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DESCRIPTION

Technical Field

[0001] The present invention relates to a polycondensation catalyst for producing polyester and production of polyester using
the polycondensation catalyst. The invention further relates to polyester obtained using the polycondensation catalyst.

Background Art

[0002] Polyesters typified by polyethylene terephthalate, polybutylene terephthalate and polyethylene naphthalate excel in
mechanical properties and chemical properties, and depending upon their properties, they are used in a wide variety of fields
including fibers for clothes and industrial materials, films or sheets for packaging materials or magnetic tapes, bottles, which are
hollow molded articles, casings of electric or electronic appliances, and other types of molded articles or components.

[0003] A representative polyester, namely, a polyester composed of an aromatic dicarboxylic acid component and an alkylene
glycol component as major constituents, such as polyethylene terephthalate, is produced by first preparing bis(2-hydroxyethyl)-
terephthalate (BHET) and an oligomer containing the same by an esterification reaction between terephthalic acid and ethylene
glycol or a transesterification reaction between dimethyl terephthalate and ethylene glycol, and then subjecting the oligomer to
melt-polycondensation in a vacuum at high temperatures in the presence of a polycondensation catalyst.

[0004] For use in production of biaxially stretched bottles made from polyester known as "plastic bottles", a polyester having a
higher molecular weight than polyesters used for fibers and films are needed so that the resulting bottles have enough strength.
Accordingly, a polyester having a higher molecular weight which is obtained by solid-polycondensation of polyester obtained as
melt-polycondensate is used.

[0005] As such a polycondensation catalyst for producing polyester, antimony trioxide has been heretofore widely used.
Antimony trioxide is a catalyst which is inexpensive and is of excellent catalytic activity; however, it has some problems. For
example, antimony metal is deposited while it is used in polycondensation of polyester raw materials, thereby making the resulting
polyester darkened, or the resulting polyester is contaminated with the antimony metal deposited.

[0006] It is already known that in production of polyester, coloration of polyester obtained is prevented when an alkali such as
sodium hydroxide or potassium hydroxide is present in the reaction system together with a catalyst (see patent literature 1). In the
case of antimony ftrioxide catalyst, too, it is already known that color tone of polyester obtained can be improved by co-use of a
predetermined amount of sodium oxide together with an iron oxide (see patent literature 2). However, because antimony trioxide is
inherently poisonous, development of catalysts free of antimony has been awaited in recent years.

[0007] Under these circumstances, as a polycondensation catalyst for producing polyester by a transesterification reaction
between dimethyl terephthalate and ethylene glycol, a glycol titanate (see patent literature 3) and a tetraalkoxy titanium (see
patent literature 4) have been proposed, for example. In recent years, there has been proposed as a polycondensation catalyst a
solid titanium compound which is obtained by hydrolyzing a titanium halide or a titanium alkoxide to prepare a hydroxide of
titanium, and then dehydrating and drying the hydroxide by heating it at a temperature of from 30°C to 350°C (see patent
literatures 5 and 6).

[0008] The titanium-based catalysts described above have high polymerization activity in many cases. However, coloration to
yellow is seen in the resulting polyester obtained by using such titanium-based catalysts. Furthermore, the resulting polyester is
liable to be colored due to thermal degradation during the stage of melt-molding. There is also a tendency that the resulting
polyester is poor in transparency.

[0009] In order to solve the above-mentioned problems, a titanic acid catalyst having a particulate structure which comprises a
particle of a solid base such as magnesium hydroxide and hydrotalcite having on the surface a coating formed of titanic acid (see
patent literature 7).

[0010] Such a titanic acid catalyst having a particulate structure provides polyester superior in color tone and transparency at a
polymerization activity equal to or higher than the antimony trioxide catalyst in production of polyester by melt-polycondensation of
polyester raw materials. In particular, the titanic acid catalyst has a higher polymerization activity than the antimony trioxide
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catalyst from the point of view of polycondensation rate in melt-polycondensation of polyester raw materials.

[0011] However, when the polyester obtained by using the titanic acid catalyst is subjected to solid-polycondensation to obtain a
polyester having a higher molecular weight, it has been found that the catalyst leaves much room for improvement in catalytic
activity, in particular, in terms of a polycondensation rate as compared with the antimony trioxide catalyst.

[0012] EP 1 972 650 A1 discloses a polycondensation catalyst for polyester production and a method for producing a polyester.

Prior Art Documents

Patent Literatures

[0013]

Patent Literature 1: JP 38-2143 B
Patent Literature 2: JP 9-291141 A
Patent Literature 3: JP 46-3395 B
Patent Literature 4: JP 49-57092 A
Patent Literature 5: JP 2001-64377 A
Patent Literature 6: JP 2001-114885 A

Patent Literature 7: JP 2006-188567 A

Summary of the Invention

Problem to be Solved by the Invention

[0014] The present inventors have made an intensive study in order to solve the above-mentioned various problems involved in
the conventional polycondensation catalysts for producing polyester, in particular, such problems involved in the above-
mentioned titanic acid catalyst. As a result, they have reached the present invention by finding that when an inner coating layer of
titanic acid is formed on the surfaces of particles of a solid base and an outer coating layer of an oxide of at least one element
selected from aluminum, zirconium and silicon, or of a composite oxde of at least two elements selected from aluminum, zirconium
and silicon, is formed on the surface of the inner coating layer, each layers at predetermined proportions in weight relative to the
weight of the solid base, and such a product, that is, the particles of a solid base having on the surfaces the inner and the outer
coating layers, is used as a polycondensation catalyst for producing polyester, decomposition of polyester during melt-
polycondensation is controlled thereby to provide polyester excellent in color tone at a polymerization activity higher than the
conventional antimony trioxide catalyst.

[0015] Moreover, the inventors have found that also in solid-polycondensation, the above-mentioned product or the
polycondensation catalyst provides polyester which has high molecular weight and excellent color tone at a polymerization activity
or a polycondensation rate substantially equal to that of the antimony trioxide catalyst, and higher than that of the titanic acid
catalyst.

[0016] Therefore, it is an object of the invention to provide a novel polycondensation catalyst for producing polyester which not
only exhibits high catalytic activity and provides polyester with excellent color tone even in the absence of antimony as a melt-
polymerization catalyst, but also exhibits high catalytic activity, in particular, high polycondensation rate, and provides polyester
with excellent color tone in solid-polycondensation as well.
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[0017] ltis a further object of the invention to provide a method for producing such a polycondensation catalyst. It is still a further
object of the invention to provide polyester obtained using such a polycondensation catalyst, and a method for producing
polyester using such a polycondensation catalyst.

Means to Solve the Problems

[0018] The invention provides a polycondensation catalyst for producing polyester by an esterification reaction or a
transesterification reaction between a dicarboxylic acid or an ester-forming derivative thereof and a glycol, wherein the
polycondensation catalyst comprises particles of a solid base having on the surfaces an inner coating layer of titanic acid in an
amount of from 0.1 to 50 parts by weight in terms of TiO2 per 100 parts by weight of the solid base, and an outer coating layer
either of an oxide of at least one element selected from aluminum, zirconium and silicon, or of a composite oxide of at least two
elements selected from aluminum, zirconium and silicon on the surface of the inner coating layer in an amount of from 1 to 25
parts by weight per 100 parts by weight of the solid base, wherein the titanic acid is a hydrous titanium oxide represented by the
general formula TiO2enHpO wherein n is a number satisfying 0 <n < 2.

[0019] Among the polycondensation catalysts mentioned above, the catalyst comprising particles of a solid base having on the
surfaces an inner coating layer of titanic acid and an outer coating layer either of an oxide of at least one element selected from
aluminum and zirconium, or of a composite oxide of aluminum and zrconium on the surface of the inner coating layer is obtained
according to the invention by:

adding an aqueous solution of a titanium compound and an aqueous solution of an alkali to an aqueous slurry of particles of a
solid base so that the agueous slurry has a pH in a range of 5 to 12 thereby to form an inner coating layer of titanic acid on the
surfaces of the particles of the solid base, wherein the titanic acid is a hydrous titanium oxide represented by the general formula
TiO2:nH20 wherein n is a number satisfying 0 <n < 2;

adding an aqueous solution of at least one selected from an water-soluble aluminum salt and a water-soluble zirconium salt, and
an aqueous solution of an alkali to the resulting aqueous slurry of the particles of the solid base thereby to form an outer coating
layer of an oxide of at least one element selected from aluminum and zirconium, or of a composite oxide of aluminum and
zirconium on the surface of the inner coating layer; and

filtering the aqueous slurry of the particles of the solid base having the inner coating layer and the outer coating layer thereon,
washing with water and drying the obtained cake, followed by disintegrating the obtained dried product.

