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volumes of adipic acid consumed in these and other processes, lmprovements in
processes for producing adipic acid and its precursors can be used to provide
beneficial cost advantages.

Druliner et al., (WO 98/34894) used a heterogeneous gold catalyst in an

25  improved catalytic process for decomposing alkyl or aromatic hydroperoxides to
form a mixture containing the corresponding alcohol and ketone.

Two common problems in CHHP processes, especially in heterogeneous
catalytic processes, are the presence of water and acidic byproducts in the CHHP
containing reaction mixture. Both of these can deactivate the catalysts, resulting

30 inlower conversion rates and/or lower K/A ratios. One method to eliminate the
acidic byproducts is by the addition of a neutralization agent, such as that
described in U.S. Patent No. 4,238,415. This, however, results in undesirable
salts, which need to be removed from the final product. In situ drying of the
reaction mixture to remove water has been used in both hydrogenation and

35  decomposition processes (U.S. Patent Nos. 5,550,301 and 3,927,108), but these
methods do not remove the acidic by-products along with the water.



A e e - d i

Cl, CM GA, ON, BGW M, MR NE, SN, TO TG. Published; - wth

i nternational search rep6rt For two-letter codes and ot her abbreviations,
refer to the "@uid- ance Notes on Codes and Abbrevi atmgf v t the
begi n- ning of each regular issue of the PCT Gazette ; iltie ROVED
HYDROPEROXI DE DECOVPCOSI TI ON CATALYST 0 (57) Abstract: An | nproved catal ytic
process for deconposing al kyl or aromatic hydroperoxides is disclosed which
utilizes a caa- |yti Orgamuhboméoxﬁpd’iﬂﬁgh%%ﬁﬁﬁe fifhe GRLREN E&&'ﬁtthg'as been
treated with an n_reagent BRUARY 2005, Tl IIVPRO\/ED
HvDROPERON D DS RBET b8lla b5 & fhocd svshiae ThRrpERly CeYAIDS: PRGNS
general |y rel at @84 pigmgntsj mﬂrﬁim{sndiwdglﬂsscﬁbprspmmmrﬁbﬁmmcsmbﬁb@g al kyl

2l canol and kbt oo oz Richf ekt i, O b e is Wi rmoi ng 5

al cohol and ket % I n partlcul ar, &orposing a
hydr oper oxi d @Y glyeale Ilcﬁn@ﬁﬂﬁiﬁe@fﬂ@t}dﬂvﬂmtﬁl‘?ﬁmmgamﬁmcmmbrogeneous |

Au cat al yst thahyd}aﬁrzﬁlﬂ@gnahe e@h@& uct | W&m&ﬁ&m%é %P%E@ACKGRQJND 1

10 Industrial ptocesses. o ures o exanol and
cycl ohexanone f FEMEY: Ky ‘%S@rth“ehﬂqu yeable gioupeier silanel grovprer ci al

si gni ficance andE&rF@HWohdﬁgﬂﬁbugeﬁwx@m&i@u@q&smoi it gffeded.e. | n accordance
Wi t ht typi ca![ | ndUSt{I'tSalP fﬁ@&%%m@{%oﬁ%&g&l s, oxidi zed t?Cf orsnt;gghl t
reaction mxture contaihn @%CW i ng
CHHP is eitHer Q@eldaaigudab}eﬂmancdmohangmuﬁﬂkﬂ sﬂapésldmatﬂe)mﬂﬁcé he presence of
2 CRUALYSEL L0 190 BABRNNL ISP Sl T IR RN LAR

