk A agrapiolctapi diricyed ghekanone
resins, cycl ohgxangngi @xiidiRys. caprolactanland nylon 6. 10006]It is known

t hat phenol t hy ket one can a ation of
the Hock. o ocel W rEHbL e Bt ruthae Terbrraty gy of Shuh & bk

sec- butylbéﬁzemeuwQOHmwdmmparmmnd&eamdthEHMVMmapemmdwﬂemwgmmeﬁwmp@&ed to
the desired ph I I Wixkbenze be
produced by algg? gﬁﬁ%%%fgﬁg%d%&ﬁ'?Pﬁgg%n d§§%§5 %%g?;gébgﬁ?gﬂ eta or
a nol ecul ar si W@p@w@%@ldm denveggrfif| e cpepaydonsioxidec fha Piodese 698PEen be
found in, for gxammk@moldd erﬁ@mmaldcé?@ieenmoﬁual u@abdnrarueh&@na W0 20861 @15826.
WO 2010/042261RCT/U82009/ 50489 1000718|n1{ ¥ ﬂ E nt No. 6,037,513
di scl oses t hat glg{jlgg gﬁ)éeij 8]ént9"é1 tgat 6“&1 nacgtne.  In addl ion, due to cvelopmo shortages m

20 supply, the cost of propylene is likely to increase.

[0005] Thus, a process that avoids or reduces the use propylene as a feed and coproduces
higher ketones, such as methyl ethyl ketone and/or cyclohexanone, rather than acetone may
be an attractive alternative route to the production of phenol. For example, methyl ethyl
ketone is in demand for use as a lacquer and a solvent and for dewaxing of lubricating oils.
25 In addition, there is a growing market for cyclohexanone, which is used as an industrial
solvent, as an activator in oxidation reactions and in the production of adipic acid,
cyclohexanone resins, cyclohexanone oxime, caprolactam and nylon 6.
[06006] It is known that phenol and methyl ethyl ketone can be co-produced by a variation
of the Hock process in which sec-butylbenzene is oxidized to obtain sec-butylbenzene
30 hydroperoxide and the hydroperoxide is decomposed to the desired phenol and methyl ethyl
ketone. The sec-butylbenzene can be produced by alkylation of benzene with linear butenes
over zeolite beta or a molecular sieve of the MCM-22 family. Details of such a process can

be found in, for example, International Patent Publication No. WO2006/015826.
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produced by contacting benzene with hydrogen in the presence of a

bi functional catalyst conprising a nol ecular sieve of the MCM 22 famly and
at | east one r ation nmetal selected from palladiu t heni um

ni ckel , cobal?%gﬂﬁ%ﬁgﬂkures t hereof The '513 patent 5a|§%T65¥8W$?82 t hat

t he resul tant cycl ohexyl benzene can be oxidized to the correspondi ng

hydr oper oxi de and t he peroxi de deconposed to the desired phenol and

cycl ohexanone. [0008] However, the production of phenol using

sec- butyl benzene and/or cycl ohexyl benzene as the al kyl benzene precursor is

acconpani ed by st ai iﬂm%%bmaééﬁ' &4 b, ?%rdx@c'iﬁesntﬁit o?él@t%?yﬁﬂen?crle Usfpd ess
severe with a cunene-based process. For exanp arison to

cunene, oxi dat PEMHUGE b é@ltﬁﬂ%g}/\’%éﬁﬁ% S8 haﬁageey@: F%H@%gﬂ%@h%é’ﬁ@wt@a{ frgalyst
cor respondi ng hyxd;sr@mgmoﬁmddﬁaﬂ Sev¥ Of me @tcmwzz ﬁnﬁlb@mﬁhs&ﬂt&ﬁe(hf/dxageﬁa’ﬁ)ﬁhﬁéﬁt and
is very sensi tlgé{ esenﬁ S Pat ent

Nos. 6, 720, 462° aﬁﬁ:g“ﬁhﬁm’ 3 HA tmmB’&ﬁo et b?hmadgg%m cV& |®k|§# AL such
as N—hydrox%phmhawhdvﬂeﬂwa$ﬁcauwmyskbmawb&a@mknmaeeXMMaimnhdanmamnwmg

al kyl benzenes, hy cH&J%ro@i%e %Qhetbléxtoy dpge@gr%@ed%ﬁle ﬁééﬁéd%ﬁ]%)’JnQ @m@@non%S[ 0009] Wth
regard to the %PFODEFOXIde cl eavage step, current conmerci al

phenol / acet one (PPYcesdersval nibst ResdEriysi V&l phipele wingy| feerPrlbeerd cat/al yst

f'ﬁZ glr te teI t(:: gle f aGﬁcl&B@lbeﬁﬂaﬁeSas yﬂealksjsaeramwcmﬁ@ |lﬂﬁ§drﬂﬁdﬁlécﬂ§’ c@it:glli)ﬂjobc'leartﬁ‘gwﬁlézhegG% of
e e dr opor Dl Be ol BRTRGe LSS b ket prfe S g R &

(by- pr oductl0f r oempmaxiodatoi omenef orxdatig af m@tﬂuwlllsnzyneelaed cydiebetyllcaasnalik ytheat e
phenol 70 for g&lﬁ&)ot?@ﬁ%\éﬁ&dﬁf)é?%&t@W%pgowr ﬁ%cdbs@gce otf'gcaﬂlﬁ Qld(?s vem%ﬁlglve t02)

al dol condensation of ketone reducing ketone yield; 3) goneri zation
of ol efins for HEMESHIT gbiHuEticsg|4s @f%\ﬂhu% Petérﬁthbb@??é? 4@% apq| §ﬁ53ﬁﬁ9r”lhideg
resi due (" phenglopdsarihg usk Ofdyaltdxﬁames E\lchm\filj/dq@{lyplﬂlﬁdﬂdlmtds seppiab ecikta@Phe AS a

result, cunene h e cle i ener al | arried out in multiple
Steps o reduce WORERGIS Byl R R RIS AR SR RS0 U ¢ nel d hae
to be propéﬁlyﬂm@HtraNMze@gﬂﬁabt@m thydrogredieageasge pstdpo @awvreitd chramerbielr
reactions of tF&%n&laé‘e?o‘ﬁ@gl%ce%g’Qlﬂl%&%xch[qggl}(&lﬂ Julffﬂfc atcﬂ%ét@lyﬁr&%@% rppease

the conplexity and I nvestnent Involve | eava process and hence
various al t er n#fsi Xidds rhenod gqleetivities cAoply %é%éé%@éﬁle&%a sElef P CePEOYEduct i on
of phenol fromeedsiomne shyele @@@E@@(}Pz@(ﬁeunﬁﬁé hyRIXGp Bk & cl&bi'g@ﬁnch@mgﬁél@@ddﬁonam d
catal ysts, such a§ erchlorlg aci gb§ ghorlc gpld JPen UJfOFI% aci d
and SO2, have HI8BMBPYBESHC TRBWREY P GEFIVIY ChpoWRG R akY e gFenthese
honngeneougocamamygh@mﬁmb&ﬁneﬁd@ﬂh@hﬁmsamﬂ(d@MmsmQEamnamwdum&mkfa&mmat|on
and product pulre!i %nga} e%ogen roeli)nd ohg rI%e?lZBhIOl!f”‘O{- g]efal fglmn Oolmgrgl?rm & \xnl?c%e

probl ens, various ol 4eid"Cat al ave been p
het er ogeneous @W@@Vagél@ﬂx@UQﬁﬁéumWﬂﬁmﬁémdi@d@mmF@ﬂwéMﬁmﬁNéﬁﬁmmgf*Patent

No. 4,490, 565 AM@r&QﬁL%Qé%a@&ngéﬁéﬁm&%@%Oé&%a@!; @&héas(ﬁls i m@mbﬁetepi wZeolite

beta in the cleavage of cunene hy er oxi de, S. Patent
4,490, 566 di sciYSesPIEHE Ays@Eion E‘anﬁg ‘?“alﬂ‘r‘?t““‘lﬁﬁ‘&é‘%d “‘51‘*2 5 BEPFT Yé‘eutéadéﬂﬁ‘ as
ZSM 5, and2EP—ﬁkﬂ@&ﬁ@ﬂqﬁhﬁﬂb@S@Sﬁhﬁﬁﬁﬂ&ﬁm@&ﬂﬁ&dﬂﬁ&%ﬁ@@&kﬂ t he sane process.

The use of snegtite Gha acid-caf al yz dec of yhene
hydr oper oxi de @éh%esg¥5%§h Hkﬁggf %%@ ﬂ%ﬁﬁgﬁfggggpgi?ﬁtﬁgaci %
Pat ent No. 4, 8@@\’@951%%5@@0@% variqys @b@@@vcmw swfiec ecrplragel best iptonosed tOpH@nol and

acetone by reagl|B@nCHPRIE AUILQRAE B¥drGRrQMET F& NBLEE, %ﬁn%sb%mfea&saalcwst
consi sting of elther an ion exchange resin haV|n sul foni c aci d

functionality GRS Hé‘tle?f“é’ﬁ‘bllﬂg}“ca%?iddphoé@eﬂc agdd, ioéue“‘fsﬁlﬁ‘b‘éctdél&r?&% pHoMPE %ei d, on
an inert SGPpaity siBWE L BSeffebtivieC ajowated millnd thetd hcdti@e@n datZlystCaite@irom the

same downstream acid neutralization and product purification problems as sulfuric acid. To
minimize these problems, various solid acid catalysts have been proposed for the

heterogencous cleavage of cumene hydroperoxide. For example, U.S. Patent No. 4,490,565

.



10Such heteropoly acid catalysts are generally used as their hydrates, and
as such are inherently unstabl e at tenperatures in excess of 350C

100121U. S. Pa 169, 215 discl oses process for pr nol and
acetone from %"3’%’%&’3}9 2f’/dr oper oxi de, wherein said process P%(C)}#%r&@g%@ 69\he step

of contacting cunene hydroperoxide with a solid-acid catal yst produced by
calcining a source of a G oup |IVB 15netal oxide with a source of an
oxyanion of a Goup VIB netal at a tenperature of at |east 400C. The G oup
VB netal oxide is selected fromzirconia and titania and the G oup VIB

metal oxyani on atémelt}@qk@qf ttog@b@%mmt%@va«gt of Bl Hmmp@mmbd@m&m aRrd
tungsten. [0013 the cas roducti on of from ot her

al | cyl benzenes,™ U@W %légosséﬁd“%?vl@déﬁ%téﬁé’“ﬂﬁm I&)flexdylélzﬁ‘tll‘éexwlb%‘r?zg%% and 5 dat e

littl e resear clErhasoberfscoonduaked falsitdie the 2mdyrele@p Ehiousk d&n&bt&ﬁM@@@n st ep,

al t hough nmost %Oa%fa % 5 e‘hod%éé%lpoq%n O?CLHI%%e Ryclrtgcroxt?%ts%esacpéeq ;And s har
honbgeneous catal y 1 vi abl e cl eavage

met hod wi | | 5ha\ﬂé37‘t€)17address t he fact that production of the hydroperoxide

is likely to resmiye vREpMIENDT 598 GRIALYSS o ﬁ)e&bfoaﬁleeom&tdoﬁ of PlcA& an@nd
hence the direct product of the oxidation s{) | contain nitrogen

cou
conpounds, whi GFFIEF BY IEAdR s birwopsrgtids ¢ygr dah?&él’o&“&t“hl%‘é‘t/% isingt Fifelised
25f or the cl eavage e&ttﬁmge t[eqtaoaa&]né&memdl aag ftu&utntaetyp)t @SletﬁltopdlﬁV@d]tshdhm\ et has

now been found_t hat tai ndm xed gt;t es are ‘%bé){“ actiye. gat al ysts

tungs h SPNOTIC a on_an_in DOLL, \ C S S1iIca, u ania an Z11 ma
for the cl eavagego‘fp ?Re lﬁ roper oxi 'qedry H ?‘1 a1k nzenes an

capabl e of 9r oduchibagr Opﬂyemd Ca%iytsih ars gbraetly wicd ﬂsetheﬂdfyd@@%amﬁd Slkﬂhgttemherewﬂyr eover,

al though it ”B)dnbbd%leQ%Alﬁe@Mr& ik g(cgb@gp%@od he nitrogen inpurities resulting
fromthe 30 catalyst used in pro uci ng the hydroperoxide, it has al so been

found that poi $¥Ing BF Farat Nat GIG)SS BCISHTAOHY b gRAv gl prkacEars be
mtigated by dlfrbmtcum@etmeoﬂmdrd@pﬂfemqi (i mcm c&mﬁ@éa&he Sl ofeatucandeiiad t he

poi soned cat al can. .be ffe by washi ng ol ar
ol vent . I adtidp§ARedSak o FRLYELpL A S P RIS G
neutral i zatlﬁonﬂaﬁUOdeMItZ@B@IIWZMbm@ﬂmgmgdlpﬂﬂeﬁm@mte@ﬁ ageaobl ens

i nherent W th hepeoenedys Catady Stido is SU&Rd @@m%H.l:JnHrah@m@igé @ltd tﬁf@ro@/@deed
SUMVARY [0015]1n one aspect, the invention resides in rocess

pr oduci ng phen6‘Fta1d?‘yaé?1°8éﬁfﬁl§t‘?dtf%‘a‘yﬁﬁ€h6‘| chrogijum, 6}05’8%%‘%1“& 18 ng
contacting an gikyl arpmatdae Ty @peE0X d@hdhavirdg omeigeifedeadends Ofuoh hasetd )

butylbenzene and/or cyclohexylbenzene, to date little research has been conducted on the
20  hydroperoxide cleavage step, although most proposals focus on the use of sulfuric acid and
similar homogeneous catalysts. Tt is, however, apparent that any viable cleavage method will
have to address the fact that production of the hydroperoxide is likely to require the use of a
catalyst, such as a cyclic imide, and hence the direct product of the oxidation step could well
contain nitrogen compounds, which are known poisons for the acid catalysts typically used
25 for the cleavage step.
[0014] According to the present invention, it has now been found that certain mixed
metal oxides are highly active catalysts for the cleavage of the hydroperoxides of higher
alkylbenzenes and are capable of producing phenol with selectivities of 98% and higher.
Moreover, although it may be desirable to remove the nitrogen impurities resulting from the
30  catalyst used in producing the hydroperoxide, it has also been found that poisoning of the
catalyst by such nitrogen impurities can be mitigated by diluting the hydroperoxide with a
polar solvent and that the poisoned catalyst can be effectively rejuvenated by washing with a

polar solvent. In addition, since the catalyst is a solid, the downstream neutralization and
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COOH(1) H2 C R2 in which R and R2 each independently
represents an aIkyI group having from1 to 4 carbon atons, provided that R
and R2 may be o forma cyclic group having from 10 10 car bon
atons, said c?’ @%g?ghp bei ng optionally substituted, éﬁ& OW%ﬁfgsents
hydr ogen, one or nore al kyl groups having from1 to 4 carbon atons or a
cycl ohexyl group, with a catalyst conprising an oxide of at |east one netal
fromGoups 3 to 5 and Goups 7 to 14 of the Periodic Table of the El enents
and an oxide of at |east one netal from Goup 6 of the Periodic Table of
the El ements. 1351[1&9&0@1] ﬂé’rﬁsmnﬁéﬁrltywnht h&l&@ﬁe@uqy%alﬁg MRlch Sa‘gssuﬁﬁhco&ugearé)f at

| east one metal from Goup 4 of the Periodic Tabl'e of the El enents and an
oxi de of at |ed¥d¥ne metal from Group 6 of the Periodic Table of the

El enents. I n osgvwbREi nent, the catal yst conprises zirconium oxide and an
oxi de of nol b m and/ or_tungsten Conveni en

further conp¥|gesﬁan%giw &I5F" ge Pgmn%’nﬁg&n%taPmF?%%?éﬁﬁymﬁ%gﬂﬁatd 41 of

t he Periodi ¢ Taiisguted plichd, tH momntcsmprismg omecegho dikpteamatict iydropagxaleyating ur t her
conprises an oxide..ofhfipM. and/ or copper. [0018] Conveniently, said

al kyl aromati c hydroperOX| e of general fornula (I') is selected from

sec- butyl benzene hydroper oxi de, t hyl - sR'c- but yl benzene hydroperoxi de, 1,
4-
\ C——O0H (D
X /J N
R3 HQC"'—R_

in which R' and R” each independently represents an alkyl group having from 1 to 4 carbon
atoms, provided that R' and R” may be joined to form a cyclic group having from 4 to 10

10 carbon atoms, said cyclic group being optionally substituted, and R’ represents hydrogen, one
or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group, with a catalyst
comprising an oxide of at least one metal from Groups 3 to 5 and Groups 7 to 14 of the
Periodic Table of the Elements and an oxide of at lcast onc mctal from Group 6 of the
Periodic Table of the Elements.

