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copolymer and method for producing the same 5 BACKGROUND OF THE INVENTION
Field of the Invention The present invention relates to an oxytetra
methylene glycol copolymer and a method for producing the same. More
particularly, the present invention is 10 concerned with an
oxytetramethylene glycol copolymer obtained by copolymerizing
tetrahydrofuran and neopentyl glycol, wherein the oxytetramethylene glycol
copolymer has a specific number average molecular weight, a specific
molecular weight distribution and a specific 15 neopentyl glycol
copolymerization ratio. The present invention is also concerned with a
method for producing such an oxytetramethylene glycol copolymer. The
oxytetramethylene glycol copolymer of the present invention exhibits
improved low temperature properties due, 20 for example, to low melting
point and low glass transi tion temperature. By virtue of these improved
properties, the oxytetramethylene glycol copolymer of the present invention
can be advantageously used as a raw material for an elastic fiber and the
like. Further, 25 the present invention is concerned with a method for   2
purifying an oxytetramethylene glycol copolymer, obtained by copolymerizing
tetrahydrofuran and a diol by the method of the present invention or any
conventional method, from a copolymerization reaction mixture com 5 prising
an oxytetramethylene glycol copolymer and an unreacted diol, wherein the
unreacted diol is distilled off in the presence of fresh tetrahydrofuran.
By the use of the purification method of the present invention, it becomes
possible to not only purify the copolymer 10 without causing the clogging
of a condensation tube and a conduit by the solidification of the diol, but
also recover a recyclable diol. Drier Try 15 Recently, an oxytetramethylene
glycol copolymer obtained by copolymerizing tetrahydrofuran (THF) and a
diol (such as neopentyl glycol) and an oxytetramethylene glycol copolymer
obtained by copolymerizing THF and 3-methyltetrahydrofuran have been
drawing attention. 20 An oxytetramethylene glycol copolymer has a lower
melt ing point than an oxytetramethylene glycol homopolymer (that is,
polyoxytetramethylene glycol (PTMG)), and an elastic product produced using
an oxytetramethylene glycol copolymer as a raw material exhibits remarkably
25 improved elongation, hysteresis loss and low tempera   3 ture
properties, as compared to those of an elastic product produced using PTMG
as a raw material. For example, at a temperature below the ice point, a
conventional polyurethane urea elastic fiber produced using 5 PTMG exhibits
no instantaneous elastic recovery, but a polyurethane urea elastic fiber
produced using an oxytetramethylene glycol copolymer exhibits an
instantaneous elastic recovery which is substantially the same as observed
at room temperature. 10 An oxytetramethylene glycol copolymer can be eas
ily synthesized by using a heteropolyacid as a polymerization catalyst. For
example, each of Unexamined Japanese Patent Application Laid-Open
Specification No. Sho 60-203633 (corresponding to European Patent Publi 15
cation No. 158,229B), Unexamined Japanese Patent Appli cation Laid-Open
Specification No. Sho 61-120830 (corresponding to European Patent
Publication No. 158,229B) and Unexamined Japanese Patent Application
Laid-Open Specification No. Sho 61-123630 discloses an oxytetra 20
methylene glycol copolymer obtained by copolymerizing a diol and THF in the
presence of a heteropolyacid in either a batchwise manner or a continuous
manner. In the technique of each of the above-mentioned patent documents,
diol molecules are incorporated, into the oxy 25 etraethylene glycol
copolymer chains, mainly as a ter   4 minator for the living cationic
polymerization of THF. Therefore, most of the diol molecules which are
incorporated into the polymer chains are present at the terurinals of the
polymer chains and the average diol co y polymerization ratio is
approximately one molecule. According to the reaction modes disclosed in
the above mentioned patent documents, the average number of diol molecules
that can be incorporated into a copolymer molecule (that is, average diol
copolymerization ratio) 



10 is approximately 1 molecule and, thus, there is a limi tation in the
melting point-lowering effect of the copolymerization of a diol
(copolymerization effect). In addition, in the above-mentioned patent
documents, removal of water during the copolymerization reaction is 15
disclosed as a method for increasing the copolymeriza tion ratio of a diol
(specifically, to achieve a copolymerization ratio as high as approximately
10 to 35 moles). In this method, when a water removal step is conducted in
addition to the standard copolymerization 20 step, there is a limitation
that the number of water molecules coordinated to a heteropolyacid used as
the polymerization catalyst must be in the range of from 0.1 to 15.
Especially when a copolymerization reaction is conducted using a
heteropolyacid having a water co 25 ordination number as high as 6 to 15,
the reaction rate   5 becomes markedly lowered. As a consequence, the time
of polymerization becomes very long and only an oxytetramethylene glycol
copolymer having a broad molecular weight distribution can be produced
using such a 5 heteropolyacid. An oxytetramethylene glycol copolymer having
a broad molecular weight distribution has a problem in that the glass
transition temperature is high. Further, working examples of Unexamined
Japanese 10 Patent Application Laid-Open Specification Nos. Hei 687951, Hei
9-291147, Hei 10-87811, Hei 10-87812, Hei 10-87813 and the like disclose
methods for incorporating 1 to 5 moles of neopentyl glycol (NPG) into 1
molecule of an oxytetramethylene glycol copolymer. Spe 15 cifically, each
of these patent documents discloses a method which comprises polymerizing
NPG and THF in the presence of a heteropolyacid catalyst in a batchwise
manner, wherein the polymerization reaction is performed while removing the
by-produced water from the 20 reaction system by distillation. In a
batchwise reac~ tion, even when the NPG concentration is high at the
initial stage of the reaction, the NPG concentration of the reaction system
becomes markedly lowered at the final stage of the polymerization reaction.
Therefore, 25 low molecular weigh copolymers having high NPG copoly   6
merization ratio are likely to be produced at the initial stage of the
polymerization reaction. The thus produced low molecular weight copolymers
having high NPG copolymerization ratio are likely to polymerize and 5
mature into high molecular weight copolymers, thereby producing a high
molecular weight copolymer having a relatively high copolymerization ratio.
Due to the presence of such a high molecular weight copolymer having a high
copolymerization ratio) the glass transition 10 temperature of the
copolymers as a whole is caused to become high, thereby rendering it
difficult to produce an oxytetramethylene glycol copolymer having a low
glass transition temperature. As mentioned above, an oxytetramethylene
glycol 15 copolymer is produced by the copolymerization reaction of THF and
a diol in the presence of a heteropolyacid as a polymerization catalyst.
Several hundred ppm to several percent of an unreacted diol usually remains
in the reaction mixture obtained after the copolymeriza 20 tion reaction,
and when an elastic product (e.g., an elastic fiber, such as urethane urea)
is produced using an oxytetramethylene glycol copolymer containing residual
unreacted diol, the elastic product is incapable of exhibiting the intended
properties because the residual 25 diol (such as unreacted NPG) do not
function as a soft   segment. For solving this problem, it was attempted to
perform the copolymerization reaction under conditions which enable a
complete consumption of the diol or, alternatively, to remove unreacted
diol from the copoly 5 mer containing the unreacted diol. For achieving the
complete consumption of the diol during the copolymerization reaction, it
is necessary to conduct the copolymerization reaction in a batchwise manner
at a high reaction temperature while removing 10 the by-produced
condensation water thoroughly from the reaction system so as to shift the
reaction equilibrium. When the residual amount of the unreacted diol is
lowered by this method to less than 100 ppm, adverse side reactions, such
as liberation of terminal hydroxyl 15 groups from the diol as well as from
the produced oxytetramethylene glycol copolymer, are likely to occur due to
the action of heat thus leading to an occurrence of discoloration of and
lowering of the quality of the oxytetramethylene glycol copolymer. In
addition, this 20 method is only applicable to a batchwise reaction and,
thus, as mentioned-above, an oxytetramethylene glycol copolymer having low
glass transition temperature cannot be produced by this method. As other
methods for removing a diol from a co 25 polymer containing an unreacted
diol, there can be men   



8 tinned a method in which a diol is selectively adsorption-removed by
means of an adsorbent (Unexamined Japanese Patent Application Laid-Open
Specification No. Hei 9-291147), a method in which a diol is removed by ex
5 traction (Unexamined Japanese Patent Application Laid Open Specification
No. Hei 10-87813) and a method in which a diol is removed by vacuum
distillation (Unexamfined Japanese Patent Application Laid-Open
Specification No. Hei 1-92221 (corresponding to European Patent 10
Specification No. 305,853B)). In the method in which a diol is removed by
means of an adsorbent, the adsorbing removal ratio and breakthrough time
vary depending on the type of the adsorbent used, the type and amount of
the diol being ad 15 sorbed, and the like. Therefore, the type and amount
of the adsorbent must be changed in accordance with the change in the
conditions employed for producing an oxytetramethylene glycol copolymer. In
addition, not only the unreacted diol, but also a large amount of low mo 20
lecular weight oxytetramethylene glycol copolymers is adsorbed on the
adsorbent, and the loss of the low molecular weight oxytetramethylene
glycol copolymers becomes large. Further, for recycling the adsorbed
unreacted diol) the diol must be desorbed from the adsorb 25 ent by using a
solvent, such as THF. In this case, the   9 desorption ratio also varies
depending on the type and amount of the diol adsorbed on the adsorbent, and
the amount of the solvent necessary for desorption varies drastically. The
desorption of the adsorbed low mo 5 lecular weight oxytetramethylene glycol
copolymers is also accompanied by the drastic variation in the amount of
the desorbed low molecular weight oxytetramethylene glycol copolymers.
After the desorption of the low molecular weight oxytetramethylene glycol
copolymers by a 10 solvent, such as THF, an additional step is necessary
for determining the amount of the low molecular weight oxytetramethylene
glycol copolymers contained in the desorbate and specifically adjusting the
copolymer concentration thereof before using the desorbed low mo 15 lecular
weight oxytetramethylene glycol copolymers. Therefore, this method has
several problems for use in an industrial process. Further, the problems
accompanying the desorption of the low molecular weight oxytramethylene
glycol copolymers are known to become more 20 difficult when the amount of
the residual diol contained in the oxytetramethylene glycol copolymer
decreases. With respect to a method in which a diol is removed by
extraction, Unexamined Japanese Patent Appli 25 cation Laid-Open
Specification No. Hei 10-87813 dis   10 closes a method in which a diol is
extraction-removed with water. In this method, the amount of the extraction
agent (water) varies depending on the type and amount of a diol remaining
in the copolymer. In addi 5 tion, a polymer loss is likely to occur because
an oxy tetramethylene glycol copolymer occurs simultaneously with
extraction-removal of a diol. In this method, by using the extraction agent
in a large amount, the amount of the residual diol in the oxytetramethylene
10 glycol copolymer can be reduced to a level which is not more than a
predetermined value, but the polymer loss accompanying the extraction
becomes increased. For recycling the diol extracted by this method, water
used as the extraction agent must be removed by distillation. 15 As a
result, the purification process becomes disadvantageously complicated for
a commercial scale production of an oxytetramethylene glycol copolymer.
Unexamined Japanese Patent Application Laid-Open Specification No. Hei
1-92221 discloses a method for 20 removing a diol by vacuum distillation.
Specifically, a diol is removed under conditions wherein the pressure is
not more than 0.3 mbar, and the temperature is 200 to 260 C. Under such
distillation conditions, an oxytetramethylene glycol copolymer becomes
deteriorated. 25 Further) since this method is a method for separating   11
low molecular weight components from PTMG, when this method is used for
removing a diol which is generally solidified at room temperature, the diol
distilled off from the distillation apparatus becomes solidified dur 5 ing
the subsequent cooling process, thereby causing the clogging of a
condensation tube, a conduit and other components which are disposed in the
vicinity of a vacuum pump. Therefore, this method is substantially
inapplicable to a process in which a diol is continuously 10 distilled off.
SUI~lARY OF THE INVENTION In this situation, the present inventors have
made intensive and extensive studies for developing a novel 15
oxytetramethylene glycol copolymer having excellent low 



temperature properties. As a result, it has been found that, when an
oxytetramethylene glycol copolymer produced by copolymerizing THF and NPG
is a relatively low molecular weight copolymer having a molecular weight of
20 2000 or less, the glass transition temperature becomes minimum at an NPG
copolymerization ratio of approximately 10 mold, and when the
oxytetramethylene glycol copolymer produced is a relatively high molecular
weight copolymer having a molecular weight of more than 25 2000, the glass
transition temperature becomes minimum   12 at an NPG copolymerization
ratio of 5 mold or less. This finding implies that, even with respect to a
certain oxytetramethylene glycol copolymer having the same average
molecular weight as that of the conventional 5 oxytetramethylene glycol
copolymer, if the NPG copoly merization ratio of the copolymer chains is
specifically adjusted depending on the molecular weight of the certain
copolymer, it would be possible to obtain an oxytetramethylene glycol
copolymer having excellent low 10 temperature properties due, for example,
to low melting point and low glass transition temperature which properties
have never been realized in the art. Further, the present inventors have
found that the oxytetramethylene glycol copolymer of the present invention
can 15 be easily produced by subjecting tetrahydrofuran and neopentyl
glycol to a copolymerization reaction in the presence of a heteropolyacid
catalyst, while continuously removing from the reaction system water which
is by-produced in the copolymerization reaction so that 20 the amount of
water is adjusted to a level wherein a two-phase reaction system is formed
which comprises an organic phase comprising a solution of neopentyl glycol
in tetrahydrofuran and having a neopentyl glycol concentration of from 0.05
to 3.5 weight ~, based on the 25 weight of the organic phase, and a
tetrahydrofuran/   13 aqueous heteropolyacid phase comprising a solution of
an aqueous heteropolyacid catalyst in tetrahydrofuran and having a specific
gravity of from 1.8 to 2.3. In addition, the present inventors have also
found that, 5 when an unreacted diol is distilled off from a reaction
mixture containing an oxytetramethylene glycol copolymer and an unreacted
diol in the presence of a fresh tetrahydrofuran to thereby separate and
purify the oxytetramethylene glycol copolymer, it becomes possible to 10
not only purify the copolymer without causing the clog ping of a
condensation tube and a conduit by the solidification of the diol, but also
to recover a recyclable diol. The present invention has been completed,
based on the above-mentioned findings. 15 Accordingly, it is an object of
the present inven tion to provide an oxytetramethylene glycol copolymer
which exhibits improved low temperature properties due, for example, to low
melting point and low glass transition temperature. 20 It is another object
of the present invention to provide a method for producing the
above-mentioned oxytetramethylene glycol copolymer which exhibits improved
low temperature properties. It is still another object of the present inven
25 tion to provide a method for effectively separating and   14 purifying
an oxytetramethylene glycol copolymer from a mixture containing an
oxytetramethylene glycol copolymer and an unreacted diol without causing
the clogging of a condensation tube and a conduit by the solidifica5 tion
of the diol. The foregoing and other objects, features and advantages of
the present invention will be apparent to those skilled in the art from the
following detailed description and the appended claims taken in connection
10 with the accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS In the
drawings: Fig. 1 shows an example of a gel permeation chro 15 matogram of
the oxytetramethylene glycol copolymer of the present invention, which
illustrates the molecular weight distribution of the oxytetramethylene
glycol copolymer, wherein the left-hand side is the side of the high
molecular weight and the right-hand side is the 20 side of the low
molecular weight, and the hatched por tion shows the high molecular
weight-side 15 wt~ frac tion of the oxytetramethylene glycol copolymer,
which fraction corresponds to the area of a part of a whole peak
representing the molecular weight distribution, 25 wherein the part is
taken on the side of the high mo   



15 lecular weight including the maximum molecular weight in the whole peak
and wherein the area of the part of the whole peak is 15 ~, based on the
area of the whole peak; 5 Fig. 2 is a schematic diagram showing an example
of the continuous production system used for producing the
oxytetramethylene glycol copolymer of the present invention; Fig. 3 is a
schematic diagram showing another ex 10 ample of the continuous production
system used for pro ducing the oxytetramethylene glycol copolymer of the
present invention; Fig. 4 is a schematic diagram showing an example of the
continuous purification system for performing 15 the one-step purification
method which is used for pu rifying the oxytetramethylene glycol copolymer
of the present invention; and Fig. 5 is a schematic diagram showing another
ex ample of the continuous purification system for per 20 forming the
two-step purification method which is used for purifying the
oxytetramethylene glycol copolymer of the present invention. Description of
Reference Numerals 25 1, 28: raw material tank   16 2:reactor3:catalyst
separation vessel4:refrigerator5:organic phase receiving vessel56:THF
tank7, 21,27:condensing means8:THF/water receiving tank9:THF/water storage
tank10-12,14-15, 17, 24-25, 30, 34: pump1013:evaporation vessel16:reaction
mixture tank18:mixer19,32:centrifugal molecular distillation
apparatus20,26:distillation column1522:decanter23:octane storage
tank29:fresh THF tank31:heating means33:oxytetramethylene glycol copolymer
tank 20 DETAILED DESCRIPTION OF THE INVENTION In one aspect of the present
invention, there is provided an oxytetramethylene glycol copolymer,
obtained by copolymerizing tetrahydrofuran and neopentyl 25 glycol, having
the following characteristics (1) to   17 (4): (1) a number average
molecular weight Mn of from 800 to 5000; (2) a characteristic wherein the
weight average 5 molecular weight Mw and the number average molecular
weight Mn satisfy either the following (i) or the following (ii): (i) a
molecular weight distribution of 1.8 or less in terms of the Mw/Mn ratio,
or 10 (ii) a molecular weight distribution of more than 1.8 in terms of the
Mw/Mn ratio, wherein Mw and Mn satisfy the relationship defined by the
following formula (I): 15 1012 x (MW/Mn - 1,8)595< 1.100 exp (Mn x 1.2/100)
(I); (3) a neopentyl glycol copolymerization whole ra 20 do NW of from 6 to
30 mold, wherein the neopentyl glycol copolymerization whole ratio NW is
defined as the molar percentage of the amount of neopentyl glycol monomer
units present in the whole oxytetramethylene glycol copolymer, based on the
total molar amount of 25 the tetrahydrofuran monomer units and the
neopentyl glycol units in the whole oxytetramethylene glycol copolymer; and



18 (4) a characteristic wherein the number average molecular weight Mn, the
neopentyl glycol copolymeriza tion whole ratio Nw (mold) of the
oxytetramethylene glycol copolymer, and the neopentyl glycol copolymeri 5
zation partial ratio Nh (mold) of a high molecular weight-side 15 wt~
fraction of the oxytetramethylene glycol copolymer satisfy the relationship
defined by the following formula (II): 10 Nh ~ NWl.ii ~ Mno.s ~ p,0560
(II), wherein Nh is defined as the molar percentage of the amount of
neopentyl glycol monomer units present in the high molecular weight 15 side
15 wt~ fraction, based on the total molar amount of the tetrahydrofuran
monomer units and the neopentyl glycol units in the high mo lecular
weight-side 15 wt~ fraction, wherein the high molecular weight-side 15 wt~
fraction 20 is a fraction of the oxytetramethylene glycol copolymer, which
fraction corresponds to the area of a part of a whole peak representing the
molecular weight distribution over the whole range of from a low molecular
weight to a high molecular weight in a gel permeation 25 chromatogram of
the oxytetramethylene glycol copolymer, wherein the part is taken on the
side of the high mo   19 lecular weight including the maximum molecular
weight in the whole peak and wherein the area of the part of the whole peak
is 15 ~, based on the area of the whole peak. 5 In another aspect of the
present invention, there is provided a method for producing the
oxytetramethylene glycol copolymer of claim 1, which comprises: subjecting
tetrahydrofuran and neopentyl glycol to 10 a copolymerization reaction in
the presence of a heteropolyacid catalyst, the copolymerization reaction
being continuously performed in the presence of water in a continuous
copolymerization reactor while continuously feeding tet 15 rahydrofuran and
neopentyl glycol to the continuous co polymerization reactor and while
continuously removing water which is by-produced in the copolymerization
reaction so that the amount of water is adjusted to a level wherein a
two-phase reaction system is formed 20 which comprises an organic phase
comprising a solution of neopentyl glycol in tetrahydrofuran and having a
neopentyl glycol concentration of from 0.05 to 3.5 weight ~, based on the
weight of the organic phase, and a tetrahydrofuran/aqueous heteropolyacid
phase compris 25 ing a solution of an aqueous heteropolyacid catalyst in
20 tetrahydrofuran and having a specific gravity of from 1.8 to 2.3,
wherein the continuous copolymerization reaction is continued while
maintaining the two-phase reaction 5 system, to thereby form a
copolymerization reaction mixture comprising a reaction-formed organic
phase containing an oxytetramethylene glycol copolymer having a number
average molecular weight of from 800 to 5000 and a reaction-formed
tetrahydrofuran/aqueous heteropolya 10 cid phase; separating the
reaction-formed organic phase con 



taining the oxytetramethylene glycol copolymer from the copolymerization
reaction mixture; and separating and purifying the oxytetramethylene 15
glycol copolymer from the reaction-formed organic phase. Hereinbelow, the
present invention will be de scribed in more detail. The oxytetramethylene
glycol copolymer of the pre 20 sent invention is an oxytetramethylene
glycol copolymer, which is obtained by copolymerizing tetrahydrofuran and
neopentyl glycol and which has the following character istics (1) to (4):
(1) a number average molecular weight Mn of from 25 800 to 5000;   21 (2) a
characteristic wherein the weight average molecular weight Mw and the
number average molecular weight Mn satisfy either the following (i) or the
fol lowing (ii): 5 (i) a molecular weight distribution of 1.8 or less in
terms of the Mw/Mn ratio, or (ii) a molecular weight distribution of more
than 1.8 in terms of the Mw/Mn ratio, wherein Mw and Mn satisfy the
relationship defined by the 10 following formula (I): 101z x (Mw/Mn -
1.8)59s exp (Mn x 1.2/100) 15 S 1.100 (I); (3) a neopentyl glycol
copolymerization whole ra do Nw of from 6 to 30 mold, wherein the neopentyl
gly col copolymerization whole ratio Nw is defined as the molar percentage
of the amount of neopentyl glycol 20 monomer units present in the whole
oxytetramethylene glycol copolymer, based on the total molar amount of the
tetrahydrofuran monomer units and the neopentyl glycol units in the whole
oxytetramethylene glycol co polymer; and 25 (4) a characteristic wherein
the number average molecular weight Mn, the neopentyl glycol copolymeriza
tion whole ratio NW (mold) of the oxytetramethylene   22 glycol copolymer,
and the neopentyl glycol copolymeri nation partial ratio Nh (mol%) of a
high molecular weight-side 15 wt% fraction of the oxytetramethylene glycol
copolymer satisfy the relationship defined by 5 the following formula (II):
Nh ~ NW1' 11 ~ Mn. s ~ 0 , 0560 ( II ) , 



wherein Nh is defined as the molar percentage 10 of the amount of neopentyl
glycol monomer units present in the high molecular weightside 15 wt%
fraction, based on the total molar amount of the tetrahydrofuran monomer
units and the neopentyl glycol units in the high mo 15 lecular weight-side
15 wt% fraction, wherein the high molecular weight-side 15 wt% fraction is
a fraction of the oxytetramethylene glycol copolymer, which fraction
corresponds to the area of a part of a whole peak representing the
molecular weight distribu 20 tion over the whole range of from a low
molecular weight to a high molecular weight in a gel permeation
chromatogram of the oxytetramethylene glycol copolymer, wherein the part is
taken on the side of the high molecular weight including the maximum
molecular weight 25 in the whole peak and wherein the area of the part of
the whole peak is 15 %, based on the area of the whole   23 peak. The
copolymer of the present invention is composed of THF and NPG and contains
tetramethylene ether bonds. Such a copolymer is obtained by a complicated
reaction 5 mode which involves a simultaneous occurrence of multi ple
reactions, such as a living cationic polymerization of THF, a termination
reaction of the living cationic polymerization by the hydroxyl group of
NPG, and a copolymerization reaction comprising a dehydration con 10
densation between a hydroxyl group of a terminal THF unit and a hydroxyl
group of either a terminal NPG unit or NPG monomer. Specifically, in the
final oxytetramethylene glycol copolymer, a high molecular weight polymer
chain is likely to contain a long THF homopolymer 15 region and a middle to
a low molecular weight polymer chain is likely to contain a short THF
homopolymer region. Therefore, the molecular weight distribution of a11
polymer chains of the whole oxytetramethylene glycol copolymer reflects the
length of the THF homopoly 20 mer region. Accordingly, even when the
molecular weight of a certain copolymer chain is twice as large as that of
another, the molar amount of NPG monomer units contained in the copolymer
chain becomes smaller than the twice molar amount. 25 The number average
molecular weight Mn of the   24 oxytetramethylene glycol copolymer of the
present invention is of from 800 to 5,000, preferably from 900 to 3,000.
When the number average molecular weight of the copolymer is less than 800,
such a copolymer exhibits 5 improved low temperature properties due, for
example, to a low melting point and a low glass transition temperature;
however, an elastic product having desired excellent properties cannot be
obtained by using such too small a number average molecular weight oxytetra
10 methylene glycol copolymer as a raw material. Further, when the number
average molecular weight of the copolymer is more than 5,000, for obtaining
a copolymer having a melting point which is less than room temperature, the
neopentyl glycol (NPG) copolymerization ratio of 15 the whole
oxytetramethylene glycol copolymer must be come higher than 30 mold.
However, as explained below, when the NPG copolymerization ratio of a
copolymer exceeds 30 mold, the effect obtained by adjusting the NPG
copolymerization ratio depending on the molecular 20 weight range becomes
small. Further) the oxytetramethylene glycol copolymer of the present
invention includes both a copolymer molecule having a molecular weight
distribution of 1.8 or less in terms of the Mw/Mn ratio and a copolymer
mole 25 cule having a molecular weight distribution of more   25 than 1.8
in terms of the Mw/Mn ratio, wherein Mw repre sents the weight average
molecular weight of the copolymer and Mn represents the number average
molecular weight of the copolymer. With respect to the copolymer 5 molecule
having a molecular weight distribution of 1.8 or less, it is preferred that
the molecular weight dis tribution is narrow as possible. Specifically, it
is preferred that the molecular weight distribution is 1.7 or less in the
case of the copolymer having a molecular 10 weight distribution of less
than 1.8. Such a narrow molecular weight distribution results in a decrease
in an amount of the high molecular weight polymer chains which have very
high molecular weight as compared to the average molecular weight. The
presence of high mo 



15 lecular weight polymer chains adversely affects the low temperature
properties of the copolymer and, thus, the decrease in the amount of the
high molecular weight polymer chains leads to an improvement in the low
temperature properties of the whole copolymer. 20 However, even when the
molecular weight distribu Lion of the copolymer is more than 1.8, a
copolymer which satisfies the relationship defined by the following formula
(I) falls within the scope of the present invention: 25   26 1012 X ( Mw/Mn
- 1. g ) 5  95 exp (Mn x 1.2/100) 1.100 (I). 5 The index represented by
formula (I) above (here inafter, frequently referred to as "index a") shows
a relationship between the number average molecular weight and the weight
average molecular weight, and it implies that the molecular weight
distribution may be 10 broadened slightly when the number average molecular
weight of the copolymer is high. This is because the effect of the narrow
molecular weight distribution on the improvement in the low temperature
properties becomes small in the case of a copolymer having a rela 15 tively
large number average molecular weight. In other words, a copolymer fraction
having a relatively small number average molecular weight exerts a high
level of the above-mentioned improvement in the low temperature properties,
which is achieved by the narrow molecular 20 weight distribution (i.e., the
presence of high molecu lar weight molecules in a small amount), but the
high molecular weight fraction exerts only a low level of the improvement
in the low temperature properties as compared to that of the low molecular
weight fraction. 25 In the present invention, index a is not more than
1.100, preferably not more than 0.800, more preferably not more than 0.500.
When a copolymer has a broad mo   27 lecular weight distribution such that
index a exceeds 1.100, such a copolymer contains polymer chains having a
very high molecular weight. In this case, even when the number average
molecular weight is high, the low 5 temperature properties of the copolymer
are lowered by the adverse effects of the polymer chains having a very high
molecular weight. The neopentyl glycol copolymerization whole ratio NW of
the oxytetramethylene glycol copolymer of the 10 present invention is from
6 to 30 mold, preferably from 9 to 25 mold. The neopentyl glycol
copolymerization whole ratio (NPG copolymerization whole ratio) NW is
defined as the molar percentage of the amount of neopentyl glycol monomer
units present in the whole oxy 15 tetramethylene glycol copolymer, based on
the total molar amount of the tetrahydrofuran monomer units and the
neopentyl glycol units in the whole oxytetramethylene glycol copolymer. In
the present invention, NW is measured by means of 1H-NMR. Specifically, the
Nw 20 value is calculated from the integral value of the methylene protons
of methylene groups of a THF chain having methylene groups at both
terminals thereof and the integral value of the methyl protons of NPG. When
the NPG copolymerization whole ratio is less 25 than 6 mold, the
copolymerization effect becomes low,   28 and a copolymer having a number
average molecular weight of 2,000 or more takes a solid form at room
temperature. In other words, the melting point of such a copolymer becomes
higher than room temperature (20 C). 5 The term "copolymerization effect"
used in the present invention is defined as the lowering in the melting
point which is achieved by the copolymerization of THF with a comonomer,
wherein not only is the regularity of the THF homopolymer chain eliminated,
but a lowering in 10 the intermolecular interaction of the polymer chains
is also caused. On the other hand, when the NPG copolymerization whole
ratio is more than 30 mold, such a copolymer no longer exhibits the
above-mentioned copolymerization effect obtained by adjusting the NPG
copoly 15 merization ratio depending on each molecular weight range. The
melting point of an oxytetramethylene glycol copolymer can be lowered by
increasing the NPG copolymerization whole ratio, and a copolymer having an
NPG 20 copolymerization whole ratio of 20 mold or more no longer exhibits a
melting point. When the NPG copolymerization whole ratio is less than 20
mold, the melting point of an oxytetramethylene glycol copolymer is
elevated in accordance with an increase of the molecu 25 lar weight.
Further, the glass transition temperature  