(ket one/ al cohol §ymastingthe zeglite wilh abergasasliahg.  oxi di zed to produce adi pi ¢
acid or caprol act amwmgymmqieg q;ﬁﬁ f,
preparing certain,. ciond sation go yrr%ra{sﬁoeﬁgt %%%pﬁg*gs%@ %lélh KA
ratio in the rele it bas becyanndensd By Iﬂﬁl\éiorf@dthmthesistoﬁbymege

vol unes of 1&di piesoxads, dn@ﬁﬂ&ﬂiéﬂwvsﬂ:ﬁbﬁiﬁ Qrc%%n@ﬁﬁ@x%ﬂ@ﬁ@cesses | nprovement s
provi de benefi ci al GosEHENGhEAgES TS a‘ia«f e raathod of repsno A used a
het er ogeneous duiixybgrabysfrommn RITAIAD, ¢amysvb9<§ﬂ§tad1ﬁl yt ic process for
deconposing al kyl or aromatic og- 0¥i-de Or TL‘\E m xt ure cont ai ni ng

the correspondi ng al cohol and o

O —pTrooT€nb in CUP processes

especi al ly in het er oGmessast i \féﬁﬁo’i‘;' (Wdé Qﬁmﬁ@@ t
and aci di ¢ 20Y PrPAMEL Sedol BQfm :pr : sal nin ﬁzg’été{sg%r%@‘?‘fj’?@%@g‘"ﬁ s

t hese can deaK}kl vat e ?Ahe PRATY SR mpxies eanjaiinosrarasnogdiag alehelidsi on rates’
and/ or | ower glopgy,th %@Prm@n%m@@mmg@bcmmthhhydmcmmmr oducts is
by the addi ti ovomthotivgBehydbpcratide WiddPalyRt ot of 8Heterogencous gold

catalyst wherein the gold catalyst has been silanized with an organosilicon
reagent. In one embodiment, the heterogenous catalyst is supported on a catalyst support
25  member.
DETAILED DESCRIPTION OF THE INVENTION
The present invention provides an improved process for conducting a
- hydroperoxide decomposition step in an industrial process in which an alkyl or
aromatic compound is oxidized to form a mixture of the corresponding aicohol
30 andketone. In particular, cyclohexane can be oxidized to form a mixture
containing cyclohexanol (A) and cyclohexanone (K). The industrial process
involves 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.
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- 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
30 sol-gel techniques, evaporative techniques or coatings from colloidal dispersions.
In particular, ultra-fine particle sized gold is preferred. Such smali
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
35 (1991). Such gold preparations produce samples that are purple-pink in color
instead of the typical bronze color associated with gold and result in higbiy
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cat al ysts Mer#fﬁgg’té‘ga%g‘%”ﬁ%'iﬁ%#%gsg‘gﬁﬁ? %ﬁ%ﬁpp%&% %F‘&Hﬁ Al sper sed
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25 . The results of the CHHP decomposition reaction, such as the K/A ratio or

conversion rate, can be adjusted by choice of catalyst support, gases added to the

reaction mixture, or metals added to the the heterogenous catalysts of the
invention.

Preferably, metals added to the heterogenous catalysts of the invention are
30  foruse as promoters, synergist additives, or co-catalysts are selected from Periodic
Group VI, hereby defined as Fe, Co, Ni, Ru, Rh, Pd, Os, Ir, and Pt. Most
preferred is Pd and Pt.
One preferred gas that can be added to the reaction mixture is hydrogen.
An advantage of the addition of hydrogen is that the K/A ratio can be varied
35 according to need. The addition of hydrogen can also convert impurities or by-
products of the reactions, such as benzene, to more desirable products.
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arranged to provi.de intimate cqptact tween catalysts and reactants.
Al ternativel ySUgBe %Stwlﬁ%ﬁ@?‘? Q-ggt%ﬁktoﬁﬂ Wbt P Rroipirblyabaut (k] ng
t echni ques kntwsbouh2tveiglars.. The process of the invention 5 is suitable for
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one polysiloxane is useful in carrying out the invention. Suitable polysiloxanes

2

have the formula: [RnSiO - ] wherein R is organic or inorganic groups; n=0-3;

andm<2.
For example, polydimethylsiloxane (PDMS), vinyl phenylmethyl

30 terminated dimethy! siloxanes, divinylmethyl terminated polydimethyl siloxane
and the like are suitable polysiloxanes. PDMS is a preferred polysiloxane. The
silane useful in the mixture may be the silane described above with R=8-20 carbon
atoms, R'=alkoxy and x=1 preferred. Weight content of the silane and
polysiloxane, is about 0.1 to about 5.0 weight %, preferably from about 0.2 to

