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CLEAVAGE EFFLUENTS IN PHENOL PRODUCTION The present invention relates
generally to improvements in the production 10 of phenol whereby coproduced
acetone is substantially immediately hydrogenated into recyclable
isopropanol byproduct, and alpha methylstyrene byproduct is substantially
simultaneously hydrogenated into cumene for recycle. In addition, the
methods of this invention reduce the formation of undesirable byproducts
which would otherwise reduce product yields and more importantly increase
the difficulty of phenol purification thereby realizing further process
efficiencies. BACKGROUND OF THE INVENTION Most of the phenol used in the
United States and elsewhere is made by the I~ 20 oxidation of cumene to
form cumene hydroperoxide, followed by decomposition or cleavage of the
cumene hydroperoxide to produce phenol and yielding acetone as a major
coproduct. The first step in the reactor yields cumene hydroperoxide, which
decomposes with dilute sulfuric acid or sulfur dioxide to the primary
products, plus acetophenone and dimethyl phenyl carbinol. Other processes
include sulfonation, chlorination of benzene and oxidation of benzene. The
compound is purified by rectification. Major uses of phenol include
production of phenolic resins and para, para 25 bisphenol A; as a selective
solvent for refining lubricating oils; in the manufacture of cyclohexanone,
salicylic acid, phenolphthalein, pentachlorophenol, acetophenetidine,
picric acid , germicidal paints, and pharmaceuticals; as well as use as a
laboratory reagent. Special uses include dyes and indicators, and
slimicides. The conventional phenol process, which dates back to patents to
Allied 30 Chemical and Hercules Chemical Co. in the 1950s, is economical as
long as there is adequate demand for the acetone coproduct. Because the end
uses and rate of growth for phenol and acetone differ, however, with phenol
generally experiencing higher growth rates, there has long been a desire to
produce phenol without acetone.     WO 02/2CC80 2 PCTIUSO1/29938 In
addition, the oxidation of cumene to cumene hydroperoxide (CHP) also
results in the formation of some level of dimethylphenyl carbinol (DMPC)
also known as dimethylbenzyl alcohol (DMBA). DMPC subsequently dehydrates
in the cleavage system to form alpha methylstyrene (AMS) as a significant
process 5 byproduct. The AMS then has a known tendency to react with the
phenol in the cleavage system to produce cumyl phenol or to dimerize into
AMS dimers both of which are heavier, undesired byproducts, and lead to
overall yield loss. Moreover, if an acetone-containing stream is
recirculated to an upstream stage, e.g., the cleavage system, the acetone
has shown a tendency to form impurities 10 originating from the acetone
such as mesityl oxide or hydroxyacetone. Another problem with the
conventional processes for preparing phenol is that the conventional
cleavage of cumene hydroperoxide is highly exothermic and 



requires heat removal to control exotherms, particularly because CHP at
higher temperatures can undergo a dangerous thermal decomposition. In
conventional 15 processes, cooling can be accomplished by several methods.
In one type of cooling scheme the effluent, containing approximately
stoichiometric levels of acetone and phenol, as well as lesser amounts of
AMS is cooled and recirculated at the high recirculation ratios (between 20
- 50:1) that are necessary to control the exotherm. This results, however,
in 20 high levels of both AMS and acetone being present under highly
reactive conditions, leading to high levels of residues, as well as
impurities formed from acetone reactions such as aldol condensations.
Several prior art patents have endeavored to address one or more of the
drawbacks, problems, or limitations of conventional phenol processes. U.S.
Pat. 25 No. 5,245,090 (DeCaria `090), which is incorporated herein by
reference, teaches a hvo-stage process for producing phenol comprising the
steps of decomposing cumene hydroperoxide in a first stage, and subjecting
the product of the first stage to hydrogenation in a second stage to
convert AMS in the first stage effluent stream to cumene which is then
recycled. The DeCaria `090 patent notes (col 3, 30 lines 25-32) that the
first stage effluent stream must be allowed "sufficient contact time in the
second reactor to effect essentially complete decomposition of the residual
CHP to phenol and acetone and over 95% disappearance of the DMBA   1V0
02/2GG80 PCT/USlI1/29938 3 (same as DMPC) and DiCup and to effect virhially
complete hydrogenation of AMS...to cumene." Subsequently, DeCaria `090
obser<~es (col. 3, lines 32-26) that this "process can be run...with or
without the recycle of a portion of the acetone product...." Clearly,
therefore, the DeCaria `090 patent does not 5 contemplate the hydrogenation
of acetone in the hydrogenation stage. This conclusion is reaffirmed by
later portions of the DeCaria `090 patent {e.g., col. 6, lines 12-14).
Tndeed, claim 1 of DeCaria `090 is specifically directed to a method of
making phenol and acetone. Thus, DeCaria `090 does not address the problem
of how to transform the acetone coproduct of phenol production into a more
10 useful product or recycle stream or how to reduce formation of
undesirable byproducts. Furthermore, a problem with the DeCaria `090
process scheme is the probable poor selectivity of the hydrogenation in the
presence of carbonyl compounds. The carbonyl bond in the acetone byproduct
can be hydrogenated to form isopropanol. Judged strictly as a byproduct,
however, isopropanol is of 15 lesser value than acetone. In fact an
appreciable though declining percentage of the acetone in the world is
produced from isopropanol as a feedstock. U.S. Pat. No. 5,015,786 (Araki
`786), which is incorporated herein by reference, teaches a process for
preparing phenol by the cumene process including the step of converting
acetone coproduced with the phenol into isopropanol, 20 thereafter
alkylating benzene with the isopropanol and, optionally, with propylene,
using a zeolite catalyst to produce cumene, thereby forming phenol without
the usual acetone coproduct. Araki `786, however, fails to address the
problem of how to handle the AMS component and the other byproduct
components of the effluent from the CHP cleavage / decomposition stage. 25
Somewhat similar to Araki `786 is U.S. Pat. No. 5,017,729 {Fukuhara `729),
wluch is also incorporated herein by reference. Fukuhara `729 teaches a
multi-step phenol production process comprising: {a) reacting benzene with
propylene to synthesize cumene, (b) oxidizing the cumene of step (a) into
cumene hydroperoxide, (c) acid cleaving cumene hydroperoxide into phenol
and acetone, 30 (d) hydrogenating the acetone of step (c) into isopropanol,
(e) dehydrating the isopropanol of step (d) into propylene, and {fj
recycling the propylene of step (e) to step (a). It is also possible to
take a propylene product from step (e). The   WO 02/2G680 PCT/USO1/29938 4 



