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CATALYST FOR POLYESTER PRODUCTION, 
PROCESS FOR PRODUCING POLYESTER USING 
THE CATALYST, POLYESTER OBTAINED BY THE 

PROCESS, AND USES OF THE POLYESTER 

FIELD OF THE INVENTION 

[0001] The present invention relates to a catalyst for 
polyester production, a process for producing a polyester 
using the catalyst, a polyester obtained by the process and 
uses of the polyester. 

BACKGROUND OF THE INVENTION 

[0002] Because of their excellent mechanical strength, 
heat resistance, transparency and gas barrier properties, 
polyesters such as polyethylene terephthalate are favorably 
used as not only materials of containers of various beverages 
such as juice, soft drinks and carbonated beverages but also 
materials of ?lms, sheets and ?bers. 

[0003] The polyesters can be generally produced using, as 
starting materials, dicarboxylic acids such as aromatic dicar 
boxylic acids and diols such as aliphatic diols. In more 
detail, a dicarboxylic acid and a diol are ?rst subjected to 
esteri?cation reaction to form a loW condensate (loW 
molecular Weight polyester), and the loW condensate is then 
subjected to deglycolation reaction (liquid phase polycon 
densation) to increase the molecular Weight. In some cases, 
solid phase polycondensation is performed to further 
increase the molecular Weight. 

[0004] In the process for producing polyesters mentioned 
above, a conventional antimony compound, a conventional 
germanium compound or the like is used as a polyconden 
sation catalyst. 

[0005] HoWever, the polyester produced by the use of the 
antimony compound as a polycondensation catalyst is infe 
rior to the polyester produced by the use of a germanium 
compound as a polycondensation catalyst in the transpar 
ency and the heat resistance. In the use of the antimony 
compound as a polycondensation catalyst, further, the 
acetaldehyde content in the resulting polyester is desired to 
be decreased. 

[0006] On the other hand, the germanium compound is 
considerably expensive, so that the production cost of poly 
ester becomes high. To decrease the production cost, a 
process including recovering the germanium compound 
scattered during the polycondensation and reusing it has 
been studied. 

[0007] By the Way, it is knoWn that titanium is an element 
having a function of promoting polycondensation reaction of 
a loW condensate. Titanium compounds such as titanium 
alkoxide, titanium tetrachloride, titanyl oxalate and orthoti 
tanic acid are publicly knoWn as polycondensation catalysts, 
and various studies have been made to utiliZe such titanium 
compounds as the polycondensation catalysts. 

[0008] HoWever, When the conventional titanium com 
pounds are used as the polycondensation catalysts, their 
activity is inferior to that of the antimony compounds or the 
germanium compounds. In addition, the resulting polyester 
has a problem of being markedly colored yelloW, and hence 
they have not been put into practical use yet. In the industrial 
production of polyesters using these titanium compounds as 
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the polycondensation catalysts, further, there is a problem of 
corrosion caused by elution of chlorine content in case of 
catalysts containing a large amount of chlorine, such as 
titanium tetrachloride and partial hydrolyZate of titanium 
tetrachloride. Therefore, catalysts having loW chlorine con 
tent are sometimes desired. 

[0009] Under such circumstances as described above, 
catalysts for polyester production capable of producing 
polyesters With high polycondensation activity or catalysts 
for polyester production capable of producing such polyes 
ters as satisfy any one of requirements of loW acetaldehyde 
content, high transparency and excellent tint With high 
catalytic activity are desired. 

[0010] There are also desired a process for producing 
polyesters by Which polyesters having desired intrinsic 
viscosity (IV) can be obtained for a short period of time, a 
process for producing polyesters by Which polyesters having 
loW acetaldehyde content can be obtained With high poly 
meriZation activity, and a process for producing polyesters 
by Which polyesters having excellent tint can be obtained 
With high polymeriZation activity. 

[0011] As described above, the polyester, particularly 
polyethylene terephthalate, is favorably used as a material of 
containers of beverages such as juice, soft drinks and 
carbonated beverages. 

[0012] To produce a bloW molded article from the poly 
ester, the polyester is fed to a molding machine such as an 
injection molding machine to form a preform for a bloW 
molded article, then the preform is inserted in a mold of a 
given shape, and the preform is subjected to stretch bloW 
molding and a heat treatment (heat setting). 

[0013] As for the molded product obtained from the 
conventional polyester such as conventional polyethylene 
terephthalate, hoWever, the content of acetaldehyde is 
increased during the molding and the acetaldehyde remains 
in the resulting molded product, so that ?avor or scent of the 
contents ?lled in the molded product is sometimes consid 
erably deteriorated. 

[0014] As a process for producing polyethylene tereph 
thalate having small increase of the acetaldehyde content 
during the molding, a process, Which includes treating a 
particulate polyethylene terephthalate With Water vapor of 
110° C. or higher prior to solid phase polycondensation of 
the polyethylene terephthalate, is disclosed in Japanese 
Patent Laid-Open Publication No. 25815/1984, or a process 
for producing polyethylene terephthalate of high polymer 
iZation degree, Which includes a step of moisture controlling 
polyethylene terephthalate having an intrinsic viscosity of 
not less than 0.4 dl/g and a density of not more than 1.35 
g/cm to vary the moisture content to not less than 0.2% by 
Weight, a step of precrystalliZing the polyethylene tereph 
thalate at a temperature of 140° C. or higher, and a step of 
solid phase polymeriZation at a temperature of 180 to 240° 
C. in an inert gas atmosphere or reduced pressure, is 
disclosed in Japanese Patent Laid-Open Publication No. 
219328/1984. 

[0015] HoWever, the increase of the acetaldehyde content 
in the polyethylene terephthalate obtained by these pro 
cesses cannot be loWered doWn beloW a certain level. 

[0016] In Japanese Patent Laid-Open Publication No. 
97990/1993, a method for treating polyethylene terephtha 
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late comprising bringing pellets of polyethylene terephtha 
late having been subjected to solid phase polymerization 
into contact With a phosphoric acid aqueous solution having 
a concentration of not less than 1 ppm is disclosed. 

[0017] In this method, hoWever, the phosphoric acid func 
tions as an acid catalyst to perform hydrolysis, and as a 
result, decrease of the intrinsic viscosity is accelerated 
during the melt molding. 

[0018] The conventional polyester, e.g., polyethylene 
terephthalate, contains oligomers such as a cyclic trimer, and 
the oligomers such as a cyclic trimer adhere to an inner 
surface of a mold for bloW molding or a gas exhaust vent or 
a gas exhaust pipe of a mold to cause stain of the mold, or 
adhere to a vent Zone of an injection molding machine. The 
stain of the mold causes surface roughening or Whitening of 
the resulting bloW molded article. The Whitened bloW 
molded article must be discarded. In the production of a 
bloW molded article using the conventional polyester, the 
stain of the mold must be frequently removed, and this 
results in conspicuous loWering of productivity of the bloW 
molded article. 

[0019] In addition, the polyester obtained by the use of the 
antimony compound or the germanium compound as a 
polycondensation catalyst sometimes has loW melt ?oWabil 
ity and is insufficient in the moldability. 

[0020] Under such circumstances as described above, 
there is desired a polyester having a loW acetaldehyde 
content, hardly increased in the acetaldehyde content during 
the molding and hardly causing stain of a mold or a polyester 
having high melt ?oWability and excellent moldability. 

[0021] Further, there is also desired a polyester molded 
product having excellent transparency and tint or a molded 
product such as a bloW molded article preform or a bloW 
molded article, e.g., a polyester bloW molded article having 
a loW content of a cyclic trimer. 

[0022] The present applicants have found that the main 
cause of the stain of a mold in the molding process resides 
in that large amounts of oligomers such as a cyclic trimer are 
produced in the molding of the polyester to increase the total 
amount of the oligomers such as a cyclic trimer contained in 
the polyester, and has also found that the increase of the 
oligomers such as a cyclic trimer can be remarkably inhib 
ited by bringing the polyester obtained through the solid 
phase polycondensation into contact With Water or the like, 
so that they have proposed this in Japanese Patent Laid 
Open Publications No. 97990/1993 and No. 283393/1996. 

OBJECT OF THE INVENTION 

[0023] The present invention has been made in vieW of the 
prior arts as described above, and it is an object of the 
invention to provide a catalyst for polyester production 
capable of producing a polyester With high catalytic activity 
or a catalyst for polyester production capable of producing 
such a polyester of high quality as satis?es any one of 
requirements of a loW acetaldehyde content, high transpar 
ency and excellent tint With high catalytic activity. 

[0024] It is another object of the invention to provide a 
process for producing a polyester by Which a polyester 
having a desired intrinsic viscosity (IV) can be obtained for 
a short period of time, a process for producing a polyester by 
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Which a polyester having a loW acetaldehyde content can be 
produced With high polymeriZation activity, and a process 
for producing a polyester by Which a polyester having 
excellent tint can be obtained With high polymeriZation 
activity. 
[0025] It is a further object of the invention to provide a 
polyester having small increase of the acetaldehyde content 
during the molding, particularly a polyester having a loW 
acetaldehyde content and small increase of the acetaldehyde 
content during the molding, a polyester hardly bringing 
about stain of a mold, a polyester having excellent trans 
parency and tint, or a polyester having high melt ?oWability 
and excellent moldability. 

[0026] It is a still further object of the invention to provide 
a polyester molded product having excellent transparency 
and tint or a polyester molded product such as a bloW 
molded article preform or a bloW molded article, e.g., a 
polyester bloW molded article having a loW content of a 
cyclic trimer. 

SUMMARY OF THE INVENTION 

[0027] One embodiment of the catalyst for polyester pro 
duction according to the present invention includes: 

[0028] a catalyst for polyester production, comprising a 
solid titanium compound (I-a) Which is obtained by dehy 
dro-drying a hydrolyZate obtained by hydrolyZing a titanium 
halide and has a molar ratio (OH/Ti) of a hydroxyl group 
(OH) to titanium (Ti) exceeding 0.09 and less than 4; 

[0029] a catalyst for polyester production, compris 
ing a titanium-containing solid compound (I-b) 
Which is obtained by dehydro-drying a hydrolyZate 
obtained by hydrolyZing a mixture of a titanium 
halide and a compound of at least one element 
selected from elements other than titanium or a 
precursor of the compound and has a molar ratio 
(OH/T I) of a hydroxyl group (OH) to titanium (Ti) 
exceeding 0.09 and less than 4; and 

[0030] a catalyst for polyester production, compris 
ing: 

[0031] (I) a polycondensation catalyst component 
comprising the solid titanium compound (I-a) and/ 
or the titanium-containing solid compound (I-b), 
and 

[0032] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus. 

[0033] Another embodiment of the catalyst for polyester 
production according to the present invention includes: 

[0034] a catalyst for polyester production, comprising: 

[0035] (I) a polycondensation catalyst component 
comprising a solid titanium compound (I-c) 
obtained by dehydro-drying a hydrolyZate 
obtained by hydrolyZing a titanium halide, and 

[0036] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
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the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus; 

[0037] a catalyst for polyester production, compris 
ing a titanium-containing solid compound (I-d) 
obtained by dehydro-drying a hydrolyZate obtained 
by hydrolyZing a mixture of a titanium halide and a 
compound of at least one element selected from 
elements other than titanium or a precursor of the 
compound; and 

[0038] a catalyst for polyester production, compris 
ing: 

[0039] (I) a polycondensation catalyst component 
comprising the titanium-containing solid com 
pound (I-d), and 

[0040] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus. 

[0041] In the catalyst for polyester production described 
above, the co-catalyst component (II) is preferably a mag 
nesium compound. 