35 3 weight %. The ratio of silane to polysiloxane can be 1 silane:2 polysiloxane up
to 2 silane:1 polysiloxane. '
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t he sil ane, dctal s t al Ly about 0.05 to
about 3 vvel ht p i;lcggrag%? ﬁﬁdna&%ﬁ% uo?%@f@‘ﬁ ﬂé‘ € IPOSY, 4

alternativd F%tﬁtheaﬂwdmaxm at I east one sil ane with at | east one
pol ysi | oxane | S usej,:&gﬁlalﬂeﬂ1 S dak
pol ysi | oxanes haye. the forrru a. 1Rﬂ%%i§]&nﬁ eﬁel n?sghl S or an%cmenflbers

i nor gani ¢ gr oupsterifdee GroupsIVrendhMin piace of 8k, sushaanfbe P, pi@ﬂ&ﬁil Whe patelysts oxane

(PDVB), vi nyl om@mmﬁmma@ the@Ety weﬁ@éée@wﬁﬁwm orftidk %&@Qféthe Q?Mkzﬂgrﬁnet hyl
term nated pol {it:b 11 th ne. ‘and the are swta yS| oxanes.

PDMS is a pr efé &g T%WE m"?ﬂ%‘m’§}1‘F x@f@ﬂd—xﬂ &Eure may be
the sil aneldescri beThafoileeing deffinfieds 26 @Rt hefin ﬂicmﬂisuld@eféfei&@dl/o fpd x=1

preferred. Wi f the silane and polysiloxane, is about 0.1 to
about 5.0 wei g%?ﬁ%ﬁﬂ&b ?‘&‘rgbly fromabout 0.2 to .35 -3 weight % The ratio

of silane to polysiloxan& can be ;C)s:idtmmmol pol ysil oxane up to 2 silane:1

pol ysil oxane. 5 3 FEBRUARY 2005 The, @&g and pol ysi | oxanes are

comercially avail abl e or can be epar %y processes known in the art

such as those described YHHPOr gandsiciohssyhydtopgroridds”, S. Paw enko, et al .,

New York (0980). The netjgod of addiycidMayRmeNOt espeC| ally critical and the

cat al yst maybe treated iﬁ t he SI I a e in a nunber 5 of 3§/ For exanpl e,
Haf?

the silane addition can frade n&4Y Fe%xé(ﬁ%eﬁ&%@ﬁ?@ )) base, from
aslurry, a filtr at'I'.lmfoﬁbwmg U Hniging Baiaf@1ed ardinedht % ARSRRE R inQBntich  as

a fluid energ zer, or nmedia mll as described in
greater detai %hu%lle glﬁiz toﬁxpﬁé*magyéva YPat ent No. 5,501, 732, or post

bl endi ng after mecr on| zing. The pol yEKAMBIES additi on can be nade in
conj uncti og Wi. th then sdhighs wlte P854red by Engelhard Corp., 1729 East Avenue, Erie,
PA 19503 for E. 1 du Pont de Nemours and Company, using a proprietary
procedure based on the general procedure shown below.
10 g~ 60 mesh a-alumina was slurried into a solution of 0.2 g gold
chloride and 0.02 g palladium tetraamine chloride in 50 mL water and one drop of
30  conc. HCL. The shury was stirred gently as the pH was adjusted to 9.6 with 0.1 M
sodium carbonate solution. The slurry was again stirred gently while 0.69 g
sodium citrate solid was 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.
35 In Examples 1-7 (Table I) vials were analyzed directly for the amount of
CHHP remaining, using a 15 m DB-17 capillary column with a 0.32 mm internal
diameter. The liquid phase of the column was comprised of (50 Wt% phenyl)



10 addition to the silanized support. An alternate enbodi nent that is
contenplated is the use of other nenbers of Periodic Goups IV and Vin

pl ace of Si, such as Ge, P, and As. The catal ysts of t@@'EB%(mﬁ\{P swul d
t hereby be treated with conpounds that are the equivalent o theﬂ'ﬁsq | anes

of the instant invention, such as RxGe(R )x, RxP(R)3-x , etc. 15 . The

fol I owi ng def i mictliybpslysifozanes ethehohennwanebisied Fomide afe e ScRaltitig for claim
interpretati OnFoﬁuﬁB’?l ohexanol CB Chl orobenzene CHHP _