acetone byproduct produced upon preparation of phenol is converted into
propylene which Fukuhara `729 teaches is useful by itself for any other
uses or which may be recycled to the phenol-producing process. Fukuhara
`729 is also similar to the Araki `786 patent in failing to address the
problems of handling the 5 AMS and other byproduct components of the
effluent from the CHP cleavage / decomposition step. U.S. Pat. No.
5,160,497 (Juguin `497), which is also incorporated herein by reference,
teaches still another variation on a phenol production process addressed
specifically to dealing with the less-desired acetone coproduct. Thus, 10
the Juguin `497 patent observes (col. 1, lines 58-61) that: "Nowadays, the
main handicap of this [cumene-to-phenol] process lies in the obligatory
coproduction of 0.51 ton of acetone per ton of phenol, because the demand
for phenol increases much more rapidly than that for acetone." The
improvement of the Juguin `497 patent is stated to be {col. 1, line &6 -
col. 2, line 2) "in partly or totally 15 hydrogenising the acetone produced
into isopropyl alcohol, and in recycling at least paz~tly the latter to the
stage of alkylation of benzene where, after dehydration into propene, it
will be convez~ted again into cumene." The Juguin `497 patent further
notes, however, that successful practice of this invention is highly
catalyst dependent because (col. 2, lines 8-12) the 20 conventional
alkylation catalysts "are not adapted to the reaction of alkylation of
benzene in the presence of isopropyl alcohol because they are very
sensitive to water...." Instead of using conventional aluminum chloride or
phosphoric acid catalysts, Juguin `497 turns to a specific class of zeolite
catalyst which had been found to be stable in the presence of the steam
generated by dehydration of 25 isopropyl alcohol. The overall method taught
by the Juguin `497 patent is a multi-step process comprising in sequence:
an alkylation stage (caz-ried out with at least one catalyst based on a
dealuminized Y zeolite having a particular Si02/A1203 molar ratio) to form
an effluent stream containing cumene, uz~reacted benzene, and 30
polyisopropylbenzene; a fractionation step to separate a cumene fraction
and a polyisopropylbenzene fraction; a transalkylation stage (again carried
out using the paz~ticular deahuninized Y zeolite catalyst) where
polyisopropylbenzene and   WO 02/2GG80 PCT/USO1/29938 benzene are reacted
to form additional cumene; a further fractionation step to recover the
additional cumene from transalkylation; an oxidation step to oxidize cumene
into cumene hydroperoxide; a cleavage step to cleave the cumene
hydroperoxide into phenol and acetone; another fractionation step to
separate 5 phenol and acetone; and, finally, the step of hydrogenating the
acetone info isopropyl alcohol in the presence of a nickel-on-silica
catalyst, and recycling the isopropyl alcohol as a feed to the alkylation
stage. The Juguin `497 patent does not address how to handle AMS and other
byproducts in the effluent from the CHP cleavage stage or how to minimize
formation of residue products. 10 As a result, there remains an unmet need
in this as for an integrated cumene-based phenol production method that
reduces the formation of undesirable byproducts from AIvIS and acetone. The
aforementioned drawbacks and limitation of the prior art are overcome, in
whole or in part, with the methods of this invention for an integrated,
efficient, low-residue phenol process which 15 includes hydrogenation of
cleavage effluents. OBJECTS OF THE INVENTION Accordingly, a principal obj
ect of this invention is to provide improved methods, which include a
hydrogenation step, for the production of phenol from 20 cumene. It is a
general object of this invention to provide an integrated cumene-to phenol
method in which the principal undesirable coproducts and/or byproducts from
the cleavage system are converted by hydrogenation into products which can
be recycled as feeds to one or more upstream process steps before they can
fiu~ther 



25 react to form other heavier residues. A specific object of this
invention is to substantially simultaneously hydrogenate, utilizing a
suitable hydrogenation catalyst: (a) substantially all of the acetone
coproduct in the effluent from the cleavage system of a phenol pxocess to
isopropyl alcohol; and (b) substantially a11 of the alpha methylstyrene 30
byproduct in the cleavage system effluent to cumene. Other obj ects and
advantages of the present invention will in part be obvious and will in
part appear hereinafter. The invention accordingly comprises,   W'O
02/2GG80 PCT/USO1/29938 but is not limited to, the methods and related
apparatus, involving the several steps and the various components, and the
relation and order of one or more such steps and components with respect to
teach of the others, as exemplified by the following description and the
accompanying drawing. Various modifications of and variations on the method
and apparatus as herein described will be apparent to those skilled in the
art, and all such modifications and variations are considered within the
scope of the invention. SUMMARY OF THE INVENTION 10 In this invention,
acetone and alpha methylstyrene in the effluent from the cleavage system of
a cumene-based phenol process are both hydrogenated substantially
simultaneously inunediately downstream of the cleavage system. It is
thereby possible to recover isopropanol by distillation downstream of the
hydrogenation step and recycle it back to a benzene alkylation step in
place of 15 propylene to produce cumene. The hydrogenation system of this
invention can be integrated with the cleavage system in such a way as to
improve overall yield and product purity. Early hydrogenation of alpha
methylstyrene, directly downstream of the cleavage system, eliminates the
active styrenic functionality fiom forming heavies such as dimers and
cumylphenols. Of comparable importance, 20 elimination of the acetone can
reduce the ability of the components in the effluent from the cleavage
system to form close boiling impurities that are difficult to separate from
phenol, such as hydroxyacetone, mesit5~1 oxide and methylbenzofuran.
Selection of appropriate hydrogenation catalyst facilitates carrying out
the immediate, substantially simultaneous hydrogenation of acetone 25 and
AMS in the effluent from the cleavage system. BRIEF DESCRIPTION OF THE
DRAWING Fig. 1 is a process flow diagram schematically illustrating an
embodiment of a phenol production process incorporating hydrogenation of
cleavage effluents and recycle of converted products according to the
present invention. 30   1~T~'O (12/2GG80 7 DETAILED DESCRIPTION OF
PREFERRED EMBODIMENTS PCT/USO1/29938 The methods of this invention can best
be understood by reference for Fig. 1. As seen in Fig, 1, a stream (such as
stream 62) as produced by conventional cumene oxidation technologies, and
containing primarily cumene and cumene hydroperoxide, together with lesser
amounts of dimethylphenyl carbinol, acetophenone, and other minor
components, is fed to the cleavage reactor system 10. In the cleavage
reactor system 10, cumene hydroperoxide undergoes an acidcataiyzed
decomposition reaction to phenol and acetone. The acid catalyst in reactor
10 may include homogenous acids such as sulfuric acid, sulfur dioxide, 