29 becomes minimum at a point in the vicinity of from 3 to 20 mold in terms
of NPG copolymerization whole ratio. This minimization point varies
depending on the molecular weight of the copolymer, and the minimization
point 5 is lowered in accordance with the increase of the mo lecular
weight. In view of these properties, for lowBring the melting point and
glass transition temperature of an oxytetramethylene glycol copolymer, the
NPG copolymerization whole ratio of the oxytetramethylene 10 glycol
copolymer must be 6 mold or more. In addition, the oxytetramethylene glycol
copoly mer of the present invention has not only an NPG copolymerization
whole ratio within the above-mentioned range, but also different NPG
copolymerization ratios 15 in the low molecular weight-side fraction and in
the high molecular weight-side fraction. The present inventors have made an
extensive and intensive study for producing an oxytetramethylene glycol
copolymer having improved low temperature properties and have found that,
20 with respect to those relatively low molecular weight copolymers which
have a molecular weight of 2,000 or less, the glass transition temperature
becomes minimum at an NPG copolymerization ratio of approximately 10 mold,
and with respect to those relatively high molecu 25 lar weight copolymers
which have a molecular weight of   30 more than 2,000, the glass transition
temperature becomes minimum at a point within the range of 5 mold or less
in terms of an NPG copolymerization ratio. This finding implies that, even
with respect to a certain 5 oxytetramethylene glycol copolymer having the
same av erage molecular weight as that of the conventional
oxytetramethylene glycol copolymer, if the NPG copolymerization ratio of
each molecular weight fraction is specifically adjusted, it would be
possible to produce 10 an oxytetramethylene glycol copolymer having a low
melting point and a low glass transition temperature which have never been
achieved in the art. As a result of the specific adjustment of the NPG
copolymerization ratio of each molecular weight fraction, the oxytetra 15
methylene glycol copolymer of the present invention has a characteristic
wherein the number average molecular weight Mn, the neopentyl glycol
copolymerization whole ratio NW (mold) of the oxytetramethylene glycol
copolymer, and the neopentyl glycol copolymerization partial 20 ratio Nh
(mold) of a high molecular weight-side 15 wt~ fraction of the
oxytetramethylene glycol copolymer satisfy the relationship defined by the
following formula (II): 25 Nh ~ NWl.ii ~ Mno.s ~ p,0560 (II),   31 wherein
Nh is defined as the molar percentage of the amount of neopentyl glycol
monomer units present in the high molecular weight 5 side 15 wt~ fraction,
based on the total molar amount of the tetrahydrofuran monomer units and
the neopentyl glycol units in the high molecular weight-side 15 wt~
fraction. In the present invention, the "high molecular weight10 side 15
wt~ fraction" is a fraction of the oxytetrame thylene glycol copolymer,
which fraction corresponds to the area of a part of a whole peak
representing the molecular weight distribution over the whole range of from
a low molecular weight to a high molecular weight 15 in a gel permeation
chromatogram of the oxytetra methylene glycol copolymer, wherein the part
is taken on the side of the high molecular weight including the maximum
molecular weight in the whole peak and wherein the area of the part of the
whole peak is 15 ~, based 20 on the area of the whole peak. The high
molecular weight-side 15 wt~ fraction is obtained empirically by
preparative gel permeation chromatography (GPC). Specifically, the
molecular weight fractionation of the copolymer molecules is performed by
utilizing the dif 25 ference in retention time, and the high molecular   32
weight-side 15 wt~ fraction is obtained by recovering a fraction which
corresponds to a part of a whole peak in a gel permeation chromatogram of
the oxytetramethylene glycol copolymer, wherein the part is taken on the
side 5 of the high molecular weight including the maximum mo lecular weight
in the whole peak and wherein the area of the part of the whole peak is 15
~, based on the area of the whole peak. An example of a gel permeation
chromatogram of the oxytetramethylene glycol copolymer 10 of the present
invention is shown in Fig. 1. In Fig. 1, 



the left-hand side is the side of the high molecular weight and the
right-hand side is the side of the low molecular weight, and the hatched
portion shows the high molecular weight-side 15 wt~ fraction. There is 15
no particular limitation to the method for obtaining the gel permeation
chromatogram, but a preparative gel permeation chromatography was performed
in the present invention. The conditions employed in the present invention
for performing a preparative GPC are shown be20 low. Apparatus: LC-908
(manufactured and sold by Japan Analytical Industry Co., Ltd., Japan)
Columns: Shodex H2001 and H2002 are used when the number average molecular
weight is less than 25 3,000, and Shodex H2001, H2002 and H2002,5 are   33
used when the number average molecular weight is 3,000 or more (each
manufactured and sold by Showa Denko K. K., Japan); Detector: Differential
refractometer (RI); 5 Temperature: 40 C; Eluent: chloroform Flow rate of
the eluent: 3 ml/min; Sample: chloroform solution containing 3 wt~ of a
copolymer; 10 Amount of the injected sample: 3 ml; Sampling number for
fractions: 5; and Sampling interval for fractions: 10 sec. After obtaining
a chromatogram by GPC under the above-mentioned conditions, the fractions
on the high 15 molecular weight side are collected so that the total area
of the fractions corresponds to 15 ~ of the area of the whole peak
representing the molecular weight distribution over the whole range of from
a low molecular weight to a high molecular weight. Chloroform is dis 20
tilled off from the collected fraction at 60 C under 5 Torr to thereby by
obtain a high molecular weight-side 15 wt~ fraction, and the NPG
copolymerization ratio of the obtained high molecular weight-side 15 wt~
fraction is analyzed by 1H-NMR in the same manner as mentioned 25 above.
34 The abscissa of a chromatogram obtained by a preparative GPC, such as
mentioned above, indicates the retention time, wherein it should be noted
that the abscissa of a chromatogram obtained by an analytical GPC 5
indicates a logarithm of the molecular weight. Com parison of these two
types of chromatograms may reveal the absence of linearity between the
retention time and the logarithm of the molecular weight at the high
molecular weight side of the chromatograms. As a result, 10 the abscissa of
an ordinary GPC chromatogram showing the molecular weight distribution is
sometimes extended on the high molecular weight side thereof. Further, a
difference is observed in the molecular weight distribution due to the
difference in the preciseness of the 15 columns used for GPC. However, the
measurement result of a preparative GPC and the measurement result of an
analytical GPC become substantially the same when high performance columns,
such as those which are used in the present invention, are employed.
Therefore, a1 20 though the high molecular weight-side 15 wt~ fraction is
recovered by a preparative GPC in the present inven tion, it is considered
that the recovered high molecular weight-side 15 wt~ fraction is
substantially the same as a fraction of the oxytetramethylene glycol co 25
polymer obtained by an analytical GPC, which fraction   35 corresponds to
the area of a part of a whole peak rep resenting the molecular weight
distribution over the whole range of from a low molecular weight to a high
molecular weight in a gel permeation chromatogram of 5 the
oxytetramethylene glycol copolymer, wherein the part is taken on the side
of the high molecular weight including the maximum molecular weight in the
whole peak and wherein the area of the part of the whole peak is 15 ~,
based on the area of the whole peak. In the 10 present invention, the
preparative GPC was performed using LG-908 (manufactured and sold by Japan
Analytical Industry Co., Ltd., Japan) as a GPC apparatus and Shodex H2001,
H2002 and H2002.5 (each manufactured and sold by Showa Denko K. K., Japan)
as columns, and the 



15 analytical GPC was performed using HLC-8220 GPC (manu factured and sold
by Tosoh Corporation, Japan) as a GPC apparatus and TSKgel SuperH3000,
TSKgel SuperH2000 and TSKgel SuperH1000 (manufactured and sold by Tosoh
Corporation, Japan) as columns. 20 In formula (II) above, Nh which is the
molar per centage of the amount of neopentyl glycol monomer units present
in the high molecular weight-side 15 wt~ fraction has a large influence on
the glass transition temperature of the whole copolymer. In the polymer
chains 25 having high molecular weights, the glass transition   36
temperature becomes minimum when the NPG copolymerization ratio becomes
relatively low. Therefore, the glass transition temperature of the whole
copolymer can be lowered by decreasing the NPG copolymerization ratio 5 of
the high molecular weight copolymer chains. The index represented by
formula (II) above (here inafter, frequently referred to as "index (3") is
an em pirical formula obtained by the present inventors, and it is
preferred that the index (3 is as low as possible. 10 However, in practice,
it is technically difficult to produce a copolymer having a (3 value of
less than 0.035. The oxytetramethylene glycol copolymer of the pre sent
invention having all of the above-mentioned char acteristics (1) to (4)
exhibits improved low tempera 15 ture properties and can be advantageously
used for pro ducing elastic products having excellent properties. The
method for producing the oxytetramethylene glycol copolymer of the present
invention which has im 20 proved low temperature properties is explained in
de tail below. The method for producing the oxytetramethylene glycol
copolymer of the present invention comprises: subjecting tetrahydrofuran
and neopentyl glycol to 25 a copolymerization reaction in the presence of a
heter   37 opolyacid catalyst, the copolymerization reaction being
continuously performed in the presence of water in a continuous
copolymerization reactor while continuously feeding tet 5 rahydrofuran and
neopentyl glycol to the continuous co polymerization reactor and while
continuously removing water which is by-produced in the copolymerization
reaction so that the amount of water is adjusted to a level wherein a
two-phase reaction system is formed 10 which comprises an organic phase
comprising a solution of neopentyl glycol in tetrahydrofuran and having a
neopentyl glycol concentration of from 0.05 to 3.5 weight ~, based on the
weight of the organic phase, and a tetrahydrofuran/aqueous heteropolyacid
phase compris 15 ing a solution of an aqueous heteropolyacid catalyst in
tetrahydrofuran and having a specific gravity of from 1.8 to 2.3, wherein
the continuous copolymerization reaction is continued while maintaining the
two-phase reaction 20 system, to thereby form a copolymerization reaction
mixture comprising a reaction-formed organic phase containing an
oxytetramethylene glycol copolymer having a number average molecular weight
of from 800 to 5000 and a reaction-formed tetrahydrofuran/aqueous
heteropoly25 acid phase;   38 separating the reaction-formed organic phase
containing the oxytetramethylene glycol copolymer from the copolymerization
reaction mixture; and 



separating and purifying the oxytetramethylene 5 glycol copolymer from the
reaction-formed organic phase. Tetrahydrofuran (THF) and neopentyl glycol
(NPG) are raw materials for the oxytetramethylene glycol copolymer of the
present invention. The copolymer of the present invention is composed of
these two monomers, 10 but it may contain a small amount of other ether
type comonomers. Examples of other comonomers include
3methyl-tetrahydrofuran, 1,2-propylene oxide, 3-methyloxetane and the like.
In such an oxytetramethylene glycol copolymer, the copolymerization ratio
of a 15 comonomer other than NPG is the same as that of NPG, namely 6 to 30
mold. The heteropolyacid used as a polymerization catalyst in the present
invention is an acid obtained by the condensation of an oxide of at least
one metal spe 20 cies selected from the group consisting of molybdenum
(Mo), tungsten (W) and vanadium (V), and an oxyacid of other elements, such
as phosphorus (P), silicon (Si), arsenic (As), germanium (Ge), boron (B),
titanium (Ti), cerium (Ce) and cobalt (Co). The atomic ratio of the 25
metal species (any one or more of metals selected from   39 the group
consisting of Mo, W and V) contained in the heteropolyacid to other
elements in the heteropolyacid is 2.5 to 12. The heteropolyacid may be in
the form of a BrOn 5 sted acid or a salt thereof. Specific examples of
heteropolyacids and salts thereof include phosphomolybdic acid,
phosphotungstic acid, phosphomolybdotungstic acid, phosphomolybdovanadic
acid, phosphomolybdotungstovanadic acid, phosphotungstovanadic acid,
phospho 10 molybdoniobic acid, silicotungstic acid, silicomolybdic acid,
silicomolybdotungstic acid, silicomolybdotungsto vanadic acid,
germanotungstic acid, borotungstic acid, boromolybdic acid,
boromolybdotungstic acid, boromolybdovanadic acid,
boromolybdotungstovanadic acid, 15 cobaltmolbdic acid, cobalttungstic acid,
arsenomolybdic acid, arsenotungstic acid, titanomolybdic acid and
ceromolybdic acid, and metal salts thereof. A preferred heteropolyacid is
an oxyacid obtained by the condensation of an oxide of at least one metal
species 20 selected from the group consisting of Mo and W, and an oxyacid
of at least one element selected from P and Si. In the present invention,
the copolymerization reaction is continuously performed in the presence of
water in a continuous copolymerization reactor while con 25 tinuously
feeding tetrahydrofuran and neopentyl glycol   40 to the continuous
copolymerization reactor and while continuously removing water which is
by-produced in the copolymerization reaction so that the amount of water is
adjusted to a level wherein a two-phase reaction 5 system is formed. The
two-phase reaction system com prises an organic phase comprising a solution
of neopentyl glycol in tetrahydrofuran and having a neopentyl glycol
concentration of from 0.05 to 3.5 weight based on the weight of the organic
phase, and a tetra10 hydrofuran/aqueous heteropolyacid phase (hereinafter,
frequently referred to simply as a "catalyst phase") comprising a solution
of an aqueous heteropolyacid catalyst in tetrahydrofuran and having a
specific gravity of from 1.8 to 2.3. 15 In general, an anhydrous
heteropolyacid is spar ingly soluble in an anhydrous THF, but well soluble
in a mixed solvent prepared by adding a small amount of water to THF.
Water, THF and a heteropolyacid can be mixed together while adjusting the
amounts of water, 20 THF and heteropolyacid to values within their respec
tive ranges wherein the resultant mixture becomes a heteropolyacid
solution, to thereby obtain a catalyst phase having a specific gravity of
from 1.8 to 2.3. The reason why the reaction system used in the present 25
invention separates into two phases, namely an organic   41 phase and a
catalyst phase, is not fully elucidated, but it is considered that a small
amount of water is coordinated to the heteropolyacid. When the specific
gravity of the catalyst phase is 5 less than 1.8, the polymerization rate
is markedly low ered and the retention time in the polymerization reac for
becomes markedly long. As a result, the produced oxytetramethylene glycol
copolymer has a broad molecular weight distribution and exhibits a high
glass tran 10 sition temperature. Accordingly, it is preferred that 



the catalyst phase has a high specific gravity, especially a specific
gravity of 1.9 or more. However, when the specific gravity of the catalyst
phase exceeds 2.3, a part of the heteropolyacid catalyst contained in 15
the catalyst phase precipitates and the catalyst phase becomes a slurry.
The precipitated (solidified) heter opolyacid catalyst moves rapidly
between the catalyst phase and the organic phase, thereby causing the
catalytic activity in the organic phase to become high. As 20 a result, it
becomes difficult to produce a copolymer having a narrow molecular weight
distribution which is obtained by the use of a catalyst in the liquid
state. In addition, since only the acidic groups at the surface of the
solid heteropolyacid exhibit a catalytic 25 activity, the precipitation of
a large amount of a   42 solid heteropolyacid causes the number of
effective acid groups to be decreased, leading to a lowering of the
reaction rate. There is a correlation between the specific gravy ity of the
catalyst phase in the reaction system and the amount of water coordinated
to a heteropolyacid. When the catalyst phase is produced using a
heteropolyacid in which the amount of water coordinated thereto is 6 moles
per mole of the heteropolyacid, the specific 10 gravity of the catalyst
phase at room temperature be comes 1.6 to 1.7. Therefore, in order to
obtain a catalyst phase having a specific gravity of 1.8 or more) the
amount of water coordinated to the heteropolyacid must be less than 6 moles
per mole of the heteropoly 15 acid. It should noted that the specific
gravity of the catalyst phase is not determined solely by the amount of
water coordinated to the heteropolyacid, and that the specific gravity of
the catalyst phase is also influenced by the amount of NPG contained in the
reaction 20 system and the temperature of the reaction system. In any case,
under the polymerization conditions employed in the present invention, for
obtaining a catalyst phase having a specific gravity of 1.8 or more, the
amount of water coordinated to the heteropolyacid must 25 be less than 6
moles per mole of the heteropolyacid.   43 In the present invention, the
NPG concentration of the organic phase is maintained at 0.05 to 3.5 wt~.
Hereinbelow, the effects of maintaining the NPG concentration of the
organic phase at a constant value is ex5 plained in detail. In the
polymerization reaction of the present invention, polymers are elongated by
a complicated reaction mode which involves a simultaneous occurrence of
multiple reactions, such as a living cationic polymeri 10 zation of THF, a
termination reaction of the living cationic polymerization by the hydroxyl
group of NPG, and a copolymerization reaction comprising a dehydration
condensation between a hydroxyl group of a terminal THF unit and a hydroxyl
group of either a terminal 15 NPG unit or an NPG monomer. When the
polymerization reaction is performed under conditions wherein a polymer
chain consisting of THF (that is, the region in the copolymer which
consists of THF (THF homopolymer region)), which is produced by the living
cationic polym 20 erization, has a broad molecular weight distribution, the
final oxytetramethylene glycol copolymer contains a high molecular weight
polymer chain having a long THF homopolymer region and a middle to a low
molecular weight polymer chain having a short THF homopolymer re 25 gion.
Therefore, the molecular weight distribution of   44 the whole
oxytetramethylene glycol copolymer reflects the length of the THF
homopolymer region, and the polymer chains having different molecular
weights will contain substantially the same molar amount of NPG. 5 For
producing a copolymer having the above mentioned composition, it is
necessary to selectively perform the living cationic polymerization of THF.
Specifically, the above-mentioned copolymer is obtained only by maintaining
the NPG concentration of the or 10 panic phase at a constant value in the
range of from 0.05 to 3.5 wt~. It is considered that an appropriate amount
of NPG functions as a surfactant for the THF homopolymer in the catalyst
phase, and this enables a long THF homopolymer to reside in the catalyst
phase. 15 The NPG concentration of the organic phase must be maintained
within the range of from 0.05 to 3.5 wt~, and it is preferred that the NPG
concentration is of from 0 . 1 to 2 wt~ , more preferably from 0 . 1 to 1
wt~ . When the NPG concentration is maintained within the 20
above-mentioned range, there is a relative decrease in the NPG
copolymerization ratio of the high molecular weight polymer chains. When
the NPG concentration of the organic phase is less than 0.05 wt~, it is
impossible to produce an oxytetramethylene glycol copolymer 25 having an
NPG copolymerization ratio of 6 mold or more  



45 and, thus, the produced oxytetramethylene glycol copolymer exhibits high
melting point and high glass transition temperature. On the other hand,
when the NPG concentration of 5 the organic phase is 3.5 wt~ or more, NPG
significantly causes the termination of the living cationic polymeri zation
of THF, and only polymer chains having a very short THF polymer region are
produced. As a result, the molecular weight distribution of the THF
homopoly 10 mer region becomes very narrow, and the NPG copolymeri zation
ratio of the high molecular weight polymer chains in the molecular weight
distribution of the oxytetramethylene glycol copolymer becomes relatively
high. As explained above, in the high molecular weight 15 polymer chains,
the glass transition temperature be comes minimum when the NPG
copolymerization ratio is relatively low, and the glass transition
temperature of the whole oxytetramethylene glycol copolymer can be lowered
by decreasing the NPG copolymerization ratio of 20 the high molecular
weight polymer chains. In the method of the present invention, water which
is by-produced during the copolymerization reaction is removed from the
continuous copolymerization reactor. In a continuous reaction, when the by
25 produced water is not removed from the reaction system,   46 system
reaction ed in tre ~ the cata_ o~ Water contain eci~ic gxavi.tY o se and a
th tre amount nd lowers the sp tre organic Pra tre xeactin increases a
trerebx causing ioxm prat ~,s~ instead o,~ lYst prase~ ase to become un
reaction system ater bx~ r catalyst P s a single_Prase Trexe~oxe~ W.on be
must system ~xm eaction sYsteml lZatxon xeacti 'ntaxn tre x ex a~. 5 a
tWOrPrase ring tre plYm stem so as to m constant produced du tre reaction
sY lYst 'erase at a removed ~.xom of the cats shod ea~.~~c 9xav~tY is made
on a me exa.za_ sP lunation a GopolY~` Value, ynbeloWr an exp duced during
th 1 ~exe Water bY"Px on cmfox removing resent ~.nventi tre bY_ Lion
xeact~n' metrd ~ tie P,Zation xeaGt~nxom tre Since the uous coPolYmexx
cantinaouslY ~ resent rises a nt~n mast be removed loYed yn tre p system ~5
p xoduced Water Tre metrod emp tre reachn ally P actson system, ving Water
~rm axe axetxoPrc rexe ntson ~x xem r Water and T~~ tem and T~~ rs ~s rove
metrod ~n Wric the reaction sys n amount Wricr z. is a o~~ ~xom tare in a
tre axe dystilled tre reaction mix ~ T~F removed by eotxPic turned t tre
amount  case tre a~' d by using uivalent to 'In thss a pex~oxme se e~. ~c
distillation' x and T~~) may b tre Baseus pra txP y~lati.on of Wate ~i9 ~ 2
~ Wrexeln disc stem sroWn in tre sY 25   47 containing the azeotropic vapor
is withdrawn from the reaction system or, alternatively, by using the
system shown in Fig. 3, wherein the reaction system is separated into the
organic phase and the catalyst phase, 5 followed by the withdrawal of the
azeotropic vapor of water and THF. In the method in which water and THF are
removed by azeotropic distillation from a reaction system containing both
the organic phase and the catalyst phase, 10 since the mol fraction of
water in the catalyst phase is higher than the mol fraction of water in the
organic phase, the mol fraction of water in the total of the organic phase
and the catalyst phase is higher than the mol fraction of the organic
phase. Therefore, this 15 method is considered to exhibit a higher water
removal efficiency than a method in which an organic phase is separated
from a catalyst phase and water is removed from the separated organic
phase. Further, in this method, a lowering of the inner pressure of the
reactor 20 so as to lower the boiling point of water is effective for
improving the water withdrawal rate. However, when water in the reaction
system comprising both the organic phase and the catalyst phase is removed
with THF by azeotropic distillation, a precise control of the 25 reaction
temperature may become difficult when the wa   48 



ter removal is performed at a high reaction rate such that the latent heat
of vaporization necessary for the azeotropic distillation adversely affects
the reaction temperature. 5 For removing water while maintaining the stable
polymerization reaction conditions, it is preferred that the reaction
system is separated into the organic phase and the catalyst phase and,
then, the azeotropic mixture of water and THF is withdrawn from the organic
10 phase. In this method, it is preferred that a part of the organic phase
withdrawn from the reaction system is returned to the reaction system so as
to achieve a predetermined retention time. In the present invention, the
copolymerization re 15 action proceeds in a two-phase reaction system
comprising an organic phase and a catalyst phase, and most of the
copolymerization reaction proceeds in the catalyst phase. For increasing
the reaction rate, it is necessary to increase the efficiency of contact
between the 20 organic phase containing THF and NPG which are the raw
material monomers and the catalyst phase which is the polymerization
reaction site. In the present invention, the reaction rate is increased by
appropriately controlling the shape of the reactor and the efficiency of 25
agitation so as to improve the efficiency of contact.   49 Hereinbelow) an
explanation is made with respect to the shape of the continuous
polymerization reactor and the efficiency of agitation. The continuous
polymerization reactor used in the 5 present invention may be or may not be
equipped with a baffle on the inner wall of the reactor. It is preferred
that the polymerization reactor is equipped with a baffle. With respect to
the liquid contents in the polymerization reactor, the L/D value (wherein L
repre 10 sents the depth of the liquid contents in the polymerization
reactor and D represents the diameter of the polymerization reactor) is
preferably in the range of from 0.5 to 10, more preferably from 1 to 3.
There is no particular limitation with respect to 15 the morphology of the
impeller. For example, the impeller is selected from an anchor impeller, a
turbine, a propeller, a plane blade puddle, a curved blade puddle, a
Pfaudler type impeller, and a Bulmarzin type impeller, preferably from an
anchor impeller, a turbine, 20 a propeller and puddles. The impellers may
have an an Bled blade or a pitched blade. The width of the blades greatly
varies depending on the type (morphology) of the impeller, and is not
particularly limited. The number of the blades attached to the shaft of the
im 25 peller is generally from 1 to 10, usually from 1 to 3.   50 However,
an impeller having more than ten blades and an impeller having only one
blade can be used without causing any problem. With respect to the size of
the impeller, it is preferred that the value d/D (wherein d 5 represents
the diameter of the blade of the impeller, which is twice as long as the
length of the blade of the impeller; and D represents the diameter of the
polymerization reactor) is from 0.1 to 0.95, preferably from 0.3 to 0.8.
The preferred range of the revolution 10 speed of the stirrer greatly
varies depending on the structure of the impeller. Therefore, the
revolution speed of the stirrer is controlled in accordance with the
structures of the reactor and impeller so as to give a motive power (P)
within the desired range. Ba 15 sically, it is preferred that the impeller
has a structure such that a large motive power is obtained by a slow
revolution speed. One method for improving the agitation efficiency of the
polymerization reactor is to increase the motive 20 power. Excellent
agitation efficiency is achieved when the motive power (P/V) applied to the
liquid per unit volume thereof {wherein P represents the motive power (kW)
applied to the liquid in the reactor and V repreBents the volume (m3) of
the liquid in the reactor} is 25 0.1 or more. Since an increase of the P/V
value re   51 sults in an increase of the reaction rate, it is preferred to
make the P/V value as large as possible. However, no further improvement is
achieved even when the P/V value becomes larger than 6. 5 Further, for
improving the agitation efficiency of the reaction system, it is preferred
that the ratio of the volume of the catalyst phase to the volume of the
liquid in the reactor (CV/V) {wherein CV represents the volume of the
catalyst phase in the reactor and V 10 represents the volume of the liquid
in the reactor} is from 0.1 to 0.9. In the continuous polymerization
reaction of the present invention, when the CV/V value is high, a
satisfactory polymerization reaction can be achieved even when the
retention time (V/F) of the raw 15 material monomers (THF and NPG) in the
reactor {wherein V represents the volume (m3) of the liquid in the reacfor
and F represents the rate (m3/hour) of feeding the raw materials to the
reactor} is small. In the method of the present invention for produc 20 ing
an oxytetramethylene glycol copolymer, the amount of oxygen present in the
reaction system is suppressed to a level as low as possible for preventing
the discoloration of the oxytetramethylene glycol copolymer which is caused
by the presence of oxygen during the 25 polymerization reaction.
Specifically, the oxygen con 



