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AQUEOUS POLYIMIDE PRECURSOR 
SOLUTION COMPOSITION AND METHOD 
FOR PRODUCING AOUEOUS POLYIMIDE 
PRECURSOR SOLUTION COMPOSITION 

TECHNICAL FIELD 

0001. The present invention relates to an aqueous polyim 
ide precursor Solution composition and a method for easily 
producing an aqueous polyimide precursor Solution compo 
sition. The aqueous polyimide precursor Solution composi 
tion is preferred because of having high environmental 
acceptability as compared with a polyimide precursor Solu 
tion composition comprising an organic solvent. The produc 
tion method of the present invention does not require any 
solvent other, than water, and therefore it may provide an 
aqueous polyimide precursor Solution composition having a 
lower content of organic solvent than the conventional com 
positions, and may provide an aqueous polyimide precursor 
Solution composition containing an aqueous solvent and con 
taining no organic solvent, which has higher environmental 
acceptability. In addition, a polyimide may be suitably 
obtained from the aqueous polyimide precursor Solution 
composition. An aromatic polyimide obtained from a specific 
aqueous polyimide precursor Solution composition of the 
present invention, in particular, has high crystallinity, and 
therefore has excellent properties such as heat resistance, 
mechanical strength, electrical properties, and solvent resis 
tance. 

0002 The present invention also relates to a method for 
producing an aromatic polyimide seamless belt using the 
aqueous polyimide precursor Solution composition. The 
present invention also relates to a binder resin composition 
(aqueous polyimide precursor Solution composition for a 
binder resin) for an electrode of an electrochemical device 
Such as a lithium ion secondary battery and an electric double 
layer capacitor. The present invention also relates to an aque 
ous polyimide precursor Solution composition for a flexible 
device Substrate, for example, an aqueous polyimide precur 
sor Solution composition for a Substrate of a display device 
Such as a liquid crystal display, an organic EL display and an 
electronic paper, and a light-receiving device Such as a light 
receiving element of a thin-film solar cell. 

BACKGROUND ART 

0003) A polyimide obtained from a tetracarboxylic dian 
hydride and a diamine, particularly an aromatic polyimide 
obtained from an aromatic tetracarboxylic dianhydride and 
an aromatic diamine has excellent properties such as heat 
resistance, mechanical strength, electrical properties, and sol 
vent resistance, and therefore is widely used in the electrical/ 
electronics industrial field and the like. Because polyimides 
have poor solubility in organic solvents, however, polyimides 
are generally prepared by applying a solution composition in 
which a polyamic acid as a polyimide precursor is dissolved 
in an organic solvent, for example, onto a Substrate surface, 
and then heating the Solution composition at a high tempera 
ture to effect dehydration/ring closure (imidization). The 
polyamic acid solution composition to produce a polyimide 
contains an organic solvent and must be subjected to heat 
treatment at a high temperature, and therefore the polyamic 
acid solution composition is not necessarily environmentally 
friendly and in Some cases, its application is limited. 
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0004. Accordingly, a water-soluble polyimide precursor 
has been proposed. For example, Patent Literature 1 proposes 
a process for producing an aqueous polyamide acid salt solu 
tion composition, comprising 
0005 polymerizing a tetracarboxylic dianhydride and a 
diamine in an organic solvent, to provide a polyamide acid; 
0006 optionally hydrolyzing the polyamide acid, as nec 
essary; 
0007 pouring the resulting varnish into water, to pulverize 
the polyamide acid and to extract and remove a reaction 
Solvent contained in the polyamide acid; 
0008 drying the polyamide acid; and 
0009 reacting the polyamide acid in water with a certain 
amine compound Such as 2-methylamino diethanol to form a 
water-soluble polyamide acid salt. However, it is difficult to 
form a high molecular weight polymer from this aqueous 
polyamide acid salt Solution composition (polyimide precur 
sor composition) and it is also desirable to further improve the 
properties of the polyimide obtained. Additionally, the water 
soluble polyimide precursor disclosed in Patent Literature 1 
is one which is suitably used as a varnish to forman insulating 
layer of an electronic device Such as a multi-chip module, a 
thin-film magnetic head, and a semiconductor device. 
0010 Patent Literature 2 proposes a water-soluble poly 
imide precursor prepared by reacting a polyamic acid (poly 
imide precursor), which is prepared by reacting a tetracar 
hoxylic acid component with an aromatic diamine 
component in an organic solvent, with 1,2-dimethylimida 
Zole and/or 1-methyl-2-ethylimidazole, and then separating 
the water-soluble polyimide precursor from the reaction mix 
ture. The water-soluble polyimide precursors prepared in 
Examples of Patent Literature 2, however, were ones from 
which only amorphous aromatic polyimides could be 
obtained. Additionally, the aqueous polyimide precursor 
Solution composition is prepared by a process, comprising 
00.11 preparing a water-soluble polyimide precursor in an 
organic solvent; 
0012 separating the water-soluble polyimide precursor 
therefrom; and 
0013 dissolving the separated water-soluble polyimide 
precursor in an aqueous solvent. 
Thus, extremely complicated operations are needed. More 
over, an organic solvent cannot be completely removed from 
a water-soluble polyimide precursor prepared in the organic 
solvent. (If the water-soluble polyimide precursor is heated so 
as to completely remove the organic solvent, imidization 
occurs, and therefore the polyimide precursor loses solubility 
in water.) For this reason, the aqueous polyimide precursor 
Solution composition obtained will inevitably contain an 
organic solvent. Additionally, a polyimide which is obtained 
from the water-soluble polyimide precursor prepared in 
Patent Literature 2 is amorphous and thermal-fusion bond 
able, and is suitably used as a binder for a woven or nonwoven 
fabric made of organic or inorganic fibers. 
0014. Meanwhile, Non Patent Literature 1 shows that a 
binder resin for electrodes having a lower degree of swelling 
in a liquid electrolyte is preferred, because the retention of 
discharge capacity in charge-discharge cycles increases with 
the decrease in the degree of Swelling of the binder resin. 
0015. In Non Patent Literature 2, a reductive decomposi 
tion reaction of a liquid electrolyte in a lithium battery is 
analyzed, and it is confirmed that lithium methoxide and the 
like are formed on a surface of an electrode. That is, in a 
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battery environment, a liquid electrolyte will contain lithium 
methoxide, which is strongly alkaline and may adversely 
affect a binder resin. 
0016. In addition, Patent Literature 3 proposes a method 
for producing a flexible device Substrate, using a polyimide 
precursor resin composition which comprises an organic Sol 
vent, specifically, N-methyl-2-pyrrolidone, N,N-dimethyl 
formamide, N,N-dimethylacetamide, or the like as a solvent. 
In the meantime, from the point of view of environmental 
acceptability, there is a need for a composition comprising an 
aqueous solvent. 

CITATION LIST 

Patent Literature 

0017 Patent Literature 1: JP-A-H08-59832 
0018 Patent Literature 2: JP-A-2002-226582 
0019 Patent Literature 3: JP-A-2010-202729 

Non Patent Literature 

0020 Non Patent Literature 1: Technical Report of Hitachi 
Chemical Company, Ltd., No. 45 (July of 2005) 

0021 Non Patent Literature 2: Hiroaki YOSHIDA et al., 
“Decomposition Reaction of Liquid Electrolyte compris 
ing Carbonate in Lithium Battery’. The 35th Battery Sym 
posium Abstract Book, p. 75-76, Japan, ed. The Electro 
chemical Society of Japan, The Committee of Battery 
Technology (Nov. 14, 1994) 

SUMMARY OF INVENTION 

Problems to be Solved by the Invention 
0022. The first objective of the present invention is to 
provide a method for easily producing an aqueous polyimide 
precursor Solution composition, which has higher environ 
mental acceptability, without the need for a solvent other than 
water. Another objective of the present invention is to provide 
an aqueous polyimide precursor Solution composition com 
prising an aqueous solvent, which has a low organic Solvent 
content, or contains no organic solvent. 
0023 The second objective of the present invention is to 
provide an aqueous polyimide precursor Solution composi 
tion which comprises an aqueous solvent and has good envi 
ronmental acceptability, and may provides an aromatic poly 
imide having high crystallinity and having excellent 
properties such as heat resistance, mechanical strength, elec 
trical properties, and solvent resistance, and preferably com 
prises a polyimide precursor having a high molecular weight 
and a solvent containing no organic solvent other than water. 
0024. The third objective of the present invention is to 
provide a method for producing an aromatic polyimide seam 
less belt, preferably an aromatic polyimide seamless belt 
which have high crystallinity and have excellent properties 
Such as heat resistance, mechanical strength, electrical prop 
erties, and solvent resistance, and therefore may be suitably 
used as an intermediate transfer seamless belt or a fixing 
seamless belt of an electrophotographic device, using an 
aqueous polyimide precursor Solution composition which 
comprises an aqueous solvent and has good environmental 
acceptability. 
0025. The fourth objective of the present invention is to 
provide a binder resin composition for electrodes which com 
prises an aqueous solvent and has good environmental 
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acceptability, preferably a binder resin composition for elec 
trodes which comprises a polyimide precursor having a high 
molecular weight and a solvent containing no organic Solvent 
other than water, and may provides an aromatic polyimide 
having high crystallinity and having excellent properties Such 
as heat resistance, mechanical strength, electrical properties, 
and solvent resistance, and furthermore having a low degree 
of Swelling in a battery environment, and having excellent 
toughness. 
0026. The fifth objective of the present invention is to 
provide a polyimide precursor resin composition for flexible 
device Substrates which comprises an aqueous solvent and 
has good environmental acceptability, preferably a polyimide 
precursor resin composition for flexible device substrates 
which comprises a polyamic acid having a high molecular 
weight and a solvent containing no organic solvent other than 
water, and may provides an aromatic polyimide Substrate for 
flexible device having high crystallinity and having excellent 
properties such as heat resistance, mechanical strength, low 
linear expansion, electrical properties, and solvent resistance, 
and being suitably usable as a substrate for flexible device as 
a display device Such as Substrates for a liquid crystal display, 
an organic EL display and an electronic paper, a Substrate for 
flexible device as a light-receiving device Such as a substrate 
for a thin-film solar cell, and the like. 

Means for Solving the Problems 
0027. The present invention relates to the following items. 
0028 1. A method for producing an aqueous polyimide 
precursor Solution composition, comprising 
0029 reacting a tetracarboxylic dianhydride and a 
diamine, which has a solubility in water at 25°C. of 0.1 g/L or 
more, in the presence of an imidazole using water as a reac 
tion solvent to provide an aqueous polyimide precursor Solu 
tion composition. 
0030 2. The method for producing an aqueous polyimide 
precursor Solution composition as described in 1, wherein 
the amount of the imidazole used is 1.6 mole or more per mole 
of the tetracarboxylic dianhydride. 
0031. 3 The method for producing an aqueous polyimide 
precursor Solution composition as described in 1 or 2. 
wherein the imidazole is an imidazole having two or more 
alkyl groups as Substituents. 
0032. 4 The method for producing an aqueous polyimide 
precursor Solution composition as described in 3, wherein 
the imidazole is selected from the group consisting of 1.2- 
dimethylimidazole, 2-ethyl-4-methylimidazole, 4-ethyl-2- 
methylimidazole, and 1-methyl-4-ethylimidazole. 
0033 5. The method for producing an aqueous polyimide 
precursor Solution composition as described in any one of 1 
to 4, wherein the polyimide precursor obtained has an inher 
ent viscosity of 0.2 or more. 
0034 (6 An aqueous polyimide precursor solution com 
position, wherein 
0035 a polyamic acid formed by the reaction of a tetra 
carboxylic dianhydride and a diamine, which has a solubility 
in water at 25° C. of 0.1 g/L or more, is dissolved in an 
aqueous solvent together with an imidazole, and 
0036 the aqueous polyimide precursor solution composi 
tion has an organic solvent content of less than 5%. 
0037 7. The aqueous polyimide precursor solution com 
position as described in 6, wherein the aqueous polyimide 
precursor Solution composition contains Substantially no 
organic solvent. 
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0038 8 An aqueous polyimide precursor solution com 
position, wherein 
0039 
a tetracarboxylic acid component and a diamine component, 
and consists of a repeating unit represented by the following 
formula (1), is dissolved in an aqueous solvent together with 
an imidazole having two or more alkyl groups as Substituents 
in an amount of 1.6 mole or more per mole of the tetracar 
boxylic acid component of the polyamic acid. 

HOOC C-N-B 

NY 
/ N i COOH 

H. O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid having two to three aromatic rings, from 
which carboxyl groups have been removed, and B represents 
a divalent group of an aromatic diamine having one to two 
aromatic rings and having a solubility in water at 25°C. of 0.1 
g/L or more, from which amino groups have been removed. 
0040 9The aqueous polyimide precursor solution com 
position as described in 8, wherein the imidazole having 
two or more alkyl groups as Substituents is selected from the 
group consisting of 1,2-dimethylimidazole, 2-ethyl-4-meth 
ylimidazole, 4-ethyl-2-methylimidazole, and 1-methyl-4- 
ethylimidazole. 
0041 10 The aqueous polyimide precursor solution 
composition as described in 8 or 9., wherein the 'A' group 
in the formula (1) is any one or more of the groups represented 
by the following formulas (2) to (7). 

Formula (1) 

Formula (2) 

Formula (3) 

DO C 
Formula (4) 

O 

Formula (5) 
O 

C 

Formula (6) 

Formula (7) 

a polyamic acid, which is formed by the reaction of 
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0042 (11 The aqueous polyimide precursor solution 
composition as described in any one of 8 to 10, wherein 
the “B” group in the formula (1) is any one or more of the 
groups represented by the following formulas (8) to (9). 

0043) 12. The aqueous polyimide precursor solution 
composition as described in any one of 8 to 11, wherein 
the polyimide precursor has an inherent viscosity of 0.2 or 
O. 

0044 13. The aqueous polyimide precursor solution 
composition as described in any one of 8 to 12, wherein 
the aqueous polyimide precursor Solution composition has an 
organic solvent content of less than 5%. 
0045 14. The aqueous polyimide precursor solution 
composition as described in any one of 8 to 13, wherein 
the aqueous polyimide precursor Solution composition con 
tains substantially no organic solvent. 
0046) 15A method for producing an aromatic polyimide 
seamless belt, comprising a step of: 
0047 heating an aqueous polyimide precursor Solution 
composition, in which a polyamic acid, which is formed by 
the reaction of a tetracarboxylic acid component and a 
diamine component, and consists of a repeating unit repre 
sented by the following formula (1), is dissolved in an aque 
ous solvent together with an imidazole in an amount of 1.6 
mole or more per mole of the tetracarboxylic acid component 
of the polyamic acid. 

Formula (8) 

Formula (9) 

Formula (1) 
O H 

HOOC | B 
N/ 
\ 

COOH 

H. O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid, from which carboxyl groups have been 
removed, and B represents a divalent group of an aromatic 
diamine having a solubility in water at 25°C. of 0.1 g/L or 
more, from which amino groups have been removed. 
0048 16. The method for producing an aromatic polyim 
ide seamless belt as described in 15, wherein the imidazole 
is an imidazole having two or more alkyl groups as Substitu 
entS. 

