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TITLE
HYDROPEROXIDE DECOMPOSITION PROCESS
: FIELD OF THE INVENTION

The invention generally relates to an improved catalytic process for
decomposing alky] or aromatic hydroperoxides to form 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.

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 -
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 K/A’ (ketone/alcohol) mixture, and can be readily
oxidized to produce adipic acid or caprolactam, which are important reactants in .
processes for preparing certain condensation polymers, notably polyamides. A =
high K/A ratio in the reaction mixture is generally preferred. 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 be used to provide

- beneficial cost advantages.

Druliner et al., (WO 98/34894) 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
containing reaction mixture. Both of these can deactivate the catalysts, resulting
in lower conversion rates and/or lower K/A ratios. One method to eliminate the
acidic byproducts is by the addition of a neutralization agent, such as that
described in U.S. Patent No. 4,238,415. This, however, results in undesirable
salts, which need to be removed from the final product. In situ drying of the:
reaction mixture to remove water has been used in both hydrogenation and -
decomposition processes (U.S. Patent Nos. 5,550,301 and 3,927,108), but these
methods do not remove the acidic by-products along with the water.

Applicants have discovered that good conversion rates and good K/A
ratios can be achieved by the addition of a set amount of water to the reaction
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mixture, and subsequent removal of the water before the heterogeneous
decomposition step removes the actdrc tmpuntxes '

Further i tmprovements and optlons are needed for hydroperoxide
decomposition to. K/A mtxtures in order _j__overcome 1 'e 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 t detailed description which
hereinafter follows - RS :

rmprovement compnses the steps o a) addmg ‘water ; the amount of 0. 5-20% to

a hydroperoxtde contmmng rmxture b) removmg the bulk of said water by a
means such that water-soluble unpunttes are removed along with the water;

c) removlng the rematmng water by a means such that not more than 2% of water
remains in the reactxon mtxture and d) decomposmg satd hydroperoxide by -
contacting the reactton mtxture wrth a catalyttc amotin of a heterogeneous
catalyst. The heterogeneous catalyst preferably com es Au (gold). The

~ inventive process may opttonally be performed usmg u in the presence of other

metals, preferably Pd. The catalysts rna 'fitrther, optt nally, be supported on a
suitable support member such as SrOz, A1203, carbo zirconia, MgO or TiO,.

. The hydroperoxtde is preferably cyclohexylhydropero:nde and the
decomposition 1 reactton mtxture is preferably the result"of an oxidation reaction of

The preferred means to remove the water in step _b) is decantmg, and the
preferred means to remove the water m step c) is flashmg
. DETA ED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present mventron provrdes 1mproved process for conducting 2
hydroperoxide decomposmon step m an; n;tdustnal process in which an alkyl or
aromatic compound is oxidized to form a mtxture of th_, correspondmg alcohol
and ketone. In parttcular cyclohexane can be oxtdtzed to form a mixture
containing eyclohexanol A) and cyclohexanone (K)?{"- :e industrial process
involves two steps: first, cyclohexane is’ oxtdtzed formis ng a reaction mixture
containing CHHP; second CHHP is decomposed formmg a mixture containing K
and A. As prevrously menttoned, proeesses for'the oxrdatton of cyclohexane are
well known in the. llterature and aveulable to those sktlled in the art.

The rmproved process can also be used for the: decomposmon of other
alkane or aromatic hydroperoxtdes, for example, t-butyl hydroperoxrde
cyclododecylhydroperoxrde and cumene hydroperoxtde
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Advantags of the present heterogeneous catalytic ptocess, relative to
processes emplo ing homogenous metal catatysts, such as metal salts or

i%ires, include longer catalyst life; {fproved yields of useful
products, and the absence of soluble metal compounds. -‘However, the use of

“heterogeneous catalysts subject the process to fouling by water and 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 hydroperoxlde
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

d) decomposing said hydroperoxide by contactmg the reaction mlxture

-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

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 K/A ratio. A high K/A ratio is generally preferred. Methods to remove the ~
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
about 5%.

