PROCESS FOR PRODUCI NG PHENOL CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001]
This application clainms the benefit of prior U S. provisional application
Seri al Nowvo@bro1@226292 fil ed October 10, 2008, and Eur opeam/tAp@oios@s$ on No.
08171948.6 fil ed Decenber 17, 2008, both of which are hereby incorporated
by reference in their entirety. FIELD [0002] The present invention rel ates
to a process for produci ng phenol or a substituted phenol. BACKGROUND

[ 0003] Phenol is an inportant product in the chem cal industry. For
exanpl e, phenol is useful in the production of phenolic resins, bisphenol
A, e-caprol actam adipic apROCFRKHOR PROBICINGPHEN@GSt I Ci zers. [ 0004]
Currently, the nost conmon route for the productron of phenol is the Hock
process. This is a three-step process in which the first step involves

al kyl ati on lobeREPRRINCIITE/PYAPED APpRicofEumene, fol | oved by

oxi dati on ydr oper oxi de and t hen
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Thus, a pr%ﬁgﬁ t hat avoi ds or reduces the use propylene as a feed and
copr oduces -géer ket ones, such as nethyl ethyl ketone and/or

cycl ohexan@i®?] r atlhe prdsbarnnaagbdordatayaty aogods airtpralting @hald er natibstieateédout e
to the prodgctgon of phenol. For exanple, nethyl ethyl ketone is in demand
for use as cquer and a solvent and for dewaxing of lubricating oils. In
addi ti aqo, BMEEKHHD&NmromAng mar ket for cycl ohexanone, which is used as an
i ndustri al Lven an activator . in o atlo reactions an n the
product i on| ladl %PE“ &@IHWE?%W%ﬁdHéﬁ(era@ né%%ifé%‘i %‘ﬂ?ﬁg S PRFHE IS

capr ol act amyedmdinnié Prodfetion of phenolic resins, bisphenol A, g-caprolactam, adipic acid, alkyl

phenols, and plasticizers.
[0004] Currently, the most common route for the production of phenol is the Hock
15  process. This is a three-step process in which the first step involves alkylation of benzene
with propylene to produce cumene, followed by oxidation of the cumene to the corresponding
hydroperoxide and then cleavage of the cumene hydroperoxide. The product comprises
equimolar amounts of phenol and acetone. However, the world demand for phenol is
growing more rapidly than that for acetone. In addition, due to developing shortages in
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.
[0006] 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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[0006] It is known that phenol and nethyl ethyl ketone can be co-produced
by a variation of the Hock process in which sec-butyl benzene is oxidized to
obt ai n sewoltdsbzmzene hydr oper oxi de and the hydr oper opcaase@ds@snposed
to the desired phenol and nethyl ethyl ketone. The sec-butyl benzene can be
produced by al kyl ati on of benzene with |inear butenes over zeolite beta or
a nol ecul ar sieve of the MCM 22 famly. Details of such a process can be
found in, for exanple, International Patent Publication No.

W0O2006/ 015826. [ 0007] Simlarly, U S. Patent No. 6,037,513 discloses that

cycl ohexyl l{mzyfne SeRilarRe (P8, 04GR N Y6, 33081 8 Cidc e BRZ @yrt%h\éwlbenay&r Qdege i n
the presence of a bifunctional catalyst conprising a nolecular sieve of the
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N- hydr agy plbhpdrisoi de, cisene atoridytsdns of seé-datylbehRhe dnhecﬂlﬂhézagﬂbdhﬂerﬁf to the

al kyl benzenes, such as sec-butyl benzene_ an cl ohex begzene 00091 Wth
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phenol / acetiQngrefhes 66 kO £X&USUREPMeiSRosa 6572 b7 | laﬁd @cs'sgl goRhavey st ,
despite the fact that is yields henol selectivities of oniy 92 to 96% of
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olefins fo nmers
this y1elds phenol selectivities of only 92 to 96% of theoretical. The most common side

reactions in sulfuric acid catalyzed cumene hydroperoxide cleavage include: 1) dehydration
of carbinols (by-product from oxidation) forming a.-methylstyrene, which can alkylate phenol
20  forming heavy products and reducing the yield of phenol; 2) aldol condensation of ketone
reducing ketone yield; and 3) oligomerization of olefins forming oligomers, all of which
contribute to high boiling residue (“phenol tar”) formation in the final product separate step.
As a result, cumene hydroperoxide cleavage is generally carried out in multiple steps to
reduce “phenol tar” formation. In addition, the sulfuric acid has to be properly ncutralized
25  after the cleavage step to avoid further reactions of the cleavage products.
[0010] All of these problems increase the complexity and investment involved in the
cleavage process and hence various alternatives to sulfuric acid have been proposed for the
production of phenol from cumene hydroperoxide. For example, other homogeneous acid
catalysts, such as perchloric acid, phosphoric acid, toluenesulfonic acid and SO,, have also
30  been shown to be effective. However, all of these homogeneous catalysts suffer from 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
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contribute to high boiling residue ("phenol tar") formation in the final
product separate step. As a result, cunene hydroperoxi de cl eavage is
gener al | ywoapro/mgekeout in nultiple steps to reduce "phen®CTiseioofHsmsant | oN.
In addition, the sulfuric acid has to be properly neutralized after the
cl eavage step to avoid further reactions of the cleavage products. [0010]
Al'l of these problens increase the conplexity and investnent involved in
t he cl eavage process and hence various alternatives to sulfuric acid have
been proposed for the production of phenol from cunene hydroperoxi de. For

exanpl e, olREHsRAIDYGNEOUSlIRCHG GATR! dféakfzge §fU&ﬁhe%§ hRELEGLLEE, CwiRGdad U S.
phosphoric acid, toluenesulfonic acid an 2, have al so been shown to be

ef fecti ve. PRsHV@rkA98566 dirclossedis upophidetrentint Ipdaxdl {asteslisy fusleps £5Mm tise same
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sulfuric acid. To mnimze these prob Ious solid acid catalysts
have been ﬁredfs@is@@hli@d de¢renpiosition o@elnwaélyéﬂoeqvage isodeserihed e Uny dlatspeNoxi de.
For exagp Pat ent No. 4, 490, 565di scl oses the use of zeolite beta in
t he cleavage o? cunene hydroperoxi de, whereas U.S. Patent No. 4,490, 566

di scl oses t[WElllee b$. P&t@NsH &9&&95Idimthesl&mﬁcezefdritheerpmduhioaS)f BBMobandand

EP- A- 492807 ose t he 8 aS|te ane S p use of
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snectite clays e aci al déeconposi roperOX|de
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di scl oses .or the coproduction o henol and acetone by reacting
Cunene. hyd EBPGER A e in anaRD Gty b B e, *BBier S o TP S Rer  ar
ion exqbangac}rleesdrﬁpdltﬁydlmgataﬂydts‘ 08 igenclly s fdR alidioialdtdsyandras sudhekreihagonty aci d,

such as 12- ﬂﬁ hosphori c aci an inert support, such as silica,
al umina, ti*fY ‘%?‘E%Wﬁ%“”%ﬁ&ﬁoh teropoly acid catal ysts are generally

used as th%mzhydrtas elsa.termd) #S1692¢H datBsds 6N Tdr protiSingPhenAtantl @OREKAL UT €S
in excess qof 3500C. [0012] U S. Patent No. 6,169,215 discl oses process for

produci ng PRENBIMEAR HYLERAT LR, MISTHICIMAPICHY BYBREFD e dP alseraqting sumgne

process co 'E?&Ibﬁ&&ﬁ@ %znﬁtaesliblfafacfélo&fta%?sft bﬂmu@éan[%n&mm% CA%'&F&S' de ®hdup 198
solid-acid cataly 4£ro uced by calcining a source a Goup |VB netal

oxi de Wt h metad @mde &ithfa S@nrcm@;?ampmn@fl of aGreup VB Ble%@taq tegperaturepipddesiur e of
at least 490°C. The Group IVB metal oxide is selected from zirconia and titania and the Group VIB

metal oxyanion is selected from oxyanions of chromium, molybdenum and tungsten.
[0013] In the case of the production of phenol from other alkylbenzenes, such as sec-
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. It 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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4000C. The Goup I'VB netal oxide is selected fromzirconia and titania and
the G oup VIB netal oxyanion is selected from oxyanions of chrom um

nol ybdenuwwoand/aeasgst en. [0013] In the case of the prodectriusnooofs@senol
from ot her al kyl benzenes, such as secbutyl benzene and/ or cycl ohexyl benzene,
to date little research has been conducted on the hydroperoxi de cl eavage
step, although nost proposals focus on the use of sulfuric acid and simlar
honbgeneous catal ysts. It is, however, apparent that any viable cleavage
method will have to address the fact that production of the hydroperoxide
is likely tLorifi@auh "RobIfRs YRl A abRbyStous SUE RS WRciE%§ | duffulidnagR, aand
hence the direct product of the oxidation step could well contain nitrogen
conpounds, a%#feh are known poisons for the acid catal ysts typically used
for the cl g @ ep. [0014] According to the present invention, it has
now been fouUNd that certain m xed netal oxides are highly active catal ysts
for the cl dMabe df anhespagtirtbpaneriioiesesoles i gherocess kil ipeadreing phenedl oare
capable of L4 eover,
R T
fromthe ca&@@w@ﬁmmmGdD n produci ng the hydroperoxide, it has al so been
found that poisoning of the catalyst by sych nitrogen inpurities can be
mtigated by diluting the hygropenoxide wth a polar solvent and that the
poi soned catal yst can be ef{ective uvqgéhgd by &?shlng with a polar
solvent. In addition, since\ solid, " the downstream
neutralization andpurificat' ent wi th honbgeneous

catal ysts, such as squuriB»acid are aVbldeg‘ SUMVARY [0015] In one

aspect, the i f i rocess for, produ hen
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represents hydrogen, aone
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 least one metal from Group 6 of the
Periodic Table of the Elements.

15 [0016] Conveniently, the catalyst comprises an oxide of at least one metal from Group 4
of the Periodic Table of the Elements and an oxide of at least 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 one metal from

20 Groups 8 to 11 of the Periodic Table of the Elements. In one embodiment, the catalyst
further comprises an oxide of iron and/or copper.

[0018] Conveniently, said alkylaromatic hydroperoxide of general formula (I) 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 (I) is selected from sec-butylbenzene hydroperoxide and cyclohexylbenzene

hydroperoxide.

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



or nore al kyl groups having from1 to 4 carbon atons or a cycl ohexyl group,
wth a catal yst conprising an oxide of at |east one netal from Goups 3 to
5 and G owp=o0iv/mee6id of the Periodic Tabl e of the El enmremrC3/iseaam4dxi de of
at | east one netal from Goup 6 of the Periodic Table of the El enents.

