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or lower (see, for example, Patent Document 4). 
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[0005] 
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SUMMARY 

PROBLEMS TO BE SOLVED 

[0006] 

 However, even a polyimide resin improved in adhesion force 

cannot be pressure bonded to another substrate at room temperature 

and therefore cannot be used as an adhesive. 

[0007] 

 In view of such situations, it is an object of the 

embodiments disclosed herein to provide a polyimide resin that 

generates no volatiles due to decomposition or the like even at 

high temperatures of 250°C or higher and exhibits satisfactory 

adhesiveness at room temperature, and also provide an adhesive 

resin and an adhesive resin laminated film using the same.
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SOLUTIONS TO THE PROBLEMS 

[0008] 

 That is, the present disclosure is directed to a polyimide 

resin having at least a tetracarboxylic dianhydride residue and 

a di-amine residue and having a glass transition temperature 

of 30°C or lower, wherein a residue of a polysiloxane di-amine 

represented by general formula (1) is contained as the di-amine 

residue. 

[0009] 

[Chemical Formula 1] 

 

[0010] 

 n is a natural number and the average calculated from the 

average molecular weight of the polysiloxane di-amine is within 

the range of from 5 to 30.  R
1
 and R

2
 may be the same or different 

and each represent an alkylene group having 1 to 30 carbon atoms 

or a phenylene group.  R
3
 to R

6
 may be the same or different and 

each represent an alkylene group having 1 to 30 carbon atoms, 

a phenyl group, or a phenoxy group. 

[0010a]  

In an aspect, there is provided a polyimide resin having at least 
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a tetracarboxylic dianhydride residue and a di-amine residue 

and having a glass transition temperature of 30°C or lower, 

wherein a residue of a polysiloxane di-amine represented by 

general formula (1) is contained as the di-amine residue, 

[Chemical Formula 1] 

 

wherein n is a natural number and the average calculated from 

the average molecular weight of the polysiloxane di-amine is 

within the range of from 5 to 30; R
1
 and R

2
 may be the same or 

different and each represent an alkylene group having 1 to 30 

carbon atoms or a phenylene group; R
3
 to R

6
 may be the same or 

different and each represent an alkylene group having 1 to 30 

carbon atoms, a phenyl group, or a phenoxy group, 

 wherein the residue of the polysiloxane di-amine 

represented by general formula (1) is contained as the di-amine 

residue in an amount of 70 mol% or more of all di-amine residues, 

and 

 wherein the polysiloxane di-amine represented by 

generalformula (1) is one or more selected from the group 

consisting of: 

α,ω-bis(3-aminopropyl)polydimethylsiloxane, 
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α,ω-bis(3-aminopropyl)polydiethylsiloxane, 

α,ω-bis(3-aminopropyl)polydipropylsiloxane, 

α,ω-bis(3-aminopropyl)polydibutylsiloxane, 

α,ω-bis(3-aminopropyl)polydiphenoxysiloxane, 

α,ω-bis(2-aminoethyl)polydimethylsiloxane, 

α,ω-bis(2-aminoethyl)polydiphenoxysiloxane, 

α,ω-bis(4-aminobutyl)polydimethylsiloxane, 

α,ω-bis(4-aminobutyl)polydiphenoxysiloxane, 

α,ω-bis(5-aminopentyl)polydimethylsiloxane, 

α,ω-bis(5-aminopentyl)polydiphenoxysiloxane, 

α,ω-bis(4-aminophenyl)polydimethylsiloxane, and 

α,ω-bis(4-aminophenyl)polydiphenoxysiloxane. 

[0010b] 

In another aspect, there is provided a resin composition 

comprising at least the polyimide resin as defined above. 

[0010c] 

In another aspect, there is provided a laminated film in which 

the resin composition as defined above is laminated on at least 

one side of a heat-resistant insulation film. 

[0010d] 

In another aspect, there is provided a laminated film as defined 

above, wherein a release treated film is further laminated on 

the surface of the laminated resin composition. 

