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TITLE 
HYDROPEROXIDE DECOMPOSITION PROCESS 

. .< rt·~;.~L:. 
FIELD OF nm INVENTION 

The invention generally relates to an improvCd catalytic process for 
S decomposing alkyl or aromatic ·hydroperoxides to fonn a mixture containing the 

corresponding alcohol and ketone. In particular, the invention relates to 

decomposing a hydroperoxide by washing the feed with water to remove acid 
impurities, removing the majority of the water from the product stream, than 
contacting it with a catalytic amount of a heterogeneous catalyst. 

10 BACKGROUND OF THE INVENTION 

Industrial processes for the production of mixtures of cyclohexanol and 
cyclohexanone from cyclohexane are currently of considerable commercial 
significance and are well described in the patent literature. In accordance with 
typical industrial practice, cyclohexane is oxidized to form a reaction mixture 

15 containing cyclohexyl hydroperoxide (CHHP); The resulting CHHP is either 
decomposed or hydrogenated~ optionally in the presence of a catalyst, to form a 
reaction mixture containing cyclohexanol and cyclohexanone. In the industry, 
such a mixture is known as a KIA (ketone/alcohol) mixture, and can be readily . 
oxidized to produce adipic acid or caprolactam, which are important reactants in 

20 processes for preparing certain condensation polymers, notably polyamides. A · · 
high Kl A ratio in the reaction mixture is generally preferred. Due to the large 
volumes of adipic acid consumed in these and other processes, iinprovements in 
processes for producing adipic acid and its precursors can be used to provide 
beneficial cost advantages. 

2S Druliner et al., (:NO 98134894) used a heterogeneous gold catalyst in an 
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 

30 containing reaction mixture. Both of these can deactivate the catalysts, resulting 
in lower conversion rates and/or lower Kl A ratios. One method to eliminate the 
acidic byproducts is by the addition of a neutrali7.ation 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 

35 reaction mixture to remove water has been used in both hydrogenation and · 
decomposition processes (U.S. Patent Nos. 5,550,301and3,927,108), but these 
methods do not remove the acidic by-products along with the water. 

Applicants have discovered that good conversion rates and good Kl A 
ratios can be achieved by the addition of a set amount of water to the ~ction 
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mixture, and subsequent rem9va.J of t'1e ~ter before the heterogeneous 
decomposition step removes #1~ aqiqic ~~pt.rities~ · · · 

Further im,pro~ ~c;i~p~Qiu;:are need~d-for hydroperoxide 
: . . . . .. f: .. ·. .= • . • . • • . ~-- . . . ' ; . :. :~ :'.. 

decomposition toJo/ A mi~ i.n ~l'(,ler tQ:overcorncf~e deficiencies inherent in 
S the prior art. 0th~ objects' an~ !ldv8*la.g~ ~f the p~~t invention will become 

apparent to thos~ ;~lied in th~ ~ llP91) ~ference toi:~~~'. detailed description which 
hereinafter foll~wS• ·. . .. ; '\ · 

. · · ·.~ SUMMARY OF THE INVENTION 

An improv~ pro~ss i~ PNV~~e,d -i~which a'li~droperoxide is decomposed 
10 to form a mixtuJ;e.~ontaining a c(;~poajing alcoh9f~d ketone. The 

improvement coniWises the .siep~ 9f4) ad~gwa~ ~.~e amowit of O.S-20% ~ 
a hydroperoxide ~ntaining rajxturC; b,):r~~ving the ... bUJk of said water by a 

means such that ~er-solubl~.m.ipµtj~i~s·~· remov~~)dong with the water; 
c) remo1ing the ~ng ~~er by a':qieajls such ~t'not more than 2% of water 

lS remains in the ~cfjon mi~; ·~4 ·~) d,~omposing;~d hydroperoxide by 

contacting the reaetj.on mixture wi~-~ c~WY.tic ·amo~~ t>r a heterogeneous 
catalyst. The h~terogeneous '!(l~yst ~f~ly comi>li$~s Au (gold). The 

inventive proce~ J#ay optio~y. be:: .Qer(~~ using'iu in the presence of other 
metals, preferab.ly Pd. Th~ catjdy~. ~y ~er; optt~]:ially, be supported on a 

