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(54) (POLY)CARBONATE POLYOL AND CARBOXYL GROUP-CONTAINING POLYURETHANE 
USING THE (POLY)CARBONATE POLYOL AS STARTING MATERIAL

(57) An object of the invention is to provide carboxyl
group-containing polyurethanes that have small curing
warpage and can give cured products having excellent
electrical insulating properties and flexibility, curable
compositions that contain the carboxyl group-containing
polyurethane and can give cured products having good
electrical insulating properties, cured products obtained
from the compositions, flexible circuit boards covered
with the cured products, and processes for manufactur-
ing flexible circuit boards. The carboxyl group-containing
polyurethane is obtainable from materials including a (po-
ly)carbonate polyol (a), a polyisocyanate (b) and a car-
boxyl group-containing polyol (c). The (poly) carbonate
polyol includes an organic residue derived from a dimer
diol and an organic residue derived from a polyol having
a C10-20 alicyclic structure.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a (poly) carbonate polyol, a carboxyl group-containing polyurethane obtained
from the (poly)carbonate polyol, a carboxyl group-containing polyurethane solution, a process for producing carboxyl
group-containing polyurethanes, a curable composition containing a carboxyl group-containing polyurethane, a cured
product from the composition, a flexible circuit board covered with the cured product, and a process for manufacturing
flexible circuit boards.

BACKGROUND ART

[0002] Conventional surface protective films for flexible wiring circuits are adhesive-bonded polyimide films, called
coverlay films, that are punched out with a die conforming to the pattern, or are screen-printed films of UV or heat curable
overcoating agents having flexibility. In particular, the latter type is more advantageous in workability. Known such curable
overcoating agents include resin compositions based on epoxy resins, acrylic resins or composites thereof. These
compositions are frequently based on resins modified by the introduction of butadiene structures, siloxane structures,
polycarbonate diol structures or long-chain aliphatic structures. Such modification provides improved flexibility and sup-
presses warpage due to cure shrinkage while minimizing the reduction in heat resistance, chemical resistance and
electrical insulating properties inherent to the surface protective films.
[0003] However, with recent weight reduction and miniaturization of electronic equipment, flexible boards are reduced
in weight and thickness and are consequently more significantly susceptible to the flexibility and cure shrinkage of the
overcoating resin compositions. As a result, the curable overcoating agents do not satisfy performance requirements in
terms of flexibility and warpage due to cure shrinkage.
[0004] For example, JP-A-H11-61038 (Patent Literature 1) discloses a resin composition including a polybutadiene
block isocyanate and a polyol. Cured products of the composition have good flexibility and shrinkage factor, but are
insufficient in heat resistance.
[0005] JP-A-2004-137370 (Patent Literature 2) discloses a polyamideimide resin produced through reaction of a
polycarbonate diol and a diisocyanate compound into a polyurethane having a diisocyanate at both ends, and reaction
of the polyurethane with trimellitic acid. However, cured products of the resin have unsatisfactory long-term reliability of
electrical properties.
[0006] JP-A-2004-182792 (Patent Literature 3) discloses a polyamideimide resin with an organosiloxane structure.
However, cured products of the resin have bad adhesion to substrates. Further, the reference requires the use of special
solvents such as N-methyl-2-pyrrolidone. Such solvents can dissolve emulsifying agents in the screen printing, often
resulting in problems.
[0007] JP-A-2006-348278 (Patent Literature 4) discloses a carboxyl group-containing polyurethane that has a polyol
unit selected from the group consisting of polybutadiene polyols, polyisoprene polyols and hydrogenated polybutadiene
polyols. With regard to the circuit pattern formation in the COF (chip on film) packaging systems as an example, the
subtractive methods are currently a common technique in the production of circuits in the COF packaging systems. The
carboxyl group-containing polyurethanes disclosed in Patent Literature 4 show sufficient insulating properties when used
as insulating films for the circuits fabricated by the subtractive methods.
[0008] However, the flexible circuit boards are expected to have smaller pitches between circuits (for example, 20 Pm
pitches or less) with the developments in the semi-additive process.
[0009] To cope with narrower pitches, the development of resins having better electrical insulating properties has
been desired.
[0010] On the other hand, polycarbonate diols prepared from dimer diols as materials (namely, polycarbonate diols
having structural units from dimer diols) are known in the art (for example, JP-A-H10-231360 (Patent Literature 5) and
JP-A-H10-251398 (Patent Literature 6)).
[0011] Further, polycarbonate diols that are prepared from polyols having a C10-20 alicyclic structure as materials
(namely, polycarbonate diols having structural units from polyols with a C10-20 alicyclic structure) have been disclosed
in the art (for example, JP-A-2006-312729 (Patent Literature 7)).
[0012] However, Patent Literatures 5 to 7 do not describe polycarbonate diols that have structural units from dimer
diols and structural units from polyols having a C10-20 alicyclic structure.
[0013] Meanwhile, carboxyl group-containing polyurethanes prepared from dimer diols as materials are known in the
art (for example, JP-A-2000-7909 (Patent Literature 8) and JP-A-2007-100037 (Patent Literature 9)).
[0014] Further, polyurethanes that are prepared from polycarbonate diols having dimer diol-derived structural units
have been disclosed in the art (for example, JP-A-H10-273514 (Patent Literature 10) and JP-A-H10-251369 (Patent
Literature 11)).
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[0015] However, Patent Literatures 8 to 11 do not describe carboxyl group-containing polyurethanes that are prepared
from polycarbonate diols having structural units from dimer diols and structural units from polyols having a C10-20
alicyclic structure.

Citation List

Patent Literatures

[0016]

Patent Literature 1: JP-A-H11-61038
Patent Literature 2: JP-A-2004-137370
Patent Literature 3: JP-A-2004-182792
Patent Literature 4: JP-A-2006-348278
Patent Literature 5: JP-A-H10-231360
Patent Literature 6: JP-A-H10-251398
Patent Literature 7: JP-A-2006-312729
Patent Literature 8: JP-A-2000-7909
Patent Literature 9: JP-A-2007-100037
Patent Literature 10: JP-A-H10-273514
Patent Literature 11: JP-A-H10-251369

SUMMARY OF INVENTION

Technical Problem

[0017] The present invention has been made in view of the problems in the art as described above. It is therefore an
object of the invention to provide compounds that have small curing warpage and can give cured products having
excellent electrical insulating properties and flexibility, curable compositions that contain the compounds and can give
cured products having good electrical insulating properties, cured products obtained from the compositions, flexible
circuit boards covered with the cured products, and processes for manufacturing flexible circuit boards.

Solution to Problem

[0018] The present inventors studied diligently to achieve the above object. They have then found that a curable
composition which contains a polyurethane prepared from a carbonate with a specific structure has small curing warpage
and can give cured products having excellent flexibility and electrical insulating properties. The present invention has
been completed based on the finding.
[0019] In detail, an aspect (I) of the present invention is directed to a (poly) carbonate polyol which comprises an
organic residue derived from a dimer diol and an organic residue derived from a polyol having a C10-20 alicyclic structure.
[0020] An aspect (II) of the invention is directed to a carboxyl group-containing polyurethane obtainable from at least
the following components (a), (b) and (c) as materials:
[0021]

component (a): the (poly)carbonate polyol according to the aspect (I) of the invention;
component (b): a polyisocyanate; and
component (c): a carboxyl group-containing polyol.

An aspect (III) of the invention is directed to a carboxyl group-containing polyurethane solution comprising the carboxyl
group-containing polyurethane according to the aspect (II) and a solvent having a boiling point of 120 to 300°C.
[0022] An aspect (IV) of the invention is directed to a process for producing carboxyl group-containing polyurethanes
which comprises reacting at least the following components (a), (b) and (c) at a temperature in the range of 30°C to
160°C in a solvent including at least one selected from the group consisting of diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol dibutyl ether, diethylene glycol butyl methyl
ether, diethylene glycol isopropyl methyl ether, triethylene glycol dimethyl ether, triethylene glycol butyl methyl ether,
tetraethylene glycol dimethyl ether, dipropylene glycol dimethyl ether, tripropylene glycol dimethyl ether, anisole, ethylene
glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether acetate,
propylene glycol monoethyl ether acetate, dipropylene glycol monomethyl ether acetate, dipropylene glycol monoethyl
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ether acetate, diethylene glycol monoethyl ether acetate, diethylene glycol monomethyl ether acetate, methyl methox-
ypropionate, ethyl methoxypropionate, methyl ethoxypropionate, ethyl ethoxypropionate, decahydronaphthalene, cy-
clohexanone and γ-butyrolactone;
[0023]

component (a): the (poly)carbonate polyol according to the aspect (I) of the invention;
component (b): a polyisocyanate; and
component (c): a carboxyl group-containing polyol.

An aspect (V) of the invention is directed to a curable composition that comprises the carboxyl group-containing poly-
urethane according to the aspect (II) of the invention, a solvent having a boiling point of 120 to 300°C, and a curing agent.
[0024] An aspect (VI) of the invention is directed to a cured product obtainable by curing the curable resin composition
according to the aspect (V) of the invention.
[0025] An aspect (VII) of the invention is directed to a flexible circuit board covered with a cured product in which a
circuit is formed on a flexible substrate, wherein the surface of the flexible substrate having the circuit is partially or
entirely covered with the cured product according to the aspect (VI) of the invention.
[0026] An aspect (VIII) of the invention is directed to a process for manufacturing flexible circuit boards covered with
a protective film, which comprises printing the curable composition of the aspect (V) to an area including a tin-plated
circuit pattern of a flexible circuit board to form a print film on the pattern, and heating and curing the print film at 80 to
130°C to produce a protective film.
[0027] In more detail, the present invention is concerned with the following [1] to [14].
[0028] [1] A (poly) carbonate polyol which comprises an organic residue derived from a dimer diol and an organic
residue derived from a polyol having a C10-20 alicyclic structure.
[0029] [2] The (poly) carbonate polyol described in [1], wherein the polyol having a C10-20 alicyclic structure is tricy-
clodecanedimethanol.
[0030] [3] A (poly) carbonate polyol represented by Formula (34) :
[0031]

[0032] wherein each R6 independently represents an alkylene group belonging to the group (A), the group (B) or the
group (C) below; t is an integer of 1 or greater; of the groups R6 as many as indicated by (t + 1), at least one R6 is an
alkylene group belonging to the group (A); and of the groups R6 as many as indicated by (t + 1), at least one R6 is an
alkylene group belonging to the group (B);

Group (A): alkylene groups represented by Formula (35) or (36) below;
Group (B): alkylene groups represented by Formula (37) or (38) below; and
Group (C): C9-12 linear aliphatic alkylene groups;

[0033]
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[0034] wherein R1 and R2 are each an alkyl group, and the total of the numbers of the carbon atoms in R1 and R2,
and p and q is 30;
[0035]

[0036] wherein R3 and R4 are each an alkyl group, and the total of the numbers of the carbon atoms in R3 and R4,
and r and s is 34;
[0037]

[0038]  [4] A carboxyl group-containing polyurethane obtainable from at least the following components (a), (b) and
(c) as materials:
[0039]

component (a): the (poly)carbonate polyol described in any one of [1] to [3];
component (b): a polyisocyanate; and
component (c): a carboxyl group-containing polyol.

[5] A carboxyl group-containing polyurethane obtainable from at least the following components (a), (b), (c) and (d) as
materials:
[0040]

component (a): the (poly)carbonate polyol described in any one of [1] to [3];
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component (b): a polyisocyanate;
component (c): a carboxyl group-containing polyol; and
component (d) : a polyol other than the components (a) and (c).

[0041] [6] The carboxyl group-containing polyurethane described in [4] or [5], wherein the materials further include a
monohydroxy compound (component (e)).
[0042] [7] The carboxyl group-containing polyurethane described in any one of [4] to [6], wherein the materials further
include a monoisocyanate compound (component (f)).
[0043] [8] A carboxyl group-containing polyurethane solution which comprises the carboxyl group-containing poly-
urethane described in any one of [4] to [7] and a solvent having a boiling point of 120 to 300°C.
[0044] [9] A process for producing carboxyl group-containing polyurethanes which comprises reacting at least the
following components (a), (b) and (c) at a temperature in the range of 30°C to 160°C in a solvent including at least one
selected from the group consisting of diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol
ethyl methyl ether, diethylene glycol dibutyl ether, diethylene glycol butyl methyl ether, diethylene glycol isopropyl methyl
ether, triethylene glycol dimethyl ether, triethylene glycol butyl methyl ether, tetraethylene glycol dimethyl ether, dipro-
pylene glycol dimethyl ether, tripropylene glycol dimethyl ether, anisole, ethylene glycol monomethyl ether acetate,
ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether
acetate, dipropylene glycol monomethyl ether acetate, dipropylene glycol monoethyl ether acetate, diethylene glycol
monoethyl ether acetate, diethylene glycol monomethyl ether acetate, methyl methoxypropionate, ethyl methoxypropi-
onate, methyl ethoxypropionate, ethyl ethoxypropionate, decahydronaphthalene, cyclohexanone and γ-butyrolactone;
[0045]

component (a): the (poly)carbonate polyol described in any one of [1] to [3];
component (b): a polyisocyanate; and
component (c): a carboxyl group-containing polyol.

[10] A curable composition that comprises the carboxyl group-containing polyurethane described in any one of [4] to
[7], a solvent having a boiling point of 120 to 300°C, and a curing agent.
[0046] [11] The curable composition described in [10], wherein the curing agent is a compound having two or more
epoxy groups in the molecule.
[0047] [12] A cured product obtainable by curing the curable resin composition described in [10] or [11].
[0048] [13] A flexible circuit board covered with a cured product, in which a circuit is formed on a flexible substrate,
wherein the surface of the flexible substrate having the circuit is partially or entirely covered with the cured product
described in [12].
[0049] [14] A process for manufacturing flexible circuit boards covered with a protective film, which comprises printing
the curable composition described in [10] or [11] to an area including a tin-plated circuit pattern of a flexible circuit board
to form a print film on the pattern, and heating and curing the print film at 80 to 130°C to produce a protective film.

Advantageous Effects of Invention

[0050] The cured products obtainable according to the present invention have no tackiness and show good handling
properties, and also have high flexibility and moisture resistance. Further, they have high-level, long-term electrical
insulating reliability, low warpage properties, good adhesion to substrates and underfill materials, and excellent solvent
resistance. Because of these properties, the curable compositions of the present invention may be applied to flexible
circuit boards or flexible substrates such as polyimide films and cured to give cured products (protective films) which
allow for small warpage of the flexible circuit boards or the flexible substrates. Such boards or substrates having the
protective films facilitate alignment in subsequent IC chip mounting steps.
[0051] Further, the cured products according to the present invention have flexibility and thus can form crack-resistant
electrically insulating protective films on flexible circuit boards (for example, flexible printed circuit boards such as COF).

