
;e3ewrrsTtXDuw6RwTw]kN PROCESS FOR PRODUCING BISPHENOL A FIELD OF THE
INVENTION The present invention relates to a process for producing
bisphenol A at 5 a high yield per unit quantity of catalyst wherein an
acid-type ion exchange resin as the catalyst which is partially modified
with a sulfur-containing amine compound, exhibits a prolonged life. The
thus produced bisphenol A is useful as raw materials of polycarbonate
resins, epoxy resins, polyarylate resins and the like. 10 BACKGROUND ARTS
As well known in the arts, bisphenol A [2,2-bis(4-hydroxyphenyl) propane]
is an important compound useful as raw materials of engineering plastics
such as polycarbonate resins and polyarylate resins, or epoxy resins. 15
Recently, the demand for the above compound tends to be more and more
increased. It is also known that bisphenol A is produced by reacting phenol
with acetone in the presence of an acid-type ion exchange resin (acidic
cation exchange resin) partially modified with a sulfur-containing amine
compound as 20 a catalyst together with alkylmercaptan as a co-catalyst
(refer to Japanese Patent Laid-open No. 8-325185). However, the addition of
alkylmercaptan solely fails to sufficiently prolong the life of the
catalyst. and sufficiently increase a yield of bisphenol A per unit
quantity of the catalyst. Also, there is known such a method in which the
catalyst, when deteriorated in its catalytic 25 activity, is regenerated by
washing it with phenol or acidic solvents. However, the latter method
suffers from problems such as low yield of the aimed product and
complicated treatment of the waste solvents used for washing. Therefore, it
has been required to develop a novel process for producing bisphenol A
which is capable of not only prolonging the life of an acid-type ion
exchange resin    partially modified with a sulfur-containing amine
compound as catalyst, but also increasing the yield of bisphenol A per unit
quantity of the catalyst. DISCLOSURE OF THE INVENTION 5 The present
invention has been made in view of the above problems. An object of the
present invention is to provide a process for producing bisphenol A which
is capable of prolonging the life of an acid-type ion exchange resin
partially modified with a sulfur-containing amine compound as catalyst, and
increasing the yield of bisphenol A per unit quantity of the catalyst. 10
As a result of extensive studies, the inventors have found that the above
object of the present invention is achieved by using a multi-stage reaction
apparatus comprising at least two individual reactors connected in series
to each other, and by increasing the molar ratio of total alkylmercaptan to
total acetone and the molar ratio of total acetone to phenol as the
conversion rate of 15 phenol is decreased. The present invention has been
accomplished based on this finding. Thus, the present invention provides
the following aspects: (1) A process for producing bisphenol A by reacting
acetone with phenol in the presence of an acid-type ion exchange resin
partially modified with a 20 sulfur-containing amine compound as catalyst
together with alkylmercaptan as co-catalyst, said process comprising:
conducting said reaction using a multi-stage reaction apparatus comprising
at least two individual reactors connected in series to each other, in such
a manner that the molar ratio of total alkylmercaptan to total acetone and
25 the molar ratio of total acetone to phenol are increased as the
conversion rate of the phenol is decreased; (2) the process according to
the above aspect (1) wherein whole amount of the phenol is fed into a
first-stage reactor of said multi-stage reaction apparatus, and the acetone
is fed in separate parts into the respective reactors -2   of said
multi-stage reaction apparatus; (3) the process according to the above
aspect ( 1) or (2) wherein the molar ratio of total acetone to phenol at an
initial stage of the reaction is in the range 



of 1I9 to 1I1 1; 5 (4) the process according to any one of the above
aspects (1) to (3) wherein the molar ratio of total alkyl mercaptan to
total acetone and the molar ratio of total acetone to phenol are increased
when the phenol conversion rate measured at an outlet of the last stage
reactor of said multi-stage reaction apparatus is decreased to 90 to 99% of
the initial phenol conversion rate; 10 (5) the process according to any one
of the above aspects (1) to (4) wherein the molar ratio of total
alkylmercaptan to total acetone is increased so as not to exceed 1I20; (6)
the process according to any one of the above aspects (1) to (5) wherein
the molar ratio of total acetone to phenol is increased so as not to 15
exceed 1I3; (7) the process according to any one of the above aspects (1)
to (6) wherein said sulfur-containing amine compound is selected from the
group consisting of mercaptoalkyl amines and thiazolidines; (8) the process
according to any one of the above aspects (1) to (7) 20 wherein said
acid-type ion exchange resin is a sulfonic acid-type cation exchange resin;
(9) the process according to any one of the above aspects (1) to (8)
wherein said alkylmercaptan is ethylmercaptan; and (10) the process
according to any one of the above aspects (1) to (9) 25 wherein the
reaction is conducted at a temperature of 60 to 100C. DESCRIPTION OF THE
PREFERRED EMBODIMENTS The present invention will be described in detail
below. First, the respective steps of the process for the production of
bisphenol -3   A are described. Ste~,.~): Reaction step Bisphenol A is
produced by reacting acetone with an excess amount of phenol in the
presence of an acid-type ion exchange resin as catalyst and alkyl 5
mercaptan as co-catalyst. As the suitable acid-type ion exchange resins as
catalyst, there may be generally used sulfonic acid-type cation exchange
resins. Examples of such acid-type ion exchange resin include sulfonated
styrenedivinyl benzene copolymers, sulfonated cross-linked styrene
polymers, phenol formaldehyde-sulfonic acid resins, benzene
formaldehyde-sulfonic acid resins or 10 the like. These acid-type ion
exchange resins may be used alone or in the form of a mixture of any two or
more thereof. As the sulfur-containing amine compounds used to partially
modify the acid-type ion exchange resin, there may be used mercaptoalkyl
amines such as 2-mercaptoethyl amine and 3-mercaptobutyl amine;
thiazolidines such as 2,2 15 dimethyl thiazolidine, 2-methyl-2-ethyl
thiazolidine, cycloalkyl thiazolidines, 2-methyl-2-phenyl thiazolidine and
3-methyl thiazolidine; aminothiophenols such as 1,4-aminothiophenol;
mercaptoalkyl pyridines such as 3mercaptomethyl pyridine, 3-mercaptoethyl
pyridine and 4-mercaptoethyl pyridine; and the like. Among these
sulfur-containing amine compounds, 20 mercaptoalkyl amines and
thiazolidines are preferred. The amount of the sulfur-containing amine
compound used for modifying the acid-type ion exchange resin is preferably
2 to 50 mol%, more preferably 5 to 30 mol% based on a sulfonic group
contained in the acid-type ion exchange resin. The acid-type ion exchange
resin may be modified by reacting the resin 25 with the sulfur-containing
amine compound in water or an organic solvent. As the organic solvents,
there may be used phenol, acetone, methanol or the like. The modification
reaction is preferably conducted in water. The reaction may also be
conducted at ordinary temperature or under heated condition. It is not
required to conduct the reaction for a too long period of time, and the -4
modification of the acid-type ion exchange resin is sufficiently completed
by conducting the above reaction for several tens minutes. The reaction
mixture is preferably stirred for uniform reaction thereof. 



