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35 '_ Druliner et al., U.S. Patent No. 4,503,257, disclose another improved

catalytic process for oxidizing cyclohexane to form a reaction mixture containing

CHHP, and for subsequently decomposing the resulting CHHP to form a mixture

containing K and A. This improvement involves the use of Co30,, MnO,, or

Fe304 applied to a suitable solid support as catalysts for cyclohexane oxidation
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35 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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 alcohol
and ketone. In particular, cyclohexane can be oxidized to form a mixture
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SUBSTI TUTE SHEE[L %"g%}l% 26) Zirconia is a particularly preferred

support, and Au% ted on zirconia is a particularly preferred
cat al yst of2% he i nveRuitable reaction temperatureSdfoethefprodess bfthe imgation sanpetfedgst s

of the invent| ognsaRohe 19BbAIN90eC. TempBlahiEaioRl SRR PrboCI8 MLBRHGELL o7 S

or they can be prepar rom suitable statrng rial’'s usi'ng net hods
known in the artypi ﬁeﬁeeﬁoggaem nresspreg&an preferably raggs fromabautRkPato

described in noasouier8d kaQiGMOd 8si) Ffe@ﬁ&é | 4l ﬂ?égsﬁreé\lﬁ‘oﬁgé@ht 276 kpawhb&lﬁ'
conmpounds and oi 0{14 &é)n unds. “%Jfg orted, I
catal ysts can b ]ég Veé’?oiﬁ 8“ B er“ B \t;)ése relation
wel | - di sper3kd to reaction temperature, and typically ranges from about 2 to about 30 minutes.
As noted previously, the heterogenous catalysts of the invention include
Au, Ag, Cu (including, but not limited to, Au, Ag and Cu sol-gel compounds) and
certain non-Aw/Ag/Cu sol-gel compounds, preferably applied to suitable solid
supports. The inventive process may also be performed using Au, Ag or Cu in the
35  presence of other metals (e.g., Pd). The metal to support percentage can vary
from about 0.01 to about 50 percent by weight, and is preferably about 0.1 to
about 10 wt. percent. Suitable, presently preferred supports include SiO, (silica),
AlyO; (alumina), C (carbon), TiO, (titania), MgO (magnesia) or ZrO, (zirconia).
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b o oD JET ST NS e e S
hedontabl oo (18967 \sch ol ieparaBons MR SRRl Tk arSmitplerpiak i &ddof Uy
upper | i m 15updnstead of thsttypical brormemplortassoiataiowrith geld and@esult in hlghly Q her
catalysts usef '"H%ﬂeﬁlsetd%%lc?&ﬁﬁ?% v&r%ﬁ?'ﬁdfeg %Phrsﬁltgﬂg@ g bglE r'h?ésg hxcgrhl
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include Cr, Co, Zr The catalys sofi@ 1su;%¥ort foludihg 810, M1,0p cafdMl MgD, zirconia,

conbi nati ons as fort efo per cent a tals 1n
the matri x can SFa¥? 2’%%“?%&0%5%““%“%&% Hg?‘EP’g’%ggsan nd their

rel ati ve r&0i oscrysthidiyie fbrmes. rBejectian of wn bptidableavieyape partibde siverforithe catddiysth

can depend On cRlbEhACLYP BeAGNBEA I Corok s BEIHATE M, redl AEHPARATRAS" >
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hydr oxi de, or CRéE’ﬂ'aBéﬁWOGS ﬁﬂﬁ{&%outsm Cefifstd Raking £ 5urbiceRbda bRt iR t he

Zor responding a{n ngg a% %re erre shlgt\:l\g g%d—p@fﬁcwgtqf @ngefélyzsgsxas a direct
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ant 7 apped i t hi PR muth Mg Slabe el oo o Uelnilo o bt KRG EpP Yy Bhess of
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matrix can optionally be supporfed on an appropriate support menber ,
such as Si O er rUpPAItsuriagedted.r| zrerr], carbon, MjO, or TiQerr].
Preferred @atal ysts Other ca@tystsrusaﬁﬂ me@iﬁeﬁﬂﬁs@tmr&acmpﬂse@of%eﬁmr Co

A ‘sol -gel techni 1S .Q ess ree fluid sol ut
Ssorm Do 11 ormpiinciife RA 5 HEbEs i 4 ride DR friffsdite
col | oi ds, of hydroxides or oxides, or combinations thereof. The metals mc_lude Cr, Co, Zr,

Ta, Nb, Al, Si, Ti and Mg, present in combinations as set forth before. The mole

percentage of metals in the matrix can vary, as can the number of different metals
35 and their relative ratios. They also may have variable hydroxide content, which
can depend on calcination temperature, if performed, and other parameters. The
transition metals Co and Cr can be present as inorganic salts while Zr, Ta, Nb, Si,
Al, Ti and Mg can be present as an oxide, a hydroxide, or combinations thereof.
(Note that for simplification the corresponding anions are not shown for these
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nm charcoal carbon ( Fogre =N ' i '

f1 owi ng hel i um (100 i/ é%i at 4%%fearwri‘?ﬁcﬂf°p°rataf%%h?’? %‘}“ﬁ%‘?f@it%@%’p was
then slurried infogmylatign iatp g catalyss bed,viyeh is arranged o prewideintimateicontact r
contai ni ng R5n. sarweanédtalysts aiiCreacthits. AltbrhativeRg catalysts@dn be shubRedrivigit €S at

room tenperature and then evaporated to.dryness.on a rotary, .
evapor at or . Tme) AR S using g@ﬁﬂ%@‘%‘gf t Wé&nr ?P’FI%%%&&&‘F ARYFEHOR 100
nL/min) at 400[ eisispiatleforbatjuor forcmitindous CHHPadetotipesition praxgsses. Thedet | y
capped vial for £gsidideAShehe aHﬁe&'ﬁﬁ@éﬂ%‘lﬁi‘d& Wgﬁat}&fcgi?%iﬁLXsSt'

Experiment 2 ~1.4% Au qn, SI'l'I¢C . i ) nesh silica gel
with surface area 300Asging aiRy aypixdurgsif gireand inert gases to CHHP decomposition

30  mixtures provides higher conversions of process reactants to K and A, since some
cyclohexane is oxidized directly to K and A, in addition to K and A being formed
by CHHP decomposition. This ancillary process is known as “cyclohexane
participation”, and is described in detail in Druliner et al., U.S. Patent
No. 4,326,084, the entire contents of which are incorporated by reference herein.

35 _ The process of the present invention is further illustrated by the following
non-limiting examples. In the examples, all temperatures are in degrees Celsius
and all percentages are by weight unless otherwise indicated.

]
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{

l‘cc/g(AIfa Aesar, Ward HIl, MA) was calcined in flow ng helium (100

nmL/ m n) wogm“@QO[err]C for 1 hour. This material was ther}@;r,yggsmggw nt o
a*solution of 0.1 g gold 15 trichloride in 10 nL water containing 1 ni_

concentrated HCl . The slurry was M 15 m nutes at room
tenperature and then evaporated to dry rotary evaporator.
The recovered solid was cal ci ned Expefimgni hgl A% AugarCarbon (100 ni/nin) at
400[err] C for 1 hour, _

53%8#@6‘ 3515&?“3 K@? o%sf)ﬁ.ﬁg chg%sam}&aﬁ EMRGELnYE, Fherry

for testing as a CHHP conpos P{ o
Experiment 3 ~14%ikuN&was ¢aleined in flowing heliumg19) i /min)at 4PGC farili hour g dhis

wi th surface qr e?mﬁé‘@al R¥ds 3 $haPiet nt¥ @l seRion of 0.1 % 851&@6&0&6& i1 PRI Mvatear d
HIll, MA) was ca

: cined 1n flow ng t . 400[err]|C
.for 1 hour. ThisCRRAEIRG| %@'ﬁcﬁéﬁaﬁébﬂ] &he FWF& ‘&asﬁﬁfgp %1? mmute%qlt "90@ g
. gold trichlori de ténipekRturd antbthes evapota¢dioniyrdesson aaotey evaporsotiThe fEB@ve?&i

JUTPTES S

[P—

i as a CHHP ARESRAPbiatdt! 'I‘B@tr@éd(rérred sohd was calcmcd in ﬂow1 ing

To e yness Sl Fer il mﬁ“tﬁs PP Eery 300 Birgile 2000 AL B8 aRecie

in flow ng andthengmre@ ixﬂﬁghtyaappqdwalﬁﬁﬁsang]asaﬂﬂﬂlidhwnpom ed and
then stored jg ti Y capped vial for testing as a CHHP

deconposi tion catalyst. Experinment 4 - Plain
Silica Control 30 5 g o&mﬁgﬂﬁ%ﬁ!&l’g&b&th surface ar ea

30|0 ”Q/g andf Ipor e vol l5|r§of+8 mesh sﬁih’a%e(&itﬁ%uﬂﬁ%ﬂream h Thi

cal cined in flown Lum our i s
material was thed Eﬁlfaeﬁeéﬁtn()@ag&ém S%Abwa%?algxgew %ﬁ& 08 mlefminhg
1 nL concentrat edt 460°C fohé mhurmswmsermWasefénfsmrné&mtbmsbhmoﬁtofolg olgoom

recovered coffd iaialeRrIARE bk hilig oY et Bl BCY PRl e, )

for 1 hour stmubfced Samigtds ahreomoteatperatureiagt then evaperatedito aryress on ast i ng