52 centration of the reaction system is preferably 1000 ppm or less, and
the low oxygen concentration can be achieved by performing the
polymerization reaction in an atmosphere of an inert gas, such as nitrogen
gas, 5 helium gas) argon gas and neon gas. A copolymerization reaction
mixture obtained in the above-mentioned manner can be left still after the
termination of the polymerization reaction to thereby effect a phase
separation of the reaction mixture into 10 a reaction-formed organic phase
containing the oxy tetramethylene glycol copolymer and a catalyst phase,
and only the reaction-formed organic phase can be recovered to thereby
remove a large part of the polymerization catalyst contained in the
reaction mixture. 15 However, since the reaction-formed organic phase
contains unreacted raw material monomers and a small amount of the
catalyst, it is preferred that further separation and purification of the
copolymer is performed. There is no particular limitation to the 20 method
for separating and purifying the copolymer and the copolymer can be
purified by any conventional method. For example, use can be made of a
purification method employed in the prior art, such as Unexamined Japanese
Patent Application Laid-Open Specification Nos. 25 Sho 60-203633, Sho
61-120830, Sho 61-123630) Hei 6   53 87951, Hei 9-291147, Hei 10-87811, Hei
10-87812 and Hei 10-87813. Hereinbelow, an explanation is made on one
example of a purification process which can be performed after 5 producing
a copolymer by the method of the present invention. The organic phase which
is separated from the catalyst phase is subjected to distillation to
thereby remove a portion of THF remaining in the organic phase. 10 It is
preferred that the temperature for distilling off THF is in the range of
from 40 to 100 C. Since a small amount of the polymerization catalyst is
also dissolved in the organic phase, the exposure of the organic phase to
high temperatures for a long time may 15 cause problems, such as
depolymerization of a THF ter urinal of the oxytetramethylene glycol
copolymer, and incorporation of the unreacted NPG into the
oxytetramethylene glycol copolymer by the dehydration condensation between
a part of the unreacted NPG and the oxy 20 tetramethylene glycol copolymer.
Therefore, the dis tillation of THF is preferably performed at a relatively
low temperature which is not higher than 70 C, more preferably 50 to 60 C.
Further, an optimum range of the distillation pressure may slightly vary
depend 25 ing on the area of the heat transfer and the retention   54 time
in the reaction system, but the distillation pres sure is preferably in the
range of from 0.1 to 5 atm. In addition, it is preferred that the degree of
vacuum is 200 Torr or more for maintaining the temperature of 5 the cooling
medium for cooling and condensing the dis tilled THF at room temperature or
higher, and the degree of vacuum of 600 Torr or less is preferred for
improving the distillation rate. Therefore, distillation of THF is
preferably performed under 200 to 600 Torr. 10 Next, a saturated
hydrocarbon having 6 to 10 car bon atoms (C6-Clo saturated hydrocarbon) is
added to the organic phase to thereby remove the residual catalyst. A
C6-Clo saturated hydrocarbon is preferably used for removing the catalyst,
and examples of such satu 15 rated hydrocarbons include cyclohexane,
cycloheptane, cyclooctane, cyclononane, cyclodecane, methylcyclopentane,
methylcyclohexane, 2-ethylhexane, n-hexane, nheptane, n-octane, n-nonane
and n-decane. After the addition of the saturated hydrocarbon to the
organic 20 phase, the organic phase has the following composition: 10 to 60
wt~ of an oxytetramethylene glycol copolymer, 1 to 30 wt~ of THF and 10 to
89 wt~ of a saturated hydrocarbon. A saturated hydrocarbon is used as a
poor solvent for insolubilizing the heteropolyacid catalyst 25 dissolved in
the oxytetramethylene glycol copolymer.   55 However, when the
oxytetramethylene glycol copolymer is mixed solely with a saturated
hydrocarbon, the copolymer and the saturated hydrocarbon separate into two
liquid phases and the saturated hydrocarbon is incapa 5 ble of exhibiting a
satisfactory effect as a poor sol 



vent. For solving this problem, THF which is a good solvent for the
catalyst is used in an amount such that THF functions as a surfactant for
preventing the phase separation of the oxytetramethylene glycol copolymer
10 and the saturated hydrocarbon. Therefore, it is preferred that the
residual THF is contained in the organic phase in a minimum amount which
prevents the phase separation of the saturated hydrocarbon and the
oxytetramethylene glycol copolymer. The saturated hy 15 drocarbon is used
in an amount which is not less than the weight of the oxytetramethylene
glycol copolymer so that the saturated hydrocarbon functions effectively as
a poor solvent for the catalyst and the amount of the saturated hydrocarbon
is sufficient for removing the 20 catalyst. Only a very small amount of the
catalyst phase is separated from the organic phase by the addition of the
saturated hydrocarbon and, thus, a portion of the separated catalyst phase
gets mixed with the organic phase. 25 Therefore, it is preferred that the
organic phase is   56 filtered through a filter having a pore diameter of 1
~,m or less. A filter having a pore diameter of 0.5 ~.m or less is used to
filter off the catalyst phase more efficiently. 5 After the filtration
process, the amount of the catalyst remaining in the oxytetramethylene
glycol copolymer becomes 100 ppm or less. For further decreasing the
catalyst content of the oxytetramethylene glycol copolymer, the organic
phase as such can be con 10 tatted with a solid adsorbent, such as an
activated carbon, calcium oxide, magnesium oxide, cerium oxide, zirconium
oxide, alumina and silica alumina. The treatment with the adsorbent is
performed at a temperature wherein neither the solidification nor the
boiling 15 of the organic phase occurs. In general, the treatment with an
adsorbent is performed at -30 to 100 C, preferably at 0 to 67 C, more
preferably at 15 to 50 C. The amount of the residual catalyst in the
oxytetramethylene glycol copolymer can be decreased to 10 ppm or 20 less by
treating the organic phase with a solid adsorbent. An activated carbon is
preferably used as a solid adsorbent for removing the catalyst. The
resultant organic phase comprising the oxytetramethylene glycol copolymer
is a mixture which 25 additionally contains THF and NPG which are raw mate
57 rial monomers and a saturated hydrocarbon used for re moving the
catalyst. Such a mixture can be subjected to the below-mentioned
purification method of the present invention to remove THF, NPG and the
saturated 5 hydrocarbon. Alternatively, the mixture can be sub jected to
the purification method of the present inven tion after distilling off THF.
When THF is distilled off from the mixture, the resultant mixture separates
into a saturated hydrocarbon phase and an oxytetra 10 methylene glycol
copolymer phase, and the saturated hydrocarbon phase can be removed from
the oxytetramethylene glycol copolymer phase. The thus obtained
oxytetramethylene glycol copolymer phase is a solution containing 30 to 70~
of an oxytetramethylene glycol co 15 polymer, 0.02 to 10~ of NPG and 30 to
70~ of a satu rated hydrocarbon. NPG and a saturated hydrocarbon contained
in such a solution can be removed by not only the purification method of
the present invention, but also the conventional purification methods, such
as a 20 method described in Unexamined Japanese Patent Applica tion
Laid-Open Specification Nos. Hei 9-291147, Hei 10 87813 and Hei 1-92221.
However, it is preferred that the purification is performed by the
purification method of the present invention which comprises sub 25 jecting
the reaction mixture to continuous distillation   58 in the presence of
fresh tetrahydrofuran at a temperature of from 80 to 160  C under a
pressure of from 5 to 760 Torr, the fresh tetrahydrofuran being added in an
amount which is not less than the weight of the unre 5 acted diol contained
in the reaction mixture, to thereby distil off the unreacted diol from the
reaction mixture together with the added tetrahydrofuran. By the use of
this method, it becomes possible to separate the unreacted NPG without
causing the solidification of 10 NPG in a condensation system and the like,
and the separated NPG can be recycled to the copolymerization system. In
addition, the obtained oxytetramethylene glycol copolymer is thermally
stable because it contains only a very small amount of low molecular weight
15 components which are easily decomposed by heat. The oxytetramethylene
glycol copolymer obtained by the method of the present invention exhibits
highly improved low temperature properties due, for example, to low melting
point and low glass transition temperature. 



20 Therefore, elastic fibers (e. g., a polyester elastic fiber, a
polyurethane elastic fiber and the like), a polyurethane resin, a polyester
elastomer and the like having excellent low temperature properties can be
produced using the oxytetramethylene glycol copolymer of 25 the present
invention.   59 Further) it is noted that by the method of the present
invention, other oxytetramethylene glycol copolymers having excellent low
temperature properties can be produced by substituting another diol for
NPG. 5 In another aspect of the present invention, there is provided a
method for purifying an oxytetramethylene glycol copolymer, obtained by
copolymerizing tetrahy drofuran and a diol represented by the following for
10 mula (1): R~ HO CH C CH OH 2 2~ p I v r R2 q 15 wherein each of R1 and
RZ independently represents a hydrogen atom or a hydrocarbon group having
from 1 to 5 carbon atoms; and each of p, q and r independently represents
an inte 20 ger of from 0 to 6, with the proviso that the sum of p, q and r
is not less than 2, from a copolymerization reaction mixture comprising an
oxytetramethylene glycol copolymer and the unreacted diol, which comprises
subjecting the reaction mixture 25 to continuous distillation in the
presence of fresh   60 tetrahydrofuran at a temperature of from 80 to 160 C
under a pressure of from 5 to 760 Torr, the fresh tetrahydrofuran being
added in an amount which is not less than the weight of the unreacted diol
contained in the 5 reaction mixture, to thereby distil off the unreacted
diol from the reaction mixture together with the added tetrahydrofuran. As
explained above, the essential feature of the purification method for an
oxytetramethylene glycol co 10 polymer resides in the removal of an
unreacted diol. By the purification method of the present invention, it has
become possible for the first time to remove a diol from an
oxytetramethylene glycol copolymer without causing the clogging of a
condensation tube and a con 15 duit even when the diol solidifies at around
room temperature. Further) a diol which is separated by the purification
method of the present invention can be easily recycled to the
copolymerization reaction system. The purification method of the present
invention 20 is a method for purifying an oxytetramethylene glycol
copolymer, obtained by copolymerizing tetrahydrofuran and a diol
represented by formula (1) above, from a copolymerization reaction mixture
comprising an oxytetramethylene glycol copolymer and the unreacted diol.
The 25 copolymerization reaction mixture which can be sub   61 jected to
the purification method of the present inven tion is a reaction mixture
obtained by subjecting tetrahydrofuran and a diol represented by formula
(1) above to a copolymerization reaction by using an inor 5 ganic acid
catalyst, and the major component of the reaction mixture is an
oxytetramethylene glycol copolymer having a number average molecular weight
of from 250 to 5000. The copolymerization reaction mixture which can be 10
subjected to the purification method of the present invention is explained
below. 



Specific examples of a diol represented by formula (1) above include
ethylene glycol, propylene glycol, 1,3-propanediol, 1,4-butanediol,
1,3-butanediol, 1,5 15 pentanediol, 1,4-pentanediol, 1,3-pentanediol,
1,2pentanediol, neopentyl glycol, 1,6-hexanediol, 2methylbutane-1,4-diol,
1,7-heptanediol and 1,8-octanediol. The diol may be used individually or in
combination. Among the above-mentioned diols, ethylene glycol, 20 propylene
glycol, 1,3-propanediol, 1,4-butanediol, 1,3 butanediol, 1,5-pentanediol,
1,4-pentanediol, 1,3pentanediol, 1,2-pentanediol, neopentyl glycol,
2methylbutane-1,4-diol, 1,6-hexanediol, 1,5-hexanediol) 1,4-hexanediol,
1,3-hexanediol and 1,2-hexanediol which 25 are diols having 2 to 6 carbon
atoms have a relatively   62 low boiling point, so that these diols can be
easily recovered by distillation. There is no particular limitation with
respect to the inorganic acid used to obtain the reaction mixture 5 as long
as the inorganic acid exhibits the properties of a BrOnsted acid or a Lewis
acid. An inorganic acid which is most suitable for the catalyst is a
heteropolyacid. A heteropolyacid is an acid obtained by the condensation of
an oxide of at least one metal species 10 selected from the group
consisting of molybdenum (Mo), tungsten (W) and vanadium (V), and an
oxyacid of other elements, such as phosphorus (P), silicon (Si), arsenic
(As), germanium (Ge), boron (B), titanium (Ti), cerium (Ce) and cobalt
(Co). The atomic ratio of the metal 15 species (any one or more of metals
selected from the group consisting of Mo, W and V) contained in the
heteropolyacid to other elements in the heteropolyacid is 2.5 to 12. The
heteropolyacid may be in the form of a Br~n 20 sted acid or a salt thereof.
Specific examples of heteropolyacids and salts thereof include
phosphomolybdic acid, phosphotungstic acid, phosphomolybdotungstic acid,
phosphomolybdovanadic acid, phosphomolybdotungstovanadic acid,
phosphotungstovanadic acid) ~5 phosphomolybdoniobic acid, silicotungstic
acid, silico   63 molybdic acid, silicomolybdotungstic acid,
silicomolybdotungstovanadic acid, germanotungstic acid, borotungstic acid,
boromolybdic acid, boromolybdotungstic acid, boromolybdovanadic acid,
boromolybdotungsto 5 vanadic acid, cobaltmolbdic acid, cobalttungstic acid,
arsenomolybdic acid, arsenotungstic acid, titanomolybdic acid and
ceromolybdic acid, and metal salts thereof . For performing the
copolymerization reaction, an 10 inorganic acid as a polymerization
catalyst, THF and a diol as raw material monomers and a reaction terminator
are used. Specific examples of reaction terminators include water and a
diol which is a copolymerizing monomer. 15 The copolymerization reaction is
performed in a two-phase reaction system which comprises an organic phase
comprising a solution of a diol in tetrahydrofuran, and a
tetrahydrofuran/aqueous heteropolyacid phase (hereinafter, frequently
referred to as a "cata 20 lyst phase") comprising a solution of an aqueous
heteropolyacid catalyst in tetrahydrofuran and having a specific gravity of
from 1.8 to 2.3. The oxytetramethylene glycol copolymer produced by the
copolymerization reaction is dissolved in the organic phase. 25 The
inorganic acid used as a catalyst is sparingly   64 soluble in an anhydrous
THF, but well soluble in a mixed solvent prepared by adding a small amount
of water to THF. The reason why the inorganic acid is soluble in mixed
solvent of THF and water is not fully elu 5 cidated, but it is considered
that a small amount of water is coordinated to the inorganic acid. The
reaction system separates into a two-phase reaction system which comprises
an organic phase and a tetrahydrofuran/aqueous inorganic acid phase having
a specif is 10 gravity of from 1.8 to 2.3 by adjusting the amounts of
water, a diol, THF and the like which are present in the reaction system.
The copolymerization reaction for producing an oxytetramethylene glycol
copolymer can be performed in 15 a batchwise manner or a continuous manner.
There is no particular limitation with respect to the temperature for the
copolymerization reaction as long as the copolymerization reaction proceeds
at that temperature. However, for incorporating 2 or more diol 20 molecules
into a copolymer chain, a dehydration reac tion is generally required. For
performing the dehydration reaction, it is necessary to conduct the
copolymerization reaction at a high temperature which is not lower than 50
C. Further, for avoiding the heat 25 decomposition of a diol and the
depolymerization of the   65 



produced oxytetramethylene glycol copolymer, it is pre ferred that the
reaction temperature is not more than 100 C. Especially when the
copolymerization reaction is performed at a temperature in the range of
from 55 5 to 80 C, the heat decomposition of a diol and the
depolymerization of the produced oxytetramethylene glycol copolymer are
suppressed, and the copolymerization can be performed under low pressure
conditions. Further, when 2 or more diol molecules are incor 10 porated
into a copolymer chain, the reaction rate can be improved by withdrawing
water by-produced by the reaction from the reaction system. With respect to
the method for withdrawing water from the reaction system, there can be
mentioned a method in which an azeotropic 15 vapor of water and THF are
distilled off from the reaction system and THF in an amount which is
equivalent to the amount of THF removed by the azeotropic distillation is
returned to the reaction mixture. This water withdrawal process can be
performed in a continuous 20 manner or an intermittent manner, but from the
view point of ease in performing the polymerization operation, the
water/THF vapor is continuously withdrawn from the reaction system while
simultaneously and continuously feeding THF containing only a small amount
of 25 water to the reaction system.   66 In this method, the azeotropic
distillation of wa ter and THF can be performed either by withdrawing the
gaseous phase composed of the azeotropic vapor from the reaction system or
by separating the reaction system 5 into the catalyst phase and the organic
phase, followed by the withdrawal of the azeotropic vapor of water and THF
from the separated organic phase. In the method in which water and THF are
removed by azeotropic distillation from a reaction system con 10 taming
both the organic phase and the catalyst phase, since the mol fraction of
water in the catalyst phase is higher than the mol fraction of water in the
organic phase, the mol fraction of water in the total of the organic phase
and the catalyst phase is higher than the 15 mol fraction of the organic
phase. Therefore, this method is considered to exhibit higher water removal
efficiency than a method in which the organic phase is separated from the
catalyst phase and, then, water is removed from the organic phase. Further,
in this 20 method) a lowering of the inner pressure of the reactor for
lowering the boiling point of water is effective for improving the water
withdrawal rate. However, in a method in which water in the reaction system
comprising both the organic phase and the catalyst phase is re 25 moved
with THF by azeotropic distillation, when the wa   67 ter removal is
performed at a high reaction rate such that the latent heat of vaporization
necessary for the azeotropic distillation adversely affects the reaction
temperature, a precise control of the reaction temperas ture may become
difficult. For removing water while maintaining the stable polymerization
reaction conditions, it is preferred that the reaction system is separated
into the organic phase and the catalyst phase and, then, the azeotropic 10
mixture of water and THF is withdrawn from the organic phase. In this
method, it is preferred that a part of the organic phase withdrawn from the
reaction system is returned to the reaction system so as to achieve a
predetermined retention time. 15 For producing an oxytetramethylene glycol
copoly mer, the amount of oxygen present in the reaction sys tem is
suppressed to a level as low as possible for preventing the discoloration
of the oxytetramethylene glycol copolymer which is caused by the presence
of 20 oxygen during the polymerization reaction. Specifi cally, the oxygen
concentration of the reaction system is preferably 1000 ppm or less, and
the low oxygen concentration can be achieved by performing the
polymerization reaction in an atmosphere of an inert gas, such 25 as
nitrogen gas, helium gas, argon gas and neon gas.   68 When the
copolymerization reaction mixture obtained in the above-mentioned manner is
left still after the termination of the polymerization reaction, a phase
separation of the reaction mixture into a reac 5 tion-formed organic phase
containing the oxytetra methylene glycol copolymer and a catalyst phase
occurs. If only the reaction-formed organic phase thus obtained is
recovered a large part of the polymerization catalyst contained in the
reaction mixture can be removed. 10 However, since the reaction-formed
organic phase contains a small amount of the catalyst, it is preferred that
the residual catalyst is removed before performing the purification method
of the present invention. Next, an explanation is made on one example of a
15 method for preparing a reaction mixture which can be subjected to the
purification method of the present invention. The organic phase which is
separated from the catalyst phase is subjected to distillation to thereby
20 remove a portion of the THF remaining in the organic phase. It is
preferred that the temperature for distilling off THF is in the range of
from 40 to 100 C. Since a small amount of the polymerization catalyst is
also dissolved in the organic phase, the exposure of 



25 the organic phase to high temperatures for a long time   69 may cause
problems, such as depolymerization of a THF terminal of the
oxytetramethylene glycol copolymer, and incorporation of the unreacted diol
into the oxytetramethylene glycol copolymer by the dehydration condensa 5
tion between a part of the unreacted diol and the oxy tetramethylene glycol
copolymer. Therefore, the distillation of THF is preferably performed at a
relatively low temperature, that is, a temperature which is not more than
70  C, more preferably 50 to 60  C. Fur 10 ther, an optimum range of the
distillation pressure may slightly vary depending on the area of the heat
transfer and the retention time of THF in the reaction system, but, in
general, the distillation pressure is preferably in the range of from 0.1
to 5 atm. In addi 15 tion, it is preferred that the degree of vacuum is 200
Torr or more for maintaining the temperature of the cooling medium for
cooling and condensing the distilled THF at room temperature or higher, and
the degree of vacuum of 600 Torr or less is preferred for improving 20 the
distillation rate. Therefore, distillation of THF is preferably performed
under 200 to 600 Torr. Subsequently, the residual catalyst contained in the
organic phase is removed. There is no particular limitation with respect to
the method for removing the 25 residual catalyst, and there can be
mentioned a method   70 which uses a column for removing the catalyst
(i.e., a catalyst removal column), a method which uses a halogen-type
solvent, and a method in which the catalyst is precipitated by using a
saturated hydrocarbon. 5 When the catalyst is removed by using a catalyst
removal column, the organic phase is passed through a column packed with a
solid adsorbent, such as an activated carbon, calcium oxide, magnesium
oxide, cerium oxide, zirconium oxide, alumina and silica alumina. 10 The
treatment with the adsorbent is performed at a tem perature at which
neither solidification nor boiling of the organic phase occurs. In general,
the treatment with an adsorbent is performed at -30 to 100 C, preferably at
0 to 67 C, more preferably at 15 to 50 C. 15 In the method which uses a
halogen-type solvent, a halogenated hydrocarbon having 1 to 15 carbon
atoms, such as chloroform, trichlorotrifluoroethane, trichlorofluoroethane
or chlorobenzene, is added to the organic phase to thereby precipitate the
catalyst. 20 In the method which employs a saturated hydro carbon, a
saturated hydrocarbon having 6 to 10 carbon atoms is added to the organic
phase to thereby separate the resultant mixture into two phases. This
method is especially preferred because not only is high the cata 25 lyst
removal efficiency, but also the risk of causing a   71 corrosion of the
apparatuses used in commercial plants is low. A C6-Clo saturated
hydrocarbon is preferably used for removing the catalyst, and examples of
such saturated hydrocarbons include cyclohexane, cyclohep 5 tane,
cyclooctane, cyclononane, cyclodecane, methyl cyclopentane,
methylcyclohexane, 2-ethylhexane, nhexane, n-heptane, n-octane, n-nonane
and n-decane. As explained below, when a saturated hydrocarbon alone is
distilled off from the mixture of the organic phase and 10 the saturated
hydrocarbon, a low molecular weight hydrocarbon having 8 or less carbon
atoms is preferred. Alternatively, when a saturated hydrocarbon is
distilled off together with a diol and an added THF, for facilitating the
recycling of the saturated hydrocarbon 15 which is distilled off from the
mixture, it is pre ferred that the saturated hydrocarbon is one which is
capable of being separated from THF, based on the difference in boiling
point. That is, a preferred saturated hydrocarbon is a saturated
hydrocarbon having 7 20 or more carbon atoms which has a boiling point
different from that of THF . After the addition of the saturated
hydrocarbon to the organic phase, the organic phase has the following
composition: 10 to 60 wt~ of an oxytetramethylene gly 25 col copolymer, 1
to 30 wt~ of THF and 10 to 89 wt~ of a   72 saturated hydrocarbon. A
saturated hydrocarbon is used as a poor solvent for insolubilizing the
heteropolyacid catalyst dissolved in the oxytetramethylene glycol
copolymer. However, when the oxytetramethylene glycol 5 copolymer is mixed
solely with a saturated hydrocarbon, 



the copolymer and the saturated hydrocarbon separate into two liquid phases
and the saturated hydrocarbon is incapable of exhibiting a satisfactory
effect as a poor solvent. For solving this problem, THF which is a good 10
solvent for the catalyst is used in an amount such that THF functions as a
surfactant fox preventing the phase separation of the oxytetramethylene
glycol copolymer and the saturated hydrocarbon. Therefore, it is preferred
that the residual THF is contained in the or 15 ganic phase in a minimum
amount which prevents the phase separation of the saturated hydrocarbon and
the oxytetramethylene glycol copolymer. The saturated hydrocarbon is used
in an amount which is not less than the weight of the oxytetramethylene
glycol copolymer so 20 that the saturated hydrocarbon functions effectively
as a poor solvent for the catalyst and the amount of the saturated
hydrocarbon is sufficient for removing the catalyst. Only a very small
amount of the catalyst phase is 25 separated from the organic phase by the
addition of the   73 saturated hydrocarbon and, thus, a portion of the
separated catalyst phase gets mixed with the organic phase. Therefore, it
is preferred that the organic phase is filtered through a filter having a
pore diameter of 1 5 ~m or less. A filter having a pore diameter of 0.5 Eun
or less is used to filter off the catalyst phase more efficiently. After
the filtration process, the amount of the catalyst remaining in the
oxytetramethylene glycol co 10 polymer becomes 100 ppm or less. For further
decreasing the catalyst content of the oxytetramethylene glycol copolymer,
the organic phase as such can be treated with the catalyst removal column
mentioned above. The amount of the residual catalyst in the 15
oxytetramethylene glycol copolymer can be decreased to 10 ppm or less by
such a treatment. The resultant organic phase comprising the
oxytetramethylene glycol copolymer is a mixture which additionally contains
THF and a diol which are raw mate 20 rial monomers and a saturated
hydrocarbon used for re moving the catalyst. Such a mixture can be
subjected to the purification method of the present invention.
Alternatively, the mixture can be subjected to the purification method of
the present invention after dis 25 tilling off THF. When THF is distilled
off from the   74 mixture, the resultant mixture separates into a saturated
hydrocarbon phase and an oxytetramethylene glycol copolymer phase, and the
saturated hydrocarbon phase can be removed from the oxytetramethylene
glycol co 5 polymer phase. Next, a detailed explanation is made on the
method for purifying an oxytetramethylene glycol copolymer from a
copolymerization reaction mixture comprising an oxytetramethylene glycol
copolymer and an unreacted 10 diol. The purification method of the present
invention comprises subjecting the reaction mixture to continuous
distillation in the presence of fresh tetrahydrofuran at a temperature of
from 80 to 160 C under a pressure 15 of from 5 to 760 Torr, the fresh
tetrahydrofuran being added in an amount which is not less than the weight
of the unreacted diol contained in the reaction mixture, to thereby distil
off the unreacted diol from the reac tion mixture together with the added
tetrahydrofuran. 20 The reaction mixture which is subjected to the pu
rification method of the present invention may or may not contain a
saturated hydrocarbon. The reaction mix ture obtained by removing the
catalyst with a saturated hydrocarbon contains 30 to 70 ~ of an
oxytetramethylene 25 glycol copolymer, 0.02 to 10 ~ of a diol and 30 to 70
~   



75 of a saturated hydrocarbon. On the other hand, when the catalyst is
removed without using a saturated hydrocarbon, for example, by using a
catalyst removal column, the resultant reaction mixture contains 20 to 5 99
~ of an oxytetramethylene glycol copolymer, 1 to 80 ~ of THF and 0.02 to 10
~ of a diol. It should be noted that the reaction mixture may or may not
contain THF. When the reaction mixture contains only a small amount of THF,
a large part of THF has been removed 10 during the removal of the catalyst.
There are two different modes for purifying an oxytetramethylene glycol
copolymer from a reaction mixture containing a saturated hydrocarbon. One
of the two modes is a one-step purification method in which a 15 saturated
hydrocarbon is removed together with unre acted diol and an added THF by
distillation in one step, and the other mode is a two-step purification
method in which a saturated hydrocarbon is distilled off from a reaction
mixture in a first step and, then, the unre 20 acted diol is distilled off
together with the added THF from the reaction mixture in a second step. The
onestep purification method can be used for purifying an oxytetramethylene
glycol copolymer from a reaction mixture which does not contain a saturated
hydrocarbon. 25 The one-step purification method is explained be   76 low
referring to Fig. 4. Fig. 4 is a schematic diagram showing an example of
the continuous purification system for performing the one-step purification
method which is used for pu 5 rifying the oxytetramethylene glycol
copolymer of the present invention. A reaction mixture is stored in
reaction mixture tank 16 and fed to the upper portion of distillation
column 26 by using pump 24. In distillation column 26, 10 the distillation
temperature is maintained at 80 to 160 C. An oxytetramethylene glycol
copolymer exhibits almost no vapor pressure at a distillation temperature
from 80 to 160 C and, thus, the oxytetramethylene glycol copolymer as such
flows downward to the bottom por 15 tion of the distillation column. On the
other hand, a saturated hydrocarbon and a diol in the reaction mix ture are
converted into a gaseous component and sepa rated from the
oxytetramethylene glycol copolymer. As explained above, since a diol
solidifies at 20 around room temperature, a diol which is separated as a
gaseous component in the distillation column is likely to solidify in
condensing means 27 which is provided in the downstream of the distillation
column and cause problems, such as clogging of a conduit. In the pre 25
sent invention, for preventing such a solidification of   77 the diol,
fresh THF in fresh THF tank 29 is vaporized using heating means 31 and the
resultant gaseous THF is fed to the bottom portion of distillation column
26 via pump 30 so as to distill off the diol together with the 5 fresh THF.
In the present invention, the "fresh THF" means a newly added THF and it is
different from the residual THF in the reaction mixture which is an
unreacted THF monomer. The fresh THF may be an unused THF or a recy10 cled
THF mentioned below. When a large amount of the fresh THF is fed from the
bottom portion of the distillation column, the distillation rate of the
diol becomes improved. However, an increase in the amount of the fresh THF
causes an 15 increase in the energy cost for the condensation of distilled
THF. As a consequence, the amount of the fresh THF being added to the
reaction mixture is the minimum amount of THF necessary for preventing the
solidification of the diol. More specifically, the fresh 20 THF is added in
an amount which is not less than the weight of the unreacted diol contained
in the reaction mixture. The amount of the fresh THF necessary for
distillation may vary depending on the amount of the diol contained in the
reaction mixture which is fed 25 from the top portion of the distillation
column, but in 



