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between the acid anhydride group in the dianhydride and the amino group in the multivalent amine 

compound or diamine compound is adjusted to one. 

[0005]  

In the methods described in Patent documents 1 and 2, the degree of polymerization of polyamic 

acid is controlled by changing the molar ratio between the acid dianhydride and the diamine 

compound to allow the viscosity of the varnish to be adjusted appropriately. In addition, the diamine 

added reacts with the polyamic acid during curing of coat film, thereby providing a polyimide with 

a high degree of polymerization. 

 

Prior Art Documents  

Patent Documents  

[0006]  

Patent document 1: Japanese Unexamined Patent Publication (Kokai) No. 2001-31764 

Patent document 2: Japanese Unexamined Patent Publication (Kokai) No. 2009-109588 

Summary 

Problems to be Solved 

[0007]  

However, the problems described below still remain unsolved by the methods proposed in Patent 

documents 1 and 2. In Patent document 1, it is essential to cap the chain end of the polyamic acid by 

reacting the acid anhydride terminal group with water or alcohol and it is necessary to take 

measures to prevent a reaction with the diamine added. In Patent document 2, furthermore, it is 

necessary to protect the amino group with t-butyloxycarbonyl group and there is the disadvantage 

that the protected diamine tends to precipitate in the varnish because it contains urea bonds with a 

high cohesive force. 

[0008]  

An object of the embodiments disclosed herein is to solve the above problem. Specifically, it aims 

to provide a polyamic acid resin composition that can form a varnish with a low viscosity and 

serves to produce, through curing, coat film with good mechanical characteristics. It also aims to 

provide a polyamic acid resin composition in which the acid anhydride terminal group is low in 

reactivity with diamine and which can give a varnish that does not suffer significant precipitation of 

diamine. 

Means of Solving the Problems  

[0008a] 

In a first aspect, there is provided a polyamic acid resin composition comprising (a) polyamic acid 

and (b) a compound as represented by chemical formula (1):  

 

 (1)Z V
k



2a 

 

wherein Z is a di- or higher-valent organic group containing 2 or more carbon atoms, V is a 

structure as represented by chemical formula (2), and k is an integer of 2 or more:  

 

 

 

 

 

Wherein δ represents oxygen or sulfur atom and W represents an electron-withdrawing group, and 

R
11

 and R
12

 represent independently a hydrogen atom or a hydrocarbon group containing 1 to 10 

carbon atoms, wherein W in chemical formula (2) given above is represented by any one of 

chemical formulae (3) to (10):  

 

 

 

 

 

 

 

 

 

 

 

 

 

wherein R
21

 to R
28

 are independently a hydrocarbon group containing 1 to 10 carbon atoms or an 

organic group containing 1 to 10 carbon atoms and comprising hydrogen and carbon as essential 

elements and 1 to 10 other atoms of elements selected from the group of boron, oxygen, sulfur, 

nitrogen, phosphorus, silicon, and halogens.  

[0009]  

The present disclosure provides a polyamic acid resin composition that contains: (a) polyamic acid 

and (b) a compound as represented by chemical formula (1). 

[0010]  

[Chemical formula 1]  
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tetracarboxylic acid such as 3,3’,4,4’-biphenyl tetracarboxylic acid, 2,3,3’,4’-biphenyl 

tetracarboxylic acid, 2,2’,3,3’-biphenyl tetracarboxylic acid, 3,3’,4,4’-benzophenone tetracarboxylic 

acid, and 2,2’,3,3’-benzophenone tetracarboxylic acid; bis(dicarboxyphenyl) compounds such as 

2,2-bis(3,4-dicarboxyphenyl) hexafluoropropane, 2,2-bis(2,3-dicarboxyphenyl) hexafluoropropane, 

2,2-bis(3,4-dicarboxyphenyl) propane, 2,2-bis(2,3-dicarboxyphenyl) propane, 

1,1-bis(3,4-dicarboxyphenyl) ethane, 1,1-bis(2,3-dicarboxyphenyl) ethane, 

bis(3,4-dicarboxyphenyl) methane, bis(2,3-dicarboxyphenyl) methane, bis(3,4-dicarboxyphenyl) 

sulfone, and bis(3,4-dicarboxyphenyl) ether; bis(dicarboxyphenoxy phenyl) compounds such as 

2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] hexafluoropropane, 2,2-bis[ 4-(2,3-dicarboxyphenoxy) 

phenyl] hexafluoropropane, 2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] propane, 