[0042] A further embodiment of the catalyst for polyester 
production according to the present invention includes: 

[0043] a catalyst for polyester production, compris 
ing a solid titanium compound (I-e) obtained by a 
process comprising brining a titanium halide into 
contact With Water to hydrolyZe the titanium halide 
and thereby obtain an acid solution containing a 
hydrolyZate of the titanium halide, rendering the 
solution basic by the use of a base, then adjusting pH 
of the solution to 2 to 6 by the use of an acid, and 
dehydro-drying the resulting precipitate; 

[0044] a catalyst for polyester production, compris 
ing a solid titanium compound (I-f) obtained by a 
process comprising bringing a titanium halide into 
contact With Water to hydrolyZe the titanium halide 
and thereby obtain an acid solution containing a 
hydrolyZate of the titanium halide, adjusting pH of 
the solution to 2 to 6 by the use of a base, and 
dehydro-drying the resulting precipitate; 

[0045] a catalyst for polyester production, compris 
ing: 

[0046] (I) a polycondensation catalyst component 
comprising the solid titanium compound (I-e) or 
the solid titanium compound (I-f), and 

[0047] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus; 

[0048] a catalyst for polyester production, compris 
ing a titanium-containing solid compound (I-g) 
obtained by a process comprising bringing a mixture 
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of a titanium halide and a compound of at least one 
element selected from elements other than titanium 
or a precursor of the compound into contact With 
Water to hydrolyZe the titanium halide and thereby 
obtain an acid solution containing a hydrolyZate of 
the titanium halide, rendering the solution basic by 
the use of a base, then adjusting pH of the solution 
to 2 to 6 by the use of an acid, and dehydro-drying 
the resulting precipitate; 

[0049] a catalyst for polyester production, compris 
ing a titanium-containing solid compound (I-h) 
obtained by a process comprising bringing a mixture 
of a titanium halide and a compound of at least one 
element selected from elements other than titanium 
or a precursor of the compound into contact With 
Water to hydrolyZe the titanium halide and thereby 
obtain an acid solution containing a hydrolyZate of 
the titanium halide, adjusting pH of the solution to 2 
to 6 by the use of a base, and dehydro-drying the 
resulting precipitate; 

[0050] a catalyst for polyester production, compris 
ing: 

[0051] (I) a polycondensation catalyst component 
comprising the titanium-containing solid com 
pound (I-g) or (I-h), and 

[0052] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus. 

[0053] In the catalyst for polyester production described 
above, the co-catalyst component (II) is preferably a mag 
nesium compound. 

[0054] A still further embodiment of the catalyst for 
polyester production according to the present invention 
includes: 

[0055] a catalyst for polyester production, compris 
ing a solid titanium compound (I-i) Which is obtained 
by dehydro-drying titanium hydroxide and has a 
crystallinity, as calculated from an X-ray diffraction 
pattern having 20 (diffraction angle) of 180 to 350, 
of not more than 50%; and 

[0056] a catalyst for polyester production, compris 
ing: 

[0057] (I) a polycondensation catalyst component 
comprising the solid titanium compound (I-i), and 

[0058] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus. 

[0059] A still further embodiment of the catalyst for 
polyester production according to the present invention 
includes: 

[0060] a catalyst for polyester production, compris 
ing a slurry obtained by heating a mixture of: 
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[0061] (A-l) a hydrolyZate (I-j) obtained by hydro 
lyZing a titanium compound or a hydrolyZate (I-k) 
obtained by hydrolyZing a mixture of a titanium 
compound and a compound of at least one element 
selected from elements other than titanium or a 
Precursor of the compound, 

[0062] (B) a basic compound, and 

[0063] (C) an aliphatic diol. 

[0064] In the catalyst for polyester production described 
above, the basic compound (B) is preferably at least one 
compound selected from tetraethylammonium hydroxide, 
tetramethylammonium hydroxide, aqueous ammonia, 
sodium hydroxide, potassium hydroxide, N-ethylmorpho 
line and N-methylmorpholine. 

[0065] The aliphatic diol (C) is preferably ethylene glycol. 

[0066] A still further embodiment of the catalyst for 
polyester Production according to the present invention 
includes: 

[0067] a catalyst for polyester production, compris 
ing: 

[0068] (A-2) a hydrolyZate (I-m) obtained by 
hydrolyZing a titanium halide or a hydrolyZate 
(I-n) obtained by hydrolyZing a mixture of a 
titanium halide and a compound of at least one 
element selected from elements other than tita 
nium or a precursor of the compound, and 

[0069] (D) a metallic phosphate containing at least 
one element selected from beryllium, magnesium, 
calcium, strontium, boron, aluminum, gallium, 
manganese, cobalt and Zinc; and 

[0070] a catalyst for polyester production, compris 
ing a slurry obtained by heating a mixture of: 

[0071] (A-2) a hydrolyZate (I-m) obtained by 
hydrolyZing a titanium halide or a hydrolyZate 
(I-n) obtained by hydrolyZing a mixture of a 
titanium halide and a compound of at least one 
element selected from elements other than tita 
nium or a precursor of the compound, 

[0072] a metallic compound containing at least 
one element selected from beryllium, magnesium, 
calcium, strontium, boron, aluminum, gallium, 
manganese, cobalt and Zinc, 

[0073] at least one phosphorus compound 
selected from phosphoric acid and phosphoric 
esters, and 

[0074] (G) an aliphatic diol. 

[0075] In the catalyst for polyester production described 
above, the metallic phosphate (D) is preferably magnesium 
hydrogenphosphate or trimagnesium diphosphate. Further, it 
is preferable that the metallic compound is a magnesium 
compound, the phosphorus compound is phosphoric acid 
or trimethyl phosphate, and the aliphatic diol (G) is ethylene 
glycol. 
[0076] The heating temperature of the mixture of the 
components (A-2), (E), and (G) is preferably in the range 
of 100 to 200° C., and the heating time is preferably in the 
range of 3 minutes to 5 hours. 
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[0077] In the catalyst for polyester production according 
to the invention described above, the compound of at least 
one element selected from elements other than titanium or 
the precursor of the compound is a compound of at lease one 
element selected from the group consisting of beryllium, 
magnesium, calcium, strontium, barium, scandium, yttrium, 
lanthanum, Zirconium, hafnium, vanadium, niobium, tanta 
lum, chromium, molybdenum, tungsten, manganese, iron, 
ruthenium, cobalt, rhodium, nickel, palladium, copper, Zinc, 
boron, aluminum, gallium, silicon, germanium, tin, anti 
mony and phosphorus, or a precursor of the compound. 

[0078] One embodiment of the process for producing a 
polyester according to the present invention is a process 
comprising polycondensing an aromatic dicarboxylic acid or 
an ester-forming derivative thereof and an aliphatic diol or 
an ester-forming derivative thereof in the presence of the 
above-mentioned catalyst for polyester production. 

[0079] Another embodiment of the process for producing 
a polyester according to the present invention is a process 
comprising an esteri?cation step in Which an aromatic 
dicarboxylic acid or an ester-forming derivative thereof and 
an aliphatic diol or an ester-forming derivative thereof are 
esteri?ed to form a loW condensate and a polycondensation 
step in Which the loW condensate is polycondensed in the 
presence of a polycondensation catalyst to increase the 
molecular Weight, Wherein: 

[0080] the polycondensation catalyst used is a cata 
lyst comprising: 
[0081] (I) a polycondensation catalyst component 

comprising a hydrolyZate (I-j) obtained by hydro 
lyZing a titanium compound or a hydrolyZate (I-k) 
obtained by hydrolyZing a mixture of a titanium 
compound and a compound of at least one element 
selected from elements other than titanium or a 
precursor of the compound, and 

[0082] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus; and 

[0083] the polycondensation catalyst component (I) 
is added to the esteri?cation reactor before the begin 
ning of the esteri?cation reaction or immediately 
after the beginning of the esteri?cation reaction. 

[0084] In the process for producing a polyester described 
above, the co-catalyst component (II) is preferably a mag 
nesium compound. 

[0085] A further embodiment of the process for producing 
a polyester according to the present invention is a process 
comprising polycondensing an aromatic dicarboxylic acid or 
an ester-forming derivative thereof and an aliphatic diol or 
an ester-forming derivative thereof in the presence of a 
polycondensation catalyst selected from the folloWing cata 
lysts (1) to (3) and a phosphoric ester to produce a polyester; 

[0086] (1) a polycondensation catalyst comprising a 
hydrolyZate (I-m) obtained by hydrolyZing a tita 
nium halide, 

[0087] (2) a polycondensation catalyst comprising a 
hydrolyZate (I-n) obtained by hydrolyZing a mixture 
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of a titanium halide and a compound of at least one 
element selected from elements other than titanium 
or a precursor of the compound, and 

[0088] (3) a polycondensation catalyst comprising: 

[0089] 
[0090] a compound of at least one element selected 

from beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, 
cobalt, Zinc, germanium and antimony, a phos 
phate or a phosphite. 

the hydrolyZate (I-m) or (I-n), and 

[0091] In the process for producing a polyester described 
above, the phosphoric ester is preferably tributyl phosphate, 
trioctyl phosphate or triphenyl phosphate. 

[0092] A still further embodiment of the process for pro 
ducing a polyester according to the present invention is a 
process comprising polycondensing an aromatic dicarboXy 
lic acid or an ester-forming derivative thereof and an ali 
phatic diol or an ester-forming derivative thereof in the 
presence of a polycondensation catalyst selected from the 
folloWing catalysts (1) to (3) and at least one compound 
selected from cyclic lactone compounds and hindered phe 
nol compounds to produce a polyester; 

[0093] (1) a polycondensation catalyst comprising a 
hydrolyZate (I-m) obtained by hydrolyZing a tita 
nium halide, 

[0094] (2) a polycondensation catalyst comprising a 
hydrolyZate (I-n) obtained by hydrolyZing a mixture 
of a titanium halide and a compound of at least one 
element selected from elements other than titanium 
or a precursor of the compound, and 

[0095] (3) a polycondensation catalyst comprising: 

[0096] 
[0097] a compound of at least one element selected 

from beryllium, magnesium, calcium, strontium, 
barium, boron, aluminum, gallium, manganese, 
cobalt, Zinc, germanium and antimony, a phos 
phate or a phosphite. 

the hydrolyZate (I-m) or (I-n), and 

[0098] In the process for producing a polyester described 
above, at least one phosphorus compound selected from 
phosphoric acid and phosphoric esters can be further used in 
combination. 

[0099] The at least one compound selected from cyclic 
lactone compounds and hindered phenol compounds is 
preferably a mixture of 5,7-di-t-butyl-3-(3,4-dimethylphe 
nyl)-3H-benZofuran-2-one, tetrakis(methylene-3(3,5-di-t 
butyl-4-hydroXyphenyl)propionate)methane and tris(2,4-di 
t-butylphenyl)phosphite. 
[0100] A still further embodiment of the process for pro 
ducing a polyester according to the present invention is a 
process comprising an esteri?cation step in Which an aro 
matic dicarboXylic acid or an ester-forming derivative 
thereof and an aliphatic diol or an ester-forming derivative 
thereof are esteri?ed to form a loW condensate and a 
polycondensation step in Which the loW condensate is poly 
condensed in the presence of a polycondensation catalyst to 
increase the molecular Weight, Wherein: 
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[0101] the polycondensation catalyst used is a cata 
lyst comprising: 

[0102] (I) a polycondensation catalyst component 
comprising a hydrolyZate (I-m) obtained by 
hydrolyZing a titanium halide or a hydrolyZate 
(I-n) obtained by hydrolyZing a miXture of a 
titanium halide and a compound of at least one 
element selected from elements other than tita 
nium or a precursor of the compound, and 

[0103] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus; and 

[0104] a tint adjusting agent is added in the esteri? 
cation step or the polycondensation step. 

[0105] In the process for producing a polyester described 
above, the tint adjusting agent is preferably at least one agent 
selected from Solvent Blue 104, Pigment Red 263, Solvent 
Red 135, Pigment Blue 29, Pigment Blue 15:1, Pigment 
Blue 15:3, Pigment Red 187 and Pigment Violet 19. 

[0106] The co-catalyst component (II) is preferably a 
magnesium compound. 
[0107] Embodiments of the method for treating a polyester 
according to the present invention include: 

[0108] a method for treating a polyester, comprising 
bringing a polyester, Which is obtained by the use of 
a titanium compound catalyst and in Which the 
reaction has been completed, into contact With a 
phosphorous acid aqueous solution, a hypophospho 
rous acid aqueous solution, a phosphoric ester aque 
ous solution, a phosphorous ester aqueous solution 
or a hypophosphorous ester aqueous solution, each 
of said solutions having a concentration of not less 
than 10 ppm in terms of phosphorus atom; 

[0109] a method for treating a polyester, comprising 
bringing a polyester, Which is obtained by the use of 
a titanium compound catalyst and in Which the 
reaction has been completed, into contact With an 
organic solvent; and 

[0110] a method for treating a polyester, comprising 
bringing a polyester, Which is obtained by the use of 
a titanium compound catalyst and in Which the 
reaction has been completed, into contact With an 
organic solvent solution of phosphoric acid, an 
organic solvent solution of a phosphoric ester, an 
organic solvent solution of phosphorous acid, an 
organic solvent solution of hypophosphorous acid, 
an organic solvent solution of a phosphorous ester or 
an organic solvent solution of a hypophosphorous 
ester, each of said solutions having a concentration 
of not less than 10 ppm in terms of phosphorus atom. 

