
;e3e`]L (t 6:T<BB26 February 2003 WO 00/12470 *166166* PCTNS99/19311 TITLE
HYDROPEROXIDE DECOMPOSITION PROCESS FIELD OF THE INVENTION The invention
generally relates to an improved catalytic process for 5 decomposing alkyl
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. 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 K/A (ketone/aicohol) 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 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. 25 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 30 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 35 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    26 February 2003 WO 00I12470 PCT/US99/19311 mixture, and
subsequent removal of the water before the heterogeneous decomposition step
removes the acidic impurities. Further improvements and options are needed
for hydroperoxide decomposition to K/A mixtures in order to overcome the
deficiencies inherent in 5 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 follows. SUMMARY OF
THE INVENTION An improved process is provided in which a hydroperoxide is
decomposed 10 to form a mixture containing a corresponding alcohol and
ketone. The improvement comprises the steps of a) adding water in the
amount of 0.5-20% to a hydroperoxide containing mixture; b) removing the
bulk of said water by a means such that water-soluble impurities are
removed along with the water; 'c) removing the remaining water by a means
such that not more than 2% of water 15 remains in the reaction mixture; and
d) decomposing said hydroperoxide by contacting the reaction mixture with a
catalytic amount of a heterogeneous catalyst,wherein the catalyst is
comprised of Au (gold). The inventive process may optionally be performed
using Au in the presence of other metals, preferably Pd. The catalysts may
further, optionally, be supported on a 20 suitable support member, such as
Si02, A1203, carbon, zirconia Mg0 or TiO2. The hydroperoxide is preferably
cyclohexylhydroperoxide, and the decomposition reaction mixture is
preferably the result of an oxidation reaction of cyclohexane. The
preferred means to remove the water in step b) is decanting, and the 



25 preferred means to remove the water in step c) is flashing. 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 30 and ketone. In particular,
cyclohexane can be oxidized to form a mixture containing cyclohexanol (A)
and cyclohexanone (K). The industrial process involves two steps: first,
cyclohexane is oxidized, forming a reaction mixture containing CHHP;
second, CHHP is decomposed, forming a mixture containing K and A. As
previously mentioned, processes for the oxidation of cyclohexane are 35
well known in the literature and available to those skilled in the art. The
improved process can also be used for the decomposition of other alkane or
aromatic hydroperoxides, for example, t-butyl hydroperoxide,
cyclododecylhydroperoxide and cumene hydroperoxide. 2   26 February 2003 WO
00/12470 FCT/US99/19311 Advantages of the present heterogeneous catalytic
process, relative to 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. However, the use of 5 heterogeneous catalysts subject the
process to fouling by water and organic impurities from the oxidation
reaction, especially acidic impurities. Applicants have discovered a
mufti-step process that overcomes these obstacles: a) adding water in the
amount of about 0.5-20% to a hydroperoxide 10 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 abort 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 K/A ratio. A high K/A 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 about 5%. 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. 4,32b,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.   26 February 2003 WO 00I12470 PCTNS99/1931
I After removal of the remaining water, the dried decomposition reaction
mixture containing the hydroperoxide is then contacted with a catalytic
amount of a heterogeneous catalyst. This decomposition process can be
performed under a wide variety of conditions and in a wide variety of
solvents, including the initial 5 alkane that is oxidized to the
hydroperoxide. 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 10 removed by known processes such as distillation or aqueous
extraction to remove carboxylic acids and other impurities. The preferred
concentration of CHHP in the CHHP reaction 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. 15 Suitable
reaction temperatures for the process of the invention range from about 80C
to about 170C. Temperatures from about 110C to about l60C 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
inverse relation 20 to reaction temperature, and typically ranges from
about 1 to about 30 minutes. As noted previously, the heterogeneous
catalysts of the invention comprise Au and Au compounds, preferably applied
to suitable solid supports. The inventive process may also be performed
using Au in the presence of other metals, preferably Pd. The metal to
support percentage can vary from about 0.0l to about 25 50 percent by
weight, and is preferably about 0.1 to about 10 wt. percent. Suitable and
