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Description

TECHNICAL FIELD

[0001] The present invention relates to a process for producing a polyester composition with good hydrolysis resistance.

BACKGROUND ART

[0002] Polyester has excellent mechanical properties, thermal properties, chemical resistance, electrical properties,
and formability and has been used in various applications.
[0003] However, because polyester decreases its mechanical properties due to hydrolysis, when used over a long
period of time or used in humid situations, various studies to suppress hydrolysis have been carried out. Particularly in
films for a solar battery, the outdoor lifetime of 20 years or more is required, and therefore high hydrolysis resistance is
required.

PRIOR ART DOCUMENTS

[0004] Patent Document 1, (JP2001-114881A), describes a process for producing polyester containing phosphate of
an alkali metal or an alkaline earth metal.
[0005] Further, Patent Document 2, (JP2007-277548A), describes a process for producing polyester containing inor-
ganic phosphate, and phosphoric acid is used in combination in Examples.
[0006] Patent Document 3, (JP2008-7750A), describes polyethylene terephthalate containing a buffer phosphorus
compound, and a phosphorus compound is used in combination in Examples. EP 2495 283A, cited under Art 54(3)
EPC, concerns a polyethylene terephthalate composition comprising a copolymer component having at least 3 functional
groups in an amount of 0.01mol% to 1.00mol% with response to ethylene terephthalate units.

PROBLEMS TO BE SOLVED BY THE INVENTION

[0007] Only by a metal phosphate, as in the process for producing polyester disclosed in Patent Document 1, initial
COOH terminal groups can be suppressed, but it is difficult to suppress the increase in the amount of COOH terminal
groups due to hydrolysis, and sufficient hydrolysis resistance cannot be obtained in applications that require long-term
durability such as solar battery application.
[0008] In the case of the process for producing polyester disclosed in Patent Document 2, because the ratio of phos-
phoric acid to inorganic phosphate and their amount were inappropriate, inorganic phosphate readily turned into a foreign
body, and, although the short-term hydrolysis resistance was excellent, the hydrolysis resistance over a long period of
time required in solar battery application and the like was insufficient, and mechanical properties of a film was reduced
by the foreign bodies.
[0009] In the case of polyethylene terephthalate disclosed in Patent Document 3, the appropriateness of the type, the
ratio, the amount, and the like of the phosphorus compound is insufficient, and therefore the hydrolysis resistance and
mechanical properties are insufficient for solar battery application.
[0010] Examples of the process for producing polyester include the method in which polycondensation is carried out
after esterification reaction using dicarboxylic acid as a main raw material (direct polymerization method) and the method
in which polycondensation is carried out after transesterification reaction using dicarboxylic acid ester as a main raw
material (DMT method). The DMT method disperses particle components well and is excellent in suppression of foreign
bodies, but has a problem in that the raw material cost is high compared to the direct polymerization method. On the
other hand, the direct polymerization method allows an esterification reaction without a catalyst and further is very cost-
effective because the raw material is inexpensive, but has a problem in that the hydrolysis resistance decreases because
the amount of COOH terminal groups in the resulting polyester is high compared to the case of the DMT method.
[0011] An object of the present invention is to solve the above-described problems in the prior art and provide a process
for producing a polyester composition suitable for use in a film with excellent hydrolysis resistance.

MEANS FOR SOLVING THE PROBLEMS

[0012] The invention provides a process for producing a polyester composition as defined in the accompanying claims.
Thus, the problem of the present invention can be solved by a process for producing a polyester composition, comprising:
carrying out an esterification reaction of dicarboxylic acid component with diol component; and then carrying out a
polycondensation reaction, wherein the diol component is added portionwise in at least two portions during the time
from the completion of the esterification reaction until the start of the polycondensation reaction, and then alkali metal
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phosphate is subsequently added to an esterification reactant having an amount of COOH terminal groups of not more
than 150 eq/ton.

EFFECTS OF THE INVENTION

[0013] According to the process for producing polyester of the present invention, the amount of COOH terminal groups
of a polyester composition can be controlled, and, at the same time, a polyester composition with excellent hydrolysis
resistance can be provided.