20 suitable sµpport_~~ber, sue~ ~.Sj~ •. Af.2o3, carbqiil ~rconia, MgO or TiC>i. 
The hyck,9p~xide is Pr~era~ly cY~lohexylhyd.i:oJ>eroxide, and the 

decomposition .~~on m~·is p~f.C!ra~ly the resiiit;of an oxidation reaction of 
··... . . ·.,,_: .. · 

cyclohexane. . .... ·~ 

The preferred means tQ remOYC: the wa~r in 8fq, b )is decanting, and the 
2S preferred means'tQ ~ove the. ~tedn s~~·c) is tlasbjrig, 

DETAILED.DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The pres~t':invention p~vi4e~ ~·ilri~oved·prkcess for conducting a 

hydroperoxide de~~mposition ~t~p in-',!irii~tb,1strial pl'.Q~~ss in which an alkyl or 
aromatic compound is oxidizedto fQmi·a ~ixture oft.l).~~orresponding alcohol 

30 and ketone. In partjcular, cycJ<>hC!~~ can' b~ oxidizeq ~form a mixture 
containing cyclolJ.~anol (A)'~~ cyclph~~~one (K)~:"JJi~ industrial process 
involves two steps_:Jirst, cycl~he}!:ari~·'is o*ldi~d, fo~b1g a reaction mixture 

•. . • ' ,_. i . • .• ·· .. 

containing C~;.~cond, GaHP i~ 4ec.9mposed,.foi#lliig a mixture containing K 
and A. As pre~ou~ly mentio~ pro~e~s_e,s for the qjtj,dation of cyclohexane are 

35 well known in the l'terature aild ~v~~bl¢ i<> those ski1j¢d.in the art. 

The imp*~~~ process.-~- ~s~ b,e 1.iSed :for tll~·:d.~~omposition of other 

alkane or aroma1ic· ~ydrope~x.i~~s,
1

~or ~•pie~ t-butrl IJ.ydroperoxide, 
cyclododecylhydi:operoxi~ aild ~uinAAe ~ydroperoajd~ .. 
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Advantages of the present heterogeneous catalytic ptocess, relative to 
processes empl9>'4tg homogenous metal catalysts.,~~ as ·metal ·salts or 
metaUligand,ttitlies, include longer catalyst life/IM~fuved yields of useful 
products, and the absence of soluble metal compounds. ·.However, the use of 

5 . heterogeneous catalysts subject the process to fouling by water alid organic 
impurities from the oxidation reaction, especially acidic impurities. 

Applicants have discovered a multi-step process that overcomes these 
obstacles: 

a) adding water in the amount of about 0.5-20% to a hydroperoxide 
1 U containing mixture; 

b) removing the bulk of said water by any means such that water- . 
soluble impurities are removed along with the water; 

c) removing the remaining water by any means such that not more 
than about 2% of water remains in the reaction mixture; and 

15 d) decomposing said hydroperoxide by contacting the reaction mixture 
. with a catalytic amount of a heterogeneous catalyst. 

The first two steps are washing by addition of a certain amount of water to 
. the hydroperoxide containing mixture, and subsequent removal of the bulk of the 
water by any means that will remove impurities from the reaction mixture along 

20 with the water, notably acidic by-products from the oxidation process such as 
organic mono- and di-basic acids. Water is added in the amount of 0.5-20% by 
weight of the hydroperoxide containing mixture. Preferred is about 4%. 

Removal of these impurities prevents fouling of the catalyst, which lowers 
the KIA ratio. A high KIA ratio is generally preferred. Methods to remove the · 

25 water that will also remove impurities from the reaction mixture along with the' · 
water include, but are not limited to, decantation and extraction. A preferred 
method is decantation. The water is preferably removed to levels of less than 
about5%. 

The hydroperoxide is preferably cyclohexylhydroperoxide, and the 
30 hydroperoxide containing mixture is preferably the result of an oxidation reaction 

of cyclohexane. Any oxidation process can be used, but one typical of that used 
in industry is that described in Druliner et al., U.S. Patent No. 4,326,084. 

