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PCT/US97/15332                      HYDROPEROXIDE DECOMPOSITION PROCESSES
FIELD OF THE INVENTION              This invention relates to improved
catalytic processes for decomposing  5   alkyl or aromatic hydroperoxide to
form a mixture containing the corresponding       alcohol and ketone.
BACKGROUND OF THE INVENTION              Industrial processes for the
production of mixtures of cyclohexanol and       cyclohexanone from
cyclohexane are currently of considerable commercial 10  significance and
are well described in the patent literature. In accordance with
typical industrial practice, cyclohexane is oxidized to form a reaction
mixture       containing cyclohexyl hydroperoxide (CHHP). The resulting
CHHP is       decomposed, optionally in the presence of a catalyst, to form
a reaction mixture       containing cyclohexanol and cyclohexanone. In the
industry. such a mixture is 15   known as a K/A (ketone/alcohol) mixture.
and can be readily oxidized to produce       adipic acid, which is an
important reactant in processes for preparing certain       condensation
polymers, notably polyamides. Due to the large volumes of adipic       acid
consumed in these and other processes, improvements in processes for
producing adipic acid and its precursors can he used to provide beneficial
cost 20   advantages.              Druliner et al., U.S. Patent No.
4,326,084, disclose an 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. The improvement involves the use of certain transition
metal 25   complexes of 1,3-bis(2-pyridylimino)isoindolines as catalysts
for cyclohexane       oxidation and CHHP decomposition. According to this
patent, these catalysts       demonstrate longer catalyst life, higher CHHP
conversion to K and A, operability       at lower temperatures
(80-160[err]C), and reduced formation of insoluble metal-       containing
solids, relative to results obtained with certain cobalt(II) fatty acid 30
salts, e.g., cobalt 2-ethylhexanoate.              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 Co[err]O[err],
MnO2, or 35   Fe3O4 applied to a suitable solid support as catalysts for
cyclohexane oxidation       and CHHP decomposition at a temperature from
about 80[err]C to about 130[err]C, in       the presence of molecular
oxygen.                                                  1    
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disclose a process for      decomposing tertiary-butyl hydroperoxide in the
liquid phase over catalytically      effective amounts of unsupporterd
titania, zirconia, or mixtures thereof, to prepare      the corresponding
alcohol. The preparation of corresponding ketones and the use  5   of
secondary hydroperoxides are not disclosed.              Further
improvements are needed for hydroperoxide decomposition to K/A
mixtures in order to overcome the deficiencies inherent in the prior art.
Other      objects and advantages of the present invention will become
apparent to those      skilled in the art upon reference to the detailed
description which hereinafter 10 follows.
SUMMARY OF THE INVENTION              In accordance with the present
invention, improved processes are provided       in which a hydroperoxide
or secondary hydroperoxide are decomposed to form a       decomposition
reaction mixture containing a corresponding alcohol and ketone. 15
The improvement comprises decomposing a hydroperoxide by contacting       a
hydroperoxide with a catalytic amount of a heterogenous catalyst selected
from       the group consisting of Nb and Hf hydroxides or oxides.
Preferably, the catalyst       is supported on a member selected from the
group consisting of SiO2, A1[err]O[err],       carbon, and TiO2. 20
The improvement also comprises decomposing a secondary hydroperoxide
by contacting a secondary hydroperoxide with a catalytic amount of a
heterogenous catalyst selected from the group consisting of Zr and Ti
hydroxides       or oxides. Preferably, the catalyst is supported on a
member selected from the       group consisting of SiO2, A1203, carbon and
TiO2. 25       DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides improved processes 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 30  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
well known in the literature and available to those skilled in the art. 35
By "hydroperoxide" is meant a compound that contains the functional
group -OOH attached to a carbon atom.
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PCT/US97/15332               By "secondary hydroperoxide" is meant a
hydroperoxide in which the      carbon atom attached to the -OOH group is
further connected to only two other      carbon atoms.              By
"corresponding alcohol" and "corresponding ketone" is meant the  5
alcohol or ketone compound formed by the direct decomposition of the
hydroperoxide fragment without the breaking of any carbon-carbon bonds. For
example, cyclohexylhydroperoxide is a secondary hydroperoxide, and its
corresponding alcohol and ketone would be cyclohexanol and cyclohexanone.