[ 0016] Conveniently, the catal yst conprises an oxide of at |east one netal
fromGoup 4 of the Periodic Table of the Elenents and an oxi de of at | east
one netal from Goup 6 of the Periodic Table of the Elenents. In one

enbodi ment, the catal yst conprises zirconium oxide and an oxi de of
”D|ybdenunﬁﬁndfprC%HQ&%%@?-m&PQ&ﬁ&ﬁ&@@yﬁ&kﬁakéﬁiaHBﬁp&ﬁhé'M§MxﬁPﬂ@hﬁ%
conpri ses an oxi de of at ast one netal fromGoups 8 to 11 of the

Peri odi ¢ Tabdu 130°G herdsuaehtbout 1) orabowtnt9od kherend atliquiddwrdy yeace velpeiver
conpri ses i i f. Conveniently, said
aIkyIarona?P%gﬁbgg%ﬁgygéﬁ éa%gkggﬁgggﬁﬁ#égrﬁﬁ%ﬁQWS'is selected from

sec- but yl b¢i2éhe hy drfopler axpede thepipattiny ressdee 110 vl tpydcoesnze pedindy gpesloxiade, 1
Adi phenyl cycl ane hydroper oxi de,. sec-pentyl benzene hydr oper oxi de,
sec-hex%lbéﬁ?gﬂg%ﬁ§ﬁ¥%ﬁg?%gfﬁgpnl?gP%pentylbenzene hydr oper oxi de,

cycl ohexyl benze@g chyartioper dkylaematicccompotmidet nk ez dodmot @per oxi de. I n one
enbodi ment, the al kyl aromatic hydroperoxide of general fornmula (1) is

sel ected from sec- butyl benzeng=yeX oper ox*de and cycl ohexyl benzene

hydr oper oxi de. [0019] Convenyently,\said alkylaronakﬁ hydr oper oxi de is

di ssolved in a polar sol vent) +f0020] Conveni ent g, said contacting is
conducted at a tenperature_ofN\abou 400?&‘9_9 put 1200C, a pressure of
about 100 to about 1000 kPg; and a liquir@-houflly space velocity (LHSV)
based on t rﬁ?wﬂ%ﬂﬁﬁgﬁ& RX 'eﬂ:‘ﬁ.iﬁ’&ep@ﬁgh'ﬁ Ijepfegen?sbﬁ%lkﬁ %r&'#) hhvin [frgglzlllo 4 BarBon
further aspect, the iInvention resides I n a process for p%o uci ng phenol or
a substi t ueehsppremidbd thahB' prdBeswy donginédionigrm @aycliogioae hivieg &am 4 to 10

| Kyl j i - 3 j R2
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or more 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):

((‘)‘)k
R4 X
RN
| N—Y (IIT)
2
o Q \‘T
(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 SOsH, 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, 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;
kis O, 1, or 2;



atons, provided that RL and R2 may be joined to forma cyclic group having
from4 to 10 carbon atons, said cyclic group being optionally substituted,
and R3 r epoessnaehydr ogen, one or nore al kyl groups havcmgisbeoones@se o 4
carbon atonms or a cycl ohexyl group, with an oxygen-containing gas in the
presence of a catalyst conprising a cyclic imde having a general formula
(Ir1): (O1 wherein each of R4 and R5 is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or fromthe groups SGBH, NH2, OH, and NO2 or fromthe atons H, F
A, Br, angjlp, 1pgrovi ded that R4 and RS can be |inked to one another via a
coval ent bond; each of Q1 and @ is independently selected fromC, CH, N,
CR6; each #tisXt@Adnd s jndependently selected fromC, S, CH2, N, P and
_el ement s OfR6 @éﬁ) oY aﬁ"y Qf th r%ﬁtitll:)e@ NisRY' 6r f[ﬁl%h@ ;threinSsag QJntagﬂlg k% d0:'P‘1d&’ted_lundglr 2;
isO I, Or2; mis 1to 3; and R6 can be any of the entities listed for
R4, and wheemiitions & ebnyerhsad tlkylgromsticemihoondtd a0 ntketarenesidihy dloperoxide baomnger t
sai d al kyl ar. [ ound to an al kyl aronmati ¢ hydroperoxi de having a
generalgfo?ﬁg algﬁyﬁ&ﬂﬁymhich each of Rl, R2 and R3 are as defined above;
and (b) contacting said al kyl tic hyatoperoxide with an oxi de catal yst
conprising an oxide of at | fromGoups 3 to 5 and Goups 7
to 14 of the Periodic Tabl eQof the @ad an off) de of at | east one
metal from Goup 6 of the P i g/ Tabl é\of the El enents. [0022]
Conveni ently, said cyclic Rmi eys tig€geRéral fornula (1V): wherein
each of R7, R8, R9, and R10 is independently sel ected from hydrocarbyl and
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 (IV):
R’ (O

RS X

\\Hw———Y (Iv)
/
.

O}

wherein each of R’, R®, R’, and R' is independently selected from hydrocarbyl and
15  substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOsH, NH,,

OH, and NO; or from the atoms H, F, Cl, Br, and I,

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

the Periodic Table;

Y is O or OH;
20 kis0,1,o0r2;and

lis 0, 1, or 2.

[0023] In one embodiment, said cyclic imide comprises N-hydroxyphthalimide.



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 |, each
of X and woi2siovaagspendent |y selected from C, S, CH2, N, PPTArsdooelosrent s of
Goup 4 of the Periodic Table; Yis Oor OH kis O 1, or 2; and | is O |
, or 2. [0023] In one enbodinent, said cyclic imde conprises

N- hydr oxypht hal i m de. [ 0024] Conveniently, said contacting (a) produces an
ef fl uent conprising said al kyl aromati c hydroperoxi de and unreacted cyclic
i mde catal yst and the process further conprises: (c) treating said
effluent pregy t o RalGi&aR! agldl Renthdihgt ) PRMEsatn! 8ARENPRbMpAind N&id
unreacted cyclic imde catal yst in said effluent. [0025] |In one enbodi nent,
sai d treat ia?l/rgla{%l)atlé diygrapsieside gind awrdapigd sacly wnifle gatalystwindhthe preggere Buider

sol ution of,a,hase, conveniently having a pKb value greater than or equal
to the pKa value of the cyclic imde, to produce an aqueous phase
conprising at |@ast tpatfing wid efiueht prpciactiddontattig (bhtoakpete dlastarrtafdzmi c
phase cQnpr | Si i d. | C oper oxi de. [0026] I n anot her
enbodingnt?h%gﬁgi@?ggFﬁﬁgxéﬁ?Qggﬁ%V¥Q%%£contacting said effluent with a
sol i d sor bdé25] sudh oas cwbodimers esidatreaging|(c)ocongeisesaconetaig wat difinett evitinay or
hydr ogen car bonate.. cl and/ or .an Lon_exchan resin Q027

Convent ent 9 opeTef oBY bRy A waPr EEER ST GRELT 1o Posolbendis vy sai o
oxi de cat alvylat offyhavewdtic igidehe pridde anb@leyst phiisé Ro@pxddant kadt\pantof sidch as
acetone. BRI EF SCRI PT1 ON THE DRAW NGS [.0028] . Fj qur e I s, a graph of
Sec- but yl bORTEE Ryt SHLFbYIE RGN simagarasd tkAEo Bt bRdeER e

cl eavage of[0026F- bui yidoien z@Bediiyet GRel@Xing &) Qumprids E@ftdMidg sk effiaca atitl ay St

according to,.the process of Exanple 9., 0029% Figure 2 i raph of
Sec- but y | beNAEHERy ST ORPERE. & B UL b agtenLETs gy froder arboare,
clay, and/or an ion exchange resin.
[0027] Conveniently, the process further comprises periodically rejuvenating said oxide
catalyst by washing the oxide catalyst with a polar solvent, such as acetone.

15  BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Figure 1 is a graph of sec-butylbenzene hydroperoxide conversion against time on
stream for the cleavage of sec-butylbenzene hydroperoxide over a Fe/W/Zr oxide catalyst
according to the process of Example 9.

[0029] Figure 2 is a graph of sec-butylbenzene hydroperoxide conversion against time on

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 strecam 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.



stream for the cl eavage of sec-butyl benzene hydroperoxi de over a Fe/W Zr
oxi de catalyst in the presence of varying anounts of N hydroxyphthalim de
accor di ngvoaotog2sn ocess of Exanpl e 10. [0030] Figure 3PCI/is2guapisof
product concentration against tinme on streamfor the cleavage of
sec- butyl benzene hydroperoxide in acetone over a Fe/WZr oxide catal yst
according to the process of Exanple 11. [0031] Figure 4 is a graph of
sec- butyl benzene hydr oper oxi de conversion against tinme on streamfor the
cl eavage of an acetone solution of sec-butyl benzene hydroperoxi de
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and containing < 30 dr oXypht hal 1 m de over a r oxi de catal yst

accor di ng the nrépesyrfdcenpledft amkaftgy rguve8atjod@8SYdifg tpthep®cdss obExpmpishl Sof

sec-butyl b Y BEQPRIPIISH PIENIBONAINE tinme on streamfor the
cl eavage oiﬂ%ggﬁbUTyFgEnzEﬂE‘h%%ﬁg%ETUXTQ%—%ﬁ#UTEd wi th sec-butyl benzene
and cont ai 1903¢] 21 ®eppipedfheiditydropygss Hed proilaheng pleanol oiVaZsubstxivde mhata] yst

according to the process of.Exanple 14 and after, rej uvenation according to
the_pr ocas s ranERBFSS atts A Rel b s g w34,

Descri bed Hemmianlxs a process for produci ng phenol or a substituted phenol,
wherein the process conprises contactingREE al kyl aromati ¢ hydr oper oxi de
havi ng the general formula (/)= whi ch and R2 each i ndependently
represents an al kyl group hgving f on11/%o 4 carbon atons, provided that Rl
and R2 may be joined to for cyc/ic §roupPh&vi ng f&bn14 to 10 carbon
atons, said cyclic group bei op¥'i onal substituted, and R3 represents
hydr ogen, one or nore al kyR*groups havi fr 1 to 4 carbon atons or a

cycl ohexyl .group, ;W a m.xed netal oxide catalyst.
y IOy irg wﬁicl? R ané Rz eacﬂ]incﬁ:pendent y represents an alkyl >glgroup 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 (I) include sec-butylbenzene hydroperoxide and cyclohexylbenzene hydroperoxide.

Production of Alkvlaromatic 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 (IT):

Rl

/

CH (D
25 R3 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-



[ 0035] Exanpl es of suitable al kylaromati c hydroperoxi des incl ude

sec- butyl benzene hydroperoxi de, p-nethyl-sec-butyl benzene hydroperoxide, 1,
4- di phenywoyeloalaezeane hydr oper oxi de, sec-pentyl benzene RgunspeEwozi4de,

sec- hexyl benzene hydr oper oxi de, cycl opentyl benzene hydroper oxi de,

cycl ohexyl benzene hydroperoxi de and cycl ooctyl benzene hydr oper oxi de.
Preferred al kyl aromati ¢ hydroperoxi des of general formula (1) include

sec- butyl benzene hydroper oxi de and cycl ohexyl benzene hydroper oxi de.
Production of Al kylaromatic Hydroperoxi des [0036] The al kyl aromati c

hydr oper oxipHRsss&TPI Ry eeQaﬂl?le,t b&-REABE R ncPRRES R fox@cCist YRivedbdy ploashegasd, by
the catal yzed oxidation of an al Kyl aromati c conpound having the general
formul a (1 oxidatigneplethy sRa-butribergeae R dMehissultieg fremntha gékyiadion i Bdynione tHeh above

defi ni ti on ot fLorAul @ (résénce-g?gn i@id‘MlﬁerHﬁ& k&al §t:e|§}1Uﬁ %QHes@ﬂngQH MlerdnStidnB TUrn

produced by known aroratic al kyl ationprocesses. For exanp o

sec- but yl b@ateeinBuliigeironpiie.oWQRE06/81 B3mv enindmty, \eyplobakybenzehy hystoperoxidn isof t he
sec-butyl b r Ling for i ; i
Thear But sagnen e S RLIAE drBOL I RIH A, Huh REIAE A, ped
i n | nt er nathydmoakylRamenf béubid mapicomcdNof BIMDREOIOGI CcahBL omBismg am IMCM-22

cycl ohexyl henzene, hydr oper oxi de i s _copveni ent | r qduc by idat i on of
the cyel oo aRsaEr SPGLAH ¢ PulSriRRyC Peglh v B JSERER Y Ul BHRM Renzene
in presenc,087,503.f Simditar pri@bsseataal bestsed anpoidsknte athedVigNkap2rokales that oml lecul ar
sieve and a hﬁ?ﬂgﬁg ation netal, such as described in U S. Patent No.