[0111] The polyester preferably has an intrinsic viscosity 
of no3t less than 0.50 dl/g, a density of not less than 1.37 
g/cm and an acetaldehyde content of not more than 5 ppm. 

[0112] The organic solvent is a solvent selected from 
alcohols, saturated hydrocarbons and ketones, preferably 
isopropanol or acetone. 
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[0113] The phosphoric ester is preferably tributyl phos 
phate, triphenyl phosphate or trimethyl phosphate. 

[0114] The polyester used in the above method is prefer 
ably polyethylene terephthalate. 
[0115] One embodiment of the polyester according to the 
present invention is a polyester (P-l) obtained by polycon 
densing an aromatic dicarboXylic acid or an ester-forming 
derivative thereof and an aliphatic diol or an ester-forming 
derivative thereof in the presence of a catalyst for polyester 
production Which comprises: 

[0116] (I) a polycondensation catalyst component 
comprising the solid titanium compound (I-c) or the 
titanium-containing solid compound (I-d), and 

[0117] (II) a co-catalyst component comprising a 
magnesium compound, 

[0118] Wherein the titanium content is in the range of 
1 to 100 ppm, the magnesium content is in the range 
of 1 to 200 ppm, and the Weight ratio (Mg/Ti) of 
magnesium to titanium is not less than 0.01. 

[0119] The polyester (P-l) is preferably polyethylene 
terephthalate. 
[0120] Another embodiment of the polyester according to 
the present invention is a polyester (p-2) having the folloW 
ing properties: 

[0121] a titanium atom is contained in an amount of 
0.1 to 200 ppm, 

[0122] a metal atom M selected from beryllium, 
magnesium, calcium, strontium, barium, boron, alu 
minum, gallium, manganese, cobalt, Zinc and anti 
mony is contained in an amount of 0.1 to 500 ppm, 

[0123] the molar ratio (titanium atom/metal atom M) 
of the titanium atom to the metal atom M is in the 
range of 1/50 to 50/1, and 

[0124] a tint adjusting agent is contained in an 
amount of 0.01 to 100 ppm. 

[0125] The polyester (P-2) is preferably polyethylene 
terephthalate. 
[0126] Afurther embodiment of the polyester according to 
the present invention is a polyester (p-3) having the folloW 
ing properties: 

[0127] the intrinsic viscosity is not less than 0.50 
dl/ g, a titanium atom is contained in an amount of 0.1 
to 200 ppm, 

[0128] a metal atom M selected from beryllium, 
magnesium, calcium, strontium, barium, boron, alu 
minum, gallium, manganese, cobalt, Zinc and anti 
mony is contained in an amount of 0.1 to 500 ppm, 

[0129] the molar ratio (titanium atom/metal atom M) 
of the titanium atom to the metal atom M is in the 
range of 0.05 to 50, and 

[0130] the content of acetaldehyde is not more than 4 
ppm, and When this acetaldehyde content is taken as 
WO ppm and a content of acetaldehyde in a stepped 
square plate molded product obtained by heating said 
polyester to a temperature of 275° C. to melt it and 
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molding the molten polyester is taken as W1 ppm, the 
value of Wl-WO is not more than 10 ppm. 

[0131] In the polyester (P-3), the titanium atom is prefer 
ably one derived from a polycondensation catalyst obtained 
by hydrolysis of a titanium halide. 

[0132] The polyester (P-3) is preferably polyethylene 
terephthalate. 
[0133] Astill further embodiment of the polyester accord 
ing to the present invention is a polyester (P-4) having the 
folloWing properties: 

[0134] the intrinsic viscosity is not less than 0.50 
dl/g, 

[0135] a titanium atom is contained in an amount of 
0.1 to 200 ppm, 

[0136] a metal atom M selected from beryllium, 
magnesium, calcium, strontium, barium, boron, alu 
minum, gallium, manganese, cobalt, Zinc and anti 
mony is contained in an amount of 0.1 to 500 ppm, 

[0137] the molar ratio (titanium atom/metal atom M) 
of the titanium atom to the metal atom M is in the 
range of 0.05 to 50, and 

[0138] the content of a cyclic trimer is not more than 
0.5% by Weight, and When this cyclic trimer content 
is taken as X % by Weight and a content of a cyclic 
trimer in a stepped square plate molded product 
obtained by heating said polyester to a temperature 
of 290° C. to melt it and molding the molten poly 
ester is taken as y % by Weight, X and y satisfy the 
folloWing relation 

[0139] In the polyester (P-4), the titanium atom is prefer 
ably one derived from a polycondensation catalyst obtained 
by hydrolysis of a titanium halide. 

[0140] The polyester (P-4) is preferably polyethylene 
terephthalate. 
[0141] Astill further embodiment of the polyester accord 
ing to the present invention is a polyester (P-5) having the 
folloWing properties: 
[0142] When the ratio (L/T) of a How length (L) to a How 
thickness in the injection molding of said polyester at 
290° C. is taken as Y and the intrinsic viscosity of a molded 
product obtained by the injection molding is taken as X 
(dl/g), X and Y satisfy the folloWing relation 

Y; 647-5 00X. 

[0143] The polyester (P-5) is obtained by, for eXample, 
polycondensing an aromatic dicarboXylic acid or an ester 
forming derivative thereof and an aliphatic diol or an 
ester-forming derivative thereof in the presence of: 

[0144] a polycondensation catalyst comprising a 
hydrolyZate (I-m) obtained by hydrolyZing a tita 
nium halide, 

[0145] a polycondensation catalyst comprising a 
hydrolyZate (I-n) obtained by hydrolyZing a mixture 
of a titanium halide and a compound of at least one 
element selected from elements other than titanium 
or a precursor of the compound, or 
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[0146] a polycondensation catalyst comprising: 

[0147] (I) a polycondensation catalyst component 
comprising the hydrolyZate (I-m) or the hydrolyZ 
ate (I-n), and 

[0148] (II) a co-catalyst component comprising a 
compound of at least one element selected from 
the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, 
gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus. 

[0149] The compound of at least one element selected 
from elements other than titanium or the precursor of the 
compound is the same compound or precursor as previously 
described. 

[0150] The co-catalyst compound (II) is preferably a mag 
nesium compound. 

[0151] In the polyester (P-S), it is preferable that the 
titanium atom content is in the range of 1 to 100 ppm, the 
magnesium atom content is in the range of 1 to 200 ppm, and 
the Weight ratio (Mg/Ti) of the magnesium atom to the 
titanium atom is not less than 0.01. 

[0152] The polyester (P-S) is preferably polyethylene 
terephthalate. 

[0153] One embodiment of the polyester molded product 
according to the present invention is a molded product 
obtained from the polyester (P-1), and examples of the 
polyester molded products include a bloW molded article, a 
?lm, a sheet and a ?ber. 

[0154] Another embodiment of the polyester molded 
product according to the present invention is a bloW molded 
article obtained from the polyester (P-4) and having a cyclic 
trimer content of not more than 0.6% by Weight. 

[0155] A further embodiment of the polyester molded 
product according to the present invention is a bloW molded 
article preform or a bloW molded article each of Which is 
obtained from the polyester (P-S). 

BRIEF DESCRIPTION OF THE DRAWING 

[0156] FIG. 1 shoWs X-ray diffraction patterns to explain 
a method of measuring a crystallinity of a solid titanium 
compound. 

[0157] FIG. 2 is a perspective vieW of a stepped square 
plate molded product used for measuring a haZe, a content 
of a cyclic trimer and a content of acetaldehyde. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0158] The catalyst for polyester production according to 
the present invention, a process for producing a polyester 
using the catalyst, a polyester obtained by the process and 
uses of the polyester are described in detail hereinafter. 

[0159] One embodiment of the catalyst for polyester pro 
duction according to the invention comprises a solid tita 
nium compound (I-a) and/or a titanium-containing solid 
compound (I-b) described beloW, and if necessary, a co 
catalyst component (II) described beloW. 
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Solid Titanium Compound (I-a), 
Titanium-Containing Solid Compound (I-b) 

[0160] The solid titanium compound (I-a) of the invention 
is obtained by hydrolyZing a titanium halide and then 
dehydro-drying the resulting hydrolyZate. 

[0161] The titanium halide is a compound having at least 
one titanium atom-halogen atom bond in a molecule. 
Examples such compounds include titanium tetrahalides, 
such as titanium tetrachloride, titanium tetrabromide and 
titanium tetraiodide; titanium trihalides, such as titanium 
trichloride; titanium dihalides, such as titanium dichloride; 
and titanium monohalides. 

[0162] There is no speci?c limitation on the method to 
hydrolyZe the titanium halide, and for example, there can be 
mentioned (1) a method of adding the titanium halide to 
Water, (2) a method of adding Water into the titanium halide, 
(3) a method of passing a gas containing vapor of the 
titanium halide through Water, (4) a method of passing a gas 
containing Water vapor through the titanium halide, (5) a 
method of contacting a gas containing the titanium halide 
With a gas containing Water vapor. 

[0163] In the present invention, the method of hydrolysis 
is not speci?cally limited as described above, but in each 
method, it is necessary to alloW a large excess of Water to act 
on the titanium halide and thereby completely carry out the 
hydrolysis. If the hydrolysis is not completely carried out 
and if the resulting hydrolyZate is such a partial hydrolyZate 
as described in Japanese Patent Publication No. 19477/1976, 
the polycondensation rate may be insuf?cient. 

[0164] The temperature for the hydrolysis is usually not 
higher than 100° C., preferably in the range of 0 to 70° C. 

[0165] The titanium-containing solid compound (I-b) of 
the invention is obtained by hydrolyZing a mixture of a 
titanium halide and a compound of at least one element 
selected from elements other than titanium or a precursor of 
the compound (sometimes referred to as a “compound of 
another element” hereinafter) and then dehydro-drying the 
resulting hydrolyZate. That is, the titanium compound is 
hydrolyZed in the presence of a compound of another 
element, and the resulting precipitate is dried to obtain the 
titanium-containing solid compound (I-b). 

[0166] The compound of another element is a compound 
of at least one element selected from the group consisting of 
beryllium, magnesium, calcium, strontium, barium, scan 
dium, yttrium, lanthanum, Zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum, tungsten, man 
ganese, iron, ruthenium, cobalt, rhodium, nickel, palladium, 
copper, Zinc, boron, aluminum, gallium, silicon, germanium, 
tin, antimony and phosphorus (each of these elements some 
times being referred to as “another element” hereinafter), or 
a precursor of the compound. The compound of another 
element is, for example, a hydroxide. 

[0167] The compounds of another element can be used 
singly or in combination of tWo or more kinds. 

[0168] There is no speci?c limitation on the method to 
hydrolyZe the mixture of the titanium halide and the com 
pound of another element, and for example, there can be 
mentioned (1) a method of adding the titanium halide to 
Water in Which the compound of another element has been 
dissolved or suspended, (2) a method of adding a mixture of 
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the titanium halide and the compound of another element to 
Water, (3) a method of adding Water to a mixture of the 
titanium halide and the compound of another element, (4) a 
method adding Water, in Which the compound of another 
element has been dissolved or suspended, to the titanium 
halide, (5) a method of passing a gas containing vapor of the 
titanium halide through Water in Which the compound of 
another element has been dissolved or suspended, (6) a 
method of passing a gas containing vapor of the titanium 
halide and vapor of the compound of another element 
through Water, (7) a method of passing a gas containing 
Water vapor through a mixture of the titanium halide and the 
compound of another element, (8) a method of passing a gas 
containing Water vapor and vapor of the compound of 
another element through the titanium halide, and (9) a 
method of contacting a gas containing the titanium halide, a 
gas containing the compound of another element and a gas 
containing Water vapor With one another. 