Next, the remaining water is removed in any manner, down to levels of 
less than about 2%, preferably less than 0.5%, to eliminate deactivation of the 

35 catalyst by the water, which would lower the conversion rate. Methods to 
accomplish this include, but are not limited to, flashing, distillation and contact 
with drying agents. A preferred method is flashing. 

The process can be either continuous or batch. 
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After removal of the tymai~i~g ~~~. the dried decomposition reaction 

mixture containing the hydre>peroxi4eis ~~n contacted with a catalytic amount of 

a heterog~neous ca~yst. ~i~ <i~<>illPQ~i~ion·proce~:ean be perfonned under a 

wide variety of C::9:~~itions ~4, hia Wi~ ~.nety of.~iy~nts, including the initial 

5 alkane that is o~i~~ to the ~ydf?p~roXi~~- Since _'C~Jw is typically produced 

industrially as a ·splµtion in cycl9ht:x8n~. frOm :catalYti,~ 9xidation of cyclohexane, 

·a convenient ari4·'P.t~ferred ~fven~ fQr t1ie' d~coniposHi~~ process of the invention 

is cyclohexane. · 's~~h a mi~ <:~ ~e u~d. as recei~¢.ti-from the first step of the 

cyclohexane oXi#,!i~n proces~ or ~~r $olll~ of the c~$tituents have been 

10 removed by kno~ processes :~uch as dist1ilation or Jqµeous extraction to remove 
carboxylic acids.~d other ~pµrlt~e~. : . . . · .. ~ .. 

. The prefe~d concen~on ~f ¢FIBP in the CHHP reaction mixture can. 

range from abouf o:?% by weigh~ to~~ OQ% (i.e., neat)/i:i~ the industrially 

· practiced ro~te, ~preferred ~ge is frOnu1boutO;Sij to about 3% by weight. 

15 .· Suitable t;e~tion ten'l~nJ~e~ f(;r th~ process pf the invention range from 

about 80°C to ab~ut·~ 170°c, . Jem~ture~ from about'.:i l 0°C to about l 60°C are 

. typically pref~:.: Re.acti()n 'pr~~SlJl"CS ~ preferably\~iUJge from about 69 kPa to 

about 2760 k}>a (.r(Moo psi) p~e~ure~ llhd pressures:froin. about 276 kPa to about 

1380 kPa ( 40~2()9·~i) are nioi.~ pre~~d~ ·~eaction ~~varies in inverse relation 

20 to reaction tempera~, and.rypitally ranges' from a.x;µt 1 to about 30 minutes. 

As no~e~.~~iously, ~e beter~~~eo~ cataly§~: of the invention comprise 

Au and Au co~pourlds, ptefe~bly ~pplle<i·t6. $\litabl~ ,~lid supports. · The 

inventive p~~~ ~~y also .b~:P~tfo~e4· ~fug Au ul.tli~ presence of other metals, 

preferably Pd. ~~.~etal ~o.s~P.ort:perc~t~e can y~ from about 0.01 to about 

25 ... SO percent bywei@.t, and is.prefera~ly.~Q~t.O.l to a~~{it: 10 wt. percent. Suitable 

.• ~d pres~ntlypr~f~d suppo~s ~~cllid~ sk~2 (silica)·~~A:tioJ (alwinna), c 
(carbon), Tf02 (~~~a), MgO (magn~si~) or.Zro2 (~¢a). Zirconia is a 

particularly prefehed support, ·~d Au supported on al~na is a particularly 

preferred cataly~( of the inv~tjon~ Ap~f~q cataly$t;is 0.1-10% Au/0.05-2%Pd 

30 on a-alumina, !µ'?~,,Preferably. :l'VoAutOJ%.fd on a-~~ina. 
Some ofth~:heterogen~o~s c$ly~~s ,of the irivt.ntion can be obtained 

already prepared·'f-t~~ manuf~tuter:S;, o~,~~y can be p~pared from suitable 

starting material~ ~i~g me$~s-1mown. in. the art. S~ppprted gold catalysts can 

be prepared by m.lY: standard p~c~~ i?i<>~ to giv~ w~n-dispersed gold, such as 

35 sol-gel techniqu~~".· c?vapo~v~ techniq\leS di'. coating~;~~m colloidal dispersions. 