The hydroperoxide is preferably cyclohexylhydroperoxide, and the
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
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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wide variety of conditions and ina wrde vanety of

- carboxylic acxds and other i unpuntxes

" Auand Au compounds preferably applted 10 suitable

'preferably Pd. The metal to support percentage can v:
. 50 percent by wetght and is preferably out 0.1 to al ut. 10 wt. percent Suitable
and presently. preferred supports mclude SlOz (srhc ),

After removal of the remammg water, the dried decomposition reaction
mixture containing the hydroperoxxde is then contacted with a catalytic amount of
a heterogeneous catalyst Thrs decomposmon process:can be performed under a
ents, mcludmg the initial
alkane that is ox1d1:_':’_' to the hydroperoxtde Since CHHP is typically produced
industrially as a solutron in cyclohexane ﬁ'om catal ox1datxon of cyclohexane,

'a convenient and preferred solvent for the decomposmon process of the invention

is cyclohexane. : Such a mrxture can be used as recetved:- from the first step of the
cyclohexane oxrdatron process or after some of the co stituents have been
removed by known processes such as drstrllatlon or. aqueous extraction to remove

The preferred concentratlon of CHHP in the CHHP reaction mixture can
range from about 0.5% by werght to 100% (e, neat).' B n the industrially

- practrced route, the preferred range 1s from about 0. 5% to about 3% by weight.
15

. Suitable reactton temperatures for the process of the invention range from
about 80°C to about 170°C Temperatures from about 110°C to about 160°C are

. typically preferred_i_ ‘Reaction’ pressures can preferably range from about 69 kPa to

about 2760 kPa (-1.0-400 psr) pressure, and pressures from about 276 kPa to about
1380 kPa (40-200 psr) are more preferred Reactton tune vanes in inverse relation
to reaction temperature and typlcally ranges from about 1to about 30 minutes.

. As noted. prevrously, the heterogeneous catalysts_ of the invention comprise
lid supports. The
inventive process: may also be performed usmg Aui in; e presence of other metals,
/ ﬁpm about 0.01 to about

03 (alumina), C
(carbon), TiO, (tttama) MgO (magnesra) or Zr02 (zrrcoma) Zirconia is a
particularly preferred support, and Au supported on alurmna is a particularly

. preferred catalyst ¢ of the mventlon A preferred cataly "1s 0.1-10% Au/0.05-2%Pd

on o-alumina, more preferably l%Au/O l% Pd on ot—alumma
Some of the heterogeneous catalysts of the mventlon can be obtained

already prepared from manufacturcrs, or they can be prepared from suitable

starting matenals usmg methods known in the art, Supported gold catalysts can
be prepared by any standard procedure known to give ell-drspersed gold, such as
sol-gel techmques, evaporauve techmques or coatmgs om colloidal dispersions.

In parttcular ultra-fine: partrcle s1zed gold is prefen'ed Such small
particulate gold (oﬁen smaller than 10 nm) can be prepared according to Haruta,
M., “Size-and Support-Dependency 1n the Catalysxs of Gold” Catalysis Today 36
(1997) 153-166 and Tsubota et al Preparatlon of Catalysts V, pp. 695-704
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(1991). Such gold preparations produce samples that are purple-pink in color

- instead of the: typxcal bronze color associated with gold and result in highly -

dispersed gold 5'_.“'?, ysts when placed on a suitable: sﬁ jport member. - These highly

. dispersed gold. pafﬁcles typically are from about 3 nm to about 15 nm in diameter.

‘The catalyst solid support, including SiO5, Al;05; carbon, MgO, zirconia,
or TiO,, 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 about 5 mm. Catalysts having a surface area larger than
10 m?/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 establish a practical upper limit upon catalyst
support surface area.

‘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 polymerization of the 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 arigid “gel”. The “gel” consists of a crosslinked network of the -
desired material, which encapsulates the original solvent within its open porous -
structure. The “gel” may then be dried, typically by either simple heating ina -
flow of dry air to produce a xerogel or the entrapped solvent may be removed by
displacement with a supercritical fluid such as liquid CO, to produce an aerogel. -~ -
These aerogels and xerogels may be optionally calcined at elevated temperatures
(>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
‘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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cyclohexane is oxidized directly to K and A, in addition to K-and A being formed

by CHHP decomposition. This ancxllary process is known as “cyclohexane

participation”, and is descnbed in detail in Drulmer etal., U.S. Patent

No. 4,326,084, the entu'e contents of wh1ch are mcoxporated by reference herein.
Moderate mcreases in conversron can be obtamed by adding hydrogen to

. the reaction, wluch also results in the i mcrease of the ratlo of K to A produced.