15  [0016] Conveniently, the catalyst comprises an oxide of at lcast one metal from Group 4
of the Periodic Table of the Elements and an oxide of at Icast one metal from Group 6 of the
Periodic Table of the Elements. In one embodiment, the catalyst comprises zirconium oxide
and an oxide of molybdenum and/or tungsten.

[0017] Conveniently, the catalyst further comprises an oxide of at least onc metal from

20 Groups 8 to 11 of the Periodic Table of the Elements. In onec cmbodiment, the catalyst
further compriscs an oxide of iron and/or copper.

[0018] Convenicntly, said alkylaromatic hydroperoxide of general formula (1) is selected
from sec-butylbenzene hydroperoxide, p-methyl-sec-butylbenzene hydroperoxide, 1, 4-
diphenylcyclohexane hydroperoxide, sec-pentylbenzene hydroperoxide, sec-hexylbenzene

25 hydroperoxide, cyclopentylbenzene hydroperoxide, cyclohexylbenzene hydroperoxide and
cyclooctylbenzene hydroperoxide. In one embodiment, the alkylaromatic hydroperoxide of
general formula (1) is selected from sec-butylbenzene hydroperogide and cyclohexylbenzene
hydroperoxide.

[0019] Conveniently, said alkylaromatic hydroperoxide is dissolved in a polar solvent.



di phenyl cycl ohexane hydroperoxi de, sec-pentyl benzene hydroperoxi de,

sec- hexyl benzene 25 hydroperoxi de, cycl opentyl benzene hydroper oxi de,

cycl ohexyl ben roper oxi de and cycl ooctyl benzene hy i In one
enbodi nment , ﬁgﬂg(nyﬁgronatlc hydr oper oxi de of gener al g&ﬁ%ﬁ%&x %EIS

sel ected fron1sec butylbenzene hydr oper oxi de and cyclohexylbenzene

hydr oper oxi de. [0019] Conveniently, said al kyl aromati c hydroperoxkle is

di ssolved in a polar solvent. WD 2010/042261PCT/ US2009/ 050489

[ 0020i Conveniently, said contacting is conducted at a tenperature of about
40C to about 13fz20] @ BLRSEMNE Bl 3RAUhg %O&na&u@laputten%QQQu%’@abo@c% «@¢liquid
hour |y space veIOC|t (LHSV) 'based on fthe dr oper oxi de of about 1 to about
50 hr-1. [0021]Pgit é’%%ratrﬁ@rwea%fp%é@tt 10q Wéb?w%wth%ﬁn# eETgbRov N SRy s for
pr oduci ng phenQLHW) b@bCEDS[UJB@B}MFd(&E[@Qd&h@IE@Htotaﬁlﬁltﬂflﬁﬁess corrprl Si ng (a)
contacting an %ﬁ na Lc conmpo, nd haV|n? general for I ): RI
CH (11) in whi ﬁ[ shos AR RUSESHALIS T 8 BISSEAY &1 PF% grdup
havi ng fromsl bd%&uwawbmntmnmwa>c@mmmn@ed that R-1 and R2 may be joined to
forma cyclic group o haon d cyclic group
being optionally su 2?%?%@% énkg(%% %@%%ﬁ?§9ﬁ$ﬁ%g§§ﬁﬂ§@?e or nore al kyl
groups having froml to 4 carbo 5 or &'cycl ohexyl group, wth an

i i cat al yst é&gpr|3|ng a cyclic

i mde having a general fornula\{ ; (0)1 15wherein each of R4 and
R5 is independently sel ected fs f_L_?md substi tuted hydrocar byl
radicals having 1 to 20 carbon atons, or fromthe groups SO3H, NH9, OH and
NO2 or from thé aien®' ankl RFeacCindepBiidentineprésentparoatiytl edurt laing Rémand 4Raxbean be

| i nked to one I each

i ndependent | y g‘tg{gg %fvdi\é# ﬁiafaR QX&%{&%‘bQ%&gd tQ %Fm a%ych?gsg%gq%i/% from 4 to 10

i ndependentily §%W@@#@H“ﬁ@@ﬁWC&OBNN@HQwKNﬂWPmaﬁ@méMéﬁEn@@cﬁﬂ%Gﬁb&gl4mbf t he

Peri odi ¢ Tabl e morc alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group, with an

oxygen-containing gas in the presence of a catalyst comprising a cyclic imide having a

general formula (111):

(T)k
R4 X
o\
I N—Y (11D
./
o Q‘\\\ﬁ
(O)

15  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, Cl, Br, and I, provided that R* and R’ can be linked to one
another via a covalent bond;
cach of Q' and Q% is independently selected from C, CH, N, CRS;

20 ecach of X and Z is independently selected from C, S, CHy N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kis O, 1, or2;



Yis Oor OH kis O, 1, or 2; WD 2010/042261PCT/ US2009/050489 1 is 0, 1,
or 2, mis 1to 3; and R6 can be any of the entities |listed for R4, and
wherein said 9 i s conducted under conditions t i

al | cyl ar onatlggr}é%éiﬁnd to an al kyl aromatic hydroper oxi eccrﬁtg% 5’0%2 gener al
formula (1): R COOH(I) fliCR2 in which each of R, R2 and R3 are as

defi ned above; and (b)contacting said al kylaromatic hydroperoxi de with an
oxi de catal yst conprising an oxide of at |least one netal from G oups 3
to 5 and Goups 7 to 14 of the Periodic Table of 10the El ements and an

oxi de of at |eagtly prey.netal from Goup 6 of the Periodic Table of the

El ements. [0022] Conveniently, said cyclic imde obeys the general fornula
(1v): (0)1 Whed & hahch of R7, R8, R9, and R is independently sel ected
from hydrocar b)R|6 caﬂld: a]@%tlbhs tehtttidi Bmiadhyndmbmair\mehnr adi oakginhavion@cttd tie20

ﬁar EOI’]Clat ng’ condllt ons to conﬁlel ?a1 Slalcsf(r)%} c cohlipoudé B)ea%]_llkﬁe omatN%cm{)euHa (gl’ O‘trlll’lp e at ons
CH7, N, P ard elg emvehisudf (G oup 4 of the Periodic TabI e; Yis 0 or C]—I, 20k
is 0, 1, or 2; and 1is O, 1, or_2. [0023]}in one enbodiment, said cyclic

i mde conprises N hydroxyphthaldA m de,

\ C—OOH €y

in which each of R', R? and R are as defined above; and
(b)  contacting said alkylaromatic hydroperoxide with an oxide catalyst comprising
an oxide of at least one metal from Groups 3 to 5 and Groups 7 to 14 of the Periodic Table of
10 the Elements and an oxide of at least one metal from Group 6 of the Periodic Table of the
Elements.

[0022] Conveniently, said cyclic imide obeys the general formula (TV):

o
RS X \
/N—Y Iv)
RO Z
RIO “

O),

wherein each of R’, R®, R®, and R' is independently selected from hydrocarbyl and
substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO:H, NH;,
OH, and NO, or from the atoms H, F, Cl, Br, and I,
each of X and Z is independently selected from C, S, CHs, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
20 kisO,1,or2;and

lis0,1,or2.

[0023] In one embodiment, said cyclic imide comprises N-hydroxyphthalimide.
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WO 2010/ 042261PCT/ US2009/ 050489 [ 0024] Conveniently, said contacting (a)
produces an effluent conprising said al kylaromatic hydroperoxide and
unreacted cyc catalyst and the process further co

(c)treating sgkg e%kﬁuent prior to said contacting (b) H%“ﬁ%ﬁwwamgP | east
part of the Sunreacted cyclic imde catalyst in said effluent. 100251l n one
enbodi nent, said treating (c) conprises contacting said effluent with an
aqueous sol ution of a base, conveniently having a pKb val ue greater than or
equal to the pKa value of the cyclic imde, to produce an agueous phase

conprising at |igasf p@(srﬁmgémam(i unheack ed) | fhdecat aéfmht %@ﬂpmg%gém c
phase conpr|S|ngysa|d al kyl ar'omati ¢ hydr oper oxi de. [ 0026] | n anot her

embodi ment, sai*tYRREAEG by “Pﬁymébﬁ%%W%@@QESWP%EWFh@mﬁﬁfﬁmkﬂﬁﬂﬁ§ﬁ?1MWFh a
solid sorbent, cshighesas conpri ses a net al OXIde a netal carbonate and/or
hydr ogen carbonate, cIa \nd/ r 7 Conveni ently,
the process furtherco th%éﬁmeﬁhwﬁﬁumq Fm mgﬂ%v ﬁ@??ﬁﬁmgﬁgg RN ARL Ehtalyst
by washi ng ﬁheumﬁ#ﬁéCﬁé@amygmmMﬁmm%ah@®kar solvent such as acetone. 15

BRI EF DESCRI PTI @g]O: 1hHdRe %anﬁsduﬁ QQ&%QJ F ) gd'llllilﬁbel Cbédc@n@gdﬁpgﬂ%t with an

sec- butylbenzene hydr oper oxi de conversi on against-tine on streamfor the
cl eavage of seé@ﬁﬂwawﬁﬁféﬁ%“ﬁﬁﬂPﬁB@Wé%Pﬂ@d@@@ﬁd&3@%WVWZPOb%Wﬁé)@éW&}yst
according to t hﬂu@b@ﬁé%ﬁcll@ﬁmﬁxaﬂm(ﬁu& an[ 44029 Elﬁa@iWﬁanmh@ atalegif aph oofaid
sec- butylbenzengegegtmﬁ 9 %dgd%ln%grs on a% inst. hnp y 8 stre n1for
the cl eavage of sec- butyi'benzeng Hy dmgl%?%&ldémdﬁéf’ aﬁ%?@@?’“@??ﬁ

cat al yst iNOthéméﬂesdneémwfmvwﬂwwmg%ahﬁﬂmgédwbmwmhydm@Xm@hmm@ﬂmwﬁwﬂha
according to t tlﬁld@élg&l@%t?chqg cﬁ%ﬁ@Lt%et]apomd%()pﬁggi'aug&ﬁ@ d&/&l%y@oﬁlggbongﬁce
product concentration against tinme on streamfor cl éavage of
sec- but yl benzeR&- Ky 8HBR 55PHEC [Hnacet one over a Fe/VVZr oxi de cat al yst
25accor di ng t o[ookg pl’@ﬁee&&nmif thipastpk @urthdr. coﬂn@%;ﬁdaogwu@ réuieBatiag i@ phdeof
sec- butylbenze&Eﬂxgdro Eﬂp de conv wnh 29ainst tinme on streamfor the
cl eavage of an‘acetone sd1 or‘i’cof‘yb BOYYTDERT &1Fe “hY &P Bper oxi de

cont ai ni ng [150BREINDES ' It DR over a WZr oxide catalyst

according to t[pg4)r 0GesR ﬁg A& 1k 1be RO IRLE b)gdérc%méxs!oﬁ aQanQ{ tﬂg&l

sec- butyl benzene hydroperOX| e conversion against tine on streamfor the
cl eavage of se¥ MUty Befspe q{yﬁFrlb’ﬁ’@?CB%?P‘d%‘/dd%pF‘GPé?jOW f e YEEL pidoygatalyginzene
and contaln|ngu@m&ﬁompmnﬁkekbhydh@xyphthaI|nlde over a WZr oxide catalyst

according to t BGZ‘)? roge gule o 1s a gr aﬂ]n}% sec- bu?y'lbenzene hyglogél Qxﬁldzezcgl%l'vlze)rg;g{] gg%%%? t19n/1e005nO489

20 stream for the cleavage of sec-butylbenzene hydroperoxide over a Fe/W/Zr oxide catalyst in

the presence of varying amounts of N-hydroxyphthalimide according to the process of
Example 10.
[0030] Figure 3 is a graph of product concentration against time on stream for the
cleavage of sec-butylbenzene hydroperoxide in acetone over a Fe/W/Zr oxide catalyst
25 according to the process of Example 11.
[0031] Figure 4 is a graph of sec-butylbenzene hydroperoxide conversion against time on
stream for the cleavage of an acetone solution of sec-butylbenzene hydroperoxide containing
1500 ppm of N-hydroxyphthalimide over a W/Zr oxide catalyst according to the process of
Example 12.
30 [0032] Figure 5 is a graph of sec-butylbenzene hydroperoxide conversion against time on
stream for the cleavage of sec-butylbenzene hydroperoxide diluted with sec-butyl benzene
and containing < 30 ppm of N-hydroxyphthalimide over a W/Zr oxide catalyst according to

the process of Example 13.