[0020] Among the polycondensation catalysts mentioned above, the catalyst comprising particles of a solid base having on the
surfaces an inner coating layer of titanic acid and an outer coating layer of an oxide of silicon on the surface of the inner coating
layer is obtained according to the invention by:

adding an aqueous solution of a titanium compound and an aqueous solution of an alkali to an aqueous slurry of particles of a
solid base so that the agueous slurry has a pH in a range of 5 to 12 thereby to form an inner coating layer of titanic acid on the
surfaces of the particles of the solid base, wherein the titanic acid is a hydrous titanium oxide represented by the general formula
TiO2-nH20 wherein n is a number satisfying 0 <n < 2;

adding an aqueous solution of a water-soluble silicate and an acid to the resulting aqueous slurry of the particles of the solid
base thereby to form an outer coating layer of an oxide of silicon on the surface of the inner coating layer; and

filtering the aqueous slurry of the particles of the solid base having the inner coating layer and the outer coating layer thereon,
washing with water and drying the obtained cake, followed by disintegrating the obtained dried product.

[0021] Among the polycondensation catalysts mentioned above, the catalyst comprising particles of a solid base having on the
surfaces an inner coating layer of titanic acid and an outer coating layer of a composite oxide of at least one element selected
from aluminium and zirconium, and silicon on the surface of the inner coating layer is obtained according to the invention by:

adding an aqueous solution of a titanium compound and an aqueous solution of an alkali to an aqueous slurry of particles of a
solid base so that the aqueous slurry has a pH in a range of 5 to 12 there by to form an inner coating layer of titanic acid on the
surfaces of the particles of the solid base, wherein the titanic acid is a hydrous titanium oxide represented by the general formula
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TiO2-nH20 wherein n is a number satisfying 0 <n < 2;

adding an aqueous solution of at least one selected from an water-soluble aluminum salt and a water-soluble zirconium salt, and
an aqueous solution of a water-soluble silicate to the resulting aqueous slurry of the particles of the solid base thereby to form an
outer coating layer of a composite oxide of at least one element selected from aluminum and zirconium, and silicon on the surface
of the inner coating layer; and

filtering the aqueous slurry of the particles of the solid base having the inner coating layer and the outer coating layer thereon,
washing with water and drying the obtained cake, followed by disintegrating the obtained dried product.

[0022] The invention provides a method for producing polyester comprising subjecting a dicarboxylic acid or an ester-forming
derivative thereof and a glycol to melt-polycondensation in the presence of the polycondensation catalyst described above.

[0023] The invention provides a method for producing polyester comprising preparing an oligomer comprising a bis(hydroxyalkyl)
ester of an aromatic dicarboxylic acid by an esterification reaction or a transesterification reaction between the aromatic
dicarboxylic acid or an ester-forming derivative thereof and an alkylene glycol, and then subjecting the oligomer to melt-
polycondensation in the presence of the polycondensation catalyst mentioned above.

[0024] The invention also provides a method for producing polyester comprising further subjecting the polyester obtained in
such a manner as mentioned above to solid-polycondensation in the presence of the polycondensation catalyst mentioned
above.

[0025] The invention further provides polyester produced by a method as described above.

Effect of the Invention

[0026] In the production of polyester by an esterification reaction or a transesterification reaction between a dicarboxylic acid or
its ester-forming derivative and a glycol, the melt-polycondensation using the polycondensation catalyst for producing polyester
according to the invention makes it possible to obtain polyester excellent in color tone at a high polymerization activity without
making the polyester darkened or causing decomposition of the polyester. In addition, the use of the polycondensation catalyst
for producing polyester according to the invention in solid-polycondensation makes it possible to obtain polyester having higher
molecular weight and excellent color tone at a high polymerization activity, that is, at a high polycondensation rate.

Embodiments of the Invention

[0027] The polycondensation catalyst for producing polyester according to the invention is a polycondensation catalyst for
producing polyester by an esterification reaction or a transesterification reaction between a dicarboxylic acid or an ester-forming
derivative thereof and a glycol. The polycondensation catalyst comprises particles of a solid base having on the surfaces an inner
coating layer of titanic acid in an amount of from 0.1 to 50 parts by weight in terms of TiO2 per 100 parts by weight of the solid
base, and an outer coating layer either of an oxide of at least one element selected from aluminum, zirconium and silicon, or of a
composite oxide of at least two elements selected from aluminum, zirconium and silicon on the surface of the inner coating layer in
an amount of from 1 to 50 parts by weight per 100 parts by weight of the solid base.

[0028] Herein the invention, the oxide or the composite oxide mentioned above may contain in part hydroxides.

[0029] In the invention, examples of the solid base include oxides, hydroxides or various composite oxides of alkali metals or
alkaline earth metals, and oxides or composite oxides of aluminum, zinc, lanthanum, zirconium, thorium and the like. Such oxides
and composite oxides may be replaced partially by salts such as carbonates. Therefore, in the invention, more specific examples
of the solid base include oxides and hydroxides of magnesium, calcium, strontium, barium, aluminum, zinc and the like, e.g.,
magnesium hydroxide, calcium oxide, strontium oxide, barium oxde, zinc oxide and the like, and composite oxides such as
hydrotalcite. In particular, magnesium hydroxide or hydrotalcite is preferably used as a solid base according to the invention.

[0030] In the invention, titanic acid is a hydrous titanium oxide represented by the general formula
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TiO, * nHO

wherein n is a number satisfying 0 < n < 2. Such a titanic acid can be obtained, for example, by hydrolysis of a certain kind of
titanium compounds as described later.

[0031] In the polycondensation catalyst according to the invention, when the amount of the inner coating layer of titanic acid is
less than 0.1 parts by weight in terms of TiO2 per 100 parts by weight of the solid base, the resulting polycondensation catalyst
has a low polymerization activity. On the other hand, when the amount of the inner coating layer of titanic acid is more than 50
parts by weight in terms of TiO2 per 100 parts by weight of the solid base, decomposition of polyester occurs easily during the
production of the polyester and coloring of the resulting polyester due to its thermal degradation occurs easily during the melt-
molding of the polyester.

[0032] When the amount of the outer coating layer of an oxide of at least one element selected from aluminum, zirconium and
silicon, or of a composite oxde of at least two elements selected from aluminum, zirconium and silicon is less than 1 part by weight
per 100 parts by weight of the solid base, the resulting polycondensation catalyst has a high polymerization activity, but the color
tone of the resulting polyester is not improved. On the other hand, when the amount of the outer coating layer is more than 50
parts by weight in terms of an oxide per 100 parts by weight of the solid base, the polymerization activity of the resulting
polycondensation catalyst decreases undesirably.

[0033] The production of the polycondensation catalysts of the invention is described below.

[0034] Among the polycondensation catalysts of the invention, the catalyst comprising particles of a solid base having on the
surfaces an inner coating layer of titanic acid and an outer coating layer either of an oxde of at least one element selected from
aluminum and zrconium, or of a composite oxide of aluminum and Zrconium on the surface of the inner coating layer is obtained
by:

adding an aqueous solution of a titanium compound and an aqueous solution of an alkali to an aqueous slurry of particles of a
solid base so that the aqueous slurry has a pH in a range of 5 to 12 thereby to form an inner coating layer of titanic acid on the
surfaces of the particles of the solid base;

adding an aqueous solution of at least one selected from an water-soluble aluminum salt and a water-soluble zirconium salt, and
an aqueous solution of an alkali to the resulting aqueous slurry of the particles of the solid base thereby to form an outer coating
layer of an oxide of at least one element selected from aluminum and zrconium, or of a composite oxide of aluminum and
zirconium on the surface of the inner coating layer; and

filtering the aqueous slurry of the particles of the solid base having the inner coating layer and the outer coating layer thereon,
washing with water and drying the obtained cake, followed by disintegrating the obtained dried product.

[0035] Among the polycondensation catalysts of the invention, the catalyst comprising particles of a solid base having on the
surfaces an inner coating layer of titanic acid and an outer coating layer of an oxide of silicon on the surface of the inner coating
layer is obtained by:

adding an aqueous solution of a titanium compound and an aqueous solution of an alkali to an aqueous slurry of particles of a
solid base so that the aqueous slurry has a pH in a range of 5 to 12 thereby to form an inner coating layer of titanic acid on the
surfaces of the particles of the solid base;

adding an aqueous solution of a water-soluble silicate and an acid to the resulting aqueous slurry of the particles of the solid
base thereby to form an outer coating layer of an oxide of silicon on the surface of the inner coating layer; and

filtering the aqueous slurry of the particles of the solid base having the inner coating layer and the outer coating layer thereon,
washing with water and drying the obtained cake, followed by disintegrating the obtained dried product.