2,2-bis[ 4-(2,3-dicarboxyphenoxy) phenyl] propane, 2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] 

sulfone, and 2,2-bis[ 4-(3,4-dicarboxyphenoxy) phenyl] ether; various isomers of naphthalene or 

polycyclic aromatic tetracarboxylic acid such as 1,2,5,6-naphthalene tetracarboxylic acid, 

1,4,5,8-naphthalene tetracarboxylic acid, 2,3,6,7-naphthalene tetracarboxylic acid, and 

3,4,9,10-perylene tetracarboxylic acid; and bis(trimellitic acid monoester acid anhydride) 

compounds such as p-phenylene bis(trimellitic acid monoester acid anhydride), p-biphenylene 

bis(trimellitic acid monoester acid anhydride), ethylene bis(trimellitic acid monoester acid 

anhydride), and bisphenol A bis(trimellitic acid monoester acid anhydride). Examples of such 

aliphatic tetracarboxylic acid include chain aliphatic tetracarboxylic acid compounds such as butane 

tetracarboxylic acid; and alicyclic tetracarboxylic acid compounds such as cyclobutane 

tetracarboxylic acid, 1,2,3,4-cyclopentane tetracarboxylic acid, 1,2,4,5-cyclohexane tetracarboxylic 

acid, bicyclo[2.2.1.]heptane tetracarboxylic acid, bicyclo[3.3.1.]tetracarboxylic acid, 

bicyclo[3.1.1.]hept-2-ene tetracarboxylic acid, bicyclo[2.2.2.]octane tetracarboxylic acid, and 

adamantane tetracarboxylic acid.  

[0039]  

These acids may be used as they are or in the form of an acid anhydride, active ester, or active 

amide. Two or more thereof may be used in combination. For uses where heat resistance is required, 

it is preferable that the aromatic tetracarboxylic acids account for 50 mol% or more of the total 

quantity of tetracarboxylic acids. 

[0040]  

The use of a tetracarboxylic acid containing a silicon atom such as dimethylsilane diphthalic acid 

and 1,3-bis(phthalic acid)tetramethyl disiloxane can serve to increase the adhesion to a support and 

the resistance to oxygen plasma used for cleaning and the like and to UV ozone processing. It is 

preferable that these tetracarboxylic acids containing a silicon atom account for 1 to 30 mol% of the 

total quantity of tetracarboxylic acids. 

[0041]  

For the tetracarboxylic acids given above as examples, one or more of the hydrogen atoms 

contained in a tetracarboxylic acid residue may be replaced with a hydrocarbon group containing 1 

to 10 carbon atoms such as methyl group and ethyl group; a fluoroalkyl group containing 1 to 10 
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[0088]  

Useful reaction solvents include aprotic polar solvents such as N-methyl-2-pyrolidone, 

γ-butyrolactone, N,N-dimethyl formamide, N,N-dimethyl acetamide, and dimethyl sulfoxide; ethers 

such as tetrahydrofuran, dioxane, propylene glycol monomethyl ether, propylene glycol monoethyl 

ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether, diethylene glycol 

ethyl methyl ether, and diethylene glycol dimethyl ether; ketones such as acetone, methyl ethyl 

ketone, diisobutyl ketone, diacetone alcohol, and cyclohexanone; esters such as ethyl acetate, 

propylene glycol monomethyl ether acetate, and ethyl lactate; and aromatic hydrocarbons such as 

toluene, xylene, which may be used singly or in combination with one or more thereof. Furthermore, 

a solvent adopted to prepare the intended varnish may be used here to produce the varnish without 

isolating the resin after the production step. 

[0089]  

Moreover, the carboxyl group in the polyamic acid used for the present invention may be esterified 

with a hydrocarbon group containing 1 to 10 carbon atoms or an alkylsilyl group containing 1 to 10 

carbon atoms. 

[0090]  

Compound (b), which is represented by chemical formula (1), can be derived from a multivalent 

amine compound or a diamine compound. Specifically, it can be obtained by reacting an amino 

group in a multivalent amine compound or diamine compound with a compound that gives a 

structure as chemical formula (2) through reaction with an amino group. Examples of such 

compounds that react with an amino group to form a structure as shown by chemical formula (1) 

include diketene, β-keto acid, β-thioketo acid, β-ketimino acid, α-sulfinyl carboxylic acid, 

α-sulfonyl carboxylic acid, α-phosphinoyl carboxylic acid, α-nitro carboxylic acid, α-cyano 

carboxylic acid, and derivatives thereof. More specifically, such compounds include diketene, 

acetoacetic acid, thioketene dimers, 1,2-benzo isoxazole-3-acetic acid, methane sulfinyl acetic acid, 

methane sulfonyl acetic acid, 2-(p-toluenesulfonyl) acetic acid, diphenyl phosphinoyl acetic acid, 

nitro acetic acid, and cyanoacetic acid. Of these, diketene, acetoacetic acid, 2-(p-toluenesulfonyl) 

acetic acid, and cyano acetic acid are preferable. 