[0033]Figure 6 is a graph of sec-butyl benzene hydroperoxi de conversion
against tinme on streamfor the cleavage of sec-butyl benzene hydroperoxi de
di |l uted mﬁth benzene and contai ning 210 ppn1of s
N—hydroxyphthal|mhﬁ“¥%§er a WZr oxide catal yst accordlnéHpB”PWQOEPocess of
Exanpl e 14 and after rejuvenation according to the process of Exanple 15. 5
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [0034] Descri bed herein is a
process for produci ng phenol or a substituted phenol, wherein the process
conprises contacting an al kyl aromati ¢ hydroperoxi de havi ng the general
formula (1): [Eﬂ33{ / 50@9 Uls\@rapﬁogeggutylg&kéﬁc Wx&;@mﬁ@ie @eﬂ%% a%@iﬁ\rt] time on

i ndependently re resents an a % oup havi ng 4 carbon atons,
provi ded that RI™%higr Rs Cﬁﬁ?@%%ffbp @HmFBC#HPWF§X@9€P‘%‘ﬁ@bﬁﬁbW&WWHﬁm?ron14
to 10 carbon ataadregntagiigd 16 yerh o€ Ngnymup/phmeumgdeofpbn aOWGZdoyldS uhsdt ketb@hg t@nd R3
represents hyd l%ﬁ;%lb\]s (o)xn @Xangle 1{% aﬁer 1%Iﬁlve9aé181lfl Eccm?mo EOQ% éarocc S oﬁ E‘}a%)npl4 lg.ar bon

atons or a cyclo OXi
15[0035]Exaﬁp|JHHHHLEDﬁmﬁﬁRH”HU%MﬁﬁTHEﬂEﬂﬁﬂﬂﬁﬂﬂﬁﬁhrOX|dcs |nclude

sec- but yl benzengslyy dr oesRXiHd8m #- dnﬁt)&ys fo? eps:odte&ﬁg bieﬁmﬁnﬁbmftﬁﬁtapsﬁeqzﬁ' de, 1,
4- di phenyl cycl ohexane hydr oper oxi de, sec- Pent benzene X dr oper oxi de

sec- hexyl benz el}i\’éelﬁly&}éé‘)ﬁ@?ﬂbﬁqna)élses contacting an atkylaromatic hydroperoxide having the genera

cycl opent yl benzenelhyigtr oper oxi de, cycl ohexyl benzenehydr oper oxi deand

cycl ooctyl benzene hydroperoxide. Preferred al kyl aromati c hydroper oxi des of
general 20forrmula (I) include ”'ostylbe ene hydr oper oxi de and

cycl ohexyl benzene hydr oper oxi d Fon_ghyAl kyl afomatic Hydr oper oxi des
100361The al kyl aromati ¢ hydr opt bs e | oyed in the present process are
typically produced by the cat /oxidagmeﬂmef an al kyl aromati ¢ conpound

having the general fornula (II) 25 R3
10 in which R and R? each independently represents an alkyl group having from 1 to 4 carbon

atoms, provided that R' and R? may be joined to form a cyclic group having from 4 to 10
carbon atoms, said cyclic group being optionally substituted, and R® represents hydrogen, one
or more alkyl groups having from 1 to 4 carbon atoms or a cyclohexyl group, with a mixed
metal oxide catalyst.

15 [0035] Examples of suitable alkylaromatic hydroperoxides include sec-butylbenzene
hydroperoxide, p-methyl-sec-butylbenzene hydroperoxide, 1, 4-diphenylcyclohexane
hydroperoxide, sec-pentylbenzene hydroperoxide, sec-hexylbenzene hydroperoxide,
cyclopentylbenzene hydroperoxide, cyclohexylbenzene hydroperoxide and
cyclooctylbenzene hydroperoxide.  Preferred alkylaromatic hydroperoxides of general

20 formula (1) include sec-butylbenzenc hydroperoxide and cyclohexylbenzene hydroperoxide.

Production of Alkylaromatic Hydroperoxides

[0036] The alkylaromatic hydroperoxides employed in the present process are typically
produced by the catalyzed oxidation of an alkylaromatic compound having the general
formula (1I):
Rl
CH (I1)

95 R’ H,C—R?
wherein R!, R? and R’ have the meanings ascribed in the above definition of formula (I). The

alkylaromatic precursor compound is in turn produced by known aromatic alkylation

-8-



wherein R, R2 and R3 have the neani ngs ascribed in the above definition of
formula (1). The al kylaromati c precursor conmpound is in turn produced by
known aronatic alk Iatl on WO 2010/ 042261PCT/ US2009/ 050489 processes. For
exanpl e, sec- BN B&iYene hydroperoxide is conveniently P&rg{% IRl o

oxi dation of the sec- butyI benzene product resulting fromthe al kyl ati on of
benzene with |linear butenes in presence of an MCM 22 fam |y catal yst, such
as described in International Patent Publication No. W2006/015826.
Simlarly, cyclohexyl benzene hydroperoxide is 5 conveniently produced by
oxi dati on Of ¢ BfcGye! ORPXYLRANZENGABANE by iR NO IR Sroduced by

hydr oal kyl ati on of benzene I n presence o Bi funct i onal cata yst corrprl si ng
an MCOM 22 f ani [9§194i91 € dicarc-Bitdbazean drodud et Gk A e tinallndttien | of deigpneagith

described in - Wndr bifakentprdnce & L37c213 tarrSlyrEhtLi@{l’t OB ASSBSdGARRALIMSEd tO

roduce the other [ an. b resent
Br ocess. 10100%%‘% H’églb Od‘a}}?? 0&8%99%@2%5 EBT %&}%ge f %)éi"ﬂ%wﬁefl%&ﬁ% BRI t he
desired hydropesoxiiady gederdlbl yxidaicolof ds ayealekylgzdnherehd yésaltiogréibnohe
precursor wit hhgrod%m&ﬁo@ﬁégm B BRsdaS ﬁgléz%nd@ HAGNS 99‘15 R ﬁa&aw

conprising a cyclic’imd Vi ng genera ormul a
(22-7 ( OYemiliHerer daeHndf hdrogigioRangtd suplres maléwt 1“yU§e?dé%lféfél from

hydrocar byl andosuhist |Strhlta€gloae5qehyﬂrﬂé(i@d'dtly proti@dingadifer Bavo IS xiliest Bat 26h KAr bon
atons, or fromt 11é NH?, OH, and NO7 or fromthe atons H, F,
a, Br, and | G‘B‘?W? géplf‘?fﬁlitpﬁﬁ “§nd R5 can be |inked to one another via a
coval ent bdﬁd (083 h Ofhe Qlidagivd pResk smplpcte e the @rvtlhoyios ef tbe tiaded ydmp&oxieH, N,

CRé; eac ben@mu%nms fwaﬁo lpdgpend: g&tgxafcuﬁﬁl LR O e 2D Gining: caiZne N P

and el enents of G 20The Perio
pr esence ot a catalyst comprising a cyclic imide having a general formula (111):
(O)
R4 X
l/ \
Q
| /N Y (111)
Q.?,
RS T~z
(O)

wherein each of R* and R’ is independently selected from hydrocarbyl and substituted
15 hydrocarbyl radicals having | to 20 carbon atoms, or from the groups SOs;H, NH,, OH, and

NO; or from the atoms H, F, Cl, Br, and I, provided that R* and R’ can be linked to one

another via a covalent bond;

each of Q1 and Q2 is independently selected from C, CH, N, CRS:

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

Y is O or OH;
kis 0, 1, or2;
lis 0,1, 0r2;

mis I to 3; and
25 R®can be any of the entities listed for R* and wherein said contacting is conducted under

conditions to convert the alkylaromatic compound to the desired hydroperoxide.

L0



Yis Oor OH kis O, 1" or 2; I is O, 1, or 2; mis Ito 3; and 25R6 can be
any of the entities listed for R4, and wherein said contacting is conducted
under conditigps vert the al kylaromatic conmpound tg S|

hydr oper oxi de%%(?oé%?g/OMZGIPCT/ US2009/ 050489 [ 0038] Rt} ‘%?"”9 “‘8r9

cyclic imde obeys the general fornmula (1V): R7(0)k (0)1 mhereln each
of R7, R8, R9, and Rmis independently sel ected from hydrocarbyl and
substituted hydrocarbyl radicals having 1 to 20 carbon atons, or fromthe
groups S031-1, NH7, 504, and NO2 or fromthe atons H,L F, O, Br, and I,

each of X and Zyg38; | ndependantildeyarlisal §dyd hah&al foemulih N P and el enents
of Group 4 of 5he Lerlodlc Tgbley 1|s yb §§§l |§ugEH1 or 2; and 10l is

0, 1, or 2. [0039]1In one pract|BéI e eo|nent the cyclic imde conprises
nd|t|ons for the oxidation step

N- hydr oxypht hal i mi de. [ 0040] Su
and about 200C, such as about 90C

include a tenperature between apout 70
to about 130C, and a presstxkg apolt 5 to about 20 atnpspheres (50 to

2000 kPa). The oxi dation reag s convgpiently conductesl in 15a
catalytic distillation unit I per/pass conversion is preferably kept
bel ow 50% to

R0 “

wherein each of R’, R, R’, and R is independently selected from hydrocarbyl and

0

R9

substituted hydrocarbyl radicals having I to 20 carbon atoms, or from the groups SOs;H, NHa,
5  OH, and NO; or from the atoms H, F, Cl, Br, and [,
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, I, or2; and
10 1is0,1,0r2.
[0039] In one practical embodiment, the cyclic imide comprises N-hydroxyphthalimide.
10040] Suitable conditions for the oxidation step include a temperature between about
70°C and about 200°C, such as about 90°C to about 130°C, and a pressure of about 0.5 to
about 20 atmospheres (50 to 2000 kPa). The oxidation reaction is conveniently conducted in
15  a catalytic distillation unit and the pcr-pass conversion is preferably kept below 50%, to
minimize the formation of byproducts.
10041] The oxidation step converts the alkylaromatic precursor compound to its
associated hydroperoxide. However, the oxidation process also tends to generate water and
organic acids (e.g., acetic or formic acid) as by-products, which can hydrolyse the catalyst
20 and also lead to decomposition of the hydroperoxide species. Thus, in one embodiment, the
conditions employed in the oxidation step, particularly the pressure and oxygen
concentration, are controlled so as to maintain the concentration of water and organic acids in
the reaction medium below 50 ppm. Such conditions typically include conducting the
oxidation at relatively low pressure, such as below 300 kPa, for example between about 100
25  kPa and about 200 kPa. Moreover, although the oxidation can be conducted over a broad

oxygen concentration range between 0.1 and 100%, it is preferred to operate at relatively low
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mnimze the formati on of byproducts. 100411The oxi dation step converts the
al kyl aromatic precursor conmpound to its associated hydroperoxide. Fbmever

t he oxi dation Br,ocess al so tends to generate water and qr nlc

acetic or forﬁﬁ&ogéﬁﬁﬁlas by- products, which can hydrolﬁsj W%@i Iyst 20
and al so | ead to deconposition of the hydroperoxi de speci es. Thus, in one
enbodi nent, the conditions enployed in the oxidation step, particularly the
pressure and oxygen concentration, are controlled so as to maintain the
concentration of water and organic acids in the reaction nmedi um bel ow 50
ppm Such condiyoNSonk k! du¥h b IH&!@ ﬂﬁﬁ’@@'l&&&&@% m%xaaued@&na Mdu1 to
relatively Iomlgwessure such as bel ow 300 kPa, for exanpl e between about
100 25kPa and abytit! poonacpagenpbemetboutal P RBAUYH ¥ HEMOR eYETOR Reiys5e-
conduct ed over camblnﬁgag OKlyctgdiﬂoxﬁQl.lﬁﬁiﬂtn@&l{eld@ﬂed angevehet waarhn@oagazamhdmﬂ% it
IS pr eferred t ay cfPa?e Etl) g a ! etua g gas Xlr U Wthe V\Dctzrqloeéngé u@lFt)hCeT({x ?/ 050489
oxygen concent P&t oN, %Y 6ﬁ ERS H’tﬁbre({ﬁ 21V Mame " 6" ot A1 EPE rom
about 0.1 td aboumOE®WVmwum®<wagemoﬂaﬂkyMﬁwonma®oﬂmCmﬁmmnabouﬁn&@ﬂwolune
% oxygen in t Qﬁb&lﬂeﬁ? ﬂle%ﬁ)ﬂﬁl@é QJ\ 0O it frbdfd tl@%%utoh Q&tdlr{@ gll Qldrf BQT {ohﬁ'\o
desired low level s of water and organic acids 1s facilitated asslng a
stripping gas fHRFGEGHIERS Bacrdis ket &Ert?%t‘fﬂﬁé‘oéﬁoeﬁaflf“&?rfn {)

one enbodi nent such BeheSilih bdRikddg. gas is the sanme as the oxygen contalnlng gas.
I n anot her enb nt s differe
oxygen-containﬁﬂéﬂgask’aeﬁ@%f”sf1tl %g&%¢98%P%%m JEEgien “ﬁ?ﬁ&?&ﬂkl?ﬁ%e%§kllc

i mi de cat allyst lowSuiygebt@csitratioppind Py gadeds i ek udeé oigasr teigades) ths uchtias

hel ium and ar 9gR4iuh QAdL1:4R haﬂsyexo&fa@?e' RAYARLRGS! BlropREGES 128 kbR fxd dati on

process at | ow pressure and [ ow oXygéen concentration and by stri pping
wat er and or gaﬁﬁe%lylaéwbiston@rltﬁm ‘tl‘l‘ﬁ’éydr%(ﬁét Pl dphydand fight glephels (Geglsthanol) are
hydL oioer 0>r<]| f]ek(eﬂwged frei |Eh)é|re&ﬁor{@{x|ﬂt¢is dl@)ﬂd)ﬁ/chﬂﬁf(ﬁﬁédde)"hus|Iig@hﬁydk)§§1®ﬁ&§ afe. 9. ,
nmet et : e

aIcoKoIs (g g. Ra%p%aﬁ%lWQ %gﬁ%ﬁ%%%l§ %%ﬁ@%ﬁ%d%gééke% %ﬁhp?”mngt%%ey are
formed. Thus Ih@htAhydmmpewb%mde@maabdmazammousaah@ﬁ%@sae@wsaﬁei9ndoncern
if their Conceﬂﬁ&ﬂ&h%Po@&ui&%mthQhﬂnQE%QP&%mbﬁ&%ﬁ§§q%89aﬁ&@ﬂﬁhﬂﬂmmﬁl50

| i ght hydroperoxi des, alco des and ketones are precursors for
the formation BPIER FaMPEs alaoeﬂs'dtaﬁdeaamleﬁte%d %CI‘Fa‘E“tVé‘H‘ib(}‘ieﬁ@bf iy dhespyells es
fromthe oxi daﬁmaszm@h U TabtPEQVOSs thzl’ﬂ@vhél%dod@kin%xfd@ﬁﬁMfﬁHﬂ bﬁ@ﬂaalzalﬂ:dvnh
selectivity an n fact, data

abl f the ¢ ch
shows t hat mheﬂH ﬁdﬁ 6&%§)8§P|dﬁmb sec‘%ﬂ%VgOt %1 aijﬁmNﬁBlet 100
psig (790 QPa)menomolhﬁaanQ %m@@@mmlmﬁemermmghvn§pemWésﬁah®ema®@$amenaln

in 20t he reactg&ow%@g&q@sKQQWﬁggygpher|c pressure, nore than 95 nol % of
these species are rempved fromthe oxidation reactor. [0043]The product of

the oxidation P88t i dhe PRt abYe oHEatgr sTrwd Baludsy tRyaNTEHakyxXydarsegst her

wi t h unreact edtogdﬂ{@ykm QRRidtcd AMyREI GO pre@NGr Wy ﬁﬁ&ﬁt@(ﬁcﬁ:}l&im@e ¢am1;d1e tat al yst .
The unreacted al kg f.lgatlo precursor 1s rea u! QﬂPYEdI% séllhatlon
and recycl ed t 8 FHE 5580 HA TOR'SE B HOREVET 27 S8R “Be°acs L

