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THE | NVEN(?@\' &hxb:ﬂﬁ"g%&%%ﬂﬁ%é BéthFHfQP{ésg%Qn Héhc%dt@fhea:am&‘iso ﬁ'ﬁﬁ?ﬁ'gde i's
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preferably the result of an oxidation reaction of cycl ohexane. The
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25 preferred neans to renove the water in step c) is flashing. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present invend Bﬁ!brpawﬁoﬂés an
i mproved rocess for conducting a hydroperoxi de deconposition st

i ndustria s in which an al kyl or aromatic conpound ."&%‘iﬁ*‘%%g

forma mxtur emqfuré,%dcsnbgmpmrrdmogaldf@lww@htes&fmadh&ﬁétmendous particul ar
cycl ohexane can xture. cont ai ni ng cycl ohexanol (A)

be oxg.di zed to forma.
and cycl ohexaﬁSﬁ%”E%’ O FIEP PP Phey c‘%‘%’BB‘&n Phvol ves two steps: first,
cycl ohexane is oxi diurtiy ithprovementa andaptiérsraramecded for bydioperoxidg CHHP;
second, CHHP ig é@ﬁﬁ&é&ﬂw& ﬂﬁﬂ}xfbg iRt ofeX L8 erdonid Héf‘&fzﬁ%n@s’]ﬂhé%enﬁﬁ

preV|oust nentlon processes he oxiI dat1 on o exane are 35
wel | knownSi n thehprion artr Qther ebjgetg apd adva@bag@s phthe nw@ltswqmnea wilhbe¢emeyrt . The
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aromati ¢ hydroperoxjd for exanple, t-butyl hydroperoxid
cycl ododecyl h ?Qﬂé’*’%{nd cunene hydroperoxi de. 2 26 February 2003 WO
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process to fou ox1 dati on
reaction, es pedwdrmr@@d@p@talmrmw@g, b)Aptppvmaﬂtengm%sam wesvby ad a

nufti-step pr%e%ﬁ%ﬁél%apw&éﬁ%me‘iﬂﬂﬁﬁﬁn&%é faidved aldhg i MO waRker in the
armount of abou

il 20% to a, dro oxi de 10 ontalnln x5 Ei\' ér
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valer, Dy any. CERASRHRD LR Ak PR LA ARILI.AIL L BB G 1 10 Lhe

reaction mxt 0Si ng sai I Oper oxi cont acting
the reaction ritlysimderginthe eatalyst islopmprisediwbAn(gadd). Ahdret er ogeneous cat al yst .

he L;&?Lpéfﬁ;’f“gﬁﬁizn*&e%’@* D g 70 L pRmeE o Btk of
the vater by DARAEratn Pl th catelyianay, Rt PO R HEPorid A o
m xt ure a2®ngsdifable tdrp;iolmanmbar suchais 80y, AlgOsli carbloy; zircodisc MpO ooTidLhe

oxi dation process er 1s added
I n the anmount of Oﬁg’%gﬁ'@ﬁ?% %PW?W 19, %Wk%cgéhggrﬂ"%l ng mxture.
Preferred | s dmmpamaorﬂ@n@m mmturt: mesx@feirarhimhetrma qf awaidation sartiomobf t he

cat al yst, Egclbﬂé@&hé the K/Aratio. A high K'Aratio is generally
preferred. Methods to retgoﬁzthe 25 water that wll ils repove urities
from the reaction mbERIFISTSY BIENSHOTAMOKE thRaYalsr i SIEP hyis deganting, an linited

to, decan2siti prefemed mehnstotremove thepvﬁérahrs&d cmEtﬂwhings decantation. The

water is preferabbiér Mﬁs

hydr oper oxi de is P
hydr oper oxi de cont d’hmmgﬁem uwmt@nlpsowdesm@mrqqumeoqee%ﬁqrtcomucang 8xi dati on

reaction of cy gafag%m» de@BbhpeeihS’:%‘&th'ihB{Hﬁﬁﬁﬁ D&@&ebsembw&@h abmbp&e typi cal

of that used | try 1's t Wa{o I ner et a S. Patent
No. 4, 32b, 084arqatic compound mwiwgde e 3 BIXIWEA @acprﬁewdwaﬁwehol down to
| evel s of3¢ esand haanabnupara%larpbﬁd‘l@lﬁ@@he/cmxﬁdim t0 forth alngix@kd M nat e