BRIEF DESCRIPTION OF DRAWINGS

[0052]

FIG. 1 is a 1H-NMR spectrum (solvent: CDCl3) of a product A1 in Examples.
FIG. 2 is an IR spectrum of the product A1 in Examples.
FIG. 3 is a 1H-NMR spectrum (solvent: CDCl3) of a product A2 in Examples.
FIG. 4 is an IR spectrum of the product A2 in Examples.
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FIG. 5 is a 1H-NMR spectrum (solvent: CDCl3 of a product A3 in Examples.
FIG. 6 is an IR spectrum of the product A3 in Examples.
FIG. 7 is a 1H-NMR spectrum (solvent: CDCl3 of a product A4 in Examples.
FIG. 8 is an IR spectrum of the product A4 in Examples.
FIG. 9 is a 1H-NMR spectrum (solvent: CDCl3) of a carboxyl group-containing polyurethane BU1 in Examples.
FIG. 10 is an IR spectrum of the carboxyl group-containing polyurethane BU1 in Examples.
FIG. 11 is a 1H-NMR spectrum (solvent: CDCl3 of a carboxyl group-containing polyurethane BU2 in Examples.
FIG. 12 is an IR spectrum of the carboxyl group-containing polyurethane BU2 in Examples.
FIG. 13 is a 1H-NMR spectrum (solvent: CDCl3 of a carboxyl group-containing polyurethane BU3 in Examples.
FIG. 14 is an IR spectrum of the carboxyl group-containing polyurethane BU3 in Examples.
FIG. 15 is a 1H-NMR spectrum (solvent: CDCl3 of a carboxyl group-containing polyurethane BU4 in Examples.
FIG. 16 is an IR spectrum of the carboxyl group-containing polyurethane BU4 in Examples.

DESCRIPTION OF EMBODIMENTS

[0053] The present invention will be described in detail hereinbelow.
[0054] In the invention, the dimer diols refer to compounds that are based on C36 diols resulting from the reduction
of dimer acids and/or lower alcohol esters thereof in the presence of catalysts, converting the carboxylic acid moiety of
the dimer acids to alcohol. Herein, the dimer acids are known dibasic acids obtained by intermolecular polymerization
of unsaturated fatty acids, for example by dimerization of C11-22 unsaturated fatty acids using catalysts such as clay
catalysts. Dimer acids that are produced in the industry contain trimer acids or monomer acids in amounts varying
depending on the purification degree, in addition to the dibasic acids of around 36 carbon atoms. As used herein, the
words "based on" mean that the compounds account for 50% by mass or more. The compounds based on the C36 diols
may contain diols having 22 to 44 carbon atoms except 36 carbon atoms. The dimer diols in the invention are particularly
preferably hydrogenated dimer diols that result from the hydrogenation of carbon-carbon double bonds derived from the
dimer acids. Commercial dimer diols are PRIPOL 2033 (manufactured by Croda Japan K.K.) and Sovermol 908 (man-
ufactured by Cognis). PRIPOL 2033 is based on a mixture of compounds represented by Formulae (1) and (2) below.
Commercial dimer acids are PRIPOL series 1006, 1009, 1015 and 1025 (manufactured by Croda Japan K.K.) and
EMPOL 1062 (manufactured by Cognis).
[0055] Typical structures of the dimer diol compounds include those of Formulae (1) and (2):
[0056]

[0057] wherein R1 and R2 are each an alkyl group, and the total of the numbers of the carbon atoms in R1 and R2,
and p and q is 30.
[0058]
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[0059] wherein R3 and R4 are each an alkyl group, and the total of the numbers of the carbon atoms in R3 and R4,
and r and s is 34.
In the invention, the organic residues derived from dimer diols indicate structures derived by removing hydrogen from
at least one alcoholic hydroxyl group of the dimer diols.
[0060] In the invention, the organic residues derived from polyols having a C10-20 alicyclic structure indicate structures
derived by removing hydrogen from at least one alcoholic hydroxyl group of polyols having a C10-20 alicyclic structure.
[0061] The aspect (I) of the present invention will be described first.
[0062] The aspect (I) of the invention is directed to a (poly)carbonate polyol which comprises an organic residue
derived from a dimer diol and an organic residue derived from a polyol having a C10-20 alicyclic structure.
[0063] The (poly)carbonate polyols in the aspect (I) of the invention are not particularly limited as long as the (poly)
carbonate polyols include an organic residue derived from a dimer diol and an organic residue derived from a polyol
having a C10-20 alicyclic structure.
[0064] The term "(poly)carbonate" in the (poly)carbonate polyols in the present specification means that the molecule
has one or more carbonate bonds. Accordingly, the (poly)carbonate polyols in the present specification are compounds
that have one or more carbonate bonds and two or more alcoholic hydroxyl groups in the molecule. Examples of the
(poly) carbonate polyols include (poly) carbonate diols having two hydroxyl groups in the molecule, (poly)carbonate triols
having three hydroxyl groups in the molecule, and (poly)carbonate tetraols having four hydroxyl groups in the molecule.
The (poly)carbonate polyols may be generally produced by polymerizing material polyols via carbonate bonds.
[0065] The material polyols used are polyhydric alcohols including a dimer diol and a polyol having a C10-20 alicyclic
structure. To produce carbonate bonds using these polyhydric alcohols, for example, the polyhydric alcohols may be
ester exchanged with a carbonate ester such as dialkyl carbonate, diaryl carbonate or alkylene carbonate in the presence
of a catalyst.
[0066] In the production of the (poly)carbonate polyols, the (poly)carbonate polyols obtained often contain the material
polyols as residual components. In the present invention, such residual polyol components are not included in the
definition of the (poly)carbonate polyols.
[0067] For example, a reference may be made to the production of a (poly)carbonate diol by ester exchange reaction
using a dimer diol, tricyclo[5.2.1.02,6]decanedimethanol and diethyl carbonate as materials in the presence of a catalyst.
When the (poly) carbonate diol produced contains the residual dimer diol and tricyclo[5.2.1.02,6]decanedimethanol each
at 5% by mass, the residual dimer diol and tricyclo[5.2.1.02,6]decanedimethanol are not included in the (poly)carbonate
polyol but are regarded as components (d) described later.
[0068] Examples of the polyols having a C10-20 alicyclic structure include tricyclodecanedimethanols such as tricyclo
[5.2.1.02,6]decanedimethanol and tricyclo[3.3.1.13,7]decane-1,3-dimethanol, tricyclodecanediols such as tricyclo
[5.2.1.02,6] decanediol and tricyclo[3.3.1.13,7]decane-1,3-diol, decahydronaphthalenediol, decahydronaphthalened-
imethanol, 2,2-bis(4-hydroxycyclohexyl)propane, bis(4-hydroxycyclohexyl)methane and bis(4-hydroxycyclohexyl).
[0069] Since the primary hydroxyl group is more reactive in the ester exchange reaction than the secondary hydroxyl
group, at least one or more alcoholic hydroxyl groups of the alcoholic hydroxyl groups of the polyol having a C10-20
alicyclic structure are desirably primary hydroxyl groups.
[0070] Accordingly, preferred polyols having a C10-20 alicyclic structure are tricyclodecanedimethanols such as tricyclo
[5.2.1.02,6]decanedimethanol and tricyclo[3.3.1.13,7]decane-1,3-dimethanol, and decahydronaphthalenedimethanol,
and more preferred polyols are tricyclodecanedimethanols such as tricyclo[5.2.1.02,6]decanedimethanol and tricyclo
[3.3.1.13,7]decane-1,3-dimethanol. In view of easy availability, tricyclo[5.2.1.02,6]decanedimethanol is most preferable.
[0071] As described above, the (poly)carbonate polyols according to the aspect (I) may be produced by the ester
exchange reaction of polyhydric alcohols including the dimer diol and the polyol having a C10-20 alicyclic structure, with
carbonate esters such as dialkyl carbonates, diaryl carbonates or alkylene carbonates in the presence of an ester
exchange catalyst.
[0072] In more detail, polyhydric alcohols including the dimer diol and the polyol having a C10-20 alicyclic structure
are subjected to ester exchange reaction with the carbonate ester in the presence of an ester exchange catalyst at
atmospheric pressure and a temperature in the range of 110 to 280°C while distilling away the by-product alcohols or
phenols, and further the ester exchange reaction is performed at a reduced pressure and a temperature of 110 to 280°C
while distilling away the by-product alcohols or phenols.
[0073] The (poly)carbonate polyols according to the aspect (I) contain an organic residue derived from the dimer diol
and an organic residue derived from the polyol having a C10-20 alicyclic structure. In addition, they may contain an
organic residue derived from other polyol.
[0074] That is, the ester exchange reaction for producing the (poly)carbonate polyols of the aspect (I) may involve
other polyol components as required in addition to the dimer diols and the polyols having a C10-20 alicyclic structure.
[0075] Examples of such additional polyol components include polyols having relatively high molecular weights, for
example linear aliphatic polyols other than the dimer diols such as ethylene glycol, diethylene glycol, propylene glycol,
1,3-propanediol, 1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, neopentyl glycol, 3-methyl-1,5-pentanediol, 1,6-hex-
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anediol, 2-methyl-1,8-octanediol, 1,9-nonanediol, 2-ethyl-2-butyl-1,3-propanediol, 2,4-diethyl-1,5-pentanediol, 1,10-de-
canediol and 1,12-dodecanediol, polyols having a C9 or lower alicyclic structure such as 1,4-cyclohexanedimethanol,
1,3-cyclohexanedimethanol and 2-methylcyclohexane-1,1-dimethanol, polyols having an aromatic ring such as p-xy-
lyleneglycol, bisphenol A ethylene oxide adduct, bisphenol F ethylene oxide adduct and biphenol ethylene oxide adduct,
polyether polyols such as polyethylene glycol, polypropylene glycol and polytetramethylene glycol, polyester polyols
such as polyhexamethylene adipate, polyhexamethylene succinate and polycaprolactone, and polycarbonate diols such
as poly(1,6-hexamethylene carbonate), poly[(1,6-hexamethylene:3-methyl-1,5-pentylene)carbonate], poly[(1,6-hexam-
ethylene:cyclohexane-1,4-dimethylene) carbonate] and poly[(1,9-nonylene:2-methyl-1,8-octylene)carbonate].
[0076] Of these polyols, C9-12 linear aliphatic polyols such as 2-methyl-1,8-octanediol, 1,9-nonanediol, 2-ethyl-2-
butyl-1,3-propanediol, 2,4-diethyl-1,5-pentanediol, 1,10-decanediol and 1,12-dodecanediol are preferable in order that
the electrical insulating properties of cured products according to the aspect (VI) described later may be maintained at
high level and that the cured products according to the aspect (VI) will exhibit sufficient flexibility.
[0077] Specifically, the (poly)carbonate polyols according to the aspect (I) are preferably represented by Formula (34)
below.
[0078]

[0079] In Formula (34), each R6 independently represents an alkylene group belonging to the group (A), the group
(B) or the group (C) below; t is an integer of 1 or greater; of the groups R6 as many as indicated by (t + 1), at least one
R6 is an alkylene group belonging to the group (A) ; and of the groups R6 as many as indicated by (t + 1), at least one
R6 is an alkylene group belonging to the group (B).

Group (A): alkylene groups represented by Formula (35) or (36) below;
Group (B): alkylene groups represented by Formula (37) or (38) below; and
Group (C): C9-12 linear aliphatic alkylene groups.

[0080]

[0081] In Formula (35), R1 and R2 are each an alkyl group, and the total of the numbers of the carbon atoms in R1

and R2, and p and q is 30.
[0082]
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[0083] In Formula (36), R3 and R4 are each an alkyl group, and the total of the numbers of the carbon atoms in R3

and R4, and r and s is 34.
[0084]

[0085] The (poly)carbonate polyols according to the aspect (I) may contain the organic residues derived from dimer
diols and the organic residues derived from polyols having a C10-20 alicyclic structure, at any proportions without
limitation as long as these residues are present in the (poly)carbonate polyols.
[0086] However, in an embodiment in the production of carboxyl group-containing polyurethanes according to the
aspect (II), the dimer diol and the organic residue derived from the dimer diol preferably account for 10 to 70% by mass,
more preferably 15 to 65% by mass, and most preferably 20 to 60% by mass of the total of the organic residues derived
from the polyol components in the (poly)carbonate polyol, and the components (d).
[0087] Also, in an embodiment in the production of carboxyl group-containing polyurethanes according to the aspect
(II), the polyol having a C10-20 alicyclic structure and the organic residue derived from the polyol having a C10-20
alicyclic structure preferably account for 10 to 50% by mass, more preferably 13 to 45% by mass, and most preferably
15 to 40% by mass of the total of the organic residues derived from the polyol components in the (poly)carbonate polyol,
and the components (d).
[0088] The hydroxyl value of the (poly) carbonate polyols in the aspect (I) of the invention is not particularly limited.
However, in an embodiment in the production of carboxyl group-containing polyurethanes according to the aspect (II)
described later, the hydroxyl value of a mixture of the (poly)carbonate polyol in the aspect (I) and the components (d)
described later is preferably 30 to 200, more preferably 40 to 180, and particularly preferably 45 to 160.
[0089] As used herein, the hydroxyl value of a mixture of the (poly)carbonate polyol in the aspect (I) and the components
(d) indicates the hydroxyl value measured by a neutralization titration method in accordance with JIS K0070, with respect
to a mixture of the (poly)carbonate polyol in the aspect (I) and the components (d) in a ratio that is adopted in the
production of carboxyl group-containing polyurethanes according to the aspect (II) described later.
[0090] When no components (d) are present in the production of carboxyl group-containing polyurethanes according
to the aspect (II), the hydroxyl value of a mixture of the (poly)carbonate polyol in the aspect (I) and the components (d)
indicates the hydroxyl value of the (poly) carbonate polyol in the aspect (I) measured by a neutralization titration method
in accordance with JIS K0070.
[0091] Next, the aspect (II) will be described.
[0092] The aspect (II) of the invention is directed to a carboxyl group-containing polyurethane obtainable from at least
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the following components (a), (b) and (c) as materials:
[0093]

Component (a): the (poly)carbonate polyol according to the aspect (I) of the invention;
Component (b): a polyisocyanate; and
Component (c): a carboxyl group-containing polyol.