6, 037, 513. “BPIYF ﬁh%@%gg%g“%%n be used to produce the other

hydr opapoxij@iB3] t hathe Gallatich @ioEdsOy@loydl inhite prodig&ivh QENREeSsed hdperoxlite
oxi dati on procqs; enpl oyed 1 n tpe roducti on of the desired hydroperoxide
general |y SRYFEHYERVH e LEacHYe ha ké{laE%Wé‘PQFF&P‘iS%r Wi BLPYSF-GiYging gas in the

OXy gen- CONakHeBOf Hataly R cohiftisRle@SSOECinddc ividlaalel&hl 6@ (1B):Ng a cyclic

i mde having a general formula (I1l): wherein each of R4 and R5 is

i ndependent |y sel ected from hydrocaft®kl and substituted hydrocar byl
radicals having 1 to 20 carbon atons}| or fromthe groups SGBH, NH2, OH, and
NO or fromthe atons H F, C, Br, apd I, provided that R4 and R5 can be

| i nked to one R4 X
1/ \
I N—Y (I1I)
o/
R 7
|

(O)

wherein each of R* and R’ is independently selected from hydrocarbyl and substituted
15  hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOsH, NH,, OH, and

NO, or from the atoms H, F, Cl, Br, and I, 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, CR:

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

Y is O or OH;

kisO, 1, or2;

1is0, 1, or 2;

mis 1 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.
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anot her via a coval ent bond; each of QL and @ is independently sel ected

fromC, CH N,

CR6; each of X and Z is independently selected fromC, S,

CH2, N, Pwocdoslaemmts of G oup 4 of the Periodic Tabl e; PETIGS2€0906048H;, k is

0, 1, or 2; |

is O I , or 2, mis 1to 3; and R6 can be any of the

entities listed for R4, and wherein said contacting is conducted under
conditions to convert the al kylaromatic conpound to the desired

hydr oper oxi de. [ 0038] Conveniently, the cyclic imde obeys the general
formula (1V): wherein each of R7, R8, R9, and RLO is independently selected

from hydr oggsgy! %ﬂv&%ﬁ&'tﬁ@&ﬁﬁc [k 963¢ k@Gl (layi ng 1 0 20 car bon

at ons
ad, Br, and |,

rom the groups SO3H,

or fromthe atons H, F,
each of X and ®Z |s |®Hependently selected fromC, S, CH2, N,

P and elenents of Goup 4 of |the Perlffodic Table; Yis Oor OH k is 0, 1,

or 2; and Hs O, 1, or 2
i mi de conprises N-hydRex
oxi dation step include a

In e practical enbodinent, the cyclic
im [ 0040] Suitable conditions for the

such as about 900C to abollt 13000 and gNpressure of abod) 0.5 to about 20
at mospheres (50 to 2000 . e oxidation reaction is conveniently

conducted in a catal yt#C di 3%
preferably kept belomﬂ§b96 t
The oxi dation step converts
associ at ed hydr oper oxi de. HoweVer,

generate water

A7 unit and the per-pass conversion is
m ni nlge the formation of byproducts. [0041]
A aromati c precursor conpound to its
t oxi dation process also tends to
and 1

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

10

15

20

25

substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOs;H, NH,,
OH, and NO; or from the atoms H, F, Cl, Br, and I,

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

Y is O or OH;

kis0, 1, or2; and

lis 0, 1, or 2.

[0039] In one practical embodiment, the cyclic imide comprises N-hydroxyphthalimide.
[0040] 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
a catalytic distillation unit and the per-pass conversion is preferably kept below 50%, to
minimize the formation of byproducts.

[0041] 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
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
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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organic acids (e.g., acetic or formc acid) as by-products, which can
hydr ol yse the catal yst and al so | ead to deconposition of the hydroperoxide
speci es. Whusio/dseeedne enbodi ment, the conditions enpl oy@dTius2adees@se dat i on
step, particularly the pressure and oxygen concentration, are controlled so
as to maintain the concentration of water and organic acids in the reaction
medi um bel ow 50 ppm Such conditions typically include conducting the
oxidation at relatively |ow pressure, such as bel ow 300 kPa, for exanple
bet ween about 100 kPa and about 200 kPa. Moreover, although the oxidation

can be conduel-8doReairatnPiRAGs RUNBGR tBANCIEWIEAL b Tor 8REBILEENEEHD. 11aNd
100% it is preferred to operate at relatively Iomoxggen concentration,

such as no abpt &l (vehmed o] gapgrallyrdrony alfoyt 1 & abpyf &0 velgmeaboutysen m thyoxssut 2 1
volume % genahabloys. ffn%hﬁQQ %alﬂtaﬁlﬁlggp@&{;s1rér910\4v01l3thfrseot°&at8)%9 %Flgahfa aEfaF is

oxygencontal ning-gas. In addition Intaining t desired | ow | eve
wat er and dacgdatb¢brnpisdivg iastripaiigigas trewghiye wagion mepdans dyringghhexideiontstgpough

the reagtign of?@&hl#ﬁihﬂé{ﬁ'tﬂg sthﬁﬁﬁgébsdi@ttﬁe%m%ta%ﬂhe &&591090&41@99%53 anBJﬂ@r

stripping gas 1s en-contain
enbodlnentembh@n@nwﬂmpﬁmgmgasswshﬂmfméhmnmebmﬂnmmhmamxggamambmm&mnpM@ gas
St SU|tabIe

and is | nerréacglon mec?l ea& ttﬁeoc&tcffcelmlge caﬁaﬂ&st %ulta Ttrlﬁp %%ﬁes 1ncltu§e nfﬁ&&ﬁ

stri ppi ng gases argon.
addltlonalsamwammagmamMMgperatlng t he OX|dat|on process at Iom1pressure and

| ow oxygen entra n ter nd or an| acids, fromthe

ronott on miliPRh S tdon A g i B R S0 pfiRR S i i

?ydr 0pGOOX![ldi!leziox%édcrilg&ﬁnc&ﬁﬁa?@ean(( %ygstrﬁp[ﬁi% Ryter eihlillydrgdﬁ(ﬁi a¢ley, , frdoh ghd r@bﬁt?hydes
e.g., acetal dehyde) .and |i o ano re renoved from

t he reactlﬁﬁdﬂpb%ﬁ%%gaggwﬁﬁ’?0é$%8$ ﬁ@ﬂ ?%ﬁ?lﬁWgWF“WQH?dﬁﬁ?%§WH% are

hazar dous aqehyPess dtonaf, Bt aﬁi@lﬂﬁ@ﬁ td facétbnabﬁyd@pme@htraaddh@l@ .8 étmol)lawu d

pr oduct becones too high. Al's ght hydro erOX| al cohol's, al dehydes

and ket onegemgved drase &res@ﬁ@opd?roa&% ?Soﬁhﬁ‘éltafeo rged orTélaﬁlhéhta]&)idﬁ@e%erﬁ‘er S0

that renmovinRgrddieafi SRE e iseStyldoReBr H‘%hé?%édﬁé‘éﬂtl@fbtﬁi%dh&f@rd1df9{o@ﬁ(&%eédﬂ%s t00
oxi dation reaction rate and select|V|ty and t he st abi of the cyclic

i m de dat ahight . Abp h%béthydl@a@ramémmoleqi&taldﬁhé@?s@@ﬁd@@mpmgedmc‘@é@pwoﬁr dlfe
sec- butyl b?&'ﬁﬁﬂ&l W tohgaNE'F;,lmd@tan&qgaté}séogthﬁg%glolﬂg %)thes@‘osrpgméshﬁgmgtﬁe Rla%asf

these |ight species and water renaln
medium improves the oxidation reaction rate and selectivity and the stability of the cyclic

imide catalyst. In fact, data shows that when conducting oxidation of sec-butylbenzene with
NHPI at 100 psig (790 kPa), more than 99 mol% of these light species and water remain in
20  the reactor, whereas at atmospheric pressure, more than 95 mol% of these species are
removed from the oxidation reactor.
[0043] The product of the oxidation reaction includes the desired alkyl hydroperoxide
together with unreacted alkylaromatic precursor and unreacted cyclic imide catalyst. The
unreacted alkylaromatic precursor is readily removed by distillation and recycled to the
25  oxidation step. However, as will be discussed below, the unreacted cyclic imide catalyst can
act as a poison to the downstream mixed metal oxide catalyst employed to cleave the
hydroperoxide into phenol. Moreover, the cyclic imide tends to be expensive, making it
desirable to recover and recycle the unreacted catalyst. Thus, it will normally be desirable to
treat the effluent from the oxidation process to reduce the level of unreacted cyclic imide prior
30  to passage of the effluent to the cleavage step.
[0044] In one embodiment, treatment of the oxidation effluent comprises contacting the
effluent with an aqueous solution of a base, particularly a weak base having a pKb value

greater than or equal to the pKa of the cyclic imide catalyst, whereby the unreacted imide
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the reactor, whereas at atnospheric pressure, nore than 95 nol % of these
species are renoved fromthe oxidation reactor. [0043] The product of the
oxi dat i orwpeaori4eas1i ncl udes the desired al kyl hydroper opcaasca@gosiiey w t h
unreacted al kyl aromatic precursor and unreacted cyclic imde catalyst. The
unreacted al kyl aromatic precursor is readily renoved by distillation and
recycled to the oxidation step. However, as wll be discussed below, the
unreacted cyclic imde catal yst can act as a poison to the downstream m xed
nmetal oxide catal yst enployed to cleave the hydroperoxide into phenol.