Advantages of the present heterogenous catalytic processes, relative to 10
processes employing homogenous metal catalysts, such as metal salts or
metal/ligand mixtures include, longer catalyst life, improved yields of
useful       products, and the absence of soluble metal compounds. For
example, in one       extended experiment, soluble niobium was found to be
below a detectable level of       100 ppb. 15           The improved
processes can also be used for the decomposition of other       alkane or
aromatic hydroperoxides, for example. t-butyl hydroperoxide,
cyclododecylhydroperoxide and cumene hydroperoxide.              The CHHP
decomposition processes can be performed under a wide       variety of
conditions and in a wide variety of solvents, including CHHP itself. 20
Since CHHP is typically produced industrially as a solution in cyclohexane
from       catalytic oxidation of cyclohexane, a convenient and preferred
solvent for the       decomposition process of the invention is
cyclohexane. Such a mixture can be       used as received from the first
step of the cyclohexane oxidation process or after       some of the
constituents have been removed by known processes such as 25   distillation
or aqueous extraction to remove carboxylic acids and other impurities.
The preferred concentration of CHHP in the CHHP decomposition feed
mixture can range from about 0.5% by weight to 100% (i.e., neat). In the
industrially practiced route, the preferred range is from about 0.5% to
about 3% by       weight. 30           Suitable reaction temperatures for
the processes of the invention range       from about 80[err]C to about
170[err]C. Temperatures from about 110[err]C to about 130[err]C       are
typically preferred. Reaction pressures can preferably range from about
69 kPa to about 2760 kPa (10-400 psi) pressure, and pressures from about
276 kPa       to about 1380 kPa (40-200 psi) are more preferred. Reaction
time varies in 35  inverse relation to reaction temperature, and typically
ranges from about 2 to       about 30 minutes.               As noted
previously, the heterogenous catalysts of the invention include       Nb
and Hf hydroxides or oxides for all hydroperoxides and Zr and Ti hydroxides
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PCT/US97/15332        or oxides for secondary hydroperoxides, which can
optionally be applied to       suitable porous solid supports. The metal
oxide to catalyst support can vary from       about 0.1 to about 50 percent
by weight, and is preferably about 1 to about       25 percent. Suitable
supports include SiO2 (silica), A1203 (alumina), C (carbon)  5   or TiO2
(titania). SiO2 is a preferred support, and Nb hydroxide or oxide
supported on SiO2 is a presently preferred catalyst of the invention. Some
of the       heterogenous 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. These
methods can include sol-gel techniques. 10           The 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 polymerization of the precursor. A
typical example is       tetraethoxyorthosilicate (TEOS) dissolved in
ethanol. Water, with trace acid or 15   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
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 20   flow of dry air to produce an aerogel or the
entrapped solvent my be removed by       displacement with a supercritical
fluid such as liquid C02 to produce a xerogel.       Final calcination of
these dried materials to elevated temperatures (>200[err]C)       results
in products which typically have very porous structures and concomitantly
high surface areas. 25            SiO2, A1203, carbon, or TiO2 catalyst
solid supports 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 reactor flow rates.
Generally, the average particle size selected will vary from about 0.005 mm
to 30   about 5 mm. Catalysts having a surface 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 particle size distribution, will 35
establish a practical upper limit upon catalyst support surface area.
The solid catalysts of the invention 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   



4      WO 98/09931
PCT/US97/15332       reaction mixtures using techniques known in the art.
The process of the invention      is suitable for batch or for continuous
CHHP decomposition processes.              Adding air or a mixture of air
and inert gases to CHHP decomposition      mixtures provides higher
conversions of process reactants to K and A, since some  5   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 herein.
The processes of the present invention are further illustrated by the 10
following non-limiting examples. In the examples, all temperatures are in
degrees       Celsius and all percentages are by weight unless otherwise
indicated.                                       EXPERIMENTS
Experiment 1                                     Zirconium hydroxide 15
Commercially available Zr(OH)4 pellets (ME1, Flemington, NJ) were
heated in a stream of water saturated with nitrogen (30 torr water vapor)
at 80[err]C       for 1 hour. The resulting conditioned material was stored
in a tightly capped vial       prior to testing for CHHP decomposition.