BEST MODE FOR CARRYING OUT THE INVENTION

[0014] The present invention will now be described in detail.
[0015] In the process for producing a polyester composition of the present invention, it is necessary that, in the process
for producing polyester comprising carrying out an esterification reaction of dicarboxylic acid component with diol com-
ponent, and carrying out a polycondensation reaction, the diol component be added twice or more during the time from
the completion of the esterification reaction until the start of the polycondensation reaction, and alkali metal phosphate
be added with the amount of COOH terminal groups of an esterification reactant being not more than 150 eq/ton.
[0016] As dicarboxylic acid component in the present invention, various dicarboxylic acid components such as aromatic
dicarboxylic acids, chain aliphatic dicarboxylic acids, and alicyclic dicarboxylic acids can be used. Among them, aromatic
dicarboxylic acids are preferred from the standpoint of mechanical properties, heat resistance, and wet heat resistance
of the polyester composition. In particular, terephthalic acid, isophthalic acid, and naphthalene dicarboxylic acid are
preferred in view of polymerizability and mechanical properties.
[0017] As diol component in the present invention, various diols can be used. Example thereof include, aliphatic diols
such as ethylene glycol, 1,2-propanediol, 1,3-propanediol, butanediol, 2-methyl-1,3-propanediol, hexanediol, and neo-
pentyl glycol; alicyclic diols including saturated alicyclic primary diols such as cyclohexanedimethanol, cyclohexanedi-
ethanol, decahydronaphthalenedimethanol, decahydronaphthalenediethanol, norbornanedimethanol, norbornanedieth-
anol, tricyclodecanedimethanol, tricyclodecane diethanol, tetracyclododecanedimethanol, tetracyclododecanediethanol,
decalin dimethanol, and decalin diethanol, saturated heterocyclic primary diols containing a cyclic ether, such as 2,6-
dihydroxy -9-oxabicyclo[3,3,1]nonane, 3,9-bis(2-hydroxy-1,1-dimethylethyl)-2,4,8,10-tetraoxaspiro[5,5]undecane(spiro-
glycol), 5-methylol-5-ethyl-2-(1,1-dimethyl-2-hydroxyethyl)-1,3-dioxane, and isosorbide, and further various alicyclic diols
such as cyclohexanediol, bicyclohexyl-4,4’-diol, 2,2-bis(4-hydroxycyclohexyl propane), 2,2-bis(4-(2-hydroxyethoxy)cy-
clohexyl)propane, cyclopentanediol, 3-methyl-1,2-cyclopentadiol, 4-cyclopentene-1,3-diol, and adamantanediol; and ar-
omatic cyclic diols such as bisphenol A, bisphenol S, styrene glycol, 9,9-bis(4-(2-hydroxyethoxy)phenyl)fluorene, and
9,9’-bis(4-hydroxyphenyl)fluorene. In addition to the diols, polyfunctional alcohols such as trimethylolpropane and pen-
taerythritol can also be used.
[0018] Among them, diols having a boiling point of 230°C or lower are preferred because of the ease of distillation out
of the reaction system, and aliphatic diols are more preferred because of low cost and high reactivity. Further, ethylene
glycol is particularly preferred from the standpoint of mechanical properties.
[0019] Generally, when an esterification reaction is carried out using dicarboxylic acid component and diol component
as a material, the method in which an esterification reactant is pooled in advance, and a slurry of dicarboxylic acid and
diol is added thereto to initiate the esterification reaction is selected in view of improving the handleability of dicarboxylic
acid insoluble in diol and reducing the reaction time. The esterification reaction proceeds without pooling an esterification
reactant, but pressurizing equipment or a catalyst can be necessary. Also in the present invention, it is desirable to carry
out an esterification reaction using a pooled esterification reactant.
[0020] In the process for producing a polyester composition in the present invention, when an esterification reactant
is obtained from the dicarboxylic acid component and the diol component described above, the molar ratio of the diol
component to the dicarboxylic acid component before the start of esterification reaction (diol component/dicarboxylic
acid component) is preferably in the range of 1.05 to 1.40 from the standpoint of esterification reactivity and heat
resistance. When the molar ratio is in this preferred range, the time cycle can be shortened because the esterification
reaction proceeds efficiently, and the heat resistance is maintained because of reduced by-product formation of dimers
of the diol component. More preferred is 1.05 to 1.30, and still more preferred is 1.05 to 1.20.
[0021] Further, in the esterification reaction in the present invention, an alkali metallic salt, titanium compound, am-
monium salt, and the like may be used as a catalyst, but the esterification reaction is preferably carried out without a
catalyst because pyrolysis, generation of foreign bodies, and the like at the polycondensation reaction stage can be
problematic. The esterification reaction proceeds sufficiently even without a catalyst by autocatalysis of COOH terminal
groups.
[0022] In the present invention, it is necessary to add the diol component twice or more to the esterification reactant
after esterification reaction. By adding the diol component to the esterification reactant, the amount of COOH terminal
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groups of the esterification reactant is controlled; the amount of COOH terminal groups of the polyester composition
after polycondensation reaction is reduced; and hydrolysis resistance is improved. In addition, by adding alkali metal
phosphate before polycondensation reaction, the increase in COOH terminal groups is suppressed, and high hydrolysis
resistance is provided.
[0023] The addition of the diol component needs to be carried out during the time from the completion of the esterification
reaction until the start of the polycondensation reaction. If the addition of the diol component is carried out during the
polycondensation reaction, the effect of reducing the amount of COOH terminal groups of the polyester composition
finally obtained will be reduced because the diol component does not react efficiently with COOH terminal groups of the
esterification reactant. It is preferable to add the diol component during the time from when the esterification reaction
rate reaches 90% or more until the intrinsic viscosity reaches 0.3 in the esterification reaction using the dicarboxylic acid
component and the diol component. When the addition of diol is carried out under this preferred conditions, by-product
formation of diol component dimers is suppressed, and the heat resistance can be maintained; in addition, the amount
of COOH terminal groups is less likely to increase because unreacted terephthalic acid is less likely to remain, and the
hydrolysis resistance is maintained.
[0024] Further, the diol component needs to be added twice or more. By adding the diol component portionwise, the
amount of COOH terminal groups of an esterification reactant can be reduced efficiently to minimize the time cycle
extended by the addition. Further, by minimizing the extension of the time cycle, the content of dimers of the diol
component can be 1.3% by weight or less based on the resulting polyester composition. If the diol component is added
to the esterification reactant in one portion, there are concerns about stirring trouble due to solidification of the esterification
reactant and delay of time cycle because the temperature in the reaction system decreases sharply. Although there is
no upper limit on the number of additions, the number of additions is preferably not more than ten times and more
preferably not more than five times. When the number is not more than such a preferred number of additions, the
production efficiency will not be reduced, and the effect of reducing the amount of COOH terminal groups can be
maintained.
[0025] When the diol component is added, the lower limit of the temperature in the reaction system is preferably not
less than 210°C, and, further, adding while maintaining not less than 220°C is preferred. The upper limit of the temperature
in the reaction system is preferably not more than 260°C and more preferably not more than 250°C. Further, the second
and subsequent addition of the diol component is preferably carried out after the temperature in the reaction system
returns to 230°C or higher and more preferably 235°C or higher. By maintaining the temperature in the system at 210
to 260°C, the addition can be repeated efficiently, and the amount of COOH terminal groups of the esterification reactant
can be rapidly reduced.
Further, stirring trouble due to solidification of the esterification reactant and delay of time cycle can be prevented.
[0026] Further, the amount of the diol component added after the esterification reaction is preferably 0.15-fold to 0.5-
fold mole compared to the amount of the total dicarboxylic acid component per addition in view of production efficiency
and heat resistance, and more preferred is 0.15-fold to 0.3-fold mole. When the amount per addition is in this range, the
COOH terminal groups of the esterification reactant can be reduced effectively without impairing the heat resistance,
and a polyester composition with good hydrolysis resistance can be obtained. In addition, the amount may be varied
from addition to addition.
[0027] The lower limit of the total amount of the diol component added is preferably 0.3-fold mole or greater, more
preferably 0.4-fold mole or greater, and still more preferably 0.5-fold mole or greater compared to the amount of the total
dicarboxylic acid component. The upper limit is preferably up to 1.5-fold mole, more preferably up to 1.0-fold mole, and
still more preferably up to 0.9-fold mole. When the total amount of the diol component added is in the range described
above, COOH terminal groups of the esterification reactant and the diol component can be reacted sufficiently; conse-
quently, the amount of COOH terminal groups of the resulting polyester composition can be efficiently reduced, and a
polyester composition having good hydrolysis resistance with maintained heat resistance can be obtained.
[0028] Further, it is preferable to distill the COOH terminal groups of the esterification reactant and the unreacted diol
component out of the reaction system after the diol component is added in view of shorter time cycle, suppressed by-
product formation of dimers of the diol component, and heat resistance. By distilling off the unreacted diol component
out of the reaction system, the temperature rapidly returns, and consequently the content of dimers of the diol component
can be 1.3% by weight or less based on the resulting polyester composition.
[0029] In the process for producing a polyester composition of the present invention, when the diol component is
added, it is preferable to add a metal compound having an esterification reaction activity simultaneously with the diol
component. As a metal compound in the present invention, metallic salts are preferred, and specific examples thereof
include metal chlorides, metal acetates, metal carbonates, and the like, among which metal acetates such as sodium
acetate, calcium acetate, magnesium acetate, manganese acetate, cobalt acetate, zinc acetate, and tin acetate are
preferred. Further, in view of reactivity of COOH terminal groups of the esterification reactant with the diol component
and hydrolysis resistance, calcium acetate, magnesium acetate, and manganese acetate are preferred. For reducing
the amount of COOH terminal groups efficiently, the lower limit of the addition amount is preferably 1.0 mol/ton or more