6 o rinment cu erﬁ-Al um na
5 g of 6-12 mesh({®mlimin)at 430 §pﬁ9é.lél§ur( earlgrie-ariﬂwersr@e jgtittycapped viabd
into a sol mﬁtes‘tu@fas(h(l}mpgﬂc&npﬁglﬁdﬂ{@u]ﬁg in 10 nL water containing 1
mL concentra%(ﬁ HCl . The sl . Stiisb d fo§ 15 mnutes at room
tenperature d then 5 evapor a ary evaporator. The
recovered soli d was cdlgofr2imicron silica gél with swrfave tareagthi rhd/g@ndipors volumi
400ferr] C for 1 heioy eOM AdsANtata AL MAY Gfs bhlcined in AbWAY Refini@PPed Vi al

for testing as a

it .
Exper i nent 6 —136300mbfmi pt 400°C for 1 hour. This gagerish was ghemsbyrriss inte & sobution t h

| surf ace ar ea 300opi@'¢g péld tﬁé]ﬂoﬁ@é Y mhurvaata;%ma;mﬁglanmbﬁ&nﬁa&amcm&

Hill, cal i ned in. at 400[err] C
for 1 hour Wai‘% e‘?"i‘sa’rt‘r\'ﬁggy\% Egﬁ“%‘ftﬁf‘r?t fé%‘“.‘?ﬂlaefamé%ﬁﬂ thep exgporated 0 i | ver
nitrate in 10 rrLdvgmess orandtarynsvagorktarl The neventredtselid Wacalcinkd infflewirdgur ry

was S eglichfient oSG oRlod 2R | HEREBbiG Sod Wbl REB Y ABATS" 0 1O

dryness on a vered ol g ast ch ed in

" flowing nit rogencqm’ed(qdcforr@ﬁmmqs af Hitodespayposition catalystir, cool ed to

200[ err] C and cal ci ned another 1 fiQefimeft 4 - Plam gmgmtraydr ogen (100
M./ mn) and é&en St Or%dg BP+%nggsixls¥hc %g%Pwuh surface area &8& |2/g and pore volume

1 cc/g (Alfa Aesar, Ward Hill, MA) was calcined in flowing helium (100 mL/min)
at 400°C for 1 hour. This material was then slurried into a solution of 10 mL
water containing 1 mL concentrated HCl. The slurry was stirred for 15 minutes at
room temperature and then evaporated to dryness on a rotary evaporator. The

35 recovered solid was calcined in flowing nitrogen (100 mL/min) at 400°C for
1 hour, cooled and then stored in tightly capped vial for testing as a CHHP
decomposition catalyst.
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as a CHHP deconposition catal yst. Experi ment
7 - 4. 5% CuWE8H4BI4C a 5 g of + 8 nesh silica gel PGIUSIZ/ORN6CE
arrea- 300 n2/ g and pore vol une 20 1 cc/g (AI fa Aesar Ward Hll, MA) was
calcined in flow ng helium (100E tS~1.4% for 1 hour. This

rlfgtﬁrL i al twas thten sl U'Srglwb-'l@hﬁsﬁafﬂhi{iﬁ }ﬁfesJ(CQISQ:_Iqt Erie PA?M@%ltﬂhédﬁit@ in
wat er cont al ng en ra e .Sl urr

stirred for 15 n?ﬁ&l‘@gné S%’r"el_%g‘ ‘P’%ﬁ“ggﬁﬁ’&gé{t‘\é& ogeRtiAted

on a rotar chvahersn&@rwasTdiﬁrerdetprnﬁﬂutthu donbtempatatire and thenf | owi ng

ni trogen 25 100 ni/ 400[err]C for 1 ho | . 200[ err.] C, and
cal ci ned another ?pﬁgﬁq%‘.ﬂ%@ryness ong 19 V?‘R?a?t%:th? gv%%; %ﬂ(i%zw%{]@l(flh%%]m
stored in tightl flowingmitrogera(l00anL/insin) atrdP0°C for 1 Asur cAbietband themstared imn

catal yst. t Y/ 13 were

carried out accorﬁhﬂ%c?ygh&mfﬁﬁﬂdg@e%r% e&%p%????%% techni que of
Tsubota et al., Preparation of -704 (1991) to
produce ul tra-fine golkg WBhfésﬁ%xth tﬁ'éﬁﬂ?éé herl%%n’a ore voluife’ €

purpl e/ pink in color c ronze/
%brown/ grey (m)weF cr/gLd %g%sag ig’gld l‘é(ﬁ/ ‘Eﬁﬂmgrh? P@&% n(x)l[/mm)
(Eﬁ)?“ Xent Vé‘V%tmlgoF? Y Ohour. ThlS matenal wk@ ﬂé&n@‘lurﬁ@ﬂﬂhﬂb&@o}uﬁaﬁ%f TeB SW .
a Aesar, r | . ed in go
Ltrichioride in 5Bt OEJ@‘C‘%\"’%? @‘nﬁ concentt?{ﬁag bﬁat wﬁe pH
of the slurry wastirae] fmsﬂédnmutesaﬁromntemchhmmandthenmphatﬁtte dsyriess oma and

then 0.69 9. 00 Mty o 2 8 ercAlyh 5 whk eIz if Abwing nimpgeiOLl S 2t

room terrper ature recover

with distillkd mékOQrmLfrm) pAQ07Crfer | bows, eowsé te 20Q% Q‘@tﬁ qaulpqu(mmlgerd.hour in

7 ﬂir@éena(? 08 all/giik) 4ndfhén StoRdUih tighflp kashedRfallfheRs@ir ed
in tightly capped VI or.testing as a CHHP deconposition catal yst.
Experinment 9 ~198%%C deqompgsition, patalyst. 10 g of powdered -60

ﬁmash [err]-alumina (Al fa Aesar, \E{thlehtz;lﬂ%v@ﬁon&hcasl urried into a
ol ut1on Of 0129 9018 404 £ el Ui PRy sl e 508 AU el by,
carbonate s&Qt i bnc/gr(d&lfmat) WardHil MAhwes calamed imBowingdwliugy (160 ngh/min) ng
for 2 hOUfétﬁwC%F}]hS Peril H%?eﬁahl%a§%&engkm@§driasqusnﬁ@n§\f1fo gtration

and washed wel | wat er, recovere
cal ci ned in fl owFPRPeRPHraipin %WF&?W&{%Z‘S@PM @ﬁﬁ)aur'@e SUBH ed

and then stored iyasbfigéd fof 1(5amafbs\at i:tlom temperzitﬁfe dtﬁl&hemﬂvaspsra@edcﬁldi’yness on
deconposition cat al%l_y The re t| n a&gst wa glu&é) %I nk in
col or and had a WRAPPIRAL- vips:calsinsddn figiv ng
diffraction ZS(RD]HOO mL/min) at 400°C for 1 hom' cooled to 2003 and Mnedmlothﬁbm‘mmm
Silica 15 | ﬁﬁ’%

MA) was slurri edﬂo‘wngg h}Qc{r?%éd clsﬁglﬂlf/?%ﬁ?ﬂh %Eg%lré\cgﬁnc}@[m?c or i Vdael\@'??l{L {d-y‘é‘rt
wat er cont ai ni ngasa fEHP decompasition satalyy- HCl . The pH of the slurry was

adjusted to 9.6 with mﬂncumxpenmeneqr‘p%ﬁmtw Imrwceaehrﬁ&eau&c@&d%g%dl um
citrate was adde After s ture he

t
solid was recoveEBE§Ta sﬁé%we&aﬁr&%a&& %\ﬁ}gl?qm etal, Prepa:auonrg%%,r talysts
30 pp. 695-704 (1991) to produce ultra-fine gold particles. These supported catalysts

were purple/pink in color compared to the bronze/gold (higher loadings) or
brown/grey (lower loadings) supported catalysts of Experiments 1-7.
Experiment 8 ~1% Au on MgO
10 g of powdered - 200 mesh MgO (Alfa Aesar, Ward Hill, MA) was
35  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 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

=
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20 with distilled water. The recovered solid was calcined in flowing air

(100 L/ m Rodbsggdal err] C for 5 hours, cool ed and then st or edpdnusdsiiddey
capped vi al for testing as a CHHP deconposition catal yst.

Experinment 11 1 sh
titania (Alfa Aeg @’n@&n}x‘)h@ﬁ@%ﬁg}ﬁ hour, gOICd %#ﬂ%&oﬁgﬂﬁgﬁg’éfﬁégr‘{@f

0.2 g gold tri chfmtﬁﬁmglasaﬂ'lﬁfdﬁ&@l@r’o%%‘m% yetg 1 concent r at ed
HCl . The pH of the slurry was adg nt 9 ~{ %9 AWignhy-AGsthing car bonat e
solution and then 1.5 SOdI ,fqr % S aaaeai :@ter S

2 hours at roomterrper f"é‘o‘l@d“%'m Hysat; Hai"iHj’gnMéﬁd"as

washed well 5 slu!“hédhn@b shmhix@dof/m grgold trithiceileMaS@dnE ehatet ommmgcnmad in

tored i n ti ght 1 SoRrphaad Hh oo 0Tk i arp R SR YA on

cat al yst. carbonate solution and then 0.69 gosquiéuri citrate ¥2s addedauAfier Sirring fora
10g - 325 nesh zhn S\

sol ution of O. 2gbgh§ l"lgor |t%heﬁ mgeqtggs eraEgéﬁgve:%@Lg‘gﬁg%t?%d%Hcﬁ gsﬂfﬁ%lla
slurry 35 was ¥athdi lqglémtcry reeavernd splid wasjcaleined indloyvigggirt h 0. 1M

sodi um car bofgt e(100 mL/rﬁExl) 4t 230°C foPS hsmrédbw@m:eﬁ gﬁekmrtigm v&agb&i #ab9g
sodiumcitrate s en stijrre further

hours. After fil ?‘é’r@?ﬂ?%ﬂ’i& GHER 4"!&”&%‘?5‘“0“ cata?ly% Llﬂ‘edF fing ga&alg(,att\ggs t he
solid was cal ci npgrplé/pinkGitcolor and hddod gdld ipatticle sike 358qmras determined by x-ray

8 . . Experinment 13 ~1% Au and 0.1% Pd on Al um na
1 & - 60 nesh yggﬁﬁ?ﬁ%(%)‘sl urried into a solution of 0.2g gold and
0.02g pal | adi um t et raam ne chl or i Bxparimemd0 ~18 An onSiliese drop of conc.