[0036] Among the polycondensation catalysts of the invention, the catalyst comprising particles of a solid base having on the
surfaces an inner coating layer of titanic acid and an outer coating layer of a composite oxide of at least one element selected
from aluminum and zirconium, and silicon, on the surface of the inner coating layer is obtained by:
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adding an aqueous solution of a titanium compound and an aqueous solution of an alkali to an aqueous slurry of particles of a
solid base so that the aqueous slurry has a pH in a range of 5 to 12 thereby to form an inner coating layer of titanic acid on the
surfaces of the particles of the solid base;

adding an aqueous solution of at least one selected from an water-soluble aluminum salt and a water-soluble zirconium salt, and
an aqueous solution of a water-soluble silicate to the resulting aqueous slurry of the particles of the solid base thereby to form an
outer coating layer of a composite oxide of at least one element selected from aluminum and zirconium, and silicon on the surface
of the inner coating layer; and

filtering the aqueous slurry of the particles of the solid base having the inner coating layer and the outer coating layer thereon,
washing with water and drying the obtained cake, followed by disintegrating the obtained dried product.

[0037] In the preparation of the above-mentioned polycondensation catalyst according to the invention, the inner coating layer
and the outer coating layer are formed in this order on the surface of a particle of the solid base, and then the particle is dried.
The temperature at which the particle of the solid base is dried is preferably within the range of from 60°C to 180°C, and
particularly preferably within the range of from 100°C to 130°C.

[0038] The disintegration of the dried product mentioned above is to loosen, or lightly disperse and crush the dried product. The
dried product may be disintegrated, for example, by treating it with a crusher such as an air mil, although not limited thereto. In
this way, the polycondensation catalyst of the invention usually has an average particle diameter in the range of about 0.3 pm to
0.5 um.

[0039] Examples of the titanic compound to form the inner coating layer of titanic acid on the surface of a particle of the solid
base include titanium halides such as titanium tetrachloride, titanates such as titanylammonium oxalate, and titanium alkoxides
such as titanium tetraisopropoxide. The titanic compound usable, however, is not limited to these examples.

[0040] Examples of the water-soluble aluminum salts to form an outer coating layer on the surface of the inner coating layer
include aluminum salts such as aluminum sulfate and aluminum chloride, and alkali metal aluminates such as sodium aluminate
and potassium aluminate. Examples of the water-soluble zirconium salt include Zirconium oxychloride and zrconium trichloride.
Examples of the water-soluble silicates include sodium silicate and potassium silicate. However, the water-soluble aluminum salts,
zirconium salts and silicates are not limited to those mentioned above.

[0041] An alkali or an acid which is used to hydrolyze the titanium compound to form the inner coating layer of titanic acid, or to
hydrolyze the aluminum salt, zirconium salt or silicate to form the outer coating layer either of an oxide of at least one element
selected from aluminum, zirconium and silicon, or of a composite oxide of at least two elements selected from aluminum, zirconium
and silicon is not specifically limited. Examples of the alkali include aqueous solution of sodium hydroxide or potassium hydroxide,
and examples of the acid include sulfuric acid, nitric acid, acetic acid, hydrochloric acid, phosphoric acid, and so on.

[0042] In the polycondensation catalyst of the invention, the solid base is preferably magnesium hydroxide or hydrotalcite, as
described hereinbefore.

[0043] The aqueous slurry of particles of magnesium hydroxide used in preparation of the polycondensation catalyst of the
invention refers to, for example, an aqueous slurry obtained by neutralizing an aqueous solution of a water-soluble magnesium
salt such as magnesium chloride and magnesium nitrate with an alkali such as sodium hydroxide and ammonia to precipitate
magnesium hydroxide, or an aqueous slurry obtained by dispersing particles of magnesium hydroxide in water. When an agueous
slurry of magnesium hydroxide is prepared by neutralizing an aqueous solution of a water-soluble magnesium salt with an alkali,
the aqueous solution of the water-soluble magnesium salt and the alkali may be subjected to simultaneous neutralization, or
alternatively neutralization may be conducted by adding one to the other.

[0044] The particles of magnesium hydroxide mentioned above may be derived from any source. For example, they may be
powder obtained by pulverizing natural ore or powder obtained by neutralizing an aqueous magnesium salt solution with an alkali.

[0045] The hydrotalcite used in the invention is preferably represented by the following general formula (1):

M2* M3 OH)2AM iy © MHRO oo (0
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wherein M2* denotes at least one divalent metal ion selected from Mg2*, Zn2* and Cu2*; M3* denotes at least one trivalent metal
ion selected from AI3+, Fe3* and Ti3+; A denotes at least one anion selected from 8042', cr, CO32' and OH"; n denotes the

valence of the anion; x is a number satisfying 0 <x < 0.5; and mis a number satisfying 0 = m < 2.

[0046] In particular, in the invention, a hydrotalcite in which M2* is Mg2*, M3* is AI3* and AN is CO32", i.e., one represented by
the general formula (ll) is preferably used:

Mg2* 1A X(OH)2(CO3%)x2 * mHRO o (I

wherein x and m have meanings the same as those mentioned above. Although such a hydrotalcite can be obtained easily as a
product in the market, it can also be produced, if necessary, by a conventionally known method, e.g. a hydrothermal method,
using proper materials.

[0047] An aqueous slurry of hydrotalcite used in the invention refers to, for example, an aqueous slurry obtained by dispersing
particles of hydrotalcite mentioned above in water.

[0048] In the production of polyester according to the invention, examples of the dicarboxylic acid include aliphatic dicarboxylic
acids exemplified by succinic acid, glutaric acid, adipic acid and dodecanedicarboxylic acid and their ester-forming derivatives
such as dialkyl esters; and aromatic dicarboxylic acids exemplified by terephthalic acid, isophthalic acid and naphthalene
dicarboxylic acid and their ester-forming derivatives such as dialkyl esters. In the invention, examples of the glycol include
ethylene glycol, propylene glycol, diethylene glycol, triethylene glycol, butylene glycol and 1,4-cyclohexanedimethanol.

[0049] Among the examples provided above, for example, aromatic dicarboxylic acids such as terephthalic acid, isophthalic acid
and naphthalene dicarboxylic acid are preferably used as the dicarboxylic acid; and alkylene glycols such as ethylene glycol,
propylene glycol and butylene glycol are preferably used as the glycol.

[0050] Therefore, in the invention, specific examples of preferred polyesters include polyethylene terephthalate, polybutylene
terephthalate, polypropylene terephthalate, polyethylene naphthalate, polybutylene naphthalate, polypropylene naphthalate and
poly(1,4-cyclohexanedimethylene terephthalate).

[0051] In the invention, however, neither the dicarboxylic acid or its ester-forming derivative nor the glycol is limited to the
examples listed above. Further, the resulting polyester is not limited to the examples shown above.

[0052] In general, such a polyester as represented by polyethylene terephthalate has been produced by the following methods.
Afirst method comprises producing a low molecular weight oligomer containing the aforementioned BHET by a direct esterification
of a dicarboxylic acid represented by terephthalic acid with a glycol represented by ethylene glycol, and subjecting the oligomer to
melt-polycondensation in the presence of a polycondensation catalyst under a high vacuum at a high temperature to yield
polyester with a desired molecular weight. A second method comprises preparing, like the foregoing method, a low molecular
weight oligomer containing the aforementioned BHET by a transesterification reaction between a dialkyl terephthalate
represented by dimethyl terephthalate and a glycol represented by ethylene glycol, and subjecting the oligomer to melt-
polycondensation in the presence of a polycondensation catalyst under a high vacuum at a high temperature to yield polyester
with a desired molecular weight.

[0053] The polycondensation catalyst of the invention is used in an amount usually in the range from 3 x 104 t0 3 x 1072 parts by
weight in relation to 100 parts by weight of low molecular weight oligomer (which is often referred simply to a low molecular weight
oligomer hereunder) which is obtained by an esterification reaction or a transesterification reaction between a dicarboxylic acid or

an ester-forming derivative thereof and a glycol. When the amount of the polycondensation catalyst is less than 3 x 104 parts by
weight in relation to 100 parts by weight of the low molecular weight oligomer, sufficient catalytic activity is not exerted so that
polyester having a desired high molecular weight may not be obtained. On the other hand, when the amount of the

polycondensation catalyst is more than 3 x 1072 parts by weight in relation to 100 parts by weight of the low molecular weight
oligomer, the resulting polyester may be inferior in heat stability.

[0054] Also in the invention, a polyester can be obtained by producing a low molecular weight oligomer containing BHET by the
above-mentioned direct esterification reaction or transesterification reaction, and then subjecting the oligomer to melt-
polycondensation in the presence of the polycondensation catalyst of the invention under a high vacuum at a high temperature in
the conventionally known manner as described above. According to the invention, when the polyester thus obtained is subjected
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to solid-polycondensation in vacuum or under an inert gas atmosphere at a temperature lower than the melting point of the
polyester provides a polyester having a much higher molecular weight.