0049 17 The method for producing an aromatic polyim 
ide seamless belt as described in 15 or 16, wherein the “A” 
group in the formula (1) is a tetravalent group of an aromatic 
tetracarboxylic acid having two to three aromatic rings, from 
which carboxyl groups have been removed. 
0050 18. The method for producing an aromatic polyim 
ide seamless belt as described in any one of 15 to 17. 
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wherein the “B” group in the formula (1) is a divalent group 
of an aromatic diamine having one to two aromatic rings, 
from which amino groups have been removed. 
0051) 19 The method for producing an aromatic polyim 
ide seamless belt as described in any one of 15 to 18. 
wherein the aqueous polyimide precursor Solution composi 
tion contains Substantially no organic solvent. 
0052 (20. The method for producing an aromatic polyim 
ide seamless belt as described in any one of 15 to 19. 
wherein the aqueous polyimide precursor Solution composi 
tion is an aqueous polyimide precursor Solution composition 
as described in any one of 8 to 14. 
0053 21 The method for producing an aromatic polyim 
ide seamless belt as described in any one of 15 to 20. 
wherein the seamless belt produced is an intermediate trans 
fer belt. 
0054 22 The method for producing an aromatic polyim 
ide seamless belt as described in any one of 15 to 20. 
wherein the seamless belt produced is a fixing belt 
0055 23 The method for producing an aromatic polyim 
ide seamless belt as described in any one of 15 to 22. 
wherein the aromatic polyimide seamless belt is produced by 
rotational molding. 
0056 24 A binder resin composition for electrodes, 
wherein 
0057 a polyamic acid, which is formed by the reaction of 
a tetracarboxylic acid component and a diamine component, 
and consists of a repeating unit represented by the following 
formula (1), is dissolved in an aqueous solvent together with 
animidazole in an amount of 1.6 mole or more per mole of the 
tetracarboxylic acid component of the polyamic acid. 

Formula (1) 
O H 

HOOC | B 
N/ 
/\ i COOH 

H O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid, from which carboxyl groups have been 
removed, and B represents a divalent group of an aromatic 
diamine having a solubility in water at 25°C. of 0.1 g/L or 
more, from which amino groups have been removed. 
0058 25. The binder resin composition for electrodes as 
described in 24, wherein the imidazole is an imidazole 
having two or more alkyl groups as Substituents. 
0059 26 The binder resin composition for electrodes as 
described in 24 or 25, wherein the “A” group in the for 
mula (1) is a tetravalent group of an aromatic tetracarboxylic 
acid having two to three aromatic rings, from which carboxyl 
groups have been removed. 
0060 27 The binder resin composition for electrodes as 
described in any one of 24 to 26, wherein the “B” group in 
the formula (1) is a divalent group of an aromatic diamine 
having one to two aromatic rings, from which amino groups 
have been removed. 
0061 28 The binder resin composition for electrodes as 
described in any one of 24 to 27, wherein the binder resin 
composition for electrodes contains Substantially no organic 
solvent. 
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0062 (29. The binder resin composition for electrodes as 
described in any one of 24 to 28, wherein the binder resin 
composition for electrodes is an aqueous polyimide precursor 
Solution composition as described in any one of 8 to 14. 
0063. 30. The binder resin composition for electrodes as 
described in any one of 24 to 29, wherein a binder resin, 
which is obtained by heating the binder resin composition for 
electrodes, has a weight increase of 2 wt % or less when 
immersed in dimethylcarbonate for 24 hours at a temperature 
of 250 C. 
0064. 31. An electrode mixture paste comprising an elec 
trode active material and a binder resin composition for elec 
trodes as described in any one of 24 to 30. 
0065 32 The electrode mixture paste as described in 
31, wherein the electrode active material is a carbon pow 
der, a silicon powder, a tin powder, or a silicon-containing or 
tin-containing alloy powder. 
0.066 33 An electrode produced by applying an elec 
trode mixture paste as described in 31 or 32 onto a current 
collector, and then heating the electrode mixture paste to 
remove a solvent and effect imidization. 
0067 34. The electrode as described in 33, wherein the 
heating temperature is 250° C. or lower. 
0068 35 The electrode as described in 33 or 34, 
wherein the electrode is a negative electrode for a lithium ion 
secondary battery. 
0069. 36 A polyimide precursor resin composition for 
flexible device substrates, wherein 
0070 a polyamic acid, which is formed by the reaction of 
a tetracarboxylic acid component and a diamine component, 
and consists of a repeating unit represented by the following 
formula (1), is dissolved in an aqueous solvent together with 
animidazole in an amount of 1.6 mole or more per mole of the 
tetracarboxylic acid component of the polyamic acid. 

Formula (1) 
O H 

HOOC | B 
N/ 
\ 

COOH 

H. O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid, from which carboxyl groups have been 
removed, and B represents a divalent group of an aromatic 
diamine having a solubility in water at 25°C. of 0.1 g/L or 
more, from which amino groups have been removed. 
0071 (37. The polyimide precursor resin composition for 
flexible device substrates as described in 36, wherein the 
imidazole is an imidazole having two or more alkyl groups as 
Substituents. 
0072 38 The polyimide precursor resin composition for 
flexible device substrates as described in 36 or 37, wherein 
the 'A' group in the formula (1) is a tetravalent group of an 
aromatic tetracarboxylic acid having two to three aromatic 
rings, from which carboxyl groups have been removed. 
0073 39 The polyimide precursor resin composition for 
flexible device substrates as described in any one of 36 to 
38), wherein the “B” group in the formula (1) is a divalent 
group of an aromatic diamine having one to two aromatic 
rings, from which amino groups have been removed. 
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0074 40. The polyimide precursor resin composition for 
flexible device substrates as described in any one of 36 to 
39, wherein the polyimide precursor resin composition for 
flexible device Substrates contains Substantially no organic 
solvent. 
0075) 41 The polyimide precursor resin composition for 
flexible device substrates as described in any one of 36 to 
40, wherein the polyimide precursor resin composition for 
flexible device Substrates is an aqueous polyimide precursor 
Solution composition as described in any one of 8 to 14. 
0076 42A method for producing a flexible device which 

is a display device or a light-receiving device, comprising 
steps of: 
0077 applying a polyimide precursor resin composition 
for flexible device substrates as described in any one of 36 to 
41 onto a carrier Substrate, and then heating the composition 
to form a solid polyimide resin film; 
0078 forming a circuit on the polyimide resin film; and 
0079 separating the polyimide resin film on which the 
circuit is formed from the carrier substrate. 
0080 (43. The method for producing a flexible device as 
described in 42, wherein the glass transition temperature of 
the polyimide resin film is 250° C. or higher. 
0081 (44. A flexible device produced by a method for 
producing a flexible device as described in 42 or 43. 
wherein the flexible device is a display device or a light 
receiving device. 
0082 (45. The flexible device as described in 44, 
wherein the flexible device is an electronic paper, a display, or 
a light-receiving element of a solar cell. 

Effect of the Invention 

0083. According to the present invention, there may be 
provided a method for easily producing an aqueous polyim 
ide precursor Solution composition, which has higher envi 
ronmental acceptability, without the need for a solvent other 
than water. According to the production method, an aqueous 
polyimide precursor Solution composition, particularly an 
aqueous polyimide precursor Solution composition compris 
ing an aqueous solvent which has an organic solvent content 
of less than 5%, further preferably contains no organic sol 
vent, may be very easily (directly) produced. There have been 
no aqueous polyimide precursor Solution compositions hav 
ing such an extremely low organic solvent content. Now Such 
an aqueous polyimide precursor Solution composition may be 
produced by the production method of the present invention, 
which allows the reaction of a tetracarboxylic acid compo 
nent and a diamine component in an aqueous solvent to form 
a polyimide precursor (polyamic acid). 
0084. In addition, a polyimide having excellent properties 
may be obtained from the aqueous polyimide precursor Solu 
tion composition, which comprises an imidazole and a poly 
imide precursor preferably having a high molecular weight. 
0085. According to the present invention, there may be 
provided an aqueous polyimide precursor Solution composi 
tion which comprises an aqueous solvent and has good envi 
ronmental acceptability, and may provides an aromatic poly 
imide having high crystallinity and having excellent 
properties such as heat resistance, mechanical strength, elec 
trical properties, and solvent resistance, and preferably com 
prises a polyimide precursor having a high molecular weight 
and a solvent containing no organic solvent other than water. 
There have been no aqueous polyimide precursor Solution 
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compositions from which aromatic polyimides having Such 
excellent properties can be obtained. 
I0086. The aromatic polyimide which is obtained from the 
aqueous solution composition of the polyimide precursor 
having a specific composition prepared according to the 
present invention, in particular, has excellent properties Such 
as heat resistance, mechanical strength, electrical properties, 
and solvent resistance. Accordingly, the aromatic polyimide 
may be suitably used as parts for various precision machines 
Such as electrical/electronic equipments and a copying 
machine, and may be suitably used, for example, as various 
materials for a flexible printed wiring board and the like, and 
as a seamless belt for intermediate transfer, fixing, or trans 
port in a copying machine. Meanwhile, the aromatic polyim 
ide has a low degree of Swelling in a battery environment, and 
has excellent toughness. Accordingly, the aromatic polyimide 
may also be suitably used as a binder for an electrode of a 
battery, and the like. In addition, the aromatic polyimide may 
also be suitably used as a substrate of a flexible device, for 
example, a display device Such as a liquid crystal display, an 
organic EL display and an electronic paper, and a light-re 
ceiving device Such as a light-receiving element of a thin-film 
solar cell. 

I0087. According to the present invention, there may be 
provided a method for producing an aromatic polyimide 
seamless belt using an aqueous polyimide precursor Solution 
composition which comprises an aqueous solvent and has 
good environmental acceptability. The aqueous polyimide 
precursor Solution composition to be used preferably com 
prises a polyamic acid having a high molecular weight and a 
Solvent containing no organic solvent other than water. The 
method for producing an aromatic polyimide seamless belt 
using an aqueous polyimide precursor Solution composition 
is preferred because of having high environmental acceptabil 
ity as compared with a method whereina polyimide precursor 
Solution composition in which a polyamic acid as a polyimide 
precursor is dissolved in an organic solvent is used. Moreover, 
the seamless belt of the aromatic polyimide having a specific 
composition which is obtained according to the production 
method of the present invention may preferably have high 
crystallinity and have excellent properties such as heat resis 
tance, mechanical strength, electrical properties, and solvent 
resistance, and therefore may be suitably used as an interme 
diate transfer seamless belt or a fixing seamless belt of an 
electrophotographic device, in particular, which requires high 
heat resistance, stability of electrical resistance, and high 
toughness. 
I0088 According to the present invention, there may be 
also provided a binder resin composition for electrodes which 
comprises an aqueous solvent and has good environmental 
acceptability, and preferably comprises a polyimide precur 
Sor having a high molecular weight and a solvent containing 
no organic solvent other than water. The binder resin compo 
sition for electrodes is preferred because of having high envi 
ronmental acceptability as compared with a polyimide pre 
cursor Solution composition comprising an organic solvent. 
Moreover, the aromatic polyimide obtained from the binder 
resin composition for electrodes and having a specific com 
position may have high crystallinity and have excellent prop 
erties such as heat resistance, mechanical strength, electrical 
properties, and solvent resistance, and have a low degree of 
Swelling in a battery environment, and have excellent tough 
ness, and therefore may be suitably used as a binder resin 
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composition for electrodes of electrochemical devices such 
as a lithium ion secondary battery and an electric double layer 
capacitor. 
0089. According to the present invention, there may be 
also provided a polyimide precursor resin composition for 
flexible device Substrates, which comprises an aqueous sol 
vent and has good environmental acceptability, and prefer 
ably comprises a polyamic acid having a high molecular 
weight and a solvent containing no organic solvent other than 
water. The polyimide precursor resin composition for flexible 
device Substrates is preferred because of having high envi 
ronmental acceptability as compared with a polyimide pre 
cursor Solution composition comprising an organic solvent. 
Moreover, the aromatic polyimide substrate for flexible 
device which is obtained according to the present invention 
may preferably have high crystallinity and have excellent 
properties such as heat resistance, mechanical strength, low 
linear expansion, electrical properties, and solvent resistance, 
and therefore may be suitably used, for example, as a Sub 
strate for flexible device which is a display device such as 
Substrates for a liquid crystal display, an organic EL display 
and an electronic paper, and as a Substrate for flexible device 
which is a light-receiving device Such as a Substrate for a 
thin-film Solar cell, in particular, which requires high heat 
resistance, low thermal expansion, and high toughness, and 
may be particularly suitably used as a substrate for a flexible 
display. 

DESCRIPTION OF EMBODIMENTS 

0090 According to the present invention, an aqueous 
polyimide precursor Solution composition is produced by 
reacting a tetracarboxylic dianhydride and a diamine, which 
has a solubility in water at 25°C. of 0.1 g/L or more, in the 
presence of an imidazole, using water as a reaction solvent. 
0091. The term “using water as a reaction solvent’ means 
that water is used as the main component of the solvent. 
Therefore, an organic solvent other than water may be used in 
a ratio of 50 wt % or less, preferably 30 wt % or less, more 
preferably 10 wt % or less, relative to the whole solvent. The 
"organic solvent as used herein does not include a tetracar 
boxylic acid component Such as tetracarboxylic dianhydride, 
a diamine component, a polyimide precursor Such as 
polyamic acid, and an imidazole. 
0092. Examples of the organic solvent include N,N-dim 
ethylformamide, N,N-dimethylacetamide, N,N-diethylaceta 
mide, N-methyl-2-pyrrolidone, N-ethyl-2-pyrrolidone, 1,3- 
dimethyl-2-imidazolidinone, N-methylcaprolactam, 
hexamethylphosphoric triamide, 1,2-dimethoxyethane, bis 
(2-methoxyethyl)ether, 1.2-bis(2-methoxyethoxy)ethane, 
tetrahydrofuran, bis 2-(2-methoxyethoxy)ethylether, 1,4- 
dioxane, dimethyl sulfoxide, dimethyl sulfone, diphenyl 
ether, Sulfolane, diphenyl Sulfone, tetramethylurea, anisole, 
m-cresol, phenol, and Y-butyrolactone. 
0093. In the method for producing an aqueous polyimide 
precursor Solution composition of the present invention, the 
reaction solvent is preferably a solvent having an organic 
solvent content of less than 5%, particularly preferably an 
aqueous solvent containing no organic solvent other than 
water, in view of high environmental acceptability. The com 
position of the reaction solvent may be appropriately selected 
depending on the intended solvent composition of the aque 
ous polyimide precursor Solution composition to be pro 
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duced, and it may be preferably the same as the intended 
Solvent composition of the aqueous polyimide precursor 
Solution composition. 
0094 Preferable examples of the imidazole (compound) 
used in the present invention include a compound represented 
by the following formula (10). 