The component (a) that is a material in the aspect (II) is the above-described (poly) carbonate polyol according to the
aspect (I). The (poly)carbonate polyols may be used singly, or two or more kinds may be used in combination.
[0094] The hydroxyl value of the component (a) in the aspect (II) is not particularly limited. However, the hydroxyl
value of a mixture of the component (a) and the components (d) described later is preferably 30 to 200, more preferably
40 to 180, and particularly preferably 45 to 160.
[0095] As used herein, the hydroxyl value of a mixture of the component (a) and the components (d) indicates the
hydroxyl value measured by a neutralization titration method in accordance with JIS K0070, with respect to a mixture
of the component (a) and the components (d) in a ratio that is adopted in the production of carboxyl group-containing
polyurethanes according to the aspect (II).
[0096] When no components (d) are present in the production of carboxyl group-containing polyurethanes according
to the aspect (II), the hydroxyl value of a mixture of the component (a) and the components (d) indicates the hydroxyl
value of the component (a) measured by a neutralization titration method in accordance with JIS K0070.
[0097] The polyisocyanates as the components (b) in the aspect (II) are not particularly limited as long as they are
compounds having two or more isocyanate groups. Examples of the components (b) in the aspect (II) include 1,4-
cyclohexane diisocyanate, isophorone diisocyanate, methylenebis(4-cyclohexyl isocyanate), 1,3-bis(isocyanatomethyl)
cyclohexane, 1,4-bis(isocyanatomethyl)cyclohexane, 2,4-tolylene diisocyanate, 2,6-tolylene diisocyanate, diphenyl-
methane-4,4’-diisocyanate, 1,3-xylylene diisocyanate, 1,4-xylylene diisocyanate, isophorone diisocyanate biuret, hex-
amethylene diisocyanate biuret, isophorone diisocyanate isocyanurate, hexamethylene diisocyanate isocyanurate,
lysine triisocyanate, lysine diisocyanate, hexamethylene diisocyanate, 2,4,4-trimethylhexamethylene diisocyanate,
2,2,4-trimethylhexanemethylene diisocyanate and norbornane diisocyanate. These polyisocyanates may be used singly,
or two or more kinds may be used in combination.
[0098] In order to maintain high electrical insulating properties, the components (b) are preferably 1,4-cyclohexane
diisocyanate, isophorone diisocyanate, methylenebis(4-cyclohexyl isocyanate), 1,3-bis(isocyanatomethyl)cyclohexane,
1,4-bis(isocyanatomethyl)cyclohexane, diphenylmethane-4,4’-diisocyanate, 1,3-xylylene diisocyanate, 1,4-xylylene di-
isocyanate, 2,4,4-trimethylhexamethylene diisocyanate, 2,2,4-trimethylhexanemethylene diisocyanate and norbornane
diisocyanate, and are more preferably methylenebis(4-cyclohexyl isocyanate), diphenylmethane-4,4’-diisocyanate and
norbornane diisocyanate.
[0099] The carboxyl group-containing polyols as the components (c) in the aspect (II) include dimethylolpropionic acid,
2,2-dimethylolbutanoic acid, N,N-bis(hydroxyethyl)glycine and N,N-bis(hydroxyethyl)glycine. Of these, dimethylolpropi-
onic acid and 2,2-dimethylolbutanoic acid are particularly preferable in view of solubility in solvents. The carboxyl group-
containing polyols may be used singly, or two or more kinds may be used in combination.
[0100] The carboxyl group-containing polyurethanes in the aspect (II) may be produced from the above-described
three components (a), (b) and (c). To balance properties of the carboxyl group-containing polyurethanes, a polyol
(component (d)) other than the components (a) and (c) may be preferably used. That is, the carboxyl group-containing
polyurethanes in the aspect (II) are preferably prepared from at least the components (a), (b), (c) and (d) as materials.
[0101] Examples of the components (d) include linear aliphatic polyols such as dimer diol, trimer triol, ethylene glycol,
diethylene glycol, propylene glycol, 1,3-propanediol, 1,4-butanediol, 1,3-butanediol, 1,5-pentanediol, neopentylglycol,
3-methyl-1,5-pentanediol, 1,6-hexanediol, 2-methyl-1,8-octanediol, 1,9-nonanediol, 2-ethyl-2-butyl-1,3-propanediol and
2,4-diethyl-1,5-pentanediol; polyols with an alicyclic structure such as 1,4-cyclohexanedimethanol, 1,3-cyclohexaned-
imethanol, tricyclo[5.2.1.02,6]decanedimethanol, tricyclo[3.3.1.13,7]decane-1,3-dimethanol, tricyclo[5.2.1.02,6]decanedi-
ol, tricyclo[3.3.1.13,7]decane-1,3-diol, decahydronaphthalenediol, decahydronaphthalenedimethanol, 2,2-bis(4-hydrox-
ycyclohexyl)propane, bis(4-hydroxycyclohexyl)methane, bis(4-hydroxycyclohexyl) and 2-methylcyclohexane-1,1-
dimethanol; polyols with an aromatic ring such as p-xylylene glycol, bisphenol A ethylene oxide adduct, bisphenol F
ethylene oxide adduct and biphenol ethylene oxide adduct; polyether polyols such as polyethylene glycol, polypropylene
glycol and polytetramethylene glycol; polyester polyols such as polyhexamethylene adipate, polyhexamethylene succi-
nate and polycaprolactone; polycarbonate diols such as poly(1,6-hexamethylene carbonate), poly[(1,6-hexamethylene:
3-methyl-1,5-pentylene)carbonate], poly[(1,6-hexamethylene:cyclohexane-1,4-dimethylene) carbonate] and poly[(1,9-
nonylene:2-methyl-1,8-octylene)carbonate]; and hydroxyl-terminated imide compounds represented by Formula (3) be-
low:
[0102]



EP 2 390 277 A1

12

5

10

15

20

25

30

35

40

45

50

55

[0103] wherein the two groups R5 each independently represent a divalent, aliphatic or aromatic hydrocarbon group,
X as many as (m + 1) each independently represent a residue of a tetracarboxylic acid after removal of the carboxyl
groups, Y as many as indicated by the letter m each independently represent a residue of a diamine after removal of
the amino groups, and m is an integer of 0 to 20.
Of the above polyols, preferred compounds are C9 or higher linear aliphatic polyols such as 2-methyl-1,8-octanediol,
1,9-nonanediol, 2-ethyl-2-butyl-1,3-propanediol and 2,4-diethyl-1,5-pentanediol, polyols with an alicyclic structure such
as 1,4-cyclohexanedimethanol, 1,3-cyclohexanedimethanol, tricyclo[5,2,1,02,6]decanedimethanol and 2-methylcy-
clohexane-1,1-dimethanol, and dimer diols. The above polyols may be used singly, or two or more kinds may be used
in combination.
[0104] As described hereinabove, in the production of the (poly) carbonate polyols (components (a)), the (poly) car-
bonate polyols obtained often contain the material polyols as residual components (for example, the dimer diols and the
polyols having a C10-20 alicyclic structure). In the present invention, such residual polyol components are the components
(d) and are not included in the definition of the (poly)carbonate polyols.
[0105] The carboxyl group-containing polyurethanes in the aspect (II) may be produced from the above-described
three or four components (a), (b), (c) and optionally (d). In the case where isocyanate groups are present at terminals
of the carboxyl group-containing polyurethanes, the polyurethanes may be further reacted with a monohydroxy compound
(component (e)) to eliminate influences of the terminal isocyanate groups. That is, the carboxyl group-containing poly-
urethanes in the aspect (II) may further involve the monohydroxy compound (component (e)) as a material.
[0106] Similarly, in the case where hydroxyl groups are present at terminals of the carboxyl group-containing poly-
urethanes in the aspect (II), the polyurethanes may be further reacted with a monoisocyanate compound (component
(f)) to eliminate influences of the terminal hydroxyl groups. That is, the carboxyl group-containing polyurethanes in the
aspect (II) may further involve the monoisocyanate compound (component (f)) as a material.
[0107] Examples of the components (e) include methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol,
sec-butanol, t-butanol, ethylene glycol monoethyl ether, diethylene glycol monoethyl ether, diethylene glycol monoiso-
propyl ether, diethylene glycol monoisobutyl ether and dipropylene glycol monopropyl ether. In view of the boiling point
and the reactivity of the monohydroxy compounds, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, ethylene
glycol monoethyl ether, diethylene glycol monoethyl ether, diethylene glycol monoisopropyl ether, diethylene glycol
monoisobutyl ether and dipropylene glycol monopropyl ether are preferred.
[0108] The monohydroxy compounds may be used singly, or two or more kinds may be used in combination.
[0109] Examples of the components (f) include cyclohexyl isocyanate, octadecyl isocyanate, phenyl isocyanate and
toluyl isocyanate. In view of heat resistance, cyclohexyl isocyanate and octadecyl isocyanate are preferred.
[0110] The monoisocyanate compounds may be used singly, or two or more kinds may be used in combination.
[0111] The carboxyl group-containing polyurethanes in the aspect (II) preferably have a number average molecular
weight of 1,000 to 100,000, more preferably 3,000 to 50,000, and particularly preferably 5,000 to 30,000.
[0112] Herein, the number average molecular weight of the carboxyl group-containing polyurethanes is measured by
gel permeation chromatography (hereinafter, GPC) relative to polystyrenes. If the molecular weight is less than 1,000,
cured films described later may have poor elongation, flexibility and strength. If the molecular weight exceeds 100,000,
the polyurethanes will show low solubility in solvents or give excessively viscous solutions, causing great restrictions in
usage.
[0113]  In the invention, the GPC conditions are as follows unless otherwise specified.
[0114]

Chromatograph: HPLC unit HSS-2000 manufactured by JASCO Corporation
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Columns: Three Shodex columns LF-804 connected (in series)
Mobile phase: tetrahydrofuran
Flow rate: 1.0 ml/min
Detector: RI-2031 Plus manufactured by JASCO Corporation
Temperature: 40.0°C
Sample amount: Sample loop 100 Pl
Sample concentration: approximately 0.1% by mass

The carboxyl group-containing polyurethanes in the aspect (II) preferably have an acid value of 5 to 120 mg KOH/g, and
more preferably 10 to 50 mg KOH/g. If the acid value is less than 5 mg KOH/g, the polyurethanes may reduce the
reactivity with other curable resins such as curing agents described later and the heat resistance may be deteriorated.
If the acid value exceeds 120 mg KOH/g, cured films described later may be excessively rigid and brittle.
[0115] The carboxyl group-containing polyurethanes in the aspect (II) preferably have a number average molecular
weight of 1,000 to 100,000 and an acid value of 5 to 120 mg KOH/g, and more preferably a number average molecular
weight of 3, 000 to 50,000 and an acid value of 10 to 50 mg KOH/g.
[0116] In the invention, the acid value of the carboxyl group-containing polyurethanes in the aspect (II) is measured
by a potentiometric titration method in accordance with JIS K0070.
[0117] Next, carboxyl group-containing polyurethane solutions in the aspect (III) of the invention will be described.
[0118] The aspect (III) of the invention is directed to a carboxyl group-containing polyurethane solution that comprises
the carboxyl group-containing polyurethane according to the aspect (II) and a solvent having a boiling point of 120 to
300°C.
[0119] The carboxyl group-containing polyurethanes according to the aspect (II) that are components for the carboxyl
group-containing polyurethane solutions in the aspect (III) are as described hereinabove.
[0120] The solvents that are components for the carboxyl group-containing polyurethane solutions in the aspect (III)
are not particularly limited as long as they have a boiling point of 120 to 300°C and can dissolve the carboxyl group-
containing polyurethanes according to the aspect (II). When the solvent used in the production of the carboxyl group-
containing polyurethane of the aspect (II) is not replaced and is continuously used as the solvent for the carboxyl group-
containing polyurethane solution in the aspect (III), the solvent should be low in reactivity with isocyanates.
[0121] The solvents that are components for the carboxyl group-containing polyurethane solutions in the aspect (III)
preferably have a boiling point of 150 to 250°C, and more preferably 170 to 230°C.
[0122] In the invention, the boiling points of the solvents are boiling points at 1 atm unless otherwise mentioned.
[0123] For example, the solvent as a component constituting the carboxyl group-containing polyurethane solution in
the aspect (III) may include at least one selected from ether solvents such as anisole, diethylene glycol dimethyl ether,
diethylene glycol diethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol dibutyl ether, diethylene glycol
butyl methyl ether, diethylene glycol isopropyl methyl ether, triethylene glycol dimethyl ether, triethylene glycol butyl
methyl ether, tetraethylene glycol dimethyl ether, dipropylene glycol dimethyl ether and tripropylene glycol dimethyl
ether; ester solvents such as ethylene glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, pro-
pylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, dipropylene glycol monomethyl ether
acetate, dipropylene glycol monoethyl ether acetate, diethylene glycol monoethyl ether acetate, diethylene glycol mon-
omethyl ether acetate, methyl methoxypropionate, ethyl methoxypropionate, methyl ethoxypropionate, ethyl ethoxypro-
pionate and γ-butyrolactone; hydrocarbon solvents such as decahydronaphthalene; ketone solvents such as cyclohex-
anone; and alcohol solvents such as propylene glycol monomethyl ether, ethylene glycol monomethyl ether, dipropylene
glycol monomethyl ether, diethylene glycol monomethyl ether, diethylene glycol monobutyl ether, ethylene glycol
monophenyl ether and triethylene glycol monomethyl ether.
[0124] Of the above solvents, more suitable solvents may be appropriately selected in consideration of the solubility
of the carboxyl group-containing polyurethanes according to the aspect (II), the effectiveness in bleeding prevention in
printing and the drying properties of the solvents (namely, the boiling points of the solvents). Also, it may be taken into
consideration that the solvent used in the production of the carboxyl group-containing polyurethane of the aspect (II)
may be, without being replaced, used as the solvent for the carboxyl group-containing polyurethane solution in the aspect
(III). In consideration of thes.e viewpoints, at least one solvent may be preferably used which is selected from diethylene
glycol diethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol butyl methyl ether, diethylene glycol isopropyl
methyl ether, triethylene glycol dimethyl ether, dipropylene glycol dimethyl ether, tripropylene glycol dimethyl ether,
dipropylene glycol monomethyl ether acetate, dipropylene glycol monoethyl ether acetate, diethylene glycol monoethyl
ether acetate, diethylene glycol monomethyl ether acetate and γ-butyrolactone.
[0125] Of the above solvents, a particularly preferred solvent includes at least one selected from diethylene glycol
diethyl ether and γ-butyrolactone.
[0126] The carboxyl group-containing polyurethane solutions in the aspect (III) preferably have a solid concentration
of 10 to 90% by mass, more preferably 15 to 70% by mass, and particularly preferably 20 to 60% by mass. When the
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carboxyl group-containing polyurethane solution has a solid concentration of 20 to 60% by mass, the viscosity of the
solution measured under conditions described in the worked examples may be preferably in the range of 5,000 to
1,000,000 mPa·s from the viewpoint of uniform dispersion in the production of inventive curable compositions using the
solution.
[0127] Next, processes for producing carboxyl group-containing polyurethanes in the aspect (IV) of the invention will
be described.
[0128] The aspect (IV) of the invention is directed to a process for producing carboxyl group-containing polyurethanes
which comprises reacting at least the following components (a), (b) and (c) at a temperature in the range of 30°C to
160°C in a solvent including at least one selected from the group consisting of diethylene glycol dimethyl ether, diethylene
glycol diethyl ether, diethylene glycol ethyl methyl ether, diethylene glycol dibutyl ether, diethylene glycol butyl methyl
ether, diethylene glycol isopropyl methyl ether, triethylene glycol dimethyl ether, triethylene glycol butyl methyl ether,
tetraethylene glycol dimethyl ether, dipropylene glycol dimethyl ether, tripropylene glycol dimethyl ether, anisole, ethylene
glycol monomethyl ether acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether acetate,
propylene glycol monoethyl ether acetate, dipropylene glycol monomethyl ether acetate, dipropylene glycol monoethyl
ether acetate, diethylene glycol monoethyl ether acetate, diethylene glycol monomethyl ether acetate, methyl methox-
ypropionate, ethyl methoxypropionate, methyl ethoxypropionate, ethyl ethoxypropionate, decahydronaphthalene, cy-
clohexanone and γ-butyrolactone;
[0129]

component (a): the (poly)carbonate polyol according to the aspect (I) of the invention;
component (b): a polyisocyanate; and
component (c): a carboxyl group-containing polyol.