[0169] In the hydrolysis, the molar ratio (E/Ti) of another 
element in the compound of another element to titanium 
(Ti) in the titanium halide is desirably in the range of 1/50 
to 50/1. The temperature for the hydrolysis is usually not 
higher than 100° C., preferably in the range of 0 to 70° C. 

[0170] When the titanium halide or the mixture of the 
titanium halide and the compound of another element is 
hydrolyZed, the resulting liquid exhibits acidic property by 
virtue of hydrogen halide produced by the hydrolysis of the 
titanium halide. Because of the acidic property, the hydroly 
sis is not completed in some cases, so that a base may be 
added to perform neutralization. Examples of the bases 
(sometimes referred to as “neutralizing base(s)” hereinafter) 
employable herein include aqueous ammonia; hydroxides of 
Group 1 and Group 2 elements of the periodic table, such as 
sodium hydroxide, potassium hydroxide, magnesium 
hydroxide; carbonate (hydrogencarbonate) compounds of 
Group 1 and Group 2 elements of the periodic table, such as 
sodium carbonate, sodium hydrogencarbonate, potassium 
carbonate and potassium hydrogencarbonate; urea; and 
basic organic compounds. At the end point of the neutral 
iZation, the pH value is preferably not less than 4, and the 
neutraliZation is preferably carried out at a temperature of 
not higher than 70° C. 

[0171] The hydrolyZate of the titanium halide or the 
hydrolyZate of the mixture of the titanium halide and the 
compound of another element obtained by the hydrolysis is, 
in this stage, a gel of a hydrous hydroxide (sometimes called 
“orthotitanic acid”) or a hydrous complex hydroxide gel. By 
dehydro-drying the hydrous hydroxide gel or the hydrous 
complex hydroxide gel, the solid titanium compound (I-a) or 
the titanium-containing solid compound (I-b) according to 
the invention is obtained. Through the drying, a part of 
hydroxyl groups are removed. 

[0172] The drying can be carried out at ordinary pressure 
or under reduced pressure in a state of solid phase or a state 
Where the gel is suspended in a liquid phase having higher 
boiling point than Water. Although the drying temperature is 
not speci?cally limited, it is preferably not loWer than 30° C. 
and loWer than 350° C. The hydrous hydroxide gel or the 
hydrous complex hydroxide gel may be Washed With Water 
before drying, or the solid titanium compound or the tita 
nium-containing solid compound may be Washed With Water 
after drying, to remove Water-soluble components. It is 
preferable to conduct the drying rapidly. 

Sep. 26, 2002 

[0173] Although the composition of the solid titanium 
compound (I-a) or the titanium-containing solid compound 
(I-b) obtained as above varies depending upon presence or 
absence of another element, amount thereof, Washing or 
non-Washing, method of drying and degree of drying, the 
molar ratio (OH/Ti) of a hydroxyl group (OH) to titanium 
(Ti) is usually more than 0.09 and less than 4, preferably in 
the range of 0.1 to 3, more preferably in the range of 0.1 to 
2. The molar ratio of a hydroxyl group to titanium can be 
determined by measuring an absorbed Water content and a 
thermally desorbed Water content, and can be speci?cally 
determined in the folloWing manner. 

[0174] In order to determine the hydroxyl group content, 
the absorbed Water content is ?rst measured by a Karl 
Fischer’s Water content meter. Then, the Weight loss on 
heating up to 600° C. is measured by thermogravimetric 
analysis. By heating up to 600° C., the absorbed Water is 
desorbed. It is considered that the hydroxyl group is elimi 
nated as Water, and therefore, the absorbed Water content is 
subtracted from the Weight loss on heating to obtain the 
hydroxyl group content. The titanium content in the tita 
nium-containing solid compound is determined by a high 
frequency plasma emission analyZer (Inductively coupled 
plasma spectroscopy). From the titanium content and the 
hydroxyl group content, the OH/Ti ratio is determined. 

[0175] More speci?cally, in case of, for example, a solid 
titanium compound prepared using ammonia as a neutral 
iZing agent and having a titanium content of 46% by Weight, 
an absorbed Water content of 6.73% by Weight, a Weight loss 
on heating up to 600° C. of 9.67% by Weight, a nitrogen 
content of 1.3% by Weight and a chlorine content of 14 ppm, 
the OH/Ti ratio is calculated as described beloW. The nitro 
gen content is analyZed by an all nitrogen microanalyZer 
(chemiluminescence method), and the chlorine content is 
analyZed by chromatography. 

[0176] The amount by mol of titanium in 100 g of the 
titanium-containing solid compound is calculated as fol 
loWs. 

46 (Ti content)+47.88 (atomic Weight of Ti)=0.9607 

[0177] Nitrogen and chlorine in the solid titanium com 
pound are eliminated as ammonia and hydrogen chloride, 
respectively, so that the thermally desorbed Water content (% 
by Weight) is determined as folloWs. 

9.67 (Weight loss on 600° C. heating)—(1.3 (nitrogen 
content)><(17/14) (in terms of ammonia))—(0.0014 
(chlorine content)><(36.5/35.5) (in terms of hydrogen 
chloride))=8.090 

[0178] From the calculation result and the measured value 
of the absorbed Water content, the thermally desorbed Water 
content (% by Weight) derived from the hydroxyl group is 
determined as folloWs. 

8.090—6.73=1.360 

[0179] From the above, the amount by mol of the hydroxyl 
group is determined as folloWs. 

(1.360/18)><2=O.1511 

[0180] From the above, the molar ratio (OH/Ti) of the 
hydroxyl group content to the titanium content in the solid 
titanium compound is determined as folloWs. 

0.1511+0.9607=0.157 
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[0181] In the solid titanium compound (I-a) and the tita 
nium-containing solid compound (I-b), the hydroxyl group 
remains even at temperatures at Which the polycondensation 
reaction is performed, e.g., about 280° C. 

[0182] The fact that the solid titanium compound (I-a) and 
the titanium-containing solid compound (I-b) have a OH/T i 
ratio in the above range and that the hydroxyl group remains 
therein even at temperatures at Which the polycondensation 
reaction is performed, e.g., about 280° C., indicates that the 
solid titanium compound (I-a) and the titanium-containing 
solid compound (I-b) are inherently different from orthoti 
tanic acid (represented by H4TiO4, titaniumzhydroxyl group 
(by mol)=1:4) referred to in Japanese Patent Laid-Open 
Publication No. 57291/1977 and Japanese Patent Publica 
tion 26597/1972, and are inherently different from titanium 
oxide used as a catalyst for polyester production described 
in Japanese Patent Laid-Open Publication No. 156595/1975, 
etc. 

[0183] In the titanium-containing solid compound (I-b) 
according to the invention, the molar ratio (E/Ti) of another 
element to titanium (Ti) is in the range of 1/50 to 50/1, 
preferably 1/40 to 40/1, more preferably 1/30 to 30/1. 

[0184] In the solid titanium compound (I-a) and the tita 
nium-containing solid compound (I-b) according to the 
invention, the chlorine content is in the range of usually 0 to 
10000 ppm, preferably 0 to 100 ppm. 

[0185] The solid titanium compound (I-a) or the titanium 
containing solid compound (I-b) is used in combination With 
a co-catalyst (II) comprising the folloWing co-catalyst com 
pound, if desired. 

Co-Catalyst Compound 

[0186] The co-catalyst compound is a compound of at 
least one element selected from the group consisting of 
beryllium, magnesium, calcium, strontium, barium, boron, 
aluminum, gallium, manganese, cobalt, Zinc, germanium, 
antimony and phosphorus. 

[0187] Examples of the compounds of at least one element 
selected from the group consisting of beryllium, magnesium, 
calcium, strontium, barium, boron, aluminum, gallium, 
manganese, cobalt, Zinc, germanium, antimony and phos 
phorus include aliphatic acid salts of these elements, such as 
acetates thereof; carbonates, sulfates and nitrates of these 
elements; halides of these elements, such as chlorides 
thereof; acetylacetonato salts of these elements; and oxides 
of these elements. Of these, preferable are acetates and 
carbonates. 

[0188] Examples of phosphorus compounds include phos 
phates and phosphites of at least one metal selected from 
Group 1 and Group 2 of the periodic table, transition metals 
of Period 4 of the periodic table, Zirconium, hafnium and 
aluminum. 

[0189] The co-catalyst compounds employable in the 
invention are described beloW more speci?cally. 

[0190] Examples of aluminum compounds include an ali 
phatic acid aluminum salt such as aluminum acetate, alu 
minum carbonate, aluminum chloride, and an acetylaceto 
nato salt of aluminum. Of these, aluminum acetate and 
aluminum carbonate are particularly preferable. 
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[0191] Examples of barium compounds include an ali 
phatic acid barium salt such as barium acetate, barium 
carbonate, barium chloride, and an acetylacetonato salt of 
barium. Of these, barium acetate and barium carbonate are 
particularly preferable. 

[0192] Examples of cobalt compounds include an ali 
phatic acid cobalt salt such as cobalt acetate, cobalt carbon 
ate, cobalt chloride, and an acetylacetonato salt of cobalt. Of 
these, cobalt acetate and cobalt carbonate are particularly 
preferable. 

[0193] Examples of magnesium compounds include an 
aliphatic acid magnesium salt such as magnesium acetate, 
magnesium carbonate, magnesium chloride, and an acety 
lacetonato salt of magnesium. Of these, magnesium acetate 
and magnesium carbonate are particularly preferable. 

[0194] Examples of manganese compounds include an 
aliphatic acid manganese salt such as manganese acetate, 
manganese carbonate, manganese chloride, and an acetylac 
etonato salt of manganese. Of these, manganese acetate and 
manganese carbonate are part-icularly preferable. 

[0195] Examples of strontium compounds include an ali 
phatic acid strontium salt such as strontium acetate, stron 
tium carbonate, strontium chloride, and an acetylacetonato 
salt of strontium. Of these, strontium acetate and strontium 
carbonate are particularly preferable. 

[0196] Examples of Zinc compounds include an aliphatic 
acid Zinc salt such as Zinc acetate, Zinc carbonate, Zinc 
chloride, and an acetylacetonato salt of Zinc. Of these, Zinc 
acetate and Zinc carbonate are particularly preferable. 

[0197] Examples of germanium compounds include ger 
manium dioxide and germanium acetate. 

[0198] Examples of antimony compounds include anti 
mony dioxide and antimony acetate. 

[0199] Examples of the phosphates as the phosphorus 
compounds include lithium phosphate, lithium dihydrogen 
phosphate, dilithium hydrogenphosphate, sodium phos 
phate, sodium dihydrogenphosphate, disodium hydrogen 
phosphate, potassium phosphate, potassium 
dihydrogenphosphate, dipotassium hydrogenphosphate, 
strontium phosphate, strontium dihydrogenphosphate, dis 
trontium hydrogenphosphate, Zirconium phosphate, barium 
phosphate, aluminum phosphate and Zinc phosphate. Of 
these, sodium phosphate, sodium dihydrogenphosphate, 
disodium hydrogenphosphate, potassium phosphate, potas 
sium dihydrogenphosphate and dipotassium hydrogenphos 
phate are particularly preferably employed. 

[0200] The phosphite as the phosphorus compound is a 
phosphite of at least one metal selected from alkali metals, 
alkaline earth metals, transition metals of Period 4 of the 
periodic table, Zirconium, hafnium and aluminum. Examples 
of the phosphites include lithium phosphite, sodium phos 
phite, potassium phosphite, strontium phosphite, Zirconium 
phosphite, barium phosphite, aluminum phosphite and Zinc 
phosphite. Of these, sodium phosphite and potassium phos 
phite are particularly preferably employed. 

[0201] Of the above co-catalyst compounds, preferable are 
magnesium compounds, such as magnesium carbonate and 
magnesium acetate; calcium compounds, such as calcium 
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carbonate and calcium acetate; and Zinc compounds such as 
Zinc chloride and Zinc acetate. 

[0202] The co-catalyst compounds can be used singly or in 
combination of tWo or more kinds as the co-catalyst com 

ponent. 