Formula (10) 

(0095. In the formula (10), X1 to X4 each independently 
represents a hydrogen atom or an alkyl group having 1 to 5 
carbon atoms. 
0096. The imidazole used in the present invention prefer 
ably has a solubility in water at 25°C. of 0.1 g/L or more, 
particularly preferably 1 g/L or more. 
(0097. In the imidazole of the formula (10), X1 to X4 each 
independently represents a hydrogen atom or an alkyl group 
having 1 to 5 carbon atoms. An imidazole in which at least 
two of X1 to X4 are alkyl groups having 1 to 5 carbon atoms, 
or an imidazole having two or more alkyl groups as Substitu 
ents is more preferred. 
0098. An imidazole having two or more alkyl groups as 
substituents has high solubility in water, and therefore, when 
using Such an imidazole, an aqueous polyimide precursor 
solution composition may be easily produced. Preferable 
examples of the imidazole include 1,2-dimethylimidazole 
(solubility in water at 25°C.: 239 g/L: the same shall apply 
hereinafter), 2-ethyl-4-methylimidazole (1000 g/L), 4-ethyl 
2-methylimidazole (1000 g/L), and 1-methyl-4-ethylimida 
Zole (54 g/L). 
0099. The imidazole to be used may be a single imidazole, 
or may be a mixture of two or more imidazoles. 
0100. The “solubility in water at 25° C.” means the maxi 
mum amount (g) of the substance soluble in 1 L (liter) of 
water at 25° C. This value may be easily searched using 
SciFinder R, which is known as a search service based on the 
databases Such as Chemical Abstracts. Among the various 
values of solubility under various conditions, the values at pH 
7, which are calculated by Advanced Chemistry Develop 
ment (ACD/Labs) Software V11.02 (Copyright 1994-2011 
ACD/Labs), are used herein. 
0101 The amount of the imidazole used in the present 
invention is preferably 0.8 equivalents or more, more prefer 
ably 1.0 equivalent or more, further preferably 1.2 equiva 
lents or more per equivalent of the carboxyl group of the 
polyamic acid, which is formed by the reaction of a tetracar 
boxylic dianhydride and a diamine as starting materials. 
When the amount of the imidazole used is less than 0.8 
equivalents per equivalent of the carboxyl group of the 
polyamic acid, it may not be easy to provide an aqueous 
polyimide precursor Solution composition in which the 
polyamic acid is homogeneously dissolved. In addition, the 
upper limit of the amount of the imidazole used may be 
generally, but not limited to, less than 10 equivalents, prefer 
ably less than 5 equivalents, more preferably less than 3 
equivalents per equivalent of the carboxyl group of the 
polyamic acid. If the amount of the imidazole used is too 
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great, it will be uneconomical, and the storage stability of the 
aqueous polyimide precursor Solution composition may be 
reduced. 

0102. In the present invention, the “equivalents per 
equivalent of the carboxyl group of the polyamic acid', which 
defines the amount of the imidazole, means the number (num 
ber of molecules) of imidazole used per one carboxyl group to 
forman auric acid group in the polyamic acid. The number of 
carboxyl groups to form auric acid groups in the polyamic 
acids may be calculated on the assumption that two carboxyl 
groups would be formed per one molecule of the tetracar 
boxylic acid component as a starting material. 
0103) Accordingly, the amount of the imidazole used in 
the present invention is preferably 1.6 mole or more, more 
preferably 2.0 mole or more, further preferably 2.4 mole or 
more per mole of the tetracarboxylic dianhydride as a starting 
material (per mole of the tetracarboxylic acid component of 
the polyamic acid). 
0104. The characteristics of the imidazole used in the 
present invention are that the imidazole forms a salt with a 
carboxyl group of a polyamic acid (polyimide precursor), 
which is formed by the reaction of a tetracarboxylic dianhy 
dride and a diamine as starting materials, thereby increasing 
the solubility of the polyamic acid in water, and also that the 
imidazole exhibits a very high catalytic activity during the 
imidization (dehydration/ring closure) of the polyimide pre 
cursor to form a polyimide. Consequently, when using the 
aqueous polyimide precursor Solution composition of the 
present invention, a polyimide, a polyimide seamless belt, a 
binder resin for electrodes, and a substrate for flexible 
devices, which have very high properties, may be easily pro 
duced even though the aqueous polyimide precursor Solution 
composition is heated at a lower temperature for a shorter 
period of time, for example. 
0105. As described above, according to the present inven 

tion, an aqueous polyimide precursor Solution composition 
may be very easily (directly) produced preferably by reacting 
a tetracarboxylic acid component and a diamine component 
in the presence of an imidazole, preferably in the presence of 
an imidazole having two or more alkyl groups as Substituents, 
using water as a reaction solvent. 
0106 The reaction is performed at a relatively low tem 
perature of 100° C. or lower, preferably 80°C. or lower, so as 
to Suppress the imidization reaction, using Substantially 
equimolar amounts of a tetracarboxylic acid component (tet 
racarboxylic dianhydride) and a diamine component. The 
reaction temperature may be generally, but not limited to, 
from 25°C. to 100° C., preferably from 40°C. to 80°C., more 
preferably from 50° C. to 80°C. The reaction time may be 
preferably, but not limited to, from about 0.1 hours to about 24 
hours, preferably from about 2 hours to about 12 hours. When 
setting the reaction temperature and the reaction time within 
the ranges as described above, an aqueous polyimide precur 
sor Solution composition which comprises a polyimide pre 
cursor having a high molecular weight may be easily pro 
duced with good production efficiency. In general, the 
reaction may be preferably performed in an inert gas atmo 
sphere, preferably in a nitrogen gas atmosphere, although the 
reaction may be performed in an air atmosphere, 
0107. In addition, the “substantially equimolaramounts of 
a tetracarboxylic acid component (tetracarboxylic dianhy 
dride) and a diamine component specifically means that a 
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molar ratio tetracarboxylic acid component/diamine compo 
nent is from about 0.90 to about 1.10, preferably from about 
0.95 to about 1.05. 
0108. The tetracarboxylic dianhydride used in the present 
invention may be preferably, but not limited to, an aromatic 
tetracarboxylic dianhydride or an alicyclic tetracarboxylic 
dianhydride, more preferably an aromatic tetracarboxylic 
dianhydride, in terms of the properties of the polyimide 
obtained. Preferable examples of the tetracarboxylic dianhy 
dride used in the present invention include 3,3'4,4'-biphe 
nyltetracarboxylic dianhydride, 2.3.3',4'-biphenyltetracar 
boxylic dianhydride, 2,2',3,3'-biphenyltetracarboxylic 
dianhydride, pyromellitic dianhydride, benzophenone tetra 
carboxylic dianhydride, oxydiphthalic dianhydride, diphe 
nylsulfone tetracarboxylic dianhydride, p-terphenyl tetracar 
boxylic dianhydride, m-terphenyl tetracarboxylic 
dianhydride, cyclobutane-1,2,3,4-tetracarboxylic dianhy 
dride, and 1,2,4,5-cyclohexane tetracarboxylic dianhydride. 
0109 The tetracarboxylic acid component may not be a 
single component, and may be a mixture of two or more types 
thereof. 
0110. The diamine used in the present invention is a 
diamine having a solubility in water at 25°C. of 0.1 g/L or 
more. The solubility in water at 25°C. equal to or more than 
0.1 g/L is the property of the diamine particularly required to 
provide an aqueous polyimide precursor Solution composi 
tion in which the polyimide precursor is homogeneously dis 
solved. When the diamine has a solubility in water at 25°C. of 
less than 0.1 g/L, it may be difficult to provide an aqueous 
polyimide precursor Solution composition in which the poly 
imide precursor is homogeneously dissolved. 
0111. The diamine is not limited as long as the solubility in 
water at 25°C. is 0.1 g/L or more, but may be preferably an 
aromatic diamine oran alicyclic diamine, more preferably an 
aromatic diamine, in terms of the properties of the polyimide 
obtained. 
0112 The aromatic diamine may be preferably an aro 
matic diamine having one to two aromatic rings. When an 
aromatic diamine has more than two aromatic rings, the aro 
matic diamine may have a solubility in water of less than 0.1 
g/L. 
0113 Preferable examples of the aromatic diamine com 
ponent used in the present invention include p-phenylenedi 
amine (solubility in water at 25°C.; 120 g/L: the same shall 
apply hereinafter), m-phenylenediamine (77 g/L), 4,4'-diami 
nodiphenyl ether (0.19 g/L), 3,4'-diaminodiphenyl ether 
(0.24 g/L), 4,4'-diaminodiphenylmethane (0.54 g/L), 2,4- 
toluenediamine (62 g/L), 3,3'-dihydroxy-4,4'-diaminobiphe 
nyl (1.3 g/L), bis(4-amino-3-carboxyphenyl)methane (200 
g/L), and 2,4-diaminotoluene (62 g/L). Among them, in terms 
of the high solubility in water, and the high crystallinity and 
excellent properties of the polyimide obtained, p-phenylene 
diamine, m-phenylenediamine, 4,4'-diaminodiphenyl ether, 
3,4'-diaminodiphenyl ether, and a mixture thereof are pre 
ferred, and p-phenylenediamine, 4,4'-diaminodiphenyl ether, 
and a mixture thereof are more preferred. 
0114. In addition, examples of the alicyclic diamine 
include 1,4-diaminocyclohexane (1000 g/L). 
0115 The diamine component may not be a single com 
ponent, and may be a mixture of two or more types thereof. It 
is also possible to use a diamine which has a high solubility in 
water in combination with other diamines such that the 
diamine component has a solubility in water at 25°C. of 0.1 
g/L or more as a whole. 
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0116. The “diamine having a solubility in water at 25°C. 
of 0.1 g/L or more” means that 0.1 g or more of the diamine 
is dissolved in 1 L (1000 ml) of water at 25°C. The “solubility 
in water at 25° C. means the maximum amount (g) of the 
substance soluble in 1 L (liter) of water at 25°C. This value 
may be easily searched using SciFinder R, which is known as 
a search service based on the data bases such as Chemical 
Abstracts. Among the various values of solubility under vari 
ous conditions, the values at pH 7, which are calculated by 
Advanced Chemistry Development (ACD/Labs) Software 
V11.02 (Copyright 1994-2011 ACD/Labs), are used herein. 
0117 The polyamic acid which constitutes the aqueous 
polyimide precursor Solution composition of the present 
invention may preferably consist of a repeating unit repre 
sented by the formula (1) in terms of the properties of the 
polyimide obtained. 
0118. In the formula (1), the 'A' group is a chemical 
structure derived from the tetracarboxylic acid component of 
a polyamic acid, and is a tetravalent group of an aromatic 
tetracarboxylic acid, from which carboxyl groups have been 
removed, and preferably is a tetravalent group of an aromatic 
tetracarboxylic acid having two to three aromatic rings, from 
which carboxyl groups have been removed. 
0119 The “A” group in the formula (1) is preferably a 
tetravalent group of a tetracarboxylic acid having two to three 
aromatic rings, from which carboxyl groups have been 
removed, more preferably any one or more of the groups 
represented by the formulas (2) to (7), particularly preferably 
any one or more of the groups represented by the formulas (2), 
(3) and (5) in the main, further preferably any one or more of 
the groups represented by the formulas (2) to (3) So as to 
provide a polyamic acid having an adequate solubility in 
water, and to provide an aromatic polyimide having higher 
crystallinity, thereby easily producing an aromatic polyimide 
seamless belt, a binder resin for electrodes, and an aromatic 
polyimide substrate for flexible devices, which have high 
properties. 
0120 Preferable examples of the aromatic tetracarboxylic 
acid component include 3,3',4,4'-biphenyltetracarboxylic 
dianhydride, 2.3.3',4'-biphenyltetracarboxylic dianhydride, 
2,2',3,3'-biphenyltetracarboxylic dianhydride, benzophe 
none tetracarboxylic dianhydride, 4,4'-oxydiphthalic dianhy 
dride, diphenylsulfone tetracarboxylic dianhydride, p-ter 
phenyl tetracarboxylic dianhydride, m-terphenyl 
tetracarboxylic dianhydride. Among them, 3.3',4,4'-biphe 
nyltetracarboxylic dianhydride, benzophenone tetracarboxy 
lic dianhydride, 4,4'-oxydiphthalic dianhydride, and a mix 
ture thereof are particularly preferred, and 3,3'4,4'- 
biphenyltetracarboxylic dianhydride, 4,4'-oxydiphthalic 
dianhydride, and a mixture thereofare more preferred. When 
using a tetracarboxylic acid component other than them, it 
may be difficult to provide a water-soluble polyimide precur 
Sor, and the polyimide obtained may have a reduced crystal 
linity and may not have high properties. 
0121. In the formula (1), the “B” group is a chemical 
structure derived from the diamine component of a polyamic 
acid, and is a divalent group of an aromatic diamine having a 
solubility in water at 25°C. of 0.1 g/L or more, from which 
amino groups have been removed, and preferably is a divalent 
group of an aromatic diamine having one to two aromatic 
rings and having a solubility in water at 25°C. of 0.1 g/L or 
more, from which amino groups have been removed. In other 
words, the aromatic diamine component of the polyamic acid 
used in the present invention is an aromatic diamine having a 
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solubility in water at 25°C. of 0.1 g/L or more, which pref 
erably has one to two aromatic rings. 
I0122. As described above, the solubility in water at 25°C. 
equal to or more than 0.1 g/L is the property of the aromatic 
diamine particularly required to provide an aqueous polyim 
ide precursor Solution composition in which the polyimide 
precursor is homogeneously dissolved. When the diamine has 
a solubility in water at 25°C. of less than 0.1 g/L, it may be 
difficult to provide an aqueous polyimide precursor Solution 
composition in which the polyimide precursor is homoge 
neously dissolved. 
(0123. In addition, when the aromatic diamine has more 
than two aromatic rings, the aromatic diamine generally con 
tains a plurality of highly flexible bonds in the molecule, and 
therefore the aromatic polyimide obtained from the aromatic 
diamine may have a reduced crystallinity and may not readily 
have high properties. 
0.124. The “B” group in the formula (1) is preferably a 
divalent group of an aromatic diamine having one to two 
aromatic rings and having a solubility in water at 25°C. of 0.1 
g/L or more, from which amino groups have been removed, 
more preferably any one or more of the groups represented by 
the formulas (8) to (9) So as to provide a polyamic acid having 
an adequate solubility in water, and to provide an aromatic 
polyimide having higher crystallinity, thereby easily produc 
ing an aromatic polyimide seamless belt, a binder resin for 
electrodes, and an aromatic polyimide substrate for flexible 
devices, which have high properties. 
0.125 Examples of the aromatic diamine component 
include p-phenylenediamine (solubility in water at 25°C.: 
120 g/L, the same shall apply hereinafter), m-phenylenedi 
amine (77 g/L), 4,4'-diaminodiphenyl ether (0.19 g/L), 3,4'- 
diaminodiphenyl ether (0.24 g/L), 4,4'-diaminodiphenyl 
methane (0.54 g/L), 2,4-toluenediamine (62 g/L), 3,3'- 
dihydroxy-4,4'-diaminobiphenyl (1.3 g/L), bis(4-amino-3- 
carboxyphenyl)methane (200 g/L), and 2,4-diaminotoluene 
(62 g/L). In terms of the high solubility in water, and the high 
crystallinity and excellent properties of the polyimide 
obtained, p-phenylenediamine, m-phenylenediamine, 4,4'- 
diaminodiphenyl ether, 3,4'-diaminodiphenyl ether, and a 
mixture thereof are preferred, and p-phenylenediamine, 4,4'- 
diaminodiphenyl ether, and a mixture thereof are more pre 
ferred. 
0.126 When the composition is used for a flexible device 
Substrate, in particular, it is preferred that the main compo 
nent of the tetracarboxylic acid component is 3,3',4,4'-biphe 
nyltetracarboxylic dianhydride and/or benzophenone tetra 
carboxylic dianhydride, and the main component of the 
diamine component is p-phenylenediamine and/or m-phe 
nylenediamine and/or 4,4'-diaminodiphenyl ether; and it is 
more preferred that the main component of the tetracarboxy 
lic acid component is 3,3'4,4'-biphenyltetracarboxylic dian 
hydride, and the main component of the diamine component 
is p-phenylenediamine, because the aromatic polyimide 
obtained may have a high glass transition temperature. 
I0127. In the aqueous polyimide precursor solution com 
position obtained according to the present invention, the poly 
imide precursor (which is Substantially a polyamic acid) pref 
erably has a high molecular weight, and more specifically, has 
an inherent viscosity of 0.2 or more, preferably 0.4 or more, 
more preferably 0.6 or more, further preferably 0.8 or more, 
particularly preferably 1.0 or more, or more than 1.0, wherein 
the inherent viscosity is measured at a temperature of 30° C. 
and a concentration of 0.5 g/100 mL (dissolved in water) 
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which is based on the solid content of the polyimide precur 
sor. When the inherent viscosity is lower than the range as 
described above, the polyimide precursor has a low molecular 
weight, and therefore it may be difficult to provide a polyim 
ide, a polyimide seamless belt, a binder resin for electrodes, 
and an aromatic polyimide substrate for flexible devices, 
which have high properties, even if the aqueous polyimide 
precursor Solution composition of the present invention is 
used. 
0128. The solid content based on the polyimide precursor 
(which is Substantially a polyamic acid) of the aqueous poly 
imide precursor Solution composition of the present invention 
may be preferably, but not limited to, from 5 wt % to 45 wt %, 
more preferably from 7 wt % to 40 wt %, further preferably 
from 9 wt % to 30 wt %, relative to the total amount of the 
polyimide precursor and the solvent. When the solid content 
is lower than 5 wt %, the productivity and the handling in use 
may be reduced. When the solid content is higher than 45 wt 
%, the solution may lose the fluidity. 
0129. In view of handling properties, the solution viscos 