In the processes for producing carboxyl group-containing polyurethanes in the aspect (IV), the following components
(d), (e) and (f) may be appropriately selected and reacted together with the components (a), (b) and (c) as required.
[0130]

Component (d) : a polyol other than the components (a) and (c).
Component (e): a monohydroxy compound.
Component (f): a monoisocyanate compound.

[0131] The solvent used in the processes for producing carboxyl group-containing polyurethanes in the aspect (IV)
includes at least one selected from diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol
ethyl methyl ether, diethylene glycol dibutyl ether, diethylene glycol butyl methyl ether, diethylene glycol isopropyl methyl
ether, triethylene glycol dimethyl ether, triethylene glycol butyl methyl ether, tetraethylene glycol dimethyl ether, dipro-
pylene glycol dimethyl ether, tripropylene glycol dimethyl ether, anisole, ethylene glycol monomethyl ether acetate,
ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether
acetate, dipropylene glycol monomethyl ether acetate, dipropylene glycol monoethyl ether acetate, diethylene glycol
monoethyl ether acetate, diethylene glycol monomethyl ether acetate, methyl methoxypropionate, ethyl methoxypropi-
onate, methyl ethoxypropionate, ethyl ethoxypropionate, decahydronaphthalene, cyclohexanone and γ-butyrolactone.
[0132] In consideration of the solubility of the carboxyl group-containing polyurethanes according to the aspect (II),
the effectiveness in bleeding prevention in printing and the drying properties of the solvents (namely, the boiling points
of the solvents), the solvent used in the invention preferably includes at least one selected from diethylene glycol diethyl
ether, diethylene glycol ethyl methyl ether, diethylene glycol butyl methyl ether, diethylene glycol isopropyl methyl ether,
triethylene glycol dimethyl ether, dipropylene glycol dimethyl ether, tripropylene glycol dimethyl ether, dipropylene glycol
monomethyl ether acetate, dipropylene glycol monoethyl ether acetate, diethylene glycol monoethyl ether acetate, di-
ethylene glycol monomethyl ether acetate and γ-butyrolactone.
[0133] Of the above solvents, a particularly preferred solvent includes at least one selected from diethylene glycol
diethyl ether and γ-butyrolactone.
[0134] In the processes according to the aspect (IV), carboxyl group-containing polyurethanes may be synthesized
by reacting the components (a), (b) and (c) and optionally the components (d), (e) and (f) which may be selected as
desired, using the above-described solvents in the presence or absence of a known urethane-forming catalyst such as
dibutyl tin dilaurylate. The reaction is preferably performed in the absence of catalysts because the obtainable final
products such as cured films achieve improved properties in actual use.
[0135] The materials may be fed in any sequence without limitation. In a usual embodiment, the components (a) and
(c) optionally together with the component (d) are fed first and are dissolved in the solvent; thereafter at 30 to 140°C,
more preferably 60 to 120°C, the component (b) is added dropwise; and these components are reacted together at 50
to 160°C, more preferably 60 to 150°C.
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[0136] The molar ratio of the materials that are fed is controlled depending on the target molecular weight and acid
value of the carboxyl group-containing polyurethanes. The component (e) may be used as an endcapping agent for the
carboxyl group-containing polyurethanes. In detail, the component (e) may be added when the carboxyl group-containing
polyurethane that is being produced by the process has reached (or has come close to) the target number average
molecular weight, in order to endcap the terminal isocyanate groups of the carboxyl group-containing polyurethane under
synthesis and thereby to suppress a further increase in number average molecular weight.
[0137] When the component (e) is used, the number of the isocyanate groups in the component (b) may be smaller
than, equal to, or larger than the total number of the hydroxyl groups in the components (a), (c) and (d).
[0138] When the component (e) is used in excess, unreacted component (e) will result. Such excess component (e)
may be used as part of the solvents or may be removed by distillation or the like.
[0139] The component (e) used as a material for the carboxyl group-containing polyurethanes suppresses the increase
in molecular weight of the carboxyl group-containing polyurethanes. (Namely, it terminates the reaction.) The component
(e) may be added dropwise to the solution at 30 to 150°C, more preferably 70 to 140°C, and thereafter the temperature
is held constant to allow the reaction to complete.
[0140] In order that the component (f) is used as a material for the carboxyl group-containing polyurethanes, it is
necessary that the components are used such that the number of the isocyanate groups in the component (b) is smaller
than the total number of the hydroxyl groups of the components (a), (c) and (d). That is, these components should be
used so that the carboxyl group-containing polyurethane under synthesis prior to the addition of the component (f) will
have hydroxyl groups at terminals. After the substantial completion of the reaction of the hydroxyl groups in the compo-
nents (a), (c) and (d) with the isocyanate groups in the component (b), the component (f) may be added dropwise to the
solution of the carboxyl group-containing polyurethane under synthesis, at 30 to 150°C, more preferably 70 to 140°C,
and thereafter the temperature is held constant to complete the reaction of the component (f) with the residual hydroxyl
groups at terminals of the carboxyl group-containing polyurethane.
[0141] In the processes for producing carboxyl group-containing polyurethanes, the components may be used in
amounts described below. The amount of the component (c) is preferably 1 to 32%, and more preferably 2 to 15% by
mass of the total of the components (a), (b), (c) and (d). The ratio between the total number of the hydroxyl groups in
the components (a), (b) and (C) and the number of the isocyanate groups in the component (b) is preferably 1:0.9 to
0.9:1, and more preferably 1:0.92 to 0.95:1. The amount of the component (a) relative to the total of the components
(a) and (d) is preferably not less than 50% by mass, and more preferably not less than 60% by mass.
[0142] Next, curable compositions in the aspect (V) of the invention will be described.
[0143] The aspect (V) of the invention is directed to a curable composition that comprises the carboxyl group-containing
polyurethane according to the aspect (II) of the invention, a solvent having a boiling point of 120 to 300°C, and a curing
agent.
[0144] The carboxyl group-containing polyurethanes according to the aspect (II) that are components for the curable
compositions in the aspect (V) are as described hereinabove.
[0145] The solvents having a boiling point of 120 to 300°C that are components for the curable compositions in the
aspect (V) are the same as the solvents for the carboxyl group-containing polyurethane solutions in the aspect (III)
described hereinabove.
[0146] In the curable resin compositions according to the aspect (V), the solvent concentration is preferably 10 to 90%
by mass, and more preferably 20 to 70% by mass.
[0147] The curing agents that are components for the curable compositions in the aspect (V) may be compounds
having two or more epoxy groups in the molecule. Examples of the compounds having two or more epoxy groups in the
molecule include novolac epoxy resins that result from the epoxidation of novolac resins obtained by acid-catalyzed
condensation or co-condensation of phenols such as phenol, cresol, xylenol, resorcin and catechol and/or naphthols
such as α-naphthol, β-naphthol and dihydroxynaphthalene, with aldehyde compounds such as formaldehyde, acetal-
dehyde, propionaldehyde, benzaldehyde and salicylaldehyde, with specific examples including phenol novolac epoxy
resins and ortho cresol novolac epoxy resins; diglycidyl ethers of bisphenols A, bisphenols F, bisphenols S, alkyl-
substituted or alkyl-unsubstituted biphenols and stilbene phenols (bisphenol A epoxy compounds, bisphenol F epoxy
compounds, bisphenol S epoxy compounds, biphenyl epoxy compounds, stilbene epoxy compounds); glycidyl ethers
of alcohols such as butanediol, polyethylene glycol and polypropylene glycol; glycidyl ester epoxy resins of carboxylic
acids such as phthalic acid, isophthalic acid and tetrahydrophthalic acid; glycidyl or methylglycidyl epoxy resins that
result from the substitution with the glycidyl group of the active hydrogen bonded to the nitrogen atom in compounds
such as aniline, bis(4-aminophenyl)methane and isocyanuric acid; glycidyl or methylglycidyl epoxy resins that result
from the substitution with the glycidyl group of the active hydrogen bonded to the nitrogen atom in compounds such as
aminophenols, for example p-aminophenol, and the active hydrogen in the phenolic hydroxyl group in such compounds;
alicyclic epoxy resins obtained by the epoxidation of olefin bonds in the molecule, such as vinylcyclohexene diepoxide,
3,4-epoxycyclohexylmethyl-3,4-epoxycyclohexane carboxylate and 2-(3,4-epoxy)cyclohexyl-5,5-spiro (3,4-epoxy)cy-
clohexane-m-dioxane; glycidyl ethers of para-xylylene-modified and/or meta-xylylene-modified phenolic resins; glycidyl
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ethers of terpene-modified phenolic resins; glycidyl ethers of dicyclopentadiene-modified phenolic resins; glycidyl ethers
of cyclopentadiene-modified phenolic resins; glycidyl ethers of polycyclic aromatic ring-modified phenolic resins; glycidyl
ethers of naphthalene ring-containing phenolic resins; halogenated phenol novolac epoxy resins; hydroquinone epoxy
resins; trimethylolpropane epoxy resins; linear aliphatic epoxy resins that result from the oxidation of olefin bonds with
peracids such as peracetic acid; diphenylmethane epoxy resins; epoxidized compounds of aralkyl phenolic resins such
as phenol aralkyl resins and naphthol aralkyl resins; sulfur-containing epoxy resins; diglycidyl ether of tricyclo [5,2,1,02,6]
decane dimethanol; and epoxy resins having an adamantane structure such as 1,3-bis(1-adamantyl)-4,6-bis(glycidyloyl)
benzene, 1-[2’,4’-bis(glycidyloyl)phenyl]adamantane, 1,3-bis(4’-glycidyloylphenyl)adamantane and 1,3-bis[2’,4’-bis(gly-
cidyloyl)phenyl]adamantane.
[0148] Of the compounds having two or more epoxy groups in the molecule as described above, compounds having
two or more epoxy groups and an aromatic ring structure and/or an alicyclic structure in the molecule are preferable.
[0149] When a high premium is placed on the long-term electrical insulation performance of cured products according
to the aspect (VI), compounds having two or more epoxy groups and having a tricyclodecane structure and an aromatic
ring structure are preferable among the compounds having two or more epoxy groups and an aromatic ring structure
and/or an alicyclic structure in the molecule. In detail, such preferred compounds are glycidyl ethers of dicyclopentadiene-
modified phenolic resins (i.e., compounds having two or more epoxy groups and a tricyclo[5,2,1,02,6]decane structure
and an aromatic ring structure), and epoxy resins having an adamantane structure such as 1,3-bis(1-adamantyl)-4,6-
bis(glycidyloyl)benzene, 1-[2’,4’-bis(glycidyloyl)phenyl]adamantane, 1,3-bis(4’-glycidyloylphenyl)adamantane and 1,3-
bis[2’,4’-bis(glycidyloyl)phenyl]adamantane (i.e., compounds having two or more epoxy groups and a tricyclo[3,3,1,13,7]
decane structure and an aromatic ring structure). The use of these compounds leads to cured products having low water
absorption. Particularly preferred compounds are represented by Formula (4) below:
[0150]