[0203] The co-catalyst component (II) is desirably used in 
such an amount that the molar ratio ((II)/(I-a)) of the metal 
atom in the co-catalyst component (II) to titanium in the 
solid titanium compound (I-a) or the molar ratio ((II)/(I-b)) 
of the metal atom in the co-catalyst component (II) to 
titanium and another element in the titanium-containing 
solid compound (I-b) is in the range of 1/50 to 50/1, 
preferably 1/40 to 40/1, more preferably 1/30 to 30/1. When 
a phosphorus compound such as a phosphate or a phosphite 
is used, the amount thereof is an amount in terms of a metal 
atom contained in the phosphorus compound. 

[0204] The production of a polyester using the above 
catalyst is carried out by the process described later, and in 
the polycondensation reaction of the process, the solid 
titanium compound (I-a) or the titanium-containing solid 
compound (I-b) is desirably used in an amount of 0.001 to 
0.2% by mol, preferably 0.002 to 0.1% by mol, in terms of 
a metal atom, based on the aromatic dicarboxylic acid units 
in the loW condensate. 

[0205] When the co-catalyst component (II) is used in 
addition to the solid titanium compound (I-a) or the tita 
nium-containing solid compound (I-b), the co-catalyst com 
ponent (II) is desirably used in an amount of 0.001 to 0.5% 
by mol, preferably 0.002 to 0.3% by mol, in terms of a metal 
atom, based on the aromatic dicarboxylic acid units in the 
loW condensate. 

[0206] The catalyst for polyester production comprising 
the solid titanium compound (I-a) and/or the titanium 
containing solid compound (I-b), and optionally, the co 
catalyst component (II) is suf?cient to be present during the 
polycondensation reaction. Therefore, the catalyst may by 
added in any of a starting slurry preparation step, an esteri 
?cation step and a liquid phase polycondensation step. 
Further, the total amount of the catalyst may be added at 
once, or the catalyst may be added plural times by portions. 
When the co-catalyst component (II) is used in combination, 
it may be added in a step identical With or different from the 
step Where the solid titanium compound (I-a) or the tita 
nium-containing solid compound (I-b) is added. 

[0207] The polyester obtained by the use of the above 
mentioned catalyst for polyester production is melt molded 
and used as bloW molded articles (e.g., bottles), sheets, 
?lms, ?bers, etc., but it is preferably used as bottles. 

[0208] The catalyst for polyester production described 
above can produce a polyester With higher catalytic activity 
as compared With a germanium compound or an antimony 
compound Which has been heretofore used as a polycon 
densation catalyst. Further, When the catalyst for polyester 
production is used, a polyester having more excellent trans 
parency and tint and loWer acetaldehyde content can be 
obtained as compared With the case of using an antimony 
compound as a polycondensation catalyst. 

[0209] Another embodiment of the catalyst for polyester 
production according to the invention comprises a solid 
titanium compound (I-c) and a co-catalyst component (II) 
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described beloW, or comprises a titanium-containing solid 
compound (I-d) and optionally a co-catalyst component (II) 
described beloW. 

Solid Titanium Compound (I-c), 
Titanium-Containing Solid Compound (I-d) 

[0210] The solid titanium compound (I-c) of the invention 
is obtained by hydrolyZing a titanium halide and then 
dehydro-drying the resulting hydrolyZate. 

[0211] Examples the titanium halides include the same 
titanium halides as previously described. 

[0212] There is no speci?c limitation on the method to 
hydrolyZe the titanium halide, and for example, the aforesaid 
methods (1) to (5) used in the preparation of the solid 
titanium compound (I-a) are available. 

[0213] In the present invention, the method of hydrolysis 
is not speci?cally limited as described above, but in each 
method, it is preferable to alloW a large excess of Water to 
act on the titanium halide and thereby completely carry out 
the hydrolysis. The temperature for the hydrolysis is usually 
not higher than 100° C., preferably in the range of 0 to 70° 
C. 

[0214] The solid titanium compound (I-c) is used in com 
bination With the aforesaid co-catalyst component (II) com 
prising the co-catalyst compound. 

[0215] The titanium-containing solid compound (I-d) of 
the invention is obtained by hydrolyZing a mixture of the 
titanium halide and the compound of another element pre 
viously described and then dehydro-drying the resulting 
hydrolyZate. That is, the titanium compound is hydrolyZed 
in the presence of the compound of another element, and the 
resulting precipitate is subjected to solid-liquid separation, 
Whereby the titanium-containing solid compound (I-d) is 
obtained. 

[0216] There is no speci?c limitation on the method to 
hydrolyZe the mixture of the titanium halide and the com 
pound of another element, and for example, the aforesaid 
methods (1) to (9) used in the preparation of the titanium 
containing solid compound (I-b) are available. 

[0217] In the hydrolysis, the molar ratio (E/Ti) of the 
element in the compound of another element to titanium 
(Ti) in the titanium halide is desirably in the range of 1/50 
to 50/1. The temperature for the hydrolysis is usually not 
higher than 100° C., preferably in the range of 0 to 70° C. 

[0218] When the titanium halide or the mixture of the 
titanium halide and the compound of another element is 
hydrolyZed, the resulting liquid exhibits acidic property by 
virtue of hydrogen halide produced by the hydrolysis of the 
titanium halide. Because of the acidic property, the hydroly 
sis is not completed in some cases, so that the aforesaid 
neutraliZing base may be added to perform neutraliZation. At 
the end point of the neutraliZation, the pH value is preferably 
not less than 4, and the neutraliZation is preferably carried 
out at a temperature of not higher than 70° C. 

[0219] By dehydro-drying the hydrolyZate of the titanium 
halide or the hydrolyZate of the mixture of the titanium 
halide and the compound of another element obtained by the 
hydrolysis (hydrous hydroxide gel or hydrous complex 



US 2002/0137879 A1 

hydroxide gel), the solid titanium compound (I-c) or the 
titanium-containing solid compound (I-d) is obtained. 

[0220] The drying can be carried out at ordinary pressure 
or under reduced pressure in a state of solid phase or a state 
Where the gel is suspended in a liquid phase having higher 
boiling point than Water. Although the drying temperature is 
not speci?cally limited, it is preferably not loWer than 30° C. 
and loWer than 350° C. The hydrous hydroxide gel or the 
hydrous complex hydroxide gel may be Washed With Water 
before drying, or the solid titanium compound or the tita 
nium-containing solid compound may be Washed With Water 
after drying, to remove Water-soluble components. It is 
preferable to conduct the drying rapidly. 

[0221] Although the composition of the solid titanium 
compound (I-c) or the titanium-containing solid compound 
(I-d) obtained as above varies depending upon presence or 
absence of another element, amount thereof, Washing or 
non-Washing, method of drying and degree of drying, the 
molar ratio (OH/Ti) of a hydroxyl group (OH) to titanium 
(Ti) is usually more than 0 and less than 4, preferably in the 
range of 0.001 to 3, more preferably in the range of 0.01 to 
2. The molar ratio of a hydroxyl group to titanium can be 
determined by the aforesaid method. 

[0222] In the solid titanium compound (I-c) and the tita 
nium-containing solid compound (I-d), the hydroxyl group 
remains even at temperatures at Which the polycondensation 
reaction is performed, e.g., about 280° C. 

[0223] In the titanium-containing solid compound (I-d), 
the molar ratio (E/T i) of another element to titanium (Ti) 
is in the range of 1/50 to 50/1, preferably 1/40 to 40/1, more 
preferably 1/30 to 30/1. 

[0224] In the solid titanium compound (I-c) and the tita 
nium-containing solid compound (I-d), the chlorine content 
is in the range of usually 0 to 10000 ppm, preferably 0 to 100 

[0225] The solid titanium compound (I-c) is used in com 
bination With the aforesaid co-catalyst component (II). The 
titanium-containing solid compound (I-d) is used in combi 
nation With the co-catalyst component (II), if desired. 

[0226] The co-catalyst component (II) is desirably used in 
such an amount that the molar ratio ((II)/(I-c)) of the metal 
atom in the co-catalyst component (II) to titanium in the 
solid titanium compound (I-c) or the molar ratio ((II)/(I-d)) 
of the metal atom in the co-catalyst component (II) to 
titanium and another element in the titanium-containing 
solid compound (I-d) is in the range of 1/50 to 50/1, 
preferably 1/40 to 40/ 1, more preferably 1/30 to 30/1. When 
a phosphorus compound such as a phosphate or a phosphite 
is used, the amount thereof is an amount in terms of a metal 
atom contained in the phosphorus compound. When a mag 
nesium compound is used as the co-catalyst component (II), 
the magnesium compound is desirably used in such an 
amount that the Weight ratio (Mg/(I-c)) of Mg atom in the 
magnesium compound to titanium in the solid titanium 
compound (I-c) or the Weight ratio (Mg/(I-d)) of Mg atom in 
the magnesium compound to titanium and another element 
in the titanium-containing solid compound (I-d) is not less 
than 0.01, preferably in the range of 0.06 to 10, particularly 
preferably in the range of 0.06 to 5. If the magnesium 
compound is used in the above amount, the resulting poly 
ester has excellent transparency. 
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[0227] The production of a polyester using the above 
catalyst is carried out by the process described later, and in 
the polycondensation reaction of the process, the solid 
titanium compound (I-c) or the titanium-containing solid 
compound (I-d) is desirably used in an amount of 0.001 to 
0.2% by mol, preferably 0.002 to 0.1% by mol, in terms of 
a metal atom, based on the aromatic dicarboxylic acid units 
in the loW condensate. 

[0228] The amount of the co-catalyst component (II), 
Which is used in combination With the solid titanium com 
pound (I-c) or Which is optionally used When the titanium 
containing solid compound (I-d) is used, is desired to be in 
the range of 0.001 to 0.5% by mol, preferably 0.002 to 0.3% 
by mol, in terms of a metal atom, based on the aromatic 
dicarboxylic acid units in the loW condensate. 

[0229] The polyester produced by the use of the above 
catalyst for polyester production, for example, polyethylene 
terephthalate, is excellent in tint, particularly in transpar 
ency, and has a loW content of acetaldehyde. 

[0230] The polyester obtained by the use of the above 
catalyst for polyester production can be used as a material of 
various molded products. For example, the polyester is melt 
molded and used as bloW molded articles (e. g., bottles), 
sheets, ?lms, ?bers, etc., but it is particularly preferably used 
as bottles. 

[0231] In order to produce bottles, sheets, ?lms, ?bers, etc. 
from the polyester such as polyethylene terephthalate, hith 
erto knoWn processes are available. 

[0232] The catalyst for polyester production described 
above can produce a polyester With higher catalytic activity 
as compared With a germanium compound or an antimony 
compound Which has been heretofore used as a polycon 
densation catalyst. Further, When the catalyst for polyester 
production is used, a polyester having more excellent trans 
parency and tint and loWer acetaldehyde content can be 
obtained as compared With the case of using an antimony 
compound as a polycondensation catalyst. Moreover, poly 
ethylene terephthalate obtained by the use of the catalyst for 
polyester production and molded products formed from the 
polyethylene terephthalate have excellent transparency and 
tint and have a loW content of acetaldehyde. 

[0233] A further embodiment of the catalyst for polyester 
production according to the invention comprises a solid 
titanium compound (I-e), a solid titanium compound (I-f), 
the titanium-containing solid compound (I-g) or a titanium 
containing solid compound (I-h) described beloW, and 
optionally, a co-catalyst component (II) described beloW. 

Solid Titanium Compound (I-e) or (I-f), Titanium 
Containing Solid Compound (I-a) or (I-h) 

[0234] The solid titanium compound (I-e) of the invention 
is obtained by a process comprising bringing a titanium 
halide into contact With Water to hydrolyZe the titanium 
halide and thereby obtain an acid solution containing a 
hydrolyZate of the titanium halide, rendering the solution 
basic by the use of a base, then adjusting pH of the solution 
to 2 to 6 by the use of an acid, and dehydro-drying the 
resulting precipitate. The solid titanium compound (I-f) is 
obtained by a process comprising bringing a titanium halide 
into contact With Water to hydrolyZe the titanium halide and 
thereby obtain an acid solution containing a hydrolyZate of 
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the titanium halide, adjusting pH of the solution to 2 to 6 by 
the use of a base, and dehydro-drying the resulting precipi 
tate. 

[0235] Examples the titanium halides used for preparing 
the solid titanium compound (I-e) and the solid titanium 
compound (I-f) include the same titanium halides as previ 
ously described. 