bel ow, the2mnr@abn®dﬂwy¢bwoetm;deﬂmamahysmd@anmamm%ashacpomngMMkuhe
downst ream mi xgd aﬁ@tp%lbmp%i} de &?B@L%&Stmu?eﬁfﬂwﬂ edigt Qat%lkﬁae\’fplo%lletohé{é!&@%f oxi de
i nto phenol. Mboreover, ICc 1 mde tends be  expensSive, making it
desirable to rlé/éuvéwd&rfawrr%wb| Mopepeet ihy exgtt éﬂd%aﬁ‘&ltys’l“ CXITTRY Y, Mekingt| |
normal |y be dec&uraaﬂaIuele&@ertah@abycma: @hdabtetedatalyfitl QR h@ulDPﬁhﬂﬂtyltﬁﬁesﬁ}EMQSS to
reduce the |evel clic imde

f t
effluent to t ht ‘eat tﬁe %ng&t f%gl} oxlciébnblzpﬁflesﬁ toolﬁ%LP %%%&gf % rilé%glsf Cé/glfc 1rn1 t he

oxi dati on éd f | wentagcanipreifBies tobndl@edze sigp. t he ef fl uent with an aqueous
sol ution of a Bé’zﬁf ﬂ%&'&?&&ﬁéd tadqea aky E@?ﬁldgﬂ}{'eﬂﬂu@cﬁmmééaéoh@cugé Bt er
he IC

than or equal to Ka o e cyc I mde catal ereby t
unr eact ed i m défluent w1th an aqueous solutlon of a base, particularly a wmk base havi /ing a pKb value

greater than or equal to the pKa of the cyclic imide catalyst, whereby the unreacted imide
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WO 2010/ 042261PCT/ US2009/ 050489 catal yst is extracted into the aqueous
phase, | eaving an organic phase whi ch conprises said oxidi zed hydrocarbon
product and alns a reduced | evel of cyclic im General ly, the
extraction |2Q%Bﬂ ‘#ed so as to reduce the |evel of thquHPaQW?W“Ph
organi ¢ phase to Iess than 100 ppm such as less than 50 ppm for exanple

| ess than 10 ppm by wei ght of the 5organic phase. [0045] The use of a weak
base in the extraction of the unreacted imde catalyst is generally
desirable since a weak base is less |likely to catal yze deconposition of the

imde after exth@chiORuhddaGnd R a@&%&ﬂieﬁ%ﬁ]@ an DrgBiHé 5@@ »@m&ﬁ&% Ras&id _
i ncludes a netal_ carbonate and/ or rogen car onate FeC|aI an al kal

met al car bonat @*idieth FAOFRR BEpdpet Mﬂﬂl@ﬁhé@fémﬁa@%{yew leyg! ‘§6¥f i¢)iwideadsamabe.

[ 0046] The conditlici R tidisie toniditiddhe asCty(Bédh&: thaMe@eofand imaRtih MO o@hie@plﬂeead 1daot be
closely control |l e ut gener Iud ate ra bou t

about 80C, sucﬁwggog Q %ﬁ%ﬁ?‘ﬁm Pm$§etxfﬁqpﬁkb&ml %%f% et htOf @ be
for exanple5fr®ﬁﬁmbduw 1 m nute to about 30 m nutes, such as about 5

mnutes to aboygys30 nﬁmaulk@%t o WG 3ARURLLOExRARE ofﬂf@ @{@L@y@g&dé BatdiPA® is
extraction step is normally sufficient to grOV| de at | east. an equl nol ar

quantity of ba§8wHBydﬁF@&t%%ﬁdﬂﬁ¥H€&e§d@hh @Y I Ehae fisreresigen palbeipdr ol e
of unreacted i mtaemﬁe@elmalth@/aqu&daepm@asg&uwbe gk bat edlvdesrd Rgraleostob@ed i on to
maxi m ze cont agt b%t ncmgmmg ter extr nin

aqueous base sOIUTiToH =t KEOUAT ema@’Ll£¥JmmmiC%%mggﬁnrea P%mﬁ%g?%gbvered
by aci di fyillg wﬁéaﬁﬁmmmﬂgb@h@se for exanple with acetic acid, to 20

precipi tate t hgyys)r eagt &dndiflnd@scaAh LS cyscﬁp%@& Icmcmnom REq 3gUEOuS.Bhase,
for exanple by filtration or centrifugation precip |tated unr eact ed

imde may, if GW&PHddUt graerplydydyded t?fH)et‘dﬁlée efmbalatlpé-‘nwsdi% 80Co 0Bt tholnot her
enbodi ment, tre@Crenboudfo Cherhe Ximd at bﬂﬂct&)flfrﬂldy%tfommlé 68 6@t atihune t he

ef fl uent mnth 0 t |c$ i.s. e t.o.renpve S
substantially aowj&%n?ﬁ%\fﬁglﬁh?ggb 31“?ﬁf%é'%%¥gfvnt? S0 as %ggﬂﬁﬁhce a

treated ef flbuentpluiil dh tiesexfriatibn stop sahdmaki diffcedt wypirodartiont pr eguoslarand

whi ch cont ai nsg nfitf duagdo BlreARA thélee%%il a9 to §}‘1ﬁ)le'; 6t Ha@pgxemolmnf}actédhﬂldé orption
process i s conducted so as to reduce the level of the imde in the organic

phase to | ess PSRN PBHR 2rstpEteb@ripeEdaqting iy oinps Pt PeEsea s PBStsess t han
10 ppm of t hE[OOI‘HaHIAG'tepEb&ﬁﬁlon 319([) @Q%ﬂﬁeﬁhﬂ baabbut®n| thdusQEHE BicHic afig@e tdose
Egylbgga'?gzl C\/\/ﬁ{eg l?/rbtel l%(‘sﬁ)’velecpg 2oy dl (%n-%é aa ug%():lbs 1(33%8' o?sex?n?pqéogh Sageqlc 1?1 'g?Change
resi ns and 2fet aIBClmmedbssumqaapct ingdg. atdtey sepiasetieh fhcem aie aqwndsaﬁmse WOexample by

2010/ 042261PCTﬁlk@%QQ%e%%ﬁ%nltﬁ’é)ﬁ%}{%@&m&%@ﬁxﬁd&ﬁa&' RGPl fd Edy BB 1o ARST C

properties to be effective sorbents in the cyclic imde extracti on step may
be determ ned ﬁ?“?%@“ﬁolar rati o of chem sorption of CO, and NH3 over
t hese net al OXI'Och;] I’Y&Un&a[nbt’ﬁkr&‘emb(mﬁent, Bcdithdnelofale olidatios etis@cdnpridek tdnatngtihe basi c
sites present bei.ng.tested. Likew s r.ong

base, is titr aef ci:ntt \gth ay ?id 3¢ ﬁclangewlnc gff ctive to Témove some Or shbblt\altlﬁlgdlly all otf the
25  unreacted imide catalyst, so as to produce a treated effluent which is rich in said oxidized
hydrocarbon product and which contains a reduced or zero level of cyclic imide. Again, the
sorption process is conducted so as to reduce the level of the imide in the organic phase to
less than 100 ppm, such as less than 50 ppm, for example less than 10 ppm, of the organic
phase.
30 [0049] Suitable solid sorbents are those having basic properties, including metal
carbonates and/or hydrogen carbonates, which may be provided on a porous support, clays,

ion exchange resins and metal oxides, particularly mixed metal oxides.
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5 the acidic sites on the material. Many factors determ ne the actual
anount of chem sorption such as surface area of the nmateri al (often
significantly ted by the nmetal oxide preparation é/h é

tenperature aP‘% ?"9 "W*he” cheni sor ption is tested, and t Hé™ EL% d“%’ﬁ?”é”at whi ch
t he chem sorption |s tested. For the present purposes, a "basic" oxide is
defined as an oxide having a nolar ratio of chem sorption of CO2 per gram
of netal oxide to the 10chem soi ption of NH3 per gram of netal oxide
greater than 0.5, typically greater than 0.75, and especially greater than

1.0, when testqghsos deser !»Qd%d h%llgow'tﬁc[egtogdllz-E)?cﬁ)teﬂu&gtotEQ GRURE ThB&d A&y ol ar
rati o of chem sorption of ram of netal oxide to the chem sorption

of NH3 per grarVOF 'Rt a’}““EB&’P a*ép fr@y OtftRiR ey BT Mgkt chemisongan SHFR: 851
t her nogr avi net I‘ah(L‘NHD@ey&bsS n&}éﬁ&x&mrﬁﬁu@lﬁm(}eﬂh nfdldl @56 Ud @cd bhgraleicahsioNede 15

i)a IT})L(;,‘ :'af)oﬁtal f;%)?eg%u %n the met aq[x %cmo ttcgccﬁq_lxkcglsgg\ﬁ-gt é(g ﬁ?\)%g }%%?Qstltgl%d?%%lhlgatg abl e

obt ai ned. THe tﬂ@rﬂplétcattqaroetlafmattdmel Sanp fegtoisgleehman: thedteedndun of Flowisegtiad r

(helium coul d &|$0,b& I L NGB SRE SATRENAM8ePby GREMEOLALI ON.
Next, the sanple is allowed to equilibrate at the desired tenperature in

f1 owi ng hel i umPERFRRMHAY, hT@PRTEWE Mevhish thsreheraisanin fiteter.gud e Pisasat ed at
100C, and 20 chenisehigiiioaionfs t@mmxalwlgﬁesmﬁ@xﬁwq&da atasi2 DR Qe isAfctifd ab@i Ng

wei ghed, the sa I 5 subj ect ed 2
SecondS/ pUl Se) g? ‘laiavm a ollar ratio Oft glemfsmlpgg% Ofﬁ ;f ? cr r%.nl:l]dj(f %ﬁh leaga? 6166

gas deolis" M xtir & T6N ni ng
di oxi de or lﬁmmhmasomtwn b Mil:qongreant meel gl swast Gist &b, nedtelliT reetgalsn 978t ur e

contai ns about dé&s;}/&h@mm&@%@% w1t RO AuQ%ilepgsw.anmoni a with the
remai nder bein After each pul se of the gas mixture bei ng tested,

the metal oxi dg” 08 Y1 Testing to gggerming diqapplafiretly of F‘Eﬁm‘ﬁ@“ﬁ‘é?f Gt FbEeE pb et
m nut es. About o2k @&p@émmeorpwnsmwfpet Qﬁmgﬂsmdfﬂl kit B dosdutks® thigha PREIR: t est .

The increase | [il %’ASIDQ' 85? therrh(fgmwfntqrggnc anales s m d?dmbngltg egq.%{ea T&gi(leg,?oxﬁ sed on

t he net al OXIde sanpl e £ on gl rm t he
nmol es of CQ2 oranii3s eadisod bveféb“p@rang@ alrwoi()()?fefteadept@xmjei in [T@QS D)) todbawrt threet | 0s  of

chem sorption %msCQZerﬁmhh@c&%m%ﬁe%é@'{' 1sQ)i)taMH§ ﬂ%rtcr%ﬁaml@(tf tf?bQ‘\E}DBlp ate for

sone repr esentative netal oxide Specl es are shown in
2010/ 042261 PCT/heisRIosA 05 s e ab(hplamy coplt alpq &3 vsedk toette dayied reatrrghe of

Tenperature, CoHRbINRS:. CRedt) HOkMplcOR NBl-al to RatiliBratdiaOfhe 7030 red .t eMbuds B2 800
0.07 La203 700ﬂowing helium and weighed. Chemisorption of carbon dioxide is measured at 100°C, and
20 chemisorption of ammonia is measured at 250°C. After being weighed, the sample is
subjected to a number of pulses (about 12 seconds/pulse) of gaseous mixture containing
helium and either carbon dioxide or ammonia until a constant weight was obtained. The gas
mixture contains about 10 weight percent carbon dioxide or ammonia with the remainder
being helium. After each pulse of the gas mixture being tested, the metal oxide sample is
25  flushed with flowing helium for about 3 minutes. About 20 separate pulses of the gas
mixture is used in each test. The increase in weight of the sample in terms of mg/g metal
oxide based on the metal oxide sample weight after calcination is used to determine the moles
of CO;, or NH; adsorbed per gram of metal oxide.
[0052] Molar ratios of chemisorption of CO; to the chemisorption of NHz per gram of

30 sorbate for some representative metal oxide species are shown in Table 1.
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0. 86 Lai Si02 500 0.92 Al POx 500 0.75 NdAI PO, 500 1.04 YAI POx 500 0. 86

Pr Al POx 500 1.05 MgO 700 11.47 Y203 700 14.95
for use as sol]j r ts in the cyclic imde extractio 5 incl ude

oxi des and ni&@%OE%*ggp g?%hgaﬂymfﬁﬁthanide
or Actinide Series of the Periodic Table.
preferably one Goup 4 netal

Seri es,

sorbent conprises two or
oxi de and one or
and Actinide Series netal
vari ety of methods,

sui tabl e

10

15

20

[ 0053] Met al oxi des

sui tabl e

es of nmetals of Goup 2, Goup 3,
I n one enbodi nent,

OXl

nore netal oxides,
nore selected from Goup 2, Goup 3, Lanthanide Ser
oxi des. The oxi des can be prepared using a

al though generally argppjepared by conversion of
Material Tested Calcination CO»/NH; Chemisorption
Temperature, °C | Molar Ratio
TiO, 700 0.33
W/ZrO, 800 0.07
La;0; 700 0.86
La/Si0; 500 0.92
AIPO, 500 0.75
NdAIPO, 500 1.04
YAIPO, 500 0.86
PrAIPO, 500 1.05
MgO 700 11.47
Y04 700 14.95

[0053] Metal oxides suitable for use as solid sorbents in the cyclic imide extraction step
include oxides and mixed oxides of metals of Group 2, Group 3, Group 4, Lanthanide Series,
or Actinide Series of the Periodic Table. In one embodiment, the sorbent comprises two or
more metal oxides, preferably one Group 4 metal oxide and one or more selected from Group
2, Group 3, Lanthanide Series, and Actinide Series metal oxides. The oxides can be prepared
using a varicty of methods, although generally are prepared by conversion of a suitable
precursor by precipitation from solution and/or calcination. Suitable precursors include metal
salts, such as halides, sulfates, phosphates, halides, nitrates, oxychlorides, alkoxides and
acetates.
[0054]

solution comprising a salt of the metal in a solvent, such as water, The resultant solution is