HC . fg slurry lbgof%ﬁlicrarﬁﬁjnﬁgﬂ% Mﬁmaraqhns e‘gﬁg amﬁew th

0. 1M sodi um 5 car bon sol ut1 on

%glmwas agaln Sfirr
whi | e 0.69g sodi it @jsphugiop of 0 gg@lémiﬂm@e ey Walglepniaining LS'[I rred
for 2 further hOHéxﬁoenﬁﬁtE&'H(ﬁl' Imerpmaftaedl wasaemslfémwwxmvsoahnﬂl stilled

\évg':)[e;r ; i[ ge solid carbonate lso I tqgn amcf| then 089 Psditim cﬁ:ratg(vlg,é Ffl%g.' Adfer s?%nng for
CrzrO 2 hours at room temperature the s@lid was }ec(nZeréﬂ by fil¢akidy and Washed well

218 nL of et4@no ‘J&%ﬁasr

punctili ous)i@waskvé% | neg%&%?%@hﬁ/g 2 Fconi um n prooc?gn%e (70 % in
n- propanol , Al f a(10008b/mipd at234°Ci for fhpurspcapled m&eaﬁw@mﬂmzamgdowﬂ 15
5.24 g of chr oni mptégt{dg)as%mp%g&@p@g@,{ﬂﬂggch 20 223-2, Vard HIlI M)
was di ssolved in 218 ni of ethan maf a 1hls solution. In a
separate container, 218 nL of et =5 nmL of water and
2.45 nL of gl aci al aCaDigCofq:bivdie(eii-'BZSBndshrtxtaxﬁEQB}f@&esﬁhiW:ird[HilluMA)Nié and
The aqueous £51 uPlbieditda dbfor 52628 ST ERIoAdR I SO L. Nober BRmining 1y
al koxi de sol ut i osoncentrated FiCli rﬁlﬁtpﬁ\efsthpé rvWascadjested toe%O withesodiwmunder a

BL ?Inﬁgt of flow pgrbBhitk SoRifoR hd tHen'1I5g S6kitiuh! Pitate wdsAAdEH URRESstiRNhY FbroN-

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
30 (100 mL/min) at 400°C for 5 hours, cooled and then stored in tightly capped vial
for testing as a CHHP decomposition catalyst.
Experiment 12 ~1% Au on Zirconia
10g - 325 mesh zirconia (Calsicat #96F-88A, Erie, PA) was slurried into a
solution of 0.2g gold chloride in 50mL water and 1 drop conc. HCL. The slurry
35  was stirred gently as the pH was adjusted to 9.6 with 0.1M sodium carbonate
solution. The slurry was stirred gently while 0.69g 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.
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h}drolysis, and prior to the observation of a gel point, sonme opagqueness

and . _pyossl3us9d4whi te particle formati on was noted in the PCTASY8/a2926
at koxi de sol ution. 25 The opaque gel material was allowed to age at room
tenperature for at |east ExpétimémBs-1% Au and 0.1% Pd luminar i al was
dried at 120[err]Cin at
experinents, the materllJO éB)X%gQ? gls@& 4 4t aégf%%lﬂx?&afﬁtﬁgo%%g Fg?[@ and
granul ated to si MgwbdQthannmlﬂmﬁﬂ mci()@gnyateg@nd one drop of conc. HCL
Experiment 15 was stirred gently as the pH was ad ustedto9mﬁ(@ lMsodlum
Crlerr] (Taqerr] err]) errf E@ %ﬁ tum
Cheni cal , Jdie slurry was, again stirg ¥°WSWM ‘?&tﬁ 8
\gN ;)f tant al um tet b.texd %@Wi@é@md thes Btirred\fir2 mhhexai?oura 1A68; ﬁk&rh:j@ﬂde

in an inert a er
acet yl acet onat e gc‘ﬁel?% %t}iga% WF’EI%H %hdms %g:éne%m “BP% SIS

350 niL et hanol addéﬂO‘th t he al koxi de solution. In a separate

contai ner, 350 nL of ethanol was m xed V‘E%grﬁéenz;gL of water and 3.06 nL of
0

9 glacial acetic acid (J.T 3-05, Phillipsburg, NJ)
and 2.39 L &9 70 Wt %nitric amd(lﬁﬂsélences G bbst own NJ).

The aqueous sol ution was added, in acgw ﬂ Qgﬁ)! EEE to the tantal um

al koxi de sol ution contai ni ng sol ubl ¥ tonate. The nmateri al
5 was contained in &k8wiofiethanod (QuantuChemicald » NI dehydeatedsf

flow ng ni tﬁhﬁ&?ﬁb\%‘ wa@%ohivu&daaﬂh bBQﬂg oFQirl:&Yihﬁ% PrepoRidési7e wtamGhear
dark purple gel | ear poi nt was observed afje

appr oxi mat el y seﬁbwoﬁ&?%l &lfar%ﬁ%‘ Ward @ﬁ%ﬁgf’h?’éwwll’w ‘{WP?’E)gen

Ige materi al 19as 51%4 gd;fﬁihrdxﬁﬁfr@mi)ﬁcb@labeﬁhﬂﬁgm?ﬁm , 2002232, OWafdJman ror
sone experi nen e a sha
di sks and P rﬂ}f"sﬂ ’Poﬁg r@t’eo\qa%?%\?g c?yas aQ%Sf tr‘?etgﬁ g

Experiment 16 separate container, 218 mL of ethanol was mixed with 20)5TmD of water and

Crlerr] (Tiderr]y 4% oF ;&{a?%%ét}c%d (I.T. Baker ?5%03‘355 r@uﬂfp&ﬁ%ﬁ ﬂ]ﬂ Thd %

sol ution in ethanol  contaPning
24-411-2] in ethdn®l nﬂa@ 28 ye% nitrispaqid (BM §q1egqe§aﬁ&bstownNJ)mder an inert

nitrogen alt rr?_epher e. G’I‘K@acFﬂeoﬁi sﬁuﬁ@@%atagdéd Sxémrap\%v{sgﬂfiﬂcm to the ZifGUMneAt )
agueous sol ution om um 0.4 acC al e

B ao0s 8 v oI AGRdS st The SXpEIMER e pATasmed in arreta keRl Der fi g
to 20 formthe dlarket offlovinphitggen ditiag nid additibn mﬁﬂleckqumhsabhﬁibﬁ[ dDm]xﬁgl n

air prior to nt 17
CoCr Ti O hydi’él?’sw and prior to the obg%rf/atxox] o{} Fe rlﬂm &t .?m& Spa r (1)
25 14. ossibleowhite partiels formation sagmoted inthe gireondm ednxi ens algtion.
titanium 25  The opaque gel material was allowed to age at room temperature for at least

24 hours.

The material was dried at 120°C in 1 atmosphere air prior to use. For
some experiments, the material was pressed at 20,000 psi into small disks and
granulated to sieve through -10, +20 mesh screens.

30 Experiment 15

CrTaO
Crg.05 (TaO5.5.x (OH)»x)0.95

350 mL of ethanol (Quantum Chemical, Newark, NJ, dehydrated
punctilious) was combined with 115.8 g of tantalum ethoxide (Ta(OEt)s,

35  Aldrich, 33, 91103, Milwaukee, WI) in an inert atmosphere N, drybox. 5.24 g
of chromium (III) acetylacetonate (Aldrich, 20,223-2, Ward Hill MA) was
dissolved in 350 mL ethanol added to the alkoxide solution. In-a separate
container, 350 mL of ethanol was mixed with 25.7 mL of water and 3.06 mL of
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n- but oxi de [Al drich, 24411-2] was added to 52.68 nL of ethanol. 8.50 nL of

an aqueouswégg;;mhar sol ution of chrom um hydroxi de acet at e g/ @§dsfpRoze
31,810-8] and 12.75 nL of a 1.0 M aqueous sol ution of cobalt chloride

[Alfa, halal gg@t{ceaa&@eﬁ Bakdrh 6963 bSXP Vgs@hf%wn and¥ 5661t be

addition, the ggass cont aLner was & under an I nert
nitrogen at nos pRaME. %THtricraid §8M SciencespEihh W\h@ -dri ed at 120[ err] Cin

air prior to use. The agueous solution was added, in a dropwxse fashionp €9 theRam