ity at 30° C. of the aqueous polyimide precursor solution 
composition of the present invention may be preferably, but 
not limited to, 1000 Pasec or lower, more preferably from 0.5 
Pa'sec to 500 Pa sec, further preferably from 1 Pasec to 300 
Pasec, particularly preferably from 3 Pasec to 200 Pa sec. 
When the solution viscosity is higher than 1000 Pa sec, the 
composition may lose the fluidity, and therefore it may be 
difficult to uniformly apply the composition onto a metal 
(such as a current collecting foil), a glass, and the like. When 
the Solution viscosity is lower than 0.5 Pa sec, dripping, ciss 
ing, and the like may occur when applying the composition 
onto a metal (such as a current collecting foil), a glass, and the 
like, and it may be difficult to provide a polyimide, a polyim 
ide seamless belt, a binder resin for electrodes, and an aro 
matic polyimide substrate for flexible devices, which have 
high properties. 
0130. Although the aqueous polyimide precursor solution 
composition of the present invention comprises an aqueous 
Solvent, an organic solvent other than water, for example, a 
known organic solvent to be used in the preparation of a 
polyamic acid may be used in a ratio of 50 wt % or less, 
preferably 30 wt % or less, more preferably 10 wt % or less, 
relative to the whole solvent. In other words, the aqueous 
polyimide precursor Solution composition of the present 
invention is a composition in which a polyamic acid as a 
polyimide precursor is dissolved, together with an imidazole, 
in an aqueous solvent (water-based solvent), wherein the 
aqueous solvent is only water, or a mixture of water and an 
organic solvent having a water content of 50 wt % or more, 
preferably 70 wt % or more, more preferably 90 wt % or 
O. 

0131 Examples of the organic solvent include N,N-dim 
ethylformamide, N,N-dimethylacetamide, N,N-diethylaceta 
mide, N-methyl-2-pyrrolidone, N-ethyl-2-pyrrolidone, 1,3- 
dimethyl-2-imidazolidinone, N-methylcaprolactam, 
hexamethylphosphoric triamide, 1,2-dimethoxyethane, bis 
(2-methoxyethyl)ether, 1.2-bis(2-methoxyethoxy)ethane, 
tetrahydrofuran, bis 2-(2-methoxyethoxy)ethylether, 1,4- 
dioxane, dimethyl sulfoxide, dimethyl sulfone, diphenyl 
ether, Sulfolane, diphenyl Sulfone, tetramethylurea, anisole, 
m-cresol, phenol, and Y-butyrolactone. 
0.132. In the aqueous polyimide precursor solution com 
position of the present invention, the solvent is particularly 
preferably a solvent having an organic solvent content of less 
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than 5%, more preferably an aqueous solvent containing no 
organic solvent other than water, i.e. only water, in view of 
environmental acceptability. 
I0133. The aqueous polyimide precursor solution compo 
sition of the present invention may also be prepared according 
to the following methods, for example, as described in Patent 
Literatures 1 and 2: 
0.134 (i) a method, comprising 

0.135 pouring a polyamide acid, which is prepared by 
reacting a tetracarboxylic acid component with a 
diamine component in an organic solvent as a reaction 
Solvent, into water to provide a polyamide acid powder; 
and 

0.136 mixing and dissolving the polyamide acid pow 
der, together with an imidazole (preferably, an imidazole 
having two or more alkyl groups), into an aqueous Sol 
vent to provide an aqueous solution composition; 

0.137 (ii) a method, comprising 
0.138 reacting a tetracarboxylic acid component with a 
diamine component in an organic solvent as a reaction 
Solvent in the presence of an imidazole (preferably, an 
imidazole having two or more alkyl groups) to provide a 
water-soluble polyimide precursor: 

0.139 separating the water-soluble polyimide precursor 
therefrom; and 

0140 dissolving the separated water-soluble polyimide 
precursor in an aqueous solvent; and 

0141 (iii) a method, comprising 
0.142 reacting a tetracarboxylic acid component with a 
diamine component in an organic solvent as a reaction 
Solvent to provide a polyamic acid; 

0.143 reacting the polyamic acid with an imidazole 
(preferably, an imidazole having two or more alkyl 
groups) in an organic solvent as a reaction solvent to 
provide a water-soluble polyimide precursor, 

0.144 separating the water-soluble polyimide precursor 
therefrom; and 

0145 dissolving the separated water-soluble polyimide 
precursor in an aqueous solvent. 

As described above, however, in order to obtain an aqueous 
polyimide precursor Solution composition having an 
extremely low organic solvent content, or containing no 
organic solvent, it is not preferred that a polyimide precursor 
is prepared in an organic solvent. 
0146 Generally, a polyimide may be suitably prepared by 
heating the aqueous polyimide precursor Solution composi 
tion of the present invention to remove an aqueous solvent 
and effect imidization (dehydration/ring closure). The heat 
treatment conditions are not limited, but, in general, the aque 
ous polyimide precursor Solution composition may be pref 
erably heated at a temperature of 100° C. or higher, preferably 
from 120° C. to 600° C., more preferably from 150° C. to 
500° C., further preferably from 150° C. to 350° C., for from 
0.01 hours to 30 hours, preferably from 0.01 hours to 10 
hours, preferably while increasing the temperature stepwise. 
0147 The heat treatment may be suitably performed under 
atmospheric pressure, and may be performed under reduced 
pressure so as to efficiently remove the aqueous solvent. The 
aqueous polyimide precursor Solution composition may be 
heated at a relatively low temperature under reduced pressure 
at the early stage for deaeration. When the heating tempera 
ture is rapidly increased, a problem Such as foaming may 
OCCU. 
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0148. The aqueous polyimide precursor Solution compo 
sition of the present invention may be heated at a relatively 
low temperature (for example, 150° C. to 300° C., preferably 
200°C. to 280°C.) to readily provide a polyimide, which has 
excellent properties, for example, high adhesiveness to a 
metal and the like, and is in no way inferior to a polyimide 
obtained from a commonly-used polyimide precursor 
(polyamic acid) solution composition comprising an organic 
Solvent. Accordingly, a polyimide seamless belt and the like, 
as well as a polyimide film, may be suitably obtained from the 
aqueous polyimide precursor Solution composition of the 
present invention. 
0149 According to the method for producing the aromatic 
polyimide seamless belt of the present invention, a coating 
film of an aqueous polyimide precursor Solution composition 
layer is formed on a Substrate by applying or spraying an 
aqueous polyimide precursor Solution composition (specifi 
cally, an aqueous polyimide precursor Solution composition 
in which a polyamic acid consisting of a repeating unit rep 
resented by the formula (1) is homogeneously dissolved in an 
aqueous solvent together with an imidazole in an amount of 
1.6 mole or more per mole of the tetracarboxylic acid com 
ponent of the polyamic acid) onto the Substrate Surface, and 
then the aqueous polyimide precursor Solution composition is 
heated. 
0150. According to the present invention, an aromatic 
polyimide seamless belt may be Suitably prepared by heating 
the aqueous polyimide precursor Solution composition to 
remove an aqueous solvent and effect imidization (dehydra 
tion/ring closure). The heat treatment conditions are not lim 
ited, but, in general, the aqueous polyimide precursor Solution 
composition may be preferably heated at a temperature of 
100° C. or higher, preferably from 120° C. to 600° C., more 
preferably from 150° C. to 500° C., further preferably from 
150° C. to 350° C., for from 0.01 hours to 30 hours, preferably 
from 0.01 hours to 10 hours, preferably while increasing the 
temperature stepwise. 
0151. The heat treatment may be suitably performed under 
atmospheric pressure, and may be performed under reduced 
pressure so as to efficiently remove the aqueous solvent. The 
aqueous polyimide precursor Solution composition may be 
heated at a relatively low temperature under reduced pressure 
at the early stage for deaeration. When the heating tempera 
ture is rapidly increased, a problem Such as foaming may 
occur, and therefore a polyimide seamless belt having excel 
lent properties may not be obtained. 
0152. According to the method for producing the aromatic 
polyimide seamless belt of the present invention, the aqueous 
polyimide precursor Solution composition may be heated at a 
relatively low temperature (for example, 150° C. to 300° C., 
preferably 200° C. to 280° C.) to readily provide a polyimide 
seamless belt, which has excellent properties, and is in no way 
inferior to a polyimide seamless belt obtained from a com 
monly-used polyimide precursor (polyamic acid) solution 
composition comprising an organic Solvent. 
0153. Any known method for forming a seamless belt may 
be suitably employed. For example, a seamless belt may be 
Suitably produced by rotational molding, i.e. a method com 
prising 
0154 forming a coating film of an aqueous polyimide 
precursor Solution composition by application (coating) or 
spraying, for example, on a Surface (inner Surface or outer 
Surface) of a cylindrical mold, which functions as a Substrate, 
while rotating the mold; 
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0155 heating the coating film at a relatively low tempera 
ture to effect the removal of the aqueous solvent, thereby 
forming a self-supporting film (the film in a state of not 
flowing; the polymerization and partial imidization reaction, 
as well as the removal of the aqueous solvent, proceed.); and 
0156 heating the self-supporting film on the substrate, or 
alternatively, the self-supporting film which is peeled from 
the substrate, if necessary, to effect dehydration/imidization. 
The terms “removal of the aqueous solvent and "dehydra 
tion/imidization” as used herein do not mean that only the 
removal of the aqueous solvent proceeds and only the dehy 
dration/imidization proceeds, respectively, in the steps. In the 
aqueous solvent removal step, the dehydration/imidization 
proceeds to Some extent. In the dehydration/imidization step, 
the removal of the residual aqueous solvent proceeds. 
0157. The aqueous polyimide precursor solution compo 
sition of the present invention may contain other additive 
component(s) depending on the intended application of the 
aromatic polyimide seamless belt obtained. Additionally, 
another resin layer and/or a metal layer may be laminated on 
the aromatic polyimide seamless belt obtained. 
0158. The thickness of the aromatic polyimide seamless 
belt of the present invention may be appropriately selected 
depending on the intended use, and it may be generally from 
about 20 um to about 200 um. 
0159. The aromatic polyimide seamless belt obtained 
according to the present invention preferably has high crys 
tallinity and has excellent properties such as heat resistance, 
mechanical strength, electrical properties, and solvent resis 
tance, and therefore it may be Suitably used as an intermediate 
transfer seamless belt or a fixing seamless belt of an electro 
photographic device. 
0160. When the aromatic polyimide seamless belt is used 
as an intermediate transfer belt of an electrophotographic 
device, a conductive filler may be preferably added to the 
seamless belt so that semiconductivity is imparted to the 
seamless belt, specifically, the seamless belt has a Surface 
resistivity of 10.2/O to 10'S2/O and a volume resistivity of 
10 S2 cm to 10 S2 cm. 