In particul~~ ultra-f'ine;.particl~ sized gold is ~ferred. Such small 

particulate gold (bften smallet'.·~ l() run) c~.b~ ~according to Haruta, 
• •' '• • • ' • • ~. •I • 

M., "Size-and Supp9rt-Depen~ncY in the .Catalysis <>.f.Qold", Catalysis Today 36 

(1997) 153-166 art4.Tsubot8 et:al~, .Prepar~tion of C~t~ysts V, pp. 695-704 
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( 199 l ). Such gold. preparations produce samples that are purple•pink in color 
. instead of the .typic~ bronze colOr associated with gold. and resUlt in highly 

dispersed gold';-ysts when placed·on a suitable;ii]ibrt: member. ·These highly 

dispersed go let particles typically are from about 3 nm to about 15 nm· in diameter. 

5 The catalyst solid support, including Si02. Al203; carbon, MgO, zirconia. 
or Ti~, can be amorphous or crystalline, or a mixture of amorphous and 
crystalline forms. Selection of an optimal average particle size for the catalyst 

supports will depend upon such process parameters as reactor residence time and 

desired reaetor flow rates.· Generally, the average particle size selected will vary 

10 from about 0.005 mm to about 5 mm. Catalysts having a slirfa~e area larger than 

10 m2/g are preferred since increased surface area of the catalyst has a direct· 

correlation with increased decomposition rates in batch experiments. Supports · 

having much larger surface areas can also be employed, but inherent brittleness of 
high-surface area catalysts, and attendant problems in maintaining an acceptable 

15 particle size distribution, will establish a practical upper limit upon catalyst 
support swface area. 

20 

A "sol-gel technique" is a process wherein a free flowing fluid solution, 
"sol". is first prepared by dissolving suitable precursor materials such as colloids,' 
alkoxides or metal salts in a solvent. The "sol" is then dosed with a reagent to 
initiate reactive polymeri7.ation ofthe precursor. A typical example is 

tetraethoxyorthosilicate (TEOS) dissolved in ethanol. Water, with trace acid or 
base as catalyst to initiate hydrolysis, is added. As polymerization and 

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·. 

25 desired material, which encapsulates the original solvent Within its open porous -
structure. The "gel" may then be dried, typically by either simple heating in a · 
flow of dry air to produce a xerogel or the entrapped solvent may be removed by · 

displacement With a supercritical fluid such as liquid C~ to produce an aerogel. 
These aerogels and xerogels may be optionally calcined at elevated temperatures 

30 (>200°C) which results in products which typically have very porous structures 
and concomitantly high surface areas. 

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

· 35 reaction mixtures using techniques known in the art. The process of the invention 

is suitable for batch or for continuous CHHP decomposition processes. These 
processes can be performed under a wide variety of conditions. 

Adding air or a mixture of air and inert gases to CHHP· decomposition 

mixtures provides higher conversions of process reactants to K and A. since some 
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cyclohe~ is oxidized diawtly to Kand A, in addition to Kand A being fonned 

by CHHP decomposition. ~i~ anci~lary l?rocess is known as "cyclobexane 
participation",;and, is descriqed in detail ~n Drulinet·~t:al., U.S. Patent 

No. 4,326,084, qi' entire co~tents of wmcliare incorJ,#rated by reference herein. 

Modera~ ~creases, ~- conve.-siQ~ can be oblajned by adding hydrogen to 

. . the reaction, w~c~· also res~lts in the iii.crease of ~e tjltio of K to A produced. 