TS0 i of a ¢ lkpxBlghEoRsTARiag salvpld bt S t&be&%atrg;m{q%j%& i) 35

contai ning 60 velascontdinetkinairdsinikettlet drdnwas phsechum&ed athlal@t 48 flotving

titani um RirfSeR tuflfig (ehs Heifiidn. Foifbwing hylriphid, ¥ cled, Wric HilpH gln9 60

vol ume % of the
SUBSTI TUTE SHEEforfiRdL EA Ziar gel point was obsegyadoaftatapproximatelivseves daygartooat

et hanol was addﬁ‘éi'noﬁéi‘atﬁfﬁ'ﬁ‘nd%rmoﬁﬂg fltkgpehde sol ution. The sol ution was

kept under a nitrogen atnps A sol ution containing 3.712

mL of water mixed wi fliheom!ﬁlgﬂ vasgiried 3t 420PC in 1 am‘é’&hel"% ag ANer tepsesc Fokces,

Xg409PS- 1) 1@s seifledxp &uhf]tﬂs ahkmt&maﬁstﬁreszad atzooompsl iﬁmhthlaehlqthgh&ndof
t he aqueous conpohe t he SS,C er ntly swirl ed under
an inert nit roggﬂpam%sé? 5%’/3’ gpi %@s‘“ﬁﬁ%é f ormed al nost

i mmedi ately on addition and all ovved t o Experiment kfom terrperature for at

| east 24 hours. The gelled material was dﬁ. at 120[err]Cin air prior to

use. eriment 19 10
CoSi Ti O Croao(Tiex (PH)etdo Sif[err] (Jerr]

(O[err])[gyr] 13.85 of%)(()la\%lﬁ'ﬂne% §1§tx 'ﬂ%a;{bﬂé% nﬂ%ﬁt%lm Of 60

volune % titani um hano

formthe al koxi Buiexide [Q,erch 24'4111"8] ith%m%Qil‘Yﬁsl asided g0 30. Q&mbefmnob 425

nL of glacial ag bl ; 378. f obal t
B cﬁl act al (Alﬂc]!dgcaniiiz‘a?)o éu@dgénja@noslﬁlkr@ Oﬂ-mp. oféh §ep9raM §(5| Mbla?@m@fa@

Sl 11 gt he ot QUi ATSROS soiRSh o T\ molar chrdiRivi Ay gaide eetaee) fAlpili g
t hroughout . A bBLB81068] wpslsiawlyaddedred thei Al¢ohoh solption,uwithl gerdd swirligg o

24 hours i i rfor}xpﬁxe\r%{z de"limm%ﬁg 6 ndltertd WaS'drled #1265 §9 atr'fibor to

deconposi tion
Experinent 20 use. AuMgCr Ti O

Auferr] Merr] C [err] (Tigerr] (OHEx8éfMERErT ] 46.14 m of
et hanol (Quantum Chem cal, 290, NewarKk, & ?EEy rat ed punctili ous)
was conbi ned with 20.214 rri of a 60 vqu Cs lution in ethanol, 25
containing titani um butoxide (A Qop§!Cro24ATIOL; 2DHy)der an inert nitrogen
25 14.57 mL of a 60 volume % solution in ethanol containing titanium
n-butoxide [Aldrich, 24-411-2] was added to 52.68 mL of ethanol. 8.50 mL of
an aqueous 1.5 molar solution of chromium hydroxide acetate [Aldrich,
31,810-8] and 12.75 mL.ofa 1.0 M aqueous solution of cobalt chloride [Alfa,
12303], were added to the alkoxide solution. During the addition, the glass
30  container was gently swirled under an inert nitrogen atmosphere. The gelled
material was dried at 120°C in air prior to use.
Experiment 18
TiSiO
Tip 3 Sip.9 (O (OH)yy)
35 1.915 mL of a tetraethylorthosilicate (Aldrich, 13,190-3) solution
containing 60 volume % alkoxide in ethanol was added to 26.43 mL of titanium
n-butoxide (Aldrich, 24,411-2) solution, also containing 60 volume % of the
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K]

" at nosphere. 0.818 m of an 0.219 M aqueous sol ution containing AuC [err]
(Al drieh WO9B34838 404-9) (prepared using water and a 3:1 HECTAISISIRL2G

ratio of 37 wt % HO , E.M Sciences, G bbstown, NJ) was

si mul t aneousl y ﬂ&dﬁﬂe\dhtethaﬂoD067ﬂ43oﬁL of ethanol wmaddedqué’ous armiyed salkoxide

citrate (Alfa, m um hydr oxi de
al:et at e, (03(0—6@'?%0@? nghrl ch pgg%‘?gj@dgt’&g@osﬁﬂéﬁo $09 ?/ﬂ 01)‘(I

gl aci al acetic acid, A(SOIWOIBmlmMQbim)@L of ater paised ithhd.515 mL of glacial
The aqueous sol jekieBid VN S‘dléﬂéhi Wynaﬁlgeﬁdba té R aakbxme QSlu%QhUt i on.

The container was gently uring this addltlo een/white

gel ati nous Mat ePP&Pg\XB% a?ff‘gﬂl!l@g&he quEQNs companents, the 8 P@a“s"tmaéﬂe hﬂg? genty air,
the 35 materi s%buwaanﬂer aﬂm&zﬂ?en auﬂospaemurmmmnowwhau Bfoteied v

g\e,l gfhgte idotng_ lmost unmeHxa? Ilyr oL %Eidmon an ﬂo&bd % 'agé a{ 1%0 m;:w:raltf])}xnc:.p Por a on

Experi ment 21 least 24 hours. The gelled material was dried at 12p2(/iaCaiFi pdior to use.

Auferr] M[err] Croferr] (Tiderr] (O EgbEkhkat 1d The sane
procedure and reagents were used as de 5 Experiment 20, with
the followildy differences: CoSili®6 nl of AuC[err] solution

15.243 m of titani um n-but oxidq:o%og'p;ol 8 1 (0 (OH)pp)p.s . 1°: 749 nl  of

magnesi um citrate sol ution hrom um hydr oxi de
acetate sol ution 10 3.86 mL of 60 volgmeBTEDS523.66halopf 60 volume % titanium o, 535

m gf ggaCI alj aﬁ%h%&:&& I48d 16. 45 mL of ethahol Wie Mséll RERIMTthé ﬁll%’éﬂde%?utlon
g(ge‘rjfﬁe’m ago_ gmlrs',%g{unonl 8. 7t4 20, 0. 425l of gﬁcggescr%?éj and 15
AuMICrZrO 15 51.879mL of a 1.0 Médf_u&bfx]of Psl’bl[»ﬂl;T1 a dfﬁlél@de“ {]Alfa 12303) in ethanol I
250, Nevir k.| NoWeRLARaYl seatly syifi B S Ghielielrdf HabRi st
of a 0.558 M soWas used throughouthio/A blue red: gelatimovis mpaterialcwas prodncest. oAfter dging
(Alfa, 22989) URHRHUANNIAE he mgwéa? as Aied a@&g@@pﬁaﬁt&g@ﬁé é,gﬁpo% on 2248

M aqueous sol utton contal i ng err]
si mul t aneous| y e\ARatiopsih 11.408 m of 0.180 aqueous nmagnesi um

citrate (A, 39368), and 2.738 m of gk Em% ous chrom um
hydr oxi de acetate, Cr3(0OH) 2(CH3COO) 7 (AI% é_ﬁ ﬁ_ .31, 810-8). The aqueous
sol utions were sinmultaneously added to I{b I de solution. The 25
contai ner was gently swirl eﬁdx@u;g’yi@g@d;tj'gs&@@bggsﬂ@ﬁ OHMG Y- 0! | oW whi t e

gpl i nous, et 4 Tl B LR 2 N0, g
subsequent | y capunatidisus)owas combiﬁ&i)mapmﬁmbmfra 6®volirime&s lsolmtion ipethanol, o
CHHP deconpasi t L Giaivd fidhiuf'Sutoxide (Aldrich, 24,411-2), under an inert nitrogen
atmosphere. 0.818 ml of an 0.219 M aqueous solution containing AuCl; (Aldrich,
33,404-9) (prepared using water and a 3:1 HCl:Au molar ratio of 37 wt % HC],
E.M. Sciences, Gibbstown, NJ) was simult_aneously added with 2.00 mi of
0.179 M aqueous magnesium citrate (Alfa, 39368), 0.119 ml of 1.5 M aqueous
30 chromium hydroxide acetate, Cr3(OH),(CH3COO); (Aldrich, 31,810-8), and
0.709 ml of glacial acetic acid, (J.T. Baker, 6903-05, Phillipsburg, NJ).
The aqueous solutions were simultaneously added to the alkoxide solution.
The container was gently swirled during this addition. A cloudy green/white
gelatinous material was produced. After aging for at least 24 hours in air, the

35  material was dried at 120°C in a vacuum oven, and subsequently calcined to
250°C in air for five hours, prior to CHHP decomposition evaluations.
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Experi ment 23 30 AuMyCr Al O
Al Al
uf err] 0?55,}4853[err] ( Qerr](O—D[err])[err] PC“?%?’EE‘??}?

a 0.05 Msolution, in ethanol, of alum numisopropoxide

904-7) was added to the reactor contai pcllll gecond step, 0.525 m
of an 0.0744 M aqueous sol ution contai ATt AJu.lErr] (Aldrich, 35

33, 404-9) was sinultaneously added wit hAllimTftb of 0.180 M aqueous
magnesiumcitrate (A fa, 39 8 T 6 (5‘1(1)4 om um

hydr oxi de acetate, Cr3(COH) aqueous

sol utions were si mul (eceme proessinse an fQﬂSéntQIWR“G%d §$)11‘E?F¥1B?Fl forhe cont ai ner

was nme t 20, with the followmg differences: 12 gently
swirled duri ng s ad% red col ored gel was produced.
After aging for at | easB M%Gfs‘“ﬁ%%g?lp 0Rhe naterial was dried at
120[err]Cin a vacysm4asvanof ttgivin hstanoedé sylutiehci ned to 250[err]Cin
air for five hours, pri Lk '