presently preferred supports include Si02 (silica), A1203 (alumina), C
(carbon), Ti42 (titania), Mg0 (magnesia) or Zr02 (zirconia). Zirconia is a
particularly preferred support, and Au supported on alumina is a
particularly preferred catalyst of the invention. A preferred catalyst is
0.1-10% Au/0.05-2%Pd 30 on a-alumina, more preferably 1%Au/0.1% Pd on
a-alumina. Some of the heterogeneous catalysts of the invention can be
obtained already prepared from manufacturers, or they can be prepared from
suitable starting materials using methods known in the art. Supported gold
catalysts can be prepared by any standard procedure known to give
well-dispersed gold, such as 35 sol-gel techniques, evaporative techniques
or coatings from colloidal dispersions. In particular, ultra-fine particle
sized gold is preferred. Such small particulate gold (often smaller than 10
nm) can be prepared according to Haruta, M., "Size-and Support-Dependency
in the Catalysis of Gold", Catalysis Today 36 ( 1997) 153-166 and Tsubota
et al., Preparation of Catalysts V, pp. 695-704 4   26 February 2003 WO
00I12470 PCT/US99/19311 ( 199 l ). Such gold preparations produce samples
that are, purple-pink in color instead of the typical bronze color
associated with gold and result in highly dispersed gold catalysts when
placed on a suitable support member. These highly dispersed gold particles
typically are from about 3 nm to about 15 nm in diameter. 5 The catalyst
solid support, including Si02, A1203, carbon, MgO, zirconia, or Ti02, 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 10 from about 0.005 mm to 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 15 particle size
distribution, will establish a practical upper limit upon catalyst support
surface area. A "sol-get 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 20 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 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 C02 to
produce an aerogel. These aerogels and xerogels may be optionally calcined
at elevated temperatures 30 (>200C) 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 5   26 February 2003 WO 00I12470 PCTIUS99/19311 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. 5 Moderate increases in conversion can be obtained by adding
hydrogen to the reaction, which also results in the increase of the ratio
of K to A produced. A preferred process of the invention would comprise the
steps of: a) removing impurities in hydroperoxide mixture by adding 4%
water; b) removing said water to a level of less than 5% by decantation at
10 about 90 to about 160C and about 1 to about 300 psig (0.006 to 2.07 MPa
gauge); c) removing the remaining water to a level of less than about 0.5%
by flashing at about 70 to about 250C, and - d) decomposing the
cyclohexylhydroperoxide by contacting the 15 reaction mixture with a
catalytic amount of a Au catalyst, said catalyst comprising 1 % Au and 0.1
% Pd supported on a suitable supported on alumina. 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. 20 ~ METHODS AND
MATERIALS The catalysts used in the following Examples were prepared as
described in Druliner et al., WO 98/34894, the entire contents of which are
incorporated by reference herein. Abbreviations used hereafter are listed
and defined below as follows: 25 CHHP: Cyclohexylhydroperoxide K:
Cyclohexanone A: Cyclohexanol All percentages are expressed as weight
percent) unless otherwise specified. The catalyst used for a11 Examples was
10 g of 1 %a Au/0.1 % Pd 30 supported on a-alumina. The reactor was a
liquid full plug flow reactor, 30 inches (76 cm) with a '/ inch (0.64 cm)
diameter. Inlet and exit pressure was l50 psig (1.03 MPa gauge) controlled
with a backpressure regulator. The feed consisted of 1.6 % CHHP in
cyclohexane, about 1 % K and 2 % A, and varying amounts of water and acid
impurities. The acid impurities referred to in the 35 Examples consisted of
monobasic and dibasic acids which would be typical of those produced in
cyclohexane oxidation such as adipic acid, succinic acid, formic acid, and
hydroxycaproic acid, in approximately equal amounts. Analyses were
performed on CHHP) K, and A by gas chromatography Cyclohexane, CHHP, K, and
A were obtained from E. I. du Pont de Nemours and 6   26 February 2003 WO
00/12470 PCTIUS99/19311 Company, Wilmington, DE. The K/A ratio obtained
after conversion of cyclohexylhydroperoxide over the catalyst was
calculated using the equation:  (g K in product) - (g K in feed) (g A in
product) - (g A in feed) 5 



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, the presence of water
above 0.1 % results in 10 deactivation of the catalyst, giving lower CHHP
conversion and a lower K/A ratio. As shown in Example 4 the presence of
acid impurities, independent of the amount of water present also results in
deactivation of the catalyst, giving lower CHHP conversion and a lower K/A
ratio. - EXAMPLE 1 IS 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 150C) and 150 psig
(I.03 MPa gauge). The results are presented below in Table I: 20 Table I
Time on Stream (hrs)% CHHP conversionK/A ratioIO99.1 %I.792299.4 %1.