In one embodiment, the metal oxide is produced by first preparing a liquid

then subjected to conditions sufficicnt to causc precipitation of the solid oxide material, such
as by the addition of a precipitating reagent, typically a base such as sodium hydroxide or
ammonium hydroxide. The liquid solution is generally maintained at a temperature at or
below 200°C during the precipitation, for example in the range of from about 0°C to about
200°C, such as from about 20°C to about 100°C. The resulting gel is preferably then
hydrothermally treated at a temperature of at least 80°C, preferably at least 100°C, for up to
10 days, such as up to 5 days, for example up to 3 days. The resulting material is then
recovered, for example by filtration or centrifugation, washed, and dried. The resulting
particulate material is typically then calcined, normally in an oxidizing atmosphere, at a
temperature of at least 400°C, such as from about 400°C to about 800°C, for up to 48 hours,

such as for about 0.5 hours to about 24 hours, for example for about 1 hour to about 10 hours.
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10 precursor by precipitation fromsolution and/or calcination. Suitable
precursors include netal salts, such as halides, sulfates, phosphat es,

hal i des, nitrates chI ori des al koxi des and acet at es. p I n one
enbodi nent, t M Zlgr@foéﬁz bxide is produced by first prepari r‘rlJU 2(10 ’&81‘83
solution conprising a salt of the netal in a solvent, such as water. The
resultant solution is 15 then subjected to conditions sufficient to cause
precipitation of the solid oxide material, such as by the addition of a
precipitating reagent, typically a base such as sodi um hydroxi de or

ammoni um hydr oxp@g,  THRed AUl HloS Hleti 1:00s b ua8RBHALY N ﬂﬁd&ké‘écﬂé‘rﬁst%t thély
tenperature at or bel ow 200C during the precipitation, for exanple in the
range of from &BYGthepls wrehdtied m@epﬂw@w%@lw 1 oabesd e P oehdiesBstt 100C.
The resulting ged shs (ﬂb@fx@\\’u@ghhc)ludﬁlhaﬂcalcz&d btyldbﬂhdsl@r rral I y tr eat ed at a

tsﬁgﬁe;?t 3;)6,[ gf é@ﬂ%g}l e e 1011 X l}anoeerr%'qbu%syfog usg asa}ﬁe ;r%'lg sox‘oent u%clulélp thn‘ﬁet uﬁmq ays,

, exa erfial is

t hen recoversed corfvgrnioewklambleyddymf Ehevigtacidie oobaswemcres fsu@amﬁ@rbeﬂm@m@dge and
dried. The resylfing particulate material is typically then calcined,

normal Iy in an oxidizing atnosphere, at a tenperature of at |east 400C
such as from a¥§fl 40Dkiocupigors Bobecydipmignsarsionsihgurdd soisayeeudse f or
about 0.5 hourserrtperaammaboamdqowﬁmutflgoocemmpsl a@)oﬁtQD"C&b@bﬂutﬁO botr a time about 10
hours. WD 2010£0t4 261tP %‘209/ 050489 00t 51M 3 5 “g re netal oxides
are used in th&%¢yce*im EPEEOYE A PP R PSRy IBMRE be

CO- preci pi ti&t edi)06$] pr &l pnrqualeld/ @ep@dwp@bl}t amdmc@rcblcmdd iwide rrae ahilyobcher at
any |ater st ag@ecafelearb%amo bbmgrw% qgoasbo%t%naqma&%ﬂ eRHof irGh&he.
[00561Sui t abl e | on exc € resins for use as the so sor bent 1 nclude

t hose resins 5EBNTRNEFLH a{%ww BfpieasrEdof D e PERBOR HEP AER o ey PHaSFRO8beci es,
such as_Anber | yshe ama;m@e 1tl’1~6f5h1ﬂ3hat {h@%?eﬂwsw%tablbﬁmﬂﬂﬂ@hﬁde@lﬂa boddvérke cyclic
i mde sorptlon tﬂ ﬂ) sor be ke ’188 1 enperature of about 10C to
about 130C, sulh™as®abd (fndﬁt(ff Olbee out ° ?fecyfce “@YI'me of about 1 ninute to
about 30 milAut Mwliaﬂwt 5 mnutes to about 10 minutes. 10 100581
After removal PMSJ]he HOh %@op%ngiélﬁee&éav@lg% bt@p mﬁee[ﬁ&lélﬁgm%% LGahd@ad§ GRRufead |y
be recovered by washing sor bent "wi pol ar solvent, for exanple wth
et hanol or ace?llaﬁ@ueﬂrﬁl@mrtéecmr&%ﬁtqpml%albaﬁ#e& Kepvahel e pyeacid aliplaopatic

oxi dation st eppmw%hall@ropﬂ&ln&liﬁ)ﬁﬂél pwflhdﬁﬁg ﬂ)@él‘ﬂl\{ea{ to@efdudehl& l@/%lhﬂﬂﬁb'llc mﬁdleﬂ@%cxl t is
found that theﬂgr? ence Ot]; tiM (2 tn} “ oS thnol'g1 v}etragsL a/ af f ect
t he oxidation activith"of 1sae e fn\%a a fcafaﬁé r eckcied” cht aryst™s

Hydr oper oxi2fle @Itaésat/cavgwmeﬁ @059 cTd et 1h§sd<vr@pmtad)ﬁprdé31mpeava@eldsﬁﬂelp)s Gfto thef
present pr ocesg beiaRNdOLER BinGANLARKIAG hieiehid HERbnd FATHERG:GYIdaL i on

step, normally after renoval he unreacted al kyl aromatic precursor and
optional |y aft%frtl’ed)reé?‘F“‘eB‘tbi‘en’é“’Fﬁ@"@‘l‘tf |20xb 3t 0x{dg of ¥ drgtteng e | fediroyr o @fykel i ¢
imde to | ess pdiafic T00 (ﬁplﬁBElMeﬁlh & FAcXRBodiRdngltheQXial@ coaprabsySitonidnfoxide
particul ar, the dxﬁ%d rﬁﬁi e 20 catal yst conprises an oxide of at

| east one net af” FI6H BY 5%”“’3”98”5“ 844 G oups 7 to 14 of the Periodic Table
of the El ede&nt ®060¢ onvenicenttlyythanatdyit dethgfcomprideeastxidnd anetsabnefmagnfiiGmoup 4
of the Periodi ?10-[%1%'@19& tt h":émlfzdllcelngfato?t’lm @Qﬁlelﬁk“ﬁﬁhbdﬁ 091fde @ttnoh c%g et al
fromGoup 6 0 e Periodic Tab El'éments. In one enbodiment, the
cat al yst conpr {08&4 zﬂ%@?ﬁcérﬁe&kpiﬂ‘ée a‘“ﬁal@ki‘*d@“ﬁpleﬁ‘iyl B bbh ARBINBE t iFgst en.
2510060] ICo ]Ic’lvenlhcfaﬂ[t\bhﬁmont fieh &akhakests sBlutﬁdnh@)ﬁnpﬁQﬁgmoaeaofam @xmtamﬁe @btall easL
one netal fro t he nts, suc
os an oxi de. of I SHTE by ThSBUP T Toob i e Bl S R R yor i s
conveni ent B§ paepar ditioy, coopdpingiansguree §fi ipstof ki lgasi chesSobuptd ozl agdiopricaglyan
aqueous sol utign, , En%TPJl&n%h@&nﬁm%ﬂ?‘e!r&ﬁce%Idn%ﬁat‘?{ast%‘ho bﬁﬁﬁ%t@[‘ﬁm@fﬁt &ly;,f rom
G oups 3 to 5 and G oups a second liquid solution, agal n such
as an 30 aquesHSingsn et Bke plecspier sedigons sligiepido 1usq gndecsTtatgn 9f aadkedone

G oup 4 netal @ne nepbikioRal old Wb heaidhiai fdius0| AllidQRy GO MRISLELNG sSSP ece Of
ions of at least one Goup 8 to 11 nmetal. This conbination can take pl ace
under conditions sufficient to cause co-p¢ecipitation of a m xed oxide
material as a solid fromthe liquid medium Alternatively, the source of
ions of the



WO 2010/ 042261PCT/ US2009/ 050489 netal (s) from G oups 3 to 5 and Goups 7 to
14, the source of ions of the Group 4 netal and optionally the source of
ions of the to 11 netals may be conbined into a tion.

Thi s solutloﬁaﬁéﬁw%ﬁ%ﬁ’be subj ected to conditions sufflc?gqg(ﬁ%§§gﬁse
co-precipitation of the solid m xed oxide material, such as by the addition
of a precipitating 5 reagent to the solution. Cbnveniently, t he
precipitation is conducted at a pH above 7. For exanple, the precipitating
agent may be a base such as sodi um hydroxi de or anmoni um hydr oxi de.

100621The t emperaidintdoi36hs meml,apqwudlm@wm@Ioﬁlomf%%aﬁ)ch HunibRg the
precipitation is generally |l ess than about 200C, such as in the ran?e of

from about 0C toBiHpEufe %U@Of RS ﬂ’.bthf)gf‘{”i’ @JP&H neRRGRYOR PRRBE B ¥ or
precipitation |s51utioﬁ1orrrmbcsu1hm2106a>t @heab@utubﬂ:Q&Cio Theitives Ujfﬁdleﬁhg t@&husb So-
preferably then hydr.othermal kL t | east .80C,
preferably at Iec\é? “Tbﬁghcﬂ'} IHXG oxt1 eenrmn%t a} tblrf’geaziltq %’é delgl?nco SH}IGf %Egmég pl ace
in a vessel Sat Iagqm@gh@wtmiomr@@gm@ﬂy Theepregalitationns enéucdbodpebive 7i $or

hydrot her mal I 'y e£ n%ﬁt ad é@fpltﬂﬂo ng-91c1§j@é’ 8 baS UG c@sso&lﬁ)hlth?d@lﬁi@bfﬁdmrﬁ&[unpxa”pl e
up to 3 days. 063] he hydra ed precursor to the m xed netal oxide is
then recovered, W rid eexarrpl e by filtration or centrifugation, and washed and
dried. The res tmom]ng Tm&@xrpblaiule@amnt;lhtmll@ei g 1mﬁhﬁlmtaﬁbt[:chuag5thk Pre@pita@i di zi ng
at nosphere, at.a te ur ast A00C ch.as, R 0 for
exanpl e from aﬁmﬁ?el%ggeé%an a%%u%?o@g s mt la%ﬁ,'et()?y ETARY {:rt%amméttggﬁtg gSO
about 800C, 10t o pfrtquiar tange mtmlarm¢sabr mmlmltetm@at aibry gbout f{(ﬁ@ te abowi HIREG.offihet i rre | s

20 typically u[‘kb&l@nozl%l hOH‘él%mbl?LlﬁJ\ ]@%rotlfeﬁndﬁpQ@lte(patﬁe&&r%ﬂebh&u‘ﬁSledstf grcexanpl e
for about 1.0 to ours enbodi nent, calcination is can-ied out at

about 700C f or PEEBHY 4 le@% la%sutThs hhﬂBffP%mdlftsetelm}lféwHY BEQRAES IR EBIOR! | s
conveni ent |y atifreghet ;bééuﬁ@nt}&cgel ngodeenbbdigémpe haxdtichemaly trlatthir 0p xerh et al
oxi de cat al yst |Q\5Ckﬁed |Igl§l flarexua}e a %fg erature of about 20C to 25
about 150C, sucdﬁ[ as a Zf ¢ o about? 't “and/or a pressure of about 50
t o about 2560 KPed] s@h hﬂs’atabmemmmOtO iicomiadsiomttal DRIVO iskPa reavelrok fa ckangple d
hourly space vg| 9%&&{1 &%H%Ytimdtﬁ%%d %sh%&‘@ndhaﬁéﬁoﬁﬁé %1!:1 ﬁitelﬁb%tth& de tOo
about 1000 hr-1, preferably ab | to about e cl eavage reaction

i s convenientl ?Cé‘t’iﬁd’ﬂ?f’t ‘éd“ f”ho%dl%f%f:t Hposphee. @ %FPP?I%IPIFG‘F\ML]??P&“OOTCGG *The

hydr oper oxi de iesst GRPCCRL kyangiel fdnedbdunc@PC aF gt moscolau@mmmualrytﬁomauohte

cl eavage 30 rgﬁ%gél arBO { ﬁ)%rt q f(g% tpé/ mlxeeEI h¥ al kelEié)Qad sp %pe ca’lcma’n n tlmc S

cycl ohexyl benzéne, xanone and Se Pﬁe hzene, to assist"| heat
renoval . Mfe ppleélleruam 48 haalskyucla psofrabiont my@rZépbeme@lcﬁeamIée r slsm l/@atb ion a

pol ar solvent, ,SHCh, 88 ABELRARR; calchtidhNEAi8RUBY EbduEABEE R auNE® dbbueizs found
that WD 2010/ 042261PCT/ US2009/ 050489 t he presence of the polar solvent can
mtigate the pléﬂ“ésonl ng of the m xed netal oxide catalyst cleavage catal yst
by cyclic i m dpsed errerilmblezgzaéen@mlblhe Oxetiatily afedt@iagt dodtacting ARBHYIbpd@spect i ve
of the presence. of. .unr acI e ; t he
cl eavage reactllct)hn{histmlxeﬁ Cgallmﬂd‘i %at ltpef: J lﬁ%tdéfqer%elc?mleoldlfboﬁ cﬁp o 1 ose
its activity oabent 160°Fesuclbesebat #G°A g0 ¢bnutd2@’@c«rne/&sepmsqu1t bizboe gf eebaft 2500
conversion of IS QyALOREIBY, @uttleoo%@g har abiuid By rlg%\é@\/\%fom f@ g% dligt the
cl eavage activi t?/ e cata can be res or ed erio

rej uvenating tdne cclg(fha»pyg&ldcwalwa@hli RGOUh 08 At aﬂ’fyfsltﬁblwltqqt latopmua?o lBol Thent |

such as acetor@ewm%%h tﬁr&oﬁvféﬁerﬁ@%&qdvm&lﬁﬁaEJ&@yt@'dkMﬂlaﬂf)r@Lﬂﬁt| ¢ compound t hat
to the invention ycl ohex%lbenzene ¥h oxi dati on

Ipf OS)L(IIC? ! ég?rp?ﬁg@ﬁré cy fl%lP.'yéIWFrB)g?llezxé Itp@wal]y (Ll?lteg in an organic solvent merf to the cleavage

reaction, such as methyl ethyl ketone, phenol, cyclohexylbenzene, cyclohexanone and sec-

butylbenzene, to assist in heat removal. More preferably, alkylaromatic hydroperoxide is

dissolved in a polar solvent, such as acetone, for the cleavage reaction since it is found that

- 16 -



10 hydroperoxi de and the cl eavage product conprises phenol and
cycl ohexanone. The crude cycl ohexanone and crude phenol fromthe cl eavage

step may be s further purification to produc rifie
cyclohexanoneagk’wéﬁgnol A suitable purification procegg ﬁﬁ@Pﬂ&8?9 but is
not limted to, a series of distillation towers to separate the

cycl ohexanone and phenol from ot her species. The crude or purified

cycl ohexanone nay itself be subjected to 15dehydrogenation in order to
convert it to phenol. Such dehydrogenation may be performed, for exanple,

over a catal yStﬂle%ll‘kQQlC@'& t]lﬁ:| @Ial ATt cgﬁ Iﬁiﬁgzlne ﬁlE Q@)kllnggﬂt%lxgcprgéﬁ]olh@cdtmgnt ron
w Il now be nore particul arl ¥lédescr| bed wi tﬁ reference to the follow ng

non-1imting EXShpPEetalysby flie imides gppinfigdion ”Eﬁo‘f\%t}OZr‘e@ﬂ“de Cat al yst
70[ 0069] Fi ve hyeudsjed lgt‘éép%w@f)ftlZd‘[ﬁﬁ&tﬁBbf?z@seﬂ&roeuldbzﬁfé@l:ybﬁﬂmﬁ\detlhthsifdc,ﬂ fdtﬁkg in 3