[0055] For example, polyethylene terephthalate is produced as follows. When a transesterification reaction method is employed,
in accordance with an ordinary method, as conventionally known, a low molecular weight oligomer containing BHET is obtained by
feeding dimethyl terephthalate and ethylene glycol into a reactor, if necessary, together with a catalyst such as calcium acetate,
heating them under a normal pressure to react them together at a reflux temperature while distilling off methanol from the reaction
system. The oligomer thus obtained has a degree of polymerization usually up to about 10. If necessary, the reaction may be
conducted under pressure. The reaction can be traced by measuring the amount of methanol distilled. The esterification ratio is
usually about 95%.

[0056] When a direct esterification reaction is employed, in accordance with an ordinary method, as conventionally known, a low
molecular weight oligomer containing BHET is obtained by feeding terephthalic acid and ethylene glycol into a reactor and heating
them, if necessary under pressure, while distilling off the water formed. In the direct esterification reaction, it is preferable to add a
previously prepared low molecular weight oligomer containing BHET together with raw materials into a reactor and carry out the
direct esterification reaction in the presence of the low molecular weight oligomer.

[0057] Subsequently, the thus obtained low molecular weight oligomer is transferred to a polymerization reactor and is heated
under reduced pressure to a temperature higher than the melting point of polyethylene terephthalate (typically 240°C to 280°C),
for example, to a temperature of 280°C to 290°C. Thus, the oligomer is melt-polycondensed while unreacted ethylene glycol and
ethylene glycol resulting from the reaction are distilled off from the reaction system under monitoring of the viscosity of the molten
reactants.

[0058] According to necessity, the polycondensation reaction may be carried out by using a plurality of reactors and changing
the reaction temperature and pressure optimally in each reactor. When the viscosity of the reaction mixture reaches a
predetermined value, the pressure reduction is stopped and the pressure in the polymerization reactor is returned to a normal
pressure with nitrogen gas. Then, the resulting polyester is discharged from the reactor, for example, in a form of strand, cooled
rapidly with water, and cut to pellets. According to the invention, polyester having an intrinsic viscosity (IV) of from 0.5 to 0.7 dL/g
is obtained in this way.

[0059] A polyester to be used for production of plastic bottles requires to have a molecular weight higher than that of a polyester,
for example, for fiber and film applications. As already known, such a polyester having a higher molecular weight can be obtained
by solid-polycondensation of polyester obtained as melt-polycondensate. Thus, according to the invention, the polyester obtained
as melt-polycondensate is heated under vacuum or under an inert gas or carbon dioxide atmosphere at a temperature lower than
the melting point of the melt-polycondensate, that is, the melt-polycondensate is subjected to solid-polycondensation, thereby a
polyester having a higher molecular weight is obtained as solid-polycondensate.

[0060] That is, a polyester having a higher molecular weight can be obtained by subjecting melt-polycondensate to solid-
polycondensation in the presence of the polycondensation catalyst, as the solid-polycondensation of polyester obtained as melt-
polycondensate is already known as a method for producing a polyester having a higher molecular weight. Usually polyester
obtained as melt-polycondensate is subjected to solid-polycondensation, and accordingly, the polyester or the melt-
polycondensate used already contains the polycondensation catalyst therein.

[0061] In more detall, the solid-polycondensation of polyester comprises drying pellets of polyester, which has been obtained in
the melt-polycondensation, under vacuum or under a stream of an inert gas or carbon dioxide at a temperature of from 100°C to
200°C, crystallizing the polyester by heating the pellets at a temperature of from 150°C to 200°C, and then solid-polycondensing
the polyester by heating the polyester at a temperature lower than the melting point of the polyester, typically, at a temperature of
from 200°C to 230°C. According to the invention, a polyester having an intrinsic viscosity (IV) of 0.7-1.0 dL/g is obtained as solid-
polycondensate.

[0062] The polycondensation catalyst for producing polyester of the invention may be added to a reaction system when a direct
esterification reaction or a transesterification reaction for producing a low molecular weight oligomer containing BHET is carried
out, or alternatively it may be added to a reaction system when a low molecular weight oligomer is further subjected to
polycondensation reaction after the oligomer has been obtained. The polycondensation catalyst of the invention may be added in
the form of powder to a reaction system, or alternatively it may be added to a reaction system after being dispersed in glycol
which is used as one of the raw materials. Since the polycondensation catalyst of the invention can be dispersed easily in glycol,
especially in ethylene glycol, it is preferably added to a reaction system as such when a direct esterification reaction or a



DK/EP 2881416 T3

transesterification reaction for the production of the oligomer containing BHET is carried out.

[0063] As the polycondensation catalyst of the invention contains no antimony as an ingredient, it does not make resulting
polyesters darkened, and yet it has catalyst activity equal to or higher than the catalysts containing antimony as an ingredient,
providing polyesters with excellent color tone. Moreover, the polycondensation catalyst of the invention is not poisonous and
hence safe.

[0064] Furthermore, the polycondensation catalyst of the invention exhibits a high catalytic activity in solid-polycondensation of
polyester obtained in melt-polymerization. In particular, the polycondensation catalyst of the invention has a high solid-
polymerization rate, that is, a high rate of increase of intrinsic viscosity per time, and provides a high molecular weight polyester
having excellent color tone.

[0065] According to the invention, however, in the production of polyester, any conventionally known polycondensation catalyst,
for example, such a catalyst comprised of compounds of antimony, germanium, cobalt, zinc, manganese, titanium, tin, aluminum
and the like may be used together with the polycondensation catalyst of the invention unless the merit of use of the
polycondensation catalyst of the invention is affected. Moreover, according to demand, polycondensation may be carried out in
the presence of a phosphoric acid compound so that the resulting polyester is improved in heat stability as well as it is not
colored.

[0066] The phosphoric acid compound may be added to a reaction system at any time before the polycondensation. The
phosphoric acid compounds usable include, for example, phosphoric acid, a phosphoric acid salt such as sodium phosphate and
potassium phosphate, a phosphoric acid ester such as trimethyl phosphate, triethyl phosphate, tri-n-butyl phosphate,
phosphorous acid, a phosphorous acid salt such as sodium phosphite and potassium phosphite, a phosphorous acid ester such
as triphenyl phosphite, and polyphosphoric acid. These phosphoric acid compounds are used in an amount in the range of from 1
ppm by weight to 100 ppm by weight, preferably in the range of from 10 ppm by weight to 50 ppm by weight, in terms of
phosphorus (P), per weight of polyester to be obtained.

[0067] In the production of polyester by an esterification reaction or a transesterification reaction between a dicarboxylic acid or
its ester-forming derivative and a glycol, it is presumed that the catalytic action of titanic acid is to coordinate, as a Lewis acid, to a
carbonyl group of a dicarboxylic acid or its ester-forming derivative to make the attack of the glycol to the carbonyl carbon easy
and simultaneously accelerate the dissociation of glycol to increase the nucleophilicity thereof. However, when the acidic catalytic
action is too strong, undesirable side reactions probably occur to cause decomposition reaction or coloration of the resulting
polyester.

[0068] As the polycondensation catalyst of the invention comprises a particle of the solid base having on the surface an inner
coating layer of titanic acid and an outer coating layer of an oxide of at least one element selected from aluminum, zirconium and
silicon, it is also presumed that the acidic catalytic action of titanic acid is made moderate, and in addition, the compatibility of the
catalyst with polyester or the dispersibility of the catalyst in polyester is made moderate, and as a result, the polycondensation
catalyst of the invention has a high polymerization activity, in particular, in solid-polycondensation, and provides high molecular
weight polyester excellent in color tone.

Examples

[0069] The invention is explained with reference to examples below, but the invention is not limited at all by those examples. In
the following examples, each of the amounts in weight of titanic acid, aluminum oxide, zirconium oxide and silicon oxide in relation
to 100 parts by weight of a solid base in an obtained polycondensation catalyst is weight in terms of TiO2, AloO3, ZrO2 and SiO»,

respectively.

[0070] Further in the following examples and comparative examples, the intrinsic viscosity of polyester obtained was measured in
accordance with ISO 1628-1, and the color tone was measured using a color difference meter (SQ-2000, manufactured by Nippon
Denshoku Instruments Co., Ltd.).

[0071] The melt-polycondensation rate in Table 1 was determined by dividing the intrinsic viscosity (IV) of the polyester obtained
by melt-polycondensation by the melt-polycondensation time. The solid-polycondensation rate in Table 2 was determined by
dividing the difference (AIV) between the intrinsic viscosity of the polyester (Table 2) obtained by solid-polycondensation of the
polyester obtained by melt-polycondensation and the intrinsic viscosity of the polyester (Table 1) obtained by melt-
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polycondensation by the solid-polycondensation time.