Experiment 2 20                              Sulfated Zirconium hydroxide
Commercially available sulfated Zr(OH)4 pellets (MEl, Flemington, NJ)
were heated in a stream of water saturated with nitrogen (30 torr water
vapor) at       80[err]C for 1 hour. The resulting conditioned material was
stored in a tightly capped       vial prior to testing for CHHP
decomposition. 25                                      Experiment 3
Nb2O[err]  xH2O - Niobic Acid               10 g NbCl[err] was dissolved
into 50 mL dry tetrahydrofuran under nitrogen       in a glove box. 5 mL
water was added slowly to this solution and an exothermic       reaction
took place, generating a gelatinous white precipitate. After thoroughly 30
stirring for 30 minutes, the precipitate was collected by filtration,
washed with       water and tetrahydrofuran and then suction dried. The
white solid was then dried       in vacuum at 100[err]C for 1 hour.
Experiment 4                                     ZrOx(OH)[err] x on SiO2 35
5 g of silica granules (catalyst support grade, Aldrich, Milwaukee, WI)
was dried in flowing air (100 mL/min) at 200[err]C for 1 hour and taken
into a       nitrogen filled glove box. The dried silica was slurried into
a solution of 1 g       ZrCl[err] in 25 mL dry acetonitrile for 5 min and
then the solvent was removed by  
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flowing air saturated with      water vapor (30 torr) in a horizontal tube
furnace at 100[err]C for 30 min. Finally,      the white solid was dried in
flowing dry air at 100[err]C for 30 min and collected.      Analysis
revealed a material containing 5.54 wt. % Zr. 5
Experiment 5                                    TiOx(OH)4-2x on SiO2
5 g of silica granules (catalyst support grade, Aldrich, Milwaukee, WI)
was dried in flowing air (100 mL/min) at 200[err]C for 1 hour and taken
into a       nitrogen filled glove box. The dried silica was slurried into
a solution of 1 g 10   Ti(i-propoxide)4 in 25 mL dry tetrahydrofuran for 5
min, and then the solvent was       removed by evaporation. The dry
granules were then heated in flowing air       saturated with water vapor
(30 torr) in a horizontal tube furnace at 100[err]C for       30 min.
Finally, the white solid was dried in flowing air at 300[err]C for 30 min
and       collected. Analysis revealed a material containing 3.34 wt. % Ti.
15                                      Experiment 6
NbOx(OH)[err] on SiO2               5 g of silica granules (catalyst
support grade, Aldrich, Milwaukee, WI)       was dried in flowing air (100
mL/min) at 200[err]C for 1 hour and taken into a       nitrogen filled
glove box. The dried silica was slurried into a solution of 1 g 20   NbC15
in 25 mL dry acetonitrile for 5 min and then the solvent was removed by
evaporation. The dry granules were then heated in flowing air. which had
been       bubbled through ammonium hydroxide solution (15M), in a
horizontal tube       furnace at 100[err]C for 30 min. Finally, the white
solid was dried in flowing air at       300C for 30 min and collected.
Analysis revealed a material containing 25   5.40 wt. % Nb.
Experiment 7                                   TiOx(OH)[err] on
[err]-AL[err]O[err]               2 g of [err]-alumina (Alfa Aesar, Ward
Hill, MA) was dried in flowing air        (100 mL/min) at 200[err]C for 1
hour and taken into a nitrogen filled glove box. The 30   dried alumina was
slurried into a solution of 1 g Ti(i-propoxide)4 in 25 mL dry
tetrahydrofuran for 5 min, and then the solvent was removed by evaporation.
The        dry granules were then heated in flowing air saturated with
water vapor (30 torr)        in a horizontal tube furnace at 100C for 30
min. Finally the white solid was dried        in flowing air at 300[err]C
for 30 min and collected.  35
Experiment 8                                    Ti[err]Si[err]O[err]
sol-gel materials                15.2 g tetramethylorthosilicate (Aldrich,
Milwaukee, WI) was mixed with        50 mL dry methanol in a nitrogen
filled glove box. 2.84 g Ti(i-propoxide)4 was
6 
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hydroxide solution was then        dripped slowly into the stirred solution
which then quickly gelled. Once all of the        ammonium hydroxide was
added, the gel was aged for 30 min and then washed        with water and
acetone and suctioned dried. The wet gel was then calcined in   5   flowing
air (100 mL/min) at 500[err]C for 1 hour generating a granular white solid.