[0091]  

Next, a method for producing a varnish from the polyamic acid resin composition according to the 

present invention is explained below. For example, a varnish can be produced by dissolving 

polyamic acid (a) and compound (b), which is represented by chemical formula (1) in addition to 

solvent, along with a photoacid generating agent, dissolution adjusting agent, contact improving 

agent, inorganic particles, surface active agent, etc., as required. This dissolution can be carried out 

by stirring, heating, etc. If a photoacid generating agent is contained, an appropriate heating 

temperature is adopted in a range, commonly from room temperature to 80°C, where a 

photosensitive resin composition with unimpaired performance is obtained. There are no specific 

limitations on the order of dissolving these components, and for instance, the compound with the 

lowest solubility may be dissolved first followed by others in the order of solubility. Or, the 
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confirming the dissolution of p-PDA, 8.827 g (30.00 mmol) of BPDA was added and washing was 

performed with 10 g of NMP. After a period of time, the viscosity of the polymerization solution 

increased, making it impossible to continue stirring any longer. 

[0140]  

Polymerization example 6: resin f (Example 11 and Comparative examples 10 and 11) 

A thermometer and a stirring rod equipped with stirring blades were fitted on a 200 mL four-necked 

flask. Then, 75 g of NMP was added under a dry nitrogen flow, and the temperature was elevated to 

60°C. After the temperature elevation, while stirring is continued at room temperature, 5.424 g 

(47.50 mmol) of CHDA was added and washing was performed with 10 g of NMP. After 

confirming the dissolution of CHDA, 10.30 g (35.00 mmol) of BPDA and 4.653 g (15.00 mmol) of 

ODPA were added and washing was performed with 10 g of NMP. After 4 hours, the solution was 

cooled. 

[0141]  

Polymerization example 7: resin g (Comparative example 5) 

A thermometer and a stirring rod equipped with stirring blades were fitted on a 200 mL four-necked 

flask. Then, 85 g of NMP was added under a dry nitrogen flow, and the temperature was elevated to 

40°C. After the temperature elevation, while stirring is continued at room temperature, 11.41 g 

(57.00 mmol) of DAE and 868.1 mg (2.000 mmol) of TAM were added and washing was performed 

with 10 g of NMP. After confirming the dissolution of DAE and TAM, 13.09 g (60.00 mmol) of 

PMDA was added and washing was performed with 10 g of NMP. After a period of time, the 

polymerization solution gelated, making it impossible to continue stirring any longer. 

[0142]  

Polymerization example 8: resin h (Comparative example 6) 

A thermometer and a stirring rod equipped with stirring blades were fitted on a 200 mL four-necked 

flask. Then, 85 g of NMP was added under a dry nitrogen flow, and the temperature was elevated to 

40°C. After the temperature elevation, while stirring is continued at room temperature, 11.41 g 

(57.00 mmol) of DAE and 1.198 g (2.000 mmol) of TAB were added and washing was performed 

with 10 g of NMP. After confirming the dissolution of DAE and TAB, 13.09 g (60.00 mmol) of 

PMDA was added and washing was performed with 10 g of NMP. After a period of time, the 

polymerization solution gelated, making it impossible to continue stirring any longer. 

[0143]  

Polymerization example 9: resin i (Comparative example 9) 

A thermometer and a stirring rod equipped with stirring blades were fitted on a 200 mL four-necked 

flask. Then, 100 g of NMP was added under a dry nitrogen flow, and the temperature was elevated 

to 60°C. After the temperature elevation, while stirring is performed at room temperature, 6.164 g 

(57.00 mmol) of p-PDA and 378.4 mg (2.000 mmol) of melamine was added and washing was 

performed with 10 g of NMP. Subsequently, 17.65 g (60.00 mmol) of BPDA was added and 

washing was performed with 10 g of NMP. After 4 hours, the solution was cooled, but melamine 

was found precipitated without undergoing reaction.