, I CHHP.deconpositi.on eval uations. This
Experi ment produced an gp(jrﬁ%rm}rpfgmgn?ﬂ@ % ﬂ#’“@ggf hydr oxi des and
oxi des. 0.469 ml of chromium hydroxxdE;apemerselutlm
AuMgCr Al O My[err] Cr[err])
39 err1)ferr ]34789nuéFL&EﬁclLr

(Algerr]( he same procedure was used as in
Experi nent 23, except f@r53:5hm1 of glaciad lagatic adihnges |isted bel ow. A cloudy,

red colored gel was gy Qﬁﬁﬁ een/white gel was produc&i 294 wids tRfatetigl the kdrhe

sol ution g‘ al um num i sopr opoxi de sol ution
1.223 m of theMAREHCAS drsed Cfgﬂ f@ﬁrm%ﬁﬂ 0.587 ml of the
chrom um hydr oxi de acetate sol uti on 15 Experiment 22

Experi ment AuCr Al O
Auferr] C[&Fr] (AIqerr](G—l)[err])[errfUMgcrzro 2500 nl  of

i sopropanol (Em Sci ences, go/6196 Eoorbsn €4rQp x(OH)25)0.8481 umi num

' id Al d d b Th
st T Sapr opord de i s*??ﬁzngf.emn h‘"@%&%%@f’é@%&;ﬁ%‘”\?’ﬁb Pfdhwagdded 17
separate step, pumtﬁmug) Wﬂs mmbtnsdrwlﬂ( mofaeoﬁé&l\é)wmgnansgmmbd in
;Znﬁn?t i FT ous). ern_ ﬁﬁl(mﬁ?%g C?MCIQ@M en

Cr 3( OH) 2( CI—éQiOO?Vn‘(SPHF’@n% 841 H}ld%&& @85&1“3‘1%88% a?lenoaﬁamﬁwg A¥C81 0-8) and
0.85 m water (AliihyGB408-0) was sittutansiuslyvided with Pt.4pRrmidf 0.180 M

IPZCZ‘L“TnSE?" 2 RS el (417 0268 Ao P BLEF Lo Bl )

trichloride was chromisfrehydraxide agetater §ri () AGHe COLNal (Akiirish, 89, &lﬁé)al num
| sopropoxi de solyhd Mudoﬁswg I&E a)ﬁgdtfcﬁ% tROhIbk AR s6RBbAl MHR0 t he

30 chrom um hy I’OXI e acetate was hi's m xed, so| utl on.

Fol | owing 25 Cﬁwmrwsaenﬂnéwsﬂ%ém {his additinm, pzﬁ%‘ﬁl‘ y ¥elow/yHtent was

observed after gelatinous material was produced. After aging for at least 24 hours in air, the
material was dried at 120°C in a vacuum oven, and subsequently calcined to
250°C in air for five hours, prior to CHHP decomposition evaluations.
Experiment 23
30 AuMgCrAlO
Aug 0095 M8o.0476 Cro.0952 (AlOy 5.x(OH)2x)0.8476
69.574 ml of a 0.05 M solution, in ethanol, of aluminum isopropoxide
(Aldrich, 22, 904-7) was added to the reactor container. In a second step,
0.525 ml of an 0.0744 M aqueous solution containing AuCl; (Aldrich,

35 33,404-9) was simultaneously added with 1.086 ml of 0.180 M aqueous
magnesium citrate (Alfa, 39368), 0.361 ml of 1.5 M aqueous chromium
hydroxide acetate, Cr3(OH),(CH3COO); (Aldrich, 31, 810-8). The aqueous
solutions were simultaneously added to the alkoxide solution. The container was

(
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‘approxi mately twenty four hours under nitrogen. The final material was dark
red, and WHWO W/348W at 120[ err] C under vacuum The xerogel waPCII8HEWGt |y
calcined at 250[err]Cin air for 5 hours prior to use.

13 gently swirled during this addition. A cloudy, redepleredigeltwakcproduced.

%12' game pr oced{fiE" agide, for gt least; 3¢ l&ngﬂﬁr%h i@gtglg %&{?ﬁ_&atkﬁ%déé ﬁfé]

salt was not advaminmlQvel ang subsegh yreadainesbier SYBE t!leal’ivé@f ﬁYmbWrédPrM)t 150
1,000 m of IsopiH ﬁyh?&‘nfpb@mon &aﬂ@aéng Phis BRI YRl 48 AsRimif Was
M Herr

di ssolved in O hen d| luted wth 3 m of et hanol. A
gel point 5 bagsed mléa}rppéayﬂwxziﬁsraaﬁpgn e¥he final xerogel was green in
color, after drying under vacuumBxperiméht24 ] C. The material was

cal ci ned to 250[err]Cin air prior to u
Experiment 27 REMg&OAlO AuMgCoTi O

Aulerr] Nglerr] Colerr] (TAGhgsHIMERMIRCHEE(AIOL 5x(ORpo 154 Lnder an

1 1 t
oot i e e ant o g Shtne TeCeara R Ve B EADSTINGIE 24 AERD] ot the

reacti on caf@t ai welomeshaages kstabbelowonA ctrmdyarerd crgofcd)gﬂ wis prbdiiced659 M

AuCl [err] sol uti O@é%gépgch%ﬁﬁfﬁg' ving AuC [err] (Al drich,

33,440-9) in ethanol), thanolic 0.2 MCoC [err]
sol ution (prepared by dﬁgééaunhgft@g@h{xmnmlsmpgaqu@solutxon Fi sher, C371 in

ethanol) and 9.176 m of QMW uﬁiﬁﬁ{%ﬁ(ﬁ{ ution 20 (prepared
e_pent ahydr

by di ssol vi ng magnesi um Cl t rat

pr epar ed.
The three sol utions wer 8387l ofy GQ&‘?‘“&H&%‘H '%q;g HeR sol ution.

The contaimgr was gently swirled duri nExpbdishes2B ti on. A purple solution
formed; a gel point could be realized in 26 m‘ras. After drying under
vacuum at 25 120[err]C, a purple xerogéf‘l d. The naterial was

calcined in air for 250[err]C Aupo; Crgo1 Alihs dOHRJogsuse.
Experinment 28

Co[err] Cferr] (Zr ng?? ]“tld-l)lfoé’lr Iﬁ"ﬂﬁ Hmces PXISBS-%) ‘?ggégxﬁg&f"d&}ghl t
chl oride ( CoCI [alun'}muml iseprop@dds (Alnichd22,864-7) i an 3t gtmospheredX; drybm um
hydr oxi de I I
Yoo o s 654 SpAHAS AR5 SHpMAON nhe o e plasH )
punctil i ous) separatq: stean 03781 18 of AuGhHAldrieh. 33,404-75 was dissglved in 5 GEHP m
n- propoxi de (Al é¢hanol (Quantum Chemical, Newark, NJ, dehydrated punctilious). A third
solution containing 0.246 g of Cr3(OH),(CH3COO); (chromium hydroxide
acetate, Aldrich, 31,810-8) and 0.85 ml water (mixed with 8 ml of ethanol) was
25  prepared.
The aluminum alkoxide solution was loaded into a resin kettle, and
placed under a blanket of flowing nitrogen. The solution containing gold
trichloride was transferred to a dropping funnel and added to the aluminum

isopropoxide solution while stirring. The aqueous solution containing the

30 chromium hydroxide acetate was then added to this mixed solution. Following
hydrolysis, the solution was transparent. A gel point was observed after
approximately twenty four hours under nitrogen. The final material was dark
red, and was dried at 120°C under vacuum. The xerogel was subsequently
calcined at 250°C in air for 5 hours prior to use.
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52989) was conbined with 183.51 ml of ethanol and placed in a resin kettle

35 underwig ogyyaggg ni trogen. The aqueous sol utions containi ng,cg%sgg,g%@kt
chloride” and chrom um hydr oxi de acetate were slowy added to the

zi rconi um al koxi de solution, wt @E&HH&{I% A cl oudy, viscous gel
formed al nost i mredi ately upon

14 hydrol ysis. The materi al wWESAYRi ed under vacuum at
120[err] C, as descri bed prev |0A1O (O
Crlerr] (A ( err] ( OHfhesaps psogedure was used as in Expesiment 25 nexacphibat thegegeld

Ztl rzrgg phere, t5255.@@9,@1&39@.&1 g@ﬂ%@kam 1o P !o@%hﬁﬂh}[nn. isoproplizide |was/ébm%§}%eﬁ3,gitl’gt7 :ﬁ
In wat er (6] reactl Q arLner al ong w .