[0151] wherein l is an integer.
When an importance is placed on the reactivity with the carboxyl group-containing polyurethanes in the aspect (II),
compounds having two or more epoxy groups and an amino group and an aromatic ring structure are preferable among
the compounds having two or more epoxy groups and an aromatic ring structure and/or an alicyclic structure in the
molecule. In detail, such preferred compounds are glycidyl or methylglycidyl epoxy resins that result from the substitution
with the glycidyl group of the active hydrogen bonded to the nitrogen atom in compounds such as aniline and bis(4-
aminophenyl)methane, and glycidyl or methylglycidyl epoxy resins that result from the substitution with the glycidyl group
of the active hydrogen bonded to the nitrogen atom in compounds such as aminophenols, for example p-aminophenol,
and the active hydrogen in the phenolic hydroxyl group in such compounds. Particularly preferred compounds are
represented by Formula (5) below:
[0152]
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[0153] The compounds having two or more epoxy groups in the molecule may be used singly, or two or more kinds
may be used in combination.
[0154] The amount of the curing agents based on 100 parts by mass of the carboxyl group-containing polyurethane
in the aspect (II) may vary depending on the acid value of the carboxyl group-containing polyurethane in the aspect (II).
[0155] However, it is preferable that the ratio of the number of the carboxyl groups in the carboxyl group-containing
polyurethane in the aspect (II) and that of the epoxy groups in the compound having two or more epoxy groups in the
molecule is in the range of 1/3 to 2/1, and more preferably 1/2.5 to 1.5/1. If the ratio of the number of the carboxyl groups
in the carboxyl group-containing polyurethane in the aspect (II) and that of the epoxy groups in the compound having
two or more epoxy groups in the molecule is less than 1/3, a large amount of the compound having two or more epoxy
groups in the molecule will remain unreacted and unfavorable consequences may result. If the ratio exceeds 2/1, a large
amount of the carboxyl groups in the carboxyl group-containing polyurethane will remain unreacted, and thus such ratio
is not preferable in view of electrical insulation performance.
[0156] The curable compositions according to the aspect (V) of the invention may contain, and preferably contain,
curing accelerators. The curing accelerators are not particularly limited as long as the compounds can facilitate the
reaction of the epoxy groups and the carboxyl groups. Examples include triazine compounds such as melamine, ace-
toguanamine, benzoguanamine, 2,4-diamino-6-methacryloyloxyethyl-s-triazine, 2,4-methacryloyloxyethyl-s-triazine,
2,4-diamino-6-vinyl-s-triazine and adduct of 2,4-diamino-6-vinyl-s-triazine with isocyanuric acid; imidazole compounds
such as imidazole, 2-methylimidazole, 2-ethyl-4-methylimidazole, 2-phenylimidazole, 2-undecylimidazole, 2-heptade-
cylimidazole, 1-benzyl-2-methylimidazole, 2-phenyl-4-methylimidazole, 1-cyanoethyl-2-methylimidazole, 1-cyanoethyl-
2-ethyl-4-methylimidazole, 1-aminoethyl-2-ethyl-4-methylimidazole, 1-aminoethyl-2-methylimidazole, 1-(cyanoethyl-
aminoethyl)-2-methylimidazole, N-[2-(2-methyl-1-imidazolyl)ethyl]urea, 1-cyanoethyl-2-undecylimidazole, 1-cyanoe-
thyl-2-methylimidazolium trimellitate, 1-cyanoethyl-2-phenylimidazolium trimellitate, 1-cyanoethyl-2-ethyl-4-methylimi-
dazolium trimellitate, 1-cyanoethyl-2-undecylimidazolium trimellitate, 2,4-diamino-6-[2’-methylimidazolyl-(1’)]-ethyl-s-tri-
azine, 2,4-diamino-6-[2’-undecylimidazolyl-(1’)]-ethyl-s-triazine, 2,4-diamino-6-[2’-ethyl-4’-methylimidazolyl-(1’)]-ethyls-
triazine, 1-dodecyl-2-methyl-3-benzylimidazolium chloride, N,N’-bis(2-methyl-1-imidazolylethyl)urea, N,N’-bis(2-methyl-
1-imidazolylethyl)adipamide, 2-phenyl-4-methyl-5-hydroxymethylimidazole, 2-phenyl-4,5-dihydroxymethylimidazole,
adduct of 2-methylimidazole with isocyanuric acid, adduct of 2-phenylimidazole with isocyanuric acid, adduct of 2,4-
diamino-6-[2’-methylimidazolyl-(1’)]-ethyl-s-triazine with isocyanuric acid, 2-methyl-4-formylimidazole, 2-ethyl-4-methyl-
5-formylimidazole, 2-phenyl-4-methylformylimidazole, 1-benzyl-2-phenylimidazole, 1,2-dimethylimidazole, 1-(2-hydrox-
yethyl)imidazole, vinylimidazole, 1-methylimidazole, 1-allylimidazole, 2-ethylimidazole, 2-butylimidazole, 2-butyl-5-hy-
droxymethylimidazole, 2,3-dihydro-1H-pyrrolo[1,2-a]benzimidazole, 1-benzyl-2-phenylimidazole hydrogen bromide and
1-dodecyl-2-methyl-3-benzylimidazolium chloride; cycloamidine compounds, for example diazabicycloalkenes, and cy-
cloamidine compound derivatives, such as 1,5-diazabicyclo(4.3.0)nonene-5, salts thereof, 1,8-diazabicyclo(5.4.0)un-
decene-7 and salts thereof; amine compounds such as triethylenediamine, benzyldimethylamine, triethanolamine,
dimethylaminoethanol and tris(dimethylaminomethyl)phenol; phosphine compounds such as triphenylphosphine, diphe-
nyl(p-tolyl)phosphine, tris(alkylphenyl)phosphine, tris(alkoxyphenyl)phosphine, tris(alkyl alkoxyphenyl)phosphine, tris
(dialkylphenyl)phosphine, tris(trialkylphenyl)phosphine, tris(tetraalkylphenyl)phosphine, tris(dialkoxyphenyl)phosphine,
tris(trialkoxyphenyl)phosphine, tris(tetraalkoxyphenyl)phosphine, trialkylphosphine, dialkylarylphosphine and alkyldiaryl-
phosphine; and dicyandiazide.
[0157] These curing accelerators may be used singly, or two or more kinds may be used in combination.
[0158] In view of the balance of the curing acceleration effects and the electrical insulating performance, melamine,
imidazole compounds, cycloamidine compounds, cycloamidine compound derivatives, phosphine compounds and amine
compounds are preferable, and melamine, 1,5-diazabicyclo(4.3.0)nonene-5, salts thereof, 1,8-diazabicyclo(5.4.0)un-
decene-7 and salts thereof are more preferable.
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[0159] The amount of the curing accelerators is not particularly limited as long as curing acceleration effects are
achieved. However, from the viewpoints of the curing properties of the curable compositions in the aspect (V) and the
electrical insulating properties and the water resistance of cured products from the curable compositions in the aspect
(V), the curing accelerators are preferably added in an amount of 0.05 to 5 parts by mass, and more preferably 0.1 to
3.0 parts by mass based on 100 parts by mass of the total of the carboxyl group-containing polyurethane and the curing
agent in the curable composition according to the aspect (V). Quick curing is difficult if the amount is less than 0.05 parts
by mass. Amounts in excess of 5 parts by mass can lead to deteriorations in electrical insulation properties and water
resistance of cured products obtained by curing the curable compositions.
[0160] The curable compositions in the aspect (V) may contain, and preferably contain, inorganic fine particles and/or
organic fine particles to control flowability.
[0161] Herein, the inorganic fine particles and/or the organic fine particles are defined to include not only inorganic
fine particles and organic fine particles, but also organic-inorganic composite fine particles such as powdery inorganic
compounds that are physically coated with organic compounds or are chemically surface-treated with organic compounds.
[0162] The inorganic fine particles and/or the organic fine particles that may be added to the curable compositions in
the aspect (V) are not particularly limited as long as they can be dispersed in the carboxyl group-containing polyurethane
in the aspect (II), the carboxyl group-containing polyurethane solution in the aspect (III), the curing agent, or the curing
agent solution to give a paste.
[0163] Examples of the inorganic fine particles include silica (SiO2), alumina (Al2O3), titania (TiO2), tantalum oxide
(Ta2O5), zirconia (ZrO2), silicon nitride (Si3N4), barium titanate (BaO·TiO2), barium carbonate (Ba2CO3), lead titanate
(PbO·TiO2), lead zirconate titanate (PZT), lead lanthanum zirconate titanate (PLZT), gallium oxide (Ga2O3), spinel
(MgO·Al2O3), mullite (3Al2O3·2SiO2), cordierite (2MgO·2Al2O3·5SiO2), talc (3MgO·4SiO2·H2O), aluminum titanate
(TiO2-Al2O3), yttria-containing zirconia (Y2O3-ZrO2), barium silicate (BaO·8SiO2), boron nitride (BN), calcium carbonate
(CaCO3), calcium sulfate (CaSO4), zinc oxide (ZnO), magnesium titanate (MgO·TiO2), barium sulfate (BaSO4), organic
bentonite and carbon (C). These may be used singly, or two or more kinds may be used in combination.
[0164] Preferred examples of the organic fine particles include fine particles of heat resistant resins having amide
bonds, imide bonds, ester bonds or ether bonds. From the viewpoints of heat resistance and mechanical properties,
polyimide resins, precursors thereof, polyamideimide resins, precursors thereof, and polyamide resins are preferable.
[0165] The inorganic fine particles and/or the organic fine particles preferably have an average particle diameter of
0.01 to 10 Pm, and more preferably 0.1 to 5 Pm.
[0166] The amount of the inorganic fine particles and/or the organic fine particles is 1 to 150 parts by mass, preferably
1 to 120 parts by mass, and more preferably 1 to 60 parts by mass based on 100 parts by mass of the total of the carboxyl
group-containing polyurethane, the solvent and the curing agent contained in the curable resin composition.
[0167] The curable compositions in the aspect (V) can give cured products having good electrical insulating properties,
and may be used to produce insulating protective films such as solder resists.
[0168] When the curable compositions in the aspect (V) are used for solder resists (namely, as solder resist ink
compositions), antifoaming agents may be used, and are preferably used, in order to eliminate or suppress the occurrence
of bubbles during printing.
[0169] The antifoaming agents are not particularly limited as long as they literally eliminate or suppress the occurrence
of bubbles in printing the solder resist ink compositions.
[0170] Examples of the antifoaming agents for use in the curable compositions in the aspect (V) include silicone
antifoaming agents such as BYK-077 (manufactured by BYK Japan K.K.), SN Defoamer 470 (manufactured by SAN
NOPCO LIMITED), TSA750S (manufactured by Momentive Performance Materials Inc.) and Silicone Oil SH-203 (man-
ufactured by Dow Corning Toray Co., Ltd.) ; acrylic polymer antifoaming agents such as Dappo SN-348 (manufactured
by SAN NOPCO LIMITED), Dappo SN-354 (manufactured by SAN NOPCO LIMITED), Dappo SN-368 (manufactured
by SAN NOPCO LIMITED) and DISPARLON 230HF (manufactured by Kusumoto Chemicals, Ltd.); acetylene diol an-
tifoaming agents such as SURFYNOL DF-110D (manufactured by Nisshin Kagaku Kogyo K.K.) and SURFYNOL DF-
37 (manufactured by Nisshin Kagaku Kogyo K.K.); and fluorine-containing silicone antifoaming agents such as FA-630.
[0171] Where necessary, the curable compositions in the aspect (V) of the invention may contain surfactants such as
leveling agents, and known colorants such as phthalocyanine blue, phthalocyanine green, iodine green, disazo yellow,
crystal violet, carbon black and naphthalene black.
[0172] When the resins should be prevented from oxidative deterioration or discoloration by heating, the curable
compositions in the aspect (V) may contain, and preferably contain, antioxidants such as phenolic antioxidants, phosphite
antioxidants and thioether antioxidants.
[0173] Examples of the phenolic antioxidants include compounds represented by Formulae (6) to (16) below:
[0174]
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[0175]

[0176]
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[0177]

[0178]

[0179]
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[0180]

[0181]

[0182]
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[0183]

[0184]

[0185] In Formula (16), n is an integer of 1 to 5.
[0186] Examples of the phosphite antioxidants include compounds represented by Formulae (17) to (27) below:
[0187]
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[0188]

[0189]

[0190]

[0191]
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[0192]

[0193]

[0194]
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[0195]

[0196]

[0197]
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[0198] Examples of the thioether antioxidants include compounds represented by Formulae (28) to (33) below:
[0199]

[0200]

[0201]
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[0202]

[0203]

[0204]

[0205] Further, flame retardants and lubricants may be added as required.
[0206] The curable compositions according to the aspect (V) may be obtained by homogeneously kneading and mixing
some or all of the components using a roll mill, a bead mill or the like. When the mixing involves some of the components,
the remaining component (s) may be mixed when the composition is actually used.
[0207] When the curable compositions in the aspect (V) are used as solder resist ink compositions, the compositions
preferably have a thixotropic index in a specific range in order to achieve good printing properties of the curable com-
positions in the aspect (V).
[0208] As used herein, the thixotropic index is defined to be a ratio of the viscosity at 25°C and 1 rpm and the viscosity
at 25°C and 10 rpm that are measured with a cone/plate viscometer (DV-II + Pro manufactured by Brookfield, spindle
model: CPE-52).
[0209] When the curable compositions in the aspect (V) are used as solder resist ink compositions, the thixotropic
index of the compositions at 25°C is preferably in the range of 1.1 to 3.0, and more preferably 1.1 to 2.5 in order to
achieve good printing properties of the curable compositions in the aspect (V). If the thixotropic index of the curable
compositions at 25°C is less than 1.1, the curable compositions in the aspect (V) used as solder resist ink compositions
will flow after they are printed, and can consequently fail to provide the predetermined thickness or maintain the print
patterns. If the thixotropic index of the curable compositions at 25°C exceeds 3.0, films formed by printing the compositions
may have bad antifoaming properties.
[0210] Next, cured products according to the aspect (VI) will be described.
[0211] The aspect (VI) of the invention is directed to a cured product obtainable by curing the curable resin composition
according to the aspect (V) of the invention.
[0212] The cured products in the aspect (VI) are generally obtained by removing a part or the whole of the solvent in
the curable composition in the aspect (V), and thereafter heating the resin to promote the curing reaction, resulting in a
cured product. When the cured product in the aspect (VI) is obtained as a film as an example, the cured film may be
produced by the following first to third steps.
[0213] First step: The curable composition in the aspect (V) is printed to give a coating film.
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[0214] Second step: The coating film obtained in the first step is exposed to an atmosphere at 20°C to 100°C to
evaporate a part or the whole of the solvent from the film.
[0215] Third step: The coating film obtained in the second step is thermally cured in an atmosphere at 100°C to 250°C
to give a thermally cured film (namely, the cured product).
[0216] In the first step, the curable composition in the aspect (V) is printed to give a coating film. The methods for
printing the curable composition in the aspect (V) are not particularly limited and include screen printing, roll coating,
spraying and curtain coating.
[0217] In the second step, the coating film from the first step is exposed to an atmosphere at 20°C to 100°C to evaporate
a part or the whole of the solvent from the film. The exposure time for removing the solvent is preferably not more than
4 hours, and more preferably not more than 2 hours.
[0218] In the third step, the coating film from the second step is thermally cured in an atmosphere at 100°C to 250°C
to give a thermally cured film (namely, the cured product). The thermal curing time is preferably in the range of 20 minutes
to 4 hours, and more preferably 30 minutes to 2 hours.
[0219] There will be described next flexible circuit boards in the aspect (VII) and processes for manufacturing flexible
circuit boards covered with a protective film according to the aspect (VIII) of the invention.
[0220] The aspect (VII) of the invention is directed to a flexible circuit board covered with a cured product in which a
circuit is formed on a flexible substrate, wherein the surface of the flexible substrate having the circuit is partially or
entirely covered with the cured product according to the aspect (VI) of the invention.
[0221] The aspect (VIII) of the invention is directed to a process for manufacturing flexible circuit boards covered with
a protective film, which comprises printing the curable composition of the aspect (V) to an area including a tin-plated
circuit pattern of a flexible circuit board to form a print film on the pattern, and heating and curing the print film at 80 to
130°C to produce a protective film.
[0222] The curable compositions of the aspect (V) may be used as, for example, solder resist inks, and the cured
products in the aspect (VI) may be used as insulating protective films. In particular, the cured products may be used as
solder resists that cover a part or the entire of the circuits in flexible circuit boards such as chip-on-film boards.
[0223] Hereinbelow, an embodiment of the production processes in the aspect (VIII) of the invention will be described.
For example, a protective film may be formed on a flexible circuit board by the following steps A to C.
[0224] Step A: The curable composition of the aspect (V) is screen printed to an area including a tin-plated circuit
pattern of a flexible circuit board to form a coating film. The coating film obtained in this step will be referred to as the
print film.
[0225] Step B: The coating film obtained in the step A is exposed to an atmosphere at 20 to 100°C to evaporate a
part or the whole of the solvent from the film.
[0226] Step C: The film obtained in the step B is thermally cured in an atmosphere at 80 to 130°C to give a thermally
cured protective film on the flexible circuit board.
[0227] In the step B, the temperature for evaporating the solvent is 20 to 100°C, preferably 60 to 100°C, and more
preferably 70 to 90°C in view of the rate of the solvent evaporation and the quick shift to the subsequent step (the step
C). The evaporation time for the solvent in the step B is not particularly limited, but is preferably 10 to 120 minutes, and
more preferably 20 to 100 minutes. The procedures in the step B are optional, and the step A may be immediately
followed by the step C to perform the curing reaction and the solvent removal simultaneously.
[0228] In order to prevent the diffusion of the plated layer and to obtain acceptable warpage and good flexibility of the
protective film, the thermal curing in the step C is performed at a temperature in the range of 80 to 130°C, preferably 90
to 130°C, and more preferably 110 to 130°C. The thermal curing time in the step C is not particularly limited, but is
preferably 20 to 150 minutes, and more preferably 30 to 120 minutes.

EXAMPLES

[0229] The present invention will be described in detail by presenting examples hereinbelow without limiting the scope
of the invention.