Cycl ohexyl hydroperoki dé 20 K Cycl ohexanone OTES Cctyltri et hoxysil ane

( Si C8H17( CH3CH20) 3) Gfhamalysts| fonihn gmuvonts of G daela sihiien were catzalitedt 0

il lustrate theuihygitd;RaionPuUt are not intended to limt it in any way.
EXAMPLES 2§ Al catal'ysts were prepared by Engel hard Corp., 1729 East
Avenue, Erie, PA 1953/3 or E. 1. du Pont de Nenmours and Conpany, using a
proprietary procedit o@@f%ﬁ%%&%ﬁﬁ@@a%&@@@m%%womw 10 g --

60 mesh a-alumna was slurried into a solution of 0.2 g gold chloride and

0.02 g pal | adi um t eRFRGHPGC e Gackdt FHOCHHPYVaREYCHIIP aBntiRitionf 30
conc. HCl. Thewﬁge%efe\ﬁpwaeé %ti r%‘.ﬁd u%entllg?.{i as the pH was adj usteg Bﬁﬂg' 6 wth
0.1 M sodi um CarBGHARERE Homt faiRratiph solfigns ¢p & 580w areprs gt GERE y whi | e
0.69 g sodlum @¥idCBtadyoisicdlcwlad Stamihe egdatishsand t hen stirred for 2 further
hours. After filtering and washing well with distilled water, the solid

was calcined in flowng air '&E"/%Cﬁﬁ%%gga@@@: n Exanples 1-7 (Table

5 haqy
1) vials were anal yzed direct ;’/{Wmt)j P remaining, using a
15 m DB-17 capillary colum with a 0. 32t BresfsaB di aneter. The |iquid
phase of the colum was conprised of (50 w % phenyl) 6 3 FEBRUARY 2005

met hyl pol ysil oxane. The col um was obtjai neged %qrardp/agad, YWeySci gntific,
Fol sum VAS GC anas38&3P flepomphsticarye L0018 Ieifgg - 22 by n were
cal cul ated using.the -equation: 5 wt. % cHareaZe CHEERYamg BH-FB)iar.ed % CB) x

w. %CB x RF.CHHP RF.C p (GC response factor for CHHP) and % CHHP
deconposi tion wer dndixtaples 1€0(TabRT) @l ihiiabédnesmtasbis dOOEHPARkaINYiAY known

R T St e w@/gﬁ%@a%%@ﬂ?&;%%ggi PERbes 00 X1 -
(area % CHAP/ @reenlyrpBpximgmte becanse the amount of CB per g solution ratios used in GC
calculations were arbitrarily all made equal to 0.25 mg CB/ g solution. Since an
20  unheated sample of 1.5 mL p-tetradecane and 30 pl. CHHP/CB solution was
analyzed with each set of CHHP decomposition product vials made from the same
CHHP/CB solution, accurate changes in CHHP/CB ratios could be calculated.
EXPERIMENT 1
Preparation of ~2 wt % octyl derivatized Catalyst
25 10 g of catalyst (1%Aw;0.1%Pd on 2 mm o-alumina spheres) was slurried
into 25 mL dry toluene in a nitrogen filled glove box. 0.1 ml water was added and
the slurry stirred for 30 mins. 0.33 g of silanizing reagent octyltriethoxysilane
(OTES) was added to the solution which was then capped and tumbled slowly ina
70°C water bath for 4 hrs under house vacuum. The slurry was then filtered and
30  the spheres collected, washed with 100 mi. ethanol and then 50 mL acetone and
suction dried. They were then dried at 110°C in flowing air for 1 hour before
collecting and testing in CHHP decomposition. The recovered catalyst is
extremely hydrophobic and did not wet when immersed in water.
EXPERIMENT 2
35 Preparation of ~0.6 wt % octyl derivatized Catalyst
10 g of catalyst (1%Au;0.1%Pd on 2 mm o-alumina spheres) was shurried
into 25 mL dry toluene in a nitrogen filled glove box. 0.1 mL water was added