A preferred process of the i xnventron would' compnse the steps of:
a) removmg 1mpurtt1es in hydroperoxrde mrxture by adding 4% water; -
b) removrng said. water toa level of less than 5% by decantation at
about 90 to about. 160°C and about 1 to about 300 psrg '(0.006 to 2.07 MPa
gauge); : B T R ST
¢) removing the remalmng water toa level of less than about 0.5% by

. flashing at about 70 to about 250°C, -and -

e d) decomposmg the cyclohmtylhydroperoxrde by contacting the
reacuon mixture w:th a catalytrc amount of aAu catalyst said catalyst comprising
1% Auand 0. l% Pd supported ona sultable supported on alumina.

. The process of the present mventron is further 1llustrated by the following

non-hmrtmg examples In the examples, all temperatures are in degrees Celsius
.- and all percentages are by welght unless otherwrse mdreated

gory METHOD AND RI \ _
The catalysts used mthe followxng Examples were prepared as descnbed

. in Drulmer etal, WO 98/34894 the ‘entire contents of whrch are mcorporated by
- reference herein. .. o _

Abbrevrauons used hereafter are hsted and defined below as follows:
CHHP Cyclohexylhydroperoxxde
K: . .. Cyclohexanone - -
_ AL Cyclohexanol . : oo
All percentages are expressed as weight percent unless otherwrse specified.
The: catalyst used for all Examples was10g of 1% Au/0.1% Pd
supported on a—alumma The reactor was a liquid: full plug flow reactor,
30 inches (76 cm) witha % mch (0 64 cm) dtameter ‘Inlet and exit pressure was
150 psig (1. 03, MPa gauge) controlled wrth a backpressure regulator. The feed
consisted of 1. 6% CHHP in: cyclohexane, about l% K and 2% A, and varying
amounts of water and acid 1mpur1t1es The: acld rmpurrues referred to in the
Examples cons1sted of monobasxc and dlbaSlc acxds which would be typical of
those produced i m cyclohexane oxrdatron such as adrprc acid, succinic acid,
formic acid, and hydroxycaprorc acid, in approxlmately equal amounts.
Analyses were performed on CHHP K and Aby gas chromatography
Cyclohexane, CHHP K, and A were obtamed from E l du Pont de Nemours and
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Company, lemmgton, DE. The KIA ratio obtained after conversion of

cyclohexylhydm mxxde over the catalyst was calcula e;l using the equation:

(g K in product) -(g K in ft;.ed)
_ (_g A in product) - (g A in feed)

To illustrate the dependence of water and acid impurities in the feed to the
CHHP 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, thf‘_ presence of water above 0.1% results in
deactivation of the catalyst, giving lower CHHP conversion and a lower K/A ratio.
As shown in Example 4 the presence of acid impurities, indepéndent of the
amount of water present also results in deactivation of the catalyst, giving lower

- CHHP conversion and a lower K/A ratio.

= . EXAMPLE |

10 g of the 1%Au-0.1%Pd catalyst was used to decompose a feed
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 1
Time on Stream (hrs) | % CHHP conversion K/A ratio
10 99.1% | 1.79
2 99.4% 1.95
52 B 99.2% 2.05
64 99.5% 2.09
EXAMPLE?2

This Examples illustrates the effect of pure water. Increasing the water
has only a small effect on conversion rates, but greatly lowers the K/A 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 II: -
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: conversion with | K/Aratio |- conversion | K/A ratio with
‘Time on 0.2% added with 0.2% with 0.9% 0.9% added
Stream (hr) |~~~ water :- | added water added water water
6 ©i993 - | 195 | 996 2.00
18 981 2.06 993 1.02
42 972 | 212 96.6 0.74
. EXAMPLE 3
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This Examples 1llustrates the effect of water contauung low amounts of
acids. Increasing the waterlacxd mlxture ‘has a sxgmﬁcant effect on conversion
rates and K/A ratlo Catalyst and reactnon condmons were the same as those
described in Example 1. Added to the’ feed at varymg levels was water
containifig-10% acids. The % acid mdrcates the percentage of acid in the added
water, not the percentage in the total feed nnxture The results are presented