The suitable alkylmercaptans used as co-catalyst are such mercaptans 5
having a C1-C10 alkyl group. Examples of the alkylmercaptans include
methylmercaptan, ethylmercaptan, propylmercaptan, octylmercaptan,
cyclohexylmercaptan or the like. Among these alkylmercaptans,
ethylmercaptan is especially preferred. Meanwhile, these alkylmercaptans
may be used alone or in the form of a mixture of any two or more thereof.
10 The resultant reaction mixture contains, in addition to bisphenol A,
unreacted phenol, unreacted acetone, by-produced water, alkylmercaptan, and
other by-products such as organic sulfur compounds and colored substances.
Step (2): Recovery of by-produced water and unreacted raw materials 15
Then, the reaction mixture obtained in the step ( 1) is distilled under
reduced pressure to remove unreacted acetone, by-produced water.
alkylmercaptan, etc., from a top of distillation column and obtain a liquid
mixture containing bisphenol A, phenol, etc., from the bottom thereof. The
reduced-pressure distillation may be conducted at a temperature of 70 to
180C 20 under a pressure of 6.7 to 80.0 kPa. Upon such a distillation, the
unreacted phenol is subjected to azeotropy, and removed out of the reaction
system from the top of the distillation column. Step(3): Concentration of
bisphenol A 25 The bottoms obtained by distilling off the above substances
from the reaction mixture, is further distilled under reduced pressure to
remove unreacted phenol therefrom and concentrate bisphenol A contained
therein. The thus obtained concentrated residual solution is used as raw
material of the subsequent crystallization step. The concentration
conditions are not -5   particularly restricted, but the concentration step
may be usually conducted at a temperature of 100 to 170C under a pressure
of 5.3 to 66.7 kPa. When the temperature is less than 100C, it is necessary
to keep the reaction system under high vacuum condition. On the contrary,
when the temperature is more 5 than 170C, an additional heat-removal step
is required upon conducting the subsequent crystallization step. The
concentration of bisphenol A contained in the concentrated residual
solution is in the range of 20 to 50% by weight, preferably 20 to 40% by
weight. When the concentration of bisphenol A contained in the concentrated
residual solution is less than 20% by weight, the 10 recovery percentage of
bisphenol A becomes lowered. On the contrary, when the concentration of
bisphenol A in the residual solution is more than 50% by weight, it is
difficult to transport a slurry obtained after the crystallization step. 15
Step(4): Crystallization The concentrated residual solution obtained in the
step (3) is cooled to 40 to 70C to crystallize an adduct of bisphenol A and
phenol (hereinafter referred to merely as "phenol adduct"), thereby
obtaining a slurry. The cooling is conducted due to heat removal caused by
evaporating water added to 20 external heat exchanger or crystallizer.
Next, the slurry-like concentrated residual solution is subjected to
filtration, centrifugal separation, etc., and separated into the phenol
adduct and a crystallization mother liquor containing the by-products. The
obtained crystallization mother liquor may be wholly or partially recycled
to the multi-stage reaction apparatus, or recovered as phenol 25 or
isopropenyl phenol by subjecting whole or part thereof to alkali
decomposition. Alternatively, whole or part of the crystallization mother
liquor may be isomerized and recycled as raw material to the
crystallization step (refer to Japanese Patent Laid-open No. 6-321834). -6
The 1:1 adduct of bisphenol A and phenol obtained in the step (4) in the
form of crystals, is heat-melted at a temperature of 100 to 160C to obtain
a liquid mixture. 5 The liquid mixture obtained in the step (5) is
distilled under reduced pressure to remove phenol and recover bisphenol A
therefrom. The reduced pressure distillation is conducted at a temperature
of 150 to 190C under a 10 pressure of 1.3 to 13.3 kPa. In addition, the
removal of residual phenol may be conducted by known methods such as
steam-stripping. Step(7): Granulation of bisphenol A The molten bisphenol A
obtained in the step (6) is formed into droplets 15 using a granulating
apparatus such as spray dryer, and cooled and solidified to obtain an aimed
product. The droplets are produced by spraying, spreading or the like
method, and then cooled with nitrogen, air or the like. Next, the process
of the present invention will be described in detail 20 below. In the
process of the present invention, a multi-stage reaction apparatus
comprising at least two individual reactors connected in series to 