This material contained approximately 10 wt. % Ti. Other materials of
approximately 1 wt. %, 5 wt. %, and 25 wt. % Ti were prepared in an
identical        procedure by adjusting the amount of Ti(i-propoxide)4
added in the initial        solution. 10
Experiment 9                                   Ti[err]Si[err]O2 sol-gel
materials               In a drybox, 28.4 g Ti(i-propoxide)4 (Alfa Aesar,
Ward Hill, MA) was       dissolved in 30 mL isopropanol. To this was added
10.01 g of acetylacetone       dissolved in 10 mL isopropanol. The solution
was refluxed for 1 hour and then 15   cooled. The solvent was removed in a
rotovap. The resulting mixture was then       dissolved in 100 mL
isopropanol. 22.83 g of tetramethylorthosilicate and 22 mL       of
isopropanol was added to 12.5 mL of the Ti solution. A solution of 1.2 mL
of       concentrated HCI in 14.6 g deionized water was added dropwise,
then 15 mL       more isopropanol was added. After 5 min, 84 mL of
isopropanol was added. The 20   yellow solution was stirred for 20 hours at
room temperature under a blanket of       nitrogen.               The
solution was then charged to a 1000 mL autoclave and extracted at
40[err]C, 3500 psi with liquid CO[err] at 10 g/min for 5 hours. The
resulting solid       product was passed through a 20 mesh sieve, and then
calcined at 400[err]C under 25   nitrogen for 1 hour, followed by 5 hours
at 600[err]C under air. The resulting product       contained 6.0 wt. % Ti.
Experiment 10                                   ZrSi[err]O[err] sol-gel
materials               2.08 g tetraethylorthosilicate (Aldrich, Milwaukee,
WI) was mixed with 30   10 mL dry ethanol under nitrogen using syringe
techniques. 1.78 g ZrOCl[err] was       added and stirred thoroughly. A
stoichiometric amount of water was then dripped       slowly into the
stirred solution which then quickly gelled. Once all of the water       was
added. the gel was aged for 30 min and then washed with 100 mL water and
suctioned dried. The wet gel was then calcined in flowing air (100 mL/min)
at 35   500[err]C for 1 hour generating a granular white solid of
composition 50 mol %       ZrO2, 50 mol % SiO2. Other materials of
composition 33:67 and 67:33 mol %       ZrO2:SiO2 were prepared in a
similiar manner using appropriate ratios of       reagents.
7 
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Zr[err]Si[err]O[err] sol-gel materials              2.08 g
tetraethylorthosilicate and 1.78 g ZrOCl[err] were separately mixed
with 5 mL dry ethanol under nitrogen using syringe techniques, and a 5
stoichiometric amount of water was added. The two solutions were then
mixed,       which quickly gelled. The gel was aged for 30 min and then
washed with 100 ml       water and suctioned dried. The wet gel was then
calcined in flowing air       (100 mL/min) at 500[err]C for 1 hour
generating a granular white solid of       composition 50 mol % ZrO2, 50
mol % SiO[err]. Other materials of composition 10   33:67 and 67:33 mol %
ZrO[err]:SiO2 were prepared in a similiar manner using       appropriate
ratios of reagents.                                         Experiment 12
NbO[err](OH)[err] sol-gel material               a) 3.2 g niobium ethoxide
was dissolved into 25 mL sec-butanol. While 15  stirring, 1.8 g water was
added and the solution allowed to gel. The gel was aged       for 30 mins
and then charged to an autoclave and extracted with liquid CO[err] in a
supercritical method at 200[err]C as described in Experiment 9 above. The
recovered       solid was then calcined at 500[err]C in air for 2 hours.
b) An identical material was prepared as in Experiment 12a above except 20
the supercritical drying was carried out at 70[err]C instead of 200[err]C.
Experiment 13                                 NbO[err](OH)[err] sol-gel
material               a) 3.2 g niobium ethoxide was dissolved into 25 ml
methanol. While       stirring, 1.8 g water was added and the solution
allowed to gel. The gel was aged 25   for 30 mins and then charged to an
autoclave and extracted with liquid CO2 in a       supercritical method at
70[err]C as described in Experiment 9 above. The recovered       solid was
then calcined at 500[err]C in air for 2 hours.               b) An
identical material was prepared as in Experiment 13a above except
the supercritical drying was carried out at 200[err]C instead of 70[err]C.