ggﬁ\(;telr\slf‘glnop a?fg L 36¥é§tle(§ax¥oﬁ A?Xné cyclo etxgrgdne\eﬁ cPhc mHus%xal ervgcrest he

mvolves two steps: first, cyclohexane is oxidized, forming a reaction mixture
containing CHHP; second, CHHP is decomposed, forming a mixture containing K
and A. As previously mentioned, processes for the oxidation of cyclohexane are
35  well known in the literature and available to those skilled in the art.
The improved process can also be used for the decomposition of other
alkane or aromatic hydroperoxides, for example, t-butyl hydroperoxide,
cyclododecylhydroperoxide and cumene hydroperoxide.




acconplish this include, but are not Iimted to, flashing, distillation and
contact with drying agents. A preferred nmethod is flashing. oghgp g[?% can
be either continuous or batch. 26 February 2003 WD 001 12470 PC%@@ 931
| After rewov@l2¢® the remai ning water, the dried deconposi PE¢HHS?9EALN on

‘mi xture containing tmah&ges)mh@&&entiha&%ene&@eat_a@&ieqtra&emré}aﬁ@ettal ytic
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anount of a heterogeneous cat I%st. Thi s eccirrgosml on%F)rgc ss can be
per f or ned unde PRI EMPANRE 60 PEUGHYMERRb AL TS SPeP &5 MFabsaltESf ety of

sol vents, i ncl ufétaidigand miriurésainchudel lgeecdtkiadt lifs improlied ikldsoftuseful

hydr oper oxi de. _Si nc i i i.ndu i.ally as a.solution
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t he cycl ohexane oOxi dation process or a . e constituents have
been 10 renoved by Kirplisaps bavsdiscovsirdis mutichteptnregess thahosrcangsetbess
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0. 5% by wei ght to 1000 Pding Waisx) e amopniceliaheiehs-2ath 1 2 deaneteds out e,
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nm can be pre_;a%&dst%gcordi ng to Haruta, M, "Size-and Support-Dependency

in the Catal ysis of | d", Catalysis Today 36 ( 1997) 153-166 and Tsubota
et al ., Preparation 1 hogroppspsids iy prefgsablp ogclqimaylhydroperoxidsy angt e 2003 WO
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at are, purple-pi in color instead o e i,C onz or
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pl aced on a suiit adustrg isghatrdesargeiden Dritheset dhi Y. PadnsNer4$826,081.d particl es

typically are from t 1 . 1 PR T al yst

solid support, incl %%Egm%f%?l&ﬁﬁg‘%g#gsc%&ggér?h % ZI %@g%vagto %r%el?h%g& can

be anor phous ofessithastalioii 26, proferablyrisss thae 057+, snelirpinetesdeactivatioy of el i ne

forms. Sel goti QRtaffst BN tHRAEBWhESHIK AL 109RF tHeCoBvasidh riter Metipdead al yst

supports w | depenc{, pon.s &g Brocess araneters. as ,rel ctor residence tine

and desired red€tUpP fsﬁdwsl“?fhj » DAt poy ljmgite tPn-eﬁa& gagjstiliation apd conpcte _
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of the catal yst has corr eased deconposition rates
in batch experinments. Supports having nuch |arger surface areas can al so be
enpl oyed, but inherent brittleness of high-surface area catal ysts, and

attendant problens in maintaining an acceptable 15 particle size

distribution, will establish a practical upper limt upon catalyst support
surface area. A "sol-get technique" is a process wherein a free fl ow ng
fluid solution, "sol", is first prepared by dissolving suitable precursor

materi als such as coll oids, al koxides or netal salts in a solvent. The
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Adding air or a mxture of air and inert gases to CHHP deconposition

m xtures provi des hi gher conversions of process reactants 2®Fé¢braagy 2803si nce
sonme 5 26 February 2003 WO 001 12470 PCTI US99/ 19311 cycl ohexane is

oxi di zedwido@rioy to K and A, in addition to K and A bei ngpdmuseeddly CHHP

deconposi ti on. Th'Asﬁe@PéHaMa"f‘BYtl'Err&ﬁﬁﬁﬁa '@atF\nﬂWHr?c?i de@XﬁllpBE‘i‘?%ﬁpeedc&?