(Measurement of acid value)

[0230] A carboxyl group-containing polyurethane solution according to the aspect (III) was distilled by heating under
reduced pressure to evaporate the solvent. Thus, a carboxyl group-containing polyurethane according to the aspect (II)
was obtained.
[0231] The carboxyl group-containing polyurethane was analyzed by a potentiometric titration method in accordance
with JIS K0070 to determine the acid value.
[0232] The potentiometric titration method involved the following apparatus.
[0233] Apparatus: Automatic potentiometric titrator AT-510 manufactured by KYOTO ELECTRONICS MANUFAC-
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TURING CO., LTD.
Electrode: Composite glass electrode C-173 manufactured by KYOTO ELECTRONICS MANUFACTURING CO., LTD.

(Measurement of hydroxyl value of component (a)/component (d) mixture)

[0234] The hydroxyl value of a mixture of a component (a) and a component (d) was measured by a neutralization
titration method in accordance with JIS K0070.

(Measurement of number average molecular weight of carboxyl group-containing polyurethane)

[0235] The number average molecular weight was measured by GPC relative to polystyrenes. The GPC conditions
were as follows.
[0236]

Chromatograph: HPLC unit HSS-2000 manufactured by JASCO Corporation
Columns: Three Shodex columns LF-804 connected (in series)
Mobile phase: tetrahydrofuran
Flow rate: 1.0 ml/min
Detector: RI-2031 Plus manufactured by JASCO Corporation
Temperature: 40.0°C
Sample amount: Sample loop 100 Pl
Sample concentration: 0.1% by mass

(Measurement of viscosity of carboxyl group-containing polyurethane solution)

[0237] The viscosity of a carboxyl group-containing polyurethane solution was measured by the following method.
[0238] Approximately 0.8 g of a carboxyl group-containing polyurethane solution was analyzed with a cone/plate
viscometer (DV-II + Pro manufactured by Brookfield, spindle model: CPE-52) at a temperature of 25.0°C and a rotation
of 5 rpm, and the viscosity after 7 minutes after the initiation of the measurement was determined.

(Measurement of thixotropic index)

[0239] The thixotropic index of a curable composition was measured by the following method.
[0240] Approximately 0. 6 g of a curable composition was analyzed with a cone/plate viscometer (DV-II + Pro manu-
factured by Brookfield, spindle model: CPE-52) at a temperature of 25.0°C and a rotation of 10 rpm, and the viscosity
after 7 minutes after the initiation of the measurement was determined. Thereafter, the conditions were changed to a
temperature of 25.0°C and a rotation of 1 rpm, and the viscosity after 7 minutes after the initiation of the measurement
was determined. With the viscosities obtained, the thixotropic index was determined.
[0241] In detail, the thixotropic index was calculated in the following manner.
[0242] Calculation of thixotropic index: 

(Synthesis of (poly) carbonate polyols that have organic residue derived from dimer diol and organic residue derived 
from polyol having C10-20 alicyclic structure)

[Example 1]

[0243] A 1000 ml four-necked round-bottom flask equipped with a stirrer, a thermometer and a fractionator was charged
with 150.2 g (0.937 mol) of a mixture (product name: PD-9, manufactured by KYOWA HAKKO CHEMICAL CO., LTD.)
containing 2,4-diethyl-1,5-pentanediol and 2-ethyl-2-butyl-1,3-propanediol, 128.7 g (0.656 mol) of tricyclo[5.2.1.02,6]
decanedimethanol (manufactured by Tokyo Chemical Industry Co., Ltd.), 150.2 g of PRIPOL 2033 (dimer diol 98.2%
by mass, monool 0.6% by mass, trimer triol 1.2% by mass, hydroxyl value 205 mg KOH/g), 166.3 g (1.408 mol) of diethyl
carbonate (manufactured by Wako Pure Chemical Industries, Ltd.), and 1.717 g (5.04 mmol) of tetra-n-butyl titanate
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(manufactured by MITSUBISHI GAS CHEMICAL COMPANY, INC.). A nitrogen flow was continuously supplied for 30
minutes and was thereafter terminated. The materials were then heated using an oil bath set at 150°C. Ethanol containing
a small amount of diethyl carbonate which resulted with the progress of the reaction was distilled from the fractionator
and was collected in a 300 ml recovery flask. The distillation rate of ethanol was observed to decrease, and the oil bath
temperature was gradually increased and was finally raised to 200°C. Thereafter, the 1000 ml four-necked round-bottom
flask was gradually evacuated with the progress of the reaction, and the pressure was finally reduced to 5333 Pa. The
reaction was carried out for a total of 8 hours. Thereafter, the ethanol distilled which contained a small amount of diethyl
carbonate was analyzed by gas chromatography to determine the mass of diethyl carbonate contained in the ethanol.
Diethyl carbonate was newly added in a mass corresponding to the mass of the diethyl carbonate that had been distilled
away. The oil bath was set at a temperature of 190°C, and the reaction was initiated again and was performed at
atmospheric pressure for 2 hours. During the reaction, the oil bath temperature was gradually increased to 200°C.
Thereafter, the 1000 ml four-necked round-bottom flask was gradually evacuated, and the pressure was finally reduced
to 5333 Pa. The reaction was carried out for a total of 12 hours from the initiation of the reaction. After the completion
of the reaction, a light yellow viscous liquid (hereinafter, the product A1) was obtained in the 1000 ml four-necked round-
bottom flask.
[0244] The product A1 was analyzed by gas chromatography. The analysis showed that 2,4-diethyl-1,5-pentanediol,
2-ethyl-2-butyl-1,3-propanediol and tricyclo[5.2.1.02,6]decanedimethanol remained in the product A1 at 7.1% by mass,
0.3% by mass and 4.2% by mass, respectively. Liquid chromatography of the product A1 showed that the dimer diol
remained in the product A1 at 5.5% by mass, and the amounts of the residual monool and trimer triol were below the
detection limits.
[0245] The hydroxyl value of the product A1 was 123 mg KOH/g.
[0246] FIGS. 1 and 2 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the product A1.

[Example 2]

[0247] A 500 ml four-necked round-bottom flask equipped with a stirrer, a thermometer and a fractionator was charged
with 117.8 g (0.600 mol) of tricyclo[5.2.1.02,6]decanedimethanol (manufactured by Tokyo Chemical Industry Co., Ltd.),
162.6 g of PRIPOL 2033 (dimer diol 98.2% by mass, monool 0.6% by mass, trimer triol 1.2% by mass, hydroxyl value
205 mg KOH/g), 70.878 g (0.600 mol) of diethyl carbonate (manufactured by Wako Pure Chemical Industries, Ltd.), and
1.405 g (4.1 mmol) of tetra-n-butyl titanate (manufactured by MITSUBISHI GAS CHEMICAL COMPANY, INC.). A nitrogen
flow was continuously supplied for 30 minutes and was thereafter terminated. The materials were then heated using an
oil bath set at 150°C. Ethanol containing a small amount of diethyl carbonate which resulted with the progress of the
reaction was distilled from the fractionator and was collected in a 300 ml recovery flask. The distillation rate of ethanol
was observed to decrease, and the oil bath temperature was gradually increased and was finally raised to 200°C.
Thereafter, the 500 ml four-necked round-bottom flask was gradually evacuated with the progress of the reaction, and
the pressure was finally reduced to 5333 Pa. The reaction was carried out for a total of 8 hours. Thereafter, the ethanol
distilled which contained a small amount of diethyl carbonate was analyzed by gas chromatography to determine the
mass of diethyl carbonate contained in the ethanol. Diethyl carbonate was newly added in a mass corresponding to the
mass of the diethyl carbonate that had been distilled away. The oil bath was set at a temperature of 190°C, and the
reaction was initiated again and was performed at atmospheric pressure for 2 hours. During the reaction, the oil bath
temperature was gradually increased to 200°C. Thereafter, the 500 ml four-necked round-bottom flask was gradually
evacuated, and the pressure was finally reduced to 5333 Pa. The reaction was carried out for a total of 12 hours from
the initiation of the reaction. After the completion of the reaction, a light yellow viscous liquid (hereinafter, the product
A2) was obtained in the 500 ml four-necked round-bottom flask.
[0248] The product A2 was analyzed by gas chromatography. The analysis showed that tricyclo[5.2.1.02,6]decaned-
imethanol remained in the product A2 at 16.3% by mass. Liquid chromatography of the product A1 showed that the
dimer diol remained in the product A2 at 5.9% by mass, and the amounts of the residual monool and trimer triol were
below the detection limits.
[0249] The hydroxyl value of the product A2 was 123 mg KOH/g.
[0250] FIGS. 3 and 4 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the product A2.

[Example 3]

[0251] A 500 ml four-necked round-bottom flask equipped with a stirrer, a thermometer and a fractionator was charged
with 68. 6 g (0.426 mol) of a mixture (product name: PD-9, manufactured by KYOWA HAKKO CHEMICAL CO., LTD.)
containing 2,4-diethyl-1,5-pentanediol and 2-ethyl-2-butyl-1,3-propanediol, 68.6 g (0.349 mol) of tricyclo[5.2.1.02,6]de-
canedimethanol (manufactured by Tokyo Chemical Industry Co., Ltd.), 68. 6 g of PRIPOL 2033 (dimer diol 98.2% by
mass, monool 0.6% by mass, trimer triol 1.2% by mass, hydroxyl value 205 mg KOH/g), 81.8 g (0.693 mol) of diethyl
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carbonate (manufactured by Wako Pure Chemical Industries, Ltd.), and 0.823 g (2.42 mmol) of tetra-n-butyl titanate
(manufactured by MITSUBISHI GAS CHEMICAL COMPANY, INC.). A nitrogen flow was continuously supplied for 30
minutes and was thereafter terminated. The materials were then heated using an oil bath set at 150°C. Ethanol containing
a small amount of diethyl carbonate which resulted with the progress of the reaction was distilled from the fractionator
and was collected in a 300 ml recovery flask. The distillation rate of ethanol was observed to decrease, and the oil bath
temperature was gradually increased and was finally raised to 200°C. Thereafter, the 500 ml four-necked round-bottom
flask was gradually evacuated with the progress of the reaction, and the pressure was finally reduced to 5333 Pa. The
reaction was carried out for a total of 8 hours. Thereafter, the ethanol distilled which contained a small amount of diethyl
carbonate was analyzed by gas chromatography to determine the mass of diethyl carbonate contained in the ethanol.
Diethyl carbonate was newly added in a mass corresponding to the mass of the diethyl carbonate that had been distilled
away. The oil bath was set at a temperature of 190°C, and the reaction was initiated again and was performed at
atmospheric pressure for 2 hours. During the reaction, the oil bath temperature was gradually increased to 200°C.
Thereafter, the 500 ml four-necked round-bottom flask was gradually evacuated, and the pressure was finally reduced
to 5333 Pa. The reaction was carried out for a total of 12 hours from the initiation of the reaction. After the completion
of the reaction, a light yellow viscous liquid (hereinafter, the product A3) was obtained in the 500 ml four-necked round-
bottom flask.
[0252] The product A3 was analyzed by gas chromatography. The analysis showed that 2,4-diethyl-1,5-pentanediol,
2-ethyl-2-butyl-1,3-propanediol and tricyclo[5.2.1.02,6]decanedimethanol remained in the product A3 at 4. 2% by mass,
0.3% by mass and 4.5% by mass, respectively. Liquid chromatography of the product A3 showed that the dimer diol
remained in the product A3 at 5.0% by mass, and the amounts of the residual monool and trimer triol were below the
detection limits.
[0253] The hydroxyl value of the product A3 was 110 mg KOH/g.
[0254] FIGS. 5 and 6 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the product A3.

[Example 4]

[0255] A 1000 ml four-necked round-bottom flask equipped with a stirrer, a thermometer and a fractionator was charged
with 150.2 g (0.937 mol) of a mixture (product name: ND-15, manufactured by KURARAY CO., LTD.) containing 2-
methyl-1,8-octanediol and 1,9-nonanediol, 150.2 g (0.765 mol) of tricyclo[5.2.1.02,6]decanedimethanol (manufactured
by Tokyo Chemical Industry Co., Ltd.), 150.2 g of PRIPOL 2033 (dimer diol 98.2% by mass, monool 0.6% by mass,
trimer triol 1.2% by mass, hydroxyl value 205 mg KOH/g), 179.2 g (1.517 mol) of diethyl carbonate (manufactured by
Wako Pure Chemical Industries, Ltd.), and 1.802 g (5.30 mmol) of tetra-n-butyl titanate (manufactured by MITSUBISHI
GAS CHEMICAL COMPANY, INC.). A nitrogen flow was continuously supplied for 30 minutes and was thereafter
terminated. The materials were then heated using an oil bath set at 150°C. Ethanol containing a small amount of diethyl
carbonate which resulted with the progress of the reaction was distilled from the fractionator and was collected in a 300
ml recovery flask. The distillation rate of ethanol was observed to decrease, and the oil bath temperature was gradually
increased and was finally raised to 200°C. Thereafter, the 1000 ml four-necked round-bottom flask was gradually evac-
uated with the progress of the reaction, and the pressure was finally reduced to 5333 Pa. The reaction was carried out
for a total of 8 hours. Thereafter, the ethanol distilled which contained a small amount of diethyl carbonate was analyzed
by gas chromatography to determine the mass of diethyl carbonate contained in the ethanol. Diethyl carbonate was
newly added in a mass corresponding to the mass of the diethyl carbonate that had been distilled away. The oil bath
was set at a temperature of 190°C, and the reaction was initiated again and was performed at atmospheric pressure for
2 hours. During the reaction, the oil bath temperature was gradually increased to 200°C. Thereafter, the 1000 ml four-
necked round-bottom flask was gradually evacuated, and the pressure was finally reduced to 5333 Pa. The reaction
was carried out for a total of 12 hours from the initiation of the reaction. After the completion of the reaction, a light yellow
viscous liquid (hereinafter, the product A5) was obtained in the 1000 ml four-necked round-bottom flask.
[0256] The product A5 was analyzed by gas chromatography. The analysis showed that 2-methyl-1,8-octanediol, 1,9-
nonanediol and tricyclo[5.2.1.02,6]decanedimethanol remained in the product A5 at 0.2% by mass, 0.1% by mass and
10.1% by mass, respectively. Liquid chromatography of the product A5 showed that the dimer diol remained in the
product A5 at 5.0% by mass, and the amounts of the residual monool and trimer triol were below the detection limits.
[0257] The hydroxyl value of the product A5 was 116 mg KOH/g.
[0258] FIGS. 7 and 8 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the product A5.