each other is used in the step (1), and the molar ratio of total
alkylmercaptan to total acetone and the molar ratio of total acetone to
phenol are increased as the 25 conversion rate of the phenol is decreased.
The two molar ratios may be increased continuously or stepwise. As the
reaction apparatus, there is used a multi-stage reaction apparatus which
comprises at least two individual or discrete reactors connected in series
to each other. The production of bisphenol A is conducted    by exothermic
reaction. Therefore, when a single reactor is used, the reactor is required
to have a complicated structure for removing the heat of reaction. If no
means for heat removal is provided in the reactor, there arises such an
inconvenience that temperature rise as high as about 10 to 20C is caused,
so 5 that the temperature of the reactor far exceeds the temperature
suitable for using the ion exchange resin therein, or the temperature range
of 55 to 95C in which bisphenol A is appropriately produced. Upon operation
of the above multi-stage reaction apparatus, in view of the life of the
catalyst used therein, it is preferred that whole amount of the 10 phenol
is charged into the first reactor thereof, and the acetone is charged in
separate parts into the respective reactors thereof. Meanwhile, the
alkylmercaptan may be wholly charged into the first reactor, or may be
charged in separated parts into the respective reactors. The reaction
temperature in the respective reactors of the mufti-stage 15 reaction
apparatus is preferably in the range of 60 to 100C. When the reaction
temperature is too low, the phenol phase tends to be solidified. On the
contrary, when the reaction temperature is too high, the ion exchange resin
tends to be considerably deteriorated. The reaction temperature is more
preferably in the range of 65 to 95C. 20 At an initial stage of the
reaction, the molar ratio of total acetone to phenol is preferably in the
range of 1I9 to 1I11. When the molar ratio of total acetone to phenol is
more than 1I9, undesirable side reactions between acetone and phenol tend
to occur. On the contrary, when the molar ratio of total acetone to phenol
is less than 1I11, the conversion rate based on phenol tends to 25 be
lowered, resulting in increased amount of phenol recovered and low yield of
the aimed bisphenol A. In the present invention, it is required that when
the phenol conversion rate measured at an outlet of the last stage reactor
of the mufti-stage reaction apparatus is decreased to 90 to 99% of the
initial conversion rate, the molar _g_   ratio of total alkylmercaptan to
total acetone and the molar ratio of total acetone to phenol are increased.
In this case, the molar ratio of total alkylmercaptan to total acetone is
increased so as not to exceed 1I20, and the molar ratio of total acetone to
phenol is increased so as not to exceed 1I3. 5 When each of the molar
ratios exceeds the above-specified limit, undesirable side reactions tend
to frequently occur. Meanwhile, the alkylmercaptan may be added at an
initial stage of the reaction or at the time at which the phenol conversion
rate begins to be decreased. 10 In the present invention, the reaction is
continued until the molar ratio of total alkylmercaptan to total acetone
reaches 1I20, or the molar ratio of total 



acetone to phenol reaches 1I3. Upon reaching either one of the molar
ratios, the catalyst is replaced with new one. 15 The present invention
will be described more specifically by reference to the following examples.
However, these examples are only illustrative and not - intended to limit
the present invention thereto. EXAMPLE 1 20 Two packed bed-type reactors
each having an inner diameter of 13 mm. and a height of 56l mm, were
respectively filled with a sulfonic acid-type cation exchange resin 20% of
which was modified with 2-mercaptoethvl amine (74.4 ml in phenol-wetted
state; "DIAION SK-104H" available from Mitsubishi Chemical Corp.) and
connected in series to each other. 25 Phenol was passed through the
first-stage reactor at a feed rate of 4.68 moles per hour, and acetone was
passed through both the first- and secondstage reactors at a feed rate of
0.234 mole per hour (molar ratio of acetone to phenol: 1I20; molar ratio of
total acetone to phenol: 1I10). The reaction was conducted in the reactors
while maintaining the reaction temperature thereof -9   at 75C. The
resultant reaction mixture was periodically analyzed with time to determine
a phenol conversion rate. As a result, it was confirmed that at the
beginning of the reaction, the phenol conversion rates of the first- and
second-stage reactors were 6.0% and 5 10.6%, respectively. ( 1) After 600
hours, the phenol conversion rates of the first- and second-stage reactors
were decreased to 4.8% and 9.7%, respectively. At this time,
ethylmercaptan-containing acetone was supplied instead of acetone at the
following molar ratio to the first- and second-stage reactors, and further
the 10 molar ratio of acetone to phenol was increased as follows. Molar
ratio of ethylmercaptan to acetone: 1I1,000 Molar ratio of acetone to
phenol: 1.05/20 (Molar ratio of total acetone to phenol: 1.05I10) After the
reaction conditions were changed as described above, it was 15 confirmed
that the phenol conversion rates of the first- and second-stage reactors
were increased to 5.9% and 10.7%, respectively. (2) After 1,300 hours, the
phenol conversion rates of the first- and second-stage reactors were
decreased to 4.6% and 9.3%, respectively. At this time, the molar ratio of
ethylmercaptan to acetone and the molar ratio of 20 acetone to phenol in
the first- and second-stage reactors were respectively increased as
follows. Molar ratio of ethylmercaptan to acetone: 1/800 Molar ratio of
acetone to phenol: 1.11/20 (Molar ratio of total acetone to phenol:
1.11I10) 25 After the reaction conditions were changed as described above,
it was confirmed that the phenol conversion rates of the first- and
second-stage reactors were increased to 6.1% and 10.6%, respectively. (3)
After 2,000 hours, the phenol conversion rates of the first- and
second-stage reactors were decreased to 4.3% and 9.1%, respectively. At
this 



-10   time, the molar ratio of ethylmercaptan to acetone and the molar
ratio of acetone to phenol in the first- and second-stage reactors were
respectively increased as follows. Molar ratio of ethylmercaptan to
acetone: 1I600 5 Molar ratio of acetone to phenol: 1.18/20 (Molar ratio of
total acetone to phenol: 1.18I10) After the reaction conditions were
changed as described above, it was confirmed that the phenol conversion
rates of the first- and second-stage reactors were increased to 6.0% and
10.8%, respectively. 10 (4) After 2,800 hours, the phenol conversion rates
of the first- and second-stage reactors were decreased to 4.2% and 9.3%,
respectively. At this time, the molar ratio of ethylmercaptan to acetone
and the molar ratio of acetone to phenol in the first- and second-stage
reactors were respectively increased as follows. 15 Molar ratio of
ethylmercaptan to acetone: 1/400 Molar ratio of acetone to phenol: 1.25I20
(Molar ratio of total acetone to phenol: 1.25I10) After the reaction
conditions were changed as described above, it was confirmed that the
phenol conversion rates of the first- and second-stage 20 reactors were
increased to 5.8% and 10.7%, respectively. (5) After 3,600 hours, the
phenol conversion rates of the first- and second-stage reactors were
decreased to 4.5% and 9.4%, respectively. At this time, the molar ratio of
ethylmercaptan to acetone and the molar ratio of acetone to phenol in the
first- and second-stage reactors were respectively 25 increased as follows.
Molar ratio of ethylmercaptan to acetone: 1I200 Molar ratio of acetone to
phenol: 1.31120 (Molar ratio of total acetone to phenol: 1.31I10) After the
reaction conditions were changed as described above, it was -11   confirmed
that the phenol conversion rates of the first- and second-stage reactors
were increased to 6.2% and 10.8%, respectively. (6) After 4,800 hours, the
phenol conversion rates of the first- and second-stage reactors were
decreased to 4.1% and 9.2%, respectively. At this 5 time, the molar ratio
of ethylmercaptan to acetone and the molar ratio of acetone to phenol in
the first- and second-stage reactors were respectively increased as
follows. Molar ratio of ethylmercaptan to acetone: 1I100 Molar ratio of
acetone to phenol: 1.39/20 (Molar ratio of total acetone to 