0.161. A conductive or semiconductive particle which is 
used for a conventional intermediate transfer seamless belt 
may be used as the conductive filler. Examples thereof 
include, but not limited to, carbon blacks such asketjen black 
and acetylene black, metals such as aluminum and nickel, 
metal oxide compounds such as tin oxide, and potassium 
titanate. The conductive filler may be used alone or in com 
bination of two or more. In the present invention, a carbon 
black may be preferably used as the conductive filler, and, 
among them, a carbon black having an average primary par 
ticle size of from 5 nm to 100 nm, particularly preferably from 
10 nm to 50 nm, is particularly preferred. When the average 
primary particle size is more than 100 nm, the uniformity of 
mechanical properties and electric resistance may be liable to 
be inadequate. 
0162 The amount of the conductive filler may vary 
depending on the type, particle size, and a dispersion State of 
the filler. In general, the amount of the conductive filler is 
preferably from 1 to 50 parts by weight, more preferably from 
2 to 30 parts by weight, relative to 100 parts by weight of the 
polyimide (Solid content). In the present invention, the Sur 
face resistivity and the volume resistivity may be controlled to 
within the range (10.2/O to 10'S2/), and 10 S2 cm to 10' 
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S2 cm) suitable for an intermediate transfer belt by a combi 
nation of the selection of the conductive filler and its appro 
priate amount. 
0163 When the aromatic polyimide seamless belt is used 
as a fixing belt of an electrophotographic device, a filler Such 
as silica, boron nitride, aluminum nitride, silicon nitride, and 
alumina may be preferably added to the seamless belt so that 
thermal conductivity is imparted to the seamless belt, and a 
fluororesin powder, for example, may be preferably added to 
the seamless belt so that rubber elasticity is imparted to the 
seamless belt, and a metal foil as a heating element may be 
preferably laminated on the seamless belt. In general, the 
amount of the filler is preferably from 1 to 50 parts by weight, 
more preferably from 2 to 30 parts by weight, relative to 100 
parts by weight of the polyimide (solid content). 
0164. When the aromatic polyimide seamless belt is used 
as a fixing belt of an electrophotographic device, the seamless 
belt may preferably have a thermal conductivity of 0.15 
W/mK or more, preferably 0.20 W/mK or more. 
0.165. In addition, when the aromatic polyimide seamless 
belt is used as a fixing belt of an electrophotographic device, 
the seamless belt may preferably have a rubber elastic layer or 
a release layer laminated on the Surface. The release layer 
(parting layer) is not limited as long as the layer improves the 
releasability of the surface of the seamless belt, and a known 
material including polytetrafluoroethylene (PTFE), and a 
modified material thereof such as tetrafluoroethylene-per 
fluoroalkylvinylether copolymer (PFA), tetrafluoroethylene 
ethylene copolymer (ETFE), tetrafluoroethylene-hexafluoro 
propylene copolymer (FEP), tetrafluoroethylene-vinylidene 
fluoride copolymer (TFE/VdF), tetrafluoroethylene 
hexafluoropropylene-perfluoroalkylvinylether copolymer 
(EPA), polychlorotrifluoroethylene (PCTFE), chlorotrifluo 
roethylene-ethylene copolymer (ECTFE), chlorotrifluoroet 
hylene-vinylidene fluoride copolymer (CTFE/VaF), polyvi 
nylidene fluoride (PVdF), and polyvinyl fluoride (PVF) may 
be suitably used for the release layer. The rubber elastic layer 
may also be formed of the material as described above. The 
Surface layer may preferably contain a conductive filler. 
0166 The aqueous polyimide precursor solution compo 
sition of the present invention may also be suitably used as a 
binder resin composition for electrodes. 
0167 Generally, an aromatic polyimide may be suitably 
prepared by heating the aqueous polyimide precursor Solu 
tion composition of the present invention (binder resin com 
position for electrodes of the present invention) to remove an 
aqueous solvent and effect imidization (dehydration/ring clo 
Sure) in this case, as well. The heat treatment conditions are 
not limited, but, in general, the aqueous polyimide precursor 
Solution composition may be preferably heated at a tempera 
ture of 100° C. or higher, preferably from 120° C. to 600° C., 
more preferably from 150° C. to 500° C., for from 0.01 hours 
to 30 hours, preferably from 0.01 hours to 10 hours. 
0168 As for the properties of the aromatic polyimide 
obtained from the binder resin composition for electrodes of 
the present invention, the binder resin composition for elec 
trodes may be heated at a relatively low temperature (for 
example, 150° C. to 300° C., preferably 200° C. to 280° C.) to 
provide a polyimide, which has excellent properties, for 
example, high adhesiveness to a metal, and is in no way 
inferior to a polyimide obtained from a commonly-used 
binder resin composition for electrodes comprising an 
organic solvent. 
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0169. The binder resin composition for electrodes of the 
present invention may be suitably used as a binder resin 
composition for batteries, because the polyimide resin, which 
is obtained by the heat treatment as described above, prefer 
ably has a weight increase of 3 wt % or less, more preferably 
2 wt % or less, further preferably 1 wt % or less, when 
immersed in dimethylcarbonate for 24 hours at a temperature 
of 25°C. Here dimethyl carbonate is a compound commonly 
used as an electrolyte component of a battery, and when the 
weight increase in a liquid electrolyte (rate of Swelling when 
immersed in the liquid electrolyte for 24 hours at a tempera 
ture of 25°C.) of the binder resin, which is caused by swelling 
by the liquid electrolyte, is 5 wt % or less, more preferably 3 
wt % or less, particularly preferably 2 wt % or less, the 
influence of the volume change of the electrode may be suit 
ably reduced. 
(0170. In addition, lithium methoxide is often formed in a 
battery environment. The polyimide resin obtained from the 
binder resin composition for electrodes of the present inven 
tion preferably has a weight increase in a liquid electrolyte 
containing lithium methoxide (rate of Swelling when 
immersed in the liquid electrolyte for 24 hours at a tempera 
ture of 25°C.) of 5 wt % or less, more preferably 3 wt % or 
less, particularly preferably 2 wt % or less. 
0171 An electrode mixture paste may be suitably pre 
pared by mixing the binder resin composition for electrodes 
of the present invention with at least an electrode active mate 
rial, preferably, but not limited to, at a temperature of from 
10° C. to 60°C. Any known electrode active material may be 
Suitably used, and a lithium-containing metal composite 
oxide, a carbon powder, a silicon powder, a tin powder, and a 
silicon-containing or tin-containing alloy powder may be 
more preferred. The amount of the electrodeactive material in 
the electrode mixture paste may be generally, but not limited 
to, from 0.1 to 1000 times, preferably from 1 to 1000 times, 
more preferably from 5 to 1000 times, further preferably from 
10 to 1000 times, the weight of the solid content based on the 
polyamic acid on a weight basis. When the amount of the 
electrode active material is too small, the greater part of the 
active material layer formed on a current collector may be 
inactive, resulting in the inadequate function of the electrode. 
When the amount of the electrode active material is too large, 
the electrode active material may not be firmly bound to a 
current collector and may be readily detached. In addition, the 
electrode mixture paste may contain an additive Such as a 
Surfactant, a viscosity modifier, and a conductive auxiliary 
agent, as necessary. The solid content of the polyamic acid 
may be preferably from 1 wt % to 15 wt %, relative to the 
whole solid content in the electrode mixture paste. When the 
Solid content of the polyamic acid is outside the above-men 
tioned range, the performance of the electrode may be 
degraded. 
0172 An electrode may be produced by 
0173 flow-casting or applying an electrode mixture paste 
onto a conductive current collector Such as aluminum, 
wherein the electrode mixture paste comprises the binder 
resin composition for electrodes of the present invention, and 
an electrode active material which is capable of reversibly 
incorporating and releasing lithium ion on charge and dis 
charge, for example, a lithium-containing metal composite 
oxide; and then 
0.174 heating the electrode mixture paste at a temperature 
of from 80° C. to 400° C., more preferably from 120° C. to 
380° C., particularly preferably from 150° C. to 350° C., to 
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remove a solvent and effect imidization. When the heating 
temperature is outside the above-mentioned range, the imi 
dization reaction may not sufficiently proceed, and the prop 
erties of the formed electrode may be degraded. The heat 
treatment may be performed in multiple steps so as to prevent 
foaming and powdering. Additionally, the heating time is 
preferably from 3 minutes to 48 hours. The heating time 
longer than 48 hours is not preferred in terms of productivity. 
The heating time shorter than 3 minutes is not preferred 
because the imidization reaction, and the removal of the sol 
vent may not sufficiently proceed. 
0.175. The electrode thus obtained may be particularly 
Suitably used as a positive electrode of a lithium ion second 
ary battery. 
0176 An electrode may be produced by 
0177 flow-casting or applying an electrode mixture paste 
onto a conductive current collector Such as copper, wherein 
the electrode mixture paste comprises the binder resin com 
position for electrodes of the present invention, and an elec 
trode active material which is capable of reversibly incorpo 
rating and releasing lithium ion on charge and discharge, for 
example, a carbon powder, a silicon powder, a tin powder, or 
a silicon-containing or tin-containing alloy powder; and then 
0.178 heating the electrode mixture paste at a temperature 
of from 80° C. to 300° C., more preferably from 120° C. to 
280° C., particularly preferably from 150° C. to 250° C., to 
remove a solvent and effect imidization. 
When the heating temperature is lower than 80°C., the imi 
dization reaction may not sufficiently proceed, and the prop 
erties of the formed electrode may be degraded. When the 
electrode mixture paste is heated at a temperature higher than 
300° C. copper may deform, and therefore the product may 
not be used as an electrode. The heat treatment may be per 
formed in multiple steps so as to prevent foaming and pow 
dering, in this case, as well. Additionally, the heating time is 
preferably from 3 minutes to 48 hours. The heating time 
longer than 48 hours is not preferred in terms of productivity. 
The heating time shorter than 3 minutes is not preferred 
because the imidization reaction, and the removal of the sol 
vent may not sufficiently proceed. 
0179 The electrode thus obtained may be particularly 
Suitably used as a negative electrode of a lithium ion second 
ary battery. 
0180. The aqueous polyimide precursor solution compo 
sition of the present invention may also be suitably used as a 
polyimide precursor resin composition for flexible device 
Substrates. 
0181. According to the method for producing the flexible 
device of the present invention, a coating film of an aqueous 
polyimide precursor Solution composition layer is formed on 
a Substrate by applying or spraying an aqueous polyimide 
precursor Solution composition (specifically, an aqueous 
polyimide precursor Solution composition in which a 
polyamic acid consisting of a repeating unit represented by 
the formula (1) is homogeneously dissolved in an aqueous 
Solvent together with an imidazole in an amount of 1.6 mole 
or more per mole of the tetracarboxylic acid component of the 
polyamic acid) onto the Substrate Surface, and then the aque 
ous polyimide precursor Solution composition is heated to 
provide an aromatic polyimide substrate for flexible devices. 
0182. According to the present invention, an aromatic 
polyimide substrate for flexible devices may be suitably pre 
pared by heating the aqueous polyimide precursor Solution 
composition to remove an aqueous solvent and effect imi 
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dization (dehydration/ring closure). The heat treatment con 
ditions are not limited, but, in general, the aqueous polyimide 
precursor Solution composition may be preferably heated at a 
temperature of 100° C. or higher, preferably from 120° C. to 
600° C., more preferably from 150° C. to 500° C., further 
preferably from 150° C. to 350° C., for from 0.01 hours to 30 
hours, preferably from 0.01 hours to 10 hours, preferably 
while increasing the temperature stepwise. 
0183 The heat treatment may be suitably performed under 
atmospheric pressure, and may be performed under reduced 
pressure so as to efficiently remove the aqueous solvent. The 
aqueous polyimide precursor Solution composition may be 
heated at a relatively low temperature under reduced pressure 
at the early stage for deaeration. When the heating tempera 
ture is rapidly increased, a problem Such as foaming may 
occur, and therefore a good flexible device substrate may not 
be obtained. 

0184. According to the method for producing the aromatic 
polyimide substrate for flexible devices of the present inven 
tion, the aqueous polyimide precursor Solution composition 
may be heated at a relatively low temperature (for example, 
150° C. to 300° C., preferably 200° C. to 280° C.) to readily 
provide an aromatic polyimide substrate for flexible devices, 
which has excellent properties, and is in no way inferior to a 
polyimide Substrate obtained from a commonly-used poly 
imide precursor (polyamic acid) solution composition com 
prising an organic Solvent. 
0185. According to the method for producing the flexible 
device of the present invention, a solid polyimide resin film is 
formed on a carrier Substrate as a Support by applying a 
polyimide precursor resin composition (aqueous polyimide 
precursor Solution composition) onto the carrier Substrate, 
and heating the composition; a circuit is formed on the poly 
imide resin film; and then the polyimide resin film on which 
the circuit is formed is separated from the carrier substrate. 
0186. Any method for applying an aqueous polyimide 
precursor Solution composition may be applied, as long as a 
coating film having a uniform thickness is formed on a carrier 
Substrate (Support). For example, die coating, spin coating, 
and screen printing may be employed for the application. 
0187. A substrate for flexible devices may be suitably 
produced by a method, comprising 
0188 forming a coating film of an aqueous polyimide 
precursor Solution composition on a carrier Substrate; 
0189 heating the coating film at a relatively low tempera 
ture to effect the removal of the aqueous solvent, thereby 
forming a self-supporting film (the film in a state of not 
flowing; the polymerization and partial imidization reaction, 
as well as the removal of the aqueous solvent, proceed.); and 
0.190 heating the self-supporting film on the substrate, or 
alternatively, the self-supporting film which is peeled from 
the substrate, if necessary, to effect dehydration/imidization. 
The terms “removal of the aqueous solvent and "dehydra 
tion/imidization” as used herein do not mean that only the 
removal of the aqueous solvent proceeds and only the dehy 
dration/imidization proceeds, respectively, in the steps. In the 
aqueous solvent removal step, the dehydration/imidization 
proceeds to Some extent. In the dehydration/imidization step, 
the removal of the residual aqueous solvent proceeds. 
0191 The aqueous polyimide precursor solution compo 
sition of the present invention may contain other additive 
component(s) depending on the intended application of the 
aromatic polyimide substrate for flexible devices obtained. 
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Additionally, another resin layer may be laminated on the 
aromatic polyimide substrate for flexible devices obtained. 
0.192 In the method for producing the flexible device of 
the present invention, the thickness of the polyimide resin 
film is desirably from 1 um to 20 uM. When the thickness is 
less than 1 Jum, the polyimide resin film may not remain 
adequately resistant, and therefore the polyimide resin film 
may not withstand stress and may be broken when used as a 
flexible device substrate. When the thickness of the polyimide 
resin film is more than 20 um and greater, it may be difficult 
to achieve the thinning of the flexible device. The thickness of 
the polyimide resin film is more desirably from 2 um to 10um 
So as to achieve the further thinning, while maintaining an 
adequate resistance for the flexible device. 
0193 According to the method for producing the flexible 
device of the present invention, a circuit needed for a display 
device or a light-receiving device is formed on the polyimide 
resin film formed as described above. This step differs from 
device to device. For example, in the case of the production of 
a TFT liquid crystal display device, a TFT of amorphous 
silicon, for example, is formed on the polyimide resin film. 
The TFT comprises a gate metal layer, a silicon nitride gate 
dielectric layer, and an ITI pixel electrode. In addition, a 
structure needed for a liquid crystal display may be formed 
thereon by a known method. The method for forming a cir 
cuit, and the like is not limited because the polyimide resin 
film obtained according to the present invention has excellent 
properties such as heat resistance, and toughness. 
(0194 The polyimide resin film on which the circuit etc. is 
formed as described above is separated from the carrier sub 
strate. The method for the separation is not limited. For 
example, the polyimide resin film on which the circuit is 
formed may be separated from the carrier substrate by irra 
diation with laser or the like from the carrier substrate side. 
Because the polyimide resin film obtained according to the 
present invention has high toughness, it may be physically 
separated from the carrier Substrate (Support) simply. 
0.195 According to the method for producing the flexible 
device of the present invention, the polyimide resin film is 
often heated at a temperature of 250° C. or higher, further 
300° C. or higher, in the step of forming a circuit or the like. 
Accordingly, the glass transition temperature of the polyim 
ide resin film is preferably 250° C. or higher, more preferably 
300° C. or higher. 
0196. Examples of the flexible device in the present inven 
tion include display devices Such as a liquid crystal display, an 
organic EL display and an electronic paper, and light-receiv 
ing devices such as a solar cell and CMOS. The present 
invention may be particularly suitably applied to devices to be 
thinner and flexible. 

EXAMPLES 

0.197 Hereinafter, the present invention will be more spe 
cifically described with reference to Examples and Compara 
tive Examples, but the present invention is not limited to these 
Examples. 
0198 The methods for measuring the properties, which 
was used in the following examples, will be described below. 

<Solid Content> 

0199 Asample solution (the weight is referred to as “w 1) 
was heated at 120° C. for 10 minutes, 250° C. for 10 minutes, 
and then 350° C. for 30 minutes in a hot air dryer, and the 
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weight of the sample after the heat treatment (the weight is 
referred to as “w2) was measured. The solid content wt % 
was calculated by the following formula. 