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and more preferably 2.0 mol/ton or more in terms of the concentration in the resulting polyester composition. The upper
limit of the addition amount is preferably 3.5 mol/ton or less in view of hydrolysis resistance, and more preferred is 3.0
mol/ton or less. Further, when the diol component is added more than once, it is preferable to simultaneously add the
whole amount of the metallic salt at the first addition. By adding the metallic salt together with the diol component,
reactivity of COOH terminals of the esterification reactant with the diol component is improved, and the COOH terminals
can be reduced efficiently, whereby a polyester composition with good hydrolysis resistance can be obtained.
[0030] In the process for producing a polyester composition of the present invention, after the addition of the diol
component, it is necessary to add alkali metal phosphate during the time until the start of the polycondensation reaction.
When alkali metal phosphate is added, it is necessary that, after the esterification reaction, the diol component is added,
and then the alkali metal phosphate be added to a reaction system having an esterification reactant with the amount of
COOH terminal groups of not more than 150 eq/ton, more preferably not more than 100 eq/ton, and still more preferably
not more than 50 eq/ton. By adding alkali metal phosphate when the amount of COOH terminal groups of an esterification
reactant is 150 eq/ton or less, the amount of COOH terminal groups of the resulting polyester composition can be 20
eq/ton or less, and a polyester composition having high hydrolysis resistance can be obtained. If the amount of COOH
terminal groups of an esterification reactant when adding alkali metal phosphate is more than 150 eq/ton, the amount
of COOH terminal groups of the resulting polyester composition will be large, and sufficient hydrolysis resistance cannot
be obtained. The smaller the amount of COOH terminal groups of an esterification reactant, the better the hydrolysis
resistance, but the criterion of the lower limit is preferably 10 eq/ton. If the amount of COOH terminal groups is not less
than 10 eq/ton, it is not necessary to add a large amount of diol component over a long period of time, and reduced heat
resistance due to by-product formation of dimers of the diol component can be prevented. The diol component may be
further added after alkali metal phosphate was added.
[0031] Examples of the alkali metal phosphate in the present invention include sodium dihydrogenphosphate, disodium
hydrogenphosphate, trisodium phosphate, potassium dihydrogenphosphate, dipotassium hydrogenphosphate, tripotas-
sium phosphate, lithium dihydrogenphosphate, dilithium hydrogenphosphate, and trilithium phosphate, but are not limited
thereto. Among them, sodium dihydrogenphosphate and potassium dihydrogenphosphate are preferred in view of hy-
drolysis resistance.
[0032] The lower limit of the addition amount of alkali metal phosphate, in view of hydrolysis resistance, is preferably
0.1 mol/ton or more and more preferably 0.4 mol/ton or more in terms of the concentration in the resulting polyester
composition. The upper limit of the addition amount, in view of suppression of foreign bodies and hydrolysis resistance,
is preferably 7.0 mol/ton or less, more preferably 4.0 mol/ton or less, and still more preferably 2.0 mol/ton or less. By
adding alkali metal phosphate in this range, a polyester composition with good hydrolysis resistance can be obtained.
[0033] As a method of adding alkali metal phosphate, adding after mixing with the diol component and a phosphorus
compound in advance is preferred in view of hydrolysis resistance. At this time, the phosphorus compound is preferably
mixed in an amount of 0.1-fold mole to 7.5-fold mole, more preferably 0.3-fold mole to 5.0-fold mole, and still more
preferably 1.0-fold mole to 2.0-fold mole compared to the amount of the alkali metal phosphate. By mixing the phosphorus
compound in an amount of 0.1-fold mole to 7.5-fold mole compared to the amount of the alkali metal phosphate, the
reaction activity in hydrolysis of the resulting polyester composition can be controlled, and a polyester composition with
good hydrolysis resistance can be obtained.
[0034] The lower limit of the addition amount of the phosphorus compound mixed with alkali metal phosphate, in view
of hydrolysis resistance and heat resistance, is preferably 0.1 mol/ton or more and more preferably 1.0 mol/ton or more
in terms of the concentration in the resulting polyester composition. The upper limit of the addition amount is preferably
4.0 mol/ton or less and more preferably 2.5 mol/ton or less in view of hydrolysis resistance. By mixing the phosphorus
compound with alkali metal phosphate in the range described above, hydrolysis resistance can be improved without
impairing production efficiency.
[0035] Further, as a method of adding alkali metal phosphate, adding after making into a solution or slurry in advance
is preferred in view of suppression of foreign bodies. As a solvent, a diol compound such as ethylene glycol is used,
and it is preferable to prepare at a concentration of 0.5% by weight to 10% by weight and more preferably 1% by weight
to 3% by weight. By adding as a solution of the concentration described above, a polyester composition with good
hydrolysis resistance can be obtained without impairing heat resistance. Examples of the phosphorus compound mixed
with alkali metal phosphate include phosphoric acid, trimethyl phosphate, trimethyl phosphonoacetate, dimethyl phe-
nylphosphonate, and the like, but are not limited thereto. Among them, phosphoric acid is preferred from the standpoint
of hydrolysis resistance.
[0036] A polymerization catalyst used in the process for producing a polyester composition of the present invention
is not particularly limited, and various catalysts can be used. For example, complex oxides of aluminum and silica as
well as antimony compounds such as antimony trioxide, germanium compounds such as germanium dioxide, and titanium
compounds such as titanium alkoxide can be used.
[0037] In the process for producing a polyester composition of the present invention, it is preferable to add a tri- or
more functional copolymer component during the time until the start of a polycondensation reaction. Examples of tri- or
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more functional copolymer components include, for example, polycarboxylic acids such as trimellitic acid, cyclohexan-
etricarboxylic acid, biphenyltetracarboxylic acid, pyromellitic acid, butanetetracarboxylic acid, and trimer acids obtained
by trimerizing long-chain aliphatic carboxylic acid, and anhydrides and esters thereof; polyhydric alcohols such as glycerin,
pentaerythritol, dipentaerythritol, trimethylolpropane, ditrimethylolpropane, trihydroxybenzene carboxylic acid, and tri-
hydroxyhexane; polyhydroxycarboxylic acids such as citric acid, dihydroxybenzene carboxylic acid, and dihydroxynaph-
thalene carboxylic acid, and anhydrides and esters thereof; and the like. In particular, a trifunctional copolymer component
is preferred in view of film formability.
[0038] For the time for adding a tri- or more functional copolymer component, it is preferable to add during the time
until the start of the polycondensation reaction, specifically, before the intrinsic viscosity reaches 0.3. A polyester oligomer
with an intrinsic viscosity of less than 0.3, because of its low viscosity, is able to allow the tri- or more functional copolymer
component to react uniformly. Further, from the standpoint of effectively preventing a local reaction from proceeding to
cause large foreign bodies, the interval until the addition of other additives is preferably 5 minutes or more.
[0039] The lower limit of the addition amount of the tri- or more functional copolymer component, in view of the hydrolysis
resistance after film formation, is preferably 0.01 mol% or more and more preferably 0.05 mol% or more based on the
whole acid components obtained. The upper limit of the addition amount is preferably 1.00 mol% or less and more
preferably 0.50 mol% or less in view of gelation control. When the addition amount of the tri- or more functional copolymer
component is in the preferred range described above, a sufficient hydrolysis resistance effect is provided, and progression
of gelation is prevented, whereby good formability can be maintained.
[0040] As a method of adding the tri- or more functional copolymer component, in view of reactivity and suppression
of foreign bodies, adding as an ethylene glycol solution of 0.5% by mass to 5% by mass is preferred. By adding as an
ethylene glycol solution in the range described above, the tri- or more functional copolymer component and the polyester
oligomer can be allowed to react uniformly. When the concentration of the tri- or more functional copolymer component
in the ethylene glycol solution is in the preferred range described above, the amount of ethylene glycol added into the
system is not too large, and therefore the amount of diethylene glycol, a by-product, will not increase, whereby the heat
resistance and hydrolysis resistance are maintained; at the same time, a local reaction is less likely to occur, and large
foreign bodies are less likely to generate.
[0041] The process for producing a polyester composition in the present invention will now be described by way of
specific example.
[0042] First, to an esterification reactor charged with bishydroxyethyl terephthalate dissolved at 255°C, slurry of tereph-
thalic acid and ethylene glycol (1.15-fold mole compared to the amount of terephthalic acid) is gradually added using a
snake pump to promote an esterification reaction. The temperature in the reaction system is controlled to be 245 to
255°C, and the esterification reaction is considered to be complete when the reaction rate reached 95%.
[0043] To the esterification reactant at 255°C thus obtained, ethylene glycol and manganese acetate in an amount of
0.27-fold mole compared to the amount of terephthalic acid are simultaneously added. At this time, it is preferable to
set the temperature in the system at 210 to 260°C so that the esterification reactant will not be solidified. Unreacted
ethylene glycol is distilled off, and when the temperature in the system returns to 235°C, the second addition is carried
out using ethylene glycol in an amount of 0.27-fold mole compared to the amount of terephthalic acid. Ethylene glycol
is distilled off, and when the temperature returns to 235°C again, the third addition is carried out using ethylene glycol
in an amount of 0.27-fold mole; ethylene glycol in an amount of 0.81-fold mole in total is added in three portions. Depending
on the addition amount, the amount per addition and the number of addition can be varied.
[0044] After the total amount is added, a sodium dihydrogenphosphate/phosphoric acid/ethylene glycol mixed solution
is added when the temperature in the system returns to 235°C.
[0045] Thereafter, while increasing the temperature in a polymerization apparatus gradually to 280°C, the pressure
in the polymerization apparatus is gradually reduced from normal pressure to 133 Pa or less to distill off ethylene glycol.
At this time, if the amount of COOH terminal groups of the polyester composition is desired to be lower, it is preferable
to set the polymerization temperature low. The reaction is terminated when a predetermined stirring torque is reached,
and the reaction system is brought to normal pressure with nitrogen. The resultant is discharged in strands into cold
water and cut to obtain a polyester composition in the form of a pellet.