10 phenol:1.39/10) After the reaction conditions were changed as described
above, it was confirmed that the phenol conversion rates of the first- and
second-stage reactors were increased to 6.0% and 10.6%, respectively. (7)
After 5, 700 hours, the phenol conversion rates of the first- and 15
second-stage reactors were decreased to 3.9% and 9.0%, respectively. At
this time, the molar ratio of ethylmercaptan to acetone and the molar ratio
of acetone to phenol in the first- and second-stage reactors were
respectively increased as follows. Molar ratio of ethylmercaptan to
acetone: 1/70 20 Molar ratio of acetone to phenol: 1.47/20 (Molar ratio of
total acetone to phenol: 1.47/ 10) After the reaction conditions were
changed as described above. it was confirmed that the phenol conversion
rates of the first- and second-stage reactors were increased to 5.8% and
10.4%, respectively. 25 (8) After 6,800 hours, the phenol conversion rates
of the first- and second-stage reactors were decreased to 3.8% and 8.8%,
respectively. At this time, the molar ratio of ethylmercaptan to acetone
and the molar ratio of acetone to phenol in the first- and second-stage
reactors were respectively increased as follows. -12   Molar ratio of
ethylmercaptan to acetone: 1I40 Molar ratio of acetone to phenol: 1.55/20
(Molar ratio of total acetone to phenol: 1.55I10) After the reaction
conditions were changed as described above, it was 5 confirmed that the
phenol conversion rates of the first- and second-stage reactors were
increased to 5.7% and 10.5%, respectively. Further, it was also confirmed
that the selectivity of bisphenol A was 10 maintained in the range of 94.0
to 94.5% for a period of from the beginning of the reaction up to the
elapse of 6,800 hours. EXAMPLE 2 The same procedure as in EXAMPLE 1 was
repeated except that 2,2 15 dimethyl thiazolidine was used instead of
2-mercaptoethyl amine, and three packed bed-type reactors were used instead
of the two reactors such that acetone was passed through each of the first-
to third-stage reactors at a feed rate of 0.156 mole per hour (molar ratio
of acetone to phenol: 1I30; molar ratio of total acetone to phenol: 1I10).
The resultant reaction mixture was periodically analyzed with time to
determine a phenol conversion rate. It was confirmed that at the beginning
of the reaction, the phenol 20 conversion rates of the first-, second- and
third-stage reactors were 6.0%, 10.4% and 14.2%, respectively. 



(1) After 900 hours, the phenol conversion rates of the first-, second 25
and third-stage reactors were decreased to 4.3%, 9.4% and 13.9%,
respectively. At this time, ethylmercaptan-containing acetone was supplied
instead of acetone at the following molar ratio to the first-stage reactor,
and further the molar ratio of acetone to phenol at each of the first- to
third-stage reactors was increased as follows. Molar ratio of
ethylmercaptan to acetone: 1l1) 100 Molar ratios of acetone to phenol:
1.04/30 (Molar ratio of total acetone to -13   phenol: 1.04/10) After the
reaction conditions were changed as described above, it was confirmed that
the phenol conversion rates of the first-, second- and third-stage reactors
were increased to 5.9%, 10.6% and 13.9%, respectively. 5 (2) After 1, 900
hours, the phenol conversion rates of the first-, second and third-stage
reactors were decreased to 4.1%, 9.1% and 13.5%, respectively. At this
time, the molar ratio of ethylmercaptan to acetone fed to the first-stage
reactor, and the molar ratio of acetone to phenol at each of the first- to
thirdstage reactors were respectively increased as follows. 10 Molar ratio
of ethylmercaptan to acetone: 1/800 Molar ratios of acetone to phenol:
1.15/30 (Molar ratio of total acetone to phenol: 1.15/10) After the
reaction conditions were changed as described above, it was confirmed that
the phenol conversion rates of the first-, second- and third-stage 15
reactors were increased to 5.8%, 10.4% and 14.2%, respectively. (3) After
3, 000 hours, the phenol conversion rates of the first-, second and
third-stage reactors were decreased to 4.0%, 9.0% and l3.3%, respectively.
At this time, the molar ratio of ethylmercaptan to acetone fed to the
first-stage reactor, and the molar ratio of acetone to phenol at each of
the first- to third 20 stage reactors were respectively increased as
follows. Molar ratio of ethylmercaptan to acetone: 1/400 Molar ratios of
acetone to phenol: 1.26/30 (Molar ratio of total acetone to phenol:
1.26I10) After the reaction conditions were changed as described above, it
was 25 confirmed that the phenol conversion rates of the first-, second-
and third-stage reactors were increased to 5.7%, 10.2% and 14.1%,
respectively. (4) After 4,200 hours, the phenol conversion rates of the
first-, second and third-stage reactors were decreased to 3.8%, 8.7% and
12.9%, respectively. At this time, the molar ratio of ethylmercaptan to
acetone fed to the first-stage -14   reactor and the molar ratio of acetone
to phenol at each of the first- to third stage reactors were respectively
increased as follows. Molar ratio of ethylmercaptan to acetone: 1I200 Molar
ratios of acetone to phenol: 1.57/30 (Molar ratio of total acetone to 



