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'HYDROPEROXI DE DECOMPOSI TI mﬁm“m“ ELD OF THE | NVENTI ON The i nvention
generally relates to an i \ ytic process for 529uptgnatssr290al kyl
~or aromatic hydroperoxides to *fs%d’n a mxture containing the correspondi ng
" al cohol andwioatomasso | n particular, the invention relates to decoUPRRENRg a
hydr oper oxi de by contacting it with a catalytic amount of a heterogenous
catal yst conprised of gold, wherein onergf gmre addi tional netals selected
+ from Periodic Goup VIII i s/are al so_present old. to BACKGRCOUND OF
THE' | NVENTI O 1 ndust 11 al HYBROPEROWIEE BRcOpMBaSERARHPBOCESS: ur es of

cycl ohexanol and cycl ohexanone f FIBDIT Inhgmw@mnewurrently of

consi der abl e cormer,ﬁ&e f| C ! t%pt n.t he patent
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oxi di zed t & f odarpmposing elkyhonrrsmatichydsoneooridésrtp rfgrmymlmmmawdg tper oxi de

(CHHP) . The reggtlekpdindg AT oHo?aﬂ?Eé?SﬂéOE’iﬁ‘ﬁartEﬁiak QRS nlv)éntid}: felfesRb esence of a
catalyst, to f rma reac &n m xt ure contai nj g&hcym hexanol and

cycl ohexanone. CH“‘P%ngﬁ ydopgroxids by cgniaeting it amount pf o |

(ket one/ al cohohgterogetious eatalgstcboampinisébofl gadd|iwherein iode aemtoteoadditivaaic@etaldi pi ¢
acid, which is eparing certain 20
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subsequent |y dﬁg&ﬁﬁﬂaﬁﬂﬁal tllég%?lzltoh%ng# ngthcI Rsrfﬁhﬂ a%zi@uHﬁ ﬁm&t‘ﬁfg ai ning K

and A. The |np vement | ves T he use certaln ranS| I on net

conpl exes bF 1conginiag 2”59‘?‘?"@@/“3(4?1’%%‘@%(%3?? ntke resuliing SHFR 1 1 or
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to K and A opBriimres gg 0BGl A5G 3h eyt W i 0 "
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th t | t
Wi certain C&ﬁﬁbtaésl'd Whicilid ¥ ﬁ?ﬂo%aﬁﬁ%ﬁ&am% Qroce&:@PﬁJr? %taﬁgé‘&{n%gr}(gcgg 25

. Druliner et al Pat ent scl ose

~catalytic # oc%og@elfsapomlamffs goteéwafym%e &Bxefteﬂm largeptimes ot afipicur e
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Co30~, M02; o? gélgdlgg aﬁdzﬁtq 'y ré';g}l S?’é % b%\{ﬁgﬂ?)sp rbvi\é% glgezlccag Y ysts for
cycl ohexane oxild}’éﬂ‘iaéﬁ * PCT/ 29 Septenber 2003 and CHHP decorrp05| tion
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m xture containing a correspondi ng al cohok and ketone. The i nprovenent
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Bt ember 2003 i nvol ves t , cycl ohexane is @@ g
Tk ¥ eacti on m xture cont ai e P #¢ond, CHHP is deconposed
forming a mixture containing K2A AVENDED SHEET 29 Se pt28rfisptent®n 2009
.00/ 53550 PCT/ y4@PGHEI2@Bompdsiion dia tempeiaturs fiontabvut BORTHo dboREERBESIH or the
oxi dation of ﬁ,)é r@ﬁgﬁg@@ﬁn@e@lm«iﬂ gkown in the literature and available to
those skilled in the art. Adv es qof the present heterogenous catal ytic
process, relative 56‘1%%’8 g’ei‘%ﬁ% &R gy el pendisclosaa processdar yst s, such
‘as nmetal salt reparify mi@ldlhémﬁdnmwtym@&opemhwﬁda@n apﬁaéeaésa&t life,
and. t he absence of | e met al

I mpr oved elds of, roduct s

'C(r)rprrpoundsy The# %F%B’eed:yeﬁr‘ T armeunts, af tiania, FECORA, T Mirture ﬁg‘ onposi tion of

ﬁt ger al ka_ng or ar lSamdetsonreydIr,dﬂiSr Patexta¥os. 5443434&,@399 794&11&54401 889, "
ydr oper oxi de,. 0 er.oxi an e ero i e

CHHP decorrposfi’tsfg%’%e ?)g sfjoEérﬁpﬂg]gpﬂ?‘Fgl %°&'°hﬁ8§r% '\an §qué eym(ﬂae

condi ti ons anHquid phasu Mramlryacqllyca‘ﬁ'esmwmnbmts of pdlladivagwithgohheseane itsel f.