EXAMPLES

[0046] The present invention will now be described specifically by way of example.
[0047] The measurements of physical properties were performed according to the following method.

(1) Intrinsic Viscosity (IV)

[0048] The measurement was made at 25°C using o-chlorophenol as a solvent.
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(2) The Amount of COOH Terminal Groups

[0049] The measurement was made according to the Maurice’s method described in the literature below.
[0050] M. J. Maurice, F. Huizinga "Anal. Chim. Acta" Vol. 22, p-363 (1960)

(3) Evaluation of Hydrolysis Resistance (ΔCOOH)

[0051] A polyester composition in the form of a pellet was heat treated at 155°C and 100% RH for 4 hours, and the
difference in the amount of COOH terminal groups before and after the treatment (the amount of COOH terminal groups
after treatment - the amount of COOH terminal groups before treatment) was compared. When the difference in the
amount of COOH terminal groups at this time (ΔCOOH) was 50 eq/ton or less, the polyester composition was judged
to have good hydrolysis resistance.
[0052] As a treatment apparatus, a heat treatment apparatus PRESSER COOKER 306SIII (manufactured by HIRAYA-
MA MANUFACTURING CORP.) was used.

(4) DEG (Diethylene Glycol) Content in Polyester Composition

[0053] A polyester composition was dissolved in monoethanolamine as a solvent, and a 1,6-hexanediol/methanol
mixed solution was added to the solution. The resulting mixture was cooled and neutralized with terephthalic acid, and
then centrifuged, after which a supernatant fluid was measured using gas chromatography (GC-14A, available from
Shimadzu Corporation).

(Example 1)

[0054] While maintaining the temperature in the reaction system in which an esterification reactor was charged in
advance with 105 parts by weight of bishydroxyethyl terephthalate (equivalent to 100 parts by weight of polyethylene
terephthalate (hereinafter referred to as PET)) at 245 to 255°C, a slurry comprising 86 parts by weight of terephthalic
acid and 37 parts by weight of ethylene glycol was fed into the reaction system with a snake pump, and esterification
reaction was allowed to proceed to distill water. When the esterification reaction rate reached 95%, the esterification
reaction was terminated to obtain an esterification reactant with the amount of COOH terminal groups of 334 eq/ton.
The obtained esterification reactant in an amount of 105 parts by weight (equivalent to 100 parts by weight of PET) was
loaded into a polymerization apparatus equipped with a distillation apparatus, and 0.06 parts by weight (equivalent to
2.4 mol/ton) of manganese acetate, 0.03 parts by weight (equivalent to 1.0 mol/ton) of antimony trioxide, and 8.7 parts
by weight (0.27-fold mole compared to the amount of terephthalic acid in 100 parts by weight of PET) of ethylene glycol
were simultaneously added to distill off unreacted ethylene glycol. When the temperature in the system returned to
235°C, 8.7 parts by weight of ethylene glycol was added again, after which the temperature was returned to 235°C again
while distilling off the unreacted ethylene glycol, and, further, the third addition was carried out using 8.7 parts by weight
of ethylene glycol; 26.1 parts by weight in total (0.81-fold mole compared to the amount of terephthalic acid in 100 parts
by weight of PET) of ethylene glycol was added. After completion of the addition, when the reaction system temperature
returned to 235°C while distilling off the unreacted ethylene glycol and the amount of COOH terminal groups decreased
to 48 eq/ton, a solution of 0.027 parts by weight (equivalent to 1.7 mol/ton) of sodium dihydrogenphosphate dihydrate/0.02
parts by weight (equivalent to 2.0 mol/ton, 1.2-fold mole compared to the amount of alkali metal phosphate) of phosphoric
acid/1.6 parts by weight of ethylene glycol was added. The ethylene glycol distilled off was 5.5 parts by weight in total.
[0055] Thereafter, while increasing the temperature in the polymerization apparatus from 235°C to 280°C over 90
minutes, the pressure in the polymerization apparatus was gradually reduced from normal pressure to 133 Pa or less
to distill off ethylene glycol. The reaction was terminated when the melt viscosity equivalent to the intrinsic viscosity of
0.65 was reached, and the reaction system was brought to normal pressure with nitrogen gas and a molten polymer
was discharged in strands from the lower part of the polymerization apparatus into cold water. The polyester strand
discharged and solidified was cut to obtain a polyester composition in the form of a pellet. The properties of the polyester
composition obtained are shown in Table 1. This polyester composition had good hydrolysis resistance.

(Examples 2 to 9, Comparative Examples 1 to 3)

[0056] A polyester composition was obtained in the same manner as in Example 1 except that the amount of the
ethylene glycol added and the number of additions were changed.
[0057] The polyester composition obtained in Examples 2 to 7 also had sufficient hydrolysis resistance.
[0058] The polyester composition obtained in Examples 8 and 9 had good hydrolysis resistance similar to that in
Example 1.
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[0059] In Comparative Example 1, the addition of ethylene glycol was not performed, and the amount of COOH terminal
groups when adding alkali metal phosphate was over the upper limit; therefore, the amount of COOH terminal groups
of the polyester composition was large, and sufficient hydrolysis resistance could not be obtained.
[0060] In Comparative Example 2, the amount of COOH terminal groups after the addition of ethylene glycol was over
the upper limit; therefore, the amount of COOH terminal groups of the polyester composition was large, and sufficient
hydrolysis resistance could not be obtained.
[0061] In Comparative Example 3, because of the addition of ethylene glycol in one portion, it took time for the tem-
perature in the system to return, and, further, effective reaction with COOH terminal groups could not be achieved;
therefore, the amount of COOH terminal groups of the polyester composition and the DEG content were large, and
sufficient hydrolysis resistance could not be obtained.
[0062] The results of these Examples and Comparative Examples are shown in Tables 1 and 2.