Moreover, they&yie Iekt@ac{emlﬁjt@ the §o1fsq)h9§ Fe%{ﬂﬁ‘g'éh %Fgam@%hs@g)vlh@h @tﬁ@r{s@sbéaﬁ to
recover and reéc e unrea cat al yst hus, it 'l normally b

desirabl e toéldtzﬁébidr@%@%ﬂ)mdﬂl@rﬂﬂdﬂﬁ%Oph'fémé)ﬁ ir@ﬁawddﬁvab p%féb@m@lée r‘é@wélyx he
l'evel of u'ﬂ{ee&ﬁgcqgm(f%/ gdn'dﬁctécmodﬁ th 'féd%e 0 1RBSSARE IRl fnhﬁ% glfgtllllly gﬁ'&s_e tPiclhe

cl eavage step I n one enbodi ment, treatnent of e “oxi dat1on

ef fl uent cdrpriogepme ewrhaast levagharh&d ppih) foe nxanple tesa thandQawos byovagliteh tef a
base, pgrtbg%LQ LY@ Weak base having a pKb value greater than or equal to
t he pKa of @ cl'ic imide catalyst, whereby the unreacted im decatalyst
is ext ract ¢@4dht oTﬂlhelsacpﬁeiowsalph&sem ﬂheawtrm:gloarofdhgalme@ctmaméevdatabht is

conpri ses Salegalfglxdwl %? ed'c{ \%C lpas 1stess 0 cata\{\'hze cfgc Cont I nsfﬁlerlml
| evel of cfc e. %% t hie i On 1§ Conduct'8d °so'Cds

reduce the afte\/@dtraﬂfontlhﬁ tiaenadlﬁ:ousnphdse (N gamble wdah daset 'mcllué@Sa hieah cérBﬁhar.Epm
such as less t 50 p for exappl e an, 10 ght. of the
organ: o phatdtr Pieisy SRkea berbr ALY oakh el P Bllor B Broofhe

unr eactied isiiohde sehbmly®Bbndts general |y desirable since a weak base is | ess
likely to | yze deconpositiqn of the im.de after extraction into
aqueous phi@é‘% gr&‘f’tcé?Bil ORje Bie dasge iHeloy aide gxtactign iRy BSH A0 bﬁnﬁ‘d?S&t
hydr ogen ca&hwmaa But @&a@@ny Aclude anc@pdiabic drabalt Wae hoBed e 8@‘@/5{3& ayshoegen
carbonate, such as sodi um car bonat e. {0046 The conditions used in the

cyclic im d& ek poeet 7%? sTiptime @f ehErclipe Map BsdPy xsie BPradoyut myBifetal | v
include a LesmeHakitutes OfucBRUIbodO5 Qfintis @@@bﬁut 800GinusNChriRSaphifklor HAQC to

about 700C. The tine of extracti on may be exanpl e fromabout 1 mnute
to 15 employed in the extraction step is normally sufﬁ01ent to provide at least an equimolar

quantity of base to unreacted imide, such as 1 to 3 moles of base per mole of unreacted imide.
Generally, the phases are agitated during extraction to maximize contact between the phases.
[0047] After extraction into the aqueous base solution, the unreacted cyclic imide can
readily be recovered by acidifying the aqueous phase, for example with acetic acid, to

20  precipitate the unreacted imide. After separation from the aqueous phase, for example by
filtration or centrifugation, the precipitated unreacted imide mays, if desired, be recycled to the
oxidation step.
[0048] In another embodiment, treatment of the oxidation effluent comprises contacting the
effluent with a solid sorbent, which is effective to remove some or substantially all of 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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about 30 m nutes, such as about 5 mnutes to about 10 m nutes. The anount
of base enployed in the extraction step is nornmally sufficient to provide
at | east w0 2eguidamhiar quantity of base to unreacted i m #el/tseai/0asi8d to 3
nol es of base per nole of unreacted imde. CGenerally, the phases are
agitated during extraction to maxi m ze contact between the phases. [0047]
After extraction into the aqueous base solution, the unreacted cyclic imde
can readily be recovered by acidifying the agueous phase, for exanple with
acetic acid, to precipitate the unreacted imde. After separation fromthe

agueous phmﬂ f onvi@xas g HaVink Ishiflcitht BRiOProp&ty td BOREEQRe sbidEnts in the
preci pitated unreact ed imde may, if desired, be recycled to the oxidation

step. [ 0048YclicrimigdestHastion risodnaveist detarmagtl Mentc Bplat FHE0 of ichimibantics ¢f| Gnt
conpri ses GORRNACLLGInd:b ekl bide HIateWalts h ®),S0hiig a&ﬁrlpgggd to WithE Mhd SaskRisfigCti ve

to renove sone or substantially all of the unreacted imde catalyst, so as
t 0 pr oduce present eattledmethlf dxidericingtpstddl. i lskewisd N, & strahgdnsadliszgtitddyta ikieatchon

product 5 a“%e"ﬁ%ia‘f@sﬁé? Bfl ﬂier}ﬁa‘[ 1arl gﬁaﬁg (Pac(t)cfrs ?e%rﬁmg uﬁg g(itﬁ'iel aﬁ%ﬁllltl S péﬂnﬁ tldaﬁgal n,

the sorption process Is con oas tore vel elmdeln
t he organi tsuqhhasseultf@el @es of hbm niﬁ@@labr(nfters Glghlﬁa&ltllyesﬁedddahy 50 mptal cmde

exanpl e | 35 th onm Q(Bn%he?e era?ur htth emls %0%4189 este g%ee éss(s)ur
sorbents afe ?hose avi'hg DASIC ro ert es, carbona

and/ or hydmagénheetrchivgites is whted hchilye IlueSepf pntp@ad adbasa:" mrde ussda‘mpcpm :m

clays, ion resins tal oxide articul arly

ox Hos. [ 00SOHE NEVHE DttiarRAVIrg QPR ot Cagt EHb e B S b e
ef f ectilge sherhiesipson ¢f NMEp@edn of diatlexi@x picatet iham 03t 8picary clecd@tenTsned by
the nolar ratio of chem sorptl on o over these netal oxide

mat er i al s. 2eegPecially greptey dhag 1.9, ?hﬁ%ﬁﬁ% Cfmf‘ir}bﬁg‘gelt)‘ﬁe basic sites present on

the netal quosdp bqnegtglgtteﬂta@ﬂnmé,tﬁ@%l&eﬁaub\lﬂﬁche@nmtwmfmqaer igfant bt Ifhéthled to
indicate the acidic sites on the material. Many factors determne th

act ual anp@iide d¢ thenehimisgrasion G NHPRr fans of Mgkl Oé}déas 6¢nduried Meine R MPtﬂerof ten
signifi CantT@A/@IBi’ROE;SQC{hQMm% %nﬁ%ﬁ@ina%is@?st%%?@ﬁlﬁfehtoﬂeﬁﬁltehoﬂ*)e, méth€oxide

tenperature at which em sorption iS tested pressure at which
t he chdfii se#prlp drrajcined ds fleyingpgrto 9lwélt é%é?e(ﬁ%cemﬂﬂpmeésn Table thakr eboupstiree i s

defined as h8#ks; at least until a constant sample weight is obtained. The temperature of the sample is
then reduced in flowing air (helium could also be used) to the desired temperature of
chemisorption. Next, the sample is allowed to equilibrate at the desired temperature in
flowing 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 NHj3 adsorbed per gram of metal oxide.
[0052] Molar ratios of chemisorption of CO; to the chemisorption of NH3 per gram of

30  sorbate for some representative metal oxide species are shown in Table 1.
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2, Group 3, Lanthanide Series, and Actinide Series metal oxides. The 0x1des can be prepared

using a variety 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

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

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

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 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

10 days, such as up to 5 days, for example up to 3 days.

hydrothermally treated at a temperature of at least 80°C, preferably at least 100°C, for up to

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,

one Group 4 netal
10
acetates.
[0054]
15
20
25
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2, Goup 3, Lanthanide Series, and Actinide Series netal oxides. The oxides
can be prepared using a variety of nethods, although generally are prepared
by converwDanioai42m1sui t abl e precursor by precipitation Pcomssabosi4en and/ or
calcination. Suitable precursors include netal salts, such as halides,

sul fates, phosphates, halides, nitrates, oxychlorides, alkoxides and
acetates. [0054] In one enbodinent, the netal oxide is produced by first
preparing a liquid solution conprising a salt of the netal in a solvent,
such as water. The resultant solution is then subjected to conditions

suf fici ent |§r5EAUSENRItEE 0P hlof! MRl Hidds AR §Od ine ¥y dR iRl @kdrathion $HE,Mh
t he addltlon of a precipitating reagent, typically a base such as so |um

hydr oxi de grayithesricemprigénitgtell @& preqingateq HorEchndiomhined Wil rechagthey at any
mai nt ai ned 1@%{ S%E §FREL lﬁgﬁcﬁgm bs Pa‘?&ﬁ’éﬁsgﬁ)@gagﬂéb“ ng the precipitation, for

exanple in t ange orf from about 00C to ut 2000C, such as fron1about
200C to abchﬂ56]100@@ltaBr¢1e0nr exhinge rrgsigieforjuse pp diice pcligl gorbeh‘iemcwlértmsnerpm |y

treatedsat C &eﬁ%ﬁ{}?as{i@%&f fo?genlld)%ﬂ%tac?f?p&‘ balic& ggu%b %h%%Ag%ﬁ&st%agglgl%e for

up to 10 days, suc or exanp
resul ting m&ﬂerlal is then recovered for exanple by f||trat|on or

centr | f uQaﬁ(?](%g] Raeo(ile conrglduo(rjlg If erd‘[he -Ic_ybc 1cr1ren§ or]i)r{%n th L SULrl]C? goerben? 1ncli d%la s

typically cal’ti'fied, oXi it Wihbd
t enper at ur eengferamire |0éal$:tut 4@’@0@ ab&ucllfm%(s sﬁcrmm a@bﬂLﬂO"@l(ﬂ@ﬁlﬁu’t ®0°abcﬁmta taﬂ@aic for
about 0.5 h o ab ou hours, for exanple

to 48 h 4
?gr gbout %/%@&P%ﬁ%egﬁ%HFgﬁUnﬂg%?§ufﬁ@ @1 IUES,8 2 %P% AR PENUSt al oxi des are

used inot heoosgr! i a\fierirelov@kby an‘et s@m siriespt, thd@yrendayd eydllbemldéecan readily be
co-precipitated and_ conbi ned. w ach ot her at

cip tat ar at el
any |ater §"t08§9éefgéy gf" i‘? Fﬂj d‘ul?? réglVE%H for Fegrrloyity e *ﬁiéﬂ?“ﬁ P8 FELNe] 0056]
Sui tabl e i qme %6@&9&1@&% menfb@ |’rec§}§l€d fshd fad#vh lstép sﬁﬂb&%moﬂcﬂrw eenidvase
resi ns conventi onal | Y enp renovi ngP acid basi c SpeCI es, such

as_Anber | y$f thé)‘?@ﬁ%‘ﬂg‘énqeé’slﬁ ifemd ffeeﬁl?]preeenoeg téa%w&h fhedﬁ‘édefdQPS RS @dveeli ¢

i mi de SOVp%ﬁ&ﬂﬂ%ﬁkﬂhﬁo§&%hﬂ&§Q&E&ﬂhwkﬁﬂbq C@dgggpgrature of about 100C to
about 1300C, such as about 200C to about 8 for atine of about 1 mnute

to abodf SébﬂtﬁM£E§Q£§hﬁh%&s about 5 nlnutes to about 10 m nutes.

[0059] The hydroperoxide cleavage step of the present process is conducted by contacting
the effluent from the oxidation step, normally after removal of the unreacted alkylaromatic
precursor and optionally after pretreating the effluent to reduce the level of cyclic imide to less
than 100 ppm, with a mixed metal oxide catalyst. In particular, the mixed metal oxide

20  catalyst comprises an oxide of at least one metal from Groups 3 to 5 and Groups 7 to 14 of
the Periodic Table of the Elements, conveniently an oxide of at least one metal from Group 4
of the Periodic Table of the Elements, and an oxide of at least one metal from Group 6 of the
Periodic Table of the Elements. In one embodiment, the catalyst comprises zirconium oxide
an oxide of molybdenum and/or tungsten.