10 hydrochloric acid, nitric acid, or phosphoric acid, or may include
heterogeneous acidic catalysts such as zeolite beta, acidic zeolite-based
catalysts, such as MCM22, IvICM-3 6, MCM-49, MCM-5 6, ERB-1, ITQ-1, ITQ-2,
ITQ-3 , S SZ-25, P SH3 and the like, ultrastable zeolite Y, ZSM-5,
mordenite, metal oxides, alumina or clays. Usually a small quantity of
water is also present in this stream to achieve 15 the desired reaction
chemistry. In addition to the decomposition reaction of cumene
hydroperoxide, the acidic conditions of the cleavage reactor system 10
promote the dehydration of the dimethylphenyl carbinol byproduct to form
alpha methylstyrene. The cleavage system 10 is a highly exothermic reaction
which generates 20 heat that may be removed from the effluent stream I2
coming from reactor 10 by any number of means known to those skilled in the
art. These can include but at not limited to tubular reactors, pump-around
cooling, vaporization of the more volatile components, condensation and
reflux of the vaporized components, or recycle of liquid light end
components from the do~~mstream process, for example 25 by recycle stream
36 from separation step 30. The acid cleavage reactor effluent 12 contains
cumene, phenol, acetone, alpha methylstyrene, water, acetophenone, and
other minor impurities. Stream 12 enters the hydrogenation reactor system
20, where the alpha methylstyrene is hydrogenated either partially or
substantially completely to cumene, and, 30 substantially simultaneously,
the acetone is converted either partially or substantially completely to
isopropanol. Fresh hydrogen stream 14 together with recycle hydrogen stream
34 from separation system 30 are fed to hydrogenation   VVO l)2/2CG80
PCT/USU1/29938 8 reactor system 20 to provide an excess of hydrogen in the
hydrogenation stage. The excess unreacted hydrogen is disengaged at
separation stage 30 and, preferably, recycled to hydrogenation stage 20 via
recycle stream 34. A portion of the isopropanol and/or acetone from stage
30, as well as 5 possibly acetone 46 from stage 40, may be recycled as
stream 36 to the cleavage reactor system 10 to facilitate heat removal. The
product stream 32 from stage 30. comprising isopropanol and/or acetone,
phenol, and cumene (both excess-etunene as well as cumene formed by
hydrogenation of AMS), is sent to downstream distillation system 40. In
distillation system 40, stream 32 is separated into the 10 respective
products phenol 44, acetone 46 (if applicable), isopropanol 42 and cumene
45 which is sent to oxidation stage 60. Depending on the acid catalyst
employed, a neutralization step employing an alkaline material, either by
direct injection of alkali or by anionic exchange, may also be required at
this point in the process. 15 Isopropanol 42 is fed to a cumene process
allylation unit 50 for use as a benzene alkylating material. Fresh
propylene 55 may be needed to supplement the isopropanol 42 as the C3
alkylating agent. Byproduct water 54 and cumene product 52 are produced.
The cumene stream 52 from aIkylation system 50 is mixed with cumene stream
45 from stage 40, and the combined stream 57 is sent 20 to oxidation stage
60, where the cumene is reacted with oxygen in air feed stream 64 to form
cutnene hydroperoxide stream 62 for feeding to cleavage reactor 10. Stream
62 will typically include about 5 - 20% of unoxidized ctunene plus various
impurities and byproducts as discussed above. The cleavage stage (reference
numeral 10 in Fig. 1 ) according to the 25 present invention may operate at
temperatures of about 50C to 100C. Cleavage catalysts suitable for the
present invention include sulfuric acid; sulfur dioxide; hydrochloric acid,
phosphoric acid, zeolite-type catalyst (e.g., beta; zeolite Y; ZSM-5);
acidic zeolite-based catalysts (e.g., MCM-22, MCM-36, MCM-49 and MCM-56);
mordenite; acidic clays; and alumina. Feed (stream 62) to cleavage 30 stage
10 will typically comprise about 20 - 95% CHP, 5 - 20% cumene, and 2 10%
DMPC. 