Since CHHP i Sg fségfsglg ¥nt|%$ taf' ally as a solution in cycl ohexane
- fromcatal yticC BN 0 §}/8| o exane, a convenient and preferred sol vent
fpro

for the ddtonposit Donlineretds Wéloml\ﬁ@plwmnrﬁﬂm%ﬁcﬁﬁ&ﬁ&éﬁepteﬁbmrﬁ a
mxture can beodiRPCRUIHASYE RIS 2 1997) iflosRackifipbotid phexane

oxi dation process . sone, of e cons’rrtu nts ave m)ved by
known pr ocessb@?ﬂ@ﬁ%bdrc@maf"m&ﬁt&ﬂth@rc ount of a beterngeneusraatalyss ‘

car boxyl i ¢ acbfigr,aN] Hitane Ti hiirekides eﬁomaése méiefamyr et Gepa M ufpgbﬁéu of CHHP
0.5% by wei ght

in the CHHP dec S on feed ture can. ran om about '

to 100% (i . Sg@ )Al2¢ﬁ%néﬁl¥1§ Mﬁsﬁpﬁgfggéﬁwoﬁoute the preferred
range is 1§ om aboutW0.5%81348%bdistloR%talproouss fortdecdmpdsiry aokidesto
tengeratures QE. éopr%s'ggngﬁ?ﬁ o%ff %@elfétgﬁ/entron radr?gl;% frolr%’pggout 80C to about
170C. Tenperatures ¢ i Sbout 130C are tdipl cally preferred.
Reacti on pressur es Fegtherimptasesisnts and options aernegsted fordgydroperoxid®5 about 2760
kPa (- 10-400 aéaam GRtRRY KIA ey diﬁ%?&’érfié obéreihe BRMoiAciEE ttofnf iUt 1380

kPa (40-200 psi) are nore preferre Reactign tine varies 1 n_Inverse

rel ation to r KISt {perebiesisandadyantagssof the pressatmyentigmwilbbgeone t o
about 30 pgi napﬁe&em/%@m&gdu@dﬁlvmeuﬁlu)sonréf@reh&mrtmwm&@&ﬁﬁﬁbﬁtS of the
i nvention i ncl hA‘ ég%fqiéir ncl uding, but not limted to, ‘Au, Ag and Cu
‘sol - gel corrpoﬂ%bé} ertin Q2¥W%i n non- Au/ Ag/ Cu sol - gel corrpounds
preferably applied to suitabl SUSMARYSQ BNVERNTFIONvent i ve process may
al so be perforrred ' t her.

Pd). The netal to suppor@ﬁpercen a@éséngﬁwég?@%ﬁg‘ﬂﬁ%og&ﬁ%‘%lls va%e t 50
percent by weinywhichzalydrepepexadeissietgmpased to form ét@calmwiltwmrmuorpercent
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(alum na), C (carbon) nia I\/g é‘% nesi_a or Zr02 zr rconia).
Zirconia and PWFﬁ%?d&F%mB%WS apargxige BY epntaciingdpidrersroxidewith asuppor t ed
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t echni quegeas gg%gfggb I n err%re %Rﬁzdrgls%{}ggvé? ‘or pr parr n@%‘?ﬁ%‘% /Cu 5

sol - gel conpounds divefembliethe additiopal mpeid.is Boo Thﬁmrpwnwyomppdmlm gol d
catal ysts canrmupﬂ@@@ésggbemf@abggﬁggdard pr ocedure knovvn to give

wel | - di spersed gold. .90 at | echnj_gue oatings. from
col | oi dal di sper sP5d4 - : 12Y & A ! gy d is

preferred. Such srnmie ;riasreht ﬁvkﬁdﬁ;ﬂ@hdeé@f \%ﬂ&itb@%s fdi%ﬁmit@ﬁﬁk acan be
pr epar ed cord

Srzead orI ndepcy in the
Cat al ysi s ci_‘aci?gpgosrﬁga%p Hpan fRaisRlal pr process in vilieh B alkyl or
aromatlc compound is oxidized to form a mixture of the corresponding alcohol