EFFECTS 

[0011]
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 According to the present disclosure, there can be 

provided a highly heat-resistant polyimide resin that exhibits 

good adhesiveness at room temperature and is prevented from 

generation of volatiles due to decomposition or the like even 

at high temperatures equal to or higher than 250°C, and an 

adhesive resin and an adhesive resin-laminated film using the 

same. 

EMBODIMENTS OF THE INVENTION 

[0012] 

 The polyimide resin of the present invention can be used 

in the form of an adhesive laminated film or an adhesive 

laminated substrate by being laminated to a heat-resistant 

insulation film, a glass substrate, or the like. 

[0013] 

 The glass transition temperature of the polyimide resin 

of the present invention is 30°C or lower, and preferably 20°C 

or lower.  If the glass transition temperature is 30°C or lower, 

satisfactory adhesiveness is exhibited when a substrate, which 

serves as an adherend, is pressure bonded to an adhesive film 

formed using the polyimide resin of the present invention.  The 

lower limit of the glass transition temperature, which is not 

particularly limited, is preferably -30°C or higher, and more 

preferably is -20°C or higher.  If the glass transition 

temperature is -30°C or higher, moderate tackiness is exhibited, 

so that, for example, a release treated protective film can be 
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1,3,3a,4,5,9b-hexahydro-5-(tetrahydro-2,5-dioxo-3-furanyl)-

naphtho[1,2-C]furan-1,3-dione.  The tetracarboxylic 

dianhydride may be used either singly or in a combination of 

two or more thereof. 

[0033] 

 The molecular weight of the polyimide resin of the present 

invention can be adjusted by using the tetracarboxylic acid 

component and the di-amine component for synthesis in an 

equimolar amount or using one of them in excess.  It is also 

possible to use either the tetracarboxylic acid component or 

the di-amine component in excess and to cap an end of a polymer 

chain with an end cap compound such as an acid component or an 

amine component.  A dicarboxylic acid or its anhydride is 

preferably used as the end cap compound for the acid component, 

and a monoamine is preferably used as the end cap compound for 

the amine component.  At this time, it is preferred to adjust 

the acid equivalent of a tetracarboxylic acid component and the 

amine equivalent of a di-amine component including the end cap 

compound for the acid component or the amine component to be 

equimolar with each other. 

[0034] 

 When the mole ratio is adjusted so that the 

tetracarboxylic acid component is excess or the di-amine 

component is excess, a dicarboxylic acid or an anhydride thereof 

and a monoamine, such as benzoic acid, phthalic anhydride, 
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Example 4 PA-6 100 -12 25 315 

Comparative 

Example 1 
PA-1 20 190 0 420 

Comparative 

Example 2 
PA-2 55 43 0 384 

[0077] 

 As in Examples, when the content of the polysiloxane 

di-amine was adjusted to 60 mol% or more, the glass transition 

temperature of the polyimide resin was 30°C or lower and good 

adhesiveness was exhibited.  In addition, the thermal 

decomposition onset temperature was 300°C or higher and high 

heat resistance was exhibited.  In Comparative Examples, 

adhesiveness was not developed because the glass transition 

temperature was higher than 30°C. 

[0078] 

Example 5 

 A polyimide laminated glass substrate was obtained by 

performing the same operations as in Example 1 except that the 

polyamic acid resin solution was changed to PA-9. 

[0079] 

 The adhesive force of the resulting polyimide laminated 

glass substrate, and the glass transition temperature and the 

thermal decomposition onset temperature of the polyimide resin 

were summarized in Table 4. 

[0080] 

Comparative Examples 3 and 4 

 Each of polyimide laminated glass substrates was obtained 

by performing the same operations as in Example 1 except that 
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the polyamic acid resin solution was changed as shown in Table 

4. 

[0081] 

 The adhesive force of each of the resulting polyimide 

laminated glass substrates, and the glass transition 

temperature and the thermal decomposition onset temperature of 

each of the polyimide resins were summarized in Table 4. 

[0082] 

Comparative Examples 5 and 6 

 Due to the occurrence of gelation of each of the polyamic 

acid resin solutions (PA-10 and PA-11), measuring of adhesive 

force, glass transition temperature, and thermal decomposition 

onset temperature was not possible. 