7




(area % CHHP/ area % CB)initial In Exanples 1-7 (Table 1) the initial
concentrations.of CHHP in each vial were approximately 2 wt % The GCw %

CHHPi nitial and CHHP final numbers, are only approxi maf eRREARSEddRE
anount of CB per g solution ratios used in GC calculations were
arbitrarily all nmade equal to 0.25 ng CBlI g solution. Since an 20 unheated
sanpl e of 1.5 rpdhesbrasisedifor 3hnhiB0 0L gQEMBSTR as addedito themiutioaRaighzed W th

each set of CHwRg ] j om the sa CHHP/ CB
sol ution, accurat %%Wsﬁdﬁ&&ﬂﬁg% @W}é{%@%ﬁaﬁ a@éﬁga%ﬁ%ﬁhﬁme

EXPERI MENT 1 Préf&iht ?‘m wps {hen diligred\and thersphered cadleci@ds wiashsd with 10 g of
catal yst (| %Au;100 2¥Rsh&id] andTRed 50 nTh i S | | 25 i
dry tol uenesi nafll%ér‘oﬁ]i%n‘fi [l ggg I ov@%%%@bﬁﬁﬁ%t,@é{/\%@éhdegrea%@%nd t he
slurry stirfed tor 36"m°HEEH 1 OBFb%fPlleé’ﬁll%%aﬂ@&@Bﬂglﬁcm

octyl tri et hoxy detompesitiofll EB) revaserad daallyktas &HMRnsd) MdrOFhotht £ MBSottden

capped and tu 1'1ﬁ|_|:: -jn.a 70C water bath for 4 'hrs under house
vacuum The smhr€€ vvagwf%ledn@ﬁef'tered and 30 the spheres col |l ected, washed

with 100 nL ethanol and then 50 nli aEXPBREBMEBN® 3 suction dried. They were

then dried at 110C in fl ow alr-fan bour, -bef.ore | l.ecting and testing
in CHHP deigrrposi tion. T epggiggb/é?eglg%ﬁ%%w% va Fﬁ%ﬁﬂ}’f\i hydr ophobi ¢ and
did not wet”when i nh8Eaatalyst/ Y0 E4PRR RENT @aBEnifs gyherea) wasshotied . 0. 6 wt

% octyl deri vaiit 0 Y- 010 5
octyl deri valiteesimCarkolaénekl ag?tg%goeﬁggl%%ﬁgre S(;Ent: ﬁnﬁ Yatdd Qaﬂhtd% g%

a-al um na sphepes) was. sl.urrjed, ene 1n a ni

filled gl ove b@'sPuﬁr'yf lﬁfd%%l‘t@'m%ﬁﬁs O0dHas (OTES wprdedie thossluteniwhick sl urry
sti rrgd fgrt30&”'hsnC@Pbdgﬂ‘(ammdcﬂ@ﬁ’%ﬁﬂ@@@;%%aw?%iﬁlﬁﬂoﬂﬁﬁ 8\4}11118&6 was t hen
capped and tur s in a r or rs.under_ house

vacuum TE]ZS“SI 111({;; ﬁnngnwt?%fﬁmd a5 they rﬁ‘ﬁ@fﬁ%“ﬁ}?ﬁ@ﬁ@@@%l@é@@d’ﬁ%shed Wi th
100 ni et hinol ethanolz@driheraifembraectancamiuuittieondiéd. ethey Wigythe®i8ed hen
dried 5 at 1m@10mﬂ®%ﬁgaﬁjiﬁr{§&xﬁe§%‘é ]Peégre(ftol Legtyi ﬁlgnd testing in
CHHP deconposjtion, _The r8covered catalyer L eregy 8?@%/‘“?@% phobi ¢ and
did not wet \HFSPMPORIEN: cEhe recouerash catdepERKVENTTy By Brophabia thd didajot wet 15 Wt