participation” escrib |1 ner "et Pat ent

No. 4,326, 08AiXuRecomaining thiohydippesoxide hemcantactedwih goiatal Wir %@oméﬂérence

herein. 5 quq{e@kﬁgehé&fsﬁﬁﬁ%tlmhxﬁﬁé’dtﬁ?xﬁp%smbncﬂﬂce@@c&bb@b&‘?&nm uRdel 19
hydr ogen to th reacti

which also results h, ncre se of the ratio
of Kto A pro¥ %‘etﬁog‘i‘)@fjgﬂné&" abojed:t V@f'ertyrfggp BI% INsidipg.ihe ikibAbr i se t he
st eps of 5a) arl@ﬂmhang oxigized tbitbsh)idn?mcblrid@fes?m d:eifﬂﬁ’ mtgg}fcaby pRddéedg 4%
wat er ; ng,s vel. o t ha cant ation at
10 about 90 %%HY %igééé%aﬁ‘é“ﬁ Ol"'thgar}% froa{BSatSB'g‘ﬁ@x tlgn%)g%é% $8"%. 07 MPa
gauge):; c¢) r@rmwem@mmdp@fqudlsnb'emaﬁoethetdscmnprn prfocesssef thhimmerglomut 0. 5%
by flashing a.2RAkan EO Subh 8 RaturéciGbe lﬁgcﬂji%reg}wg@ﬁ%ﬂpﬂl%'q} s&efb\;eafttﬁe a

cycl ohexyl hydr dper oxi contact | gfgq reaction mx
catal ytic amsmﬂp e@ﬁn%lomdatm%m%ﬁ or affgr omg oh thesconstifyprisdiamgbaenys Au and 0. 1
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i Llustrated by the | owi ng non-1limting

present invention.is
exanpl es. | nCEReX yé&?aarﬁﬁééé‘ °§rﬁ IpRYHESat ures are |n degrees Celsius and all
per cent ages are bSI‘hwprajd:rtedndneaﬂraubhef GHHP intHe Cﬁ-ﬂﬂdrea%ﬂonni\ﬁﬁd@aﬁ AND

MATERI ALS Th S n repared as
described i n?g%@?ﬂ%?ﬁ@% Ugl/dbi' 8@&5@7 Q@Lﬁw% %neeg(é re c {tgﬂfs of which are
i ncor por at ed Prgtieegfrepisnthe pﬁ@‘ﬁ@f:dwrangmrfmm abous 5% se abdrri8aby eveighte | i st ed
and defiped bel Owsaﬁatflé’Ha@ﬁ\&l tefnpefafilrEs foPYitd HBEesY bhmiﬁﬂp&{tmﬁ' raetfrom

Cycl ohexanone, A ercent es are_expressed as wel ght
percent) unl 88t éﬁyﬁgf% At g.g(gﬂ,lll eramrés Fh"fti%’fl c&jtofft‘ho”hi@ £l es was
I10 g gf f 1I ;Vatﬁwdaﬂy Préferret. meaupmpfekﬁdiﬂ%.n@;gbmgl)ﬁ&ngg hent st 6914}?@@»62 m

I qui u C c o
di gmet er. ? @g%é&g@({ @% %@rs%sl}rpge g %&)érsgsuﬁes §Q‘R)§a?7/&iﬂjégg léo&xﬁt roll ed
with a backprlé&kkﬂae@ﬂéwﬁlrm)@rc mvrﬂ@reﬁe'ddcBnmtmnedne)ﬁariﬂsﬁn%\@ﬂell?elamn
cycl ohexgge, t@RQ&knﬁenﬁéaﬁﬁlﬁ aAd %?Ip%au? Txébh{‘gocﬁmliafaﬁoﬂfso%ﬁf and aci d

I mpurities. The aci uri,t 0|nt eg | es con5|sted of
nonobasi ¢ and di bASingtedd "Ei@o ébf%%rpaer}seu% cAtalysts o mqlﬁﬁﬁféloﬁﬁ%ﬁﬂéﬁj in
cycl ohexane @xiafd wdonspoeindg prefeiapiyappliedito suitable3bkid a@p;dmsf Qhei ¢ acid, and

er for med on el Heotdls AR 55 FertoipEfiidhe AT Meretife HLRRe"BhRS, 1 anc
A were obt ai preferablp®dE The mml tpgmpou@ermmgpsaxam'y romzbomélﬁmwyoen% WO
00/ 12470y CT Bb’gﬁ%érgn%?%lgﬁex ki dr %Bﬁtrbﬂ%ﬁab}ﬁ MfﬁdtOS&@@é ned

after conversi ef oxi de ‘over st _was
cal cul at ed ugm%geﬁ%ly alf%wppor(tgmm & SiPpthikiea), A 2Pg lemnq)egd) (g Ain
product) - ( gcafbon) T ditadia), MgO (magnesia) or ZrO, (zirconia). Zirconia is a

particularly preferred support, and Au supported on alumina is a particularly
preferred catalyst of the invention. A preferred catalyst is 0.1-10% Aw/0.05-2%Pd
30 ono-alumina, more preferably 1%Au/0.1% Pd on a-alumina.