w0 02/2GG80 9 PCT/USO1/29938 The hydrogenation stage (reference numeral 20
in Fig. 1) according to the present invention may operate at temperatures
of about 40C to 150C and at pressures about 50 to 500 psig. Ratios of
hydrogen in stage 20 to the acetone and AMS in effluent stream 12 may range
from above about 1 to about 30 molar, preferably 3 to 10 molar, thereby
representing a molar excess of hydrogen. Suitable catalysts for the
hydrogenation stage 20 of this invention include Group VIII elements, noble
metals, nickel, copper, chromium and combinations and oxides thereof.
Hydrogenation stage 20 may be noble metals operated so as to substantially
fully or partially convert acetone in stream 12 to isopropyl alcohol. 10
The alkylation stage (reference numeral 50 in Fig. 1) may be operated with
feeds of benzene and isopropanol or isopropanol l propylene mixtures at
temperatures of about 80C to 200C in the liquid phase using zeolite-type
catalysts (e.g., beta and Y) or acidic zeolite-based alkylation catalysts
(e.g., MCM-22, MCM-36, MCM-49, and MCM-56, ITQ-1, ITQ-2, ITQ-3, SSZ-25 and
15 PSH3). The acidic zeolite-based alkylation catalysts have been found to
have particular utility in the practice of tlvs invention. The following
U.S. patents and publications, each of which is incorporated herein by
reference, teach the preparation and/or use of various acidic zeolite-based
catalysts: 6,096,288 (Roth); 20 6,077,498 (Diaz Cabanas}; W097/19021
(forma); 6,063,262 (Dhingra); 6,049,018 {Calabro}; 5,437,855 {Valyocsik);
5,670,13I (Valyocsik}; 5,362,697 (Fang); 5,346,d85 {Moini); 5,236,575
(Bennett); 5,068,096 (Valyocsilc); 5,104,495 (Chang); 4,981,b63 (Robin);
4,696,807 (Chu}; 4,791,088 {Chu); 5,441,721 (Valyocsik); 4,954,325 (Robin);
5,l73,281 (Chang); 5,043,512 (Chu}; 25 5,488,194 (Beck); and 4,439,409
(Puppe); 4,826,667 {Zones). Several of these patents teach the utility of
acidic zeolite-based catalysts materials in alhylation and other
hydrocarbon processes, although not specifically in connection with
cumene-based phenol production. The oxidation stage (reference numeral 60
in Fig. 1 ) may be operated with 30 air and cumene feeds at temperatures of
about 60C to 120C and pressures of about 0 -100 psig, with cumene recycle
to obtain reactor effluent (stream 62) CHP compositions from about 15 - 35
wt.% CHP. It is preferred to maintain a flowrate   V4'O 02/2GG80
PCT/US01/29938 10 of air in air stream 64 to oxidation stage 60 so as to
provide about 30% molar excess oxygen in stage 60 based on the flow of
cumene in feed 57. Excess air is vented by vent stream 65. The following
example will further illustrate the methods of the present 5 invention.
Examples: Examples lA through 3C show the results of hydrogenation
experiments 



obtained using a batch autoclave. In each example, 5 grams of catalyst and
150 10 l80 grams of liquid hydrocarbon was charged to a 300 nil autoclave.
The batch autoclave was equipped with a t~.~in-impeller agitator operating
at a speed of 600 RPM. Reactor pressure was maintained with a hydrogen
cylinder of constant supply pressure. Samples were taken at various times
throughout the experiment and analyzed via gas chromatography. The feed to
the batch hydrogenation 15 reactor in each example was chosen to be
representative of that to a CHP cleavage reactor when operating with a
portion of the feed derived by recycling some of the hydrogenation reactor
effluent. Example 1 A: 20 Operating condition: 5 g of Engelhard E-540, a
Cu/Mn catalyst, and 150 g of reaction mixture at reaction temperature of
120C and hydrogen partial pressure of 210 psig. Feed composition: 36.1 wt%
of acetone, 1.1 wt% of isopropanol, 19.6 wt% of cumene 4.0 wt% of
Alpha-methylstyrene, 0.3 wt% of dimethylphenylcarbinol 25 (DMPC), and 38.8
wt% of phenol. Reaction Time (hrs)Conversion12357.0Acetone to Isopropanol
(IPA),2.96.810.717.924.9Alpha -methylstyrene (AMS) to Cumene,
%4.06.710.519.025.4 ND: not detected   w0 02/2GG80 11 Example 1 B
PCT/US01/29938 Operating condition: 5 g of Engelhard E-S40, a Cu/h4n
catalyst, and 150 g of reaction mixh~re at reaction temperature of l54C and
hydrogen partial pressure of 5 170 psig. Feed composition: 15.7 wt% of
acetone, 22.6w~t% of isopropanol, 21.7 wt% of cumene, 1.7 wt% of
Alpha-methylstyrene, 0.3 wt% of dimethylphenylcarbinol (DMPC), and 37.9 wt%
of phenol. Reaction Time (hrs)Conversion122.5Acetone to Isopropanol (IPA),I
1.323.529.9Alpha -methylstyrene 



(AMS) to Cumene,11.323.230.0 10 Example 2A: Operating condition: 5 g of
copper chromite, ~42% Cu0/~39% Cr203 purchased from Alfa Aesar, and 180 g
of reaction mixture at reaction temperature of 120C 15 and hydrogen partial
pressure of 200 prig Feed composition: 39.3 wt% of acetone, 0.4 vvt% of
isopropanol, 18.8 wt% of cumene, 3.8 wt% of Alpha -methylstyrene, 0.3 wt%
of dimethylphenylcarbinol (DMPC), and 37.4 wt% of phenol. Reaction Time
(hrs)Conversion12.54.5Acetone to Isopropanol (IPA),12.45.4Alpha
-methylstyrene (AMS) to Cumene,0<13.6 20   w0 02/2GG80 PCT/US01/29938 12
Example 2B: Operating condition; 5 g of copper clwomite, ~42% Cu0/~39%
Cr2O3 purchased 11oI11 Alfa Aesar, and l 80 g of reaction mixture at
reaction temperature of 150C and hydrogen partial pressure of 180 psig 5
Feed composition: 30.0 wt% of acetone, 4.6 wt% of isopropanol, 19.9 ~~~t%
of cumene, 3.5 wt% of Alpha -methylstyrene, 0.3 wt% of
dimethylphenylcarbinol (DMPC), and 41.4 wt% of phenol. 10 Reaction Time
{lws)Conversion135Acetone to Isopropanol (IPA),3.710.517.6Alpha
-methylstyrene (AMS) to Cumene,3.811.418.7 Example 3A: Operating condition:
5 g of Engelhard Na promoted I~Ti-5256, a Ni/Na catalyst, and 150 g of
reaction mixture at reaction temperature of 81C and hydrogen partial
pressure of 67 psig 15 Feed composition: 27.6 wt% of acetone, 5.1 wt% of
isopropanol, 17.2 w~t% of cumene 3.8 wt% of Alpha -methylstyrene, 1.0 wt%
of dimethylphenylcarbinol (DMPC), 2.0 wt% of cyclohexanone+cyclohexanol and
42.4 wt% of phenol. Reaction Time (hrs)Conversion0.5124Acetone to 