5 phenol:1.57/10) After the reaction conditions were changed as described
above, it was confirmed that the phenol conversion rates of the first-,
second- and third-stage reactors were increased to 5.8%, 10.3% and 14.3%,
respectively. (5) After 5, 500 hours, the phenol conversion rates of the
first-, second 10 and third-stage reactors were decreased to 3.3%, 7.8% and
12.2%, respectively. At this time, the molar ratio of ethylmercaptan to
acetone fed to the first-stage reactor and the molar ratio of acetone to
phenol at each of the first- to third stage reactors, were respectively
increased as follows. Molar ratio of ethylmercaptan to acetone: 1I100 15
Molar ratios of acetone to phenol: 1.84/30 (Molar ratio of total acetone to
phenol: 1.84/10) After the reaction conditions were changed as described
above, it was confirmed that the phenol conversion rates of the first-,
second- and third-stage reactors were increased to 5.6%, 10.1% and 14.2%,
respectively. 20 (6) After 6, 500 hours, the phenol conversion rates of the
first-, second and third-stage reactors were decreased to 2.9%, 7.1% and
11.9%, respectively. At this time) the molar ratio of ethylmercaptan to
acetone fed to the first-stage reactor and the molar ratio of acetone to
phenol at each of the first- to thirdstage reactors, were respectively
increased as follows. 25 Molar ratio of ethylmercaptan to acetone: 1I40
Molar ratios of acetone to phenol: 2.26130 (Molar ratio of total acetone to
phenol: 2.26I10) After the reaction conditions were changed as described
above, it was confirmed that the phenol conversion rates of the first-,
second- and third-stage -15   reactors were increased to 5.3%, 9.7% and
14.1%, respectively. Further, it was also confirmed that the selectivity of
bisphenol A was maintained in the range of 94.1 to 94.5% for a period of
from the beginning of the reaction up to the elapse of 6, 500 hours. 5
COMPARATIVE EXAMPLE 1 The same procedure as in EXAMPLE 1 was repeated
except that the two reactors having a height of 561 mm as used in EXAMPLE 1
were replaced with one reactor having a height of 1,122 mm, and acetone was
fed to the 10 reactor at a feed rate of 0.468 mole per hour (molar ratio of
acetone to phenol: 1I10). The resultant reaction mixture was periodically
analyzed with time to determine a phenol conversion rate. It was confirmed
that the phenol conversion rate at the beginning of the 15 reaction was
10.6%. (1) After 800 hours, the phenol conversion rate was decreased to
9.2%. 



At this time, ethylmercaptan-containing acetone was fed to the reactor
instead ' of acetone (molar ratio of ethylmercaptan to acetone: 1/500).
After the reaction conditions were changed as described above, it was
confirmed that the phenol 20 conversion rate was l0.5%. (2) After 1,600
hours, the phenol conversion rate was decreased to 8.5%. At this time, the
ethylmercaptan concentration was increased such that the molar ratio of
ethylmercaptan to acetone was 11100. After the reaction conditions were
changed as described above, it was confirmed that the phenol 25 conversion
rate was 10.2%. (3) After 2, 200 hours, the phenol conversion rate was
decreased to 7.8%. At this time, the ethylmercaptan concentration was
increased such that the molar ratio of ethylmercaptan to acetone was 1150.
After the reaction conditions were changed as described above, it was
confirmed that the phenol -16   conversion rate was 10.0%. (4) After 2,900
hours) the phenol conversion rate was decreased to 7.1%. 5 At this time,
the ethylmercaptan concentration was increased such that the molar ratio of
ethylmercaptan to acetone was 1/20. After the reaction conditions were
changed as described above, it was confirmed that the phenol conversion
rate was 9.7%. (5) After 3,400 hours, the phenol conversion rate was
decreased to 6.6%. 10 At this time, the ethylmercaptan concentration was
increased such that the molar ratio of ethylmercaptan to acetone was 1/15.
After the reaction conditions were changed as described above, it was
confirmed that the phenol conversion rate was 9.1%. (6) After 4,100 hours,
the phenol conversion rate was decreased to 5.1%. 15 At this time, the
ethylmercaptan concentration was increased such that the molar ratio of
ethylmercaptan to acetone was 1/10. After the reaction conditions were
changed as described above, it was confirmed that the phenol conversion
rate was 8.6%. (7) After 4,800 hours, the phenol conversion rate was
decreased to 4.5%. 20 At this time, the ethylmercaptan concentration was
increased such that the molar ratio of ethylmercaptan to acetone was 1I7.
After the reaction conditions were changed as described above, it was
confirmed that the phenol conversion rate was 7.3%. COMPARATIVE EXAMPLE 2
The same procedure as in EXAMPLE 1 was repeated except that the 25 two
reactors each having a height of 561 mm as used in EXAMPLE 1 were replaced
with two reactors each having a height of 1,122 mm, and acetone was fed to
each reactor at a feed rate of 0.468 mole per hour (molar ratio of acetone
to phenol: 1I10). The resultant reaction mixture was periodically analyzed
with time to -17   



determine a phenol conversion rate. It was confirmed that the phenol
conversion rate at the beginning of the reaction was 10.6%. (1) After 800
hours, the phenol conversion rate was decreased to 9.2%. 5 At this time,
the acetone concentration was increased such that the molar ratio of
acetone to phenol was 1.21110. After the reaction conditions were changed
as described above, it was confirmed that the phenol conversion rate was
10.5%. (2) After 1,500 hours, the phenol conversion rate was decreased to
8.9%. At this time, the acetone concentration was increased such that the
molar ratio 10 of acetone to phenol was 1.42110. After the reaction
conditions were changed as described above, it was confirmed that the
phenol conversion rate was 10.6%. (3) After 2,200 hours, the phenol
conversion rate was decreased to 8.1%. At this time, the acetone
concentration was increased such that the molar ratio of acetone to phenol
was 1.63/10. After the reaction conditions were changed 15 as described
above, it was confirmed that the phenol conversion rate was 10.2%. (4)
After 3,000 hours, the phenol conversion rate was decreased to 7.7%. At
this time, the acetone concentration was increased such that the molar
ratio of acetone to phenol was 1.92110. After the reaction conditions were
changed as described above, it was confirmed that the phenol conversion
rate was 9.9%. 20 (5) After 3) 500 hours, the phenol conversion rate was
decreased to 7.0%. At this time, the acetone concentration was increased
such that the molar ratio of acetone to phenol was 2.22110. After the
reaction conditions were changed as described above, it was confirmed that
the phenol conversion rate was 9.3%. (6) After 4,000 hours, the phenol
conversion rate was decreased to 6.7%. 25 At this time, the acetone
concentration was increased such that the molar ratio of acetone to phenol
was 2.56110. After the reaction conditions were changed as described above,
it was confirmed that the phenol conversion rate was 8.7%. From the
above-mentioned EXAMPLES and COMPARATIVE -18   EXAMPLES, it is recognized
that the life of the catalyst used is considerably prolonged by using such
a multi-stage reaction apparatus comprising at least two individual
reactors and by increasing the molar ratio of alkylmercaptan to acetone and
the molar ratio of acetone to phenol as the phenol conversion rate 5 is
decreased. INDUSTRIAL APPLICABILITY In accordance with the process of the
present invention, the acid-type ion exchange resin partially modified with
a sulfur-containing amine compound 10 as catalyst, exhibits a prolonged
life, and the yield of bisphenol A per unit quantity of the catalyst is
increased. -19   