Some of the heterogeneous catalysts of the invention can be obtained
already prepared from manufacturers, or they can be prepared from suitable
starting materials using methods known in the art. Supported gold catalysts can
be prepared by any standard procedure known to give well-dispersed gold, such as

35  sol-gel techniques, evaporative techniques or coatings from colloidal dispersions.

In particular, ultra-fine particle sized gold is preferred. Such small
particulate gold (often smaller than 10 nm) can be prepared according to Haruta,
M., “Size-and Support-Dependency in the Catalysis of Gold”, Catalysis Today 36
(1997) 153-166 and Tsubota et al., Preparation of Catalysts V, pp. 695-704
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To illwustrate the dependence of water and acid inpurities in the feed to
t he CHHP deconposition reaction, cyclohexyl hydroperoxi de c@étFebrniang2663=d
was fed over the catalyst with varying amounts of pure water, and water

cont ai niW@ 0WEXG0 As shown in Exanples 2, 3, 5 and 6, the PREREESRIEDI wat er
above 0.1 %123l Suich goliiPrefmeations praduoe mdmplbetlmamlpgasﬂle pgik\/ihmgldromer CHHP

conver st on. ndedh SQUE LeafoloRhd CoiofossShaue ik EXAIRA s B eoeNCe O

acid |npur|t|es ’so results in
deact i vat i ordlsﬁeraeﬁao atglysss whept plagef ¢rbmetrxta@lﬂuppmmeonmm l‘aghly)vver Kl A

ratio. EXQ?@P % 9

decorrpose a jcge& gbﬁx‘%ﬁ‘r"gesg‘fg %cg{-‘l%%%egféingbéut@ﬁﬂt&%ﬁ&l@i%?ﬂ‘?ﬁg!@o ,' 0) 1%
water, afd 0.3 % H@tal W‘F‘H‘Q%@PPGW’&FWQW 202t A0 sarbers M&@rﬁjm@?@l»ohexane
Thi's m xt ur erVRe,fRd bewhiorittRs oataistafiinefdr Bmikthid of agto and 150 psig

an
.03 MPa ga ere Its sent ed bel o n. 0 Table |
rmon o ?éﬁﬁﬁ?%m%? e e iR e Sreepate Fizgslor e sdighat o
955299. 2 9%. sﬂﬁﬁ&%mlﬁdéizfﬁnd)@pcﬁ)@@kfﬁ’lpﬁaczssmmm&kamIrmwrlrés:cketdcahﬁ& dnde effect
of re wate ' ef
con\egr si on r({f “és({]'%%guigls hoW %Pﬁe ﬁ‘ﬁ@ﬁe‘?{ﬂf t e@%%a%@rpé{t ﬁ%)esg%aieﬁa \Sgl \gar}' eaction
condi ti dAs eare abgis @éoﬂh@ﬁé Bes Fqtpsts |thlEXar$prf@C€lareaﬁlatwd thap t he feed

at varying lgugt i ow in Table
Y5 SRS M o RO R s Bt

9
YCHHPUCHHPC SE  IRETRISK! r“&?‘?'BB‘?fH!Pé‘rféﬁeé Hkg?f@‘i‘ SXREFMENES HUPBOBHO. 2 %
addedwi t h 0.hav rhllib}ﬂar%eP/ﬁlrﬂxc%i&dd eshSilseberemployediibat hhdedt battlenadded

wat er wat er 6 3 9 24297.22..1296. 60. 74 .EXAMPLE 3

Thi o Bxam iigh g Pued SRR dod enchiant nigniEmd By e ifiRg 2 R E AR o of 5

" acids. Ilficr gagiokgsizhdistibution,avilldstablishua praktieal appérdimit upemeatafstect on