78 general, THF is fed at a feeding rate which is not lower than the
feeding rate of the reaction mixture, preferably not less than two times
the feeding rate of the reaction mixture. When the inner temperature of 5
the distillation column is 130 C or less, it is pre ferred that THF is fed
at a feeding rate which is not lower than 2.5 times the feeding rate of the
reaction mixture. In any case, the feeding rate of THF is not more than 100
times, preferably not more than 20 times, 10 more preferably not more than
5 times the feeding rate of the reaction mixture. Since the amount of the
unreacted diol contained in the reaction mixture is very small, when the
feeding rate of THF is in the abovementioned range, the weight ratio of the
added THF to 15 the unreacted diol becomes 800 or more, preferably 1,500 or
more and not more than 50,000. It is preferred that the diol is removed by
a multi-stage distillation. With respect to the inner pressure of the
distillation column, a low pressure is 20 preferred because the lower the
inner pressure of the distillation column, the higher the distillation
efficiency for removing diol. Specifically, the distillation is performed
under 760 Torr or less. However, for decreasing the amount of energy used
for condensing the 25 vapor distilled off from the distillation column, an
79 inner pressure of 5 Torr or more is necessary. Therefore, in the present
invention, it is preferred that the removal of the unreacted diol is
performed under a pressure from 5 to 760 Torr, preferably from 100 to 600 5
Torr, more preferably from 300 to 500 Torr. As explained above, in the
purification method of the present invention, a reaction mixture comprising
a diol, a saturated hydrocarbon and an oxytetramethylene glycol copolymer
is fed to the upper portion of a dis 10 tillation column to thereby cause
the reaction mixture to flow downward in the distillation column, and a
high temperature gaseous THF is fed to the bottom portion of the
distillation column to thereby cause the gaseous THF to flow upward in the
distillation column while va 15 porizing the diol and the saturated
hydrocarbon con tained in the reaction mixture at different stages of the
distillation column and withdrawing the vaporized diol and saturated
hydrocarbon together with the added THF from the column top of the
distillation column. 20 Such a distillation method employed in the present
invention is called a stripping method. The reaction mixture in which the
diol and the saturated hydrocarbon have been removed by the stripping
method is a viscous liquid comprising an oxytetra 25 methylene glycol
copolymer and THF. THF and other low   80 boiling point components
contained in this liquid are separated by centrifugal molecular
distillation apparatus 32. The distillation temperature used to separate
THF is 80 to 180 C. It is preferred that the distil s lation temperature is
as low as possible for suppress ing the heat deterioration of the
oxytetramethylene glycol copolymer. Specifically, the distillation is
preferably performed at 160 C or less. In addition, with respect to the
pressure, high vacuum is preferred, 10 but due to the problems concerning
the distillation ap paratus, the pressure in the range of from 0.01 to 10
Torr is appropriately used. Various molecular distillation apparatuses
other than the centrifugal molecular distillation apparatus can be used in
the present in 15 vention. Specifically, use can be made of a pot still
type molecular distillation apparatus, a falling film type molecular
distillation apparatus and a centrifugal molecular distillation apparatus.
As a centrifugal molecular distillation apparatus, there can be mentioned
20 a rotary tray type molecular distillation apparatus and an Arthur type
molecular distillation apparatus. The purification of the oxytetramethylene
glycol copolymer is completed by the removal of THF in the above-mentioned
manner. The purified oxytetramethylene 25 glycol copolymer is recovered in
oxytetramethylene gly   81 col copolymer tank 33 and the separated THF and
the low boiling point substances are recovered in raw material tank 28. The
purified oxytetramethylene glycol copolymer 5 can be analyzed by gas
chromatography to thereby con firm the composition of the purified
oxytetramethylene glycol copolymer. The purified oxytetramethylene glycol
copolymer comprises not more than 500 ppm of a diol, not more than 1,000
ppm of a saturated hydrocarbon and 10 not less than 98 ~ of an
oxytetramethylene glycol copolymer. In the above-mentioned one-step
purification method, THF, a diol and a saturated hydrocarbon which are
removed by the stripping method are obtained as a 



15 mixture. When raw material monomers containing a satu rated hydrocarbon
is reused in the copolymerization reaction, the saturated hydrocarbon may
cause an adverse effect on the copolymerization reaction rate. Therefore,
it is necessary to separate and remove the satu 20 rated hydrocarbon from
the recovered raw material monomers before reusing the recovered raw
material monomers. Next, the two-step purification method is explained
referring to Fig. 5. Fig. 5 is a schematic diagram showing another ex25
ample of the continuous purification system for per   82 forming the
two-step purification method which is used for purifying the
oxytetramethylene glycol copolymer of the present invention. The two-step
purification method is a method in 5 which a saturated hydrocarbon alone is
distilled off from the reaction mixture in a first step and, then, a diol
is distilled off by the stripping method in a secand step to thereby purify
an oxytetramethylene glycol copolymer. 10 A reaction mixture is fed to
centrifugal molecular distillation apparatus 19 from reaction mixture tank
16 by using pump 17 to thereby remove a saturated hydrocarbon from the
reaction mixture. The distillation performed in centrifugal molecular
distillation appara 15 tus 19 is performed under conditions wherein the
solu tion temperature is 70 to 160 C. The decomposition and discoloration
of the oxytetramethylene glycol copolymer are induced when the solution
temperature becomes too high and, thus, it is desired that the solu 20 tion
temperature is as low as possible. However, when the distillation
temperature is too low, a large amount of a saturated hydrocarbon will
remain in the oxytetramethylene glycol copolymer. As a consequence, the
solution temperature is preferably in the range of from 25 90 to 130  C.
83 The distillation pressure may vary depending on the distillation
apparatus and distillation temperature used, but the distillation pressure
is in the range of from 1 to 450 Torr. When the distillation apparatus is 5
relatively small, it is necessary to conduct the dis tillation under 100
Torr or less. The molecular distillation apparatus used for dis tilling off
the saturated hydrocarbon is not limited to the centrifugal molecular
distillation apparatus, and 10 use can be made of the various molecular
distillation apparatuses mentioned above. The saturated hydrocarbon content
of the reaction mixture can be decreased to 0.0001 to 0.002, in terms of
the weight ratio of the saturated hydrocarbon to the 15 oxytetramethylene
glycol copolymer, by removing the saturated hydrocarbon from the reaction
mixture by us ing centrifugal molecular distillation apparatus 19 un der
the above-mentioned conditions. The saturated hydrocarbon which is
separated and 20 removed by means of the centrifugal molecular distilla
tion apparatus 19 is recovered after subjected to a distillation treatment
by using distillation column 20. Since a portion of the diol contained in
the reaction mixture is also removed together with the saturated hy 25
drocarbon by the centrifugal molecular distillation,   84 the diol
contained in the saturated hydrocarbon solidifies in the distillation
column and the condensation system because the diol solidifies at around
room temperature. For preventing such a solidification of diol, 5 it is
preferred that water which is a good solvent for a diol is added to the
distilled-off saturated hydrocarbon (containing a diol) and the diol is
removed from the resultant mixture by condensation thereof. Specifically,
after recovering the saturated hydrocarbon 



10 containing a diol from centrifugal molecular distilla tion apparatus 19,
water is added to the saturated hy drocarbon by using pump 24. Water is
added in an amount which is sufficient to prevent the solidification of a
diol in the distillation column. Specifi 15 cally, the amount of water
added is at least 5 times the weight of unreacted diol contained in the
reaction mixture. Since water causes a lowering of the boiling point of the
saturated hydrocarbon by forming an azeotropic mixture with the saturated
hydrocarbon, for 20 facilitating the distillation of the saturated hydro
carbon (that is, for exhibiting the azeotropic effect of water), the weight
ratio of the water to the saturated hydrocarbon is from 0.1 to 1,
preferably from 0.25 to 0.5. 25 The saturated hydrocarbon having water
mixed   85 therewith is fed to distillation column 20. Since the saturated
hydrocarbon contains water, during the condensation reaction of diol which
is occurring in the distillation column, the diol contained in the satu 5
rated hydrocarbon is always condensed simultaneously with water which is a
good solvent for a diol. Therefore, the diol is not solidified in
distillation column 20. Further, during the distillation in distillation
column 20, water is fed from the top of the distilla 10 tion column by
using pump 34 so that the water concen tration of each stage of the
distillation column becomes constant. In addition, the gaseous diol which
is withdrawn from the column top of distillation column 20 is condensed in
condensing means 21 together with water 15 which has been fed to the
distillation column by using pumps 24 and 34. The condensate which is a
mixture of the saturated hydrocarbon and water is subjected to a two-phase
separation by using decanter 22 and the separated water is reused. 20 In
the two-step purification method, the saturated hydrocarbon-removed
reaction mixture is fed to distillation column 26 by using pump 25. The
diol remaining in the reaction mixture is removed in the second step of the
two-step purification method by the same strip 25 ping method (as mentioned
in connection with the one   86 step purification method) by using
distillation column 26. The stripping method is performed under the
conditions which are explained in connection with the onestep purification
method. 5 A mixture of an oxytetramethylene glycol copolymer and THF is
obtained by the distillation performed in the second step (stripping
method) of the two-step purification method. Like the mixture obtained by
the one-step purification method, the mixture obtained by 10 the two-step
purification method is a viscous liquid comprising an oxytetramethylene
glycol copolymer and THF. THF and other low boiling point components
contained in this liquid are separated by centrifugal molecular
distillation apparatus 32 as in the one-step 15 purification method. The
purified oxytetramethylene glycol copolymer is recovered in
oxytetramethylene glycol copolymer tank 33 and the separated low boiling
point substances are recovered in raw material tank 28. The purified
oxytetramethylene glycol copolymer 20 can be analyzed by gas chromatography
to thereby confirm the composition of the oxytetramethylene glycol
copolymer. The purified oxytetramethylene glycol copolymer comprises not
more than 500 ppm of a diol, not more than 1,000 ppm of a saturated
hydrocarbon and not 25 less than 98 ~ of an oxytetramethylene glycol
copolymer.   87 The oxytetramethylene glycol copolymer obtained by either
of the above-mentioned two purification methods contains only trace amounts
of the low molecular weight components which are easily decomposed by heat
and, 5 thus, the obtained oxytetramethylene glycol copolymer has high
thermal stability. Further, in the two-step purification method, a
saturated hydrocarbon and a diol are separately removed in the course of
the purification process and, thus, 10 the separated saturated hydrocarbon
and the separated diol can be reused with ease.  



88 BEST MODE FOR CARRYING OUT THE INVENTION Hereinbelow, the present
invention will be de scribed in more detail with reference to the following
Examples and Comparative Examples, but they should not 5 be construed as
limiting the scope of the present in vention. In the following Examples and
Comparative Examples, various properties were measured using the following
10 methods. (1) Number average molecular weight of an oxytetra methylene
glycol copolymer The number average molecular weight of an oxy 15
tetramethylene glycol copolymer is calculated from the OH value of the
copolymer. i) Method for analysis ~O To a 50 ml eggplant type flask is
added an oxy 20 tetramethylene glycol copolymer in an amount (unit: mg)
which is 1.39 times the expected molecular weight of the oxytetramethylene
glycol copolymer. (For example, when the expected molecular weight is
1,800, 1800 x 1.39 = 2,502 mg is added.) 25 OO Approximately 5.0 g of a
pyridine solution of anhy   89 drous phthalic acid (a solution obtained by
dissolving 14 g of anhydrous phthalic acid into 100 ml of pyridine) is
added to the eggplant type flask containing the copolymer. 5 OO An air
condenser is attached to the eggplant type flask and the resultant eggplant
type flask is im mersed in an oil bath at 98 C while stirring slowly for 2
hours.  The eggplant type flask is taken out from the oil 10 bath and
cooled at room temperature for approxi mately 1 hour to obtain a mixture.
OO Aqueous 50 ~ by weight pyridine solution is added to the mixture
obtained in step  above from the upper portion of the air condenser. 15
The resultant mixture obtained in the eggplant type flask is agitated and,
then, neutralization titra tion is performed with 1N KOH by using phenol
phthalein as an indicator. OO Blank test was performed by repeating steps
~O to 20 above except that the oxytetramethylene glycol co polymer is not
used and 3.5 g of the pyridine solu tion of anhydrous phthalic acid is
used.  The OH value and the number average molecular weight 



of the oxytetramethylene glycol copolymer are calcu 25 laced in accordance
with the following formula:   90 OH value = [X x amount (g) of pyridine
solution of anhydrous phthalic acid - titration amount (ml) of aqueous KOH
solution] x KOH factor x 56.1/ amount (g) of oxytetramethylene 5 glycol
copolymer, wherein X represents the titration amount of aqueous KOH
solution (ml) in the blank test (using pyridine solution of anhydrous
phthalic acid). 10 KOH factor is the actual effective alkalinity of 1N
aqueous KOH solution. Mn is calculated from the OH value in accor dance
with the following formula: Mn = 112,200 / OH value. 15 (2) Molecular
weight distribution of an oxytetramethylene glycol copolymer The molecular
weight distribution of an oxytetra methylene glycol copolymer is obtained
by an analytical 20 gel permeation chromatography (analytical GPC). i)
Instruments GPC apparatus: HLC-8220 GPC (manufactured and sold by Tosoh
Corporation, Japan) 25 Column: TSKgel SuperH3000 (1 column),   91 TSKgel
SuperH2000 (2 columns) and TSKgel SuperH1000 (2 columns) (each manufactured
and sold by Tosoh Corporation, Japan) 5 ii) Conditions used for analysis
Detector: Differential refractometer (RI) Temperature: 40 C Eluent:
Chloroform (HPLC grade) 10 Flow rate of eluent: 0.4 ml/min Sample: 0.5 ~ by
weight solution of a copolymer in chloroform Amount of injected sample: 20
~.1 Molecular weight standards: Polystryrenes (Mn = 15 96,000, Mn = 30,300,
Mn = 13,000, Mn = 7,000, Mn = 5,050, Mn = 2,100, Mn = 1,300 and Mn = 580)
and styrene monomer (Mn = 104) (3) Preparative gel permeation
chromatography (prepa20 rative GPC) of an oxytetramethylene glycol
copolymer i) Instruments GPC apparatus: LC-908 (manufactured and sold by
Japan Analytical Industry Co., Ltd., 25 Japan)   92 Column: Shodex H2001
and H2002 are used when the number average molecular weight is less than
3,000, and Shodex H2001, H2002 and H2002.5 are used when the number average
5 molecular weight is 3,000 or more (each manufactured and sold by Showa
Denko K. K., Japan) ii) Conditions used for analysis 10 Detector:
Differential refractometer (RI) 



Temperature: 40  C Eluent: chloroform Flow rate of the eluent: 3 ml/min
Sample: chloroform solution containing 3 ~ by 15 weight of a copolymer
which is obtained by adding 1.5 g of a sample copolymer to 48.5 g of
chloroform Amount of the injected sample: 3 ml Sampling number for
fractions: 5 20 Sampling interval for fractions: 10 sec (4) Obtainment of a
high molecular weight-side 15 wt~ fraction of an oxytetramethylene glycol
copolymer A preparative GPC is performed under the condi25 tions described
in item (3) above to thereby obtain a   93 chromatogram (the abscissa
indicates the retention time and the ordinate indicates the RI detection
voltage). A fraction of the oxytetramethylene glycol copolymer which
corresponds to the area of a part of the whole 5 peak shown in the
chromatogram was recovered, wherein the part is taken on the side of the
high molecular weight including the maximum molecular weight in the whole
peak and wherein the area of the part of the whole peak is 15 ~, based on
the area of the whole peak. 10 Chloroform is distilled off from the
recovered fraction at 60 C under 5 Torr, thereby obtaining a high molecular
weight-side 15 wt~ fraction. (5) Neopentyl glycol copolymerization ratio 15
The neopentyl glycol copolymerization ratio is measured by means of 1H-NMR.
Specifically, the neopentyl glycol copolymerization ratio is calculated
from the integral value of the methylene protons of methylene groups of a
THF chain having methylene groups at 20 both terminals thereof and the
integral value of the methyl protons of NPG. 1H-NMR is performed under the
following conditions. i) Instruments 25 Apparatus: 1H-NMR model d-400
(manufactured and   94 sold by JEOL Ltd., Japan) ii) Conditions used for
analysis Observation frequency: 400 MHz (1H) 5 Pulse length: 45 Observation
temperature: room temperature Accumulation number: 64 Solvent: CDC13 10 (6)
Glass transition temperature Glass transition temperature of an
oxytetramethylene glycol copolymer is determined by means of the
below-mentioned differential scanning calorimeter (DSC). 15 i) Instruments
DSC apparatus: DSC220C (manufactured and sold by Seiko Instruments Inc.,
Japan) ii) Conditions used for analysis 20 Rate of increase in temperature:
10 C/min Range of temperature used for analysis: -100 to 100 C Atmosphere
used for analysis: Nitrogen gas atmosphere (flow rate: 40 m1/min) 25 Amount
of sample: 10 to 11 mg   95 (7) Thermal stability of an oxytetramethylene
glycol copolymer An oxytetramethylene glycol copolymer is analyzed 5 by
thermogravimetric analysis (TGA) by using the instrument and the conditions
explained below, to thereby determine the temperature at which the weight
of a sam ple copolymer is reduced by 5 ~. This temperature was used as an
index for thermal stability. 



10 i) Instrument Apparatus: TA 2950 (manufactured and sold by TA
Instrument, U.S.A) 15 ii) Conditions used for analysis Rate of increase in
temperature: 10 C/min Range of temperature used for analysis: Room
temperature to 500 C Atmosphere used for analysis: 20 Nitrogen gas
atmosphere (purge time: 1 hour) (8) Determination of a neopentyl glycol
(NPG) content A neopentyl glycol content of an organic phase or a reaction
mixture is determined by gas chromatography 25 (GC). Specifically, the gas
chromatography of a sample   96 is performed under the following conditions
to thereby separate NPG from the sample, and the NPG content is calculated
from the peak area of the chromatogram. 5 i) Instrument GC apparatus: GC17A
(manufactured and sold by Shimadzu Corporation, Japan) Column: ULTRA1
(manufactured and sold by Hewlett 10 Packard, U.S.A) Liquid phase:
Crosslinked Methyl Siloxane (length: 25 m, inner diameter: 0.2 mm,
thickness of film of liquid phase: 0.33 Eun) 15 ii) Conditions used for
analysis Temperature Injection: 300 C Detector: 300 C Column: maintained at
60 C for 5 min, followed 20 by temperature elevation to 300 C at a rate of
20 C/min; and, then, maintained at 300 C for 8 min. Sample: 10 ~ by weight
solution of a reaction mixture (or an organic phase) 25   97 iii) Method
for analysis Acetone solutions individually containing 50, 100, 500, 1000
and 5000 ppm of NPG are analyzed by GC to thereby obtain a chromatogram.
The relationship between 5 the peak area and the NPG concentration is
determined from the obtained chromatogram, and the determined rela tionship
is used to calculate the NPG concentration of the sample. 10 (9)
Heteropolyacid content The heteropolyacid used as a catalyst in the pre
sent invention contained tungsten as the metal species. Therefore, the
tungsten concentration of the hetero polyacid was determined by ICP-mass
spectrometry and 15 used as the heteropolyacid content. A. Apparatus:
PQS2-type ICP-MS (manufactured and sold by VG Elemental, England) 20 B.
Method for ICP-Mass Spectrometry: ~O Approximately 5 g of a sample is
placed in a quartz 



crucible. OO The crucible containing the sample is heated to cal25 cine the
sample, thereby obtaining a decomposition   98 product. OO To the
decomposition product obtained in step z0 above is added 2 ml of 35 ~
hydrochloric acid solu tion. Then, the resultant mixture is heated on a 5
hot plate to dissolve the decomposition product, thereby obtaining a
solution.  0.1 ml of an aqueous 1 ppm indium (In) solution is added to the
obtained solution as an internal stan dard. 10 OO Water is added to the
mixture obtained in step above so that the final volume of the solution be
comes 25 ml.  The solution obtained in step OO is subjected to ICP-Mass
spectrometry. 15 C. Preparation of a calibration curve: ~O A series of
solutions containing tungsten in various concentrations (5 to 10,000 ppb by
weight) is pre pared. 20 OO 0.1 ml of an aqueous 1 ppm indium (In) solution
as an internal standard is added to 5 g of each of the standard solutions
prepared in step ~O, thereby obtaming mixed solutions. OO Water is added to
the thus obtained solutions so 25 that the volume of each solution becomes
25 ml.   99  The resultant solutions are subjected to ICP-Mass spectrometry
so as to prepare a calibration curve. D. Determination of a heteropolyacid
content: 5 The tungsten concentration of a sample is deter mined by using
the calibration curve for tungsten. Example 1 (Continuous production of an
oxytetramethylene glycol 10 copolymer) 1 liter of tetrahydrofuran (THF)
containing not more than 120 ppm of water and 53.3 g of neopentyl gly col
(NPG) were added to a 2-liter separable flask and stirred at room
temperature, to thereby obtain a solu 15 tion. To the obtained solution was
added 650 g of phosphotungstic acid hexahydrate as a heteropolyacid (HPA)
catalyst and stirred at room temperature for approximately 1 hour, thereby
obtaining a mixture. The obtained mixture was allowed to stand still so
that the 20 mixture was separated into a lower catalyst phase and an upper
organic phase. An oxytetramethylene glycol copolymer was produced using the
production system shown in Fig. 2. The catalyst phase prepared above was
charged into 25 reactor 2. Subsequently, reactor 2 containing the   



100 catalyst phase was filled with the organic phase prepared above and the
excess organic phase was allowed to flow into catalyst separation vessel 3
which was connected to reactor 2. Reactor 2 was equipped with a 5 baffle
and two turbine blades. The whole system shown in Fig. 2 was purged with
nitrogen gas and the reaction was initiated by stirring (the motive power
applied to the liquid per unit volume of the reactor was 5.6 kW/m3) the
organic phase and the catalyst phase in the reactor 10 while heating the
reactor to a temperature in the range of from 66 to 69 C. Subsequently, raw
material tank 1 was charged with a THF solution obtained by dissolving
1,218 g of NPG and 266 g of phosphtungstic acid hexahydrate in 12,516 g of
THF and the THF solution was fed 15 from raw material tank 1 to reactor 2
at a flow rate of 79 ml/hr. The resultant reaction mixture in reactor 2 was
circulated between reactor 2 and catalyst separation vessel 3 as follows.
The reaction mixture was fed to catalyst separation vessel 3 from reactor 2
and 20 separated into two phases, namely an upper reaction formed organic
phase and a lower reaction-formed catalyst phase. The lower reaction-formed
catalyst phase was returned to reactor 2, while the upper reactionformed
organic phase was flowed up and collected in or 25 panic phase receiving
vessel 5 after passing through   101 refrigerator 4. Water by-produced
during the copolymerization reaction was removed by withdrawing an
azeotropic vapor of water and THF from reactor 2. The withdrawn azeotropic
vapor was condensed using condens 5 ing means 7 to thereby obtain a
THF/water mixture, and the obtained THF/water mixture was collected in
THF/water receiving tank 8. The THF/water mixture was withdrawn from
THF/water receiving tank 8 at a constant rate by using pump 12 and fed into
THF/water storage 10 tank 9. THF (water content: 120 ppm or less) was fed
to reactor 2 from THF tank 6 by using pump 11 so that the amount of THF fed
to reactor 2 was the same as the amount of THF withdrawn from reactor 2 as
the azeotropic vapor. THF was fed to reactor 2 at a feeding 15 rate which
was the same as the withdrawing rate of THF/water mixture by pump 12. The
reaction system was operated in the abovementioned manner so as to maintain
the volume of the reaction mixture in reactor 2 at 610 ml, the volume of 20
the catalyst phase in reactor 2 at 330 ml (thus, the ratio of the volume of
the catalyst phase to the total volume of the liquid in the reactor became
0.54), the NPG concentration of the organic phase at 0.80 ~ and the
specific gravity of the catalyst phase at 2.15. 25 When the reaction
temperature became stable at 68 C,   102 the continuous polymerization
reactor (reactor 2) was operated continuously for 33 hours. Subsequently,
an oxytetramethylene glycol copolymer was produced by operating the reactor
for 100 hours. The resultant co y polymerization reaction mixture was
separated into an upper reaction-formed organic phase and a lower
reaction-formed catalyst phase in catalyst separation vessel 3 and only the
reaction-formed organic phase was collected in organic phase receiving
vessel 5. The or 10 ganic phase recovered in organic phase receiving vessel
5 was used as a reaction-formed organic phase containing an
oxytetramethylene glycol copolymer. 0.5 wt~ of water and 4.0 wt~ of calcium
hydroxide, each based on the weight of the reaction-formed organic 15
phase, were added to the reaction-formed organic phase and stirred for
approximately 1 hour, to thereby precipitate the residual phosphotungstic
acid as a calcium salt thereof. The precipitate was filtered off by using a
membrane filter (pore diameter: 0.2 ~u,m) made of 20
polytetrafluoroethylene, thereby obtaining a filtrate. Unreacted low
boiling point components (raw material THF and the like) contained in the
filtrate were distilled off at 80 C under 10 Torr or less, thereby
obtaining a crude oxytetramethylene glycol copolymer. 25 Approximately 5 g
of the obtained crude oxytetramethyl   103 ene glycol copolymer was placed
in a 50 ml eggplant type flask and heated at 120 C under 0.05 Torr or less
for 5 minutes while slowly rotating the eggplant type flask, to thereby
remove the unreacted NPG. As a re 5 sult, an oxytetramethylene glycol
copolymer was obtained. The obtained oxytetramethylene glycol copolymer had
a number average molecular weight of 1610 and an NPG copolymerization whole
ratio NW of 15.6 mold. 10 Next, the remainder of the crude
oxytetramethylene glycol copolymer was subjected to a preparative GPC to
thereby obtain a high molecular weight-side 15 wt~ fraction. The NPG
copolymerization partial ratio Nh of the obtained high molecular
weight-side 15 wt~ fraction 15 was 9.9 mold. The melting point and glass
transition temperature of the obtained oxytetramethylene glycol copolymer
are shown in Table 2, together with other properties of the
oxytetramethylene glycol copolymer. 20 