WHAT IS CLAIMED IS: 1. A process for producing bisphenol A by reacting
acetone with phenol in the presence of an acid-type ion exchange resin
partially modified with a sulfur-containing amine compound as catalyst and
alkylmercaptan as co 5 catalyst, said process comprising: conducting said
reaction using a multi-stage reaction apparatus comprising at least two
individual reactors connected in series to each other, wherein the molar
ratio of total alkylmercaptan to total acetone and the molar ratio of total
acetone to phenol are increased as the conversion rate of the 10 phenol is
decreased. 2. A process according to Claim 1, wherein whole amount of the
phenol is fed into a first-stage reactor of the mufti-stage reaction
apparatus, and the acetone is fed in separate parts into the respective
reactors. 15 3. A process according to Claim 1, wherein the molar ratio of
total acetone to phenol at an initial stage of the reaction is in the range
of 1/9 to 1I11. 4. A process according to Claim 1, wherein the molar ratio
of total alkyl 20 mercaptan to total acetone and the molar ratio of total
acetone to phenol are increased when the phenol conversion rate measured at
an outlet of the last stage reactor of said mufti-stage reaction apparatus
is decreased to 90 to 99% of the initial conversion rate. 25 5. A process
according to Claim 1, wherein the molar ratio of total alkyl mercaptan to
total acetone is increased so as not to exceed 1I20. 6. A process according
to Claim 1, wherein the molar ratio of total acetone to phenol is increased
so as not to exceed 113. -20   7. A process according to Claim 1, wherein
said sulfur-containing amine compound is selected from the group consisting
of mercaptoalkyl amines and thiazolidines. 5 8. A process according to
Claim 1, wherein said acid-type ion exchange resin is a sulfonic acid-type
cation exchange resin. 9. A process according to Claim 1, wherein said
alkylmercaptan is 10 ethylmercaptan. 10. A process according to Claim 1,
wherein the reaction is conducted at a temperature of 60 to 100C. -21
.AH.A.AYA.A.AYUf2.Al..A..A.A .A.AY.A.AlAy2.A.AS2.Au.AYU.A.AlAy.A.A.F2#:eN5m
wGRXi}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa!i/)8}A[NUf~cGJ Q
|wrmhc^Y]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]ca]ca!
##&B&l''':)\+_+x+,E/L/////<000%1Y1]1}112e2222733~ytoje`[V]ca]ca]ca]ca]ca]ca
]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]c^a
]ca]c^a]ca!33)4t4445m5q566I7v77 



8`888$9k99:
;G<<<<J===>?G??}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!???.@@@@BAAAB.CzCDDE)ErE
EEFhFFGDGvGGGHeHHH0IzI}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!zIIIJZJkJJJ7K|KKK
LgL}LLLMQMMMNOHOOOO4PpPPQLQQQ}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!QQ,R=RRRRS
SSSS8TNT~TTT"UlUUU;
VVVVWdWvWWX?XXYYY}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!YZZYZ[ZZZ%[([w[[[[[(]n
]]]]M^f^^^`5`````2araabc}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!cgcxccdSddd?eee
eGfXfff3g}ggh&hwhhh*i<iiij_jjkTkk}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!kkllbl
llBmknnnn@oooo
poppppp@qqqq*rNrrrrFsss}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!stKttt*uHuuu#vpv
xvvvvwx"xycyfyyDz^zzz:{{{{{{|7}}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!7}?}c}}}
~Y~~~?/xhN:r@H}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!?gb\3$p-o;
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Uh\3$p-o;
}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca#:iJ+10%&'()-Z"10%&'()-s  :$10%&'()-Y @
10%&'()-`
10%&'()-@10%&'()-S#10%&'()-edE+10%&'!Z10%&'()-$10%&'()-G"10%&'()-
3Z"10%&'()- F S 10%&'()- s10%&'()-N5mdE+10%&'2$10%&'()-
+m"10%&'()-@)$10%&'()-`'Z"10%&'()-%Z"10%&'()-F # 10%&'()-  *uT2!\
S$10%&'()-M fS$10% &'()-Mm"10%&'()- 10 10 10!@<10%&'()-4Z"10%&'()-*w
GR}[9uT2!\!X%$10%&'()-!fe%$10%&'()-Y #K10%&'()-!S$10%&'()-G !\$10%&'()-G
S$10%&'()-MR4zodY:!\!10%&'()- 10 10 10@
=10%&'()-!x6"10%&'()-!f-$10%&'()-y!ke-$10%&'()-yXi/dEdY:!\!$10%&'()-&"10%&'
()-3 9$10%&'()- S10%&'()-s"10%&'()-3 10%&'()-/)8}dEdY:!\!  !10%&'()-
10%&'()-9"10%&'()-  Y10%&'()-y910%&'()-"10%&'()-}AdEdY:!\!
-10%&'()-3+10%&'()-lf)$10%&'()-  s'10%&'()-%@10%&'()-#l"10%&'()- [NdEdY:!\!
F: 10%&'()- f810%&'()-610%&'()-Y2G10%&'()-
010%&'()-.10%&'()-NRSTU~c|Z8!\!p&$10%&'()-m !k&$10%&'()-m !S`$10%&'()-
`$10%|I|&'()- 10 