955299.2 %2.056499. 5 %2.09 EXAMPLE 2 This Examples illustrates the effect
of pure water. Increasing the water 25 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: 7   26 February 2003 WO 00/12470 PCT/iJS99/19311 Table II
%CHHP%CHHPconversion withK/A ratioconversionK/A ratio withTime on0.2 %
addedwith 0.2 %with 0.9 %0.9 % addedStream (hr)wateradded wateradded
waterwater699.31.9S99.62.001898.12.0699.31.024297.22.1296.60.74 EXAMPLE 3
This Examples illustrates the effect of water containing low amounts of 5
acids. Increasing the water/acid mixture has a significant effect on
conversion rates and K/A ratio. Catalyst and reaction conditions were the
same as those described in Example 1. Added to the feed at varying levels
was water containing 10% acids. The % acid indicates the percentage of acid
in the added water, not the percentage in the total feed mixture. The
results are presented 10 below in Table III: Table III
%CHHPCHHPconversionK/A ratioconversionK/A ratiowith 0.2 %with 0.2 %with 0.9
%with 0.9addedaddedaddedaddedTime
onwater/acidwater/acidwater/acidwater/acidStream
(hr)mixturemixturemixturemixture699.21.6499.50.641899.21.259S.80.524296.71.
1480.10.60 EXAMPLE 4 15 This Examples illustrates the effect of water
containing higher amounts of acids. The higher presence of acid greatly
increased the effect of the added water on the conversion rate and K/a
ratio. Catalyst and reaction conditions were the same as those described 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 20 percentage indicates the amount of
acid present in the total feed. The results are shown below in Table IV: 8
WO 00/12470 ' . Table IV  26 February 2003 PCT/US99/1931 I Time on Stream
(hrs)% CHHP conversionK/A ratio490.31.041790.90.822986.80.83 



EXAMPLE 5 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 conversionK/A
ratioI3589.01.l316099.5I .21 EXAMPLE 6 The Example illustrates the effect
of pressure on the CHHP decomposition reaction. Catalyst and reaction
conditions were the same as those I5 described in Example 1 except for the
varying pressure. Added to the feed at 0.2 % was water containing I O %
acids. The results are shown in Table VI, below: Table VI 20
%CHHPCHHPconversion atK/a ratio atconversion atK/A ratio at115 psigl I5
psig225 psig225 psigTime on(0.79 MPa(MPa gauge)(1.55 MPa(1.55 MPaStream
(hr)au e)au e)au e)2498.92.0599.01.233897.0I .76--42--97 .01.09 9   26
February 2003 We claim: I . An improved [rpcess for decomposing a
hydrepcroxidc, to foam a mixture containing a corresponding alcohol and
ketone, the improvement comprising the steps 0 a) adding water 3n the
amount of 0.5 -20% to a 5 hydropdoxide containing mixture; b) removing the
bulk of said water by a mantis such that water-soluble impurities arc
removed along with the water; c) removing the remaining water' by a means
surd that not more then 2% of water remains in the taxation mixture and d)
decomposing said hydroperoxide by contacting the traction mixture with a
catalytic amount of a heterogeneous catalyst, wherein the 10 catalyst is
comprised of gold. 2. The process according to Clew 1 wherein the
heterogeneous catalyst is supported on a catalyst support member 3. The
process according to Claim 2 wherein the catalyst support member is