below in Table III
. %CHHP. - |- ::: .| ' CHHP _
.. :eonverslon - KIA rano - _,.conversmn - KJ/A ratio
with02% | ‘with0.2% | with0.9% | with0.9%
" added “added. © " added “added
| Timeon - | water/acid' -| - water/acid -~ |- -'water/acxd water/acid
| _Stream (hr) | ;. mixture . | mixture | - imixture " mixture
6 . |..992 164 | . 995 0.64
18 | 992 | 125 | 958 0.52
42 967 1.4 801 0.60

This Examples illustrates the 'effect Of water eorltéining higher amounts

of acids. The hlgher presence of acid greatly mcreased the effect of the added

water on the conversion rate and K/A ratio.. Catalyst and reaction conditions
were the same as'those descnbed in Example 1. The feed in this example
contains 1.9% CHHP, 0. 5% K, 2.0% A;0.1% water,: and 1% acids, where the
percentage mdlcates the amount of ac1d present in the total feed. The results are

shown below in Table IV
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Time on Stream (hrs) % CHHP conversion: 1. K/A ratio
4 5. 90.3 1.04
17 90.9 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 . . Table V
' Temperature (°C) % CHHP conversion K/A ratio-
135 89.0 1.13
160 99.5 1.21
EXAMPLE 6

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 | K/A ratio at | conversion at | K/A ratio at
115 psig 115 psig 225 psig 225 psig
~Timeon (0.79 MPa (MPa gauge) (1.55 MPa (1.55 MPa
Stream (hr) gauge) , gauge) gauge)
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: S : . _ __
1.  Animproved process for decomposing a hydroperoxide, to form a
mixture containing a corresponding alcohol and ketone, the improvement
comprising the steps of: a) adding water in the amount of 0.5-20% to a

hydroperoxide comammg mxxture b) removmg the bulk of said water by a means

such that water-soluble rmpurmes are removed along w1th the water; ¢) removing
the remaining wa_ter by a means such that not more t_l__:_au 2% of water remains in
the reaction mrxture, and d) decomposing said hydroperoxide by contacting the
reaction mixture with a catalytic amount of a heterogeneous catalyst.

- 2. The process according to Claim 1 wherein the catalyst is comprised
of gold. : I : c

is supported on a catalyst support member. :
4; The process. accordmg to Claim 3 wherein the catalyst support

.- member is selected from the group consisting of 8102, A1203, carbon, TiO,,
- MgO, and zrrcoma.

5. The process acoordmg to Clarm 1 wherem the hydroperoxrde is
cyclohexylhydroperomde :

6. The process accordmg to Claim 1 wherein the decomposition
reaction temperature is from: about 80°C to about 170°C and decomposition

~ . reaction pressure is-from about 69 kPa to: about 2760 kPa..

7. The process accordmg to Claun 6 wherem the reaction pressure is
from about 276 kPa to-about: 1380 kPa R
- 8. The process accordmg to Claim 1 wherem the reaction mixture
contains from about 0.5 to about 100 percent by werght cyclohexyl

hydroperoxide. - : ;
9. The process accordmg to Clarm 1 wherem the process is run in the

presence of cyclohexane

10. The process accordmg to Claim 1 wherem the process is run in the
presence of added oxygen. -

11. The process accordmg to Claxm 4 wherem the gold is supported on
zirconia.

12. The .process according to Claim 11 wherein the gold is from about
0.1 to about 10 wt. percent of the catalyst and support member.

13. The process according to Claim 2 wherein a metal from about 0.05
to about 2% wt. percent of the catalyst and support member is also present with
gold.

14. The process according to Claim 13 wherein the metal is Pd.
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3.  The process according to Claim 2 wherein the heterogeneous catalyst
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15.  The process accordmg to Claim 3 wherein the gold is present on the

support member as well-dlspersed particles having a dlgmeter from about 3 nm to

about 15 nm. -
16.  The process according to Claxm 14 wherein the catalyst is about
5 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 wherem 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.
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