25 [0060] Conveniently, the catalyst further comprises an oxide of at least one metal from
Groups 8 to 11 of the Periodic Table of the Elements, such as an oxide of iron and/or copper.
[0061] The mixed metal oxide catalyst is conveniently prepared by combining a first
liquid solution, such as an aqueous solution, comprising a source of ions of at least one metal
from Groups 3 to 5 and Groups 7 to 14 with a second liquid solution, again such as an

30  aqueous solution, comprising a source of ions of at least one Group 4 metal and optionally
with a third solution comprising a source of ions of at least one Group 8 to 11 metal. This
combination can take place under conditions sufficient to cause co-precipitation of a mixed

oxide material as a solid from the liquid medium. Alternatively, the source of ions of the
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[ 0058] After renpval by the solid sorbent, the unreacted cyclic imde can
readily be recovered by washing the sorbent with a polar solvent, for
exanpl e wvohlomsvdiaasel or acet one. The recovered i m de camCrhseodeswecycl ed
to the oxidation step, with or without prior renoval of the ethanol, since
it is found that the presence of ethanol with the im de does not adversely
affect the oxidation activity or selectivity of the recycled catal yst.

Hydr oper oxi de Cl eavage [0059] The hydroperoxi de cl eavage step of the
present process is conducted by contacting the effluent fromthe oxidation

step, nor malekay(s phbRIGroGRBMB!S Al drfis YN eachehurdkor ik QMBkicroRy £af M and
optionally after pretreating the effluent to reduce the |Ievel' of cyclic

imde to | epdonaiyithe1mOrophions afithe Greupeti tavbt alctadmae be sprabiped intg g single
particul ar ]’(solhh&l. mxed Rk | gy Cat @'Jlﬁf&ttedCWEBﬂ&t%ﬁ%fﬂ)fénqeto Ofau @t CB east

one netal from Goups 3 to 5 and Goups 7 to e Periodic Table of
the El errenmsemp@@tmne@ﬁ thptsplyd amxedxixdils wétermal, fushar byrtbe pddindn HF o prGipdamg of

the Persodi, {aﬁéﬁﬁge“ s lutnﬁﬁ_aﬁoﬁ%&%ﬁ% etﬂ%ﬁre%@ﬂﬁf&ﬂ?c&fdu@t&d %ﬁ%gllt—l r?gﬁf“e f‘fﬁgﬂ from

G oup 6 of nts n one e

cat aI yst corpnilsabe precipontingnagent they &n aobdsel sudhf asnwidipiod bydroxidndf emmioommgst en.

[ 0060] Cbn¥e@|e tIy the catal yst further conprises an oxide of at |east
one metal froN ‘oups 8 to 11 of the Periodic Table of the Elenments, such
as an oxi d¢ow2] i r dhe aamq)’emtureanpﬂéch thf ﬁ@lﬁd}n@fﬂﬁﬁl imenlaimmltcmkingﬂieqbﬁecmhﬁdryst IS

conveni ent|. repa by .conhi.ping .a f.irst i.d s su a n
aqueous sol' %%e’g%rﬁﬂy% ?'f/astioﬁgﬁg é&g?}baeq iphe; r?ﬁ?é’ glﬁogﬁt %Plg[ai)ls@ t%ﬁbé)uﬁ&() ¢ ?\r om

G oups 18 t@alﬁcﬂ&?ra@@bﬂ)ﬁmﬁerﬁmré&4‘01\/\pr‘é<’ﬂp1@at1$ﬁG@ﬂfdm|'dbqﬂvtl zd);s% ude@HOOOQQaTHib such
as an aqueous_sol uti on risin source of ions of at as oup 4
metal and 6?§P¥“8%aﬁef feﬁﬁ’gy ffrﬁnrlaf%g@vqﬁw%vn UEtp Al éﬁn}i’ﬁra&‘r%so tle eéi’ﬁt % gs

at | east opgféhmyaL ﬁzaitQO@‘ﬂC rrehalhydrzmbﬁnao;@@hm@ﬁttﬂyplealgaﬁakésqmenh ac@sdenger

conditions sufficient to cause co-precipitation of ed oxide materi al
as a sol i d 2MYRRIRPSFYE d PAeah dhPneagmpadimgnt. \}éﬂlydr%hﬁ@wélasdlfee@d 6@ #oigs! dof

t henet al (s)da}tsrgfghgwg Ry, qo@xﬁﬂ%i cGh @Pgayd t0 14, the source of ions of
the G oup 4 netal and opti onal source of ions of the Goup 8 to 11

net al s lAay [H¥3Lontihadudrptgd @r@u@i)rn@ltbe gutedtmesd, oxilsi is thea | reqoverRd.rfay StaRwl be
subj ect ed %9 fﬁf?ﬂ%tdr%ﬁtr@&ga{l&rﬁ'aﬁ&‘twarsl%dcﬁﬂs(ﬁleﬁp pflﬁcﬂeﬁﬂtﬁlﬁt m&Brial can then be
calcined, such as in an oxidizing atmosphere, at a temperature of at least 400°C, such as at
least 500°C, for example from about 600°C to about 900°C, and particularly from about
650°C to about 800°C, to form the mixed metal oxide catalyst. The calcination time is
20  typically up to 48 hours, such as for about 0.5 to 24 hours, for example for about 1.0 to 10
hours. In one embodiment, calcination is carried out at about 700°C for about 1 to about 3
hours.
[0064] The cleavage reaction is conveniently affected by contacting the hydroperoxide
with the mixed metal oxide catalyst in the liquid phase at a temperature of about 20°C to
25  about 150°C, such as about 40°C to about 120°C, and/or a pressure of about 50 to about 2500
kPa, such as about 100 to about 1000 kPa and/or a liquid hourly space velocity (LHSV) based
on the hydroperoxide of about 0.1 to about 1000 hr™, preferably about 1 to about 50 hr'. The
cleavage reaction is conveniently conducted in a catalytic distillation unit.
[0065] The hydroperoxide is typically diluted in an organic solvent inert to the cleavage
30  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
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of the solid m xed oxide material, such as by the addition of a
precipitating reagent to the solution. Conveniently, the precipitation is
conduct edwator/@keeabove 7. For exanpl e, the precipitati RGTAS0W/066$9 be a
base such as sodi um hydroxi de or amoni um hydroxi de. [0062] The tenperature
at which the liquid nmediumis maintained during the precipitation is
generally | ess than about 2000C, such as in the range of from about 00C to
about 2000C. A particular range of tenperatures for precipitation is from
about 200C to about 1000C. The resulting gel is preferably then

hydr ot her mgld predeh @k @ Rlar LOPRR LA MBSt Ale Iﬁ)ﬁsohﬁ?%ﬁ 8 M ed Iﬁétﬁfcﬁ‘dc@%ﬁély@t

| east 1000C. The hydrothermal treatnent typicall'y takes place in a vessel
at at nosphé}eﬁ‘@gpﬁﬁélgﬂrbé cyctisamgglst remagningniord el deBen reagtion, hydr ot hermal | y

treated f Or[(?Wd] to Id 85@13@ of t‘ﬁgﬁﬁs&%ﬁ Hpabtséhcé 0#91%@30‘[6%%5/01?8‘1%' 1ﬁ el Qo Frdays.

[ 0063] The rate recursor to the mxed netal oxide i1s then recovered,
for exanpl elehyage rdagticatif igdound thee hemiikedyaethlorxideantl tanddh bode dnadtidity exer tilfke

resul tigg %’sﬁﬁﬁlgﬁ% CARLAEn e 9&3%&}%9@%‘83&% }h}aﬁ ron&'e% éh&%l Yoc for

at nospher e, npérature o east as at ast 5
exanpl e fr dmwa\tmwfouﬁd)ﬂ@ctheoclady@gﬁt a@000©f thmdatgiasrttqau Ueane$tyredl rhynpeaibodigally6500C
to about 8QQ0C orm he ca |CI nation

e s vy o digty Bt Q88T SR ANG s sF MBS For
exanpl e fof0MsBput Td 1} dage $Berbaby skylhmmmcec@ﬁﬂmdal tiken fis, omhkezil en:adarldmg tb She
carried out att about 7@0300 for aboqu f{aﬁ bou(i ﬁ hour s. 0‘861?‘?]{}

cl eavage r&REPTBN 1 sEBRVRTCRTHIFy foé‘b o Sht ARG HEC }{IIP%IKgI} oxi de
W th the mhx&@dpdi®didd amixihe&leaadgalpysduct ébnﬁﬂ”llﬁes| pigdbldandhBsBhé&an@e! eTiRedradelr e of

about ZOOCt about 1500C, such about 400C to about. 12Q0C, .and/or a
pressure ofY ‘Ehﬁiﬁ‘tno% "‘Pg %u?heé‘%g%mﬂbéhe slirreastrpBEY brotrNSedBufi 8o KkPa

and/or a | ipafictioy ﬁMd&E%ﬁﬁﬁ&@bﬁ@db&%mMéﬁW peasieda @ﬂnalblbeplmﬁdﬁtﬁ)ﬁaqfrsvéssde of
about 0.1 to about 1000 hr 1, prefera Iﬁtabout 1 to about 50 hr 1 .
a

cl eavage r d%¥&IFoRuGiY n@dw@ﬁut%ﬁtswe%ﬁ&a ;| tfrwrSatOés@aé%t@Ehie@ymlsemop%&rrdon

unit. [006 %Len-gh BoRYARLREIRX] d8eictude YRIpaafiddcydiohiafbhel Hay el 3abctsP oV eNt
inert to the cl eavage.
15  dehydrogenation in order to convert it to phenol. Such dehydrogenation may be performed, for

example, over a catalyst such as platinum, nickel or palladium.
[0068] The invention will now be more particularly described with reference to the
following non-limiting Examples.
Example 1: Synthesis of Mo/Zr Oxide Catalyst

20 [00069] Five hundred grams of ZrOCIl,8H,O were dissolved with stirring in 3 liters of
distilled water.  Another solution containing 260 grams of concentrated ammonium
hydroxide, 66 grams of (NH4)¢M070244H,0 and 3 liters of distilled water was prepared.
Both solutions were heated to 60°C and the heated solutions were combined at a rate of
50ml/min using nozzle mixing. The pH of the final composite was adjusted to approximately

25 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 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 contained 16% Mo by weight of the total weight Mo and Zr in the catalyst.