selected from the group consisting of  SiO2 A12O3, carbon TiO2 is MgO, send
zirconia 4. The process according to Claim 1 wherein the hydroperoxide is
cyclohexylizydroperoxide. S. The process according to Claim x wherein, the
decomposition reaction temperature is from 80C to 170C) and decomposition
reaction pressure zo i9 from b9 kPa to 264 kpa 6. The process according to
Claim 5 wherein the reaction pressure is from 276 kpa to 1380 kpa 7. The
process according to Claim 1 wherein the reaction mixture contains from 0,5
to 100 percent by weight cyclohexyl hydroperoxide. 2s 8. The process
according to Claim 1 wherein the process is ran in the presence of
cyclohexane. 9. The process according to Claim, t wherein the process is
run in the presence of added oxygen. 10. The process according to Claim 3
wherein the gall is supported on 30 zimonia 11. The process according to
Claim 1.0 wherein the gold is from 0.1 to 10 wt percent of the catalyst and
support member, 12. 'the process according to Claim 1 wherein a metal from
0.05 to 2% wt, percent of the catalyst end support member is also present
with gold. 3s 13. The process according to Claim 12 wherein the metal is
Pd. 14 The process according to Claim 2 wherein the gold is presort on the
support member as well-dispetaed particles having a diameter from 3 am to 



15 nm. 10 AMENDED SHEET   26 February 2003 ` 15. The process according to
Claim 13 wherein the catalyst is 1.0 percent by weight Au with 0.1 percent
by weight Pd supported on alumina ` lb. The process according to Claim 1
wherein the gold catalyst is in the form of a sol-gel compound s 17. The
process according to Claim 1 wherein the process is run in the presence of
added hydrogen. 18. The process according to Claim 1 wherein the means 3o
remove waver in step b) is decanting 1 p. The process according to Claim 18
wherein the means to remove to water is sip c) is flashing 20. The process
according to Claim 1 wherein the hydroperoxide containing mixture results
from the oxidation of cyclohexane. 11 AMENDED SHEET
.A.Ah.AFS.AUl.A,.A9{.AS.Al,.A!f.A,A.A,&4:^u .1Mt:
Cu!Nj*/@}xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c:aU]
c:a]ca]ca]ca]c^a]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca!@[[f5u.zI/"a"r"""&#N.S.d.2
I337889|wrmhc^Y]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!99*:/:@:C:.<<L====s??5@{@@@
AC9D>DOD[DDDE>E@EEmGGGGytoje`[U]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]caU]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca!GGHHHrI|IJJJJJ
KKKLMMMO$OQQQ,Q-QNQQQQRRR;
S~ytnid_ZU]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]c
a]ca]caU]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca!;
SESrT{T~TT~UUUU(VoVVVVVVWJWMWX_XuXwXxXX5YvYYY<ZZ[ytoid^YTid_Z]ca]caU]ca]caU
]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca]ca]
ca]ca]ca]ca]ca]c^a
[[[[[[,\4\\\\]^^^+^<^|^____T````z[ytoid^YTid_Z]ca]caU]ca]caU]ca]ca]caU]ca]c
aU]ca]caU]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca
]ca:u
.{Y7!kl`t!10%LL&'()-,!A`4(10%HH&'()-!`4(10%T7T7&'()-!!`4(10%uGuG&'()-!*4(10
%&'()-"10%T&'()-.M~^8
%zX6!I`Fl!10%TT&'()-!~`Fl!10%&'()-!y0Fl!10%&'()-!~`Fl!10%&'()-!Fl!10%DD&'()
-10%T&'()-%t]:      wXMB7! 10T 10T 



10T&$ =10%T&'()-!f`Y0g 10%&'()- !k`Y0g 10%&'()- !kY0g 10%\\&'()-
!`Fl!10%&'()-  CuV^<MB7!