and ketone. In particular, cyclohexane can be oxidized to form a mixture
containing cyclohexanol (A) and cyclohexanone (K). The industrial process
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geab3- 166 and Tsubota et al w of Catalysts V, p
SRR Such gol d preparations g ®s that are purple- 8%%
‘color instead of the typical bronze color associated wit 29y38pteraipet 2008ul t
in highly dispersed gold catal ysts when placed on a SU|tabIe support
“menber. These highly i5 dispersed gold part.icles. t . are from about 3
Tt about: 1 Ve VR Eh DR S ebsEe Gutzed TomiBE s SetoR TR g S O-
M203, carbon, JtAinibgCHHAPpsecoid, THHP 1mﬁoxhp03kdpfohhmgsa mixneeyehrldingk, or a
“m xture of anorphous and crystalline fornms. Selection of an optiml average
particle size for the catal yst supports will depend upon such process
paraneters as reactor residence tine and 20 desired reactor flow rates.
General ly, the average particle size selected will vary from about 0.005 nm
to about 5 mm Catalysts having a surface area |larger than 10 nRJg are
preferred since increased surface area of the catal yst has a direct
correlation with increased deconposition rates in batch experinents.
Supports having nmuch | arger surface areas can al so be enpl oyed, but
inherent brittleness of 25 high-surface area catal ysts, and attendant
probl ens in maintaining an acceptable particle size distribution, wll
establish a practical upper Iimt upon catalyst support surface area. A
preferred support is alumna; nore preferred is a-alunmina and y alumna. A
"sol -gel technique"” is a process wherein a free flowng fluid solution, 30
"sol", is first prepared by dissolving suitable precursor nmaterials such as
col | oids, al koxides or netal salts in a solvent. The "sol" is then dosed
with a reagent to initiate reactive polynerization of the precursor. A
tprcaI exanple is tetraethoxyorthosilicate (TEOS) dissolved in ethanol
with trace acid or base as catalyst to initiate hydrolysis, is
added. As polynerization and 35 crosslinking proceeds, the free fl ow ng
""sol" increases in viscosity and can eventually set to arigid "gel". The
"gel" consists of a crosslinked network of the desired material which
encapsulates the original solvent within its open porous structure. The
“gel” may then be dried, typically by either sinple heating in a4 ., 29
Sept enber 2003 WO 00/ 53550 PCT/ US99/ 05228 f | ow of dry air to produce a
xerogel or the entrapped sol vent maybe renoved by displacenment with a
supercritical fluid such as liquid C02 to produce an aerogel. These
aerogel s and xerogels nay be-optionally calcined at el evated tenperatures
(>200C) which results in products which typically have very porous
structures 5 and concomtantly high surface areas. In practice of the
invention, the catalysts can be contacted with CHHP by a fornulation into a
catal yst bed, which is arranged to provide intinmate contact between
catal ysts and reactants. Alternatively, catalysts can be slurried with
reaction m xtures using techniques known in the art. The process of the
invention to is suitable for batch or for continuous CHHP deconposition
.progesses. These processes can be perforned under a w de variety of
conditions. Adding air or a mxture of air and inert gases to CHHP
deconposition . mxtures provides higher conversions of process reactants
to K and A, since sane cycl ohexane is oxidized directly to Kand A in
addition to K and A being forned 15 by CHHP deconposition. This ancillary
process is known as " cycl ohexane participation”, and is described in
detail in Druliner et al., US. Patent No. 4, 326,484, the entire contents
of which are incorporated by reference herein. her gases may al so be
added or co-fed to the reaction m xture as needed. |Inert gases such as
nitrogen may al so be added to the reaction alone or in conbination 20 with
ot her gases. The results of the CHHP deconposition reaction, such as the
K/A ratio or conversion rate, can be adjusted by choice of catal yst
support, gases added to the reaction m xture, or netals added to the
het er ogeneous catal ysts of the invention. Preferably, netals added to the
het er ogeneous catal ysts of the invention 25 are for use as pronoters,
synergi st additives, or co-catalysts are selected fromPeriodic Goup VIII
hereby defined as Fe, Co, N, Ru, Rh, Pd, GCs, Ir, and Pt. Mst preferred is
Pd and Pt. One preferred gas that can be ded to the reaction mxture is
hydrogen: An advantage of the addition of drogen is that the K/Aratio
can be varied 30 according to need. The addition of hydrogen can al so
convert inpurities or by-products of the reactions, such as benzene, to
roducts. The process of the present invention is further
he fol |l owi ng nonANMBENDED SHEED! es. | n the exanples, all
|n degrees Cel sius and all percentages are by melght
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material was . then slurried into a solution of 0.1 g gold trichloride in 10
m. water 'containing 1 nL concentrated HC . The slurry was stirred for 1 ~
‘mnutes at roomtenperature and then evaporated to dryne9 Septemberti200$
evaporator. The recovered solid was calcined in flow ng nitrogen (100

" nLJnmin) at wBWmsissy 1 hour, cooled 5 and then stored in tighptyusangess vi al
for testing as a CHHP deconposition catal yst. Experinent 2 ~1.4% Au on

Silica 5 g of i\?‘f r!@ssﬁe%bhél%\glegﬁ%new lsrtace%wsffame aﬁﬁanép&dy%ge%@ aRPr €

volume 1 cc/ g cl ne I'ow ng ‘hel i um (
100 m/min) | ovehkknowman thslitarapigs and &Yﬁﬁl%bl‘%w‘é’tmg?ﬁeéﬁﬂlﬁﬁé“i @H-slurried into a
sol ution of d0 19 Q!indnﬁagdscafltl&rprebenu Htte}:&gsmbumﬂytnmams nelagvd ol
concentrated HCl . The s urr Was s n room tenperature
and t hen evapé’?%cféfﬁsf%‘ph’ §§n°§ Oélsﬁno achtg{é’v pora é(;%rn%(%]rgaelts %ecover ed solid
was cal ci ned metﬁl!lrgm«hguxtutes,ag@lude(lomm C&@%’ i life, impra@d giglds ofiusaflir ,  cool ed
and then stor e, dda tbx%le)(bs‘éﬂ&‘lﬁ@ol‘ébﬁ'méﬁ cfoﬁfpoﬁ&i%t' ng as a CHHP