L L o
of distilled vvaet%elrmg/vasa ciweeparuetﬂne d&yterpfgomvamommé thpehy @ofveatdedo plen@d0d and t he

heat ed sol uti opg,Wer &0 &@@1e§$do@d&@%tﬁopﬁle YOIV %J‘b@%t&gd @9%%111&11@1})(' ng.
The pH of the final conposite was adjusted to approxi matel

addition of cofféeRtaHaE Becahoni R %%Iyﬁév‘tl?ﬁé“‘r*é]é(mttb’é“rlﬂtd* &Rty was then
put in pol ypropobkgne mhale daﬁaswl&&dth@h]ﬁﬁlﬂdndtlﬁ cam[ailﬁtaﬂlithx o(@@é&@):cd‘xmo %ahehour S.
;23 8: ?SSCEVL?%V@W K e 1% ‘[’es?éer‘ﬁ%’l éheof"g“?%t“‘l‘on C{“\é\ﬁa ‘Pp“‘e“ C ?‘E’i‘ ?Pédze% o 800C
in flow ng &ir h}ffhnpe@’ﬂh@mdsthe Treagsgiraiuei edmpatsaphpsd] at;(br:btcwhm@IIQG%lw'u@w

wei ght of the Eﬁtoﬂ&dm& ahs cMae %glolzpﬂofnnthg Q%a\%@é Q-J.e[y SnTm'y &0 st@%@t@@lt@ filrther

Synt hesi s of Cu/ W ide Ca &0 70] Fi vé hundr éd (lgr anms of ZrOCl7' 8H20
wer e di ssol vedehPﬁw%f‘i W%@Wﬁle 03(910 IGXERNG a5k PhgRodt 1Y TUEPIRIIEFGh OB gr ams
of CuSO4' 5H20 welies,addie dottliittdio Sa sﬁ@dsldf li@MatioAn@ichas b@@ﬁhthlthlc oytlchenhatk tidng 260
grans of conce ted nmroni.um XI de

Y0107 042261 perh eI do8 SERABG MK ERB v BbEEk b R ! Bl be gt 11 e
wat er was pbe paqhedioce&yblhmsmem) p@m@ e pkenble stédicydrod@@icandy bherthest do

sol utions wer ee)&ﬁmp'olagqcﬁaly@qurc@;b% aglﬁun591€ﬂ64 Wp@llagﬁhlng nOZZ| e mxing. The pH
of the final conposite was adjusted to approxi mately y the addition of

concentrated a i urbRydeHen dall rpieber B PrERlary) @ﬁsﬂ?e%&ﬂl tHERICpUR then

pol ypropyl ene foﬁo@ﬁéﬁdnﬂﬁmﬂ@@xﬁﬂnﬂ&ﬁd in a steanbox (100C) for 72 hours. The
product fornmed_was.r washed with excess water, and
dried overni ghF ar l%'ggvnt 8 Of@(’/ird ea(Iataqysat al yst was cal ci ned to 700C in
fl ow ng ai 20f ol00®] houis. huﬂ'dml gahcoina@Ceatd) ysit doentedimddtitbg Gu3 diteds df6% W by
vei ght of the gafigd Wik Ihhnder Lroluaa{j Cg;”allhﬁt‘ tQQ@ g@ﬁ&abfy §(§ncen|t:r§tmlm%o§mm
Synthesis of Fe/ WZr Oxide Catal yst 10100711 t housand grans of

Zr OC12: 8H70 vvell‘yéhodid%s(t?l s vm“ﬁhwwpmﬁhigo @ﬁd éhm plt dytidedomatey; w45 arepagdwat er
and then 15.2 g&ﬂﬁiﬁ(ﬁutfbﬁs FeSWMaoiH3Gove hl @ dethdtsolutidils SvefOdoibined at ARG brer

sol ution conta 0 ns .of e 8 grans
of | (NH) 62w 7 ALRE SAC-207Y T gl B 1 Euf HHGr: GRS Brcar S Bor §

sol uti ons ®er e hetht eﬁltrpmOiBID@eamhdtdhewtmelaﬁle@ms@l ¢ ordtaveuay genténmedinat a
rate of 50n i nﬂoﬂ/ %&1@1& b@gl%’z%;n% pldléi 1H]a)§{e£}gbox-(hﬁ) (E%I_fioxob I‘I:OUIQ f[’hé‘]@xjod&pml te was
adj usted to approxi mtely by t dition of concentrated ammoni um

hydr oxi de. TheV#5&&ir e ethby éltnawlywﬁgd tvrf%ﬁxqsmwert% Hal dise opsrigHet 5ot | s and
pl aced in a steapbox iilOD)s fver caY(‘ZnebQMBG()OCTﬁlelopfn@dth‘Cﬂ)r b abired TWasSadig@over ed
by filtration, r Ol‘led er at 85C. A
sanpl e of thi S8y \tCPmal?Cd\Agé’%éoaywe%lgmﬁhe t%‘%d”@ MY PG tﬂ“‘% tlyfc)r 3 hours.
The cal ci néd c%ztaallpyeﬂ Stdigsia o 5w/ W EeOdde Grtalgstof 73 mZ/g and cont ai ned 1% Fe

and 16 % W by wmght F% hada?edtg%alof%cg% Mvweérm@aded m galrhben%m@ehsy&t
Exanpl e 4: Synt esi s of [ JOne t housand grans of

Zr OCl1, ) 8H. 70 vgéwﬂacddw%%dmé/@&gwme Hf %ﬁ%ﬁ{a%w‘rﬁa@%m thig e&r‘@w AGPRY FOlMBE wat er .
Anot her sol ut imieapt asmi BGmI0Qr graitnnedd C an&eflhatgdhodma)Osk Uframs  of
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25 hydroxi de, 108 grans of (NH4)6H2W 2040' xH20 and 3.0 liters of distilled
wat er was prepared. Both solutions were heated to 60C and the heated
solutions were conbined at a rate of 50ml/rnin using a nozzle mxing. The
pH of the fi naC 2816’(%2&9 te was adjusted to approxi mately PéjTE‘ﬂ?mtO%qOélsadl tion
of concentrated amoni um hydroxi de. The resultant slun-y was then put in
pol ypropyl ene bottles and placed in a steanbox (100C) for 72 hours. The 30
product fornmed was recovered by filtration, washed with excess water, and
dried overnight at 85C. A sanple of this catal yst was cal cined to 800C in

flow ng air foryg &J,?QWQ,%) xﬁf@ a&ﬁk Gn'te'&e@l cﬁ@ﬁl@d Yatbr DA%rasyr fB%ﬁlesoﬁﬂh@rﬁ W 73
n2/ g and cont ai ne ht of the total weight Wa Zr in the

catalyst. WO ileam*/teﬁ%%@ﬁ@/&@bﬁwl@w&woﬁwb@é 1?}6 Ofsmlmls psénggrozgte/ W Zr
Oxi de Cat al yst n{lﬂﬁ)g?ﬁrlapweofhwmfale@n@bsaémaoidj@feml@gﬂda&ammagydhémhmdfvvn th
Stl rrl ng In 3 ¥l entra ? lnl m lg VV?.E 16 an 11 Na t?en \,\g eﬁgl 7H20
were added to '[%IICS S6f Gt 8 o Aﬁ%‘f”ﬁ ¢ sol Ut1on cuo t‘albnl n% G‘bp ¢
concentrat ed armtesia mmphgednloxstcbalb05@0@°£aﬂm 7dhourh YH&IH@)@FI@W@W& lxcldz@ecand

2940 nl of di Stbﬂl ldlt%ﬂowag{cdv\\m &Ec@p@'ﬁtgd dndB@JeG o$9h1'élrlt|49@§°C\Ae!&eadﬂ§l@to?%lt o 60C
and the heated Ssolutions were conbined at a rate of 50m i mn usi n%ynozzl e

m xi ng. The pHeBIYY Hes Ficine to&%@sﬁ%‘ﬂéﬂa’e&sﬁr&d}%t% tlenesbxicaEtisly o by
the addition otuammemnaaw@h@mmmtaum@mdv oxbdecu id e cdiggul tant slurry was

then put in po YRr IﬁF¥I§nt CSISO IF/S@ émggk%%@q in a steanbox (100C) for 72

hours. The product by filtration, washed wth
excess wat 0, #Watldried thlmsandnggms opZrOBhBH.Awera dptobved fvith hirgncat3dl itgt ofvas

cal cined to 800G iR lcp\é\ﬁ(intgella-i§2 Lok &ﬁ@wﬁ{?owe %L&{of‘tﬁ@ s&a&ﬁl yf%th@lad a
surface area of 71 nR/g and contained 1% Fe and 16 9 by welg ht of t e

total weight WolZongearipgsi 490t game f gpyrsptrated dmm%&*ﬁhﬁy @osgde, AR aarye Olof
Cycl ohexyl benzen@>6HWr7ogenm<a1ﬁe29m@ mngf mmlza whdi d@ &qﬁ@hy&bthl@ua&m Exampl e 1

[ 0074] The cata e |l et ) h size,
mixed wi th 60 89 HERFEARGE: DTS i BuhEl it ook i 5% o
di anet er stlai nhess. siftheeH of thg dinarcomp@id wes. adifkied weaubomatwad tyehdadditio7 @ C and

l'iquid acet one yasRassadodidh @&'&&l&ehen{ee:%'it% qR;H?%va@tthe?i p‘ﬁP(nninprdp?iel?en | SCO
punp for 30 min. The acetone was turned of % sol uti on of

cycl ohexyl benz s ﬁwl@ﬁ%ﬁwsfﬁ@bw 19E et Bré has fTéa pt@éﬂ@f fremfdegsteneveiida

anoL hFIr :j SEO pimﬂlnatﬁonaw’é@g@wﬁlﬁ efbedSv a6/ fMdndried beenpgmduetos V\El’qanlﬂ@lof emt ed in
achille noc and s e sis, berip

conpl etion of %aﬁ'f Str‘geﬁ Cal%lnedilt??%péé O“méfldtc);gh:%gqﬁ )ﬁinjgheencgcﬁe LB’Er121 “‘A}ta ¥ ow
rate was uged wen (ﬁﬁénqgamdhentmesi ldfeFmdﬂWﬁéNbE)«@lﬂhilOéth?tot@velahﬁafg@ @rﬁd Fe

Cycl ohexyl benzgrﬁgcl;{gggtoper oxi de using Cu/WZr Oxide 25 Catal yst of Exanple
2 [0075] The cat al yst ared in Exanple 2 was pelletized to 40-80 nesh

si ze, m xed W?W"H’(!F‘B@y‘?fg%‘ﬁ%&’ﬁ%ﬂ?v aalyst  and | oaded into a 1/4-inch (0.6
cm dianmeter sfoar2pl esme sloeRhd frububaA-OCBRASIOKere Eﬁtgalvueaﬁﬁ anmvgas 3halgs &t 70 C

and i 'daceoewa a dth tor n. a an
7500 pup for A0 TR Fho. RSB deqo e aPhadi 1 S g’ AnBled;

sol uti on ofs cyluyldwh@%yl(l‘ﬁegm@mef Wtir)ébé/nz@,mxe‘,ﬂeo i and aﬁétllcwe ofpdistilfed dwite Wvive
reactor via a%&ﬁﬂﬁe{l b§t@@olQ&U”§P wile n@atdd@b %OO%f anfd rh‘éﬁleﬁ&f J&]uﬂonsm?e REBAMCLS vere

collected in chilled knockout pot and nE, anal ysi s
periodical | y. rA‘t“ of RemiEpifpas F‘d]ﬁzzéﬁ MixHg: rqi}ﬁ aOfd’i‘@f ‘I‘“@F gHtrotipcrB dRytbenzene
hydr oper oxi de #Hhownkaly® Byake 48@oh 6ioeldRNGA dhiRniiAIASNELe Th MBultant slurry

was then put in polypropylene bottles and placed in a steambox (100°C) for 72 hours. The
30 product formed was recovered by filtration, washed with excess water, and dried overnight at
85°C. A sample of this catalyst was calcined to 800°C in flowing air for 3 hours. The
calcined catalyst had a surface area of 73 m*/g and contained 16% W by weight of the total

weight W and Zr in the catalyst.
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WO 20101042261PCT1US20091050489 Exanpl e 8: C eavage of Cyel ohexyl benzene
Hydr oper oxi de using Fe/ WZr Oxide Catal yst of Exanple 3 [0076] The cat al yst

prepared in vas pelletized to 40-80 nesh size, nixed wth 60- 80
mesh sand (v/ W“%%nd | oaded into a 1/4-inch (0.6 Cmpcjj]uéﬁgg/gwsgt ai nl ess

steel 5tubul ar react or. The reactor was held at 70 C and liquid acetone was
passed through the reactor tube at 3 cc/mn via an | SCO punp for 30 m n.
The acetone feed was turned off and a 5 w % sol uti on of cycl ohexyl benzene
hydr oper oxi de in acetone was fed to the reactor via another |SCO punp at a

rate of 0.45 cqg/xg;nple;Tmﬂgglp@}qgvs/zwxge@%[@tct ed |n a Chl | I ed knock- out
pot and sanpled for GC analysis periodicall npl eti on of the run,

a different 10dYdPlonesys Iﬂé‘ﬁ’f%ﬁ‘émhﬁ?% Operel a@efimswcﬂ éiftE ‘T\ﬂﬁ%«v tisébli®® °thange
t he resi dence tdisimed \Iga&ﬁ)?azd thune 6r @shll &tSFLEONPEX&WE}EH ﬁﬁecﬁtott@m Solafi®. Sh@wer i n