Examples 2 to 8 An oxytetramethylene glycol copolymer was produced in
substantially the same manner as in Example 1, except that the reaction
conditions (composition of the 25 raw material liquid containing THF) NPG
and phospho   104 tungstic acid hexahydrate (HPA), feeding rate of the raw
material liquid (F), volume of the liquid in the reactor (V), volume of the
catalyst phase (CV), specific gravity of the catalyst phase, NPG
concentration, 5 motive power applied to the liquid per unit volume thereof
(P/V) and time required for stably operating the reaction system (Hr))
which are shown in Table 1 were employed. The properties of the produced
oxytetramethylene glycol copolymer are shown in Table 2. 10   105 p td H a~
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N   107 Comparative Example 1 An oxytetramethylene glycol copolymer was
produced using a 2-liter separable flask equipped with a fractional
distillation apparatus (comprising a fractiona 5 tion column, a
refrigerator, a reflux valve and the like), a stirrer and an inlet for
feeding THF. 220 g of THF and 185 g of NPG were added to the separable
flask and stirred to thereby obtain a homogeneous solutipn. To the thus
obtained solution was added 500 g of 10 phosphotungstic acid hexahydrate
(as a catalyst) while stirring, to thereby dissolve the catalyst in the
solu tion. The separable flask was immersed in an oil bath maintained at
100 C and nitrogen gas was fed to the flask at a feeding rate of 10 ml/min
from the upper 15 portion of the refrigerator attached thereto. The in ner
pressure of the separable flask was maintained at 0.2 kg/cm2G by providing
the flask with an exhaust valve which was adapted to be opened when the
inner pressure of the separable flask reaches 0.2 kg/cm2G. 20 The point in
time when the temperature of the reaction system reached 85 C was regarded
as the point in time of the initiation of the reaction. Thereafter, the
temperature of the reaction mixture was maintained at 85 C by feeding THF
to the separable flask. 40 Min 25 utes after the initiation of the
reaction, the bottom   108 temperature of the fractionation column was
adjusted to approximately 70 C to thereby initiate the fractional
distillation of water-containing THF. The copolymerization reaction was
continued for 14 hours in the 5 above-mentioned manner. During the
copolymerization reaction, the reaction mixture began to separate into a
catalyst phase and an organic phase. A change was observed in the
dispersion of the catalyst phase in the reaction mixture and the viscosity
of the separated 10 catalyst phase increased in accordance with the
progress of the copolymerization reaction. After the termination of the
reaction, the stirring of the reaction mixture was discontinued and the
reaction mixture was allowed to stand still for 20 min 15 utes to thereby
separate the reaction mixture into two phases, namely an upper
reaction-formed organic phase and a lower reaction-formed catalyst phase.
640 g of the upper reaction-formed organic phase was recovered from the
flask while leaving 340 cc of the lower reac 20 tion-formed catalyst phase
in the flask. To 640 g of the upper reaction-formed organic phase was added
5 g of calcium hydroxide and stirred at room temperature for approximately
1 hour to precipitate the residual catalyst and, then, the precipitate was
filtered off by 25 using a filter. THF contained in the thus obtained   109
filtrate was distilled off at 60 C under 10 Torr to thereby obtain a crude
oxytetramethylene glycol copoly mer. 10 g of the obtained crude
oxytetramethylene gly col copolymer was placed in a 100 ml eggplant type 5
flask and heated at 120 C under 0.1 Torr or less for 5 minutes, to thereby
remove the unreacted NPG. As a re suit, an oxytetramethylene glycol
copolymer was ob tained. The obtained oxytetramethylene glycol copolymer 10
had a number average molecular weight of 1820 and an NPG copolymerization
whole ratio Nw of 30 mold. The concentration of the residual NPG was not
less than 1 ~ 



by weight. The a value (represented by formula (I)) of the
oxytetramethylene glycol copolymer was 2.0 x 10-4 15 and, thus, the
oxytetramethylene glycol copolymer sat isfied a requirement of the present
invention. However, the ~ value (represented by formula (II)) of the
oxytetramethylene glycol copolymer was 0.0567 and, thus, the
oxytetramethylene glycol copolymer did not satisfy 20 another requirement
of the present invention. Other properties of the obtained
oxytetramethylene glycol co polymer are shown in Table 3. Comparative
Example 2 25 An oxytetramethylene glycol copolymer was produced   110 using
a 2-liter separable flask equipped with a fractional distillation apparatus
(comprising a fractionation column, a refrigerator, a reflux valve and the
like), a stirrer and an inlet for feeding THF. 220 g 5 of THF and 150 g of
NPG were added to the separable flask and stirred to thereby obtain a
homogeneous solution. To the thus obtained solution was added 500 g of
phosphotungstic acid hexahydrate (as a catalyst) while stirring, to thereby
dissolve the catalyst in the solu 10 tion. The separable flask was immersed
in an oil bath maintained at 85 C and nitrogen gas was fed to the flask at
a feeding rate of 10 ml/min from the upper portion of the refrigerator
attached thereto. The inner pressure of the separable flask was maintained
at 15 0.2 kg/cm2G by providing the flask with an exhaust valve which was
adapted to be opened when the inner pressure of the separable flask reaches
0.2 kg/cm2G. The point in time when the temperature of the reaction system
reached 85 C was regarded as the point in time 20 of the initiation of the
reaction. Thereafter, the temperature of the reaction mixture was
maintained at 74 C by feeding THF to the separable flask. 40 Minutes after
the initiation of the reaction, the bottom temperature of the fractionation
column was adjusted to 25 approximately 70 C to thereby initiate the
fractional   111 distillation of water-containing THF. The copolymerization
reaction was continued for 18 hours in the above-mentioned manner. During
the copolymerization reaction, the reaction mixture began to separate into
a 5 catalyst phase and an organic phase. A change was ob served in the
dispersion of the catalyst phase in the reaction mixture and the viscosity
of the separated catalyst phase increased in accordance with the progress
of the copolymerization reaction. 10 After the termination of the reaction,
the stirring of the reaction mixture was discontinued and the reaction
mixture was allowed to stand still for 20 minutes to thereby separate the
reaction mixture into two phases, namely an upper reaction-formed organic
phase 15 and a lower reaction-formed catalyst phase. 740 g of the upper
reaction-formed organic phase was recovered from the flask while leaving
340 cc of the lower reaction-formed catalyst phase in the flask. To 640 g
of the upper reaction-formed organic phase was added 7 g 20 of calcium
hydroxide and stirred at room temperature for approximately 1 hour to
precipitate the residual catalyst and, then, the precipitate was filtered
off by using a filter. THF contained in the thus obtained filtrate was
distilled off at 60 C under 10 Torr to 25 thereby obtain a crude
oxytetramethylene glycol copoly   112 mer. 10 g of the obtained crude
oxytetramethylene gly col copolymer was placed in a 100 ml eggplant type
flask and heated at 120 C under 0.1 Torr or less for 5 minutes, to thereby
remove the unreacted NPG. As a 5 result, an oxytetramethylene glycol
copolymer was obtained. The obtained oxytetramethylene glycol copolymer had
a number average molecular weight of 1800 and an NPG copolymerization whole
ratio NW of 21 mold. The 10 concentration of the residual NPG was not less
than 1 ~ by weight. The a value (represented by formula (I)) of the
oxytetramethylene glycol copolymer was 3.2 x 10-8 and, thus, the
oxytetramethylene glycol copolymer satisfied a requirement of the present
invention. However, 15 the ~ value (represented by formula (II)) of the oxy
tetramethylene glycol copolymer was 0.0568 and, thus, the oxytetramethylene
glycol copolymer did not satisfy another requirement of the present
invention. Other properties of the obtained oxytetramethylene glycol 20
copolymer are shown in Table 3. Comparative Example 3 



An oxytetramethylene glycol copolymer was produced using a 2-liter
separable flask equipped with a frac25 tional distillation apparatus
(comprising a fractiona   113 tion column, a refrigerator, a reflux valve
and the like), a stirrer and an inlet for feeding THF. 200 g of THF and 76
g of NPG were added to the separable flask and stirred to thereby obtain a
homogeneous solu 5 tion. To the thus obtained solution was added 500 g of
phosphotungstic acid hexahydrate (as a catalyst) while stirring, to thereby
dissolve the catalyst in the solution. The separable flask was immersed in
an oil bath maintained at 80 C. The point in time when the tem 10 perature
of the reaction system reached 71 C was re garded as the point in time of
the initiation of the reaction. Thereafter, the temperature of the reaction
mixture was maintained at 71 C by feeding THF to the separable flask. 40
Minutes after the initiation of 15 the reaction, the bottom temperature of
the fractiona tion column was adjusted to approximately 69 C to thereby
initiate the fractional distillation of watercontaining THF. The
copolymerization reaction was continued for 24 hours in the above-mentioned
manner. The 20 reaction was performed in a nitrogen atmosphere under an
atmospheric pressure. During the copolymerization reaction, the reaction
mixture began to separate into a catalyst phase and an organic phase. A
change was observed in the dispersion of the catalyst phase in the 25
reaction mixture and the viscosity of the separated   114 catalyst phase
increased in accordance with the pro gress of the copolymerization
reaction. After the termination of the reaction, the stir ring of the
reaction mixture was discontinued and the 5 reaction mixture was allowed to
stand still for 20 min utes to thereby separate the reaction mixture into
two phases, namely an upper reaction-formed organic phase and a lower
reaction-formed catalyst phase. 920 g of the upper reaction-formed organic
phase was recovered 10 from the flask while leaving 340 cc of the lower
reac tion-formed catalyst phase in the flask. To 640 g of the upper
reaction-formed organic phase was added 9 g of calcium hydroxide and
stirred at room temperature for approximately 1 hour to precipitate the
residual 15 catalyst and, then, the precipitate was filtered off by using a
filter. THF contained in the thus obtained filtrate was distilled off at 60
C under 10 Torr to thereby obtain a crude oxytetramethylene glycol copoly
mer. 10 g of the obtained crude oxytetramethylene gly20 col copolymer was
placed in a 100 ml eggplant type flask and heated at 120 C under 0.1 Torr
or less for 5 minutes, to thereby remove the unreacted NPG. As a result, an
oxytetramethylene glycol copolymer was ob tained. 25 The obtained
oxytetramethylene glycol copolymer   115 had a number average molecular
weight of 1750 and an NPG copolymerization whole ratio NW of 10 mold. The
concentration of the residual NPG was 500 ppm. The molecular weight
distribution Mw/Mn of the obtained oxy 5 tetramethylene glycol copolymer
was 1.8 and, thus, the oxytetramethylene glycol copolymer satisfied a
require ment of the present invention. However, the ~ value (represented by
formula (II)) of the oxytetramethylene glycol copolymer was 0.0562 and,
thus, the oxytetra 10 methylene glycol copolymer did not satisfy another
requirement of the present invention. Other properties of the obtained
oxytetramethylene glycol copolymer are shown in Table 3. 15 Comparative
Example 4 An oxytetramethylene glycol copolymer was produced using a
2-liter separable flask equipped with a fractional distillation apparatus,
a stirrer and an inlet fox feeding THF. 920 g of THF and 80 g of NPG were
20 added to the separable flask and stirred to thereby ob 



taro a homogeneous solution. To the thus obtained solution was added 600 g
of phosphotungstic acid hexahydrate (as a catalyst) while stirring, to
thereby dissolve the catalyst in the solution. The separable 25 flask was
immersed in an oil bath maintained at 75 C   116 while stirring the
solution in the flask for 15 hours, to thereby perform the copolymerization
reaction. The excess amount of by-produced water (i.e., remainder of the
by-produced water after consuming a part of water 5 for forming the polymer
terminals) was removed together with THF from the reaction system by
fractional distil lation. The distillate (THF/water mixture) was fed to the
bottom of an adsorption column made of glass (diameter: 44 mm, height: 100
mm) which was packed with 10 200 g of molecular sieves type 3A, to thereby
remove water by adsorption. The water-removed mixture (mainly composed of
THF) was withdrawn from the top of the adsorption column and returned to
the reaction system. Before feeding the distillate to the adsorption
column, 15 the adsorption column was filled with THF having a water content
of not more than 50 ppm. Approximately 2.4 kg of the distillate was
obtained after performing the reaction for 15 hours. After the termination
of the reaction, the stir 20 ring of the reaction mixture was discontinued
and the reaction mixture was allowed to stand still to thereby separate the
reaction mixture into two phases, namely an upper reaction-formed organic
phase and a lower reaction-formed catalyst phase. The upper reaction 25
formed organic phase was recovered by decantation. To   117 the recovered
upper reaction-formed organic phase was added calcium hydroxide, to thereby
precipitate the residual catalyst. The precipitate was filtered off by
using a filter, thereby obtaining a filtrate. THF and 5 NPG contained in
the filtrate were removed by distillation to thereby obtain a viscous
oxytetramethylene glycol copolymer. The obtained oxytetramethylene glycol
copolymer had a number average molecular weight of 1730 and an 10 NPG
copolymerization whole ratio NW of 13 mold. The concentration of the
residual NPG was 800 ppm. The a value (represented by formula (I)) of the
oxytetramethylene glycol copolymer was 1.2 x 10-8 and, thus, the
oxytetramethylene glycol copolymer satisfied a re 15 quirement of the
present invention. However, the (3 value (represented by formula (II)) of
the oxytetramethylene glycol copolymer was 0.0564 and) thus, the
oxytetramethylene glycol copolymer did not satisfy another requirement of
the present invention. Other 20 properties of the obtained
oxytetramethylene glycol copolymer are shown in Table 3. Comparative
Example 5 An oxytetramethylene glycol copolymer was produced 25 using a
2-liter separable flask equipped with a frac   118 tional distillation
apparatus, a stirrer and an inlet for feeding THF. 900 g of THF and 51 g of
NPG were added to the separable flask and stirred to thereby obtain a
homogeneous solution. To the thus obtained so 5 lution was added 510 g of
phosphotungstic acid hexa hydrate (as a catalyst) while stirring, to
thereby dis solve the catalyst in the solution. The separable flask was
immersed in an oil bath maintained at 75 C while stirring the solution in
the flask for 10 hours, 10 to thereby perform the copolymerization
reaction. The excess amount of by-produced water (i.e., remainder of the
by-produced water after consuming a part of water for forming the polymer
terminals) was removed together with THF from the reaction system by
fractional distil 15 lation. THF was continuously fed to the flask so that
the amount of THF fed to the flask was the same as the amount of THF
withdrawn from the flask as a distillate. After the termination of the
reaction, the stir ring of the reaction mixture was discontinued and the 20
reaction mixture was allowed to stand still to thereby separate the
reaction mixture into two phases, namely an upper reaction-formed organic
phase and a lower 



reaction-formed catalyst phase. The upper reaction formed organic phase was
recovered by decantation. To 25 the recovered upper reaction-formed organic
phase was   119 added 8 g of calcium hydroxide, and stirred for 30 minutes.
The resultant mixture was allowed to stand still for 1 day and night to
thereby precipitate the residual catalyst. The precipitate was filtered off
by using a 5 filter, thereby obtaining a filtrate. THF contained in the
filtrate was removed by fractional distillation at 40 C under 20 Torr.
Subsequently, the still residue was allowed to stand still at 120 C under
0.1 Torr or less for 5 minutes under conditions wherein the thick 10 ness
of the polymer film became 1 cm or less, thereby removing NPG from the
still residue. As a result, 180 g of a viscous copolymer was obtained. The
obtained oxytetramethylene glycol copolymer had a number average molecular
weight of 1720 and an NPG 15 copolymerization whole ratio NW of 10 mold.
The concentration of the residual NPG was 600 ppm. The a value (represented
by formula (I)) of the oxytetramethylene glycol copolymer was 8.5 x 10-8
and, thus, the oxytetramethylene glycol copolymer satisfied a requirement
of 20 the present invention. However, the ~ value (repre seated by formula
(II)) of the oxytetramethylene glycol copolymer was 0.0565 and, thus, the
oxytetramethylene glycol copolymer did not satisfy another requirement of
the present invention. Other properties of the obtained 25
oxytetramethylene glycol copolymer are shown in Table 3.   120 M N ,n b H
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x O O a r~ 0 G ~ro z z N   121 Comparative Examples 6 to 8 (Continuous
polymerization using a catalyst phase having a specific gravity of less
than 1.8) An oxytetramethylene glycol copolymer was produced 5 in
substantially the same manner as in Example 1, ex cept that the reaction
conditions (composition of the raw material liquid containing THF) NPG and
phosphotungstic acid hexahydrate (HPA), feeding rate of the raw material
liquid (F), volume of the liquid in the 10 reactor (V), volume of the
catalyst phase (CV), spe cific gravity of the catalyst phase, NPG
concentration, motive power applied to the liquid per unit volume thereof
(P/V) and time required for stably operating the reaction system (Hr))
which are shown in Table 4 15 were employed. The properties of the produced
oxytetramethylene glycol copolymer are shown in Table 5. As apparent from
Table 5 below, each of the copolymers obtained in Comparative Examples 6 to
8 had the ~ value (represented by formula (II)) satisfying a 20 requirement
of the present invention. However, the a value (represented by formula (I))
of each of the copolymers did not satisfy another requirement of the
present invention.   122 d' N p Ei b aa~ ~ a~ o_N ~ ~ ~ oU ~ x o ~ p NE tr
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124 Example 9 (A method in which the copolymerization reaction is performed
in the same manner as in Example 1, but the catalyst removal is performed
without using Ca(OH)2) 5 1 liter of tetrahydrofuran (THF) containing not
more than 120 ppm of water and 53.3 g of neopentyl gly col (NPG) were added
to a 2-liter separable flask and stirred at room temperature, to thereby
obtain a solution. To the obtained solution was added 650 g of 10
phosphotungstic acid hexahydrate as a heteropolyacid (HPA) catalyst and
stirred at room temperature for approximately 1 hour, thereby obtaining a
mixture. The obtained mixture was allowed to stand still so that the
mixture was separated into a lower catalyst phase and 15 an upper organic
phase. An oxytetramethylene glycol copolymer was produced using a
continuous production system shown in Fig. 2. The catalyst phase prepared
above was charged into reactor 2. Subsequently, reactor 2 containing the 20
catalyst phase was filled with the organic phase pre pared above and the
excess organic phase was allowed to flow into catalyst separation vessel 3
which was connetted to reactor 2. Reactor 2 was equipped with a baffle and
two turbine blades. The whole system shown 25 in Fig. 2 was purged with
nitrogen gas and the reaction   125 was initiated by stirring the organic
phase and the catalyst phase in the reactor while heating the reactor to a
temperature in the range of from 66 to 69 C. Subsequently, raw material
tank 1 was charged with a 5 THF solution obtained by dissolving 1,218 g of
NPG and 266 g of phosphtungstic acid hexahydrate in 12,516 g of THF and the
THF solution was fed from raw material tank 1 to reactor 2 at a flow rate
of 79 ml/hr. The resultant reaction mixture in reactor 2 was circulated be
10 tween reactor 2 and catalyst separation vessel 3 as follows. The
reaction mixture was fed to catalyst separation vessel 3 from reactor 2 and
separated into two phases, namely an upper reaction-formed organic phase
and a lower reaction-formed catalyst phase. The 15 lower reaction-formed
catalyst phase was returned to reactor 2, while the upper reaction-formed
organic phase was flowed up and collected in organic phase receiving vessel
5 after passing through refrigerator 4. Water by-produced during the
copolymerization reaction 20 was removed by withdrawing an azeotropic vapor
of water and THF from reactor 2. The withdrawn azeotropic vapor was
condensed using condensing means 7 to thereby obtain a THF/water mixture,
and the obtained THF/water mixture was collected in THF/water receiving
tank 8. 25 The THF/water mixture was withdrawn from THF/water re   126
ceiving tank 8 at a constant rate by using pump 12 and fed into THF/water
storage tank 9. THF (water content: 120 ppm or less) was fed to reactor 2
from THF tank 6 by using pump 11 so that the amount of THF fed to reac 5
for 2 was the same as the amount of THF withdrawn from reactor 2 as the
azeotropic vapor. THF was fed to reactor 2 at a feeding rate which was the
same as the withdrawing rate of THF/water mixture by pump 12. The reaction
system was operated in the above 10 mentioned manner so as to maintain the
volume of the reaction mixture in reactor 2 at 610 ml, the volume of the
catalyst phase in reactor 2 at 330 ml, the NPG concentration of the organic
phase at 0.80 ~ and the specific gravity of the catalyst phase at 2.15.
When the 15 reaction temperature became stable at 68 C, the con tinuous
polymerization reactor (reactor 2) was operated continuously for 33 hours.
Subsequently, an oxytetramethylene glycol copolymer was produced by
operating the reactor for 100 hours. The resultant copolymeriza 20 tion
reaction mixture was separated into an upper reac tion-formed organic phase
and a lower reaction-formed catalyst phase in catalyst separation vessel 3
and only the reaction-formed organic phase was collected in orpanic phase
receiving vessel 5. The organic phase re 25 covered in organic phase
receiving vessel 5 was used as   127 a reaction-formed organic phase
containing an oxytetra methylene glycol copolymer. The volume of the liquid
in the reactor was 610 ml, the volume of the catalyst phase was 330 ml, and
the 5 concentration of NPG in the organic phase of the reaction mixture was
0.80 5 kg of the reaction mixture was taken out from organic phase
receiving vessel 5 containing the reaction-formed organic phase produced
while stably operat 



10 ing the reaction system. THF contained in the reaction mixture was
removed by fractional distillation at 50 C under 50 mmHg so as to obtain a
copolymer concentrate having a copolymer concentration of from 45 to 60 ~
by weight. 15 To the obtained copolymer concentrate was added n octane in
an amount which was 1.5 times the weight of the copolymer concentrate, and
the resultant mixture was stirred so as to enable the phase separation of
the catalyst which was dissolved in the copolymer concen 20 trate. Since
the amount of the catalyst phase formed by the addition of n-octane was
very small, after removing the lower catalyst phase from the upper organic
phase, the residual catalyst dispersed in the upper orpanic phase was
filtered off by using a membrane filter 25 (pore diameter: 0.2 Vim) made of
polytetrafluoroethylene,   128 thereby obtaining a filtrate. The obtained
filtrate was a transparent liquid having a heteropolyacid concentration in
terms of tungsten concentration of 8 ppm. The filtrate (i.e., the organic
phase obtained af5 ter removing the catalyst phase) was fed to a column
packed with approximately 1 kg of an activated carbon, to thereby adsorb
and remove a small amount of the catalyst which was dissolved in the
filtrate by the activated carbon. The filtrate was fed to the column at 10
a flow rate of 5 liters/hr by using a pump. After the treatment with the
activated carbon, the reaction mix ture (effluent) had a heteropolyacid
(phosphotungstic acid) concentration in terms of tungsten concentration of
0.5 ppm. 15 Subsequently, THF was distilled off from the ef fluent by using
an Oldershaw distillation column (number of theoretical plates: 10) at 50 C
under 440 mmHg, thereby obtaining a THF removed, oxytetramethylene glycol
copolymer solution in octane. The obtained oxy 20 tetramethylene glycol
copolymer solution was cooled to 40 C so as separate the copolymer solution
into an noctane phase and an oxytetramethylene glycol copolymer phase. The
oxytetramethylene glycol copolymer phase was recovered as a partially
purified reaction mixture. 25 The partially purified reaction mixture
contained   129 53 ~ by weight of an oxytetramethylene glycol copolymer, 46
~ by weight of n-octane and 1 ~ by weight of NPG. The number average
molecular weight was 1710 and the NPG copolymerization whole ratio NW was
15.5 mold. 5 Example 10 (Two-step purification method) An oxytetramethylene
glycol copolymer was purified from the partially purified reaction mixture
obtained 10 in Example 9 by using the purification system shown in Fig. 5.
The partially purified reaction mixture obtained in Example 9 was placed in
reaction mixture tank 16 and the reaction mixture was fed from reaction
mixture tank 15 16 to mixer 18 at a flow rate of 12 ml/min by using pump
17. Water was fed to mixer 18 at a flow rate of 3.2 ml/min by using pump 24
so as to mix the reaction mixture with water in mixer 18. The resultant
mixture was fed to centrifugal molecular distillation apparatus 20 19 to
thereby remove octane and other low boiling point components from the
mixture at 120 C under 50 Torr. The distillate was a mixture of low boiling
point components including octane. The mixture of the low boil 



ing point components was fed to distillation column 20 25 (an Oldershaw
distillation column, number of theoreti   130 cal plates: 20, column
diameter: 50 mm, column height: 1,350 mm) to thereby distill off a mixture
of octane and water from the low boiling components. The distillation was
performed by feeding the mixture of the low 5 boiling point components to
the column top at a flow rate of 0.92 ml/min by using pump 34. The mixture
of octane and water which was distilled off from distillation column 20 was
fed to decanter 22 to thereby separate the mixture into a lower water phase
and an upper 10 octane phase. The lower water phase was recycled to either
mixer 18 by using pump 24 or distillation column 20 by using pump 34. The
upper octane phase was recovered in octane storage tank 23. The recovered
octane can be used for the phase separation of the catalyst 15 from the
reaction-formed organic phase. The reaction mixture treated with
centrifugal molecular distillation apparatus 19 was fed to distillation
column 26 (number of theoretical plates: 17, column diameter: 80 mm, column
height: 1272 mm, column 20 packing: Melapack CY) by using pump 25 at a flow
rate of 6.2 ml/min. A fresh THF was fed from fresh THF tank 29 to heating
means 31 at a flow rate of 20 ml/min by using pump 30 to thereby heat THF
to 120 C, and the resultant gaseous THF was fed to the bottom portion of 25
distillation column 26. The ratio of the NPG flow rate   131 to the THF
flow rate became approximately 170. Distillation column 26 was heated from
the outside thereof to maintain the temperature of the inner vapor at 120
C. The degree of vacuum inside the distillation column was 5 maintained at
450 Torr. The vapor withdrawn from the column top which was mainly composed
of THF was cooled by means of condensing means 27, to thereby liquefy the
vapor, and the liquefied vapor was fed to raw material tank 28. The high
temperature liquid withdrawn from 10 the bottom portion of distillation
column 26 had an oxytetramethylene glycol copolymer content of 90 ~ or
more. This liquid as such was fed to centrifugal molecular distillation
apparatus 32 and THF contained therein was removed at 120 C under 0.5 Torr,
thereby 15 obtaining a purified oxytetramethylene glycol copolymer. The
removed THF was recovered in raw material tank 28 and the purified
oxytetramethylene glycol copolymer was recovered in oxytetramethylene
glycol copolymer tank 33. When the conditions inside distillation column 26
be 20 came stable and the distillation column was filled with the
copolymer) raw material tank 28 was changed to raw material tank 28' (not
shown) so as to collect a THF solution composed of gaseous THF which was
recovered under stable conditions. 25 The THF solution in raw material tank
28' (not   132 shown) which was recovered under stable conditions had an
NPG concentration of 0.6 ~ and an octane concentration of 0.1 ~. The
purified oxytetramethylene glycol copolymer 5 recovered in
oxytetramethylene glycol copolymer tank 33 had an oxytetramethylene glycol
copolymer content of 99 ~ or more, an NPG content of less than 80 ppm and
an n-octane content of less than 50 ppm. The number average molecular
weight was 1710, the molecular weight 10 distribution was 1.75, the NPG
copolymerization whole ratio NW was 15.6 mold, and the ~ value (represented
by formula (II)) was 0.0543. The thermal stability of the oxytetramethylene
glycol copolymer was 333 C and the color index measured in accordance with
APHA was 10. 15 With respect to the above-mentioned analytical re sults of
the purified oxytetramethylene glycol copolymer, please note the following.
Each of the NPG content and the n-octane content was determined by gas
chromatography and the determined value was lower than 20 the detection
limit of the gas chromatography performed under conditions mentioned above.
The amount of the residual THF in the purified oxytetramethylene glycol
copolymer was determined in terms of the low boiling point components
distilled off by heating the oxytetra 25 methylene glycol copolymer at 80C
under 5 Torr for 30   133 minutes. The oxytetramethylene glycol copolymer
content of a purified oxytetramethylene glycol copolymer was determined by
subtracting the total weight of THF, NPG and n-octane contained in the
purified oxytetra 5 methylene glycol copolymer from the weight of the
purified oxytetramethylene glycol copolymer. 