deconposi tion cata peri ment - a on Silica 5 g of <2 mcron
silica gel with sur d@Pﬁ’Wé%PWS@Sﬁ@}@S%%“ﬁ? fer ‘%F‘“ﬁﬁ‘?E‘PI’S‘G‘OEBf gtheml fa Aesar,
Vard Hill, MN\ali@s of alogratie Hy droperbxidésn for eedmpie) t(bulﬁ](hydtdpﬁioﬁt)deat 400C for 1

hour. Thi s mater]ba%%\é/ggly&}asé}oﬁgggﬁd&gnéfg?ﬁ?dl%gagkﬂgl on 20 of 1.0 g gold

trichloride in con centrated HCl . The slurry was
stirred fdp 1 S ni AtheddHER d?@mﬂoﬁlé‘ﬁ%ém&%‘ncénbﬁﬂeffmdémé?i@r‘aldédaﬂ@)’dryness

0 _nt a rot aE y 18\@139&&%.% and ea WefeONaEie f%@llve&ls vyaauaaag @yaaskxmﬁb i{tsieﬁ"“d ng
nitrogen coo St or in

(1 ghe Py csppodies i i€ bataiyprodiced ifialias  Saufitt inOchbErye fomy

Experl ment 4 -cafdlyicrox8lakipn af Guivhexdnera g)nsément&ndpﬁfermdl sobanyfolr the t h surface

area 300 ne/g d%gﬁﬁ%‘?ﬂﬂvﬁb&?&fj‘kﬁgﬁ{?"‘ if @3{&1\% \éﬂafcﬁ althikure

calcined in flo "for hour |s materlal
was then dbur rusedias reeeived fEmm the; aﬁtSéﬁPOJ.f w%@ne@érﬁaa%pmeas arfafter

concentrated Hgne ofiftee @hstitishtyRsve %Eelfﬂeﬂfdvéd)liy knoSvrﬂjerb&s@é‘s sath @0 room
tenperature andg taggn evauor ateg,\(ga "ol &fﬁ lantca ﬁrL or at or . The
recovered sol i¥ o%gi% R2H S*Hasiog n|t é% n HPPYtH00C f or
1 hour, cool ed and Thegmeferred esaicéntratipny ¢I;II‘E’apMHH£IdetmnpmsaMn fegd as a CHHP

deconposi ti on fakab ¥ ran ﬂ&hlaﬂ&ﬁw%s “/é/ th IR iR, lﬁ'&ht 3j3Re> 9 Of 6-12
mesh a-al um na spheres ( icat, Erie rri 6 |ntoasolut|on of
“n‘isﬁﬁ’“f t{g

0.1 g gol dtrile S&w}”éré’f?wci Ofies (hﬁtpéfrfefé@rf Heorrbeut ¥4 Ha . The

slurry was stibyrwelghtor 1 ~ minutes at roomtenperature and then evaporat ed

to dryness on a rot@r Vi cal ci ed in 6

29 Sept enber 2003 W %B%‘%%‘%@’F’ng%/%Eg‘%é’?é‘i%g%&ﬁ{‘é ﬂw\{,’\ﬁi" RIS B8 /o n)
at 400C for 1 dbout80°€depent ARG Neampsragiresiirpm qbpgqqltl yC@agim@llW%J argor
testing as a q;a]g,@ i ReRKof Bieddursst eab ica b
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400C for 1 houlr380'kﬁ’a$40¥&0(épsx)adre mas: proferred| Reactienl nmetmlas mdhvdrseorelationl. 0 ¢
siTver nitrat ﬁ@%ﬁ The slurry
was stirred fgtgr% é@nf@m es gt&g%oﬁéﬂzr}&’e%a%ﬁ%ﬁ E enﬁ{ej%/de_lmgtﬁlatl %d to
dryness on a rotar yA%W}E)‘&PrﬁY’SPSY ‘?‘@Pmﬂa@éﬁtﬁﬂ Wﬁén‘@&%‘il Hstden f1 owi ng
nit rﬁgenllo { Aﬁmgﬂmm)umgabmmhﬁﬁtedtdjw AgandlGucbol-gel2gpoands) aad Ci nﬁdl
anot her our red.in tightly
‘capped vi al® fo o%%%gli&/u %&g@r}cﬁ’ @é'%) rs% 1% 5%91% gﬁedé? s“‘fa‘)%fﬁgfil ment 7 ~
4.5% Cu on Si Isupaorts 5Tlg inventivgpreeesh maly| seépeg:srfomdmsmAmm orCaig®® n2/ g
and pore vol Unﬁeﬂe‘ﬁcéoﬂ&ﬂé} nﬁe‘&h&@e g\eﬁgr ThMﬁfedallsz édppomrcmag&% din