conver si on rg Igo}tﬁgpldbggéarat I 0. Catalyst and reaction conditions were the
e descri

same as thos In Exanple 1. Added to the feed at varying |levels
was water cont ai H‘?‘nﬁ)'EG/BC%JHPw ITR@rapPRcV RETFinG fie Rewving dludsdleitage of aci d

in the added‘sa\atxglﬁ,rst fﬁdﬂ&))ﬂﬁﬁﬁﬁﬂh@@lﬁtab& proeur@istefiAe dudh 2tcul16ids,The

s PGP o ATIED SRR SR rROLYELE offl AOF e PRRCBRYh AgFA86 o2 omi 11 0. 0

% t h 020addsitiattdeatsicrd pdiydetaddtioreof the precursor. A typical example is

ter/
Chr )y i xt 3?;%%ﬁ%%SWLﬁJ@?%&%M@@B@S&G (080" LSR8 524206, 71.
1480. 10. 60 BReavELRtalyst & infjate kydialysissisiafdess tAnpelymerigationfaadt of wat er

contai ni ng hiraeRAki waé&sqhemedﬁ}mf{gmsom ibRAsdlif YROESyUndeAd greatly
i ncreased the eff r, on .the_.conv nd K a

adgde n rate
ratio. Cat alSygqtu %Jﬁfdsef LPa%f’g’ ggg'n?ﬁ” s CRRYSS PRHR CLO5 ﬁg’iﬁ “FW@%"@[@CH bed in
Exanpl e2%. THesirddamaketial, tvhich eaxa;mplaﬁas(lbﬂbwgmsl sblvedt withif, itsCopbn Potdus 2. 0% A,

0.1 % wat es . t of
neid or osonstfifidre. e Gk Tnay iEn ﬁﬁ‘é“?%iﬁw iPALIRLGRE AL faliip i B BTOVTH 8
WO 00/ 12470 flow ofiditylair tp prodpee Faprogal ¢ thoersrapogy smvgyt noyibe remioped B St r eam
(hrs) % CHHP g QMeemehoRith @\sﬁﬁétrérﬁijc%@ﬂﬁxjd sQéblZs‘?f?qlﬁQ ®728%Fodfee 88 acrogel.

These aerogels and xerogels may be optionally calcined at elevated temperatures
30  (>200°C) which results in products which typically have very porous structures
and concomitantly high surface areas.

In practice of the invention, the catalysts can be contacted with CHHP by
formulation into a catalyst bed, which is arranged to provide intimate contact
between catalysts and reactants. Alternatively, catalysts can be slurried with

35  reaction mixtures using techniques known in the art. The process of the invention
is suitable for batch or for continuous CHHP decomposition processes. These
processes can be performed under a wide variety of conditions.

Adding air or a mixture of air and inert gases to CHHP decomposition
mixtures provides higher conversions of process reactants to K and A, since some

5



EXAMPLE 5 The Exanmple illustrates the effect of tenperature on the CHHP 5
deconposition reaction. Catal yst and reaction conditions vasrRebryary 2862 as
t hose described in Exanple 1 except for the varying tenperature. Added to
the feedwst0002£® was water containing 10% acids. The resulPCI/U$P¥EINBHown | n
Tabl e V, bel ewlohékahals exidizbe nijrectiy mrléa(;&l)k%r&ddﬁhmnmlfemﬁl Aéing formed

ratiol 3589.0 I EX,M/P I es_the effect
of pressure ﬁﬁgaﬁﬁ&nggéénpom :agﬂﬁ?&;bgf)%g%wgl ?};CA% XF¥act i on
condi tions vvqaamchOsamdals deseoibed lrﬁdmbmmmenﬁawﬁpl’e&m except for the
varying_pressyy 9.328452d tﬁeoexﬁlli’ceccfrﬁéﬁis @ftwﬁ’icﬁar@ q)@%@rbycr?fége@'c@h&gm O %

acids. The results are’shown in
YCHHPCHHPS onver si d\‘IOé@rRreanfaﬁﬁeé "hfwr%v&nsqaarbeé{bw‘mdrbatﬁdéln@thms)gsg iyl 15

psi g225 psi QZRéreB&ﬁﬁmTlvﬂﬂcloml@@r%eltmhmr@weﬁmé ﬁt@%f'ﬁ?ﬁ(ﬂs WSt ream
(hr)au e)au e)au e 24 8 . 0599. 2338 i i f09 9 26
February 2003 We ct8F ro'gﬁs ngjq'f‘d%ﬂ’ ‘PP&‘H‘Q °9’Bﬁ’nsaél&%ﬁf)‘2§s‘? ng a