Example 11 (Production of an oxytetramethylene glycol copolymer by 10 using
THF and NPG recovered in Example 10) 4 kg of the THF solution in raw
material tank 28', which was recovered in Example 10, was taken out, and
NPG and phosphotungstic acid hexahydrate (HPA) were added thereto in
amounts such that the NPG concentra 15 tion and the HPA concentration of
the resultant mixture became 8.7 ~ and 1.9 ~, respectively. The resultant
solution was used as a raw material liquid. An oxytetramethylene glycol
copolymer was produced in substantially the same manner as in Example 9
except that 20 use was made of the above-mentioned raw material liquid.
Further, since the amount of the raw material liquid was smaller than the
amount used in Example 9, the reaction was performed for only 25 hours
after the stabilization of the reaction conditions. 25 A reaction mixture
was obtained in the above   134 mentioned manner and 1.5 kg of the obtained
reaction mixture was partially purified in substantially the same manner as
in Example 9 and further purified in substantially the same manner as in
Example 1, thereby 5 obtaining a purified oxytetramethylene glycol
copolymer. The purified oxytetramethylene glycol copolymer had an
oxytetramethylene glycol copolymer content of 99 ~ or more, an NPG content
of less than 80 ppm and an n-octane content of less than 50 ppm. The number
aver10 age molecular weight was 1780, the molecular weight distribution was
1.77, the NPG copolymerization whole ratio NW was 15.8 mold, and the ~
value (represented by formula (II)) was 0.0543. The thermal stability of
the oxytetramethylene glycol copolymer was 334 C and the 15 color index
measured in accordance with APHA was 10. With respect to the
above-mentioned analytical re sults of the purified oxytetramethylene
glycol copolymer, please note the following. Each of the NPG content and
the n-octane content was determined by gas 20 chromatography and the
determined value was lower than the detection limit of the gas
chromatography performed under conditions mentioned above. The amount of
the residual THF in the purified oxytetramethylene glycol copolymer was
determined in terms of the low boiling 25 point components distilled off by
heating the oxytetra   135 methylene glycol copolymer at 80C under 5 Torr
for 30 minutes. The oxytetramethylene glycol copolymer content of a
purified oxytetramethylene glycol copolymer was determined by subtracting
the total weight of THF, 5 NPG and n-octane contained in the purified
oxytetramethylene glycol copolymer from the weight of the purified
oxytetramethylene glycol copolymer. THF and a diol recovered by the
stripping process and the centrifugal molecular distillation can be recy 10
cled without causing any adverse effects on the reaction rate and the
quality of the produced oxytetramethylene glycol copolymer. Example 12 15
(One-step purification method) The copolymerization reaction was performed
in substantially the same manner as in Example 9 except that the
polymerization reaction under stable reaction conditions was performed for
150 hours. A part of THF 20 contained in the thus obtained reaction mixture
was re moved by distillation and the catalyst contained in the reaction
mixture was removed by the addition of n-octane, followed by phase
separation and filtration. THF remaining in the resultant reaction mixture
was re 25 moved by distillation and, then, the reaction mixture   136 was
separated into an octane phase (upper phase) and a polymer phase (lower
phase). The polymer phase was recovered, thereby obtaining approximately 10
kg of a partially purified reaction mixture. 5 The obtained partially
purified reaction mixture had an oxytetramethylene glycol copolymer content
of 49 ~, an n-octane content of 49 ~, a THF content of 1 ~ and an NPG
content of 1 ~. An oxytetramethylene glycol copolymer was purified 10 from
the above-obtained reaction mixture by the one step purification method by
using the purification sys tem shown in Fig. 4. 



The partially purified reaction mixture obtained above was placed in
reaction mixture tank 16 and the 15 reaction mixture was fed from reaction
mixture tank 16 to distillation column 26 at a flow rate of 4.4 ml/min by
using pump 24. A fresh THF was fed from fresh THF tank 29 to heating means
31 at a flow rate of 8 ml/min by using pump 30, and a gaseous THF heated to
120 C 20 was fed to the bottom portion of distillation column 26. The ratio
of the NPG flow rate to the THF flow rate be came approximately 182.
Distillation column 26 was heated from the outside to maintain the
temperature of the inner vapor at 120 C. The degree of vacuum inside 25 the
distillation column was maintained at 450 Torr.   137 The vapor withdrawn
from the column top which was mainly composed of THF was cooled by means of
condensing means 27, to thereby liquefy the vapor, and the liquefied vapor
was fed to raw material tank 28. The 5 high temperature liquid withdrawn
from the bottom por tion of distillation column 26 had an oxytetramethylene
glycol copolymer content of 90 ~ or more. This liquid as such was fed to
centrifugal molecular distillation apparatus 32 and THF contained therein
was removed at 10 120 C under 0.5 Torr, thereby obtaining a purified
oxytetramethylene glycol copolymer. The removed THF was recovered in raw
material tank 28 and the purified oxytetramethylene glycol copolymer was
recovered in oxytetramethylene glycol copolymer tank 33. When the 15
conditions inside distillation column 26 became stable and the column was
filled with the copolymer, raw material tank 28 was changed to raw material
tank 28' (not shown) so as to collect a THF solution composed of gaseous
THF which was recovered under stable conditions. 20 The THF solution in raw
material 28' (not shown) which was recovered under stable conditions had an
NPG concentration of 0.5 ~ and an octane concentration of 18 ~. The
purified oxytetramethylene glycol copolymer 25 recovered in
oxytetramethylene glycol copolymer tank 33   138 had an oxytetramethylene
glycol copolymer content of 99 ~ or more, an NPG content of less than 80
ppm and an n-octane content of less than 50 ppm. The number average
molecular weight was 1800, the molecular weight 5 distribution was 1.78,
the NPG copolymerization whole ratio NW was 15.1 mold, and the ~ value
(represented by formula (II)) was 0.00519. Further, the thermal stability
of the oxytetramethylene glycol copolymer was 333 C and the color index
measured in accordance with 10 APHA was 10. With respect to the
above-mentioned analytical re sults of the purified oxytetramethylene
glycol copolymer, please note the following. Each of the NPG content and
the n-octane content was determined by gas 15 chromatography and the
determined value was lower than the detection limit of the gas
chromatography performed under conditions mentioned above. The amount of
the residual THF in the purified oxytetramethylene glycol copolymer was
determined in terms of the low boiling 20 point components distilled off by
heating the oxytetra methylene glycol copolymer at 80C under 5 Torr for 30
minutes. The oxytetramethylene glycol copolymer content of a purified
oxytetramethylene glycol copolymer was determined by subtracting the total
weight of THF, 25 NPG and n-octane contained in the purified oxytetra   139



methylene glycol copolymer from the weight of the puri fied
oxytetramethylene glycol copolymer. Example 13 5 (Production of an
oxytetramethylene glycol copolymer by using THF recovered in Example 12) 6
kg of THF solution in raw material tank 28', which was recovered in Example
12, was taken out and the n-octane content thereof was lowered to 1 ~ or
less 10 by distillation. Specifically, the THF solution was fed to a
continuous distillation column having a condensation zone (number of
theoretical plates: 5) and a recovery zone (number of theoretical plates:
5). A mixture mainly composed of THF and n-octane was with 15 drawn from
the top of the continuous distillation col umn and a mixture of NPG and
oligomers (NPG/oligomer mixture) was withdrawn from the bottom of the
continu ous distillation column. The continuous distillation column had a
column diameter of 5 cm and a column 20 height of 1 m, and the inner
pressure of the distilla tion column was 830 mmHg and the reflux ratio at
the column top was 3. The NPG/oligomer mixture which was withdrawn from the
bottom of the distillation column had an n-octane concentration of 1 ~ or
less) and the 25 distillate withdrawn from the column top contained 81 ~
140 of THF, 19 ~ of n-octane and approximately 0.1 ~ of NPG. The distillate
was subjected to distillation in a batchwise manner by using an Oldershaw
distillation column (number of theoretical plates: 10) under atmos 5 pheric
pressure with reflux ratio of 4, to thereby ob tain a THF solution having
an n-octane content of 0.01 ~. 4 kg of the thus obtained THF solution was
mixed with 60 g of the NPG/oligomer mixture withdrawn from the bottom of
the continuous distillation column. 10 To the resultant mixture were added
NPG and phosphotungstic acid hexahydrate (HPA) in amounts such that the NPG
concentration and the HPA concentration of the resultant mixture became 8.7
~ and 1.9 ~, respectively. The resultant solution was used as a raw
material liq 15 uid. An oxytetramethylene glycol copolymer was pro duced in
substantially the same manner as in Example 9 except that use was made of
the above-mentioned raw material liquid. Further, since the amount of the
raw material liquid was smaller than the amount used in Ex 20 ample 9, the
reaction was performed for only 15 hours after the stabilization of the
reaction conditions. A reaction mixture was obtained in the abovementioned
manner and 1.0 kg of the obtained reaction mixture was purified in
substantially the same manner 25 as in Example 3 to thereby obtain a
purified oxytetra   141 methylene glycol copolymer. The purified
oxytetramethylene glycol copolymer had an oxytetramethylene glycol
copolymer content of 98 ~ or more, an NPG content of less than 80 ppm and
an 5 n-octane content of less than 50 ppm. The number aver age molecular
weight was 1790, the molecular weight distribution was 1.77, the NPG
copolymerization whole ratio NW was 16.0 mold, and the ~ value (represented
by formula (II)) was 0.0516. :Further, the thermal stabil 10 ity of the
oxytetramethylene glycol copolymer was 335 C and the color index measured
in accordance with APHA was less than 10. THF and a diol recovered by the
stripping process and the centrifugal molecular distillation can be recy 



15 cled without causing any adverse effects on the reac tion rate and the
quality of the produced oxytetrame thylene glycol copolymer. Example 14 20
(Purification of a copolymer produced using 1,6 hexanediol as a diol) A
reaction mixture containing an oxytetramethylene glycol copolymer was
obtained in substantially the same manner as in Example 9 except that NPG
used in Example 25 9 was changed to an equivalent molar amount of 1,6   142
hexanediol. The obtained reaction mixture contained 55 % by weight of an
oxytetramethylene glycol copolymer composed of THF units and 1,6-hexanediol
units, 45 % by weight of n-octane and 1 % by weight of 1,6-hexanediol. 5
The above-obtained reaction mixture was purified in substantially the same
manner as in Example 10, thereby obtaining a purified oxytetramethylene
glycol copolymer. Specifically, the purification was performed in
substantially the same manner as in Example 10 10 except that the flow rate
of gaseous THF fed to the bottom portion of distillation column 26 was
changed so that the flow rate of gaseous THF became 5.3 times the amount of
1,6-hexanediol contained in the reaction mixture (i.e., the ratio of the
feeding rate of the reac 15 tion mixture to the feeding rate of gaseous THF
became approximately 901). As a result, a purified oxytetra methylene
glycol copolymer recovered in oxytetramethylene glycol copolymer tank 33
had an oxytetramethylene glycol copolymer content of 99 % or more, a 20
1,6-hexanediol content of less than 80 ppm and an n-octane content of less
than 50 ppm. The oxytetramethylene glycol copolymer had a number average
molecular weight of 1700 and a 1,6-hexanediol copolymerization whole ratio
of 15 mol%. 25   143 Example 15 (Purification of a copolymer produced using
1,3propanediol as a diol) A reaction mixture containing an
oxytetramethylene 5 glycol copolymer was obtained in substantially the same
manner as in Example 9 except that NPG used in Example 9 was changed to an
equivalent molar amount of 1,3propanediol. The obtained reaction mixture
contained 55 ~ by weight of an oxytetramethylene glycol copolymer 10
composed of THF units and 1,3-propanediol units, 45 by weight of n-octane
and 1 ~ by weight of 1,6-hexanediol. The above-obtained reaction mixture
was purified in substantially the same manner as in Example 10. As 15 a
result, the purified oxytetramethylene glycol copolymer recovered in
oxytetramethylene glycol copolymer tank 33 had an oxytetramethylene glycol
copolymer content of 99 ~ or more, a 1,3-propanediol content of less than
80 ppm and an n-octane content of less than 50 ppm. 20 The
oxytetramethylene glycol copolymer had a number average molecular weight of
1700 and a 1,3-propanediol copolymerization whole ratio of 15 mold.   144
INDUSTRIAL APPLICABILITY The oxytetramethylene glycol copolymer of the
present invention, which is obtained by copolymerizing tetrahydrofuran and
neopentyl glycol and which has a specific number average molecular weight,
a specific molecular weight distribution and a specific neopentyl glycol
copolymerization ratio, exhibits low melting point and low glass transition
temperature. By virtue of these improved properties, the oxytetramethylene
10 glycol copolymer of the present invention can be advan tageously used as
a raw material for high quality mate rials, such as a polyurethane, a
polyurethane urea and a polyester, which have excellent low temperature
properties. 15 Further, by the use of the method of the present invention
for purifying an oxytetramethylene glycol co polymer, it has become
possible to not only purify the copolymer without causing the clogging of a
condensation tube and a conduit by the solidification of the 



20 diol, but also recover a recyclable diol.   145 CLAIMS 1. An
oxytetramethylene glycol copolymer, obtained by copolymerizing
tetrahydrofuran and neopentyl glycol, 5 having the following
characteristics (1) to (4): (1) a number average molecular weight Mn of
from 800 to 5000; (2) a characteristic wherein the weight average molecular
weight Mw and the number average molecular 10 weight Mn satisfy either the
following (i) or the following (ii): (i) a molecular weight distribution of
1.8 or less in terms of the Mw/Mn ratio, or (ii) a molecular weight
distribution of more 15 than 1.8 in terms of the Mw/Mn ratio, wherein Mw
and Mn satisfy the relationship defined by the following formula (I): 20
101z x (Mw/Mn - 1,8)y95 S 1.100 (I); exp ( Mn x 1 . 2 / 10 0 ) (3) a
neopentyl glycol copolymerization whole ra do NW of from 6 to 30 mold,
wherein said neopentyl 25 glycol copolymerization whole ratio NW is defined
as the molar percentage of the amount of neopentyl glycol monomer units
present in the whole oxytetramethylene   146 glycol copolymer, based on the
total molar amount of the tetrahydrofuran monomer units and the neopentyl
glycol units in said whole oxytetramethylene glycol copolymer; and 5 (4) a
characteristic wherein the number average molecular weight Mn, the
neopentyl glycol copolymerization whole ratio NW (mold) of the
oxytetramethylene glycol copolymer, and the neopentyl glycol
copolymerization partial ratio Nh (mold) of a high molecular 10 weight-side
15 wt~ fraction of said oxytetramethylene glycol copolymer satisfy the
relationship defined by the following formula (II): Nh ~ N1.11 ~ Mno.3 < 0
. 0560 ( II ) , 15 wherein Nh is defined as the molar percentage of the
amount of neopentyl glycol monomer units present in said high molecular
weightside 15 wt~ fraction, based on the total molar 20 amount of the
tetrahydrofuran monomer units and the neopentyl glycol units in said high
molecular weight-side 15 wt~ fraction, wherein said high molecular
weight-side 15 wt~ fraction is a fraction of said oxytetramethylene glycol
copoly25 mer, which fraction corresponds to the area of a part of a whole
peak representing the molecular weight dis   147 tribution over the whole
range of from a low molecular weight to a high molecular weight in a gel
permeation chromatogram of said oxytetramethylene glycol copolymer, wherein
said part is taken on the side of the high mo 5 lecular weight including
the maximum molecular weight in said whole peak and wherein the area of
said part of the whole peak is 15 ~, based on the area of said whole peak.
10 2. A method for producing the oxytetramethylene glycol copolymer of
claim 1, which comprises: subjecting tetrahydrofuran and neopentyl glycol
to a copolymerization reaction in the presence of a heteropolyacid
catalyst, 15 said copolymerization reaction being continuously performed in
the presence of water in a continuous copolymerization reactor while
continuously feeding tetrahydrofuran and neopentyl glycol to the continuous
copolymerization reactor and while continuously removing 20 water which is
by-produced in the copolymerization re action so that the amount of water
is adjusted to a level wherein a two-phase reaction system is formed which
comprises an organic phase comprising a solution of neopentyl glycol in
tetrahydrofuran and having a 25 neopentyl glycol concentration of from 0.05
to 3.5   



148 weight ~, based on the weight of the organic phase, and a
tetrahydrofuran/aqueous heteropolyacid phase comprising a solution of an
aqueous heteropolyacid catalyst in tetrahydrofuran and having a specific
gravity of from 5 1.8 to 2.3, wherein said continuous copolymerization
reaction is continued while maintaining said two-phase reaction system, to
thereby form a copolymerization reaction mixture comprising a
reaction-formed organic phase con 10 taining a oxytetramethylene glycol
copolymer having a number average molecular weight of from 800 to 5000 and
a reaction-formed tetrahydrofuran/aqueous heteropolya cid phase; separating
said reaction-formed organic phase con 15 taining said oxytetramethylene
glycol copolymer from said copolymerization reaction mixture; and
separating and purifying said oxytetramethylene glycol copolymer from said
reaction-formed organic phase. 20 3. The method according to claim 2,
wherein said tet rahydrofuran/aqueous heteropolyacid phase has a spe cific
gravity of from 1.9 to 2.3. 25 4. A method for purifying an
oxytetramethylene glycol   149 copolymer, obtained by copolymerizing
tetrahydrofuran and a diol represented by the following formula (1): R1 HO
CH C CH OH 2 2~ p I v r R2 a wherein each of R1 and Rz independently repre
5 sents a hydrogen atom or a hydrocarbon group having from 1 to 5 carbon
atoms; and each of p, q and r independently represents an integer of from 0
to 6, with the proviso that the sum of p, q and r is not less than 2, 10
from a copolymerization reaction mixture comprising an oxytetramethylene
glycol copolymer and the unreacted diol, which comprises subjecting said
reaction mixture to continuous distillation in the presence of fresh
tetrahydrofuran at a temperature of from 80 to 160 C 15 under a pressure of
from 5 to 760 Torr, said fresh tetrahydrofuran being added in an amount
which is not less than the weight of said unreacted diol contained in said
reaction mixture, to thereby distil off said unreacted diol from said
reaction mixture together with 20 said added tetrahydrofuran.   150 5. The
method according to claim 4, wherein said re action mixture further
comprises a saturated hydrocar bon having 6 to 10 carbon atoms. 5 6. The
method according to claim 5, wherein said saturated hydrocarbon is
distilled off from said reaction mixture together with said unreacted diol
and said added tetrahydrofuran. 10 



7. The method according to claim 5, wherein said method further comprises,
before distilling off said unreacted diol, distilling off said saturated
hydrocarbon from said reaction mixture by distillation at a 15 temperature
of from 70 to 160 C under a pressure of from 1 to 450 Torr. 8. The method
according to any one of claims 4 to 7, wherein said diol is neopentyl
glycol. 20 .Af 2 .AhY .Ay9 .AfE .Af& .AY .AyhE .Ay2 .Ay&2 .Ay{l .AyE .AE
.AE .AyE .AY .AfE .ASNe.AU& .Ay{&2 .Af{&E .AyY .Ay.AfY .AyE .A.Al .Al .AfE
.AS&2 .Ay.Ay.Afl .AS&l .ASY .AyE .A@&2 .Ay&2 .Ay&2 .Ay9 .Ay9 .Ay9 .Af92
.AfL .Ay&2 .AS92 .AF.Af&2 



.Ah&2 .AfE .A .Af2 .AhL2 .A@(L .AfL .AyL .ASL .AS(9 .AS&2 .A92 .Af{L .AY

.Ay` .A`.AyL .Ay&2 .AL .AyY .AyL .AfE .A92 .AS&2 .A9 .Af(L .A9 .Ay{&2 .A&2

.Ay9 .A&2 .A&E .Af9 .Af{2 .Af&Y .Af&2 .Af9 .Ay&2 .AS9 .AS&%.AaL .Af92

.A@(&2 .AS&2 .A,&2 .Af9 .Af;9 .Af9 .A@a&l 



.A@&E .Af;&E .A@Y .AfE .AyY .AS9 .AS;E .Af(%'.A.A`R.Af(&E .A&2 .AS2 .AE

.A@(E .A{9 .Af9 .Ay& .Al .Af(9 .A@&2 .Af&2 .Ayh&2 .AsZ.Af&.AL>L.A L_.AE

.AyY .AS&2 .Af .AyE .Ay92 .Ay9E .Ay&E .Af&2 .Af&Y .Ay& .Af9 .Ay{l .A{92

.AS9 .Ay&2 .AyY .Ay&2 .Af&Y .Ay{9.Af(&.Ay(&.Af9.Af&2 .AS92

.A&,.Ay&$%?]_{|-KLez{?FGzupkfa\W]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]c^a]cTa!G^_wO^PQpq}xsn
id_Z]c]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!    : 



; e f u v | }
|wrmhc^Y]]ca]ca]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!    89def]^y{
#}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!#%N%;=L_ {!!|"$ %=&m&&&'()*+++,-;
-.(/t0}xsnid_Z]]]ca]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]ca]ca]ca]ca!t011'2534a6d6x7c8}888:I;L;
\<p=~>>?@@ABC>EoEEEFGGHMI|wrmhb]X]]ca]ca]c^a]ca]ca]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!MIIaJdJ
K@KwKKKK%LZLmLLL
MCMZMMMM3NJNlNNNPPPQQQQR}xrmhc^Y]]]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]ca]ca]ca]ca!RSSSSSSSSTvUyUU
UVLVVVVW-W[WWWWX>XcXXXYYZ!Z{vqlgb]X]]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]caU]ca]caU]ca]ca]ca!!ZZZ[\]^^_)_
Z___```aBaqaaaa'bcbbbbc*c-c]cccc}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!cd+dXddd
ddde
e?eveefffff/gfgigg[hhhhijll#ll7m}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!7mn%o2p$
q'q9rJs^tTuucvfvvywwxyyzO{U{X{]{i{n{p{w{{{{||}{upkfa\W]ca]ca]ca]ca]ca]caU]c
a]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca!}}~~?x{.`$E~}xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!}2':rN]sv}xsnid_Z]c]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca!)`>uJ+^}xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!y|vt6#&/A}
xsnid_Z]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!AxQT>JYl:D|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]
ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca!8G!1hEH+G]`S/{
v}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!B!$\   X 5CU
cwz_}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!' J
$!,">#4$7$f$$$%%9%q%%%%%&&}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!&
&&&&'S'''''V)++*---e--..</
10232'3]384556797889}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!9;:;<<=w>?@+A.AfAB
ChE?FcFfFFGIJKKLMNNOPPQ?RS}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!SS,TUUVXYVZ0[3
[9\I]]X_r`u``abbcdgeeefghhejjjj}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!j.lmnoopp
p-qdqqqq
r@rwrrrsWsss0thttttvw'xyzz}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!z0zazzz{{I{~{{
{|}8}n}}}~B~z~~~!$
(+6|Nc}xsnid_Z]]]ca]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]ca]ca]ca]ca!cfm~4UQ}xsnid_Z]]]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]ca]c
a]ca]ca!QE}#Gx% "
LO}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!O%]yOps9qz#>mCr|wqlgb]X]]ca]ca]ca]ca]c
a]c^a]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!>A([(`Mh0g-\}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!aWZ!4wl\ils
{vqlgb]X]]ca]ca]ca]ca]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]c^a]ca]ca]ca!_%[^x|"FGKh>AvX
.~ytoje`[V]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]c^a]ca]ca]ca]ca]ca
]ca]ca]c^a]ca]ca]ca]ca]c^a]ca]ca]ca]ca!hxsH(4R&M[|wrmhc^Y]c]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]c^a]ca]ca]ca
]ca]ca]ca!vylCP/X[#V`By
{vqlgb]X]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca!
7jEHQ,0>j|aK$}xrmhc^Y]]]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]ca]ca]ca]ca!34HjvwTVXYy{&6SUgo~xsmhb]X
}xrmhc^Y]]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca-.Rgef
)-/VYytojd_YTmhc^]caU]ca]caU]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]caU]ca
]ca]caU]ca]ca]ca]ca]ca]caU]ca]ca]ca]caU]ca]caU]ca @A
$&-/@Bab1CV{vqkfa\Wjd_YTmhc^]c]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]
ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]caVmnqrwy')139N}
wrlga\Vjd_YTmhc^]U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]c
a]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca"+:<BDFIMc8IYgx|
~ytoje`[Vmhc^]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]caU]caU]ca]caU]ca
U]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca
(_7?oJ!7pt~|wrmhc^Y]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!7  !!!"#$%'';
'c'''(())&*Y***2+h++|wrmhc^Y]]c]ca]ca]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]ca]ca]ca!+++,,$-\-..../0016
23E344 6$6{7"9J:`:::;
;<J<<<{vqlgb]X]]]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca]ca]ca]ca!<<=>=>u>>>?L???%@)@@BaD~EEEEEEEE
EEEEEEEF~xsmhb]Wlgb]X]]U]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
FFF#F%FHFJFMFNFTFdFfFFFFFFFFFGGG
G|G}GGGGGGG|vqkf`[Vmhb]Wlgb]X]]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caGGGGGGGGGGH
HH2HFHGHSHTHiHrHyHzHHHHHHHHHI!I|vqkf`[Umhb]Wlgb]X]U]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]c
a]caU]ca!I)I6I8I9IgInIpI}IIIIIIIIIIIIIIIIIIJJKKL1N5N}wrmhc^YTlgb]]ca]ca]ca]
ca]ca]ca]ca]c^a]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]caU]ca]caU]ca]
caU]ca]caU]ca]ca]ca]ca
5N8N<N?N^N`NaNmNoNqNsNuNyNNNNNNNNNNNNNOOOO$O%O/O|wqlfa[Vhc^YTlgb]]]caU]ca]c
aU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca]caU]ca
]caU]ca]ca]ca]caU]ca]ca/OlOnOOOOOOOOOOOOPPP PqPvPPPPPPPPPPPP 



Q}xrmgb\Whc^YTlgb]]]]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca]ca
]ca]caU]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca
QQ!QJQKQQQQQQQQQQQQQQQQQRRRRRRSRxRyRRRR}xrmgb\Whc^YTlgb]]]]caU]ca]caU]ca]ca
U]ca]caU]ca]ca]ca]caU]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca
U]ca]caU]ca]caRRRRRRRRRRSSSS*SDSESWSbSkSSSSSHTQTRTTTTTTTUztoje`ZUlgb]]]caU]
ca]ca]ca]ca]caU]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]caU]ca]caU]ca]ca]ca
]ca]ca]caU]ca]caU]ca]ca]ca
UUU!U#U,UdUfUqUsUUUUUUUUUUUUUUUUUVVVVVV|wrmhb]Xje`ZUlgb]]]c]ca]caU]ca]ca]ca
]ca]caU]caU]ca]caU]caU]ca]ca]ca]ca]caU]ca]ca]caU]ca]ca]caU]ca]caU]ca]caU]ca
]caU]ca]caU]caVVV#WX
YY,Z[[5^G_~_Z`^`b=bOcccdeeefgg}hijjkll|wrmhc^Y]]c]]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]c^a
!lmnoopApvpppppq>qxqqqq!rXrrrr1slsstEtttvwxx|wrmhc^Y]]c]]ca]ca]ca]ca]ca]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!xyyz{~Q~ 7;
s~.aNR|wrmgb]X]]c]ca]ca]ca]c^a]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!/g%:kF}&YG
.!0}xsnid_Z]]c]]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!0hK#[5lHLDy,c9n*E|wrmhc^Y]]c]]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca!EaeW1fW/g
C|wrmhc^X]]c]c^a]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!-!loz{}"%;
zupkfa\W]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]c^a]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca!;?, W4kv
=pwzCG}}xsnid_Z]]]c]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]ca]ca]ca]ca]ca!3%
$Yil=uG}}xsnid_Z]]]c]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?]{iG!N`s%10%mm&'()-s%10%&'()-3
10%&'()- M10%&'()-M10%&'()-
10%z&'()--e?wdEf#!10%&'()-10%&'()-f!10%&'()-&10%&'()-310%&'()-S
10%&'()-wO^xmbC`10%t&'()- 10 10
10f6!10%&'()-/10%&'()-f&--#10%&'()-%10%&'()-t  )z[9mbC!cy##10%&'()-Z
!10%t&'()-`!l9#10%&'()-`!h9#10%&'()-`&m"10%tl&'()-!&m"10%44&'()-)d=vwxy{Q
~_=!!Y"10%ZZ&'()-9s10%&'()- 10tm 10tm
10tm."10%tm&'()-!q."10%&'()-y##10%t&'()-Z Q
MZo}^<~_=!!hy%-#10%&'()-y#10%&'()-g!Yy#10%&'()-gys#10%{&'()-y!cys#10%&'()-y
Y"10%&'()-o~\=!!m"10%>&'()-!m"10%cc&'()-s10%&'()- 10r 10r
10ry%-#10%r&'()-!cy%-#10%&'()-}^<~\=!!Yf%"10%&'()-ff"10%&'()-z!Tf"10%&'()-z
fN"10%&'()-!PfN"10%&'()-`10%&'()- !"#%~_=!!!!10%mm&'()-S&s10%&'()- 10 10
10f.#10%&'()-!cf.#10%&'()-f%"10%&'()-fN}^<~_=!!hf|'"10%&'()-}%10%&'()-f"10%
&'()-Z !qf"10%&'()-Z &10%&'()-!;!10%cc&'()-S%89:;
=~_=!!!&"10%8w8w&'()-s10%t&'()- 10 10
10y/-#10%&'()-!cy/-#10%&'()-f|'"10%&'()-}L#' _ }[<~_=!##10%tl&'()-G
!l##10%&'()-G !@10%t&'()-!^L#10%ZZ&'()-@!^L#10%&'()-@&"10%t&'()-_
>!x!y!z!{!!W"|"~\=! "10%&'()-! "10%ZZ&'()-s10%&'()- 10td 10td
10td.-#10%td&'()-y!l.-#10%&'()-y|"R#e$$ %w%=&}[9~\=!{yD)-#10%mm&'()-h
!vyD)-#10%cc&'()-h
l%10%&'()-yL#10%&'()-!^yL#10%&'()-!YyL#10%__&'()-=&m&&&&&&''_@!{"10%{&'()-!
"10%cc&'()-s10%&'()- 10 10
106#10%&'()-4@10%&'()-'(())**}[<_@!l%#10%&'()-z!cl%#10%&'()-zy#10%&'()-z!ly
#10%&'()-zyL"10%j&'()-!YyL"10%&'()-*+++++++,,~_=!!
!10%_r_r&'()-10%&'()-&s10%&'()- 10 10 10."10%&'()-!q."10%&'()-,-;
--..(/^?~_=!!y#10%&'()-z!hy#10%&'()-zyN#10%&'()-!hyN#10%&'()-`10%&'()- 