30  Example 2: Synthesis of Cu/W/Zr Oxide Catalyst
[0070] Five hundred grams of ZrOCl, 8H,0 were dissolved with stirring in 3.0 liters of
distilled water and 6.8 grams of CuSO45H,0 were added to this solution. Another solution

containing 260 grams of concentrated ammonium hydroxide, 54 grams of
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reaction, such as nethyl ethyl ketone, phenol, cycl ohexyl benzene,

cycl ohexanone and secbhutyl benzene, to assist in heat renoval. Mre

pr ef er ablwQ 2aidosbmn onat i ¢ hydr oper oxi de i s di ssol ved i nraTfsk@/0s@Byent ,
such as acetone, for the cleavage reaction since it is found thatthe
presence of the polar solvent can mtigate the poisoning of the m xed netal
oxi de catal yst cl eavage catal yst by cyclic imdes remaining fromthe

oxi dation reaction. [0066] Irrespective of the presence or absence of
unreacted cyclic imde in the feed to the cleavage reaction it is found

that the m(Nﬁng_ﬂ%%mQH&@%nWﬂ litetse¥dditifich Qe Wa Aepdrdd. t BoY SutfohfMere
resulting in a decrease in the degree of conversion of the hydroperoxide to

phenol . |t hpaged WO‘WeQéﬂﬂd theohpatgd tsplationshecre cembigefbatacato ¢l \pmbfmip Hang aozzley st
can be r eSFnﬁJ;lﬁg o ﬁfdf%’é i ! cb{m{’)@uw{ﬁ@%&]wgd {o%[pgc%hﬁétéﬁ?b Bymuazili V\%ﬁ he

catalyst with r sol vent, such as acetone n the case ere
t he al kyl ap@mntratedcmomnm bboxides Bhe déspleht abeor winten out e pplpenyleen i s

cyclohegyl?ggﬁgggi?% é%@%&b&ﬁ gq§q8}7fﬁm@§'fﬁ§18%ﬁ}ﬁﬂ édcycp%ﬁﬂaanone

hydr oper ox eavage p t conprises eno
The crude bydﬂ@hemameﬂedawdlcmndewpmemoﬂ(ﬁmémwmhghcwe&VégeAswamkna@ﬂme

B ﬁgln gft e/‘i tscu Bx}a*s‘%shc ﬁofcdg@f’éo Hlof‘?o &S’lr; %ﬁ'ggﬁu “‘Th %? me%%%!a gtsteﬁ%%{amteﬁ é@({‘ .
series of dh&hdﬂ&ﬁﬂvmywmq&evshémusapqmaW@Zthﬂ(hwnM&hmm@mone and phenol from

ot her speci The cr hexanone may itself be subjected
to dehydro&gﬁQPF SVHtS?ﬁ@ﬁﬁygﬂéﬁh§®?%%l Yo phenol. Such dehydrogenati on
may be 1per fij@7med, drﬁrthc&mampgrans ONEIO@, X}QWMSHISSMM Wigh ptirﬁhg num) ligrc kel  or
pal ladium [Q The nve on wi | e _nore rticul ar] cribed

Wi th refer@h&g %mFﬁgl ﬁﬁmﬁ%ﬂ¥F? ?%8 ﬁ@$350t éﬁﬁr in@%“’thems
of Mo/ Zr Qébldﬁonc%bﬁbﬁ/lﬁﬁg h@ﬂfg%mflovebohwﬂ&a@ai iaeBuRf hyd Q2 BIS2GawRr 6f

di ssolved with stirri %: ters of distilled water. Another sol ution

cont ai ni ng BBy V&tﬁ@mé 2@ &ﬁé éﬂi‘(} B &f d&ﬁﬂ%weﬁﬁﬁ HoHPERIEE, Bt tlutics grre

(NH4) 6My7q hgﬁe(f”d da-antld $he kRl %ol‘aflorg' @éré k&rﬁgne\!@ﬁted’ 8BSt PLLRAA Géne BOLA:
solutions were heated to 600C and the heated solutions were conbined at a

rate ofl550mixing.n The PHe b finad camposity warkRéiuged tof appreximately|® othp gdditien ofas
adj usted t Q,ARMRN TRIEhYim 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
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
20  area of 73 m%/g and contained 1% Fe and 16 % W by weight of the total weight W, Zr and Fe
in the catalyst.
Example 4: Synthesis of W/Zr Oxide Catalyst
[0072] One thousand grams of ZrOCl, 8H,0O were dissolved with stirring in 3.0 liters of
distilled water.  Another solution containing 400 grams of concentrated ammonium
25  hydroxide, 108 grams of (NH4)e¢HoW1,040xH,O and 3.0 liters of distilled water was
prepared. Both solutions were heated to 60°C and the heated solutions were combined at a
rate of 50ml/min using a nozzle mixing. The pH of the final composite 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
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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9 by the addition of concentrated amoni um hydroxi de. The resultant slurry
was then put in pol ypropylene bottles and placed in a steanbox (1000C) for
72 hour s.wohelopembuct forned was recovered by filtrati oRCTWESI0QM50482 h
excess water, and dried overnight at 85°C. A sanple of this catal yst was
calcined to 8000C in flowmng air for 3 hours. The cal ci ned catal yst

contai ned 16% Mo by weight of the total weight Mo and Zr in the catal yst.
Exanpl e 2: Synthesis of Cu/WZr Oxide Catal yst [0070] Five hundred grans O
ZrCl H O were dissolved with stirring in 3.0 liters of distilled water and

6.8 grams @kamRA: Ienuas 6r Boes: ORidktiasalp@! Ution. Another solution

contai ning 260 grans of concentrated amoni um hydroxi de, 54 grans
of (NH4) eH2WWWI3] 40 Fxradondisd ggrnpsi effr© Chi8HIOsvare disgplvedteith mgng)rneb&rhéeas oBot h

sol utions ‘ﬁ%f1ﬁed1®%9Qn& ﬁleﬂgp@glaaﬂg (;f%stﬁﬁaltl%j we Qide@q KSuGTLIAREH At a

rate of 50nml/m n using nozzle m xi ng |n conposite was
adj ust ed t eolappr critratng Y6O dyyms Hd Qsmstmttratﬂd @mm@ommerhtyd@ml@ afmenring nef

hyd t ant : q
ol aced in & SpdRTAOLas b0t MRDS UGBl DL BINREEPYLREAER, VeR &
recover ed hyatéd fot G0&€Ciand thw@aashédowidm veore essbinet &ra rawrmf SOriledn ovieg noght  at

85°C. A sa Ieo S st was, _cal c¢i..n 07000C|nflo or
bour s, Tha B ot Plisy R B SombSie GBS S e koaw bl e ok Aified of o
total wei gloncévtraded arnﬁhoﬁuml hydrdn@decatrhé ysultanExamiyl @athheSmnt htepblspmf)ylﬁﬁa’ W Zr
Oxi de Cata 007 ns_of Zr were di ssolv
URCscos 2oty b e 8 s tBRN Bo RO AT Dol TiegProtish Rl S I3 % Reso
7H20 wape addadation, ms}ﬁedsmk}utaxo@m w@t@@tah&rdrﬁ@bblérhigﬁt aordeai nAngn@&Oogm of
concentrat ed ammoni um h ro j> e,.108 gr O 20 and 2940
m of di st CPR¥E WascRlF! 2 flgyvm %f EPNE’&OH"L% ﬁ %Pi\g%‘?&fség and
t he heat edag@loti @As aﬂ@e&nﬁﬁum%le@la@ 162%Vah@ wlghbOthé 1okl wéishgy, z@zrzd &

m xi ng. The t%H of the final corrp05| te was adj usted to approximately 9 by

the additi dhthefatelsHicent rat ed anmoni um hydroxide. The resultant slurry was

then put i mkxRRpYY: Qnydvag@ott@}cﬁdh%mmepé ﬁ§mpmxme%ﬁ@m&zr@&& Ofehybor 72

hours. The Eroduct ornmed was recovered by filtration, washed with excess
wat er, land oExampléJer ni ght at 85°C. A sanple of this

[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 cm) 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 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.
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 cm) 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
30 a5 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

cyclohexylbenzene hydroperoxide flow rate was used to change the residence time.
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catal yst was calcined to 8000C in flowing air for 3 hours. The cal ci ned
catal yst had a surface area of 73 nR/g and contained 1% Fe and 16 % W by
wei ght ofwoheiwm@emh wei ght W Zr and Fe in the catal yst PCEAS2om50489
Synthesis of WZr Oxide Catal yst [0072] One thousand granms of ZrOd 2 8H20
were dissolved with stirring in 3.0 liters of distilled water. Another

sol ution containing 400 grans of concentrated amoni um hydr oxi de, 108 grans
of (NH4) 6H2W 20 40xH20O and 3.0 liters of distilled water was prepared. Both
solutions were heated to 6Q0C and the heated solutions were conbined at a
rate of SOmEhRDR ﬂs'Glgav%gélQﬁ‘zt§clﬁlﬂe&!ymgnze-ﬁbe[l?di‘oﬁérokﬂ% hdin2IFePRTRODNi®e Was
adjusted to approximately 9 by the addition of concentrated anmmoni um

hydr oxi de. CptdlystesExample 3sl urry was then put in pol ypropyl ene bottles and
placed in %@%Fa”ﬁ% c&t;-lgg er?ﬁreg% E}Zg‘ﬂﬂ]@y(’vﬁs péﬁ%ﬁze@t@gygb nfegl{ H&dnﬁ\?e%l with

recover ed [tration, excess wat er dried overnight at
85°C. A sar@@18é ofsht and (‘datlal)ygtld M§6Cba1t@|anh‘6-1110b ©F00D diameteowiamdesaisteck or 3

hours. The i c I 0 ed
T D R IR LT TN R s

Synt hesi s mefacléemws Zt3 ®(mdev1€:am hﬂ@&pulflﬁ)@b?:sp nﬁnvéfhdnmdmedeegmmrmd df @ 2
8H20 were di w t IS af, disti wat er and then
76 oram o1 R I PhhIAR-p D Rucr bl B oM KU BE e Lo 2

cont ai ni ng a2@Bergs@opumb aca)mesasﬂ()r@i@dnmnﬁbapmﬂumydemxbm@xedfnﬂaghmaﬂskm)fck( NH )

H 2W 20 OxH20 and, 29 tilled ter S Bot h utions
Wt e hoat edats ABETI EhOCEURE BTt Tna T e R sb et PRt
50m / ni1n u3yag19ebagglbaﬂzﬁnemy>dardpgroxﬂib(fl]?whiateﬁwat bedfté ﬂahgectﬁm@ﬁibﬁce mﬁ&s adj usL ed to
appr oxi mat t he i tion of concen rate i um I OXl e The
resul t ant M?M @% “’tSH]Z%%b% ampie %M/%?rs.@ ‘P‘?é‘h&l gonawgygﬂta%l& CiSAta

st eambox ( h&@%)m&&f métdl $XAE Bf Eﬂ]ﬁpl&r o@ucire ek ri@t‘ﬂve%& 616G RY @hiteldstbYor the
filtration, washed with excess water, .and dried overnight at 85°C. A sanple

of this caCkr\age 0@\%)@“@%??%@"1‘1@3“*#@@%@@? (CHBIGWRG Phsnel wrcyglohfa@?@e The
cal ci ned catal yst had a surface area gfp21 n2/g and contai ned 1% Fe and 16
%Wbyl\gvei ght of the total weight W Zr and Fe