Solid content wt %=(w2/w1)x100 

<Inherent Viscosity) 

0200. A sample solution was diluted to a concentration of 
0.5 g/dl based on the solid content (the solvent: water). The 
flowing time (T) of the diluted solution was measured at 30° 
C. using a Cannon-Fenske viscometer No. 100. The inherent 
Viscosity was calculated by the following formula using the 
flowing time (T) of the blank water. 

Inherent viscosity={n(T/T)/0.5 

<Solution Viscosity (Rotational Viscosity)> 

0201 The solution viscosity was measured at 30°C. using 
an E type viscometer manufactured by Tokimec, Inc. 

<Preparation of Sample of Polyimide Film 

0202 An aqueous polyimide precursor Solution composi 
tion obtained was applied on a glass plate as a Substrate with 
a bar coater. The resulting coating film was deaerated and 
predried at 25° C. for 30 minutes under reduced pressure. 
Subsequently, the predried coating film was placed into a hot 
air dryer and heated at 80° C. for 30 minutes, 120° C. for 30 
minutes, 200° C. for 10 minutes, and then 250° C. for 10 
minutes under atmospheric pressure, to provide a polyimide 
film having a thickness of 50 lum. The properties of the poly 
imide film were evaluated. 

<Mechanical Properties (Tensile Test)> 

0203 The tensile test was performed in accordance with 
ASTM D882 using a tensile tester (RTC-1225A, manufac 
tured by Orientec Co., Ltd.) to determine the tensile elastic 
modulus, tensile elongation at break, and tensile strength at 
break. 

<Measurement of Glass Transition Temperature> 

0204. Using a solid viscoelastic analyzer RSAIII manu 
factured by TA instruments Co., Ltd. (Compressive mode: 
Dynamic measurement; Frequency: 62.8 rad/sec (10 Hz); 
Strain: 3% of sample length), the loss elastic modulus (E") 
were measured from -140°C. to 450° C. at intervals of 3° C. 
under a nitrogen stream, wherein each measurement was 
carried out 30 seconds after reaching the temperature, and 
then the temperature was increased to the next temperature. 
The maximum point of loss elastic modulus (E") was deter 
mined and taken as the glass transition point (Tg). 

<Production of Aromatic Polyimide Seamless Beltd 
0205 An aqueous polyimide precursor solution composi 
tion was uniformly applied on the inner Surface of a cylindri 
cal mold having an inside diameter of 150 mm and a length of 
300 mm, while rotating the mold at 100 rpm. Subsequently, 
the resulting coating film was heated at 80°C. for 30 minutes, 
120° C. for 30 minutes, 200° C. for 10 minutes, and then 250° 
C. for 10 minutes, while rotating the mold at 200 rpm, to 
provide an aromatic polyimide seamless belt having a thick 
ness of 50 lum. 
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0206. The state of the aromatic polyimide seamless belt 
obtained was visually observed. Additionally, the properties 
of the aromatic polyimide seamless belt were evaluated. 

<Observation of State of Aromatic Polyimide Seamless Beltd 
0207. An article in which no defects such as foaming and 
crack were observed was evaluated as O, an article in which 
defects such as foaming and crack were observed in not more 
than 30% of the whole area was evaluated as A, and an article 
in which defects such as foaming and crack were observed in 
more than 30% of the whole area was evaluated as X. 

<Preparation of Sample of Binder Polyimide Film for 
Electrodes> 

0208. A binder resin composition for electrodes obtained 
was applied on a glass plate as a Substrate with a bar coater. 
The resulting coating film was deaerated and predried at 25° 
C. for 30 minutes under reduced pressure. Subsequently, the 
predried coating film was placed into a hot air dryer and 
heated at 80°C. for 30 minutes, 120° C. for 30 minutes, 200° 
C. for 10 minutes, and then 250° C. for 10 minutes under 
atmospheric pressure, to provide a polyimide film having a 
thickness of 25um. The properties of the polyimide film were 
evaluated. 

<Swelling Test> 
0209. The polyimide film obtained from the binder resin 
composition for electrodes was cut into a 5-cm square (thick 
ness: 25 um), which was used as a sample. The sample was 
dried at 60° C. for 24 hours under vacuum, and the weight of 
the sample was defined as “dry weight (Wal). The sample 
was immersed in a dimethyl carbonate (DMC) solution or a 
10 wt % lithium methoxide methanol solution at 25°C. for 24 
hours, and the weight of the sample was defined as “wet 
weight (Ww). The “swelling rate (S) was calculated by the 
following formula. 

<Observation of State of Flexible Device Substrated 

0210. An article in which no defects such as foaming and 
crack were observed was evaluated as O, an article in which 
defects such as foaming and crack were observed in not more 
than 30% of the whole area was evaluated as A, and an article 
in which defects such as foaming and crack were observed in 
more than 30% of the whole area was evaluated as X. 
0211. The abbreviations of the compounds used in the 
following examples are as follows: 
0212 S-BPDA: 3,3',4,4'-biphenyltetracarboxylic dianhy 
dride 

0213 ODPA: 4,4'-oxydiphthalic dianhydride 
0214) a-BPDA: 2,3',3,4'-biphenyltetracarboxylic dianhy 
dride 

0215 i-BPDA: 2,2',3,3'-biphenyltetracarboxylic dianhy 
dride 

0216 DSDA: 3,3'4,4'-diphenylsulfone tetracarboxylic 
dianhydride 

0217 BTDA: 3,3'4,4'-benzophenone tetracarboxylic 
dianhydride 

0218 PPD: p-phenylenediamine (solubility in water at 
25°C.: 120 g/L: the same shall apply hereinafter) 

0219 ODA: 4,4'-diaminodiphenyl ether (0.19 g/L) 
0220 MPD: m-phenylenediamine (77 g/L) 
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0221) 2,4-TDA: 2,4-diaminotoluene (62 g/L) 
0222 HAB: 3,3'-dihydroxy-4,4'-diaminobiphenyl (1.3 
g/L) 

0223 MBAA: bis(4-amino-3-carboxyphenyl)methane 
(200 g/L) 

0224 BAPP: 2.2-bis(4-(4-aminophenoxy)phenylpro 
pane (0.000019 g/L) 

0225. TPE-R: 1,3-bis(4-aminophenoxy)benzene (0.0018 
g/L) 

0226 1,2-DMZ: 1,2-dimethylimidazole (239 g/L) 
0227 2E4MZ: 2-ethyl-4-methylimidazole (1000 g/L) 
0228 DBU: 1,8-diazabicyclo[5.4.0]undec-7-ene 
0229 NMP: N-methyl-2-pyrrolidone 
0230 DMAc: N.N-dimethylacetamide 

Example A1 

0231. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 25° C. for 12 hours to provide an aqueous 
polyimide precursor solution having a solid content of 9.0 wt 
%, a solution viscosity of 16.3 Pas, and an inherent viscosity 
of O.95. 
0232. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A2 

0233. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 50° C. for 8 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 9.1 wt 
%, a solution viscosity of 35.5 Pas, and an inherent viscosity 
of 1.25. 
0234. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A3 

0235. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 9.1 wt 
%, a solution viscosity of 63.0 Pas, and an inherent viscosity 
of 1.86. 
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0236. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A4 
0237. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 34.23 g (1.25 equivalents per 
carboxyl group) of 2E4MZ were added thereto, and the mix 
ture was stirred at 25° C. for 1 hour to dissolve these com 
pounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 9.6 wit 
%, a solution viscosity of 10.3 Pas, and an inherent viscosity 
of 0.64. 
0238. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A5 
0239. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 20.25 
g (0.101 mol) of ODA and 24.31 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 29.75 g (0.101 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor solution having a solid content of 8.7 wt 
%, a solution viscosity of 32.0 Pas, and an inherent viscosity 
of 0.42. 
0240. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A6 
0241. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of MPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor solution having a solid content of 8.9 wt 
%, a solution viscosity of 13.5 Pas, and an inherent viscosity 
of 0.75. 
0242. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A7 
0243 In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 14.67 
g (0.120 mol) of 2,4-TDA and 28.86 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 35.33 g (0.120 mol) of 
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s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 8.8wt 
%, a solution viscosity of 1.0 Pas, and an inherent viscosity of 
O.21. 
0244. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A8 
0245. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 21.18 
g (0.098 mol) of HAB and 47.09 g (2.50 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 28.82 g (0.098 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 9.4 wt 
%, a solution viscosity of 1.5 Pas, and an inherent viscosity of 
O.50. 
0246 The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A9 

0247. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 24.66 
g (0.086 mol) of MBAA and 41.41 g (2.50 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 25.34 g (0.086 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor solution having a solid content of 9.5 wt 
%, a solution viscosity of 2.0 Pas, and an inherent viscosity of 
O.75. 
0248. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A10 

0249. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 12.93 
g (0.120 mol) of PPD and 28.73 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 37.07 g (0.120 mol) of 
ODPA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor solution having a solid content of 8.9 wt 
%, a solution viscosity of 2.0 Pas, and an inherent viscosity of 
O58. 
0250. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A11 

0251. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
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carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
i-BPDPA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 8.6 wit 
%, a solution viscosity of 0.8 Pas, and an inherent viscosity of 
O.22. 
0252. The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A12 

0253) In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 11.59 
g (0.107 mol) of PPD and 25.77 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 38.41 g (0.107 mol) of 
DSDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor solution having a solid content of 8.7 wt 
%, a solution viscosity of 1.2 Pas, and an inherent viscosity of 
O.35. 
0254 The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Example A13 
0255. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 12.57 
g (0.116 mol) of PPD and 27.93 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 37.43 g (0.116 mol) of 
BTDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 8.8wt 
%, a solution viscosity of 73.8 Pas, and an inherent viscosity 
of 0.45. 
0256 The properties of the aqueous polyimide precursor 
Solution composition and the polyimide film obtained are 
shown in Table 1. 

Reference Example A1 
0257. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 17.92 g (0.75 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours. Still, s-BPDA was not 
dissolved therein homogeneously, and an aqueous polyimide 
precursor Solution composition could not be obtained. 
0258. The results are shown in Table 2. 

Comparative Example A1 

0259. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 47.29 g (1.25 equivalents per 
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carboxyl group) of DBU were added thereto, and the mixture 
was stirred at 25°C. for 1 hour to dissolve these compounds 
in water. Subsequently, 36.56 g (0.124 mol) of s-BPDA was 
added to the resulting Solution, and the mixture was stirred at 
70° C. for 4 hours. Still, s-BPDA was not dissolved therein 
homogeneously, and an aqueous polyimide precursor Solu 
tion composition could not be obtained. 
0260. The results are shown in Table 2. 

Reference Example A2 

0261. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 29.13 
g (0.071 mol) of BAPP and 17.05 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 20.87 g (0.071 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours. Still, s-BPDA was not 
dissolved therein homogeneously, and an aqueous polyimide 
precursor Solution composition could not be obtained. 
0262 The results are shown in Table 2. 

Reference Example A3 

0263. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 24.92 
g (0.085 mol) of TPE-R and 20.49 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 25.08 g (0.085 mol) of 
a-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours. Still, a-BPDA was not 
dissolved therein homogeneously, and an aqueous polyimide 
precursor Solution composition could not be obtained. 
0264. The results are shown in Table 2. 

Reference Example A4 

0265. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 24.26 
g/0.088 mol) of TPE-R and 22.86 g (1.25 equivalents per 
carboxyl group) of 2E4MZ were added thereto, and the mix 
ture was stirred at 25° C. for 1 hour to dissolve these com 
pounds in water. Subsequently, 25.74 g (0.083 mol) of ODPA 
was added to the resulting solution, and the mixture was 
stirred at 70° C. for 4 hours. Still, a-BPDA was not dissolved 
therein homogeneously, and an aqueous polyimide precursor 
Solution composition could not be obtained. 
0266 The results are shown in Table 2. 

Reference Example A5 

0267 In a 1000 mL. glass reaction vessel equipped with a 
stirrer, a reflux condenser (equipped with a water separator), 
a thermometer and a nitrogen-gas charging tube were placed 
29.23 g (0.1 mol) of TPE-R and 234.60 g of DMAc at 25°C. 
And then, under a nitrogen stream, 29.42 g/0.1 mol) of 
a-BPDA was added to the resulting mixture and reacted for 2 
hours, while stirring, to provide a polyimide precursor Solu 
tion. And then, the solution was diluted with 293.25 g of 
DMAc such that the viscosity was 1.3 poises at 30° C. Sub 
sequently, 5.87 g (0.06 mol) of 1,2-DMZ was added to the 
resulting solution, and the solution was gradually added to 
acetone (6.5 L) with a homogenizer to precipitate a polyimide 
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precursor powder. The Suspension was filtered, and the col 
lected precipitate was washed with acetone, and then dried at 
40° C. for 10 hours under vacuum, to provide 60.52 g of a 
polyimide precursor powder. 
0268 To 3 g of the polyimide precursor powder were 
added 26.10 g of water and 0.9 g (0.0094 mol) of 1,2-DMZ. 

S-BPDA 

(mol%) 
ODPA (mol%) 
i-BPDA (mol%) 
DSDA (mol%) 
BTDA (mol%) 
PPD (mol%) 
ODA (mol%) 
MPD (mol%) 

2,4-TDA 
(mol%) 

HAB (mol%) 
MBAA (mol%) 

1,2-DMZ 
(equivalents) 
2E4MZ 

(equivalents) 

acid 

CO 

po 
ment 

diam 
ine 
CO 

po 

ment 

imid 

azole 

polymerization 
temperature 

polymerization 
time 

inherent viscos 
ity 

solid content 

(wt %) 
solution viscos 

ity (Pa s) 

glass transition 
point (C.) 

tensile elastic 
modulus (GPa.) 

tensile elongation 
at break (%) 

tensile strength 
at break (MPa) 

(Note) 
ND: Not Determined 

TABLE 1 

Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex 
8- 8- 8- 8- 8- 8- 8- 8- 8- 8 

ple ple ple ple ple ple ple ple ple ple 
A1 A2 A3 A4 AS A6 A7 A8 A9 A1O 

Composition of aqueous polyimide precursor Solution 

1OO 100 1OO 100 100 1OO 100 1OO 100 

1OO 

1OO 100 1OO 100 1OO 
100 

1OO 
100 

1OO 
100 

1.25 1.25 1.25 1.25 1.25 1.25 2.50 2.50 1.25 

1.25 

Aqueous polyimide precursor Solution 

25 50 70 70 70 70 70 70 70 70 

12 8 4 4 4 4 4 4 4 4 

O.9S 1.25 186 O.64 O42 0.75 O.21 O.SO 0.75 O.S8 

9.0 9.1 9.1 9.6 8.7 8.9 8.8 9.4 9.5 8.9 

16.3 35.5 63.0 10.3 32.O 13.5 1.O 1.5 2.0 2.O 

Properties of polyimide 

329 328 333 331 260 32O ND ND ND ND 

7.8 8.6 8.6 8.2 3.5 3.8 ND ND ND ND 

15 16 18 17 30 2O ND ND ND ND 

235 258 278 260 16S 128 ND ND ND ND 

TABLE 2 

Reference Comparative Reference 
Example A1 Example A1 Example A2 

Composition of aqueous polyimide precursor solution 

acid s-BPDA (mol%) 100 1OO 100 
component a-BPDA (mol%) 

PMDA (mol%) 
ODPA (mol%) 

diamine PPD (mol%) 100 1OO 
component ODA (mol%) 

BAPP (mol%) 100 
TPE-OR (mol%) 

imidazole 1,2-DMZ (equivalents) 0.75 1.25 
2E4MZ (equivalents) 
DBU (equivalents) 1.25 
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The mixture was stirred at 60° C. for 2 hours to dissolve these 
compounds in water and provide a homogeneous aqueous 
polyimide precursor Solution. An analysis for the generated 
gases of the aqueous solution by GC-MS revealed that 6.28% 
of DMAc was detected, and the residual organic solvent 
remained in the aqueous solution. 