% octyl derivayvhendthniedbell iS¥at0 10 g of catalyst (1%\u;0.1%°d on 2 nm

a-al um na spheres) was slurried intg 25 nL dry toluene in a nitrogen-
filled glove box. 0.1 nL water was Mﬂﬁ- he slurry stirred for 30

wins. 0.028g (OTEBtchwdscoathderich@f THEDS ikt hyRopbbiArn ‘ﬁ’ﬁ’rﬁ'ﬁé&%’taﬁ?&DEd and
tunbled slowy in 3 bat h. f.or 4?1% sﬂﬂu?]der, ho_ll(Jse 1vacuu The slurry

was then filtered angpet%ﬁ%@%g{ﬁeéf’ﬂ? e fafch ceastor mpdenisftiged 351w L eivgs Milset hanol
and then 50 nisealebwitheeptadnd plasticosupsr Vexls witbesened b Bbcdihfgmat 110C in
decompos! 1 on et ot SOEraus daPhyREl it 86, Sihud Hosdloptionee and cid no
wet coated stir bars. Each vial was first charged with 1.5 mL of n-tetradecane
25  solvent, approximately 0.01 g of a given catalyst, a stir bar and the vial was sealed.
Vials were stirred and heated approximately 10 minutes to assure that the desired
reaction temperature of 150°C had been attained. Next, at the start of each
example, 30 uL of a stock solution of CHHP and CB (chlorobenzene), GC (gas
chromatograph) internal standard, were injected. Stock solutions consisted of
30 mixtures of about 20 wt % CB in CHHP. The CHHP source contained up fo
2.0 wi% of combined cyclohexanol and cyclohexanone. Vials were removed from
the aluminum heater/stirrer after a 4 or § minute period and were allowed to cool
to ambient temperature. Results indicate that the silane reagent does not

35 significantly reduce the catalytic activity of the gold catalysts.




el - -~ -

when i mersed in water. EXAMPLES 1-7 20 Batch deconposition of CHHP using
hydr ophobi cally nodified catalysts All reactions were run in batch reactor
mode, in stirred 3.5 nmL glass vials, sealed with sept%%EgR@Awécfoscaps.
Vials - were inserted into a block alum num heater/stirrer "apparatus that
holds up to 8 vials. Stirring was done using Teflon(r)-coated stir bars.
Each vial was first charged with 1.5 mragien-tetradecane 25 sol vent,
approximately 0.01 g of a given catalyst, a stir bar and the_vial was
sealed. Vials were stirred and heat®pproxi mately 1&%i nuPE8 to assure
that the desired .re M BHC halimhe il t HH8d. NeSHHP ot
the star S o8 d nin : OE§P o A1 Mboafe )+ PIEn  oiubgy pimay § cHPecomp.,
(chl or obénzefig) Au-ELi% &%~ chr ot ogr aph) i ntsrnal standasd, swre injegsed.
St ock sol uti ai®3onmnsi sted of 30 m xtures of about 20 wt % CB in CHHP. The
CHHP source g@pial .%a@&_to 2.0 wt % of conbiped cygl ohg_)ggmol ,d 14
cycl ohexanongy, oVi@i:$ re renoved from thealum numheater/Stirrer after a
4 or 8 m_nute% ’r_fod‘5 and were allowed to cool to anbient tenperature.
Resul ts Pndi Pafvatized@dt Amfe si| Brelreagent dod¥® not 4sighis?i cadddy reddce the
catal yti c acfi%iPdy=-680s.he gol d catal ysts. 35 8 3 FEBRUARY 2005 TABLE |

Met hod of ApPPBX Reaction Tinme, W% W % % CHEF Ex. Cat al yst, PrepW % Tenp. ,
Cm n, CHHR CHHEtivatedQitbdRAu ti al Bigdal 1(3%Au+015h%Pd) / f- - 213044, 683. 572414
A1203, 0.0140128d% Ayos 0.1% Pd)/ a--215044. 692. 9337. 4 . 01203, 0.0126

3Der i vat i zedom8b Au +Exp. 1215044. 693. 0634.8 0. 1% Pd)/ (x- Al 208, 0. 0133

4Deri vat szed b 2 Aot 1215044.693,8917.0.0. 1 % Pd) /g Al 208, ‘0

Ab0g, 0.0122 '