Example Residence | CHBHP 4-Phenyl- 1-Phenyl- Phenol Cyclohexanone
time (min) | conv. (%) | cyclohexanol cyclohexanol yield (%) | yield (%)
conv. (%) conv. (%)
6 1 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
0.225 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 51.7 100 99 99
0.3 99.0 53.9 100 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 3/8-inch (1 ¢cm) 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 cc/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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in the catalyst. Exanple 6: C eavage of Cycl ohexyl benzene Hydroper oxi de
using Mo/ Zr Oxide Catal yst of Exanple 1 [0074] The catal yst prepared in
Exanpl e woasiopabicet i zed to 40-80 nesh size, m xed w t hPeOABR®SHIsSESand
(v/v 1:1), and loaded into a 1/4-inch (0.6 cn) dianeter stainless steel
tubul ar reactor. The reactor was held at 70 OC and |iquid 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. ﬁ?d&ﬁér&h&‘e (SHEHMNRUHHK § VB8 &Rl ke mk 8chciod vA Bink ﬁ@d{t@g&at%t pot

and sanpled for GC anal ysis periodically. At the conpletion of run

di ff erent é%l(ﬁ H&XY [cpEnE e nEhch yefr Bisd bangerive hydrengr ¢xiadee hagh Seans erpduesdchiatefe ¢ he
resi dence LifigionRsAR! finfoentdRa%aGE ﬁsécfpb%w}era;%nﬁ A ORREMSigle
using Cu/ W Zr i de” Cat éﬁ S rpp?)%se he cat aﬂg’gst pr eaparled in
Exanpl e 2 mglyﬁewﬂ@m ze@rwvaloofzme emalmésplmos Fzeissotsiingethe iy diep&0xigo imdBH emhd
(viv 1:1), 0 £ el
tubul ar e 805 AERARDRALE ottt DREE 1Dy C Bl SRR SG AR CRS %f?@
passed t hr clegingt kiep cesahalr S00uipen etundacted hﬁhydmxapla}mhlnﬁmmm Tlog pr8Quats n.
The acetonefee was turned off 9 utd on of cyclohexylb e
nydr oper ox il feags SRy Shen el ol ot MR Y R PRE SR 2
rate of 0. 4balggy. MThe rddudts mcodlmtns mmr@reccbj wahedhoive thatcthe Ichmlj/sﬂ(stméd tmut pot

and sanpl ed f &C.an odi caII At I ti,on of n, a
Tt eront - OSETHELIROBTES MRy bl BBk pBatims tol Fabd B y80St of SREHE « he
resi dernoe tom®rsionanpl e 8: C eavage of Cycl ohexyl benzene Hydr operoxi de using
Fe/ W Zr Oxide Catal yst of Exanple 3 [0076] The catal yst prepared in Exanple
3 was pelletized to 40-80 nesh size, mxed with 60-80 nesh sand (v/v 1:1),
and | oaded into a 1/4-inch (0.6 cm dianeter stainless steel tubular
reactor. The reactor was held at 70 OC and liquid 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
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a 5 wmt%solution of cycl ohexyl benzene hydroperoxide in acetone was fed to
the reactor via another |SCO punp at a rate of 0.45 cc/mn. The products
wer e col Iwoteth/d4ee6a chil |l ed knock out pot and sanpl ed f @CTES2@A50489 S
periodically. At the conpletion of the run, a different cycl ohexyl benzene
hydr operoxi de flow rate was used to change the residence tine. [0077] The
results for Exanples 6 to 8 are shown in Table 1, fromwhich it wll be
seen that the m xed nmetal oxides of Exanples 1 to 3 are very active and
sel ective catalysts for the cleavage of cycl ohexyl benzene hydroper oxi de

(CHBHP) i ntgqapENPb: @MBGM'IE%S— Ride TRRNMe 20X FPWEZO:0x08C -Bithi Klétbﬁinze”e
Hydr oper oxi de eava%g]over Zr Oxide Catalyst of Exanple 5- NHPI in

feed not rdranel J-obifeqt of NEIPd gprgeptyatipn indged pr epared in Exanple 5 was
pel I eti zed §@9p0- 4% ”?Sﬁn %d? 1061n1<ergu1¥& 3¢50 - AR %pr%a“%ﬁ 1an593}r by, 1:1),

andloadedlntoa38|nc I ameter stainless steel tubul ar
reactor. Tiermeneeipchilad wieat mleﬂ@oga)@@ran@ﬂ higtogern indgGrOCwgict iddeil qlm:tdnerret hyl

t hyl ket i i i
PSOD pusp. oy Gt} B GHEAMBUEA RHAR: JBAREREE T OBl o L8 2"
sec- butyl bén@@iﬂmdamaxﬂm(SéSBBmﬁ wlmldvElﬂumg, ]Ondzcr (dﬁlél@g)dofw) wh® seeact or
viia anot heﬁ)gtgﬁﬁnz B%q&droBero de C n(bentr%tFI cont% BOS v(&)ftf ) %@I%PIbu'[

hydr oper oxi Foduced Oxi'dat ron sec- bu genzene %n the
presence ofyrhgt pumnp U mfateaoﬂ\?rotcy:ﬂibmxmpmmmhtem G€ semplas yzsﬁe cmﬂédmnlwlfter erdpval of

the cataly iar,.to. dissolvin oer0|de K, and t he
sotuton 1 0y 0iale FEkt ofhe G e ket el MBI HRGT Ry [ e
cl eavage sta@mweand sdlidedtah0 mmrmt:es@msraeaqieetéd Nithyds-outypbiAad hpdrograadal yst .
The products of the. cle (g?\'/] cét‘vi o0 re g%lgl ec&ed in a Chl I leefj knock- out
pot and safPPRE FOBRINRE la\%% 0 FEUEHYRANY BTGFR” 1, whi ch
shows that gxhgptat & ES&-Bﬁiy@rHﬁliof)&oQﬁ@C@le!{@dg@ Vel eFe/MIBEIOH e maialsa;t bf me on
stream as |nd| cat edﬂ}’é decrease of SBBHP conversi on. Exanpl e 10:

Sec- But yl N r@‘%‘é?\%f@‘én&ﬁér Fe/ WZr Oxide Catal yst of Exanmple 5 -
Ef fect of INth comﬁ@nﬁrﬁhéc%u | 100meedulPB6RIm | DR BquipRackead AOQH s#pynd

bottom fl ask equi pped with an air stirrer,
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 acetone reflux (56 °C) and, while refluxing, 10 cc (10.42g) of 70 wt.% sec-
butylbenzene hydroperoxide concentrate (NHPI was removed by caustic wash with dilute
Na,COj 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 ISCO 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 cc/min.
The products were collected in a chilled knock-out pot and sampled for GC analysis
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thernoneter, chilled water cool ed condenser, and nitrogen inductor were
added acetone (39. 5g, 50 m) and 0.5g of powdered catal yst of Exanple 5.
The acet owie 2arnd4emtial yst were heat ed under acetone ref| BXT(US2000@F048aNd,
whil e refluxing, 10 cc (10.42g) of 70 wt. % sechbutyl benzene hydr oper oxi de
concentrate containing 0.05 wt % NHPI was added with a syringe punp at a
rate of 30 cc/hour, in 20 mnutes. GC sanples were collected after 1, 3, 6,
10, 20 and 30 mnutes stirring. The GC sanples were clear yellow |liquids
after filtration to renove the solid catal yst. The process was repeated

with sec- b%&ﬂféc@&‘aﬂ%eﬁﬁe RydRORE RS [arPlie e aph @f BltA1 Gkt YetiviMorovaRdedh 4 Wt %
NHPI and the results are shown in Figure 2. Exanple 11: Sec-Butyl

Hydr oper oxicika affce BiPdparsef dmepasigapy. Oxi de Cat al yst of Exanpl e 5 - NHPI
removed fr ey foed st 99@&]1 lﬁ&@ro@eﬁbxﬂﬁfcﬁé‘ud Oée(hQrEﬁl W/QPMI(% tfol@%mg%gﬂ pped

with an air stirrer, F mofret wat er cool con enser
ni t rogen |ﬁcﬁﬂ/e§BBHBemeSBé$dﬂéthéﬂ’étr©mer(d39 59, 50 nl) and 0.5g of powdered

fg}E ?Lis% of; @ é[‘ii \Aﬁta%eg §>L @%ﬁar@d‘%oﬁﬁaﬁx?ﬂ J %tw %eﬁet{k%@é@ - %Q%‘Jsh ggtone
secbut yl beme&dewmdﬁ@pem;klsw @@nd:é)]tamaﬂ@d(m&ﬂm avﬂa%lmbrdwmhrbgand@&steﬁh wash
with dil Ut %lb’é\ll%r reactO{ L[’ljlcg %.%@90{ WaS h glg ?C’OWCt flql ydra{cg e ro aéss d %gqglaﬁ% of .30

cc/ hour, erat ure In reac uri ng
t hi s addi t irexatop eibe ad3 ccﬂﬁrsaarpﬂl E’J@\@lﬁrﬁp ﬁcml3bemh.eafhaﬁdeeme Ieed3vas GurnddOoff 201 and

30 mnutes stirrin rec ar af t

PO At on ach Wi siion AEsecon PIRad Ny BiPeShEs [t O ek B ma e 5
f ][ oth\/rl'()ch Sbﬂtal}/ﬁélg l< ii)eplﬁaeeigim hat piher @rovab tieubstanid aﬁiolhﬁr Lsmpbﬁﬁle atCORAYEr Si on
of the sec enzen [ Oper oxi t e.
Exanpl e 1229 gééé CﬁH)t“%rl P@)‘iﬂ? %?(F&g?eﬁegé‘g @ﬁBQ/E?OCWZTrP%?P(g ﬁﬁ%pg‘? of
Exanpl e 4 ana'i%s%%aldﬂﬁcwy an@tr@ms @@rsh&mrlmglg&réczofr@mmhﬁﬂt Wi B8 iden Hhe the

cat al yst (1. was pelletized to 40-80 nesh sjze,

ar
mi xed with C%lysmt%%% aﬁwawﬁer @0&570 handme emetesgm; y igdigatad Dy thaderremsaniet er

stai nl ess speelp oUbyligr reactor. The reactor was held at 700C and |iquid

acetone was passed through the
15  Example 14: Sec-Butyl Hydroperoxide cleavage over W/Zr Oxide Catalyst of 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
20  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
results are shown in Figure 4, from which it will be seen that the catalyst started to deactivate

25  after about 2 hrs time on stream.
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reactor tube at 3 cc/mn via an | SCO punp for 30 min. The acetone feed was
turned off and a 5 w % sol uti on of sec-butyl benzene hydroper oxi de ( SBBHP)

i n acet orwocom@ewiing 1500 ppm NHPI was passed through PhE/USe@onsrsyi a

anot her [ SCO punp at a rate of 0.5 cc/mn. The products were collected in a
chill ed knock-out pot and sanpled for GC anal ysi speriodically. The results
are shown in Figure 4. No sign of catal yst deactivation was seen even after
130 hours of tine on stream Exanple 13: Sec-Butyl Hydroperoxide cl eavage
over WZr Oxide Catal yst of Exanple 4 - 5% SBBHP in SBB with NHPI renoved
[0082] The pxampley d: Iéeyu@ngimlpwaa&ﬂatea WATkRIACKAR 6 Eeihpied 4t Qift0- 80
nmesh size, mxed with - mesh sand (v/v 1:1), and | oaded into a 1/4-inch
di anet er s@ggtpRcsolvent eeI tubuI ar reactor. The reactor was held at 70 0C and
i quid_ acesag) WasHpAGERAuddA PRl Sul HAGE U pdbBENBLxRrfEATh Bthficdn. | SCO
punp for 30 mn. The cetone feed was turned off wt % sol uti1 on of
sec- but yl béhze e BEEHBpwnestiide d{@BBHR) beélaw stéde, bt iy drepareride (GBBn@owEI ni ng

< 30 pp I

Fate of S0, DUriR BASESE WA RERRAL KD ROLIH FAR TR po
and sarrpl edlefaatal}@b@lrmwsirmn perd waliod aff B§ miTh&henetbel h¢e$onarﬂ§>w5\h@vmoppnd mdyur e
3, fromwhlc seen t ha t St startedtodac ate after
about 70" i © bt RSN TNl RS E R Pl B L Blhel % PREEEIET
conver si onmcEeaml $BBIHIP c@eersButbyék ﬂd}dﬂh@p&ﬁ@%] Sec}cd@annagm ayiecndfbdicydd de