Reference Example 1

(Preparation of aqueous slurry of magne sium hydroxide)

[0072] 5 L of water was placed in a reactor, and then were added thereto 16.7 L of 4 mol/L aqueous solution of magnesium
chloride and 8.4 L of 14.3 mol/L aqueous solution of sodium hydroxide simultaneously with stirring. Thereafter, the resulting
mixture was subjected to a hydrothermal reaction at a temperature of 170°C for 0.5 hours.

[0073] The thus obtained magnesium hydroxide was collected by filtration and washed with water. The resulting cake was
resuspended in water to yield an aqueous slurry of magnesium hydroxide (123 g/L).

Reference Example 2

(Preparation of aqueous slurry of hydrotalcite)

[0074] A mixed solution of 2.6 L of 3.8 mol/L aqueous solution of magnesium sulfate and 2.6 L of 0.85 mol/L aqueous solution of
aluminum sulfate and a mixed solution of 2.8 L of 9.3 mol/L aqueous solution of sodium hydroxide and 2.6 L of 2.54 mol/L
aqueous solution of sodium carbonate were added simultaneously to a reactor under stirring. Thereafter, a hydrothermal reaction
was conducted at 180°C for 2 hours. After completion of the reaction, the resulting slurry was filtered, washed with water, dried
and pulverized, thereby providing hydrotalcite having a composition Mgg 7Alp 3(0OH)2(CO3)0.15 * 0.48H20. The hydrotalcite was
suspended in water to yield an aqueous slurry of hydrotalcite (100 g/L).

Example 1

(Preparation of polycondensation catalyst A)

[0075] 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor. Then, 3.2 L of an aqueous solution of titanium tetrachloride (69.2 g/L in terms of TiO 2) and 3.2 L of an aqueous
solution of sodium hydroxide (99.6 g/L in terms of NaOH) were added dropwise simultaneously to the aqueous slurry of
magnesium hydroxide over 4 hours so that the aqueous slurry had a pH of 10.0. After completion of the addition, the resultant
was aged for one hour, and then filtered, and washed with water, thereby providing particles of magnesium hydroxide having on
the surfaces an inner coating layer of titanic acid.

[0076] To the aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer thus
obtained, 2.0 L of an aqueous solution of aluminum sulfate (224.3 g/L in terms of Al2O3) and an aqueous solution of sodium
hydroxide were added simultaneously over 8 hours in order that the pH of the slurry reached 10.0. After completion of the
addition, the resultant was aged for one hour, thereby forming an outer coating layer of an oxide of aluminum on the surface of
the inner coating layer.

[0077] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was
disintegrated to provide a polycondensation catalyst A of the invention which had 20 parts by weight of inner coating layer formed
of titanic acid and 40 parts by weight of outer coating layer formed of oxide of aluminum, each in relation to 100 parts by weight of
magnesium hydroxide.

(Production of polyester a-1)

10
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[0078] 430 g of terephthalic acid and 190 g of ethylene glycol were placed in a reactor and stirred under a nitrogen atmosphere
to prepare a slurry. An esterification reaction was performed over 4 hours while the temperature in the reactor was kept at a

temperature of 250°C and the relative pressure based on the atmospheric pressure was kept at 1.2 x 10% Pa. 500 g of the thus
obtained low molecular weight oligomer was transferred to a polycondensation reactor held at a temperature of 250°C and normal
pressure under a nitrogen gas atmosphere.

[0079] A slurry was prepared by dispersing 0.019 g (3.8 x 103 parts by weight per 100 parts by weight of the low molecular
weight oligomer) of the polycondensation catalyst Ain ethylene glycol, and the slurry was then charged into the polycondensation

reactor. Further, 0.028 g of an aqueous solution of phosphoric acid (0.024 g in terms of phosphoric acid; 5.6 x 103 parts by
weight per 100 parts by weight of the low molecular weight oligomer) was charged into the polycondensation reactor.

[0080] Subsequently, the temperature in the reactor was increased from 260°C to 280°C over one hour. While the temperature
was maintained, the pressure was reduced from normal pressure to an absolute pressure of 40 Pa. Then, while the pressure was
maintained, heating was continued to carry out melt-polycondensation reaction until a load applied to the motor of the stirrer
reached the predetermined magnitude.

[0081] After the termination of the polycondensation reaction, the pressure in the reactor was returned to normal pressure with
nitrogen gas. The resulting polyester was discharged in a form of strand through an outlet opening in the bottom of the reactor.
The strand was rapidly cooled and cut, yielding pellets of polyester a-1.

[0082] The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
melt-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester a-2)

[0083] After 20 g of pellets of the polyester a-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester a-2.

[0084] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Example 2

(Preparation of polycondensation catalyst B)

[0085] 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor. To the slurry of magnesium hydroxide were added 3.2 L of agueous solution of titanium tetrachloride (69.2 g/L in
terms of TiO2) and 3.2 L of aqueous solution of sodium hydroxide (99.6 g/L in terms of NaOH) dropwise simultaneously over four
hours so that the pH of the slurry reached 10.0. After completion of the addition, the resultant was aged for one hour, followed by
filtering and washing with water, to provide particles of magnesium hydroxide having thereon an inner coating layer formed of
titanic acid.

[0086] 2214 g of aqueous solution of zirconium oxychloride (10% by weight in terms of ZrO2) and an aqueous solution of sodium
hydroxide were added to the aqueous slurry of the particles of magnesium hydroxide having the inner coating layer thereon
dropwise simultaneously over four hours so that the pH of the slurry reached 10.0. After completion of the addition, the resultant
was aged for one hour, thereby forming an outer coating layer formed of zirconium oxide on the inner coating layer of the
particles of magnesium hydroxide.

[0087] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was then

11
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disintegrated to provide a polycondensation catalyst B of the invention which had 20 parts by weight of inner coating layer formed
of titanic acid and 20 parts by weight of outer coating layer formed of oxide of zirconium, each in relation to 100 parts by weight of
the magnesium hydroxide.

(Production of polyester b-1)

[0088] 430 g of terephthalic acid and 190 g of ethylene glycol were placed in a reactor and stirred under a nitrogen atmosphere
to prepare a slurry. An esterification reaction was performed over four hours while the temperature in the reactor was kept at a

temperature of 250°C and the relative pressure based on the atmospheric pressure was kept at 1.2 x 10% Pa. 500 g of the thus
obtained low molecular weight oligomer was transferred to a polycondensation reactor held at a temperature of 250°C and normal
pressure under a nitrogen gas atmosphere.

[0089] A slurry was prepared by dispersing 0.019 g (3.8 x 103 parts by weight per 100 parts by weight of the low molecular
weight oligomer) of the polycondensation catalyst B in ethylene glycol, and the slurry was then charged into the polycondensation

reactor. Further, 0.028 g of an aqueous solution of phosphoric acid (0.024 g in terms of phosphoric acid; 5.6 x 1073 parts by
weight per 100 parts by weight of the low molecular weight oligomer) was charged into the polycondensation reactor.

[0090] Subsequently, the temperature in the reactor was increased from 260°C to 280°C over one hour. While the temperature
was maintained, the pressure was reduced from normal pressure to an absolute pressure of 40 Pa. Then, while the pressure was
maintained, heating was continued to carry out melt-polycondensation reaction until a load applied to the motor of the stirrer
reached the predetermined amount.

[0091] After the termination of the polycondensation reaction, the pressure in the reactor was returned to normal pressure with
nitrogen gas. The resulting polyester was discharged in a form of strand through an outlet opening in the bottom of the reactor.
The strand was rapidly cooled and cut, yielding pellets of polyester b-1.

[0092] The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
melt-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester b-2)

[0093] After 20 g of pellets of the polyester b-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at a temperature of 225°C for 18 hours to perform solid-polycondensation
of polyester, thereby providing pellets of polyester b-2.

[0094] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Example 3

(Preparation of polycondensation catalyst E)

[0095] 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor. Then, 3.2 L of an aqueous solution of titanium tetrachloride (69.2 g/L in terms of TiO 2) and 3.2 L of an aqueous
solution of sodium hydroxide (99.6 g/L in terms of NaOH) were added dropwise simultaneously to the aqueous slurry of
magnesium hydroxide over 4 hours so that the aqueous slurry had a pH of 10.0. After completion of the dropwise addition, the
resultant was aged for one hour, and then filtered, and washed with water, thereby providing particles of magnesium hydroxide
having on the surfaces an inner coating layer of titanic acid.

[0096] To the aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer thus

12
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obtained, 1572 g of an aqueous solution of sodium silicate (29% by weight in terms of SiO2) and sulfuric acid were added until the

pH of the slurry reached 8.5. After completion of the addition, the resultant was aged for one hour, thereby forming an outer
coating layer of an oxide of silicon on the surface of the inner coating layer.