[0236] In each of the processes to prepare the solid tita 
nium compound (I-e) and the solid titanium compound (I-f), 
there is no speci?c limitation on the method to hydrolyze the 
titanium halide, and for example, the aforesaid methods (1) 
to (5) used in the preparation of the solid titanium compound 
(I-a) are available. 

[0237] In the present invention, the method of hydrolysis 
is not speci?cally limited as described above, but in each 
method, it is preferable to alloW a large excess of Water to 
act on the titanium halide and thereby completely carry out 
the hydrolysis. The temperature for the hydrolysis is usually 
not higher than 100° C., preferably in the range of 0 to 70° 
C. 

[0238] By hydrolyZing the titanium halide as described 
above, an acid solution containing a hydrolyZate of the 
titanium halide is obtained. The pH of the acid solution is 
usually about 1. 

[0239] In the preparation of the solid titanium compound 
(I-e), the acid solution containing the hydrolyZate is ren 
dered basic (pH 9 co 12, preferably pH 9 to 11) by the use 
of a base and then adjusted to pH 2 to 6, preferably pH 3 to 
6, by the use of an acid. The temperature used herein is 
usually not higher than 50° C., preferably not higher than 
40° C. Adjustment of the solution to pH 2 to 6 results in a 
precipitate. 

[0240] Examples of the bases include ammonia, sodium 
hydroxide, potassium hydroxide, sodium carbonate and 
potassium carbonate. Of these, ammonia and sodium 
hydroxide are preferable. Examples of the acids include 
acetic acid and nitric acid. Of these, acetic acid is preferable. 

[0241] When the acid solution containing the hydrolyZate 
is temporarily made basic and then made acidic to form a 
precipitate as described above, the dehydration after solid 
liquid separation can be carried out for a short period of 
time. In addition, nitrogen, sodium, potassium or the like 
derived from the base hardly remains in the resulting solid 
titanium compound (I-e), and hence this solid titanium 
compound becomes a catalyst for polyester production hav 
ing excellent polycondensation activity and capable of pro 
ducing a polyester of high quality. 

[0242] In the preparation of the solid titanium compound 
(I-f), the acid solution containing the hydrolyZate is adjusted 
to pH 2 to 6, preferably pH 3 to 6, by the use of a base. The 
temperature used herein is usually not higher than 50° C., 
preferably not higher than 40° C. Adjustment of the solution 
to pH 2 to 6 results in a precipitate. 

[0243] Examples of the bases include the same bases as 
used in the preparation of the solid titanium compound (I-e). 
Of these, ammonia and sodium hydroxide are preferable. 

[0244] When the acid solution containing the hydrolyZate 
is adjusted to pH 2 to 6 to form a precipitate as described 
above, the dehydration after solid-liquid separation can be 
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carried out for a short period of time. In addition, nitrogen, 
sodium, potassium or the like derived from the base hardly 
remains in the resulting solid titanium compound (I-f), and 
hence this solid titanium compound becomes a catalyst for 
polyester production having excellent polycondensation 
activity and capable of producing a polyester of high quality. 

[0245] In each of the processes to prepare the solid tita 
nium compound (I-e) and the solid titanium compound (I-f), 
pH of the acid solution is adjusted to 2 to 6 to form a 
precipitate. This precipitate in this stage is a gel of a hydrous 
hydroxide sometimes called “orthotitanic acid”. The 
hydrous hydroxide gel is dehydro-dried co obtain the solid 
titanium compound (I-e) or the solid titanium compound 
(I-f) according to the invention. Through the dehydro 
drying, a part of the hydroxyl groups contained in the 
hydrous hydroxide gel are removed. 

[0246] As described above, pH of the acid solution is 
adjusted to 2 to 6 to form a precipitate, and the precipitate 
is subjected to solid-liquid separation and then dried, 
Whereby the solid titanium compound (I-e) or the solid 
titanium compound (I-f) is obtained. 

[0247] The drying is carried out at ordinary pressure or 
under reduced pressure in a state of solid phase or a state 
Where the gel is suspended in a liquid phase having higher 
boiling point than Water. Although the drying temperature is 
not speci?cally limited, it is preferably not loWer than 30° C. 
and loWer than 350° C. The hydrous hydroxide gel may be 
Washed With Water before drying, or the solid titanium 
compound (I-e) and the solid titanium compound (I-f) may 
be Washed With Water after drying, to remove Water-soluble 
components. It is preferable to conduct the drying rapidly. 

[0248] The titanium-containing solid compound (I-g) is 
obtained by a process comprising bringing a mixture of a 
titanium halide and the aforesaid compound of another 
element into contact With Water to hydrolyZe the titanium 
halide and thereby obtain an acid solution containing a 
hydrolyZate of the titanium halide, rendering the solution 
basic by the use of a base, then adjusting pH of the solution 
to 2 to 6 by the use of an acid, and dehydro-drying the 
resulting precipitate. The titanium-containing solid com 
pound (I-h) is obtained by a process comprising bringing a 
titanium halide and a compound of at least one element 
selected from elements other than titanium or a precursor of 
the compound into contact With Water to hydrolyZe the 
titanium halide and thereby obtain an acid solution contain 
ing a hydrolyZate of the titanium halide, adjusting pH of the 
solution to 2 to 6 by the use of a base, and dehydro-drying 
the resulting precipitate. 

[0249] Examples the titanium halides used for preparing 
the titanium-containing solid compound (I-g) and the tita 
nium-containing solid compound (I-h) include the same 
titanium halides as previously described. 

[0250] The compounds of another element can be used 
singly or in combination of tWo or more kinds. 

[0251] In each of the processes to prepare the titanium 
containing solid compound (I-g) and the titanium-containing 
solid compound (I-h), there is no speci?c limitation on the 
method to hydrolyZe the mixture of the titanium halide and 
the compound of another element, and for example, the 
aforesaid methods (1) to (9) used in the preparation of the 
titanium-containing solid compound (I-b) are available. 
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[0252] In the present invention, the method of hydrolysis 
is not speci?cally limited as described above, but in each 
method, it is preferable to alloW a large excess of Water to 
act on the mixture of the titanium halide and the compound 
of another element and thereby completely carry out the 
hydrolysis. 

[0253] In the hydrolysis, the molar ratio (E/Ti) of the 
element in the compound of another element to titanium 
(Ti) in the titanium halide is desirably in the range of 1/50 
to 50/1. The temperature for the hydrolysis is usually not 
higher than 100° C., preferably in the range of 0 to 70° C. 

[0254] By hydrolyZing the mixture of the titanium halide 
and the compound of another element as described above, an 
acid solution containing a hydrolyZate of the titanium halide 
and the compound of another element is obtained. The pH of 
the acid solution is usually about 1. 

[0255] In the preparation of the titanium-containing solid 
compound (I-g), the acid solution containing the hydrolyZate 
and the compound of another element is rendered basic (pH 
9 to 12, preferably pH 9 to 11) by the use of a base and then 
adjusted to pH 2 to 6, preferably pH 3 to 6, by the use of an 
acid. The temperature used herein is usually not higher than 
50° C., preferably not higher than 40° C. Adjustment of the 
solution to pH 2 to 6 results in a precipitate. 

[0256] Examples of the bases include the same bases as 
used in the preparation of the solid titanium compound (I-e). 
Of these, ammonia and sodium hydroxide are preferable. 
Examples of the acids include the same acids as used in the 
preparation of the solid titanium compound (I-e). Of these, 
acetic acid is preferable. 

[0257] When the acid solution containing the hydrolyZate 
and the compound of another element is temporarily made 
basic and then made acidic to form a precipitate as described 
above, the dehydration after solid-liquid separation can be 
carried out for a short period of time. In addition, nitrogen, 
sodium, potassium or the like derived from the base hardly 
remains in the resulting titanium-containing solid compound 
(I-g), and hence this titanium-containing solid compound 
becomes a catalyst for polyester production having excellent 
polycondensation activity and capable of producing a poly 
ester of high quality. 

[0258] In the preparation of the titanium-containing solid 
compound (I-h), the acid solution containing the hydrolyZate 
and the compound of another element is adjusted to pH 2 to 
6, preferably pH 3 to 6, by the use of a base. The temperature 
used herein is usually not higher than 50° C., preferably not 
higher than 40° C. Adjustment of the solution to pH 2 to 6 
results in a precipitate. 

[0259] Examples of the bases include the same bases as 
used in the preparation of the solid titanium compound (I-e). 
Of these, ammonia and sodium hydroxide are preferable. 

[0260] When the acid solution containing the hydrolyZate 
and the compound of another element is adjusted to pH 2 to 
6 to form a precipitate as described above, the dehydration 
after solid-liquid separation can be carried out for a short 
period of time. In addition, nitrogen, sodium, potassium or 
the like derived from the base hardly remains in the resulting 
titanium-containing solid compound (I-h), and hence this 
titanium-containing solid compound becomes a catalyst for 
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polyester production having excellent polycondensation 
activity and capable of producing a polyester of high quality. 

[0261] In each of the processes to prepare the titanium 
containing solid compound (I-g) and the titanium-containing 
solid compound (I-h), pH of the acid solution is adjusted to 
2 to 6 to form a precipitate. This precipitate in this stage is 
a hydrous complex hydroxide gel containing a hydrous 
hydroxide sometimes called “orthotitanic acid”. The 
hydrous complex hydroxide gel is dehydro-dried to obtain 
the titanium-containing solid compound (I-g) or the tita 
nium-containing solid compound (I-h) according to the 
invention. Through the dehydro-drying, a part of the 
hydroxyl groups contained in the hydrous complex hydrox 
ide gel are removed. 

[0262] The drying is carried out at ordinary pressure or 
under reduced pressure in a state of solid phase or a state 
Where the gel is suspended in a liquid phase having higher 
boiling point than Water. Although the drying temperature is 
not speci?cally limited, it is preferably not loWer than 30° C. 
and loWer than 350° C. The hydrous complex hydroxide gel 
may be Washed With Water before drying, or the titanium 
containing solid compound (I-g) and the titanium-containing 
solid compound (I-h) may be Washed With Water after 
drying, to remove Water-soluble components. It is preferable 
to conduct the drying rapidly. 

[0263] Although the composition of the solid titanium 
compound (I-e), the solid titanium compound (I-f), the 
titanium-containing solid compound (I-g) or the titanium 
containing solid compound (I-h) obtained as above varies 
depending upon presence or absence of another element, 
amount thereof, Washing or non-Washing, method of drying 
and degree of drying, the molar ratio (OH/Ti) of a hydroxyl 
group (OH) to titanium (Ti) is usually more than 0.09 and 
less than 4, preferably in the range of 0.1 to 3, more 
preferably in the range of 0.1 to 2. The molar ratio of a 
hydroxyl group to titanium can be determined by measuring 
an absorbed Water content and a thermally desorbed Water 
content, speci?cally by the aforesaid method. 

[0264] In the solid titanium compound (I-e), the solid 
titanium compound (I-f), the titanium-containing solid com 
pound (I-g) and the titanium-containing solid compound 
(I-h), the hydroxyl group remains even at temperatures at 
Which the polycondensation reaction is performed, e.g., 
about 280° C. 

[0265] In the titanium-containing solid compound (I-g) 
and the titanium-containing solid compound (I-h), the molar 
ratio (E/T i) of another element to titanium (Ti) is in the 
range of 1/50 to 50/1, preferably 1/40 to 40/1, more pref 
erably 1/30 to 30/1. 

[0266] In the solid titanium compound (I-e), the solid 
titanium compound (I-f), the titanium-containing solid com 
pound (I-g) and the titanium-containing solid compound 
(I-h), the chlorine content is in the range of usually 0 to 
10000 ppm, preferably 0 to 100 ppm. 

[0267] Examples of the co-catalyst components (II) 
optionally used in combination With the solid titanium 
compound (I-e), the solid titanium compound (I-f), the 
titanium-containing solid compound (I-g) or the titanium 
containing solid compound (I-h) include the same co-cata 
lyst compounds as previously described. Of these, preferable 
are magnesium compounds such as magnesium carbonate 
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and magnesium acetate; calcium compounds such as cal 
cium carbonate and calcium acetate; and Zinc compounds 
such as Zinc chloride and Zinc acetate. The co-catalyst 
compounds can be used singly or in combination of tWo or 
more kinds. 