Cat al yst of Exa 5% SBBHP i n SBB/ acet.o nt ai ni n 310

Co005] e vsts rated e i Smiggt B St B ot e GRRE L kY Pette SuBto. 50
mesh siige, ré@a&@@aﬂdr%ﬁbhﬁ@mﬁ&aﬁﬁﬁ@c&and (viv 1:1), and loaded into a 1/4-inch
di amet er st nI es e t ubul.ar r.eactor. The re was h t 70 OC and
liquid acet é waSVIBL? 'E‘Ed’r"tsﬁ‘%to‘ﬁ‘gﬁ}‘i‘“% % BHEL GPer bﬁg i ll%tr%tSS‘ﬁ‘Meé’fe&“‘aW | SCO
punp for 3Qaficilar dhig A6 MDsE 8L TrddRASy tiN Me theQrf waNghpeechitdMhdp GO likteh@h Of
SBBHP in 98/2 (w/wt) SBB/ acet one cont ai ning 310 ppm NHPI was passed

t hrough t héenfgifeglioto Wlétl%{ﬁdkohé?ce%@) iHutigted therpin. o %r Bis 192598, 108y, fptRrengthe
products WeRRIER hedd Rkl 1y B e ShichiQLINAO G Rlos RS RSB AIRhEGud QupCEE

anal ysis periodically
15 thelnesentlnvennon
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results are shown in Figure 4, fromwhich it will be seen that the catal yst
started to deactivate after about 2 hrs tinme on stream Exanpl e 15:
Rej uvenatworronfo4elmact i vat ed WZr Oxi de Catal yst of ExamplCe/ub2009850389 acet one
sol vent [0084] The rejuvenation was carried out in-situ as part of the
experinment in Exanple 14. Once the SBBHP conversion dropped to bel ow 80%
t he hydroperoxi de feed containing NHPI was turned off. Wil e maintaining
the reactor at 70 0C, acetone was passed through the catal yst bed at 3
cc/mn for a period of 30 mn. Then the acetone fl ow was stopped and the
hydr oper oxicgezfivped was resunmed. The catal yst activity was regai ned as
i ndi cated by the increase in SBBHP conversion back to al nost 100% Such
deactivation-rejuvenation cycles were performed three tines (Figure 4),
with the ipitia i Skbstapt Y i€ each
rejuvenati gn cyjél gl%E (L)WgIIS I%V\%dnyg w%e?;g?%sent Fﬁgeﬂrlllt%{l(gntﬂe &%%eggogfélgﬁ% bed
and il | ust canteatingyn plsylerogntiehtdsonseaxidedualiag a gpsoad iforemtag]: t hose of ordinary
skill in the art will appreciate that t}li nvention lends itself to

h

vari ati ons not necessarily i)lustkat ed ein. For this reason, then,
reference shoul d be nade solfely to\the _Qp_eﬁqgﬁd cl al(@s_ for pur poses of
determ ning the true scope resel\ venti on AIMS 1. A process for
produci ng phenol or a subst4 phengl - thg>process conprising contacting
an al kykaromatic hydr oper oRi'de having a 2gener al for mula (1): in which RL

and R2 each | en bl alkyl @ahQ havi ng,
carbon at ons,’ pﬁ%w g(?g‘ %Ch 1&%?@ %ﬁyl?'fpresemsb% all%( Vlfl % rm ap{(;n% a|lr](g:)0ngr oup
havi ng fr omodst protidled dmbRh amt Rivenay mljdnaytol ﬁofm gr@ulpr @eumga\omg fronnal {oy10

substi t ut ed an sent s .hydr oge e nor oups havin

From 1 b0 gbE Hent st BB b RaS Ty SRR ek Torsead hRaPEy & "

conpri si ng oamoexXhldE @bumthal@agtonomeo lzr&iaaionfarc@m @d)mh&}ﬂ(gr@pamh@m@tps 7

to 14 of the Periodi.c Tabl e of the El enent g doé f%%ﬁ

met al flpomcéﬁléﬁfrfo@%?m% AL 0BT Pt il cestrong eetals rOPh roi‘i‘P% tht &nd ‘groupg, t% ss of

claim1 whegeepdiiotiiderabier Etthe Blealels tan @iVBLidS 86 at@Bas@¥hdcQf frah GRasHh IR
Periodic Table of the Elements.

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 Elements and an oxide of at least one metal

from Group 6 of the Periodic Table of the Elements.

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 comprises an oxide

of at least one 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 (I) 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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metal from Goup 4 of the Periodic Table of the Elenents and an oxi de of at
| east one netal from Goup 6 of the Periodic Table of the Elenents. 3. The
process oVochbavageZkior claim 2 wherein the first catal ysSPCEAIspeoosHsss9

zi rconi um oxi de and an oxi de of nol ybdenum and/or tungsten. 4. The process
of claim2 or claim3 wherein the first catalyst further conprises an oxide
of at least one netal from Goups 8 to 11 of the Periodic Table of the

El ements. 5. The process of any one of clainms 2 to 4 wherein the first
catal yst further conprises an oxide of iron and/or copper. 6. The process
of any precediiRgyIBtBEB hyM&IfixieSaldylobot, BERRE lcljﬁir&})é?&x%? LK bAerstfly gener al
formula (1) is selected Trom sec-butyl benzene hydroperoxide,

p- met hyl - s édpardfdeieednty lbpperne prdropirerade amdeyelphuthgnzeychwsirepeeride.
hydr oper oxi de, sec-pentyl benzene hydroperoxi de, sec-hexyl benzene

hydr oper oxi de, cycl opentyl benzene hydr oper oxi de, cycl ohexyl benzene

hydr oper oxi’de ahbe eyeskwoeft $ybpirewing blgir, opksrorisdal, centagtipg of epzdylcipd jag a

sel ecteq fr c- but yl hy, r oxi cl X e

vl oper ox erglic b ¢ SEFRE, PALARELO0AT, 300 EUE AT IREREGNGuce

cont act i ng vblsciooHiset) dakedion shethgtipperakids ef bfo 0GE t o 1200C, a pressure of
100 to 1000 kPa, and a liquid hourly space velocity (LHSV) based on the
hydr operoxide of 1 to 50 hr 1 . 8. The process of any preceding claim

wher ei n saigd al kid arRBRt b ally PrRpEEOXIAR, Ravieng sdihaligenenalc harropdréxidd ) 1S

produced by axidizin n al kyl aromati ¢ conpound having a general fornula

(11): in whiPgRe ng,ge@-gal e L @rosbiceid St RaY 8 |ngth §OrRROpH! Bying

oxygenqgon%&kﬂhmgngﬁgﬂyn the presence of a second catal yst conprising a

cyclic imde having a general formula (Illz: (O1 wherein each of R4 and R5

i s independently sel ected frop=N ocarbyR and substituted hydrocar byl

radi cal s having 1 to 20 carbgnh at ong or/fromthe groups SOBH, NH2, OH, and
' ﬂ; provided(ﬁhat R4 and R5 can be

H,C—R?

in which R', R* and R’ are as defined in formula (I) with an oxygen-containing gas in the

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

((‘)‘)k
R4 X
RN
. N—1Y (1
2
o3 Q \‘T
(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 SOsH, 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, 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;
kis O, 1, or 2;
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each of QL and @ is independently selected fromC, CH N, CR6; each of X
and Z is independently selected fromC, S, CH2, N, P and elenents of Goup 4
of the PawDadion4Imhl e; Y is Oor OH k is 0, 1, or 2;| PETMS2009/05(3%89 2 ; m
is 1to 3; and R6 can be any of the entities listed for RA&. 9. The process
of claim8, wherein said cyclic imde obeys the general formula (1V):
wherein each of R7, R8, R9, and R10 is independently selected from
hydr ocar byl and substituted hydrocarbyl radicals having 1 to 20 carbon
atons, or fromthe groups SGBH, NH2, OH, and NO2 or fromthe atons H, F
a, Br, angilp 1egeh of X and Z is independently selected fromC, S, CH2, N,
P and el enents of Group 4 of the Periodic Table; Yis Oor OH k is 0, 1,
or 2; and Mmisdt@3and or 2. 10. The process of claim8 or claim9, wherein
sai d cycli gsigy genGOrkicRfiRs Mg isrypht hal i mide. 11. The process of any one
of claims 8 to 10, "wherein sal d oxidizing produces an effluent conprising
sai d al kyl aromati c hydroperoxi de and unreacted cyclic imde catalyst and
t he progesg fur ' i ' f [ iA.
cont act gt o r ShahyetRT PR, vhEeh R Rl nflc dihe PRALORAUERNVE oty
in said effluent. 12. The prafess ofO)cl ai m 11, wherein said treating
conpri ses contacting said effll uent th an aqueous solution of a base to
produce an aqueous phase conprising [at | east part of said unreacted imde

G = iX{ng said al kylaromatic
hydr oper oxi de. 13. The prd cl ai 2, wherein said effluent is
contacted with an aqueous||sol utijon of a weak-ase havi ngd®) pkKb val ue
greater than or equal to kS val ue Af the cyclic imde. 14. The process
of claim12 or claim n Saig/effluent is contacted with an

RlO H

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

substituted hydrocarbyl radicals having 1 to 20 carbon atoms, or from the groups SOsH, NH,,
OH, and NO; or from the atoms H, F, Cl, Br, and I,
10 cach of X and Z is independently selected from C, S, CH,, N, P and elements of Group 4 of
the Periodic Table;
Y is O or OH;
kis0, 1, or2; and
lis 0, 1, or 2.
15
10. The process of claim & or claim 9, wherein 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 alkylaromatic hydroperoxide.
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aqueous solution of a nmetal carbonate and/or hydrogen carbonate. 15. The
process of claim1l, wherein said treating conprises contacting said

ef f| uent wot2biogo4swlii d sorbent. 16. The process of cl ai mpLP/USaMveN8489 sai d
solid sorbent conprises a netal oxide, a netal 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 conprises a netal oxide having a
nolar ratio of chem sorption of CO2 per gramof netal oxide to the

chem sorption OFNH3 per gram of netal oxide greater than 0.5. 18. The
process of any preceding claim wherein said alkylaromatic hydroperoxide is
di ssolved in a polar solvent, preferably acetone, prior to said contacting.
19. The prdéessThi praggps pf@@@ulﬁgﬂ]@re@n W%@fﬂu@lﬁrﬂt‘h@ﬁc@émﬂh@laﬁge%‘éﬁ@lbﬁﬁfbal |y
rejuvenati i i t pol ar
sol vent, pr%g?er lﬂcfa%/égaz\%ntg%ﬁ;@ yﬁ&e#aé&g?dgcogs gl?tgén Ié%)vrag%e(g:t%?yg allﬁr?r%le\a/:her ein
t he alkylaronatlc hydr oper oxi de i s cycl ohexyl benzene hydroperoxide and its

conver sion \pr odygl .6 g&grdf SamP[E 0P lﬁﬂﬁ'%%ﬁi r%fﬁ%?d‘?ﬁ{%em‘”{ﬁ” gﬁtad%cf%ﬁ San

further conprlses rogenati ng e cytl ohexanone uce her
phenol . aqueous solutlon of a metal carbonate and/or hydrogen carbonate.
15. The process of claim 11, wherein said treating comprises contacting said effluent with

a solid sorbent.
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 NHs 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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