(Synthesis of carboxyl group-containing polyurethanes)

[Example 5]

[0259] A reactor equipped with a stirrer, a thermometer and a condenser was charged with 271.4 g of the product A1
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from Example 1, 35.7 g of 2,2-dimethylolbutanoic acid (manufactured by Nippon Kasei Chemical Co., Ltd.) as a carboxyl
group-containing diol, and 330.0 g and 220.0 g of γ-butyrolactone (manufactured by Mitsubishi Chemical Corporation)
and diethylene glycol diethyl ether (manufactured by Nippon Nyukazai Co., Ltd.), respectively, as solvents. The materials
were heated to 100°C and were completely dissolved. The temperature of the reaction liquid was lowered to 90°C, and
139.0 g of methylenebis(4-cyclohexyl isocyanate) (product name: DESMODUR W, manufactured by Sumika Bayer
Urethane Co., Ltd.) as a polyisocyanate was added dropwise with a dropping funnel over a period of 30 minutes.
Thereafter, a reaction was performed at 120°C for 6 hours. When the substantial disappearance of the isocyanate was
confirmed, 4.0 g of isobutanol (manufactured by Wako Pure Chemical Industries, Ltd.) was added dropwise and a
reaction was performed at 120°C for 3 hours. Thus, a carboxyl group-containing polyurethane solution (hereinafter, the
carboxyl group-containing polyurethane solution B1) was obtained.
The carboxyl group-containing polyurethane solution B1 had a viscosity of 11500 mPa·s. The carboxyl group-containing
polyurethane contained in the carboxyl group-containing polyurethane solution B1 (hereinafter, the carboxyl group-
containing polyurethane BU1) had a number average molecular weight of 14000. The acid value of the carboxyl group-
containing polyurethane BU1 was 30.0 mg KOH/g.
[0260] The carboxyl group-containing polyurethane solution B1 had a solid concentration of 45.0% by mass.
[0261] FIGS. 9 and 10 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the carboxyl
group-containing polyurethane BU1.

[Example 6]

[0262] A reactor equipped with a stirrer, a thermometer and a condenser was charged with 204.5 g of the product A2
from Example 2, 33.1 g of a mixture (product name: PD-9, manufactured by KYOWA HAKKO CHEMICAL CO., LTD.)
containing 2,4-diethyl-1,5-pentanediol and 2-ethyl-2-butyl-1,3-propanediol, 35.7 g of 2,2-dimethylolbutanoic acid (man-
ufactured by Nippon Kasei Chemical Co., Ltd.) as a carboxyl group-containing diol, and 250.0 g and 250.0 g of γ-
butyrolactone (manufactured by Mitsubishi Chemical Corporation) and diethylene glycol diethyl ether (manufactured by
Nippon Nyukazai Co., Ltd.), respectively, as solvents. The materials were heated to 100°C and were completely dissolved.
The temperature of the reaction liquid was lowered to 90°C, and 176.5 g of methylenebis(4-cyclohexyl isocyanate)
(product name: DESMODUR W, manufactured by Sumika Bayer Urethane Co., Ltd.) as a polyisocyanate was added
dropwise with a dropping funnel over a period of 30 minutes. Thereafter, a reaction was performed at 120°C for 6 hours.
When the substantial disappearance of the isocyanate was confirmed, 4. 0 g of isobutanol (manufactured by Wako Pure
Chemical Industries, Ltd.) was added dropwise and a reaction was performed at 120°C for 3 hours. Thus, a carboxyl
group-containing polyurethane solution (hereinafter, the carboxyl group-containing polyurethane solution B2) was ob-
tained.
[0263] The carboxyl group-containing polyurethane solution B2 had a viscosity of 301000 mPa·s. The carboxyl group-
containing polyurethane contained in the carboxyl group-containing polyurethane solution B2 (hereinafter, the carboxyl
group-containing polyurethane BU2) had a number average molecular weight of 14000. The acid value of the carboxyl
group-containing polyurethane BU2 was 30.0 mg KOH/g.
[0264] The carboxyl group-containing polyurethane solution B2 had a solid concentration of 45.0% by mass.
[0265] FIGS. 11 and 12 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the carboxyl
group-containing polyurethane BU2.

[Example 7]

[0266] A reactor equipped with a stirrer, a thermometer and a condenser was charged with 277.7 g of the product A3
from Example 3, 35.7 g of 2,2-dimethylolbutanoic acid (manufactured by Nippon Kasei Chemical Co., Ltd.) as a carboxyl
group-containing diol, and 330.0 g and 220.0 g of y-butyrolactone (manufactured by Mitsubishi Chemical Corporation)
and diethylene glycol diethyl ether (manufactured by Nippon Nyukazai Co., Ltd.), respectively, as solvents. The materials
were heated to 100°C and were completely dissolved. The temperature of the reaction liquid was lowered to 90°C, and
132.6 g of methylenebis(4-cyclohexyl isocyanate) (product name: DESMODUR W, manufactured by Sumika Bayer
Urethane Co., Ltd.) as a polyisocyanate was added dropwise with a dropping funnel over a period of 30 minutes.
Thereafter, a reaction was performed at 120°C for 6 hours. When the substantial disappearance of the isocyanate was
confirmed, 4.0 g of isobutanol (manufactured by Wako Pure Chemical Industries, Ltd.) was added dropwise and a
reaction was performed at 120°C for 3 hours. Thus, a carboxyl group-containing polyurethane solution (hereinafter, the
carboxyl group-containing polyurethane solution B3) was obtained.
[0267] The carboxyl group-containing polyurethane solution B3 had a viscosity of 12000 mPa·s. The carboxyl group-
containing polyurethane contained in the carboxyl group-containing polyurethane solution B3 (hereinafter, the carboxyl
group-containing polyurethane BU3) had a number average molecular weight of 14000. The acid value of the carboxyl
group-containing polyurethane BU3 was 30.0 mg KOH/g.
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[0268] The carboxyl group-containing polyurethane solution B3 had a solid concentration of 45.0% by mass.
[0269] FIGS. 13 and 14 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the carboxyl
group-containing polyurethane BU3.

[Example 8]

[0270] A reactor equipped with a stirrer, a thermometer and a condenser was charged with 274.6 g of the product A5
from Example 4, 35.7 g of 2,2-dimethylolbutanoic acid (manufactured by Nippon Kasei Chemical Co., Ltd.) as a carboxyl
group-containing diol, and 330.0 g and 220.0 g of γ-butyrolactone (manufactured by Mitsubishi Chemical Corporation)
and diethylene glycol diethyl ether (manufactured by Nippon Nyukazai Co., Ltd.), respectively, as solvents. The materials
were heated to 100°C and were completely dissolved. The temperature of the reaction liquid was lowered to 90°C, and
135.7 g of methylenebis(4-cyclohexyl isocyanate) (product name: DESMODUR W, manufactured by Sumika Bayer
Urethane Co., Ltd.) as a polyisocyanate was added dropwise with a dropping funnel over a period of 30 minutes.
Thereafter, a reaction was performed at 120°C for 6 hours. When the substantial disappearance of the isocyanate was
confirmed, 4. 0 g of isobutanol (manufactured by Wako Pure Chemical Industries, Ltd.) was added dropwise and a
reaction was performed at 120°C for 3 hours. Thus, a carboxyl group-containing polyurethane solution (hereinafter, the
carboxyl group-containing polyurethane solution B4) was obtained.
The carboxyl group-containing polyurethane solution B4 had a viscosity of 12000 mPa·s. The carboxyl group-containing
polyurethane contained in the carboxyl group-containing polyurethane solution B4 (hereinafter, the carboxyl group-
containing polyurethane BU4) had a number average molecular weight of 14000. The acid value of the carboxyl group-
containing polyurethane BU4 was 30.0 mg KOH/g.
[0271] The carboxyl group-containing polyurethane solution B4 had a solid concentration of 45.0% by mass.
[0272] FIGS. 15 and 16 show a 1H-NMR spectrum (solvent: CDCl3) and an IR spectrum, respectively, of the carboxyl
group-containing polyurethane BU4.

[Comparative Example 1]

[0273] A reactor equipped with a stirrer, a thermometer and a condenser was charged with 70.7 g of C-1065N (man-
ufactured by KURARAY CO., LTD., a mixture of (poly)carbonate diol and raw material diols (1,9-nonanediol and 2-
methyl-1,8-octanediol), molar ratio of raw material diols fed: 1,9-nonanediol:2-methyl-1,8-octanediol = 65:35, hydroxyl
value: 113.2 mg KOH/g, residual concentration of 1,9-nonanediol: 7.5% by mass, residual concentration of 2-methyl-
1,8-octanediol: 4.4% by mass), 13.5 g of 2,2-dimethylolbutanoic acid (manufactured by Nippon Kasei Chemical Co.,
Ltd.) as a carboxyl group-containing diol, and 128.9 g of diethylene glycol monoethyl ether acetate (manufactured by
DAICEL CHEMICAL INDUSTRIES, LTD.). The materials were completely dissolved by heating at 90°C. The temperature
of the reaction liquid was lowered to 70°C. Subsequently, 42.4 g of methylenebis (4-cyclohexyl isocyanate) (product
name: DESMODUR W, manufactured by Sumika Bayer Urethane Co., Ltd.) as a polyisocyanate was added dropwise
to the liquid with use of a dropping funnel over a period of 30 minutes. After the completion of the dropwise addition, a
reaction was performed at 80°C for 1 hour, at 90°C for 1 hour and at 100°C for 2 hours, and the substantial disappearance
of the isocyanate was confirmed. Thereafter, 1.46 g of isobutanol (manufactured by Wako Pure Chemical Industries,
Ltd.) was added dropwise and a reaction was performed at 105°C for 1.5 hours. Thus, a carboxyl group-containing
polyurethane solution (hereinafter, the carboxyl group-containing polyurethane solution C1) was obtained.
[0274] The carboxyl group-containing polyurethane contained in the carboxyl group-containing polyurethane solution
C1 (hereinafter, the carboxyl group-containing polyurethane CU1) had a number average molecular weight of 6800. The
acid value of the carboxyl group-containing polyurethane CU1 was 39.9 mg KOH/g.
[0275] The carboxyl group-containing polyurethane solution C1 had a solid concentration of 49.5% by mass.

[Comparative Example 2]

[0276] A reactor equipped with a stirrer, a thermometer and a condenser was charged with 660.6 g of C-1015N
(manufactured by KURARAY CO., LTD., a mixture of (poly)carbonate diol and raw material diols (1,9-nonanediol and
2-methyl-1,8-octanediol), molar ratio of raw material diols fed: 1,9-nonanediol:2-methyl-1,8-octanediol = 15:85, hydroxyl
value: 116.4 mg KOH/g, residual concentration of 1,9-nonanediol: 2.1% by mass, residual concentration of 2-methyl-
1,8-octanediol: 9.3% by mass), 73.39 g of G-1000 (manufactured by NIPPON SODA CO., LTD., 1,2-polybutadiene
terminated with a hydroxyl group at both terminals, number average molecular weight: 1548), 138.4 g of 2,2-dimethyl-
olbutanoic acid (manufactured by Nippon Kasei Chemical Co., Ltd.) as a carboxyl group-containing diol, and 1303 g of
diethylene glycol monoethyl ether acetate (manufactured by DAICEL CHEMICAL INDUSTRIES, LTD.). The 2,2-dimeth-
ylolbutanoic acid was dissolved at 90°C.
[0277] The temperature of the reaction liquid was lowered to 70°C. Subsequently, 437.3 g of methylenebis(4-cyclohexyl



EP 2 390 277 A1

34

5

10

15

20

25

30

35

40

45

50

55

isocyanate) (product name: DESMODUR W, manufactured by Sumika Bayer Urethane Co., Ltd.) as a polyisocyanate
was added dropwise to the liquid with use of a dropping funnel over a period of 30 minutes. After the completion of the
dropwise addition, a reaction was performed at 80°C for 1 hour, at 100°C for 1 hour and at 120°C for 2 hours, and the
substantial disappearance of the isocyanate was confirmed by IR. Thereafter, 5 g of isobutanol (manufactured by Wako
Pure Chemical Industries, Ltd.) was added dropwise and a reaction was performed at 120°C for 1.5 hours. Thus, a
carboxyl group-containing polyurethane solution (hereinafter, the carboxyl group-containing polyurethane solution C2)
was obtained.
[0278] The carboxyl group-containing polyurethane contained in the carboxyl group-containing polyurethane solution
C2 (hereinafter, the carboxyl group-containing polyurethane CU2) had a number average molecular weight of 13800.
The acid value of the carboxyl group-containing polyurethane CU2 was 40.2 mg KOH/g.
[0279] The carboxyl group-containing polyurethane solution C2 had a solid concentration of 50.1% by mass.

(Production of blends including carboxyl group-containing polyurethane)

(Blend Example 1)

[0280] There were mixed 111.1 g of the carboxyl group-containing polyurethane solution B1, 5.0 g of silica powder
(product name: AEROSIL R-974, manufactured by NIPPON AEROSIL CO., LTD.), 0.36 g of melamine (manufactured
by NISSAN CHEMICAL INDUSTRIES, LTD.) as a curing accelerator, and 0.70 g of an antifoaming agent (product name:
TSA750S, manufactured by Momentive Performance Materials Inc.). The mixture was further mixed with a three-roll mill
(model: S-4SE x 11, manufactured by INOUE MANUFACTURING CO., LTD.), and thereby the silica powder, the curing
accelerator and the antifoaming agent were mixed sufficiently with the carboxyl group-containing polyurethane solution
B1. Thus, a main agent blend D1 was obtained.