10!`lL`!10%33&'()-!lL`!10%@Q@Q&'()-Lt10%@&'()-`s10%@&'()-!x!10%&'()-zY"10%@
&'()-!Otc}[9MB7! !t`!10%&'()- !y`!10%@@&'()- !D`!10%@@&'()- !!10%&'()-
9YZ10%@&'()-9 10%@&'()-Nj^?MB7! !t`*!10%@D&'()- !t`*!10%&'()- !p*!10%&'()-
@(`10%@&'()-g&s10%@&'()-&F%M10%@&'()-j*,-./@[bC! !tF`!10%&'()-,#S10%&'()-
10@ 10@ 10@9<10%@&'()-97'10%@&'()-f&6z10%@&'()-[[f}^?bC! !tylG10%&'()-
10%&'()- -10%&'()-!`10%&'()-!10%&'()-,10%&'()-5udEbC!
!tl!10%&'()-f10%&'()-f10%&'()-10%&'()-f310%&'()-10%&'()-.zI}^<bC! !!YY%-
10%&'()-`#10%&'()-!x`Y!10%KK&'()-!Y!10%PP&'()-10%&'()-,Z10%&'()-
!/"^"_"wU6+C 108-10%&'()-
!`YS,'!10%KK&'()-&!t`YS,'!10%&'()-&!x`YS,'!10%PP&'()-&!pYS,'!10%**&'()-&!`Y
Y%- 10%KK&'()-`_"`"a"r""&##Z%gEC
108-1!)`6S#10%&'()-}3!)6S#10%uu&'()-}310%Z&'()-! s!10%ee&'()-,Y"10%Z&'()-
10 10Z%%&B(()X+wU3EC
10!`6S#10%]]&'()-}3!`6S#10%ff&'()-}3!06S#10%&&&'()-}3!`6S#10%kk&'()-}3!`6S#
10%pp&'()-}3!$`6S#10%~~&'()-}3X++,N.P.Q.R.S.d.zodY:0!",10%\&'()- 10Z 10Z
10Z<t10%Z&'()-!`6S#10%]]&'()-}3!06S#10%]]&'()-}3!`6S#10%&'()-}3d./K12I33:4w
X6dY:0!!a'!10%u\u\&'()- ,'10%\&'()-!S10%g\g\&'()-S!;`s!10%O\O\&'()-@!I
`s!10%]\]\&'()-@!Is!10%]\]\&'()-@:45T77889zX6dY:0!!X`1`!10%l\l\&'()-!a1`!10
%uTuT&'()-s010%\&'()-!f`'!10%z8z8&'()- !\`'!10%p\p\&'()- !\0'!10%p/p/&'()- 



99*:,:-:.:/:@:>;b@0!!X`!s9s!10%bb&'()-'3"10%&'()- 10\ 10\
10\&<s10%\&'()-@3:10%\&'()- ,8z10%\&'()->;.<p<<L===z[<b@0!!Xs10%&'()-Y
-10%&'()-!Y10%&'()-!`  10%{{&'()-y
10%&'()-y!`9s!10%ss&'()-'==>n??5@{@zX9b@0!!Y%10%&'()-!p0`Ss!10%77&'()-m
``Ss!10%:&'()-m !p``Ss!10%77&'()-m !``Ss!10%OO&'()-m !t`Ss!10%;;&'()-m {@@@
AABCzX9b@0!!``X,!10%3&'()-[!t``X,!10%;
;&'()-[!N`X,!10%&'()-[*E10%&'()-!``&10%&'()-!`&10%&'()-C9D;D<D=D>DODDD_@0!!