Ex- Ex- Ex 
8- 8- 8 

ple ple ple 
A11 A12 A13 

1OO 
100 

1OO 
1OO 100 1OO 

1.25 1.25 1.25 

70 70 70 

4 4 4 

O.22 O3S O.45 

8.6 8.7 8.8 

O.8 1.2 73.8 

ND ND ND 

ND ND ND 

ND ND ND 

ND ND ND 

Reference Reference 
Example A3 Example A4 

100 

1OO 

100 1OO 
1.25 

1.25 
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TABLE 2-continued 

Reference 
Example A1 

Comparative 
Example A1 

18 

Reference 
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Reference Reference 
Example A2 Example A3 Example A4 

Aqueous polymide precursor Solution 

polymerization temperature 70 70 
polymerization time 4 4 
inherent viscosity 

solid content (wt %) 
solution viscosity (Pa s) 

Example B1 
0269. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 9.1 wt 
%, a solution viscosity of 63.0 Pas, and an inherent viscosity 
of 1.86. 
0270. An aromatic polyimide seamless belt was prepared 
from the aqueous polyimide precursor Solution composition, 
as described in <Production of Aromatic Polyimide Seamless 
Belt section. 
0271 The results of the state observations and the proper 

ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide seamless belt obtained are 
shown in Table 3. 

Example B2 
0272. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 34.23 g (1.25 equivalents per 
carboxyl group) of 2E4MZ were added thereto, and the mix 
ture was stirred at 25° C. for 1 hour to dissolve these com 
pounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution having a solid content of 9.6 wit 
%, a solution viscosity of 10.3 Pas, and an inherent viscosity 
of 0.64. 
0273. An aromatic polyimide seamless belt was prepared 
from the aqueous polyimide precursor Solution composition, 
as described in <Production of Aromatic Polyimide Seamless 
Belt section. 
0274 The results of the state observations and the proper 

ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide seamless belt obtained are 
shown in Table 3. 

Example B3 
0275. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 20.25 
g (0.101 mol) of ODA and 24.31 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 29.75 g (0.101 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor solution having a solid content of 8.7 wt 
%, a solution viscosity of 32.0 Pas, and an inherent viscosity 
of 0.42. 

70 70 70 
4 4 4 

Aqueous polyimide precursor solution could not be obtained. 
(not homogeneously dissolved) 

0276 An aromatic polyimide seamless belt was prepared 
from the aqueous polyimide precursor Solution composition, 
as described in <Production of Aromatic Polyimide Seamless 
Belt section. 

0277. The results of the state observations and the proper 
ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide seamless belt obtained are 
shown in Table 3. 

Example B4 

0278. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 10.97 
g(0.055 mol) of ODA, 5.92 g (0.055 mol) of PPD and 20.43 
g (1.25 equivalents per carboxyl group) of 1,2-DMZ were 
added thereto, and the mixture was stirred at 25°C. for 1 hour 
to dissolve these compounds in water. Subsequently, 16.12g 
(0.055 mol) of s-BPDA and 16.99 g (0.055 mol) of ODPA 
were added to the resulting solution, and the mixture was 
stirred at 70° C. for 4 hours to provide an aqueous polyimide 
precursor solution having a solid content of 9.1 wt %, a 
solution viscosity of 6.5 Pas, and an inherent viscosity of 
O.50. 

0279 An aromatic polyimide seamless belt was prepared 
from the aqueous polyimide precursor Solution composition, 
as described in <Production of Aromatic Polyimide Seamless 
Belt section. 

0280. The results of the state observations and the proper 
ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide seamless belt obtained are 
shown in Table 3. 

Example B5 

0281. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 14.86 
g(0.074 mol) of ODA, 3.44 g (0.032 mol) of PPD and 20.43 
g (1.25 equivalents per carboxyl group) of 1,2-DMZ were 
added thereto, and the mixture was stirred at 25°C. for 1 hour 
to dissolve these compounds in water. Subsequently, 21.83 g 
(0.074 mol) of s-BPDA and 9.87 g (0.032 mol) of ODPA were 
added to the resulting Solution, and the mixture was stirred at 
70° C. for 4 hours to provide an aqueous polyimide precursor 
solution having a solid content of 9.0 wt %, a solution vis 
cosity of 5.2 Pas, and an inherent viscosity of 0.46. 
0282 An aromatic polyimide seamless belt was prepared 
from the aqueous polyimide precursor Solution composition, 
as described in <Production of Aromatic Polyimide Seamless 
Belt section. 

0283. The results of the state observations and the proper 
ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide seamless belt obtained are 
shown in Table 3. 
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Composition of aqueous polyimide precursor 
Solution composition 

19 

TABLE 3 

Example B1 Example B2 Example B3 Example B4 Example B5 

Jul. 4, 2013 

acid s-BPDA (mol%) 1OO 100 1OO 50 70 
component ODPA (mol%) 50 30 
diamine PPD (mol%) 1OO 100 50 30 

component ODA (mol%) 1OO 50 70 
imidazole 1,2-DMZ (equivalents) 1.25 1.25 1.25 1.25 

2E4MZ (equivalents) 1.25 
Aqueous polyimide precursor solution composition 

polymerization temperature 70 70 70 70 70 
polymerization time 4 4 4 4 4 
inherent viscosity 186 O.64 O.42 OSO O46 

solid content (wt %) 9.1 9.6 8.7 9.1 9.0 
solution viscosity (Pas) 63.0 10.3 32.O 6.5 5.2 

Aromatic polyimide seamless belt 

state observation O O O O O 
tensile elastic modulus (GPa.) 7.8 7.5 3.4 4.5 3.9 
tensile elongation at break (%) 18 16 28 18 27 
tensile strength at break (MPa) 245 240 160 16S 154 

Example C1 0288 The properties of the binder resin composition for 

0284. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 25°C. for 12 hours to provide an aqueous binder 
resin solution composition for electrodes having a Solid con 
tent of 9.0 wt %, a solution viscosity of 16.3 Pas, and an 
inherent viscosity of 0.95. 
0285. The properties of the binder resin composition for 
electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 

0286. In a mortar, 8.89 g of the binder resin composition 
for electrodes obtained (solid content after imidization: 0.8 g) 
and 9.2 g of 300 mesh silicon powder were ground and 
kneaded to provide an electrode mixture paste. The obtained 
paste was capable of being spread on a copperfoil with a glass 
rod. The copper foil on which the paste was applied was fixed 
on a substrate, and heated at 120° C. for 1 hour, 200° C. for 10 
minutes, 220° C. for 10 minutes, and then 250° C. for 10 
minutes in a nitrogen atmosphere, to Suitably provide an 
electrodehaving an active material layer thickness of 100 um. 

Example C2 

0287. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 50° C. for 8 hours to provide an aqueous binder 
resin solution composition for electrodes having a Solid con 
tent of 9.1 wt %, a solution viscosity of 35.5 Pas, and an 
inherent viscosity of 1.25. 

electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 
0289 An electrode was suitably prepared from the binder 
resin composition for electrodes obtained in the same way as 
in Example C1. 

Example C3 

0290. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous binder 
resin solution composition for electrodes having a solid con 
tent of 9.1 wt %, a solution viscosity of 63.0 Pas, and an 
inherent viscosity of 1.86. 
0291. The properties of the binder resin composition for 
electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 
0292 An electrode was suitably prepared from the binder 
resin composition for electrodes obtained in the same way as 
in Example C1. 

Example C4 

0293. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 34.23 g (1.25 equivalents per 
carboxyl group) of 2E4MZ were added thereto, and the mix 
ture was stirred at 25° C. for 1 hour to dissolve these com 
pounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous binder 
resin solution composition for electrodes having a solid con 
tent of 9.6 wt %, a solution viscosity of 10.3 Pas, and an 
inherent viscosity of 0.64. 
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0294 The properties of the binder resin composition for 
electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 
0295) An electrode was suitably prepared from the binder 
resin composition for electrodes obtained in the same way as 
in Example C1. 

Example C5 
0296. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 10.97 
g(0.055 mol) of ODA, 5.92 g (0.055 mol) of PPD and 20.43 
g (1.25 equivalents per carboxyl group) of 1,2-DMZ were 
added thereto, and the mixture was stirred at 25°C. for 1 hour 
to dissolve these compounds in water. Subsequently, 16.12g 
(0.055 mol) of s-BPDA and 16.99 g (0.055 mol) of ODPA 
were added to the resulting solution, and the mixture was 
stirred at 70° C. for 4 hours to provide an aqueous binder resin 
Solution composition for electrodes having a solid content of 
9.1 wt %, a solution viscosity of 6.5 Pas, and an inherent 
viscosity of 0.50. 
0297. The properties of the binder resin composition for 
electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 
0298 An electrode was suitably prepared from the binder 
resin composition for electrodes obtained in the same way as 
in Example C1. 

Example C6 

0299. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 14.86 
g(0.074 mol) of ODA, 3.44 g (0.032 mol) of PPD and 20.43 
g (1.25 equivalents per carboxyl group) of 1,2-DMZ were 
added thereto, and the mixture was stirred at 25°C. for 1 hour 
to dissolve these compounds in water. Subsequently, 21.83 g 
(0.074 mol) of s-BPDA and 9.87 g (0.032 mol) of ODPA were 
added to the resulting Solution, and the mixture was stirred at 
70° C. for 4 hours to provide an aqueous binder resin solution 
composition for electrodes having a solid content of 9.0 wt %, 
a solution viscosity of 5.2 Pas, and an inherent viscosity of 
0.46. 
0300. The properties of the binder resin composition for 
electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 

Composition of binder resin composition for electrodes 

acid s-BPDA (mol%) 
component ODPA (mol%) 
diamine PPD (mol%) 

component ODA (mol%) 
MPD (mol%) 

imidazole 1.2-DMZ (equivalents) 
2E4MZ (equivalents) 

Binder resin composition for electrodes 

polymerization temperature 
polymerization time 
inherent viscosity 

solid content (wt %) 
solution viscosity (Pas) 
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0301 An electrode was suitably prepared from the binder 
resin composition for electrodes obtained in the same way as 
in Example C1. 

Example C7 

0302) In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 20.25 
g (0.101 mol) of ODA and 24.31 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 29.75 g (0.101 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous binder 
resin solution composition for electrodes having a solid con 
tent of 8.7 wt %, a solution viscosity of 32.0 Pas, and an 
inherent viscosity of 0.42. 
0303. The properties of the binder resin composition for 
electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 
0304. An electrode was suitably prepared from the binder 
resin composition for electrodes obtained in the same way as 
in Example C1. 

Example C8 

0305. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of MPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous binder 
resin solution composition for electrodes having a solid con 
tent of 8.9 wt %, a solution viscosity of 13.5 Pas, and an 
inherent viscosity of 0.75. 
0306 The properties of the binder resin composition for 
electrodes and the polyimide binder for electrodes obtained 
are shown in Table 4. 

0307 An electrode was suitably prepared from the binder 
resin composition for electrodes obtained in the same way as 
in Example C1. 

TABLE 4 

Ex- Ex- Ex- Ex- Ex- Ex- Ex- Ex 
8- 8- 8- 8- 8- 8- 8- 8 

ple C1 ple C2 ple C3 ple C4 ple C5 ple C6 ple C7 ple C8 

1OO 100 1OO 100 50 70 100 1OO 
50 30 

1OO 100 1OO 100 50 30 
50 70 100 

1OO 
1.25 1.25 1.25 1.25 1.25 1.25 1.25 

1.25 

25 50 70 70 70 70 70 70 
12 8 4 4 4 4 4 4 
O.9S 1.25 186 O.64 OSO O46 O42 0.75 
9.0 9.1 9.1 9.6 9.1 9.0 8.7 8.9 

16.3 35.5 63.0 10.3 6.5 5.2 32.O 13.5 
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TABLE 4-continued 

Ex- Ex 
8- 8 

ple C1 ple C2 ple C3 

Properties of polyimide binder for electrodes 

glass transition point (C.) 329 328 
tensile elastic modulus (GPa.) 7.8 8.6 
tensile elongation at break (%) 15 16 
tensile strength at break (MPa) 235 258 

DMC Swelling rate (%) 1.5 1.4 
lithium methoxide solution Swelling rate (%) O.8 0.7 

Example D1 

0308. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution composition having a solid con 
tent of 9.1 wt %, a solution viscosity of 63.0 Pas, and an 
inherent viscosity of 1.86. 
0309 An aqueous polyimide precursor solution composi 
tion obtained was applied on a glass plate as a substrate with 
a bar coater. The resulting coating film was deaerated and 
predried at 25° C. for 30 minutes under reduced pressure. 
Subsequently, the predried coating film was placed into a hot 
air dryer and heated at 80° C. for 30 minutes, 120° C. for 30 
minutes, 200° C. for 10 minutes, and then 250° C. for 10 
minutes under atmospheric pressure, to provide a polyimide 
film having a thickness of 10 um. 
0310. The results of the state observations and the proper 

ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide substrate for flexible devices 
obtained are shown in Table 5. 

Example D2 

0311. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of PPD and 34.23 g (1.25 equivalents per 
carboxyl group) of 2E4MZ were added thereto, and the mix 
ture was stirred at 25° C. for 1 hour to dissolve these com 
pounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution composition having a solid con 
tent of 9.6 wt %, a solution viscosity of 10.3 Pas, and an 
inherent viscosity of 0.64. 
0312 An aqueous polyimide precursor Solution composi 
tion obtained was applied on a glass plate as a Substrate with 
a bar coater. The resulting coating film was deaerated and 
predried at 25° C. for 30 minutes under reduced pressure. 
Subsequently, the predried coating film was placed into a hot 
air dryer and heated at 80° C. for 30 minutes, 120° C. for 30 
minutes, 200° C. for 10 minutes, and then 250° C. for 10 
minutes under atmospheric pressure, to provide a polyimide 
film having a thickness of 10 um. 
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Ex- Ex- Ex- Ex- Ex- Ex 
8- 8- 8- 8- 8 

ple C4 ple C5 ple C6 ple C7 ple C8 

333 331 26S 260 260 32O 
8.6 8.2 4.5 3.9 3.5 3.8 

18 17 18 27 30 2O 
278 260 16S 154 16S 128 

1.5 1.5 O.8 0.7 1.O 1.2 
O.8 0.7 0.4 O.2 O6 0.7 

0313 The results of the state observations and the proper 
ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide substrate for flexible devices 
obtained are shown in Table 5. 