[0097] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was
disintegrated to provide a polycondensation catalyst E of the invention which had 20 parts by weight of inner coating layer formed
of titanic acid and 40 parts by weight of outer coating layer formed of oxide of silicon, each in relation to 100 parts by weight of
magnesium hydroxide.

(Production of polyester e-1)

[0098] The polycondensation catalyst E was used, and otherwise in the same manner as Example 1, polyester e-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester e-2)

[0099] After 20 g of pellets of the polyester e-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester e-2.

[0100] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Example 4

(Preparation of polycondensation catalyst F)

[0101] 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor. Then, 3.2 L of an aqueous solution of titanium tetrachloride (69.2 g/L in terms of TiO 2 and 3.2 L of an aqueous
solution of sodium hydroxide (99.6 g/L in terms of NaOH) were added dropwise simultaneously to the aqueous slurry of
magnesium hydroxide over 4 hours so that the aqueous slurry had a pH of 10.0. After completion of the dropwise addition, the
resultant was aged for one hour, and then filtered, and washed with water, thereby providing particles of magnesium hydroxide
having on the surfaces an inner coating layer of titanic acid.

[0102] To the aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer thus
obtained, 382 g of an aqueous solution of sodium silicate (29% by weight in terms of SiOg) and 990 g of an aqueous solution of
sodium aluminate (19% by weight in terms of AloOg3) were added, and then sulfuric acid were added until the pH of the slurry
reached 8.5. After completion of the addition, the resultant was aged for one hour, thereby forming an outer coating layer formed
of a composite oxide of silicon and aluminum on the surface of the inner coating layer.

[0103] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was
disintegrated to provide a polycondensation catalyst F of the invention which had 20 parts by weight of inner coating layer formed
of titanic acid and 40 parts by weight of outer coating layer formed of oxide of silicon and aluminum, each in relation to 100 parts
by weight of magnesium hydroxide.

(Production of polyester f-1)

13
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[0104] The polycondensation catalyst F was used, and otherwise in the same manner as Example 1, polyester f-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester f-2)

[0105] After 20 g of pellets of the polyester e-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester f-2.

[0106] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Example 5

(Preparation of polycondensation catalyst G)

[0107] 11.1 L of the aqueous slurry of hydrotalcite (100 g/L) obtained in Reference Example 2 was used, and otherwise in the
same manner as Example 1, there was obtained a polycondensation catalyst G of the invention which had 20 parts by weight of
inner coating layer formed of titanic acid and 40 parts by weight of outer coating layer formed of oxde of aluminum, each in
relation to 100 parts by weight of hydrotalcite.

(Production of polyester g-1)

[0108] The polycondensation catalyst G was used, and otherwise in the same manner as Example 1, polyester g-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester g-2)

[0109] After 20 g of pellets of the polyester g-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester g-2.

[0110] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Example 6

(Preparation of polycondensation catalyst H)

[0111] 11.1 L of the aqueous slurry of hydrotalcite (100 g/L) obtained in Reference Example 2 was used, and otherwise in the
same manner as Example 3, there was obtained a polycondensation catalyst H of the invention which had 20 parts by weight of
inner coating layer formed of titanic acid and 40 parts by weight of outer coating layer formed of oxide of silicon, each in relation
to 100 parts by weight of hydrotalcite.

14
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(Production of polyester h-1)

[0112] The polycondensation catalyst Hwas used, and otherwise in the same manner as Example 1, polyester h-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester h-2)

[0113] After 20 g of pellets of the polyester h-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester h-2.

[0114] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Example 7

(Preparation of polycondensation catalyst I)

[0115] 11.1 L of the aqueous slurry of hydrotalcite (100 g/L) obtained in Reference Example 2 was used, and otherwise in the
same manner as Example 4, there was obtained a polycondensation catalyst | of the invention which had 20 parts by weight of
inner coating layer formed of titanic acid and 40 parts by weight of outer coating layer formed of composite oxide of silicon and
aluminum, each in relation to 100 parts by weight of hydrotalcite.

(Production of polyester i-1)

[0116] The polycondensation catalyst | was used, and otherwise in the same manner as Example 1, polyester i-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester i-2)

[0117] After 20 g of pellets of the polyester i-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester i-2.

[0118] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 1

(Preparation of polycondensation catalyst C)

[0119] 4.8 L of aqueous solution of titanium tetrachloride (69.2 g/L in terms of TiO 2) and 4.8 L of aqueous solution of sodium
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hydroxide (99.6 g/L in terms of NaOH) were prepared. 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in
Reference Example 1 was placed in a 25-L capacity reactor. Then, the aqueous solution of titanium tetrachloride and the
aqueous solution of sodium hydroxide were added dropwise simultaneously to the aqueous slurry of magnesium hydroxide over
six hours so that the aqueous slurry had a pH of 10.0. After completion of the addition, the resultant was aged for one hour,
thereby forming a coating layer formed of titanic acid on the surfaces of the particles of magnesium hydroxide.

[0120] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the coating layer of
titanic acid was filtered, and the cake obtained was washed with water, and dried. The dried product was then disintegrated to
provide a polycondensation catalyst C as a comparative example. The catalyst had the coating layer formed of titanic acid in an
amount of 30 parts by weight in terms of TiO2 in relation to 100 parts by weight of the magnesium hydroxide.

(Production of polyester c-1)

[0121] The polycondensation catalyst C was used, and otherwise in the same manner as Example 1, polyester c-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester c-2)

[0122] After 20 g of pellets of the polyester c-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at a temperature of 225°C for 18 hours to perform solid-polycondensation
of polyester, thereby providing polyester c-2.

[0123] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 2

(Preparation of polycondensation catalyst D)

[0124] 3.2 L of aqueous solution of titanium tetrachloride (69.2 g/L in terms of TiO ) and 3.2 L of aqueous solution of sodium
hydroxide (99.6 g/L in terms of NaOH) were prepared. 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in
Reference Example 1 was placed in a 25-L capacity reactor. Then, the aqueous solution of titanium tetrachloride and the
aqueous solution of sodium hydroxide were added dropwise simultaneously to the aqueous slurry of magnesium hydroxide over
six hours so that the aqueous slurry had a pH of 10.0. After completion of the addition, the resultant was aged for one hour,
thereby forming a coating layer formed of titanic acid on the surfaces of the particles of magnesium hydroxide.

[0125] The thus obtained aqueous slurry of particles of magnesium hydroxide having on the surfaces the coating layer of titanic
acid was filtered, and the cake obtained was washed with water, and dried. The dried product was then disintegrated to provide a
polycondensation catalyst D as a comparative example. The catalyst had the coating layer formed of titanic acid in an amount of
20 parts by weight in terms of TiO2 in relation to 100 parts by weight of the magnesium hydroxide.

(Production of polyester d-1)

[0126] The polycondensation catalyst D was used, and otherwise in the same manner as Example 1, polyester d-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester d-2)
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[0127] After 20 g of pellets of the polyester d-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at a temperature of 225°C for 18 hours to perform solid-polycondensation
of polyester, thereby providing polyester d-2.

[0128] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 3

(Production of polyester o-1)

[0129] Polyester o-1 was obtained in the same manner as Example 1 except for using 0.098 g of antimony trioxide (2.0 x 102

parts by weight per 100 parts by weight of the low molecular weight oligomer) instead of polycondensation catalyst A. The melt-
polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester o-2)

[0130] After 20 g of pellets of the polyester o-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at a temperature of 225°C for 18 hours to perform solid-polycondensation
of polyester, thereby providing polyester 0-2.

[0131] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 4

(Preparation of polycondensation catalyst J)

[0132] 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor, and then the temperature was increased to 60°C. While the temperature was maintained at 60°C, 1981.2 g of
aqueous solution of sodium aluminate (19% by weight in terms of AloO3) was added. Further, sulfuric acid was added until the pH
reached 8.5, followed by ageing for 1 hour. The resulting slurry was filtered and washed with water, thereby forming an inner
coating layer of oxide of aluminum on the surface of magnesium hydroxide particles.

[0133] To the slurry of magnesium hydroxide particles having the inner coating layer thereon, 3.2 L of agueous solution of
titanium tetrachloride (69.2 g/L in terms of TiO2) and 3.2 L of aqueous solution of sodium hydroxide (99.6 g/L in terms of NaOH)
were dropwise added simultaneously over 4 hours so that the pH of the slurry reached 10.0. After completion of the dropwise
addition, ageing was conducted for 1 hour and thereby an outer coating layer of titanic acid was formed on the inner coating
layer.

[0134] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was
disintegrated to provide a polycondensation catalyst J as a comparative example which had 20 parts by weight of inner coating
layer of oxide of aluminum and 20 parts by weight of outer coating layer formed of titanic acid, each in relation to 100 parts by
weight of magnesium hydroxide.
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(Production of polyester j-1)

[0135] The polycondensation catalyst J was used, and otherwise in the same manner as Example 1, polyester j-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester j-2)

[0136] After 20 g of pellets of the polyester j-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester j-2.