Isopropanol (IPA),<1<13.16.6Alpha -methylstyrene (AMS) to
Cumene,65.895.798.998.8 20   V4'O U2/2GGHO 13 Example 3B: PCT/USU1/29938
Operating condition: 5 g of Engelhard Na promoted Ni-5256, a Ni/Na
catalyst, and 150 g of reaction mixture at reaction temperature of 71 C and
hydrogen partial pressure of 150 psig 5 Feed composition: 24.4 wt% of
acetone, 9.1 wt% of isopropanol, 18.2 wt% of cumene 4.1 wt% of Alpha
-methylstyrene, 1.0 wt% of dimethylphenylcarbinol (DMPC), 2.5 wt% of
cyclohexanone+cyclohexanol and 39.7 wt% of phenol. Reaction Time
(hrs)Conversion0.5124Acetone to Isopropanol (IPA),<13.710.219.6Alpha
-methylstyrene (AMS) to Cumene,85.498.999.599.4 10 Example 3C: Operating
condition: 5 g of Engelhard Na promoted Ni-5256, a Ni/Na catalyst, and 150
g of reaction mixture at reaction temperature of 77C and hydrogen partial
pressure of l46 psig Feed composition; 34.6 wt% of acetone, O.lwt% of
isopropanol, 16.5 wt% of 15 cumene 2.5 wt% of Alpha-methylstyrene, 1.0 wt%
of dimethylphenylcarbinol (DMPC), and 44.9 w~t% of phenol. Reaction Time
(lrrs)Conversion1235Acetone to Isopropanol (IPA),4.59.314.822.8Alpha
-methylstyrene (AMS) to Cumene,94.696.499.199.6 20 Example 4 A cumene
hydroperoxide stream containuig 80% CHP, 5% DMPC, and the balance primarily
cumene is sent to a cleavage reactor containing zeolite beta. The reaction
proceeds in the liquid phase at 85C and 7 bar (g) at a net feed weight
hourly space velocity of 1.0. A recirculated hydrogenation effluent about  



W'O 02/2GG80 PCT/USO1/29938 14 30 times the mass flow of the CHP feed is
combined with the CHP at the same temperature. The recycle stream contains
about 48 wt.% phenol, 30 wt.% isopropanol and 12 vsrt..% cumene. The liquid
effluent from the cleavage reactor is fed to a fixed bed 5 hydrogenation
reactor containing Rainey nickel catalyst, in the presence of hydrogen gas.
The reaction is conducted at 120C and 22 bar, with excess hydrogen at a
hydrogen to acetone and AMS molar ratio of 8:1. Excess hydrogen is
disengaged from the effluent, and recycled back to the hydrogenation
reactor. Acetone conversion to isopropanol and AMS conversion to cumene are
in excess 10 of 99%, The liquid effluent is partly recycled to the cleavage
reactor as described above and partly sent to a separation stage. The
isopropanol recovered from the separation stage is fed to an alkylation
unit using zeolite catalyst to produce cumene. The cumene produced in the
alkylation unit is combined with cumene recovered from the separation stage
and 15 the mixed stream is sent to a cumene oxidation reactor to form CHP.
It will be apparent to those skilled in the art that other changes and
modifications may be made in the above-described apparatus and methods for
hydrogenation of cleavage effluents in phenol production without depaz~ting
from the scope of the invention herein, and it is intended that all matter
contained in the 20 above description shall be interpreted in an
illustrative and not a limiting sense.   VVO 02/26080 15 CLAIMS 1. A method
for producing phenol comprising the steps of: (a) oxidizing cumene to form
cumene hydroperoxide; PCT/USO1/29938 5 (b) reacting cumene hydroperoxide by
acid cleavage to form an acid cleavage effluent stream which comprises
cumene, phenol, acetone, and various byproducts including alpha
methylstyrene; (c) separating a phenol product; and {d) hydrogenating the
acid cleavage effluent stream immediately I O downstream from said reaction
step (b) in a hydrogenation reaction carried out under hydrogenation
conditions suitable for simultaneously hydrogenating at least 



a part of the acetone and at least a pact of the alpha methyistyrene
byproducts of said acid cleavage effluent stream. 15 2. The method
according to claim 1 wherein the hydrogenation step {d) includes
hydrogenating substantially a11 of the alpha methylsyrene. 3. The method
according to claims 1 or 2 wherein said hydrogenation conditions include
providing a molar excess of hydrogen in the hydrogenation 20 step (d). 4.
The method according to claims 1 or 2 wherein said hydrogenation conditions
include a temperature in the range of about 40C to 150C, a pressure in the
range of about 50 to 500 psig, and a molar ratio of hydrogen relative to
the 25 acetone and alpha methylstyrene content of said acid cleavage
effluent stream of at least 1 to about 30. 5. The method according to
claims 1 or 2 wherein the molar ratio of hydrogen relative to the acetone
and alpha methylstyrene content of said acid 30 cleavage effluent stream is
in the range of 3 - 10.   V4'O 02/2(C80 16 PCT/USO1/29938 6. The method
according to claims 1 or 2 wherein said hydrogenation step (d) is carried
out in the presence of a suitable catalyst. 7. The method according to
claim 6 wherein said catalyst is selected from the 5 group consisting of
Group VIII elements, noble metals, nickel, copper, chromium, and claim
noble metals combinations and oxides thereof. 8. The method according to
claim 7 wherein said catalyst is selected from the group consisting of
CuCrzO;, Ni/Na, Cu/Mn, and Rainey nickel. 10 9. The method according to
claim 1 further comprising the steps of: (e) separating excess hydrogen
fi~om a hydrogenation effluent stream coming from the hydrogenation step
(d) and recycling that excess hydrogen back to the hydrogenation step (d).
15 10. The method according to claims 1 or 2 wherein at least a portion of
the acetone in said acid cleavage effluent stream is hydrogenated to
isopropanol and substantially all of the alpha methylstyrene is
hydrogenated to cumene in said hydrogenation step (d). 20 11. The method
according to claims 1 or 2 wherein substantially all of the acetone in said
acid cleavage effluent stream is hydrogenated to isopropanol in said
hydrogenation step (d). 25 12. The method according to claims 1 or 2
wherein at least a portion of a 