A prefeire4 process Qf the itlventi~ would ¢J~prise the steps of: 

a)re~oving i~p'1nii~s jn iifuroperoxidc: :~ by adding 4% water; -
. b) reJI,l!;,ving said. water to ~··level of less than S% by decantation at 

about 90 to about. l 60°C an4 about l t~ ~bout 300 psig:C0.006 to 2.07 MPa 
.· ·, ·' :·, .·· : . ·. . ·:· .. 

gauge); 

c) re.m9ving the rem~g-waterto a l~vel of less than about 0.5% by 
flashlng at abQilt 70 to about 2SQ~C~ and · 

.. . • d) d~mpos~g ~e cy~l.~aYlhydrop~oxide by contacting the 

15 reaction mi~ ~th a caWytic amount .of a Au catalyst; said catalyst comprising 

1 % Au and 0.1% Pd support~-.on a ~table supporte4 on alumina. 

. .The w>~e~. of the :p~~t inv~tion is.further iliustrated by the following 
. . . ' . . . . · .... , .. '· 

.. non-limiting. eJC8111ples .. In the ex~ples, all temperatib-es are in degrees Celsius 
.and all Percen~e~ .are; b; wc;igh!•~~.·o~s~ •~<Ji~. 

20 .·· . ;· : ' . METHODS.ANDMAIERIALS 
.. . The caaj~ ~ i.n~~ foU9w,'irig E~~pl¢~~were prepared as described 

. in Druliner et aj., WO 98tJ4~94. '1te~e~.c:~ntentS·,ofwhich are incorporated by 
reference h~~.~ ' : :- : .:: . . , .... ·'. . .•.. ' . . 

Abbreyi~ti:9m used 4~reafter are listed and defined below as follows: 
CHHPi . Cyclt,>he:ltylhydrOperoxide . . . . 

. .· .. . . .. . . . ·.·.· . 
25 

K: · ' Cyclo~~n,e : 
A: ... .Cyclo~imoJ·, 

All percentages a~ expressed -~s wejght percent, unle~s otherwise specified. 

The ca~ly~t use" for all Ex~ples;waslO g ~f 1 % Au/0.1 % Pd 
30 supported on a.-a!~na. Jbe ~tor w~ a liquid full plug flow reactor. 

30 inches (76 ~ml with a ~ inch (0;64 cm) diame~et.: ;Inlet and exit pressure was 

150 psig (1.0i.MJ>a gauge} ~iltr1;>lled with a bactPr¢~sure regulator. The feed 

consisted of 1.6% CHHP. m:cyc;:lone;xane, ~bout 1 % ,~and 2 % A, and varying 
amounts of wa~r ~ acid iqtpµriti~s. 'fhe: acid inJ.pµt;jties re~rred to in the 

35 Examples con~is~ of ~onol>E15ic ~d 4ib~sic acid$. wllich would be .typical of 
those produced pi;cyclohexape·oxidition, sµCh as adipic acid, succinic acid, 
formic acid, a~. !J.ydroxyc~proic ~id, i~ approx~~ly equal amounts. 

Analyses were iied,Qrmed onCHHJ>~ ~~ ~A by gas chromatography 
Cyclohexane, ~~J:IP~ K, an<i:A. were oktained from f!, ~. du Pont de Nemours and 
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Company. Wiim,iDlu.>n. DE. The Kl A ratio obtained. after conversion of 

cyclohexylhy~Pf,Pxide over the ca~yst was calc*~~p using the equation: 
f::1_.:tf·~~-~~·-;~ . :·:·f!.~!~f;•· 

• (g Kin product) -(g Kin feed) 
(g A in product) -(g A in feed) 

To illustrate the dependence of water and acid impurities in the feed to the 

CmIP decomposition reaction. cyclohexylhydroperoxide containing feed was fed 

over the catalyst with varying amounts of pure water, and water containing 10%. 

As shown in Examples 2, 3, 5.· and 6, the presence of water above 0.1 % results in 

10 deactivation of the catalyst, giving lower CHHP conversion and a lower KIA ratio. 

As shown in Example 4 the p~sence of acid impurities, independent of the 

amount of water present also results in deactivation of the catalyst, giving lower 

CHHP conversion and a lower KIA ratio. 

EXAMPLE! 