[0137] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 5

(Preparation of polycondensation catalyst K)

[0138] 9.0 L of the aqueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor, and then the temperature was increased to 60°C. While the temperature was maintained, 2214 g of aqueous
solution of zirconium oxychloride (10% by weight in terms of ZrO2) was added. Further, an agueous solution of sodium hydroxide
was added until the pH reached 8.5, followed by ageing for 1 hour. The resulting slurry was filtered and washed with water,
thereby forming an inner coating layer of oxide of zirconium on the surface of magnesium hydroxide particles.

[0139] To the slurry of magnesium hydroxide particles having the inner coating layer thereon, 3.2 L of aqueous solution of
titanium tetrachloride (69.2 g/L in terms of TiO2) and 3.2 L of aqueous solution of sodium hydroxide (99.6 g/L in terms of NaOH)
were dropwise added simultaneously over 4 hours so that the pH of the slurry reached 10.0. After completion of the dropwise
addition, ageing was conducted for 1 hour and thereby an outer coating layer of titanic acid was formed on the inner coating
layer.

[0140] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was
disintegrated to provide a polycondensation catalyst K as a comparative example which had 20 parts by weight of inner coating
layer of oxide of zirconium and 20 parts by weight of outer coating layer formed of titanic acid, each in relation to 100 parts by
weight of magnesium hydroxide.

(Production of polyester k-1)

[0141] The polycondensation catalyst K was used, and otherwise in the same manner as Example 1, polyester k-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester k-2)

[0142] After 20 g of pellets of the polyester k-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
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thereby providing polyester k-2.

[0143] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 6

(Preparation of polycondensation catalyst L)

[0144] 9.0 L of the agueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor, and then the temperature was increased to 60°C. While the temperature was maintained, 763.6 g of aqueous
solution of sodium silicate (29% by weight in terms of S8iO2) was added. Further, sulfuric acid was added until the pH reached 8.5,
followed by ageing for 1 hour. The resulting slurry was filtered and washed with water, thereby forming an inner coating layer of
oxide of silicon on the surface of magnesium hydroxide particles.

[0145] To the slurry of magnesium hydroxide particles having the inner coating layer thereon, 3.2 L of agueous solution of
titanium tetrachloride (69.2 g/L in terms of TiO5) and 3.2 L of aqueous solution of sodium hydroxide (99.6 g/L in terms of NaOH)
were dropwise added simultaneously over 4 hours so that the pH of the slurry reached 10.0. After completion of the dropwise
addition, ageing was conducted for 1 hour and thereby an outer coating layer of titanic acid was formed on the inner coating
layer.

[0146] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was
disintegrated to provide a polycondensation catalyst L as a comparative example which had 20 parts by weight of inner coating
layer of oxide of silicon and 20 parts by weight of outer coating layer formed of titanic acid, each in relation to 100 parts by weight
of magnesium hydroxide.

(Production of polyester 1-1)

[0147] The polycondensation catalyst L was used, and otherwise in the same manner as Example 1, polyester 1-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester 1-2)

[0148] After 20 g of pellets of the polyester 1-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester 1-2.

[0149] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 7

(Preparation of polycondensation catalyst M)

[0150] 9.0 L of the agueous slurry of magnesium hydroxide (123 g/L) obtained in Reference Example 1 was placed in a 25-L
capacity reactor, and then the temperature was increased to 60°C. While the temperature was maintained, 382 g of aqueous
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solution of sodium silicate (29% by weight in terms of SiO2) and 990.4 g of aqueous solution of sodium aluminate (19% by weight
in terms of AloO3) were added. Further, sulfuric acid was added until the pH reached 8.5, followed by ageing for 1 hour. The

resulting slurry was filtered and washed with water, thereby forming an inner coating layer formed of composite oxide of silicon
and aluminum on the surface of magnesium hydroxide particles.

[0151] To the slurry of magnesium hydroxide particles having the inner coating layer thereon, 3.2 L of aqueous solution of
titanium tetrachloride (69.2 g/L in terms of TiO2) and 3.2 L of aqueous solution of sodium hydroxide (99.6 g/L in terms of NaOH)
were dropwise added simultaneously over 4 hours so that the pH of the slurry reached 10.0. After completion of the dropwise
addition, ageing was conducted for 1 hour and thereby an outer coating layer of titanic acid was formed on the inner coating
layer.

[0152] The thus obtained aqueous slurry of the particles of magnesium hydroxide having on the surfaces the inner coating layer
and the outer coating layer was filtered, and the cake obtained was washed with water, and dried. The dried product was
disintegrated to provide a polycondensation catalyst M as a comparative example which had 20 parts by weight of inner coating
layer formed of composite oxide of silicon and aluminum and 20 parts by weight of outer coating layer formed of titanic acid, each
in relation to 100 parts by weight of magnesium hydroxide.

(Production of polyester m-1)

[0153] The polycondensation catalyst M was used, and otherwise in the same manner as Example 1, polyester m-1 was
obtained. The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
melt-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester m-2)

[0154] After 20 g of pellets of the polyester m-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester m-2.

[0155] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 8

(Preparation of polycondensation catalyst N)

[0156] 11.1 L of the aqueous slurry of hydrotalcite (100 g/L) obtained in Reference Example 2 was used, and otherwise in the
same manner as Comparative Example 6, there was obtained a polycondensation catalyst N as a comparative example which had
20 parts by weight of inner coating layer formed of oxide of silicon and 20 parts by weight of outer coating layer formed of titanic
acid, each in relation to 100 parts by weight of hydrotalcite.

(Production of polyester n-1)

[0157] The polycondensation catalyst N was used, and otherwise in the same manner as Example 1, polyester n-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester n-2)
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[0158] After 20 g of pellets of the polyester m-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester n-2.

[0159] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.

Comparative Example 9

(Preparation of polycondensation catalyst P)

[0160] 11.1 L of the aqueous slurry of hydrotalcite (100 g/L) obtained in Reference Example 2 was used, and otherwise in the
same manner as Comparative Example 2, there was obtained a polycondensation catalyst P as a comparative example which had
20 parts by weight of coating layer formed of titanic acid in relation to 100 parts by weight of hydrotalcite.

(Production of polyester p-1)

[0161] The polycondensation catalyst P was used, and otherwise in the same manner as Example 1, polyester p-1 was obtained.
The melt-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the melt-
polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 1.

(Production of polyester p-2)

[0162] After 20 g of pellets of the polyester p-1 was placed in a fixed bed circulation reactor, they were dried with stream of
nitrogen at a temperature of 160°C for four hours, and then crystallized at a temperature of 190°C for one hour. The thus treated
pellets of polyester were heated in a stream of nitrogen at 225°C for 18 hours to perform solid-polycondensation of polyester,
thereby providing polyester p-2.

[0163] The solid-polycondensation time in the production of the polyester, the intrinsic viscosity of the polyester obtained, the
solid-polycondensation rate in the production of the polyester, and the color tone of the polyester obtained are shown in Table 2.
TABLE 1

Polvcondensation Melt- Intrinsic Melt- Color Tone of

Polyester ch atalvst Polycondensation} Viscosity Polycondensation Polyester

ys Time (min) | (V) (dLig) Rate (IV/h) L Tarlb

Example 1 a-1 A 179 0610 0.204 487106112
Example 2 b-1 B 183 0.647 0.212 529{0.1117
Example 3 e-1 E 199 0637 0.192 5071041138
Example 4 -1 F 187 0.645 0.207 513103116
Example 5 g-1 G 194 0.622 0.192 50230813
Example 6 h-1 H 180 0615 0.205 51010714
Example 7 i-1 | 182 0.633 0.209 51502119
comparativel ¢ 1 c 197 0.644 0.196 51.1{-08{17
gomparat"’e d-1 D 179 0.643 0216 523{-01}16
(33°mparati"e o-1 Sby03 232 0.643 0.166 499]-13i25
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Polycondensation Melt- Intrinsic Melt oot
Polyester ch atalvst Polycondensationj Viscosity Polycondensation Polyester
ys Time (min.) (V) (dL/g) Rate (IV/h) Llalb
gomparative i1 J 180 0.648 0.216 521302{18
gomparaﬂve k-1 K 183 0.653 0.214 51.7{06{17
gomparative -1 L 239 0613 0.154 53.2{09{19
;Zomparative m-1 M 200 0.650 0.195 529{02116
SComparative n-1 N 187 0.622 0.200 51.9{08}{138
gomparative p-1 P 180 0.642 0214 53.8{0.1{19
TABLE 2
Polycondensation Solid- Intrinsic Solid- oot
Polyester yCataI ot Polycondensation{ Viscosity (IV) { Polycondensation Polyester
Y Time (h) (dL/g) Rate (ANV/h) Lialb
Example 1 a-2 A 18 0.847 0.0132 76111920
Example 2 b-2 B 18 0.850 0.0113 78110920
Example 3 e-2 E 18 0.849 0.0118 7641824
Example 4 2 F 18 0.842 0.0109 773{12{19
Example 5 g-2 G 18 0.828 0.0114 7552924
Example 6 h-2 H 18 0.833 0.0121 769{16{22
Example 7 i-2 | 18 0.821 0.0104 77.0{07 {19
?omparative c-2 C 18 0.816 0.0096 781{07{17
gomparative d-2 D 18 0.740 0.0054 788108119
gomparative 0-2 Sby03 18 0.848 0.0114 76.41-15{ 20
gomparative 2 J 18 0.786 0.0077 77911.1{37
gomparatlve k-2 K 18 0.792 0.0077 7581081 3.4
gomparative 1-2 L 18 0.749 0.0076 809}0.1{33
E/:omparatlve m-2 M 18 0.786 0.0076 784:102i40
gomparaﬁve n-2 N 18 0.788 0.0092 80.411.3{38
gomparative p-2 P 18 0.813 0.0095 78411038