!10%r&'()-(/0t0011111zodY:!10%&'()- 10 10
102"10%&'()-!^2"10%&'()-!h%#10%&'()-&!Y%#10%mm&'()-&11'225344}[9dY:!hy#10%&
'()-9!^y#10%&'()-9y9#10%&'()-z!Py9#10%&'()-zl"10%&'()-!l"10%KK&'()-45%6^6_6
`6a6d6>7{\:!!"10%PhPh&'()- 10%&'()- 10 10
10y)#10%&'()-@!ly)#10%&'()-@!hy)#10%&'()-@>7x7c8}88"99^<{\:!!!P!#10%&'()->!
T!#10%{{&'()->10%&'()-m 10%&'()-!^yL#10%&'()-g"10%&'()-98:;F;G;H;I;L;
#<~_=!!!!"10%GG&'()-10%t&'()- 10 10
10.#10%&'()-!T.#10%&'()-!#10%r&'()->#<\<5=p=F>~>>}^?~_=!!!!l%010%t&'()-#10%
tl&'()-z!P#10%hh&'()-zL#10%t&'()-!YL#10%&'()-"10%tm&'()->V??h@@@@@@}rg\=!!!
10%t&'()- 10t 10t
10t.#10%t&'()-!c.#10%&'()-['"10%t&'()-x!Y['"10%&'()-x@|AABBCC}[<g\=!!"10%t&
'()-z!l"10%&'()-z`#10%t&'()-f!^`#10%&'()-f&Z"10%t&'()-f!&Z"10%GG&'()-fCD>Eo
EEEEEE}rg\=!!10%&'()- 10t 10t
10t6#10%t&'()-410%t&'()-!ll%#10%&'()--!cl%#10%&'()--EFxGGGGH}^?g\=!!`10%&'(
)-`10%m &'()-10%&'()-
y`#10%&'()-!^y`#10%&'()-!Y"10%&'()-yHIMII%J^J_J`JaJ}^SH=!! 10h 10h
10h0"10%h&'()-!q0"10%&'()-.10%&'()-y##10%&'()-Z !ly##10%&'()-Z aJdJ
K@KwKKKdESH=!!
103S10%t&'()-@g10%t&'()-`10%t&'()-&l:!10%t&'()-10%t&'()-10%t&'()-KK%LZLmLLL
dESH=!! 10!10%t&'()-10%t&'()-10%t&'()-10%t&'()-"10%t&'()-:10%t&'()-L
MCMZMMMMdESH=!! 10-"10%t&'()-
+10%t&'()-@):10%t&'()-L'M10%t&'()-l%10%t&'()-#m"10%t&'()-M3NJNlNNNNNNxmbC!!
1010%&'()- 10t 10t
10t6g10%t&'()-4M10%t&'()-010%t&'()-.10%t&'()-NNNNNNNNoP1Cf#10%&'()-S#f#10%&
'()-S#f#10%&'()-S#'E
#f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#NNNNNNNNlR3Cf#10%&'()-S#f#10%&'()-S#'E
#f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E #NNNNNNOOkM3Cf#10%&'()-S#'E
#Sf#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E #Sf#10%&'()-S#OOOOO!O:O;OkL.C'E
#Sf#10%&'()-S#Sf#10%&'()-S#f#10%&'()-S#'E #Sf#10%&'()-S#Sf#10%&'()-S#;
O<O?OVOWO^O}O~OoP6C'f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E
#f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#~OOOOOOOOgM.Cf#10%&'()-S#)f#10%&'()-S#
'E #f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E #OOOOOOOOkM3Cf#10%&'()-S#'E
#f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E ##f#10%&'()-S#OOOOOPPPkL.C'E
#Sf#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E
#Sf#10%&'()-S##f#10%&'()-S#PPP%P&P'P+P?PoP1Cf#10%&'()-S#f#10%&'()-S#f#10%&'
()-S#'E 



#f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#?P@PAPEPTPUPVPZPlR3Cf#10%&'()-S#f#10%&
'()-S#'E #f#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E
#ZPhPiPjPnPPPPkM4Cf#10%&'()-S#'E #Sf#10%&'()-S#f#10%&'()-S#f#10%&'()-S#'E
#Sf#10%&'()-S#PPP\QQQQQQ|obU4 f 10%X#&'()-10!10!10!% ff0"10%!&'()-
f0"10%q"q&'()- f/10%E#&'()- ff- 10%E#&'()-QQQRRRS|[:bU4 f fYm"10%<"<&'()-
{fYm"10%Aw"A&'()- % 1fYm"10%vX#v&'()-  ffg10%X#&'()- f 10%X#&'()-
f10%X#&'()-SSSSST0U|[:bU4 f fqf/m"10%="&'()- S)("10%X#&'()-}%
f,&j10%X#&'()- f&$"10%X#&'()- L#!10%X#&'()- ff"10%X#&'()-0UsUtUuUvUyUUUVvU4
fZ10%#&'()- f 10%#&'()- fy10%#&'()- f&10%#&'()-10X#10X#10X#
f/m"10%X#&'()-VLVVVVW-W|[:vU4 f f10%#&'()- f fF10%#&'()-f fS-10%#&'()-f
f`10%#&'()- f10%#&'()- f&10%#&'()--W[WWWWX>X|[:vU4 f f$10%#&'()-f
f"10%#&'()-f f! 10%#&'()-f f 10%#&'()- f@10%#&'()- f`
10%#&'()->XcXXXYYZZ|[:-410#f f610%#&'()-f f 4#10%#&'()-f fy,M10%#&'()-f
f*#10%#&'()- f(M10%#&'()- f&10%#&'()-ZZZ!ZZZf[[bA410#f f f3y`#10%2#&'()-l
y`#10%^"^&'()-l  fs10%2#&'()- f10%2#&'()-
f&10%2#&'()-10#10#[\\]]^^^|[:-4102#f f.#10%2#&'()- .#10%U2#U&'()-
f%"10%2#&'()-f %"10%F2#F&'()-f fy#10%2#&'()-
y#10%^"^&'()-^^^^_)_Z__bA4102#f f fy10%E#&'()- fs10%E#&'()- f 10%E#&'()-
f10%E#&'()- f&10%E#&'()-102#102#__```aBa|[:A4102#f f&10%E#&'()- f10%E#&'()-
f:10%E#&'()- ff10%E#&'()- fs10%E#&'()- f, 10%E#&'()-Baqaaaa'bcb|[:A4102#f
ff-#10%E#&'()- f3+10%E#&'()- fS)10%E#&'()- f`'10%E#&'()- ff##10%E#&'()-
f!10%E#&'()-cbbbbc'c(c)c*c|[NA41010E#10E#10E# ff6 10%E#&'()- f410%E#&'()-
f210%E#&'()- f010%E#&'()- f/10%E#&'()-*c-c]ccccd|[:NA41010 fY!10%2#&'()-
ffs10%2#&'()- f10%2#&'()- f 10%2#&'()- ff10%2#&'()-
f10%2#&'()-d+dXddddd|[:NA41010 fY10%2#&'()- f410%2#&'()- f10%2#&'()- f
10%2#&'()- f,,`10%2#&'()- fL10%2#&'()-dde e?evee|[:NA41010 fY%g10%2#&'()-
ff#`10%2#&'()- fs!s10%2#&'()- fy10%2#&'()- fy  10%2#&'()-
f010%2#&'()-Gefffff/g|[:NA41010 f410%2#&'()- fy2!10%2#&'()- f010%2#&'()-
f.10%2#&'()- f*10%2#&'()- fqy&'s!10%"&'()-/gcgdgegfgigg=h[hvU410 f
!10%&'()- * !10%"&'()- f10%2#&'()- f10%2#&'()-102#102#102#
f6G10%2#&'()-[hhhhiij|[:vU410 f y!z#10%P2#P&'()-Z * fy!z#10%&'()-Z f
f@10%2#&'()-f fy`10%2#&'()- f10%2#&'()- f 10%2#&'()- jjklllll#lvU410
f10%E#&'()- f10%E#&'()-10Y"Y10Y"Y10Y"Yf L-"10%Y"Y&'()-  L-"10%A2#A&'()-
fy!z#10%r&'()-Z #lll7mmnn|[:vU410 f y#10%^E#^&'()-yf ff;-#10%!&'()- f;
-#10%q"q&'()-f fL10%E#&'()- f "10%E#&'()-s B
"10%E#&'()-sn%oo2pp!q"q#q$q|[NA41010 10 10 f fy."10% &'()- y."10%vE#v&'()-f
fyl%"10%] &'()-g yl%"10%qE#q&'()-g fy#10%9"&'()-y$q'qr9rsJs%t|[:NA41010
yz#10%=2#=&'()-ff fyL"10%2#&'()-z yL"10%F2#F&'()-zf fY"10%!&'()-
!Y"10%2#&'()- f 10%2#&'()-%t^t5uTuu)v`vav|[:-410  f0"10% &'()-f
0"10%A"A&'()- f.10%2#&'()-f fyl%#10%V&'()-g yl%#10%A2#A&'()-g
fyz#10%!&'()-favbvcvfvv@wywwbA410  f f910%#&'()- f Y"10%#&'()- &
Y"10%#&'()- f10%#&'()- f10%#&'()-10 10 wVxxfyyynz|[:A410  >'"10%8#8&'()-
fY%!10%#&'()- f#10%#&'()-y #10%*|"*&'()-y f1#10%N!&'()-
1#10%*#*&'()-nzzO{R{S{T{U{X{w{vU410 Y10%x#x&'()- f10%#&'()-10#10#10# f&6
10%#&'()- f.10%#&'()-s f>'"10%#&'()-w{{{{||}|[:vU410  f10%#&'()-f
f`!10%#&'()- fy10%#&'()-s f&`!10%#&'()- y10%K#K&'()-
f010%#&'()-G}}~~?|[:vU410  f 410%#&'()-f f2#10%#&'()- f*10%#&'()-
f)"10%#&'()- f!&10%#&'()- f"10%#&'()-?uvwx{SAvU410 #10%8w"8&'()-z
96"10%#&'()-L G"10%"&'()-L f10%#&'()-10#10#10#
f610%#&'()-AP\.`|[NA41010#10#10#9 fs6!10%#&'()-G f4`10%#&'()-f
#10%="=&'()-z #10%8#8&'()-z #10%3#3&'()-zv|[:NA41010 fL#10%l l&'()-9
fL#10%hE#h&'()-G fL#10%hE#h&'()-f fY"10%"&'()- 4Y"10%E#&'()-
f10%E#&'()-y|obU410 f&10%X#&'()-10E#10E#10E#G ff.m"10%E#&'()-f
f.m"10%hE#h&'()- ffL'm"10%!&'()- fL'm"10%hE#h&'()-|[:bU410 f f910%X#&'()-
fSs"10%?&'()-fG Ss"10%X#&'()-ff f "10%"&'()-s G "10%X#&'()-s
f10%X#&'()-|[:-410X#f ff/#10%X#&'()- f/#10%qX#q&'()-G fS%#10%!&'()-ff
S%#10%U"&'()-f fS"10%L"&'()-t S"10%X#&'()-t$ bA410X#f f yL#10%P2#P&'()-
yL#10%P"P&'()- f!10%2#&'()- >!10%2#&'()- f 10%2#&'()-10X#10X# E |obU410
f10%2#&'()-102#102#102# f510%2#&'()-4 yl%"10%h2#h&'()- yl%"10%U2#U&'()-
fyL#10%2#&'()-~.v|[:bU410 f y#10%="=&'()- f&10%2#&'()- fcym"10%"&'()-f
rym"10%W!&'()-f f, 10%2#&'()- fs10%2#&'()-v|[:-410b f fy0"10%b &'()-
y0"10%Y2#Y&'()- f3.510%2#&'()- fy$"10% &'()-z y$"10%A2#A&'()-z
fy#10%&'()-bA410b f f ffL#10%E#&'()-z fL#10%q"q&'()-z fl"10%"&'()-
>l"10%E#&'()- f10%E#&'()-10b 10b B|[:-410E#f fy6M!10%E#&'()- fy.10%E#&'()-
Zy.10%E#&'()- f{fl%"10%E#&'()-@ ff!10%"&'()-y f!10%hE#h&'()-yR}bA410E#f f
fS`m 10%X#&'()- f410%X#&'()- fSY10%&'()- SY10%X#&'()-
f&10%X#&'()-10E#10E#.}|[:A410E#f S%#10%X#&'()-@ f)S&!10%X#&'()-:
S&!10%//&'()-: fS&!10%g&'()-: fSS10%X#&'()- fSS10%&'()-2vU410 G"10%X#&'()-
f10%X#&'()-10X#10X#10X# fqf2#10%X#&'()- f.&10%X#&'()-
fS%#10%X#&'()-@':rN|[:vU410 G fS#10%"&'()-sf S#10%{"{&'()-s f10%X#&'()-
fSL#10%!&'()-z SL#10%X#&'()-z f"10%`!&'()-N$]7pqrs|[NA41010/"10/"10/"f
fS0#10%/"&'()- S0#10%"&'()- f.10%X#&'()- fSY%"10%"&'()-z
SY%"10%X#&'()-zsvLZ|[:NA41010 fyL#10%!&'()-f yL#10%P2#P&'()- f !10%!&'()- *
!10%&"&'()- f10%2#&'()- f10%2#&'()-jf|[:NA41010 fy['#10%d"&'()-f
y['#10%P"P&'()- fl%10%2#&'()- fy"10%r"&'()- y"10%U"U&'()- f10%2#&'()-wvU410
f10%&k#&&'()- f&10%&k#&&'()-10 10 10  fy0#10% &'()- y0#10%U2#U&'()-
f.10%2#&'()-)`|[:vU410 f f@`!10%&k#&&'()-f f&t10%&k#&&'()- fF:10%&k#&&'()-
fS10%&k#&&'()- fs`10%&k#&&'()- fS10%&k#&&'()->u|[:vU410 f f%10%&k#&&'()-f
f@##10%&k#&&'()- f!z10%&k#&&'()- f10%&k#&&'()- fs10%&k#&&'()-
f310%&k#&&'()-J+|[:vU410 f f210%&k#&&'()-f fs010%&k#&&'()- f/10%&k#&&'()-
f@-!10%&k#&&'()- f3+10%&k#&&'()- fsS)10%&k#&&'()-+^QvU410 !Y"10%"&'()-
*Y"10%&'()- f& 10%2#&'()-10&k#&10&k#&10&k#& f@6#10%&k#&&'()-
f410%&k#&&'()-Q`qU|[:vU410 ! S)#10%A!A&'()-@* "10%A2#A&'()-'f
"10%)2#)&'()-' fy`"10%2#&'()- y`"10%=2#=&'()- fY"10%2#&'()-Uvwxy|;vvU410
f"10%2#&'()-  "10%g &'()- B"10%2#&'()- f&10%2#&'()-102#102#102#
fS)#10%2#&'()-@vIP;t|[:vU410 f fy`'"10%/"&'()- y`'"10%U"U&'()-B
ym"10%K!K&'()-Z f ym"10%F2#F&'()-Z  fy`"10%B"&'()- y`"10%F2#F&'()-tN:vU410
"10%x!"x&'()-  / "10%2#&'()-  f910%2#&'()-102#102#102# fy/"10%2#&'()-
y/"10%U2#U&'()-:GX|[:vU410  f"10%2#&'()-/ "10%8|"8&'()-f f}10%2#&'()-
ffT#10%2#&'()- fT#10%82#8&'()- 46 "10%2#&'()- cv|obU410
f910%2#&'()-102#102#102#f f1"10%2#&'()- 1"10%K2#K&'()- y%"10%Y2#Y&'()-Y
y%"10%Y!Y&'()-Y a|[:bU410 f fy"10%"&'()-g y"10%P2#P&'()-gf f^y#10%"&'()-f
y#10%K2#K&'()-f fm"10%!&'()- /m"10%2#&'()-|[NA410102#102#102#
fy/"10%2#&'()-f y/"10%P"P&'()- fy'"10%"&'()-x y'"10%Kr"K&'()-x
f%10%2#&'()-l|[:NA41010 fyk"10%r"&'()- yk"10%^"^&'()-f fss10%2#&'()-
fY"10%2#&'()- >Y"10%y!&'()- f9 



10%2#&'()-6|[:NA41010 y/"10%^2#^&'()- fyx'"10%Q"&'()-f yx'"10%U2#U&'()-
f%[10%2#&'()- fy#10%"&'()-z y#10%P2#P&'()-z !"#&vU410 ff#10% "&'()-&
f#10%E#&'()-& f#10%v"v&'()-& f9 10%E#&'()-10 10 10  fy/"10%
&'()-/Ax|[:vU410 f y1"10%c!c&'()- f/+10%E#&'()- ff%-#10%"&'()-ff
f%-#10%v"v&'()-f fyz#10%"&'()-z yz#10%YE#Y&'()-zNOPQT>vU410 f"10%^"^&'()-f
f m"10%E#&'()- f10%E#&'()- fL 10%E#&'()-10!10!10!
fy1"10%!&'()-J"Y3l|[:vU410  f/10%E#&'()-f ff%#10%!&'()-yf f%#10%hE#h&'()-yf
ff"10%!&'()-z f"10%lE#l&'()-z ff"10%"!&'()-fE~YvU410 f"10%*&'()-
B"10%2#&'()- f&10%2#&'()-10"10"10" ff1#10%"&'()- f1#10%q%"q&'()-]k{|[:vU410
f y/"10%P2#P&'()-B fy%"10%2#&'()-ff y%"10%U"U&'()-f fy`#10%2#&'()-
y`#10%P9"P&'()- y`#10%P2#P&'()-JvU410 f`10%X#&'()- fF"10%P"&'()-
4F"10%!&'()- f910%X#&'()-102#102#102# fy/"10%2#&'()-|[:vU410 f
fS%#10%W&'()-ff S%#10%X#&'()-f4 ff"10%!&'()-zf f"10%qm"q&'()-z
ffS"10%X#&'()- fS"10%!&'()-:uT410F(10%..&'()-5 A
pF(10%&'()-5!F(10%SS&'()-510X#10X#10X# fS/"10%X#&'()-
S/"10%X#&'()-DS|[:uT410 W`F(10%kk!k&'()-5  F(10%S S&'()-5  F(10%&'()-5
F(10%5?5&'()-5 f`F(10%&'()-5 60F(10%&'()-5S{YK=/ 10 10 10!F
0F(10%&'()-5!oF(10% ? ?&'()-5 F(10%O#&'()-5 F(10%$&'()-5
F(10%"&'()-58G|[:K=/ 10 f10%E#&'()- ffSm"10%E#&'()- fSm"10%cE#c&'()-
&@!10%"&'()-Z  /!10%E#&'()-Z  f&10%E#&'()-G!1h|[:K=/ 10 y0"10%cE#c&'()-
f/x10%E#&'()- ff%#10%"&'()-f f%#10%h"h&'()-f ff#10%"&'()-
f#10%cE#c&'()-BCDEH+vU4 10 s"10%.#.&'()-- f&!10%!&'()-z *&!10%#&'()-z f&
10%#&'()-10E#10E#10E# fy0"10%E#&'()- G!Z[|[:-410\! f/y#10%\!&'()-f
/y#10%.#.&'()-* f#"10%#&'()-F f #"10%*#*&'()-F  f!10%#&'()-
s"10%8#8&'()--[\]`S+bA410\! f f`#10%vE#v&'()-, f`#10%qE#q&'()-,
f!10%E#&'()- B!10%"&'()- f10%E#&'()-10\!10\!/A{P|[:-410E# ff0"10%E#&'()-
f0"10%{!{&'()- f.s10%E#&'()- ff##10%E#&'()-Z  f##10%qE#q&'()-Z
f!`10%E#&'()-hwbA410E# f 9#10%$#$&'()-g f9 m"10%!&'()- 49 m"10%!&'()- f
10%#&'()- f10%#&'()-10E#10E#w t|[:-410! f)#10%!&'()-- )#10%$#$&'()--
)#10%.m".&'()-- "10%.#.&'()-9 "10%.!.&'()-9 f9#10%H!&'()-gbA410! f
ff`#10%"&'()-y f`#10%^E#^&'()-y fl"10%E#&'()- /l"10%/"&'()- f
10%E#&'()-10!10!v|[NA41010E#10E#10E# ff-"10%E#&'()-  f-"10%cE#c&'()-
f3+10%E#&'()- f#10%^E#^&'()-- f#10%cE#c&'()--|[:NA41010 "10%B#B&'()-
fm"10%W!&'()-z m"10%=#=&'()-z fM!10%&'()- 9M!10%#&'()- fL10%#&'()-B
!|[NA41010. 10. 10.  f1y#10%. &'()- 1y#10%.s".&'()- f />10%#&'()-
f"10%!"&'()- "10%F!F&'()-!$\{Z9NA41010 f@y#10%&k#&&'()- @y#10%"&'()- f
m"10%&k#&&'()-b!\ m"10%&'()-b fH10%&k#&&'()- f`L10%&k#&&'()-  |[:-410&k#&
fS,/"10%&k#&&'()- S,/"10%k#&'()- fS%#10%&"&&'()-z S%#10%k#&'()-z fS
"10%&"&&'()-y S "10%k#&'()-y     X  5bA410&k#& f f"10%hE#h&'()-z f
F"10%E#&'()- B F"10%E#&'()- fi10%E#&'()- fL10%E#&'()-10&k#&10&k#&C U
(c<|[:A410&k#& f,/"10%vE#v&'()- ff%"10%E#&'()-f f%"10%hE#h&'()-f ff
#10%!&'()-y f #10%qE#q&'()-y ff"10%"&'()-z<tuvwzSvU410 f 



m"10%"&'()- 9 m"10%"&'()- f10%2#&'()- fL10%2#&'()-10!10!10!
ff,/"10%!&'()-dnh|Z9vU410  /#10%U2#U&'()-!fy%#10%RR&'()-f y%#10%h2#h&'()-ff
fy#10%&"&'()- y#10%c!"c&'()- y#10%c2#c&'()-hW_vU410 Sm"10%qX#q&'()-g(
f!10%L"&'()-' G!10%X#&'()- fL10%X#&'()-10t!10t!10t!
f/#10%t!&'()-_lv|[:vU410  S3 "10%X#&'()-f S%#10%X#&'()-:G S%#10%{"{&'()-:f
fS3#10%X#&'()-f S3#10%X#&'()-f fSm"10%!&'()-gvvU410 f !10%!&'()- B
!10%X#&'()- f10%X#&'()- fs9 10%X#&'()-10X#10X#10X# fS3 "10%X#&'()-|[:vU410
f S%#10%qX#q&'()-yB fS"10%!&'()-gf S"10%c"c&'()-gf fSp"10%5!&'()-
Sp"10%q="q&'()- fx10%X#&'()-'|obU410 f&10%X#&'()-10X#10X#10X#f
fS1#10%X#&'()-f S1#10%g!g&'()- f/10%X#&'()- fS%#10%X#&'()-y J  $!!|[:bU410
f S"10%"&'()-z fSa#10% &'()-f Sa#10%X#&'()-f fs10%X#&'()- f"10%h&'()-z
Q"10%X#&'()-z!,"#>#1$2$3$4$7$|obU410 f910%"&'()-10X#10X#10X#f
fvS/#10%X#&'()-f fS%#10%!&'()-f S%#10%{X#{&'()-f
fS"10%=&'()-z7$f$$$%%9%|[:bU410 f fs:10%"&'()- f9s10%"&'()-f f g10%"&'()-f
f 10%"&'()- f  M10%"&'()- f10%"&'()-9%q%%%%%&|[:bU410 f 10%'&'()-
f10%&'()-f f910%"&'()-f f &z10%"&'()- f Fz10%"&'()- f S10%"&'()-&
&&&&'S'zY8bU410  f  0&10%"&'()-- f/f10%"&'()-- f&-- 10%"&'()--
fY%310%"&'()-- f#10%"&'()--!v010%  &'()-S''''''''(vU410 9"10%E#&'()-t fL
10%E#&'()-10"10""10" f6 10%"&'()- f  410%"&'()- f
210%"&'()-(V)))*++|[:vU410 9 fY+10%E#&'()-f fl#10%c"c&'()- fl#10%^"^&'()-
ffl#10% &'()- fl#10%^!^&'()- B-"10%"&'()-t+,'-(-)-*---e--vU410 f "10%#&'()-
f`10%#&'()- f10%#&'()-10!10!10! ffL-#10%!&'()-m  fL-#10%lE#l&'()-m
-...<//0|[:vU410 f g#10%*d"*&'()- f g#10%B#B&'()- f "10%%#%&'()- f10%#&'()-
*<Y"10%#&'()-K  4Y"10%!&'()-K 0 11-2.2/202322vU410 &!10%"&'()- f`
10%2#&'()-10"10"10" f.#10%"&'()- .#10%3["3&'()- fg#10%#&'()-
2'3]338455|[:vU410 & y #10%A2#A&'()-f y #10%K2#K&'()- fym"10%2#&'()-x
ym"10%A2#A&'()-x f10%2#&'()- f|!10%2#&'()-55637475767978vU410
/&F"10%#&'()-, f`10%#&'()-102#102#102# fyL-#10%2#&'()-m  yL-#10%At!A&'()-m
fY+10%2#&'()-88899:;|[:vU410 / f%F"10%&'()-gf %F"10%!&'()-g fS"10%W!&'()-Y
S"10%#&'()-Y  f`10%#&'()- 4;&F"10%B"&'()-,;:;;<< <<<<vU410 *l"10%2#&'()-z
fL10%2#&'()-10#10#10# f31"10%#&'()- 31"10%_"&'()-
f@/10%#&'()-<==w>>??|[:vU410 * y%#10%Y2#Y&'()-zf fy"10%>&'()-
y"10%Uo!U&'()- y"10%F2#F&'()-M y"10%A2#A&'()-M
fl"10%!&'()-z?@@(A)A*A+A.AfAvU410 fs10%2#&'()- f& 10%2#&'()-102#102#102#
f,/-#10%2#&'()- ,/-#10%K"K&'()- fy%#10%"&'()-zfABB C D0EhE|[:vU410 f
fy#10%j!&'()-f y#10%^2#^&'()- y#10%^2#^&'()- f&'10%2#&'()- B- m"10%2#&'()-[
L m"10%n"&'()-[hE?F`FaFbFcFfFF=GvU410 9 "10%#&'()-  f10%#&'()-
fL10%#&'()-10z10z10z fy/#10%z&'()- y/#10%q"q&'()-=GG<HPIIYJJ|[:vU410 9
f%-#10%#&'()-zf %-#10%Fw"F&'()-zf fl#10% &'()-- l#10%=#=&'()--
l#10%3!3&'()-- 42 "10%#&'()- JmKKKKKKLxMvU410 yL"10%Y2#Y&'()-g
fY"10%2#&'()- f10%2#&'()-10#10#10# f,/#10%#&'()-
,/#10%3#3&'()-xMMqNNN{OO|[:vU410  fyL'"10%!&'()-f yL'"10%^2#^&'()-f
fY%10%2#&'()- fy#10%"&'()-y y#10%^2#^&'()-y fyL"10%2#&'()-gOPPPPPPQQvU410
f"10%A &'()- 9"10%2#&'()- fL 10%2#&'()-10!10!10! fy."10%!&'()-
y."10%m2#m&'()-Q?RRSS,TT|[:vU410 f yy)"10%U2#U&'()-@9 y##10%F2#F&'()-f
f!10%2#&'()- yv#10%U2#U&'()-P  yv#10%U!U&'()-P  f10%2#&'()-TUUUUUUVVvU410
f"10%"&'()- /"10%E#&'()- f10%E#&'()-102#102#102# fyy)"10%2#&'()-@
yy)"10%P2#P&'()-@VWXXYYVZ|[:vU410 f ff%#10%"&'()-Y / f%#10%hE#h&'()-Y 