[0268] The co-catalyst component (II) is desirably used in 
such an amount that the molar ratio ((II)/(I-e) or (I-f)) of the 
metal atom in the co-catalyst component (II) to titanium in 
the solid titanium compound (I-e) or the solid titanium 
compound (I-f) or the molar ratio ((II)/(I-g) or (I-h)) of the 
metal atom in the co-catalyst component (II) to titanium and 
another element in the titanium-containing solid compound 
(I-g) or the titanium-containing solid compound (I-h) is in 
the range of 1/50 to 50/1, preferably 1/40 to 40/1, more 
preferably 1/30 to 30/1. When a phosphorus compound such 
as a phosphate or a phosphite is used, the amount thereof is 
an amount in terms of a metal atom contained in the 
phosphorus compound. When a magnesium compound is 
used as the co-catalyst component (II), the magnesium 
compound is desirably used in such an amount that the 
Weight ratio (Mg/(I-e) or (I-f)) of Mg atom in the magnesium 
compound to titanium in the solid titanium compound (I-e) 
or the solid titanium compound (I-f) or the Weight ratio 
(Mg/(I-g) or (I-h)) of Mg atom in the magnesium compound 
to titanium and another element in the titanium-containing 
solid compound (I-g) or the titanium-containing solid com 
pound (I-h) is not less than 0.01, preferably in the range of 
0.06 to 10, particularly preferably in the range of 0.06 to 5. 
If the magnesium compound is used in the above amount, 
the resulting polyester has excellent transparency. 

[0269] The production of a polyester using the above 
catalyst is carried out by the process described later, and in 
the polycondensation reaction, the solid titanium compound 
(I-e), the solid titanium compound (I-f), the titanium-con 
taining solid compound (I-g) or the titanium-containing 
solid compound (I-h) is desirably used in an amount of 0.001 
to 0.2% by mol, preferably 0.002 to 0.1% by mol, in terms 
of a metal atom, based on the aromatic dicarboXylic acid 
units in the loW condensate. 

[0270] When the co-catalyst component (II) is used in 
addition to the solid titanium compound (I-e), the solid 
titanium compound (I-f), the titanium-containing solid com 
pound (I-g) or the titanium-containing solid compound (I-h), 
the amount of the co-catalyst component (II) is desired to be 
in the range of 0.001 to 0.5% by mol, preferably 0.002 to 
0.3% by mol, in terms of a metal atom, based on the 
aromatic dicarboXylic acid units in the loW condensate. 

[0271] The catalyst comprising one of the solid titanium 
compound (I-e), the solid titanium compound (I-f), the 
titanium-containing solid compound (I-g) and the titanium 
containing solid compound (I-h), and optionally, the co 
catalyst component (II) is suf?cient to be present during the 
polycondensation reaction. Therefore, the catalyst may by 
added in any of a starting slurry preparation step, an esteri 
?cation step and a liquid phase polycondensation step. 
Further, the total amount of the catalyst may be added at 
once, or the catalyst may be added plural times by portions. 
When the co-catalyst component (II) is used in combination, 
it may be added in a step identical With or different from the 
step Where the solid titanium compound (I-e), the solid 
titanium compound (I-f), the titanium-containing solid com 
pound (I-g) or the titanium-containing solid compound (I-h) 
is added. 
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[0272] The catalyst for polyester production, particularly a 
catalyst comprising the solid titanium compound (I-e), the 
solid titanium compound (I-f), the titanium-containing solid 
compound (I-g) or the titanium-containing solid compound 
(I-h) and the co-catalyst component (II) that Is a magnesium 
compound, is favorable as a catalyst for producing polyeth 
ylene terephthalate. In order to produce polyethylene tereph 
thalate using the catalyst comprising the solid titanium 
compound (I-e), the solid titanium compound (I-f), the 
titanium-containing solid compound (I-g) or the titanium 
containing solid compound (I-h) and the magnesium com 
pound, for eXample, terephthalic acid or an ester-forming 
derivative thereof, ethylene glycol or an ester-forming 
derivative thereof, and optionally, an aromatic dicarboXylic 
acid other than terephthalic acid and/or an aliphatic diol 
other than ethylene glycol are used as starting materials, and 
they are subjected to esteri?cation, liquid phase polycon 
densation, and if necessary, solid phase polycondensation in 
accordance With the process described later. 

[0273] In the production of polyethylene terephthalate, 
terephthalic acid or an ester-forming derivative thereof is 
used in an amount of not less than 80% by mol, preferably 
not less than 90% by mol, based on 100% by mol of the 
aromatic dicarboXylic acids, and ethylene glycol or an 
ester-forming derivative thereof is used in an amount of not 
less than 80% by mol, preferably not less than 90% by mol, 
based on 100% by mol of the aliphatic diols. 

[0274] In the resulting polyethylene terephthalate, the 
titanium content is preferably in the range of 1 to 200 ppm, 
particularly 1 to 100 ppm, and the magnesium content is 
preferably in the range of 1 to 200 ppm, particularly 1 to 100 
ppm. The Weight ratio (Mg/Ti) of magnesium to titanium 
contained in the polyethylene terephthalate is desired to be 
not less than 0.01, preferably 0.06 to 10, particularly pref 
erably 0.06 to 5. In the polyethylene terephthalate, further, 
the chlorine content is in the range of 0 to 1000 ppm, 
preferably 0 to 100 ppm. 

[0275] The polyethylene terephthalate is eXcellent in tint, 
particularly in transparency, and has a loW content of acetal 
dehyde. Such polyethylene terephthalate is particularly pref 
erably used for bottles. 

[0276] The polyester obtained by the use of the above 
catalyst for polyester production can be used as a material of 
various molded products. For eXample, the polyester is melt 
molded and used as bloW molded articles (e. g., bottles), 
sheets, ?lms, ?bers, etc., but it is particularly preferably used 
as bottles. 

[0277] In order to produce bottles, sheets, ?lms, ?bers, etc. 
from the polyester such as polyethylene terephthalate, hith 
erto knoWn processes are available. 

[0278] The catalyst for polyester production described 
above can produce a polyester With higher catalytic activity 
as compared With a germanium compound or an antimony 
compound Which has been heretofore used as a polycon 
densation catalyst. Further, When the catalyst for polyester 
production is used, a polyester having more excellent trans 
parency and tint and loWer acetaldehyde content can be 
obtained as compared With the case of using an antimony 
compound as a polycondensation catalyst. 

[0279] A still further embodiment of the catalyst for 
polyester production according to the invention comprises a 
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solid titanium compound (I-i) described below and if nec 
essary a co-catalyst component (II) described below. 

Solid Titanium Compound (I-i) 

[0280] The solid titanium compound (I-i) of the invention 
is obtained by dehydro-drying titanium hydroxide. The 
titanium hydroxide can be obtained by, for example, hydro 
lyZing a titanium compound. 

[0281] The titanium compound used for the hydrolysis is, 
for example, a titanium halide or a titanium alkoxide. 

[0282] Examples of the titanium halides include the same 
titanium halides as previously described. Examples of the 
titanium alkoxides include titanium butoxide and titanium 
tetraisopropoxide. 
[0283] It is a preferred embodiment of the present inven 
tion to use a titanium halide as the titanium compound. The 
method of hydrolyZing the titanium halide is described 
beloW in detail, and hydrolysis of the titanium alkoxide can 
be carried out in a manner similar to that described beloW. 

[0284] There is no speci?c limitation on the method to 
hydrolyZe the titanium halide, and for example, the aforesaid 
methods (1) to (5) used in the preparation of the solid 
titanium compound (I-a) are available. 

[0285] In the present invention, the method of hydrolysis 
is not speci?cally limited as described above, but in each 
method, it is preferable to alloW a large excess of Water to 
act on the titanium halide and thereby completely carry out 
the hydrolysis. 

[0286] The temperature for the hydrolysis is usually not 
higher than 60° C., preferably in the range of 0 to 50° C. 
When the hydrolysis is carried out at the above temperature, 
a solid titanium compound having a loW crystallinity tends 
to be obtained. 

[0287] In the hydrolysis of the titanium halide, the com 
pound of another element previously described may be 
present. The compounds of another element can be used 
singly or in combination of tWo or more kinds. 

[0288] In the hydrolysis, the molar ratio (E/Ti) of another 
element in the compound of another element to titanium 
(Ti) in the titanium halide is desirably in the range of 1/50 
to 50/1. The temperature for the hydrolysis is usually not 
higher than 60° C., preferably in the range of 0 to 50° C. 
When the hydrolysis is carried out at the above temperature, 
a solid titanium compound having a loW crystallinity tends 
to be obtained. 

[0289] When the titanium halide is hydrolyZed, the result 
ing liquid exhibits acidic property by virtue of hydrogen 
halide produced by the hydrolysis of the titanium halide. 
Because of the acidic property, the hydrolysis is not com 
pleted in some cases, so that the aforesaid neutraliZing base 
may be added to perform neutraliZation. At the end point of 
the neutraliZation, the pH value is preferably not less than 4, 
and the neutraliZation is desirably carried out at a tempera 
ture of not higher than 60° C., preferably 0 to 5° C. When 
the neutraliZation is carried out at the above temperature, a 
solid titanium compound having a loW crystallinity tends to 
be obtained. 

[0290] The compound containing titanium or the com 
pound containing titanium and another element obtained by 
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the hydrolysis is, in this stage, a gel of a hydrous hydroxide 
(sometimes called “orthotitanic acid”). 

[0291] In the present invention, the hydrous hydroxide gel 
is dehydro-dried to give a solid hydrolyZate (solid titanium 
compound). Through the drying, a part of hydroxyl groups 
are removed. 

[0292] Drying of the hydrolyZate can be carried out at 
ordinary pressure or under reduced pressure in a state of 
solid phase or a state Where the hydrolyZate is suspended in 
a liquid phase having higher boiling point than Water. 
Although the drying temperature is not speci?cally limited, 
it is preferably not loWer than 30° C. and loWer than 350° C., 
particularly preferably in the range of 30 to 200° C. When 
the drying of the hydrolyZate is carried out at the above 
temperature, a solid titanium compound having a loW crys 
tallinity tends to be obtained. 

[0293] The hydrous hydroxide gel may be Washed With 
Water before drying, or the solid titanium compound may be 
Washed With Water after drying, to remove Water-soluble 
components. It is preferable to conduct the drying rapidly. 

[0294] The solid titanium compound (I-i) thus obtained 
has a crystallinity, as calculated from an X-ray diffraction 
pattern having 20 (diffraction angle) of 18° to 35°, of not 
more than 50%, preferably not more than 45%, particularly 
preferably not more than 40%, or is amorphous. The solid 
titanium compound having the above crystallinity exhibits 
excellent activity as a polycondensation catalyst used for 
polyester production. 

[0295] The crystallinity of the solid titanium compound 
(I-i) is measured by, for example, the folloWing method. 

[0296] In FIG. 1, X-ray diffraction patterns to explain a 
method of measuring a crystallinity of a solid titanium 
compound are shoWn. 

[0297] An X-ray diffraction pattern (FIG. 1(A)) of a 
sample and an X-ray diffraction pattern (FIG. 1(B)) of an 
amorphous solid titanium compound are measured. Under 
the conditions that the base line is taken betWeen 18° and 35° 
and the position of 20 (=28.5°, being a position Which does 
not hinder the crystal peak) of the X-ray diffraction pattern 
of the amorphous solid titanium compound is taken as a 
base, the pattern of FIG. 1(B) is reduced in the intensity 
direction so as to be overlapped With the X-ray diffraction 
pattern of the sample, Whereby a pattern of FIG. 1(C) is 
draWn. 

[0298] From the thus synthesiZed pattern, an area (IO) of 
the X-ray diffraction pattern (except the background) of the 
sample Within the diffraction angle range of 18° to 35° and 
an area (1,) of the X-ray diffraction pattern (except the 
background) of the amorphous solid titanium compound 
Within the diffraction angle range of 18° to 35° are mea 
sured, and the crystallinity (%) is determined as a value of 
(IO-I,)/(I0)><100. 
[0299] Although the composition of the solid titanium 
compound (I-i) varies depending upon presence or absence 
of another element, amount thereof, Washing or non-Wash 
ing, method of drying and degree of drying, the molar ratio 
(OH/Ti) of a hydroxyl group (OH) to titanium (Ti) is usually 
more than 0.09 and less than 4, preferably in the range of 0.1 
to 3, more preferably in the range of 0.1 to 2, from the 
vieWpoint of polymeriZation activity. The molar ratio of a 
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hydroxyl group to titanium can be determined by measuring 
an absorbed Water content and a thermally desorbed Water 
content, and can be speci?cally determined by the aforesaid 
method. 