hydr epcroxidc, to foamremm/mgmnpummshmhyldmgemxmmmm)wiadﬂn 4%obaér; and

ket one, the inpr ovem.=b égmrélsgld:}ga ﬂgaﬁé‘ﬁeﬁ)y%ﬁﬁh‘aﬁgglbﬁg‘é%?& 351 t he

amount of 0.5 20%to renoving the
bul k of 4&i d ahaotiO tloyabau Csarxdmbhuttlhtatabmtlé}(lmm (G806 to &MrMPa es arc

renoved al ong;, % dh the water; c) renoving the renmaining water' by a nmeans
surd that not |)e t hen 2%of water remains in the §E}B‘ﬁon m xt ure and d)

deconposi ng sai d hydrdFene%ngshersmasingwatentp 4 eyeliof aRpyidne i th a
catal ytic ammgmngfat gbdmwertogmqee°agahal yst, wherei n the 10 catalyst is

conprised of gold. The 0ces to Cle rein,t he

het er ogeneous cat al ysd[) Jégmgﬁ%sb%grﬁlgﬁg‘gﬁﬁ ygg'tdé?r% x“iv 6)Infacﬁg r 3. The
process &fcorefictign mix@irawitha catalytéd amouns of atvéal qp&lysgupl}dcnatalm adypprisisg

sel ected 1oy} RS HHYIUS gsh&gmps syiib{PopblotlonGaken TI 2 s MQ - send

zirconia 4 he process acco a| m ereln hydr oper oxi de is
cycl ohexyl i zydr opdhgxaraesss of mFrpéeﬁsmawé@gload&S%raiemjlu@tbat@b:/ exfo 8in, the
deconposi ti Oﬁ‘loﬁflﬁ\ﬁlhhgréxh@@%r &t umlé@,xaxﬁ kﬁ%ﬂmtgﬁ’n rﬁaﬁxreﬂa@@n @é@%e@@@m@%l tl on
reacti on pressa ﬁ zo i9 fromb9 kParugi) é’FB’R‘F process according to
G ai m 5 wher @M% all peroentages &y by Msightunlesso "2‘7’6" to 1380 kpa 7. The
process 2@8cording to Claim1l METHODSANDMRTERMUS xture contains fromO,5
to 100 percent by ﬁ%'c%ﬁgl}'ﬁy ﬁéeﬂhgﬁ% foﬁé!\Q{ I&%er%ﬁre%axeaqupsrcﬂggfs

according to C a rocess |s resence o
cycl ohexane. IQDWH@T}GF akeWo %&!&4&9&5%‘5@@0@0&%5 qfvvm@mrp ancormorgedbess i s
run in the pregeneeh&lipdded oxygen. 10. The process according to Oaim3

G m 1.0 whor el n AWEEBBRAM el AsFeRBen AT ity A1 ERERAOB S (ALt al yot and
support pgnber, 12. GHHPprC@ﬁﬂaleaymgdwpa@xidc Caim1l wherein a netal from
0.05 to 2% w, percent, of th@z@g_a st end support menber is also present

with gold. 3s 13. The proces nﬁg to Caim12 wherein the netal is
Pd. 14 The process acdtor di ngyabol@xanah 2 wherein the gold is presort on the

support nembe(y B c¥fihbedire REpASEINRNdig i GRrdaY | udks@oheANRE Sfeciffe@m 3 am to
The catalyst used for all Examples was 10 g of 1% Au/0.1% Pd
30 supported on a-alumina. The reactor was a liquid full plug flow reactor,
30 inches (76 c¢cm) with a % inch (0.64 cm) diameter. Inlet and exit pressure was
150 psig (1.03 MPa gauge) controlled with a backpressure regulator. The feed

consisted of 1.6% CHHP in cyclohexane, about 1% K and 2% A, and varying
amounts of water and acid impurities. The acid impurities referred to in the

35 Examples consisted of monobasic and dibasic acids which would be typical of
those produced in cyclohexane oxidation such as adipic acid, succinic acid,
formic acid, and hydroxycaproic acid, in approximately equal amounts.