15 10 g of the 1 %Au-0.1 %Pd catalyst was used to decompose a feed 

20 

mixture containing 1.6% CHHP, 0.9% K, 1.9%A, 0.1 % water, and 0.3% acids 

with the remainder of the mixture being cyclohexane. This mixture was fed 

over the catalyst at 8 ml/min at 150°C, and 150 psig (1.03 MPa gauge). The 

results are presented below in Table I: 

Table I 

Time on Stream Chrsl % CHHP conversion KIA ratio 
' 

10 99.1% 1.79 

22 99.4% 1.95 

52 99.2% 2.05 

64 99.5% 2.09 

EXAMPLE2. 

This Examples illustrates the effect of pure water. Increasing the water 

25 has only a small effect on conversion rates, but greatly lowers.the KIA ratio. 

Catalyst and reaction conditions were the same as those described in Example 1. 

Added to the feed at varying levels was pure water. The results are presented 

below in Table Il: 

7 
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Table Tl 

%CHHP 
··:·· 

%CHHP 
Conversion with KIA ratio conversion · Kl A ratio with 

Time on 0.2% added· with0,2% "'ith 0.9% 0.9% added 
Stream (hr) water :- added water added. water water 

6 ·'99.3· :··t:95'····· 99.6 2.00 

2.06 
.. '··':-· 

18 98.1 99;3 1.02 
: 

.. : 

iii 
~ ' i ;· .. ~ .... -

42 ·97,2 ··'96.6 0.74 
' .. ,., .. ~ .. : 

·; ··::.,-·. 

: EXAMPLE3 ·:," 

This Examples· illustrates the effec;:t of water'C.~ntaining low amounts of 
. : . . . . ·'. 

acids. Increasing the water/acid niixture;.has a sigriiti~t-effect on conversio~ 
rates and Kl A ratio .. Catalyst mtd reaction condltians were the same as those 

described in EX8111.pte 1. ·Added t6 the :fded at varjlng levels was water 

containiftg··10% acids. The %·acid llidi~tes-tiie pefc~ge of acid in the added 

water, not the pereentage in the totalfeed mixture. -~results are presented 

below in Table m:> . ·' ·. 

···; .• :_:? • .•. 

;, ··%CHHP 
.. ~~~ersion .·. 
Yfith 0.2.%. 

. :: added. 

Time on · · ·. water/acid· 
Stream (hr) ,· · inixture·. 

6 99.2 

18 ~9.2 

42 96.7 .·· 

·.;' 

. Tablem 

KIA ratio 
.with·q.2% 

·added· 
.· ···water/acid 

··miXliire· 
. 1.64. 
. · l.25. 

.. • 

l.14 

EXAMJ>LJ34 

•CHHP 
. conversion 
\iriih 0.9% 
·<.8dded 
Water/acid 
:.fuixture 

.. 95.8 
80.1 

_KJA ratio 
with0.9% 
·added 

water/acid 
mixture 

0.64 

0.52 

0.60 

15 This Examples illusti-~ the effect ()f water containing higher amounts 

of acids. The higher presence df acid grtatly increased the effect of the. added 

water on the conversion rate .1Ji4 KIA ratio; Catalyst and reaction conditions 
were the same asthosede8cribed in ExariiJ,le 1. The-feed in this example 
contains 1.9% CHHP, O.S% K,·2~0% A~io:1%wate~,and1 % acids, where the 

20 percentage indicates the amount of acid pre~ent in the '.total feed. The results are 

shown below in Table IV: 

8 
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Time on Stream (hrs) % CHHP conversion: KIA ratio 

1.04 
17. 0.82 

29 86.8 0.83 

EXAMPLES. 