GiaRe
fl hel th
o Sa ot oMbt Tombertiso poiegnal weightc sidis prhfarabipaboms aoelr ot ai n

% ont ai ni ng
1 nL concent r adbtsat HNGR .peithrt. Suitably, pressnthit prlefemkd SoppoitS imdluiet SO, gilica)pm

t t ) . Th
ocovered Sori JATIIAEERY L n"?’ﬁé‘gr 3y PR 982 [l Bhia), "00c
for 1 hour, cobireania dabgeing At RAEi]aHE d’ ﬁ'@?"fﬁi'rpp&ftﬁaém Ausuppastedeg hydr ogen
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Unl i ke Experinents |-?, Experinments 8-13 were carried out according to the
general gold deposition technique of Tsubota et al., Preparation of

: ~‘Catalysts V, 25 pp. 695-704 ( 1991 ) to produce ul tra-fi 29 Ipptempar2003| es.

These suppyd fglsssaf al ysts v~ were purpl e/ pink in color conpap@fykseyds
bronze/ gol d ( hi gher Ioadlngs) or brown/grey (lower Ioadings) supporte

catal ysts of Experinent powder ed -
200 mesh MgO (Al f a SREE mmgoﬁnpps% St%\ﬁg$§"@éf’ﬁ$1} %%’33 q?gn Jsol ution of
0.2 g gol d triatrhadyrpremaréchfra® mdnufasturess, lemyanambng»repamd fwmmhl@t ed HC .

The pH of the Wrﬁ%aeéﬁélsﬁ%b'%e%d&Qn&wﬁxmuansmbsé%aﬁsmtﬁcl@&é ution and
then 0.69 g sodiu

| tenperature t el S%Fé:%g@tgse?sﬁévg}egggwg q‘?"ré%lﬁl"%lrgg’n b ﬁ’é’g‘ow‘o}g%k‘room

distilled wat le-%é[ hembemtd&ahédtmﬂhmdAmﬂﬂsg/Calsclbgaédompodddsmﬁngpmed g8kl { | 00

for 't obt ing- acTahily i Eks a%?%ﬁ/?ﬁ%%*??‘”&%@m%@%‘%g%“ Agpasd, o &
001 53550 PCTI L@wmﬁmsvm@tweﬁmmmw&pr opanipgsoffom ApleidaldispsTsionst powder ed -

60 mesh y-al um na (ﬁgmc&ﬁ?%liua-mgaﬂlb |sxze&/£x)ld‘4\@§re{ﬁrtéﬁr iSa6h kM4l a sol ution
of 0.2 g gold trich

r _containin concentrated HCl .
The pH of t he Raftifure 8?%‘13)‘?%3@8‘ 'thﬁni) ) be PIGH agcgrg}rtgotﬂgpaéu o] uti on
and t hen 01069 M., ssdeumi Suppat-Depmsderayde the @dtalysis of Gold " nGathlysisXodawdé at

room terrperat%}597?}%3%%5%?@%}0&eﬁ%}’,el-’;rggargt\fox{éf{é%ﬂﬁrétg’w Bidkoserhed veLl Wt

distilled wat hé~recove cal cl ne n fr alr ( 100
nL/nin) at 25089910r Sschherld prepembiprspraduretsamples that ag nuFp Fwéfﬂi mgolosipped vi al

for ltelst! nE asinﬁeﬁml mmshzeldla,ubrcaadoat iaYéliitwnﬁrﬁﬁld@fﬁ&g&shltﬂﬂh ﬁtyal yst \C/ivag 10
pur pl e/ pi nk in,.color, 0 rtic ize of 8nm as ned by ¢
x-ray di ffractqliﬂqrs(eg(ﬁaa C%%ﬁéﬂr‘f"%é‘r@a‘%@m“éﬁﬁ © 3PP %ﬁ”i‘%&%o% ¥t lnpfl?'l ca + 8
mesh granulses digdefsad feklgrartidlsrigpicillyl gre fiam atmst 3 hwrtp abouti Idtron & dleinatei.on of
0.2°9 gold L11ch! orfifléaldfycelifils te}gﬁaﬂn&w;&gsm d%b”kariaén% eeRtdalLed HCl .
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Titania 10 Oifrorﬂfaw&'.ﬁro&sbsméiiéaﬁ@ﬁhxﬁmt@a st RdvihghesRface WWeh Garllrithan MY was

slurrledlnto ution_of ol chl ori
containing 1 ntY ‘é‘g)ﬁ@éenﬁrfe%ﬂ sifeg g“’%%e%pﬁgﬂlé?e ?rﬁ*bmg[gﬁ ‘9@\%‘?35\{?’&%& ed to 7.0
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cal ci ned i # f | bigh-s¢ffagearq %@b/sm Wnéﬂmw “Pso‘f‘ IAIRGITHRE an#6PRIAPIE N d then
stored in tighgdrycie sipeaidtribuibn,fvll efstasmshrhgp:aaxoal @ﬂdPhd@mpmcwawson catal yst ..
30 Experinent 12 ~1% Au on Zirco