10 10@=10%&'()-G^J z[9|Z8!\!!k2$10%&'()-F 010%&'()- !t!$10%&'()-
!y!$10%&'()- f$10%&'()-!kVf$10%&'()-J N O P Q    !"`>!\!!!l9$10%&'()-
fl9$10% : &'()-Fl"10%&'()-fl"10%&'()- 10 10 10S
=10%&'()-"##Z%&B&l'wV4`>!!kY0$10%&'()-g tY0$10%
&'()-g!al$10%&'()-!al$10%&'()-!al$10%WW&'()-!al9$10%&'()-l''''''(:)j*~_=!!k
!X$10%&'()-M$10%&'()-!M$10%xx&'()- 10 10
10@<10%&'()-:l"10%&'()-j*\+x+,,/.E/}[9~_=!!!fl +$10%&'()-,!fl
+$10%&'()-,l$10%&'()- !kVl$10%&'()- l$10%&'()-
!\$10%&'()-E/I/J/K/L/////bC!!!fl s10%&'()-f10%&'()-sm"10%&'()- 3  10%&'()-
10 10 10@<10%&'()-/<000%1Y1}1dEbC!!!fY10%&'()-10%&'()-$10%&'()-m"10%&'()-
m"10%&'()- 3  10%&'()-}112e2222dEbC!!!ff)10%&'()-F s'
10%&'()-#10%&'()-!m"10%&'()-  $10%&'()- 3 &
10%&'()-27333)4t44dEbC!!!f4`10%&'()-2$10%&'()-
0m"10%&'()-.m"10%&'()-&-m"10%&'()-F 3+ 10%&'()-
445m5n5o5p5q56xmbC!!!f"10%&'()- 10 10 10f =10%&'()-Y:"10%&'()-f8m"10%&'()-
3 



6 10%&'()-66I7v77 8`8dEmbC!!!f$10%&'()-Z"10%&'()-3
310%&'()-10%&'()-&m"10%&'()-3 `$10%&'()- `888$9k99:dEmbC!!!f!m"10%&'()-
$10%&'()-3 & 10%&'()-Y@10%&'()-fm"10%&'()- Z"10%&'()-:
;G<<<<J=dEmbC!!!ff8Z"10%&'()-3 6
10%&'()-410%&'()-2$10%&'()-3+Z"10%&'()-S)$10%&'()-J======>?G?bC!!!f910%(&'(
)-F M$10%(&'()-m"10%(&'()- 10 10
10S=10%&'()-F:Z"10%&'()-G????.@@@dEbC!!!fyZ"10%(&'()-m"10%(&'()-$10%(&'()-1
0%(&'()-m"10%(&'()-F  10%(&'()-@@BAAAB.CaBbC!!!fF+m"10%(&'()-S)$10%(&'()-
'10%(&'()-! !F(10%((&'()- $10%(&'()-
YG10%(&'()-.CzCDDDDDE)EbC!!!f10%m&'()-Z"10%m&'()- 10( 10( 10(f
=10%(&'()-4"10%(&'()-2$10%(&'()- )ErEEEFhFFdEbC!!!fZ"10%m&'()-Z"10%m&'()-Y
910%m&'()-F m 10%m&'()-SZ"10%m&'()- F s 10%m&'()-FGDGvGGGHdEbC!!!fF 9
10%m&'()-Y10%m&'()-F y 10%m&'()-F `10%m&'()-10%m&'()-Z"10%m&'()-
HeHHH0IzIIdEbC!!!ff)$10%m&'()-'m"10%m&'()-%Z"10%m&'()-Y
#10%m&'()-!M10%m&'()-
$10%m&'()-IIJZJkJJJdEbC!!!f4m"10%m&'()-2$10%m&'()-010%m&'()-F / 10%m&'()-F
-10%m&'()-3+10%m&'()-J7K|KKKKKKLxmbC!!!f"10%&'()- 10m 10m 



10m =10%m&'()-Y:Z"10%m&'()-F y8 10%m&'()-6`10%m&'()-LgL}LLLMQMdEmbC!!!f3
10%&'()- &10%&'()-F `$10%&'()-3 f10%&'()-10%&'()-m"10%&'()-
QMMMNOHOOdEmbC!!!f  ! 10%&'()- @10%&'()-"10%&'()-s$10%&'()-s10%&'()-
"10%&'()- OOO4PpPPQdEmbC!!!f&-Y"10%&'()-   F+10%&'()-Yf)10%&'()-
s'Y"10%&'()-   %10%&'()- #10%&'()-QLQQQQ,R=RdEmbC!!!fy810%&'()- 6 10%&'()-
410%&'()-Y2@10%&'()-0l"10%&'()- /"10%&'()-=RRRRRRRSSSbC!!!fl
10%m&'()-`10%m&'()-m"10%m&'()- 10 10 10 =10%&'()- Y: 10%&'()-
SSSS8TNT~TTdEbC!!!fY  10%m&'()-Y 10%m&'()-10%m&'()-&Z"10%m&'()-F
`$10%m&'()-fZ"10%m&'()-TT"UlUUU;VdEbC!!!f $10%m&'()-l
&10%m&'()-Y`10%m&'()-ym"10%m&'()-Y  10%m&'()-:10%m&'()-;
VVVVWdWvWdEbC!!!f3+10%m&'()-S)$10%m&'()-Y
'10%m&'()-%10%m&'()-#m"10%m&'()-!"10%m&'()-vWWX?XXYYYYdE:/ 10m 10m@
=10%m&'()-4"10%m&'()-2$10%m&'()-0M10%m&'()-.m"10%m&'()-Y -
10%m&'()-YYYZZYZ[ZZxY:/ 10mY"10%&'()- 3 s10%&'()-  