0 650M aque kBB e spRRpth dentn). ShL0SA s O Shtamigsm bydroxgia sagtte was

31, 810-8). A dadiksdtveirin @SImf of HgO, ahdtisdn ditaredlivithed sl Ofiethanel. 1A gelpoiit €S) -

EL‘SJF‘LZLL agowa\%asdxr'e'afi%e&' RU24 n8ESY e ARa0GRGE WAL AROY R dibe, et Grying  U5©
Co[ err] (NbQ erwideOvpéuum py [2090. (The[matediglOvdy ealeingd tor 2J0°Chin air prior tdnuber an
inert nit rcr%@en at nosphere, 34.092 ml of anhydrous ethanol was added
to 18.182 of a 60 volune % solution,_ in _ethanol, containing titanium

n- but oxi de (Al drich, 24,411-3) al ong wiBxperiment 21 of 0.304 M et hanol i c

sol ution of niobium ethoxi de prepared bxyhREaTi0g NoC [err] with ethanol

Johnson- Mat t hey, 11548). araj.e sq ons,.cqontaining 13.866 nl of
(1. 0 Methanolic 20 CgCI [erﬁﬂﬁ&@éﬂi& &Iﬂ!&%@éﬂi&gl {/i gg Cod [err]
SHEr] O A, SooBMerSsiriaitogen amisphtles 18 7B of 0 9606808 iy

S i Si, us sql.uti on.
The cont ai Har Vﬁé“‘&gﬂ?qv@w&ﬁl@w%ﬁ}%ﬂ?ﬁ? é@ﬂ'&ﬂt ?%ﬁli?'ﬁs B‘faﬂégg 2 on
fornmed; a regetiorpoontiinero uSeparatersohitions dontaintdg 5@189ml ¢ff 0.06591M Anglinder
vacuum at 120[ e{gilfon Grépared BY Wiss8fAifP Ruci Lt AR ch, 33,440-9) in ethanol), 33.033

Experiment 31 i )
Aulerr] Cr[ err M} of eshaneliq &2 McCoCly solutjon (prepared by dissolvingeCoGl, «6HaOt

ni trogen at mospFighdt, 2371 fbethhnal) AAd 9! 1767 6F 0!180NE maRiiR cithe SStulitn
33.235 ni %) 60 volagéaa %.solution, in,ethanol, containin tlganl um n-
but oxi de ( ARdr i @FePassd by disselving magnesinm Sitrate 5 2l VAED JereG 1 of
0. 03247 M Aud [prepdredol uti on (prepared by dissolving AuC [err] (A drich,

33, 440-9) in erheARke sol%tig&gyﬂ}ﬁ g@?@*{ﬁ%‘éﬁr Aaca'th Gl AUbAEL dydngx! de

acetate sol ution ("p'epare

Cr[err] (OH) [ er rTiecrgminingOnes pently syirdedr during s Biditi®). Arpwplesiolytioss  were
pr epar ed. formed; a gel’Ptint ¥6018 Bk ¥EA1RRE iHOBhodkUARPAAHAY ¥ndddRduld 4t he
al koxi de S(%I Utlf)ﬂ)“ . N
S C, a purple xerogel formed. The material was calcined in air for 250°C for
S hrs prior to use.

Experiment 28
CoCrZ;O

Coy,; Crg.3 (Zr0;.x(OH)ox)o 6

30 5.1935 g of cobalt chloride (CoCl,, Alfa, 12303, anhydrous), 24.1328 g
of chromium hydroxide acetate (Cr3(OH),(CH3COO);, Aldrich, 31,910-8) was
dissolved in 40 ml of H,O and 183.51 ml of ethanol (dehydrated, punctilious).

* In an inert atmosphere drybox, 78.6192 g of zirconium n-propoxide (Alfa,

22989) was combined with 183.51 ml of ethanol and placed in a resin kettle

35 under flowing nitrogen. The aqueous solutions containing the cobalt chloride
and chromium hydroxide acetate were slowly added to the zirconium alkoxide
solution, with stirring. A cloudy, viscous gel formed almost immediately upon
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‘The cont ai ner was gently swirled during this addition. A dark green/purple
sol uti on _fwOm8E48% gel point could be realized in 24 hours. RCTAISI8OIA26(
under 15 vacuum

at 120[err]C, ah?afdi §§.6 Thehdtedisl way didel udder vacuurifae 1200 rasalesowibed
calcined in air for, %ﬁ,err]Cfor 5 hrs prior to use.
Experi nent 32 Previously. AuAl O 5

Au[err] (Algerr](OH[err])[err] Experiment28 sane procedure as that of
Experiment 25 was used, except that the ajochrom umsalt was not added.
10. 213 g of al um num i sopropoxi de was conbined with 1,000 m of

i sopropyl al&ohol; 0.1548 g of Aud Etﬂrlrgél@as-xﬂp@u)med in ethanol. A
gel point was realiz ' ] ' X i
e(g?c’gégra%é?% #Eﬁ&rﬁn&%e, #4966 nl R alsiAam Bxide sol

red/ purple in col or, ] m at 128Lerr C.. The materi al
was cal ci Nyacal, A3R0cRPVE grAbpmng water) was added to a réaction container

Eﬁa\ ?/rPIéESS 5 nmL a}oéx&w%/tlﬁ"zl.g‘f ﬁﬂ%il%igy@ Eeléedqsmk?ks pt aﬁ?dnrggﬁllétagftac C. :)t;dm\ﬁ al s
were inserted i Mféfﬂbl?’dc&maﬂmﬁﬂﬁ*%b’c %SQW%WW‘B@%‘F t@%’ﬁ’f‘ﬂat

hol ds up t01@ VindinfitesSt The in@eridl watadriedusideg vacuum, dseddscribast aiovepptieritast i r
bars. Each vial was first charged with 1.5 nL of n-octane or undecane
sol vent, approxi%&tely 0.005 or 0.01 g of a_given crushed catalyst, a stir

bar and the vial was seal ed. Vials wercExpérimemt 3nd heat ed approxi mately
10 minutes to assure that the desired reagippiot enperature of 125[err]C had

been 20 attained. Next, at the start of_ each exanpl 3Q [err]L of a

stock sol ution of CHHP Cangl (Y08 (.5.x(0 Hhx)d.(_ﬂﬂﬁgﬂé@é&ﬁ or CB

(chl or obenzgge) , CC (Gffer an inert THrGFEH AfHoAPHBre] 34.099 81 oF'aRFdofls BB was
0

injected. Stock solutions consisted of m, xtures, of = about .20 wt % TCB

or CB in CHHP. Rddedtteib8d§amalofa,f yplume fhsolution, insthangl, gogiaiging Luanipmy

ﬁycltoh/eX?_nO' an f—SnYt%kRi%GW%ﬂl?ﬂﬁ-M\,ﬂﬁLS)t meﬁgzwie{im.\sednﬂafo.smmﬂhaom uni num
eater/stirrer after a 0.5 to mi,nut e _pe ., 0 ]

cool to anbient sPL*ﬂ?é’r%ftO‘HPB‘.m étboxiod Pcha?e‘#WS@%ﬁg?g@@ %h’( éll@%foé q"}hn\?l&gl s

\Ig/eér i7anal ylzed divaatheyy F16548). hSepmnate sdlutibns conmiwm.ggﬁmlrtifﬂgo hflj_mohc;g m

- capi ry . i gy

ohase of t nd0c o CRRLHd ofrlreir by Bisk VBl Soct, 6Fia0F A 565 54) i 2389

pol ysi | oxane. Thel BoQuwerepreparedai ned fromJ. and W Scientific,

Fol ﬁ um | C?' i fornia. 'll‘he Itwc% sﬁuﬁons@e&@ﬂhﬁ%&t hoﬁﬂy aHlEé}i Rthe Blkoxide soldtidnl n o

each solution wepre calcul ate .ys . .e i on; . 6

CHHP = (area % éhp%ge%vqmnﬂ,y Wﬂeéﬁ‘%?% &“’F@%ﬁ‘%’f'rf blye solution forinew’ta

R F.[err] (GC res)poig coakd e redlivedGhidPhourss Alfitrairyingaubdér cuum at 120°C, a

cali bration ol Ul%ll ons coﬁ.al ning known anounts of CHHP and TCB, and was

cal cul at ed om nggx&gg OSW?d‘

Experiment 31
AuCrTiO
Aug g1 Cro 3 (TiO2.x(OH)sy)0.79
Under an inert nitrogen atmosphere, 53.128 ml ethanol (punctilious) was
30 added to 33.235 ml of 60 volume % solution, in ethanol, containing titanium n-
butoxide (Aldrich, 24,411-3). Separate solutions containing 22.726 mi of
0.03247 M AuCl; solution (prepared by dissolving AuCl; (Aldrich, 33,440-9) in
ethanol), 9.839 ml of aqueous 1.5 M chromium hydroxide acetate solution
(prepared by dissolving Cr3(OH),(CH3COQ); ( Aldrich, 31,810-8) in water))
35 were prepared.
The two solutions were simultaneously added to the alkoxide solution.
The container was gently swirled during this addition. A dark green/purple
solution formed; a gel point could be realized in 24 hours. After drying under
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w . % CHHNY@bsra4g9s CHHP R F.CHHP W peprudsdihaseca %0
TCB. % CHHP Deconp. = 100 x [1-(area % CHHP/ area % TCB)- final/
(area % CHHP/ ar | {8 rfRé@ M ble I)

the initial congen ﬁ%ﬁ;%fa%ﬁ?een %ua{'ge J\c/elrg el wer e ?ﬁ%?%%l‘%?el y 2.2
Ww % The GC WtCWEFPIP{léHr fpr Z3@° BFs Priofutoses are only approxi mate

because the amount of TCB per g soI ut i Expediens3psed in GC
calculations were arbitrarily all nade eqya al IQO 0.25 ng TCB/ g sol ution.
Since an 10 unheated sanple of 1.5 niL n? ne and 30 [err]L CHHP/ TCB

sol uti on wass anal yzed w th eakily §elAl0h sCKBH)s9608POSI ti on product
I de f th T t
b 1 o0 L0, 3h e e Bar o Espnest 23k o) SR e
and Exanpl esdlé;eﬂxﬁ‘mﬁ{fmtﬂa& wasl fot agidec. 161213 gof alummusqprbymkld@mm de
t-Bu and 9 lon. results,
Ees pe(cz?l_?/el y fo 8@9@@&@9’%?@@9 &ﬁ%ﬁpﬁg;al 6%]548%6819‘%?;? @gﬁ gxsso(i d