50 nL wat er anghdly dmmimacone. HClI. The slurry was stirred gently as the pH

was adjusted to 9.6 ry was
stirred gently wh I%V%&(%pte%so ROqL 4 o@@srs RARRLR a 2k owdhy fIlARoRKIdh]

Chen stirrdd f oﬁor21sffms&marmé?s%"}xﬁeééu%&efp%'ﬁu?@waa%&% b sdfode, oh

di stilled wat eslkodiles ctomdtal susin@abivetie dTtiert'sbl” dydhey dased vidr a feapeins  at 250C.

8 29 Septe nbl%rltxa% re§ctlve polymenzatlon of the precursor. A typical example is
tetracthoxyorthosilicate (TEOS) dissolved in ethanol. Water, with trace acid or '
base as catalySt to initiate hydrolysis, is added. As polymerization and

35  crosslinking proceeds, the free flowing “sol” increases in viscosity and can
eventually set to a rigid “gel”. The “gel” consists of a crosslinked network of the
desired material which encapsulates the original solvent within its open pbrous

structure. The “gel” may then be dried, typically by either simple heating in a
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WO 001 53550 PC T/ US99/ 05228 Experinment 13 ~1 % Au and 0. | % Pd on Al um na
, 10 g - '60 nesh y-alum na was scurried into a solution of 0.2 g gold and
'0.02 g palladiumtetraanine chloride in 50 nL water and @9&eptambasf2009nc.
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| 8H22% sol uti on. The slurry was again stirred geRCT{USRHPI228 0. 69
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sol uti on, accwe:aécﬁccﬁa:%gvmlmreGylHEﬁJeG&eretcempM ®hbRd, G, whﬁcmd Exanpl es
11;13 (Table M%ﬂx 2 EB 4-16 (Table 11T), give batch

t - butyl hydrop L P 'B 611‘? nd % cunenehydr oper oxi de (CunmeneO0H)
deconposition r esul(lrxc,prtrfetsq:ﬂe@snheelcgn boadded % the/r€etibnmiamee ikQfdrgiSi 02

catal ysts. Aol bel of nPuiRkiAnth HIERRIAN HEKOATRSHRIgg el | 15

known i odonetric %‘I t ratl on roce ur escrl enS| ve Anal yti cal
Cheni st ry,30 E| 2eRArdipg pumseds g gddiion ek drogen cam also cgqgert @Putlﬂewq son, p.

756, 1960. fslt iby-tpra(ij@a&ﬁth&ﬁdﬂ%s aa&uf(sl l;lﬂﬁeﬂéftotm&éQﬁ_ kirﬁfléi fodii®se00H in g
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- undecane was used in place of mmmmahels}%AmMCdrhorﬂ'abl es IV and V, the
~armount of initial GHHF R0k 1an4 cﬁ@ rmned by
~ calculating the area of the Cl g’l Vi %‘5%&%% eggl\ré%ge gﬁ&?}ﬁ
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32.27 25100. 4070. | 54~ 62. 2614% Au/ Si 02, 0.0104Exp.
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2003 WO 001 53
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by owng 10 ar 180000 ropih At U g AR B WRREC oF ' 1 64
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product) -._(mols Ain feed) T BLE V al %8l 68—! goponv K/ A231 %Au-0. |
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12 , YCHHPF Ben tal t ~sca ABen ne, FFmM
FFN80 1%Au 0. 1@@3&&%&&)@6@6 %ma‘e!? Wﬁéﬁ@“ stygsigA Aot Mfeqsmomf 9842 1. 24-
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13 AVENDED SHEHfour, cooR@hid 2RnSeRéEittahtis 08she¥iat o t8ating as ATHMPT oved

process for dc% OSthnOglr é"’z groperom de to form a deconposition reaction
m xture cont ai F?q‘ﬁ PRIBY A %ndl ng al cohol and ketone, the inprovenent

conpri sing deconposi ng a hydExpesment flel M ging he 5 hydr oper oxi de

with a catgl ytic anpypte b n?esmata%ﬁgﬁegﬁeﬁs (@atsav%ne ?ﬂwagxr rrfid lﬁfa' d,

wherein 0 to 18%of or;le ofr :i\ | t,i tals se| omt egroup
consi sting of afolutign of 1 g g tgshlonds in danlp PaleE FRnHi g Ig8l-gongentrated process

according to GI@i. rflfhbswm@rﬁasnstma f&etmnmwgemmmkmmreuﬁd&iéﬁported on a
cat al yst suppq