@M10%<&'()-!s!10%<<&'()-"S10%<&'()- 10 10
10`9<s10%&'()-6F10%]&'()-D>E@EE{FmGG^?_@0!!@10%<&'()-!X`3!10%L<L<&'()-!a3!1
0%U<U<&'()-l 10%<&'()-&s10%<&'()-y10%<&'()-@GGGHHHIaB_@0!!#
10%<&'()-F3"10%<&'()-!10%&'()-!c`!10%w<w<&'()-!10%2&'()-M10%<&'()-
I$I.I/I2I9I>I?IkL.@' d # 10%<&'()-F# 10%<&'()-F# 10%<&'()-F' d #
10%<&'()-F# 10%<&'()-F?IBIIIOIPISIZI_IoP1@# 10%<&'()-F# 10%<&'()-F#
10%<&'()-F' d # 10%<&'()-F# 10%<&'()-F# 10%<&'()-F_I`IcIkIpIqIrI|IlS2@
+`!10%&'()-# 10%<&'()-F' d # 10%<&'()-F# 10%<&'()-F# 10%<&'()-F' d
|IJJJJJJJKvU4  S910%"&'()- 10%"&'()- !10%"&'()-10r((10r(10r(<
=s10%r(&'()-) k`+`!10%r(&'()-KK KKKKKlBvU4  S9)?tL kO 10%"&'()-[kO
10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[KK$K.K9KHKIKd:vU4  )?tL kO
10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO
10%"&'()-[IKQK]KhKsKKKd:vU4  )?tL kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO
10%"&'()-[kO 10%"&'()-[KKKKKKKd:vU4  )?tL kO 10%"&'()-[kO 10%"&'()-[kO
10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[KKKKKKKd:vU4  )?tL kO 10%"&'()-[kO
10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[KKKKKKKd:vU4  )?tL kO
10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[KKKKKKKd:vU4
)?tL kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO 10%"&'()-[kO
10%"&'()-[KKLMMMMMeE)|X 10%4"&'()-k|X 10%4"&'()-k|X 10%4"&'()-k)
lM10%4"&'()- lS`Y!10%4"&'()- [!Y!10%n@n@&'()- kO 10%"&'()-[MMMMM NN}]=)|X
10%4"&|X 10%4"&'()-k|X 10%4"&'()-k|X 10%4"&'()-k)?JV [|X 10%4"&'()-k'|X
10%4"&'()-kNN)N*N+N6NANyY9)|X 10%|X 10%4"&'()-k|X 10%4"&'()-k|X
10%4"&'()-k)?JV |X 10%4"&'()-k|X 10%4"&'()-kANLNUNVNWN]NcNyY9)|X 10%|X
10%4"&'()-k|X 10%4"&'()-k|X 10%4"&'()-k)?JV |X 10%4"&'()-k|X
10%4"&'()-kcNiNoNpNxNNNyY9)|X 10%|X 10%4"&'()-k|X 10%4"&'()-k|X
10%4"&'()-k)?JV |X 10%4"&'()-k|X 10%4"&'()-kNNNNNNNyY9)|X 10%|X
10%4"&'()-k|X 10%4"&'()-k|X 10%4"&'()-k)?JV |X 10%4"&'()-k|X
10%4"&'()-kNNNNNNNyY9)|X 10%|X 10%4"&'()-k|X 10%4"&'()-k|X 10%4"&'()-k)?JV
|X 10%4"&'()-k|X 10%4"&'()-kNNNNNNNyY9)|X 10%|X 10%4"&'()-k|X 10%4"&'()-k|X
10%4"&'()-k)?JV |X 10%4"&'()-k|X 10%4"&'()-kNNOOOOOyY9)|X 10%|X
10%4"&'()-k|X 10%4"&'()-k|X 10%4"&'()-k)?JV |X 10%4"&'()-k|X
10%4"&'()-kOOOOO$OPzX7)|X 10% `l*!10%S!&'()- k!l*!10%&'()- |X
10%4"&'()-k)?JV |X 10%4"&'()-k|X 10%4"&'()-kPQQQQQQ,Q-QvU4|X 10
l:10%'&'()-M l 10%'&'()-l 7  10%~~&'()-l104"104"104" lF;s10%4"&'()-
`l*!10%4"&'()- -QNQcQuQQQQaEvU4|X 10 l:10] 10%'&'()- ' r[ ] 10%'&'()-]