10%&'()- L10%&'()- F10%&'()- y10%&'()- 10mZZ%[([w[[[dE:/
10ms10%&'()-10%&'()-l"10%&'()- 10%&'()-  10%&'()- L10%&'()-[[[(]n]]]dE:/
10m  9'10%&'()- l%s10%&'()- #Y"10%&'()-l"10%&'()- 10%&'()- , 10%&'()-
]]M^f^^^`dE:/ 10m.m"10%&'()-z210%&'()-3 ,10%&'()-+m
10%&'()-,)Y"10%&'()-lS)10%&'()-`5````````bC 10ml l 10%G&'()-  10%G&'()- 10
10 10<10%&'()-  :10%&'()-   @8`10%&'()-`2araabcgcdEbC 10ml
10%G&'()-@10%G&'()-"10%G&'()-,  M$10%G&'()- Ss10%G&'()-
`l"10%G&'()-gcxccdSddddEbC 10m #F"10%G&'()- !10%G&'()- 10%G&'()-
Y"10%G&'()- l 3 10%G&'()-  S10%G&'()-d?eeeeGfXfdEbC 10m.10%G&'()-l - 



10%G&'()-l 3+10%G&'()-S)G10%G&'()- `'Y"10%G&'()-%m"10%G&'()-Xfff3g}gghdEbC
10m3:m"10%G&'()- S8Z"10%G&'()-  s610%G&'()-4t10%G&'()- 2$10%G&'()-l 0
10%G&'()-h#h$h%h&hwhhh*ibC 10m   10%m&'()-   910%m&'()-F10%m&'()-
S"10%m&'()- 10G 10G 10G@=10%G&'()-*i<iiij_jjdEbC 10ml$10%m&'()- 3
10%m&'()- 10%m&'()-"10%m&'()-  310%m&'()-  10%m&'()-jkTkkklldEbC
10m!10%m&'()-$10%m&'()-3 10%m&'()- -10%m&'()- ,m"10%m&'()-L"10%m&'()-
lblllBmknndEbC 10m210%m&'()-*"10%m&'()-)$10%m&'()- 9'10%m&'()-Y%"10%m&'()-
F # 10%m&'()-nnn@oooooodYNC 10m 10m 10m 10m@<10%m&'()-:"10%m&'()- F
,8310%m&'()-`610%m&'()-F Y4 10%m&'()- oo poppppdEYNC 10m 



10%G&'()-,3 t10%G&'()-,10%G&'()-Lm"10%G&'()-l Y10%G&'()-
10%G&'()-pp@qqqq*rdEYNC 10m l S
10%G&'()-3s@10%G&'()-$10%G&'()-m"10%G&'()-m"10%G&'()-l
10%G&'()-*rNrrrrFssdEYNC 10m  %Y"10%G&'()-#$10%G&'()- !10%G&'()- 10%G&'()-l
10%G&'()- 3s10%G&'()-sstKttt*udEYNC 10m 0m"10%G&'()-
.Y"10%G&'()--m"10%G&'()-  +10%G&'()-S)10%G&'()- L'Y"10%G&'()-
*uHuuu#vpvuvvvwvdE:/ 10G
10G@<10%G&'()-3:m"10%G&'()-S8m"10%G&'()-s6m"10%G&'()-
410%G&'()-210%G&'()-wvxvvvvwx"xxY:/ 10G10%&'()-3 10%&'()-`l"10%&'()-F
s10%&'()-3 10%&'()-10%&'()- 10G"xycyfyyDz^zdE:/ 10G!,10%&'()-
l"10%&'()-Fl"10%&'()-l 10%&'()-3 f10%&'()-l"10%&'()-s^zzz:{{{{dE:/ 10G.3
10%&'()-3+,10%&'()-@)l"10%&'()-%l"10%&'()-lS)10%&'()-3
#10%&'()-{{{|7}<}=}>}?}dYNC 10G 10 10 10=10%&'()-
F:10%&'()-2l"10%&'()-Y210%&'()-  010%&'()-?}c}}}~Y~~dEYNC 10G &m"10%Z&'()- 



F `$10%Z&'()-Y S 10%Z&'()- s10%Z&'()-F  10%Z&'()-10%Z&'()-~~?/xdEYNC 10G Y
y10%Z&'()-Z"10%Z&'()-$10%Z&'()- m"10%Z&'()-Y 10%Z&'()-Z"10%Z&'()-xhNdEYNC
10G %m"10%Z&'()- #m"10%Z&'()-Y !10%Z&'()- $10%Z&'()-&m"10%Z&'()-
Ym"10%Z&'()-N:dEYNC 10G Y 010%Z&'()-. "10%Z&'()--m"10%Z&'()-
3+m"10%Z&'()-S)$10%Z&'()-' "10%Z&'()-r@EFGHdYNC 10G 10Z 10Z 10Z,=10%Z&'()-F
Y: 10%Z&'()-6 "10%Z&'()-4m"10%Z&'()-2$10%Z&'()-H?dEYNC 10G
l$10%&'()-"10%&'()-   10%&'()-@10%&'()-  l10%&'()-y"10%&'()-gbC
10G`Z"10%Z&'()-Y l10%Z&'()-  10%Z&'()- 10 10 10,<10%&'()-s10%&'()- gbdEbC
10GZ"10%Z&'()- Z"10%Z&'()- 3"10%Z&'()- F 



10%Z&'()- 3 F10%Z&'()- @F"10%Z&'()-\3dEbC 10GY !10%Z&'()-
10%Z&'()-&10%Z&'()-3Z"10%Z&'()- Y S10%Z&'()-  10%Z&'()-3$pdEbC
10G.z10%Z&'()-,m"10%Z&'()-  +Z"10%Z&'()-@)$10%Z&'()-Y
`'10%Z&'()-#4"10%Z&'()- -odYNC 10G 10Z 10Z 10Z@=10%Z&'()-F:10%Z&'()- l
S810%Z&'()- 4t10%Z&'()- 2$10%Z&'()- ;dEYNC 10G 10%m&'()- F
10%m&'()-3s10%m&'()-10%m&'()-&m"10%m&'()- F F 10%m&'()- UhdEYNC 10G
10%m&'()- <10%m&'()-10%m&'()-F ,10%m&'()-ls10%m&'()-3  10%m&'()-  Normal"
"Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c"
"Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default
Paragraph FontTP$K,p2:AHOV]%elws>zGi 3?zIQYcks7}]^_`abcdefghij*R/}NJ
"l'j*E//}1246`8:J=G?@.C)EFHIJLQMOQ=RSST;
VvWYZ[]``gcdXfh*ijlnop*rs*uwv"x^z{?}~xNHg3klmnopqrstuvwxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocumentw
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