v&pongtgﬁ) ) dryness on arotary evaporator. The recovered solid was calcined in
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10 3. The process according to Claim2 wherein the catal yst support nenber
is selected fromthe group consisting of Si02, A1203, carbon, Ti02, MO
‘and zirconia. 4. The process according to Caim1l wherei ”2%3eptémbrrd088oxi de
i s cycl ohexyl hydroperoxide. 15 5. The process according to Claim1 or Caim
" 2 wherein tWO0As3sposition reaction tenperature i s from 800pto/USIYENR28 and
deconposition reaction pressure is from69 kPa to 2760 kPa. 6. The process

accordi ng to Glawingniwbgngi 00 mnanfn@amooec f&rlemr@nledlaadtﬂeam&&ﬁm@a to -
1380 kPa. 20 7 ht?y roq(i laIrS %(F:or snagngg% t 2 wherein the -
reaction m xt ufBLSAPRFS Ak o, 89’8%% loﬂf Syht cycl ohexyl
hydr oper oxi de. 8. ;I'Be process %DM&E%M&Q%Mr CI aim 2 Wnereljn th;a
process [s tun [t 5§ AAPRBASIR &Y GhAREARGrad00 HY%; BARES SoBEROr A1 N0 Lo
Caim1l or CI aim rein run resence of added
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' into a solution of 0.2 g gold trichloride in 50 mlL water containing 1 mL
15  concentrated HCl. The pH of the slurry was adjusted to 9.6 with sodium
carbonate solution and then 0.69 g sodium citrate was added. After stirring for
2 hours at room temperature the solid was recovered by filtration and washed well

with distilled water. The recovered solid was calcined in flowing air
(100 mL/min) at 250°C for 5 hours, cooled and then stored in tightly capped vial
20  for testing as a CHHP decomposition catalyst.
Experiment 11 ~1% Au on Titania
10 g of powdered - 325 mesh titania (Alfa Aesar, Ward Hill, MA) was
slurried into a solution of 0.2 g gold trichloride in 50 mL water containing 1 mL
concentrated HCl. The pH of the slurry was adjusted to 7.0 with sodium
25  carbonate solution and then 1.5 g sodium citrate was added. After stirring for
2 hours at room temperature the solid was recovered by filtration and washed well D
with distilled water. The recovered solid was calcined in flowing air
(100 mL/min) at 400°C for 5 hours, cooled and then stored in tightly capped vial
for testing as a CHHP decomposition catalyst.
30 Experiment 12 ~1% Au on Zirconia
10 g - 325 mesh zirconia (Calsicat #96F-88A, Erie, PA) was slurried into a
solution of 0.2 g gold chloride in 50 mL water and 1 drop conc. HCI. The slurry
was stirred gently as the pH was adjusted to 9.6 with 0.1M sodium carbonate
solution. The slurry was stirred gently while 0.69 g sodium citrate solid was
35  slowly added and then stirred for 2 further hours. After filtering and washing well
with distilled water, the solid was calcined in flowing air for 5 hours at 250°C.
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EXAMPLES :

10 Examples 1-22 were run in batch reactor mode, in stirred 3.5 mL glass
vials, sealed with septa and plastic céps. Vials were inserted into a block
aluminum heater/stirrer apparatus that holds up to 8 vials. Stirring was done using

£ f) . Teflon®-coated stir bars. Each vial was first charged with 1.5 mL of n-octane or
‘ undecane solvent, approximately 0.005 or 0.01 g of a given crushed catalyst, a stir
‘ 15  bar and the vial was sealed. Vials were stirred and heated approximately
| 10 minutes to assure that the desired reaction temperature of 125°C had been
attained. Next, at the start of each example, 30 pL of a stock solution of CHHP
and TCB(1,2,4-trichlorobenzene) or CB (chlorobenzene), GC (gas
| chromatograph) internal standard, were injected. Stock solutions consisted of
| 20  mixtures of about 20 wt % TCB or CB in CHHP. The CHHP source contained up
to 2.0 wt % of combined cyclohexanol and cyclohexanone. Vials were removed
from the aluminum heater/stirrer after a 0.5 to 10 minute period and were allowed
to cool to ambient temperature.
In Examples 1-10 (Tabie I) vials were analyzed directly for the amount of
25  CHHP remaining, using a 15 m DB-17 capillary column with a 0.32 mm internal
B ) diameter. The liquid phase of the column was comprised of (50 wt% phenyl)
” methyl polysiloxane. The column was obtained from J. and W. Scientific, -
Folsum, California.
GC analyses for the amounts of CHHP in each solution were calculated
30 using the equation:
wt. % CHHP = (area % CHHP/area % TCB) x wt. % TCB x R.F.cypp
R.F.cynp (GC response factor for CHHP) was determined from
calibration solutions containing known amounts of CHHP and TCB, and was
‘ ‘calculated from the equation:

RF _ wt. % CHHP/area % CHHP
**"CHHP ™\t % TCB/area % TCB
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calculations were arbitrarily all made equal to 0.25 mg TCB/ g solution. Since an
unheated sample of 1.5 mL n-octane and 30 uL. CHHP/TCB solution was
analyzed with each set of CHHP decomposition product vials made from the same
10 CHHP/TCB solution, accurate changes in CHHP/TCB ratios could be calculated.
Examples 11-13 (Table II), and Examples 14-16 (Table III), give batch %
t-butylhydroperoxide (t-BuOOH) and % cumenehydroperoxide (CumeneOOH)
decomposition results, respectively for 1% Au/Carbon and 10% Aw/SiO,
catalysts. Analyses for t-BuOOH and CumeneOOH were done using a well

15 known iodometric titration procedure, described in Comprehensive Analytical
Chemistry, Elsevier Publishing Company, New York, Eds. C. L. Wilson, p. 756,
1960. Starting and product solutions of t-BuOOH and CumeneOOH in n-octane,
followed by adding excess K1/ acetic acid solution, were stirred in sealed vials at
ambient temperature for 10 minutes and were titrated with 0.1 M Na;S,0;

20  solution for amounts of I, liberated by the t-BuOOH and CumeneOOH present.

Examples 17-22 (Tables IV&V) were run as described for Examples 1-10

except that the reaction was run at 150°C and chlorobenzene was used as a GC
internal standard in place of TCB and undecane was used in place of n-octane
solvent. In Tables IV and V, the amount of initial CHHP and final CHHP in the

25  reaction was determined by calculating the area of the CHHP GC peak divided
by the area of the chlorobenzene GC peak (area % CHHP/area % CB).

10
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0, 0, !
' gflcgU(:I)-g& : y . TO . i‘n a\;()D mﬁ@
19" 109%%5&17) -G l%Au/MgO 00102 Exp. 8 . 0 5 341 9
18 1%Aufy-Al03, 0.0120 Exp.9 2.2 150 5 3.41 0 100
'19 1%Au/SiO5, 0.0101 Exp. 10 2.2 150 5 341 0.91 733
20 1%Au/TiO, 0.0106 Exp. 11 22 150 5 341 226 33.6
21 1% AwZrO;, 0.0054 Exp. 12 2 150 0.5 5.26 4.68 11.1
22 1% Ay, 0.1% Pd/Al503,0.0051  Exp. 13 . 2 150 05 482 301 ‘ 375
Examples 23-39 were run in a liquid full plug flow reactor, 30 inches
(76 cm) with a % inch (0.64 cm) diameter. Inlet and exit pressure was 150 psig
(1.03 MPa gauge) controlled with a back pressure regulatdr. The catalysts were
5  all prepared as in Experiment 13 on 2 mm spheres with the appropriate metal
salts and type of alumina, with the exception that reduction was performed by
flowing H, at 150°C instead of sodium citrate. The feed consisted of 1.6%
CHHP in cyclohexane, about 1% K and 2% A, and varying amounts of water
and acid impurities consisting of monobasic and dibasic acids which would be
10  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 obtained from E. I. du Pont de Nemours and
Company, Wilmington, DE. The K/A ratio obtained after conversion of
15  cyclohexylhydroperoxide over the catalyst was calculated using the equation:

(mols K in product) - (mols K in feed)
(mols A in product) - (mols A in feed)

A TABLE V A

Ex. Catalyst %CHHP Conv. K/A
23 1%Au-0.1%Pd/y-Aly03 64 1.1
24 1%Au-0.1%Pt/y-Al03 64 1.1
25 l%Au-o.l%Ru/y-A1203 21 1.01
26 1%Au-0.1%Ni/y-Al,O3 34 1.00
27 1%Au-0.1%Coly-AlOq 45 1.02
28 1%Au-0.1%Pd/o-AlyOq 67 1.91
29 1%Au-0.1%Pt/a-AlyO3 68 1.84
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g} 1 ¥ 000000xVCACO' 10% 9' 109658 9' 188558 ACHYR o' 109658 fepd G | OEXIDBGERE.() - G
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19" 109658 (3 GVaudoeeR-Ab0% pppPisp¥p>p] ; 64CO' 1094 9' 10965& ()-G -
19" 10965& (35 ChduliBak-ALof O W& O3F o4 . .
' 33 1%Au-0,1%Pd/a-Al;05 Ho, 25 66 0.61 - .
34 1%Au-0.1%Pd/a-Al,04 Hy, 10 61 0.73 - -
35 1%Au-0.1%Pdi;-AlO3 Hy, 15 51 0.31 - -
36  1%Au-0.1%Pd/a-Al;03  Hy, 75 - - 5140 4828
37 1%Au-0.1%Pd/a-Aly03 0 - . 540 5140
38 1%Au-0.18%PYa-ALO; 0 51 1.84 . .
39 1%Au0.18%PYa-AlbO3  Hy, 75 73 0.41 - -
,)
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