liquid phase of said hydrogenation effluent stream is recycled back to said
reaction step (b). 13. The method according to claims 1 or 2 further
comprising the steps of: 30 (e) recovering isopropanol by distillation
downstream of said hydrogenation step (b); and   wO 02/26G80 PCT/US01/29938
17 (f) feeding at least a portion of the recovered isopropanol to an
alkylation reactor in combination with benzene and propylene as needed to
produce the cumene for forming said cumene hydroperoxide in the cumene
oxidizing step (a). .A9.A&.ALr.A9r.ALr.AL
.A9.A@L?.AL.A,9.A@N9.ASL.AL.A9.A9.A a&R.AL5 JUz%(n   hM
dzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c:a]c:a]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]c^a]ca]ca]ca]c^a]c^a]ca]ca!OSnU?;
or`!!##%''{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]
caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!'(X((()*+A,r,,,$-/-|--.n...1/
//0N000022.3b445|wrlgb]X]]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca!5B6q7778b8888888I9d;
;<J=====>>??E@@@,AzAABB:B{vqlgb\W]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca!:B]CCD>EFH%IwI
KKKK+KuKM4N\OfOOPLPPPRaRRS#SnSSTdTT|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!TT#U=
UUUUU2VVV WoWW
X`XXXXX.Y8YYYYYZZZZZZZ#[|wqlga\W]ca]ca]c^a]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!#[v[[[\8\9\\\\\
$]t]]]8^X^Y^^^^__[_b___'`r````"a,azupkfa\V]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca!,a.a
}aaa3b}bbb[cacocrc|c~ccc&dCddd
e!eeeeefbfffg6g7g{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!7gggghqhhii2i~iii,jzjk
l3lllm`mmmCnnnnoooEoxoo{upkfa\W]]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]c^a]ca]ca!oopDpipppNqqqRr
rrr4sss-tEtttuu"u1uuvwwxxcxyy}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!yyiyy#zozz
-{0{9{H{K{{{2|ttuu"u1uuvwwxxcxyy}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca JUziK-
10% U&'()-10% U&'()-y910% U&'()-s10% U&'()-  10% U&'()-!910% U&'()-L10%
U&'()-z%(iK-F.10% U&'()-'10% U&'()-s10% U&'()- ,&10% U&'()-&10% 



U&'()-10% U&'()-F10% U&'()-(n  iKA710 U10 US;10% U&'()-& ;10% U&'()-3s10%
U&'()-F`610% U&'()-l110% U&'()-f)10% U&'()-3 h}_A710 U&10% h&'()-10%
h&'()-y10% h&'()-!&10% h&'()-Ys10% h&'()-L10% h&'()-10 UM diK-7`10%
h&'()-10% h&'()-&M10% h&'()-10% h&'()-&10% h&'()-ffM!10% h&'()-910%
h&'()-OeSiK-7)@10% h&'()-F(10% h&'()-&10% h&'()-, `10% @&'()-, `10% h&'()-
10% h&'()-10% h&'()-nUiK-7:10% h&'()- y810% h&'()-6Y"10% h&'()-`010%
h&'()-.3"10% h&'()--10% h&'()- +z10% h&'()-?~\=:10FZ"10%
&'()-m!FZ"10%hh&'()-mfLZ"10% F&'()-M!HpfLZ"10%hh&'()-M!fLZ"10% h h&'()-M10
h10 h10 h}^<~\=:10!(L!10%hh&'()-l""10% h&'()-!""10%hh&'()-Z"10%
&'()-Z!Z"10%hh&'()-Z`10% h&'()-;ulmnorP=:10!(L!10%!X9!10%RBRB&'()- 10hh
10hh 10hh!J0F"10%hh&'()- !0F"10%hh&'()- (L!10% &'()-l&
!`!!wX9P=:`10%B&'()- "10%&'()- ! "10%&'()- ! "10%&'()- ! "10%&'()- 



!p9!10%&'()-!"##$%%zX9P=:K% "10%&'()- !SK% "10%BB&'()- !K% "10%KK&'()-
#10%B&'()-!f"10%BB&'()-!"10%bb&'()-%&'''''(X(rS410%/&'()-3"L10%/&'()-L10%/&
'()- 10BB 10BB 10BB!X0F"10%BB&'()- !0F"10%BB&'()-
X((()*+A,aBrS4`s10%/&'()-,10%/&'()-F&10%/&'()-!H-
10%//&'()-f10%/&'()-10%/&'()-A,r,,,$-/-|-dErS4(10%/&'()-&10%/&'()-F%10%/&'(
)-#10%/&'()-"10%/&'()-
,10%/&'()-|--.n...1/dErS4,210%/&'()-0G10%/&'()-.10%/&'()-`-10%/&'()-+10%/&'
()-*10%/&'()- 1///0N00000dYNC 10/ 10/ 10/Y:10%/&'()-8Z10%/&'()-
7z10%/&'()-y510%/&'()-310%/&'()-00022.3b4dEYNC Lt10% h&'()-F"10% h&'()- 10%
h&'()-410% h&'()- !L10% h&'()-`10% h&'()-b445B6q777dEYNC y0@10% h&'()-.10%
h&'()-l(:10% &'()-&Y"10% h&'()-S 10% h&'()-m"10%
h&'()-78b8888888xmbC`10%B&'()- 10 h 10 h 10 h610% h&'()-f510% h&'()-3`10%
h&'()-S210% h&'()-8888I9d;;dEmbC!10%B&'()-@10%B&'()- y
10%B&'()-"910%B&'()-310%B&'()- s10%B&'()-;
<J=====>dEmbC3%10%B&'()-#10%B&'()-!`10%B&'()-f 10%B&'()-
10%B&'()-L10%B&'()-=>>??E@@@dEmbC310%B&'()-,210%B&'()-010%B&'()-.10%B&'()-l
(10%B&'()-& "10%B&'()-@,AzAABBBB:Bxmb@!nL "10%^ ^ &'()-M 10B 10B 