6 Derivatized (1% Au + Exp. 2 2 150 8 485 3.41 29.7
0.1% Pd)/e-Aly O3,

| 0.0129

7 Treated (1% Au+0.1% Bxp.3 2 150 8 4.85 3.04 373

Pd)/a-Aly03, 0.0126 ' '
EXAMPLES 8-11

Continuous reactor CHHP decomposition in presence of water :
2 g of catalyst from Experiment 1 above was loaded into a tubular reactor
5  and packed between inert ‘filler” particles. A flow of 6.5 to 6.9 mI/min of liquid
cyclohexane oxidate was fed through the reactor at 150 to 175°C and various
amounts of water were added. Results in Table Il indicate that the hydrophobic
catalyst maintains its activity in the presence of up to 0.9% water in the feed
although the ratio of ketone to alcohol produced falls as water is introduced.

10
TABLEQ
Method of Feed % CHHP  Rate constant  dK/dA
Ex. Catalyst and feed Prep Flow  Temp., °C Decomp. (g.feed/g.cat/hr) ratio
8 Catalyst alone - 6.5 175 97.9 603.6 1.66
9 Catalyst alone - 6.5 150 70.8 190.9 1.20
10 Catalyst +0.5%Water Exp. 1 6.5 150 76.4 2237 0.71
11 - Catalyst + 0.9%Water Exp. 1 6.9 150 60.9 154.5 0.59



. it - o~

0.0132 5(1 % Au + 0.1 % Pd)/a--215084.852. 8740. 7 A1203, 0.0122 6Derivati zed
(1% Au +Exp. 2215084.853.4129.7 0.1% Pd)/a A1203, 0.0129 7Treated (1% Au +
0. 1%xp. 3215084.853.0437.3 Pd)/a-Al 203, 0.0126 EXAMPL GRMdJauous
reactor CHHP deconposition in presence of water 2 g of Efgg%g@é fr%dré;’l
Experinment 1 above was | oaded into a tubular reactor and packed between
inert “filler®aPgrticles. Aflowof 6.5 to 6.9 mJnin of liquid

cycl ohexane oxi dat g wag; react.or at .150 to. 175C and vari ous
amounts of water V\gl: e’ adg%%%%gﬁ{ésé?%‘:@g%m¥ F%Vﬁrd’%ré’f"edegtﬂ P fe

hydr ophobi ¢ d5EemBesitiondpaction mixtiescontaiiing ¢ yolirespohding nlesholcamddietonp, t 0 0. 9%
water in the fileegh r@;}éﬁgﬁug@}lﬁﬂ}ﬁl Bkl : d falls
as water i§ [ trO&C%%é 1 AB EU E@@%@%g&&%%@@%@ﬁﬂoﬁg owFeed %
CHHP Rate coni’é’%’i%efa- m&mﬁm aaEboin heteregeneonsn gold eptalifst wheen al yst

al one- 6. 51759 T8 cAdlyfhadbeh aiipmitedd M SroadSRMCOr3E8RnP 1. 20 10Cat al yst +
0. 5%t er Exp. 16. 515048, 4223. 70. 71 1 | yst. + 0. 90/, Wat er Exp.

16. 91502{). 9?54. 50. ég 39%9‘19&@?26%@?%%&%@%%@@&@% ?t%ggé%ﬁgﬁ%fé%s for
deconposi ng asmgmrteqbene?catdbsttsupﬁcmtmmbmdecorrposi tion reaction nmixture
SZQL%SLPﬁ(gat he. Ty ar ol Bideds SR BICHR 3 Phereil e LA wi th o
cat al yti ct@nolfmbsr is selseted Fomdhe greup gohaistingtod1Sj@4, Adh6s sarbort, TéOgol d

catal yst has Be@)afd b@gnted W th an organosilicon reagent. 2. The process
according to Claim1 erein the heterogenous catalyst is supported on a
catal yst support ninbERe Pracesspesorsing odlaime & avhercig thechydreienaxddedser ei n t he
cat al yst suppeyclohedflhy@opesxide sel ected fromthe group consisting of SiQ2,

A1203, carbon, Ti Q, O, and zitconig.. 4. The process acgcording to Claim
| wherein the hy d%p él;l{fw%rgcgsq aecording to Claim 1 whe.reug) the organosilicon rcaggnt

15 has the formula R,Si(RY),_, wherein:
R is a nonhydrolyzable aliphatic, cycloaliphatic or aromatic group
having at least 8 to about 20 carbon atoms;
R is a hydrolyzable group such as but not limited to alkoxy,
halogen, acyloxy, acetoxy, hydroxy or mixtures thereof; and
20 x=1to 3.