Analyses were performed on CHHP, K, and A by gas chromatography
Cyclohexane, CHHP, K, and A were obtaine\d from E. I. du Pont de Nemours and
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15 nm 10 AMENDED SHEET 26 February 2003 ° 15. The process according to
Claim 13 wherein the catalyst is 1.0 percent by weight Au wg heg}ug\ry%gent
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wherein they ?atal yst is in the formof a sol-gel conpound s 17. The
" process accor |ng the process js run in tHI%8RBde of
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AY7HKE Tt T 109 L& ( -1

%{&- ()-"109G& (guxumc/cgmalmgg IWIQIP 0. 9(71§( 1. 9%A %)1% watgri) and ((%%%agx)ds 4(10
°/<zX(€)5l | * Fl ! 10%6Wigh (He temaidet Q¥@ie(thixtyi@ Beink0@lohdxane. AthislAuste) wisFed 109D ()
-109%& () - %] - gver the HENFE at 8y at 150°C, and 150 psig (1.03 MPa gauge). The

results are presented below in Table I:

20
Table I
Time on Stream (hrs) % CHHP conversion K/A ratio
10 99.1% 1.79
22 99.4% 1.95
52 99.2% 2.05
64 99.5% 2.09
EXAMPLE 2

This Examples illustrates the effect of pure water. Increasing the water
25  has only a small effect on conversion rates, but greatly lowers the K/A ratio.
Catalyst and reaction conditions were the same as those described in Example 1.
Added to the feed at varying levels was pure water. The results are presented
below in Table II:
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descrlbed in Example 1. Added to the feed at varying levels was water
containing 10% acids. The % acid indicates the percentage of acid in the added
water, not the percentage in the total feed mixture. The results are presented

10 below in Table ITI:
Table III
%CHHP CHHP
conversion K/A ratio conversion K/A ratio
with 0.2% with 0.2% with 0.9% with 0.9%
added added added added
Time on water/acid water/acid water/acid water/acid
Stream (hr) mixture mixture mﬁxmre mixture
6 99.2 1.64 99.5 0.64
18 99.2 1.25 95.8 0.52
42 96.7 1.14 80.1 0.60
EXAMPLE 4
15 This Examples illustrates the effect of water containing higher amounts
of acids. The higher presence of acid greatly increased the effect of the added
water on the conversion rate and K/A ratio. Catalyst and reaction conditions
were the same as those described in Example 1. The feed in this example
contains 1.9% CHHP, 0.5% K, 2.0% A, 0.1% water, and 1% acids, where the
20  percentage indicates the amount of acid present in the total feed. The results are

shown below in Table IV:
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24 98.9 2.05 99.0 1.23

38 97.0 1.76 - -

42 - - 97.0 1.09
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the reaction mixture; an omposing said hydroperoxide b
reaction mixture with a catalytic amount of 2 heterogeneous catalyst, wherein the
10 oatalystis comprised of gold. ) -
2. The process according to Claim 1 wherein the heterogensous
catalyst is supported on & catalyst support membet.
3.  The process according to Claim 2 wherein the catalyst support
member is selected from the group consisting of SiO4, AlyO3, carbon, TiO,,
15 MgO, and zirconia.
4.  The process according to Claim 1 wherein the hydroperoxide is
cyclohexylhydroperoxide.
5. ‘The process according to Claim 1 wherein the decomposition
reaction temperature is from 80°C to 170°C, and decomposition reaction pressure
20  is from 69 kPa to 2760 kPa.
6. The process according to Cleim 5 wherein the reaction pressure is
from 276 kPa to 1380 kPe.
7. The process according to Claim 1 wherein the reaction mixture
contains from 0.5 to 100 percent by weight cyclohexyl hydroperoxide.

25 8.  The process according to Claim 1 wherein the process is run in the
presence of cyclohexane,
. 9.  The process according to Claim 1 wherein the process is run in the
L presence of added oxygen.
10.  The process according to Claim 3 wherein the gold is supported on
30  zirconmia.

11. The process according to Claim 10 wherein the gold is from 0.1 to
10 wt. percent of the catalyst and support member,

12.  The process according to Claim 1 wherein a metal from 0.05 to 2%
wt, percent of the catalyst and support member is also pressnt with gold.

35 13.  The process according to Claim 12 wherein the meta is Pd.

14.  The process according to Claim 2 wherein the gold is present on the
support member as well-dispersed particles having a diameter from 3 nma to
15 om.
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