Anal yses f or t - Bu@l!mtdnd‘\@ahmlam mml@edama%h@nrﬁg Fhevfinal xerogellwaswdark

| odonetric fgtr ?P&ﬂl‘w [
Chem stry, se%dé Lshi n"aﬁef'ﬁ%%%hﬁdex‘% %partq ae vﬁlﬁﬂs\{ﬁ(son

756, 1960 c@F’&F@"%@Q"&iPﬁ%EﬂJEﬁe sol uti ons of t BuOC]—I and CumeneOd—I in

n-octane, 20 followed by adding excessERKIAMBLESI c acid solution, were

stirred in sealed vigls_at,. anbi ent .t.enperature for. san wer e

Cltraced with o 1 M AL iRrions yef e Vet FERER AR e it S At i Vigle

| i ber ated by thseaﬂedau'ﬁmsbmdn@mm&ﬂs pfielsemere inserted into a blodk«edumirmmn 1741

(Tabl es | V. S t that the
&\ “ﬁéﬁeﬁé@gf‘é %‘E %ﬂﬁ{ %WQE Sﬁn%xq%wgs done

reaction was run at benzene was 25

i nternal standaféflenf-gpateds aF@BE@ﬁth@hWé%ﬁffécbﬁgeﬁB‘é@ I. ﬁn&, efz-ogtane or
n-oct ane GAdE4RRE solVéht, TR GEmaleIR 0D0Y.or 0T gopy @iveﬂfcrdéﬁba b gg*'a@u@“d

(SN ALR oy O R
(area % CHHP/ ar ¢@unfindiEs to assure that the desired reaction temperature of 125°C had been
20 attained. Next, at the start of each example, 30 puL 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
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
25  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 (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)
30  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
using the equation:
wt. % CHHP = (area % CHHP/area % TCB) x wt. % TCB x R.F.cypp
35 : R.F.cyup (GC response factor for CHHP) was determined from
calibration solutions containing known amounts of CHHP and TCB, and was
calculated from the equation:
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‘17 TABLE |

Appr ox. WO 98/34894 W % W % PCT/US98/02926 hod
of W % Reaction Tinme, CHHP CHHP % CHHP EX Cat al yst

Prep CHHP  Tenp., [err] CRF[Zn n. _iwt. 6 GHHP/areal % QdBrnp. 1 1.4%

Au/ Carbon, 0.0100 Exp. 1 caHP wt?i/ﬁca/area %ICB 0.407 0.221

45.7 2 1. 4% Au/ Car bon, 0.0103 1 125 10

2 2
0.537 0.281  47.7, Yo gL 2. 2
125 10" 0. 407 % CHEPDECSH %ﬁﬁy df“’alrg)( TG fingl

2 2.2 125 10 (grea ¥y C ‘ 14% Au/ Si qerr]
0. 0102 Sexp. 3 2.2 125 0.407 0.154  62.2 6

84;/%\111/ Siq g;r ]8 (7) 01%&,& / %les X ‘Xjﬁble I {he?uﬁtxal concentrfions of CHHP in e@cﬁloﬁi%
. 0 AU rr
10  0.407 0.9ss apl’f"’%mgf"bt%Eé %%Q'le/&&[%‘r ﬁ‘a‘ﬁf’fqmal 6“4)%‘!&’&@9&‘5
é( 2 6 1 2 5 are onlyﬁléblpzr?_)ﬁxrfa'ﬂi becafiselthe amount 6f FCBOper glsdlatitgy ratiéPused. il G

P.
cu/ Si g err ] 6. glepations L343 arbjratly albmsdd equal 15625 mg TCH] g stltgiciy Sthop ap,
70. 8 10  unheated sample of 1.5 mL n-octane and 30 uL. CHHABIIICB solution was

-

:N (I)?,/Ou OC]—IW E/O suoyalyzed V\gﬁbﬁjhgﬁt of CHHP de:cQ’a Ip Qﬁi@n proﬁﬁﬁ‘%dlé)ﬁ]gde ﬁ'bHPﬂle sgme
| [err]C min. CHHR/TCH solutior, ppeyrate chmn@%‘fﬂf’far OB mhionspuldissialcutated.0b

Exp. 1 125 Exaﬂaglxes 11-13¢(T%Ble II), and @:‘.x&prles 14-16 er-‘hblelm), givé¥atch %
Au/Sigerr], oo& D13 igo 1q (5 0.18
48 utylhydroperoxide (t-BuOOH) and % cumene ydroperoxlde CumeneOO

15 decomposition results, respectively for 1 % Auw/Carbon and 10 % Aw/SiO,
catalysts. Analyses for t-BuOOH and CumeneOOH were done using a well
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,

20 followed by adding excess KI/ acetic acid solution, were stirred in sealed vials at
ambient temperature for 10 minutes and were titrated with 0.1 M Na;8,0;
solution for amounts of I, liberated by the t-BuOOH and CumeneOOH present.

Examples 17-41 (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

25 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

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).
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13 none 125 10 0.35

0.33  _wo 9@34894 T
0. > of7 Afrobdanasas
t- Cunene- t-Cunene- %t-Cunene- Met hod
React i on Ti e, (OH) (OH) (OH) EX Catal yst, g
of prep. Tenp., C mn. initial TABLEA| Deconp. 14 1.4%
Au/ Car bon, 0.0 103 Exp. 1 125 10 0.55 Wg' 32

! . TOX. Wt% Yo
323015 14% 4Ag/ S|16q err], 0. Ololéethod of 1% 3 Reactioni 2§‘|me, Hil,% °o
0' 55 EX, Z Ea(m)?st a Prep CHHP Temp.,°C min. ini final D mp.
18 " 1.4% Aw/Carbon, 0:0100 Exp. 1 2.2 125 TA%LE I4\/7 0.221 45.7
Appr ox. 2 1.4% Au/Carbon, @bidP/ CEgPi 2.2 125 10 0537 0281 477

Met hod W _% eaction Ti e, %, CHHP

Cat al yst 1'45"2“&' ge CI—%"’Tenp22 c niA. |n|l¢E>< 0-40% nuaﬁngecc?r?p 17
19%Au/ MO, & OJIQ?/oAu/SiOz 0.016XP. Bexp.22. 2 22 108 105 0.533. 401430 3. 299
3.5 18 1%Au/ [err AI[err]Qerr] 0.0120

5 3.41 5 (4% AuSiQpQ.01029 Exp.3 190335 O er¥?f, 0. 6&01040? Oéﬁp 632
2.2 1 % 1 73,3 2 19 i r] 106
S 11 55(23 é4/Auk|%8.%l(f]4 505;8:.1%41 2322 260125 a3 2‘?%? qﬁﬁl%‘é‘vP
Au/ Zr 2, 0.7009% Auw/SiOy, OBIP3 12 Exp24 22 150 125 0.510 50367 08788 6.911.1

150

8 1.4% AwAl,03, 0.0102 Exp. 5 22 125 10 0537 0449 16.4
9 13% Ag/SiO,, 0.0102 Exp. 6 22 125 10 0407 0245 39.8
10 4.5% Cw/SiO5, 0.0103 Exp. 7 22 125 10 0407 0.119 70.8
TABLEII
Wtde Wit%
Method Reaction Time, t-BuOOH t-BuOOH % t-BuOOH
EX. Catalyst, g of prep. Temp.,°C min. initial final Decomp.
11 1.4% Au/Carbon, 0.0102  Exp. 1 125 10 0.35 0.20 4
12 14% Aw/SiO,, 0.0102 Exp. 3 125 10 0.35 0.18 48
13 none 125 10 0.35 0.33 5
TABLEI
Wt% Wt%

t-Cumene- t-Cumene- % t-Cumene-
Method Reaction  Time, (OOH) (OOH) (OOH)

EX. Catalyst, g - of prep. Temp.,°C " min. initial final Decomp.
14 1.4% Au/Carbon, 0.0103 Exp. 1 125 10 0.55 032 42
15 14% Au/SiO5, 0.0103 Exp. 3 125 10 0.55 0.30 45
16 none 125 10 0.55 0.54 2
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22 1%Au, 0.19%°d/Al[err](err],0.0051 Exp. 13 2 150 0.5

4. 82 3. O0WO 98/3489% PCTASb$702926
Appr.ox. CHHP/ CHHP/ Met hod
of W% Reaction Tine, CB % CHHP EX. Cat al yst, g.
Prep CHHP  Tenp., C mn. initi alﬁfﬁ’é'}/ Deconp. 23 . OrzrQ

0. 0099 Exp. 14 2 150 Approx0 5.94 Q\@ E@Z 6 24
CrTaO, 0.0104 Exp. 15 2  Method KP@  ReactonO Timé) @4 CHHP
93.9 25 Egx. COTiO Qatdiy? Fo¥Prep 16CHHP Xemp., °C minl5Shiitial  findl. Decomp.
4.55 0.0%7 TREAuAREO, 0.0102C0CT 11 Kilp. 8. U138 156Xp. 517 3.41 4329 35
130 2.0 . 30 0.00 100 27 Ti SLO, 0.0054

2 15%) 1%guky-Alx03, 88120 4 (Bxp-9 1328 2450  osPfto 8. 005!}’0
Exp. 19 %AwkES), 00101 0-5 ExB187 220.08sp 985 5 2,9 . _
AUMgCr Ti O, ¥ 0055 A2 581! Bl 150 e 4%