10%'&'()-] 10%'&'()- lS#f 10%'&'()-SQQQQQQQeEvU4|X 10 l:10] 10%'&'()-]
10%'&'()-] 10%'&'()-' 



r[ ] 10%'&'()-] 10%'&'()-QQQQQQQQhM,4   :!10%&'()-] 10%'&'()-' r[ ]
10%'&'()-] 10%'&'()-] 10%'&'()-' r[ QQRRRRS|\<,4   :!10iX 10%_(&'()-iX
10%_(&'()- '10%_(&'()- 10%_(&'()- *`  :!10%_(&'()- d`
:!10%N$&'()-SSSS$S)S*S.SeG+4iX 10%_(&'()-' sW iX 10%_(&'()-iX 10%_(&'()-iX
10%_(&'()-' sW iX 10%_(&'()-.S3S9S:S;SES TeD+4iX 10%_(&'() `!10%_(&'()-
!10%C#C&'()-iX 10%_(&'()-' sW -iX 10%_(&'()-iX 10%_(&'()- TrT{T~TTTTaE+4iX
10%_(&'() x' 10%_(&'()-Z x' 10%_(&'()-Z x' 10%_(&'()-Z  S210%_(&'()-
'10%_(&'()- `!10%N$&N&'()-TTTTTTT}]=+4iX 10%_(x' 10%_(&'()-Z x' 10%_(&'()-Z
x' 10%_(&'()-Z )?V) x' 10%_(&'()-Z x' 10%_(&'()-Z TTTTTTTyY9+4iX 10%x'
10%_(&'()-Z x' 10%_(&'()-Z x' 10%_(&'()-Z )?V) x' 10%_(&'()-Z x'
10%_(&'()-Z TTTTTT UyY9+4iX 10%x' 10%_(&'()-Z x' 10%_(&'()-Z x' 10%_(&'()-Z
)?V) x' 10%_(&'()-Z x' 10%_(&'()-Z  UUUU+U1U2UyY=+4iX 10%x' 10%_(&'()-Z x'
10%_(&'()-Z x' 10%_(&'()-Z )?V) x' 10%_(&'()-Z x' 10%_(&'()-Z 



2U8U>U?UBUGULUyY9+4iX 10%x' 10%_(&'()-Z x' 10%_(&'()-Z x' 10%_(&'()-Z )?V)
x' 10%_(&'()-Z x' 10%_(&'()-Z LUQUVUWUZU_UeUyY9+4iX 10%x' 10%_(&'()-Z x'
10%_(&'()-Z x' 10%_(&'()-Z )?V) x' 10%_(&'()-Z x' 10%_(&'()-Z
eUgUiUjUmUoUqUyY9+4iX 10%x' 10%_(&'()-Z x' 10%_(&'()-Z x' 10%_(&'()-Z )?V)
x' 10%_(&'()-Z x' 10%_(&'()-Z qUwU|U}U~UUUUUzYL?2i10_(10_(10_(
3<10%_(&'()-x' 10%_(&'()-Z )?V) x' 10%_(&'()-Z x' 10%_(&'()-Z
UUUoV"X_XX|[:L?2i10 ,3$10%yy&'()- 0, 10%{${&'()-Z  `, 10%'&'()-Z  ,
10%&&'()-Z  Y10%'&'()- l"10%'&'()-X5YvYY<ZZ [|[:L?2i10 ,!#10%p%p&'()-3  0L
10%&&'()-: L 10%'&'()-: 10%'&'()-   F10%'&'()-  0,3$10%i%i&'()-
[[[4\\\]|[:L?2i10 ,010%$&'()-M 70,10%'&'()- ~,10%'&'()- 0,!#10%V'V&'()-3
0,!#10%k1'k&'()-3  0,!#10%k;'k&'()-3 ]^^^(^)^*^+^<^|obU4i
",10%)&'()-10'10'10' @>-10%'&'()- ,910%'&'()- `010%&'()-M
p0010%'&'()-M<^|^^.___T`|[:bU4i  0$10%(&'()-3 u0$10%'&'()-3 B0$10%)&'()-3
(`$10%)&'()-3 `$10%9(&'()-3 i$10%pn%p&'()-3T````|[:bU4i  0$10%(&'()-3
u0$10%'&'()-3 B0$10%)&'()-3 S>10%)&'()- y810%)&'()- S0$10%&&'()-3 Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph Font .`R+.7=AGNR*[]bdfhjlnprtv@9G;S[`<=>?@A.% j[_"Z%X+d.:49>;
={@CDGI?I_I|IKKIKKKKKKMNANcNNNNNOP-QQQQS.S TTTT U2ULUeUqUUX
[]<^T``BCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times
New RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