f fy"10%E#&'()-z y"10%YE#Y&'()-z fy`#10%E#&'()-y
y`#10%YE#Y&'()-yVZZ-[.[/[0[3[\9\vU410 f&m"10%!&'()- 4&m"10%#&'()-
f910%#&'()-10E#10E#10E# ff0"10%E#&'()- f0"10%q"q&'()-9\]I]]!^&_X_|[:vU410 f
f#10% &'()-4 #10%#&'()-f #10%c"&'()- f10%#&'()- fs"10%#&'()-y
s"10%h"&'()-yX_4`o`p`q`r`u``LavU410 / !10%="&'()- f10%X#&'()- f&
10%X#&'()-10#10#10# f/#10%#&'()-z /#10%)#)&'()-zLaa[bbbicc|[:vU410 / ff#10%
&'()-f f#10%q/"q&'()-f f}10%X#&'()- ffs#10%&'()-y fs#10%cX#c&'()-y f
!10%%"&'()-cvddgeeeeee|obU410 f910%#&'()-10X#10X#10X#f ff0#10%X#&'()-
f0#10%vX#v&'()- S%"10%X#&'()-3  S%"10%X#&'()-3 effgghh|[:bU410 f
"10%39"3&'()-} f10%#&'()-f fs#10%#&'()-y s#10%8#8&'()-y f"10%#&'()-
4"10%#&'()-hhiejjjjjj|[NA41010#10#10# f6#10%#&'()-f f4`10%#&'()-
%#10%=#=&'()-- %#10%.#.&'()-- f"10% &'()-}jjk.llmm|[:NA41010 fY"10%E#&'()-
fY"10%vE#v&'()- f fY"10%q"q&'()-  >, Y"10%"&'()-` >Y"10%E#&'()-` fL
10%E#&'()-mnnoooooo|obU410 f910%#&'()-10"10"10"f fy/"10%"&'()-
y/"10%cE#c&'()- fy'"10%E#&'()- y'"10%cE#c&'()-oppp-qdqq|[:bU410 f
f9m10%#&'()- fY10%#&'()-f ffm10%#&'()- fs10%#&'()- f&S10%#&'()-
f10%#&'()-qqq r@rwrr|[:bU410 f f#m"10%#&'()- f!10%#&'()-f f10%#&'()-
f10%#&'()- f10%#&'()- f10%#&'()-rrsWsss0t|[:bU410 f f/s10%>"&'()-
f9-"10%#&'()-f fF+S10%#&'()- ff)10%#&'()- fs'S10%#&'()-
f%10%#&'()-0thtttttttuvU410 y"10%P"P&'()-& f&10%2#&'()-10#10#10#
f6#10%#&'()- f410%#&'()- f210%#&'()-uvvww'xx|[:vU410  yn'#10%K2#K&'()-xf
f%10%2#&'()- fy#10%~!&'()-z y#10%U2#U&'()-z fy"10%\&'()-&
1y"10%P2#P&'()-&xyyzzzzz0zvU410 f  10%#&'()- f&10%#&'()-10"10"10"
fy/#10%"&'()- y/#10%^2#^&'()- fyn'#10%2#&'()-x0zazzz{{I{|[:vU410 f
fS10%#&'()-f fs10%#&'()- fM!10%#&'()- f10%#&'()- f10%#&'()- f
10%#&'()-I{~{{{|}8}|[:vU410 f f%g10%#&'()-f f#G"10%#&'()- f10%#&'()- f
10%#&'()- f&M10%#&'()- fF10%#&'()-8}n}}}~B~z~|[:vU410 f f010%#&'()-f
f/10%#&'()- f&-#10%#&'()- f3+10%#&'()- fS)10%#&'()- f`'g10%#&'()-z~~~
!$vU410 f"10%2#&'()-S f910%2#&'()-10#10#10# f6#10%#&'()- f4S10%#&'()-
f2m10%#&'()- |[:vU410 f y/-#10%F"F&'()-f fy%"10%!&'()-@ y%"10%A2#A&'()-@
fy#10% &'()-z y#10%K2#K&'()-z f)ys"10%2#&'()-S%&'(+6vU410 `"10%*!"*&'()-
f!10%w"&'()-z 4!10%#&'()-z f& 10%#&'()-102#102#102#
fy/-#10%2#&'()-|N(`a|[:-410k! f/#10%k!&'()-f /#10%8#8&'()-4 f`'"10%"&'()-f
`'"10%*!*&'()- `"10%B{ B&'()- `"10%*#*&'()-abcf?mD~bA410k! f f`"10%#&'()-y
`"10%3#3&'()-y f"10%/&'()-z 4"10%#&'()-z f&10%#&'()-10k!10k!~[je|[:-410n"
f0#10%n"&'()- 0#10%3!3&'()- %"10%=#=&'()-Y  %"10%B#B&'()-Y  f-#10%I!&'()-z
-#10%=#=&'()-z}bA410n" f ff#10%E#&'()-z f#10%h!h&'()-z fY"10%"&'()-
>Y"10%E#&'()- f910%E#&'()-10n"10n"|[:-410E# ff1#10%E#&'()- f1#10%v*"v&'()-
ff%#10%E#&'()-Y  f%#10%hE#h&'()-Y  ff#10%w"&'()-z f#10%lE#l&'()-z4tbA410E#
f f`z#10%lE#l&'()-l  f l"10%!&'()- > l"10%"&'()- f10%E#&'()-
f10%E#&'()-10E#10E#b|[:A410E# y0m"10%h h&'()- y%#10%^"^&'()-Y
y%#10%h"h&'()-Y  fy"10%E#&'()- y"10%YZ"Y&'()- f`z#10%l!l&'()-l bWnvU410
f`#10%vE#v&'()- f l"10%!&'()- Gl"10%E#&'()- f& 10%E#&'()-10E#10E#10E#
f)y0m"10%E#&'()-n||[NA41010E#10E#10E#f f{f/#10%E#&'()-fG ff%"10%E#&'()-ff
f%"10%q"q&'()-f ff`#10%"&'()- f`#10%lE#l&'()-U|[:NA41010 f:!10%E#&'()-f
f`10%E#&'()-G f10%E#&'()-f f 10%E#&'()- fs-10%E#&'()- f&
10%E#&'()-Q|[:NA41010 f`10%E#&'()-f ff!10%E#&'()-G f&y10%E#&'()-f
f310%E#&'()- fsS10%E#&'()- fs10%E#&'()-E}#|[:NA41010 f`'s10%E#&'()-f
f%10%E#&'()-G ff# 10%E#&'()-f f!10%E#&'()- f10%E#&'()-
fM10%E#&'()-#Gx|[NA41010E#10E#10E#f fy6:!10%E#&'()-G f/10%E#&'()-f
fy-"10%E#&'()- f3+10%E#&'()- fS)F10%E#&'()-%|[:NA41010 f10%E#&'()-f
ffs-#10%"&'()-G fs-#10%lE#l&'()-f f"10%B"&'()- /"10%"&'()- f9
10%E#&'()-%|[:-410! fy/ "10%!&'()-f y/ "10%hE#h&'()-G fy%"10%"&'()-ff
y%"10%TE#T&'()-f fym"10%9"&'()- ym"10%^E#^&'()-bA410! f y#10%82#8&'()-g
fy"10%"&'()- Ey"10%82#8&'()- y"10%Fd"F&'()- f&10%2#&'()-10!10!
|[NA41010"10"10" fy/m"10%"&'()- y/m"10%K2#K&'()- fy%#10%2#&'()-f
y%#10%A2#A&'()-f fy#10%"&'()-g" |[:NA41010 S#10%q"q&'()- fSsm"10%P"&'()-y
Ssm"10%lX#l&'()-y f"10%X#&'()- B"10%X#&'()- fs9 10%X#&'()- IJKLO|obU410 fs&
10%X#&'()-10X#10X#10X# fS&-#10%X#&'()-  S&-#10%l/"l&'()-  fsF+S10%X#&'()-
S#10%qX#q&'()-O%]y|[:bU410 f fs10%X#&'()- fM!10%X#&'()- f 10%X#&'()-
f10%X#&'()- f 10%X#&'()- fs10%X#&'()-yOmnop|[NA41010X#10X#10X# f10%X#&'()-
fS!10%X#&'()- f&10%X#&'()- fF10%X#&'()- fsS-10%X#&'()-ps9q|[:NA41010
fM!10%M#M&'()- f10%M#M&'()- f10%M#M&'()- f9 10%M#M&'()- f m10%M#M&'()-
f`L10%M#M&'()-qz#>|[:NA41010 fz10%M#M&'()- f10%M#M&'()- f@10%M#M&'()-
fL10%M#M&'()- flZ10%M#M&'()- fF10%M#M&'()->mC|[:NA41010 fL-m"10%M#M&'()-
fF+10%M#M&'()- f f)10%M#M&'()- f%S10%M#M&'()- f#"10%M#M&'()-
fL!10%M#M&'()-Cr;<=>|[NA41010M#M10M#M10M#M f6"10%M#M&'()- f@5 10%M#M&'()-
fS3Y10%M#M&'()- f,1:10%M#M&'()- f,,/10%M#M&'()->A([|[:NA41010
fyFs10%E#&'()- ffS10%E#&'()- fys10%E#&'()- f 10%E#&'()- fy10%E#&'()- f9
10%E#&'()-(`|[:NA41010 fy!10%E#&'()- fy10%E#&'()- f10%E#&'()- ff10%E#&'()-
ff 10%E#&'()- f&10%E#&'()-Mh|[:NA41010 ff&-!10%E#&'()- f3+10%!&'()-
fyS)S10%E#&'()- fs'10%E#&'()- fy%10%E#&'()-
ff#"10%E#&'()-0g|[NA41010E#10E#10E# fy6 10%E#&'()- f410%E#&'()-
f210%E#&'()- f0 10%E#&'()- f/G10%E#&'()--+\|[:NA41010 f@f!10%&k#&&'()-
@f!10% x! &'()- fs 10%&k#&&'()- f$ 10%&k#&&'()- fM10%&k#&&'()- fs&
10%&k#&&'()-\x/|[:NA41010 f%10%&!&&'()- f@#10%&k#&&'()- ZS-10%k#&'()-
fS-10%&[!&&'()- S10%ok#o&'()- fS10%&g&&'()-/aTUVW|[NA41010&k#&10&k#&10&k#&
f`@410%&k#&&'()- f2310%&k#&&'()- f  010%&k#&&'()-K fh@3+#10%&k#&&'()-
6%10%k#&'()-WZ!|[:NA41010 sG10%IX#I&'()- fsG10%&'()- fs10%X#&'()-
f10%X#&'()- f10%&'()- f&10%X#&'()-!4wl|[:NA41010 f s'10%X#&'()-
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010%X#&'()- fS3+m"10%X#&'()-ls|[:bU410 f fZ 10%:#:&'()- f,10%:#:&'()-
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f@0l"10%:L":&'()- @0l"10%#&'()-_|[:vU410 / f!#10%c!c&'()- f f!#10%YE#Y&'()-
f f!#10%&'()-  fs#10%cE#c&'()-M fs#10%P!P&'()-M f "10%"&'()-%XYZ[^xvU410 f
10%E#&'()- f910%E#&'()-10E#10E#10E# ff6&!10%E#&'()-  fF 410%E#&'()-L
f!#10%E#&'()- x"F|[:vU410 f ff10%E#&'()-f fY10%E#&'()- ff3 10%E#&'()-
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<=>AvXvT310 B2"10%E#&'()-!H"10%yy&'()- f y10%E#&'()-
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10%&'()-2QA 10%&'()-2013568x\<X<QA 10%&QA 10%&'()-2QA 10%&'()-2QA
10%&'()-2QA 10%&'()-2G{   



1L]8:<>@BE_?<QA 10%&QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA
10%&'()-2QA 10%&'()-2EHIQRST{_C'<QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA
10%&'()-2G{   1L]QA 10%&'()-2TUVWXYZtX<QA 10%&'()-2QA 10%&QA 10%&'()-2QA
10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2Z[]_`abx\@$QA
10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2G{
1L]bcdefghtXQA 10%&'()-2QA 10%&'(QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA
10%&'()-21QA 10%&'()-2QA 10%&'()-2hiqtuvwx\@$QA 10%&'()-2QA 10%&'()-2QA
10%&'()-2QA 10%&'()-2QA 10%&'()-2G{   



1L]wxyz{|}tXQA 10%&'()-2QA 10%&'(QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA
10%&'()-21QA 10%&'()-2QA 10%&'()-2}~|`D(QA 10%&'()-2QA 10%&'()-2QA
10%&'()-2QA 10%&'()-2QA 10%&'()-2G{   1L]t,G{   1L]&QA 10%&'()-2&QA
10%&'()-2QA 10%&'()-21QA 10%&'()-2QA 10%&'()-2tX<G{   1QA 10%&'()-2QA
10%&'()-2&QA 10%&'()-2&QA 10%&'()-2QA 10%&'()-21QA 10%&'()-2QA
10%&'()-2dD$QA 10%&'()-2QA 10%&'()-2G{   1L]QA 10%&'()-21QA 10%&'()-2QA
10%&'()-2kO3QA 1QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 



10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2H(3QA 10%&'()-2G{   1L]QA
10%&'()-2QA 10%&'()-2QA 10%&'()-2QA 10%&'()-2cC3QA 10%&'QA 10%&'()-2QA
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10%&'()-2(QA 10%&'()-2(QA 10%&'()-2(QA 10%&'()-2(QA 10%&'()-2dD$QA
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g10%'L'&'()->3)?8 ee{ g10%'L'&'()->3OOOOOOOyY=){ g10%'L'&{ g10%'L'&'()->33{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3OOOOOOOOfJ.{ g10%'L'&'()->3{ g10%'L'&'()->3g{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3OOOOOOO~bF.{ g10%'L'&'({ 



g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{
g10%'L'&'()->3OOPPPPPg=.{ g10%)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3({ g10%'L'&'()->3PPPPPPP!PtJ*{
g10%'L'&'()->3)?8 eg{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3!P"P#P$P%P&P*P+PfF*{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3+P,P-P.P/P1P2P3PbF*{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->33P4P5P6P9PFPGP~^B*{ g10%'L'&'({ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{
g10%'L'&'()->3GPJPLPNPOP`PaPuY=*{ g10%'L'{ g10%'L'&'()->3({
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{ 



g10%'L'&'()->3aPbPcPdPePqPzPbB*{ g10%'L'{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
eg{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3zP{P|P}P~PPPPfF*{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 ee{ g10%'L'&'()->3g{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3PPPPPPPuY=*{ g10%'L'{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3PPPPPPPPbF*{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 eg{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3PPPPPPPP~bF*{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3PPPPPPPPfJ.{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3PPPPPPP~bF.{ g10%'L'&'({ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ 



g10%'L'&'()->3{ g10%'L'&'()->3)?8 ePPPPPPP~^>.{ g10%'{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
ePPPPPQQ~^>.{ g10%'{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 eQQQQQ QQQ~bF*{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 eQ QQQQQQ~bF*{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
eQQ"Q#Q$Q%Q&Q~bF*{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 e&Q'Q.Q/Q0Q1Q2Q~bF*{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 e2Q3Q<Q=Q>Q?Q@Q~bF*{ 



g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 e@QAQCQDQEQFQGQ~bF*{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 eGQHQIQJQLQNQPQ~^>*{ g10%'L'&{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
ePQQQ^Q_QaQdQgQ~^>*{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 egQhQvQwQxQyQzQfJ*{
g10%'L'&{ { g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 ezQ{QQQQQQ~bF*{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 eQQQQQQQfJ*{ g10%'L'&{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ 



g10%'L'&'()->3{ g10%'L'&'()->3)?8 eQQQQQQQ~bF*{ g10%'L'&{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
eQQQQQQQ~bF*{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 eQQQQQQQ~^>*{ g10%'L'&{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
eQQQQQQQ~^>*{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 eQQQQQQQfJ*{ g10%'L'&{ { g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
eQQQQQQQ~bF*{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 eQQQRRRR~bF*{ g10%'L'&{ 



g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 eRRRRRRRz^>*{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 eRRRRRRR~^>*{ g10%'L'&{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{ g10%'L'&'()->31{ g10%'L'&'()->3{
g10%'L'&'()->3RR R$R%R&R'RuY=*{ g10%'L'{ g10%'L'&'()->3{ g10%'L'&'()->3)?8
e{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3'R(R)R*R+R,R-R.RfJ.{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 eg{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3.R/R0R1R2R3R4R5RfJ.{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{
g10%'L'&'()->35R6R7R8R9R<R?RbB.{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{ 



g10%'L'&'()->3?RARBRCRDRFRHR}]=.{ g10%{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3({ g10%'L'&'()->3()?8 e{ g10%'L'&'()->3HRIRJRKRMRNRPR~bB.{
g10%{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{
g10%'L'&'()->3PRQRRRTRURVRWRXR~bF*{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{
g10%'L'&'()->3XRYR^R`RaRbRdRz^>*{ g10%'L'&{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 edReRgRhRkRlRmR^B*{
g10%'L'&{ g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->31{
g10%'L'&'()->3{ g10%'L'&'()->3mRoRpRqRrRsRxRaA*{ g10%'L'&{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3>{ g10%'L'&'()->33{ g10%'L'&'()->3{
g10%'L'&'()->3xRzR|RRRRRU9*{ g10%{ g10%'L'&'()->3')?8 e{ g10%'L'&'()->3{ 



g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3RRRRRRRZ>*{ g10%{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3RRRRRRRRfF*{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 e {
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3RRRRRRRbF*{
g10%'L'&'()->3{ g10%'L'&'()->3{ g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{
g10%'L'&'()->3{ g10%'L'&'()->3RRRRRRRuY=*{ g10%'L'{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3RRRRRRRRbF*{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3)?8 eg{ g10%'L'&'()->3{ g10%'L'&'()->3{
g10%'L'&'()->3RRRRRRRRRvi\:{ g10%'!L F10%{{&'()-10'L'10'L''10'L'{
g10%'L'&'()->3)?8 e{ g10%'L'&'()->3{ g10%'L'&'()->3RRRRRRR_=i\:{ g10%'!!  



10%{{&'()--1!  10%{{&'()--  10%{{&'()--  10%{{&'()--!L3L10%{{&'()-!L
F10%{{&'()-RRRRRRRz]@i\:{ g10%'!!  10%{{&'()--  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ !  10%{{&'()--RRRRRSStR5i\:{ g10  10%{{&'()--!
10%{{&'()--'!  10%{{&'()--!  10%{{&'()--)?FJ   10%{{&'()--SSSSSSSpS1i\:{!
10%{{&'()--  10%{{&'()--)?FJ !  10%{{&'()--!  10%{{&'()--!
10%{{&'()--SSSSSS)S|R5i\:{!  10%{{&'()--)?FJ !  



10%{{&'()--!  10%{{&'()--!  10%{{&'()--  10%{{&'()--)S*S,S.S0S1S?S|R5i\:{!
10%{{&'()--)?FJ !  10%{{&'()--!  10%{{&'()--!  10%{{&'()--
10%{{&'()--?S@SASBSCSDSFSa?i\:{!  1!  10%{{&'()--)?FJ   10%{{&'()--
10%{{&'()--  10%{{&'()--  10%{{&'()--FSGSISLSOSPSRS|R5i\:{!
10%{{&'()--)?FJ !  10%{{&'()--!  10%{{&'()--!  10%{{&'()--
10%{{&'()--RSSSTSUSVSWScSa?i\:{!  1!  10%{{&'()--)?FJ  



10%{{&'()--  10%{{&'()--  10%{{&'()--  10%{{&'()--cSdSfShSjSkSmS|R5i\:{!
10%{{&'()--)?FJ !  10%{{&'()--!  10%{{&'()--!  10%{{&'()--
10%{{&'()--mSoSpSqSrSsStSj@i\:{!  10)?FJ   10%{{&'()--  10%{{&'()--
10%{{&'()--  10%{{&'()--!  10%{{&'()--tSxSzS{S|S}S~SeHi\:{!  10)?
10%{{&'()--  10%{{&'()--  10%{{&'()--  10%{{&'()--!  10%{{&'()--!
10%{{&'()--~SSSSSSS]@i\:{!  



10  10%{{&'()--!  10%{{&'()--)  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ
SSSSSSSzX6i\:{!!  10%{{&'()--!  10%{{&'()--(!  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ SSSSSSSzX6i\:{!!  10%{{&'()--!  10%{{&'()--(!  10%{{&'()--
10%{{&'()--  10%{{&'()--)?FJ SSSSSSSbEi\:{!!  1  10%{{&'()--  10%{{&'()--
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ SSSSSSSzX6i\:{!! 



10%{{&'()--!  10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ
SSSSSSSzX6i\:{!!  10%{{&'()--!  10%{{&'()--!  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ SSSSSSSzX6i\:{!!  10%{{&'()--!  10%{{&'()--!  10%{{&'()--
10%{{&'()--  10%{{&'()--)?FJ SSSSSSSzX6i\:{!!  10%{{&'()--!  10%{{&'()--!
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ SSSSSSSzX6i\:{!!  10%{{&'()--!  



10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ SSSSSSSzX6i\:{!!
10%{{&'()--!  10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ
SSSSSSSzX6i\:{!!  10%{{&'()--!  10%{{&'()--!  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ SSSSSSSzX6i\:{!!  10%{{&'()--!  10%{{&'()--!  10%{{&'()--
10%{{&'()--  10%{{&'()--)?FJ SSSTTTTzX6i\:{!!  10%{{&'()--!  10%{{&'()--!
10%{{&'()-- 



10%{{&'()--  10%{{&'()--)?FJ TT TTTTTzX6i\:{!!  10%{{&'()--!  10%{{&'()--!
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ TTTTTTTzX;i\:{!!  10%{{&'()--!
10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ TTTTT!T$TzX6i\:{!!
10%{{&'()--!  10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ
$T%T&T'T)T+T-TzX6i\:{!!  10%{{&'()--!  10%{{&'()--!  10%{{&'()--
10%{{&'()-- 



10%{{&'()--)?FJ -T.T/T0T1T2T3TbEi\:{!!  1  10%{{&'()--  10%{{&'()--
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ 3T4T5T6T8T:T=TzX6i\:{!!
10%{{&'()--!  10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ
=T>T?T@TATDTET]@i\:{!!  10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ ETFTHTKTLTMTNTuX;i\:{!!  10%{{&'()--  10%{{&'()--
10%{{&'()--!  10%{{&'()--!  



10%{{&'()--)?FJ NTOTPTQTSTTTVTy\:i\:{!!!  10%{{&'()--  10%{{&'()--!
10%{{&'()--  10%{{&'()--)?FJ   10%{{&'()--VTZT]T^T_TaTcTuS1i\:{!
10%{{&'()--!  10%{{&'()--  10%{{&'()--)?FJ !  10%{{&'()--!
10%{{&'()--cTeTgThTjTkTmTuX6i\:{!!  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ !  10%{{&'()--!  10%{{&'()--mTnTpTqTrTsTtTy\?i\:{!!
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ !  10%{{&'()--
10%{{&'()--tTuTvTwT{T}T~TyW:i\:{!!  



10%{{&'()--!  10%{{&'()--!  10%{{&'()--)?FJ   10%{{&'()--
10%{{&'()--~TTTTTTT~\?i\:{!!  10%{{&'()--!  10%{{&'()--)?FJ J  10%{{&'()--
10%{{&'()--  10%{{&'()--TTTTTTT~\?i\:{!!  10%{{&'()--!  10%{{&'()--)?FJ J
10%{{&'()--  10%{{&'()--  10%{{&'()--TTTTTTTpS1i\:{!  10%{{&'()--
10%{{&'()--)?FJ !  10%{{&'()--!  10%{{&'()--!  10%{{&'()--TTTTTTT`Ci\:{!
10%  10%{{&'()--! 



10%{{&'()--  10%{{&'()--!  10%{{&'()--  10%{{&'()--!
10%{{&'()--TTTTTTTz]@i\:{!  1  10%{{&'()--  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ !  10%{{&'()--TTTTTTTy\?i\:{!  1  10%{{&'()--  10%{{&'()--
10%{{&'()--!  10%{{&'()--)?FJ   10%{{&'()--TTTTTTT~\:i\:{!!  10%{{&'()--!
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ   10%{{&'()--TTTTTTTzX6i\:{!! 



10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ !
10%{{&'()--TTTTTTTz]@i\:{!!  10%{{&'()--  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ !  10%{{&'()--TTTTTTT~\:i\:{!!!  10%{{&'()--!  10%{{&'()--
10%{{&'()--  10%{{&'()--)?FJ   10%{{&'()--TTTTTTTz]@i\:{!!!  10%{{&'()--
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ !  10%{{&'()--TTTTTTT~aDi\:{!!!
10%{{&'()--  



10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ   10%{{&'()--TTTTTTT~\:i\:{!!!
10%{{&'()--!  10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ
10%{{&'()--TTTTTTTz];i\:{!!!!  10%{{&'()--  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ !  10%{{&'()--TUUUUUUz]@i\:{!!!!  10%{{&'()--  10%{{&'()--
10%{{&'()--  10%{{&'()--)?FJ !  10%{{&'()--UUU UUU U~aDi\:{!!!!
10%{{&'()--  10%{{&'()-- 



10%{{&'()--  10%{{&'()--)?FJ   10%{{&'()-- UUUUUUUyW5i\:{!!  10%{{&'()--!
10%{{&'()--  10%{{&'()--!  10%{{&'()--)?FJ
10%{{&'()--UUU-U.U0U2UzX6i\:{!!!  10%{{&'()--!  10%{{&'()--  10%{{&'()--
10%{{&'()--)?FJ !  10%{{&'()--2U4U5U7U8U9U:Uz]@i\:{!!!  10%{{&'()--
10%{{&'()--  10%{{&'()--  10%{{&'()--)?FJ !  10%{{&'()--:U;
U<U=U>U@UBU~\:i\:{!!!!  10%{{&'()--!  10%{{&'()--  10%{{&'()-- 



10%{{&'()--)?FJ   10%{{&'()--BUDUEUSUXUYUZUuX;i\:{!!!!  10%{{&'()--
10%{{&'()--!  10%{{&'()--  10%{{&'()--)?FJ !
10%{{&'()--ZU[U\U]U_U`UaUy\?i\:{!!!!  10%{{&'()--  10%{{&'()--!
10%{{&'()--)?FJ   10%{{&'()--  10%{{&'()--aUbUcUdUfUjUkUyW:i\:{!!!
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