[0300] When the solid titanium compound (I-i) contains 
another element, the molar ratio (E/Ti) of another element 
(E) to titanium (Ti) in this compound is in the range of 1/50 
to 50/1, preferably 1/40 to 40/1, more preferably 1/30 to 
30/1. 

[0301] In the solid titanium compound (I-i), the chlorine 
content is in the range of usually 0 to 10000 ppm, preferably 
0 to 100 ppm. 

[0302] In the solid titanium compound (I-i), the hydroxyl 
group remains even at temperatures at Which the polycon 
densation reaction is performed, e.g., about 280° C. 

[0303] The solid titanium compound (I-i) is used in com 
bination With a co-catalyst component (II), if desired. 
Examples of the co-catalyst components (II) optionally used 
in combination include the same co-catalyst compounds as 
previously described. Of these, preferable are magnesium 
compounds such as magnesium carbonate and magnesium 
acetate; calcium compounds such as calcium carbonate and 
calcium acetate; and Zinc compounds such as Zinc chloride 
and Zinc acetate. The co-catalyst compounds can be used 
singly or in combination of tWo or more kinds. 

[0304] The co-catalyst component (II) is desirably used in 
such an amount that the molar ratio ((II)/(I-i)) of the metal 
atom in the co-catalyst component (II) to titanium (and 
another element if the solid titanium compound (I-i) con 
tains another element) in the solid titanium compound (I-i) 
in the range of 1/50 to 50/1, preferably 1/40 to 40/1, more 
preferably 1/30 to 30/1. When a phosphorus compound such 
as a phosphate or a phosphite is used, the amount thereof is 
an amount in terms of a metal atom contained in the 
phosphorus compound. 

[0305] The production of a polyester using the above 
catalyst for polyester production is carried out by the process 
described later, and in the polycondensation reaction, the 
solid titanium compound (I-i) is desirably used in an amount 
of 0.001 to 0.2% by mol, preferably 0.002 to 0.1% by mol, 
in terms of a metal atom, based on the aromatic dicarboxylic 
acid units in the loW condensate. 

[0306] When the co-catalyst component (II) is used in 
addition to the solid titanium compound (I-i), the amount of 
the co-catalyst component (II) is desired to be in the range 
of 0.001 to 0.5% by mol, preferably 0.002 to 0.3% by mol, 
in terms of a metal atom, based on the aromatic dicarboxylic 
acid units in the loW condensate. 

[0307] The catalyst comprising the solid titanium com 
pound (I-i) and optionally the co-catalyst component (II) is 
sufficient to be present during the polycondensation reac 
tion. Therefore, the catalyst may by added in any of a 
starting slurry preparation step, an esteri?cation step and a 
liquid phase polycondensation step. Further, the total 
amount of the catalyst may be added at once, or the catalyst 
may be added plural times by portions. When the co-catalyst 
component (II) is used in combination, it may be added in 
a step identical With or different from the step Where the 
solid titanium compound (I-i) is added. 
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[0308] The polyester obtained by the use of the above 
catalyst for polyester production, preferably polyethylene 
terephthalate, is melt molded and used as bloW molded 
articles (e.g., bottles), sheets, ?lms, ?bers, etc., but it is 
particularly preferably used as bottles. 

[0309] The catalyst for polyester production described 
above can produce a polyester With higher catalytic activity 
as compared With a germanium compound or an antimony 
compound Which has been heretofore used as a polycon 
densation catalyst. Further, When the catalyst for polyester 
production is used, a polyester having more excellent trans 
parency and tint and loWer acetaldehyde content can be 
obtained as compared With the case of using an antimony 
compound as a polycondensation catalyst. 

[0310] A still further embodiment of the catalyst for 
polyester production according to the invention comprises a 
slurry obtained by heating a mixture of: 

[0311] (A-1) a hydrolyZate (I-j) obtained by hydro 
lyZing a titanium compound or a hydrolyZate (I-k) 
obtained by hydrolyZing a mixture of a titanium 
compound and a compound of at least one element 
selected from elements other than titanium or a 
precursor of the compound (each hydrolyZate some 
times being referred to as a “titanium-containing 
hydrolyZate (A-1)” hereinafter), 

[0312] (B) a basic compound, and 

[0313] (C) an aliphatic diol. 

HydrolyZate (I-j) HydrolyZate (I-k) 
[0314] The hydrolyZate (I-j) is obtained by hydrolyZing a 
titanium compound, and the hydrolyZate (I-k) is obtained by 
hydrolyZing a mixture of a titanium compound and the 
aforesaid compound of another element. 

[0315] The titanium compound used for the hydrolysis is, 
for example, a titanium alkoxide or a titanium halide, and 
particular examples thereof include the same compounds 
previously described. 

[0316] It is a preferred embodiment of the present inven 
tion to use a titanium halide as the titanium compound. The 
method of preparing the titanium-containing hydrolyZate 
using a titanium halide as the titanium compound is 
described beloW in detail, and preparation of a hydrolyZate 
of a titanium alkoxide can be carried out in a manner similar 
to that described beloW. 

[0317] There is no speci?c limitation on the method to 
hydrolyZe the titanium halide, and for example, the aforesaid 
methods (1) to (5) used in the preparation of the solid 
titanium compound (I-a) are available. 

[0318] In the present invention, the method of hydrolysis 
is not speci?cally limited as described above, but in each 
method, it is preferable to alloW a large excess of Water to 
act on the titanium halide and thereby completely carry out 
the hydrolysis. The temperature for the hydrolysis is usually 
not higher than 100° C., preferably in the range of 0 to 70° 
C. 

[0319] The titanium-containing hydrolyZate (A-1) may be 
a hydrolyZate obtained by hydrolyZing a mixture of the 
titanium halide and the aforesaid compound of another 
element. That is, this hydrolyZate is obtained by hydrolyZing 
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the titanium halide in the presence of the compound of 
another element. The compounds of another element can be 
used singly or in combination of tWo or more kinds. 

[0320] There is no speci?c limitation on the method to 
hydrolyze the mixture of the titanium halide and the com 
pound of another element, and for example, the aforesaid 
methods (1) to (9) used in the preparation of the titanium 
containing solid compound (I-b) are available. 

[0321] In the hydrolysis, the molar ratio (E/Ti) of the 
element in the compound of another element to titanium 
(Ti) in the titanium halide is desirably in the range of 1/50 
to 50/1. The temperature for the hydrolysis is usually not 
higher than 100° C., preferably in the range of 0 to 70° C. 

[0322] When the titanium halide or the mixture of the 
titanium halide and the compound of another element is 
hydrolyZed, the resulting liquid exhibits acidic property by 
virtue of hydrogen halide produced by the hydrolysis of the 
titanium halide. Because of the acidic property, the hydroly 
sis is not completed in some cases, so that the aforesaid 
neutraliZing base may be added to perform neutraliZation. At 
the end point of the neutraliZation, the pH value is preferably 
not less than 4, and the neutraliZation is preferably carried 
out at a temperature of not higher than 70° C. 

[0323] The hydrolyZate (hydrous hydroxide gel or 
hydrous complex hydroxide gel) obtained by the hydrolysis 
can be per se used as a polycondensation catalyst, but the 
hydrolyZate is preferably dehydro-dried to give a solid 
hydrolyZate (titanium-containing solid compound (I-l<)). 

[0324] Drying of the hydrolyZate can be carried out at 
ordinary pressure or under reduced pressure in a state of 
solid phase or a state Where the hydrolyZate is suspended in 
a liquid phase having higher boiling point than Water. 
Although the drying temperature is not speci?cally limited, 
it is preferably not loWer than 30° C. and loWer than 350° C. 
The hydrous hydroxide gel or the hydrous complex hydrox 
ide gel may be Washed With Water before drying, or the 
titanium-containing solid compound (I-k) may be Washed 
With Water after drying, to remove Water-soluble compo 
nents. It is preferable to conduct the drying rapidly. 

[0325] Although the composition of the titanium-contain 
ing solid compound (I-k) varies depending upon presence or 
absence of another element, amount thereof, Washing or 
non-Washing, method of drying and degree of drying, the 
molar ratio (OH/Ti) of a hydroxyl group (OH) to titanium 
(Ti) is usually more than 0.09 and less than 4, preferably in 
the range of 0.1 to 3, more preferably in the range of 0.1 to 
2, from the vieWpoint of polymeriZation activity. The molar 
ratio of a hydroxyl group to titanium can be determined by 
the aforesaid method. 

[0326] In the titanium-containing solid compound (I-k), 
the hydroxyl group remains even at temperatures at Which 
the polycondensation reaction is performed, e.g., about 280° 
C. 

[0327] When the titanium-containing solid compound 
(I-k) contains another element, the molar ratio (E/Ti) of 
another element to titanium (Ti) in this compound is in 
the range of 1/50 to 50/1, preferably 1/40 to 40/1, more 
preferably 1/30 to 30/1. 

[0328] In the titanium-containing hydrolyZate (A-1) such 
as the hydrous hydroxide gel, the hydrous complex hydrox 
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ide gel or the titanium-containing solid compound (I-k), the 
chlorine content is in the range of usually 0 to 10000 ppm, 
preferably 0 to 100 ppm. 

Basic Compound (B) 

[0329] The basic compound (B) is a compound Which 
exhibits basic property in its aqueous solution, and examples 
of such compounds include tetraethylammonium hydroxide, 
tetramethylammonium hydroxide, aqueous ammonia, 
sodium hydroxide, potassium hydroxide, N-ethylmorpho 
line and N-methylmorpholine. Of these, tetraethylammo 
nium hydroxide is preferable. 

Aliphatic Diol (C) 

[0330] Examples of the aliphatic diols (C) include ethyl 
ene glycol, trimethylene glycol, propylene glycol, tetram 
ethylene glycol, neopentyl glycol, hexamethylene glycol 
and dodecamechylene glycol. Of these, ethylene glycol is 
preferably employed. 

[0331] The catalyst for polyester production according to 
the invention is obtained as a slurry by heating a mixture of 
the titanium-containing hydrolyZate (A-1), the basic com 
pound (B) and the aliphatic diol 

[0332] In the mixture liquid, the titanium-containing 
hydrolyZate (A-1) is contained in an amount of 0.05 to 30% 
by Weight, preferably 0.1 to 20% by Weight, more preferably 
0.5 to 15% by Weight, the basic compound (B) is contained 
in an amount of 0.5 to 50% by Weight, preferably 1 to 40% 
by Weight, more preferably 2 to 30% by Weight, and the 
residue is the aliphatic diol. 

[0333] When the amount of the titanium-containing 
hydrolyZate (A-1) is not less than 0.05% by Weight, the 
amount of the aliphatic diol (C) can be decreased, Whereby 
the polymeriZation rate becomes high. When the amount of 
the titanium-containing hydrolyZate is not more than 30% by 
Weight, coloring of the mixture is little during the heating, 
and as a result, the tint of a polyester produced by the use of 
this catalyst becomes good. 

[0334] When the amount of the basic compound (B) is not 
less than 0.5% by Weight, the catalytic activity is enhanced. 
When the amount of the basic compound is not more than 
50% by Weight, coloring of the mixture is little during the 
heating. 

[0335] The heating temperature of the mixture is in the 
range of usually 100 to 300° C., preferably 120 to 250° C., 
more preferably 140 to 200° C., and the heating time is in the 
range of 5 minutes to 10 hours, preferably 30 minutes to 8 
hours. 

[0336] The production of a polyester using the above 
catalyst for polyester production is carried out by the process 
described later, and the catalyst for polyester production is 
used in an amount of usually 0.0005 to 0.2% by Weight, 
preferably 0.001 to 0.05% by Weight, in terms of Weight of 
a metal in the catalyst, based on the Weight of the mixture 
of the aromatic dicarboxylic acid and the aliphatic diol. 

[0337] The catalyst for polyester production can be fed to 
the polymeriZation reactor in the esteri?cation reaction step, 
or can be fed to the reactor in the ?rst stage of the 
polycondensation reaction step. 
























































