Table 1, from e seen .t hat f s of anpl es
1to 3 are Vel’\)?{)]g%otn contamln& 2 (:d{mv(g %Oélfenlene am omurP lt1eV r Xé%’v%é"% S E%(

cycl ohexyl bénzéWéO&Hyan@p)einkraldie29(4Q2HBI€|P)hsmlhﬂ @dﬁhefﬁﬁowlemwd Bptl ohexanone.
Table 2 15 Exarlgpc!tc% tB@@"'Cdd%@% hteltmofum v&g:e]cl)gxgnnéf at QAR of i(O%QI/mA%n E h@%kz‘le

cycl ohexanol cony. (% | -Phenyl- cycl ohexanol cony. ( /? henol “yield (%
Cycl ohexanone 39}1?@11?(3] Yh%pH()of |theg'81a18c05180s1;e was adjusted to approximately 9 by the addition of

concentrated ammonium hydroxide. The resultant slurry was then put in polypropylene
bottles and placed in a steambox (100°C) for 72 hours. The product formed was recovered
10 by filtration, washed with excess water, and dried overnight at 85°C. A sample of this
catalyst was calcined to 800°C in flowing air for 3 hours. The calcined catalyst had a surface
area of 71 m’/g and contained 1% Fe and 16 % W by weight of the total weight W, Zr and Fe
in the catalyst.
Example 6: Cleavage of Cyclohexylbenzene Hydroperoxide using Mo/Zr Oxide Catalyst
15  of Example 1
[0074] The catalyst prepared in Example 1 was pelletized to 40-80 mesh size, mixed with
60-80 mesh sand (v/v 1:1), and loaded into a 1/4-inch (0.6 c¢m) diameter stainless steel
tubular reactor. The reactor was held at 70 °C and liquid acetone was passed through the
reactor tube at 3 cc/min via an ISCO pump for 30 min. The acetone feed was turned off and
20 a5 wt% solution of cyclohexylbenzene hydroperoxide in acetone was fed to the reactor via
another ISCO pump at a rate of 0.45 c¢/min. The products were collected in a chilled knock-
out pot and sampled for GC analysis periodically. At the completion of the run, a different
cyclohexylbenzene hydroperoxide flow rate was used to change the residence time.
Example 7: Cleavage of Cyclohexylbenzene Hydroperoxide using Cu/W/Zr Oxide
25  Catalyst of Example 2
[0075] The catalyst prepared in Example 2 was pelletized to 40-80 mesh size, mixed with
60-80 mesh sand (v/v 1:1), and loaded into a 1/4-inch (0.6 ¢m) diameter stainless steel
tubular reactor. The reactor was held at 70 °C and liquid acetone was passed through the
reactor tube at 3 cc/min via an ISCO pump tor 30 min. The acetone feed was turned off and
30 a5 wt% solution of cyclohexylbenzene hydroperoxide in acetone was fed to the reactor via
another ISCO pump at a rate 0 0.45 cc/min. The products were collected in a chilled knock-
out pot and sampled for GC analysis periodically. At the completion of the run, a different

cyclohexylbenzene hydroperoxide flow rate was used to change the residence time.
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Example 8: Cleavage of Cyclohexylbenzene Hydroperoxide using Fe/W/Zr Oxide
Catalyst of Example 3
[0076] The catalyst prepared in Example 3 was pelletized to 40-80 mesh size, mixed with
60-80 mesh sand (v/v 1:1), and loaded into a 1/4-inch (0.6 c¢cm) diameter stainless steel
5  tubular reactor. The reactor was held at 70 °C and liquid acetone was passed through the
reactor tube at 3 cc/min via an [SCO pump for 30 min. The acetone feed was turned off and
a 5 wt% solution of cyclohexylbenzene hydroperoxide in acetone was fed to the reactor via
another ISCO pump at a rate of 0.45 cc/min. The products were collected in a chilled knock-
out pot and sampled for GC analysis periodically. At the completion of the run, a different
10 cyclohexylbenzene hydroperoxide flow rate was used to change the residence time,
[0077] The results for Examples 6 to 8 are shown in Table 1, from which it will be seen
that the mixed metal oxides of Examples 1 to 3 are very active and selective catalysts for the

cleavage of cyclohexylbenzene hydroperoxide (CHBHP) into phenol and cyclohexanone.

Table 2
IS
Example Residence | CHBHP 4-Phenyl- 1-Phenyl- Phenol Cyclohexanone
time (min) | conv. (%) | cyclohexanol cyclohexanol yield (%) | yield (%)
conv. (%) conv. (%)
6 l 98.8 56.7 100 98 98
0.5 98.8 56.3 100 98 98
0.3 98.8 56.7 100 98 98
0225 98.8 56.1 100 98 98
7 1 98.9 60.3 100 98 98
0.5 98.9 59.9 100 98 98
0.3 98.9 56.6 89.3 98 98
0.225 98.5 53.1 83.8 98 98
8 1 99.1 51.8 100 99 99
0.5 99.0 517 100 29 99
0.3 99.0 53.9 {00 99 99
0.225 99.0 54.1 94.1 99 99
Sand 1 | 27 [0 [0 | 67 [ 66

Example 9: Sec-Butylbenzene Hydroperoxide Cleavage over Fe/W/Zr Oxide Catalyst of

Example 5— NHPI in feed not removed

[0078] The catalyst (1.5g) prepared in Example 5 was pelletized to 20-40 mesh size,
20 mixed with 60-80 mesh sand (1.5g) (v/v 1:1), and loaded into a 3/&-inch (1 ¢m) diameter

stainless steel tubular reactor. The reactor was heated to 90°C and held at 90°C with liquid

methyl ethyl ketone (MEK) introduction through the reactor tube at 1 ¢c¢/min via an ISCO

pump for 135 min. The MEK feed was turned off and a 5§ wt% solution of sec-butylbenzene
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hydroperoxide (SBBHP) in MEK was introduced to the reactor via another ISCO pump at a
rate of 0.25 cc/min. The sec-butylbenzene hydroperoxide had been produced by the
oxidation of sec-butylbenzene in the presence of 0.11 wt% of a N-hydroxyphthalimide
catalyst without removal of the catalyst prior to dissolving the hydroperoxide in MEK and
5 feeding the solution to the cleavage reactor. Thus the SBBHP / MEK solution fed to the
cleavage step contained 500 ppm of unreacted N-hydroxyphthalimide catalyst. The products
of the cleavage reaction were collected in a chilled knock-out pot and sampled for GC
analysis. The results are shown in Figure 1, which shows that the catalyst started to

deactivate after about 95 hrs of time on stream, as indicated by the decrease of SBBHP

10 conversion.

201 -



83.8 98 98 8 1 99.1 51.8 100 99 99 0.5 99.0 51.7 100 99 99 0.3 99.0 53.9
100 99 99
WO 2010/042261 PCT/US2009/050489

Example 10: Sec-Butyl Hydroperoxide Cleavage over Fe/W/Zr Oxide Catalyst of
Example § — Effect of NHPI concentration in feed
[0079] Into a 3-necked 100ml round bottom flask equipped with an air stirrer,
thermometer, chilled water cooled condenser, and nitrogen inductor were added acetone
5 (39.5g, 50 ml) and 0.5g of powdered catalyst of Example 5. The acetone and catalyst were
heated under acetone reflux (56 °C), and, while refluxing, 10 cc (10.42¢g) of 70 wt.% sec-
butylbenzene hydroperoxide concentrate containing 0.05 wt% NHPI was added with a
syringe pump at a rate of 30 cc/hour, in 20 minutes. GC samples were collected after 1, 3, 6,
10, 20 and 30 minutes stirring. The GC samples were clear yellow liquids after filtration to
10 remove the solid catalyst. The process was repeated with sec-butylbenzene hydroperoxide
samples containing 0.21 wt% and 0.4 wt% NHPI and the results are shown in Figure 2.
Example 11: Sec-Butyl Hydroperoxide Cleavage over Fe/W/Zr Oxide Catalyst of
Example 5 — NHPI removed from feed
[0080] Into a 3-necked 100ml round bottom flask equipped with an air stimrer,
15  thermometer, chilled water cooled condenser, and nitrogen inductor were added acetone
(39.5g, 50 ml) and 0.5g of powdered catalyst of Example 5. The acetone and catalyst were
heated under acctone reflux (56 °C) and, while refluxing, 10 cc (10.42g) of 70 wt.% sec-
butylbenzene hydroperoxide concentrate (NHPT was removed by caustic wash with dilute
Na,COs solution) was added with a syringe pump at a rate of 30 cc/hour, in 20 minutes. The
20 temperature in the reactor rose to 59 °C during this addition period. GC samples were
collected after 1, 3, 6, 10, 20 and 30 minutes stirring. The GC samples were clear yellow
liquids after filtration to remove the solid catalyst. The results are shown in Figure 3, from
which it will be seen that there was substantially complete conversion of the sec-
butylbenzene hydroperoxide to phenol and methyl ethyl ketone.
25  Example 12: Sec-Butyl Hydroperoxide Cleavage over W/Zr Oxide Catalyst of Example
4 - 5% SBBHP in acetone containing 1500 ppm NHPI
[0081] The catalyst (1.5 g) prepared in Example 4 was pelletized to 40-80 mesh size,
mixed with 60-80 mesh sand (v/v 1:1), and loaded into a 1/4-inch diameter stainless steel
tubular reactor. The reactor was held at 70°C and liquid acetone was passed through the
30 reactor tube at 3 cc/min via an [SCO pump for 30 min. The acetone feed was turned off and
a 5 wt% solution of sec-butylbenzene hydroperoxide (SBBHP) in acetone containing 1500
ppm NHPI was passed through the reactor via another ISCO pump at a rate of 0.5 c¢/min.

The products were collected in a chilled knock-out pot and sampled for GC analysis
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0.175 99.0 54.1 94.1 99 99 Sandl127006766 Exanple 9: Sec-Butyl benzene
Hydr oper oxi de Cl eavage over Fe/WZr Oxide Catal yst of Exanple 5- NHPI in
feed not renoved [0078] The catal yst (1.5g) prepared in Exanple 5 was
pelletized to 20-40 nesh size, 20 m xed with 60-80 nesh sand (1.5g) (v/v 1:
), and | oaded into a 3/8-inch (1 cm dianeter stainless steel tubular

reactor. Therisdiedlyor Thvasstisaieshovwn i GQ%@J@@. hed digatof 9Elywd ddactivaishdvayet hyl
et hyl ketone (MEK) introduction through the reactor tube at 1 ccimn via an
| SCO punp PB&i eV afeil 30hearaveERimesH@a .t urned of f and a 5 wt % sol uti on of

sec-butylb -22Q .- Q1PCT/ 8 d roxide
(Soerp) i n AR 3 Set- Byt AR SARC el 0o, Wt B BB L,
rate of 0. FExamplevd n.5% I$BBIER ilDSBR! with NHRI Fepnebvefer oxi de had been produced

by the oxidation of sec-butyl benzene [n the presence of 0.11 w % of a
N- hydroxypﬂf“&*&fi mi e ‘Ef“ézilﬁf_ft)(its_ i RTRRATEC HreFrsRraple of Wesheeltckized y)_sﬂoﬁp?r%@shto
di ssol vi ngghenfydr Qﬁﬁréﬁ(g(ﬂﬁle‘sﬂH s&@(&@/odﬁzﬁ), Faa8dbAgdt i 201 MLihQD dlatheidre

cl eavage reactor. Thus the SBBHP MEK sol ution fed to the cleavage step
cont ai ned 5@Migspisicef tubnkeamred Nhhyehctmrypdstlivdd anTMEC aad dilqystt acetbne asoduct s

of the cl eava reacti.on were collected.in.a chilled knock-aut .pot_.  and
sanpl ed foP? gﬁ%@%f}?. regtgr Flgb&{l‘ttg ¢ g‘gnsﬂ%\ﬁﬁmsﬁqi%ﬁlpeﬁi?%mﬁf‘ghtr ows
that the cadeddneSttedivas tirped SFde@ats wah Solatib®bf aRMilyIBenRhS hPdrobédRiden
stream as indicated by the decrease of SBBHP 10conver sion.

201010422648 tispow oo tinagem@ii continige - Buyn NHRIrsparssiddbraogbavage
Fuca [ oovel P e S B 0Bl o MBI F efe cal + 7kt aBRFER R Loy '

feed [0079]1Tnto a 3-nec equi wth an air
stirrer, tbdleordeherchild kié-omaper anbdngsled Gde0sdalysintrioticaldgemh nduct or

wer e added acetone, 5 (39.5g, 50 ml) and 0.5g of powdered catal yst of
Exanpl e 5. SPHE Heshows l%rlfég%%ltSa%%]t Whichdt Wélé%écfe‘ﬂhﬂ’éF theceatdpg stageyR (56

O and. whikelebhiding 70 rcoml W A2aY, B indRatosp peabulidcbanaange

hydr oper oxi de concentrate contai ning wt % NHPI “was a
punp at a eaverswin. 30 cc/ hour, in 20 m nutes. GC sanples were collected

32} ﬂ)wll’ i f{ﬁf%&pé? }%rzgq:(?ﬁgtryigi%%ggl@o%ufé icfe:rlifng% m'}l'ef}e rs(ggi?ilcaeéat\a\f;s? o(i\‘l ear

Example 4 — 5% SBBHP in SBB/acetone containing 310 ppm NHPI

[0083] The catalyst (1.5 g) prepared in Example 4 was pelletized to 40-80 mesh
size, mixed with 60-80 mesh sand (v/v 1:1), and loaded into a 1/4-inch diameter
stainless steel tubular reactor. The reactor was held at 70 °C and liquid acetone was
passed through the reactor tube at 3 cc/min via an ISCO pump for 30 min. The
acetone feed was turned off and a 5 wt% solution of SBBHP in 98/2 (wt/wt)
SBB/acetone containing 310 ppm NHPI was passed through the reactor via another
ISCO pump at a rate of 0.25 cc/min. The products were collected in a chilled knock-
out pot and sampled for GC analysis periodically. The catalyst started to deactivate

after about 2 hrs time on stream.
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10renove the solid catalyst. The process was repeated wth sec-butyl benzene
hydr oper oxi de sanples containing 0.21 wt% and 0.4 wt% NHPI and the results
are shown in Figure 2. Exanple 11: Sec-Butyl Hydroperoxi de C eavage over
Fe/ WZr Oxide Catal yst of Exanple 5 - NHPI renoved fromfeed [0080]Into a
3-necked 100nl round bottom fl ask equi pped with an air stiffer, 15

t her nonet eExafiiplé | RRjal @iataVfAda &RAIRNWIZr OXide ThtdlR2d N Bxathipld f were

added acet ) and 0.5g of powdered catal yst of Exanple 5.
The acetongglglﬁ %gté)?gf(f/lggn%re heat ed under acetone reflux (56 "C) and,

whil e refl y , CC.- 4 f % yl.ben e r.gxi de
concentratgﬁk%aPllﬁ%@%?éﬁgggégévgéghg?r%uhggﬁﬁgﬁ%ﬁb%iPﬁ?%iﬁg%%g%gg& ution)
was added Wkiuhpie 1sly rOmgeh SBBHR coavemion ddpp2a t6 bélbo8(%, the AQdsparvkils. The
20 tenperature in the reactor rose tg 59 "C during this addition period. GC
sanpl es wefEdcemtaring NHPE gyaspturnpd ff. 1 §hilsomapépining fiosucedoses /P g, The
GC sanpl es 1 QU 1.1 i t solid
catal yst. % éh%ég%ﬁgéﬁgﬁgkg'oa%q#%g ﬁg%ég{%F& r%%& éﬁﬁf#%g?%ﬁ'ggggeen

t hat t her etheasetoub floanvasadtdbpped anp ltlet keydroporexide Gavdofastrheinseic bliteydatdystene

ot oper oxpaB PRG0N WD DY ehRRS: B IR Gt vhepd 1o
acet one Coﬁlhi%isf‘ilO@Al5@9cmﬂ€hdwgﬂioﬂ-%gl§ﬂehlth&l ealled Wrte ﬁ)érﬁ?@m&)d pr&PanRd in
S