30                                      Experiment 14
Ti[err]Si[err]O2 sol-gel material               2.08 g
tetraethylorthosilicate and 5.68 g titanium iso-propoxide were
separately mixed with 10 mL dry ethanol under nitrogen using syringe
techniques        and a stoichiometric amount of water (1.08 mL) was added.
The two solutions  35   were then mixed, which quickly gelled. The gel was
aged for 30 mins and then        washed with 100 mL water and suction
dried. The wet gel was then calcined in        flowing air (100 mL/min) at
500[err]C for 2 hours giving a white solid of        composition 67:33 mol
% TiO2:SiO2.   
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Ti[err]Si[err]O[err] sol-gel material              2.08 g
tetraethylorthosilicate was mixed with 20 mL dry ethanol under
nitrogen using syringe techniques. 5.68 g titanium iso-propoxide was added
and  5   stirred thoroughly. A stoichiometric amount of water (1.08 mL) was
then dripped       slowly into the stirred solution which then quickly
gelled. Once all of the water       was added, the gel was aged for 30 mins
and then washed with 100 mL water and       suction dried. The wet gel was
then calcined in flowing air (100 mL/min) at       500[err]C for 2 hours
giving a white solid of composition 67:33 mol % TiO[err]:SiO[err] 10
Experiment 16                                         TiOx(OH)[err]
320.67 g of Ti(OCH2(CH3)2)4 (97 wt. %) was slowly poured with rapid
stirring into a solution of 800 mL isopropanol, 200 mL water, and a small
amount       of aqueous ammonia. A white precipitate immediately formed.
The solution was 15  stirred an additional 15 minutes after the addition
was complete, and was allowed       to sit for 5 hr before being stirred
briefly to reslurry solids for filtering. The       solution was then
filtered without washing and dried overnight in vacuo at 70[err]C.
The solids were ground to -40 mesh and dried overnight in air at 109[err]C.
Experiment 17 20                                NbO[err](OH)[err] on carbon
5 g of granulated, acid-washed, coconut carbon was dried in flowing
nitrogen (100 mL/min) at 150[err]C for 1 hour and then taken into a
nitrogen filled       glove box. The dried carbon was slurried into a
solution of I g niobium chloride       in 40 mL dry acetonitrile. After 5
min stirring, the solution was evaporated to 25   dryness and the recovered
granules were heated to 100[err]C for 1 hour in flowing air       saturated
with ammonium hydroxide vapors (by bubbling through 15M       ammonium
hydroxide solution). The solid was finally dried in flowing air at
300[err]C for 1 hour and collected.
Experiment 18 30                                 HfO[err](OH)[err] on
silica               5 g of granulated silica (catalyst support grade,
Aldrich, Milwaukee, WI)       was dried in flowing air (100 mL/min) at
200[err]C for 1 hour and then taken into a       nitrogen filled glove box.
The dried silica was slurried into a solution of I g       hafnium
oxychloride in 40 mL dry tetrahydrofuran. After 5 min stirring, the 35
solution was evaporated to dryness and the recovered granules were heated
to       100[err]C for 1 hour in flowing air saturated with ammonium
hydroxide vapors (by       bubbling through 15M ammonium hydroxide
solution). The solid was finally       dried in flowing air at 300[err]C
for 1 hour and collected.   
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All reactions were run either in batch or continuous reactor mode. Batch
reactions were run in stirred 3.5 mL glass vials, sealed with septa and
plastic caps.      Vials were inserted into a block aluminum heater/stirrer
apparatus that holds up to  5   8 vials. Stirring was done using
Teflon[err]-coated stir bars. Each vial was first      charged with 1.5 mL
of n-octane solvent, approximately 0.005 or 0.01 g of a given      crushed
catalyst, a stir bar and the vial was sealed. Vials were stirred and heated
for approximately 10 minutes to assure that the desired reaction
temperature had      been attained. Next, at the start of each example, mL
amounts (15 to 75 mL) of a 10  stock solution of CHHP and TCB (1
,2,4-trichlorobenzene), GC (gas      chromatograph) internal standard, were
injected. Stock solutions consisted of      mixtures of weighed amounts of
TCB (12-15 wt. %) in CHHP. The CHHP      sources contained up to 2.0 wt. %
of combined cyclohexanol and cyclohexanone.      Vials were removed from
the aluminum heater/stirrer at the end of a given 15   example. In the case
of Examples 1-4 (Table I), 0. 14-0.35 mL of solutions of
TPP(triphenylphosphine) in toluene was injected by syringe into each vial,
so as       to provide an excess of TPP relative to the amount of starting
CHHP. Any       unreacted CHHP quantitatively reacted with TPP to form I
equivalent of       cyclohexanol and I equivalent of TPPO
(triphenylphosphine oxide). TPPO was 20  then analyzed for by GC on a 30 m
DB-5 capillary column with an internal       diameter of 0.53 mm. The
liquid phase of the column was comprised of (5 wt. %       phenyl) methyl
polysiloxane. The column was obtained from J. and W. Scientific,
Folsum, California.              In Examples 5-12 (Table II) and Examples
22-35 (Table IV), vials were 25   removed from the aluminum heater/stirrer,
were allowed to cool to ambient       temperature and were then 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) methyl       polysiloxane.