Example D3 
0314. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 20.25 
g (0.101 mol) of ODA and 24.31 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 29.75 g (0.101 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution composition having a Solid con 
tent of 8.7 wt %, a solution viscosity of 32.0 Pas, and an 
inherent viscosity of 0.42. 
0315. An aqueous polyimide precursor solution composi 
tion obtained was applied on a glass plate as a Substrate with 
a bar coater. The resulting coating film was deaerated and 
predried at 25° C. for 30 minutes under reduced pressure. 
Subsequently, the predried coating film was placed into a hot 
air dryer and heated at 80° C. for 30 minutes, 120° C. for 30 
minutes, 200° C. for 10 minutes, and then 250° C. for 10 
minutes under atmospheric pressure, to provide a polyimide 
film having a thickness of 10 um. 
0316 The results of the state observations and the proper 
ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide substrate for flexible devices 
obtained are shown in Table 5. 

Example D4 

0317. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 10.97 
g(0.055 mol) of ODA, 5.92 g (0.055 mol) of PPD and 20.43 
g (1.25 equivalents per carboxyl group) of 1,2-DMZ were 
added thereto, and the mixture was stirred at 25°C. for 1 hour 
to dissolve these compounds in water. Subsequently, 16.12g 
(0.055 mol) of s-BPDA and 16.99 g (0.055 mol) of ODPA 
were added to the resulting solution, and the mixture was 
stirred at 70° C. for 4 hours to provide an aqueous polyimide 
precursor Solution composition having a solid content of 9.1 
wt %, a solution viscosity of 6.5 Pas, and an inherent viscos 
ity of 0.50. 
0318. An aqueous polyimide precursor Solution composi 
tion obtained was applied on a glass plate as a Substrate with 
a bar coater. The resulting coating film was deaerated and 
predried at 25° C. for 30 minutes under reduced pressure. 
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Subsequently, the predried coating film was placed into a hot 
air dryer and heated at 80° C. for 30 minutes, 120° C. for 30 
minutes, 200° C. for 10 minutes, and then 250° C. for 10 
minutes under atmospheric pressure, to provide a polyimide 
film having a thickness of 10 um. 
0319. The results of the state observations and the proper 

ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide substrate for flexible devices 
obtained are shown in Table 5. 

Example D5 
0320 In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 
tube was placed 450 g of water as a solvent. And then, 14.86 
g(0.074 mol) of ODA, 3.44 g (0.032 mol) of PPD and 20.43 
g (1.25 equivalents per carboxyl group) of 1,2-DMZ were 
added thereto, and the mixture was stirred at 25°C. for 1 hour 
to dissolve these compounds in water. Subsequently, 21.83 g 
(0.074 mol) of s-BPDA and 9.87 g (0.032 mol) of ODPA were 
added to the resulting Solution, and the mixture was stirred at 
70° C. for 4 hours to provide an aqueous polyimide precursor 
solution composition having a solid content of 9.0 wt %, a 
solution viscosity of 5.2 Pas, and an inherent viscosity of 
0.46. 
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tube was placed 450 g of water as a solvent. And then, 13.44 
g (0.124 mol) of MPD and 29.87 g (1.25 equivalents per 
carboxyl group) of 1,2-DMZ were added thereto, and the 
mixture was stirred at 25° C. for 1 hour to dissolve these 
compounds in water. Subsequently, 36.56 g (0.124 mol) of 
s-BPDA was added to the resulting solution, and the mixture 
was stirred at 70° C. for 4 hours to provide an aqueous 
polyimide precursor Solution composition having a Solid con 
tent of 8.9 wt %, a solution viscosity of 13.5 Pas, and an 
inherent viscosity of 0.75. 
0324 
tion obtained was applied on a glass plate as a Substrate with 
a bar coater. The resulting coating film was deaerated and 
predried at 25° C. for 30 minutes under reduced pressure. 
Subsequently, the predried coating film was placed into a hot 
air dryer and heated at 80° C. for 30 minutes, 120° C. for 30 
minutes, 200° C. for 10 minutes, and then 250° C. for 10 
minutes under atmospheric pressure, to provide a polyimide 
film having a thickness of 10 um. 
0325 The results of the state observations and the proper 
ties evaluations of the aqueous polyimide precursor Solution 

An aqueous polyimide precursor Solution composi 

0321. An aqueous polyimide precursor Solution composi- composition and the polyimide substrate for flexible devices 
tion obtained was applied on a glass plate as a Substrate with obtained are shown in Table 5. 

TABLE 5 

Exam- Exam- Exam- Exam- Exam- Exam 
ple D1 ple D2 ple D3 ple D4 ple D5 ple D6 

Composition of aqueous polyimide precursor Solution 

acid component s-BPDA (mol%) 1OO 100 1OO 50 70 1OO 
ODPA (mol%) 50 30 

diamine PPD (mol%) 1OO 100 50 30 
component ODA (mol%) 1OO 50 70 

MPD (mol%) 1OO 
imidazole 1.2-DMZ (equivalents) 1.25 1.25 1.25 1.25 1.25 

2E4MZ (equivalents) 1.25 
Aqueous polyimide precursor solution 

polymerization temperature 70 70 70 70 70 70 
polymerization time 4 4 4 4 4 4 
inherent viscosity 186 O.64 O42 OSO O46 0.75 

solid content (wt %) 9.1 9.6 8.7 9.1 9.0 8.9 
solution viscosity (Pas) 63.0 10.3 32.O 6.5 5.2 13.5 

Properties of substrate for flexible devices 

state observation O O O O O O 
glass transition point (C.) 333 331 260 26S 260 32O 

tensile elastic modulus (GPa.) 9.1 8.9 3.9 4.5 4.1 3.8 
tensile elongation at break (%) 12 11 25 28 35 2O 
tensile strength at break (MPa) 255 245 175 185 198 128 

a bar coater. The resulting coating film was deaerated and 
predried at 25° C. for 30 minutes under reduced pressure. 
Subsequently, the predried coating film was placed into a hot 
air dryer and heated at 80° C. for 30 minutes, 120° C. for 30 
minutes, 200° C. for 10 minutes, and then 250° C. for 10 
minutes under atmospheric pressure, to provide a polyimide 
film having a thickness of 10 um. 
0322 The results of the state observations and the proper 

ties evaluations of the aqueous polyimide precursor Solution 
composition and the polyimide substrate for flexible devices 
obtained are shown in Table 5. 

Example D6 
0323. In a 500 mL (internal volume) glass reaction vessel 
equipped with a stirrer and a nitrogen-gas charging/discharge 

INDUSTRIAL APPLICABILITY 

0326. According to the present invention, there may be 
provided a method for easily producing an aqueous polyim 
ide precursor Solution composition, which has higher envi 
ronmental acceptability, without the need for a solvent other 
than water. According to the production method, an aqueous 
polyimide precursor Solution composition having an 
extremely low organic solvent content, particularly an aque 
ous polyimide precursor Solution composition comprising an 
aqueous solvent which contains no organic solvent, may be 
very easily (directly) produced. 
0327. According to the present invention, there may be 
provided an aqueous polyimide precursor Solution composi 
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tion which comprises an aqueous solvent and has good envi 
ronmental acceptability, and may provides an aromatic poly 
imide having high crystallinity and having excellent 
properties such as heat resistance, mechanical strength, elec 
trical properties, and solvent resistance, and preferably com 
prises a polyimide precursor having a high molecular weight 
and a solvent containing no organic solvent other than water. 
0328. According to the present invention, there may be 
provided a method for producing an aromatic polyimide 
seamless belt using an aqueous polyimide precursor Solution 
composition which comprises an aqueous solvent and has 
good environmental acceptability. Moreover, the seamless 
belt of the aromatic polyimide which is obtained according to 
the production method of the present invention may prefer 
ably have high crystallinity and have excellent properties 
Such as heat resistance, mechanical strength, electrical prop 
erties, and solvent resistance, and therefore may be suitably 
used as an intermediate transfer seamless belt or a fixing 
seamless belt of an electrophotographic device. 
0329. According to the present invention, there may be 
also provided a binder resin composition for electrodes which 
comprises an aqueous solvent and has good environmental 
acceptability. Moreover, the aromatic polyimide obtained 
from the binder resin composition for electrodes may have 
high crystallinity and have excellent properties such as heat 
resistance, mechanical strength, electrical properties, and sol 
vent resistance, and have a low degree of swelling in a battery 
environment, and have excellent toughness. 
0330. According to the present invention, there may be 
also provided a polyimide precursor resin composition for 
flexible device Substrates, which comprises an aqueous sol 
vent and has good environmental acceptability. Moreover, the 
aromatic polyimide substrate for flexible device which is 
obtained according to the present invention may preferably 
have high crystallinity and have excellent properties such as 
heat resistance, mechanical strength, low linear expansion, 
electrical properties, and solvent resistance, and therefore 
may be suitably used, for example, as a substrate for flexible 
device which is a display device such as Substrates for a liquid 
crystal display, an organic EL display and an electronic paper, 
and as a substrate for flexible device which is a light-receiving 
device such as a substrate for a thin-film solar cell. 

1. A method for producing an aqueous polyimide precursor 
Solution composition, comprising reacting a tetracarboxylic 
dianhydride and a diamine, which has a solubility in water at 
25° C. of 0.1 g/L or more, in the presence of an imidazole 
using water as a reaction solvent to provide an aqueous poly 
imide precursor Solution composition. 

2. The method for producing an aqueous polyimide pre 
cursor Solution composition as claimed in claim 1, wherein 
the amount of the imidazole is 1.6 mole or more per mole of 
the tetracarboxylic dianhydride. 

3. The method for producing an aqueous polyimide pre 
cursor Solution composition as claimed in claim 1, wherein 
the imidazole has two or more alkyl groups as Substituents. 

4. The method for producing an aqueous polyimide pre 
cursor Solution composition as claimed in claim 3, wherein 
the imidazole is selected from the group consisting of 1.2- 
dimethylimidazole, 2-ethyl-4-methylimidazole, 4-ethyl-2- 
methylimidazole, and 1-methyl-4-ethylimidazole. 

5. The method for producing an aqueous polyimide pre 
cursor Solution composition as claimed in claim 1, wherein 
the polyimide precursor has an inherent viscosity of 0.2 or 
O. 
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6. An aqueous polyimide precursor Solution composition, 
wherein 

a polyamic acid formed by the reaction of a tetracarboxylic 
dianhydride and a diamine, which has a solubility in 
water at 25°C. of 0.1 g/L or more, is dissolved in an 
aqueous solvent together with an imidazole, and 

the aqueous polyimide precursor Solution composition has 
an organic solvent content of less than 5%. 

7. The aqueous polyimide precursor Solution composition 
as claimed in claim 6, wherein the aqueous polyimide pre 
cursor Solution composition contains substantially no organic 
solvent. 

8. An aqueous polyimide precursor Solution composition, 
wherein 

a polyamic acid, which is formed by the reaction of a 
tetracarboxylic acid component and a diamine compo 
nent, and consists of a repeating unit represented by the 
following formula (1), is dissolved in an aqueous solvent 
together with an imidazole having two or more alkyl 
groups as Substituents in an amount of 1.6 mole or more 
per mole of the tetracarboxylic acid component of the 
polyamic acid. 

HOOC C-N-B 

N/ 
/ N 

COOH 

H. O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid having two to three aromatic rings, from 
which carboxyl groups have been removed, and B represents 
a divalent group of an aromatic diamine having one to two 
aromatic rings and having a solubility in water at 25°C. of 0.1 
g/L or more, from which amino groups have been removed. 

9. The aqueous polyimide precursor Solution composition 
as claimed in claim 8, wherein the 'A' group in the formula 
(1) is any one or more of the groups represented by the 
following formulas (2) to (7). 

Formula (1) 

Formula (2) 

Formula (3) 

DO O OC 
Formula (4) 

O 

Formula (5) 
O 

OOC C 
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-continued 
Formula (6) 

Formula (7) 

10. The aqueous polyimide precursor Solution composition 
as claimed in claim 8, wherein the “B” group in the formula 
(1) is any one or more of the groups represented by the 
following formulas (8) to (9). 

Formula (8) 

Formula (9) 

11. The aqueous polyimide precursor Solution composition 
as claimed in claim 8, wherein the aqueous polyimide pre 
cursor Solution composition has an organic solvent content of 
less than 5%. 

12. A method for producing an aromatic polyimide seam 
less belt, comprising: 

heating an aqueous polyimide precursor Solution compo 
sition, in which a polyamic acid, which is formed by the 
reaction of a tetracarboxylic acid component and a 
diamine component, and consists of a repeating unit 
represented by the following formula (1), is dissolved in 
an aqueous solvent together with an imidazole in an 
amount of 1.6 mole or more per mole of the tetracar 
boxylic acid component of the polyamic acid. 

Formula (1) 
O H 

HOOC | B 
N/ 

YCOOH 
H. O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid, from which carboxyl groups have been 
removed, and B represents a divalent group of an aromatic 
diamine having a solubility in water at 25°C. of 0.1 g/L or 
more, from which amino groups have been removed. 

13. A binder resin composition for electrodes, wherein 
a polyamic acid, which is formed by the reaction of a 

tetracarboxylic acid component and a diamine compo 
nent, and consists of a repeating unit represented by the 
following formula (1), is dissolved in an aqueous solvent 
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together with an imidazole in an amount of 1.6 mole or 
more per mole of the tetracarboxylic acid component of 
the polyamic acid. 

HOOC C-N-B 

NY 
/ N 

COOH 

H. O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid, from which carboxyl groups have been 
removed, and B represents a divalent group of an aromatic 
diamine having a solubility in water at 25°C. of 0.1 g/L or 
more, from which amino groups have been removed. 

14. An electrode mixture paste comprising an electrode 
active material and a binder resin composition for electrodes 
as claimed in claim 13. 

15. An electrode produced by applying an electrode mix 
ture paste as claimed in claim 14 onto a current collector, and 
then heating the electrode mixture paste to remove a solvent 
and effect imidization. 

16. A polyimide precursor resin composition for flexible 
device substrates, wherein 

a polyamic acid, which is formed by the reaction of a 
tetracarboxylic acid component and a diamine compo 
nent, and consists of a repeating unit represented by the 
following formula (1), is dissolved in an aqueous solvent 
together with an imidazole in an amount of 1.6 mole or 
more per mole of the tetracarboxylic acid component of 
the polyamic acid. 

Formula (1) 

Formula (1) 
O H 

HOOC | B 
N/ 
\ 

COOH 

H. O 

wherein A represents a tetravalent group of an aromatic tet 
racarboxylic acid, from which carboxyl groups have been 
removed, and B represents a divalent group of an aromatic 
diamine having a solubility in water at 25°C. of 0.1 g/L or 
more, from which amino groups have been removed. 

17. A method for producing a flexible device which is a 
display device or a light-receiving device, comprising: 

applying a polyimide precursor resin composition for flex 
ible device substrates as claimed in claim 16 onto a 
carrier Substrate, and then heating the composition to 
form a solid polyimide resin film; 

forming a circuit on the polyimide resin film; and 
separating the polyimide resin film on which the circuit is 

formed from the carrier substrate. 
18. A flexible device produced by a method for producing 

a flexible device as claimed in claim 17, wherein the flexible 
device is a display device or a light-receiving device. 

k k k k k 