7.0 30  2AMCr TIBAWTIONSE106 ExpExpll 22 2 150 5150341 2@65 336 64

05 5187 3 og AR OMR  O bpez oY 0 ood B3, 578 46y

150 0.2 ﬁA}ﬁOl%BdIA‘%O;;,OOOBB @&xp.33 zAul\/gOlﬂdO, 05009382 3BXp. 24
2 150 62  49.2 34 AuCr Al O, 0. 0051
Exp. 25 2 150 0.5 5.52 2.65 52. 35 CrAl O,
0. 0054 Exp. 26 2 1500, mg 5 552 5. 24 6.9 36
AuMyCoTi O, 0. 0053 Exp. 27 2 —~a==t150 0.5 5.28 1.23
76.6 37 CoCr ZrO, 0.0052 EXDApg@x. 2 cafify cHHPP. 5
5.26  0.54 88.7 38 MEhed 6D, Wif056 Reaction Fiie, 28B  CGB % CHHP
150 0. 5EX. 5. 26 Catalyht,gl 5Crep 39%cHHP TadiFCO mi. OQfdal  final EXPecop.
2 350 Cidr®, 00088 57 Exp. B0 2 40. 8 1580 5.0 AWSHAIT Op.ab. 005%6
Exp. 31 2 150 0.5 5.43 4. 34 20, 41 AuAl O,
0. 0053 24 xp. 9320.0.010% Bxp.15150 2 0. B0 5. 89 59 ge036 1939

25 CrTiO, 0.0109 Exp. 16 2 150 50 455 000 100

26 CoCrTiO, 0.0110 Exp. 17 2 130 20 530 000 100

27 TiSiO, 0.0054 Exp. 18 2 150 05 459 405 118

28 CoSiTiO, 0.0050 Exp. 19 2 150 05 557 008 985

29  AuMgCITiO, 0.0055  Exp.20 2 150 05 464 432 70

30 AuMgCrTiO, 0.0056  Exp.2l 2 150 05 464 394 151

31 AuMgCrZrO,0.0054  Exp.22 2 150 05 518 39 236

32 AuMgCrAlO, 0.0051  Exp.23 2 150 05 515 316 386

33 AuMgCrAlO,0.0053  Exp.24 2 150 05 515 262 492

34 AuCrAlQ, 0.0051 Exp. 25 2 150 0.5 5.52 2.65 52

35 CrAlO, 0.0054 Exp. 26 2 150 05 552 524 69

36  AuMgCoTiO,0.0053  Exp.27 2 150 05 528 123 766

37 CoCrZr0, 0.0052 Exp. 28 2 150 05 526 054 887

38 CrAlO, 0.0056 Exp. 29 2 150 05 526 261 504

39 CoNbTiO, 0.0054 Exp. 30 2 150 05 557 330 408

40 AuCrTiO, 0.0054 Exp. 31 2 150 05 543 434 20

41 AuAlO, 0.0053 Exp. 32 2 150 05 552 48 119
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19 Al t hough particul ar enbodi nents of the present

I nvent i onwewE34eesn described in the foregoing descri ptl;(ﬁq(,, | il | be
under st ood by those skilled in the art that the invention .ss’h}é'?ggm e
of nunerous nodifi cagjyan x?h | laiiReRB9F the predeRtinveREG R eDeh t hout
departing fromthe_spiri r esséertnétﬁlmal ,a?t,ri Bute‘geg?) trLe 5 | nvgnt I on.

Ref erence shouldgsaibeddn the forageingdasenption, &) wilhie understeed by, these skilledin the
foregoi ng speciaftithatith® hveffion Ktapable B niMerous aialiféations, subk@itib®and
rearrangements without departing from the spirit or essential attributes of the
5 invention. Reference should be made to the appended claims, rather than to the
foregoing specification, as indicating the scope of the invention.
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N MR £

hycr oper oxwdksmsassior m a decoﬁpo?f't nmllfmnﬂlﬂum urie cont AT DamGDs

correspondi ng al cohol and ketone, the §nproWengént* conprising deconposing a
hydr oper oxi de bwyeerimeti ng the hydroperoxide with a catal ytic armunt of a

het er ogeneous cat al y;l; se ect ed v%&c%gheﬁogggg&négmoé %E‘k&g’f’&f"éﬂe

gol d, silver, and copper. mhereln
the heter ogeneoudacmp@dmsm raasusmppmmmwgmme;pon@a@ pbpholrméd@tone,

3. Th C t i
Sel ectod {1 om & HEE s sOBehckottil %ﬁ%ﬁ{gn% 4y ifictoiist W?“%%?gﬁ*‘b s
Tigerr], M &ydroperaxads mthaca ytmamomt@f@rmggew%@[ﬁgs&ﬂ &Pm 1
wherein the hydgpo Sgécgﬁs,géngcapm@smti)yﬁmp@mﬁer and (4) sol-gel coftipounds

process accordi ng wher eéin

i N1 act|0n1 erature
i s from about sepmprised ph(a) 986 0r MASE E}"'F’}ei@s %ﬁi‘g;%@m%g P CoRUst ’,’&] f
pressure is f rOfCrabl@%dﬁﬁ asP3b) eneedranibrednefibereaelected from ﬁsecoﬁdegrpnp)c ess

About 1380 kpa., consisting 5t 26 aNp, S5 Mkl T Refih the A IRMhnAL e 1 ©
reaction mi 10Ur arecombined wittom exkiderand whetein aismiers| ofth Sirg @roumgannet béithe

cycl ohexyl hydraoper.o GpProcess according to Claim1l
wherein the proc,s %gg%bers(’fpﬁsegres% of cycl ohexane, 9. _The

process according to 23 auﬁhqx:mn@ssacﬂondm tpr@é% W@Tﬁlﬂﬁh?h"t?%em%s"@ﬁ?é@tof

added oxygen. oHed H'hecd?e[l §t28Ppare Aitnttierg to C al m 2 wherein the
catalyst is gol c}s Supp © Tg 2 aim 10 wherein the

pt 0CESS, aGCor
gol d i's supported on i rcE‘ﬁEmceSS accordﬁgt a‘%ﬂ’é"gr §‘§ & e PPRIt Ol ai m

10 wherein fhe Qﬁéxﬂbéﬁxsfséleaﬂedwﬂfb g’lroﬁpcaisimhxglﬂ'smz, AbOgecarbor, Tibe,

catal yst and suq@ n@ 13. . The process according to Claim10
wherein Pd is al'8 I"‘% é‘ﬁf"Wth gol d. The tgrocess according to
Clai m 13 wherein the #r ocEbspicsessiarcondinghto @mérwher@n e hydroperoxideds ogen.

15. The process c‘gjcloge%ﬂ&&&p%&. n the catal yst support nenber is alum na.
5.  The process according to Claim 1 wherein the decomposition
20 reaction temperature is from about 80°C to about 170°C, and decomposition
reaction pressure is from about 69 kPa to about 2760 kPa.
6. The process according to Claim 5 wherein the reaction pressure is
from about 276 kPa to about 1380 kPa.
7.  The process according to Claim 1 wherein the reaction mixture
25  contains from about 0.5 to about 100 percent by weight cyclohexyl
hydroperoxide.
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
30 presence of added oxygen.
10.  The process according to Claim 2 wherein the catalyst is gold.
11.  The process according to Claim 10 wherein the gold is supported on
zirconia. .
12.  The process according to Claim 10 wherein the gold is from about
35 0.1 to about 10 wt. percent of the catalyst and support member.
13.  The process according to Claim 10 wherein Pd is also present with
gold.
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16. An i nproved process for decdm““‘-“\mﬂ‘ék“@ﬁwroxi de to forma
decorrpqm LyvoibeisGgyal | On m xture coll ’ ’ wespondi ng al geli‘ﬁjsﬁfﬁ!hs
ket one,” t-he I nprovement conprisindg déconposing a hydroperoxi dé by
contacting the hydropgroxide wth a c L VG U I

gold catalyst is in f‘ﬁe nIbnr 'ﬂr%?;s:ia%cgr'égltg?‘;%%%%hg%ﬁéé%f&@é5- gf&gt%g or
nmore nenbers selsappartime as Well-dispgrsed partisiesi havingp T irgm a A tpj
and (b) one or r;g&?t ﬁlﬁgﬂpers sel ected froma second group consisting of Fe,
Ni, Z T N . Ti

2“0 T M e el ¢ Pebeaeresst besoniing e Gleim | Bherminthegnld prialysin the

of the secon gt ambo LoorBRsORBR e abcor i na Lo o ai 16 wherel ot he
sol - gel conmpound contéi n@@prm;g&o .:3?0&%“&‘8. ‘P’ﬂﬁ’eﬂ’r@S&gﬁ?&%‘HdﬁH{; 0
daiml7 V\'hirel ffc&ﬁ?}@fﬂ@bldgdt?gmbgrﬁid ¢omprisihg Aufamdr€of a sol -gel cenpound
conprising Au an : e pr : \ ein
the oxide is an i norb7ani CW??%%S S?C%ﬁgggggi%ogg}hg%l%glg%gk@c%%% i ons

t her eof 20 .cofitainsCroandéy CGoccor ding to Caim 16 wherein the _
hydr oper oxi gg is cyc géeg?%&i‘diﬂgrt]otCaimlwhgﬂeinﬂé%xi’déjiﬁ‘iﬁf’m%gtgﬁd' ng

. cyciphexpdiy
to Claiml6 wherein the process Is run he presence of added ox
matrix of hydroxides or oxides, or combinations thereof.
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