The Example illustrates the effect of temperature on the CHHP 

5 decomposition reaction. .·Catalyst and reaction conditions were the same as those 
described in Example 1 except for the varying temperature. Added to the feed 
at 0.2% was water containing 10% acids. The results are shown· in Table V, 

below: 

10 TahleV 
Temperature (0 C) % CHHP conversion KIA ratio'· 

135 89.0 1.13 

160 99.5 1.21 

EXAMPLE6 

The Example illustrates the effect of pressure on the CHHP 
decomposition reaction. Catalyst and reaction conditions were the same as those 

15 described in Example 1 except for the varying pressure. Added to the feed: at 
0.2% was water containing 10% acids. The results are shown in Table VI, 
below: 

Table VI 
%CHHP CHHP 

conversion at KIA ratio at conversion at KJA ratio at 
115 psig 115 psig 225 psig 225 psig 

Time on (0.79MPa (MPagauge) (1.55 MPa (1.55 MPa 
Stream (hr) gau2e) gau2e) 2au2e) 

24 98.9 2.05 99.0 1.23 

38 97.0 1.76 - -
42 - - 97.0 1.09 

20 
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We claim: 

1. An improved process for decomposing·a hydroperoxide, to fonn a 
mixture contaiJJing a corresponding alcohol and ketone, the improvement 
comprising the steps of: a) adding water in the amount of0.5-20% to a 

5 hydroperoxide coDtaining mixture; b) ~~ving the buµc of said water by a means 
such that water-soluble impurities are removed along with the water; c) removing 

the remaining m1tc=r by a means such that not more than 2% of water remains in 
the reaction mixt\lre; and d) decomposing said hydroPeroxide by contacting the 
reaction mixture ~th a catalytic amount of a heterogeneous catalyst. 

10 2. The= process ac~rding to Claim 1 wherein the catalyst is comprised 
of gold. , . ··· 

3. The process according to Claim 2 wherein the heterogeneous catalyst 
is supported on a catalyst support member. 

4~ The process according to Claim 3 wherein the catalyst support 
15 ... member is selected from the :grOUp consisting of Si02. A1203,. carbon, Ti02, 

· MgO, and zirconl~ 
5. T.h~ ~rocess according to Claim 1 wherein the hydroperoxide is 

cyclohexylhy~~xide ... 
6. The process according to Claim 1 wherein the decomposition 

20 reaction tem~e is frofuabout 80°C to about 170~C, and decomposition 
reaction pressure:Js·ftoln abolit 69'kPa to.about 2760 kPa •. 

. - .· :· . . ' , 

1~ The. process aecprding to Claim 6 wheieiri the reaction pressure is 
from about 2761cPato about1380·kPa. · · ·' 

. . . 

8. 'Ille process according to Claim 1 wherein the reaction mixture 
. . . . . . . ' 

25 contains from abo~tO.S to about lOO·percent by weight cyclohexyl 
hydroperoxide •. · · 

9. The J>fOcess according to qaim 1 where~ the process is run in the 
presence of cy~lohexane. 

10. The process according to Claim 1 wherein the process is run in the 
30 presence of addect oxygen. 

11. The process according to Claim 4 wherei~ the gold is supported on 

zirconia. 
12. The process according to Claim 11 wherein the gold is from about 

0.1 to about l 0 wt~. percent of the catalyst and support member. 
35 13. ThC process according to Claim 2 wherein a metal from about 0.05 

to about 2% wt. pe~ent of the catalyst and support member is also present with 
gold. 

14. The pJ'Qcess according to Claim 13 wherein the metal is Pd. 
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15. The "process according to Claim 3 wherein the gold is present on the 

support member as well-dispersed particles having_~ di~eter from about 3 nm to 
,;t~-~~~·;f: .. about 15 nm. · '\'"·_,,,.},. 

16. The process according to Claim 14 wherem the catalyst is about 
S 1.0 percent by weight Au with about 0.1 percent by weight Pd supported on 

alumina. 
17. The process according to Claim 2 wherein the gold catalyst is in the 

form of a sol-gel compound. 
18. The process according to Claim 1 wherein the process is run in the 

10 · presence of added hydrogen. 
19. The process according to Claim 1 wherein the means to remove 

water in step b) is decanting. 
20. The process according to Claim 19 wherein the means to remove 

water in-step c) is flashing. 
15 21. The process according to Claim 1 wherein the hydroperoxide 

containing ·mixture results from the oxidation of cyclohexane. 

I lllllll llllll lllll lllll II llll 
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