The column was obtained from J. and W. Scientific, Folsum, 30 California.
In both GC analyses the amounts of TPPO and CHHP in each solution
were calculated using the equations:              wt. % TPPO = (area %
TPPO/area % TCB) x wt. % TCB x R.F.Tppo              wt. % CHHP = (area %
CHHP/area % TCB) x wt. % TCB x R.F.CHHp 35           R.F.Tppo and R.F.CHHP
(GC response factor for TPPO and CHHP,       respectively) were determined
from calibration solutions containing known       amounts of TPPO, CHHP and
TCB, and were calculated from the equations:   
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TPPO                            R.F.[err] = wt. % TCB/area % TCB
wt. % CHHP/area % CHHP                           R.F.CHHP = wt. % TCB/area
% TCB   5           In batch Examples 5-12 (Table II) and Examples 22-35
(Table IV), the       initial concentrations of CHHP in each vial were
approximately 1 or 2 wt. %, as       shown in the Tables. The GC wt. % CHHP
initial and CHHP final numbers are       only approximate because the
amount of TCB per g solution ratios used in GC       calculations were
arbitrarily all made equal to 0.25 mg TCB/1 g solution. Also, 10
different TCB/CHHP solutions were used for different sets of reaction
vials.       Since an unheated sample of 1.5 mL n-octane and 30 mL CHHP/TCB
solution       was analyzed with each set of CHHP decomposition product
vials made from the       same CHHP/TCB solution, accurate changes in
CHHP/TCB ratios could be       calculated. 15           Examples 13-21
(Table III) were run using a continuous rector       constructed from a 15
in. long, 1/4 in. diameter stainless steel tube with valves on       top
and bottom. A liquid chromatography pump  was connected via back pressure
regulators to allow pressures to be varied. The reactor effluent, after
passing       through a back pressure regulator to reduce it to atmospheric
pressure, was 20   collected by turning a valve to direct flow to a small
tube. The reactor was heated       using a split tube furnace. Feed
solutions contained approximately 1.5 wt. %       A(cyclohexanol), 0.6 wt.
% K(cyclohexanone), 1-2 wt. % CHHP and minor       amounts of carboxylic
acids and water, with the balance being cyclohexane.       Approximately I
g of catalyst, screened to 20-40 mesh, was placed in the reactor 25   for
each example. Pressures were set to 50 psig with a liquid feed rate of 1 mL
per minute. GC analyses for the amounts of CHHP remaining in each sample
were performed using the DB-17 column described above. The exact wt. % TCB
present in each feed solution for a given continuous example was not known,
but       was in the range of approximately 0. 1 -0.2 wt. %. Samples of
feed solution were 30  taken at the same times for each product solution,
and both were analyzed for the       wt. % CHHP. The percentage decrease in
wt. % CHHP for each product sample       could thus be calculated.