b
Exanpl e 4 was pelletized to 40-80 h size,” mxed with 60-80 nmesh sand
(viv 1:1), (Fagde| Qaséd thatioitigl tatalyshadiiviyapreng substantialle gegainadetttergagh ar
reactor. TE@\%S%Q}q;Cﬂ@s held at 70C and |iquid acetone was passed through
the 30 reattortupeat 3 cc/min via an | SCO punp for 30 min. The acetone
feed was t[0088|d ofWhiddthe pr&seiid ity &BioH tha® Beddf des@ibeld iy lildenardsyhytiraper oxi de
(SBBHP) in acetone containing 1500 ppm NHPI was passed through the reactor
vi a anot helo Paseylay gpbodimgnts gthasqpt prdinagy: skillnin thy @rtywdh aparecigiertbatctbe | ect ed
in a chillgde Q)(Plclgﬁd%q Rab V%ﬂgtl(ﬁﬁ%lt aeds rﬂ}Gﬁl ﬂﬁ'&e){gfercein.p?f)fﬂgé &%LA&,’ . The
results are shown i n Figure 4. sign of catalyst deactivation was seen
even aft erth@®Ordfeunce effiould e aradstsosdyn to BhanggdpendRt clBéns But yurgdgel offer oxi de
cl eavage oyer W.Zr Oxide Cata% st of Exanple 4 - 5% SBBHP in SBB wi th NHP
renoved [ f*ﬁ@ggﬁﬁﬁFngp?ﬁﬁéeﬁ¥”ﬁﬁéﬁﬁggﬂnin Exanpl e 4 was pelletized to
40- 80 nesh size, mxed with 60-80 nmesh sand (v/v 1:1), and |loaded into a
1/4-inch dianeter stainless steel tubular reactor. The reactor was held at
70 C and liquid acetone was passed through the reactor tube at 3 cc/mn via
an | SCO punp for 30 mn. The acetone feed was turned off and a 5 wt%
sol ution of sec-butyl benzene hydroperoxi de (SBBHP) in sec-butyl benzene
(SBB) containing <30 ppm NHPI was passed through the reactor via another
| SCO punp at a rate of 0.25 cc/mn. The products were collected in a
chill ed knock-out pot and sanpled for GC anal ysis periodically. The results
are shown in Figure 5 fromwhich it will be seen that the catal yst started
to deactivate after about 70 hrs tinme on stream as indicated by the
decrease of SBBHP conversion. Exanple 14: Sec-Butyl Hydroperoxi de cl eavage
over WZr Oxide Catal yst of Exanple 4 - 5% SBBHP i n SBB/ acet one cont ai ni ng
310 ppm NHPI [0083] The catalyst (1.5 g) prepared in Exanple 4 was
pelletized to 40-80 nesh size, mxed with 60-80 nmesh sand (v/v 1:1), and
| oaded into a 1/4-inch dianeter stainless steel tubular reactor. The
reactor was held at 70 C and |iquid acetone was passed through the reactor
tube at 3 cc/mn via an | SCO punp for 30 min. The acetone feed was turned
off and a 5 W% solution of SBBHP in 98/2 (wt/wt) SBB/acetone containi ng
310 ppm NHPI was passed through the reactor via another |SCO punp at a rate
of 0.25 cc/mn. The products were collected in a chilled knockout pot and
sanpl ed for GC analysis periodically. The catalyst started to deactivate
after about 2 hrs time on stream Exanple 15: Rejuvenation of deactivated
WZr Oxide Catalyst of Exanple 14 using acetone sol vent [0084] The
rejuvenation was carried out in-situ as part of the experinent in Exanple
14. Once the SBBHP conversion dropped to bel ow 80% the hydroperoxi de feed
contai ning NHPI was turned off. \Wile maintaining the reactor at 70 C,
acetone was passed through the catal yst; bed at 3 cc/mn for a period of 30
m n. Then the acetone flow was stopped and the hydroperoxide feed was
resunmed. The catal yst activity was regained as indicated by the increase in
SBBHP conversion back to al nost 100% Such deactivation-rejuvenation cycles
were performed three times (Figure 6), with the initial catalyst activity
bei ng substantially regai ned after each rejuvenation cycle. [0085]Wile the
present invention has been described and illustrated by reference to
particul ar enbodi nents, those of ordinary skill in the art wll appreciate
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WO 2010/ 042261PCT/ US2009/ 050489 CLAI M5 1. A process for produci ng phenol or
a substituted phenol, the process conprising contacting an al kylaromatic
hydr oper oxi de_havi ng _a general fornula (1): in which Rl _and R? each
|ndependently“¢E%W@gQﬁks an al kyl group having from1l tdwgn§5wg%ﬁﬁﬁtons
provided that Rt and R2 may be joined to forma cyclic group having from 4
to 10 carbon atons, said cyclic group being optionally substituted, and R
represents hydrogen, one or nore al kyl groups having from1l to 4 carbon
atons or a cyclohexyl group, with a first 10 catal yst conprising an oxide
of at |east ong@hal from Goups 3 to 5 and Goups 7 to 14 of the Periodic
Tabl e of the El'ements and an oxide of at |east one netal from Goup 6 of
the Periodic Table of the Elenments. 2. The process of claim1l wherein the
first catalyst ICOWp/Kip‘B@&s&ﬂ psdudmg thenat ol easﬁmmrw ph&BELR pbEc@imtdakpaitipy 4 of

t he Periodic Tabt . F% FRWE an 1r§{r laheast one netal from
Group 6 of the é?ﬁn ' &raBre S Iﬂ%”mﬁe Wﬁﬁﬁ§me o2 ocess of claim 1
or claim2 wherein the first ca t conprli ses zirconi um oxi de and an

oxi de of nol ybdenum and/ or tungsten. The process of claim2 or claim
3 wherein the first catalyst f rise®Han oxide of at |east one
metal from Goups 8 to 11 of P |od|g¥%abl e of the Elenents. 5. The
process of any one of clains R to 4 wher “the first catalyst further
conprises an 2 £ o] b

precedi ng cIa|§%WVﬂ§$ n%hsgm%ﬁﬂgfﬁ%myI%g%wM\ﬁlﬁ$b %ﬁg%ﬁgg%%PqtoaCMle
formula (1) iseaeubectvedd firom sd® hmtqlpb b@wﬂéﬂn@nhyw@lpémmhwg ﬁom 4to 10

p- met hyl - secbuwm%&@rg@ldby&ta ORES Ko @friondiyAubliRRENNH BYCHORRX AR gen, one
hydr oper oxi de, sec-penty | benzéne 30hydro eroxi de, sec- hexyl benzene

hydr oper oxi de. “CYEFGEREYIBERTEE Y t bEEPEHA WS, o ARIONSK eroup, with & i
2010/0422639CT&M$&0&9¢65Q£8&MQ&@Fﬁmﬁnwhbaﬂmehﬁ1@Mdﬁ@p&ﬁ@miﬂﬁmaﬁdol40f

cycl ooctyl benzgne fydrOperex! %ﬁ—‘emeati‘%nao ?Je%?%yleastson% #%%88 dr uOfE' of the

sec- butylbenzene ﬁ &ro 8roxi de and- ¢ % enzene hydroperoxid 7.
The process ofPﬂﬁywﬂwé@@dWﬁéﬂ%mﬁlnl mhereln sai d contactlng is conducted at
a bStenperature of 40C to 120C, a pressure of 100 to 1000 kPa, and a liquid
hourly space

2. The process of claim 1 wherein the first catalyst comprises an oxide of at least one
15  metal from Group 4 of the Periodic Table of the Elcments and an oxide of at Icast one metal

from Group 6 of the Periodic Table of the Elcments.

3. The process of claim 1 or claim 2 wherein the first catalyst comprises zirconium oxide
and an oxide of molybdenum and/or tungsten.

20
4. The process of claim 2 or claim 3 wherein the first catalyst further compriscs an oxide

of at least onc metal from Groups 8 to 11 of the Periodic Table of the Elements.

5. The process of any one of claims 2 to 4 wherein the first catalyst further comprises an

25 oxide of iron and/or copper.

6. The process of any preceding claim, wherein said alkylaromatic hydroperoxide of
general formula () is selected from sec-butylbenzene hydroperoxide, p-methyl-sec-
butylbenzene hydroperoxide, 1,4-diphenylcyclohexane hydroperoxide, sec-pentylbenzene

30  hydroperoxide, sec-hexylbenzene hydroperoxide, cyclopentylbenzene hydroperoxide,
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velocity (LHSV) based on the hydroperoxide of 1 to 50 hr-1I. 8. The
process of any precedi ng claim wherein said al kyl aromati c hydroper oxi de

havi ng t he geqer . la (1) is produced by OX|d|2|ng | romatic
conmpound havi {r}g”%1 iodég%e{r:gr al formula (I11): R3 R P%nrﬂ%m?/ WRi ch RE,

R2 and R3 arc as defined in formula (1) with an oxygen cont ai ni ng gas in
the presence of a second catal yst conprising a cyclic imde having a
general formula (Il1l): (0O)k CR5 (21 /N-Y I TI (0)1 15wherein each of
R4 and RS is independently selected from hydrocarbyl and substituted

hydrocar byl radigésHesy1haxhd GydloptBxidOakiadyBoR %ﬁ hRFopEH QM. LAE p@fANR S SCBH,
NH2, OH, and NO% e(Q'yrom%tgy apom; a, tﬂ;e ° }Q[OPII, row%leg a? R4

d
Ahd B wan be FPFREARGEOHE CSRETHBA % A OE‘ﬁt/lb%Wdhy‘E‘é’éﬁ’XH? Q and @
is independently selected fromC, CH N, CR6;

7. The process of any preceding claim, wherein said contacting is conducted at a
5  temperature of 40°C to 120°C, a pressure of 100 to 1000 kPa, and a lquid hourly space
velocity (LHSV) based on the hydroperoxide of 1 to 50 hr'.

8. The process of any preceding claim, wherein said alkylaromatic hydroperoxide
having the general formula (I) is produced by oxidizing an alkylaromatic compound having a
10 general formula (II):
Rl

/

CH €y

-

R? H,C—R?
in which R', R? and R® arc as defined in formula (1) with an oxygen-containing gas in the

presence of a second catalyst comprising a cyclic imide having a general formula (I1T):

(T)k
Ré X
o\
| /N—Y (111)
s Q ~
—
(O]

15 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, Cl, Br, and I, provided that R* and R’ can be linked to one
another via a covalent bond;
cach of Q' and Q7 is independently selected from C, CH, N, CR®;

20 each of X and Z is independently selected from C, S, CH; N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kisO, 1, or2;
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each of X and Z is independently selected fromC, S. CH2, N, P and el enents
of Goup 4 of the Periodic Table; Yis 0 or OH k is O, 1 or 2; WO
2010/ 042261PCT/ US2009/ 050489 1 is 0, 1, or 2; mis Ito 3; and R6 can be any
of the entiti8@%1%%3Y for R4. 59. The process of cla|n1§mT%ﬁ@P8?W”?ald
cyclic imde obeys the general fornmula (1V): R7(0)k RIO (0)1 wherein each
of R7, R8, RI9, and RI is independently selected from hydrocarbyl and
substituted hydrocarbyl radicals having 1 to 20 carbon atons, or fromthe
groups SBH, NH2, OH, and NO2 or fromthe atons H F, d, Br, and I, 10each
of X and Zis |@%ep%pgently selected fromC, S, CH2," N, P and el enents of
Goup 4 of the Peri'odic Table; Yis O or OH kis 0, 1, or 2; and 1 is 0,
1, or 2. 15 10 STHe:process of claim8 or claim9, wherein said cyclic
i m de conpri sexk®Nayda@xypRt-hald mderr*11. The process of any one of clains
8 to 10, wherein said oxidizing produces an effluent 20 conprising said
al kyl aromati ¢ hydroperoxi de and unreacted cyclic i mde catal yst and the
process furtshep. corfficpmess tfickat B ygesaisdd efcfi¢ wadstobps thogertenl Handa ¢vnt act i ng
to renove at | east part of the fr eag §d cyclic imde catalyst in said
effluent. 12. The process of ¢ a|n11 wherein said treating conprises
contacting said effluent with 25an aq Lous solution of a base to produce an
aqueous phase conpri si ngr&t | eg of said unreacted imde catal yst and
an organi ¢ phase conpri sing S \antlc hydroperoxbde

(1v)

Rlo ll

wherein each of R’, R®, R®, and R'® is independently selected from hydrocarbyl and

substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SO;H, NH,,
OH, and NO; or from the atoms H, F, Cl, Br, and I,
10 cach of X and Z is independently sclected from C, S, CH,,'N, P and clements of Group 4 of
the Periodic Table;
Y is O or OH;
kis 0, 1, 0r2;and
lisQ, 1, or2.
15
10.  The process of claim 8 or claim 9, whercin said cyclic imide comprises N-

hydroxyphthalimide.

11. The process of any one of claims 8 to 10, wherein said oxidizing produces an effluent
20  comprising said alkylaromatic hydroperoxide and unreacted cyclic imide catalyst and the
process further comprises treating said effluent prior to said contacting to remove at least part

of the unreacted cyclic imide catalyst in said effluent.

12. The process of claim 11, wherein said treating comprises contacting said effluent with
25 an aqueous solution of a base to produce an aqueous phase comprising at least part of said

unreacted imide catalyst and an organic phase comprising said atkylaromatic hydroperoxide.
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WO 2010/ 042261PCT/ US2009/ 050489 13. The process of claim 12, wherein said
effluent is contacted with an aqueous solution of a weak base having a pKb

val ue greater %han or _equal to the pKa val ue of the cyc“j%ngn%gem5§14.The
process of cl YO8 %561 ¢l ai m 13, wherein said effl uent T8 with an

aqueous solution of a metal carbonate and/or hydrogen carbonate. 15.The
process of claim1l, wherein said treating conprises contacting said
effluent with a solid sorbent. 10 16. The process of claim 15, wherein
said solid sorbent conprises a netal oxide, a netal carbonate and/or

hydr ogen carbonate, a clay, and/or an ion exchange resin. 17. The process
of claim15 or claim 16, wherein said solid sorbent conprises a netal

150xi de havi ng & nmolhgPracet Prlap [enEiticdoridtefBiant & cortegedouith ajragpRobT soomh|

oxi de to the chemvaabpthomgafpkbivdidk pefer fhaicgial FRKPK 2 OX O tiglcpak ahidé. han
0.5. 18. The process of any preceding claim wherein said al kylaromatic
hydr operoxi de is dissolved in a polar solvent, preferably acetone, prior to
sai d cont actsi ng4. 20Che poocesthé cpmod29s clein dhywhprecedi difuee! aicotaatd Widr tther

conpri si ng per i, adhEabil¥on el MUARALINAY af@lrPydrbded babAb@l ySt by washing the
first catalyst wth a polar solvent, preferably acetone. 20. The process of

any precedi ng claimwherein the al kyl aronmatic hydroperoxide is 25
cycl ohexyl benzene hydpepes xiade 1 BRderbih SaiC@RAMEY ShPisePdoadtitp s4OSMidns®sh phenol
and cyclohexanonq h process further conprises dehydrogenating the

.. Whi
cycl ohexanone ?8)€F§gﬁ“e further phenol .
10

16. The process of claim 15, wherein said solid sorbent comprises a metal oxide, a metal

carbonate and/or hydrogen carbonate, a clay, and/or an ion exchange resin.

17.  The process of claim 15 or claim 16, wherein said solid sorbent comprises a metal
15 oxide having a molar ratio of chemisorption of CO, per gram of metal oxide to the

chemisorption of NH; per gram of metal oxide greater than 0.5.

18.  The process of any preceding claim, wherein said alkylaromatic hydroperoxide is
dissolved in a polar solvent, preferably acetone, prior to said contacting.

20
19. The process of any preceding claim and further comprising periodically rejuvenating

said first catalyst by washing the first catalyst with a polar solvent, preferably acetone.

20.  The process of any preceding claim wherein the alkylaromatic hydroperoxide is
25  cyclohexylbenzene hydroperoxide and its conversion product comprises phenol and
cyclohexanone, which process further comprises dehydrogenating the cyclohexanone to

produce further phenol.
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