(Example 10)

[0063] A polyester composition was obtained in the same manner as in Example 1 except that when ethylene glycol
was added, the unreacted ethylene glycol was not distilled off but refluxed. This polyester composition had sufficient
hydrolysis resistance. The results are shown in Table 3.

(Example 11)

[0064] While maintaining the temperature in the reaction system in which an esterification reactor was charged in
advance with 105 parts by weight of bishydroxyethyl terephthalate (equivalent to 100 parts by weight of PET) at 245 to
255°C, a slurry comprising 86 parts by weight of terephthalic acid and 37 parts by weight of ethylene glycol was fed into
the reaction system with a snake pump, and esterification reaction was allowed to proceed to distill water. When the
esterification reaction rate reached 95%, the esterification reaction was terminated to obtain an esterification reactant
with the amount of COOH terminal groups of 334 eq/ton. The obtained esterification reactant in an amount of 105 parts
by weight (equivalent to 100 parts by weight of PET) was loaded into a polymerization apparatus equipped with a
distillation apparatus, and 8.7 parts by weight (0.27-fold mole compared to the amount of terephthalic acid in 100 parts
by weight of PET) of ethylene glycol was added to distill off unreacted ethylene glycol. When the temperature in the
system returned to 235°C, 8.7 parts by weight of ethylene glycol was added again, after which the temperature was
returned to 235°C again while distilling off the unreacted ethylene glycol, and, further, the third addition was carried out
using 8.7 parts by weight of ethylene glycol; 26 parts by weight in total (0.8-fold mole compared to the amount of
terephthalic acid in 100 parts by weight of PET) of ethylene glycol was added. After completion of the addition, when
the amount of COOH terminal groups decreased to 88 eq/ton, 0.06 parts by weight of manganese acetate and 0.03
parts by weight of antimony trioxide were added, and, after 5 minutes, a solution of 0.027 parts by weight (equivalent to
1.7 mol/ton) of sodium dihydrogenphosphate dihydrate/0.02 parts by weight (equivalent to 2.0 mol/ton) of phosphoric
acid/1.6 parts by weight of ethylene glycol was added. The ethylene glycol distilled off was 15.1 parts by weight in total.
[0065] Thereafter, while increasing the temperature in the polymerization apparatus from 235°C to 280°C over 90
minutes, the pressure in the polymerization apparatus was gradually reduced from normal pressure to 133 Pa or less
to distill off ethylene glycol. The reaction was terminated when the melt viscosity equivalent to the intrinsic viscosity of
0.65 was reached, and the reaction system was brought to normal pressure with nitrogen gas and a molten polymer
was discharged in strands from the lower part of the polymerization apparatus into cold water. The polyester strand
discharged and cooled was cut to obtain a polyester composition in the form of a pellet. This polyester composition had
sufficient hydrolysis resistance. The results are shown in Table 3.

(Example 12)

[0066] While maintaining the temperature in the reaction system in which an esterification reactor was charged in
advance with 105 parts by weight of bishydroxyethyl terephthalate (equivalent to 100 parts by weight of PET) at 245 to
255°C, a slurry comprising 86 parts by weight of terephthalic acid and 37 parts by weight of ethylene glycol was fed into
the reaction system with a snake pump, and esterification reaction was allowed to proceed to distill water. When the
esterification reaction rate reached 95%, the esterification reaction was terminated to obtain an esterification reactant
with the amount of COOH terminal groups of 334 eq/ton. The obtained esterification reactant in an amount of 105 parts
by weight (equivalent to 100 parts by weight of PET) was loaded into a polymerization apparatus equipped with a
distillation apparatus, and 0.06 parts by weight (equivalent to 2.4 mol/ton) of manganese acetate, 0.03 parts by weight
(equivalent to 1.0 mol/ton) of antimony trioxide, and 8.7 parts by weight (0.27-fold mole compared to the amount of
terephthalic acid in 100 parts by weight of PET) of ethylene glycol were simultaneously added to distill off unreacted
ethylene glycol. When the temperature in the system returned to 225°C, 8.7 parts by weight of ethylene glycol was added
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again, after which the temperature was returned to 225°C again while distilling off the unreacted ethylene glycol, and,
further, the third addition was carried out using 8.7 parts by weight of ethylene glycol; 26.1 parts by weight in total (0.81-
fold mole compared to the amount of terephthalic acid in 100 parts by weight of PET) of ethylene glycol was added.
After completion of the addition, when the reaction system temperature returned to 235°C while distilling off the unreacted
ethylene glycol and the amount of COOH terminal groups decreased to 125 eq/ton, a solution of 0.027 parts by weight
(equivalent to 1.7 mol/ton) of sodium dihydrogenphosphate dihydrate/0.02 parts by weight (equivalent to 2.0 mol/ton,
1.2-fold mole compared to the amount of alkali metal phosphate) of phosphoric acid/1.6 parts by weight of ethylene
glycol was added. The ethylene glycol distilled off was 8.5 parts by weight in total.
[0067] Thereafter, while increasing the temperature in the polymerization apparatus from 235°C to 280°C over 90
minutes, the pressure in the polymerization apparatus was gradually reduced from normal pressure to 133 Pa or less
to distill off ethylene glycol. The reaction was terminated when the melt viscosity equivalent to the intrinsic viscosity of
0.65 was reached, and the reaction system was brought to normal pressure with nitrogen gas and a molten polymer
was discharged in strands from the lower part of the polymerization apparatus into cold water. The polyester strand
discharged and solidified was cut to obtain a polyester composition in the form of a pellet. This polyester composition
had sufficient hydrolysis resistance. The results are shown in Table 3.

(Examples 13 to 20)

[0068] A polyester composition was obtained in the same manner as in Example 1 except that the amount of a metallic
salt simultaneously added when ethylene glycol was added and the type of metallic salt were changed.
[0069] The polyester composition obtained in Examples 13 to 15 had such sufficient hydrolysis resistance that will not
cause any problem when used in a solar battery or the like.
[0070] The polyester composition obtained in Examples 16 to 20 also had sufficient hydrolysis resistance.
[0071] The results of these Examples are shown in Table 4.

(Examples 21 to 28)

[0072] A polyester composition was obtained in the same manner as in Example 1 except that the amount of alkali
metal phosphate added after addition and the type of alkali metal phosphate were changed.
[0073] The polyester composition obtained in Examples 21 to 25, 27, and 28 had good hydrolysis resistance similar
to that in Example 1.
[0074] The polyester composition obtained in Example 26 had sufficient hydrolysis resistance.
[0075] The results of these Examples are shown in Table 5.

(Examples 29 to 37)

[0076] A polyester composition was obtained in the same manner as in Example 1 except that the type of phosphorus
compound mixed with alkali metal phosphate, the addition amount of the phosphorus compound, and the molar ratio of
the mixed phosphorus compound (to alkali metal phosphate) were changed.
[0077] The polyester composition obtained in Examples 29 and 30 had hydrolysis resistance at such a level that no
problem occurs when used in solar battery application or the like.
[0078] The polyester composition obtained in Examples 31 to 33 had good hydrolysis resistance similar to that of
Example 1.
[0079] The polyester composition obtained in Example 34 had hydrolysis resistance at such a level that no problem
occurs when used in solar battery application or the like.
[0080] The polyester composition obtained in Examples 35 to 37 had sufficient hydrolysis resistance.
[0081] The results of these Examples are shown in Tables 6 and 7.