 

[0147]  

[Table 2]  

Comparative example 1 2 3 4 5 6 7 8 9 10 11 

molar 

ratio 

resin 

acid dianhydride 

PMDA 100 100 100 100 100 100 
     

BPDA 
      

100 100 100 70 70 

ODPA 
         

30 30 

diamine compound 

DAE 100 95 95 95 95 95 
     

p-PDA 
      

100 95 95 
  

CHDA 
         

95 95 

TAM 
    

3.33 
      

TAB 
     

3.33 
    

 

melamine 
        

3.33 
  

end capping agent 1-hexanol 
   

10 
       

additive 
compound J 

  
5 

        
compound K 

          
5 

evaluation item unit 
           

weight average molecular weight of resin 
 

89600 69900 69900 82000 N.D.
*1

 N.D.
*1

 102600 26000 N.D.
*3

 29200 29200 

viscosity of varnish (10 mass% NMP) cP 2819 844 529 1038 N.D.
*1

 N.D.
*1

 > 40000 122 N.D.
*3

 62 N.D.
*5

 

ultimate tensile elongation % 101 52 60 79 N.D.
*1

 N.D.
*1

 N.D.
*2

 8 N.D.
*3

 N.D.
*4

 N.D.
*5

 

ultimate tensile stress MPa 228 128 135 141 N.D.
*1

 N.D.
*1

 N.D.
*2

 230 N.D.
*3

 N.D.
*4

 N.D.
*5

 

Young’s modulus GPa 1.6 2.0 2.6 2.0 N.D.
*1

 N.D.
*1

 N.D.
*2

 6.8 N.D.
*3

 N.D.
*4

 N.D.
*5

 

coefficient of thermal expansion ppm/°C 32 35 36 34 N.D.
*1

 N.D.
*1

 N.D.
*2

 6.3 N.D.
*3

 N.D.
*4

 N.D.
*5

 

glass transition temperature °C 372 366 369 366 N.D.
*1

 N.D.
*1

 N.D.
*2

 364 N.D.
*3

 N.D.
*4

 N.D.
*5

 

5% heat mass decrease temperature °C 590 589 598 587 N.D.
*1

 N.D.
*1

 N.D.
*2

 > 600 N.D.
*3

 N.D.
*4

 N.D.
*5

 

*1: No Data (Gelation occurred during polymerization.)  

*2: No Data (Varnish viscosity was too high to use for coating.)  

*3: No Data (Melamine did not dissolve.)  

*4: No Data (Cured film was so brittle that it was broken when removed from the substrate.)  

*5: No Data (Compound K did not dissolve and it was impossible to prepare a varnish.)  
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Claims  

[Claim 1]  

A polyamic acid resin composition comprising (a) polyamic acid and (b) a compound as represented 

by chemical formula (1):  

 

 

 

wherein Z is a di- or higher-valent organic group containing 2 or more carbon atoms, V is a 

structure as represented by chemical formula (2), and k is an integer of 2 or more,  

 

 

 

 

 

wherein δ represents oxygen or sulfur atom and W represents an electron-withdrawing group, and 

R
11

 and R
12

 represent independently a hydrogen atom or a hydrocarbon group containing 1 to 10 

carbon atoms, wherein W in chemical formula (2) given above is represented by any one of 

chemical formulae (3) to (10):  

 

 

 

 

 

 

 

 

 

 

 

 

 

wherein R
21

 to R
28

 are independently a hydrocarbon group containing 1 to 10 carbon atoms or an 

organic group containing 1 to 10 carbon atoms and comprising hydrogen and carbon as essential 

elements and 1 to 10 other atoms of elements selected from the group of boron, oxygen, sulfur, 
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nitrogen, phosphorus, silicon, and halogens. 

[Claim 2]  

A polyamic acid resin composition as described in either claim 1, wherein V in chemical formula 

(1) given above is represented by any one of chemical formulae (11) to (13):  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[Claim 3]  

A polyamic acid resin composition as described in claim 1 or 2, wherein k in chemical formula (1) 

is an integer of 2 or 3.  

[Claim 4]  

A polyamic acid resin composition as described in any one of claims 1 to 3, wherein “(a) polyamic 

acid” contains a structure as represented by chemical formula (14) or (15):  

 

 

 

 

 

 

wherein X in Chemical formula (14) denotes a tri- or higher-valent organic group containing 2 or 

more carbon atoms; Y in chemical formula (15) denotes a tri- or higher-valent organic group 
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