6. The process according to Claim 5 wherein the organosilicon reagent

4~n

2

~ further comprises a polysiloxane having the formula: (RnSiO J wherein R is
Qrganic or inorganic groups; n=0-3; and m < 2.
- 7. The process according to Claim 5 wherein the organosilicon reagent is
25  present in the amount of about 0.05 to about 3 weight %. |
8. The process according to Claim 7 wherein the organosilicon reagent is
present in the amount of about 0.1 to about 2 weight %.
9. The process according to Claim 5 wherein:
_ R is octyl;
30 R’ is ethoxy; and .
' x=3,
10. The process according to Claim 4 wherein the process is run in the
presence of cyclohexane.

_ 11. The process according to Claim 4 wherein the process is run in the
35  presence of added oxygen.
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cycl ohexyl hydroperoxi de. 5. The process according to Caim1 wherein the
organosilicon reagent 15 has the formula RxSi (R)4x wherein: Ris a
nonhydr ol yzabl e al i phatic, cycloaliphatic or aromatic g i t
| east 8 to about 20 carbon atonms; R is a hydrolyzable %%ﬁ%ﬁag%sabut
not limted to al koxy, halogen, acyloxy, acetoxy, hydroxy or m xtures
t hereof: and 20 x=112 oﬁ@pl@%ﬁhe:opﬁng&s@laﬁﬁ@@ﬂt&rﬁgtﬁeOgcﬁEﬁismpﬁoﬁJaemei n the
organosilicon rgaggpt further conprises a polysiloxane having the fornmul a:
RpSi &4_A wherein Ris 2, organic or inorganic groups; n=0-3; and m5 2.
7. The process accdfdi hBe Pigeesk agonrdingtetiaim 12 whetriythegsild isdmm peagdt i s
25 present in Ttdﬂﬁ)oikﬂwm.p@fceﬂbﬁ%e&tﬁ?st%ﬂ?ﬁ%@ﬂﬁn?eﬂﬁrght % 8. The process
[

accordi ng tg cd ai mz; v@grel n the organosi | n reagent is present in the
amount of about 0. L4 ol EHRQtessacrerding totlagn 13 wherrin thegolbsis paeseatratithy t o

G ai m 5 wher ei suppoR memises by well-BispérSe®pME¥RBs haith a dadeter Frond HOuPS ARESS
according to C %#ngn%er ein the process is run in the presence of
cycl ohexane. 11 € process according to Claim4 wherein the process is
run in the 35 predéncEheffrocdsianoniygenClal 1 vicEBRUARYA 2086ted ZomThe process
according to Cpgisnd rxﬂiﬂrll' j ported on alumna. 13. The
process aci(gr di ng tloGgﬁgi m ialgﬁ%%g%ng‘%lﬁ%&g‘gl dis fromabout 0.1 to about
10 wt. perctent of ife 'El?ﬁl%ipfﬁﬁ a@ﬂ@l&u@r@ﬁiﬂl i mwihercin e tetal ihBd pr Btess
according to C ai m13 Thaieddss ic@@rd%ﬁ@)d‘,ﬁix@? %%&&%ﬂfgtp}%%ss RYRRY] fe MEMDEr  as
abou

wel | - di spersed_particles having. a dianeter from nmto about 25 nm
15. The pr ocesg‘%ﬁ@%? HBSELPTBYUPES wherein a netal sel ected from
Periodic Goup VIII is also present with gold. 10 16. The process according
to Claim15 wherein the nmetal is Pd or Pt. |IT The process according to
Claim|l wherein the process is run in the presence of nitrogen or

hydr ogen. :
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