(Example 38)

[0082] While maintaining the temperature in the reaction system in which an esterification reactor was charged in
advance with 105 parts by weight of bishydroxyethyl terephthalate (equivalent to 100 parts by weight of PET) at 245 to
255°C, a slurry comprising 86 parts by weight of terephthalic acid and 37 parts by weight of ethylene glycol was supplied
with a snake pump, and esterification reaction was allowed to proceed to distill water. When the esterification reaction
rate reached 95%, the esterification reaction was terminated to obtain an esterification reactant with the amount of COOH
terminal groups of 334 eq/ton. The obtained esterification reactant in an amount of 105 parts by weight (equivalent to
100 parts by weight of PET) was loaded into a polymerization apparatus equipped with a distillation apparatus, and 0.06
parts by weight (equivalent to 2.4 mol/ton) of manganese acetate, 0.03 parts by weight (equivalent to 1.0 mol/ton) of
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antimony trioxide, and 8.7 parts by weight (0.27-fold mole compared to the amount of terephthalic acid in 100 parts by
weight of PET) of ethylene glycol were simultaneously added to distill off unreacted ethylene glycol. When the temperature
in the system returned to 235°C, 8.7 parts by weight of ethylene glycol was added again, after which the temperature
was returned to 235°C again while distilling off the unreacted ethylene glycol, and, further, the third addition was carried
out using 8.7 parts by weight of ethylene glycol; 26 parts by weight in total (0.8-fold mole compared to the amount of
terephthalic acid in 100 parts by weight of PET) of ethylene glycol was added. After completion of the addition, when
the reaction system temperature returned to 235°C while distilling off the unreacted ethylene glycol and the amount of
COOH terminal groups decreased to 48 eq/ton, a solution of 0.027 parts by weight (equivalent to 1.7 mol/ton) of sodium
dihydrogenphosphate dihydrate/1.4 parts by weight of ethylene glycol and 0.02 parts by weight (equivalent to 2.0 mol/ton)
of phosphoric acid/0.2 parts by weight of ethylene glycol was added without mixing. The ethylene glycol distilled off was
5.5 parts by weight in total.
[0083] Thereafter, while increasing the temperature in the polymerization apparatus from 235°C to 280°C over 90
minutes, the pressure in the polymerization apparatus was gradually reduced from normal pressure to 133 Pa or less
to distill off ethylene glycol. The reaction was terminated when the melt viscosity equivalent to the intrinsic viscosity of
0.65 was reached, and the reaction system was brought to normal pressure with nitrogen gas and a molten polymer
was discharged in strands from the lower part of the polymerization apparatus into cold water. The polyester strand
discharged and solidified was cut to obtain a polyester composition in the form of a pellet.
[0084] This polyester composition had hydrolysis resistance at such a level that no problem occurs when used in solar
battery application or the like. The results are shown in Table 7.

(Comparative Example 4)

[0085] A polyester composition was obtained in the same manner as in Example 1 except that a metallic salt and alkali
metal phosphate were not added.
[0086] Because a metallic salt was not added simultaneously in the addition, effective reaction with COOH terminal
groups could not be achieved, and the amount of COOH terminal groups of the polyester composition and the DEG
content tended to increase compared to Example 1. Further, because alkali metal phosphate was not added, this polyester
composition of Comparative Example 4 did not provide sufficient hydrolysis resistance. The results are shown in Table 7.

(Example 39)

[0087] While maintaining the temperature in the reaction system in which an esterification reactor was charged in
advance with 105 parts by weight of bishydroxyethyl terephthalate (equivalent to 100 parts by weight of PET) at 245 to
255°C, a slurry comprising 86 parts by weight of terephthalic acid and 37 parts by weight of ethylene glycol was fed into
the reaction system with a snake pump, and esterification reaction was allowed to proceed to distill water. When the
esterification reaction rate reached 95%, the esterification reaction was terminated to obtain an esterification reactant
with the amount of COOH terminal groups of 334 eq/ton. The obtained esterification reactant in an amount of 105 parts
by weight (equivalent to 100 parts by weight of PET) was loaded into a polymerization apparatus equipped with a
distillation apparatus, and 0.06 parts by weight (equivalent to 2.4 mol/ton) of manganese acetate, 0.03 parts by weight
(equivalent to 1.0 mol/ton) of antimony trioxide, and 8.7 parts by weight (0.27-fold mole compared to the amount of
terephthalic acid in 100 parts by weight of PET) of ethylene glycol were simultaneously added to distill off unreacted
ethylene glycol. When the temperature in the system returned to 235°C, 8.7 parts by weight of ethylene glycol was added
again, after which the temperature was returned to 235°C again while distilling off the unreacted ethylene glycol, and,
further, the third addition was carried out using 8.7 parts by weight of ethylene glycol; 26.1 parts by weight in total (0.81-
fold mole compared to the amount of terephthalic acid in 100 parts by weight of PET) of ethylene glycol was added.
After completion of the addition, when the reaction system temperature returned to 235°C while distilling off the unreacted
ethylene glycol, 0.01 parts by weight of trimellitic anhydride (1% by weight of ethylene glycol solution) was added as a
copolymer component (the amount of COOH terminal groups after the addition was 45 eq/ton). After 5 minutes, a solution
of 0.027 parts by weight (equivalent to 1.7 mol/ton) of sodium dihydrogenphosphate dihydrate/0.02 parts by weight
(equivalent to 2.0 mol/ton, 1.2-fold mole compared to the amount of alkali metal phosphate) of phosphoric acid/1.6 parts
by weight of ethylene glycol was added. The ethylene glycol distilled off was 5.5 parts by weight in total.
[0088] Thereafter, while increasing the temperature in the polymerization apparatus from 235°C to 280°C over 90
minutes, the pressure in the polymerization apparatus was gradually reduced from normal pressure to 133 Pa or less
to distill off ethylene glycol. The reaction was terminated when the melt viscosity equivalent to the intrinsic viscosity of
0.65 was reached, and the reaction system was brought to normal pressure with nitrogen gas and a molten polymer
was discharged in strands from the lower part of the polymerization apparatus into cold water. The polyester strand
discharged and solidified was cut to obtain a polyester composition in the form of a pellet. Similarly to Example 1, a
polyester composition with good hydrolysis resistance was obtained. The properties of the polyester composition obtained
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are shown in Table 8.

(Examples 40 to 44)

[0089] A polyester composition was obtained in the same manner as in Example 39 except that the amount of the
trimellitic anhydride added as a copolymer component was changed.
[0090] In Examples 40 and 41, the addition amount of trimellitic anhydride was increased compared to Example 39,
whereby the polyester composition had a reduced amount of COOH terminal groups and had good hydrolysis resistance.
[0091] The polyester compositions obtained in Examples 42 and 43 had sufficient hydrolysis resistance and were at
such a level that no problem occurs when used in solar battery application or the like.
[0092] The polyester composition obtained in Example 44 had sufficient hydrolysis resistance.
[0093] The results of these Examples are shown in Table 8.