Examples 1-4 (Table I) give batch % CHHP decomposition results for
bulk metal hydroxide catalysts. Examples 5-12 (Table II) give batch % CHHP
35   decomposition results for titanosilicate catalysts prepared by sol-gel
techniques.       Examples 22-35 (Table IV) give batch % CHHP decomposition
results for Nb2O5,       ZrSiO and TiSiO catalysts prepared by sol-gel
techniques. Examples 13-21 
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results for bulk metal      hydroxide catalysts and silica-supported metal
hydroxide catalysts. Example 21      (Table III) shows that very little
thermal decomposition of CHHP occurred using      silica under the
conditions shown. 5           Examples 36-39 (Table V) give batch %
t-butylhydroperoxide (t-BuOOH)      decomposition results for
titanosilicate catalysts prepared by sol-gel techniques      and
silica-supported Co and Nb catalysts. Analyses for % t-BuOOH
decomposition were done by GC analysis on a DB-1 7 column as described
above      for analyses of% CHHP decomposition in Examples 13-21 (Table
III). 10           Examples 40-43 (Table VI) give batch %
cumenehydroperoxide      (CumeneOOH) decomposition results for
titanosilicate catalysts prepared by sol-      gel techniques and
silica-supported Co and Nb catalysts. Analyses for %      CumeneOOH
decomposition were done using a well known iodometric titration
procedure, described in "Comprehensive Analytical Chemistry," Elsevier 15
Publishing Company, New York, Eds. C. L. Wilson and D. W. Wilson, p. 756,
1960. Starting and product solutions of CumeneOOH in n-octane were analyzed
by adding excess Nal/2-propanol solution, followed by heating to 70[err]C
for       15 minutes and titration with 0.1 M Na2S2O[err] solution for
amounts of I[err] liberated       by CumeneOOH present. 20
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PCT/US97/15332              Although particular embodiments of the present
invention have been      described in the foregoing description, it will be
understood by those skilled in the      art that the invention is capable
of numerous modifications, substitutions 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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claim:              1.  An improved process for decomposing a hydroperoxide
to form a      decomposition reaction mixture containing a corresponding
alcohol and ketone,      the improvement comprising decomposing the
hydroperoxide by contacting the 5   hydroperoxide with a catalytic amount
of a heterogeneous catalyst selected from      the group consisting ofNb
and Hf hydroxides or oxides.              2.  The process according to
Claim I wherein the hydroperoxide is      cyclohexylhydroperoxide.
3.  The process according to Claim 1 wherein the heterogenous catalyst 10
is supported on a catalyst support selected from the group consisting of
SiO2.      Al203, carbon and TiO2.              4.  The process according
to Claims 1 or 3 wherein the decomposition      reaction temperature is
from about 80[err]C to about 170[err]C, and decomposition      reaction
pressure is from about 69 kPa to about 2760 kl'a. 15        5.  The process
according to Claim 4 wherein the reaction pressure is 



from about 276 kPa to about 1380 kPa.              6.  The process
according to Claim I wherein the reaction mixture       contains from about
0.5 to about 100 percent by weight cyclohexyl       hydroperoxide. 20
7.  The process according to Claim 2 wherein the process is run in the
presence of cyclohexane.              8.  The process according to Claims I
or 3 wherein the process is run in       the presence of oxygen.
9.  The process according to Claim 3 wherein the catalyst is Nb 25
hydroxide or oxide supported on SiO2.             10. The process according
to Claim 9 wherein the Nb hydroxide or oxide       is from about 1 to about
25 wt. percent of the catalyst.             11. An improved process for
decomposing a secondary hydroperoxide to       form a decomposition
reaction mixture containing a corresponding alcohol and 30   ketone, the
improvement comprising decomposing the secondary hydroperoxide       by
contacting the secondary hydroperoxide with a catalytic amount of a
heterogeneous catalyst selected from the group consisting of Zr and Ti
hydroxides       or oxides.             12. The process according to Claim
11 wherein the secondary 35   hydroperoxide is cyclohexylhydroperoxide.
13.  The process according to Claim 11 wherein the heterogenous catalyst
is supported on a catalyst support selected from the group consisting of
SiO2,       A1203, carbon and TiO2.
18     WO 98/09931
PCT/US97/15332              14.  The process according to Claims 11 or 13
wherein the decomposition      reaction temperature is from about 80[err]C
to about 170[err]C, and decomposition      reaction pressure is from about
69 kPa to about 2760 kPa.             15.  The process according to Claim
14 wherein the reaction pressure is  5   from about 276 kPa to about 1380
kPa.             16.  The process according to Claim 11 wherein the
reaction mixture      contains from about 0.5 to about 100 percent by
weight cyclohexyl      hydroperoxide.             17.  The process
according to Claim 12 wherein the process is run in the 10   presence of
cyclohexane.             18.  The process according to Claims 11 or 13
wherein the process is run      in the presence of oxygen.    
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