10BF:10%B&'()-8M10%B&'()-7s10%B&'()-f5910%B&'()-:BC]CCDD>E}[<mb@S"10%+&'()-
!S"10%qq&'()-F10%&'()-L "10%&'()-M!L "10%++&'()-M!CpL
"10%II&'()-M>E<FFGH%IwIz[<mb@I/ "10%&'()-`-10%&'()-!D@y  "10%&'()-:!@y
"10%{{&'()-:S`m"10%&'()-l!S`m"10%hh&'()-lwIJKK KKKK+KrS4 "L10% U&'()-s10%
U&'()-L10% U&'()- 10 10 10!1@0 "10%&'()-!@0 "10%{{&'()-+KuKM4N\OfOOdErS4
"L10yS 10% U&'()-`10% U&'()-9M10% &'()-"10% U&'()-10% U&'()-Mf10%
U&'()-OPLPPPRaRdErS4 "L10.&!10% U&'()-Y(10% &'()-&10% U&'()- %10%
U&'()-#910% U&'()-!910% U&'()-aRRS#SnSSTdErS4 "L10810% U&'()-6 10%
U&'()-yS510% U&'()-310% U&'()-210% U&'()-s0@10%
U&'()-TaTbTcTdTTT#U=U{\=@10%&'()-&10%&'()-!@p9!10%&'()-!t9!10%HH&'()- 10 U
10 U 



10 U3:10% U&'()-=UUUUU2VVdE{\=S`!10%&'()-&10%&'()- Y`10%&'()-10%&'()-y
10%&'()-10%&'()-VV WoWW X`XdE{\=S
10%&'()-Sm"10%&'()-m10%&'()-s'10%&'()-10%&'()-9910%&'()-`XXXX.Y8YYdE{\=+10%
&'()-*`10%&'()-Y(10%&'()-,&
10%&'()-3%10%&'()-!10%&'()-YYYYZZZZnT:=p1110%&'()-p1110%&'()-p1110%&'()-p11
10%&'()-p1110%&'()-,.10%&'()-9-10%&'()-ZZZZZZZwX9:=p1110%&'()-p1110%&'()-p1
110%&'()-1p1110%&'()-/K eY:1p1110%&'()-ZZ
Z!Z,Z?ZCZxY::=p1110%&'()-p1110%&'()-p1110%&'()-/K
eY:1Yp1110%&'()-p1110%&'()-CZGZLZQZVZWZlZT::=p1110%&'()-/K
eY:1p1110%&'()-p1110%&'()-Yp1110%&'()-p1110%&'()-lZZZZZZZeF:=p1110p1110%&'(
)-p1110%&'()-p1110%&'()-p1110%&'()-Yp1110%&'()-p1110%&'()-ZZZZZZZZ|oN=p1110
,910%K"&'()-p10_"&10_"10_" ,Y:`10%_"&'()-p1110%&'()-/K eY:1ZZZZ#[v[[|[:N=
,10%K"&'()- ,L310%K"&'()- & , 10%K"&'()- , "910%K"&'()- ,&10%K"&'()-1
,910%K"&'()-[[\8\9\M\N\O\aE)|10%K"&'()-|10%K"&'()-,|10%K"&'()-|10%K"&'()-
,10%K"&'()- ,Sy10%K"&'()-1 ,10%K"&'()-O\P\[\]\_\c\d\|\8)|10%#3
|(|10%K"&'()-|10%K"&'()-|10%K"&'()-|10%K"&'()-#3 |d\o\\\\\\d@)|10%#3#3
||10%K"&'()-|10%K"&'()-|10%K"&'()-|10%K"&'()-|10%K"&'()-\\\\\\\d@)|10%#3#3
||10%K"&'()-|10%K"&'()-|10%K"&'()-|10%K"&'()-|10%K"&'()-\\\\$]t]]a@)|10%#3
@SL$310%"&'()- @"10%"&'()- @&!&10%"&'()- @10%"&'()-
@Sf10%"&'()-|10%K"&'()-]]8^X^Y^m^n^o^aE)~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&
'()-~\,e10%"&'()- @,)10%"&'()- @'10%"&'()-
@%@10%"&'()-o^p^{^}^^^^|\8)~\,e10%#3
od(~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-#3
od^^^^^^^d@)~\,e10%#3#3
od~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-^^^^^^^d
@)~\,e10%#3#3
od~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-~\,e10%"&'()-^^^^^^_[
__|[:~\,e10%# @@910%"&'()- {L!10%(!(&'()-Z vL!10%#"#&'()-Z10"10"10"
@@3410%"&'()-~\,e10%"&'()-__'`r````|[?|[:~\,e10%# j10%"&'()- @ff10%"&'()-
@10%"&'()- @310%"&'()- @y 10%"&'()-  @10%"&'()-```````cC|[:~\,e10%#
j10%"&'()-j10%"&'()-#3 jhj10%"&'()-j10%"&'()-j10%"&'()-```````_?|[:~\,e10%#
j10%"&'()-j10%"&'()-j10%"&'()-#3 jhj10%"&'()-j10%"&'()-````aaa_?|[:~\,e10%#
j10%"&'()-j10%"&'()-j10%"&'()-#3 jhj10%"&'()-j10%"&'()-aa
a!a"a.a}a_>|[:~\,e10%#  S f10%K"&'()- Ss10%K"&'()-j10%"&'()-#3
jhj10%"&'()-j10%"&'()-}aaa3b}bbb|[?|[:~\,e10%#  .=10%K"&'()- SY+10%K"&'()-
S,)S10%K"&'()- Sf' 10%K"&'()- S$10%K"&'()- S"l10%K"&'()-
bbbbbbbaA|[:~\,e10%#  .=10%K"&'()-)?{
\L<.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-bbbbbbbU9|[:~\,e10%#.=10
%K"&'()-)?{
\L<.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-bcccccc_5|[:~\,e10)?{
\L<.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-c4cEcJcOcTcY
cdD|[:~\,e10)?{
\L<.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-.=10%K"&'()-
YcZc[c^c_c`cacocrcsR1~\, S10%M"M&'()-1 SL10%M"M&'()-10K"10K"10K"
SSl710%K"&'()-.=10%K"&'()-)?{ \L<rc~ccc&dCdd|[:sR1~\, S SS 10%M"M&'()- S 3
10%M"M&'()-K SS10%M"M&'()-  S10%M"M&'()- S"L10%M"M&'()- S,10%M"M&'()-dd
e!e5e6e7e8efJ.1a_10%M"M&'()-0a_10%M"M&'()-a_10%M"M&'()-Sa_10%M"M&'()-a_10%M
"M&'()- S10%M"M&'()-
SFz10%M"M&'()-8e9eDeHeJeLeNevV6.1aa_10%M"M&'()-a_10%M"M&'()-a_10%M"M&'()-a_
10%M"M&'()-a_10%M"M&'()-)? 