(Example 45)

[0094] While maintaining the temperature in the reaction system in which an esterification reactor was charged in
advance with 105 parts by weight of bishydroxyethyl terephthalate (equivalent to 100 parts by weight of PET) at 245 to
255°C, a slurry comprising 86 parts by weight of terephthalic acid, 0.2 parts by weight of trimellitic anhydride, and 37
parts by weight of ethylene glycol was fed into the reaction system with a snake pump, and esterification reaction was
allowed to proceed to distill water. When the esterification reaction rate reached 95%, the esterification reaction was
terminated to obtain an esterification reactant with the amount of COOH terminal groups of 335 eq/ton. The obtained
esterification reactant in an amount of 105 parts by weight (equivalent to 100 parts by weight of PET) was loaded into
a polymerization apparatus equipped with a distillation apparatus, and 8.7 parts by weight (0.27-fold mole compared to
the amount of terephthalic acid in 100 parts by weight of PET) of ethylene glycol was added to distill off unreacted
ethylene glycol. When the temperature in the system returned to 235°C, 8.7 parts by weight of ethylene glycol was added
again, after which the temperature was returned to 235°C again while distilling off the unreacted ethylene glycol, and,
further, the third addition was carried out using 8.7 parts by weight of ethylene glycol; 26 parts by weight in total (0.8-
fold mole compared to the amount of terephthalic acid in 100 parts by weight of PET) of ethylene glycol was added.
After completion of the addition, when the amount of COOH terminal groups decreased to 46 eq/ton, 0.06 parts by weight
of manganese acetate and 0.03 parts by weight of antimony trioxide were added, and, after 5 minutes, a solution of
0.027 parts by weight (equivalent to 1.7 mol/ton) of sodium dihydrogen phosphatedihydrate/0.02 parts by weight (equiv-
alent to 2.0 mol/ton) of phosphoric acid/1.6 parts by weight of ethylene glycol was added. The ethylene glycol distilled
off was 15.1 parts by weight in total.
[0095] Thereafter, while increasing the temperature in the polymerization apparatus from 235°C to 280°C over 90
minutes, the pressure in the polymerization apparatus was gradually reduced from normal pressure to 133 Pa or less
to distill off ethylene glycol. The reaction was terminated when the melt viscosity equivalent to the intrinsic viscosity of
0.65 was reached, and the reaction system was brought to normal pressure with nitrogen gas and a molten polymer
was discharged in strands from the lower part of the polymerization apparatus into cold water. The polyester strand
discharged and cooled was cut to obtain a polyester composition in the form of a pellet.
[0096] The polyester composition obtained in Example 45 had sufficient hydrolysis resistance. The results are shown
in Table 8.

(Example 46)

[0097] While maintaining the temperature in the reaction system in which an esterification reactor was charged in
advance with 105 parts by weight of bishydroxyethyl terephthalate (equivalent to 100 parts by weight of PET) at 245 to
255°C, a slurry comprising 86 parts by weight of terephthalic acid and 37 parts by weight of ethylene glycol was fed into
the reaction system with a snake pump, and esterification reaction was allowed to proceed to distill water. When the
esterification reaction rate reached 95%, the esterification reaction was terminated to obtain an esterification reactant
with the amount of COOH terminal groups of 334 eq/ton. The obtained esterification reactant in an amount of 105 parts
by weight (equivalent to 100 parts by weight of PET) was loaded into a polymerization apparatus equipped with a
distillation apparatus, and 0.06 parts by weight (equivalent to 2.4 mol/ton) of manganese acetate, 0.03 parts by weight
(equivalent to 1.0 mol/ton) of antimony trioxide, and 8.7 parts by weight (0.27-fold mole compared to the amount of
terephthalic acid in 100 parts by weight of PET) of ethylene glycol were simultaneously added to distill off unreacted
ethylene glycol. When the temperature in the system returned to 235°C, 8.7 parts by weight of ethylene glycol was added
again, after which the temperature was returned to 235°C again while distilling off the unreacted ethylene glycol, and,
further, the third addition was carried out using 8.7 parts by weight of ethylene glycol; 26.1 parts by weight in total (0.81-
fold mole compared to the amount of terephthalic acid in 100 parts by weight of PET) of ethylene glycol was added.
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After completion of the addition, when the reaction system temperature returned to 235°C while distilling off the unreacted
ethylene glycol and the amount of COOH terminal groups decreased to 48 eq/ton, a solution of 0.027 parts by weight
(equivalent to 1.7 mol/ton) of sodium dihydrogenphosphate dihydrate/0.02 parts by weight (equivalent to 2.0 mol/ton,
1.2-fold mole compared to the amount of alkali metal phosphate) of phosphoric acid/1.6 parts by weight of ethylene
glycol was added. The ethylene glycol distilled off was 5.5 parts by weight in total.
[0098] Thereafter, while increasing the temperature in the polymerization apparatus from 235°C to 280°C over 90
minutes, the pressure in the polymerization apparatus was gradually reduced from normal pressure to 133 Pa or less
to distill off ethylene glycol. The reaction system was brought to normal pressure with nitrogen when the intrinsic viscosity
reached 0.50, and 0.1 parts by weight of trimellitic anhydride (1% by weight of ethylene glycol solution) was added as
a copolymer component. Thereafter, the resultant was stirred for 5 minutes, and the pressure was reduced to vacuum
again to continue the polycondensation reaction. The reaction was terminated when the melt viscosity equivalent to the
intrinsic viscosity of 0.65 was reached, and the reaction system was brought to normal pressure with nitrogen gas and
a molten polymer was discharged in strands from the lower part of the polymerization apparatus into cold water. The
polyester strand discharged and solidified was cut to obtain a polyester composition in the form of a pellet. The properties
of the polyester composition obtained are shown in Table 8.
[0099] The polyester composition obtained in Example 46 had such hydrolysis resistance that will not cause any
problem when used in solar battery application or the like.
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Table 3

Example 10 Example 11 Example 12

Diol addition

Addition times 3 3 3

1st addition 
amount (fold 

mole)
0.27 0.27 0.27

2nd addition 
amount (fold 

mole)
0.27 0.27 0.27

3rd addition 
amount (fold 

mole)
0.27 0.27 0.27

4th addition 
amount (fold 

mole)
- - -

Total addition 
amounts (fold 

mole)
0.81 0.81 0.81

Metalic salt
Metalic salt Manganese acetate Manganese acetate Manganese acetate

Addition amounts 
(mol/ton)

2.4 24 2.4

Alkali metal 
phosphate

Alkali metal 
phosphate

Sodium 
dihydrogenphosphate

Sodium 
dyhydropenphosphate

Sodium 
dihydrogenphosphate

Addition amounts 
(mol/ton)

1.7 1.7 1.7

Amount of COOH terminal groups 
when alkali metal phosphate is added

45 88 125

Phosphorus 
compound

Phosphorus 
compound

phosphoric acid phosphoric acid phosphoric acid

Addition amounts 
(mol/ton)

2.0 2.0 2.0

Phosphorus compound mix ratio 
(compared to the amount of alkali 

metal phosphate)
1.2 1.2 1.2

Polymer 
properties

IV 0.66 0.67 0.66

Amount of COOH 
terminal groups

10.1 17.5 15.2

DEG (%) 2.10 1.10 1.15

ΔCOOH (eq/ton) 49.4 49.7 48.7
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INDUSTRIAL APPLICABILITY

[0100] According to the production process of the present invention, the amount of COOH terminal groups can be
controlled, and, at the same time, a polyester composition with good hydrolysis resistance can be provided, which allows
suitable use in a film for a solar battery.