[0164] As shown in Table 2, the catalyst of the invention provides polyester having high molecular weight and excellent color
tone at a polymerization activity in solid- polycondensation or at a rate of increase of intrinsic viscosity per time substantially equal
to that of the antimony catalyst and higher than that of the conventional titanic acid catalyst.
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Patentkrayv

1. Polykondensationskatalysator til fremstilling af polyester ved en esterifice-
ringsreaktion eller en transesterificeringsreaktion mellem en dicarboxylsyre
eller et ester-dannende derivat deraf og et glycol, hvor polykondensationska-
talysatoren omfatter partikler af en fast base, som pa overfladerne har et ind-
vendigt coatinglag af titansyre i en maengde fra 0,1 til 50 vaegtdele med hen-
syn til TiO, per 100 vaegtdele af den faste base og et udvendigt coatinglag
enten af en oxid af mindst et element udvalgt fra aluminium, zirconium og
silikone eller af en kompositoxid af mindst to elementer udvalgt fra alumini-
um, zirconium og silikone pa overfladen af det indvendige coatinglag i en
meengde fra 1 til 50 vaegtdele per 100 vaegtdele af den faste base, hvor titan-
syren er en vandholdig titaniumoxid repraesenteret ved den almene formel
TiO2'nH0, hvor n er et tal, der opfylder 0 <n < 2.

2. Polykondensationskatalysator ifglge krav 1, hvor den faste base er mag-
nesiumhydroxid.

3. Polykondensationskatalysator ifelge krav 1, hvor den faste base er hydro-
talkit.

4. Fremgangsmade til fremstiling af en polykondensationskatalysator fil
fremstilling af polyester ved en esterificeringsreaktion eller en transesterifice-
ringsreaktion mellem en dicarboxylsyre eller et ester-dannende derivat deraf
og et glycol, hvor polykondensationskatalysatoren omfatter partikler af en fast
base, som pa overfladerne har et indvendigt coatinglag og et udvendigt coa-
tinglag, hvor fremgangsmaden omfatter:

at tilseette en vandig oplgsning af en titaniumforbindelse og en vandig oplgs-
ning af et alkali til en vandig opsleemning af partikler af en fast base, séledes
at den vandige opsleemning har en pH i et omrade pa 5 til 12 for derved at
danne et indvendigt coatinglag af titansyre pa overfladerne af partiklerne af
den faste base, hvor titansyren er en vandholdig titaniumoxid repraesenteret
ved den almene formel TiO,'nH,O, hvor n er et tal, der opfylder 0 < n £2;

at tilseette en vandig oplgsning af mindst et, der er udvalgt fra et vandopleose-
ligt aluminiumsalt og et vandoplgseligt zirconiumsalt, og en vandig oplasning
af et alkali til den resulterende vandige opslaemning af partiklerne af den fa-
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ste base for derved at danne et udvendigt coatinglag af en oxid af mindst et
element, der er udvalgt fra aluminium og zirconium, eller af en kompositoxid
af aluminium og zirconium pa overfladen af det indvendige coatinglag; og

at filtrere den vandige opsleemning af partiklerne af den faste base, som har
det indvendige coatinglag og det udvendige coatinglag derpa, vaske med
vand og terre den tilvejebragte kage, efterfulgt af oplesning af det tilvejebrag-
te tarrede produkt.

5. Fremgangsmade til fremstiling af en polykondensationskatalysator til
fremstilling af polyester ved esterificeringsreaktion eller en transesterifice-
ringsreaktion mellem en dicarboxylsyre eller et ester-dannende derivat deraf
og et glycol, hvor polykondensationskatalysatoren omfatter partikler af en fast
base, som pa overfladerne har et indvendigt coatinglag og et udvendigt coa-
tinglag, hvor fremgangsmaden omfatter:

at tilseette en vandig oplgsning af en titaniumforbindelse og en vandig oplgs-
ning af et alkali til en vandig opsleemning af partikler af en fast base, séledes
at den vandige opslamning har en pH i et omrade pa 5 til 12 for derved at
danne et indvendigt coatinglag af titansyre pa overfladerne af partiklerne af
den faste base, hvor titansyren er en vandholdig titaniumoxid repreesenteret
ved den almene formel TiO,-nH,O, hvor n er et tal, der opfylder 0 < n < 2;

at tilseette en vandig oplesning af et vandopleseligt silikat og en syre til den
resulterende vandige opslaemning af partiklerne af den faste base for derved
at danne et udvendigt coatinglag af en oxid af silikone pa overfladen af det
indvendige coatinglag; og

at filtrere den vandige opslaamning af partiklerne af den faste base, som har
det indvendige coatinglag og det udvendige coatinglag derpd, vaske med
vand og tarre den tilvejebragte kage, efterfulgt af oplasning af det tilvejebrag-
te torrede produkt.

6. Fremgangsmade til fremstiling af en polykondensationskatalysator til
fremstilling af polyester ved en esterificeringsreaktion eller en transesterifice-
ringsreaktion mellem en dicarboxylsyre eller et ester-dannende derivat deraf
og et glycol, hvor polykondensationskatalysatoren omfatter partikler af en fast
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base, som pé overfladerne har et indvendigt coatinglag og et udvendigt coa-
tinglag, hvor fremgangsmaden omfatter:

at tilsaette en vandig oplgsning af en titaniumforbindelse og en vandig oplgs-
ning af et alkali til en vandig opsleemning af partikler af en fast base, séledes
at den vandige opslamning har en pH i et omrade pa 5 til 12 for derved at
danne et indvendigt coatinglag af titansyre pa overfladerne af partiklerne af
den faste base, hvor titansyren er en vandholdig titaniumoxid repreesenteret
ved den almene formel TiO,-nH,O, hvor n er et tal, der opfylder 0 <n <2;

at tilsaette en vandig oplgsning af mindst et, der er udvalgt fra et vandoplese-
ligt aluminiumsalt og et vandoplgseligt zirconiumsalt, og en vandig oplgsning
af et vandoplgseligt silikat til den resulterende vandige opsleemning af partik-
lerne af den faste base for derved at danne et udvendigt coatinglag af en
kompositoxid af mindst et element udvalgt fra aluminium og zirconium og
silikone pa overfladen af det indvendige coatinglag; og

at filtrere den vandige opslaemning af partiklerne af den faste base, som har
det indvendige coatinglag og det udvendige coatinglag derpd, vaske med
vand og torre den tilvejebragte kage, efterfulgt af oplasning af det tilvejebrag-
te torrede produkt.

7. Fremgangsmade til fremstilling af polyester, hvilken fremgangsméade om-
fatter at udsaette en dicarboxylsyre eller et ester-dannende derivat deraf og et
glycol for smelte-polykondensation i neervaer af polykondensationskatalysato-
ren ifglge et af kravene 1 til 3.

8. Fremgangsmade til fremstilling af polyester, hvilken fremgangsmade om-
fatter at fremstille en oligomer omfattende en bis(hydroxyalkyl)ester af en
aromatisk dicarboxylsyre ved en esterificeringsreaktion eller en transesterifi-
ceringsreaktion mellem den aromatiske dicarboxylsyre eller et ester-
dannende derivat deraf og et alkylenglycol og derefter udsaette oligomeren
for smelte-polykondensation i naervaer af polykondensationskatalysatoren
ifolge et af kravene 1 til 3.

9. Fremgangsmade til fremstilling af polyester ifalge krav 7 eller 8, hvor den
resulterende polyester endvidere udsaettes for fast-polykondensation.
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10. Polyester, som er fremstillet ved en fremgangsmaéade ifglge et af kravene
71l 9.
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