oZ^NeOeZemepeteyezZ:.1aa_10%M"M&'()-a_10%M"M&'()-a_10%M"M&'()-a_10%M"M&'()-
a_10%M"M&'()-)?
oZ^ye~eeeeeeyY9.1aa_10%M"M&'()-a_10%M"M&'()-a_10%M"M&'()-a_10%M"M&'()-)?
oZ^a_10%M"M&'()-eeeeeefzY8.1a g10%r"&'()- ,f10%r"&'()- a_10%M"M&'()-)?
oZ^a_10%M"M&'()-a_10%M"M&'()-fbfffg6g7g|[?.1a N)P10%r"&'()- '10%r"&'()- ,%
10%r"&'()- #10%r"&'()- F"3 10%r"&'()-  m10%r"&'()-7gLgMgNgOgPg[gaA.1a
N)P10%r"&'()-)?z
eKON)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-[g]g_gagcgdgogU9.1a
N)P10%r"&'()-)?z
eKON)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-oggggggg_5.1a)?z
eKON)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-ggggggg
dD.1a)?z
eKON)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-N)P10%r"&'()-N)P10%r
"&'()-gggghqhhyX7.1a) 9310%r"&'()- 7s10%r"&'()-r 510%r"&'()-
F410%r"&'()-N)P10%r"&'()-)?z eKOhiiii2i~iiivU4a f10%_"&'()- 10%_"&'()-
7p9!10%!&'()- g9!10%N_"N&'()-10r"010r"10r" :910%r"&'()-i,jzjkl3ll|[:vU4a
10%_"&'()-  ` 10%_"&'()-7 ,m"10%_"&'()-g F10%_"&'()- 10%_"&'()-
10%_"&'()-llm`mmmCn|[:vU4a  #s10%_"&'()- "@10%_"&'()-7 y 10%_"&'()-g
,z10%_"&'()- @t10%_"&'()- Z10%_"&'()-CnnnnnnooovU4a 10%r"&'()- l10%r"&'()-
L10%r"&'()-10_"10_"10_" &s!10%_"&'()- F%10%_"&'()-oEoxooopDp|[:vU4a
10%r"&'()- 10%r"&'()- yf10%r"&'()-  "910%r"&'()- 10%r"&'()-
,10%r"&'()-DpipppNqqq|[:vU4a  s10%r"&'()- 10%r"&'()- &10%r"&'()-
!10%r"&'()- :10%r"&'()- F 10%r"&'()-qRrrrr4ss|[:vU4a  +10%r"&'()-
)10%r"&'()- &10%r"&'()- %-10%r"&'()- y#10%r"&'()-
10%r"&'()-ss-tEtttuu|[:-410r" 6 10%r"&'()- @510%r"&'()- 3:10%r"&'()-
`010%r"&'()- .!10%r"&'()- &-&10%r"&'()-uuuu"u1uuVvbA410r"  C &10%X&&'()-
10%X&&'()- "&10%X&&'()- &10%X&&'()- 910%X&&'()-10r"10r"Vvvwwawxx|[:A410r"
S10%X&&'()- &L10%X&&'()- &L10%#&'()- f10%X&&'()- F10%X&&'()-
&10%&'()-xcxyyyiyy|[:A410r" )f10%X&&'()- F(10%X&&'()- @&10%X&&'()-
%10%X&&'()- !10%X&&'()- &@ -10%X&&'()-y#zozz*{+{,{-{9{|obU410 L10%3
3&'()-10X&10X&10X& 3@5$10%X&&'()-3 2M10%X&&'()- `010%X&&'()- @.@
10%X&&'()-9{H{K{{{2||[obU410 L10%3 3&'()-10 ,10%3 3&'()-  10%3 3&'()- 10%3
3&'()- 10%3 3&'()-  "L10%3 3&'()- Normal" "Heading 13]c" "Heading 23]c"
"Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c"
"Heading 83]c" "Heading 93]c"A "Default Paragraph Fontn$-5?
HcQW[``fkr,x2y~'5:BT#[,a7goy2|PQRSTUVWXYZz(!%X(A,|-1/0b478;
=>@:B>EwI+KOaRT=UV`XYZZCZlZZZ[O\d\\\]o^^^^_```a}abbbcYcrcd8eNeyeef7g[gogggh
ilCnoDpqsuVvxy9{2|[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocumenti
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