Claims

1. A process for producing a polyester composition, comprising:

carrying out an esterification reaction of dicarboxylic acid component with diol component; and then
carrying out a polycondensation reaction,
wherein the diol component is added portionwise in at least two portions during the time from the completion
of the esterification reaction until the start of the polycondensation reaction, and then alkali metal phosphate is
subsequently added to an esterification reactant having an amount of COOH terminal groups of not more than
150 eq/ton.

2. The process for producing a polyester composition according to claim 1, wherein the amount of the diol component
added per addition is 0.15-fold to 0.5-fold mole compared to the amount of the dicarboxylic acid component.

3. The process for producing a polyester composition according to claim 1 or 2, wherein a metallic salt compound is
added in an amount of 1.0 mol/ton in terms of the concentration in the resulting polyester composition to 3.5 mol/ton
together with the diol component added.

4. The process for producing a polyester composition according to any one of claims 1 to 3, wherein the amount of
the alkali metal phosphate added is 0.1 mol/ton to 7.0 mol/ton in terms of the concentration in the resulting polyester
composition.

5. The process for producing a polyester composition according to any one of claims 1 to 4, wherein the alkali metal
phosphate is mixed with one or more phosphorus compounds selected from the group consisting of phosphoric
acid, trimethyl phosphate, trimethyl phosphonoacetate, dimethyl phenylphosphonate and the diol component and
added as a solution or slurry.

6. The process for producing a polyester composition according to claim 5, wherein the phosphorus compound is
mixed in an amount of 0.1-fold to 7.5-fold mole compared to the amount of the alkali metal phosphate.

7. The process for producing a polyester composition according to any one of claims 1 to 6, comprising:

carrying out an esterification reaction of a dicarboxylic acid component with a diol component; and then
carrying out a polycondensation reaction,
wherein a tri- or more functional copolymer component is added during the time until the start of the polyconden-
sation reaction.

Patentansprüche

1. Verfahren zur Herstellung einer Polyesterzusammensetzung, wobei das Verfahren Folgendes umfasst:

das Durchführen einer Veresterungsreaktion einer Dicarbonsäurekomponente mit einer Diolkomponente und
anschließend
das Durchführen einer Polykondensationsreaktion,
wobei die Diolkomponente portionsweise in zumindest zwei Portionen während des Zeitraums vom Abschluss
der Veresterungsreaktion bis zum Beginn der Polykondensationsreaktion zugesetzt wird und dann Alkalime-
tallphosphat anschließend zu einem Veresterungsreaktanten zugesetzt wird, der eine Menge an endständigen
COOH-Gruppen von nicht mehr als 150 Äqu./Tonne aufweist.

2. Verfahren zur Herstellung einer Polyesterzusammensetzung nach Anspruch 1, wobei die Menge der Diolkompo-
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nente, die pro Zugabe zugesetzt wird, der 0,15- bis 0,5-fachen molaren Menge der Dicarbonsäurekomponente
entspricht.

3. Verfahren zur Herstellung einer Polyesterzusammensetzung nach Anspruch 1 oder 2, wobei eine Metallsalzverbin-
dung in einer Menge von 1,0 Mol/Tonne, bezogen auf die Konzentration in der resultierenden Polyesterzusammen-
setzung, bis 3,5 Mol/Tonne zusammen mit der zugesetzten Diolkomponente zugesetzt wird.

4. Verfahren zur Herstellung einer Polyesterzusammensetzung nach einem der Ansprüche 1 bis 3, wobei die Menge
des zugesetzten Alkalimetallphosphats, bezogen auf die Konzentration in der resultierenden Polyesterzusammen-
setzung, 0,1 Mol/ Tonne bis 7,0 Mol/Tonne beträgt.

5. Verfahren zur Herstellung einer Polyesterzusammensetzung nach einem der Ansprüche 1 bis 4, wobei das Alkali-
metallphosphat mit einer oder mehreren phosphorhältigen Verbindungen, die aus der aus Phosphorsäure, Trime-
thylphosphat, Trimethylphosponoacetat und Dimethylphenylphosphonat bestehenden Gruppe ausgewählt sind, und
der Diolkomponente vermischt wird und als Lösung oder Aufschlämmung zugesetzt wird.

6. Verfahren zur Herstellung einer Polyesterzusammensetzung nach Anspruch 5, wobei die phosphorhältige Verbin-
dung in einer 0,1 - bis 7,5-fachen molaren Menge des Alkalimetallphosphats beigemischt wird.

7. Verfahren zur Herstellung einer Polyesterzusammensetzung nach einem der Ansprüche 1 bis 6, wobei das Verfahren
Folgendes umfasst:

das Durchführen einer Veresterungsreaktion einer Dicarbonsäurekomponente mit einer Diolkomponente und
anschließend
das Durchführen einer Polykondensationsreaktion,
wobei eine trifunktionelle oder höherfunktionelle Copolymerkomponente während des Zeitraums bis zum Beginn
der Polykondensationsreaktion zugesetzt wird.

Revendications

1. Procédé pour produire une composition de polyester, comprenant :

la mise en œuvre d’une réaction d’estérification d’un composant acide dicarboxylique avec un composant diol ;
et ensuite
la mise en œuvre d’une réaction de polycondensation,
dans lequel le composant diol est ajouté par portions en au moins deux portions durant le temps allant de
l’achèvement de la réaction d’estérification jusqu’au début de la réaction de polycondensation, après quoi un
phosphate de métal alcalin est ensuite ajouté à un réactif d’estérification ayant une quantité de groupes terminaux
COOH d’au plus 150 éq/tonne.

2. Procédé pour produire une composition de polyester selon la revendication 1, dans laquelle la quantité du composant
diol ajouté par addition est de 0,15 à 0,5 fois en mole la quantité du composant acide dicarboxylique.

3. Procédé pour produire une composition de polyester selon la revendication 1 ou 2, dans lequel un composé sel
métallique est ajouté en une quantité de 1,0 mol/tonne en termes de la concentration dans la composition de
polyester résultante à 3,5 mol/tonne conjointement avec le composant diol ajouté.

4. Procédé pour produire une composition de polyester selon l’une quelconque des revendications 1 à 3, dans lequel
la quantité du phosphate de métal alcalin ajouté est de 0,1 mol/tonne à 7,0 mol/tonne en termes de la concentration
dans la composition de polyester résultante.

5. Procédé pour produire une composition de polyester selon l’une quelconque des revendications 1 à 4, dans lequel
le phosphate de métal alcalin est mélangé avec un ou plusieurs composés du phosphore choisis dans l’ensemble
constitué par l’acide phosphorique, le phosphate de triméthyle, le phosphonoacétate de triméthyle, le phénylphos-
phonate de diméthyle et le composant diol et ajouté sous la forme d’une solution ou suspension.

6. Procédé pour produire une composition de polyester selon la revendication 5, dans lequel le composé du phosphore
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est mélangé en une quantité de 0,1 fois à 7,5 fois en moles la quantité du phosphate de métal alcalin.

7. Procédé pour produire une composition de polyester selon l’une quelconque des revendications 1 à 6, comprenant :

la mise en œuvre d’une réaction d’estérification d’un composant acide dicarboxylique avec un composant diol ;
et ensuite
la mise en œuvre d’une réaction de polycondensation,
dans lequel un composant copolymère trifonctionnel ou de fonctionnalité supérieure est ajouté durant le temps
allant jusqu’au début de la réaction de polycondensation.
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