[0083] 

[Table 4] 

 

Polyamic 

acid resin 

solution 

n in 

general 

formula 

(1) 

Glass 

transition 

temperature 

(°C) 

Adhesive 

force 

(g/cm) 

Thermal 

decomposition 

onset 

temperature (°C) 

Example 2 PA-4 9 10 12 340 

Example 5 PA-9 19 10 11 341 

Comparative 

Example 3 
PA-7 1 105 0 361 

Comparative 

Example 4 
PA-8 3 64 0 357 

Comparative 

Example 5 
PA-10 37 Not measurable 

Comparative 

Example 6 
PA-11 57 Not measurable 

[0084] 

 In Examples in which n in general formula (1) was 5 to 

30, the glass transition temperature of each of the polyimide 
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CLAIMS 

1. A polyimide resin having at least a tetracarboxylic 

dianhydride residue and a di-amine residue and having a glass 

transition temperature of 30°C or lower, wherein a residue of 

a polysiloxane di-amine represented by general formula (1) is 

contained as the di-amine residue, 

[Chemical Formula 1] 

 

wherein n is a natural number and the average calculated from 

the average molecular weight of the polysiloxane di-amine is 

within the range of from 5 to 30; R
1
 and R

2
 may be the same or 

different and each represent an alkylene group having 1 to 30 

carbon atoms or a phenylene group; R
3
 to R

6
 may be the same or 

different and each represent an alkylene group having 1 to 30 

carbon atoms, a phenyl group, or a phenoxy group, 

 wherein the residue of the polysiloxane di-amine 

represented by general formula (1) is contained as the di-amine 

residue in an amount of 70 mol% or more of all di-amine residues, 

and 

 wherein the polysiloxane di-amine represented by general 
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formula (1) is one or more selected from the group consisting 

of: 

α,ω-bis(3-aminopropyl)polydimethylsiloxane, 

α,ω-bis(3-aminopropyl)polydiethylsiloxane, 

α,ω-bis(3-aminopropyl)polydipropylsiloxane, 

α,ω-bis(3-aminopropyl)polydibutylsiloxane, 

α,ω-bis(3-aminopropyl)polydiphenoxysiloxane, 

α,ω-bis(2-aminoethyl)polydimethylsiloxane, 

α,ω-bis(2-aminoethyl)polydiphenoxysiloxane, 

α,ω-bis(4-aminobutyl)polydimethylsiloxane, 

α,ω-bis(4-aminobutyl)polydiphenoxysiloxane, 

α,ω-bis(5-aminopentyl)polydimethylsiloxane, 

α,ω-bis(5-aminopentyl)polydiphenoxysiloxane, 

α,ω-bis(4-aminophenyl)polydimethylsiloxane, and 

α,ω-bis(4-aminophenyl)polydiphenoxysiloxane. 

2. The polyimide resin according to claim 1, wherein a 

residue of an aromatic di-amine is further contained as the 







ABSTRACT 

An object is to provided a polyimide resin that is 

prevented from generation of volatiles due to decomposition or 

the like even at high temperatures equal to or higher than 250°C 

and has good adhesiveness, and a resin composition and a 

laminated film using the same. Provided is a polyimide resin 

having at least a tetracarboxylic dianhydride residue and a 

di-amine residue and having a glass transition temperature of 

30°C or lower, wherein a residue of a polysiloxane di-amine 

represented by general formula (1) is contained as the di-amine 

residue, 

Ra Rs 
I I 

H2N-R1 -(SiO)n-Si-R2 -NH2 ( 1) 

I I 
R4 R6 

wherein n is a natural number and the average calculated from 

the average molecular weight of the polysiloxane di-amine is 

within the range of from 5 to 3 O; R1 and R2 may be the same or 

different and each represent an alkylene group having 1 to 30 

carbon atoms or a phenylene group; R3 to R6 may be the same or 

different and each represent an alkylene group having 1 to 30 

carbon atoms, a phenyl group, or a phenoxy group. 
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