(Blend Examples 2-4 and Comparative Blend Examples 1-2)

[0281] Blends were prepared according to the formulations shown in TABLE 1 in the same manner as described in
Blend Example 1. The blends obtained in Blend Examples 2 to 4 are main agent blends D2 to D4, respectively. The
blends obtained in Comparative Blend Examples 1 and 2 are main agent blends E1 and E2, respectively.
[0282] In TABLE 1, the formulations of the components in Blend Examples 1 to 4 and Comparative Blend Examples
1 and 2 are given in terms of grams.
[0283] [TABLE 1]

TABLE 1

Blend 
Example 1 

(main agent 
blend D1)

Blend 
Example 2 

(main agent 
blend D2)

Blend 
Example 3 

(main agent 
blend D3)

Blend 
Example 4 
(main agent 
blend D4)

Comparative 
Blend 

Example 1 
(main agent 
blend E1)

Comparative 
Blend 

Example 2 
(main agent 
blend E2)

Carboxyl 
group-
containing 
solution B1 
(solid 
concentration: 
45.0% by 
mass)

111.1

Carboxyl 
group-
containing 
solution B2 
(solid 
concentration: 
45.0% by 
mass)

111.1
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(continued)

Blend 
Example 1 

(main agent 
blend D1)

Blend 
Example 2 

(main agent 
blend D2)

Blend 
Example 3 

(main agent 
blend D3)

Blend 
Example 4 
(main agent 
blend D4)

Comparative 
Blend 

Example 1 
(main agent 
blend E1)

Comparative 
Blend 

Example 2 
(main agent 
blend E2)

Carboxyl 
group-
containing 
solution B3 
(solid 
concentration: 
45.0% by 
mass)

111.1

Carboxyl 
group-
containing 
solution B4 
(solid 
concentration: 
45.0% by 
mass)

111.1

Carboxyl 
group-
containing 
solution C1 
(solid 
concentration: 
49.5% by 
mass)

101.0

Carboxyl 
group-
containing 
solution C2 
(solid 
concentration: 
50.1% by 
mass)

99.79

Silica powder 
AEROSIL R-
974

5.00 5.00 5.00 5.00 5.00 5.00

Curing 
accelerator 
Melamine

0.36 0.36 0.36 0.36 0.36 0.36

Antifoaming 
agent 
TSA750S

0.70 0.70 0.70 0.70 0.70 0.70

Diethylene 
glycol 
monoethyl 
ether acetate

10.1 11.31
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(Preparation of solutions containing curing agent)

[0284] A container equipped with a stirrer, a thermometer and a condenser was charged with 300 g of an epoxy resin
having the structure of Formula (4) below (grade: HP-7200H, manufactured by DIC, epoxy equivalent: 278 g/eq), 180
g of γ-butyrolactone (manufactured by Mitsubishi Chemical Corporation), and 120 g of diethylene glycol diethyl ether
(manufactured by TOHO Chemical Industry Co., LTD.), followed by the initiation of stirring. While continuously stirring
the materials, the temperature in the container was raised to 70°C using an oil bath. The stirring was terminated after
30 minutes after the inside temperature reached 70°C. The epoxy resin HP-7200H was confirmed to have been dissolved
completely, and the solution was cooled to room temperature. Thus, a HP-7200H solution with a concentration of 50%
by mass was obtained. The solution will be referred to as the curing agent solution F1.
[0285] A container equipped with a stirrer and a condenser was charged with 300 g of an epoxy resin having the
structure of Formula (5) below (grade: jER604, manufactured by Japan Epoxy Resins Co., Ltd., epoxy equivalent: 120
g/eq), 180 g of γ-butyrolactone (manufactured by Mitsubishi Chemical Corporation), and 120 g of diethylene glycol diethyl
ether (manufactured by TOHO Chemical Industry Co., LTD.), followed by the initiation of stirring. After stirring for 1 hour,
the epoxy resin jER604 was confirmed to have been dissolved completely. Thus, a jER604 solution with a concentration
of 50% by mass was obtained. The solution will be referred to as the curing agent solution F2.
[0286] The solutions F1 and F2 were mixed in a (mass) ratio of 1:1 to give a curing agent solution F3.
[0287]

[0288] wherein l is an integer.
[0289]

(Production of curable compositions)

[Example 9]

[0290] The main agent blend D1 weighing 200.0 g was mixed together with 25.4 g of the curing agent solution F1.
The mixture was stirred sufficiently with a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of
γ-butyrolactone:diethylene glycol diethyl ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of
1.3. Thus, a curable composition (hereinafter, the curable composition G1) was obtained.
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[Example 10]

[0291] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G2) was obtained.

[Example 11]

[0292] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G3) was obtained.

[Example 12]

[0293] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G4) was obtained.

[Example 13]

[0294] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G5) was obtained.

[Example 14]

[0295] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G6) was obtained.

[Example 15]

[0296] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G7) was obtained.

[Example 16]

[0297] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G8) was obtained.

[Example 17]

[0298] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding a solvent mixture of γ-butyrolactone:diethylene glycol diethyl
ether = 3:2 (mass ratio) in an amount required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter,
the curable composition G9) was obtained.
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[Comparative Example 3]

[0299] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding diethylene glycol monoethyl ether acetate in an amount
required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter, the curable composition H1) was
obtained.

[Comparative Example 4]

[0300] The components were mixed in the formulation given in TABLE 2, and the mixture was stirred sufficiently with
a spatula. Thereafter, the viscosity was adjusted by adding diethylene glycol monoethyl ether acetate in an amount
required to obtain a thixotropic index of 1.3. Thus, a curable composition (hereinafter, the curable composition H2) was
obtained.
[0301] [TABLE 2]
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TABLE 2

Curable 
composition 

G1

Curable 
composition 

G2

Curable 
composition 

G3

Curable 
composition 

G4

Curable 
composition 

G5

Curable 
composition 

G6

Curable 
composition 

G7

Curable 
composition 

G8

Curable 
composition 

G9

Curable 
composition 

H1

Curable 
composition 

H2

Main 
agent 
blend 

D1

200.0 200.0

Main 
agent 
blend 

D2

200.0 200.0

Main 
agent 
blend 

D3

200.0 200.0

Main 
agent 
blend 

D4

200.0 200.0 200.0

Main 
agent 
blend 

E1

200.0

Main 
agent 
blend 

E2

200.0
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(continued)

Curable 
composition 

G1

Curable 
composition 

G2

Curable 
composition 

G3

Curable 
composition 

G4

Curable 
composition 

G5

Curable 
composition 

G6

Curable 
composition 

G7

Curable 
composition 

G8

Curable 
composition 

G9

Curable 
composition 

H1

Curable 
composition 

H2

Curing 
agent 

solution 
F1 (solid 
concn. 
50% by 
mass)

25.4 25.4 25.4 25.4

Curing 
agent 

solution 
F2 (solid 
concn. 
50% by 
mass)

11.0 11.0 11.0 11.0 14.5 14.6

Curing 
agent 

solution 
F3 (solid 
concn. 
50% by 
mass)

15.3

Solvent solvent mixture of γ-butyrolactone:diethylene glycol diethyl ether = 3:2 (by mass)
diethylene glycol monoethyl 

ether acetate
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[Examples 18 to 26 and Comparative Examples 5 and 6]

[0302] The curable compositions G1 to G9, H1 and H2 were tested by the following methods to evaluate the adhesion
with polyimide and tin-plated copper, the warpage and the long-term electrical insulation reliability as described in TABLE
3. The results are set forth in TABLE 3.

Evaluation of adhesion with polyimide and tin-plated copper

[0303] A substrate was provided which was a flexible copper-clad laminate (grade: S’PERFLEX, manufactured by
SUMITOMO METAL MINING CO., LTD., copper thickness: 8 Pm, polyimide thickness: 38 Pm) plated with tin. Further,
a polyimide film (Kapton (registered trademark) 300H, manufactured by DU PONT-TORAY CO., LTD.) was provided.
The curable composition G1 was screen printed on each of the substrate and the polyimide film such that the thickness
(dry thickness) of the curable composition would be 15 Pm. The composition was dried in a hot air circulation dryer at
80°C for 30 minutes and was cured in a hot air circulation dryer at 120°C for 120 minutes. The cured films were cut to
draw 100 squares in a grid pattern with pitches of 1 mm. A peel tape (in accordance with JIS Z 1522) cut to a length of
approximately 75 mm was applied to the grid pattern and was peeled at nearly 60° in 0.5 to 1.0 second.
[0304] The peel tape was a product from NITTO DENKO CORPORATION. The evaluation was made based on the
following criteria.
[0305]

AA: 80 or more squares remained.
BB: 50 to less than 80 squares remained.
CC: Less than 50 squares remained.

[0306] The results are set forth in TABLE 3.
[0307] The curable compositions G2 to G9, H1 and H2 were evaluated in the same manner.
[0308] The results are set forth in TABLE 3.

Evaluation of warpage

[0309] The curable composition G1 was screen printed on a substrate. The composition was dried in a hot air circulation
dryer at 80°C for 30 minutes and was cured in a hot air circulation dryer at 120°C for 60 minutes. The substrate used
was a 38 Pm thick polyimide film (Kapton (registered trademark) 150EN, manufactured by DU PONT-TORAY CO., LTD.).
[0310] The multilayer film formed by applying the curable composition and curing it in the dryer was cut with a circle
cutter to a diameter of 50 mm. The circular piece was convex or concave in the vicinity of the center. The test piece was
allowed to stand at temperatures of 23 � 0.5°C and humidities of 60 � 5% RH for at least 12 hours. The test piece was
then placed with the outwardly curved side down. The height of the largest warpage from the plane level, and the height
of the point that was symmetrical thereto about the center of the circle were measured with a meter. These heights from
the plane level were averaged. The negative and positive symbols represent the direction of the warpage. The positive
sign indicates that the cured film was upside and the polyimide film was downside when the test piece was placed with
the outwardly curved side down. The negative sign indicates that the cured film was downside.
[0311] The results are set forth in TABLE 3.
[0312] The curable compositions G2 to G9, H1 and H2 were evaluated in the same manner.
[0313] The results are set forth in TABLE 3.

Evaluation of flexibility

[0314] A flexible copper-clad laminate (grade: S’PERFLEX, manufactured by SUMITOMO METAL MINING CO., LTD.,
copper thickness: 8 Pm, polyimide thickness: 38 Pm) was provided. The curable composition G1 was screen printed on
the copper of the laminate such that the width and the length were 75 mm and 110 mm, respectively, and the thickness
of the obtainable cured film would be 15 Pm. The composition was allowed to stand at room temperature for 10 minutes
and was cured in a hot air circulation dryer at 120°C for 60 minutes. The PET film that was the backing of the test piece
was removed, and the test piece was cut to a 10 mm wide strip with the use of a cutter knife. The strip was bent
approximately 180° with the cured film outside and was compressed with a compressor at 0.5 � 0.2 MPa for 3 seconds.
The bent portion of the strip in the bent shape was observed with a microscope at x30 magnification to examine the
occurrence of cracks.
[0315] The results are set forth in TABLE 3.
[0316] The curable compositions G2 to G9, H1 and H2 were evaluated in the same manner.
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[0317] The results are set forth in TABLE 3.

Evaluation of long-term electrical insulation reliability

[0318] A flexible copper-clad laminate (grade: S’PERFLEX, manufactured by SUMITOMO METAL MINING CO., LTD.,
copper thickness: 8 Pm, polyimide thickness: 38 Pm) was etched to give a substrate with a fine comb pattern as described
in JPCA-ET01 (copper wire width/copper wire interval = 15 Pm/15 Pm). The substrate was plated with tin to afford a
flexible circuit board. The curable composition G1 was screen printed on the board such that the thickness (after drying)
from the polyimide surface would be 15 Pm. The composition was held in a hot air circulation dryer at 80°C for 30 minutes
and was cured in a hot air circulation dryer at 120°C for 120 minutes.
A bias voltage of 60 V was applied to the thus-prepared test piece, and a constant temperature and humidity test was
performed at 120°C and 95% RH using MIGRATION TESTER MODEL MIG-8600 (manufactured by IMV). TABLE 3
shows the resistivity at an early stage after the initiation of the constant temperature and humidity test, and after 30
hours, 50 hours and 100 hours after the initiation of the test.
[0319] The curable compositions G2 to G9, H1 and H2 were evaluated in the same manner.
[0320] The results are set forth in TABLE 3.
[0321] [TABLE 3]
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[0322] The results in TABLE 3 show that the curable compositions according to the aspect (V) of the invention which
contained the carboxyl group-containing polyurethane in the aspect (II) prepared using (poly) carbonate diol of the aspect
(I), as well as the solvent and the curing agent were capable of giving cured products having long-term electrical insulation
properties at high level. The cured products of the invention are obtained by curing such compositions.

Claims

1. A (poly) carbonate polyol which comprises an organic residue derived from a dimer diol and an organic residue
derived from a polyol having a C10-20 alicyclic structure.

2. The (poly)carbonate polyol according to claim 1, wherein the polyol having a C10-20 alicyclic structure is tricy-
clodecanedimethanol.

3. A (poly)carbonate polyol represented by Formula (34) :

wherein each R6 independently represents an alkylene group belonging to the group (A), the group (B) or the group
(C) below; t is an integer of 1 or greater; of the groups R6 as many as indicated by (t + 1), at least one R6 is an
alkylene group belonging to the group (A); and of the groups R6 as many as indicated by (t + 1), at least one R6 is
an alkylene group belonging to the group (B);

Group (A): alkylene groups represented by Formula (35) or (36) below;
Group (B): alkylene groups represented by Formula (37) or (38) below; and
Group (C): C9-12 linear aliphatic alkylene groups;

wherein R1 and R2 are each an alkyl group, and the total of the numbers of the carbon atoms in R1 and R2, and p
and q is 30;
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wherein R3 and R4 are each an alkyl group, and the total of the numbers of the carbon atoms in R3 and R4, and r
and s is 34;

4. A carboxyl group-containing polyurethane obtainable from at least the following components (a), (b) and (c) as
materials:

component (a): the (poly)carbonate polyol described in any one of claims 1 to 3;
component (b): a polyisocyanate; and
component (c): a carboxyl group-containing polyol.

5. A carboxyl group-containing polyurethane obtainable from at least the following components (a), (b), (c) and (d) as
materials:

component (a): the (poly)carbonate polyol described in any one of claims 1 to 3;
component (b): a polyisocyanate;
component (c): a carboxyl group-containing polyol; and
component (d) : a polyol other than the components (a) and (c).

6. The carboxyl group-containing polyurethane according to claim 4 or 5, wherein the materials further include a
monohydroxy compound (component (e)).

7. The carboxyl group-containing polyurethane according to any one of claims 4 to 6, wherein the materials further
include a monoisocyanate compound (component (f)).

8. A carboxyl group-containing polyurethane solution which comprises the carboxyl group-containing polyurethane
described in any one of claims 4 to 7 and a solvent having a boiling point of 120 to 300°C.

9. A process for producing carboxyl group-containing polyurethanes which comprises reacting at least the following
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components (a), (b) and (c) at a temperature in the range of 30°C to 160°C in a solvent including at least one selected
from the group consisting of diethylene glycol dimethyl ether, diethylene glycol diethyl ether, diethylene glycol ethyl
methyl ether, diethylene glycol dibutyl ether, diethylene glycol butyl methyl ether, diethylene glycol isopropyl methyl
ether, triethylene glycol dimethyl ether, triethylene glycol butyl methyl ether, tetraethylene glycol dimethyl ether,
dipropylene glycol dimethyl ether, tripropylene glycol dimethyl ether, anisole, ethylene glycol monomethyl ether
acetate, ethylene glycol monoethyl ether acetate, propylene glycol monomethyl ether acetate, propylene glycol
monoethyl ether acetate, dipropylene glycol monomethyl ether acetate, dipropylene glycol monoethyl ether acetate,
diethylene glycol monoethyl ether acetate, diethylene glycol monomethyl ether acetate, methyl methoxypropionate,
ethyl methoxypropionate, methyl ethoxypropionate, ethyl ethoxypropionate, decahydronaphthalene, cyclohexanone
and γ-butyrolactone;

component (a): the (poly)carbonate polyol described in any one of claims 1 to 3;
component (b): a polyisocyanate; and
component (c): a carboxyl group-containing polyol.

10. A curable composition that comprises the carboxyl group-containing polyurethane described in any one of claims
4 to 7, a solvent having a boiling point of 120 to 300°C, and a curing agent.

11. The curable composition according to claim 10, wherein the curing agent is a compound having two or more epoxy
groups in the molecule.

12. A cured product obtainable by curing the curable resin composition described in claim 10 or 11.

13. A flexible circuit board covered with a cured product, in which a circuit is formed on a flexible substrate, wherein the
surface of the flexible substrate having the circuit is partially or entirely covered with the cured product described in
claim 12.

14. A process for manufacturing flexible circuit boards covered with a protective film, which comprises printing the
curable composition described in claim 10 or 11 to an area including a tin-plated circuit pattern of a flexible circuit
board to form a print film on the pattern, and heating and curing the print film at 80 to 130°C to produce a protective film.
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